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ABSTRACT
AGTC is developing a recombinant adeno-associated virus (rAAV) vector AGTC-501, also
designated AAV2tYF-GRK1-RPGRco, to treat retinitis pigmentosa (RP) in patients with
mutations in the retinitis pigmentosa GTPase regulator (RPGR) gene. The vector contains a
codon-optimized human RPGR cDNA (RPGRco) driven by a photoreceptor-specific
promoter (G protein–coupled receptor kinase 1, GRK1) and is packaged in an AAV2 capsid
with three surface tyrosine residues changed to phenylalanine (AAV2tYF). We conducted a
safety and potency study of this vector administered by subretinal injection in the
naturally occurring RPGR-deficient Rd9 mouse model. Sixty Rd9 mice (20 per group)
received subretinal injection in the right eye of vehicle (control) or AAV2tYF-GRK1-RPGRco
at one of two dose levels (4 × 108 or 4 × 109 vg/eye) and were followed for 12 weeks after
injection. Vector injections were well tolerated with no systemic toxicity. There was a
trend towards reduced ERG b-wave amplitudes in the high vector dose group that was not
statistically significant. There were no clinically important changes in hematology or clinical
chemistry parameters and no vector-related ocular changes in-life or by histological
examination. Dose-dependent RPGR protein expression, mainly in the inner segment of
photoreceptors and the adjacent connecting cilium region, was observed in all vectortreated eyes examined. Sequence integrity of the codon-optimized RPGR was confirmed
by sequencing of PCR-amplified DNA, or cDNA reverse transcribed from total RNA,
extracted from vector-treated retinal tissues, and by sequencing of RPGR protein obtained
from transfected HEK 293 cells. These results support the use of rAAV2tYF-GRK1-RPGRco
in clinical studies in patients with XLRP caused by RPGR mutations.
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X-linked retinitis pigmentosa (XLRP) accounts for approximately 10% of all RP cases (range
1.5% to 17%), and approximately 80% of XLRP cases are caused by mutations in the
retinitis pigmentosa GTPase regulator (RPGR) gene.1-3 Analysis of disease progression in
patients with XLRP caused by RPGR gene mutations shows a steady deterioration of visual
field extent, development of night blindness, reduced electroretinography (ERG) function
at early ages, progressive loss of ERG amplitudes with aging and decline in visual acuity.4-6
A study of 113 males with RPGR mutations reported the mean annual exponential rate of
decline was 4.0% for visual acuity, 4.7% for visual field area and 7.1% for ERG amplitude,
and the median age at which patients reached legally blind status, based on loss of acuity
and/or visual field, was 45 years.6
There are multiple alternatively spliced transcripts of the RPGR gene, two of which
have been extensively studied. The constitutive transcript, RPGR1-19, is widely expressed in
many cell types, including in the retina7. An alternatively spliced transcript containing
exons 1 to 15 and a large part of intron 15, RPGR-ORF15, most abundant in the retina in all
species examined 8, is localized in the connecting cilia of rod and cone photoreceptors.
Some RPGR-ORF15 can also be detected in the outer and inner segments.9,10 The highly
repetitive purine-rich ORF15 region encodes glutamate and glycine repeats and is a
mutation hotspot, accounting for up to 80% of all reported RPGR mutations.8,11 The
physiological role of the RPGR-ORF15 protein is not fully elucidated, although it is likely
involved in regulating transport through the photoreceptor cilium.3,12,13 Proof of concept
studies in XLRP mouse and dog models have shown that subretinal delivery of
recombinant adeno-associated virus (rAAV) vectors expressing a RPGR-ORF15 transgene
can maintain photoreceptor structure and function.14-16
To treat patients with retinitis pigmentosa caused by mutations in RPGR, AGTC is
developing a rAAV viral vector (AAV2tYF-GRK1-RPGRco, or AGTC-501), which is an AAV2
capsid with three tyrosine to phenylalanine mutations on the capsid surface and contains a
codon-optimized human RPGR-ORF15 gene driven by photoreceptor-specific promoter (G
protein–coupled receptor kinase 1, GRK1). As part of our efforts to develop this vector for
use in patients, we conducted a study in the naturally occurring RPGR-deficient Rd9 mouse
model to evaluate vector safety by standard GLP-compliant toxicology methods, vector
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vector stability by DNA, RNA and protein sequence in retinal tissues or transfected cells.

