RNA Virus Vectors

1. A Direct Comparison of Foamy and
Lentiviral Vector Genotoxicity in SCID-
Repopulating Cells Shows Foamy Vectors Are
Less Prone to Clonal Dominance

Elizabeth M. Everson, Miles E. Olzsko, David J. Leap, Jonah D.
Hocum, Grant D. Trobridge

Washington State University, Spokane, WA

Hematopoietic stem cell (HSC) gene therapy has immense potential
for numerous diseases including primary immunodeficiencies.
However, in some SCID-X1 patients treated with gammaretroviral
vectors, leukemia occurred as a result of vector mediated genotoxicity.
Lentiviral vectors are less genotoxic than gammaretroviral vectors
and have become the retroviral vector of choice in HSC clinical trials.
Foamy retroviral vectors have a promising integration profile and are
less prone to read-through transcription when directly compared to
gammaretroviral or lentiviral vectors. Here we directly compared the
safety and efficacy of foamy vectors to lentiviral vectors in human
cord blood CD34* repopulating cells in immunodeficient mice (NSG).
To increase their genotoxic potential, foamy and lentiviral vectors
with identical transgene cassettes that utilized a known genotoxic
spleen focus forming virus promoter were used. Our rationale was
that in order to compare the relative safety of these two vector systems
in normal human CD34" cells, within the relatively short time span
of repopulating cells in mice, a highly genotoxic promoter would
be the best way to elicit differences in genotoxicity. Both foamy
and lentiviral vectors resulted in efficient marking in vivo with
12.2% of peripheral blood human CD45" cells expressing EGFP
for foamy vectors, and 9.6% for lentiviral vectors at 19 weeks after
transplantation. A total of 837 foamy vector and 423 lentiviral vector
unique integration sites were recovered in human SCID repopulating
cells 19 weeks after transplantation. Foamy vector proviruses were
observed less often within genes (40%) than lentiviral vectors (74%),
and were also observed less often within proto-oncogenes (6.6%) than
lentiviral vectors (9.7%). Analysis of clonality in repopulating cells
within individual mice showed that the foamy vector group was more
polyclonal with fewer dominant clones (2/6 mice) than in the lentiviral
vector group (8/8 mice) (Figure 1). Dominant clones were defined
as a single integration site having over 20% of captures. Five of the
thirteen dominant clones from the lentiviral group had integrations
near known proto-oncogenes (Table 1) but in the foamy vector group,
none of the three dominant clones had a known proto-oncogene near
the integration site. In summary, in a direct comparison in human
CD34" SCID repopulating cells, foamy vectors resulted in fewer
dominant clones and more polyclonal repopulation than lentiviral
vectors. Our data further supports the relative safety of foamy vectors
for HSC gene therapy.

Table 1. Foamy vector (FV) and lentiviral vector (LV) RIS contributing
to more than 20% of all retrovlral integration sites (RIS]

Vector ~ Mouse RIS C Closest prot:
to all RIS" (dlstance)
(A% 6 1 99% within MKL1
v 8 2 66% RPSEKA1 (30 kb)
v 1 3 63% n/a
4 28% CYP4F22 (61 kb)
v 3 5 63% nla
6 33% FLT3 (76 kb)
FV 5 7 39% nfa
8 27% n/a
(A% 4 9 34% nla
10 22% n/a
v 5 11 30% MST1 (73 kb)
12 25% n/a
(A% 2 13 23% nla
14 22% nfa
Lv 7 15 22% nfa
FV 6 16 20% nfa

‘Abbreviations: nfa, not applicable
acapture frequency per mouse
® proto-oncogenes within 100 kb of RIS

169 223 837 8 162 52 71 72 45
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Figure 1. Clonality in the bone marrow of NOD-SCID gamma (NSG) mice transplanted with foamy vector (FV) and lentiviral
vector (LV) transduced human CD34* cells. Each bar represents one mouse (for example M1 is mouse 1) and combined are
RIS for all 6 mice for foamy, and all 8 mice for lenti. The numbers above the bars represent the total number of unique RIS
found in each mouse, or for all mice (combined).
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2. Identification and Ranking of Different
Chromatin Insulators to Block Vector-Driven
Enhancer-Mediated Insertional Mutagenesis In
Vivo

Monica Volpin', Andrea Calabria!, Daniela Cesana', Erika
Tenderini', Fabrizio Benedicenti', Giulio Spinozzi', Jack Lenz?,
George Stamatoyannopoulos®, Eugenio Montini'

'HSR-TIGET, Milan, Italy, *Albert Einstein College of Medicine,
New York, NY, 3University of Washington, Seattle, WA

Aimed at refining the safety profile of self-inactivating (SIN)
lentiviral vectors (LV) for gene therapy applications we investigated
the impact of chromatin insulators (CI) on vector-mediated
genotoxicity. Specifically, we studied four recently identified CI
whose function is mediated by CCCTC-binding factor (CTCF), the
best characterized insulator protein in vertebrates, and cloned these CI
in the LTRs of a SIN.LV with a strong enhancer/promoter in internal
position (CL.SIN.LV).

We took advantage of two sensitive in vivo genotoxicity assays
based on the systemic injection of LVs in newborn tumor-prone
Cdkn2a”- and Cdkn2a*- mice, that allow to measure vector-induced
genotoxicity as accelerated tumor onset proportional to the genotoxic
potential of the tested LV.

CI.SIN.LVs displayed slightly not statistically significant
improvement in the median survival time vs. the uninsulated SIN.
LV counterpart (ranging from 193.5 to 214 days vs. 186 days,
respectively) in Cdkn2a’ mice.

In Cdkn2a™" mice, two insulated vectors significantly improved the
median survival time, which resulted non-statistically different from
Mock mice (450 and 511 vs. 505.5 days respectively), while the other
two CL.SIN.LVs studied resulted to be still slightly genotoxic (median
survival time: 412 and 429.5 days). To gain more insights on the safety
profile of these LVs we retrieved and analyzed the vector integration
sites (IS) (n>14000 IS) and identified common integration sites (CIS)
in the murine tumors generated in our experimental framework and
in both murine models.

In Cdkn2a’~ mice, uninsulated SIN.LV-induced tumors harbored
activating integrations targeting Map3k8 oncogene, while tumors
obtained in mice treated with two out of four different insulated
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LVs significantly reduced the frequency of tumors with Map3kS-
activating insertions. The reduced targeting frequency of Map3k8 was
accompanied by a skewing of integrations inactivating Pten, Rasal
or other tumor-suppressors, an escape genotoxicity mechanism on
which insulators cannot act.

In Cdkn2a’* mice we identified different predominant CIS genes
targeted by the different insulated vectors. These data show that
heterozygous Cdkn2a’* mice allow discriminating between more
subtle shades of genotoxicity of the different vector designs and
are therefore instrumental to understand the different molecular
mechanisms of insertional mutagenesis and ways to avoid them.
Interestingly by comparing the results from both in vivo assays we
observed that one CI displayed superior safety profile in terms of
significant improvement in the median survival time and/or in terms
of reduced oncogenic CIS identified.

In summary we validated new human-origin insulator elements able
to block SIN.LV genotoxicity in vivo. Overall, these data highlight
the importance of stringent in vivo genotoxicity testing of improved
vector versions and support the use of CI for future gene therapy
applications.

3. Development of a Cas9 Protein Delivery
System with Lentiviral Vectors for RNA-Guided
Genome Editing

Naoya Uchida, Anna Shvygin, Luke Skala, Lydia Raines, Josiah
Ballantine, John Tisdale

NIH, Bethesda, MD

Gene correction is an ideal gene therapy strategy for hereditary
disease, including sickle cell disease. Recently, the CRISPR/Cas9
system was developed to allow site-specific DNA breakage, which
can enhance homologous recombination-based gene correction
with template DNA. However, efficient delivery remains crucial
for successful genome editing. In this work, we sought to develop a
new gene/protein delivery system with lentiviral vectors for efficient
genome editing. We first used an HIV-1 based lentiviral vector system
to deliver the CRISPR/Cas9 system including guide RNAs and the
Cas9 endonuclease since efficient delivery in various cells, including
hematopoietic stem cells, has previously been established. However,
using this system, the guide RNA/Cas9-transduced cells continuously
express the Cas9 endonuclease, increasing the likelihood of off target
effects. In addition, the large size of the Cas9 DNA (4.3kb) limits
efficient lentiviral packaging, likely reducing transduction efficiency.
Therefore, we sought to develop a Cas9 protein delivery system with
lentiviral particles that did not integrate the Cas9 DNA. Cyclosphilin
A (CypA) has a function to bind to lentiviral capsids; thus, we
hypothesized that fusion proteins between Cas9 and CypA could be
packaged in lentiviral particles to allow delivery. We designed two
Cas9/CypA fusion proteins: “CypA to Cas9” and “Cas9 to CypA”,
and we prepared the lentiviral vectors encoding a GFP-targeting
guide RNA with the fusion proteins. We transduced a GFP+ stable
cell line with GFP-targeting guide RNA vector containing Cas9 fusion
proteins. At 14 days after transduction, GFP-positivity (%GFP) was
reduced with both Cas9 protein delivery vectors (48-53%, p<0.01),
as compared to a guide RNA alone vector control (83%) and no
transduction control (83%). The disruption of GFP was comparable
to a guide RNA/Cas9 integrating vector (40%). These data suggest
that Cas9/CypA fusion proteins can be delivered with lentiviral
particles, and the Cas9 fusion proteins have an endonuclease function
to efficiently induce a GFP DNA break. To model DNA correction,
we then designed a Cas9 protein delivery non-integrating lentiviral
vector encoding both GFP-targeting guide RNA and YFP gene
template, which contains all essential components for GFP to YFP
gene correction in one vector. Conversion of GFP to YFP would thus
model gene correction. Silent mutations in the target site in YFP

template were required to produce the gene correction vector. We
transduced a GFP+ stable cell line with the gene correction vector
using the Cas9/CypA fusion protein or Cas9 protein alone control
(without CypA fusion). We observed a significant reduction of GFP
positivity (20-24% GFP, p<0.01) along with high rates of conversion
to YFP positivity (29-30%, p<0.01) among all Cas9 protein delivery
vectors, even with Cas9 protein alone control, as compared to no
Cas9 control (YFP 4.9%) and no transduction control (YFP 4.3%).
The GFP to YFP gene correction was confirmed by DNA sequencing.
These data suggest that Cas9 protein alone can be delivered with
lentiviral particles and the Cas9 protein delivery system (with or
without CypA fusion) allows for efficient one-time gene correction
with non-integrating vectors encoding both guide RNA and template.
Additionally, we transferred guide RNA and YFP template again 6
days after Cas9 protein delivery; however, no increase of %YFP
was observed, suggesting that Cas9 function was lost over the short
term (<6 days). In summary, we developed Cas9 protein delivery
system with lentiviral vectors, which resulted in efficient GFP gene
breakage. The Css9 protein delivery system allowed for efficient
one-time GFP to YFP gene correction with non-integrating lentiviral
vector encoding both guide RNA and template DNA. Our findings
improve the prospects for efficient delivery and safe genome editing.

4. B-Deliverin: A Small Molecule for Improving
Gene Transfer to Hematopoietic Stem Cells

and Probing Mechanisms of Lentiviral Vector
Restriction

Nina Timberlake', Stosh Ozog!, Saritha D’souza?, Igor Slukvin?,
Sergio D. Catz', Scott Snyder®, Bruce E. Torbett!

!The Scripps Research Institute, La Jolla, CA, *Wisconsin National
Primate Research, Madison, WI, 3University of Chicago, Chicago,
IL

A major obstacle to the success of gene therapy for hematologic
disorders is the inefficiency of lentiviral vector (LV) gene transfer
to hematopoietic stem cells (HSCs). Achieving clinically relevant
gene delivery levels requires prolonged ex vivo culture of HSCs with
cytokines and large LV doses. Rapamycin, PGE2, and other small
molecules, have been reported to increase LV transduction of HSCs,
however the mechanism of action of these drugs and the basis for
LV restriction in HSCs are poorly understood.

Here, we report a novel small molecule, B-deliverin, which
improves LV gene transfer to HSCs up to 3 fold over DMSO control
in vitro. This effect is most pronounced in human adult peripheral
blood-derived HSCs, but also observed in human cord-derived HSCs,
and in non-human primate bone marrow-derived HSCs. Importantly,
treatment with p-deliverin does not significantly affect the viability or
expansion of HSCs in culture. Furthermore, for cord-derived HSCs,
there was no reduction in the number or type of colony-forming
cells. In vivo, B-deliverin treated HSCs engraft in the peripheral
blood of NSG mice at levels comparable to control at 16 weeks
post-engraftment. Despite an only modest increase in transduction
efficiency in B-deliverin-treated cord-derived HSCs transduced
in vitro (26% versus 20% for control), the marking frequency for
control cells dropped to <5% in the peripheral blood of NSG mice
16 weeks post-engraftment, while mice engrafted with p-deliverin
treated HSCs retained on average 20% marking. Our data suggest
that B-deliverin treatment increases gene marking in long-term
repopulating cells without reducing proliferation, differentiation or
engraftment potential.

Mechanistically, B-deliverin acts at the stage of viral fusion; the rate
of fusion is increased more than 2-fold in the presence of f-deliverin.
We show, by confocal microscopy, that the proportion and intensity of
virus signal localized to EEA 1-labelled early endosomes is unchanged
by drug treatment, suggesting that viral entry is not affected. In further
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support of this, LDLR surface expression and receptor density is
unchanged following B-deliverin treatment. In B-deliverin treated
cells, 2 hours post-transduction, we observed reduced accumulation
of virus in late endosomes, a 3-fold reduction in the total number of
late endosomes, as measured by LAMP1 puncta, and a nearly 2-fold
increase in the proportion of early endosomes when compared to
control cells. Together, our data imply that B-deliverin facilitates
more efficient exit of virus from the endosome, possibly by inhibiting
endosomal maturation. Further mechanistic studies are ongoing.
Notably, a monomer of B-deliverin has no effect on HSC transduction,
suggesting an important structure-function relationship.

B-deliverin is a promising tool not only for the development of
novel gene delivery applications, but also to further elucidate LV-
HSC interactions. We are investigating whether the mechanisms
we observed here hold true for other small molecule transduction
enhancers, and using these drugs to probe the biology of LV restriction
in HSCs.

5. Development of Enhancing Intraosseous
Delivery Efficiency of LV-Factor VIIl Variants in
Platelets of Hemophilia A Mice

Xuefeng Wang, Richard Y. Fu, Carol H. Miao

Seattle Children's Research Institute, Seattle, WA

Introduction: Our previous studies demonstrated that human
factor VIII (FVIII) specifically expressed in megakaryocytes and
then stored in platelets of Hemophilia A (HemA) mice can partially
correct their phenotype over 5 months in mice with or without pre-
existing inhibitors. This was achieved by intraosseous (10) delivery
of lentiviral vectors (LVs) carrying a transgene encoding human
FVIII variant (BDDhFVIII/N6; abbreviated as F8) driven by a
megakaryocyte-specific promoter (Gplba) without preconditioning
as required in ex vivo gene therapy. Methods: In this study, we aimed
at enhancing transgene expression by two strategies. One was to
enhance LV transduction efficiency by suppressing the innate and
adaptive immune responses against LVs and LV-transduced cells
using pharmacological agents. The other was to improve FVIII gene
expression by incorporating a new human FVIII variant, F§X10K12 (a
10-amino acid change in the A1 domain and a 12-amino acid change
in the light chain; a kind gift from Dr. Weidong Xiao). Results:
First, the immune competent C57BL6 mice were pretreated with
both dexamethasone (Dex) (IP, 5 mg/kg at -24h, -4h, 4h and 24h)
and anti-CD8a monoclonal antibody (mAb) (IP, 4 mg/kg on day -1,
4, 11, 16 and 21), or Dex only. 10 infusion of GFP-LVs (1.1x108
i.f.u./mouse) driven by a ubiquitous MND promoter was performed
on day 0. On day 7, Dex only and combination drugs + LV treated
mice (n=3) produced higher numbers of GFP* total bone marrow
cells (17.7£3.5% and 11.8+2.1% vs 6.9+3.1%, P=0.0001 and 0.005)
and GFP'Lineage Scal cKit" HSCs (55.5+3.1% and 48.3+6.1% vs
44.4+17.2%, P=0.1 and 0.31) compared with LV-only treated mice
(n=3). Most importantly, in the long term, higher numbers of GFP*
cells (2.4+0.4% vs 0.5+0.1%, P<0.001) in the total bone marrow
and GFP'HSCs (10.7+3.3% vs 2.6+0.6%, P<0.001) were observed
in combination drugs + LVs treated mice (n=3) compared with LV-
only treated mice on day 160 after LV infusion (n=3), which was
confirmed by higher LV copy number in bone marrow cells of drugs +
LVs treated mice. Second, we tested the FVIII expression levels from
two human FVIII variants in HemA mice by hydrodynamic injection
of plasmids driven by a human elongation factor-1 promoter (pEF 1 a-
F8X10K12 or pEF10a-F8, 50 pg/mouse, n=8), respectively. Compared
with F8, F8X10K12 produced a 25-fold increase (147+27% vs
3,734+477%) in the clotting activity determined by an aPTT assay
on day 4 post injection. Then two LVs containing F8X10K12 or F8
transgene driven by EFla promoter (E-F8X10K12-LV or E-F8-LV)
were constructed and used to transduce 293T cells, respectively.

Flow cytometry data showed that E-F8X10K12-LV produced a
significant increase of hFVIII™293T cells (77.8% vs 15%) and MFI
(795 vs 541) compared to E-F8-LV at the same doses. These results
indicated that F8 X10K 12 may further enhance FVIII gene expression
in platelets for more effective therapy. LVs containing F8X10K12
or F8 transgene driven by Gplba promoter (G-F8X10K12-LV or
G-F8-LV) were subsequently generated and were intraosseously
delivered into HemA mice to test the FVIII efficiency in platelets by
ELISA, thrombin generation assay and tail clipping. Conclusion:
We found that administration of Dex that efficiently inhibited initial
innate immune responses to LVs in vivo combined with anti-CD8a
mAD that depleted subsequent cytotoxic CD8" T cells improved the
transduction efficiency of LVs and persistence of transduced cells,
leading to over 10% GFP*HSCs in treated mice up to 160 days. In
addition, a new FVIII variant, F8X10K 12, can significantly enhance
FVIII expression in mice following hydrodynamic injection of
plasmids and in LV-transduced cells. Taken together, 10 infusion of
G-F8X10K12-LV into HemA mice pretreated with Dex and antiCD8a.
mAb can be used to further enhance and prolong transgene efficiency
in platelets for effective correction of hemophilia A.

6. Retargeted Foamy Virus Vectors Integrate

Less Frequently Near Proto-Oncogenes

Jonah D. Hocum, Ian Linde, Dustin T. Rae, Casey P. Collins,
Lindsay K. Matern, Grant D. Trobridge

Pharmaceutical Sciences, Washington State University, Spokane,
WA

Hematopoietic stem cell gene therapy offers immense potential to
treat many genetic diseases and has already shown efficacy in clinical
trials. However, retroviral vector mediated gene dysregulation, known
as genotoxicity, remains a major challenge and clinically relevant
approaches to reduce integration near genes and proto-oncogenes
are needed. The frequency at which a retroviral vector integrates
near proto-oncogenes is a major factor in determining the safety of
the vector. Here we describe a clinically relevant method to retarget
foamy retroviral vector (FV) integration away from proto-oncogenes
using modified Gag and Pol helper constructs. The chromatin binding
site (CBS) of FV Gag was altered using a previously described triple
alanine substitution mutation of RTY (Gag-RTY') shown to drastically
reduce chromatin binding of the FV pre-integration complex. The
modified FV Pol construct expresses chromobox protein homolog 1
fused to the C-terminus of integrase (CBX1-IN). CBX1 interacts with
tri-methylated lysine 9 of histone H3 (H3K9me3) and is associated
with gene sparse regions in the human genome. We hypothesized
a modified FV expressing Gag-RTY and CBX1-IN would have an
altered integration site profile and be retargeted to H3K9me3 regions
and away from genes and proto-oncogenes. FV integration sites from
modified and control FVs were compared in normal human fibroblasts
and in CD34" human cord blood cells. We observed retargeting of
FV integration into H3K9me3 regions with the modified FV (Figure
1). Importantly, retargeting FV integration significantly reduces the
number of integration sites near proto-oncogene transcription start
sites (Table 1). Retargeted FVs can be produced at clinically relevant
titers (> 107 transducing units / ml), resulting in efficient transgene
expression (75 % of control in CD34" cells) with no evidence of
vector silencing. Another published method to retarget lentiviral
vector integration required using a modified cell line, which is not
practical for clinical use. Our approach is cell line independent and the
modified Gag and Pol helper constructs will allow an investigator to
simply use these modified helper plasmids during vector production
to retarget any therapeutic FV in any target cell. Retargeted FVs
integrate less frequently near proto-oncogenes than gammaretroviral
vectors and unmodified FVs, and may be the safest current option for
hematopoietic stem cell gene therapy.
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Figure 1. Retargeted FV integrates into H3K9me3 regions,

associated with gene sparse regions, much more frequently than
control FV in CD34" cells. *statistically significant at p < 0.001
compared to control vector. FV, foamy retroviral vector.

Percent of FV integration sites in human CD34" cells
. In RefSeq <10 kb from < 50 kb from
Vector Totalsites genes TSS proto-oncogene TSS
Control FV 4217 40.9 245 47
Retargeted FV 1534 30.6* 12.5* 2.2*

Table 1. Retargeted FV integrates further away from genes and proto-oncogenes than control FV.
*statistically significant at p < 0.001 compared to control vector. FV, foamy retroviral vector; TSS,
transcription start site.

AAV Vector Biology

7. High-Throughput Sequencing of AAV
Proviral Libraries from the Human Population
Reveals Novel Variants with Unprecedented Intra-
and Inter-Tissue Diversity

Guangchao Xu', Li Luo', Phillip W. L. Tai?, Wanru Qin', Yuanyuan
Xiao!, Chunmei Wang', Qin Su?, Hong Ma?, Ran He?, Yuquan
Wei!, Guangping Gao’

!State Key Laboratory of Biotherapy, West China Hospital,
Sichuan University, Chengdu, China, ’Horae Gene Therapy
Center, University of Massachusetts Medical School, Worcester,
MA

Recombinant adeno-associated viruses (rAAVs) remain the
most promising gene delivery vehicle for human gene therapy. The
development of novel rAAVs with high transduction efficiency and
specific tropisms primarily relies on PCR cloning of natural variants
from primate tissues, or the engineering of capsids via directed
evolution and rational design. Faithful clinical translation of leading
therapeutic AAV serotypes derived from non-human tissues remains
a hot-button issue. Here, we employed high-throughput variant
profiling of natural AAV proviral libraries from the human population
to identify novel AAV variants with unique tissue tropisms. We
screened 844 surgical specimens, encompassing a wide range of
tissue types and disease states from 455 patients by robust signature
PCR. We found that >80% of human tissues are AAV positive with
notable serotype frequencies (AAV2/3 chimera > AAV8 > AAV2 >
AAV6) distributed among different tissues. Notably, we also used
qPCR primers against the conserved AAV rep sequence to quantify
the abundance of pAAV proviral genomes in human tissues.Next, to
ensure the highest return on identifying novel variants, we employed
single-molecule, real-time (SMRT) sequencing to characterize full-
length rep and cap sequences. Our preliminary findings from a single
patient tissue sample revealed more than 800 unique DNA sequence

variants (originating from single nucleotide polymorphisms, genetic
recombination, and de novo mutations) that account for more than
50 unique amino acid sequence variants. We also detected significant
inter-patient variation, as well as high inter-tissue variability within
individual patients. These findings suggest that AAV exhibits the
capacity for high genomic diversity and accelerated intra-host
evolution. These characteristics, which are shared among many other
viruses, are presumed to promote survival against the host immune
response, and fitness in tissue-specific cellular environments.

We also validated a selection of AAVS variants by assessing their
capacity for vector packaging and in vivo gene transfer. We found
that a subset of variants has a stronger competency for transcytosis
and tropism to liver and muscle than the conventional AAV S8 serotype.
Remarkably, one AAV8 variant can cross the blood-brain barrier
and target the CNS more efficiently than AAV9 after intravenous
injection of adult mice. Another noteworthy discovery is the sequence
variability found in the assembly-activating protein (AAP) gene,
which is encoded by an alternative open reading frame of the cap gene.
The diversity within AAP may define the efficacy of AAV packaging
among variants, and implicate its role in AAV evolution and fitness.

By exploiting AAV-host tissues as a natural incubator for viral
evolution to potentiate new AAV capsid sequences, and employing a
strategy to profile intact capsid sequences on a high-throughput scale,
this study highlights the unprecedented diversity and evolutionary
capacity of AAV. Importantly, these new findings reshape the
versatility of rAAV as the ideal biotherapy for targeting a range of
normal and/or diseased tissues.

8. Further Characterization of U2 snRNP
Mediated Restriction of AAV Vector Transduction
Claire A. Schreiber!, Yoshihiro [zumiya?, Aravind Asokan?,
Yasuhiro Ikeda'

!Molecular Medicine, Mayo Clinic, Rochester, MN, *Dermatology,
UC Davis School of Medicine, Sacramento, CA, ’Gene Therapy

Center and Department of Genetics, University of North Carolina
School of Medicine, Chapel Hill, NC

Improving adeno-associated virus (AAV) vector transduction
efficiency is central to the development of its continued, widespread
use in gene therapy. More effective AAV transduction would reduce
vector doses required for efficient gene delivery, minimizing the
risks associated with high dose AAV vectors. Several treatments
have been reported to increase AAV vector transduction, including
adenoviral co-infection. Through screening of a siRNA library, we
recently identified U2 snRNP as a host restriction factor for AAV
vector transduction. Disruption of U2 snRNP spliceosome and
associated proteins, including PHF5A, SF3B1, SF3B2 and U2AF]1,
potently enhanced AAV vector transduction. Relevant to gene therapy
applications of AAV vectors, meayamycin B, a powerful SF3B1
inhibitor, allowed for substantial increases in AAV vector transduction
(up to 400-fold). This post-entry restriction appeared to occur
after the second-strand synthesis but before transgene expression
or accumulation of transgene transcripts and independently of the
cellular splicing machinery. No notable changes were found in the
cytoplasmic trafficking, nuclear entry, or genome release of AAV
vector infection by U2 snRNP inhibition. Here, we further studied
the mechanism(s) underlying the U2 snRNP-mediated block of AAV
vectors. We first tested another commercially available U2 snRNP
inhibitor, pladienolide B (PladB) and verified that PladB treatment
also showed substantial dose dependent increases (up to 700-fold) in
AAV vector transduction. We next studied the relationship between
adenoviral co-infection and U2 snRNP inhibition. Adenoviral co-
infection alone enhanced AAV vector transduction up to 30-fold, while
adenoviral co-infection, in addition to genetic or pharmacological
U2 snRNP inhibition, showed marginal additive effects, suggesting
a common pathway targeted by adenoviral co-infection and U2
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snRNP inhibition in enhanced AAV vector infection. Using a series
of plasmids providing adenoviral helper functions, we have identified
AdS5 E4, but not the E2A and VA RNA genes, as partially responsible
for the enhanced AAV transduction by adenoviral co-infection through
U2 snRNP inhibition. Since the effects of U2 snRNP inhibition are
most likely on the regulation of transgene expression, we also assessed
the epigenetic modifications of the AAV2 genome in the presence
or absence of PladB. Through chromosome immunoprecipitation
(ChIP) assays we mapped histone recruitment patterns at different
regions of the AAV vector epigenome. PladB treatment reproducibly
enhanced recruitment of histone H2b and H3 proteins to the AAV
CMV promoter, luciferase transgene, and polyA regions up to 3-fold.
Our preliminary study also suggested that U2 snRNP inhibition altered
specific histone modification patterns on the AAV vector genome. We
are in the process of verifying the influence of U2 snRNP inhibition,
as well as AAV capsid variations, on epigenetic modifications of
the AAV vector epigenome. Better understanding the underlying
mechanism would provide novel insights into host-virus interactions
and could lead to the rational design of next generation AAV vectors
with improved transduction efficiencies and safety profiles.

9. rAAV Designs Harboring DNA Secondary
Structures with High Thermal Stabilities Produce
Heterogenic Viral Genome Populations

Jun Xie, Ran He, Qin Su, Phillip W. L. Tai, Hong Ma, Jia Li,
Guangping Gao

Horae Gene Therapy Center, UMASS Medical School, Worcester,
MA

It has been known for more than a decade that AAV genomes
in ssAAV particles are heterogeneous, and can contain smaller
than unit-length molecules to varying degrees. However, the cause
underlying this phenomenon remained unknown. Our earlier work
demonstrated that short DNA hairpin (shDNA) sequences designed
into rAAV vectors, resulted in truncated genomes through a template-
switching mechanism during AAV genome replication. Importantly,
the knowledge we have gained about shDNA-mediated genomic
truncation has helped to improve shRNA-cassette design. Specifically,
we have found a correlation between the thermal stability of shDNA
structures with the prevalence of truncation events. By introducing
point mutations into the passenger strand of shRNA sequences to
create DNA bulges within shDNAs in scAAV vectors, we found
that lowering the thermal stability of DNA hairpins lowered the
proportion of truncated to complete genomes. In addition, we found
that scAAV vectors incorporated with pri-miRNA transgenes, which
contain natural bulges in their stem-loop structures, also produced
fewer truncated genomes, relative to sShiDNA-rAAV constructs. By
embedding the guide strand of small RNAs into pri-miRNA scaffolds,
we have defined critical improvements to the genomic integrity of
rAAV vectors expressing small RNAs. Furthermore, we developed a
method, named AAV-GPSeq (AAV genome populations sequencing),
to directly sequence whole vector genome populations from purified
rAAVs using the PacBio platform for high-throughput sequencing.
We discovered through this methodology that truncation events
can originate from palindromic sequences and inverted repeats that
reside in the expression cassette elements of widely used ssAAV
and scAAV vector designs (i.e. transcriptional regulatory elements,
transgene sequences, and post-transcriptional regulatory regions).
The resulting diversity of genomic truncations produces populations
of packaged virions with variable transgene efficacies, and gives us
the first insights into the phenomenon of rAAV heterogeneity. By
examining the genomes from rAAV vectors harboring shDNAs,
pri-miRNA fragments, and palindromic/inverted repeat sequences,
we now highlight the importance of DNA secondary structure on
vector design and genomic heterogeneity in packaged viral vectors.

Improvements upon quality control standards are thus necessary
and critical to efficacious and safe clinical uses for rAAV as a
biomedicine. Further implications for our novel findings towards
understanding AAV replication, and new considerations for future
therapeutic rAAV vector designs will be discussed. To improve the
homogeneity of clinical rAAV vectors, we are optimizing the vector
production procedure, testing non-palindrome promoters, changing
the codon usage in transgenes to lower the thermostability of rAAV
genomes, and modifying rAAV packaging cell lines to minimize
template-switching events to produce more intact rAAV genomes.

10. High-Efficiency Transduction of Primary
Human CD34* Hematopoietic Stem/Progenitor
Cells by AAV6 Serotype Vectors: Strategies for
Overcoming Donor Variation and Implications in
Genome Editing

Zifei Yin', Kanit Bukhai®, George Aslanidi®, Chen Ling?, Mengqun
Tan*, Mervin Yoder?, Philippe Leboulch?, Emmanuel Payen?, Arun
Srivastava’®

'Traditional Chinese Medicine, Second Military Medical
University, Shanghai, China, *Institute of Emerging Diseases

and Innovative Therapies, University of Paris-Sud, Paris,

France, *Pediatrics, University of Florida College of Medicine,
Gainesville, FL, *Physiology, Central South University, Changsha,
China, *Pediatrics, Indiana University School of Medicine,
Indianapolis, IN

We first reported that of the 10 most commonly used AAV serotype
vectors, AAV6 is the most efficient in transducing primary human
bone marrow-derived CD34" hematopoietic stem/progenitor cells
(HSPCs), both in vitro and in murine xenograft models in vivo
(Cytotherapy, 15: 986-998, 2013; PLoS One, 8(3): 58757, 2013).
More recently, two independent groups also reported successful
transduction of primary human CD34" cells using the wild-type
(WT) AAVG6 vectors (Sci. Transl. Med., 7: 307ral56, 2015; Nat.
Biotechnol., 33: 1256-1263, 2015), except that multiplicities of
infection (MOIs) ranging from 100,000-200,000 vgs/cell were
used to achieve ~40-55% transduction efficiency. Furthermore, the
transduction efficiency of the WT AAV6 vector varies greatly in
HSPCs from different donors, ranging between ~6-87%. Here we
report two distinct strategies to further increase the transduction
efficiency in HSPCs from donors that are transduced poorly with the
WT AAV6 vectors. The first strategy involved modification of the
viral capsid proteins where specific surface-exposed tyrosine (Y) and
threonine (T) residues were mutagenized to generate a triple-mutant
(Y705F+Y731F+T491V) AAV6 vector. The second strategy involved
the use of ex vivo transduction at high cell density, which revealed a
novel mechanism, which we have termed, ‘cross-transduction’. The
combined use of these strategies resulted in transduction efficiency
exceeding 90% at an MOI of 20,000 vgs/cell in primary human cord
blood-derived HSPCs at day 4 (Fig. 1A). scAAV6 vectors were more
efficient than ssAAV6 vectors, but at high cell density, there was a
modest enhancement in EGFP-positivity even with ssAAV6 vectors.
However, 14 days post-transduction, virtually no EGFP-positive cells
could be detected (Fig. 1B), suggesting the loss of vector genomes,
and hence, the lack of stable integration of vector genomes in HSPCs.
Our studies have significant implications in the optimal use of capsid-
optimized AAV6 vectors in genome editing in HSPCs. *These authors
contributed equally to this work #Co-corresponding authors
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Figure 1. Transduction efficiency of TM ss and scAAVG vectors in primary human €D34" cells. (A) Primary human cord blood-derived
CD34" cells were either mock-transducad, or ransduced at day 0 at low (1x10° calls/ml,) or high (1x107 cellsimi) cell density with 20,000 vgs/
cell of the indicated AAVE vectors in serum-free medium. Two hrs later, cells were diluted to 4x10° cellsimL and switched to the expansion
medium. EGFP expression was datermined by FACS at day 4 and day 10 post (B) Following mock. or transauction
of CD34" cells as described above, cells were switched 1o the expansion medium for 10 days, and cultured in an erythroid differentiation
medium for an additional four days. EGFP exprassion was datermined by FACS at day 14,

1. The Role of Glucocorticoid Receptor

Signaling in Adeno-Associated Virus 2 Infection
Chen Ling', Jun Li', Daniel Zhang', George Aslanidi', Changquan
Ling?, Arun Srivastava'

!Pediatrics, University of Florida College of Medicine,
Gainesville, FL, *Traditional Chinese Medicine, Second Military
Medical University, Shanghai, China

We previously observed that purified recombinant glucocorticoid
receptor (GR) protein specifically binds to the D-sequence within
the inverted terminal repeat of the AAV2 genome because the
D-sequence shares partial homology to the consensus half-site of
the glucocorticoid receptor-binding element (GRE). The half-site is
an essential core element, which has been reported to be sufficient
to mediate GR signaling. Substitution of the D-sequence with the
authentic GRE further increased AAV2 vector-mediated transgene
expression. Based on these observations, we systemically examined
whether AAV2 infection involves the GR signaling pathway. Our
results showed that following infection by wild-type (WT) AAV2,
or transduction with recombinant AAV2 vectors in vitro, GR was
activated. The serine phosphorylated form of GR in whole cell lysates
was significantly increased in a dose-dependent manner 18 hours post
viral infection/vector transduction. Translocation and accumulation
of GR in the nucleus was also increased correspondingly. To further
corroborate our findings in an in vivo model, C57BL/6 mice were
injected via tail-vein with either WT-AAV2 (1x10' vgs/mouse) or
AAV2-EGFP vectors (5x10" vgs/mouse) and sacrificed 16 hours
post virus/vector administration. A significant increase in the serine
phosphorylated form of GR was also observed in liver tissues. We
also observed that in cell cultures, dexamethasone, a well-known
activator of GR, significantly enhanced rAAV2 vector-mediated
transgene expression in various GR-positive cell lines, but not in a
GR-deficient human osteosarcoma cell line, U20S. Furthermore,
stable transfection of U20S cells with a GR expression plasmid
not only facilitated AAV2 vector transduction, but also restored the
ability of dexamethasone to further increase AAV2 vector-mediated
transgene expression. Together with our previous data, we propose
a model for elucidating the role of glucocorticoid receptor signaling
pathway in AAV2 infection/AAV2 vector transduction (Fig. 1). Upon
viral transduction or stimulation with glucocorticoids, the cytoplasmic
GR is phosphorylated and translocated into the nucleus. Following
AAV?2 entry into the nucleus, the viral genome is released. Upon viral
second-strand DNA synthesis or annealing of the complementary
DNA strands, the activated GR binds to the double-stranded
D-sequence in the viral inverted terminal repeats and consequently,
enhances transgene expression. The activated GR also regulates its

downstream pathways, such as NF-kB, which we have previously
shown to have a substantial effect on AAV2 vector-mediated transgene
expression (Proc Natl Acad Sci USA, 108: 3743-3738,2011). A better
understanding of the complex interaction between GR and NF-kB
signaling pathways notwithstanding, the availability of the fully
functional GRE site-substituted novel AAV vectors to achieve high-
efficiency transgene expression has implications in the potential use
of these vectors in human gene therapy.
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Figure 1: A schematic model for the role of glucocorticoid receptor signaling in AAVZ infection. Following AAVZ infection. or
glucocorticaid stimulation, the cellular GR is phosphorylated and translocated into the nucleus, where it binds to the double-stranded D-
sequence (red boxes) in the wiral inverted terminal repeats and consequently, enhances transgene expression.

12. Assembly-Activating Protein Is Not an
Essential Requirement for Capsid Assembly of
Adeno-Associated Virus Serotypes 4, 5, and 11
Lauriel F. Earley', John Powers?, Kei Adachi’?, Nancy L. Meyer®,
Qing Xie®, Michael S. Chapman®, Hiroyuki Nakai?

!Molecular Microbiology & Immunology, Oregon Health &
Science University, Portland, OR, *“Molecular & Medical Genetics,
Oregon Health & Science University, Portland, OR, *Biochemistry
& Molecular Biology, Oregon Health & Science University,
Portland, OR

The mechanisms of capsid assembly for adeno-associated virus
(AAV) is still incompletely understood, but delineating the role of
the assembly-activating protein (AAP) in this process may lead to
insight on this important step in vector production. AAP is a non-
structural protein encoded within the cap gene in an overlapping open
reading frame (ORF) that initiates near the N-terminus of the VP2
ORF and continues into the VP3 ORF. This protein has been shown
to be essential for assembly of AAV2, 8, and 9 capsids; however,
interestingly, we have recently found that AAVS is capable of forming
VP3-only capsids without AAP, raising a new question of what role
AAP plays in the AAVS virus life cycle. To further understand the
functional role of AAP of AAV5 and other serotypes, it is important
to investigate whether AAVS would require AAP to form infectious
capsids containing all three capsid proteins (VP1, VP2, and VP3) and
whether other AAV serotypes exist that could form AAP-independent
capsids. Here we show that AAVS particles assembled in the absence
of AAP are infectious and AAP-independent capsid assembly takes
place for AAV4 and 11 as well but not for AAV12, a serotype that
is phylogenetically closely related to AAV4 and 11. In the study, we
created an AAVS helper plasmid expressing AAV2 Rep and AAVS
Cap in which the AAP5 ORF was codon-modified extensively to
prevent AAP expression while leaving the VP ORF intact. Using
this AAP-KO helper plasmid and the standard AAVS helper plasmid
with an intact AAP ORF, we produced two types of AAVS vectors
expressing a marker gene, AAV5(AAP-) and AAV5(AAP+) vectors,
respectively. These vectors were applied on CHO cells, and the marker
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gene expression was quantified 2 days post-infection. This assay
revealed that the AAP-independent AAVS(AAP-) vector was able to
efficiently transduce CHO cells although the transduction efficiency
was about a half of that with the AAV5(AAP+) vector. The yield of
AAVS5(AAP-) vector production was lower than AAV5(AAP+) vector
by ~10 fold but restored by co-expression of AAP in trans, indicating
that AAP retains the assembly promoting role even though AAP is not
an absolute requirement for AAV5 capsid assembly. We next sought to
determine if AAV4 and 11 could also assemble capsids without AAP.
To address this question, we transfected HEK293 cells with codon-
modified AAV4 or AAV11 VP3-expressing plasmids and purified
the potential viral particles by cesium-chloride ultracentrifugation.
Electron microscopy revealed viral particles consistent with AAV
capsids. Given the close evolutionary relationship between AAV4, 11
and 12, we hypothesized that AAV12 would also be capable of AAP-
independent capsid formation, but preliminary evidence has shown
this hypothesis to be incorrect. We anticipate that closer examination
of the dependence or independence of viral capsid assembly on AAP
among various serotypes will reveal differences in VP structure or the
assembly process that will illuminate the mechanistic function of AAP.

Adenoviruses

13. Functional Role of Adenovirus Penton in
Modulating In Vivo Properties of Liver-Targeted
and Liver-Detargeted Adenovirus Variants

Svetlana Atasheva', Corey Emerson?, Nelson C. Di Paolo!, Eric
Irons’, Neetu Gulati?, Phoebe Stewart?, Dmitry M. Shayakhmetov'
Lowance Center for Human Immunology, Departments of
Pediatrics and Medicine, Emory, Atlanta, GA, *Department of
Pharmacology and Cleveland Center for Membrane and Structural
Biology, Case Western Reserve University, Cleveland, OH,
’Department of Molecular and Cellular Biology, Roswell Park
Cancer Institute, Buffalo, NY

Pharmacokinetic studies of adenovirus (Ad) vectors after
intravascular delivery demonstrate that the majority of an
administered virus dose is rapidly sequestered from the circulation
by the liver. The molecular determinants that target Ad to the liver
have been found on each of the virus capsid proteins, including hexon,
penton, and fiber. The penton protein in the majority of Ad serotypes
comprises a hypervariable loop containing an RGD motif that has
been shown to interact with a number of cellular integrins upon
virus entry into the cell. The binding of penton to integrins triggers
virus internalization and relaxes the virus structure for subsequent
endosomal disassembly. However, RGD motif interaction with
integrins on tissue macrophages leads to production of inflammatory
cytokines and significantly contributes to systemic Ad toxicity.
Despite its importance for the virus entry into the cell, the penton
is not well employed in the development of therapeutic Ad vectors.
Therefore, in this study we evaluated strategies for modulating Ad
penton interactions with cellular integrins. Ad vectors were created
bearing substitutions of the RGD motif with mimetic non-RGD-
containing peptides derived from extracellular proteins laminin 1
and laminin 3. These peptides are interacting with a different subset
of integrins compared to those binging penton RGD motif. Unlike
wild type (WT) AdS5, these penton-modified vectors were able to
utilize B4 integrin for cell entry. The in vivo studies demonstrated
that penton-modified Ads cannot activate a full inflammatory cascade
and their in vivo toxicity, therefore, is dramatically reduced. Although
the penton-mutated vectors were infecting a set of cancer cell lines
in vitro and hepatocytes in vivo with a similar efficacy as the WT
AdS, interactions of virus with Kupffer cells and virus accumulation
in the liver after intravascular vector delivery remain similar for
penton-mutated and WT Ad vector. We also developed Ad vectors

containing mutations abrogating virus interactions with all types of
liver cells. Additionally to penton modifications, we introduced a
T425A mutation in the hexon hyper variable loop HVR7 to completely
abrogate virus interaction with blood coagulation FX and prevent
transduction of hepatocytes. Furthermore, a set of mutations in the
hexon HVR1 region were introduced to prevent Ad uptake by Kupfter
cells. Due to penton modifications these vectors had very low toxicity
and combinations of three mutations diverted the vector away from the
liver. These data demonstrate that RGD loop modification represents
a useful approach for introducing beneficial properties to the Ad
vectors for greatly reducing their systemic toxicity and enable liver
de-targeting. CryoEM analyses are currently underway to identify
the structural differences in the capsid between the penton mutants
and the wild type Ad.

14. Engineering and Characterization of a
Cloned Adenoviral-Library to Explore Natural Virus
Diversity

Wenli Zhang', Jun Fu?, Jing Liu', Sebastian Janz', Maren
Schiwon!, Eric Ehrke-Schulz!, Johannes Dorner!, Philip Boehme!,
Manish Solanki', Thorsten Bergmann', Hailong Wang?, Andreas
Petzold?, Roma Yumul®, Andre Lieber?, Francis Stewart?, Anja
Ehrhardt'

!University Witten/Herdecke, Witten, Germany, *Dresden
University of Technology, Dresden, Germany, *University of
Washington, Seattle, WA

Large double-stranded DNA (dsDNA) viruses such as adenovirus
(Ad), herpesvirus, poxvirus and their recombinant counterparts were
well explored in basic virology and biomedical research. Especially
for the development of novel vaccines and gene therapies, Ad
gained special attention and represents the most widely explored
vector worldwide. Although ~70 types of human Ad and numerous
nonhuman Ad (>200) have been identified so far a system for efficient
Ad genome cloning and manipulation was lacking and therefore
the majority of recombinant adenoviral vectors (AdVs) are based
on a small fraction of Ad types. Here we report the generation
and characterization of an engineered human adenoviral-library
allowing exploration and system studies of the natural Ad diversity.
Towards that end we first established that adenoviral genomes can be
cloned and tagged in a high-throughput manner utilizing advanced
homologous recombination techniques. Wild type Ads from clinical
isolates including around half of the currently known adenovirus types
that represent all seven human adenovirus species were propagated
and direct high-throughput cloning (HTC) applied. The integrity
of cloned Ad genomes was confirmed by DNA restriction enzyme
pattern and virus reconstitution was conducted using optimized
conditions. Most importantly next-generation sequencing (NGS) and
phylogenetic analysis was performed. As a further step, half of all
cloned adenoviruses representing each species were tagged with a 2A
peptide-mediated multicistronic expression cassette providing a Turbo
Green fluorescent protein as in vitro marker, a NanoLuc luciferase for
in vivo studies and kanamycin/neomycin as selection marker. For HTC
of tagged viruses the reporter cassette was inserted into the adenovirus
E3 region using different orientations because the orientation of the
transgene was essential for reconstitution efficiencies. After successful
reconstitution these double reporters-labeled AdVs were evaluated
in cultured cell lines and mouse models. /n vitro characterization
revealed distinct tropisms for tested viruses. Among the currently
evaluated cell lines, specie B viruses demonstrated high transduction
efficiencies in epithelial (Hela- and A549 cells) and endothelial cells,
while Ad5 still displayed highest transduction rates in other human
and murine cell types (hepatocytes, lymphocytes, neuroblastoma
cells and myoblasts). For the further characterization of unknown
receptor usage, we injected recombinant viruses into DSG2 or CD46
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transgenic mice for in vivo bio-distribution analyses on genome
level by quantitative PCR and on protein level by immunohistology
analyses. We anticipate that our engineered adenoviral-library will
provide a spacious novel view to the adenovirus field. As a broader
perspective it will bring AdV and also other large dSDNA viruses from
mono- to multi-types and enables broader applications in molecular
medicine including gene therapy and vaccination studies, as well as
basic virology.

15. A Novel Fast Production Pipeline for

High Capacity Adenoviral Vectors to Deliver All
Components of CRISPR/Cas9 System for Somatic
Gene Editing Using One Single Viral Vector with
Multiple Guide RNAs

Eric Ehrke-Schulz, Theo Leitner, Stephan David, Jing Liu, Maren
Schiwon, Thorsten Bergmann, Anja Ehrhardt

Human Medicine, Institute for Virology, Witten/Herdecke
University, Witten, Germany

The discovery of the CRISPR (clustered regularly interspaced short
palindromic repeats)/Cas9 system changed the field of in vivo genome
editing. Nevertheless viral delivery of all required components
including Cas9 and one or multiple guide RNA (gRNA) expression
units using one single viral vector has not been fully exploited. Gene
deleted high-capacity adenoviral vectors (HCAdVs) have the potential
to efficiently deliver all expression units of the complete CRISPR/
Cas9 machinery including multiple gRNAs into a broad variety of
target cells using a single viral vector. However, the complicated
handling of large DNA constructs and the time consuming production
procedure hampered the use of HCAdV to deliver the CRISPR/
Cas9 machinery for genome editing approaches. This work aimed
at adapting a toolbox for HCAdV genome manipulation for the fast
and simple introduction of the customized CRISPR/Cas9 machinery
to provide new instruments to improve somatic genome editing
approaches in mammalian cells. We generated a new CRISPR/
Cas9 shuttle plasmid toolbox containing the Cas9 nuclease gene
either utilizing a constitutive or an inducible promotor and a gRNA
expression unit enabling customizing the CRISPR/Cas9 for a desired
target sequence. This allows cloning or recombining all CRISPR/
Cas9 components into the HCAdV genome in one step. To use
several gRNA expression units for multiplexing the CRISPR/Cas9
system, further gRNA expression units can be easily included. To
enable fast assembly of recombinant CRISPR-HCAdV genomes we
used DNA recombineering to introduce all CRISPR/Cas9 expression
units into the HCAdV genome contained in the bacterial artificial
chromosome pBHCA. For insertion of multiple gRNA expression
units into the HCAdV genome we utilized the established pAdV-
FTC plasmid in concert with homing endonuclease directed cloning.
CRISPR-HCAdVs were produced using a shortened amplification
and purification procedure. Exploiting our toolbox we produced
several CRISPR-HCAdVs carrying single and multiplex gRNA
units specific for different targets including hCCRS, hDMD, and
HPV16- and HPV18-E6 genes yielding sufficient titers within a short
time. T7E1 assays were applied to prove CRISPR/Cas9-mediated
cleavage of respective targets and infection of cultured human cells
with respective CRISPR-HCAdVs resulted in efficient site specific
gene editing. In summary, this new platform enables customization,
cloning and production of CRISPR-HCAAV vectors for single or
multiplex approaches within a short time. It simplifies the delivery
of the CRISPR/Cas9 machinery by only using one single viral vector.
Inducible Cas9 expression helps to avoid targeting of the genome of
producer cell lines during vector production and may be beneficial
for special approaches where constitutive expression is unwanted.
We speculate that this may pave the way for broader applications of
the CRISPR technology in preclinical and eventually clinical studies.

16. STAT2 Knockout Syrian Hamsters Support
Enhanced Replication and Pathogenicity of Human
Adenovirus Type 5, Revealing an Important Role of
Type | Interferon Response in Viral Control

Karoly Toth!, Sang R. Lee?, Baoling Ying', Jacqueline F. Spencer’,
Ann E. Tollefson', John E. Sagartz®, Il-Keun Kong*, Zhongde
Wang®, William Wold'

'Molecular Microbiology & Immunology, Saint Louis University,
St. Louis, MO, *Animal, Dairy & Veterinary Sciences, Utah State
University, Logan, UT, *Comparative Medicine, Saint Louis
University, St. Louis, MO, *Animal Science, Gyeongsang National
University, Jinju, Korea, Republic of, *’Animal Science, Utah State
University, Logan, UT

Oncolytic vectors based on human species C adenovirus type 5
(Ad5) are being developed for cancer gene therapy. Studies on wild-
type AdS5 in animal models are likely to provide important insights
into the behavior of these vectors in patients. The most frequently
used permissive immunocompetent animal model for AdS infection
is the Syrian hamster. Ad5 (and Ad6) replicates in these animals and
causes pathology that is similar to that seen with humans. Here, we
report findings with a new Syrian hamster strain in which the STAT2
gene was functionally knocked out (KO) by site-specific CRISPR/
Cas9-mediated gene targeting. STAT2 is a critical element of the
Type I and Type III interferon signal transduction pathways. STAT2
KO hamsters infected intravenously with Ad5 demonstrated an
accentuated pathology compared to the wild-type control animals,
and the virus load in the organs (liver, lung, kidney) of STAT2 KO
animals was 100- to 1000-fold higher than that in wild-type hamsters.
We show that the Type I interferon pathway is disrupted in these
hamsters, inasmuch as the interferon response genes PKR, OAS, and
Mx2 were induced by Ad5 in the liver of wild-type but not STAT2
KO hamsters, revealing a critical role of interferon-stimulated genes
in controlling Ad5 infection. Notably, the adaptive immune response
to Ad5 is not adversely affected in STAT2 KO hamsters, and surviving
hamsters cleared the infection by 7 to 10 days post challenge. In
fact, anti-Ad5 neutralizing antibodies were 10-fold higher at 7 days
postinfection in the STAT2 KO hamsters than in wild-type hamsters.
T cell infiltration into the liver was similar at 3 and 7 days in the
STAT2 KO and wild-type hamsters. Treatment of Ad5-infected
STAT2 KO hamsters with high dose cyclophosphamide resulted in
markedly increased mortality, pathogenesis, and virus replication
in the liver (~10" TCID, /g liver) at 10 days postinfection, likely
because the adaptive immune response as well as other aspects of
the innate response were abolished. This is the first study to report
findings with a genetically modified Syrian hamster infected with
human adenovirus. Further, this is the first study to show that the
Type I interferon pathway plays a role in inhibiting Ad5 replication
in a permissive animal model. This conclusion is in accord with
a previous study in which we showed using a custom microarray
platform that there is a robust up-regulation of genes involved in the
innate immune response (e.g. OAS, PKR, IFN-inducible protein 10)
in the liver at 18 h post-intravenous infection of wild-type Syrian
hamsters with Ad5 (Ying, B. etal., Virology 485, 305, 2015). Besides
providing an insight into adenovirus infection in humans, our results
underscore the usefulness of Syrian hamsters as a permissive model
for the study of species C human adenovirus and adenovirus-based
vectors. In future studies, STAT2 KO hamsters bearing tumors could
be used to explore the role of Type I and Type 111 interferon signaling
on the efficacy of oncolytic adenovirus vectors.
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17. Human Adenovirus D17 Has Tropism for
Endothelium Cells and Can Use Both hCAR and

CD46 as Receptors

Jing Liu', Philip Boehme', Jun Fu?, Wenli Zhang', Manish
Solanki', Roma Yumul’, Achim Schmidtko?, Francis Stewart?,
Andre Lieber’, Anja Ehrhardt

!University Witten/Herdecke, Witten, Germany, *Dresden
University of Technology, Dresden, Germany, 3University of
Washington, Seattle, WA, *University Frankfurt, Frankfurt,
Germany

Human adenovirus type 5-derived vectors (HAdVS5) from species
C were broadly explored for gene therapeutic approaches and
vaccination. However, disadvantages associated with this vector type
are the strong liver tropism in vivo in mice, preexisting immunity and
induction of robust immune responses. There is growing interest in
exploring other adenovirus types of which >69 were identified. Here
we constructed a new first generation adenovirus labelled with green
fluorescent protein marker based on human adenovirus D17 which
was first isolated from conjunctival scrapings in 1955 and aimed
at characterizing the vector in vitro and in vivo. We applied a new
homologous recombineering technology to construct GFP labelled
early E1 gene deleted HAdV17 and HAdVS, rescued viruses in
complementary stable cell lines, and then screened a panel of different
cell lines by FACS analyses and quantitative PCR. Competition
assays based on soluble recombinant fiber knob blocking reagents
(5knob, 17knob, JO4, Augmab) were used to characterize the receptor
interaction in vitro. In vivo biodistribution analyses were performed
after intravenous injection of recombinant viruses into normal and
CD46 transgenic mice. We observed that HAdV17 has tropism for
endothelium cells which are normally refractory to HAdVS5 infection.
This finding was further verified using primary human umbilical vein
endothelial cells (HUVEC). Moreover, after performing competition
assays we found that HAdV17 can utilize both CD46 (a membrane
cofactor protein which is expressed on all nucleated cells) and
CAR (coxsackievirus and adenovirus receptor) as cell attachment
receptors. The endothelium tropism was CD46-dependent and could
be blocked by the CD46 blocking reagent Ad35K++/Augmab. In
vivo biodistribution studies showed significantly increased vector
genome copies (VCN) in various organs of human CD46 transgenic
mice compared to normal mice indicating involvement of CD46 as
a receptor. Immunohistological analyses using cell-specific marker
are ongoing. Neutralizing antibody assays revealed that there was
less seroprevalence with HAdV17 compared to HAdVS5. In total, we
believe that HAdV17-based vectors, which can use both hCAR and
CDA46 as receptors, hold great promise for gene therapy in endothelial
disease. The understanding of the molecular interaction between virus
and host will be beneficial for vaccination and drug development.

18. Delivery of CRISPR/Cas9 or TALENs
Against Hepatitis B Virus cccDNA by High-
Capacity Adenoviral Vectors

Maren Schiwon, Thorsten Bergmann, Eric Ehrke-Schulz, Anja
Ehrhardt

Witten/Herdecke University, Witten, Germany

High-capacity adenoviral vectors (HCAdV) are superior tools
to deliver large DNA cargos into living cells. These vectors are
devoid of all adenoviral coding sequences, leaving only essential
adenoviral DNA sequences which are required for virus replication
and packaging of HCAdV genomes containing foreign DNA. Here
HCAdVs were utilized in combination with designer nucleases
to develop a cure for chronic hepatitis B virus (HBV) infection.
Although advanced prevention measures are available, chronic HBV
infection still presents a serious global health burden for which no

cure exists. The hepatitis B virus genome forms a persistent DNA
species in infected cells (covalently closed circular DNA, cccDNA)
and in that way is able to convert the infection into a chronic state.
A chronic carrier state makes the sufferers susceptible for cirrhosis
and liver cancer. To date various versions of designer nucleases
against the HBV genome were already devised but yet no adequate
transfer to HBV-infected cells in vitro and especially in vivo was
presented. In the present study the potential of designer nucleases as
a tool to cure chronic HBV infection was investigated and the aim
was to cut and therefore destroy the HBV-DNA intracellularly. We
employed transcription factor-like effector nucleases (TALENSs)
and the clustered regularly interspaced short palindromic repeats /
Cas9 (CRISPR/Cas9) system and additionally adapted HCAdV as
an efficient delivery method. This is the advancement of this study in
which either both TALEN subunits of a pair or multiple guide RNA
expression cassettes alongside with a Cas9 coding sequence including
promoter and termination signal were co-delivered in one vector.
The expression cassettes including all compounds of both systems
were inserted into HCAdVs. Vectors were amplified in large scale,
their integrity monitored and then tested on liver cell lines which
were infected with HBV. For this purpose we established an HBV
infection model which is based on a HBV genome which was also
inserted into a HCAdV. The effect of the designer nucleases on the
HBYV genome and its transcription was assayed by qPCR, a mutation
detection assay and HBsAg ELISA. Our data revealed 80% reduction
of hepatitis B surface antigen production in designer nuclease treated
cells in comparison to untreated or mock treated cells. Furthermore
cells treated with nucleases resulted in a decreased HBV genome copy
number and the introduction of mutations could be demonstrated by
a mutation detection assay using T7 endonuclease 1. Note that the
CRIRSPR/Cas9 system was superior to the TALEN based construct.
In conclusion, we demonstrated delivery of a complete TALEN pair
as well as a CRISPR/Cas9 construct containing three guide RNAs by
use of just one HCAAYV, respectively, which after application resulted
in effective reduction of HBV parameters. Future objectives are to
test our vectors in animal models of HBV infection and eventually
to optimize the vector for the needs of this application.

Cardiovascular and Pulmonary Diseases

19. Using a Novel Combinatorial Non-Viral
Vector and Small Molecules to Treat Familial
Hypercholesterolaemia (FH)

Alastair G. Kerr!, Lawrence Tam', Milena Cioroch!, Ashley Hale?,
Gillian Douglas?, Joe Mason', Carole Bataille', Graham Wynne',
Angela Russell', Keith Channon?, Richard Wade-Martins!
!Department of Physiology, Anatomy and Genetics, University of
Oxford, Oxford, United Kingdom, *Welcomme Trust Centre for
Human Genetics, University of Oxford, Oxford, United Kingdom

Familial hypercholesterolaemia (FH) is a life-threatening genetic
disorder characterised by elevated levels of plasma low density
lipoprotein cholesterol (LDL-C). Loss-of-function mutations in
the gene encoding the low density lipoprotein receptor (LDLR)
are responsible for ~85% of all FH cases. We have previously
generated mini-gene vectors carrying the human LDLR cDNA,
driven by 10 kb of genomic DNA from the native human LDLR
locus, encompassing a promoter region with all essential elements
required for physiologically regulated expression (pLDLR-LDLR).
We demonstrated that incorporation of the genomic DNA promoter
elements resulted in long-term physiologically-regulated LDLR
transgene expression that complemented Ldlr deficiency. Here
we further enhance LDLR transgene expression by characterising
and cloning in a miRNA, targeting Hmgcr (miR82) generating a
combinatorial RNAi-LDLR vector (pLDLR-LDLR-miR82). We
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show in vivo that the combinatorial vector efficiently suppresses
endogenous Hmger transcripts, which leads to an increase in LDLR
transgene expression through induction of the LDLR promoter.
In a preliminary study the pLDLR-LDLR-miR82 vector was able
to significantly reduce total and LDL-C, in Ldlr”- mice fed a 1%
cholesterol diet at two and four weeks post vector delivery. We then
carried out a longer term study in Ld/lr- mice fed a 0.25% cholesterol
diet, LDLR expression could be detected 12-weeks post-delivery with
the plasmid able to be rescued as a functioning episome. LDL-C was
significantly lowered throughout the study and this resulted in reduced
atherosclerosis in the pLDLR-LDLR-miR82 vector treated mice.
Here we demonstrate for the first time, that an episomal non-viral
vector is able to significantly reduce LDL-C and the progression of
atherosclerosis in a mouse model of FH. Based on the success of the
miRNA to further enhance the lipid lowering of our non-viral vector,
we went on to screen small molecules which can drive the expression
of the human LDLR promoter. 216 molecules were screened, where
we identified a novel series of small molecules that increased the
LDLR in human and mouse cell lines at nano molar potencies.
We then went on to elucidate the mechanism of action as squalene
synthase inhibitors and demonstrated, that when used in combination
with statins, these compounds give a much greater increase in LDLR
expression than statins alone. These small molecules could be used
in conjunction with low dose statins, alongside our non-viral vector
to further enhance expression of the LDLR and provide greater
therapeutic outcome for patients of FH.

20. A Novel Approach in the Treatment of
Dystrophic Cardiomyopathy

Mona El Refaey, Li Xu, Jing Xu, Lixia Zhao, Yandi Gao, Renzhi
Han

Surgey, Wexner Medical Center, Columbus, OH

Duchenne muscular dystrophy (DMD) is the most common
muscular dystrophy with a worldwide incidence of one in 3500 live
male births. It is caused by the lack of dystrophin, a critical muscle
protein that connects the cytoskeleton and the extracellular matrix
(ECM). Cardiomyopathy develops in at least 90% of patients and
alone can shorten the life expectancy of DMD patients by at least
2 years and up to 40% of DMD patients eventually die from heart
failure. Recently, RNA-guided, nuclease-mediated genome editing
based on type II CRISPR (clustered regularly interspaced short
palindromic repeat)/Cas (CRISPR-associated) system, has been
emerged to alter the genome. In this study, we hypothesize that
CRISPR-mediated genome editing could offer a novel therapy for
DMD-associated cardiomyopathy in live mice. Two gRNA target sites
were chosen from intron 20 and 23 of mouse Dmd. Co- transfection
of the two gRNA with cas9 plasmids into mouse C2C12 cells resulted
in the detection of a small PCR product as predicted, indicating
successful CRISPR-mediated genome editing. DNA sequencing
confirmed that the transcripts from C2C12 cells treated with gRNA/
cas9 were formed due to successful deletion of exons 21-23 of mouse
Dmd. Moreover, we injected the adenoviral vectors carrying GFP-
2A-cas9 and gRNAs systemically and locally into the newborn pups.
Four weeks after adenovirus transduction, dystrophin expression was
restored in the heart muscles positive for GFP. Our PCR and western
blotting data demonstrated that in-frame deletion of the genomic DNA
covering exon 23 restored functional dystrophin expression in the
hearts of mdx mice. Immunofluorescence staining also demonstrated
that B-dystroglycan, which is normally located to the sarcolemma in
healthy heart muscles via interaction with dystrophin-glycoprotein
complex, was also restored at the sarcolemma of GFP-positive heart
muscle fibers. These data provide the proof evidence of systemic
restoration of dystrophin in the hearts of live mice.

21. Pulmonary Macrophage Transplantation
(PMT) Therapy of Hereditary Pulmonary Alveolar
Proteinosis (hPAP) Is Effective with Mature
Macrophages and Does Not Require Myeloid
Precursor/Progenitor Expansion

Takuji Suzuki!, Paritha Arumugam', Anthony Sallese!, Nico
Lachmann?, Claudia Chalk!, Diane Black', Brenna Carey', Thomas
Moritz?, Bruce C. Trapnell!

!Translational Pulmonary Science Center, Cincinnati Children’s
Hospital Medical Center; Cincinnati, OH, *Institute of
Experimental Hematology, Hannover Medical School (MHH),
Hannover, Germany

Rationale: Hereditary Pulmonary Alveolar Proteinosis (hPAP)
is caused by mutations in the CSF2RA or CSF2RB genes (encoding
GM-CSF receptor o or P, respectively) leading to defective GM-
CSF-dependent surfactant clearance by alveolar macrophages,
resulting in severe respiratory failure. Recently, using a validated
model of hPAP (Csf2rb”- mice), we reported a novel Pulmonary
Macrophage Transplantation (PMT) approach as a safe, effective,
tissue-specific and durable therapy for hPAP disease (Nature. 2014,
514: 450). Our results showed that wild-type bone marrow-derived
macrophages (BMDMs) delivered by PMT successfully engraft,
proliferate, gradually replace functionally deficient endogenous
alveolar macrophages and efficiently clear surfactant in Csf2rb™
recipient mice resulting in durable hPAP disease correction, in the
absence of myeloablation. However, these studies did not exclude
the possibility of an expanded myeloid progenitor population as
the effector cell in PMT therapy of hPAP. Because the transplanted
cells were capable of clearing surfactant, we hypothesized that the
therapeutic efficacy of PMT is mediated by mature macrophages
without obligate expansion of any myeloid progenitor/stem cell.
Methods: BMDMs or alveolar macrophages were obtained from
wild-type mice and intrapulmonary administered into Csf2rb” mice
by PMT (2.5x10° per mouse). The therapeutic efficacy was evaluated
at 2 months after PMT by measuring the optical density (OD A=
600 nm) of bronchoalveolar lavage (BAL) turbidity - an excellent
measure of overall PAP disease severity. Results: Characterization
prior to transplantation showed that BMDMs were highly purified,
mature macrophages: they had the morphologic appearance and
surface markers of mature macrophages, clonogenic analysis
indicated they contained less than 0.005% CFU-GM and no BFU-E,
or CFU-GEMM progenitors, and they were able to clear surfactant
in vitro. To further increase macrophage purity, BMDMs were
sorted by flow cytometer by applying a conservative gating strategy
to isolate CD11c"F4/80" macrophages. PMT using these highly
uniform, mature CD11¢"F4/80" BMDMs into Csf2rb”- mice showed
extraordinary therapeutic efficacy as evidenced by marked reduction
of BAL turbidity compared to untreated, age-matched Csf2rb”- mice
(OD = 0.9£0.1 vs 2.3+0.2; n=4; P<0.01). As a second approach to
exclude the possibility of an expanded hematopoietic progenitor
as the therapeutic effector cell of PMT therapy, highly purified
CD11c"F4/80" alveolar macrophages were delivered by PMT into
Csf2rb’- mice. Mature alveolar macrophages were equally efficacious
in hPAP disease correction, as shown by the marked reduction of
BAL turbidity compared to untreated, age-matched Csf2rb” mice
(OD = 1.540.1 vs 2.3+0.2; n=4; P<0.01). All donor cells analyzed at
2 months after PMT were of CD11c!F4/80" phenotype. Conclusions:
Results demonstrate that mature macrophages are the effector cells
of PMT therapy, excluding a requirement for progenitor population
expansion in hPAP disease correction. These observations have
important implications in clinical trial design for translating PMT
therapy to human children with hPAP.
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22. Post-Exposure Vaccination by Capsid-
Modified AdC7 Vector Expressing Pseudomonas
aeruginosa OprF in Chronic P. aeruginosa Lung
Infection

Anurag Sharma, Rika Gomi, Wenzhu Wu, Biin Sung, Stefan
Worgall

Weill Cornell Medicine, New York, NY

Chronic infections by Pseudomonas aeruginosa are a common
problem in cystic fibrosis and other chronic lung diseases associated
with bronchiectasis. With antimicrobial resistance of P. aeruginosa
becoming more common, alternate prophylactic and therapeutic
approaches are needed. Despite extensive efforts, a vaccine against
P, aeruginosa is not yet available. A post-exposure vaccine that
eliminates already established P. aeruginosa from the respiratory
tract, could be useful in the management of chronic P. aeruginosa
colonization. Replication-deficient adenoviral (Ad) vectors are an
attractive platform for vaccines against respiratory pathogens. We
have previously found that, in addition to circumvent pre-existing
anti-human Ad immunity, a non-human primate-based AdC7 vector
expressing outer membrane protein F (OprF) of P. aeruginosa
(AdC70prF) was more potent in inducing lung mucosal and protective
immunity compared to a human Ad5-based vector. In addition,
genetic modification of the AdC7 fiber to display an integrin-binding
arginine-glycine-aspartic acid (RGD) sequence can further enhance
mucosal protective immunogenicity of AdC7OprF. In this study
we investigated if post-exposure vaccination by AdC7OprF.RGD
can clear the already established P. aeruginosa in a mouse model.
Intratracheal inoculation of P. aeruginosa (clinical strain RP73)
encapsulated in agar beads (1076 cfu/mouse) was used to establish
persistent infection. Intranasal immunization of P. aeruginosa
infected mice with AdC7OprF.RGD (10*10 pu/mouse) induced
significantly high serum anti-OprF IgG antibodies as early as 1 week
of immunization that further increased to higher levels after 2 week
of immunization compared to AdC7Null or PBS inoculated mice
(p<0.05; all comparisons). In addition to robust humoral response,
immunization with AdC70prF.RGD induced OprF-specific T-cell
responses, as indicated by the higher secretion of IFN-y or 1L-4
from the OprF-stimulated cultured splenocytes compared to AdNull
or PBS inoculated mice (p<0.05; all comparisons). Importantly,
the AdC70prF.RGD immunized mice showed significantly higher
clearance of P. aeruginosa from the infected lungs after 1 week or
2 weeks of immunization (p<0.05; all comparisons). In fact, after 2
weeks of immunization, 50% of AdC7OprF.RGD immunized mice
(3 out of 6) completely cleared the P. aeruginosa from the infected
lungs. These data suggest that immunization with AdC7OprF.RGD
induced robust humoral and cellular anti-P. aeruginosa immunity that
could clear established pulmonary P. aeruginosa infections.

23. SiRNA and CRISPR/Cas9 Mediated
Knockout of aENAC

Aristides Tagalakis', Joost van Haasteren', Ahmad Aldossary',
Luca Rosa', Mustafa Munye', David McCarthy?, Stephen Hart!
'UCL Institute of Child Health, London, United Kingdom, *UCL
School of Pharmacy, London, United Kingdom

Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis
conductance regulator (CFTR) gene, which encodes for a chloride
channel. Loss of CFTR upregulates the epithelial sodium channel
(ENaC) causing hyperabsorption of sodium, reducing the watery lining
of the lung, leading to impaired mucociliary clearance and enabling
inflammatory lung damage. Therefore, inhibition of ENaC has been
proposed as a treatment in CF. In this study we are assessing the use
of siRNA and CRISPR/Cas9 system as complementary methods of
achieving disruption of ENaC expression in airway epithelial cells

using receptor-targeted nanocomplexes. We sought to compare the
efficiency and persistence of silencing, repeatability of delivery and its
toxicity. We assessed silencing of the aENaC subunit by transfecting
primary CFBE cells growing in Air-Liquid Interface cultures with
siRNA-bearing nanocomplexes and achieved 30% silencing at the
mRNA level. We then assessed their silencing efficiency in lungs
of normal mice (C57BL/6) delivered by oropharyngeal instillation.
Following a single dose, the siRNA formulations achieved ~30%
knockdown of mouse aENaC. Following repeated delivery (3 doses
at 48h intervals) we found out that 48h after the last administration
~50% silencing was achieved, with no adverse effects (as judged by
body weight and histology), whilst following a single administration
there was still ~30% silencing 7 days later. An algorithm was used to
design 6 different guide RNA targets for aENaC. These were used
to transfect cells along with Cas9 and showed varied levels of indel
mutation rates in the aENaC gene by the T7 endonuclease I assay
although two, T3 and T4, were optimal. In order to increase the
amount of indels created we subjected the cells (CFTE and HBE)
to sequential transfections of the same target at 48h intervals. This
showed an accumulation of indels in cells targeted with T3 at a rate
0f'33.3% in HBE cells. This correlated with a 60% decrease in ENaC
mRNA compared to controls and with 40% after a single dose to 65%
decrease in protein levels after three doses. The siRNA-mediated
silencing showed that we can repeatedly deliver the formulations
with no adverse effects and that the effect of a single dose, although
transient, can last for at least 1 week. CRISPR/Cas9 also mediated
efficient gene disruption of tENaC, but with the advantage that this
knockdown will be permanent in cells where the life span is quite
long. Another encouraging finding was the accumulation of gene
disruption with both systems when delivered by a non-immunogenic
vector. This is very important as CF therapy would need repeated
administrations. It is reasonable to anticipate that these systems offer
new prospects to CF gene therapy.

24. Sustained Expression with Partial
Correction of Neutrophil Defects 5 Years After
Intramuscular rAAV1 Gene Therapy for Alpha-1

Antitrypsin Deficiency

Christian Mueller!, Jeffrey D. Chulay? Noel G. McElvaney?,
Gwladys Gernoux', Emer P. Reeves®, Farshid N. Rouhani?,
Margaret Humphries', Alisha M. Gruntman®, Martha Campbell-
Thompson®, James M. Wilson’, Terence R. Flotte?

!Pediatrics and Gene Therapy Center, University of Massachusetts
Medical School, Worcester, MA, *Vice President and Chief Medical
Officer, AGTC, Alachua, FL, *Medicine, Royal College of Surgeons
in Ireland, Dublin, Ireland, *University of Florida, Gainesville,

FL, °Gene Therapy Center, University of Massachusetts Medical
School, Worcester, MA, *Pathology, University of Florida,
Guainesville, FL, ’Gene Therapy Program, Department of
Pathology and Laboratory Medicine, University of Pennsylvania
Perelman School of Medicine, Philadelphia, PA, *Pediatrics, Gene
Therapy Center and Department of Microbiology and Physiologic
Systems, University of Massachusetts Medical School, Worcester,
MA

Alpha-1 antitrypsin (AAT) deficiency is a common monogenic
disorder resulting in emphysema, which is currently treated with
weekly infusions of protein replacement. We previously reported
achieving plasma wild-type (M) AAT concentrations at 2.5-3.8% of
the therapeutic level at 1 year after intramuscular (IM) administration
of 6x10?vg/kg of a recombinant adeno-associated virus serotype 1
(rAAV1)-AAT vector in AAT-deficient patients, with an associated
regulatory T cell (Treg) response to AAV1 capsid epitopes in the
absence of any exogenous immune suppression. Here, we report
sustained expression, at >2% of the therapeutic level, for 5 years
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after one-time treatment with rAAVI-AAT in an AAT-deficient
patient from that study, with the partial correction of neutrophil
defects previously reported in AAT-deficient patients. There was also
evidence of an in-situ Treg response and an exhausted CD8" T cell
response to AAV1 capsid. These findings suggest that muscle-based
AAT gene replacement is tolerogenic and that very stable levels of
M AAT may exert beneficial effects at lower concentrations than
previously anticipated.

Delivery Questions for Neural Applications

25. Intranasal Gene Delivery of AAV
Iduronidase: An Effective and Non-Invasive
Approach for Treatmentof CNS Disease in a Murine

Model of MPS Type |

Lalitha Belur', Megan Buckvold', Kelly M. Podetz-Pedersen’,
Maureen Riedl?, Lucy Vulchanova?, Leah Hanson®, Carolyn
Fairbanks?, Karen Kozarsky*, William H. Frey I, Walter C. Low?,
R. Scott Mclvor!

