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AAV2-sfFLTO1 is a vector that expresses a modified soluble
FIt1 receptor designed to neutralize the proangiogenic
activities of vascular endothelial growth factor (VEGF) for
treatment of age-related macular degeneration (AMD)
via an intravitreal injection. Owing to minimal data
available for the intravitreal route of administration for
adeno-associated virus (AAV), we initiated a 12-month
safety study of AAV2-sFLTO1 administered intravitreally at
doses of 2.4 x 10° vector genomes (vg) and 2.4 x 10
vg to cynomolgus monkeys. Expression of sFItO1 protein
peaked at ~1-month postadministration and remained
relatively constant for the remainder of the study. Elec-
troretinograms, fluorescein angiograms, and tonometry
were assessed every 3 months, with no test article-related
findings observed in any group. Indirect ophthalmoscopy
and slit lamp exams performed monthly revealed a mild
to moderate but self-resolving vitreal inflammation in the
high-dose group only, which follow-up studies suggest
was directed against the AAV2 capsid. Histological evalu-
ation revealed no structural changes in any part of the eye
and occasional inflammatory cells in the trabecular mesh-
work, vitreous and retina in the high-dose group. Biodis-
tribution analysis in rats and monkeys found only trace
amounts of vector outside the injected eye. In summary,
these studies found AAV2-sFLTO1 to be well-tolerated,
localized, and capable of long-term expression.
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INTRODUCTION
Age-related macular degeneration (AMD) is the leading cause
of central vision loss in individuals 65 years of age and older in
industrialized countries.!

The neovascular form of the disease is characterized by
choroidal neovascularization which is marked by proliferation
of blood vessels and cells including those of the retinal pigment

epithelium (RPE).? Ultimately, photoreceptor death and fibrous
disciform scar formation result in a severe loss of central vision
and the inability to read, write, and recognize faces or drive.
Many patients can no longer maintain gainful employment, carry
out daily activities and consequently report a diminished quality
of life.?

Preventative therapies have demonstrated little effect and
therapeutic strategies have focused primarily on treating the neo-
vascular lesion. Whereas some currently used therapies (laser
thermal photocoagulation, photodynamic therapy with verte-
porfin, Macugen, Avastin, or Lucentis) may slow the progression
of vision loss or in some cases improve vision, none of these treat-
ments prevent neovascularization from recurring,** and each has
to be readministered to prevent the disease from worsening. The
need for repeat treatments, can incur additional risk to patients,
and is inconvenient for both patients and treating physicians. Thus,
there is significant need for a long acting therapeutic. An effective
gene therapy product with a long duration of action could fulfill
this need, and could have a profound impact on the treatment of
this disease.

Gene therapy approaches have been described for AMD treat-
ment using an adenoviral vector expressing pigment epithelium-
derived factor, a factor that inhibits angiogenesis. Preclinical
studies in monkeys with Ad5-pigment epithelium-derived fac-
tor have demonstrated dose-limiting inflammation,” however, a
phase I clinical trial only displayed mild inflammation in 25% of
the patients,® a promising sign for use of gene therapy vectors in
macular degeneration.

Adeno-associated viruses (AAV) have gained increased favor in
the gene therapy field owing to their lack of human pathogenic-
ity, low toxicity and, particularly, their long-term expression com-
pared to adenoviruses while remaining episomal.’ AAV2-based
gene therapy vectors have been employed as a candidate therapy
for several disorders including hemophilia B, neurodegenerative
disorders such as Parkinson’ disease, lysosomal storage diseases,
and others.'" Diseases of the eye have recently been targeted using
these vectors with encouraging results. Groups targeting the RPE65
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variant of Leber’s congenital amaurosis have used AAV2 vectors
dosed subretinally in dog models of the disease, resulting in reversal
of blindness lasting several years (new'*). Studies with AAV2-RPE65
vectors have recently advanced into humans resulting in increased
responsiveness of the study eyes to light, with little to no side effects
of the treatment out to 1-year postinjection.'*** While the adminis-
tration of AAV vectors to the subretinal region of the eye has been
well described through these studies, we sought to determine if
dosing AAV intravitreally would suffice for our purposes.

We have developed a recombinant, replication defective AAV2
vector for the treatment of AMD that expresses a portion of the
sFlt1 vascular endothelial growth factor (VEGF) receptor termed
sF1t01."” sFLT01 encodes domain 2 of sFltl linked to a human
Fc domain and is expressed from the chicken B-actin promoter.
Previous results have shown that expression of sFLT01 in mouse
models can exceed 1 year. In addition, administration of AAV2-
sFLTO1 is efficacious in mouse and primate models of choroidal
neovascularization (ref. 19 and M. Lukason, E. DuFresne, H.
Rubin, P. Pechan, Q. Li, I. Kim et al., unpublished results). The
safety of AAV vectors administered intravitreally has not been
described, nor has the long term (>6 months) neutralization of
VEGF in primates. Here, we describe results from studies that
aim to establish the safety, expression, and biodistribution of the
AAV2-sFLTO01 vector over the period of one year in primates fol-
lowing intravitreal administration.

