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The retina is an ideal target for gene therapy because of its easy
accessibility and limited immunological response. We pre-
viously reported that intravitreally injected adeno-associated
virus (AAV) vector transduced the inner retina with high effi-
ciency in a rodent model. In large animals, however, the effi-
ciency of retinal transduction was low, because the vitreous
and internal limiting membrane (ILM) acted as barriers to
transduction. To overcome these barriers in cynomolgus mon-
keys, we performed vitrectomy (VIT) and ILM peeling before
AAV vector injection. Following intravitreal injection of
50 pL triple-mutated self-complementary AAV serotype 2 vec-
tor encoding EGFP, transduction efficiency was analyzed. Little
expression of GFP was detected in the control and VIT groups,
but in the VIT+ILM group, strong GFP expression was de-
tected within the peeled ILM area. To detect potential adverse
effects, we monitored the retinas using color fundus photog-
raphy, optical coherence tomography, and electroretinography.
No serious side effects associated with the pretreatment were
observed. These results indicate that surgical ILM peeling
before AAV vector administration would be safe and useful
for efficient transduction of the nonhuman primate retina
and provide therapeutic benefits for the treatment of retinal
diseases.

INTRODUCTION

The retina is an ideal target for gene therapy because of its easy
accessibility and limited immunological response, as well as its avail-
ability for noninvasive functional and structural examination.'
Several clinical trials of gene therapies for the treatment of Leber
congenital amaurosis,” > choroideremia,® and age-related macular
degeneration” have recently been conducted. In all of those trials,
an adeno-associated virus (AAV) vector was used for gene transfer
because of its lack of pathogenicity, broad range of host and cell-
type tropism, and ability to transduce both dividing and non-
dividing cells. In these clinical studies, subretinal injection was typi-
cally used to administer the AAV vector to the retina. However,
subretinal injection induces an iatrogenic retinal detachment by
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making a space between the outer nuclear layer and the retinal
pigment epithelium (RPE). Moreover, several adverse effects,
including foveal thinning, macular holes, choroidal effusion, and
ocular hypo- or hypertension have been observed during the imme-
diate postoperative days.>**’ Consequently, subretinal injection can
potentially lead to permanent visual dysfunction.'’

Another approach to administering an AAV vector into the retina is
intravitreal injection, which has also been used in clinical trials. We
previously reported that in a rodent model, an intravitreally adminis-
tered AAV vector transduced the inner retina without adverse effects,
whereas a subretinally administered vector transduced photoreceptor
cells and the RPE, but decreased electroretinography (ERG) ampli-
tudes.'" Because our ultimate goal is to develop a gene therapy for
inner retinal disease such as glaucoma, intravitreal injection would
seem to be a more suitable method for efficient transduction into
the inner retina than subretinal injections, and it is less invasive
and does not induce retinal detachment.'

Because macaque monkeys closely match humans phylogenetically,
as well as with respect to the structural features of their eyes, there
has been great interest in determining the efficiency and pattern of
retinal transduction in nonhuman primates, as well as the efficacy of
expressed therapeutic proteins before clinical trials in humans.
Although retinal transduction through intravitreal AAV administra-
tion has been reported for the primate retina, the transduction effi-
ciency was lower than into the mouse retina.'” It was reported that
the vitreous and internal limiting membrane (ILM) form a barrier
to transduction.'” We hypothesized that simply removing that bar-
rier prior to vector injection would improve the efficiency of trans-
duction into the inner retina. Therefore, the aim of this study was to

Received 9 May 2016; accepted 6 October 2016;
http://dx.doi.org/10.1016/j.ymthe.2016.10.008.