!Genetics, Cell Biology and Development, University of
Minnesota, Minneapolis, MN, *Neuroscience, University of
Minnesota, Minneapolis, MN, 3Center for Memory and Aging,
Health Partners Research Foundation, Regions Hospital, St. Paul,
MN, ‘REGENXBIO Inc., Rockville, MD, *Neurosurgery, University
of Minnesota, Minneapolis, MN

Mucopolysaccharidosis type I (MPS 1) is a progressive,
multisystemic, inherited metabolic disease caused by deficiency of
alpha-L-iduronidase (IDUA). The most severe form of this disease
(Hurler syndrome) results in death by age 10. Current treatments for
this disease are ineffective in treating CNS disease due to the inability
of lysosomal enzymes to traverse the blood-brain barrier. Our goal is
to supplement current therapy, and treat CNS manifestations of the
disease, by AAV-mediated gene delivery and expression of IDUA. We
have taken a non-invasive and effective approach to the treatment of
CNS disease by intranasal administration of an IDUA-encoding AAV9
vector. Adult IDUA-deficient mice were immunotolerized at birth
with human iduronidase, to prevent anti-IDUA immune response,
and at 3 months of age were infused intranasally with AAV9-IDUA
vector. Animals sacrificed 3 months post-infusion exhibited IDUA
enzyme activity levels that were 100-fold that of wild type in the
olfactory bulb, with wild type levels of enzyme restored in all other
parts of the brain. Neurocognitive testing using the Barnes maze
demonstrated that treated IDUA-deficient mice were not different
from normal control animals, while untreated IDUA-deficient mice
exhibited a significant learning deficit. There was strong IDUA
immunofluorescence staining observed in tissue sections of the nasal
epithelium and olfactory bulb, but no staining was observed in other
portions of the brain. This indicates that the widespread distribution
of IDUA enzyme most likely was the result of enzyme diffusion from
sites of transduction and IDUA expression in the olfactory bulb and
the nasal epithelium into deeper areas of the brain. In order to increase
access, delivery and vector distribution throughout the brain, IDUA-
deficient animals were pretreated with intranasal infusions of an
absorption enhancer. At different time points following pretreatment,
animals were infused intranasally with AAV9 or AAVrh10 vector
encoding IDUA. Animals were sacrificed at 2 months post-infusion,
brains microdissected, and assayed for IDUA enzyme activity,
clearance of glycosaminoglycans, and immunofluorescence staining
for IDUA and GFP. This novel, non-invasive strategy for intranasal
AAV9-IDUA administration could potentially be used to treat CNS
manifestations of MPS 1.

26. Protein Delivery of an Artificial
Transcription Factor Restores Widespread Ube3a
Expression in an Angelman Syndrome Mouse
Brain

Barbara Bailus, Benjamin Pyles, Michelle McAlister, Henriette
O’Geen, Sarah Lockwood, Alexa Adams, Jennifer Trang Nguyen,
Abigail Yu, Robert Berman, David J. Segal

Genome Center, University of California, Davis, Davis, CA

Angelman Syndrome is a neurological genetic disorder caused
by loss of expression of the maternal copy of UBE3A in the brain.
Due to brain-specific genetic imprinting at this locus, the paternal
UBE3A is silenced by a long antisense transcript. Inhibition of the
antisense transcript could lead to unsilencing of paternal UBE3A,
thus providing a therapeutic approach for Angelman Syndrome.
However, widespread delivery of gene regulators to the brain
remains challenging. Here we report an engineered zinc finger-based
artificial transcription factor that, when injected intraperitoneally
or subcutaneously, crossed the blood-brain barrier, and increased
Ube3a expression in the brain of an adult mouse model of Angelman
Syndrome. The factor displayed widespread distribution throughout
the brain. Immunohistochemistry of both the hippocampus and
cerebellum revealed an increase in Ube3a upon treatment. An artificial
transcription factor containing an alternative DNA-binding domain
did not activate Ube3a. We believe this to be the first report of an
injectable engineered zinc finger protein that can cause widespread
activation of an endogenous gene in the brain. These observations
have important implications for the study and treatment of AS and
other neurological disorders.

27. Therapeutic Efficacy of Intracranial and
Intrathecal AAV2/9-PPT1 in Infantile Batten Disease
Charles Shyng', Hemanth R. Nelvagal?, Josh T. Dearborn',
Jonathan D. Cooper?, Mark S. Sands'

"Washington University School of Medicine, Saint Louis, MO,
’Kings College London, London, United Kingdom

Background The neuronal ceroid lipofuscinoses (NCLs) are a
group of the most common pediatric neurodegenerative lysosomal
storage disorders. Infantile NCL (INCL), caused by a deficiency
in the lysosomal enzyme palmitoyl-protein thioesterase-1 (PPT1),
is characterized clinically by progressive cognitive and motor
decline, profound neurodegeneration and neuroinflammation, and
accumulation of autofluorescent storage material (AFSM). Infantile
NCL murine model recapitulates the human disease. AAV2/5-PPT1
intracranial (IC) delivery delayed the onset of INCL histopathological
markers in the forebrain and cerebellum and improved preclinical
outcome measures. However, overall disease progression was only
partially corrected suggesting peripheral nervous system involvement.
In collaboration with Dr. Jon Cooper (King’s College, London),
we discovered substantial progressive pathology in the spinal
cord: neuronal loss and axon density, significant microgliosis and
astrocytosis, and AFSM (Nelvagal H etal, manuscript in prep). These
data suggest that the spinal cord could be an important therapeutic
target. We hypothesize that IC and intrathecal (IT) gene therapy
in combination will significantly improve the lifespan, preclinical
outcome measures, and histopathological markers as compared to
either therapy alone. Methods We generated five groups (n=10):
PPT1-/- , wild type, and PPT1-/- injected with IC, IT, or the
combination IC/IT AAV2/9-PPT1. For IC injections, 3-2ul bilateral
intracranial injections were performed. For IT injections, one 15pl
bolus injection into the lumbar subarachnoid space was performed.
The AAV2/9-PPT1 virus was diluted to 1x10'? viral particles/ml.
To date, we have collected 3, 5, and 7-month time points for all
groups, and have generated a 9-month time point. Samples will be
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analyzed for PPT1 enzyme activity, AFSM, neuroinflammation and
neurohistopathology, spinal cord pathology, and a histochemical
stain for PPT1. Lifespan, behavior, and brain weight (gross measure
of atrophy) will be analyzed. Significance was determined using a
2-way ANOVA test. Results PPT1-/- mice have a median lifespan
of 35.8 weeks and rapid decline in rotarod performance beginning
at 5 months. There is a progressive decline in PPT1-/- brain weight
beginning at 3 months. IT AAV2/9-PPT1 mice have a median lifespan
of 48.4 weeks and have a steady decline in rotarod performance
beginning at 7 months. There is a progressive decline in the IT
mice brain weight compared to wild-type, reaching significance at
7 months (p<.001); however, it had significantly less atrophy than
PPT1-/- brains until 7 months (p<0.05). IC AAV2/9-PPT1 mice
have a median lifespan of 58.5 weeks and a rapid decline in rotarod
performance beginning at 9 months. IC AAV2/9-PPT1 mice brain
weight are not significantly different than wild-type. To date, at 66
weeks, all IC/IT AAV2/9-PPT1 mice are alive. There is a significant
decline in IC/IT mice rotarod performance at 15 months. The IC/IT
mice brain weight is not significantly different than wild-type. Data
for the enzyme activity, neuroinflammatory markers, histopathology,
and histochemical stain will be complete by April 2016. Conclusions
To date, these data confirm that targeting the entire CNS will provide
a significant step for INCL therapy. The combination therapy
significantly increases the lifespan beyond that of an additive benefit.
As expected, modifying the gene therapy vector from IC-AAV2/5 to
IC-AAV2/9 significantly improved preclinical outcome measures.
Lastly, the IT AAV2/9-PPT1 injections suggest that spinal cord disease
plays an important role in INCL pathogenesis. These findings could
form the basis for an effective therapeutic strategy that incorporates
targeting multiple facets of INCL disease.

28. Mouse and Pig Photoreceptor Transduction
Mediated by Triple AAV Vectors

Andrea Maddalena, Patrizia Tornabene, Fabio Dell’Aquila, Ivana
Trapani, Alberto Auricchio
TIGEM, Pozzuoli, Italy

Purpose: The majority of inherited blinding diseases are caused
by mutations in genes expressed specifically in photoreceptors (PRs).
However the size of several of these genes exceeds the DNA cargo
capacity of AAV vectors, to date the safest and most effective gene
therapy vectors in the retina. We have previously demonstrated
that dual AAV vectors expand AAV PR transfer capacity to about
9 kb. Our aim is to further expand this to around 13.5 kb using a
triple AAV vector system. Methods: To assess the percentage of
PR transduction mediated by three independent vectors, we initially
injected subretinally in 4 week-old C57/BL6 mice single AAVS
vectors encoding either EGFP, dsRed or beta-gal reporter proteins.
Then, in order to evaluate the PR transduction efficiency of triple
AAV vectors we generated a reporter EGFP-dsRed fusion protein
under the control of either the ubiquitous CMV or the PR-specific
IRBP(interphotoreceptor retinoid-binding protein) promoters. The
corresponding EGFP-dsRed expression cassettes were either included
in single or triple AAV8 vectors (Figl) which were administered
by subretinal injection to C57/BL6 mice or large white pigs. Direct
fluorescence, Western blot, and ELISA analysis were used to
evaluate transgene expression.Results: In mice injected with three
independent AAVS8 vectors encoding for the different EGFP, dsRed
and beta-gal reporter proteins, the percentage of PR co-transduced
was 12%. In mouse and pig eyes injected with triple and single AAV8
vectors encoding EGFP-dsRed, full length protein expression was
confirmed by Western Blot analysis independently of the CMV or
IRBP promoters used; importantly, 75% of mouse and 65% of pig
eyes injected with triple IRBP vectors showed bands of the expected
size. Quantification in mice of EGFP-dsRed protein expression
from triple AAV8 vectors mediated by either the CMV or the IRBP

promoter shows 30% and 1%, respectively, of the levels observed
with a single AAVS. Interestingly, in pigs, the levels of EGFP-dsRed
protein expression from triple AAV8-IRBP vectors were 40% ratio of
those observed with a single AAV8. Conclusions: Our results show
that triple AAV vectors, which increase AAV transfer capacity up to
13.5 kb, transduce mouse and pig PR at levels that are 1% and 40%
respectively of those obtained with single AAV vectors. This bode
well for further testing this platform in animal models of inherited
retinal degenerations.

A AAV = 2920 bp = 55 kDa

B AAV 14243 = 55 kDa
AAV 1=4250 bp

'-mm-

AAV 3 =3900bp

Terminal Repeats; SD =
K = F1 phage

29. Novel Surgical Method for Intravitreal AAV
Administration Overcomes Transduction Barriers

in Non-Human Primates

Jason Comander'?, Livia Carvalho'>*#, Sarah Wassmer'->*4, Ru
Xiao'?*4 Eva Plovie'**, Aliete Langsdorf>*, Lawrence Lim>*,
Brian Hafler'?, David M. Wu?, Dean Eliott?, Leo A. Kim?#, Luk H.
Vandenberghe'?3#

'Ocular Genomics Institute, Boston, MA, *Department of
Ophthalmology, Massachusetts Eye and Ear Infirmary, Harvard
Medical School, Boston, MA, *Grousbeck Gene Therapy Center,
Boston, MA, *Schepens Eye Research Institute, Boston, MA

Introduction For gene therapy applications in the primate retina,
intravitreal injections (IVT) of adeno-associated virus (AAV) have
been shown to target the retina inefficiently, mainly in retinal ganglion
cells within a small perifoveal region. The internal limiting membrane
(ILM) has been previously hypothesized to be a barrier to broader
transduction. We further hypothesized that the local concentration and
residence time of AAV at the vitreo-retinal interface was insufficient
for efficient retinal transduction. Here, we investigate gene delivery
to the retina in rhesus macaque with regular IVT injection as
compared to a novel surgical technique “Peel and Puddle” aimed at
overcoming these potential barriers. Methods Three eyes of rhesus
macaques were injected with AAV-CMV-GFP via a traditional IVT
at a concentration of 1E+11 particles (2/2 or Anc80 capsid). Another
two eyes from different rhesus macaques had the ILM surgically
removed followed by the concentrated application of AAV2 onto
the peeled area, known as “Peel and Puddle” (PP), also at 1E+11
particles. The PP procedure consisted of a vitrectomy, posterior
hyaloid separation, ILM staining and subsequent ILM peel over the
majority of the macula. This was followed by fluid-air exchange,
and deposition of the virus on the peeled area with 30 minutes of
supine positioning generating a “puddle” onto the retina aimed at
maximizing the AAV residence time at an undiluted concentration.
Results GFP expression in the PP condition was dramatically greater
than with a regular intravitreal injection, both in intensity and the
region of transduction. In the PP eyes, fluorescence was noted in an
area that matched the extent of the ILM peel and puddle, as shown
by imaging and histology whereas traditional IVT demonstrated the
expected parafoveal dim pattern of transduction. All eyes, irrespective
of the type of IVT injection, presented clinically significant signs of
inflammation, which was managed effectively by intravitreal steroid
injections. Histological sections show increase microglia infiltration
in both groups compared to un-injected controls. Conclusions The
vitreous, ILM, and/or physical parameters of the vector delivery
significantly limit gene transfer to the retina. Surgical minimization
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of'these barriers demonstrated highly increased levels and distribution
of transduction. Inflammation following intravitreal injection with a
non-self transgene is of concern and requires further study.

30. Modulation of Intracellular Calcium
Enhances AAV Transduction in the CNS
Garrett Berry, Giridhar Murlidharan, Aravind Asokan

Gene Therapy Center, University of North Carolina at Chapel Hill,
Chapel Hill, NC

Recent preclinical studies and clinical trials utilizing recombinant
AAV vectors have highlighted vector dose-related toxicity as a
potential safety concern. Therefore, strategies to enhance AAV
transduction may mitigate this toxicity, as they may allow for
administration of lower vector doses. While some strategies rely
on modification of the capsid to achieve such, pharmacological
modulation of the cellular environment often has the benefit of
enhancing AAV transduction independent of capsid serotype.
Intracellular calcium is important in the life cycles of several viruses,
such as Ebola virus and rotavirus. Several small molecule drugs
and biologics exist that can modify intracellular calcium levels in
a specific manner. In the current study, we sought to determine if
modulation of intracellular calcium levels affects AAV transduction.
Increasing intracellular calcium levels using either thapsigargin or
ionomycin decreased AAV transduction by an order of magnitude.
Conversely, decreasing intracellular calcium levels using the cell
permanent calcium chelator BAPTA-AM increased transduction by
10 to 100-fold in a cell independent fashion. In addition, the effects
of modification of intracellular calcium are not dependent on AAV
serotype. Furthermore, in vivo studies performed in mice demonstrate
that BAPTA-AM augments transduction by different AAV serotypes,
when administered intracranially. In summary, our results support
the preclinical evaluation of drugs and biologics that modulate
intracellular calcium in the CNS and evaluate their potential for
affecting AAV transduction. Results from ongoing studies in mouse
models of disease will be presented.

Pre-Clinical Development Activities for Gene
Therapy Trials

31. AAV Gene Therapy for Choroideremia:

Dose Determination Analyses

Irena Ignatova, Paolo Falabella, Katherine A. High, Linda B.
Couto

Spark Therapeutics, Philadelphia, PA

Choroideremia (CHM) is a degenerative, X-linked retinal disease
characterized by deletions or mutations in the choroideremia (CHM)
gene, resulting in defective or absent Rab escort protein-1 (REP-1).
In normal retinas, the CHM gene is expressed in multiple cell types,
including retinal pigment epithelium, photoreceptors, and choroidal
cells, though there is evidence that the RPE cell is the primary
disease-causing cell type. Absence or deficiency of REP-1 leads to
cellular apoptosis and degeneration of the retinal pigment epithelium
(RPE), choroid, and retinal photoreceptors. Choroideremia is an
excellent disease candidate for gene transfer as it shares several key
features with other inherited retinal degenerative diseases that are
also candidates for AAV-mediated vector delivery. These features
include: a) the small and localized nature of the target area, namely
the retina; b) the tissue boundaries surrounding the area to be injected,
which minimizes exposure of other cells to the vector and facilitates
treatment with a relatively small vector dose; and c) the favorable
immune status of the eye with respect to viral vector- mediated gene
transfer. We are conducting a Phase 1 clinical trial to treat CHM
subjects using either 5x10' or 1x10" vg/eye of an AAV2-hRepl

vector, and delivering the vector via a subretinal injection. Due to the
lack of suitable animal models that mimic CHM disease in humans,
we took a different approach to assess the potential therapeutic dose.
A molecular analysis of non-human primate retinas was performed
following subretinal injection of AAV2-hCHM to determine the
relative amount of human Repl compared to endogenous monkey
Repl. Cynomolgus monkey eyes were injected subretinally with
either 5x10", 7.5x10" or 2x10'* vg of AAV2-hRepl. Fundus
images were taken following the injection of 300 ul of vector, and
these images were used at the time of sacrifice to dissect the tissue
associated with the injection bleb. The remaining retina was also
collected and analyzed separately. RNA was isolated and absolute
quantitative RT-PCR was performed using both cynomolgus monkey-
specific Repl primers/probe and human Rep1-specific primers/probe.
No human Repl mRNA was observed in non-injected eyes, and the
amount of human Repl mRNA in the bleb area was determined to
be at least 50 fold higher than cynomolgus Repl mRNA following
a dose of 5x10'" vg/eye. At the two higher doses, similar levels of
hRepl mRNA, ranging from 270-380 times more than cynomolgus
Repl mRNA, were observed. These data suggest that in the Phase
1 clinical trial, the low dose subjects (5x10'° vg/eye) will express
hRepl at a level approximately five fold higher than normal and the
high dose subjects will express at least 10 fold higher levels of hRep1
than normal. Ongoing studies are evaluating the level of hRepl in
normal human retinas to confirm these ratios. Thus, the results from
this non-conventional pharmacology model provide an estimate of the
potential therapeutic dose of AAV2-hCHM for use in clinical studies.

32. Towards a Phase | Clinical Trial for
Cystinosis

Tatiana Lobry', Jay Sharma', Sarah Ur!, Athena Lau', Celine
Rocca', Donald B. Kohn?, Denise Carbonaro?, Laura Hernandez',
Stephanie Cherqui!

'UCSD, San Diego, CA, *UCLA, Los Angeles, CA

Cystinosis is an autosomal recessive lysosomal storage disorder
characterized by the accumulation of cystine in the lysosomes leading
to cystine crystals formation. The gene involved, CTNS, encodes a
lysosomal cystine transporter, cystinosin. Cystinosis leads to a renal
Fanconi’s syndrome before the age of one characterized by polyuria
and nutrients loss, and to multi-organ degeneration especially the
eyes and kidneys. The cysteamine treatment allows the exit of
cystine out of the lysosomes but only delays the evolution of the
disease. We showed that transplantation of wild-type Hematopoietic
Stem and Progenitor Cells (HSPCs) in a lethally irradiated Ctns-
" mouse leads to cystine content decrease in every tissues tested
and kidney, eye and thyroid function and structure improvement in
treated mice compared to mock-treated mice. An autologous HSPCs
gene therapy approach has then been developed with Ctns” HSPCs
gene-modified ex vivo to express a functional CTNS cDNA using the
lentiviral vector pCCL-CTNS. Tissue cystine decrease and kidney
function rescue were observed with this strategy. The toxicology
and pharmacology studies required by the FDA are in progress
with a targeted Vector Copy Number (VCN) included between 1
and 3. The in vitro studies, Colony Forming Unit assay and In Vitro
Immortalization assay, have been completed using peripheral blood
CD34" cells from five healthy donors and four cystinosis patients.
The in vivo studies are in progress: Ctns”” HSPCs are isolated and
transduced with pCCL-CTNS and transplanted into primary Ctns
" mice and 6-months later their bone marrow cells are transplanted
into secondary Ctns™ recipients. Primary and secondary mice are
carefully monitored and comprehensive histological, biochemical,
molecular and clinical analyses are performed at 6 months post-
transplant. So far, seven primary and one secondary Ctns”" mice
transplanted with pCCL-CTNS-transduced Ctns”™ HSPCs have
reached the 6 month post-transplantation time point. The primary
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mice had a mean VCN of 1.713 and the secondary 2.04. Clinical
evaluations, histopathology and Vector Integration Site (VIS)
analyses revealed no adverse event so far suggesting a good safety
profile of our product. Moreover, cystine content was significantly
decreased in all tissues tested. Analysis of the remaining primary
and secondary recipient mice is in progress and these data will be
included in an Investigational New Drug (IND) for a phase 1 clinical
trial for autologous transplantation of pCCL-CTNS-modified CD34*
HSPCs in patients with nephropathic cystinosis, For the design and
conduct of the future clinical trial, the Cystinosis Stem Cell and Gene
Therapy Consortium was recently created and is composed of experts
in cystinosis, bone marrow transplant and gene therapy. The clinical
grade pCCL-CTNS virus preparation is about to be produced at the
Gene Therapy Resources Program (GTRP), Clinical Grade Lentivirus
Vector Core directed by Dr. Kenneth Cornetta who prepared the
Good Manufactory Practice-comparable (GMPc) virus used for the
pharmacology/toxicology studies. We are currently preparing the
documents necessary for the IND such as the clinical protocol, the
toxicology/pharmacology report, the Chemistry, Manufacturing and
Controls (CMC) report, etc. This clinical trial will represent the first
stem cell and gene therapy treatment strategy for cystinosis.

33. Advancing a State of the Art Gene Therapy
Called OXB-202 That Resists Corneal Rejection in

High Risk Patients

Naghmeh Fouladi, Katie Binley, Laura McCloskey, Julie Loader,
Michelle Kelleher, Kyriacos Mitrophanous, Scott Ellis

Oxford BioMedica, Oxford, United Kingdom

Due to both the avascularity of the cornea and the relatively
immune-privileged status of the eye corneal transplantation is one
of the most successful clinical transplant procedures. However
in high risk patients, which account for >20% of the 100,000
transplants carried out worldwide each year, the rejection rate is
high due to vascularization of the recipient corneal bed. In some of
these patients the prognosis is extremely poor, with grafts failing
at an accelerating rate to the point where patients are no longer
considered suitable for further transplants and are left blind, despite
an otherwise normally functioning visual system. The main reason
for graft failure is irreversible immunological rejection and it is
therefore unsurprising that neovascularization (both pre- and post-
grafting) is a significant risk factor for subsequent graft failure.
Neovascularization is thus an attractive target to prevent corneal
graft rejection. OXB-202 (previously known as EncorStat®) is a
human donor cornea modified prior to transplant by ex vivo genetic
modification with genes encoding secretable forms of the angiostatic
human proteins, endostatin and angiostatin. This is achieved using a
lentiviral vector derived from the Equine Infectious Anaemia Virus
(EIAV) called pONYKI1EiA, which subsequently prevents rejection
by suppressing neovascularization. Previously we have shown that
rabbit corneas treated with pPONYKI1EiA substantially suppress
corneal neovascularization, opacity and subsequent rejection in rabbit
models of cornea graft rejection (Parker et al, 2014). We will present
data from a 3-month GLP toxicology and biodistribution safety study
of pPONYK1EiA modified rabbit corneas in a rabbit corneal transplant
model. In particular, the GLP study has been designed to include a
number of high content in-life assessments that include regular slit-
lamp ophthalmic examinations, evaluation of corneal thickness and
endothelial cell density using pachymetry and specular microscopy
respectively and intraocular pressure measurements. We will present
a summary of these data to show that there are no safety issues with
PONYKI1EiA modified corneas. The GLP safety study data to be
presented supports the evaluation of OXB-202 corneas in a First-

in-Man trial. The toxicology study, GMP manufactures and clinical
development of OXB-202 has been supported by the UK Technology
Strategy Board (Innovate UK).

34. Development and Validation of Identity and
Homogeneity Assays for AAV Preparations

Simon Pacouret'?, Mathieu Mevel’, Mohammed Bouzelha®, Anna
Maurer'?, Rajani Shelke!?, Ru Xiao!?, Magalie Penaud-Budloo?,
Heikki Turunen'?, Frederic Broucque®, Véronique Blouin’,
Philippe Moullier®, Eduard Ayuso®, Luk H. Vandenberghe'
!Department of Ophthalmology, Ocular Genomics Institute,
Schepens Eye Research Institute, Massachusetts Eye and Ear
Infirmary, Harvard Medical School, Boston, MA, *Grousbeck
Gene Therapy Center, Boston, MA, *INSERM UMR 1089/Atlantic
Gene Therapies, University of Nantes, Nantes University Hospital,
Nantes, France

Adeno-associated virus (AAV) vectors have emerged as key clinical
candidates for gene therapy. Yet, the efficiency and safety of these
20-25 nm biological nanoparticles remain difficult to harmonize
across pre-clinical studies due to the limitations of current analytical
tools. The presence of residual DNA, protein contaminants, empty
particles and VP subunits resulting from incomplete capsid assembly
are variables that can strongly modulate the reliability of in vivo data
and that, therefore, need to be closely monitored in AAV research
laboratories. In this work, 70 AAV preparations, obtained with
various production (baculo/Sf9 and triple transfection system) and
purification (iodixanol gradient and double cesium-chloride gradient)
techniques were analyzed using a thermal shift assay based on the
fluorescent dye Sypro® Orange. The fluorescence fingerprint obtained
did not only allow to discriminate various AAV serotypes based on
their capsid melting temperatures, but also enabled to probe the
homogeneity and purity of AAV vector preparations, investigated in
parallel using dynamic light scattering (DLS) and polyacrylamide
gel electrophoresis. In particular, a double fluorescence transition
indicated the presence of capsid-associated protein contaminants
whereas a high initial fluorescence background correlated with the
presence of free protein contaminants and capsid subunits, possibly
resulting from capsid degradation during vector purification or
storage. The variability, sensitivity and precision of this assay were
further investigated in two different AAV research laboratories.
This simple, fast (analysis of 94 preps in ~6 hrs) and low-cost
assay emerges as a relevant tool for characterization of AAV vector
preparations and will help to increase the reliability of in vivo gene
transfer studies.

35. Establishment of the Dose-Response
Relationship Needed for Human Translation of
Pulmonary Macrophage Transplantation (PMT)
Therapy of Hereditary Pulmonary Alveolar
Proteinosis (hPAP)

Paritha I. Arumugam!, Takuji Suzuki', Anthony Sallese', Nico
Lachmann?, Claudia Chalk', Diane Black!, Brenna Carey', Thomas
Moritz?, Bruce C. Trapnell'

'Pulmonary Biology, Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH, *Institute of Experimental Hematology,
Hannover Medical School, Hannover, Germany

Hereditary pulmonary alveolar proteinosis (hPAP) is a severe
pediatric lung disease caused by mutations in CSF2RA/B (encoding
GM-CSF receptor o/, respectively) without pharmacologic
therapy. Disease patho-genesis is mediated by loss of GM-CSF-
dependent clearance by alveolar macrophages (AMs) resulting
in progressive pulmonary alveolar surfactant accumulation and
hypoxemic respiratory failure. We recently reported a conceptually
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and technically novel, exceptionally efficient gene and cell therapy
approach -PMT- as a promising alternative for the existing highly
invasive, inefficient whole lung lavage procedure for hPAP. Our
preclinical studies revealed that macrophage cell doses from 0.5 to
4 x10%mouse were similarly highly efficacious as therapy of hPAP
in Csf2rb-/- mice, an authentic model of human hPAP (Nature,
2014, 514: 450-5). The present study was undertaken to identify
a dose-response relationship and to address the hypothesis of an
expected ‘trade-off” between the minimum effective dose and time to
treatment effect. We isolated Lineage-, Scal+, cKit+ hematopoietic
stem/progenitors from the bone marrow of wild-type (WT) CD45.1+
mice, differentiated them in vitro into mature macrophages and sorted
for highly homogenous CD11cHi, F4/80" macrophage population
by flow cytometry. We administered cell doses (2.5 x10%, 2.5 x10%,
2.5 x10%, 1 x10° cells/mouse; n=3-4/dose) by PMT to CD45.2+
Csf2rb-/- recipients. At 8 weeks after PMT, therapeutic efficacy was
evaluated by measuring the optical density (OD) of bronchoalveolar
lavage (BAL turbidity) - an excellent measure of overall PAP disease
severity. The CD45.1+ donor macrophages recovered from the
BAL were of CD11c!, F4/80" phenotype. BAL turbidity decreased
smoothly with increasing PMT cell dose over the entire range but
reached significance only at the two highest doses compared to age-
matched, untreated Csf2rb-/- controls (OD A=600 nm = 0.88+0.07
and 0.5+0.08 vs. 2.32+0.18; P<0.001, P<0.0001; respectively). BAL
turbidity correlated inversely with the percentage of CD45.1+ donor
macrophage engraftment in CD45.2+ Csf2rb-/- recipients (Spearman
rank correlation, R?*=0.74). Since we have identified an increased ratio
of cholesterol (relative to phospholipid) in surfactant as the primary
lipid abnormality in hPAP, we also evaluated the relationship of BAL
cholesterol level and PMT cell dose. Like turbidity, BAL cholesterol
levels decreased smoothly with PMT cell dose over the entire range
but reached significance only at the two highest cell doses compared
to age-matched, untreated Csf2rb-/- controls (ng/ml BAL = 25+3
and 10£0.3 versus 54+0.3; P<0.01, P<0.001; respectively, R?=0.67).
Our pre-clinical results establish a direct relationship between the
number of macrophages transplanted and efficacy of PMT therapy
in Csf2rb-/- mice and facilitate the design of a clinical trial to test
PMT therapy in children with hPAP. Based on these results and the
previously demonstrated strong survival advantage of transplanted
over endogenous macrophages, we anticipate a ‘trade-off” between the
minimum effective dose and the time to equivalent treatment effect.

36. Translation of an Adenovirus-Based

Cocaine Vaccine dAd5GNE to a Clinical Trial
David F. Havlicek, Bishnu De, Jonathan Rosenberg, Odelya
Pagovich, Dolan Sondhi, Stephen Kaminsky, Ronald Crystal
Weill Cornell Medical College, New York, NY

dAd5GNE, an anti-cocaine vaccine based on a disrupted serotype 5
adenovirus gene transfer vector covalently conjugated to the cocaine
analog GNE, evokes high titers of high affinity anti-cocaine antibodies
that prevent cocaine from reaching its cognate receptor in the CNS.
dAdSGNE has been shown to be effective in preclinical efficacy
studies in mice, rats and nonhuman primates. In order to translate
dAd5GNE to the clinic, this study focused on optimizing the choice
of adjuvant, timing of vaccination regimen and dose. Adjuvant.
To evaluate vaccine formulation, the adjuvants Adjuplex and Alum
were assessed at a fixed dose to identify the formulation that evoked
the fastest and highest titer response. BALB/c mice vaccinated with
dAdSGNE/Adjuplex demonstrated high serum anti-cocaine antibody
titers (>5x10°) after a single administration while animals vaccinated
with dAdSGNE/Alum required multiple injections to achieve high
titers, and mice vaccinated with dAdSGNE/PBS plateaued at a lower
titer. Therefore, a formulation based on the Adjuplex adjuvant was
chosen for the clinical protocol. Timing. The measurement of titer
half-life in nonhuman primates following individual vaccinations at

variable intervals was used to inform the timing between vaccine
boosts. The anti-cocaine antibody titer half-life in 8 dAdSGNE/
Adjuplex vaccinated nonhuman primates was assayed regularly over
the course of 1 yr and the titer half-life was calculated following each
administration. The average half-life for all animals was 4.0 + 0.2 wk.
Continued cocaine use did not impact the titer half-life. These results
indicate that a 4 wk interval for vaccinations is necessary to maintain
the high titer anti-cocaine antibody levels. Dose. We measured the
dose response in mice to provide the baseline for a phase I/11 clinical
trial and identified the range of doses that bracket the anticipated
minimum effective dose and maximum tolerated dose. Doses from
0.04 - 40 pg of the vaccine were evaluated in BALB/c for the capacity
to evoke antibody titers and to minimize access of radiolabelled
cocaine to the CNS. Doses at and above 4 pg produced high anti-
cocaine antibody titers above the threshold for efficacy (>5x10%)
which substantially reduced cocaine levels in the brain (p<0.0001 vs
PBS). Using a modified weight adjusted dose from these results, the
vaccine doses to be evaluated in the clinical trial were determined to
be 100 to 1000 pg. The results of these studies combine to provide
the specifications for critical vaccine design parameters required to
translate the anti-cocaine vaccine to evaluation in a clinical trial.
Based on these specifications the FDA has allowed the Adjuplex-
formulated dAd5GNE vaccine to proceed to clinical study with a
monthly vaccination regimen in recovering cocaine addicts.

Targeted Genome Editing: Gene Editing in
Hematopoietic Cells

37. Towards Clinical Translation of
Hematopoietic Stem Cell Gene Editing for the
Correction of SCID-X1 Mutations

Pietro Genovese', Giulia Schiroli', Anthony Conway?, Samuele
Ferrari', Dmitry Y. Guschin?, Tiziano Di Tomaso!, Luisa Albano',
Virna Marin®, Erica Giuliani®, Philip D. Gregory?, Michael C.
Holmes?, Bernhard Gentner', Chiara Bovolenta’®, Gregory J. Cost?,
Angelo Lombardo!, Luigi Naldini'

'TIGET, Milan, Italy, *Sangamo BioSciences, Richmond, CA,
SMolMed, Milan, Italy

The scope of genetic engineering of hematopoietic stem/progenitor
cells (HSPC) has broadened from gene replacement to targeted
genome editing using a choice of artificial nucleases, which enables
precise modifications of endogenous genes. We recently showed that
gene editing in the primitive HSPC is constrained by gene transfer
efficiency and limited proficiency of homology directed DNA
repair. By combining Integrase Defective Lentiviral Vectors (IDLV)
for donor template delivery and mRNA transfection for nucleases
expression and tailoring culture conditions, we overcame in part
these barriers and provided evidence of increased targeted integration
(TI) in human HSPC. We achieved TI of a corrective cDNA into
a mutational hotspot of IL2RG gene in long-term repopulating
HSPC with efficiency and specificity potentially suitable for clinical
translation. Here, in order to improve the tolerability of the procedure
and establish a transferable-to-the-clinic gene correction protocol we
optimized reagents and scaled-up the gene editing procedure. We
developed new ZFNs targeting the upstream region of the IL2RG gene
to correct the majority of SCID-X1 mutations with only one ZFN/
donor set. By targeting a corrective cDNA into intron-1 of IL2RG
gene in primary T cells, we found that targeted cells were functionally
indistinguishable from wild-type ones, proving the functionality of
the edited gene. We compared the performance of IDLV and AAV6
as donor vehicles for HSPC targeting and found that both vectors
are similarly proficient in the delivery of donor templates for HDR,
allowing up to 20% TI in bulk HSPC. To improve nuclease expression
while decreasing cellular innate response to mRNA transfection
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we included modified nucleotides during mRNA production and
performed HPLC purification after in-vitro transcription. The use of
this optimized mRNA and clinical grade purification of IDLV (based
on DNA removal followed by anion exchange chromatography)
allowed decreasing type-1 interferon activation and electroporation
toxicity, respectively. To further optimize ex-vivo HSPC manipulation
we tested pyrimidoindole derivatives added to the culture and found a
combination promoting HSPC expansion in conditions that preserve
their primitive phenotype, increasing the yield of edited cells that are
able to repopulate NSG mice. Finally, we demonstrated the therapeutic
potential of our strategy by correcting the IL2RG gene in HSPC from
a genotyped SCID-X1 patient. Currently, we are processing large scale
lots of gene corrected cells using a high volume electroporator and
have successfully treated up to 40 million of HSPCs. We envisage
early clinical translation of this approach, which may benefit SCID-X1
patients while avoiding the risks of allogeneic transplantation or
random transgene integration mediated by HSPC gene therapy with
conventional integrating vectors.

38. CCRS5 Gene Edited Hematopoietic Stem
Cells Engraft in Diverse Anatomical Locales and
Undergo SHIV-Dependent Positive Selection in
Nonhuman Primates

Christopher W. Peterson!, Jianbin Wang?, Patricia Polacino’, Shiu-
Lok Hu?, Michael C. Holmes?, Hans-Peter Kiem'

!Fred Hutchinson Cancer Research Center, Seattle, WA, *Sangamo
BioSciences, Richmond, CA, *University of Washington, Seattle,
WA

Background: Gene editing in hematopoietic stem/progenitor cells
(HSPCs) has rapidly emerged as a promising therapy for a number of
diseases, including human immunodeficiency virus (HIV) infection.
We have previously demonstrated the feasibility of this approach
in nonhuman primates. Here, we leverage our expertise with gene
editing in large animal models to interrogate the clonal persistence,
trafficking, and antiviral efficacy of CCR5-edited cells in the pigtailed
macaque, M. nemestrina. Our objectives were to map the tissue
distribution of HSPC-derived, gene edited progeny, understand
how individual gene edited HSPCs persist following autologous
transplantation, and develop strategies to select for these cells in vivo.

Methods: Zinc Finger Nucleases (ZFNs) are used to target the
CCRS locus in macaque HSPCs. Engraftment and persistence of these
autologous stem cells, and stem cell-derived lymphoid and myeloid
cells, are measured ex vivo and in vivo. Animals are challenged with
simian/human immunodeficiency virus (SHIV). Gene edited HSPCs
are transplanted either prior to SHIV infection, or in SHIV-infected
animals that are treated with combination antiretroviral therapy
(cART) in order to approximate a well-suppressed HIV* patient.
Edited cells are measured longitudinally in peripheral blood, bone
marrow, gastrointestinal (GI) tract, and lymph nodes, and at necropsy
in a panel of 25 tissues, using methods including deep sequencing.

Results: We observe up to 14-fold enrichment of CCRS5-gene
edited memory CD4"* T-cells in SHIV-infected animals, consistent
with virus-dependent selection against CCR5 wt memory CD4*
T-cells. Gene edited cells are found in a broad array of anatomical
sites, including GI tract and lymph nodes. Spatial and temporal
tracking of CCRS mutations suggests that gene edited cells persist
in an analogous fashion to control lentivirus gene-marked cells.
Homology directed repair (HDR) pathways can be exploited in
macaque CD34" HSPCs, facilitating knock-in of selectable markers
at the disrupted CCRS5 locus.

Conclusions: Our results in SHIV-infected animals reinforce that
this gene editing strategy results in stable engraftment of CCRS5-
mutated and SHIV-resistant HSPCs and their progeny. Additionally.
gene edited CD4" T-cells undergo positive selection during active

infection, further supporting the validity of this approach in the
clinic. Moreover, our preliminary ex vivo HDR data suggest that these
gene edited cells could be engineered to undergo virus-independent
selection.

39. FACS-Based Enrichment of a Highly
Purified HBB-Targeted Hematopoietic Stem and
Progenitor Cell Population Using rAAV6 and
CRISPR/Cas9

Daniel P. Dever!, Rasmus O. Bak', Joab Camarena', Nivi Saxena',
Andreas Reinisch?, Carmencita E. Nicolas', Alec B. Wilkens!, Ayal
Hendel', Nobuko Uchida!, Ravindra Majeti?, Kenneth I. Weinberg!,
Matthew H. Porteus'

!Pediatrics, Stanford University, Palo Alto, CA, *Medicine,
Division of Hematology, and Cancer Institute, Stanford University,
Palo Alto, CA

Precise engineered nuclease-mediated gene correction via
homologous recombination (HR) in hematopoietic stem and
progenitor cells (HSPCs) has the power to transform curative therapies
for monogenic diseases of the immune system. Sickle cell disease
(SCD) is one of the most common monogenic diseases, affecting
millions of people worldwide. Allogeneic hematopoietic stem cell
transplantation (allo-HSCT) is the only curative treatment for patients
with SCD; however, immunocompatibility issues, graft-versus-host
disease, and graft rejection are major roadblocks for efficacious
therapy. In theory, the ideal curative strategy for SCD and most
monogenic immune diseases is ex vivo gene correction of patient-
derived HSPCs followed by autologous HSCT of a highly purified
targeted population to avoid possible complications of competition
between unedited and gene-targeted HSPCs in vivo. By supplying
a homologous GFP-expressing HBB donor via recombinant adeno-
associated virus serotype 6 (rAAV6) in combination with a double
strand break created by the CRISPR/Cas9 system, we achieved HR
frequencies of 15-49% of HSPCs, and more importantly, identified a
population of HBB-targeted HSPCs (HSPCHBB) through a log-fold
MEFTI increase in chromosomal transgene expression. Fluorescence
activated cell sorting (FACS) of this population revealed consistent
GFP expression in >95% of cells over two weeks in vitro in
multiple CD34+ donors isolated from either bone marrow, cord
blood or peripheral blood. Single-cell FACS of HSPCHBB into
methylcellulose led to both myeloid and lymphoid colony formation,
and on-target PCR analysis revealed >95% of these HSPCHBB clones
had either a mono or biallelic-targeting event. Notably, a fraction
of HSPCHBB displayed the CD34+/CD38-/CD90+/CD45RA-
immunophenotype, suggesting successful targeting of long-term
repopulating hematopoietic stem cells (LT-HSCs). Furthermore,
HSPCHBB displayed long-term engraftment in the bone marrow of
immunodeficient NSG mice at 12 weeks post-transplant, where we
identified that ~70% of human cells were GFP+ and also produced
both myeloid (CD33+) and lymphoid (CD19+) cell types, implying
that the HSPCHBB population contains true LT-HSCs that can
repopulate a functional immune system. Altogether, these proof-of-
concept studies showed that by combining a homologous rAAV6
donor, the CRISPR/Cas9 system, and FACS, it is feasible to generate
and enrich a highly purified population of gene-corrected HSPCs that
include LT-HSC potentials.
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40. Nuclease-Targeted Gene-Editing of FOXP3
in Primary T Cells Creates a Stable and Functional

T . Phenotype

Nic%olas W. Hubbard, David Hagin, Karen M. Sommer, Yumei
Song, Iram Khan, Andrew M. Scharenberg, David J. Rawlings,
Troy R. Torgerson

Seattle Children’s Research Institute and Departments of’
Pediatrics and Immunology, University of Washington School of
Medicine, Seattle, WA

Reprogramming T cells to adopt regulatory T cell (T functions
represents a promising strategy for treating autoimmune disorders
and graft-versus-host disease. The development and maintenance of
T.. cells is dependent on FOXP3 expression, which in turn is tightly
controlled through epigenetic modification of intronic conserved non-
coding sequences (CNS) surrounding the first coding exon. Two major
challenges associated with FOXP3 gene-transfer approaches for Tee
reprogramming are: achieving adequately high FOXP3 expression,
and avoiding eventual gene silencing. We devised two gene editing
strategies with the goal of driving stable expression of FOXP3 in
primary human T cells. Using a combination of TALEN-mediated
gene disruption and adeno-associated-virus (AAV) delivered donor
repair templates, we introduced either an MND promoter upstream
of the first coding exon, or we deleted intronic CNS implicated in
transcriptional silencing. The donor templates were also designed to
co-express FOXP3 with either GFP or EGFRt (truncated Epidermal
Growth Factor receptor), to allow tracking and purification of edited
cells. Both strategies resulted in T cells stably expressing FOXP3 at
high levels (~60 %). Introduction of the MND promoter resulted in
the greatest levels of cellular FOXP3 expression (MFI), and these cells
showed phenotypic and functional changes consistent with Treg cells,
including: surface marker expression (CD25"eh, CD127°%, CTLA4"ieh,
LAG3"e"), suppression of cytokine production (IL-2, IL-17 and
IFN-y), and resistance to Rapamycin. Edited cells also suppressed
the proliferation of stimulated T cells in vitro, demonstrating their
effective ‘reprogramming’ towards a T lineage. Thus, our gene
modification strategy allowed us to over-ride (using the MND
promoter) or modulate (by deleting CNS elements) endogenous
FOXP3 regulatory mechanisms to enforce stable, long-term FOXP3
expression in T cells that were not previously committed to the Treg
lineage. This approach, used alone or in combination with selection for
disease-relevant TCR specificity or with delivery of a chimeric antigen
receptor, is likely to be broadly applicable for producing stable,
functionally active Tregs for a range of future clinical applications.

4. Therapeutic Level CRISPR-Oligomer-
Mediated Correction of X-CGD Patient
Hematopoietic Stem Cells Using Non-Viral, cGMP
Compliant, Scalable, and Closed System

Linhong Li', Suk see De Ravin?, Cornell Allen', Uimook Choi?,
Sherry Koontz?, Narda Theobald?, Janet Lee?, Angelia Viley',
Pachai Natarajan', Hannah NewCombe?, Ashley McMichael?,
Xiaolin Wu?, Harry L. Malech?, Madhusudan V. Peshwa!
'MaxCyte, Gaithersburg, MD, °Lab of Host Defenses, NIAID, NIH,
Bethesda, MD

Gene therapy using integrating viral vectors in hematopoietic
stem cells (HSC) has shown clinical benefit in genetic diseases.
However, there remain safety concerns associated with random
integration and the lack of regulation of gene expression. Efficient
and site-specific correction of mutation(s) in HSC using non-viral
methods may improve safety and regulation of gene expression.
Chronic granulomatous disease (CGD) due to defective phagocyte
NADPH oxidase complex and lack of bactericidal superoxide and
other reactive oxidative species (ROS) is characterized by severe

infections and hyperinflammation. Although the X-linked form of
CGD with gp91phox deficiency results from mutations that span the
CYBB gene, we identified a ‘hotspot’ mutation at Exon 7 ¢.676C>T,
causing a premature stop codon in 17 out of 285 patients with X-linked
CGD at the NIH. Here we report the result of the efficient correction
of the hotspot CYBB mutation using highly efficient CRISPR (Cas9
and sgRNA) system with an oligomer as donor repair template,
using MaxCyte’s commercially/clinically validated cGMP/regulatory
compliant and closed platform technology. Plasmids encoding Cas9
and gRNA were purchased from the Genomic Engineering Center at
Washington University (St. Louis, MO). The mRNA encoding Cas9
and gRNA were in vitro transcribed at MaxCyte using mMESSAGE
mMACHINE® T7 Ultra kit, (Ambion, Austin, TX). We screened
and selected best gRNA from four gRNA candidates for correction
and then optimized transfection conditions with EBV-transformed
B cell line (B-LCL) derived from an adult patient (P1) with the
hotspot CYBB mutation. Transfected B-LCL exhibit 80+6% viability,
minimal detectable toxicity as determined by cell proliferation rate
referenced to control cells, and efficient site-specific gene correction
with 20-50% WT gp91 expression. These developed protocols were
used to treat G-CSF and pleraxifor mobilized CD34+ HSC from P1.
Following optimization, in vitro treated HSC from P1 achieved 20-
30% WT gp91 expression, with >50% viability, and minimal loss
of cell proliferation capacity compared with control cells. CD34+
HSCs undergo myeloid differentiation in DMEM supplemented
with G-CSF prior to functional evaluation using flow cytometric
dihydrorhodamine (DHR) assay, demonstrating ~20% ROS+ cells
in treated samples compared to ~80% in normal controls. P1’s HSC
treated the same way were transplanted into immunodeficient mice,
and analyzed 8 weeks later. Bone marrow from mice transplanted
with P1 treated cells showed CD45+ human cell engraftment rates
at 50-80%, and of the forward/side scatter-gated granulocytes, 11-
26% express gp91phox relative to 68% in normal control. Peripheral
blood from mice demonstrated 11-23% human CD45+ cells, of which
9-21% expressed gp91phox, compared to 79% in normal controls.
Deep sequencing of human CD45+ cells sorted from mouse bone
marrow confirmed high rates (up to 21%) of genetic correction from
the “T” mutation to the wildtype ‘C’. Since female carriers of X-CGD
with ~10-15% normal functioning neutrophils appear to have normal
resistance to infections, this level of correction at 10-20% in human
CD45+ cells from transplanted mice suggest CRISPR/oligo approach
a feasible therapeutic option for treatment of CGD patients with the
Ex7, ¢.676C>T mutation.

42, Correction of SCID-X1 by Targeted Genome
Editing of Hematopoietic Stem/Progenitor Cells
(HSPC) in the Mouse Model

Giulia Schiroli'?, Pietro Genovese', Valentina Capo!, Maria C.
Castiello', Luisa Albano', Michael C. Holmes?, Anna Villa',
Giovanni Sitia*, Angelo Lombardo', Luigi Naldini'-

!TIGET, Milan, Italy, *Vita Salute San Raffaele University, Milan,
lItaly, *Sangamo BioSciences, Richmond, CA, “San Raffaele
Scientific Institute, Milan, Italy

Targeted genome editing by engineered nucleases has brought the
goal of gene correction within the reach of gene therapy. A candidate
disease for HSPC gene correction is SCID-X1, because gene therapy
trials with integrating vectors showed robust clinical efficacy even
from few corrected cells but also the occurrence of leukemias due
to insertional mutagenesis and unregulated transgene expression. To
model SCID-X1 gene correction in preclinical studies, we developed
amouse model carrying the /L2RG human gene harboring a common
disease-causing mutation in place of the murine //2rg, allowing to use
of the same reagents developed for gene correction of human cells.
These mice have impaired lymphoid development which phenocopies
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that reported for //2rg-/- mice. To assess the minimal level of corrected
HSPC required to achieve immune reconstitution we performed
competitive transplants with wild-type (WT) and //2rg-/- HSPC and
found that 1% of WT cells are sufficient to reconstitute in part the
T and B cell compartments. We then tested gene correction of the
murine Lin- HSPC by the delivery of donor DNA template by IDLVs
followed by transfection of ZFN mRNAs. This protocol yielded
high on-target nuclease activity (40%) and a mean of 6% transgene
integration by HDR but also high cytotoxicity (65% cell loss) under
the conditions we used. The surviving cells remained capable of
expansion in culture and maintained their clonogenic potential.
Importantly, upon transplant into lethally irradiated mice, only the
gene corrected cells were able to generate lymphoid lineages (B and
T cells), showing a clear selective advantage over the un-corrected
SCID cells. These data indicate functional correction of the defective
IL2RG gene by targeted editing. Furthermore, upon challenging
the mice with a murine pathogen we observed viral-specific YIFN
production by CD8+ gene corrected cells, proving their in vivo
functionality. Yet, measuring the percentage of edited cells (either by
NHEJ or HDR) within the HSC compartment long-term, we found
that it was nearly undetectable. Despite the lack of HSC marking,
gene corrected lymphoid cells persisted in the mice up to 7 months
post transplantation within all the hematopoietic organs, indicating
successful editing of at least 1% progenitors able to sustain long-
term lymphopoiesis and partially correct the disease phenotype. We
then developed a new protocol exploiting CRISPR/Cas9 technology
that enabled to achieve substantial levels of targeted DNA repair by
NHEJ (up to 70%) and HDR (up to 25%) with minimal cytotoxicity
and provided stable engraftment of the edited cells in transplanted
mice. By this strategy we are now assessing the impact of HSC vs.
progenitor targeted editing and conditioning regimen for the extent
and stability of disease correction. These studies will help establish
the key factors underlying safe and effective rescue of the disease
by HSPC gene editing and assist in the design of the protocol for its
first clinical testing.

43. CRISPR/Cas9 and rAAV6-Mediated
Targeted Integration at the CCRS5 Locus in

Hematopoietic Stem and Progenitor Cells

Rasmus O. Bak', Daniel P. Dever!, Nivedita Saxena', Joab
Camarena', Andreas Reinisch?, Alec B. Wilkens!, Carmencita E.
Nicolas', Ayal Hendel!, Ravindra Majeti?, Kenneth 1. Weinberg',
Matthew H. Porteus'

!Department of Pediatrics, Stanford University, Stanford, CA,
’Department of Medicine, Stanford University, Stanford, CA

CRISPR/Cas9-mediated genome editing relies on guide RNAs to
direct site-specific DNA cleavage mediated by the Cas9 endonuclease.
In this study, we identified a highly potent single guide RNA (sgRNA)
targeting exon 3 of CCRS5. This sgRNA was chemically synthesized
with three modified nucleotides at each terminus with 2°O-Methyl and
phosphorothioate modifications, and electroporated into cells either
with Cas9 mRNA or complexed with Cas9 protein (RNP). Using
Tracking of Indels by DEcomposition (TIDE) to quantify insertions
and deletions (INDELs), we observe up to 80% INDELs in CD34+
hematopoietic stem and progenitor cells (HSPCs).

To achieve targeted integration by homology-directed repair
(HDR), we produced rAAV6 vectors carrying a GFP expression
cassette flanked by CCRS5 homology arms. Electroporation with Cas9
RNP followed by rAAV6 transduction led to targeted integration in
up to 30% of the cells. Interestingly, we observed that cells with
targeted integration expressed GFP at fluorescence intensities more
than 10-fold higher than from episomal AAV vectors. This allowed
us to sort targeted cells as early as four days after nucleofection and
transduction. Upon fluorescence-activated cell sorting and culture

of this population, >99% of cells remained GFP* 20 days post sort.
In a methylcellulose-based colony-forming unit (CFU) assay, we
identified multipotent and lineage-committed progenitor cells in this
population, and PCR of gDNA extracted from colonies confirmed
targeted integration at CCRS in at least 98% of cells. Phenotypic
characterization of this targeted population confirmed the presence
of CD34" CD38 CD90" CD45RA" cells, indicating genome editing
of hematopoietic stem cells. We transplanted edited cells into
immunodeficient NSG mice and analyzed the bone marrow 8 weeks
post-transplant. In mice transplanted with cells that were not enriched
for targeted integration, we found 0.1-1.9% GFP* cells among the
engrafted human cells. This was a significant decline compared
to the 12-13% GFP* cells in the input cell population following
culture, which is a phenomenon consistent with findings reported
by other groups using different nuclease platforms. In contrast,
when transplanting cells enriched for targeted integration, we found
that 75% of the engrafted human cells were GFP*, confirming the
presence of cells with long-term engraftment potential in the enriched
population.

In conclusion, we have found that the combination of CRISPR/
Cas9 and rAAV6 is an effective platform for HDR-mediated targeted
integration of a transgene into the CCRS locus. Furthermore, the GFP
MEFT shift observed when episomal rAAV6 vectors are integrated
into the chromosome following HDR enables early isolation of a
population highly enriched for targeted integration at this locus.
Since CCRS is considered a ‘safe harbor’ for targeted insertion of
a gene, this approach might find general use in therapeutic genome
editing. Additionally, since CCRS is an important co-receptor during
HIV infection, our findings may be used to generate immune cells
resistant to HIV infection.

44. Novel Combination of megaTAL Nuclease-
Driven Genome Engineering with a Drug Selection
Cassette Increases Efficiency of HIV Gene Therapy
Biswajit Paul'?, Guillermo Romano?®, Kevin Haworth!, Patrick
Younan', Nicholas Hubbard?®, Donald Gisch', Iram Khan?,
Alexander Astrakhan®, David J. Rawlings®, Hans-Peter Kiem!
!Fred Hutch, Seattle, WA, *University of Washington, Seattle, WA,
3Seattle Children’s Research Institute, Seattle, WA, *Bluebird Bio,
Seattle, WA

Human Immunodeficiency Virus (HIV) infection remains a
substantial health problem worldwide. The C-C chemokine receptor
5 (CCRS) serves as a co-receptor for HIV entry into CD4+ T cells
and represent an alternative therapeutic target. Early clinical trials
using CCR5-targeting zinc finger nucleases demonstrated transient
control of HIV infection in the course of antiretroviral treatment
interruption (Tebas, NEJM, 2014). Our current work improves on
these advances by combining high level of CCRS gene disruption
with preferential selection of gene modified cells. The CCR5-targeting
megaTAL combines a LAGLIDADG homing endonuclease scaffold
with an eleven repeat transcription activator-like (TAL) effector
array to achieve site specific DNA cleavage. This nuclease produces
highly efficient CCRS targeting in primary human CD4+ T cells in
vitro (70-90% disruption). To test the protective effects of megaTAL
treatment, primary human CD4+ T cells treated with CCR5-megaTAL
were transplanted into NOD/SCID/yc-null (NSG) ‘humanized’
mice and challenged with HIV-1. We observed a 100-fold increase
of megaTAL-treated cells compared to untreated controls during
an active in vivo infection demonstrating the functionality of this
approach. Based on the decline of CCRS modified cells in the clinical
trials to date, we hypothesized that we could improve maintenance
of HIV resistant cells by expanding them either ex vivo or in vivo.
We propose that coupling megaTAL nuclease treatment with drug
selection will help us achieve therapeutically relevant levels of HIV-
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protected cells by enabling efficient selection only of CCRS-modified
T-cells. The mutant human dihydrofolate reductase (mDHFR)
chemoselection system has been used to render cells resistant to
lymphotoxic concentrations of the drug methotrexate (MTX). We
tested our experimental approach by transducing cells with lentiviral
vector encoding a mDHFR cassette followed by chemoselection in
MTX at 0.02uM. This approach resulted in a six fold enrichment of
gene modified primary CD4+ T cells ex vivo. Previously we have
shown that combining megaTAL treatment with adeno-associated
virus (AAV) transduction produces very high rates of homology-
driven repair (HDR) in primary human T cells. Hence, we combined
megaTAL/AAV treatment to integrate the mutant DHFR into the
CCRS locus, producing a population of MTX-resistant CD4+ cells
that also lack CCRS. Primary human CD4+ T cells were transfected
with CCR5-megaTAL mRNA and transduced with AAV6 containing
a mutant DHFR donor template flanked by 0.6kb CCRS5 homology
arms. They demonstrated a greater than five-fold enrichment in MTX
compared to untreated controls ex vivo. Next, we have transplanted
NSG mice with 1x10° gene modified cells/ mouse to assess the
therapeutic potential of our approach. Mice that engraft effectively
will be treated with daily injections of 0, 0.5 and 2 mg/kg of MTX
to monitor preferential selection and enrichment of our target cell
population. Subsequent studies will assess the long term control of
viremia in these mice following HIV challenge. In conclusion, the
CCRS5-megaTAL nuclease platform produces very high levels of gene-
modified CD4+ T-cells and protects these cells from subsequent HIV
infection in vivo. Furthermore, combining targeted integration and
chemical selection results in the specific selection of gene modified
primary human T cells. To our knowledge we are the first group to
report MTX-mediated chemoselection and expansion of CD4+ T cells
following targeted integration at the CCRS locus.

Diabetes, Metabolic and Genetic Diseases

45, Rescue of the Functional Alterations of
Motor Cortical Circuits in Arginase 1 Deficiency
with AAV-Based Gene Therapy

Gloria Cantero!, Xiao-Bo Liu?, Steven D. Cederbaum!, Peyman
Golshani', Gerald S. Lipshutz!

'UCLA, Los Angeles, CA, °UC Davis, Davis, CA

The urea cycle is the main mechanism for terrestrial mammals
to detoxify excess nitrogen. Disorders of the proximal urea cycle
characteristically have periodic episodes of hyperammonemia
leading to often severe and permanent neurological deterioration &
disability. Ammonia has been implicated by compromising potassium
buffering of astrocytic membranes and causing clinical neurological
abnormalities by impairing cortical inhibition. Complete arginase 1
(Argl) deficiency, a distal urea cycle disorder, is the least severe of
these abnormalities, demonstrating neurological impairment including
spasticity, loss of ambulation and seizures; while characterized
by the presence of hyperargininemia, hyperammonemia is not a
frequent clinical finding. While mortality is unfortunately common
due to acute episodes of hyperammonemia in proximal urea cycle
disorders, patients with hyperargininemia often are long-lived,
however, suffering from progressive intellectual disability and
spastic diplegia, and the mechanisms underlying the neurological
dysfunction are not understood. To gain better insight on how the loss
of arginase expression causes dysfunction in the developing brain,
and if gene therapy could prevent these abnormalities, we studied
how the excitability and functional and anatomical connectivity of
motor cortical neurons are altered in the disorder using the murine
knockout model. In addition, we examined if AAV expressing Arg1,
administered IV on postnatal day 2, could rescue these findings.
Results: Single- and double-copy loss of Arg/ caused dose-dependent

decreases in intrinsic excitability, dendritic arborization complexity,
and synapses in motor cortex layer V neurons. These findings show
that 1) the intrinsic excitability of neurons of homozygous Argl/
knockout mice is abnormal and that, unexpectedly, heterozygous
neurons (single copy loss) exhibit an intermediate phenotype
compared to wild type and homozygous knockouts (double copy
loss) (Fig . A); corresponding loss of Arg/ decreased the frequency
of miniature excitatory postsynaptic currents and the amplitude of
miniature inhibitory postsynaptic currents; 2) neuronal branching
and spine phenotypes differ between genotypes with, unexpectedly,
an intermediate phenotype for heterozygotes (Fig. B); and 3) with
electron microscopic analysis and comparison of layer V synapses
from arginase 1 knockout, heterozygous, and wild type mice, there
is a very low density of excitatory (i.e. asymmetrical) synapses (Fig.
C) in the knockout and decreased number of inhibitory (perisomatic)
synapses (i.e. symmetrical) on somata of pyramidal cells, both
dramatic findings. Finally, changes in synaptic morphology and
abnormal ultrastructural features were found in knockout mice,
also suggesting neuronal degeneration and inflammation. Neonatal
intravenous administration on the second postnatal day with AAV
expressing arginase 1 by a hepatocyte-specific promoter led to a near-
resolution of these abnormalities when administered to homozygous
Argl knockout animals. Summary: Our studies suggest that arginase 1
deficiency leads to severe and specific changes to intrinsic excitability
and synaptic connectivity of motor cortical circuits. Importantly, we
find that neonatal AAV-based Argl gene expression is effective in
reversing both the physiological and anatomical hallmarks of the

disorder.
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46. The First Viable Mouse Model of cbI/C
Type Combined Methylmalonic Acidemia and
Homocysteinemia: AAV Gene Therapy Rescues
Neonatal Lethality and Provides Insight into
Disease-Associated Retinal Degeneration

Madeline Arnold', Jennifer L. Sloan', Nathan P. Achilly', Gene
Elliot!, Ighovie F. Onojafe?, Brian P. Brooks'?, Charles P. Venditti'
'National Human Genome Research Institute, Bethesda, MD,
’National Eye Institute, Bethesda, MD

Combined methylmalonic acidemia and homocysteinemia, cb/C
type (cblC), is the most common inborn error of cobalamin metabolism
and is caused by mutations in the MMACHC gene. MMACHC
transports and processes intracellular cobalamin (vitamin B12) into
its two active cofactors, 5’-adenosylcobalamin and methylcobalamin,
necessary for the enzymatic reactions of methylmalonyl-CoA mutase
and methionine synthase, respectively. Mutations in MMACHC
result in methylmalonic acidemia, hyperhomocysteinemia and
hypomethioninemia. Disease manifestations include growth failure,
anemia, heart defects, developmental delay and a progressive
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maculopathy and pigmentary retinopathy that causes blindness,
usually by the end of the first decade. Despite the use of conventional
therapies including cobalamin injections and other cofactors, the
manifestions of ch/C, in particular the eye disease, remain unresolved
with treatment. In order to explore disease pathophysiology and
develop AAV gene therapy for ¢b/C deficiency, we first created a
viable mouse model using TALENS to edit the murine Mmachc gene,
near the location of the most common mutation in humans, ¢.271dupA.
Two alleles were investigated: ¢.165_166delAC p.P56CfsX4 (A2)
and c.162_164delCAC p.S54 T55delinsR (A3). Mmachc*?? and
Mmachc® homozygous mutant mice displayed reduced survival,
severe growth retardation, and massive metabolic perturbations.
The median survival was less than 7 days with 90% of the mutant
mice perishing before 3 weeks (A2 n=13; A3 n=42). The weights of
Mmachc®* mice were reduced relative to heterozygote and wild type
littermates (n=15, p<0.0001). Mmachc*?*? and Mmachc*¥*3 mice (n=4,
n=6) recapitulated the biochemical features of ch/C, with significantly
elevated plasma methylmalonic acid, homocysteine, cystathionine
and decreased methionine compared to littermate controls (n=7)
(p<0.05 for all metabolites). To assess the potential for gene therapy
as a treatment for cb/C, we generated two AAV vectors: rAAVrh10-
CBA-mMmachc and rAAV9-CBA-hMMACHC and compared AAV
with biweekly injections of OH-cobalamin, the standard therapy.
Mmachc®3 mice were then treated with a single vector dose (1 x
10" GC) delivered via intrahepatic injection in the neonatal period.
Mmachc®* mice treated with AAV vectors (AAVrh10 n=11, AAV9
n=>5) displayed dramatically improved clinical appearance with
improved growth (p=0.0568), and increased survival (p<0.0001 for
both vectors), with the oldest treated mutants currently living beyond 9
months. Successful gene therapy in the Mmachc?*** mice also enabled
us to model, for the first time, ch/C associated ocular pathology:
surviving Mmachc?¥*? mice displayed thinning of the outer nuclear
layer and shortening of photoreceptor outer segments, consistent
with the pathology described in patients. Our results demonstrate that
AAV gene delivery of MMACHC represents a new therapy for cbh/C
which can treat the systemic, and possibly ocular, manifestations of
this relatively common and devastating inborn error of metabolism.

47. Gene Transfer-Mediated Diversion Towards
Non-Toxic Metabolites for Therapy of Primary
Hyperoxaluria Type 1

Nicola Brunetti-Pierri, Raffaele Castello, Patrizia Annunziata,
Roberta Borzone

Telethon Institute of Genetics and Medicine, Pozzuoli, Italy

Primary hyperoxaluria type 1 (PH1) is an inborn error of liver
metabolism due to mutations of the AGXT gene encoding the
peroxisomal enzyme alanine:glyoxylate-aminotransferase (AGT)
which catalyzes the conversion of glyoxylate to glycine. In PH1
patients, glyoxylate cannot be efficiently converted into glycine
and is instead oxidized to oxalate resulting in systemic oxalosis
with deposition of insoluble calcium oxalate in kidneys and in other
tissues, leading to nephrolithiasis, nephrocalcinosis, kidney failure,
and systemic tissue damage. Combined liver/kidney transplantation is
the only therapeutic strategy available to prevent disease progression.
We hypothesize that overexpression of specific genes encoding
enzymes involved in glyoxalate metabolism will steer glyoxylate
towards alternative pathways to diminish oxalate production. To
test this hypothesis, we overexpressed murine glyoxylate reductase/
hydroxypyruvate reductase (GRHPR), that converts glyoxylate into
glycolate, by a helper-dependent adenoviral vector (HDAd-GRHPR)
in livers of Agxt”~ mice. The intravenous injection of HDAd-GRHPR
resulted in significant reduction of hyperoxaluria and concomitant
increase of serum glycolate that was not associated with signs of
toxicity. Glutamate-pyruvate transaminase (GPT) in the cytosol

transaminate glyoxylate using glutamate and alanine as amino-
group donors. We hypothesize that GPT overexpression will steer
glyoxylate towards transamination to diminish oxalate production.
The intravenous injection of a helper-dependent adenoviral vector
expressing murine GPT (HDAd-GPT) in Agxt"~ mice also resulted
in significant and sustained reduction of hyperoxaluria. Interestingly,
co-administration of both HDAd-GRHPR and HDAd-GPT resulted in
further reduction and normalization of hyperoxaluria. Glycolate is one
of the substrates leading to glyoxylate production, via peroxisomal
glycolate oxidase (GO). We also show that an HDAd expressing a
short hairpin RNA against GO resulted in reduction of hyperoxaluria
in Agxt”’ mice. In summary, the results of this study show that
metabolic diversion towards non-toxic metabolites has potential
for treatment of PH1 and potentially other forms of hyperoxalurias,
both primary and secondary. The metabolic diversion could be also
obtained by RNA-based molecules expressing GRHPR and/or GPT
or inhibiting GO activity. In addition, this study shows that HDAd
vectors can be used to functionally validate therapeutic enzyme targets
in inherited metabolic diseases.

48. Treatment of Methylmalonic Acidemia
by Promoterless Gene-Targeting Using Adeno-
Associated Viral (AAV) Mediated Homologous
Recombination

Randy J. Chandler', Adi Barzel?, Mark A. Kay?, Charles P.
Venditti'

!MGMMGRB, National Institutes of Health, Bethesda, MD,
’Departments of Pediatrics and Genetics, Stanford University,
Stanford, CA

Methylmalonic acidemia (MMA) is an autosomal recessive
inborn error of metabolism most typically caused by mutations in
methylmalonyl-CoA mutase (MUT). While the hallmark of this
disease is elevated levels of methylmalonic acid in the plasma,
other disease related metabolites such as methylcitrate are elevated
in the plasma as well. Patients with MMA suffer from frequent and
potential lethal bouts of metabolic instability that can be eliminated
by liver transplantation. Adeno-associated viral (AAV) gene therapy
has shown great promise as the treatment for MMA in a murine
model of the disease. However, a majority of the AAV-treated mice
developed hepatocellular cancer, which was determined to arise
from AAV-mediated insertional mutagenesis. In an attempt to create
a safer gene therapy platform for the treatment of MMA, we created
anovel vector for site-specific gene addition of human MUT into the
mouse albumin (4/b) locus. This promoterless AAV vector contains a
2A-peptide coding sequence proximal to a codon-optimized human
MUT gene. The 2A-MUT sequence is flanked by arms of homology
immediately upstream of mouse A/b stop codon. Since albumin is
expressed exclusively in hepatocytes, we prepared an AAV serotype
8 vector to take advantage of the murine liver tropism conferred by
this capsid. This newly created vector was named AAV8-Alb-A2-
MUT. After site-specific integration of the vector into the A/b locus
in the liver, ribosomal skipping generates both Alb and MUT as
separate proteins derived from the same transcript. We delivered a
dose of 2.5e12 GC of AAV8-Alb-2A-MUT to five mice with MMA
by intraperitoneal injection at birth. At one month post-injection,
we observed increased hepatic expression of the MUT by western
blot, improved growth and a significant reduction of disease related
metabolites, in the treated MMA mice (Table 1). This gene delivery
approach is anticipated to provide permanent hepatic transgene
expression while reducing the risk of off-target integration and vector-
mediated insertional mutagenesis.
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Table 1

Markers of Correction in Untreated AAVS-Alb-A2- P Val
MMA Murine Model (n=3-8) MUT (n=5) aue
Percent gf Wild-type Mut ND 11.34/-9.1 NA
Expression

Plasma Methylmalonic Acid 969+/-396 5634/-98 <0.05
uM)

Plasma Methylcitrate (nM) 5,020+/-873 | 2,904+/-638 <0.0001
Weight at 1 Month 6.9+/-1.6 10.7+/-0.6 <0.003

Figure: AAV2/8-LSPhGAA reduced the glycogen content of muscle, and increased the benefit
from simultaneous ERT. GAA-KO mice were treated with the vector, either with (shaded bars) or without
(clear bars) simultaneous ERT. Glycogen content shown for (A) heart, (B) diaphragm, and (C)
quadriceps. Mean +/- s.d. shown. *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001 from 2-way ANOVA.
A Heart B Diaphragm c Quadriceps [, grr
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49. Minimum Effective Dose of Liver-Targeted
Gene Therapy for Pompe Disease Reduced 10-Fold
from Prior Estimates

Sang-oh Han'!, Benjamin Arnson', Korie Busch!, Giuseppe
Ronzitti?, Songtao Li', Federico Mingozzi*, Dwight D. Koeberl
'Duke University Medical Center, Durham, NC, *Genethon, Evry,
France

Pompe disease (glycogen storage disease type II; acid maltase
deficiency) is a devastating myopathy resulting from acid alpha-
glucosidase (GAA) deficiency in striated and smooth muscle.
Despite the availability of enzyme replacement therapy (ERT)
with recombinant human GAA, many patients have poor outcomes
including mortality. ERT has increased survival rates, improved
hypotonia, and resolved heart involvement in patients with Pompe
disease. However ERT is limited by the short half-life of GAA
and the formation of antibody responses that reduced its clinical
benefits. The present study compared the efficacy of ERT against
an adeno-associated viral (AAV) vector containing a liver-specific
promoter, AAV2/8-LSPhGAApA. We hypothesized that liver-specific
expression of GAA with AAV2/8-LSPhGAA would suppress the
antibody response, continually express GAA, and improve efficacy
in comparison with ERT. Preclinical experiments with Pompe
disease therapies demonstrated that a very low amount of AAV2/8-
LSPhGAApA, 2x10" vector particles (vp), equivalent to 8x10' vp/
kg body weight, was as effective as long-term ERT. Therefore, we
evaluated the biochemical efficacy of 3 lower dosages of AAV2/8-
LSPhGAA in GAA knockout (KO) mice, reduced to as low as
2x10' vp/kg, either alone or in combination with ERT. Biochemical
correction in GAA-KO mice was evaluated 8 weeks following
vector administration. The minimum effective dose (MED) was at
least 10-fold lower than previously estimated, because 8x10'° vp/kg
significantly reduced glycogen content in the striated muscle of GAA-
KO mice. This MED of AAV2/8-LSPhGAA significantly increased
GAA activity in liver (p<0.01), in comparison with untreated GAA-
KO mice. Importantly, the MED significantly reduced the glycogen
content of heart (p<0.01; Fig. A), and diaphragm (p<0.01; Fig. B),
which demonstrated that the glycogen storage in muscle associated
with Pompe disease was substantially cross-corrected by GAA
secretion from liver accompanied by receptor-mediated uptake in
striated muscle. Glycogen clearance, or reduction in comparison with
no treatment, was 36% in heart, and 35% in diaphragm. Furthermore,
administering ERT by itself had no significant effect on the glycogen
content of quadriceps, but ERT following administration of the MED
of AAV2/8-LSPhGAA significantly reduced glycogen content of
quadriceps (p<0.05; Fig. C) by 38%, indicating that gene therapy with
AAV2/8-LSPhGAA made ERT more effective. Vector dose correlated
inversely with anti-GAA antibody formation, confirming that
immune tolerance to GAA was critical to the efficacy from AAV2/8-
LSPhGAApA. In conclusion, the MED for AAV2/8-LSPhGAA has
been estimated at least 10-fold lower than previous data suggested,
and this dosage would be acceptable as a starting dose for a Phase |
clinical trial of gene therapy in Pompe disease.
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50. Long-Term Follow-Up of Diabetic Dogs
Treated with Adeno-Associated Viral Vectors
Encoding for Insulin and Glucokinase
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Diabetes is a chronic disease for which there is no cure and is
associated with severe secondary complications, caused largely
by poor glycaemic control. Treatment with exogenous insulin fails
to prevent these complications completely, leading to significant
morbidity and mortality.

We previously demonstrated that it is possible to generate a
“glucose sensor” in skeletal muscle through co-expression of
glucokinase (Gcek) and insulin (Ins) by adeno-associated viral vectors
of serotype 1 (AAV1), increasing glucose uptake and correcting
hyperglycaemia in diabetic mice and dogs. Here we show the results
of a 8-year follow-up study of diabetic dogs previously treated
with a single administration of AAV1 vectors encoding for Ins and
Gcek. Dogs showed normalization of fasting glycaemia, recovery
of body weight, reduced fructosamine levels and increased insulin
and C-peptide circulating levels throughout the observation period.
Vector genome biodistribution analysis confirmed that most of the
detectable vector was present in injected muscles, which showed
normal muscle morphology. Accordingly, Ins and Gck transgene
expression was only detected in skeletal muscle of treated dogs.
This was associated with long-term survival without occurrence of
secondary diabetic complications or adverse events for 8 years after
AAV-mediated gene transfer.