RESULTS

Twelve-month nonhuman primate toxicology study

A toxicology study to evaluate the long-term effects of AAV2-
sFLT01 was initiated in the cynomolgus monkey. Animals were
injected once into the right eye with vehicle or AAV2-sFLT01 at
doses of 2.4 x 10° vector genomes (vg) or 2.4 x 10'° vg per eye
(Table 1). Several analyses were conducted over the course of the
study and are described below.

Expression of sFLTO1

There was a dose-dependent increase in the amount of sFlt01
protein observed in the aqueous humor obtained from treated
animals, with a range of 27-299ng/ml in the 2.4 x 10° vg dos-
ing group and 59-528 ng/ml in the 2.4 x 10" vg dosing group
over the course of the study. In the 2.4 x 10° vg dosing group,
expression progressively but mildly decreased over the course of
9 months, but then stabilized (Figure 1a). Expression was present
at the 1-month time point in the 2.4 x 10" vg dosing group, was
reduced at month 3 then stabilized over the course of the remain-
ing months (Figure 1b). In the vitreous humor, which was har-
vested at terminal sacrifice from half of the “Ocular Sampling”
group animals, four of five animals (two of three from the 2.4 x

Table 1 Study design of 12-month toxicology study
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10° vg dosing group and two of two from the 2.4 x 10'° vg dosing
group) had detectable sFIt01 levels between 187 and 333 ng/ml
for the 2.4 x 10° vg dosing group and 716 and 438 ng/ml for the
2.4 x 10" vg dosing group (Figure 1a,b). One “Ocular Sampling”
group animal in the 2.4 x 10" vg dosing group was carried out
to 18 months for purposes of evaluating ocular inflammation
(see below), where sF1t01 expression had dipped below the limit
of quantitation at 3 months postinjection. sFlt01 levels in the
uninjected (left) eye for all samples were below the limit of quan-
titation. It is noted that a wide range of expression levels were
observed in this study even within each dosing group. At this
time it is unknown exactly what factors contribute to this varia-
tion, however, it is likely this may reflect the inherent variability of
viral-based gene therapy combined with the injection of the vec-
tor into the highly viscous vitreous which might impede diffusion
to transducing sites within the eye.

No consistent and reproducible findings of sF1t01 protein were
seen in the serum throughout the study.
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Figure 1 Expression of sFItO1 protein in the aqueous humor of the
eye. Aqueous humor was sampled from the injected (right) eye of nonhu-
man primates at 1, 3, 6, 9, and 12 months postinjection of AAV2-sFLTO1
from (a) group 2 (2.4 x 10° vg) or from (b) group 3 (2.4 x 10'° vg). One
animal in group 3 (#3603) was kept on study for an additional 6 months.
At the end of the study, the eyes from animals 2009, 2103, 2603, 3009,
3603, and 3604 were dissected for vitreous collection (“vit”) and were
assayed for sFItO1 expression. AAV2, adeno-associated virus type 2; vg,
vector genomes.

Number of animals/groups

Interim sacrifice  Terminal sacrifice Ocular sampling

Group Dose level (vg/right eye)  Article M/F M/F M/F M/F

1 — Vehicle 6/6 3/3 3/3 —

2 2.4 x10° 3/3 3/3 3/3
AAV2-sFLTO01 9/9

3 2.4 x10"° 3/3 3/3 3/3

Abbreviations: AAV2, adeno-associated virus type 2; vg, vector genomes.
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Figure 2 Vitreal inflammation observed in 2 x 10" vg dosing group.
Animals on study were examined by indirect ophthalmoscopy. 2 x 10'°
vg dosed animals were found to develop inflammation over the course
of the study, with onset in the majority of animals by 3 months (a).
Severity averaged between trace and mild haze (b) and a grade 1-2 cells
(c) with some animals displaying marked haze and/or higher grades of
cells at brief points during the study. vg, vector genomes.

Ophthalmic exams

Ophthalmic examinations with slit lamp biomicroscopy and indi-
rect ophthalmoscopy were performed on all animals before dos-
ing, on days 3 and 14 postdose, and monthly thereafter. Vitreal
inflammation (“haze and cells”) in the anterior and posterior por-
tion of the eye was scored using a system adapted by McDonald
and Nussenblatt, respectively.2*!

No abnormalities were noted in the vitreous or fundus of
either eye at any time point in the vehicle dosing group and the 2.4
x 10° vg dosing group or in the 2.4 x 10" vg dosing group during
the day 3 and 14 examinations. However, after this point, varying
degrees of vitreal haze and cells were noted in the right eyes of 78%
(14/18) of the animals in the 2.4 x 10'° vg dosing group (Figure 2).
Beginning at the month 1 examinations, vitreal haze and/or cells
were noted in the injected eyes of 6/18 animals (43% of the 14
that would develop inflammation); at the month 2 examinations
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the injected eyes of 9/18 animals were affected (64% of the 14 that
would develop inflammation), and by the month 3 examination,
the injected eyes of 13/18 animals were involved (93% of the 14
that would develop inflammation). After the month 3 examina-
tion, one additional animal developed minimal vitreal haze and
cells at month 5. After this, there was no increase in the num-
ber of eyes affected. With the exception of one animal, the degree
of vitreal haze and cells did not worsen with time and tended to
become less severe at successive examinations. As noted, one ani-
mal exhibited a stabilization of vitreal haze and cells in the right
eye at the month 4 examination, but the vitreal haze and cells were
dramatically increased (moderate to marked vitreal haze and
3+ vitreal cells) at the month 5 examination. This increase per-
sisted at the month 6 examinations before showing evidence of
decreasing again at month 7. The modulation of the vitreal haze
and cells then continued through the month 12 examination. The
prevalence and severity of these findings through month 12 are
displayed graphically in Figure 2a-c. There did not appear to be a
correlation between levels of expression of the sFIt01 protein and
inflammation (Supplementary Figure S1)

