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Abstract

Introduction : To assess the transduction efficiency of AAV serotypes 2, 5,
and 8 in the outer retina of Pde6b knockout rats and Sprague-Dawley
rats, via route of intravitreal and subretinal injection techniques.

Method : GFP-tagged AAV serotypes 2, 5, and 8 were administered via
intravitreal or subretinal injection in Pde6b knockout rats at 3 weeks of
age. Weekly in vivo fluorescence retinal imaging was conducted to monitor
gene transfection distribution and assess the safety profile. After 6 weeks
post-injection, the rats were euthanized, and the efficiency of retinal
transduction was evaluated by analyzing fluorescence intensity of confocal
microscope images following immunostaining. Additionally, the same
methodology was applied to 7-week-old Sprague-Dawley rats, and they
were monitored at 4, 8, 12, and 16 weeks for comparative analysis.
Result : In Pde6b knockout rats that underwent subretinal injection, all
three AAV serotypes successfully transduced photoreceptors and RPE cells
in a similar pattern. In contrast, upon intravitreal injection, both AAV5 and
AAV8 demonstrated a lack of transduction in both the inner and outer
retina. Only AAV2 exhibited retinal tropism, although its effectiveness in
the outer retina was limited. In Pde6b knockout rats, quantitative
fluorescence analysis revealed that AAV5 exhibited a stronger fluorescence
intensity in vivo and higher transduction in immunostaining compared to
AAV2 and AAVS8 after subretinal injection. Similarly, while only AAV2
successfully transduced the inner retina after intravitreal injection, all three
AAV serotypes transfected the outer retina following subretinal injection in
unaffected rats. Furthermore, except for procedure-related media opacity,
no adverse side effects were observed.

Conclusion : The subretinal injection of GFP-tagged AAVS demonstrated
higher transduction and retinal tropism than AAV2 and 8 in Pde6b
knockout rats, suggesting its potential utilization in future clinical trials.

Keywords : Viral Tropsim, Pde6b protein, Om45-GFP protein,
Photoreceptor cells
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Introduction

Merging at the forefront of therapeutic innovation, gene therapy has
positioned itself as a compelling solution for previously incurable retinal
diseases, such as inherited retinal disease (IRD) and age-related macular
degeneration (AMD). The groundwork for this development was laid with
the success of voretigene neparvovec-rzyl in the management of Leber's
Congenital Amaurosis in 2017". This breakthrough has paved the way for
adeno-associated virus (AAV)-based gene therapies to become a primary
focus in ophthalmological research, as indicated by the considerable
number of ongoing clinical trials in this area’.

The advantages of recombinant AAV as a gene therapy vector are
multifaceted, primarily characterized by its safety and efficiency. AAV is
inherently non-pathogenic and elicits a minimal immune-mediated
inflammatory response. Importantly, it exists as episomes and does not
integrate with the host genome, significantly reducing the risks of
insertional mutagenesis and potential long-term adverse effects®*.
Furthermore, AAV facilitates long-term gene expression in post-mitotic
retinal cells following transduction and exhibits considerable tropism for
various retinal cell types, dependent on its serotypes. Efforts are currently
underway to augment transduction efficiency by modifying promoters,
enhancers, and through the development of capsid-recombinant AAVs.

The transduction efficiency of the AAV vector is known to vary in
accordance with serotypes and administration routes. Several AAV
serotypes, including 1, 2, 5, 7, 8, and 9, have demonstrated effective
transduction of photoreceptors when administered through subretinal
injections in rodent®>”’. However, outer retinal transduction is relatively
limited following intravitreal injections due to the presence of the internal
limiting membrane as a barrier®. Notwithstanding, AAV2 and AAV8 have
demonstrated their ability to transduce retinal ganglion cells, and
engineered AAV2.7m8 has shown potential in transducing retinal
photoreceptors, thereby overcoming the limitation of the internal limiting
membrane®. As of 2022, over 46 clinical trials for retinal gene therapy



based on AAV are in progress, with the majority employing AAV-2 (57.4%)
and AAV-8 (25.5%) subtypes. The route of administration is selected
based on the target retinal layer and the retinal tropism of the AAV
subtypes, with 52.6% of trials utilizing subretinal injection and 35.1%
employing intravitreal injection®.