RESULTS AND DISCUSSION
Objective and Study design
The study was designed to evaluate the safety and pharmacology of rAAV2tYF-GRK1RPGRco administered by subretinal injection in RPGR-deficient Rd9 mice, a naturallyoccurring model of XLRP caused by mutations in RPGR-ORF15. The retinal phenotype of
Rd9 mice is relatively mild when compared to that of RPGR-XLRP patients, yet it shares
important features with the human disease, including similar retinal pathology and
reduction of ERG function at an early age.17 All procedures in the protocol were in
compliance with applicable animal welfare acts and were approved by the local
Institutional Animal Care and Use Committee (IACUC).
Sixty Rd9 mice, including hemizygous males and homozygous females, 6-8 weeks of
age, in three groups of 20 animals each, were used in the study (Table 1). Animals in Group
1 received a subretinal injection in the right eye of vehicle control (Alcon balanced salt
solution [BSS] with 0.014% Tween 20). Animals in Group 2 and Group 3 received a
subretinal injection of vector in the right eye at 4 × 108 vector genomes (vg)/eye (low dose)
or 4 × 109 vg/eye (high dose). All contralateral left eyes remained untreated. Dose analysis
of residual formulated vector confirmed the vector concentration in this study was
consistent with planned dose levels. Half of the study animals were euthanized at Week 4
and the remaining animals at Week 12.
The primary safety endpoint of this study was the histopathology examination of
tissues. Clinical observations, including body weights, ocular exams, assessments of
hematology, clinical chemistry parameters and ERGs, were also performed. Additional
evaluation included immunohistochemical staining for RPGR, measurement of serum
antibodies to RPGR in specimens collected at euthanasia, and the sequence integrity of the
codon-optimized RPGR at both the mRNA and protein level.
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Ophthalmic examination
A summary of the ophthalmic findings for each group is presented in Supplementary Table
1. No vector-related ophthalmic findings were observed at Weeks 4 or 12. All abnormal
findings were considered procedure-related or background findings.
At both the Week 4 and Week 12 time points, procedure-related microscopic findings
were characterized by the presence of pigmented cells in the subretinal space and within
the photoreceptor cell layer, and/or the degeneration of photoreceptor and inner and/or
outer nuclear layer (thinning or absence of these layers). In addition, swollen lens fibers
and/or lens fibrosis were present in a few animals (Week 4: vehicle 1 of 10, high dose 2 of
10; Week 12: vehicle 1 of 10, low dose 1 of 10). The findings were present across all
groups, including vehicle controls, and/or the findings lacked a dose response, and were
therefore considered to be subretinal injection procedure-related instead of vectorrelated.
ERG
ERG responses were measured prior to sacrifice at 4 or 12 weeks after vector
administration under dark-adapted (scotopic) conditions with stimulus intensities of 0.025,
0.25 and 2.5 cd-s/m2 and then under light-adapted (photopic) conditions with stimulus
intensities of 1.25, 5, 10 and 25 cd-s/m2. It has been reported that at scotopic condition,
the dimmer flashes generate an ERG b-wave driven by rod postreceptoral activity, whereas
the brighter flash produces an a-wave dominated by rod photoreceptor activity and a bwave that is driven by both rod and cone postreceptoral neurons 18. For scotopic ERG, we
plotted b-wave amplitudes at all three light intensities and a-wave amplitudes at 2.5 cds/m2. There was a trend toward ERG amplitude reduction (both a-wave and b-wave) in
animals administered with the higher vector dose. There was a large animal-to-animal
variation, however, no statistically significant differences between the treated and
untreated eyes were found (p>0.05) (Figure 1). It has been reported that administration of
a rAAV-RPGR vector at high doses can cause photoreceptor degeneration15,19, and the
possibility of toxicity from the high dose of the AAV2tYF-GRK1-RPGRco vector will be
considered during the design of clinical studies.
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vehicle control, 1 low dose and 3 high dose injected eyes) that showed a near to flat ERG
under scotopic and photopic conditions. The near to total loss of ERG signal in these
animals was considered likely related to injection-related damage.
Because of the expected slow progression of retinal degeneration in Rd9 mice, there
was no obvious therapeutic effect on ERG responses at 3 months after vector
administration. This is consistent with published results obtained in RPGR-KO mice that
demonstrated no obvious therapeutic effect at 4 months after vector treatment and only a
slightly better ERG response in the AAV-GRK1-hRPGR vector-treated eyes at 12 months
after treatment.15,17 In our study, the average b-wave amplitudes of the non-injected eyes
were reduced in animals sacrificed at Week 12 compared to animals sacrificed at Week 4,
by 28.95 ± 9.39% with the scotopic low intensity stimulus and 23.95 ± 11.24% with the
photopic high intensity stimulus (Supplementary Figure 1). Because there was large
animal-to-animal variability, however, the differences between Week 4 and Week 12 were
not statistically significant.
In a previous study conducted in a more rapidly progressive animal model of XLRP
(XLPRA2 dogs), we demonstrated that subretinal injection of rAAV2tYF-GRK1-RPGR was
effective in reducing retinal degeneration and providing functional rescue of ERG scotopic
and photopic responses.20
Hematology and clinical chemistry
No vector-related changes in hematology or clinical chemistry parameters were seen.
Minimal changes in hematology parameters of red blood cell count, hemoglobin