Two animals were kept on study beyond the 12-month time
point as they still retained low levels of vitreal inflammation and
there was a desire to understand further the kinetics of resolu-
tion of this long-term inflammation. Vitreal haze cleared from the
eyes of the two recovery animals by months 13 and 16; residual
cells were observed for the duration of the recovery period. One
of these animals was also noted to the have the lowest levels of
expression throughout the study (#3603, Figure 1b), thus there
is a possible correlation between the length of time the eye is in
an inflammatory state and the ability to continue expressing the
transgene.

Throughout the study, the mean intraocular pressures and
electroretinographic responses (Supplementary Figure S2a-c)
remained normal, were comparable for all groups, and had no test
article-related changes. With the exception of vitreal haze interfer-
ing with visualization of the fundus in some animals in the 2.4 x
10" vg dosing group at month 3, fluorescein angiography results
were judged to be normal and comparable to prestudy results
for all animals (Supplementary Figure S3a-b). The vitreal haze
caused the vitreous to appear hyperfluorescent, suggesting some
diffusion of fluorescein into the vitreous, but that appearance did
not persist in the later stages of the angiography sessions, and dif-
fusion of light by the vitreous haze may have been the cause for the
apparent early hyperfluorescence of the vitreous. No obvious and
persistent leakage of fluorescein from the vessels was detected.

Ocular histology

At the 3-month interim sacrifice, histological lesions were
observed in group 3 (high-dose group) but not in the vehicle or
the 2.4 x 10° vg dosing group. Two of three males and two of
three females in the 2.4 x 10'° vg dosing group had inflamma-
tory changes consisting of lymphocytes or plasma cells in the
trabecular meshwork and the iridocorneal angle, inflammatory
cells in the vitreous, or perivascular lymphocytes in the retina
(Figure 3a). The cell type in the vitreous was not always identifi-
able, but some appear to be macrophages and preliminary data
suggests that some are B-cells. All of these changes were scored
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Figure 3 Inflammatory cells in the eye. At both the 3- and 12-month
sacrifice, inflammatory cells were seen in the eye, most often commensu-
rate with ophthalmologic exams performed on the same animal. At the
3-month sacrifice, lymphocytes were seen in the (a) trabecular mesh-
work. At the 12-month sacrifice, lymphocytes and macrophages were
observed within and adjacent to the pars plana of the (b) ciliary body and
pigmented cells within the (c) trabecular meshwork. Retinal integrity was
also evaluated in (d) vehicle and (e,f) high-dose animals. At no point was
any damage noted to ocular structures.

Table 2 Study design of 3-month NHP study

Dose level Production Number of
Group  (vg/right eye) Article method animals/groups
1 AAV2-sFLT01
HSV
2 2.4 x10° AAV2-null 5 (F)
3 AAV2-sFLT01 Transfection

Abbreviations: AAV2, adeno-associated virus type 2; vg, vector genomes; HSV,
herpes simplex virus.

as minimal to moderate depending on the number of cells seen
but none of the lesions seen had evidence of tissue destruc-
tion or reorganization. Because no tissue destruction was seen,
the inflammatory changes at 3 months were judged to be likely
reversible. Importantly, these four animals from the 2.4 x 10'° vg
dosing group that displayed these findings of inflammation also
displayed variable levels of vitreal haze and cells upon indirect
ophthalmoscope evaluation—the two animals that had no his-
topathological findings also did not have any findings of inflam-
mation in life.

At the 12- and 18-month sacrifice, all test article-related
lesions recorded were again in the high-dose group. Two of
three males and one of three females had inflammatory changes
characterized by small numbers of lymphocytes, macrophages,
and plasma cells in the trabecular meshwork, widely dispersed
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Figure 4 Source of intravitreal inflammation. Fifteen nonhuman pri-
mates were injected with 2.4 x 10" vg of AAV2-sFLTO1 into the right
eye. Five animals were dosed with AAV2 vector with no transgene (AAV2-
null), five dosed with AAV2-sFLTO1 prepared by the HSV-based produc-
tion system, identical to the preparation used in the 12-month toxicology
study (AAV2-sFLTO1-HSV) and five were dosed with a preparation of
AAV2-sFLTOT made by transfection methods lacking any HSV component
(AAV2-sFLTO1-tfxn). Varying degrees of inflammation as noted by (a) vit-
real haze and cells were observed in all groups. AAV2, adeno-associated
virus type 2; HSV, herpes simplex virus; vg, vector genomes.

in the anterior uvea, and in the inner aspect of the ciliary body
epithelium (Figure 3b-c). One of these animals also had pig-
mented and nonpigmented macrophage cells in the vitreous
near the pars plana. The retinal was also evaluated for structural
abnormalities, with no alterations observed in any retinal layer
(Figure 3d-f).

