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ABSTRACT

Recombinant adeno-associated virus (rAAV) 2 vector gene therapy offers promise for the healing of
Rheumatoid arthritis. To support the clinical development of the candidate gene therapeutic product in
China, a comprehensive preclinical safety assessment of rAAV2 encoding human TNF receptor-
immunoglobulin Fc fusion gene (rAAV2/human TNFR:Fc), were conducted in 3 species of experimental
animals. No abnormal findings were observed in mice following single intravenous administration with
test article. Compared with the control group, no differences in mean body weight, food consumption in
rats and monkeys following the repeated intraarticular administration with rAAV2/human TNFR:Fc. There
were also no significant adverse effects due to treatment noted by clinical chemistry, hematology and
pathology assessments. After intraarticular administration with rAAV2/human TNFR:Fc, the vector DNA
initially distributed to spleen, lymph nodes, and joint synovium. The vector DNA cleared rapidly as it could
be detected mainly at the site of injection by 91 d post-administration (182 d for monkey). Taken together,
localized delivery of rAAV2/human TNFR:Fc showed no significant toxicity in mice, rats, and monkeys,
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which support the planned clinical evaluation of this product.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease,
which can cause chronic inflammation of the joints and other
areas of the body. According to the World Health Organization
estimated, the prevalence of RA in the general population
ranges from 0.3% to 1%." In China, there are about 5 millions
RA patients and it is reported that RA has been one of the
main reasons for physical disability.” Although the etiology of
RA is not fully understood, it has been demonstrated that
proinflammatory cytokines, particularly the tumor necrosis fac-
tor (TNF)-a, have an important role in RA pathogenesis.”*
Indeed, a series of TNF-« antagonists, such as Infliximab (chi-
meric mADb specific for TNF-«), Etanercept (soluble p75 TNF
receptor- human IgGlFc fusion proteins) have successfully
been developed in the past decades, which have revolutionized
the management of RA and other chronic inflammatory dis-
eases.”® However, some serious adverse effects are also reported
after long-term systemic treatment with these TNF-« antago-
nists in some RA patients.”® In addition, the high cost of TNF-
« antagonists treatment also limits their widespread applica-
tions in the developing countries.”

With the advance of biotechnology, delivery of genes encod-
ing anti-arthritis proteins, rather than administration of the
proteins themselves, promises to obviate these problems.'>!" Tt
is reported that the transfer to the body of cDNA (cDNA)

encoding anti-arthritis gene products such as cytokine antago-
nists, growth factors, immunomodulators, enables the body to
synthesize these products endogenously in a continuous, and
biologically activities in many arthritis animal models.""""”
Moreover, these endogenously proteins synthesized using gene
transfer techniques have greater biologic activity than their
recombinant counterparts.14

There are several strategies for target gene transferring in
arthritis, such as the local intraarticular delivery to individual
diseased joints'>'? as well as the systemic delivery that the
vector or a secreted transgene product is introduced at extra-
articular locations (such as intramuscular or intravenous
injection),">'® The most progress has been made with the
intraarticular delivery due to expressing the gene product
using this approach minimizes exposure of non-target sites,
thereby reducing the unwanted side effects. Furthermore,
this local treatment has fewer requirements and cost less.

Our previous study have demonstrated that the intraarticu-
lar gene delivery of recombinant adeno-associated virus 2
(rAAV2) encoding TNF receptor-immunoglobulin Fc (TNFR:
Fc) fusion gene (rAAV2/TNFR:Fc) could ameliorate the arthri-
tis symptoms and suppress the development of in rats with col-
lagen-induced arthritis."® Since gene therapy products are
intended for therapeutic use in patients, preclinical safety eval-
uation should be investigated according to the principles used
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for all new drugs.” Therefore, in order to provide preclinical
data to support the safety and suitability of the candidate gene
product to proceed into human clinical trial in China, in the
present study a comprehensive preclinical safety assessment of
rAAV2/human TNFR:Fc including single and repeat-dose tox-
icity studies were conducted in mice, rats and rhesus monkeys,
respectively.

