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Retinitis pigmentosa is a form of retinal degeneration usually
caused by genetic mutations affecting key functional proteins.
We have previously demonstrated efficacy in a mouse model of
RLBP1 deficiency with a self-complementary AAV8 vector car-
rying the gene for human RLBP1 under control of a short
RLBP1 promoter (CPK850).1 In this article, we describe the
nonclinical safety profile of this construct as well as updated ef-
ficacy data in the intended clinical formulation. In Rlbp1�/�

mice dosed at a range of CPK850 levels, a minimum efficacious
dose of 3� 107 vg in a volume of 1 mL was observed. For safety
assessment in these and Rlbp1+/+ mice, optical coherence to-
mography (OCT) and histopathological analysis indicated
retinal thinning that appeared to be dose-dependent for both
Rlbp1 genotypes, with no qualitative difference noted between
Rlbp1+/+ and Rlbp1�/� mice. In a non-human primate study,
RLBP1 mRNA expression was detected and dose dependent
intraocular inflammation and retinal thinning were observed.
Inflammation resolved slowly over time and did not appear
to be exacerbated in the presence of anti-AAV8 antibodies. Bio-
distribution was evaluated in rats and satellite animals in the
non-human primate study. The vector was largely detected in
ocular tissues and low levels in the optic nerve, superior collicu-
lus, and lateral geniculate nucleus, with limited distribution
outside of these tissues. These data suggest that an initial sub-
retinal dose of �3 � 107 vg/mL CPK850 can safely be used in
clinical trials.
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INTRODUCTION
Genetic forms of blindness, such as retinitis pigmentosa (RP), offer
opportunities for gene delivery treatment given the monogenic nature
in subsets of patients.2 A population of RP patients carry recessive
null mutations in the retinaldehyde binding protein 1 (RLBP1) gene
that encodes cellular retinaldehyde-binding protein (CRALBP).3–6

CRALBP is expressed in the retina in retinal pigment epithelium
(RPE) and Müller cells. It binds 11-cis-retinol and 11-cis-retinal in
support of chromophore supply to rod and cone photoreceptors.7–9

RLBP1 RP is characterized by abnormally slow dark adaptation in
youth followed by progressive vision loss owing to photoreceptor
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degeneration. A previous publication presented efficacy results
obtained in a mouse model of CRALBP deficiency exhibiting slow
dark adaptation (Rlbp1�/� mice) using a self-complementary
AAV8 vector expressing the human RLBP1 gene under transcrip-
tional control of a short RLBP1 promoter (CPK850).1 Subretinal de-
livery of this viral vector improved the rate of dark adaptation in
Rlbp1�/� mice assessed by electroretinography (ERG) for both
scotopic (rod-plus-cone) and photopic (cone) vision. The effect on
scotopic vision was still present 1 year post-injection.

The safety and biodistribution of subretinal injection of adeno-asso-
ciated virus (AAV) vectors has been described for a handful of prod-
ucts, the most detailed of which are the AAV2-RPE65 vectors for
treatment of another inherited degenerative disease of the retina
called Leber’s congenital amaurosis (LCA).10,11 Nonclinical safety
studies of 3 months in length were performed in a dog model of
LCA as well as in normal non-human primates. In both cases, obser-
vations were made of acute and temporary inflammation and moder-
ate levels of retinal thinning. Clinically, while some patients have
experienced limited thinning of the retina as detected by optical
coherence tomography (OCT), these programs have shown signs of
visual improvement even in the presence of these effects.12–14 Addi-
tional studies have been performed, evaluating the potential adverse
impact of immunity against the AAV capsid by first dosing one eye
and then dosing the contralateral eye some months later. This
approach has proven both safe and effective in treating the disease
in both animals and humans.15–17

While there are multiple publications describing the safety of AAV
serotype 2 vectors utilizing the subretinal route of administration, a
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Figure 1. Efficacy of CPK850 in Rlbp1–/– Mice

(A) Dose response efficacy study evaluating the effect of increasing doses of

CPK850 12 weeks post-injection. (B) Confirmation of efficacy in the Rlbp1�/�

mouse safety study acquired 10–11 weeks post-injection. Note that doses

delivered to mice are equivalent if expressed in vg/eye or vg/mL since the

volume of injection is 1 mL/eye. Doses presented are rounded to the nearest

whole number. *p % 0.05, **p % 0.01, ****p % 0.0001 versus the naive

group.

Table 1. Designs of Rlbp1–/– and Rlbp1+/+ Mouse Toxicology Studies

Group

Number of Eyes

Dose Concentration (vg/mL)Rlbp1�/� Rlbp1+/+

1 18 20 3.2 � 109

2 20 24 3.2 � 108

3 22 20 3.2 � 107

4 20 18 vehicle

5 20 30 uninjected
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nonclinical safety package using AAV8 has not been described to
date. In addition, use of a self-complementary genomic structure,
which facilitates speed of expression once in the cell, is a more novel
method for ocular treatment. Here we describe the nonclinical safety
package for CPK850 performed in rodents and non-human primates.
These studies allow us to answer questions regarding the safety of the
capsid self-complementary genomic structure, exogenous RLBP1
expression in wild-type and Rlbp1�/� genetic backgrounds, and dis-
tribution of the CPK850 DNA.

RESULTS
Efficacy of CPK850 in Rlbp1 Knockout Mice in the Clinical

Formulation

A previous publication describing vector selection and dose-depen-
dent efficacy of CPK850 identified a minimally efficacious dose of
3 � 108 vector genomes (vg)/eye (3 � 108 vg/mL in a 1 mL dose) in
Rlbp1�/� mice.1 The research grade vector used in this earlier dose
response study was formulated and diluted without addition of sur-
factant. Since there is potential of reduced AAV recovery from injec-
tion devices in the absence of surfactant,18,19 studies presented in Fig-
ure 1 were performed with CPK850 formulated with 0.001% Pluronic
F68. Additionally, CPK850 used for studies in Figure 1 was produced
106 Molecular Therapy: Methods & Clinical Development Vol. 8 March
using the same process configuration as the final good manufacturing
process.

Results of dark adaptation measurements for CPK850 in Rlbp1�/�

mice are presented in Figure 1. The minimally efficacious dose
providing robust restoration of dark adaptation was approximately
3 � 107 vg/mL in the dose response study (Figure 1A). Dark adapta-
tion (efficacy) ERG from a subset of mice in the Rlbp1�/� safety study
confirmed the minimally efficacious dose of approximately 3 � 107

vg/mL and also provided indirect evidence of CRALBP expression
(Figure 1B).