Pde6b is beta subunit of PDE6, encoded by Pde6b gene, and plays an
adjunctive role in hydrolysis of cGMP in phototransduction cascade
cGMP-phosphodiesterase(PDE)"*"". Mutation in Pde6b gene lead to
decrease in the activity of cGMP-PDE, which cause accumulation of cGMP
in rod photoreceptors. Among autosomal recessive RP(retinitis pigmentosa)
patients, Pde6b mutations accounts for 5-8% but lacks definite treatment,
requiring the development of gene therapy'?'*. While the retinal tropism of
AAV in rats has been extensively studied, there remains a dearth of
consensus concerning optimal intraocular gene transfer in mutant rats. This
study endeavors to address this knowledge gap by investigating the
tropism of AAV serotype 2, 5, and 8 via subretinal and intravitreal
injections in Pde6b knockout rats and unaffected rats. The findings of this
investigation are intended to provide critical insights that will contribute to
the design and implementation of future clinical trials.

Methods

AAV Preparation

Animal Care and Preparation

In the experiments, a total of twelve 7-week-old Sprague-Dawley rats and
sixteen 3-week-old Pde6b-knockout rats, which were produced by
CRISPR-Cpf1 in our previous publishments'’®, were utilized. The rats were
assigned into two respective groups and subsequently received intravitreal
and subretinal injections of AAV2, 5, and 8, which were tagged with green



fluorescent protein (GFP). To assess the retinas of the rats, retinal
photography, optical coherence tomography, and in vivo fluorescence
retinal imaging were performed on a weekly basis. The fluorescence levels
in Sprague-Dawley rats were monitored for a duration of up to 8 weeks
post-injection, while in Pde6b-knockout rats, the monitoring period lasted
for 6 weeks post-injection. At 4 and 8 weeks after injection, the
Sprague-Dawley rats were subgrouped and subsequently sacrificed for
retinal wholemount and immunostaining procedures. Similarly, the same
procedures were carried out on the Pde6b-knockout rats 6 weeks after
injection. All live rat experiments were approved by the Institutional Animal
Care and Use Committee of Asan Medical Center (Seoul, Korea). All
animals were treated, maintained, and euthanized in accordance with the
policies specified in the ARVO statement for the Use of Animals in
Ophthalmic and Vision Research and the guidelines approved by national
and local institutions

Intravitreal and subretinal injection protocol

The Sprague-Dawley rats, aged P49, were divided into two groups for
intravitreal and subretinal injections (N=12). Each group consisted of six
individuals and received one of three treatments: AAV2-GFP (N=4),
AAV5-GFP (N=4), or AAV8-GFP (N=4). Pde6b-knockout rats, aged P21,
were similarly segregated into two groups: intravitreal injection group
(N=12) and subretinal injection group (N=12). Each group received either
AAV2-GFP (N=4), AAV5-GFP (N=4), or AAV8-GFP (N=4).

The rats were anesthetized through an intraperitoneal injection of a
combination of zolazepam and tiletamine at a dose of 12.5 mg/kg. The
intravitreal injections were administered using a 33-G Hamilton syringe
(Hamilton, Bonaduz, Switzerland), and the procedure was guided by an
operating microscope (Zeiss, Oberkochen, Germany). The pupil dilation
was achieved using Mydrin-P, consisting of tropicamide 5 mg/mL and
phenylephrine 5 mg/mL (Santen Pharmaceuticals).

For intravitreal injections, a sclerotomy was carefully performed



approximately 1 mm posterior to the limbus using a 33-G Hamilton
syringe. This was done with due care to avoid causing any damage to the
lens. An amount of 5 yL AAV2,5,8-GFP (5.02 x 10*M0 IPs) was
administered intravitreally.

The subretinal injection required a temporal conjunctival periotomy, after
which the subretinal injection was carried out using the same needle and
the same dose of AAV2,5,8-GFP.

The accuracy of each injection was assessed via a fundus camera and in
vivo fluorescence imaging as previously described. After imaging, the eyes
were treated with Tarivid ointment (Ofloxacin 3mg/g; Santen
Pharmaceuticals, Osaka, Japan) to prevent excessive dehydration during
recovery.