Materials and methods
Animals

Kunming mice, at 6 weeks old of age, were obtained from the
animal center at the National Institutes of Food and Drug Con-
trol, (Beijing, China). Wistar rats, at 7 weeks old of age, were
purchased from Beijing Vital River Laboratory Animal Tech-
nology Co. Ltd (Beijing, China). All mice and rats were main-
tained in a room equipped with an air-filtering system.
Animals had ad libitum access to the certified rodent diet and
sterilized municipal tap water was given ad libitum via water
bottles. Rhesus monkeys, at 2 to 3 y old of age, were purchased
from Beijing Institute of Xieerxin Biology Resource (Beijing,
China) and maintained in stainless steel cages (L-W-H:
80-70-75 c¢cm) under conventional conditions. Each monkey
was individually housed, and provided with 300 g of standard
monkey keeping diet, and fruits per day and sterilized munici-
pal tap water (Beijing) was available ad libitum throughout the
study.

Before the study was conducted, mice and rats were quaran-
tined for 7 days, and monkeys were quarantined for 50 days,
respectively. Animals were accepted for use on the study based
on body weights and physical examination performed during
the quarantine period. All animal experiment protocols were
reviewed and approved by the Institutional Animal Care and
Use Committee (IACUC) of National Center for Safety Evalua-
tion of Drugs (NCSED), Beijing and all procedures conducted
in this experiment were in accordance with Good Laboratory
Practice (GLP)-compliant protocols.

Test articles

Test article rAAV2/human TNFR:Fc were developed by AGTC
Gene Technology Company Ltd. China as described previ-
ously.'® The vector titers of test article were expressed as vector
genomes/ml (vg/mL). All test article was held at 2-8°C before
use. PBS was used as negative control.

Design of toxicology study

The study design was outlined in Table 1. For the single-dose
toxicity study, 15 male and 15 female mice were given a single
intravenous injection of rAAV2/human TNFR:Fc at dose of
7.5 x 10"? vg/kg. The mice of control group were administrated
equal volume of PBS. All animals were examined for mortality
and clinical signs every day. Their body weight was measured
on days 0, 1, 8, 14 and 21. All of the animals were sacrificed on
day 22 and received a complete necropsy.

A repeated dose toxicity study was performed in rats
(Table 1). Animals were randomized into 4 groups and each
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group was composed of 15 male and 15 female rats. The ankle
joints (left or right in turn for different injection) of rats were
administrated intraarticularly with 50 L of high (3 x 10" vg/
mL), middle (2 x 102 vg/mL) and low (1 x 10'2 vg/mL) dos-
ages of rAAV2/human TNFR:Fc every day for continuous 8 d
(a total of 8 injections), and then followed by 91 d of treat-
ment-free period. The control group was treated with sterile
PBS at an equivalent dose volume. Ten rats (female and male
in half per time) of each group were sacrificed on study days 8,
22 and 99, respectively. The animals were given a full necropsy
and histopathological examination. Before each necropsy, rats
were anesthetized by sodium pentobarbital for the collection of
blood samples. The blood samples were used for hematological
and clinical chemistry analysis as well as CD4* and CD8™ cell
counting as described previously.”® Furthermore, to evaluate
the immune response of rAAV2/human TNFR:Fc in rat model,
other 6 rats (female and male in half) were treated with PBS,
high and low dosage of rAAV2/human TNFR:Fc as the above.
The blood samples were collected on different time point for
detection of antibodies against TNFR and AAV2 (Table 1).

A repeated dose toxicity study was performed in rhesus
monkeys. Total 24 rhesus monkeys were randomized into 3
groups (female and male in half). The ankle joints (left or right
in turn for different injections) of rhesus monkeys were injected
intraarticularly with high and low dosages (1 x 10'* vg/mL and
3 x 10" vg/mL) of rAAV2/human TNFR:Fc at a dose volume
of 1 mL every day for continuous 8 d (a total of 8 injections),
and then followed by 182 d of treatment-free period. Monkeys
were sacrificed on days 8, 22, 99 and 190, respectively. The
parameters for this study were basically the same as the rat
study (Table 1). Additional parameters in this study were elec-
trocardiogram (ECG) and IgG and IgM for the clinical chemis-
try analysis. Furthermore, part tissues of rats and monkeys
from high dose groups were harvested at each necropsy for the
biodistribution studies. A total of 16 tissues were tested: heart,
liver, spleen, lung, kidneys, brain, intestines, mesenteric lymph
nodes, muscle, testes, epididymis, prostate, uterus, ovaries,
breast, and joint synovium. These tissues were stored at —80°C
until use.