Safety of CPK850 in Rlbp1 Wild-Type and Knockout Mice

A study was conducted comparing the safety of CPK850 in both
Rlbp1+/+ and Rlbp1�/� mice to determine if there are disease-specific
toxicities induced by CPK850 (Table 1). Mice received CPK850 at
doses from 3.2 � 107 to 3.2 � 109 vg/mL delivered subretinally in
1 mL. To confirm injection success and as an indirect confirmation of
vector-mediated CRALBP expression, ERGs were performed 10 to
11 weeks post-injection. All dose levels achieved improved dark adap-
tation as measured by recovery of a-wave amplitude in Rlbp1�/� mice
(Figure 1B). Rlbp1+/+ mice exhibited robust ERG a-wave recovery
consistent with endogenous CRALBP expression and did not exhibit
changes in dark adaptation post-injection (data not shown).

ERGmeasurements in the mouse safety studies were designed to pro-
vide indirect confirmation of CRALBP expression in a subset of mice
rather than to detect safety signals associated with CPK850 delivery.
However, dark-adapted (scotopic) ERG a-wave data were provided by
the dark adaptation measurements as part of baseline retinal function
determination. Scotopic ERG a-wave results were unremarkable for
both Rlbp1�/� (Figure S2A) and Rlbp1+/+ (Figure S2B) mice, with
no significant differences detected between any groups for either
genotype.

OCT images were acquired from all mice reported in the study results
before injection (baseline), 1 week post-injection, and 12 weeks post-
injection. At 13 weeks post-injection, the animals were euthanized
and eyes were evaluated histologically.

In wild-type mice, animals with eyes receiving 3.2 � 109 vg/mL ex-
hibited retinal thinning, observed by OCT, with higher incidence
2018



Table 2. Results of OCT Imaging Observations in Rlbp1+/+ Mice 12 Weeks Post-injection

Dose
Group

Dose
Concentration
(vg/mL)

No. of Eyes
Evaluateda

Retina Appears
Normal

Injection
Site Only

Hyper-reflective Features
in Retina without Thinning

Retinal Thinning
with IS/OS Preservation

Retinal Thinning with
Loss of IS/OS Structure Other

1 3.2 � 109 12 0 2 1 2 6 1

2 3.2 � 108 16 6 1 1 2 5 1

3 3.2 � 107 12 3 4 0 1 3 1

4 vehicle 15 4 5 0 2 3 1

5 uninjected 28 20 0 0 0 0 8

OCT images representative of the lesions noted in this table and Table 3 are shown in Figure S1. A description of each lesion category is provided in Table S1.
aSome eyes that were injected were not analyzed due to failed injection, poor image quality, or animal death. “Other” indicates anomalies outside the injection site that were not consis-
tent with more common findings observed in dosed areas.
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than groups receiving vehicle, 3.2 � 107 or 3.2 � 108 vg/mL CPK850
(Table 2). A slightly increased incidence of retinal thinning was
observed in Rlbp1�/� mice by OCT in the highest dose group of
3.2 � 109 vg/mL when compared to the 3.2 � 108 vg/mL dose group
and at an even higher incidence compared to animals with eyes
receiving 3.2� 107 vg/mL (Table 3). However, the incidence of retinal
thinning in eyes receiving vehicle was similar to that observed in the
3.2� 109 vg/mL dose group, so a true CPK850-related effect was diffi-
cult to determine. Estimated retinal thickness measures were consis-
tent with these observations (Figure 2).

Histologically, retinal thinning among the groups and among the
mouse strains was similar to findings by OCT (Figure 3). There
were no notable differences in overall retinal morphology, outer
retinal morphology, or outer nuclear layer morphology between left
and right eyes ormale and female eyes, and there were nomicroscopic
findings in the uninjected animals. The lesions were typically focal to
locally extensive and affected up to approximately 50% of the retina,
but more typically less than approximately 10%. The RPE was typi-
cally normal at these sites but was occasionally minimally hypertro-
phied in the more severe lesions. The incidence and severity of these
abnormalities tended to increase with respect to dose level.

Data from OCT and histology qualitatively agreed with each other,
suggesting the two methods for assessing the effects of subretinal
Table 3. Results of OCT Imaging Observations in Rlbp1–/– Mice 12 Weeks Post

Dose
Group

Dose
Concentration
(vg/mL)

No. of Eyes
Evaluateda

Retina
Appears
Normal

Injection
Site Only

Hyper-refle
in Retina w

1 3.2 � 109 12 3 1 2

2 3.2 � 108 19 4 6 1

3 3.2 � 107 21 9 6 0

4 vehicle 19 2 5 0

5 uninjected 18 12 0 0

OCT images representative of the lesions noted in this table and Table 2 are shown in Figu
aSome eyes that were injected were not analyzed due to failed injection, poor image quality, or
tent with more common findings observed in dosed areas.

Molecul
CPK850 provide similar results. Overall, there did not appear to be
a disease-specific pathology associated with CPK850 in mice.

Safety of CPK850 in Non-human Primates

To assess the safety of CPK850 in an eye with similar anatomy to hu-
mans, we performed a study in cynomolgus non-human primates for
6 months following injection (Table 4). Briefly, there were five groups
of animals, all dosed in the right eye on study day 1 with 100 mL of
vehicle or CPK850 at concentrations ranging from 3.3 � 106 to
3.3� 109 vg/mL. At the 3-month time point, a subset of animals dosed
with CPK850 (1 male and 1 female per group in groups 2–5) were
sacrificed for evaluation of RLBP1 expression and shedding and dis-
tribution of CPK850. Also at day 51 of the study, a subset of the re-
maining animals (2 males and 2 females per group in groups 1 and
3–5) were dosed in the contralateral (left) eye with a dose of 3.3 �
107 vg/mL CPK850 in order to determine any potential effects of an-
tibodies against the AAV8 capsid on a subsequent injection. This dose
was chosen because it yielded the least amount of inflammation be-
tween groups 3–5 and, as such, would provide a window to observe
potential effects of immunogenicity-related toxicities. At the 6-month
time point, all remaining animals were sacrificed for histopathological
analysis of the eye and other tissues. Ocular exams including slit lamp,
indirect ophthalmoscopy, OCT, intraocular pressure (IOP) and ERG
were conducted at various intervals throughout the study. Blood was
collected at various time points during the study to assess any
-injection

ctive Features
ithout Thinning

Retinal Thinning
with
IS/OS Preservation

Retinal Thinning with
Loss of IS/OS Structure Other

1 5 0

4 4 0

0 4 2

3 6 3

0 0 6

re S1. A description of each lesion category is provided in Table S1.
animal death. “Other” indicates anomalies outside the injection site that were not consis-
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Figure 2. Estimated Retinal Thickness in Rlbp1+/+ and Rlbp1–/– Mice

12 Weeks after Injection with CPK850

Estimated retinal thickness in Rlbp1+/+ (A) and Rlbp1�/� (B) mice 12 weeks after

injection with CPK850. OCT images were aquired from mice dosed with CPK850

and evaluated for retinal thickness based on the equation provided in the Materials

and Methods. Note that doses delivered to mice are equivalent if expressed in

vg/eye or vg/mL since the volume of injection is 1 mL/eye.
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potential systemic toxicity and humoral immunity against AAV8.
Finally, excreta (tears, throat swabs, urine, and feces) and tissues
(eye, brain, and lacrimal gland) were collected for shedding and dis-
tribution analysis, which is described below in the Biodistribution and
Expression Analysis section.

