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1.
Dissecting the Intracellular Fate of Gene
Therapy Vectors Based on the Adeno-Associated
Virus (AAV)
Miguel Mano,1 Lorena Zentilin,1 Alejandro Palacios,1 Mauro
Giacca.1
1
Molecular Medicine Laboratory, International Centre for Genetic
Engineering and Biotechnology (ICGEB), Trieste, Italy.
While the utilization of recombinant Adeno-Associated Virus
(rAAV) vectors in pre-clinical and clinical gene transfer applications
is rising, several aspects of the life cycle of both the wild type virus
and the recombinant vectors remain largely obscure. In particular,
limited information is available on the uncoating of viral particles
and intracellular fate of rAAV DNA after internalization. These
appear to be topics of particular relevance, especially if considering
that a relatively small number of tissues are permissive to rAAV
transduction, despite the receptors for AAV internalization are
widespread in most cell types in vivo. Here we exploit three
complementary, high resolution optical methods to monitor different
steps of AAV vector processing in living cells. We have established
a procedure for the visualization of AAV genome conversion - i.e.
single-stranded (ss) to double-stranded (ds) DNA - in living cells,
based on the interaction of a fusion protein between EGFP and the
Lac Repressor (LacR) with rAAV genomes carrying 112 tandem
repeats of the Lac Operator (LacO) site. By using this approach,
we discovered that the generation of ds rAAV DNA is restricted to
specific nuclear sites. These rAAV foci are defined in number (5-30
per cell), increase in size over time, are relatively immobile, and
their formation correlates with the efficiency of rAAV transduction.
We discovered that these structures overlap with, or lie in close
proximity to, the foci in which proteins of the MRN (Mre11-Rad50Nbs1) complex and Mdc1 accumulate after DNA damage. To directly
visualize rAAV uncoating and elucidate the intracellular fate of the
incoming ssDNA AAV genomes prior to conversion to dsDNA, issues
that remain largely unexplored, we are developing a novel approach
based on the nuclear injection of molecular beacons that specifically
bind the multiple LacO sites present in the ssDNA rAAV genome.
Molecular beacons are small self-quenched oligonucleotide probes
that become fluorescent upon hybridization with target sequences,
thus allowing the dynamic detection of nucleic acids in living cells
with high signal-to-background ratios. The single-stranded DNA
nature of AAV genomes makes them ideal targets for detection with
molecular beacons; the use of a recombinant AAV vector whose
genome contains tandem repeats of the sequence that is recognized
by the molecular beacons will increase the sensitivity of AAV genome
detection, which is expected to reach a single molecule sensitivity.
Finally, the detection of single- and double-stranded AAV genomes
is complemented by the visualization of the intracellular trafficking
of rAAV virons fluorescently labeled by replacing the wild-type
VP2 capsid protein by a EYFP-VP2 fusion protein. Using this
methodology, rAAV vectors of different serotypes were successfully
produced, at titers comparable to non-modified rAAV. The labeled
vectors are able to efficiently transduce cells in culture, in a pattern
similar to that of non-modified vectors. A better understanding of
rAAV trafficking, uncoating and genome processing will open new
perspectives for the development of recombinant AAV as efficient
gene delivery systems.
2.
Redox Processing of the Viral Capsid Is
Required for the Productive Infection of Airway
Epithelial Cells by Adeno-Associated Virus Type 2
Nicholas W. Keiser,1 Paul M. Kaminsky,1 Liang N. Zhang,1 Ziying
Yang,1 John F. Engelhardt.1
1
Department of Anatomy and Cell Biology, University of Iowa,
Iowa City, IA.
Reactive oxygen species (ROS) play an important role in cellular
responses to normal biological stimuli and also in responses to viral
infection. Our laboratory has discovered a mechanism by which
infection of cultured adherent cells by adeno-associated virus type
2 (AAV2) stimulates the catalytic subunit of an NADPH oxidase,
Nox2, to produce ROS in the endosome. The resulting hydrogen
peroxide oxidizes a single cysteine in the VP1 protein on the AAV2
capsid, leading to a conformational change in the virus that allows for
endosomal escape. Catalase, which neutralizes hydrogen peroxide,
inhibits AAV2-mediated transduction when loaded into endosomes
before and during infection. Human airway epithelia (HAE) normally
generate and secrete hydrogen peroxide to aid in the killing of bacteria
in the lung. We therefore hypothesized that hydrogen peroxide
produced by airway epithelia might influence AAV2 transduction.
Polarized HAE cell cultures, which maintain essential biological
characteristics of airway epithelial cells in vivo, were treated with
catalase before and during apical and basolateral infection with AAV2.
Luciferase. Levels of viral transduction were monitored by luciferase
assay. Transduction via both routes of entry was significantly
inhibited by catalase, indicating that redox mechanisms of AAV2
transduction are present in the airway. We noted different levels of
inhibition depending on whether catalase was applied apically or
basolaterally, suggesting potential polarity of the redox machinery in
airway epithelia. Our laboratory has generated a VP1 mutant of AAV2
that is unable to be oxidized by hydrogen peroxide in the endosome,
rendering it defective in endosomal escape. Levels of transduction
of this mutant virus in HAE was significantly lower than with wildtype AAV2, indicating that redox modification of the AAV2 capsid
is an important step in the infection of airway epithelial cells by this
virus. In order to evaluate the molecular source of ROS required for
AAV2 transduction, in vivo studies were conducted in wild-type and
Nox2-knockout mice. AAV2-mediated transduction was impaired in
mice lacking Nox2, highlighting a role for this subunit of NADPH
oxidase in the infection process. Our results show that AAV2 infection
of HAE is a redox-mediated process that requires the generation of
hydrogen peroxide and the oxidation of viral capsid proteins. Nox2
forms an essential component of this pathway in the mouse lung. We
are currently using fluorescence detection of viral particles in HAE
to determine how redox mechanisms influence the precise trafficking
of AAV2 particles from the apical and basolateral membranes, and
whether additional serotypes of AAV require redox modification
for proper trafficking and transduction. This study highlights redox
modification of the AAV2 capsid as a requirement for trafficking to
the nucleus in airway cells and identifies potential targets to improve
gene transfer to the lung.
3.
Transcriptional Targeted AAV-9 Vectors
Allows an Efficient and Specific Cardiac Gene
Transfer
Stefanie Schinkel,1,2 Barbara Leuchs,1 Renate Eudenbach,1 Hugo
A. Katus,2 Juergen A. Kleinschmidt,1 Oliver J. Mueller.2
1
Angewandte Tumorvirologie, Deutsches Krebsforschungszentrum,
Heidelberg, Germany; 2Innere Medizin III, Universitaetsklinikum
Heidelberg, Heidelberg, Germany.
Background: Recombinant adeno-associated viral (AAV) vectors
are a promising tool for cardiac gene transfer. In contrast to adenoviral
vectors, AAV allow a long-term gene transfer due to their low
Molecular Therapy Volume 16, Supplement 1, May 2008
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immunogenicity. Comparison of different AAV serotypes showed that
especially serotype 8 and 9 allow an efficient systemic gene transfer
in mice. Aim of our study was to establish a vector for efficient and
specific myocardial gene transfer in mice. We therefore compared
expression profiles of AAV-8 with AAV-9 vectors in combination
with transcriptional targeting using a cardiac-specific promoter
sequence. Material and Methods: We injected intravenously 10(11)
genomic particles of AAV-8 and -9 vectors, harboring a luciferase
reporter gene under control of the CMV-enhanced myosin light
chain promoter, into adult NMRI mice (n=6, n=10, respectively).
Four weeks post infection, reporter activities were determined in
representative organs. In order to evaluate spatial distribution within
the myocardium, 2x10(11) AAV-9 EGFP vectors were intravenously
injected in adult mice. After 4 weeks, EGFP expression was
determined using fluourescence and confocal microscopy. Results:
Reporter gene transfer with AAV-9 vectors resulted in an increase
in cardiac reporter activity by more than one order of magnitude
compared to AAV-8 (3.8x10(8) В± 4.4x10(8) relative light units [RLU]/
mg protein versus 1.0x10(7) В±0.8x10(7) RLU/mg protein, p=0.05)
with increased specificity. Analyzing expression after 9 months using
in vivo imaging with the Xenogen Imaging System, we could detect
a strong luciferase signal almost exclusively in the heart. Detection
of EGFP expression in cardiac sections using fluourescence and
confocal microscopy revealed a transmural transduction in more
than 40% of cardiomyocytes in the left ventricle. Conclusion: The
combination of transcriptional targeting with AAV9 vector is an
efficient and specific approach in systemic cardiac gene transfer in
adult mice and may be suitable for generating novel animal models
of cardiovascular diseases.
4.
Different DNA Recombination/Repair
Pathways Impact Transduction and Circularization
of Single-Strand AAV and Self-Complementary
AAV Vectors
Douglas M. McCarty,1,2 Marcela P. Cataldi.1
1
Center for Gene Therapy, Research Institute at Nationwide
ChildrenвЂ™s Hospital, Columbus, OH; 2Dept. of Pediatrics, Ohio
State University, Columbus, OH.
The free DNA ends of AAV genomes are targets for multiple
DNA recombination pathways, leading to circularization or
concatemerization, and infrequently, chromosomal DNA integration.
We have found previously that these pathways are highly redundant
with respect to AAV DNA recombination, but varying pathways tend
to predominate in different cell types, possibly due to cell cycling
status. In order to determine what features of the AAV vector genome
are recognized by cellular DNA recombination/repair factors, we
have characterized the interaction of two homologous recombination
pathways, mediated by ATM or ATR, with either conventional singlestrand AAV (ssAAV) or self-complementary AAV (scAAV) vectors.
While these two pathways overlap in signaling and response to DNA
damage, ATR is generally associated with recognition and response
to DNA double-strand breaks (DSB) containing regions of singlestrand DNA, frequently induced by UV irradiation. ATM is generally
associated with repair of DSB resulting from ionizing radiation. We
tested the roles of these pathways on circularization of AAV vector
genomes by comparing expression from vectors containing an intact
GFP coding region, which expresses independently of circularization,
to a vector with two half-gene segments at the ends of the genome,
such that GFP expression is circularization-dependent (CD). In normal
cells, circularization of ssAAV genomes is extremely efficient, with
no significant difference between intact and CD GFP expression
at 24 hours post infection. Circularization of scAAV genomes is
slightly less efficient, ranging from 80-95%. In ATR deficient cells,
we observed a significant increase in transduction from intact GFP
ssAAV vectors, as has been observed previously. However, we did not
S2
see a concomitant increase in the number of ssAAV genomes that were
circularized. This suggests that ssAAV is preferentially recognized by
ATR, which has a negative effect on transduction, but contributes to
efficient circularization. The negative impact on transduction might
be mediated by an increased probability of vector DNA degradation,
or by inhibition of second-strand DNA synthesis. In either case, the
nascent double-strand vectors are efficiently circularized through the
ATR pathway. In contrast, there was no change in transduction or
circularization of scAAV genomes, suggesting that they are normally
not recognized by ATR. In ATM deficient cells, transduction with
scAAV was increased, again without a concomitant increase in
circularization, while ssAAV transduction and circularization were
unchanged. Because scAAV vectors do not require second-strand
synthesis, the increase in transduction is likely to be mediated by
a decrease in DNA repair-associated vector degradation, with the
remaining genomes preferentially circularized through the ATM
pathway. These interactions with DNA repair pathways may be the
mechanism for the recently reported loss of AAV genomes shortly
after transduction, and are likely to contribute to vector integration via
interaction with chromosomal DNA double-strand break repair.
5.
Similarities and Variations in Protein
Interactions and Capsid Integrity of AdenoAssociated Virus Serotypes 2 and 8
Samuel L. Murphy,1 Shangzhen Zhou,1 Shyrie Edmonson,2 Anand
Bhagwhat,1 Katherine A. High.1,2
1
Hematology, ChildrenвЂ™s Hospital of Philadelphia, Philadelphia,
PA; 2Howard Hughes Medical Institute, Philadelphia, PA.
This study was initiated to understand fundamental biological
differences between two hepatotropic AAV capsids, AAV2 and
AAV8, which perform differently in cell culture and in animal studies.
To conduct this study, conformational antibodies that selectively
recognize intact vector particles were required. While an antibody
with this specificity was commercially available for AAV2, this
was not the case for AAV8. To this end, mice were immunized
against AAV8 capsid and hybridomas were generated. Screening
of monoclonal antibodies by ELISA against intact AAV8 vector
particles identified a clone with the desired specificity. A global
approach was then used to identify key shared and unique properties of
AAV2 and AAV8 vector particles. Double-cesium purified, genomecontaining vector particles (50 ug/mL) were used to probe protein
microarrays containing greater than 8,000 baculovirus-expressed
proteins bound to a glass slide by N-terminal GST tags (Invitrogen
Human Protein Microarray). Bound vector particles were detected
by the corresponding monoclonal antibody recognizing intact vector
particles. Arrays were scanned using an Axon Genepix scanner, and
quantitative analysis was conducted using software provided by
Invitrogen. Of more than 8,000 proteins on the chip, 115 positive
hits were found for AAV2 and 134 positive hits were found for
AAV8. Out of these, 76 hits were shared by both capsid serotypes.
The highest ranking protein interaction for both AAV2 and AAV8
was the cell cycle protein complex CDK2/cyclinA. To confirm this
interaction, purified CDK2/cyclinA was coated on an ELISA plate
and purified vector particles were used as a probe. Under the assay
conditions used, AAV8 but not AAV2 showed detectable direct
binding to CDK2/cyclinA. To understand the role of CDK2/cyclinA
in vector transduction, a small-molecule inhibitor of CDK2/cyclinA
(SU9516) was tested. Treatment with this drug resulted in a 9-fold
increase in transduction of Hep3B cells by AAV8 and a 2.5-fold
increase in transduction of Hep3B cells by AAV2. Similar effects were
observed using 293 cells. Inhibition of CDK2/cyclinA is a natural
consequence of Rep78 protein activity (Berthet et al., PNAS 102(38)).
This implies the deletion of Rep in the vectorization of AAV removed
a natural mechanism to enhance infection, and that this function can
be chemically simulated to achieve enhanced transduction levels. In
Molecular Therapy Volume 16, Supplement 1, May 2008
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addition to protein interactions, structural stability and vector genome
uncoating were compared for AAV2 and AAV8. The disassembly of
vector particles as measured by conformational antibody recognition
occurred at a slightly higher temperature for AAV8 than for AAV2
(71o and 65o C respectively). Vector genome uncoating as measured by
DNAse sensitivity assay was found to occur at the same temperature
as vector particle disassembly. This suggests that uncoating and
disassembly of vector particles may be linked processes for AAV,
in contrast to other parvoviruses. Subtle differences between AAV2
and AAV8 vector particles identified here may contribute to the
performance of these vectors in gene transfer studies.
6.
Similar and Differential Involvement of
DNA-PKcs and Artemis in Single-Stranded and
Double-Stranded rAAV Vector Genome Processing
in Mice
Chuncheng Piao,1 Katsuya Inagaki,1 Nicole Kotchey,1 Congrong
Ma,1 Hiroyuki Nakai.1
1
Department of Microbiology and Molecular Genetics, University
of Pittsburgh School of Medicine, Pittsburgh, PA.
Interactions between viral genomes and host cellular DNA repair
machinery play important roles in recombinant adeno-associated virus
(rAAV) vector transduction in vivo. We have recently elucidated that
DNA-PKcs and Artemis, the two key components of DNA repair
endonuclease activity in the classical non-homologous end-joining
(NHEJ) pathway, cleave hairpin loops in AAV-inverted terminal
repeats (ITRs) and trigger rAAV genome recombination (1). In the
absence of either factor, ITR hairpin opening is impaired, resulting in
accumulation of no-end double-stranded linear genomes in a tissuespecific manner. Based on our knowledge about the roles of DNAPKcs and Artemis in the NHEJ pathway, we assumed that these two
factors function in the same pathway in rAAV transduction; however,
there has been no direct experimental evidence that this is in fact the
case, and the possibility has remained that these two cellular factors
function in different pathways but lead to the same effect. First, to
address this, we generated DNA-PKcs/Artemis double-knockout mice,
and injected mice with a single-stranded rAAV8 (ssAAV8) vector via
the tail vein. A preliminary result showed that ssAAV genomes were
efficiently processed in the liver, while unrecombined no-end linear
genomes were readily detected together with recombined genomes in
the muscle, heart and kidney. This mirrors what we had observed in
single deficient mice (1), demonstrating that DNA-PKcs and Artemis
function in the same pathway toward opening ITR hairpin loops of
ssAAV genomes. Next, we investigated how DNA-PKcs and Artemis
are involved in double-stranded rAAV (dsAAV) genome processing.
For this, we injected dsAAV9-CMV-GFP into hind limb muscles (2.5
x 10e11 vg/site x 3 sites) of wild type, DNA-PKcs (-), and Artemis (-)
mice. Muscle was chosen as the target tissue due to its low capacity of
processing ssAAV genomes in the absence of DNA-PKcs or Artemis
(1). The average ds vector genome copy number in muscle was
32-58 ds genomes / diploid genome, at which levels unrecombined
no-end ds linear genomes were readily detected in both DNA-PKcs
(-) and Artemis (-) mouse muscles transduced with ssAAV (1). Noend genomes derived from dsAAV were detected in DNA-PKcs
(-) mice; however, in the Artemis (-) mouse muscle, virtually all
dsAAV genomes underwent recombination and unrecombined no-end
genomes were barely detected. The experiment was repeated along
with ssAAV9-CMV-GFP, and yielded consistent results. Interestingly,
we found that the transgene expression was significantly impaired in
both DNA-PKcs (-) mice and Artemis (-) mice with both ssAAV and
dsAAV. Thus, our observations suggest that, although DNA-PKcs
pathway and Artemis pathway are substantially overlapped for ssAAV
such that Artemis presumably functions downstream of DNA-PKcs,
Molecular Therapy Volume 16, Supplement 1, May 2008
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DNA-PKcs is also involved in an undefined Artemis-independent
pathway(s) in dsAAV genome processing. This raises a possibility that
ssAAV and dsAAV activate and use similar albeit slightly different
sets of DNA repair pathways for their genome processing in vivo.
1. Inagaki et al. J. Virol. 81:11304-11321, 2007.
7.
Recombinant Adeno-Associated Virus
2 Vector Genomes Are Stably Integrated into
Chromosomes Following Transduction of Murine
Hematopoietic Stem Cells
Zongchao Han,1 Li Zhong,1 Njeri Maina,2 Zhongbo Hu,1 Xiaomiao
Li,1 Nitin S. Chouthai,3 Daniela Bischof,4 Kirsten A. Weigel-Van
Aken,1 William B. Slayton,1 Mervin C. Yoder,5 Arun Srivastava.1
1
Pediatrics, University of Florida College of Medicine,
Gainesville, FL; 2Microbiology and Immunology, Indiana
University School of Medicine, Indianapolis, IN; 3Pediatrics,
Wayne State University, Detroit, MI; 4Medical and Molecular
Genetics, Indiana University School of Medicine, Indianapolis, IN;
5
Pediatrics, Indiana University School of Medicine, Indianapolis,
IN.
In contrast to the wild-type adeno-associated virus 2 (AAV)
genomes, recombinant AAV vector genomes do not integrate sitespecifically into chromosome 19 in human cells in vitro, and have
been shown to remain episomal in animal models in vivo. However,
all previous studies have been carried out with cells and tissues
that are post-mitotic. In hematopoietic stem cells (HSCs), which
must proliferate and differentiate to give rise to progenitor cells,
recombinant AAV genomes would be lost in the absence of stable
integration into chromosomal DNA. We have reported that among
single-stranded adeno-associated virus (ssAAV) serotypes vectors 1
through 5, ssAAV1 is the most efficient in transducing murine HSCs,
but viral second-strand DNA synthesis remains a rate-limiting step
(Hum Gene Ther., 17: 321-333, 2006). Subsequently, using selfcomplementary AAV (scAAV) serotype vectors 7 through 10, we
have observed that scAAV7 vectors also transduce murine HSCs
efficiently (Hum Gene Ther., in revision, 2008). In the present
studies, we compared ssAAV and scAAV serotype shuttle vectors
containing the Zeocin gene for transduction of HSCs in a murine bone
marrow serial transplant model in vivo, which allowed examination
of AAV proviral integration pattern in the mouse genome as well
as recovery and nucleotide sequence analyses of AAV-HSC DNA
junction fragments. The proviral genomes were stably integrated,
and integration sites were localized to different mouse chromosomes.
None of the integration sites was found to be in a transcribed gene,
or near a cellular oncogene.
All animals followed for up to one year exhibited no pathological
abnormalities. Thus, AAV proviral integration-induced risk of
oncogenesis was not found in our studies, which provide functional
confirmation of stable transduction of long-term repopulating,
S3
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self-renewing HSCs by scAAV vectors. Thus, in contrast to postmitotic tissues, recombinant AAV proviral genomes undergo stable
integration in self-renewing HSCs, apparently without inducing the
risk of oncogenesis, which is a desirable feature in the potential use
of these vectors in the gene therapy of hematological disorders.
8.
Multi-Organ Site-Specific Integration in
Ribosomal DNA after Systemic Administration of
rDNA-AAV Vectors
Zhongya Wang,1 Theresa Storm,2 Milton Finegold,3 Mark Kay,2
Markus Grompe.1
1
Oregon Stem Cell Center, Oregon Health & Sciences University,
Portland, OR; 2Pediatrics and Genetics, Stanford University,
Stanford, CA; 3Texas ChildrenвЂ™s Hospital, Houston, TX.
Recombinant adeno-associated virus (AAV) vectors remain mostly
episomal and hence are lost in dividing cells over time. Nonetheless,
random integration events raise significant safety concerns regarding
the use of AAV in clinical gene therapy. For treatment of genetic
diseases, an integrating vector capable of site-specific integration
in a safe location would be ideal. We have constructed two AAVrDNA vectors in which a cDNA expression cassette is within a 2.1
kb region of ribosomal DNA sequence containing the rare I-Ppo
endonuclease recognition site at its center. One vector contains the
fumarylacetoacetate hydrolase (Fah) gene, the other the human
factor IX (FIX) gene. This strategy is aimed at utilizing homologous
recombination to place the expression cassettes into the rDNA
locus, thus providing higher absolute levels of vector integration as
well as site-specificity. Two murine disease models, for Hereditary
Tyrosinemia I (HT1) and hemophilia B respectively, were used to
evaluate the approach. The HT1 model (Fah-/- ) permits in vivo
selection of genetically corrected hepatocytes. We previously reported
that Fah-/- mice were rescued with a 10-30 folds lower vector dose
(1x109 vg for AAV8-rDNA-Fah) than the identical vector without
rDNA homology. All treated mice demonstrated site-specific
integration. Importantly, the absolute integration frequency was higher
than in vectors without homology and was ~4-6% for AAV8 and about
1-4% of the total hepatocytes with AAV2. In order to demonstrate
that site-specific integration did not depend on the ability to select
transduced hepatocytes, a rDNA-FIX vector was used. Site-specific
integration was demonstrated in all AAV-rDNA-hFIX treated mice by
junction PCR. Surprisingly, hFIX levels persisted at high levels even
after 2/3 partial hepatectomy (PHx). The levels were ~ 40-50% for
AAV8 and ~70-80% for AAV2, compared to only 5-10% after PHx
with a conventional AAV-hFIX. The persistence of high hFIX levels
suggests higher levels of integration than with conventional vectors, as
seen with AAV rDNA-Fah. Thus, site-specific vector integration and
increased absolute integration frequency do not depend on transgene
selection. Next, we sought to determine whether rDNA-AAV vectors
can be used to integrate transgenes site-specifically in other organs.
Adult wild-type mice were injected intravenously with 3x1011 vg of
rDNA-Fah AAV8 with or without AAV8-I-Ppo1. Injected mice were
harvested at different time-points after injection and analyzed for sitespecific integration. Site-specific integration was found in lung, heart,
muscle and kidney as well as liver as early as 3 days post injection
and remained stable after 21 days. Integration levels appeared higher
when the I-Ppo1 vector was co-administered. This is the first report of
site-specific integration of an AAV vector in multiple distinct organs
after systemic administration. Our findings indicate that AAV vectors
containing rDNA homology can be used for site-specific integration
of diverse transgenes in multiple cell types.
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9.
Linear Monomers Are Responsible for
Persistence of Gene-Deleted Adenoviral Vectors In
Vitro and in Mouse Liver
Lorenz Jager,1 Anja Ehrhardt.1
Max-von-Pettenkofer-Institute, Munich, Germany.
1
Multiple studies for liver-based gene transfer demonstrated that
non-integrative, recombinant gene-deleted adenoviral vectors (GDAdVs) lacking all viral coding sequences are maintained life-long
in mice and for up to 2 years in rats, dogs and non-human primates.
However, the molecular status of episomal GD-AdV DNA molecules
and the mechanism of vector genome maintenance have not been
established. We speculate that several molecular forms or mechanisms
may potentially be involved in persistence. The GD-AdV genome
may (i) circularize or (ii) form concatemers. It may (iii) replicate
episomally, (iv) possess a nuclear retention signal or (v) it may have
centromeric functions. In the present study we have investigated the
possibilities of concatenation, circularization and episomal replication
in vitro and in vivo. As from GD-AdVs all viral coding sequences
are deleted, including the early gene region 4 (E4) that prevents
concatenation in wt viruses, we first addressed the question whether
GD-AdV DNA forms concatemers. We employed pulsed field gel
electrophoresis (PFGE) to resolve the high molecular viral DNA after
infection of various cell lines at different multiplicities of infection
(MOIs). We found that unlike E4 mutant virus, only monomers of
GD-AdV genomes were observable. To analyze the eventuality of
concatenation in vitro and in vivo by a more sensitive means, we
designed a concatemer/circle-specific polymerase chain reaction
(PCR). After infection, exclusively linear DNA monomers were
detectable. To define the detection limits of our systems (PFGE and
PCR) we performed dose dependent studies. For the E4 virus we found
concatemers down to MOI 6 (PFGE) and MOI 3 (PCR). To test for
episomal replication of GD-AdV genomes, we developed a methylase/
restriction endonuclease-based system. We generated producer cells
for production of methylation-marked GD-AdV by the addition of a
methyl group onto the N6 position of the adenine base of XhoI sites.
In this system loss of methylation through viral replication restores
XhoI cleavage. After infection of various cell lines (293, HeLa, Huh7,
Sk-Hep-1 and Hepa 1A) at an MOI of 3000, we found that GDAdV DNA was not cleaved by XhoI and therefore did not replicate.
Finally, for liver-based gene transfer C57Bl/6 mice were transduced
with 7.5x10e9 transducing units of methylation-marked GD-AdV
FTC-hFIX-lucRNAi (n=8) containing an expression cassette for the
human coagulation factor IX. Three mice received CCl4 for induction
of cell proliferation in liver. At various time-points post-injection liver
genomic DNA was analyzed by our concatemer/circle specific PCR.
In concordance with our in vitro results no linked GD-AdV genomes
were observed. To sense the replication status of GD-AdV genomes,
we established a sensitive real-time PCR with oligonucleotides that
anneal around the XhoI site. No cleavage with XhoI was observed
indicating that the input transduced DNA genomes were the persistent
molecules in murine liver. In summary, our study provides novel
insights into persistence of GD-AdVs. We have demonstrated that
adenoviral genomes predominantly persist as linear monomers that
do not replicate in quiescent and replicating cells.
Molecular Therapy Volume 16, Supplement 1, May 2008
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10.
A Fundamental Role for the Adenovirus
Serotype 5 Hexon in Liver Gene Transfer
Simon N. Waddington,1 John H. McVey,2 David Bhella,3 Alan L.
Parker,4 Kristeen Barker,4 Hideko Atoda,5 Rebecca Pink,3 Suzanne
M. K. Buckley,1 Jenny A. Greig,4 Laura Denby,4 Jerome Custers,6
Takashi Morita,5 Ivo M. B. Francischetti,7 Robson Q. Monteiro,8
Dan H. Barouch,9 Nico van Rooijen,10 Claudio Napoli,11 Menzo J.
E. Havenga,6 Stuart A. Nicklin,4 Andrew H. Baker.4
1
Department of Haematology, University College London, London,
United Kingdom; 2Department of Haematology, MRC Clinical
Sciences Centre, Imperial College London, London, United
Kingdom; 3Medical Research Council Virology Unit, University of
Glasgow, Glasgow, United Kingdom; 4British Heart Foundation
Glasgow Cardiovascular Research Centre, University of Glasgow,
Glasgow, United Kingdom; 5Department of Biochemistry, Meiji
Pharmaceutical University, Tokyo, Japan; 6Crucell, Leiden,
Netherlands; 7Laboratory of Malaria and Vector Research, NIAID/
NIH, Rockville; 8Instituto de Bioquimica, Universidade Federal
do Rio de Janeiro, Rio de Janeiro, Brazil; 9Division of Viral
Pathogenesis, Harvard Medical School, Harvard; 10Department
of Molecular Cell Biology, Vtije Universitet, Amsterdam,
Netherlands; 11Department of General Pathology, II University of
Naples, Naples, Italy.
Clinical and pre-clinical application of adenovirus vectors as gene
transfer agents is extensive. In vitro, the adenovirus serotype 5 fiber
protein engages the coxsackievirus and adenovirus receptor (CAR)
to bind cells. Paradoxically, after in vivo systemic delivery, CAR is
not used for liver transduction which implies the use of alternative
pathways. Recently, we showed that coagulation factor (F)X directly
binds adenovirus to facilitate infection of the liver. Here, we show that
FX binds to Ad5 hexon, not fiber, via an interaction between the FX
Gla domain and hypervariable regions (HVR) of the hexon surface.
This binding occurs in several human adenovirus serotypes. The
high binding affinity of fX for Ad5, as measured by surface plasmon
resonance and the infection both in vitro and in vivo is ablated by
both i) replacement of hexon HVR domains of Ad5 with those from
Ad serotype 48 (which does not bind FX) and ii) pharmacological
disruption of FX:Ad5 interaction in vivo using a protein (extracted
from the venom of the hundred pace pit viper) that targets FX-Gla.
Cryoelectron microscopy reveals that adenovirus hexon recruits FX:
the FX gla domain inserts into the cleft of each hexon trimer. This
study reveals a novel function for hexon in mediating liver gene
transfer in vivo.
11.
Efficient In Vivo Hepatocyte Infection with
Adenovirus Type 5 Is Mediated through PicomolarAffinity Binding of Coagulation Factors to the
Hexon
Oleksandr Kalyuzhniy,1 Nelson C. Di Paolo,1 Mariana Silvestry,2
Sean E. Hofherr,3 Michael A. Barry,4 Phoebe L. Stewart,2 Dmitry
M. Shayakhmetov.1
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Gene delivery systems based on human species C adenovirus
serotype 5 (Ad5) are among the most frequently used in clinical
studies, which aim to correct human genetic and acquired diseases,
including cancer. The extreme propensity of the virus for hepatocyte
infection following its intravascular delivery has made Ad5 the vector
of choice for applications requiring high level transgene expression in
hepatocytes in vivo. However, the efficient interaction between Ad5
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and liver cells, which sequester up to 90% of the delivered vector
dose, represents a significant hindrance if gene delivery to extrahepatic cells and tissues is required. Ad5 vectors infect liver cells
in vivo with high efficiency via a poorly defined mechanism, which
involves virus binding to vitamin K-dependent blood coagulation
factors. In this study we analyzed the interactions of human FX with
human adenoviruses from species B, C, D, E and F. Using surface
plasmon resonance (SPR) we found that FX binds to hexon, the
major Ad capsid protein, with an affinity of 229 pM. This affinity is
40-fold stronger than the reported affinity of Ad5 fiber for the cellular
receptor coxsackievirus and adenovirus receptor, CAR. Cryoelectron
microscopy (cryoEM) and single particle image reconstruction have
localized the FX binding area to the central depression at the top of
each Ad5 hexon trimer. This cryoEM result combined with sequence
analysis of hexons that bind FX and those that do not, indicates that
there are likely two alternative sites for FX binding. One site is
within the hyper-variable region 3 (HVR3) and the other is within
the hyper-variable region 7 (HVR7). Both sites are predicted to form
similar binding pockets within the central depression of the hexon
trimer. An adenovirus mutant that binds FX in vitro with 10,000-fold
reduced affinity compared to unmodified vector, failed to deliver
the red fluorescent protein (RFP) transgene in vivo. Thus, our study
describes the mechanism of FX binding to Ad5 and demonstrates the
critical role of hexon for virus infection of hepatocytes in vivo. This
finding is critical for development of Ad vectors for gene therapy, and
may provide an explanation for the high frequency of Ad-induced
hepatitis in immuno-compromised patients.
12.
Macrophage Depletion Combined with
Anticoagulant Therapy Increases Therapeutic
Window of Systemic Treatment with Oncolytic
Adenovirus
Elena V. Shashkova,1 Konstantin Doronin,1 Julien S. Senac,2
Michael A. Barry.1
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Oncolytic viruses represent a novel class of therapeutic agents
that destroy cancer cells in the process of viral replication. Liver
tropism of systemically delivered adenoviruses (Ad) represents a
considerable challenge for their use as anticancer therapeutics. More
than 90% of intravenously injected Ad is rapidly taken up by liver
leading to hepatotoxicity, reduced virus uptake by target tumor tissue
and diminished therapeutic efficacy. We studied the effects of Ad
вЂњdetargetingвЂќ from liver macrophages (Kupffer cells) and hepatocytes
on toxicity and anticancer efficacy of systemically administered
oncolytic Ad expressing EGFP-firefly luciferase fusion protein (AdEGFPLuc). To detarget Ad-EGFPLuc from Kupffer cells, we depleted
them by predosing of mice with replication-deficient Ad-DsRed 4
hours prior to the administration of oncolytic virus. 24 hours after
injection of Ad-EGFPLuc live bioimaging of luciferase expression
demonstrated 7.7-fold increase of luminescence in the livers of mice
with depleted Kupffer cells. This indicated that enhanced hepatocyte
transduction was due to available virus dose normally taken up by
Kupffer cells. To detarget Ad from hepatocytes, mice were treated
with the anticoagulant drug warfarin. Warfarin reduced luciferase
expression in the liver and mediated corresponding decrease of
hepatotoxicity in mice with either intact or depleted Kupffer cells.
Warfarin activity was not mouse strain-specific and significantly
alleviated liver toxicity as determined by serum levels of liver
enzyme ALT in immunodeficient tumor-bearing outbred nude mice
(11.7-fold), immunocompetent inbred C57BL/6 mice (7.7-fold) and
outbred ICR mice (7.5-fold). Increased bioavailability of Ad due to
the depletion of Kupffer cells and warfarin pretreatment resulted
in enhanced antitumor efficacy of a single intravenous injection of
S5
Biology and Manipulation of Adenovirus Infection
oncolytic Ad in a human xenograft model of aggressive hepatocellular
carcinoma in nude mice. At day 60 after the start of treatment, survival
rates in the groups were as follows: Ad вЂ“ 0%; Ad and warfarin вЂ“ 14%;
Ad and macrophage depletion - 50%; Ad, macrophage depletion
and warfarin вЂ“ 57%. These data demonstrated that depletion of
macrophages was a significant factor for increased anticancer activity
of systemically administered Ad. Improved antitumor efficacy
correlated with enhanced expression and spread of Ad-encoded
transgene in the tumors. We conclude that depletion of Kupffer cells
combined with anticoagulant treatment represents effective strategy
for increasing therapeutic window of oncolytic Ad.
13.
Neutralizing Antibodies Increase
Adenovirus Internalization in Macrophages and
the Activation of the Intracellular Innate Immune
System
Anne K. Zaiss,1 Lindsay R. White,2 Sharon A. Clark,2 Daniel A.
Muruve.2
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Adenovirus is a non-enveloped double-stranded DNA virus
that activates the innate immune system in large part through the
interaction with macrophages. In vivo, immunized mice showed a
significant increase in the innate immune response to adenovirus
vectors compared to naГЇve controls. In differentiated THP-1 cells and
primary murine macrophages, replication-deficient adenovirus vectors
activated NFkB-dependent gene expression that was independent of
viral gene expression or CAR and integrin-binding capsid domains.
In contrast to the neutralizing effect observed in non-hematopoietic
cells and compared to IgG-depleted serum, adenovirus transduction
performed in the presence of immune serum increased viral
internalization in macrophages. In direct correlation with the enhanced
viral internalization, antiviral antibodies also increased macrophage
activation as determined by the expression of NFkB dependent genes
and b-interferon. Adenovirus transduction in the presence of immune
serum also increased the activation of IL-1b. The antibody enhanced
innate activation was not due to Fc receptor signaling per se since Fc
receptor crosslinking independent of adenovirus transduction had no
additional effect on macrophage activation. In macrophages deficient
in the intracellular innate genes NALP3 and ASC, adenovirus and
antibody mediated IL-1b activation was completely abrogated. These
data show that antiviral antibodies increase macrophage activation
by increasing viral internalization and delivery of adenovirus to the
intracellular innate immune system.
14.
Differential Effects of Pre-Existing
Immunity on Intra-Tumoral Vector Efficacy in
Immunocompetent and Immunosuppressed Syrian
Hamsters
Debanjan Dhar,1 Jacqueline F. Spencer,1 Karoly Toth,1 Louis A.
Zumstein,2 William S. M. Wold.1
1
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Oncolytic adenovirus (Ad) vectors are being developed as possible
therapies for human cancer. One issue in the use of such vectors is
the presence of pre-existing immunity in cancer patients. In the US,
about half of the adult population has immunity to Ad5. We have
shown previously that Syrian hamsters are a good model to evaluate
oncolytic Ad5-based vectors: such vectors suppress the growth of
hamster tumors in hamsters, the normal tissues of hamsters are
permissive for Ad5, and hamsters are immunocompetent. We have
now used the hamsters to model the pre-existing anti-Ad5 immunity
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observed in human population. Initial experiments determined the
kinetics of the neutralizing antibody (NAb) response following
intramuscular immunization and boost, and also the decay kinetics
of circulating NAb in immunosuppressed hamsters. Further, we
addressed whether pre-existing anti-Ad5 NAb affects the efficacy
of the oncolytic Ad5-based vector VRX-007 (INGN 007) (which
is E3 deleted and overexpresses ADP) after intratumoral injection
of the vector. Subcutaneous hamster renal carcinoma (HaK) tumors
were formed in groups of naГЇve or Ad5-immunized hamsters.
Some of the immunized and non-immunized hamsters were then
immunosuppressed using 100 mg/kg of cyclophosphamide (CP).
(We had shown earlier that immunosuppression with CP increases the
anti-tumor efficacy of VRX-007). Thus, the cohorts of tumor-bearing
hamsters were as follows: non-immunized В± CP; immunized В± CP.
VRX-007 (1x1010 pfu/injection) or buffer was injected intratumorally
for six consecutive days. The tumors were measured using digital
calipers. NAb titers were monitored by neutralization assay of
serum collected periodically from the hamsters. We observed that,
in immunocompetent hamsters, pre-existing immunity did not have
a significant effect on vector efficacy. This might be because under
immunocompetent conditions, once the vector is injected into the
tumor, the animal becomes immunized, and with time, the difference
between the naГЇve and immunized groups diminishes. In contrast, in
immunosuppressed hamsters, pre-existing immunity did significantly
reduce vector efficacy. Even though vector efficacy was reduced in
immunized hamsters under immunosuppressed conditions, the vector
was still significantly efficacious when compared to buffer-injected
groups; this indicates that pre-existing immunity reduces vector
efficacy but does not completely eliminate it. Importantly, with regard
to vector toxicity, we found that pre-immunization dramatically
reduced the spillover of vector from the tumor to the liver and lung.
Thus, we suggest that pre-existing immunity to the vector is actually
a benefit that can prevent vector toxicity with little compromise to
vector anti-tumor efficacy.
15.
Chronic Shedding of Adenoviruses in the
Gastrointestinal Tracts of Higher Order Primates
Soumitra Roy,1 Roberto Calcedo,1 Luk H. Vandenberghe,1 Lili
Wang,1 Arbansjit K. Sandhu,1 Rebecca Grant,1 Martin P. Keough,1
Martin W. Lock,1 James M. Wilson.1
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A better understanding of the biology of adenoviruses is important
for their use as vectors. We demonstrate the presence of a wide range
of adenoviruses in the stools of approximately one-third of healthy
chimpanzees, bonobos and gorillas that were tested. Twenty-six
adenoviruses belonging to species B, C, and E were isolated from the
great apes. Complete sequence analysis revealed evidence of extensive
intra-species recombination and at least one instance of a species E F recombination event. High levels of neutralizing antibodies were
detected in chimpanzee serum but only limited adenovirus-specific
circulating T cells were detected. Studies in humans who do not
have concurrent infectious illnesses have demonstrated detectable
but lower shedding of adenovirus in stool. In most samples tested,
adenovirus-specific T cells of broad reactivity were present in blood
and in gut-associated lymphoid tissues. T cells that were reactive to
capsid antigen from a wide range of adenoviruses representing species
B, C and E were observed. This T cell response was characterized by
a cytokine profile dominated by CD4+ T cells that expressed IFN-Оі
and TNF -О±. T cells secreting the three cytokines IFN-Оі, TNF -О±
and IL-2 were also detected. A cross-reactive adenovirus-specific T
cell response was also detected in most lamina propria lymphocyte
samples isolated from human colon or rectum. These studies indicate
that adenoviruses colonize the gut in higher order primates which
in humans leads to a reservoir of adenovirus-specific T cells in
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gut-associated lymphoid tissue. These finding have implications on
the safe and efficacious use of adenoviral vector in gene therapy or
vaccine approaches.
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Hexadecyloxypropyl-Cidofovir (CMX001)
Prevents Adenovirus-Induced Mortality in the
Permissive, Immunosuppressed Syrian Hamster
Model
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Oncolytic (replication-competent) adenovirus (Ad) vectors are
being developed as novel tools to combat cancer. These vectors
replicate in and kill tumor cells, and, at the culmination of the
infection, the cells release infectious progeny virus that can infect
surrounding tumor cells. A potential danger associated with oncolytic
Ads is that of runaway systemic infection. This risk is accentuated
in immunosuppressed cancer patients. Although many oncolytic
Ads incorporate features that restrict vector replication to tumor
cells, this restriction is rarely absolute. Therefore, a treatment that
inhibits Ad replication would greatly increase the safety of oncolytic
Ad vectors. Further, Ads cause a wide array of diseases in severely
immunosuppressed patients. Approximately 20% of pediatric
hematopoietic stem cell transplant recipients develop disseminated
Ad infection and the disease proves fatal in as many as 50-80% of
them. Unfortunately, there are no antiviral drugs approved specifically
to treat Ad infections. One reason for this lack is that there is no
suitable animal model that is permissive for Ad replication that can
be used to evaluate such drugs. Here we describe a new animal model
to study Ad pathogenesis and the efficacy of antiviral compounds.
We demonstrate that human serotype 5 Ad (Ad5) causes severe
systemic disease in immunosuppressed Syrian hamsters that is
similar to that seen in immunocompromised patients. Ad5 replicates
in the liver and causes diffuse hepatocellular necrosis, replicates
in the pancreas and adrenals, and causes hemorrhagic enteritis in
some infected animals. We show that the antiviral drug CMX001
rescues the hamsters from a lethal intravenous challenge with Ad5.
CMX001 is a dCMP-analog; it acts as a chain terminator in DNA
replication. As the Ad DNA polymerase has much higher affinity for
CMX001 than cellular DNA polymerases, the drug has a very good
selective index. CMX001 provided protection both prophylactically
and therapeutically. As one example of the data, when given two
days after virus infection, CMX001 reduced the infectious Ad5 titer
in the liver to a nearly undetectable level in most animals by seven
days post infection, compared to about 106 TCID50 of Ad5/g liver
with untreated hamsters. It is remarkable that the drug is effective
when administered this late after Ad infection considering that by
this time large amounts of infectious progeny virus can be recovered
from the liver. CMX001 acts by reducing Ad replication in key target
organs, especially in the liver. Thus, the immunosuppressed Syrian
hamster is a new, powerful model to evaluate anti-Ad drugs, and its
use can facilitate the entry of drugs such as CMX001 into clinical
trials. CMX001 could serve as a failsafe mechanism for oncolytic Ad
vector-treated cancer patients and could be a vital treatment option
for Ad-infected transplant recipients.
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17.
Image-Guided Hydrodynamic Gene
Delivery to Pig Liver
An image-guided, lobe-specific hydrodynamic gene delivery
to liver was evaluated in pigs to assess the possibility of applying
hydrodynamic gene delivery to humans. The procedure involves
insertion of a balloon catheter to an anesthetized pig (female, 25Kg)
from the jugular vein into the hepatic vein of selected liver lobe,
followed by insertion of a pressure transducer through the catheter
to the tip of the catheter, inflation of balloon, and confirmation of
complete occlusion of blood flow. Hydrodynamic injection was
performed through a computer-controlled injection device and the
vascular pressure inside the targeted lobe, level of reporter gene
expression in the targeted and non-targeted lobes and tissue damage
were assessed. We demonstrated that the shape and peak pressure
upon hydrodynamic injection was dependent on the size of balloon
catheter used. Using a 5Fr balloon catheter, we saw a transient
increase in pressure (5mmHg at the peak, lasting for 1sec) when the
right lateral lobe was injected. However, obstruction of inferior vena
cava (IVC) by an occlusion balloon inserted from femoral vein to the
section below hepatic vein resulted in a peak pressure at 20mmHg
initially (the first sec) and sustained at about 10mmHg for the rest of
injection time (total injection time 15sec, injection volume, 170ml).
Blockade of both IVC and portal vein generated a peak pressure
(20mmHg) sustained for the entire injection time. When a tailormade 10.5Fr catheter was used, the peak pressure obtained was at
75mmHg (injection time, 15sec, volume, 600ml). IVC blockade was
sufficient to generate a sustained pressure for the entire injection
time period at 120mmHg. Hydrodynamic injection of pCMV-Luc
plasmid (100Вµg/ml) showed a level of luciferase gene expression at
4hr at 107RLU/mg in the targeted lobe compared to 103-106RLU/mg
depending on the specific locations where liver samples were collected
from non-targeted lobes. Physiological examinations on treated pigs
revealed transient decrease of blood pressure and respiration rate
when occlusion of IVC was performed, and increase of heart rate
upon deflating the balloon. Occlusion of portal vein and hepatic
vein in the targeted lobe showed no effect on cardiac activity and
respiration. Full blood test was conducted in treated animals and no
change in serum concentration of serum proteins and liver enzymes
was seen within the entire duration of the experiment. Based on
these results, we conclude that: (1) image-guided hydrodynamic
gene delivery is safe and can be performed; (2) significant higher
pressure, compared to that in rodents, is needed for transfecting pig
liver, suggesting that pig liver is less elastic than that of a mouse; (3)
lobe-specific hydrodynamic gene delivery can be achieved although
the injected plasmid DNA spread to other non-targeted lobes with
some level of transfection efficiency; and (4) IVC blockade should be
avoided for hydrodynamic gene delivery to the liver; and finally (5)
clinical applications of hydrodynamic gene delivery are realizable.
This work was supported in part by grants from NIH (EB 2002946
and HL 075542).
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Reactivation of Silenced Transgene
Expression in Mice by Rapid, Large-Volume
Injection of Isotonic Solution
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Rapid, large-volume injection, or the so-called hydrodynamic
injection, of naked plasmid DNA gives a very high transgene
expression in mouse liver. To prove that injection-induced biological
changes are involved in this high transgene expression, isotonic
solutions were injected into mice that had received a hydrodynamic
injection of naked plasmid DNA encoding firefly luciferase, renilla
luciferase, enhanced GFP or murine interferon-g. Transgene
expression in the liver was increased by such injections irrespective
of the cDNA, promoter and the type of isotonic solution, such as 0.9
% sodium chloride solution, RingerвЂ™s solution, 5 % dextrose solution
and TransITВ®-QR Delivery Solution. This reactivation was repeatable
and detectable even 6 months after gene transfer. Parameters
required for the reactivation were similar to those required for the
hydrodynamic injection of plasmid DNA, suggesting the similarity
of the mechanisms underlining these events. Expression in other
organs than the liver was also significantly increased. Plasmid DNA/
polyethyleneimine complex-based transgene expression in mouse
liver was also reactivated by the same treatment. DNA microarray
and quantitative RT-PCR analyses revealed that the expression of
immediate early response genes c-fos and c-jun was greatly increased
by a hydrodynamic injection. Activator protein (AP)-1- or nuclear
factor (NF)-kB-dependent transgene expression was increased by an
injection of isotonic solutions. These findings indicate that a rapid,
large-volume injection of isotonic solution activates the transcription
factors AP-1 and NF-kB in mouse liver which, in turn, increases the
transcription of genes delivered by the hydrodynamic injection.
liposomes, but interestingly not with cationic particles assembled from
polyethylenimine (PEI) and 1,2-Dioleoyl-3-TrimethylammoniumPropane/1,2-Dioleoyl-sn-Glycero-3-phosphoethanolamine (DOTAP/
DOPE) lipid complexes. Control particles coated with albumin
instead of ActA also showed no motility. Taken together, we have
demonstrated the feasibility of comet-tail propulsion as a potential
approach to overcome intracellular transport barriers, and also have
identified appropriate gene delivery systems that can be employed
for this mechanism.
20.
In Vitro and In Vivo Models To Study
Nanoparticle Uptake for Oral Gene Delivery
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The gastrointestinal tract (GI) is a harsh environment for orally
administered pharmaceutics. While it has been demonstrated that
polymer-DNA nanoparticles induce transgene expression in mouse
models of haemophilia factor VIII, the fate of these particles after oral
administration is by and large a mystery. The rodent closed intestinal
loop model is thus utilized to study the biodistribution of nanoparticles
in different segments of the GI and confirm that they were sequestered
by the liver or spleen after uptake. From ex vivo imaging studies using
AlexaFluor680-labeled chitosan and 800nm quantum-dot labeled
DNA as shown below, the duodenum and ileum demonstrated the
highest uptake, while co-localization of AlexaFluor680 and quantum
dot signals reflect the presence of intact nanoparticle in the liver and
spleen. These observations were further confirmed quantitatively
using inductively coupled plasma mass spectrometry. By identifying
the GI regions of highest uptake, macroformulations can be designed
to release the nanoparticles in the segments of interest.
19.
A Step toward Overcoming Restricted
Cytoplasmic Diffusion: ActA-Coated Non-Viral
Gene Delivery Vehicles Exhibit Actin вЂњComet TailвЂќ
Motility
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Intracellular transport after endosomal escape presents one of
the major barriers for efficient non-viral gene delivery because
plasmid DNA and synthetic nanoparticulate carriers suffer from
significantly restricted diffusion in the cytoplasm. We postulate that
forces generated by actin polymerization, a mechanism used by
several bacterial pathogens such as Listeria monocytogenes, can be
harnessed to propel nanoparticles within the cytoplasm and thereby
overcome diffusional limitations associated with gene transport in
the cell cytoplasm. In this work, we synthesized and characterized
plasmid DNA-containing nanoparticles coated with ActA protein,
the single protein in L. monocytogenes responsible for activating
actin polymerization and initiating actin вЂњcomet tailвЂќ propulsion.
The motility of the ActA-modified nanoparticles was assessed in
Xenopus laevis cytoplasmic extract supplemented with fluorescently
labeled actin . Nanoparticle motility was monitored using dualcolor, time-lapse fluorescence microscopy for the formulation of
actin вЂњcomet tailsвЂќ attached to the fluorescently-labeled vehicle. We
observed particle motility with velocities ~ 0.06 Вµm/s with neutrallycharged plasmid carriers formed from Poly(lactic-co-glycolic acid)
(PLGA) and 1,2-Dioleoyl-sn-Glycero-3-phosphocholine (DOPC)
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In order to elucidate the mechanism of transport of nanoparticles
from the lumen of the GI into the hepatic circulation, in vitro
co-culture systems of Caco2, Caco2-Raji and Caco2-HT29MTX
cells were used to study the transcytosis of various polymer-DNA
nanoparticles from the apical surface to HepG2 cells on the basolateral
surface. RT-PCR results of the underlying HepG2 cells show that the
plasmids delivered retain their bioactivity following transcytosis. The
various co-culture systems were then used to systematically screen
various gene carriers with different biophysical characteristics such
as colloidal stability and degree of PEGylation. Such pre-screening
would facilitate the identification of ideal polymer candidates for oral
gene therapy or DNA vaccination prior to costly animal studies.
21.
Efficient In Vivo Delivery of siRNA to Liver
by Conjugation of Alpha-Tocopherol
Takanori Yokota,1 Kazutaka Nishina,1 Toshinori Unno,1 Yoshitaka
Uno,1 Takayuki Kubodera,1 Hidehiro Mizusawa.1
1
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RNA interference (RNAi) is a powerful tool of target-specific
knockdown of gene expression. For a therapeutic approach, however,
efficient and safe in vivo delivery of short interfering RNA (siRNA)
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to the target organ has not been established. Here, as a carrier
molecule of siRNA in vivo, we use О±-tocopherol (vitamin E) which
has its own physiological transport pathway to most of organs. The
О±-tocopherol was covalently bound to antisense strand of 27/29
mer siRNA at the 5вЂ™ end (Toc-siRNA). The 27/29 mer Toc-siRNA
was designed to be cleaved by Dicer, producing a mature form of
21/21 mer siRNA after releasing О±-tocopherol. The C6 hydroxyl
group of О±-tocopherol for anti-oxidant activity in Toc-siRNA was
abolished. With this new vector, intravenous injection of 2 mg/
kg Toc-siRNA targeting apolipoprotein B (apoB) could efficiently
reduce endogenous apoB mRNA in the liver. The down-regulation
of apoB mRNA was confirmed by accumulation of lipid droplets in
the liver as a phenotype. Neither induction of interferons nor other
overt side effects were observed in biochemical and pathological
analyses. These findings indicate that Toc-siRNA is effective and
safe for RNAi-mediated gene silencing in vivo.
14 to Day 35, 3 В± 0.1 and 3 В± 0.3, respectively) with the maximum
possible tissue damage score, including skin, subcutaneous layers
and muscle = 45. At Day 35 muscle necrosis and fibrosis scores
(typically associated with muscle damage) were similar to nontreated control tissues (treated 0.52 В± 0.07, control 0.1 В± 0.02) with
maximum theoretical muscle damage score = 9. The results of these
studies show that delivery conditions can be adapted to yield high
expression and immunogenicity. Furthermore, we showed that
optimized EP parameters, such as electric field intensity as well as
plasmid concentration, volume and formulation of the DNA vaccine
can limit the amount of muscle damage. This information will allow
the further development of EP as a viable method in humans for the
delivery of prophylactic or therapeutic DNA vaccines.
23.
Shooting Lipoplexes through the Cell
Membrane with Ultrasound Responsive Lipoplex
Loaded Microbubbles
Ine Lentacker,1 Demeester Joseph,1 De Smedt C. Stefaan,1 Sanders
N. Niek.1
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The in vivo use of highly PEGylated lipoplexes is currently
hampered by their low transfection efficiency. To overcome this
problem, we previously reported the design of a lipoplex loaded
microbubble. 15mol% PEGylated (PolyEthyleneGlycol containing)
lipoplexes were coupled to PEGylated lipid microbubbles with the
aid of an avidin-biotin linkage.
22.
Muscle Involvement Following Plasmid
Administration by Electroporation in Pigs
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A significant advancement in the field of non-viral gene therapy
has been the development of the electroporation mediated delivery
(EP). This technique can greatly enhance cellular plasmid DNA
uptake, using comparatively small doses to achieve physiologically
relevant levels of the desired transgene product. An effective
response to DNA vaccination has been previously linked to tissue
damage resulting from EP. However, when delivering vaccines to
humans, tissue damage should be limited, while maintaining an
effective immunogenic response to the expressed antigens. These
studies in pigs tested the delivery and expression of concentrated
doses of plasmids (10 mg/mL) expressing foreign antigens in
response to varying doses and EP parameters, as well as their effect
on muscle pathology. Plasmids expressing influenza hemagglutinin/
neuraminidase (HA/NA) antigens have been used in this study, as
potential candidate vaccines for both animals and humans. The EP
was performed using CELLECTRAв„ў adaptive constant-current EP
device. Pigs (n=5/group) were vaccinated twice, at Day 0 and Day
21 in contralateral gluteus maximus muscles, and punch biopsies of
the injected muscle were taken at Day 35 (Day 35 and Day 14 post
injection). Hemagglutinin inhibition titers (range of 10-120 average
titers) were the highest in sera from the group administered the HA
plasmid at a constant current setting of 0.5A (P = 0.11 versus 0.3A
and P = 0.02 versus 0.1A). Pathology scores were assessed. Following
constant current EP, actual scores at the injection site declined in the
tissue layers from Day 14 to Day 35 (10.5 В± 1.1 at Day 14 vs. 5.4 В±
0.38 at Day 35, P<0.05; control values were unchanged from Day
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The transfection rate of these PEGylated lipoplexes was drastically
increased after coupling to the microbubbles and ultrasound radiation
compared to the transfection rate of the free lipoplexes. To explain
this giant increase, we studied the uptake of the lipoplexes with
confocal microscopy. The confocal images showed a completely
different pattern after exposure to the free lipoplexes or the lipoplex
loaded microbubbles with ultrasound. The PEGylated lipoplexes
immediately sticked to the cell surface of the cells. On the other
hand the lipoplexes coupled to the microbubbles and radiated with
ultrasound were visible in clusters. A z-stack revealed an intact cell
membrane and lipoplexes sticking to this membrane after addition of
the free lipoplexes (Figure 2A). After exposure of the cells to lipoplex
loaded microbubbles and ultrasound, a damaged cell membrane was
visible with lipoplexes piercing through it (Figure 2B).
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25.
Detection of Intact rAAV Particles up to 6
years after Successful Gene Transfer in the Retina
of Dogs and Primates
Also the use of an endocytotic inhibitor (Methyl-ОІ-cyclodextrine)
did not alter the transfection efficiency of the lipoplex loaded
microbubbles, while the transfection rate and the uptake of the
free lipoplexes was drastically decreased. The cells were also able
to take up propidium iodide (PI) during the exposure to lipoplex
loaded microbubbles and ultrasound. When PI was added after the
ultrasound radiation, this did not result in any uptake. This proves
that the cell membrane is indeed damaged and becomes permeable
for small molecules. Highly PEGylated lipoplexes are not able to
transfect cells due to their very low endocytotic uptake and release.
Loading of these PEGylated lipoplexes onto microbubbles blasts the
lipoplexes into the cells upon ultrasound exposure, which overcomes
their low transfection efficiency. Furthermore, only the ultrasound
radiated areas are transfected. We believe that this system could be
useful as an ultrasound controlled gene delivery system for in vivo
applications.
24.
Experience in Treating Spontaneous
Tumor-Bearing Dogs Using Electroporaton
Chemogene Therapy
Shulin Li, Jeffry Cultrera.
1
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Intratumoral injection of plasmid DNA followed by electroporation
is an effective non-viral gene delivery method for treating malignancy.
We have used intramuscular and intratumoral administration of the
IL-12 gene via electroporation as simple approaches for treatment
of squamous cell carcinoma (SCC), a major oral cancer, in a murine
model (JNCI, Mol Ther, Gene Ther). However, administration of
IL-12 via electroporation alone is unable to eradicate large volume
tumors. Likewise, administration of anti-neoplasm drug bleomycin
alone via electroporation is ineffective in inducing an anti-tumor
immune response. Our preliminary study in murine tumor models
indicates that an innovative approachвЂ”co-administration of
bleomycin and IL-12 via electroporationвЂ”is able to overcome the
above listed problems faced by either IL-12 or bleomycin treatment
alone, which was reported in the previous meeting. Here we will
report our experience in using this combination strategy for treating
two oral tumor-bearing dogs, and one ostiosarcom-binding dog.
The first two dogs have been tumor free for 32 and 8 months and
the third dog has been survived for 4 months. The former two failed
initial radiation and chemotherapy, respectively and the third one was
initially informed to die within a month. The blood and urine profile
analysis indicates that this treatment is safe. In summary, the limited
study suggests that a long term benefit was induced by employing
this combination approach.
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Gene transfer to the retina using recombinant adeno-associated viral
(rAAV) vectors has proven to be an effective option for the treatment
of retinal degenerative diseases in several animal models and has
recently advanced into clinical trials in humans. To date, intracellular
trafficking of AAV vectors and subsequent capsid degradation has
been studied only in vitro, but the fate of AAV particles in transduced
cells following subretinal injection has to be elucidated. Using
electron microscopy, we analyzed retinas of one primate and two
dogs that had been subretinally injected with AAV2/4, -2/5, and -2/2
serotypes and that displayed efficient gene transfer over a 2.5, 4 and
6 years period, respectively. We show that intact AAV particles are
still present in defined structures within the retina for up to six years
after successful gene transfer in these large animals. The persistence
of intact vector particles in the targeted organ, several years postadministration, is totally unexpected and therefore represents a new
and unanticipated safety issue to consider at a time where gene therapy
clinical trials raise new immunological concerns.
26.
Neuroprotective Properties of an AntiVEGF Antibody Delivered by Gene Transfer in the
Mouse Retina
Maite Cachafeiro,1 Alexis Bemelmans,1 Corinne Kostic,1 Andreas
Wenzel,2 Tania Afanasieva,3 Yvan Arsenijevic.1
1
Unit of Gene Therapy and Stem Cell Biology, Jules-Gonin,
Lausanne, Switzerland; 2Division of Cancer Research, Zurich,
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In the retina, the balance between pro- and anti-angiogenic
factors is critical for angiogenesis control but is also involved in
cell survival and maintenance. Thus, the anti-angiogenic factor
PEDF is neuroprotective for photoreceptors in various models
of retinal degeneration. We previously reported that, in the lightinduced photoreceptor lesion model, retinal expression of VEGF is
upregulated, and systemic delivery of PEDF, as well as of an antiVEGF antibody (scFv-VEGF), rescues photoreceptors from cell death
(Wenzel A. et al., ARVO 2004, program #779). We herein describe
the effect of scFv-VEGF local delivery by lentiviral gene transfer. We
constructed lentiviral vectors coding scFv-VEGF (LV-antiVEGF) or a
control scFv (LV-control). Balb/c mice received subretinal injections
of the vectors and were subjected to a light-induced lesion (5000 lux, 1
hr). We next tested the retinal function by electroretinography (ERG),
and estimated the photoreceptor survival rate by rhodopsin dosage
and transgene expression by quantitative PCR (Q-PCR). In parallel
experiments, the efficacy of the vector is tested in animal model of
choroidal neovascularization induced by laser injury. In vitro data
demonstrated that cells transduced by LV-antiVEGF secrete a high
amount of scFv-VEGF. In vivo expression after subretinal injection
in mice was also assessed by in situ hybridization. We thus treated
a group of mice by a subretinal injection of LV-antiVEGF 3 weeks
prior to light damage. Control groups received LV-control, vehicle
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alone, or no pre-treatment. Assessment of the retinal function by ERG
10 days after the lesion showed an average decrease of the a-wave
amplitude of 66.6 В±7.3% in control groups compared to naive animals.
After LV-antiVEGF treatment, the average decrease in a-wave
amplitude was only of 37.8 В±6.4%, indicating a better survival rate
of the photoreceptors (P=0.033). In line with these results, rhodopsin
content of the retina was higher in the LV-antiVEGF group than in
controls. Moreover, Q-PCR quantification of transgene expression in
the RPE layer demonstrated that the extent of photoreceptor protection
correlates with the level of anti-VEGF expression (R 2=0.781,
P=0.0194). This study further involves VEGF in light damage and
highlights the prime importance of angiogenic factor balance for
photoreceptor survival. This suggests that anti-VEGF gene transfer
may help to fight retinal diseases by both its neuroprotective and
anti-angiogenic actions.
27.
Subretinal Injection of AAV Vectors
Recovers Morphological and Functional
Tyrosinase Albino Retinal Anomalies
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Oculocutaneous Albinism type 1 (OCA1) is an autosomal recessive
disorder due to mutations in the tyrosinase gene (TYR), an essential
enzyme for melanin biosynthesis in both skin melanocytes and
RPE (Retinal Pigment Epithelium) of the retina. Mutations in TYR
protein leads to the lack or the decreased melanin synthesis resulting
in congenital hypopigmentation and developmental abnormalities
including foveal hypoplasia and abnormal targeting of the optic
nerve projections to the brain. These anomalies result in nystagmus,
strabismus, reduced visual acuity and loss of binocular vision. We
recently determined that beside the congenital anomalies associated
to TYR mutations, mice harbouring a lack of function mutation in
TYR gene (Tyrc-2j) show a progressive loss of retinal functions
as assessed by ERG (electroretinogram) and recovery from retinal
desensitization. Moreover, these retinal dysfunctions are associated
to photoreceptor loss. In this study we sought whether morphological
and functional anomalies present in Tyrc-2j mice are reversible
following postnatal AAV mediated gene transfer of the human TYR
gene to the retina. In order to correct retinal defects present in Tyrc-2j
mice, we performed subretinal injections of Adeno-Associated Viral
Vectors (AAV) harbouring the human TYR gene, AAV2/1-CMVhTYR, in one month old mice. Assessment of retinal functional
and morphological recovery was performed 2 and 7 months post
injections by electrophysiology and histological analysis. AAV2/1CMV-hTYR-mediated delivery resulted in melanin synthesis in
the RPE trasduced area, regardless of the timing of vector delivery
(P0, P30, P180). Electron-microscopy (EM) analysis revealed the
presence of fully pigmented stage IV melanosomes and an overall
higher number of melanosome in the treated than untreated control
retinae. ERG and recovery of photoreceptor function desensitization
analysis showed significant improvements either after 2 or 7 months
post treatment, while histological analysis demonstrates preservation
of photoreceptor nuclei rows. In conclusion, subretinal injection of
AAV2/1-CMV-hTYR in adult retina triggers melanosome biogenesis,
de-novo synthesis of melanin in the RPE and prevents progressive
photoreceptors degeneration, thus suggesting possible future
application in human patients.
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We isolated and optimized a library of AAV vectors that represent
a wide spectrum of the known AAV biodiversity. Alternative capsids
have shown a distinct biology in gene transfer application that can
impact on gene transfer efficiency, immune responses toward transgene
product and vector, susceptibility to serological neutralization and
tropism. The retina is an ideal model to evaluate these properties
and in addition harbors a wide range of therapeutic targets. Here,
not unlike lead determination in small molecule drug development,
we evaluate these parameters in a methodical manner for this library
of biological therapeutics in both small and large animal models. In
addition to AAV2, we compared 26 novel AAV capsids with AAV2
in C57Bl/6 mice following delivery in the subretinal space in their
ability to target the inner neural retina and/or the retinal pigment
epithelium (RPE). The CMV.eGFP transduced retinas were followed
up by ophthalmoscopy and fundus photography and subsequently
examined histologically. A scoring method for cell type specificity and
morphometric analysis for efficiency of transduction by fluorescent
intensity helped determine a hierarchy of vectors for the various
retinal cell types. AAV7, AAV9, rh.8R and rh64.1 transduced the
mouse RPE most efficiently. Several vectors including AAV7, AAV8,
hu.11, hu.44R3 and rh.8R demonstrated significant eGFP expression
in photoreceptors. Surprisingly, a vector based on a novel Clade C
isolate, hu.11, effectively transduced cells throughout the neural retina
from outer plexiform layer through the ganglion cell layer. From these
murine experiments, those vectors that performed best in the RPE
were evaluated in the cynomolgus macaque eye at doses of 109 and
1010 GC and compared to our previously presented NHP data with
AAV2 and AAV8. Although all vectors transduced the RPE equally
efficiently, remarkable differences in vector tropisms were noted.
Overall, at the higher dose of 1010 GC, dramatically more substantial
photoreceptor transduction was observed as in the murine model. For
all vectors, the relative area of photoreceptor versus RPE expression at
this dose was equivalent. At 109 GC, AAV8 still demonstrated efficient
photoreceptor targeting while other vectors did less so with AAV9
demonstrating a pattern of almost exclusive RPE transduction. All
in life diagnostics indicated that the treatment was well tolerated and
no evidence for immune reaction toward capsid or transgene product
was noted throughout the study as monitored by IFN-Оі ELISPOT and
histological examination.
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As the gene therapy application to human patients has now
started for the treatment of eye diseases, it is of prime importance
to precisely document the natural history of candidate diseases for
this strategy. Patients suffering from LeberвЂ™s Congenital Amaurosis
(LCA) display a high heterogeneity in the time course of their visual
loss, and mouse model technologies offer interesting possibilities
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to mimic human diseases. We were thus interested in evaluating
the effects of a lentivirus-mediated gene transfer of Rpe65 on cone
survival in a new knock-in mouse model expressing the mutated
Rpe65R91W gene, a mutation found in LCA patients. A residual activity
of the Rpe65R91W protein in LCA patients is hypothesized and seems
consistent with the phenotype of this mouse model (Samardzija et al.
Hum Mol Genet 2008). The goal is to determine whether Rpe65R91W
knock-in mice present a larger therapeutic window in comparison to
mice null for Rpe65. Rpe65R91W mice were treated at P5 or 1 month
of age by subretinal injection of an HIV-1-derived lentiviral vector
encoding Rpe65 or GFP under the control of the human 0.8kb RPE65
promoter (LV-R0.8-RPE65). Animals were followed every month
by retinal function tests and were sacrificed at 4 months of age for
immunohistological analyses to evaluate transgene expression and
progression of the disease. Without treatment, in Rpe65R91W retinas,
the cone-specific markers GNAT2, S-opsin and M/L-opsin already
decrease at 1 month of age in comparison to wild type and continue to
decline severely within the following months. However, after Rpe65
gene transfer, in the region of Rpe65 transgene expression, a clear
increase in cone cell immunolabeling is observed at 4 month old mice
even when the injection of the LV-R0.8-RPE65 was performed at 1
month of age. Moreover, some LV-R0.8-RPE65-injected mice have
an improved visual score at the optomor response test or an improved
retinal sensitivity as measured by electroretinogram recordings. Rpe65
gene transfer is able to prolong expression of specific genes that are
essential for cone function. This observation is consistent with an
improvement of retinal function in Rpe65R91W mice after lentivirusmediated gene transfer of Rpe65 in this model. In addition, the
therapeutic window to increase cone survival in Rpe65R91W knock-in
mouse differs from the one we observed in our previous studies in
the Rpe65-/- mouse model (Bemelmans et al. PloS Med 2006). Indeed
cone markers were detected 3 months after Rpe65 gene transfer in 1
month-old Rpe65R91W mice which was not the case for Rpe65-/- mice.
These data suggest that treatment in Rpe65R91W patients may similarly
benefit of a large therapeutic window for application of a potential
gene therapy. However more functional analyses have to be done to
dissect the origin of the functional rescue (rods or/and cones) and
to ensure that not only survival is improved but also cone function
is preserved.
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AAV-Mediated Gene Transfer of the
Erythropoietin Derivative S100E in Models of
Retinal Degenerative Diseases
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Neurotrophic and anti-apoptotic factors provide a therapeutic
strategy for neurodegenerative retinal diseases that is mutationindependent and is highly desirable given Retinitis Pigmentosa
and Leber Congenital Amaurosis high genetic heterogeneity. The
cytokine Erythropoietin has shown promising protective effects in
many tissues and in the retina of several animal models of retinal
diseases and we have previously reported that systemic adenoassociated viral (AAV) vector-mediated delivery of Erythropoietin
(EPO) protects animal models of retinal diseases from photoreceptor
degeneration. Translation of these findings into therapeutic application
looks promising, however the erythrodifferentiating function of EPO
represents a potential cause of several undesired side effects. Recently
EPO derivatives that do not increase the hematocrit but retain tissue
protective and anti-apoptotic functions have been identified. We
are currently investigating the potential neuroprotective effects of
the EPO mutant S100E (EpoS100E) in animal models of induced
and inherited retinal degeneration to define the mechanisms of EPO
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neuroprotection in the retina and to find a mutation-independent
treatment for RP and LCA aimed at slowing or halting photoreceptor
degeneration. We have produced adeno-associated viral vectors
(AAV) based on serotype 1 (AAV1) and expressing either wild type
EPO or EpoS100E which were used to transduce either muscle or
retina of albino Lewis rats before inducing light-damage. Following
AAV-mediated gene transfer high EpoS100E levels were measured
in the sera and ocular fluids of rats administered systemically and
subretinally respectively. Interestingly, systemic EpoS100E crosses
the blood-retina barrier while intraocular EpoS100E does not leak
to detectable levels in the circulation. None of the animal treated
with EpoS100E had increased hematocrits. After light-damage
we observed morphological photoreceptor protection in animals
administered both systemically and intraocularly with AAV-CMVEpoS100E. In conclusion our data confirm that EpoS100E lacks
hematopoietic activity and suggest that this EPO derivative retains
neuroprotective effects in the retina. Additional studies will determine
if AAV-mediated EpoS100E delivery protects the retina in animal
models of inherited retinal degeneration that mimic conditions
frequently found in humans.
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Purpose: Autosomal Dominant Retinitis Pigmentosa (ADRP) is
a group of inherited diseases caused by mutations in over 40 genes.
A gradual decline in vision progressing to the blindness originates
in rod photoreceptor cells eventually leading to the death cone
cells as well. Over 120 ADRP mutations are found in the gene for
rhodopsin, the major light harvesting protein of the visual cycle. Many
rhodopsin mutations lead to protein misfolding. Accumulation of
misfolded rhodopsin exceeds the clearance capacity of the ubiquitin
proteosome system may activate the unfolded protein response
(UPR) leading to apoptosis The main objective of this study is to
design the therapeutic treatment based on the over-expression of ER
resident chaperone GRP78 that would facilitate the folding mutated
opsin protein and protect photoreceptors from ER stress. Methods:
cDNAs for human GRP78 gene was cloned into an AAV vector under
control of the hybrid CMV-beta actin (CBA) promoter. Plasmid was
packaged in AAV serotype 5 capsids. AAV-GRP78 injections were
done in the right eyes of P23H RHO transgenic rats at postnatal day
15. Animals were monitored up to three months. Full field darkadapted electroretinography (ERG) was used to detect changes in
the response to light in the treated eyes compared to the control eyes
which were injected with AAV-GFP. At three months post treatment
we sacrificed animals, enucleated eyes and performed histological,
and immunostaining analysis. Total protein and RNA extracts were
also taken to monitor markers of the Unfolded Protein Response.
Results AAV-GRP78 treatment rescued photoreceptors of mutant
rats as measured by ERG: a- and b-wave amplitudes was improved
by 43-115% in treated eyes. Analysis of the Outer Nuclear Layer (a
measure of photoreceptor survival) across the retina indicated that
these therapeutic effects were correlated with an increase of up to
45% in rod survival. Analysis of the retinal RNA extract showed
that compared to the endogenous GRP78 human GRP78 mRNA
was expressed at approximately 20% of the level of rat mRNA (P
value<0.05). The comparison of the normalized GRP78 protein by
western blot showed that in right eyes the content of GRP78 was
14% higher compared to untreated eyes (P< 0.02). We also found
that the CHOP protein, a hallmark of ER stress, was reduced in the
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eyes treated with GRP78. Conclusions: The over-expression of
GRP78 in photoreceptors decreases the rate of retinal degeneration in
ADRP animal models caused by misfolded P23H rhodopsin protein.
The mechanism by which the GRP78 provide the therapy remains
to be elucidated. Optimization of the GRP78 gene delivery might be
necessarily to elevate the therapeutic effect.
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Molecule for Inhibition of Ocular Angiogenesis by
Intra-Ocular Gene Delivery in Murine and Primate
Models
Abraham Scaria,1 Peter Pechan,1 Michael Lukason,1 Hillard
Rubin,1 Elizabeth DuFresne,1 Tim Maclachlan,1 Margaret Wills,2
Christina Flaxel,3 Ivana Kim,4 Szilard Kiss,4 Joan Miller,4 Gabor
Veres,5 William Hauswirth,6 Samuel Wadsworth.1
1
Molecular Biology, Genzyme Corporation, Framingham, MA;
2
Preclinical Services, Charles River Labs, Sparks, NV; 3Casey Eye
Institute, Portland, OR; 4Ophthalmology, Massachusetts Eye &
Ear Infirmary, Boston, MA; 5Applied Genetic Therapies, Corp.,
Alachua, FL; 6Ophthalmology, Univ of Florida, Gainesville, FL.
Vascular endothelial growth factor (VEGF) plays a critical role in
pathological neovascularization which is a key component of ocular
diseases like neovascular age-related macular degeneration (AMD)
and proliferative diabetic retinopathy (PDR). There are numerous
preclinical and clinical studies that demonstrate that antagonizing
VEGF is a useful strategy for treating such disorders, however current
treatments require monthly intravitreal injections. We have designed
and constructed a soluble hybrid anti-VEGF molecule (sFLT01) and
delivered it by intravitreal injection of an adeno-associated viral
(AAV2) vector. The AAV2-sFLT01 vector delivered intravitreally
transduces predominantly ganglion cells in the murine retina and
results in persistent expression of sFLT01 protein for at least one year.
We have shown that AAV2-sFLT01 inhibits ocular neovascularization
in the murine oxygen induced retinopathy (OIR) model in neonatal
mice and the laser-CNV model performed at different time points post
vector administration in adult mice. When injected into the eyes of
cynomolgus monkeys, we find that AAV2-sFLT01 gives expression
levels persistent for at least one year following administration of the
AAV vector. We performed laser-CNV experiments several months
after vector administration in non-human primates and show that
sFLT01 was very effective at inhibiting neovascularization in this
NHP model. These results suggest an alternate method of long term
treatment for diseases of ocular neovascularization without the burden
of repeated injections.
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Cytotoxic T Lymphocytes (CTLs) Restores Their
Ability To Respond to Interleukin-7 (IL-7)
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Systemic administration of IL2 may improve the expansion and
persistence of adoptively transferred anti-tumor CTLs, but toxicity
and concomitant expansion of regulatory T cells (Tregs) limit the
clinical value of this strategy. IL7 plays a crucial role in maintaining
T-cell homeostasis, and administration appears well tolerated and
not to expand Tregs. Unfortunately, IL7 may be unable to expand
tumor-specific CTLs in vivo because they lack expression of the
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IL7 receptor (IL7Ra): the receptor is, for example, essentially
undetectable on EBV-specific CTL lines due to downregulation of
IL7Ra transcripts. To determine whether transgenic expression of
IL7Ra enables established EBV-CTLs to respond to rhIL7, hIL7Ra
was cloned in the SFG retroviral vector (SFG/IL7Ra), which was then
used to transduce EBV-CTLs from 5 healthy donors. We compared
their growth kinetics and antigen specificity with EBV-CTLs that
were transduced with the SFG retroviral vector encoding a truncated
CD34 molecule (SFG.DCD34). After transduction with SFG/IL7Ra,
IL7Ra was detectable in 58% to 76% of EBV-CTLs. The transgenic
IL7Ra was functional since addition of IL7 (2ng/mL) to transgenic
cells induced phosphorylation of STAT5 within 10 min. To evaluate
whether rhIL7 sustained the expansion of EBV-CTLs/IL7Ra+,
transduced CTLs were stimulated weekly with autologous EBVLCLs in the presence of IL2 (50U/mL) or IL7 (2ng/mL). Control
EBV-CTLs and EBV-CTLs/IL7Ra+ expanded equally well with
IL2. However, only EBV-CTL/IL7Ra+ significantly proliferated
in the presence of IL7 [from 1x106 cells to 1.03x108 cells (range,
0.38-2.9x108)] over a period of 5 weeks. CTL expansion remained
antigen dependent since antigen withdrawal halted CTL growth. The
EBV-CTLs/IL7Ra+ showed the expected selective growth advantage
in the presence of IL7, increasing from 55%В±15% to 79%В±5% of
total cells within 5 weeks. In contrast, the proportion of IL7Ra+ cells
marginally declined when the cells were expanded with IL2 (from
64%В±14% to 40%В±11%). Importantly, EBV-CTLs/IL7Ra+ expanded
with IL7 retained their ability to respond to other common-g-chain
cytokines such as IL2 and IL15. Control CTLs grown with IL2 and
EBV-CTLs/IL7Ra+ grown with rhIL7 both remained polyclonal and
were mostly CD3+/CD8+ (> 90В±8%) with an effector-memory profile.
EBV-CTLs/IL7Ra+ also retained antigen specificity measured by
tetramer staining, by IFNg release in response to EBV-peptides and
by MHC-restricted killing of autologous LCLs (52%В±18% at a ratio
20:1 vs. 9В±17% of allogeneic LCL). These in vitro characteristics are
replicated in vivo. We used a SCID mouse model, in which EBVCTLs/IL7Ra+ labelled with Firefly luciferase (10x106) were injected
i.v. in mice engrafted subcutaneously with EBV-LCLs (10x106).
We found a significant increase of bioluminescence from CTLs in
mice receiving hIL7 (500ng 3 times per week) compared to mice
without cytokine (7.5 foldВ± 3.6 vs. 1.2 fold В± 0.6). Response to IL2
was conserved. This approach may improve the clinical efficacy of
CTL therapies.
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Vivo in the Presence of Immunosuppressing
Glucocorticoids
Andreas Reik,1 Yuanyue Zhou,1 Araceli Hamlett,2 Jamie Wagner,2
Matthew C. Mendel,1 Colin W. Flinders,1 Pei-Qi Liu,1 Gary Lee,1
David E. Paschon,1 Edward J. Rebar,1 Dale Ando,1 David L.
DiGiusto,2 Philip D. Gregory,1 Michael C. Holmes,1 Michael C.
Jensen.2
1
Sangamo BioSciences, Richmond, CA; 2Division of Cancer
Immunotherapeutics & Tumor Immunology, City of Hope National
Medical Center, Duarte, CA.
Glioblastoma-specific cytolytic T-lymphocytes (CTLs) can be
generated by introducing a chimeric T-cell receptor consisting of an
extracellular IL-13 domain and a cytoplasmic CD3 domain (IL13zetakine) into CD8+ T-cells. Both in vitro and in animal models these
CTLs effectively kill malignant glioma cells which are characterized
by high expression of the IL13 receptor a2. Indeed, patient-specific
IL13-zetakine expressing CD8+ T-cell products have entered early
stage clinical trials. However, these CTLs targeting recurrent
glioblastoma multiforme are rendered ineffective if, as is often
the case, patients require anti-inflammatory glucocorticoids postS13
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surgery. To address this problem we employ zinc finger nucleases
(ZFNs) that disrupt the glucocorticoid receptor (GR) gene in the
zetakine expressing CTLs. ZFNs consist of the cleavage domain
of the restriction enzyme FokI linked to an engineered zinc finger
DNA-binding domain. ZFN-mediated cleavage at a predetermined
site in the human GR gene, followed by the repair of the DNA break
via an error-prone cellular pathway, results in the inactivation of
the GR gene at a high frequency. To permanently knock out GR
we transiently introduced ZFNs targeting the human GR gene into
zetakine expressing primary CD8+ T-cells. The high frequency
of ZFN-mediated gene disruption at the GR locus permitted the
isolation of multiple single-cell derived CD8+T-cell clones containing
a biallelically mutated GR locus. Characterization of these clones
revealed (i) the absence of full length GR protein, (ii) lack of
glucocorticoid hormone-induced gene regulation, (iii) resistance to
glucocorticoid hormone-mediated immunosupression and apoptosis,
and (iv) no evidence of ZFN mediated off-target activity. Importantly,
the ZFN-modified, glucocorticoid-resistant CTLs demonstrate
cytolytic activity and tumor cell specificity in chromium release assays
in vitro and in vivo in an orthotopic mouse model of GBM, both in
the presence and absence of the corticosteroid dexamethasone. Thus
ZFN-modified glucocorticoid-resistant IL13-zetakine targeted CTLs
should retain function in cancer patients receiving glucocorticoids.
Moreover, when administered in the presence of glucocorticoids these
cells represent an allogeneic cell product for the potential treatment
of recurrent GBM.
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To generate Chimeric antigen receptors (CAR) for adoptive
immunotherapy of cancer patients with ErbB2 expressing tumors,
retroviral vectors based on the Herceptin, which has been shown
to be an effective treatment for breast cancer, were constructed. An
scFv derived 4D5 (the same mAb as Herceptin) was linked to T cell
signaling domains derived from CD28 and the CD3 zeta chain. PBL
transduced with this 4D5-based CAR were co-cultured with ErbB2+
tumors. The transduced PBL were demonstrated to secrete high levels
of cytokine, underwent antigen-specific proliferation, and efficiently
killed ErbB2+ tumor lines. As we followed the transduced T cell
cultures over time, we noticed a gradual loss of transgene expression
(FACS analysis) on the 4D5 CAR-transduced PBL without obvious
loss of total cell numbers. As controls, we assembled molecules where
the 4D5 CAR was modified by either truncating the signaling portion
from CD3 zeta, or replacing 4D5 scFv with LNGFR. These control
constructs demonstrated no loss of CAR expression, suggesting
that the signaling domains caused the observed transgene decrease.
Q-PCR detection of the 3вЂ™LTR of the vector showed that the transgene
decrease observed by surface expression was highly correlated with
both decreased DNA and RNA copy number in the transduced PBLs,
which strongly indicates that the transgene decrease was due to
selective loss of transduced PBLs. Low-level of ErbB2 mRNA in T
cell cultures was detected by Q-PCR. This observation supports the
notion that 4D5 scFv CAR transduced T cells may have recognized
the ErbB2 expression on PBLs and that signaling through the CD3
zeta chain could transmit apoptotic signals and initiated activation
S14
induced cell death. To test if phosphorylation sites are required for
the observed down-regulation, a series of constructions were made
where the three tyrosine phosphorylation sites (ITAM sites) within the
CD3 zeta chain were mutated. Transduction of these constructs into
PBLs demonstrated that transgene down regulation required tyrosine
phosphorylation at two out of the three sites. 4-1BB is a T cell major
costimulatory molecule that promotes the survival and expansion
of activated T cells. By adding the 4-1BB cytoplasmic domains to
the CD28-zeta signaling moieties, we found increased transgene
persistence in transduced T cells. Furthermore, constructs with 4-1BB
sequences demonstrated increased cytokine secretion (IL-2 & TNFalpha), cell proliferation, and lytic activity in 4D5 CAR transduced
PBLs. In summary, T cells transduced with a Herceptin-based 4D5
scFv CAR were highly reactive to ErbB2 expressing tumor cells and
that incorporation of both CD28 and 4-1BB signaling moieties in a
single vector could promote T cell survival. A clinical protocol for the
use of these new ErbB2 specific CAR for the adoptive immunotherapy
of cancer patients is under development.
36.
Simultaneous Programming of Human
Primary T Lymphocytes for CD19 and CD20
with Multiple Transgenes by Sleeping Beauty
Transposition
Sonny O. Ang,1 Simon Olivares,1 Donald B. Kohn,2 Perry B.
Hackett,3 Elizabeth J. Shpall,4 Richard E. Champlin,4 Laurence J.
N. Cooper.1
1
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Angeles, CA; 3Genetics, Cell Biology and Development, University
of Minnesota, Minneapolis, MN; 4Stem Cell Transplantation, MD
Anderson Cancer Center, Houston, TX.
The Sleeping Beauty (SB) transposon/transposase system is an
efficient and potentially cost-effective alternative to recombinant
virus-based vectors for genetic manipulation of clinical-grade
T cells. To improve its utility for multiple transgene expression
we developed an electro-transfer approach to introduce multiple
transgenes encoded in separate transposons in individual plasmids.
(SB transposase is delivered in trans on a separate plasmid from
the transposon plasmids.) We have termed this approach вЂњmultiple
transpositionвЂќ. This increases the efficiency of gene transfer that can
be reduced with large genetic cargo loads and makes it possible to
mix-and-match expression plasmids to achieve desired effects. We
demonstrate using the Nucleofector device, that codon-optimized,
chimeric antigen receptors (CARs) specific for CD19 and/or CD20
antigen that can activate cells through chimeric CD28 and/or CD3zeta, can be expressed in primary T cells to redirect specificity for
CD19+, CD20+, and CD19+CD20+ tumor targets. The T-cell targeting
of two separate lineage antigens on tumor cells reduces the possibility
of emergence of an antigen-loss escape variant. When the transposons
are introduced into T cells, transfectants (i) are generated efficiently,
(ii) are available in desired and varied genetic permutations, and (iii)
show robust, stable, and persistent expression of CAR transgenes
upon numeric expansion on artificial antigen-presenting cells that
express lineage antigens. This modular gene transfer schema avoids
complicated vector designs to achieve multicistronic expression while
maximizing the flexibility to simultaneously generate different genetic
combinations. By removing the constraints in genetic cargo load and
complexity in transposon expression vector design, SB transposition
could (a) be useful to a broad audience of translational investigators,
and (b) be unlocked for clinically relevant therapeutic applications.
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Engineering CD20-Specific Chimeric
Receptor Redirected T Cells with Inducible CoExpression of a Caspase-9 Based Suicide Switch
for Adoptive Immunotherapy of Mantle Cell
Lymphoma
Lihua Pan,1 Carolina Berger,1 Yukang Lin,1 Jinjuan Wang,1 Stanley
R. Riddell,1 Oliver W. Press.1
1
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Mantle Cell Lymphoma (MCL) is a distinct clinicopathologic
subtype of Non-HodgkinвЂ™s Lymphoma (NHL) that afflicts around
5000 North Americans each year and is considered incurable by
conventional treatment, with a median survival of 2-3 years. Surface
expression of the CD20 molecule is an invariant feature of MCL cells.
Work from our laboratory using T cells bearing a transfected CD20specific chimeric T cell receptor (cTCR) has demonstrated promise
in a murine model and a phase I clinical trial. However, limitations
including low transfection efficiency, low surface expression of cTCR,
and risk of insertional mutagenesis hinder the further exploitation of
this approach. Here we describe a new immunotherapeutic approach
for treatment of MCL using autologous T lymphocytes that have
been genetically modified with a bicistronic IRES retroviral vector
to express both a cTCR recognizing the human CD20 antigen and
a suicide gene using inducible activation of caspase 9. The cTCR
gene was designed to encode a SP163 translational enhancer, a
1F5scFvFc anti-CD20 recognition domain, CD28 and CD137 costimulatory domains, and a CD3О¶ signaling region for maximal
expression, activation and cytolytic activity. Transduced Jurkat T
cells display robust and sustained surface expression of the chimeric
T cell receptor for more than 6 months. When exposed to chemical
inducers of dimerization (CID), only Jurkat T cells transduced with
both cTCR and iCas-9 genes but not cTCR alone underwent CIDinduced caspase-mediated apoptosis. The same constructs were also
tested in primary human T cells in vitro. We have been able to achieve
transduction efficiency ranging from 15% to 70%. All transduced
primary T cells expressed the cTCR at a level 10 to 100 fold higher
than cells transfected with naked DNA plasmids encoding a similar
cTCR. These cTCR+ T cells are able to execute highly effective
cytolytic functions when cultured together with 51Cr-labeled CD20+
lymphoma cell lines including EL4-CD20, Daudi and Granta, a
MCL cell line. They had no effect on CD20-negative cell lines.
This demonstrates the high specificity of the modified T cells. We
detected CID induced activation of caspase activity and elimination
of T cells transduced with both cTCR and iCas-9 genes via flow
cytometric-based analysis, whereas CID had no effect on control T
cells transduced with cTCR alone. In vivo testing of these T cells will
be carried out in a murine MCL model as well as in a non-human
primate Macaca nemestrina model in the near future. Our work
demonstrates the feasibility and promise of this approach in treating
relapsed MCL and other CD20 bearing B cell malignancies in a safer
and more efficient manner.
38.
A Phase I Trial for the Treatment of ChemoRefractory Chronic Lymphocytic Leukemia with
CD19-Targeted Autologous T Cells
Renier J. Brentjens,1 Daniel R. Hollyman,3 Mark Weiss,1 Jolanta
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Building on our earlier demonstration that human peripheral blood T
cells genetically targeted to CD19 can eradicate established, systemic
B cell tumors in mice, we have developed a novel immunotherapy for
the treatment of chronic lymphocytic leukemia (CLL). This strategy
is based on the genetic modification of patient T cells to recognize
the B cell-specific cellular antigen CD19, expressed on B cell tumors,
through the retroviral expression of a chimeric antigen receptor
(CAR) specific for CD19 (19-28z). We have initiated a clinical trial
utilizing 19-28z+ autologous T cells in patients with purine analogrefractory chronic lymphocytic leukemia (CLL) (BB-IND 13266).
Enrolled patients initially undergo a leukopheresis procedure in order
to obtain T cells. Following activation with DynabeadsВ® ClinExVivo
CD3/CD28 magnetic beads, the T cells are transduced with the CD19
specific 19-28z CAR using cGMP gammaretroviral vector stocks
generated in our facility, and expanded utilizing a WaveTM bioreactor
platform-based rapid expansion protocol. To assess safety, patients
enrolled in the first cohort of this trial received an infusion of the
lowest planned dose of modified T cells alone. Subsequent cohorts
will receive infusions of 19-28z+ T cells following escalating doses
of cyclophosphamide chemotherapy. Patients treated in the first
cohort with the lowest modified T cell dose alone experienced grade
2 fevers and rigors during infusion but no dose limiting toxicities.
Treated patients variably experienced decrease in lymph node size,
decreased CD19+ B cell numbers in the peripheral blood, and a
decreased dependence on red blood cell transfusions. We conclude
so far that infusion of CD19-targeted T cells alone is well tolerated
in patients with refractory CLL, with objective evidence of transient
anti-tumor responses. Patients on the second cohort, who will receive
prior lymphodepleting chemotherapy with cyclophosphamide, are
being enrolled. The trial presented here is the first to utilize gene
modified autologous T cells for the treatment of CLL, as well as
the first to target CD19+ tumors utilizing a rapid T cell expansion
protocol, which represents a promising approach for patients with
B cell malignancies.
39.
Cross-Talk between Tumor Cells and
Endothelium Triggers a Strong Chemotactic
Signal Recruiting T Lymphocytes to Distant Tumor
Deposits
Nabil Ahmed,1 Vita Salsman,1 Kwong-Hon Chow,1 Huseyin
Kadikoy,1 Xia-Nan Li,1 Laszlo Perlaky,1 Meenakshi Bhattacharjee,2
Cliona Rooney,1 Helen Heslop,1 Stephen Gottschalk.1
1
Center for Cell and Gene Therapy, Baylor College of Medicine,
Houston, TX; 2Pathology, Texas ChildrenвЂ™s Hospital, Houston, TX.
Background: Failure of local control of medulloblastoma (MB)
is a poor prognostic factor that heralds incurable disease recurrence
that is multi-focal in up to 60% of patients, adding to the dismal
prognosis of these patients. We have shown that genetically modified
T cells expressing HER2-specific chimeric antigen receptors (HER2-T
cells) induce regression of HER2+ human MB growing in the brains
of mice after intratumoral injection. The objective of this project
was to study the ability of HER2-T cells to achieve loco-regional
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control in MB. Methods: Mice with established human HER2+
MB xenografts (Daoy) were stereotactically injected into the contralateral hemisphere with HER2-T cells expressing the firefly luciferase
(luc) gene to determine T-cell migration and expansion in vivo using
bioluminesence imaging. To determine the anti-tumor activity of T
cells, unmodified HER2-T cells were injected into mice bearing lucexpressing Daoy tumors in the contra-lateral hemisphere. Chemokine
expression and chemokine receptor profiles were determined by
standard techniques and trans-well assays were used to study
T-cell migration ex vivo. Results: HER2-T cells migrated within
the brain to distant primary MB and Daoy xenografts as judged by
bioluminescence. Within 48 hours of injection HER2-T cells clustered
at the tumor site and proliferated as judged by imaging as well as
immunohistochemistry for the non-G0 marker Ki-67. HER2-T cells
had potent anti-tumor activity after injection into the contra-lateral
hemisphere of tumor bearing mice, inducing tumor regression, which
resulted in a survival advantage of treated animals. To investigate the
mechanism of in vivo T-cell migration, we analyzed the chemokine
expression profile of Daoy cells and primary MB cells, revealing only
the presence of chemokines like CXCL-8 (IL-8) and MIF for which
HER2-T cells did not have chemokine receptors on their cell surface.
Consistent with this finding, supernatants from Daoy cells failed to
induce T-cell migration in trans-well migration assays. To determine
if brain tumor endothelial cells trigger T-cell migration we used
supernatants from the murine glioma endothelial cells (b.END.3) as a
chemoattractant, but also did not observe T-cell migration. However,
supernatants derived from co-cultures of Daoy and b.END.3 cells
induced strong T-cell migration. Chemokine expression analysis
revealed high levels of human RANTES (CCL5), for which HER2-T
cells expressed the corresponding chemokine receptor. Conclusions:
We have shown that HER2-T cells migrate to tumor sites within the
CNS, expand at tumor sites, and induce regression of MB xenografts
in vivo. Our results also suggest that вЂ�cross-talkвЂ™ between tumor and
tumor endothelium plays a major role in creating a chemotactic
gradient for T-cell migration. Hence, the adoptive transfer of
HER2-T cells represents a promising immunotherapeutic approach
to control loco-regionally advanced, incompletely resected and/or
drop-metastatic medulloblastoma.
40.
PET/CT Imaging of PSMA-Targeted Human
T-Cells in Systemic Prostate Cancer Model
Konstantin Dobrenkov,1 Malgorzata Olszewska,1 Yury Likar,1
Larissa Shenker,1 Hedvig Hricak,1 Michel Sadelain,2 Vladimir
Ponomarev.1
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Non-invasive imaging technologies have the potential to enhance
the monitoring and improvement of adoptive therapy with tumortargeted T-lymphocytes. In a lung metastasis prostate cancer model
utilizing murine RM1 prostate carcinoma cells expressing human
prostate-specific membrane antigen (PSMA) and Renilla luciferase for
bioluminescent imaging (BLI) of tumor progression, we investigated
in SCID/Beige mice the fate of PSMA-targeted human T-lymphocytes
that express herpes simplex virus type 1 thymidine kinase/green
fluorescent protein. Human T-cells were successfully monitored
using 18F-FEAU positron emission tomography (PET). Computed
tomography (CT) was used for anatomical co-localization of T-cells
and tumor foci. We showed the feasibility of concurrent imaging
of adoptively transferred T-cells and systemic tumors in the same
animal using PET and BLI, respectively. PSMA-specific lymphocytes
persisted longer than control CEA-targeted T-cells in lung tumors.
PET/CT fusion imaging was used for precise quantification of T-cell
distribution at tumor sites within the lungs. The degree of 18F-FEAU
accumulation in different anatomical areas of the lungs is presented
in the table.
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%ID/g ROI-to-background ratios in selected anatomical areas
Tumor-free lung
ROI to background ratio
Tumor 1 Tumor 2
parenchyma
PSMA-specific T-cell group 2.25
2.47
1.10
CEA-specific (control)
1.00
0.98
NA
T-cell group
Non-treated group
0.94
0.88
NA
NA - not available
Blood vessel
1.17
1.02
0.89
We conclude that quantitative non-invasive monitoring of
genetically engineered human T-lymphocytes using PET/CT provides
spatial and temporal information on T-cell trafficking and persistence,
and that PET may be useful to predict tumor responses and guide
adoptive T-cell therapy.
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Preliminary Long-Term Efficacy of
Replication-Competent Adenovirus-Mediated
Suicide Gene Therapy for the Treatment of Locally
Recurrent Prostate Cancer
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Kim,1 Steve Brown,1 Ben Movsas.1
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Replication-competent adenovirus-mediated suicide gene therapy
is an investigational cancer treatment that combines the oncolytic
actions of human adenoviruses with the cytotoxic effects of chemoradiosensitizing genes. We have evaluated the toxicity and preliminary
efficacy of this approach in two settings of prostate cancer without,
and with, conformal radiotherapy. Overall, the gene therapy has
been associated with low toxicity and has generated encouraging
signs of efficacy. We recently reported that in the locally recurrent
setting, at 5-year follow-up, the gene therapy alone resulted in a
doubling of the mean PSA doubling time (PSADT), a non-validated
surrogate endpoint that has significant prognostic power for prostate
cancer-specific mortality. That the adenovirus was eliminated from
all patients by 3 months, yet the effect on PSADT has persisted for
over 6 years in some, raises the possibility that the gene therapy
may have generated long-lasting anti-tumor immunity. With a
median follow-up of 7 years, we performed a preliminary analysis
to determine whether the gene therapy may have affected survival.
Overall (OS) and cause-specific (CSS) survival of our gene therapy
cohort was compared to historical data published by the University
of Michigan. Baseline characteristics of the two patient groups (gene
therapy vs. historical) were very balanced with respect to: 1) age of
patients at the time of PSA failure and initiation of salvage therapy
(75.0 vs. 74.5 years), 2) clinical stage at initial diagnosis (94% T1/
T2 vs. 83% T1/T2), 3) Gleason score в‰Ґ 7 at initial diagnosis (50% vs.
49%), 4) median PSA at initial diagnosis (12 ng/mL vs. 16 ng/mL),
5) radiation dose received for definitive treatment (67 Gy vs. 72 Gy),
and 6) time interval in which patients received definitive treatment
(1984 - 1998 vs. 1986 - 1998). Five-year OS of the gene therapy
cohort was 81% versus 58% for the historical group. Likewise, 5-year
CSS of the gene therapy cohort was 100% versus 73% for historical
group. Median OS of the gene therapy cohort has not been reached
(75% at 7 years) versus 5.9 years for the historical group. Although
no conclusions can be drawn from this retrospective analysis, we
believe these data are encouraging and strong enough to formulate
hypotheses that can be tested in prospective, randomized, controlled
trials. Therefore, we have designed a randomized, controlled trial
that will test the hypothesis that replication-competent adenovirusmediated suicide gene therapy will improve survival in patients
with locally recurrent prostate cancer after definitive radiotherapy.
Patients in Arm 1 will receive replication-competent adenovirusmediated suicide gene therapy at PSA failure followed by standard
of care upon disease progression. Patients in Arm 2 will receive only
standard of care. Standard of care will be defined prospectively. The
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primary endpoint is OS. Secondary endpoints are CSS and time to
distant metastases. Exploratory endpoints include the development
of cellular and humoral anti-tumor immunity, and PSADT before
and after the gene therapy.
42.
Adenoviral-Mediated Delivery of Mutated
IL-13 (IL13.E13.K) Fused to PE Toxin Exhibits
Enhanced Efficacy and Reduced Neurotoxicity
When Compared to the Protein Formulation
(Cintredekin Besudotox) for the Treatment of
Glioblastoma
M. Candolfi,1 W. Xiong,1 A. G. Muhammad,1 M. Puntel,1 C. Liu,1
K. M. Kroeger,1 S. Mondkar,1 J. Lerner,1 S. Lee,1 D. Foulad,1 W.
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Treatment of human glioblastoma (GBM) has been attempted
using native human IL-13 fused to Pseudomonas exotoxin A (PE),
(hIL-13-PE38QQR, Cintredekin Besudotox), that binds the GBMassociated IL13О±2R. However, hIL-13-PE38QQR exhibits short
half-life, requiring frequent and prolonged administration. Also,
this chimeric toxin binds not only to the GBM-associated IL13О±2R,
but also to the physiological IL-13/IL-4R expressed in normal brain
cells. We constructed an adenoviral vector (Ad) expressing a mutant
IL13 (IL13.E13K) fused to PE (muIL-13-PE), which binds to GBMassociated IL13О±2R with high affinity and has negligible binding for
the physiological IL13/IL4R (Nat Biotechnol. 1998 16(5):449-453).
We compared the efficacy and neurotoxicity of our novel Ad vs.
hIL-13-PE38QQR in intracranial human GBM xenografts in nude
mice as well as in the brain of naive immunocompetent Balb/c mice.
We constructed the therapeutic Ad-muIL4-TRE-muIL13-PE that
expresses the cytotoxin muIL-13-PE, and, as an extra safety feature,
a mutated IL-4 (IL4.Y124D, muIL-4) that blocks the binding of IL13
to the physiological IL13/IL4R (Int J Oncol. 1999 15(3): 481-486).
Efficacy of Ad-muIL4-TRE-muIL13-PE+Ad-TetON (4x107 pfu)
and hIL-13-PE38QQR (0.2 and 1Вµg) was studied by intratumoral
injection into intracranial human U251 GBM xenografts in nude mice.
Ad-muIL4-TRE-muIL13-PE significantly increased the survival of
tumor-bearing mice when compared to saline-treated mice, leading
to ~80% survival for over 100 days. Although 0.2 and 1 Вµg of hIL13-PE38QQR improved the survival of tumor-bearing mice when
compared with saline-treated mice, all hIL-13-PE38QQR-treated
mice succumbed due to tumor burden by day 55. Then we compared
the toxicity profile 3 and 7 days after the administration of Ad-muIL4TRE-muIL13-PE+Ad-TetON (4x107 pfu) and hIL-13-PE38QQR (0.2,
0.5 and 1 Вµg) in the striatum of naГЇve Balb/c mice. Mice that received
1 Вµg of hIL-13-PE38QQR exhibited severe neurological signs,
requiring euthanasia 2-3 days after injection. Their brains exhibited
extensive tissue damage, profuse infiltration of inflammatory cells,
reduction in TH expression in the striatum, and local hemorrhages.
Mice that received reduced doses of hIL-13-PE38QQR (0.5-0.2 Вµg),
survived until the 7 day-time point, but their brains also exhibited
severe neuropathological side effects. However, none of the mice
injected with Ad-muIL4-TRE-muIL13-PE+Ad-TetON exhibited
systemic or local side effects. These results suggest that Ad delivery of
muIL13-PE toxin to GBM will lead to strong antitumoral effect with
negligible adverse side effects to the surrounding non-neoplastic brain.
Supported by NIH/NINDS R01 NS44556.01, R21-NSO54143.01; UO1
NS052465.01; RO3 TW006273-01 to M.G.C.; RO1 NS 054193.01;
RO1 NS 42893.01; U54 NS045309-01, and R21 NS047298-01 to
P.R.L; F32 NS058156.01 to M.C..
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Enhancement of Oncolytic Properties of
Genetically-Engineered Fusogenic Newcastle
Disease Virus through Antagonism of Cellular
Innate Immune Responses
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Newcastle Disease Virus (NDV) is a member of the Avulavirus
genus in the Paramyxoviridae family, which has been shown to infect
a number of avian species, but to cause no disease in humans. For
the past 50 years, NDV has been shown to be an effective oncolytic
agent, causing specific lysis of cancerous but not normal cells. The
specificity of the oncolytic effect of NDV is presumed to result from
its sensitivity to the antiviral effects of the type I interferon (IFN)
system, which is impaired in a great number of tumors. Despite these
findings, the in vivo oncolytic efficiency of naturally-occurring NDV
strains can still be relatively low, as many tumors still possess an
adequate immune response to suppress viral replication and spread.
We hypothesized that the enhanced suppression of the innate immune
responses by the NDV would allow for increased viral replication
and enhanced oncolytic activity. We have previously described the
establishment of a reverse-genetics system for genomic manipulation
and construction of NDV vaccines and oncolytic virus vectors.
Using this system, we first generated a recombinant NDV virus of
Hitchner B1 strain with enhanced fusogenic properties, and showed
its enhanced ability to form syncytia and lyse a variety of tumor cell
lines, when compared to its wild-type counterpart. To further enhance
the interferon-antagonistic properties of the virus, we generated a
fusogenic NDV virus expressing influenza NS1 protein, which was
previously characterized as an antagonist of innate immune responses
in human and mouse cells. The resultant virus suppressed the
induction of cellular IFN response and was enhanced in its ability to
replicate, form syncytia, and lyse a variety of human and mouse tumor
cell lines. Inoculation of C57/BL6 and nude mice with the NDV-NS1
virus resulted in no significant adverse effects, confirming its safety.
Using the aggressive syngeneic murine B16-F10 footpad melanoma
model, we show that the intratumoral injection with NDV-NS1 virus
was more effective in clearing the established footpad tumors and
resulted in higher overall long-term animal survival, when compared
to its counterpart not expressing NS1. Tumors excised from the mice
treated with NDV showed a higher degree of lymphocyte infiltration,
when compared to the untreated control group. Moreover, mice treated
with NDV developed melanoma-specific CTL responses, which were
stronger in the NDV-NS1 group. Overall, these findings demonstrate
that modulation of innate immune responses by NDV can be an
effective strategy for enhancement of its oncolytic properties and
leads to generation of effective adaptive immune response against
the tumor cells.
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Oncolytic Virus Therapy of Glioma
Sensitizes Glioma Cells to Cilengitide Treatment
Kazuhiko Kurozumi,1 Alvarez-Breckenridge Christopher,1
Dmitrieva Nina,1 Jayson Hardcastle,1 E. A. Chiocca,1 Balveen
Kaur.1
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Oncolytic HSV-1 derived viruses (OVs) are being investigated as
treatment modalities for many cancers. However, a clear understanding
of the action of this biological therapy in human patients is currently
not feasible. We have been investigating OV therapy induced changes
in the tumor extracellular matrix. Transcript profiling of secreted
proteins involved in angiogenesis revealed a significant, induction of
CYR61 gene expression (8.94 fold, P = 0.001) in tumors treated with
OV in vivo. Further CYR61 mRNA and protein were induced upon
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infection using different OVs in multiple human cancer cell lines and
primary human tumor derived cells in vitro and in orthotopic human
gliomas grown in nude mice in vivo. CYR61 is a secreted ECM
protein that can bind to and activate integrins О±vОІ3 and О±vОІ5. Increased
CYR61 in the ECM of breast cancer cells has also been shown to
activate an autocrine loop,resulting in upregulation of its own receptor
О±vОІ3 resulting in their increased sensitization to integrin anatgonists
(Menendez JA, et al. Oncogene 2005). Consistent with this we found
that glioma cells stably over expressing CYR61 were much more
sensitive to the integrin antagonist Cilengetide, than control cells
(LD50=146.5 ng/ml of overexpressing Vs control LD50=521.1 ng/
ml) (P<0.05). Hence we hypothesized that OV treatment induced
secreted CYR61 would increase integrins О±vОІ3 on both infected
and uninfected U87delta EGFR glioma cells, and sensitizing them
to integrin antagonists such as Cilengitide. We tested the effect of
OV treatment of glioma cells on expression of integrin receptors
О±vОІ3. Immunofluorescent staining of glioma cells revealed increased
staining of these integrin receptors on cell membranes of cells infected
with OV, compared to uninfected control cells. Moreover we detected
synergistic killing of glioma cells treated with OV and Cilengitide
compared to cells treated with either agent alone (Chou вЂ“ Talalay
combination indices = 0.39). These results suggested that treatment
of glioma with OV followed by treatment with Cilengitide would
enhance therapeutic efficacy. We tested this hypothesis in SCID
mice with intracranial tumors (U87в€†EGFR). Briefly seven days
after tumor cell implantation, mice were treated with OV or PBS by
direct intratumoral injection. Five days after OV treatment mice were
injected systemically with a single dose of cRGD (5mg/kg) or PBS.
Mice treated with OV and Cilengitide survived significantly longer
than mice treated with OV alone (median survival: OV: d16; cRGD
+ OV: d25) (P < 0.01 between OV and cRGD + OV). These results
indicate OV is a sensitizer to Cilengitide in proportion to the levels of
target integrin expression and the potential of combining OV treatment
with Cilengitide to improve therapeutic outcome.
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Suppression of Tumor Growth by Single
Injection of Type 8 Self-Complementary AAV
Vector Expressing Endostatin in Lymphoma Model
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Since tumor growth and metastasis depends on the generation
of new blood vessels, anti-angiogenic therapy was proposed to be
effective for the treatment of a variety of malignancies. To examine
the feasibility of adeno-associated viral (AAV) vector mediated
systemic anti-angiogenic gene therapy for lymphoma, we constructed
AAV vectors (AAV2/1, AAV2/2, AAV2/7, and AAV2/8) expressing
secretable murine endostatin (mEnd) and examined the secreted
therapeutic protein levels in vivo. When these vectors (5x1010 vg
each) were injected into a quadriceps muscle of C57BL/6 mice,
the highest serum level of therapeutic protein detected by ELISA
was observed in AAV2/8 injected mice (8>7>1>2) one week after
injection. Sustained expression of mEnd was detected at least for
four months. For further development of AAV vector for systemic
anti-angiogenic gene therapy, we generated self-complementary
AAV vector (scAAV2/8) expressing mEnd and compared with single
stranded AAV (ssAAV2/8). Four weeks after injection, about 100
times higher level of endostatin was detected in the plasma of the
mouse administered with scAAV2/8 compared to ssAAV2/8 (1x109
vg each). To examine the effect of scAAV2/8 expressing mEnd, we
established a lymphoma murine model in which the lymphoma cell
line A20 expressing luciferase gene was inoculated into the caudal
vein of BALB/C. Using this lymphoma murine model, we can detect
S18
the tumor growth and metastasis by a real-time in vivo imaging
analyze system (IVIS). After single injection of ssAAV2/8 expressing
mEnd into the right quadriceps muscle of the lymphoma model mice,
tumor cell growth was monitored by IVIS. Suppression of tumor
growth was observed in scAAV2/8 expressing mEnd injected mice
compared to control GFP expressing AAV injected mice (1.2x109
vs. 4.4x109 photon/sec; p<0.05). Survival effect was also detected in
scAAV2/8 injected mice (47 vs. 30 days). These results demonstrated
that scAAV2/8 mediated systemic expression of endostatin is useful
for the gene therapy of lymphoma with only low dose administration
of AAV vector.
