
OCULAR BIODISTRIBUTION OF AAVHSCS ACROSS SPECIES AND ROUTES OF ADMINISTRATION
Sarin S, Avila N, Lotterhand J, Silk L, Kivaa M, Smith L, Rubin H, Ellsworth JL, Francone O, Seymour A and Gingras J

Homology Medicines, Inc., Bedford, MA.

Purpose
► Gene therapy has emerged as a viable strategy for the treatment of inherited retinal diseases.

► Advantages of AAVs. Adeno-associated viruses (AAVs) show promise as delivery vehicles for gene 
therapy due to their stable transgene expression in post-mitotic cells, low risk of insertional mutagenesis 
and diminished immune response. 

► Novel Clade F AAVs. We have reported the discovery of 15 novel naturally-occurring AAVs derived 
from human hematopoietic stem cells (HSCs). These AAVHSCs are Clade F members. AAVHSCs are 
capable of inducing gene therapy or nuclease-free, homologous recombination-based gene editing.

► Previous studies. We have previously described the biodistribution of three AAVHSCs in the central 
nervous system of male cynomolgus macaques following a single intravenous (I.V.) dose.

► This study. Here, using a subset of AAVHSCs, we extend the previous study to the retinas of three 
mammalian species (mice, minipigs and macaques) and human explants to demonstrate the feasibility 
of using AAVHSCs to target cell types frequently affected in inherited retinal diseases - photoreceptors, 
retinal pigment epithelial cells and trabecular meshwork cells.

Methods
AAV Vectors
AAVHSCs and AAV2-7m8 packaging a self-complementary (sc) eGFP transgene preceded by a CBA-      
promoter or a single-stranded eGFP transgene preceding a CMV promoter were prepared by triple        
transfection in HEK293 cells and purified through two rounds of ultracentrifugation in CsCl density gradients. 
Vector titer was quantified by a qPCR and ddPCR assay. AAVHSC17 used in minipig experiments was     
produced by SABTech.

Non-human primate (NHP) studies
Animals: Two male (4-5 month old) cynomolgus macaques (Macaca fasicularis) were used per group.     
Animals were not prescreened for anti-AAV nAbs and were housed at Charles River Laboratories (Montreal, 
CA). AAV dosing route: Single Subretinal (SR) AAVHSC15 (gene transfer) dose = 1e12 vgs in 100uLs. 
Tissue processing on Day 29 post-dosing: All animals were exsanguinated following I.V. injection of 
sodium pentobarbital. The right eye was fixed in 4% PFA/PBS then transferred to PBS with 0.05% sodium 
azide and stored at 4°C. 25 μm retinal cyrosections were collected and mounted in VECTASHIELD Antifade 
with DAPI.

Mini-pig studies
Animals: 3 male Gottingen minipigs (1 for formulation control, 2 for AAVHSC17 transduction) were used. 
AAV dosing route: Single subretinal injection in each eye. Tissue processing on Day 28 post-dosing: 
Animals were euthanized and partial-body perfused with saline followed by 4% PFA in PBS, pH 7.4.  eGFP 
IHC performed on 40um frozen sections. HRP-conjugated 2º antibodies and diaminobenzidine used for GFP 
detection.

Mouse studies
Animals: C57Bl6/J male mice from Jackson Labs were used in this study. AAV dosing route: Between 5 
and 10 C57Bl6/J mice (2 month old) injected for each dosing route per capsid. Tissue processing on Day 
28 post-dosing: Animals were euthanized and eyes were collected and dropfixed in ice cold 4% PFA/PBS 
for 1 hour. Immunofluorescence (IF) performed on 20µm cryosections. Antibodies used for cell-type capsid        
selectivity analysis: RPE (Rpe-65), Retinal ganglion (RGC; RBPMS), Trabecular Meshwork (alpha smooth 
muscle actin).

Human explant studies
Donor: 49-year-old Caucasian male donor eye was procured by Lions Eye Institute for Transplant &         
Research (LEITR) (Tampa, FL) with donor consent and in accordance with the Eye Bank Association of      
America medical standards, U.S./Florida law of human tissue donation and FDA regulation. AAV dosing 
route: 24 retinal explants received a single sub-explant dose (4e11 vgs in 10uLs) of AAVHSC15. Tissue   
processing on Days 14 and 28 post-dosing: Explants were collected at 1 of 2 timepoints and fixed in 4% 
paraformaldehyde/ PBS fixative for cryosectioning and eGFP IF. Histology: Explant tissue was                
cryosectioned at 25um and stained with the following antibodies; Recoverin (Sigma, AB5585), Rhodopsin 
(Millipore, MAB5356), Chx10 (Abcam, ab16141), RBPMS (Abcam, ab194213). 

