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Preclinical evaluation of NG101, a potential
AAV gene therapy for wet age-related
macular degeneration
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Age-related macular degeneration (AMD) is a leading cause of
vision loss in individuals over the age of 55. Approximately
10%–15% of AMD patients develop choroidal neovasculariza-
tion (CNV), leading to wet AMD (wAMD), which accounts
for nearly 90% of AMD-related blindness. Inhibition of
vascular endothelial growth factor (VEGF) is the standard
treatment for wAMD. However, the frequent administration
of the current treatment imposes a significant burden on
wAMD patients. Therefore, there is an unmet need for treat-
ments that require less-frequent administration. Here, we pre-
sent findings on the safety and efficacy of NG101, a recombi-
nant adeno-associated virus (rAAV) vector encoding
aflibercept, an anti-VEGF agent, for wAMD therapy. A single
subretinal injection of NG101 effectively reduced CNV lesion
leakage and size at doses as low as 1 � 106 in mouse and
3 � 109 viral genomes per eye in cynomolgus monkeys. In cyn-
omolgus monkeys, NG101-derived aflibercept expression in
ocular tissues persisted for 1 year post-injection, indicating sus-
tained therapeutic potential. Biodistribution analysis revealed
that NG101 was primarily localized in ocular tissues. Only
mild and transient ocular inflammatory responses were
observed. Overall, these findings suggest that NG101, with its
efficacy at low doses and sustained expression, is a promising
therapeutic candidate for wAMD.
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INTRODUCTION
Age-related macular degeneration (AMD) is the most common cause
of vision loss in individuals over the age of 55 years, accounting for
6%–9% of legal blindness globally.1 Approximately 10%–15% of
AMD patients develop choroidal neovascularization (CNV), resulting
in wet AMD (wAMD), which accounts for nearly 90% of AMD-
related blindness.2,3 The current standard treatment for wAMD is
the intravitreal (IVT) administration of anti-vascular endothelial
growth factor (VEGF) drug to impede new blood vessel growth and
swelling.4,5 However, this therapeutic regimen requires periodic
IVT injections every 1–3 months, placing a substantial burden on pa-
tients, caregivers, and physicians.6 Furthermore, periodic injections
result in fluctuating peak and trough levels of VEGF during the inter-
vals between dosing cycles.
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To alleviate the burden and provide long-term expression of anti-
VEGF agents, gene therapies for wAMD have emerged. Preclinical
studies have been conducted on the efficacy and safety of gene ther-
apies targeting VEGF in vivo,2,7–10 and clinical trials are under way
(these studies are registered at ClinicalTrials.gov: NCT05197270,
NCT05536973, NCT04704921, and NCT05407636). Adeno-associ-
ated virus (AAV), found in various vertebrates including humans
and non-human primates (NHPs), is devoid of pathogenicity in hu-
mans.11 Thus, AAV is a leading platform for in vivo delivery of
gene therapies. A recombinant AAV (rAAV) encapsidates vector ge-
nomes lacking any AAV protein-coding sequences instead contains
therapeutic gene expression cassettes.12 These vectors form episomal
concatemers within the nucleus of host cells, providing long-term
transgene expression.13,14 Consequently, a one-time administration
of gene therapy utilizing AAV vectors promises lifelong transgene
expression. However, it is important to note that excessive doses of
AAV to increase transgene expression can lead to toxicities. Clinical
trials have shown dose-dependent adverse events.15–17 Therefore,
achieving precise delivery of minimal amounts of gene therapy prod-
ucts to the target site is crucial for ensuring safety.

The effective treatment of eye disease relies not only on the develop-
ment of therapeutic agents but also on efficient delivery techniques to
achieve optimal concentrations at the target tissue.18 Therefore, the
choice of the administration route for gene therapy products is
pivotal. In ophthalmology, two injection routes prevail for gene ther-
apies: IVT and subretinal (SR) injection.19 IVT injection involves
delivering AAV into the vitreous space, a procedure that can be easily
performed in a doctor’s office. However, the inner limiting membrane
(ILM) acts as a barrier,20 reducing the infection efficiency of AAV in
the retinal region. This necessitates the use of higher doses, which in-
creases the risk of unwanted immune responses. To address these lim-
itations, new types of AAV, such as AAV.7m8 and R100, have been
developed through capsid engineering to pass through the ILM and
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infect the retina with significantly improved efficiency.21,22 These ad-
vancements are undergoing clinical trials (these studies are registered
at ClinicalTrials.gov: NCT05536973 and NCT05197270).