In the cohort of animals intended to evaluate expression of RLBP1,
expression was measured via qRT-PCR methods that differentiated
the endogenous non-human primate RLBP1 expression from the
exogenous human RLBP1 expression from CPK850. Punches were
made in the retina in the approximate region of subretinal injection
in the dosed right eye (Figure 4) and a similar location in the un-
dosed left eye, and the samples were processed to prepare RNA.
While endogenous levels of expression were noted across all ani-
mals, no human RLBP1 RNA was detected in the undosed left
eye and a dose-related increase in expression was noted in the dosed
right eyes.

Dose levels of 3.3� 106 and 3.3� 107 vg/mL were well-tolerated with
minimal levels of transient intraocular inflammation, consistent or
slightly higher than that observed in the vehicle control, and findings
on OCT and ERG were consistent with control. Dose levels of 3.3 �
108 and 3.3 � 109 vg/mL were associated with progressively higher
levels of intraocular inflammation, thinning of the outer nuclear layer,
and reductions in ERG signals. Representative scotopic and photopic
ERGs from animals in each group at the week 8 and 24 time points are
shown in Figure 5. Group 5 animals were observed to have mildly
reduced scotopic and photopic ERGs at week 8, but the signal in
the dosed eye largely recovered by week 24. Significant inflammation
108 Molecular Therapy: Methods & Clinical Development Vol. 8 March
at the week 8 time point may have inhibited light from reaching the
retina and, when that inflammation resolved by week 24, a more
normal ERG reading was obtained. Inflammation at all dose levels
progressively recovered over the course of the study; however, at
the higher dose levels, some findings persisted until the terminal sac-
rifice (Figures 6 and 7).

All animals in the CPK850 dosed groups showed the generation of
treatment-induced or treatment-boosted anti-AAV8 antibodies
over the course of the study with the exception of two animals dosed
with 3.3 � 107 vg/mL (Table 5). As described above, at day 51 of the
study, CPK850 was dosed into the contralateral eye of a subset of an-
imals. A dose of 3.3 � 107 vg/mL was chosen because it resulted in
some initial inflammation upon dosing into the right eye. In this sub-
set of animals, no findings of inflammation were observed in those
eyes that were more severe than the right eyes having initially received
3.3 � 107 vg/mL, suggesting that the generation of anti-AAV8 anti-
bodies from the initial injection did not create any new toxicities
and did not enhance the inflammation observed with the initial
dose (Figure 7).

One animal displayed a very transient antibody response to CRALBP
in the low-dose group late in the study (data not shown). There was
no more significant inflammation or histological findings in this an-
imal compared to others in the cohort.

Histopathological analysis of the eyes both at 3 and 6 months post-
dose showed varying levels of retinal atrophy/degeneration,
choroidal mononuclear cell infiltrates, and pigmented cells in the
subretinal space, particularly in animals receiving doses R3.3 �
108 vg/mL (Figure 8). Retinal atrophy/degeneration was character-
ized by single, locally extensive, or multiple foci of thinning and/
or disorganization of the retina. This change predominantly affected
the photoreceptor and outer nuclear layers but occasionally
extended the full thickness of the retina. Based on the ophthalmic
and microscopic findings observed among animals given 3.3 �
108 or 3.3 � 109 vg/mL to the right eye and the extent of recovery
over time, the no observed adverse effect level (NOAEL) was consid-
ered to be 3.3 � 107 vg/mL.

Distribution and Shedding of CPK850 after Subretinal Injection

in Rats and Non-human Primates

Male and female brown Norway rats were dosed with 3.3 �
109 vg/mL or the same volume of vehicle to evaluate biodistribution.
Rats were used for this comprehensive evaluation for biodistribution
because more animals could be used to understand consistency in
low level measurements. Blood and selected tissues were collected
on study day 15 (i.e., 2 weeks post-dose) from five animals/sex in
the vehicle dose group and five animals/sex/time point in the
CPK850 dose group on study days 15, 57, and 85 (Tables 6
and 7). To assess viral shedding, nasopharyngeal swabs were
collected on study day 15 from animals scheduled for sacrifice.
Urine and feces were collected on study day 8 from animals sched-
uled to be sacrificed on study day 15.
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Figure 3. Representative Photomicrographs of the

Four Histopathological Lesion Grades for Atrophy

(Thinning) of the Outer Retina in Rlbp1–/– Mice

(Depicted within the Red Circles)

Mice from (A) control-graded as “normal”. (B) Vehicle

group graded as “minimal”. (C) Vehicle group graded as

“mild”. (D) 3.2 � 108 vg/mL group graded as “moderate”.

(E) 3.2 � 109 vg/mL group graded as “marked”; the lesion

extends beyond the edge of the panel (scale bar, 100 mm,

H&E).
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The tissues and matrices were analyzed using a PCR assay with a limit
of detection of 10 copies/mg DNA and a limit of quantitation of
50 copies/mg DNA. CPK850 was detected in the dosed right eye, optic
nerve (right eye), mandibular lymph nodes (right side), spleen, and
liver. CPK850 persisted at similar levels in the dosed eye throughout
the study, whereas the amount of CPK850 in the optic nerve (dosed
eye) decreased over time. CPK850 was also detected in the liver and
spleen, with the concentrations of vector in these tissues decreasing
with time. CPK850 was not detected in the gonads (ovary and testes)
or excreta and nasopharyngeal swabs. A detailed description of the
distribution in each tissue is provided in Table 8.

A limited panel of tissues was examined in non-human primates for
distribution of CPK850 (Table 9). Tissues connected to or adjacent to
the eyes were taken during week 13 post-dose from one male and one
female animal of each dose group. CPK850 was not detected in any
tissues collected from animals dosed with 3.3 � 106 vg/mL. At doses
R3.3 � 107 vg/mL, CPK850 was detected in the optic nerve, optic
chiasm, and optic tract of the right (dosed) eye of all 6 animals,
with the concentrations tending to increase as the dose increased.
CPK850 was not detected in the optic nerve of the left eye, but it
was detected in the optic chiasm and optic tract of the left side,
with the concentrations of CPK850 being lower than that observed
in the corresponding tissues collected from the right side. CPK850
Molecular Therapy: Methods &
was detected in the right and left lacrimal gland
in one animal and in the right lacrimal gland of
3 additional animals. CPK850 was detected in
both the left and right lateral geniculate nucleus
of two out of 6 animals. In the superior collicu-
lus, CPK850 could be detected in the tissue
collected from the right side (2 animals) and
left side (5 animals). CPK850 was not detected
in the visual cortex of any animal. An assessment
of the tissue distribution and the excretion of
CPK850 was also performed in a subset of ani-
mals (1 male and 1 female per CPK850 dosing
group) in the non-human primate toxicology
study. Tear samples (from left and right eyes),
throat swabs, and urine and fecal swabs were
collected from a selected group of animals dur-
ing weeks 1, 4, 8, and 12 post-dose. Ocular tissue
samples (including retina, choroid, and sclera),
brain samples (including optic chiasm, optic tract, lateral geniculate
nucleus, visual cortex, and superior colliculus), and lacrimal glands
were collected. CPK850 was detected in 18 (14%) of the 128 shedding
samples, which consisted of urine, tears, throat swabs, and fecal swabs
(Table 10). CPK850 levels in the urine and fecal samples were below
the limit of quantitation (50 copies per mg DNA) at all time points,
with the exception of low levels (<200 copies) at week 1 in animals
dosed with 3.3 � 108 vg/mL (1/2 in urine, 0/2 in feces) or 3.3 �
109 vg/mL (0/2 in urine, 2/2 in feces). The highest levels were detected
in the tears and were detected in 8 of 32 samples, but only four of these
were quantifiable, and it is uncertain if they were from the right or left
eye since the tear samples from the right and left eye were combined.
At 12 weeks post-dose, shedding of CPK850 was detected only in the
tears of three animals and not in the urine, throat swabs, or fecal
swabs from any animal.