Identification of intraocular inflammation source

An additional study was conducted to attempt to determine what
component of the AAV2-sFLT01 vector was the source of the
intravitreal inflammation observed in the study described above
(Table 2). Three vectors were utilized—the AAV2-sFLT01 vec-
tor used in the study above and an AAV2-null vector without
a transgene, with both vectors having been produced using the
recombinant herpes simplex virus (rHSV) production system. A
third vector, AAV2-sFLT01 that was produced using a transfec-
tion method rather than the HSV-based viral method was used
for comparison. All were dosed at the level that resulted in inflam-
mation in the 12-month study described above—2.4 x 10" vg/
eye. The one common component among all three vectors was the
presence of AAV2 capsid.

All three groups of animals displayed varying levels of vit-
real inflammation at some point in this study (Figure 4a-b). The
presence of inflammation in the AAV2-null group, suggests the
exclusion of that element as a contributing component to the
inflammation. It is therefore most probable that the viral vector
capsid is the causative agent in the development of the inflamma-
tion. It is not possible from these results to conclusively explain
the reason for the differences in severity of the uveitis in the dif-
ferent groups, especially with respect to the marked inflammation
noted in one animal in each of two groups—these events are pos-
sibly linked to the injection procedure itself.
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Figure 5 Immunogenicity against AAV2 capsid protein. Serum and aqueous humor were sampled at various intervals throughout the course of the

12-month toxicology study and analyzed for total IgG titer against AAV2 cap:
animals that would go on to develop anti-AAV2 antibodies seroconverted in
levels of anti-AAV2 antibodies were observed, with higher levels seen in the
study, T-cell responses (indicated by IFN-y production) against AAV2 and sFl

sid. There was a dose- and time-dependent response and the majority of
both the serum and aqueous by (a,b) 3 months postinjection. Varying
(c) serum compared to the (d) aqueous. In the source of inflammation
t01 were examined at various timepoints (e). Here, results from week-1

and week 8 postinjection samples, where responses were maximal, are shown. Pools of peptides representing overlapping sequence of sFIt01 (sFItO1A,
sFIt01B) and AAV2 capsid protein (AAV2A, AAV2B, AAV2C) were incubated with PBMCs and were analyzed for intracellular expression of interferon-y by
ELISpot analysis. Bars marked with an *indicate a significant induction wells where more the amount of y-interferon was greater than three times that

measured in the “negative control” cells and the value, in SFU/10° PBMCs, wa
2.4 x 10" vg/eye of HSV-method produced AAV2-sFLTO1. Animal 3503 was
method produced AAV2-sfLTO1. AAV2, adeno-associated virus type 2; ELISp

s>55. Animals 1502 and 1503 were in group 1 in this study, and received
in group 3 in this study, and received 2.4 x 10'° vg/eye of transfection-
ot, enzyme-linked immunosorbent spot; HSV, herpes simplex virus; IgG,

immunoglobulin G; IFN, interferon; PBMC, peripheral blood mononuclear cell; SFU, spot-forming units; vg, vector genomes.

Immunogenicity
Serum and aqueous humor were evaluated in the 12-month toxi-
cology study for the presence of antibodies against sFlt01 and the
vector, AAV2. Serum was analyzed from all animals, while three
males and three females in the 2.4 x 10° vg and 2.4 x 10" dosing
groups (“Ocular Sampling” group) had aqueous humor analyzed
as well. Serum was sampled every 2 weeks for the first 3 months
and monthly thereafter, whereas aqueous humor was sampled at
months 1, 3, 6,9, and 12.

There were no findings of antibodies against sFlt01 in the serum
or aqueous humor at any time point. There was a dose- and time-
dependent increase in animals that possessed a titer against AAV2
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in the serum (Figure 5a,c). There was one animal in the 2.4 x 10° vg
and one animal in the 2.4 x 10'° dosing groups that showed predose
titers against AAV2 (1:2,129 and 1:314, respectively). There were
no correlations between this pre-existing AAV2 titer and vitreal
inflammation or subsequent increase in AAV?2 titer. The animal in
the 2.4 x 10° dosing group was also in the “Ocular Sampling” group
(#2604) and displayed expression levels of sFIt01 lower than the
other five animals in that group (see Figure 1a). Thus, it is possible
that pre-existing antibody titers against AAV2 may impact success-
ful transduction. As in serum, titers against AAV2 were seen in a
dose- and time-dependent manner in the aqueous (Figure 5b,d).
No predose titers against AAV2 were seen in the aqueous humor.