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The Combination of Oncolytic
Adenoviruses and Ionizing Radiation Inhibits DNA
Double Strand Break Detection Which Results in
Autophagocytotic Prostate Cancer Cell Death
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Most advanced solid tumors, including hormone refractory
prostate cancer, are relatively radiation resistant. Approaches that
increase sensitivity to or synergize with radiation can be useful.
Oncolytic adenoviruses (Ads) have shown efficacy against prostate
cancer in preclinical and clinical studies. The combination of Ads
and radiotherapy has shown better efficacy in cell killing than either
agent alone but the mechanisms underlying this phenomenon remains
unknown. We investigated the synergy between Ads and radiotherapy
and found that infection with Ads 24 h after irradiation results in
synergistic prostate cancer cell killing. Mechanistic studies revealed
that combination treatment did not increase viral replication or
caspase-3 activity (a sign of apoptosis), nor were specific pathways
affected in microarray analysis. Instead, western blot analyses showed
a reduction in Mre11 levels and in its ATM mediated down-stream
component Chk2-Thr68, in combination treated cells. Another
downstream component of ATM, ОіH2AX- Ser139, which is a marker
of double strand breaks and DNA configurations misinterpreted as
such, was increased in combination treated cells. Our data indicates
that the thousands of short double stranded DNA genomes that result
from Ad replication, are recognized by the DNA signalling pathway,
which results in induction of the double strand break repair response.
However, Ad proteins E3orf3, E4orf6 and E1b55K counteract
this mechanism to maximize cellular takeover and productive Ad
replication. In cells that have sustained radiation injury, these Ad
proteins inhibit double strand break repair and thus DNA damage
accumulates. Our findings suggest that this eventually leads to
autophagy, which was demonstrated by LC3 immunofluorescence
and FACS. In summary, we found that oncolytic adenoviruses are
synergistic with ionizing radiation because they inhibit double strand
break repair for subsequent induction of autophagy. These molecular
mechanisms may have widespread importance if they are confirmed
relevant with regard to cytopathic effect and autophagy in general.
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Antitumoral Efficacy and Neurotoxic Profile
of Adenoviral Vectors Encoding Proapoptotic
Genes To Be Used in Combination with Flt3L for
Immunotherapy Against Glioblastoma
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Glioblastoma Multiforme (GBM) is the most common subtype of
primary brain tumor in adults, and its prognosis is dismal. We assessed
the efficacy and neurotoxicity of adenoviruses (Ads) expressing
proapoptotic transgenes, i.e. HSV1-thymidine kinase (Ad-TK),
TNF-О± (Ad-TNF-О±), FasL (Ad-FasL) or TRAIL (Ad-TRAIL) to be
used for GBM immunotherapy in combination with the immunostimulant Flt3L (Ad-Flt3L). TK selectively kills rapidly dividing cells
in combination with the prodrug ganciclovir (GCV), while TNF-О±,
FasL or TRAIL kill cells expressing the respective death receptor.
Rats bearing intracranial CNS-1 tumors were injected intratumorally
with the Ads expressing the proapoptotic transgenes 4 days after
tumor implantation. We found that while rats bearing small tumors
treated with saline, Ad-TNF-О± and Ad-TRAIL succumbed due to
tumor burden, Ad-TK and Ad-FasL inhibited tumor progression,
and significantly improved the survival. However, when we used
Ad-TK or Ad-FasL to treat larger tumors (day 9 after implantation),
we found that alone; they are ineffective to improve survival. Less
than 20% of rats treated with Ad-TK survived long term and none
of the rats treated with Ad-FasL rats survived further than the saline
group. Thus, we used the combination of Ad-TK or Ad-FasL with
Ad-Flt3L which were injected intratumorally in rats bearing large
tumors. Flt3L recruits and activates dendritic cells into the brain,
eliciting antigen presentation. We found that although Ad-Flt3L
poorly improved the survival of Ad-FasL-treated rats, it significantly
increased survival when combined with Ad-TK; ~70% of long term
survivors. The neuropathological analysis of naГЇve rat brains injected
with these proapoptic viruses demonstrated that expression of FasL
and TRAIL caused overt toxicity, leading to profuse infiltration
of inflammatory cells, reduction in TH expression in the striatum,
local hemorrhages and ventriculomegaly, while administration of
Ad-TK did not significantly alter the structure of the normal brain
and induced only a mild, transient local inflammation. Our results
show that the combination therapy, Ad-Flt3L/Ad-TK plus GCV
is the most efficient amongst the several proapoptotic approaches
tested. Moreover, while intracranial expression of proapoptotic
cytokines like TRAIL and FasL is very toxic to the normal brain,
administration of Ad-TK does not induce overt neuropathological side
effects. Our results warrant further development of this combination
therapy for the future implementation of a clinical trial for GBM.
Supported by NIH/NINDS R01 NS44556.01, R21-NSO54143.01; UO1
NS052465.01; RO3 TW006273-01 to M.G.C.; RO1 NS 054193.01;
RO1 NS 42893.01; U54 NS045309-01, and R21 NS047298-01 to
P.R.L; F32 NS058156.01 to M.C.
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MicroRNA-Regulated Transgene
Expression System Reduces Unwanted Side
Effects in Adenovirus Vector-Mediated Suicide
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Adenovirus (Ad) vector-mediated suicide gene therapy using
herpes simplex virus thymidine kinase (HSVtk) gene and ganciclovir
(GCV) provides a promising therapeutic strategy for cancer; however,
one of hurdles confronting Ad vector-mediated HSVtk/GCV system
is severe hepatic damages due to unwanted HSVtk expression by Ad
vectors in the liver. Ad vectors locally injected into tumors are drained
into bloodstream and efficiently mediate hepatic transduction. In order
to overcome this drawback, microRNA (miRNA)-regulated transgene
expression system was inserted into Ad vectors. MicroRNAs are small
21-23-nucleotide noncoding RNAs expressed in a tissue-specific
pattern. MicroRNAs form partial duplexes within the 3вЂ™ untranslated
region (UTR) of targeted transcripts and repress the translation. We
constructed a miRNA-regulated Ad vector by incorporating four
tandem copies of sequence perfectly complementary to miR-122a
into the 3вЂ™ UTR of firefly luciferase (Ad-L-mir122aT). miR-122a is
abundantly expressed in hepatocytes. First, several types of cultured
human cell lines were transduced with Ad-L-mir122aT, a conventional
Ad vector expressing firefly luciferase (Ad-L), or a Ad vector
containing the reverse sequence of miR-122a target sequence in the
3вЂ™ UTR (Ad-L-mirConT). Ad-L-mir122aT, Ad-L, and Ad-L-mirConT
exhibited comparable transduction efficiencies in cells expressing
negligible levels of miR-122a. On the other hand, transduction
efficiency of Ad-L-mir122aT was significantly decreased, compared
with Ad-L and Ad-L-mirConT in Huh-7 cells, which highly express
miR-122a. Next, the Ad vectors were intratumorally injected into
B16 tumor-bearing mice. Ad-L-mir122aT mediated transduction
efficiencies comparable to Ad-L and Ad-L-mirConT in the tumors.
In contrast, luciferase production by Ad-L-mir122aT in the liver
was approximately 100-fold lower than those by Ad-L and Ad-LmirConT. These results indicate that incorporation of miR-122a target
sequence into the 3вЂ™ UTR of transgene significantly repress the hepatic
transduction following intratumoral administration, without disturbing
transduction in tumors. We further constructed a miRNA-regulated
Ad vector expressing HSVtk (Ad-tk-mir122aT) and intratumorally
administered the Ad vectors into B16 tumor-bearing mice. Single
injection of Ad-tk-mir122aT resulted in significant regression of the
tumors. Antitumor effects of Ad-tk-mir122aT was almost comparable
to those of Ad-tk-mirConT, which is a HSVtk-expressing Ad vector
containing the reverse sequence of miR-122a target sequence.
However, Ad-tk-mirConT exhibited apparent hepatotoxicity, assessed
by histopathological analysis using liver sections. Elevation of
glutamic-pyruvic transaminase (GPT) levels in serum and weight
loss of mice were also found in Ad-tk-mirConT-injected mice. On the
other hand, Ad-tk-mir122aT did not cause apparent hepatotoxicity.
These results indicate that Ad vectors carrying miR-122a-regulated
HSVtk expression system would be a powerful and safe vector for
suicide gene therapy.
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Background: Pancreatic cancer is one of the most aggressive and
devastating human malignancies. Excepting surgical resection, there
is no efficient treatment. The chemotherapeutic agent gemcitabine
improves the patientвЂ™s clinical status but survival is not prolonged.
Methods: DeoxyCytidine Kinase and Uridylate Monophosphate
Kinase (DCK::UMK) fusion gene was designed to efficiently converts
gemcitabine into its toxic phosphorylated metabolite. Somatostatin
receptor subtype 2 gene (sst2) is a well characterized anticongene for
pancreatic cancer, that targets multiple cancerous pathways such as
altered cell proliferation, angiogenesis, invasion and apoptosis. Both
antitumoral genes were driven by cellular promoters (GRP78 and
GRP94) and associated in a bigenic expression vector pVivo (Cayla/
Invivogen). JetPEI polyethylenimine was used as synthetic carrier in
these studies. Antitumor effect was tested in vitro in human (BxPc-3,
MiaPaca2) pancreatic cancer cells and in vivo in an orthotopic
transplantable model of pancreatic cancer established in hamsters.
Results: gene transfer using DNA/Jet PEI complexes in pre-GMP
conditions strongly sensitizes pancreatic cancer cells to gemcitabine
toxic effect both in vitro and in vivo by dramatically reducing cell
proliferation, pancreatic tumor growth (50% tumor regression) and
metastatic progression. In addition, DNA/Jet PEI complexes toxicity
and biodistribution were established in mice and hamsters. We are
now setting up a phase I-II clinical trial to include advanced pancreatic
cancer patients receiving intratumor injection of plasmid DNA-JetPEI
complexes by means of endoscopic ultrasound (EUS) together with
gemcitabine IV injection. Evaluation will include local and general
tolerance, plasmid biodistribution, tumor volume (RECIST) and
clinical benefit. Conclusions: The fusion gene DCK::UMK together
with the sst2 gene and gemcitabine treatment strongly antagonize
pancreatic cancer cells proliferation both in vitro and in vivo. A Phase
I-II clinical trial is designed by sequential EUS-guided intra-tumor
delivery of both genes in combination to gemcitabine.
50.
Clinical Development of Novel
вЂњBifunctionalвЂќ shRNA Knockdown Therapeutics to
Patient Specific Cancer Targets
John J. Nemunaitis,1,2,3,4 Phillip B. Maples,1,2 Donald D. Rao,2 Alex
W. Tong,1,2 Padmasini Kumar,2 Joseph Kuhn,4 Neil Senzer.1,2,3,4
1
Mary Crowley Cancer Research Centers, Dallas, TX; 2Gradalis,
Inc., Dallas, TX; 3Baylor Sammons Cancer Center, Dallas, TX;
4
Texas Oncology, P.A., Dallas, TX.
It is our hypothesis that non targeted therapeutics shift the
cancer fitness landscape only to enable cancer to re-evolve with
the generation of a new resistance strategy and lower sensitivity to
subsequent random target therapeutics (i.e. chemotherapy). However,
in a robust system, e.g. cancer, oncogenic mutational events can also
result in a limited number of dependent вЂњhigh degree information
transfer nodesвЂќ in the cancer signaling network thereby creating
an вЂњattack vulnerabilityвЂќ. We have created a novel process of
identifying cancer relevant and potentially critical molecular targets
in individual patients and have constructed corresponding RNA
interference therapeutics, bifunctional shRNA, to test clinical impact.
Malignant and non malignant tissue from 115 cancer patients were
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harvested. Differentially overexpressed protein and correlated mRNA
signals were determined in 34 patients. Prioritized proteins with
cancer-relevant function and high connectivity (presumptive nodes)
were then selected. Novel вЂњbifunctionalвЂќ shRNA constructs (n=3),
comprised of both cleavage dependent and cleavage independent
RISC (RNA induced silencing complex) mediated inhibition of
the targeted homologous mRNA, were constructed and tested. The
вЂњbifunctionalвЂќ shRNA produced >90% knockdown of the target
protein at 48 hours after clonal cancer cell exposure. Correlative
functional modulation (e.g., apoptosis) was observed. Duration
of target knockdown, as measured by sequential Western blot and
alkaline phosphatase reporter assay, demonstrated temporal advantage
of bifunctional shRNA over siRNA (at optimal doses) beyond 48
hours and less off-target activity (5вЂ™ RACE assay). Subsequent
treatment of malignant clonal cells with known high expression of
the target protein confirmed enhanced cell death over time following
exposure to the вЂњbifunctionalвЂќ shRNA. A clinical grade plasmid was
engineered. Animal efficacy and toxicology testing are underway
using the target vector packaged in a targeted liposomal-based
nanoparticle for delivery. The clinical IND justifying patient treatment
is in process. Updated results will be presented.
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Long-Term Expression of Methotrexate
Resistant Dihydrofolate Reductase after
Lentiviral Stem Cell Transduction and Autologous
Transplantation in Dogs
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We have previously demonstrated successful chemoprotection
in mice from the antifolate agent methotrexate (MTX) that
received congenic bone marrow lentivirally transduced to express
methotrexate resistant dihydrofolate reductase (DHFR-L22Y) and
green fluorescent protein (eGFP). We have now extended these
studies to include autologous stem cell transplantation in dogs.
We first generated lentivirus vectors that contain DHFR-L22Y and
eGFP in three different configurations including: DHFR-ires-GFP
and a DHFR-GFP fusion, each expressed from the human EF1-О±
promoter; and a two promoter construct (DHFR/GFP) in which
DHFR-L22Y and eGFP are expressed by the human EF-1О± and
PGK promoters, respectively. CD34+ cells were obtained from dogs
by apheresis following peripheral blood mobilization or by bone
marrow aspiration. CD34+ cells were transduced overnight with
or without a second 8 hour transduction at total multiplicities of
infection ranging from 6 to 10. Dogs received a myeloablative dose
of TBI (920 cGy) before the infusion of gene-modified cells. Gene
transfer in peripheral blood has been evaluated at regular intervals
by flow cytometry for the GFP marker and by real-time qPCR. The
first dog was transplanted with DHFR-ires-GFP expressing cells and
showed stable transgene expression >1% by flow cytometry and 2-8%
marking by qPCR analysis. MTX with or without leucovorin rescue
was administered in a single bolus dose at days 237, 299 and 390
days post transplantation. GFP expression increased in lymphocytes,
granulocytes, platelets and red blood cells following two of the three
MTX treatments (days 237 and 390). No pronounced cytopenia
was observed after any of the MTX treatments. Initial integration
analysis of total white blood cells (WBC) in dog #1 suggests that
hematopoietic repopulation is polyclonal. In a second dog, cells
transduced with either DHFR-GFP fusion or YFP alone were cotransplanted and both genes were detected early post-transplant (GFP
1% and YFP 3%, peaking at days 7 and 21, respectively). However,
GFP expression fell below the limit of detection by day 40. This
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transplantation strategy was tested in a third dog in which GFP and
YFP expression peaked at day 13 (0.5% and 3.2%, respectively) but
subsequently decreased below the limit of detection by day 100. A
fourth dog was recently transplanted with DHFR/GFP cells, and
evaluation of gene marking and chemoprotection during and after
sustained daily chemotherapy (0.25 mg/kg per day for 30 days) are
currently underway in DHFR-ires-GFP (dog #1) and DHFR/GFP
(dog #4) stem cell transplant recipients. These autologous stem cell
transplantation studies provide the pre-clinical basis in a large animal
setting for DHFR-L22Y gene transfer as a means of protection from
the toxicity of antifolate chemotherapy.
52.
Real-Time near Infrared Fluorescence
Imaging of Viruses and Ligands
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Targeting of gene therapy vectors, oncolytic viral vectors,
and therapeutics to specific cells and tissues is likely to improve
treatment efficacy and mitigate side effects. To better understand
the pharmacology of ligands and vectors in vivo, we are using nearinfrared fluorescence imaging to track these proteins or particles in
vivo. By utilizing a highly sensitive fluorescent imager and nearinfrared (NIR) dyes (which have low autofluorescence compared to
dyes in the UV-Vis spectrum) picomolar concentrations of molecules
can be imaged with image captures in the millisecond range. This
fast capture imaging allows real-time imaging to be performed where
labeled agents can be observed moving from the injection site and
into different anatomic sites on millisecond to minute time frames.
As proof of principle, we have imaged non-targeted NIR probes,
blood pooling probes, dye labeled small and large ligands (EGF
and antibodies) or intact virions. Subsequent images were taken on
days following the injections, and by 24 hours specific uptake of the
targeting ligands was demonstrated in tumors. This approach, tracking
proteins and virions, couples well with approaches to image transgene
expression. Combined, these methods facilitate better understanding
of both the pharmacology of ligands and the pharmacology of
unsuccessful and successful vectors. Insight gained from this work
can be used to improve the targeting functions of these agents.
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Mantle Cell Lymphoma Combination
Therapy: A CD20-Targeted and Prodrug
Convertase-Armed Measles Virus, Fludarabine,
and Cyclophosphamide
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Combination therapy regimens including CD20 antibodies are
commonly used to treat CD20-positive non-Hodgkin lymphoma
(NHL). Fludarabine phosphate (F-araAMP), cyclophosphamide
(CPA), and CD20 antibodies (Rituximab) constitute the FCR regimen
for treating selected NHL including aggressive mantle cell lymphoma
(MCL). As an alternative to the CD20 antibody, we generated a
CD20-targeted measles virus-based vector. This vector was also
armed with the prodrug convertase purine nucleoside phosphorylase
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that locally converts the active metabolite of F-araAMP to a highly
diffusible substance capable of efficiently killing bystander cells. In
a MCL xenograft model (Granta 519 cells), intratumoral (i.t.) virus
administration alone had high oncolytic efficacy: all mice experienced
complete but temporary tumor regression, and survival was 2-4 times
longer than that of untreated mice (Ungerechts et al., 2007, Cancer
Res., 67:10939-47). However, FACS analyses revealed the persistence
of circulating tumor cells, which correlated with tumor re-growth. We
thus assessed the oncolytic efficacy of the combination of i.t. injected
virus and F-araAMP. This treatment caused complete regression of
the subcutaneous tumors and disappearance of circulating tumor
cells. Because i.t. therapy is of limited value for the treatment of
disseminated malignancy, intravenous (i.v.) virus administration with
or without subsequent F-araAMP administration was then attempted.
I.v. virus administration cleared tumor cells from the blood and caused
moderate regression of subcutaneous tumors, which was enhanced
by F-araAMP administration. Knowing that CPA administration
enhances the measles virus oncolytic effect in an immunocompetent
mouse model (Ungerechts et al., 2007, Mol. Ther., 15:1991-7), we
are now testing whether it enhances it also in the MCL model. We
are currently testing in Granta 519 cells xenografts the efficacy of
different combination regimens of CPA, F-araAMP, and the CD20targeted and prodrug convertase-armed measles virus.
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Oncolytic Herpes Simplex Virus Vectors
and Taxanes Synergize To Promote Killing of
Prostate Cancer Cells
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Genetically-engineered oncolytic herpes simplex virus-1 (HSV-1)
vectors selectively replicate in tumor cells causing direct killing
while sparing normal cells. One clinical limitation of using oncolytic
HSV vectors is their attenuated growth. Because HSV-1 and taxanes
disrupt G1/S and G2/M transitions of the cell-cycle, respectively, we
hypothesized that productive synergies might be expected to result in
augmented prostate cancer cell killing. Indeed, Chou-Talalay analysis
demonstrated that G47D, a newer generation HSV replicationcompetent vector, synergized with docetaxel and paclitaxel to enhance
prostate cancer cell killing. In vivo efficacy studies show that when
combined with docetaxel, G47D could be reduced at least a log10-fold
to achieve anti-tumor potencies comparable to that of G47D alone in
human LNCaP xenografts. By examining the consequences of G47D
oncolysis on docetaxel-induced mitotic arrest, we uncovered a novel
mechanism to account for the observed enhanced killing of prostate
cancer cells. Immunoblot analysis revealed that docetaxel-induced
phosphorylation of the mitotic markers op18/stathmin or histone-H3
was abrogated by G47D. Similarly, docetaxel-induced phosphohistone-H3 expressing cells were significantly diminished after
G47D administration in LNCaP tumors. Flow cytometric analysis
demonstrated that the G2/M accumulation promoted by docetaxel was
attenuated by G47D and that this phenomena was accompanied by
a concomitant increase in a sub-G1 population. G47D and docetaxel
combination also resulted in a greater proportion of cells containing
micronuclei. Overall, our findings indicate that G47D appears to
override the spindle assembly checkpoint induced by docetaxel to
promote enhanced cell death, which may account for the enhanced
anti-tumor efficacy observed in vivo.
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Objective: To investigate the use of recombinant vaccinia virus
GLV-1h68, carrying the marker genes lacz, gfp, and renilla luciferase
(ruc), for real-time intraoperative detection of melanoma lymph node
metastases in an immunocompetent animal model.Methods: Cultures
of murine B16-F10 melanoma cells were infected with GLV-1h68
and assessed for virus carrying transgene expression in cells by
staining with X-gal and by assaying ОІ-galactosidase activity (lacz),
by real-time fluorescence microscopy (gfp), and by bioluminescence
imaging of renilla luciferase (ruc). A model of melanoma metastasis
was established in immunocompetent mice. Mice bearing foot pad
tumors received intratumoral injections of GLV-1h68 and 48 hours
later were evaluated using noninvasive bioluminescence imaging
and subsequently fluorescent imaging in vivo. Histological analysis
of lymph nodes was performed for determination of operating
characteristics. Results: GLV-1h68 successfully infected, replicated
in, and provided high levels of transgene expression in B16-F10
melanoma cell cultures in vitro. Intratumoral injection of GLV-1h68
into primary foot pad melanoma tumors resulted in viral transmission
to popliteal lymph nodes, infection of lymphatic metastases, and
transgene expression that was reliably and easily detected with both
noninvasive bioluminescence imaging and fluorescent imaging in
vivo. Figure 1A is a bioluminescent image of an animal with a primary
foot pad tumor and ipsilateral popliteal metastasis. Figure 1B shows
a primary foot pad tumor in the upper panel and the corresponding
popliteal lymph node expressing gfp in the lower panel. Histological
confirmation demonstrated favorable operating characteristics of this
assay (sensitivity 80%, specificity 100%, PPV 100%, NPV 91%).
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Urokinase In Vivo
Hiroaki Kinoh,1 Yasuji Ueda,1 Makoto Inoue,2 Atsushi Komaru,1
Mamoru Hasegawa,2 Yoshikazu Yonemitsu.1
1
Department of Gene Therapy, Chiba University Graduate School
of Medicine, Chiba, Japan; 2DNAVEC Corporation, Tsukuba,
Ibaraki, Japan.
Sendai virus (SeV) is a member of the family Paramyxoviridae
and has a single-stranded, negative-sense (-) RNA genome. We
recently developed the various types of Sendai virus vectors, which
delete either fusion protein (F), hemagglutinin -neuraminidase (HN),
or matrix protein (M) genes as well as those lacking two or all of
them. These vectors were capable of self-replication but incapable
of producing transmissible particles from infected cells. Based on
these technologies, we have generated a novel type of oncolytic virus
vector by introducing two major genomic modifications to the original
SeV. Firstly, M gene was deleted from the vector genome, resulted
in complete suppression of budding of secondary viral particles.
Secondary, trypsin-dependent cleavage site of the fusion (F) gene was
manipulated to generate new viral tropisms, i.e. tumor cell-proteasespecific sequences. As a result, it has been successful for us to generate
a вЂ�oncolytic SeVвЂ™ that was susceptible to urokinase (uPA). Of interest,
this new class of SeV vectors spread widely from cell-to-cell via
fusion of their plasma membranes, forming syncytia formation only
among various kinds of uPA-expressing tumor cells in vitro, and
inhibited human tumor growth efficiently in immunodeficient nude
mice model in vivo. To enhance antitumor acitivity, we here generated
uPA-targeted oncolytic SeV vectors armed with immunostimulated
genes (IL2, GM-CSF, and IFNОІ). To examine the anti-tumor efficacy
by these viruses, we established the immnocompetent mouse
model of established squamous cell carcinoma, SCCVII which was
genetically modified to express biologically active urokinase. Stablely
transfected SCCVII with both uPA and uPAR (SCCVII/uPA/uPAR)
formed syncytia by infection of uPA-targeted oncolytic SeV vector;
however, SCCVII/uPA and SCCVII/uPAR which express either uPA
or uPAR respectively did not form syncytia. In syngeneic C3H mice
with established SCCVII/uPA/uPAR tumor (8-12 mm in diameter),
oncolytic SeV vector armed with IFNОІ demonstrated enhanced antitumor activity and higher incidence of complete tumor regression
compared to the cognate oncolytic SeV, oncolytic SeV armed with
either IL2, GM-CSF, or original SeV(SeV/в€†F) vector armed with
IFNОІ. Survival was also significantly prolonged in oncolytic SeV
armed with IFNОІ and IFNОІ gene therapy in immune-competent
mice has been shown to induce systemic immune responses and
confer tumor specific immune protection against a second challenge.
These results thus indicates that uPA-targeted novel oncolytic SeV
vector armed with IFNОІ show a dramatic improvement of antitumor
activity and may have a great potential to treat the patients with uPA
expressing-malignancies in clinical settings.
Conclusions: Detection of marker gene expression by GLV-1h68
allowed the detection of melanoma lymph node metastases in an
immunocompetent animal model. This assay is rapid, sensitive,
specific, and easy to perform and interpret. This candidate gene
therapy virus, GLV-1h68, for killing of cancer, may also have
significant concomitant diagnostic utility in the staging of patients
with cancer.
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Macaques Using Lentiviral Vectors without
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Lentiviral vectors are attractive for hematopoietic stem cell
gene therapy because they do not require mitosis for transduction,
and can efficiently transduce hematopoietic repopulating cells.
Lentiviral vectors also do not integrate as frequently near promoter
regions as gammaretroviral vectors, and self-inactivating lentiviral
vectors pseudotyped with VSV-G can be produced at high-titer
and concentrated by centrifugation. Experiments to evaluate HIVderived lentiviral vectors in nonhuman primates prior to clinical
trials have been hampered by low transduction frequencies, due in
part to host cell restriction by Trim5О±. We have obtained efficient
transduction of pigtailed macaques (Macaca nemestrina) using
lentiviral vectors pseudotyped with VSV-G and report here long
term marking in the absence of leukemia or progression towards
clonal dominance. Pigtailed macaque CD34+ cells were transduced
at similar frequencies to human CD34+ cells and at much higher
frequencies compared to baboons (Papio cynocephalus anubis) or
rhesus macaques (Macaca mulatta). In three macaques transduced
using relatively low MOIs (5-10) we have observed high level
marking with HIV-derived lentiviral vectors. In two monkeys that
contain an EGFP reporter gene stable marking has been obtained well
over one and two years respectively. In these studies a rapid 2-day
transduction protocol was used to preserve the engraftment potential
of the ex vivo cultured cells. In the first animal marking is stable
with over 27% of granulocytes and 12% of lymphocytes expressing
EGFP at 463 days post-transplantation. The second animal has 35%
EGFP-positive granulocytes and 35% EGFP-positive lymphocytes
834 days after transplantation. LAM-PCR analysis of integration
sites has demonstrated that repopulating cells are highly polyclonal
and transgene expression has been detected in all hematopoietic
lineages (B-cells, T-cells, granulocytes, red blood cells as well as
platelets). These data show that lentiviral vectors are highly effective
for hematopoietic stem cell gene therapy, particularly for diseases in
which maintaining the engraftment potential of stem cells by using
a rapid transduction protocol is critical. Importantly, these data also
show that the pigtailed macaque is an excellent model to evaluate
the efficacy and safety of HIV-derived lentiviral vectors proposed for
clinical gene therapy protocols.
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Effects of Culture Conditions on Gene
Expression Profile of Human Bone Marrow CD34+
Cells
Amrita Ghosh,1,2 Chenwei Wang,1 Abdel G. Elkahloun,1 Fabio
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Gene transfer into hematopoietic stem cells (HSCs) using
gammaretrovirus-based vectors has proven beneficial as a therapeutic
approach for immunodeficiencies. Such vectors have been shown
to target transcriptional start sites of actively transcribing genes,
indicating that the gene expression profile of target cells can be
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predictive of the pattern of vector integrations. Therefore, different
cytokines and growth factor conditions used for gene transfer into
HSCs can induce expression of different genes that may be targets for
integration. A recent analysis of the integration patterns in X-SCID
patients treated under two trials in France and UK showed differences
in the frequency of common integration sites that may have resulted
from distinct gene expression profiles induced by the seemingly
minor differences of in vitro culture conditions (60 U/ml IL3 and
4% FCS vs. 20 U/ml IL3 and 1% HSA, respectively). To explore
this issue, we cultured human bone marrow CD34+ cells from three
donors under stimulation conditions that reproduced the French (S1)
and UK (S2) protocols. Cells were harvested after 48, 72, and 96
hours of stimulation, representing times of transductions performed
in the trials. Total RNA was extracted, amplified, and hybridized to
Affymetrix HG U133 Plus 2.0 microarrays and robust multi-array
average was performed. вЂњActivated GenesвЂќ were defined as those
with в‰Ґ1.5-fold upregulated expression in each condition compared to
unstimulated cells by pairwise t-test (pв‰¤0.05). Lists of genes activated
in all three time points for either S1 or S2 were generated and named
вЂњS1-AllвЂќ and вЂњS2-AllвЂќ, respectively. Bioinformatic comparison of
S1-All and S2-All showed significant differences in gene ontologies
and functional pathways, which led us to analyze the characteristics of
genes that were uniquely activated (Unique Genes) at each time point
of either stimulation protocol (S1-48h, S1-72h, S1-96h and S2-48h,
S2-72h, S2-96h). Unsupervised hierarchical clustering of functional
annotation categories showed two main clusters, one corresponding
to S1-48h, S2-48h, S2-72h, and S2-96h, the other corresponding to
S1-72h and S1-96h. Pathway analysis of unique gene lists showed
that enrichment of genes involved in differentiation increased in both
stimulation protocols as time progressed. Furthermore, networked
genes associated with cell cycle and DNA replication, recombination,
and repair showed functional enrichment in S1-48h and S2-96h.
Increased enrichment of annotated cancer genes was also found
in S1-48h and S2-96h. These results indicate that genes uniquely
upregulated at early time points by the S1 conditions share functional
characteristics with genes induced at later time points by the S2 culture
regimen. This analysis suggests that cells stimulated with 60 U/ml of
IL3 and FCS for 48h differ from cells cultured with 20 U/ml of IL3
and HSA but achieve similar transcriptional activity only after 96h.
If this is true, even small differences in culture conditions can result
in differences in transcription profiles that may lead to differences
in integration profiles
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Оі-Retroviral Vectors Allow Marking of Serially
Reconstituting Hematopoietic Stem Cells
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Based on their ability to stably integrate in their host cellвЂ™s genome,
Оі-retroviral vectors have been successfully used for gene marking as
well as gene therapy, mainly in the hematopoietic system. However,
recently retroviral vectors were shown to influence growth and/
or survival characteristics of hematopoietic stem cells (HSC) by
insertional mutagenesis. This type of genotoxicity may result in
clonal dominance, but also malignant transformation of affected
clones. Using our established serial bone marrow transplantation
(BMT) model we investigated whether Оі-retroviral self-inactivating
vectors deprived of an internal promotor (pd-SIN vectors) allow stable
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genetic marking of serially reconstituting murine HSC without the
side effects described above. Weak EGFP expression was observed in
a portion of transduced cells, suggestive of gene-trapping effects. We
found durable marking of serially reconstituting HSC. Importantly,
all hematopoietic organs in transplanted mice available for analysis
(1st cohort: n=7, 2nd cohort: n=5) were normal at final analysis
(7 and 5 months after BMT, respectively). LM-PCR was used to
establish the integration pattern of pd-SIN vectors which resembled
that of Оі-retroviral LTR vectors in HSC with some preference for
cancer-associated genes. However, despite the fact that known
oncogenes like LMO-2 were among the hit genes, no altered clonal
behavior of marked clones was detectable. Indeed, and in contrast
to our previous studies, we found most marked clones (including
the one with the LMO-2 insertion) only in single recipients of both
primary and secondary transplanted recipients. Finally we assessed
the expression level of genes adjacent to the integration site by
quantitative RT-PCR. For most genes located in the vicinity of pd-SIN
vectors no dysregulation was found; in one case (Elk3 not known to
be associated with oncogenic signaling networks) an app. five-fold
up-regulation was detected. This data again significantly differed
from observations in our previous studies with LTR vectors where
>1000 fold transcriptional up-regulation was observed in some cases.
In conclusion, our data supports the use of pd-SIN vectors for gene
marking, and suggests that SIN vectors lacking strong enhancers will
also decrease the risk of clonal imbalance in therapy studies.
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Severe combined immunodeficiency (SCID) is a rare disease with
several known underlying genetic defects. SCID patients with an
inactivating mutation in recombination activating gene 1 or 2 (RAG1
or RAG2) lack peripheral B and T cells due to the inability to rearrange
immunoglobulin (Ig) and T-cell receptor (TCR) genes. Gene therapy
is a valid treatment option for RAG-SCID patients, in particular
for patients lacking an HLA-matched bone marrow (BM) donor.
Lentiviral self-inactivating (LV-SIN) vectors containing human RAG1
or RAG2 cDNA driven by either the human elongation factor 1О± (EFS)
promoter or the enhancer-promoter of the spleen-focus-forming virus
(SFFV) were used to transduce lineage-depleted (lin-) hematopoietic
progenitor cells isolated from Rag1-/- or Rag2-/- BM. Transduced
cells were subsequently transplanted into lethally irradiated Rag1-/or Rag2-/- mice. A small fraction of the cells was cultured for 5
additional days to determine the vector copy number and transgene
expression relative to the house keeping gene ABL. The following
values for vector copy number and transgene expression were found:
EFS-RAG1: 6.2 and 0.43; SFFV-RAG1: 2.2 and 0.69; EFS-RAG2:
0.29 and 1.14; SFFV-RAG2: 8.7 and 13.69. Reconstitution of B- and
T-lymphocytes was monitored in peripheral blood, and primary and
secondary lymphoid organs were analyzed by immunophenotyping.
In addition, Ig and TCR repertoires were determined and serum Ig
levels measured. Treatment of Rag2-deficient mice with the SFFVRAG2 transfer vector resulted in the development of B as well as
T lymphocytes in peripheral and central lymphoid organs, be it at a
lower frequency than wild type controls. Both the serum Ig levels as
well as the Ig and TCR VОІ gene segment usage were similar to wild
type controls. In thymus, spleen and BM cells, the average vector
copy number was 2.5. Transgene expression levels were determined
to be 1 and 6.4 in BM and spleen, respectively. In Rag1-/- recipients
of SFFV-RAG1 transduced cells, B but not T lymphocytes were
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detectable in peripheral and central lymphoid organs 14 weeks after
transplantation. Analysis of BM revealed the presence of all stages
of B-cell development. In addition, we found detectable serum
IgM and IgG1 levels. A vector copy number between 0.5 and 1.3
was observed in thymus, spleen and bone marrow cells, while the
transgene expression levels were determined to be between 0.15 and
0.7 in these organs. Correction of the B- and T-cell deficiency was
not observed in Rag1-/- and Rag2-/- recipient mice of EFS-RAG1 and
EFS-RAG2 vector transduced lin- cells. Low transgene expression
levels (<0.01) were observed in the lymphoid organs of these mice.
We conclude that SFFV-driven RAG expression was, at least partially,
successful in complementation of the Rag-deficient phenotype. This
establishes the feasibility of LV-SIN based correction of RAG-SCID
in a preclinical gene therapy model.
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X-linked agammaglobulinemia (XLA) is a primary
immunodeficiency caused by mutations in the BrutonвЂ™s tyrosine kinase
( BTK) gene and is characterized by a differentiation arrest at the
pre-B cell stage, absence of immunoglobulins and recurrent bacterial
infections. Current treatment includes intravenous immunoglobulin
infusion and prompt antibiotic treatment of infections, which are only
partially effective and not curative. Using Btk deficient mice ( Btk-/) as a model for XLA, we set out to develop lentiviral gene therapy
for XLA, which in principle should provide a curative intervention.
A codon optimized human BTK (coBTK) cDNA was cloned into
self-inactivating (SIN) lentiviral vectors under control of the B cell
specific CD19 promoter (CD19.coBTK), the elongation factor 1О±,
short form promoter (EFS.coBTK) and the enhancer promoter of
the spleen focus forming virus (SFFV.coBTK). Lineage depleted
(lin-) Btk-/- bone marrow cells were transduced with the lentiviral
vectors and subsequently transplanted into lethally irradiated Btk-/recipients. B cell reconstitution was assessed in bone marrow, spleen
and blood by flow cytometry, and serum immunoglobulin levels
(IgM and IgG3) were determined as a measure of functional immune
reconstitution. Btk-/- mice engrafted with EFS.coBTK transduced
lin- BM cells showed correction of both primary and peripheral B-cell
development. The level of IgM+/-/IgD+ B cells in bone marrow
(4%), spleen (51%) and blood (75%) was increased compared to
the untreated mice ( Btk-/- : 0.5%, 30% and 14.2% respectively).
Furthermore, EFS.coBTK treated mice exhibited the recovery of B1
(CD19+CD5+) cells in the peritoneal cavity and serum IgM and IgG3
were restored to levels comparable to mice engrafted with wildtype
lin- BM cells. Using real-time Q-PCR, high expression of coBTK was
detected in bone marrow, spleen en blood and currently the number of
viral integrations is being assessed. We did not observe correction of
B cell development in mice engrafted with non-codon optimized BTK
, and only partially in mice transplanted with CD19.coBTK or SFFV.
coBTK transduced lin- BM cells, either because of low promoter
strength (CD19) or due to unexpected adverse effects currently
subjected to further analysis (SFFV). In conclusion, lentiviral gene
transfer of codon optimized BTK into lineage depleted hematopoietic
cells can correct B cell development in Btk-/- mice, thus indicating
the feasibility of gene therapy for XLA.
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X-linked chronic granulomatous disease (X-CGD) is an inherited
immunodeficiency with absent phagocyte NADPH oxidase activity
caused by defects in the gene encoding its gp91phox subunit. In a
recent gene therapy clinical trial using a gamma-retroviral vector for
expression of human gp91phox, activating insertions into MDS/EVI1
and other loci were associated with expansion of gene-corrected
myeloid cells. This vector was evaluated in a murine model of
X-CGD, where marrow from male X-CGD mice was transduced prior
to transplantation into female X-CGD mice conditioned with either
300 cGy or lethal irradiation. The fraction of vector-marked male
secondary CFU-S12 recovered from long term primary recipients
conditioned with 300 cGy was almost two-fold higher compared
to CFU-S12 from lethally irradiated recipients. The frequency of
oxidase-positive male neutrophils was also higher in many 300 cGyconditioned recipients than mice conditioned with lethal irradiation.
Vector integration sites in marrow and spleen DNA from primary
recipients were determined by Ligation Mediated (LM)-PCR and
SeqMap (http://seqmap.compbio.iupui.edu), a web-based tool
capable of identifying viral integration sites in LM-PCR derived
sequences. A total of 24 primary recipients (14/300 cGy group; 10/
lethally irradiated group) were analyzed and 86 unique integration
sites for the 300 cGy group and 63 for the lethally irradiated group
were identified. The vector integration sites in primary recipients
were much more diverse than in the clinical trial but still enriched for
Common Insertion Sites, which were almost two-fold more frequent
in 300 cGy-conditioned mice compared to lethal irradiation. These
findings support the concept that vector integration can influence
hematopoiesis and also suggest that the intensity of the conditioning
regimen can influence clonal selection of donor hematopoietic cells
after transplantation.
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Highly Efficient Gene Transfer to
Hematopoietic Stem Cells and Long-Term
Transgene Expression in the Blood by Direct
Intramarrow Administration of SV40-Derived
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Hematopoietic stem cells can repopulate the entire hematopoietic
system, including the immune system, by a combination of selfrenewal and pluripotent differentiation. Stable gene transfer to
these stem cells thus has the potential to treat inherited and acquired
hematopoietic disorders. Expression of antiviral genes in human
hematopoietic stem or progenitor cells has been proposed as a strategy
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for gene therapy of AIDS. To be successful, this strategy requires safe
and efficient transfer of the therapeutic gene into hematopoietic cells
and gene expression has to be maintained in HIV susceptible cells
following differentiation. We used a bifunctional SV40 derived vector,
SV(RNAiR5-RevM10.AU1), carrying a transdominant inhibitor of
HIV Rev (RevM10) and an interfering RNA (RNAiR5) against cell
membrane CCR5. This vector was injected into rabbit femoral bone
marrow, where it transduced a high percentage (> 60%) of bone
marrow hematopoietic stem cells (Sca-1+). Transgene expression
was tested in the bone marrow and in peripheral blood by flow
cytometry (FACS), both as RevM10 production using an antibody
against the appended AU1 epitope, and as down-regulation of CCR5
by the anti-CCR5 RNAi, using antibody to detect cell membrane
CCR5. Percentages of BM cells expressing AU1 2 weeks after
intrafemoral injection of SV(RNAiR5-RevM10.AU1) ranged from
25-35%. About 61.5% of bone marrow Sca-1+ cells expressed AU1
2 weeks after injection with SV40 viral vector. Other bones (tibia,
humerus and iliac crest), tested for AU1 expression 2 weeks after the
intramarrow injection, showed no evidence of AU1 expression. To
see whether BM injection using rSV40 derived vectors transduced
progenitor cells that differentiated into multiple lineages, we followed
AU1 expression in monocyte macrophage-derived cells, in T- and
B-lymphocytes as hematopoietic subpopulations in PBMC and in
granulocytes of injected rabbits biweekly through 56 weeks using
flow cytometry. AU1 was expressed in an average of 37.5% of
granulocytes throughout this time period. AU1 expression in CD3+
cells averaged 22.5%, in CD4+ cells, average 20.5%, in CD8+ cells,
14.5%, in CD14+ cells, 17.8% and B-lymphocytes, 18.6%. FACS
analysis and RT-PCR documented 30-50% fewer circulating CCR5+
blood cells, compared with mock-transduced animals. This was
especially evident beginning 26 weeks after bone marrow inoculation
and continued throughout the 56 week remaining of the follow-up
period. Effective gene delivery to HSC is a key to potential genetic
therapies of diseases affecting HSC and their differentiated progeny.
Direct intramarrow inoculation circumvents the complexities of
ex vivo transduction, post-conditioning and transplantation. This
approach also requires adequate gene transfer to nondividing HSC,
which is accomplished using rSV40 vectors, which transduce, and
integrate into resting HSC. The approach to bone marrow gene
transfer discussed here may represent experimental model of in vivo
gene transfer to a high percentage of the human bone marrow pool,
such as may be addressed using multiple inoculation into marrow-rich
bones (e.g., ilium, sternum).
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Von Willebrand disease (VWD), is the most common inherited
bleeding disorder in the U.S. population, and is caused by defects in
the expression and/or processing of von Willebrand factor (vWF).
VWF is a blood glycoprotein required for normal hemostasis. It
mediates platelet adhesion to sites of vascular damage by binding
to specific platelet glycoproteins and to constituents of exposed
connective tissue. To date, long-term clinical correction by gene
transfer has not been achieved partly because of the large vWF
cDNA (8.9 kb). To assess whether vWF deficiency can be corrected
by liver-direct gene transfer, we generated a Helper Dependent
Adenovirus (HD-Ad) expressing human vWF driven by the liverspecific genomic Apolipoprotein E promoter (gE). Two different
doses of this vector (1x1012 and 5x1012 vp/kg) were delivered by
intravenous injection in vWFвЂ“/вЂ“ (knockout) mice. In vector-treated
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mice, normal to supraphysiological vWF levels were achieved for
at least 7 weeks after injection with ongoing correction in progress.
More importantly, circulating levels of factor VIII, which were less
than 10% in untreated VWFвЂ“/вЂ“ mice, were normalized indicating the
restoration of VWF-mediated factor VIII carrier function. In summary,
we have shown for the first time that VWD can be correct by HD-Ad
mediated liver-directed gene therapy. Given the high prevalence and
morbidity of this disease, the ability of the HDAd vector to contain
the large inserts such as the vWF cDNA, and the low levels of protein
required for phenotypic correction, VWD is an excellent candidate
for gene therapy.
Pre-Clinical Animal Models of Efficacy and Safety
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Promoters of disease-regulated genes are ideal candidates for
optimal transgene expression using gene therapy that matches the
intermittent disease-activity course seen in rheumatoid arthritis. In this
study we clustered expression profiles from unique gene expression
data obtained from two experimental arthritis models and identified
a disease-responsive promoter for tailor-made gene therapy by
comprehensive motif analysis Profiling was performed on synovial
tissue from mice with chronic collagen-induced arthritis, divided in
four advancing stages of disease severity, using naive DBA/1J as
controls. Expression analysis using Expander3-software revealed 234
genes that were more than tenfold regulated in at least three stages.
Next, these genes were subdivided in ten expression profile clusters
using the K-means algorithm. Two clusters, containing 28 and 73
genes, showed a strong positive correlation between disease severity
and their expression profile. While sharing the same profile the first
cluster contained genes that, in moderate and severe stages, were
significantly more upregulated than in the other cluster suggesting a
superior promoter strength. Using TOUCAN3-software the proximal
promoter regions (-500/+200) of the 28 candidate genes were analyzed
for over-represented transcription factor binding sites, since these
might be of biological importance. CCAAT/enhancer-binding protein
(C/EBP), SP-1 and TATA binding sites were statistically enriched
in the proximal promoters. Genes containing both a TATA-box
and C/EBP sites ranked to increasing fold induction were: IL1Ra,
SAA3, S100A8 and S100A9. Next, the expression of these genes
was examined during intermittent episodes of arthritis as evoked
by four repetitive intra-articular injections of streptococcal cell wall
material. Interestingly, although upregulated directly after every flare,
SAA3 but neither IL1Ra nor S100A8/9 remained high when chronic
synovitis developed, making the SAA3 promoter the most promising
disease-responsive candidate for arthritis. For validation of this in
silico prediction, the SAA3 promoter region (-314/+50) containing
multiple C/EBP sites was cloned in a lentiviral luciferase reporter. The
promoter activity was low in human primary synovial fibroblasts and
strongly upregulated by stimulation with proinflammatory mediators.
For in vivo validation, 300 ng lentivirus was injected in knee joints
of naive C57/Bl6 mice, that were challenged 7 days thereafter with
180 Вµg zymosan A. During the acute inflammation SAA3 promoter
activity was more than eightyfold upregulated as compared to naive
conditions. Finally, using IL1Ra as therapeutic transgene, SAA3driven expression proved effective in reducing NFОєB activation
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(~70%) in cells co-transduced with mIL-1ОІ virus, indicating a rapid
and strong increase of IL1Ra levels in response to IL-1 production.
This study clearly demonstrates that by using a bioinformatics
approach, disease-regulated promoters can be identified from gene
expression data for tailored gene therapeutic treatment of arthritis.
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Glioblastoma multiforme (GBM) is the most common form
of aggressive central nervous system tumor in adults. Due to the
resistance of GBMs to several therapeutic approaches, most of
the patients with GBMs succumb to their disease within a median
of a year from the time of diagnosis. Major reasons for the lack
of clinical advances of GMBs for decades have been the lack of
predictive animal models and appropriate molecular targets. We
have recently developed a mouse GBM model using Cre-inducible
lentiviral vectors which faithfully recapitulate human GBMs.
Injection of lentiviral vectors expressing H-RasV12 and AKT into
the hippocampus of GFAP-Cre mice lead to tumor formation after
4-5 months of injection in 5 out of 12 mice. Loss of p53 is thought
to play a role in malignant transformation of glioma. We therefore,
injected H-RasV12 and AKT lenti-vectors into the brains of GFAPCre mice on p53+/- genetic background. All mice (11/11) injected
showed tumor formation, and the histological analysis revealed
lesions displaying high cellular density, necrosis within dense cellular
lesion, intratumoral hemorrhage, nuclear pleomorphism and high
mitotic activity, all of which are the hallmarks of human GBMs. We
have also found that Aurora-A kinase is overexpressed in human and
mouse GBMs. In addition, our data showed that Aurora-A kinase can
cause GBM formation in accordance with RAS pathway. Preliminary
studies in vitro using lenti-siRNA for Aurora-A in cells derived from
our GBM model showed induction of apoptosis and accumulation
of cells with в‰Ґ4N DNA content. In parallel experiments cell cycle
analysis and confocal staining showed similar results when using
Aurora-A kinase inhibitors. Our novel mouse glioma model offers
and excellent opportunity to understand the molecular and cellular
mechanisms involved in the genesis of GBMs, and provides novel
strategies for the treatment of this deadly disease. More importantly
the technology we have developed allows the generation of many
adult mouse cancer models.
67.
dsAAV8-Mediated Expression of IL-4 and
ОІ Cell Growth Factors Modulates Diabetes in NOD
Mice
Daniel F. Gaddy,1 Khaja K. Rehman,1 Michael J. Riedel,2 Brett
E. Phillips,1 Nick Giannoukakis,1 Timothy J. Kieffer,2 Paul D.
Robbins.1
1
University of Pittsburgh School of Medicine, Pittsburgh, PA;
2
University of British Columbia, Vancouver, BC, Canada.
The potential of self-complementary, double-stranded adenoassociated virus (dsAAV) vectors for efficient and long-term gene
delivery into pancreatic cells, including ОІ cells within islets, has
recently been demonstrated. We have shown that localized dsAAV8mediated expression of anti-inflammatory agents, such as IL-4, in
ОІ cells prevents the onset of hyperglycemia when administered to
4-week-old NOD mice. Here we have extended these studies to include
ОІ cell growth factors. We demonstrate that IL-4 and the ОІ cell growth
factor glucagon-like peptide-1 (GLP1) expressed from dsAAV8
driven by the murine insulin promoter are localized specifically to ОІ
cells. Furthermore, while IL-4 administered to late-stage pre-diabetic
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NOD mice successfully prevented onset of diabetes, IL-4 alone was
unable to reverse diabetes progression in new-onset diabetic NOD
mice. However, localized dsAAV8-mediated expression of GLP1 and
an N-terminal fragment of hepatocyte growth factor (HGF.NK1) in
ОІ cells substantially increased islet size in Balb/c mice compared to
control mice. These data suggest that dsAAV8-mediated expression
of these growth factors may be able to induce regeneration of ОІ cells.
Moreover, these results suggest that dsAAV8 vectors expressing GLP1
or HGF.NK1 in combination with vectors expressing IL-4 may serve
as a potential therapy for type-1 diabetes. Ongoing studies to address
this question in NOD mice will be presented.
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Site Specific Intra-Placental Gene Transfer
Corrects Fetal Growth Restriction in a Novel
Mouse Model of Placental Insufficiency (PI)
Mounira Habli,1 Jijnesh Parvadia,2 Fernando Vuletin,2 Foong Yen
Lim,2 Timothy Crombleholme.2
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Objective: Insulin-like growth factors (IGF) play an important role
in fetal growth. IGF-I/II knock out mice show significant decrease in
placental weight and fetal growth restriction (FGR). Recent work in
our lab had documented the ability of intraplacental gene transfer of
IGF-I to correct PI in rat and rabbits. Until now, no mouse model of
PI has been available. The aim of our study is to examine the effect
of adenoviral вЂ“mediated placental gene transfer of IGF-1(Adv-IGF-1)
on fetal and placental growth in novel mouse model developed in
our lab. Study design: Female timed pregnant C57 Black /6J mice
were divided into 4 groups :1-Control: Sham operated 2- mesenteric
uterine artery ligation (MUAL)(new model-Figure1)3-MUAL with
Ad-Lacz 1x108 pfu 4-MUAL with Ad-IGF-I 1x108 pfu. Laparotomy
was performed at day 18 of a 20-21 gestation. MUAL was performed
and treatment was administered as assigned per groups. Cesarean
delivery was done on day 20. Alive pup weights and placental weights
were measured. Statistical analysis used was ANOVA. Results: Pups
of MUAL mothers are 18% (0.951В±0.03 vs. 1.16В±0.10,p=0.007)
and Ad-Lacz are 12% (1.02В±0.05vs.1.16В±0.10, p=0.02) smaller as
compared to sham group respectively. Pups of MUAL mothers treated
with Ad-IGF-I (1.08В±0.05vs. 0.951 В± 0.03, p=0.004) are12% bigger
as compared to ligated group(Figure2). There is no difference in
birth weight between sham and Ad-IGF-1(1.16В±0.10 vs. 1.08В±0.05,
p>0.05) respectively. There are no statistical difference in placental
weight between sham, MUAL+ Ad-IGF-I and MUAL+ Ad-LacZ
groups. Placenta of MUAL with Ad-IGF-I shows a 30 % increase
in weight as compared to ligated (MUAL) group(0.1075В±0.03
vs.0.0755В±0.01,p=0.04). Conclusion: Site specific placental gene
transfer of IGF-1 corrects placental insufficiency (IUGR). This novel
mice model of PI is an important tool for examining the mechanisms
of IGF mediated correction of PI by using for the first time transgenic
mice.
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An Adenovirus Expressing Human FSH
Receptor Restores Folliculogenesis in FSHR
Knock out Mouse
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Hassan,3 Manubai Nagamani,3 Awadh A. Binhazim,1 Anthony E.
Archibong,1 Xinlei Chen,4 Billy R. Ballard,2 M. Ram Sairam,4
Ayman Al-Hendy.1
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A common form of ovarian failure in human is caused by a
homozygous missense mutation, C566T, in FSHR gene and is
characterized by primary amenorrhea and infertility in a normal
karyotype female with an elevated serum level of follicle stimulation
hormone (FSH) and decrease in E2 levels. Currently there is no
effective treatment for this condition. Mice carrying mutated FSHR
gene, so-called FORKO (follitropin receptor knockout) mouse, is an
appropriate animal model for studying human hypergonadotropic
ovarian dysgenesis and Infertility. Females FORKO mice display
thin uteri, small ovaries, elevated serum level of FSH, decrease in
estrogen, and are sterile because of a block in folliculogenesis at
the primary stages. We have recently reported that a normal copy
of hFSHR gene delivered via an adenovirus (Ad-hFSHR) is able
to correct the C566T mutation and restore FSH responsiveness in
porcine granulosa cells and COS7 cells (Mol Hum Repro, 2007). In
the current study we investigated the effects of bilateral intra-ovarian
injection of Ad-hFSHR on the reproductive system of FORKO mice.
Female FSHR (-/-) mice were divided into Ad-hFSHR treated group
and Ad-LacZ control group (10 animals/group). About 3x10 9 pfu of
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Ad-hFSHR, or Ad-LacZ were injected directly into the each ovary of
corresponding group. Vaginal smears were collected and body weight
was measured on a daily base. Two, four, eight and twelve weeks after
the injection, animals were sacrificed and all organs were weighed
and evaluated by H&E. Blood samples were obtained before and
after treatment to measure reproductive hormonal levels. Ad-hFSHR
treated mice showed obvious estrogenic changes in daily vaginal
smear while vaginal smears in control animals remained fixated in the
diestrus stage. Significant increase in total body weight and estrogen
dependent organs weight (uterus, ovary, vagina) were observed in
treated animals compare to control group (P=0.02). No significant
weight changes were observed in other organs. H&E evaluation of
the ovaries showed significant increases in both the total number of
follicles and the collective diameter of the follicles in treated animals
compare to controls. On average 18 follicles/ovary were observed
in Ad-hFSHR-treated group of which 4 follicles were at the antral
stage while only 2 follicles observed in Ad-LacZ control group, with
zero follicles at antral stage. Serum level of estrogen increased 2.5
to 3 folds and FSH level decreased by 40-50% in treated animals
compared to control mice. There was no significant change in serum
progesterone level between treated and control groups. We concluded
that intra-ovarian injection of an adenovirus expressing human FSHR
gene is able to restore folliculogenesis and resume estrogen hormone
production in female FORKO mice.
70.
Expression of PiT2 Determines the
Levels and Pattern of Tissue Transduction during
Gestation in Fetal Sheep
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Prior to considering treating diseases using in utero gene transfer
(IUGT), it is essential to determine the optimal time during gestation
to administer the treatment to maximize the therapeutic benefit
and minimize the risks. We previously reported that the recipientвЂ™s
gestational age determines the pattern and level of transgene
expression following direct injection retroviral IUGT in pre-immune
fetal sheep, suggesting the developmental stage of each organ at the
time of injection may determine its susceptibility to IUGT. Thus, each
organ likely possesses its own unique temporal window for achieving
optimal transduction, and each disease may require intervention at
distinct gestational ages depending on the desired target organ. In
the present studies, we determined the mechanism by which the
recipientвЂ™s age was affecting transduction efficiency and subsequent
transgene expression. The first mechanism we investigated was the
proliferative state of the tissue, since the murine retroviral vectors
we employed require cell division and nuclear membrane breakdown
for genomic integration. We performed immunohistochemistry on the
fetal liver, lung, and brain at various gestational ages using antibodies
to Ki-67 and cell-specific markers to assess which cell types were
proliferating within each organ and whether their proliferative rate
changed as a function of gestational age. Our results demonstrate
that the proliferative state of the various tissues is not the primary
mechanism by which transduction efficiency is being limited, since
no significant difference was observed in the percentage of Ki-67
labeling in the major cell types within each tissue at the various ages
studied. We next examined whether age-dependent alterations in the
levels of the amphotropic receptor, PiT2, used for viral attachment
and entry, could explain the age-related alterations in susceptibility to
transduction. We developed an ELISA and a quantitative TaqManв„ўbased RT-PCR (qRT-PCR) assay to evaluate the various fetal tissues at
different gestational ages to determine whether the age of each tissue
impacts upon its levels of PiT2 expression. Our results demonstrate
S28
that peaks in the levels of PiT2 expression occur at different stages
of development in different tissues, with maximal expression within
the liver occurring at 55-60 days of gestation, while lung and
brain both exhibit progressively increasing expression levels with
advancing developmental age. These findings by ELISA and qRTPCR demonstrated that expression levels varied by as much as 6-fold
as a function of gestational age, and correlated well with our prior
findings on transduction efficiency, thereby providing a mechanistic
explanation for the observed alterations in transduction efficiency. It
is hoped that these ongoing studies will determine the optimal stages
for gene delivery to specific cell types within each of the major organs
of the developing fetus thereby paving the way towards developing
optimized IUGT-based approaches for treatments of diseases affecting
each of these organs.
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Hydroxyurea Pre-Treatment Enhances the
Effectiveness of O6-Benzylguanine (BG)/BCNU
Mediated Increase of In Vivo Marking Mediated
by Expression of the BG Resistant Mutant of
Methylguanine Methytransferase
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There is considerable interest in gene transfer of O6-benzylguanine
(BG) resistant mutant methylguanine methyltransferase (muMGMT)
into hematopoietic stem cells (HSC) to chemo-protect bone marrow
or enhance gene therapy correction. Using muMGMT gene transfer,
remarkable levels of gene marking in an allogeneic transplant dog
model were achieved though multiple escalating doses of in vivo
selection (Blood 2005, 105:997; Hum Gene Ther 2005, 16:1355).
We and others found that similar selection in autologous HSC gene
transfer transplanted macaque primates is associated with significant
toxicity and impermanence of selection increased marking. For this
reason we explored alternate muMGMT-mediated in vivo selection
regimens in mice. We found that 2 cycles of BG/BCNU were more
effective at increasing marking when the 2nd treatment occurred at 1
week after the 1st than after 1 month. This effect of timing suggested
that the 1st treatment may enhance cell cycling of HSC, facilitating
effectiveness of the 2nd treatment. We explored this hypothesis in
a series of experiments in which non-selection 1st cycle treatments
serving to enhance HSC cell cycling were substituted for BG/BCNU
selection. We have described a fusion protein (GFP-muMGMT)
which is fluorescent but retains enzymatic properties of BG-resistant
muMGMT (Exp. Hematol 2004, 32:709). We engineered a transgenic
C57B/J6 mouse expressing GFP-muMGMT fusion protein in the
majority of cells in all tissues. We used green fluorescent, BG/
BCNU resistant transgenic mouse HSC to perform a series of 2 cycle
selection experiments following transplant into wild type C57B/J6
mice. Using a 1:4 transgenic:wild-type mixture of BM, 10e6 BM
cells transplanted into myeloablation irradiated wild type recipients,
we achieved permanent 21.8В±3.6% GFP+ marking. Four groups for
1st treatment cycle were tested (no treatment, standard BG/BCNU
selection of 20/6 mg/kg 1 hour apart, 5-Fluorouricil [5FU] 100 mg/
kg/day x 1d, or hydroxyurea [HU] 100 mg/kg x 3d). A week later all
mice were treated with standard BG/BCNU selection, and 8 weeks
after that blood analysis demonstrated GFP+ cells at 31.5В±2.3%,
49.4В±3.2%, 25.3%, and 49.3В±7.6% respectively, indicating that HU
but not 5FU used as the 1st treatment was as effective as BG/BCNU
in enhancing the effectiveness of the 2nd BC/BCNU selection. Using
the same 2 cycle regimen (no treatment, BG/BCNU or HU as 1st
treatment, but not testing 5FU) blood GFP marking at 12 weeks after
the BG/BCNU as 2nd treatment was 31.2В±2.0%, 48.2В±5.6%, and
50.1В±7.9% respectively. We conclude that HU treatment in the week
before treatment with BG/BCNU selection significantly augments
(p<0.001) the permanent increase in GFP+ marking with an effect
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equivalent to that of BG/BCNU selection itself as 1st treatment.
While we cannot be certain of the mechanism by which HU treatment
augments selection from subsequent BG/BCNU treatment, it raises
the possibility that alternate muMGMT selection regimens may be
devised that reduce exposure to chemotherapeutic alkylating agents,
yet achieve similar in vivo selective increase in marking.
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EIAV Vector-Mediated Co-Delivery of
Endostatin and Angiostatin Driven by the RPESpecific VMD2 Promoter Inhibits Choroidal
Neovascularization
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We have developed a recombinant Equine infectious anemia virus
(EIAV) vector expressing therapeutic genes for the treatment of
ocular diseases. EIAV-based lentiviral vectors can transduce a broad
range of dividing and non-dividing human cell types. Subretinal
injections of EIAV CMVLacZ in mice resulted in rapid and strong
expression of b-galactosidase in retinal pigmented epithelial (RPE)
cells and some other ocular cells including ganglion cells resulting
in LacZ staining within the optic nerve. It would be preferable from
both a safety and efficacy perspective to target expression with a
tissue-specific promoter. Substitution of the CMV promoter with the
RPE-specific VMD2 promoter resulted in prolonged (at least 1 year)
expression of b-galactosidase that was restricted to the RPE cells with
an ocular expression level that was reduced 6-10 fold compared to
the CMV promoter. Similarly, the amount of FLAG-tagged murine
endostatin protein that was detected in eyes injected with the EIAV.
VMD2Endo(FLAG) vector was similar to that seen in eyes injected
with EIAV VMD2 Endo(FLAG)/Angio and approximately 6-fold
lower than identical vectors containing the CMV promoter. Despite the
lower level of endostatin expression driven by the VMD2 compared
to the CMV promoter, the magnitude of inhibition of choroidal
neovascularization (CNV) in the murine laser CNV model was
comparable and this may be due to effective localized expression of
the therapeutic genes. The data suggest a trend toward increased CNV
inhibition when murine endostatin and angiostatin were co-expressed
from the VMD2 promoter. These data support proceeding toward
clinical trials with an EIAV-based gene therapy for CNV using the
VMD2 promoter to selectively drive expression of a combination of
endostatin and angiostatin in RPE cells.
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Genetically Modified Mesenchymal Stem
Cell Expressing VEGF Enhance Bone Formation in
a Segmental Bone Defect Model in Mouse
Sanjay Kumar, Chao Wan, Thomas L. Clemens, Selvarangan
Ponnazhagan.
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The potential of mesenchymal stem cells (MSC) in tissue
regeneration is increasingly gaining attention. There is now
accumulating evidence that MSC make an important contribution to
postnatal vasculogenesis. A combination of appropriate stem cells
and angiogenic genes has shown promising effects on treatment
of several heart models in mice. The potent angiogenic stimulant,
vascular endothelial growth factor (VEGF) is known to regulate
MSC mobilization and recruitment to sites of neovascularisation.
The present study determined the potential of MSC, transduced ex
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vivo with a recombinant adeno-associated virus 6 (rAAV6) encoding
mouse VEGF in a mouse segmental bone defect model. rAAV6VEGF165 virus was transduced to mouse MSC and the expression
of VEGF-165 was confirmed by western blotting prior to in vivo
application. To evaluate the angiogenic effect of MSC, transduced
with rAAV6 expressing VEGF165, on bone formation by increasing
angiogenesis, a large segmental defect in the hind limb bone was
created in nude mouse. Following radiographic confirmation of the
procedure, MSC, transduced with rAAV6-VEGF or control MSC
(2x105) were injected intravenously in a five consecutive days
of injection. Two weeks after the treatment, RNA expression of
VEGF165 in the MSC/VEGF group was found to be significantly
higher by the real time PCR analysis. Weekly x-ray analysis of
defective bone showed early bone formation response in MSC/
VEGF group. Also, five weeks after the cell transplantation, several
new sprouting vessels with much denser capillary were found to be
associated with the new bone formation near the large size defect
area of tibia by micro CT analysis. Hematoxylin and eosin staining
of the bone sections confirmed more bone formation in MSC/VEGF
group in comparison to the MSC only and naГЇve groups. Marked MSC
are being used to address the fate of the transplanted MSC during
the recovery process. The combined strategy of using genetically
modified MSC expressing VEGF holds promise for segmental bone
defects and multiple fractures.
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Purpose: VEGF signaling influences chondrogenesis, and we
therefore aimed to investigate the effect of VEGF stimulation and
blocking VEGF with its antagonist, sFlt1, on the chondrogenesis of
skeletal muscle-derived stem cells (MDSCs) in a model of osteoarthritis
(OA). Methods: Mouse MDSCs were obtained from three-week old
male wild type mice using a modified preplate technique. The effect
of VEGF on chondrogenesis using a chemical induced OA model in
10-week old female nude rats was tested using genetically engineered
MDSCs. In this model, MDSCs, transduced with a retroviral vector
to express BMP4-GFP (BMP4-MDSCs), were co-injected in the
joint capsule with MDSCs transduced to express either VEGF-LacZ
(VEGF-MDSCs)or sFlt1-LacZ (a VEGF antagonist) (sFlt1-MDSCs)
to test gain- and loss-of VEGF function (5 x105 cells total). The effect
of VEGF and blocking VEGF on the in vitro chondrogenic ability
of MDSCs was also tested using a mixed pellet co-culture system
followed by gross and histological analyses.(transduced-MDSCs and
OA chondrocytes) (2 x105 cells total). Results: In vivo examination
of articular cartilage regeneration showed macroscopically and
histologically that sFlt1-MDSCs improved, and VEGF-MDSCs
prevented, the BMP4-MDSC regeneration of articular cartilage
compared to the BMP4-MDSCs alone, with higher histological score
in the sFlt1/BMP4 -MDSC group than the other groups at week 12
(p<0.05). Double immunohistochemistry (IHC) of collagen type 2
(col2) and GFP or Гџ-galactosidase (Гџgal) at week 4 demonstrated that
sFlt1-MDSCs improved,and VEGF-MDSCs prevented, chondrogenic
differentiation and intrinsic chondrogenesis compared to BMP4MDSCs alone (p<0.05). TUNEL stain and BrdU assay at week 4
demonstrated that sFlt1-MDSCs, unlike VEGF-MDSCs, lead to
less apoptosis and more proliferation compared to BMP4-MDSCs
alone (p<0.05). In vitro mixed co-culture showed the BMP4-MDSCs
produced significantly larger pellets with hyaline cartilage-like
matrix production than all other groups (p<0.05), which was also
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confirmed by the chondrogenic differentiation capacity of MDSCs
using quantitative double IHC of col2 and GFP or Гџgal. Fluorescent
in situ hybridization showed no fusion between OA chondrocytes and
MDSCs and higher intrinsic chondrogenesis in the BMP4-MDSC
group (p<0.05). Conclusions: Gene based therapy using sFlt1 and
BMP4-transduced MDSCs enhanced intrinsic chondrogenesis and
chondrogenic differentiation of MDSCs via BMP4 secretion, and
contributed to an appropriate environment which led to decreased
apoptosis of chondrocytes by blocking VEGF, resulting in cartilage
regeneration and healing in OA model.
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Bone Marrow Replenishes Mesenchymal
and Epithelial Progenitor Cells To Regenerate
Damaged Skin, but Only Mesenchymal Progenitor
Cells to the Developing Skin
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Recent study demonstrated existence of bone marrow-derived
mesenchymal and epithelial cells in the severely damaged tissues.
However, precise regeneration mechanism by the bone marrowderived cells is still obscure. First, we studied regeneration
mechanisms of skin graft by bone marrow-derived mesenchymal
and epithelial progenitor/stem cells. Mouse skin was excised and
transplanted onto the back of the mouse with prior GFP-transgenic
bone marrow cell transplantation (GFP-BMT) following lethal dose
irradiation. Surprisingly, a significant number of the GFP-positive
bone marrow-derived keratinocyts (BMDKs) as well as fibroblasts
(BMDFs) were residing in the transplanted skin even 5 months after
the transplantation, suggesting that bone marrow replenishes both
fibroblasts and keratinocyte progenitor/stem cells to regenerate the
skin graft. Cell-fusion mechanism was clearly excluded for raising
BMDKs by searching fusion-dependent, Cre-recombinase-mediated
GFP expression in BMDKs. We explored molecular mechanisms
to recruit BMDKs and BMDFs to the skin graft. A silicon tube
inoculated with skin extract (SE) was subcutaneously transplanted
in the GFP-BMT mouse. In 2 weeks, a significant number of
GFP-positive bone marrow-derived adhesive cells (BMACs) were
recovered from the tube and expandable by cell culture. BMACs
contained cell populations including mesenchynal progenitors, which
can differentiate to be osteoblasts and adipocytes, and epithelial
progenitor cells to be kerationocytes. We further chromatographically
isolated a candidate 25kD protein, which strongly induces BMAC
migration in vitro and in vivo.We then addressed the next issue if
bone marrow can provide BMDFs and/or BMDKs in the uninjured
skin of the mouse embryo, in which rapid growth of the skin is
underway. Embryonic bone marrow cell transplantation (E-BMT) was
performed at embryonic day 14 with GFP-transgenic bone marrow
cells (GFP-BMCs) via the vitelline vein, which runs through the
uterine wall to the fetal circulation. At 12 weeks after birth of the
E-BMT mouse, we searched BMDFs and BMDKs in the skin, and
found that not BMDKs but BMDFs, which generate matrix proteins,
were abundantly residing in the dermis. The BMDFs strictly collected
from the skin by cell-sorting showed expression of fibroblast marker
genes by RT-PCR. We finally performed E-BMT via vitelline vein
in dystrophic epidermolysis bullosa (DEB) model mouse lacking
type VII collagen, which anchors the cutaneous basement membrane
to the underlying dermal matrix. E-BMT significantly ameliorated
lethal conditions for the DEB neonate mice. In the skin, type VII
collagen was clearly detected in the basement membrane zone in
the vicinity of the BMDFs.These data provided here demonstrated
significant contribution of bone marrow-derived mesenchymal and
epithelial progenitor/stem cells for maintaining tissue homeostasis,
and precise understanding of those mechanisms will provide novel
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insight into the tissue regeneration, as well as a future perspective
for novel gene and cell therapy with the bone marrow-derived cells
obtained by using their recruiting factor.
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Increase Survival and Induce Hepatoprotection
in a Murine Model of Fulminant Hepatic Failure
Mediated by Adenovirus Encoding CD40L
Milosz P. Kawa,1 Veronica Fernandez-Ruiz,1 Maria Iniguez,1
Carmen Berasain,1 Cheng Qian,1 Jesus Prieto.1
1
Division of Gene Therapy and Hepatology, Center for Applied
Medical Research, University of Navarra, Pamplona, Navarra,
Spain.
Background and Aims: Stem and progenitor cells derived from the
bone marrow have been shown to participate in tissue repair following
injury. The cell executors involved in this process are mainly bone
marrow derived Endothelial Progenitor Cells (EPC). Transplantation
of EPC has been shown to exert hepatoprotective effects in rats
subjected to carbon tetrachloride liver injury. In order to explore
therapeutic potential of EPC in immune-related liver injuries, we
have tested the effect of EPC-based therapy in a model of fulminant
hepatic failure (FHF) induced by an adenovirus encoding CD40
ligand (CD40L), which constitutes a modality of severe liver damage
mediated by immunological mechanisms. Methods: Murine EPC
were obtained by isolation and culture of mononuclear cells derived
from bone marrow in endothelial growth factor enriched medium
for 7 days. The experimental model of fulminant hepatic failure was
developed in C57BL/6 mice by intravenous injection of lethal dose
of adenovirus encoding CD40L (Ad-CD40L) at 1010 pfu/mouse. The
liver-injured animals were subjected to intravenous transplantation
of 2x106 EPC at different time points after liver damage onset. The
animal survival was observed and biochemical markers of liver
failure together with organ histology were analyzed. The analysis of
growth factors and cytokines production was performed employing
qPCR and ELISA methods. Results: EPC expressed both endothelial
and progenitor cell features estimated by lipoprotein uptake, specific
lectin binding and presence of surface markers (VEGF-R2, Meca-32,
Sca-1, CD34). Our data showed that all animals with Ad-CD40L
induced FHF died by day 6 after intravenous injection of the vector.
Treatment with a single dose of EPC given intravenously at 24, 48
or 72 hours after vector injection resulted in 17%, 50% and 67%
survival, respectively. Treatment with two doses of EPC at 48 and
72 hours resulted in 100% of animal survival. Significant reduction
of serum transaminases and parenchymal inflammation was observed
in animals treated with EPC compared with saline-treated mice.
Furthermore, the beneficial effect of EPC therapy was mediated
by increased expression of pro-survival factors like VEGF, IGF-I,
HGF, EGF, TGF alpha, IL-6 and SCF. Conclusion: In our studies,
bone marrow derived-EPC provided robust protection to animals
with a form of fulminant hepatic failure mediated by immunological
mechanisms. This therapeutic effect was associated with increased
expression of growth and survival factors mediated by EPC-based
therapy.
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Regulated Secretion of Insulin from
Genetically Modified Epidermal Stem Cells for
Treatment of Diabetes
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Gene therapy of the skin may provide a promising strategy for
treatment of diabetes by delivery of insulin in a regulatable manner
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upon administration of an exogenous ligand. Previously we showed
that retroviral transduction on fibrinectin increases gene tranfer to
epidermal stem cells. In this paper, we describe a lentivirus system
to achieve regulatable secretion of insulin from epidermal stem
cells. To this end, we generated a fusion protein of insulin with three
tandem copies of FKPB12 binding protein mutant (Fm) and a furin
cleavable sequence. Insulin was produced and accumulated in the
ER due to self-aggregation of the Fm domains. Upon addition of
rapamycin, insulin disaggregated and released through the constitutive
secretion pathway at a level that was dependent on the concentration
of rapamycin. Insulin was released within 30min of rapamycin
treatment and was detected for up to 7 hr. When rapamycin was
removed, insulin secretion returned to basal level within 1-2 hours.
Modified epidermal stem and progenitor cells retained the ability to
differentiate and stratify into 3-dimensional epidermal equivalents.
Addition of rapamycin to engineered tissues resulted in secretion of
40pmol insulin/cm2 tissue/day. Notably, subcutaneous injection of
genetically modified keratinocytes normalized glucose levels even
8 weeks post-implantation. When mice were treated with 30mg/kg
rapamycin, the glucose level dropped from 400mg/dL to normal
level within 1-2 hr and at the same time human insulin was detected
in plasma at approximately 30pmol/L. Our results demonstrated
that epidermal stem cells can be modified to deliver insulin in a
controllable manner and may have the potential to serve as an
alternative means for treatment of diabetes.
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Prostate cancer is the leading cause of death in men behind lung
cancer and frequently metastasizes to bones in advanced cases. Bone
metastases in prostate cancer are osteosclerotic, characterized by
formation of woven bone by osteoblasts. Osteolysis is the initial event
of prostate cancer bone metastasis which allows prostate cancer cells
to establish and initiate growth in bone leading to osteoblastic lesions.
Most evidence in the literature suggests that the primary mechanism
responsible for bone destruction is due to stimulation of osteoclastic
bone resorption. Binding of RANKL to RANK on the preosteoclasts
or osteoclasts is essential for their maturation and activity. Increased
expression of RANKL has been observed in osteolytic malignancies
and inhibition of osteoclastogenesis has been considered as an
intervention strategy. Osteoprotegerin (OPG) is a soluble decoy
receptor for RANKL and thus prevents binding of RANKL to RANK
leading to consequent inactivation of the osteoclastic activity. OPG
therefore promises tremendous hope for potential clinical use towards
the management of osteolytic bone metastasis. In the present study,
we have utilized mesenchymal stem cells (MSC) to deliver OPG to
prevent otseolysis in a therapeutic model of prostate cancer bone
metastasis in mouse. OPG used in this study comprised of ligand
binding domain of human OPG fused to human IgG-Fc fragment.
Animal model for osteolytic prostate cancer bone metastasis was
developed by injecting the human prostate cancer cell line PC3,
constitutively expressing firefly luciferase, in 6-week-old SCID mice.
Mouse MSC were isolated from 6 to 8-week-old C57BL mice bone
marrow and transfected with either rAAV-OPG.Fc or rAAV-GFP
plasmid and 5x105 MSC were injected twice directly into the tibia
of mice after the implantation of tumor cells. Therapeutic benefits
were evaluated 4 weeks after the implantation of the tumor cells by
bioluminescence imaging, bone micro-CT and histomorphometry.
Data indicated significant prevention of osteolysis in MSC treated and
treated animals compared to untreated animals and OPG.Fc treated
mice showed greater protection than the GFP treated mice. Restoration
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of bone led to reduction in tumor growth. Interaction between PC3
cells and MSC expressing either GFP or OPG.Fc were also tested in
3D in vitro co-culture system, total cellular RNA was isolated from
PC3 and MSC and subjected to cDNA microarray analysis for the
identification of differentially expressing genes. Overall, results of
this study suggested the potential of MSC-based OPG therapy in
preventing osteolysis in prostate cancer bone metastasis.
79.
Measles Virus Infected Mesenchyma Stem
Cell Carriers for the Treatment of Ovarian Cancer
Yoshihiro Maeyama,1 Emily Mader,1 Yi Lin,2 Gregory Butler,2
Takayo Ota,1 Stephen Russell,1 Allan Dietz,2 Kah-Whye Peng.1
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Epithelial ovarian cancer is the most lethal of all gynecologic
malignancies, killing more than 15,000 women in the United
States each year. The majority of patients present with advanced
Stage III disease at the time of diagnosis, where the cancer remains
confined within the peritoneal cavity. We have been developing the
Edmonston vaccine lineage of measles virus as an oncolytic agent
for the treatment of recurrent ovarian cancer. Attenuated measles is
a fusogenic virus; it infects ovarian cancer cells via CD46, a receptor
which is overexpressed on many cancer types, and subsequently
induces extensive intercellular fusion in the infected cell culture. A
phase I clinical trial testing the safety of intraperitoneal administration
of a recombinant measles virus expressing a soluble marker protein
(MV-CEA) is nearing completion. To improve delivery of measles
virus to the peritoneal tumors, we are investigating the use of cells
as carriers to deliver virus to tumors in measles immune mice.
Adipose tissue derived mesenchyma stem cells (MSC) were purified
from surgical wastes material and expanded in culture. Cells were
typically used between passages 5 and 8 for all experiments. MSCs
were efficiently infected by MV-RFP (50-60%), reaching peak gene
expression at 48 h post infection and surviving for at least 5 days in the
presence of a peptide that prevents intercellular fusion. In a series of
overlay experiments, we determined that intercellular fusion is more
resistant to virus-cell fusion in the presence of neutralizing antimeasles
antibodies. Virus infected MSC were able to transfer measles virus
to Vero cells and induced syncytia formation in the presence of
measles hyperimmune human serum (1:16 dilution). In contrast,
virus-cell infection proceeded only at a higher dilution (1:516) of
human serum. Athymic mice were implanted intraperitoneally
with human SKOV3ip.1 ovarian cancer cells expressing Gaussia
luciferase (GLuc). Mice were subsequently passively immunized
with measles immune human serum, and given saline, measles virus
expressing firefly luciferase (MV-Luc) or an equivalent number of
MV-Luc infected MSCs. Bioluminescent imaging data indicated
that the MSC localized to the peritoneal tumors and were able to
transfer virus infection to the tumors in the presence of antimeasles
antibodies. In contrast, MV-Luc was neutralized by the antibodies
and tumor infection was significantly compromised. Kaplan Meier
survival curves are currently being evaluated and MSCs warrant
further development as potential measles virus cell carriers for the
treatment of ovarian cancer.
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Human Neural Stem Cells Over-Expressing
VEGF Provide Behavioral Improvement, Disease
Onset Delay and Survival Extension in Transgenic
ALS Mice
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Stem cell-based therapy has recently aroused a great deal of interest
because of their therapeutic potential for neurological diseases,
such as stroke, spinal cord injury, Parkinson disease, Huntington
disease and ALS. Recent studies have indicated that it is possible
to generate motor neurons in culture from stem cells that include
embryonic stem cells and neural stem cells, and transplantation
of these motor neurons in animal models of ALS improved motor
function. We have previously generated immortalized human neural
stem cell (NSC) lines by transfection of NSCs derived from 15 weeks
gestation fetal brain with a retroviral vector encoding v-myc, and
one of the cell lines, HB1.F3 (F3), has been extensively studied and
demonstrated therapeutic potential in animal models of Parkinson
disease, Huntington disease, stroke, spinal cord injury and brain
tumors. Here we show that intrathecal transplantation of immortalized
human NSCs over-expressing human VEGF gene (HB1.F3.VEGF),
significantly delayed disease onset as assessed by rotatod test (122 vs
115 days), paw grip endurance test (121 vs 101 days) and extended
the survival (145 vs 133 days) of SOD1G93A mouse model of ALS.
While at 2 weeks post-transplantation none of grafted F3.VEGF cells
was found inside of the spinal cord, at 4 weeks post-transplantation
grafted cells were found within the gray matter of the spinal cord.
Furthermore, transplanted F3.VEGF cells that express neuronal
phenotype (MAP2+) were found in the anterior horn of the spinal
cord gray matter indicating that the transplanted human NSCs
migrated into the gray matter, took the correct structural position,
integrated into the spinal cord anterior horn and differentiated into
the neurons. Our results suggest that this treatment modality of
intrathecal transplantation of human NSCs genetically modified to
over-express neurotrphic fator(s) might be of value in the treatment
of ALS patients without significant adverse effects.
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Reduced Intensity Conditioning with
BCNU and Temozolomie Allows for Efficient
Engraftment and Subsequent In Vivo Selection/
Chemoprotection of MGMT Gene-Modified Cells in
the Dog Model
Brian C. Beard,1 Christina Gooch,1 Garyfalia Karponi,1 Hans-Peter
Kiem.1,2
1
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Successful gene transfer of drug resistance genes to hematopoietic
stem cells holds significant therapeutic promise for patients with
malignancies by conferring myeloprotection in the context of doseintensified chemotherapy. The major dose-limiting toxicity of agents
such as BCNU and temozolomide (TMZ) is myelosuppression
that limits the ability to effectively dose-escalate chemotherapy.
Hematopoietic toxicity is even more pronounced when BCNU and
TMZ are combined with O6-benzylguanine (O6BG), an agent that
inhibits wild type methylguanine methyltransferase (MGMT), a
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major resistance mechanism in gliomas. We have recently described
in several studies genetically modified dog and non-human primate
long-term hematopoietic repopulating cells with the P140K mutant
of MGMT (MGMTP140K) resulting in efficient in vivo selection
and chemoprotection. The chemoprotection allowed administration
of higher doses of TMZ and BCNU when given in combination with
O6BG without the associated chemotherapy-induced neutropenia
seen in control animals. To address a more clinically applicable
conditioning regimen for chemoprotective gene therapy strategies
in patients with glioblastomas we have begun to use BCNU and
temozolomide for pretransplant conditioning to provide sufficient
myelosuppression to facilitate the engraftment of chemoprotected
hematopoietic stem cells. Using a dose escalation approach and
a 2-day transduction protocol we have transplanted eight dogs
with MGMTP140K gene-modified autologous CD34+ cells using
nonmyeloablative conditioning with BCNU and TMZ. Seven of
eight animals showed early engraftment of gene-modified cells. The
only dog that showed minimal to no engraftment of gene-marked
cells received the lowest level of pretransplant conditioning which
was only mildly myelosuppressive with an absolute neutrophil count
(ANC) below 500/Вµl for only 3 days and a platelet count (PLT) never
below 50,000/Вµl. In four dogs where we have been able to achieve
more pronounced myleosuppression (ANC <500/Вµl for >5 days) we
have been able to successfully increase gene marking with the drug
combination of O6BG and TMZ up to levels >90% and stabilizing
between 50-70% (Taqman PCR). In one dog after increasing the
gene marking to levels >90% retrovirus-specific PCR of individual
colony forming units showed >70% retrovirus marking. Even with
relatively low gene marking (~10%) no pronounced neutropenia and
thrombocytopenia was observed following O6BG and TMZ treatment
compared to control animals. Also, analysis of retrovirus integration
analysis using LAM-PCR showed that multiple clones contribute
to hematopoiesis in all dogs tested. These studies demonstrated the
feasibility of using MGMTP140K-modified autologous stem cells
for chemoprotection and the ability to escalate TMZ in this setting.
These initial studies detail an important advance in the development of
improved treatment strategies for patients with glioblastoma or other
malignant disease that are treated with TMZ and/or BCNU.
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Lentiviral Vectors for Cancer
Immunotherapy: Transforming Infectious Particles
into Therapeutics
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Therapeutic anti-cancer vaccines are required to reprogram a
tolerized immune system. This is a major challenge for vaccine design
and necessitates the development of novel immunisation protocols
such as direct injection of lentiviral vectors for in vitro transduction
of antigen-presenting cells, in particular dendritic cells (DC). We
demonstrated that self-inactivating lentiviral vectors containing
the triple helix sequence are higly efficient in transducing ex vivo
generated human and mouse DC. As no viral proteins are encoded by
these vectors, DC function is not hampered and the immune response
is only directed against the transgene. We previously showed that ex
vivo generated DC transduced with tumor-associated antigen (TAA)
encoding lentivirus induce strong cytotoxic T lymphocyte (CTL)
responses both in vitro (MAGE-A3) and in vivo (ovalbumin) and
that these DC are more potent than mRNA electroporated DC, which
are currently evaluated in the clinic. Moreover, we demonstrated that
direct injection of lentiviral vectors is superior to administration of
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ex vivo transduced DC. The potency of the lentiviral vectors can in
part be explained by their capacity to efficiently activate DC, through
several pathogen recognition receptors, such as protein kinase R and
toll-like receptors. Finally, we performed initial proof-of-principle
experiments for directed lentiviral infection of target cells, i.e.
tumor cells modified to express hen egg lysozyme, using lentiviruses
containing an ecotropic envelope and membrane bound anti-hen egg
lysozyme nanobodies, thus further optimizing the safety of lentivirusbased vaccines; these experiments will be extended to targeting of
lentiviruses to DC. In conclusion, the data presented here form the
basis for further development of lentivirus-based vaccines for clinical
application, with the purpose of targeting TAA specifically to DC,
this in combination with immunomodulators or not.
83.
Cell-Specific Targeting of Lentiviral Vectors
through Ligand-Receptor Interactions
Xianyang Zhang,1 Robert H. Kutner,1 Jakob Reiser.1
1
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The ability to target vectors to specific cell types in vivo is one
of the formidable challenges in gene therapy. Here, we describe
an approach involving bifunctional receptor-ligand proteins for
cell-specific targeting of lentiviral vectors. We found that HIV-1based lentiviral vectors are able to form efficient pseudotypes with
envelope (Env) glycoproteins derived from avian sarcoma/leukosis
virus, subgroups A and B (referred to as ALV-A Env and ALV-B
Env, respectively). Such pseudotypes transduced mammalian cells
expressing the corresponding receptors (referred to as TVA and
TVB, respectively) with relatively high efficiency. However there
was no detectable transduction when such pseudotypes were applied
to mammalian cells lacking these receptors. In an attempt to target
specific cells using lentiviral vectors, we designed novel bifunctional
bridge proteins encoding human erythropoietin (Epo) fused to
the extracellular, soluble domains of the TVA or TVB receptors.
These fusion proteins are referred to as TVA-Epo and TVB-Epo,
respectively. Lentiviral vectors pseudotyped with ALV-A or ALV-B
Env glycoproteins and preloaded with the bifunctional TVA-Epo and
TVB-Epo fusion proteins resulted in robust transduction of cells that
expressed the human Epo receptor (EpoR), while cells lacking such
a receptor were not transduced. When preloaded with TVA-Epo or
TVB-Epo, the infectious titers of ALV-A and ALV-B Env pseudotypes
in 293T cells expressing the human EpoR were as high as those
observed with 293 cells expressing membrane-bound TVA or TVB,
indicating that bridge formation was very efficient. ALV-A (or ALV-B)
pseudotypes pre-incubated with unmodified TVA or TVB proteins did
not transduce 293T cells expressing EpoR, indicating that transduction
was mediated by Epo/EpoR interactions. Also, TVA-Epo or TVBEpo-mediated transduction of EpoR-positive cells was completely
abolished following the addition of anti-Epo antibody, showing that
the interaction was specific. Furthermore, transduction of EpoRexpressing cells mediated by the TVA-Epo or TVB-Epo proteins
was dose-dependent. It was also strictly dependent on the correct
subgroup-specific virus receptor or Env glycoprotein. In parallel, we
are working on targeting strategies involving lentiviral vector particles
displaying cell targeting ligands such as stem cell factor (SCF) along
with a fusion domain. Our preliminary data indicate that the fusion
domains derived from the ALV-A or ALV-B Env glycoproteins or
the vesicular stomatitis virus G glycoprotein resulted in cell-specific
transduction of c-kit expressing cells.
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Correction of Laminin-5 ОІ3 Chain
Deficiency in Human Epidermal Stem Cells by
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Giulietta Maruggi,1 Di Nunzio Francesca,1 Marcela Del Rio,2
Stefano Ferrari,3 David Almarza,3 Valentina Poletti,1 Enzo Di
Iorio,3 Michele De Luca,1 Graziella Pellegrini,1 Fernando Larcher,2
Fulvio Mavilio.1
1
Department of Biomedical Sciences, University of Modena and
Reggio Emilia, Modena, Italy; 2Epithelial Biomedicine Division,
CIEMAT-CIBERER U714, Madrid, Spain; 3Veneto Eye Bank
Foundation, Venice, Italy.
Mutations in any of the genes encoding the laminin 5 heterotrimer
(LAMA3, LAMB3 and LAMC2) cause junctional epidermolysis
bullosa (JEB), a severe and often fatal skin adhesion defect. In a pilot
clinical trial, we recently showed that transplantation of cultured skin
derived from autologous epidermal stem cells transduced with a MLVderived retroviral vector expressing the ОІ3-chain cDNA reconstitutes
normal synthesis and secretion of laminin 5, and corrects the adhesion
defect in vitro and in vivo. Since the use of retroviral vectors carrying
wild-type LTRs in human stem cells is considered unsafe due to the
genotoxic risk associated to insertional gene activation, we developed
an alternative gene transfer strategy based on self-inactivating (SIN)
HIV-derived lentiviral vectors in which expression of either GFP or
a LAMB3 cDNA is under the control of the keratinocyte-specific,
basal layer-restricted promoter-enhancer elements of the keratin 14
(K14) gene. Analysis of regenerated human skin upon grafting of
bioengineered skin equivalents on immunodeficient mice showed that
GFP expression directed by the K14 elements is tissue-specific and
restricted to the basal layer of the epidermis. Correction of laminin 5
deficiency from the different vectors was evaluated in keratinocytes
derived from skin biopsies of JEB patients in vitro and in vivo. These
experiments demonstrated transduction of repopulating epidermal
stem cells and full phenotypic correction of the JEB defect in a
relevant pre-clinical model. The effect of the K14 and of the MLV
LTR enhancer on the expression of genes surrounding the vector
insertion sites was analyzed in a comparative fashion in clones of
keratinocytes harboring 1 to 5 integrated proviruses by a quantitative
assay. This study shows that the use of lentiviral vectors carrying a
tissue-specific, restricted promoter is an effective, and potentially
safer, alternative for gene therapy of JEB.
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Lentiviral вЂњGene OntologyвЂќ (LeGO) Vectors
вЂ“ A Novel Tool for Functional Gene Analysis
Kristoffer Weber,1 Udo Bartsch,2 Carol Stocking,3 Boris Fehse.1
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The possibility of conditional over-expression as well as downregulation of one, or ideally several, potentially interacting genes
represents a powerful tool for the analysis of gene functions.
Integrating lentiviral vectors were shown to ensure efficient
transduction of numerous different target cells, and stable expression
of cDNAs as well as shRNAs. We have developed a multi-color
panel of novel lentiviral вЂњgene ontologyвЂќ (LeGO) vectors which
were designed in accordance with the вЂњbuilding blockвЂќ principle and
contain up to three modules: (i) A transgene under the control of an
SF promoter, (ii) an individual fluorescent marker and (iii) an shRNA
expression cassette. All LeGO modules are easily exchangeable using
a set of standard restriction enzymes. To allow for simultaneous
analysis of multiple genes, LeGO vectors with eleven different
fluorescent marker genes have by now been cloned and tested. The
latter include eGFP/BSD and dTomato/BSD fusion genes, which
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combine the advantages of both fluorescent and drug-selectable
marker genes. We have shown that LeGO vectors can be produced at
high titers and facilitate high-level transduction of various target, in
particular primary cells. Based on marker gene expression, transduced
cells could readily be identified by flow cytometry or fluorescence
microscopy. As anticipated, single LeGO vectors ensure concurrent
ectopic transgene expression and downregulation of a selected target
gene using shRNA technology. In conclusion, the LeGO vectors
represent a valuable tool for investigating gene networks, exploiting
ectopic expression and conditional knock-down approaches for
multiple genes in single cells at the same time.
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Factors Influencing Lentiviral Vector
Quality-Dynamic Light Scattering (DLS) Analysis
of HIV-1 Vectors
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Vector quality ascertained by its potency, safety and stability,
is primarily determined by production and processing methods.
Currently most research and clinical grade HIV-1 vectors are produced
by transient transfection methods and concentrated by ultra filtration or
ultracentrifugation. Electron microscopy studies of vectors produced
by these methods suggest the presence of several side products (small
particles, aggregated material, tubulovescicular structures (TVS))
which may affect vector quality. We have developed a dynamic light
scattering (DLS) assay to monitor HIV-1 vector composition and to
determine the effect of different production, formulation and storage
methods on lentiviral vector aggregation and quality. The parameters
for analyzing HIV-1 vectors were established by using NIST
certified polystyrene beads of 90, 144 and 500 nm and a preparation
of a replication competent HIV-1 virus (R8.71). Vectors carrying
a GFP transgene were prepared by transient transfection of 293T
cells, harvested in serum free (OptiPro-SFM) or serum containing
(DMEM+10% FBS) medium, concentrated by ultracentrifugation
and formulated in DPBS, XVIVO 20 or DMEM/10% FBS. Vectors
were analyzed by DLS prior to concentration, immediately after
concentration and post-concentration after storage at -70В°C for 6
and 12 weeks. Dilution (by flow cytometry) titers of all the vectors
were also measured at these time points. Vectors pseudotyped with
VSVG and RD114 envelope proteins were analyzed in this study.
Our results show that VSVG pseudotyped vector preparations contain
particles smaller and larger, in addition to particles of the predicted
size (50-100%). In the three formulations tested, vector aggregation
of VSV-G and RD114 particles was minimal at the time of vector
harvest and an approximate 100-fold concentration. However, VSVG
pseudotyped vector shows time dependent aggregation after storage at
-70В°C when measured over a 12 week period. Aggregates of varying
size (0.27, 0.95 and 5.4 microns) are seen and maximum aggregation
was observed in vector formulated in DPBS (15-50%). In contrast,
vector pseudotyped with RD114 exhibited a uniform composition
and showed minimal aggregation in DPBS after 12-week storage at
-70В°C. These results suggest that formulation, storage conditions, and
pseudotyping envelope affect vector composition.
S34
87.
Oncolytic Measles Viruses Encoding
Interferon ОІ and the Thyroidal Sodium Iodide
Symporter for Mesothelioma Therapy
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Mesothelioma is a devastating malignancy, typically related to
asbestos exposure and leading to death within 8 to 14 months of
diagnosis. Based on promising results in murine mesothelioma
models, a nonreplicating adenoviral vector coding for human IFN-ОІ
(Ad-IFN-ОІ) was evaluated in a clinical trial, leading to long term
remissions in two of the treated patients (Sterman et al, Clin Cancer
Res 2007; 13(15): 4456 -66). Possible mechanisms underlying the
antitumor activity of IFN-ОІ include its antiproliferative actions,
anti-angiogenic activity and recruitment of host effector cells to
sites of expression. In order to increase the potency of oncolytic
measles viruses for mesothelioma therapy, we inserted the IFN-ОІ
gene into MV-Edm and MV-NIS vector backbones. The rationale
for a virus expressing both IFN-ОІ and the human thyroidal sodium
iodide symporter (NIS) was to facilitate noninvasive in vivo
monitoring of virus propagation by radioiodine imaging. Human
and mouse interferon- ОІ genes were amplified by polymerase chain
reaction (PCR) and cloned upstream of the N gene in MV-Edm or
MV-NIS backbones. The corresponding viruses, MV- mIFN ОІ and
MV- mIFN ОІ-NIS, were rescued by standard methods. The viruses
were amplified on Vero cells and their one-step growth curves
were found to be comparable to other oncolytic measles strains.
Mesothelima cell lines REN, M30 and MSTO-211H were infected
with the recombinant viruses at MOIs of 0.1 or 1. Cell viability,
IFN-ОІ release and radioiodide uptake were evaluated at various
timepoints after infection. Both viruses successfully propagated in
the human mesothelioma cells leading to intercellular fusion and cell
death. High levels of mouse IFN- ОІ were detected in the supernatants
of the infected cells and radioiodine uptake was substantial in the
cells infected with MV-mIFN ОІ-NIS. It is expected that these new
oncolytic MVs that code for IFN ОІ and NIS will prove to be potent
and versatile agents for the treatment of human mesothelioma. In
vivo studies are ongoing.
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Systematic Comparison of Promoters
Directing Transgene Expression in Airway
Epithelia Using a Non-Primate Lentiviral Vector
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Gene transfer of CFTR to the airway epithelia is a goal of many
gene therapy strategies to treat cystic fibrosis. Lentiviral gene
transfer offers the advantage of stable and persistent expression.
However, there are some barriers to successful gene transfer to
respiratory epithelia using lentiviral vectors, including expression
in non-epithelial cell types. Because the native regulatory elements
of CFTR are not well characterized and appear to be spread over
several kilobases of sequence at the CFTR locus, the development
of lentiviral constructs with heterologous promoters of varying
strengths and cell specificity would aid in our selection of optimal
reagents for appropriate CFTR expression. In the present study we
contrasted several promoters. The viral promoters Cytomegalovirus
(CMV) and Jaagsiekte Sheep Respiratory Virus (JSRV) are
expected to drive strong expression in the lung. We have previously
demonstrated that the Rous Sarcoma Virus (RSV) promoter has the
ability to persist one year post transduction in vivo following nasal
delivery in mice. In addition to viral promoters that drive expression
ubiquitously, it would be beneficial to generate vectors with promoters
that are active specifically in the airway epithelia. Using transcript
profiling in human airway epithelia we found that two members
of the Palate, Lung, Nasal Epithelium Clone (PLUNC) family are
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highly expressed in human airway epithelia. We hypothesize that
these promoters will confer sufficient and persistent activity in the
airway. Furthermore, to restrict expression to epithelia we aim to use
the cell-type specific promoters FOXJ1 (specific to ciliated cells)
and E-Cadherin (specific to epithelia) in the FIV vector. Another
promoter candidate is from the WDR65 gene. In situ hybridization
of murine nasal sections revealed an expression pattern of WDR65
restricted to the respiratory epithelium. We hypothesize that this
novel promoter would limit CFTR expression to the nasal epithelium.
We generated FIV vectors containing the aforementioned internal
promoters driving firefly luciferase. Using these vectors we transduced
murine nasal epithelia in vivo and monitored reporter activity using
bioluminescence imaging. In addition, we evaluated promoter activity
in vitro using transiently transfected luciferase reporter plasmids. In
experiments to date, luciferase reporter activity from the JSRV and
CMV promoters was higher than that from the E-Cadherin, FOXJ1,
PLUNC, and LPLUNC1 promoters in vivo. Additionally, in vitro
data suggest that the PLUNC and WDR65 promoters drive higher
reporter expression in airway cells as compared to that in non-airway
cell types. Determining the persistence and level of expression from
these promoters are goals of ongoing experiments. This data will
aid in developing optimal vectors for sufficient, sustained CFTR
expression in the airway epithelia. This work is supported by NIH
HL075363 and HL51670.
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CNS: Analysis of Gene Expression Kinetics and
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Non-integrating lentiviral vectors based on HIV seemingly are as
efficient as standard integrating lentivectors for gene expression in
quiescent tissues in vivo, including eye, CNS and muscle. To further
our understanding of the efficacy of gene expression from these nonintegrating vectors we have performed a kinetic analysis of transgene
expression in the spinal cord after direct vector injection. Integrating
and non-integrating, VSV G-pseudotyped vectors expressing eGFP
were injected in the ventral horn of the rat spinal cord and transgene
expression studied at several time points. eGFP was detected after two
weeks and increased over time. Efficient neuronal transduction was
observed by ChAT or NeuN co-staining, with significant transduction
of glia (GFAP co-staining) being also detected. Some microglia
activation (Iba1 co-staining) was noticed along the needle injection
track, but otherwise no significant inflammation was observed. Further
experiments involved rabies envelope glycoprotein pseudotyping
of vectors in which eGFP is driven by the CMV promoter either
directly or through the use of an IRES element. Finally, we are also
studying eGFP gene expression from non-integrating lentivectors in
the substantia nigra. The results of these experiments will be discussed
and compared with those obtained with integrating lentivectors.
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Generating an HIV-1 Based Clinical GradePackaging Cell Line
Amber A. Mael,1 Ryuta Sakuma,1 Seiga Ohmine,1 Yasuhiro Ikeda.1
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Retroviral vectors are limited in their therapeutic effects since
they can only infect dividing cells and have been prone to insertional
mutagenesis. Lentiviral vectors have been shown to have long term
expression in both dividing and non dividing cells and are able to
transfer complex genetic structures to those cells. They also avoid
integrating their genomes close to the promoter sequences, making
Molecular Therapy Volume 16, Supplement 1, May 2008
Copyright В© The American Society of Gene Therapy
them less prone to insertional mutagenesis. Second and third generation
lentiviral packaging systems have been used extensively in many
preclinical studies, where the lentiviral vectors are made by transient
transfection of three or four plasmids. However, co-transfection
methods are not ideal to withstand the strict characterization and
scale-up required for clinical applications. In order to be practical
in the clinical setting, generation of a clinical-grade packaging cell
line, which produces safe, high titer vectors, would be essential. Such
a cell line would allow effective treatment of a variety of genetic
disorders. First, we established a new generation transient packaging
system with codon-optimized Gag-Pol and Rev based on the high
titer HIV-1 isolate, Gun1WT. This new system has predictable
biosafety since it conserves only three HIV genes and relies on four
separate transcriptional units. The codon-optimization of the HIV-1
gag-pol sequences makes the Gag-Pol expression Rev-independent
and eliminates the homologous sequences between packaging and
vector genome constructs. This minimizes the risk of homologous
recombination between the packaging plasmid and the vector genome
construct. Upon transfection in 293T cells, the new packaging system
could produce 2.4 x 107 IU/ml of a GFP-expressing self-inactivating
vector. In order to generate a clinical grade packaging cell line, we
stably introduced the codon-optimized gag-pol sequence into 293T
and GMP grade 293 cells. We have obtained single cell clones
which express high levels of HIV-1 Gag-Pol. We have introduced
Rev-expression constructs into the Gag-Pol-expressing cells, and
are planning to introduce RD114 or MLV-Ampho Env to these cells.
Once this is completed, the new HIV-1 vector packaging cell line will
be characterized. We will present the results to date.
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1
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Research Institute, ChildrenвЂ™s Hospital of Philadelphia,
Philadelphia, PA; 3Division of Neurology, ChildrenвЂ™s Hospital of
Philadelphia, Philadelphia, PA.
Delivery and regulation of transgenes to neural progenitor cells
(NPCs) is important for safe and effective gene/stem cell therapy
for many central nervous system disorders. We have produced an
NPC-specific mifepristone-inducible system for regulated expression
of target transgenes. Mifepristone is readily available to the brain
and so is particularly advantageous for work in the CNS. Regulated
expression of target transgenes was accomplished with dual selfinactivating lentiviral (SIN) vector system. This system consists
of a transactivator SIN vector and a target SIN vector. Each vector
type uses the poliovirus internal ribosome entry site (pIRES) to
link expression of target transgenes with selectable markers. The
transactivator SIN vector contains a rat nestin enhancer/thymidine
kinase minimal promoter upstream of a bicistronic transgene
encoding a mifepristone-activating chimeric nuclear receptor and
hygromycin-resistence gene. Primary murine neural progenitor cells
were infected and selected with hygromycin. Stable expression of
the chimeric nuclear receptor in these hygromycin-resistant primary
neural progenitor cells was verified by protein analysis. Several
target SIN vectors have subsequently been produced. These vectors
contain mifepristone-inducible promoters upstream of various
target transgenes linked via pIRES to a zeocin resistance/thymidine
kinase fusion protein. This fusion protein allows for selection, with
zeocin, of cells appropriately expressing target transgenes in the
presence of mifepristone; and the removal, with gancyclovir, of
cells inappropriately expressing the target transgene in the absence
of mifepristone. Before production of any viral particles, each target
vector was tested in vitro for inducible expression of target proteins
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via transient transfection. Target vectors with several variants of
the mifepristone-inducible promoters have been produced and
inducible expression and fold-induction were evaluated. In addition,
because integration sites may play a large role in the expression of
inducible transgenes, we included modified chicken HS4 insulator
sequences in the delta 3вЂ™ LTRs of some of the target vectors to limit
integration position effects. The effect of these insulators on target
gene expression is currently being evaluated.
92.
Measles Virus Induced Tumor Cell Fusion
Decreases Virus Production
Matthew K. Ennis,1 Stephen J. Russell,1 David Dingli.1
1
Molecular Medicine, Mayo Clinic, Rochester, MN.
Introduction: Recombinant measles viruses (MV) based on
the Edmonston vaccine strain have potent and selective oncolytic
activity against a wide range of human tumors but leave normal
tissues unharmed. Tumor cells infected with MV express the viral
hemagglutinin and fusion proteins, leading to the formation of giant
cell syncytia that ultimately die. Mathematical modeling of tumor
virotherapy with MV suggests that the rates of killing of virus
infected cells and release of virus progeny are intimately linked
and may have opposite effects on the outcome of therapy. Rapid
killing of tumor cells could reduce the chance of curative therapy.
We hypothesized that inhibition of MV induced cell-to-cell fusion
may prolong the viability of infected cells resulting to higher virus
production. Methods: HT1080, Mel624 and Vero cells were infected
with MVeGFP or MV-CEA at an MOI of 1 and the infection allowed
to propagate in the presence/absence of fusion inhibitory peptide
(FIP, 20Вµg/ml). Conditioned media and cells were collected at 24
hour intervals (up to 120 hours) and stored at -80В°C. The titers of
released and cell-associated virus were determined by serial dilution
and infection of Vero cells using the method of Spearman and Karber.
CEA estimations were performed at the Central Clinical Laboratory
at Mayo Clinic. All experiments were performed in triplicate.
Parallel cell viability assays (MTT) were performed under the same
conditions with uninfected cells as controls. Results: In the absence
of cell-to-cell fusion, production of MVeGFP by HT1080 and Mel
624 cells increased at least 3 fold. Virus production was similar in
the presence and absence of fusion up to 48 hours post infection
(p=0.3). However, the virus titer was significantly higher at later
time points in the absence of fusion (p=0.05).Virus production by
Vero cells was also significantly higher when fusion was inhibited
(p=0.027). CEA production by HT1080 and Mel 624 was also higher
in the absence of fusion (p=0.024).Cell viability in the absence of
fusion was significantly higher for all cells lines (HT1080: p=0.025;
Mel 624: p=0.005; Vero: p=0.0017) at every time point. As expected,
even in the presence of FIP, the viability of infected cells was lower
compared to the uninfected controls (p=0.0015, p=0.024 and p=0.014
respectively) at all time points. Conclusions: Tumor cell killing
by MV vectors is faster in the presence of cell-to-cell fusion and
inhibition of cell fusion leads to higher oncolytic virus production.
It is at present unclear whether higher virus production rates can
offset the bystander effect of fusogenic viruses and give superior
tumor control compared to the latter. However, these observations
have implications for the translation of MV vectors in the clinic both
from the design of novel viruses but also from the perspective of large
scale production of the vectors. Attempts to generate non-fusogenic
recombinant MV are underway.
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High-Level Muscle Specific Transgene
Expression in Cultures of Myotubes Using
Lentiviral Vectors
Marc-Andre Robert,1,2 Marilyne Blain,1,2 Sofien Dessolin,1 Antoine
Caron,1 Sophie Broussau,1 Lucie Bourget,1 Bernard Massie,1,2
Renald Gilbert.1,3
1
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Institute, Montreal, QC, Canada; 2Molecular Biology, University
of Montreal, Montreal, QC, Canada; 3Neuromuscular Research
Group, Montreal Neurological Institute (McGill University),
Montreal, QC, Canada.
Lentiviral vectors (LV) are promising vehicles for gene transfer
applications, because they can integrate their genome into the cells
chromosomes and thus provide stable transgene expression. LV can
accommodate relatively large transgene (at least 6 kb) and they can
transduce dividing and non-dividing cells. LV carrying minidystrophin
could thus be used to treat patients suffering from Duchenne muscular
dystrophy by restoring the dystrophin function with a stem cells
or a gene therapy approach. Because unrestricted and widespread
dystrophin expression could be immunogenic or even toxic to
dividing cells (myoblasts or stem cells), we have constructed a small
and efficient muscle specific promoter (в€†USEx3, ~600pb) derived
from the slow troponin I gene. In the present study, we compared
the strength, the stability and the muscle specificity of LV carrying
GFP regulated by в€†USEx3 (LV-в€†USEx3) or by the cytomegalovirus
(CMV) promoter (LV-CMV). Mouse C2C12 myoblasts were
transduced with both LVs and GFP expression was monitored by
flow cytometry in actively dividing myoblasts, or by fluorescent
microscopy and by western blot in differentiated myotube cultures.
In the myoblasts, the fluorescence index of the cell population ([% of
fluorescent cells] X [mean fluorescence intensity]) was stable for at
least three weeks and was 5 to 20-folds higher in the cells transduced
with LV-CMV. However, after differentiation into myotubes, the GFP
expression level of the cells transduced with LV-в€†USEx3 was greater
than for LV-CMV. These data show that в€†USEx3, in the context of
LV, can provide stable, specific and high-level transgene expression
in differentiated muscle cultures.
94.
Lentivirus Expressing Avidin Fusion
Protein Is Efficient and Non-Toxic Tool for
Targeting Biotninylated Molecules In Vitro
Miia Taavitsainen,1 Hanna Lesch,1 Kari Airenne,2 Thomas Wirth,2
Seppo Yla-Herttuala.2
1
Ark Therapeutics, Kuopio, Finland; 2Biotechnology and
Molecular Medicine, A.I. Virtanen Institute, Kuopio, Finland.
LodavinTM is an avidin fusion protein that binds effectively
biotinylated molecules. It consists of the low density lipoprotein
receptor transmembrane and intracellular domains and avidin. The
fusion protein is expressed on the cell surface and it can be used
to target biotinylated molecules. Previously, lentivirus-mediated
fusion protein expression has been shown by immunoblotting and
immunostaining. Lentiviruses were used for the delivery of Lodavin
since they are able to transduce both dividing and non-dividing
cells and can confer long term expression of the fusion protein.