Correspondence: Koichi Miyake, Department of Biochemistry and Molecular
Biology, Nippon Medical School, Sendagi, Bunkyo-ku, Tokyo, 113-8602, Japan.
E-mail: kmiyake@nms.ac.jp

P

@ CrossMark


http://dx.doi.org/10.1016/j.ymthe.2016.10.008
mailto:kmiyake@nms.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymthe.2016.10.008&domain=pdf

www.moleculartherapy.org

Table 1. Animal Characteristics, Surgical Treatment, and Inflammation

No 1D Sex BW (kg) Age (years) Eye Pre-treatment Inflammation
1 1310102013 female 2.90 13 1R VIT +
1L VIT+ILM +
2 1310308088 female 3.56 11 2R VIT +
2L NO +
3 1310412153 female 292 10 3R VIT+ILM -
3L NO -

BW, body weight; ILM, internal limiting membrane peeling; L, left; NO, no operation; R, right; VIT, vitrectomy.

develop an effective method to efficiently transduce the inner retina
through intravitreal AAV injection in a nonhuman primate. To test
that idea, we performed vitrectomy (VIT) and ILM peeling in cyn-
omolgus monkeys 1 month before AAV vector injection. After in-
travitreal injection of triple-mutated (Y444+500+730F) self-comple-
mentary AAV serotype 2 vector encoding EGFP (tm-scAAV2/GFP),
which effectively transduced the rodent inner retina after intravi-
treal injection,'* transduction efficiency and adverse effects were
assessed.

RESULTS

Efficient Transduction of the Nonhuman Primate Retina after
Surgical ILM Peeling

To assess the efficiency of AAV-mediated retinal transduction in
cynomolgus monkeys, we divided their six eyes into three groups:
two eyes received vitrectomy (VIT) 1 month before AAV injection
(group VIT), two eyes received VIT and ILM peeling 1 month
before AAV vector injection (group VIT+ILM), and the remaining
two eyes were left untreated before AAV vector injection (control)
(Figure S1; Table 1). We first analyzed GFP expression by acquiring
images of fundus fluorescence in vivo using a fundus camera. How-
ever, no obvious GFP expression was detected. Therefore, 19 weeks
after intravitreal injection of 50 puL tm-scAAV2/GFP vector, trans-
duction efficiency was assessed immunohistochemically using an
anti-GFP antibody. Because the RPE can show autofluorescence in
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aged monkeys, we also performed a “no-secondary” control for
the anti-GFP immunostaining (Figure S2A). GFP expression in
the RPE was detected without a secondary antibody. Moreover,
GFP expression in the RPE was observed in the eyeball without
administration of tm-scAAV2/EGFP, indicating that the RPE ex-
hibits autofluorescence (Figure 1A; Figure S2, white arrows). Little
expression of GFP was detected in the control group and group
VIT. On the other hand, strong expression of GFP was seen in
group VIT+ILM at the macula (Figure 1A, upper row) and at about
1500-2000 pm temporal from the macula (temporal fovea) (Fig-
ure 1A, lower row).

To evaluate the area of GFP expression, we analyzed images recorded
in the same setting for each eye at the temporal fovea and at about
1,000-1,500 pm nasal from the macula (nasal fovea) using Photoshop
and Image] software (see Materials and Methods for details). The
GFP expression area was wider in group VIT+ILM than in the control
group or group VIT (Figure 1B). We also analyzed the location of
GFP expression in group VIT+ILM after staining the ILM with peri-
odic acid-Schiff (PAS). The edge of the area where the ILM was peeled
is flanked by red triangles in Figure 2A. Notably, the area of strong
GFP expression (flanked by white triangles) matched the ILM-peeled
area (Figure 2B). Furthermore, immunohistochemical staining using
an anti-glutamine synthetase antibody revealed GFP expression to be
mainly in Miiller cells (Figure 2C).