Detection of antibodies against TNFR and AAV2

The antibodies against TNFR:Fc in the sera were detected by
ELISA. Microtiter plates were coated with 100 ul of human
TNFR (2.5 pg/ml) overnight at 4°C, washed with phosphate
buffered saline (PBS) containing 0.05% Tween 20, and then
blocked with blocking buffer (1% bovine serum albumin in
PBS) for 1 h at 37°C. Serial dilution of serum samples and a
positive control (pooled normal human serum) were added to
the plate. Following incubation for 1 h at 37°C, goat anti-rat
IgG conjugated with horseradish peroxidase were added to the
plates. After another incubation at the same condition, signals
were measured by using 3,3',5,5 -tetramethylbenzidine (TMB)
substrate. Results were expressed as the highest dilution yield-
ing the absorbance at 450 nm 2.1 times above the control
values.

Furthermore, neutralizing antibodies to AAV2 were deter-
mined using luciferase assay as described previously.”' In brief,
AAV2 LUC was incubated with 3 dilutions (1:50, 1:200 and
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Table 1. The study design for preclinical safety evaluation of rAAV2/human TNFR:Fc.

Studies Single dose Repeat-dose Repeat-dose
Species Kunming mouse Wistar rat Rhesus Monkey

Age of animals 6 weeks 7 weeks 2-3 years

No. of animals 15/sex/group 22/sex/group 4/sex/group

Dose (Volume) of adm

Date of adm

Route of adm
Recovery period

Parameters monitored
Clinical observations

Body weight

Food consumption
Body temperature
ECG

Hematology
Clinical chemistry

Necropsy for pathology and

histopathology
NTAb

Anti-hTNFR antibodies and
Biodistribution analysis*

7.5 x 10'? vg/kg
Day 0

Intravenous
No

Everyday
Days0, 1,8, 14
and 21

1% 102 x 10" 3 x 10" vg/mL (50uL)
Days 0-7 (continuous 8 days) repeated adm

Intraarticular
91 days

Everyday
Weekly

Weekly

Days 0, 1, 8,22 and 99
ND

Days 8, 22 and 99
Days 8, 22 and 99
Days 8, 22 and 99

Days 7,29, 71 and 99
Days 7, 15, 22, 29, 43,57, 71, 85 and 99
Days 8, 22 and 99

1% 1033 x 10" vg/mL (1 mL)

Days 0-7 (continuous 8 days)
repeated adm

Intraarticular

182 days

Everyday
Weekly

Weekly

Days 0, 1, 7, 20, 64, 99,134 and 190
Days 0, 7, 20, 43, 71,99 and 190
Days 8, 22, 64, 99 and 190

Days 8, 22, 64, 99 and 190

Days 8, 22,99 and 190

Days 8, 36, 64, 99 and 134
Days 8,15, 22, 36, 64, 99 and 134
Days 8, 22,99 and 190

Note: The saline solution (0.9% NaCl) was used as negative control in the single- and repeat-dose toxicity studies in mice, rats and monkeys. Abbreviation: adm, adminis-

tration; ND, not determined. ECG, electrocardiogram; NTAb, neutralizing antibody;

“only the section tissues of rats and monkeys from high dose groups were harvested at each necropsy for the biodistribution studies.

1:800) of serum samples at room temperature for 1 h. BHK
cells were infected with serum-treated AAV2 LUC at a multi-
plicity of infection of 10° genome copies per cell. At 48 h post-
infection, luciferase activity was measured in the cell lysate
using a luciferase assay kit (Promega, USA) according to the
manufacture’ s instructions. The positive result was defined as
the less than 50% inhibition of AAV2 LUC was observed when
compared to the negative control.