DISCUSSION
In the last few years, several nonclinical and clinical programs have
aimed to treat various genetic forms of inherited retinal dystrophy.
The most advanced and well known are those that replace the
RPE65 gene, which is found mutant in LCA. In this case, AAV2 vec-
tors have been used as a delivery mechanism because RPE cells are
efficiently transduced by this serotype. The safety profile of this ther-
apy has been described from the three independent trials that are
Clinical Development Vol. 8 March 2018 109
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Table 4. Design of Non-human Primate Toxicology Study

Group

Animalsa Dose Concentration (vg/mL)b

Male Female Right Eye Left Eye

1 4 4 0 (vehicle) NA

2 1 1 3.3 � 106 NA

3 5 5 3.3 � 107 3.3 � 107

4 5 5 3.3 � 108 3.3 � 107

5 5 5 3.3 � 109 3.3 � 107

a1 male/1 female in groups 2–5 were sacrificed 3 months after dosing, and eyes were har-
vested for expression analysis; 2 males/2 females in groups 1 and 3–5 were sacrificed
3 months after dosing for histopathological analysis; 2 males/2 females in groups
3–5 were given a dose of CPK850 in the left eye 51 days after dosing into the right
eye, and these animals, with 2 males/2 females from group 1, were sacrificed 6 months
after the initial injection in the right eye.
bDose volume per eye was 100 mL.
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ongoing.12–14 Nonclinically, the vector was found to induce a mild
level of transient inflammation and slightly reduce the thickness of
the outer nuclear layer of photoreceptors in both non-human pri-
mates as well as a canine model of LCA.10,11

As was described in the nonclinical program for AAV2-RPE65, the
primary safety findings from this study were observations of transient
ocular inflammation in non-human primate and thinning of the
retina in both primates and mice. Inflammatory effects have been
described from the subretinal injection procedure alone in primates
as well as vitrectomy in humans. Nork et al.20 described a study where
a dose of balanced salt solution was placed subretinally into non-hu-
man primates to evaluate the general effects from retinal displace-
ment. Mild inflammation was observed in the aqueous and vitreous
humor beginning 2 days post-dose, with no signs of inflammation
by 92 days post-injection.

Clinically, in the AAV-RPE65 trials, Cideciyan et al.12 (where a
maximal dose of 1 mL of 1� 108 vg/mL was used) described no intra-
ocular inflammation but some conjunctival inflammation over the
first 2 months after dosing. Bainbridge et al.14 described significant
anterior and posterior inflammation in patients receiving a 1 mL
dose of 1 � 109 vg/mL, which, in one patient, temporarily attenuated
improvements to retinal sensitivity. These findings are likely second-
ary to the dose of the AAV vectors, as in the third trial, led byMaguire
et al.,13 where the maximum dose reported in any phase of the trial
has been a 300 mL dose of 5 � 108 vg/mL, where no ocular inflamma-
tion has been reported.

In the nonclinical reports of AAV2-RPE65 safety, Jacobson et al.10,11

have described studies of AAV2-RPE65 dosed into both dogs and
non-human primates. In the dog study, where doses of 150 mL mate-
rial at concentrations ranging from 1 � 106 to 3 � 1010 vg/mL were
dosed subretinally, mild procedural-related inflammation was
observed in all groups including control, with a few animals
displaying moderate and longer lasting inflammation at the higher
dose groups. Similar findings were observed in the non-human
110 Molecular Therapy: Methods & Clinical Development Vol. 8 March
primate study, where only the concentrations of 1 � 106 and 3 �
1010 vg/mL were used, but the inflammation was rated maximally as
“mild” and lasted for only 1 month post-dose.

A recent report of two new AAV serotypes, AAV7m8 and AAV8B,
reported the safety after intravitreal and subretinal dosing into non-
human primates at a range of 150 mL doses up to 6.6 �
109 vg/mL.21 While the AAV8B vector did not induce any inflamma-
tion at any dose level, administration of AAV7m8 led to significant
ocular inflammation, particularly at the top dose level. Similar to
our set of experiments described here, Ye et al.22,23 have described
an AAV2 variant, called AAV2tYF, expressing CNBG3 in safety eval-
uations in both mouse and non-human primate and have also found
dose-related inflammation in non-human primates up to doses of 4�
109 vg/mL. In these studies, effects on the retina were observed, but,
contrary to our findings here, these were not detected histologically,
but rather by temporarily reduced rod responses on ERG. Deng
et al.24 have described the safety profile of an AAV5 vector expressing
the RPGR protein in mice and found photoreceptor death at the high
dose of 1.5 � 1010 vg/mL. Thus, it is possible that different serotypes,
perhaps affected by different preparations of vectors, will lead to
differing effects on inflammation and, ultimately, the retina.

In this study, we observed very similar effects on retinal thinning and
ocular inflammation compared to those reported for other AAV-based
subretinal therapies. Distribution of CPK850 also appeared to be
similar to other reports for subretinal AAVs. Jacobson et al.10,11

described distribution of AAV2-RPE65 in dogs, non-human primates,
and rats. Depending on the dose and the species, vector sequences were
observed temporarily in locations outside the dosed eye, such as optic
chiasm, optic nerve, mandibular lymph nodes, and the lateral genicu-
late nucleus, all areas consistent with movement of small amounts of
vector from the subretinal space to areas involved in vision or lymph
drainage. In addition, we performed a nonclinical vector shedding
analysis, which, to our knowledge, has not been performed previously
for a subretinally administered AAV vector. While some detectable
levels of CPK850 were found in tears isolated from the non-human
primate study, no vector was observed in any other matrices from
rat or non-human primate, including nasopharyngeal swabs, urine,
and feces. Another subretinal program, RetinoStat, which utilizes an
equine infectious anemia virus (EIAV) vector, also performed this
analysis in nonclinical evaluations and found similar results.25