The functionality and toxicity of the fusion protein were studied in
vitro. Lentiviruses were prepared by calcium phosphate transfection
method and the absent of replication competent lentivirus (RCL)
was also tested. The fusion protein expression was detected using
biotinylated FITC. HeLa cells were transduced with lentiviruses, the
transduced cells were stained with biotinylated FITC and analyzed
by flow cytometer. Binding of biotinylated FITC on the cell surface
was detected from transduced and non-transduced cells. The binding
was much more effective in the transduced cells. Thus fusion protein
was expressed on the cell surface and it enhanced entrance of
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biotinylated FITC into the cells. Cell viability, toxicity and apoptosis
were also studied. HeLa, BT4C and HepG2 cells were transduced
and cell viability was measured. Cells transduced with the Lodavin
grew similarly than those that were transduced with the control
lentivirus. In apoptosis assay caspase 3/7 activity was measured. No
cytotoxic effect was seen in any apoptosis or caspase activity assay,
hence the fusion protein seems not to be toxic and does not affect
cell viability. These results indicate that the avidin fusion protein is
functional and safe. The results also show that the Lodavin protein
is produced on the membrane of the transduced cells and it can bind
biotinylated compounds. Altogether, fusion protein has the potential
to be harnessed as a novel tool in targeted drug delivery.
95.
Vector System for Production of High-Titer
Research-Grade Lentivirus
Chris Mello,1 Thomas Quinn,1 Lily Lee,1 Omar Nourzaie,1 Michael
Haugwitz,1 Hiroaki Sagawa.1
1
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Low viral titer continues to be an issue in the use of lentiviral
vectors. Here we describe a lentiviral vector system that produces
high titer research-grade lentivirus preparations. Our system utilizes
elements in both the lentiviral vector and packaging constructs to
increase titer. The lentiviral vector includes a wild-type HIV-1 LTR,
a woodchuck hepatitis virus posttranscriptional regulatory element
(WPRE), and a central polypurine tract (cPPT). The packaging
plasmids containing the viral sequences for gag, pol, tat, and rev
are conditionally expressed at high levels using a binary induction
system that includes a tetracycline-responsive promoter and an
HIV-2 LTR. Together, these changes lead to a 28-fold increase in
titer over commercially available 3rd generation lentiviral systems.
Using a standard virus production protocol, we were able to produce
lentiviruses that express Actin-AcGFP and DsRed-Monomer-Nuc at
1x108 ifu/ml and were able to successfully co-transduce differentiated
normal human neural progenitor cells. The high titers from the
initial viral supernatants meant that the samples did not need to be
concentrated prior to use. This shortened the production timeline and
allowed the virus to be harvested, titered by qRT-PCR, and transduced
in the same day. To increase the safety profile, the packaging plasmids
use a split-gene, trans-expression strategy separating gag and pol;
effectively minimizing the production of replication-competent
lentivirus (Wu et al. 2000). Our data, including the wtLTR, also
showed a lower frequency in a lentiviral DNA mobilization assay
when compared with the 3rd generation system. The 2nd generation
lentiviral vector together with the вЂњ4th generationвЂќ packaging method
produces lentivirus with un-concentrated titers of up to 5x10+8 ifu/ml.
This combination significantly increases the titer without increasing
the risk of RCL.
96.
MAVRIC: A Web Based Tool for Viral Vector
Integration Site Analyses
Marshall W. Huston,1 Sebastiaan Horsman,2 Martijn H. Brugman,1
Andrew Stubbs,2 Dick de Ridder,3 Peter J. van der Spek,2 Gerard
Wagemaker.1
1
Hematology, Erasmus University Medical Center, Rotterdam,
Netherlands; 2Bioinformatics, Erasmus University Medical
Center, Rotterdam, Netherlands; 3Mediamatics, Delft University of
Technology, Delft, Netherlands.
Retroviral (gammaretroviral and lentiviral) vector mediated gene
therapy allows for therapy of monogenic diseases by introducing
therapeutic genes into hematopoietic (stem) cells (HSC), as has been
successfully demonstrated in trials for human SCID and in animal
models for a wide variety of other inherited diseases, several of which
will shortly enter clinical trial. At the current state of technology, the
risks of introducing a therapeutic gene include aberrant expression
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of a gene neighboring an integration site, resulting at very low
frequencies (one per 106-107 transduced cells) in oncogenesis.
To improve efficacy and safety, mechanisms governing retroviral
integration and insertional mutagenesis are the subject of intensive
ongoing studies. Integration analysis includes multiple parameters
that with rapidly increasing data warrant automated bioinformatics.
We have constructed the Methods for Analyzing ViRal Integration
Clusters analysis tool (MAVRIC), in which a set of vector integration
sequences can be uploaded into the MAVRIC application via a web
browser. MAVRIC checks the sequence using Repeatmasker and
minimum length parameters, BLASTs each integration, determines its
location in the genome via Ensembl, and returns a set of graphical and
tabular information including a chromosome map, distance from each
integration to the nearest transcription start site, common integration
site genes, histograms of nearby gene expression, and eventually
network-based analysis of viral integration patterns and comparisons
with other databases, such as the RTCGD. We used the integration
data of the SCID gene therapy trials (Aiuti et al., Deichmann et al.,
Schwarzwaelder et al., JCI 2007) for evaluation of MAVRIC. To
relate integration to mRNA expression levels in neighboring genes
we used our data for human CD34+ HSC (В± cytokine stimulation)
analyzed on an Affymetrix U133 gene array. These datasets were
analyzed by MAVRIC, mutually compared, as well as compared to
gammaretroviral and lentiviral integration datasets in mice related
to the gene expression levels of highly purified HSC. The output
demonstrates HSC specific gammaretroviral and lentiviral integration
patterns and illustrates how MAVRIC allows for direct multiparameter
comparison of integration patterns between different species, disease
entities and viral vectors. MAVRIC will become accessible via
the internet and the programвЂ™s speed and modular nature make it
applicable to a wide range of viral vector analyses.
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Sleeping Beauty Transposase-Directed
Genomic Insertion of Lentiviral DNA Circles: A
Novel Hybrid Lenti-Transposon Vector System with
an Altered Integration Profile
Nicklas H. Staunstrup,1 Brian Moldt,1 Lajos Mates,2 Palle
Villesen,3 Maria Jakobsen,1 Zoltan Ivics,2 Zuszunna Izsvak,2 Jacob
G. Mikkelsen.1
1
Human Genetics, Aarhus University, Aarhus, Denmark; 2Max
DelbrГјck Center for Molecular Medicine, Berlin, Germany;
3
Bioinformatics Research Center, Aarhus University, Aarhus,
Denmark.
Integration of HIV-1-based lentiviral vector DNA is strongly biased
towards transcriptionally active loci (typically 70-80% of insertions
within genes), resulting in an increased risk of insertional mutagenesis
and transformation of vector-treated cells. In an attempt to bypass
the natural lentiviral integration pathway, we present in this report
a novel hybrid vector technology based on Sleeping Beauty (SB)
transposase-mediated insertion of viral DNA delivered by integrasedefective lentiviral vectors (IDLVs). During lentiviral infection, a
portion of the reverse-transcribed DNA is circularized by homologous
recombination or non-homologous end-joining producing 1- and
2-LTR circles, respectively. Such DNA circles are stable but
eventually lost by dilution in proliferating cells. Here, we tested the
hypothesis that circles can serve as a platform for transgene insertion
by SB transposition. By qPCR on HIRT-extracted episomal DNA
templates we first demonstrated 10-fold higher levels of DNA circles
in IDLV-transduced cells versus cells transduced with integraseproficient vectors. Next, we constructed a lentiviral LV/SB hybrid
vector containing a puroR gene expression cassette as well as the left
and right inverted repeats of SB in a context allowing transposition
exclusively from circular DNA substrates. Co-transfection in HeLa
cells with LV/SB vector plasmid DNA and plasmid expressing a
novel hyperactive variant of SB transposase (SB100) resulted in
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the generation of puroR colonies at ~500-fold above background,
demonstrating efficient transposon mobilization from the LV/SB
construct. To provide all components of the LV/SB hybrid system
by transduction, we produced IDLVs encoding either SB100 or an
inactive transposase (mSB). Co-transduction of 293 cells with the
transposon substrate vector and SB100-encoding IDLVs resulted in a
transposase-induced increase in viral titer, deduced from the number
of drug-resistant colonies that was increased 13-fold compared to the
background obtained in the presence of IDLV-encoded mSB. PCR on
genomic DNA from drug-resistant clones confirmed that 1- and 2-LTR
circles were substrates for transposase-directed vector integration into
TA-dinucleotides. To investigate whether the integration properties
of this novel vector system was altered relative to conventional
integration-proficient lentiviral vectors, we finally analyzed the
integration profile. Among the 100 integration sites mapped so far,
53 sites were mapped to regions outside transcriptional units and the
remaining 47 sites within genes. In summary, our findings demonstrate
that SB transposase can gain access to circular lentiviral episomes
and efficiently catalyze transposon mobilization. Importantly, our
data suggest that the biological constraints, leading to gene-targeted
insertion by the normal lentiviral integration machinery, are resolved
by the transposase leading to an altered lentiviral integration
profile.
98.
Oncolytic Measles Virus Induces TRAIL
Secretion by Neutrophils but MV-Induced
Neutrophil-Mediated Cytotoxicity Requires CellCell Contact
Yu Zhang, Jennifer Thomson, Adele K. Fielding.
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Numerous in vitro and in vivo studies have demonstrated that the
live attenuated vaccine strain of measles virus (MV) is a promising
agent for treatment of malignancies. Clinical trials are underway.
However, the underlying mechanisms of MVвЂ™s oncolytic activity
remain elusive. Previous data from our group showed a very significant
neutrophil infiltration in MV-treated human tumor xenografts in
immunodeficient mice. The neutrophil survival factor, GM-CSF,
enhanced MV-related oncolysis in this model. We hypothesized that
a neutrophil-mediated host immune response against measles virus
infected tumor cells might favour their elimination. This leads us to
investigate the potential role of neutrophils in measles virus mediated
oncolysis. Neutrophils have a documented ability to kill cancer cells
via Apo2L/tumour necrosis factor-related apoptosis inducing ligand
(TRAIL)-mediated mechanism. Hence, we quantified TRAIL mRNA
and protein produced by human neutrophils and вЂ�targetвЂ™ cell lines
in response to MV infection using reverse transcription real-time
PCR and ELISA. When Raji and Jurkat target cells were infected by
oncolytic MV at a multiplicity of infection of 1, there was a mean
26-fold increase in TRAIL mRNA over 4 days, compared to the
uninfected controls. In contrast, MV infected neutrophils (from 9
healthy donors) showed a mean 20-fold reduction in TRAIL mRNA
expression вЂ“ within a short time-frame вЂ“ 5 hours post infection. There
was an accompanying small diminution in intracellular TRAIL protein.
However, a significant increase in soluble TRAIL was detected in the
neutrophil supernatant, indicating that MV stimulates neutrophils to
release pre-fabricated TRAIL. To test whether this might contribute
to neutrophil-mediated cytotoxicity against target cells, we used a
FACS-based killing assay to assess the ability of MV-infected and
non-infected neutrophils to kill MV infected or non-infected Raji or
Jurkat targets. When MV-infected Raji cells were directly co-cultured
with increasing number of neutrophils, an increase in specific target
cell lysis was observed, with up to 25% specific lysis at effector:target
ratio of 40:1. When similar experiments were carried out in transwells,
no specific cytotoxicity was demonstrated. This implies that, despite
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MV-mediated TRAIL secretion, cell-cell contact is required for the
specific neutrophil cytotoxicity against MV infected targets.
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Purification of Lentiviral Vectors Using
Immuno-Magnetic Purification and Engineered Cell
Lines
Daniela Bischof,1 Aparna Jasti,1 Lina Sego,1 Kenneth Cornetta.1
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Purification of lentiviral vectors, particularly for in vivo
administration, will require purification steps that remove
immunogenic proteins and cell debris. Lentivirus purification
methods based on charge and size exclusion chromatography have
been developed but significantly decrease yield. Alteration of
envelope protein to contain his-tagged regions have also been used
for purification (Ye et al. 2004. J Virol 78:9820), but how these
modifications will alter immunogenicity of the vector particles in
humans is unknown. Others have purified lentiviruses by inserting
biotinylated host cell proteins into the vectors, and purifying vector
particles using streptavidin conjugated paramagnetic particles (Chan
et al. 2005. J Virol 79:13190), thus requiring biotinylation of cells
prior to vector production. As an alternative, we sought to modify the
vector particles to include a protein within the cell membrane that can
be purified using commerically available immuno-magnetic systems.
HEK293T cells were transfected with a plasmid encoding human
CD4. Cells stably expressing CD4 were isolated by flow cytometry,
and a clonal population was used for experiments. CD4/293T were
used in standard lentiviral production procedures using calcium
phosphate transfection of a 4 plasmid system, including the VSV-G,
RD114 or ampho envelopes. Vector supernatants were concentrated,
incubated with CD4 MultiSort magnetic MicroBeads and loaded
onto a MACS column for washing and elution. Irrespective of the
envelope used, we recovered 65 - 85% of the input material in the
purified vector, as measured by GFP fluorescence of transduced cells.
This is an improvement over the 30 - 50% recovery rate reported for
charge and size exclusion chromatography. This approach suggests
that engineering of cell lines to express human proteins suitable
for magnetic bead capture, can be used to purify membrane-bound
vector particles without limiting the envelope options for vector
pseudotyping. Use of human proteins, like CD4, NGFR and CD34,
should minimize immunogenicity and can be combined with
commerically available purification kits.
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100. Competition Studies Reveal Dual Pathway
Transgene Reconstitution in the Hybrid AAV
Vectors
Arkasubhra Ghosh, Dongsheng Duan.
1
Molecular Microbiology and Immunology, University of Missouri
- Columbia, Columbia, MO.
The broad utility of adeno-associated viral vector (AAV) is
constrained by its small packaging capacity. We recently reported a
hybrid vector system that doubles AAV packaging capacity for any
given gene (Ghosh et al 2008 Mol.Ther. 16(1):124). This system
consists of a head vector and a tail vector. The head vector carries the
promoter, the 5вЂ™end of the transgene, a splicing donor signal and a 0.87
kb highly recombinogenic alkaline phosphatase (AP) gene sequence.
The tail vector carries the same AP sequence, a splicing acceptor, the
3вЂ™end of the transgene and the polyA signal. We hypothesize that
transgene reconstitution can occur through either ITR-mediated viral
genome concatamerization or AP sequence mediated homologous
recombination. Here we present functional evidence that both
pathways contributed to transgene expression in the hybrid vector
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system. We first determined whether both pathways are involved in
hybrid vector transduction. We co-infected MO59K cells with a set
of LacZ hybrid vector (LacZ.Head and LacZ.Tail) in the presence of
a third vector (Dys.Acceptor) that does not carry the AP sequence at
the 1:1:1 ratio. This competition reduced transduction efficiency by
23% (from 311 В± 29 to 241 В± 15 units/Вµg protein). We next repeated
the competition experiment with a third vector that does carry the
AP sequence (Dys.Tail). The Dys.Tail vector will compete for both
pathways. Co-infection with the Dys.Tail vector further reduced
the transduction efficiency to 241 В± 15 units/Вµg protein (42%). In
summary, these results suggest that both ITR concatamerization and
AP homologous recombination pathways helped with reconstitution.
To evaluate relative contribution of each pathway, we performed a
four vector competition experiment by co-infecting the cells with
LacZ.Head, LacZ.Tail, Dys.Acceptor and Dys.Tail four vectors.
The expression level (147 В± 6 units/Вµg protein) was defined as the
baseline when four vectors were applied at the equal ratio (1:1:1:1).
Increasing the levels of the Dys.Acceptor by 5 and 10-fold reduced
transduction by 44% (83 В± 2 units/Вµg) and 66% (49 В± 3 units/Вµg)
respectively. Interestingly, a 5-fold and 10-fold excess of Dys.Tail
resulted in transduction reduction by 57% (63 В± 3 units/Вµg) and
80% (30 В± 3 units/Вµg) respectively. Assuming the Dys.Tail vector
competed the ITR pathway and the AP pathway simultaneously, the
relative contribution from the AP-mediated pathway would be 13 %
and 14 %, respectively. Taken together, our results suggest that both
pathways contribute to hybrid vector transduction. Furthermore, the
ITR-mediated pathway may be more favored in the context of the
LacZ hybrid vectors. (Supported by grants from the NIH and the
MDA).
101. Design and Evaluation of a Novel rAAVBased Vector System for Stabilized Transgene
Expression in Rapidly Dividing Cells
Nicola M. Wolf, Ines Nachtigall, Anja Ehrhardt.
1
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Recent adverse events using retroviral vectors underline the
importance of developing novel strategies for somatic integration.
Recombinant adeno-associated viruses (rAAV) seem to offer great
potential due to their ability to trigger prolonged transgene expression
in small and large animal models. However, it was demonstrated
that in cycling cells or growing tissue, rAAV vector genome copies
and transgene expression levels decline rapidly. That is because
extrachromosomal molecular forms of rAAV are predominantly
responsible for transgene expression and persistence. For stabilized
transgene expression, this study introduces a novel integrating rAAV
vector system. We designed a rAAV2/8-based two-vector system
delivering a hyperactive version of the Sleeping Beauty transposase
(HSB5) as well as Flp recombinase with one rAAV and the respective
transgene of interest with the other. For efficient HSB5-mediated
integration, our system depends on the formation of double-stranded
DNA (dsDNA) from the transduced rAAV vector genomes and its
subsequent circularization by Flp, generating a substrate for HSB5
transposition. To test functionality of HSB5 as well Flp of our rAAV
production plasmids we performed colony forming assays. We
found that co-transfection of the donor plasmid pTnori containing a
neomycin resistance gene and the rAAV production plasmid encoding
HSB5 resulted in up to 38-fold increased integration efficiencies
compared to the control group which received a mutated version
of HSB5 (mSB). Furthermore, 2 days after transfection with the
rAAV-production plasmid carrying hFIX we detected transgene
levels around 530 ng/ml/2x106 cells in the supernatant of Huh7
cells. In our initial proof-of-principle co-transduction experiment we
administered 1000 vg/cell of mSB/Flpe and hFIX encoding rAAVs
with wild-type adenovirus 5 to HEK-293 and Huh7 cells. Two days
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post-transduction we were able to demonstrate the formation and
circularization of dsDNA from the transduced single-stranded rAAV
vectors by means of a PCR-based assay. To prove genomic integration
with our new system, we are currently performing colony forming
assays solely based on rAAV utilizing the obligatory transposase/
Flpe delivering vector along with the rAAV2/8 carrying a neomycin
resistance cassette. For the latter experiment in vitro titration studies
with an EGFP-expressing rAAV2/8 were performed. We found that
this vector infected 50% of the HEK-293 cells with about 2.5x104
vg/cell. In addition, we are intending to conduct studies testing and
evaluating our system in vivo and determine integration sites. In order
to reduce the overall viral dose per treatment, we are also exploring
the possibility of replacing the HSB5/Flpe encoding rAAV2/8
vector with a non-integrative gene-deleted adenoviral vector (GDAdV). Preliminary co-transduction studies with EGFP-expressing
rAAV2/8 (1000 vg/cell) and a GD-AdV at an MOI of 1 indicated a
several fold increased transduction rate of HEK-293-based cells. In
summary, we believe that our novel integrating rAAV-based vector
system harbours great potential for gene therapy by facilitating stable
transgene expression in cycling cells with a minimum number of
vector administrations.
102. Cell Infection by Capsid Engineered AAV
Vectors: Variations from the Common Scheme?
Silke Uhrig,1 Luca Perabo,1 Michael Hallek,1,2 Hildegard BГјning.1,2
1
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Recent techniques to modify the tropism of adeno-associated virus
(AAV) based vectors (vector targeting) by genetic manipulation of the
viral capsid have resulted in the production of vectors with improved
transduction efficiencies. Peptide ligands inserted at amino acid
position 587 or 588 of AAV serotype 2 capsids mediated receptorspecific cell transduction. Simultaneous elimination of primary
receptor binding correlated with liver and spleen detargeting after
systemic vector application increasing thereby the in vivo targeting
ability of respective vectors. However, little is known about the
biology of these targeting vectors. Therefore, we aim to analyze in
detail how peptide ligand insertion influences vector-cell interaction.
AAV peptide display selections performed in our laboratory allowed
us to identify two rAAV targeting vectors that infect K562 cells
through the peptide displayed at amino acid position 587. The
peptides carried by these two mutants differ by one single amino
acid. However, this variation resulted in a very different phenotype:
one is able to bind heparan sulfate proteoglycans (AAV2 primary
receptor), the other one is not. These mutants are therefore ideal tools
to investigate infection biology of natural and tropism modified AAV
vectors, allowing us to compare infection pathways of wild type AAV
with those of a variant that uses a different secondary receptor but the
same primary receptor, and of a variant that uses different primary
and secondary receptors. Results obtained with GFP-tagged variants
of these viruses that enable visualization of viral infection, and of
studies using various drugs interfering with cell infection at different
stages will be presented.
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103. Residual DNA Impurities in rAAV
Preparations Are Not Transcribed
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Xingge Liu,1 Olga Zelenaia,1 Susannah Patarroyo-White, Amy
Parker, Federico Mingozzi,1 Juerg M. Sommer, Katherine A. High,1
J. Fraser Wright.1,2
1
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To support clinical development, large-scale rAAV preparations
with thoroughly characterized and minimal levels of impurities is a
key requirement.Transient transfection is a common and efficient
method for rAAV generation. However, DNA impurities including
residual plasmid DNA and residual genomic host cell DNA can
be detected in those preparations. DNA impurities have also been
previously reported in AAV vectors generated by Ad infection of
producer cells lines (Chadeuf et al (2005) Mol Therapy 12:744).
Chromatography-based purification processes are the most desirable
method for rAAV purification due to their efficiency and scalability.
However, residual DNA levels in a chromatography process that
gives high apparent purity as measured by efficient removal of
non AAV capsid proteins were significantly higher compared to
methods that included a gradient separation step. Four preparations
of AAV-hFIX purified by single ion-exchange chromatography were
assayed directly for residual genomic host cell and plasmid DNA. The
levels of residual DNase resistant HEK 293 and plasmid вЂ“derived
DNA were 6.2 В± 2.9% and 1.3 В± 0.5%, respectively, of the total
encapsidated DNA. Further separation of the column purified material
by density gradient ultracentrifugation demonstrated a distribution
of these DNA impurities over a wide range of densities and their
marked reduction in the vector product. A similar reduction of vector
associated residual DNA impurities as achieved by density gradient
ultracentrifugation is expected also for chromatographic methods
that achieve separation of empty capsid particles from vector (Qu et
al (2007) J Virol Meth 140:183). The packaging of DNA sequences
other than the vector genome represents a potential risk in rAAV
gene delivery and unintended expression of antibiotic resistance
genes, oncogenes or antigenic peptides could compromise the safety
profile of these promising vectors. AAV2-hFIX vectors were used
for in vitro and in vivo studies and analyzed for potential AAV2-cap
gene expression. A human hepatocyte cell line transduced at MOIs
of 1k, 10k or 100k vg/cell with AAV2 encoding a human Factor IX
transgene were tested by quantitative RT-PCR for transcripts from
both, transgene and capsid impurity DNA. While the hFIX mRNA
levels were positive and dose-dependent, AAV2 capsid mRNA levels
were not significantly above background levels. Injection of AAV2hFIX in C57Bl/6 mice at doses of 6x1013 or 1.2x1014 vg/kg resulted
in supraphysiological levels (30-70 Вµg/mL) of hFIX protein 2 - 6
weeks post administration. While hFIX mRNA levels in mice at 2 - 6
weeks measured by quantitative-RT-PCR ranged to 330,000 fold over
mock-treated controls, capsid mRNA was not detected.
104. The Adeno-Associated Virus Terminal
Repeat Hairpin Structure Effects Expression
from Transfected DNA, but Not Recombination
Frequency
Douglas M. McCarty,1,2 Marcela P. Cataldi.1
1
Center for Gene Therapy, Research Institute at Nationwide
ChildrenвЂ™s Hospital, Columbus, OH; 2Dept of Pediatrics, Ohio
State University, Columbus, OH.
The adeno-associated virus terminal repeat (TR) sequences serve
as replication origins and priming sites for conversion of singlestranded virion DNA to double-stranded DNA templates for gene
expression. They are essential components of recombinant AAV
S40
vectors. Because the TRs form the ends of the linear genome, they
are also targets for DNA recombination, typically circularization and
concatemerization, but infrequently, also chromosomal integration.
This is likely to be mediated by any of several DNA double-strand
break repair pathways. The potential for genotoxicity from genedelivery vector DNA integration raises the question as to whether
the DNA hairpin structures formed by the AAV TRs are especially
recombinogenic compared to other forms of DNA ends. Because
we cannot generate AAV vectors without hairpin ends, we have
addressed this question by comparing DNA substrates with covalently
closed hairpin TR ends to substrates with linear duplex TR ends,
or duplex ends without TR sequences, using in vitro transfection
experiments. The transfections were set up with supercoiled plasmid
DNA as carrier, supercoiled red fluorescent protein-coding plasmid
to normalize transfection efficiency, and linear green fluorescent
protein (GFP)-coding DNA as recombination substrate, in a ratio of
100:1:1, respectively. This allowed the use of the GFP signal as a
recombination reporter because each transfected cell would take up
only one, or a few, GFP coding molecules. The GFP gene was arranged
either as an intact coding region within the linear substrate, or as two
half-gene segments at the ends, such that expression would occur
only after circularization of the DNA (circularization-dependent).
This allowed the comparison of circularization efficiency between
linear substrates with different structures at the ends. Surprisingly,
the TRs in the hairpin conformation led to a lower frequency of GFP
expression, whether they were associated with the intact GFP or
the circularization-dependent gene. This suggested that the hairpin
structure, but not the TR primary sequence, is recognized by a specific
DNA recombination/repair pathway that can lead to degradation.
This is consistent with our previous finding of alternate processing
of the covalently closed hairpin TR, verses the open linear TR, in
self-complementary AAV vectors. It also suggests a mechanism
for the recently reported loss of AAV vector genomes after doublestrand DNA conversion. Despite this loss, or silencing, of DNA
molecules with hairpin ends, the frequency of circularization of the
remaining molecules was similar to the other substrates, suggesting
that the hairpin ends of rAAV genomes are no more likely to undergo
recombination than simple double-strand DNA ends.
105. Adeno-Associated Viral Vector Genomes
Persist as Minichromosomes in Primate Muscle
Magalie Penaud-Budloo,1 Caroline Le Guiner,1 Ali Nowrouzi,2
Alice Toromanoff,1 Yan Cherel,3 Manfred Schmidt,2 Christof
Von Kalle,2 Fabienne Rolling,1 Philippe Moullier,1,4 Richard O.
Snyder.1,4
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Adeno-associated virus (AAV) vectors are commonly used for gene
transfer in vivo . In the absence of an immune response directed against
the transgene, they can drive long-term expression of therapeutic
genes in many organs. Nevertheless, the mechanism by which the
genome of rAAV persists is not completely elucidated. Previous
studies demonstrated that rAAV genomes persist in the skeletal muscle
mainly in high-molecular weight episomes. However, the persistence
of the expression has not been correlated directly with a particular
viral DNA conformation. The aim of our study was to determine if the
rAAV genome adopts a chromatin-like structure in vivo providing
an explanation of stable vector genome maintenance and transgene
expression. We chose a model that is relevant in the clinical setting:
gene transfer in skeletal muscle of the non-human primate mediated
by an rAAV coding an immunosuppressive molecule. Muscular
biopsies were performed more than 1 year after administration of AAV
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serotypes 1 and 8 vectors in cynomologus macaques. As previously
described in the literature, we have shown that the rAAV persists
as high-molecular weight molecules comprised of vector genome
concatemers in head-to-head and head-to-tail orientations. In addition,
double-stranded monomers were observed mainly in a supercoiled
circular structure. In accordance with previous studies realized in the
skeletal muscle, LAM-PCR (linear amplification-mediated PCR) data
obtained from total DNA of transduced primate muscle indicate that
integration corresponds to a very minor pathway for vector genome
maintenance in this organ. Furthermore, we performed a micrococcal
nuclease digestion assay (MNase) on myocyte nuclei isolated from
injected muscle. This experiment allows us to demonstrate, for the
first time, that the rAAV genome assembles and persists as chromatin
with a typical nucleosome structure in vivo . These results suggest that
the association of histones with rAAV genomes, and probably other
proteins, leads to the stable maintenance of the vector genome, and
transgene expression may be subjected to epigenetic regulation.
106. Transduction of Human Fibroblast-Like
Synoviocytes with Adeno-Associated Virus Type
5 Is Persistently Increased after Proteasome
Inhibition: A Possible Application for Rheumatoid
Arthritis In Vivo Gene Therapy
Margriet J. B. M. Vervoordeldonk,1,2 Scott A. Loiler,1 Karin
Verwegen,1 Frits J. Fallaux,1 Paul P. Tak.1,2
1
Arthrogen BV, Amsterdam, Netherlands; 2Div of Clinical
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Background: AAV is currently considered as one of the most
potent vectors for human gene therapy. Currently we are developing
local gene therapy for the treatment of rheumatoid arthritis (RA). We
have shown that rAAV5 is the most efficient vector in transducing
fibroblast-like synoviocytes (FLS), the most resident cells in the joint.
In addition, we showed that rAAV5 expressing a TNF-blocking agent
ameliorates disease activity in animal models of arthritis. Previously,
it has been described that proteasome inhibition transiently enhances
single-stranded (ss) rAAV2-mediated transgene expression in RA
FLS[1]. We investigated if proteasome inhibition also affects ss
and self-complementary (sc) AAV5 mediated transgene expression
in primary human RA FLS. We also investigated the influence of
synovial fluid (SF) hereon. Methods: RA FLS were transduced with
25X10e5 vp/cell of ssAAV5.GFP, scAAV5.GFP and ssAAV5.TNFRI
(UNC vector core, North Carolina). After 36 hours, the proteasome
inhibitor MG132 (40 ВµM) was added, with or without SF (12.5%), for
16 hours. GFP expression was analyzed up to day 21 after transduction
by a semi-quantative scoring system (0=0-10%, 1=10-30%,
2=30-60%, 3=60-80%, 4=80-100% expression) using a fluorescent
microscope and by FACS-analysis. TNFRI secretion in the culture
medium was measured by ELISA. Results: Without any addition
almost no transgene expression was observed using both the ss and
sc rAAV5.GFP vector. MG132 enhanced GFP expression already
3 days after transduction and this was increased at day 9 both with
ssAAV5.GFP (0.8 В± 0.4, n=5) and scAAV5.GFP (2В±0.7, n=5), and
sustained until at least day 14. Comparable expression patterns were
observed after FACS analysis of the cells at day 9. SF alone did not
have any effect on the transgene expression. Using ssAAV5.TNFRI,
the protein secretion was significantly increased in the culture media 3
and 7 days after transduction in the presence of MG132. Conclusion:
We have demonstrated that modulation of the proteasome system in
primary human RA FLS increases gene expression of rAAV5 and that
this increase in expression is persistent. In addition, we show for the
first time that this effect is even more pronounced using a scAAV5.
Modulation of the proteasome pathway and the use of sc vectors
may also be beneficial in in vivo rAAV5-mediated gene delivery to
synovial tissue of RA patients. Future experiments include improving
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gene delivery via new proteosome inhibitors and capsid modifications
as well as in vivo gene expression via improved vector design. 1.
Jennings, K., et al., Proteasome inhibition enhances AAV-mediated
transgene expression in human synoviocytes in vitro and in vivo. Mol
Ther, 2005. 11(4): p. 600-7.
107. Direct Comparison of Adeno-Associated
Virus Serotypes for Systemic Delivery by
Long Term Monitoring of In Vivo Quantitative
Noninvasive Imaging
Koichi Miyake, Noriko Miyake, Yukihiko Hirai, Takashi Shimada.
1
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Systemic gene delivery by adeno-associated viral (AAV) vectors
has been successfully used for long term expression of transgene to
treat genetic disease and cancer. Recently, a number of novel AAV
serotypes were isolated from nonhuman primates. Systems aimed
at detecting gene expression noninvasively in vivo are useful for
evaluating the outcome of gene transfer. In the present work, we
examined the expression patterns and time course of expressions for
different serotypes of AAV injected into tail vein. We injected AAV
vectors (type-1, -2, -4, -5, -6, -7, -8, -9 and -10: 1x1011 vector genome
each), encoding luciferase gene, into the tail vain of DDY mice and
analyzed real-time monitoring of transgene by bioluminescent in vivo
imaging system (IVIS). The highest luciferase expression level in the
whole body was observed in AAV-8 injected mice after one week
injection (8>9>7>10>6>5>1>4>2). The expression level of female
mice was about 40-60 % of male mice at all the time points examined
in all serotypes injected mice. AAV 1, 6, 7, 8, 9 and 10 vectors induced
rapid expression and reach a plateau at 4 weeks, while AAV 2, 4 and
5 vectors were slower to induce expression of the reporter gene.
Main expression organ was a liver, muscle, and heart in AAV 1, 2,
5, 6, 7, 8, 9, 10 injected mice and a lung in AAV 4 injected mice.
Time course analysis showed that expression level in the liver was
decreased at 6 month after injection, while sustained expression level
of muscle and heart was detected for one year without decreasing the
expression level. Characteristics of these AAV serotypes by systemic
administration are summarized in the Table:
Characteristics of AAV serotypes by systemic administration
Expression time
Expression level
Main expression organ
Type 1
rapid
moderate
muscle, heart, liver
Type 2
slow
low
muscle, heart, liver
Type 4
moderate
low
lung
Type 5
moderate
moderate
muscle, heart, lung
Type 6
rapid
moderate
muscle, heart, liver
Type 7
rapid
high
muscle, heart, kidney
Type 8
rapid
very high
heart, muscle, liver
Type 9
rapid
very high
muscle, heart, liver
Type 10 rapid
high
muscle, heart, liver
These results should be important for design AAV mediated systemic
gene therapy.
108. Assessment of Liver Transduction
Efficacy by AAV Vectors Using Positron Emission
Tomography and HSV-TK as Reporter Gene
Astrid Paneda,1 Maria Collantes,2 Jolanda Snapper,3 Igor
Aurrekoetxea,1 Cristina Olague,1 Izaskun Bilbao,2 Margarita Ecay,2
Gemma Quincoces,2 Antonio Fontanellas,1 Harald Petry,3 Sander
van Deventer,3 Jesus Prieto,1 Ivan Penuelas,2 Maria Sol RodriguezPena,3 Gloria Gonzalez-Aseguinolaza.1
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Department of Nuclear Medicine, ClГnica Universitaria de
Navarra, Pamplona, Spain; 3Amsterdam Molecular Therapeutics,
BV, Amsterdam, Netherlands.
AAV vectors are promising viral vectors for gene therapy because
they are not associated with any human disease and they induce
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an efficient and long-term transduction in quiescent cells, a very
important feature to achieve efficient expression in the liver. The
capsid in which AAV genomes are packaged (serotype) is a crucial
determinant of cell tropism and attempts to identify the best serotype
for liver is an important issue for any gene therapy protocol targeting
the liver. In this study we have analysed liver transduction efficacy of
an AAV serotype 5 vector produced using the baculovirus system. This
AAV5 vector contains an AAV2 genome harbouring Herpes Simplex
Virus Type 1 thymidine kinase (HSV1-tk) as reporter gene under
the control of chimeric liver-specific promoter. To monitor the TK
gene expression by PET we used the fluorine-18-labeled penciclovir
analogue 9-(4-(18)F-Fluoro-3-[hydroxymethyl]butyl)guanine or
[18F]FHBG. This analogue is a sensitive and specific PET reporter
probe for imaging herpes simplex 1 thymidine kinase (HSV1-tk),
The PET scanner used in study this is a commercial dedicated small
animal research scanner (22 cm bore) from Phillips (mosaic). Balb/c
and C57BL/6 mice and Sprague-Dawley rats of both sexes were
intravenously injected with two different doses of the vector 5x1011 vg/
Kg and 1x1012 vg/kg. Three weeks later TK expression was analysed
by PET. After performing PET analysis the animals were sacrificed
and radioactivity incorporation was analysed in the different organs
in relation to radioactivity incorporation in the muscle. TK expression
was analysed in the liver of those animals by Immunohystochemistry.
Our data showed dramatic differences on liver transduction depending
on the species, the strain and sex. After a single injection of 1x1012 vg/
Kg in C57BL/6 male mice 45% of the hepatocytes were transduced
while only 0.05% of the hepatocytes from Sprague-Dawley male rats
showed TK expression. Even though, TK activity can be detected and
quantified by PET in those rats, revealing the high sensitivity of this
technique to detect gene expression in living subjects. This strategy
that can be applied to bigger animal models and to humans and will
help in the development of safe and efficient gene therapy protocols
for clinical application.
109. Intron Splicing in Insect Cells: A Novel Way
To Express Overlapping Genes and Produce AAV
Vectors
Haifeng Chen.1
Virovek, Inc., Hayward, CA.
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Genes containing overlapping open reading frames (ORFs) are
known to exist in mammalian genomes. In some cases, such genes
contain an intron that has a promoter that supports transcription
of an ORF. However, no insect gene, either naturally occurring or
artificial, has been reported that encodes multiple ORFs and contains
a promoter within an intron. Although it has been reported that
the immediate-early IE-1 gene of Autographa californica nuclear
polyhedrosis virus (ACNPV) comprises a functional intron that can
be spliced in insect cells, all current baculovirus-based insect cell
expression systems do not employ any intron for protein expression.
The AAV genome contains 2 overlapping ORFs, one for Rep78/68
and Rep52/40 proteins and the other for VP1/VP2/VP3 proteins.
Promoters at map positions 5 and 19 regulate transcription of the
Rep ORF. Rep78 and 68 are expressed from the p5 promoter and
differ from each other by a 3вЂ™-splice. Rep68 is a carboxy-truncated
version of Rep78, although Rep68 contains 7 unique residues as a
result of a frame-shift in the splice acceptor site. The Rep52 and Rep40
transcripts are expressed by the p19 promoter and are in-frame with
the larger Rep polypeptides. The smaller Rep polypeptides differ
from each other in the same manner as Rep78 and Rep68, i.e., by
a splicing event. The current method for AAV production with the
baculovirus expression system as described by Urabe et al contains
two Rep coding sequences (Rep78 and Rep52) in a palindromic headto-tail configuration and has been reported to be unstable. In addition,
the AAV vectors produced in insect cells with this system have been
reported to be less infectious due to sub-optimal expression of VP1
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protein. In order to eliminate these large homologous repeat Rep
sequences, and express both Rep78 and Rep52 from a single coding
sequence, at the same time preserve the authentic AUG start codon
and express high level of VP1 protein, I constructed an artificial intron
that contains the polyhedrin promoter (polh) and inserted it into both
the Rep and the Cap coding sequences. Recombinant baculoviruses
carrying the artificial intron-containing Rep or Cap sequences were
generated. Western blot analyses demonstrate that the artificial
intron was spliced out to form mature mRNAs because Rep78 or
VP1 proteins were expressed. In addition, the polh promoter located
inside the artificial intron was functional since the Rep52 or VP2/VP3
proteins located downstream of the artificial intron were expressed.
This is the first report that an artificial intron containing an insect cell
promoter can be inserted into a coding sequence to express genes with
overlapping ORFs. A method for AAV vector production in insect
cells with these intron-containing Rep and Cap coding sequences was
established and the vectors produced thereby were infectious. These
intron-containing AAV Rep and Cap coding sequences were very
stable in recombinant baculoviruses and showed no apparent loss of
protein expression even after five consecutive amplifications of the
plaque-purified recombinant baculoviruses. This newly established
AAV production method should provide a useful tool for large scale
AAV vector production.
110. Bicistronic AAV Gene Therapy Vectors for
Tay-Sachs Disease
Lee A. Bera,1 Chester B. Whitley.1
1
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To produce a functional mammalian hexosaminidase A enzyme, a
heterodimer must form between an О± and a ОІ subunit. The О± subunit
is encoded by the HEXA gene, which is mutated in Tay-Sachs disease,
and the ОІ subunit is encoded by the HEXB gene, which is mutated in
Sandhoff disease. Previous studies have suggested that effective gene
therapy for Tay-Sachs disease will be accomplished by delivering
both the HEXA and HEXB cDNAs to cells to provide both enzyme
subunits. Ideally, they would both be encoded by the same viral
vector, though the limited packaging size of adeno-associated virus
(AAV) vectors may cause difficulties while attempting to fit both
cDNAs within the packaged genome. However, the low frequency
of integration of AAV and its stable expression make it an attractive
option for gene therapy, and the potentially lower packaging efficiency
of the bicistronic vectors into AAV may be compensated for if they
are able to result in significantly higher enzyme activity than either
providing only a vector with the HEXA cDNA or by co-transducing
with one vector containing HEXA and one containing HEXB. In this
project, two different bicistronic plasmids were constructed: one with
the cistrons linked with an internal ribosome entry site (IRES) and the
other with the cistrons linked by a picornaviral 2A-like (P2A) element.
Co-transfection of HeLa cells with separate HEXA and HEXB
encoding plasmids resulted in significantly higher hexosaminidase
A activity than transfection with the HEXA plasmid alone, and trials
comparing the bicistronic plasmids to the co-tranfection are currently
underway. Once the ability of these plasmids to raise enzyme activity
has been verified, their packaging efficiencies into AAV particles
will be studied. If the plasmids package successfully, they will then
be transduced into cells, and the resulting enzyme activities will be
measured.
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111. rAAV-Mediated Interest Gene Expression in
Mesencephalic Slice Culture
Toru Yasuda,1 Tomoko Nihira,1 Nobutaka Hattori,2 Yoshikuni
Mizuno,1 Hideki Mochizuki.2
1
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ParkinsonвЂ™s disease is caused by a progressive degeneration of
dopaminergic neurons in the substantia nigra. Recombinant adenoassociated viral (rAAV) vector, which has ability to deliver interest
genes into post-mitotic neuronal cells, is useful for the generation of
animal models of ParkinsonвЂ™s disease and the evaluation of therapeutic
effects of neuroprotective genes in animal models. However, a
progressive change in neuronal phenotype following the gene delivery
is hard to be monitored in living animals. Here, we established a
rAAV vector-mediated gene expression using organotypic slice
culture system. To examine the viability of dopaminergic neurons,
we first generated mesencephalic slice culture using transgenic mice
expressing GFP protein under control of rat tyrosine hydroxylase
(TH) promoter. Both serotype-1 and -2 rAAV vector could induce
foreign gene expression in mesencephalic tissue culture. Serotype-1
rAAV vector preferred neurons and astrocytes, while serotype-2 rAAV
vector infected efficiently to the TH-positive dopaminergic neurons.
These methods will be useful to investigate time-series changes in
morphologies and functions of cerebral cells that were transduced
with interest genes.
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112. Functional Outcome and Survival
Correlates with Time of Gene Transfer and Viral
Titres in a Mouse Model of Sandhoff Disease
Begona Cachon-Gonzalez,1 Susan Wang,1 Robin Ziegler,2 Seng H.
Cheng,2 Timothy M. Cox.1
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Sandhoff disease (SD), a GM2 gangliosidosis, belongs to the group
of neurodegenerative lysosomal storage diseases. It is generally
accepted that the progressive accumulation of the ganglioside GM2,
GA2 (asialo-GM2), and related glycosphingolipids causes the
predominantly neuronal disease observed in man and other animal
species. О’eta-hexosaminidase A, a heterodimer of the alpha and
beta subunit, and the GM2 activator protein are absolutely required
for GM2 degradation in man. Tay-Sachs (TSD) and Sandhoff
diseases are caused by defects in the alpha and beta subunit of betahexosaminidase, respectively, in which the failure of neurones to
degrade these compounds leads to generalised neuroinflammation,
motor and visual impairment, ataxia and dementia. Depending on
age of onset infantile, juvenile and adult forms have been described.
Diagnosis in acute infantile forms is usually made after the disease
is well established: it is thus critical to define the age at which gene
transfer may be beneficial. SD mice appear normal at birth, although
storage material can be detected early in utero; this is followed by a
stereotypic pattern of disease in early adulthood - death occurs at 4-5
months. To determine whether gene therapy has benefit at different
stages of disease, SD mice were injected at four, eight or twelve weeks
of age at four sites, bilaterally in the striatum and deep cerebellar
nuclei, with rAAV (recombinant adeno-associated viral) vectors
driving the expression of human hexosaminidase alpha (hhexО±) and
beta (hhexОІ) in the presence of 5% mannitol. The viral titres used
were 2.6-4.9x109 and 4.4-6.4x109 drp (DNase-resistant viral genome
copies) per site for hhexО± and hhexОІ, respectively. At four weeks,
SD mice reached the predefined humane end-point at 286В±116 (sd;
n=10) days post-birth. One animal survived two years (the maximum
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age permitted, irrespective of disease status). SD mice injected at
eight and twelve weeks post-birth, just before disease is apparent,
survival was only 170В±21 (n=6) and 117В±13 (n=5) days, respectively.
Untreated animals reached their humane end-point at 121В±6 days.
Concomitant with improved survival, tremor and bradykinesia were
delayed, and hexosaminidase expression was present throughout the
neuraxis, including dorsal root ganglia and sciatic nerve. All eight
SD mice given the gene therapy at four weeks but at higher titres
(8.1x109 and 1.2x1010drp per site for hhexО± and hhexОІ) are alive after
444-461 days. We conclude that there is a critical period during which
gene therapy is successful in this model human neurodegenerative
disease; moreover outcomes depend upon intracranial delivery of
high-titre rAAV vector.
113. Combining Brain and Systemic Injections
of SUMF1 Gene by AAV2/9-Mediated Delivery
Results in Re-Activation of Sulfatases in a Mouse
Model of Multiple Sulfatase Deficiency (MSD)
Carmine Spampanato,1 Paola Dama,1 Alessandro Fraldi,1 Carmine
Settembre,1 Enrico M. Surace,1 Andrea Ballabio.1,2
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Sulfatases are involved in a number of different biological
functions as diverse as degradation of complex molecules such as
glycosaminoglycans (GAGs) and sulfolipids, production of steroid
hormones and cell signalling. Eight inborn errors of metabolisms
are due to sulfatase deficiencies caused by mutations of the
corresponding genes. In the Multiple Sulfatase Deficiency (MSD), a
very severe lysosomal storage disorder, the activities of all sulfatases
are profoundly impaired due to mutations in the SUMF1 (Sulfatase
Modifying Factor 1) gene. SUMF1 activity is an essential limiting
step for the conversion of a conserved cysteine into a formylglycine
residue. This post-translation modification is required to confer to
sulfatases their catalytic activity. In our lab we have generated a
MSD mouse model, which carries a null mutation in the Sumf1 gene
(Sumf1-/-). This animal model shows a complete deficiency of the
activity of all sulfatases tested. Similarly to MSD patients, Sumf1-/mice display frequent early mortality, congenital growth retardation,
skeletal abnormalities and neurological defects. All tissues examined
showed progressive cell vacuolization and a significant accumulation
of GAGs. In the present study we tested the efficacy of combining
brain and systemic injections of an adeno-associated viral vector
(AAV) encoding the SUMF1 gene in the MSD mouse model. In order
to prevent the early onset anomalies, MSD newborn mice (postnatal
day 1; P1) were simultaneously administered through temporal vein
and brain lateral ventricles injections with an AAV2/9 harbouring an
ubiquitous cytomegalovirus promoter (CMV) driving the expression
of SUMF1 gene (AAV2/9-CMV-SUMF1). AAV2/9 mediated SUMF1
gene delivery resulted in a significant improvement in both growth
rate and lifespan that in some cases reached 1 year of age (the
latest time point analyzed so far). Assessment of sulfatase activities
levels revealed activation of ARSA, ARSC, and IDS in the brain,
liver, heart and lung of treated mice at both one and three months
after vector delivery (the liver and the heart being the organs with
highest levels of sulfatases activity). Toluidine blue, and Alcian blue
staining demonstrated a significant reduction of GAGs and sulfolipids
accumulation in all organs tested, in particular the liver, heart, and
lung presented almost a complete clearance of pathological storage.
Importantly, we assessed a significant decrease of MOMA2 and GFAP
inflammatory markers. Finally, the MSD mice treated with therapeutic
vector displayed an improvement in motor function as determined
by behavioral tests. Our data demonstrate that a combination therapy
based on simultaneous brain and systemic delivery AAV2/9-CMVSUMF1 may represent a promising approach to treat MSD patients
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and underscore the ability of AAV9 vector in transducing efficiency a
number of different organs affected by an extremely sever disease.
114. AAV-Mediated Gene Therapy Reduces
Glycosphingolipid Storage in Adult GM1
Gangliosidosis Mice
Rena C. Baek,1 Laryssa A. Comer,2 Marike L. D. Broekman,2
Alessandro dвЂ™Azzo,3 Thomas N. Seyfried,1 Miguel Sena-Esteves.2
1
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GM1 gangliosidosis is a glycosphingolipid (GSL) lysosomal
storage disease (LSD) caused by a genetic deficiency of acid
ОІ-galactosidase (ОІ-gal), which results in the accumulation of
ganglioside GM1 and its asialo-form (GA1) primarily in the CNS.
Our previous work showed that a single intracerebroventricular (icv)
injection of an adeno-associated virus vector (serotype 1) encoding
mouse ОІ-gal (AAV2/1-ОІ-gal) into neonatal GM1 gangliosidosis (ОІ-gal
-/-) mice elevated ОІ-galactosidase and corrected GSL storage in 90
day-old mice. In this study, we examined the effect of intracranial
(ic) injections of AAV2/1-ОІ-gal on ОІ-gal enzyme activity and brain
GSL content in adult ОІ-gal -/- mice. The ОІ-gal -/- mice were injected
ic into the thalamus or thalamus and cerebellum at about 60 days of
age and were analyzed at 90 and 180 days of age. The ОІ-gal activity
was significantly elevated in all CNS regions in the AAV-treated
ОІ-gal -/- mice than in the non-treated normal mice. Both GM1 and
GA1 were significantly reduced in the cerebral cortex and brainstem
of AAV-treated ОІ-gal -/- mice at 90 days of age and were corrected
at 180 days of age. GSL storage was corrected in the cerebellum
following thalamic and cerebellar AAV treatment. In contrast,
AAV-treatment was less effective in reducing GSL storage in the
spinal cord. Cerebrosides, a myelin enriched lipid is also reduced
in GM1 gangliosidosis and AAV treatment significantly elevated
cerebrosides in the ОІ-gal -/- mice at 180 days of age. These findings
provide evidence that AAV-mediated gene delivery to the thalamus
and cerebellum is an effective approach to achieve widespread
distribution of enzyme and correction of lysosomal storage throughout
the adult brain. Thus efficient genetic modification of the thalamus
and cerebellum may be the key to translate the exceptional findings
in mice reported in recent years to the much larger human brain in
LSD patients.
115. Short-Term Rescue of Neonatal Lethality
in a Mouse Model of Propionic Acidemia by
Unmodified and PEGylated First Generation and
Helper Dependent Adenoviral Vectors
Sean E. Hofherr,1 Julien S. Senac,1 Donna J. Palmer,1 Philip Ng,1
Michael A. Barry.2
1
Molecular and Human Genetics, Baylor College of Medicine,
Houston, TX; 2Department of Internal Medicine, Department
of Immunology, Division of infectious Diseases, Translational
Immunovirology Program, Molecular Medicine Program, Mayo
Clinic, Rochester, MN.
Propionic Acidemia (PA) is a metabolic disorder that is often
fatal and almost always causes mental retardation. PA occurs in
approximately 1 in 30,000 live births, and in high prevalence areas
such as Saudi Arabia and Japan, it occurs in 1 in 5,000 live births. PA
is inherited in an autosomal recessive fashion involving mutations
in PCCA or PCCB encoding the О± and ОІ subunits of propionyl CoA
carboxylase (PCC). Current treatment is based on dietary restriction of
substrate amino acids which attenuates symptoms. However, patients
still suffer from recurring episodes of hyperammonemia that can cause
progressive neurologic damage. In this study, we have tested a gene
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therapy approach to PA in a stringent mouse model of PCCA deficiency
where homozygous knockout mice are born, but die within 36 hours.
We have delivered first generation and helper-dependent adenovirus
serotype 5 (Ad5) vectors expressing the human PCCA cDNA by
intraperitoneal injection into newborn mice. Unmodified Ad5 vectors
mediated extensive transduction of the peritoneum with weak liver
transduction by luciferase imaging and dsRed expression. In contrast,
modification of Ad5 with polyethylene glycol (PEG) detargeted the
virus from the peritoneum and retargeted it for transduction in the
liver. When vectors expressing PCCA were injected, significant
increases in lifespan were observed for both the unmodified and the
polyethylene glycol modified Ad5 vectors. However, this rescue was
transient. These data show first proof of principle for gene therapy
of PA and demonstrate the potential utility of PEG to modify virus
tropism in an actual gene therapy application.
116. Recombinant Adeno-Associated VirusMediated Gene Delivery of Long Chain Acyl CoA
Dehydrogenase (LCAD) into LCAD-Deficient Mice
Stuart G. Beattie,1 Eric Goetzman,2 Thomas Conlon,3 Qiuishi
Tang,1 Sean Germain,3 Glenn Walter,3 Martha CampbellThompson,3 Dietrich Matern,4 Jerry Vockley,2 Terence R. Flotte.1
1
Pediatrics, University of Massachusetts Medical School,
Worcester; 2Pediatrics, School of Medicine, ChildrenвЂ™s Hospital
of Pittsburgh, Pittsburgh, PA; 3Powell Gene Therapy Center,
University of Florida, Gainesville; 4Department of Laboratory
Medicine and Pathology, Mayo Clinic College of Medicine,
Rochester, MN.
Disorders of mitochondrial fatty acid oxidation (FAO) represent
a relatively common class of metabolic disorders. FAO plays a
pivotal role in energy metabolism providing fuel once glycogen
stores are depleted after prolonged fasting or during times of
physiological stress. The oxidation of fatty acids occurs in the
various mitochondrial compartments via the beta-oxidation spiral
resulting in the removal of 2-carbon units to yield acetyl-CoA. The
first step in each cycle is rate-limiting and is catalysed by acyl-CoA
dehydrogenases that differ in their substrate specificity based on the
carbon chain length. The absence of medium- and very long chain
CoA dehydrogenase enzymes in humans can result in heart and
skeletal muscle dysfunction, non-ketotic hypoglycaemia or sudden
infant death syndrome. Post-mortem histological findings almost
always include organ lipidosis. Recombinant adeno-associated viral
(rAAV) vectors with pseudotype capsids were investigated for their
potential towards correcting the biochemical phenotype observed
in mice heterozygous (+/-) for long chain acyl CoA dehydrogenase
(LCAD) i.e., elevated levels of circulating long chain fatty acids and
liver and heart steatosis. Heterozygotes were used for these studies
due to difficulties in developing a homozygous-deficient colony
because of gestational loss. rAAV containing the mouse LCAD
cDNA (mLCAD) under the transcriptional control of the CMV /
chicken beta-actin hybrid promoter were injected intramuscularly
into the tibialis anterior (TA) muscle or injected into the portal vein to
transduce hepatocytes. Ten weeks post-injection of rAAV1-mLCAD
into the TA muscle, increased levels of mLCAD within mitochondria
were demonstrated by immunostained TA sections, immunoblotting of
mitochondrial isolates and by the electron transfer flavoprotein (ETF)
fluorescence reduction enzyme activity assay. Magnetic resonance
spectroscopy of vector-injected TA muscle indicated a decrease in
the lipid content compared to PBS-injected mice, whilst a systemic
effect was observed as a reduction in liver macrosteatosis. Eight
weeks after portal vein injection of rAAV5- and AAV8-mLCAD
into LCAD+/- mice, increased levels of mLCAD within hepatocyte
mitochondria were demonstrated by immunostaining and also by the
ETF assay. Scoring of hepatosteatosis observed in partially-deficient
LCAD mice indicated a reduction in the lipid content within livers of
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vector-treated mice. These studies show that rAAV-mediated LCAD
delivery ameliorated local and systemic pathologies observed in
partially-deficient LCAD mice.
117. Long-Term Somatic and CNS Correction
in MPS II Mice after Combined Intravenous
and Intrathecal Administration of a SelfComplementary AAV2 Vector
Joseph Muenzer,1 Lu Kang,1 Douglas D. McCarty,2,3 Haiyan Fu.2,3
Department of Pediatrics, University of North Carolina at Chapel
Hill, Chapel Hill, NC; 2Center for Gene Therapy, Columbus
ChildrenвЂ™s Research Institute, Columbus, OH; 3Department of
Pediatrics, College of Medicine, Ohio State University, Columbus,
OH.
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Mucopolysaccharidosis II (MPS II) is an X-linked lysosomal
storage disorder due to the deficiency of the enzyme, iduronate
sulfatase (Id-S). No definite treatment is available for MPS II patients.
AAV gene therapy is a promising treatment for MPS disorders.
Traditional AAV vectors contain a single-stranded DNA genome
(ssAAV), which must be converted by host-cell-mediated DNA
synthesis to double-stranded DNA for active expression. The newer
self-complementary AAV (scAAV) vector allows more efficient
expression by delivering a duplex genome and bypasses second
strand DNA synthesis which may be the rate limiting step in AAV
transduction. In this study, both the ssAAV2 and the scAAV2 vector
expressing human Id-S were administered to MPS II mice by two
different delivery methods. First, a group of adult MPS II mice (4-6
weeks of age) were injected with scAAV2 vector intravenously (2-4 x
1011 viral particles) (IV) after pretreatment with mannitol (1-2 mg/gm
body weight). Secondly, both scAAV2 and ssAAV2 were administered
to adult MPS II mice intravenously (5 x 1011 viral particles) and
intrathecally (5 x 1010 viral particles) (IV+IT) after pretreatment with
mannitol. Treated MPS II mice were sacrificed at 16 to 24 months of
age when they developed severe neurological symptoms. Our result
demonstrated complete correction of glycosaminoglycan storage in
multiple tissues in the scAAV treatment group (IV+IT), including
liver, spleen, kidney, heart, lung, intestine, and muscle, compared
to the non-treated mice (p<0.05). The ssAAV2 treated MPS II mice
group had complete correction in liver, partial correction in spleen,
heart, lung, intestine and muscle and no correction in the kidney
in both the IV injected animals and the IV+IT injected animals.
Id-S enzyme activity was > normal level in liver and spleen of the
scAAV2 treated group, and about 10-100% of the normal activity in
the kidney. In contrast, Id-S enzyme activity could only be detected in
liver, but not in the spleen or kidney of the ssAAV2 treatment group.
Decreased CNS lysosomal storage was shown by histopathology in
the brain of the IV+IT ssAAV2 and scAAV2 treated animals, but
not in the IV ssAAV2 group. We also demonstrated that the lifespan
of MPS II mice are significantly improved in all three groups of
animals after AAV2 treatment compared with non-treatment group.
These results suggested that IV combined with IT injections of AAV2
vector following mannitol pretreatment is a promising approach
for treating both somatic and CNS disease in lysosomal storage
disorders and scAAV2 mediated gene delivery results in significant
wider distribution of Id-S expression compared to ssAAV. These
results suggest that scAAV vector is a promising candidate for the
treatment of MPS II.
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118. Incorporation of a Human Replication
Signal and a Superactive Factor IX Variant
Stablizes and Enhances Long-Term Functional
Activities Following Nonviral Gene Transfer in
Hemophilia B Mice
Peiqing Ye,1 Alicia Buechler,1 Dominika Jirovska,1 Chia-Ni Lin,2
Shuwha Lin,2 Steven Chen,1 Carol H. Miao.1
1
Department of Pediatrics, Seattle ChildlrenвЂ™s Hospital Research
Institute and University of Washington, Seattle, WA; 2Department
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National Taiwan University, Taipei, Taiwan.
Improving the efficiency of gene expression cassette in a gene
transfer vector can enhance transgene expression levels per vector
genome, therefore can facilitate gene transfer protocols to achieve a
therapeutic effect for treating genetic diseases, or in the case of highlevel expression, can reduce vector dosages thus reducing toxicity of
or immune responses to the vectors. We have previously established
a high expressing, liver-specific gene transfer vector, pBS-HCRHPFIXIA, which produced high-levels of factor IX (FIX) in hemophilia
B mice following hydrodynamics-based nonviral gene transfer. The
vectors were shown to remain in predominantly episomal forms,
leading to gradual decrease of transgene expression levels over time
due to slow turnover of hepatocytes and degradation of plasmids. We
found that incorporation of one or two copies of a human consensus
replication sequence into the vector enhanced and stabilized gene
expression levels of FIX over long term. However little plasmid
replication was detected by DpnI restriction analysis of DNA extracted
from the treated mouse livers. At 8 weeks post plasmid treatment,
partial hepatectomy was performed and both groups of mice lost
>60% of the gene expression levels due to the loss of episomal
vectors. Gene expression did not increase however remained stable
and persistent for the next 80 days, indicating efficient retention of
plasmid vectors but lack of plasmid replication. Next, we inserted
a 690 bp Woodchuck hepatitis virus post-transcriptional regulatory
element (WPRE) into the vector. No significant enhancement in
hFIX gene expression or activity was obtained. WPRE sequence did
not function additively or synergistically with the intron element
to stabilize RNA in our construct. To further improve the efficacy
of gene transfer for hemophilia B, we have incorporated a series
of hFIX variants for increased functional activity. A FIX variant
(FIX-Triple), containing alanine replacements at positions 86, 277,
and 338 of FIX-WT, was found to bind factor VIIIa with much
higher affinity than FIX-WT. The liver-specific construct containing
the FIX-Triple variant (pBS-HCRHPI-FIXTMA) produced ~3 fold
higher gene expression and ~10 fold higher total clotting activity
than the construct containing the FIX-WT post-naked DNA transfer.
Combining the replication signal with the superactive FIX variant
in our vector (pBS-HCRHPI-FIXTMA-RepA), persistent, high-level
gene expression and complete phenotypic correction in hemophilia
B mice was achieved over long periods of time.
119. Long-Term Correction of
Hyperphenylalaninemia in a Mouse Model for PKU
by Intramuscular Delivery of AAV Expressing PAH
with Serotypes 1, 2 or 8
Alex Rebuffat,1 Cary O. Harding,2 Zhaobing Ding,3 Thony Beat.1
1
Department of Pediatrics, Universitiy of Zurich, Zurich,
Switzerland; 2Department of Molecular and Medical Genetics and
Department of Pediatrics, Oregon Health and Science Universtiy,
Portland, OR; 3Current address, Institute of Bioengineering and
Nanotechnology, Singapore, Singapore.
Phenylketonuria (PKU) is the most frequent inherited disorder
of amino acid metabolism. PKU is caused by a severe deficiency
of hepatic phenylalanine hydroxylase resulting in accumulation of
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phenylalanine and its metabolites in blood and other tissues. Retarded
development and intellectual impairment are the most characteristic
clinical features presented by PKU patients. Treatment of this
disorder consists of phenylalanine (Phe) intake restriction, which is
accomplished by a natural protein restricted diet. Dietary treatment
prevents severe neurological damage in PKU patients, although
mild neuropsychological findings, such as poor school performance,
a slight reduction in intelligence quotient, and the presence of
tremor may arise, especially when careful dietary compliance is not
achieved. Therefore, investigations of alternative or complementary
therapeutic approaches are highly encouraged to be investigated.
We have demonstrated life-long therapeutic correction of PKU in
the mouse model Bl/6-Pahenu2 by using a recombinant adenoassociated virus type 2 (AAV2) pseudotype-8-mediated transfer of the
murine PAH gene to liver after portal vein or tail vein administration
(Ding Z, Georgiev P, and Thony B, 2006, Gene Ther 13:587-593).
Effective long-term correction for PKU was successfully obtained
also following intramuscular delivery of recombinant triple-cistronic
AAV2 serotype 1 expressing ectopically in muscle tissue PAH along
with two essential gene for tetrahydrobiopterin biosynthesis (GTPCH
and PTPS; Ding Z, Harding CO, Rebuffat A, Elzaouk L, Wolff JA, and
Thony B, 2008, Mol Ther, in press). Here we show in the same PKU
mouse model that long-term clearance of blood Phe and therapeutic
treatment of the disease including complete phenotypic reversion can
also be achieved by targeting the liver upon a single injection into each
of the gastrocnemius muscles of the hind legs using AAV2 expressing
the murine PAH gene pseudotyped with either capsid 1, 2 or 8. Within
2 weeks after receiving 6x10e11 or 3x10e11 particles of rAAV2/1,
rAAV2/2 or rAAV2/8, blood Phe concentrations were completely
normalized in both female and male PKU mice. The therapeutic effect
has been stable up to 54 weeks (rAAV2/1 injected group), 48 weeks
(rAAV2/8 injected group), or 10 weeks (rAAV2/2 injected group),
titration of viral doses and follow-up studies are ongoing and will be
presented. Moreover data concerning hepatic viral genome number
and minimal PAH activity required to achieve long-term therapeutic
effect will be given and compared retrospectively with mice that were
treated by portal or systemic injection of rAAV2/8 in our previous
study. This new non-invasive approach completes our previous studies
and allows us to compare different but complementary strategies for
the development of an efficient and safe gene therapy for PKU.
presence of neutralizing antibody against AAV8 capsid was suggested.
Therefore, we tried to improve the sensitivity of the assay; Target
cells, method of detection, and infection conditions were optimized,
which resulted in increased sensitivity by more than ten times. As a
result, all 3 macaques were proven to be weakly positive for NAb
against AAV8, with Г— 1 ~ Г— 4. The forth animal was selected based on
the sero-negativity by this improved assay. In this animal, intraportal
injection of AAV8 vectors (1 Г— 1012 vg/kg) resulted in therapeutic
levels of Factor IX (~ 29%). Quantitative results with vector DNA of
the liver corresponded well with the transgene level (Table). These
results imply the importance of the sensitivity of NAb assay, and
even low-grade positivity results in significant impairment in gene
transfer efficiency. Moreover, when the results were adjusted based
on the vector dose per body weight, there is a difference in the levels
of transgene expression by around ten-fold. This difference may be
explained by species specificity between mouse and macaque, and
further study is necessary to validate this issue.
Antibody titer and expression level
Macaques
NAb titer against AAV8
1
x4
2
x4
3
x1
4
(-)
Peak F.IX (% of Normal)
< 0.1
< 0.1
< 0.1
29
121. Preclinical Development of a Novel Orally
Administered Non-Viral Gene Therapy Using
Glucan Particles: Application to Gaucher Disease
and Other Macrophage Mediated Disorders
Edward I. Ginns,1 Arlene Lim,1 Ernesto Soto,1 Deborah M.
Faryna,1 Keith Clem,1 Marzena Galdzicka,1 Gary R. Ostroff.1
1
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An ingestible formulation consisting of hollow, porous glucan
particles (GP) encapsulating DNA nanoplexes encoding therapeutic
proteins (see figure) is being developed as a non-viral gene therapy
approach for treating Gaucher disease and a wide range of other
macrophage mediated disorders.
120. Liver-Mediated Factor IX Expression by
AAV8 Vector and Neutralizing Antibody in NonHuman Primates
Hiroaki Mizukami,1 Jun Mimuro,2 Akira Ishiwata,2 Fumiko Ono,3
Hiroya Yagi,1 Masashi Urabe,1 Akihiro Kume,1 Keiji Terao,3
Yasuhiro Yasutomi,3 Yoichi Sakata,2 Keiya Ozawa.1
1
Division of Genetic Therapeutics, Jichi Medical University,
Shimotsuke, Japan; 2Division of Cell and Molecular Medicine,
Jichi Medical University, Shimotsuke, Japan; 3Tsukuba Primate
Research Center, National Institute of Biomedical Innovation,
Tsukuba, Japan.
Adeno-associated virus (AAV) 8-based vectors are promising
especially for liver-directed gene therapy approaches. To estimate
the efficacy in humans, we utilized cynomolgus monkey (Macaca
fascicularis) as a model. After screening of pre-existing neutralizing
antibody (NAb) against AAV8 capsid, AAV8 vector encoding
macaque Factor IX with a minimal modification (for detection) and a
liver specific promoter was injected into 3 young adult male macaques
at a dose of 1 Г— 1012 or 1 Г— 1013 vg/kg. Plasma concentration of the
transgene was detectable, but not recognizable as therapeutic level
(less than 0.1% of normal) in all animals. On the other hand, the same
vector stock showed excellent transgene expression when injected
into C57BL/6 mice portal vein. To better understand these results,
potential factors affecting transgene expression were analyzed and the
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Following oral administration, glucan particles containing DNA
nanoplexes are taken up and transported through the interior of M cells
in intestinal Peyers patches and released into the underlying tissue
where the GPs are rapidly and efficiently taken up by macrophages
and dendritic cells. As the macrophages migrate to other tissues,
the acidifying endosomal environment results in DNA release from
the nanocomplexes into the cytoplasm. The DNA is then processed
by cellular machinery to produce active therapeutic proteins, such
as human glucocerebrosidase (acid beta glucosidase; GBA), the
enzyme deficient in Gaucher disease. To evaluate the efficacy of
this orally administered gene therapy technology, DNA encoding
human glucocerebrosidase (huGBA) was formulated inside the
micron-sized glucan particles. GP-huGBA DNA formulations
were used to introduce huGBA DNA into murine macrophages
in culture, as well as to treat long-lived Gaucher mice generated
by gene targeting. Although current enzyme replacement therapy
(ERT) for Gaucher disease improves hematological parameters
and reverses hepatosplenomegaly, ERT must be intravenously
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administered, is costly, and has not resulted in significant benefit to
bone or neurological complications. Murine macrophages treated
in-vitro with GP-huGBA DNA formulations efficiently phagocytosed
the GP formulations and expressed human glucocerebrosidase.
Administration of the GP-GBA DNA formulations to Gaucher mice
resulted in extensive particle uptake and increased glucocerebrosidase
expression in target tissues. Compared to untreated Gaucher mice,
oral administration of GP-GBA DNA formulations to Gaucher mice
produced an increase in liver GBA activity and a decrease in tissue
Gaucher cells. Preliminary findings from a small pilot study also
suggest that this therapy sufficiently corrects tissue GBA activity
to ameliorate symptoms in treated, compared to untreated, severely
affected Gaucher mice. The potential of this ingestible macrophage
targeted strategy to improve delivery and restoration of huGBA to
tissues, suggests that this approach could achieve significant reversal
of tissue pathology, including bone. In addition to enabling a safer,
more efficient and cost effective treatment for Gaucher disease, this
macrophage targeted therapeutic strategy could be useful for a wide
range of other medical conditions, including low bone density and
inflammatory diseases.
122. Long-Term Expression of О±-L-Iduronidase
and Correction of Lysosomal Pathology in NOD/
SCID MPS I Mice Using the Sleeping Beauty
Transposon System
Elena L. Aronovich,1 Jason B. Bell,1 Shaukat A. Khan,2 Lalitha
R. Belur,1 Roland Gunther,3 Brenda L. Koniar,3 Patricia A.
Schachern,4 Pankaj Gupta,2 Cathy S. Carlson,5 Chester B. Whitley,6
R. Scott McIvor,1 Perry B. Hackett.1
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MPS I is an autosomal recessive lysosomal storage disorder caused
by О±-L-iduronidase (IDUA) deficiency. We tested the efficacy of the
Sleeping Beauty (SB) transposon system as a gene therapy vector
in a mouse model. MPS I mouse exhibits many of the clinical
manifestations of the respective human disease, including elevated
glycosaminoglycan (GAG) levels in tissues, organomegaly, skeletal
dysplasia, and neurologic deficits. To avoid interference of immune
responses, NOD/SCID MPS I mouse was used. SB transposon
plasmids were constructed for high-level expression of human
IDUA. The expression cassette for SB transposase was inserted
outside the transposon. Plasmids for transposition control transposon
were constructed not to express SB transposase. 25 Вµg of plasmids
were hydrodynamically injected into 4-6-wk old mice, after which
about 99% of transgene expression is in the liver. All treated mice
showed long-term, high levels of IDUA in plasma. However, females
(F) treated with the complete SB system (transposon plus the SB
transposase) maintained higher IDUA levels than those treated with
the transposon plasmid alone, in which IDUA activity declined to
<10-fold WT. In males (M) IDUA remained stable in both groups.
Curiously, as of 2 wks post-injection (p.i.) and on, IDUA activities
in M compared to F were higher. This gender-related difference was
especially striking when the injected DNA dose was reduced from 25
to 5 Вµg. In mice injected with 25 Вµg DNA five months p.i. the ranges
of IDUA activities in organs of 11 females and 7 males that stably
expressed IDUA in treated (T) and untreated (U) mice were:
Molecular Therapy Volume 16, Supplement 1, May 2008
Copyright В© The American Society of Gene Therapy
Liver
Spleen
Lung
Heart
Aorta
Kidney
Sm Intestine
Lg Intestine
Females(T)
106-1180
14-152
1-10
1-8
3-8
1-5
0.4-6
0.4-2
Males(T)
727-4733
58-324
4-29
4-14
8-52
2-65
4-14
1-11
Females&Males(U)
6В±2
29В±14
8В±4
4В±1
6В±1
2В±1
5В±3
5В±1
GAG levels in these tissues and the liver/body weight ratio in
treated animals were within normal range compared to untreated
NOD/SCID MPS I mice, likely a result of partial to complete
restoration of deficient IDUA activity. IDUA activity significantly
above background could be also measured in the brain, although the
mechanism by which IDUA activity enters the brain is not known.
Using faxitron radiography, we obtained images that suggested
correction of long-bone pathology that is associated with IDUA
deficiency. Our results demonstrate that in the absence of host immune
responses, SB-mediated delivery of IDUA to the liver confers longterm (>4 mo), stable transgene expression in mice that can вЂ�cureвЂ™
phenotypic disorders associated with MPS I disease.
123. Humanized Hybrid Human/Porcine Factor
VIII Displays High Expression Properties Required
for Lentiviral Gene Therapy of Hemophilia A
Christopher B. Doering,1 Gabriela Denning,2 Elisabeth Javazon,1
Bagirath Gangadharan, David McCarty, H. Trent Spencer.
1
Aflac Cancer Center and Blood Disorders Service, Emory
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Therapeutics, LLC, Atlanta, GA.
Human coagulation factor VIII (fVIII) has proven difficult to
express at therapeutic levels in patients with hemophilia A using
clinical gene-transfer technologies. Recently, we showed that the
fVIII expression barrier can be overcome in vitro and in vivo using the
orthologous porcine fVIII transgene. Furthermore, we demonstrated
that 1) the increased expression of fVIII transgenes containing
high expression porcine sequences results from an enhanced rate
of secretion and 2) the responsible sequence determinants reside in
two non-contiguous regions. We now have initiated gene-transfer
studies using humanized, high-expression, hybrid human/porcine
(HP) fVIII transgenes delivered by self-inactivating (SIN) human
immunodeficiency virus (HIV)-1 and simian immunodeficiency
virus (SIV)-based vectors. These studies were performed using
an optimized HP-fVIII construct, designated ET-3, which is 90%
identical to the common B-domain-deleted (BDD) human fVIII
constructs used in most pre-clinical and clinical studies. VSV-G
pseudotyped, recombinant HIV-1-based virus containing an EF1-О±
promoter, the ET-3 transgene, the woodchuck posttranscriptional
regulatory element and a deletion in the U3 region of the 3вЂ™ LTR
was used to transduce HEK-293 cells at MOIs of 0.3, 0.9 and 2.7.
A positive correlation was observed between ET-3 expression and
MOI with peak fVIII production of 28 units/106 cells/24 hr from a
polyclonal population containing means of of.6 proviral genomes
and 5,900 fVIII RNA transcripts per cell. Subsequent clonal
analysis revealed similar RNA transcript and fVIII production levels
indicating stable gene transfer. For comparison, ET-3 expression
was 6-fold greater than was observed following lentiviral transfer
using an identical vector encoding a BDD human fVIII construct.
Although HIV-ET-3 efficiently transduced HEK-293-T cells, it was
ineffective at transducing murine cells. Therefore, murine experiments
were performed using a recombinant SIV-based vector containing
the MSCV-LTR driving ET-3 expression. Stem cell antigen-1 +
hematopoietic stem and progenitor cells were transduced ex vivo
prior to transplantation into lethally-irradiated hemophilia A mice.
Recipient mice had mean plasma fVIII activity levels of ~0.3 units/
ml (26% normal human level) and 0.1 units/ml at 2 and 12 weeks
post-transplantation, respectively, demonstrating long-term fVIII
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expression at therapeutic levels despite <5% genetically-modified
blood mononuclear cells. Furthermore, ET-3-SIV was demonstrated
to effectively transduce the human hematopoietic cells lines K562
and EU-1 both of which expressed high levels of ET-3 at 1.7 and 1
units/106 cells/24 hr, respectively, despite an overall transgene copy
number less than 1 per cell. From these studies, we conclude that
humanized high-expression HP-fVIII transgenes can be utilized to
significantly increase fVIII expression levels in the context of clinical
gene therapy of hemophilia A.
125. Towards a New Gene Therapy Approach
for Hemophilia B Using microRNA-Regulated
Lentiviral Vectors
124. A Novel Gene Therapy Approach for
Treating Gaucher Disease
Alessio Cantore*,1 Brian D. Brown,2 Patrizia Della Valle,3 Lucia
Sergi Sergi,1 Timothy C. Nichols,4 Armando DвЂ™Angelo,3 Luigi
Naldini.1
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Gaucher disease (GD) is the most common lysosomal storage
disorder, and is caused by the inherited deficiency of lysosomal
glucocerebrosidase (acid beta glucosidase; GBA) activity. This
enzyme deficiency leads to formation of Gaucher cells resulting
from the accumulation of the glycosphingolipid glucocerebroside in
macrophages. Symptomatic patients with Type 1 GD are routinely
treated by enzyme replacement therapy (ERT) with bi-weekly
infusions of recombinant mannose terminated macrophage-targeted
human GBA (huGBA). ERT is effective in resolving hematological
and visceral manifestations of Gaucher disease, but its effectiveness
on skeletal and neurological complications has been limited. One
approach that has the potential to address current treatment barriers
is gene therapy. A novel, orally administered macrophage targeted
delivery technology employing nanocomplexed DNA encapsulated
within glucan particles (GP) is being developed to deliver genes
to macrophages. The success of bone marrow transplantation and
macrophage targeted ERT suggest that the correction of GBA activity
in macrophages by this gene therapy strategy would be therapeutically
effective. To determine the efficiency of GP uptake and optimization of
huGBA expression in-vitro, a murine macrophage cell line, J774, and
human Gaucher fibroblast lines recombinantly engineered to express
the beta glucan receptor, dectin-1, were treated with fluorescently
labeled GP (GP-F) or GP-huGBA DNA formulations. Fluorescent
glucan particles were efficiently phagocytosed by these cell lines and
transfection with GP-huGBA DNA resulted in expression of huGBA
enzyme. Peritoneal and splenic macrophages recovered from Gaucher
mice administered GP-Fs by either oral or intraperitoneal routes
demonstrated that mutant macrophages efficiently internalized GP-Fs,
and that Gaucher macrophages were fully functional to internalize
glucan particles in-vivo. To further investigate the extent of therapeutic
effects resulting from oral GP-huGBA DNA administration, Gaucher
mice are currently undergoing daily treatment for 30 days with GPhuGBA DNA and control formulations. GBA expression in elicited
macrophages, and in target spleen and liver tissues will be analyzed
for GBA mRNA levels and enzyme activity to determine the level of
transgene expression and restoration of enzyme activity in Gaucher
mice. These studies should provide additional data in support of using
this novel approach for huGBA gene delivery to macrophages for the
treatment of Gaucher disease.
Hemophilia B is an X-linked bleeding disorder, caused by
mutations in the gene encoding coagulation factor IX (FIX), which
results in prolonged and life-threatening bleeding episodes. Treatment
for hemophilia B requires constant administration of FIX, is costly,
demanding and not available to all patients, and poses serious risk
of patients developing neutralizing anti-human FIX antibodies.
Therefore, alternate therapeutic options are desirable. We have
developed a new gene therapy strategy that resulted in stable
correction of the bleeding diathesis in a mouse model of the disease
(Brown et al., Blood 2007). This strategy uses a novel lentiviral vector
(LV), which stringently restricts expression of human FIX specifically
to hepatocytes and prevents the host immune response against the
transgene. The hepatocyte-specific expression of the vector relies on
both transcriptional and post-transcriptional regulation. The former
is mediated by a synthetic hepatocyte-specific promoter, the latter
by a hematopoietic-specific microRNA (miR-142-3p), which targets
the vector mRNA and suppresses illegitimate transgene expression
in antigen-presenting cells. Upon a single injection of this vector we
achieved stable and full rescue of the disease phenotype and active
tolerance to the transgene product. Since insertional mutagenesis is
a concern for integrating vectors, the use of integrase-defective LV
could be exploited to express genes in tissues characterized by slow
turnover, such as the liver. In this work, we explored this possibility
by analyzing in vivo transgene expression and vector content in
mice at 1 and 6 weeks after injection of LV packaged by a mutant
defective integrase. Our results showed that vector integration is
necessary for high-level and stable expression of a transgene in the
liver. The canine hemophilia B model better recapitulates the human
disease, and allows for more stringently assessing the feasibility of our
strategy, its effectiveness to avoid immune response against a speciespecific transgene in outbred individuals, and the long-term risk
associated with vector insertional mutagenesis. Toward this goal, we
have verified that canine miR-142-3p strongly suppresses transgene
expression in dog macrophages using our microRNA-regulated LV
as reporter system. Moreover, we are currently evaluating the use
of a vector pseudotype different from VSV.G, such as Baculovirus
GP64. This envelope protein may improve targeting to hepatocytes,
and alleviate concerns regarding the occurrence of anti-VSV.G
neutralizing antibodies in the plasma. Large-scale manufacturing
of infusion-grade vector for the treatment of hemophilia B dogs is
due in the upcoming months. If successful, these preclinical studies
may open the way to a clinical trial of lentiviral vector-mediated
hemophilia B gene therapy. *Equal contribution.
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126. Recombinant Adeno-Associated VirusMediated Gene Delivery of Very Long Chain
Acyl CoA Dehydrogenase (VLCAD) into VLCADDeficient Mice
Stuart G. Beattie,1 Eric Goetzman,2 Thomas Conlon,3 Qiushi Tang,1
Sean Germain,3 Glenn Walter,3 Martha Campbell-Thompson,3
Dietrich Matern,4 Jerry Vockley,2 Terry Flotte.1
1
Pediatrics, University of Massachusetts Medical School,
Worcester; 2Pediatrics, School of Medicine, ChildrenвЂ™s Hospital
of Pittsburgh, Pittsburgh, PA; 3Powell Gene Therapy Center,
University of Florida, Gainesville; 4Laboratory Medicine, Mayo
Clinic College of Medicine, Rochester, MN.
Disorders of mitochondrial fatty acid oxidation (FAO) represent a
relatively common class of metabolic disorders. FAO plays a pivotal
role in energy metabolism providing fuel once glycogen stores are
depleted after prolonged fasting or during times of physiological
stress. The oxidation of fatty acids occurs in the various mitochondrial
compartments via the beta-oxidation spiral resulting in the removal
of 2-carbon units to yield acetyl-CoA. The first step in each cycle is
rate-limiting and is catalysed by acyl-CoA dehydrogenases that differ
in their substrate specificity based on the carbon chain length. The
absence of medium- and very long chain CoA dehydrogenase enzymes
in humans can result in heart and skeletal muscle dysfunction, nonketotic hypoglycaemia or sudden infant death syndrome. Post-mortem
histological findings almost always include organ lipidosis. Since
introduction of neonatal screening programs for VLCAD deficiency,
the apparent incidence has increased and is now estimated at 1:50,000
to 1:120,000. Recombinant adeno-associated viral (rAAV) vectors
with pseudotype capsids were investigated for their potential towards
correcting the biochemical phenotype observed in mice heterozygous
(+/-) for VLCAD i.e., elevated levels of circulating long chain fatty
acids and liver and heart steatosis. Heterozygotes were used for these
studies because of difficulties in maintaining a homozygous-deficient
colony. rAAV containing the human VLCAD cDNA (hVLCAD) under
the transcriptional control of the CMV / chicken beta-actin hybrid
promoter were injected intramuscularly into the tibialis anterior (TA)
muscle or injected into the portal vein to transduce hepatocytes.
Ten weeks post-injection of rAAV1-hVLCAD into the TA muscle,
increased levels of hVLCAD within mitochondria were demonstrated
by immunostained TA sections and immunoblotting of mitochondrial
isolates. There were modest reductions in circulating very long chain
fatty acylcarnitines and also a modest reduction in the lipid content of
TA muscle, compared to mice that received PBS. Eight weeks after
portal vein injection of rAAV5- and AAV8-hVLCAD into VLCAD+/mice, increased levels of hVLCAD within hepatocyte mitochondria
were demonstrated by immunostaining and immunoblotting of
mitochondrial isolates. There were modest reductions in very long
chain fatty acylcarnitines and also a modest reduction in the lipid
content of TA muscle, compared to mice that received PBS. These
studies demonstrate efficient delivery of VLCAD to TA muscle and
liver using pseudotyped AAV vectors.
127. Gene Delivery of a High Activity Analog of
FVIIa Results in Phenotypic Correction of Murine
Hemophilia at Substantially Lower Vector-Doses
Than FVIIa
Elise Roy,1 Paris Margaritis,1 Harre D. Downey,1 Shangzen Zhou,1
Katherine A. High.1,2
1
Hematology, The ChildrenвЂ™s Hospital of Philadelphia,
Philadelphia, PA; 2The Howard Hughes Medical Institute,
Philadelphia, PA.
Recombinant human FVIIa (rhFVIIa, NovoSevenВ®) has
been successful in restoring hemostasis in hemophilia patients
with antibodies to Factor VIII (FVIII) or Factor IX (FIX), when
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administered at supra-physiological doses of 90-110 Вµg/kg. However,
its short half-life necessitates frequent infusions, resulting in high
treatment costs. We have proposed an alternative, gene-based strategy
using a modified FVII transgene that can be secreted in an activated
form, and demonstrated phenotypic correction of murine hemophilia
B (HB) using liver-directed, adeno-associated viral (AAV) vectorbased gene transfer. However, in order to achieve therapeutic levels
of FVIIa expression in a large animal (canine) model of hemophilia,
high vector doses will likely be required, that are cumbersome to
attain using the current AAV production technology. To overcome
this limitation, the use of FVIIa variants with increased activity may
provide a viable alternative by demonstrating efficacy at lower vector
doses than the parent FVIIa molecule. As proof of principle, we used a
mouse model of hemophilia A (HA) and fully characterized a murine
FVIIa variant with 4 amino acid substitutions (L305V/A314E/K337A/
I374Y, mFVIIa-VEAY), based on the human homolog. In vitro,
purified recombinant mFVIIa-VEAY had similar clotting activity in
the presence of tissue factor (TF), but a substantial, 7-fold increase
in activity in the absence of TF, relative to mFVIIa. Following
incubation in mouse HA or HB plasma, mFVIIa-VEAY exhibited
faster inactivation compared to mFVIIa. Despite this, the advantage
of mFVIIa-VEAY in vivo was clearly evident from vector dosefinding studies in HA mice. We used an AAV8 vector with mFVIIa
or mFVIIa-VEAY expressed from a liver-specific promoter/enhancer
and evaluated efficacy with an array of assays of hemostasis, both
in vitro (prothrombin [PT] and activated partial thromboplastin time
[aPTT]) and in vivo (tail clip assay). We found that the minimum
dose of AAV8-mFVIIa resulting in persistent normalization of the
aPTT was 1.2 10E12 vector genomes (v.g.)/mouse whereas the
same effect could be achieved with a 40-100 fold lower vector dose
of AAV8-mFVIIa-VEAY (0.3-1.2 E10 v.g./mouse). In a tail-clip
assay, this lower dose of AAV-mFVIIa-VEAY resulted in similar
blood loss compared to the high dose AAV-mFVIIa treated animals,
a marked improvement compared to untreated HA mice. Survival
study revealed that these vector doses were safe, with no significant
change in levels of the thrombin-antithrombin (TAT) complexes, a
surrogate test of aberrant thrombin generation. However, at doses
similar to AAV-mFVIIa, we observed an increased mortality, that was
accompanied by an increase in TAT levels. In conclusion, our data
demonstrate that a substantially lower dose of AAV-mFVIIa-VEAY
can effect long-term in vivo phenotypic correction similar to high
dose AAV-mFVIIa. Thus, the VEAY variant is a good candidate for
further evaluation in a large animal model of hemophilia.
128. Development of a Novel Non-Viral
Osteoprotegerin Gene Therapy for Treating Low
Bone Density
Keith Clem,1 Marzena Galdzicka,1 Deborah M. Faryna,1 Ernesto
Soto,1 Gary R. Ostroff,1 Edward I. Ginns.1
1
Program in Medical Genetics, University of Massachusetts
Medical School, Shrewsbury, MA.
An ingestible DNA delivery system is being developed to deliver
DNA encoding osteoprotegerin (OPG) as a bone-targeted gene therapy
approach for treating a wide range of low density bone disorders.
Skeletal diseases, including low bone density disorders such as
osteoporosis, remain a major health risk for millions of women and
men. Therapeutic approaches to correct low bone density are currently
directed at either inhibiting bone resorption or stimulating bone
formation, and include the intravenous administration of recombinant
proteins. Osteoprotegerin (OPG), a member of the tumor necrosis
factor receptor superfamily, is a soluble decoy receptor for RANKL,
the activating ligand of the receptor RANK. OPG binding to RANKL
prevents binding to RANK and activation of osteoclastogenesis.
Administration of OPG protein has been shown to increase bone
density in mouse models, and to rescue the knockout phenotype
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of OPG-/- mice. We are developing a novel, orally administered
macrophage-targeted DNA delivery technology consisting of
nanocomplexed DNA encapsulated within glucan particles (GP) to
deliver genes to macrophages. To determine the efficiency of GP
uptake and optimization of OPG expression in-vitro, the J774 murine
macrophage cell line and fibroblast cell lines recombinantly engineered
to express the beta glucan receptor, dectin-1, were treated with either
fluorescently labeled GP (GP-F) or GP-OPG DNA formulations.
These cell lines were able to efficiently phagocytose both the GP-F
and GP-OPG DNA formulations. Cells transfected with GP-OPG
DNA formulations produced OPG intracellularly, and also secreted
OPG into the culture medium as measured by ELISA. Fluorescent
glucan particles administered to mice by the intraperitoneal or oral
routes were efficiently phagocytosed by macrophages, which then
migrated to bone and other reticuloendothelial system tissues (RES)
as demonstrated by abundant GP-F in bone and RES. To further
evaluate the therapeutic potential of this approach, OPG-/- mice will
be administered doses of GP-OPG DNA formulations and examined
for increases in bone structure and density. The expression of OPG
mRNA and protein will be determined in macrophages, and ELISA
assays will be performed to determine OPG levels in blood and tissues.
We anticipate that this orally administered gene therapy will result
in efficient expression of biologically active OPG in macrophages
in bone marrow. These studies should help define key gene therapy
parameters important for optimizing in-vivo expression of OPG in
bone by this approach.
129. Development of a Surgically Isolated Liver
and High Pressure Vector Injection Approach for
In Vivo Delivery of Lentiviral Vector into Adult
Hyperbilirubinemic Gunn Rats
Tuan huy Nguyen,1 Francoise Schmitt,2 Anne Dariel,2 Dominique
Aubert,1 Virginie Pichard,1 Guillaume Podevin,2 Nicolas Ferry.1
1
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Background and aims: Crigler-Najjar type 1 disease (CN1)
is a liver disease characterized by absence of bilirubin UDPglucuronosyltransferase (B-UGT1), resulting in severe
hyperbilirubinemia. We recently demonstrated a complete and lifelong
correction of hyperbilirubinemia in newborn Gunn rats, a model of
CN1, using lentiviral vectors. Our present aim is to correct adult
Gunn rats. Because the G0 phase of adult hepatocytes and the size of
endothelial liver fenestrations could limit lentiviral transduction, we
designed a new surgical approach to improve vector gene delivery.
Methods: Gunn rats were injected with vectors encoding GFP or
B-UGT1 carrying a liver-specific transthyretin promoter (mTTR).
Liver was isolated from blood-flow by clamping the afferent and
efferent vessels. Vectors were injected via the vena cava for 10
minutes and blood-flow was restored (Group 1). The injected volume
resulted in intrahepatic pressure of 10-cm of water. Control rats (group
2) received the same vector volume via portal vein without blood flow
isolation. Results: At a multiplicity of infection (MOI) of 0.2 (2x108
TU, n=5), 13.17+/-7.28% and 0.98+/-1.1% of hepatocytes expressed
GFP at day 9 post-injection in group 1 and 2, respectively, as assessed
by immunohistochemistry. PCR confirmed these results. At a MOI
of 2, transduction efficiency raised to up to 58% in group 2. After
injection of B-UGT1 vector at a moi of 2, bilirubinemia was almost
normalized at 2 weeks in group 1, while it was partially corrected
in control group 2 (75% correction). Hyperbilirubinemia resumed
after 1 month and anti-B-UGT1 antibodies were detected in sera
of all animals. Conclusion: Vector injection in isolated liver at high
pressure increased hepatocyte transduction by >10-fold at low MOI.
This approach almost normalized hyperbilirubinemia in Gunn rats.
An immune response against B-UGT1 could not be prevented using
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the liver-specific mTTR promoter. To allow long-term correction
of Gunn rats, strategies to prevent an immune response against
transgene products are under investigation, including insertion of
target sequences for the hematopoietic specific microRNA, mir1423p into the vector.
130. Phenotypic Correction of Ornithine
Transcarbamylase Deficiency Using Low HDAd
Doses
Nicola Brunetti-Pierri,1 Christopher Clarke,1 Viraj Mane,1 Donna
Palmer,1 Brendan Lanpher,1 Qin Sun,1 William OвЂ™Brien,1 Brendan
Lee.1
1
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Helper-dependent adenoviral vectors (HDAd) can mediate longterm phenotypic correction in the ornithine transacarbamylase
(OTC)-deficient mouse model with negligible chronic toxicity at a
dose of 1x1013 vp/kg. However, the high doses required for metabolic
correction will result in systemic inflammatory response syndrome in
humans. This acute toxicity represents the major obstacle for clinical
applications of HDAd vectors for the treatment of OTC deficiency.
Strategies for reducing the dose necessary for disease correction are
highly desirable since HDAd acute toxicity is clearly dose-dependent.
We have developed a vector containing a potent expression cassette
containing the PEPCK liver restricted promoter, the WPRE, and a
liver specific enahncer which allowed phenotypic correction of OTCdeficient spf-ash mice at significantly lower doses (1x1012 vp/kg). Our
results suggest that a vector expressing greater OTC levels will correct
orotic aciduria with lower doses. In addition, we were able to further
reduce the minimal effective dose by delivering the vector through the
hydrodynamic injection technique (5x1011 vp/kg). As performed in
rodents this injection technique is not feasible in humans. However, a
novel delivery method using balloon catheters to mimic the effects of
the hydrodynamic injection on the liver has been recently developed
in nonhuman primates for HDAd delivery. Vectors containing this
improved expression cassette in combination with other strategies
for improving HDAd therapeutic index will likely permit application
of these vectors for the treatment of OTC deficiency. Together, we
have achieved more than an order of magnitude improvement in the
therapeutic index of HDAd treatment of OTC.
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131. Systemic Gene Transfer of Оґ-Sarcoglycan
Using a Transcriptionally Targeted AAV-9 Vector
Results in Sustained Cardiac Expression and
Prevention of Heart Failure in Оґ-Sarcoglycan
Knock-Out Mice
Caroline Goehringer,1 Desiree Rutschow,1 Ralf Bauer,1 Stefanie
Schinkel,1 Raffi Bekeredjian,1 Dieter Weichenhan,1 Hugo A.
Katus,1 Juergen A. Kleinschmidt,2 Oliver J. Mueller.1
1
Innere Medizin III, Universitaetsklinikum Heidelberg,
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Krebsforschungszentrum, Heidelberg, Germany.
Background: Оґ-sarcoglycan is a member of the dystrophinassociated glycoprotein complex which links actin to the extracellular
matrix. Mutations in the gene encoding Оґ-sarcoglycan result in dilated
cardiomyopathy and/or limb-girdle muscle dystrophy 2F. Aim of our
study was to prevent cardiomyopathy in Оґ-sarcoglycan knock out
mice by intravenous gene transfer of an AAV-9 vector harbouring
the Оґ-sarcoglycan cDNA under control of a CMV-enhanced myosin
light chain promoter, which was previously shown to transcriptionally
target gene expression into murine myocardium. Methods and
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Results: 2x1011 genomic particles of AAV-9 vectors harboring
the Оґ-sarcoglycan cDNA or an EGFP reporter under control of the
CMV-enhanced myosin light chain promoter were injected into
the tail vein of adult Оґ-sarcoglycan knock out mice (n=9 and n=7,
respectively), which were challenged by voluntary wheel running.
After 6 months, immunohistochemical analyses revealed an almost
complete transmural reconstitution of Оґ-sarcoglycan in hearts of AAV9/Оґ-sarcoglycan treated knock-out mice, but not in skeletal muscle.
In comparison to EGFP controls, gene transfer of Оґ-sarcoglycan
resulted in prevention of cardiac fibrosis in hematoxilin-eosin-stains
as well as a significant increase in running distance measured by
voluntary wheel running. Echocardiographic measurements showed
a significantly lower decrease in fraction of shortening in AAV-9/Оґsarcoglycan treated mice after 6 months (67.6% to 65.0%) compared
to EGFP controls (69.9% to 58.1%, p=0.04). The impaired systolic left
ventricular function in control mice was paralleled by a significantly
increased cardiac BNP expression, which is considered an indicator of
heart failure. Conclusion: AAV-9-mediated transfer of Оґ-sarcoglycan
into the heart enables an efficient and sustained gene expression and
prevents deterioration of left ventricular function in Оґ-sarcoglycan
knock out mice. This approach may hold promise for future treatment
of hereditary cardiomyopathies.
132. Functional Screening To Find out Novel
Anti-Angiogenic Regulator
Hironori Nakagami,1 Yukihiro Saito,1 Tomoyuki Nishikawa,1
Katsuto Tamai,1 Ryuichi Morishita,2 Yasufumi Kaneda.1
1
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Therapeutic angiogenesis has recently been proposed using
angiogenic growth factors, such as vascular endothelial growth factor
(VEGF) or hepatocyte growth factor (HGF) and moved to clinical
trial. To clarify the individually different response in the therapeutic
view, we have to understand the balance of endogenous regulators
in angiogenesis (i.e. pro- or anti-angiogenic molecule). Although
it has been reported that endogenous inhibitors of angiogenesis
include angiostatin or vasohibin, etc., we tried to find out the novel
anti-angiogenic molecule to regulate the angiogenic response. To
achieve this aim, we developed a functional gene screening system
with the Hemagglutinating Virus of Japan (Sendai virus) envelope
vector (HVJ-E) vector. HVJ-E does not require preparation of a
viral library, packaging cell constructions, or sequential subcloning
with PCR, enzymatic digestion, and ligation. More specifically, the
advantages of high throughput functional screening system based on
HVJ-E included: 1) rapid preparation of the vector containing the
DNA library (approximately 30 min); 2) effective fusion-mediated
transfer of the plasmids to various cells (10-30 min) with minimal
toxicity; and 3) easy cloning of candidate genes by transformation
of E. coli (12-16 hours). We screened a cDNA library obtained from
human heart or Lewis lung carcinoma (LL/2), and candidate genes
were listed up in the evaluation of growth inhibition in aortic and/
or lymphatic endothelial cells (EC). One of the candidate gene was
cold shock domain protein A (CSDA). Indeed, over-expression of
mCSDA significantly repressed cell proliferation and c-fos promoter
activity in aortic, venous, and lymphatic ECs. The expression of
CSDA was highly observed in heart, skeletal muscle and cancer cells,
and less than in endothelial cells. CSDA is a DNA binding protein
that can bind to the hypoxia response element (HRE). Furthermore,
of importance, we revealed that CSDA could directly bind to the
serum response element (SRE) sequence, resulting in the inhibition
of SRE activity, which may lead to growth inhibition in ECs. In
an LL/2-inoculated mouse model, tumor growth was significantly
repressed in a mCSDA-injected group. Histopathological analysis
revealed that expression of blood and lymphatic endothelial cell
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markers was significantly decreased in mCSDA-injected groups. In
conclusion, these data suggest that expression of CSDA can repress
angiogenesis and lymphangiogenesis via direct binding to SRE in
addition to HRE. CSDA might be a potential negative regulator for
angiogenic response.
133. CYLD (Cylindromatosis), a
Deubiquitinating Enzyme, Plays Pivotal Roles
in Vascular Remodeling and Might Be a Novel
Therapeutic Molecule for Atherosclerosis
Yoichi Takami,1 Hironori Nakagami,2 Ryuichi Morishita,3
Tomohiro Katsuya,1 Hiromi Rakugi,1 Toshio Ogihara,1 Yasufumi
Kaneda.2
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Data from several studies suggest that the ubiquitin systems may
play pivotal roles in the progression of atherosclerosis, particularly
in relation to inflammation and cell proliferation. However, there
were few reports referred to molecular mechanisms of vascular
remodeling related to ubiquitin systems. NF-kB is an important
transcriptional factor which plays central roles in pathogenesis
of atherosclerosis. Thus, in this study, we examined the potential
roles of the NF-kB-related deubiquitinating enzyme, CYLD, whose
mutation was reported to cause familial cylindromatosis. In Northern
blotting and real-time PCR, CYLD mRNA was detected in the aorta
as well as in cultured human aortic endothelial cells (EC) and smooth
muscle cells (VSMC), and treatment with recombinant TNF-alpha
significantly increased CYLD expression in EC and VSMC (4.6-fold
increase in EC, P<0.05 vs. control; 1.8-fold increase in VSMC,
P<0.05 vs. control). Immunostaining analysis showed that CYLD
was expressed in atherosclerotic lesions from human carotid arteries
and was up-regulated in the neointima of rat carotid arteries at 14
days after balloon injury (2.8-fold increase; P<0.01 vs. control).
In EC, overexpression of CYLD resulted in significant inhibition
of TNF-alpha-induced NF-kB activity (80% inhibition; P<0.01,
vs. control) and expression of the downstream adhesion molecules
(ICAM-1, VCAM-1, and E-selectin), leading to attenuating adhesion
of THP-1 human monocyto cell line to EC via its deubiquitination
of TNFR-associated factor 2 (TRAF2). However, overexpression
of catalytically inactive CYLD (C601A in catalytic domain) had no
effect. Also in VSMC, overexpression of CYLD attenuated TNFalpha-induced NF-kB activity (65% inhibition; P<0.001, compared
with control) and significantly suppressed NF-kB-driven inflammatory
cytokines such as IL-6 and MMP-9, which might be closely related
to the process of atherosclerosis. In VSMC, overexpressed CYLD
also inhibited expression of cyclin D1 and activation of E2F pathway
(43% inhibition in reporter gene assay; P<0.05 vs. control) through
deubiquitination of the upstream molecule Bcl-3 and inhibition of
translocation into nucleus, leading to inhibition of cell viability in MTS
assay (20% inhibition; P<0.05 vs. control), whereas overexpression
of catalytically inactive CYLD had no effect. Furthermore, in vivo
gene transfer of CYLD into rat balloon-injured carotid artery by HVJliposome method attenuated neointimal formation at 14 days after
balloon injury (ratio of neointimal-to-medial area, 35% inhibition,
P<0.01 vs. control) through inactivation of NF-kB and E2F. These
data demonstrate that the deubiquitinating enzyme, CYLD, may
sufficiently inhibit inflammation and proliferation in vascular cells in
vitro and in vivo. Thus, CYLD may represent a novel target molecule
for the treatment or prevention of atherosclerosis.
S51
Cardiovascular Gene Therapy
134. In Vivo Modulation of Nogo-B Attenuates
Neointima Formation
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Objective: The formation of neointimal hyperplasia is a key step
in the progression of atherosclerosis, and often results from vascular
injury accelerated by coronary artery bypass grafting (CABG),
stenting and balloon angioplasty, thereby reducing their clinical
effectiveness. Gene therapy can be employed in the prevention of
neointima formation. Here we assess adenoviral gene delivery of the
novel vascular regulator Nogo-B at the time of injury, as a therapeutic
strategy for the prevention of neointima formation. Methods and
Results: We first demonstrate that infection with Ad-Ng B, but not
control virus, significantly reduces proliferation and platelet derived
growth factor (PDGF)-induced migration of smooth muscle cells
(SMC) in vitro. Adventitial delivery of Ad-Ng-B to wire-injured
murine femoral arteries led to a significant decrease in intimal area
(0.014 vs. 0.030 mm2 (p=0.049)) and intima:media ratio (0.78 vs.
1.67 (p=0.038)) compared to Ad-ОІ-Gal control virus at 21 days postinjury. Similarly, lumenal delivery of Ad-Ng-B to porcine saphenous
veins prior to carotid artery grafting significantly reduced intimal area
(2.87 vs. 7.44 mm2 (p=0.0007)) and intima:media ratio (0.32 vs. 0.55
(p=0.0044)) compared to Ad-ОІ-Gal at 28 days post-grafting. Intimal
VSMC proliferation was significantly reduced in both the murine
and porcine disease models. Conclusions: Gene delivery of Nogo-B
exerts a positive effect on vascular injury-induced remodelling and
reduces neointimal development in two arterial and venous models
of vascular injury.
135. Systemic Expression of Interleukin-10
Induced by Intramuscular Injection of the Type-1
AAV Vector Ameliorates the Metabolic Syndrome
in Zucker Fatty Rats
Takayuki Ito,1 Masanori Nakata,2 Ryosuke Uchibori,1 Masashi
Urabe,1 Hiroaki Mizukami,1 Akihiro Kume,1 Toshihiko Yada,2
Kazuyuki Shimada,3 Keiya Ozawa.1
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Background: Proinflammatory cytokines derived from activated
adipose tissue play an important role in the pathogenesis of the
metabolic syndrome. However, the effects of anti-inflammatory
cytokines on this disorder remain unclear. The adeno-associated
virus (AAV) vector is a powerful tool for the long-term expression
of therapeutic proteins. We previously reported that AAV
vector-mediated systemic expression of interleukin (IL)-10, a
pleiotropic anti-inflammatory cytokine, significantly ameliorates
hypercholesterolemia in apoE-deficient mice and hypertension in
Dahl salt-sensitive rats. Here, we demonstrate the beneficial effects
of IL-10 on the metabolic syndrome in Zucker fatty rats (ZFRs)
presenting with spontaneous hyperphagia caused by leptin resistance.
Methods: We constructed an AAV1-based vector carrying the rat
IL-10 gene driven by the modified chicken ОІ-actin promoter with
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the CMV immediate early enhancer (AAV1-IL-10). Five-week-old
male ZFRs or Zucker lean rats (ZLRs, normal controls) (n = 10 each)
were intramuscularly injected with AAV1-IL-10 or AAV1 expressing
the green fluorescence protein (eGFP) at 1 Г— 1011 genome copies/
body. Serum levels of IL-10 were estimated by ELISA. The body
weight and food intake were measured periodically. The systolic
blood pressure level was measured by a non-invasive tail-cuff
method. To calculate the respiratory quotient and caloric output, the
concentrations of respiratory O2 and CO2 by volume were monitored
for 24 hours, using an indirect open-circuit calorimeter. Spontaneous
motor activity was monitored every 30 minutes, and the diurnal and
nocturnal average levels were calculated. Results: Eight weeks after
vector injection, the serum IL-10 levels had increased significantly
in the IL-10-transduced ZFRs and ZLRs when compared with the
untreated controls. At this time, the IL-10-transduced ZFRs exhibited
a significant decrease in body weight and food intake when compared
with the eGFP-transduced or untreated ZFRs; these effects continued
until the rats were 41 weeks old. In addition, sustained IL-10
expression significantly decreased the systolic blood pressure as well
as the fasting serum levels of cholesterol, triglycerides, and glucose
in the ZFRs. In contrast, the IL-10-transduced ZFRs did not exhibit
any significant differences in the respiratory quotient, caloric output,
and spontaneous motor activity when compared with the eGFPtransduced ZFRs. Further, these parameters remained unaltered in
the ZLRs, even with sustained IL-10 expression. Conclusion: AAV
vector-mediated systemic IL-10 expression retarded the progression
of the metabolic syndrome via the suppression of hyperphagia,
without modulating the energy expenditure and motor activity. Our
results provide new insights into the therapeutic role of IL-10 in the
metabolic syndrome and into the mechanisms underlying appetite
control in obese subjects.
136. Induction of Therapeutic
Neovascularization by AAV-Based Gene Transfer
of hVEGF-A and hPDGF in a Chronic Ischemic
Hindlimb Model
Achim Pfosser,1 Chiraz El-Aouni,1 Franziska Globisch,1 Andrea
Fritz,1 Corinna Lebherz,1 Rabea Hinkel,1 Andrea Banfi,2 Peter
Boekstegers,1 Christian Kupatt.1
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The concept of therapeutic neovascularization by several growth
factors has been established in multiple animal models, albeit
lacking clearcut clinical success to date. Therefore, we modified
the therapeutic approach by combining the potent angiogenic agent
hVEGF-A with hPDGF, a growth factor attracting pericytes and
smooth muscle cells for arterial vessel maturation. In order to improve
efficacy, we utilized adeno-associated virus (AAV) 2/9, allowing
for prolonged transgene expression. Methods: 7 days after femoral
artery excision, 1x1011 hVEGF-A-AAV alone or in combination with
1x1012 hPDGF-AAV particles were retroinfused into the anterior
tibial vein of rabbits (n=5/group, p<0.05). LacZ-AAV2 was used as
reporter-gene controls. At d7 and 35 angiography of both hindlimbs
was performed for collateral quantification (% of d7 level) and frame
count score (cinedensitometry, % of d7 level). Capillary density
(Capillary muscle fiber ratio, CM/F) was assessed at d35 by PECAM1-staining of the ischemic gastrocnemic and tibial anterior muscles.
Results: LacZ-expression was detected at d35 in control animals.
hVEGF-A-AAV retroinfusion strongly induced angiogenesis (CM/F
1,32+0,07 vs. 0.96+0,08, controls), but failed to enhance collateral
growth (125+7 vs. 95+6%, controls, p<0.05) or perfusion (frame
count score: 136+12% vs. 107+9%, p=0.07). hVEGF-A/hPDGF coapplication, however, enhanced perfusion (163+8%, p<0.05) via an
increased collateral growth (146+9%, p<0.01) at a similar capillary
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density (1,44+0,10).We conclude, that the efficacy of hVEGF-Atransfection is increased by hPDGF-co-transfection with a long-acting
AAV. Utilizing this approach, the main target of hPDGF appears to
be the collateral vasculature, complementary to the capillary growth
induced by hVEGF-A.
137. Augmentation of AAV-Mediated Vascular
Gene Transfer by Ad Vectors
Ilia Fishbein,1 Michael Chorny,1 Ivan Alferiev,1 Reesa Child,1
Robert J. Levy.1
1
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Background. The effectiveness of gene transfer mediated by
recombinant adeno-associated vectors (AAV) is limited by their
relatively inefficient nuclear uptake and processing, typically
resulting in low-to-moderate transgene expression levels, as well
as a significant lag time between transduction and peak expression.
It was previously shown that these hurdles can be overcome by coinfection with adenoviral vectors (Ad) that facilitate the processes
of AAV nuclear entry and conversion of single-stranded AAV DNA
to the transcription-competent double stranded form. However,
prior investigations on AAV/Ad interactions have been carried out
exclusively in vitro using the generic AAV2 serotype and highly
transducible cell lines. Our present studies have investigated a
utility of the AAV/Ad co-transduction to accelerate and enhance
arterial transgene expression in vitro and in vivo. Hypothesis. We
hypothesized that the Ad-mediated enhancement of the AAV gene
transfer will be observed 1) in the rat aortic SMC line (A10); 2) with
AAV9-pseudotyped vector (AAV2/9); and 3) can be reproduced in the
rat carotid model of stent angioplasty. Methods. Viral vectors used
throughout in vitro studies were administered either as free moieties,
or were tethered to the surface of stainless steel mesh disks, modeling
stent immobilization. Tethering of AAV and Ad vectors to the meshes
and non-coated stents was achieved using a hydrolysable crosslinker
enabling sustained release of immobilized vectors. Subconfluent A10
cells were transduced with 1) free AAV2GFP or AAV2/9GFP (both at
MOI of 5x105) and co-infected with free AdLuc (MOI 200, 400 and
800); 2) immobilized AAV2GFP (109 viral genomes per mesh) and
co-infected with free AdLuc (MOI 400); and 3) AAV2GFP (109 viral
genomes per mesh) and AdLuc (2x107 particles) co-immobilized
on the same meshes. GFP expression was assessed by fluorescent
microscopy and fluorometry over time (1-14 days). In vivo, stents
configured with 109 AAV2/9Luc genomes were deployed in the rat
carotid arteries followed by local intralumenal delivery of 2x109
AdGFP particles (n=5), or saline control (n=5). Luciferase expression
was assessed on day 3 post-stenting by optical imaging. Results.