In Vivo Imaging and Fluorescence measurement

In vivo retinal imaging and optical coherence tomography (OCT) were
conducted utilizing Micron IV + OCT (Phoenix MICRON Image-Guided
OCT2, Phoenix Laboratories, Pleasanton, CA, USA.) This imaging
procedure was carried out on anesthetized rats, prepared by administering
systemic anesthesia and inducing pupil dilation. The rats were sedated
using 5% isoflurane and subsequently anesthetized via intraperitoneal
injection of zolazepam and tiletamine (12.5 mg/kg), supplemented with
xylazine (7.8 mg/kg). After the induction of anesthesia, Mydrin-P eye drops
(consisting of tropicamide 5 mg/mL and phenylephrine 5 mg/mL; provided
by Santen Pharmaceuticals, Osaka, Japan) were applied to each rat to
stimulate mydriasis.

Upon anesthesia, the rat was then securely stationed on an adjustable
base (SL20/M; Thorlabs, Newton, NJ, USA).This arrangement provided the
flexibility to precisely manipulate the angles and positions for imaging, thus
guaranteeing an extensive overview of the retina during the procedure. For
capturing images of the targeted regions with precision, the rat's
orientation was modified in four directions around the optic nerve to obtain



fluorescence images. The ability to return to the exact location for further
analyses was ensured by using the distinctive vascular patterns as a
reference, which stood out clearly against the fundus autofluorescence.

The assessment of GFP expression involved measuring GFP intensity
across images using the FIJI software (National Institutes of Health,
Bethesda, MD, USA). Two separate examiners (K.J.H and Y.J.M) were
blinded to the images. The fluorescence distribution area of in vivo fundus
photography was measured as the mean gray value after undergoing the
following pre-processing steps: 1) splitting the RGB channel, 2) performing
background subtraction, 3) applying Tsai moment-preserving thresholding,
and 4) measuring the mean gray value corresponding to the region of
interest'®. For the fluorescence intensity of the retinal section, the
pre-processed GFP+ channel was measured after the segmentation of the
retinal layers. During the analysis of post-immunostaining confocal
microscopy images, segmentation of the inner and outer nuclear layers
was facilitated by the FIJI TUNEL cell counter plugin, if feasible'’. If the
segmentation did not perform as expected, manual ROI selection was
performed by two separate examiners three times each, and the median
value was chosen.

Sample Preparation and Immunostaining Protocol

Eye frozen sections were prepared to investigate the expression of target
proteins using immunostaining. Tissue sections obtained from the eyes
were fixed in 1XPBST for 15 minutes, repeated three times, to ensure
proper fixation. For staining, a combination of green fluorescent protein
(GFP) and 4',6-diamidino-2-phenylindole (DAPI) was used.

To commence the immunostaining protocol, the fixed sections underwent a
series of washing steps with 1XPBST for 15 minutes, repeated three
times, to remove any residual fixative and optimize antibody penetration.
Blocking was then performed at room temperature for 1 hour to minimize
non-specific binding and enhance the specificity of the subsequent
antibody labeling. The sections were subsequently incubated with the
primary antibody (1Ab solution) overnight at 4°C to enable specific binding



to the target proteins of interest.

Following the primary antibody incubation, the sections underwent further
washing steps with 1XPBST for 15 minutes, repeated three times, to
remove unbound primary antibodies. To visualize the primary antibody
binding, the sections were then incubated with the appropriate secondary
antibody (2Ab solution) for 1 hour and 30 minutes at 4°C. Subsequent to
the secondary antibody incubation, additional washing steps with 1XPBST
were performed to eliminate any unbound secondary antibodies. To
visualize the nuclei, DAPI staining was conducted for 1 minute, allowing
for precise localization of cellular structures. Finally, the sections were
mounted, preserving the immunostaining pattern, and facilitating subsequent
microscopic examination and data analysis.