concentration, hematocrit, and monocyte, lymphocyte, and neutrophil counts as
compared to the range of the concurrent vehicle controls were identified in individual
animals in the low dose group but not in the high dose group. These minimal changes were
considered consistent with individual animal variability and unrelated to administration of
vector. Minimal to slight increases in the activities of aspartate aminotransferase (AST)
and/or alanine aminotransferase (ALT), as compared with the range of concurrent vehicle
controls, in individual males in either the low dose or high dose group and individual
females in the low dose group, were considered not vector-related due to the marked
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increases were most likely artifacts of handling rather than effects of the test article21.
Post-mortem findings
No vector-related changes in absolute or relative organ weight parameters and no vectorrelated macroscopic findings were observed at either Week 4 or Week 12.
Ocular Histopathology
No vector-related histopathology findings were observed at Weeks 4 or Week 12. All
findings were considered to be procedure related or incidental findings.
The subretinal injection site was observed microscopically in the injected eye of 53%
and 59% of animals at the Week 4 and Week 12 sacrifice time points, respectively
(Supplementary Tables 2 and 3). The most common abnormal retinal findings in the
injected eyes were the presence of pigmented cells in the subretinal space and within the
photoreceptor cell layer in about half of animals at Week 4 and Week 12, and
degeneration of photoreceptor and inner and/or outer nuclear layer (thinning or absence
of these layers) in about one-third of animals at Week 4 and one-half of animals at Week
12. In addition, swollen lens fibers and/or lens fibrosis were present in <10% of injected
eyes. Because each of these findings were present in all groups, including the vehicle
control group, and lacked a dose response relationship, they were considered related to
the subretinal injection procedure and not related to the test article.
RPGR expression
Vector-induced RPGR expression occurred in a time- and dose-dependent manner. At
Week 4, slight immunolabeling was observed in the retinas of animals in the low dose
group and moderate staining was observed in the retinas of animals in the high dose
group. At Week 12, slight to marked RPGR immunolabeling in the retinas of animals in the
low dose group and marked RPGR expression was observed in the retinas of animals in the
high dose group (Supplementary Table 4).
Although the function of RPGR-ORF15 in the retina is not fully understood, studies
suggest that RPGR-ORF15 may act as a ciliary gate, or participate in cargo trafficking and
sorting in the transition zone of photoreceptor cells.3 To function correctly, RPGR-ORF15
must be localized at the correct subcellular compartment, predominantly in the connecting
cilium of human and mouse photoreceptors. Detectable RPGR-ORF15 can also be found in
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immunolabeling of vector-expressed RPGR mainly in the inner segment (IS) of
photoreceptors (Figure 2, panels B & C) and adjacent connecting cilium (CC) region of the
retina (Figure 2, panel D). Substantial RPGR labeling in the outer nuclear layer and outer
plexiform was also detected in eyes of animals in the high dose group (Figure 2, panel B).
No RPGR protein labeling was detected in the vehicle control-treated eyes (Figure 2, panel
A), which is consistent with a previous report.17
Antibodies to vector-expressed RPGR protein
Sera collected at the Week 4 and Week 12 sacrifice time points from all animals were
tested for antibodies to human RPGR protein by ELISA, and all samples tested were
negative.
Stability of RPGRco cDNA and mRNA
Due to the highly repetitive nucleotide sequence composition of the RPGR-ORF15 region,
unusually high rates of mutation and complex splicing patterns have been extensively
reported.1,19,22 To overcome this challenge for developing a rAAV vector, the 3,459-bp
coding sequence of RPGR-ORF15 was codon optimized based on human codon usage and
further modified to reduce tandem repeats, increase the frequency of human codon usage
and adjust G/C content to prolong mRNA half-life, as described in our previous
publication.22 We previously verified the stability and fidelity of the RPGRco cDNA
sequence by DNA sequencing at multiple steps including the large-scale AAV production.22
In the current study, we further confirmed the sequence integrity of the codon-optimized
RPGR cDNA and mRNA by sequencing PCR-amplified DNA, or cDNA reverse transcribed
from total mRNA extracted from HEK 293 cells (in vitro) and retinal tissue from animals (in
vivo) treated with rAAV2tYF-GRK1-RPGRco respectively. The assembled overlapping
sequences were 100% identical to the reference human RPGRco sequence (Supplementary
Figure 2)
Fidelity of vector-expressed RPGR protein
Fidelity of vector-expressed RPGR-ORF15 protein was evaluated by immunoblot analysis of
protein extracted from plasmid-transfected HEK 293 cells and retinal tissue from animals
administered rAAV2tYF-GRK1-RPGRco by subretinal injection. Full-length RPGR-ORF15 has
1,152 amino acids with a predicted relative molecular mass (Mr) of 127 kDa3. However, the
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apparent Mr of approximately 200 kDa14 for RPGR-immunoreactive band expressed in
plasmid-transfected HEK 293 cells and vector-treated Rd9 mouse retina (Figure 3A, arrow
heads). We also observed an RPGR-immunoreactive band at approximately 140 kDa
(Figure 3A, asterisk).
To confirm that codon-optimized RPGR-ORF15 cDNA did not result in changes to the