Co-transduction with non-immobilized AAVGFP and AdLuc vectors
resulted in an AdLuc dose-dependent increase of GFP expression for
both AAV2 and AAV2/9 serotypes (8, 14, 18-fold, and 17, 37, 47-fold,
respectively). Similarly, co-transduction with free AdLuc increased by
5.2-fold the GFP expression brought about by the mesh-immobilized
AAV2GFP vectors. Finally, when both AAV2GFP and AdLuc were tethered
to the same meshes, site-specific GFP expression increased 3-fold
compared to the meshes configured with AAV2GFP vectors only. In
vivo, 3 days after the deployment of AAV2/9Luc-tethered stents, the
luciferase expression was 5.3-fold higher in the animals co-treated
with intralumenal delivery of AdGFP vectors in comparison with saline
controls. Conclusions. Vascular gene transfer by AAV vectors can be
augmented by co-transduction with Ad vectors both in vitro and in
vivo. This finding has potential implications for the development of
AAV-based gene therapy strategies for the prevention of restenosis
and atherosclerosis.
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138. Adenovirus-Mediated Gene Transfer of
ApoA-I Mutants in ApoA-I-Deficient Mice Identified
Discrete Steps in the Pathway of Biogenesis of
HDL and the Role of Specific Residues 89 to 96
Region in Dyslipidemia
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Duka,1 Vassilis I. Zannis.1
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Apolipoprotein A-I (apoA-I) is the major protein component of
high density lipoprotein (HDL) that is required for the biogenesis
and the functions of HDL. The biogenesis of HDL is a continuous
pathway where apoA-I and various participating proteins interact
successively to form initially preОІ-HDL and subsequently discoidal
and mature spherical HDL particles that contribute to atheroprotection
and other functions of HDL. Systematic mutagenesis and gene
transfer of apoA-I mutants in apoA-I-deficient mice showed that:
a) The C-terminal region of apoA-I is required for apoA-I/ABCA1
interactions and HDL biogenesis b) The (89-99) region affects PLTP
activity, HDL maturation and cholesterol levels c) Point and deletion
mutations in helices 2 and 3 of apoA-I induce hypertriglyceridemia d)
The 140 to 160 region affects activation of LCAT and HDL maturation
Treatment with LCAT or with lipoprotein lipase may correct aberrant
HDL phenotypes. We have studied the effect of substitutions of
charged residues in the 89 to 96 region on the biogenesis of HDL and
the induction of dyslipidemia in apoA-I-/- mice. Adenovirus-mediated
gene transfer of a triple mutant (apoA-I[Asp89Ala/Glu91Ala/Glu92/
Ala] in apoA-I-deficient mice increased plasma cholesterol and caused
severe hypertriglyceridemia. The HDL was reduced and the majority
of cholesterol and all the triglycerides were distributed in VLDL.
Similar analysis of a double mutant apoA-I[Lys94Ala/Lys96Ala]
showed that the total cholesterol triglycerides and HDL cholesterol
levels were in the normal range. Density gradient ultracentrifugation
of plasma showed the HDL of WT apoA-I and the apoA-I[Lys94/
Lys96) was distributed mainly in the HDL2 and to a lesser extent
in the HDL3 region. In contrast, approximately half of the mutant
apoA-I[Asp89Ala/Glu91Ala/Glu92Ala] was distributed in the
VLDL/IDL region. Electron microscopy showed that both the WT
and the two mutants formed spherical particles. Two-dimensional gel
electrophoresis showed that the WT apoA-I and the apoA-I[Lys94Ala/
Lys96Ala] formed normal О±HDL subpopulations along with small
amounts of preОІ HDL. In contrast, the apoA-I[Asp89Ala/Glu91Ala/
Glu92Ala] formed preОІ and О±4 HDL particles. We conclude that the
negatively charged residues Asp89, Glu91 and Glu92 are critical
for the normal functions of HDL and when altered, cause severe
dyslipidemia. The increase in plasma triglyceride also appears to
affect the maturation of HDL and causes accumulation of О±4 HDL
particles which may be ineffective in protecting from coronary
heart disease. The discrete phenotypes observed in mice may help
in the diagnosis of similar phenotypes in humans and may facilitate
prognosis and treatment of these conditions in order to prevent heart
disease. These studies demonstrate that adenovirus-mediated gene
transfer offers a unique approach to study efficiently the normal and
aberrant functions of hepatic proteins.
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139. VEGF-Dв€†Nв€†C Gene Transfer to Skeletal
Muscles of Diabetic WHHL Rabbits Increases
Recruitment of Progenitor Cells and Induces
Efficient Angiogenesis
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Markkanen,1 Seppo Yla-Herttuala.1
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Arterial occlusive disease is often associated with diabetes and
hyperlipidemia. Formation of collateral vessels with the use of gene
therapy can help in increasing the perfusion to ischemic tissues. Both
diabetes and hypercholesterolemia are known to inhibit angiogenesis
and therefore the success of therapeutic angiogenesis in the presence
of diabetes and hyperlipidemia is doubtful. Vascular endothelial
growth factors (VEGFs) are the key molecules in the process of
angiogenesis. The mature form of VEGF-D (VEGF-Dв€†Nв€†C) is a potent
angiogenic mediator. In this study we show that VEGF-Dв€†Nв€†C gene
transfer induces efficient angiogenesis in the skeletal muscles of
diabetic hyperlipidemic animals. Male WHHL rabbits (n=24) were
used in this study. Experimental diabetes was induced in a group of
animals by alloxan. Two months after induction of diabetes a group
of diabetic animals (n=7) and a group of non-diabetic animals (n=7)
received intramuscular injections of adenoviruses encoding human
VEGF-Dв€†Nв€†C (AdVEGF-Dв€†Nв€†C). Another group of diabetic animals
(n=5) and non-diabetic animals (n=5) received IM injections of
adenoviruses encoding LacZ (AdLacZ) and served as controls.
All animals were sacrificed six days after gene transfer. Capillary
count, capillary area, capillary permeability and perfusion were
significantly higher in both diabetic and non-diabetic AdVEGFDв€†Nв€†C transduced rabbit muscles when compared to the respective
AdLacZ controls. Increased endothelial nitric oxide synthase (eNOS),
VEGF receptor(R)-2 expression and endothelial precursor cell (EPC)
recruitment was observed in the skeletal muscles following VEGFDв€†Nв€†C gene transfers. We also observed the expression of angiopoeitin
(Ang)-1, Ang-2 and their receptor Tie2 is increased in the VEGFDв€†Nв€†C transduced muscles. The results show that the VEGF-Dв€†Nв€†C
is an efficient angiogenic molecule even in presence of diabetes and
hyperlipidemia.
140. VEGFR-2 Specific Chimeric VEGF-ENZ7/
PlGF Gene Transfer to Periadventitial Space
Induces Efficient Angiogenesis
Shalini Bhardwaj,1 Himadri Roy,1 Mohan Babu,1 Masabumi
Shibuya,2 Seppo YlГ¤-Herttuala.1
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Adventitial vasa vasorum plays a role in the pathogenesis of
vascular occlusive disease. Vascular endothelial growth factors
(VEGFs) and their receptors are key molecules the regulation of
angiogenesis and lymphangiogenesis. VEGF-E is a group of proteins
encoded by several Orf viruses that binds specifically to VEGF
receptor (VEGFR)-2 and has strong angiogenic activity. It has been
reported that VEGF-ENZ7 produces less edema and hemorrhage.
VEGF-ENZ7 is 22.7% and 27.3% identical to human VEGF-A165 and
placental growth factor (PlGF)-1 and there is a high risk of immune
rejection on clinical administration. Novel VEGF-E/PlGF chimera
genes have recently been developed with VEGF-E functions but less
antigenicity. Adenovirus (Adv) mediated periadventitial gene transfer
to rabbit carotid arteries was performed to compare the angiogenic
responses of VEGFR-2 specific VEGF-E/PlGF chimera and heparin
binding domain deficient VEGF-A109. AdvLacZ served as control
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in the experiments. Seven days after gene transfer we observed a
significant (p<0.05) increase in the number of adventitial capillaries
in AdvVEGFE/PlGF transduced arteries. Increased endothelial cell
proliferation but inefficient capillary tube formation was observed in
VEGFA109 transduced arteries. There was significant increase (p<0.05)
in the number of macrophages in the VEGFE/PlGF and the VEGFA109
transduced arteries. The VEGFE/PlGF and VEGFA109 transduced
arteries also develop significant (p<0.05) intimal thickening. Presence
of increased endogenous VEGF-A in the VEGF-E/PlGF chimera
transduced blood vessel could affect the inflammatory cell response.
A lack of heparin binding domain in VEGF-A109 induces endothelial
cell proliferation but precludes efficient tube formation. We conclude
that adenovirus-mediated VEGF-E/PlGF chimera gene transfer to
vascular tissue induces significant angiogenesis. Increased adventitial
angiogenesis along with VEGFR-2 mediated signalling presumably
contribute to neointima formation.
141. Lentiviral-Mediated Gene Delivery to
Vascular Cells In Vitro and In Vivo
Ciara OвЂ™Shea,1 Sean Hynes,1 Padraig Strappe,1 Frank Barry,1
Timothy OвЂ™Brien.1
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Vascular gene therapy will require vectors capable of delivering
genes in a safe and efficient manner. There is extensive experience
with the use of adenovirus for vascular gene delivery and a lesser
amount with AAV. There is limited experience with the use of
lentiviral vectors for vascular gene delivery. The aim of this study
was to examine the use of lentiviral vectors for vascular gene delivery
focusing on the effect of the time of exposure of target cells to vector,
dose response, the effect of viral envelope, the species of origin of
vascular cells and in vivo delivery to rabbits and rats following a
number of routes of vector administration. Lentiviral vector with
VSVG envelope efficiently transduced both endothelial and vascular
smooth muscle cells in vitro after 20 minutes viral exposure and with
an MOI of 10 in the absence of cytotoxicity. Baculo gp64 pseudotyped
lentivirus was equally efficient. Rabbit cells could not be transduced
with lentivirus in vitro while both human and rat cells were equally
permissive. This finding was also observed following gene transfer
to rabbit blood vessels in vivo. In spite of efficient gene expression in
vitro in human and rat cells in vivo transgene expression could only be
detected in rats at the higher dose and only at the level of mRNA.
142. Characterization of Viral Mediated Gene
Delivery into Neurons Cultured from Adult Rat
Paraventricular Nucleus (PVN)
Nan Jiang,1 Hongwei Li,1 Shun Lu,2 Rachael Harrison,1 Adolfo E.
Cuadra,1 Mohan K. Raizada,1 Colin Sumners.1
1
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of Florida, Gainesville, FL; 2Department of Pathology, University
of Florida, Gainesville, FL.
Angiotensin (Ang) II elicits profound cardiovascular effects by
acting at Ang II receptor type 1 (AT 1) receptors that are located
in the hypothalamus and brain stem. The paraventricular nucleus
(PVN) of the hypothalamus is essential for the regulation of a number
of neuroendocrine and autonomic functions and cardiovascular
regulation, and has a high density of AT1 receptors. In our previous
studies, we applied an adenoviral vector (Ad5) to elicit neuronal over
expression of an anti-oxidant protein macrophage migration inhibitory
factor (MIF) into adult rat PVN in situ, and identified MIF as an
intracellular negative regulator of the CNS-mediated pressor action of
Ang II (Sun et al, Hypertension. 2007 49(3):528-34. Li et al, FASEB
J. 2006 20(10):1748-50). The objective of the present study was to
isolate and culture neurons from adult rat PVN, and to utilize these
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cultures to identify the Ang II responsive/AT1 receptor-containing
neurons. Further, our objective was to establish the conditions for
viral-mediated gene delivery into these neurons, for future studies on
MIF over expression. The PVN or parietal cortex cells were isolated
and cultured from brain slices of 3-4 week old Sprague-Dawley rats.
The neuronal cultures covered nearly 50% of each dish. We compared
the AT1 receptor mRNA levels between brain tissue or cells cultured
from PVN and parietal cortex by real time PCR. The AT1 receptor
mRNA in PVN tissue or neurons cultured from PVN is significantly
higher than in parietal cortex or neurons cultured from this area (p<
0.00001). We also identified AT1 receptors in adult rat PVN neurons
in culture by electrophysiological methods using whole cell patch
clamp. Delayed rectifier potassium current (from neurons at day 3
to day 7 in vitro) was inhibited by Ang II (100 nM) by almost 20%.
The inhibitory effects of Ang II were reversed by the AT1 receptor
antagonist losartan (1 ВµM). Furthermore, the neurons showing a
rapid response to Ang II were determined AT1 receptor positive using
single cell nested RT-PCR.To deliver foreign genes into neurons of
adult neuronal cultures, we infected the cultures with an adenoviral
vector Ad5-SYN-GFP (1Г—107infectious units/dish) containing the
GFP gene under the control of human synapsin I promoter. From day
2 post-transduction, GFP fluorescence was observed in neuron-like
cells, which were confirmed as neurons by immunostaining using
an antibody against the neuron-specific marker Neun. The GFP
fluorescence intensity increased up to 3 days, and lasted at least 8
days. In conclusion, we have developed a neuronal culture technique
for isolation of PVN neurons from adult rats, identified the neurons
with AT1 receptor expression by patch clamp and single cell RT-PCR,
and have achieved neuronal gene delivery in the cultures by using the
adenoviral vector. Future studies will be geared towards using this
system to deliver MIF to phenotypically identified PVN neurons, and
determine the effects on AT1 receptor mediated electrophysiological
actions of Ang II.
143. Expression of Adenoviral Receptors in
Human Cardiomyopathy
Raine Toivonen,1 Mikko Mayranpaa,2 Mikko Savontaus.1
1
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Current treatment options for patients with end-stage
cardiomyopathy are clearly inadequate and gene therapy is an
attractive treatment alternative for these patients. Inefficient gene
delivery due to low expression levels of adenoviral receptors on
target cells is a major reason for the limited efficacy seen in most
adenovirus gene therapy clinical trials. Recent attempts to circumvent
this problem have involved the use of hybrid viruses harboring
alternative serotypes. In an initial step towards developing targeted
gene therapy for cardiomyopathy we set out to perform a detailed
analysis of receptor expression levels for several adenovirus serotypes
(CAR, CD46, CD80, CD86 and О±V-integrin) using myocardial
samples from cardiomyopathy patients and healthy donor controls
taken at the time of heart transplantation. Western analysis revealed
that adenovirus receptors CAR, CD46 and CD86 were upregulated in
cardiomyopathy samples as compared with healthy controls, whereas
О±V-integrin expression behaved in an opposite manner. RNA analysis
using Q-RT-PCR showed upregulation of receptors CAR, CD46 and
О±V-integrin in cardiomyopathy samples when compared to controls.
Immunohistochemistry of frozen myocardium sections demonstrated
that while CAR is upregulated in DCM, CD46 is expressed about
four times more abundantly in both non-failing and cardiomyopathy
hearts than CAR. Highest levels of CD46 expression were observed
in endothelial cells. These results support the development of targeted
gene therapy for cardiomyopathy and suggest that Ad5/35 hybrid
virus, which uses CD46 as a cellular attachment receptor, is an
attractive vehicle for gene delivery to the myocardium.
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144. Peptide YY Transgene Expressed in Murine
Salivary Glands Decreases Food Intake
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Administration of satiety gut hormones, like peptide YY (PYY), is
a novel therapeutic approach to reduce food intake in obese human
patients. However, the current delivery methods are invasive and
are associated with adverse side effects and low pharmacological
adherence. Accordingly, we adopted a gene therapy approach to
provide an advantageous and long-term delivery method of PYY
to induce satiation and reduce food intake and body weight. Our
experimental approach is based on the intrinsic physiological function
of PYY to increase satiation without altering appetite. To achieve this
goal a transgene encoding pre-pro-Peptide YY has been designed to
target the regulatory granule secretion pathway such that the peptide
will be released in response to normal food consumption. To test
the regulatory granule secretion mechanism in vitro, we transduced
neuro-endocrine-like NCI-H716 cells with a recombinant adenoassociated vector (rAAV) encoding murine pre-pro-PYY (rAAV-PYY)
and measured PYY secretion with a radio-immuno-assay. After
transfection and differentiation, cells exhibited a 34-fold increase in
PYY secretion under basal conditions; and a 180-fold increase after
granule stimulation by meat hydrolysate. We further hypothesized that
targeting the salivary glands over conventional endocrine cells in the
gut would 1) result in an earlier secretion of PYY and induce earlier
satiation, 2) require a lesser amount of vector to achieve therapeutic
PYY levels, and 3) provide a favorable intraoral delivery route for
vector injection. Towards this aim, we injected 1010 particles of AAVPYY, AAV-leptin (positive control), AAV-GFP or saline solution
(negatives controls) to submandibular salivary glands of 8 week-old
male Balb/c mice. We found that PYY and leptin transgenes decreased
food intake compared to either negative control. Furthermore, 24 hour
food intake following an overnight fast was lower in mice treated
with PYY compared to leptin, indicating increased satiation. PYY
treated mice also had significantly lesser weight gain compared with
the saline group 12 weeks after injection. These results indicate that
ectopic expression of PYY in salivary glands decreases food intake
and body weight, and is a potential new treatment for obesity.
145. Ultrasound and Micro-Bubbles Coated with
Anti-VCAM-1 Antibody for Selective Gene Delivery
to Unstable Atherosclerotic Plaques in Mouse
Aorta Post Angioplasty
Lyubomir Petrov,1 Minna U. Kaikkonen,1,2 Tommi Heikura,1,2
Thomas Wirth,1,2 Einari Aavik,2 Kari Airenne,1 Seppo YlaHerttuala.1,2
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Aims: We aim to study the pathogenesis of atherosclerotic
aneurysms and to develop novel diagnostics and early therapies
preventing aneurysm formation. To achieve this, microbubbles
(MCBs) and lentivirus vectors were developed for targeted gene
delivery to unstable atherosclerotic plaques. Background: Angioplasty
is known to initiate vascular responses leading to recurrent plaque
growth and vascular remodeling. Hemodynamic forces can expand
the aortic wall leading to the formation of aneurysms. These forces
are accompanied by inflammatory cell invasion and release of
inflammatory mediators such as cell adhesion molecules (ICAM
and VCAM), chemokines, cytokines, growth factors and matrix
degrading enzymes that promote cell invasion and hyperplasia
leading to expansion of the arterial lumen. Study: First we followed
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the progress of atherosclerosis in mice on Western (WD) and low
cholesterol diet (LC) post-angioplasty. The changes in vascular wallelasticity were determined by serial scanning with microultrasound
generating also 3-D images of the mouse aorta. The results were
confirmed by sequential morphometric histology. Gene expression of
VCAM-1, ICAM, MMP- 2, -9, -12, -13 and -14 , TIMP 1-4, IL-2, -6
and MPO were studied at selected time points. To stop the progress of
atherosclerosis, we studied the use of MCBs for ultrasound-enhanced
gene delivery to atherosclerotic plaques after angioplasty. The use of
MCB-mediated gene delivery has so far been largely concentrated
to solid organs since the concentration needed for successful
sonoporation in arteries with stronger blood flow is much higher than
that needed for clinical ultrasound imaging. To increase the number
of MCBs near the atherosclerotic plaques, we used targeted MCBs
carrying VCAM-1 antibody. In addition, to enable long-term gene
expression for antithrombotic therapy post-angioplasty and stenting,
a lentivirus vector coated with VCAM-1 antibody was used. The gene
delivery efficacy of lentivirus was compared to the controlled gene
transfer by sonoporation and MCBs. We also elucidated the vascular
response after VEGF-D gene transfer on aneurysm formation.
Results: After angioplasty, all WD mice developed large aneurysms
as early as day 28 compared to 50% of LC mice, engaging longer
segments (4.8mmВ±1.8mm vs. 2.4mmВ±0.5mm in LC, P<0.05) with
bigger diameter (increase 188%В±37.8% WD vs. 157%В±7% LC). At
day 49, the atherosclerotic plaques were significantly thicker in WD
mice compared to LC mice (av. 406 Вµm vs. 180 Вµm, P= 0.0002),
accompanied with strong decrease in elasticity (57.1% WD vs. 30.3%
LC). The gene expression of the inflammatory mediators and most of
the matrix degrading enzymes logically followed the morphological
and histological findings. In the second part of our study, selective
binding of VCAM-1 targeted vectors to the atherosclerotic plaques
was demonstrated after i.v. injection (24.08% in imaging field),
indicating that VCAM-1 targeting is an efficient means for gene
delivery to unstable atherosclerotic plaques.
mRNA was observed. Sprague-Dawley rats were then injected into
their hepatic portal veins with 5 x 10(7) infectious units of each
vector, or both together. Control rats were treated with a control
rSV40, SV(BUGT), or saline. 14d later, HMGCoA-R mRNAs were
quantitated in those livers. Recipients of SV(RNAi-HMGCoA-R#1)
showed 6.76 x 10(3) HMGCoA-R mRNAs/6.7 x 10(4) tubulin mRNA
copies. Recipients of SV(RNAi-HMGCoA-R#4) showed 3/46 x 10(2)
HMGCoA-R mRNAs/6.7 x 10(4) tubulin mRNA copies. Recipients of
both vectors together showed 3.84 x 10(1) HMGCoA-R mRNAs/6.7
x 10(4) tubulin mRNA copies. Rats receiving either or both RNAicarrying vectors or saline via portal vein inoculation were followed for
6 months with monthly analysis of blood cholesterol levels. The mean
(+/- SEM) blood cholesterol levels for rats given intraportal saline
was 68.43 +/- 4.4 mg/dl. For rats given SV(RNAi-HMGCoA-R#1),
it was 54.67 +/- 2.5 (20.1% reduction). For recipients of SV(RNAiHMGCoA-R#4), it was 55.00 +/- 2.2 (19.6% reduction). And for rats
given both vectors together, it was 51.13 +/- 3.16 (25.3% reduction).
All cholesterol values in RNAi vector recipients differed significantly
from cholesterol values in control rats, by Wilcoxon signed rank test:
P = 0.031, 0.016 and 0.016 respectively. Therefore, a single rSV40
administration of interfering RNA to the liver, targeting HMGCoA
Reductase led to substantial reduction in the targeted enzyme and
stable, long-term and significant lowering of blood cholesterol
levels. The potential effectiveness of gene delivery in reducing blood
cholesterol should be further investigated.
146. Targeting HMGCoA Reductase and
Reducing Blood Cholesterol Using Interfering RNA
Delivered to the Liver by SV40-Derived Vectors
E. coli O157 is one of the leading causes of foodborne illness in
the US, and deliberate food source contamination with the bacteria
is a significant bioterrorism-related concern. In addition to Shiga
toxin, several bacterial toxins have been designated Category A and
Category B bioterrorism agents by the CDC based on their potential
use as biowarfare agents. In the event of a deliberate release of Shiga
toxin or E. coli O157, there are currently no therapies available to
directly treat the effects of the toxin. To solve this challenge, we
hypothesized that genetic delivery of a Shiga toxin (STX)-neutralizing
antibody with an adenovirus (Ad) gene transfer vector would provide
robust protective immunity against Shiga toxin. The coding sequences
for the anti-Shiga toxin antibody heavy and light chains were isolated
from a hybridoma line producing an anti-Shiga toxin 1 neutralizing
antibody by RT-PCR and RACE and cloned into a replicationdefective serotype 5 Ad gene transfer vector (AdО±STX). Separation
of the heavy and light chain subunits by the poliovirus IRES facilitated
expression of both protein subunits from a single CMV promoter.
Following infection of A549 cells with AdО±STX, expression of the
anti-Shiga toxin antibody in infected cell supernatants was confirmed
by Western analysis. When AdО±STX-infected cell supernatants were
analyzed by Western under native (non-reducing) conditions, a
protein of the expected size for a completely assembled monoclonal
antibody was detected. The specificity of the Ad-expressed antibody
was confirmed by using the supernatants of AdО±STX-infected cells
as the primary antibody in Western immunoblots of purified Shiga
toxin 1. Following intravenous administration of AdО±STX to C57Bl/6
mice, serum anti-Shiga toxin antibodies were measured over time by
ELISA. High anti-Shiga toxin antibody titers were detectable as early
as one day post-administration (3659 В± 828), peaked by day 5 (22,379
В± 7768) and remained detectable through a 10 wk time course. Serum
neutralizing antibody titers paralleled the serum ELISA antibody
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The enzyme 3-hydroxy-3-methyl-glutaryl-CoA Reductase
(HMGCoA-R) catalyzes conversion of HMG-CoA to mevalonic acid,
the rate limiting step in the cholesterol biosynthetic pathway. It is the
target of the class of pharmaceuticals called statins. The importance
of this enzyme to the development of atherosclerotic cardiovascular
disease is underscored by the effectiveness of statins in reducing LDL
cholesterol and in protecting from ischemic cardiovascular deaths.
We undertook to target HMGCoA-R using interfering RNA (RNAi)
delivered by Tag-deleted SV40-derived vectors. We first tested an
array of soluble RNAiвЂ™s designed to target parts of the HMGCoA-R
transcript that are highly conserved among rodents and primates. We
devised a quantitative reverse transcriptase PCR assay (Q-RT-PCR)
for HMGCoA-R mRNAs, with reference to a control transcript,
beta-tubulin. 5 soluble RNAi species, all targeting regions of the
HMGCoA-R mRNA that are identical in both human and rat, were
transfected into HepG2 cells. Two (#1 and #4) of these lowered
HMGCoA-R mRNAs appreciably, compared to control-treated
cultures. cDNAs encoding each of these siRNA species were cloned
into rSV40 vectors, in which expression was driven by the adenovirus
VA1 pol III promoter. The effectiveness of these expression constructs
was confirmed by transfecting the vector DNA into HepG2 cells.
Recombinant Tag-deleted SV40-derived vectors were prepared
for both of the RNAi constructs, and HepG2 cells were transduced
with SV(RNAi-HMGCoA-R#1), SV(RNAi-HMGCoA-R#4), or
both together. Almost complete downregulation of HMGCoA-R
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147. Genetic Delivery of an Anti-Shiga Toxin
Monoclonal Antibody Protects Mice Against Shiga
Toxin Challenge
Julie L. Boyer, Stephanie Vano, Ronald G. Crystal.
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titers. When animals that received AdО±STX were challenged with a
lethal intraperitoneal dose of Shiga toxin 1 at day 5 post-AdО±STX
administration, 100% of the animals were protected, while 0% of
control animals survived (p<0.001). These data demonstrate that
genetic delivery of a Shiga toxin-neutralizing antibody with an
adenovirus vector is an effective therapeutic strategy against Shiga
toxin. This strategy represents a platform to develop parallel therapies
against other bacterial toxins with limited or no treatment.
148. Induction of Potent T Cell Immunity
by DNA Immunization, Molecular Adjuvants
and Electroporation: Comparison of Specific
Responses Induced by Co-Vaccination of SIV DNA
with Plasmid IL-12, IL-15 or RANTES in Rhesus
Macaques
Jean Boyer,1 Lauren A. Hirao,1 Jian Yan,1 Amir S. Khan,2 Anlan
Dai,1 Ruxandra Draghia-Akli,2 David A. Hokey,1 Ling Wu,1
Mark Lewis,3 Mike Betts,1 Jon Warren,4 Nancy Miller,4 David B.
Weiner.1
1
Pathology, University of Pennsylvania, Philadelphia, PA;
2
Immune Therapeutics Division, VGX Pharmaceuticals, The
Woodlands, TX; 3Bioqual, Inc., Rockville, MD; 4Division of AIDS,
Preclinical Research and Development Branch, NIAID, Bethesda,
MD.
Recent studies from our laboratory and others have reported on
the ability to improve DNA vaccine potency in non human primates
by optimized DNA vaccine cassettes and electroporation (EP). We
have also reported on the ability of plasmid IL-12, plasmid IL-15 or
plasmid RANTES to augment immunity of an optimized SIV DNA
vaccine in macaques. Here we set up a study to compare the ability of
these different optimized macaque constructs (IL-12, IL-15, RANTES
vs. control) to elicit adjuvant immune responses induced by SIV
DNA vaccines delivered using the CELLECTRAв„ў constant current
EP device. Rhesus Macaques (n = 6 per group) received a dose of
1.5 mg of each vaccine plasmid +/- 1.5mg of cytokine/chemokine
adjuvant at 1 month intervals. Control animals were sham vaccinated.
A dramatic induction of ELISpot responses was observed. After
two immunizations, animals averaged a substantial 5,000 SFU/106
PBMC. The highest responses were observed in the IL-12 group,
with IL-15 adjuvanted animals exhibiting the lowest responses.
Following a 4th Booster immunization, animals in the DNA and IL-12
group and RANTES group exhibited ELISpot responses on average
of over 16,000 SFU/106 PBMC. Furthermore, the responses were
extremely broad with more than 20 epitopes on average responding
in each group. The ELISpots observed in the IL-15 group were lower,
however, than the other groups. We analyzed proliferative responses
after the 3rd immunization and observed exceptionally high levels
of CD8 T cell proliferation favoring IL12>DNA>RANTES>IL-15
groups. In the IL-12 adjuvanted animals, proliferation frequencies
of over 35% were observed. The IL-15 group exhibited a two-fold
lower response of antigen specific T cell proliferation but the cells
that were highly proliferative appeared to consist primarily of central
memory T cells. We assessed polyfunctional T cell responses (IFNОі,
TNFО±, IL-2, CD107a) and observed that the DNA + IL-12 group
were the highest responders with up to 2% of the cells responding
in a polyfunctional fashion, although not all animals exhibited the
same degree of polyfunctionality. Again, IL-15 adjuvanted animals
exhibited lower responses in this assay. Differences were observed in
memory versus effector memory T subsets induction. These studies
clearly support the potency of highly optimized DNA vaccines
delivered by constant current EP as an effective vaccine platform.
In addition, immune modulation by molecular adjuvants is clearly
observed. The effect of these parameters to impact mucosal SIV
challenge will be reported.
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149. Heterologous Immunizations Utilizing a
Novel HIV-Based Lentiviral Vector Enhance the
Immunogenicity of an Ad5 HIV Vaccine Candidate
and Circumvent Vector Neutralization
Benyam Asefa,1 Nikolay Korokhov,1 Yongjun Ye,1 Laurent
Humeau,1 Christopher Chen,1 Franck Lemiale.1
1
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Heterologous вЂњprime-boostвЂќ regimens with two different viral
vectors have been shown to markedly increase the immunogenicity
of the individual vectors, and minimize the generation of anti-vector
neutralizing activity. Lentiviral vectors are one of the most effective
vehicles for delivering vaccine payloads, since they can infect a wide
variety of cells, and possess the ability to transduce replicating as well
as non-replicating cells. An HIV-based lentiviral vaccine candidate,
VRX1023, was tested for immunogenicity using a heterologous
prime-boost strategy with an adenoviral HIV vaccine candidate
previously shown to be highly immunogenic, but characterized by
high levels of anti-vector neutralizing activity. Methods: VRX1023
was engineered to carry full-length HIV Gag, Pol and Rev genes,
and pseudotyped with VSV-G. Immunizations using VRX1023
and Ad5 were performed on mice, and immunogenicity assayed
with intracellular cytokine staining, as well as anti-HIV ELISA.
Neutralization assays were carried out using Ad5 or VRX1023
constructs to transduce Hela-tat cells in the presence of sera from
immunized mice. Results: Combining the two vaccine candidates
in a heterologous prime-boost approach induced an average fourfold higher immunogenic response in CD8+ T-cells and greater
polyfunctional response in CD4+ T cells, relative to homologous
immunizations. In addition, homologous prime-boost regimens were
found to induce high levels of anti-vector neutralizing antibodies in
Ad5-immunized mice, while an equally immunogenic VRX1023
vector elicited much lower levels of neutralizing antibodies. However,
we found that the heterologous prime-boost strategy did not elicit
any significant neutralizing activity to either vector. Conclusion:
VRX1023 elicits an HIV-specific immunogenic response that is
comparable in magnitude and quality to that of a leading Ad5 vaccine
candidate. Furthermore, combining the two vaccine candidates
in a heterologous immunization regimen dramatically improves
immunogenicity and polyfunctionality of either vector. These findings
have major implications on the development of HIV vaccines that
are broadly accessible to populations with pre-existing immunity
to Ad5.
150. Adenovirus-Mediated Interferon
Gene Therapy Combined with Post-Exposure
Vaccination Protects Mice from Lethal Alphaviral
Encephalitis
Josh Q. H. Wu,1 Nicole D. Barabe,1 Rayner A. George.1
1
Biotechnology Section, Defence Research and Development
Canada, Medicine Hat, AB, Canada.
Alphaviruses are single-stranded, positive-sense RNA viruses
which include eastern, western, and Venezuelan equine encephalitis
viruses. These viruses are an important cause of encephalitis in the
Americas, causing disease in horses, birds, and humans. In nature,
alphaviruses are transmitted through mosquito bites. The viruses
can also be easily transmitted through the aerosol route. Neither
human vaccine nor antiviral drugs are available to prevent alphaviral
encephalitis. We previously developed a mouse lethal challenge model
of western equine encephalitis (WEE). Using this model, we tested
whether the combination of adenovirus-mediated interferon gene
therapy with post-exposure vaccination would be effective for postexposure prophylaxis against lethal alphaviral encephalitis. We made
two recombinant human adenoviruses - one expressing the envelope
proteins of WEE virus and another expressing mouse interferon alpha.
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We found close to 90% of mice were protected against a lethal dose
challenge with WEE virus when given both recombinant adenoviruses
at 6 h after the challenge. A partial protection was also achieved
when given both adenoviruses at 24 h after the challenge. Our data
demonstrate that interferon alpha gene therapy in combination with
post-exposure vaccination has potential for post-exposure prophylaxis
against lethal alphaviral encephalitis.
151. Redirected T-Cells for Adoptive
Immunotherapy of Cancer and Autoimmune
Inflammation: Lessons from Transgenesis
Zelig Eshhar,1 Tova Waks,1 Dinorah Morvinski-Friedman,2 Eran
Elinav.1
1
Immunology, The Weizmann Institute of Science, Rehovot, Israel;
2
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Genetically engineered, T-cells, redirected with antibody-type
specificity, of either effector or regulatory phenotype hold promise
for the immunotherapy of cancer and autoimmune inflammation,
correspondently. To study the function of redirected naГЇve T-bodies
we have generated various transgenic (Tg) mouse strains in which
tripartite chimeric receptor (TPCR) genes, made of scFv-CD28FcRgamma, were expressed under the CD2 enhancer/promoter that
directs their expression in T and NK cells. NaГЇve T cell sub-population
from these mice, (specific to either HER2/neu or to TNP) manifested
their full function in vitro following activation in the absence of
MHC or co-stimulatory ligands. Tg mice expressing HER2/neuspecific TPCRs rejected completely HER2/neu-expressing syngeneic
tumor grafts, either solid or in experimental lung metastatic models.
Moreover, Tg T-cells adoptively transferred to tumor-bearing wildtype
mice prevented metastases formation in the lungs and prolonged
the survival of the treated mice. Importantly, lymphoablation and
IL-2 were needed to obtain substantiated effect. Then the ability
of redirected T regulatory cells (Treg) to specifically protect and
alleviate the effect of autoimmune colitis was tested. Isolated
CD4+CD25+Foxp3+ Treg from TNP-specific Tg mice and suppressed
the in-vitro activity of TNP-specific Teff cells. Based on the higher
proportion of Treg in the TNP-specific TPCR Tg mice, we have
predicted and indeed found that these mice are less susceptible to
TNBS induced colitis. Furthermore, we found that adoptive transfer
of Treg from TNP-specific Tg mice alleviated and in fact rescued
wild type mice from TNBS (but not from oxazolone) induced colitis.
Taken together, these data emphasize the acquired ability of naГЇve
T-bodies, expressing the TPCR to function in any subtype of T cell, to
redirect it to its predefined site and to specifically perform there their
predestined activity. Notably, the inclusion of CD28 co-stimulatory
moiety in the chimeric receptor is essential for these activities. Since
several cancers are abundant in chronically inflamed organs (e.g
colorectal carcinoma, hepatocarcinoma) and the pathogenic process is
not fully clear, in our ongoing research we establish the experimental
systems that will allow us to learn whether the T-body approach, using
redirected Tregulatory cells could be used to prevent or alleviate
these inflammation associated cancers. In all these studies, the mouse
colonoscopy system that was purchase in part by the Moross Institue
of Center has been of a great assistance.
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152. Development of a DNA-Based Vaccine
Platform with Broad-Spectrum Efficacy Against
Avian Influenza (H5N1)
Ami Patel,1,2 Michael Gray,2 Tracy Taylor,2 Kaylie Tran,2 Darwyn
Kobasa,1,2 Gary Kobinger.1,2
1
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Avian influenza (H5N1) infects aquatic bird as well as poultry
populations and has been associated with a high rate of avian
mortality. In recent years, the incidence of poultry-to-human
transmission has increased and the potential of human-to-human
transmission raises concerns of an emerging global influenza
pandemic derived from the H5N1 virus. Currently, vaccination is
the most effective prophylaxis against influenza infections. The
current study evaluates mono- and multivalent DNA vaccines based
on four H5N1 (A/Hanoi/30408/2005) antigens for protection against
diverging avian influenza strains. Potential antigenic targets were
chosen based on virion surface exposure and potential for antibody
stimulation: hemagglutinin (HA), neuraminidase (NA), and M2
ion channel protein as well as based on sequence conservation:
nucleoprotein (NP). An optimized expression cassette for each
antigen was generated through gene synthesis and insertion into a
DNA-based platform generating HA, NA, NP or M2-based DNA
vaccines. Each vaccine was evaluated alone or in combination with
each other in mouse models of H5N1 infection. T and B cell responses
were monitored following vaccination. Survival and weight loss were
monitored after challenge with homologous (A/Hanoi/30408/2005)
or heterologous (A/Hong Kong/483/1997) H5N1 virus. Humoral and
cell-mediated immune responses were evaluated for each antigen and
several immunodominant epitopes were identified in mice following
peptide re-stimulation. Serum levels of haemagglutination inhibition
(HI) or neutralizing antibody (NAB) and IFN-Оі production from
mononuclear cells varied for each antigen or combination of antigens
and correlated with survival after lethal challenges. The monovalent
HA-based DNA vaccine offered 100% survival against homologous
and heterologous challenges although full protection could also be
achieved with specific combination of antigens at significant lower
doses. The multivalent approach identified the combination of HA
and NA as optimal against the homologous challenge, while HA and
NP offered the best protection against the heterologous challenge.
Our studies suggest that cross-protection against diverging strains
of avian influenza (H5N1) can be optimized with the appropriate
combination of antigens.
153. Highly Immunogenic HIV-Based Lentiviral
Vectors Elicit Long-Term Anti-HIV Immunity in Mice
Franck Lemiale,1 Benyam Asefa,1 Nikolay Korokhov,1 Christopher
Chen,1 Gary McGarrity,1 Laurent Humeau.1
1
VIRxSYS Corporation, Gaithersburg, MD.
Among the current arsenal of genetic immunization tools, viral
vectors, and especially lentiviral vectors (LV), have demonstrated
great promise. Engineered LV can infect a wide variety of cell types
and, as opposed to other vectors, they can transduce even non actively
replicating cells, including dendritic cells, thus eliciting strong
immunogenicity to the transgenes. To take advantage of the human
safety data from three HIV gene therapy trials, a LV construct similar
to the one used in the clinic was modified to be used as a vehicle to
deliver HIV-derived antigens A VSV-G pseudotyped, HIV-based LV
carrying the full-length gag, pol and rev genes from HIV-1 and driven
by the native HIV LTR was used as a vaccine candidate. Vaccine
candidate development included route optimization in order to elicit
both systemic and mucosal responses in mice, protocol optimization
by combining the LV and DNA plasmids in prime/boost regimens,
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and assessment of sustained immunogenicity. All studies were
performed in mice and anti-HIV immunogenicity was assessed by
Intracellular Cytokine Staining and Elisa. Extremely high magnitude
responses (up to 17% of CD8+ lymphocytes expressing cytokines
in response to HIV stimulation in immunized mice) characterized
the immunogenicity of optimized LV (VRX1023). Sub-cutaneous
immunization induced high-level anti-HIV humoral and cellular
immunity in both the systemic and mucosal compartments. Long-term
transgene expression by LV-transduced cells resulted in sustained
anti-HIV immunogenicity. Combination of the viral vectors with
DNA plasmids in a DNA prime, lentivector boost protocol resulted
in greatly increased, polyfunctional anti-HIV cellular immunity,
outperforming those elicited by Ad5 vectors expressing similar
payloads in side by side comparisons.
154. Novel Adenoviral Vaccine Vectors Derived
from Human Serotypes 14 and 28
Christoph A. Kahl,1 Suja Hiriyanna,1 Megan Fultz,1 Jessica
Bonnell,1 Ping Chen,1 C. Richter King,1 Jason Gall.1
1
Research, GenVec, Inc., Gaithersburg, MD.
Adenoviruses are attractive vehicles for vaccine delivery due
to their inherent immunogenicity. Fifty-two serotypes of human
adenoviruses are known and Ad5 is most commonly used in gene
transfer and vaccine applications. However, the high prevalence of
preexisting immunity to Ad5 in some human populations could be
further increased by the widespread use of Ad5 vectors. Therefore,
we decided to study serotypes with low to moderate seroprevalence
for their potential as vaccine vectors. Stocks of twenty-nine serotypes
were obtained from the American Type Culture Collection, and
purified viral stocks were produced in 293-ORF6 cells. To screen
the viruses for potential utility as vaccine vectors, we used cytokine
secretion in vitro from infected human monocytes and peripheral
blood mononuclear cells (PBMC) as surrogate assays for adenoviral
immunogenicity in vivo. IFN-Оі-primed monocytes were exposed to
wild-type adenoviruses and stimulated with LPS. Cytokine secretion
was not affected by exposure to species C serotypes and most species
A, B, E, and F serotypes. In contrast, species D serotypes induced
significant and dose-dependent inhibition of IL-12, IL-1О±/ОІ, IL-6,
and TNF-О±. Exposure of PBMC to species D adenoviruses, but not
other species, also induced high levels of IFN-О±. As suppression of
IL-12 secretion from monocytes is associated with use of CD46 as
a cellular receptor, adenoviral binding to recombinant CD46 protein
was measured in vitro. As expected, serotypes from species B bound
to CD46 in a dose-dependent manner. In contrast, species C and D
serotypes did not bind to CD46. These results imply that species D
adenoviruses elicit cytokine secretion patterns that are markedly
different from the prototype Ad5 virus, and are also distinct from the
species B serotypes, as this modulation occurs in a CD46-independent
manner. Novel adenoviral vectors were engineered from serotypes
14 (species B) and 28 (species D), containing an eGFP expression
cassette in place of E1. Ad14 and Ad28 E1-deleted eGFP vectors
were grown and purified using standard procedures, resulting in high
titer viral stocks with productivities comparable to that of standard
Ad5 and Ad35 vectors. E1-deleted adenoviral vectors expressing the
nucleoprotein (NP) gene from influenza A were then generated to
evaluate in vivo immunogenicity, as NP presentation on MHC class
I can induce potent CD8+ T cell responses. In a first experiment,
BALB/c mice were injected intramuscularly with 108 vp of either
Ad5, Ad14, or Ad35 vectors expressing NP. Splenocytes were
harvested 14 days post-immunization, stimulated overnight with the
immunodominant NP147-155 peptide or a peptide pool spanning the
entire NP, and then analyzed using intracellular cytokine staining
(ICS). CD8+ T cells secreting IFN-Оі in response to the single peptide
and the peptide pool were detected in the Ad5, Ad14 and Ad35 NP
vector-immunized groups. Together, the preliminary data suggest that
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cell-mediated immune responses to an expressed transgene can be
elicited by an adenoviral vector derived from serotype 14.
155. Immune Activation of Baculovirus-Infected
Dendritic Cells
Tomoyuki Suzuki,1 Myint Oo Chang,2 Masayuki Kitajima,3 Hiroshi
Takaku.1,2
1
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Chiba-shi, Chiba, Japan.
Introduction Baculovirus Autographa californica multiple
nuclear polyhedrosis virus (AcMNPV), has been known to induce
strong immune responses against viral infections and malignancies.
Baculovirus can infect a variety of mammalian cells and animal models
and efficiently deliver target genes into these cells without causing any
cytopathic effects or viral replication. Dendritic cells are among the
haemopoietic cells reported to be infected by baculovirus. In mouse
models, baculovirus accumulate more in spleen and liver than other
organs. Here, we investigated the immune responses induced by
baculovirus infection of bone marrow-derived dendritic cells and their
effects upon other immune cells. Materials and Methods Wild type
baculovirus AcMNPV was propagated in Sf9 insect cells and titration
was performed. Bone marrow cells from female C57BL/6 mice ( 6 to
8 weeks old ) were cultured in the medium containing 20 ng/ml mouse
rGM-CSF and 20 ng/ml mouse rIL-4. CD11c+ BMDC were purified by
MACS columns, and then infected with baculovirus at M.O.I. of 50.
After 48 hours, activation markers were analyzed by FACS analysis
and secretion of cytokines were determined by ELISA. Baculovirus
infected BMDC were co-cultured with NK cells or T cells. NK cell
cytotoxicity and T cell proliferation were determined. For in vivo
analysis, mice were inoculated ( i.v. ) with 1x106 cells of BMDC
pulsed with baculovirus, LPS or CpG. After 6 hours, spleenocytes
and serum were collected from each mouse. Conclusion AcMNPV
infected BMDC produced inflammatory cytokines ( IL-6, IL12p70,
TNF-alpha) and interferons (IFN-alpha and IFN-gamma), BMDC
also expressed activation markers ( CD40, CD80, CD86, MHC I and
II ). NK cells co-cultured with baculovirus infected BMDC showed
enhanced cytotoxicity. CD4+ and CD8+T cell proliferations were also
increased. In vivo experiments showed similar results as that of in
vitro experiments. According to these results, baculovirus is a potent
stimulator of immune responses and a possible vaccine candidate
against virus infections and malignancies.
156.
PEGylated Adenoviral Vaccines
Eric A. Weaver, Sean E. Hofherr, Michael A. Barry.
1
Internal Medicine, Division of Infectious Diseases, Mayo Clinic,
Rochester, MN.
Polyethylene glycol (PEG) is a clinically approved conjugation
agent used to improve the pharmacokinetics of a variety of protein
therapeutics. PEG has also been applied to improve the pharmacology
of Ad. Previous work has demonstrated that PEG can protect Ad vectors
vs. adaptive and innate immune responses and blunt interactions with
platelets, endothelial cells, and immune cells. Given PEGвЂ™s potential
to shield Ad from problematic immune responses, we have tested
the effects of PEGylation with different sized PEGs on systemic and
mucosal vaccination by in vivo imaging and assays of antibody and T
cell responses against the virus and its transgene products. Systemic
immunization by the intramuscular route with Ad expressing GFPLuciferase demonstrated that virus modified with 5, 20, or 35 kDa
PEG had markedly reduced luciferase transduction by imaging. In
contrast, 35 kDa PEG with or without display of glucose or galactose
(35-glu, 35-gal) gave similar to slightly lower i.m. transduction than
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unmodified virus. Mucosal immunization by intranasal administration
produced somewhat different results. In this case, both the 5 and 20
kDa PEGs markedly reduced transduction, whereas the 35, 35-Glu,
and 35-Gal modified viruses generated luciferase levels similar to
that of unmodified Ad. Expression by both the i.m. and i.n. routes
declined, but persisted through 3 weeks after immunization in these
immunocompetent mice. Priming and boosting with all of the viruses
induced antibodies against luciferase and induced high titers of
neutralizing antibodies against Ad. PEGylation had modest effects
on protecting the virus from high levels of neutralizing antibodies in
vitro. Despite this, readministration of the PEGylated viruses allowed
boosting against the transgene product, suggesting they still mediate
protective effects in vivo. These data suggest that PEG can be used
not just to make viral vectors safer, but can also be used to shield
the virus to some degree from neutralizing antibodies. These data
also demonstrate the power of coupling reporter gene imaging to
immunological outocomes during vaccine development.
157. CD4+ T-Cell Independent DNA Vaccination
Against Influenza in Mice
Mingquan Zheng,1 Christopher Crowe,2 Julie Bindas,1 Jay K.
Kolls.1
1
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Rationale Host defenses are profoundly compromised in HIV
infection and other immunocompromised states due to progressive
depletion of CD4+ T-lymphocytes. Deficient CD4+ T lymphocytes
impair vaccination approaches to prevent virus infection. CD40 ligand
(CD40L) is expressed on activated CD4+ T cells and is critical for
host defense against lung infections. Here, we investigated a CD4+
T-cell independent CD40L DNA vaccine approach to influenza.
Methods Plasmids encoding the influenza viruses surface antigen,
hemagglutinin (HA), pBudHA, CD40L (pBud40L), HA plus CD40L
(pBudHA-CD40L), driven by the CMV promoter were injected
intramuscularly into control or CD4-depleted BALB/c mice 3
times. At specific time points, sera was collected and assayed for
anti-influenza antibodies by ELISA. Antigen specific CD8 T cells
response were analyzed by IFN-g secretion. Results. pBudHA alone
resulted in the induction of anti-influenza IgG1 and IgG2a in control
mice but this response was significantly attenuated in CD4- depleted
mice. pBudHA-CD40L significantly induced a higher titer of antiinfluenza (IgG1 and IgG2a) then pBudHA alone. Conclusion. These
studies show the promise of proteomic screening to identify antigens
for vaccination and the addition of CD40L in DNA vaccine protocols
enhances antibody responses in CD4-defecint hosts. Taken together,
these data support the rationale for CD4-independent antigen specific
antigen DNA vaccines against influenza infection in mice.
by electroporation (EP) can enhance the efficacy of DNA vaccines
and lead to a response rate that is 100 to 1000 fold greater than
DNA vaccine administration alone. Therefore, we have developed a
smallpox vaccine consisting of 8 smallpox antigens encoding known
membrane proteins. METHODS: The membrane proteins, A13L,
A14L, A27L, A33R, B5R, D8L, H3L, and L1R were PCR amplified
from Vaccinia virus Western Reserve strain and cloned into pVAX
and regulated by the CMVie promoter. The combination vaccine
consisting of the antigens were delivered intradermally and followed
by Electroporation, using CELLECTRATM Adaptive Constant Current
Electroporation device. Concentrated vaccine preparations (10mg/
mL) of 4-8 plasmids were prepared and the maximum number of
plasmids in the combination, dose and injection volumes were
evaluated for efficacy. RESULTS AND DISCUSSION: Four antigens
x 250Вµg each in a total final ID injection volume of 100 Вµl was found
to be the optimal condition for plasmid injection. The number of EP
pulses required for maximum titers was also evaluated. For plasmid
preparations encoding the smallpox B5R antigen (Figure 1) a 2 x 2
pulse profile (2 pulses of 52 milliseconds each at 0.2 A, 1 second
between pulses, followed by a 4 second interval and an additional two
pulses at identical settings) yielded the highest titers. These findings
demonstrate that the use of highly concentrated plasmids formulated
in a volume similar to the current vaccines, makes it possible to
easily develop multivalent vaccines administered in a single site.
Furthermore, the delivery of antigens through intradermal injection
followed by EP offers an effective and convenient immunization
regimen and was shown to be more effective than intradermal
injections alone. The ability to deliver antigens to the skin using EP
compared to the more invasive intramuscular method may allow for
a potentially greater patient compliance and clinical use.
159. Secreted HBeAg Expression Mediated by
Adeno-Associated Viral Vector
Xiaoyan Dong,1 Haifeng Zhang,2 Hongmei Liu,2 Xiaobing Wu.2
Research Dep., Beijing FivePlus Molecular Medicine Institute
Co., Ltd., Beijing, China; 2National Key Laboratory of Molecular
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158. Novel Skin Micro-Electroporation for
Improved Bio-Defense Vaccine Efficacy
Jonathan Prigge,1 Amir S. Khan,1 Lauren Hirao,2 Patricia A.
Brown,3 Angela M. Bodles-Brakhop,1 Melissa A. Pope,1 David B.
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BACKGROUND: Due to the bioterrorism threat and the growing
decline of pox-induced immunity, the development of a safer and
more easily administered smallpox vaccine is a high priority. The
use of DNA vaccines represent a much safer alternative approach,
however, the in vivo efficacy of this approach has been shown to be
quite limited. It has been shown that DNA administration followed
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The hepatitis B virus (HBV) is a hepatotropic non-cytopathic DNA
virus. Despite the presence of an effective prophylactic vaccine,
more than 300 million people have been infected, with a particularly
high prevalence in Asia and Africa. Various cellular and mouse
models of HBV infection have been established for basic research
and drug development. We try to establish a series of mouse models
that chronically expresses HBsAg gene,HbcAg, HbeAg, X protein,
HBV polymerase respectively by using adeno-associated viral vector.
To express secreted HbeAg, full length HBV preC gene(639bp)
from HBV ayw was inserted into AAV vector plasmid pAAV2neo
downstream the CMV promoter resulting in pAAV2neo-HBV
preC. Recombinant AAV vector rAAV2/1-preC was produced by
Molecular Therapy Volume 16, Supplement 1, May 2008
Copyright В© The American Society of Gene Therapy
Vaccine Delivery and Immune Responses for Infectious Diseases
using the replication-competent HSV1 carrying AAV2 rep gene and
AAV1 cap gene as helper to infect BHK21 cells stably transfected
with pAAV2neo-HBV preC, and purified by a three-step method
involving chloroform treatment, NaCl/PEG precipitation, chloroform
extracting, followed by anion exchange chromatography and dialysis.
HSV1 virus was completely inactivated by the purification process.
rAAV2/1-preC was used to transfect BHK21 cells and HEK293
cells at 5Вґ10e4,1Вґ10e5,5Вґ10e5 vg/cell, sodium butyrate was added at
final concentration of 10 mmol/L to enhance transgeneвЂ™s expression.
48hr later, the culture media was taken to detect HbeAg with ELISA
kit. HbeAg was detected strongly positive for both BHK21 cells
and HEK293 cells and present dose-dependent effect. These results
demonstrated that HBV preC gene carried by adeno-associated viral
vector could be efficiently expressed and secreted into medium in
vitro. Then the rAAV2/1-preC was injected into skeleton muscle of
mice at 1Вґ10e11 vg/dose. serum level of HbeAg and HbeAb will be
pursued.
160. Improved вЂњPrime-BoostвЂќ Strategy for
Enhancing Immune Responses to ElectroporationDelivered DNA Vaccines
Feng Lin,1 Torunn E. Tjelle,2 Chun-Fai Chan,1 Kate E. Broderick,1
Kristen Bick,1 Iacob Mathiesen,2 Dietmar Rabussay,1 Rune
Kjeken.1
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Electroporation (EP) in muscle or skin has proven to be an efficient
method for enhancing tran-gene expression and immunogenicity of
plasmid DNA vaccines in small and large animals. EP-augmented
DNA vaccination against cancers and infectious diseases is presently
being evaluated in human clinical trials. However, the optimal
immunization regime for EP-delivered DNA vaccines to achieve
rapid, robust and broad immune responses remains to be developed.
In this study, we investigated different prime-boost strategies to elicit
optimal immune responses in mice and rabbits with EP-delivered
plasmid DNA encoding the hepatitis B surface antigen . Animals
were immunized via the intradermal (i.d.) route (i.d. DNA injection
and EP) and /or the intramuscular (i.m.) route (i.m. DNA injection
and EP). Additionally, i.d. prime was followed at different intervals
by i.m. boost, and vice versa. Anti-HBsAg IgG levels in serum were
determined by ELISA. In rabbits, the highest Ab titers at day 42
were achieved with an i.d. priming and an i.m. boost: 20-fold higher
titers than with a single i.d. or i.m. immunization, and 4 to 5-fold
higher titers than with other prime-boost combinations, including
simultaneous i.d. and i.m. immunization. These results were confirmed
in mice by analyzing Th1-regulated IgG2a and Th2-regulated IgG1
antibody levels. Consistently, i.d.priming and i.m. boosting elicited
significantly higher levels of both anti-HBsAg IgG1 and -IgG2a
antibodies than other prime-boost strategies. While simultaneous i.d.
and i.m. immunization yielded clearly lower titers than sequential
prime-boost regimens, it was surprising that prime-boost intervals
of 2, 6, and 20 days produced essentially the same results. Taken
together, our results demonstrate that administering DNA via EP in
skin and boosting in muscle at intervals of 2 or more days represents
an attractive strategy for enhancing both Th1- regulated cellular and
Th2- regulated humoral immune responses. This strategy is currently
being applied in a mouse tumor challenge model.
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161. Immunization with HIV-Based Lentiviral
Vectors Results in Minimal Anti-Vector
Neutralization Activity
Lindsay Shovlin, Yongjun Ye, Jenice DвЂ™Costa, Benyam Asefa,
Nikolay Korokhov, Laurent Humeau, Franck Lemiale.
1
VIRxSYS Corporation, Gaithersburg, MD.
Viral vectors represent one of the most attractive means of genetic
immunization, as they typically induce strong anti-transgene immunity.
However, one of the major obstacles to their widespread use is the
antibody response to the vector itself. These anti-vector responses,
either pre-existing or induced by vector administration, have been
extensively described for a variety of vectors, and result in vaccine
neutralization. As in the case of adenoviral vectors, neutralizing
activity results in dramatic decrease of vaccine efficacy, and vectors
overcoming this obstacle are needed. In this study, we have assessed
whether administration of VSV-G pseudotyped, HIV-based lentiviral
vectors (LV) induce anti-vector immunity, and whether anti-vector
antibodies prevent subsequent immunizations. To test the neutralizing
antibody responses in animal serum samples, a quantitative in vitro
microtiter assay was developed by comparing levels of fluorescence
of transduced Jurkat- tat cells transduced with GFP-expressing LV
pre-incubated with animal sera collected prior and after vaccination.
Sera from mice and non-human primates collected longitudinally were
analyzed after repeated LV administration using various routes. Even
though repeated immunizations (both subcutaneous, intraperitoneal,
or intraveinous) progressively increase anti-LV neutralizing activities
compared to single injections, anti-vector neutralizing titers remain
minimal compared to those elicited by highly antigenic vectors
such as Ad5. Compared to Intra-peritoneal injection, subcutaneous
administration induced similar anti-LV neutralizing antibodies while
eliciting much stronger anti-transgene immunity. Lentiviral vectors
represent an attractive alternative to other widely- used viral vectors,
when preexisting immunity or repeated administration is an issue. LV
have the potential to be used alone or in various combinations with
other vectors in a broad target population.
162.
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163. Shedding-Incompetent Measles Virus
Proves New Model of Host Invasion
Vincent H. J. Leonard,1 Patrick L. Sinn,2 Gregory Hodge,3 Tanner
Miest,1 Patricia Devaux,1 Numan Oezguen,4 Werner Braun,4 Paul
B. McCray, Jr,2 Michael B. McChesney,3 Roberto Cattaneo.1
1
Department of Molecular Medicine, Mayo Clinic, Rochester,
MN; 2Department of Pediatrics, Carver College of Medicine, The
University of Iowa, Iowa City, IA; 3California National Primate
Research Center and Department of Pathology and Laboratory
Medicine, University of California-Davis, Davis, CA; 4Sealy
Center for Structural Biology, University of Texas Medical Branch,
Galveston, TX.
A new model of host invasion implies that a measles virus (MV)
unable to enter cells through the unknown epithelial cell receptor
(EpR) would spread systemically but not be shed. Towards proving
this model, we identified on the MV attachment protein residues
sustaining EpRmediated cell fusion. We then generated an EpRblind MV retaining cell entry competence though the lymphatic cell
receptor signaling lymphocytic activation molecule (SLAM, CD150).
This selectively EpR-blind virus did spread systemically in rhesus
monkeys, but was not shed in their respiratory airways or urinary
tract. The mechanism restricting shedding was confirmed using welldifferentiated human airway epithelia: only wild type MV, but not the
EpR-blind virus, entered these epithelia basolaterally, and was shed
apically by ciliated columnar cells. This study discloses and proves
the concept of generating host escape-incompetent viruses to solve
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shedding issues in cancer clinical trials and the measles eradication
campaign.
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164. Intratumoral Interferon-alpha Gene Transfer
Enhances Tumor Immunity after Allogeneic
Hematopoietic Stem Cell Transplantation
Kazunori Aoki,1 Hidehiko Hara,1 Akihiko Kobayashi,1 Kimiko
Yoshida,1 Kenta Narumi,1 Teruhiko Yoshida.2
1
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Allogeneic hematopoietic stem cell transplantation (alloHSCT)
often leads to a significant graft-versus-tumor (GVT) effect not only
for hematological malignancies but also for solid cancers such as renal
cancer. Although the precise immunologic mechanisms of the GVT
effect have not been fully elucidated, two categories of antigens are
target candidates for the GVT effect in MHC-matched alloHSCTs:
polymorphic minor histocompatibility antigens (mHAs) and tumorassociated antigens (TAAs). On the other hand, the benefit of the
GVT effect is often offset by the development of graft-versus-host
disease (GVHD), a potentially fatal adverse effect primarily mediated
by donor T cells. It is commonly believed that the target antigens for
GVHD are mHAs. Therefore, in theory, efforts to selectively enhance
a donor T cell response to TAAs could likely augment antitumor
activity without a concomitant increase in toxicity. Interferon (IFN)
is a cytokine with pleiotropic biological functions including a direct
cytotoxicity to cancer cells, anti-angiogenesis activity and induction
of antitumor immunity. Although the general toxicities following
a systemic administration of the recombinant IFN protein often
impede the use of a dosage sufficient to induce effective antitumor
responses in the clinical setting, gene transfer of IFN-О± allows an
increased and sustained local concentration of IFN-О± in the target
tumor sites with minimal leakage into the systemic blood circulation,
which ought to enhance the therapeutic effect and safety of IFN-О±.
In this study, we examined whether intratumoral IFN-О± gene transfer
can enhance the recognition of TAAs by donor T cells and augment
the antitumor activity of alloHSCT. First, when a mouse IFN-О±
adenovirus (Ad-mIFN) was injected into subcutaneous xenografts
of syngeneic Renca renal and CT26 colon cancer cells in BALB/c
mice, tumor growth was significantly suppressed due to cell death
in a dose-dependent manner of the vector. The significant tumor cell
death and the infiltration of immune cells were recognized in the AdmIFN-injected tumors, and the dendrtic cells isolated from the tumors
showed a strong Th1-oriented response. Then, the antitumor effect
of Ad-mIFN was then examined in a mHA-mismatched alloHSCT
murine model (DBA/2в†’BALB/c: H-2d). The intratumoral IFN-О±
gene transfer caused significant tumor suppression in the alloHSCT
recipients, and this suppression was evident not only in the genetransduced tumors but also in simultaneously inoculated distant
tumors which did not receive the vector injection. Depletion of
CD4+ T cells still resulted in significant inhibition of tumor growth,
whereas the antitumor activities were inhibited in animals depleted
of either CD8+ T cells or NK cells, suggesting that CD8 + T cells and
NK cells play a major role in in vivo antitumor immunity. GVHD was
not exacerbated serologically or clinically in the treated mice. This
combination strategy has important implications for the development
of therapies for human solid cancers.
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165. Blocking LTB4 Signaling Maintains
the Antitumor Effect of GM-CSF in the Tumor
Challenge Model Using BLT-1-/-Mice
Haruka Nabeta,1 Hiroyuki Inoue,1,2 Mutsunori Iga,1 Meng Xin,1
Ryo Kurita,1 Fumiyuki Sasaki,3 Koichi Takayama,2 Yoichi
Nakanishi,2 Takehiko Yokomizo,3 Kenzaburo Tani.1
1
Department of Molecular Genetics, Medical Institute of
Bioregulation, Kyushu University, Fukuka, Japan; 2Research
Institute of Diseases of the Chest, Kyushu University, Fukuoka,
Japan; 3Department of Medical Biochemistry, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, Japan.
Leukotriene B4 (LTB4) is an extremely potent lipid inflammatory
mediator derived from membrane phospholipids by the sequential
actions of cytosolic phospholipase A2, 5-lipoxygenase (5-LO) and
LTA4 hydrolase. The major activities of LTB4 include the recruitment
and activation of leukocytes. Though structurally completely
different, the lipid LTB4 and the peptide chemokines mediate their
functions through the same class of receptors, the G protein-coupled
seven transmembrane domain receptor (GPCR) superfamily. Two
distinct receptors for LTB4, BLT1 and BLT2 participate both in the
recruitment and activation of leukocytes as part of host immune
responses to invading pathogens, as well as in the pathogenesis
of inflammatory diseases. However, the role of LTB4 in tumor
immunology is not well known. Previously we demonstrated the gene
transduction of granulocyte-colony stimulating-factor (GM-CSF)
gene into murine monocytic leukemia cell line of WEHI3B (W/GM)
eliminated the tumorigenicity in wild type (wt) BALB/c mice. The
rejection process of subcutaneous tumor was as follows; transient
tumor growth peaked around 10 days after tumor injection, then the
tumors were rejected within 2 weeks. The same tumor rejection was
also reproducible in BLT1-/- mice (n=12). 50 days after the challenge,
all BLT1-/- mice rejected the rechallenge of WEHI3B cells and
survived, but none of wt mice rejected and survived. To explore the
mechanism underlying the different outcome from rechallenge test,
we next compared several immune cell (memory CD4+/CD8+ T cells
subsets, dendritic cells (DCs) subsets, and myeloid suppressor cells
(MSCs)) distribution in the draining lymph nodes (DLNs) and spleen
at day 0 and 50 between wt and BLT1-/- mice. The results showed
that, at 50 days after tumor challenge, in spleen, the proportions of
both CD4+ and CD8 + central memory T cells (CD44+CD62L+) of
BLT1-/- mice increased, but both CD4+ and CD8 + effector memory
T cells (CD44+CD62L-) decreased compared with those of wt mice.
In DLNs, the results of CD8+ memory T cells propotion were similar
to those observed in spleen, but those of memory CD4+ T cells were
opposite to those observed in spleen. These results suggested the
blocking LTB4 signaling may be useful to maintain the antitumor
effects of GM-CSF transduced tumor vaccines.
166. Prospects of Combination of Gene Directed
Enzyme Prodrug Therapy with Other Systemic
Therapies in Treatment of Prostate Cancer
Aparajita Khatri,1 Preetinder Pal Singh,1 Yasmin Husaini,2 Kim
Ow,1 Jane Chapman,1 Pamela J. Russell.1
1
Oncology Research Centre, Prince of Wales Hospital, University
of New South Wales, Sydney, New South Wales, Australia; 2Centre
for Immunology, St VincentвЂ™s Hospital, Sydney, NSW, Australia.
No single treatment can adequately cure late stage prostate cancer
(PC). We are exploring combinations of gene directed enzyme prodrug
mediated molecular therapy (GDEPT) with systemic immunotherapy
or traditional chemotherapy to enhance efficacy and quality of life.
Two studies are described. Combination of cytosine deaminase
(CD) & uracil phosphoribosyl transferase (UPRT) (CDUPRT) with
immunostimulatory murine cytokines IL12 and IL18: We have
shown that local & distant bystander effects of CDUPRT-GDEPT
Molecular Therapy Volume 16, Supplement 1, May 2008
Copyright В© The American Society of Gene Therapy
Cancer - Immunotherapy: Cytokine Gene Therapy, Dendritic
Cells, and Modified Effector Cells
against mouse RM1 hormone-refractory PC (HRPC) are accompanied
by dose-dependent tumor infiltration of macrophages, CD4+ T- and
NK cells, suggesting a potential for synergy with immunotherapy. We
have now tested the efficacy of CDUPRT-GDEPT with interleukins
IL12 & IL18 against RM1 PC in mice. IL12 and IL18 have proven
anti-tumor activity, which is significantly enhanced when combined.
IL12+IL18 therapy alone: Orthotopic RM1 tumours in C57BL/6
mice were injected with Adenovirus expressing mIL12 (AdmIL12)
and/or AdmIL18. To assess effects against lung deposits, RM1 cells
were injected intravenously next day. Analyses of prostate weight/
volume and lung colony counts showed that combining IL12 &
IL18 caused significant reduction in local RM1 growth with clear
synergy in reducing RM1 lung colonies. Serum cytokine profiles
showed a significant increase in Th1 and reduction in Th2 levels
in the combination group. Combination of CDUPRT-GDEPT with
mIL12+mIL18: Palpable intraprostatic RM1 tumours expressing
CDUPRT were injected with AdmIL12+AdmIL18, followed
by intraperitoneal prodrug, 5-Fluorocytosine, daily. Combining
CDUPRT-GDEPT with IL12+IL18 led to further growth reduction of
local PC and lung colonies and a clear survival advantage with 50%
of mice alive on day 31 (none in control mice). Despite a general
decline in Th1 and Th2 cytokines in the combination group, it was
more effective and provided a survival benefit. A novel Combination
of Purine nucleoside phosphorylase (PNP) mediated GDEPT with
Docetaxel was evaluated in human PC3 & murine RM1 HRPC cells.
PNP converts the prodrug (Fludarabine Phosphate) to a toxic purine
(2 Fluoroadenine (2FA) that inhibits RNA/DNA synthesis. Docetaxel
(chemotherapeutic) has recently shown activity against HRPC. Cell
line infectibility by Adenoviruses was assessed using replicationdefective Ad expressing green fluorescent protein (AdGFP). PNPGDEPT was delivered using AdPNP. Cell killing effects of AdPNP/
prodrug and/or docetaxel were evaluated using WST-1 colorimetric
assay. Extent of synergy, additivity or antagonism was evaluated using
isobologram-based statistical analyses. Both GDEPT and docetaxel
were effective against PC cells, but to different extents according
to their Ad-infectibility and 2FA-sesitivity. The combination led
to significant synergistic killing of treated cells accompanied by
enhanced apoptosis. This is the first demonstration of synergy
between these modalities with potential to improve efficacy & reduce
therapeutic dose of each modality in the clinic.
167. Progress in Clinical Development of a
Novel IL-12 Gene Therapeutic for the Treatment of
Recurrent Ovarian Cancer
Ronald D. Alvarez,1 Mack N. Barnes,1 Matthew L. Anderson,2
Souheil Saddekni,3 Sharmila Makhija,1 Ivan Maya,4 James E.
Kendrick,1 Jason G. Fewell,5 Danny H. Lewis,5 Khursheed Anwer.5
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Medicine, Houston, TX; 3Radiology, University of Alabama at
Birmingham, Birmingham, AL; 4Medicine, University of Alabama
at Birmingham, Birmingham, AL; 5Expression Genetics, Inc.,
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Interleukin-12 is one of the most potent anticancer cytokines due
to its ability to activate innate and acquired immune systems and
inhibit tumor angiogenesis. EGEN-001, an IL-12 expressing plasmid
formulated with a novel lipopolymeric gene delivery system, has been
demonstrated to stimulate host immune system and elicit antitumor
response in preclinical models of ovarian cancer. The activity of
EGEN-001 was evaluated in two early phase I clinical trials. In the
initial phase 1A study, 13 patients with advanced recurrent ovarian
cancer were treated IP with 0.6-24 mg/m2 of EGEN-001. All patients
except one in the 24 mg/m2 dose cohort completed all 4 weekly
EGEN-001 treatments. The most commonly experienced adverse
events included pyrexia (69%) and nonspecific abdominal pain
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(54%). Three patients experienced peritonitis; one of these patients
in the 24 mg/m2 cohort experienced a possibly reagent related DLT.
The MTD was not identified. The overall clinical response was 31%
stable disease and 69% progressive disease. The overall survival in
EGEN-001 treated patients appeared to be higher at 12 & 24 mg/m2
dose as compared to 0.6 & 3 mg/m2 dose. Ten evaluable patients had
measurable IL-12 plasmid DNA and IFN-g levels in their peritoneal
fluid. In the phase IB study, five patients have completed EGEN-001
treatment. Three patients have received 12 mg/m2 and 2 patients have
received 18 mg/m2 of EGEN-001 IP every 10 days for 4 cycles in
combination with docetaxel (75 mg/m2) and carboplatin (AUC 5) at
3-week intervals for a planned 6 cycles. All patients in first cohort have
completed planned EGEN-001/chemotherapy treatment. Two patients
experienced mild pyrexia during EGEN-001 administration. One
patient developed G3 anemia following the 4th cycle of EGEN-001
and the 2nd cycle of chemotherapy and required transfusion. No other
G3/4 toxicities were noted. A partial response by CT evaluation and
reductions in CA-125 levels following the completion of EGEN-001
and two cycles of chemotherapy observed in all evaluable patients.
Patient accrual to this phase IB study is ongoing. IP administration of
novel IL-12 gene therapeutic EGEN-001 is feasible and demonstrates
potential antitumor activity when given alone or in combination with
chemotherapy in patients with recurrent ovarian cancer. Further
development of EGEN-001 as a potential therapy for ovarian cancer
is warranted.
168. A Phase 1 Trial of CRS-207 in Advanced
Solid Tumor Patients
John J. Nemunaitis,1,2,3 Neil Senzer,1,2,3 Cynthia Bedell,1 Thomas
Dubensky.4
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CRS-207 is a live-attenuated strain of Listeria monocytogenses
(Lm) that expresses human Mesothelin. CRS-207 was derived by
deleting the entire coding sequences of two virulence-determinant
genes (inlB, actA) from the genome of wildtype Lm. Phase I
investigation of the live attenuated strain of Lm (CRS100) recently
completed accrual at MCCRC. Results demonstrated excellent
tolerability. Mesothelin is a tumor associated antigen overexpressed
in several human tumors, including cancers of the ovary and pancreas,
non-small cell lung cancer, and malignant mesotheliomas. CRS-207
was constructed with human Mesothelin (hMeso) expression cassette
integrated at the inlB locus, resulting in expression and secretion
of Mesothelin from the bacterium within infected cells, including
antigen-presenting cells. Given the profile of high expression of
Mesothelin in mesothelioma pancreatic cancer, ovarian carcinoma
and lung adenocarcinoma, combined with limited expression in
normal tissues, as well as, excellent tolerability of CRS100. We
felt clinical development of CRS-207 was indicated for tumorspecific immunotherapy. Studies demonstrate that CRS-207 elicits
Mesothelin-specific cellular immunity in mice and in non-human
primates and demonstrates therapeutic efficacy in tumor-bearing
mice. Thus, we initiated a phase I trial. The primary study objective
is to determine the maximum tolerated dose. Biodistribution, tumor
response, Mesothelin expression and immunological response are
being monitored. Patients with advanced carcinoma of the ovary
or pancreas, non-small cell lung cancer or malignant epithelial
mesothelioma who have failed standard therapy are eligible. CRS-207
is administered intravenously over 2 hours in the outpatient clinic of
MCCRC. Patients receive 4 doses every 21 days. Three dose groups
are planned: cohort 1 at 1x108 cfu, cohort 2 at 1x109 cfu and cohort
3 at 1x1010 cfu (3 patients/cohort). Therefore, 3 doses have been
administered to 2 patients. One male (age 59) with mesothelioma and
one female (age 64) with ovarian cancer. Transient low grade fever
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was observed otherwise treatment was well tolerated. Both patients
remain on treatment with SD. Accrual and further dose escalation is
ongoing. Full results will be presented.
169. A Phase 1 Trial of CRS-100 in Adult
Subjects with Carcinoma and Liver Metastases
Cynthia Bedell,1 Neil Senzer,1,2,3 Thomas Dubensky,4 John J.
Nemunaitis.1,2,3
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CRS-100 is a live-attenuated non pathogenic strain of Listeria
monocytogenses (Lm). It was constructed by deleting the entire coding
sequences of two virulence-determinant genes (inlB, actA) from the
genome of wildtype Lm. In animal models, despite attenuating the
virulence of Listeria monocytogenses (Lm), CRS-100 stimulates both
the innate and adaptive arms of the immune system. It is believed
that through the proinflammatory cytokine response with preferential
accumulation and activation of NK cells and T cells in the liver
there is priming and homing of tumor-specific T cells to the liver.
The primary study objective is to determine the maximum tolerated
dose. Safety profile, immunological response and tumor status will
also be monitored. Patients with advanced carcinoma with objective
findings of hepatic metastases who have failed standard therapy are
eligible. CRS-100 is administered as a single two hour intravenous
infusion in the outpatient clinic of MCCRC. Three dose groups have
been administered: cohort 1 at 1x106 cfu, cohort 2 at 1x107 cfu and
cohort 3 at 1x108 cfu (3 patients/cohort). To date 6 patients have been
treated at our institution; 5 colorectal, and 1 melanoma. All of the
patients were male ranging in age from 53-71. Transient fever and
mild gastrointestinal symptoms were observed otherwise treatment
was well tolerated. Lab values reflected a mild transient drop in total
lymphocyte platelet counts in select patients. Best response recorded
was stable disease. Survival is a median of 5 months; range 1 to 11
months with 5 patients still alive. In conclusion, CRS-100 appears
well tolerated.
170. Delivery of a Plasmid Encoding IL-15 to a
Melanoma Model Using Electroporation
Bernadette Marrero,1 Don Cameron,2 Richard Heller.1,3
Molecular Medicine, University of South Florida, Tampa, FL;
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This study is intended to evaluate the effectiveness of an electrically
mediated delivery of a plasmid encoding the cytokine IL-15 (pIL-15)
as a therapy for melanoma. We have previously shown in mouse
melanoma model (B16.F10) that delivery of pIL-15 directly to the
established tumors leads to increased levels of IL-15 and tumor
regression. To enhance the effectiveness of this approach it is
necessary to evaluate the delivery criteria with respect to expression
levels. To facilitate this evaluation, we have developed an in vitro
3-D model containing keratinocytes and B16 melanoma cells.
While there are in vitro 3-D models currently being used to study
tumorogenesis, the current models contain limitations that confines
studies to the micro-scale including length of time for spheroid
formation, size, structural stability and model application. These
avascular spheroids (500 to 700 micrometers in diameter) are not
stable and demonstrate necrotic activity in the inner lying cells while
leaving the outer lying cells viable. In regards to application, small
spheroids can be used to study cell growth and development, but
results do not necessarily correlate with in vivo studies. These small
spheroids are also not sufficient to evaluate gene delivery methods.
Therefore, a more efficient in vitro tumor model is needed to evaluate
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treatment conditions targeting tumors that are comparable to in vivo
models. In this in vitro 3-D model, HaCaTs (human keratinocytes)
provides a scaffolding that promotes the stable growth of solid tumor
complexes. For the 3-D model, HaCaTs are grown in a High Aspect
Ratio Vessel (HARVs), rotating approximately at 1 gravitational
force. HARVs provide a low sheer environment that allows suspended
cells to grow in a 3-D fashion, enhancing cell to cell contact and thus
spheroid formation. Three days after the HaCaTs form a spheroid
of 0.5cm to 1cm in size, an aggressive type of mouse melanoma,
B16.F10 cells, are injected into these stable HaCaT spheroids using
a 28-gauge needle. The HaCaTs act as a connective matrix where
melanoma cells can aggregate and begin to expand as though in the
skin. Once the B16/HaCaT spheroids are formed they are used to
evaluate delivery parameters for pIL-15. This in vitro 3-D model
allows tumor cells to behave similar to tumorgenic cells in vivo. The
in vitro model will be used to analyze melanoma development and
design gene delivery parameters that will help establish an anti-cancer
treatment against melanoma. Effective gene delivery techniques will
be accomplished by injecting pIL-15 into B16/HaCaT spheroids and
immediately electroporating cells. The efficiency of delivery into
the cells will be analyzed by measuring protein expression levels in
the supernatant. Gene delivery methods can link in vitro and in vivo
studies by translating these treatment conditions into in vivo models.
IL-15 is an excellent candidate for anti-cancer gene therapy because it
stimulates an immune response against tumor antigens and promotes
memory responses against reoccurring tumorogenesis.
171. Induction of Anti-Tumor Immunity to
Murine Neuroblastoma by Flt3-Ligand GeneratedDendritic Cells Loaded with Oncolytic Herpes
Simplex Virus-Infected Cells
Cecile M. Zaupa, Christopher J. Farrell, Robert M. Martuza,
Samuel D. Rabkin.
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Dendritic cells (DCs) are powerful antigen presenting cells, which
are able to prime naГЇve T cells and trigger an effective immune
response. They have been exploited in numerous clinical trials,
however no consensus about either the best way to load or activate
them, or the best cell subset to utilize has been reached. Whole tumor
lysates provide a full range of potential tumor antigens, however
additional inflammation/danger signals are needed to generate
activated DCs. Studies done previously in our laboratory showed
that oncolytic HSV (oHSV) could efficiently kill tumor cells and
induce an CD8+ dependant immune response against them. Hence,
we hypothesize that oHSV provokes вЂњimmunogenic tumor cell
deathвЂќ, which could be exploited to load and activate immature DCs.
In this study, we examined whether DCs are efficiently loaded with
murine neuroblastoma cells (N18) infected by oHSV (G47в€†), and
whether they generate an effective anti-tumor immune response in
vivo. We first determined the phagocytic activity of DCs towards
G47в€†-infected N18. We compared immature DCs generated from
bone marrow progenitors cultured with GM-CSF (GM-DCs) which
are myeloid DCs, or bone marrow progenitors cultured with Flt-3
ligand (FL-DCs) which are a mixed population of plasmacytoid
and conventional DCs. FL-DCs uptake G47в€†-infected N18 more
efficiently than GM-DCs (60% versus 13%), while less than 15% of
DCs are loaded with mock-infected N18. Based on this observation
we pursued our investigations with FL-DCs. FL-DCs loaded with
G47в€†-infected N18 present characteristics of mature DCs, with high
expression of MHC class I, MHC class II as well as co-stimulatory
protein B7.1, B7.2, CD40 and migratory receptor CCR7. Moreover,
they secrete immuno-stimulating cytokines such as interferon alpha
and IL-12. G47в€†-infected N18 loaded FL-DCs were then tested in
vivo. Mice vaccinated twice (days вЂ“14 and вЂ“7) with subcutaneous
injection of G47в€†- or mock-infected N18 loaded FL-DCs were
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challenged subcutaneously with N18 cells. Vaccination with G47в€†infected N18 loaded FL-DCs caused a significant prolongation in
median survival compared to mock treatment (RPMI injection) or
FL-DCs pulsed with mock-infected N18 (p<0.05 log rank test).
Mice vaccinated with G47в€†-infected N18 loaded FL-DCs elicited a
significant CTL response compared to the mock group. Furthermore,
long-term immune memory was obtained as most mice treated with
G47в€†-infected N18 loaded FL-DCs remained tumor-free after a
second challenge with a lethal dose of N18 cells 4 months after the
first challenge. Taken together our results demonstrate that oHSVinfected tumor cells are a promising candidate to load/activate
immature DCs.
172. Inhibition of Indoleamine 2,3-Dioxygenase
in Dendritic Cells In Vivo Elicits Antitumor
Responses
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Indoleamine 2,3-dioxygenase (IDO), an enzyme that degrades
tryptophan, is known as an immune regulatory molecule of
dendritic cells. IDO-expressing dendritic cells from tumor-draining
lymph nodes suppress T cell responses in vitro and may create an
immune suppressive microenvironment in vivo. It was reported that
intradermal administration of nucleic acids was efficiently delivered
to skin resident dendritic cells which can migrate to lymph nodes in
vivo. Thus, we hypothesized that silencing the IDO expressing in
DCs in vivo via skin administration of IDO specific small interfering
RNA (siRNA) by gene gun could alter the microenvironment in tumor
draining lymph node and elicit the antitumor activity. In the present
study, IDO siRNA was used to silence the IDO expression of dendritic
cells in lymph nodes. IDO expression could be downregulated in
CD11c+ cells from inguinal lymph node of mice treated with siRNA.
Furthermore, IDO siRNA inhibited the tumor growth and prolonged
the survival in a murine MBT-2 bladder tumor model. The number
of tumor infiltrated T cells and then cytotoxic activity significantly
increased in mice vaccinated with IDO siRNA. A similar antitumor
effect was observed in a CT-26 colon tumor model. To further
investigate whether the tumor antigen was more efficiently presented
to dendritic cells on IDO siRNA treated mice, the combination
effect of Her2/Neu DNA vaccine and IDO siRNA was examined in
a neu- overexpression MBT-2 tumor model. The IDO siRNA could
further enhance therapeutic efficacy of neu DNA vaccine. These
results indicated that silencing the IDO expression in dendritic cells
in vivo was sufficient to induce antitumor effect and serve as immune
adjuvant for increasing therapeutic effect of DNA vaccine.
173. Dendritic Cells Transduced with
Granulocyte Macrophage Colony Stimulating
Factor Mediated by Non-Transmissible Sendai
Virus Induce Therapeutic Antitumor Immunity in
LLC Bearing Mice
Hiroyuki Inoue,1,2 Mutsunori Iga,1 Haruka Nabeta,1 Meng
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Recently, several studies have shown that vaccine therapy using
dendritic cells (DCs) genetically engineered to express inflammatory
cytokines with or without a surrogate tumor antigen can effectively
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induce antitumor immunity. In this study, murine bone marrow
DCs were transduced with murine granulocyte macrophage colony
stimulating factor (GM-CSF) by novel non-transmissible Sendai virus
vector (SeV/dF) (DC/SeV/GM). SeV is a murine parainfluenza virus
type I belonging to the family Paramyxoviridae and a cytoplasmic
RNA vector considered to be another promising device in gene
transduction for its capacity to infect and amplify in most mammalian
cells including DCs. And it possesses an exclusively cytoplasmic
replication cycle without any risk of integration into the genomic
DNA. We examined whether antigen-specific CTL responses and
therapeutic immunity could be induced in immunocompetent mice
bearing LLC (murine Lewis lung carcinoma) vaccinated with GMCSF gene transduced and tumor lysate-pulsed mature DCs. SeV
encoding green fluorescence protein (GFP), SeV/GFP, successfully
transduced to bone marrow derived DCs (DC/SeV/GFP) with the
optimum at MOI of 100. In vitro treatment with SeV/GFP and
SeV/GM-CSF directed DCs to mature phenotype. The LLC tumor
lysate pulse during DCs maturation did not largely influence on
their phenotypic expression profiles. And the several inflammatory
cytokines including GM-CSF in the supernatant of cultured mature
DCs were quantified. Even though the expression level of DC
activation surface markers of CD40 and B7-2 (CD86), did not
attain the level induced by optimum level of LPS (1Вµg/ml), better
antitumor effects to LLC were obtained with the use of DC/SeV/
GM compared with those seen with DC/LPS and DC/SeV/GFP in
preestablished subcutaneous LLC model. During the therapeutic DCs
vaccines, mice were well tolerated. These results demonstrated that
SeV mediated GM-CSF gene transduction significantly enhanced the
capacity of DCs to induce primary antitumor immune responses in
vivo, although further investigation is required to achieve its optimum
in vivo antitumor effects.
174. Effective Prevention of Lung Metastasis
of Murine Model by Sendai Virus/Dendritic CellMediated Immunostimulatory Virotherapy
Atsushi Komaru,1,2 Yasuji Ueda,1 Hiroaki Kinoh,1 Tomonori
Kato,1,2 Yui Harada,1,2 Hiroyoshi Suzuki,2 Aki Furuya,2 Kumi
Ishida,2 Makoto Inoue,3 Mamoru Hasegawa,3 Tomohiko Ichikawa,2
Yoshikazu Yonemitsu.1
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We recently demonstrated the highly efficient antitumor immunity
against dermal tumor of B16F10 murine melanoma in use of dendritic
cells (DCs) activated by non-transmissible recombinant Sendai
virus (rSeV), proposing a new concept namely вЂ�immunostimulatory
virotherapyвЂ™ for cancer immunotherapy. However, critical information
regarding the efficacies 1) under more clinically relevant situations
including metastatic diseases, 2) in use of clinically relevant vector
types and transgene(s), 3) on other tumor type and other animal
species, and 4) the related molecular/cellular mechanisms have
been largely unknown. In this study, therefore, we investigated the
efficacy of vaccination of DCs activated by fusion gene-deleted
non-transmissible rSeV expressing GFP (rSeV/dF-GFP), on murine
model of lung metastasis using mouse neuroblastoma, C1300 and
mouse prostate cancer, RM9. rSeV/dF-GFP activated bone marrowderived DCs (rSeV/dF-GFP-DC), consistent results previously
seen in murine DCs. Vaccination of rSeV/dF-GFP-DC was highly
effective to prevent lung metastasis following intravenous load of
tumor cells, compared with the effects seen with immature DCs.
Importantly, rSeV/dF-DCs expressing dominant negative mutant of
retinoic acid-inducible gene I (RIG-I) (rSeV/dF-RIGIC-DC), a RNA
helicase that recognizes rSeV genome for inducing type I interferons,
largely lost the expression of proinflammatory cytokines without any
S65
Cancer - Immunotherapy: Cytokine Gene Therapy, Dendritic
Cells, and Modified Effector Cells
impairment of antitumor activity. These results indicate the essential
role of RIG-I-independent signaling on antitumor immunity induced
by rSeV-activated DCs, and may provide important insights to DCbased immunotherapy for advanced malignancies.In an interesting
thing, the anti-metastatic effect of rSeV/dF-DCs was clearly canceled
by anti-asiaro GM1 antibody administration. As for prevention of
lung metastasis by rSeV/dF-DCs therapy, the innate NK cell system
may play a important role.
175. Adenovirus-Mediated Dendritic Cell
Transduction for Melanoma Immunotherapy in a
Canine Model
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Dendritic cell (DC)-based vaccines are currently being investigated
as immunotherapeutic treatments for melanoma, a highly invasive
metastatic cancer. DCs play a critical role in activating immune
responses through the capture, processing and direct presentation
of antigens to T-cells, making them attractive immunotherapeutic
targets. Vaccination strategies employing DCs transduced with
tumor-associated antigens (TAA) and matured ex vivo have
yielded promising results in experimental models, but results from
clinical trials suggest these vaccines are not yet optimal. Indeed,
recent evidence indicates DCs matured ex vivo may not accurately
mimic DCs matured in vivo. Therefore, we hypothesize that a
method allowing DC transduction in vivo will stimulate proper DC
maturation and allow a more robust systemic immune response to
TAA. Adenoviruses (Ad) represent promising gene therapy delivery
vehicles that are well-suited to transfer TAA in vivo, yet DCs are
normally refractory to Ad transduction due to low CAR expression. To
circumvent this, we have developed strategies to target Ad5 vectors to
DCs in vivo. To this end, we previously evaluated modification of Ad5
to bind CD40 expressed on the DC cell surface. CD40-targeted Ad5
mediated efficient transduction of otherwise refractory DCs, leading to
expression of TAA as well as DC maturation, in vitro. Preliminary in
vivo experiments in healthy dogs resulted in a qualitative enhancement
in antigen-specific T cell proliferation following vaccination with
CD40-targeted Ad5 compared to vaccination with untargeted Ad5.
Together, these results highlight that our in vivo DC-targeting strategy
can indeed generate a tumor antigen specific systemic immune
response. We further hypothesize that targeting Ad5 to proteins with a
more DC-restricted expression profile, such as the receptor DC-SIGN,
will enhance the TAA-specific immune response. Our lab previously
demonstrated that DC-SIGN-targeted Ad5 vectors transduce human
DCs in vitro, resulting in transgene expression levels comparable to
levels induced by CD40-targeted Ad5. Canine DC-SIGN-targeted Ad5
vectors are currently being developed in order to evaluate and compare
the effectiveness of CD40- and DC-SIGN-targeted Ad5 vaccines
against canine melanoma, a spontaneous and aggressive tumor
which provides a stringent study system for the evaluation of antitumor immunotherapies. As canine patients are immunocompetent
and outbred, the canine melanoma model represents a crucial bridge
between murine and human immunotherapy studies. This effort will
thus allow us to test our in vivo Ad5-targeted DC immunotherapy
approach in a melanoma model with a high level of analogy to its
human counterpart.
S66
176. Enhanced Dendritic Cell-Based
Immunotherapy for Cancer
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Despite the predominant role of dendritic cells (DCs) in priming
an immune response to tumor or pathogen-derived antigens, vaccines
based on pulsing ex vivo-matured DCs with antigens have been
almost universally disappointing, suggesting that scientists must
rethink vaccine design. We recently demonstrated that augmenting DC
survival or enhancing their activation state could significantly improve
in vivo expansion of tumor-specific T cells and anti-tumor responses,
likely due to improved DC migration to lymph nodes and prolonged
T cell interactions that favor Th1-biased over immunosuppresive
responses. Our initial approaches relied on synthetic activation of
an inducible allele of the co-stimulatory molecule CD40, iCD40,
in antigen-pulsed DCs (HanksB et al (05) Nat Med 11, 130), or
overexpression of a highly activated, lipid raft-targeted Akt allele,
S*Akt (ParkD et al (06) Nat Biotec 24, 1581). Inducible alleles
have the advantage over constitutive or systemic activation of genes
by permitting activation in vivo in a more physiologically relevant
location and the capacity for rapid reversibility, improving safety.
More recently, we observed that for optimum DC activation and
maturation, iCD40-expressing DCs needed to be treated ex vivo
with adjuvants, such as toll-like receptor 4 (TLR4) ligands, prior
to injection; however, TLR4 ligands, such as LPS, would not be
ideal for in vivo administration. Therefore, as a targeted, вЂњportableвЂќ
adjuvant, we have been developing chemically inducible alleles of
not only TLR4 but also a panel of вЂњpattern recognition receptors
(PRRs)вЂќ, such as NOD2 and RIG-I, and are working towards a
вЂњunifiedвЂќ adenoviral vector that combines adjuvant properties with
costimulation. This vector should permit not only amplified DC
activation in vivo, but also temporally extended activation, as well,
without triggering systemic inflammation. Moreover, we have also
developed powerful, tightly regulated, inducible forms of the antiapoptotic protein Akt, called iS*Akt. Together, these new reagents
expand the gene therapistвЂ™s armamentarium and permit manipulation
of apoptosis residence, costimulation and danger signals in DCs in
vivo using synthetic ligands that target only genetically modiffied
cells. In addition to describing these novel, and broadly applicable,
reagents, our upcoming iCD40-DC-based, phase I/II (3+3), doseescalation study against metastatic androgen-independent prostate
cancer will be discussed along with the preclinical pharmacology and
toxicology results utilizing the clinical reagents. If successful, these
enhanced DC-based approaches should be applicable to both a wide
variety of tumors, as well as exogenous pathogens.
177. Cytokine-Based Log-Scale Expansion of
Functional Murine Dendritic Cells
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PURPOSE Dendritic cells (DCs) play a crucial role in maintaining
the immune system. Though DC-based cancer immunotherapy has
been suggested to hold potential to treat various kinds of malignancies,
clinical efficacies are still insufficient in many human trials. We
proved that DCs pulsed with Sendai virus (SeV) showed antitumor
effects on established tumors in vivo mouse models (S. Shibata et al.,
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J. Immunol, 2006; Y. Yoneyama et al., BBRC, 2007). This antitumor
effect depends on the number of DCs, and it is necessary to prepare
an enough number of DCs for effective treatments of tumors. In
some clinical cases, it is predicted that insufficient number of DC
progenitors can be obtained. In this study, therefore, we attempted
to expand DC progenitors ex vivo with cytokine cocktail, and to
differentiate them into DCs. Materials and Methods DC progenitor
cells were obtained from mouse (C3H) bone marrow by a negative
selection. These progenitor cells were expanded in the presence of
mFlt-3 ligand, mSCF, mIL-3, and mIL-6 (FS36) for several weeks,
then differentiated into DCs by following 7 days culture with GMCSF and IL-4. Expanded DC properties such as surface markerвЂ™s
expression, inflammatory cytokines production, phagocytotic activity,
antigen presentating ability in vitro, and anti-metastasis efficacies
in vivo were analyzed, and compared with those of conventional
DCвЂ™s. RESULTS In this study, the total cell number was increased
approximately 100.000 fold during expansion culture with FS36 for
3 weeks. After following differentiation culture, about 80% of total
cells were CD11b+/CD11c+. Thus, by this system, 1.000 times more
DCs in number were obtained than by usual method. As are seen in
conventional DCs, expanded DCs showed dendrites after maturation,
and endocytotic activities. Expanded DCs also expressed MHC
Class II, adhesion molecules, and co-stimulatory molecules and
produced inflammatory cytokines with their respective stimulation
factors as well as conventional DCs did. Functionally, allo-mixed
leukocyte reaction (MLR) assay revealed that both conventional/
expanded immature DCs and DCs activated by LPS could stimulate
allogenic T-cell proliferation. Furthermore, expanded DCs showed
significant prevention of experimental lung metastasis in vivo, as
well as conventional DCs did. CONCLUSIONS] Murine CD11c+
cells could be effectively expanded by culture with cytokine cocktail
(FS36). Expanded DC had properties which were required to obtain
therapeutic gain. We expect that this technology will be able to
contribute largely to both basic and clinical research of human cancer
immunotherapy. Enough amount of DC will improve therapeutic gain
of cancer and decrease load of apheresis. Key Words : dendritic cell
(DC), antitumor immunity, cytokine cocktail.
178. Improved T Cell Receptor (TCR) Assembly
and Stability through Genetic Modification for
Melanoma Immunotherapy
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Metastatic melanoma is a poor prognostic disease refractory to
current therapies, warranting intense research for new treatments.
Immunotherapy with adoptive transfer of melanoma associated
antigen-specific T cells has shown anti-tumor effects. We engineered
lymphocytes to express a transgenic TCR specific to a melanoma
antigen and a PET reporter gene to be used in an adoptive transfer
model to study TCR transgenic cells targeting melanoma tumors
in vivo. A tetracistronic lentiviral vector was engineered to express
the О± and ОІ chains of a hybrid murine/human TCR specific for the
endogenous melanoma antigen tyrosinase (Tyr), along with a modified
HSV1-tk with higher affinity for nucleotide analogues (sr39tk) used
as PET reporter gene, which was fused to the GFP marker. The
transgenes were interspaced with picornavirus-derived highly efficient
self-cleaving 2A-like sequences to allow balanced protein expression.
The hybrid TCR chains contained murine constant regions and
human variable regions specific for human HLA-A2.1, allowing the
specific recognition of HLA-A2.1 restricted peptides. Transduction
of ex vivo activated murine splenocytes with concentrated lentivirus
stocks (titer range of 1.3-2.4 x 10e8 infection units/ml) demonstrated
high transduction efficiency, with 31-78% of GFP positive cells at
M.O.I.=20 by flow-cytometry. However, the surface expression of
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the assembled Tyr-specific TCR was only 2-7%, as assessed by Tyr
(368-376) tetramer assays. We hypothesized that the correct pairing of
the introduced О± and ОІ chains may be hindered by their competition
with the corresponding endogenous chains. To address this problem,
we introduced changes in the TCR sequence to allow an advantageous
and more stable pairing of the chains. First we created different
constructs with extended murine constant regions from one with
intracellular and transmembrane regions to a full murinized constant
region till the extracellular segment and to allow more stable chain
pairing, we introduced cysteine in both chains to form an extra interchain disulfide bond. These changes increased the TCR expression
1.5 to 2 times in primary T cells. Furthermore, extension segments
to the carboxyl termini of both chains were added to form a stable
leucine zipper, enhancing the pairing of the О± and ОІ subunits and
increasing expression to 22-25% Tyr(368-376) tetramer positive T
cells after lentiviral transduction. We have confirmed that transduced
murine splenocytes stimulated with EL4 murine lymphoma stably
transduced with HLA-A2.1/Kb pulsed with Tyr (368-376) showed
higher IFN-Оі producing cells in comparison to control cells in an
ELISPOT functional assay. In conclusion, improved TCR chain
pairing through genetic engineering approaches results in improved
surface expression and function. These modifications will be tested
in TCRs developed for future clinical translational studies.
179. Generation of FK506 Resistant EBV CTL for
Treatment of Post Transplant Lymphoproliferative
Disease
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Post Transplant Lymphoproliferative Disease (PTLD), an EBVdriven lymphoma, is a significant complication of solid organ
transplantation. This is consequent to cellular immunosuppression by
calcineurin (Cn) inhibitors - cyclosporin(CsA) or tacrolimus (FK506).
Clinical studies have shown efficacy of either patient derived or
third party HLA matched EBV specific Cytotoxic T Lymphocytes
(CTL). However, these adoptively transferred EBV-CTLs rapidly
disappear in the face of continued calcineurin inhibitors. Reducing
this immunosuppression is difficult as it may endanger the graft. We
report the generation of both Calcineurin A (CnA) and Calcineurin
B (CnB) mutants which renders expressing cells resistant to either
or both Cyclosporin and Tacrolimus. Based on structural data we
generated 22 CnA mutants and 32 CnB mutants. Screening with an
NFAT-luciferase reporter in ionomycin stimulated 293T cells, we
identified 6 of the CnA mutants giving >15% resistance to FK506
(best gave 70% resistance), and 5 CnA mutants giving >15%
resistance to CsA (best giving 100% resistance in this assay). With
CnB mutants, 4 were identified to give >15% resistance to FK506
(best giving 60% resistance), and 5 giving >15% resistance to CsA
(best giving 40% resistance). Four of these CnB mutants overlapped,
in that they resulted in resistance to both FK504 and CsA. No CnA
mutants resulted in overlapping resistance. Next we tested the effects
of expression of these mutants in Jurkat T-cells. Retroviral expression
resulted in high, maintained expression in Jurkat T-cells as determined
by Western blotting. Resistance to FK506 and CsA was determined by
measuring IL-2 output in response to PMA/ionomycin stimulation, in
the face of increasing concentrations of these immunosuppressants.
Resistance was found to be equivalent to and correlated with that
found in 293T cells. Significantly, with most of the mutants, resistance
plateaued above 60% despite supra-therapeutic doses of FK506
(>40ng/ml) and CsA (>400ng/ml). Some of the mutants rendered
the Jurkat T-cells more responsive to stimulation with increased
output of IL-2. EBV-CTLs were generated from healthy donors.
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After transduction with Cn mutants and under selection with Cn
inhibitors, the proportion of transduced cells (as determined by eGFP
co-expression), could be seen to increase from 35% to >80% after
three stimulations with autologous LCLs. Cn mutant transduced CTLs
expanded in the face of Cn (while non-transduced cells did not),
although proliferation at a slower rate than without exposure to Cn
inhibitors. We have attempted to improve this by codon-optimizing the
Cn open reading frames and by co-expression of CnA mutants with
CnB mutants in the same vector. A retroviral vector that effectively
renders EBV-CTLs resistant to either FK506 or CsA would have great
utility in treating PTLD with adoptive immunotherapy, in solid organ
transplant patients, particularly where the graft is a vital organ and
withdrawal of immunsuppression is hazardous.
180. Mechanistic Underpinnings of AutoVersus Transcostimulation in Tumor-Targeted
T Lymphocytes Overexpressing Costimulatory
Ligands
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We have recently described a novel approach to provide tumortargeted T lymphocytes with potent costimulation within the tumor
microenvironment. Human tumor antigen-reactive T lymphocytes,
genetically engineered to constitutively express the costimulatory
ligand pair CD80 and 4-1BBL, vigorously respond to tumor cells
lacking costimulatory ligands and mediate potent rejection of large
systemic tumors in immunodeficient mice. In addition to efficiently
costimulating neighboring tumor-infiltrating T lymphocytes
(transcostimulation), T cell-expressed CD80 and 4-1BBL coalesce
with their respective receptors in the immunological synapse
following tumor encounter (autocostimulation). In our present study,
we detail the relative contribution of trans- versus autocostimulation,
employing a single T cell bioluminescent NF-kB reporter assay.
We will further detail the phenotype of auto- and transcostimulated
primary human T cells and anergized pmel-1 CD8-transgenic mouse
T lymphocytes. These studies strengthen the therapeutic prospects of
trans- and autocostimulation to functionally restore tumor antigentolerized T cell populations.
181. A Receptor Activating aPTamER (RAPTER)
Targeting the Immune Costimulatory Receptor
OX40 in Cancer Immunotherapy
Claudia M. Dollins,1,2 David Boczkowski,1,2 Jaewoo Lee,1,2 Juliana
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RNA ligands, also called aptamers, are isolated from a combinatorial
library of RNA sequences through the SELEX process. Aptamers are
an exciting class of therapeutic agents as they are potentially useful
in a variety of therapeutic settings, including tumor immunotherapy.
Aptamers offer several advantages over traditionally used agents
including an avoidance of immunogenicity and the opportunity
to rapidly reverse the aptamerвЂ™s effect via complementary basepairing (using an вЂњantidoteвЂќ oligonucleotide). With only one recent
exception- concurrently developed in our lab, the vast majority of
aptamers have been reported to function as antagonists capable of
inhibiting protein function. Here, we sought out to develop an aptamer
agonist, targeting the cell surface receptor OX40. We wanted to
demonstrate the agonistвЂ™s function to enhance tumor immunotherapy
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in a therapeutically relevant model for the treatment of an aggressive,
weakly immunogenic cancer by systemic administration. OX40
is a member of the tumor necrosis family of receptors. The OX40
receptor is expressed on the surface of activated T cells and interaction
with its ligand, OX40 ligand, lead to increased immune function
manifested by T cell proliferation and cytokine production. As with
many other receptors involved in modulating immune cell function
(e.g. CD28, CD40, 4-1BB), agonistic antibodies targeting OX40 have
been developed. In vitro and in vivo studies have demonstrated
that such antibodies can enhance tumor immune responses. The
promise of this preclinical data has spurred phase I clinical trials
using OX40 agonistic antibodies as potential cancer. However, the
murine origin of the antibody used in these trials has generated some
concern about the possibility of non-specific immune responses in the
form of human-anti mouse antibodies. In the only ongoing clinical
trial that has been reported, the safety of OX40 antibody treatment
could not be fully established since the compound could only be
administered once due to its murine origin. A growing concern exists
about the safety of induction of costimulation. Targeting of this type
of receptor (including CTLA-4, CD40, CD28) also has the capacity
to enhance unwanted immune responses inducing a variety of side
effects. Systemic blockage of the coinhibitory receptor CTLA-4 via an
antagonistic antibody (MDX-010) has led to an unwanted stimulation
of the immune system damaging multiple organs, including skin and
bowel were observed in 60% of subjects. The possibility and extent
of such problems cannot always be predicted in preclinical studies.
One of the potential advantages of an aptamer based therapeutic is
the fact that its activity can be reversed through the addition of an
antidote. We have shown that antidotes can be developed to rapidly
reverse the activity of antagonistic aptamers and we will demonstrate
that an antidote can be used to reverse the OX40 agonistic aptamers
activity.
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Leukemia caused by retroviral insertional mutagenesis after
stem-cell gene transfer has been reported in several experimental
animals and in patients treated for X-linked SCID. Here, we analyzed
whether gene transfer into mature T cells bears the same genotoxic
risk. To address this issue in an experimental вЂ�worst case scenarioвЂ™,
we transduced mature T cells and hematopoietic progenitor cells
from C57BL/6 (Ly5.1) donor mice with high copy numbers of
gammaretroviral vectors encoding the potent T cell oncogenes
LMO2, TCL1 or в€†TrkA, a constitutively active mutant of TrkA.
After transplantation into RAG-1 deficient recipients (Ly5.2), stem
cell transplanted animals developed T cell lymphoma/leukemia for
all investigated oncogenes with a characteristic phenotype and after
characteristic latency periods. Ligation-mediated PCR analysis
revealed mono- or oligoclonality of the malignancies. In striking
contrast, none of the mice transplanted with T cells transduced with
the same vectors developed leukemia/lymphoma despite persistence
of gene-modified cells. Thus, our data provide direct evidence that
mature T cells are less prone to transformation than hematopoietic
progenitor cells.
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Abstract Withdrawn
Approximately 60% of CD19+ ALL cytotoxicity was maintained by
mRNA-modified NK cells 3-4 d after transfection at an E:T ratio of
1:1. The method described here should greatly facilitate effective NK
cell therapy of CD19+ leukemia and lymphoma, and has potential for
a wide range of clinical applications in NK cell therapy of cancer.
Cancer вЂ“ Viral Vector Cancer Gene Therapy
185. Identification of Oncolytic Virus-Sensitizing
Genes by an siRNA Based Screen
Jenny Puhlmann,1 Florian Puehler,1 Petra Boukamp,2 Dominik
Mumberg,1 Rudolf Beier.1
1
TRG Oncology, Bayer Schering Pharma AG, Berlin, Germany;
2
Division of Genetics of Skin Carcinogenesis, DKFZ, Heidelberg,
Germany.
184. A Clinical-Grade Method to Genetically
Modify Natural Killer Cells for Leukemia and
Lymphoma Therapy
Linhong Li,1 Linda N. Liu,1 Stephanie Feller,1 Cornell Allen,1
Rama Shivakumar,1 Hiroyuki Fujisaki,2 Dario Campana,2 Joseph
Fratantoni,1 Madhusudan Peshwa.1
1
MaxCyte Inc., Gaithersburg, MD; 2Oncology and Pathology, St.
Jude ChildrenвЂ™s Research Hospital, Memphis, TN.
The infusion of allogeneic natural killer (NK) cells has been shown
to induce clinical responses in patients with acute myeloblastic
leukemia and is an attractive new tool to enhance the effects of
chemotherapy and hematopoietic stem cell transplantation in
patients with hematologic malignancies. NK cells have poor innate
cytotoxicity against certain leukemic cell types, e.g., those of acute
lymphoblastic leukemia (ALL). However, they can be rendered
extremely effective by enforcing the expression of chimeric signaling
receptors that recognize CD19, a surface molecule widely expressed
in B-lineage ALL and B-cell non-Hodgkin lymphoma (Imai et
al. Blood 2005). We here report an electrotransfection and cGMP
compliant method designed for clinical-grade genetic modification
of NK cells with mRNA. In preliminary experiments, we expanded
NK from the peripheral blood of healthy donors using the method
described by Imai et al., and then transfected them with various
molecules, including FITC-dextran (500kD), siRNA and eGFPencoded mRNA. Efficiencies of transfection were approximately
80% and cell viabilities after transfection were 80%-90%. Then,
we prepared mRNA encoding a chimeric receptor consisting of an
anti-CD19 scFV fused with the signaling domains of CD3zeta and
4-1BB. Expression of the chimeric receptor was detected among
56% В± 13% (n=26) of expanded NK cells after transfection. Receptor
expression progressively declined but was still detectable 4 days
post transfection. Expression of the anti-CD19 chimeric receptor
dramatically enhanced specific lysis of CD19+ ALL cell line(s) and
the CD19+ primary allogeneic B-chronic lymphocytic leukemia
(CLL) cells. At an effector : target (E:T) ratio of 1:1, expanded NK
cells transfected 1 day earlier with the anti-CD19 receptor lysed 95%
В± 2% of CD19+ ALL cells whereas cytotoxicity of non transfected
cells was 14% В± 7%; cytotoxicity against primary CLL cells reached
81% В± 2% versus 28% В± 6% (2 CLL donors; 3 experiments). The
lysis of CD19+ ALL cells by transfected NK cells decreased with time
after transfection. Significant lysis of CD19+ ALL cells was observed
as early as 3 hours and as late as 4 days subsequent to transfection.
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Newcastle disease virus (NDV) is an avian paramyxovirus with a
negative stranded RNA genome. The virus has a natural preference
for replication in tumor cells but not in normal cells. Therefore, NDV
is under current investigations for oncolytic therapy. A defective
antiviral response in tumor cells is assumed to be responsible for
tumor-selective viral replication. However, the precise link between
tumorigenesis and sensitivity to oncolytic viruses is not fully
understood and needs to be analysed in more detail. To address
this issue, a human cell line model has been set up based on a nontumorigenic keratinocyte cell line (HaCaT) and a ras-transformed
and in vivo tumor-passaged metastatic clone (RT3). In contrast to
the non-transformed HaCaT cells, the tumorigenic cell line RT3 is
susceptible to NDV but the virus induces no significant cytopathic
effect. A RT3-derived subclone (RT3 K1), selected by enhanced
growth in soft agar, features an increased tumor growth potential in
nude mice and a higher NDV susceptibility compared to the parental
cell line RT3. This elevated susceptibility corresponds to an enhanced
NDV-titer production and a NDV-mediated cell death even apparent
at low multiplicities of infection (MOI) in contrast to RT3 cells. To
identify tumor specific factors essential for efficient NDV infection
and replication, the virus sensitive RT3 K1 cells were transfected
with siRNA libraries that silence approximately 300 genes in total
(containing 185 genes involved in membrane trafficking and 95
tyrosine kinases). Following siRNA mediated knock-down the cells
were infected with a luciferase expressing NDV. Thus, an increase
or decrease of replication efficacy of the virus can be detected by
a luciferase based reporter gene assay. Several candidate genes
influencing the viral infection and replication cycle were identified
and selected for hit-validation in secondary assays, whereas the
non-transformed HaCaT cell line is included as a control. These
virus-sensitizing or virus-repressing genes can hint towards cellular
pathways important for the life-cycle of the virus. As the processes of
viral susceptibility and tumorigenic transformation are postulated to
be correlated, the identified genes or pathways may not only explain
the differential viral sensitivity of tumor and normal cells but also
give insights into the process of transformation.