Figure 1. Histological Analysis for Detection of GFP
(A) Nineteen weeks after intravitreal injection of AAV, eyes
were enucleated, sectioned, and stained for GFP. GFP
expression was compared among a control group, group
VIT (two eyes receiving VIT 1 month before AAV injection),
and group VIT+ILM (two eyes receiving VIT and ILM peeling
1 month before AAV injection) at the macula and temporal
fovea (1,500-2,000 um temporal from the macula). White
arrows indicate the RPE, which showed autofluorescence.
Little GFP expression was detected in the control group or
group VIT. Strong GFP expression was detected in group
VIT+ILM (original magnification x200; scale bar, 200 um).
(B) GFP expression areas (in pixels) were determined using
Imaged software and Photoshop software. The area of
GFP expression in group VIT+ILM was broader than in the
control group or group VIT.
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Figure 2. GFP Expression Was Limited to the ILM-Peeled Area

Histological evaluation of GFP expression in the left eye of monkey 1, belonging
to group VIT+ILM. (A) Periodic acid-Schiff staining (scale bar, 500 um) and
magnified images (original magnification x400; scale bar, 100 um). Red triangles
indicate the boundaries of the ILM peeling. (B) Anti-GFP staining (scale bar,
500 um). White triangles indicate the boundaries between strong and weak GFP
expression areas. The location of strong GFP expression (flanked by white tri-
angles) nearly matches the area of ILM peeling (flanked by red triangles).
Magnified images of anti-GFP staining at the temporal fovea (left), macula
(middle), and nasal fovea (1,000-1,500 um nasal from the macula) (right) are
shown. Original magnification x400; scale bar, 100 um. Nuclei were stained
with DAPI. (C) Specific staining for Muller cells using an anti-glutamine synthe-
tase (GS) antibody in the temporal fovea in group VIT+ILM (left). Anti-GFP
staining is also shown (middle). The figures were merged using Imaged software
(right). GCL, ganglion cell layer; INL, inner nuclear layer; ONL, outer nuclear
layer; RPE, retinal pigment epithelium.

No Retinal Damage on Optical Coherence Tomography after
AAV Injection

To assess retinal damage, including retinal edema, after AAV injec-
tion, we performed optical coherence tomography (OCT) to examine
the retinal structure and thickness. In all groups, no changes in retinal
structure were observed during the experimental period (Figure 3A).
In addition, when we measured retinal thickness at the macula and
para-fovea (1,000 pm from the macula) on OCT images, we found
that retinal thickness had not changed over the course of the experi-
mental period (Figure 3B).

298 Molecular Therapy Vol. 25 No 1 January 2017

Molecular Therapy

Color Fundus Photography Revealed No Abnormal Findings
except Transient Intraocular Inflammation

We also examined images of the fundus to evaluate adverse events
associated with the AAV injection. No abnormal findings were
observed in fundus photographs taken between a time just prior to
AAV vector injection (pre-AAV) and just prior to euthanasia (pre-
euthanasia) in any groups (Figure 4A). However, the fundus photo-
graphs did reveal intraocular inflammation in both eyes of monkey
1 during weeks 2-6 after AAV injection and in both eyes of monkey
2 during weeks 3-6 after AAV injection (Figure S3; Table 1). No
inflammation was detected in both eyes of monkey 3. By 8 weeks after
AAV injection, the inflammation detected in monkeys 1 and 2 had
disappeared without local or systemic administration of a steroid.
Fluorescein angiography confirmed the absence of inflammation
13 weeks after AAV injection (Figure 4B).

Transient Reduction of a- and b-Waves on ERG

Finally, we used ERG to estimate retinal function. The graphs in Fig-
ure 5 were plotted using the averaged data from the two eyes in each
group. The b-wave of dark-adapted 0.01 full-field ERGs was mildly
reduced 2 weeks after AAV injection, but the amplitude had returned
to baseline (pre-AAV) 2 months after AAV injection (Figure 5A).
Similar transient reductions in the b-wave seen in dark-adapted
0.01 full-field ERGs were observed in all groups. In group VIT, the
amplitudes of the a- and b-waves on dark-adapted 3.0 and light-
adapted 3.0 full-field ERGs were mildly reduced 1 month after
AAV injection, but the amplitudes had returned to baseline 2 months
after AAV injection (Figures 5B-5E).