amino acid sequence, immunoprecipitated RPGR-ORF15 protein from HEK293 cells
transfected with AAV plasmid pTR-CB-RPGRco was separated by SDS-PAGE (Figure 3B), and
the protein bands were excised and subjected to enzymatic cleavage for subsequent
peptide sequence analysis by LC-MS/MS. Using this methodology, 76% of human RPGRORF15 protein sequence was confirmed to be 100% identical to the reference sequence,
including the C-terminal sequence (Figure 3C). For the other 24% of the protein, the
special arrangement of limited proteolytic sites in the highly repetitive glutamate-glycine
C-terminal region resulted in either too large or too small peptide fragments to be
detected by LC-MS/MS. Endoproteinase Glu-C partial digestion was also attempted to
produce appropriately sized oligopeptides through partial digestion. Due to the highly
repetitive glutamate-glycine sequence of RPGR-ORF15, however, it was impossible to
determine their precise localizations even when some fragments were identified.
In addition to the full-length RPGR-ORF15, western blot detected a shorter and weaker
RPGR band (~140 kDa) in Rd9 retinas injected with AAV-RPGRco (Figure 3, arrow head).
After immunoprecipitation and proteomic analysis by LC-MS/MS, the shorter band was
determined to contain RPGR exons 1-14 and the C-terminal end of ORF15
(LKNGPSGSKKFWNNVLPHYLELK) (68% coverage, data not shown), indicating an in-frame
deletion in ORF15. The 140 kDa protein is one of the multiple RPGR-ORF15 protein
isoforms detected in human retina7. Apparently, a protein band of the similar size to the
140 kDa protein was also detected by immunoblot in the lysates of HEK293 cells
transfected with codon optimized or wild-type RPGR-ORF15 plasmid23. The details of how
this isoform is generated are not clear currently due to the lack of the complete amino acid
sequence information. However, in-frame deletions or insertions in RPGR-ORF15 that
retain the C-terminal end have been reported to be well tolerated,14 and we speculate that
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vector may be functional. PTED
Glutamylation of vector-expressed RPGR protein
Glutamylation, a novel post-translational modification of proteins, was initially observed
on structural proteins such as α- and β-tubulins24,25. RPGR-ORF15 was recently identified as
a substrate for glutamylation and was shown to be important for its function26. We used
GT-335, a monoclonal antibody specific for glutamylation, to demonstrate that AAVRPGRco vector-expressed RPGR-ORF15 was glutamylated in vivo. Western blot analysis of
retinal tissue from Rd9 mice demonstrated the expected 50 kDa GT335-reactive tubulin
band (Figure 4, left). Subretinal administration of rAAV2tYF-GRK1-RPGRco led to the
detection of additional GT335-reactive bands that co-migrated with RPGR-ORF15 immune
reactive bands (Figure 4, right), suggesting that vector-expressed RPGR-ORF15, both full
length (~200 kDa) and truncated (~140 kDa), can be glutamylated.
Interaction of vector-expressed RPGR and RPGR-interacting protein 1 (RPGRIP1)
RPGRIP1 is one of the well-known proteins that binds to RPGR through the C-terminal
RPGR-interacting domain.3 Moreover, the co-localization of RPGR and RPGRIP1 in the
connecting cilia of photoreceptors also suggests the importance of their interaction in
maintaining proper RPGR function. It has been reported that RPGR mutations impair the
interaction between RPGR and RPGRIP1 in vivo,27 and this interaction is considered to be
required for normal RPGR function in photoreceptor cells. We assessed the interaction of
vector-expressed RPGR-ORF15 and RPGRIP1 in HEK 293 cells transfected with the
respective expression constructs, pTR-SmCBA-RPGRco and/or pCMV-RPGRIP1-Flag (a Cterminal Flag-tagged RPGRIP1 plasmid). Co-immunoprecipitation of whole lysates of
transfected HEK293 cells demonstrated that full length RPGR interacts with RPGRIP1 as
expected (Figure 5). Since the polyclonal anti-RPGR antibody that we used for Western
blots can also weakly interact with RPGRIP1 nonspecifically when used in coimmunoprecipitation experiments, we then switched to a new anti-RPGR antibody which is
monoclonal and specifically binds to RPGR only. This new antibody, however, could not
efficiently pull down the short band of RPGR (~140kDa) in co-immunoprecipitation, thus
we could not conclude whether the short species can also bind to RPGRIP1.
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The objectives of this study were to evaluate in a naturally occurring mouse model of
XLRP, the safety and pharmacology of a viral vector designed to treat XLRP patients by
gene augmentation therapy. The viral vector used in this study, designated AGTC-501 or
rAAV2tYF-GRK1-RPGRco, contains a codon-optimized human RPGR-ORF15 cDNA driven by
a photoreceptor-specific GRK1 promoter, packaged in an AAV2tYF capsid, and
manufactured using a herpes simplex virus (HSV)-based AAV production system.
Subretinal injection of AAV2tYF-GRK1-RPGRco at two dose levels (4 × 108 and 4 × 109
vg/eye) in RPGR-deficient Rd9 mice was well tolerated with no vector-related findings in
ophthalmic exams, clinical pathology, or gross and microscopic pathology. There was a
trend towards reduced ERG b-wave amplitudes in the high vector dose group that was not
statistically significant. RPGR protein, mainly in the connecting cilia region and the inner
segment of photoreceptors, was detected by immunolabeling in a dose-dependent
manner in all vector-treated eyes examined. In addition, we confirmed the integrity of the
RPGR-ORF15 sequence at both the mRNA and protein level and demonstrated the vectorexpressed RPGR-ORF15 was glutamylated and appropriately interacted with RPGRIP1.
These results support the use of rAAV2tYF-GRK1-RPGRco in clinical studies in patients
with XLRP caused by RPGR mutations.