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186. Anti-Tumor Effects Produced by the
Combinatory Use of E1B-55 kDa-Deleted
Adenoviruses and Chemotherapeutic Agents for
Human Esophageal Carcinoma Cells
Guangyu Ma,1,2 Kiyoko Kawamura,1 Quanhai Li,1 Taro Ueyama,1,3
Makoto Nakamura,1,3 Yuji Tada,3 Kenzo Hiroshima,4 Nobuo
Suzuki,2 Hideaki Shimada,5 Masatoshi Tagawa.1
1
Division of Pathology, Chiba Cancer Center Research Institute,
Chiba, Japan; 2Department of Environmental Biochemistry,
Graduate School of Medicine, Chiba University, Chiba, Japan;
3
Department of Respiratology, Graduate School of Medicine,
Chiba University, Chiba, Japan; 4Department of Diagnostic
Pathology, Graduate School of Medicine, Chiba University, Chiba,
Japan; 5Division of Gastroenterological Surgery, Chiba Cancer
Center, Chiba, Japan.
Esophageal carcinoma is easy to be accessed endoscopically and
even a local tumor response is beneficial to the patients. Following
our phase I/II clinical study with adenoviruses (Ad) bearing p53
gene (Ad-p53), we examined whether Ad lacking E1B-55kDa
molecules (Ad/E1B55K, ONYX-015) produced anti-tumor effects
on 9 kinds of human esophageal carcinoma cells with a cytotoxic
assay in vitro. Ad/E1B55K had a strong cytotoxic activity to the
carcinoma cells compared with replication-defective Ad expressing
beta-galactosidase gene and the susceptibility to the carcinoma cells
reached to a similar level as found with Ad-p53. We then examined
possible augmentation of anti-tumor effects with a combinatory use
of Ad/E1B55K and anti-cancer agents, including 5-fluorouracil (5FU),
cisplatin (CDDP), mitomycin C (MMC) and etoposide (VP-16). We
observed additive cytotoxic effects with 5-FU, MMC, and VP-16
but less significantly with CDDP. Since Ad/E1B55K belongs to
the type 5 Ad, the infectivity primarily depends on the expression
level of coxsackievirus and adenovirus receptors (CAR). The CAR
expression level in the esophageal carcinoma cells was however
not directly correlated with the Ad/E1B55K-mediated cytotoxicity;
therefore, the other factors such as induction level of p53 are involved
in the differential cytotoxic activities. Since chemotherapeutic agents
can inhibit Ad proliferation, we examined whether the precedential
treatment of the agents, 5-FU, CDDP, MMC and VP-16 suppressed
subsequent virus proliferation. We found that administration of the
agents prior to Ad/E1B55K achieved less cytotoxic activity compared
with simultaneous treatment with the agents and Ad/E1B55K.
These data indicate that the combinatory use of Ad/E1B55K and
chemotherapeutic agents produced additive and sequence-dependent
anti-tumor effects and could be a possible therapeutic strategy for
esophageal carcinoma.
187. Improving Cancer Gene Therapy for Head
and Neck Cancer with a Multi-Modal Therapy
Approach Utilizing Clinical Tumor Explants
JoГЈo D. Dias,1,2 Kilian Guse,1,2 Petri Nokisalmi,1,2 Minna
Eriksson,1,2 Dung-Tsa Chen,3 Mikko Tenhunen,2 Ilkka Liikanen,1,2
Reidar GrГ©nman,4,5 Mikko Savontaus,4 Akseli Hemminki.1,2
1
Cancer Gene Therapy Group, University of Helsinki, Helsinki,
Finland; 2HUSLAB, Helsinki University Central Hospital,
Helsinki, Finland; 3University of South Florida, Florida; 4Turku
University, Turku, Finland; 5Turku University Central Hospital,
Turku, Finland.
Despite improvements in standard therapies, the overall 5 year
survival of head and neck squamous cell carcinoma (HNSCC)
patients is still lower than 50% for the more than 615.000 new
cases diagnosed worldwide per year. Currently, the standard care of
HNSCC combines surgery, radiation, chemotherapy and monoclonal
antibody (cetuximab) therapy. Mortality associated with disease and
morbidity associated with its treatments has encouraged the pursuit
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of alternative and additional therapeutic strategies. Clinical data has
validated safety and therapeutic potential of oncolytic adenovirus
(Ad) . However, the main conclusion from most of these cancer
trials is that tumor transduction has often been too low for significant
therapeutic antitumor effect. Therefore, for advanced disease, tumor
penetration is the key to efficacy. Thus, we hypothesized that Ad
with capsid modifications have enhanced tumor transduction and
amplification of effect and also that there is a synergistic effect when
used in a multimodal approach with HNSCC standard therapies. We
investigated which adenoviral capsid modifications allow the best
gene transfer to HNSCC primary tumor explants (transductional
targeting). Determination of transductional efficiency was performed
using capsid modified, replication deficient Ads, which express
luciferase. To evaluate tumor cell killing effect, explants were infected
with capsid modified oncolytic Ads and cell killing assays (MTS)
were performed. After determining the sensitivity of HNSCC primary
explants to oncolytic Ad, we studied a multimodal approach, more
specifically the combination effect of oncolytic Ads with HNSCC
standard therapies. HNSCC primary explants sensitivity to 5-FU and/
or cisplatin (chemotherapy), radiation (radiotherapy) and cetuximab
(monoclonal antibody therapy) was determined before measuring
combined therapeutic effect. Combined cell killing effect of the
two most oncolytic Ads with 5-FU and cisplatin, cetuximab or with
radiation was determined using MTS assay. Capsid modified viruses
showed increased transduction and oncolysis of HNSCC substrates in
comparison to Ad5 based agents. Ad5 chimeras with Ad3 knob, RGD
or the polylysine modifications (pK7) resulted in significantly higher
antitumour effect than wild type Ad5. Ad5/3 and pK7 allowed the
best gene transfer and cell killing effects in vitro. The pK7 modified
oncolytic virus presented a significant tumor volume reduction in
vivo. Combination of chemotherapy, radiotherapy and monoclonal
antibody therapy with oncolytic adenovirus therapy resulted in further
increases in cell killing effect in vitro and tumor volume reduction in
vivo. In summary, our preclinical data suggest that it is feasible and
efficacious to combine oncolytic adenoviruses and HNSCC standard
therapies into a multimodality treatment regimen for clinical testing
in HNSCC patients.
188. Paclitaxel Improves the Intratumoral
Spread of Oncolytic Herpes Simplex Virus Injected
Intravenously
Yves Boucher,1 Satoshi Nagano.1
1
Radiation Oncology, Massachusetts General Hospital, Harvard
Medical School, Boston, MA.
The clinical success of oncolytic virotherapy is severely limited
by the large size of viral vectors, which limits their transport across
the tumor vasculature and through the interstitial matrix (IM) and
narrow spaces separating cancer cells. To by-pass the IM and cellular
barrier, we have shown that tumor cell apoptosis induced by cytotoxic
agents enhances the delivery and anti-tumor efficacy of oncolytic
herpes simplex virus-1 (HSV-1) injected intratumorally. Here, we
hypothesized that targeting cancer cells with paclitaxel will enhance
the transvascular and interstitial transport, and the intratumoral spread
of oncolytic HSV injected intravenously. To test this hypothesis
immunodeficient mice with orthotopic human mammary MDAMB-361 tumors were pre-treated with paclitaxel (15 mg / kg) and
24 hrs later injected intravenously with MGH2 (1 x 107 pfu / mouse)
an oncolytic HSV expressing the green fluorescent protein (GFP).
In another experimental group, a second injection of MGH2 was
performed 24 hrs after the initial injection. Mice were sacrificed 4
days after the final virus injection. To visualize the functional blood
vessels, biotinylated lectin was injected 5 min before sacrifice.
While there was approximately 10% of necrosis in the center of
untreated MDA-MB-361 tumors, paclitaxel produced a large central
necrotic core. In non-necrotic tumor areas paclitaxel increased the
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percentage of apoptotic cells and the number of HSV infected cells
(GFP-positive). In tumors treated with two virus injections the area
of infection was significantly larger in paclitaxel-treated than control
tumors. However, even following paclitaxel treatment, HSV infection
was not detected in relatively large areas with perfused (functional)
vessels. In conclusion, paclitaxel enhances the intratumoral spread
of oncolytic HSV injected intravenously.
189. Efficacy of Adenoviral Vector-Mediated
Cytokine/Suicide Gene Therapy of Cancer
Luisa Barzon, Urska Matkovic, Monia Pacenti, Ignazio
Castagliuolo, Giorgio Palu.
1
Department of Histology, Microbiology and Medical
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Aim of this study is the construction and evaluation of E1/E3deleted adenoviral vectors type 5 for gene therapy of esophageal
(EAC), hepatocellular (HCC), adrenocortical (ACC), and anaplastic
thyroid (ATC) carcinomas. Recombinant adenoviral vectors containing
the reporter gene EGFP and, as therapeutic genes, HSV-TK, mutant
HSV-TK30, and mGM-CSF, alone or in combination, were produced
and used to infect a panel of human cancer cell lines and primary cell
cultures. AdEGFP demonstrated efficient transduction of human HCC,
ATC, ACC, and some of EAC cell lines and primary cell cultures, as
analyzed by flow cytometry and fluorescent microscopy. Consistently,
high levels of primary adenovirus receptor CAR was demonstrated
in cell lines and tumor tissues. Cells transduced with AdHSV-TK30
vectors showed prominent sensitivity to GCV treatment in MOIdependent manner, higher than with AdHSV-TK vectors. In vivo
experiments in nude mice s.c. inoculated with EAC, ACC, and ATC
cells demonstrated efficient AdEGFP transduction of tumors and their
complete regression after intratumor injection with AdHSV-TK30
and GCV treatment. A murine syngenic model of HCC was used
to evaluate efficacy of the AdGM-CSF-HSV-TK30 vector. In this
model, intratumor vector injection followed by GCV treatment led to
complete regression of transduced tumors, regression of distant nontransduced tumors, and development of specific antitumor immune
response. In conclusion, we demonstrated the in vitro and in vivo
efficacy of adenoviral vector-mediated combined suicide/cytokine
gene therapy for several types of cancer, with significant systemic
therapeutic efficacy in vivo.
190. Bicistronic Adenovirus Adp16IRESp53
Induces Massive Cell Death Both In Vitro and In
Vivo in a Lung Adenocarcinoma Model
Juliana Colozzo Gregorio,1 Bryan Eric Strauss,2 Eugenia Costanzi
Strauss.1
1
Cell Biology Department, Sao Paulo University, Sao Paulo,
Brazil; 2Laboratory of Genetics and Molecular Cardiology, Sao
Paulo University, Sao Paulo, Brazil.
To instigate tumor growth, mammalian cells tend to lose both p16
and p53 tumor suppressor gene function, two important steps towards
uncontrolled division and contributing to their escape from death or
senescence. Considering the key role of simultaneous inactivation of
p16 and p53 in tumorigenesis, restoration of these two genes could
lead to greater efficacy of cancer gene therapy than introduction
of either gene alone. We investigated the effect of simultaneous
transfer of both the p16 and p53 cDNAs mediated by the bicistronic
adenovirus Adp16IRESp53 in the H358 human lung carcinoma model.
In vitro assays include growth curves, cell cycle analyses (FACS-PI),
senescence staining, viability and apoptosis assays. In vivo assays
include the in situ administration of Adp16IRESp53 followed by
measurement of tumor size, staining of tissue sections with H&E or
probing for markers of proliferation (Ki67 and Brdu) or apoptosis
(TUNEL assay). The results show that the Adp16IRESp53 virus
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promoted strong inhibition of proliferation and extensive cell death
(90%) in H358 cells in vitro. In comparison, monocistronic vectors
delivered individually or in combination were markedly less effective.
For example, co-transduction with Adp16+Adp53 yielded only 39%
cell death. These results confirm the powerful anti-proliferative effect
of the bicistronic configuration. Data from H358 tumors treated in
nude mice also indicated that Adp16IRESp53 was a better anticancer
agent than either Adp16 or Adp53 alone. We observed massive cell
death when tumors were treated with the bicistronic vector, but neither
monocistronic virus. Our results support the concept that, since the
rise of cancer is a multi-step process, the treatment of this disease by
gene therapy will depend on the restoration of multiple genes. These
results also indicate that the bicistronic delivery of the p16 and p53
tumor suppressor genes is a promising cancer gene therapy strategy
that target fundamental tumorigenesis pathways. Financial Support:
FAPESP, MCT-CNPq.
191. Oncolytic Measles Virus Does Not Kill
Primary Chronic Lymphocytic Leukaemia Cells
Jennifer Thomson, Yu Zhang, R. Gitendra-Wickremasinghe,
Andrew J. Steele, Adele K. Fielding.
1
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Chronic Lymphocytic Leukaemia (CLL) is an indolent B-cell
malignancy, which is resistant to gene transduction systems. It is
incurable by conventional therapy, at least in part due to the evasion
of apoptosis by CLL cells. Upregulation of apoptosis is one of the
mechanisms by which the attenuated, B-lymphotropic measles virus
(MV) is thought to exert its oncolytic effect. We postulated that MV
would present a suitable candidate for the infection and lysis of
CLL cells. CLL cells were purified from 12 different individualвЂ™s
peripheral blood samples by density gradient centrifugation (95%
B-CLL). FACS analysis for the MV receptors CD46 and SLAM
confirmed permissivity to infection. Relatively efficient infection
was verified by FACS: between 25 and 55% positivity was observed
upon infection with MV expressing green fluorescent protein at
MOI=1. However, neither MTT assays nor cell counts revealed any
decrease in viability for infected cells, even at day 6 post-infection
(p.i.) Immunoblotting for PARP cleavage, a hallmark of apoptotic
cell death, showed no sign of apoptosis in MV infected cells. Overexpression of the anti-apoptotic protein, BCL-2, may contribute to
the lack of apoptosis enhancement by MV in CLL. To investigate,
cell lines stably expressing BCL-2 were generated and infected
with MV. Reduced levels of active Caspase 3, observed in ELISAs,
confirmed a lower susceptibility to apoptosis for infected cells that
over-expressed BCL-2 compared to non-expressing controls. We
sought to investigate further the inability of MV to lyse B-CLL cells.
Successful MV protein production was demonstrated in immunoblots
for MV proteins N, H and F, with expression continuing to rise up
to day 7 p.i. RT-PCR assays for MV-N and F also indicated MV
genome replication in CLL cells. However, when cell lysates and
supernatants from 5 million infected CLL cells were titrated on Vero
cells, TCID 50 assay results showed little cell-associated or released
virus in 4/5 samples. FACS assays revealed negligible MV-H surface
expression for infected CLL cells, compared to control B-cell lines.
Taken together, these findings suggest BCL-2 over-expression and/
or diminished glycoprotein expression at the cell surface or defective
viral particle assembly as possible reasons for the inability of MV
to lyse CLL cells. They also support the further investigation of
the oncolytic activity of MV, with particular regard to its cytotoxic
mechanisms.
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192. Suicide Gene Therapy with a FiberModified Adenovirus Alone and in Combination
with Docetaxel in Bladder Cancer Model
Hideyuki Yamashita,1 Weiguo Jian,1 Guru Sonpavde,2 Alan R.
Davis,3 Seth P. Lerner.1
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Herpes simplex virus (HSV) type 1 thymidine kinase (TK)/
ganciclovir (GCV) cancer gene therapy has demonstrated modest
preclinical activity in multiple malignancies. Malignancies are
relatively resistant to Ad5-based gene transfer because the expression
of coxsackie-adenovirus receptor (CAR), the primary Ad5 cellular
attachment receptor, is frequently down-regulated. We developed a
novel chimeric Ad vector possessing fibers derived from Ad group
B serotype 35 (Ad5F35), which uses CD46 for uptake into cells.
CD46 expression is up-regulated in cancer cells, and thus enables
Ad5F35 to transduce Ad5 resistant cells. Here, we examined the
feasibility of AdHSV-TK/GCV alone as well as of combining
Ad5F35HSV-TK/GCV with docetaxel in human bladder cancer
cells. In vitro, Ad5F35HSV-TK/GCV demonstrated significant antitumor activity in Ad5HSV-TK/GCV refractory bladder cancer cells.
Synergism occurred with low doses of AdHSV-TK and docetaxel
when cancer cells were exposed to docetaxel 24 h after vector
transduction. Additionally, enhanced induction of apoptosis by
combination treatment was clearly observed. In vivo, nu/nu nude mice
xenograft model with TCCSUP received intratumoral injection of
Ad5F35HSV-TK, intraperitoneal injection of GCV and intraperitoneal
administration of docetaxel. Immunohistochemistry (IHC) was
performed to detect apoptosis (cleaved caspase-3), modulation of
proliferation (ki-67) and angiogenesis (CD31). Analysis of growth
of implanted cancer cells showed significant tumor regression in
combination therapy compared to no therapy or monotherapy. These
data indicate that Ad5F35 is a promising vector for bladder cancer
gene therapy and that Ad5F35-based HSV-TK/GCV gene therapy
in combination with docetaxel is a rational strategy to evaluate in
bladder cancer clinical trials.
193. Adenoviral Delivery of an EGFR-Selective
TRAIL Fusion Protein Results in Potent In Vivo
Tumoricidal Activity towards Established Renal
Cell Carcinoma Xenografts
Hidde J. Haisma,1 Marike Dijkstra,1 Gera Kamps,1 Edwin Bremer,2
Wijnand Helfrich.2
1
Therapeutic Gene Modulation, University of Groningen,
Groningen, Netherlands; 2Pathology and Laboratory Medicine,
University Medical Center Groningen, Groningen, Netherlands.
Soluble TRAIL (sTRAIL), a recombinant form of tumor necrosis
factor-related apoptosis-inducing ligand, has been shown to induce
apoptosis in a wide variety of cancer cells in vitro and to suppress
tumor growth in vivo. Unfortunately the specificity of sTRAIL for
tumor cells is limited as several reports show toxicity of sTRAIL
towards normal cells. Previously, we demonstrated potent tumor cellselective pro-apoptotic activity of scFv425:sTRAIL, a recombinant
fusion protein comprised of Epidermal Growth Factor Receptor
(EGFR)-directed antibody fragment (scFv425) genetically fused to
human soluble TRAIL (sTRAIL). Here we report on the therapeutic
systemic tumoricidal activity of scFv425:sTRAIL when produced by
the replication-deficient adenovirus Ad-scFv425:sTRAIL. In vitro
treatment of EGFR-positive tumor cells with Ad-scFv425:sTRAIL
resulted in the potent induction of apoptosis of not only infected
tumor cells, but importantly also in up to 60% of non-infected
EGFR-positive bystander tumor cells. A single intravenous
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injection of Ad-scFv425:sTRAIL in tumor-free mice resulted in
predominant liver infection and concomitant high blood plasma
levels of scFv425:sTRAIL. These mice showed no sign of AdscFv425:sTRAIL-related liver toxicity. Identical treatment of mice
with established intraperitoneal renal cell carcinoma xenografts
resulted in rapid and massive tumor load reduction and subsequent
long-term survival. Taken together, adenoviral-mediated in vivo
production of scFv425:sTRAIL may be exploitable for systemic
treatment of EGFR-positive cancer.
194. Anti-Tumor and Radio-Sensitizing
Properties of Ad-IU2, a Prostate-Specific
Replication-Competent Adenovirus Armed with
TRAIL
Juan A. Jimenez,1 Yousef Mohammadi,1 Xiong Li,1 Chinghai Kao,1
Thomas A. Gardner.1
1
Urology, Indiana University School of Medicine, Indianapolis, IN.
Background: Prostate cancer is the second most common cause of
cancer-specific mortality in men in the United States. Recent studies
supporting the use of external beam radiation therapy (EBRT) as
standard of care for high risk prostate cancer have also demonstrated
that monotherapy is insufficient for the treatment of locally advanced
disease, leading to higher rates of biochemical failure and prostate
cancer-specific mortality. Although dose escalation of EBRT has been
achieved through the use of 3-dimensional conformal RT and intensity
modulated RT, the persistence of radio-resistant prostate cancer cells
and dose-limiting toxicities to surrounding normal tissues in the pelvis
prevent complete tumor eradication, leading to failure of the therapy
and a potentially fatal disseminated disease. Recently, our laboratory
developed a prostate-specific replication-competent adenovirus
(PSRCA), called Ad-IU2, armed with tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) under control of the prostatespecific enhancer sequence (PSES). In addition to being a powerful
tumor-specific cytotoxic molecule, TRAIL has proven to be a potent
radio-sensitizing agent. Methods: We investigated the in vitro and
in vivo properties of Ad-IU2 as a single agent or in combination with
EBRT in PSA/PSMA-positive CWR22rv, C4-2 and LNCaP prostate
cancer cells as well as androgen-independent CWR22rv nude mouse
xenografts. Results: Ad-IU2 replicated efficiently in and restricted to
PSA/PSMA-positive prostate cancer cells and induced 5-fold greater
apoptosis in CWR22rv and C4-2 cells than PSRCA control. Ad-IU2
exhibited superior killing efficiency in PSA/PSMA-positive prostate
cancer cells at doses 5 to 8-fold lower than required by a PSRCA to
produce a similar effect. This cytotoxic effect was not observed in
non-prostatic cells, however. As an enhancement of its therapeutic
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efficacy, Ad-IU2 exerted a TRAIL-mediated bystander effect through
direct cell-to-cell contact and soluble factors such as apoptotic bodies.
In vivo, Ad-IU2 markedly suppressed the growth of subcutaneous
CWR22rv xenografts compared to a PSRCA at six weeks posttreatment (3.1 vs. 17.1-fold growth of tumor). The treatment of
androgen-independent prostate cancer with Ad-IU2 prior to EBRT
significantly reduced clonogenic survival with dose reduction factors
of 2.78 and 2.42 for CWR22rv and C4-2 cells, respectively. This
interaction between Ad-IU2 and EBRT was synergistic (p=0.0065),
and resulted in sensitization of cells to radiation therapy as evidenced
by a reduction in the shoulder of the radiation dose-response curve
and О±/ОІ values. Conclusion: This multi-modal approach combining
viral lysis, apoptosis-inducing gene therapy, and radiation therapy
could have great impact in achieving complete local tumor control,
reducing radiation dose and associated treatment morbidities, and
improving the clinical outcome for patients with high risk locally
advanced prostate cancer.
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195. Inducible Nitric Oxide Synthase for the
Treatment of Metastatic Prostate Cancer
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Conventional treatments for hormone refractory prostate cancer
(HRPC) are mainly palliative and the prognosis is poor so there is
a pressing need for new therapies. HRPC is typically characterized
by metastatic deposits at bone sites where they display osteoblastlike characteristics. Gene therapy has been identified as a promising
treatment option for disseminated prostate cancer. The human
osteocalcin (hOC) promoter shows promise for gene therapy in this
setting, as expression is limited to osteotropic tumours and mature
calcified tissue. Previously we have demonstrated the cytotoxic
effects induced by overexpression of the iNOS transgene. Therefore,
construction of a hOC/iNOS construct may prove an attractive
approach for specifically targeting HRPC. We have cloned a hOC/
EGFP-1 reporter vector and confirmed in vitro that the promoter is
strongly activated in the androgen independent PC-3 and DU145
cell lines, but not in the androgen dependent LNCaP cell line, the
HT29 cell line or HMEC-1 cell line. Using a hOC/iNOS construct we
have demonstrated increased iNOS protein and total nitrite in PC-3
and DU145 cells, but not LNCaP or HT29, and this increase was
not significantly different from that achieved with the constitutively
expressed CMV/iNOS construct. Cytotoxicity was then assessed in
vitro by clonogenic assay. Transfection with CMV/iNOS or hOC/
iNOS resulted in no cytotoxicity in the androgen dependent LNCaP
cell line or in the non prostate cell lines. However, transfection with
either construct resulted in a greatly reduced cell survival (to 10-20%)
in the androgen independent PC-3 and DU145 cell lines. Further in
vivo studies have shown highly significant inhibition of tumour growth
especially when a multiple injection regimen was administered in
PC-3 metastatic prostate tumours. Utilizing the tumour-type specific
properties of the hOC promoter we have demonstrated target cell
specificity resulting in significant cytotoxic effects in the androgen
independent prostate cancer cell lines (PC-3 and DU145) as a result of
high-level generation of NOВ·. This effect was not observed in androgen
dependent cells (LNCaP), colon cancer (HT29) cells or normal
human endothelial cells (HMEC-1). The levels of NOВ· generated are
comparable with those seen with constitutively (CMV) driven iNOS.
This in vitro data has been exquisitely translated in vivo displaying
a significant growth delay for both single and multiple treatments in
PC-3 tumours. The data obtained from this study provide a basis for
future development of hOC/iNOS gene therapy.
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196. In Vivo Monitoring of a Conditional
Replicating Adenovirus in Breast Cancer by pIX вЂ“
Red Fluorescent Protein Capsid Labeling
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Introduction. Using conditionally replicative adenoviruses
(CRAds) is a therapeutic method to achieve efficient tumor cell
oncolysis and mitigate tumor infection limitations. Ideally, cancer
specific replication of CRAds results in viral-mediated oncolysis
of infected tumor tissues and release of virus progeny, further
propagating in surrounding tumor cells but not in normal cells. A
number of characteristics of the adenovirus serotype 5 (Ad5) make
it widely suitable for cancer therapeutic approaches. Despite these
advantages, overall efficacy of Ad5 based cancer gene therapy/
virotherapy approaches is limited by suboptimal vector delivery
efficiency in cancer tissues and nonspecific delivery to normal
tissues. To circumvent these problems, CXCR4 promotor control has
recently been shown to target breast cancer specific virus replication.
In addition, an Ad serotype 3 fiber knob substitution (Ad5/3) can
improve the virus delivery to breast cancer cells. A monitoring
system that can assess replication and spread of these CRAds would
useful for clinical development of these agents. The C-terminus of
the minor capsid protein pIX has been defined as a locus capable of
presenting incorporated ligands such as the red fluorescence protein
(RFP) on the virus surface. In this study we developed a conditionally
replicating Adenovirus Ad5/3-CXCR4-E1-pIX-RFP and compared its
characteristics in terms of dynamic imaging to the Ad5wt-RFP in breast
cancer cell lines in vitro and in xenograft breast cancer mouse smodels
in vivo. Material and Methods. Labeled virions were visualized
by fluorescence noninvasive imaging and fluorescence microscopy.
Quantification was carried out by flow cytometry. Fluorescence signal
was correlated to the number of virus copies by RT-PCR for detection
of E4 copy number. For in vivo studies immundeficient mice with
xenograft MB-MDA-435 breast cancer tumors were intratumorally
inoculated with Ad5/3-CXCR4-E1-pIX-RFP and Ad5-wt-pIX-RFP
and dynamically followed by fluorescence noninvasive imaging.
Results. Expression of the pIX-RFP label in infected tumor cells
could be detected in vitro and in vivo. Fluorescence imaging in vivo
confirmed the ability to noninvasivly detect fluorescence signal
during replication which generally corresponded with the underlying
level of viral DNA replication. Substantial changes in infectivity or
replication of Ad5/3-CXCR4-pXI-RFP compared to Ad5/3-CXCR4
were not observed. Conclusions. Our results indicate that introducing
RFP into the viral capsid of a CRAd by fusing it with the minor
capsid protein IX allows a noninvasive and dynamic monitoring
in breast cancer models. Thus pIX capsid labeling is a promising
approach for imaging based assessment of the oncolytic function of
fiber modified CRAds.
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197. The Potential of Virotherapy Using
Recombinant Vesicular Stomatitis Virus for
Unresectable Metastases from Colorectal Cancer
Minoru Yamaki,1 Katsunori Shinozaki,2 Takemasa Sakaguchi,3
Savio L. C. Woo,4 Toshimasa Asahara.1
1
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Background: Colorectal cancer (CRC) is the second largest
contributor to cancer deaths in the United States. The liver and lung
are the most common sites of distant metastases from recurrent
CRC. Metastases from CRC are frequently unresectable. Novel
therapeutic agents that can provide significant clinical benefit for
inoperable patients are needed. Oncolytic vesicular stomatitis virus
(VSV) is a promising tool as cancer therapeutic agent. In this study,
we established the multi-focal liver metastases model or the multifocal lung metastases model with colorectal cancer cell lines and
a syngeneic rat. We examined the potential of virotherapy using
recombinant VSV to treat multi-focal CRC metastases in the rat
liver and lung. Methods: RCN-H4 cells (chemically induced colon
adenocarcinoma cell line) were used as tumor cell line. RCH-H4 cells
were implanted into the liver of syngeneic immune-competent F344/
DuCrj rats to establish the multi-focal liver metastases. To establish
the multi-focal lung metastases, RCN-H4 cells were infused via the
penial vein of rats. Recombinant VSV vector expressing mutant
(L289A) NDV fusion protein (rVSV-F) was used. Liver metastases
rats were infused via the hepatic artery repeatedly with 4.0x106 pfu
of rVSV-F vector in 1 mL of phosphate buffered saline (PBS) every
day for 3 days (3 injections total). Lung metastases rats were infused
via the penial vein with same dose of rVSV-F. Primary endpoint was
survival. Secondary endpoint was safety. Statistical significance was
compared using the log-rank test. Results: In liver metastases model,
significantly enhanced survival was observed with rVSV-F-treated
rats (p=0.0196). Median survival was 110 and 25 days, respectively.
In addition, 4 of 7th of the rVSV-F-treated rats demonstrated longterm survival exceeding 100days. We sacrificed the long-term
surviving rats to evaluate for residual malignancy. Liver tumors
were not detected. In lung metastases model, median survival was
9 (VSV-F-treated rat) and 7 days (control). Although no rats could
gain the long-term survival, survival was prolonged significantly
(p=0.0004). Symptom of encephalitis was not detected in both groups
treated with rVSV-F by hepatic artery infusion as well as by systemic
infusion. Serum chemistry did not show any toxicity in both groups.
Conclusions: Hepatic arterial infusion of rVSV for multiple liver
metastases from CRC showed and systemic infusion of rVSV for
multiple lung metastases from CRC were effective. Especially, in
the cases of hepatic arterial infusion of rVSV-F for liver metastases,
more than the half of rats gained long-term survival and had no liver
tumors at sacrifice. VSV virotherapy has potential for unresectable
metastases from CRC.
198. Adenoviral Oncolytic Capacity Is Defined
by Tumor Cell-Stroma Interaction
Veronica M. Lopez,1 Diego L. Viale,1 Eduardo A. Cafferata,1 David
Gould,2 Yuti Chernajovsky,2 Osvaldo L. Podhajcer.1
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Tumor growth is essentially the result of a continuous cross-talk
between malignant and tumor-associated stromal cells. TumorS74
associated endothelial cells and fibroblasts are not merely a scaffold
but are actively engaged in tumor growth. Therefore, we designed
two novel CRAds to target both the malignant and stromal cell
compartments. We selected SPARC promoter since SPARC is
overexpressed in malignant and tumor associated-stromal cells in
human melanoma and other cancers. By using luciferase expression
as a reporter gene, we performed a detailed analysis of the activity
and specificity of different fragments of the SPARC promoter. A
promoter sequence extending from вЂ“513 bp to +35 bp named F512
showed the best ratio of activity vs. specificity in human melanoma
cells compared to non-melanoma malignant and normal cells We
constructed a CRAd in which the E1A expression was driven by
F512 promoter (Ad-F512) and a second CRAd, Ad(I)-F512-TK
that was additionally armed with the Herpes Simplex thymidine
kinase gene. Both CRAds were cytotoxic on a panel of melanoma
cells but were unable to replicate in normal cells from different
sources (melanocytes, keratinocytes, mammary and colon). CRAds
exhibited also a certain cytotoxic effect on transformed-human
microendothelial cells HMEC-1 and fetal fibroblasts, but had no
lytic effect on adult fibroblasts. Ad(I)-F512-TK combined with
GCV significantly enhanced the in vitro cytotoxic capacity of the
CRAd both in melanoma and in HMEC-1 cells that express SPARC.
Ad-F512 treatment of nude mice carrying established human
melanomas inhibited tumor growth in 7 out of 9 mice compared to
none in the control group treated with Ad-ОІ-gal. However, Ad-F512
was much less effective on established tumors composed of a mix of
melanoma and human stromal cells expressing SPARC (endothelial
cells or fibroblasts) demonstrating that the presence of stromal cells
imposed a restriction on viral activity. Interestingly, Ad(I)-F512-TK
combined with GCV exhibited better efficacy than Ad-F512 on
mixed tumors suggesting that adding TK/GCV can improve viral
lytic activity. Remarkably, treatment of pancreatic tumors made of a
mix of MIA PaCa-2 cells and HMEC-1 cells inhibited tumor growth
in 5 out of 6 mice, demonstrating that in contrast to what occurred
with melanoma tumors, the presence of stromal cells improved viral
therapeutic efficacy on pancreatic tumors. Preliminary evidence
indicate that conditioned media obtained from stromal cells enhanced
F512 activity in pancreatic cancer cells, while reduced F512 activity
in melanoma cells. This data suggest that stromal cells can play a key
role in defining the therapeutic efficacy of a CRAd. Moreover, based
on the paradigm of targeting malignant and stromal cells we propose
that this novel CRAd might be considered as a potential therapeutic
tool for different cancer types.
199. Treatment of Gastrointestinal Tract
Peritoneal Carcinomatosis with Single High Dose,
Multiple Low Doses of Ad_hARF in a Nude Mouse
Xenograft Model
Barur R. Rajeshkumar,1 Steven R. Grossman,2,3,4 Seema Paliwal,2
Ramesh C. Kovi,2 Giles F. Whalen.1,4
1
Departments of Surgery, ; 2Cancer Biology, ; 3Medicine, ;
4
Gastrointestinal Cancer Program, University of Massachusetts
Medical School, Worcester, MA.
Background: Peritoneal carcinomatosis is a lethal clinical problem
without adequate solution, even when the malignancy remains
confined to the peritoneum. We describe our experiments with a nonreplicating adenoviral vector that delivers a recombinant gene product
to cancer cells growing on the surfaces of the peritoneal cavity. In
this study we have used human ARF (hARF) a gene that encodes a
potent tumor suppressor protein that results in apoptosis of tumor
cells. The aim of the current study is to evaluate the effect of single
higher dose compared to multiple lower doses of Ad_hARF in nude
mouse model of GI tract peritoneal carcinomatosis. Methods: Two
sets of animals were inoculated with Clone A, colon cancer cells, (3
X 106) into the peritoneal cavity of nude mice. After 1 week, the first
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set of animals were given a single high dose (9 X 106 viral particles);
the second set of animals were given a weekly dose of 3 X 106 viral
particles of Ad_hARF or Ad_LacZ (adenoviral vector control) on
weeks 2 вЂ“ 7 via intraperitoneal injection. After 2 months, the animals
were weighed, sacrificed and the peritoneal cavity was photographed,
ascitic fluid was collected. The peritoneal implants were counted,
scored, and weighed. Results: There was approximately 58% tumor
volume reduction in the single high dose Ad_hARF infected mice
compared to PBS control or Ad_LacZ infected mice.
Table1: Single High Dose
Experiment 1
Ad_ARF
PBS (n=6)
(n=5)
Mean Tumor
7.75В±0.8 4.05 В± 1.0
weight (gm)
Mean Ascitic
4.47В±1.3 0
Fluid (cc)
Mean Peritoneal
5.33В±1.2 3.80 В±0.5
Score
Experiment 2
Ad_LacZ
Ad_ARF Ad_LacZ
PBS (n=5)
(n=5)
(n=3)
(n=4)
5.6 В±1.0 9.42В±1.7 1.7 В± 0.5 6.6В±1.2
3.4 В±1.3
3.34 В±0.6
0
2.30В±0.3
5.2 В±0.8
14.0В± 2.4
8.70В±1.9 19.5В±2.1
The tumor volume reduction in the animals infected with multiple
low doses Ad_hARF was approximately 68% less compared to PBS
control or Ad_lacZ infected mice.
Table2: Multiple Low Doses
Experiment 1
Ad_ARF
PBS (n=6)
(n=5)
Mean Tumor
7.36В±1.1 2.31 В±0.3
weight (gm)
Mean Ascitic
1.75В±0.1 0
Fluid (cc)
Mean Peritoneal
6.8В±1.3 4.3В±0.5
Score
Experiment 2
Ad_LacZ
Ad_ARF
PBS (n=4)
(n=5)
(n=5)
7.39 В±0.8 6.82 В±1.6 2.45 В± 0.8
Ad_LacZ
(n=2)
8.55В±4.1
0.88В±0.8
2.32В±1.2
0
2.50В±0.5
6.0В±0.9
17.8В±5.4
6.80В±1.0
13.0В±0.1
The Ad_hARF infected mice appears healthy with no ascitic fluid
accumulation compared to PBS control or Ad_Lac Z infected mice.
Similar results were also observed in the subsequent experiments.
Conclusions: Both single high dose and multiple low doses of Ad_
hARF into the peritoneal cavity of nude mice with GI tract peritoneal
carcinomatosis appears to reduce the peritoneal tumor burden. Ad_
hARF infected mice were healthy in both groups at two months,
suggesting that the treatment with Ad_hARF will increase survival.
Repetitive dose of Ad_hARF may be more effective compared to a
single dose treatment and further experiments are in progress.
200. Oncolytic Measles Virus Derivatives Have
Significant Antitumor Activity Against Prostate
Cancer
Pavlos Msaouel,1,3 Ianko D. Iankov,1 Cory Allen,1 Mark J.
Federspiel,1 John C. Morris,2 Michael Koutsilieris,3 Stephen J.
Russell,1 Evanthia Galanis.1
1
Molecular Medicine, Mayo Clinic, Rochester, MN; 2Internal
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National and Kapodistrian University of Athens, Athens, Greece.
BACKGROUND: Prostate cancer is the second most common
cause of cancer-related deaths among American men with more than
200,000 new cases and 25,000 deaths recorded in 2007. No curative
therapy is currently available for locally advanced or metastatic
disease and novel therapeutic approaches are clearly needed. Prostate
cancer frequently recurs in the resection or radiation treatment field
and it therefore represents a good candidate for virotherapy treatment
approaches, following locoregional administration. We hypothesized
that given the frequent overexpression of the measles virus receptor
CD46 by prostate tumors, measles oncolytic strains could develop
into a novel antitumor strategy against prostate cancer. RESULTS:
We assessed the antitumor potential of two oncolytic MV-Edm
derivatives (MV-CEA and MV-NIS) against prostate cancer. MVCEA expresses soluble carcinoembryonic antigen (CEA), which can
allow non-invasive monitoring by measuring marker levels in serum;
MV-NIS expresses the human thyroidal sodium-iodide symporter
(NIS) that allows use of radioactive iodine isotopes for imaging and
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treatment purposes. Both strains are currently undergoing clinical
testing against other malignancies. We tested prostate cancer lines
for measles virus CD46 expression by performing FACS analysis and
we demonstrated that all cell lines tested (DU-145, PC-3 and LNCaP)
express abundant CD46. Cancer cell viability following MV-NIS
and MV-CEA infection was determined using the MTT colorimetric
assay. Prominent syncytia formation and significant cytopathic effect
was seen after infection of these three prostate cancer cell lines with
both MV-CEA and MV-NIS, indicating activity of the virus both in
androgen-sensitive (LnCaP) and insensitive (DU-145, PC-3) prostate
cancer lines. In one step viral growth curves, all three prostate cancer
cell lines supported robust replication of MV-CEA and MV-NIS.
We also conducted a pilot in vivo study to assess the efficacy of
intratumoral MV-CEA and MV-NIS injections on subcutaneous PC-3
xenografts. Mice were injected with MV-CEA (n=5), UV-inactivated
MV-CEA (n=5), MV-NIS (n=5) or UV-inactivated MV-NIS (n=5).
Suppression of tumor growth was observed in the MV-treated
groups with 20% of mice showing complete tumor disappearance.
MV-treated animals showed statistically significant prolongation of
their survival (p=0.02) compared to the UV-inactivated controls.
CONCLUSION: Measles virus derivatives producing CEA (MVCEA) or NIS (MV-NIS) have significant antitumor activity against
both androgen-sensitive and androgen-insensitive prostate cancer cell
lines as well as PC-3 xenografts and, therefore, represent promising
candidates for clinical translation. Experiments to assess the potential
added benefit deriving from use of NIS as a therapeutic transgene
following MV-NIS infection are ongoing. This study was supported
by Prostate SPORE grant (P50 CA 091956).
201. Biodistribution of Conditionally Replicative
Adenovirus after Intracranial Injection in
Immunocompetent Organisms Susceptible to
Human Adenoviral Infection: A Comparative Study
of Syrian Hamsters and Cotton Rats
Adam M. Sonabend,1 Ilya V. Ulasov,1 Yu Han,1 Cleo E. Rolle,1
Suvobroto Nandi,1 Dingcai Cao,1 Matt Tyler,1 Maciej S. Lesniak.1
1
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INTRODUCTION: Conditionally replicative adenoviruses
(CRAd), are currently being explored as anti-cancer agents. CRAdS-pk7, one of these vectors, has been shown to target gliomas.
Nevertheless, the pharmacokinetics of this vector remains unknown.
OBJECTIVES: 1) Test the toxicity and biodistribution of CRAdS-pk7 after intracranial injection (i.c.i.) in immunocompetent
organisms that are susceptible for adenoviral infection. 2) Compare
the susceptibility to adenoviral infection of Syrian hamsters (SH) and
cotton rats (CR), available models for tasting CRAd. METHOODS:
SH and CR had i.c.i. with CRAd-S-pk7 or AdWT. Animals were
sacrificed 1,7,14 and 30 days after i.c.i. Immunohistochemistry for
viral antigens was done in brain samples. Viral genomic copies (g.c.)
in the brain, blood, liver and lung were quantified by real-time PCR.
Serum transaminases were determined. Anti-adenoviral antibodies
were also determined in SH serum by ELISA. RESULTS: CR had
a multiple log higher susceptibility to adenoviral infection than SH
(p<0.001). A similar amount of g.c. of CRAd-S-pk7 and AdWT was
found in the brain of CR and in all organs from SH. In CR blood
and lung, AdWT had more g.c. than CRAd-S-pk7 in some of the
time points studied. Viral antigens were detected in brain slices
from SH and CR. i.c.i. led to the elevation of serum transaminases
in both models (p<0.05). A significant increase in anti-adenoviral
antibodies was detected in SH sera (days 14 and 30 after i.c.i.)
(p<0.05), which were associated with a decrease in viral g.c. in SH
brain. CONCLUSIONS: In the context of intracranial delivery, CR
represent a sensitive model for studying biodistribution of CRAd. The
high susceptibility of CR to adenoviral infection allowed the detection
of differences in the biodistribution of CRAd-S-pk7 and AdWT that
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where not evident in SH. Following i.c.i. of AdWT or CRAd-S-pk7,
there appears to be a transient liver transaminitis without evidence
of toxicity in these permissive models.
202. Intravenous Treatment with ThirdGeneration Oncolytic Herpes Simplex Viruses for
Metastatic Renal Cell Carcinoma
Yuzuri Tsurumaki,1 Hiroshi Fukuhara,1 Tadaichi Kitamura,1
Yasushi Ino,2 Tomoki Todo.2,3
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Oncolytic herpes simplex viruses are promising therapeutic
reagents for cancer. We developed a system for constructing armed
oncolytic HSV-1 vectors that allowed insertion of desired transgenes
into the deleted ICP6 locus of the triple-mutated HSV-1, G47в€†. Using
this system, we generated T-mfIL12 that expresses the fusion-type
murine interleukin 12 (mIL-12). Culture media of Vero cells and
RenCa (murine renal cell carcinoma) cells infected with T-mfIL12
at MOI=2 contained 20.8 and 40.7 ng/ml of mIL-12, respectively,
48h after infection. Human renal cell carcinoma cell lines, A498,
ACHN, Caki-1, OS-RC-2 and RCC10RGB, and a murine cell line,
RenCa, were used for further in vitro evaluation. All cell lines were
susceptible to T-01, the control HSV-1 vector, at MOI=0.1, with the
percentage of surviving cells ranging from 11 to 73% at day 3. T-01
and T-mfIL12 showed comparable cytopathic activities in vitro, which
suggests that the insertion of the mIL-12 gene does not interfere with
the replication capability of the parent virus. In athymic mice with
subcutaneous human OS-RC-2 tumors, intraneoplastic inoculation
with T-01 (4x 104, 2x 105 or 1x 106pfu) caused a dose dependent
inhibition of the tumor growth. In BALB/c mice with subcutaneous
murine RenCa tumors, both T-01 and T-mfIL12 showed significantly
greater inhibition of the tumor growth compared with mock when
inoculated intraneoplastically, with T-mfIL12 being significantly more
efficacious than T-01. The efficacy of intravenous administration with
the viruses was evaluated using the RenCa lung metastases model.
BALB/c mice received intravenous injections of RenCa cells, and
T-01 or T-mfIL12 (5x 105 or 5x 106 pfu) was administered into the
tail vein on days 1, 3 and 5. Animals were either sacrificed at day
14 to count the number of lung metastases, or, in different sets of
experiment, observed for survival. T-mfIL12 was significantly more
efficacious than T-01 in reducing the number of lung metastases: At
the dose of 5 x 106 pfu, the mean numbers of metastases were 326.3,
7.1 and 0.4 for mock, T-01 and T-mfIL12, respectively, and at the dose
of 5 x 105 pfu, they were 204.8, 42.3 and 1.9, respectively. T-mfIL12
was also significantly more efficacious in prolonging the survival of
animals than T-01 at both doses tested. When intravenous treatments
started 9 days after the injection of RenCa cells, T-mfIL12, but not
T-01, prolonged the survival compared with mock. In summary, thirdgeneration oncolytic HSV-1 vectors showed significant antitumor
efficacy against renal cell carcinoma both in vitro and in vivo.
Further, arming the oncolytic HSV-1 with IL-12 resulted in significant
augmentation of the in vivo efficacy. Intravenous administration may
be a useful means of delivery for the treatment of renal cell carcinoma,
especially for lung metastases.
203. Targeting Carcinoembryonic Antigen (CEA)
for Herpes Simplex Virus Infection
Hyunjung Baek,1,2 Jae-hong Kim,2 Masahide Kuroki,3 Willam F.
Goins,4 Justus B. Cohen,4 Joseph C. Glorioso,4 Heechung Kwon.1
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Herpes simplex virus infects and spreads in epithelial cells, neurons,
and cells of the immune system. The broad host range of HSV-1 is an
obstacle to the development of this virus into a gene transfer vector
for therapeutic applications. We are studying approaches to redirect
the natural tropism of the virus. HSV-1 infection depends on the
interaction of one of its essential envelope glycoproteins, gD, with a
cognate cellular receptor including nectin-1/HveC, HVEM/HveA, and
3-O-sulfated heparan sulfate. We previously reported that the soluble
V domain of nectin-1/HveC has the ability to mediate HSV infection
of HSV-resistant CHO-K1 cells. We now show that this property is not
limited to nectin-1. A soluble portion of the HVEM/HveA ectodomain,
composed of the first two cysteine-rich pseudorepeat (CRP) domains
(sHveA102), can efficiently mediate HSV infection of gD-receptor
deficient CHO cells. As measured by viral reporter gene expression,
sHveA102 caused infection of greater than 80% of the cells at an MOI
of 3. To investigate whether the tumor antigen CEA can be targeted
to mediate HSV infection, we constructed a recombinant adapter,
F39-HveA, composed of a single chain anti-CEA antibody linked to
sHveA102. Preincubation of HSV-1 with F39-HveA and subsequent
infection of CHO cells expressing CEA resulted in infection of these
HSV-resistant cells. F39-HveA-mediated infection was blocked by
soluble gD ectodomain as well as by anti-CEA monoclonal antibody,
indicating that virus entry was dependent on both viral gD and CEA.
Furthermore, F39-HveA increased HSV infection of CEA-expressing
human cancer cells when virus entry through nectin-1 was blocked by
nectin-1 antibody or full-length soluble nectin-1 ectodomain. These
results demonstrate that a targeted tumor antigen can function as
an HSV-1 entry receptor. Current studies are aimed at determining
whether this approach in combination with certain host-rangerestricted mutant viruses can provide sufficient tumor cell selectivity
for further development as an oncolytic therapy.
204. Development of a Safe and TumorTargeting AAV Vector with a Strong CancerSpecific Expression System
Keerang Park,1 Wongi Seol,2 Young-Hwa Cho,1 Hye Jin Yun,2
Sung-Ha Cho,1 Heejong Kim,1 Bong-Su Kang,1 Tae Sup Lee,3 In
Ho Song,3 Gi Jeong Cheon,3 Sunjoo Jeong,4 Heuiran Lee.5
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To establish gene therapeutic medicines for cancers, a safe and
tumor-targeting gene delivery vector with a strong cancer-specific
expression system needs to be developed. For several years, we
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have investigated how efficiently a therapeutic gene can be delivered
specifically to cancers via AAV-mediated delivery systems. Our
previous results demonstrated that AAV serotype 2(AAV2) showed
the highest transduction efficiency into human cancer cell lines and
AAV5 was the second best. To determine in vivo cancer tropism of
AAV vectors, we used a Xenogen IVIS 200 bioluminescent imaging
(BLI) system. After intra-venous(IV), intra-peritoneal(IP) or intratumoral(IT) administration of the HeLa-implanted nude mice with
either AAV2 or AAV5 vectors containing a luciferase reporter gene,
the gene expressions were monitored. The gene expressions by
rAAV2-CMV-Luc vectors were detectable only at tumors of the
IT-injected mice on day 2. In contrast, the gene expressions in the
IP-injected mice with AAV2 were seen in most of tissues including
the strongest expression at tumors, whereas those in the IV-injected
mice with AAV2 vectors were mainly localized to tumors and livers.
Those gene expressions in all the treated mice were getting stronger
and persistent to day 23 after injection. On the other hand, the gene
expressions in the treated mice with rAAV5-CMV-Luc vectors
were slower and weaker than those with AAV2, but the expression
profiles in the IV- and IT-injected mice with AAV5 were similar to
those with AAV2. However, the expression profiles in the IP-injected
mice with AAV5 were quite different from those with AAV2. We then
examined putative cancer-specific promoters of PRC1, RRM2 and
BIRC5 genes in the nude mice implanted with HeLa, MDA-MB-231
or A549 using a BLI system. The gene expressions in the IV- or ITtreated mice with rAAV2-PRC1-Luc were stronger and faster than
those with rAAV2-CMV-Luc. Although the expressions in both AAV
vectors-injected mice became stronger and persistent to day 20, the
gene expressions in the rAAV2-PRC1-Luc-injected mice were mainly
localized to tumors and livers as those in the rAAV2-CMV-Luc-treated
mice were seen. Taken altogether, our present study suggested that
both of AAV2 and AAV5 vectors can be further developed as more
efficient cancer therapeutic vectors by modifications of PRC1 putative
cancer-specific promoter.
205. Lentiviral Pseudotyped Vectors Specifically
and Efficiently Transduce Invasive Human
Glioblastoma Xenografts
In contrast, retroviral LMCV-GP vectors were much less efficient
in transducing high generation spheroids and did not transduce tumor
cells of low generation spheroids (figure1). In vivo, both lentiviral
vectors specifically and efficiently transduced glioblastoma xenografts
in solid and even in invasive areas (figure2A-D).
Hrvoje Miletic,1 Peter Huszthy,1 Tsanan Giroglou,2 Rolf Bjerkvig,1
Dorothee von Laer.2
1
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Lentiviral vectors pseudotyped with glycoproteins of the
Lymphocytic choriomeningitis virus (LCMV-GP) are promising
candidates for gene therapy of malignant glioma, as they show
efficient transduction and therapy of rat glioma cells in vitro and in
vivo (Miletic et al., Human Gene Ther. 2004 and Clinical Cancer Res.
2007). Here, we investigated the transduction efficacy of LCMV-GP
and Vesicular stomatitis virus glycoprotein (VSV-G) pseudotyped
lentiviral vectors versus Murine Leukemia Virus (MLV) derived
retroviral LCMV-GP pseudotyped vectors for cultured spheroids
from human glioblastoma and in a recently established glioma animal
model. This model is derived from human glioblastoma spheroids
and shows all hallmarks of tumor growth in patients with invasion,
angiogenesis and necrosis (Sakariassen et al., PNAS 2006). In vitro,
both lentiviral LCMV-GP and VSV-G pseudotyped vectors transduced
spheroids directly from patients (low generation) and after serial
passaging in nude rats (high generation)(figure1).
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leading to an increased anti-tumor effect and survival advantage.
Upon histological analysis, Ad-в€†E1B-DCNG also elicited greater
percentage of apoptotic cells and extensive necrosis compared to
those from untreated or control virus-treated tumors. Furthermore,
Ad-в€†E1B-DCNG substantially decreased extracellular matrix
components within the tumor tissue, while normal tissue adjacent
to the tumor was not affected. Finally, intratumoral administration
of Ad-в€†E1B-DCNG did not enhance but inhibited the formation of
pulmonary metastases of B16BL6 melanoma cells in mice. Taken
together, these data demonstrate the utility of decorin as a dispersion
agent and suggest its utility and potential in improving the efficacy
of replicating adenovirus-mediated cancer gene therapy.
207. Enhanced Antitumor Efficacy by
Combination of Oncolytic Adenovirus with Taxol
Via Active Induction of Apoptosis and Augment of
Viral Production
A-Rum Yoon,1,2 Chae-Ok Yun,1,2 Joo-Hang Kim.1,2
1
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Retroviral (LCMV-GP) vectors displayed a very low, albeit specific
transduction of xenografts (figure2E). In conclusion both, LCMV-GP
and VSV-G lentiviral vectors show specific and efficient transduction
of human glioblastoma cells in vitro and in vivo and therfore are
attractive candidates for glioma gene therapy in patients. Further,
the glioma model system used in this study is highly suitable for
preclinical evaluation of new therapeutic strategies as it is the first
animal model that confirms the low transduction efficacy of retroviral
vectors for human glioblastoma in clinical studies.
206. Markedly Enhanced Intratumoral Spread
and Antitumor Effect of Oncolytic Adenovirus
Expressing Decorin
Oncolytic adenoviruses (Ads) are currently being developed as
novel anti-tumor therapeutics. Chemotherapy has been shown to
enhance the tumor-eradicating activity of replication-competent
adenoviruses. For the aim to enhance therapeutic potential, E1Bmodified oncolytic Ads (Ad-DE1B55, Ad-DE1B19/55) have
been administered in combination with taxol. Marked increase in
cytotoxicity was observed when oncolytic Ads were combined with
taxol. Propidium iodide staining and TUNEL assay also revealed that
combination of taxol with oncolytic Ads caused greater induction of
apoptosis. Similarly in vivo, combination of oncolytic Ads with taxol
also induced greater antitumor effect in human cervical xenograft
models. A more profound induction of apoptosis was observed
in tumor tissue treated with oncolytic Ads plus taxol than any
other treatment. Additionally, viral presence was confirmed by the
immunohistological staining, where increased numbers of adenoviral
particle were detected in wider areas of tumors treated with oncolytic
Ads plus taxol. Furthermore, taxol increased the adenoviral gene
expression (E1A13S, ADP and hexon genes), which is correlated
with an increase in viral production. Taken together, these findings
show that oncolytic adenoviruses in combination with taxol may
enhance the therapeutic efficacy via active induction of apoptosis
and augment of viral production.
Il-Kyu Choi,1,2 Young-Sook Lee,2 Ji Young Yoo,2 A-Rum Yoon,2
Hoguen Kim,3 Daniela G. Seidler,4 Joo-Hang Kim,1,2 Chae-Ok
Yun.1,2
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With the aim of improving viral distribution and tumor penetration,
we have engineered decorin expressing replication-incompetent
(dl-LacZ-DCNG) and -competent (Ad-в€†E1B-DCNG) adenoviruses.
In both tumor spheroids and established solid tumors in vivo,
administration of dl-LacZ-DCNG resulted in greater transduction
efficiency and viral spread throughout the tumor mass. Adв€†E1B-DCNG also enhanced viral distribution and tumor spread,
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208. Overcoming the Stromal Barrier with
Proteases as Coadjuvants of Oncolytic Adenovirus
for Colorectal Cancer
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Intratumoral complexities such as stromal barriers may present an
important obstacle for oncolytic viruses. Proteases may have the ability
to degrade such barriers which might result in increased efficacy and
improved tumor eradication. One approach for selecting the optimal
protease is co-injection of protease and oncolytic adenovirus (OV),
prior to construction of the corresponding protease-expressing OV.
A literature search identified the most appealing candidate proteases.
Hyaluronidase, a mixture of collagenase and dispase, trypsin, relaxin,
elastase and MMP-12 were tested as co-treatments to Ad5D24RGD, a
fiber knob-modified OV that has previously demonstrated preclinical
utility in the context of treatment of advanced colorectal cancer
(Lavilla-Alonso et al., Mol Therapy Vol 15 supp. 1, 2007). Their
efficacy was compared in a subcutaneous murine model of colorectal
cancer (CoCa). Inter-group comparisons of tumor growth over time
showed that the proteases hyalurondidase, relaxin, elastase and
MMP-12 demonstrated the greatest effect and were selected for further
testing. Our goal is to determine if the synergistic effect was due to the
effect of the protease/OV combination on cells (eg. enhanced entry or
oncolysis) or on the tumor (eg. improved intratumoral spreading). A
stability study suggested that certain proteases can reduce the viability
of OV. A transduction/replication in vitro test with different CoCa
cell lines is ongoing and will discern if presence of protease affects
cell infectivity and oncolysis in vitro. In a second part of this study,
different tumor models featuring a more complex microenvironment,
as present in human tumors, will be used. One potentially useful model
is spheroids featuring CoCa cells embedded in an artificial protein-rich
stroma. We have developed a murine model featuring intrasplenic
tumors which metastasize rapidly to the liver. Tumor volume can be
followed by a validated Magnetic Resonance Imaging (MRI) method
using a superparamagnetic iron oxide contrast agent (Endorem,
Guerbet, France) targeted to the rethiculoendothelial system that
increases intraesplenic and hepatic tumors detectability. Growth of
micrometastases derived from treated primary intraesplenic tumors
will be early quantified by MRI. Histological analysis of tumors will
detect changes in tumor microenvironment and morphology.
209. Replaced Fiber-Knob Region Enhanced
Infectivity of Type 5 Adenoviruses and Increased
the Anti-Tumor Effects to CAR-Low Expressing
Tumors
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Infectivity of adenoviruses type 5 (Ad5) to cells is primarily
mediated by the interaction between their fibers-knob regions and
the coxsackievirus and adenovirus receptor (CAR) on target cells.
Downregulated CAR expression, often found in human tumors,
hampered Ad5-mediated gene transfer. Ad type 11 (Ad 11) and type
35 (Ad 35), belonging to a subtype B group, use CD46 molecules
as their cellular receptors. Chimeric Ad5 whose fiber structure was
substituted with that of the type 11 or 35 (Ad5/F11 or Ad5/F35) could
infect human cells in a different manner from Ad5. We found that Ad5/
F35 infected human tumors better than Ad5 and Ad5/F11 and that
infectivity of Ad5/F35 to these cells was correlated with that of Ad5/
F11. Infection of Ad5 suppressed subsequent gene transfer by Ad5 but
not by Ad5/F11 or Ad5/F35, and infection of Ad5/F35 down-regulated
following transduction by Ad5/F35 and Ad5/F11 and to lesser extent
by Ad5. These data collectively showed that combinatory use of Ad
5 and the chimeric Ad enables dual gene transfer into target cells.
We then prepared recombinant Ad5 in which the E1A expression was
regulated by an exogenous promoter such as a regulatory region of
the midkine gene and the fiber structure was replaced by that of Ad35.
The midkine gene is highly upregulated in a number of human tumors
and the regulatory region enables tumor-specific gene expression. The
fiber-modified oncolytic Ad showed the similar cytotoxic activities
as prototype Ad5 to mesothelioma with CAR-high expression and
their replication in the CAR-high tumors remained the same as the
oncolytic Ad5. The fiber-modified Ad however produced greater
anti-tumor effects than the Ad5 to mesothelioma with CAR-low
expression, suggesting a possible use of chimeric Ad for cancer
therapy in particular to CAR-low tumors.
210. Systemic Delivery of Oncolytic Lister
Vaccine Strain Vaccinia Virus Displays Tumour
Selectivity and Prolonged Transgene Expression
In Vivo
James R. Tysome,1,2 Ghassan Alusi,2 Istvan Fodor,3 Jennelle
Francis,1 Nick Lemoine,1,4 Yaohe Wang.1,4
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Oncolytic viral therapy is a promising new strategy for cancer
treatment. Although many clinical trials have now been performed
using this approach, most have targeted treatment by direct
intratumoural injection. The treatment of metastatic spread often
requires systemic therapy. In order to achieve this, an oncolytic
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virus must be safe to administer intravenously, tumour selective
and be able to express therapeutic transgenes. In this study, we have
demonstrated that the oncolytic Lister strain of vaccinia virus has
potential for anti-tumour therapy by systemic delivery. It has been
used safely as a vaccine for the prevention of smallpox in millions
of humans. This highly attenuated strain displayed high selectivity
for cancer cells, sparing normal cells in vivo. In order to investigate
transgene expression, a novel vaccinia virus expressing the endostatinangiostatin fusion protein was developed. Following one intravenous
injection in nude mice bearing human tumour xenografts, this protein
was expressed both in the virus-infected tumours and the plasma for
at least 20 days. Plasma protein levels were far higher and persisted
for longer than intratumoral injection of the virus at the same dose.
This strain of vaccinia virus displays promise for in vivo study.
211. A Dual-Action, Armed Replicating
Adenovirus for the Treatment of Ovarian Cancer
Sherry W. Yang,1 Joanne T. Douglas.1
1
Department of Pathology, University of Alabama at Birmingham,
Birmingham, AL.
Epithelial ovarian cancer is the leading cause of gynecological
cancer deaths in the U.S.A. Despite advancements in treatments,
long term survival and disease mortality have remained unchanged.
Thus, new treatments are urgently needed. Conditionally replicating
adenoviruses (CRAds) are anticancer agents designed to selectively
infect and lyse cancer cells. In clinical trials, CRAds have
exhibited safety but only limited efficacy. CRAds have therefore
been armed with therapeutic transgenes to increase the antitumor
efficacy. A potential target for therapeutic transgenes is the tumor
microenvironment. Studies have shown that the degradation of the
extracellular matrix (ECM) is an essential step in the pathogenesis
of ovarian tumor growth, angiogenesis, invasion and metastasis.
Matrix metalloproteinases (MMPs) are endogenous proteases
capable of degrading a variety of ECM components. Moreover,
MMPs are upregulated in numerous human and animal tumors,
and thus are a promising therapeutic target. Tissue inhibitors of
metalloproteinases (TIMPs) are a family of endogenous inhibitors
of MMPs, and have been shown in vivo to limit angiogenesis and
tumor growth. We therefore hypothesize that a TIMP-armed CRAd
will inhibit the progression of ovarian cancer by two mechanisms.
First, viral replication will lead to the lysis of tumor cells. Second,
TIMP production from infected cells will inhibit ovarian cancer
progression through both MMP-dependent and MMP-independent
pathways. To validate this hypothesis, we are constructing a panel
of CRAds containing TIMP-1, -2, or -3. These viruses also include
modifications to target both infection and replication to ovarian cancer
cells. Control viruses are also being constructed for comparison. Once
the viral construction is completed, we will evaluate the efficacy of
these TIMP-armed CRAds in vitro with ovarian cancer cell lines, and
in vivo with a murine model of intraperitoneally-disseminated ovarian
cancer. Thus, this will elucidate the therapeutic potential of a novel
agent for the treatment of ovarian cancer in humans.
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212. Replicating Lister Vaccine Strain of
Vaccinia Virus; an Alternative to Oncolytic
Adenovirus as a Viral Therapeutic Agent for
Human Solid Tumours
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Francis,1 Nick Lemoine,1,4 Yaohe Wang.1,4
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Oncolytic viral therapy is a promising new strategy for cancer
treatment. Oncolytic adenovirus was licensed as the worldвЂ™s first
oncolytic virus for head and neck cancer therapy. However, the
outcomes of clinical trials using the virus alone were disappointing.
One major hurdle against oncolytic adenovirus is the genetic variation
in tumour cells, which affects the life cycle of the virus. New strategies
are needed in order to overcome this obstacle. Oncolytic vaccinia
virus represents an attractive alternative, as its replication is less
dependent on the genetic make-up of host cells. In this study, we
demonstrated that the Lister strain of vaccinia virus, which has been
used safely as a vaccine for the prevention of smallpox in millions
of humans, is effective against all human solid tumour cells tested in
vitro, especially those insensitive to adenovirus. The virus displays
high selectivity for cancer cells, sparing normal cells in vitro and
in vivo. In order to further increase the antitumour potency, a novel
vaccinia virus expressing the endostatin-angiostatin fusion protein
has been developed. This inhibits new blood vessel formation as well
as tumour growth by oncolysis, The potency of the armed vaccinia
virus was not greatly decreased. This protein is both expressed in
the virus-infected tumour cells and demonstrates function in terms
of the inhibition of human umbilical vein epithelial cell proliferation
and tube formation in vitro. This novel therapeutic agent displays
promise for in vivo study.
213. Enhancement of Infectivity of a
Chromogranin a Promoter-Driven Oncolytic
Adenovirus by Fiber Knob Modification
Justyna Leja,1 Linda Gustavsson,1 Valeria Giandomenico,1 Elisabet
Gustafson,2 GГ¶ran Г…kerstrГ¶m,2 Kjell Г–berg,3 Magnus Essand.1
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The use of oncolytic adenoviruses is an emerging therapeutic
approach for cancer. We have recently described a replicationselective oncolytic virus, Ad[CgA-E1A], where the chromogranin
A (CgA) promoter controls E1A gene expression. It specifically
replicates in and kills cells of neuroendocrine origin, including midgut
carcinoid cells freshly isolated from liver metastases. Despite the
fact that CgA is not expressed in hepatocytes we see faint activity
of Ad[CgA-E1A] in freshly isolated hepatocytes. In order to restrict
viral replication and avoid hepatoxicity, we decided to combine
transcriptional and transductional targeting of adenoviral vector.
Ad[CgA-E1A] is based on human adenovirus serotype 5 (Ad5),
therefore Ad[CgA-E1A] infects cells according to the natural Ad5
tropism by binding to coxsackie-adenovirus receptor (CAR) and
integrins. In a variety of tumor types viral infectivity has been
enhanced by using CAR-independent targeting strategies applying
adenovirus capsid modifications. So far this approach has not been
evaluated for neuroendocrine tumors. In this study we investigate
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the modifications of viral capsid in order to improve Ad[CgAE1A] transduction of carcinoid cells and reduce the transduction of
hepatocytes. Ad5-based vectors have been compared with vectors
carrying knob modification, where the native Ad5 knob has been
replaced with the knob domain of adenovirus serotype 3 (Ad5/3)
and serotype 35 (Ad5/35). The vectors have been evaluated in
various neuroendocrine cell lines, freshly isolated carcinoid cells
and hepatocytes. So far, our study show that the Ad5/3 vector yields
the greatest infectivity of the carcinoid cell lines BON and CNDT2.5
as well as freshly isolated carcinoid cells. We also analyzed the
correlation between the viral infectivity of modified adenovirus
vectors and the expression of different ligands on the surfaces of
tumor cells.
214. Analysis of Susceptibility of Human
Glioblastoma-Initiating Cells to Oncolytic Herpes
Simplex Virus Vectors
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Background: Emerging evidence suggests that a rare subset of
cancer cells, so-called cancer stem cells or cancer-initiating cells
(CIC), drives and sustains tumor growth. Glioblastoma (GBM), one of
the most malignant types of primary brain cancers, has been reported
to contain CIC. Since CIC may represent the source of recurrence of
GBM, it is crucial to develop therapeutic strategies against them. The
efficacy of replication-conditional oncolytic herpes simplex viruses
(HSV) against CIC has not been previously described. Methods: We
have collected GBM surgical specimens and cultured dissociated cells
in medium designed for neural stem cells, containing EGF and FGF2
in place of serum. The resulting neurospheres were characterized for
their stem cell properties in vitro and tumorigenicity in vivo. Their
susceptibility to oncolytic HSV infection was examined in vitro and
in vivo using orthotopic xenografts of GBM-CIC. Results: We have
established a number of GBM-CIC cultures that grow as neurosphere
structures in vitro and express Nestin and varying amounts of CD133,
neuronal stem cell markers. Upon intracerebral implantation into
immunodeficient mice, they efficiently generate infiltrating tumors
recapitulating in situ GBM, as opposed to matched serum-cultured
adherent cells. We observed efficient infectability with oncolytic HSV
vectors in all cultures tested. Cell survival assays revealed significant
cell killing by the vectors tested; G47в€† (ICP6-, О“34.5-, ICP47-), for
instance, killed greater than 94% of cells at MOI 0.2 on day 7 post
infection. We also found that the cells surviving viral infection at MOI
0.2 had a decreased ability to generate secondary neurospheres, which
implicates impaired self-renewal. Finally, intratumoral injection of
G47в€† into orthotopic highly invasive GBM-CIC tumors demonstrated
significantly prolonged survival of the mice over control groups.
Conclusions: These results reveal the potency that oncolytic HSV
vectors possess against GBM-CIC.
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215. Restoration of a Functional Lymphoid
Compartment after ОіC SIN Oncoretroviral Gene
Transfer in Human and Murin ОіC Deficiency
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Despite its efficiency, the clinical gene therapy trials for X-SCID
raised questions about the use of oncoretrovirus vectors. Indeed, the
clonal T-cell proliferations observed in five patients (four in Paris
and one in London) were caused by retroviral integration and LTRbased insertional activation of protooncogenes. Improved vector
designs, including LTR enhancer inactivation, may thus improve
safety in a gene therapy setting. A new self inactivating (SIN)
retroviral vector has been developed in which the Оіc transgene is
under the transcriptional control of the EF1О± Short (EFS) promotor.
The efficiency of the SIN vector was first tested on the human Оіc(-)
cell line ED7R. We showed that Оіc expression was restored after
transduction and was stable over time. Moreover, we observed Il-2induced phosphorylation of the Оіc associated kinase Jak3 in the cellline. Restoration of T cell differentiation after ex vivo transduction
of Оіc deficient CD34+ progenitor cells with the SIN vector was also
evaluated. We found that transduced CD34+ were able to develop
into CD4+/CD8+ immature double positive T cells as well as into
CD3+/TCRО±ОІ and CD3+/TCRОіОґ mature T cells within 5 to 6
weeks in vitro. These T-cells displayed a polyclonal pattern of TCR
rearrangement. Furthermore Rag2+/-/Оіc-/- and Rag2+/-/Оіc+/- murine
HSCs were transduced with either Оіc (n=16) or GFP (n=10) SIN vector
respectively and then transplanted into sub-lethally irradiated Rag2-/-/
Оіc-/- recipients. 8 weeks after transplantation, mice showed T- (15 to
20%) and B- cells (15 to 55%) reconstitution in peripheral blood. The
latter is stable until month 4 after transplantation with a (50 to 85%)
donor chimerism. No lymphoproliferation is observed to date. From
this work we conclucled that the tested oncoretroviral SIN vector is
efficient and may serve as an appropriate vector for human Оіc gene
transfer to avoid LTR driven oncogene activation.
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216. Gene Therapy for Chronic Granulomatous
Disease: Update after 4 Years Follow-Up
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In 2004 we initiated a gene therapy trial aimed at the correction
of Chronic Granulomatous Disease (CGD), a rare inherited
immunodeficiency caused by a functional defect in the microbial
killing activity of phagocytes. Gene marking and functional correction
of phagocytes were high shortly after transplantation of gene modified
cells, leading to the eradication of therapy resistant infections from
which patients had suffered for many years. However, one of our
patients died 27 months after treatment due to a severe sepsis with
multiorgan dysfunction. Although gene marking was still high at this
time point, expression of the therapeutic gene, gp91phox, was only
minimal. This down regulation of transgene expression was mainly due
to CpG methylation within the viral LTR. Similar effects were observed
in a second patient treated more than 3 years ago. In both patients CpG
methylation was restricted to the promoter region of the viral LTR,
while CpG dinucleotides within the enhancer region of the viral LTRs
were not methylated. Consequently gp91phox gene expression was
suppressed, but the capacity of the viral LTRs to transactivate nearby
genes remained unaltered. After an initial polyclonal repopulation, gene
marked hematopoiesis in both patients was restricted to a few clones
containing activating integrations into the MDS1/EVI1 and EVI1 genes
leading to chromosomal instability and hematological abnormalities.
Although the treatment has been beneficial for all treated patients, the
side effects observed in the two adults demand modifications in vector
design for sustained gene expression and long term correction of the
disease without side effects.
217. Polyclonal Hematopoietic Repopulation
in Clinical Wiskott-Aldrich Syndrome (WAS) Gene
Therapy Trial
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The potential of gene therapy to treat monogenetic
immunodeficiencies has been proven in clinical trials of the lymphoid
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and myeloid compartment. In the underlying clinical gene therapy
trial two patients suffering from Wiskott-Aldrich Syndrome (WAS),
a disease concerning the lymphoid as well as the myeloid lineage,
were successfully treated. Both patients received autologous CD34+
cells which were transduced with a retroviral vector encoding the
therapeutic Wiskott-Aldrich Syndrome protein (WASP) gene. We
accomplished linear amplification mediated PCR (LAM-PCR) and
Sanger sequencing to analyse the clonal inventory of the patients. The
hematopoietic repopulation of patient 1 has been polyclonal until 401
days post transplantation and the repopulation of patient 2 has been
polyclonal until 364 days after treatment which were the last time
points analysed. So far we identified 128 and 207 unique integration
sites (IS) from patient 1 and 2 by Sanger sequencing, respectively.
Among these we detected common insertion sites (CIS) of 2. (2 IS
within 30 kb), 3. (3 IS within 50 kb) or 4. (4 IS within 100 kb) order.
4 integration sites were located in the PRDM16 locus, 3 integration
sites were located in the UMODL1-, CCND2 and ARNTL2 locus and
2 integration sites were located in a non coding region of chromosome
14, in the TAL1-, C1orf83-, TAGLN2-, SERPINB6-, BACH2-,
ZYX-, MBP-, CALN1- as well as in the MDS1 locus. Furthermore
we detected 1 integration in the LMO2 locus. None of the integration
clones was detected at more than 3 time points analysed. Our results
show that the hematopoietic repopulation of two successful treated
WAS patients stays polyclonal more than 1 year after treatment
without the apparent presence of dominant clones. Analysis of the
454 pyrosequencing results will give us deeper insights into the clonal
inventory of the hematopoietic repopulation of these patients.
218. Cellular Rag1 Background Contributes to
Lymphomagenesis after Gammaretroviral Gene
Therapy in a Murine Arf-/-Rag1-/- Model
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Lymphoproliferative disease after the clinical X-SCID gene therapy
trial and the data obtained from a murine Arf-/-gc-/- model suggested
that gammaretroviral gene therapy for X-SCID displays a specific
high risk for severe adverse events. Unique risk factors of the cellular
X-SCID background were discussed frequently but never proven to
play a role in lymphomagenesis. To evaluate, if this risk of developing
lymphoproliverative disease after gamma retroviral gene transfer is
gc restricted or common for other forms of SCID we established an
Arf-/-Rag1-/- mouse model. Arf-/-Rag1-/- HSCs and respectively
Arf-/- HSC were transduced with either a Rag1- or GFP-MFGb
retroviral vector and transplanted into lethally irradiated wild type
recipients. Mice transplanted with Rag1 transduced Arf-/-Rag1-/HSCs showed a T-cell reconstitution 15 weeks after transplantation
(donor chimerism peripher 30%). Thirty weeks post transplantation
mice treated with Arf-/-Rag1-/- HSCs transduced either with a Rag1or GFP-retrovirus, showed lymphoproliferative disease in 85% and
80% of cases. We observed 77% B-cell- and 23% T-cell leukemia.
The Arf-/- group showed no occurrence of lymphoma 33 weeks after
gene therapy. Tumors carried 1-3 retroviral copies per cell. All B-cell
lymphoma were highly CD19+. The Rag1 transgene expression
was surprisingly different in the B-cell and the T-cell lymphoma.
Studies to depict proviral integration sites and upregulation of
oncogenes are ongoing. To further explore the contribution of the
Rag1-/- background, the Arf-/-Rag1-/- Sca1+ HSC population was
investigated. The Arf-/-Rag1-/-Sca1+ HSC population, used for
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transduction, carries lineage positive cells, among them about 48%
CD19+cells, analyzed by immunofluorescence. The Arf-/-Rag1-/Sca1+CD19+ HSCs showed a higher Bromdesoxyuridin (BrdU)
uptake than the Arf-/-Sca1+CD19+ cells, suggesting a replication
active state of the Arf-/-Rag1-/- Sca1+CD19+ cells, which may
favour oncogenic events in those cells. Further functional studies
of this population are ongoing. These data show that Rag1- like
gc-deficiency carries intrinsic risk factors for gammaretroviral gene
therapy. Occurrence of lymphoproliferative disease in this model is
supported by the cellular Rag1-/- background and the retroviral vector
but not by the transgene.
219. Stable and Functional Lymphoid
Reconstitution in Artemis-Deficient Mice Following
Ex Vivo Lentiviral Artemis Gene Transfer
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Patients with mutations in the catalytic domain of the Artemis
gene display a complete absence of T and B lymphocytes associated
with increased cellular radiosensitivity, leading to a radiosensitive
form of Severe Combined Immunodeficiency (RS-SCID). The only
curative treatment consists of allogenic hematopoietic stem cell
(HSC) transplantation. This treatment is only partially successful
in the absence of an HLA genoidentical donor, thus requiring
alternative therapeutic approaches such as potential gene therapy.
Mice deficient for the Artemis gene (Art-/-) were used as model to
test gene therapyвЂ™s efficacy and safety. A self-inactivated lentiviral
vector in which the Artemis gene expression is driven by the
internal promoter phosphoglycerate kinase (PGK), has been used to
complement this Artemis knockout mouse model. Transplantation
of Artemis-transduced murine Art-/- HSC in irradiated Art-/- mice
(Art-GT) restored a functional T and B cell repertoire. Immunological
reconstitution was found stable over a 15 months follow-up and
comparable to that of Art-/- mice transplanted with GFP-transduced
wild type cells (WT-GFP). Successful secondary transplantations
showed that HSC were efficiently corrected. One mouse developed
a thymoma 6 months after gene therapy. Although thymic cells
were carrying two lentiviral integration sites, there was no evidence
of lentiviral driving oncogene activation. Approximately 40% of
Art-GT and WT-GFP secondary transplanted mice developed T
cell lymphoma, but in all cases tumor cells were of recipient origin.
Additionally, some Artemis deficient mice are prone to develop T
cell lymphomas spontaneously or following irradiation. Collectively
these data suggest that the lymphoproliferation observed was likely
due to chromosomal instability of Artemis deficient background, and
provide basis for gene therapy of Artemis deficient SCID.
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220. WASp+ Cells Exhibit Selective Advantage
in Platelets as Well as in All Mature Lymphoid
Subsets
Alexander Astrakhan,1 Almut Meyer-Bahlburg,2 Shirly BeckerHerman,2 Stephanie Humblet-Baron,3 Socheath Khim,2 David J.
Rawlings.1,2
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Wiskott Aldrich Syndrome (WAS) is a severe primary
immunodeficiency disorder characterized by recurrent infections
and thrombocytopenia. WAS results from mutations in the WiskottAldrich syndrome protein (WASp), a multidomain effector protein
that facilitates actin cytoskeletal rearrangements. Currently, bone
marrow transplantation represents the only curative approach for
this disease. However gene therapy-based treatments represent a
potentially attractive approach for patients lacking suitable donors.
Successful genetic therapy for WAS will likely rely on a strong
selective advantage for WASp+ cells relative to WASpвЂ“ cells, especially
within the lymphoid and platelet lineages. We carried out a detailed
analysis of relative WASp expression in all hematopoietic derived
lineages and developmental subsets in heterozygous WASp+/вЂ“ female
mice. We did not detect selective advantage for WASp+ hematopoietic
stem cells, neutrophils, or myeloid and plasmacytoid dendritic cell
lineages. However we observed strong selective advantage of WASp+
cells in the nearly all lymphoid lineages, including T cells, B cells,
and NK cells. The selective advantage was particularly pronounced in
regulatory and memory T cells, marginal zone B cells and NK-T cell
lineages. In addition, we show, for the first time, a selective advantage
of WASp+ platelets. We also used mixed bone marrow chimeras to
mimic the low-level stem cell marking likely to be achieved in a gene
therapy trial. Using chimeras consisting of 10% WASp+ and 90%
WASpвЂ“ cells we observed progressive selection of WASp+ T cells, B
cells, and platelets over time. Since WAS patients typically exhibit
thrombocytopenia and abnormal platelet physiology, successful gene
therapy treatment requires successful expression of WAS protein in
platelets, as well as lymphoid lineages. Our findings suggest that
even low level stem cell marking that promotes endogenous levels
of WASp expression is likely to allow selection for gene corrected
cells in both lymphoid and platelet lineages.
221. Comparison of a Lenti- and a
Gammaretroviral Vector for Correction of Chronic
Granulomatous Disease (CGD) in an Autologous
Canine Model
Marcus Gentsch,1 Julia Zorn,2 Martin F. Ryser,1 Hans-Jochem
Kolb,2 Joachim Roesler,1 Sebastian Brenner.1
1
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Germany; 2Helmholtz Zentrum MГјnchen, Institute for Molecular
Immunology, MГјnchen, Germany.
Patients with chronic granulomatous disease (CGD), an inherited
immunodeficiency, suffer from severe and often life threatening
infections, and from dysregulated inflammation. Hematopoietic
stem cell gene therapy has the potential to cure CGD. We present
data from a preclinical study where we compare bicistronic SINlentiviral and SIN-gammaretroviral vectors in otherwise healthy
beagles. Both SIN-vectors carry gp91phox for correction of CGD and
a fusion protein of canine MGMT-P144K (в€†MGMT) and either GFP
(lentiviral vector) or YFP (gammaretroviral vector). Co-expression of
в€†MGMT in the corrected cells allows for selection with BG/BCNU.
The expression of a fluorescent protein enables easy detection of
transduced cells as well as discrimination of the two vectors. Up to
now, we have transplanted two beagles and have followed in vivo
S83
Hematologic - Immunodeficiencies and Hemoglobinopathies
transduction efficiency for 87 (dog 796) and 53 (dog 798) days at the
time of abstract submission. One half of the bone marrow derived
canine CD34+ had been transduced ex vivo with the lentiviral vector
and the other half with the gammaretroviral vector for three days.
Thereafter, cells were mixed and re-infused into the same donor. Ex
vivo transduction efficiency of CD34+ cells in both dogs was 70-75 %
for the gammaretroviral vector and 11-14 % for the lentiviral vector.
Dog 796 received myeloablative conditioning before transplantation
(10 Gy). In this dog gammaretroviral marking in neutrophils was 12
% at day 20 post transplant and decreased to 1.3 % at day 87 post
transplant. Lentivirus vector marking in neutrophils was 0.7 % at day
20 that decreased to 0.16 % until day 45 post transplant and has been
stable since. Similar marking for both vectors is found in monocytes
and to a minor extend in T cells, while gammaretroviral and lentiviral
marking in B-cells was 6 % and 0.6 %, respectively, on day 54 and
has been stable since. In a second dog (#798), reduced intensity
conditioning (3.5 Gy) was applied resulting in a neutrophil nadir of
500/Вµl. This indicated a mild conditioning efficiency. As expected the
in vivo marking was lower compared to the myeloablative conditioned
animal despite comparable ex vivo transduction efficiencies.
Neutrophil marking of dog 798 was 12.5 % for the gammaretroviral
vector and 2.6 % for the lentiviral vector 20 days post transplant but
decreased to levels between 0.1 and 0.2 % for both vectors on day 53.
Some marking was also detectable in monocytes, but not in B- and
T-cells. In both dogs lenti- and gammaretroviral vectors yielded high
expression levels of gp91phox and the GFP- or YFP-в€†MGMT fusion
protein in CD34+ and peripheral blood cells. In the near future, dog
796 will be treated with the drug combination BG/BCNU to select
for transgene expressing cells. In addition, integration site analyses
are currently being performed and will be presented.
222. Self-Inactivating Retroviral Vectors for
Gene Therapy of SCID-X1
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Gene therapy for X-linked severe combined immunodeficiency
(SCID-X1) has proven highly effective for long term restoration
of immunity in human subjects. However, the development of
lymphoproliferative complications in 5 patients due to dysregulated
proto-oncogene expression has underlined the necessity to
develop safer vector systems. We have developed self-inactivating
gammaretroviral and lentiviral vectors for SCID-X1 incorporating
viral and endogenous promoters and previously demonstrated that
these vectors are capable of restoring immune function in in vitro and
in vivo models of SCID-X1. The SIN gammaretroviral configuration
together with an internal short form of the human elongation factor
1О± promoter (EFS) will likely decrease the potential for dangerous
insertional mutagenesis following transplantation of gene-corrected
cells in vivo whilst maintaining the therapeutic efficacy thus far seen
in clinical trials. We have therefore performed long term in vivo
safety studies in which 24 C57/Bl6 Ly5.2 mice were reconstituted
with C57/Bl6 Ly5.1 lin- progenitor cells transduced with an SRS11
EFS Оіc vector and observed over a period of 12 months. During this
time 23 out of 24 animals remained tumour-free with only a single
host (CD45.2)-derived leukaemia observed in one mouse. Transient
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production of GALV-pseudotyped SRS11 EFS Оіc vector under GLP
conditions has also been initiated, with vector titres of >1 x 106
achieved in X-VIVO 10 medium. To further improve upon vector
safety we have cloned an evolutionarily conserved 1.24kb region
upstream of the interleukin 2 receptor gamma chain gene (IL2RG) into
SIN lentiviral vectors, upstream of either the Оіc or eGFP transgenes.
Analysis of promoter specificity in vivo following neonatal injection
of lentiviral supernatant indicates that its activity is restricted to the
spleen. Furthermore reconstitution of C57/Bl6 mice with lin- cells
transduced with the SIN ОіcP-eGFP vector confirms that the promoter
is active in haematopoietic lineages, with GFP expression levels lower
than observed for a SIN lentiviral vector incorporating a spleen focus
forming virus promoter. The IL2RG promoter regulating Оіc expression
was also capable of restoring therapeutic levels of Оіc expression in a
Оіc-deficient T cell line in vitro.
223. Evaluation of B Cell Reconstitution in a
Murine Model of Lentiviral-Mediated Gene Therapy
for Wiskott-Aldrich Syndrome
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Wiskott-Aldrich Syndrome (WAS) is an X-linked primary
immunodeficiency characterized by thrombocytopenia, eczema,
recurrent infections, autoimmunity and lymphomas. Transplantation
of hematopoietic stem cells (HSC) from HLA-identical donors
is a resolutive treatment, but it is available only for a minority of
patients. Therapy based on the transplant of genetically corrected
autologous HSC could represent a valid alternative approach.
We have developed a protocol of gene therapy for WAS using an
HIV-based lentiviral vector encoding for WASp cDNA under the
control of a 1.6kb fragment of the autologous promoter (w1.6W). In
WAS-/- mice we have demonstrated restoration of WASp expression
and functional correction of T cells upon lentiviral transduction.
Nonetheless, evaluation of B cell development and function was
not fully investigated in our initial studies. In addition, we set up
an in vivo challenge with pneumococcal antigens (P23 vaccine)
to test the function of B cells, since WAS patients and mice show
an impaired response to polysaccharide antigens. To address these
specific issues, we have generated WAS-/- mice sublethally irradiated
and transplanted with Lin- BM cells wt, WAS-/- untransduced or
transduced with the w1.6W lentiviral vector. First, we have analyzed B
cell reconstitution in different tissues (bone marrow, spleen, peripheral
blood and peritoneal cavity). Our data indicate that WASp expression
was restored in all tissues and at all B cell developmental stages in
mice transplanted with wt Lin- BM cells. In gene therapy treated mice,
evidence of WASp expression in B cells was present in all tissues,
but the highest levels were detected in splenic marginal zone and
peritoneal cavity B cells, suggesting a possible selective advantage for
these populations. Additional immunohistological studies are ongoing
to evaluate B cells distribution in lymphoid tissues. Ag challenge in
treated mice was performed 4 months after gene therapy by injecting
i.p. P23 vaccine. Serum was collected at day 7, 14, 20 and specific
antibodies against P23 Ags were quantified. An improved antibody
response was detected in gene therapy treated mice, as compared
to mice transplanted with untransduced WAS-/- cells. In addition,
preliminary results indicated the presence of autoantibodies against
double strand DNA in the majority of untreated mice. We are currently
analyzing if other autoantibodies are present in WAS-/- mice and
whether this autoantibody profile changes after gene therapy. In
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conclusion, our data demonstrate that the WASp-encoding lentiviral
vector can restore WASp expression in B cells from WAS-/- mice
and improve their ability to respond to polysaccharide antigens.
These observations provide further evidence of the efficacy of our
gene therapy approach in the murine model and contribute to the
implementation of the future clinical gene therapy trial.
224. Long-Term Correction of Murine BetaThalassemia Following Busulfan Conditioning
and Transplant of Bone Marrow Transduced with
Clinical-Grade Lentiviral Vector (LentiGlobinв„ў)
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We have developed a version of a self inactivating (SIN)
lentiviral vector (LentiGlobinв„ў) containing a modified human
ОІA-T87Q-globin gene flanked with cHS4 chromatin insulators for
application in hematopoietic stem cell transplantation of patients with
hemoglobinopathies. This vector has been produced and processed
under cGMP conditions allowing us to test its therapeutic efficacy
and safety in a mouse model for ОІ-thalassemia (Thal) following
pretransplant conditioning with busulfan. A VSV-G pseudotyped
LentiGlobinв„ў supernatant was produced by calcium phosphate
transfection of 293T cells with 5-plasmids, clarified by ultrafiltration
and concentrated by diafiltration into X-Vivo 20 medium. Donor female
Thal bone marrow (BM) was harvested and cultured with or without
LentiGlobinв„ў supernatant (final titer of 1.1 x 108 IU/mL) for 24h in
presence of 10 ng/ml SCF, 100 ng/mL TPO and 8 ug/mL protamine
sulphate. Following transduction, 4 x 105 cells were transplanted into
male Thal recipients pre-conditioned with a myleoablative course
(4 daily doses of 20 mg/kg) of busulfan (BusulfexВ®). An average
transgene copy number of 0.7 was determined from qPCR analysis
of in vitro progenitors (CFU-C) and no toxicity of the supernatant
was observed on BM cells as determined either from CFU-C content
of the graft or the recovery of peripheral leukocytes post-transplant.
Following an acute period of leukopenia and enhanced anemia (30-40
days) attributed to the effects of busulfan, all mice transplanted with
LentiGlobinв„ў-transduced BM approached complete and stable
phenotypic correction by 50 days, as assessed by hemoglobin levels,
and reticulocyte and red blood cell counts. The majority (65-83%)
of RBCs contained human beta-globin contributing to 33-43% of all
beta-like globin chains. Analysis of transgene sequences in peripheral
leukocytes showed that resolution of the disease can be attained at
average copy numbers of 0.4 and above including one recipient that
exhibited only partial engraftment of donor (female) cells to indicate
preferential expansion of erythroid progenitors and/or prolonged
survival of corrected erythroid cells. At 10 months post-transplant,
recipients of gene-transduced BM exhibited normalization of spleen
weights and presented with no apparent pathological abnormalities
in the blood or bone marrow according to a panel of cell surface
markers on flow cytometry and in non-hematological tissues on gross
autopsy. Thus the use of the actual LentiGlobinв„ў vector together
with a busulfan-based conditioning regimen as applied in an ongoing
human phase I/II clinical trial demonstrates a reasonable safety profile
while being capable of permanently ameliorating the overt erythroid
abnormalities in a mouse model of ОІ-thalassemia.
225. Role of the Wiskott-Aldrich Syndrome
Protein in Human Megakaryopoiesis and
Thrombopoiesis
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Wiskott Aldrich Syndrome (WAS) is a complex genetic
disease characterized by thrombocytopenia, immunodeficiency,
and autoimmunity. WAS is due to mutations in the WAS gene,
which encodes for the WAS protein (WASP), a key regulator
of actin cytoskeleton remodelling after cell stimulation. Severe
thrombocytopenia develops in all patients and is a primary cause of
mortality, but it is still unclear whether defective platelet production
contributes to the pathogenesis of WAS-related thrombocytopenia.
To better understand the role of WASP on human megakaryopoiesis
and thrombopoiesis, we used a WASP specific shRNA cloned in a
lentiviral vector (Olivier et al., Mol Ther 2006) to knock down the
WAS gene during in vitro differentiation of human megakaryocytes.
We evaluated differentiation, actin cytoskeletal reorganization,
and proplatelet formation of WASP knocked down (WASP-kd)
megakaryocytes, as compared to control megakaryocytes. The
levels of WASP RNA and protein in WASP-kd megakaryocytes were
reduced to 30% and 36% of normal, respectively. Such reduction in
WASP levels could impair actin reorganization after adhesion on polyL-lysine, fibrinogen and collagen I, since WASP-kd megakaryocytes
formed less filopodia and in some cases displayed an abnormal
F-actin cellular localization, as compared to control megakaryocytes.
To determine whether WASP plays a role in the development of
megakaryocytes, we analyzed their morphology in culture, and
their degree of ploidy by Hoechst 33342 staining. Results show that
morphology, size, and mean ploidy of WASP-kd megakaryocytes in
culture was comparable to those of megakaryocytes transduced with
a control lentiviral vector. We finally sought to evaluate proplatelet
formation by WASP-kd megakaryocytes. The percentage of control
megakaryocytes forming proplatelets was 4-8%, while the amount
of proplatelet forming WASP-kd megakaryocytes ranged 6-10%,
depending on the time point analyzed. Inhibition of proplatelet
formation by collagen I signalling was maintained in WASP-kd
megakaryocytes. In conclusion, reduction of the endogenous WASP
to one third of normal levels caused impairment in actin cytoskeleton
remodelling but not on megakaryopoiesis and thrombopoiesis. We are
currently confirming these data in megakaryocytes from WASP-null
patients and Was-/- mice, which completely lack WASP. Results from
this study support the hypothesis that WAS-related thrombocytopenia
is not primarily due to intrinsically defective megakaryopoiesis and
proplatelet formation.
226. Characterization of Cellular Toxicity
Induced by Over-Expression of Artemis after
Lentiviral Vector Mediated Transduction
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DNA double strand break (DSB) repair is crucial for maintaining
genomic stability. Non-homologous end joining (NHEJ) is the
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pathway by which mammalian cells repair DSBs generated by
ionizing radiation and cellular processes, such as lymphocyte V(D)J
recombination of immunoglobulin and T cell receptor genes. NHEJ
has been studied extensively and many of the key factors involved in
this process have been identified. The hairpin opening endonuclease
involved in NHEJ has been identified as Artemis, deficiency of which
results in a form of severe combined immunodeficiency (SCID)
designated SCID-A. SCID-A is clinically characterized by radiationsensitivity accompanied by the complete absence of T cell and B
cell function; therefore, treatment is critical since the disease results
in severe infection leading to fatality at a young age. For the past
30 years, allogeneic bone marrow transplantation (BMT) has been
used successfully for treatment of various types of SCID; however,
BMT often results in incomplete reconstitution of B cell function,
and is also associated with complications such as graft versus host
disease. We have been investigating ex vivo lentiviral transduction
of autologous hematopoietic stem cells as an alternative therapeutic
approach for SCID-A. Several lentiviral vectors have been generated
for transduction of the Artemis sequence with intention to correct
the SCID-A phenotype in a mouse model of Artemis deficiency.
Recently, we found that Artemis over-expression upon transduction by
a lentiviral vector encoding Artemis regulated by the EF1О± promoter
resulted in a dose-dependent loss of cell viability that was not observed
in cultures exposed to identical amounts of control vector. This toxic
effect was reproduced in cultures transfected with the identical DNA
construct, ruling out the possibility of toxicity associated with the
transduction process rather than Artemis expression. Current activities
are directed toward identification of cellular partners and mechanistic
characterization of Artemis-mediated cytotoxicity. Establishment of
conditions that provide Artemis expression that is non-toxic and yet
sufficient to correct the B-T- phenotype will be crucial for vector
development in preclinical studies using Artemis-deficient mice and
in clinical application to human SCID-A.
227. Gene Transfer of Gp91Phox by an
SIVsmmPBj-Derived Lentivector into Monocytes
from Chronic Granulomatous Disease Patients
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Besides neutrophils, monocytes of patients suffering from chronic
granulomatous disease (X-CGD) lack the NADPH oxidase activity
which leads to the inability of CGD patients to generate superoxide
and granulocyte-mediated killing of intracellular pathogens. The
curative HSC (hematopoietic stem cell) transplantation is limited to
patients with HLA matched donors. For patients lacking a feasible
donor, a clinical trial using modified CD34+ cells provided evidence
for a therapeutic benefit. However, drawbacks from insertional
mutagenesis leading to cell clone dominance and gene silencing
were eminent. It was therefore hypothesized that correcting the
underlying gp91phox defect in patientsвЂ™ monocytes may also provide
a treatment option. Therefore, we aimed to generate a lentiviral gene
transfer vector allowing stable transfer of the gp91phox-gene into
primary human monocytes. As vectors derived from MLV or HIV-1
fail to transduce primary human monocytes, SIVsmmPBj-derived
vectors were used. PBj lentivectors allow efficient transduction of
quiescent primary human monocytes, depending on the presence of
the accessory protein Vpx in transduced cells. To generate a four
plasmid system for PBj lentivectors, suitable transfer, packaging,
vpx and envelope constructs were cloned. Besides Vpx, no other
accessory protein is expressed in the system. For safety reasons the
vector systems was enhanced to include a tat-independent SIN vector.
In order to improve vector titers, the WPRE was included in the
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transfer vector. With all modifications PBJ vector titers reach up to
1*107 TU/ml. This vector will be used to transfer the gp91phox-gene
into primary human monocytes from X-CGD patients to analyze the
functional expression of the transgene. We are currently investigating
the therapeutic effect in a murine gp91phox knock-out model.
228. Lentiviral Vectors for Transduction of
the Human Purine Nucleoside Phosphorylase
(PNP) Gene and Gene Therapy for T-Cell
Immunodeficiency
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Deficiency of purine nucleoside phosphorylase (PNP) in humans
is a rare autosomal recessive inherited disease, resulting in T cell
immunodeficiency. Affected individuals suffer from recurrent
infections and lymphopenia, and exhibit unresponsive skin
hypersensitivity. Current therapy for PNP deficiency is limited to
allogeneic bone marrow transplant; enzyme therapy is not available.
PNP is expressed in many different cell and tissue types, but
because the manifestations of PNP deficiency are restricted to the
lymphohematopoietic system, this makes the disease a good candidate
for treatment by gene transfer. Retroviral vectors transducing the
PNP gene have previously been reported, demonstrating partial
restoration of immune function in T cells from a PNP-deficient patient.
Recently, we have been working on the generation of lentiviral vectors
encoding the human PNP gene for transduction of hematopoietic
stem cells as a source of corrected T cells. The lentivirus vector
plasmid pCSII/E-hPNP was constructed in which the human PNP
coding sequence has been placed under transcriptional control of the
human EF1-О± promoter. Current studies are focused on the testing
of CSII/E-hPNP lentiviral vector (packaged by co-transfection in
human 293 T cells) for potency and expression in PNP-deficient tissue
culture cells (NSU1) as well as transduction in mouse and human
hematopoietic progenitors. These studies will support the future
application of PNP-transducing lentiviral vectors to the treatment of
T cell immunodeficiency caused by deficiency of PNP.
Immunity and Tolerance to Transgenes and Vectors
229. Adenovirus-Induced Acute Inflammatory
Response In Vivo Is Exacerbated by Macrophage
Cell Death
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Adenovirus (Ad) is an efficient vehicle for gene transfer in vivo.
However, both preclinical and clinical studies indicate that upon
intravascular delivery, Ad may induce a severe acute inflammatory
response. Currently, the molecular mechanisms responsible for the
induction and exacerbation of this inflammatory reaction remain
unclear. In this study, we analyzed the cell types in the liver and spleen
of mice that are responsible for the induction of innate responses after
intravenous Ad administration. Using an RNAse protection assay, we
also analyzed the kinetics of transcription for 30 different cytokine
and chemokine genes after adenovirus injection. Our data showed
that, although most of the administered Ad particles were trapped
in the liver and efficiently transduced hepatocytes, the activation
of pro-inflammatory genes occurred in the spleen to a much greater
degree, as compared to liver. Further analysis revealed that splenic
CD169- and MARCO-positive marginal zone macrophages (MZMП•)
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selectively trap Ad after intravascular injection. After interaction
with Ad, these cells initiate a unique type of response and undergo a
rapid, caspase-independent pro-inflammatory cell death that is distinct
from classical apoptosis. Electron microscopy studies showed that
MZMП• containing virus particles have complete disorganization of
the cytoplasm and swelling and breakdown of mitochondria and other
organelles by 4h after Ad administration. Analysis of MП• cell death
in Bak/Bax double knock-out mice revealed that CD169 cells were
not affected by Ad administration in this mouse strain. Moreover,
administration of the Ad mutant ts1, which is unable to rupture cellular
endosomes, showed that both CD169 and MARCO-positive cells
were present in the marginal zone after virus injection. Analysis of
macrophage cell death and the kinetics of pro-inflammatory cytokine
and chemokine gene activation revealed that these two processes
are driven by distinct molecular mechanisms. Moreover, analysis of
inflammatory leukocyte infiltration in the spleen and the levels of
systemic thrombocytopenia showed that MZMП• death contributes
to the exacerbation of Ad-induced inflammation. Importantly, the
elimination of phagocytic cells from the liver and spleen with
clodronate liposomes completely eliminated inflammatory cytokine
and chemokine up-regulation while preserving efficient hepatocyte
transduction. Collectively, our data suggests that phagocytic
macrophages, including CD169- and MARCO-positive cells,
have specific molecular machinery to recognize Ad and initiate a
pro-inflammatory antiviral response. This response is marked by
the activation of inflammatory cytokines and cell death, which are
governed by distinct molecular mechanisms. Moreover, MП• cell
death appears to contribute to exacerbation of inflammation induced
after Ad administration. Our studies provide the rationale for the
development of novel Ad vectors that would avoid interaction with
phagocytic cells. They also indicate that pharmacologic approaches
to prevent cell death have the potential to improve the toxicity profile
of currently existing Ad-based gene therapy vectors.
230. Anti-Adenoviral Immune Responses: A
Novel Adenoviral Reporter System To Characterize
IFNОі Secretion from T Cells onto Virally Infected
Cells in the Brain In Vivo. Part II: In Vivo
Characterization
Robert J. Barrett,1,2 Mariana Puntel,1,2 Jieping Yang,1,2 Kurt M.
Kroeger,1,2 Maria G. Castro,1,2 Pedro R. Lowenstein.1,2
1
Board of Governors Gene Therapeutics Research Institute,
Cedars-Sinai Medical Center, Los Angeles, CA; 2Department
of Medicine and Department of Molecular and Medical
Pharmacology, David Geffen School of Medicine, University of
California Los Angeles, Los Angeles, CA.
Immune responses can curtail gene expression from viral vectors.
Although novel vector platforms resistant to the immune response
have been developed, immune responses to trasngenes or pre-existing
immune responses to viral capsids could still be deleterious to
gene therapy attempts. Therefore, we have embarked on a detailed
understanding of the cellular and molecular mechanisms underlying
T cell mediated clearance of virally infected cells in the brain. We
have previously demonstrated that T cell mediated clearance of virally
infected cells in the brain is IFNОі dependent, and does eventually
lead to the death of infected brain cells. Previous studies have shown
that immunological synapses mediate intercellular communication
between T-cells and antigen presenting cells. Immunological synapses
mediate cell to cell communication in the immune system. In our
model, immunological synapses mediate communication between
antiviral T cells and infected brain cells. To elucidate the targets of
IFNОі action in the brain, we have now developed a novel method.
In this study, we aim to establish if IFNОі exerts its actions directly
onto virally infected cell. To achieve this, an adenoviral bi-cistronic
vector encoding for both eGFP and Cre recombinase was developed
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whereby eGFP was constitutively expressed by the human CMV
promoter to allow for the identification of virally infected cells; in
the same vector construct Cre recombinase was under the inducible
control of the IFNОі response element (GAS) to assess if IFNОі
receptors and signaling in virally infected cells had indeed been
activated. This vector was stereotactically injected into the striata of
ROSA26 mice. After 2 weeks these mice were immunized against
adenovirus and were subsequently sacrificed at 2, 4, 6, and 8 weeks
post-immunization. In immunized mice the presence of infiltrating
cytotoxic T-cells in the brain parenchyma was observed. In these
mice, the presence of Cre recombinase along with the expression of
b-gal was observed in virally infected cells. We are also characterizing
the formation of immunological synapses at the contacts between
the antiviral T cells and the virally infected brain cells. The data
presented strongly suggests that IFNОі is released by cyotoxic T-cells
and induces signaling in virally infected target cells. The formation
of immunological synapses may play a pivotal role in directional
signaling between T cells and target cells in the brain. These findings
may help us understand and hopefully manipulate antivector and
antiviral immune responses in the brain.
231. Anti-Adenoviral Immune Responses: A
Novel Adenoviral Reporter System To Characterize
IFNОі Secretion from T Cells onto Virally
Infected Cells in the Brain In Vivo. Part I: Vector
Construction and In Vitro Characterization
Mariana Puntel,1,2 Robert J. Barrett,1,2 Jieping Yang,1,2 Nyiati
Bondale,1,2 Kurt M. Kroeger,1,2 Maria G. Castro,1,2 Pedro R.
Lowenstein.1,2
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of Medicine and Department of Molecular and Medical
Pharmacology, Geffen School of Medicine, University of
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Immune responses in the brain inhibit transgene expression. This
can be partially avoided through the use of improved vectors that
вЂњhideвЂќ from the immune response. Nevertheless, the Achilles tendon
still being able to be targeted by the immune response are vector
transgenes, or pre-existing immune responses to viral capsids; such
immune responses could still be deleterious to gene therapy attempts.
In order to understand the detailed cell and molecular biology of
T cell mediated clearance of virally infected cells in the brain, we
have developed a novel approach to elucidate the communication
pathways between T cells and infected brain cells. We have previously
demonstrated that T cell mediated clearance of virally infected
cells in the brain is IFNОі dependent, and does eventually lead to
the death of infected brain cells. We have also previously shown
that immunological synapses mediate intercellular communication
between T-cells and antigen presenting cells. Immunological synapses
mediate cell to cell communication in the immune system; in the brain,
they mediate communication between antiviral T cells and infected
brain cells. We have previously described the polarization IFNОі in the
CD8 T cell establishing close synaptic contacts with virally infected
astrocytes. To determine whether IFNОі only acts on a few target cells,
or whether it is secreted non-specifically into the extracellular space
of the brain, we established a novel method to detect directional
IFNОі release at immunological synapses formed in the brain between
antiviral T cells and infected brain cells. Here we describe the
construction of novel adenoviral bi-cistronic vectors encoding for the
expression of different transgenes (i.e. Cre recombinase, enhanced
green fluorescent protein, and firefly luciferase) driven by an IFNОі
response element, the GAS promoter; the vectors also encode a second
cassette expressing a reporter gene under the control of the human
CMV promoter; this confers constitutive expression of a marker
gene to identify infected cells. We constructed a number of vectors;
S87
Immunity and Tolerance to Transgenes and Vectors
these were tested both in vitro and in vivo for IFNОі inducible reporter
gene expression. Glioma cell lines were infected with recombinant
adenovirus and found that recombinant IFNОі added to the cultures
did turn on the expression of luciferase, and other reporter genes.
Similar vectors were injected in vivo in combination with Ad-IFNОі;
this led to the expression of IFNОі inducible reporter genes in the
brain in vivo. We conclude that IFNОі regulated transgene expression
constitutes a valuable tool to determine the targeted release of T cell
cytokines, and to evaluate the function of immunological synapses
in orchestrating the function of neuro-immunological circuits during
antiviral and antivector immune responses in the brain.
232. Characterization of the Innate Immune
Response to Helper Dependent Adenovirus Using
Genetically Modified Animal Models
Vincenzo Cerullo,1 Nicola Brunetti-Pierri,1 Michael P. Seiler,1 Viraj
Mane,1 Christian Clarke,1 Masataka Suzuki,1 Racel Cela,1 Lali
Medina-Kauwe,1,3 Brendan Lee.1,2
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Toll-like Receptors (TLRs) are innate receptors that sense
microbial products and trigger dendritic cell (DCs) maturation and
cytokine production, thus effectively bridging innate and adaptive
immunity. Since the major obstacle to adenoviral vector gene delivery
is the dose-dependent innate toxicity following the intravenous
administration, we sought to characterize the cellular and molecular
basis of this response. We first asked whether the class of TLRs are
involved in the immune response following the intravenous injection
of adenovirus vector. To test that, we injected high dose of helper
dependent adenoviral vector (HD-Ad) expressing a reporter gene
into MyD88-/- mice and measured the cytokines and chemokines
production 6 hours post-injection. MyD88-/- mice showed a drastic
reduction of proinflammatory molecules (IL6, IL12, TNF-a, MCP-1,
p<0.001) compared with wild type control mice, thus highlighting
the important role that TLRs play in the innate toxicity to adenoviral
vectors. To test whether TLR 3 and 7 (two other intracellular TLRs)
contribute to combinatorial signaling in response to HD-Ad, we
injected 5x1012VP/Kg of HD-Ad in a mouse model carrying the
Unc93b1 mutation (known as вЂњtriple dвЂќ mutation, 3d) with impaired
signaling of intracellular TLR3, 7 and 9; TLR9-/- mice were used
as control. No difference in cytokine production was found between
the group of mice with 3d mutation and the TLR9-/- group; This,
suggests that TLR9 is the primary intracellular TLR responsible for
the innate immune response to HD-Ad. We then investigated the
role of cell surface TLRs in similar fashion. We found that TLR2-/mice exhibit a reduced proinflammatory cytokine production after
intravenous administration of high dose of HD-Ad (5x1012 VP/Kg).
While TLR9 recognizes DNA, surface receptors likely recognized
portions of the Ad capsid. To test this, we assayed response of primary
macrophages from C57BL/6 mice to Ad capsid components. We
found that HD-Ad DNA together with penton proteins had the highest
stimulatory effect. Moreover we showed no significant differences
in cytokine production following administration of pegylated HDAd
vs. unpegylated HDAd in TLR2-/-. In contrast, we found a protective
effect of pegylation in wild type C57BL/6 mice, as has been also
reported by others. These observations suggest that PEG may mask
HDAd capsid from TLR2 recognition, highlighting the importance
of surface receptors in HDAd recognition. In conclusion, adenoviral
vectors activate immunity through TLR-dependent pathways leading
to the production of pro-inflammatory cytokines and chemokines.
This may be mediated cooperatively by cell surface TLR2 and the
endosomal TLR9 receptors. Moreover, they are dependent on a
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common TLR adaptor MyD88. By modulating signaling via these
receptors, we may be able to decrease the innate and adaptive immune
responses to HDV in vivo.
233. Pre-Clinical Biodistribution and Toxicity
Analysis Following Intravenous Delivery of AAV6
Vectors
Daniel Stone,1,4 Ying Liu,1 Zong-Yi Li,1 Robert Strauss,1 Eric E.
Finn,3 James M. Allen,3 Jeff S. Chamberlain,3 Andre Lieber.1,2
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of Washington, Seattle, WA; 4California Institute for Quantitative
Biosciences, University of California Berkeley, Berkeley, CA.
In recent years a common strategy to increase the gene delivery
efficiency of a parental viral vector has been to use different
serotypes of the same virus. Specifically, vectors based entirely on
novel serotypes, or containing regions of other serotypes, have been
utilized. Using this approach adeno-associated virus (AAV) vectors
based on serotype 6 (AAV6) were found to efficiently transduce
muscle in vivo after intravenous delivery, when compared to parental
AAV2 vectors. A number of studies have demonstrated widespread
transduction of skeletal muscle after AAV6 delivery, and due to these
encouraging pre-clinical results it is being considered for use in the
treatment of muscular dystrophy. As a prelude to future clinical
studies, we investigated the biodistribution and safety profile of
AAV6 following intravenous delivery to mice. Mice were injected
with a dose of 2 Г— 1012 viral genomes and analyzed for CBC, serum
markers, vector biodistribution, cytokine/chemokine induction and
tissue inflammation at 30 minutes, 6 or 72 hours post injection.
AAV6 had minimal effect on circulating blood cell levels, with only a
moderate increase in leukocyte levels at 72 hours, while serum levels
of ALT and sCD62p were unaffected, indicating no hepatotoxicity
or coagulation activation. Vector biodistribution showed more vector
in serum than blood cells after 30 minutes and 6 hours, while the
major sites of tissue sequestration were the liver and spleen. Vector
was found in all tissues tested and for all tissues the level of vector
genomes dropped significantly between 6 and 72 hours. Analysis of
gene transcription for IL-1, IL-6, TNF-О±, MCP-1 and IP-10 revealed
that AAV6 induced significant transcription in liver, while in spleen
only transcription of MCP-1 was seen. Analysis of serum showed
significant rises in levels of TNF-О± at 30 minutes post injection,
MCP-1 at 6 hours post injection, and IL-6 at 30 minutes and 6 hours
post injection. Immunohistochemistry using liver sections and
antibodies against markers for leukocytes, monocytes/macrophages,
granulocytes/neutrophils, lymphocytes or NK cells demonstrated a
lack of inflammatory infiltrate at any time point tested. When taken
together our data suggest that AAV6 vectors show non-specific
biodistribution, and are relatively non-toxic following intravenous
delivery. Although there is some indication of AAV6 induced toxicity,
it is mostly transient, and has almost completely subsided by 72 hours
post injection. AAV6 remains a promising tool for future use in the
treatment of muscular dystrophy.