Our data represent the first demonstration of long-term correction of
diabetes in a large animal model using gene transfer. This study also
confirms the long-term safety of the AAV-mediated overexpression
of Ins and Gcek for the treatment of diabetes, laying the foundation
for the clinical translation of this approach to veterinary medicine
and to human patients in the future.
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51. LV.InsB9-23/Anti-CD3 mAb Inhibits
Recurrence of Autoimmunity in NOD Mice After
Islet Transplants

Fabio Russo!, Maria Grazia Roncarolo?, Andrea Annoni'
ISR-Tiget, Milano, Italy, *Division of Stem Cell Transplantation

and Regenerative Medicine, Department of Pediatrics, Stanford
School of Medicine, Stanford, CA

Type 1 diabetes (T1D) is an autoimmune disease resulting in
complete destruction of insulin-producing pancreatic beta-cells,
which is mediated by auto-reactive T cells. In T1D in human and
in the non-obese diabetic (NOD) mouse, the spontaneous murine
model of T1D, induction of tolerance to beta-cell associated antigens
represents a potential curative option. We previously showed that
systemic administration of a single dose of integrase-competent
(IC) or integrase-defective (ID) LV.ET.InsB9-23.142T (LV.InsB),
enabling stable or transient expression of InsB9-23 in hepatocytes,
arrests beta-cell destruction in NOD mice at advanced pre-diabetic
stage. In these mice stable normoglycemia is maintained long
term and InsB9-23-specific FoxP3" T regulatory cells (Tregs) are
generated. Moreover, LV.InsB in combination with a suboptimal
dose (1X 5pg) of anti-CD3 mADb reverts overt diabetes and preserves
residual beta-cell mass. In the present study we tested the efficacy
of the LV.InsB/anti-CD3 combination therapy to inhibit recurrence
of autoimmunity and maintain insulin independence after pancreatic
islets transplants. Pancreatic islets isolated from NOD-scid donor mice
were transplanted under the kidney capsule of diabetic NOD mice
with blood glucose levels >350mg/dL. Successfully transplanted mice
(normoglycemic: blood glucose levels ~100 mg/dL) were treated with
LV.InsB/anti-CD3; anti-CD3 mAb (1X 5pg) alone or left untreated
as controls. LV.InsB/anti-CD3 combination therapy allowed stable
normoglycemia up to 250 days whereas in mice receiving anti-
CD3 mAb alone or untreated controls recurrence of diabetogenic
responses cleared transplanted islets in 2 weeks. Autoreactive T
cells were still present in the spleen of transplanted mice treated
with LV.InsB/anti-CD3, but the frequency of FoxP3" Tregs within
the CD4" T cells in renal (RLN) and pancreatic (PLN) lymph nodes
significantly increased, as shown by phenotypic analysis. These data
show that LV.InsB/anti-CD3 treatment induces active suppression
of autoimmune responses in long-term normoglycemic transplanted
NOD mice. Ag-specific FoxP3" Tregs accumulating in the PLN and
RLN suppress effector T cells present in the target tissue. This mode
of action is similar to what we previously described after LV.InsB
treatment in a model of autoimmunity (Akbarpour M. et al. Science
TM. 2015). Further studies are currently ongoing to evaluate the
relative contribution of endogenous and exogenous beta-cell mass to
insulin independence and to investigate the efficacy of the LV.InsB/
anti-CD3 treatment after transplant of allogeneic pancreatic islets.
The definition of novel gene therapy strategies to induce Ag-specific
tolerance that at the same time control autoimmunity and transplant
rejection would represent a major step toward the cure of type 1
diabetes.

52. Therapeutic Factor VIII Expression After
AAV Delivery in Non-Human Primates

Xavier M. Anguela!, Liron Elkouby', Raffaella Toso!, Marti
DiPietro', Robert J. Davidson?, Katherine A. High', Denise E.
Sabatino®

ISpark Therapeutics, Inc., Philadelphia, PA, *The Children’s
Hospital of Philadelphia, Philadelphia, PA

Adeno-associated viral (AAV) vector delivery of factor VIII
(FVIII) has been challenging due to its intrinsic properties that result
in inefficient expression compared to similarly sized proteins. Early
studies of AAV delivery in hemophilia A mice and dogs suggested
that the therapeutic vector dose for FVIII will be higher than for

factor IX. However, higher vector loads may induce stronger immune
responses against capsid antigens, as evidenced in the clinical studies
of AAV delivery for hemophilia B. The use of codon-optimization
and novel FVIII variants with enhanced biological properties may
provide strategies to increase FVIII expression or secretion to support
clinical studies for hemophilia A. One published study has reported
clinically relevant levels of hFVIII following AAV-hFVIII delivery
in non-human primates (NHPs). This study utilized a hFVIII variant
that included a 17 amino acid synthetic sequence within the 14 amino
acid B-domain region that increased hFVIII expression compared to
the parental B-domain deleted FVIII-SQ transgene (McIntosh, 2013).
While this and other variants may increase expression after AAV
delivery, the use of non-native FVIII sequences may also increase
the risk of development of neutralizing antibodies to potential neo-
antigens. In order to generate an AAV-hFVIII vector capable of
expressing therapeutic levels of FVIII at a clinically relevant vector
dose without introduction of any neoantigens, 28 hFVIII-SQ sequences
were generated and introduced into our optimized expression cassette
containing a modified transthyretin (TTRm) promoter. The constructs
were initially screened by hydrodynamic delivery of plasmid DNA
which identified 11 candidates that expressed FVIII 2-7 fold higher
than our first generation codon optimized construct, CO3. AAV
vectors (n=9) were generated using a novel AAV capsid, Spark100,
with the best performing FVIII constructs. Hem A/CD4 KO mice
were administered the vectors alongside CO3 (4x10el12vg/kg). At
8 weeks post vector administration, 2/9 expressed hFVIII similar to
CO3, 5/9 were 4-8 fold higher than CO3 while 2/9 (SPK-8003 and
SPK-8005) were >10 fold more potent than CO3. SPK-8005 was
then evaluated in a dose escalation study in cynomologus macaques
(n=3/group) treated with 3 doses: 2x10e12, 5x10e12 and 1x10e13
vg/kg and compared to vehicle controls (n=2). At 2 weeks post
AAYV administration, average hFVIII levels in the low, mid and high
dose cohorts were 12.7 + 2.1, 22.6 + 0.8 and 54.1 + 15.6 percent
of normal, respectively. By 3-4 weeks, hFVIII expression started
to decline in most of the animals concomitant with generation of
antibodies against human FVIIL. Of note, this is an expected and
well-described observation that occurs in immune competent animal
models due to differences between human and endogenous FVIII
protein sequences. The 2 macaques that did not develop anti-hFVIIT
antibodies had sustained FVIII expression through the last time point
evaluated. Finally, no vector-related toxicity events were observed.
In summary, extensive codon-optimization identified novel AAV-
hFVIII constructs capable of achieving therapeutic FVIII levels in
macaques at clinically relevant doses. To our knowledge, the hFVIII
levels observed in this study are the highest reported in a large animal
model after treatment with an AAV vector expressing an unmodified
FVIII-SQ protein. These safety and efficacy results in NHPs support
the use of SPK-8005 hepatic gene transfer for the potential treatment
of hemophilia A.

Gene Therapy for CNS Diseases

53. A Neuro-Specific Gene Therapy Approach
to Treat Cognitive Impairment in Down Syndrome
by RNA Interference

Andrea Contestabile!, Martina Parrini', Shovan Naskar', Micol
Alberti', Anna Rocchi', Marina Nanni', Giuseppe Ronzitti?,
Federico Mingozzi®, Laura Cancedda'

!Neuroscience and Brain Technologies, Istituto Italiano di
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Down syndrome (DS) is a genetic disorder caused by the presence
of a third copy of chromosome 21. DS affects multiple organs,
resulting in characteristic facial features, muscular hypotonia, heart
defects, brain development impairment, and varying degrees of
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intellectual disability. Trisomic mouse models of DS reproduce the
main cognitive disabilities of the human syndrome. In particular,
DS mice show structural and functional synaptic impairment as
well as learning and memory deficits, largely determined by altered
GABAergic transmission through chloride-permeable GABA
receptors (GABA R). In particular, we have recently found that
intracellular chloride accumulation shifts GABA,R-mediated
signaling from inhibitory to excitatory in the adult brain of the Ts65Dn
mouse model of DS. Accordingly, intracellular chloride accumulation
was paralleled by increased expression of the chloride importer
NKCC1 (Na-K-Cl cotransporter) in the brains of both trisomic mice
and DS patients.

Our findings on NKCC1 as a pivotal molecular target for the
rescue of cognitive deficits in DS opens the possibility of a gene
therapy approach to treat the disease. Here, to normalize NKCC1
expression and rescue synaptic dysfunctions as well as cognitive
deficits in Ts65Dn mice we have developed and characterized a
knock-down approach to normalize NKCCI1 activity. Reducing the
expression of the chloride importer NKCC1 by RNA interference
restored GABA, R-mediated inhibition and also rescued the structural
dendritic deficits found in trisomic neurons in vitro. Most importantly,
focal administration of an AAV expressing a silencing RNA under
the transcriptional control of a neuron-specific promoter in the
hippocampus of Ts65Dn animals mediated NKCC1 knockdown in
vivo and rescued behavioral performance on different learning and
memory tests at levels undistinguishable from those of WT mice.

Our findings demonstrate that NKCC1 overexpression drives
excitatory GABA R signaling in trisomic cells, leading to structural
neuronal abnormalities and behavioral impairments in DS mice.
Moreover, our study identifies a new gene therapy target for treatments
aimed at rescuing cognitive disabilities in individuals with DS.

54. Prevention of Sensory Ataxia in a Novel
Mouse Model of Friedreich Ataxia Using Gene
Therapy Approach

Frangoise Piguet, Charline de Montigny, Nadége Vaucamps,
Laurence Reutenauer, Héléne Puccio

IGBMC, Illkirch, France

Friedreich’s ataxia (FRDA), the most common autosomal recessive
ataxia, is characterized by a sensory and spinocerebellar ataxia,
hypertrophic cardiomyopathy and increase incidence of diabetes.
FRDA is caused by reduced levels of frataxin (FXN), an essential
mitochondrial protein involved in the biosynthesis of iron-sulfur
(Fe-S) clusters. Impaired mitochondrial oxidative phosphorylation,
bioenergetics imbalance, deficit of Fe-S cluster enzymes and
mitochondrial iron overload occur in individuals with FRDA.
Proprioceptive neurons within the dorsal root ganglia (DRG) and
cardiomyocytes are the most affected tissues in FRDA patients. To
date there are not effective treatment for FRDA. We have previously
established the primary proof-of-concept for developing gene therapy
of FRDA cardiomyopathy and showed that adeno-associated virus
(AAV) rh.10 vector expressing human FXN injected intravenously
not only prevented the onset of the cardiac disease in a faithful FRDA
cardiac mouse model, but also, when administered at the time of
heart failure, rapidly and completely reversed the cardiac disease. To
date, there were unfortunately no adequate neuronal mouse model
to address the possibility of gene therapy for the neuronal aspects
of FRDA. We therefore recently generated a novel mouse model
that recapitulates faithfully the sensory ataxia associated to FRDA
using the conditional approach to delete frataxin specifically in the
proprioceptive neurons of the DRG. By behavioural analysis, the mice
exhibit an ataxic phenotype beginning at 3 weeks of age, which is
rapidly progressive. Electrophysiological studies reveal a significant
decrease of sensory wave already at 4.5 weeks and almost a complete

loss at 8 weeks of age. A significant loss of sensory neurons within
dorsal root ganglia is observed at 17.5 weeks of age compare to age
matched controls. Ultrastructural analysis of sciatic and saphenous
nerves showed abnormalities at early time points. Using this mouse
model, we have developed an AAV gene therapy approach based
on an intravenous delivery of AAV9-CAG-hFXN-HA vector at an
early symptomatic stage of the disease. Mice displayed a complete
prevention of the ataxic phenotype and electrophysiological analysis
showed maintenance of the sensory wave in the treated animals.
Histological studies revealed a complete prevention of neuronal loss
in the DRG as well as a normal ultrastructure of saphenous and sciatic
nerve. As results are encouraging, we plan to evaluate the potential
therapeutical effect at a more advanced stage of the disease.

55. Aquaporins and CSF Flux Are Critical
Determinants of AAV Mediated CNS Gene Transfer
Giridhar Murlidharan, Aravind Asokan

Gene Therapy Center, University of North Carolina at Chapel Hill,
Chapel Hill, NC

The central nervous system (CNS) lacks conventional lymphatics
for solute clearance. Convective currents of interstitial fluid (ISF)
shunt macromolecules across the brain parenchyma into cerebrospinal
fluid (CSF) compartments. Here the cargo is either reabsorbed into
CNS via subarachnoid ducts or disseminated into the blood or
peripheral lymph vessels. Recent studies have identified that flow of
water via aquaporin (AQP) channels at the astroglial endfeet enables
exchange of biomaterials between ISF and CSF. Conversely, loss of
AQP expression due to aging or disease is correlated with ineffective
clearance of neurodegenerative accumulations such as Amyloid
and tau. AAV mediated gene therapy of CNS disorders requires a
deeper understanding of such factors and their effects on transduction
efficiency and biodistribution/clearance. Here, we demonstrate that
AQP mediated water transport dictates various aspects of AAV gene
transfer in the CNS. We compared the CNS spread, transduction profile
and systemic leakage of clinically relevant AAV vectors in wildtype
(WT) or AQP knockout (AQP-/-) mice. Within minutes following
intracerebroventricular (ICV) administration, AQP-/- mice exhibited
highly restricted spread of fluorophore labeled AAVs when compared
to wild type mice. Transgene expression was markedly increased from
AAV administrations in AQP-/- mice. Further, systemic leakage and
off-target transgene expression in peripheral tissues were markedly
reduced for some AAV serotypes in AQP-/- mice when compared to
WT mice. These results suggest that AQP-mediated water transport
plays a critical role in determining the spread, transduction efficiency
and systemic leakage of AAV vectors following CNS administration.
We hypothesize that altered CSF flux under conditions pertinent to
aging and CNS disease, can impact the residence time of AAV vectors
and consequently gene transfer efficiency. Further results evaluating
the CNS transport properties of AAV in mouse models of aging and
disease will be presented.

56. Intracerebroventricular and Intravenous
AAV Gene Therapy in Canine Globoid Cell
Leukodystrophy

Allison M. Bradbury', Mohammad Rafi?>, Gary P. Swain', Jessica
H. Bagel!, Maria Prociuk!, Patricia O’Donnell!, David Peterson?,
Daniel S. Ory', James M. Provenzale®, David A. Wenger?, Charles
H. Vite!
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’Thomas Jefferson University, Philadelphia, PA, *Duke University
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Globoid cell leukodystrophy (GLD), or Krabbe disease, results
from a deficiency in the hydrolytic enzyme galactosylceramidase
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(GALC), which is responsible for degrading the central and peripheral
nervous system (CNS, PNS) myelin lipids galactosylceramide and
galactosylsphingosine (psychosine). Symptoms in infants include
irritability and stiffness with disease progressing rapidly to a
vegetative state and death typically resulting by 2 years of age. GLD
is naturally occurring in dogs and signs include ataxia, tremors,
pelvic limb paralysis, loss of hearing, and blindness, with disease
progression warranting euthanasia at 15.9 + 4.6 weeks. In GLD
dogs, GALC concentrations are decreased in leukocytes, CSF, and
tissues and psychosine concentrations are elevated in serum and CSF.
Conduction velocities in peripheral nerves of GLD dogs are < 50%
of normal and G-ratios of the sciatic nerve are significantly higher
than normal. Brain stem auditory evoked response testing exhibits
a loss of waveform integrity and increased central conduction time
consistent with auditory system demyelination. MRI of the brain
shows T2-weighted hyperintensity of the white matter, widened
sulci, and enlarged ventricles and MRS identified decreases in
N-acetylaspartate and increases in choline. Diffusion tensor imaging
established decreased fractional anisotropy and increased radial
diffusivity in multiple white matter tracts including the corpus
callosum and posterior internal capsule. Histologically, GLD dogs
revealed severe loss of myelin, a decrease in oligodendrocytes,
astrogliosis, and microgliosis. Combination gene therapy has been
evaluated in GLD affected dogs using AAVrh10 encoding canine
GALC (AAVrh10-cGALC). Two GLD dogs received a low dose of
AAVrh10-cGALC, 1.2E12, by combination intravenous (IV) and
intracerebroventricular (ICV) injection routes and displayed a modest
increase in survival to 17.9 and 22.1 weeks of age. Two additional
GLD dogs were treated with an increased dose of AAVrh10-cGALC,
1.9E13, and survival was further increased to 30.3 and 43.1 weeks
of age. Both low and high dose combination IV and ICV therapy
delayed the onset of neurological signs and prevented the onset of
tremors, one of the debilitating neurologic signs in untreated GLD
dogs. High dose AAVrh10-cGALC, but not low dose, resulted in
complete normalization of pelvic and thoracic limb NCV and near
normal sensory NCV. Combination therapy of either dose had
negligible effect on the auditory system, as treated animals showed
little to no improvement in distance between waveform peaks or
hearing threshold over untreated animals. After high dose treatment
with AAVrh10-cGALC, GALC activity reached near normal levels
in the cerebellum and sciatic nerve, with levels decreasing in
more distal brain regions. GALC levels in the liver and heart were
intermediate between affected untreated GLD and normal control
dogs. Interestingly, the highest GALC activity was found in the
quadriceps muscle. GLD dogs treated with high dose AAV had CSF
psychosine concentrations lower than untreated and low dose AAV-
treated GLD dogs, despite being substantially older. Efficacy of
hematopoietic stem cell transplant (HSCT) alone and in combination
with IV AAVrh10-cGALC is currently being evaluated in GLD dogs.
Ongoing studies suggest that addition of IV infusion of AAVrh10-
c¢GALC substantially increases survival as compared to HSCT alone.

57. Intrathecal Administration of AAV/GALC
Vectors in Juvenile Twitcher Mice Improves
Survival and Is Enhanced by Bone Marrow
Transplant
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Globoid cell Leukodystrophy (GLD) or Krabbe disease is a rapidly
progressing, neurodegenerative disease caused by the deficiency of the

lysosomal enzyme Galactocerebrosidase (GALC). The pathological
characteristics include presence of globoid cells and decreased myelin.
In its severe infantile form, the symptoms appear within the first 6
months of life and complete loss of GALC function is fatal by 2-3
years old. The murine model of infantile GLD, the twitcher mouse,
has been used to evaluate potential therapeutic approaches for GLD.
Hematopoietic stem cell transplantation (HSCT) provides modest
benefit in presymptomatic patients and mice indicating a slowdown
in the progression of the disease, but no complete cure. Neonatal
gene transfer experiments using viral vectors also has shown some
limited success in extending the survival of the twitcher mice. The
translatability of neonatal therapy in mice to human has met with
difficulties as the stage of the disease in human and mice differ due
to the difference in their gestation periods. So there is a need for
testing out later stage interventions for GLD treatment. In the present
study, we compare multiple vector designs along with a combination
treatment of AAV plus bone marrow transplant (BMT) in juvenile
twitcher mice. Initially, three single stranded (ss) AAV serotypes,
two natural and one engineered (with oligodendrocyte tropism),
were packaged with a codon-optimized murine GALC gene driven
by the beta actin promoter. The vectors were delivered via a lumbar
intrathecal route for global CNS distribution on post-natal day (PND)
10-11, at a dose of 2x10'! vg per mouse. The results show a significant
extension of life span of the twitcher mice for all three serotypes
(AAV9, AAVrh10, and AAV-Olig001) when compared to control
cohorts. The treatment produced similar survival benefit regardless
of which capsid was used. The rAAV gene transfer facilitates GALC
biodistribution and detectable enzymatic activity throughout the
CNS as well as in sciatic nerve and liver. When combined with BMT
from syngeneic wild type mice, there was significant improvement
in survival and enzymatic activity over either treatment alone.
Immunohistochemical analysis of the brain and spinal cord showed
reduced inflammation and pathology. Additionally, we have also
tested a novel self-complementary (sc) AAV vector with a minimal
synthetic promoter, which would mediate a weaker overall level
of GALC expression but express in more cells. Preliminary results
indicate that this vector design provides a survival advantage over
the sSAAV vector designs. In summary, we demonstrate that lumbar
intrathecal delivery of rAAV/mGALCopt can significantly enhance
the life span of twitcher mice treated at juvenile stage (PND10-11) and
BMT synergizes with this treatment to further improve the survival.
This effect is mediated by increased GALC activity in various parts of
the nervous system as well as by the reduction in neuro-inflammation.
Together, these studies detail a therapeutic approach for GLD in mice
which is feasible and relevant for human translation.

58. Pushing the Limits for Canavan Gene
Therapy into Adulthood: Is There an Age Limit for
Gene Therapy in CNS Disorders?

Dominic J. Gessler!, Danning Li'!, Hongxia Xu', Qin Su', Reuben
Matalon?, Guangping Gao!

!Gene Therapy Center, UMass, Worcester, MA, *University of Texas
Medical Branch, Galveston, TX

Canavan Disease (CD) is a rare and lethal inherited leukodystrophy
caused by autosomal recessive mutations in the aspartoacylase (Aspa)
gene. To date, no effective treatment is available. Thus, gene therapy
is an attractive approach to treat this devastating disease. Commonly
associated with early death in childhood, an increasing group of
patients reach teen age or even adulthood and in the process pose new
challenges for families and the scientific community. The availability
of a new mouse model (Nur7) with barely reduced life expectancy
but full blown Canavan-like clinical manifestation prompted us to
determine if there is a point-of-no-return in the gene therapeutic
treatment of Canavan disease and to identify potentially limiting
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factors in the development of the central nervous system (CNS) and
severity of the neuropathology. We previously reported that early
postnatal systemic delivery of the human aspartoacylase (hASPA)
gene by recombinant adeno-associated virus (rAAV) to the CNS of a
CD mouse model with neonatal death rescued lethality and partially
restored motor function. Now in its 3™ generation, our Canavan gene
therapy completely reverses the disease phenotype in the CD KO
mouse. For clinical translation to treat juvenile and adult patients,
we sought to study and understand the age-limitations for Canavan
disease gene therapy. We hypothesized that there is a point-of-no-
return, when gene replacement therapy alone is no longer sufficient to
successfully alter the disease outcome. First, Nur7 mice were treated at
post-natal (p) day 1 as the gold standard. In the next step, experimental
groups were dosed at 6, 12, and 24 weeks of age with a dose 10-fold
higher than that for neonates. Motor function was tested for all mice
4 weeks after treatment and subsequent intervals up to one year of
age for direct comparison. As expected, the earlier mice were treated,
the better the therapeutic outcome. To our surprise, juvenile mice at
6 weeks of age recovered completely within 4 weeks post-injection.
Although mice treated at 3 months of age and older did not respond
immediately within the first 4 weeks post-treatment, they eventually
showed significant improvements over Nur7 mutant control mice.
Of note, cognitive function testing revealed that treated mice recover
cognitively before motor function improves; this was even true for
late treatment time points. Furthermore, response to rAAVhASPA
gene therapy was confirmed via MRS for N-acetyaspartate, MRI,
and neuropathology. Finally, our preliminary data characterizing
oligodendrocytes and myelin in the Nur7 mouse model shows rapid
reconstitution of myelin in mice treated at 6 weeks, underlining
the potential of our therapy for later treatment. Currently, we are
working on identifying molecular mechanisms limiting complete
disease rescue in adult Nur7 mice to further explore options in order
to successfully treat older patients. Overall, our data demonstrate that
rAAV mediated hASPA expression of our 3™ generation gene therapy
vector not only prevents but also rescues the clinical manifestation
and pathology of the juvenile and adult model of Canavan disease at
an unprecedented level, which might also have implications for other
CNS disorders that require treatment in later stages of life.

59. APPsa Gene Therapy for Alzheimer’s

Disease
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Alzheimer’s disease (AD) is characterized by synaptic failure,
dendritic and axonal atrophy, neuronal death and progressive loss
of cognitive functions asociéted with f-amyloid accumulation and
neurofibrillary tangles of phosphorylated Tau protein. Increasing
evidence indicates that loss of physiological APP functions
mediated predominantly by neurotrophic APPsa produced in the
non-amyloidogenic a-secretase pathway may contribute to AD
pathogenesis. We used an AAV vector to directly overexpress
APPsa in the brain and explored its potential to rescue structural,
electrophysiological and behavioral deficits in APP/PS1AE9 AD

mouse model. Sustained APPsa overexpression in aged mice with
already preexisting pathology and amyloidosis restored synaptic
plasticity and rescued spine density deficits. Importantly, AAV-APPsa
treatment also resulted in a functional rescue of spatial memory.
A significant reduction of both toxic soluble 42 and plaque load
was evidenced. APPsa induced the recruitment of microglia with
ramified morphology towards plaques and upregulated IDE and
TREM2 expression suggesting enhanced plaque clearance. APPsa
overexpression in the brain using an AAV vector improves synaptic
and cognitive deficits, despite established pathology and may be of
therapeutic relevance for AD.

60. Engineering AAV Vector for the Delivery
of Human BuChE to Protect Against Exposure to
Organophosphates

Angelica Medina-Jaszek, Omua Ahokhai, Maryam Taheri,
Muhammad Arif, Anna Tretiakova, James M. Wilson

Gene Therapy Program, Department of Medicine, University of
Pennsylvania, Philadelphia, PA

Human butyrylcholinesterase (hBuChE) is a widely-distributed
enzyme that may play a role in nerve conduction, can hydrolyze
various toxic esters (e.g., cocaine), and acts as a potent scavenger
of organophosphates (OP) including pesticides and chemical
warfare agents. Major limitations prohibiting the development of
purified hBuChE as a mainstream biologic drug include: limited
availability of human plasma, limited scalability of manufacturing,
high cost of purified human-derived product, and the need for
intravenous administration. In addition, the preventive uses of
hBuChE are limited by its relatively short half-life. In an attempt
to address some of these limitations, several methods for the
production of recombinant hBuChE in vitro (cell lines) and in vivo
(transgenic animals, plants) were developed; however, the resulting
recombinant proteins presented with unfavorable pharmacokinetic
profiles making them unsuitable for preventive uses. Alternatively,
adenovirus-mediated delivery of hBuChE is very effective, but is not
a candidate for development due to the inherent immunogenicity of
the vector. Expression of hBuChE peaks at around 4 days post [V
administration of the adenoviral vector, and the peak is followed by
a rapid decline, with minimal expression being detectable 10 days
post-administration.

AAV vectors present a radically different, non-immunogenic
hBuChE delivery platform, which is not reliant on protein purification
and has the flexibility to deliver the product into both liver and muscle.
AAV technology engineers the recipient’s own cells to produce
sustainable pharmacologic amounts of hBuChE on demand and/
or replenish the exhausted scavenger via a single dose of hBuChE-
expressing vector under the control of a constitutive promoter.
Through the systematic optimization of AAV-hBuChE vectors, we
achieved not only rapid onset of hBuChE expression in mice, but
also sustainable, long-term expression for at least 2 months with
no decline. AAV-hBuChE expressed at 100 units/ml of serum at 24
hours post vector administration into mouse muscle, with steady-state
expression levels of up to 30,000 units/ml of serum at 1 month. The
optimization parameters included selection of the protein isoform,
tetramerization partner, coding sequence, as well as promoters and
other regulatory elements. Overall, approximately 40 vectors were
evaluated in comparative studies. Based on previous findings, the
levels of hBuChE expressed by our platform are predicted to be
protective in OP challenges, which we plan to perform in future
studies. In the future, the use of our platform can be expanded to
include populations that are occupationally exposed to pesticides. This
approach may also be applicable for the delivery of other protective
human enzymes, such as the use of rhodanese to protect against
cyanides or glutathione against 2-chloro-acetophenone.
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61. Ascending Dose Trials of a Retroviral
Replicating Vector (Toca 511) in Patients with
Recurrent High-Grade Glioma: Clinical Update,
Molecular Analyses, and Proposed Mechanism of
Action

Douglas J. Jolly', Joan M. Robbins!, Derek Ostertag', Carlos
Ibafez', Noriyuki Kasahara?, Harry Gruber!, Steven N. Kalkanis?,
Michael Vogelbaum®*, Manish K. Aghi®, Timothy Cloughesy?®, Alice
Chu', Asha Das!, Jamey Skillings'

"Tocagen Inc, San Diego, CA, *University of Miami, Miami, FL,
SHenry Ford Hospital, Detroit, MI, *Cleveland Clinic, Cleveland,
OH, *UCSF, San Fransisco, CA, ‘UCLA, Los Angeles, CA

We have conducted Phase 1 studies in patients with high grade
glioma of a retroviral replicating vector (RRV), Toca 511 (vocimagene
amiretrorepvec), based on an amphotropic murine gamma retrovirus
encoding an optimized cytosine deaminase. The vector appears
highly selective for tumor cells. Infected cells convert the antifungal
drug 5-fluorocytosine (5-FC) delivered as an orally available
extended-release formulation (Toca FC), into the antineoplastic drug
S-fluorouracil (5-FU). Toca 511 has been delivered by intratumoral
injection (NCT01156584), injection into the tumor bed post-resection
(NCT01470794), or by IV administration (NCT01985256). In all
cases the treatment is well-tolerated. In animal models extensive
infection of tumors (close to 100%) leads to control of tumor
growth both in xenograft and syngeneic models. Limited access to
tumor tissue post Toca 511 treatment in trial subjects, and lack of
good markers of human glioblastoma cells in these heterogeneous
primary tumors make it difficult to determine the extent of cancer cell
infection but there is good evidence of selective tumor infection by
PCR, RTPCR and IHC against the CD protein. Clinical data in both
the first two trials (intratumoral and resection bed administration with
39 and 43 evaluable subjects respectively) show a favorable safety
profile and extended overall survival (OS) compared to historical
controls. In the resection study, for example, median OS was 13.6
months compared to 7-8 months in matched historical controls,
and the OS at 24 months was 32%. In addition an RNA expression
signature in untreated resected tumors that predicts long term survival
in trial subjects has been identified from subjects that subsequently
underwent tumor bed administration of Toca 511 and Toca FC. This
signature does not normally correlate with survival in available public
data sets. In immune competent orthotopic animal models, Toca 511
and 5-FC treatment leads to apparent tumor elimination and induction
of strong antitumor immune responses by several mechanisms,
including local elimination of myeloid derived suppressor cells.
Subcutaneous re-implantation of the same tumors did not lead to
tumor growth in animals treated up to a year before, whereas tumors
did develop in control naive animals. Available data in the human trials
are consistent with the immune response playing a significant role in
the apparent clinical efficacy. Thus, clinically, treatment with Toca 511
and extended-release 5-FC (Toca FC) appears to selectively destroy
tumor cells within the body, while leaving healthy cells unharmed.
Toca 511 and Toca FC have been administered to more than 120 high
grade glioma subjects in the three studies and, based on results from
these trials, a phase 2/3 trial (Toca 5 has recently started recruitment
(NCT02414165). The combination of clinical and preclinical data
supporting this decision will be reviewed.

62. MiRNA Regulation of Oncolytic Measles
Virus Infectivity

Hirosha Geekiyanage, Evanthia Galanis

Mayo Clinic, Rochester, MN

Oncolytic measles virus (MV) strains represent a promising
novel oncolytic platform that is currently evaluated in several
clinical trials including glioblastoma. The recently identified MV
receptor, poliovirus receptor-related 4 (PVRL4), has accumulated
great interest due to its strong biochemical binding affinity to MV
and tumor specificity. However the regulation of PVRL4 is not
understood. Immunohistochemistry and western blot analysis studies
demonstrated increased PVRL4 protein levels in glioblastoma with
no significant change in PVRL4 mRNA levels detected by qRT-PCR,
suggesting that PVRL4 is likely post-transcriptionally regulated.
Therefore, we investigated the potential role of miRNA in PVRL4
regulation and thereby MV infectivity. From miRNAs predicted,
by the algorithms microRNA.org and RegRNA, to bind the 3’'UTR
of PVRL4, the miRNAs miR-31 and miR-128 which are reportedly
down-regulated in glioblastoma, were selected as potential regulators
of PVRLA4. Luciferase functional binding studies showed that miR-
31 and miR-128 binds to the 3’UTR of PVRL4. Similarly, over-
expression of miR-31/-128 down-regulated PVRL4 protein levels
while anti-miRs-31/-128 increased PVRL4 protein levels suggesting
that PVRL4 is a miRNA targeted gene. Furthermore, miR-31 and
miR-128 expression levels were down-regulated in glioblastoma
patient samples (n= 18) compared with control gliosis (n=15) samples
and showed statistically significant negative correlations with their
respective PVRL4 protein levels signifying the post-transcriptional
regulation of PVRL4 by miR-31 and miR-128. Gain-and-loss of
function studies using a wild-type MV strain that exclusively utilizes
PVRLA4 as its receptor showed that over-expression of miR-31/128
decreases MV infectivity while inhibition of the respective miRNAs
via anti-miRs increase MV infectivity in cell culture. In order to assess
the miRNA regulation on MV infectivity in vivo, athymic nude mice
were treated with 3-4 consecutive MV injections intratumorally at 1
x 10°TCID50 following establishment of subcutaneous glioblastoma
(U87) tumor xenografts stably transduced with lentiviral-vectors
encoding miRs alone or in combination with PVRL4 and anti-miRs.
Tumor sizes were significantly decreased in tumors expressing
anti-miRs-31/-128, while tumors expressing miR-31/ -128 showed
increase in size after MV administration. Additionally, statistically
significant correlations were observed between miR-128 levels,
MV infectivity measured by qRT-PCR and tumor sizes validating
the impact of miRNAs on MV infectivity and thus viral oncolysis.
In addition to this regulation of MV infectivity by host miRNAs,
we observed that MV infection up-regulated host miR-3 1expression
levels in glioblastoma cells. This up-regulation of miR-31 expression
resulted in down-regulation of PVRL4 suggesting that MV infection
regulate host miRNA and in turn host PVRLA4 levels. In conclusion,
this study suggests that PVRL4 is post-transcriptionally regulated
by miR-31/-128 and represent possible miRNA targets that could
modulate MV infectivity to enhance MV based oncolytic therapeutic
strategies, while the latter signifies the simultaneous regulation of
host miRNA by MV infection.
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63. Immunogenicity of Self Tumor Associated

Antigens Is Enhanced Through Protein Truncation
Tim Kottke'!, Kevin G. Shim!, Laura Evgin', Vanesa Alonso-
Camino', Shane Zaidi', Rosa Diaz!, Jose Pulido', Jill Thompson!,
Karishma Rajani!, Amanda Huff', Elizabeth Ilett?, Hardev Pandha’,
Kevin Harrington?, Peter Selby?, Alan Melcher?, Richard Vile!
'Mayo Clinic, Rochester, MN, *University of Leeds, Leeds, United
Kingdom, *University of Surrey, Guildford, United Kingdom, *The
Institute of Cancer Research, London, United Kingdom

We showed previously that expressing tumor-associated antigens
(TAA) from Vesicular Stomatitis Virus (VSV) eradicates established
tumors. We show here that truncation of TAA expressed from VSV
can occur to preserve the ability of the virus to replicate efficiently.
We observed that truncation of VSV-expressed TAA affects the
processing of the antigen, causing a bias towards an IL-17 anti-tumor
response which was raised by cumulative signaling from different
types of APC, each presenting specific, truncated antigens. Whereas
processing of full length, self-TAA invoked an IFN-y based, CD8+
dependent response, truncated versions of the same self-TAA (likely
to be poorly and incompletely folded) were processed through a
class II-dependent pathway, and invoked an IL-17 based response.
Significantly, the IL-17-mediated anti tumor response was both more
therapeutic, and durable, than the response against full length self-
TAA. These data show that the type/potency of anti-tumor immune
responses against self-TAA can be manipulated in vivo through
the nature of the self protein (full length or truncated), inclusion
of multiple TAA to recruit the optimal combination of APC, and
the resultant skewing of the T cell response to either an IFN-y or
IL-17 producing phenotype. Therefore, in addition to generation of
neoantigens through sequence mutation, immunological tolerance
against self-TAA can be broken through manipulation of protein
integrity, allowing for rational design of better self immunogens for
cancer immunotherapy.

64. Generation of Tumor Cells Resistant to
Oncolysis Is Mediated Through Virus Induced
APOBEC Expression

Karishma Rajani!, Kevin G. Shim!, Nazanin Yeganeh Kazemi',
William Gendron!, Tim Kottke', Amy Molan', Christopher
Driscoll', Reuben Harris?, Richard Vile!

'Mayo Clinic, Rochester, MN, *University of Alberta, Edmonton,
ON, Canada

In both pre-clinical, and clinical models, we have observed that
treatment of primary tumors with oncolytic viruses can lead to very
significant tumor regressions, often with apparent disappearance of
the tumor. However, in many cases, tumor subsequently recurs, often
extremely aggressively. We have been able to mimic this effect in vitro
by growing several different types of tumor cell lines in the presence
of different oncolytic viruses at low m.o.i. over several weeks. Under
such conditions, we consistently observe the emergence of cells which
survive over long periods of time in culture, despite the demonstrable
presence of ongoing viral replication. We identified APOBEC3 from a
screen of genes which are induced in tumor cells undergoing continual
exposure to either reovirus or Vesicular Stomatitis Virus (VSV). In
this respect, overexpression of APOBEC3B, a cytidine deaminase, has
been identified in human tumors associated with mutations that may
drive tumorigenesis. Therefore, we tested the hypothesis that, upon
infection with oncolytic viruses, APOBEC3 may help drive tumor
cell mutation leading to protection from viral cytotoxicity. Consistent
with this, both mRNA and protein levels of APOBEC3 were rapidly
induced within 24-72 hours of low M.O.I infection by reovirus, or
VSV, of B16 melanoma, GL261 glioma and TC2 prostate tumor
murine cell lines. Similar low level infection of human tumor cell
lines was associated with rapid induction of the human APOBEC3B

mRNA. Interestingly, engineered over-expression of APOBEC3B
in tumor lines significantly enhanced the ability of these cells to
resist killing by either VSV or reovirus. This effect was inhibited by
blockade of PKC signaling upon viral infection but was enhanced
by the presence of type I interferons. Correspondingly, inhibition of
APOBECS3 using shRNA decreased the frequency of emergence of
VSV-resistant tumor populations. These data suggest that infection
of tumor cells by oncolytic viruses at low M.O.I (as is likely to be
the case during clinical treatments) leads to the induction of cellular
proteins, which enhance the ability of resistance to oncolysis
to develop. Deep sequencing studies are currently underway to
determine the genetic changes in both virus, and target tumor cells,
which are associated with APOBEC3 over-expression during chronic
exposure to oncolytic virus infection. Finally, data will be presented
on how these findings allow the construction of improved viruses for
cancer therapy by targeting APOBEC3 induction to improve primary
killing and prevent emergence of treatment resistant populations.

65. Oncolytic Measles Virus Differentially
Affects Mitochondrial Biogenesis in Transformed

versus Non-Transformed BM-Derived MSCs

Sarah Aref', Aditi Dey', Katharine Bailey', Benjamin Rosen?, Anna
Castleton', Gyorgy Szabadkai®, Adele K. Fielding'

'UCL Cancer Institute, Paul O’Gorman Building, University
College London, London, United Kingdom, *University College
London, London, United Kingdom, 3Division of Biosciences,
University College of London, London, United Kingdom

Vaccine strain measles virus (MV) is oncolytic in numerous
models of malignancy. The mechanism behind the selectivity of
MV for transformed cells is poorly understood. To investigate
further, an established step-wise model of cellular transformation
was used; in which progressive oncogenic hits were stably and
additively expressed in human bone marrow derived mesenchymal
stromal cells following retroviral transfer of human telomerase
reverse transcriptase (W\TERT), human papilloma virus16 E6 and
E7 (3H), SV40 small T antigen (4+V), finally, H-RAS (5H) (Funes
at al, 2007). The most highly transformed cells (SH) were more
permissive to oncolytic MV infection than any of the less transformed
counterparts, with significantly greater viral titres. MV-induced
cell-death increased progressively with progressive transformation.
This was not explained by any differences in MV receptors CDA46,
SLAM or Nectin-4 expression. Investigation of anti-viral type 1 IFN
response in this model 24 and 48 hours post MV infection (hpi) by
ELISA demonstrated a robust induction of IFNf (to a lesser extent
IFNa) in hTERT cells, which was significantly and progressively
reduced in 3H, 4+V and 5H according to level of transformation,
suggesting that defective IFN pathway is a potential mechanism for
the enhanced MV permissiveness observed in transformed cells.
Examination of integrity of the RLR signalling pathway, which
triggers IFNa/p production, revealed that expression levels of RIG-I,
MDAS and MAVS, determined by RQ-PCR at 6, 12, 24 and 48 hpi,
were lowest in SH and highest in hTERT cells, proposing a role
for the RLR pathway in MV-mediated oncolysis. To gain insight
into the differential effects of MV infection in transformed versus
non-transformed cells, metabolic effects post MV infection were
investigated. A significant increase in oxygen consumption rate (OCR)
was observed 24 hpi, proportional to the stage of transformation,
followed by a steep decline at 48 hpi. This increase was abrogated
in the presence of fusion inhibitory peptide (FIP), implicating the
role of syncytia formation, the cytopathic effect of MV infection, in
MV-mediated oncolysis in vitro. A similar pattern was observed in
ATP levels post MV infection; highest at 24hpi in 4+V and 5H and
dropping off dramatically at 48hpi when cell viability is compromised.
To further characterize the consistent increase in OCR and ATP levels
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upon MV infection of the more transformed cell lines, we sought
to assess mitochondrial biogenesis using the fluorescent probes
TMRM, Calcein AM and Hoechst. Preliminary results indicated
significantly increasing numbers of mitochondria per cell at 24 hpi
principally in 4+V (16%) and 5H (~29%) cells compared to their
uninfected counterparts potentially explaining the observed high
levels of OCR and ATP. Altogether, our data suggests that altered
mitochondrial numbers and functions correlate with the degree of
MV permissiveness and thus M V-induced cell death. Mitochondrial
mass was also seen to be increased with MV infection. However, this
effect was not specific to transformed cells. Metabolomics and further
evaluations will be crucial to comprehensively assess differences in
metabolism between cells in this model and to understand the role
of bioenergetics in the differential levels of MV-mediated oncolysis.

66. Recombinant Newcastle Disease Virus as
an Oncolytic Therapy for Ovarian and Prostate

Cancers

Lisa A. Santry, Jacob P. van Vloten, Kathy Matuszewska, Byram
W. Bridle, James J. Petrik, Sarah K. Wootton

Pathobiology- Ontario Veterinary College, University of Guelph,
Guelph, ON, Canada

Newcastle disease virus (NDV) is a member of the Avulavirus
genus in the Paramyxoviridae family. NDV selectively replicates
in tumor cells due to defects in antiviral and apoptotic signalling.
It is the oncolytic virus with the longest history of use in clinical
trials with a proven safety record as a monotherapy due to its strong
induction of antiviral responses in non-transformed mammalian
cells. In addition to its direct oncolytic effect, NDV also activates
both innate and adaptive immune responses and therefore has
strong immunotherapeutic potential. To enhance the fusogenicity of
the virus, the fusion protein of recombinant LaSota NDV (rNDV)
was engineered to express a multibasic cleavage and activation site
(rNDV/F3aa). This virus is highly fusogenic leading to the formation
of large syncytia that allows for efficient intratumoral spread and
increased lytic potential. While NDV has demonstrated efficacy
in a number of different cancer models, including melanoma and
hepatocellular carcinoma, little information about its efficacy in
ovarian and prostate cancer is available. To this end, we evaluated
the oncolytic potential of INDV/F3aa expressing enhanced green
fluorescent protein (GFP) in a panel of prostate and ovarian cancer
cell lines using a resazurin dye-based cell viability assay. Infection
with INDV/F3aa-GFP at a range of MOIs significantly reduced the
viability of these cancer cells in vitro, but had little effect on normal
untransformed cells. To evaluate the efficacy of NDV in vivo,
we used a well-established orthotopic mouse model of epithelial
ovarian cancer and a syngeneic murine RM9 prostate carcinoma
model. Intravenous delivery of 1x10"8 PFU of rtNDV/F3aa-GFP to
ovarian tumor-bearing mice resulted in a significant reduction in the
primary tumor size and number of metastatic abdominal tumours.
Furthermore, 50% of the mice had a complete loss of ascites, which
is an accumulation of fluid in the abdomen, as a result of advanced
stage ovarian cancer. The apparent decrease in secondary disease after
treatment with INDV/F3aa-GFP is particularly promising as it is the
metastatic lesions that ultimately cause high morbidity and mortality
in patients with advanced ovarian cancers. A pilot study in the RM9
prostate model revealed that INDV/F3aa-GFP was able to replicate
and spread within the tumor and neovasculature after intratumoral
or intravenous delivery of 1x1078 PFU. Studies to confirm these
results, as well as to evaluate the ability of INDV/F3aa-GFP to induce
tumor regression and increase survival are currently underway. Taken
together, these data suggest that NDV/F3aa is a promising oncolytic
for further development as an anti-cancer agent for the treatment of
prostate and ovarian cancers.

67. Rational Design of MicroRNA-Retargeted
Coxsackievirus A21 Infectious RNA for Cancer
Therapy

Noura Elsedawy', Autumn Ruiz?, Stephen Russell

ISanford School of Medicine of University of South Dakota,
Sioux Falls, SD, *Molecular Medicine Department, Mayo Clinic,
Rochester, MN

Coxsackievirus A21 (CVA21) is a positive-sense single stranded
RNA virus. Intratumoral (IT) administration of CVA21 viral
particles or in vitro transcribed RNA encoding the CVA21 genome
to SCID mice bearing subcutaneous KAS6/1 human multiple
myeloma xenografts results in tumor regression and viremia, but
causes lethal myositis. We previously showed that inserting target
sequences complementary to muscle-specific microRNAs (miRT),
specifically miR-206 and miR-133, into the 3 UTR of the viral
genome inhibits viral replication in cells expressing the cognate
miRNAs. IT administration of miRT-virus to KAS6/1 tumor bearing
mice regressed tumors and ameliorated muscle toxicity. However,
IT injection of RNA encoding the miRT-CVA21 genomes failed to
induce tumor regression. /n vitro transfected miRT-CVA21 RNA
had delayed rescue kinetics and blind serial passaging was required
to produce titratable virus. Therefore, the goal of this study was to
optimize miRT positioning within the genomic construct to achieve
retargeting without compromising virus rescue efficiency. We
inserted two copies of each miRT in the variable domain (VD) of
the 5 UTR to make CVA21-T2-VD. We also truncated the VD ad
replaced it with either one or two copies of each miRT generating
CVA21-T1-AVD and CVA21-T2-AVD. Finally, we hypothesized
that the original 3’ UTR insertion position deforms a stabilizing
secondary RNA structure that incorporates part of the ORF and the
3’UTR thus hindering viral replication. To preserve the stability of
this structure we duplicated the terminal sequences of the ORF and
inserted either one or two copies of each miRT in between, forming
CVA21-T1-TR and CVA21-T2-TR. Transfection of RNA encoding
each of the recombinant genomes or the wildtype genome into H1-
HeLa cells resulted in visible cytopathic effects at 48 hours. Viral titers
produced at 12 hours post-transfection with CVA21, CVA21-T1-AVD,
CVA21-T2-AVD, CVA21-T2-VD, CVA21-T1-TR and CVA21-T2-TR
RNA were 1.6x105, 1.4x10% 4.0x10%, 3.1x10°, 9.2x10* and 3.7x10*
TCID,/ml, respectively. The integrity of the miRT sequences and
the absence of additional mutations were confirmed by sequencing.
All five miRT-CVA21 viruses displayed replication kinetics similar
to that of unmodified CVA21 during one-step growth curve analysis.
miRNA targeting was analyzed by measuring the viability of H1-
HeLa cells transfected with synthetic miR-206, miR-133 or both
followed by viral infection. Cells transfected with muscle specific
miRNAs resisted oncolysis by CVA21-T1-AVD, CVA21-T2-AVD,
CVA21-T2-VD and CVA21-T1-TR to variable degrees but not by
wildtype CVA21 or CVA21-T2-TR. Maximal protection was achieved
in cells transfected with both miRNAs. Correspondingly, viral titers
measured in supernatants of cells resisting oncolysis were lower than
viral titers in supernatants of cells succumbing to it. Conclusion: In
this study we have generated microRNA-retargeted CVA21 infectious
RNA that results in the rescue of viral particles at a similar rate to
unmodified CVA21 RNA. In conjunction with our previous studies,
this data supports the use of microRNA-retargeted infectious RNA
as a potential formulation for oncolytic virotherapy. Animal studies
to test in vivo efficacy and selectivity of intratumorally administered
RNA corresponding to the aforementioned CVA21 recombinants are
currently underway.
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68. Immunovirotherapy: Enhancing
Personalized T Cell Therapy with Oncolytic

Measles Virus Vaccination

Elena S. Czink, Tobias Speck, Johannes Heidbuechel, Jessica
Albert, Birgit Hoyler, Dirk Jaeger, Christof von Kalle, Guy
Ungerechts, Christine E. Engeland

National Center for Tumor Diseases, Heidelberg, Germany

Oncolytic viruses directly reduce tumor burden by selective
lytic replication in malignant cells, which designates these vectors
as a potent platform for targeted cancer therapy. Lately the focus
of oncolytic research has shifted towards the immunostimulatory
potential of viral infection within the tumor microenvironment.
Oncolytic viruses can be considered to act as an autologous tumor
vaccine with the capacity to induce a tumor-specific T cell response.
‘We hypothesize that oncolytic measles virus (MV) expressing a tumor-
associated antigen (TAA) can specifically support T cell activation
and persistence after adoptive transfer of TAA-specific T cells. We
modified the Schwarz vaccine-derived measles virus to encode either
OVA as a model antigen or one of the endogenous melanoma antigens
trp-2 or gp100. TAA insertion did not impede viral replication and
oncolysis compared to the parental virus. For in vivo studies, we have
generated a new immunocompetent mouse model for MV oncolysis,
B16-hCD46. Transduction of hCD46-positive B16 tumor cells with
the novel viruses induces a strong virus-mediated expression of
the tumor antigens, serving as a specific and lasting stimulus for
adoptively transferred T cells. With the increasing availability of
tumor sequencing data, this study has direct implications for future
clinical trials of personalized immunovirotherapy.

Cancer-Targeted Gene and Cell Therapy

69. TNFR Costimulatory Domains Impair
Expansion of CD5 CAR T Cells Due to Enhanced
Fas-Mediated Apoptosis

Maksim Mamonkin'?, Sandhya Sharma'?, Malini Mukherjee®,
Madhuwanti Srinivasan'?, Diogo Silva'?, Jordan S. Orange>*,
Malcolm K. Brenner'?

!Center for Cell and Gene Therapy, Baylor College of Medicine,
Houston, TX, *Texas Children'’s Hospital, Houston, TX,
3Department of Pediatrics, Baylor College of Medicine, Houston,
TX, “Center for Human Immunobiology, Texas Children’s Hospital,
Houston, TX

CDS5 is expressed at high levels on most normal and malignant T
cells. We previously demonstrated that T cells transduced with a CD5
CAR harboring signaling domains from CD28 and TCR zeta chain
(CD28.zeta) genes produce only limited fratricide against normal
CD5+T cells and expand >10,000-fold in vitro. Although these CAR
T cells also have significant anti-tumor activity against CD5+ cell
lines, tonic signaling from the CAR enhances terminal differentiation
during in vitro expansion. The accumulation of CCR7- effector T
cells and reduced frequency of CD4+ CAR T cells limits the in vivo
persistence of CAR T cells ultimately allowing resurgence of CD5+
tumor cells. Since strong PI(3)K activation from the CD28 domain
likely contributes to the terminal differentiation of CAR T cells,
we aimed to improve CD5 CAR T cell persistence by replacing
the CD28 domain with a TNFR superfamily domain 4-1BB, which
elicits weaker PI(3)K activation and preserves the central memory
population.

Here, we show that replacing the CD28 signaling domain with
one of the TNFR-superfamily genes (4-1BB, 0X40, CD27, CD30
or HVEM) allowed CD5 CAR T cells to retain the CCR7+ central
memory population. Unexpectedly, however, TNFR signaling
domains dramatically increased CAR T cell death and reduced

proliferation, resulting in 5- to 15-fold reduction in cell expansion
after 2 weeks of culture. These results correlated with a 3-fold
upregulation of Fas on the T cell surface and the formation of stable
immunologic synapses between CAR T cells. Disrupting a TRAF2
binding site in the 4-1BB domain prevented Fas upregulation and
restored the expansion of CD5 CAR T cells, but also compromised
costimulation and undermined long-term cytotoxicity.

In contrast, CD28.zeta CD5 CAR T cells displayed normal Fas
levels and their expansion was comparable to that of ICOS.zeta and
zeta-only (first generation) CD5 CAR T cells. Limited fratricide of
CD28.zeta CD5 CAR T cells was dependent on PI(3)K activity, as
chemical blockade of PI(3)K resulted in dose-dependent enhancement
of apoptosis (56% vs 31%) and a 3-fold reduction in CD5 CAR T
cell numbers after 72h. Combining CD28 and 4-1BB domains in
a third generation CD5 CAR still did not rescue T cell expansion.
Therefore, we developed a regulated retroviral expression system
that uses a small molecule to reversibly inhibit CAR expression,
thereby preventing tonic signaling and the resulting fratricide and
differentiation. Withdrawing the inhibitor restores CAR expression
and the anti-tumor function of T cells, and preserves the central
memory population by the time the CAR is fully expressed. Overall,
these studies provide a mechanism regulating T cell fratricide and
offer a means of reducing the negative effects of tonic CD5 CAR
signaling.

70. Knocking Down the Circular RNA ciRS-E2
Blocks Cancer Cell Proliferation Demonstrating
Circular RNAs as a New Therapeutic Target
Alessia B. Baccarini', Ravi Sachidanandam?, Brian Brown'
!Genetics and Genomic Sciences, Mt. Sinai School of Medicine,
New York, NY, ?Department of Oncological Sciences, Mt. Sinai
School of Medicine, New York, NY

Circular RNAs (circRNA) are a newly discovered class of abundant
and well conserved non-coding RNAs (Memczak et al. and Hansen
et al. Nature 2013). They are comprised of RNA sequences in which
the 3” end of a downstream exon has been backspliced to the 5’ end
of an upstream exon, causing the formation of a continuous RNA
loop. Thousand of different circRNAs have been identified so far
in different cell types, including cancer cells, and their expression
levels often reaches or exceeds many coding RNAs in the cell. A
small number of circRNAs have been shown to control the activity
of specific microRNAs by acting as molecular sponges, however
the functions of the vast majority of circRNAs are still not known.
Because the sequence of the 3°-5° exon junction of a circRNA is
unique in the transcriptome, we hypothesized that targeting this
region may be used to generate RNAi vectors that can knockdown
circRNAs without impacting their host gene.

Using a deep-sequencing approach that we call Capture-seq and
a novel mapping algorithm, we detected an abundant circRNA
expressed in highly proliferative cells, which we dub circular E2
(ciRS-E2). ciRS-E2 is comprised of exon 2 of a coding gene which
has circularized as a result of the 3” end of exon 2 backsplicing to the
5’ end of the exon. Using a PCR that was specific for the backspliced
junction, we found ciRS-E2 to be highly expressed in a number of
cancers, including leukemia, melanoma, and ovarian.

We generated two different sShRNAs to target the unique 3°-5’
exon junction of ciRS-E2 and designed them to have different seed
regions so that potential off-target effects could be accounted for.
The shRNAs were cloned into lentiviral vectors encoding GFP (LV.
GFP), and introduced into acute myelocytic leukemia or ovarian
adenocarcinoma cells. More than 95% of cells were transduced. For
comparison, the cells were transduced with two different control
LV.GFP vectors encoding scrambled sequences. Impressively, both
ciRS-E2 shRNAs knocked down ciRS-E2 by more than 80%, and
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there was no change in the expression of ciRS-E2’s host gene’s
mRNA or protein. Strikingly, within 7 days of transduction there was
a major loss in cells transduced with either ciRS-E2 shRNA, which
did not happen with control cells. By 10 days, there were less than
20% GFP+ cells, indicating that ciRS-E2 is important for cancer cell
fitness. Further analysis revealed that this was due to impaired cell
proliferation as a result of the cells arresting in G /G, . Transcriptomics
analysis by RNA-seq indicated that loss of ciRS-E2 resulted in a
significant decrease (P<0.05, >2-fold) in the expression of a number
of key oncogenes including Myc and Max.

This study is one of the first to assign an important cellular function
to a circRNA, and the first to identify a circRNA that controls
cancer cell fitness. Importantly, we show that RNAi vectors can
be generated to efficiently and specifically knock down a circRNA
without impacting their host gene. circRNAs represent a potential
new therapeutic target, and our work suggests that knockdown of
ciRS-E2 may be used to control cancer cell proliferation.

71. Validation of Manufacturing NKG2D
Chimeric Antigen Receptor T Cells for a First-In-
Human Clinical Trial in AML/MDS and Multiple
Myeloma

Heather Daley', Sarah Nikiforow'?2, Joana Murad?, Helene
Negre!, Jake Reider®, Charles Sentman®, Sarah Snykers>, Rachel
Allen, Tlene Galinsky', Nikhil Munshi'?, Richard Stone', Robert
Soiffer'?, Jerome Ritz'?, Suzanne Baumeister'>°

!Dana-Farber Cancer Institute, Boston, MA, °’Harvard Medical
School, Boston, MA, Celdara Medical, LLC, Lebanon, NH,
‘Geisel School of Medicine at Dartmouth, Hanover, NH, *Celyad,
SA, Mont-Saint-Guibert, Belgium, *Boston Children’s Hospital,
Boston, MA

Canonical CAR-T cells are engineered using constructs encoding
a single chain variable fragment derived from a murine or humanized
antibody, a costimulatory domain connected by a hinge region, and the
signaling domain of CD3 zeta. This restricts T cells transduced with
these constructs to recognizing one tumor antigen, such as CD19, and
a limited set of cancers. Prior work in murine models demonstrated
preclinical efficacy of T cells transduced with a novel activating CAR
construct that exploits the ability of NK cells to recognize a variety
of tumor antigens. Specifically, a CAR was generated by fusion of
native full-length human Natural Killer Group 2D (NKG2D) gene
with the human CD3 zeta cytoplasmic signaling domain. The NKG2D
receptor in association with natural costimulatory molecule DAP10
creates a unique 6 protein receptor complex enabling NK and CD8+
T cells to kill many cells types via recognition of ligands including
MIC-A, MIC-B, and UL-16 binding proteins 1-6. NKG2D-ligands
are upregulated in malignancy but protein expression is absent or
minor in healthy tissues. Complete remissions and durable CD4+ and
CD8+ T-cell memory have been demonstrated in murine models of
lymphoma, myeloma and ovarian cancer following adoptive therapy
with NKG2D CAR T cells. At the same time, NKG2D CAR T cells
significantly alter the tumor microenvironment through cytokine
secretion to further promote anti-tumor immunity. This technology
is being evaluated clinically in a phase I dose-escalation study
(ClinicalTrials.gov NCT02203825) arising through collaboration
between academic investigators and commercial sponsors. GMP
manufacturing procedures for NKG2D CAR T cells were developed
to support this first-in-human trial of NKG2D CAR T cells to assess
safety and feasibility in acute myeloid leukemia/myelodysplastic
syndrome and multiple myeloma. Following isolation of mononuclear
cells, T cells were activated with anti-CD3 mAb and IL-2, subjected
to 2 rounds of transduction with SFG retroviral vector containing
the NKG2D CAR construct (CM-CS1), and expanded in media
containing IL-2. GMP manufacturing procedures were validated

using T cells from healthy donors as well as patients with AML
and myeloma. Validation studies and initial clinical manufacturing
demonstrated consistent viability, robust cell expansion, vector-
mediated surface expression of NKG2D on a median of 53.6% CD8+
and 90.3% of CD4+ T cells, consistent viral copy number/cell less than
5, and the absence of replication-competent retrovirus in CM-CS1 T
cells. Functionally, CM-CS1 T cells exhibit potent [IFN-y production
following exposure to NKG2D ligand-expressing tumor cells. We also
demonstrated minimal carry-through of malignant myeloid or plasma
cells after deriving autologous CM-CS1 T cells from patients with
malignancies. The Phase I trial using CM-CS1 T cells is ongoing,
with dose-escalation proceeding as planned. Future goals include
application of this novel cell therapy to additional malignant diseases.

72. A Phase | Study of RB94 in Genitourinary
Cancers Using a Tumor-Targeted Systemic
Nanodelivery System

Arlene Siefker-Radtke!, Xin-qiao Zhang!, Charles C. Guo?,
Kathleen F. Pirollo®, Chris P. Leung*, Esther H. Chang?, Randall E.
Millikan', William F. Benedict'

!Genitourinary Medical Oncology, MD Anderson Cancer Center;
Houston, TX, *Pathology, MD Anderson Cancer Center, Houston,
TX, *Georgetown University Medical Center, Washington, DC,
‘SynerGene Therapeutics., Inc., Potomac, MD

RB-94 is a truncated form of the RB tumor suppressor gene which
has shown marked cytotoxicity in every human tumor type tested to
date without affecting normal cells. A systemically administered,
tumor-targeted nanocomplex for systemic gene delivery (termed
SGT) has been developed. In the SGT nanocomplex, the payload is
encapsulated within a cationic liposome. The surface of the liposome
is decorated with an anti-transferrin receptor (TfR) single chain
antibody fragment (scFv) designed to target cancer cells by binding
to the TR which is highly expressed on tumor cells. Here we describe
the results of a DNA dose escalating first-in-man Phase 1 study of
SGT encapsulated RB-94 (SGT-94) for the treatment of metastatic
genitourinary tumors. The majority of the cancers treated in this study
were bladder cancers. Treatment with SGT-94 was well tolerated with
minimal side effects observed. Moreover, among the 11 evaluable
patients of 13 treated, a complete remission (CR) in a lung metastasis,
two partial remissions (PRs) and three incidences of stable disease
(SD) were observed. The CR and PRs occurred at the highest dose
(2.4 mg DNA) tested. In addition, there is strong evidence for tumor-
specific targeting including data from two resected lung metastases.
In these metastatic lesions, the presence of RB94 was documented
by both PCR and Western blotting in the tumors. However, RB94
was absent in contiguous normal lung tissue. Therefore, this Phase
I study demonstrates not only the safety, but also the anti-cancer
potential of the SGT-94 nanocomplex and suggests that additional
studies using SGT-94 alone or in combination with chemotherapy,
radiation or other modalities are warranted.

73. Enhanced Engineering of Chimeric Antigen
Receptor (CAR)-Modified T Cells Using Non-Viral
Sleeping Beauty Transposition from Minicircle
Vectors

Razich Monjezi', Csaba Miskey?, Tea Gogishvili', Martin Schleef?,
Marco Schmeer®, Julia Wegner', Hermann Einsele', Zoltan Ivics?,
Michael Hudecek!

!Department of Medicine II, University Hospital Wiirzburg,
Wiirzburg, Germany, ’Medical Biotechnology, Paul-Ehrlich-
Institute, Langen, Germany, *PlasmidFactory, Bielefeld, Germany

Adoptive therapy with T cells that were modified with gamma-
retroviral and lentiviral (LV) vectors to express a CD19-specific
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chimeric antigen receptor (CAR) has shown remarkable efficacy
in pilot clinical trials. However, there are persistent concerns with
the use of viral vectors with regard to safety, as well as the cost and
scale of vector production required for making CAR T-cell therapy
available to patients on a global level. In this study, we have refined
non-viral Sleeping Beauty (SB) transposition to provide an effective
and broadly applicable gene-transfer strategy with superior safety
profile. We demonstrate that SB transposition of CAR transgenes
from minicircle (MC) DNA vectors enables dramatically improved
transposition rates compared to conventional plasmids. MC-derived
CD19-CAR transposons display a highly favorable integration profile
and confer stable CAR expression that permits potent anti-tumor
functions and rapid manufacture of CAR T-cell products.

We prepared MC transposon donor vectors encoding a CD19-CAR
or eGFP from corresponding parental pT2 plasmids through site
specific recombination, and a MC encoding SB100X transposase.
Each MC contained only the promotor and gene of interest, and
was devoid of antibiotic resistance gene and bacterial origin of
replication. We then performed transfections into CD8+ and CD4+
T cells of healthy donors (n=7) and analyzed transposition rate and
stability that could be accomplished when CD19-CAR transposon and
SB100X transposase were encoded by MCs vs. equimolar amounts
of corresponding conventional plasmids. In each donor, we achieved
a significantly higher transposition rate with MCs (mean 49.8% on
day 14 post transfection) compared to plasmids (mean 12.8%; 4.4-
fold difference; p<0,001). Expression of the CD19-CAR was stable
over multiple rounds of expansion and several weeks in culture.
Importantly, MC transfection was not only more effective, but also
substantially less toxic compared to plasmids and on average, a
6-fold higher yield of CAR T cells could be obtained within 14 days
of culture without the need for feeder cell expansion. In functional
experiments, CD19-CAR T cells modified with our enhanced
MC-based SB transposition strategy were equally effective as LV
transduced CD19-CAR T cells, and exerted high levels of specific
cytolytic activity, cytokine production including IFN-g and IL-2, and
productive proliferation after stimulation with CD19+ lymphoma.
Moreover, a single administration of SB-modified CD19-CAR T
cells leads to complete eradication of systemic lymphoma in a murine
xenograft model (NSG/Raji-ffLuc), and was at least equivalently
potent as LV transduced CD19-CAR T cells prepared from the same
donor. To address safety, we determined the gene copy number
(n=5, range 3-8 in CD&+ T cells) and performed a comprehensive
genomic insertion site analysis. The data show a close-to-random
integration profile of MC-derived CD19-CAR transposons, without
preference for highly expressed or cancer related genes. Intriguingly,
a significantly higher proportion of SB integrations had occurred in
genomic safe harbors compared to LV integrations (7-fold difference;
p<0,001), close to the perfect score expected for random integration.
In conclusion, we demonstrate the potential to manufacture CAR
T cells using virus-free SB-mediated transposition from MC DNA
vectors. The superior safety profile, high level stable transposition
rate and ease-of-handling MC vectors position our novel approach
to become a preferred gene-transfer strategy in advanced cellular
and gene-therapy.

74. The Impact of Different Hinge and
Transmembrane Components on the Function of
a Novel Fully-Human Anti-CD19 Chimeric Antigen
Receptor

Leah M. Alabanza, Melissa A. Pegues, Claudia Geldres, Victoria
Shi, James N. Kochenderfer

Experimental Transplantation and Immunology Branch, National
Cancer Institute, Bethesda, MD

T cells expressing anti-CD19 chimeric antigen receptors (CARs)
have significant activity against B-cell malignancies in humans,
but increased efficacy and decreased toxicity of anti-CD19 CAR T
cells are needed. Anti-CD19 CARs that have been clinically tested
have single-chain variable fragments (scFvs) derived from murine
antibodies or in 1 case a humanized murine antibody. Evidence of
human anti-mouse immune responses against CARs with murine
scFvs has been reported (Jensen et al. Biology of Blood and Marrow
Transplantation 2010; Lee et al. Lancet, 2015), providing a rationale for
development of less immunogenic CARs. A CAR with a scfv derived
from a fully-human antibody would eliminate these human anti-mouse
immune responses and perhaps increase the persistence of anti-
CD19 CAR T cells. A non-immunogenic CAR might be particularly
important if multiple, temporally-separated doses of CAR T cells are
administered to the same patient. We have designed and constructed
fully-human anti-CD19 CARs encoded by a lentiviral vector. These
CARs specifically recognize CD19, and T cells expressing the CARs
exhibit a full range of functions including degranulation, cytotoxicity,
proliferation, and release of a variety of cytokines. The extracellular
scFv component of a CAR is connected to intracellular domains by
an extracellular hinge region and a transmembrane (TM) region. In
comparing anti-CD19 CARs, we noticed a difference in cytokine
production by CARs with hinge and TM regions from the human
CD8a molecule compared to CARs with hinge and TM regions from
the human CD28 molecule. We designated a fully-human CAR with
CD8a hinge and TM domains hul9-CD828Z, and we designated a
CAR that was identical to hul9-CD828Z except that it had CD28
hinge and TM domains hul9-28Z. Compared to T cells expressing
hul9-CD828Z, T cells expressing hul9-28Z produced much higher
levels of interferon gamma (IFNy), tumor necrosis factor (TNF), and
interleukin-2. For example, after an overnight culture with CD19+
NALMBG cells, T cells expressing hul9-CD828Z yielded a mean of
5688 pg/mL IFNy in the culture supernatant while T cells expressing
hu19-28Z yielded 19396 pg/mL IFNy (P=0.03). Similarly, after an
overnight culture with CD19+ NALMS6 cells, T cells expressing
hul9-CD828Z yielded a mean of 2033 pg/mL TNF in the culture
supernatant while T cells expressing hul9-28Z yielded 5008 pg/mL
TNF (P=0.007). Cytokine levels were normalized for the percentage
of T cells expressing each CAR in each experiment. This same pattern
of hinge and TM domains affecting cytokine production was observed
for CARs incorporating a different anti-CD19 scFv. In contrast to
cytokine production, significant differences in other T-cell functions
including degranulation, cytotoxicity, and proliferation were not
found when hul9-CD828Z and hul9-28Z were compared. When
T cells expressing hul9-CD828Z and hul9-28Z were assessed in
a murine lymphoma model, there was not a statistically-significant
difference in tumor eradication or survival. We are currently assessing
other measures of T-cell activation to obtain a more mechanistic
understanding of the differences in T-cell activation with different
hinge and TM domains. Most of the clinical toxicity of anti-CD19
CAR T cells is caused by cytokine release. Compared to anti-CD19
CARs with CD28 hinge and TM domains, anti-CD19 CARs with
hinge and TM regions from CD8a cause lower levels of cytokine
release from T cells in vitro. This decreased cytokine release might
reduce cytokine-mediated toxicity in patients. We have initiated a
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clinical trial of T cells expressing hul9-CD828Z. We will assess
cytokine release, immunogenicity, peak blood levels, and long-term
persistence of hul9-CD828Z-expressing T cells in humans.

75. Development of an LMP-Specific T Cell
Bank for Third Party Use as a Curative Strategy
Post-Transplant Lymphoproliferative Disease After
Solid Organ Transplant

Lauren McLaughlin', Lauren Roesch!, E. Kathy Mintz!, Sarah
McCormick!, Cecilia Barese', Elizabeth Williams', Neha Joshi',
Fahmida Hoq', Michael Keller', C. Russell Cruz', Mitchell S.
Cairo?, Jessica Hochberg?, Patrick J. Hanley!, Catherine M.
Bollard'

'Program for Cell Enhancement and Technologies for
Immunotherapy, Children’s National Medical Center, Washington,
DC, *Division of Pediatric Hematology, Oncology and Stem Cell
Transplantation, New York Medical Center, Hawthorne, NY

EBV-associated tumors in the immune deficient host express type 11
and III latency antigens including latent membrane protein 1 (LMP1)
and LMP2, which can serve as potential targets for immunotherapy.
Several studies have documented the safety and efficacy of LMP-
specific T cells for patients with EBV-associated malignancies, but
clinical applications may be limited by the time to generate LMP-
specific T cell products as well as the availability of an appropriate
donor source. We hypothesize that the administration of “off the shelf”
third party LMP-specific cytotoxic lymphocytes (LMP-CTLs) will
rapidly restore EBV-specific T-cell immunity and prevent relapse
in patients with post-transplant lymphoproliferative disease PTLD
post solid organ transplant (SOT). To develop the third party T cell
bank, we manufactured healthy donor-derived LMP-specific T cells
from eligible donors with a wide range of HLA types in our good
manufacturing practices (GMP) facility. This T-cell bank is for several
clinical trials including a proposed multicenter Children’s Oncology
Group (COGQG) trial (ANHL1522) for patients with PTLD after SOT.
Currently, 15 LMP-specific T-cell products have been manufactured
from healthy donors and released for third-party use using autologous
monocytes and lymphoblastoid cell lines (LCL), transduced with an
adenoviral vector expressing ALMP1 and LMP2. T-cell products
were active against LMP2 (mean: 172 SFU/1x10"5 cells; range:
13-655), LMP1 (33; 1-322), and LCL (87; 0-424) as determined
by IFN-y ELISPOT assay. Epitope mapping of LMP-specific T
cells using IFN-y ELISPOT assay demonstrates that these products
recognize a broad epitope repertoire within LMP1 and LMP2. At
the time of cryopreservation, the T-cell products comprised a mean
of 45% CD8+ T-cells, 35% CD4+ T-cells, and 9% NK cells. No B
cells or monocytes were detected in the final products. Thus far,
one patient with NK/T cell non-Hodgkin Lymphoma received third
party LMP-specific T cells achieving a very good partial response.
No infusion-related toxicities were observed, and LMP-specific T
cells were detectable post- infusion. Thus, third party LMP-specific
T cells appear to be a safe and promising therapeutic modality for
patients with EBV-associated lymphomas, and a third party bank
will make this therapeutic more readily available to patients with
PTLD post-SOT.

76. Transgenic Expression of IL15 Improves
Antiglioma Activity of IL13Ra2-CAR T Cells

Giedre Krenciute!, Irina Balyasnikova?, Gianpietro Dotti, Stephen
Gottschalk'

!Baylor College of Medicine, Houston, TX, *Northwestern
University, Chicago, IL, *University of North Carolina, Chapel
Hill, NC

BACKGROUND: Glioblastoma (GBM) is the most aggressive
primary brain tumor in humans, and is virtually incurable with
conventional therapies. Immunotherapy with T cells expressing
chimeric antigen receptors (CARs) specific for the GBM antigen
IL13R02 is an attractive approach to improve outcomes. We recently
generated the first scFv-based CAR that is specific for IL13Ra2 and
demonstrated that ILI13Ra2-CARs with a CD28.{ endodomain had
potent anti-GBM activity in preclinical models. However, CAR T-cell
persistence was limited, resulting in recurrence of IL13Ro2-positive
GBMs. Since IL13R02-CARs with other endodomains (41BB, 41BB
and 0X40) did not improve outcomes, the goal of this project was to
evaluate if transgenic expression of IL-15, a cytokine that is critical
for T-cell proliferation and survival, enhances persistence and anti-
tumor activity of ILI3Ra2-CAR.CD28.( T cells.

METHODS: We generated IL13Ra2-CAR.CD28.( T cells
expressing IL-15 (IL13Ro2-CAR.IL15 T cells) by double transducing
T cells with retroviruses containing expression cassettes encoding i)
IL13R02-CAR.CD28.¢ or ii) IL-15, ANGFR, and iC9 separated by
2A sequences. We determined the effector function of IL13Ra2-CAR.
IL15 T cells in vitro using standard assays, and in the U373 GBM
xenograft model.

RESULTS: Double transduction of CD3/CD28-activated T cells
resulted in T-cell lines that expressed both transgenes in 45-50% of T
cells. At base line IL13R02-CAR.IL15 T cells produced on average
69.5 pg/ml of IL15. Production was significantly increased after CD3
or antigen-specific T-cell stimulation (176.7 pg/ml; n=6; p<0.001).
IL13Ra2-CAR.IL15 T cells were as efficient as IL13Ra2-CAR T
cells in killing IL13Ro2-positive GBMs in vitro. After intratumoral
injection into U373 glioma-bearing mice IL13Ra2-CAR.IL15 T cells
persisted significantly longer than IL13Ra2-CAR T cells (p<0.05).
This resulted in a significant increase in progression free (98 vs 49
days; p=0.004) and overall survival (p=0.006) of treated mice. Up
to date, 4/10 IL13Ra2-CAR.IL15 T-cell treated mice remain glioma
free with a follow up of at least 80 days. Recurring U373 gliomas
post IL13Ro2-CAR.IL15 T-cell therapy had down regulated IL13Ra2
expression, indicating immune escape. This was specific for the
targeted antigen since IL13Ra2-CAR.IL15 T-cell-treated U373
gliomas continued to express other tumor antigens such as EphA2
and HER2 at unchanged levels in comparison to controls.