DISCUSSION

In this report, we showed that surgical ILM peeling improves the
efficiency of tm-scAAV2/GFP vector transduction of Miiller cells
after intravitreal injection. Furthermore, we detected more efficient
transduction in areas with ILM peeling than in areas with intact
ILM. These findings could be helpful for targeted transduction using
an AAV vector.

Petrs-Silva et al.'* showed that tm-scAAV2/GFP vector efficiently
transduced the rodent inner retina after intravitreal administration.
In nonhuman primates, by contrast, the area of transduction after
intravitreal administration of AAV2 was confined to a narrow area
surrounding the macula,'” indicating that physical barriers such as
the nerve fiber layer (NFL) or ILM limit retinal transduction. To over-
come this barrier, we performed VIT and ILM peeling 1 month before
AAV injection, which enabled us to efficiently transduce the retinas of
cynomolgus monkeys.

Dalkara et al."” reported that digesting the ILM using a nonspecific
protease improved the efficiency of AAV-mediated transduction in
nonhuman primates. We achieved efficient transduction through sur-
gical ILM peeling. Detection of Miiller cell fragments following ILM
peeling suggests the procedure causes injury to Miiller cells.'” Previ-
ous studies reported that this injury leads to dissociated optic nerve
fiber layer appearance and retinal dimpling, as well as changes in
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the focal macular ERG, but no abnormalities in visual acuity or field
were detected.'®”'® Furthermore, because surgical ILM peeling is
commonly performed in clinical ophthalmology to treat macular
holes and other ailments,'” surgical peeling may be a safer way to re-
move the ILM than use of a nonspecific protease.

Intraocular inflammation was observed in four of six eyes (Table 1).
We do not think the inflammation was related to the surgery
because it was not observed during the first month after surgery.
Moreover, the inflammation began only about 2 weeks after AAV
injection, suggesting the inflammation may be associated with the
AAV administration. Consistent with that idea, AAV-mediated
transduction of the retina in humans, monkeys, and dogs reportedly
causes transient inflammation that does not adversely affect visual
function.” In addition, we detected no morphological changes
on color fundus images or OCT between the pre-AAV and pre-
euthanasia injections (23 weeks after operation). However, Pichi
et al.”' observed lower retinal nerve fiber layer thickness 6 months
post-operatively, suggesting longer post-operative observation may
be needed.

We evaluated retinal function using full-field ERGs. The amplitude of
the b-wave on dark-adapted 0.01 full-field ERGs tended to be
decreased 2 weeks after AAV vector injection, but returned to baseline
within 2 months after vector injection. Because similar decreases were
observed in all groups, including the control group, it does not appear

Group VIT+ILM

(Weeks after AAV injection)

Figure 3. Comparison of Retinal Thickness
throughout the Experimental Period Recorded
Using Optical Coherence Tomography

The OCT recorded at just prior to AAV vector injection (Pre-
AAV); 1, 4, 8, and 12 weeks after AAV vector injection; and
just prior to euthanasia (Pre-euthanasia). (A) OCT images
recorded pre-AAV (upper row) and pre-euthanasia (lower
row). (B) Retinal thickness was measured at the macula (o)
and two para-foveal points (B, y; 1,000 um from the
macular). Data from the two eyes in each group were
averaged and plotted.

that the VIT or ILM peeling caused the change in
ERG amplitude. The amplitudes of the a- and
b-waves on dark-adapted 3.0 and light-adapted
3.0 full-field ERGs in group VIT were mildly
reduced 1 month after AAV injection. Given
that group VIT+ILM received more invasive pre-
treatment than group VIT, group VIT+ILM was
‘ expected to exhibit greater reductions of ERG
5 amplitude than group VIT. However, similar a-
& and b-wave reductions were not observed in
dark-adapted 3.0 and light-adapted 3.0 full-field
ERGs with group VIT+ILM, which suggests that
the reductions were not the result of the pretreat-
ment. In addition, when we compared the ERGs
between the groups with and without inflamma-