www.moleculartherapy.org vol. 19 no. 2 feb. 2011
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Figure 6 Biodistribution of AAV2-sFLTO1. (a) Animals from the 12-month toxicology study were sampled for serum every 3 months and processed
for total DNA. Vector-specific AAV2-sFLTO1 sequences were amplified by PCR. The total copy number of AAV2-sFLTO1 was normalized to copy num-
ber of the endogenous gene CFTR. (b) At the terminal sacrifice, the retina and optic nerve of three animals each from groups 2 and 3 of the “Ocular
Sampling” group were harvested, processed for DNA, and samples were amplified by PCR for unique AAV2-sFLTO1 sequences. (c) An additional study
was performed in rat to more comprehensively evaluate the spread of AAV2-sFLTO1. In this one hundred animal study rats were dosed with 6.4 x 107
vg AAV2-sfFLTO1 or vehicle into the right eye. Ten animals from each group were sacrificed and necropsied for various organs and blood at 3, 8, 15,
31, and 92 days postinjection. Total DNA was prepared from each tissue and unique AAV2-sFLTO1 sequences were amplified by PCR. Copies detected
of AAV2-sFLTO1 are reported as copies per pg genomic DNA. AAV2, adeno-associated virus type 2.

T-cell responses against the AAV2 capsid and the sFIt01 pro-
tein were assessed from the 15 animals used for determining the
source of inflammation (see Figure 4). Peripheral blood mono-
nuclear cells (PBMCs) were prepared from blood harvested from
all animals on study at weeks -3, —1, 2, 4, 8, and 12 postdose and
exposed to peptide libraries containing overlapping sequences
of either AAV2 capsid protein or sFLT01 transgene product. To
determine whether T-cells were activated by the peptides, the
amount of y-interferon was measured by enzyme-linked immuno-
sorbent spot assay. There was no T-cell response directed toward
the sFLTO1 protein in any of the animals at any time point. Three
animals exhibited detectable T-cell responses against the AAV2
capsid at various time points during the study (Figure 5e, only
those animals that yielded a response are shown). While all three
of these animals displayed inflammation in this study, it was at
a severity similar to several other animals that did not possess a
T-cell response. Additionally, there was no correlation between
these cellular responses and the antibody titers against AAV2 in
these animals (data not shown).

Biodistribution of AAV2-sFLTO1

In the 12-month toxicology study, serum samples were assayed
for the presence of vector DNA by real-time quantitative PCR
at selected time points. Also, at the 12- and 18-month sacrifice,
the left and right eyes of three “Ocular Sampling” group animals
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from the 2.4 x 10° vg and 2.4 x 10" dosing groups were analyzed
for the presence of vector DNA in the retina and optic nerve (the
18-month time point for the one “Ocular Sampling” group ani-
mal left on study for an additional 6 months—see “Ophthalmic
Exams”).

In the serum, dose-dependent levels of vector DNA were
observed beginning on day 13 (first serum sample taken)
(Figure 6a). The amounts of DNA extracted from serum were
very low, thus the amount of vector DNA amplified was normal-
ized to an endogenous gene, the cystic fibrosis transmembrane
conductance regulator. Levels of vector DNA ranged from 0.39%
of cystic fibrosis transmembrane conductance regulator at day
13 to 0.45% at day 98 in group 2 and 1.47% at day 13 to 0.68%
at day 98 in group 3. By day 175, all levels were below the limit
of quantitation. These values indicate that AAV2-sFLT01 vector
was present at very low levels compared to an endogenous gene
throughout the study.

In the retina and optic nerve, amounts of vector DNA were
expressed as copy number/500ng DNA. Vector DNA was detected
in the retina in all injected eyes, ranging from 427 to >100,000 cop-
ies/500 ng DNA in the 2.4 x 10° dosing group and 4,631 to > 100,000
copies/500ng DNA in the 2.4 x 10" dosing group (Figure 6b). The
retina of the uninjected eye was negative in all animals with the
exception of one animal in the 2.4 x 10" dosing group that may
represent contamination as both the injected and uninjected optic

331



Safety Evaluation of AAV2-sFLTO1

nerves in this animal, the route by which the vector would travel to
the uninjected retina, tested negative. Also, aqueous and vitreous
humor from the fellow eye in this animal were negative for anti-
AAV2 antibodies (data not shown). In the optic nerve, vector DNA
was detectable, but not quantifiable (level of quantitation—10 cop-
ies/500ng DNA) in the 2.4 x 10° vg dosing group and was present
in two out of three animals in the 2.4 x 10" dosing group at levels
of 11 and 28 copies/500ng DNA. All optic nerve samples from the
noninjected eye were negative for vector DNA.

An additional biodistribution study was performed in rats
that more comprehensively evaluated the spread of AAV2-
sFLTO01. The data showed that the vast majority of vector DNA
remains in the injected right eye (Figure 6c). Vector DNA was
also found in the right optic nerve at levels <1% of that detected
in the injected eye. Also, sporadic low level (tens of copies) posi-
tive samples were observed in the left hindbrain, spleen and liver
tissues. At day 92, all of the left hindbrain samples were nega-
tive for vector DNA, indicating that vector presence in that tis-
sue is transient. In those left hindbrain, spleen and liver samples
positive for vector DNA, adjacent tissue samples were analyzed
for transgene message expression by reverse transcriptase-PCR
and all were negative (data not shown). Due to sample size
and processing constraints, reverse transcriptase-PCR expres-
sion analysis was not performed on eye and optic nerve tissue
samples. These results indicate that while AAV2-sFLTO01 vector
was detected in nontarget tissues, it did not result in detectable
sFLTO01 transgene expression.