CONCLUSION: Here we demonstrate that transgenic expression
of IL15 enhances the in vivo persistence of IL13Ra2-CAR T cells
resulting in improved anti-glioma activity. However, enhanced in vivo
persistence of T cells also resulted in the development of antigen-loss
variants highlighting the need to target multiple antigens in tumors
with heterogeneous antigen expression such as GBM.
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Immunological Aspects of Gene Therapy I: AAV
Vectors

77. Antigen-Specific Modulation of

Capsid Immunogenicity with Tolerogenic
Nanoparticles Results in Successful AAV Vector
Readministration

Amine Meliani', Florence Boisgerault!, Giuseppe Ronzitti', Fanny
Collaud', Christian Leborgne', Takashi Kei Kishimoto?, Federico
Mingozzi'

!Genethon, Evry, France, *Selecta Biosciences, Boston, MA

Gene transfer approaches based on the adeno-associated virus
(AAV) vector platform have shown great therapeutic potential in
both preclinical studies and clinical trials. Neutralizing immune
responses to AAV, however, are an important limitation to the use
of AAV vectors as therapeutic tools, as even low-titer anti-capsid
neutralizing antibodies (NAb) can lead to vector clearance and lack
of efficacy. In particular, anti-AAV NAbs develop at high titers
following vector administration and persist for several years after
AAV vector administration, making vector re-administration hard
if not impossible. Here we tested a novel strategy to modulate
immune responses directed against AAV vectors based on the co-
administration of biodegradable tolerogenic poly(lactic acid co-
glycolytic acid) (PLGA) nanoparticles (tNP) containing rapamycin
at the time of vector administration. C57BL/6 mice (n=5/group)
received an AAV8 vector encoding for luciferase (AAV8-Luc) at a
dose of 4x10'? vg/kg injected intravenously alone, or formulated with
empty PLGA nanoparticles (NP), or formulated with tNP containing
100 pg of rapamycin. Three weeks after treatment, anti-AAVS
antibodies were measured and animals received a second intravenous
infusion with an AAV8 vector encoding for human coagulation factor
IX (AAVS-hFIX) at a dose of 4x10" vg/kg formulated with NP or
tNP. An anti-AAV8 antibody ELISA and an in vitro neutralization
assay was used to follow humoral immune responses to the vector.
While no development of anti-A AV antibodies was observed in the
tNP-treated animals after the first and second vector administration,
control groups developed robust humoral immune responses
to the AAVS capsid, which prevented vector readministration.
Consequently, efficient hFIX transgene expression deriving from
the second AAV 8 vector administration was observed only when tNP
were used, at levels identical to animals that received only a single
administration of AAV8-hFIX. Lack of antibody formation against
the AAVS capsid in animals treated with tNP was also accompanied
by a downregulation of both CD4+ and CD8+ T cell responses in the
liver. A mild decrease in the frequency of CD4+ T cells in spleen,
with no change in frequency of regulatory T cells, were also noted.
In a separate set of experiments, we tested the antigen-specificity of
the treatment of tNP with AAV8 administration. Mice (n=5/group)
received 4x10" vg/kg of an AAVS8-luc vector with tNP followed by
either challenge with hFIX protein in complete Freund’s adjuvant,
AAVS5-hFIX vector intravenous injection, or AAV8-hFIX vector
intravenous injection. All animals pretreated with AAV8-luc and
tNP developed antibodies against the hFIX and the AAVS antigens,
while they anti-AAV8 antibody titers were significantly decreased.
In conclusion, tNP administration together with AAV vector prevents
anti-capsid immune responses in an antigen-specific manner and
allows for AAV vector readministration, addressing one of the most
important challenges of the in vivo gene transfer field.

78. Distinct Roles of Dendritic Cell Subsets in
Innate Immune Sensing and Cross-Presentation of

AAV Capsid In Vivo

Jamie L. Shirley, Geoffrey L. Rogers, Monaro Biswas, Roland W.
Herzog

Pediatrics, University of Florida, Gainesville, FL

Immune responses to AAV vectors currently represent one of the
greatest hurdles facing successful gene therapy. Adeno-associated
virus (AAV) vectors have been investigated in clinical trials for
treatment of hemophilia B. However, in these trials, it was shown
that transduced hepatocytes are eliminated by capsid specific CD8*
T cells, resulting in a loss of transgene expression and therapeutic
efficacy. AAV capsid proteins are not endogenously expressed and
therefore must be loaded on MHC class I via cross-presentation,
a poorly understood mechanism relatively unique to conventional
dendritic cells (¢DCs). Previous work in our lab has shown that
selective depletion of ¢cDCs using CD11c-DTR mice ablates the
anti-capsid CD8" T cell response, and that innate sensing of the AAV
genome is mediated through TLR9-sensing of the DNA genome
and downstream signaling through its adaptor protein, MyDS88. A
second subset of dendritic cells, called plasmacytoid DCs (pDCs),
highly express TLRY and secrete large amounts of type I interferon
following activation from a viral stimulus. Herein, we investigated
the respective roles of ¢cDCs and pDCs in the cross-presentation of
capsid antigen. To measure capsid-specific T cell responses, we have
created a modified AAV?2 capsid that contains the peptide sequence
SIINFEKL (AAV2-SIINFEKL), which is the CD8" immunodominant
epitope of the model antigen ovalbumin in C57BL/6 mice. With this
vector, capsid-specific CD8" T cells can be identified using H2-K®-
SIINFEKL tetramer. We first confirmed the requirement of ¢cDCs in
capsid cross-presentation by measuring the proliferation of adoptively
transferred T cells from TCR transgenic OT-1 mice, which produce
CD8" restricted, OVA-specific T cells, into cDC-depleted CD11c-
DTR mice (n=4) that received AAV2-SIINFEKL. After 7 days, OT-I
T cell proliferation was ~3% in the absence of cDCs compared to
~27% in the presence of cDCs. Strikingly, we found that the specific
depletion of pDCs in BDCA2-DTR mice (n=4) that received AAV2-
SIINFEKL also resulted in suppressed capsid CD8* T cell formation,
suggesting discrete yet essential roles for both pDCs and ¢DCs in
the initiation of a cytotoxic T lymphocyte (CTL) response directed
against AAV capsid antigen. To dissect the specific roles of cDCs and
pDCs, we first investigated the requirement for MyD88 in ¢cDCs by
generating a transgenic mouse expressing Cre-recombinase under
the control of the CD11¢ promoter with the MyD88 gene flanked by
LoxP sites, specifically ablating MyD88 expression in ¢cDCs (DC-
MyD88”- mice). We observed no significant difference in tetramer
positive CD8" T cells between DC-MyD88”- mice (n=4) and WT
mice, indicating that cDC-intrinsic MyD88 signaling is not required
for the formation of anti-capsid CTL responses. Importantly, pDCs
retained MyD88 expression in this model. To precisely define the
role of TLRY in these DC subsets, we adoptively transferred either
WT pDCs (n=9) or WT ¢DCs (n=9) into TLR9"- mice followed by
injection of AAV2-SIINFEKL. Adoptive transfer of WT pDCs but
not of WT ¢DCs restored induction of tetramer positive CD8" T
cells in the TLR9” mice. Therefore, we propose a 2-step model for
anti-capsid CD8" T cell responses to AAV vectors in which innate
recognition of the genome occurs in pDCs via the TLR9-MyD88
pathway, promoting the cross-presentation of capsid antigen by
¢DCs. These results establish both DC subsets as critically important
in the initiation of anti-capsid CD8" T cell responses to AAV vectors
and unveil potential targets to mitigate the deleterious effects of the
immune response to AAV gene therapy.
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79. Vector Dose Delineates Between Chronic,
Non-Functional CD8* T Cell Response and
Tolerance to the Transgene Product Upon Liver
Gene Transfer

Sandeep Kumar, Brad E. Hoffman, Roland W. Herzog
Pediatrics, College of Medicine, University of Florida,
Gainesville, FL

The liver is characterized by a microenvironment that promotes
immune tolerance, which can be exploited by gene therapy. In the
case of hepatitis viral infections such as HBV or HCV however,
ineffective or non-functional responses can result in chronic disease.
To understand the parameters and mechanisms that govern the CD8"
T cell response to a virally encoded antigen expressed in the liver,
we administered an adeno-associated virus expressing ovalbumin
(AAV8-EF1a-ovalbumin) to immune competent C57BL/6J mice at
various doses (low: 1x10%vg, medium: 1x10°vg, and high: 1x10'"vg).
Interestingly, all doses resulted in sustained vector-dose dependent
systemic ova expression, albeit with distinct immune profiles. At the
low dose and the high doses, no response to ova was observed. At the
medium dose, circulating ova-specific CD8" T cells were detected in
40-50% of mice at high frequency (5-35%) by tetramer stain. These
emerged within 1 month and, while declining in frequency over time,
can persist for up to one year. Despite their inefficiency in eliminating
vector-derived ova expression, functional assays demonstrated
that induced CD8" T cells retained cytolytic activity to SIINFEKL
(the dominant ovalbumin MHC class I epitope in C57BL/6J mice)
peptide-loaded target cells in vivo or in vitro, and that they produced
Thl type cytokines such as interferon-y (IFN-y) and tumor necrosis
factor-o. (TNF-a) in response to ex vivo stimulation with SIINFEKL
epitope. Further phenotypic characterization revealed that most of
these cells expressed PD-1 and 2B4. Other markers of exhaustion
such as CD160, LAG3 and TIM3 were expressed to a lesser extent.
Cells acquired memory phenotype over time as judged by CD44,
CD62L, and CCR7 markers. Since higher vector doses failed to
induce the CD8+ T cell response entirely, a potent antigen-dependent
“off switch” has to exist in the liver. Previously, we and others
identified FoxP3" Treg, activation induced apoptotic cell death, and
expression of the immune suppressive cytokine IL-10 as contributors
to immune tolerance induction by hepatic gene transfer. Therefore,
we used Foxp3-DTR mice (for transient depletion of Treg), FasL™”,
and IL-10"- mice to determine if these pathways were required in
preventing ova-specific CD8" T cell activation in the high-dose group.
Transient depletion of Foxp3* Treg in Foxp3-DTR mice led to a low
but detectable CD8" T cell response in all animals. In contrast, only
1/5(20%) of FasL"- or IL-10" mice developed a response. Therefore,
it is likely that multiple (and perhaps redundant) mechanisms work
in concert to achieve high-dose tolerance to proteins expressed in the
liver. These results have implications for viral infections of the liver
and for gene and cell therapies, illustrating the potential for chronic
albeit only partially functional T cell responses at low doses, which
can be entirely prevented at sufficient antigen doses.

80. Delayed Inflammatory Response to
Intravitreal AAV Gene Transfer in Non-Human

Primates

Sarah Wassmer'>**, Jason Comander??, Livia Carvalho'?*#, Ru
Xiao'*34 Eva Plovie'**, Aliete Langsdorf>3, Lawrence Lim?>*,
Brian Hafler*3, David M. Wu?, Dean Eliott?, Leo A. Kim?*, Luk H.
Vandenberghe!-34

!Grousbeck Gene Therapy Center, Boston, MA, *Department of
Ophthalmology, Massachusetts Eye and Ear Infirmary, Harvard
Medical School, Boston, MA, *Ocular Genomics Institute, Boston,
MA, *Schepens Eye Research Institute, Boston, MA

Introduction Adeno-associated virus (AAV) gene therapy in
the eye via intravitreal injection has recently advanced into clinical
trials. Here, we wanted to investigate the immunological response to
AAV capsids within the vitreous of non-human primates. Methods
Bilateral injections of AAV gene delivery were evaluated in five
rhesus macaques. An intravitreal injection (IVT) was performed
in one eye of the non-human primate, while a subretinal injection
was performed in the contralateral eye. For the IVT eye, AAV2 or
synthetic ancestral Anc80 capsid with GFP transgene was used at
a concentration of 1E+11 particles. The surgical procedure for two
animals was a normal IVT injection as performed in the clinic and
the other two animals received an inner limiting membrane peel
before viral injection. In the subretinal injection (SR) eye, animals
were treated with AAVS or 9, carrying the GFP or LacZ transgene at
a concentration of 1E+10 or 1E+11 particles. Animals were monitored
for 5/6 weeks before being sacrificed for histological analysis. Results
In all eyes, inflammation in the first 2 weeks was mild or moderate and
self-resolving. At weeks 3-5, all IVT treated eyes developed vitritis.
None of the eyes injected subretinally developed vitritis. The most
severe eye belonged to the IVT group, which developed hyphema
and most of the IVT eyes developed anterior cataracts. Inflammation
was well controlled with 4mg to 12mg of Triescence (triamcinolone
acetonide) injected intravitrally. One animal was not given Triescence
at the onset of inflammation (week 3), which became unmanageable
within 48 hours, leading to the ultimate termination of the animal.
Within the IVT group, similar amounts of late inflammation were
seen between the intravitreal and peel/puddle eyes. Conclusion Our
studies demonstrate that, in stark contrast to subretinal injection, an
intravitreal injection of AAV expressing a non-self transgene has
the potential to develop clinically significant inflammation at doses
normally tolerated in the subretina. This inflammation can be treated
with early administration of Triescence. Left untreated, the animal
will develop severe immunological infiltration. These results warrant
further study to determine the antigenic nature and inflammatory
mechanism leading to the low inflammatory threshold to intravitreal
AAV gene transfer.

81. Downregulation of Immune Responsive
Chemokines Are Associated AAV8-Mediated

Transgene Immune Tolerance

Yuanyuan Xiao!, Shaoyong Li%, Qin Su?, Li Luo', Gaungchao
Xu!, Wanru Qin', Chunmei Wang', Yi Lu?, Li Yang!, Yuquan Wei!,
Guangping Gao?

IState Key Lab of Biotherapy, Sichuan University, Sichuan, China,
’Horae Gene Therapy Center, UMASS Medical School, Worcester,
MA

Recombinant adeno-associated virus (rAAV)-mediated liver
transduction can induce transgene product-specific immune tolerance,
which can be further extended to the systemic tolerance. Because
of such tolerogenic properties and its physiological functions, the
liver has been a preferred target organ for AAV- gene therapy. The
hepatic regulatory T cells (Tregs) are regarded as the major factor
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that contributes the immune tolerance in the liver. Here, we first
tested if AAV capsid plays a role in inducing systemic immune
tolerance. To this end, we used highly immunogenic Ovalbumin
(OVA) as a model antigen expressed under the direction of a strong
ubiquitous chicken B-actin (CB) promoter and packaged the vector
with both AAV1 and AAV8 capsids for in vivo delivery to C57BL/6
mice. Compared to AAV1, AAVS achieved significantly higher OVA
expression without IgG production, regardless of intravenous (IV)
or intramuscular (IM) injection. In addition, IV and IM delivered
AAV1.0VA both generated OVA-specific CD8+ T cells in spleen,
while AAV8-mediated deliveries blunted CD8+ T cell response and,
instead, provoked B- and T-Reg responses. In an attempt to explore
other possible cellular mechanism(s) led to hepatic tolerogenic
properties, we profiled expression of innate and adaptive immune
responsive genes that are possibly associated with liver immune
tolerance in the context of rAAV transduction. We revealed that
rAAV1.CB.OVA injections significantly elevated /L/a and CXCLI
gene expression as compared to the PBS and rAAV8 groups. As
rAAV8 is more liver tropic than rAAV 1, we hypothesized that hepatic
OVA expression is essential to inducing immune tolerance. We tested
this hypothesis by creating rAAV8.CB.OVA vectors (+/-) the binding
sites for the liver enriched miR-122 and IV dosing C57BL/6 mice
with the vectors at 4 doses (1x10° 10'°, 10" and 10'? gcs/mouse).
We confirmed that miR-122 indeed effectively inactivated OVA
expression from rAAVSE.CB.OVA(+)MiR-122BS transduced liver;
however, rAAVS.CB.OVA(-) miR122BS but not rAAVICBOVA
achieved sustained OVA expression in a dose dependent manner
without eliciting OVA specific IgG. Finally, considering that the
route of rAAV administration may affect transgene expression and
immunity, we IM injected C57BL/6 mice with AAV8.CB.OVA (+/-)
miR122BS vectors and found that AAV8.CB.OVA (-)miR-122BS
expressed OVA efficiently without OVA-specific IgG production.
In contrast, just as rAAV1.CB.OVA did, rAAV8.CB.OVA(+)
miR-122BS produced significant OVA-specific 1gG without
OVA expression. Interestingly, IM delivered rAAV8.CB.OVA(+)
miR-122 group expressed significantly higher levels of CXCLI,
Myeloperoxidase(Mpo) and CCLS5 in liver, as compared the PBS and
rAAVS8OVA(-)miR-122 groups as detected by qRT-PCR. Our data
suggest that the downregulation of CXCL1, Mpo, CCL5 and [L10 in
the liver are involved in the immune tolerance to rAAVS delivered
transgene. Those cytokines may represent therapeutic targets against
autoimmune diseases.

82. Mapping the Humoral Inmune Response
to AAV by Molecular Docking and Cryo-Electron
Microscopy for the Design of Next-Generation AAV
Vectors

April R. Giles, Lakshmanan Govindasamy, Roberto Calcedo, Anna
Tretiakova, Surina Boyd, Qiuyue Qin, Mark Schneider, James M.
Wilson

Gene Therapy Program, Department of Medicine, University of
Pennsylvania, Philadelphia, PA

Despite constant improvements in gene therapy with AAV vectors,
including use of new serotypes, routes of administration, and
transgene cassette engineering, immune responses continue to be
a major obstacle to therapeutic translation. Neutralizing antibodies
(NAD) against the capsid generated by prior viral infection or AAV
vector administration significantly reduce not only the effective
patient population but also the overall efficacy of an AAV-based gene
therapy. Here, by cloning out and evaluating anti-AAV antibodies
from singly-sorted memory B cells from seropositive individuals,
we have designed an approach that allows us to look at the humoral
immune response globally, to hone in on the immunogenic regions
of the capsid itself, and to compare responses between individuals

in an unbiased and therapeutically-relevant setting. In this study, we
screened a panel of 30 normal human donors, selected one with high
pre-existing NAD titers (1:320 for AAV2, 1:40 for AAV3B), then
sorted out switched memory B cells by negative selection, seeding
on irradiated ms3T3-CD40L feeder cells and culturing for 2 weeks in
the presence of IL-2 and IL-21. Following supernatant screening for
anti-AAV antibody production, over 100 AAV-reactive clones were
identified. After isolation and cloning using nested PCR, antibodies
were evaluated for AAV capsid binding as well as neutralizing
capacity. To date, all antibodies demonstrated binding to AAV2
and AAV3B as well as a panel of additional AAV serotypes (8, 9,
rh10, rh32.33), suggesting that AAV-binding, yet non-neutralizing
antibodies may possess broad serotype specificity.

To identify the epitopes for these anti-AAV antibodies, we first
took a high-throughout, predictive approach. Antibody variable region
sequences were placed into a generic antibody scaffold and their three-
dimensional structure modeled using Kotai Antibody Builder and
RosettaAntibody followed by validation using COOT. The resulting
structures were then iteratively docked onto the published structure
of AAV3B using PIPER to identify the most energetically-favorable
binding conformation. Thus far, the vast majority of footprint residues
lie in variable regions of the capsid comprising and surrounding the
3-fold spikes. For a number of antibodies, initial prediction-directed
capsid alanine scanning experiments have shown decreased antibody
binding at the predicted residues, supporting the use of this approach.
More comprehensive mutagenesis experiments are underway to
further validate the approach and more completely map immunogenic
epitopes of the AAV capsid proteins. In addition, cryo-EM analysis
is currently underway for a number of these Fab-AAV complexes for
additional, direct observation of the repertoire of binding footprints.
These studies will provide information critical to understanding the
antibody response to AAV and guide future attempts to rationally
design next-generation capsids that are able to evade the anti-AAV
antibody response.

83. Relationship Between Immune Responses
and Ocular Inflammation: What Is Learnt from
Intravitreal Injection of rAAV2-2-ND4 (GS010) in
Non-Human Primates and Leber Hereditary Optic
Neuropathy (LHON) Patients

Céline Bouquet', Anne Galy', Serge Fitoussi', Sandrine Meunier',
Roxane Noel', Scott Uretsky', Catherine Vignal?, José A. sahel?,
Jean-Philippe Combal', Nitza Thomasson'

!Gensight-Biologics, Paris, France, *Centre Hospitalier National
d’Ophtalmologie des Quinze-Vingts, Paris, France

GenSight Biologics develops a rAAV2/2-ND4 vector (GS010)
administered via intravitreal route (IVI) against vision loss in LHON
patients bearing ND4 mutation. Gene therapy Adeno Associated
Viral vectors are known to trigger host immune response which may
interfere with safety and efficacy. Therefore, relationship between
anti-AAV?2 antibody systemic levels and eye inflammatory reactions
following GS010 administration in non-human primates and LHON
patients has been investigated.36 non-human primates (NHP) and 15
LHON-ND4 patients (Phase I/I1a; Clinical Trials.gov NCT02064569)
underwent IVI of GS010 with two (4.310; 3.111 vg/eye) and four
dose levels (9%9; 3£10; 9%10; 1.8%11 vg/eye) respectively. Ocular
examinations were performed up to 6 months post-injection in
NHP and up to 48 weeks in patients. NHP eye histopathology was
performed and sera collected for neutralizing antibodies (Nabs)
analysis (using a seroneutralization luciferase cell-based assay).
Serum was collected from all patients and aqueous humor samples
prior to injection in the last 8 patients, for quantification of anti-AAV2
IgG by ELISA and NAbs using the same method principle than for
NHP. At baseline, NAbs were undetectable in 55% of NHPs and
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ranged between 1:5 and 1:400 titers for 45% of them. All animals
showed titer increase up to 1:12800 starting week 2 post-injection.
Between 2 and 6 months titers remained stable. Ocular inflammation
(corneal punctuate focal opacity, vitreal haze, and superficial retinal
mononuclear infiltration in histopathology) was observed in up to
80% of NHPs without deleterious effects on retinas. Preliminary
Phase I/lla data showed that, at baseline, 7 out of the 15 patients
had undetectable serum NAD levels and 2 patients had titers above
1:1000. Prior treatment, none of the 8 tested patients had NAbs
in aqueous humor, even the one showing a titer >2000 in serum.
Two weeks after injection, IgG titers increased up to 19 times their
baseline level in 7 patients and NAbs up to 39 times in 10 patients.
This humoral response increase was not correlated to the dose level.
At week 8, NAD titers remained above 1:1000 titer for 6 out of 15
patients; then titers tended to decrease progressively overtime. 13
out of 15 patients experienced mild to moderate ocular inflammation
(anterior chamber inflammation and/or vitritis), responsive to standard
medication, without apparent correlation with the humoral serum
response. In conclusion, a humoral serum response against AAV2
was observed from 2 weeks post-injection of GS010 in both NHP
and LHON patients. Ocular inflammation was reported, but currently
no consistent correlation with anti-AAV?2 antibody levels (at baseline
or at the time-points when inflammation was recorded) were noted.
Additional follow-up of humoral and cellular immunogenicity in
upcoming nonclinical study and Phase I1I trials will help to confirm
these observations and delineate the potential predictable impact for
contralateral eye injection.

84. Alpha 1 Antitrypsin Protein & Gene
Therapies for the Treatment of Lupus in Animal
Models

Ahmed Elshikha', Yuanqing Lu', Mong-Jen Chen', Mohammad
Akbar!, Leilani Zeumer?, Ye Yuan!, Laurence Morel?, Sihong Song!
!Pharmaceutics, University of Florida, Gainesville, FL,

’Pathology, Immunology and Laboratory Medicine, University of
Florida, Gainesville, FL

Systemic lupus erythematosus (SLE) is an autoimmune rheumatic
disorder. Although the pathogenesis of SLE remains elusive, over-
reactive dendritic cells (DCs), which promote B cell activation
and autoantibodies secretion, play critical roles in the disease
development. Alpha-1 antitrypsin (AAT) is a multifunctional protein
with anti-inflammatory, cytoprotective and immunoregulatory
properties. We has shown that AAT has protective effect in
autoimmune disease models including type 1 diabetes and rheumatoid
arthritis. In this study, we tested therapeutic potentials of AAT in
controlling DC and B cells function and the development of SLE in
a spontaneous lupus mouse model. Using bone marrow cells from
normal (C57BL/6) and lupus prone (B6.TC, MRL/lpr) mice, we
showed that AAT treatment significantly inhibited lipopolysaccharide
(LPS) (TLR4 agonist) or CpG (TLR9 agonist) induced DC (¢cDC and
pDC) maturation. In this in vitro system, AAT significantly inhibited
the production of IFN-I, IL-1B, IL-6 and TNF-a from DCs. AAT
treated DC also have significantly lower potential in stimulating B
cell proliferation and functions. Based on these results, performed
following experiments using spontaneous lupus mouse models. In
order to test this therapeutic potential, we treated female MRL/Ipr
mice (at 7-weeks of age, n=10) with clinical grade of AAT (2 mg/
mouse, every 3 days) or PBS for 11 weeks. Consistent with our in vitro
observations, results from this experiment showed that AAT treatment
significantly inhibited DC maturation and reduced DC susceptibility
to LPS stimulation. Importantly, AAT treatment significantly lowered
serum antibody (anti-dsDNA IgG and anti-nuclear antibodies, ANAs)
levels and urine albumin levels. Detailed pathological examinations
showed that AAT treatment prevented kidney disease development.

To confirm this observations and test the long-term effect of AAT
treatment, we performed second experiment using both AAT protein
and gene therapies. In this experiment, we treated adult female
NZM2410 (another commonly used spontaneous lupus model) mice
with AAT protein and rAAV8-CB-AAT vector (1x10!'" vg/mouse,
single IP injection). While 100% mice in control group develop
lupus and died at 46 week of age, 50% mice in AAT protein treatment
group remain lupus free at 55 weeks of age. Intriguingly, AAT gene
therapy (rAAV8-CB-AAT) significantly prevent lupus development
(70% mice remain lupus free at 63 weeks of age, P=0.0059). These
results clearly demonstrated the therapeutic effect of AAT protein
and gene therapy in lupus mouse model. Our results also indicated
the advantage of rAAVS mediated gene therapy for the chronic
autoimmune diseases. In summary, we showed AAT inhibited the
activation and function of DCs and B cells in vitro and in vivo. We also
showed AAT treatment (protein therapy and gene therapy) prevent
lupus development in spontaneous lupus mouse models. Considering
the safety profile of AAT and rAAV, our results may be translated into
clinical application and lead to a novel (safe and effective) therapy for
SLE in humans. This work was supported by grants from University
of Florida and Grifols, Inc.

AAYV Vectors I

85. AAV9-Utrophin Prevents Myonecrosis

in Dystrophic Mice and Dogs without
Immunosuppression

Yafeng Song!', Alock Malik', Andrew Mead', Marilyn Mitchell!,
Mihail Petrov!, Xiangping Lu', Daniel VanBelzen', Maxwell
Joffe!, Margaret Choi', Leonard Su', Joe Kornegay?, Tejvir Tejvir
Khurana', Hansell Stedman'

!Perelman School of Medicine & Pennsylvania Muscle Institute,
University of Pennsylvania, Philadelphia, PA, *Departments of
Pathology and Laboratory Medicine and Neurology and the Gene
Therapy Center, Chapel Hill, NC

The majority of mutations causing Duchenne muscular dystrophy
(DMD) are multi-exon, frameshifting deletions, complicating therapy
with recombinant dystrophin because of the potential for chronic
immune recognition of the “non-self” protein. The paralogous protein
utrophin is ubiquitously expressed at levels insufficient to prevent
myonecrosis in animal models for DMD, but may confer central
immunological tolerance through early developmental expression
in the thymus. Here we show for a first time histological evidence
for the complete prevention of myonecrosis in dystrophin-deficient
striated muscles following systemic administration of an AAV9
vector carrying a 3.5 kb synthetic utrophin transgene (AAVuU). The
c¢DNA was miniaturized by removal of domains least conserved in a
comprehensive evolutionary comparison, and further optimized for
maximal expression in striated muscle by using the codon bias of
mammalian genes encoding contractile proteins. Administration of
10" AAV U vector genomes (vg) per kg to neonatal mice prevented
centronucleation and saturated global recovery of the sarcoglycan
complex, despite a subsequent tenfold increase in striated muscle mass
with growth. In neonatal dystrophic dogs, intravenous injection of
1035 AAVU vg/kg without immunosuppression restored sarcoglycan
levels and normalized the myofiber size-distribution following a
fourfold increase in muscle mass. Interferon-gamma ELISpot assays
using utrophin-derived peptides revealed no reactivity in injected
dogs, consistent with central immunological tolerance. These findings
provide a rationale for high dose, neonatal gene therapy using utrophin
as a “self” protein to forestall disability and mortality in DMD, while
minimizing the risk of chronic immunotoxicity.
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86. AAV9 Mediated Correction of Iduronate-
2-Sulfatase Deficiency in the Central Nervous
System to Prevent the Onset of Neurologic Deficits
in a Murine Model of Mucopolysaccharidosis Type

1.

Kanut Laoharawee!, Kelly M. Podetz-Petersen', Kelley Kitto?,
Lucy Vulchanova?, Carolyn Fairbanks®, Karen Kozarsky*, Walter
C. Low?, R. Scott Mclvor'

!Genetics Cell Biology and Development, University of Minnesota,
Minneapolis, MN, *Neuroscience, University of Minnesota,
Minneapolis, MN, *Pharmaceutics, University of Minnesota,
Minneapolis, MN, “REGENXBIO Inc., Washington D.C., DC,
’Neurosurgery, University of Minnesota, Minneapolis, MN

Mucopolysaccharidosis type II (MPS II; Hunter Syndrome) is an
X-linked recessive inherited lysosomal storage disease caused by
deficiency of iduronate-2-sulfatase (IDS) and subsequent accumulation
of glycosaminoglycans (GAGs) dermatan and heparan sulphate.
Affected individuals exhibit a range in severity of manifestations such
as organomegaly, skeletal dysplasias, cardiopulmonary obstruction,
neurocognitive deficit, and shortened life expectancy. There is no
cure for MPS II at the moment. Current standard of care is enzyme
replacement therapy (ELAPSRASE; idursulfase), which is used to
manage disease progression. However, enzyme replacement therapy
(ERT) does not show neurologic improvement. As hematopoetic stem
cell transplantation (HSCT) has not shown neurologic benefit for
MPS 11, there is currently no clinical recourse for patients exhibiting
neurologic manifestations of this disease, and new therapies are
desperately needed. We have been developing the use of AAV9
vectors for delivering the human IDS coding sequence (AAV9.hIDS)
into the central nervous system of MPS II mice to restore IDS levels
in the brain and prevent the emergence of neurocognitive deficits in
the treated animals. A series of CMV-enhancer, beta actin-regulated
vectors were generated that encode human IDS with or without the
human sulfatase modifying factor-1 (SUMF-1), required for activation
of the sulfatase active site. Three routes of administration; Intrathecal
(IT), Intracerebroventricular (ICV) and Intravenous (IV) were used in
these experiments. We found no significant difference in the enzyme
level between mice that were treated with AAV9 vector transducing
hIDS alone and mice that were treated with AAV9 vector encoding
human IDS and SUMF-1, regardless of the route of administration.
IT-administrated NOD.SCID (IDS Y+) and C57BL/6 (IDS Y+) did
not show elevated IDS activity in the brain and spinal cord when
compared to untreated animals, while plasma showed ten-fold higher
(NOD.SCID) and 150-fold higher (C57BL/6) levels than untreated
animals. IDS-deficient mice intravenously administered AAV9-hIDS
exhibited IDS activities in all organs that were comparable to wild
type. Moreover, the plasma of IV injected animals showed enzyme
activity that was 100-fold higher than wild type. IDS-deficient mice
administered AAV9-hIDUA intracerebroventricularly showed IDS
activities comparable to wild type in most areas of the brain and
peripheral tissues, while some portions of the brain showed two- to
four-fold higher activity than wild type. Furthermore, IDS activity
in plasma was 200-fold higher than wild type. Surprisingly, IDS
enzyme activity in the plasma of all administrated animals showed
persistence for at least 12 weeks post injection; therefore, IDS enzyme
was not immunogenic at least on the C57BL/6 murine background.
We also conducted additional neurobehavioral testing using the
Barnes maze to differentiate neurocognitive deficits of untreated
MPS II animals from that of wild type littermates. We found that the
learning capability of affected animals is distinctively slower than that
observed in littermates. Thus, Barnes maze will be used to address
the benefit of these therapies in the MPS II murine model in future

experiments. These results indicate potential of therapeutic benefit
of AAV9 mediated human IDS gene transfer to the CNS to prevent
neurologic deficiency in the MPS II.

87. Rationally Designed Inverted Terminal
Repeats Enhance Transduction of Embryonic Stem
Cells

Nolan Brown, Matthew Hirsch

University of North Carolina, Chapel Hill, NC

Despite the prevalence of AAV vectors in gene therapy, treatments
combining AAV vectors and cell therapy have not progressed into the
clinic despite previous reports of successful transduction of stem cells
by AAV vectors. One potential explanation is AAV vector toxicity
in stem and stem-like cells, as demonstrated in previous studies. In
particular, the AAV inverted terminal repeat (ITR) sequence was
shown to induce apoptosis in human embryonic stem cells (hESCs)
in a p53 dependent manner. A bioinformatic analysis of putative
transcription factor binding sites in the AAV2 ITR sequence revealed
six putative p53 binding sites. A panel of rationally designed AAV2
ITRs was generated which abrogated putative p53 binding sites
and demonstrated reduced p53 binding in an in vitro binding assay.
The synthetic ITRs were capable of all of the vector production
requirements and were verified by sequencing directly from vector
preparations. AAV vector transduction and the hESC DNA damage
response was altered by the synthetic ITRs. Importantly, our ITRs
demonstrated reduced toxicity in hRESCs compared to an AAV vector
having the AAV2 ITR sequence. The collective results allude to
modulation of the host’s DNA damage response using rationally
designed ITRs, which may enhance the relevancy of AAV vectors
in stem cell therapies.

88. Safety and Biodistribution Study of
rAAV2tYF-PR1.7-hCNGB3 in Nonhuman Primates
Guo-jie Ye', Ewa Budzynski?, Peter Sonnentag?, T. Michael Nork?,
Paul E. Miller?, Alok K. Sharma?, James N. Ver Hoeve®, Leia M.
Smith*, Tara Arndt?, Roberto Calcedo®, Chantelle Gaskin', Paulette
M. Robinson', David R. Knop!, William W. Hauswirth®, Jeffrey D.
Chulay!

!Applied Genetic Technologies Corporation, Alachua, FL,
2Covance Laboratories Inc, Madison, WI, *OSOD, Madison, WI,
‘LabCorp, Seattle, WA, *University of Pennsylvania, Philadelphia,
PA, *University of Florida, Gainesville, FL

Background: AGTC is developing a recombinant AAV vector
expressing the human CNGB3 gene for treatment of achromatopsia,
an inherited retinal disorder characterized by markedly reduced visual
acuity, extreme light sensitivity and absence of color discrimination.
Here we report results of a toxicology and biodistribution study
of this vector administered by subretinal injection in cynomolgus
macaques. Methods: Three groups of animals (n=2 males and 2
females per group) received a subretinal injection in one eye of
300 pL containing either vehicle or rAAV2tYF-PR1.7-hCNGB3
at one of two concentrations (4 x 10" or 4 x 10'> vg/mL) and were
evaluated for safety and biodistribution over a 3-month period prior
to euthanasia. Toxicity assessment was based on mortality, clinical
observations, body weights, ophthalmic examinations, intraocular
pressure (IOP) measurements, electroretinography (ERG), visual
evoked potentials (VEP), and clinical and anatomic pathology. Vector
shedding and biodistribution was assessed by qPCR analyses. Immune
responses to AAV and hCNGB3 were measured by ELISA, Elispot,
or neutralization antibody assay for AAV2tYF. Results: There was
no evidence of local or systemic toxicity and no changes in IOP,
VEP responses, or hematology, coagulation or clinical chemistry
parameters and no clinically important changes in ERG responses.
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Aqueous cells, sometimes with aqueous flare, were observed at the
Day 3 evaluation in all groups and generally resolved or were at the
mild (1+) levels by Week 4 and absent on Week 8 and thereafter
except in one high dose animal. Posterior segment findings consisted
of varying degrees of dose-related white vitreous cell, vitreous
haze, white retinal perivascular sheathing, and white to grey-white
subretinal infiltrates within and outside of the injection site. Vitreous
haze resolved by Day 8 in eyes given vehicle control, by Week 4 in
the low dose group and by Week 13 in the high dose group. Vitreous
cells were observed at the mild (trace or 1+) level in the vehicle control
group and resolved by Study Weeks 9 or 13 but persisted through
Week 13 in a dose-related fashion in the low and high dose groups.
Serum neutralizing antibodies against AAV2tYF were detected in
all animals given vector. There were no T cell responses to AAV
capsid peptides and no antibody or T cell responses to hCNGB3.
Mononuclear cell infiltrates in the vitreous body/optic disc, of minimal
intensity, in the vector-injected eye of all animals at both dose levels.
All other tissues collected for histopathological examination showed
no abnormalities. Results of biodistribution studies demonstrated
that the vector did not spread widely or consistently outside the
injected eye. High levels of vector DNA were found in vector-injected
eyes but minimal or no vector DNA was found in any other tissue.
Conclusions: Subretinal injection of rAAV2tYF-PR1.7-hCNGB3 at
concentrations of 4 x 10" or 4 x 10" vg/mL was associated with a
dose-related anterior and posterior segment inflammatory response
that improved over time. There was no evidence of systemic toxicity
and no changes in IOP, VEP responses, or hematology, coagulation or
clinical chemistry parameters and no clinically important changes in
ERG responses. These results support the use of rAAV2tYF-PR1.7-
hCNGB3 in clinical studies in patients with achromatopsia. A Phase
1/2 clinical trial evaluating rAAV2tYF-PR1.7-hCNGB3 in patients
with achromatopsia is scheduled to begin in 2016.

89. Expanding the Toolkit of Protease-
Activatable Viruses to Optimize Their Versatility
and Efficiency

Caitlin Guenther', Michelle Ho', Annicka Evans', Paul Chariou?,
Momona Yamagami', Michael Lam', Junghae Suh!

'Rice University, Houston, TX, *Case Western Reserve University,
Cleveland, OH

Adeno-associated virus (AAV) has emerged as a promising gene
delivery vector because of its non-pathogenicity, simple structure
and genome, and low immunogenicity compared to other viral
vectors. However, its wide adoption as a safe and effective gene
therapy treatment for disease may rely on targeting the vector to
deliver transgenes to desired cell populations. To this end, our
group has developed a protease-activatable virus (PAV) based on
AAV that responds to elevated protease activity commonly found
in many diseased tissue microenvironments. Small peptide “locks”
were inserted into the viral capsid near its primary receptor binding
domain, interfering with the virus-cell receptor interaction and
preventing binding and transduction. The peptide locks are flanked
by two proteolytically cleavable peptides, which are cleaved off in
the presence of matrix metalloproteinases (MMPs), restoring virus-
receptor interaction and allowing transduction to resume. Cleavage
sequences were chosen from literature based on well-characterized
linear peptide substrates. Initial testing demonstrated the desired
MMP-activated cellular binding and transduction behavior, but it was
discovered that cleavage efficiency and transduction activity of the
PAV variants were uncorrelated with the reported specificity constants
of'the cleavage sequences. We therefore devised several ways to tune
the sensitivity and specificity of our PAV. For example, by controlling
the ratio of wild type to MMP-activatable protein subunits in the self-
assembling 60-mer capsid, we can modulate the level of transduction

achieved by the PAVs to attain targeted gene delivery to a range of
human pathologies. A new lock format was also designed to allow
for more predictable kinetics. This new “linearizable” lock format is
modified by replacing one of the two flanking MMP cleavage motifs
with the enterokinase cleavage motif, DDDDK, on the C-terminal
side of the lock. When the enterokinase-linearized PAVs (ePAVs) are
pretreated with enterokinase, the peptide locks are cleaved on one
side, allowing the peptides to assume a more flexible conformation
protruding from the capsid. The newly linearized peptide locks are
cleaved with greater efficiency and kinetics that more closely correlate
with expected activity. The PAV platform was also expanded into
several AAV serotypes to allow for more diverse clinical applications.
Our PAVs have demonstrated targeted delivery to several cancer
models, including ovarian and pancreatic cancers, as well as ischemic
tissue resulting from myocardial infarction.

90. Vector Biodistribution After Recombinant
AAVrh10 Intrathecal Delivery in Non-Human
Primates

Gwladys Gernoux!, Florie Borel', Guangping Gao', Robert H.
Brown?, Christian Mueller!

!Gene Therapy Center, UMass Medical School, Worcester, MA,
’Department of Neurology, UMass Medical School, Worcester, MA

Intrathecal (IT) delivery of adeno-associated viral (AAV) vector
is currently used for the treatment of neurodegenerative disorders.
To date, there is no standardized method to deliver the vector into
the cerebrospinal fluid (CSF). Several parameters could impact the
transduction efficacy among them the dose, the AAV serotype or
the volume of injection. In this study, we analyzed the impact of
large vector volume administered in the lumbar CSF on the vector
biodistribution. Cynomolgus monkeys were injected with a serotype
10 AAV vector (AAVrh10) a serotype known to transduce efficiently
the CNS via a pre-implanted catheter. The catheter was inserted
after a hemilaminectomy at approximately the L, vertebra, and
advanced intrathecally with the tip located near the thoracolumbar
junction. The rAAVrh10 (5.0 ml) was administered as two 2.5 ml
infusions (the second infusion was approximately six hours after
initiation of the first infusion). The infusion rate was 7.5 ml/hr over
approximately 20 minutes. For the duration of both infusion, the
NHPs were restrained in a prone position with the restraint table tilted
approximately 30 degrees head-down. The vector biodistribution
was analyzed by digital PCR and the results demonstrate that viral
genomes are detected along the entire length of the spinal cord but
also in substantial levels in peripheral organs. Due to viral genomes
detected in lymphoid organs, we are currently analyzing the immune
response to AAV capsid. These results are important for assessing
the safety of IT delivery in large animal models before translation to
human clinical trials.

91. Development of Optimized [“Opt”] AAV
Vectors by Combining Capsid-Modified NextGen
and Genome-Modified GenX AAV Vectors for High-
Efficiency Transduction at Further Reduced Doses
Chen Ling, Baozheng Li, Wenqin Ma, George Aslanidi, Arun
Srivastava

Pediatrics, University of Florida College of Medicine, Gainesville,
FL

There is little doubt that AAV did not evolve for the purposes
of delivery of therapeutic genes. The use of first generation AAV
vectors, albeit successful, is unlikely to reach its full potential. We
have described the development of capsid-modified next generation
[NextGen] AAV vectors for both AAV2 (Proc Natl Acad Sci USA,
105: 7827-7832, 2008; Mol Ther., 18: 2048-2056, 2010; Vaccine,
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30:3908-3917,2012; PLoS One, 8: €59142,2013) and AAV3 (Gene
Ther., 19: 375-384, 2012; Hum Gene Ther., 25: 1023-1034, 2014)
serotypes, in which specific surface-exposed tyrosine (Y), serine
(S), threonine (T), and lysine (K) residues on viral capsids were
modified to achieve high-efficiency transduction at lower doses Fig.
1A). We have also described the development of genome-modified
generation X [GenX] AAV vectors (J Virol., 89: 952-961, 2015), in
which the transcriptionally-inactive, single-stranded AAV genome
was modified to achieve improved transgene expression (Fig. 1B).
Thus, we reasoned that encapsidation of GenX AAV genomes into
NextGen AAV capsid might lead to further increased transduction
at further reduced vector doses. To this end, the following sets of
sSAAV2 as well as ssAAV3 serotype vectors containing the firefly
luciferase (Fluc) reporter gene were generated: (i) wild-type (WT)
genome and Y444+500+730F+T492V AAV2 quadruple-mutant (QM)
capsid (WT-Fluc-AAV2/QM); (ii) two GenX genomes and AAV2
QM capsid (LC1-Fluc-AAV2/QM and LC2-Fluc-AAV2/QM); (iii)
WT genome and S663V+T492V AAV3 double-mutant (DM) capsid
(WT-Fluc-AAV3/DM); and (iv) two GenX genomes and AAV3
DM capsid (LC1-Fluc-AAV3/DM and LC2-Fluc-AAV3/DM). The
combination of the modified-genomes with the capsid-mutants led
to ~5-6-fold increase with both AAV2 and AAV3 serotype vectors
following transduction of a human hepatocellular carcinoma (HCC)
cell line, Huh7, at an MOI of 1,000 vgs/cell under identical conditions
in vitro. When male C57BL/6 mice were injected via tail-vein with
WT-Fluc-AAV2/QM, LC1-Fluc-AAV2/QM, and LC2-Fluc-AAV2/
QM vectors at a relatively low dose of 5x10° vgs/mouse, the AAV2
QM capsid-mutant vectors led to ~6-10-fold increase in transgene
expression in the liver. Similarly, when WT-Fluc-AAV3/DM, LC1-
Fluc-AAV3/DM, and LC2-Fluc-AAV3/DM vectors were injected
via tail-vein in NSG mice xenografted with human liver tumors at
relatively low dose of 3x10° vgs/mouse, led to ~5-8-fold increase
with the combination of modified-genomes with the AAV3 DM
capsid-mutant vectors, which was restricted to human liver tumors.
Taken together, these data document that the combination of NextGen
capsids and GenX genomes leads to the generation of optimized [Opt]
AAV serotype vectors (Fig. 1C), which transduce cells and tissues
more efficiently, both in vitro and in vivo, at significantly reduced
doses. These studies have significant implications in the potential use
of the Opt AAV serotype vectors in human gene therapy.
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92.
for Production of Oversized AAV-FVIII Vectors
Bindu Nambiar, Cathleen Sookdeo, Patricia Berthelette, Robert
Jackson, Brenda Burnham, Shelley Nass, David Souza, Catherine
R. O’Riordan, Karen Vincent, Seng H. Cheng, Donna Armentano,
Sirkka Kyostio-Moore

Gene Therapy, Sanofi Genzyme, Framingham, MA

Evaluation of Producer Cell Line Platform

Recombinant adeno-associated virus (rAAV) vectors are being
evaluated as gene delivery vehicles in several clinical trials. The

4.7 kb wild-type (WT) size genome of AAV presents a challenge
for incorporating larger transgenes with incomplete vector genome
(vg) packaging being a frequent outcome. To test the feasibility
of producing oversized rAAV production using the producer cell
line (PCL) method, we generated slightly oversized rAAV vectors
(harboring 5.1 or 5.4 kb sized vgs) containing a liver-restricted
promoter (mTTR) and a codon-optimized cDNA encoding human
B-domain deleted FVIII (FVIIIco). Genomes were packaged into the
AAVTh8R serotype vector using the PCL process and compared to
matched vectors generated via the triple transfection (TXN) method.
Vectors were then characterized for production yields, integrity of
packaged genomes and homogeneity. The data showed that the PCL
platform was able to produce oversized AAV vectors at levels that
were 10- to 100-fold higher than the TXN process with yields greater
than 100,000 vg/cell. The PCLs were stable with consistent production
maintained up to 60 passages. Southern and dot blot analyses of the
packaged genomes demonstrated encapsidation of genomes larger
than 4.7 kb in the PCL generated vector while the majority of genomes
packaged via the TXN method were 4.7 kb in size. Furthermore,
the PCL process generated more vector DNA-containing particles
and less packaging of non-vector DNA. Testing the PCL generated
vectors in the hemophilia A knock-out (KO) mouse model showed
a 2-fold higher plasma FVIII activity (Coatest) and vg copies in the
livers than obtained with the vectors made by the TXN process. In
summary, the PCL production process generated higher yields of
oversized rAAV/FVIlIco vectors as well as higher quality vectors
than the TXN method. Hence, the PCL platform may be used for
producing greater quality oversized rAAV vectors at levels that can
meet the needs for clinical studies.

93. Development of AAVidua Vector for the
Treatment of Cornea Associated Vision Loss in

Bone Marrow Treated-Hurler Patients

Melisa Vance', Llanga Llanga?, Joanne Kurtzberg?, Richard Jude
Samulski*, Matthew Hirsch®

!Gene Therapy Center, Hematology and Oncology Division,
University of North Carolina at Chapel Hill, Chapel Hill,

NC, *Gene Therapy Center, University of North Carolina at
Chapel Hill, Chapel Hill, NC, *Department of Pediatrics, Duke
University Medical Center, Durham, NC, *Gene Therapy Center,
Department of Pharmacology, University of North Carolina at
Chapel Hill, Chapel Hill, NC, °Gene Therapy Center, Department
of Ophthalmology, University of North Carolina at Chapel Hill,
Chapel Hill, NC

Mucopolysaccharidosis type 1 (MPS1), also known as Hurler
syndrome, is a genetic lysosomal storage disease that results from
the loss-of-function mutations present on the L-iduronidase (IDUA)
gene. As a consequence, glycosaminoglycans accumulate aberrantly
in lysosomes in multiple organs, leading to hepatosplenomegaly,
dwarfism, mental and psychomotor retardation, life-threatening
cardiac and pulmonary complications, several skeletal and ocular
manifestations and nervous system problems. Untreated pediatric
patients often die at 5-10 years of age from progressive heart and lung
involvement. Since the early 1980s, successful treatment of MPS1
patients with allogeneic hematopoietic stem cell transplantation after
myeloablative chemotherapy has been established. The benefits of
this therapy rely on cross-correction of IDUA deficient cells with
functional IDUA protein produced by a donor cell circulating through
the blood and also from engraftment of donor-derived glial cells in
the MPS1 patient brain. As a result, if the stem cell transplantation
is performed before two years old, the individual manifest cardiac,
liver, pulmonary and neurological improvement as well as his lifetime
is significantly prolonged. However, still >30% of the patients have
progressive corneal clouding, which leads to blindness. Cornea
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transplantation is not an option for patients with severe hurler
disease and the ones that receive a cornea transplant are at the risk of
developing future cloudiness. Recently, we have developed an adeno-
associated virus (AAV) capable of delivering idua cDNA to MPS1
patient fibroblasts and restoring IDUA protein function. Furthermore,
immunohistochemistry and functional analysis of intrastromal IDUA
protein in a normal human cornea showed low levels of the protein.
Even though the levels of IDUA that are required to correct the loss of
sight in MPS1 patients are relatively low, administration of a >50-fold
increase in IDUA activity (over wild type levels) with gene therapy
does not result in any detectable cellular toxicity. We then investigated
AAV serotype tropism by incubating human cornea with different
AAV viral capsids carrying AAV-CMV-eGFP. From this experiment,
we have identified certain capsids with higher levels of transduction
and GFP expression on the human cornea. Moreover, we determined
the optimal injection volume required for complete coverage of the
corneal center area, which is sufficient for allowing regain of the
vision. Considering that: 1) the eye is an easily accessible, immune-
privileged organ; 2) intrastromal injections are commonly performed
at the clinic to treat fungal keratitis; 3) gene therapy for eye diseases
has been performed for nearly two decades, and 4) there are 127
registered clinical trials currently taken place for gene therapy in the
eye; we foresee that injection of AAV delivering idua cDNA directly
to the cornea will likely reverse the MPS1-associated vision loss and
provide a better quality of life for the patient.

94, A Scalable Recombinant HSV-Based
Manufacturing System for Production of Highly
Potent Adeno-Associated Type 9 Vectors
Nathalie Clement

Pediatrics, University of Florida, Gainesville, FL

Introduction: Adeno-associated virus vectors (AAV) have been
utilized as a gene delivery tool to treat a multitude of diseases.
As the potential uses for these vectors expand, the need for
improved manufacturing methods becomes essential for large-scale
implementation. Recombinant Herpes Simplex Virus (rHSV)-based
method delivering AAV capsid and transgenes for recombinant
AAV (rAAV) production has been shown to be a robust and scalable
method for producing multiple rAAV serotypes for pre-clinical and
clinical studies. Here we will present the first scalable production
and purification method for rAAV serotype 9 utilizing the rHSV
system. Methods: Recombinant rAAV9-GFP stocks were produced by
transfection or rtHSV co-infection on HEK 293. Vector genome titers
were assessed by quantitative PCR, digital droplet PCR and dot blot.
Infectivity was assessed by an infectious center assay, flow cytometry,
and green cell transduction assay (GCA). Coomassie SDS-PAGE, or
western blot analyses were performed to evaluate identity and purity
of TAAV samples and electron microscopy to assess full versus empty
ratio for each method. Results: rAAV vectors produced by the HSV
method showed a 7 and 10 fold increase in total vector genomes and
transducing units per CellStack®, respectively. Increased infectivity
was observed in HS V-made vectors as demonstrated by an increasing
in transducing unit titers by GCA and infectious center assay. Flow
cytometry of C12 cells infected with equal vector genome amounts
of both transfection and rHSV made rAAV showed a 30% increase in
GFP expressing cells. Coomassie staining and western blot analysis
showed a 20-32% reduction in total capsid proteins in rAAV made
by rHSV co-infection. Electron microscopy confirmed this reduction
in total capsid protein was due to a decrease in empty particles in
HSV-made rAAV samples. Overall, this method produced greater
than 1x10' rAAV9 vector genomes per liter equivalent of 293 cells
of'a final, purified product. Conclusions: Our data demonstrated the
significant improvement in rAAV9 manufacturing by utilization of
the rHSV based manufacturing methods. An improvement in both

vector titer and infectivity was observed in tHSV made rA AV vectors
compared to transfection-based production. Importantly, this scalable
purification method is readily suitable for pre-clinical GLP studies and
GMP manufacturing in our laboratory. Further improvements will be
presented specifically evaluating rHSV production in a suspension-
adapted HEK 293 cell system in view of a large scale manufacturing
protocol of rAAV9 vectors for clinical studies.

95. Incorporation of AAV Serotype 2 Viral
Protein 2 into Other AAV Serotype Capsids

Daniel Zhang!, Jun Li%, Yinglu Feng?®, Adam Snowden', Georgy
Aslanidi', Nicholas Muzyczka*, Arun Srivastava®, Changquan
Ling?, Chen Ling!

!Division of Cellular and Molecular Therapy, Department of
Pediatrics, University of Florida, Gainesville, FL, ?Department of
Traditional Chinese Medicine, Second Military Medical University,
Shanghai, China, *Department of Traditional Chinese Medicine,
401 Hospital of the Chinese People’s Liberation Army, Qingdao,
China, *Department of Molecular Genetics & Microbiology,
University of Florida, Gainesville, FL, ‘Powell Gene Therapy
Center, University of Florida, Gainesville, FL

It was previously documented that large ligands inserted after
residue 138 in the adeno-associated virus serotype 2 (AAV2) viral
protein 2 (VP2) is tolerant to produce nearly wild-type levels of
recombinant AAV2 (rAAV?2) vectors (J Virol. 78(12):6595-609,
2004). Furthermore, insertion of enhanced green fluorescent protein
(EGFP) into VP2 resulted in a rAAV2 particle, whose trafficking
could be temporally monitored using confocal microscopy. Here,
we examined whether AAV2 VP2 (2VP2) could be incorporated into
other AAV serotype capsids during viral production.

A pcDNA3.1-based plasmid was generated to over-express only
the 5°-EGFP-tagged 2VP2 (EGFP-2VP2), but not other viral proteins,
such as AAV2 Reps, VP1, or VP3. Then, rAAV1~10 vectors were
produced in HEK293 cells using PEI-mediated, quadruple-plasmid
transfection. The four plasmids for each rAAV vector included a
packaging plasmid that contains AAV?2 rep genes and a corresponding
cap gene, a helper plasmid that provides essential genes from
adenovirus, an ITR-containing plasmid that carries a reporter gene
encoding firefly luciferase (Fluc), and the pcDNA3.1-EGFP-2VP2
plasmid. The expression of corresponding VP2 in each serotype capsid
was not blocked. Purified viral stocks were separated by SDS-12%
acrylamide gel electrophoresis and analyzed by Western blot assays
with the B1 antibody or EGFP antibody. The results indicated that the
EGFP-2VP2 protein was successfully inserted into all tested rAAV
vectors, except for rAAVS. Approximately one-tenth to one-half of the
total VP2 was substituted by EGFP-2VP2, depending on the serotype.
Next, we characterized the novel rAAV2 and rAAV3 particles that
had EGFP-2VP2 insertions. Four vectors (WT-rAAV2, rAAV2-EGFP-
2VP2, WT-rAAV3, rAAV3-EGFP-2VP2) carrying the fluc gene were
used to transduce a human hepatocellular carcinoma cell line, Huh7,
under identical conditions in vitro. There was no difference in the
transgene expression between the WT and EGFP-2VP2-inserted
vectors. Furthermore, when heparin was added in the cell culture,
the transduction efficiency of both rAAV2 vectors was inhibited in a
dose-dependent manner. On the other hand, the transduction efficiency
of rAAV3-2VP2-EGFP vectors showed a similar pattern to that was
previously reported for WT-rAAV3 vectors, in which low doses of
heparin significantly enhanced rAAV3 transduction, but high doses
inhibited it. The tropism of rAAV2-EGFP-2VP2 vectors was further
characterized in vivo following tail-vein injection of Balb/c mice and
showed no difference compared with the WT-rAAV2 vectors. Finally,
the trafficking of both rAAV2-EGFP-2VP2 and rAAV3-EGFp-2VP2
was temporally monitored using confocal microscopy.
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In summary, we have demonstrated an easy method that can be used
to insert large peptides into most AAV serotype particles. This system
may provide significant information to study rAAV transduction.

96. An Approach to Compare Multiple Adeno-
Associated Virus (AAV) Capsids Side-by-Side in a
Single Eye Following Intravitreal Injection

John M. Powers', Kei Adachi', Benjamin Sivyer?, William Taylor?,
Mark Pennesi®, Hiroyuki Nakai'

!Medical & Molecular Genetics, Oregon Health & Science
University, Portland, OR, Department of Visual Sciences, Casey
Eye Institute - OHSU, Portland, OR, 3Ophthalmology and Visual
Sciences, Casey Eye Institute - OHSU, Portland, OR

Current gene therapy approaches for ocular diseases rely largely on
the use of subretinal injection for treatment of outer nuclear layer cells
of'interest. While subretinal injection allows for efficient transduction
of retinal cells close to the site of the injection, there is a significant
risk that the injection can further damage retinas with compromised
integrity. Several studies have identified new adeno-associated virus
(AAV) capsid mutants that are potentially able to transduce outer
nuclear layer cells following intravitreal injections. To further explore
AAV vector-mediated intravitreal injection approaches for clinical
translation, it is imperative to directly compare retinal transduction
efficiencies between newly identified and previously published AAV
mutants. Using clinically relevant large animal models, these mutant
capsids, as well as other commonly used AAV serotypes, can be
tested in a comprehensive manner. To this end, we propose to utilize
a viral DNA/RNA barcoding approach established by our lab. In
this approach, AAV capsids derived from different serotypes and
mutants can be identified by DNA and RNA barcodes unique to each
AAV capsid. These barcodes are contained in viral genomes and also
expressed as RNA barcodes following cellular transduction. As each
AAV capsid strain has a unique viral genome, a mass transduction
of a number of different AAV strains can be conducted in order to
directly compare transduction levels side-by-side in a single eye.
To test feasibility of the barcode approach and establish proof-of-
principle in the ocular gene therapy research, we produced a DNA/
RNA-barcoded AAV library that contained 20 serotypes including
AAV serotypes 1-11 and AAV mutants including DJ, LK03, 2i8 and
2G9. Each AAV strain expresses a pair of 12 nucleotide-long RNA
barcodes unique to each strain under the control of the human U6
snRNA promoter. Seven C57BL/6] mice have been injected into
vitreous humor bilaterally with the DNA/RNA-barcoded AAV library
vector at doses ranging from 2 to 9 x109 vg. To date, eyes were
harvested from one mouse 3 weeks post injection. Total DNA and
RNA were extracted from the retina as a whole from each eye, and
were subjected to DNA-PCR or reverse transcriptase (RT)-PCR to
amplify viral DNA and RNA barcodes, followed by Illumina barcode
sequencing. A preliminary data analysis revealed that AAV2, AAV-
DJ and AAV2G9 transduced the murine retina better than other AAV
strains including AAV9, the reference control AAV strain contained
in the library. Although further optimization of the approach may be
required to move this project forward, we plan to apply this method
to assess transduction efficiencies of various AAV strains side by
side in specific subsets of sorted retinal cells and in various animal
species. The safer approach of intravitreal injections with the most
optimal AAV vectors would significantly increase the ability to treat
over 200 genetic retinal diseases and therefore the data that will be
obtained from these studies will considerably benefit the field of
retinal gene therapy.

97. Large Scale Purification of AAV with

Continuous Flow Ultracentrifugation

Haifeng Chen', Sandra Marino?, Ching Yi Ho!

Wirovek Inc., Hayward, CA, *Alfa Wassermann Inc, West Caldwell,
NJ

Since its first approval in Europe as gene therapy drug in human
use in 2012, adeno-associated viral (AAV) vectors have gained
more and more attentions in the field for gene therapy research. So
far AAV vectors have usually been purified through either density
gradient ultracentrifugation in small volume centrifuge tubes or
column chromatography. Though these purification methods have
their unique benefits, there is still a need for technology that can
process large volume of lysate with high AAV recovery rate. We
reasoned that continuous flow ultracentrifugation could meet these
requirements. We tested the Alfa Wasserman’s AW Promatix 1000™,
aresearch scale continuous flow ultracentrifuge, as a prove of concept
for AAV vector purification. In the initial experiments, we tested
cesium chloride (CsCl) solution as density gradient media for AAV
vector purification but found out that CsClI solution was not stable
enough to form a linear gradient even when sucrose was added to
increase its viscosity for AAV purification. We then tested iodixanol
solution as density gradient media and got satisfactory purification
of AAV vectors. Our results indicate that we can obtain near-purified
AAV vectors in a single-step of centrifugation with AAV recovery rate
exceeding 50%. Further experiments indicate that minor impurities
associated with the purified AAV vectors could be removed by adding
salts to the iodixanol solution such as CsCl to increase the ionic
strength of the density gradient. The data presented here indicate
that continuous flow ultracentrifugation can be used for large scale
purification of AAV vectors and it should provide an additional tool
to facilitate the translation from research to the clinic.

98. Evaluation of Proteasome Inhibitors on
AAV-Mediated Transduction Efficiency in Retinal
Bipolar Cells

Shengjie Cui', Qi Lu', Tushar Ganjawala', Gary Abrams?, Zhuo-
Hua Pan?

!Anatomy and Cell Biology, Wayne State University School of
Medicine, Detroit, M1, Department of Ophthalmology, Kresge Eye
Institute, Detroit, M1

Purpose: Recombinant adeno-associated virus (rAAV) vectors
have been a powerful gene delivery vehicle to the retina for basic
research and gene therapy. For many of these applications, achieving
cell-type specific targeting and high transduction efficiency is
desired. Recently, there has been increasing interest in targeted gene
expression in retinal bipolar cells, especially for optogenetic gene
therapy for vision restoration. However, rAAV-mediated transduction
efficiency in retinal bipolar cells is relatively low. The transduction
efficiency could be affected by a number of factors, one of which is
the proteasome-dependent virus degradation. In this study, we are
examining the effect of proteasome inhibitors on the transduction
efficiency of rAAV vectors in retinal bipolar cells.Methods: The
expression of the transgene, mCherry, was used to evaluate the AAV
transduction efficiency. Targeted expression of mCherry in retinal
bipolar cells was achieved by rAAV2 vectors carrying an mGluR6
promoter. rAAV vectors at the concentration of 5 x 1012 vg/ml with
or without containing proteasome inhibitors were intravitreally
injected into the eyes of C57BL/6J mice at about one month of age.
Animals were euthanized about one month after virus injection for
assessing the expression of mCherry. Results: We tested the effects
of'three proteasome inhibitors, MG132, doxorubicin, and aclarubicin,
on rAAV-mediated transduction efficiency in retinal bipolar cells.
Retinas treated with doxorubicin from 200 uM to 800 uM exhibited
a concentration-dependent increase in the transduction efficiency.
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Doxorubicin at the concentration of 2000 uM produced cytotoxicity
as evidenced by the thinning of the retinas and decreased the number
of mCherry-expressing bipolar cells. The optimal concentration of
doxorubicin to enhance the AAV transduction efficiency was 500 uM.
MG132 (100 uM, 200 uM, 500 uM) and aclarubicin (50 pM, 100 uM)
were not found to enhance the transduction efficiency. Conclusions:
Doxorubicin, a proteasome inhibitor, is effective in enhancing rAAV
transduction in retinal bipolar cells in mice. Investigation of the
mechanism of doxorubicin action may help to further improve the
rAAV transduction efficiency in retinal bipolar cells in particular and
rAAV-mediated gene delivery in general.

99. Construction and Evaluation of
Recombinant AAV Vectors for Central Nervous
System Gene Delivery

Diego Sucunza'*3, Jose Diego Pignataro', Esperenza Lopez-
Franco', Alberto Jose Rico'??, Lucia Vanrell*, Iria Gonzalez'>?,
Elvira Roda'?3, Africa Vales!?, Jose Luis Lanciego'*?, Gloria
Gonzalez-Aseguinolaza'?3

ICIMA, Pamplona, Spain, °CIBERNED, Madrid, Spain, *IdiSNA,
Pamplona, Spain, *Universidad de la Republica, Montevideo,
Uruguay

The Adeno-associated virus (AAV) have become a highly
promising tool for research and clinical applications in the Central
Nervous System (CNS). Here we used the reporter gene EGFP
under the transcriptional control of five minimal promoters (MinP)
that show efficient and specific expression in neurons or astrocyte
in vitro. We also describe the extent of viral spread, transduction
efficiency and cell type specificity of each promoter into the mouse
striatum using the AAV serotype 8 (AAVS8). Robust and specific
neuronal EGFP expression was observed with the BM88 (88pb) and
B2RN (170bp) MinPs, both in vivo and in vitro. Cell typing with
immunofluorescence confirmed the efficient AAV8 gene expression
into the striatal neurons. Furthermore, we detected axonal transport
of the EGFP protein when using these promoters. Additionally,
two variants of the minimal human GFAP promoter (<600bp) were
evaluated to analyze the role of a 75bp segment (D region) spanning
bp -132 to -57 with respect to the RNA start site, in the control of
the transgene expression. A reduction on the transcriptional activity
was observed in vivo when the region was eliminated. In addition, a
minimal murine GFAP promoter (58 1bp) was generated that exhibited
mostly glial expression; however, we also observed EGFP expression
in other type of cells like microglia. In summary, we have developed
a set of AAV vectors designed for SNC specific cell type expression
using minimal promoters to drive gene expression when the size of
the inserts matters.

100. Evaluation of lon-Exchange Membranes for
the Purification of AAV8 from Culture Media

Bryan A. Piras!, David J. McNally!, Timothy D. Lockey', Amit C.
Nathwani?, Michael M. Meagher'

"Therapeutics Production & Quality, St. Jude Children’s Research
Hospital, Memphis, TN, *UCL Katharine Dormandy Haemophilia
and Thrombosis Centre, Royal Free Hospital, London, United
Kingdom

Introduction: AAV is the vector of choice for over 6% of all
gene therapy clinical trials, with 111 clinical trials open worldwide
as of July 2015. However, production of clinical material often
relies on inefficient (e.g., size exclusion chromatography, cesium
chloride centrifugation) or expensive and highly serotype-specific
(e.g., affinity) downstream processes. Therefore, we investigated
scalable and potentially serotype-agnostic alternative primary
capture and purification methods. Here, we evaluate three ion-

exchange membranes with different ligands for their ability to capture
and purify AAV8 from culture media, and show highly efficient
capture and purification using a Sartobind salt-tolerant interaction
chromatography (STIC) with a primary amine (PA) ligand membrane.

Methods: AAVS particles were produced in adherent 293 cells
using either serum-free DMEM or DMEM supplemented with 1%
FBS. AAV was harvested at day 6 post-transfection, at which point
approximately 90% of AAVS8 particles were in the culture media.
Media was sterile filtered and, in equal volumes using an AKTA
Explorer, run over one of three ion-exchange membranes: Sartobind
Q or STIC PA anion-exchange membranes, and a Sartobind S
cation-exchange membrane. Load, flow-through, wash, and elution
fractions were analyzed by qPCR or AAV8 capsid ELISA to determine
purification efficiency and BCA was used to quantify total protein
in each fraction.

Results: Recovery with Sartobind Q and S membranes was very
poor, with 12% and 15% recovery, respectively, in the elution fractions
and the vast majority of AAV present in the flow-through fractions.
The STIC PA membrane performed considerably better, with 99.9%
of particles captured by the membrane and approximately 67% of
particles in the eluate when the media was adjusted to pH 9 prior to
loading and the elution was performed with a gradient of 2M NacCl.
However, adjusting the pH to 7 and using a gradient of 3M NaCl
led to recoveries of greater than 90% as measured by AAVS particle
ELISA. In addition, the eluate showed an 80% decrease in total
protein compared to the load. Results were comparable using both
serum-free DMEM and DMEM supplemented with 1% FBS, which
showed a dynamic binding capacity of approximately 1x10' capsids
per mL of membrane at 6% breakthrough.

Conclusions: While Sartobind Q and S membranes inefficiently
captured AAVS, the Sartobind STIC PA membrane captured AAVE
highly efficiently and eluted AAV in a pH and salt-dependent manner
with concomitant reduction in total protein. While it remains to be
determined whether this modality is suitable for serotypes other
than AAVS, the membrane format would allow for processing of
an equivalent batch of AAV in less than 1% of the time of a size
exclusion column, without the requirement for column packing, and
with more efficient recovery.

101. Rational Design and Cloning of a Stable
RPGR ORF15 cDNA Encoding the Full-Length

Native RPGR Protein
Jilin Liu, Andrew Espejo, Weihong Pan, Guojie Ye
AGTC, Alachua, FL

Introduction: The retinitis pigmentosa GTPase regulator (RPGR)
c¢DNA contains a long purine-rich repetitive sequence in ORF15
exon that is unstable during recombinant DNA manipulation. This
complicates efforts to develop AAV-based vectors for gene therapy
of X-linked retinitis pigmentosa (XLRP) caused by mutations in the
RPGR gene. We reasoned that the stability of RPGR-ORF15 cDNA
could be significantly improved by rational design of the cDNA
sequence through codon modification without changing the amino
acid sequence. Methods: A human RPGR ¢DNA was designed
based on Genbank reference mRNA sequence NM_001034853 that
encodes hRPGR isoform C. The 3459 bp coding sequence was codon-
optimized based on human codon usage and further modified to reduce
tandem repeats, and adjust G/C content, where possible. The codon-
modified cDNA (hRPGRco), which encodes a full-length hRPGR
protein of 1152 amino acids that is 100% identical to the published
sequence, was synthesized and cloned into conventional cloning
vector pUCS57 and sub-cloned into various vectors, including an
AAV plasmid (used for AAV production by transfection) and an HSV
shuttle plasmid (used to make an HSV helper for AAV production
using AGTC’s proprietary HSV-based AAV manufacturing system).
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Stability of the hRPGRco cDNA sequence was verified by DNA
sequencing at multiple steps: after sub-cloning, large scale plasmid
production, production of recombinant HSV helper virus clones that
carry the hRPGRco expression cassette and production of AAV vector.
Stability of plasmids carrying the hRPGRco expression cassette
was also analyzed after serial passage of bacterial clones cultured
at various temperatures and during multiple passages. Results:
Plasmids carrying the redesigned hRPGRco cDNA were grown
stably in bacteria at 37°C. The hARPGRco cDNA was 100% correct in
AAVplasmids, in shuttle vectors used to produce HSV helpers, and in
the tHSV helper virus passed multiple rounds in mammalian cells. The
sequence was also confirmed 100% correct in AAV vectors produced
by plasmid transfection for animal efficacy studies. Conclusions: A
stable RPGR c¢DNA that encodes full-length, native RPGR protein
was obtained and will allow large scale production of an AAV vector
for treatment of patients with XLRP.

102. Method Validation for Quantification of
Recombinant Adeno-Associated Virus 5 in Mouse
Genomic DNA Using Real-Time PCR

Hyun-Jung Kim, Sang-Jin Park, Sunyeong Lee, Ok-sun Kim, Su-
Yeon Han, Kyoung-Sik Moon

Division of Non-Clinical Studies, Korea Institute of Toxicology,
Daejeon, Korea, Republic of

The recombinant adeno-associated viral (rAAV) vectors are one
of the most promising tools in human gene therapy because of their
excellent safety profiles. Recently, one of these, rAAV serotype 5
(rAAVS5) has attracted attention as a therapeutic vector by many
researchers. To develop rAAVS vector for treatment in clinical trials,
it is necessary to perform GLP compliant preclinical toxicity and
biodistribution studies in animals. Quantitative real-time PCR (qPCR)
technique is gold standard for quantification of gene therapy products
and also has been used as the most sensitive method for bioanalysis
of other rAAV vectors. In present study, an analytical method by
qPCR was validated for determination of rAAVS encoding human
transgene in mouse genomic DNA. The validation was conducted to
evaluate specificity, linearity, accuracy, and precision. There were no
interfering reacts with the targeted sequence between true positive
and negative control (no template control) samples. The correlation
coefficient of rAAVS in mouse genomic DNA was 0.9995 (1/x?
weighted) over a concentration range of 100 to 10,000,000 copies/ug.
This method was accurate and precise verified by intra- and inter-batch
analysis. The LLOQ for rAAVS in mouse genomic DNA was 100
copies/ug, measured with acceptable accuracy and precision. Thus,
the analytical method was quantifiable, linear, accurate, and precise.
In conclusion, the validation method for rAAVS in mouse genomic
DNA has been successfully performed and will be also useful for
further preclinical toxicity and biodistribution studies.

Adenovirus Vectors and Other DNA Virus Vectors

103. High-Capacity Adenoviral Vectors (HCAdV)
Armed with a High Risk Human Papillomavirus
(HPV) Oncogene Specific CRISPR/Cas9 Machinery
Specifically Kill Cervical Cancer Cells

Eric Ehrke-Schulz, Anja Ehrhardt

Human Medicine, Institute for Virology, Witten/Herdecke
University, Witten, Germany

Persistent high risk human Papillomavirus (HPV) infections are the
main cause of cervical cancer and partially also head and neck cancer.
Recent studies showed that plasmid transfection of HPV oncogene
specific designer nucleases effectively induced in/del mutations

in the early promotors or oncogenes of HPV genomes integrated
into the genome of cervical cancer cells by double-strand DNA
break mediated non homologous end joining (NHEJ). Destruction
or suppression of HPV oncogenes lead to decreased suppression
of HPV oncogenes mediated by tumor suppressor protein p53 and
retinoblastoma protein pRB inducing recovery from HPV oncogene
mediated inhibition of apoptosis induction and cell cycle control.
However, only few attempts have been made to improve delivery of
respective designer nucleases by means of viral delivery allowing for
translating these promising findings towards in vivo applications. Here
we aimed at arming gene deleted high-capacity adenoviral vectors
(HCAdVs) with HPV-specific CRISPR/cas9 machineries. By using
anew toolbox that facilitates customization, cloning and production
of CRISPR-HCAdVs we assembled HCAdV genomes containing
the Streptococcus pyogenes Cas9 (spCas9) gene including either
one gRNA expression unit specific for HPV18-E6 or two gRNA
expression units specific for HPV18 and HPV16-E6 that have been
shown efficiency to destroy respective genes. HPV specific CRISPR-
HCAdVs were amplified in medium scale using a shortened protocol
yielding high virus titers. Hela and Caski cervical cancer cells
containing HPV18 or HPV16 genomes integrated into their cellular
genome, as well as HPV negative A549 cells were infected with HPV
specific CRISPR-HCAdVs. Adenoviral delivery of HPV specific
CRISPR/Cas9 resulted in strong cell death in HPV positive cervical
cancer cell lines whereas HPV negative A549 cells were unaffected.
Moreover, HPV-specific CRISPR-HCAdVs infected Hela and Caski
cells showed decreased proliferation compared to untreated cells and
HPV negative control cells and cytotoxicity assays revealed strongly
decreased cell viability of cervical cancer cells. In sharp contrast to
control groups, increased apoptosis in HPV specific CRISPR-HCAdV
treated cervical cancer cells was measured after performing apoptosis
detection assays. Our results suggest that also HCAdVs can serve as
oncolytic agents when armed with target specific designer nucleases
such as CRISPR/Cas9. We believe that our approach will pave the
way towards in vivo applications of CRISPR/Cas9 mediated oncolysis
of HPV induced cervical cancer. As our CRISPR/Cas9-HCAdV
production pipeline is adaptable to incorporate other or even more
gRNA expression units specific for further HPV types, it provides
a valuable platform to develop personalized antiviral or oncolytic
vectors for any specific HPV target.

104. A Gene Deleted High Capacity Adenoviral
Vector for Efficient Delivery of a Multiplex DMD
Specific CRISPR/Cas9 Machinery

Eric Ehrke-Schulz!, Rudolf A. Kley?, Anja Ehrhardt!