234. In Vivo Bioluminescent Imaging Studies
Following In Vivo Gene Therapy
Courtney M. Lappas,1 Uimook Choi,1 Movarid Moayeri,1 Elizabeth
M. Kang,1 Harry L. Malech,1 Suk See De Ravin.1
1
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Immune responses against foreign vector or expressed protein
following direct intravenous vector administration pose a significant
challenge to successful in vivo gene therapy. We have previously
treated newborn X-SCID dogs with intravenous administration of
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RD114/TR pseudotyped lentivirus or gamma retrovirus vector during
the first week of life, and demonstrated permanent immunological
correction with no associated adverse events related to in vivo gene
transfer. Importantly, no evidence of gonadal tissue targeting was
observed. While we appreciate that considerable work remains to
delineate the extent or consequences of off-target transduction with
RD114/TR pseudotyped lentivector, the simplicity of administration
of in vivo gene therapy is a compelling reason to explore further how
this result in X-SCID pups can be extended to adult immunocompetent
animals. To further explore the mechanisms of hematopoietic stem
cell transduction after direct vector administration, we have utilized
non-invasive, in vivo bioluminescent imaging coupled with flow
cytometry to monitor the kinetics and localization of gene marking
over time. We used 3rd generation HIV MSCV Luciferase T2a GFP
encoding for both luciferase and GFP. The firefly luciferase gene
allows tracking of tissue luciferase expression by imaging, while
GFP expression in peripheral blood or tissue can be detected by
flow cytometry or tissue histochemistry respectively. To optimize
targeting of the non-neonatal population, we chose for our studies
mature, immune deficient NOD/SCID mice and mature, immune
competent C57BL/6 mice. We show that a single intravenous injection
of an HIV VSV-G pseudotyped vector (1-3x10^7 IU) encoding
firefly luciferase and green fluorescent protein results in luciferase
expression in liver, spleen and bone marrow, in naГЇve NOD/SCID
mice and C57BL/6 mice treated with either rapamycin or the selective
adenosine A2A receptor agonist, ATL146e. These agents were
chosen for their immune tolerance inducing and anti-inflammatory
properties. Long term (>14 weeks) detection of GFP in peripheral
blood cells was detected at low levels (1%). No GFP or luciferase
expression is observed in untreated C57BL/6 mice, but sustained
tissue luciferase expression and peripheral blood GFP marking is
observed in C57BL/6 mice after treatment with immunomodulatory
agents is discontinued. We conclude, that in immune competent mice,
an initial period of immune suppression and tolerance induction is
necessary and sufficient to prevent vector clearance and allow for
hematopoietic stem cell transduction following intravenous vector
delivery in adult immunocompetent mice. Efforts to optimize efficacy
at gene transduction of hematopoietic stem cells achieved with in vivo
gene therapy, and monitoring for off-target transduction and adverse
events, in murine models of CGD and X-SCID are ongoing.
235. Synergistic Antitumor Effects of
Telomerase-Selective Oncolytic Adenovirus
(OBP-301) and Interleukin-2 in a Mouse Renal Cell
Carcinoma Model
Peng Huang,1 Haruki Kaku,1,2 Jie Chen,1 Masami Watanabe,1,3
Yuji Kashiwakura,3 Takashi Saika,1 Yasutomo Nasu,1 Toshiyoshi
Fujiwara,2 Yasuo Urata,4 Hiromi Kumon.1,2,3
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Nanobio-Targeted Therapy, Okayama University Graduate School
of Medicine, Dentistry and Pharmaceutical Sciences, Okayama,
Japan; 4Oncolys BioPharma Inc, Tokyo, Japan.
Purpose: OBP-301 [Telomelysin, a telomerase-specific replicationcompetent adenovirus with human telomerase reverse transcriptase
(hTERT) promoter] possesses strong anticancer effects by inducing
cancer cell lysis and the clinical trial of this agent is on-going for solid
cancers in the United States of America. Interleukin-2 (IL-2) has been
used for the treatment of patients with metastatic renal cell carcinoma.
In this study, we studied the antitumor effects of combination therapy
with OBP-301 and IL-2 in a mouse renal cell carcinoma model.
Materials and methods: The in vitro cell killing effect of OBP-301
was first confirmed in the mouse renal carcinoma cells, RENCa. For
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in vivo therapeutic study, an orthotopic and metastatic renal cancer
model was established in BALB/c mouse by injecting luciferaseexpressing RENCa cells at the left kidney and via tail vein. After 2
weeks, animals were randomly divided into four groups and treated
with PBS, OBP-301 (107 PFU X 3 times by i.v. injections, 16000IU of
IL-2 X 3 times by i.p. injections, and their combination on day 0, day
2 and day 4. Results: On day 14, both orthotopic tumor weight and
lung metastatic tumor volume estimated by luciferase activity were
significantly inhibited in the combined therapy group, compared to the
OBP-301 or IL-2 single treatment groups. The significant therapeutic
effects of each single treatment were also observed compared with
the PBS control group. In the histological and immunohistochemical
analyses, diffuse oncolytic degeneration and the adenoviral E1A
protein expression were confirmed in the orthotopic and lung tumors
in the combinated therapy group. Conclusions: These data indicate
that the combined administration of OBP-301 and IL-2 has synergistic
antitumor and antimetastatic effects in the mouse model of renal cell
carcinoma. The outcome might have important suggestions for the
utility of tumor-specific oncolytic virotherapy and cancer immune
therapy in human renal cell carcinoma.
236. Gene Therapy as a Strategy for the
Inducton of Immunological Tolerance in
Experimental Autoimmune Disease
Frank Alderuccio,1 James Chan,2 Ee Jun Ban,2 Keng Hao Chun,2
Claude Bernard,3 Ban-Hock Toh.2
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Department of Immunology, Monash University, Melbourne,
Australia; 2Department of Medicine, Monash University,
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Autoimmune diseases are characterized by a chronic adaptive
immune response that targets self-antigens and leads to clinical
pathology. This includes a wide range of diseases such as multiple
sclerosis, type 1 diabetes and rheumatoid arthritis. As a group,
autoimmune diseases affect 5-6% of the population and constitute
the third largest disease burden after heart disease and cancer.
However, there are no known cures; with treatment restricted to
toxic immunosuppressive regimes or replacement therapy. The
development of autoimmunity is often associated with a breakdown
in immunological tolerance and activation of self-reactive clones.
A major mechanisms associated with reducing the development of
autoreactive clones in primary lymphoid organs such as the thymus
is exposure to self-antigens. Using animal models, we have shown
that ectopic expression of autoantigen can render mice tolerant and
resistant to autoimmune disease induction. Furthermore, antigenspecific tolerance can be transferred by the bone marrow compartment
and thus confirms the major role that bone marrow derived cells, such
as dendritic cells, have in tolerance induction. Our recent studies have
focused on utilizing gene therapy strategies aimed at targeting bone
marrow haematopoietic stem cells (HSC) to drive ectopic expression
and promote immunological tolerance. Using a mouse model of
experimental autoimmune encephalomyelitis (EAE), we demonstrate
that the transfer of genetically manipulated HSCs encoding MOG
(myelin oligodendrocyte glycoprotein) can promote immune tolerant
and render mice resistant to MOG induced autoimmune disease. We
believe these findings provide a framework for treating established
autoimmunity and providing long-term remission.
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237. Evidence for the Potent Immunogenic
Properties of GFP by Tracking GFP-Labeled
Myoblast Transplants Using an In Vivo
Fluorescence Imaging System
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Transplantation of GFP-labeled cells into muscles has greatly
facilitated our ability to distinguish donor-derived cells from host cells.
However, whether GFP, a foreign protein, triggers immunorejection
has not been studied in the context of muscle cell transplantation.
Recently, we have developed an in vivo fluorescence imaging
protocol that allows us to track the fate of transplanted GFP-labeled
cells in living animals. Using this technique, we were able to observe
the growth dynamics of transplanted GFP-labeled cells in both
immuno-compromised and immunocompetent mice continuously and
quantitatively. Thus our results provide direct evidence to address this
question. We acquired images of the tibialis muscles (TA) muscles
periodically following the injection of GFP-labeled wt primary
myoblasts into mdx and nude mice. Our results show a sharp GFP
signal reduction two days post transplantation continuing into the
third day. Three days post-injection, the total fluorescence intensity
of engrafted muscles was 28.4% and 20.2% of their original value
(measured immediately after cell engraftment) in mdx and nude
mice, respectively. As documented by other studies, this reduction
is caused by a nonspecific inflammatory reaction. Four days post
transplantation, an increase in the GFP signal was observed in both
groups peaking at 41 and 35.3% of original intensity 7 to 9 days after
transplantation in mdx and nude mice respectively. During this same
time period, we observed the diffusion of GFP signal longitudinally
in both groups, indicating that, transplanted cells propagated and
fused with host myofibers. The GFP signal then remained relatively
stable in immunodeficient nude mice, while declining sharply again
14 days after injection in immunocompetent mdx mice. Signal
intensity continued to decline in mdx mice thereafter and GFP was
not detected 10 weeks post-engraftment. By contrast, GFP signal in
nude mice remained constant throughout the remaining part of the
experiment. In our previous experiment, we had demonstrated that
transplantation of GFP- wt myoblasts into mdx muscles resulted in
a low but stable level of muscle engraftment. We also demonstrated
a steady increase in the number of donor-derived myofibers after
transplantation of GFP- wt msx1-induced dedifferentiated muscle
cells. Together, our observations suggest that most likely, it is GFP,
not dystrophin that triggers the clearance of donor-derived cells in
immunocompetent mice.
238. Analysis of Cytokine Release and
Complement Activation Caused by PEGylated and
Unmodified Adenovirus in a Human Blood Loop
Model
Angelika Danielsson,1 Berith Nilsson,1 Stefan Kochanek,2 Florian
Kreppel,2 Magnus Essand.1
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Oncolytic adenoviruses are widely used for gene therapy of
cancer. Intratumoral injections have in some cases led to successful
results. However, upon intravenous administration of adenovirus the
immune system is rapidly activated and most of the viral particles are
destroyed. One way to prevent this may be to coat the adenovirus with
polyethylene glycol (PEG). Here, cytokine release and complement
activation were studied in a human blood loop system using human
adenovirus serotype 5 (Ad5) or Ad5 virus coated with either 2K-PEG
or 20K-PEG. In the loop model, 5 ml of human blood from healthy
donors was mixed with 2.5x1010 vp and added to heparin-coated
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tubes and incubated while rotating at 37ВєC. Cytokine release could
be observed after four hours but was more evident after eight hours
of incubation. Production of TNF-О±, IL-8, IL-6 and RANTES was
less when 2K-PEG-coated Ad5 was used compared to uncoated Ad5
or 20K-PEG-coated Ad5 in blood with low anti-adenovirus IgG titer.
In donor blood with high anti-adenovirus IgG titer, PEGylation did
not reduce the release of these cytokines. For IP-10 and MCP-1 the
opposite was observed, the production of the cytokines was increased
when PEGylated viruses were used compared to uncoated virus.
No activation of IL-1b, IL-10, IL-12p70 and MIG was observed
in any of the loops. Activation of the complement components
C3a, C4a and C5a was also studied. The formation of C3a started
within 15 minutes and increased throughout the incubation. There
were no obvious differences in production of C3a and C4a between
PEGylated and uncoated virus. However, the production of C5a was
less when 2K-PEG Ad5 was used compared to unmodified virus.
In a titration assay it was demonstrated that 2K-PEG Ad5 persists
longer than 20K-PEG Ad5 and uncoated Ad5 in blood with low antiadenovirus IgG titer. In high anti-adenovirus IgG titer blood the virus
is immediately cleared regardless if it is PEGylated or not. These data
demonstrate small effects of PEGylated adenoviruses with regard to
cytokine release and complement activation. We also conclude that
PEGylation of adenovirus is only effective when the anti-adenovirus
IgG titer is low. The study is of importance because of the human
blood model since most studies of immune responses to adenovirus
have been performed in mice.
239. Activation of Macrophages Requires
Interaction with Epithelial Cells in Innate Immune
Response Against Adenoviral Vectors
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The adenoviral vectors (Ads) have been widely utilized in various
gene therapy applications including numerous clinical trials and
they are considered one of the most effective vehicles for lung
gene therapy. However, except for the cancer gene therapy, the
induction of acute inflammation and the adaptive immune response
are the major drawbacks and safety concerns for Ads. Macrophages
are innate immune cells at the first line of defence that recognize
various pathogens through host pattern-recognition receptors
(PRRs) and induce inflammatory response at the very early stage of
infection. Macrophages are implicated in Ad induced inflammatory
response both in systemic and local administration. However, tissue
resident macrophages such as the alveolar macrophages are not
easily activated by the presence of pathogens, suggesting that their
activation requires interaction with other types of cells in the tissue
to trigger inflammatory responses. In this study, we established an
in vitro model using MLE-15 (a murine airway epithelial cell line)
and Raw 264.7 (a murine macrophage cell line) cells to examine the
interaction between airway epithelial cells and macrophages during
Ad administration in the lung. MLE-15 and Raw 264.7 cells were
co-cultured to grow in contact with each other and infected with
helper-dependent Ad and its inflammatory response was compared to
those of the single cell cultures. Infection of the co-culture resulted in
synergistic induction of pro-inflammatory cytokines and chemokines
as well as iNOS within 6 hours. Moreover, transcription factors
such as NFОє-B and IRF-3 were also activated in the Ad infected
co-cultures. These responses are cell-cell contact dependent and
independent of transgene expression. Interestingly, approximately 12
hours after infection significant changes occurred in the co-culture,
including changes in cell morphology along with cell detachment and
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cytotoxicity, suggesting that there are sequential interactions between
these two cell types in order to achieve the complete macrophage
activation and inflammatory response. We are currently investigating
how cell-cell interactions may affect the changes in the co-culture. Our
preliminary results indicate that the inhibition of cell-cell interaction
and the intercellular signalling can significantly reduce macrophage
activation by Ad in the co-culture. Our study gains insight into the
development of new strategies to reduce toxicity in Ad-mediated
gene therapy.
240. Risk of Insertional Mutagenesis Following
In Vivo Transfer of Plasmid DNA: Role of Host
Immune Responses
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In vivo delivery of plasmid DNA has been widely studied for
applications that include the development of DNA vaccines and DNAbased endogenous production of therapeutic proteins. A safety issue of
particular interest for in vivo plasmid DNA delivery is the possibility
of insertional mutagenesis due to integration of plasmid DNA into host
genomic DNA. A factor that may affect the frequency of integration
events is the kinetics of plasmid persistence in the target tissue. Since
several studies have demonstrated that induction of transgene specific
immune responses can lead to the elimination of cells expressing the
encoded protein, we hypothesized that such immune responses may
alter the kinetics of plasmid presence and associated risk of insertional
mutagenesis. To address this, we measured levels of plasmid that
persist at the administration site following intramuscular delivery
by conventional injection or electroporation (EP) of a DNA vaccine
encoding the hepatitis B virus surface antigen (HBsAg) and control
vectors (not encoding a protein) into wild type and immunodeficient
(RAG2-/-) mice. HBsAg plasmid levels decreased over time in wild
type and immunodeficient mice with both conventional injection
and EP-mediated plasmid delivery methods. Notably, clearance of
plasmid from muscle was accelerated in wild type mice compared to
immunodeficient mice with both delivery methods, implicating T and/
or B cell responses in the loss of plasmid from muscle. Interestingly,
despite initial presence of approximately 10-fold more plasmid in
muscle following EP versus conventional injection, by Day 60,
plasmid levels remaining in muscles of wild type mice were similar
for both delivery methods. Taken together, these findings indicate
that immune mediated loss of plasmid encoding HBsAg occurs in
wild type mice, and the kinetics of clearance are increased when EP
is used as the delivery method. With control vectors, Day 60 plasmid
levels were approximately equal in wild type and RAG2-/- mice. This
suggests that immune mediated changes in plasmid persistence are
dependent on the presence of an immunogenic protein encoded by
the plasmid. To evaluate the potential of HbsAg plasmid vaccine and
control vectors to integrate into host genomic DNA, we measured the
levels of plasmid that remained associated with genomic DNA after
extensive purification (suggestive of potential integration events).
Plasmid levels associated with genomic DNA were lowest in wild type
immunocompetent animals receiving HBsAg plasmid, with similar
residual levels detected following conventional and EP delivery. With
the control vectors, post purification plasmid levels were similar
in wild type and RAG2-/- mice. Thus, the lowest post purification
plasmid levels (with commensurate decrease in risk of integration
events) occurred in subjects able to mount T and/or B cell responses to
the protein encoded by the plasmid. These findings demonstrated that
immune responses may influence the risk of insertional mutagenesis
and therefore have important implications for the design of safety
studies for DNA-based products.
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241. TAG Vaccine: Autologous Tumor Cell
Vaccine Genetically Modified To Express GM-CSF
and Block Expression of TGFbeta2 вЂ“ Preclinical
Development, Manufacturing and Early Clinical
Data
Phillip B. Maples,1,2 Padmasini Kumar,1,2 Ila Oxendine,1,2 Chris
Jay,1,2 John J. Nemunaitis.1,2,3,4
1
Gradalis, Inc., Dallas, TX; 2Mary Crowley Cancer Research
Centers, Dallas, TX; 3Baylor Sammons Cancer Center, Dallas, TX;
4
Texas Oncology, P.A., Dallas, TX.
Cell-based cancer vaccines have led to complete and partial
responses and prolonged stabilized disease. We have developed a
novel expression vector that we believe, when transfected into tumor
cells, will evoke immune recognition /stimulation by two distinct
routes. The nonviral vector system expresses both GM-CSF and a
TGFbeta antisense. GM-CSF transgene expression in tumor cells
has been used with some success in generating immune responses
to various cancers including NSCLC (Nemunaitis et al, JNCI 2004,
96: 326-331). Similarly, TGFbeta antisense-modified tumor cells
have been used to generate positive clinical responses in NSCLC
and glioma patients (Nemunaitis et al, JCO 2006, 24: 4721-4730).
Because neither approach is completely successful for all patients
and since their mechanisms of action are distinct, it is expected that
combining them might yield additive or even synergistic effects. We
have performed full scale preclinical and/or clinical manufacturing
runs for Melanoma, Hepatocellular carcinoma, NSCLC, Sarcoma,
Breast, Ovarian and Neuroendocrine tumors to date. We have
demonstrated that using various reporter gene expression vectors with
our electroporation conditions (300V, exponential decay) resulted in
patient tumor cell tranfection rates ranging from 77-87% (based on
assays of expressed functional protein). We have demonstrated that
both the GM-CSF (в‰Ґ 1 ng/ml/106 cells) and the TGFbeta antisense
(в‰¤60% of original expression) components of this vector are being
expressed in quantities consistent with previous clinical studies.
Transfected cells were incubated overnight, harvested, irradiated at
10,000cGy and then washed, vialed and frozen in vapor phase liquid
nitrogen. Post-irradiation cell proliferation assays demonstrate that
no cell proliferation is detected at any time during the 14 day assay
(n=8). Stability studies are ongoing with 3 month and 6 month data
indicating that the vaccines retain their essential characteristics when
stored in the vapor phase LN2. Our first planned clinical protocol is
a fifty patient, Phase I trial for advanced solid tumor patients that
have sufficient accessible tumor tissue. The IND for this autologous
vaccine approach is being submitted at this time.
242. Strategies for Adenovector Gene Delivery
in the Inner Ear in the Context of Pre-Existing
Immune Response
Hinrich Staeker,1 Susanna Pfannenstiel,1 Mark Praetorius,2 Chi
Hsu,3 Douglas E. Brough.3
1
Department of Otolaryngology, University of Kansas School
of Medicine, Kansas City, KS; 2Department of Otolaryngology,
University of Heidelberg, Heidelberg, Germany; 3Research,
GenVec, Inc, Gaithersburg, MD.
Adenovector mediated gene delivery has been used to alter the
phenotype of the inner ear in a variety of animal models of hearing
loss. Adenovectors are versatile, easy to manufacture and modify
and have a high payload capacity. We studied the immunogenicity
properties of these vectors and resulting impact on gene delivery.
Studies in other systems (eye and skeletal muscle) have demonstrated
that immune response to adenovectors is dependent on the total dose
of vector delivered. The amount of gene delivery using adenovirus
vectors can be reduced by the presence of pre-exisitng neutralizing
antibodies to the vector although this is dependent on the tissue and
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method of administration. Consistent with these findings we have
shown in a mouse model that limiting the total dose of Ad5 based
vectors delivered and route/site of administration allows transduction
of a broad range of inner ear tissues in mice pre-immunized with
Ad5 without damaging hearing. Repeated delivery using different
entry points in the inner ear was also found not to damage hearing
or balance. We are testing an additional strategy to avoid pre-existing
host responses by evaluating the transfection of inner ear tissues
with adenovectors constructed from different adenovirus serotypes.
We demonstrated that transfection of inner ear tissue can also be
accomplished using an Ad35 based vector. Our results indicate that
development of adenovector based molecular therapeutics for the inner
ear will be improved by limiting the dose of total particles delivered
or by using vectors from alternative adenovirus serotypes.
243. Delivery of Adeno-Associated Virus (AAV)
Vector Serotype 6.2 in Lung Activates Significant
CD8+ T Cell Response to Capsid and Transgene
Product with No Immunotoxicity
Maria P. Limberis,1 Christie Bell,1 Luk H. Vandenberghe,1 James
M. Wilson.1
1
Department of Pathology and Laboratory Medicine, University of
Pennsylvania, Philadelphia, PA.
We have demonstrated that an engineered AAV6 vector variant
(AAV6.2) has superior gene transfer performance in various
models of human airway. While we continue to develop AAV6.2
for clinical application, it has become apparent that successful
AAV6.2-mediated gene therapy also necessitates careful evaluation
of the immunogenicity of the vector capsid and transgene product.
We characterized the activation of capsid- and transgene-specific
T cells following airway delivery of AAV2/6.2 expressing firefly
Luciferase (fLuc). Specifically, AAV2/6.2, and vectors known to
activate capsid- and/or transgene-specific CD8+ T cells in mouse
(AAV2 and Ad.Hu5) were intratracheally instilled in C57Bl6 and
Balb/C mouse lung. fLuc expression was monitored longitudinally
to day 42. At time of necropsy, splenocytes and lung-derived
lymphocytes were harvested and subjected to IFNОі ELISpot. As T
cell responses to AAV capsid and fLuc were more pronounced in
Balb/C mice, we chose this mouse strain for all subsequent studies.
AAV2/6.2, AAV2 and Ad.Hu5 vectors were intratracheally instilled
and fLuc expression monitored longitudinally through to day 56.
At day 7, the Ad.Hu5 vector resulted in the highest fLuc expression
[2x107 photons/sec (p/s)] followed by AAV2/6.2 (2x106 p/s) and
AAV2 (1x105 p/s). By day 56, Ad.Hu5-mediated fLuc expression had
significantly decreased while remained stable for AAV2 but increased
for AAV2/6.2 (1.2x107 p/s). The kinetics of T cell activation was
closely monitored by euthanizing treated mice at days 7, 14, 21 and
35. Splenocytes and lung-derived lymphocytes from all treated mice
were subjected to IFNОі ELISpot and intracellular cytokine staining
(ICS) following stimulation with either the CD8+ T cell fLuc epitope,
we recently mapped, or the entire AAV capsid peptide library. At
day 7, no fLuc- or AAV capsid-specific T cells were detected in the
spleen or lung of the AAV2 or AAV2/6.2 vector-treated mice. In
contrast, in the Ad.Hu5 vector-treated mice, fLuc CD8+ T cells were
observed in the spleen and also in lung in very high frequencies. At
days 21 and 35 for the AAV2/6.2 vector-treated mice, strong fLuc
CD8+ T cell activation was seen in splenocytes accompanied by an
even greater CD8+ T cell response in lung-derived lymphocytes. ICS
analysis confirmed presence of IFNОі secreting fLuc and AAV6 CD8+
T cell populations with frequencies of ~1.5 and ~1 %, respectively.
Analysis of bronchoalveolar lavage fluid (BALF) showed significant
CD8 T cell infiltration for the Ad.Hu5 vector-treated mice at days 7,
14, 21 and 35. No CD8 T cells were seen in the BALF of the AAV2
vector-treated mice and CD8 T cells in the BALF of AAV2/6.2-treated
mice were observed only at days 21 and 35. We demonstrate that in
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mice, Ad.Hu5 activates transgene-specific CD8+ IFNОі+ T cells that
destroy transduced resident airway cells. In contrast, we show that
while AAV2/6.2 activates high numbers of transgene-specific CD8+
IFNОі+ T cells, these do not negatively impact on transgene expression
in the airway epithelium.
244. Anti-CD3 down Regulates TransgeneSpecific Immune Responses in Hemophilia A Mice
by Expansion of Foxp3+ Regulatory T Cells
Baowei Peng,1 Peiqing Ye,1 Hans D. Ochs,1,2 Carol H. Miao.1,2
Department of Pediatrics, Seattle Childrens Hospital Research
Institute, Seattle, WA; 2Department of Pediatrics, University of
Washington, Seattle, WA.
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CD4+CD25+ Foxp3+ regulatory T cells (Tregs) are critical in the
regulation and suppression of autoimmune and alloimmune responses.
Recent studies also suggested that Tregs play an important role in
inducing and maintaining tolerance to transgene product following
gene therapy. The T-cell depleting anti-CD3 antibody was shown to
promote immune tolerance by inducing antigen-specific Tregs in both
transplantation and autoimmunity. In this study, we investigated the
effectiveness of a non-FcR-binding anti-CD3Оµ monoclonal antibody
in preventing transgene-specific immune responses following nonviral
gene transfer. Hemophilia A mice (mixed background of T129 and
C57BL/6 strains)(n=10) were injected with a high-expressing,
liver-specific FVIII plasmid via hydrodynamics-based tail-vein
injection, followed immediately by immunosuppressive therapy
consisting of intravenous injections of anti-CD3 for 5 consecutive
days. None of the treated mice produced inhibitory antibodies
against FVIII and they maintained persistent, therapeutic-level
FVIII gene expression. In plasmid only-treated control mice, robust
inhibitory antibody responses eliminated functional FVIII within
2-3 weeks post gene transfer. Following gene transfer and anti-CD3
treatment, a significant increase in the proportion of CD4+ T cells
that expressed CD25 and Foxp3 was detected for several weeks
in peripheral lymphoid organs including spleen and lymph nodes
while total CD4+ T cell counts declined. By 4 weeks, the absolute
numbers of CD4+ T cells and the proportion of Tregs returned to
almost normal in treated mixed-background mice. CD4+ T cells
from tolerized animals were unresponsive to in vitro FVIII antigen
stimulation. Dominant tolerance could be transferred to plasmidtreated recipients by adoptive transfer of CD4+CD25+ cells from
tolerized mice. In vivo depletion of CD4+CD25+ T cells along with
anti-CD3 immunomodulation prevented the tolerance induction in
plasmid-treated mice. Interestingly, in a preliminary experiment, the
same dosages of anti-CD3 modulation (5 injections, day0-day4) did
not prevent antibody responses in plasmid-treated hemophilia A mice
in Balb/c background (n=10) which usually mount stronger anti-FVIII
responses than mice in mixed background. Flow cytometry analysis
indicated that in Balb/c mice Tregs did not expand preferentially
whereas the magnitude of CD4+ T cell depletion was similar to that
observed in treated mice of mixed background. Our study indicated
that the expansion of antigen-specific Tregs may be essential in the
induction phase to establish long term tolerance toward gene therapy
products.
245. Long-Term Expression of Antigenic
Transgene in Epidermis Following Transient
Treatment with Anti-CD154 Antibody: Implications
for Cutaneous Gene Therapy
Soosan Ghazizadeh,1 Padmaja Prabhu,1 Assefa Wondimu.2
1
Oral Biology and Pathology, Stony Brook University, Stony
Brook; 2Dermatology, Columbia University, New York.
Despite major advances in cutaneous gene therapy for inherited
diseases, a major issue in long-term cutaneous gene therapy for
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either skin or systemic disorders is how to circumvent potential host
responses against the therapeutic but foreign gene product, especially
in patients carrying null mutations. Using a murine model of ex vivo
epidermal gene transfer, we have shown that the rejection of ex
vivo transduced keratinocytes was associated with Th2/eosinophilc
responses and intense inflammation. As many effector mechanisms
of inflammation are abolished after the CD40/CD154 blockade, we
explored the potential of either local or transient systemic blockade of
this costimulatory pathway on restricting transgene-specific immune
responses. Using GFP as a model antigen, we showed that transient
treatment of mice with an anti-CD154 antibody (MR-1) at the time of
cell transplantation resulted in long-term (> 20 weeks) engraftment of
genetically modified keratinocytes expressing a neoantigen. In control
mice, GFP expression was lost by 4 weeks post grafting. Analysis
of humoral and cellular immune responses in MR-1-treated mice
indicated suppression of transgene-specific immune responses and
a lack of tissue inflammation in GFP-expressing epidermis. When
these mice were challenged by a second graft of GFP-expressing
keratinocytes, GFP-specific immune responses were developed,
resulting in the loss of newly implanted keratinocytes by 4 weeks
post-grafting. This indicated that the initial CD154 blockade did
not induce long-lived transgene-specific tolerance. Interestingly,
however, despite the induction of GFP-specific immune responses
and loss of the second graft, there was no sign of inflammation in
the original graft and in some GFP continued to be expressed for
10 more weeks. This demonstrated that despite a lack of long-lived
antigen-specific tolerance, genetically modified keratinocytes were
protected from destructive transgene-specific immune responses.
These results thus indicate that restriction of host immune-mediated
cytolysis of neoantigen-expressing keratinocytes is achievable by
transient blockade of CD40/CD154 interaction.
246. Clearance of Adenovirus by Kupffer Cells
Is Mediated by Natural Antibodies, Complement
and Scavenger Receptors
Zhili Xu,1 Jeffrey S. Smith,1 Jie Tian,1 Andrew P. Byrnes.1
Division of Cellular and Gene Therapies, Center for Biologics
Evaluation and Research, Food and Drug Administration,
Bethesda, MD.
1
Kupffer cells (KCs) pose a significant hurdle to systemic gene
therapy with adenovirus (Ad) vectors because they rapidly remove
Ad virions from the blood. However, little is known about how KCs
recognize Ad in vivo. We recently developed a new quantitative assay
to measure accumulation of Ad by KCs in the mouse liver. Using this
assay, we have investigated the roles of various receptors and opsonins
in the uptake of Ad type 5 by KCs. The primary in vitro receptors
for Ad5 are the coxsackievirus and adenovirus receptor (CAR) and
integrins. However, using Ad vectors containing various capsid
mutations we found that CAR and integrin binding were not needed
for uptake of Ad by KCs. Scavenger receptors (SRs) are expressed on
KCs and other macrophages. To examine the possible role of SRs in
recognition of Ad by KCs, mice were dosed i.v. with 0.2 mg of various
SR inhibitors or non-inhibitors, followed 5 minutes later by Ad. We
found that accumulation of Ad by KCs was greatly inhibited by known
SR inhibitors: polyinosinic acid (poly I), poly G, poly A and dextran
sulfate. In contrast, there was no inhibitory effect of non-SR-binding
polyanions or uncharged polymers. In addition to direct recognition
of Ad by KCs, Ad might conceivably be recognized indirectly after
interaction with blood cells or opsonization by plasma proteins. A
recent report found that less Ad was deposited in the liver when
mice were depleted of platelets. However, we found no significant
impact of platelet depletion on KC uptake of Ad when we depleted
platelets in mice by three different methods. Vitamin K-dependent
coagulation factors in the plasma are known to bind Ad and facilitate
Ad-mediated transduction of hepatocytes both in vitro and in vivo.
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In agreement with previous studies, depleting vitamin K-dependent
coagulation factors with warfarin caused a tremendous decrease in
Ad-delivered luciferase expression in liver. However, there was no
decrease in the amount of Ad accumulated by KCs, indicating that
these coagulation factors are not required for recognition of Ad by
KCs. It has been shown that Ad can activate complement through both
the classical and alternative pathways. Using an ELISA, we found that
Ad bound C3 and C4 from naГЇve mouse serum. In vivo, the amount
of Ad accumulated by KCs was significantly decreased in both C3knockout mice and in wild-type mice that had been decomplemented
with cobra venom factor, indicating a role for complement in KC
recognition of Ad. Finally, the role of natural antibodies in KC uptake
of Ad was evaluated. In vitro, we found that naГЇve mouse serum
contained a substantial amount of IgM that was able to recognize Ad.
In vivo, we found that antibody-deficient Rag-1 knockout mice had
a significant reduction in accumulation of Ad by KCs, implicating
natural antibodies as factors in KC recognition of Ad. In summary,
our results show that scavenger receptors and certain plasma opsonins
(IgM and complement) play significant roles in the clearance of Ad
by KCs in vivo. In contrast, we found no evidence of a role for CAR,
integrins, platelets or coagulation factors.
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247. Expanding the Repertoire of Potential Zinc
Finger Nuclease Sites and Determining the Zinc
Finger Nuclease Architecture To Target Such Sites
Kimberly A. Wilson,1 Abbye E. McEwen,1 Shondra M. Pruett,1
Matthew H. Porteus.1
1
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Zinc finger nucleases (ZFNs) have the potential to reverse many
human genetic diseases by site-specifically altering genomic targets
through DNA repair pathways to achieve sequence conversion. ZFNs
are custom engineered to recognize genomic sequences that fit the
recognition motif: 5вЂ™-ZFNsite1(X)ZFNsite2-3вЂ™ where X represents
the number of nucleotides (nt) between the ZFN sites (вЂњspacerвЂќ). In
the published literature, the spacer in the target site has been either 5
or 6nt. To potentially expand the range of possible ZFN target sites,
it is important to determine if it is possible to target sites with other
spacer lengths. One element of ZFN architecture consists of a short
peptide that links the zinc finger DNA binding domain to the nuclease
domain (вЂњlinkerвЂќ). In the published literature for mammalian cells,
linkers have consisted of either 4 or 5 amino acids. In this study, we
construct a series of ZFNs that have different linkers (either 2, 4,
or 5aa) and assay for nuclease activity through gene targeting on a
series of chromosomally-integrated reporter genes that have spacer
sequences of 3, 4, 5, 6, or 7nt. Our results show that none of the ZFN
linker variants could produce efficient gene targeting at target sites
with 3 or 4nt spacer lengths. We found that the target with a 5nt spacer
could be efficiently targeted by ZFNs with a 2 or 4aa linker, but not
a 5aa linker. We also found that ZFNs with all three linkers lengths
(2, 4, and 5aa) could target a 6nt spacer site. Finally, our data reveals
that the 7nt spacer target site could only be targeted by a ZFN with
a 5aa linker. In addition, we compared the relative toxicity of ZFNs
with different linker lengths and found that the toxicity correlated with
ZFN expression level, but not linker length. In summary, ZFN target
sites with 5, 6, or 7nt spacers can be efficiently targeted as long as the
ZFN has the correct linker architecture for that target site.
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248. Is More Better? вЂ“ Influence of Finger
Number on the Activity of Engineered Zinc Finger
Nucleases
Yuka Shimizu,1 Cem SГ¶llГј,2 Toni Cathomen,2 David J. Segal.1
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California, Davis, Davis, CA; 2Institute of Virology (CBF), CharitГ©
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1
Zinc finger nucleases (ZFN) have been used to direct precise
modifications to genetic information in living cells at high efficiency.
The ZFN can be engineered to recognize virtually any desired
DNA sequence. A ZFN-induced double strand break (DSB) can
dramatically enhance the frequency of homologous recombination or
mutagenic non-homologous end joining in the region of the target site.
However, unintended DSBs at off-target sites can lead to undesired
events, and cytotoxicity has been observed in several cases. Last year,
we demonstrated that such cytotoxicity could be greatly diminished
by making modifications to the nuclease dimerization interface
designed to enforce heterodimerization and reduce DNA-independent
activation. In the current study, we investigated the consequences of
other ZFN design features. In contrast to published results, we found
our ZFN configuration was only active when the monomer binding
sites were separated by 6 bp. Spacings of 4, 5, 7, and 8 bp did not
support recombination by this ZFN pair, suggesting DSBs at sites with
alternative spacings was not a significant mechanism of toxicity. We
also investigated the consequences of using more or less zinc fingers.
In principle, a ZFN heterodimer containing a total of 6 zinc fingers
(3+3) should have sufficient specificity (18 bp) to target a unique site
in the human genome. However, imperfect specificity of some zinc
fingers could lead to off-target DSBs. We therefore examined ZFNs
composed of 1+1, 2+2, 3+3, 4+4, 5+5 and 6+6 zinc fingers (targeting
6, 12, 18, 24, 30 and 36 bp, respectively). We found that 1+1 and
2+2 fingers did not support single-strand annealing type homologous
recombination. 3+3 and 4+4 fingers both supported recombination.
On an 18 bp site, 3+3 was more active than 4+4, suggesting the extra
fingers provided additional specificity to the 4+4 ZFN. Surprisingly,
5+5 and 6+6 did not support recombination, although activity could be
restored using combinations of 3+6 and 4+6 fingers. We conclude that
more zinc fingers are not always better. The effects of these protein
configurations on toxicity and the mechanism for the loss of activity
by 5+5 and 6+6 ZFN are currently being investigated.
249. High Levels of Protein Expression in
the Liver Could Be Detrimental for Long-Term
Transgene Expression
Astrid PaГ±eda, Vanrell Lucia, Aurrekoetxea Igor, Olague Cristina,
Kramer Gabriela, Prieto Jesus, Fontanellas Antonio, GonzalezAseguinolaza Gloria.
1
Gene Therapy and Hepatology, FIMA, UNAV, Pamplona,
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The liver is an attractive organ for gene therapy due to its important
role in many inherited and acquired diseases. The application of gene
therapy requires the correct selection of the therapeutic gene and the
gene delivery vector, but also the selection of the optimal elements
that control transgene expression such as the promoter and regulatory
elements. In this study we have analysed the effect of the promoter
over long term transgene expression using two different promoterвЂ™s
an ubiquitous promoter pPBGD and a chimeric liver specific
promoter: Albumin enhancer and alpha-1-antitrypsin promoter
(AlbEnh pAAT) in vivo, by hydrodynamic injection. Luciferase
was used as reported gene, the analysis was performed using a noninvasive optical bioluminescence imaging system that allowed long
term in vivo analysis. As previously shown, luciferase expression
after hydrodynamic injection of a plasmid containing a constitutive
promoter rapidly decline, while, luciferase expression driven by a
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liver specific promoter was high and sustained. However, when an
experiment of dose response was performed the administration of a
high number of molecules of the plasmid containing the liver specific
promoter resulted in the disappearance of transgene expression 15-21
days after hydrodynamic injection. On the other hand, the pattern of
expression after the administration of the same number of copies of
the plasmid containing the constitutive promoter remains unchanged.
Indicating that the lost of transgene expression was due to the level of
protein expression and no to the amount of DNA injected. Experiments
performed in RAG -/- mice gave similar results, indicating tha the
dissapearece of transgene expression was not mediated by a T cell
immune response against luciferase. Furthermore, those mice in
which luciferase expression disappeared where reinjected with
an AAV vector carrying the same transgene resulting in sustained
levels of luciferase similar to that observed in naive animals. Taking
together these data indicate that the disappearance of luciferase
expression was not due to the development of an immune response.
Experiments are now being performed to elucidate the mechanism
responsible for these phenomena. In conclusion, expression of high
protein levels in the hepatocytes could be detrimental for long term
transgene expression in the liver.
250. Using Cellular IRES To Drive Antitumoral
Gene Expression in Pancreatic Cancer Cells
Frederic Marrache,1 Anny Souque,1 Hubert Lulka,1 Louis Buscail,1
Anne-Catherine Prats,1 Pierre Cordelier.1
1
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Background. Pancreatic cancer is one of the most aggressive and
devastating human malignancies. Excepting surgical resection, there
is no efficient treatment. In this context, genetic therapy potentially
represents a rational new approach to treat pancreatic cancer, which
could provide an adjunctto conventional options. Traditionally,
vectors for gene transfer/therapy experiments were monocistronic.
An increasing demand for more complex multicistronic vectors
has arisen in recent years to obtain complex gene transfer/therapy
effects. Internal ribosome entry sites (IRES) are known to recruit
ribosomes directly, without a previous scanning of untranslated region
of mRNA by the ribosomes. Experimentally, IRESs are commonly
used to direct the expression multicistronic mRNAs. Thus, we tested
viral and cellular IRESs to drive antitumoral genes expression in
pancreatic cancer cells to inhibit cell proliferation in vitro and in vivo.
Material and methods. We used bicistronic vectors that express the
bioluminescent renilla (LucR) and firefly (LucF) luciferase reporter
genes under the control of the CMV promoter. In such constructs,
LucR translation is cap-dependent whereas LucF translation is
IRES-dependent. IRES activity is defined as the LucF/LucR ratio.
Bioluminescence was quantified using a luminometer. PEI was used
to transfect BxPC3, Capan-1 and PC.1-0 pancreactic cancer-derived
cells. Results: Bicistronic vectors encoding viral (EMCV, polio) and
cellular (FGF-1A to 1D, FGF-2, p27, connexin 26 and connexin 43)
IRES were transiently transfected into pancreatic cancer-derived
cells. We found that connexin 43 IRES activity was very high in all
the cell lines tested. Also, p27, FGF family members and viral IRES
activities were comparable. Using taqman, we found that connexin43
IRES activity competes with cap-dependent translation. Because
FGF-2 is involved in pancreatic carcinogenesis, we used FGF-2
IRES to drive sst2 somatostatin receptor and somatostatin expression
in pancreatic cancer cells. We previously demonstrated that sst2
receptor is an anti-oncogene for pancreatic cancer. We postulate that
co-expression of its ligand will further enhance its anti-oncogenic
effect. Biscistronic mRNA expression following transfection in
cancer cells was confirmed by RT PCR and Northern blotting. Sst2
and somatostatin protein production was detected by Western blotting
and ELISA, respectively. Transfecting pancreatic cancer cells with
bicistronic vectors resulted in a potent inhibition of cell proliferation.
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Eventually, in vivo intra-tumoral gene transfer of sst2-somatostatin
vector in athymic mice xenografted with human pancreatic cancer
cells significantly inhibited tumor progression. Conclusion: Taken
together, we demonstrate here for the first time the activity of viral
and cellular IRESs in pancreatic cancer-derived cells. Furthermore,
combining sst2 receptor together with its ligand somatostatin using
FGF-2 IRES may provide a new alternative for treating pancreatic
cancer using gene transfer.
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251. Gene Transfection and Regulation Using
High Pressure-Condensed Plasmid DNA In Vivo
Tsuyoshi Kimura,1 Seiichi Funamoto,1 Tsutomu Ono,2 Hidekazu
Yoshizawa,2 Toshiya Fujisato,3 Akio Kishida.1
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For plasmid DNA (pDNA) delivery, pDNA has been directly
injected into local regions in vivo or condensed by electrostatic
interacting with cationic compounds, and then delivered into cells
in vitro and in vivo. Although the direct injection is simple and safe
method, the injection site is limited and the transgene expression
is low due to its low stability. Cationic compounds enhance the
transfection efficiency in vitro because of the high stability, whereas
the cytotoxic nature of them is one of essential problems in vitro and in
vivo. Therefore, for safer, more stable and efficient delivery of pDNA,
it is necessary to condense pDNA with a less cationic compound or
without one. Recently, we reported that the condensation of pDNA
was induced by high hydrostatic pressurization at 10,000 atm (980
MPa) and 40 В°C for 10 min. The pressure-condensed pDNA showed
the high stability to nuclease. In the present study, we investigated
whether the condensed pDNA was applicable for pDNA delivery
in vivo. pDNA encoding luciferase gene was used. The pDNA was
hydrostatically pressed at different levels of pressure strength and 40
В°C for 5 min. After removing pressure, the hydrodynamic diameter
of pDNA was measured by dynamic light scattering (DLS). Two
peaks of the normal pDNA were observed at approximately 100 nm
and 600 nm, indicating the super-coiled and open-circular pDNA,
respectively. With increasing the pressure strength, the size of pDNA
was decreased, and measured at about 25 nm and 100 nm after the
pressure treatment of 10,000 atm. It is considered that the opencircular pDNA of 600 nm was transformed to the super-coiled pDNA
of 100 nm by the pressurization because it was previouly reported
that the super-coiling of a relaxed pDNA was increased by elevated
pressure until 160 MPa. Thus, it suggests that the super-coiled pDNA,
which was detected at about 100 nm before the pressurization, was
condensed to approximately 25 nm by the higher pressurization.These
results suggest that the hydrostatic pressurization could regulate the
tertiary structure of pDNA. The condensation formation could be
energetically-favored through the pressure treatment. We examined
the transgene expression in liver at various time points, 12, 24 and 48
hours, following an intravenous injection of the pressure-condensed
pDNA into mice with hydrodynamics procedure. For non-pressurized
pDNA, the highest value for luciferase activity was detected after
12 hours, and the level of gene expression remarkably decreased
over time. On the other hand, in the case of the pressure-condensed
pDNA injection, the gene expression gradually increased, and the
highest value for luciferase activity,which was about equal to that
of the non-pressurized pDNA at 12 h, was achieved 48 hour later.
This result indicates that the pressure-condensed pDNA could delay
the gene expression. We assumed that the condensed pDNA could
be accumulated due to the relative high stability and revert to the
super-coiled or relaxed forms, which are effectively transcribed and
translated.
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253. Formulation of Plasmid DNA with Cationic
Lipid Delivery Systems VaxfectinВ® or DMRIE:DOPE
Results in Robust Up Regulation of Immune
Response Pathways
Adrian Vilalta,1 Rodrick Planchon,1 Alain Rolland,1 Sean Sullivan.1
Vical Inc., San Diego, CA.
1
Cationic lipids have been widely used as delivery systems to
enhance the performance of vaccines and immunotherapeutics.
However, little is known about the changes in gene expression
in response to vaccination with cationic lipid formulations. This
study used DNAChipВ® arrays (39,000 transcripts represented) to
characterize early (24 and 48 h) changes in gene expression patterns
in mouse muscle after intra-muscular (IM) injection of a plasmid DNA
(pDNA) vaccine formulated with either VaxfectinВ® or DMRIE:DOPE;
gene expression profiles were compared to those obtained after IM
injection of pDNA in PBS. Analysis of the 24 h VaxfectinВ® samples
indicates that about 350 transcripts are over expressed at least two-fold
compared to the PBS samples; around 60 transcripts are up regulated
at least five-fold (pв‰¤ 0.05). Analysis of DMRIE:DOPE samples for the
same time point indicates that about 890 genes are over expressed at
least 2-fold; around 110 genes are up regulated at least five-fold. (pв‰¤
0.05). Analysis of VaxfectinВ® samples collected 48 h after injection
showed 540 transcripts up regulated at least two-fold; about 100 were
over expressed at least five-fold. Analysis of DMRIE:DOPE samples
48 h after administration showed 350 transcripts up regulated at least
two-fold; about 60 were over expressed at least five-fold (pв‰¤ 0.05).
Close inspection of genes upregulated in response to cationic lipid
formulations revealed a prevalence of immune-response related
transcripts including CD274 (PD-L1), C-X-C motif cytokines,
Gbp1-4 and Immune-related GTPases. In addition, upregulation of
IL-6, STAT1, STAT3 and STAT5a/b suggests stimulation of the JAKSTAT pathway. Verification of the identity and degree of modulation
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for a subset of highly upregulated genes was verified by Real TimePCR. The most interesting aspect of the formulation comparison is
the gene expression time differential. Genes strongly upregulated 24 h
after administration of pDNA-DMRIE:DOPE showed only a modest
upregulation at 48h while the opposite was true for pDNA formulated
in VaxfectinВ®. Evaluation of gene expression in mouse tissues over
an extended period of time (24 h to a week) for both formulations
is in progress. Expression profiling will be determined for the site
of injection, lymph nodes and spleen. This research provides an
opportunity to better understand the mechanism of action for cationic
lipid adjuvanted vaccines.
254. Quantitative Analysis of Regulated TransGene Expression in Hippocampal Neurons
Phil A. Barish,1 Ying Xu,1 William O. Ogle.1
1
Biomedical Engineering, University of Florida, Gainesville, FL.
Neurons unique functional niche requires special consideration
in the application of gene therapy. The introduction of a transgene
must not adversely affect the cell in any way. The neurons functional
connectivity must be preserved and maintained and the level and
consequences of transgene expression must be known, monitored
and quantitatively assessed before we can effectively apply
this technology. Glucocorticoids are adrenal hormones secreted
during the stress response affecting various target tissues. When
glucocorticoid levels are elevated in the brain, neurons within the
hippocampus become sensitized to rapid environmental insults such
as hypoxia-ischemia (Cardiac arrest and Stroke), hypoglycemia
(Diabetes), or hyperexcitation (Seizures). The consequences of this
neuroendangerment are an increase in neuronal death as measured
both in vitro and in vivo. We have previously used engineered
glucocorticoid receptors to successfully restructure the neuronal
stress response in primary hippocampal neurons (Nature Neuro.
7:947). It has also been demonstrated in hippocampal neurons that
a series of glucocorticoid response elements (GREs) can control
transgene expression using the native glucocorticoid receptor (GR)
(PNAS 97: 9270). This work is designed to quantitatively determine
the time dependence, minimally effective expression level, and the
degree of reversibility by two introduced transgenes to modulate
the expression of a reporter gene driven by GREs. We utilize an
amplicon derived from Herpes Simplex Virus 1 in which we have a
reporter gene, luciferase or GFP, under the control of the GRE. This
amplicon will also have one of two transgenes under control of the
estrogen response element (ERE). The transgenes are 1) 11 betaHydroxy steroid dehydrogenase type 2 (11bHSD2), which converts
the glucocorticoid corticosterone into the inactive cortisone. 2) The
trans-dominant glucocorticoid receptor (rGRb), this receptor differs
from wild-type GRa in that the carboxyl terminal is modified. GRb
antagonizes the function of GRa. In this system the expression of
a reporter gene is induced by the introduction of glucocorticoids
to the culture media. One of two transgenes will then be induced
by the introduction of estrogen. The degree of modulation of the
reporter gene will then be evaluated over time by using quantitative
fluorescence analysis and quantitative RT-PCR. Comparative
expression analysis will also be done in continuous cell lines. We
know that these transgenes can modulate the cellular response to
glucocorticoids. With this system we will determine the minimal
degree of transgene expression required for effective modulation of
a host cell transcriptional regulator, the GR.
255. Engineering of ZFNs: Direct Comparison of
Modular Assembly and Selection-Based Methods
Morgan L. Maeder,1 Stacey T. Beganny,1 Anna Osiak,2 David
A. Wright,3 Ronnie J. Winfrey,3 Felix MГјller-Lerch,2 Fengli Fu,3
Daniel F. Voytas,3 Toni Cathomen,2 J. Keith Joung.1
1
Molecular Pathology Unit, Massachusetts General Hospital,
Charlestown, MA; 2Institute of Virology (CBF), CharitГ© Medical
School, Berlin, Germany; 3Department of Genetics, Development
& Cell Biology, Iowa State University, Ames, IA.
Customizable zinc finger nucleases (ZFNs) can induce highly
efficient genome modifications in human cells. ZFNs consist of a
non-specific nuclease domain fused to a zinc finger array engineered to
bind a specific DNA sequence. Use of this technology for gene therapy
critically depends upon the ability to design zinc finger arrays with high
affinities and specificities for their target sites. Here we compare two
methods currently available to academic labs for engineering zinc finger
arrays. One is a вЂњmodular assemblyвЂќ approach in which individual
fingers with pre-characterized specificities are joined together to form
a multi-finger array. Modular assembly is simple to perform but recent
work suggests that this method is ineffective for the vast majority of
targetable sites. By contrast, a second method known as the Context
Sensitive Parallel Optimization (CSPO) method utilizes randomized
libraries and cell-based selections to concurrently optimize zinc fingers
in the context of their final position in the protein.1 This method is
more labor-intensive to perform but yields zinc finger arrays with
high DNA-binding affinities and specificities and that function well
as ZFNs in human cells.2 To directly compare the efficacies of these
two approaches, we used both methods to construct multi-finger arrays
designed to bind five full ZFN sites (10 вЂњhalf-sitesвЂќ) in the EGFP
reporter gene. To characterize the DNA-binding capabilities of the 42
zinc finger arrays we made, we initially used a rapid and quantitative
bacterial two-hybrid (B2H) assay. We found that all but one of the
22 modularly assembled proteins we tested failed to show significant
activity in the B2H assay whereas all 20 of the proteins identified by
CSPO showed robust activity. In addition, we assessed the nuclease
activities of these arrays as ZFN pairs in human cells using a gene
disruption assay in which double-stranded DNA breaks induced by
the ZFNs lead to NHEJ-mediated mutagenesis of a chromosomally
integrated EGFP reporter gene. Modular assembly yielded ZFNs
with significant activity at only one of the five sites we targeted (two
modularly assembled ZFNs out of 11 tested). By contrast, CSPO yielded
ZFNs with significant activity at four out of the five sites targeted (15
out of 20 ZFNs tested). We conclude that modular assembly has a low
success rate and that CSPO provides a more effective alternative for
generating ZFNs that will function well in human cells. Our results
have important implications for the choice of zinc finger engineering
method by scientists interested in engineering ZFNs. 1. Hurt, J.A.,
Thibodeau, S.A., et al., Highly specific zinc finger proteins obtained
by directed domain shuffling and cell-based selection. Proc Natl Acad
Sci U S A 100, 12271-12276 (2003). 2. Cornu, T.I., et al., DNA-binding
Specificity Is a Major Determinant of the Activity and Toxicity of
Zinc-finger Nucleases. Mol Ther (2007).
256. Quantification and Spatial Distribution
of Reporter Gene Expression Following
Endomyocardial Catheter-Based Adenovirus
Delivery
Lepeng Zeng,1 Deborah A. Jaye,1 Xiaonan Shen,1 Xiaohong Qiu,1
Jon F. Urban,2 Nicole Kirchhof,2 Daniel C. Sigg.1
1
Cardiac Rhythm Disease Management, Medtronic, Minneapolis,
MN; 2Physiological Research Laboratory, Medtronic, Minneapolis,
MN.
Progress in cardiovascular gene therapy is significant. Delivery via
endocardial injection would be an attractive clinical delivery route,
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since it is minimally invasive and easily adopted. However, there is
limited data correlating dose of gene vectors with anatomical and
biological expression data using this route of delivery. It was our goal
to characterize the 3D biodistribution of adenoviral vector delivered
with a needle-based delivery catheter that has a helical fixation
element at the distal end. Six anesthetized pigs received four (two
right atrial, two right ventricular) endocardial injections of adenoviral
vector encoding LacZ (Ad-CMV-LacZ) at two dosages (108, 1010
pfu). One week after the injections, the animals were sacrificed, and
the tissues at the injection sites were harvested, embedded in OCT,
sectioned every 100 Вµm at 4 Вµm thickness, and stained by X-gal and
H&E. Stained slides were evaluated by microscopy to determine
the number of LacZ-positive cells. The spatial distribution of gene
expression was analyzed using a novel 3D reconstruction model.
Briefly, microscopy slides were digitized and spatially arranged into
a 3D image volume, where cardiac cell, LacZ-positive cell, nuclei,
and injection needle tracks were segmented semi-automatically into
independent color channels using AdobeГ’ Photoshop CS2 software
(Ver. 9.0.2). Polygon models of gene expression and the injection
needle representations were created with Materialize Mimics
Software (Ver. 10.11) using the segmented images. The resulting
3D biodistribution of gene expression was asymmetric (Figure 1).
Since cardiac tissue is arranged in sheets and fibers, it is possible that
asymmetric gene expression resulted from the tissue anisotropy. A
dose dependency of reporter gene expression was clearly observed
(Figure 2, p < 0.05). No significant difference was observed between
atrial and ventricular expression for a given dose. The insights gained
in distribution of gene expression using this reconstruction model,
in combination with the histopathological analysis, is important in
further understanding the complexities of cardiac gene delivery, and
may aid in optimizing dosing, vector choice, and delivery parameters
based on desired applications.
257.
Meganucleases: A Novel Anti-Viral Strategy
Julianne Smith,1 Roman Galetto,1 FrГ©dГ©ric Cedrone,1 Philippe
Duchateau,1 FrГ©dГ©ric PГўques.1
1
Cellectis SA, Romainville, France, Metropolitan.
The majority of current anti-viral treatments are based on the
prevention of productive viral replication through the utilization of
agents that inhibit essential virally encoded proteins. In the majority
of cases these treatments eventually become ineffective due to the
generation of viral mutations that result in drug-resistance. Many
chronic viral infections are due to double-stranded DNA viruses or
viruses that involve a double-stranded DNA intermediate. Thus, an
attractive alternative antiviral strategy is to specifically cleave and
either partially excise or eliminate viral DNA from infected cells and
thus render them virus free. Meganucleases are endonucleases that
recognize large cleavage sites (>12bp) with a high specificity. We
have shown that the expression of the meganuclease I-SceI, either
before or after infection with a modified Herpes Simplex Virus (HSV)
containing a meganuclease recognition site, results in a dramatic
reduction of viral DNA. Meganucleases specific for viral DNA
could thus represent a novel class of agents for the treatment of viral
infections. Using a semi-rational approach, we have used a two step
strategy to produce meganucleases cleaving several different viral
genomes. We will present data concerning the use of virus specific
meganucleases for the development of a new anti-viral approach.
258. Application of a Multiplex RT-PCR for
Quantitative Assessment of mRNA in Gene
Therapy Studies
Courtney Haddock,1 Donald D. Rao,1 Padmasini Kumar,1
Neil Senzer,1,2,3,4 Phillip B. Maples,1,2 Alex W. Tong,1 John J.
Nemunaitis.1,2,3,4
1
Gradalis, Inc., Dallas, TX; 2Mary Crowley Cancer Research
Centers, Dallas, TX; 3Texas Oncology, P.A., Dallas, TX; 4Baylor
Sammons Cancer Center, Dallas, TX.
Gene therapy studies (e.g. assessing mRNA knockdown by RNA
interference and quantitative measurement of transgene expression)
require the accurate quantification of RNA transcripts of numerous
target genes from various in vivo and in vitro samples. Reverse
transcription polymerase chain reaction (RT-PCR) offers a reliable and
sensitive method of detection and quantification even when constrained
by minute quantities of RNA, a situation often encountered with
limited patient samples. Methods of RNA quantification have thus
far consisted of northern blotting, competitive RT-PCR (cRT-PCR)
and, more recently, quantitative real-time RT-PCR. Although these
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techniques have many advantages and provide quantitative data, it is
equally important to consider some of the disadvantages encountered
with these methodologies such as time utilization and laboratory
resources, the need for expensive equipment and extreme sensitivity
to conditions that can sometimes lead to unusable or unreliable data.
This quantitative multiplex RT-PCR which we developed provides
a reliable method of gene expression measurement that is robust,
cost-effective and time efficient with high throughput and sensitivity
to variations in expression level. Our quantitative multiplex RT-PCR
amplifies multiple gene targets in a single reaction allowing for direct
comparison of target gene expression between different samples
after normalization to an internal control standard or housekeeping
gene. We compared our quantitative multiplex RT-PCR method to
other mRNA quantification methods in the application of assessing
mRNA knockdown by RNA interference technology. Using shRNA
and siRNA targeted at stathmin 1 mRNA as an example, our findings
indicated that the quantitative multiplex RT-PCR method is the most
effective, accurate and reproducible method in assessing mRNA
knockdown by RNAi. Here, we report our comparative studies.
259. HSV Vector Mediated Expression of Novel
MRI Reporters
Bistra Iordanova,1 Clinton S. Robison,1 William F. Goins,2 Eric T.
Ahrens.1,3
1
Department of Biological Sciences, Carnegie Mellon University,
Pittsburgh, PA; 2Microbiology & Molecular Genetics, University
of Pittsburgh School of Medicine, Pittsburgh, PA; 3Pittsburgh NMR
Center for Biomedical Research, Carnegie Mellon University,
Pittsburgh, PA.
Efforts to measure vector-mediated transgene expression as
well as vector bio-distribution in gene therapy approaches have
characteristically relied on sacrificing the animals at time points
in longitudinal studies. Reporter expression is examined either by
histochemical or IHC staining; or by ELISA, Western blot and qRTPCR to quantify expression levels. Recent studies have focused
on real-time optical imaging of fluorescent and bioluminescent
reporters such as eGFP or luciferase. However, tissue opacity and
the requirement that a contrast agent/dye reach the same cells as
those transduced by the vector poses limitations on the use of these
imaging reporters for deep tissues such as the CNS. Non-optical PET
reporters have been used widely, however, isotope-bound ligands
exhibit poor uptake, toxicity, short half-lives, and emit ionizing
radiation detrimental for longitudinal studies. We have recently
investigated a series of gene products involved in iron storage within
the cell as MRI reporters in the background of replication defective
adenovirus vectors, such as the heavy (H-Ft) and light chains (L-Ft)
of ferritin, as well as the transferrin receptor (TfrR). We have now
extended our studies on the long-term non-invasive MRI monitoring
of vector-mediated transgene expression in the CNS of rodents
using replication-defective HSV vectors. Initial work employed
vectors expressing HFt or a lacZ control gene in efforts to quantitate
gene expression in a dose-dependent manner when serial dilutions
of vector were injected bilaterally into the cortex and striatum of
4-6 wk old C57Bl/6J male mice (n=12). Vector mediated reporter
gene expression was imaged by MRI using an 11.7 T Bruker microimaging system at 4 days post-injection. Multiecho spin echo (SE)
and gradient echo (GE) images were acquired and fit on a voxelby-voxel basis to a single exponential decay curve applying linear
transformation. We used Matlab software to generate 3D maps of R2
and R2* transverse relaxation rates. 3D regions of interest over the
injection site area were outlined on the R2 and R2* maps in order
to determine the local mean relaxation rates and standard deviation.
The brains of the animals were then prepared for histological studies
to examine the presence of the transgene, virus and signs of either
vector- or transgene-related toxicity. Our results demonstrated that
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HSV vector-mediated HFt expression resulted in increased relaxation
rates only at the site of vector inoculation into the cortex or striatum.
In addition, quantification of the local relaxation rates in HFt vectorinjected mouse striatum showed a direct correlation of these values
to the vector dose applied (p=0.0023 for SE and p=0.0008 for GE).
Additional studies will compare the use of the HFt vector alone
to other iron storage gene products alone and in combination to
render the optimal non-invasive reporter system for gene therapy
applications.
260. Improvement of Meganuclease Specificity
for Genome Engineering
Duchateau Philippe,1 Grizot Sylvestre,1 Cabaniols Jean-Pierre,1
Perez Christophe,1 Leduc Sophie,1 PГўques FrГ©dГ©ric,1 Montoya
Guillermo,2 Francisco J. Blanco,2 Prieto Jesus.2
1
Cellectis SA, Romainville, France, Metropolitan; 2Spanich
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There has recently been a growing interest in genome engineering
using modified site-specific nucleases. This technology is of particular
interest in gene therapy as this approach should alleviate the odds
of random insertion responsible for proto-oncogene activation.
By making specific double-stranded breaks in genomes, the
nucleases trigger the endogenous DNA repair machinery to induce
recombination with exogenously supplied DNA at the site of cleavage.
However, frequent off target cleavage can result in genotoxicity and
mutagenesis. Thus, monitoring toxicity and achieving the maximum
level of cleavage specificity is a prerequisite to reach the full potential
of this new technology. Engineered meganucleases have been derived
from homing endonucleases. These natural proteins can cleave their
cognate target in living cells without affecting global genome integrity.
Meganucleases with tailored specificity can be derived from the highly
specific I-CreI homing endonuclease in order to cleave a chosen
22 bp DNA target. We could not detect toxicity with these proteins
using a panel of classical methods. Our engineered proteins are
heterodimers, formed upon co-expression of two distinct monomers
in the target cell. Because protein dimerization is not a selective
process, cellular co-expression of the two custom designed subunits
leads to the formation of three molecular species including the desired
heterodimer and two homodimers. Homodimer production decreases
the overall level of specificity, and could restrain meganuclease use
for therapeutic purposes. In order to match the highest standards in
terms of specificity and inocuity, we produced a second generation of
custom made meganucleases by engineering the I-CreI dimerization
interface. We used protein design to build functional custom made
meganucleases with improved specificity as only active heterodimers
can be formed. Data illustrating the monitoring of its specificity will
be presented and we will show that cellular co-expression of the
two subunits generates a meganuclease that cleaves only the natural
non-palindromic sequences identified in the human RAG1 gene, thus
improving its effectiveness in therapeutic applications.
261. Meganucleases for Gene Therapy of
Inherited Diseases
PГўques FrГ©dГ©ric,1 Smith Julianne,1 Galetto Roman,1 Gouble
AgnГЁs,1 Perez Christophe,1 Cabaniols Jean-Pierre,1 Epinat JeanCharles,1 Arnould Sylvain,1 Duclert Aymeric,1 Duchateau Philippe.1
1
Cellectis SA, Romainville, France, Metropolitan.
Most current gene therapy strategies for inherited diseases are
based on a complementation approach: a virus-borne functional copy
of the mutant gene is randomly inserted into the genome, resulting
in a phenotypic correction of the genetic defect. In contrast, targeted
approaches, including targeted insertion, and in their more elaborate
form, gene correction, should alleviate the odds of random insertion,
such as gene extinction and activation of proto-oncogenes. The recent
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development of artificial endonucleases with tailored specificities has
provided tools for such targeted strategies: redesigned endonucleases
cleaving chosen sequences may be used in gene therapy to correct
mutated genes or introduce transgenes in chosen loci. Artificial
fusion proteins including Zinc-Finger binding domains have provided
important proofs of concept. However, the toxicity of these proteins,
which might stem from off site cleavage, is still an issue. Customdesigned meganucleases could represent an efficient alternative.
Natural meganucleases belong to a widespread family of proteins
encoded by mobile genetic elements. Their function is to trigger
targeted recombination. We have designed several meganucleases
targeting genes involved in Xeroderma Pigmentosum, SCID,
thalassemia, and other genetic diseases that could be treated by cell
therapy. These engineered endonucleases allow for up to 1% of gene
correction in cells, and no toxic effect has been detected so far upon
cell treatment. Although further characterization will be required for
therapeutic use, the combined properties of these proteins (activity and
specificity) may qualify them as ideal tools for genome surgery.
262. Metridia Luciferase: A Secreted Reporter
To Monitor Cell Viability and Tumor Burden
Tamara A. Johnson,1 Wasim H. Chowdhury,1 Shawn E. Lupold,1
Ronald Rodriguez.1
1
Urology, Johns Hopkins University, Baltimore, MD.
Metridia Luciferase (M.Luc) is a secreted enzyme that has promise
as a reporter for monitoring cell viability and tumor burden in real
time. For proof of principal we generated four prostate cancer cell
lines that stably express M.Luc under the control of the beta-actin
promoter. In cell culture, the M.Luc activity in the media linearly
correlated with viable cell number. Therefore, the effects of drug
treatment could potentially be monitored without harvesting the cells.
To validate this, the therapeutic effect of casodex was evaluated on
the androgen dependent cell line, TC2. Cell viability was shown to
correlate with secreted M.Luc levels over a 5 day period. Moreover,
in these assays, the M.Luc assay had a greater sensitivity than
MTS assays. To evaluate if M.Luc could be applied to an in vivo
model, the effects of serum on enzyme activity was tested. Serum
dose dependently attenuated the activity of M.Luc; however, the
assay remained linear and activity correlated with cell number.
Subcutaneous xenografts of LnCaP-M.Luc (a human prostate cancer
cell line expressing M.Luc) were generated in Nude mice. The tumor
size correlated linearly with M.Luc activity in the mouse serum. A
metastatic model of cancer in nude mice is currently being studied
to determine if tumor burden can be monitored by measuring M.Luc
activity. These results suggest that M.Luc has numerous applications
in the screening of treatments for different models of cancer as well
as a suitable reporter for real time screening of cell viability.
263. Evaluation of Promoters for Tumor Specific
Expression of RNA Interference Molecules
Zhaohui Wang,1 Donald D. Rao,1 Courtney Haddock,1 Neil
Senzer,1,2,3,4 Phillip B. Maples,1,2 Alex W. Tong,1 John J.
Nemunaitis.1,2,3,4
1
Gradalis, Inc., Dallas, TX; 2Mary Crowley Cancer Research
Centers, Dallas, TX; 3Texas Oncology, P.A., Dallas, TX; 4Baylor
Sammons Cancer Center, Dallas, TX.
Targeted cancer gene therapy requires identification of and access
to differentially expressed, information-dense and bio-relevant tumor
genes and expressed proteins for therapeutic efficacy. Cancer cells have
deregulated integrated miRNA and transcriptional machinery resulting
in aberrant activity of transcription factors and, consequently, genes
producing uncontrolled proliferation, cell survival, immune masking
and metastasis. However, by taking advantage of the deregulated
transcriptional machinery, cancer specific expression of therapeutic
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agents has emerged as a potentially effective method for targeted
cancer gene therapy. We have developed miR30 based duplex of
cleavage-dependent and вЂ“independent short hairpin RNAs (shRNAs)
to inhibit gene expression in patient tumors. The vector based вЂњbifunctionalвЂќ shRNA can potentially take advantage of the dysregulated
tumor transcriptional machinery for tumor specific activation of
the targeted therapeutics. The strength and, to a certain extent, the
specificity of shRNA expression are, in large part, determined by the
promoter which drives the transgene expression. RNA polymerase III
promoters have been widely used for shRNA expression; however,
ubiquitous expression and strong polymerase activity raised safety
concern among researchers. A number of cancer specific promoters
have been reported and studied; their transgene expression activity
is in general weaker than strong RNA polymerase II promoters such
as the enhanced CMV promoter which produced efficient shRNA
expression in our hands. To investigate the differential potency and
efficacy of tumor-selective promoters on shRNA expression, we
compared the strength, specificity, and effectiveness of different
promoters with a shRNA construct targeting Stathmin-1 in a cell
culture model. Survivin, human telomerase reverse transcriptase
(hTERT) promoter and modified CMV promoters were cloned into
a pUMVC3 expression vector to drive the expression of a shRNA
against stathmin-1. The original pUMVC3 with enhanced CMV
immediate-early promoter was used as the control for comparison
of the effectiveness of target gene knockdown. All constructs were
transfected into a variety of tumor cell lines with varied expression
levels of stathmin-1 and p53 background. The mRNA expression
and protein expression were measured by quantitative RT-PCR and
immunoblotting respectively. Moreover, the retardation of tumor cell
growth as the result of stathmin-1 expression knockdown driven by
different promoters was analyzed by viable cell number count and cell
proliferation assay. The results of these studies will be reported.
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264. вЂњMyospheresвЂќ Can Be Used To Maintain
and Isolate Primitive Muscle Cells
Karen A. Westerman,1 Camann Zac,1 Paz A. Cristina,1 Paul D.
Allen,1 Vacanti A. Charles.1
1
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MA.
Our understanding of stem and progenitor cells has greatly
expanded, however there are still many unanswered questions about
how to best isolate and expand these very important cells. Here we
take a cue from the isolation of neural stem cells, which can be grown
in culture as neurospheres, and have isolated similar structures from
adult skeletal muscle. In this study we were able to generate freefloating muscle-derived aggregates, referred to as вЂњmyospheresвЂќ,
by employing similar techniques used to generate neurospheres. As
neurospheres can be used to maintain neural stem cells in culture,
we propose that the formation of myospheres can be used in a
similar manner to maintain and expand primitive muscle-derived
cells. Myosphere cultures were generated from the hindlimbs of
adult (6-8 weeks) C57BL/6 mice, which were minced, dissociated
using dispase/collagenase, and then triturated through progressively
smaller fire polished glass pipettes to disrupt cells larger than
10Вµm. The dissociated muscle was plated in neural stem cell media
(DMEM:F12 with B27) supplemented with 20ng/ml bFGF, 20ng/ml
EGF, and 2Вµg/ml heparin. To monitor the formation of myospheres
we transduced the initial cultures with a lentiviral vector expressing
yellow fluorescent protein (YFP), which allowed us to monitor sphere
growth through YFP expression of the initially transduced cells as
well as in their progeny. Free-floating myospheres were observed
within 15 days of the initial isolation (sizes ranged 50-100Вµm),
muscle-derived spheres were maintained in culture for at least three
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months. Immuno-fluorescence studies showed myospheres were
Sca 1 positive and CD 31 (endothelial marker) negative. After two
months in culture myospheres derived from adult hindlimb muscle
were dissociated by trypsin and then these cells were plated using
the preplating technique of Qu-Petersen, et al. (J Cell Biol 2002)
in myoblast media (F10 media with 20%FCS) supplemented with
5.0ng/ml bFGF. Two weeks after plating, colonies of small rounded
myoblast-like cells formed and could be passaged as adherent cells.
Immunofluorescence staining of these cells showed that they were
desmin +, Myo D+, Sca 1 + (4-16%), and CD31-. To show that the
myosphere-derived cells could function in a similar manner as primary
myoblasts, these cells were plated on matrigel in DMEM containing
2%HS and allowed to differentiate into myotubes. Five days after
plating these cells fused forming multinucleated tubes.
Here we demonstrate a new technique that can be used to isolate
and maintain primitive muscle cells in culture. Future plans include
to further investigate these myosphere-derived cells, it is expected
that like their neurosphere counterparts, they may also be able to
form multi-lineages, and thus myosphere-derived cells could serve
as a possible source of stem cells with the potential to repair multiple
components of injured muscle.
265. Use of Genetically-Modified Mesenchymal
Cells Derived from Adipose Tissue for Liver CellMediated Gene Therapy
Giuliana Di Rocco,2 Silvia Truffa,1 Annalisa Antonini,1 Maurizio
C. Capogrossi,1 Gabriele Toietta.1
1
Vascular Pathology, Istituto Dermopatico dellвЂ™ImmacolataIRCCS, Rome, Italy; 2Vascular Biology and Gene Therapy, Centro
Cardiologico Fondazione Monzino, Milan, Italy.
Presently, orthotopic liver transplant is the major therapeutic
option for patients affected by primary liver diseases. This
procedure involves major surgery, the use of scarce donor organs, is
expensive and requires life-long immunosuppression. Cell transplant
represents an attractive alternative, as demonstrated by hepatocyte
transplantation. More recently, stem or precursor cells are emerging
as promising therapeutic tool in genetic disorders. Such cells could
be used either for allogeneic transplantation or for autologous
transplant after ex vivo genetic modification. We have evaluated
the possibility to isolate, genetically modify, expand ex vivo and
transplant in an animal model of hepatic injury, mesenchymal stem
cells (MSCs) with hepatogenic potential, as a platform for autologous
cell-mediated gene therapy. Adipose tissue (AT) has been used for
isolation of MSCs, since in humans this source is readily accessible
in large quantities with a minimal invasive procedure. We confirmed
that murine AT-MSCs undergo to in vitro differentiation towards
hepatogenic phenotype in presence of specific inductive media. Cell
morphological changes observed during the differentiation protocol
were associated with temporal expression of liver specific transcripts.
In vitro trans-differentiation potential was not affected by lentiviral
(LV)-mediated gene transfer. Moreover, LV-mediated transgene
expression driven by an ubiquitous promoter was maintained also
in differentiated cells. Trans-differentiation of AT-MSCs was also
confirmed by liver-specific transcriptional targeting with a fluorescent
marker. Alpha fetoprotein (AFP) gene is normally expressed in fetal
liver, while it is transcriptionally silenced in adult tissues. A LV
expressing EGFP under the control of the human AFP enhancer and
promoter was generated and used for gene transfer into AT-MSCs.
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We detected EGFP-expression in LV-AFP promoter-EGFP transduced
cells cultured in inductive medium, while cells maintained in growth
medium did not express EGFP, indicating an activation of the fetal
liver-specific AFP enhancer/promoter in the differentiation conditions
only. For in vivo studies we used AT-MSCs transduced with a LV
expressing human alpha 1-antitrypsin (hAAT), in order to correlate
serum levels of hAAT with transplanted cell engraftment. After gene
transfer cells were amplified in vitro and then transplanted by intrasplenic injection into immunocompetent CD1 mice pretreated with
carbon tetrachloride to induce hepatic injury. Serum levels of hAAT
were then determined at different time points and compared to the
control mice receiving LV-EGFP transduced cells. Increasing levels
of hAAT were detected up to 1 month after transplantation. These
data, along with immunohistochemical analysis of liver samples in
recipient animals, suggest possible engraftment and repopulation
of injured liver by transplanted AT-MSCs. In conclusion, AT-MSC
cell-mediated gene therapy might represent an attractive therapeutic
strategy for some disorders of liver metabolism.
266. Transplantation of Muscle-Derived Stem
Cells Genetically Engineered To Express Vascular
Endothelial Growth Factor (VEGF) Decreases
Fibrosis in Dystrophic Muscle
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Johnny Huard.1,4
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Transplantation of allogeneic or genetically-engineered autologous
muscle-derived stem cells (MDSCs) into the skeletal muscle of
dystrophin-deficient mdx mice, a model for Duchenne Muscular
Dystrophy, is able to regenerate dystrophin-positive skeletal muscle
fibers. Here, we examined the role of VEGF signaling in MDSCmediated cell therapy for muscular dystrophy. We used MDSCs which
were genetically engineered to express human vascular endothelial
growth factor (VEGF165, MDSC-VEGF) or the VEGF-specific
antagonist, soluble Flt1 (sFlt1, MDSC-Flt). After transducing the
cells, there was no change in the marker profile of the cells (CD34,
Sca-1, or desmin) or in the ability of the cells to differentiate into
myotubes in vitro. In vivo, our studies show a significant decrease in
fibrosis at the site of transplantation of cells engineered with VEGF165
(VEGF secretion levels 105 вЂ“ 106 ng/mL/5E5 cells) when compared to
non-engineered cells. In contrast, we observe a significant decrease in
vascularization and an increase in fibrosis in the injected muscle with
cells engineered to express sFlt1 as compared to the transplantation
of control MDSCs. We detected a significant positive correlation
between vascularization and skeletal muscle regeneration. At the
same time, we did not observe any significant increase of skeletal
muscle regeneration (as measured by the number of new dystrophinpositive fibers) in the engraftments using MDSC-VEGF or MDSC-Flt
cells as compared to control MDSCs. These findings suggest that an
increase in vascularization and a decrease in skeletal muscle fibrosis
in dystrophic tissue are induced by the secretion of VEGF by donor
MDSCs.
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267. Highly-Efficient Genome Editing in
Human Stem Cells Using Engineered Zinc Finger
Nucleases
Shuyuan Yao,1 Jianbin Wang,1 Gary Lee,1 Nathaniel Wang,1 Geoff
Friedman,1 Kenneth Kim,1 James Li,1 Aleida Perez,1 Fyodor D.
Urnov,1 Philip D. Gregory,1 Michael C. Holmes.1
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Precise modification of human stem cells holds tremendous
potential both in basic research and in the clinical application of
stem cell therapies. For example, Mesenchymal Stem Cells (MSCs)
can differentiate into a variety of cell types including fat, cartilage,
bone, muscle, nerve and beta-pancreatic islets cells. MSCs can be
isolated from different tissues and cultured for long periods in vitro
without loss of differentiation potential, making them an ideal target
for autologous cell/gene therapies or tissue engineering. Broad
application of MSCs, both as potential therapeutic interventions and
in basic research, is hampered by the lack of methods for efficient and
specific engineering of the genome in living cells. Here we describe a
general solution to this problem in human stem cells, namely, genome
editing with engineered zinc finger nucleases (ZFNs). We show that
ZFNs efficiently generate DSBs in vivo leading to a high frequency
of target gene disruption (>10%), a process employing the cellвЂ™s own
non-homologous end joining repair pathway. ZFN-modified MSCs
stably maintained this high level of gene disruption when passaged
for several weeks in culture, and importantly remained multipotent
as demonstrated by their successful in vitro differentiation into
osteocytes or adipocytes. Thus, ZFNs can be employed to knock
out specific genes in MSCs. To extend these results beyond gene
disruption, we next sought to employ ZFNs in conjunction with
investigator-designed donor DNAs to achieve the addition of genesized DNA sequences into a specific location in the human genome. To
this end, for both ZFN target loci, we generated cognate homologous
donor molecules encoding a GFP expression cassette flanked with
target specific homology arms. MSCs transduced with the appropriate
ZFN/homologous DNA donor vectors exhibited stable and uniform
GFP expression, consistent with integration of the expression
cassette into the target genomic location. High efficiency (>5%),
targeted gene addition was confirmed by both PCR and Southern
blot analysis. Stable GFP expression from the integrated reporter
cassette was observed for several weeks in culture. Importantly,
GFP+ve ZFN-modified cells also differentiated normally into both
adipocytes and osteocytes, demonstrating that ZFN-modified cells
remain multipotent. Taken together these data demonstrate that ZFNs
enable efficient gene editing (disruption / addition) of human MSCs.
These results have been extended to several human stem cell types,
including human ES and hematopoietic stem cells.
268. In Vivo Fluorescence Imaging of Muscle
Regeneration by Transplanted EGFP-Labeled
Myoblasts
Xiaoyin Xu,1 Zhong Yang,2 Qiang Liu,2 Yaming Wang.2
1
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Cell transplantation into muscles has become an important tool to
study muscle biology and to assess cells derived from different sources
for their potential of muscle engrafting. The employment of enhanced
green fluorescent protein (eGFP) to label transplanted cells has greatly
facilitated the identification of cells with donor-derivation. However,
since there was no meanings to detect the GFP fluorescent signal in
vivo using conventional methods, many advantages offered by the
so-called living-color were not utilized. In this study, we developed
a protocol to monitor the fate of eGFP-labeled myoblasts after being
transplanted into tibialis anterior (TA) muscles of SCID mouse using
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a planar small animal fluorescence imaging station. We monitored the
process of initial muscle engraftment by the transplanted myoblasts
and then their ability to participate in muscle regeneration induced
by cardiotoxin injection. The results showed that after myoblast
transplantation, the fluorescence signals stabilized in approximately
two days. At two weeks post transplantation, eGFP+ areas expanded
longitudinally along the TA muscle indicating the formation of
myofibers from the injected myoblasts and the signals remained
stable. At four weeks post transplantation, we injected cardiotoxin
into one side of the TA muscles and monitored the fluorescence
signals. The imaging results showed that there is a decrease of eGFP
signals during the first week post cardiotoxin injection and then the
eGFP signals reappeared one week after. We repeated the cardiotoxin
injection every three weeks in the same TA muscles for seven times
and the disappearance and reappearance in the eGFP signals recurred
each time. Interestingly, the position, intensity, and shape of the
eGFP+ areas remained almost unchanged after eight cycles, indicating
that some transplanted myoblasts have become satellite cells that are
capable of regenerating myofibers and self-renewing, however, these
cells are neither capable of migrating nor initiating new fibers. The
corresponding histology results at the endpoint correlated the eGFP
signals seen under microscope with the in vivo imaging results. On
the muscle sections, mononucleated cells with high eGFP intensity
located underneath basal membrane were frequently observed,
providing another piece of evidence that the injected myoblasts are
capable of becoming satellite cells. By apply noninvasive in vivo
fluorescence imaging on monitoring the fate of myoblast in the
same group of immuno-tolerant SCID mouse, our study provided
longitudinal evidence that cultured myoblasts are capable of forming
satellite cells that are responsive to regenerating cues.
269. Transformed Cells Appeared in Early
Passage Cultured Mesenchymal Stem Cells Have
No Beneficial Effect after Transplantation into the
Injured Heart
Dario Furlani,1 Murat Ugurlucan,1 Wenzhong Li,1 Nan Ma,1 Philipp
Jungebluth,2 Lee Lee Ong,1 Erik Pittermann,1 Christian Klopsch,1
Karola Luetzow,3 Andreas Lendlein,3 Gustav Steinhoff.1
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Bone marrow (BM) derived mesenchymal stem cells (MSC) are
pluripotent cells and frequently used for the regeneration of injured
organs. Besides MSC could be a promising source for regenerative
medicine, undesiderable tumorigenic potential has been reported
in human and mouse. Moreover, it has been shown that mice MSC
possess an age-related tumorigenity correlated to both prolonged
passaging and donor age. In our study, we report transformed rat
mesenchymal stem cell could occur in early passage culture even
when isolated from non-aged donors. We aimed to characterize
the transformed rat cell population and to determine the fate after
transplantation in the infarcted myocardium. MSC were purified from
BM of Lewis rats according to standard protocols and cultured under
tested conditions. Phenotype of growing cells was assessed by flow
cytometry. Growth behaviour was tested on extracellular matrix gel
(ECM) and transfection capacity studies were performed. Following
myocardial infarction cells were delivered by intracardiac injection
along the infarct border. After six weeks cardiac functions were
assessed by pressure-volume loops; infarction size, angiogenesis and
pathologic effects were evaluated. From 6 different isolations already
at passage 3 several sub colonies of abnormal cells formed in culture.
The abnormal cells showed features of rapid overgrowth compared
to the normal population. Flow cytometric analysis indicated that the
cells lost CD29+, CD44+, CD90+ following sub colonies formation
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when compared to the normal MSC. Transformed cells maintained
osteogenic and adipogenic capacity and formed tubular structure in
ECM. Transplantation of these cells to the infarcted myocardium
did not enhance myocardial functions in contrary to normal strain
MSC and did not have an influence on infarction size although they
enhanced new capillaries formation. Encapsulated structures with
characteristics of immature bone and cartilage were found in the
infarcted areas of a large fraction of injected hearts. Moreover fat
like formation were observed in vitro and in vivo in colocalization
with injected cells. Further studies to investigate transfection ability
of these cells yielded higher results than normal phenotype MSC. In
conclusion accurate investigations are needed to ensure the safe usage
of MSC in transplantation-tissue regeneration models. In our study, rat
MSC positive to common stem cell markers concealed occurrence of
abnormal cells even at very early passages. These cells could maintain
differentiation potential and have an angiogenic effect; however, they
also lead to tumor-like structure formations. The effectiveness of
MSC transplantation for myocardial infarction treatment needs further
investigations. Moreover, deeper quality control as: tumorigenicity
test, chromosome aberration analysis and prolonged culturing, are
highly recommended before MSC transplantation.
270. Angiogenesis in Response to Local
Delivery of Human Embryonic Stem Cell Derived
Mesenchymal Stem Cells into Ischemic Rat Hind
Limb
Juha P. Laurila,1,2 Lilja Laatikainen,1 Peiman Hematti,3 Mikko O.
Laukkanen.1
1
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University of Wisconsin-Madison, School of Medicine and Public
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Mesenchymal stem cells (MSCs) have caused a lot of excitement
among stem cell researchers owing to their multipotential
differentiation capacity and apparent lack of immunogenecity. In
addition, MSCs have been found to enhance tissue regeneration and
angiogenesis upon transplantation, although the mechanism remains
poorly defined. MSCs derived from embryonic stem cells (hESCderived MSCs) would provide an appealing source for therapeutic
material if they were to function like adult MSCs. The aim of our
study was to characterize the in vivo potential of hESC-derived
MSCs, and provide insight into how MSCs enhance regeneration
and angiogenesis. The study was executed utilizing rat hind limb
ischemia model, wherein the distribution of hESC-derived MSCs
was studied by fluorescence microcopy and bioluminescent imaging.
We found 70% of the transplanted cells to be lost within 6 hours
of local delivery, while after three days only a few cells remained,
scattered throughout the tissue. However, no cells were detected
in the lungs or other tissues. Interestingly, analysis of capillary
density by immunohistochemistry showed significantly enhanced
angiogenesis three days after transplantation. Quantitative RT-PCR
suggests this effect to be due to increased endogeneous VEGF-D
expression whereas VEGF-A appears to play a lesser role. While
the transplanted cells did express low level of VEGF-A 6 hours after
transplantation, it was overwhelmed by recipients own VEGF-A
expression. Furthermore, no graft-derived VEGF expression could
be detected three days post-transplantation. The study shows hESCderived MSCs to be able to enhance angiogenesis by stimulating
endogeneous VEGF-D expression although only a fraction of
transplanted cells remain in the area of injury after 24 hours. The
current study shows hESC-derived MSCs to harbor similar functional
properties as compared to adult MSCs, thus highlighting the great
promise hESC-derived MSCs hold as a potential source of allogeneic
material for therapeutic applications.
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271. Adverse Effects of Mesenchymal Stem
Cell Transplantation in a Denuded Rabbit Carotid
Artery
Ciara OвЂ™Shea,1 Sean O. Hynes,1 Georgina Shaw,1 Barbara A.
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OвЂ™Brien.1
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Endothelial dysfunction is an important factor in cardiovascular
pathology. Endothelial progenitor cells have been shown to improve
endothelial repair following vessel injury. It has been suggested that
pluripotent mesenchymal stem cells(MSCs) may also differentiate
to endothelial cells and thereby potentially contribute to endothelial
repair. More rapid re-endothelialisation could be associated with a
better outcome following percutaneous angioplasty procedures. The
present investigation examined the delivery of MSCs to a denuded
vessel in vivo. The right carotid arteries of male New Zealand white
rabbits were denuded by passing an uninflated 3 French Fogarty
balloon catheter along the artery three times. 1x105 MSCs in a bolus
of 200 Вµl was then delivered intraluminally and allowed to dwell
for twenty minutes. MSC engraftment was assessed using PKH26
labelling and transduction with adenoviral reporter genes. Vessels
were examined at two weeks for levels of endothelialisation, as well
as for neointimal hyperplasia and vasomotor function. Labelled
MSCs and those transduced with adenoviral lacZ as a reporter
gene were noted to be engrafted in the vessel wall following local
arterial delivery. Endothelialisation was not improved following
MSC delivery at two weeks. Furthermore, an increase in adverse
events occurred in MSC-treated vessels with an increased number
of occlusions due to thrombosis(75%) and neointimal hyperplasia
(25%). Histological sections revealed an increased neointima in
MSC-treated vessels. Vasomotor assessment revealed a significant
level of endothelium-dependent impairment in MSC-treated vessels.
Our results suggest that naГЇve MSC delivery to injured vasculature
as a model for cell delivery during endarterectomy procedures may
have risks of potential adverse events including thrombosis. Such
risks are important and need to be assessed prior to the use of MSCs
in any therapeutic approach involving luminal dwell.
272. Is Intravascular Transplantation of
Mesenchymal Stem Cells Safe?
Murat Ugurlucan,1 Dario Furlani,1 Erik Pittermann,1 Lee Lee Ong,1
Can Yerebakan,1 Ralf Gaebel,1 Christian Klopsch,1 Wei Wei Wang,1
Wenzhong Li,1 Nan Ma,1 Gustav Steinhoff.1
1
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Introduction: Cell based therapies have been widely used for the
regeneration of the damaged organs. Stem cells can be applied to these
tissues by various methods. Intravascular administration of cells is
one of the commonly executed routes for stem cell transplantation.
We aimed to investigate the consequences of mesenchymal stem
cells (MSC) when they are administered through an intravascular
route. Materials and Methods: Human MSC were obtained from
adipose tissue, fluorescent labeled and prepared in PBS with two
different concentrations as 1x106 cells in 200Вµl or 1ml for intravital
microscopy. Twenty SCID mouse were divided into 3 groups as
Group 1 (Sham, n: 4, PBS injection), Group 2 (n: 8, 1x106 cells in
200Вµl PBS injection group) and Group 3 (n: 8, 1x106 cells in 1ml
PBS injection). Intravascular cell injection was performed through
an arterial catheter inserted retrograde into the abdominal aorta via
the left femoral artery. The right cremaster muscle was dissected
and prepared for intravital fluorescence microscopy. A total of five
consecutive injections were planned. Following the procedure animals
were sacrificed and cremaster muscle, aorta and iliac arteries were
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harvested for histopathologic analysis. Results: Injection of PBS into
the aorta did not lead to any effect nor changed the flow parameters
in the cremaster muscle. In Group 2, following injection of 100Вµl of
the cell/PBS solution, the flow in both arteries and veins stopped in
all animals. In Group 3, following injection of 100Вµl of the cell/PBS
solution, blood flow stopped both in arteries and veins in four animals
after the first injection and in one animal after the second injection;
and did not re-start. In two animals, blood flow stopped after the first
injection but re-started spontaneously after 2-3 minutes but stopped
following the second injection and did not re-start. In one animal the
blood flow stopped after first injection but restarted in a slower manner
in 2 minutes and stopped again spontaneously. Passage of cells from
arterioles, occlusion of distal capillaries and no return back from the
venules were observed in Group 2 and 3 under intravital microscopy.
Histopathologic examination of tissues showed occlusion of distal
capillaries in Group 2 and 3 as well as cellular blockage in common
iliac, external iliac and inferior epigastric arteries. Conclusion: Our in
vivo experiments with intra-arterial injection of human MSC indicate
targeted injection of these cells into circulation may lead to occlusion
in the distal vasculature due to their size; hence, may be hazardous.
273. Efficient Differentiation into Osteoblastic
Lineage from Both Mouse Embryoid Bodies and
Bone Marrow Stromal Cells by Adenovirus Vectors
Katsuhisa Tashiro,1,2 Kenji Kawabata,1 Asami Ino,1 Haruna
Sakurai,1,2 Fuminori Sakurai,1 Hiroyuki Mizuguchi.1,2
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Embryonic stem (ES) cells and bone marrow stromal cells
(BMSCs) are expected to be a source of the cell and the tissue for
regenerative medicine because they can differentiate into multiple
cell types. To differentiate into pure target cells from ES cells and
BMSCs, it is necessary to develop the efficient transduction methods
into them. In the present study, we optimized adenovirus (Ad)
vector-mediated transduction into embryoid bodies (EBs), which
are often formed to differentiate into functional cells from ES cells,
and BMSCs by using variety types of Ad vectors. We prepared
ОІ-galactosidase (LacZ)-expressing Ad vectors under the control of
four different promoters, and also constructed fiber-modified Ad
vectors, AdRGD and AdK7, which contain Arg-Gly-Asp (RGD)
peptide in the HI loop of the fiber knob and polylysin (KKKKKKK:
K7) in the C-terminal of the fiber knob, respectively. When five
days-cultured EBs and primary murine BMSCs were transduced with
various types of Ad vectors, which had different promoters, the CA
(the cytomegalovirus enhancer/ОІ-actin promoter with ОІ-actin intron)
promoter exhibited the highest transduction efficiency in both EBs
and BMSCs. When BMSCs were transduced with fiber-modified Ad
vectors to increase transgene expression, transduction efficiency was
markedly improved by using AdK7 vector. On the other hand, high
transduction efficiency was obtained in EBs even using unmodified
Ad vector. Next, we examined whether functional gene transduction
into EBs and BMSCs by means of optimized Ad vector could promote
the differentiation efficiency. As a model for cellular differentiation,
EBs and BMSCs were differentiated into osteoblasts by optimized
Ad vector-mediated transduction of Runx2 gene, which is an essential
transcription factor for controlling osteoblast differentiation. The EBs
and BMSCs transduced with Runx2-expressing Ad vector showed
higher alkaline phophatase activity and calcium accumulation
than the cells transduced with LacZ-expressing Ad vector (control
vector). Furthermore, the expression of marker genes of osteoblast
differentiation, such as osterix and osteocalcin, was significantly
up-regulated in Runx2-transduced cells. These results indicate that
efficient Runx2 gene transfer into EBs and BMSCs by using optimized
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Ad vector can be effective to promote the osteogenic potential, and
that this transduction method can be a powerful tool for therapeutic
applications based on stem cells.
274. Stable Transduction of rAAV-GFP in
Cultured Dividing Myo-Endo Cells
Michael Y. Mi,1 Ying Tang,1 Bo Zheng,1 Johnny Huard,1 Bing
Wang.1
1
Orthopaedic Surgery, University of Pittsburgh, Pittsburgh, PA.
Myogenic endothelial (myo-endo) cells, isolated from adult
human skeletal muscle, posses the capacity for self-renewal and the
multilineage potential to regenerate tissues of the musculoskeletal
system such as myofibers in the injured skeletal muscle of SCID
mice (Bo Zheng et al. 2007, Nature Biotechnology). Viral vectors are
commonly used in ex vivo approaches for stem cell therapy modalities.
The potential for insertional mutagenesis by random DNA integration
limits the application of retro-and lenti-viral vectors for stem cell
therapy in vivo. On the other hand, rAAV vectors that have all of
their viral replication (Rep) genes deleted exist as extrachromosomal
episomes rather than as DNA integrated genomes, which ensures that
the rAAV transduction remains innocuous. In order to develop rAAVbased, myo-endo progenitor cell gene therapy to treat musculoskeletal
degenerative diseases, we investigated the efficiency of transduction
of an AAV2 vector in myo-endo cells cultured over 10 passages.
In this study, we infected myo-endo cells (Passage 3) with AAV2GFP and continuously split the cells (1:3) to keep them at a cellular
confluency of approximately 50%. The results demonstrated that
over 50% of cells remained GFP positive through each passage
examined by fluorescence microscopy and flow cytometry, which
is similar to the transduction efficiency observed by the Lenti-GFP
viral vector. These results indicate that rAAV mediated transduction
is not affected by the splitting of the cell cultures. It is evidenced by
the current study that the rAAV genome, in its episomal form, can be
evenly distributed into the daughter cell nuclei after mitotic division,
with no appreciable loss of the episomic transgene. This observation
will help us to further our understanding of AAV-based ex vivo stem
cell therapy and allow us to better engineer these systems to treat
musculoskeletal degenerative diseases.
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275. Mechanical Stimulation Promote
Osteogenic Differentiation of BMP-4-Expressing
MDSCs In Vitro and In Vivo
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Introduction: Our recent investigations demonstrated that musclederived stem cells (MDSCs) genetically engineered to express
BMP-4 differentiated along an osteogenic lineage and improved
bone healing. In this study, we used a retroviral vector encoding
BMP-4 to transduce MDSCs. The cells were then subjected to
mechanical stimulation to evaluate the effects of mechanical strain
on osteogenic differentiation in BMP-4 expressing MDSCs in vitro
and in vivo. Materials and Methods: MDSCs were isolated from
skeletal muscle of C57BL/10J mice and transduced with retroviral
vectors expressing BMP-4. Using an FX-4000T strain unit (Flexcell),
cells were subjected to 10% equibiaxial strain at a frequency of 0.25
Hz for 24 hours. Cell proliferation analysis, BMP-4 bioassay, ALP
activity and VEGF secretion of transduced MDSCs were determined.
Strained or unstrained BMP-4-transduced MDSCs were implanted
into a muscle pocket in C57BL/6J mice. Radiogragh, MicroCT, bone
volume and density, and histological evaluations were performed
to analyze the ectopic bone formation 7, 14, and 28 days after
implantation. Results: Proliferation assay demonstrated significantly
higher cell proliferation in strained group than those in unstrained
control. Strained MDSCs additionally showed significantly higher
ALP activity than that observed in unstrained cells. Strained cells
secreted significantly higher amount of BMP-4 and VEGF than those
of unstrained cells. Radiograph, MicroCT and quantitative analysis
of bone volume and bone density demonstrated the augmented bone
formation elicited by strained MDSCs compared with unstrained
control at 7 and 14 days.
Discussion: Cells within the living body are continuously exposed
to mechanical stress. Applying mechanical strain appears to activate
a signaling pathway that may leads to a change in gene expression
that induces bone remodeling. In this study, we demonstrated that
mechanical stimulation can increase BMP-4 and VEGF secretion, and
promote osteogenic differentiation of MDSCs genetically engineered
to express BMP-4. The use of strain preconditioning may reduce the
number of cells required for a bone tissue engineering application.
References: 1. Lee et al. J Cell Biol. 150, 1085-1100, 2000. 2. Peng
et al. J Clin Invest. 110, 751-759, 2002.
276. Osteogenic Potential of Amniotic
Fluid Stromal Cells Expressing Human Lim
Mineralization Protein-3 (LMP-3)
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Histological evaluation showed enhanced cartilage formation and
increased mineralized bone formation at 7 days in the strained group
compared with unstrained group.
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Amniotic fluid is a potent source for pluripotent cells (amniotic
fluid stromal cells, AFSC), being able to differentiate towards
different mesodermic and non-mesodermic lineages. The osteogenic
potential of AFSC have been particularly investigated as a potentially
relevant property for clinincal purposes. LMP3 is one of the three
active isoforms of the LMP gene which have been demonstrated to
induce osteogenic differentiation of mesodermic differentiated cells
and bone marrow-stromal stem cells (MSC). In particular we have
previously observed the activation of the chromatin remodeling agent
SMARCC2 in the early steps of MSC osteogenic differentiation.
The aim of this study was to analyze the LMP3-mediated osteogenic
differentiation of AFSC, focusing on the molecular features
underlying the multipotency/differentiation switch. Methods. Human
AFSC were isolated from diagnostic specimens using a two-step
culture protocol,saving the amniocytes needed for karyotype analysis.
AFSC immunophenotypic properties were characterized using flow
cytometry and their multilineage differentiation potential tested
by means of in vitro assays. AFSC have been transduced using a
defective adenoviral vector carrying the human LMP3 gene. Cells
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transduced with an empty vector and cells cultured in a supplemented
osteogenic medium served as negative and positive osteogenic
controls, respectively. The occurrence of osteogenic differentiation
was assessed using alizarin staining. The expression of genes
associated with the undifferentiated state of stem cells (Kruppel
like factors) and with the early steps of osteogenic differentiation
(BMP2,RunX2,OSX,SMARCC2), was then analyzed in time course
during LMP3 treatment, using real time PCR. Results. Adenoviralmediated LMP3 gene delivery was able to induce the osteogenic
differentiation of AFSC in vitro. LMP3 induced significant and
time-related up-regulation of RunX2,BMP2,OSX and SMARCC2.
Conversely, LMP3 induced significant down-regulation of KLF
genes over time. These results suggest that LMP3 osteoinduction
of AFSC is mediated by the inactivation of molecular pathways
involved in stem cells manteinance along with the time-dependent
modulation of specific developmental and regulatory genes during
cell differentiation. These data strongly support the clinical relevance
of AFSC, being potentially suitable for the treatment of skeletal
degenerative and genetic diseases both in adults and in utero.
277. Bone Tissue Engineering by DNA
Nanoparticles and Tissue Engineered NanoScaffold
Hossien Hosseinkhani,1 Mohsen Hosseinkhani,2 Ira-Yudovin
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We describe the use of mesenchymal stem cells (MSC) that were
genetically engineered to express bone morphogenic protein-2
(BMP-2) to enhance in vivo ectopic bone formation. An aqueous
solution of plasmid DNA encoded BMP-2 was mixed with the
same volume of cationic polysaccharide, dextran-spermine to form
homogenous nanoparticles. Rat bone marrow MSC were cultured
on electrospun nanofibers sheets comprised of composites of poly
(glycolic acid) (PGA) and collagen prior of the incorporation
of the nanoparticles into the nanofibers sheets. BMP-2 protein
was significantly detected in MSC cultured on nanofibers sheets
incorporated with nanoparticles after two days compared with MSC
cultured on nanofibers sheets incorporated with naked plasmid DNA.
Homogeneous bone formation was histologically observed throughout
the nanofibers sheets seeded with the genetically engineered MSC
four weeks after subcutaneous implantation of nanofibers sheets
into the back of rats. The bone mineral density (BMD) of new bone
formed at the implanted sites of nanofibers sheets seeded with the
genetically engineered MSC were significantly higher compared
with nanofibers sheets seeded with only naked plasmid DNA and
nanoparticles without MSC.
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278. Pitfalls in the Use of Inhibitors To Study
Endocytic Uptake of Gene Carriers
Dries N. E. Vercauteren, Roosmarijn E. Vandenbroucke, Joseph
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Several types of endocytosis have been demonstrated to be involved
in the uptake of nucleic acid containing particles, varying according
to cell type, type of carrier and particle size. As the intracellular
processing can differ strongly depending on the precise uptake
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mechanism, unravelling this uptake mechanism of individual nonviral gene carriers in a specific cell line model can open up possibilities
to correlate uptake to intracellular processing and subsequently to
transfection efficiency. Consequently, several research groups have
tried to quantitatively assess the contribution of each endocytic
pathway to the uptake of non-viral gene delivery vehicles through
the use of endocytosis inhibitors. Such chemicals are easy to apply
and are presumed to inhibit specific endocytic pathways. However,
in this work, we show that one should take extra care when using
inhibitors to specifically perturb endocytic pathways as the inhibitory
efficiency appears to be strongly cell type dependent, and so is the
concentration threshold of cellular toxicity. Moreover, the inhibition
is not always as efficient and specific as has been claimed in recent
literature. We also demonstrate that the chemical compounds can
exhibit side effects such as dramatic changes in cellular morphology.
Taken together, we conclude that the use of endocytosis inhibitors
is still a very useful approach to study the uptake mechanisms of
nucleic acid containing particles, but only when the appropriate
control experiments are performed to assure inhibitor toxicity,
efficacy and specificity. Additionally, combining these inhibitors with
other tools such as fluorescent dual colour co-localization studies
or suppression of specific endocytic pathways through the use of
dominant negative mutants or RNAi, will assure to draw correct and
reliable conclusions.
279. Inadvertent Gene Transfer of Co-Packaged
Rep and Cap Sequences during the Production
of AAV Vector and Its Potential Impact on Vector
Performance
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Yat-sen University, Guangzhou, China.
Currently, 293 cell-based triple transfection is the primary method
of rAAV manufacturing for both pre-clinical and clinical applications.
Some of the safety concerns over rAAVs produced by this method
relate to the presence of replication competent AAV (rcAAV)
and other nucleic acid contaminants including AAV rep and cap
sequences. Recent advances in rational design of rAAV packaging
plasmid appeared to have effectively reduced rcAAV contaminants.
However, inadvertent encapsidation of rep and cap sequences seems
to occur via the cis-acting replication element (CARE) in the P5
promoter and the sequence homologous to the rep-binding element
on the plasmid backbone, which is more difficult to eliminate. In the
present study, we first examined rcAAV and DNase resistant cap
sequence contaminants in rAAV production lots in vitro and cap DNA
transduction in vivo in a murine model for liver-directed gene transfer
by real time PCR for quantification and regular PCR for cloning and
sequencing characterization. Our data corroborated the presence of
encapsidated cap sequences in 5 pools and 17 lots of rAAVs at a
fairly constant level (0.4-1%). Those vector-derived cap sequences
were persistent and easily detectable in mouse liver after intraportal
administration. In an attempt to investigate possible correlation
between capsid-specific T cell response and presence of vectorderived cap sequences, we measured serotype-specific capsid T cell
responses and characterized those cap sequences in the spleen tissues
of nonhuman primates (NHP) who received AAV2, AAV7 and AAV8
vectors intramuscularly. While vector-derived cap sequences were
detected in the animals that received different serotype vectors, only
AAV2-treated animals yielded capsid-specific T cells. We expanded
our study to the NHPs that received AAV7 vector-mediated liver gene
transfer. As observed in the mouse liver and NHP muscle studies,
vector-derived rep and cap sequences were found in liver, spleen and
mesentery lymph nodes of all treated animals. More interestingly,
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even though those rep and cap genes were transcriptionally active as
supported by RT-PCR and sequencing data, no capsid T cells were
identified in those animals.
280. Large Scale Purification of CD4+ T Cells
by Negative or Positive Selection Methods Does
Not Affect Their Growth in Wave Bioreactor
or Their Engraftment Potential as Tested in
Immunodeficient NOD/LtSz-Rag1null Mice
Jenice DвЂ™Costa,1 Andrew Worden,1 Nikolay Korokhov,1 Franck
Lemiale,1 James L. Riley,2 Laurent Humeau.1
1
VIRxSYS Corporation, Gaithersburg, MD; 2University of
Pennsylvania, Philadelphia, PA.
Two large-scale cell selection methods were used to isolate CD4+
T cells and assess their in vitro growth characteristics and engraftment
potential in immunodeficient NOD/LtSz-Rag1null mice. 1.4x1010 WBC
leukopheresis product from an HIV infected donor (VL<400 copies/
ml, 513 CD4+/Вµl) was used to isolate CD4+ T cells using a negative
selection cocktail of anti-CD8, -CD14, -CD19 and -CD56 conjugated
microbeads or positive selection with CD4 conjugated microbeads.
Selection was carried out on the CliniMacs device. Negative selection
yielded 2.4x109 cells at 82% CD3+CD4+ purity and 99% viability
compared to 8.7x108 cells at 97% CD3+CD4+ purity with 97%
viability by positive selection. CD4+ T cells from both selection
processes were transduced with lentiviral vector (VRX494),
stimulated with anti-CD3/anti-CD28 conjugated beads and grown
in T cell media in 20L Wave bioreactors. Both cultures exhibited
similar growth characteristics throughout expansion and by Day 10,
had experienced 8 population doublings and transduction values of
approximately 1.5 copies/cell. In a separate experiment, CD4+ T cells
from another HIV infected donor (VL<400copies/ml, 292 CD4+/ul)
were positively selected (CliniMACS) and transduced with lentiviral
vector (VRX496) at different MOI to give copy numbers of 0, 1, 3,
4 and 5 copies/cell (5 being the maximum allowed by the FDA for
VRX496 clinical trials). Transduced cells were cultured as described
above. Cryopreserved day 10 positive and negative selected cells were
thawed, mixed with PBMCs and injected intra-peritonealy into NOD/
LtSz-Rag1null mice. In the case of CD4+ T cells transduced at different
moi, Day 10 cryopreserved cells were injected intra-peritonealy into
NOD/SCID mice that had been previously injected with ant-CD122
antibody to inhibit NK cell activity. Engraftment was monitored by
staining for hCD45, hCD4 and hCD8 cells in weekly tail bleeds and
in the spleen and liver at 4-5 weeks post-injection. After an initial
peak at 2-3 weeks post-injection, CD4+ T cells numbers declined to
<10% and were replaced by CD8+ T cells. This decline was more
rapid in the positive selection group. Although engraftment levels of
total human CD45+ cells in the spleens of the positive selection group
were twice that in the negative selection group at 5 weeks, there was
no difference in total CD4+ T cell levels. Vector copy number had
no effect on the engraftment of CD4+ T cells. Analysis of the plasma
of the engrafted mice for HIV p24 protein demonstrated an inverse
correlation between p24 values and engrafted CD4+ T cells levels.
In conclusion, neither the method of isolating CD4+ T cells nor the
average vector copy numbers per cell affected their engraftment
potential in NOD/LtSz-Rag1null or NOD/SCID mice. Additionally,
HIV replication could have been the major factor for CD4 depletion
in the immunodeficient mouse model.
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281. Fully Scalable Production of Recombinant
Adeno-Associated Virus Vectors by Herpes
Simplex Virus Co-Infection Using Mammalian Cells
Grown in Suspension
Darby L. Thomas,1 Justine Niamke,1 Lijun Wang,1 Gabor Veres,1
David R. Knop.1
1
Process Development, Applied Genetic Technologies Corporation,
Alachua, FL.
AGTC has a novel method for producing recombinant adenoassociated virus (rAAV) vectors at high specific yields, which is
essential to support dosing and patient population requirements.
Specifically, mammalian cells are co-infected with two ICP27deficient recombinant herpes simplex virus type 1 (rHSV) vectors:
one harboring the gene-of-interest flanked by AAV inverted terminal
repeats (ITRs), the second harboring AAV rep and cap genes. These
rHSV vectors provide all cis and trans-acting rAAV components and
the requisite helper functions for rAAV replication and packaging.
This system is also compatible with different AAV capsid serotypes
and therapeutic genes. The rHSV co-infection method is traditionally
performed on adherent cell lines such as 293 cells with specific yields
of 5.8 x 104 (37% CV) DNAse-resistant particles per cell (DRP/cell).
However, the adherent nature of these cells is an impediment to
large scale production. Cells growing in suspension offer economic
and process advantages for rAAV production. Initial experiments,
with two independent isolates of BHK-21 cells selected to grow in
suspension (sBHK), found that rHSV co-infection of one of the BHK
cell lines produced similar specific yields of AAV vector then adherent
293 cells. The specific yield of rAAV production was independent
of cell density over the range of 1-3.6 x 106 cells/mL, permitting an
increase in volumetric productivity. Therefore, total DRP/batch can be
raised by increasing the cell density while minimizing the final volume
required for achieving clinically relevant quantities of rAAV. Whereas
rHSV co-infection of adherent 293 cells requires a total multiplicity
of infection (MOI) of 14 for optimal rAAV production, sBHK cells
maintained specific yields when the total MOI was reduced to 6 вЂ“ a
greater than 50% reduction in required rHSV. This reduction in raw
materials offers a significant economic advantage. Specific yields of
rAAV production were maintained across platforms (spinner flasks
to reactors) and over a 400-fold scale-up (25 mL to 10 L). Reactor
yields averaged 6.8 x 104 (37% CV) DRP/cell in a Celligen Plus
continuous stirred tank reactor (3.5 L) and Wave bioreactors (1-10
L) using both fed-batch and perfusion modes for cell growth. Taken
together, the rHSV co-infection of suspension BHK cells offers an
economic platform, both in time and costs, for producing rAAV at
the levels necessary for clinical applications.