Similarly, serum samples were collected from the monkeys
of each group at different time point (Table 1), the antibodies
against TNFR and AAV?2 in the sera of monkeys were detected
as described above.

Biodistribution study

To assess the biodistribution of vectors in animal (included rat
and rhesus monkeys) following the repeated treatment with
high dose rAAV2/human TNFR:Fc (3 x 10" vg/mL), the vec-
tor DNAs were detected using quantitative PCR (QPCR) for
specific AAV2 sequences as previously described.”” Briefly,
DNA was extracted from each frozen tissue type (approxi-
mately 25 mg) using DNA Purification Kit (TTANGEN, Bei-
jing) according to the manufacturer’s instructions. The
concentration of eluted DNA was determined by UV spectro-
photometry, and adjusted to a final concentration suitable for
QPCR. Primers (PF: 5-TCCTTCCTGCTCCCAATGG-3" and
PR: 5-ACGGTGGGCATGTGTGAGT-3') and probe (5'-
FAM-AGCACTGGCGACGAGCCCAAA-TAMRA-3")  were
designed using Primer Express software (Applied Biosystems,
USA). The QPCR consisted of an initial heating step at 94°C
for 3 min, and then 40 cycles of incubation at 94°C for 30s and
at 60°C for 1 min. A standards curve of plasmid DNA (10’ to
10° copies), no template controls, and background DNA con-
trols were all run in duplicate reactions. Furthermore, to moni-
tor QPCR inhibition, tissue from a naive animal was separately

spiked with plasmid DNA (10* to 10* copies) were also ana-
lyzed and no inhibition was found. The results were expressed
as copy numbers per microgram of tissue and the limit of
detection was 10 copies of target sequence.

Statistical analyses

Group means and standard deviations were calculated for body
weight, food consumption, body temperature, clinical chemis-
try, hematology, organ weights, percentages of CD4% and
CD8" cells. These data were analyzed using the statistics soft-
ware Toxstat 2006, NCSED. Bartlett test was performed to test
for variance homogeneity. When the result showed no signifi-
cance (P > 0.05) one-way analysis of variance (ANOVA) was
used. When ANOVA showed significance (P < 0.05), Dun-
nett’s test was done for multiple comparisons (all dose groups
versus control group). The abnormal pathological changes
were analyzed by Fisher’s exact test using SPSS 19.0 software.
P<0.05 was considered as indicative of significant difference.

Results
Single-dose toxicity study in mice

Compared to the control group, noabnormalities were observed
in the rAAV2/human TNFR:Fc group in the single-dose toxic-
ity experiment. These results suggested that the maximum tol-
erated dose of rAAV2/human TNFR:Fc, when injected
intravenously, is greater than 7.5 x 10'* vg/kg.

Repeat-dose toxicity study in rats

Intraarticular injection of rAAV2/human TNFR:Fc at high,
middle and low dosages was well tolerated in rats. During this
study, no early deaths and no obviously signs of systemic
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Figure 1. Group mean body weights of rats and rhesus monkeys following the
repeated administration with rAAV2/human TNFR:Fc. (A) Mean body weights of
male rat; (B) Mean body weights of female rat; (C) Mean body weights of rhesus
monkeys (n = 18 on study day 2, 13 on day 3-42 and 5 on day 43-84 in each gen-
der per group for rats; n = 8 on day 2-42, and 4 on day 43-70 in each group for
cynomolgus monkeys except for the animal number of saline group were halved
as described in Materials and Methods, “P<0.05 vs. the saline control group).

toxicity or abnormalities was noted, and there was no test arti-
cle-related effects on food consumption. Animal body weights
of all groups were increased and there was no significant differ-
ence between different groups at any time point (Fig. 1). Mini-
mal red swell of injection site were noted in both control and
treated rats with increased incidence and/or duration following
several administration in treated animals. These irritation reac-
tions were considered to be associated with intraarticular injec-
tion. Compared with the control group, body temperature
increased significantly at one gender animal or one time point
in the test article-treated groups, such as high, middle and low
dosages of rAAV2/human TNFR:Fc male groups at 24 h after
the last injection (on day 8), and female middle- and low-dose
groups on day 22 (all P < 0.05) (Supplementary Table 1).