'Human Medicine, Institute for Virology, Witten/Herdecke
University, Witten, Germany, *Department of Neurology,
Neuromuscular Centre Ruhrgebiet, University Hospital
Bergmannsheil, Ruhr-University Bochum, Bochum, Germany

Recent advances in the field of designer nuclease directed genome
editing hold great promise to correct underlying mutations leading
to Duchenne muscular dystrophy. Especially the CRISPR/Cas9
system provides an easy way to design and to assemble RNA guided
nucleases offering the potential to develop personalized treatments to
correct the multiple different mutations leading to this fatal disease.
Recent studies showed efficient genome editing in a myoblast cell
line derived from DMD patients and mdx mice. Nevertheless viral
delivery of all required CRISPR/Cas9 components including Cas9
and one or multiple guide RNA (gRNA) expression units has not
been fully exploited. Gene deleted high-capacity adenoviral vectors
(HCAdVs) offer the packaging capacity to deliver the complete
CRISPR/Cas9 machinery including several gRNA expression units
using a single viral vector. By using a new toolbox that facilitates
customization, cloning and production of CRISPR-HCAdVs, we
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assembled a HCAdV genome containing a Streptococcus pyogenes
Cas9 (spCas9) gene including two guide RNA (gRNA) expression
units specific for DMD that have shown efficiency to delete exon 51
in dystrophic human myoblasts. CRISPR-HCAdV was amplified in
medium scale using a shortened protocol yielding high titers. Infection
of cultured HEK293 cells and primary human myoblasts with purified
DMD specific CRISPR-HCAGAYV at different MOls resulted in strong
locus specific deletion efficiency for DMD exon 51 as shown with
locus specific PCR. As a comparison we also designed and produced
DMD-specific TALEN encoding HCAdVs which allow delivery of
a complete TALEN pair using a single vector. We found that it was
more complicated to produce double TALEN-HCAdVs compared
to multiplex CRSIPR/Cas9-HCAdV as they require controlled
expression of TALEN genes by inducible promotors. Furthermore
the TALEN system is not suitable for multiplexing and showed
less efficiency in T7E1 assays. Our platform enables cloning and
production of gene deleted adenoviral vectors for the delivery of a
DMD specific CRISPR/Cas9 system within a short time providing
a valuable tool for viral delivery of customized CRISPR/Cas9 for
DMD treatment. Additional gRNAs or gRNAs with other specificities
can be easily included in the vector allowing personalized molecular
design of the gene transfer vector. We expect that this may pave the
way towards broader applications of the CRISPR technology for
DMD treatment including preclinical and eventually clinical studies.

105. Enhanced Oncolytic Activity Mediated by a

Novel Human Adenovirus Type 6 Based Vector
Johannes Doerner, Wenli Zhang, Philip Boehme, Anja Ehrhardt
Institute of Virology and Microbiology, Witten, Germany

Most existing oncolytic adenoviruses (AdV) are based on human
AdV type 5 (hAdV-5). Clinical efficacy of hAdV-5 based oncolytic
viruses is limited by variable expression levels of coxsackie- and
adenovirus receptor (CAR) in different tumor cells and insufficient
replication rates. Additionally, high prevalence of neutralizing
antibodies against hAd V-5 resulting in lower efficiency makes hAdV-
5 a less suitable candidate for systemic application. Recent studies
have highlighted human adenovirus type 6 (hAdV-6) as a promising
candidate for oncolytic and vaccine vectors. Thus, development
of novel oncolytic AdV based on hAdV-6 may help overcoming
these limitations. We further hypothesised that oncolytic efficacy
of the candidate virus can be augmented by expression of RNAi
suppressor protein P19 (Lecellier et al., Nature 2005) as has been
shown previously for hAdV-5 (Rauschhuber et al, Sci. Rep. 2013).
Here we aim at evaluating a novel hAdV-6-based, p19-containing
oncolytic AdV as novel candidate for oncolytic applications in
different tumour cell lines. We cloned a P19-containing hAdV-6 based
virus (hAdV-6FP19) by a novel seamless recombineering technique
(Zhang et al, unpublished). In order to allow P19 expression from the
adenoviral vector genome, the P19 cDNA was fused via an internal
ribosome entry site (IRES) to the late fiber gene. After release of
the respective recombinant adenoviral genomes from plasmids
containing the complete DNA molecule, linearized viral DNA was
transfected into HEK293 cells for virus reconstitution. After initial
amplification steps which were monitored by virus specific PCRs
upscaling and virus purification using cesium-chloride density-
gradient ultracentrifugation was performed. Rescue and amplification
efficiencies were comparable to commonly used hAdV-5 based
vectors. Various cancer cell lines from different origin were used
to perform oncolysis assays. This included A549 (lung carcinoma),
HCT 116 (colon carcinoma), Hela (cervical carcinoma) and Huh?7
(hepatocellular carcinoma) cells which were infected with hAdV-
6FP19, hAdV-6 and hAdV-5 at various multiplicities of infection
(MOI). 2-3 days after infection cells were fixed and stained with
methylene blue. We observed significantly higher cell lysis (up to
100-fold) for hAdV-6FP19 infected cells as compared to hAdV-5 and

6 atidentical MOls. Higher cell lysis rates for hAdV-6FP19 compared
to wildtype virus were present in all evaluated cell lines, suggesting
significantly enhanced oncolytic potential for hAdV-6FP19. In total
we believe that hAdV6-based vectors hold great promise for oncolytic
applications and that their oncolytic effectiveness can be further
improved by RNAi-suppression.

106. A Sleeping Beauty Transposase System

in the Context of HD-Ad5/35++ Vectors Achieves
Stable In Vivo Transduction of Hematopoietic Stem
Cells in Mouse Models

Maximilian Richter!, Jing Liu%, Zsuzsanna Izsvak®, Roberto
Cattaneo*, Wolfgang Uckert?, Philip Ng°, Anja Ehrhardt?, Thalia
Papayannopoulou', André Lieber!

!University of Washington, Seattle, WA, *Universitdit Witten/
Herdecke, Witten, Germany, *Max-Delbriick-Center for Molecular
Medicine, Berlin, Germany, *Mayo Clinic, Rochester, MN, *Baylor
College of Medicine, Houston, TX

Hematopoietic stem cells (HSCs) are important targets for the
gene therapy of infectious diseases, genetic disorders, and cancer.
Our aim is to transduce HSCs in vivo after mobilization from the
bone marrow and intravenous injection of a gene transfer vector. We
employed helper-dependent adenovirus vector containing Ad35 fiber
mutants with enhanced affinity to CD46 (HD-Ad5/35++) for gene
transfer into HSCs. HD-Ad5/35++ vectors efficiently transduced
human HSCs and human CD46-transgenic mouse HSCs in vitro. To
trigger chromosomal transgene integration we utilized the hyperactive
Sleeping Beauty transposase system (SB100x). The system consists
of two vectors; the transposon vector carrying a GFP gene and the
SB100x vector that mediates integration of the GFP cassette into a
TA dinucleotide of the genomic DNA. As a limitation, this system
requires the co-infection of the same target cell with two vectors
to achieve stable transduction. This is exemplified in a study with
two Ad5/35++ reporter vectors, expressing either GFP or mCherry.
Human CD46tg mice were mobilized with GSCF/AMD3100
and intravenously injected with either vector alone or the vector
combination. Reporter gene expression in bone marrow localized
HSCs was analyzed 3 days later. While 2% of lineage depleted
cells expressed either GFP or mCherry only 0.25% expressed both.
In spite of these limitations, we tested whether the co-injection
of a HD-Ad5/35++ -GFP transposon vector and a HD-Ad5/35++
SB100x vector, supplying a Sleeping Beauty transposase in trans into
mobilized mice would lead to stable HSC transduction. Twelve weeks
post-injection, we detected stable GFP expression in bone marrow
HSCs in the range of 1 to 2%. GFP integration through SB100X was
confirmed by genome-wide sequencing of integration sites. Our data
indicate that HD-Ad5/35++ vectors preferentially target primitive
HSCs and that this increases the chance of co-infection with both
vectors. This is supported by a comparison of GFP marking in HSCs
and more differentiated marrow and blood cells four weeks after in
vivo transduction. While in the HSC-containing LSK fraction of the
bone marrow the marking rate was on average 7.7%, marking rates for
total mononuclear cells of the bone marrow and peripheral blood were
only 2.5% and 0.3%, respectively. The preferential HSC targeting
in hCD46tg and humanized mice can be explained by higher CD46
levels on primitive HSCs compared to more differentiated cells in
the bone marrow and the dependence of AdS/35 infection efficiency
(at low MOIs) on CD46 density on the cell surface.
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107. Tracking Target Cell Fate After Oncolytic

Herpes Simplex Virus Infection

Anna Grosskopf, Samuel D. Rabkin, Robert L. Martuza, Hiroaki
Wakimoto

Neurosurgery, Massachusetts General Hospital, Boston, MA

Oncolytic virus (OV) cancer therapy relies on virus-mediated
selective killing of cancer cells and subsequent secondary effects
that involve induction of anti-tumor immunity. Although cell death
induction is a prerequisite in this therapeutic process, experimental
evidence is lacking as to whether OV infection of cancer cells
results in their inevitable death. To address this issue, we developed
an experimental platform that allows us to track the fate of a cell
following OV infection. This system is composed of: 1) Recombinant
oncolytic herpes simplex viruses derived from G47delta (ICP6-,
gamma34.5-, alpha47-) and MG18L (ICP6-, Us3-) that express
a Cre recombinase-EGFP fusion protein (G47delta-CreGFP and
MG18L-CreGFP), and 2) tumor cell lines that have been engineered
to stably carry a reporter construct, in which Cre-mediated excision
of a polyA STOP sequence converts the cell into an expresser of the
mCherry fluorescence protein. Using patient-derived and established
T98 glioblastoma lines, we show that upon G47delta-CreGFP or
MG18L-CreGFP infection, the reporter cells become mCherry
positive, indicating virus-induced Cre recombination in the host
genome. Monitoring of these cells in culture revealed that although an
overwhelming majority of the cells die, a small fraction of mCherry+
cells survive and eventually proliferate. Our results demonstrate the
existence of “resistance” after OV infection of cancer cells. Our
experimental platform should have versatile utilities for tracking the
fate of both neoplastic and non-neoplastic cells during OV therapy
in in vitro and in vivo settings.

108. Pseudotyping Baculovirus Based Vectors
for Enhanced In Vitro and In Vivo Delivery

Jondavid de Jong, Laura van Lieshout, Jacob P. van Vloten, Sarah
K. Wootton

Pathobiology, University of Guelph, Guelph, ON, Canada

Autographa californica multinucleopolyhedrovirus (AcMNPV)
is the best-characterized baculovirus and the platform for well
established recombinant protein and vaccine production technologies.
In addition to countless examples of recombinant protein production,
two commercially available vaccines (Cervarix, and Provenge) are
produced via AcMNPYV based expression technologies. More recently,
Baculovirus based vectors have also garnered attention as gene
delivery vectors, including for use in human gene therapy, because
of several key characteristics. Baculoviruses can transduce cells of
human origin, albeit at MOlIs of 100-200, can accommodate large gene
insertions (>38 kb), allowing for the inclusion of multiple genes, large
promoters, and regulatory elements, are non-replicative in mammalian
cells, do not integrate into mammalian chromosomes, and humans
lack pre-existing immunity to baculoviruses. In vivo, Baculoviruses
have been used to successfully transduce a wide variety of organs
from mammalian species, such as mice, rats and rabbit. Despite these
reports there is little information on the overall tissue distribution of
in vivo delivered baculovirus. Here we test the transduction efficiency
of wildtype and pseudotyped baculovirus vectors in various cell lines,
and define the biodistribution of these vectors in C57BL/6 mice
via intravenous, intrahepatic, and intranasal installation. In vitro,
wildtype virus demonstrated good transduction of HEK293 cells
and moderate to low transduction of cells originating from the lung
and liver. Amongst the pseudotypes tested, the greatest transduction
achieved across all cell types (in vitro) was a recombinant displaying
a cell-penetrating-peptide-GP64 fusion protein (CPP-GP64), which
demonstrated high levels of transduction across all cell lines tested.
In vivo, overall transduction by wildtype virus was restricted to the

kidneys and liver, and only at moderate to low levels. Similar to
the in vitro results, inclusion of a CPP-GP64 greatly enhanced the
transduction levels as well as expanded the tissue distribution of in
vivo delivered vector.

109. Therapeutic Efficacy and Safety Profile
of EGFR-Targeted Oncolytic Ad Nanocomplex in
Orthotopic Lung Tumor Model

A-Rum Yoon, Dayananda Kasala, Yan Li, Jinwoo Hong, Wonsig
Lee, Soo-Jung Jung, Chae-Ok Yun

Department of Bioengineering College of Engineering Hanyang
University, Seoul, Korea, Republic of

Adenovirus (Ad)-mediated cancer gene therapy has been proposed
as a promising alternative to conventional therapy for cancer. However,
success of systemically administered naked Ad has been limited due
to the immunogenicity of Ad and the induction of hepatotoxicity
caused by Ad’s native tropism. In this study, we synthesized an
epidermal growth factor receptor (EGFR)-specific therapeutic
antibody (ErbB)-conjugated and PEGylated PAMAM dendrimer
(PPE) for complexation with Ad. Transduction of Ad was inhibited by
complexation with PEGylated PAMAM (PP) dendrimer due to steric
hindrance. However, PPE-complexed Ad selectively internalized into
EGFR-positive cells with greater efficacy than either naked Ad or
Ad complexed with PP. Systemically administered PPE-complexed
oncolytic Ad elicited significantly reduced immunogenicity,
nonspecific liver sequestration, and hepatotoxicity than naked Ad.
Furthermore, PPE-complexed oncolytic Ad demonstrated prolonged
blood retention time, enhanced intratumoral accumulation of Ad, and
potent therapeutic efficacy in EGFR-positive orthotopic lung tumors
in comparison with naked Ad. We conclude that ErbB-conjugated and
PEGylated PAMAM dendrimer can efficiently mask Ad’s capsid and
retarget oncolytic Ad to be efficiently internalized into EGFR-positive
tumor while attenuating toxicity induced by systemic administration
of naked oncolytic Ad.

110. Enhanced Intratumoral Accumulation

of Nucleic Acid and Oncolytic Adenovirus

by Complexation with Biocompatible and
Bioreducible Polymer

Jung-Woo Choi!, Jaesung Kim?, Yan Li!, Chae-Ok Yun!, Sung Wan
Kim?

!Department of Bioengineering College of Engineering Hanyang
University, Seoul, Korea, Republic of, *Center for Controlled
Chemical Delivery (CCCD), Department of Pharmaceutics and
Pharmaceutical Chemistry, University of Utah, Salt Lake, UT

As an effective and safe strategy to overcome the limits of
therapeutic nucleic acid or adenovirus (Ad) vectors for in vivo
application, various technologies to modify the surface of vectors
with nonimmunogenic/biocompatible polymers have been emerging
in the field of gene therapy. However, the transfection efficacy of
the polymer to transfer genetic matrials is still relatively weak. To
develop more advanced and effective polymer to deliver not only
Ad vectors, but also nucleic acids, 6 biocompatible polymers were
newly designed and synthesized to different sizes (2k, 3,4k, or 5k) of
poly(ethylene) glycol (PEG) and different numbers of amine groups
(2 or 5) based on methoxy poly(ethylene glycol)-b-poly {N-[N-(2-
aminoethyl)-2-aminoethyl]-L-glutamate (PNLG). We characterized
size distribution and surface charge of 6 PNLGs after complexation
with either nucleic acid or Ad. Among all 6 PNLGs, the 5amine
group PNLG showed the strongest efficacy in delivering nucleic acid
as well as Ad vectors. Interestingly, cellular uptake results showed
higher uptake ability in Ad complexed with 2 amine group PNLGs is
more essential than the surface charge for cellular uptake in polymers
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with charges greater than 30 mV. Moreover, the endosome escape
ability of Ad/PNLGs increased depending on the number of amine
groups, but decreased by PEG size. Cancer cell killing efficacy and
immune response studies of oncolytic Ad/PNLGs showed 5 amine
group PNLG to be a more effective and safe carrier for delivering
Ad. Overall, these studies provide new insights into the functional
mechanism of polymer-based approaches to either nucleic acid or Ad/
nanocomplex. Furthermore, the identified ideal biocompatible PNLG
polymer formulation (5 amine/2k PEG for nucleic acid, 5 amine/5k
PEG for Ad) demonstrated high transduction efficiency as well as
therapeutic value (efficacy and safety) and thus has strong potential
for in vivo therapeutic use in the future.

11. HSV Vectors Retargeted for Infection of

TrkA Receptor-Bearing, Pain-Sensing C-Fibers
Marco Marzulli, Justus B. Cohen, Bonnie Reinhart, William F.
Goins, Joseph C. Glorioso

Microbiology and Molecular Genetics, University of Pittsburgh,
Pittsburgh, PA

Chronic pain represents a major cause of morbidity and effective
pain therapy remains a significant unmet medical need. The
standard of care relies primarily on systemic drug therapies that
do not target the site of pain sensation. These therapies often have
limited effectiveness, deleterious side effects, and ,induce tolerance.
Herpes simplex viruses (HSV)-based gene therapy vectors offer an
attractive alternative to drug therapy since therapeutic genes can be
delivered to sensory nerve afferents where pain is arising. Our goal
is to develop a transductionally retargeted HSV vector to selectively
deliver therapeutic genes to those neurons activated during chronic
pain states. NGF/TRKA signaling mediates the pain response
associated with inflammatory hyperalgesia and neuropathic pain
conditions, making TrkA-expressing cells an important target for
chronic pain gene therapy. To obtain a fully retargeted HSV, the virus
attachment/entry component glycoprotein D (gD) can be modified to
eliminate recognition of its cognate receptors (HVEM and nectinl)
and introduce a new ligand into the N-terminus of gD to allow entry
through its corresponding cellular receptor. Therefore, we replaced the
signal peptide and HVEM binding domain of gD with pre-pro-(pp)
NGF to create a TrkA targeting protein, gD:ppNGF(Y38), that can
still bind nectinl. Virus expressing gD:ppNGF(Y38) was propagated
on cells expressing nectinl and purified virus was shown to enter
J1.1-2, nectinl-deficient cells, only when transduced with TrkA
receptor (J/TrkA cells). To enhance the propagation of these vectors
on complementing cells, we developed genetic selection methods
to isolate retargeted virus variants that display enhanced entry and
spread on J/TrkA cells. We found that a selected variant (J4H) had
acquired mutations in other HSV envelope glycoproteins, including
one glycoprotein involved in envelope-cell fusion events (gH) and two
that were previously shown to contribute to virus spread (gE and gI).
Moreover, we show that the gH mutation alone, when introduced into
the parental virus backbone, enhances entry and minimally improves
virus spread. We are currently investigating the specific phenotypes
of the individual gE and gl mutations. A fully TrkA-retargeted J4H-
based virus (JAHA38), further modified to completely eliminate
nectinl-binding, also displays enhanced entry and spread on J/TrkA
cells. We are currently testing the J4HA38 virus in primary sensory
neurons in culture and in infections of animals in vivo. We suggest
that the TrkA-vector retargeting will provide a means for transduction
of pain sensing C-fibers to more precisely introduce pain-relieving
gene products.

112.  Potent Antifibrotic Effect on Human Dermal
Fibroblasts and Keloid Spheroids by Adenovirus-

Mediated Inhibition of Wnt and TGF-f Signaling
Hyo Min Ahn', Won Jai Lee?, Youjin Na', Jinwoo Hong', Chae-Ok
Yun!

!Department of Bioengineering, College of Engineering, Hanyang
University, Seoul, Korea, Republic of, *Institute for Human Tissue
Restoration, Department of Plastic & Reconstructive Surgery,
Yonsei University College of Medicine, Seoul, Korea, Republic of

Aberrant activation of the canonical Wingless type (Wnt) signaling
pathway plays a key role in the development of hypertrophic scars
and keloids. This aberrant activation of the canonical Wnt pathway
and its potent profibrotic effects suggest that Wnt pathway can be a
potential target for the development of novel anti-fibrotic agents. In
this study, we evaluated the anti-fibrotic potential of a soluble Wnt
decoy receptor (SLRPOE1E2)-expressing non-replicating adenovirus
(Ad; dE1-k35/sLRP6E1E2) on human dermal fibroblasts (HDFs) and
keloid spheroid. Wnt family member 3a and its effector B-catenin
expression in keloid tissues were analyzed by hematoxylin and
eosin and immunohistochemical staining. HDFs were transduced
with dE1-k35/sLRP6E1E2 or control Ad vector (dEI-k35/LacZ), and
then luciferase reporter assay for f-catenin activity was performed.
Furthermore, change in type-I and -III collagen mRNA levels in
HDFs were measured by quantitative real time PCR. Wnt intracellular
signaling and secreted transforming growth factor-1 (TGF-B1)
protein expression were examined by western blot and the enzyme-
linked immunosorbent assay, respectively. The effect of SLRP6E1E2
on the nuclear localization of -catenin and Smad 2/3 complex was
evaluated by immunofluorescence staining. Lastly, the expression
levels of major extracellular matrix components were investigated
by immunohistochemistry in keloid spheroids after transduction
with dEI-k35/LacZ or dE1-k35/sLRP6E1E2. Higher Wnt3a and
B-catenin expression was observed in the keloid region compared
to the adjacent normal tissues. The activity of B-catenin and mRNA
expression of type-I and -III collagen were significantly decreased
following treatment with dE1-k35/sLRP6E1E2. The expression
of LRP6, B-catenin, phosphorylated glycogen synthase kinase 3
beta, Smad 2/3 complex, and TGF-B1 were decreased in Wnt3a- or
TGF-B1-activated HDFs, following administration of dE1-k35/
sLRP6E1E2. Moreover, dE1-k35/sLRP6E1E2 markedly inhibited
nuclear translocation of both B-catenin and Smad 2/3 complex. The
expression levels of type-I and -111I collagen, fibronectin, and elastin
were also significantly reduced in keloid spheroids after treatment
with dE1-k35/sLRP6E1E2. These results indicate that Wnt decoy
receptor-expressing Ad can degrade extracellular matrix in HDFs
and primary keloid spheroids, and thus it could be highly beneficial
for treatment of keloids.

113.  Potent Therapeutic Efficacy of Neurotensin
Receptor-Targeting and Extracellular Matrix-
Degrading Oncolytic Adenovirus in an Orthotopic
Pancreatic Tumor Model

Youjin Na!, Joung-Woo Choi!, Dayananda Kasala', Jinwoo Hong!,
Eonju Oh!, Yan Li', Soo-Jung Jung!, Sung Wan Kim?, Chae-Ok
Yun!

!Department of Bioengineering College of Engineering Hanyang
University, Seoul, Korea, Republic of, *Center for Controlled
Chemical Delivery (CCCD), Department of Pharmaceutics and
Pharmaceutical Chemistry, University of Utah, Salt Lake City,
Seoul, UT

Pancreatic cancer is highly aggressive, malignant, and notoriously
difficult to cure using conventional cancer therapies. These
conventional therapies have significant limitations due to excessive
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extracellular matrix (ECM) of pancreatic cancer and poor cancer
specificity. The excess ECM prevents infiltration of drugs into the
inner layer of the solid tumor. Therefore, novel treatment modalities
that can specifically target the tumor and degrade the ECM are
required for effective therapy. In the present study, we used ECM-
degrading and Wnt signal-disrupting oncolytic adenovirus (0Ad/
DCN/LRP) to achieve a desirable therapeutic outcome against
pancreatic cancer. In addition, to overcome the limitations in systemic
delivery of oncolytic Ad (0Ad) and to specifically target pancreatic
cancer, neurotensin peptide (NT)-conjugated polyethylene glycol
(PEG) was chemically crosslinked to the surface of Ad, generating a
systemically injectable hybrid system, 0oAd/DCN/LRP-PEG-NT. We
tested the targeting and therapeutic efficacy of o Ad/DCN/LRP-PEG-
NT toward neurotensin receptor 1 (NTR)-overexpressing pancreatic
cancer cells, both in vitro and in vivo. The oAd/DCN/LRP-PEG-NT
elicited increased NTR-selective cancer cell killing and increased
transduction efficiency when compared with a cognate control lacking
NT (0Ad/DCN/LRP-PEG). Furthermore, systemic administration of
0Ad/DCN/LRP-PEG-NT significantly decreased induction of innate
and adaptive immune responses against Ad, and blood retention time
was markedly prolonged by PEGylation. Moreover, NTR-targeting
0Ad elicited greater in vivo tumor growth suppression when compared
with naked 0Ad, and 9.5x10°-fold increased tumor-to-liver ratio. This
significantly enhanced antitumor effect of 0Ad/DCN/LRP-PEG-
NT was mediated by active viral replication and viral spreading,
which was facilitated by ECM degradation and inhibition of Wnt
signaling-related factors (Wnt, $-catenin, and/or vimentin) in tumor
tissues. Taken together, these results demonstrate that oAd/DCN/
LRP-PEG-NT has strong therapeutic potential for systemic treatment
of NTR-overexpressing pancreatic cancer, due to its NTR-targeting
ability, enhanced therapeutic efficacy, and safety.

114. Replication-Defective HSV Vector

Development for Targeted Gene Delivery

Bonnie Reinhart, Daniela Leronni, Justus B. Cohen, Joseph C.
Glorioso

Microbiology and Molecular Genetics, University of Pittsburgh,
Pittsburgh, PA

Gene therapy treatment strategies for Huntington’s disease (HD)
depend on a vector that (i) allows targeted delivery of large therapeutic
transgenes to specific cell populations and (ii) is replication-defective
and non-cytotoxic. Thus, our goal is to develop a replication-defective
HSV-based gene therapy vector to deliver therapeutic transgenes to the
cells most affected by expression of the mutant Huntington gene (Htt).
Strategies for full retargeting of HSV require virus detargeting from
its cognate receptors (HVEM and nectinl), recognized by the virus
attachment/entry component glycoprotein D (gD), and introduction
of'a new ligand into gD that allows entry through recognition of the
corresponding cellular receptors. To target an HSV vector for entry
exclusively into cells expressing the receptor GFRal we employed
the ligand GDNF. We replaced the signal peptide and HVEM binding
domain of gD with pre-pro-(pp)GDNF to create a GFRal targeting
protein, gD(Y38) GDNF, that can still bind nectinl. Virus expressing
gD(Y38) GDNF was propagated on cells expressing nectinl and
purified virus was shown to enter nectinl-deficient J1.1-2 and B78H1
cells in a GFRal-dependent manner. U20S cells engineered to
express GFRa1 demonstrated the most robust virus entry and spread,
allowing us to create and propagate a fully retargeted virus that can
no longer bind nectinl, gD(A38) GDNF. Once the functionality of
gD(A38) GDNF was confirmed, we transferred this mutation to a
replication-defective backbone lacking essential immediate early
gene expression. Complementing cells were screened and those cells
that best supported growth of the replication-defective backbone
were selected. Virus stocks were propagated and tested for receptor
specificity in vitro and experiments are currently underway to assess

GFRal-specific entry in vivo. We anticipate that the use of neuronal-
specific targeting ligands, such as GFRal, in replication-defective
backbones will promote homing of non-toxic HSV gene therapy
vectors to cells affected in HD.

115.  Tumor Microenvironment-Targeting Hybrid
Vector System Utilizing Oncolytic Adenovirus
Complexed with pH-Sensitive and Bioreducible
Polymer

Jung-Woo Choi!, Dayananda Kasala', Chang Yoon Moon', Soo-
Jung Jung', Sung Wan Kim?, Chae-Ok Yun'

'Department of Bioengineering College of Engineering Hanyang
University, Seoul, Korea, Republic of, *Center for Controlled
Chemical Delivery (CCCD), Department of Pharmaceutics and
Pharmaceutical Chemistry, University of Utah, Salt Lake, UT

Oncolytic adenoviruses (Ads) have shown great promise in
cancer gene therapy but their efficacy has been compromised by
potent immunological, biochemical, and specific tumor-targeting
limitations. To take full advantage of the innate cancer-specific
killing potency of oncolytic Ads but also exploit the subtleties of
the tumor microenvironment, we have generated a pH-sensitive and
bio-reducible polymer (PPCBA)-coated oncolytic Ad. Ad-PPCBA
complexes showed higher cellular uptake at pH 6.0 than pH 7.4
in both high and low coxsackie and adenovirus receptor-(CAR)-
expressing cells, thereby demonstrating Ad-PPCBA’s ability to
target the low pH hypoxic tumor microenvironment and overcome
CAR dependence for target cell uptake. Endocytic mechanism
studies indicated that Ad-PPCBA internalization is mediated by
macropinocytosis instead of the CAR-dependent endocytic pathway
that internalizes naked Ad. VEGF-specific shRNA-expressing
oncolytic Ad complexed with PPCBA (RdB/shVEGF-PPCBA)
elicited much more potent suppression of U87 human brain cancer
cell VEGF gene expression in vitro, and human breast cancer MCF7
cell/Matrigel plug vascularization in a mouse model, when cancer
cells had been previously infected at pH 6.0 versus pH 7.4. Moreover,
intratumorally and intravenously injected RdAB/shVEGF-PPCBA
nanocomplexes elicited significantly higher therapeutic efficacy
than naked virus in U87-tumor mouse xenograft models, reducing
IL-6, ALT, and AST serum levels. These data demonstrated PPCBA’s
biocompatibility and capability to shield the Ad surface to prevent
innate immune response against Ad after both intratumoral and
systemic administration. Taken together, these results demonstrate
that smart, tumor-specific, oncolytic Ad-PPCBA complexes can be
exploited to treat both primary and metastatic tumors.

116. Overcoming CAR-Dependency of Oncolytic
Adenovirus via Adenoviral Fiber Modification with
Vesicular Stomatitis Virus Glycoprotein Epitope for
Enhanced Antitumor Efficacy

A-Rum Yoon, Jinwoo Hong, Chae-Ok Yun

Department of Bioengineering College of Engineering Hanyang
University, Seoul, Korea, Republic of

Utility of traditional oncolytic Ad has been limited due to low
expression of coxackies and adenovirus receptor (CAR) in cancer
cells which results in poor infectivity of Ads. Here with an aim of
improving the efficiency of Ad’s entry to the cell, we generated a
novel tropism-expanded oncolytic Ad which contains the epitope of
vesicular stomatitis virus glycoprotein (VSVG) at the HI-loop of Ad
fiber. We generated 9 variants of oncolytic Ads with varying linkers
and partial deletion to the fiber. Only one VSVG epitope-incorporated
variant, RAB-1L-VSVG, which contains 1 linker and no deletion to
fiber, was produced efficiently. Production of 3-dimensionaly stable
fiber in RdB-1L-VSVG was confirmed by immunoblot analysis.
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RdB-1L-VSVG shows a remarkable improvement in cytotoxicity
and total viral yield in cancer cells. RAB-1L-VSVG demonstrates
enhanced cytotoxicity in cancer cells with subdued CAR-expression
as it can be internalized by an alternate pathway. Competition assays
with a CAR-specific antibody (Ab) or VSVG receptor, phosphatidyl
serine (PS), reveals that cell internalization of RdB-1L-VSVG is
mediated by both CAR and PS. Furthermore, treatment with RdB-
1L-VSVG significantly enhanced anti-tumor effect in vivo. These
studies demonstrate that the strategy to expand oncolytic Ad tropism
may significantly improve therapeutic profile for cancer treatment.

117. Development of Novel Cancer Therapy
Combination of Ad-SOCS Gene Therapy and LAK
Cell Immunotherapy for the Treatment of Prostate

Cancer

Hiroki Saito', Koichi Kitagawa', Tetsuji Naka?, Satoshi Serada?,
Toshiro Shirakawa!

!Division of Translational Research for Biologics, Kobe University,
Kobe, Japan, *Laboratory of Immune Signal, National Institute of
Biomedical Innovation, Health and Nutrition, Osaka, Japan

Background Suppressor of cytokine signaling 3 (SOCS3) is a
promising molecule for cancer gene therapy. SOCS3 suppresses tumor
growth through inhibition of mutiple signaling pathways including
Janus kinase (JAK)/signal transducer and activator of transcription
3 (STAT3), extracellular signal-regulated kinase (ERK), and focal
adhesion kinase (FAK). The constitutive activation of JAK/STAT3
pathway is known to be involved in oncogenesis of various types of
cancers including prostate cancer. We investigated the anti-tumor
activity of Ad-SOCS, which is the recombinant adenovirus vectors
carrying the SOCS3 gene, against prostate cancer cell line in vitro.
Furthermore, to improve the antitumor effect against prostate cancer,
we combined LAK (Lymphokine activated killer ) cell immunotherapy
with Ad-SOCS gene therapy. Materials and Methods LNCaP, human
prostate cancer cell line was used in this study. The cytotoxicity of Ad-
SOCS against LNCaP was measured by XTT assay. LAK cells were
generated from PBMCs isolated from fresh blood by Ficoll-paque
(GE Healthcare, Munich, Germany) density gradient centrifugation.
PBMC were incubated in medium with interleukin (IL)-2 and anti
CD3 antibody (OKT3) to generate LAK cells. The cytotoxicity
of LAK cells against LNCaP cells infected with Ad-SOCS was
investigated by the in vitro cytotoxicity assay. Expression level of
SOCS3, STAT3 and ULBPs were measured by real-time PCR. Results
Ad-SOCS showed the significantly higher cell growth inhibitory
effect compared to Ad-LacZ and PBS controls in LNCaP cells. In
real-time PCR, Ad-SOCS significantly increased the level of SOCS3
mRNA expression. Sequentially, the expression of STAT3 mRNA was
decreased by Ad-SOCS infection. Upregulation of SOCS3 mRNA
and downregulation of STAT3 mRNA were not observed in both Ad-
LacZ and PBS infected LNCaP cells. In cytotoxicity assay, LAK cells
exhibited the significantly higher cytotoxicity against LNCaP cells
infected with Ad-SOCS at all effector : target cell ratios, 1:1,5:1, 10:1,
compared with that of non-infected or Ad-LacZ infected cells. The
mRNA expression levels of ULBP 1-5, which are NKG2D ligands
to stimulate LAK cell activities, were measured and the mRNA
expressions of ULBP 1, 3 and 4, in LNCaP infected with Ad-SOCS
were significantly increased compared to the treatments. Conclusion
In the present study, we demonstrated that Ad-SOCS could inhibit
the cell growth of LNCaP cells and increased the sensitivity of LAK
cell in vitro. These findings suggested that the Ad-SOCS and LAK
cell combination therapy warranted the further development of novel
therapeutic approach for advanced prostate cancer.
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118.  Characterization of Chromosomal
Alterations Using a Zinc-Finger Nuclease Targeting
the Beta-Globin Gene Locus in Hematopoietic
Stem/Progenitor Cells

Joseph Long!, Megan D. Hoban!, Caroline Y. Kuo?, Beatriz Campo
Fernandez', Aaron R. Cooper®, Dianne Lumaquin', Roger P.
Hollis', Donald B. Kohn!, Zulema Romero'

!Microbiology, Immunology and Molecular Genetics, University
of California, Los Angeles, Los Angeles, CA, *Pediatrics, Division
of Allergy and Immunology, University of California, Los Angeles,
Los Angeles, CA, *Molecular Biology Interdepartmental Ph.D.
Program, University of California, Los Angeles, Los Angeles, CA

The use of engineered nucleases for targeted gene correction of
the sickle cell disease (SCD) mutation in hematopoietic stem and
progenitor cells (HSPCs) combined with a homologous DNA donor
template can result in successful targeted gene correction. However,
due to a high sequence homology existing between the beta- and
delta-globin genes, off-target endonuclease cleavage events can
occur when using endonucleases targeted to beta-globin. Moreover,
the introduction of multiple double stranded breaks by site-specific
endonucleases has the potential to induce chromosomal alterations
such as translocations, deletions, and inversions. This work focused on
the use of a novel Droplet Digital PCR (ddPCR) assay to characterize
the frequency of deletions, inversions and translocations between
the beta- and delta-globin paralogs when delivering nucleases that
can cleave at beta- and show off-target activity at the delta-globin
locus in HSPCs. The impact of co-delivering these nucleases with
or without a homology-directed repair (HDR) donor template (as an
integrase defective lentiviral vector [IDLV] or as a single stranded
oligonucleotide) was also assessed. Bone marrow (BM) CD34*
cells from a SCD patient were treated with ZFNs with high levels of
site-specific cleavage activity at both the beta- and delta-globin loci
(32-44% indels at beta-globin and 2-12% indels at delta-globin by
CELI1 assay). Samples treated with nuclease-only, nuclease+Oligo and
nuclease+IDLV respectively, showed that the different events were
present at the following frequencies: 41.3%, 45.3% and 50.2% for
the deletion; 9.7%, 6.5% and 8.8% for the inversion; and 0.6%, 0.5%
and 0.2% for the translocations involving beta- and delta-globin. The
same analysis performed in colony forming units (CFUs), derived
from the SCD BM CD34" cells treated with nuclease or nuclease
with HDR Donor, showed that the deletion was the most frequent
event, followed by the inversion, with the translocation least frequent,
mirroring what was observed in the CD34" pooled populations. Thus,
for each event, the frequency was independent of the presence of
oligo or IDLV donor template, in both the pooled and the clonal
populations. Additionally, the ddPCR analysis of CFUs gave insight
into the mono-allelic vs. bi-allelic nature of each rearrangement event,
and thus the mono-allelic vs. bi-allelic modification frequency of the
nuclease-driven editing. Analysis of the nuclease only treated CFUs
showed that 30% of deletion events were bi-allelic; while the majority
of inversions and translocations were mono-allelic. These results
confirmed that due to the high sequence homology existing between
the target locus in beta-globin and the off-target locus in delta-globin,
there was a significant frequency of chromosomal alterations induced
by cleaving both paralogs in the same human HSPCs. This may partly
reflect the unique chromosomal conformation of the globin genes
due to their co-regulation in hematopoiesis, and looping to the same
cis-regulatory element. More generally, these findings demonstrate
the need to develop site-specific endonucleases with high specificity
to avoid unwanted chromosomal alterations.
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119.  Engineering a Self-Inactivating CRISPR
System for AAV Vectors

Benjamin E. Epstein, David V. Schaffer

Bioengineering, University of California, Berkeley, Berkeley, CA

Significant strides in nuclease engineering have enabled a broad
range of biomedical applications. However, numerous challenges
remain, and in particular the long term expression mediated by AAV
delivery of nuclease-encoding constructs to post-mitotic cells raises
concerns with specificity and immunogenicity. That is, off-target
nuclease activity can induce genotoxicity, and expression of an
exogenous nuclease has the potential to elicit an immune response
against transduced cells. Thus, it would be advantageous to limit the
duration of nuclease expression following delivery.

We have engineered self-inactivating nuclease constructs using
the CRISPR/Cas9 system, which consist of a Cas9 nuclease such as
that from Streptococcus pyogenes (SpCas9), a chimeric single guide
RNA (sgRNA) molecule for targeting, and flanking sites targeted by
that sgRNA. For example, we modified an SpCas9/sgRNA construct
targeted at the VEGFA locus by introducing copies of the target site
flanking the nuclease construct. The result is a negative feedback loop
where Cas9 cuts both the target genomic locus and its own coding
construct and thereby self-limits its expression. We demonstrate
that this construct can eliminate >90% of its expression within 72
hours, and tuning of different parameters enables retention of up to
65% on-target efficiency and reduction of off target-cutting by up to
80%. We further show that by engineering the flanking target sites to
contain mismatches to the sgRNA, the Cas9 expression duration can
be modulated and the on-target/off-target cutting ratios improved.

By retaining strong activity while minimizing off-target effects
and by eliminating potentially immunogenic, long-term expression
of foreign protein, these self-inactivating constructs have the potential
to address two substantial concerns with therapeutic application of
engineered nucleases.

120. Efficient In Vivo Liver-Directed Gene
Editing Using CRISPR/Cas9

Kshitiz Singh, Hanneke Evens, Melvin Rincon, Nisha Nair,
Shilpita Sarcar, Ermira Samara-Kuko, Marinee K. Chuah, Thierry
VandenDriessche

Department of Gene Therapy & Regenerative Medicine, Free
University of Brussels, Brussels, Belgium

Clustered, regularly interspersed, short palindromic repeat RNA-
guided nucleases have emerged as highly efficient genome editing
tools. However, in vivo tissue-specific genome editing at the desired
loci is still a challenge. Here, we report that truncated guide RNAs
(gRNAs) and Cas9 under the control of a computationally designed
hepatocyte-specific promoter lead to liver-specific and target site-
specific indel formation in the mouse factor IX (FIX) gene. The
truncated gRNAs targeting unique sites in exon 1 and exon 6 of
the mouse FIX gene were designed using a computational CRISPR
design tool and the target sites overlap with mutations known to
cause hemophilia B in patients. The gRNA and Cas9-expressing
constructs were delivered in vivo using AAV9 vectors. The efficiency
of in vivo targeting was assessed by T7E1 assays, site-specific Sanger
sequencing and deep sequencing of on-target and putative off-target
sites. Though AAVO transduction was apparent in multiple tissues and
organs, Cas9 expression was restricted mainly to the liver, with only
minimal or no expression in other non-hepatic tissues. Consequently,
the indel frequency was robust in the liver (up to 50%) in the desired
target locus of the FIX gene, with no evidence of targeting in other
organs. This resulted in a substantial loss of FIX activity and the
emergence of a bleeding phenotype, consistent with hemophilia B.

Deep sequencing of putative off-target sites revealed no off-target
editing. Our findings have potentially broad implications for somatic
gene editing in the liver using the CRISPR/Cas9 platform.

121. T Cell Receptor Modification by Highly

Specific TALEN and CRISPR/Cas9

Friederike Knipping', Karl Petri', Eliana Ruggiero', Mark Osborn?,
Jakub Tolar?, Manfred Schmidt', Christof von Kalle', Richard
Gabriel!

'Department of Translational Oncology, German Cancer Research
Center and National Center for Tumor Diseases, Heidelberg,
Germany, *Department of Pediatrics, University of Minnesota,
Minneapolis, MN

Adoptive transfer of T cells with transgenic high avidity T cell
receptors (TCR) is a promising therapeutic approach, however it
comprises certain challenges. Endogenous and transferred TCR
chains compete for surface expression and may pair inappropriately,
potentially leading to autoimmunity. This can be prevented by
designer nucleases such as transcription activator-like effector
nucleases (TALEN) and the clustered regularly interspaced short
palindromic repeats (CRISPR)/CRISPR associated (Cas) system.
Their ability to introduce specific DNA double strand breaks (DSB)
at their target sites can be harnessed for targeted genome editing. DSB
repair through non-homologous end joining (NHEJ) can result in
permanent gene knockout due to frame shift mutations. Alternatively,
if a homology-containing donor template is provided, transgenes
can be integrated into the specific target locus by homology directed
repair (HDR). In order to disrupt endogenous TCR expression, we
assembled nine TALEN and two CRISPR/Cas9 guide RNA (gRNA)
targeting the constant region of the TCR a-chain (7RAC) and four
TALEN and three CRISPR/Cas9 gRNA targeting both constant
regions of the TCR B-chain (TRBC1/TRBC?2). Here we show specific
DSB induction by TALEN and CRISPR/Cas9 in K562 and primary
T cells using T7 endonuclease I targeting efficiency assay and deep
sequencing. Electroporation of primary T cells with TRAC-TALEN or
TRBC-TALEN mRNA led to successful elimination of surface TCR
expression in about 76% of the cells. To analyze nuclease specificity,
K562 cells were transduced with an integrase-defective lentiviral
vector (IDLV) prior to nucleofection with TALEN- or CRISPR/Cas9-
expressing plasmids. IDLV can be integrated into DSB during DNA
repair, thereby serving as stable markers for transient DSB. IDLV-
marked DSB were subsequently localized using LAM-PCR and deep
sequencing. Clustered integration sites (CLIS) were detected around
all nuclease target sites, confirming on-target activity. Although up
to 3268 IDLV integration sites were analyzed for each TALEN and
CRISPR/Cas9 gRNA, only one CLIS for one gRNA was mapped at
an off-target position, indicating a very high level of specificity. To
establish HDR-mediated targeted integration, we assembled donor
templates containing a GFP expression cassette flanked by 800bp
TRAC- or TRBC1-homologous sequences. We verified targeted gene
addition in 10% of K562 cells treated with TALEN and the respective
donor template. Delivery of the TRAC-donor packaged into IDLV
resulted in targeted integration of the GFP expression cassette in
5% of primary T cells. To sum up, here we present highly efficient
and specific TALEN and CRISPR/Cas9 and their utility for T cell
engineering.
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122. Seamless Correction by Donor DNA of
a Class | CFTR Mutation Facilitated by a Double

Nicking CRISPR/Cas9 in CF-iPSCs

Shingo Suzuki', Keisuke Chosa'?, Albert Lee!, Michael Yezzi',
Hirofumi Kai?, Dieter Gruenert'

"University of California, San Francisco, San Francisco, CA,
’Kumamto University, Kumamoto, Japan

Development of effective gene modification via Homology
Directed Repair (HDR) as well as induced pluripotent stem cells
(iPSCs) have been significant advances in development of gene- and
cell-based therapies for inherited diseases. Patient-specific iPSCs
with a corrected disease causing mutation have the potential to
functionally repair damaged tissues and organs. Cystic fibrosis (CF)
is the most common inherited disease in the Caucasian population
with significant multiorgan damage, caused by mutations in the CF
transmembrane conductance regulator (CFTR) gene. We and others
have shown seamless gene correction of the F'508delCFTR mutation,
the most common mutation found in CF patients and classified as
Class II CFTR mutation, in CF-iPSCs. Correction of the F508del
mutation by small/short DNA fragments (SDFs) was enhanced by
sequence-specific transcription activator-like effector endonucleases
(TALENS). Given that there are > 2,000 mutations associated with CF,
the approach used above makes it possible to develop personalized,
mutation specific gene and cell therapeutic strategies for CF patients.
The studies here describe the generation of iPSCs from a CF patient
homozygous for the W1282X, Class I, CFTR mutation and its
correction via HDR. As an alternative to using an SDF/TALEN
based system described above, the studies described here use a drug
selection-based wtCFTR PiggyBac donor DNA system with clustered
randomly interspersed short palindromic repeat (CRISPR)/Cas9
nickases targeting CFTR exon23 (the site of the W1282X mutation).
CF W1282X/W1282X patient-derived fibroblasts were retrovirally
reprogramed with Yamanaka factors (Oct4/Sox2/Kl1f4/c-Myc) into
CF-iPSCs. To correct the W1282X mutation in the CF-iPSCs, a donor
DNA comprising the wtCFTR genomic DNA region including exon23,
and a CAG-puroATK cassette flanked by PiggyBac repeats ending
in the TTAA sequence also found in intron 23 of genomic CFTR.
Several pairs of CRISPR/Cas9 nickase were also designed to cleave
at specific sites adjacent to the W1282X locus. These nickases were
assayed for optimal targeting efficiency. The pair that most effectively
introduced nicks in double strand DNA were co-transfected with the
donor DNA in CF-iPSC. Candidate corrected clones were selected
with puromycin, and then assayed by PCR with one primer inside of
PiggyBac cassette and the other outside the homology arms in donor
DNA 5° and 3’ of the PiggyBac Cassette. The donor DNA alone
did not catalyze site-directed HDR in clones exhibiting puromycin
resistance, however, co-transfection of the donor DNA with the
optimized CRISPR/Cas9n pairs gave a targeting efficiency of 4.76%
(1/21) and 36.6% (15/41) (colonies with HDR/ puromycin resistant
colonies) in independent experiments. The drug-resistance cassette
in the clones was excised by overexpressing PiggyBac transposase
resulting in seamless correction of the CF-iPSCs. This study was
supported by grants from Pennsylvania Cystic Fibrosis, Inc, and
Cystic Fibrosis Research, Inc, and PPG DK 088760.

123. Gene Editing as a Therapeutic Approach to
Treat IPEX Syndrome

Marianne Goodwin', Francesca Santoni de Sio?, Daniel Dever!,
Matthew Porteus', Maria Grazia Roncarolo', Rosa Bacchetta!
!Division of Stem Cell Transplantation and Regenerative Medicine,
Department of Pediatrics, Stanford University, Stanford, CA, *San
Raffaele Telethon Institute for Gene Therapy, Milan, Italy

Site-specific gene editing combined with autologous stem cell
transplantation holds tremendous potential to treat both inherited and

acquired diseases. However, the translational applications of gene
editing are limited by the challenge of achieving sufficient levels
of gene targeting in human primary cells. Recent advances in gene
editing, including use of the CRISPR-Cas9 system, nuclease-resistant
chemically modified small guide RNAs (sgRNAs), and serotype-
optimized AAV delivery of donor repair DNA templates, are enabling
clinically relevant levels of gene editing in human primary cells. Here,
we build upon these advances to develop a gene editing strategy to
treat the immune-dysregulation polyendocrinopathy-enteropathy-
X-linked (IPEX) syndrome, a severe primary immune deficiency
manifesting with life-threatening multi-organ autoimmunity in
children. IPEX is caused by mutations in the forkhead box protein 3
gene (FOXP3), resulting in dysfunction of T regulatory cells (Tregs)
and T effector cell lymphoproliferation. Due to the presence of
disease causative mutations throughout the entire FOXP3 gene and
the complex nature of FOXP3 regulatory elements, we designed a
strategy to functionally correct the gene in IPEX patient cells using
on-target, homology directed repair (HDR)-mediated insertion of
the FOXP3 coding sequence into the gene locus. By targeting the
FOXP3 gene using a CRISPR system comprised of Cas9 mRNA and
chemically modified sgRNAs, we were able to attain high targeting
frequencies, reaching 70-80% in human primary CD4+ T cells. We
use this CRISPR system in combination with a repair donor DNA
template delivered with AAV to demonstrate FOXP3 gene correction
in human CD34+ hematopoietic stem and progenitor cells (HSPCs).
In addition to gene correction of FOXP3, we use a similar strategy in
parallel to knockout FOXP3 in wild-type human CD34+ HSPCs. We
use the knockout HSPCs to generate a humanized mouse model of
FOXP3 dysfunction, which enables us to study the pathophysiology
of IPEX and to ultimately test the efficacy of gene-corrected Treg
cell-based therapies. These results will help demonstrate the feasibility
of FOXP3 gene editing, which we propose for the translational
application of autologous transplant of Tregs and HSPCs as a therapy
for IPEX syndrome.

124. Therapeutic Correction of an LCA-Causing
Splice Defect in the CEP290 Gene by CRISPR/Cas-
Mediated Gene Editing

Morgan L. Maeder, Rina Mepani, Sebastian Gloskowski, Maxwell
Skor, McKensie Collins, Shen Shen, Gregory Gotta, Eugenio
Marco, Luis Barrera, Hari Jayaram, David Bumcrot

Editas Medicine, Cambridge, MA

Leber congenital amaurosis (LCA) comprises a genetically
heterogeneous group of early-onset retinal disorders characterized by
severe loss of vision in the first years of life. Approximately 20% of
LCA patients harbor mutations in the CEP290 gene, which exceeds
the packaging limit of AAV and is therefore not amenable to traditional
gene therapy. Here, we demonstrate a gene editing approach in which
the CRISPR/Cas9 system is used to modify the endogenous CEP290
locus and restore normal function of the gene.

The most common mutation in CEP290 is the IVS26 ¢.2991+1655
AtoG mutation. This point mutation in intron 26 of the gene generates
anovel splice donor, resulting in aberrant splicing and the presence of
a premature stop codon. Using the S. aureus CRISPR/Cas9 system,
we employed a dual-cut approach in which two gRNAs are used to
excise the mutation-containing region in primary fibroblasts derived
LCA10 patients. Upon gene editing, these cells show correction of
the splicing defect as evidenced by a two-fold increase in expression
of wildtype CEP290 transcript and a concomitant two-fold decrease
in levels of the mutant RNA species. Additionally, Western blotting
shows increased expression levels of full-length CEP290 protein.

Using targeted amplicon sequencing of computationally predicted
sites, as well as the minimally biased GUIDE-Seq method, we have
performed broad specificity profiling, allowing us to narrow down
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the list of top gRNA candidates. The use of the S. aureus CRISPR/
Cas9 system enables efficient packaging of the Cas9 gene, as well as
two gRNA genes, into a single AAV vector and provides a method
for therapeutic delivery of this system into patient photoreceptors.

125. Purging Latent HIV Infection by CRISPR-
Mediated Viral Reactivation

Prajit Limsirichai!, Thomas Gaj?, David V. Schaffer?

!Department of Plant and Microbial Biology, University of
California, Berkeley, Berkeley, CA, Department of Chemical and
Biomolecular Engineering, University of California, Berkeley,
Berkeley, CA, *Departments of Chemical and Biomolecular
Engineering, Bioengineering, Molecular & Cell Biology,
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Complete eradication of HIV-1 infection is impeded by the
existence of cells that harbor chromosomally integrated but
transcriptionally inactive provirus. These latently-infected cells can
persist for years without producing viral progeny, rendering them
refractory to immune surveillance and antiretroviral therapy and
providing a permanent reservoir for the stochastic reactivation and
reseeding of HIV-1. Strategies for purging this latent reservoir are
thus needed to eradicate infection. Here we show that engineered
transcriptional activation systems based on CRISPR/Cas9 can be
harnessed to activate HIV-1 expression in cell line models of latency.
We utilized two distinct CRISPR transcriptional activation systems,
dCas9-VP64 and the synergistic activation mediator (SAM) complex,
to target numerous sites across the HIV-1 long terminal repeat (LTR)
promoter and observed robust expression from the full-length HIV-1
promoter in multiple cell line models of HIV-1 latency. We further
demonstrated that complementing Cas9 activators with latency-
reversing compounds can enhance latent HIV-1 transcription and that
epigenome modulation using CRISPR-based acetyltransferases could
also promote viral gene activation. Finally, we showed that latent
HIV-1 expression could also be stimulated by CRISPR-mediated
activation of endogenous factors not previously implicated in HIV-
1 pathogenesis but whose expression could nonetheless reactivate
viral gene expression. Collectively, these results demonstrate that
CRISPR systems are potentially effective tools for inducing latent
HIV-1 expression and that their use, in combination with antiretroviral
therapy, could lead to improved therapies for HIV-1 infection.

126. Identification of Human Papillomavirus
Entry Receptors with CRISPR-Cas9 Library
Xinping Fu, Lihua Tao, Aiwu Jin, Xiaoliu Zhang

Center for Cell Receptors and Cell Signaling, Department of
Biology & Biochemistry, University of Houston, Houston, TX

Human papillomaviruses (HPVs) are a family of small nonenveloped
viruses that induce mostly benign papillomas. However, infection of
several high-risk HPV types, most prominently HPV 16 and 18, can
cause cervical cancer and other epithelial tumors. The cell biology of
HPYV entry is still a subject of scientific debate, and in particular, the
cellular receptors for HPV infection have not been firmly determined.
The present study was designed to use CRISPR-Cas9 gene knock-out
library to identify cellular proteins that may be used by HPV for entry.
HEK293 cells were initially transduced with CRISPR-Cas9 knockout
screening libraries, and then selected with puromycin for two weeks.
The cells were then transduced with HPV-16 pseudoviruses containing
the GFP marker gene, and GFP-negative cells were subsequently
selected by flow cytometry. This process was repeated multiple rounds
to enrich the GFP-cell population, and the percentage of GFP* cells
went down from over 90% to less than 10% during this enrichment
process. A combination of PCR and DNA sequencing was then used
to determine the genes that had been knocked out from this cell

population. Our data show that solute carrier family 35 (adenosine
3’-phospho 5’-phosphosulfate transporter) member B2 (SLC35B2),
malectin (MLEC), xylosylprotein beta 1,4-galactosyltransferase and
transmembrane protein 8C (TMEMS8C) were the most frequently
knocked out genes in these cells. We then validated the involvement
of'one of these genes, SLC35B2 in HPV entry, by either deleting genes
from fresh HEK293 cells or by reintroducing the gene back to the
cells that had it knocked out. Interestingly, SLC35B2 knockout was
found to affect entry of some other viruses such as herpes simplex
viruses. In conclusions, CRISPR-Cas9 knockout screening system
is a useful tool for identifying cellular receptors for viruses such as
HPYV, in which the entry mechanism has not been fully elucidated.

127. Lentiviral Protein Transduction for Tailored

Genome Editing and Site-Directed Gene Insertion
Yujia Cai, Rasmus O. Bak, Anders Laustsen, Yan Zhou, Chenglong
Sun, Yonglun Luo, Martin R. Jakobsen, Jacob G. Mikkelsen
Department of Biomedicine, Aarhus University, Aarhus, Denmark

Therapeutic use of site-directed endonucleases relies on safe and
effective cellular delivery, preferentially resulting in short-term
enzymatic activity. Based on the packaging of Gag/GagPol-fused
heterologous proteins into VSV-G-pseudotyped lentivirus-derived
particles, we have established lentiviral protein transduction for
delivery of DNA transposases and custom-made endonucleases.
Up to 24% of targeted CCRS5 and AAVS1 alleles were disrupted in
primary cells, including normal human dermal fibroblasts and primary
keratinocytes, exposed to lentiviral particles loaded with zinc-finger
nucleases (ZFNs). By exposing human 293 cells to ‘all-in-one’
integrase-defective lentiviral vectors (IDLVs) containing a complete
gene repair kit consisting of ZFNs and viral RNA carrying the donor
sequence for homology-directed repair, correction of genomic
mutations was obtained in more than 8% of treated cells. As shown by
confocal microscopy, ZFN proteins were abundant within transduced
cells one hour after initial virus exposure, but were short-lived and
gone after 24 hours. In accordance, under conditions supporting
comparable CCRS indel rates, disruption of the nearby CCR2 off-
target site was reduced by lentiviral delivery of ZFNs targeting CCRS
relative to a conventional transfection-based approach. As biased and
uncontrolled integration into genes remains a key challenge for gene
therapies based on lentiviral vector technologies, we engineered ZFN-
loaded IDLVs with the capacity to insert transgenes into the human
CCRS5 and AAVS1 loci by a homology-driven mechanism. Targeted
gene integration into safe genomic loci was observed in human cell
lines (85% of analyzed clones) and in human stem cells, including
CD34+ hematopoietic progenitors and induced pluripotent stem cells
(iPSCs). Notably, targeted transgene insertion into safe harbors was
identified in all of 23 analyzed iPSC clones. Altogether, our findings
generate a new platform for targeted genome engineering based on
lentiviral delivery of complete gene repair or gene insertion kits.

128. Targeting a High-Expression FVIII
Transgene to Exogenous Locations in the Genome
without Disrupting Endogenous Gene Expression
Jennifer M. Johnston, Matthew Porteus

Pediatrics, Stanford University, Stanford, CA

The technology that is now available for targeted genome editing
consists of artificial nucleases that create double stranded breaks at
specific genomic locations that can then be corrected by intrinsic
cellular repair processes. Genome editing can be achieved by
exploiting the repair mechanism of homologous recombination by
providing a donor vector containing the gene(s) of interest flanked
by sequences homologous to the site of the double strand break.
To date, gene addition in this manner is targeted to defined inert
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safe harbor loci. We developed an innovative targeting strategy
in which homologous recombination could be utilized to target a
transcriptionally active genomic locus without disrupting expression
of the endogenous gene. In this manner, essentially any location
in the genome becomes a potential safe harbor for homologous
recombination-mediated genome editing. One advantage to this
strategy is that it allows for transgene expression to be under the
precise control of endogenous regulatory elements, rather than using
heterologous promoters. Therefore, the optimal locus with the most
advantageous regulatory elements to drive transgene expression
can be selected for gene addition. Pilot experiments confirmed the
expression of exogenous reporter genes (such as the green fluorescent
protein or the more therapeutically relevant biologically inert surface
selectable marker delta NGFR) from either an exogenous ubiquitous
promoter or from the exogenous promoter due to the addition of a
T2A element incorporated downstream of the endogenous gene.
Notably, expression of the endogenous gene was confirmed to be
unaltered. These experiments were performed at three separate
genomic locations. To demonstrate the feasibility of this strategy
therapeutically however, a high-expression FVIII chimeric transgene
(HPFVIII) was incorporated into two distinctly active genomic loci:
the IL2R gamma chain locus and the adenosine deaminase locus.
The donor vectors utilized contained the cDNA for the endogenous
gene locus (either the IL2R gamma chain gene or the adenosine
deaminase gene) followed by a ubiquitous promoter intended to drive
the expression of HPFVIII, all of which was flanked by one kilobase
arms of homology. Both the myeloid erythroid-leukemic K562 cell
line and the acute T cell leukemic Jurkat cell line were modified upon
nucleofection and confirmed to be targeted by sequencing. Single
cell clones were produced and assessed for HPFVIII expression by
a one-stage APTT based coagulation assay. Clones were found to
express therapeutic levels of FVIII from both loci in both cell types
(1 Unit/ 2 million cells / 24 hrs). These experiments set the stage for
targeting of HPFVIII into hematopoietic stem and progenitor CD34+
cells for the purpose of treating Hemophilia A.

129. Does Transcription Influence AAV-Mediated
Homologous Recombination?

Laura P. Spector!, Mark A. Kay?

'Department of Genetics, Stanford University, Stanford, CA,
’Departments of Pediatrics & Genetics, Stanford University,
Stanford, CA

Recombinant adeno-associated viral (AAV) vectors constitute one
of the most promising tools for gene transfer. While the majority
of AAV transduction events are episomal, our laboratory recently
exploited the vector’s ability to induce homologous recombination
(HR) to design promoterless vectors that utilize chromosomal
homology arms flanking a ribosomal skipping P2A-therapeutic
coding sequence construct to integrate sequences just upstream of
the stop codon of an endogenous gene. When targeting the albumin
gene in the liver, a chimeric mRNA transcript capable of producing
both albumin and a second therapeutic protein is consequently
created. Not only do these vectors offer the permanence of gene
transfer associated with integration, but a vector lacking a promoter
reduces the chance for oncogene activation from off-target vector
integration. AAV-mediated HR appears to be more efficient when
targeting transcriptionally active loci, yet it is unclear if transcription
itself or other factors that secondarily influence transcription, such
as chromatin state, are directly linked to AAV-mediated HR. We
therefore set out to establish if the transcriptional rate in particular
is a major determinant for this type of HR.

To do this, we developed a strategy to quantify precision AAV-
mediated transgene integration by exploiting an engineered locus
whose transcriptional rates could be controlled by drug administration.
To this end, we used lentiviral vectors to generate a series of clonal

HeLa cell populations each harboring a single-copy, doxycycline-
inducible genomic site expressing the human alpha 1-antitrypsin
(hAAT) cDNA. Upon induction with doxycycline, transgene
expression from this site increases by greater than 1,000-fold. Each
clonal cell population was infected with an AAV serotype DJ vector
containing homology arms to the integrated hAAT cDNA and a
P2A- codon-optimized human coagulation factor IX (hFIX) cDNA
or P2A-eGFP construct that would allow for multicistronic genomic
expression of both peptides from a single mRNA only if HR occurred.
Transgene hFIX or eGFP expression as a measure of HR is established
by quantitative RT-PCR and by transgene protein measurements.
By modulating the rate of transcription just prior to rAAV vector
administration, we can establish if transcription from a given genomic
locus influences the frequency of AAV-mediated HR. Our preliminary
results suggest that transcription per se might not be the predominant
factor influencing the rate of HR. Further studies will provide more
insight into the mechanism of gene targeting by AAV, optimal target
site selection, and potentially expand the use of AAV-mediated gene
targeting for treating various genetic and acquired diseases.

130. Purification of Large Scale mRNA
Encoding ZFN Nucleases by dHPLC Technology
Erica Giuliani', Claudia Piovan', Sergio Bossi!, Stefano

Corna', Cinzia Scavullo', Monika Pema', Tiziano Di Tomaso?,
Pietro Genovese?, Angelo Lombardo?, Luigi Naldini?, Claudio
Bordignon', Gian Paolo Rizzardi', Chiara Bovolenta'

'MolMed S.p.A., Milan, Italy, *Telethon Institute for Gene Therapy
(TIGET), San Raffaele Scientific Institute, IRCCS Ospedale San
Raffaele, Milan, Italy

A novel strategy of targeted gene correction of the interleukin-2
receptor common gamma chain (IL2RG) gene for the treatment of
X-linked Severe Combined Immunodeficiency (SCID-X1) is achieved
by the combination of a pair of IL2RG-specific Zinc Finger Nucleases
(ZFN) and the correct-gene template DNA delivered by integration-
defective lentiviral vector (IDLV).The transient expression of the
ZFN pair targeting the disease-causing gene is obtained by the
electroporation of the two corresponding mRNAs, produced by in
vitro transcription starting from plasmid DNA template.A major
limitation of the mRNA transcribed in vitro is the presence of residual
contaminants such as short RNAs and double stranded (ds)RNAs
that may affect the function and spectrophotometric quantification
of the product hampering therefore the delivery of high quality
and precise amount of mRNA to target cells. Moreover, dsSRNA
contaminants represent a possible risk in terms of immunogenicity
of the product, leading to activation of unwanted innate immune
response with consequent reduction/abrogation of mRNA translation
as well as potential alteration of the properties of the transfected cells.
To improve nuclease expression while decreasing cellular innate
response to mRNA transfection we combined different strategies:
(i) inclusion of UTRs and polyA tails in the DNA template used for
mRNA production; (ii) use of modified nucleotides during mRNA
production and (iii) purification of the mRNAs by dHPLC with
a reverse phase column made of non-porous matrix consisting of
polystyrene-divinylbenzene copolymer beads alkylated with C-18
chains (Transgenomic, LTD.). In particular, the purification of in
vitro transcribed mRNAs by means of dHPLC has been shown to
strongly improve the translation of mRNA and significantly reduce the
contaminant presence thus preventing innate immunity and eventually
increasing modified cells persistence in vivo.We have developed
feasible and reproducible, small and large scale mRNA production
and downstream purification processes of the ZFN pairs obtaining
accurate RNA quantification and reduced risk of immunogenicity.
The full process achieved a 60% yield, loading with a 500pg RNA
for each run with a single clean chromatographic peak. Furthermore,
the level of residual organic solvent (i.e. Acetonitrile) used in the
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purification process is compatible with that applicable into clinic.
The highly translatable non-immunogenic dHPLC-purified mRNA
can be delivered without toxicity and represents a powerful and safe
tool for the application of gene therapy protocols.

131. Chromatin-Dependent Loci Accessibility
Affects CRISPR-Cas9 Targeting Efficiency

Ciaran M. Lee, Timothy H. Davis, Harshavardhan Deshmukh,
Gang Bao

Bioengineering, Rice University, Houston, TX

The CRISPR-Cas9 system from Streptococcus pyogenes has
been successfully modified to target specific genomic loci in a wide
range of organisms, making it a powerful tool for biotechnology and
personalized medicine. However, there are several challenges to be
addressed before successful application of CRISPR-Cas9 systems for
clinical use. Specifically, significant concerns have been raised over
off-target effects that may lead to aberrant cellular function, and the
efficiency of gRNAs varies widely between target loci. The factors
influencing the targeting efficiency of a particular gRNA design
are not fully understood. Although several groups have developed
algorithms that attempt to identify highly active gRNAs based on the
sequence composition of the gRNA, the predicted scores for gRNA
designs do not correlate with observed activity in cells, suggesting that
factors other than gRNA sequence are at play. Here, we demonstrate
that the underlying genomic context, especially the chromatin state of
the target locus influences the cleavage efficiency of CRIPSR-Cas9
in a sequence independent manner. Furthermore, we demonstrate that
knowledge of the chromatin state may inform the selection of highly
active gRNAs, and reveal the specific chromatin marks associated
with CRISPR-Cas9 target accessibility. Finally, we postulate that in
silico tools that consider both gRNA sequence and chromatin state
of the target locus will have greater predictive power and facilitate
the selection of highly active gRNAs for therapeutic applications.

132. Targeting the BTK Locus in Primary Human
Hematopoietic Cells with TALENs and AAV Donor

Template

Courtnee Clough, Yupeng Wang, Iram F. Khan, Swati Singh, King
Hung, David J. Rawlings

Center for Immunity and Immunotherapies and Program for Cell
and Gene Therapies, Seattle Children's Research Institute, Seattle,
WA

X-linked agammaglobulinemia (XLA), a rare immunodeficiency,
is caused by mutations in the Bruton’s Tyrosine Kinase (B7K) gene.
BTK is required for B-cell maturation, activation and BCR-mediated
signaling. Patients lacking functional BTK have predominantly
immature B-cells with near absence of mature B cells, minimal
antibody production and are prone to recurrent and life-threatening
bacterial infections. Available treatments are limited to intravenous
immunoglobulin therapy, which lessens the severity of these
infections and judicious use of antibiotic therapy. B7K is an ideal
target for gene editing as BTK-expressing B cells exhibit a marked
selective advantage in vivo, and even a small number of corrected
HSC or B cell progenitors rescues B cell development and function
in murine models and is expected to rescue the B cell compartment
in XLA patients. Here we outline a strategy to edit the endogenous
BTK locus in primary human cells, targeting a codon-optimized BTK
cDNA into the first coding exon of BTK using BTK specific DNA
nucleases and donor template. Four pairs of transcription activator-
like effector nucleases (TALENSs) cleaving within introns 1 or 2 of
BTK were constructed and their cleavage efficiency in primary human
T cells evaluated. Using the T7 Endonuclease assay, we determined
that disruption (indel) rates of ~75% were obtained using the TALENS.

Next, utilizing co-delivery of TALEN mRNA and an AAV donor
template (consisting of an MND promoter-GFP ¢cDNA expression
cassette flanked by 1.0 kb BTK homology arms), we achieved up
to 25% homology directed repair (HDR) in primary T cells. The
translation of this gene editing strategy to human mobilized peripheral
CD34" cells is currently being optimized. If successful, this targeting
approach will be used to test expression levels of the targeted cDNA
as regulated by the endogenous BTK promoter.

133. Highly Efficient Homology-Driven Genome
Editing in Human T Cells with Combined Zinc-
Finger Nuclease mRNA and AAV6 Donor Delivery
and Improved Efficiency Under Serum-Free
Conditions

Jianbin Wang, Joshua J. DeClercq, Samuel B. Hayward, Patrick
Wai-Lun Li, David A. Shivak, Gary Lee, Michael C. Holmes
Sangamo BioSciences Inc., Richmond, CA

Immunotherapy using gene-modified T cells for adoptive cell
transfer is a rapidly expanding field that is currently being tested in
early- and late-stage clinical studies, with recent successes seen in
the treatment of hematologic malignancies using T-cell receptor or
chimeric antigen receptor (CAR)-retargeted T cells. Ex vivo T cell
modification can potentially further enhance the activity and safety of
these cells via the insertion of the desired transgenes at a specific pre-
selected site such as a safe harbor locus. We describe the development
of a highly efficient method to genome edit both primary human
CD8 and CD4 T cells by homology-directed repair at a pre-defined
site of the genome. We have identified AAV serotype 6 as a capsid
variant with high tropism for both human CD8" and CD4" T cells.
Two different homology donor templates were evaluated, representing
both minor gene editing events (restriction site insertion) to mimic
gene correction, or the more significant insertion of a larger gene
cassette. By combining this AAV6 donor delivery method with the
delivery of ZFNs as mRNA, we could ‘gene correct’ >40% of CCRS
or 55% of PPPIRI2C (AAVS]) alleles in CD8+ T cells. We were
also able to achieve targeted insertion of a GFP transgene cassette in
>40% of CD8" and CD4" T cells at both the CCRS5 and AA4VS1 safe
harbor loci, potentially providing a robust genome editing tool for T
cell-based immunotherapy. In addition, we found that transducing T
cells with AAV6 donor and ZFN encoding mRNA under serum-free
conditions resulted in a marked improvement in HDR-mediated
genome editing at significantly lower vector doses (2-log lower doses
of AAV6 donor), representing an essential stride in the production of
clinical-scale genome edited T cells for use in adoptive T cell therapy.

134. Gene Editing Approaches for Investigating
Therapy-Resistance in Soft-Tissue Sarcoma

Tim Rath, Stefan Frohling, Claudia Scholl, Priya Chudasama,
Hanno Glimm, Christof von Kalle, Ali Nowrouzi, Manfred
Schmidt

National Center for Tumor Diseases and German Cancer Research
Center, Heidelberg, Germany

Soft-tissue sarcoma (STS) is a rare type of tumor that accounts
for approximately 1 % of adult cancers. STS tumors frequently recur
or result in distant metastasis after surgical resection. Cytotoxic
chemotherapy, the current “gold standard”, is often confronted
with development of resistance, leading to patient survival periods
below 15 months. Therefore, further insight into new therapies and
mechanisms leading to drug resistance in sarcoma is required to
improve therapeutic success. In the present study, we analyzed drug
resistance in vitro using (i) a genome-wide assay for identification
of drug resistance-associated genetic alterations and (i) generation
of isogenic cell lines using gene editing approaches to functionally
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characterize the genetic alterations. To address drug response and
resistance in sarcoma, we have established a genome-wide insertional
mutagenesis screening approach. To this end, a panel of STS cell lines
is screened for the sensitivity towards drugs currently used for standard
therapy of STS. Sensitive cell lines will be treated with transforming
lentiviral vectors to identify genes involved in drug resistance.
The genetic alterations potentially involved in acquired resistance
mechanisms will be functionally characterized using isogenic cell
lines created by gene editing approaches. Towards this end, we have
successfully employed transcription activator-like effector nucleases
and CRISPR/Cas9 system RNA guided endonucleases targeting the
BRAF locus to introduce the previously described V60OE mutation
in 293T cells, as a “proof of concept”. Analysis of the target site
showed that 31 % of the sequences were positive for the mutation.
The mutation was also confirmed in single cell clones by tetra-primer
ARMS-PCR and western blot using an antibody specific for V60OE
mutated B-Raf. To test the method in a model relevant to STS, we
applied gene editing to introduce a previously undescribed KRTS
mutation found in STS patients into a sarcoma cell line. For this
mutation, wild type and D10A-mutated Cas9 expressing constructs
were generated to allow use of single nucleases and paired nickases.
We applied single stranded oligodeoxynucleotides as donor template
for KRTS. Using high-throughput sequencing, we detected successful
recombination of the mutated KR78 gene locus in 0.6 % of the
treated STS cells. We are using improved guide RNA and donor
design as well as compounds affecting non-homologous end-joining
and homologous recombination to improve efficiency of successful
recombination. To summarize, we successfully edited wild-type
BRAF to BRAF V600E in 293 T cells and showed that gene editing of
KRTS is possible in sarcoma cells. The methodology will be further
optimized to characterize genes involved in resistance to therapy
identified in the genome-wide screens. In addition, our gene editing
approaches will also be used to model genetic alterations identified
in STS patients by next generation sequencing. Our findings will
provide interesting insights in nominating drugs for combinatorial
therapy to circumvent drug resistance in STS.

135. Optimization of Dual-gRNA Lentiviral

Vectors for Targeted Genomic Deletions

Giulia Pavani', Annalisa Lattanzi', Fatima Amor', Chiara
Antoniani?, Fulvio Mavilio', Annarita Miccio?, Mario Amendola'
!Genome Editing, Genethon, Evry, France, *Laboratory of
Chromatin and Gene Regulation During Development, Imagine
Institute, Paris, France

CRISPR-Cas9 technology is a powerful tool for genome editing
based therapeutic approaches. Despite its potential, the delivery of
Cas9 components into primary cells, such as hematopoietic stem
progenitor cells (HSPC), is still a major challenge. In addition, several
applications - e.g. the use of Cas9-nickase and the generation of
genomic deletions/inversions - require the delivery and expression
of two different gRNA. Lentiviral vectors (LV) can efficiently
transduce HSPC, but the presence and the orientation of direct
repeated elements in the gRNA expression cassettes can potentially
trigger recombination events that affect vector stability. To address
this issue, we designed different LV encoding for two gRNA pairs,
which generate deletions of different size (3 and 13 kb) in the beta-
globin gene cluster. gRNA expression was driven by murine and
human U6 promoters, having little sequence similarity, to avoid
potential recombination events of the LV genome. To further reduce
LV rearrangements and optimize expression levels, gRNA cassettes
were positioned in different orientations with respect to each other
(LV Inward, Tandem and Outward). We compared LV from different
vector batches in HCT116 cells and we observed that Tandem
configuration resulted in higher viral titers and infectivity, although
this difference was not statistically significant. Analysis of proviral

integrity on genomic DNA of transduced cells showed the intact
dual-gRNA cassette and no sign of recombination for all the LV
configurations. To understand if different orientations could affect
gRNA expression (measured by RT-qPCR) and consequently deletion/
inversion efficiency, we co-transduced erythroleukemic K562 cells
with LV-Cas9-Blast and the three different LV. Surprisingly, LV
Inward showed poor gRNA expression, negligible deletion and
inversion frequency and low efficiency of InDel formation at each
gRNA target site (2.4 % and 6.8%). Conversely, LV Tandem and
Outward configurations allowed efficient cell transduction and
significant and comparable levels of gRNA expression. As a results,
we observed a good deletion frequency (11.0% +1.8 of total alleles
for LV Tandem and 12.3 %=+ 2.5 for LV Outward), a lower proportion
of inversions events (5.4% £1.3 for LV Tandem and 3.8 %+ 0.4 for
LV Outward) and up to 58% of InDels events at each gRNA target
sites. Comparable results were also obtained in adult HSPC-derived
erythroid cell line (HUDEP-2). Overall, our study indicates LV
Tandem and LV Outward as promising tools for genome editing of
primary cells; both vectors are now being evaluated in primary HSPC.