282. Semi-Closed System for Large Scale
Lentiviral Vector Production in a GMP Facility
Lara J. Ausubel,1 Anupriya Sharma,1 Misty Shakeley,1 Patricia
Lopez,1 Christine Knoblauch,1 Sylvana Couture,1 Kenneth
Laderman,1 Ross McMahon,1 Jonathan Anderson,1 David Hsu,1
Larry Couture.1
1
Center for Biomedicine and Genetics, Beckman Research Institute
of City of Hope, Duarte, CA.
Lentiviral Vectors are emerging as important tools in the field of
gene therapy. They have many advantages over other techniques
that have been used for gene transfer in that the vectors are able to
infect non-dividing cells. We have previously described a system for
producing GMP grade lentiviral vectors at large scale (100L scale)
using 4 separate plasmids developed at City of Hope. This system
provides maximum flexibility in the type of virus produced while
addressing safety concerns by minimizing the probability of the
generation of replication competent virus. We have since modified
our manufacturing process to be semi-closed during the transfection
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of cells and the harvest of viral supernatant . Virus is produced
in multiple sub-batches of 10 Corning CellSTACKs, each vessel
having 10 layers. This revised process better insures the sterility
of the product as well as the safety of the individuals involved in
the manufacturing effort. Our multi-sub-batch system continues to
provide for virtually unlimited scale up capacity. Using either the open
or semi-closed system, over 100 Liters of clinical grade lentivirus
have been generated under GMP.
283. Rapid Generation of Cell Lines Carrying
Multiple Targeted Gene Knockouts Using
Engineered Zinc Finger Nucleases
Edmond Chan, Pei-Qi Liu, Gregory Cost, Yolanda Santiago,
Matthew Mendel, Jeffrey Miller, Edward J. Rebar, Andreas Reik,
Michael C. Holmes, Trevor N. Collingwood, Philip D. Gregory.
1
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Tools that enable editing of the genetic content of a living cell
have the potential to revolutionize cell engineering, both for cellbased therapeutics and for improved host cells for the manufacture
of biological / viral therapeutic products. Here we show that zinc
finger nucleases (ZFNs) represent precisely such a tool, enabling
the rapid generating a mammalian cell line that is deleted for three
different genes (six alleles) without the use of donor molecules for
homologous recombination and without the application of drugselection steps. For this proof of concept study we chose to disrupt
three well-characterized genes in Chinese Hamster Ovary (CHO)
cells that are of interest for therapeutic protein production, namely;
glutamine synthetase (GS), dihydrofolate reductase (DHFR), and
a-1,6 fucosyltransferase (Fut8). Through transient introduction of
three sets of ZFNs in a stepwise fashion, followed by generation
and screening of a limited number of single-cell derived clones, we
were able to isolate cell lines containing the biallelic knockout of all
three genes. Target gene disruption was confirmed in each case by
genotyping, immunoblotting and by null behavior in functional assays
for the deleted gene product. The sequential application of ZFNs
targeting these three genes did not result in any gross alteration in
cell phenotype and/or growth rates other than those expected from the
targeted gene deletions. Given that ZFNs can be targeted to virtually
any locus and have been shown previously to function across a wide
range of transformed, primary and stem cell types, the data shown
here highlight the potential for ZFNs to rapidly enable levels of cell
engineering previously thought impractical.
284. Rat Blood Outgrowth Cells as a
Prospective Vehicle for Endothelial Nitric Oxide
Synthase Gene Therapy
Sethu L. Nair,1 Suchitra Sajja,2 Liming C. Milbauer,2 Robert P.
Hebbel,2 Arif Somani.1
1
Pediatrics, University of Minnesota, Minneapolis, MN; 2Medicine,
University of Minnesota, Minneapolis, MN.
Endothelial cells may be effective autologous vehicles for the
delivery of transgenes into the intravascular space in a number
of disease processes. Endothelial Nitric Oxide Synthase (eNOS)
produces Nitric Oxide (NO), which attenuates vasomotor tone and
promotes angiogenesis. Hence, delivery of the eNOS gene into the
pulmonary vascular bed could ameliorate pulmonary hypertension.
We have successfully developed rat Blood Outgrowth Endothelial
Cells (BOECs) from the peripheral blood of F344 rats. Human eNOS
cDNA was obtained by RT-PCR from the RNA of Human Umbilical
Vein Endothelial Cells; and, then cloned into a modified retroviral
vector containing GFP. This construct was stably transfected into a
retroviral packaging cell line (Phoenix, BD Clontech). Fluorescent
Activated Cell Sorting (FACS) was used to select the population
positive for eNOS-GFP. Rat BOECs were subjected to serial
Molecular Therapy Volume 16, Supplement 1, May 2008
Copyright В© The American Society of Gene Therapy
transduction by these retroviral particles in order to develop an eNOS
over-expressing cell line that was then FACS selected and expanded
in culture. The resultant rat BOEC/eNOS-GFP cells retained their
endothelial characteristics as demonstrated by immunostaining, FACS
analysis, LDL uptake and matrigel assay. Nitric Oxide production
by these cells was measured using an amperometric NO sensor
(Innovative Instruments, Inc.) and was found to be at least 2.5 fold
above that of normal rat BOECs. eNOS function in the rat BOEC/
eNOS-GFP cells was confirmed by Diamino Fluorescein (DAF-2)
dye (Cell Technology, Inc.). Further, we found that the eNOS activity
was augmented by arginine supplementation and was suppressed
by L-NAME (L-Arginine Methyl Ester, an inhibitor of eNOS) in
a dose dependant manner. In matrigel assay, rat BOEC/eNOS-GFP
demonstrated extensive tube formation in comparison with the
parental rat BOECs and could withstand higher doses of L-NAME
inhibition. These findings suggest rat BOEC/eNOS-GFP cells have
significant angiogenic potential and functional activity. Therefore,
they would be an excellent candidate for cell based gene therapy in
syngeneic rat models of pulmonary hypertension.
285. Clinical Production of an AdenovirusBased Tuberculosis Vaccine for a Phase 1 Safety
Trial
Maria Fe C. Medina,1 Uma Sankar,1 Zhou Xing,2 Fiona Smaill,2
Jack Gauldie.1
1
Robert E. Fitzhenry Vector Laboratory, Pathology and Molecular
Medicine, Centre for Gene Therapeutics, McMaster University,
Hamilton, ON, Canada; 2Pathology and Molecular Medicine,
Centre for Gene Therapeutics, McMaster University, Hamilton,
ON, Canada.
We have successfully commissioned and validated an aseptic
processing area for clinical production of human Adenoviral vectors.
This facility is in compliance with required environmental conditions
as per the Canadian GMP guidelines. A master virus bank has
been developed in our facility for AdAg85A, an Adenovirus type
5 replication incompetent vector encoding an immunodominant
Mycobacterium tuberculosis antigen Ag85A. The virus bank passed
all required safety testing and was used to produce the clinical lot.
This vaccine will be used in a phase I clinical trial to evaluate the
safety and immunogenicity of a single administration of the AdAg85A
vector in healthy human subjects with or without a history of BCG
vaccination. Two doses of the vector (109 PFU and 108 PFU) will
be each evaluated on 24 subjects (12 BCG positive and 12 BCG
negative). Our production protocol for clinical lots of Adenovirusbased vaccines utilize disposable plasticware for their ease of use,
prevention of cross-contamination, and avoidance of time-consuming
cleaning validation. We have been using 500 mL disposable spinner
flasks for a maximum 5L culture volume. This capacity would easily
meet production requirements for Adenovirus-based vaccines in earlyphase trials, which could be derived from at least a 1L culture. We
have now tested the recently available 1L disposable spinner flasks for
their ability to support the growth of CD 293 medium-adapted cells
and subsequently produce high vector yields. The use of these flasks
will increase current capacity to 10L. During clinical production, we
observed some lots that had high reduction in vector titer after 0.22 Вµm
filtration. Further studies suggested that the high amounts of vector
loaded in the desalting columns aggregated and were therefore lost
during filtration. Thus, we have further characterized our procedure by
describing the limits in terms of infected culture volumes or purified
vector particles that can be applied to a given amount of desalting
matrix that would lead to a desalted and filterable product.
S107
Cell Processing and Vector Production
286. Efficient Transduction of Hematopoietic
Cells Using Retroviral Vectors Produced in
Suspension and Serum-Free Media
Karim Ghani,1 Xiuyan Wang,2 Pedro Otavio de Campos-Lima,1
Malgorzata Olszewska,2 Amine Kamen,3 Isabelle RiviГЁre,2 Manuel
Caruso.1
1
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Canada; 2Department of Medicine, Gene Transfer and Somatic
Cell Engineering Laboratory, Memorial Sloan-Kettering Cancer
Center, New York, NY; 3Institut de Recherche en Biotechnologie,
National Research Council Canada, Montreal, QC, Canada.
Retroviral vectors derived from Moloney murine leukemia virus
(MLV) are vectors of choice to deliver genes into hematopoietic cells.
We have recently generated a stable packaging cell line, 293GP-A2,
which produces retroviral vectors pseudotyped by the amphotropic
envelope protein with titers of up to 4 x 107 infectious viral particles
(IVP/ml). This packaging cell line may be suitable for clinical
applications as it has been adapted to produce vectors in suspension
and serum-free media (SFM). Since it has been demonstrated that
RD114 and gibbon ape leukemia virus (GLV) pseudotyped vectors are
highly efficient to transduce hematopoietic cells, two packaging cell
lines (293GP-GLV9 and 293GP-R30) that produce retroviral vectors
pseudotyped with these envelopes were generated in the same manner
as 293GP-A2 cells. Retroviral titers achieved in suspension and SFM
with 293GP-GLV9 and 293GP-R30 cells were 106 and 5 x 106 IVP/
ml, respectively. Viral particles encoding a GFP vector were produced
in suspension and SFM from the 3 packaging cell lines, and were
compared for their ability to transduce hematopoietic cells. First, the
transduction efficiency in K562 cells was evaluated at three different
multiplicities of infection (MOI; 1, 3 and 10). The percentage of
GFP positive K562 cells transduced with vectors from 293GP-GLV9
and 293GP-R30 increased with higher MOI and reached 58% and
59%, respectively. On the contrary, K562 cells were less infectable
by vectors produced from 293GP-A2 cells, with 20% GFP positive
cells achieved at a MOI of 3. A similar transduction efficiency of 15%
was obtained at MOIs of 1 and 10. Subsequently, vectors produced
in suspension and SFM from 293GP-GLV9 and 293GP-R30 were
characterized for their ability to transduce human peripheral blood
lymphocytes and human CD34+ cells. Activated lymphocytes cultured
with serum were transduced in presence of retronectin at 64% with
vectors produced from 293GP-GLV9. Using similar experimental
conditions, 72% lymphocytes were GFP positive with one infection
cycle using RD114-pseudotyped vectors, and 81% with 2 infection
cycles. We are currently assessing the transduction efficiency of these
vectors on human CD34 + cells, and preliminary results indicate that
after one infection cycle CD34+ are transduced at 17.8% and 20.3%,
with GLV- and RD114-pseudotyped vectors, respectively. The results
presented in this study indicate that vectors produced in suspension
and SFM from stable packaging cell lines can be used to efficiently
transduce human hematopoietic cells. In addition, 293GP-GLV9 and
293GP-R30 cells have the potential to be used for the large-scale
biomanufacturing of gammaretroviral vectors; therefore, they should
be ideal for the implementation of late phase clinical trials involving
the transduction of hematopoietic cells.
287. Investigation of the Dimer Formation
in the Production of GHRH Plasmid for Human
Therapeutic Use
Ying Cai,1 Rodney Bowling,1 Debra Bailey,1 Henry Hebel.1
VGX Pharmaceuticals, Inc., The Woodlands, TX.
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Plasmid DNA has been actively employed in gene therapy and
therapeutics to induce cellular and humoral immune responses.
A plasmid encoding human growth hormone-releasing hormone
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(hGHRH) was constructed and successfully produced in our process
development lab for the possible utilization in human clinical
studies. The filtered drug substance product of the GHRH plasmid,
manufactured with our proprietary process, demonstrated high
purity with limited RNA, undetectable protein, low endotoxin and
low salt. Plasmid form analysis revealed that the supercoiled (SC)
monomer percentage was lower than other produced plasmids. A new
isoform, double the molecular weight of SC monomer thus presumed
to be a SC dimer, accounted for a notable percentage of the total
product. A systematic investigation of the identity and derivation of
this new isoform was conducted. Nicking and restriction digestion
experiments confirmed its SC conformation. As this dimer was
found in all fermentation and purification processes, we intended
to eliminate its presence in the primary seed bank. GHRH SC
monomer and dimer were extracted and gel purified individually,
and transformed into E. coli DH10B (Rec A-). Transformed colonies
of pure monomer failed to prevent dimer formation. Equivalent SC
dimer percentage was present in all colonies of the original plasmid
before monomer extraction, indicating that this isoform was strain/
plasmid associated. Conversely, cells transformed with dimer plasmid
completely eliminated the monomer and replicated predominantly
GHRH plasmid dimers. Furthermore, restriction analysis of the
extracted plasmid dimer generated fragments indistinguishable from
standard digestions of GHRH monomers. Thus, the GHRH plasmid
dimer may be associated with the plasmid sequence populating the
E. coli strain, as some regions of pyrimidine-biased sequence were
identified within GHRH gene. The configuration was presumed to
be a recombined plasmid homo-dimer but not the plasmid-plasmid
handcuffing dimer. Sequencing of this dimer product via primer
walking was performed to identify the recombination site. Growth
retardation for cells carrying GHRH dimer was observed; therefore
comparison studies of cell growth profiles in high cell density
fermentation were conducted. A deletion product was also observed
to accompany dimer formation under certain growth conditions. In
summary, we discovered an unusually high SC dimer ratio during the
manufacture of GHRH plasmid. Detailed investigation was carried
out to determine the characteristics of its configuration and origin.
Attempts were made to eliminate or reduce its content in production.
As the SC monomer is generally considered to be the most active
form, increasing its content in final therapeutic product is essential.
This case study provides a systematic approach in terms of evaluating
minority isoforms and improving product quality that can be used by
the growing plasmid production industry.
288. Determination of AAV Particle
Concentration by Amino-Acid Analysis Reveals
Very Low Particle-to-Infectious Ratio
Nadja Zeltner,1 Erik Kohlbrenner,1 Thomas Weber,1,2 R. Michael
Linden,1,3 Nathalie Clement.1
1
Gene and Cell Medicine, Mount Sinai School of Medicine,
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Viral vectors derived from adeno-associated virus (AAV) are
widely used as tools for gene transfer both in vitro and in vivo.
Consequently, it is important to generate vector preparations that
are of high purity and concentration. In addition, both for the use in
gene therapy as well as for basic research experiments, it is important
to assess the quality of the virus preparations, which is determined
by low physical-to-infectious particle ratios. Different methods of
vector purification and titration in the field make it often difficult to
compare vector preparation from different laboratories. For instance,
published genome-containing particle to transducing unit ratios range
from 5 to above 500 for recombinant AAV (rAAV), while wild-type
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AAV (wtAAV) is reported to have a genome-containing particle to
infectious unit ratio of above 10. In order to establish unambiguously
the quality of rAAV and wtAAV preparations, we performed
amino-acid analysis of the AAV capsid proteins on several virus
preparations that were produced and purified by standard methods.
This approach allowed us to calculate the exact AAV particle content
in our samples. We then compared these titers to infectious particle
titers using a replication center assay as well as to transducing titers
in the case of recombinant viruses. We found that the ratio of viral
particles to infectious units is close to 1 for wtAAV and close to 10 for
rAAV. Our results establish the relatively high quality of AAV virus
preparations with respect to their infectious properties. Our findings
also highlight the importance of standardized titration methods that
will allow for adequate conclusions derived from experiments both
with recombinant and wild type viruses.
289. New Workflow for Lentivirus Purification,
Concentration, and Immunodetection
Janet L. Smith,1 Sara Gutierrez,1 Charles Neville,1 Mikhail
Kozlov,2 Kathleen Ongena.1
1
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Lentivirus is a negatively charged, enveloped, single stranded
RNA virus from the Retroviridae family that is often used as a vector
to transport genetic material into cells. These viral vectors can be
used for genetic modification, RNAi, gene therapy, and vaccine
production. Before viral preparations/propagations can be used
for any of these applications, researchers need to purify their virus
sample. Traditionally, time-consuming density gradient centrifugation
separation and/or chromatographic techniques have been used.
The lab-scale chromatographic devices are commonly syringe or
column-based. To process the virus sample, these devices require
hand pressure or gravity; this may lead to messy and to potentially
unsafe handling conditions during assembly and disassembly. A new
workflow has been developed to clarify, purify, and concentrate/buffer
exchange a crude lentivirus sample. For added safety and improved
handling, the clarification and purification steps are performed in a
closed vacuum-based device. This purification produces high recovery
of virus particles in about one hour with similar or improved results
to traditional methods. Purity was visualized by gel electrophoresis
and confirmed by western blotting using an innovative vacuumbased immunodetection system that allows detection of the protein
of interest in less than forty minutes. Here we show the results of
the purification and the immunodetection of a Lentivirus-VSVG
pseudotype that encodes green fluorescent protein (GFP). We
demonstrate the viral titer, the percent recovery of infectious particles,
and the purity of the virus sample.
290. Construction of Sf9-Based Stable Cell
Lines for the Production of Recombinant AdenoAssociated Virus (rAAV) Vectors
George Aslanidi,1 Kenneth Lamb,1 Sergei Zolotukhin.1
1
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Reports of rAAV packaging cell lines have been limited until
now to HEK 293, HeLa, or A549-based cells. We thought to use
insect Sf9 cells to derive stable lines expressing AAV rep and cap
genes. Accordingly, we utilized regulatory elements from both
wt Autographa californica multiple nuclear polyhedrosis virus
(AcMNPV) and wt AAV to construct stable cell lines where the
integrated copies of rep and cap genes are silent but could be induced
by infecting cells with a single recombinant baculovirus harboring
rAAV cassette. A variant of AcMNPV homologous region sequence 2
(hr2) had been cloned and utilized in a position-dependent manner as
an вЂ�onвЂ™ switch to control the expression of Rep52, Rep78, or VP1/2/3
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driven by P19, or polh promoters, respectively. In addition, a Repbinding site (RBS) was incorporated into expression cassettes to
provide a feed forward control element thus enhancing the expression
levels of downstream genes. Several combinations of stable lines and
recombinant baculovirus helpers were tested and compared to the
original Sf9/Bac rAAV production system. The results of these tests
in regard of rAAV yield, vector stability, and optimal conditions for
the helper viral load will be discussed.
291. A New Vacuum-Based Method for
Adenovirus Purification and Concentration
Charles M. Neville,1 Mikhail Kozlov,1 Janet Smith,1 Kathleen
Ongena.1
1
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Adenovirus vectors have traditionally been purified away from
cellular contaminants, expressed recombinant transgenes, and cell
culture media serum proteins by cesium chloride or other similar
density gradient based methods. However, these traditional methods
present several disadvantages to the researcher. Density gradient
techniques are lengthy, often requiring several days to complete. The
process requires the use of ultracentrifuges which are expensive and
not common equipment for the average laboratory. The technique
for harvesting adenovirus bands from the density gradient after
ultracentrifugation can also be cumbersome for many researchers.
We report here an improved method for the rapid purification and
concentration of adenovirus serotype 5. This membrane-based method
for purifying adenovirus is different from other similar membranebased methods as it uses a much easier and safer vacuum-based
device. Performance in terms of processing time, recovery, purity,
and capacity is as good as or better than similar products currently
available from other manufactures. The entire procedure including
clarification of crude adenovirus, purification of adenovirus, buffer
exchange, and concentration can be accomplished in under one hour
and results in a concentrated, high titer, pure adenovirus in the buffer
of choice.
292. Optimization of Factors Affecting Gene
Delivery Efficiency of Retroviral Vector in GasPermeable Bag System
Chang Wan Joo,1 Youngtae Hong,1 Seong-Hyun Ho,1 Jiwon Jang,2
Hyoung-Jin Kang,3 Joong-Gon Kim,3 Sunyoung Kim,1,4 Sujeong
Kim.1
1
ViroMed Co., Ltd., Seoul, Korea; 2Interdisciplinary Graduate
Program in Genetic Engineering, Seoul National University, Seoul,
Korea; 3Department of Pediatrics, Colleage of Medicine, Seoul
National University, Seoul, Korea; 4Department of Biological
Science, Seoul National University, Seoul, Korea.
The retroviral vector has been one of the most extensively used
gene delivery vehicles and has recently demonstrated its actual
clinical benefit in several inherited diseases. Traditionally, T-flask
has been used for the ex vivo transduction of retroviral vectors in
clinical trials. However, recently the gas-permeable bag is replacing
the T-flask. The gas-permeable bag has distinctive advantages over
the conventional T-flask such as its scalability and lower possibility
of contamination. However, the gas-permeable bag has a weakness
to overcome; its lower transduction efficiency compared with the
conventional T-flask. Considering that gene delivery efficiency is
one of the key factors that can determine the outcome of a clinical
trial, we attempted to discover the optimal condition for achieving
efficient gene delivery by testing various parameters in the gaspermeable bag system. Here we tested various parameters for their
influences on gene delivery efficiency. The tested parameters were cell
number per bag, m.o.i., amount of retronectin used for bag coating,
the number of virus preloading, and the culture volume. Firstly, we
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used K562 cells for transduction, and found that the gene delivery
efficiency could be enhanced by modifying some parameters, such
as the amount of retronectin, the number of virus preloading, and the
culture volume loaded in one gas-permeable bag. Then we applied the
determined parameters to CD34+ hematopoietic stem cells collected
from peripheral blood, and observed 28.5 ~ 48.5 % of gene delivery
efficiency. Our data may provide information that will be useful in
designing the safe and efficient procedure for hematopoietic stem
cell gene therapy.
293. Scalable Serum Free Production of AAV by
Recombinant HSV1-Repcap Infection of BHK-21
Suspension Cells
Xiaoyan Dong,1 Min Peng,1 Ying Tang,1 Xiaobing Wu.2
Research Dep., Beijing FivePlus Molecular Medicine Institute
Co., Ltd., Beijing, China; 2National Key Laboratory of Molecular
Virology, Institute of Viral Disease Prevent and Control, China
CDC, Beijing, China.
1
We have previously established a high efficient adeno-associated
viral vector production system by using replication competent herpes
simplex virus carrying AAV rep and cap gene to infect BHK-21 cells
stably transfected with AAV vector plasmid. This system is based
on adherent cell culture in the presence of serum. In order to avoid
animal derived raw material in the production, and facilitate scaleup production further, we have developed a serum free production
system for AAV using suspension culture. At first, BHK-21 cells
were adapted from adherence to suspension by changing DulbccoвЂ™s
Modifed Eagle Medium supplemented with 10% FBS to chemically
defined medium (CELL CULTURE Technologies). The cells grew
well after adaptation and the doubling time was less than 24hr. Second,
AAV vector pAAV2-neo carrying EGFP gene was transferred into
BHK-21 suspension cells and exposed to G418 800 ug/ml for 15
days to selecting stably tranfected cells, obtaining AAV vector cells.
Third, the AAV vector cells were infected with serum free HSV1repcap virus at moi 1 to 5. 48hr to 60hr after infection, cells were
collected by low-speed centrifugation, resuspended in PBS buffer,
and freeze-thaw three times, followed by incubated in 56В°C for 1hr
to inactivated HSV1 virus. Infectious rAAV was obtained with its
yielding comparable to adherence culture system. Further optimizing
is on going. We believe this production style will improve the safety
and quality of AAV preparation for clinical use.
294. Challenges in the Process Development
of a Novel Zero CpG CFTR Plasmid for Human
Clinical Use
Henry L. Hebel,1 Ying Cai,1 Lee A. Davies,2,3 Stephen C. Hyde,2,3
Ian A. Pringle,2,3 Deborah R. Gill.2,3
1
VGX Pharmaceuticals, Inc., The Woodlands, TX; 2Gene Medicine
Group, Nuffield Department of Clinical Laboratory Sciences, John
Radcliffe Hospital, University of Oxford, Oxford, United Kingdom;
3
United Kingdom Cystic Fibrosis Gene Therapy Consortium,
Oxford, United Kingdom.
Demand for high purity plasmid DNA for gene therapy and
DNA vaccination is escalating. A greater variety of products will
be presented to manufacturers, each with specific obstacles to
overcome. The UK Cystic Fibrosis Gene Therapy Consortium has
previously shown that a plasmid containing a single CpG motif can
cause significant inflammation when delivered to the murine lung.
Based on these findings, a novel zero-CpG plasmid expressing the
therapeutic cystic fibrosis transmembrane conductance regulator gene
product was constructed and provided to VGX Pharmaceuticals for
process development and manufacture for subsequent use in human
clinical trials. The therapeutic plasmid has several features resulting
in significant challenges to its large-scale production for human
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clinical use. Employment of a zero-CpG R6K origin of replication
(Cayla-Invivogen, Toulouse, France) constrained the choice of the
E. Coli host strain for plasmid replication and production. The high
recombination tendency of this plasmid vector required extensive
studies in transformation conditions to maintain plasmid monomer,
as plasmid form was affected by colony growth rate. Unusual E.
Coli growth characteristics required optimization of fermentation
conditions and harvest at high cell density. The plasmid also
showed unexpected characteristics compared with a вЂ�typicalвЂ™ 6.5 kb
plasmid in terms of its ionic and hydrophobic characteristics. First,
development and verification of processes with increased throughput
were necessary for production of this low yield product. Second, lysis
scale-up without prolonging hold time was critical to avoid adverse
conditions leading to plasmid denaturation. Third, a more stringent
purification process was required to achieve a very low endotoxin
standard (<5 EU/mg DNA) for the clinical product. Finally, a high
concentration requirement (>5 mg/ml) for patient delivery presented
several challenges in the ultrafiltration and diafiltration steps to obtain
highly concentrated product while limiting shear damage. During
process development, samples were tested for physical/chemical
properties and biologic responses in animal models. The optimized
manufacturing protocol resulted in plasmid DNA able to form a
homogenous population of stable DNA/liposome complexes suitable
for nebulization to patients. This is in contrast to earlier DNA batches,
using alternative manufacturing techniques, which demonstrated
significant adverse physicochemical interactions when complexed
with cationic liposomes. Ethical permission has now been granted
for a clinical study in the UK. The DNA/liposomes will be nebulised
to the lungs of patients with cystic fibrosis to evaluate the safety of
this gene therapy formulation.
295. High Titer Foamy Virus Vector Stock
Production by PEI Mediated Transient Transfection
of 293T Cells
Jacqueline Roy,1 Josephson C. Neil.1
Research Division, Puget Sound Blood Center, Seattle, WA.
1
Foamy virus (FV) vectors are an attractive candidate gene transfer
system for use in clinical hematopoietic stem cell gene therapy
applications. These vectors were derived from a non-pathogenic
virus and have many additional potential advantages including a
large packaging capacity and synthesis of a stable cDNA genome
prior to host cell transduction which allows them to efficiently
transduce cells that are transiently quiescent. Furthermore, FV
vectors have a distinct integration pattern with a lower likelihood
of integration near transcriptional start sites than MLV vectors
or of integrating anywhere within genes than HIV vectors. Most
importantly, FV vectors can efficiently transduce murine, canine,
and human hematopoietic repopulating cells and have recently been
used to cure canine leukocyte adhesion deficiency. Up until now we
have used the well-established method of calcium phosphate transient
transfection of 293 cells to produce our FV vector stocks. The method
is laborious and inconsistent; at best it produces stocks with titers of
1-5 x 105 transducing units/ml prior to concentration. Scaling up this
method to produce the amount of FV vector needed for clinical gene
therapy would represent a major challenge. Therefore we tested an
alternate cationic polymer, polyethylenimine (PEI), as a transfection
reagent. PEI transfection of 293T cells with third generation FV
vectors reliably produces stocks with titers of 2-5 x 106 particles/ml
prior to concentration. The PEI method does not require the addition
of either chloroquine or sodium butyrate and PEI transfected 293T
cells exhibit minimal cytotoxicity making it unnecessary to change
media between transfection and stock harvest. We have generated
large scale FV vector stocks of 700ml and concentrated them up to
150-300-fold by overnight centrifugation in a Sorvall HS-4 rotor
at 7000 rpm. Using this method we have generated stocks of GFP
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expressing FV vectors with a final titer of up to 8 x 108 transducing
units/ml. Transduction of human CD34+ cord blood cells with
concentrated stocks resulted in GFP expression by 70% of colony
forming units grown in methylcellulose. Furthermore, no toxicity of
CFCs was seen in transductions using MOIs up to 30. In conclusion,
we have developed a PEI transfection method for generating FV
vector stocks that represents a significant improvement over standard
calcium phosphate transfection protocols. This method will allow the
scale up in vector production necessary for employing FV vectors in
clinical gene therapy studies.
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296. Myelosupression and Withdrawal of PEGADA Lead to Superior Results after Gene Therapy
for Adenosine Deaminase Deficiency (ADA-SCID)
Robert Sokolic,1 Greg Podsakoff,2 Linda Muul,1 Barbera
Engel,2 Jayashree Jagadeesh,1 Elizabeth Garabedian,1 Chimene
Kesserwan,1 Denise Carbonaro,2 Michael Hershfield,4 John
Tisdale,5 Cynthia Dunbar,6 Alan Wayne,3 Donald Kohn,2 Fabio
Candotti.1
1
National Human Genome Research Institute, Bethesda, MD;
2
ChildrenвЂ™s Hospital Los Angeles, Los Angeles, CA; 3National
Cancer Institute, Bethesda, MD; 4Duke University Medical Center,
Durham, NC; 5National Institute of Diabetes and Digestive and
Kidney Diseases, Bethesda, MD; 6National Heart, Lung and Blood
Institute, Bethesda, MD.
We report on two gene therapy (Gtx) trials for ADA-SCID designed
to compare the efficiency of two different retroviral vectors. Under
the original protocol, patients (pts) continued to receive enzyme
replacement therapy with pegylated bovine ADA (PEG-ADA) and
no myelosuppression was used. Four pts were enrolled who have
been followed for в‰Ґ 6 years. No toxicities were observed. Transient
elevation in the absolute lymphocyte count (ALC), but no durable
changes in peripheral blood mononuclear cell (PBMC) ADA levels,
or immunologic or clinical status have been observed. Low levels
(0.1-0.7%) of vector-marked PBMCs persist in 2 cases, but all
pts remain on PEG-ADA and prophylactic antibiotics (abx). In an
attempt to facilitate engraftment and to provide a selective advantage
to corrected cells, the protocol was revised to include PEG-ADA
withdrawal and busulfan administration before Gtx. Three pts have
been treated on this modified protocol, and 2 have been followed
for more than 6 months. The 1st pt received 5x10^6 CD34+ cells/kg
with an ADA activity between 40 and 200 units (U) (normal range
58-128). Over 10 months, this patient showed a slow increase in ALC
(up to 2040/mcL) and lymphocyte function [PHA stimulation index
(si) up to 1524]. PBMC ADA activity has been up to 95U, within
the normal range. The deoxyadenosine metabolite (dAXP) level has
decreased to <10%, levels seen after allogeneic marrow transplant.
Normal levels of immunoglobulins G and A are present without
intravenous immunoglobulin (IVIG) supplementation. A 2nd pt
received 2x10^6 CD34+ cells/kg with 7-87 U of ADA activity. Over
6 months, PBMC ADA activity has been up to 24 U and the dAXP
levels have decreased to <10%. PHA si has increased to a maximum
of 371, although the ALC remains <200 cells/mcL. A third pt is
currently 2 months post-GTx having received 3x10^6 CD34+ cells/kg
with 6-10.5U of ADA activity. All 3 pts have remained off PEG-ADA
since GTx. None has had a documented infection. The 1st patient is
off IVIG and remains on prophylactic abx. The 2nd remains on IVIG
and abx. While hematoimmunologic reconstitution appears slower
than what was seen in other ADA-SCID patients treated with similar
protocols of chemotherapy and GTx in Europe, the clinical course
has been benign, and clinical and immunologic status is markedly
improved compared to pts treated under the first version of our trial
at similar times post-transplant. Thus, myelosuppression and PEGMolecular Therapy Volume 16, Supplement 1, May 2008
Copyright В© The American Society of Gene Therapy
ADA withdrawal appear to lead to improved outcomes of GTx for
ADA-SCID. Molecular studies are ongoing to assess the differential
contribution of each of the vectors to immunologic recovery.
297. Molecular Analysis of a Severe Adverse
Event in the UK SCID-X1 Gene Therapy Clinical
Trial
Steven J. Howe,1 Marc Mansour,2 Martin H. Brugman,3 Karin
Pike-Overzet,4 Dick de Ridder,4 Michael Hubank,5 Frank J. T.
Staal,4 Christopher Baum,3 Christine Kinnon,1 H. Bobby Gaspar,1
Adrian J. Thrasher.1
1
Molecular Immunology Unit, University College London, Institute
of Child Health, London, United Kingdom; 2Department of
Haematology, UCL, London, United Kingdom; 3Department of
Experimental Haematology, Hannover Medical School, Hannover,
Germany; 4Department of Immunology, Erasmus MC, Rotterdam,
Netherlands; 5Molecular Haematology Unit, University College
London, Institute of Child Health, London, United Kingdom.
Ten children have been treated in a gene therapy clinical trial
for X-linked Severe Combined Immunodeficiency (SCID) at Great
Ormond Street Hospital. SCID-X1 causes a lack T lymphocytes and
NK cells, that if untreated by bone marrow transplantation or gene
therapy, leads to life-threatening infections. A gammaretroviral vector
pseudotyped with a GALV envelope was used to treat CD34+ stem cells
isolated from patientsвЂ™ bone marrow. This virus delivers the corrective
common gamma chain cDNA under the control of wild-type viral
LTRs, over 3 rounds of transduction. After reimplantation of corrected
autologous stem cells, all patients have shown a rapid restoration of
immune cell function. However, 2 years post-treatment, one patient
developed rapid onset high count T-ALL. This patient has since
responded well to chemotherapy and is currently in remission. The
leukaemic blasts had a CD3+ (cytoplasmic),CD4+CD8+, CD7/10+,
TdT+ phenotype and a diploid karyotype. The clone was TCRVОІ6b
and there was an uncharacterised chromosomal rearrangement at the
TCRb locus. Surface expression of Оіc was normal, and there was
no constitutive signalling as demonstrated by absence of STAT-5
phosphorylation except when stimulated with IL-7. A single copy of
the vector genome was identified 35kb upstream of the proto-oncogene
LMO-2 in an antisense orientation. Microarray analysis demonstrated
notable upregulation of LMO-2, Notch-1 and HES-1 when compared
to expression in other leukaemia patients. Molecular analysis further
revealed a R1599P substitution in the HD domain of Notch1, which is
likely to have contributed to the development of cancer. These studies
reveal the importance of acquired molecular lesions acting in concert
with retroviral mutagenesis in the development of malignancy, and
offer a mechanistic insight into leukaemogenesis in general.
298. Intra-Articular Administration of a
Recombinant Adeno-Associated Vector Containing
a TNF Antagonist Gene Was Safe, Well Tolerated
and Demonstrated Trend in Clinical Response in
Subjects with Inflammatory Arthritis
Pervin Anklesaria,1 Alison E. Heald,1 Philip J. Mease,2 13G01
Study Group.
1
Targeted Genetics Corporation, Seattle, WA; 2Seattle Rhematology
Associates/Swedish Medical Center, Seattle, WA.
Intra-articular (IA) injection of an adeno-associated virus
vector containing the cDNA for the human tumor necrosis factor
receptor-immunoglobulin (IgG1) Fc fusion (TNFR:Fc) gene
(rAAV2-TNFR:Fc) may be a means to provide sustained TNFR:Fc
protein into the joint of inflammatory arthritis patients with joints
unresponsive to systemic tumor necrosis factor (TNF) antagonists
or with disease limited to a few joints, which may not warrant use
of systemic TNF antagonists. In a phase 1/2 study, 127 adults with
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persistent moderate or severe inflammation in a target joint (TJ) were
enrolled and received a single IA injection of either rAAV2-TNFR:Fc
[1x1011, 1x1012 or 1x1013 DNase resistant particles (DRP)/mL joint
volume] or placebo, followed by open-label rAAV2-TNFR:Fc
based on when the TJ met pre-determined criteria for re-injection.
Safety was assessed in all 127 subjects enrolled. Administration site
reactions, consisting of mild to moderate increase in tenderness and
swelling of the injected joint, sometimes accompanied by erythema
or pruritis, were reported following 10% of injections. One subject
developed a serious adverse event, culture negative septic arthritis,
15 weeks after injection of rAAV2-TNFR:Fc 1x1012 DRP/mL, that
the investigator considered probably related to study agent. A second
subject who was receiving systemic anti-TNF therapy developed fatal
disseminated histoplasmosis and retroperitoneal hemorrhage after a
second injection of rAAV2-TNFR:Fc 1x1013 DRP/mL, which the
investigators and independent Data Monitoring Committee considered
unrelated to rAAV2-TNFR:Fc. The subjectвЂ™s systemic rheumatoid
arthritis drugs are known to be risk factors for such opportunistic
infections. IA injection of rAAV2-TNFR:Fc does not lead to
circulating levels of TNFR:Fc. Vector DNA does not disseminate to
extra-articular tissues at levels that result in extra-articular TNFR:Fc
expression. Humoral and CTL response to AAV2 capsid are being
measured and available data correlated with safety will be presented.
In the phase 2 portion of the study, clinical response was assessed in
66 subjects using patient reported outcomes [TJ global visual analog
scale (VAS), TJ functional VAS, TJ pain] and physical examination
[TJ tenderness (scale 0-3), TJ swelling (scale 0-3)]. A 30% decrease
in the TJ global VAS was experienced by 21/50 rAAV2-TNFR:Fc
recipients and 3/16 placebo recipients 12 weeks after injection. A
2-point decrease in TJ swelling was noted in 8/50 rAAV2-TNFR:Fc
recipients and 3/16 placebo recipients 12 weeks after injection.
At 24 weeks after rAAV2-TNFR:Fc injection, the 30% TJ global
VAS response persisted in a subset of subjects. In this study, patient
reported outcome measures appear to be more sensitive than physical
examination in assessing response. IA rAAV2-TNFR:Fc appears to
be well-tolerated in inflammatory arthritis subjects with and without
systemic TNF antagonists. Based on patient reported outcome
measures, a positive trend in clinical response was noted.
299. Non-Invasive, Quantitative Imaging of
Adenovirus-Mediated Gene Expression in Humans
with Prostate Cancer
Kenneth N. Barton,1 Hans Stricker,2 Stephen L. Brown,1 Jan
Pegg,1 K. C. Karvelis,3 Jae Ho Kim,1 Svend O. Freytag,1 Benjamin
Movsas.1
1
Radiation Oncology, Henry Ford Hospital, Detroit, MI; 2Vattikuti
Urology Institute, Henry Ford Hospital, Detroit, MI; 3Nuclear
Medicine, Henry Ford Hospital, Detroit, MI.
To optimize the delivery of potentially therapeutic adenoviruses
for the treatment of human cancer, we have developed a method to
image gene therapy vectors in patients based on the human sodium
iodide symporter (hNIS). Using single photon emission computerized
tomography (SPECT), hNIS expression was imaged non-invasively
by the uptake of a radiotracer (Na99mTcO4) in infected cells. In
an ongoing phase 1 prostate cancer trial, a replication-competent
adenovirus, Ad5-yCD/mutTKSR39rep-hNIS, armed with two suicide
genes and the hNIS gene, was injected into regions of the prostate that
were positive for adenocarcinoma based on biopsy results. Combining
the gene therapy with nuclear imaging has resulted in no dose-limiting
toxicities and 98% of the adverse events have been mild (grade 1)
to moderate (grade 2). At 1 x 1011 vp (n = 3), no evidence of gene
expression was evident in the prostate. At 1 x 1012 vp (n = 8), gene
expression was detected in the prostate in 6 of 8 (75%) patients. The
volume and intensity of reporter gene expression was quantified by
SPECT following the adenovirus injection. With a single deposit of
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1 x 1012 vp in 1 cc, median gene expression volume increased to 6.9
cc (range 1.4 to 8.3 cc), representing, on average, 18% of the total
prostate volume. The kinetics and persistence of gene expression have
also been assessed in two patients. Gene expression intensity and
volume appear to peak one to two days after the adenovirus injection.
Gene expression was found to persist in the prostate for up to seven
days. Whole body imaging demonstrated that gene expression was
confined to the prostate, and there was no evidence of significant
dissemination of the adenovirus to extraprostatic tissues. The results
demonstrate that non-invasive imaging of adenovirus-mediated gene
therapy in humans is both feasible and safe. Moreover, we believe the
information obtained from such imaging studies has the potential to
improve both the safety and efficacy human gene therapy.
300. DNA Fusion Gene Vaccination, Delivered
with or without In Vivo Electroporation вЂ“ A Potent
and Safe Strategy for Inducing Anti-Tumor Immune
Responses in Prostate Cancer
Christian H. Ottensmeier,1 Lindsey Low,1 Ann Mander,1 Tony
Williams,1 Torunn E. Tjelle,2 Juan Campos-Perez,1 Catharine
Heath,1 David P. Dearnaley,3 Iacob Mathiesen,2 Freda K.
Stevenson.1
1
Cancer Sciences Division, University of Southampton and
Southampton University Hospitals NHS Trust, Southampton,
Hampshire, United Kingdom; 2Inovio AS, Oslo, Norway;
3
Academic Radiotherapy, Institute of Cancer Research/Royal
Marsden Hospital NHS Trust, Sutton, Surrey, United Kingdom.
We are undertaking a phase I/II, two arm, dose escalation study
in HLA A2+ patients with recurrent prostate cancer. Patients are
eligible at biochemical failure after radical treatment, if their tumor
expresses PSMA. 3, monthly doses of DNA are delivered either by
im injection (800, 1600, 3200Вµg) or by intramuscular electroporation
(EP) (400, 800, 1600Вµg) with 5 patients at each dose level. Booster
doses are given 6 and 12months. 31 patients have been recruited.
On the basis of preclinical murine data a proportion of patients
received boosting with EP after the initial 3 doses of DNA. The
study builds on our preclinical development of DNA fusion gene
vaccines, encoding a strong immune alert signal derived from a
plasmid domain of Fragment C of tetanus toxin (FrC-DOM). This
is linked to a peptide sequence from the tumour antigen. We have
shown that this design breaks tolerance and controls the development
of tumours in murine models. Delivery by EP increases the potency
of the DNA vaccine significantly. We are now testing this concept in a
two centre clinical trial with a vaccine encoding FrC-DOM linked to
a PSMA peptide (PSMA27). We have chosen PSMA as it is expressed
in >95% of primary tumours and metastases and is up-regulated
following treatment with anti-androgens. To date the vaccine has
been well tolerated and the use of EP does not add significant toxicity.
Immunological monitoring is being undertaken with ELISA and
ELISPOT assays, validated to GCLP. FACS and multiplex cytokine
analyses are being optimized during the evaluation. Anti-FrC-DOM
antibody responses were detected in 4/10 patients receiving DNA
only, compared to 8/9 patients with EP and in 3 of this latter group
the increase exceeded >100 fold compared to baseline by week 16.
So far there is no clear dose/response effect on the percentage of
positive responders. To date 10 patients at the first dose level in both
arms of the study have been evaluated for cellular responses against
FrC-DOM. 8 patients developed significant CD4 responses, with a
suggestion that CD4 responses may occur earlier and last for longer
if the DNA is delivered by electroporation. While the data is more
limited at the time of writing, robust CD8+ T cellular responses
against the PSMA27 epitope have been identified in 4/5 patients
evaluated to date. The evaluation of CD4 and CD8 responses is
ongoing and more data will be presented at the meeting. The study
data confirm that a DNA vaccine delivered alone or with EP induces,
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significant, robust and reproducible humoral and cellular immune
responses can safely in patients with prostate cancer.
301. Phase II Study of Intratumoral OncoVEXGM, an Immune-Enhanced Oncolytic Herpes
Simplex Type-1 Virus, in Unresectable/Metastatic
Melanoma
CSF
N. Senzer,1,2,3 M. Nemunaitis,1 H. Kaufman,4 T. Amatruda,5 T.
Reid,6 C. Love,7 T. Marshall,7 H. Goldsweig,8 R. S. Coffin,7 J. J.
Nemunaitis,1,2,3 The OncoVEX Melanoma Phase II Investigator
Group.
1
Mary Crowley Cancer Research Centers, Dallas, TX; 2Texas
Oncology, P.A., Dallas, TX; 3Baylor Sammons Cancer Center,
Dallas, TX; 4Columbia University, New York, NY; 5Hubert H
Humphrey Cancer Center, Minneapolis, MN; 6UCSD, San Diego,
CA; 7BioVex Inc, Woburn, MA; 8Averion Intl., Southborough, MA.
Background: OncoVEXGM-CSF is a replication competent herpes
simplex type-1 virus deleted for the ICP34.5 neurovirulence factor
(to allow for selective replication in tumor cells) as well as for ICP47
(which blocks antigen presentation to MHC class I and II molecules
via the transporter associated with antigen processing (TAP)) with
GM-CSF inserted in place of ICP34.5. OncoVEXGM-CSF was shown
to be well tolerated in a previous phase I trial. Methods: Inclusions:
Unresectable/treatment failure stage IIIc/IV melanoma with в‰Ґ1
injectable tumor. Exclusions: Bone metastases or clinically active
brain or liver lesions (the latter amended during study; subsequently
allowed with restriction). в‰¤10 lesions are injected (в‰Ґ1 lesion must be
left uninjected) with 1 injection of в‰¤4ml of 106 pfu/ml split between
targeted tumors followed 3 wks later by в‰¤24 injections of 108 pfu/ml
every 2 wks. Planned 50 evaluable patients with following endpoints:
response rate (RECIST; primary), safety, response kinetics, survival.
Results: As of Dec вЂ�07, 40 pts were enrolled with 31 evaluable; 19%
stage IIIc, 32% IV M1a, 3% M1b, 45% M1c). Recruitment has been
completed. Patients have had up to 18 injections per series. Only
one injected tumor has progressed on therapy; 16 of 31 evaluable
patients showed clinically meaningful uninjected tumor responses,
some following initial progression. There was a 19.4% systemic
objective response rate (3 CR and 3 PR) and a 32.2% clinically
relevant response rate including CR + PR + 4 в‰Ґ 8-week SD. Two
further patients have PR after initial progression, giving a 25.8%
objective response rate when these are included. When available, site
specific histological confirmation of response showed no evidence of
melanoma and melanophages or extensive lymphocytic infiltrate. All
objective responses have thus far been maintained at 4 to 23 mo post
first dose with those not CR still on therapy. Side effects have been
injection site related and grade 1 flu-like symptoms. Conclusions: Per
protocol, treatment responses (CR, PR or durable SD) have been seen
in 32.2% of patients. Other patients have also had clinical benefit,
including 2 patients who responded after leaving the study due to
PD and other patients with local palliative benefit. Additionally,
tumors first detected during therapy in a number of patients have then
responded, suggestive of a delayed immunological effect. The rate
and durability of response in this second line/salvage therapy setting
warrants further evaluation.
302. Phase I Trial of Intraperitoneal (IP)
Administration of an Oncolytic Measles
Virus (MV) Derivative, Expressing the Human
Carcinoembryonic Antigen (CEA) in Patients with
Advanced Ovarian Cancer (OvCa)
Evanthia Galanis,1 Lynn C. Hartmann,1 William Cliby,1 Prema P.
Peethambaram,1 Harry J. Long,1 Judith S. Kaur,1 Paul Haluska, Jr,1
Jeff A. Sloan,1 Kah W. Peng,1 Stephen J. Russell.1
1
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Background: Edmonston vaccine strains of MV have significant
antitumor activity against OvCa xenografts (Peng et al, Cancer Res,
2002). Oncolytic selectivity is due to overexpression of the MV
receptor CD46 in OvCa cells. Engineering MV to express the marker
peptide CEA (MV-CEA) can allow real time monitoring of viral gene
expression. This novel antitumor approach was translated to a phase I
clinical trial in recurrent OvCa. Methods: Eligible patients (pts) had
taxol and platinum refractory OvCa, protective anti-MV antibody (ab)
titers and normal CEA levels. MV-CEA was administered IP, q 4 wks
for up to 6 cycles. The standard cohorts of three design was applied.
Results: 20 pts have been treated in 7 dose levels (103 - 109 TCID50).
Median number of prior chemo regimens was 3.2. No dose-limiting
toxicity (DLT) was observed. Most common toxicities included
grade 1-2 fatigue (9 pts); grade 1 fever (9 pts); grade 1-2 anorexia
(7 pts); grade 1-2 abdominal pain (7 pts); grade 1-2 nausea (6 pts).
There was no treatment induced immunosuppression as assessed by
DTH, CD4, CD8, Ig and complement levels, no significant increase
in the titers of MV ab in serum or ascites in response to treatment,
no development of anti-CEA ab, and no shedding in urine or mouth
gargle specimens. CEA elevation was observed in 1 pt (108 TCID50)
in the peritoneal fluid and 2 patients (109 TICD50) in the serum.
Viremia was detected in 4 asymptomatic pts by QRT-PCR. There was
CD46 receptor overexpression by IHC in 7/8 pt tumor samples tested.
Best objective response was stable disease (STAB) in 13 pts: median
duration 88 days, range 55-277. Outcome was dose dependent with
8/8 STAB pts in dose levels 5-7 vs 5/12 in levels 1-4. All pts with
viremia or CEA elevation achieved STAB. Five pts had pronounced
decrease in CA125 levels, by 43.5%, 77.7%, 71.8%, 31.6% and
33.9%, respectively. Conclusions: MV-CEA is well tolerated in
doses up to 109 TCID50. There is early evidence of dose dependent
biologic activity in heavily pretreated pts, and possible association
between viremia or CEA detection and outcome. Overexpression of
CD46 in tumor specimens indicates potential value of CD46 targeted
therapeutics in OvCa.
303. A Phase I Study of a Tropism Modified
Conditionally Replicative Adenovirus (CRAd) for
Recurrent Ovarian Cancer
Kristopher J. Kimball,1 T. Michael Numnum,1 Mack N. Barnes,1
Sharmila Makhija,1 Minghui Wang,2 Gene P. Siegal,3 Raymond
Harris,4 Rosemarie Aurigemma,5 Ronald D. Alvarez.1
1
Division of Gynecologic Oncology, University of Alabama at
Birmingham, Birmingham, AL; 2Gene Therapy Center, University
of Alabama at Birmingham, Birmingham, AL; 3Department of
Pathology, University of Alabama at Birmingham, Birmingham,
AL; 4Department of Virology, SAIC-Frederick, Inc., Frederick,
MD; 5Division of Cancer Treatment and Diagnosis, National
Cancer Institute, Frederick, MD.
Objective: To determine the maximum tolerated dose (MTD),
spectrum of toxicities, and potential clinical activity of the
intraperitoneal (IP) delivered tropism modified CRAd, в€†Ad524RGD, to patients with recurrent ovarian cancer. Methods: Cohorts
of 3-6 eligible patients with recurrent ovarian cancer were treated
with Ad5-в€†24RGD daily for 3 days via an IP Tenchkhoff catheter.
The dosage of Ad5-в€†24RGD started at 1x10в€§9 viral particles/day
(vp/D) and was increased in successive cohorts by a half log up to a
maximum dose of 1x10в€§13 vp/D. Toxicity was evaluated utilizing
NCI Common Terminology Criteria (CTC) for Adverse Events,
version 3.0. Response Evaluation Criteria in Solid Tumors (RECIST)
criteria were utilized to determine clinical efficacy approximately one
month after completing treatment. Corollary biologic studies included
assessment of CRAd replication, generation of wild type virus, viral
shedding and neutralizing antibody response. Results: To date, 8
patients have been enrolled in the first two Ad5-в€†24RGD treatment
cohorts. Two patients did not receive therapy due to difficulties with
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IP catheter placement. Adverse effects in patients receiving therapy
(n=6) have been limited to G1/2 gastrointestinal symptoms (n=5),
G1/2 constitutional symptoms (n=2). No reagent related G3/4 toxicity
has been noted. No clinically significant laboratory abnormalities were
noted. Of the 5 patients who were evaluable for best response, 3 had
stable disease and 2 had progressive disease. Conclusion: This is the
first study to evaluate an infectivity enhanced CRAd in the context
of human cancer. Toxicity of Ad5-в€†24RGD at dosages evaluated to
date is minimal. Active patient accrual to this study continues and
corollary biologic studies are in progress.
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304. Stable Knock-Down of Endogenous
microRNA In Vivo by Overexpressing miRNA
Target Sequences by Lentiviral Vectors
Bernhard Gentner, Giulia Schira, Alessio Cantore, Mario
Amendola, Luigi Naldini.
1
HSR TIGET, U.Vita Salute S.Raffaele, Milan, Italy.
miRNAs act as powerful posttranscriptional regulators of gene
expression by targeting multiple components of a biological network.
We have shown that this endogenous system can be broadly exploited
to regulate the expression of a transgene to which miRNA target sites
(miRTs) have been added (Brown, Gentner et al, Nat. Biotech 2007).
This allowed us to achieve expression profiles depending on the
tissue, lineage and differentiation state of a cell, without detectably
perturbing the physiological function of the miRNA. Recently,
miRNA inhibition was reported in cells overloaded, mostly by
transient expression, with miRTs complementary to the miRNA seed
region. It remains unclear, however, how many integrants are needed
to achieve stable miRNA knockdown, and whether this level of gene
transfer is feasible in relevant primary cells. To define the conditions
under which the expression of miRT from stable integrations results
in an inhibition of endogenous miRNA function, we transduced U937
cells with increasing doses of a lentiviral vector (LV) expressing
destabilized GFP (dGFP) regulated by miRTs for miR-223, a highly
expressed miRNA in U937 cells. This vector combines an miRNA
sensor (dGFP) with miRT overexpression, allowing to quantify
miR-223 activity by measuring the fluorescence ratio between control
vector-transduced cells and cells transduced with the miRT-regulated
vector at any given vector copy number (VCN). When driving the
expression of dGFP.223T from a PGK promoter, miR-223 activity did
not decrease, even at >40 integrated vector copies per cell, indicating
that we do not saturate miR-223 under these conditions and likely do
not interfere with its physiological functions. Notably, when driving
expression of the dGFP.223T cassette from the stronger spleen focus
forming virus promoter/enhancer (SFFV), we did observe a dosedependent decrease in the activity of miR-223. Forty-one U937.
dGFP.223T clones were derived by limiting dilution, carrying VCNs
between 1 and 45. The reporter was suppressed 20-fold in clones
carrying from 1 to 5 VCNs (full miR-223 activity) and 5-10-fold at
a VCN of 6-11. At >12 copies, we did not detect significant activity
of miR-223. We then tested whether we could saturate other miRNAs
that were highly expressed in U937 cells in a similar fashion. All three
miRNAs that were tested could eventually be saturated by the SFFV.
dGFP.miRT vector, even though we noted profound differences in
VCN requirement. We are now addressing different miRT designs to
optimize stable miRNA knock-down in vitro. To test whether we can
interfere with miRNA function in vivo, we transduced mouse lin(-)
bone marrow cells with a panel of SFFV.miRT vectors at high VCN
(>10), and transplanted them into congenic recipients. Importantly,
3 out of 6 miRTs tested led to a specific skewing of hematopoietic
lineage proportions over time, uncovering a likely function of
the cognate miRNAs in hematopoietic lineage development, and
indicating that our SFFV vectors are suitable for interfering with
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endogenous miRNA in vivo. These vectors form the basis to create
stable miRNA knockdowns and will greatly facilitate functional
studies on miRNA biology in relevant cell types in vivo.
305. Human Hematopoietic Stem Cells Infected
with Integration Defective Lentivirus Vector
Encoding C-Terminus Truncated Hyperfunctional
CXCR4 Demonstrate Enhanced Engraftment in
NOD/SCID Mice
Toshinao Kawai,1,3 Uimook Choi,1 Cattlena Changpriroa,1 Kristin
Berg,1 Larry M. Lantz,2 Harry L. Malech.1
1
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The efficiency of hematopoietic stem cells (HSC) homing to bone
marrow (BM) significantly affects engraftment. In clinical settings
where numbers of stem cells are limited (e.g. cord blood transplant
in adults or ex vivo gene therapy), efficiency of homing may affect
clinical outcome. CXCR4 and its ligand, SDF1, play a central role in
homing of HSCs to BM. C-terminal truncations of CXCR4 prevent
down-regulation and internalization following activation, leading
to persistent signaling and hyper-functional migration response. We
previously published data showing that permanent transduction of
human (HSC) with gamma retrovirus vector encoding a C-terminal
truncated (R334X) mutant CXCR4 (mutCXCR4) results in
enhancement of engraftment in NOD/SCID mice, an effect that in
theory could be used clinically. However, transduction resulting in
permanent expression of mutCXCR4 into HSC is detrimental to
marrow function. For example, the autosomal dominant hematopoietic
immune disorder, WHIM (Warts, Hypogammaglobulinemia, recurrent
Infection, Myelokathexis) results from heterozygous inheritance of
C-terminal truncation mutants of CXCR4. We solved this problem by
using integration defective (int-def) replication incompetent lentivirus
vector to achieve transient high-level expression of mutCXCR4 only
at time of transplant. Healthy volunteer G-CSF mobilized peripheral
blood stem cells (PBSC) infected in culture daily for 3 days with intdef lentivirus encoding either wild-type (wt) or mutCXCR4 expressed
high levels of CXCR4 or mutCXCR4 at day 4 which persisted
for several days. Transgene expression and vector copy waned to
undetectable by culture day 14 and 22, respectively. The early high
level transient expression of excess wtCXCR4 or mutCXCR4 was
associated with enhanced migration of PBSC in response to SDF-1
(mutCXCR4 > wtCXCR4 > naive). In two separate experiments
either 10e6 or 2x10e6 human PBSC (int-def lentivirus vector
mutCXCR4 or wtCXCR4 infected, or naive) at day 4 of culture were
transplanted into NOD/SCID mice (n=5 all groups). At 6 weeks after
transplant, engraftment in the naive, wtCXCR4 or mutCXCR4 groups
demonstrated engraftment of human CD45+ cells in BM of NOD/
SCID at 8.4В±1.7%, 13.2В±2.2% and 24.9В±5.8%, respectively for the
10e6 PBSC/mouse transplant experiment, and 12.7В±2.4, 29.9В±4.2%,
and 58.7В±4.9%, respectively for the 2x10e6 PBSC/mouse transplant
experiment (p<0.01 all comparisons). No integrated vector could be
detected in any BM samples. Our studies demonstrate that int-def
lentivirus vector mediated transient expression of mutCXCR4 in
human HSC only at the time of transplant enhances engraftment
3-6 fold, and does not lead to permanent vector integration nor
transgene expression. In theory this approach could be used to enhance
engraftment in clinical settings where the number of available HSCs
are severely limiting.
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306. A Robust and Efficient Lentiviral Platform
for Delivery of MicroRNA and MicroRNA-Based
siRNA into Primary Cells: Validation by Targeting
FOXP3 in Human Regulatory T Cells
Mario Amendola,1,2 Laura Passerini,1 Grazia Andolfi,1 Lucia
Sergi Sergi,1 Rosi Bacchetta,1 Maria Grazia Rondarolo,1,2 Luigi
Naldini.1,2
1
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The development of efficient platforms to deliver microRNA (miR)
and siRNA in primary cells and in vivo will tremendously empower
gene function studies and gene therapy applications. Towards this
goal, we identified an efficiently processed pri-miR among a panel
of highly expressed miR, engineered its backbone for expressing
heterologous mature miR or siRNA, and optimized lentiviral vectors
(LV) to express the selected pri-miR from a Pol-II promoter together
with a marker gene. To evaluate miR activity we generated a panel
of reporter cell lines each one expressing GFP mRNA tagged with
perfectly complementary sequences to the investigated miR. For each
miR we compared exogenous delivery vs. endogenous expression by
introducing the reporter construct in cells expressing or not the miR.
We then inserted the best performing pri-miR, miR 223, in different
positions within LV and selected an intronic placement which enabled
efficient segregation between the mutually exclusive miR and mRNA
maturation. This design allowed miR expression levels comparable to
the highest measured endogenous ones, up to 30-fold GFP repression,
and easy detection/selection of the transduced cells by marker gene
co-expression. Importantly, miR 223 LV did not alter expression and
activity of several tested endogenous miR. We further developed
our platform to efficiently co-express two miR and to switch ON
and OFF miR expression by tetracycline. Once established miR 223
performance, we replaced its stem loop with that of other miR and
showed that the activity of this chimeric miR (miR-sl) was similar
to that of either parental miR. This finding indicates that miR 223
flanking sequences can be exploited to conveniently express other miR
and test their function in controlled fashion and relevant models. We
also generated a miR-sl 30 and compared its activity to that of wildtype pri-miR 30 delivered by the same LV design. Surprisingly, miR
30 activity was 10-fold higher with the miR 223 backbone suggesting
that pri-miR 30, although widely used to express siRNA, is not
efficiently processed. Finally, we validated our platform for siRNA
expression by replacing the miR 223 targeting sequence with a siRNA
of interest (miR-si). We generated two miR-si LV against FOXP3 and
transduced human CD4+CD25+ regulatory T cells (Treg) to address
whether FOXP3 is required for maintenance of suppressor activity.
After two weeks of expansion, the phenotype and function of cells
transduced by either miR-siFOXP3 or control LV were evaluated. We
obtained marked FOXP3 down-regulation that resulted in reduced
CTLA4 expression and increased IL-2 production. Moreover, FOXP3
knock-down reverted the anergy and in vitro suppressive capacity of
the transduced Treg. These results prove the proficiency of our new
platform at delivering RNAi into up to now challenging targets and
open new possibilities to RNAi application in gene therapy.
307. Cell вЂ“ Cell Transmission of HIV-1 Derived
Lentivector Particles Involves Their Association
with CD63 and CD81 Tetraspanin Proteins
Amy Skinner,1 Lee OвЂ™Neill,1 Peter Kurre.1,2
Pediatrics, Oregon Health & Science University, Portland,
OR; 2Cell & Developmental Biology, Oregon Health & Science
University, Portland, OR.
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Trans-infection by wild-type HIV-1 virus is a recently described
mechanism whereby primary immune cells (dendritic, macrophage,
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Langerhans) capture particles and subsequently transfer them to
CD4+ T lymphocytes for productive infection. We have previously
reported the protease- and complement- resistant intracellular
persistence of replication-deficient HIV-1 derived lentivector particles
in hematopoietic cells as well as their resultant infection (in trans)
of secondary targets with peak cell- cell transfer occurring between
24 and 48 hours from initial vector exposure. To identify the cellular
compartment involved in their persistence and transmission from
primary (вЂњcarrierвЂќ) cells to secondary targets we screened endocytic-,
proteasome- and lysosome- pathways - all known to participate in
wild-type and vector particle trafficking - by pharmacologic inhibition
in carrier cells. Among the reagents and experimental conditions
tested, only the endosomal uptake and processing inhibitor ammonium
chloride seemed to affect (increase) secondary transduction of 293T
cells. We next turned to an immunofluorescent imaging approach to
track GFPvpr fusion protein labeled vector particles in carrier cells
and determine their potential colocalization with antibodies directed
against components of cellular compartments. Results showed that
vector particles colocalize with endosomal compartment markers
(EEA1, transferrin receptor, and adaptor protein-2) during uptake,
within minutes of vector exposure, and to a lesser extent with
the lysosomal marker (LAMP1). In contrast, when we examined
colocalization of vector particles with the tetraspanin proteins CD63
and -81, we observed a statistically significant, time-dependent
increase in colocalization in SupT-1 and Jurkat carriers. In addition,
the kinetics of association paralleled those previously noted in
our functional co-culture transduction studies. Further, when we
prevented intracellular rearrangement of tetraspanins by treating
SupT1 and Jurkat cells with the actin remodeling inhibitor Latrunculin
A for 1 hour we observed a significant difference in the percentage
of particles colocalized with CD63 in untreated versus treated cells.
Finally, in live-cell imaging studies we observed carrier cell derived
CD81 associated GFPvpr particles colocalizing with DsRed actin in
293T secondary targets. These data show remarkable analogy with
reports on the emerging role of tetraspanins (CD9, -63, -81) in wildtype HIV-1 egress as well as recently reported MLV vector particle
trafficking in producer cells. Taken together, our observations reported
herein corroborate our previous functional studies and suggest a role
for tetraspanins in cell-cell particle transmission. Our findings suggest
the possibility of an alternate cellular fate for replication-deficient
vector particles (in addition to integration of degradation) and have
implications for the use of pseudotyped vectors for gene transfer.
308. Effective Chemoprotection Conferred by
Allogeneic MGMT Gene-Modified Cells in the Dog
Brian C. Beard,1 Christina Gooch,1 Hans-Peter Kiem.1,2
Clinical Research, Fred Hutchinson Cancer Research Center,
Seattle, WA; 2Medicine, University of Washington, Seattle, WA.
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We have previously demonstrated successful in vivo selection
and chemoprotection in dogs that received myeloablative allogeneic
stem cell transplantation with gene-modified cells. Here we wished
to investigate whether in vivo selection, chemoprotection, and
modulation of donor chimerism could also be achieved after reduced
intensity transplantation which should be less toxic and thus more
appropriate for older patients and patients with genetic diseases.
We have used a lentivirus vector encoding the P140K mutant of
methylguanine-DNA methyltransferase (MGMT-P140K) to transduce
AMD3100-mobilized DLA matched littermate CD34+ cells. The use
of a lentivirus vector allowed us to keep the ex vivo/transduction time
short, less than 24 hours which improves engraftment in the allogeneic
setting. Three dogs received reduced intensity conditioning consisting
of 300cGy total body irradiation (TBI) before infusion of the genemodified CD34+ cells. All three dogs had stable gene marking (1-3%)
and donor chimerism (20-60%), before receiving O6-benzylguanine
(O6BG) and temozolomide. Even with relatively low levels of gene
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marking the transduced cells conferred chemoprotection relative to
control animals and prevented severe neutropenia. Our results suggest
that drug resistance gene therapy is feasible and safe in the reduced
intensity transplantation setting. We are continuing to modify the
pre-transplant immunosuppression and post-transplant chemotherapy
regimens to facilitate engraftment of gene-modified cells. In reduced
intensity allogeneic transplantation for leukemia where posttransplant relapse remains a substantial complication, the application
of this model could reduce the toxicity of chemotherapy treatment and
allow for more intensive treatment regimens. In addition this strategy
could be used to increase the percentage of gene-marked donor cells
in patients with genetic diseases and low donor chimerism. These
studies and future studies in the reduced intensity setting are required
to assess the long-term safety of chemoprotective gene therapy.
309. Genetic Targeting of Human
Orthoreoviruses
Diana J. M. Van den Wollenberg,1 Sanne K. Van den Hengel,1 Iris
J. C. Dautzenberg,1 Steve J. Cramer,1 Onno Kranenburg,2 Rob C.
Hoeben.1
1
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Human Orthoreoviruses are non-enveloped viruses with segmented
double-stranded RNA genomes. They are markedly cytopathic in many
tumor cell types, but relatively innocuous to healthy, non-transformed
cells. Ras-transformed cells are sensitive to Reovirus-induced
cytolysis because ras signaling interferes with the cellular defense
mechanism that inhibits efficient Reovirus replication. Moreover,
ras signaling sensitizes the cells to Reovirus-induced apoptosis.
These traits, together with the fact that human Orthoreoviruses
are not associated with any known disease in humans, made them
attractive agents for oncolytic virotherapy. To increase their tumor-cell
selectivity, we developed a technique for their genetic modification
and used it for developing genetically retargeted variants. As a model
targeting system U118 glioblastoma cells were used. These cells lack
the JAM-A protein that serves as the receptor for human Reovirus
T3D and as a consequence the cells resist Reovirus T3D infection.
Transfer and expression of the JAM-A cDNA minigenes sensitizes
U118 to Reovirus T3D as was evidenced by overt cytopathopatic
effects and synthesis of reovirus proteins. This confirms that the
absence of JAM-A underlies the resistance of U118 to reovirus T3D.
For retargeting experiments a single-chain Fv was expressed on the
U118 cell membrane to serve as a surrogate-receptor. The presence of
the receptor was demonstrated by immunocytochemistry. A peptide
sequence matching the epitope for the scFv surrogate receptor was
engineered in a surface exposed area of the Sigma-1 protein of
Reovirus T3D. Sigma-1 forms the receptor-binding tri-meric spikes on
the vertices of the icosahedrical capsid. The modified Sigma-1 protein
was incorporated in the Reovirus capsid and the resulting viruses can
infect U118-scFv, but not control U118 cells. The modified virus
could be propagated for at least 11 passages on the U118-scFv cells.
From the aggregated data we conclude that: 1) genetic modification
of human Orthoreoviruses is feasible; 2) the technology can be used
for genetic retargeting or reovirus T3D; 3) genetically retargeted
Orthoreoviruses can be produced on the U118-scFv cells. Furthermore
our studies defined a locale in Sigma-1 for retargeting peptides. In
a parallel project, bioselection procedures were employed to isolate
reoviruses that replicate more efficiently in human glioblastoma cell
lines.Our preliminary data demonstrate that prolonged passaging
yields reoviruses that replicate more efficient in these glioblastoma
cells than the parental T3D reoviruses. Taken together our data
demonstrate that new human Orthoreovirus variants can be isolated
that may be more efficient for use as oncolytic agent.
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Targeted Cell Entry of Lentiviral Vectors
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Retargeting lentiviral vector entry to cell types of interest is a key
issue to improve gene transfer safety and efficacy. We hypothesised
that lentiviral vectors, pseudotyped with the measles virus (MV)
glycoproteins hemagglutinin (H), responsible for receptor recognition,
and fusion (F) mediating membrane fusion, can be as efficiently
retargeted as described for MV. HIV-1 vector particles produced in
presence of the unmodified MV glycoproteins were unable to mediate
any detectable gene transfer, while particles pseudotyped with VSV-G
reached titers of 109 t.u./ml. However, efficient pseudotyping of HIV-1
vectors was achieved upon optimal truncation of the cytoplasmic tails
of H and F. Using an optimal H to F ratio, high titers (107 t.u./ml) on
different human cell lines expressing one or both MV receptors were
obtained. We then pseudotyped HIV-1 vectors with MV glycoproteins
displaying on H either the epidermal growth factor, or single chain
antibodies directed against CD20 or the glutamate receptor, but
unable to recognize their native receptors. Gene transfer into cells
expressing the targeted receptor was several orders of magnitude
more efficient than into cells not expressing it. Also lymphocyte cell
lines naturally expressing CD20 were effectively transduced. Gene
transfer with these vectors was stable, as demonstrated by reverse
transcriptase inhibition and long-term cultivation of transduced
cells. High target versus non-target cell discrimination was also
demonstrated in mixed cell populations, where the CD20-targeting
vector selectively eliminated CD20-positive cells upon suicide gene
transfer. Remarkably, primary human CD20-positive B lymphocytes
were selectively transduced by the CD20-targeting vector at a higher
efficiency than with a corresponding VSV-G pseudotyped vector.
After single round transduction at an MOI of 2, 70% of target cells
were transduced by the CD20-targeting vector and 20% by the VSV-G
/ HIV-1 vector. Thus, the lentiviral CD20 targeted vectors described
in this study can be used for a number of different applications
ranging from the genetic modification of B cells for basic questions
in immunology to therapeutic strategies as the treatment of inherited
B cell disorders or lymphomas. Moreover, as MV enters cells through
pH-independent direct fusion at the cell membrane, we expect that this
novel targeting system will offer high flexibility allowing retargeting
to any cell surface molecule of interest.
311. A Second Look at Lentivector Episome
Formation
Matthew A. Bayer,1 Hong Ma,1 Rafael J. YГЎГ±ez-MuГ±oz,2 Tal
Kafri.1,3
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Transduction with retroviral vectors results in the formation of
extrachromosomal episomes as well as integrated provirus. Retroviral
episomes appear in four structures: linear, 1-LTR circular, 2-LTR
circular, and mutant circular. Linear episomes are the product of
reverse transcription, and the substrate for lentiviral integration
and the formation of circular episomes. Specifically, 2-LTR circles
are thought to be the product of the nonhomologous end-joining
(NHEJ) pathway of DNA repair [1], while 1-LTR circles are believed
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to be formed by the single-strand annealing (SSA) variant of the
homologous-recombination (HR) DNA repair pathway, and mutant
circles may be the result of autointegration [2]. To characterize better
the formation of circular lentiviral episomes following transduction
with integrase-functional or integrase-defective lentiviral vectors,
we examined the relative abundances of circular episomes formed in
transduced mammalian cells, in which the expression of a number of
NHEJ and SSA factors were altered by mutagenesis, knockdown, or
overexpression techniques, as well as in cells arrested in G1 phase of
the cell cycle to thwart SSA [3]. We measured episome formation by
Southern blotting of DNA harvested from transduced cells and with a
novel shuttle-vector system that enabled detection of mutant circles,
as well as quantification of all circles. Interestingly, cells mutant for
the NHEJ factor Xrcc4 presented a reduced but noticeable level of
2-LTR circles, suggesting either that some 2-LTR circles may form
by an Xrcc4-independent mechanism or that the cells retain residual
Xrcc4 activity. Furthermore, cells deficient in SSA genes or arrested
in G1 exhibited a merely negligible decrease in relative abundance
of 1-LTR circles, indicating that 1-LTR circles may not be formed
exclusively through the SSA pathway, possibly instead using an
alternative Rad51-dependent pathway. Finally, vector integrase
deficiency reduced mutant circle formation by approximately
50%, suggesting that some, but not all, mutant-circle formation is
integrase-dependent. Given that nonintegrating lentiviral vectors have
demonstrated clinically relevant phenotype correction, it would be
useful to characterize further the formation of lentivector episomes.
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312. Proteasome Inhibitors Decrease the
Surface Expression of AAV2 Capsid-Specific
Peptide-MHCI Complexes on the Cell Surface In
Vitro
Jonathan D. Finn,1 Gary Pien,1 Federico Mingozzi,1 Marcela V.
Maus,1 Katherine A. High.1
1
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Adeno-associated viral (AAV) vectors are a promising gene therapy
approach for the treatment of genetic disorders. Despite promising
pre-clinical data, concerns over potential immune responses have
arisen in specific clinical applications. For example AAV-mediated,
liver-directed gene transfer of human factor IX using an AAV-2 vector
to correct hemophilia B activated a T cell response against AAV
capsid. This immune response caused destruction of the transduced
hepatocytes and limited the efficacy of the therapy (Manno et al. Nat
Med 2006). To understand this immune response, we have sought
to determine how the AAV capsid is metabolized and degraded after
being introduced into a target cell. In order to monitor peptide-MHC
complexes on the surface of transduced cells, we identified an AAVcapsid specific CD8+ T cell population in human subjects and used
this to clone the capsid-specfic T-cell receptor (TCR) and generate
a soluble TCR. We have studied the effect of protease inhibitors
(MG-132, Lactacystin, bortezomib) and autophagy inhibitors (3-MA)
on both the transduction levels and on the presentation of the AAV2
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capsid-specific peptide-MHC complexes on the cell surface following
in vitro transduction. We have observed that all protease inhibitors
tested to date have resulted in a dramatic increase in AAV transduction
levels (~50 fold) in the hepatocyte cell line HHL5; similar to findings
that have been reported in other cell types. The autophagy inhibitor
resulted in a small decrease in transduction levels. We have used an
HLA*B0702 human cell line (MES lung carcinoma) to study the
effect of various inhibitors on VPQYGYLTL peptide presentation
following AAV transduction. Using the soluble T cell receptor we
observe a significant decrease in capsid peptide presented on the cell
surface in the presence of proteasome inhibitors, and a more modest
decrease in the presence of autophagy inhibitors. This indicates that
capsid proteins are being processed by the proteasome before being
loaded onto MHCI molecules. Using a lentiviral vector expressing
the О± chain of the HLA*B0702 molecule we have created a human
hepatocyte cell line expressing HLA*B0702. This cell line will
be used to further study the effects of proteasome and autophagy
inhibitors on AAV transduction and capsid epitope presentation.
Further understanding will lead to strategies to reduce or eliminate
the presentation of capsid epitopes on the cell surface and should thus
help to avoid immune mediated destruction of transduced cells.
313. AAV-Mediated Disruption of the CFTR Gene
in Primary Fetal Fibroblasts To Create a CFTR
Knockout Ferret by Nuclear Transfer Cloning
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Welsh,2,3,4 Gregory H. Leno,1 John F. Engelhardt.1,2,4
1
Department of Anatomy and Cell Biology, Iowa City; 2Department
of Internal Medicine, Iowa City; 3Howard Hughes Medical
Institute and Department of Molecular Physiology, Iowa City;
4
Center for Gene Therapy, The University of Iowa, Iowa City.
Somatic cell gene targeting combined with nuclear transfer cloning
holds tremendous potential for the creation of larger and potentially
superior, animal models of human diseases. Mice deficient for the
CFTR protein fail to reproduce key pathologies associated with cystic
fibrosis (CF) in human patients. The domestic ferret (Mustela putorius
furo) is an attractive alternative species for modeling CF, given its
high level of conservation in lung biology with humans. Recently,
we successfully cloned ferrets from primary fetal fibroblasts using
somatic cell nuclear transfer (SCNT) technology. We now report the
targeted disruption of the CFTR gene in primary fetal fibroblasts using
(rAAV). We also report the successful cloning of several heterozygous
CFTR knock-out ferrets using these single-allele targeted cells. The
initial step in targeting the CFTR gene was generation of a ferret
genomic BAC library through the BACPAC Resource Center. A
BAC clone encompassing CFTR exon 10 was then isolated from
this library and used to generate a rAAV targeting vector. The vector
harbored a 2.3kb ferret genomic segment encompassing CFTR exon
10 and the adjacent introns with a neomycin resistance gene cassette
inserting at the center of the exon. Male fetal fibroblasts derived
from 28-day fetuses were infected with the rAAV2 targeting vector
at a MOI of 100K particles per cell and subsequently serially diluted
into 96-well plates under G418 selection. Seeding densities were
adjusted such that ~20-30% of wells gave rise to G418-resistent
clones. Following replica plating, the resistant cells were screened
by PCR against flanking sequences outside each targeting arm of
the vector and anchored sequences within the vector. In total, ~500
clones were screened in a single experiment. Although the efficiency
of PCR detected gene targeting was quite high (i.e., 0.5 to 2%), the
fibroblast clones senesced rapidly during expansion making it difficult
to confirm targeting by Southern blot analysis. To rejuvenate and
expand these candidate CFTR-targeted clones for Southern blotting,
several rounds of SCNT were performed on three independent PCRpositive fibroblast clones. Six 21-day ferret fetuses were produced.
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One of the three original senescent fibroblast lines used for SCNT
gave rise to secondary rederived fetal fibroblasts with a вЂњcleanвЂќ
CFTR gene-targeting event. This SCNT-rejuvenated, CFTR-targeted,
fibroblast clone was then used in a final cloning step. Four hundred
and seventy-two reconstructed embryos were transferred into 11
recipient Jills from which we obtained 8 healthy male ferret clones
heterozygous for an exon 10 disruption in the CFTR gene. These
data demonstrate that rAAV-mediated gene targeting, coupled with
SCNT cloning, may be of significant utility in developing new animal
models for CF and other human genetic diseases.
314. Long-Term Inhibition of Pathology and
Prevention of Liver Cancer in a Chronic Hepatitis B
Transgenic Mouse Model by AAV8 siRNA Vectors
Targeting HBsAg
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According to WHO, more than 2 billion people worldwide are
infected with Hepatitis B virus (HBV) and 350 million suffer from
chronic infection and 320,000 people die of hepatocellular carcinoma
each year. In this abstract we report the first evidence of prevention
of liver cancer by AAV8 siRNA vectors through the inhibition of
HBV gene expression and hence the hepatitis pathology. Methods: A
transgenic mouse line (C57BL/6J-TgN(Alb1HBV) Bri44 from JAX
Lab) was used as the animal model. It over expresses HBV surface
antigen (HBsAg), manifests chronic hepatitis and eventually develop
liver cancer at the age of 10 months. We designed a series of 19-mer
small interference RNA (siRNA) targeted to the HBsAg gene. Three
siRNAs (named B, D and H), effective in inhibing HBsAg expression
in vitro, were respectively packaged in AAV8 vectors under the
control of mouse U6 promoter. AAV8 siRNA against GFP was used
as a control vector. Vector doses up to 1 x 1012 v.g. per mouse were
delivered by intravenous injection into the transgenic mice at 12 to14
weeks of age. The non-transgenic littermates were used as normal
controls. After vector delivery, serum was collected at various time
points. Mice were sacrificed and samples analyzed at 6, 10, 12 and
16 month of age. Results: 1) ELISA showed that serum HBsAg was
reduced to near background levels in AAV8HBsAg-siRNA vectortreated mice, but not in the AAV8-GFP-siRNA vector-treated or
untreated transgenic mice. 2) Serum transaminase activities were also
reduced to near normal levels. 3) Histological examination showed
normal liver gross appearance and the lack of discernable pathology.
But the untreated transgenic mice showed severe pathology such as
cirrhosis, ground-glass-like hepatocytes, necrosis and infiltration
etc. 4) Most importantly, the untreated transgenic mice consistently
developed liver tumor around the age of 10 months. However
none of the AAV8HBsAg-siRNA treated mice developed tumor at
various time points. At the age of 16 to 17 months, all 6 treated mice
were tumor-free. In particularly, construct siRNA-H treated mice
also showed no sign of liver pathology at all, although a very low
percentage of the hepatocytes still expressed detectable HBsAg. 5)
Southern blot and qPCR showed persistence of AAV8 vector DNA
in the liver at few copies per cell after more than one year post vector
injection. 6) Finally, we did not observe fatality resulted from highdose AAV8-siRNA vector injection in either normal or transgenic
mice. We attribute this to the 19-mer design of the siRNA construct.
Conclusion: 1) AAV8-mediated long-term gene transfer of siRNA
is effective in inhibiting hepatitis B pathology 2) The AAV vectors
prevented liver cancer formation here, in contrast to a different report
that described tumorogenesis by AAV in a different disease model. 3)
No fatality related to high-dose AAV8HBsAg-siRNA. 4) AAV-siRNA
vectors provide a powerful tool for infectious disease studies and may
have the potential in treating chronic viral infection in the liver.
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315. Self-Complementary AAV-Mediated
Double-Strand Break Repair and Its Application to
Correction of the Factor 9 R333Q Allele
Matthew L. Hirsch,1 Laura Green,1 Richard J. Samulski.1
Gene Therapy Center, University of North Carolina, Chapel Hill,
NC.
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Adeno-associated virus (AAV) mediates gene targeting in
humans by providing exogenous DNA for allelic replacement by
homologous recombination. This process was investigated using
self-complementary (sc) AAV, which forms a duplexed DNA
molecule and results in earlier and more robust transgene expression
compared to conventional single strand (ss) vectors. AAV gene
targeting was evaluated in a previously described human embryonic
kidney defective gfp cell line in the absence and presence of a local
DNA double-strand break (DSB). In each case, scAAV repair was
modestly enhanced for targeting compared to the ss equivalent. In
the presence of the DSB, gene conversion increased 100-fold and
delivery of the Sce endonuclease in the scAAV context resulted in a
further increase. We expanded the AAV gene conversion technology
to a hemophilia B human embryonic kidney cell line which contains
the R333Q Factor 9 coding sequence integrated in the chromosome.
No AAV gene targeting was detected, however a plasmid-borne Zincfinger nuclease (ZFN) designed to create a double-strand break 40 nt
upstream of the 2 bp disease mutation resulted in genetic correction
using a scAAV Factor 9 repair substrate. Currently, we are optimizing
the Factor 9 ZFN and investigating their efficiency following delivery
by scAAV.
316. RAAV-Mediated Targeting in Adult Mice
and Its Potential in Generating Animal Models of
Tissue-Specific Somatic Transgenics or Knock
Down
Guangping Gao,1 Huang Wang,3 Xun Sun,1 You Lu,1 Larry Bish,2
Qiang Wang,3 Zhiqian Zhang,2 Lee Sweeney,2 James M. Wilson.1
1
Department of Pathology and Laboratory Medicine, University
of Pennsylvania, Philadelphia, PA; 2Department of Physiology,
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Institute, Sun Yat-sen University, Guangzhou, China.
Some novel rAAV serotypes are capable of achieving efficient
body-wide gene transfer through systemic delivery; however, the
pros and cons of this vector capability are application-specific. In
some applications, such as creating somatic transgenic or knock down
animal models for different target tissues, as well as tissue-specific
gene therapy, expression of transgenes by those vectors in nontargeted tissues may result in problematic outcomes, thereby raising
safety concerns. In this study, we took advantage of strong tissue
tropisms using new AAV serotypes in liver, pancreas and myocardium
and explored the possibility of tissue-specific expressional targeting
by transcriptional regulation. We first compared biodistribution and
transduction profiles of vectors derived from AAVs 2, 5, 7, 8 and 9
expressing nuclear target LacZ (nLacZ) under a ubiquitous cellular
promoter, chicken Гџ-actin promoter with a CMV enhancer (CB), in
adult mouse tissues at different doses and time points after systemic
administration. Our results indicated serotype-specific, time and
dose-dependent biodistribution and transduction patterns. Overall,
AAVs 7, 8 and 9 accomplished more efficient body-wide transduction
and demonstrated strong tissue tropism for liver, heart and pancreas
tissues. To achieve tissue-specific expressional targeting, we created
3 panels of nLacZ expression constructs. These include synthetic
muscle-specific (Syn), Desmin gene, myosine heavy chain (MHC),
muscle creatine kinase (MCK) and cardiac troponin T (cTnT) gene
promoters in the presence and absence of additional transcriptional
elements for myocardium targeting, human thyroid hormone binding
globulin (TBG) promoter for liver targeting and insulin (INS)
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promoter for pancreas targeting. We also compared CMV and CB
promoters for their transduction profiles. AAV7, AAV8 or AAV9
vectors containing different expression cassettes were administered
intravenously to adult C57BL6 mice at different doses. nLacZ
expression and vector genome persistence in different tissues were
evaluated morphologically and quantitatively at day 28. Our study
identified a set of expression cassettes that can accomplish efficient
tissue-specific expressional targeting to different tissues of adult mice
by AAV-mediated gene transfer, which has important implications in
creation of animal models for tissue-specific somatic transgenics or
knock down. Unique transgene expression profiles of CMV and CB
expression cassettes in mouse tissues as well as correlation between
tissue-specific expression and transgene-specific T cell response were
also investigated.
317. Analysis of rAAV Progenitor Cell
Transduction in Mouse Lung
Xaioming Liu,1,2 Meihui Luo,1 Ziying Yan,1,2 Chenhong Guo,1,3
Yujiong Wang,3 John F. Engelhardt.1,2
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To investigate whether rAAV vectors transduce progenitor/stem
cells in the lung, we evaluated the life span and phenotype of rAAV
transduced cells in the lung using a LacZ-CRE reporter transgenic
mouse model and Cre expressing rAAV. In this model, expression of
CRE recombinase led to LacZ genetic marking of transduced cells
and their descendants, allowing for lineage tracking of potential
progenitor/stem cells. 6-10 week old adult floxed/stop-LacZ-CRE
reporter mice were infected via the trachea with 2 x 1010 particles of
rAAVCre virus pseudotyped in AAV1, 2, or 5 capsid. The relative
ОІ-galactosidase (LacZ) activity in the lung was examined by
measuring enzymatic activity and X-gal staining at 1 to 24 weeks postinfection. Our study demonstrated that both rAAV serotypes 1 and 5
vector were able to efficiently express the Cre transgene in alveolar
cells, which resulted in long-term stable and increasing LacZ activity
in the lung to 6 months (at which time the experiment was terminated).
rAAV5Cre infection gave rise to more rapidly and efficient recovery
of LacZ activity than did the rAAV1Cre vector. LacZ activity
recovered by transduction with rAAV1Cre and rAAV5Cre was 3%
and 5% as compared to that of the Rosa26-LacZ functional reporter
mouse lung, respectively. In contrast, rAAV2CRE demonstrated
little LacZ activity above that of mock-infected mice, with only a
few of X-gal staining positive cells in the conducting and alveolar
airway epithelia. To investigate whether airway progenitors were
transduced with rAAV, we injured the airways of rAAV infected mice
with Naphthalene at 2 weeks post-infection while simultaneously
labeling with 5-bromodeoxyuridine (BrdU) to capture slow cycling
progenitor/stem cells that entered the cell cycle and retain label.
Characterization of Cre-rescued LacZ positive cells was performed by
co-localizing surfactant protein C (SP-C) and BrdU at 60-90 days post
BrdU labeling. In this context, a subset of LacZ positive cells were
also SP-C positive and retained BrdU label. These data suggest that
both rAAV1 and rAAV5 may be capable of transducing long-lived,
slowly replicating, alveolar type II progenitor/stem cell in the lung.
In contrast to the distal lung, transduction of the conducting proximal
airways was much less efficient for both rAAV1 and 5, given rise
to abundant LacZ positive epithelial cells only at the high dose of 2
x 1011 particles for rAAV1Cre. Furthermore, rescued LacZ positive
cells were much less persistent in the proximal airways and BrdU
positive label-retaining cells were LacZ negative, indicating that
only differentiated and potentially short-lived transient amplifying
cells were efficiently infected in the conducting airways with both
serotypes. This alternative approach to evaluating rAAV transduction
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may be useful in determining the half-life of cells infected with rAAV
and whether these cell types are progenitor/stem cells. Additionally,
this approach may help dissect immunologic mechanisms that lead
to clearance of viral infected cells and/or transgene expressing
genomes.
318. AAV5 Intraarticular Administration of TNF
Small Interfering RNA Prevents Progression of
Arthritis
Maroun Khoury,1 Gabriel Courties,1 Margriet J. B. M.
Vervoordeldonk,2 Paul P. Tak,2 Christian Jorgensen,1 Florence
Apparailly.1
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RNA interference (RNAi) has rapidly become a powerful tool for
drug target discovery, and interest is rapidly growing in extension
of its application to animal disease models. To overcome the
limitations of in vivo RNAi delivery, several viral vectors are used
for their efficacy to deliver short hairpin small interfering (si)RNAs
(shRNAs), resulting in long term silencing. The successful advanced
strategies in rheumatoid arthritis (RA) gene therapy using safe viral
vectors such as adeno-associated viruses (AAVs) prompted us to
determine the therapeutic potential of a recombinant AAV type 5
(rAAV5) expressing shRNAs for TNF-О± (rAAV5-shTNF), a key
pro-inflammatory cytokine in RA. First, we have cloned two different
shRNA sequences silencing the TNF (named TNF1 and TNF2) at
the mRNA level into a rAAV5-GFP vector, under the control of a
H1 promoter. The corresponding plasmids have been validated in
vitro for the dose-dependent silencing of the targeted mRNA by
real-time PCR following transient transfection of the LPS-challenged
mouse macrophage cell line J774. When collagen-induced arthritic
mice received a single intraarticular administration of both rAAV5shTNF vectors (5 x 109 ip/joint), disease incidence and severity
were dramatically decreased in the injected joints compared with
an empty rAAV5-H1-GFP used as control. The disease incidence
in the rAAV5-shTNF1/2-treated group reached 43% compared with
the control groups where 100% of mice developed clinical signs of
arthritis by the end of experiment (p<0.001). Moreover, rAAV5shTNF1/2 stabilized paw swellings from day 28 until sacrifice,
while swelling increased in both control groups. Interestingly, the
protective effect was restricted to the injected joints while uninjected
ones showed arthritic scores comparable to controls. The therapeutic
effect was associated with local down-regulation of both inflammatory
and autoimmune components of the disease, including inhibition
of antigen-specific T-cell proliferation and regulation of Th1/Th2
balance, while the systemic T-cell proliferation and pro-inflammatory
cytokines were not affected. Our data present the first proof-ofprinciple for the application of an AAV5-siRNA-based therapy as a
local TNF blockade in RA.
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319. A 12 Month Safety Evaluation of AAV2sFLT01 Administered Intravitreally
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AAV vectors have been a staple in gene therapy for the last several
years owing to their long expression times and relative low adverse
effects. AAV-sFLT01 is a vector that expresses a soluble FLT01
receptor designed to neutralize the pro-angiogenic activities of
VEGF. To investigate this vector for treating Age-related Macular
Degeneration, we initiated a 12 month safety study of AAV2-sFLT01
administered intravitreally in cynomolgus monkeys вЂ“ the first such
evaluation of AAV2 intravitreally. Animals were dosed with vehicle,
2.4x109 or 2.4x1010 drp/eye in the right eye. Aqueous humor was
tapped from the anterior chamber of a subset of animals on study
at 1, 3, 6, 9 and 12 months to assay for expression of the transgene.
Expression peaked at approximately 1 month post dose and remained
relatively constant for the remainder of the study. Electroretinograms,
fluorescein angiograms and tonometry were assessed every three
months, and no test article-related findings were observed in any
group. Indirect ophthalmoscopy and slit lamp exams performed
monthly revealed a mild to moderate vitreal haze and cells in the
2.4x1010 dose group, but not the 2.4x109 dose group. This response
resolved over time in most animals. Histological evaluation of the
eyes in this study found lack of structural changes in any part of the
eye and occasional inflammatory cells in the trabecular meshwork,
vitreous and retina in the 2.4x1010 dose group. An additional study
to examine the source of inflammation has identified the AAV2 viral
coat as one likely cause of inflammation. In summary, these studies
find that a dose of 2.4x109 drp/eye of AAV2-sFLT01 has no adverse
effects over the course of 12 months, and that a dose 10-fold higher
results in mild inflammation that resolves over the course of 12-18
months.
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320. Modification of Adenovirus with
Polyethlyene Glycol Modulates In Vivo Tissue
Transduction and Gene Expression
Sean E. Hofherr,1 Elena V. Shashkova,2 Eric A. Weaver,2 Reeti
Khare,3 Michael A. Barry.2,4
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Polyethylene glycol is a hydrophilic polymer that has been used to
coat adenoviral (Ad) vectors to reduce problematic interactions with
antibodies and cells. When Ad5 is heavily modified with 5 kDa PEG,
this ablates in vitro CAR-dependent transduction, but interestingly
has no effect on in vivo transduction in mice after i.v. injection. To
analyze the effects of PEG on Ad5 tropism, replication-defective
Ad5 vectors were covalently modified with different sizes of PEG
molecules and in vitro and in vivo transduction was analyzed. The
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varied sized PEGs completely ablated in vitro transduction in the
absence of blood factors. When protein C and factors VII, IX, and X
were added to the viruses, factor X increased transduction by all of
the viruses suggesting that liver transduction by PEGylated vectors
is mediated at least in part by maintained interactions with blood
factors. Consistent with this, reduction of these clotting factors in
mice with warfarin drastically reduced liver transduction by all of
the vectors. Ad5 conjugated with 5 kDa PEG maintained normal
liver transduction. In contrast, conjugation with larger 20 and 35
kDa PEGs significantly reduced liver luciferase expression. Targeting
the asialoglycoprotein receptor with a 35 kDa PEG with a terminal
galactose, we were then able to rescue the liver transduction of
the 35kDa PEG detargeted virus. In addition, when intraperitoneal
transduction was tested, unmodified Ad transduced the peritoneum
efficiently with low liver transduction. When Ad5 was modified with
5 kDa PEG, peritoneal transduction was markedly reduced, most
likely by reducing interactions with CAR, and the virus preferentially
transduced the liver. These data demonstrate the effects of different
sizes of PEG on in vivo Ad tropism and suggest this approach may
be useful in retargeting and detargeting Ad in vivo.
321. Twenty-Fold Increased In Vivo Liver Gene
Transfer with a Geneti-Chemically Modified Ad
Vector Carrying a High-Affinity Protein Ligand on
the Hexon Capsomere
Florian Kreppel,1 Ulrike Samen,1 Sigrid Espenlaub,1 Andreas
Wortmann,1 Stephanie Corjon,1 Tatjana Engler,1 Stefan Kochanek.1
1
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Geneti-chemical targeting of adenovirus vectors is based on the
genetic introduction of cysteine residues bearing reactive thiol groups
into solvent-accessible capsomeres of the virion and subsequent
defined chemical coupling of targeting or shielding moieties to the
newly introduced cysteines. We recently demonstrated that this new
technology is suitable for in vitro targeting of Ad5-based vectors by
specific covalent modification of fiber or pIX with large full-lenght
protein ligands. However, in vivo performance and liver transduction
with fiber or pIX modified vectors was only moderately enhanced.
In the present work we exploited this technology to modify the
hexon capsomer of Ad vectors. In vivo analysis after intravenous
vector delivery revealed a surprisingly strong targeting of genetichemically modified Ad vector particles to hepatocytes without
transduction of Kupffer cells. We introduced a single cysteine residue
in the hypervariable region 5 of the hexon protein by exchanging
two nucleotides in the sequence coding for this solvent exposed
domain. Similar to vectors with wild-type capsid, modified vectors
could be produced to high titers. A protocol for the generation of
virions with highly reactive cysteine residues in the hexon protein
was established. Under maintenance of the virionвЂ™s physical integrity
maleimide-activated compounds like biotin and polyethylene glycol
could be efficiently and specifically coupled to vector particles
containing cysteine-modified hexon. Even coupling of large protein
moieties such as BSA or transferrin (Tf) (80 kDa) was efficient. In
vitro analysis of vectors geneti-chemically modified at the hexon
capsomere with transferrin revealed a strong decrease in transducton
efficiency in Tf receptor-positive K562 cells. A similar decrease in
transduction efficiency was observed in primary human dendritic
cells and primary human macrophages purified from peripheral blood.
Very surprisingly, intravenous injection of Tf-bearing hexon-modified
vector particles resulted in an up to 20-fold increased transduction
of hepatocytes without transduction of Kupffer cells. Additional
experiments revealed that this increased transduction rate was largely
dose-independent and thus allowed for strongly improved hepatocyte
transduction with reduced vector doses. Finally, due to the large size
of Tf and its dense covering of the vector capsid surface after chemical
attachment to the hexon capsomeres, we analyzed the ability of the
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vector particles to evade from neutralizing anti-Ad5 antibodies. In
fact, Tf-modified vector particles escaped to a large extent from
neutralizing antibodies. In summary, geneti-chemical modification
of Ad5-based gene transfer vectors with transferrin at the hexon
capsomere generates virions with a very strong liver tropism that
allows for a significant dose reduction to achieve efficient liver gene
transfer. Although the precise mechanisms leading to significantly
improved liver uptake are still under evaluation, our data suggest
that decreased interaction of vector particles with macrophages/
professional APCs may be involved.
322. Efficient Inhibition of Hepatitis B
Virus Replication In Vivo Using PEG-Modified
Adenovirus Vectors
Carol Crowther,1 Abdullah Ely,1 Judith Hornby,1 Steven
Mufamadi,1 Felix Salazar,2 Patricia Marion,3 Patrick Arbuthnot.1
1
University of the Witwatersrand, Jhannesburg, South Africa;
2
Stanford University, Stanford, CA; 3Hepadnavirus Testing, Inc.,
Mountain View, CA.
Achieving safe delivery of anti hepatitis B virus (HBV) RNAi
effecters is an important objective of therapeutic application of this
gene silencing technology. Adenoviruses are amongst the most efficient
hepatotropic gene delivery vehicles in vivo, and are useful vectors for
delivery of expressed RNAi sequences that target HBV. However, a
major drawback of recombinant adenoviruses is strong induction of
host innate and adaptive immune responses. Chemical modification of
these vectors with polyethylene glycol (PEG) has therefore been used
in an attempt to attenuate their immunostimulatory effects. To develop
this approach for inhibition of HBV replication in vivo, first generation
recombinant adenoviruses that express highly effective anti HBV
shRNAs were prepared according to established procedures. These
vectors were then subjected to monomethoxy PEG-succinimidyl
propionate (mPEG-SPA) treatment followed by verification of
viral hexon protein modification. PEGylated and unPEGylated
recombinant vectors expressing enhanced green fluorescent protein
were administered to mice, and efficient hepatotropic delivery was
demonstrated in vivo. Two days after intravenous injection of 5x109
PEGylated or native recombinant vectors, approximately 60-80% of
hepatocytes were transduced. Knockdown of HBV replication in a
murine transgenic model showed that both types of adenovirus were
capable of significantly decreasing the number of circulating HBV
viral particle equivalents (VPEs). The time course of suppression
of viral replication and also the degree of inhibition was similar for
both types of vector. Circulating VPEs remained low for 3 weeks
and began to increase after 5 weeks. A second dose of PEGylated
anti HBV recombinant virus caused a significant decrease in the
circulating VPEs, which was not achieved with the native vectors.
The VPE count in the group of animals that had been treated with
unmodified vector continued to increase, implying that an adaptive
immune response to the vectors countered delivery of the anti HBV
RNAi sequence. Measurement of the release of proinflammatory
cytokines showed a dramatic increase in acute release of IFN-Оі,
IL-6, TNF and MCP-1 in mice receiving the native vector. However,
the serum concentrations of cytokines in animals treated with PEGmodified vectors were similar to background controls. Collectively,
these observations show that PEG modification of recombinant
adenoviruses attenuates the adaptive and innate immunostimulatory
effects of these vectors. Importantly, this chemical modification
improves knockdown of HBV replication by enhancing silencing
efficiency of repeated vector administration. An additional advantage
may be that PEG conjugation improves stability of adenoviruses in the
circulation. Chemical modification thus represents a convenient and
potentially very useful means of overcoming some of the limitations
of therapeutic application of recombinant adenovirus vectors for
delivery of expressed anti HBV RNAi sequences.
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Helper Dependent Adenovirus to Cartilage in the
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Cartilage gene transfer has been hindered by an inability to achieve
efficient transduction of cartilage in vivo without affecting associated
tissues such as synovium. This has hindered the development of
effective therapy for degenerative diseases of cartilage such as
osteoarthritis. Helper dependent adenoviral vector (HDAd) -mediated
gene transfer is a promising approach for efficient and long-term gene
transfer in a variety of animal models. However, adenovirus, much
like other viral and nonviral delivery methods, cannot efficiently
transduce cartilage. To overcome this problem, we developed a novel
metabolically biotinylated Helper Virus (Fib2102) to package HDAd vectors. Co-infection of a helper-dependent packaging cell line
with the fiber-modified helper virus and various HD-Ad constructs
enabled the production of fiber-modified HD-Ad expressing different
transgenes, obviating the requirement to fiber-modify each individual
transgene-expressing HD-Ad. To this end, we modified the c-terminus
of the Ad5 fiber by addition of a 70 amino acid biotin acceptor peptide
(BAP) in our helper virus backbone by homologous recombination.
Adenovirus particles bearing the BAP were metabolically biotinylated
during vector production by the endogenous biotin ligase to produce
covalently biotinylated virions. The resulting biotinylated vectors
can subsequently be used to transduce different cell type receptors
by conjugation to specific biotinylated antibodies. In particular, we
tested whether a biotinylated HD-Ad generated with this system
expressing the LacZ transgene could transduce chondrocytes in
vitro and in vivo. We found that a fiber-modified HD-Ad coupled to
the chondrocyte specific О±10 integrin antibody was more efficient
transduced primary chondrocytes and RCS cells than vectors bearing
wild type fiber. Moreover intra-articular injection of this vector in
B6 mice allowed for efficient transduction of articular chondrocytes
as demonstrated by LacZ staining with decreased transduction of
synovium. In addition, we show that intra-vertebral discal injection
in a pig model using this retargeted HD-Ad vector increased
b-galactosidase expression in annulus and nucleus pulposa by over
XXX fold compared with unmodified HD-Ad vector. In summary,
we show the novel a fiber-modified helper adenovirus which can be
used to propagate high titers of fiber-modified HD-Ad expressing a
variety of transgenes, which, when coupled to cell-specific antibodies,
results in improved transgene expression in vitro as well as in vivo.
Moreover, using this retargeted HD-Ad to a cartilage-specific marker,
we demonstrate efficient in vitro and in vivo gene transfer to articular
and intervertebral disc cartilage. This approach may, for the first time,
pave the way to gene therapy approaches to treat osteoarthritis.
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324. Transductional Targeting of Adenovirus
to HLA-A1/MAGE-A1-Positive Tumor Cells Via the
Incorporation of Single-Chain T-Cell Receptors in
the Viral Capsid
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The MHC class I presented cancer-testis (CT) antigens have
great potential as target molecules in cancer gene therapy, since
they have highly tumor-specific expression profiles. To explore the
transductional targeting of adenoviruses to CT antigens, we have
developed different types of adenovirus type 5 (HAdV-5) vectors
that contain single-chain T-cell receptor (scTCR) molecules in
their capsid. To this end, a scTCR, which was directed against the
melanoma-associated CT antigen MAGE-A1, presented by HLA-A1,
was fused with the minor capsid protein IX (pIX) of a replicationdefective HAdV-5 vector. Characterization of the virus particles
revealed efficient incorporation of pIX-scTCR in the viral capsid,
and proper accessibility of the scTCR variable domains, which are
involved in binding to the HLA-A1/MAGE-A1 target complex.
Consequently, the pIX-scTCR loaded virus particles were found to
yield greatly enhanced transduction of target melanoma cells, which
lack the coxsackie-adenoviral receptor (CAR). Compared to the
control vector, a more then tenfold increase in transgene expression
was obtained. Specificity of targeting was demonstrated through
multiple assays, including MAGE-A1 peptide loading experiments,
and anti-HLA or anti-TCR blocking experiments. Furthermore,
to include de-targeting of the virus to the natural CAR receptor,
HAdV-5 virus was produced, which had the knob domain of the fiber
attachment protein replaced by the scTCR. These modified viruses
appeared to have truly oncolytic properties, as concluded from their
ability to exclusively infect HLA-A1/MAGE-A1 positive target cells.
Taken together, these data provide proof of principle that pIX-scTCR
and/or fiber-scTCR fusions can be used to target HAdV-5 vectors to
tumor cells expressing cancer-testis antigens. Studies to analyse the
in vivo performance of scTCR containing adenovirus vectors are
currently underway.
325. Efficient Magnetically Driven Gene Delivery
in Cultured Vascular Cells and in the Rat Carotid
Stenting Model Using Adenovirus-Impregnated
Nanoparticles
Michael Chorny,1 Ilia Fishbein,1 Robert J. Levy.1
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Targeted delivery of replication deficient adenoviral vectors
(Ad) is essential for improving their safety and efficacy profile, and
developing clinically viable Ad-based gene therapeutic strategies. The
potential of physical approaches for Ad targeting remains however
largely unexplored to date. We hypothesized that bioresorbable
magnetically responsive nanoparticles formulated with Ad (MNP-Ad)
can provide efficient gene transfer in cultured vascular cells without
significant adverse effects on the cell viability, as well as protection
from the vector inactivation by neutralizing antibodies. Additionally
we hypothesized that magnetically guided local delivery of MNPAd would result in a stronger gene expression in the rat carotid
stenting model compared with free Ad. Ad-impregnated MNP with
an average size of 310 nm were formed by controlled aggregation
of magnetite dispersion with zinc in the presence of a biocompatible
colloidal stabilizer. MNP-Ad formulated with GFP-encoding vector
were used to assay the transduction efficiency in cultured bovine
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aortic endothelial and rat aortic smooth muscle cells. MNP-Ad
mediated a significantly stronger gene expression in both cell types
under magnetic conditions compared to вЂ�no fieldвЂ™ conditions or free
Ad. The nanoparticles retained their capacity for gene transfer after
1 hr incubation in low and high serum conditions (10% and 50%
serum, respectively). The transduction by MNP-Ad was also not
affected by the presence of knob-specific antibody (40 Вµg/ml) as
opposed to free Ad suggesting that the MNP-Ad cellular uptake and
transduction occurred through a Coxsackie-Ad receptor independent
pathway. Vector entrapment in the MNP was confirmed by showing
the protective effect of MNP-Ad against virus deactivation by lithium
iodide. Magnetically driven gene transfer of inducible nitric oxide
synthase (iNOS) by MNP-iNOSAd resulted in a dose-dependent NO
production by the transduced endothelial cells, thus showing the
capacity of MNP-Ad for delivery of a therapeutically relevant gene.
Magnetic targeting of MNP formulated with luciferase-encoding
Ad was studied in stented rat carotid arteries by bioluminescence
imaging in comparison to free LUCAd. Stents made of 304 stainless
steel were deployed following arterial injury, and MNP-Ad were
applied intraarterially under a uniform magnetic field (1000 G).
The reporter gene expression observed 1 and 3 days post delivery
was notably higher with MNP-LUCAd compared to free LUCAd. We
conclude that Ad formulation in bioresorbable MNP enables efficient
magnetically enhanced adenoviral gene transfer in vitro and in vivo,
and may potentially be used for targeted vascular gene therapy in
combination with arterial stenting.
326. L1 Retrotransposition in Primary Somatic
Cells and in the Mouse Liver Parenchyma after
Efficient Transduction with an AdenovirusRetrotransposon Hybrid Vector
Shuji Kubo,1 Harris S. Soifer,2 JosГ© Luis Garcia Perez,3 John
V. Moran,3 Haruki Okamura,1 Haig H. Kazazian, Jr,4 Noriyuki
Kasahara.5
1
Laboratory of Host Defenses, Institute for Advanced Medical
Sciences, Hyogo College of Medicine, Nishinomiya, Hyogo,
Japan; 2Division of Molecular Biology, Beckman Research
Institute, City of Hope National Medical Center, Duarte, CA;
3
Department of Human Genetics, University of Michigan, Ann
Arbor, MI; 4Department of Genetics, University of Pennsylvania,
Philadelphia, PA; 5Department of Medicine, University of
California Los Angeles, Los Angeles, CA.
We have developed an integrating adenoviral vector to achieve
efficient and stable gene transfer. The vector, designated A/RT, is
a hybrid vector consisting of a high-capacity, helper-dependent
adenovirus for delivery of an active human L1 retrotransposon
element, L1RP, which exhibits one of the highest retrotransposition
frequencies observed to date. In actively growing immortalized
cells, the A/RT vector system achieved enhanced retrotransposition
frequency nearly 100-fold higher than those previously reported with
plasmid-based delivery and stable transduction of via permanent
integration of transgenes in the transduced cells Furthermore,
retrotransposition leading to stable long-term transgene expression
was achieved in human cell lines arrested in the G1 phase of the cell
cycle (Kubo et al., PNAS 2006, 103: 8036-41). Retrotransposition
events were also detected in primary somatic cells, including
hepatocytes and fibroblasts, following the A/RT vector transduction.
In vivo retrotransposition was also achieved in the mouse liver
parenchyma (~5.1%) following intravenous administration of the A/
RT vector (1.8 x 109 TU/mice). Authentic retrotransposition events
after in vivo delivery to hepatic tissues were confirmed by genomic
PCR demonstrating that the necessary splicing and removal of
interrupting intron sequences and reverse transcription required for
L1 transposition had successfully occurred. Hybrid vector systems
consisting of high-capacity adenovirus for delivery of integrating
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retroelements such as retrotransposons may thus be useful as a
vehicle for both efficient delivery and long-term stable transduction
of therapeutic genes.
327. Robust Humoral Response Elicited by the
Y. pestis F1 Antigen Linked to the Adenovirus pIX
Protein
Julie L. Boyer,1 Carolina Sofer-Podesta,1 Hong-Ching Yeung,1
Ronald G. Crystal.1
1
Weill Cornell Medical College, NY, NY.
The aerosol form of the bacterium Yersinia pestis causes pneumonic
plague, a rapidly fatal disease that is a biothreat if deliberately
released. At present, no plague vaccines are available for use in the
USA. With the knowledge that adenovirus (Ad) gene transfer vectors
have a strong adjuvant potential via infecting dendritic cells, we
hypothesized that modification of the Ad5 capsid with the Y. pestis
F1 antigen (a relevant plague immunogen) would elicit high anti-F1
antibody titers, permitting boosting even with the same Ad serotype.
However, the size of the F1 protein is 15 kDa, too large to incorporate
into the major Ad capsid proteins. We hypothesized that we could
circumvent this challenge by fusing F1 to the pIX capsid protein,
which, by virtue of its position in the capsid, should accommodate
the entire F1 protein. Based on this concept, we constructed AdLacZpIX/F1, a replication-defective E1ВЇE3ВЇ serotype 5 Ad gene transfer
vector containing a fusion of the sequence for the Y. pestis capsular
F1 antigen, to the carboxy-terminal sequence of pIX. We tested the
hypothesis that administration of AdLacZ-pIX/F1 to mice would
result in the stimulation of anti-F1 serum antibody titers and that
this immune response could be enhanced by a repeat administration
of AdLacZ-pIX/F1. Expression of F1 on the viral capsid was
confirmed by Western analysis of purified virus particles. To elicit
anti-F1 immune responses, AdLacZ-pIX/F1 was administered to
BALB/c mice at doses of 109, 1010 and 1011 particle units (pu). As a
negative control, one group of animals received AdLacZ (1011 pu)
and naive animals were additional negative controls. No control
animals had detectable anti-F1 serum antibody titers at any time
point. As early as 1 wk post-administration, F1-specific antibodies
were detectable by ELISA. These responses peaked by 4 wk for
animals that received either 109 pu (1609 В± 494) or 1010 pu (2117 В±
1952) and by 3 wk for animals that received 1011 pu (5566 В± 1210).