The hematological findings were: (1) on days 8, increased
CD4" and CD8" cell levels in the middle dosage of rAAV2/
human TNFR:Fc male group. (2) Increased mean corpuscular
volume (MCV) and mean cell hemoglobin concentration
(MCHC) in the high-dose male group on study day 22. (3) On
recovery period (on study day 99), decreased white blood cell
(WBCQ) level in the female high- and middle-dose groups and
in the female high dose groups (Supplementary Table 2). For
hematological analysis, it was only at the middle dosage of
rAAV2/human TNFR:Fc male group that the alanine amino-
transferase (ALT) level decreased on study day 22 in compari-
son with the control group (Supplementary Table 3).

In the second necropsy, significant increase in liver weight of
low-, middle- and high dose male group, kidneys weight of
middle-dose male group as well as in spleen weight of high-
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dose male group was observed compared to the control group
(all P< 0.05), but there was no corresponding histopathological
finding. Furthermore, it was noted that brain weights decreased
in the low-, middle- and high dose male group (all P < 0.05).
In contrast, these changes had been alleviated, and no signifi-
cant difference was found in the article test-treated groups at
the recovery periods (Supplementary Table 4). In addition, no
treatment-related histopathological findings were observed
during the whole study periods.

Repeat-dose toxicity study in rhesus monkeys

Intraarticular injection with high- and low-dose of rAAV2/
human TNFR:Fc were also well tolerated in rhesus monkeys
and no obvious signs of systemic toxicity were observed clini-
cally during the whole study period. Any obvious irritation at
injection sites were not found after administration. There were
no test article-related effects on food consumption, body weight
(Fig. 1) and body temperature (supplementary Table 5). It was
shown that no abnormal were observed at ECG in the rAAV2/
human TNFR:Fc treated groups compared with the control
group (data not shown).

There was an increase in numbers of red blood cell (RBC)
while eosinophiles (EOS) was decreased significantly in the
low-dose group on 3 months after the last injections (on study
day 99) (all P < 0.05). A significant increase in MCHC was
found in the high-dose group on day 134 when compared with
the control group, respectively (P < 0.05) (supplementary
Table 6). For the clinical chemistry analysis, alanine amino-
transferase (ALT) level in the high-dose group was increased
significantly on study day 22 when compared with the control
group (P < 0.05) (supplementary Table 7). Furthermore, obvi-
ous increases were shown in albumin (ALB) concentration of
rhesus monkeys from the low-dose group on study day 64 and
in glucose (GLU) level in the high-dose group on study day 99,
respectively (all P < 0.05).

In necropsy, slight abnormalities on weight of several organs
such as liver, thymus were found occasionally in the test arti-
cle-treated groups (Supplementary Table 8), but no corre-
sponding  histopathological ~ change  were  observed.
Furthermore, these changes had also been improved greatly at
the end of recovery period and had no difference in comparison
with the control group.

Antibodies to TNFR and AAV2

Antibodies to TNFR were detected in high and low dose of
rAAV2/human TNFR:Fc groups. The results showed that anti-
bodies could be detected in 2 out of 6 rats in the high dose of
group at 2 weeks after the last injection (on day 22). An obvious
dose-response was observed over time, and almost all rats in
the high dose of group showed the obvious antibody response
since the study day 57 onward (Table 2).

In order to determine neutralizing antibodies to AAV2, 3
different dilutions of serum samples at different time points
were analyzed. It was showed that low level of antibodies (titers
1:50 and 1:200) can be detected in the high- and low-dose
rAAV2/human TNFR:Fc groups, and then the antibody level
against AAV2 continued to decrease post injection monitored
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Table 2. Antibodies to TNFR in rats and monkeys after administration with rAAV2/human TNFR:Fc.