Result

In this study, Pde6b KO rats were injected via intravitreal or subretinal
route with AAV-GFP at postnatal day 21 (P21). Subsequent evaluations
were performed weekly (on days P21, P28, P35, P42, P49, P54, and
P63) using in vivo fluorescence imaging and slit-lamp examination. The
rats were euthanized on P63 for subsequent immunostaining. Within the
subretinal injection group, all three serotypes successfully transfected the
photoreceptor (PR) and retinal pigment epithelium (RPE), as evidenced by
the comparison of fluorescence intensities (Panel M and N of Figure 1).
Interestingly, the fluorescence intensities of AAV5 were the highest and
were not statistically different from AAV2, but statistically exceeded that of
AAVS8. Within the intravitreal injection cohort, AAV2 demonstrated minimal
transduction of the inner nuclear layer, while AAV5 and AAV8 showed no
evidence of fluorescently positive retinal cells at P63 (as depicted in left
panel of Figure 1). Notably, AAV2 transfected both the inner and outer
retina, whereas AAV5 and AAV8 were unable to transduce the outer
retinal layer.



In order to verify the retinal tropism of the AAV vectors used in the
experiment, the same AAV-GFP were injected into Sprague-Dawley rats on
P49, and they were subsequently examined in a similar manner on a
weekly basis. These rats were euthanized on P57, P85, P113, and P141
for immunostaining. AAV2 and AAV5 showed pronounced retinal tropism,
including in the PR and RPE, compared to AAVS8, via subretinal injection.
These findings were in accordance with those reported in previous
publications®'®%°, Moreover, AAV2 demonstrated the highest inner retinal
tropism via intravitreal injection (Left panel of Figure 2). As depicted in
Supplementary Figure 1, AAV2 successfully transduced the inner retina, as
evidenced by the presence of fluorescence-positive cells in perivascular
retinal tissue in high magnification confocal images, which is located
beneath inner limiting membrane.

Our study employed repeated in vivo fluorescence imaging and slit-lamp
on a weekly basis in an attempt to evaluate the efficiency, distribution,
and safety of retinal transfection using AAV-GFP. No AAV-associated
adverse events, including inflammation, were observed with slit lamp in
Pde6b knockout rats and controls, regardless of the injection route. Two
cases of media opacities were reported after intravitreal injections in
Sprague-Dawley rats (Supplementary Figure 2). One case of mortality was
recorded in a Pde6b knockout rat during the anesthesia procedure prior to
subretinal injection. Furthermore, the fundus camera's 2D images hinder
layer-by-layer analysis and observations hindered from vitreous clumps
post-intravitreal injection, yet these limitations notwithstanding, we found a
correlation between the overall results of the in vivo fluorescence imaging
and those of the immunostaining images. In Pde6b knockout rats treated
with subretinal injection, as shown in the upper right image of Figure 3,
diffuse fluorescence centered on the subretinal bleb location was observed
in all three serotypes at two weeks after injection. The fluorescence tends
to increase over time, while AAVS tends to reach its peak at week three
and then plateau. The overall fluorescence distribution and density was
found to be highest in the AAV5-GFP subretinal injection group during



observation period, and all AAV serotypes demonstrated similar levels of
fluorescence intensity at P63. As demonstrated in the left image of Figure
3, the intravitreal injection of AAV2-GFP displayed the highest retinal
tropism compared to other serotypes in Pde6b knockout rats, with
fluorescence intensity tending to increase within six weeks post-injection.
The fluorescence was particularly noticeable in the inner retinal layer, as
inferred from the fluorescence in the peripapillary area, which includes the
retinal ganglion cell layers and the perivascular area situated within the
inner plexiform layer.

Furthermore, the Pde6b knockout rats enrolled in the study exhibited
progressive retinal degeneration. Retinal thickness decreased during weekly
OCT exams, and DAPI-stained retinal sections revealed an overall thinning
of the retina in Pde6b knockout rats compared to the control group. As a
consequence of progressive retinal atrophy, the outer nuclear layer (ONL)
and inner nuclear layer (INL) became indistinguishable (Supplementary
Figure 3). These findings are consistent with our previously published
research, which demonstrated that Pde6b knockout rats experience ONL
degeneration beginning at 3 weeks postnatal, and ONL thinning continues

until 16 weeks postnatal®

. Throughout the six weeks following the
injection, no discernible intraocular complications, such as vitreous

hemorrhage or retinal detachment, were observed.