B. AAVHSC17 dosed subretinally in mini-pig targets photoreceptors and RPEs
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C. AAVHSC15 dosed subretinally in NHP targets photoreceptors and RPEs
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Figure IC. AAVHSC15 dosed subretinally in NHP targets photoreceptor and RPE cells. (Left panel) 28 days following a single SR dose of 
AAVHSC15, native eGFP fluorescence was detectable in vivo with SD-OCT. (Right panel) Native eGFP was widely detectable in        
photoreceptors and RPE cells in NHP retinal sections four weeks post-dose. Scale bar = 50 μm.
RPE: retinal pigment epithelium; PR: photoreceptor inner and outer segements; ONL: outer nuclear layer; OPL: outer plexiform layer; 
INL: inner nuclear layer; IPL: inner plexiform layer; GCL: ganglion cell layer.

I. Subretinal Dose: AAVHSCs target key cell types of 
therapeutic interest
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A. Biodistribution of AAVHSCs in murine retina following subretinal injection

Results
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IV. Suprachoroidal dose: AAVHSCs cross the murine 
blood-retina barrier & transduce photoreceptors and RPE

II. Intravitreal dose: AAVHSCs target retina and RPE
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B. Cell-type specific marker confirms transduction of RGCs in IVIT-dosed 
AAVHSC1 retinas
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C. Cell-type specific marker confirms transduction of RPE in IVIT-dosed 
AAVHSC9 retinas
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A. Biodistribution of AAVHSCs in murine retina following intravitreal injection
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Cell-type specific marker confirms transduction of RPE in SR-dosed AAVHSC17 retinas

III. Single-stranded AAVHSCs target the murine     
trabecular meshwork by 2 routes of administration 
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V. AAVHSC15 transduces human photoreceptors ex vivo 

Figure V*. AAVHSC15 transduces human retina ex vivo. (Right panel) Native eGFP fluorescence was observed in human retinal explants 14 and 28 days following ex vivo administra-
tion of AAVHSC15. (Left panel) Native eGFP was expressed throughout the layers of 28d explants and colocalized with multiple retinal cell type markers. Scale bars: top = 200 μm, 
bottom = 20 μm. ONL: outer nuclear layer; OPL: outer plexiform layer; INL: inner nuclear layer; IPL: inner plexiform layer; GCL: ganglion cell layer.

Conclusions
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Figure III. Single-stranded AAVHSCs target trabecular mesh-
work (TM) cells. 28 days following a single dose of AAVHSC, 
eGFP fluorescence was detectable in murine anterior segments, 
overlapping with a marker for TM cells following either an          
intravitreal (Left panel) or intracameral (Right panel) injection.

AAVHSC-b Vector Genomes from Murine Retina (Suprachoroidal)

Figure IV. AAVHSCs cross the murine blood retina barrier. (Left panel) 28 days         
following a single suprachoroidal dose of AAVHSC, eGFP fluorescence was detectable 
in murine choroid, RPE and retina. Subretinal panels shown for comparison. (Right 
Panel) Vector genomes, assayed by ddPCR, were detected in retinal tissue from    
several AAVHSC-dosed mice. 
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Figure IA. Subretinally delivered AAVHSCs transduce several cell types including photoreceptors, and RPE. 28 days following a 
single dose of AAVHSC, eGFP fluorescence was detectable in murine retina (upper panel). Transduction of specific cell types was 
assayed using selectively expressed markers such as RPE-65 for RPE cells (lower panel).
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► AAVHSC tropism for specific ocular cells allows precise capsid selection for intended disease-dependent gene 
therapy application.
  Posterior eye: Photoreceptors & RPE cells transduced by subretinal, intravitreal or suprachoroidal dosing
  Anterior eye: Trabecular meshwork cells transduced by single-stranded AAVHSCs, rare among AAV serotypes 

► Translatability of AAVHSC capsid tropism demonstrated across several species including human retinal         
explants.

► AAVHSCs target a diverse array of cell types, offering versatility in targeted gene therapy. 

► AAVHSCs offer genetic access to cells of therapeutic interest in the eye by established (subretinal) and        
preferred (intravitreal) dosing routes, and thus have potential to treat several ocular diseases.

*Modified from Sarin et al, ARVO 2021