136. Nuclease-Assisted Vector Integration
(NAVI): A Robust Platform for Multiplexed Targeted
Genome Engineering

Alexander Brown, Wendy S. Woods, Pablo Perez-Pinera
Bioengineering, University of lllinois at Urbana-Champaign,
Urbana, IL

The expansion of genome engineering spurred by CRISPR/Cas9
continues to accelerate. While mutagenesis generated via NHEJ
remains a highly efficient and effective strategy for select applications,
the insertion of large or complex sequences and the ability to easily
select for modified cells often necessitates the use of homology
directed repair (HDR) based strategies. The time-consuming
construction of donor vectors for HDR gene editing is often
technically challenging, costly, and leads to poor modification rates.
By using customized single-stranded oligonucleotides (ssODN) the
efficiency of gene editing increases, but the scale of possible genetic
changes is greatly diminished. Additionally, as both donor vectors
and ssODN require two discontiguous regions of homology, neither
is well suited to multiplexing. Here, we present Nuclease-Assisted
Vector Integration (NAVI) as a unique strategy to bypass HDR and
the need for customized donor vectors required for traditional genome
editing technologies. We demonstrate, through multiplexed insertion
of a single plasmid into multiple loci, that NAVI eliminates the
need for homologous sequence within donor vectors. Furthermore,
by employing a single and universal guide-RNA, multiple vectors
harboring different selection markers were integrated into distinct loci
simultaneously, greatly facilitating production of isogenic mammalian
cell lines. We were able to integrate sequences ranging from 3-50
kbp, but no upper limit was identified. Through the elimination of
the HDR bottleneck and increased efficiency of editing, generation
of double knockouts within two loci using NAVI takes approximately
3 weeks from design to completion, at minimal cost. Additionally,
as NAVI is independent of homology, vector integration at double
strand breaks occurs in either the plus or minus orientation. Finally,
the resulting sequence of the juncture of genomic DNA with the vector
is variable. We conclude that NAVI, despite sacrificing single base
pair resolution, can be readily adapted for use in a variety of research
and therapeutic platforms, due to its greatly enhanced versatility, ease
of use, efficiency, and robust multiplexing capabilities for targeted
integration of large sequences within mammalian genomes.
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137.  Analysis of Cas9-Fokl and TALE-

MutH Endonuclease Activity and Toxicity as

Key Elements in the Development of a Gene
Therapeutic Approach to Treat XLRP

Knut Stieger, Lennart Trimborn, Fei Song, Birgit Lorenz, Mert
Yanik

Department of Ophthalmology, Justus-Liebig-University Giessen,
Giessen, Germany

Mutations in the retinitis pigmentosa GTPase regulator (RPGR)
gene cause severe X-linked retinitis pigmentosa (XLRP). More
than 80% of the mutations are located in the terminal exon ORF15
of the RPGR gene. Genome editing, which represents a novel
approach to treat monogenic disorders, is based on highly specific
nucleases that cleave or nick at a chosen position within the complex
genome followed by the repair of the double or single strand break
(DSB or SSB) by endogenous repair mechanisms. The major
pathways include error prone non-homologous end joining (NHEJ),
microhomology-mediated end-joining (MMEJ), and homologous
recombination (HR), the latter two with the help of a donor template.
Currently, endonucleases for inducing the DSB are based on the
CRISPR-Cas9 system or TALE proteins fused to the non-specific
Fokl nuclease (TALEN). However, specificity and toxicity of both
endonuclease types raise concerns about their use for therapeutic in
vivo applications. In order to study in vivo genome editing for the
treatment of XLRP, our lab has generated a mouse model containing
a point mutation in the ORF15 exon. In the present study, we
characterize advanced variants of both endonuclease types (Cas9-
Fokl and TALE-MutH) for their activity and toxicity at the murine
Rpgr-ORF15 locus for later usage in the mouse model. In total, ten
sequences within or near the ORF15 exon have been targeted for the
induction of DSB or SSB. Nine target sites for CRISPR/Cas9-FokI
were chosen: three before, within, and behind the exon, respectively,
and one target site for TALE-MutH within the exon. These sequences
have been cloned into the traffic light reporter (TLR) gene expression
system at the homing endonuclease I-Scel site. The TLR system has
been modified to express either GFP in case of successful HR or
BFP in case of NHEJ. Plasmids containing substrate, nucleases and
template DNA were transfected into HEK293T cells. Efficiency of
DNA modification was measured by FACS analysis and T7 surveyor
assay, and toxicity was assessed by cell survival assay. In addition
to the episomal TLR system within a human cell line (HEK293T),
the genome of murine C2C12 cells was targeted by all endonuclease
variants and toxicity was analysed via the T7 surveyor assay. Toxicity
of Cas9-Fokl and TALE-MutH are comparable to the golden standard
IScel while standard Cas9 nucleases showed slightly increased
toxicity in HEK293T cells. Two different concentrations of the
nucleases were used in a toxicity assay and were equally tolerated.
Cas9-Fokl showed preferences in its activity at the nine target sites
with activities well above ISce-I level, while the one target site of
TALE-MutH was as efficient as IScel. Activity results were confirmed
in the murine cell line C2C12. Off target toxicity in C2C12 cells was
non-detectable. The characterization of the activity and toxicity of the
tested endonucleases helped us to identify the most promising tailored
nuclease and its target sequence in our gene targeting approach to
treat XLRP. With the help of mouse retinal explants and subsequently
in vivo experiments, we will confirm the efficacy of endonuclease
mediated genome editing in photoreceptors.

138. Potential Therapeutic Treatment

of Friedrich’s Ataxia Using Highly Specific
Engineered Meganucleases

Roshni Davey, Armin Hekele, Jo Ann Hux, Caitlin Turner, Wendy
Sharer, Victor Bartsevich, Ginger Tomberlin, Gene Liau, Michael
G. Nicholson, Clayton W. Beard, Jeff Smith, Derek Jantz
Precision BioSciences, Durham, NC

Friedreich’s ataxia (FRDA) is a recessive genetic disorder that
results in progressive neuromuscular deterioration. The most common
causative genetic alteration of this disorder is an expansion of a
trinucleotide (GAA/TTC) repeat within the first intron of the Frataxin
(FXN) gene. This triplet expansion causes transcriptional defects,
resulting in low FXN mRNA and protein levels. In patients, the
correlation between number of repeats and severity of the disease,
age of onset and cardiomyopathy indicates that the repeat expansion
is the primary cause of FRDA, thus making it a potential therapeutic
target. We are investigating the potential use of our engineered
meganuclease technology to precisely remove these trinucleotide
repeats as a therapeutic treatment for FRDA. We have designed a
pair of meganucleases that introduce double-strand breaks on either
side of the FXN trinucleotide repeat region, generating compatible
3’ overhangs that can be repaired by direct ligation, resulting in
precise excision of the intervening region. Introduction of this pair
of meganucleases into FRDA patient fibroblasts in cell culture results
in the successful deletion of the causative repeat region in greater
than 15% of the transfected cells. This removal of the FRDA repeat
region has been confirmed using both digital PCR-based analytics
and deep sequencing. Additional analysis of Frataxin mRNA
production, Frataxin protein levels, and cellular metabolism will
further demonstrate the utility of the repeat excision approach for
FRDA gene therapy.

139. Development of a Therapy for Duchenne
Muscular Dystrophy Using Either TALEN of Cas9

Proteins
Daniel Agudelo, Joel Rousseau, Jacques P. Tremblay
Faculté de Médecine, Université Laval, Québec, QC, Canada

Duchenne muscular dystrophy (DMD) is a hereditary disease due
to a mutation of the DMD gene located in the X chromosome. It is
mainly caused by the deletion of one or more exons of the DMD gene,
which changes the reading frame and results in a premature stop codon
and a truncated and inactive dystrophin protein. Nowadays, genome
editing by programmable endonucleases like TALENS or the CRISPR/
Cas9 systems is a powerful method for developing a treatment for this
type of disease. However, the use of DNA encoding these systems
leads to a prolonged expression, which may increase the off-target
activity of these nucleases. Despite the risk of integration into the
genome hence increased probability of side effects, viral vectors
remain the most effective delivery system for the nucleases and the
sgRNA. The objective of this work was to develop a novel approach
using purified TALEN proteins or Cas9 complex (Cas9 protein with
crRNA and tracrRNA) for genome editing as potential treatment for
DMD. TALEN proteins or Cas9 complex were transduced to generate
double strand breaks (DSBs) in the dystrophin gene. Repair of this
DSB by non-homologous end joining (NHEJ) could restore the normal
reading frame of the DMD gene producing a functional dystrophin
protein as already described for Becker patients (Koenig et al. 1989).
To develop this approach, DNA coding for a pair of TALEN proteins
targeting exon 54 of the DMD gene were engineered and cloned in the
pet16b expression vector. The resulting TALEN proteins contained
a His-Tag for purification purposes. The proteins were produced in
bacteria and the TALEN-His-Tag proteins were purified using a Nickel
column. The purity was analyzed by SDS-PAGE electrophoresis.
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The Cas9 protein, the crRNA and the tracrRNA were obtained
commercially. To verify the cleavage activity of the programmable
nuclease-complexes, the target genomic region including exon 54 was
PCR amplified and the resulting amplicon was incubated with either
the TALEN proteins or the Cas9 complex. Cleavage products were
analysed by gel electrophoresis. Both types of proteins were able to
cut 100% of the amplicons in vitro. The TALEN proteins or the Cas9
complex were tested in Hela IR8 and in human myoblast cell lines.
The TALEN proteins were transduced with Cys-(Npys)-(d-Arg),,
Bioporter or the iTop delivery system (propanebetaine). The Cas9
complex was transduced with RNAiMax. The presence of DSBs was
evaluated using the Surveyor assay. The Cas9 complex generated the
expected cleavage products. These results are similar to those obtained
when the plasmids coding for both systems were transfected. This
indicates that the Cas9 complex could be used effectively to target
a specific gene. In contrary, the TALEN proteins did not induce
INDELSs detectable by the surveyor assay. This could be due to an
insufficient protein transduction. In conclusion, protein therapy using
the CRISPR/Cas9 complex could be a promising approach to develop
alternative treatments for genetic diseases. We are currently validating
this approach in vivo using the hDMD mouse model containing the
complete human DMD gene. (‘t Hoen et al. 2008).

140. Point Mutation Correction for ADA SCID
Miguel Calero-Garcia, Marlene Carmo, Adrian Thrasher, H Bobby
Gaspar

Molecular and Cellular Immunology, UCL Institute of Child
Health, London, United Kingdom

Adenosine deaminase (ADA) deficiency is a rare genetic disease
characterised by the absence of the ADA enzyme (EC 3.5.4.4)
involved in purine salvage and degradation. Patients lacking
ADA build up adenosine and deoxyadenosine metabolites in the
organism, something that in turn leads to an accumulation of
other deoxynucleotides and gives rise to functional defects in all
lymphocyte lineages and severe combined immunodeficiency (ADA
SCID). This SCID phenotype can be corrected by hematopoietic
stem cell transplant, enzyme replacement therapy, and integrative
gene therapy protocols employing autologous CD34+ cells. ADA
deficiency confers a positive selective advantage to corrected
lymphocytes over deficient cells, thus offering a great system for
the study of novel molecular therapies such as gene editing. The
advent of the CRISPR/Cas9 system has allowed for the swift tailoring
of novel gene editing strategies in laboratories without access to
advanced cloning platforms. We believe this democratisation of
gene editing has also made more practicable the therapeutic reversal
of genetic mutations into wild type sequences, the ultimate form of
genetic correction. We have designed a CRISPR/Cas9 strategy that
can target the nonsense Q3X (ADA ¢7C>T) point mutation endemic
to ADA SCID patients of Somali origin residing in the UK, as well
as its equivalent site in wild type sequences. In the present work we
show evidence of the Q3X site non-homologous end joining (NHEJ)
gene ablation in Jurkat cells by means of DNA sequencing and ADA
protein readouts (approximately 70% efficiency). Moreover, we have
designed a donor for the Q3X repair step that contains an adjacent
traceable silent mutation in order to track any homology directed
repair (HDR) when working with wild type cells. Here we show
preliminary evidence of Q3X site HDR in wild type Jurkat cells in
DNA sequencing results by detection of the aforementioned traceable
mutation, albeit with low efficiency (less than 3% efficiency). We
are currently attempting the translation of this approach into human
CD34+ cells, the ultimate target cell population for the correction of
the SCID phenotype in ADA deficient patients.

141. A Screening Platform for Generating Cas9

Mutants with Improved Function
Jeffrey M. Spencer, Xiaoliu Zhang
University of Houston, Houston, TX

CRISPR-Cas systems, RNA-guided endonucleases (RGENSs),
have been utilized for gene editing in a multitude of organisms.
The robust editing ability of these nucleases promises to deliver
novel therapeutics. CRISPR-derived therapeutics will benefit from
performance enhancing modifications made to the system such
as improved nuclease activity. We developed an in vivo plasmid-
cleavage-based screening platform with the ability to screen libraries
of Cas9 mutants for improved function. Expression of Cas9 is
controlled by a titratable promoter which provides the ability to
modulate the stringency of selection. The selection system has
the ability to select for both the cleavage of a specific substrate or
the inability to cleave a similar, inaccurate target. Together these
parameters provide a flexible platform for screening and discovery
of Cas9 or alternate RGEN variants with improved endonuclease
characteristics. Optimization of Cas9, other CRISPR-associated
proteins, and their system components will facilitate adaptation of
these technologies into powerful precision research tools with the
potential to transform clinical therapeutics.

142. Functionalized Selenium Nanoparticles for

mRNA Delivery
Fiona C. Maiyo, Moganavelli Singh
Biochemistry, University of KwaZulu-Natal, Durban, South Africa

The use of inorganic nanoparticles as gene and drug delivery
agents has raised expectations in cancer treatment and diagnostics,
and is considered as a promising research orientation for oncotherapy.
Selenium, an essential trace element plays a fundamental role in cell
metabolism, being responsible for the functioning of many enzymes
and other proteins, and is also known for its chemopreventative
and chemotherapeutic activities. However, its use as a gene
delivery vehicle remains largely unexplored. In this study, chitosan,
a positively charged natural polysaccharide was grafted onto
selenium nanoparticles. Functionalized and non-functionalized
SeNPs were synthesized and characterized using Transmission and
Scanning Electron Microscopy, UV spectroscopy, IR spectroscopy
and Nanoparticle Tracking Analysis. This study demonstrates that
the coating of SeNPs with chitosan influences nanoparticle size,
distribution and charge. Gel retardation and enzyme protection studies
confirmed that these chitosan functionalized SeNPs were capable of
binding, condensing and protecting the mRNA /uc from degradation.
Evaluation of the effects of functionalized and non-functionalized
SeNPs on the cell viability of the human colon adenocarcinoma
(HT-29) cancer cell line and Human Embryonic Kidney (HEK293)
non-cancer cell line was studied using the MTT cell viability assay.
SeNPs at concentrations of up to 200 pg mL"!, demonstrated low
toxicity to both cell lines with percentage cell survival over 70 %.
Complexes of NP: mRNA at different weight ratios (*/,) similarly
exhibited low toxicity levels to both cell lines. Transfection studies
were accomplished using the luciferase reporter gene assay. Results
showed that the functionalized SeNPs (FSeNPs) produced greater
transgene activity than the cationic polymer/mRNA complexes
on their own. The results of this study suggest that FSeNP’s low
cytotoxicity coupled with their small particle size and surface
properties, make them suitable non-viral gene delivery vectors.
However further engineering and modifications of the FSeNPs may
be required to enable in vivo gene delivery.The use of SeNPs has
opened a new direction for synergistic treatment of cancer with higher
efficiency and reduced side effects.
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143. Durable Expression of TT-034 in
Cynomolgus Monkey Hepatic and Cardiac
Tissues without Long-Term Adverse Effects on

Endogenous MicroRNA Levels
Tin Mao, Shih-Chu Kao, David Suhy
Benitec Biopharma, Hayward, CA

Background: The hepatitis C virus (HCV) is an attractive target
for RNA interference (RNA1) based therapeutics because its genome
consists of a single, positive stranded RNA and its replication occurs
strictly within the cytoplasm. TT-034 is a DNA-directed RNAi
(ddRNAI) based gene therapy product for the treatment of chronic
HCYV infection and is currently in a phase I/Ila clinical trial. TT-034
is comprised of a self-complementary recombinant adeno-associated
virus (AAV) serotype 8 vector for transduction of hepatic tissues and
is systemically administered as a single intravenous dose. Inside the
hepatocyte, TT-034 uses the cell’s own transcriptional machinery
to continuously express three independent short hairpin RNAs
(shRNAs) that simultaneously target the 5° UTR and NS5B regions
of the HCV genome.

Results: Following a single administration of up to 3.75E12 vg/
kg of TT-034, biodistribution analyses demonstrated that greater than
90% of the quantified vector is found in the Cynomolgus monkey
liver tissues. /n situ hybridization analyses demonstrated almost
100% transduction of the hepatocytes when dosed at 1.25E12 vg/kg.
Furthermore, qPCR data revealed that shRNA levels persisted for the
duration of the 180-day experiment, demonstrating the durability of
expression following a single injection. We examined the impact of
continuous TT-034 expression on endogenous miRNAs in liver and
cardiac tissues because previous reports have suggested that high
expression of shRNA may cause global dysregulation of endogenous
microRNA (miRNA) levels within cells. Non-human primates were
dosed with saline control or either 1.00E11, 1.00E12, 1.00E13 vg/kg
of TT-034. Expression profiles of mature miRNAs were generated
from liver biopsies taken 15 days after TT-034 administration.
Additionally, samples from liver and heart tissues were collected
60 and 180 days after administration. Approximately 260 different
miRNAs were reliably detected in each sample type and used for the
analyses. The day 15 liver samples showed significant differences
in the expression levels of 27 miRNAs. When analyzing all 260
miRNAs, the day 60 and day 180 liver samples showed no significant
statistical differences from the control group at any dose. In the heart
tissues, no significant statistical differences between the TT-034
treated group and the control group were noted at any timepoint.

Conclusions: These data suggest that a single, intravenous infusion
of TT-034 results in almost complete transduction of Cynomolgus
monkey hepatocytes. Furthermore, TT-034 results in durable
expression of three anti-HCV shRNAs. These doses of TT-034 do not
cause long-term perturbation of endogenous miRNA levels.

144. Development of Novel Dicer- and Ago2-
Independent Small Hairpin RNAs

Shin-ichiro Ohno', Karen Itano', Yuichirou Harada', Koutaro
Asada', Keiki Oikawa', Mike Kashiwazako', Sudo Katsuko?,
Masakatsu Takanashi', Norihiko Ikeda®, Masahiko Kuroda'
!Molecular Pathology, Tokyo Medical University, Tokyo, Japan,
2Animal Research Center, Tokyo Medical University, Tokyo, Japan,
SRespiratory Surgery, Tokyo Medical University, Tokyo, Japan

The innate cytokine response to nucleic acid is the most challenging
problem confronting the practical use of nucleic acid medicine.
The degree of stimulation of the innate cytokine response strongly
depends on the length of the nucleic acid. In this study, we developed

a 30-nucleotide single-strand RNA, termed “guide hairpin RNA
(ghRNA, ghR)”, that has a physiological function similar to that of
miRNA and siRNA. The ghRNA caused no innate cytokine response
either in vitro or in vivo. In addition, its structure does not contain
a passenger strand seed sequence, reducing the unwanted gene
repression relative to existing short RNA reagents. Systemic and
local injection of ghRNA-form miR-34a (ghR-34a) suppressed tumor
growth in a mouse model of RAS-induced lung cancer. Furthermore,
ghR-34a functioned in a Dicer- and Ago2-independent manner. This
novel RNA interference (RNAi) technology may provide a novel,
safe, and effective nucleic acid drug platform that will increase the
clinical usefulness of nucleic acid therapy.

145. A Comparison of scAAV8-TT-034 Mediated
Transduction and shRNA Expression in Human
Liver Biopsy Samples versus a Chimeric Mouse
Model with Humanized Liver

Shih-Chu Kao, Tin Mao, Terrie-Anne Cock, Peter Roelvink, David
Suhy

Benitec Biopharma, Hayward, CA

Background: TT-034 is a DNA-directed RNA interference
(ddRNA\) agent designed for the treatment of chronic HCV infection
and is currently being tested in a phase I/I1a clinical study. TT-034 is
comprised of a vector that expresses three independent short hairpin
RNAs (shRNAs) simultaneously targeting three well-conserved
regions of the HCV genome. The recombinant genome is packaged
in a self-complementary aden-associated virus serotype 8 (AAVS)
capsid with tropism for hepatic tissues and delivered as a single dose
intravenous (IV) infusion.

Methods: Chimeric mouse models in which human hepatocytes
replace the majority of mouse hepatocytes are used to study human
hepatic function. In order to assess validity of dose/transduction
relationships in this murine model to those observed in a human
clinical study, chimeric mice were infected with identical doses of
TT-034 used in a phase I/Ila study using the same clinical lot of TT-
034. In the clinical study, eight subjects have received a single IV
infusion of TT-034 at 4.00E10, 1.25E11, 4.00E11 or 1.25E12 vg/kg.
At 21 days post dosing, a liver biopsy was collected to assess TT-034
DNA levels and shRNA expression by gqPCR. PXB chimeric mice
(Phoenix Bio) repopulated with a minimum of 80% hepatocytes were
dosed identically with the TT-034 drug product (5 groups, n=4). After
21-28 days, the livers of two mice in each group were removed and
hand curated to purify human hepatic tissues (>93% purity). The liver
tissues of the other two mice were dissociated and human hepatocytes
were enriched to >99% using mouse hepatocyte-capturing Dynabeads.
TT-034 DNA and shRNA expression were assessed by qPCR.

Results: In the human study, modest levels of TT-034 DNA copies
were detected in the 3 subjects dosed at 1.25E11 vg/kg, yielding 0.48,
3.65 and 10.44 copies per cell respectively. Variability in transduction
was noted at the higher dose of 4.00E11 vg/kg, with the two subjects
yielding 17.74 and 1.01 copies per cell. gPCR analysis of the three
anti-HCV shRNAs confirms concomitant, dose dependent expression.
In the hand curated samples from the chimeric mouse model (>93%
purity), a dose of 1.25E11 vg/kg yielded 1.1 or 1.3 DNA copies per
cell while the 4.00E11 vg/kg dose resulted in 1.9 and 5.5 copies DNA
per cell. Dynabead-enriched human hepatocytes (>99%) resulted in
a considerable drop in DNA copy levels: the 1.25E11 vg/kg dose
averaged 0.35 copies per cell while the 4.00E11 vg/kg resulted in
0.85 copies per cell. The lowered DNA levels in the chimeric mouse
model led to a concomitant reduction in shRNA expressed from the
hand curated tissues. Likewise, shRNA expression was reduced even
further in enriched human hepatocytes.

Conclusion: Our data suggests that residual mouse hepatocytes
present in the chimeric livers are transduced with the scAAV8 vector
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more efficiently than human hepatocytes and results in lower overall
transduction as compared to human clinical samples. Thus, while
these models can serve as a surrogate to assess the activity of gene
therapy constructs against functions of normal human liver, the doses
required for optimal activity may be modestly higher than required
in the human clinical setting.

146. Regulation of Inflammation in Cystic

Fibrosis Lung Epithelial Cells by miR-155

Motohiro Tsuchiya!, Parameet Kumar!, Sharmistha Bhattacharyya!,
Swathi Kalurupalle!, Shobha Vasudevan?, Jennifer Martindale?,
Myriam Gorospe®, Roopa Biswas!

!Anatomy, Physiology and Genetics, Uniformed Services
University of the Health Sciences, Bethesda, MD, *Genetics,
Massachusetts General Hospital, Boston, MA, *National Institute
on Aging, NIH, Baltimore, MD

Cystic fibrosis (CF) is an autosomal recessive disorder caused by
mutations in cystic fibrosis transmembrane conductance regulator
(CFTR). The most common mutation, F508del, is associated with
failure of the mutant CFTR to traffic to the plasma membrane, with
concomitant loss of cAMP-activated chloride conductance, and
hypersecretion of pro-inflammatory IL-8. Our data indicate that
the mis-expression of microRNAs (miRNAs, miRs) in CF cells,
both in culture and in ex vivo bronchial biopsies, contribute to the
inflammatory disease phenotype of CF. Our studies have demonstrated
that the aberrant up-regulation of miR-155, in CF cells compared
to CFTR-repaired control cells, induces hyper-expression of IL-8
through reduction in AKT1 activation. Our data indicate that, in
addition to regulation of IL-8 mRNA stability by targeting SHIP1
gene, miR-155 also promotes increased translation of IL-8 mRNA.
Therefore, we have analyzed the role of pro-inflammatory RNA-
binding proteins (RBPs) and RNAs in miR-155-mediated regulation
of IL-8 expression in CF lung epithelial cells. We have employed
an in vivo cross-linking and affinity purification strategy to isolate
and identify proteins and RNA in the miR-155-induced IL-8-mRNP
complexes that regulate IL-8 expression in CF cells. We have thus
identified the antagonistic role of HuR and miR-16 in the regulation
of IL-8 expression in CF. Additionally, we have also identified CF
disease-specific inflammatory target genes of miR-155, viz. RPTOR,
SIRT1 and NR2F2, in CF lung epithelial cells that regulate the CF
disease phenotype. Understanding these mechanisms will ultimately
lead to the development of novel miR-based anti-inflammatory
therapeutics for CF and other pulmonary disorders.

147. Abstract Withdrawn

148. AptaMetrics: A Web-Based Aptamer

Bioinformatics Platform

Thomas Bair!, Julie S. Wertz!, Robert J. Miller?, James Schappet?,
Paloma H. Giangrande®, William H. Thiel®

Towa Institute of Human Genetics, University of lowa, lowa City,
1A, *Institute for Clinical and Translational Science, University of
lowa, lowa City, I4, ’Department of Internal Medicine, University
of lowa, lowa City, 14

RNA and DNA aptamer development as a therapeutic moiety and
as a diagnostic tool is a rapidly growing field. The discovery process
for aptamers involves iterative rounds of selection in a process
termed SELEX, Systematic Evolution of Ligands by EXponentional
enrichment. The modern SELEX process was revolutionized with
the adoption of high-throughput sequencing (HTS), which is able
to identify millions of aptamer sequences across multiple rounds of
aptamer selection. The scale of aptamer HTS datasets has necessitated
bioinformatics algorithms, such as clustering algorithms, to identify

candidate aptamers for experimental validation. Herein we describe
a web-based aptamer bioinformatics platform, AptaMetrics, which
utilizes a collection of programs and algorithms to facilitate the
analysis of aptamer HTS datasets.

The AptaMetrics platform builds upon our previously described
aptamer bioinformatics work (Thiel ez. al. PLoSOne, 2012). Central
to AptaMetrics is our clustering algorithm, ProcessSeqs, which we
engineered to include several novel and distinct features: 1) clustering
may be performed using either an “all-versus-all” or a “seed” sequence
strategy; 2) clustering may be accomplished through either sequence
similarity (edit distance) or structural similarity (tree distance); 3) the
output of ProcessSeqs provides a visual and interactive representation
of related aptamer networks; and 4) these networks of related aptamers
may be analyzed using conventional network analysis tools. We also
developed an aptamer structure prediction program, ProcessFold, that
provides the predicted structure of millions of aptamer sequences
utilizing a variety of proven oligonucleotide structure prediction
algorithms (e.g., RNAfold, Mfold, RNAstructure). Integration of these
two programs thereby allows users to create networks of structurally
related aptamers based on the different structure prediction algorithms.
We also created and incorporated an aptamer truncation algorithm,
AptmR, into the AptaMetrics platform. The purpose of AptmR is to
determine a predicted truncated aptamer sequence based on aptamer
sequence and structure information provided by ProcessFold. AptmR
can be applied to either a single aptamer sequence or to millions of
aptamer sequences. The predicted truncations may then be clustered
into networks of related aptamers using the ProcessSeqs clustering
algorithm. Importantly, to allow the greatest versatility, each program
and algorithm within AptaMetrics may be used independently or
as a pipeline. The collection of programs and algorithms within
AptaMetrics provide a significant degree of flexibility in analyzing
aptamer HTS data while maintaining the ease of accessibility of a
web-based environment.

149.  In Vitro-Synthesized Sendai Virus RNA
Fragments Induced Antitumor Immunity and
Cancer Cell-Selective Apoptosis

Tomoyuki Nishikawa, Li-Wen Liu, Yasufumi Kaneda

Division of Gene Therapy Science, Graduate School of Medicine,
Osaka University, Suita, Osaka, Japan

Three different clinical trials to treat malignant melanoma,
castration-resistant prostate cancer and malignant mesothelioma
using inactivated Sendai virus (hemagglutinating virus of Japan;
HVI) particles called HVIJ-envelope (HVJ-E) are on-going because
of the multiple-anti-cancer activities of HVJ-E. One the activities is
the activation of anticancer immunity through inactivation of Treg
(regulatory T cell) and promotion of NK cells activation and generation
of CTL against cancers by producing interferon (IFN)-f, CXCL10,
RANTES and IL-6. Another is the cancer selective apoptosis by
induction of proapoptotic genes such as TRAIL and Noxa in various
human cancer cells but not in normal cells. Most of these anti-cancer
activities are conducted by RNA genome fragments of HVJ-E through
RIG-I/MAVS (retinoic-acid inducible gene-1, mitochondrial antiviral
signaling protein) signal pathway. Among various Sendai virus strains,
Sendai virus Cantell strain showed the highest production of [IFN- in
dendritic cells (DCs) and the strongest DC maturaion and we found
that DI (defective interfering) particles of Cantell strain resulted in
those immunostimulatory activities. Then, we investigated RNA
molecules in Cantell HVJ DI particles which have no replication
activities. The Cantell stain HVJ DI RNA has complementary termini
(approximately 100nt) and exhibits the highest binding affinity to
RIG-1. DI RNA genome (544 base) was isolated and transferred to
human prostate cancer cell PC3 by lipofection. The DI RNA induced
higher expression level of those apoptosis-related proteins such as
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Noxa and TRAIL and more cancer cell death than whole-genome RNA
(approximately 15 kb) of complete Cantell strain without DI particles.
Furthermore, we examined whether a specific structure of the DI
RNA genome stimulates the RIG-I/MAVS downstream-related cancer
suppressive pathways using HVJ-derived in vitro transcribed (IVT)
RNAs. IVT-B2 which is derived from Cantell HVJ DI genome has a
special secondary structure with a double-stranded RNA terminus and
a single-stranded RNA loop. This IVT-B2 strongly stimulated RIG-I
dependent proapoptotic proteins induction in prostate cancer cells.
Modified IVT-B2 RNAs which had shorter dsSRNA stem lost cancer
cell killing activity and proapoptotic gene expressions. On the other
hand, other modified IVT-RNA which had deleted ssSRNA region in
loop structure did not induce cancer cell-selective killing. We also
found that calf intestinal alkaline-phosphatase-treated [IVT-B2 RNA
lost capability of inducing RIG-I/MAVS-related downstream Noxa
and TRAIL expression. Finally, in vivo electroporation of IVT-B2
RNA induced intra-tumoral apoptosis and tumor suppression in
human prostate cancer cell-xenograft mouse model by both direct
tumor-cell killing and NK cell activation. These findings provide a
novel nucleic acid medicine for the cancer treatment.

150. Further Development of an Allele-Specific
Gene Silencing Strategy to Correct a Dominant-
Negative Mutation Causing Collagen VI-Related
Muscular Dystrophy

Véronique Bolduc, Katherine Sizov, Apurva Sarathy, Yaqun Zou,

Carsten G. Bonnemann
NINDS/NIH, Porter Neuroscience Research Center, Bethesda, MD

Collagen Vl-related congenital muscular dystrophies (COL6-RD),
caused by mutations in any of the three genes coding for collagen type
VI (COL6A1, COL6A42, COL6A3), underlie a spectrum of disorders
ranging from severe life-threatening early onset Ullrich muscular
dystrophy via intermediate phenotypes to the milder Bethlem type,
typically presenting with generalized muscle weakness, proximal joint
contractures, and respiratory failure. At present, there are no treatment
options available for individuals affected with these diseases. The
fact that the majority of COL6-RD cases are carriers of inherited or
de novo dominant mutations, acting as dominant-negative, poses a
challenge for the development of targeted therapies. In contrast to
gene replacement, allele-specific silencing has the potential to treat
these disorders, as it would convert the dominant-negative state
into a clinically asymptomatic haploinsufficient state. Therefore,
in the laboratory we aim at exploring targeted RNA interference
(RNAI) approaches as a potential therapeutic approach for dominant
COL6-RD. We have previously demonstrated the allele-specificity
and efficacy of siRNA oligos to downregulate the expression of a
mutant COL6A3 transcript in vitro in patient-derived fibroblasts. In
preparation of in vivo testing we have now extended our study to
cells isolated from a mouse model of the disorder, which carries the
most frequent dominant-negative mutation, a deletion of exon 16 on
Col6a3. We transfected a series of small interfering RNA (siRNA)
oligonucleotides into Col6a3del16+/- fibroblast cells, isolated from
skin and muscle. To assay efficacy we used outcome measures such
as unsaturated PCR, quantitative RT-PCR, and immunofluorescence.
In addition, we performed in vivo electroporation of siRNA
oligonucleotides in FDB muscles of Col6a3del16+/- mice. We found
that siRNA oligonucleotides were effective in Col6a3del16+/- cells, to
specifically knockdown the expression from the mutant allele and to
restore the production of a collagen VI matrix in culture. This study
provides further proof-of-concept of the use of RNAi as a potential
treatment for COL6-RD.

151. Abstract Withdrawn

152. Tumor Inhibition by Using Chitosan:siRNA
PDGFR-R in Breast Cancer Model of Rat

Jillide Akbuga', Suna Ozbas Turan', Emine Salva? Naziye Ozkan?,
Levent Kabasakal*, Saadet Alan®

!Pharmaceutical Biotechnology, Marmara University, Istanbul,
Turkey, *Pharmaceutical Biotechnology, Inonii University,
Malatya, Turkey, Pathology, Marmara University, Istanbul,
Turkey, *“Pharmacology, Marmara University, Istanbul, Turkey,
*Medical Pathology, Malatya State Hospital, Malatya, Turkey

Platelet-derived-growth factors (PDGFs) may represent a
novel target in human cancer because they regulate many cellular
processes, including cell proliferation, transformation, apoptosis and
angiogenesis. PDGF-D’s exert their cellular effects by two receptors
PDGFR-o and PDGFR-B. Moreover PDGF ligands and receptors are
proto-oncogenes that can be activated by various types of alternatives
in cancer cells. Breast cancer is the most common and fatal type
of cancer. The PDGF pathway is essential in tumor angiogenesis.
It is known that the expression of PDGF receptors is altered and
upregulated in breast cancer. Delivery is very important for success
in gene therapy. Among the different non-viral gene delivery system,
chitosan has very useful properties as a gene carrier. In this study;
we investigated the effect of chitosan:siRNA complexes on tumor
angiogenesis in breast tumor models of rats. Firstly chitosan:siRNA
complexes (1/5-1/20 rate) targeting to PDGFR-3 were prepared and
characterized in vitro. Transfection efficiency of these nanoplexes in
breast cancer cells such MCF-7, MDA-MB-231 and MDA-MB-435
was assayed. In in vitro transfection studies, 54%-65% of PDGFR-f
inhibition was measured. Then these chitosan:siRNA complexes
were injected intratumorally to tumor bearing Sprague Dawley rats.
After tumor reached to constant size, complexes (20/1) were injected
(40pg siRNA) and tumor volumes were measured periodically. After
sacrification of animals, tissue and blood samples were taken and
investigated histologically and immuno-histochemically. Expression
levels of PDGFR-B determined by ELISA, mRNA levels were
measured by RT-PCR also. Nanoplexes having 207 + 3.5 nm size
and 14.2 mV surface charge were used in this study. Tumor volume
of nanoplex treated rats decreased at 92.49% at the end of the
experiment (28th day). After free siRNA treatment, however, tumor
volume increased very slowly until 21 days (68.1 % of decreasing
value) then went up fastly. RT-PCR, Western-blot studies and
immuno-histochemical data showed similarity with tumor volume
measurements. Similar IFN response with tumor (untreated) was
obtained after nanoplex administration. In conclusion, chitosan can
be complexed with siRNA targeting PDGFR-f} and chitosan:siRNA
PDGFR- nanocomplexes may be useful alternative in the treatment
of breast cancer. The receptors of PDGF may be also suitable target
in breast cancer.

153. Third Generation Antisense Targeted to
Double Homeobox Protein 4 (DUX4) Reduced
DUX4 Expression and Improved Differentiation of
FSHD Myoblasts

Sachchida Nand Pandey!, Kelly Murphy?, Hunain Khawaja',
Mallikarjuna Putta’, Lakshmi Bhagat®, Sudhir Agrawal®, Yi-Wen
Chen'?

!Children’s National Health System, Washington, DC, *George
Washington University, Washington, DC, *Idera Pharmaceuticals,
Inc., Cambridge, MA

Facioscapulohumeral muscular dystrophy (FSHD) is caused by
aberrant expression of double homeobox protein 4 (DUX4) gene
at chromosome 4q35. To date there is no effective treatment for
the disease. In the current study, we have evaluated selected Third
Generation Antisense compounds (3GAs) targeted to DUX4 for
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their effectiveness in knocking-down DUX4 in FSHD myoblasts.
In addition, we examined the effects of the treatments on myogenic
differentiation of FSHD myoblasts. Multiple 3GA compounds
(3GA1-5) showed significant knock-down of DUX4 in the FSHD
myoblasts, as examined by quantitative RT-PCR. We evaluated two
3GA candidates (3GA3 and 3GAS) at 4 different concentrations, 2.5
nM, 5nM, 25nM, and 50nM, and observed dose-response effects. One
of'the 3GA compounds completely knocked-down DUX4 expression
at 50nM. The effects of 3GAs at25nM on cell differentiation were
determined by fusion index, myotube size and number of atrophic
myotubes after 7 days of muscle differentiation in culture. Our results
showed that the treatments increased fusion index and reduced
the number of atrophic myotubes. The studies showed that 3GAs
successfully knocked-down DUX4, which improved the myogenic
capacity of FSHD myoblasts. The findings demonstrated that the
3GAs are promising therapeutic molecules to be further developed
for FSHD treatment.

154. Applying Insights from Pri-miRNA
Processing to shRNA Design

Xavier Bofill-De Ros, Lisheng Dai, Shuo Gu

Gene Regulation and Chromosome Biology Laboratory, Center
For Cancer Research, National Cancer Institute, Frederick, MD

Short hairpin RNA (shRNA) technology permits efficient and stable
gene regulation, providing a useful tool for gene therapy. siRNAs can
be embedded in miRNA scaffolds that allow their expression from
Pol II promoters, which is more amendable to control transcription.
Under this platform, shRNAs are processed through the canonical
miRNA maturation pathway, which includes stepwise cleavages by
Drosha-DGCRS complex (Microprocessor) and Dicer. Despite many
successes, design of Pol II driven shRNA is far from optimal. Most
Pol II driven shRNAs are based on primary transcript sequence of
hsa-miR-30a. Recent studies have shown that different pri-miRNAs
have distinct Drosha cleavage efficiencies leading to various levels of
its mature form. Here, we seek to systematically explore how different
pri-miRNA scaffolds can be adapted and optimized to provide the best
shRNA expression and function. By taking advantage of DGCR8 KO
cells and luciferase-based reporters, we were able to directly monitor
Microprocessor cleavage efficiency of primary transcripts in vivo. We
have analyzed the Microprocessor cleavage of 20 different primary
miRNA transcripts that are the most abundant and widely expressed.
Moreover, we have explored how the preservation of stem structure
and endogenous surrounding sequences and motifs contribute to
shRNA maturation. This study aims to pave the way for a universal
miRNA-based shRNA expression platform.

155. Cancer-Specific Theranosis Using
Quantum Dots and siRNA Co-Loaded in Micellar
Nanoparticles

Seong Jae Kang, Hwa Yeon Jeong, Min Woo Kim, In Ho Jeong,
Moon Jung Choi, Young Myoung You, Chan Su Im, Yong Serk
Park

Yonsei University, Wonju, Korea, Republic of

Theranostics is a proposed process of diagnostic therapy for
an individual patient. It has been considered a powerful tool of
personalized medicine. In this study, we have prepared lipid micellar
nanoparticles encapsulating quantum dots (QDs) as a diagnostic agent
and incorporating cholesterol-siRNA (Cho-siRNA) as a therapeutic
agent. Furthermore, for targeted delivery of QDs and Cho-siRNA,
anti-EGFR antibodies or aptamers were conjugated to the surface of
the nanoparticles. First of all, for stable nanostructure of lipid micelles,
we determined an optimal molar ratio of lipids, QDs, and Cho-siRNA
as 350:1:0.35. The size of QD micelles was approximately 50 nm

that is suitable for efficient localization in tumors via enhanced
permeability and retention (EPR) effect. Their serum stability and
pH stability suggest that the QD micelle structure is stable enough
to be applied under biological conditions. The RNase protection
assay showed that Cho-siRNA molecules in the QD micelles were
effectively protected by steric shielding of hydrophilic polyethylene
glycol molecules. The analyses with a flow cytometry and a confocal
microscope showed that the nanoparticles can effectively deliver Cho-
siRNA to the target cells, followed by effective residing of siRNA
molecules in the cytoplasm. A further systematic evaluation of the
micellar nanoparticles established in this study would verify their
value as a theranostic vehicle.

156. A Plasmid Manager, a Comprehensive

Database for Archiving Plasmid DNA Sequence
Emily J. Heathward', Giun Sun?, Ron U. Domingo?, Calvin A.
Johnson?, Christopher T. Richie', Brandon K. Harvey'

!National Institute on Drug Abuse, Baltimore, MD, *Center of
Information Technology, National Institutes of Health, Bethesda,
MD

A freely available plasmid database that is interoperable with
popular freeware (such as a Plasmid Editor, or ApE [1]) has been
developed by the Center of Information Technology (CIT) for the
NIDA Optogenetics and Transgenic Technology Core (OTTC). As a
core facility at the National Institute on Drug Abuse, the NIDA OTTC
group has accrued a wealth of plasmid DNA data that can no longer
be efficiently analyzed without a comprehensive cataloging system.
The OTTC Plasmid Manager provides an intuitive plasmid database
with analytical and search capabilities, offering a versatile platform
for the storage and organization of plasmid sequences and their
associated metadata. The database has been designed with informatics
and visualization support to enhance the efficiency and analytic
capabilities of the user, with a user-friendly interface. Annotations
performed in ApE can be imported directly into the database, and
unlike most commercially available and free DNA editing software, A
Plasmid Manager (APM) also includes a mechanism to standardize the
annotations of uploaded sequences, facilitating the direct comparison
of multiple plasmids at the feature level. The visualization component
generates a graphic representation of the plasmid map together with its
features and annotations, allowing the visual comparison of multiple
plasmids side-by-side. The contents of the database can be browsed
and searched using a variety of criteria, including plasmid name,
database accession number and associated features. This innovative
plasmid database presents a new platform for molecular biologists
to catalog plasmids relevant to their laboratory, saving time and
enhancing the analytical capabilities of researchers.
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157. High-Field In Vivo Neuroimaging to
Determine CNS Gene Therapy Outcome and Probe
Disease Pathomechanism

Dominic J. Gessler!, Wei Huang?, Danning Li', Hongxia Xu', Qin
Su!, Jean King?, Constance Moore®, Guangping Gao'

!Gene Therapy Center, UMass Medical School, Worcester, MA,
’Department of Psychiatry, UMass Medical School, Worcester, MA,
SDeparment of Psychiatry, UMass Medical School, Worcester, MA

Gene therapy targeting the central nervous system (CNS) is one
of the most challenging gene therapies due to the blood-brain barrier
(BBB). However, recombinant adeno-associated virus (rAAV) has
proved to be an excellent tool to target the CNS. Another obstacle
in the setting of CNS gene therapy is the non-invasive evaluation of
therapeutic outcome. While biopsies and sections of the CNS are the
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gold-standard to assess brain pathology and response to CNS gene
therapy, the invasiveness and potentially associated complications
limit its frequent use in pre-clinical as well as clinical studies. Thus,
it is of no surprise that non-invasive monitoring of CNS gene therapy
in vivo holds great promise for longitudinal and functional assessment
of treatment response. We used high-field in vivo neuroimaging to
monitor intravenously (i.v.) and intracerebroventricularly (i.c.v.)
administered rAAV based CNS directed gene therapy in a mouse
model of Canavan disease (CD). Characteristically, Canavan disease
presents with a very high NAA peak detected by magnet resonance
spectrometry (MRS) and hyper intensity on T2-weighted anatomic
images using magnet resonance imaging (MRI). Consequently, we
first determined the efficacy of our i.v. and i.c.v. gene therapy by those
two means. In congruence with motor function and pathology data,
both MRI and MRS alterations have been entirely normalized by gene
therapy. Another characteristic neuropathological change on Canavan
brain sections is the loss of white matter tracts, which is thought to
explain neurological symptoms seen in Canavan disease patients.
Thus, we hypothesized that diffusion tensor imaging (DTI) enables
the assessment of white matter tract degeneration and recovery
upon gene therapy without brain biopsies. Selecting thalamus and
corpus callosum as regions of interest (ROI), DTI indeed shows a
recovery of brain white matter integrity when utilizing 3™ generation
Canavan gene therapy. Furthermore, our 3™ generation gene therapy
converts this CD mouse model with the severest phenotype into
“supermouse”, outperforming wild-type mouse on motor function
testing. We hypothesized that functional connectivity identifies
brain regions that not only show response to treatment but also
indicates possible explanations for this enhanced phenotype. Using
resting-state functional MRI (rs-fMRI), we show that treated CD
mice have a functional connectivity pattern that is more similar to
or even enhanced beyond what is seen in WT brain. This suggests
facilitated inter-brain-region functional connectivity, which might
provide a neural mechanism that sub-serves the observed enhanced
motor function. Currently, we are investigating how the identified
brain regions can promote increased motor function, and how high-
field brain imaging can provide biomarkers to track the disorder
and treatment response in a manner that would help facilitate the
prediction of CNS directed gene therapy outcome. In summary, our
data show that high-field in vivo neuroimaging is a valuable tool to
monitor pre-clinical CNS gene therapy and pathology in detail, that
it can provide insights into pathophysiology and that it has potential
implications for the use in clinical trial outcome prediction and
assessment.

158. Cryptic ATG Removal from Synthetic
Introns Increase the Therapeutic Efficacy of AAV
Vector Mediated Gene Transfer

Giuseppe Ronzitti, Fanny Collaud, Giulia Bortolussi, Severine
Charles, Patrice Vidal, Marcelo Simon Sola, Andres Muro,
Federico Mingozzi

Genethon, Evry, France

Inclusion of synthetic introns in adeno-associated virus (AAV)
vector expression cassettes is a commonly used maneuver to drive
increased transgene expression, possibly via an increased stability
and/or increased nuclear translocation of mRNA. Although the
positive effect of intronic sequences on transgene expression has
been demonstrated in several models, less clear is whether splicing
in these synthetic expression cassettes occurs with 100% efficiency
and if the presence of the unspliced intron can influence the
efficiency of translation of the transgene. In an effort to optimize a
liver gene transfer approach to treat Crigler-Najjar (CN) syndrome,
an autosomal recessive disorder caused by mutations in the UDP-
glucuronosyltransferase 1 isotype A1 (UGT1A1) gene, we analyzed

the sequence of a synthetic intron derived from human beta-globin
intron 2 (hBB2) for motifs that may affect the transgene expression
levels. This analysis revealed the presence of out of frame and in
frame ATG codons before the start site of the UGT1A1 transgene.
Unexpectedly, the removal of these cryptic ATGs from the intronic
sequence enhanced transgene expression, which resulted in stable,
long-term correction of serum bilirubin levels in animal models of
CN syndrome. These results demonstrate that intron optimization
increases mRNA and protein levels in vitro and enhance the efficacy
of the vector in vivo. Next, we conducted a similar analysis on other
intronic sequences commonly used in AAV-mediated gene transfer,
showing that the removal of cryptic ATGs in the intron at the 5’ of a
transgene generally increases its expression. The scanning ribosome
model may provide a solid explanation for our findings given that the
intronic sequence is not completely removed by splicing. We thus
analyzed the structure of the region at the 5” of the transgene by RT-
PCR and primer elongation assay and we observed the accumulation
of unspliced forms of the mRNA. We also confirmed that the presence
of cryptic ATGs has a critical impact on the translation efficiency of
the transgene. In conclusion, our results confirm the positive effect
of an intron fused to the 5’ of a transgene on its expression levels.
On the other hand, our results provide evidence that the synthetic
introns used in gene therapy are not spliced with 100% efficiency,
thus the optimization of the sequence of the intron by removal of
cryptic ATGs is important to increase the transgene expression in
AAV vector-mediated gene transfer.

159. Sustained Weight Loss and Altered Lipid
Taste Sensitivity Induced by Modulation of Salivary
PYY and Excendin-4 in Mice

Sean M. Crosson', Seth Currlin', Taimoor Khan!, Cedric D.
Dotson?, Sergei Zolotukhin'

!Pediatrics, University of Florida, Gainesville, FL, °Neuroscience
and Psychiatry, University of Florida, Gainesville, FL

Peptide tyrosine-tyrosine (PYY), known to induce satiation when
present in plasma, has recently been described to modulate body
weight (BW) and food intake (FI) of diet induced obese (DIO) mice
when included in saliva. Similarly, glucagon-like peptide 1 (GLP-1),a
GI peptide present in both plasma and saliva, also modulates BW and
FI. The purpose of this project was to study the anorexigenic effect of
sustained elevation of PY'Y and Excendin-4 (Ex-4, a GLP-1R agonist)
in saliva of mice. Using recombinant Adeno-associated virus serotype
8 (rAAVS) we performed gene transfer of GFP (control), PYY, Ex-
4, and PYY-Ex-4 dual vectors to the submandibular salivary glands
of C57BL/6 mice fed a high fat diet. We observed a significant (p <
0.05) decrease in BW of mice treated with either Ex-4, or PY'Y-Ex-4
dual vectors when compared to controls. Notably, mice treated with
PYY-Ex-4 dual vector displayed a significant decrease in BW as early
as 1-week post vector administration while Ex-4 mice alone did not
demonstrate a significant loss until 8 weeks post-injection. PY'Y mice,
while demonstrating a decreasing trend in BW gain with respect to
GFP mice, did not show a significant difference in BW during the
12-week experiment. To determine whether the anorexigenic effect
of salivary PYY and Ex-4 is modulated through taste perception,
we utilized a Davis Rig gustometer to generate brief access taste
response curves for a panel of tastants for all groups of treated mice.
Notably, the Ex-4 as well as the PYY-Ex-4 dual group displayed a
significant increase in sensitivity to intralipid stimulus, suggesting
that this taste modality plays a role in BW modulation. This observed
weight loss and altered taste perception in PY'Y and Ex4 treated mice
while significant, is complicated by the unintended transduction of
hepatocytes. Unintended transduction of the liver may allow for the
elevated levels of PYY and Ex4 in the bloodstream in addition to
saliva. In order to observe the saliva-specific effect of dual PY'Y Ex4
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vector administration, we have developed viral constructs containing
miR 122 target sequences, a liver specific micro RNA (miRNA), and
miR206, a skeletal muscle specific miRNA, target sequences in the
3> UTR of each construct. These micro RNA target sequences will
suppress vector expression in off target tissues such as the skeletal
muscle and liver. Additionally, all viral constructs were packaged into
AAVS instead of AAV8 which has the same transduction efficiency of
salivary glands but decreased transduction of the murine liver. Using
these miRNA constructs, we have observed no detectable expression
of GFP in the murine liver.

160. Successful Treatment of Neonatal
Metachromatic Leukodystrophy Model Mice by
Low Dose of Self-Complementary AAV Type9

Vector Expressing ASA

Noriko Miyake, Koichi Miyake, Motoko Yamamoto, Takashi
Shimada, Takashi Okada

Biochemistry and Molecular Biology, Nippon Medical School,
Tokyo, Japan

Metachromatic leukodystrophy (MLD) is a lysosomal storage
disease (LSD) caused by a functional deficiency of the lysosomal
enzyme arylsulfatase A (ASA) and characterized by severe
neurological symptoms due to widespread and progressive
demyelination in the both central and peripheral nervous systems.
Enzyme replacement therapy (ERT) has been applied to treat certain
types of LSDs, but correction of neurological abnormalities is usually
hampered by the blood brain barrier (BBB). We have previously
shown that MLD mice can be treated by intravenous (IV) injection of
classical single-stranded AAV type 9 vector expressing ASA (ssAAV9/
ASA) for neonate and self-complementary AAVI/ASA (scAAV9/
ASA) for adult. To develop the clinical MLD gene therapy, it is
important to decrease the amount of viral vectors because of safety.
In this study, we evaluated the therapeutic potential of scAAV9/
ASA-mediated systemic transduction of neonatal MLD mice at 10
times lower dose (2 x 10" v.g./body) compared to the treatable dose
ofthe ssAAV9/ASA (2 x 102 v.g./body). We generated both ssAAV9/
ASA and scAAV9/ASA to intravenously inject then into the neonatal
MLD mice (n=6-9). ELISA analysis showed that sustained high-level
expression of ASA was detected in the brain and spinal cord of the
scAAV9/ASA-treated mice (cerebral cortex, 2.1 times; cerebellum, 2
times; spinal cord, 5.5 times) compared to the ssAAV9/ASA for more
than one year. Furthermore, in the behavior test, both scAAV9/ASA
and ssAAV9/ASA-treated mice showed a significant improvement
in their ability to traverse narrow balance beams, as compared to the
non-treated MLD mice (latency; 7.2+0.9, 9.3£1.1 vs. 16.6+0.8 sec,
P<0.05: slips; 3.4+0.8, 3.6+0.6 vs. 7.3£1.8 times, P<0.05). These
data clearly demonstrate that MLD model mice can be treated by
systemic neonatal transduction with low dose of scAAV9/ASA.
Therefore, neonatal gene therapy would be an important option for
parents faced with the prenatal diagnosis of a genetically affected
child. Since ten times lower dose of sScAAV9/ASA is enough to treat
the neonatal MLD mice compared to ssAAV9/ASA, transduction
strategy to use scAAV9/ASA should be safe and more practical for
the clinical MLD gene therapy.

161. Novel Gene Transfer Strategy for
Hemophilia A by Omental Implantaion of
Autologous Endothelial Cell Sheet

Hideto Matsui', Masahi Noda', Midori Shima?, Rie Utoh?®, Teruo
Okano?, Mitsuhiko Sugimoto!

Regulatory Medicine for Thrombosis, Nara Medical University,
Kashihara, Japan, *Pediatrics, Nara Medical University,
Kashihara, Japan, 3Institute of Advanced Biomedical Engineering
and Science, Tokyo Women's Medical University, Tokyo, Japan

Preclinical and clinical studies using adeno-associated viral
(AAV) vectors for hemophilia B showed that the safety profile is
vector dose-dependent and that immune responses to AAV-capsid
proteins with subsequent hepatocyte toxicity required transient
immunosuppression for sustained transgene expression. However,
there still remain concerns over the safety of systemic vector
injection. Potential side effects include adverse immunological
reactions, vector-mediated cytotoxicity, germ-line transmission,
and insertional oncogenesis. Moreover, especially in hemophilia A,
an alternative transgene delivery approach may be necessary due
to the large size of the factor VIII (FVIII) cDNA. Blood outgrowth
endothelial cells (BOECS) are considered to be an attractive candidate
to treat hemophilia A, because BOECs express von Willebrand factor,
which is known to act as a carrier protein for FVIII and prevents its
proteolytic degradation. We previously demonstrated that therapeutic
levels of plasma FVIII were documented from hemophilia A mice
over 300 days, in which lentivirally-engineered blood outgrowth
endothelial cells (BOECs) sheet were implanted subcutaneously
(Tatsumi K et.al. PLoS One 2013 8(12):¢83280). While this new
technology is effective and safe in small animal such as mouse (20-
25g body weight), the major challenge is in applying this functioning
procedure in the patients with hemophilia A. For this purpose, the
current study focus on an assessment of the safety of cell sheet
implantation in canine models as the first step toward gene therapy
in clinic. GFP-transduced BOECs were cultured on temperature-
responsive poly (N-isopropylacrylamide) (PIPAAm)-grafted dish
to engineer BOECs sheet. This dish allows for simple detachment
of the cultured cells without the use of proteolytic enzymes such
as trypsin and enables us to harvest the cell sheet as a contiguous
monolayer that retains its native intercellular communications and
intracellular microstructure, which are indispensable for normal
cellular function. When the cultured BOECs reached confluency, the
cultured cells were detached from the PIPPAm dish as a uniformly
connected tissue sheet by lowering the culture temperature to 20°C
for 30 minutes. Under general anesthesia using isoflurane, beagle
dog (10-12Kg body weight) was placed on the operation table.
To exteriorize the greater omentum, an abdominal ventral midline
incision was made and 20 BOECs sheets in total were implanted.
Upon completion, the omentum was placed back into the abdomen
and the incision was closed. For the assessment of GFP expression,
the liver samples were collected by open liver biopsy both 30 and 120
days after sheet implantation. We confirmed that implanted BOECs
were differentiated into mature endothelial cells and contribute to new
blood vessel formation by histological examination. In conclusion,
tissue engineering approach by omental endothelial cell sheet
implantation are viable for persistent tissue survival and providing
therapeutic values in canine model. This novel ex vivo gene transfer
strategy can provide the safe and efficacious delivery of FVIII in
hemophilia A. Now, we are conducting FVIII gene transfer by cell
sheet implantation in canine hemophilia A model.
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162.  Functional Correction of
Mucopolysaccharidosis | in Adult Mice by a

Systemic rAAV9-IDUA Gene Delivery

Aaron Meadows, Ricardo Pineda, Marybeth Camboni, Kathryn
Waligura, Darren Murrey, Douglas M. McCarty, Haiyan Fu
Center for Gene Therapy, Research Institute at Nationwide
Children's Hospital, Columbus, OH

Mucopolysaccharidosis (MPS) I is a lysosomal storage disease
caused by autosomal recessive defect in iduronidase (IDUA).
The lack of IDUA activity results in the accumulation of GAGs
in cells in virtually all organs, leading to profound somatic and
neurological disorders. No treatment is currently available for the
neurological disorders of MPS 1. In this study, we have developed
a self-complementary (sc) AAV9 vector expressing human IDUA,
targeting the root cause. A single intravenous injection of scCAAV9-
hIDUA vector at 5x10'?vg/kg led to the rapid and persistent restoration
of IDUA activity and the clearance of lysosomal storage pathology
throughout the CNS, peripheral nervous system (PNS) and broad
peripheral tissues, as well as the correction of astrocytosis in the
CNS and PNS. Furthermore, we demonstrate that a single systemic
scAAVI9-IDUA gene delivery provides long-term neurological
benefits in MPS I mice, resulting in significant improvement in
cognitive and motor function, and extension of survival (ongoing).
More importantly, functional benefits were also achieved in MPS
I mice that were treated at advanced disease stages. These data
demonstrate the promising clinical potential of systemic scAAV9-
hIDUA gene delivery for treating MPS I and other neurogenetic
diseases.

163. Hematopoietic Stem Cells Transplantation
Can Normalize Thyroid Function in a Cystinosis
Mouse Model

Heloise P. Gaide Chevronnay', Virginie Janssens', Patrick Van Der
Smissen', Celine J. Rocca?, Xiao-Hui Liao®, Samuel Refetoff,
Christophe E. Pierreux!, Stephanie Cherqui?, Pierre J. Courtoy!
!Cell Biology Unit, de Duve Institute & Université catholique de
Louvain, Brussels, Belgium, *Pediatrics, UCSD, La Jolla, CA,
SMedicine, The University of Chicago, Chicago, IL

Cystinosis is a multi-systemic lysosomal storage disease caused
by defective transmembrane cystine transporter, cystinosin (CTNS
gene). In the mouse model of cystinosis, Ctns” mice, it has already
been shown that hematopoietic stem and progenitor cell (HSC)
transplantation provides long-term protection of kidneys and eyes,
which are affected early on in cystinosis. Tissue repair involves
transfer of cystinosin-bearing lysosomes from HSPCs differentiated
as macrophages into deficient adjacent cells, via tunnelling nanotubes
(TNTs). Hypothyroidism is the most frequent and earliest endocrine
complication in cystinotic patients and was recently shown as a
complication in the Ctns” mice too. Here, we are evaluating the
benefit of HSPC transplantation in the thyroid of Ctns” mice.
Abundant engraftment of bone marrow-derived cells in Ctns” thyroid
correlated with drastic decreased of cystine content, normalization
of TSH level and correction of the structure of a large fraction of
thyrocytes. In the thyroid microenvironment, HSPCs differentiated
into a distinct, mixed macrophage/dendritic cell lineage expressing
CD45 and MHCII, but not-detectably CD11b and F4/80. Like in
cystinotic kidneys, HSPC-derived cells produced TNT-like extensions
capable of crossing the follicular basement laminae. Interestingly,
HSPCs themselves further squeezed into follicles, allowing extensive
contact with thyrocytes, but did not transdifferentiate into Nkx2.1-
expressing cells, the hallmark of thyrocytes. This is the first report

demonstrating the potential of HSPC transplantation to correct thyroid
disease, and supports a major multisystemic benefit of stem cells
therapy for cystinosis.

164. Improvement of Gene Therapy for Wilson
Disease

Oihana Murillo', Daniel Moreno!, Cristina Gazquez', Iiiigo
Navarro-Blasco?, Jesus Prieto!, Ruben Hernandez-Alcoceba',
Gloria Gonzalez-Aseguinolaza'

!Gene therapy, FIMA, Pamplona, Spain, *Biochemestry, University
of Navarra, Pamplona, Spain

Wilson’s disease (WD) is an autosomal recessively inherited copper
storage disorder due to mutations in ATP7B gene that causes hepatic
and neurologic symptoms. Current treatments are based on lifelong
copper chelating drugs, which may cause side effects and do not
restore normal copper metabolism. We have recently demonstrated
that the administration of an AAV vector expressing ATP7B under the
control of a liver specific promoter induces full restoration of copper
homeostasis in a mouse model of Wilson’s disease. However, the size
of the vector genome surpasses the optimal size for AAV packaging,
limiting the use of large promoters or additional regulatory sequences
such as introns or bigger poly A sequences. In the present work we
have designed two truncated versions of ATP7B protein (T1 and T2),
and have analyzed their functionality and therapeutic efficacy. ATP7B
contains 6 metal binding sites (MBS) in the N-terminal region. T1
presents a deletion of 1 MBS and a fragment of the adjacent one,
whereas T2 lacks the first 4 MBS. Both proteins were active since
they were able eliminate intracellular excess of copper in an in vitro
system. The administration of recombinant AAV vectors carrying the
truncated proteins under the control of a liver specific promoter was
able to reduce liver damage and urinary copper excretion in the murine
model, but T1 was less efficient than the WT ATP7B gene. In contrast,
T2 showed full capacity to normalize these parameters. Furthermore,
T2 was more efficient than WT in restoring ceruloplasmin oxidase
activity in serum. In conclusion, we have identified a fully functional
truncated version of ATP7B protein that will reduce the size of
the therapeutic AAV vector genome and allow the introduction of
additional regulatory elements.

165. Liver-Directed Gene Therapy for Murine
Glycogen Storage Disease Type IB

Joonhyun Kwon', Jun-Ho Cho!, Young Mok Lee?, Goo-Young
Kim!, Javier Anduaga!, Janice Chou!

!NICHD/NIH, Bethesda, MD, *University of Florida, Gainesville,
FL

Glycogen storage disease type Ib (GSD-Ib) deficient in the
glucose-6-phosphate transporter (G6PT or SLC37A4) is characterized
impaired glucose homeostasis, myeloid dysfunction, and long-term
complication of hepatocellular adenoma (HCA). We have shown
that gene therapy mediated by a recombinant (r) AAV8 vector
expressing G6PT directed by the chicken B-actin promoter/CMV
enhancer enabled the G6pt-/- mice lived to over 51 weeks but all 5
transduced G6pt-/- mice expressed only low levels of hepatic GOPT
activity and two developed multiple HCAs with one undergoing
malignant transformation. We now examined the safety and efficacy
of rTAAV8-GPE-G6PT, arAAVS vector expressing GOPT directed by
the gluconeogenic tissue-specific human G6PC promoter/enhancer
(GPE). Of the fifteen rAAV8-GPE-G6PT-treated G6pr-/- mice that
lived over age 60 weeks expressed 2-62% of wild-type hepatic GOPT
activity with only one developed HCA. The treated mice, including
the HCA-bearing mouse exhibit a leaner phenotype along with normal
blood metabolite, display normal glucose tolerance profiles, maintain
normoglycemia over a 24-hour fast, and retain insulin sensitivity.
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We further show that activation of hepatic ChREBP signaling that
improves glucose tolerance and insulin sensitivity is one mechanism
that protects the rAAV-GPE-G6PT-treated G6pt-/- mice against age-
related obesity and insulin resistance.

166. Lentiviral Hematopoietic Stem Cell Gene
Therapy for Sjogren-Larsson Syndrome

Yoon-Sang Kim', Irudayam Maria Johnson', Dana S’ Aulis?,
William B. Rizzo?, Arthur W. Nienhuis'

'Hematology, St. Jude Children’s Research Hospital, Memphis, TN,
’Pediatrics, University of Nebraska Medical Center, Omaha, NE

Sjogren-Larsson syndrome (SLS) is a rare autosomal recessive
disorder characterized by scaling skin (ichthyosis), mental retardation,
and spasticity. SLS is caused by mutations in the ALDH3A42 gene,
which encodes fatty aldehyde dehydrogenase (FALDH), an enzyme
that is involved in the oxidation of fatty aldehyde and fatty alcohol.
In SLS, FALDH deficiency and impaired fatty aldehyde oxidation
results in lipid accumulation, which is responsible for the symptoms.
Spurred by previous hematopoietic stem cell gene therapy trials
for multi-systemic diseases, such as Adrenoleukodystrophy
(ALD), Metachromatic leukodystrophy (MLD), and Cystinosis,
we investigated the plausibility of hematopoietic stem cell gene
transfer to correct FALDH deficiency and alleviate the phenotype in
SLS. We designed the hematopoietic stem cell gene therapy using a
lentiviral vector containing human ALDH3A42 cDNA based on our
previous MND-WASP (Wiskott-Aldrich syndrome protein) vector
design. The lentiviral vector contains the normal human ALDH3A42
coding sequence which was derived from PCR products using human
mobilized peripheral blood CD34+ cDNA. The vector was tested
for FALDH protein expression in transfected human HEK293T
cells by western blot and the enzyme activity was confirmed using
HPLC-MS/UV. A transplantation experiment was performed using
the Aldh3a2-/- KO mouse model, where the lineage negative BM
cells from CD45.1 Aldh3a2-/- KO mice (C57BL/6 background)
were sorted and transduced with a lentiviral vector followed by
transplantation into lethally irradiated CD45.2 Aldh3a2-/- KO mice
(C57BL/6 background). These mice are being monitored for cell
engraftment, vector copy numbers, and any phenotypic changes.
An initial analysis for the grafts showed 56% transduction in the
MND(a synthetic promoter that contains the U3 region of a modified
MoMuLV LTR with myeloproliferative sarcoma virus enhancer)-GFP
group and 31% transduction in the MND-ALDH3A2 group based on
the CFU-C data. Flow cytometric analysis of peripheral blood on these
mice at 6 and 12 post- transplant week showed 32% transduction in
MND-GFP group. Further analysis including vector copy numbers
and end point analysis for various tissues including liver, spleen, and
brain are underway. This work provides the foundation for moving
forward with potential lentiviral hematopoietic stem cell gene therapy
for non-hematological disorders.

167. Genome Editing to Generate the First
Mouse Model of Alpha-One Antitrypsin Deficiency,
the Leading Cause of Genetic COPD

Florie Borel', Brynn Cardozo', Andrew Cox', Weiying Li', Andrew
Hoffman?, Mai EIMallah', Christian Mueller!

!Gene Therapy Center, University of Massachusetts Medical
School, Worcester, MA, *Tufts University, Grafton, MA

Alpha-one antitrypsin (AAT) deficiency is a common autosomal co-
dominant genetic disorder. This condition affects 1:2500 individuals
of European ancestry, leading to the development of lung and liver
disease. Within North American and Northern European populations,
an estimated 4% of individuals are carriers of mutant alleles. AAT
deficiency presents with an emphysema phenotype in the lungs of

older subjects. AAT deficient subjects can also suffer from liver
disease of varying severity; however, lung disease is the principle
cause of death. AAT is a protease inhibitor predominantly synthesized
in the liver that belongs to the serine protease inhibitor (serpin) family.
Upon secretion into the blood stream, AAT enters the lungs where
it inactivates excess neutrophil elastase, thereby preventing damage
to the alveoli. Mutations of the Serpinal gene can lead to reduced
serum levels of AAT and decreased protein functionality, allowing for
unrestricted elastin breakdown, pulmonary inflammation and eventual
emphysema. Currently, an animal model simulating the lung condition
does not exist, which severely limits the development of therapeutics.
This is due to the higher genomic complexity of mice compared to
humans. Indeed due to amplification events, C57BL/6 mice have
five genes that are homologous to human SERPINAI. To address
this we generated a quintuple gene knockout using CRISPR/Cas9
system via zygote microinjection. We generated three founding lines
in which all 5 copies of the gene were disrupted. Mice from all three
lines demonstrate absence of hepatic and circulatory AAT protein as
well as a reduced capability to inactivate neutrophil elastase. We also
characterized the lung phenotype in response to a lipopolysaccharide
challenge, where the model recapitulated many characteristics of
the human lung disease including decreased elastance and increased
compliance, and lung morphometry was also affected. Genomic
and transcriptomic characterization will be presented. Future work
will include challenges with cigarette smoke, a well-known disease
accelerator in patients. Further, the ongoing generation of a new
transgenic model carrying both the quintuple disruption of the
murine Serpinal genes and a single copy of the Z variant of human
SERPINA I will bring to the field the ultimate disease model that will
finally allow researchers to evaluate the effects of liver-directed gene
augmentation in the presence of Z-AAT polymers.

168. Assaying Hepatic Correction Mediated by
Varied AAV Vectors in a Knock-Out Transgenic
Mouse Model of Methylmalonic Acidemia (MMA)
Brandon T. Hubbard, Randy J. Chandler, Charles P. Venditti
National Human Genome Research Institute, National Institutes of
Health, Bethesda, MD

Methylmalonic acidemia (MMA) is an inborn error of metabolism
most commonly caused by deficient methylmalonyl-CoA mutase
(MUT) activity. The disorder can have multiple clinical manifestations,
including metabolic instability, stroke of the basal ganglia, pancreatitis,
end-stage renal failure, growth impairment, osteoporosis and
developmental delay. Unfortunately, current non-invasive therapies
fail to chronically manage the disease, and patients still suffer from
increased morbidity and early mortality. Solid organ transplantation,
including elective liver, combined liver-kidney and isolated kidney
transplantation, has been used to provide sustained benefit to patients,
but the procedures come with substantial risks as well as the post-
operative requirement for life-long immunosuppression. To address
the large and unmet need for new therapies for patients with MMA,
we have developed an effective adeno-associated viral (AAV) gene
therapy that has been previously validated in a neonatal lethal mouse
model of Mut deficiency (Mut™). The current project compares how
two distinct AAV8 vectors that express the human MUT gene under
the control of either the liver specific, human alpha 1-antitrypsin
(hAAT) promoter, or the ubiquitous CMV-enhanced chicken B-actin
(CBA) promoter differentially affect metabolite levels following
systemic delivery to adult mice. The animals used in this study
(Mut-; TgNSMERMury express wild-type Mut in a muscle-specific
fashion via a stable germline transgene and completely lack transgene
expression in the liver. Mut'; TgNS MMt mjce accurately model the
hepatorenal manifestations of MMA, but afford an opportunity to
assess gene therapy vectors at or after weaning because mice are
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rescued from neonatal lethality, yet experience massive elevations of
the characteristic metabolites (methylmalonic and 2-methylcitric acid)
because of the lack of hepatic Mut activity. Disease related metabolites
were measured in plasma samples derived from Muz'-;Tg™NS-MCK-Mut
mice (n=7) prior to AAV gene delivery. The mice were then injected
via the retro-orbital route with 1.5X10" GC of either AAV8-hAAT-
MUT or AAV8-CBA-MUT. At 10 days and 30 days post-treatment,
mice treated with either vector showed a significant reduction in
methylcitrate and methymalonic acid levels, with AAV8-CBA-MUT
(n=2) treated mice manifesting methylcitrate and methylmalonic acid
levels that trended lower than those measured in mice injected with
AAV8-hAAT-MUT (n=4) at both time points. Further studies will be
needed to precisely compare the differences between the hAAT and
CBA promoters in MMA mouse models, but our preliminary results
demonstrate that the Mut”; Tg™NS MMt mice can be used to easily
ascertain hepatic correction of Mut deficiency, which should help
inform the selection of regulatory elements that will provide maximal
therapeutic efficacy to treat patients with MMA.

169. Expression Studies of Ornithine
Transcarbamylase in Liver Using Minicircle
Vectors for Gene Therapy: Flag-Tagging of a
Mitochondrial Enzyme and Stable Expression
Under Control of an Endogenous Otc Promoter-
Enhancer

Hiu Man Viecelli!, Sereina Deplazes', Andrea Schlegel?, Sharon
Cunningham?®, Tan Alexander®, Johannes Héberle!, Beat Thony'
!Division of Metabolism and Children’s Research Center,
University Children's Hospital Zurich, Zurich, Switzerland,
’Department of Sugery, Swiss HPB and Transplant Center, Zurich,
Switzerland, *Children’s Medical Research Institute, Westmead,
Australia

Ornithine transcarbamylase deficiency (OTCD) is the most
common inherited defect of the urea cycle resulting in severe
hyperammonemia and death if left untreated. We are aiming at
correcting OTCD using naked-DNA minicircle (MC) vector mediated
gene therapy in the spf" mouse model with low residual OTC activity.
A critical parameter is delivery to periportal hepatocytes where the
urea cycle is located because of metabolic zonation in the liver. To
distinguish between MC-born and endogenous OTC enzyme, we
generated an expression cassette with an internally Flag-tagged OTC
enzyme. Internal epitope tagging is required because of the N-terminal
mitochondrial import sequence. A corresponding Flag-tag sequence
was introduced C-terminally of the mitochondrial import signal. The
tagged protein performed similar to its non-tagged OTC enzyme
upon hydrodynamic tail vein injection for liver targeting in spf®"
mice, indicating that the tag neither interferes with the mitochondrial
import nor the formation of a functional OTC trimer. Furthermore we
generated an endogenous Ofc promoter-enhancer construct, termed
PmO1, for potential specific or “natural” OTC transgene expression.
According to others, the promoter (672 bp) sequence derived from
mouse Ofc was not sufficient for liver specificity (Veres et al, ] Biol
Chem 261: 7588-7591, 1986) and requires a corresponding enhancer
sequence (Nishiyori et al, J Biol Chem 269: 1323-1331, 1994). An
enhancer sequence (232 bp) originating from rat Ofc was used that
contains several binding sites for liver-selective transcription factors
(Murakami et al, Mol Cell Biol 10: 1180-1191, 1990). The resulting
MC-vector expressing OTC from this PmO1 promoter-enhancer
construct was delivered to sp/*" mice via hydrodynamic tail vein
injection, resulting in similar enzymatic activity in whole liver extracts
compared to wild-type mice. Vectors designed to express Flag-tagged
OTC driven from a natural Ofc promoter might be useful to study
biodistribution and/or long-term stable expression after MC-based
gene therapy for OTCD.