MATERIAL AND METHODS
AAV vector design and production
Details of the design of the RPGRco cDNA and the rAAV2tYF-GRK1-RPGRco vector were
described in a previous publication.22 The RPGRco cDNA was codon optimized based on
the human codon-usage frequency to increase the Codon Adaptation Index (CAI) from 0.73
to 0.87 and the Frequency of Optimized Codons (FOP) from 32% to 57%. In addition, the
unstable composition of the purine-rich repetitive sequence in the ORF15 region of the
RPGR gene was modified by increasing the GC content from 47.3% to 56.1% and
decreasing the maximum repeat size from 50 bp to 17 bp. These changes are predicted to
reduce the alternative splicing frequency, prolong the mRNA half-life and stabilize the
gene. The redesigned RPGRco encodes a full-length human RPGR protein and the 1152
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35229.1.
The vector used in this study was produced using a recombinant HSV complementation
system in suspension-cultured baby hamster kidney (sBHK) cells, as previously described.14
The vehicle was the balanced salt solution (BSS, Alcon, Fort Worth, TX) containing 0.014%
Tween-20.
Vector characterization
Vector concentration (vector genomes [vg]/ml), purity (silver-stained sodium dodecyl
sulfate–polyacrylamide gel electrophoresis [SDS–PAGE] analysis), infectivity (tissue culture
50% infectious dose [TCID50]), sterility, concentrations of endotoxin and HSV protein were
measured as previously described.28 Testing for mycoplasma, bacteria, and fungi was
performed according to standard microbiological methods. Vector identity was confirmed
by DNA sequencing and pH measurement of the vector product was by standard
laboratory methods. Results are provided in Supplementary Table 5. Concentrations of
BHK protein, bovine serum albumin, Benzonase, and AVB ligand were measured in drug
substance by ELISA, using commercially available kits and HSV and BHK DNA were
measured by quantitative PCR (qPCR) (data not shown).
Vector administration
Subretinal injections were performed in anesthetized animals as previously described.29
Briefly, under direct visualization of a surgical microscope, an incision was made in the
cornea using a 30-gauge MVR blade, and a 33-gauge blunt-tipped needle was inserted
through the corneal incision toward the back of the eye while avoiding the lens and
penetrating the neuroretina to reach the subretinal space. One microliter (1 μL) of vector
suspension or vehicle, each containing 0.1% fluorescein to allow confirmation of the
injection location, was slowly injected subretinally while the retina was visualized to
confirm successful dosing. If reflux of greater than 25% of the dosing volume occurred, as
determined by the surgeon occurred, the animal was excluded from the study and
replaced. Residual dosing formulations were frozen for later testing by qPCR to confirm
the concentration of vector administered.
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Masked ocular observations by the surgeon were made to evaluate complications from the
injection procedure or bleeding within the first week and masked results were provided to
the Sponsor. After Sponsor’s review of the masked findings, extra animals were removed
from the study by Day 7.
Animals were observed daily for mortality and signs of illness. Body weights of each
animal were obtained on the day of dosing, weekly thereafter, and on the day of
scheduled sacrifice. Ophthalmic examinations, used to evaluate the eyes for signs of
toxicity by slit lamp biomicroscopy and indirect ophthalmoscopy, were conducted during
the week prior to scheduled sacrifice by a licensed veterinary ophthalmologist who was
blinded to dose group. Abnormalities were described using standard terminology.
ERG
Scotopic and photopic ERG tests were performed on both eyes. Animals were darkadapted overnight (at least 10 hours) before scotopic tests, which were performed with
increasing light intensities of 25, 250, and 2500 mcds/m2. Ten responses at each intensity
were recorded and averaged. Following scotopic measurement, the mice were light
adapted for 5 minutes to a white background light of 30 cds/m2. Photopic cone recordings
were performed with increasing flash intensities at 1.25, 5, 10, 25 cds/m2 in the presence
of 30 cds/m2 background light. Fifty responses at each intensity were recorded and
averaged.
Clinical chemistry, histopathology and immunohistochemistry
At sacrifice, blood for hematology (hemoglobin, hematocrit, neutrophils, lymphocytes,
monocytes, eosinophils, basophils, red cell count, platelet count, and white cell count) and
clinical chemistry (ALT, AST, blood urea nitrogen, total protein, alkaline phosphatase and
albumin: globulin ratio), and serum for immunogenicity analysis (measurement of
antibodies) were obtained. A complete external and internal examination was performed
on all animals, including body orifices and cranial, thoracic, and abdominal organs and
tissues. Brain, heart, liver, kidneys, spleen, thymus, lungs (with large bronchi), adrenals,
and testes/ovaries were weighed. Sections of the following tissues were stained with
hematoxylin and eosin and examined histologically: injected and uninjected eye with optic
nerve, brain, liver, spleen, heart, lung, kidneys, parotid glands, testes/ovaries, and gross
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cecum, colon, diaphragm, duodenum, epididymis, esophagus, femur with bone marrow,