DISCUSSION

We present here thorough and extensive safety evaluation of an
intravitreally administered AAV gene therapy vector. Several
aspects of this therapeutic approach were under close scrutiny
during these studies, and principal among them were (i) the effect
of an AAV vector on the biology of the eye, (ii) the consequences
of long-term VEGF suppression in the eye, and (iii) expression
of transgene and biodistribution of the vector after intravitreal
administration.

The primary finding in our safety studies evaluating AAV2-
sFLT01 was induction of mild to moderate inflammation that, on
average, is induced within 2 months of vector administration and
resolves by 5 months but which can exist at very low levels for up
to 15 months. This inflammation appears to be the consequence of
injection of the AAV2 capsid and not expression of the sFlt01 pro-
tein, as a follow-up study found similar levels of inflammation in
eyes that had been dosed with an AAV2-null vector. The finding of
inflammation was not unprecedented, as several studies utilizing
gene therapy vectors and/or protein administration to the eye have
also observed inflammation to varying degrees.”* Similarly, pre-
clinical and clinical studies investigating the anti-VEGF antibody
ranibizumab that has been approved for treatment of AMD have
observed a short-lived moderate-intensity inflammatory process
in both the anterior and posterior portions of the eye.*>* What
was unexpected with AAV2-sFLT01 was the timing of the inflam-
mation observed—the relatively late onset (1-3 months postinjec-
tion) and the length of time the inflammation persisted. AAV2
capsid appears to be the culprit for this inflammation, as vectors
not expressing sFIt01 also caused similar levels of inflammation,
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and no humoral or cellular immune response directed against
sFIt01 was detected throughout the 12-month toxicology study.
On the other hand, antibodies were generated against the AAV2
capsid both in the serum and the aqueous humor in the 12-month
toxicology study as well as a detectable cellular immune response
observed in some animals in the follow-up study. It is possible
that injection of AAV particles into the viscous vitreous delayed
inflammation and also acted as a depot for persistent inflamma-
tion to occur.

Expression of sFIt01 protein in the eye proved to be quite
variable, ranging sometimes as much as tenfold in the aqueous
humor at any given time point (Figure 1). On average, there did
appear to be a dose-dependent level of expression of sFlt01 (see
Supplementary Figure S4). As with the possible “depot” effect of
AAV?2 capsid in viscous vitreous, diffusion of the vector to trans-
ducible cells may happen slowly and in a variable fashion, leading
to a wide range of expression levels.

Another concern upon initiation of this safety evaluation
was the effect of long-term VEGF suppression in the eye. VEGF
suppression can be thought of as a delicate balancing act, as
those normal vessels in the choroid that support the retinal pig-
ment epithelia and photoreceptors as well as the retinal vessels
supporting the ganglion cell layer are quite necessary for the
proper light sensing and information transport from the eye.
While VEGEF is thought to be a factor that mostly affects naive
growing vessels and neutralization unlikely to affect the viability
of mature vessels,” this has nevertheless led several groups to
investigate by a variety of methods the consequences of repress-
ing VEGF for long periods of time. Saint-Geniez et al.** has
utilized an adenovirus expressing the full-length soluble VEGF
receptor sFltl systemically, and found an increase in apoptosis
of inner and outer nuclear layer cells coinciding with a decrease
in light sensing in the eye as measured by electroretinography;
this research has also led to the use of a mouse expressing only
the VEGF188 isoform leading to choriocapilaris degeneration.?
On the other hand, several studies involving VEGF neutraliza-
tion have been performed that have observed no adverse effects
on the health of the eye. Doxycycline-induced expression of a
soluble VEGF receptor to the eye for 7 months caused no effects
on the fenestrations of the choriocapillaris, retinal, and chor-
oidal ultrastructure, and electroretinography,® while retaining
its ability to reduced choroidal neovascularization upon laser-
induced rupture of Bruch’s membrane. Also, a study evaluating
the safety and efficacy of an AAV2 vector expressing the full-
length sFlt protein administered subretinally in monkeys found
no defects in photoreceptors or on electroretinographic analysis
after 8 months of expression.?” Although some of the published
reports noted above question the safety of VEGF neutralization
in the eye, the data pertaining to long-term effects appear to
suggest that while there may or may not be some subtle effects
early, these do not appear later and certainly do not worsen. This
is also the case from published data in AMD patients from the
ranibizumab ANCHOR and MARINA trials** that had been
treated for up to 2 years with minimal safety events. Finally,
the results presented here show long-term safety of a constitu-
tively expressed anti-VEGF molecule in the eye, with no histo-
logical evidence of degeneration in any part of the eye or any
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perturbation in electrophysiological evidence of sight as pro-
vided by electroretinography.