In conclusion, the safety profile of CPK850 appears to be consistent
with other subretinally administered viral therapies. While some
adverse effects were observed in the mouse and non-human primate
studies described here, inflammation observed in the non-human
primate was reversible and any effects on the retina did not appear
to be detrimental to the long-term vision of the animal. As for the
mechanism underlying retinal degeneration observed at the high
doses here, we hypothesize that it could arise from overexpression
of CRALBP in some cells, direct toxicity of AAV8 vector on a per
cell basis, an inflammatory component shortly after injection, or these
factors in combination. An effect of transgene expression level on
2018



Figure 4. Expression of hRLBP1 in the Non-human

Primate Toxicology Study

Two animals per group in groups 2–5 were sacrificed at

3 months post-injection, and samples of retina were taken from

the dosed (left) and undosed (right) eyes (A). Samples were

processed for RNA and evaluated by RT-PCR for both non-

human primate and human RLBP1 transcript level (B). Lower

Ct levels indicate higher levels of mRNA detected. The x axis in

(B) indicates the “EYR” region sampled indicated in (A).

A rectangular histology sample was also collected, which

included the optic disc and fovea.
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photoreceptor health has been previously described by Tan et al.26 To
our knowledge, this effect on the retina in nonclinical species has yet
to be deconvoluted and could be done in follow-up experiments using
null AAV8 vectors. In addition, in the presence of an induced sys-
temic immune response against the AAV8 vector, a dose of
CPK850 to the contralateral eye led to no safety events that were
more severe than those observed with the initial dose. Finally, the
minimally efficacious dose concentration of CPK850 produced using
the same process configuration as the final good manufacturing pro-
cess, when diluted in the clinical formulation buffer containing Plur-
onic F68, is equivalent to the dose concentrations found to be safe in
the mouse and non-human primate safety studies described here.
These data suggest, combined with our previous reports of convincing
efficacy in an animal model of this syndrome, that clinical trials with
CPK850 can safely be conducted.

MATERIALS AND METHODS
Animal Injections

For mouse studies, all procedures and housing conditions were
approved and performed as described in the associatedNovartis Cam-
Molecular Therapy: Metho
bridge Institutional Animal Care andUse Committee
protocol. Injections were performed in female and
male Rlbp1�/� and Rlbp1+/+ mice that were acquired
from Taconic Biosciences (Germantown, NY). Mice
were homozygous for the Met-450 variant of
RPE65.27 The mice were on a mixed Crb1rd8 back-
ground so that wild-type, heterozygous, and Crb1rd8

homozygous mutant mice were present in all
groups.28Micewere 12–16weeks old at the time of in-
jection for the dose-response efficacy study and 17–
25 weeks of age for the safety studies. CPK850 or
vehicle was delivered subretinally to both eyes. Pupils
were first dilated through topical application of 1%
cyclopentolate and 2.5%–10% phenylephrine. Mice
were subsequently anesthetized with an intraperito-
neal injection of ketamine/xylazine cocktail (100–
150/5–10 mg/kg), and 0.5% proparacaine (topical
anesthetic) was applied to the eyes. An approximately
0.5 mm incision was made nasally, posterior to the
limbus, with a microscalpel. A blunt-ended needle
on a 10mLHamilton syringewas inserted tangentially
through the scleral incision toward the temporal retina until resistance
was felt. 1 mL of diluted vector (containing 200 mg/mL sodium fluores-
cein solution) was then injected slowly into the subretinal space. For
the dose response efficacy study in Figure 1A, mice received 2.9 �
106, 1.0� 107, 2.9� 107, 5.9� 107, 1.0� 108, or 2.9� 108 vg/mL.Doses
for the mouse toxicology studies are provided in Table 1. Success of
the subretinal injection was confirmed by visualization of the fluores-
cein-containing bleb at the time of injection in combination with an
OCT screen of the eyes approximately 1 week post-injection.

For non-human primate studies, the protocol was approved by the
Covance Institutional Animal Care and Use Committee, and the
study was conducted in compliance with all regulatory requirements.
A DORC disposable dual-bore injection needle (23-gauge) was intro-
duced directly through the sclera in the superior temporal quadrant of
the globe approximately 2.5 mm posterior to the corneal limbus and
moved through the vitreous under visual control using a surgical mi-
croscope viewing through a dilated pupil. The 41-gauge cannula tip
was advanced from the 23-gauge needle until it gently touched the
surface of the retina. The dose (100 mL per eye) was injected through
ds & Clinical Development Vol. 8 March 2018 111
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Figure 5. Representative ERG Traces from Animals in the NHP Toxicology Study

Bold traces are the right, dosed eye; thin traces are the undosed, left eye. All animals here were left undosed in the contralateral eye at the day 51 time point. A mild reduction

in ERG amplitudes for both scotopic and photopic assessments were noted.
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the neural retina into the subretinal space, resulting in a subretinal
bleb. On day 51 of the study, a subset of animals received an injection
of 3.3� 107 vg/mL into the right eye. Slit lamp biomicroscopy, indirect
ophthalmoscopy, and intraocular pressure measurement was per-
formed on days 3, 8, 15, 22, and 29 during week 7, days 50 (prior
to dosing the right eye in a subset of animals), 52, 57, and approxi-
mately weekly thereafter until sacrifice. OCT imaging was performed
once during the pre-dose phase and during weeks 1, 5, 9, 13, 17, 21,
and 25 using a Heidelberg Spectralis HRA + OCT. ERG was per-
formed during weeks 4, 8, 12, 16, 20, and 24. Ocular inflammation
was quantified for aqueous flare, aqueous cells, vitreous cells, and
conjunctival hyperemia in the non-human primate study by applying
a score between 0–4 for no findings (0), trace findings (0.5), slight
findings (1), mild findings (2), moderate findings (3), and severe find-
ings (4). These values were added together to generate overall ocular
inflammation scores.

For rat biodistribution studies, the protocol was approved by the Co-
vance Institutional Animal Care and Use Committee, and the study
was conducted in compliance with all regulatory requirements. A
blunt-tipped needle (33- gauge) was inserted tangentially through
the scleral incision toward the back of the eye, avoiding the lens.
The needle was advanced further to the edge of the opposite retina,
and 2 mL of vehicle or test article formulation was injected as a bolus
into the subretinal space, causing a focal retinal detachment. The sub-
retinal injection was administered to the right eye only.
112 Molecular Therapy: Methods & Clinical Development Vol. 8 March
Anti-AAV8 and CRALBP Analysis

ELISA plates were coated with AAV8 followed by washing and block-
ing. Positive controls (anti-AAV8 antibodies) in non-human primate
serum and samples were diluted and then added to the plate and
bound the AAV8 coated to the plate. After incubation, plates were
washed and conjugate was added. Following incubation with the con-
jugate, plates were washed and 3,30,5,50- tetramethylbenzidine (TMB)
2-component chromogenic substrate was added. After sufficient color
development, the reaction was stopped by the addition of stop solu-
tion. The optical density (OD) of each well was determined by wave-
length measurement at 450 nm, with a correction at 570 nm. Absor-
bance values (OD 450–570) obtained from replicate wells of each
control and sample were averaged. Signal data were analyzed using
SoftMax Pro GxP software.