gallbladder, ileum, jejunum, lymph node, pancreas, sciatic nerve, pituitary, prostate,
skeletal muscle, skin, stomach, thymus, thyroid/parathyroid gland, urinary bladder. Nonocular histology would be performed based on gross findings.
All gross findings from different organs were recorded in descriptive terms including
locations(s), size, shape, color, consistency, and number. All eyes were collected into
modified Davidson’s solution and transferred to 10% neutral buffered formalin and
processed for histopathology examination (hematoxylin and eosin staining). Sections of
injected and uninjected eyes of 4 animals per group per termination time-point were also
prepared for RPGR immunohistochemical staining to document expression and subcellular
localization of RPGR. Slides from vector-injected groups were evaluated in a masked
fashion. Slides from vehicle control eyes were identified as such during slide reading.
Detection of antibodies to RPGR
Antibodies to RPGR in serum were evaluated by ELISA. Briefly, microtiter plates were
coated with a truncated human RPGR protein consisting of N-terminal 399 amino acids
and C-terminal 98 amino acids (Genscript Biotech, Piscataway, NJ) or mouse IgG (Sigma
Aldrich, St. Louis, MO) and incubated overnight. Plates were washed and blocked, and
then diluted mouse test serum was added. Customized mouse monoclonal anti-human
RPGR antibody (clone 1F4D1, Genscript) was used as standard and positive control in the
assay. After sample incubation, a cocktail of horseradish peroxidase-conjugated antimouse IgG was added to detect antibodies bound to RPGR. Tetramethyl benzidine
substrate was then added and absorbance measured spectrophotometrically. A positive
response was defined as an OD450 value higher than cut point 0.119 when the serum was
diluted 1:50.
RPGR stability test
Stability of the codon-optimized RPGR was assessed by DNA sequencing, mRNA
sequencing and protein proteomic analysis in vitro and in vivo. To test the DNA stability
after subretinal injection in vivo, frozen retinal tissues from Rd9 mice after rAAV2tYFGRK1-RPGRco administration were processed for DNA extraction using All-Prep DNA RNA
Mini kit (Qiagen, Germantown, MD), according to the manufacturer’s protocol. AAV vector
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Platinum PCR SuperMix High Fidelity (ThermoFisher Scientific, Grand Island, NY). The PCR
products were then cleaned up using DNA Clean & Concentrator™-5 (Zymo Research,
Irvine, CA) and sent for Sanger sequencing performed at Eurofins Genomics (Huntsville,
Alabama). The Sanger sequencing reads were then assembled de novo using ContigExpress
and aligned to a reference sequence using AlignX, both of which are components of Vector
NTI software.
RPGRco mRNA transcribed from AAV vector was sequenced after reverse transcription.
Briefly, retinal tissue from uninjected and vector-injected eyes were processed for RNA
extraction (Qiagen, Germantown, MD) and the resulting total tissue RNA was used as
template for reverse transcription followed by PCR amplification. The amplified PCR
products were then sequenced and all sequencing data were assembled based on the
overlapping cDNA fragments using Vector NTI software, to generate a consensus sequence
that was compared to the human RPGRco reference sequence for analysis.
Stability of vector-expressed RPGR protein was analyzed by western blot and
immunoprecipitation followed by liquid chromatography and mass spectrometry (LCMS/MS). HEK293 cells transfected with plasmid pTR-RPGRco, or retinal tissue from AAV
vector-injected Rd9 mice, was homogenized in RIPA lysis buffer containing protease
inhibitor. Whole cell/tissue lysate after protein quantification was separated on 4-20%
SDS-PAGE and transferred to a PVDF membrane. After blocking with 5% nonfat dry milk for
1 h at room temperature, the membrane blots were incubated overnight at 4 °C with the
primary antibody (customized mouse monoclonal anti-human RPGR, clone 1F4D1,
Genscript). After washing and reaction with secondary antibody (HRP-conjugated goat
anti-mouse IgG, Jackson Immunoresearch, West Grove, PA), the blots were developed for
chemiluminescence detection and imaged using a digital camera (Chemidoc, Bio-Rad,
Hercules, CA).
Whole lysate was also immunoprecipitated by anti-RPGR antibody and separated on
SDS-PAGE and the gel was stained by Coomassie brilliant blue R-250. The RPGR bands were
then excised for proteomic analysis. Briefly, the excised bands were digested with
sequencing grade endoproteinases trypsin, chymotrypsin and GluC using the
manufacturer’s recommended protocol (Promega, Madison WI). Nano-LC/MS/MS was
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with an EASY Spray nanospray source (ThermoFisher Scientific, Grand Island, NY) operated
in positive ion mode. Sequence information from the MS/MS data were searched using
Mascot Daemon by Matrix Science version 2.4.0 (Boston, MA) and the database searched
against the full SwissProt database version 2017_06 (554,860 sequences; 198,649,153
residues). A decoy database was searched to determine the false discovery rate (FDR) and
peptides were filtered according to the FDR.
Statistical Analyses
Hematology, coagulation, and clinical chemistry data were analyzed using analysis of
variance and Dunnett’s test. Organ weights and ERG were analyzed using analysis of
variance and Tukey’s multiple comparison test.
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Table 1 Study design
Number of Animals (Sex) at