170. PhaseRx mRNA Technology Platform Uses
SMARTT Polymer Technology® to Target and
Deliver mRNA to the Liver and Treat a Urea Cycle
Disorder in a Mouse Disease Model

Mary Prieve, Allen Li, Alex Baturevych, Eric Bell, Teri Blevins,
Anna Galperin, Pierrot Harvie, Jean-Rene Ella Menye, Sean
Monahan, Amber Paschal, Maher Qabar, Debashish Roy, Matt
Waldheim, Mike Houston

PhaseRx, Seattle, WA

Messenger RNA (mRNA) is a promising alternative in both the
viral and non-viral DNA-based gene delivery fields. Current viral
vectors for gene therapy are associated with serious safety concerns
and nonviral vectors are limited by low gene transfer efficiency.
mRNA gene expression in the liver can be used for treatment of
genetic diseases involving disorders of metabolism. The majority
are due to defects of single genes that code for enzymes expressed
solely or predominantly in the liver. SMARTT Polymer Technology®
has been developed into a robust platform for RNA therapeutics.
Optimization of the mRNA technology platform has led to stepwise
improvements in mRNA delivery to the liver using GalNAc targeted
polymers. We demonstrated a 5,000-fold improvement in activity
over our first generation delivery system.

Urea cycle disorders result from single gene mutations that lead
to deficiency in one of the six enzymes in the urea cycle pathway.
This deficiency can trigger elevated blood ammonia levels, also
known as hyperammonemia, a life-threatening illness that leads
to brain damage, coma or even death in humans. The deficient
protein is intracellular and IV protein therapeutics are ineffective.
Liver transplantation is the only cure for urea cycle disorders but is
limited by the shortage of donors and complications associated with
rejection and infection of the transplant. There is a dire need for new
treatment options.

Using the mRNA technology platform, we have demonstrated
preclinical proof of concept in a urea cycle disorder mouse disease
model. Treatment with therapeutic mRNA shows normalization of
blood ammonia levels in hyperammonemic mice. Therapeutic mRNA
expression is detected in the liver after a single mRNA dose with good
duration of expression. The treatment was well tolerated, with no
toxicities associated with both single and multiple dosing regimens.

This mRNA technology platform provides a significant opportunity
for the treatment of urea cycle disorders and other orphan liver
diseases.

171.  Quantification of Human FVIIl and
Estimation of Its Molecular Weight: Potential
Applications in Gene Therapy for Hemophilia A

Rajeev Mahimkar, Barrie Carter, Gordon Vehar
Biomarin Pharmaceutical Inc, Novato, CA

Current protocols for measurement of FVIII rely on chromogenic
or coagulation assays, and are not designed for quantification of
FVIII antigen. Development of assays for measuring FVIII antigen
may be necessary and beneficial for determining the efficiency of
newer therapeutic approaches for Hemophilia A such as gene therapy.
Herein, we describe the development of proprietary assays for
quantification of human FVIII in plasma matrices from heterologous
species, and estimation of the human FVIII molecular weight.

A variety of monoclonal antibodies against the FVIII heavy and
light chain were screened for their ability to recognize human FVIII
from normal human plasma pool, or CHO cell derived recombinant
human FVIII-B domain deleted (FVIII-BDD) spiked in mouse and
non-human primate (NHP) plasma. Based on the initial screen, a
monoclonal each against the human FVIII heavy or the light chain
was selected for enrichment, followed by detection using a sheep anti-
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FVIII polyclonal antibody. Using this sandwich ELISA procedure, a
standard curve was generated for human FVIII-BDD antigen in the
range of 100 ng/ml - 0.1 ng/ml, and minimal cross reactivity was
observed when tested with mouse and NHP plasma pools containing
endogenous FVIII antigen. Furthermore, individual mouse strain
plasma pools, and individual NHP samples representing different
genetic origins were also screened for cross-reactivity to endogenous
FVIII antigen and found to be negative. The sandwich ELISA was
used to quantify FVIII antigen in defined plasma samples from normal
or Hemophilia A human subjects, and antigen levels correlated with
the reported FVIII activity.

The ELISA procedure was modified and adapted for estimation of
the human FVIII antigen molecular weight. FVIII heavy and light
chains, from normal human plasma pool or recombinant human
FVIII-B domain deleted (FVIII-BDD), were enriched followed by
resolution using a denaturing reducing PAGE and western blotting.
The apparent migration of heavy and light chain was at the appropriate
molecular weights; 90-185 kDa for heavy chain and 70 kDa for light
chain. In case of heavy chain from normal human plasma pool, a
ladder of differing molecular weights was seen and may be indicative
of the differential furin and thrombin dependent processing of the
B-domain.

Thus, these newly developed assays for quantification of human
FVIII and estimation of its molecular weights will be useful for further
characterization of gene therapy for Hemophilia A.

Cardiovascular and Pulmonary Diseases

172. B-Type Natriuretic Peptide Gene

Therapy as a Novel Early Treatment for Familial
Hypertrophic Cardiomyopathy

Cassandra A. Bongers!, Sara J. Holditch!, Claire A. Schreiber!,
John P. Konhilas?, John C. Burnett?, Yasuhiro Ikeda'

!Department of Molecular Medicine, Mayo Clinic, Rochester, MN,
’Department of Physiology, University of Arizona, Tucson, AZ,
’Department of Cardiovascular Diseases, Mayo Clinic, Rochester,
MN

Hypertrophic cardiomyopathy (HCM) is the most common familial
cardiomyopathy, with the prevalence between 0.2 to 0.5 %. HCM
presents as an increase in left ventricular mass with thickening of
the interventricular septum (IVS), myocellular disarray, interstitial
fibrosis, heart thythm abnormalities, and sudden death, necessitating
therapeutic intervention. HCM is commonly caused by mutations in
genes MYH7, MYBPC3, TNNT2, and TNNI3.

The cardiac hormone, B-type natriuretic peptide (BNP) is a
guanylyl cyclase A (GC-A) agonist. Physiological effects of BNP
include natriuresis, vasodilation and blood pressure-lowering action.
Additionally, BNP shows direct cardioprotective properties including
anti-hypertrophic and anti-fibrotic effects, independently of its
anti-hypertensive effects. We have recently found that genetic BNP
ablation results in progressive cardiac hypertrophy with upregulation
in HCM-associated genes in rats. In the current study, we tested the
hypothesis that sustained BNP treatment with novel gene delivery
of BNP may preserve cardiac function and structure in HCM in a
mouse model of HCM.

We used transgenic HCM mice expressing a mutated o-myosin
heavy chain. Adeno-associated virus serotype 9 (AAV9) vectors were
utilized to exploit their natural myocardial tropism. Three groups of
mice were treated via tail-vein injections at four weeks of age (week
one of study); Group 1, No HCM control (C57bl/6, no transgenic
a-myosin heavy chain, n=6); Group 2, Untreated HCM mice with
transgenic a-myosin heavy chain (PBS treated, n=10); Group 3,
AAV9-BNP vector-treated HCM mice (n=6). To observe therapeutic
benefit we assayed non-invasive blood pressure, myocardial

architecture and remodeling (echocardiography), exercise capacity
(treadmills), and any cardiorenal interplay through renal parameters.
At 6,9, 12, 15 and 25 weeks after AAV vector administration, left
ventricular mass by echo was significantly higher in the untreated
HCM group than the AAV-BNP-treated HCM and wildtype C57bl/6
mice. Significant increases in [VS and posterior wall thickness were
also observed in control HCM group. At 11, 19, and 25 weeks after
AAV vector administration, exercise capacity, monitored by treadmill
tolerance, was significantly lower in the control HCM group than the
AAV-BNP-treated HCM mice. No significant changes were seen in
urine outputs. HCM AAV9-BNP treated mice showed a trend towards
a lower blood pressure than both C57bl/6 and HCM mice.

Our data demonstrate that AAV9-mediated BNP over-expression
blocks progressive left ventricular enlargement and improves exercise
capacity in a mouse model of HCM. The present study supports the
BNP/GC-A/cGMP axis as a novel therapeutic target for the treatment
of HCM.

173.  Electroporation-Mediated FER Gene
Delivery in the Resolution of Severe Gram
Negative Pneumonia

Vladislav Dolgachev, Rebecca Goldberg, Suresh
Madathilparambil, Krishnan Raghavendran, Mark R. Hemmila,
Mark Johnson, David Machado-Aranda

Surgery, Division of Acute Care Surgery, University of Michigan,
Ann Arbor, M1

Introduction: The emergence of multi drug resistant bacterial
pneumonia is a major concern among Intensive Care Units across the
nation. Severely injured patients including those with lung contusion
(LC) and requiring mechanical ventilation are particularly vulnerable
in developing above forms of virulent pneumonia (PNA). The
continued deterioration of these patients evolves into highly mortal
Acute Respiratory Distress Syndrome. A recent GWAS study showed
that FER expression, a non-receptor cytosolic tyrosine-kinase, was
associated with survival from pneumonia and sepsis. We elected
to study the role of FER gene in a murine model of bacterial PNA.
We hypothesized that electroporation-mediated (EP) delivery of
the FER gene would decrease mortality in severe PNA complicated
by trauma. Methods: Two separate PNA models were created in
C57Bl/6 mice by airway inoculation of 500 CFU of Klebsiella sp.,
in naive (Primary PNA) or after blunt trauma-induced lung contusion
(Secondary PNA). Treatment group(s) consisted on delivering naked
plasmid DNA encoding FER to the lung (pFER) followed by square
wave EP at 200 V/cm, eight 10 ms pulses, 1 s apart using external
forelimb flat electrodes, either before or after insult. These plasmids
were delivered with appropriate controls (saline EP {EP-sham} and
plasmids encoding the Na"/K*-ATPase- which has shown favorable
response in sterile inflammatory conditions {pPump}). 7-day survival
curves were recorded. Specific readouts included parameters of
lung inflammation (Histology, Bronchial Alveolar Lavage [BAL],
Tag-man PCR) and infection (blood-lung bacterial quantification)
at 24 and 72 hrs. Results: Survival was markedly improved by
pFER treatment, both in primary and secondary bacterial PNA as
compared to EP-sham or pPump controls. (Figure 1 left). Assessed
parameters of inflammation showed also favorable changes being
more prominent in secondary bacterial PNA, as visualized by H-E
staining (Figure 1 right) .With pFER treatment there was a robust
recruitment of monocytes in BAL (~20 fold increase over LC+PNA
control, p<0.0001), with cells showing activation of bactericidal
Fizz (~110 fold change over LC + PNA control, p<0.0001) and NOS
(~160 fold change over LC + PNA, p<0.0001) genes. Blood and lung,
bacterial counts were significantly decreased in the pFER group with
some animals able to completely clear the lung of infection (Figure
2). Conclusion: EP-mediated delivery of the FER gene significantly
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improved mouse survival in severe primary and secondary models
of bacterial PNA. Mechanisms include recruitment of monocytes,
activation of lung immune cells and improved bacterial clearance.
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174. Post-Deployment Modifications of Stent

with Endothelial Cells

Ilia Fishbein, Ivan S. Alferiev, Richard F. Adamo, David T.
Guerrero, Yanqing Tang, Michael Chorny, Robert J. Levy
Pediatrics, The Children’s Hospital of Philadelphia, Philadelphia,
PA

Accelerated restoration of a functional endothelial layer in
the injured arteries following stent angioplasty has been pursued
over the past 20 years as an approach for preventing uncontrolled
expansion of neointimal tissue and subsequent in-stent restenosis.
To achieve enhanced re-growth of endothelium over the denuded
arterial segments, strategies based on the pre-procedure seeding
of stents with syngeneic/autologous endothelial cells (EC) and
protocols involving stent surface modification to expedite capture and
proliferation of circulating endothelial progenitor cells (EPC) have
been explored. The main hurdle for the clinical translation of these
“pro-healing” stents is the impediment in establishing an integral EC/
EPC monolayer arrangement immediately after stent deployment,
which is paramount for aborting platelet attachment to the exposed
sub-endothelium and preventing inflammatory cell recruitment. The
current work investigates a novel practical way to attain coverage
of stent struts with syngeneic/autologous EC simultaneously with
stent implantation. Stainless steel surfaces of tubing and stents were
consecutively modified with 1% polyallylamine bisphosphonate,
4 mM sulfo NHS-LC-LC-biotin and 100 pg/ml avidin. Control

samples were prepared omitting avidin attachment step. Rat aortic
endothelial cells (RAEC) were surface modified in suspension with 1
mM sulfo NHS-LC-LC-biotin for 10 min, followed by pelleting and
resuspension in PBS. Stainless steel tubing samples (avidin-coated
or control; n=3 for both) were placed in succession inside 2 separate
loops of polypropylene tubing that were mounted on a Chandler
loop apparatus that models continuous blood flow. RAEC were
resuspended in 20 ml of DMEM (2.5x10° EC/ml) and 10 ml of EC
suspension was used to fill each loop. After 45 min of biotinylated
RAEC recirculation through the avidin-modified and control steel
samples (25 dynes/cm?, 37°C), the samples were removed, fixed
in 4% PFA, inverted and stained with Hoechst 33258. The density
of fluorescent nuclei associated with avidin-modified and control
stainless steel surface was determined by fluorescence microscopy,
demonstrating a 50-fold higher attachment density of biotinylated
EC on avidin-modified surfaces. Firefly luciferase expressing RAEC
(via lentiviral transduction) were surface modified with 1 mM sulfo
NHS-LC-LC-biotin and intraluminally delivered (2x10° cells) into
temporally isolated segments of rat carotid arteries immediately
after deployment of PAB/ sulfo NHS-LC-LC-biotin/avidin modified
(N=4) or PAB only modified control stents (N=4). The animals
underwent bioluminescent imaging 2 days post-stent deployment
showing a 14.5-fold higher luminescent signal in animals treated with
avidin-modified, than with control stents, demonstrating preferential
attachment of biotinylated EC to the avidin-modified steel substrate
and attesting to the viability of the delivered cells. Post-deployment
binding of biotinylated EC to the surface of the avidin-modified stent
can present a viable method of stent re-endothelialization and may
have a therapeutic value in the prevention of in-stent restenosis and
thrombosis.

175. Abstract Withdrawn

176. Novel Molecules That Enhance Adenovirus
Transduction of the Airway Epithelium:
Reinvigorating Adenovirus-Mediated Gene
Therapy

Katherine J. D. A. Excoffon, Priyanka Sharma, James M. Readler,
Mahmoud S. Alghamri

Biological Sciences, Wright State University, Dayton, OH

Adenovirus remains the most common vector system used in gene
therapy clinical trials worldwide and several adenoviral vectors show
promise in phase III clinical trials. One major limitation to the efficacy
of adenovirus-mediated gene therapy is low transduction due to the
limited primary receptor availability in most tissues. Interventions able
to boost adenovirus transduction would have significant implications
for both improving transduction and lowering the viral dose below
the immunogenic threshold. Most human and several key animal
adenoviruses share a common receptor with group B coxsackieviruses
named the coxsackievirus and adenovirus receptor (CAR). CAR has
several alternatively spliced isoforms. We have recently discovered
that the eight-exon isoform (CARE*®) can specifically localize to
the apical membrane of polarized primary human airway epithelia
where it can mediate apical adenovirus infection. Moreover, we have
discovered that CAR®® is both positively and negatively regulated by
the cellular scaffolding protein MAGI-1. We hypothesized that cell
permeable decoy peptides targeting the interaction between MAGI-1
and CARP*® would increase CAR®® protein levels and increase AdV
transduction. Tat-conjugated peptide entry into polarized epithelia
was confirmed by mass spectrometry and fluorescence microscopy.
Relative to control, peptides increased the levels of CAR®® at the
apical surface of polarized epithelia and significantly increased AdV
entry and transduction, as measured by apical surface biotinylation,
qPCR, and AdV5-B-Gal transduction. Moreover, AdV5 transduction
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was increased by 300-500% after intranasal peptide administration
in mice demonstrating in vivo activity. To determine the mechanism
of action, we followed the synthesis and co-localization of CAR™®
with key molecules in the cellular ER-Golgi-vesicular trafficking
pathways. We found that CAR®® was in compartments distinct from
MAGI-1 and spread throughout the apical trafficking pathway and
at the apical surface of the epithelium. Removal of the peptides
reversed both the amount and localization of CAR®*® and returned
the susceptibility of the epithelium to baseline. Taken together, these
data indicate that decoy peptides able to block the MAGI-1-CARE*®
interaction transiently increase adenovirus-mediated gene transfer
and offer the potential to increase the efficacy of adenovirus-mediated
gene therapy.

177. Cross-Talk Between Human Relaxin Gene

Therapy and Infarct-Related Coronary Artery
Young Sook Lee!, Joung-Woo Choi!, Jung-Eun Oh?, Sung Wan
Kim!, Chae-Ok Yun?

'Department of Pharmaceutics and Pharmaceutical Chemistry,
University of Utah, Salt Lake City, UT, Department of
Bioengineering, Hanyang University, Seoul, Korea, Republic of

Background & Aim : The occlusion of coronary artery causes
myocardial infarction (MI), leading cause of morbidity and
mortality in the world. In the coronary angiography (CAG), the
revascularization by reperfusion of infarct-related coronary artery
is the key therapeutic modality. The systolic function evaluated by
ejection fraction is a well-known traditional prognostic parameter.
The non-invasive transthoracic Doppler echocardiography has been
feasible to evaluate coronary artery in clinic (J Am Soc Echocardiogr
17(2):178-185, 2004). The purpose of this study is to valuate the
efficacy of human Relaxin gene therapy in an infarct-related coronary
artery, correlate the assessment of human Relaxin gene therapy with
a typical cardiac function-structure relationship, and expand the
significance of human Relaxin gene therapy on infarct-related artery
to be a promising candidate for cardioprotective therapeutics after MI.
Method: MI was induced by 30 min surgical occlusion of proximal
left anterior descending (pLAD) at 7-8 wks-old male Sprague-Dawley
rats (ischemia-reperfusion (I/R) injury group). Compared with I/R
group and intramyocardial injection of hiuman Relaxin plasmid DNA
alone, the effects of intramyocardial injection of hiuman Relaxin gene
delivered by a bioreducible polymer were evaluated by 2D speckle-
tracking Doppler echocardiography. Results: The diameter and
velocity of the pLAD, infarct-related coronary artery, was assessed
both during diastole and systole on 1 and 4 wks after I/R injury of MI.
The diameter of pLAD in human Relaxin gene delivery group was
more preserved than I/R group, up to the level of thoracotomy sham
group on 1 and 4 wks after MI. In addition, the time velocity integral
(TVI), stroke volume, and output in pLAD of human Relaxin gene
delivery group were significantly higher than I/R group on 1 and 4 wks
after MI. This diagnostic approach of infarct-related coronary artery
of human Relaxin gene delivery was well correlated to the systolic
function (EF), hemodynamics, and structural parameters in rat hearts
after MI. Conclusion: This study suggests that the human Relaxin
gene delivery system exerts reverse remodeling after MI on infarct-
related coronary artery as well as systolic function, hemodynamics,
and cardiac chamber quantification.

178. Effect of Heme Oxygenase-1
Overexpression on DNA Synthesis of Adult

Cardiac Progenitor Cells Under Hypoxia

Ding Li, Landys Z. Guo, Qinghui Ou, Wei Xie, Roberto Bolli,
Qianhong Li

University of Louisville, Louisville, KY

Although the studies in animals and humans have shown that the
beneficial effects of adult c-kit" cardiac progenitor cells (CPCs) on
left ventricle function and remodeling post-myocardial infarction
persist for several weeks and up to 1 year after CPC administration,
the vast majority (>95%) of transplanted CPCs in animal studies die
or vanish shortly after cell administration. Additionally, the less blood
flow in the scar tissue after heart attack results in the oxygen reduced
to 1 - 2% (hypoxia) which makes the cardiac microenvironment
inadequate for cell DNA synthesis, thereby implying that gene
manipulations on the transplanted CPCs that limit cell death under
hypoxia may enhance the efficacy (and thus clinical applicability)
of cell therapy. One of the most powerful cytoprotective proteins
known is heme oxygenase-1 (HO-1). To test the hypothesis that
HO-1 gene may improve newly synthesized DNA level in CPCs
under hypoxia, adult CPCs were isolated and sorted from wild-type
(WT), HO-1 transgenic (TG) or knockout (KO) mouse hearts. The
c-kit positivity in all live CPCs was 60 - 65% detected by FACS with
specific monoclonal anti-c-kit antibody in which Mast cells were
used as positive control and CHO cells as negative control. HO-1
protein overexpression in HO-1"¢ CPCs was confirmed by FACS and
immunoblotting (2.8-fold greater than that in WT CPCs); in contrast,
HO-1X° CPCs had no HO-1. A hypoxia chamber system containing
1% of O,, 5% of CO,, and 94% of nitrogen was employed to mimic
the damaged environment in the cardiac scar tissue. Furthermore,
Bromodeoxyuridine (BrdU), an analog of thymidine that can be
incorporated into the newly synthesized DNA of replicating cells
in S-phase, was used to determine DNA synthesis levels in CPCs.
Cells were cultured for 16 h and then labeled with BrdU for 30 min
before BrdU immunofluorescent staining. Under normal oxygen
tension (21% of O,), HO-179 CPCs exhibited an significant increase in
nuclear BrdU intensity relative to either WT or HO-1%° CPCs (+88%
vs WT group, and +63% vs HO-1¥° group), indicating that the new
DNA synthesis in HO-179 CPCs are very active during cell mitosis
as compared to WT or HO-1¥° CPCs. Under hypoxic condition (1%
of O,), although new DNA synthesis in S-phase in all of the groups
was much less active, HO-1" CPCs showed even greater differences
(+2.4-fold vs WT, +2.0-fold vs HO-1¥°) in the extent of BrdU nuclear
incorporation as compared with WT or HO-1%° CPC group (Fig),
providing a strong evidence that HO-1 gene plays an important role in
protecting CPCs under hypoxia via promotion of new DNA synthesis
in BrdU-labeled cell mitosis. These results demonstrate that HO-1/
gene promotes new DNA synthesis during mitoses in adult CPCs
not only under normal oxygen condition but also in the hypoxia
environment, therefore HO-17¢ CPCs may provide higher survival
rate than WT and HO-1X%° CPCs. The data support the hypothesis
that HO-1 gene improves the survival and reparative ability of adult
CPCs via enhancing newly synthesized DNA in replicating cells in
S-phase under hypoxia. Thus, the adult CPCs carried HO-1 gene as
anew approach may have potentially clinical application to increase
the efficacy of cell therapy for patients with heart attack.
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179. Helper-Dependent Adenovirus-Mediated
Gene Transfer of an LDL Receptor/Transferrin
Chimeric Protein Reduces Aortic Atherosclerosis
in LDL Receptor-Deficient Mice

Eleonora Leggiero', Giuseppe Labruna?, Laura Iaffaldano’,
Martina Esposito!, Dalila Savoia!, Lucia Sacchetti!, Lucio Pastore'
!CEINGE-Biotecnologie Avanzate, Napoli, Italy, ’IRCCS SDN,
Istituto di Ricerca Diagnostica e Nucleare, Napoli, Italy

Familial hypercholesterolemia (FH) is a well-characterized genetic
hyperlipidemia due in most of the cases to mutations in the LDL
receptor (LDLR) gene; FH is characterized by elevated concentration
of plasma LDL cholesterol (LDL-C) with consequent deposition of
LDL-C in tendons, skin and arteries. Statins can lower cholesterol
levels but are not effective in all patients whose prognosis is still quite
poor. In the past, we have developed safe and effective gene-therapy
strategies for hepatocytes transduction and consequent expression
of anti-atherogenic proteins using PEGylated helper-dependent
adenoviral (HD-Ad) vectors. We have recently devised a therapeutic
strategy for reducing LDL using a secreted protein that can potentially
be expressed in non-hepatic tissues used as bioreactors. At this aim,
we developed an HD-Ad vector for the expression of the soluble form
of'the extracellular portion of the human LDLR fused with transferrin
(LDLR/TY). We evaluated the efficacy of LDLR/Tfin cellular models
such as CHOIldla7 in which we restored the cell ability to uptake of
labeled LDL; subsequently, we administered intravenously 1X10E11
vp/kg of the HD-Ad vector expressing LDLR/Tf in LDLR-deficient
mice and demonstrated the efficacy of the above-mentioned vector
in reducing total and LDL cholesterol levels; in addition, expression
of LDLR/TT significantly reduced aortic atherosclerotic lesions in
treated LDLR-deficient mice compared to controls 1.78+0.48 vs.
5.38+0.54 sq.mm.). We therefore demonstrated the efficacy of serum
secretion of LDLR/Tf in reducing aortic atherosclerosis in FH mice.
These results will allow the evaluation of HD-Ad vector-mediated
expression of LDLR/Tfin non-hepatic tissues using alternative routes
of administration in order to develop safer gene transfer protocol more
compatible with clinical applications.

180. The Role of the Pyruvate Dehydrogenase
Kinase 4 (PDK4) Gene Mutation in the
Development of Dilated Cardiomyopathy in
Dobermanpinschers and Potential Application of

Cardiac Gene Therapy

Luiz Bolfer!, Amara H. Estrada', Brandy Winter!, Kathryn
Taggart', Francisco Lourengo', Naohiro Terada?, Barry J. Byrne?,
Thomas J. Conlon*, Christina A. Pacak®

ISmall Animal Clinical Sciences, University of Florida,
Gainesville, FL, *Pathology, Immunology and Laboratory
Medicine, University of Florida, Gainesville, FL, 3Pediatrics
and Molecular Genetics & Microbiology, University of Florida,
Gainesville, FL, *Pediatrics and PGTC Toxicology Center,
University of Florida, Gainesville, FL, ’Pediatrics, University of
Florida, Gainesville, FL

Dilated cardiomyopathy (DCM) is estimated to be the third most
common inherited type of heart disease in humans reported to affect
35.6 and 0.57 in 100,000 adults and children, respectively. The
Doberman Pinscher (DP) is a canine breed affected with idiopathic,
non-ischemic DCM that closely resembles the human counterpart
acting as a clinically relevant human model. Recently, a 16 base
pair deletion in the 5’ donor splice site of intron 10 of the pyruvate
dehydrogenase kinase 4 (PDK4) gene, encoding for a mitochondrial
protein involved in energy metabolism, has been identified but the
relationship between the PDK4 mutation, mitochondrial function
and phenotypic development of DCM is largely unknown. Our
research has focused on understanding the relationship between the
consequences of the PDK4 mutation on mitochondrial function and
phenotypic development of DCM as well as the potential of cardiac
gene therapy to correct the phenotype. A total of 64 DP were tested
for the PDK4 mutation and screened for DCM. Healthy dogs and
dogs diagnosed with DCM were further divided into 3 groups based
on the presence of the genetic mutation: Wild-type (PDK4wt/wt),
Heterozygous (PDK4wt/del), and Homozygous (PDK4del/del).
Preliminary analyses using isolated mitochondria from skin fibroblasts
of these dogs demonstrated a lack of detectable PDK4 protein
expression in PDK4del/del, and a significant decrease in PDK4wt/del
(48% of normal). Phase contrast microscopy and immunofluorescence
studies revealed significantly different morpho-phenotypic
characteristics and reduced capacity to adapt to unfavorable metabolic
conditions as compared to healthy dogs. Assessment of mitochondrial
metabolic potential and function (oxygen consumption rate (OCR)
and extracellular acidification rate (ECAR)) were performed using an
extracellular flux analyzer. Cells were stressed using serum glucose
starvation. Compared to healthy dogs, PDK4wt/del and PDK4del/del
revealed a much lower basal respiration rate (OCR reduction of 46%
and 68% of normal, respectively) and decreased metabolic potential
to meet energy demands (85% and 72% of normal, respectively).
Maximal mitochondrial respiration and spare respiratory capacity
were all significantly lower in the affected dogs (PDK4wt/del
42% and 14%, and PDK4del/del 40% and 1.4% of normal OCR,
respectively). Our results indicate that the mitochondria of affected
dogs have a lower metabolic capacity and thus exhaust the two major
energy-producing pathways, aerobic and glycolytic metabolism, at
a much faster rate when under stress compared to healthy control
dogs. Although we detected a significant decrease in PDK4 protein
levels, PDK4 transcription levels have yet to be determined in
these samples. Our immediate future goals include 1) quantitative
PCR to compare PDK4 transcript levels, 2) PCR and sequencing
to identify abnormalities in PDK4 mRNA splicing in affected dogs,
3) assessments of mitochondria ATP production and PDK4 protein
kinase function. Our long-term goal is to perform in vitro experiments
to assess if mitochondrial abnormalities can be improved with gene
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therapy. To this end, we have cloned canine healthy PDK4 into an
adeno-associated virus construct. Ultimately, our efforts will lead us
to a cardiac gene therapy clinical trial for Doberman PDK4-DCM.

181.  Optimization of In Vivo Delivery of
Baculovirus Gene Therapy Vectors for the
Treatment of Alpha-1 Antitrypsin Deficiency

Laura van Lieshout, Jondavid de Jong, Jacob van Vloten, Sarah K.
Wootton

University of Guelph, Guelph, ON, Canada

Alpha-1 antitrypsin deficiency (AATD) is a single-gene disorder
commonly associated with adult onset lung diseases, including
emphysema, chronic obstructive pulmonary disease and airway
inflammation. Alpha-1 antitrypsin (AAT) is produced primarily
in hepatocytes and is subsequently secreted into the bloodstream
and travels to the lung where it inhibits neutrophil elastase.
Unregulated neutrophil elastase activity in individuals with AATD
causes degradation of various components of the extracellular
matrix producing damage to alveolar and airway epithelial cells.
Furthermore, mutated AAT folds incorrectly causing intracellular
aggregation within hepatocytes, which can result in liver damage in
addition to pulmonary symptoms. The development of gene therapy
strategies has been a popular approach for the treatment of AATD due
to monogenic nature of this genetic disease. Recently, baculovirus
based vectors have garnered attention for possible application in gene
therapy due to multiple factors. Baculoviruses can tolerate large gene
insertions (>38kb), are capable of transducing mammalian cells but
not replicating or integrating into host chromosomes and finally,
humans lack pre-existing immunity to these insect viruses. Although
there are many characteristics that make baculovirus vectors attractive
for use in gene therapy, there is little in vivo data on bio-distribution
and tissue tropism in mammalian models. As AATD is a disease
affecting both the liver and the lung, we examined several delivery
routes of a baculovirus vector expressing the human placental alkaline
phosphatase reporter gene in C57BL/6 mice. To target the lung we
investigated intranasal and intratracheal administration and for liver
delivery intravenous, intrahepatic and intraportal vein injections
were utilized. Lung delivery of wild type baculovirus yielded little
transduction, however intrahepatic injection resulted in moderate liver
transduction as well as unexpected spread to other tissues. Different
formulations of the baculovirus vector were examined for pulmonary
delivery including a variety of viscoeleastic gels. Additionally,
pharmacological agents such as clodronate liposomes to deplete
macrophages and cobra venom factor to ablate complement activity
were examined in an effort to bolster transduction.

182. Effects of Inflammation-Mediated
Autophagy of Human Placental Mesenchymal Stem
Cells of Fetal Origin on Their Inmunomodulatory
Properties and Therapeutic Potential in Bleomycin-
Induced Pulmonary Fibrosis Models

Xiaoming Liu, Yongzhao Zhu, Xueyun Liang, Fei Han, Jun Wei
Stem Cell Research, Ningxia Medical University, Yinchuan, China

Pulmonary fibrosis (PF) is an interstitial pulmonary disease
caused by lung injury and inflammatory response, which is currently
incurable in clinical settings. Fibroblast proliferation and extracellular
matrix accumulation are the main clinical manifestation and
pathogenic features of PF. An compelling number of evidence has
demonstrated that mesenchymal stem cells (MSCs) pose therapeutic
potentials in PF disease, owing to their strongly immunomodulatory
roles in injury repair of tissues, including the lung. In this regards,
the autophagy of MSCs induced by inflammatory microenvironment
of pulmonary injury plays a critical role in their immunomodulatory

properties. Our works have recently revealed that human placental
MSC:s of fetal origin (fPMSCs) have an ability to alleviate and reverse
the pathological progress in a bleomycin-induced PF model. In order
to better understand mechanisms underpinning the therapeutic effect
of fPMSCs in pulmonary fibrosis, the inflammation-mediated MSC
autophagy in murine pulmonary fibrosis model was interrogated. Our
results demonstrated that the inflammatory microenvironment of PF
was able to induce MSC autophagy in vitro and in vivo, implying that
the inflammatory microenvironment of PF may trigger autophagy of
fPMSCs, which in turn affects their therapeutic potentials to PF. These
results also suggest that an interaction between autophagy of fPMSCs
and PF inflammatory microenvironment may have a fundamental
impact on immunomodulatory functions and therapeutic effects of
fPMSCs on pulmonary. Key words: placenta; mesenchymal stem
cells; cell therapy; pulmonary fibrosis; autophagy.

183. Elucidation of Alpha-1 Antitrypsin Levels in

Human Infant Blood Samples

Heather S. Loring', Alisha M. Gruntman', Qiushi Tang', Christian
Mueller!, Terence R. Flotte?

!Gene Therapy Center, University of Massachusetts Medical
School, Worcester, MA, *Gene Therapy Center, Department of
Pediatrics; Microbiology & Physiologic Systems, University of
Massachusetts Medical School, Worcester, MA

Alpha-1 antitrypsin (AAT) is a serum anti-protease that is produced
in the liver and secreted into the circulation to function in the lung,
protecting the alveolar interstitium from degradation by neutrophil
elastase. AAT deficiency is a monogenic disease that results from
mutations to the AAT gene. In the case of the PiZ mutation, the mutant
Z-AAT produced in the liver undergoes loop-sheet polymerization
inhibiting the secretion of AAT from the hepatocytes into the
blood stream. Since AAT is sequestered in the liver, the protein is
incapable of inhibiting neutrophil elastase’s destruction of the alveolar
epithelium, resulting in progressive lung disease. Accumulation
of Z-AAT within the hepatocyte endoplasmic reticulum leads to
hepatocellular stress, which can result in acute or chronic liver disease.
About 5% of children afflicted with AAT deficiency develop acute
liver failure within the first year of life. The cause for this acute liver
failure in young patients has not yet been elucidated. Previous analysis
of AAT levels in a mouse model expressing human Z-AAT from the
endogenous AAT promoter has shown a considerable increase in
hAAT concentration within the first few weeks of life, peaking at
about 8.0*10° ng/mL at eight weeks, followed by a decrease in AAT
concentration leveling out at 4.0¥10° ng/mL at eighteen weeks of
age. If the AAT promoter is regulated in a similar fashion in humans,
one might predict that higher AAT expression in the early neonatal
period may lead to increased accumulation of mutant AAT within
the hepatocytes and precipitate fulminant liver disease early in life.
In order to investigate this possibility, AAT levels were measured in
healthy human infants over the course of the first two years of life.
AAT levels were determined using a modified sandwich enzyme-
linked immunosorbent assay (ELISA). Infant AAT levels demonstrate
a biphasic trend with an initial increase to a maximum mean level of
2.8*10° ng/mL at five months, followed by a gradual decreasing trend.
Mean levels remain higher than mean adult levels (1.3*10° ng/mL)
up to twenty-four months of age and higher than previously reported
infant levels (0.93*10° - 2.51*10° ng/mL) up to thirteen months of age.
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184. PGN-503, a Herpes Simplex Virus Based
Vector Expressing Neurotrophin-3, Prevents
and Reverses Neuropathy in a Mouse Model of

Paclitaxel-Induced Peripheral Neuropathy
James R. Goss, David Krisky, Karen Bouch, Mark O’Malley,
Sarah Coghlan, James Wechuck

Periphagen, Inc, Pittsburgh, PA

Paclitaxel-induced peripheral neuropathy (PIPN) is devastating
constellation of symptoms that arise as a complication in patients
receiving paclitaxel chemotherapy for cancer, most notably breast
cancer. It presents as a glove and stocking neuropathy characterized
by numbness, tingling, and occasionally burning pain in the feet
and hands. Approximately 230,000 women will be diagnosed with
breast cancer this year and over half, or about 120,000 women, will
develop peripheral neuropathy as a consequence of paclitaxel therapy;
this neuropathy will last for 5 years or longer in a quarter of these
women. The development of PIPN may result in dose reduction of the
paclitaxel, a switch to less efficacious agent, or even cessation of all
chemotherapy treatment. Currently there are no approved therapies
for the treatment of PIPN.

PGN-503 is a new investigation drug designed to prevent and/or
treat PIPN. It is a herpes simplex virus type 1 based vector expressing
human neurotrophin-3. Following a skin injection, PGN-503 is taken
up by sensory nerves, transported back to the cell body, and directs
the expression of neurotrophin-3 (NT3). NT3 is a well-studied
neurotrophic factor necessary for the growth and maintenance of
sensory neurons, and thus represents an ideal candidate for the
treatment of primary sensory neuropathies. In a series of preclinical
studies, we examined the efficacy of PGN-503 in a mouse model
of PIPN.

Paclitaxel, dosed at 30 mg/kg/day for 6 days over two weeks,
causes a peripheral neuropathy in BALB/c mice characterized by
a long-lasting decrease in evoked sensory nerve action potentials
(SNAPs) and conduction velocities (SNCVs). Mice, pretreated with
a single injection of PGN-503 into the plantar surface of the hind
paws 3 days prior to paclitaxel dosing, were completely protected
against this decrease in SNAPs and SNCVs for the length of the study
(approximately 4 months). This protection was dose-dependent on
the total plaque forming units of PGN-503 applied to the paws. In
a separate set of animals, we determined that a single application
of PGN-503 was completely protective against the development of
neuropathy following a second round of paclitaxel dosing beginning
at 47 days post vector injection and partially protective against a third
round beginning at 99 days post vector injection. Importantly, we have
also demonstrated that PGN-503, applied one week after paclitaxel
dosing, is capable of reversing the peripheral neuropathy. A Phase I/11
trial of PGN-503 in preventing the development of PIPN in adjuvant
breast cancer treatment is currently planned to begin next year.

185. Safety Study by Validated Inmunoassays
in a Phase lll Study of Subjects with Inherited
Retinal Dystrophy Due to Mutations in the Gene
Encoding Human Retinal Pigment Epithelium-
Specific Protein 65 (RPE65) Injected with Adeno-
Associated Viral Vectors

Daniel J. Hui!, Yifeng Chen!, Thomas Antrilli', Yun Liu', Romuald
Corbau!, Stephen R. Russell?, Albert M. Maguire®, Jean Bennett®,
Katherine A. High'

ISpark Therapeutics, Philadelphia, PA, °Wynn Institute for Vision
Research, University of lowa, Iowa City, I4, Perelman School of
Medicine, University of Pennsylvania, Philadelphia, PA

Mutations in the gene encoding Retinal Pigment Epithelium-
Specific Protein 65 (RPE65) cause impaired vision from an early age
and eventually total vision loss later in life. Recent work by our group
and others demonstrated the use of SPK-RPE65, an adeno-associated
viral (AAV) vector, to deliver the gene stably in small and large animal
models, while Phase 1 and Phase 3 clinical trials with SPK-RPEG65
showed promising results (Maguire et al., 2008; Maguire et al.,
2009; Simonelli et al., 2010; Maguire, AAO 2015). The Phase 3 trial
was an open-label, randomized study using a subretinally-delivered
AAV?2 vector to augment the RPE65 gene. Thirty one subjects were
enrolled from centers at The Children’s Hospital of Philadelphia or
University of Iowa. Twenty of the 21 intervention group subjects
received 1.5E11 vg non-simultaneous injections to each eye. In
addition to a separate efficacy assessment that measured the primary
and secondary endpoints for the trial, an independent safety study
was performed that included previously established immunological
assays designed to monitor cellular immune responses. Two assays
were subjected to further validation in-house and used for immune
analysis of clinical samples obtained from all intervention subjects.
An Enzyme-Linked Immunosorbent Assay (ELISA), capable of
detecting a titer of at least 1.55 ug/mL anti-AAV2-capsid human IgG,
was performed on 21 subjects covering up to 4 timepoints (baseline
prior to injection, day 30, day 90 and 1 year). To better evaluate the
results, the subjects were placed into 6 categories based on their
antibody titer profile (Table 1).

Table 1: Anti-AAV2 Profile of Intervention Group (n=21)

Number of | Anti AAV Titer .

Subjects Range (ug/mL) Anti-AAV2 Profile

7 <1.55 Below quantification limit

3 1.72-2.91 Low pre-existing antibody titer

5 16.37 - 19.61 Moderate pre-existing antibody
titer

4 54.39 - 248.55 High pre-existing antibody titer

4 173 -87.02 Antibody tl_te_r dev‘eloped after
vector administration

1 N/A Withdrew

The other immunoassay performed on the intervention group was
an interferon-y Enzyme-Linked Immunospot Assay (ELISPOT) to
assess T cell responses against AAV?2 capsid or RPE6S transgene
product. The same set of intervention subjects/timepoints was
analyzed with positive T cell responses defined as >50 spot forming
units (SFU) and 3-fold the background (media) control for AAV2
and greater than the statistically determined cutoff of 161.3 SFU for
RPEG6S. Eighteen of the 21 intervention subjects tested negative for
T cell responses against AAV2 and RPE65 across all timepoints. One
subject was positive against AAV2 capsid at baseline (55.0 SFU)
and positive against RPE65 at the 1 year timepoint (171.7 SFU).
Another subject was positive at 1 year for RPE65 only (170.0 SFU).
These positive responses were considered very weak with respect to
threshold cutoff values. One subject displayed a moderate response
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(518.3 SFU) against RPE65 at baseline only, while all subsequent
timepoints were negative. The positive T cell responses observed
at baseline prior to vector administration are unlikely to be related
to gene transfer. Considering the cumulative immune response data
collected from the two validated immunoassays performed here, the
Phase 3 trial provided results supporting the immunologic tolerability
of the delivery of AAV2 vector to the subretinal space in the eye to
treat inherited retinal dystrophy due to mutations in RPE65. Efforts
are ongoing to correlate these findings with available efficacy data.

186. Translating an Optogenetic Gene Therapy
Approach for Treatment of Neuropathic Pain in
Humans

Chris Towne, Jesus Aguado, Annie Arguello, Claire Discenza, Tim
Galfin, Stephan Gehrke, Sabeena Khan, Michael Kaplitt

Circuit Therapeutics Inc, Menlo Park, CA

Optogenetics has been established as a powerful tool to study the
central and peripheral nervous systems with its potential for directly
treating human disease tantalizingly on the horizon. Optogenetic
inhibition of pain in mice has been shown to be effective and provides
an attractive initial application. We aim to translate this approach to
treat neuropathic pain in humans. Firstly, we demonstrated that the
inhibitory opsin, NpHR, delivered by intraneural injections of AAV6
could reduce pain (mechanical allodynia) in a clinically meaningful
paradigm i.e. vector delivery after establishment of neuropathic
pain in the chronic constriction injury (CCI) model. The inhibitory
opsin, iC1C2 (a chloride channel requiring less light than NpHR to
pass currents) could also reduce pain in this system. We next tested
a surgical approach more amenable to patients than nerve injection.
Lumbar puncture is a routine clinical practice and AAVS delivery by
this method results in efficient gene delivery to sensory neurons in
rodents, dogs and pigs. We found that intrathecal administration of
AAVS expressing iC1C2 could decrease mechanical allodynia in the
CCI mouse model. The magnitude of pain inhibition correlated with
transduction levels and only 10% transduction of sensory neurons
was required for pain relief. To further validate this approach we
utilized a second rodent pain model with translational relevance. The
mouse tibia fracture/cast immobilization model of Complex Regional
Pain Syndrome (CRPS) presents extreme allodynia and recapitulates
human disease effectively. We found that intrathecal delivery of AAVS
encoding iC1C2 following development of the CRPS model resulted
in light-mediated pain inhibition. Taken together, our results confirm
optogenetic therapy for neuropathic pain as an attractive clinical
application of this technology.

187. TFEB-Mediated Clearance of the Lipofuscin
Fluorophore A2E

Ivana Trapani, Elisabetta Toriello, Renato Minopoli, Alberto
Auricchio

Telethon Institute of Genetics and Medicine (TIGEM), Pozzuoli,
Italy

Abnormal accumulation of various by-products of the visual
cycle, including the diretinoid-pyridinium-ethanolamine (A2E), in
retinal pigment epithelium (RPE) is an hallmark of both Stargardt
disease (STGD) and age-related macular degeneration (AMD).
This is responsible for RPE and, consequently, photoreceptor
(PR) cell death. A2E storage in RPE lysosomes has been shown to
reduce both the capacity of RPE to degrade phagocytized PR outer
segments and autophagosome biogenesis, trafficking and autophagic
flux. The transcription factor EB (TFEB) is a master regulator of
cellular clearance. Here we tested if TFEB overexpression induces
A2E clearance from the RPE cells. We have generated a plasmid
encoding for a double-serine mutant (S142A, S211A) form of TFEB,

which is constitutively active. We have transfected this plasmid in
the human RPE-derived ARPE19 cells to evaluate TFEB activation
of its transcriptional targets and ability to clear A2E after loading.
We found that TFEB overexpression in ARPE19 cells results in
the induction of TFEB transcriptional targets involved in cellular
clearance. Importantly, TFEB overexpression in ARPE19 cells was
associated with reduction of intracellular A2E accumulation. Taken
together these results suggest that TFEB overexpression is an effective
strategy to promote A2E clearance in vitro. Further studies will clarify
if this holds true in vivo. These results may have implications for the
therapy of both STGD and the more common AMD.

188. AAV Mediated Gene Therapy to Modulate
Neurotropic Factors in the Retina and in Neuronal
Cells in Culture

Nitin Chitranshi, Roshana Vander Wall, Yogita Dheer, Stuart L.
Graham, Vivek Gupta

Clinical Medicine, Macquarie University, Sydney, Australia

Neurotrophic factors, particularly Brain Derived Neurotrophic
Factor (BDNF) and its high affinity receptor TrkB, play an important
role in protecting the retinal ganglion cells (RGCs) in glaucoma.
Translation of the immense neuro-protective potential of BDNF/
TrkB activation has been largely unsuccessful and gene therapy
to modulate BDNF and TrkB have also shown only short-lived
protective effects on the RGCs. PTPNII phosphatase plays a key
role in the regulation of BDNF/TrkB signaling in the retina. Here,
we investigated the effects of PTPN1I modulation involving both
over-expression and knock-down paradigms on the TrkB activation.
PTPN11 and PTPN11-shRNA sequences were separately incorporated
into the AAV2 vector under cytomegalovirus chicken B actin hybrid
promoter linked with green fluorescent protein (GFP). SH-SYS5Y cells
were transfected with each of the PTPN1I/ modulating and control
GFP constructs. PTPN11 over-expression resulted in significant
reduced TrkB phosphorylation and accordingly reduced viability
of the SH-SYS5Y cells was observed while PTPN!I knockdown did
not exhibit any significant effects on either TrkB phosphorylation or
cellular survival. PTPN11 over-expression in neuronal cells was also
accompanied by elevation of GADD, PERK and XBP-1 endoplasmic
reticulum (ER) stress marker proteins as detected using western
blotting. The roles of PTPNII and TrkB in mediating ER stress
were evaluated by treating cells with PTPN11 inhibitor (PHPS1) or
TrkB agonist (7,8-dihydroxyflavone) independently, both of which
ablated the up-regulation of ER stress proteins upon PTPNII over-
expression. The effects of PTPN11 over-expression on the rat retina
were evaluated by administering PTPN11 AAV2 construct along with
corresponding GFP controls individually into the rat eyes. Briefly,
Sul of AAV2 constructs were injected intravitreally into SD rats
(2x10'° vg). Anti-GFP staining in retinal sections demonstrated AAV2
transduction in the RGC layer. Anti-NeuN/ anti-PTPNI11 staining
confirmed the ganglion cell specific over-expression of PTPNII.
Rat retinas were assessed for inner retinal functional changes using
scotopic threshold response (STR) measurements. Retinal structural
changes were assessed using histological analysis. Results indicate
that pSTR amplitude which primarily reflects the function of the
RGCs was significantly diminished in the PTPN11 over-expression
model. Hematoxylin and eosin staining also revealed degenerative
changes primarily associated with the inner retina. Assessment of
optic nerve sections using Bielschowsky’s staining further identified
reduced axonal density. Concluding, our findings strongly indicate
that PTPNII genetic modulation holds the promise to regulate
neuronal cell survival through its effects on TrkB activation. PTPN11
over-expression exerts detrimental impact on the inner retinal health
which has significant implications in glaucoma and other retinal
disorders. Further studies involving rescue of the disease phenotype

Molecular Therapy Volume 24, Supplement 1, May 2016
Copyright © The American Society of Gene & Cell Therapy

S73



using PTPN1I knockdown in animal models will substantiate these
observations and provide mechanistic insights into the roles of
neurotrophic factor regulation in retina.

189. Therapeutic Gene Transfer as a Treatment

Option for Age-Related Macular Degeneration

Erik Wielechowski'!, Angelica Medina-Jaszek', Omua Ahonkhai!,
Muhammad Arif', Jean Bennett?, Albert Maguire?, Anna
Tretiakova', James M. Wilson'

!Gene Therapy Program, Department of Medicine, University of
Pennsylvania, Philadelphia, PA, *’Department of Ophthalmology,
University of Pennsylvania, Philadelphia, PA

Age-related macular degeneration, otherwise known as AMD,
is a progressive, irreversible eye condition in which the retina is
permanently damaged by either atrophy of its pigment epithelial layer
(dry AMD) or abnormal blood vessel growth in the retina’s membrane
(wet AMD). Wet AMD, the more advanced, severe version of the
disease, is induced by overexposure to vascular endothelial growth
factor (VEGF) in the eye. This VEGF-induced blood vessel growth
leads to rupture and leaking of the retina’s membrane, endangering
the integrity of the macula, which is vital for acute central vision.
Once the macula is scarred and central vision is lost, it cannot be
recovered. Current treatments for wet AMD include several drugs
(i.e. lucentis) that inhibit VEGF, yielding a reduction in retinal
thickness and moderate increases in visual acuity. While these
treatments succeed in prohibiting disease progression, they require
frequent intravitreal injections. In the future, the goal is to prevent
disease progression while avoiding repeated injections with the use
of therapeutic gene transfer.

To develop this new generation of AMD therapeutic, we sought
to create an efficacious AAV vector expressing anti-VEGF antibody
via systematic optimization of all vector elements. Six promoters, 12
coding sequence variants, an F2A linker, and 3 internal ribosome entry
sites (IRES) were evaluated for tissue-specific expression in mouse
eye. Mean expression from the 2 best promoters, UbC and CB7,
was 400 and 450 ng/mg of eye lysate, respectively, compared with
the CMV promoter at 10 ng/mg. In the context of a CMV promoter,
mean expression for best-performing IRES (EMCV) was 2 ng/mg
of tissue lysate, which was 5-fold lower than that from the construct
containing an F2A linker (10 ng/mg). The best-expressing coding
sequence variants, named AMD11 and AMDA42, yielded 12 and 13
ng/mg of tissue lysate, respectively.

In order to identify a clinical candidate vector, the best-performing
elements were combined to generate 4 additional vectors, which
were evaluated in both eyes of 8 rhesus macaques for each vector.
Following subretinal injection with 1x10" GC/eye, anterior chamber
fluid was sampled on days 15 and 29. Among the 16 injected eyes,
average expression of AAV-UbC-AMD11 was 473.6 ng/ml (ranging
from 123.5 to 933 ng/ml) of anterior chamber fluid on day 15 after
vector administration and 546.2 ng/ml (262 to 1263 ng/ml) on day 29.
Average expression of AAV-UbC-AMDA42 was 360.6 ng/ml (144.6
to 646.8 ng/ml) and 536.8 ng/ml (238.3 to 920.7 ng/ml) on days 15
and 29, respectively. For AAV-CB7-AMDI11, average expression
on days 15 and 29 was 972.4 ng/ml (495.9 to 1684.7 ng/ml) and
1100.3 ng/ml (422.3 to 2187.8 ng/ml). The final vector, AAV-CB7-
AMDA42, expressed at 1922.2 ng/ml (707.9 to 2892.7 ng/ml) on day
15 and 1396 ng/ml (431.2 to 2346.4 ng/ml) on day 29. After final
selection, the clinical candidate vector will be evaluated in formal
nonclinical studies prior to a clinical trial. Selection criteria will
include expression levels and vector yields.

Cancer-Immunotherapy, Cancer Vaccines I

190. Adaptive CAR T Cell Design

Norihiro Watanabe, Sujita Sukumaran, Pradip Bajgain, Salma
Ansari, Helen E. Heslop, Cliona M. Rooney, Malcolm K. Brenner,
Ann M. Leen, Juan F. Vera

Center for Cell and Gene Therapy, Baylor College of Medicine,
Houston, TX

Chimeric antigen receptor (CAR) T cell therapy has recently
emerged as an attractive approach for the treatment of CD19-
expressing hematological malignancies. However extending the
success of this strategy to other targets has proven to be more
complicated that simply replacing the scFv. To address this issue
we have implemented a form of adaptive CAR design whereby
a series of sequential modifications are made to a single domain
and subsequently tested in vitro and in vivo to assess activity. We
illustrate the utility of such a strategy using our published CAR-PSCA
(Anurathapan U. et al, Mol Ther. 2014) as a template (CAR-PSCA
v1.0) with subsequent iterations coded as versions 2.0, 3.0, 4.0 and
5.0. We now demonstrate how modifications made to a single CAR
structural domain can result in enhanced (i) T cell migration, (ii)
antigen recognition, and (iii) cell phenotype, ultimately producing
superior anti-tumor effects. First, with CAR v2.0 and v3.0 we were
able to improve T cell migration, which was evident in NSG mice
engrafted s.c. with Capan-1 and treated i.v. with FFluct T cells.
Ten days post CAR administration we saw a 2 log increase in the
T cell signal at the tumor site (4.5+2.3x10° p/s vs 4.8+0.5x107
p/s vs 4.0+1.1x107 p/s, CAR v1.0, v2.0 and v3.0 respectively).
Subsequently to enhance in vivo T cell persistence, we next generated
CAR v4.0, which resulted in a less differentiated T cell phenotype
(T ,e: 1.8£0.6% to 19.244.0%, T ,: 10.4£1.4% to 14.1£3.0%, T, :
83.5+1.2%t0 53.7£6.9% and T ,: 4.3£0.9% to 12.9+1.7% - CAR
v3.0 and CAR v4.0, respectively). When administered to Capan-1-
engrafted NSG mice CAR v4.0 T cells exhibited enhanced in vivo
longevity as measured using bioluminescence imaging (7.3+4.6x10’
p/s CAR v3.0 vs 2.8+1.7x10® p/s CAR v4.0 T cells - day 35 post-
administration). Finally, antigen recognition of CAR-PSCA was
further improved in v5.0 where a final modification to the same
domain produced superior anti-tumor effects against a PSCA-dim
target tumor cell line (DU145) in a 6hr >'Cr-release assay (20.7+5.8%
vs 48.4+5.2%, CAR v4.0 vs CAR v5.0, 40:1 E:T). Overall, therefore,
implementation of this adaptive design produced a CAR T cell product
with enhanced in vivo anti-tumor activity. This was clearly illustrated
when we compared the tumor volume of NSG mice treated with CAR
v1.0 or CAR v5.0 T cells (1309£143 mm?® vs 510+53 mm® on Day
66). Specific details of the modifications conducted in this adaptive
CAR design will be presented.

191. Development of an Effective Cancer
Vaccine Platform Using Attenuated Salmonella to
Deliver Recombinant Tumor-Associated Antigens
Xin Xu!, Michael S. Wood!, Suhrab Kurbanov!, Linjie Guo',
Xiuhua Gao', James E. Galen?, Leonid S. Metelitsa!

!Pediatrics, Texas Children’s Cancer Center, Baylor college of
medicine, Houston, TX, *Center for Vaccine Development, Division
of Geographic Medicine, University of Maryland School of
Medicine, Baltimore, MD

Inadequate antigen delivery is one of the major limitations of
modern cancer vaccine vectors. To overcome this challenge, we
exploited Salmonella Pathogenicity Island 2 (SPI2) and its type III
secretion system (T3SS) to deliver a tumor-associated antigen (TAA)
of choice into the cytosol of antigen-presenting cells (APC) in situ.
The goal of this study was to explore and exploit the potential of
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SPI2-encoded T3SS of clinically validated S. typhi strain CVD908
for construction of an effective cancer vaccine.We engineered the
clinically validated S. typhi strain CVD908 to express SPI12-regulated
dominant-negative oncoproteins survivin and MYCN. To adapt
CVD908 to stably express recombinant antigens without antibiotic-
dependent selection, we used a recently reported plasmid stabilization
system that encodes the single-stranded binding protein (SSB), an
essential protein in DNA metabolism, which was deleted from the
bacterial chromosome. The SPI2-regulated expression cassette was
then cloned into the SSB plasmid, so that the resultant construct
maintained bacterial vector stability. We found that CVD908Assb
vector could effectively infects dendritic cells and induce antigen-
specific CD8 T cell responses in vitro and in vivo. Furthermore,
therapeutic vaccination with CVD908Assb vector expressing survivin
or MYCN produced potent antitumor activity in murine models of
neuroblastoma and lymphoma.Thus, oral antigen delivery via SPI2-
encoded T3SS of Salmonella typhi may provide the foundation of
an effective cancer vaccine platform.

Supported by grants from CPRIT (RP121035) and The Leukemia
and Lymphoma Society.

192. Deep Phenotyping of Manufactured
Enhanced-Affinity NY-ESO-1-Specific T Cells
Reveals a Pattern of Effector and Memory
Programming That Correlates with Clinical
Outcome in Observed Cancer Indications

Luca Melchiori', Daniel E. Lowther', Gwendolyn K. Binder-
Scholl!, Daniel D. Williams', Yoav Peretz?, Marylene Fortin?,
Willian D. Tap®, Aaron P. Rapoport?, Crystal L. Mackall’, Bent K.
Jakobsen'

!Adaptimmune Therapeutics, Abingdon, United Kingdom,
’ImmuneCarta, Montreal, QC, Canada, *Memorial Sloan-Kettering
Cancer Center, New York, NY, *University of Maryland, Baltimore,
MD, °National Cancer Institute, Bethesda, MD

It is well established that human tumors express unique antigens;
however, immunosuppressive mechanisms prevent natural immune
responses. We hypothesized that infusion of T cells that have been
genetically modified to express affinity-optimized tumor antigen-
specific TCRs may overcome these barriers. We initiated several
ongoing clinical studies to evaluate T cells engineered with an
affinity-enhanced TCR specific for the NY-ESO-1 and LAGE-1
cancer testis antigens (NY-ESO®%-T), in synovial sarcoma (SS)
and multiple myeloma (MM) patients with antigen-positive tumors.
Here we report updated phenotyping results from two MM and
SS cohorts of patients. Manufactured product (MP) and baseline
samples were analyzed by flow cytometry evaluating memory and
activation markers (e.g. CD45RA, CCR7, ICOS, 0X40, etc) and
polyfunctionality markers (e.g. IFN-y and IL-2). NY-ESO?*-T was
detected by pentamer staining and its phenotype was correlated with
clinical response. Upon culture NY-ESO“**-T generated different
memory phenotypes. The phenotype at baseline (day -50) did not
predict the phenotype acquired at the end of culture. Interestingly,
in MM a positive trend with clinical response was observed in MPs
bearing a higher percentage of Central Memory (CM) cells secreting
IL-2 and IFN-y, while a negative trend was found in Effector Memory
(EM) and Effectors (EMRA)-dominated MPs secreting high levels
of TNF-a. This trend was confirmed by analysing the absolute
number of CM cells infused in a small number of patients, hinting at
the existence of an “effective CM cells dose” of around 3x10® CM
cells necessary to achieve clinical response. Of note, this trend was
observed also in the SS cohort. Upon stimulation T cells proliferate
and differentiate in vitro, but at the same time cells need time in
culture to reach an effective dose. To understand these dynamics
we retrospectively analysed the evolution of CM cells in relation to

the length of culture. We observed a negative correlation between
percentage of CM cells and culture time, while EM and EMRA cells
increased with the duration of culture. This suggests the importance
of reconciling time of culture with phenotype and number of cells
in order to achieve that “sweet spot™ critical for clinical response.
Activation/costimulation markers in the SS cohort were also analysed
in relation to culture conditions. MPs consistently displayed up-
regulation of ICOS, CD40L and OX40, suggesting that an activated
phenotype is achieved even after several days of culture. Of note,
markers of immunological memory like CD27 and CD28 were also
maintained up to the end of culture highlighting the fitness of the
product despite the duration of the culture. These data suggest that
NY-ESO“-T may acquire a CM phenotype that positively correlates
with clinical response in the cancer indications observed. Additionally,
we show how the manufacturing process successfully produces a
population of activated cells that express important activation markers
without losing markers of fitness and memory - properties that are
key to driving the anti-tumour response observed in cancer patients.

193. Efficacy and Safety of Inmunotherapy with
Chimeric Antigen Receptor Targeting WT1 and
HLA-A24:02 pMHC Complex

Hiroaki Ikeda', Yasushi Akahori', Yuki Orito', Yoshihiro
Miyahara!, Yasunori Amaishi?, Sachiko Okamoto?, Junichi
Mineno?, Kazutoh Takesako?, Hiroshi Fujiwara®, Masaki
Yasukawa®, Hiroshi Shiku'

!Department of Immuno-Gene Therapy, Mie University Graduate
School of Medicine, Tsu, Japan, *Takara Bio Inc., Kusatsu, Japan,
SDepartment of Hematology, Clinical Immunology and Infectious
Disease, Ehime University Graduate School of Medicine, Toon,
Japan

Recent success in the treatment of patients with B cell malignancy
by CD19-CAR encourages the development of successive CAR
therapy targeting broad range of tumor-associated antigens. However,
the search for the appropriate target molecule for CAR, other than
B cell markers, has not met the needs. The molecules recognized by
CAR is generally limited to the cellular surface molecules, making
difficult the search for the tumor-specific targets. Inspired by the
physiological recognition of epitope peptide and MHC molecule
(pMHC) by T cells, we have generated a series of antibodies that
recognize the pMHC complexes with peptides derived from tumor
antigens expressed intracellularly. Screening a phage display
library of human antibody scFv, we isolated an scFv antibody clone
“WT#213” that can specifically recognize WT1 p235-243 peptide
(CMTWNQMNL) complexed with HLA-A24:02 molecule. We
have constructed a retroviral vector that encodes the CAR consists
of WT#213 and intracellular signal transduction domains of CD3{
and GITR (WT#213 CAR). We confirmed the specific recognition
of endogenous WT1-expressing cells by the CAR-T cells with the
intracellular cytokine staining and the 3'Cr release cytotoxic assay.
Moreover, we demonstrated the effectiveness of adoptive cell therapy
with WT#213 CAR against the WT1 expressing HLA-A24:02 positive
human leukemia cells, utilizing NOG immunodeficient mice. To
evaluate the safety of the WT#213 CAR, we predicted the potential
property of WT#213 CAR to cross-react to normal tissues in humans.
We conducted alanine scan analysis of WT1p235-243 peptide that was
recognized by WT#213 CAR as well as the TCR derived from CTL
clone TAK-1 which recognizes same epitope peptide in association
with HLA-A24:02 to define the amino acids that were critically
important in the recognition by the WT#213 CAR or TAK-1-derived
TCR. After BLAST search, we synthesized the normal protein-
derived peptides with potential risk of cross-reactivity, and tested the
recognition of these peptides by WT#213 CAR or TAK-1-derived
TCR. Although the critical peptides, and therefore the peptides with
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potential risk, were quite different between the WT#213 CAR and
TAK-1-derived TCR, none of these peptides showed the stimulation
of WT#213 CAR or TAK-1-derived TCR. The results here suggest
that the immunotherapy with WT#213 CAR will be effective for the
treatment of the leukemia patients without the predicted risk in the
evaluation we performed.
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194. Adenoviruses Armed with TNFa and IL-2
Successfully Enable Adoptive T-Cell Therapy

Aino Kalervo', Mikko Siurala', Riikka Havunen?, Suvi Parviainen',
Simona Bramante?, Dipongor Saha?, Siri Téhtinen?, Markus Véha-
Koskela?, Michael Behr?, Dirk Nettelbeck®, Anja Ehrhardt?, Akseli
Hemminki'

'TILT Biotherapeutics Ltd, Helsinki, Finland, *Cancer Gene
Therapy Group, Medicum, Haartman Institute, University of
Helsinki, Helsinki, Finland, ’German Cancer Research Center
(DKFZ), Heidelberg, Germany, *Witten/Herdecke University,
Witten, Germany

amplify
Tumor cell

Intracellular tumor antigen
(e.g- WT1, NY-ESO-1)

The field of T-cell therapy of cancer holds great promise, as
demonstrated by the results obtained in Chimeric Antigen Receptor
(CAR) modified T-cell therapy of CD19+ leukemia. However, the
approach has not yielded similar results in the treatment of solid tumors
with the exception of tumor infiltrating lymphocyte (TIL) therapy of
melanoma. Recent work has identified key obstacles which has limited
the efficacy of the approach: i) lack of recruitment of transferred
T-cells to the tumor due to lack of trafficking signals ii) anergy of
transferred cells at the tumor due to tumor immunosuppression iii)
lack of propagation of transferred T-cells at the tumor. Previously, we
have identified interleukin 2 (IL-2) and Tumor Necrosis Factor alpha
(TNFo) as the most promising factors to stimulate the graft used in
adoptive T-cell therapy. Both cytokines are important activators of
immune cells and also known for their direct anti-tumor properties.
Notably, these cytokines can cause severe side effects when
administered systemically. Previously, we and others have achieved
long lasting, high level cytokine expression locally but low level
systemically when using armed oncolytic viruses in vivo. Oncolytic
viruses armed with immunostimulatory molecules constitute a potent
form of immunotherapy. In essence, the danger signal caused by virus
replication, coupled with the actions of the transgene, and effective
presentation of tumor epitopes by lysis of the cells, results in a
personalized cancer vaccine. One attractive aspect of this approach
is the ease of combinations with standard therapies including
chemotherapy, radiation and immune checkpoint inhibiting antibodies
for example. Therefore, we developed oncolytic adenoviruses
expressing one or both above mentioned human cytokines. For more
detailed immunological studies in immune competent mouse models,
we constructed non-replicative adenoviruses with murine cytokines

(Ad5-CMV-mIL2 and Ad5-CMV-mTNFa). These viruses were
studied in combination with adoptive transfer of OT-1 TCR transgenic
T-cells to treat C57BL/6 mice bearing B16-OVA melanoma tumors.
The animals were administered intraperitoneally with CD8+-enriched
OT-1 cells with or without intratumoral injections of cytokine-coding
viruses. Combination treatment with Ad5-CMV-mIL2 and OT-1
resulted in statistically significant antitumor efficacy when compared
with either monotherapy or untreated control. In further experiments
a triple combination of Ad5-CMV-mIL2 + Ad5-CMV-mTNFa and
OT-1 T-cells improved antitumor efficacy was observed over dual
agent therapies. Furthermore, in Syrian hamster model, oncolytic
virus successfully improved the efficacy of TIL therapy. Additionally,
splenocytes derived from animals treated with the combination of
AdS5-D24 and TIL killed autologous tumor cells more efficiently than
monotherapy-derived splenocytes.

195. Allogeneic CD19-CART Therapy to the
Rescue of a Pediatric Patient with Relapsed and
Refractory Acute B Lymphoblastic Leukemia
Lung-Ji Chang', Jian-Ping Zhang?, Yu-Chen Liu', Lujia Dong?,
Tong Wu?, Dao-Pei Lu?

!Genoimmune Medical Institute, Shenzhen, China, *Beijing Lu
Dao-Pei Hospital, Beijing, China, *America Yuva Biomed, Beijing,
China

Acute B lymphoblastic leukemia (B-ALL) is a common
hematological malignancy in children. Using a fourth generation,
safety-switch inserted, chimeric antigen receptor (4SCAR)
technology, we have treated more than 200 patients with B-ALL in
China, with an overall complete remission rate of more than 80%
(ASH 2015). Here we report the case of a 7-year-old girl with a
high load of refractory B-ALL, who was heavily pretreated with
chemotherapy but relapsed with >80 leukemic blasts in her bone
marrow. The patient received CD19-4SCAR T cells generated from
her mother’s peripheral blood T cells (allo-4SCAR19) for three times
at total of 0.76 x10° CART/kg on day 0, 4, and 7, followed by an
infusion of autologous 4SCAR19 (auto-4SCAR19) at total of 0.16
x10°CART/kg on day 56, which was derived from the patient’s own
T cells after her immune recovery. Complete remission was achieved
as revealed by bone marrow examination on day 77. Graft versus
host disease signs were not observed throughout the days following
the infusions, and the syndrome of suspected cytokine storm was
generally mild. The only adverse responses were intermittent fever
and skin rashes following allo-4SCAR19 infusions which lasted for
about 20 days. The outcome of this case suggests that allo-4SCAR19
may be a safe approach in treating B-ALL patients who could not
provide their own T cells for CART engineering, and allo-4SCAR19
combined with auto-4SCAR19 is a novel strategy that may rescue
chemo-refractory, high-risk and highly immune suppressed leukemia
patients.

196. Nordihydroguaiaretic Acid (NDGA)
Improves Function of Antigen-Specific T-Cells
Stimulated by Capsid-Optimized AAV6 Vectors
Daniel Zhang, Chen Ling, George Aslanidi

University of Florida, Gainesville, FL

Cancer, a leading cause of death in the human population today,
is generally treated with rigorous surgery followed by intensive
chemotherapeutic methods, both of which have adverse toxic side
effects. Immunotherapy represents an attractive alternative since it is
based on activation of the host immune system. We recently showed
that capsid-optimized AAV6-S663V+T492V vectors expressing a
tumor-associated antigen are able to initiate specific peripheral T-cell
response and suppress tumor progression as well as extend survival in
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a prostate cancer animal model (J Immunother., 38: 292-298, 2015).
However, vaccination based on AAV6 vectors alone was not able to
completely overcome the adverse effect of tumor microenvironment
and tumor-induced immune dysfunction. Tumor-associated
macrophages (TAMs) are prominent components of solid tumors.
TAMs exhibit distinct phenotypes and function, and negatively
contribute to immune system evasion. Previously published data
indicate that inhibition of lipoxygenase (15-LOX2), a key enzyme
contributing to TAM function, is critical to overcome tumor resistance
and facilitate immunotherapy treatment. In our studies presented here,
we first showed that 15-LOX2 is expressed in mouse prostate cancer
cells, RM1, growing subcutaneously in C57BL/6 mice, but not in
cells growing in culture. We also showed that LOX inhibitors, such
as a plant-derived compound, nordihydroguaiaretic acid (NDGA),
could restore the function of specific cytotoxic T-cells co-cultured
with TAMs in a concentration-dependent manner. Splenocytes from
C57BL/6 mice injected intra-muscularly with capsid-optimized
AAV6 vectors expressing prostatic aid phosphatase (PAP) were
isolated 14 days after vector injection. T-cells were incubated in
the presence or absence of RM1 tumor cell extracts and NDGA
for 2 hours and then used in killing assays against cultured RM1
cells. Two-color fluorescence assays of cell-mediated cytotoxicity
was used to estimate the percentage of dead/alive target cells and
a killing curve was generated with different effectors to target cell
ratios. Our data indicated that the killing ability of T-cells initiated
by capsid-optimized AAV6 vector injection and incubated with RM 1
tumor-derived TAMs was approximately 3-fold lower than original
activity T-cell. NDGA at a concentration of 10 uM had limited effect
on the T-cell activity, but 25 uM NDGA restored the function of the
T-cells to approximately 90% of the original activity. In our currently
ongoing studies, we are using a combination of capsid-optimized
AAV6 vector-mediated immune activation with the NDGA-treatment
to corroborate whether a synergetic therapeutic effect can be achieved
in an animal model. If successful, this approach could prove useful
in the potential clinical application.

197. Balancing Anti-Tumor Efficacy with Local
Inflammatory Toxicity for the Treatment of Diffuse
Intrinsic Pontine Glioma and Other Brain Tumors
Matthew Schuelke', Laura Evgin', Tim Kottke', Jill Thompson',
Christopher Driscoll', Elizabeth Ilett?, Julia Cockle?, Amulya
NageswaraRao!, Richard Bram!, Alan Melcher?, Richard Vile!
'Mayo Clinic, Rochester, MN, *University of Leeds, Leeds, United
Kingdom

We have shown previously that multiple rounds of a systemic
treatment of GM-CSF, followed by intravenous reovirus, leads to
effective treatment of subcutaneous melanomas (Ilett et al., Mol.
Ther. 2015). We show here that a similar regimen is also effective at
treating both melanoma (B16) and glioma (GL261) tumors growing
intra-cranially. As a result of these pre-clinical studies, we initiated
a Phase I clinical trial in paediatric patients with gliomas of GM-
CSF and reovirus therapy. To date, three patients have been treated.
In two of three of these patients there were possible indications of
pseudoprogression and intra-cranial inflammation, both of which were
clinically resolved upon treatment with dexamethasone. Whilst this
trial continues to recruit, we have investigated additional treatments
for paediatric brain tumors, especially those in which direct virus
injection may allow greater local access to tumor. In this respect, there
is a constant tension between the pro-inflammatory, anti-tumor nature
of oncolytic viroimmunotherapy and the need to reduce potentially
toxic local inflammatory reactions within the brain. Our overall
hypothesis is that it will be possible to balance the anti tumor effects
of viral oncolysis, in part caused by inflammatory reactions to the
virus, with the associated toxicity. Nowhere is this more relevant than

for the treatment of Diffuse Pontine Gliomas (DIPG), which grow
in the brain stem. Our experiments show that it is indeed possible to
treat tumors growing in the pons/and or medulla, with inflammatory,
immune based therapies (both T cell mediated and locally cytotoxic)
without increasing toxicity over that caused by tumor growth alone.
Therefore, we have screened multiple oncolytic virus types for their
ability to kill DIPG cell lines both in vitro and in vivo. In particular,
we have compared viruses with different speeds of oncolysis and
different inflammatory properties to investigate how the efficacy
can be balanced with local toxicity, using standard of care anti
inflammatory treatments (with dexamethasone) as well as with novel
agents and viruses designed to suppress local inflammatory reactions.

198. CD4+ IL13Ra2-Specific CAR T Cells Exhibit

Potent Effector Function Against Glioblastoma
Dongrui Wang, Renate Starr, Brenda Aguilar, Alfonso Brito,
Brenda Chang, Aniee Sarkissian, Behnam Badie, Michael E.
Barish, Stephen J. Forman, Christine E. Brown

City of Hope National Medical Center, Duarte, CA

Adoptive T cell transfer, including chimeric antigen receptor
(CAR) T cell therapy, has been successfully applied to the treatment
of multiple types of cancer, but the variation in response rates among
patients remains an important issue. Recent studies have demonstrated
that CAR T cells vary in function and persistence, depending on the
specific T cell subpopulation that is engineered and the phenotype of
the final T cell product. Specifically, a starting population of central
memory T cells (Tem) has been shown to improve persistence and
efficacy of CAR T cell therapy. Tcm consist of both CD4+and CD8+
pools, but little is known about the contribution of each subset for
CAR T cell function. Notably, although CD8+ T cells have long
been considered the primary cytotoxic effector population, CD4+ T
cells have also been shown to mediate anti-tumor response against
some solid tumors which is CD8-independent. It is thus critical to
identify the optimal composition of CD4+ and CD8+ CAR T cells
for mediating the maximal anti-tumor effect. Here, using both in vitro
and in vivo glioblastoma (GBM) models, we examined the anti-tumor
activity of IL13Ra2-specific CAR T cells engineered from purified
CD4+ or CD8+ Tem pools. Surprisingly, we discovered a superior
antitumor response from CD4+ IL13R02-CAR T cells as compared
to CD8+ CAR T cells. After co-culture with primary patient-derived
GBM cells in vitro, CD4+ CAR T cells displayed more potent tumor
killing as compared to CD8+ CAR T cells, especially when effector
cell numbers were more limited. Consistently, CD4+ CAR T cells
maintained better effector function in vitro when re-challenged with
tumor. These CD4+ CAR T cells produced higher levels of cytokine
as compared to CD8+ T cells, a difference that was further maintained
after tumor re-challenge. We also assessed whether the CD4 versus
CDS8 composition of the IL13Ra2-CAR T cell product would impact
therapeutic efficacy in vivo using primary patient-derived GBM lines
orthotopically implanted in NSG mice. When injected intracranial
into GBM-bearing mice, the CD4+ CAR T cells resulted in durable
antitumor efficacy, mediating tumor-free survival for over 200 days
in 70f 7 experimental animals, which was unaffected by mixing with
10% of CD8+ CAR T cells. While CD8+ CAR T cells, as well as
50%-50% or 10%-90% CD4-CD8 mixed populations, also mediated
significant antitumor activity, the majority of mice recurred and
showed a less durable therapeutic response. These results demonstrate
that CD4+ CAR T cells can have potent effector function and suggest
that, for at least IL13Ra2-CARs, CD4+ T cells mediated superior
anti-tumor immune responses as compared to CD8+ T cells. These
studies provide important insight to further elucidate the optimal
composition of the CAR T cell product for the treatment of cancer.
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199. Genetic Engineering of Hematopoietic
Stem Cells to Generate Invariant Natural Killer T
Cells

Drake J. Smith

Microbiology, Immunology, and Molecular Genetics, University of
California, Los Angeles, Los Angeles, CA

Invariant natural killer T (iNKT) cells comprise a small population
of afy T lymphocytes. They bridge the innate and adaptive immune
systems and mediate strong and rapid responses to many diseases,
including cancer, infections, allergies, and autoimmunity. However,
the study of iNKT cell biology and the therapeutic applications of
these cells are greatly limited by their small numbers in vivo (0.01-
1% in mouse and human blood). Here, we report a new method to
generate large numbers of iNKT cells in mice through T-cell receptor
(TCR) gene engineering of hematopoietic stem cells (HSCs). We
showed that iNKT TCR-engineered HSCs could generate a clonal
population of iNKT cells. These HSC-engineered iNKT cells
displayed the typical iNKT cell phenotype and functionality. They
followed a two-stage developmental path, first in thymus and then in
the periphery, resembling that of endogenous iNKT cells. When tested
in a mouse melanoma lung metastasis model, the HSC-engineered
iNKT cells effectively protected mice from tumor metastasis. This
method provides a powerful and high-throughput tool to investigate
the in vivo development and functionality of clonal iNKT cells in
mice. More importantly, this method takes advantage of the self-
renewal and longevity of HSCs to generate a long-term supply of
engineered iNKT cells, thus opening up a new avenue for iNKT
cell-based immunotherapy.