Number positive/number test (mean OD value + SD)

Animal species Day PBS control Low-dose group High-dose group
Rat 7 0/6 (0.0384-0.029) 0/6 (0.028+0.018) 0/6 (0.0314-0.030)
15 0/6 (0.043+0.041) 0/6 (0.028+0.016) 0/6 (0.039+0.022)
22 0/6 (0.057+0.043) 0/6 (0.044+0.033) 2/6 (0.371£0.556)
29 0/6 (0.0674-0.032) 0/6 (0.046+0.025) 2/6 (0.5454-0.815)
43 0/6 (0.136+0.033) 0/6 (0.083+0.028) 3/6 (0.793+0.806)
57 0/6 (0.1044-0.036) 0/6 (0.096+0.061) 5/6 (1.0254-0.531)
71 0/6 (0.13540.044) 1/6 (0.172+0.209) 6/6 (1.181£0.506)
85 0/6 (0.217£0.071) 1/6 (0.231£0.327) 5/6 (1.252+£0.512)
99 0/6 (0.2314-0.093) 1/6 (0.290+0.413) 6/6 (1.3284-0.525)
Monkey 8 0/8 (0.006+0.022) 0/8 (0.006+0.016) 0/8 (0.012+0.019)
15 0/6 (0.0044-0.007) 0/6 (0.01140.009) 0/6 (0.0034-0.020)
22 0/6 0.000 0/6 0.000 0/6 (0.01+0.014)
36 0/4 0.000 0/4 (0.001£0.011) 0/4 (0.047+0.014)
64 0/4 (0.029+0.027) 0/4 (0.038+0.033) 0/4 (0.160=0.066)
99 0/4 (0.0604-0.082) 0/4 (0.07140.059) 0/4 (0.1504-0.093)
134 0/2 (0.198+0.023) 0/2 (0.162+0.083) 0/2 (0.096+0.113)

Notes: Low- and high- dose group presents the animal were treated repeatedly with the 1 x 10" vg/mL and 3 x 10" vg/mL rAAV2/human TNFR:Fc, respectively.

(Table 3). On end of the recovery period (day 99), only one ani-
mal from high- and low-dose was positive when sera were
diluted to be 1:50, respectively. Antibody titers of none of ani-
mals at any time points exceeded 1:800.

Different to the findings in rats, no obvious anti-TNFR anti-
body response were found in rhesus monkeys after the repeated
administration with rAAV2/human TNFR:Fc (Table 2). Fur-
thermore, no positive antibody response to AAV2 was found in
monkey treated with test articles even when sera were diluted
to be 1:50 (Table 3).

Biodistribution analysis following the repeated
administration with rAAV2/human TNFR:Fc

Similar biodistribution trends of adeno-associated vector DNA
were identified in rats and monkeys following the repeated
high dose rAAV2/human TNFR:Fc (Fig. 2). With some varia-
tion from animal to animal, the adeno-associated vector DNA
remained largely at the site of injection (in the joint synovium).
Furthermore, certain levels of the vector DNA were also
detected in spleen and lymph nodes, but vector copy number
of lymph nodes in monkeys seem be higher than that of rats at
study days 8 and 22. Vector copy numbers had no difference
between female and male animals. It was also noted that vector

DNA was not found in gonad specimens (such as testis and
ovary) in either animal species (Fig. 2). Only sporadically quan-
tifiably positive signals were observed in other tissues. At the
end of recovery period, the rAAV DNA was almost not
detected in tissues other than at the injection site in rats and
monkeys.

Discussion

Although many preclinical studies of local and systemic gene
therapy for RA have been reported,'>'>'*'” most are focused
on the efficacies of gene products and few preclinical safety
study has been published. It is generally accepted that efficacies
as well as safety are the core of gene products. Therefore, in
order to identify potential toxicity from rAAV2/human TNFR:
Fc, a comprehensive preclinical safety assessment were investi-
gated in rodent and primate animal model.