In summary, the data here outlines the safety assessment of an
AAV2-based gene therapy expressing a potent anti-VEGF mol-
ecule that has been shown to reduce neovascularization in the eye.
Given the mild nature of the side effects described in this report
and the prospect of a single intravitreal, as opposed to the more
complicated subretinal, injection to treat the complications of
AMD, these data warrant investigation of this treatment in neo-
vascular diseases of the eye. Human clinical trials are underway
and will be helpful in determining the impact of the inflammatory
nature of the vector and the variability of sFLT01 expression on
safety and efficacy of this investigative therapy.

MATERIALS AND METHODS

Animals and study designs. Cynomolgus macaques (Macaca fascicularis)
of Chinese or Indonesian origin, aged 2-5 years were used for both non-
human primate studies. For the biodistribution study, Sprague-Dawley
rats were used. All in-life procedures were conducted in compliance with
the Animal Welfare Act, the Guide for the Care and Use of Laboratory
Animals and the Office of Laboratory Animal Welfare.

For the 12-month toxicology study, 48 experimentally naive
cynomolgus monkeys (24 males and 24 females), were assigned to dose
groups—vehicle (group 1), 2.4 x 10° vg (group 2), and 2.4 x 10" vg
(group 3)—as shown in Table 1.

Interim sacrifice animals were scheduled to be euthanized at 3
months postinjection for histological analysis and terminal sacrifice
animals were scheduled to be euthanized at 12 months postinjection for
histological analysis. “Ocular Sampling” animals had aqueous humor
harvested at 1, 3, 6, 9, and 12 months postinjection and were kept on
study until 12 months postinjection, at which time the animals were
euthanized. The eyes from half the animals in this group were analyzed
for vector presence by PCR. The right eye of each animal was dosed via
a single intravitreal injection on day 1 and the left eye was uninjected.
The animals were evaluated for changes in clinical signs daily and body
weights monthly. Ophthalmic exams were performed every other week for
the first 3 months and then monthly thereafter. Fluorescein angiography,
electroretinography, tonometry, and clinical pathology were performed
every three months. Serum samples were obtained every other week
to test for the presence of sFIt01 protein, AAV2-sFLT01 vector and
antibodies to AAV2 and sFlt01. Urinalysis and urine chemistry samples
were obtained by bladder puncture during necropsy. At termination, a
full necropsy was conducted on all animals, and tissues were collected
and evaluated histologically. At the 12-month time point, four animals
in group 3 retained some level of intraocular inflammation—two of
these animals were kept on study for an additional 6 months to evaluate
inflammation resolution.

Anadditional study was performed to identify the source of intraocular
inflammation (Table 2). AAV2-sFLTO01 (group 1) and AAV2-null (group
2), both produced by an HSV-based manufacturing process, and another
AAV2-sFLTO01 (group 3) preparation produced by transfection methods
were used to isolate potential causes of intraocular inflammation. All
animals were given a dose of 2.4 x 10'° vg in order to replicate the findings
of the 12-month toxicology study. Five male cynomolgus monkeys per
group were given a single intravitreal administration of vector into the
right eye and ophthalmic exams were performed on all monkeys before
dosing, on months 1, 2, and 3 postdose.

A comprehensive biodistribution study was performed in rats that
evaluated the spread of AAV2-sFLT01. Animals were dosed intravitreally
in the right eye either with vehicle or 6.4 x 10" vg AAV2-sFLT01 (equivalent
to a dose of 2.4 x 10"’ vg in cynomolgus monkeys based on vitreal volume)
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and 10 animals/group were sacrificed at days 3, 8, 15, 31, and 92 days
postinjection for a full tissue necropsy and subsequent PCR evaluation for
the presence of AAV2-sFLTO01.

Intravitreal injection. An intravitreal injection of test article or vehicle
was performed in the right eye. For the nonhuman primate studies, a lid
speculum was inserted to keep the lid open during the procedure and the
globe was retracted. The needle of the dose syringe was inserted through
the sclera and pars plana ~4 mm posterior to the limbus. The needle was
directed posterior to the lens into the mid-vitreous. The test article or
vehicle was slowly injected into the vitreous. Forceps were used to grasp
the conjunctiva surrounding the syringe prior to needle withdrawal.
Photographs and diagrams were used at the time of injection to document
the site of injection. This information was utilized at the time of necropsy
so that a suture could be placed at the approximate site of injection. For
the rat study, the animals were positioned with the corneoscleral junction
horizontal. Under direct observation through an operating microscope,
a 10.0-ul Hamilton syringe fitted with a 30-gauge needle was introduced
bevel-up into the vitreous cavity through the pars plana (~1 mm from the
limbus), taking care to not violate the lenticular bag, and the test material
was delivered.

sFIt01 measurement. Biochemical assessment of sFlt0l1 in serum and
aqueous humor was performed by enzyme-linked immunosorbent assay
using recombinant human VEGF (thVEGF165) as capture and goat
antihuman immunoglobulin G (Fc) peroxidase conjugate as a detection
reagent. Samples that had <0.09ng of sF1t01 were considered below the
limit of detection. Final results are reported as ng sFlt01/ml serum or
aqueous humor. In this assay, the lower limit of quantitation for sFlt01 in
monkey serum is 50.0 ng/ml. For aqueous humor, the lower limit of quan-
titation is 25.0 ng/ml.