Discussion

Two crucial components must be considered in the realm of retinal gene
therapy. The first component is the AAV capsid, which governs retinal
tropism and transduction efficiency. The second component is the internal
limiting membrane, retinal interneurons and glial cells which acts as a
mechanical barrier and presents significant obstacles for outer retinal
accessibility>?"?2. With the utilization of engineered, recombinant AAVs, a
variety of strategies have been developed to transduce photoreceptors and
RPE via intravitreal injection. Such strategies may involve the modification



of promoters or enhancers, usage of exosome-associated AAV or the
inclusion of enzymes designed to dismantle the ILM'92°2*2* While these
contributions have significantly advanced the field of gene therapy, the in
vivo safety of such interventions in humans is yet to be thoroughly
established. Conversely, the safety of naive AAVs administered via
subretinal injection is well-documented, a fact that underpins their
widespread use in the majority of current clinical trials focused on retinal

2,25

gene therapy

Numerous AAV serotypes have been discovered, with AAV1, AAV2, AAV7,
AAVS8, and AAV9 identified as being capable of successfully transducing
the retina following subretinal injections in mutation-naive rats®. Various
recombinant AAV are being experimented: Han et al issued that AAV2/1,
AAV2/2, AAV2/6, AAV2/8 and AAV2/9 all transfected outer retina
successfully after subretinal injection, while AAV2/1 showing highest retinal
tropism°. They also noted that AAV2/1 and AAV2/6 were able to transduce
primarily inner retina via intravitreal injection. Similarly in mouse, AAV 2,8
and 9 successfully transduced retina after subretinal injection®. In
non-human primate, wild type AAVS showed efficient transduction of PR

6% A direct comparison of the efficiency of retinal

after subretinal injection
transduction among wildtype AAV serotypes is currently lacking. Our study
provides valuable insights to this. We found that AAV2 demonstrated
efficient transduction specifically in the inner retina, whereas AAVS5 and
AAVS8 exhibited poor transduction following intravitreal injection in
unaffected rats. Interestingly, all three AAV serotypes successfully
transfected the outer retina after subretinal injection, which is consistent

with previous publications.

Aside from recent publications detailing the treatment of Pde6b-deficient
rats using subretinal injection of AAV2/1 and AAV2/5%, the retinal tropism
of different AAV serotypes in genetically modified rats has been largely
unexplored. In the present study, we have concluded that the subretinal
injection of AAVS yields comparable or superior retinal transduction
compared to AAV2 and AAVS, both in terms of durability and efficiency.



This conclusion is supported by the extensive in vivo fluorescence imaging
and the fluorescence intensity observed in retinal section images. Given
that Pde6b is primarily located in the ONL, where it plays a crucial role in
the breakdown of cGMP, a molecule involved in the signaling cascade of
photoreceptor cells, the efficient transduction of the outer retina, including
the ONL, by AAV5 holds promise for gene therapy targeting
Pde6b-associated retinitis pigmentosa. Furthermore, AAV vector is known
to possess a limited nucleotide storage capacity of up to 4.7kb. However,
Allocca et al. proposed that recombinant AAV (rAAV) utilizing the AAV5
capsid could potentially increase this capacity up to 8.9kb®®. Furthermore,
the receptor binding mechanism of AAV5 is dependent on N-linked sialic
acids, differing from AAV2, which depends on heparan sulfate
proteoglycans®**°. This unique binding mechanism might allow AAV5 to be
effective alternative in patients who have pre-existing immunity to AAV2.
Since 2017, Coave Therapeutics is conducting Phase I/l clinical trials
(NCT03328130) involving the subretinal injection of AAV2/5-hPde6b in
patients with retinitis pigmentosa, utilizing the AAVS5 capsid. We posit that
AAVS may serve as an alternative vector to AAV2 in the treatment of
Pde6b mutation.

Additionally, our findings indicate disparities in tissue specificity among
AAV2, AAV5, and AAVS8 in both mutation-naive rats and genetically
modified rats (Figure 1 and 2). We postulate that the retinal tropism
observed in Pde6b knockout rats may not directly correlate to that in
unaffected rats. Although less relevant, retinal tropism of AAV2,5,7 and 9
between normal mouse and diabetic mouse retina differs®!, and retinal
tropism of AAV5, AAV9 and AAV6 variant differed in Crb1 mutant rat and

control rat?