Para-fovea

=@~ Group VIT+ILM

tion, we found that the b-wave amplitude on dark-adapted 0.01
full-field ERG was decreased 2 weeks after AAV injection in both
groups. But 3 weeks after AAV injection, the b-wave amplitude was
improved in the group without inflammation, whereas it was worse
in the group with inflammation (Figure S4A). It was not until 8 weeks
after AAV injection that b-wave amplitudes on dark-adapted 0.01
full-field ERG returned to baseline in the group with inflammation,
which coincided with improvement of the inflammation. Further-
more, the a- and b-wave amplitudes on dark-adapted 3.0 and light-
adapted 3.0 full-field ERGs were reduced only in the group with
inflammation during the period that the inflammation occurred
(i.e., 2-6 weeks after AAV injection). The a- and b-wave amplitudes
returned to baseline within 8 weeks, again coinciding with the disap-
pearance of inflammation from color fundus images (Figures S4B—
S4E). These results suggest that transient intraocular inflammation
may transiently reduce ERG amplitude.

Vandenberghe et al.** reported that subretinal injection of 1 x 10"
vector genome (v.g.) AAV2-GFP resulted in transduction of about
30% of the RPE and photoreceptor. By comparison, the transduction
levels achieved in the present study might seem lower than expected
for the dose of AAV vector used. However, these results cannot be
directly compared because the route of administration, promoter
used to express GFP, and the AAV vector capsid all differed between
the two studies. Nonetheless, possible explanations for the different
transduction levels include the following: (1) because the volume of
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Figure 4. Color Fundus Images and Fluorescein Angiography Images

(A) Color fundus images of the left eye of monkey 3 (control) and the right and left
eyes of monkey 1 (group VIT and group VIT+ILM, respectively). Images were
obtained pre-AAV (upper row) and pre-euthanasia (lower row). (B) Fluorescein
angiography images of the same three eyes obtained 13 weeks after AAV vector
injection.

the vitreous cavity is much larger than that of the subretinal space, the
administered AAV vector may have been diluted; (2) AAV capsids
may have been lost because of vitritis; and (3) the efficiency of trans-
duction into the cynomolgus monkey retina of the tm-scAAV2 vector
may be low. That said, although the expression of GFP was lower in
the present study than in the earlier report, it is clear that ILM peeling
improved the efficiency of transduction.

In summary, we observed that AAV-mediated transduction of the
nonhuman primate retina was dramatically improved by VIT and
ILM peeling 1 month before AAV vector injection, without serious
adverse effects. This indicates that surgical ILM peeling before AAV
administration would be safe and useful for efficient transduction
of the nonhuman primate retina. This method enables the AAV vec-
tor to transduce the inner macula and provide therapeutic benefits for
the treatment of various diseases causing retinal dysfunction, such as
glaucoma.

MATERIALS AND METHODS

Animals

Three adult female cynomolgus monkeys from the Tsukuba Primate
Research Center were used for this study. Each animal weighed
approximately 3 kg and was 10-13 years old (Table 1). Before any ex-
periments, each eye was examined using fundus photos, OCT, and
ERG, and no abnormalities were found. All animal procedures were
conducted according to the Association for Research in Vision and
Ophthalmology (ARVO) statement for the Use of Animals in
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Ophthalmic and Vision Research and the Animal Experimental
Ethical Review Committee of Nippon Medical School.