200. Generation of CAR-T Cells Lacking T Cell
Receptor and Human Leukocyte Antigen Using
Engineered Meganucleases

Christina Pham, Aaron Martin, Jeyaraj Antony, Daniel MacLeod,
Audrey Brown, Michael Nicholson, Jo Ann Hux, Caitlin Turner,
Wendy Sharer, Bruce McCreedy, Victor Bartsevich, Ginger
Tomberlin, Janel Lape, Jeft Smith, Derek Jantz

Precision BioSciences, Inc., Durham, NC

The manufacture of CAR-T cells depends on peripheral blood
donations that contain T cells of sufficient quality and quantity.
Currently, many CAR-T programs rely on autologous T cells, but
several technical and commercial challenges hinder development.
The majority of CAR-T trials have enrolled leukemia or lymphoma
patients, many of which are unsuitable donors for CAR-T
production due to their disease state or to previous treatments with
lymphodepleting agents. In addition, a custom CAR-T production run
for each patient is time consuming, lacks standardization and may
present regulatory challenges. An alternative strategy is to source T
cells from healthy donors and produce large batches of allogeneic
CAR-T cells. Allogeneic T cells, however, will display mismatched
human leukocyte antigens (HLA) that will be recognized by the
recipients’ immune systems, contributing to immune rejection of
engrafted CAR-T cells. Additionally, donor T cells will recognize
the mismatched HLAs present in the recipient, contributing to graft-
versus-host immune pathology. Both undesired immune responses are
predicated on interactions between HLA and T cell receptors (TCR),
and while the therapeutic effectiveness of CAR-T cells with targeted
deletions in TCR genes has been reported by several groups, studies
featuring both TCR and HLA deletion are limited. Here, we describe
the use of meganucleases engineered to target regions of the TCR a
chain constant region and -2 microglobulin genes to generate TCR
and HLA class I knockout primary human T cells. Both nucleases
generate knockouts with approximately 75% efficiency and are well-
tolerated by primary T cells from at least four separate donors. Purified

double knockout cells do not demonstrate functional disadvantages in
terms of proliferation or cytokine production, but do exhibit reduced
allostimulatory potential toward HLA-mismatched T cells. Together,
these findings demonstrate the feasibility of generating therapeutic
quantities of CAR-T cells with reduced allo-reactive potential and
collateral toxicity to normal tissues in recipients.

201. Modulation of the Antitumor Imnmune
Response Using Semireplication-Competent VSV
Armed with Immunostimulatory Transgenes

Johanna Reul, Christian J. Buchholz, Alexander Muik

Molecular Biotechnology and Gene Therapy, Paul-Ehrlich-Institut,
Langen, Germany

Immunotherapy has been shown to be an effective treatment
modality for various cancer types. A branch of immunotherapy is
oncolytic immunovirotherapy, which relies on arming oncolytic
viruses with immunomodulatory cargo. A potent oncolytic virus
candidate is the vesicular stomatitis virus (VSV), showing impressive
antitumor activity in a variety of animal models. However, to
overcome the neurotoxicity of VSV a semireplication-competent
VSV vector system (srVSV) has been generated, which is based on
two trans-complementing, propagation deficient VSV vectors. As
a consequence, infectious progeny can only be produced in double
infected cells. We aim at establishing a system that couples the
oncolytic function of srVSV with its ability to accommodate multiple
transgenes. Immunostimulatory transgene expression in combination
with the oncolysis-induced inflammatory milieu at the tumor site might
suffice to interfere with tumoral immunotolerance mechanisms and to
induce a long-term antitumor immune response eliminating residual
and metastatic cancer. The immunostimulatory transgenes GM-CSF,
FIt3L, B7-1-Ig and the tumor-associated antigens ErbB2, CTLA4-
ErbB2 were cloned into the genome of the srVSV vector system. All
VSV vectors were successfully generated de novo and functional
analyses revealed that the vectors were able to transcomplement,
induce oncolysis and express the respective transgene in vitro. To
investigate antitumor efficacy in vivo, a suitable VSV-permissive
syngeneic tumor mouse model was identified. As VSV is exquisitely
sensitive to type I interferon induced antiviral responses, a total of
five different murine tumor cell lines were analyzed concerning their
interferon sensitivity. /n vitro and in vivo analyses revealed that the
murine colon cancer cell line MC38 is an appropriate tumor model,
as MC38 cells were productively infectable even when pretreated
with high doses of IFN-a and established s.c. MC38 tumors allowed
for sustained transgene-expression over an extended period of time.
Initial in vivo data confirm the potential of transgene-armed as well
as control srVSV to induce an antitumor immune response eventually
leading to cure in some animals. The immune response was analyzed
by evaluating tumor-specific T cells using ELISpot and MHC class [
tetramer staining. Furthermore, immunological tumor rejection was
shown after tumor rechallenge of cured mice. Taken together, the
data indicate that srVSV in combination with different transgenes
can induce a long-term antitumor immune response. Further research
is warranted to identify the most promising transgene combinations.
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202. Development of T-Cells Carrying Two
Complementary Chimeric Antigen Receptors
Against GPC3 and ASGR1 for the Treatment of

Hepatocellular Carcinoma

Zonghai Li', Cheng Chen', Kesang Li', Hua Jiang', Huiping Gao',
Fei Song!, Xiaorong Pan', Bizhi Shi', Yanyu Bi', Bo Song?
IShanghai Cancer Institute, Shanghai, China, >CARsgen
Therapeutics, Shanghai, China

Recently, we reported that GPC3-targeted CAR-T cells could
eradicate hepatocellular carcinoma xenografts in mice. However, we
do not know whether on-target off-tumor toxicity, a major toxicity
associated with CAR-T cells will happen when using these GPC3-
CAR T cells in human being. We propose that dual-targeted CAR-T
cells co-expressing a GPC3- and a ASGR1 (a liver tissue-specific
protein)-targeted CAR that signal using CD3{ and 28BB (containing
both CD28 and 4-1BB signaling domain) respectively might be used
to reduce on-target off-tumor toxicity. We first demonstrated that
GPC3 and ASGR1 were co-expressed in 54.7% of the tested HCC
samples. We further demonstrated that dual-targeted CAR-T cells
could exhibit no cytotoxic activities on ASGR1'GPC3- tumor cells.
However, the cytotoxic activities of GPC3-targeted CAR-T cells and
dual-targeted CAR-T cells have similar anti-tumor activities in vitro
on ASGR1-GPC3"or GPC3*ASGR1"HCC cells. Interestingly, dual-
targeted CAR-T cells showed significantly higher cytokine secretion,
proliferation and anti-apoptosis ability against tumor cells bearing
both antigens in vitro than single-targeted CAR-T cells. Furthermore
the dual-targeted CAR-T cells displayed potent growth suppression
activity on GPC3"ASGR1*HCC tumor xenograft while no obvious
growth suppression on single or double antigen-negative tumor
xenografts. Additionally, the dual targeting T cells exerted superior
anti-cancer activity and persistence than single targeting T cells in two
GPC3"ASGR1" HCC xenograft models. Together, T-cells carrying
two complementary CARs against GPC3 and ASGR1 might reduce
the risk of on-target off-tumor toxicity while remain relative potent
anti-tumor activities on GPC3"ASGR1* HCC

203. Shortened T Cell Culture with IL-7 and
IL-15 Provides the Most Potent Chimeric Antigen
Receptor (CAR)-Modified T Cells for Adoptive
Immunotherapy

Saba Ghassemi, Felipe Bedoya, Selene Nunez-Cruz, Carl June, Jos
Melenhorst, Michael Milone

Pathology and Lab Medicine and Center for Cellular
Immunotherapy, Perelman School of Medicine of the University of
Pennsylvania, Philadelphia, PA

Adoptive T cell immunotherapy involves the isolation, ex vivo
expansion and reinfusion of patient T cells. The efficacy of adoptive
immunotherapy is dependent on the ability of T cells to engraft,
expand and persist upon adoptive transfer. In this therapy, T cells are
cultured ex vivo using natural or artificial antigen presenting cells that
deliver signal 1 (TCR/CD3) and signal 2 (e.g. CD28 co-stimulation)
along with exogenously added cytokines. IL-2 is the most commonly
used cytokine for ex vivo T cell culture; however, there is renewed
interest in IL-7 and IL-15 due to their ability to enhance the survival
and proliferation of stem cell memory (T ) and central memory (T, )
T cells. We show that primary human T cells freshly isolated from
peripheral blood are heterogeneous with substantial numbers of T
and T cells in addition to effector differentiated T cells. During ex
vivo culture, these cells progressively differentiate into a population
of T cells with a predominantly CD45RO+, CD27-, CCR7- effector
differentiated phenotype. Exogenous IL-7 and IL-15 delay this
transition in T cell phenotype and preserve a greater proportion of T |
and T_ cells in the final ex vivo culture product. We hypothesize that

limited ex vivo culture of T cells in the presence of IL-7 and IL-15
rather than IL-2 will enhance engraftment and persistence of T cells
in vivo contributing to enhanced efficacy in adoptive transfer. We
show that T cells can be harvested and viably frozen from ex vivo
cultures as early as day 3 following activation. Early activated T cells
expressing a chimeric antigen receptor targeting CD19 (CART-19)
show potent yet specific cytotoxicity and cytokine production in
vitro. We investigated the therapeutic potential of cells harvested at
day 3 versus later time points using a Nalm-6 leukemic cell xenograft
mouse model. We demonstrate that day 3 CART-19 cells show potent
anti-leukemic activity compared to day 5 or day 9 cells. Comparing
CART19 cells cultured in either IL-2 or IL-7/15, we show that mice
treated at a 10-fold lower dose with day 3 cells cultured in IL-7/15
exhibit the greatest anti-leukemic efficacy compared with day 9 cells
where the latter fail to control leukemia. In summary, we show that
limiting T cell culture ex vivo to the minimum required for lentiviral
transduction in the presence of IL-7 and IL-15 provides the most
efficacious T cells for adoptive T cell immunotherapy.

204. HERZ2-Specific Chimeric Antigen Receptor
T Cells for the Treatment of Breast-to-Brain

Metastasis

John P. Murad, Dileshni Tilakawardane, Brenda Aguilar, Anthony
Park, Ethan Gerdts, Aniee Sarkissian, Alfonso Brito, Josh Neman,
Renate Starr, Brenda Chang, Wen-Chung Chang, Sarah Wright,
Behnam Badie, Stephen J. Forman, Christine E. Brown, Saul J.
Priceman

Beckman Research Institute, City of Hope, Duarte, CA

Adoptive transfer of chimeric antigen receptor (CAR)-engineered T
cells has demonstrated robust and durable clinical efficacy in patients
with CD19+ B-cell malignancies. Broader application of this approach
to brain and other advanced solid tumors is an immediate goal for
the field and is presently under intense investigation. In 2014, 40,000
individuals in the U.S. alone succumbed to breast cancer, primarily
as a result of metastatic disease. Approximately 30 percent of breast
cancer patients carry an amplification of the HER2 gene and/or HER2
over-expression, which confers a particularly poor prognosis. Among
the most common sites of HER2-positive breast cancer metastases is
the brain. For patients with breast cancer that has metastasized to the
brain, the 1-year survival rate is a dismal 20 percent. Despite clinical
successes in both preventing relapse and treating systemic disease
with HER2-targeted therapies, the currently available agents are
only modestly effective in managing brain metastasis. Our group has
demonstrated safety and transient anti-tumor responses in two U.S.
FDA-authorized phase I clinical trials evaluating local intracranial
adoptive transfer of CAR T cells in glioma patients.

Our current project builds on this clinical experience with locally
administered CAR T cells that specifically target HER2 for the
treatment of breast-to-brain metastasis. Our lab has initiated design
and testing of CAR T cell therapy targeting HER2 based on an scFv
derived from trastuzumab. We anticipate that local intracranial
delivery will enhance therapeutic response, while reducing the
likelihood of off-tumor systemic toxicities as previously observed.
Importantly, HER2 expression in normal brain tissue is limited,
supporting HER2 as a therapeutic target in brain metastasis. Our
innovative CAR T cell platform focuses on engineering central
memory T cells (Tcm) for therapeutic application, with the intent of
improving persistence of T cells after infusion, a critical parameter
correlated with ultimate therapeutic success. Herein, we have
evaluated several HER2-CAR constructs incorporating either the
CD28 or 4-1BB co-stimulatory domain using both in vitro T cell
functional assays as well as orthotopic patient-derived xenograft
models of breast-to-brain metastasis. While HER2-28¢ and HER2-
BB{ CAR T cells similarly kill HER2+ breast cancer cells in vitro,
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BBC CARs demonstrate lower induction of the exhaustion marker
PD-1 and proliferate better compare with 28 CARs. Both HER2-
CARs similarly lead to tumor eradication and prolonged survival.
Based on these data, we have successfully developed HER2-specific
CAR T cells, and plan to clinically develop these CARs for the
treatment of HER2+ metastatic disease.

205. Cytotoxic and Immunotherapeutic
Effects of Toca 511 and 5-Fluorocytosine in an
Intraperitoneal Model of Metastatic Colorectal
Cancer

Kader Yagiz, Daniel Mendoza, Maria Rodriguez-Aguirre,
Fernando Lopez Espinoza, Carlos E. Ibafiez, Harry E. Gruber,
Douglas J. Jolly, Joan M. Robbins

Tocagen Inc., San Diego, CA

Toca 511 (vocimagene amiretrorepvec), a gamma retroviral
replicating vector encoding an optimized yeast cytosine deaminase
(CD) gene, selectively replicates and spreads in tumors. In infected
cells, CD enzyme is expressed and converts 5-FC (5-fluorocytosine,
an orally-available anti-fungal drug) to 5-FU (5-fluorouracil), leading
to both direct tumor cytotoxicity and extended immunotherapeutic
effects in preclinical models. Toca 511 in combination with Toca
FC (extended-release 5-FC) recently entered a Phase 2/3 trial
(NCT02414165) in patients with recurrent HGG (high grade glioma).
Toca 511 is also under investigation delivered via intravenous (IV)
infusion followed by injection into the wall of the resection cavity
(NCT01985256), followed by Toca FC, in patients with recurrent
HGG. IV administration of vectors is minimally invasive, can easily
be repeated if desired, and may be applicable to other tumor types
including metastatic colorectal cancer (mCRC). Previously we have
shown that IV delivery of Toca 511 in a mouse syngeneic mCRC
liver model resulted in expression of CD in tumor foci, but not in
adjacent normal liver, and followed by courses of 5-FC resulted in
direct tumor response, improved survival, and a systemic anti-tumor
immune response. Elevated circulating myeloid-derived suppressor
cells (MDSC) are associated with advanced disease stages in CRC
patients and failure of immunotherapeutic strategies. We further
investigated the effect of intralesional administration of Toca 511
with 5-FC treatment on tumor recurrence and immune infiltrates in
amodel of CRC brain metastases. A significant decrease in MDSC in
spleens and tumors was observed with Toca 511 and 5-FC compared
to controls, via in situ production of 5-FU (p=0.03, p<0.0001;
respectively). Currently, we are investigating the efficacy of Toca
511 and 5-FC in a mouse syngeneic intraperitoneal (IP) model. We
identified the optimal delivery method for treatment of IP metastases,
and evaluated survival after IV and IP vector delivery followed
by courses of 5-FC. Treatment with Toca 511 and 5-FC led to an
improved median survival compared to control. Systemic 5-FU has
hematological toxicity even at low doses (20 mg/kg) in both naive
and CRC tumor-bearing mice which could have an adverse effect
on anti-tumor immune responses. We further evaluated Toca 511
and 5-FC treatment compared to systemic 5-FU in terms of efficacy,
hematologic toxicity, and induction of anti-tumor immune responses
in the IP mCRC model. The effect of Toca 511 and 5-FC compared
to systemic 5-FU on MDSC and other immune cell populations will
be presented. Our data provides support for the development of Toca
511 and 5-FC as a unique approach targeting both the tumor and
the immune system for the treatment of metastatic cancers such as
mCRC. A phase 1 study of IV Toca 511 and Toca FC in solid tumors,
including mCRC, is planned (NCT02576665).

206. Determining the Effect of Endogenous
PD-1 Expression on the Co-Stimulatory Potential
of the PD1:CD28 Chimera

Megan E. Keys, Jonathan Arroyo, Bridgette Kielhack, Megan
Prosser

Department of Biology and Chemistry, Azusa Pacific University,
Azusa, CA

Adoptive immunotherapy is an emerging field of study involving
genetic alteration of the immune system to enhance its effectiveness
in eliminating cancer. A previous study created a novel chimera
(PD1:CD28) containing the extracellular portion of an inhibitory
molecule, Programmed Death 1 (PD-1), and the intracellular portion
of a co-stimulatory molecule, CD28, resulting in tumor induced co-
stimulation of T cells. Given that endogenous PD-1 expression is
likely to up-regulate on T cells in the tumor microenvironment, the
current study aims to determine whether the presence of PD-1 on the
cell surface negatively impacts T cell stimulation by the PD1:CD28
chimera. Endogenous PD1 was tagged with a red fluorescent protein,
mCherry, and PD1:CD28 with a green fluorescent protein, GFP. Fusion
proteins were transfected into H9 cells and positive expression was
detected via flow cytometric analysis and fluorescence microscopy.
Stable cell lines expressing both PD1:mCherry and PD1:CD28:GFP
fusion proteins are being examined for downstream signaling
markers, proliferation, and cytokine expression following exposure
to Programmed Death Ligand 1 (PD-L1), as compared to cells
engineered to express only PD1:mCherry or PD1:CD28:GFP. This
study will provide further insight into the ability of the PD1:CD28
chimera to overcome PD-1 mediated tumor immune evasion.

Cancer-Targeted Gene and Cell Therapy I

207. Variable Lymphocyte Receptors Enable
Development of Chimeric Antigen Receptors for
the Treatment of T-Cell Malignancies

Sunil S. Raikar', Daniel Tylawsky', Robert Moot?, Lauren
Fleischer?, David McCarty', Christopher Doering', H. Trent
Spencer!

!Aflac Cancer and Blood Disorders Center, Department of
Pediatrics, Emory University, Atlanta, GA, *Graduate Program in
Molecular and Systems Pharmacology, Emory University, Atlanta,
GA

Relapsed T-cell leukemia has a poor prognosis. Chimeric antigen
receptor (CAR) therapy could be an effective treatment modality,
although targeting T-cell disease without a T-lymphoblast specific
antigen is difficult. The use of natural killer (NK) cells as the effector
cell and CD5 as the target antigen provides a potential solution.
While traditionally CARs use an immunoglobulin (Ig) based single
chain variable fragment (scFV) to target tumor cells, we designed
a novel CAR structure using a variable lymphocyte receptor
(VLR) as our antigen recognition sequence. VLRs represent the
functional unit of the adaptive immune system in jawless vertebrates
(lamprey and hagfish) and are analogous but not homologous to
immunoglobulins. VLRs have a fundamentally different structure and
geometry compared to Ig-based antibodies while still demonstrating
high degrees of specificity and avidity. Additionally, VLRs exist
naturally as single chain structures that allows for rapid creation of
CAR cassettes. In the current study our objective was to develop
a VLR-CAR-NK cell against T-cell leukemia using an anti-CD5
VLR sequence. We constructed a second generation CAR using a
VLR sequence targeting CDS5 as our antigen recognition sequence.
The CAR structure consisted of the anti-CD5 VLR sequence, the
CD28 co-stimulatory transmembrane domain, and the intracellular
CD3( signaling domain. Using this construct, high titer CD5 VLR
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CAR self-inactivating lentivirus was produced at titers >10"8 TU/
ml. To test the functionality of the CAR construct, CD5 expressing
Jurkat cells were transduced with various doses of lentivirus, and
activation was measured by expression of CD69. For cytotoxicity
studies, NK-92 cells were used as the effector cell with CCRF-CEM
cells being the target cell. Cytotoxicity was measured at different
effector: target ratios using a flow cytometry based assay. Activation
positively correlated with lentiviral copy numbers and CAR
expression in Jurkat cells. Both copy number and activation decreased
over time, which was anticipated as we show that highly activated
cells had a growth disadvantage. NK-92 cells expressing the CD5
VLR CAR showed approximately two fold increase in cytotoxicity
towards CCRF-CEM cells when compared with naive NK-92 cells;
however, low transduction efficiency and copy numbers (<0.5) were
problematic, similar to previous data showing that NK-92 cells are
resistant to lentiviral transduction. In order to improve upon these
results, we created a bicistrionic vector co-expressing GFP and the
CD5-VLR-CAR. Jurkat cells genetically modified to express the
new construct showed a direct correlation between GFP expression
and activation, thus confirming dual expression and function of
both proteins. Transduced NK-92 cells were sorted and expanded.
These cells expand robustly, demonstrate CAR expression and have
the functional characteristics required for targeting T-cell disease.
Our studies show the utility of VLR-derived CARs and provide
the foundation to progress these studies into preclinical testing as a
treatment for relapsed T-cell leukemia.

208. Neural Stem Cell Mediated Oncolytic
Virotherapy for Ovarian Cancer

Asma Abdul Majid', Rachael Mooney', Megan Gilchrist', Maciej
Lesniak?, Karen Aboody'

!Developmental and Stem Cell Biology, City of Hope, Duarte, CA,
’Neuro-Oncology, Northwestern University, Evanston, IL

Intro. Oncolytic virotherapy is a promising novel cancer treatment
that uses replication-competent viruses to induce cancer cell death.
While clinical trials are underway for a variety of solid tumors;
success has been hampered by rapid immune-mediated clearance/
neutralization of the viral vectors, and poor viral distribution to
tumor satellites dispersed throughout normal tissue. Neural stem
cells (NSCs) are ideal cell carriers that could overcome viral
delivery hurdles due to their intrinsic tumor-tropism and penetration
capabilities. Our lab has established a well-characterized, non-
immunogenic human NSC line that can selectively distribute to
many different solid tumors. Most recently, we observed impressive
selectivity and penetration of peritoneal ovarian cancer metastases
after intraperitoneal NSC administration. We have engineered our
NSCs to produce a conditionally replication-competent adenovirus,
CRad-Survivin-pk7 (NSC.CRad-S-pk7). This virus has two notable
genetic modifications: (1) a polylysine fiber addition that enables high
affinity binding to cell-surface proteoglycans, thus promoting viral
entry into the target cell; and (2) a E1A transcriptional modification
which prevents viral replication in the the absence of the surviving
promoter, a gene over-expressed in many cancers. Clinical grade
equivalent research banks of the NSC.CRad-S-pk7 cells have
demonstrated safety and efficacy in orthotopic glioma models, but
have not yet been tested in a metastatic ovarian cancer model. We
hypothesize that NSCs are able to selectively distribute this virus to
ovarian metastases, and provide protection from immune-mediated
clearance and neutralization. Our long-term goal is to demonstrate
efficacy and safety of NSC.CRad-S-pk7 for targeted selective tumor
killing in patients suffering from stage III ovarian cancer. Methods.
Two million NSC and NSC.CRad-S-pk7 cells were injected IP
into nude mice containing established human peritoneal ovarian
(OVCARS and SKOV3) metastases. After 7 days, tissue was assessed
for viral distribution and activity using standard immunological and

tumor-lysate viral titration assays, respectively. Results. The results
suggest that the viral payload does not interfere with the NSC tumor-
tropism or penetration (Fig 1). NSC-mediated viral distribution was
confirmed via immunohistochemistry, and the presence of active virus
within lysed peritoneal tumors was assessed. Significant tumor killing
was observed in both OVCARS8 and SKOV3 ovarian cancer cells
after 5 days of culture with diluted tumor lysates (1:10 and 1:100)
derived from mice that received NSC.CRad-S-pk7 injections (Fig
2). No killing was observed when cancer cells were cultured with
tumor lysates derived from mice that received parental NSCs. These
results demonstrate that NSC.CRad-S-pk7 can selectively penetrate
peritoneal ovarian metastases and produce CRad-S-pk7 adenovirus
following IP administration. Studies underway include free virus
distribution and pharmacokinetic comparisons.

Figure 1. NSCs demonstrate tumor tropism. Neural stem cells demonstrate tumor tropism when injected intraperitoneal (IP) into
metastatic ovarian cancer mouse model (2 million SKOV3.eGFP ffLuc IP). NSCs (A} or NSC.CRad-S-pk7 (B) labeled with CellTracker
CM-Dil demonstrate good distribution in tumor but not in adjacent normal kidney (2 million cells in 200uL PBS injected IP after 3
weeks: harvested 1 week days post-NSC injection). Scale bar =100 microns.
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Figure 2. NSC.Crad-S-pk7 Viral Titration. To test if IP
administration of NSC.CRad-S-pk7 can selectively
penetrate peritoneal metastases and produce CRad-S-
pk7 adenovirus, the supernatants of the tumors were
collected for viral titration experiments. Parallel viral
infections of SKOV3 (results shown above) and OVCAR8
were performed and significant effects were observed
for the NSC.CRad-5-pk7 supernatants in comparison to
the NSC controls.

209. Stem Cell/Nanoparticle Constructs for
Targeted Ovarian Cancer Therapy

Pengpeng Cao', Revathiswari Tirughana?, Ugochi Nwokafor?,
Soraya Aramburo®, Linda Flores®, Jacob Berlin!, Karen S. Aboody?
'Molecular Medicine, City of Hope, Duarte, CA, *Develpmental
and Stem Cell Biology, City of Hope, Duarte, CA, *Developmental
and Stem Cell Biology, City of Hope, Duarte, CA

Intro. Targeted drug delivery is a critical goal for effective cancer
therapy. Nanoparticles (NPs) have shown promise as platforms for
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targeting drugs to tumors, but major challenges remain for controlling
the distribution and retention of NPs within tumors. In general, NPs
predominantly accumulate in the liver and spleen and have difficulty
penetrating poorly vascularized and hypoxic tumor regions. Neural
Stem Cells (NSCs) are ideal candidates for use as carriers for NPs
in order to overcome these biodistribution challenges. NSCs have
demonstrated inherent tumor tropic properties in preclinical invasive
and metastatic tumor models, migrating selectively to invasive tumor
foci, penetrating hypoxic tumor regions, and even traversing through
the blood-brain barrier to access intracranial tumor foci following
intravenous administration. We have been pioneers in genetically
modifying NSCs to express prodrug activating enzymes for gene
therapy, completing a first-in-human safety clinical trial for recurrent
glioma in 2013, and demonstrating proof of concept for localized
drug delivery (Phase I ongoing).

As NSC-based therapies move into the clinic, there is an
opportunity to develop complementary NSC-mediated treatment
strategies for tumor elimination. We have shown that these clinically
relevant NSCs maintain their tumor tropism when transporting either
surface-bound or internalized NPs. NSC-NPs selectively penetrate
tumor foci (Figure 1 shows NSC-NPs, orange, at tumor foci, green,
near liver). The combination of NSCs and NPs offers the potential
to realize a modular and general drug targeting system. We now
demonstrate that the cisplatin-loaded NPs carried by NSCs is a
viable approach for the treatment of Stage I1I ovarian cancer, where
tumors have metastasized to the abdominal cavity. We show that
encapsulating cisplatin within silica NPs allows for delayed drug
release for 24 hours with minimal leakage, allowing sufficient time for
the NSCs to effectively penetrate and distribute through tumor foci.

Methods. Ten million NSCs carrying cisplatin-loaded silica
NPs (Figure 2) were injected intraperitoneally (IP) into nude mice
containing established human ovarian (OVCARS) peritoneal
metastases. Control groups included equivalent levels of free cisplatin
or cisplatin-loaded NPs.

Results. IP delivery these NSC-NP constructs showed significantly
increased concentrations of cisplatin at multiple tumor sites, regardless
of size, throughout the peritoneum, as compared to free drug alone
or drug-loaded NPs alone. At all timepoints tested, only tumors
treated with the NSC-NP constructs had therapeutically significant
levels of drug present (Figure 3 shows 6h and 24h timepoints). This
allows for concentration of drug at tumor sites, while minimizing
toxicities. Long-term efficacy studies are in progress. Our present
goal is to generate the efficacy and safety data needed to move toward
clinical trials.

Figure 1:

Figure 2:

Figure 3:
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210. High Expression of Second Generation

CD19 CAR with a 4-1BB Costimulatory Domain
from a Retroviral Vector Impairs CAR T Cell
Expansion by Enhancing Fas-Mediated Apoptosis
Diogo Silva'*?, Malini Mukherjee*’, Madhuwanti Srinivasan'?,
Jordan S. Orange*®, Malcolm K. Brenner'?, Maksim Mamonkin'>
!Center for Cell and Gene Therapy, Baylor College of

Medicine, Houston, TX, *Texas Children’s Hospital, Houston,

TX, *Department of Bioengineering and iBB-Institute for
Bioengineering and Biosciences, Instituto Superior Técnico,
Universidade de Lisboa, Lisboa, Portugal, *Department of
Pediatrics, Baylor College of Medicine, Houston, TX, *Texas
Children s Hospital Center for Human Immunobiology, Houston,
X

Recent clinical trials in patients with B cell malignancies
demonstrated that CD19 CAR T cells could expand in vivo and
eliminate target cells. Two main variants of the CD19 CAR have been
successful - a retroviral construct with CD28 and CD3 zeta signaling
domains (28.zeta) and a lentivirus with 4-1BB.zeta. While infused
CD28.zeta CAR T cells rapidly expanded and produced immediate
anti-tumor activity, 4-1BB.zeta CAR T cells persisted longer and
had sustained anti-tumor activity. Although these differences may
represent differences in the costimulation provided by each CAR,
the choice of viral vector may also contribute to differences in
performance. We compared the in vitro expansion and anti-tumor
activity of T cells transduced with either 28.zeta or 4-1BB.zeta
CD19 CAR using a standard retroviral vector SFG. We demonstrate
that retroviral transduction of T cells with a 4-1BB.zeta CD19 CAR
reduced T cell expansion 18 fold after 2 weeks of culture and impaired
anti-tumor activity compared to cells transduced with a similar vector
encoding CD28.zeta CD19 CAR. High expression of the 4-1BB.zeta
CD19 CAR led to upregulation of Fas and relocation of intracellular
FasL to the cell surface, resulting in co-localization of both proteins
on the plasma membrane. Consistent with this finding, we observed
a 5-fold increase in apoptosis of 4-1BB.zeta CAR T cells which was
completely reversed by chemical blockade of caspase-8, a key initiator
caspase activated by Fas signaling. We also observed a gradual
downregulation of 4-1BB.zeta CD19 CAR levels on surviving T
cells suggesting that high CAR expression is toxic for T cells. In fact,
reducing the level of 4-1BB.zeta CD19 CAR expression by inserting
an IRES sequence upstream of the CAR normalized Fas levels on T
cells and restored T cell expansion and anti-tumor activity. Similarly,
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transducing T cells with a self-inactivating lentiviral vector resulted
in reduced levels of 4-1BB.zeta CD19 CAR expression allowed
excellent expansion, similar to that of T cells with 28.zeta CD19
CAR. We also observed improved cytotoxicity of T cells with lower
expression of 4-1BB.zeta CAR in co-culture assays with CD19+ cell
lines Daudi (5-fold reduction in remaining tumor cells with lenti-
CAR and 22-fold for IRES-CAR) and Raji (18-fold reduction for
both lenti- and IRES-CAR constructs) and sustained performance in
sequential killing assays.

These studies reveal a mechanism that limits expansion and
function of T cells expressing high levels of 4-1BB.zeta CD19 CAR
and provide a basis for rational choice of expression systems and
design of chimeric molecules that incorporate the 4-1BB signaling
domain.

211. Combination of Forced Transduction

of P53 and an Agent That Blocks MDM2-p53
Interactions Produces Synergistic Cytotoxicity on
Mesothelioma Defective of the INK4AA/ARF Region
Masatoshi Tagawa', Takao Morinaga', Zhihan Li', Thao T. T.
Nguyen', Boya Zhong!', Shuji Kubo?, Tkuo Sekine?, Yuji Tada?,
Koichiro Tatsumi*, Hideaki Shimada®, Kenzo Hiroshima®
!Division of Pathology and Cell Therapy, Chiba Cancer Center
Res Inst, Chiba, Japan, *Department of Genetics, Hyogo College
of Medicine, Nishinomiya, Japan, *Department of Medical
Oncology, Faculty of Medicine, University of Tsukuba, Tsukuba,
Japan, *Department of Respirology, Graduate School of Medicine,
Chiba University, Chiba, Japan, °Department of Surgery, School
of Medicine, Toho University, Tokyo, Japan, *Department of
Pathology, Tokyo Women's Medical University Yachiyo Medical
Center, Yachiyo, Japan

A majority of malignant mesothelioma specimens possesses the
wild-type p53 gene with a homologous deletion in the INK4A/
AREF locus which encodes the p14ARF and the p16INK4A genes.
Consequently, the p53 downstream pathways are functionally
inactivated since the p14 defect augments activities of MDM?2
which mediates p53 degradation through the ubiquitination
processes. Furthermore, a loss of p16 induces pRb phosphorylation
and uninhibited cell cycle progression through up-regulated CKD
activities. We then examined possible anti-tumor effects of MDM?2
inhibitors, Nutlin-3a and RITA, on human mesothelioma cells in
combination of adenoviruses expressing the p53 gene (Ad-p53).
Nutlin-3a, inhibiting the MDM2-p53 interactions, increased p53
phosphorylation levels and suppressed viability of mesothelioma
cells in a p53-dependent manner. RITA, although blocked the
MDM2-p53 interactions and phosphorylated p53, inhibited
viability of mesothelioma cells independently of the p53 geneotype.
Transduction of mesothelioma cells with Ad-p53 induced apoptotic
cell death irrespective of the genotype. Moreover p21 induced by
Ad-p53 dephosphorylated pRb and subsequently inhibited cell cycle
progression. A combinatory use of Ad-p53 and Nutlin-3a or RITA,
produced synergistic cytotoxicity of mesothelioma irrespective
of the p53 geneotype. In addition, we demonstrated that the
combination produced anti-tumor effects in an orthotopic animal
model, mesothelioma developed in the pleural cavity in nude mice.
In contrast, heat shock protein 90 inhibitors, blocking functions of
MDM4, a homologous gene product of MDM?2 without ubiquitination
activities, did not produce the synergistic cytotoxicity with Ad-p53.
These data collectively showed that MDM2 inhibitors enhanced
expression levels of endogenous and exogenously transduced p53
through increased stability of the gene produce, and consequently
activated the p53-mediated apoptosis. The p53-directed therapy
is thus a possible therapeutic strategy for mesothelioma with the
INK4A/ARF deletion.

212. Lentiviral Insertional Mutagenesis Helps
to Uncover the Mechanisms of Resistance to
AZD9291 and CO-1686 in EGFR-Mutant Lung
Adenocarcinoma

Valentina Pirazzoli, Giulio Spinozzi, Erika Tenderini, Fabrizio
Benedicenti, Andrea Calabria, Eugenio Montini

HSR-TIGET, Milano, Italy

The discovery of cancer-driver mutations, accounting for the
growth and spreading of cancer cells, led to the development of anti-
cancer targeted therapies, which hit in a specific manner cell pathways
directly involved in tumor progression. This new class of therapeutic
agents has been shown to be more effective and less toxic than
conventional chemotherapy in advanced forms of cancer. However,
the inevitable development of acquired resistance has limited their
success. An example of this concept is the case of Epidermal Growth
Factor Receptor (EGFR)-mutant lung cancer. The discovery of EGFR
mutations that confer sensitivity to the Tyrosine Kinase Inhibitors
(TKI) erlotinib and gefitinib have underlined the importance of
defining molecular subgroups to design more efficacious targeted
therapies. Unfortunately, on average ~1 year after starting treatment,
resistance to these agents, caused by EGFR secondary mutation
T790M, occurs at high frequency. This observation suggests that
strategies to delay or prevent the emergence of this resistance
mechanism would prolong the lives of many lung cancer patients
with EGFR mutations. AZD9291 and CO-1686 are two novel third-
generation EGFR TKIs designed to irreversibly and specifically
target both the initial activating EGFR mutations and the resistance
T790M. Phase I/11 studies show compelling clinical activity of these
compounds. Nevertheless the observed progression-free survival is
about 12 months and the reasons of the relapse are under evaluation.
We took advantage of a lentiviral vector (LV) -based insertional
mutagenesis platform, developed by our lab, to screen genes that
confer resistance to CO-1686. To this aim T790M+ (PC9BRc1) and
T790M- (PC9) human lung adenocarcinoma cells were transduced
with a genotoxic LV, harboring the Spleen Focus Forming Virus
enhancer/promoter in the Long Terminal Repeats (LV-SF-LTR)
or a non-genotoxic LV with self-inactivating LTR. After 2 weeks,
transduced cells were divided in three groups receiving Erlotinib,
CO-1686 or DMSO as control. In our rationale, the integration of the
genotoxic LV in the cellular genome can potentially deregulate the
expression of neighboring genes that contribute to confer resistance
to these TKIs. Therefore, exposure to the treatment would result
in the selection and expansion of the cell clones harboring those
specific traceable mutations. Drug-resistant colonies were obtained
after 4 weeks of erlotinib and 6 weeks of CO-1686 treatment.
While results on PC9BRcl are still pending, sequencing analysis
performed on 100,000 LV integration sites retrieved by PCR-based
technologies on PC9 drug-resistant colonies identified SOS1 as the
principal LV-induced gene deregulation responsible for the resistance
to both Erlotinib and CO-1686. A similar experiment aimed at
identifying the AZD9291-induced resistance in lung cancer cells is
on-going. The identification of biomarkers of resistance will allow
the development of new therapies to overcome resistance, improving
the life expectancy of lung adenocarcinoma patients.

213. Detection of Integration Sites of CD19
Chimeric Antigen Receptor Gene in a Non-Viral

Gene Transfer System
Motoharu Hamada
Pediatrics, Nagoya University, Nagoya, Japan

BACKGROUND: Chimeric antigen receptor (CAR)-modified T
cells targeting CD19 have exhibited marked activity in hematological
malignancies, such as acute lymphoblastic leukemia, chronic
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lymphocytic leukemia, and B-cell lymphomas. Many of these results
have been obtained using CD19-CAR T cells established by retro- or
lentiviral vectors. We developed a non-viral gene-transfer method
using the piggyBac transposon system wherein the CD19-CAR
gene was integrated into the genome by cut paste mechanism of the
transposase. In this system, the expression of CAR was permanent,
and the in vitro and in vivo cytotoxic activity on several cancer cell
lines was confirmed. In the process of such gene transfer, however,
insertional mutagenesis and subsequent activation of proto-oncogenes
are a concern. In this report, we aimed to detect the integration sites
of CAR genes to evaluate the safety of our CD19-CAR T cells.
METHOD: CD19-CAR T cells were produced by transfecting
two plasmids containing piggyBac and a CD19-CAR gene by
electroporation. We detected the integration sites of CAR genes by
inverse polymerase chain reaction and subsequent next-generation
sequencing using MiSeq. An analytic pipeline was developed to
identify and to classify the integration sites. Proto-oncogenes were
defined according to the Cancer Gene Census of the Catalogue of
Somatic Mutations in Cancer database. RESULTS: We detected 181
independent integration sites of which five were in exons (CASPI0,
F2R, CYP51A41-AS1, ULBP2, and SLC24A2) and 113 in introns. The
integration sites demonstrated no preference for specific sites. Five
integration sites (2.8%) were in the introns of known proto-oncogenes
(CDK6, MAML2, RAD51B, RUNX1, and EP300). This percentage of
integrations into proto-oncogenes is comparable with that of random
integration (2.4%) and lower than that of retro- and lentiviral vectors
(6.3-10.4%) according to previous report using marker genes (Galvan
et al. J Immunother 2009). CONCLUSION: We confirmed that
our piggyBac-mediated transduction system randomly transduced
the CAR gene into the genomic DNA. Therefore, this system is
considered safer than viral vector system in terms of genotoxicity
for CAR transduction into human T cells; however, the possibility
of leukemic transformation caused by insertional mutagenesis should
be carefully monitored by in vivo clonal analysis.

214. Specific Targeting of IL-13 Receptor

alpha 2 Expressing Breast Cancer Cells by
Paramyxovirus-Pseudotyped Lentiviral Vectors
Displaying IL-13

Anna R. Kwilas, Wu Ou, Michael P. Marino, Takele Argaw, Akiko
Suzuki, Bharat Joshi, Syed R. Husain, Raj K. Puri, Jakob Reiser
Division of Cellular and Gene Therapies, CBER, FDA, Silver
Spring, MD

The ability to selectively target specific cell types is highly
desirable for the in vivo application of viral vectors for the treatment
of multiple diseases including cancer. Lentiviral vectors (LV) have
the advantage of being easily pseudotyped allowing their tropism
to be altered. LV can also be engineered to deliver therapeutic or
cytotoxic genes directly to cancer cells. IL-13 receptor alpha 2 (IL-
13Ra2) is overexpressed in many different tumor types, including
glioma, sarcoma, kidney, breast and ovarian cancer, making it an
attractive target for tumor therapy. We have previously shown that
firefly luciferase-expressing LV pseudotyped with a truncated fusion
(F) protein derived from measles virus (MV) and a tail-truncated,
receptor-blind MV hemagglutinin (H) protein bearing IL-13 at the
C-terminus were capable of transducing IL-13Ra2-positive U251
glioma cells when administered intratumorally. In addition, we have
shown the ability of LV to be pseudotyped using the F and H proteins
from the Tupaia paramyxovirus (TPMV). TPMV does not infect
human cells, potentially making it a safer choice for pseudotyping
LV for in vivo delivery. Similar to the MV H protein, the TPMV H
protein can also display IL-13 and bind specifically to IL-13Ra2-
positive tumor cells. We plan to confirm and extend these findings
by examining the targeting of LV-MV-IL-13 and LV-TPMV-IL-13

in metastatic orthotopic models of breast cancer by intratumoral
and intravenous administration. In addition, LV expressing HSV1
thymidine kinase (TK) were constructed and are being evaluated for
antitumor efficacy.

215. The Use of miR-122 and Its Target
Sequence in Adeno-Associated Virus-Mediated
Cytotoxic Gene Therapy

Daniel Zhang', Jun Li%, Zifei Yin?, Georgy Aslanidi', Arun
Srivastava®, Changquan Ling?, Chen Ling!

!Division of Cellular and Molecular Therapy, Department of
Pediatrics, University of Florida, Gainesville, FL, °Department of
Traditional Chinese Medicine, Second Military Medical University,
Shanghai, China, ’Powell Gene Therapy Center, University of
Florida, Gainesville, FL

There are two challenges in adeno-associated virus (AAV)-
mediated cytotoxic gene therapy: i) overexpression of the cytotoxic
transgene in the producer cell lines, such as HEK293, hampers
efficient AAV vector production; and ii) most, if not all, AAV serotype
vectors possess hepatic tropism since liver is the major tissue for
cellular metabolism. These two challenges can be partially resolved
by tissue specific promoters. However, in the cases that a specific
promoter is not available, constitutively active promoters, such as
the chicken B-actin (CBA) promoter, have to be used. For example,
there is no well-studied specific promoter for hepatic satellite cells,
which are the major cell type involved in liver fibrosis. In addition,
most tissue-specific are weak promoters and are often too large
to be packaged into AAV vectors. To address the above problems
simultaneously, we explored the use of miR122 and its target
sequence for the conditional regulation of transgene expression not
only in the producer cells during AAV production, but also in the
liver after systemic delivery. We first established a HEK293 cell
line that overexpresses miR122. The functional miR122 expression
was confirmed by reverse transcriptase polymerase chain reaction
(RT-PCR) as well as Western blot assays against cellular proteins
that are known to be regulated by miR122, such as c-Met. The
expression of miR122 showed little effect on HEK293 cell growth
and AAV protein expression. Next, we generated rAAV plasmids
harboring suicide genes under the control of CBA promoter and
a miR122 target (miR122T) sequence in the 3’-UTR. Two strong
cytotoxic genes were selected, which encodes trichosanthin (a type
1 ribosome-inactivating protein) and diphtheria toxin (an exotoxin
causing diphtheria). The presence of miR122T sequence had little
effect on the protein functions in miR 122-free cells, but significantly
reduced the protein expression in the cells overexpressing miR122.
Consequently, the AAV8 vectors carrying suicide genes and miR122T
sequence yielded significantly increased production, up to 75-fold,
in the HEK293-miR 122 cells, when compared to that in the parental
HEK293 cells (Table 1). Finally, we showed that AAV8 vectors that
were produced from the HEK293-miR 122 cells preserved the same
tropisms and full bioactivity in vivo. Most importantly, the AAVS
vectors carrying a miR122T sequence mediated little transgene
expression in normal liver. Taken together, we conclude that the use
of HEK293-miR122 cells and a miR122T sequence should be applied
to attenuate the transgene cytotoxicity during AAV vector production
and infection of normal liver tissues.
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HEK293-miR122 and miR122T sequence together increase yields of
AAV vectors carrying suicide genes.
HEK293 Batch 1 | Batch2 | Batch3 | Ave SD
2.68E + | 9.96E 278E+ |2.15E+ | 1.00E +
SSAAVE-FLuc 12 +11 12 12 12
sSAAV8-FLuc- 8.72E 228E+ |1.34E+ |1.50E+ |7.17E
122T +11 12 12 12 +11
6.23E+ | 1.34E+ |3.75E+ |7.79E+ |S5.01E+
SSAAVE-TCS 08 09 08 08 08
sSAAV8-TCS- 234E+ | 1.68E+ |427E+ |148E+ |9.72E+
122T 09 09 08 09 08
HEK293-miR122 | Batch 1 | Batch 2 | Batch3 | Ave SD
4.04E+ |6.60E+ |1.05SE+ |3.90E+ |2.78E +
sSAAV8-FLuc 12 12 12 12 12
sSAAV8-FLuc- S.61E+ |2.74E+ |7.80E 7.80E 2.43E +
1227 12 12 +11 +11 12
345E+ |1.39E+ |8.50E+ |1.90E+ |1.37E+
SSAAVE-TCS 09 09 08 09 09
sSAAVS-TCS- 1.66E 8.50E+ |9.30E+ |1.15E 4.46E +
122T +11 10 10 +11 10
216. Exploiting Redox-Based Vulnerabilities

in Field Cancerization by Targeting Cancer
Associated Fibroblasts

Jeremy Soon Kiat Chan, Ming Jie Tan, Nguan Soon Tan

School of Biological Sciences, Nanyang Technological University,
Singapore, Singapore

Tumor development and progression to malignancy is increasingly
viewed as a consequence of disrupted homeostatic interactions
between epithelial cells and the underlying stromal elements. In
squamous cell carcinoma of the skin, genomic and histological
abnormalities have been observed in keratinocytes and stroma
bordering multifocal neoplastic lesions, suggesting a regional
carcinogenic signal that promotes aberrant cellular behavior within the
tumor microenvironment. This has been termed field cancerization.
Cancer associated fibroblasts (CAFs) are the major cell type in
the tumor stroma and are known producers of extracellular pro-
tumor signaling molecules. While growth factors and cytokines are
candidate molecules for targeted therapy, reactive oxygen species
(ROS) are gaining attention for their roles in heterotypic paracrine
signaling in cancer. The importance of ROS in field cancerization
remains poorly understood. Histological analysis of on sections of
patient tumor biopsies revealed that ROS was elevated in the tumor
stroma. CAFs explanted from patient tumors also released high levels
of hydrogen peroxide into the extracellular space. Interestingly,
normal fibroblasts exposed to CAF-conditioned medium displayed
increased ROS production, an observation that could be reversed by
the antioxidant N-acetyl cysteine. Exposure to hydrogen peroxide
also resulted in elevated ROS production in normal fibroblasts.
Taken together, these findings suggest that CAFs are a potent source
of ROS in the tumor microenvironment and can induce a field effect
that transforms adjacent normal fibroblasts into a CAF-like state.
Transformed fibroblasts in turn produce ROS to spread oxidative
stress in the microenvironment, potentially exacerbating field
cancerization. Therefore, antioxidant-based therapies targeting the
tumor microenvironment may be important adjuvant treatments to
current anticancer chemotherapy or targeted therapy.

217. Combinatorial Anti-Angiogenic Gene
Therapy in a Human Malignant Mesothelioma
Model

Shuji Kubo!, Yuki Mawatari-Furukawa!, Noriyuki Kasahara?
!Genetics, Hyogo College of Medicine, Nishinomiya, Japan, *Cell
Biology and Pathology, University of Miami, Miami, FL

Anti-angiogenic gene therapy represents a promising strategy for
cancer; however, it has rarely been tested in malignant mesothelioma,
a highly aggressive tumor associated with asbestos that has poor
prognosis. In this study, we investigated whether anti-angiogenic
factors such as angiostatin, endostatin, and the soluble form of
vascular endothelial growth factor receptor 2 (sFlk1) were able to
inhibit endothelial cell proliferation via lentivirus-mediated gene
transfer into malignant mesothelioma cells in culture. We also
assessed whether a dual-agent strategy had greater therapeutic
benefit. Human malignant pleural mesothelioma MSTO-211H cells
were transduced using lentiviral vectors that individually expressed
angiostatin, endostatin, and sFlkl and linked to enhanced green
fluorescent protein (EGFP) marker gene expression via an internal
ribosome entry site. The lentivirus expressing EGFP alone was used
as a control. The resultant cells designated as MSTO-A, MSTO-E,
MSTO-F, and MSTO-C were confirmed by Western blot and
fluorescence microscopy to stably express the corresponding proteins.
No differences were observed in the in vitro growth rates between
any of these cells. However, coculture of MSTO-A, MSTO-E,
and MSTO-F showed significant suppression of human umbilical
endothelial cell growth in vitro compared with that of MSTO-C.
Furthermore, a combination of any two among MSTO-A, MSTO-E,
and MSTO-F significantly enhanced efficacy. These results suggest
that combinational anti-angiogenic gene therapy targeting different
pathways of endothelial growth factor signaling has the potential
for greater therapeutic efficacy than that of a single-agent regimen.

218. Monitoring ER Stress Activation of the
ATF6 Pathway Using Nanoluciferase

Emily S. Wires, Doug Howard, Mark J. Henderson, Xiaokang Yan,
Kathleen A. Trychta, Emily J. Heathward, Yajun Zhang, Molly
Lutrey, Christopher Richie, Brandon K. Harvey

OTTC, NIDA/NIH, Baltimore, MD

The endoplasmic reticulum (ER) is an invaluable component of the
secretory pathway; serving as the main site for protein synthesis and
modification, lipid metabolism, lipoprotein secretion, and calcium
homeostasis. In response to “stress”, the ER maintains homeostasis
through the unfolded protein response (UPR). The UPR is an adaptive
response employed by the ER to alleviate stress caused by misfolded
proteins. UPR activation is mediated by three transmembrane
proteins; IRE1 (inositolrequiring protein-1), ATF6 (activating
transcription factor- 6), and PERK (protein kinase RNA-like ER
kinase). Here we describe the construction and characterization of
a Nanoluciferase-based assay to look at the activation of the ATF6
prong of the UPR. We demonstrate the ability to simultaneously
monitor ER calcium homeostasis using a novel Gaussia luciferase-
based sensor. Using in vitro and in vivo assays, we demonstrate the
ability to monitor ATF6 activation in human neuroblastoma cells,
rat hepatoma cell line, and rat liver. With this approach we hope to
gain better understanding of the contributions of ATF6 activation and
ER calcium depletion in disease pathogenesis. Ongoing studies will
examinegenetically or pharmacologically augmenting or inhibiting
these pathways as a therapeutic approach.
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219. Investigation of the Role of Decorin Gene
(DCN) in Glioblastoma and Cancer Stem Cells

(CSCs)
Jun-Ming Han, Hsin-I Ma

Neurological Surgery, National Defense Medical Center, Taipei,
Taiwan

Glioblastoma multiforme (GBM) is the most malignant cancer
in the central nervous system with poor clinical prognosis. In this
study, we investigated the therapeutic effect of an anti-cancer protein,
decorin, by delivering it into a xenograft U§7MG glioma tumor in
the brain of nude mice through an adeno-associated viral (44V2)
gene delivery system. Decorin expression from the AAV vector in
vitro inhibited cultured US7MG cell growth by induction of cell
differentiation. Intracranial injection of AAV-decorin vector to the
glioma-bearing nude mice in vivo significantly suppressed brain
tumor growth and prolonged survival when compared to control non-
treated mice bearing the same U87MG tumors. Proteomics analysis
on protein expression profiles in the U§7MG glioma cells after AAV-
mediated decorin gene transfer revealed up- and down-regulation of
important proteins. Differentially expressed proteins between control
and AAV-decorin-transduced cells were identified through MALDI-
TOF MS and database mining. We found that a number of important
proteins that are involved in apoptosis, transcription, chemotherapy
resistance, mitosis, and fatty acid metabolism have been altered as a
result of decorin overexpression. These findings offer valuable insight
into the mechanisms of the anti-glioblastoma effects of decorin.
In addition, AAV-mediated decorin gene delivery warrants further
investigation as a potential therapeutic approach for brain tumors.

Hematologic & Immunologic Diseases I

220. AAV-Mediated miR122 Overexpression
Rescues Hepatic Inflammatory Response Induced

by Acute Iron-Overload

Min Li', Yuxiao Tang', Lusha Wu', Fengfeng Mo', Xin Wang/,
Hongxia Li', Ruirui Qi', Arun Srivastava?, Chen Ling?

!Military Hygiene Department, Faculty of Naval Medicine, Second
Military Medical University, Shanghai, China, ’Powell Gene
Therapy Center, University of Florida, Gainesville, FL, 3Division
of Cellular and Molecular Therapy, Department of Pediatrics,
University of Florida, Gainesville, FL

Frequent blood transfusions among patients with thalassaemia and
sickle cell disease can lead to acute iron overload (10), also known as
transfusional haemosiderosis. Excessive iron is initially distributed to
the liver, the primary organ for iron recycling and storage, and then
gradually leads to damage of other major organs such as the heart
and endocrine organs. IO frequently increases hepatic inflammatory
infiltration and expression of pro-inflammatory cytokines. Recently,
hepcidin, a well-known iron-regulatory hormone, and iron-catalyzed
reactive oxygen species were proven to be independent of the 10-
mediated inflammation. These findings triggered us to further pursue
the potential underlying molecular mechanisms.

In our preliminary studies, we observed that 1O significantly
reduced the expression of liver-specific microRNA, miR 122, through
the inhibition of a nuclear receptor, hepatocyte nuclear factor 4
alpha (HNF4a), but not other regulators of miR122. Furthermore,
we demonstrated that the chemokine (C-C motif) ligand 2 (CCL2),
which recruits monocytes, memory T cells, and dendritic cells to the
sites of inflammation, is negatively regulated by miR122. Thus, we
hypothesized that overexpression of hepatic miR-122 may relieve the
inflammatory responses to the acute 10. To this end, a recombinant
adeno-associated virus serotype 8 (rAAV8) vector was generated, in
which a miR-122 expression cassette was embedded in the intron

region between a Guassia Luciferase (GLuc) transgene and a chicken
B-actin promoter. Another rAAV8 vector, which has the exact GLuc
transgene cassette but without miR-122, was used as a negative
control. C57BL/6 mice were intra-peritoneal challenged with iron-
dextran at 200mg/kg mouse weight or PBS as a control, at Day 0
and Day 8. The IO group was sub-divided into three sub-groups,
in which PBS, rAAV8-GLuc, or rAAV8-miR122-GLuc vectors
were tail-vein injected at 10711 viral genome/mouse, respectively,
at Day 6. All mice were sacrificed at Week 4. It was evident that
following systemic administration, rAAV8-miR122-GLuc vectors
led to a 12-fold increase in the expression of miR122. On the other
hand, only a modest increase (<2-fold) in the HNF4a expression
was observed. Interestingly, although in vivo overexpression of
miR-122 had no effect on serum iron indices or hepatic expression
of iron-related molecules, it significantly reduced the expression of
several inflammatory genes, such as IL-6 and IL-1p, in the IO mice.
Western blot analysis also revealed that overexpression of miR-122
resulted in a significant reduction of CCL2 and NF-kB proteins in
the 10 mice. Consequently, both the hepatic inflammation scores and
serum activities of AST and ALT in the IO mice were significantly
reduced upon miR-122 overexpression.

In sum, our model (Figure 1) and studies should be important and
informative for elucidating the mechanism of 10-induced hepatic
inflammation and for developing clinical strategies to prevent them
in the patients with major haemoglobinopathy.
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Fig. 1 The role of miR122 in iron-overload-mediated hepatic inflammation

221. Staurosporine Increases Lentiviral

Transduction of Human CD34+ Cells

Melissa Bonner!, Gretchen Lewis!, Lauryn Christiansen', Dakota
Campbell', Christopher Tipper?, Amanda Hamel', Seema Shah!,
Holly Horton!, Olivier Negre!, Gabor Veres!, Philip Gregory'
!Bluebird Bio, Inc., Cambridge, MA, *Bluebird Bio, Inc. (Current
address: Dimension Therapeutics), Cambridge, MA

Lentiviral vector (LVV) mediated transduction of CD34+
hematopoietic stem and progenitor cells holds tremendous promise
for the treatment of monogenic diseases of the blood. Critical to the
success of this ex vivo gene therapy approach is the generation of a
sufficient proportion of gene-modified cells. Here we investigated
the potential of staurosporine, a protein kinase inhibitor, to enhance
the transduction of LVVs in mobilized peripheral blood CD34+ cells
both in vitro and in vivo. Staurosporine treatment has been previously
demonstrated to increase HIV-1 integration in metaphase-arrested
cells and shown to cause chromatin relaxation in metaphase cells
(Manioui et al., Virology 2004). Additionally, in a separate study
staurosporine treatment led to a 150% increase in transduction
of CAp24+ CD4+ T cells (Permanyer et al., PLoS One 2013).
Staurosporine increases vector copy number (VCN) approximately
2-fold when added to human mobilized peripheral blood (mPB)
CD34+ enriched cells prior to transduction. The mechanism of this
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VCN improvement was investigated using the BLAM assay and a
1.5-fold improvement in viral entry was demonstrated. This effect
was observed in at least six different mPB CD34+ cell lots that had
various levels of transducibility. Interestingly, the effect of increased
LVV transduction was most striking with low transducing cell lots and
the effect diminished in higher transducing cell lots. Staurosporine
treatment did not affect viability of cells post-transduction and there
was no difference in in vitro colony formation in staurosporine-treated
cells compared to vehicle-treated cells. NSG mice transplanted with
cells transduced in the presence of 400 nM or 800 nM staurosporine
demonstrated a statistically significant 3-fold and 4-fold increase
in VCN in human CD45+ cells in bone marrow at 4 months post-
transplantation compared to vehicle-treated cells. Importantly,
there was no significant difference in engraftment nor any observed
lineage-bias between groups. Based on these observations, the use of
staurosporine to enhance LVV transduction of human CD34+ cells
is a promising method to improve the potential therapeutic benefit
of gene therapy drug products.

222. The LCR-Free y-Globin Lentiviral Vector
Combining Two HPFH Activating Elements
Corrects Murine Thalassemic Phenotype /n Vivo
Panayotis Antoniou'?, Eleni P. Papanikolaou'?, Maria
Georgomanoli®, Ekati Drakopoulou?®, Nicholas P. Anagnou*
"University of Athens School of Medicine, Athens, Greece,
’Biomedical Research Foundation of the Academy of Athens,
Athens, Greece, *Laboratory of Cell and Gene Therapy,
Biomedical Research Foundation of the Academy of Athens,
Athens, Greece, *Laboratory of Biology, University of Athens
School of Medicine, Athens, Greece

The B-thalassemias result from reduced or absent expression
of the B-chain of hemoglobin (a2p2;HbA) causing precipitation
of excess a-chains and eventually apoptosis. Thus, factors that
reduce the degree of chain imbalance such as an innate ability to
increase fetal hemoglobin (HbF;02y2), as in the HPFH phenotype,
have an ameliorating effect on the disease. Hence, gene therapy of
B-thalassemia based on y-globin addition via viral vectors, displays a
considerable advantage. In this study, we assessed the efficiency of our
previously generated LCR-free y-globin self inactivating vector GGHI
(Papanikolaou et al. Hum Gene Ther 2012) to correct the thalassemic
phenotype in vivo in the Hb"* C57BL/6] mouse model (thal3
model). Recipient mice aged about 12 weeks, were treated with the
myelosuppresant factor busulfan, while donor mice, of the same age
and of the opposite gender, were treated with S5-fluorouracil, prior to
transplantation. Total bone marrow was isolated from 5-fluorouracil-
treated donors and was transduced with GGHI in X-VIVO™ medium
containing cytokines (mIL-1a, mIL-3, mIL-6 and mSCF) at an
MOI=30, employing the spinoculation method. The transduced
cells were then transplanted via tail vein intravenous injection to the
recipients. To evaluate the therapeutic effect of GGHI, blood was
collected from recipient mice prior and post transplantation for 4
months and, hemoglobin levels (g/dl), hematocrit and total red blood
cell count were assessed by a hematological analyzer. The expression
of human y-globin in peripheral blood was assessed by flow cytometry
using an anti-HbF monoclonal antibody. Our results documented
that transplanted thalassemic mice (n=4) with GGHI-corrected
hemopoietic stem cells, exhibited an increase in hematocrit values by
22.3% (ranging from 24.5% to 35.7%, p=0.02) with a concomitant
increase in hemoglobin levels, reaching an average of 11.1 g/dl in
transplanted mice vs 8.8 g/dl to those prior to transplantation, which
corresponds to a 25.5% increase (p=0.008). Human y-globin was
detected in the peripheral blood of all transplanted animals by flow
cytometry and ranged from 20 to 45%. Transduction efficiency in
these experiments was estimated to be 35-50% as assessed in vitro

in CFUs by PCR for vector-specific sequences. In summary, these
results demonstrate for the first time that viral-mediated globin gene
transfer via an LCR-free y-globin lentiviral vector in hemopoietic
stem cells effectively corrects a severe hemoglobin disorder.

223. Duration of Factor IX Expression in
Macaques Following AAV8-Mediated Liver
Transduction

Hiroaki Mizukami', Tsukasa Ohmori?, Ryosuke Uchibori!, Yasushi
Saga!, Masashi Urabe', Akihiro Kume', Yoichi Sakata’, Keiya
Ozawa*

'Div. of Genetic Therapeutics, Jichi Medical University,
Shimotsuke, Japan, *Dept. of Biochemistry, Jichi Medical
University, Shimotsuke, Japan, *Div. of Cell and Molecular
Medicine, Jichi Medical University, Shimotsuke, Japan, *Director,
IMSUT Hospital, The University of Tokyo, Minato-ku, Japan

We have been evaluating the efficacy and safety of hemophilia
gene therapy using macaques, and demonstrated that liver-targeted
approach with AAV8-based vector has resulted in therapeutic level of
factor IX expression at the practical vector doses. Another important
finding is the inhibitory effect of neutralizing antibody (NAb) against
AAV capsid upon AAV vector-based gene transfer approach; none
of the subjects with positive NAb showed recognizable transgene
expression following IV injection of the vector. At this stage, one of
the most crucial questions is the duration of this therapeutic modality.
As this approach utilizes hepatocyte transduction by a non-integrating
vector, the length of this therapy should depend on the lifetime of
the transduced cells. During the series of experiment, we observed
5 animals for long-term outcome (longer than 3 years). All of these
animals showed therapeutic levels of factor IX expression following
vector injection, and the expression levels lasted throughout the
observation period in all of the animals. In one animal, the expression
level was kept constant within therapeutic level for more than 7
years. No adverse effect was observed in any of the animals. These
findings suggest long-term efficacy and safety of this therapeutic
approach, supporting application to human treatment. This study was
performed in collaboration with Tsukuba Primate Research Center,
National Institute for Biomedical Innovation, and The Corporation
for Production and Research of Laboratory Primates, Japan.

224. A Gene Therapy Clinical Study of a Patient

with X-Linked Chronic Granulomatous Disease
Toshinao Kawai', Kohji Okamura?, Mari Yagita', Fumihiro Goto',
Yumiko Nakazawa!, Toru Uchiyama!, Kazuhiko Nakabayashi?,
Hiroyuki Nunoi*, Harry Malech®, Masafumi Onodera'
!Department of Human Genetics, National Center for Child
Health and Development, Tokyo, Japan, *Department of Systems
BioMedicine, National Center for Child Health and Development,
Tokyo, Japan, 3Division of Developmental Genomics, National
Center for Child Health and Development, Tokyo, Japan,
‘Department of Pediatrics, University of Miyazaki, Miyazaki,
Japan, °National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda, MD

BACKGROUND: X-linked Chronic granulomatous disease
(X-CGD) is a primary immunodeficiency disease characterized by
failure of the nicotinamide adenine dinucleotide phosphate enzyme
system in phagocytes to produce reactive oxygen species (ROS).
This disorder derives from defects in the CYBB gene encoding
gp91phox and leads to recurrent infection and hyper-inflammation,
occasionally represented by CGD-associated colitis (CGD colitis).
Hematopoietic stem cell transplantation (HSCT) is the only curative
therapy for X-CGD, and in Europe and America, gene therapy clinical
trials have been performed to patients who have no HLA-matched
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donor. To assess the safety and efficacy of hematopoietic stem cell
gene therapy, we commenced a retroviral gene therapy clinical study
using a busulfan-based preconditioning treatment regimen for CGD
patients. METHODS AND PATIENT: The patient was a 27-year-
old man with X-CGD. His condition was complicated by refractory
subcutaneous abscess, fungal lung disease, lymphadenitis and CGD
colitis, and he did not have an appropriate HLA-matched donor for
HSCT. Granulocyte colony-stimulating factor -mobilized CD34*
stem cells were transduced with an MFGS-based retrovirus vector
encoding the therapeutic gene of CYBB ex vivo, and infused back
to the patient after busulfan-based preconditioning. Clinical and
biochemical assessments were performed to evaluate the safety and
efficacy of retrovirus gene therapy. RESULTS: After engraftment of
6.5x10%kg of CD34" cells including 76% of gp91°** expressing cells,
the gene-modified phagocytes appeared in peripheral blood after day
+14. Dihydrorhodamine (DHR) flow cytometry assay demonstrated
that the 2.3% of neutrophils in peripheral blood produced ROS,
and a vector insert copy number was 2.63 per DHR" neutrophil at
day +95. His clinical symptoms of subcutaneous abscess and CGD
colitis improved at almost the same time. The retrovirus insertion
site of gene-modified peripheral blood cells revealed that there was
no evidence of abnormal growth of clones with MDS-EVII, SETBPI
or PRDM16 integrants at day +63. At day +182, gene marking
of peripheral blood decreased to about 0.1% of neutrophils. PCR
quantification of vector gene marking showed a vector insert copy
number of 0.17 and 0.04 per neutrophil at day +95 and day +182,
respectively. A vector insertion copy of bone marrow cells was
0.08 per marrow cell at day +183, suggesting that a reduction of
gene-modified CD34" stem cells would cause a decrease of gp91°ho
expressing phagocytes in peripheral blood. CONCLUSION: The
therapeutic gene itself does not confer a growth advantage on the
transduced cells in CGD, which would impact on the long-term gene
marking and the withdrawal of clonal expansion. As other studies have
reported that residual ROS production could contribute to the survival
of CGD patients, the presence of gene-modified ROS-producing
phagocytes led to the improvement of severe infection in our patient.
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Ex vivo gene modification of T-cell is an appealing strategy for the
treatment of both immunodeficiencies and neoplasia. Cell activation
remains an essential prerequisite to genetic modification by lentiviral
transduction. However, most current protocols for T-cell activation
alter significantly the phenotype of transduced cells. This phenotypic
change can constitute a drawback when the gene modification aims
to correct a gene defect while preserving the T cell-subsets diversity.
As we plan to conduct an open label phase I/II gene therapy trial for
HIV-1 infected patients presenting with lymphoma where the patients
will receive autologous hematopoietic stem cells transplantation
with gene modified CD34+ cells and CD4+ T-cells, we investigate
the use of the TransAct™ reagent (a CD3/CD28 nanoscale activator
reagent from Miltenyi Biotec, Bergisch Gladbach, Germany) for
the clinical grade transduction of CD4+ T-cells with the LVsh5/C46
lentiviral vector (Cal-1, Calimmune, Inc. Tucson, USA). LVsh5/
C46 is a SIN lentiviral vector that inhibits two crucial steps of CD4+
T cell infection by the HIV virus: (i) attachment of the virus to its
target by downregulation of CCRS via a short hairpin RNA, (ii)
fusion of the virus to the target cell through expression of the C46

inhibitor. Compared to previously published T-cells transduction
protocols, the use of Miltenyi TransAct™ permits an efficient
transduction - evaluated by measurement of vector copy number
through quantitative PCR - without major phenotypic modification.
Indeed, after activation with the TransAct™ reagent, ex vivo
transduced CD4+ T-cells display very few changes in their surface
markers with conservation of naive (CCR7+CD62L+CD45RA+),
central memory (CCR7+CD62L+CD45RA-) and effector memory
(CCR7-CD62L-CD45RA-) subsets in superimposable proportions
as initially. Moreover, expression of CD25 remains below 50%
of cells suggesting a more “gentle “ activation of the transduced
CD4+ T-cells. Phenotypic analysis of transduced cells show no
overt modification of cell subsets containing TH1, TH2 and TH17
memory T-cells. Furthermore, transduced T-cells retained the ability
to be primed towards the TH1, TH2 and TH17 pathways. Cell sorting
of ex vivo modified cells demonstrate a preferential transduction of
naive CD31+CCR7+CD62L+CD45RA+ T-cells as compared to
other subsets. Besides, we did not find any significant impact of the
transduction process on the TCRp repertoire diversity as evaluated
by high-throughput sequencing and analysis of diversity through the
Gini-Simpson index or the Shannon index. This optimized protocol
could be of valuable use for clinical trials aiming to provide the patient
with diversified gene-corrected T-cells.
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Chronic Granulomatous Disease (CGD) is a primary
immunodeficiency due to the mutation of one of the subunits of the
NADPH oxidase complex. CGD patients are characterized by an
increased susceptibility to bacterial and fungal infections as well as
granuloma formation due to the excessive inflammatory responses.
Several gene therapy (GT) approaches with lentiviral vectors have
been proposed but in vivo preclinical data on the ability to control
infections and inflammation are lacking. We set up a model of acute
infection closely mimicking CGD patients airway infection by an
intratracheal injection in X-CGD mice of a methicillin-sensitive
reference strain (MSSA) of S.aureus. GT with hematopoietic stem
cells transduced with regulated lentiviral vectors encoding CYBB
gene restored the functional activity of NADPH oxidase complex
(30-99% of dihydrorhodamine-DHR positive granulocytes and 16-
73% of DHR positive monocytes) and rescued all mice from mortality
due to S.aureus as compared to X-CGD or mock-transduced X-CGD
mice (40% survival). Neutrophil infiltrate, bacterial burden and
residual lung damage were similar to WT mice. When challenged with
bacteria, X-CGD untreated mice showed an exaggerated production
of pro-inflammatory cytokines and chemokine, while in GT treated
mice inflammation was controlled to levels that were comparable
to WT mice. In conclusion, we developed a useful and manageable
infection model that can be used for the evaluation of the efficacy of
GT treatment for CGD. Taken together, our results further support
the clinical development of a gene therapy protocol for X-CGD using
lentiviral vectors for the protection from infections and inflammation.
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Despite the availability of safe and effective recombinant FIX
therapeutics, patients with Hemophilia B could obtain additional
clinical benefit by having longer-acting therapeutic options. Although
longer-acting recombinant protein FIX therapies are becoming
available, the ultimate long-acting FIX therapy could be provided by
a gene therapy approach, for example with rAAV vectors encoding
FIX. Promising clinical data has been generated over the last few
years in an academic setting, but these results must be replicated and
extended in a commercial setting for these new therapies to become
broadly available to patients.

Dose-dependent inflammatory responses that impact the transgene
expression have been reported in clinical trials with rAAV FIX
vectors, highlighting the need for clinical rAAV vectors to have
the highest possible potency such that the overall vector dose can
be reduced. We have developed a potent AAV serotype rh10 vector
containing a wild-type FIX gene under the control of a highly active
liver specific promoter with the goal of achieving approximately 10%
of normal FIX levels in patients.

In preparation for a clinical trial, we tested this rAAVrh10FIX
vector for aspects of efficacy and safety in the factor IX knockout
(FIX-KO) mouse model of Hemophilia B. A dose-dependent increase
in FIX protein and activity was observed following intravenous
administration at vector doses between 1.6x10'* and 5.0x10" GC/
kg. FIX-KO mice that received AAVrh10-hFIXco at 1.6 x 10" GC/kg
achieved between 5% and 8% of normal hFIX levels at 2 weeks post-
dose and maintained this level for the 90-day study period. FIX-KO
mice that received rAAVrh10FIX vector at 5.0 x 10'° GC/kg achieved
between 30% and 42% of normal hFIX levels at 14 days post-dose
and maintained this level for the 90-day study period. From these
results we can estimate that the vector dose required to achieve the
stated goal of 10% of normal FIX levels of 10% would be between
1.6 x 10" GC/kg and 5.0 x 10" GC/kg. Expression of hFIX antigen
correlated well with measured activity of hFIX antigen, with doses
between 1.6 x 10 GC/kg and 5.0 x 10" GC/kg providing between
8% and 35% activity of normal hFIX levels.

FIX-KO mice provide an excellent model to examine the effects
of AAVrh10-hFIXco on hemophilia B-related complications. FIX
KO mice are prone to spontaneous bleeds and often suffer from
fatal hemorrhages after handling or trauma. In this study, 4 out of
7 animals in the Day 90 control group succumbed to hemophilia-
related complications. Single dose intravenous administration of
AAVrh10-hFIXco at doses of 1.6 x 10'°, 5.0 x 10'°, 1.6 x 10", 5.0 x
101, 5.0 x 10'%, and 5.0 x 10'* GC/kg to FIX-KO mice did not result
in test article-related mortality, clinical pathology, gross pathology,
or histopathologic findings.
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Pyruvate kinase deficiency (PKD) is an autosomal recessive
disorder caused by mutations in the PKLR gene. PKD is the most
common erythroid inherited enzymatic defect causing chronic
non-spherocytic hemolytic anemia, high reticulocytosis, acute
splenomegaly and intense iron overload in the liver, being life-
threatening in severe patients. Up to date allogeneic bone marrow
transplant represents the only curative treatment of patients affected
by the severe form of the disease (5-10% of PKD patients aprox.).
Preclinical gene therapy studies conducted in pyruvate kinase deficient
mice have shown the safety and the efficacy of a new PGK-coRPK-
Wopre therapeutic lentiviral vector that provided the designation by
the European Medicinal Agency (EMA) of this PGK-coRPK-Wpre
vector as a new orphan drug (EU/3/14/1130). To continue with the
preclinical studies required to develop a clinical trial for PKD w