. Although this current study does not provide direct evidence,
it is plausible that the modified cellular response triggered by genetic
mutations could alter the interaction between AAV and host tissues.
Secondary to Pde6b mutation, reduction of functional enzyme may
overregulate extracellular Pde6b receptor and abnormal trafficking of
intracellular protein may change such interaction®®. In Pde6b knockout rats,

the progressive retinal degeneration depicted in Supplementary Figure 3

_10_



may disrupt the physiological and cellular barriers of the neuronal and glial
tissues of the outer retina due to anatomical loosening while preserving
ILM. Although we did not directly compare the fluorescence intensity
between Pde6b knockout rats and unaffected rats, we observed consistent
fluorescence intensity in the outer retina of Pde6b knockout rats following
subretinal injection, which was not observed after intravitreal injection. This
observation suggests that the dysmorphic outer retinal structures in the
Pde6b knockout rats may facilitate efficient AAV distribution in the outer
retina. Also, we carefully remark that AAV vectors tested in unaffected rats
may not be effective in genetically modified models. Further investigations
are warranted to validate this hypothesis and gain a deeper understanding
of the implications of our findings.

Our study is subject to a few limitations. Firstly, we only injected
adeno-associated viruses carrying the green fluorescent protein (AAV-GFP),
not those storing therapeutic genes. Given that various intricate factors,
such as tissue-specific promoters, immune responses, and transgenic
effects, contribute to the success of retinal gene therapy, successful retinal
transduction of AAV-GFP does not necessarily guarantee the success of
gene therapy. However, we propose that AAV5 may serve as an
alternative vector to AAV2. This suggestion could provide valuable insights
for researchers developing AAVs, potentially saving both time and money,
as preclinical trials on larger primates can be both costly and
time-consuming. Second, we only evaluated the retinal sections of Pde6b
knockout rats at P63. According to our previously published articles, the
Pde6b knockout rats demonstrate extensive degeneration of the outer
nuclear layer (ONL), and this degeneration continues to progress.
Consequently, by 16 weeks, the ONL is no longer present. This could
explain why the distribution and fluorescence of AAVS plateaued three
weeks post-injection (P42). The inherent characteristic of progressive retinal
degeneration in Pde6b knockout rats may alter the retinal tropism of AAV
vectors. Therefore, our study does not provide insights into gene
transfection efficiency in rats with advanced retinal degeneration. Third, we
did not perform electroretinogram or additional immunostaining other than

_‘l‘l_



DAPl.e.g. Ibal to quantify retinal inflammation®, which might offer some
clinical clues. Nevertheless, we concluded that our study design was
sufficiently suitable for selecting AAV vectors for further gene therapy.
Fourth, measuring the fluorescence intensity and distribution using FIJI can
be error-prone since it does not capture the whole retina but only a
portion of it. Additionally, the fact that degree of fluorescence of GFP does
not directly correlate with retinal tropism and the success of gene therapy
should be considered