The selection of animal species was critical for toxicity study.
Ideally, the animal species should be able to expressed gene
product in response to the relevant regarding biological,and
also sensitive to the viral vector.'” Although the pharmacody-
namic studies of rAAV2/human TNFR:Fc were not performed
in the monkey RA model, it is reported that non-human pri-
mates are the only relevant animal species with regard to both

Table 3. Antibodies to AAV2 in rats and monkeys after administration with rAAV2/human TNFR:Fc.

Rat Monkey
Group Dilution of sera Day7 Day29 Day71 Day99 Day8 Day36 Day64 Day99 Day134
PBS control 1:50 0/6 0/6 0/6 0/6 0/8 0/4 0/4 0/4 0/2
Low-dose 0/6 6/6 5/6 1/6 0/8 0/4 0/4 0/4 0/2
High-dose 0/6 6/6 5/6 1/6 0/8 0/4 0/4 0/4 0/2
PBS control 1:200 0/6 0/6 0/6 0/6 0/8 0/4 0/4 0/4 0/2
Low-dose 0/6 2/6 1/6 0/6 0/8 0/4 0/4 0/4 0/2
High-dose 0/6 4/6 1/6 0/6 0/8 0/4 0/4 0/4 0/2
PBS control 1:800 0/6 0/6 0/6 0/6 0/8 0/4 0/4 0/4 0/2
Low-dose 0/6 0/6 0/6 0/6 0/8 0/4 0/4 0/4 0/2
High-dose 0/6 0/6 0/6 0/6 0/8 0/4 0/4 0/4 0/2

Notes: Low- and high- dose group presents the animal were treated repeatedly with the 1x10'? vg/mL and 3x 10" vg/mL rAAV2/human TNFR:F, respectively.
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Figure 2. Biodistribution of AAV2 DNA in different tissues of rats and rhesus monkeys following the repeated administration with rAAV2/human TNFR:Fc. Part tissues of
rats (n = 6) and monkeys (n = 2) from high dose groups were harvested for biodistribution analysis at each necropsy. Each symbol represents the value for an individual

animal. LOD represents lower limit of detection.

the expressed protein and sensitivity to the viral vector.”***

Non-human primates are often used as the preferred animal
species in the preclinical safety study of gene products. Further-
more, it is required that preclinical safety study for human gene
therapy products should include both specific and non-specific
evaluations.'” Therefore, to maximize the exposure of potential
non-specific and specific toxic responses that might predict
human toxicity of rAAV2/human TNFR:Fc, both rodent spe-
cies (Kunming mouse and Wistar rat) were used in the single-
and repeat-dose toxicity studies. The intended human dose of
rAAV2/human TNFR:Fc developed in this study is 1 x 10"
vg/mL according to our previous studies'® and unpublished
data. The dose levels used in the single- and repeat-dose toxic-
ity studies were approximately 3-7 folds higher than the pro-
posed clinical dose. Despite the relatively high dose
administered and the repeated inoculations (8 consecutive
doses in the repeated toxicity study), there were no obviously
signs of systemic toxicity or abnormalities noted in all animal
species. The repeated intrarticular injection of rAAV2/human
TNFR:Fc in rats and monkeys resulted in only a few sporadic
statistically significant changes in body temperature, organ
weight, clinical chemistry and hematology parameters. Such
findings were deemed to be incidental due to its observation
only in one gender or one time point, and no dose-dependent
change was revealed. More importantly, these observed changes
could not be correlated with any other indication of toxicity or
histopathology on microscopic examination of the tissues, fur-
ther supporting that these findings were be not attributed to
the administration of rAAV2/human TNFR:Fc. On the other
hand, previous studies also reported that rAAV gene transfer to
specific tissue liver was strongly influenced by sex. The male
rodents have been shown to express proteins at a higher level
than female rodents receiving identical vector doses>*® The
different efficient transduction may be explained for the abnor-
malities that the decrease of ALT level was only found at male
middle dose group.