Number of
Termination

Group

1

2

3
Animals
Day 28
Day 84

(Sex)
(Week 4)
(Week 12)
Vector

20
10
10
Vehicle (Alcon BSS with 0.014%

(11M/9F)
(6M/4F)
(5M/5F)

20
10
10

(10M/10F)
(5M/5F)
(5M/5F)

20
10
10

(10M/10F)
(5M/5F)
(5M/5F)

Concentration
Volume
Total Dose

(vg/mL)
(µL)
(vg/eye)

Tween 20)
0
1
0

rAAV2tYF-GRK1-RPGRco
4.0 × 1011
1
4.0 × 108

rAAV2tYF-GRK1-RPGRco
4.0 × 1012
1
4.0 × 109
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Figure 1. ERG a-wave and b-wave responses after subretinal administration of rAAV2tYF-

GRK1-RPGRco. ERG amplitudes were recorded from treated (T) and untreated (U) eyes
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wave, 0.025, 0.25 and 2.5 cds/m2) and photopic (b-wave, 1.25, 5, 10 and 25 cds/m2) light
intensities. The amplitudes from treated and untreated eyes in each group was plotted
with box and whisker. In each diagram the box indicates the median and interquartile
range, and bars indicate the minimum and maximum. Statistical analysis was performed to
compare the ERG responses between treated and untreated eyes of each group
administered with rAAV2tYF-GRK1-RPGRco at Week 4 or Week 12 and there is no
statistically significant reduction of ERG response after AAV treatment, compared Low or
High dose group to Vehicle-treated animals.
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Figure 2. Immunohistochemical staining of RPGR in retinas of Rd9 mice after subretinal
injection of rAAV2tYF-GRK1-RPGRco. Retinal sections of eyes injected with vehicle
control (Panel A) or rAAV2tYF-GRK1-hRPGRco at high dose (Panel B) or low dose (Panel C)
was stained with an antibody specific for human RPGR (brown staining). The magnified
images of the marked areas are shown in (Panel D). Vector-expressed RPGR protein was
mainly detected in the inner segment (IS) of photoreceptors and localizes to the
connecting cilia (CC) region of the retina. RPGR staining is shown in brown, and nuclei are
stained blue by hematoxylin. OS, outer segments; CC, connecting cilia; IS, inner segments;
ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer.
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Figure 3. Stability of vector-expressed RPGR protein. The stability of AAV vectorexpressed RPGRco protein was analyzed by western blot or immunoprecipitation followed
by LC-MS/MS. (A) RPGR protein expression in AAV-transduced Rd9 retinal tissue or pTRRPGRco-transfected HEK293 cells was examined by western blot using anti-RPGR antibody.
α-Tubulin was used as the loading control. Arrows indicate the full length of RPGR protein
and the arrow head denotes the shorter form of the RPGR. (B) Whole lysate from pTRRPGRco-transfected HEK 293 cells was immunoprecipitated by anti-RPGR antibody and
separated on SDS-PAGE. After Coomassie brilliant blue R-250 staining, the bands of fulllength RPGR, as shown in the dashed rectangle were excised and pooled for LC/MS/MS
analysis. (C) Amino acids in bold are the ones that have been identified by LC-MS/MS and
the amino acids non-bolded were the ones that have not been covered. Although the LCMS/MS results did not achieve 100% coverage, the intact C-terminal sequence
(LKNGPSGSKKFWNNVLPHYLELK) plus the correct MW assured us an intact, full-length
RPGR-ORF15, without open reading frame shift.
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Figure 4. Glutamylation of vector-expressed RPGR protein. Western blots of whole
lysates extracted from Rd9 mouse retina injected or uninjected with rAAV2tYF-GRK1RPGRco were probed with anti-glutamylation antibody (anti-GT335) (left) or RPGR-specific
monoclonal antibody (anti-RPGR) (right). β-Actin was used as a loading control. The bands
detected by anti-glutamylation antibody co-migrates with the bands detected with antiRPGR antibody.
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Figure 5. Interaction of vector-expressed RPGR and RPGR-interacting protein 1
(RPGRIP1). Whole cell lysates of HEK 293 cells transfected with pTR-GRK1-GFP (GFP), pTRSmCBA-RPGRco (RPGR), or both pTR-SmCBA-RPGRco (RPGR) and pCMV-RPGRIP1-Flag
(RPGRIP1-Flag); were immunoprecipitated with anti-RPGR, anti-GFP, anti- RPGRIP1, or
anti-Flag antibody or IgG and probed with anti-RPGRIP1, anti-RPGR, or anti-GFP antibody
to assess the association of RPGR and RPGRIP1. pTR-GRK1-GFP transfection was used as a
negative control to exclude the possibility of non-specific binding after protein
overexpression. Both RPGR (denoted by #) and RPGRIP1-Flag (denoted by *) proteins were
pulled down by either anti-RPGR, anti-RPGRIP1, or anti-Flag antibody from lysate of
HEK293 cells expressing both RPGR and RPGRIP1-Flag, indicating that vector expressed full
length RPGR protein interacts with RPGRIP1 as expected. The anti-RPGR monoclonal
antibody used in immunoprecipitation could not efficiently pull down the short band of
RPGR (~140kDa), as evidenced by the absence of the 140 kDa protein band (denoted by
arrow) in the immunoblot with anti-RPGR antibody.
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Supplementary Table 1 Ophthalmic examination findings for injected eyes
Group 1: Vehicle