Production and Purification of AAV Vector

An AAV packaging plasmid (pACG2-3M) generated by introducing
a triple tyrosine-to-phenylalanine (Y444+500+730F) mutation into
the virion protein 3 (VP3) region of the AAV serotype 2 capsid and
a self-complementary AAV vector plasmid carrying cDNA encoding
EGFP (pdsCBA-GFP) were kindly provided by Dr. Srivastava.”’
A recombinant scAAV vector (tm-scAAV2/GFP) was produced
by transient triple transfection of HEK293 cells as previously
described.""”” The AAV vector particles were harvested from the
transfected cells using an AAVpro Purification Kit (AAV2) (TakaRa
Bio) according to the manufacturer’s instructions. Thereafter, the
buffer containing the AAV vector was changed to PBS (—) using an
Amicon Ultra-15 Centrifugal Filter Unit (molecular weight cutoff,
30 kDa) (Merck Millipore), which was centrifuged for 5 min at
5,000 x g. The particle titers of the AAV vector were determined
by qPCR analysis using a 7500 Fast Real-Time PCR Instrument
(Applied Biosystems). The total vector genome (v.g.) number for
tm-scAAV2/EGFP was 1.9 x 10" v.g./mL.

Surgical Procedures

All animals were anesthetized using mixed anesthesia composed of
ketamine and xylazine. Among the six eyes in the three monkeys,
two eyes received standard three-port VIT before AAV injection. For
this procedure, three ports (25G) were made, after which 200-400 pl
triamcinolone suspension (MaQaid; Wakamoto) was injected into
the vitreous cavity to enable visualization of the cortical vitreous. The
cortical vitreous was then removed. Two eyes received ILM peeling
in addition to the standard three-port VIT (Figure S1; Table 1).
The ILM was visualized using 200-400 pl Brilliant Blue G (Sigma-Al-
drich)** and peeled using a Diamond Dusted Sweeper (Dutch
Ophthalmic Research Center [International]) and ILM forceps (Alcon
Japan). The remaining two received no pretreatment. The VIT and
ILM peeling were performed by using a Stellaris PC (Bausch &
Lomb) under an operating microscope (OPMI MDO; Carl Zeiss).

Intravitreal injection

All six eyes were injected with AAV 1 month after pretreatment. We
chose 1 month for the time to avoid the influence of any adverse effect
of pretreatment. All animals were anesthetized using mixed anes-
thesia (ketamine and xylazine), after which a 30G needle was pene-
trated into the vitreous at the pars plana,”” and 50 pL tm-scAAV2/
GFP was administered.

Optical Coherence Tomography

OCT was performed to evaluate the thickness of the macula and para-
fovea using a 3D OCT-1000 mark II (Topcon). After animals were
anesthetized with mixed anesthesia (ketamine and xylazine), OCTs
were taken just prior to the operation; prior to AAV injection; 1, 4,
8, and 12 weeks after AAV injection; and prior to euthanasia. Retinal
thickness was estimated in two places: just below and an average of
1,000 pum nasal and temporal from the macula.
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Fundus Color Photography, Fundus Images of GFP
Fluorescence, and Fluorescein Angiography

After animals were anesthetized with mixed anesthesia (ketamine and
xylazine), color fundus photographs and fundus images of GFP fluo-
rescence and fluorescein angiographs were taken using a fundus cam-
era (model TRC-NW6SF; Topcon). Color fundus photographs and
fundus images of GFP fluorescence were taken prior to AAV vector
injection; 1, 2, 3, 4, 6, 8, and 12 weeks after AAV vector injection;
and prior to euthanasia. Fluorescein angiographs were taken using
fluorescein (Alcon Japan) 13 weeks after AAV injection.

Electroretinography

After animals were anesthetized using mixed anesthesia (ketamine
and xylazine), full-field ERGs were taken for assessment of retinal
function. Full-field ERGs were recorded according to the Interna-
tional Society for Clinical Electrophysiology of Vision (ISCEV) stan-
dard®® prior to AAV vector injection; 2, 3, 4, 6, 8, and 12 weeks after
AAV vector injection; and prior to euthanasia. Recordings were made
using a synchronized trigger and summing amplifier (Primus; Mayo)
with a stimulation device (LS-W; Mayo). The amplitudes recorded
from the two eyes in each group were averaged and plotted.