Previous studies have demonstrated that the TNFR is a 55-
to 80-kDa glycoprotein that binds TNF-a.>”*® Heterogeneity in
TNEFR from different species is also found, which amino acid
sequence of human TNFR have 64% similarity with rat TNFR,

and 6 amino acids less than the latter.”” Therefore, it is not sur-
prising that antibody response to human TNFR were found in
rats treated with rAAV2/human TNFR:Fc due to species het-
erogeneity. This antibody might neutralize the therapeutic
agent, and affect the efficacy.”® To expose the potential toxicity
by heterogenous immune response, another repeat-dose toxic-
ity assessments in rats were also administrated in parallelwith
rAAV2/rat TNFR:Fc. No difference besides heterogenous
immune response was observed in rats treated with rAAV2/
human TNFR:Fc and rAAV2/rat TNFR:Fc (data not shown).
The results suggested that immune response by heterogenous
target gene product might not induce obvious toxicological
change, further supporting the use of rodent species in the pre-
clinical safety study of human gene therapy product. Consistent
with data from previous study,”® no antibody to TNFR was
detected in non-human primate RA model because there is a
high level of homology between human and monkey.

Recombinant AAV2 vectors do not contain viral genes, and
has been engineered for use as a vector in human gene therapy,
which is widely considered as one of the most safety of cur-
rently used viral vectors.’’ > In agreement with the previous
studies,”"** low level of humoral immune response to AAV?2
were detected in rats following the repeated administration,
and then diminished over time. In contrast, neutralizing anti-
body response to AAV2 was not exhibited in monkeys.
Although the exact cause is not clear, the description may be
associated with distinct immune response rAAV2 in different
species.

Considering the vector DNA is usually at very low levels in
most tissues following administration with adeno-associated
vectors,”>* only tissues of rats and monkeys from high-dose
groups were analyzed for the biodistribution analysis at each
necropsy in this study. The results showed that the adeno-asso-
ciated vector DNA largely remained at the site of injection
(joint synovium) in both rodent and non-human primate spe-
cies following the repeated administration of rAAV2/human
TNFR:Fc. No differences were noted in these biodistribution
and clearance patterns between genders. In agreement with the
previous study,*® low level vector DNA biodistributed to spleen,
lymph nodes and liver. These results also reflected the relatively
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rapid clear of vector in the lymphoid tissues as fewer animals
remained positive at study endpoints despite of the repeated
delivery of up to 10'* copies in animals. It is reported that
adeno-associated viral vectors can persist for long time at the
site of inoculation, and in lymphatic tissues as well as liver,””
although the mechanism of vector persistence remains
unknown. It is speculated that these exogenous DNA molecules
are captured by antigen-presenting cells and trafficked to the
lymphoid organs and liver.”> The biodistribution studies sug-
gested that potential target organs for toxicity might be spleen,
lymph nodes and/or liver, as well as the sites of injection. How-
ever, no corresponding histological abnormalities were found
in the tissues positive for vector. Collectively, these data suggest
that the vector DNA would be maintained in joint synovium
for a long period of time without inducing any clinical sysmp-
toms. Furthermore, it was also noted that adeno-associated vec-
tor DNA was never found in gonad specimens in this study,
indicating that the administration with rAAV2/human TNFR:
Fc had a low risk for adeno-associated vector to biodistribute to
reproductive organs.

It is generally accepted that QPCR can be used to quantity
the integrated vector DNA in different tissues when compared
with immunohistochemical assay. Therefore, QPCR is widely
employed for biodistribution analysis in preclinical safety eval-
uation of gene therapy products.”®*®** Howerver, the real-time
PCR is so exquisitely sensitive that the smallest contamination
in the course of collection of the tissues during necropsy would
be tested although rigorous measures are performed to prevent
cross-contamination in this study. It is likely that the sporadi-
cally positive cases where a weak signal (close to the limit of
detection) was seen in one animal at single time point, could be
the result of inadvertent contamination. This is a limitation of
using the sensitive real-time PCR for biodistribution analysis.

In conclusion, there were no significant toxicity effects due
to treatment in the preclinical safety assessment of rAAV2/
human TNFR:Fc described herein. Long term distribution of
vector appeared to be localized within the site of injection.
These results support the planned clinical evaluation of this
product.
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