Since pre-existing antibodies against AAV8 prevented determination
of a screening cut point, samples were initially analyzed for anti-
AAV8 antibodies in a confirmatory assay. Samples were considered
positive whenever depletion was at or exceeded 24% when unspiked
samples were compared with samples spiked with AAV8. Immunode-
pleted samples with a reduction in signal response of <24.0% when
compared to the undepleted sample, but where the OD response
was determined to be sufficiently high that the concentration of
AAV8 used for depletion may have been insufficient, were diluted
further and repeated in the confirmatory assay. Samples that were
confirmed positive for anti-AAV8 antibodies were subsequently
2018



Figure 6. Composite Inflammation Scores from Animals in the Non-human

Primate Toxicology Study

Figure 7. Composite Inflammation Scores from the Subset of Non-human

Primates Also Dosed in the Right Eye on Day 50

Left eyes are displayed in black and right eyes in red.
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titered to estimate the level of antibody. As a screening cut point was
not established, 2 � the OD for the plate NC (negative control) was
utilized as the titer cut point. The titer was defined as the reciprocal
of the highest dilution, which resulted in a response above the titer
cut point. Only 4 dilution steps were used to maximize the
throughput. Samples with titers above 1,024 were not reanalyzed at
further dilution and were reported as >1,024.

The titers of pre-existing anti-AAV8 antibodies ranged from 0 to 256.
The presence of pre-existing antibodies can present challenges in the
interpretation of immunogenicity data after the administration of
gene therapies. It is not possible to easily categorize a response as
being treatment-induced (i.e., no anti-vector antibodies detected
pre-dose with anti-vector antibodies detected post-dose) or treat-
Molecul
ment-boosted (i.e., anti-vector antibodies detected pre-dose with an
increase in antibody titer post-dose) due to the inherent fluctuation
in antibody titers or a potential concomitant infection with the
parental virus. This inherent variability is apparent in the data gener-
ated from the control group animals. In this group there were some
animals in which anti-AAV8 antibodies were not detected at any
time point, some animals in which pre-existing anti-AAV8 were de-
tected and the titer increased after vehicle administration, and some
animals in which pre-existing anti-AAV8 were detected and the titer
decreased after administration of the vehicle. Due to the high
ar Therapy: Methods & Clinical Development Vol. 8 March 2018 113
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Table 5. Anti-AAV8 Titers in the Non-human Primate Toxicology Study

Study Day

�20 �13 15 22 50 78 114 142 177

Vehicle

128 64 64 16 32 32 16 16 4

16 16 16 8 4 64 32 16 8

2 2 2 2 8 4 16 4 2

4 4 4 4 32 16 8 8 8

0 0 0 0 0 0 0 0 0

16 4 4 4 2 2 2 2 2

4 2 1 2 1 1 0 1 0

0 0 0 0 0 0 0 0 0

3.3 � 106
32 16 64 8 16 32 a a a

2 64 8 8 4 2 a a a

3.3 � 107

2 2 512 512 512 0 128 64 64

1 0 <1 <1 <1 0 0 0 <1

0 0 16 8 1 <1 a a a

8 8 512 256 64 1,024b 256b 128b 64b

8 8 256 256 64 128b 128b 128b 64b

4 4 4 8 4 4 4 4 2

4 4 8 8 4 4 4 2 8

1 <1 1 1 1 <1 a a a

4 4 1,024 1,024 512 1,024b 256b 128b 128b

1 1 4 4 32 128b 128b 32b 64b

3.3 � 108

4 4 512 256 64 16 16 16 16

64 32 256 512 256 256 64 32 32

4 4 64 128 256 512 a a a

16 8 128 256 128 256b 128b 128b 128b

1 1 16 32 64 128b 64b 64b 32b

256 128 128 256 256 256 256 128 128

8 4 128 64 256 256 256 256 256

8 8 128 256 128 256 a a a

16 16 1,024 1,024 1,024 512b 512b 256b 256b

128 256 512 512 512 512b 512b 512b 512b

3.3 � 109

0 0 1,024 128 128 64 64 64 128

0 0 16 64 64 32 32 32 64

0 1 1,024 IS 512 512 a a a

8 64 256 1,024 512 256b 128b 128b 128b

0 0 128 128 256 512b 128b 128b 64b

0 0 16 128 128 256 256 128 64

16 8 64 256 128 64 32 32 32

8 8 512 1,024 1,024 1,024 a a a

2 2 64 128 512 1,024b 1,024b 512b 512b

0 0 16 16 256 512b 512b 256b 256b

Numbers indicate titer of antibody, i.e., the dilution of neat serum where signal is no longer detectable. IS, insufficient sample.
aAnimals were sacrificed at the 3-month time point for expression and histology analysis.
bAnimals were dosed with 3.3 � 107 vg/mL in the right eye on day 51.

Molecular Therapy: Methods & Clinical Development

114 Molecular Therapy: Methods & Clinical Development Vol. 8 March 2018



Figure 8. Representative Photomicrographs of

Retinal Atrophy (Thinning, Extent Indicated by Red

Circles) and Choroidal Mononuclear Cell Infiltrates

and Pigmented Cells Observed in the Non-human

Primate Toxicology Study

Animals from the vehicle control (A and B), 3.3 � 107

(C and D) and 3.3 � 108 (E and F) vg/mL dose groups

showing minimal to mild focal atrophy and/or degenera-

tion at the 6-month sacrifice, and an animal at the 3.3 �
109 vg/mL dose group 6 months post-injection showing

moderate, locally extensive degeneration (G and H). Mild

level of mononuclear and pigmented cell infiltration (red

arrow) in the 3.3 � 109 vg/mL dose group 3 months post-

injection (I). Original magnification, 40� (A, C, E, and G);

original magnification, 4� (B, D, F, and H); original

magnification, 20� (I) H&E.
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incidence of anti-AAV8 antibodies, �90% of the samples were
confirmed positive and analyzed in the titer assay (4 dilutions).
More than 150 samples had to be repeated at higher dilutions.

For anti-CRALBP antibodies, streptavidin-coated plates were
blocked while simultaneously incubating controls and samples
with a mixture of Biotin labeled CRALBP and Sulfo-Tag labeled
CRALBP. After incubation, the sample mixture was added to the
blocked streptavidin-coated plate, and the plates were then incu-
Molecular Therapy: Methods &
bated on a plate shaker at room temperature
(RT). The plates were washed and read buffer
was added immediately, followed by reading
of the plates. The signal data were captured
on an MSD Sector Imager 6000 and analyzed
using SoftMax Pro GxP software.