Anti-AAV2 antibody measurement. Biochemical assessment of total
immunoglobulin G antibodies in the serum and aqueous humor against
AAV2 in was performed by enzyme-linked immunosorbent assay using
heat-inactivated AAV2 as capture and goat anti-monkey immunoglobu-
lin G y-peroxidase conjugate as a detection reagent. AAV2 particles at
a concentration of 1pg/ml was used to coat plates. For serum, samples
with titers <1:200 were considered below the limit of detection, and titer
was not able to be determined. For aqueous humor, samples with titers
<1:100 were considered below the limit of detection, and titer was not
able to be determined. Final results are reported as AAV2 antibody dilu-
tion (titer).

Measurement of T-cell reactivity toward AAV2 and sFIt01. Ten milli-
liters of whole blood was collected from each animal in a heparin tube.
Blood samples were shipped at ambient temperature to the University of
Pennsylvania by overnight carrier. PBMCs were isolated from the whole
blood by density gradient separation with Percoll and frozen in liquid
nitrogen for storage. PBMCs from each animal were thawed and exposed
to peptide libraries containing overlapping sequences of either AAV2
capsid protein or sFLTO01 transgene product. Both peptide libraries were
synthesized as 15-mers with a 10 amino acid overlap with the preceding
peptides (Mimotopes, Victoria, Australia). The resulting peptides were
dissolved in dimethyl sulfoxide at a concentration of 100 mg/ml. Peptide
pools were aliquoted and used at a final concentration of 2 ug/ml for all
experiments. AAV2cap was grouped in three pools: pool A: from peptide
1 to 50, pool B from peptide 51 to 100 and pool C from peptide 101 to 145.
sFLTO01 was grouped in two pools: pool A from peptide 1 to 35 and pool B
from peptide 36 to 70. To determine whether the T-cells were activated by
the peptides, the amount of y-interferon was measured by enzyme-linked
immunosorbent spot assay. If the amount of y-interferon was greater than
three times that measured in the “negative control” cells and the value, in
spot-forming units /10° PBMCs, was >55, the PBMCs were said to contain
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activated peripheral T-cells. The assay was performed on blood collected
before vector administration on weeks —3, —1 and following vector admin-
istration on weeks 2, 4, 8, and 12.

Vector PCR. To detect vector transgene sequence, DNA was extracted from
serum samples (QIAmp DNA Blood Mini Kit; Qiagen, Valencia, CA).
These serum DNA samples were analyzed for AAV2-sFLT01 vector DNA
by PCR. The amplicon of this real-time quantitative PCR assay spans the
junction of transgene and polyA regions and is vector specific. The yield
of DNA obtained from these serum samples was below the level required
to accurately quantify by optical densities. For this reason, the number of
vector copies detected in each sample were normalized to the number of
cystic fibrosis transmembrane conductance regulator gene copies, also
determined by a real-time quantitative PCR. This study contained a subset
of animals from which retina sections and optic nerve samples were col-
lected for analysis to detect vector DNA. A protocol employing proteinase
K digestion followed by phenol/chloroform /TAA extraction was used to
extract DNA from tissue samples. Sample DNA concentrations were deter-
mined by optical density measurement.

This vector specific PCR assay was also used for analysis of organ
tissue and blood samples from a comprehensive rat vector biodistribution
study. Samples from each tissue type were analyzed in chronological order
until all samples for two consecutive time points were negative for the
detection of vector DNA. In those samples that tested positive for vector
DNA, RNA was extracted from adjacent tissue collected at sacrifice
for analysis in a reverse transcriptase-PCR assay specific for transgene
expression. Due to sample size and processing constraints, only PCR-
based vector DNA analysis was performed on eye, optic nerve, and blood
samples. All custom real-time PCR volumes were 50 ul, performed in
96-well plates on an ABI 7900 Sequence Detection System instrument
(Applied Biosystems, Foster City, CA).

AAV vector production. AAV2-sFLT01 was produced using two meth-
ods. Material used in the 12-month toxicology study and biodistribution
studies was prepared using a HSV mediated method.” Briefly, two ICP27-
deficient rHSV constructs, one bearing the rep2 and cap genes of rAAV,
and the second bearing an AAV2 ITR-sFLTO01 cassette are used to infect
in human embryonic kidney 293 cells. Cells are detergent lysed in situ and
virus is column purified.”® Alternatively, the vector can be produced using
a triple-transfection method. This material was used to compare to HSV-
produced material. Briefly, human embryonic kidney 293 cells are trans-
fected with three plasmids encoding for AAV ITR-sFLT01, AAV-rep, and
AAV-cap. Cells are lysed and virus is column purified.

SUPPLEMENTARY MATERIAL

Figure S1. Correlation between levels of sFLTO1 expression and
inflammation.

Figure S2. AAV2-sFLTO1 effects on electroretinographic responses.
Figure $3. AAV2-sFLTO1 effects on fluorescein angiography.

Figure S4. Average expression of sFItO1 between dose groups.
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