Conclusion

In conclusion, our study provides important insights into the efficiency,
distribution, and safety of retinal transfection using AAV2,5 and 8 in Pde6b
knockout rats and control rats, despite certain limitations related to imaging
modalities. We identified AAV2 as demonstrating high retinal tropism
following intravitreal injection, while all AAV serotypes exhibited notable
retinal tropism, including in the PR and RPE, following subretinal injection.
Notably, the fluorescence intensity and distribution were higher for AAV5
as compared to AAV2 and AAV8. These findings underscore the potential
utility of AAV5 as an alternative vector for retinal gene therapy.
Additionally, no significant intraocular complications were observed,
reinforcing the safety profile of these AAV vectors. Nevertheless, it is
essential to consider the impact of factors such as tissue-specific
promoters, immune response, and transgenic effects on the success of
retinal gene therapy. Our results should inform future research and the
development of gene therapy strategies associated with Pde6b-associated
retinitis pigmentosa, potentially saving time and resources in preclinical
trials. Further studies are needed to validate our findings and explore their
implications in the context of advanced retinal degeneration and potential
differences in tissue specificity and immune response among different AAV
vectors.
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Figure 1. Immunohistochemical Staining of Pde6b Knockout Rats Following
Intravitreal and Subretinal Injection, representing highest retinal transduction
of AAVS after subretinal injection. Panels (A, E, I) depict DAPI and GFP
merged retinal sections following intravitreal injection, with each row
representing a different AAV serotype. Panels (B, F, J) show corresponding
GFP stained retinal sections. AAV2 successfully transfected both the inner
and outer retina, with fluorescence intensity significantly higher than that of
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AAV6 and AAV8 (M). Panels (C, G, K) similarly represent merged retinal
sections following subretinal injection. Panels (D, H, L) illustrate
GFP-stained retinal sections. AAV2, 5, and 8 successfully transfected all
retinal layers, with AAV5 exhibiting the highest fluorescence intensity in the
outer nuclear layer and photoreceptor layer (N).
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Figure 2. Retinal Tropism Following Intravitreal or Subretinal Injection of
eGFP-AAV2, 5, and 8 in Sprague-Dawley Rats. Intravitreal injection groups
were evaluated at 8 weeks post-injection, while subretinal injection groups
were evaluated at 4 weeks post-injection. Panels (A, E, 1) depict in vivo
fluorescence fundus images taken 8 weeks after intravitreal injection, with
AAV2 (A) demonstrating the highest fluorescence intensity. Panels (B, F, J)
represent immunohistochemistry (IHC) with x200 magnification
corresponding to the fundus images. AAV2 (B) successfully transduced
retinal ganglion cells (RGCs), the inner nuclear layer (INL), and the outer
nuclear layer (ONL), while fluorescence was minimal with AAV5 (F) and
AAVS8 (J). Panels (C, G, K) depict fundus images taken 4 weeks after
subretinal injection. All AAV serotypes exhibited stronger fluorescence
intensity compared to intravitreal injection, with AAVS5 (G) showing the
highest fluorescence intensity and distribution. Panels (D, H, L) represent
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IHC, with all AAV serotypes successfully transducing all retinal layers.
AAV5 (H) demonstrated strong fluorescence in the photoreceptor layer and
retinal pigment epithelium (RPE).
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Figure 3. Retinal Tropism in Pde6b Knockout Rats Following Intravitreal
and Subretinal Injection. Panels (A, B) depict in vivo fluorescence fundus
images, with rows representing AAV serotypes and columns representing
weeks post eGFP-AAV injection. Panel (C) presents total fluorescence
intensity after intravitreal injection, while panel (D) represents total
fluorescence intensity following subretinal injection. rAAV2 demonstrates the
highest retinal transduction distribution via intravitreal injection (refer to
panel A, top row; and panel C). AAV serotypes 2, 5, and 8 successfully
transduced the retina, whereas AAV5 exhibited the highest fluorescence

_2‘|_



intensity over time (refer to panel D) and the broadest distribution (refer to
panel B).
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Supplementary Figure 1. Retinal Tropism in Sprague-Dawley Rats Injected
Intravitreally with AAV2-eGFP. (A) Fundus Photography; (B) Optical
Coherence Tomography (OCT) of the area corresponding to the red arrow

in panel A; (C) In Vivo Fluorescence Fundus Photography displaying green
fluorescing cells, indicative of GFP transduction; (D, E, F) Immunostaining
with DAPI and GFP after whole mount preparation, depicted at 100x
magnification at 8 weeks post-injection. These images highlight perivascular
enhancement and GFP(+) retinal nuclei; (G, H, 1) Additional
Immunostaining images provided at 200x magnification.

_23_



Supplementary Figure 2. Two cases of coreal opacities after intravitreal
injection of AAV5-GFP in Sprauge-Dawley rats.

_24_



RGGC

INL/ONL

RPE

Supplementary Figure 3. Anatomical Differences in the Retina Between
Pde6b Knockout Rats and Sprague-Dawley Rats. Panels (A, C, G, I)
depict fundus photography of Pde6b knockout rats at ages P21, P42, P63,
and Sprague-Dawley rats at P63, respectively. These images highlight
progressive retinal depigmentation and arteriolar attenuation when
compared to the control (I). Panels (B, D, H, J) correspond to optical
coherence tomography of the same rats as in (A, C, G, 1), respectively,
indicating a progressive decrease in retinal thickness. The scale bar
represents 100um. Panel (E) presents a DAPI-stained retinal section with
x200 magnification from a P63 Pde6b knockout rat, demonstrating atrophy
of the outer retinal layer, which obscures the distinction between the inner
nuclear layer(INL) and the outer nuclear layer(ONL). Panel (F) shows a
DAPI-stained retinal section from a P63 Sprague-Dawley rat, exhibiting a
clearly distinguishable retinal structure.
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