Group 2: Low Dose

Group 3: High Dose

Week 4

Week 12

Week 4

Week 12

Week 4

Week 12

Cornea lesion

9/10

10/10

9/9

10/10

10/10

9/9

Cornea opacity

9/10

0/10

6/9

0/10

10/10

0/9

Cornea edema

0/10

1/10

0/9

0/10

0/10

0/9

Synechia

6/10

2/10

2/9

3/10

1/10

1/9

Cataract

10/10

10/10

9/9

10/10

10/10

9/9

Vitreous in anterior chamber

2/10

1/10

1/9

0/10

0/10

1/9

Vitreal degenerationa

1/10

2/10

1/9

1/10

0/10

0/9

Mottling pigment

0/10

1/10

0/9

2/10

0/10

4/9

Retinal hemorrhage

0/10

0/10

1/9

0/10

0/10

0/9
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Retinal vessel attenuation
0/10
0/10
0/9
1/10
0/10
3/9

Retinal detachment
0/10
0/10
1/9
0/10
0/10
0/9

a

Vitreal opacity, strands or liquefaction.
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Supplementary Table 2 Incidence and severity of injection procedure-related microscopic findings; week 4 sacrifice
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Group 1: Vehicle

Group 2: Low Dose

Group 3: High Dose

Males

Females

Males

Females

Males

Females

6

4

5

5

5

5

Findings not present

4

1

2

2

1

4

Present

2

3

3

3

4

1

Findings not present

5

3

3

3

1

5

Minimal

0

0

1

2

0

0

Slight

0

0

1

0

3

0

Moderate

1

1

0

0

1

0

Findings not present

4

1

2

3

1

4

Minimal

1

2

3

2

1

0

Number Examined
Subretinal injection site

Degeneration, PR/ONL

Pigmented cells, PR, retina
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Swollen, lens fibers
Slight
1
0
0
0
2
0

Moderate
0
1
0
0
1
1

Findings not present
6
3
5
5
5
3

Minimal
0
1
0
0
0
0

Slight
0
0
0
0
0
1

Moderate
0
0
0
0
0
1

PR: Photoreceptor; ONL: outer nuclear layer
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Supplementary Table 3 Incidence and severity of injection procedure-related microscopic findings; week 12 sacrifice
Group 1: Vehicle

Group 2: Low Dose

Group 3: High Dose

Males

Females

Males

Females

Males

Females

5

5

5

5

5

4

Findings not present

3

3

2

2

2

0

Present

2

2

3

3

3

4

Findings not present

5

5

4

5

5

4

Marked

0

0

1

0

0

0

Findings not present

4

3

4

2

2

0

Minimal

1

0

0

2

0

1

Slight

0

2

1

1

2

3

Moderate

0

0

0

0

1

0

3

3

3

4

2

0

Number Examined
Subretinal injection site

Degeneration, INL

Degeneration, PR/ONL

Pigmented cells, PR
Findings not present
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Swollen, lens fibers

Lens fibrosis
Minimal
2
0
1
1
2
3

Slight
0
2
1
0
1
1

Findings not present
5
4
4
5
5
4

Minimal
2
0
1
1
2
3

Moderate
0
0
1
0
0
0

Findings not present
5
5
4
5
5
4

Slight
0
0
1
0
0
0

PR: Photoreceptor; ONL: outer nuclear layer
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Supplementary Table 4 RPGR immunolabeling in injected eyes
Group 1: Vehicle

Interim sacrifice

(Week 4)

Terminal sacrifice

(Week 12)
Number Examined

Number Examined

Group 2: Low Dose
Group 3: High Dose

RPGR immunolabeling

RPGR immunolabeling

Males
Females
Males
Females
Males
Females

2
2
2
2
2
2

Slight
0
0
2
2
0
0

Moderate
0
0
0
0
2
2

2
2
2
2
2
2

Slight
0
0
1
1
0
0

Moderate
0
0
1
1
0
0

Marked
0
0
0
0
2
2
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Supplementary Table 5. Characterization of AAV2tYF-GRK1-RPGR drug product
Test

Method

Result

Vector concentration

Quantitative PCR

4.9 × 1012 vg/mL

Vector purity

SDS-PAGE

Pass (>90%)

Vector infectivity

TCID50

8.43 × 1011 TCID50 /mL

Endotoxin

Limulus amebocyte lysis

Pass (< 0.20 EU/ 1 × 1012 vg)

Sterility

Direct inoculation

Pass (No bacterial or fungal growth)

Mycoplasm

Broth & agar culture

Negative

Identity

Sanger Sequencing

Expected sequence

pH

pH meter

6.1
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Supplementary Figure 1. Natural diminution of Rd9 mouse ERG response. Scotopic bwave amplitudes to the low intensity stimulus (0.025cds/m2) and photopic response to
the high intensity stimulus (25 cds/m2) of the non-injected eyes were normalized to be the
percentage change compared to the average of Week 4, respectively. The percentage
change was then plotted and statistically analyzed to compare the difference of ERG
responses at Week 4 and Week 12, which was used to demonstrate the natural diminution
of Rd9 ERG response. The mean and standard deviation of each distribution are provided.
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Supplementary Figure 2. Stability of RPGRco cDNA and mRNA. RPGRco mRNA extracted
from HEK293 cells and mouse retina infected or injected with AAV2tYF-RPGRco vectors
was sequenced after reverse transcription. All sequencing data were assembled based on
the overlapping cDNA fragments using Vector NTI software, to generate a consensus
sequence that was compared to the human RPGRco reference sequence for analysis.
mRNA fragment of RPGRco containing the high-frequency splicing region was
demonstrated in this figure.