Biodistribution and Expression Analysis

In the rat, a comprehensive tissue set was
collected at the three sacrifice time points as
outlined in Tables 6 and 7. In addition, on
day 15, nasopharyngeal swabs, urine, and feces
were collected for shedding analysis. After
preparation for DNA, samples were assessed
for CPK850 DNA by PCR. In the non-human
primate, an assessment of the tissue distribu-
tion and the excretion of CPK850 was per-
formed in the subset of animals that were sacri-
ficed at the 3-month time point (one male and
one female in groups 2–5). Tear samples (from
left and right eyes), throat swabs, and urine
and fecal swabs were collected from this group
of animals during weeks 1, 4, 8, and 12 post-
dose. Lacrimal gland and brain samples
(including optic chiasm, optic tract, lateral
geniculate nucleus, visual cortex, and superior
colliculus) were collected at necropsy, pro-
cessed to DNA, and analyzed for the presence
of CPK850. A TaqMan qPCR assay using the probes listed below
was employed to detect and quantify the presence of vector DNA
sequence in shedding samples and tissues.

Forward: 50-AGC AAT AGC ATC ACA AAT TTC ACA A-30

Reverse: 50-CCAGACATGATAAGATACATTGATGAGTT-30

Probe: 50-AGC ATT TTT TTC ACT GCA TTC TAG TTG TGG
TTT GTC-30
Clinical Development Vol. 8 March 2018 115

http://www.moleculartherapy.org


Table 6. Design of Rat Biodistribution Study

Group

Animals Dose Concentration (vg/mL)a

Male Female Right Eye Left Eye

1b 5 5 0 (vehicle) NA

2c 15 15 3.3 � 107 NA

aDose volume per eye was 2 mL.
bGroup was sacrificed on study day 15.
c5 males and 5 females in this group were sacrificed on study days 15, 57, and 85.

Table 7. Tissues Collected in Rat Distribution Study

Males Females

Braina braina

Left eye (undosed) left eye (undosed)

Right eye (dosed) right eye (dosed)

Optic nerveb optic nerveb

Testesb ovariesb

mandibular lymph nodeb

salivary glandb

skeletal muscle (cranial)

liver

spleen

lungsb

kidneysb

jejunum

heart

aA sample was collected separately from the left and right side of the brain.
bEach sample was collected separately as left and right.

Molecular Therapy: Methods & Clinical Development
Additionally, from the non-human primate sacrificed at 3 months,
eyes were collected and sectioned as shown in Figure 4 for evaluation
of expression of human RLBP1 transcript. Samples were prepared for
RNA and evaluated by an RT-PCR assay that can differentiate be-
tween the non-human primate and human RLBP1 transcripts.

ERG in Rlbp1–/– and Rlbp1+/+ Mice

For mouse safety studies, ERG was performed 10 to 11 weeks post-in-
jection. This allowed indirect confirmation of vector-mediated
CRALBP expression in Rlbp1�/� mouse eyes through detection of
an increased dark adaptation rate. Equivalent confirmation of vec-
tor-mediated CRALBP expression in Rlbp1+/+ mice was not possible
due to endogenous protein expression, although assessment of qual-
itative visual function was provided by ERG. For the dose-response
efficacy study, recordings occurred 12 weeks post-injection.

ERG was performed in two sessions for each study, with ERG recorded
from one eye per mouse. In one session, the baseline maximum dark-
adapted response of each eye to light was determined. Mice were first
housed in the dark overnight in a ventilated, light-tight enclosure (Phe-
nome Technologies, Chicago, IL). Prior to recording, pupils were
dilated with one or two drops of 1% cyclopentolate and one or two
drops of 2.5% or 10% phenylephrine. Anesthesia was provided by an
intraperitoneal injection of a ketamine/xylazine cocktail (100–150/
5–10 mg/kg), and topical 0.5% proparacaine was applied to the eyes.
Body temperature was maintained by placing mice on a warm water
heating pad. ERG traces were recorded using a gold loop contact
lens electrode (N30, LKC Technologies, Gaithersburg, MD) referenced
to a gold nasopharyngeal electrode placed in the mouth (F-ERG-G,
Grass Technologies,Warwick, RI). Stable ocular hydration was accom-
plished through continuous application of 0.3% hypromellose drops
(GenTeal, Alcon, Fort Worth, TX) through flexible tubing at
300 mL/hr. Electrical groundwas provided by a 30-gauge platinum sub-
dermal needle electrode placed near the scapular region (F-E2, Grass
Technologies). Photoreceptor responses were quantified through
ERG a-wave amplitude measured 5 ms after a 2.7 log scotopic (scot)
cd s m�2 white light flash from a xenon bulb; up to 3 successive flashes
were averaged, with traces containing artifacts excluded prior to aver-
aging. Extraction of amplitudes was accomplished using a script writ-
ten for this purpose in MATLAB (Mathworks, Natick, MA). Dark
adaptation was assessed by first housing the mice overnight in the
dark. Photopigment was bleached by exposing each eye to a series of
16 flashes of light (3.7 log scot cd s m�2 white light flash from a xenon
116 Molecular Therapy: Methods & Clinical Development Vol. 8 March
bulb) whilemice were conscious and after pupil dilation with cyclopen-
tolate and phenylephrine. ERG a-wave response was subsequently
determined 4 hours later using the same procedure as the baselinemea-
surement. a-wave recovery achieved in 4 hr post-bleach relative to the
maximum dark-adapted amplitude was calculated for each eye. Eyes
that recovered complete visual function in 4 hr yielded recoveries ap-
proaching 100%. All recordings were performed with a commercial
ERG system (Diagnosys Espion E2 with dual ColorDome Ganzfeld
domes, Diagnosys, Lowell, MA). Statistical analysis was performed us-
ing a one-way ANOVA with Tukey’s multiple comparison test.

Imaging and Histology of the Retina in the Rlbp1–/– and Rlbp1+/+

Mouse Study

Images of the mouse retina were acquired using an OCT system
(Bioptigen, Morrisville, NC) to generate volumetric scans centered
on the optic nerve as much as feasible. Images were acquired prior
to injection, approximately 1 week post-injection, and approxi-
mately 12 weeks post-injection. Images acquired 1 week post-injec-
tion were used as a screen of injection quality. Eyes demonstrating
unacceptable complications from the injection procedure (e.g., un-
resolved retinal detachments, large hemorrhages, or excessive
retinal structure damage) were excluded from additional assess-
ment at 12 weeks. Images captured 12 weeks post-injection were
used to determine the effects of the delivery of vehicle or CPK850
on the mouse eye. Pre-injection images were used as a reference
to identify if observations noted in the 12-week OCT images
were pre-existing and therefore not attributable to vehicle or
CPK850.