Histological Analysis
Animals were euthanatized 19 weeks after AAV vector injection for
histological analysis. The eyes were enucleated and fixed with 4%

(Weeks after AAV injection)

After blocking thin sections (10 um) in 10% goat

serum in PBS containing 0.05% Triton X (PBST),
the sections were incubated for 2 hr at room temperature with a rabbit
anti-GFP IgG antibody (1:1,000 dilution; Invitrogen). The sections
were then washed three times with PBST and incubated with Alexa
488 goat anti-rabbit IgG (1:500 dilution; Invitrogen) for 2 hr at
room temperature. To detect Miiller cells, the sections were immune
activated with HistVT One (Nacalai Tesque) and incubated overnight
at 4°C with a mouse anti-glutamine synthetase IgG (1:500 dilution;
Millipore). Then after being washed three times with PBST, the sec-
tions were incubated with Alexa 594-conjugated donkey anti-mouse
IgG (1:500 dilution; Invitrogen) for 2 hr at room temperature. The
stained sections were washed with PBST, mounted using a medium
containing DAPI (Vector Laboratories), and examined under a fluo-
rescence microscope (DP-70; Olympus Fluorescence Microscope). To
analyze GFP expression in each eye, we examined seven slides con-
taining sections 50 um apart at the middle of the macula center.
Two images of corresponding regions were taken from each slide us-
ing the same camera gain and time settings (%200, 0.25 s). To
compare GFP expression, we analyzed each image pixel using Image]
(Version 1.49v; NTH) and Photoshop (Adobe Systems) software.

SUPPLEMENTAL INFORMATION

Supplemental Information includes four figures and can be found
with this article online at http://dx.doi.org/10.1016/j.ymthe.2016.10.
008.
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Figure S1. Experiment design.

No operation was
performed
(Control)

Vitrectomy was
performed
(Group VIT)

Vitrectomy and
ILM peering was
performed
(Group VIT+ILM)

Euthanasia

4 weeks

19 weeks

We divided 6 eyes into three groups: 2 eyes received VIT 1 month before AAV injection

(Group VIT), 2 eyes received VIT and ILM peeling 1 month before AAV injection (Group

VIT+ILM), and 2 eyes received no pretreatment before AAV injection (Control). Nineteen

weeks after intravitreal injection of AAV, eyes were enucleated, and histological analysis



Figure S2.

a. b.
Control Group VIT Group VIT+ILM

Without AAV

Macular
Para-fovea

Temporal-fovea

Figure S2. Autofluorescence from the RPE.

a) Nineteen weeks after intravitreal injection of AAV, eyes were enucleated, sectioned and

stained for GFP without a secondary antibody to detect the autofluorescence (200x, bar =200

um). b) Histological evaluation of GFP expression in the retina without tm-scAAV2/EGFP

administration, we sectioned para fovea and stained for GFP (200x, bar = 200 um).

GFP expression in the RPE was detected without a secondary antibody and without

tm-scAAV2/EGFP administrated retina, indicating that the RPE exhibits autofluorescence

(White arrows).
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Figure S3. Color fundus images before and after AAV injection.

Vitreous inflammation was detected in both eyes of monkey No.l during weeks 2-4 after

AAYV vector injection. Mild inflammation remained 6 weeks after AAV vector injection but

was healed naturally by week 8 after injection. Vitreous inflammation was detected in both

eyes of monkey No. 2 during weeks 3-4, after AAV injection, and mild inflammation



remained 6 weeks after AAV injection, but was healed naturally by 8 weeks after injection.

No inflammation was detected in either eye of monkey No. 3.



Figure S4.
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Figure S4. Amplitudes of a- and b-waves in full-field ERGs.

Amplitudes of full-field ERGs were regrouped to compare eyes with inflammation (group

inflammation (+), n=4) to eyes without inflammation (group inflammation (-), n=2). (a) Plots

of amplitudes of b-waves in dark-adapted 0.01 full-field ERGs. (b, c) Plots of amplitudes of

a-waves (b) and b-waves (c) of dark-adapted 3.0 full-field ERGs. (d, ) Plots of amplitudes of

a-waves (d) and b-waves (e) of light-adapted 3.0 full-field ERGs.
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