At 6 wk post-administration, the animals were boosted with the same
vector at the same doses. By 8 wk post-administration (2 wk postboost) all animals had increased F1-specific antibody titers relative
to unboosted controls. The effect was most dramatic for animals that
received 109 pu (885 В± 554 for unboosted animals vs 65207 В± 11670
for boosted animals; p<0.01). These observations suggest that Ad
vectors containing pathogen-specific antigens fused to the pIX capsid
protein are effective immunogens that allow boosting of antigenspecific immune responses with repeated administration.
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328. Directed Evolution of Phage PhiC31
Integrase towards a Single Locus on Human
Chromosome Xq22.1
Christopher L. Chavez,1 Jason J. Hoyt,1 Michele P. Calos.1
Genetics, Stanford School of Medicine, Stanford, CA.
1
Previously we showed that the serine recombinase phiC31
integrase is capable of stably integrating exogenous DNA into
several вЂњhotspotsвЂќ in the human genome. These hotspots are loci
known as pseudo attP sites, which have partial homology with the
native phiC31 recognition site, attP, and where integration has been
observed repeatedly. In a study in human tissue culture cells, 19
hotspots were found, which accounted for 56% of all integrations
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events. This result still left many of the integrations sites as single
occurrences, among an estimated total of >360 potential integration
sites. Decreasing the total number of integration sites and targeting
integration to safe regions of the genome is the focus of this study.
In a proof of principle experiment, we mutagenized the phiC31
integrase gene and improved targeting from 5% to 44% at its native
recognition site, attP, that had been pre-inserted into the human cell
line 293. This mutant enzyme was called P3. We chose to attempt
to preferentially target integration to a pseudo attP site located at
chromosome Xq22.1. This position was the fifth most frequent
hotspot previously observed, receiving ~5% of all integrations, and
was located in a well-expressed, safe intergenic region. We used
error-prone PCR to mutagenize the integrase gene and to date have
achieved a 1.6-fold improvement in specificity for the Xq22.1 pseudo
attP sequence in an extrachromosomal recombination assay in 293
cells. A similar level of improvement was achieved by the P3 mutant
enzyme in the extrachromosomal assay, suggesting that this assay may
underestimate actual chromosomal integration specificity. Therefore,
the Xq22.1 mutant enzyme may already be near the improvement
seen with the P3 mutant enzyme, in which 44% of all integrations
were at a single site. We are currently carrying out additional rounds
of mutagenesis and screening to achieve further improvement in
integration efficiency at the Xq22.1 sequence. Furthermore, these
phiC31 mutants are being analyzed for their integration specificity
at the native chromosomal Xq22.1 sequence in human HeLa cells.
We anticipate that the resulting mutants will provide greater safety
and predictability of integration sites for gene therapy applications
using the phiC31 technology in human cells.
329. Regulated Gene Insertion by SteroidInduced О¦C31 Integrase
Nynne Sharma,1 Brian Moldt,1 Trine Dalsgaard,1 Thomas G.
Jensen,1 Jacob G. Mikkelsen.1
1
Human Genetics, University of Aarhus, Г…rhus C, Denmark.
Nonviral integration systems are widely used genetic tools in
transgenesis and play increasingly important roles in strategies for
therapeutic gene transfer. Methods to efficiently regulate the activity
of transposases and site-specific recombinases have important
implications for their spatiotemporal regulation in live transgenic
animals as well as for studies of their applicability as a safe platform
for genetic therapy. In this report, strategies for posttranslational
induction of a variety of gene-inserting proteins were investigated.
An engineered hormone binding domain, derived from the human
progesterone receptor, hPR891, and specifically recognized by the
synthetic steroid mifepristone, was fused to the Sleeping Beauty,
Frog Prince, piggyBac, and Tol2 transposases as well as to the
Flp and О¦C31 recombinases. By analyzing mifepristone-directed
inducibility of gene insertion in cultured human cells, we document
efficient posttranslational regulation of the Flp recombinase and
the О¦C31 integrase, which are both highly active in the presence
of mifepristone and show near-background levels of activity in the
absence of the drug. A 5-fold induction in activity was observed for
the Flp fusion protein, while a 28-fold induction was observed for the
О¦C31 integrase fusion protein. For the piggyBac and Tol2 transposase
fusion variants a more modest inducibility at approximately 2-fold
was detected, as both systems show some activity also in the absence
of mifepristone. Both tested Tc1/mariner transposases, in contrast,
were inactive in the presence and absence of the drug when fused to
the steroid-binding domain. In studies focusing on the О¦C31 system,
we show that the inducible О¦C31 integrase, like the wildtype enzyme,
mediates gene insertion in a previously identified pseudo attP site.
In addition, fusion of the О¦C31 integrase with the ERT2 hormone
binding domain, derived from the human oestrogen receptor, results
in a protein, which is inducible by a factor of 22-fold and retains
75 % of the activity of the wildtype protein. We expect that these
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new inducible О¦C31 integrase systems will be of great utility in
transgenesis and as a tool for studies of safety features of the О¦C31
integrase for gene therapy applications.
330. Silencing and Insulation of Sleeping
Beauty-Based Vectors in Early Embryonal Cells
Trine Dalsgaard,1 Brian Moldt,1 Nynne Sharma,1 Alexander
Schmitz,2 Finn S. Pedersen,2 Jacob G. Mikkelsen.1
1
Human Genetics, University of Aarhus, Aarhus, Denmark;
2
Molecular Biology, University of Aarhus, Aarhus, Denmark.
The Sleeping Beauty (SB) transposon system represents a novel
alternative to viral integrating systems. However, attempts to
obtain stable gene expression by using viral or nonviral integration
technologies may be hampered by transcriptional silencing.
To investigate silencing of SB-based vectors, we established
a transcriptional silencing assay in early embryonal cells. SB
transposon-containing clones of F9 murine teratocarcinoma cells
were identified by a non-selective approach based upon PCRdirected detection of genomically integrated transposons. Among
26 clones carrying one or more transposons containing an RSV-YFP
expression cassette, 6 clones were immediately and completely
silenced. However, expression of YFP from these clones could be
re-ignited by treating the cells with a cocktail of 5-azacytidin and
trichostatin A, demonstrating that the lack of expression was not
caused by defects in the expression cassette. By passaging clones
for 12 weeks, we showed that even clones containing more than one
integrated transposon, were silenced, or moved towards silencing,
for the duration of the experiment. Silencing of integrated viral
vectors has previously been reduced by flanking vectors with chicken
ОІ-globin locus DNase I-hypersensitive site 4 (cHS4) insulators. The
cHS4 insulator possesses an enhancer blocking activity and a barrier
function, the latter which prevents spread of heterochromatin. We
generated a transposon vector containing a puroR transgene cassette
(driven by the PGK promoter) flanked by 1.2-kb cHS4 insulators.
Transposition of this vector was tested in F9 cells by co-transfection
with plasmid DNA encoding the SB transposase. Compared to
uninsulated vectors containing the PGK-puro R cassette, cHS4containing transposons produced 5-fold higher numbers of puroR
colonies, supporting the notion that the transgene was protected
against transcriptional silencing by the flanking insulators. Next, we
created SB vectors containing a GFP-IRES-puroR cassette (driven by
the RSV promoter) allowing initial selection for drug-resistant clones
and subsequent FACS-based detection of GFP expression for easier
comparison of insulated and non-insulated constructs. In transposition
assays, insulated variants of this vector resulted in 5 times more
colonies than uninsulated vectors. Notably, the majority of uninsulated
transposons in drug-selected clones moved quickly towards silencing
in the absence of puromycin, whereas only a minority of the clones
expressed stably over a 6-week period. A total of 47% of the clones
were completely silenced after 6 weeks. Interestingly, clones
containing insulated transposons were to a higher degree protected
against transcriptional silencing and as many as 87% of the clones
expressed GFP after 7 weeks. In summary, our findings demonstrate
that SB vectors are trancriptionally silenced in early embryonal cells
and, equally importantly, that SB vectors can be partially protected by
insulators, resulting in an improved stability of transgene expression.
We believe that insulated SB-based vectors will become useful tools
in transposon-based therapeutic gene transfer.
S124
331. Novel Enhanced Transposases Result in
Robust Stable Gene Transfer into Hematopoietic,
Mesenchymal and Muscle Stem/Progenitor Cells
Ex Vivo and Hepatocytes In Vivo
Thierry VandenDriessche,1 Eyayu Belay,1 Janka Matrai,1 Lagos
Mates,2 Ling Ma,1 Abel Acosta-Sanchez,1 Emira Samara-Kuko,1
Zoltan Ivics,2 Zsuzsa Izsvak,2 Marinee Chuah.2
1
Center for Transgene Technology & Gene Therapy, Flanders
Institute of Biotechnology (VIB) & University of Leuven, Leuven,
Belgium; 2Max Delbruck Center for Molecular Medicine, Berlin,
Germany.
The use of efficient and safe non-viral vectors would greatly
facilitate clinical implementation of stem cell-based gene therapies
and functional genomics studies. We have explored the use of a novel
engineered hyperactive transposases derived from Sleeping Beauty.
Nucleofection of human hematopoietic, mesenchymal and muscle
stem/progenitor cells with these hyperactive transposases resulted
in unprecedented stable gene transfer efficiencies, consistent with
robust expression of reporter genes (GFP) or therapeutic proteins
(factor IX). Stable gene transfer efficiency was increased almost
100-fold compared to the quintessential SB10 and SB11 transposases.
In particular, human cord blood-derived CD34+ stem/progenitor
cells transfected with the hyperactive transposases generated up to
65% GFP+ colonies in hematopoietic clonogenic assays in vitro,
whereas typically only 1-5% GFP+ colonies could be obtained with
SB10 or SB11. Mutational inactivation of the catalytic domain of
the transposase abrogated stable gene expression. Over-expression
of the hyperactive transposases in stem/progenitor cells did not
compromise their differentiation potential, which underscores their
relative safety. Cloning of the integration sites by splinkerette PCR
revealed molecular signatures and TA-duplication events consistent
with transposition. Integration occurred randomly with no apparent
preference for (active) genes, in contrast to when retroviral or
lentiviral vectors are employed. Moreover, direct in vivo gene delivery
using hyperactive transposases resulted in a significant increase in
transfection efficiency in the liver, consistent with robust stable FIX
expression levels in non-dividing hepatocytes in vivo. In contrast,
expression declined rapidly when the quintessental non-hyperactive
or inactive transposases were used. This study demonstrates the
superior transposition efficiency of hyperactive transposases in
clinically relevant target cells following ex vivo and in vivo gene
delivery. To our knowledge, this is the first demonstration of robust
stable gene transfer into adult stem/progenitor cells using transposonbased vectors.
332. Non-Immunogenic, Secretable Canine
Reporters for Long-Term Gene Expression Studies
in the Dog Using the Sleeping Beauty Transposon
System
Erik R. Olson,1 Kendra A. Hyland,1 Kerri Bostrom,2 Christine I.
Wooddell,3 Kurt V. LaBresh,2 Perry B. Hackett,4 Scott R. McIvor.1,4
1
Discovery Genomics Inc., Minneapolis, MN; 2388, R & D Systems
Inc., Minneapolis, MN; 3Mirrus Bio Corp, Madison, WI; 4Genetics,
Cell Biology, and Development, University of Minnesota,
Minneapolis, MN.
The Sleeping Beauty transposon system (SB) mediates non-viral
gene integration and long-term expression, both in vitro and in vivo.
At Discovery Genomics we are developing SB transposons that can
achieve long-term expression in the dog, as a large animal model for
gene therapy in humans. The most effective reporter gene for testing
the SB system in dogs would encode a non-immunogenic, secretable
protein for which a sensitive assay exists. Murine erythropoietin
(mEPO) and secretable human placental alkaline phosphatase
(hSEAP) have been used as reliable reporters in animals and in cell
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lines; however, canine isolates of the EPO and SEAP genes have not
been developed as reporters. Canine EPO was cloned from cDNA,
incorporating an amino terminal synthetic graft according to the
published sequence. We introduced several point mutations in the
cEPO sequence to generate protein that maintained immunoreactivity
in an ELISA while reducing biological activity, to avoid inducing
erythrocytosis in test animals. Upon further sequence analysis we
found that the 5вЂ™ end of the reported cEPO coding sequence was
in fact an unspliced variant containing 54 bp of intron 1. Exon 1
(missing from the published dog genome sequence) was amplified,
cloned and sequenced, allowing us to determine the authentic 5вЂ™
terminus and graft this sequence onto the cEPO coding sequence.
CMV-regulated expression plasmids and CAGS-regulated SB
constructs containing cEPO were tested by hydrodynamic injection
into C57BL/6 mice. Plasma contained substantial levels (up to 104
miU/mL) of immunoreactive canine EPO, assayed by ELISA after one
day, and blood samples collected one week post-injection showed an
increase in hematocrit (up to 73), demonstrating the biological activity
of cloned cEPO. An intestinal canine AP was identified by sequence
comparison with hSEAP as a likely heat stable and secretable protein.
PCR cloning of the canine AP cDNA yielded an interior fragment
of 1100 bp. The 5вЂ™ end of the coding sequence was synthetically
extended by PCR. The 3вЂ™ end of the coding sequence was restored
through a combination of synthetic extension and PCR cloning of
cDNA and genomic DNA (due again to gaps in the published dog
genomic sequence). The resulting 3вЂ™ end encoded an 18 AA Thr/Arg/
Pro repeat which did not correspond with any known AP sequences.
The impact of this repeat region and a truncation required for secretion
were tested by electroporation of CMV-regulated constructs in 293T
cells. Truncation of the sequence was required for secretion of heatstable AP, while the T/R/P repeat had no effect on cSEAP activity
in a chemiluminescent assay. These CMV-cSEAP constructs are
currently being tested in vivo in mice for the in vivo utility of this
reporter system. Because these cEPO and cSEAP sequences encode
non-immunogenic and secretable proteins, we anticipated that they
will be highly useful in long term expression studies using the SB
transposon system.
333. Acetylation of Microtubules Leads to
Greater Cytoplasmic Plasmid Trafficking and
Enhanced Transfection Efficiency
Erin E. Vaughan,1,2 Melissa A. Badding,1 Aaron M. Miller,1,2 R. C.
Geiger,2,3 David A. Dean.1,2
1
Pediatrics, University of Rochester, Rochester, NY; 2Pulmonary
and Critical Care Medicine, Northwestern University, Chicago,
IL; 3Biomedical Engineering, Florida Gulf Coast University, Ft.
Myers, FL.
The success of viral and non-viral gene delivery relies on the
ability of DNA-based vectors to traverse the cytoplasm to reach the
nucleus. Although much work has been directed at understanding
how plasmids enter the nucleus, relatively little is known about
trafficking in the cytoplasm. We and others have shown that plasmids
utilize the microtubule network and its associated motor proteins
to traffic toward the nucleus. While disruption of microtubules
using nocodazole greatly inhibited cytoplasmic plasmid trafficking,
it did not abolish it. Assuming that diffusion cannot occur and
that the microtubule network was disrupted via drug treatment,
we sought to determine how the plasmids were able to reach the
nucleus. Interestingly, there is a subset of modified microtubules
that remain intact even after nocodazole treatment which are posttranslationally acetylated. Intriguingly, it has been demonstrated
recently by others that acetylated microtubules promote binding of
the molecular motors kinesin and dynein as well as their transport,
suggesting a role for acetylated microtubules in trafficking. To
determine whether this modification may account for the residual
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DNA trafficking in nocodazole-treated cells, we inhibited or knocked
down levels of the tubulin deacetylase, HDAC6, thus generating
higher levels of acetylated microtubules. Electroporation of plasmids
into cells with inhibited or silenced HDAC6 resulted in increased
gene transfer. This increased transfection efficiency was not due to
increased transcriptional activity, but rather to increased cytoplasmic
trafficking. When plasmids were cytoplasmically microinjected into
HDAC6-deficient cells, they entered the nucleus within 5 minutes of
injection, almost 10 times faster than in wild type cells. Since it has
been shown that motor proteins load more efficiently onto acetylated
rather than unmodified microtubules, we acetylated microtubules
in vitro and assessed DNA binding in the presence of cell extracts.
Plasmids preferentially bound to acetylated microtubules compared
to unmodified microtubules. Taken together, these results suggest that
modulation of HDAC6 and the microtubule network can increase the
efficiency of gene transfer.
334. Enhancement of Reporter Gene Detection
Sensitivity and Therapeutic Gene Function
by Insertion of Specific Mini-Peptide-Coding
Sequences
Jeffry Cutrera, Denada Dibra, Shulin Li.
1
Comparative Biomedical Sciences, Louisiana State University
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Achieving high levels of gene expression is one of the primary
limiting factors for successfully treating malignancies with gene
therapy, as well as monitoring tumor regression and gene distributions
in gene-therapy-treated animals using reporter genes. The
conventional approaches for elevating the level of gene expression
include enhancing gene delivery efficiency, gene transcriptional
level, and gene product stability. Here we report a novel concept to
complement the conventional approachesвЂ”increasing the activity
of the gene product. A group of peptides have been isolated from
tumor-targeting phage display studies. It was assumed that these
peptides have tumor-targeting properties; however, most of them
failed to demonstrate such a function. We hypothesized that these
peptides may play a role in stabilizing the gene products rather
than targeting them to tissues. To test this hypothesis, we inserted
mini-peptide-coding sequences directly before the stop codons in
protein-coding plasmids. Based on the in vitro and in vivo reporter
gene data, the peptide CWDDWLC increases the enzymatic activity,
but not the stability, of Secreted Alkaline Phosphatase (SEAP) more
than any other tested peptide. After testing the most promising peptide
constructs in several different cell lines, SEAP-CWDDWLC proved
to increase the SEAP activity level up to 11 fold compared to the
control. The in vivo results show a trend similar to that seen in the
in vitro results with a 6-fold increase compared to the control. The
western blot analysis revealed that there is no difference in the amount
of protein in the serum samples, so the increase in activity is due to
an increase in sensitivity of the SEAP-CWDDWLC enzyme and
not stability of the protein. For the first time, we show that inserting
peptide-coding sequences into reporter gene plasmid DNA can
increase the reporter gene activity. Also, inserting the CWDDWLC
peptide into Interferon О± (IFNО±) encoding plasmid DNA increased
the biological activity of IFNО± as evidenced through flow cytometry
by an average 11-fold upregulation of MHC class I expression per
unit IFNО± compared to unmodified IFNО± plasmid DNA. Interestingly,
insertion of the peptide into IL-12 and IFNОі plasmids did not alter the
biological activity of either cytokine which suggests that this effect
is gene-specific rather than universal. In conclusion, inserting the
CWDDWLC-coding sequence into SEAP plasmid DNA increases
the reporter gene sensitivity which could lead to a broader range of
reporter gene applications including large animal models. Likewise,
the increase in the biological activity of the IFNО±-CWDDWLC could
lead to a stronger therapeutic effect.
S125
Cardiovascular Gene Therapy
335. Manganese Superoxide Dismutase
Minicircle Plasmid/Liposome Complex
(mc-MnSOD-PL) Is as Effective as a Full
Length Manganese Superoxide Dismutase
Plasmid/Liposome Complex (MnSOD-PL) in
Radioprotection
Xicheng Zhang,1 Michael W. Epperly,1 Tracy M. Dixon,1 Darcy
Franciola,1 Benjamin A. Greenberger,1 Paavani Komanduri,1 ZhiYing Chen,2 Mark A. Kay,2 Joel S. Greenberger.1
1
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Overexpression of the human MnSOD transgene in mice and pigs
has been demonstrated to protect tissues from ionizing irradiation and
photodynamic therapy. In these reports a full length plasmid containing
the human MnSOD transgene was used. A phase I clinical trial using
the MnSOD-PL to protect the human esophagus from irradiation during
radiotherapy of lung cancer is in progress. In this trial the MnSOD-PL
is administered locally to the esophagus. To avoid immune reaction
to bacterial CPG, the human MnSOD transgene was cloned from the
MnSOD-PL by PCR using primers specific to the human MnSOD gene
sequence and inserted along with the CMV promoter and poly A tail into
a minicircle plasmid developed by Zhi-Ying Cheng and Mark A. Kay
which lacks the bacterial plasmid backbone. The mouse hematopoietic
progenitor 32D cl 3 cell line was transfected with either mc-MnSOD-PL
or MnSOD-PL. Radiation survival curves were performed on 32D cl
3, 32D-mc-MnSOD or 2C6 cells which are 32D cl 3 cells transfected
with the MnSOD plasmid by irradiating the cells to dose ranging from
0 to 8 Gy, plating the cells in methylcellulose, and incubating the cells
at 37oC for 7 days. Colonies of greater than 50 cells were counted and
data analyzed using linear quadratic or single-hit, multi-target models.
32D-mc-MnSOD or 2C6 cells were radioresistant with an increased
shoulder on the survival curve of n = 4.8 + 0.2 or 4.6 + 0.2, respectively,
compared n = 1.5 + 0.5 for 32D cl 3 cells (p = 0.0078 or 0.0070,
respectively). To determine if the mc-MnSOD-PL was as effective as
MnSOD-PL in localized radioprotection, C57BL/6NHsd female mice
were administered mc-MnSOD-PL (50 Вµg plasmid DNA) or, MnSODPL (100 Вµg plasmid DNA) intraesophageally, irradiated to 31 Gy to
the esophagus and followed for survival. The mice were shielded so
that only the esophagus was irradiated. Mice given the mc-MnSODPL or MnSOD-PL had a significantly increased survival compared
to the irradiation only controls (p = 0.0003 or < 0.0001). Systemic
radioprotection was investigated by injecting mice intravenously with
blank pNGVL3-PL, blank minicircle-PL, mc-MnSOD-PL or MnSODPL and irradiating 24 hrs later to 9.75 Gy whole body. Mice injected
with the mc-MnSOD-PL or MnSOD-PL had a significantly improved
survival compared to irradiated control mice (p < 0.0001 or = 0.0340,
respectively). Blank pNGVL3-PL or blank minicircle-PL had no effect.
Therefore, minicircle plasmid containing the human MnSOD transgene
confers undiminished radioprotection in vitro and in vivo compared to
the full length MnSOD plasmid.
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336. Adeno-Associated Viral-Mediated Gene
Delivery of Thymosin-beta4 Enhance Heart
Function and Improve Survival in TO2 Hamster
Heart Failure Model
Jiangang Jiang,1 Guifen Shen,1 Jiwei Chen,1 Jianbin Li,1 Daowen
Wang,1 Juan Li,1 Xiao Xiao.1
1
School of Pharmacy, University of North Carolina at Chapel Hill,
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Background: Heart failure is the common endpoint of all heart
diseases that afflict millions of individuals worldwide. So there
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is an urgent need for more effective strategies to aid in cardiac
protection or repair. Recent evidence showed thymosin-ОІ4 could
stimulate imigration of cardiomyocytes and endothelial cells, and
promoted survival of cardiomyocytes and wound repair skin. Here,
we investigated the therapeutic effect of adeno-associated virus (AAV)
mediated gene delivery of thymosin-ОІ4 in TO2 hamsters, a congestive
heart failure model. Methods: Two month-old male TO2 hamsters were
administered either AAV vector containting thymosin-ОІ4 or GFP, and
monitored for 28 weeks to evaluate survival rate. The concentration
of thyomsin-ОІ4 in the heart was assayed by ELISA. Histology change
of heart was analyzed by H&E and MassonвЂ™s trichrome staining. The
whole body function and heart function was analyzed by treadmill and
echocardiography, respectively. Results: AAV-mediated thymosin-ОІ4
gene transfer resulted in sustained protein expression in the heart.
Dramatic improvement in whole body function was observed as
result of systemic gene delivery of thymosin-ОІ4, accompanied by
prolongation of lifespan of the treated TO2 hamsters. The treadmill
analysis showed the running distances of the AAV- thymosin-ОІ4
treated TO2 hamster (295.1В±40.0) were markedly longer than that of
untreated TO2 hamsters (80.0В±13.8). The survival rate of thymosin-ОІ4
treated group was 80%, but untreated and AAV-GFP treated group had
only 40% survival (P<0.01) at the end of study. In addition, cardiac
function and histology were lightly improved in AAV-thymosin-ОІ4
treated hamsters. However, AAV-mediated thymosin-ОІ4 gene transfer
did not result in thoroughly functional or morphological cardiac
protection from genetic deficiencies.Conclusion: Our results suggest
that AAV-mediated gene transfer of thymosin-ОІ4 could effectively
delay the development of heart failure and prolong the lifespan of the
treated TO2 hamsters. This study has important implications for the
application of AAV mediated gene therapy to heart failure.
337. AAV1 Mediated Gene Transfer of Stromal
Derived Factor-1О± in Transplanted Myoblasts
Improves Function of Ischemic Myocardium
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Christina A. Pacak,1,2 Stacy Porvasnik,1,2 Yoshi Sakai,2 Melissa A.
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Introduction: This pre-clinical study was designed to evaluate
a safe and efficient method of gene delivery by Adeno-associated
virus (AAV) to human myoblasts. SDF-1О± levels are elevated postischemic injury and has a role in the repair and regeneration of the
damaged myocardium. This study also involved the transplantation
of superparamagnetic iron oxide (SPIO) labeled human myoblasts to
track the progress of the transplant. Post-transplant cardiac MRI was
done to evaluate cardiac functional recovery. Materials and Methods:
Cell labeling and SDF-1 transduction of human myoblasts: Human
myoblasts (Bioheart Inc. Sunrise, FL) were labeled using poly-l-lysine
(375ng/mL) and Feridex(50Вµg/mL). Cells were re-suspended to the
desired concentration in HTc (Hypothermosol) to deliver 4million
cells per animal. AAV SDF1 infection of cells was carried out at an
MOI of 104 viral particles/cell. Myoblast transplantation Myocardial
infarction was created in 8 week old nude rats. Baseline cardiac MRI
was performed 3 weeks post-infarction. SPIO labeled myoblasts were
injected with or without AAV-SDF-1 transduction into the infracted
myocardium. MRI: Cardiac function was assessed by MRI at 3 weeks
post-infarction and at 1,4 and 8 weeks post-transplant. The images
were analyzed using CAAS MRV software to determine the regional
wall motion, ejection fraction(EF), stroke volume and cardiac output.
Immunohistochemistry: The transplanted tissues were analyzed with
antibodies specific to human skeletal and cardiac muscle lineage.
Results: We were able to successfully transplant human myoblasts
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intra-myocardially post-infarction in nude rats. The SPIO labeled
cells were tracked until the end of the study (8 weeks). Control (HTc)
injected hearts show a consistent deterioration of function. The AAV1
SDF1 transduced myoblasts (MB SDF) improved EF at the end of
8 weeks with an increased EF of 11.7В± 2.9% to the 3 week baseline.
AAV1 SDF1 transduced myoblasts in hydrogel showed an early
improvement of cardiac function and had a mean EF of 11.0 В±2.5%.
The Nutrient hydrogel MBSDF and myoblasts without any SDF1 had
a moderate improvement of the EF with mean values of 5.8 В± 0.8% and
5.1 В±2.6% respectively to baseline at the end of 8weeks. Conclusion:
This study demonstrates the efficacy of combining viral induced gene
transfer with cell therapy in significantly improving post-ischemic
cardiac function. AAV transduced myoblasts with SDF1 demonstrates
a definite improvement of cardiac function compared to using isolated
myoblasts in athymic nude rats. The improvements could be attributed
to the improved contractility due to the transplanted myoblasts with
the added benefit of cells recruited to the myocardium by SDF1.
Immunohistochemistry revealed enhanced transplant tissue and
angiogenesis in the infarcted myocardium which may also contribute
to the improvement of left ventricular function.
338. Inhibition of the Sonic Hedgehog
Pathway by RNA-Interference and by Gene
Transfer of a Decoy Receptor Reduces Retinal
Neovascularization in ROP Mice
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Inhibition of ocular neovascularization represents a therapeutic
perspective for several common retinal and choroidal blinding
diseases, including proliferative diabetic retinopathy and age-related
macular degeneration. We previously reported that the Sonic Hedgehog
(Shh) pathway is activated in animal models of retinal and choroidal
neovascularization and that its pharmacological inhibition results
in significant reduction of neovascularization in both models. This
candidates the Shh pathway as a new molecular target for treatment
of ocular neovascular diseases. We are currently testing two novel
strategies for specific inhibition of the Shh pathway in the retina. To
block Shh action, we have generated a Shh-decoy receptor (HIP-в€†-22)
by deleting the transmembrane domain of the Hedgehog Interacting
Protein (HIP), a membrane glycoprotein able to bind and sequester
Shh inhibiting its pathway; Recombinant HIP-в€†-22, secreted in the
medium of transfected cells, binds to Shh and inhibits Shh-induced
osteogenic differentiation of the mesenchymal cell line C3H10T1/2.
AAV-mediated HIP-в€†-22 expression in the retina of retinopathy of
prematurity (ROP) mice results in reduced expression of the Shh target
gene Patched and reduction of retinal neovascularization, suggesting
that HIP-в€†-22 blocks the Shh pathway in this model. In a second
approach we use short interfering RNAs (siRNA) to inhibit Shh
expression. We designed five different siRNA oligos complementary
to human and murine Shh mRNA. We selected one siRNA resulting
in >70% reduction of Shh expression in transfected 293 cells and in
inhibition of Shh-induced osteogenic differentiation in the C3H10T1/2
cells. In addition, upon periocular injection in ROP mice, the siRNA
localizes to the inner retina reducing the expression of both Shh and
its transcriptional targets. Experiments aimed at inhibiting ocular
neovascularization in ROP mice using intraocular administration of
siRNA are in progress. Our results confirm the involvement of the
Shh pathway in the development of ocular neovascularization and
provide novel therapeutic strategies to inhibit both short and long
term Shh pathway and ocular neovascularization.
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339. Intracardiac Injection of AAV6-hSERCA2a
Induces Immune Responses in a Large Scale PreClinical Canine Study
Xiaodong Zhu, Charles McTiernan, Jonathan Borthinger, Navin
Rajagopalan, David Fischer, Hemal Shah, Yoshiya Toyota,
Gregory Gibson, Dustin Letts, Kenneth McCurry, Michael
Mathier, Barry London.
1
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Heart failure affects over 5 million people in the United States.
Novel therapies seek to increase sarcoplasmic reticulum calcium
ATPase 2a (SERCA2a) expression to improve cardiac contractile
properties. SERCA2a loads calcium into the sarcoplasmic reticulum
and its expression is decreased in heart failure. Restoring SERCA2a
levels using gene transfer has been shown to improve cardiac function
in animal models. The long term goals of this preclinical study are
to test the safety, efficiency and efficacy via cardiac delivery of an
adeno-associated virus (AAV6) vector encoding human SERCA2a.
AAV6-CMV-hSERCA2a was introduced into the hearts (left
ventricular) of dogs with tachycardic-pacing induced cardiomyopathy.
Dogs then underwent thoracotomy and injection with either AAV6CMV-hSERCA2a on two grids (9 sites/grid; 0.1 ml/site; one high
dose grid, 5X1012 viral genomes/ml; one low dose grid, 5X1011 viral
genomes/ml) (n=11) or saline (controls, n=4). At 2 weeks (5 virus,
2 control) or 6 weeks post injection (6 virus, 2 control), the dogs
were euthanized. Hearts and additional tissues were harvested and
analyzed for the biodistribution of the vector and for evidence of
toxicity including immune responses. In addition, long term safety
studies were performed on 15 additional dogs without pacing, as the
heart failure model does not reproducibly allow long term survival.
These dogs underwent direct injection of virus (n=11) or saline
(n=4) as described above. Their hearts and tissues were collected
12 weeks post injection. Currently, 10 vector-injected and 3 control
dog hearts have been analyzed for hSERCA2a expression using a
custom-made human-specific SERCA2a antibody by Western blot.
While the expression levels vary widely, hSERCA2a expression
can be detected in most dogs, with the highest expression peaking at
6-week post-infection. The temporal pattern of hSERCA2a expression
suggests that the transgene expression level is limited by immune
responses which may vary in individual dogs. All dogs receiving
AAV6-hSERCA2a developed neutralizing antibodies against AAV6,
whereas control dogs did not. Histology assessment (H&E) of 12 dog
hearts revealed moderate to severe infiltration at both the high and
low-dose injection sites, with no infiltration observed at non-injected
or saline-injected sites.
Figure: H+E of cardiac tissue from an AAV6-hSERCA2a-injected
dog sacrificed 12 weeks-post injection. Panel A: non-injected site.
Panel B: site injected with AAV6-hSERCA2a. Intracardiac injection
of AAV6-hSERCA 2a activates the host immune responses which
may limit prolonged expression of the therapeutic gene (hSERCA2a).
Current studies seek to identify the antigenic epitopes which may
elicit the immune response.
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340. AAV-Mediated Expression of VEGF165 and
VEGF-B Enhances Cardiomyocytes Protection
and Improves Heart Performance in the Infarcted
Myocardium
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A large body of evidence indicates that VEGF is an hypoxia-induced
angiogenic factor indispensable for maintaining oxygen homeostasis
in the heart by matching vascular density to cardiomyocyte metabolic
demand. Indeed, we recently observed that the delivery of the VEGF165
gene using an AAV vector markedly improved cardiac function in an
acute myocardial infarction model in chronically instrumented dogs
(Ferrarini et al. 2006. Circ. Res. 98, 954). Most notably, however,
this VEGF-based gene therapy approach determined a striking
improvement in contractile function of the infarcted region as early
as 48 hrs after gene delivery, suggesting that the beneficial effects
of VEGF extended beyond its well-known angiogenic properties
and possibly involved a direct effect on cardiomyocytes. Consistent
with this observation, we found that isolated cardiomyocytes express
abundant levels of the different VEGF receptors (VEGFR-1, VEGFR-2
and neuropilin-1), underscoring possible regulatory functions for the
VEGF family members on these cells. To explore the functional
role of these receptors, we investigated the effect of AAV vectors
expressing VEGF165 (which bind to all receptors) and VEGF-B
(a selective VEGFR-1 ligand) in a rat model of acute myocardial
infarction. We found that both these vectors significantly improved
cardiac performance compared to control animals. After 6 weeks from
coronary artery ligation, continuous VEGF165 or VEGF-B expression
determined a significant increase in LV anterior wall thickness,
as determined by echocardiographic evaluation, in the absence of
hypertrophy of the posterior wall. A thorough analysis revealed that
VEGF had no effects on cardiomyocyte replication or regeneration
of cardiac tissue after ischemic damage neither in vitro nor in vivo.
Instead, both VEGF165 and VEGF-B significantly protected neonatal
and adult rat cardiomyocytes from hypoxia-induced apoptosis and
from death caused by the cardiotoxic drug epirubicin. Moreover, both
VEGF165 and VEGF-B elicited a compensatory, cardioprotective
hypertrophic transcriptional program in isolated cardiomyocytes as
well as in heart tissue in vivo. Notably, both VEG165 and VEGF-B
signalling through VEGFR-1 enhanced the expression of genes
involved in the regulation of intracellular calcium transients such as
RYR and SERCA2A, as well as of PGC-1a, a powerful regulator of
mitochondrial metabolism and cardiac energetics. Taken together,
these results indicate that the role VEGF in the heart extends beyond
its angiogenic properties, and point to VEGFR-1 signalling as an
essential component to induce cardiomyocyte protection both in
vitro and in vivo.
341. Long Term Gene Expression Using AAV
Vectors Unravels a Dual Role of Neuropilin1-Expressing Mononuclear Cells (NEMs) in
Therapeutic and Pathological Angiogenesis
Serena Zacchigna,1 Alessandro Carrer,1 Lucia Pattarini,1 Lorena
Zentilin,1 Milena Sinigaglia,1 Moimas Silvia,1 Gianfranco Sinagra,2
Mauro Giacca.1
1
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Compelling evidence points toward a relevant role of bone
marrow-derived mononuclear cells (BMCs) in blood vessel formation
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and maturation. However, the available information is scanty and
often controversial. On one side, the potential of BMCs to induce
re-vascularization of ischemic tissues, either by recapitulating
vasculogenesis in the adult or by remodelling small capillaries into
large collateral arteries, has aroused much excitement. On the other
side, BMCs almost invariably infiltrate any tumor mass and have
been specifically associated to the vascular вЂ�normalizationвЂ™ after
administration of anti-angiogenic drugs, suggesting their involvement
in vessel regression or maturation. To unravel the specific role of BMCs
during the different steps of blood vessel biology, here we exploit the
properties of AAV vectors to express for prolonged periods of time
various cytokines differing in their property of attracting BMCs. In
particular, we found that the intra-muscular injection of AAV vectors
expressing either Sema3A or the 165 aa isoform of VEGF, determines
a massive infiltration of the transduced tissues by a subset of BMCs
expressing the neuropilin-1 (NP-1) receptor, which is shared by both
ligands. These NP-1 expressing mononuclear cells (NEMs) were never
incorporated into the vasculature formed in response to VEGF165,
but their presence at the site of VEGF-induced angiogenesis was
invariably paralleled by pericyte recruitment and formation of mature
arteries. Consistently, clodronate-mediated depletion of mononuclear
cells resulted in a lower number of arterial vessels at the site of
VEGF overexpression. When recruited by Sema3A, NEMs were not
angiogenic at all, and even inhibited ongoing angiogenesis, possibly
by promoting endothelial cell apoptosis. In a xenogenic tumor model,
the local overexpression of both VEGF165 and Sema3A exerted a
potent inhibition on tumor growth. As these factors have distinct and
opposite effects on endothelial cell proliferation and angiogenesis, it
is likely that the observed antitumoral effect was essentially due to
the infiltrating NEMs, equally recruited by both factors. At least three
findings definitely support a relevant role of NP-1 in the recruitment
of NEMs: i) the shorter VEGF121 isoform, which does not bind NP-1,
is neither able to recruit NEMs nor to form mature arteries; ii) both
VEGF165 and Sema3A act as chemoattractants for NEMs in vitro;
iii) siRNA-mediated silencing of NP-1 significantly reduces NEM
recruitment at the site of VEGF165-induced angiogenesis. Together,
these findings sustain a model in which NEMs simultaneously inhibit
endothelial cell proliferation and promote arterial vessel maturation,
thus representing an attractive target for both therapeutic and tumorassociated angiogenesis.
342. Downregulation of CardiomyocyteEnriched Micrornas Contributes to Altered Gene
Expression in Heart Failure
Sadakatsu Ikeda,1 Sek Won Kong,1 Jun Lu,2 Egbert Bisping,3
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Background: MicroRNAs (miRNAs) are a novel class of noncoding RNAs that regulate gene expression posttransciptionally.
Altered miRNA expression has been implicated in diverse human
diseases such as cancer. Accumulating evidence suggests the
importance of miRNAs in the heart. However, the contribution of
miRNAs to heart disease remains incompletely understood. Methods
and Results: We measured the expression of 261 miRNAs in heart
failure resulting from transgenic overexpression of calcineurin. 59
miRNAs were confidently detected in the heart, and 11 miRNAs
belonging to 6 families (miR-1, -15, -30, -133, -195, -208) were
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downregulated compared to non-transgenic control (WelchвЂ™s t-test
nominal p<0.05, false discovery rate <0.001). The results were
validated by qRTPCR. There was no upregulated miRNA. Four
of these miRNAs (miR-1, -30, -133, -208) were enriched in a
purified cardiomyocyte preparation, compared to non-myocytes.
Downregulation of these four miRNAs was reproduced in purified
failing versus non-failing cardiomyocytes. This excluded artifactual
downregulation from reduced myocyte fraction in failing hearts.
The remaining two miRNAs (miR-15, and -195) were exclusively
expressed in non-cardiomyocytes and did not changed in failing
cardiomyocytes. Next, we used Affymetrix expression profiling to
show that the predicted targets of these downregulated miRNAs were
disproportionately upregulated compared to the entire transcriptome
(FisherвЂ™s exact p < 0.001). This suggests an association between
downregulation of these miRNAs and upregulation of predicted
target genes in heart failure. One particularly intriguing target of
the predominant cardiac microRNA miR-1 is calmodulin, a key
regulator of calcium signaling. We showed that calmodulin and
downstream calmodulin signaling to NFAT is regulated by miR-1
in cultured cardiomyocytes. Furthermore, adenoviral delivery of
miR-1 in vivo blocked cardiac hypertrophy in mouse hypertrophy
model. Conclusion: Our results indicate that altered expression of
cardiomyocyte-enriched miRNAs may contribute to abnormal gene
expression in heart failure. The regulation of calmodulin and calcium
signaling by miR-1 suggests a mechanism by which miR-1 may
regulate heart function.
343. Endothelial Cell-Specific Rescue of Tie2
Angiopoietin Receptor in Tie2-Null Mice by
microRNA-Regulated Lentiviral Vector Suggests
a Requisite Role for Tie2 in the Hematopoietic
System
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De Palma,1 Luigi Naldini.1,2
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The angiopoietin receptor Tie2 has important functions in the
development and maintenance of the vascular system. In the adult,
Tie2 is mainly expressed by endothelial cells (ECs), but also by
distinct subsets of hematopoietic cells, including hematopoietic
stem cells (HSCs). In this regard, we identified in mice and humans
a population of Tie2-expressing monocytes (TEMs), which are proangiogenic and required for tumor vascularization in several models
(De Palma et al., Cancer Cell, 2005; Venneri et al., Blood, 2007). Here,
we report that TEMs appear early during embyogenesis, suggesting
that they may have a role in organogenesis. Interestingly, TEMs
migrate toward angiopoietin-2, suggesting that the angiopoietin/
Tie2 axis may regulate TEM activity. However, little is known
about Tie2 function in the hematopoietic system. In fact, Tie2-null
(Tie2-/-) mice exhibit severe vascular defects and die at E9.5, thus
preventing the analysis of the role of Tie2 receptor in definitive
hematopoiesis. To elucidate the role of Tie2 in hematopoietic cells,
we have designed a new mouse model that lacks Tie2 specifically
in the hematopoietic system (Tie2-/-hem). This model exploits the
cell type-specific expression of endogenous microRNA to regulate
transgene expression (Brown et al., Nat Med 2006). We inserted a
sequence complementary to the hematopoietic-specific microRNA,
miR-142-3p, into a lentiviral vector (LV) expressing the Tie2 receptor
from a Tie2 promoter/enhancer (Tie2-Tie2-miR-142). The Tie2-Tie2miR-142 LV efficiently expressed functional Tie2 in ECs, but not in
hematopoietic-lineage cells, while a control LV lacking the miR-1423p sequence (Tie2-Tie2) was expressed in both ECs and monocytic
cells. We then transduced fertilized oocytes obtained by mating
Tie2+/- heterozygous mice, either with the Tie2-Tie2-miR-142 LV, to
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obtain Tie2-/-hem mice (hematopoietic knock-out; endothelial rescue),
or with the Tie2-Tie2 LV, to obtain Tie2-/-rescue mice (hematopoietic
and endothelial rescue). Whereas we successfully established several
Tie2+/- mouse lines expressing the Tie2-Tie2-miR-142 transgene
in ECs, we have not obtained to date any live Tie2-/-hem offspring,
even by crossing Tie2+/- heterozygous mice carrying integrated
Tie2-Tie2-miR-142 LV copies. Of note, FACS analyses and confocal
microscopy performed on E7.5-E15.5 Tie2-GFP embryos showed that
the reporter gene was expressed in both ECs and Tie2+F4/80+ TEMs,
indicating effective vector expression in these cell types. In addition,
a miR-142-regulated vector faithfully suppressed GFP expression in
hematopoietic lineages, including HSCs, as shown by bone marrow
transplantation experiments. Together, our findings suggest that Tie2
is required for the development and/or function of hematopoietic cells
early during ontogenesis. We are currently investigating whether this
requirement occurs in the HSC compartment, or for the development
and activity of TEMs, or both.
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344. Alpha 1 Antitrypsin (AAT) Gene Therapy in
Collagen-Induced Arthritis
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Rheumatoid arthritis (RA) is a chronic inflammatory disease
affecting ~1% of population in the United States. Although new
biologicals that target TNF-alpha have dramatic effects in controlling
disease activity in many patients, development of more efficient and
safer treatment is necessary. Alpha-1 antitrypsin (AAT) is a multifunctional protein that has anti-inflammatory and tissue protective
properties. In the present study we investigated the feasibility of AAT
therapy for the treatment of RA in collagen-induced arthritis (CIA), a
mouse model of RA. DBA/1 mice were immunized with bovine type II
collagen on day 0 and boosted on day 21 to induce arthritis. These mice
were intraperitoneally injected either with human (h)AAT (0.5mg/
injection, twice/week, starting from 1 week before immunization) or
with recombinant adeno-associated virus vector expressing hAAT
(rAAV8-CB-hAAT, 4x1011particles/mouse, injected 2 weeks before
immunization). In addition, we also performed a combination therapy
using hAAT gene therapy and doxycycline, a collagenase inhibitor
(rAAV8-tet-on-hAAT, 2x1011particles/mouse, 200mg doxycycline/
kg body weight in food). Control groups received saline. Arthritis
development was evaluated by incidence of arthritis, arthritic index
(severity score 0~4), paw thickness, and number of arthritic paws.
AAT protein therapy resulted in a hAAT serum level of 0.19 mg/ml
and a significant suppression of arthritis development. At 44 days
after immunization, incidence of severe arthritis in protein injected
group (n=7) was 30% compared to 100% in control group (n=9).
The average arthritic score in AAT treated group was significantly
lower than that in control group (4.00В±4.55 vs.8.29В±3.20,p=0.044).
In addition, ConA stimulated proliferation of splenocytes from AAT
treated mice was significantly lower than that in control group (day
68,p<0.05). Similarly, rAAV8-mediated hAAT gene delivery resulted
in a hAAT serum level of 0.1 mg/ml and significantly inhibited
arthritis development. At 30 days after immunization, incidence of
severe arthritis in vector injected group was 10% compared to 60%
in control group (n=10). Average arthritic score in gene therapy
group was significantly lower than that in control group (0.2В±0.63
vs.2.7В±1.29,p=0.007). rAAV8-hAAT gene therapy also resulted
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in a reduced level of IgG anti-collagen II antibodies (p<0.001).
Interestingly, a combination therapy using rAAV8-tet-on-hAAT
vector and doxycycline further improved the preventive effect of AAT
on CIA development. At 56 days after immunization, incidence of
arthritis and the average arthritic score in the treatment group (n=9)
were significantly lower that that in control group (n=11) (33% vs.
91%; 2.77В±3.52 vs. 7.09В±3.11, respectively,p<0.05). The combination
therapy has shown greater protective effect than monotherapies. These
results suggest that hAAT has therapeutic potential for the treatment
of RA. Future studies will focus on optimizing the dose and timing
in different arthritis animal models.
345. Transient Overexpression of Sonic
Hedgehog Stimulates Trabecular Bone Remodeling
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Hedgehog proteins are involved in bone growth and develeopment,
and stimulate osteoblastogenesis through pathways involving
runt-related transcription factor-2 (Runx-2) and other factors. To
investigate effects of stimulating osteoblastogenesis on trabecular
bone formation, Sonic hedgehog (Shh) was transiently overexpressed
in C57/Bl6 mice (6 to 8 wk old) via intravenous administration
of adenovirus (Ad) vector encoding Shh (AdShh-N, 5x1010 pu).
As controls, mice received Ad with no transgene or saline. Spines
were harvested 18 days later. The AdShh-N-treated mice had more
numerous, but smaller trabeculae apparent by light microscopy.
Histomorphometric analysis showed a 61% increase in total trabecular
perimeter (p<0.00001, all comparisons), but a 74% decrease in
average trabecular area (p<0.0001, all comparisons). Staining for
pro-collagen I by immunohistochemistry revealed a 3.5-fold increase
in osteoblasts/mm bone (p<0.001) in AdShh-N-treated vertebrae, and
immunohistochemical staining showed prominent Runx-2 protein
expression indicating that these osteoblasts were immature. Cathepsin
K staining showed a concomitant 2.2-fold increase in osteoclasts/
mm bone (p<0.001) in AdShh-N-treated vertebrae. The osteoblast to
osteoclast ratio was the same between treatment groups (p>0.05, all
comparisons) indicating that a coupled bone formation/remodeling
process was maintained. Serum osteocalcin in AdShh-N treated mice
was 4-fold higher than in controls (p<0.0001) indicating increased
bone forming activity. In vitro proliferation was 54% (p<0.05, all
comparisons) higher in bone marrow stroma harvested from AdShh-N
treated mice at days 2, 5, and 8 of culture. These data are consistent
with the observed increase in pre-osteoblasts as the bone marrow
stroma includes osteoblast precursors. This stroma also supported
5.2-fold (p<0.01, all comparisons) more osteoclasts than control
stroma when co-cultured with osteoclast precursors harvested from
naive, untreated animals. In contrast, in vitro osteoclastogenesis of
isolated bone marrow osteoclast precursors (not in co-culture) did not
differ between treatment groups (p>0.05, all comparisons). These data
suggest that the increase in osteoclasts in AdShh-N treated bone was
not due to a direct increase osteoclast precursors but an indirect result
of Shh effects on marrow stroma and pre-osteoblasts that enhanced
their capacity to support osteoclastogenesis. Our findings indicate
that transient systemic overexpression of Shh increases the number
of immature osteoblasts in trabecular bone, but that a reciprocal
stimulation of osteoclasts results in remodeling. This remodeling may
be clinically useful for bone graft incorporation or fracture healing.
346. Heart Specific Min-Dystrophin Expression
Rescues Systolic but Not Diastolic Function in
Mdx Mice
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Heart failure is a leading cause of death in Duchenne muscular
dystrophy (DMD). Significant progress has been made in developing
gene and cell therapies for treating DMD skeletal muscle disease.
Unfortunately, there is little knowledge of the suitability of these
therapies for the heart. Notable among the skeletal muscle therapies
is the 6 kb в€†H2-R19 mini-dystrophin gene. The в€†H2-R19 minigene
has been shown to completely rescue skeletal muscle pathology and
restore muscle force. In this study, we set out to test the suitability of
the в€†H2-R19 minigene for the treatment of DMD cardiomyopathy. We
developed a series of transgenic mice with heart specific expression
of the в€†H2-R19 dystrophin. After backcrossing these mice to the
congenic mdx background, we performed a comprehensive evaluation
of heart structure and function. Morphological examination revealed a
rescue from dystrophic pathology. Most notable was the strengthened
cardiomyocyte sarcolemmal integrity in the Evans blue uptake assay.
Additionally, Masson trichrome staining demonstrated a complete
absence of fibrosis. Heart restricted expression of the в€†H2-R19
minigene improved uphill treadmill endurance compared to mdx
mice. ECG analysis showed normalization of the PR interval and
cardiomyopathy index. However, the heart rate, QRS duration and QT
interval did not reach normal levels. Left ventricular catheterization
proved the most informative. The в€†H2-R19 transgenic mdx mice
had normalization of baseline systolic parameters. Notably, endsystolic pressure, end-systolic volume and maximal rate of pressure
development (dP/dt max) returned to normal levels. Analysis of
baseline diastolic parameters showed an incomplete rescue. The
end-diastolic volume, time constant of isovolumetric relaxation
(tau) and maximal rate of left ventricular relaxation (dP/dt min)
remained uncorrected. This systolic-diastolic discrepancy resulted in
a normal ejection fraction, while stroke volume and cardiac output
were only partially improved. Challenging the heart with dobutamine
revealed that the в€†H2-R19 minigene was capable of restoring normal
dobutamine response. Further, в€†H2-R19 transgenic mdx mice
undergoing dobutamine stress had a normal survival. To explore the
mechanisms underlying the incomplete rescue, we expressed the
в€†H2-R19 minigene on the normal C57BL/10 (BL10) background.
The в€†H2-R19 dystrophin profoundly displaced wild-type dystrophin.
However, the cardiovascular profile of these mice was not affected.
Taken together, our results provide the first comprehensive analysis
of a therapeutic mini-dystrophin gene in the heart. The incomplete
rescue of DMD heart disease by the в€†H2-R19 minigene suggests
that the heart may have different requirements for gene therapy than
skeletal muscle. Additionally, these findings highlight the potential
importance of the skeletal muscle in modulating heart function.
(Supported by grants from the NIH and the MDA).
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Enhances Gene Correction Levels Mediated by
Oligonucleotides in the Mdx Mouse Model for
Duchenne Muscular Dystrophy
Carmen Bertoni,1 Arjun Rustagi,2 Thomas A. Rando.2
Neurology, UCLA, Los Angeles, CA; 2Neurology and Neurological
Sciences, Stanford, Palo Alto, CA.
1
Duchenne muscular dystrophy (DMD) is a severe neuromuscular
disorder characterized by complete absence of dystrophin expression
in skeletal muscles. Gene editing mediated by single stranded
oligodeoxynucleotides (ssODNs) has the potential to treat both
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single point mutations as well as deletions that cause frame shift of
the dystrophin mRNA. We have focused on the development of new
vectors capable of activating specific repair mechanisms to direct
the repair process specifically on the sequence of the genomic DNA
targeted for correction. The Methyl Binding Protein 4 (MBD4) is
a glycosylase capable of recognizing a T to G transversion at CpG
sites and direct the conversion of the thymine into methylcytosine.
CpG modifications were introduced on the mutating base of the
targeting oligonucleotide in the attempt to mimic a deamination of
methylcytosine and activate MBD4. The ability of modified ssODN
to increase gene correction levels were assessed in muscle precursor
cells in vitro using a reporter construct carrying a single point
mutation in the gene encoding Green Fluorescent Protein (GFP).
Muscle precursor cells were transfected with the reporter gene and
stable clones were selected. CpG-mediated ssODNs showed a two
to four fold increase in gene correction frequencies compared with
unmodified ssODNs. Similarly, targeting oligonucleotides containing
CpG modifications but unable to act through the base excision repair
pathway failed to show significant increases in gene repair. The
feasibility of using modified ssODNs for the treatment of DMD was
tested in the mdx mouse. We have designed ssODNs complimentary
to the coding or the non-coding strand of the donor site of exon 23
to induce skipping of the exon responsible for the lack of dystrophin
in mdx and restore its expression. The ability of ssODNs containing
CpG modifications to increase gene repair was studied in vitro and
in vivo. The amount of dystrophin protein restored was significantly
increased by the use of ssODNs designed to activate MBD4. Studies
conducted on muscle cells in culture demonstrated up-regulation
of MBD4 mRNA and the activation of the base excision repair
mechanism through which MBD4 acts. Correction of the dystrophin
gene was shown to occur at the genomic level and was stable over
prolonged periods of time. In muscle cells in culture, restoration of
dystrophin expression was analyzed at the protein level by western
blot and immunohistochemistry and at the mRNA level by RT-PCR.
Immunostaining analysis of mdx-injected muscles demonstrated
the efficacy of ssODN containing CpG modifications of increasing
the expression of functional dystrophin in vivo. The single base
pair alteration was confirmed at the genomic level using restriction
endonuclease analysis of total DNA isolated from muscles injected
with targeting ssODN. Dystrophin expression was stable for at least
four months after injection (the latest time point analyzed). Control
oligonucleotides homologous to the region of the genomic DNA
targeted for repair but unable to induce the single base pair alteration
had no effects.
348. A Human Artificial Chromosome (HAC)
Vector with about 2.4 Mb-Human Dystrophin
Genome Including Native Expression Control
Elements
Hidetoshi Hoshiya,1 Yasuhiro Kazuki,1 Satoshi Abe,1 Masato
Takiguchi,1 Yuichi Iida,1 Yoshinori Watanabe,1 Mitsuhiko Osaki,1
Naoyo Kajitani,1 Toko Yoshino,2 Yasuaki Shirayoshi,3 Mitsuo
Oshimura.1,2
1
Department of Biomedical Science, Regenerative Medicine
and Biofunction, Graduate School of Medical Science, Tottori
University, Yonago, Tottori, Japan; 2Research Center for
Bioscience and Technology, Tottori University, Yonago, Tottori,
Japan; 3Division of Regenerative Medicine and Therapeutics,
Tottori University, Yonago, Tottori, Japan.
Duchenne muscular dystrophy (DMD) is caused by mutation
or deletion in the 2.4 Mb dystrophin gene. This gene has highly
complex expression patterns, and various isoforms are expressed by
at least seven promoters and alternative splicing. For gene therapy
of DMD, there are a number of points that should be considered,
i.e., the tissue-specific expression, period, localization, expression
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level, and isoforms. Moreover, it is necessary to avoid damaging
hostвЂ™s chromosome, and to be expressed semipermanently. We
have previously produced a Human Artificial Chromosome (HAC)
vector by deleting all genes on human chromosome 21. The purpose
of this study is to develop a dystrophin expression vector that has
the potential for physiological expression of dystrophin. Because
the dystrophin is the biggest gene, no vector with whole dystrophin
genomic region has been developed. Thus, we constructed a HAC
vector with only 2.4Mb human dystrophin genomic region including
its own transcriptional regulatory elements. A loxP site was inserted
to a proximal locus of the dystrophin genome of human chromosome
X (h.Chr.X) in homologous recombination proficient chicken DT40
cells. Genes on telomere-side from the dystrophin genome were
deleted by the telomere truncation in the DT40 cells. This modified
h.Chr.X fragment including the dystrophin genome was transferred
to CHO cells containing the HAC vector by microcell-mediated
chromosome transfer (MMCT). The dystrophin genome was cloned
into the HAC vector by the Cre-mediated site-specific translocation.
This vector was designated as Dys-HAC. The Dys-HAC was
transferred to mouse embryonic stem (ES) cells from the CHO cells.
To test the human dystrophin expression in vivo, the chimeric mice
were produced from the ES cells with the Dys-HAC. We confirmed
the human dystrophin expression of various tissue-specific isoforms
in the chimeric mice with the Dys-HAC by RT-PCR analysis. In
addition, the GFP on the Dys-HAC was expressed in all chimeric
tissues, suggesting that the Dys-HAC was stably maintained in vivo.
Mesenchymal stem cells (MSCs) have great potential to differentiate
into functional skeletal muscle and are considered as candidates for
transplantation therapy. Thus, the Dys-HAC was transferred to human
MSCs and to test the mitotic stability of the Dys-HAC. The Dys-HAC
was stably maintained up to 75 PDLs without a selection in human
MSCs. In conclusion, the Dys-HAC may be a useful tool for an ex
vivo therapy for DMD. Furthermore, using stem cells derived from
multiple potential sources combined with the HAC-mediated gene
delivery may comprise this useful treatment for genetic defects such
as DMD in a near future.
349. The Functional Capacity of в€†R4-R23
Microdystrophin Is Improved by Switching Hinge 2
with Hinge 3
Glen B. Banks, Ariana C. Combs, Caitlin Doremus, Leonard
Meuse, Eric E. Finn, James M. Allen, Jeffrey S. Chamberlain.
1
Senator Paul D Wellstone Muscular Dystrophy Cooperative
Research Center, Department of Neurology, University of
Washington, Seattle, WA.
In skeletal muscle, dystrophin provides a flexible connection
between actin and the dystrophin glycoprotein complex at the
myotendinous junction (MTJ), sarcolemma and neuromuscular
synapse. Dystrophin-deficient muscles are highly susceptible to
contraction-induced injury and they undergo repeated cycles of
necrosis and regeneration. Dystrophin contains an N-terminal actin
binding domain, a large central rod domain, a cysteine rich region and
a C-terminal domain (Fig. 1A). The central rod domain contains 24
spectrin repeats, 4 hinge regions and a second actin-binding domain
(Fig. 1A). Large deletions in the rod domain can minimally affect
the functional capacity of dystrophin and usually lead to a more mild
form of DMD, called Becker muscular dystrophy. Our laboratory
previously developed a highly functional truncated dystrophin called
в€†R4-R23/в€†CT microdystrophin that prevents muscle degeneration in
dystrophin-deficient mdx mice when intravenously delivered using
recombinant adeno-associated virus pseudotyped with serotype 6
capsids (rAAV6). We found here that expression of в€†R4-R23/в€†CT
microdystrophin led to chronic myotendinous strain injury. This
injury led to an increase in utrophin and О±7-integrin expression
in addition to ringed fibers, where the peripheral myofibrils form
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rings around the central myofibrils. Interestingly, the sarcolemma
of these muscles was protected from contraction-induced injury
in an isometric stretch assay, better than wild-type mice. We could
circumvent these abnormalities by replacing hinge 2 from the
central rod domain of в€†R4-R23/в€†CT microdystrophin with hinge
3 (в€†H2-R24/в€†CT+H3 microdystrophin). To compare the efficacy
of these two microdystrophins we delivered a non-saturating dose
(2e12 vg) of rAAV6-microdystrophin intravenously into 3 week
old mdx mice. We examined the gastrocnemius and tibialis anterior
muscles 5 months after injection. Greater than 60% of the mdx
muscle fibers expressed both of the microdystrophins. We found
that в€†R4-R23/в€†CT microdystrophin significantly reduced the central
nuclei from 80% in mdx mice to 16% in dystrophin positive fibers (P
< 0.001). However, в€†H2-R24/в€†CT+H3 microdystrophin was more
effective, reducing the central nuclei to 2% in dystrophin positive
fibers (P < 0.001). The muscle fiber area was significantly increased
in в€†H2-R24/в€†CT+H3 microdystrophin positive fibers compared to
в€†R4-R23/в€†CT microdystrophin positive fibers (P < 0.001). Both of
these microdystrophins were equally effective at restoring peak force
production and protecting the muscles from contraction-induced
injury. Thus, we have developed a highly functional microdystrophin
with greater potential for gene therapy of DMD.
350. Reprogramming Committed Muscle Cells
for Muscle Regeneration
Yaming Wang,1 Qiang Liu,1 Zhong Yang.1
1
Anesthesia, Brigham & WomenвЂ™s Hospital, Harvard Medical
School, Boston, MA.
Recent advances in stem cell research have demonstrated that
nuclei of mammals including humans possess plasticity similar
to other species. Here we present another line of evidence for
the similarities in nuclear plasticity between mammals and
amphibians. In response to an injury, the muscle cells of urodele
amphibians are capable of fragmenting into mononucleated cells
that consequentially regenerate new muscles in the replica. Msx1
protein, a homeobox-containing transcriptional repressor, was found
to play an important role in amphibian muscle dedifferentiation.
Mammalian muscle cells are incapable of such dedifferentiation,
however, ectopic expression of msx1 has been found to induce
fragmentation of multinucleated myotubes derived from the C2C12
cells into proliferating mononucleated cells. The observation that
both urodele amphibian and mouse muscle cells can be induced to
dedifferentiate analogously by the same transcription factor suggests
that the nuclei of differentiated muscle cells in these two species
possess similar plasticity. We further examined whether msx1-induced
dedifferentiation is a general phenomenon in murine muscle cells
or unique to C2C12 cells. We also sought to determine whether
these dedifferentiated murine cells possess a similar regenerative
capacity as their amphibian counterparts. Our results show that
ectopic expression of msx1 does indeed induce myotubes derived
from primary myoblasts (PMs) to fragment into mononucleated cells.
MyoD expression is downregulated in msx1-induced dedifferentiated
cells (MIDCs). These cells can then be re-directed to differentiate
into cells expressing marker proteins of adipocytes, osteocytes, and
chondrocytes under the appropriate culture conditions. The results
of qRT-PCR and western blot prove that MIDCs express a suit of
genes, such as Oct4, Sox2, Nanog and Rex1, that are critical for
maintaining an undifferentiated state in ES cells, but at lower levels.
However, MIDCs appear to retain their myogenic identity. When the
expression of msx1 is suppressed, MIDCs uniformly differentiate
into myosin heavy chain expressing multinucleated myotubes. More
interestingly, intramuscular injection of 100,000 MIDCs into muscles
of pre-irradiated mdx mice results in 166, 1283, and 3340 donorderived dystrophin+ myofibers at 2, 4 and 8 weeks post-injection.
By contrast, injection of the same number of PMs results in less than
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10 dystrophin+ myofibers at all time points. In the MIDC-injected
muscles, these donor-derived fibers either coalesce into clusters or line
up in the interstitial spaces between host-fibers. In the cross sections
of 8-week MIDC samples, these donor-derived fibers are scattered
in a much broader area than that seen in earlier samples, indicating
that new fibers are initiated in many new locations over time. There
are no signs of tumor formation found in muscles injected by both
type of cells. The steady increase in the number of dystrophin+
myofibers over time as well as the donor-host mosaic appearance of
MIDC-engrafted muscles suggests that a new muscle is formed in the
space confined environment. Thus, it is likely that ectopic expression
of msx1 does confer on terminally differentiated murine cells a
regenerative capacity similar to their amphibian counterparts.
351. A Novel Mini-Dystrophin Gene Restores
Neuronal Nitric Oxide Synthase (nNOS) to the
Sarcolemma
Yi Lai,1 Yongping Yue,1 Dejia Li,1 Chun Long,1 Luke Judge,2 Brian
Bostick,1 Jeffrey S. Chamberlain,2 Dongsheng Duan.1
1
Dept of Mole Microbio and Immun, Univ of Missouri-Columbia,
Columbia, MO; 2Dept of Neurology, Univ of Washington, Seattle,
WA.
Duchenne Muscular Dystrophy (DMD) is the inherent disease
due to the loss of dystrophin protein. Gene therapy is one of the
most promising means to cure this disease. Dystrophin is composed
of the N-terminal, rod, cysteine-rich and C-terminal domains.
The rod domain consists of 24 spectrin-like repeats. Dystrophin
is located on the sarcolemma of myofibers and it connects the
extracelluar matrix with cytoskeletal F-actin filaments. Dystrophin
assembles dystroglycans, sarcoglycans, dystrobrevins, syntrophins
and nNOS into the dystrophin-associated protein complex (DGC)
on the sarcolemma. The loss of dystrophin leads to the secondary
loss of DGC members, including nNOS from the sarcolemma.
The absence of sarcolemmal nNOS is a critical factor in DMD
pathogenesis. Restoring sarcolemmal nNOS is thus considered an
important goal in DMD therapy. The prevailing hypothesis is that
dystrophin C-terminal domain recruits syntrophin to DGC and
syntrophin then recruits nNOS to DGC through a PDZ-PDZ domain
interaction. However, recent studies suggest that syntrophin can
also be restored to the sarcolemma through a C-terminal domain
independent pathway. The presence of syntrophin is insufficient by
itself to restore nNOS. We hypothesized that a region in dystrophin
rod domain is also required to recruit nNOS to DGC. To test this
hypothesis, we generated a series of mini-dystorphin genes carrying
different lengths of rod domain. We used the в€†H2-R19 minigene as
starting template and added back the missing repeats one by one. The
в€†H2-R19 minigene is the best characterized mini-dystrophin gene
and it is also the most potent candidate gene besides full-length gene.
To identify regions responsible for nNOS restoration, we transfected
our newly synthesized minigenes into mdx muscles and performed
single and double immunostaining as well as in situ nNOS activity
assays. We also included a full-length human dystrophin plasmid as
positive control. The transfected plasmids were distinguished from
revertant fibers by a human dystrophin specific antibody and a sereis
of epitope-specific antibodies. Minigene/nNOS double positive,
minigene positive/nNOS negative and minigene negative/nNOS
positive fibers were quantified from a total of 58 transfected muscles.
Our results demonstrated that adding an additional 1, 2, or 3 repeats
was not sufficient to restore nNOS. However, in the presence of 4
additional repeats, 97.8 % of transfected myofibers restored nNOS.
This is very close to what we observed with full-length gene plasmid
(98.9 %). Taken together, we have shown that dystrophin rod domain
is critical for restoring sarcolemmal nNOS. This finding challenges
the prevailying hypothesis and sheds new light on the mechanism
of nNOS restoration in muscle. Importantly, the new minigene we
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described here represents an ideal candidate gene for adeno-associated
virus (AAV) mediated gene therapy and lentiviral mediated stem
cell therapy. Therapies based on this novel minigene are predicted
to lead to a better recovery of muscle function than current mini-/
micro-genes. (Supported by NIH and MDA).
Cancer вЂ“ Immunotherapy: Suicide Genes and
Immune Modulators of Tumor Microenvironment
352. Systemic Ad-Flt3L Delivery Coupled with
Tumor Killing Elicited by Intratumoral Delivery
of Ad-HSV1-TK Eradicates Intracranial GBM in a
Syngeneic Rat Model
A. K .M. G. Muhammad,1 Marianela Candolfi,1 Chunyan Liu,1
Kurt M. Kroger,1 W. S. Nichols,2 Pedro R. Lowenstein,1,3 Maria G.
Castro.1,3
1
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Institute; and Jonsson Comprehensive Cancer Center, University
of California at Los Angeles, Los Angeles, CA.
Adenoviral vector (Ad) expressing fms-like tyrosine kinase 3 ligand
(Flt3L) was delivered systemically with the aim to render less invasive
the recently developed gene therapy strategy which combines immune
stimulation utilizing Flt3L and conditional cytotoxicity elicited by
herpes simplex type-1 thymidine kinase (HSV1-TK) for the treatment
of GBM (Ali et al, Cancer Res 2005, 65:7194-7204; Candolfi et al,
Mol Ther 2006, 14:371-81; King et al, Neuro Oncology 2007, Dec
13). Six days following stereotactic implantation of 4,500 CNS-1
cells in Lewis rats striatum (+1mm anterior from bregma, +3mm
lateral and -5mm from dura), intravenous pre-dosing with an empty
Ad (Ad-0; 4x1010vp) was performed in order to saturate the liver
reticulo-endothelium system/Kuffer cells; within 4~6 hours, Ad-Flt3L
(5x109pfu) was delivered via the tail vein followed by intratumoral
delivery of Ad-TK (1x108pfu). The controls received either Ad-Flt3L
or Ad-0 in the tail vein followed by intratumoral saline or Ad-TK.
After 24 hours, ganciclovir (GCV, 25 mg/kg) was injected i.p. daily
for 10 days. The GBM bearing control rats succumbed by ~day 22,
whereas, ~80% of the Ad-Flt3L (systemic)+Ad-TK (intratumoral)
treated rats survived over 60 days (P<0.01; log-rank test). The longterm survivors were rechallenged with 4,500 CNS-1 cells in the
contralateral striatum and 70% of them survived long-term (over 120
days) without additional treatment. H&E stained liver specimens did
not reveal any signs of hepatotoxicity. Nissl staining on the brains of
Ad-Flt3L+Ad-TK treated long-term survivors displayed no residual
tumor. Immunohistochemistry with antibodies against myelin basic
protein or tyrosine hydroxylase showed absence of demyelination
or striatal damage, respectively; CD68+ macrophages, few CD8+ T
cells, and MHC II immunopositive cells were also detected. Positive
delayed type hypersensitivity reaction in the long-term survivors
indicated the presence of a systemic anti-GBM cellular immune
response. These findings raise the possibility of treatment of human
GBM by systemic Ad-Flt3L alone in the current clinical setting in
which the availability of GBM antigens from dead/dying GBM
tumor cells is elicited as a consequence to surgical manipulation,
radiotherapy and or chemotherapy (e.g., temozolomide treatment)
in human patients. This treatment strategy will render this combined
gene therapy strategy even safer and less invasive. In conclusion,
gene therapy strategy of immune stimulation using systemic AdFlt3L coupled with conditional cytotoxic treatment (Ad-TK/GCV)
elicits tumor regression and immunological memory inhibiting tumor
recurrence highlighting its prospect as a novel adjuvant treatment
strategy for human GBM.
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353. HMGB1 Mediates Endogenous TLR2
Activation and Brain Tumor Regression
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Glioblastoma multiforme is the most common subtype of brain
cancer, accounting for 25% of newly diagnosed tumors. Current
treatment fails to significantly improve survival and patients
diagnosed with GBM have a life expectancy of about 1 year.
Immunotherapy might be beneficial to patients in combination
with conventional therapeutic approaches; however, the immune
mechanisms responsible for overcoming immune privilege and elicit
anti-GBM antigen T cell clonal expansion are not fully understood.
Herein we uncovered a novel pathway for the activation of GBM
antigen-specific T-cell dependent immune response mediated by the
release of the high-mobility-group box 1 (HMGB1), alarmin protein
from dying tumor cells in response to herpes simplex type 1 thymidine
kinase (TK) gene therapy. Tumor-derived HMGB1 activates TLR2
signaling on GBM infiltrating DCs to initiate a CD8+ T cell dependent
anti-GBM immune response following intratumoral expression of
Fms-like Tyrosine Kinase 3 ligand (Flt3L) and TK. Infiltration of
bone marrow derived DC into GBM after the intratumoral expression
of Flt3L and TK is dependent on endogenous TLR2 activation.
Moreover, in the absence of TLR2 signaling, tumor infiltrating DCs
do not induce tumor antigen specific T cell proliferation. Blocking
HMGB1 activity in vivo using glycyrrhizin or HMGB1 depleting
antibodies and blocking TLR2 activity with TLR2-/- knockout mice
completely inhibited Flt3L/TK induced brain tumor regression. These
results suggest that endogenous TLR2 signaling induced by HMGB1
promotes CD8+ T cell dependent anti-GBM immune responses
that result in tumor regression in vivo. Our results also point to the
possibility that HMGB1 might be useful as a novel adjuvant therapy
to overcome immunological privilege in the brain. Supported by NIH/
NINDS: 1R01 NS44556.01, NS445561.01; 1R21-NSO54143.01;
1UO1 NS052465.01, 1 RO3 TW006273-01 to MGC. NIH/NINDS: 1
RO1 NS 054193.01; RO1 NS 42893.01, U54 NS045309-01 and 1R21
NS047298-01 to PRL. NIH/NINDS 1F32 NS058156.01 to MC.
354. Tumor Infiltrating Antigen Presenting Cells
Mediate Uptake and Transport of Glioblastoma
Antigen to the Draining Lymph Node in Response
to Flt3L and HVS1-TK Mediated Gene Therapy
M. Candolfi,1 J. F. Curtin,1 G. D. King,1 A. G. Muhammad,1 C.
Liu,1 K. M. Kroeger,1 D. Foulad,1 J. Lerner,1 P. R. Lowenstein,1 M.
G. Castro.1
1
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We previously demonstrated that adenoviral vectors (Ads)
expressing TK (Ad-TK) and Flt3L (Ad-Flt3L) increase the survival
of rats bearing large intracranial CNS-1 glioblastoma (GBM). This
approach combines the cytotoxic effect of TK, which kills GBM cells
in the presence of ganciclovir (GCV), and the immunostimulatory
effect of Flt3L, which attracts antigen presenting cells (APCs) into
the tumor mass. Since this effect is dependent on phagocytic immune
cells, we characterized the APCs that infiltrate the tumor mass after
Ad-TK/GCV+Ad-Flt3L treatment. We implanted CNS-1 GBM in the
S133
Cancer - Immunotherapy: Suicide Genes and Immune
Modulators of Tumor Microenvironment
striatum of Lewis rats and 10 days later treated them intratumorally
with Ad-TK/GCV+Ad-Flt3L. We purified and characterized by flow
cytometry the immune cells infiltrating the intracranial tumors 5
days after the treatment. We found that this immunotherapy induces
active recruitment of plasmacytoid and conventional dendritic cells
(pDCs and cDCs) into the tumor mass and increases the infiltration
of macrophages when compared to the untreated rats. To assess if
tumor infiltrating pDCs had the capacity to uptake tumor antigen and
mediate tumor antigen cross presentation, we injected fluorescent
FluoSpheres intratumorally 4 days after Ad-TK/GCV+Ad-Flt3L
treatment. We found that the FluoSpheres were rapidly taken up
by intratumoral pDCs 24 h after administration. Plasmacytoid DCs
containing FluoSpheres were detected 1, 4 and 7 days after delivery in
the tumor mass and approaching or entering tumor blood vessels. Four
days after bead delivery, pDCs containing FluoSpheres were detected
in the draining lymph nodes. Intratumoral immune cells containing
beads were positively labeled for CD68, a marker for macrophages/
activated microglia, and CD45R, a marker for pDCs and B cells.
We then purified tumor infiltrating pDCs by flow cytometry (CD3-,
CD4+, CD45R+) and studied their expression of activation markers
(CD86 and MHCII), their ability to release IFN-О±, TNF-О± and IL-6
and their phagocytic activity in vitro. We found that intratumoral
pDCs recruited by Ad-TK/GCV+Ad-Flt3L do not express CD86 or
MHCII and are capable of phagocytosing FluoSpheres in vitro. Also,
while intratumoral pDCs do not release IFN-О± under unstimulated
conditions, they can be activated in vitro after 24 h incubation
with the TLR-9 agonist ODN Cpg2216 (50 Вµg/ml), releasing large
amounts of IFN-О± and upregulating MHCII expression. Incubation
with ODN Cpg2216 also increased the release of TNF-О± and IL-6
from tumor infiltrating pDCs in vitro. Our results suggest that pDCs
infiltrating intracranial GBMs after Ad-TK/GCV+Ad-Flt3L treatment
are immature and capable of tumor antigen uptake and presentation
to T cells. This novel mechanism of tumor antigen cross-presentation
mediated by tumor infiltrating pDCs could be involved in the immunemediated tumor regression induced by Ad-TK/GCV+Ad-Flt3L gene
therapy. Support: NIH/NINDS R01NS44556.01, R21-NSO54143.01;
UO1 NS052465.01; RO3TW006273-01 (MGC); RO1NS054193.01;
RO1NS 42893.01; U54 NS04530901, R21 NS047298-01 (PRL);
F32NS058156.01 (MC).
355. Transforming Growth Factor Beta (TGFГџ)
Inhibitors Enhance the Antitumoral Effect Mediated
by a Semliki Forest Virus (SFV) Vector Expressing
IL-12
Juan R. Rodriguez-Madoz,1 Marta Ruiz-Guillen,1 Jose I. Quetglas,1
Erkuden Casales,1 Javier Dotor,1 Juan J. Lasarte,1 Pablo Sarobe,1
Francisco Borras-Cuesta,1 Jesus Prieto,1 Cristian Smerdou.1
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We had previously shown that a recombinant SFV vector with
enhanced expression of interleukin-12 (SFV-enhIL-12) had a
high antitumoral efficacy in the treatment of MC38 murine colon
adenocarcinoma tumors implanted subcutaneously in syngenic
C57BL/6 mice, inducing complete tumor regressions in almost
100% animals. However, when MC38 tumors were implanted in
the liver, intratumoral treatment with a similar dose of 108 vp of
SFV-enhIL-12 was only able to induce complete tumor regressions
in 50% of tumors. This lower antitumoral response could be due to
the presence of a richer immunosupressive milieu in the liver. TGFГџ
has been proposed as one of the most potent immunosupressive
cytokines, being able to inhibit maturation and antigen presentation
by dendritic cells, as well as activation of T cells. In order to assess if
the antitumoral response induced by SFV-enhIL-12 could be enhanced
by the inhibition of TGFГџ we treated mice bearing liver MC38 tumors
S134
with a single intratumoral injection of 108 vp of SFV-enhIL-12 and 10
intraperitoneal doses of 75 Вµg of TGFГџ inhibitor peptide P17 given
every 48h. P17 is 15-mer peptide with binding affinity for TGFГџ
that had previously shown to be able to block TGFГџ activity both in
vitro and in vivo. While SFV-enhIL-12 by itself was able to induce
complete tumor regressions in 50% of tumors (n=32), the combination
of SFV-enIL-12 and p17 considerably increased this effect, inducing
complete tumor regressions in 92% of tumors (n=26). The additional
effect provided by P17 took place only in the presence of IL-12
expression, since no complete tumoral regressions were observed in
animals receiving P17 alone or in combination with control vector
SFV-LacZ. Animals that rejected tumors survived during the whole
time of the experiment (more than 200 days). All mice treated with
SFV-enhIL-12 showed a high cytotoxic response against MC38 cells,
as measured by in vivo killing. However, higher IFNОі levels were
detected both in serum and tumors of animals receiving SFV-enhIL-12
and P17, which could indicate a higher activity of IL-12 when TGFГџ is
blocked. To evaluate the induction of a memory antitumoral response,
mice that rejected tumors were rechallenged 3 months later with
MC38 cells. When rechallenge was done in the liver 87.5% (n=8) of
mice that had rejected MC38 tumors after SFV-enhIL-12 treatment
with or without P17 were resistant against tumor development.
However, when MC38 rechallenge was carried out subcutaneously
mice that had been cured after treatment with the combination of SFVenhIL-12 and P17 showed a much higher degree of protection (71%,
n=14) than those animals cured with SFV-enhIL-12 alone (21.4%,
n=14). These results indicate that the combination of SFV-enhIL-12
and TGFГџ inhibitor P17 not only induces more potent antitumoral
responses, but is also able to generate stronger and more systemic
memory immune responses. Similar results were also obtained with
other TGFГџ inhibitors and will be discuseed.
356. Phase II Study of TGF-ОІ2 Antisense Gene
Modified Allogeneic Tumor Cell Vaccine in Non
Small Cell Lung Cancer (NSCLC)
John J. Nemunaitis,1,2,3 Cynthia Bedell,1 Minal Barve,1 Michael
Nemunaitis,1,2 Alex W. Tong,1,2,3 Phillip B. Maples,2 Neil Senzer.1,2,3
1
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LucanixTM is a non-viral gene based allogeneic tumor cell vaccine
which is designed to enhance tumor antigen recognition via inhibition
of Transforming Growth Factor (TGF-ОІ2). In a previous phase I/
II trial dose we demonstrated a dose-related survival advantage in
previously treated patients with advanced NSCLC (Nemunaitis et
al, JCO 2007). Recently we completed accrual of a phase II trial in
patients with stage IIIB/IV NSCLC at a dose of 2.5x107 cells/injection
(based on the prior study). Patients received one dose of Lucanixв„ў
(NovaRx, San Diego, CA), intradermally, up to a maximum of 16
monthly injections if SD or better was maintained. Immune function,
circulating tumor cells (CTC, Veridex, Warren, New Jersey), safety
and anticancer activity were monitored. Twenty-one patients received
108 vaccinations. All patients had previously received front line
systemic treatment and eleven prior second line therapy or greater.
Fifty-two percent of patients were male. Median age was 66 years.
Seventy percent of patients had adenocarcinoma, 18% large cell and
12% squamous cell carcinoma. No significant (в‰Ґ grade 3) adverse
events were observed (i.e.determined by the treating physician to be
probably or definitely associated with administration of the vaccine).
Five of 11 evaluable patients were alive at 1-year with 10 patients still
alive at less than 1 year. Seven patients remain on study. No partial
or complete responses were observed. Median survival estimate by
Kaplan-Meier analysis was 562 days. CTCs were monitored monthly.
Two of two patients with в‰Ґ 4 CTCвЂ™s/7.5 ml at baseline had rapid
progression within 2 months. Fifteen patients had stable disease for
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в‰Ґ 4 months and only 1 of these had в‰Ґ 4 CTCвЂ™s/7.5 ml at baseline.
This patient rapidly decreased his CTC level from 18 at baseline to 0
within 2 months after initiation of treatment. In conclusion, LucanixTM
is safe and well tolerated. Despite limited objective responses, the
preliminary survival estimate is encouraging. Controlled evaluation
involving a larger number of patients is necessary. An emerging
hypothesis is that the initial level of CTCвЂ™s may predict clonogenic
volume/activity of cancer and response to vaccine.
357. Tumor Stroma Degradation by Intratumoral
Relaxin Expression Facilitates Anti-Tumor Immune
Responses
ZongYi Li,1 Ying Liu,1 Sebastian Tuve,1 Ye Xun,2 Hans-Peter
Kiem,3 Andre Lieber.1
1
Medicine, University of Washington, Seattle, WA; 2Shanghai
Sunway Biotech. Co., Shanghai, China, China; 3FHCRC, Seattle,
WA.
Although tumor-specific immune cells are found in stage IV breast
cancer patients, they are not able to control tumor growth. This
is in part due to tumor stroma that tightly surrounds tumor nests.
Tumor stroma creates a physical barrier that prevents direct contact
between tumor infiltrating immune cells and malignant cells. We
hypothesized that removing this barrier would enable anti-tumor
immune cells to kill tumor cells. We tested our hypothesis in a mouse
model of breast cancer involving rat neu-transgenic mice (neu-tg)
and syngeneic mammary carcinoma cells (MMC). We generated a
retrovirus vector (RV-Rlx) that expressed mouse relaxin, a peptide
hormone that is able to degrade stroma matrix protein. In this vector,
relaxin expression was under the control of a modified TET-on
system and could be induced by doxycycline (Dox). In a first study,
MMC cells were infected with RV-Rlx and transplanted into neu-tg
mice and immunodeficient CB17 mice. Half of the mice received
Dox in drinking water. Tumor growth was significantly delayed in
Dox-treated neu-tg mice but not immuno-deficient mice. Induction
of relaxin expression by Dox resulted in fragmentation of tumor
stroma, enabling direct access of tumor infiltrating, neu-specific CD8+
cells to malignant cells. In a second study, we tested whether bone
marrow derived tumor-associated macrophages can be used to deliver
the relaxin gene to the tumor stroma. We transduced ex vivo bone
marrow cells from male neu-tg mice with RV-Rlx and transplanted
them subsequently into lethally irradiated female neu-tg mice. After
bone marrow engraftment, mice receive MMC cells and were given
Dox as in the first study. We show the presence of relaxin-expressing,
Y-chromosome-positive macrophages derived from transplanted
bone marrow cells in MMC tumors. As in the first study, induction
of relaxin expression facilitated anti-tumor immune responses and
resulted in delay of tumor growth. Our future plans involve testing
relaxin-mediated tumor stroma degradation in combination with
various immunotherapy approaches, particularly approaches that
block regulatory T-cells.
358. Augmentation of Immuno-Gene Therapy of
Lung Cancer Using Anti-CCL2 (MCP-1) Antibodies
Zvi G. Fridlender,1 George Buchlis,1 Veena Kapoor,1 Jing Sun,1
Guanjun Cheng,1 Aaron Blouin,1 Deborah J. Marshall,2 Linda A.
Snyder,2 Steven M. Albelda.1
1
Thoracic Oncology Research Laboratory, Department of
Medicine, University of Pennsylvania School of Medicine,
Philadelphia, PA; 2Oncology Research, Centocor Inc., Malvern,
PA.
Background: An immuno-inhibitory environment exists within
tumors that is induced by both the cancer cells and tumor-associated
M2 macrophages. As a result, the production, trafficking, and effector
functions of cytotoxic T-cells are inhibited. Monocyte chemoattractant
Molecular Therapy Volume 16, Supplement 1, May 2008
Copyright В© The American Society of Gene Therapy
protein-1 (CCL2) is produced by many tumors and is known to
promote the migration of monocytes and macrophages into sites of
inflammation and directly affect T-cell function. We hypothesized that
inhibition of CCL2 would change the microenvironment of tumors
and boost immunotherapy. Methods: The effect of CCL2 inhibition
on tumor growth was assessed using anti-CCL2 and anti MCP-5
monoclonal antibodies (from Centocor). We used 2 syngeneic murine
models of non-small cell lung cancer (TC-1, LLC) and 1 model of
mesothelioma (AB12). Mice bearing flank tumors were treated
with 10 mg/kg antibodies IP twice a week, before or after tumor
injection, and tumor volume was measured. We further evaluated
the impact of combining CCL-2 blockade with an adenoviral vaccine
expressing the HPV-E7 tumor antigen (Ad.E7) on the growth of
established TC1 tumors (which express HPV-E7). Changes in the
tumor microenvironment were assessed by measuring cytokine
mRNA expression levels using real time RT-PCR, by flow cytometry
on harvested tumors, and by immunohistochemistry staining (IHC).
Results: Tumor-bearing mice treated with anti-CCL2 and anti-MCP-5
antibodies showed a modest decrease in tumor volume compared to
control mice in all the 3 models. A small effect on survival was also
seen after the intravenous injection of LLC cells. Immunotherapy
with Ad.E7 alone slowed tumor growth but did not induce tumor
regressions. In contrast, in two experiments (n= 5 and 7), mice bearing
large TC1 tumors treated with the combination of immunotherapy
and anti-CCL2/MCP-5 antibodies showed a significant reduction in
tumor volume with a number of cures (3/5, 2/7). The positive effects
of CCL-2 blockade were lost in SCID mice, as well as CD8-depleted
C57Bl/6 mice injected with TC1. FACS analysis and IHC showed
an increase in the influx of CD8 cells and macrophages to the tumor
following Ad.E7. However in the combined treatment, CD8 influx
was accompanied by a reduced number of M2 macrophages and a
reduction of CD4+ cells. Conclusion: Blockade of CCL-2/MCP-5
significantly boosted immunotherapy in established lung tumor
models, associated with an alteration of macrophage populations and
the tumor microenvironment. These effects suggest a novel approach
for augmenting cancer immunotherapy.
359. Development of Optimal Bicistronic
Lentiviral Vectors Facilitates High-Level TCR Gene
Expression and Robust Tumor Cell Recognition
Shicheng Yang,1 Cyrille J. Cohen,1 Peter D. Peng,1 Yangbing
Zhao,1 Lydie Cassard,1 Zhiya Yu,1 Zhili Zheng,1 Stephanie Jones,1
Nicholas P. Restifo,1 Steven A. Rosenberg,1 Richard A. Morgan.1
1
Surgery Branch, Center for Cancer Research, National Cancer
Institute, Bethesda, MD.
We recently demonstrated the successful conferral of antitumor function through ex vivo retroviral transduction of MART-1
reactive T-cell receptor genes to the peripheral blood lymphocytes
in patients with metastatic melanoma resulting in clinical tumor
responses. Although successful in demonstrating the efficacy of
this cancer gene therapy approach, there are several limitations to
current retroviral vector-based gene transfer systems. In human gene
therapy applications, lentiviral vectors may have advantages over
retroviral vectors in several areas including the ability to transduce
non-dividing cells, resistance to gene silencing, and a potentially safer
integration site profile. However, unlike retroviral vectors it has been
problematic to drive the expression of multiple genes efficiently and
coordinately with approaches such as internal ribosome entry sites or
dual promoters. Herein, based on third generation of lentiviral vector,
we developed a novel bicistronic lentiviral vector that combines
a furin cleavage site, and an amino acid spacer followed by a 2A
self-cleaving peptide. Using different 2A peptides, lentiviral vectors
expressing a two-gene T-cell receptor directed against the melanoma
differentiation antigens gp100 and MART-1 were constructed.
To initiate transduction, PBL from metastatic melanoma patients
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(collected by leukapheresis) were resuspended in medium containing
IL-2 along with VSV-g envelope pseudotyped lentiviral vectors in the
presence of protamine sulfate. Using tetramer staining as a measure
of proper TCR alpha and beta chain pairing, we demonstrated that
addition of amino acid spacer sequences (GSG or SGSG) before the
2A sequence is a prerequisite for efficient synthesis of biologically
active gp100 T-cell receptor and that addition of a furin cleavage site
followed by a V5 peptide tag sequence yielded optimal T-cell receptor
gene expression. Furthermore, we determined that the furin cleavage
site was recognized in lymphocytes and accounted for removal of
residual 2A peptides from the C-terminus of the alpha chain at the
posttranslational level with an efficiency of 20-30%, which could not
be increased by addition of multiple furin cleavage sites. The novel
bicistronic lentiviral vector developed here afforded robust antimelanoma activities to engineered PBL including: cytokine secretion,
cell proliferation, and lytic activity. For clinical applications, we
developed an optimized large-scale transduction protocol in which
we could efficiently transduce 10 million PBL in one well of six-well
tissue culture plate making clinical scale transductions simple to
preform with standard laboratory equipment. PBL transduced using
these methods yielded more than 50% TCR positive cells without
selection and these cells had specific-TCR biological activity. Such
optimal vectors may have immediate applications in cancer gene
therapy.
Cancer вЂ“ Targeted Gene Therapy: Targeting
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360. Tumor-Targeted Interferon-alpha
Delivery by Gene-Modified Myeloid Cells Inhibits
Tumor Growth and Suppresses Metastasis in
Spontaneous Breast Cancer Model
Michele De Palma,1 Roberta Mazzieri,1 Letterio S. Politi,2
Ferdinando Pucci,1,3 Erika Zonari,1 Davide Moi,1 Giuseppe Scotti,2
Rossella Galli,4 Luigi Naldini.1,3
1
Angiogenesis and Tumor Targeting Unit and Telethon
Institute for Gene Therapy, San Raffaele Institute, Milan, Italy;
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Neuroradiology Unit, San Raffaele Hospital, Milan, Italy; 3VitaSalute San Raffaele University, Milan, Italy; 4Stem Cell Research
Institute, San Raffaele Institute, Milan, Italy.
IFN-О± was the first cytokine being approved for cancer treatment.
However, the limited efficacy and significant toxicity associated with
IFN-О± systemic administrations prompted us to explore new delivery
strategies that may improve the therapeutic index of IFN-О±. We
exploited the tumor-homing ability of Tie2-expressing monocytes
(TEMs) to target IFN-О± to tumors. In both mice and humans, TEMs
are a pro-angiogenic subset of monocytes that specifically home to
tumors and other sites of angiogenesis, where they provide paracrine
support to nascent blood vessels (De Palma et al., Cancer Cell 2005;
Venneri et al., Blood 2007). To obtain mice with TEM-specific
IFN-О± expression (Tie2-IFN mice), we transplanted hematopoietic
stem/progenitor cells (HS/PCs) transduced with a lentiviral vector
expressing IFN-О± from Tie2 promoter/enhancer sequences. The
selective expression of the Tie2 gene in TEMs among the HS/PC
progeny, and the preferential activation of Tie2 promoter/enhancer
in the tumor microenvironment, enabled targeting the IFN response
to tumors. IFN-inducible genes were strongly upregulated in tumors,
but not in the organs of Tie2-IFN mice, and IFN-О± was not detectable
in the plasma, despite the long-term engraftment of gene modified
cells. We then tested our delivery strategy in clinically relevant
tumor models. In a orthotopic human glioma model, the majority
of Tie2-IFN mice were either tumor-free or had tumors barely
detectable by magnetic resonance imaging at 5 weeks post-injection,
a time-point when all control mice carried large brain tumors. In this
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model, TEM-mediated IFN-О± delivery inhibited tumor angiogenesis
and growth by specifically targeting the IFN response to the tumor
stroma. In a spontaneous breast carcinoma model (MMTV-PyMT),
we achieved significant inhibition of the mammary tumor burden in
both prevention (incipient tumors) and treatment (established tumors)
trials. The treated tumors were massively infiltrated by T cells and
activated macrophages, suggesting the occurrence of an immune
cell-mediated anti-tumor response. Remarkably, prevention trials
achieved near-complete suppression of metastatic outgrowth in the
lungs. Importantly, TEM-mediated IFN-О± delivery did not impair
hematopoiesis or wound healing detectably in the mice. Conversely,
expression of IFN-О± broadly in hematopoietic cells (by a PGKIFN vector) or systemically in the plasma were highly toxic and,
paradoxically, poorly effective. These results illustrate the therapeutic
potential of gene- and cell-based IFN-О± delivery, and should allow
developing IFN-based treatments that more effectively treat cancer.
In the future, engrafting HS/PCs engineered to express IFN-О±
specifically in the TEM progeny might be coupled to autologous
bone marrow transplantation in cancer patients receiving high-dose
chemotherapy.
361. Neural Stem Cell Mediated Tumor-Selective
Gene Delivery: Towards High Grade Glioma
Clinical Trials
Joseph Najbauer,1 Mary K. Danks,2 Seung U. Kim,3 Marianne
Metz,1 Elizabeth Garcia,1 Soraya Aramburo,1 Valerie Valenzuela,1
Margarita Gutova,1 Donghong Zhao,1 Mya Thu,1 Richard Frank,1
Marissa Bowers,1 Sophia Laszlo,1 Michael Barish,4 Carlotta
Glackin,5 Karen S. Aboody.1,4
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Duarte, CA; 2Molecular Pharmacology, St. Jude ChildrenвЂ™s
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Neural stem cells (NSCs) display inherent tumor-tropic properties
that can be exploited for targeted delivery and distribution of anticancer agents to invasive and metastatic solid tumors. We postulate
that NSC-mediated treatment approaches will increase tumorselectivity, decrease toxicities, and achieve therapeutic indices
sufficient to eradicate invasive and residual tumor cells that are
otherwise lethal. Significant therapeutic efficacy has been achieved
with modified NSCs in orthotopic models of glioma, melanoma
brain metastases, and medulloblastoma. We now propose the
clinical use of a well-characterized, v-myc immortalized, clonal
human NSC line, HB1.F3, that has been modified to stably express
a therapeutic transgene in patients with recurrent high-grade glioma.
We postulate that cytosine-deaminase expressing NSCs (HB1.F3.CD)
will localize to residual and infiltrative tumor cells and convert the
orally administered prodrug 5-fluorocytosine (5-FC) to the active
chemotherapeutic 5-fluorouracil (5-FU). 5-FU will thus be produced
and concentrated specifically at tumor sites, causing preferential
killing of dividing cells. Pre-clinical studies demonstrate that HB1.
F3.CD NSCs, injected intracranially into orthotopic glioma-bearing
mice followed by 5-FC treatment, can effect a 75-85% decrease
in tumor burden. We have completed biodistribution and safety
studies of this HB1.F3.CD cell line (Master Cell Bank for clinical
use established) in immunocompromised and immunocompetent,
tumor and non-tumor bearing, adult male and female mouse models.
Results indicate this cell line is non-toxic, non-immunogenic and nontumorigenic. Furthermore, we demonstrate this HB1.F3.CD cell line
is chromosomally and functionally stable over at least 15 passages.
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Identification of a single copy and insertion site for both CD, and
v-myc genes was determined by LAM-PCR. We believe clinical use
of this stable and expandable NSC line will circumvent the problems
associated with characterization, senescence, and replenishment
sources of primary stem cell pools. Most importantly, we expect this
strategy will limit toxicity to non-tumor tissues and improve clinical
outcome for glioma patients. A pilot study to assess the safety and
feasibility of HB1.F3.CD NSCs injected at the time of resection
directly into the tumor cavity wall, in combination with oral 5-FC in
patients with recurrent high-grade glioma is under development. (NIH
Recombinant Advisory Committee approval received 12/07).
362. Combination Gene and Immunotherapy
Using Alloreactive T Lymphocytes as Producer
Cells for Replication-Competent Retrovirus
Vectors in a Human Glioma Xenograft Model
Kazunori Haga,1 German G Gomez,2 Christopher R. Logg,1
Takahiro Kimura,1 Kei Hiraoka,1 Hiroshi Matsumoto,1 Izumi
Ohno,1 Amy Lin,2 Carol A. Kruse,2 Noriyuki Kasahara.1
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Glioblastoma multiforme, the most common primary brain tumor
in adults, is associated with a dismal prognosis. Previous clinical trials
of gene therapy with conventional replication-defective retrovirus
vectors resulted in therapeutically inadequate levels of transduction.
However, we previously demonstrated that replication-competent
retrovirus (RCR) vectors are more efficient, since each successfully
transduced tumor cell itself produces additional virus, achieving
efficient tumor-restricted suicide gene transfer in intracranial glioma
models without detectable spread to normal tissues, achieving
significantly prolonged survival without systemic side effects. We
have now improved the efficiency of this approach by engineering
alloreactive cytotoxic T lymphocytes (alloCTL) to become RCR
vector producer cells (VPC). AlloCTL are sensitized to host HLA,
which is not expressed in normal CNS but is highly expressed by
gliomas, and can traffic through tumor tissue to act directly as cytolytic
effector cells. The clinical feasibility and safety of intratumoral
alloCTL for adoptive immunotherapy of glioma has previously been
confirmed in a Phase I study. We propose that alloCTL/VPC will act
as motile cellular delivery platforms that will not only penetrate the
tumor mass, but also facilitate multifocal spread of replicating vectors
to CNS-infiltrating glioma cells. With simultaneous re-sensitization
against mis-matched glioma HLA, over 80% transduction of alloCTL
could be achieved by RCR vectors in a dose-dependent manner,
resulting in efficient conversion of the alloCTL into VPC. When the
RCR-transduced alloCTL/VPC were co-cultured with naГЇve glioma
target cells at a very low effector-to-target cell ratio (1:10), alloreactive
cell killing did not significantly prevent glioma cell proliferation, but
highly efficient and progressive secondary horizontal transmission
of the RCR vector from alloCTL/VPC to the naГЇve glioma cells was
observed, resulting in 100% transduction of the glioma cells within 12
days of co-culture. Next, using the same conditions, naГЇve glioma cells
were co-cultured with alloCTL/VPC producing RCR vectors with
the suicide gene. PCR analysis confirmed progressive transmission
of the suicide gene-RCR vectors from the alloCTL/VPC to the naГЇve
glioma cells, resulting in efficient killing of both alloCTL/VPC and
transduced glioma cells upon treatment with the appropriate prodrug. In murine subcutaneous tumor models, we found that injection
of alloCTL/VPC delivering RCR vectors that express the yeast
cytosine deaminase suicide gene mediated a significant reduction of
tumor growth compared to controls. We further confirmed that the
biodistrbution of viral integration was confined solely to the tumor.
These results confirm that alloCTL/VPC can efficiently promote
RCR vector spread in gliomas and impart them with susceptibility
to suicide gene therapy, demonstrating the feasibility of combining
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adoptive immunotherapy with viroreplicative gene therapy for CNS
malignancies.
363. Mesenchymal Progenitor Cells as Targeted
Cell Vehicles to Ovarian Carcinoma
Svetlana Komarova,1 Justin Roth,1 David T. Curiel,1 Larisa
Pereboeva.1
1
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The importance of carriers for in vivo delivery of biotherapeutics
has been long established. In this regard, mammalian cells offer
several advantages as therapeutic carriers that validated cell-based
delivery in different disease context. Among cell types proposed as cell
vehicles, mesenchymal progenitor cells (MPCs) have a combination
of favorable intrinsic properties such as ease of isolation, culturing
and scalability. Importantly, the ability of these cells to home to sites
of tissue injury and solid tumors was recently documented, adding
further utility to this cell population. In this regard, the potential ability
to direct therapeutics to tumor sites has encouraged the use of MPCs
as cell vectors in cancer settings. However, these applications have
documented that only modest and generally variable cell numbers
actually home to tumors. We thus hypothesized that MPC tumorhoming abilities can be augmented by applying additional targeting
element to the cells via transient grafting with anti-tumor specific
artificial receptor. To design targeted MPCs, we first created a range
of scFv-based artificial receptors (AR) with specificity to tumor
antigens (erbB2, CA125). These AR were cloned into adenoviral
expression vectors. MPC transduction with adenoviruses encoding an
AR resulted in efficient expression of the AR on the MSC membrane,
which was confirmed by immunohistochemistry. To evaluate these
new binding properties the targeted MPCs were tested in cell-cell
binding assays in vitro. We have shown that targeted MPCs have
enhanced binding ability to the cells overexpressing erbB2 compared
to unmodified MPCs. To test the targeting gains of AR-engrafted
cells in vivo, we have utilized a model system that expresses tumorassociated antigens in the lungs. Transient expression of erbB2 in the
mouse lungs was achieved by adenoviral transduction. This mouse
model previously enabled targeting properties of viral vectors to be
tested after systemic introduction. We tested this model to assess
cell targeting since tumor antigens are expressed at an anatomic
site easily accessible to systemically introduced cell carriers. This
model does not exploit the native tumor homing MPC ability, so it
specifically measures affinity-related cell targeting gains. We have
documented that retention of targeted cells in the preconditioned lungs
was greater than untargeted MPCs, which indicated that the affinityrelated homing can be achieved to target cell vehicles. In summary,
we have developed and tested a targeting approach for MPC-based
cell vehicles to enhance the native tumor homing ability of MPCs and
consequently increase the efficacy of anti-cancer therapeutics delivery
to tumors. To date, attempts to apply targeting elements to the cell
carriers were performed exclusively on immune cells. The possibility
of transferring this approach to other cells is currently being evaluated
as a strategy to broaden the range of cell types which can be used for
cancer applications. Development of such cell targeting approaches
will improve cell-based delivery to specific disease sites.
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364. Safety and Efficacy of Cell-Based, TumorSelective Delivery of Therapeutic Genes for
the Treatment of Orthotopic or Disseminated
Neuroblastoma in Preclinical Models
Karen S. Aboody,1 Thomas L. Sims,2 A. R. Bush,2 Seung U. Kim,3
Philip M. Potter,2 Andrew M. Davidoff,2 Mary K. Danks.2
1
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Background: Stem and progenitor cells harvested from multiple
human tissues display a remarkable, albeit poorly understood, tumortropism. Our goal was to determine whether the tumor-tropism of a
clonal cell line derived from human fetal telencephalon cells (the
HB1.F3.C1 cell line) could be exploited to deliver therapeutic genes
selectively to localized or disseminated tumors in preclinical models
of orthotopic or metastatic neuroblastoma. We evaluated this cell line
for its potential utility to deliver each of three therapeutic transgenes
(carboxylesterase [CE], interferon ОІ [IFNОІ], osteoprotogerin [OPG])
to treat immune-deficient mice bearing SK-N-AS or NB-1691 tumors.
Cells expressing CE were administered in combination with CPT-11,
a prodrug that CE converts to the active chemotherapeutic agent
SN-38. Cells expressing IFNОІ were administered in combination
with cyclophosphamide, with the expectation that IFNОІ would
normalize tumor vasculature and increase the delivery and efficacy
of cyclophosphamide. Cells expressing OPG were administered as
a single agent, to evaluate the in vivo effect of localized expression
on tumor progression in the bone. Results: Enforced expression of
CE, IFNОІ, or OPG did not affect the tumor-tropism of intravenously
administered HB1.F3 cells, irrespective of the tumor size or anatomic
location including bone marrow. Neither the protein products of
the therapeutic transgenes nor the activated form of the prodrug
CPT-11 were elevated in plasma. Each of the above transgenes, when
expressed by HB1.F3 cells administered intravenously, conferred
statistically significant therapeutic benefit without added toxicity.
An optimized schedule of sequential administration of HB1.F3
cells expressing CE and CPT-11 produced 90% long-term complete
cures in mice bearing disseminated disease, in a preclinical model of
metastatic neuroblastoma. This cure rate depended on tumor burden
and dose of CPT-11. Conclusion: These data document significant
therapeutic efficacy with HB1.F3 cells expressing three different
therapeutic transgenes having disparate mechanisms of anti-tumor
activity. The data strongly support the hypothesis that intravenously
administered HB1.F3 cells comprise a tumor-selective delivery
vehicle with promising clinical utility. Development of Phase 1
clinical trials using HB1.F3 cells as delivery vehicles for gene therapy
approaches is in progress.
365. Novel Strategy for the Generation of
Targeted Toxin Pseudomonas Exotoxin A Fused
to Mutated (mu) HIL-13 for Glioma Therapy Using
Regulated Expression and Cre Recombinase
Weidong Xiong,1,2 Marianela Candolfi,1,2 Chunyan Liu,1,2 Kurt M.
Kroeger,1,2 Harvey Herschman,2 Maksim Khayznikov,1,2 Pedro R.
Lowenstein,1,2 Maria G. Castro.1,2
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Glioblastoma (GBM) is an aggressive brain tumor for which novel
therapies are needed. A promising anti-GBM therapeutic approach
is to use toxins fused to cytokines which will bind to GBM specific
receptors and thus will be internalized only into GBM cells. One
such approach already in clinical trails is wild type hIL13 fused to
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domains II and III of Pseudomonas aeruginosa exotoxin A (PE).
One shortcoming of the protein formulation is its short half life and
its putative adverse side effects. We hypothesized that muIL13-PE
could be encoded within regulatable adenoviral vectors with the goal
of minimizing the toxic effects of the toxin to the producer cells. We
developed a doxycycline-regulatable adenovirus vector carrying a
LoxP flanked STOP sequence at the N-terminus of the muIL13-PE
construct, abolishing its expression. The expression of the muIL13-PE
fusion protein is achieved after the excision of the STOP sequence
by co-expression of Cre recombinase. To do this, we cloned a fusion
protein consisting of mutated IL13 and domains II and III of PE toxin
(muIL13-PE) downstream of the STOP sequence, generating pBS.
MCS1-STOP.muIL13-PE. We then subcloned the STOP.muIL13PE cassette into pdeltaE1sp1A vector to generate shuttle vector
pdeltaE1sp1A [IL4-TRE- STOP.muIL13-PE], which also encodes
mutated IL4, used as a safety feature to block any putative binding of
muIL13-PE to the IL4/IL13 receptor present in normal surrounding
brain cells. TransgenesвЂ™ expression is driven by the bidirectional
TRE promoter, which is activated by the transactivator (TetON,
expressed within Ad-TetON), in the presence of the inducer, i.e., Dox.
Using ELISA and immunocytochemistry, muIL-4, muIL-13 and PE
expression were detected in COS7 cells and human U251 glioma
cells infected with Ad-muIL4-TRE-STOP.muIL13-PE+Ad-TetON
and Ad-CAG-Cre, when the cells were incubated in the presence of
Dox. muIL13-PE is expressed only in the presence of the inducer
DOX and Cre which excises the STOP sequences. Our results show
regulated expression of muIL4, provided by the TetOn switch; and
of muIL13-PE provided the TetON switch in combination with the
removal STOP sequence elicited by Cre recombinase. Our results
also demonstrate GBM-specific toxicity of muIL13-PE. This provides
a safe and powerful strategy to treat GBM based on the following
premises: 1- Use of a targeted toxin (muIL13-PE) that will limit
undesired toxicity to the surrounding normal brain, 2- Regulatable
expression of muIL4 and muIL13-PE allows switching expression
ON and OFF depending on clinical need, and 3- the presence of a
STOP sequence flanked by LoxP sites that completely abolishes the
expression of the targeted toxin in the absence of the Cre recombinase.
Funded by NIH-NINDS grants and The Linda Tallen & David Paul
Kane Foundation.
366. An Oncolytic Measles Virus with the
Targeted Envelope of Another Morbillivirus:
Escape from Neutralizing Antibodies
Guy Ungerechts,1,2 Johanna Lampe,1 Marie E. Frenzke,1 Christoph
Springfeld,1 Veronika von Messling,1 William B. Parker,3 Eric J.
Sorscher,4 Roberto Cattaneo.1
1
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Measles virus (MV) is a promising vector for cancer therapy, but
high neutralizing antibody titers of cancer patients might interfere with
its oncolytic efficacy. To generate a virus capable of infecting cancer
cells in the presence of MV-neutralizing antibodies, we enclosed the
MV replicative unit in the envelope of another Morbillivirus, canine
distemper virus (CDV). The fusion and attachment proteins of MV
and CDV have 66 and 37% identity, respectively, and they have minor
serological cross-reactivity. To target the CDV attachment protein
(hemagglutinin, H) to cancer cells we displayed on it a single-chain
antibody specific for human carcinoembryonic antigen (CEA). The
CDV H protein displaying this single chain antibody, coexpressed
with the homologous fusion (F) protein, mediated fusion of murine
adenocarcinoma cells stably expressing human CEA (MC38cea),
proving targeting competence of the CDV envelope. A genome coding
for the MV replicative unit and the targeted CDV envelope was
Molecular Therapy Volume 16, Supplement 1, May 2008
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engineered and the chimeric virus MV-FCDVHCDVantiCEA generated.
This virus grew in Vero cells to titers similar to the parental MV, and
in rodent MC38cea cells it maintained the MV cytopathic effect.
Its neutralization characteristics were assessed using antisera of six
individuals with a history of MV infection or vaccination. In the
serum of four individuals no cross-reactive antibodies were detected,
whereas the sera of two individuals neutralized the chimeric virus
5-6 times less efficiently than MV. Similarly, sera of mice vaccinated
with MV showed neutralizing activity only against MV but not the
chimeric virus. We will assess the oncolytic efficacy of the chimeric
virus in the presence of MV neutralizing antibodies based on a
recently established immunocompetent mouse model with syngeneic
MC38cea tumors. We have vaccinated these mice with MV, and are
currently comparing the oncolytic efficacy of the human CEA-targeted
chimeric virus with that of a human CEA-targeted MV.
367. Development of Bi-Specific Adapters for
Tumor-Targeted Mast Cell Vehicles
Justin C. Roth, Alexander Pereboev, Christy A. Foster, Svetlana
Komarova, David T. Curiel, Larisa Pereboeva.
1
Division of Human Gene Therapy, Departments of Medicine,
Obstetrics and Gynecology, Pathology, Surgery, and the
Gene Therapy Center, University of Alabama at Birmingham,
Birmingham, AL.
Cells have been evaluated as vehicles to synthesize, protect, and
deliver a variety of complex biotherapeutics in vivo. In addition to
the therapeutic mechanism, the ease by which the vehicle is isolated,
loaded, and expanded ex vivo, are important determinants of the
overall practical utility of this strategy. For disseminated cancers,
the cells should also have the capacity to c
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