Findings from each OCT image were assigned to one of six categories
as described in Table S1. Representative images of these categories are
provided in Figure S1. Two graders reviewed the images of the eyes in
2018



Table 8. Biodistribution Shedding Analyses: Results of the Rat Biodistribution Study

Tissue

No. of Animals with Detectable CPK850 Median Copies of CPK850/mg DNA

Day 15 Day 57 Day 85 Day 15 Day 57 Day 85

Eye (L) 7/10 7/10 2/10 112 61 <50

Eye (R) 9/10 10/10 9/10 >1,000,000 677,000 >1,000,000

Optic nerve (L) 1/10 2/10 1/10 <50 <50 <50

Optic nerve (R) 9/10 7/10 9/10 5,570 2,260 191

Brain (L) 6/10 0/10 0/10 278 <50 <50

Brain (R) 1/10 0/10 0/10 <50 <50 <50

Mandibular lymph node (L) 3/5 3/5 3/5 160 87 59

Mandibular lymph node (R) 4/5 5/5 2/5 347 172 <50

Salivary gland (L) 0/5 0/5 0/5 <50 <50 <50

Salivary gland (R) 0/5 0/5 0/5 <50 <50 <50

Lung (L) 0/5 1/5 0/5 <50 <50 <50

Lung (R) 1/5 0/5 0/5 <50 <50 <50

Skeletal muscle 1/5 0/5 0/5 <50 <50 <50

Spleen 5/5 5/5 5/5 3,540 467 696

Heart (atria) 0/5 0/5 0/5 <50 <50 <50

Heart (ventricle) 0/5 0/5 0/5 <50 <50 <50

Jejunum 0/5 0/5 0/5 <50 <50 <50

Kidney (L) 1/5 0/5 0/5 <50 <50 <50

Kidney (R) 1/5 0/5 0/5 <50 <50 <50

Liver 4/5 5/5 2/5 211 226 <50

Ovary (L) 0/5 0/5 0/5 <50 <50 <50

Ovary (R) 0/5 0/5 0/5 <50 <50 <50

Testes (L) 0/5 0/5 0/5 <50 <50 <50

Testes (R) 0/5 0/5 0/5 <50 <50 <50

Numbers indicate copy number of DNA detected. The level of quantification in the assay was 50 copies per microgram of genomic DNA and the level of detection was 10 copies per
microgram of DNA. L, left; R, right.
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a masked and randomized fashion to assign each eye to one of the cat-
egories. If an eye exhibited features consistent with more than one
category, the eye was assigned to the category interpreted as repre-
senting more significant pathology.

A qualitative estimate of the degree of retinal thinning was also gener-
ated to provide a graphical representation of this aspect of retinal
structure. During review of the 12-week post-injection OCT images,
two estimates were generated from visual inspection of volumetric
OCT scans. The first estimate was of the fraction of the scan that ex-
hibited retinal thinning (area of coverage). The second estimate was of
the average fraction of the retina observed to be lost within the region
exhibiting thinning (amount of thinning). In eyes that did not exhibit
thinning, both estimates were zero. A composite metric termed “esti-
mated retinal thickness”was generated by first multiplying the area of
coverage by the amount of thinning to yield Y, and then further
scaling Y according to

estimated retinal thickness=

�
1�

�
Y

10; 000

��
� 100:
Molecul
The result of this scaling is that a normal retina would result in a value
of 100, while a scan with no visible neural retina would result in a
value of 0.

For histopathological evaluation, eyes were enucleated at the time
of necropsy and immediately placed in >3 mL per eye of Davidson’s
fixative, where eyes were fixed for 24–48 hr at RT. Eyes were then
gently rinsed and stored in 10% neutral-buffered formalin. The eyes
were left in their entirety at trimming and placed within a specific
area of sponge to maintain their orientation. Eyes from one animal
were placed in one cassette, with the left eye being set closest to the
slide label. They were processed overnight and embedded maintain-
ing left and right orientation. The eyes were sectioned 500 mm
apart, resulting in 5 levels per eye, 10 sections per animal in total.
They were then stained with H&E and reviewed by light
microscopy.

After microscopic review of the tissue from each of the 5 levels, a
mean grade was assigned to any observed lesion using the subjective
grading scheme of normal, minimal, mild, moderate, and marked.
ar Therapy: Methods & Clinical Development Vol. 8 March 2018 117
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Table 10. Biodistribution Shedding Analyses: Results of Shedding Sample

Analysis from Non-human Primates

Dose Group

Copies of CPK850 Detected

Week 1 Week 4 Week 8 Week 12

Tearsa

3.3 � 106 #1 – – – –

3.3 � 106 #2 – – – –

3.3 � 107 #1 – – – –

3.3 � 107 #2 – – – –

3.3 � 108 #1 – – 9,464 –

3.3 � 108 #2 – – – –

3.3 � 109 #1 – – 138 104

3.3 � 109 #2 1,881 – – –

Throat swabs

3.3 � 106 #1 134 – – –

3.3 � 106 #2 – – – –

3.3 � 107 #1 – – – –

3.3 � 107 #2 – – – –

3.3 � 108 #1 60 – – –

3.3 � 108 #2 – – – –

3.3 � 109 #1 – – – –

3.3 � 109 #2 146 – – –

Urine

3.3 � 106 #1 – – – –

3.3 � 106 #2 – – – –

3.3 � 107 #1 – – – –

3.3 � 107 #2 – – – –

3.3 � 108 #1 – – – –

3.3 � 108 #2 – – – –

3.3 � 109 #1 – – – –

3.3 � 109 #2 3 – – –

Fecal swabs

3.3 � 106 #1 – – – –

3.3 � 106 #2 – – – –

3.3 � 107 #1 – – – –

3.3 � 107 #2 – – – –

3.3 � 108 #1 – – – –

3.3 � 108 #2 133 – – –

3.3 � 109 #1 199 – – –

3.3 � 109 #2 142 – – –

Numbers indicate copy number of DNA detected. The level of quantification in the
assay was 50 copies per microgram of genomic DNA, and the level of detection was
10 copies per microgram of DNA. Dashes indicate results were below the limit of quan-
titation.
aTears from the right and left eyes were combined.
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The criteria for each grade for the lesion of atrophy (thinning) of the
outer retina are described in Table S2.

Histology of the Retina in the Non-human Primate Study

At the 3 months interim sacrifice, a rectangular section of retina,
including the optic disc and fovea, was sampled from a small subset
of animals (Figure 4). This was immediately placed in modified
2018
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Davidson’s fixative for 24–48 hr at RT and then stored in 10% neutral-
buffered formalin. At the 6-month terminal sacrifice, for histopatho-
logical evaluation, eyes were enucleated at the time of harvest and
immediately placed in modified Davidson’s fixative for 24–48 hr at
RT and then stored in 10% neutral-buffered formalin. Eyes with
bulbar conjunctiva from all animals were sectioned to allow for 11 su-
perior-inferior sections through each eye to be evaluated, which
included the fovea.

After microscopic review of the tissue from each of the 11 levels, a
mean grade was assigned to any observed lesion using the subjective
grading scheme of normal, minimal (focal), mild (focal or multifocal),
and moderate (locally extensive to multifocal).
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