SR injection requires a surgical procedure for administration. Despite
this, SR injection accurately delivers AAV to the target area, the outer
retina, resulting in less leakage to other organs and a reduced immune
response.23 SR injection can effectively express therapeutic proteins in
the required area with a relatively smaller dose, mitigating potential
safety concerns associated with the AAV viral capsid. Two clinical tri-
als are also using SR injection for wAMD (these studies are registered
at ClinicalTrials.gov: NCT04704921 and NCT05407636).

NG101 is a recombinant, non-replicating AAV serotype 8 (rAAV8)
expressing a coding sequence for aflibercept, a soluble recombinant
protein composed of the binding domain 2 of VEGFR1 and domain
3 of VEGFR2, which is fused with the Fc region of human immuno-
globulin G1 (IgG1).24,25 Aflibercept binds VEGF-A, VEGF-B, and
placental growth factor (PlGF), inhibiting the activation of
VEGFR1 and human umbilical vein endothelial cell migration
induced by PlGF.26,27 Here, we elucidate the safety, efficacy, and du-
rable gene expression of NG101. Aflibercept produced by NG101
effectively inhibited VEGF and exhibited binding specificity to
VEGF-A and PlGF in vitro. A single SR injection of NG101 provided
sustained aflibercept expression in NHPs. Moreover, NG101 signifi-
cantly decreased CNV lesion leakage and size in mice and NHPs,
comparable to the IVT injection of Eylea, at doses of 1 � 106 and
3 � 109 vg (viral genomes)/eye, respectively, without significant
side effects. Collectively, based on our preclinical data, NG101 is a
promising gene therapy candidate for wAMD.

RESULTS
Construction of NG101

NG101 is a recombinant, non-replicating AAV serotype 8 (rAAV8)
expressing a coding sequence for aflibercept, a soluble protein
composed of the binding domain 2 of VEGFR1 and domain 3 of
VEGFR2, which is fused with the Fc region of human IgG1.24,25

The aflibercept is expressed under a synthetic CAT311 promoter,
which is composed of parts of the cytomegalovirus immediate-early
enhancer/chicken b-actin (CAG) promoter and human elongation
factor 1 alpha (EF-1a) intron. Following the promoter, the codon-
optimized aflibercept gene is accompanied by multiple cis-elements,
including the mutant woodchuck hepatitis virus posttranscriptional
regulatory element (mWPRE), four copies of a target sequence to
the microRNA 142-3p (miR142-3pTx4), and the bovine growth hor-
mone polyadenylation sequence (bGH pA) (Figure 1A). These ele-
ments are flanked by two inverted terminal repeat (ITR) sequences
designed to enhance transgene expression and reduce the immune
response against the transgene product.28,29

CAT311 promoter-mediated robust and long-lasting ocular gene

expression

The robustness and persistence of CAT311 promoter-mediated gene
expression were examined using GFP as a reporter gene. Mice were
2 Molecular Therapy: Methods & Clinical Development Vol. 32 Decemb
SR injected with either vehicle, AAV8.CAGGFP (expressing GFP un-
der CAG promoter), or AAV8.CAT311GFP (expressing GFP under
CAT311 promoter). GFP signals were then measured by fundus
photography (FP) images taken at various time points (Figure S1A).
GFP signals in the eyes of mice administered AAV8.CAT311GFP
were evident from 4 weeks post-injection, peaked at week 8, and
persisted until week 51 (Figures S1B and S1C). Importantly,
compared to the AAV8.CAGGFP group, the GFP signals in the
AAV8.CAT311GFP group were significantly higher throughout the
observation period. At 51 weeks post-injection, mice were sacrificed,
and GFP levels were quantified by ELISA (Figure S1D). One year
post-injection, the mean GFP level in the eyes of mice injected with
AAV8.CAT311GFP was 185 ng/mg, compared to 55 ng/mg in the
eyes of mice injected with AAV8.CAGGFP, indicating that the
CAT311 promoter drove gene expression that was 3.4 times higher.
Collectively, these data suggest that the CAT311 promoter enables
robust and long-lasting transgene expression in vivo, outperforming
the CAG promoter in terms of gene expression robustness in the
eye, despite its significantly shorter length.
In vitro bioequivalence of aflibercept produced by NG101 and

Eylea

We initially assessed the structural and functional integrity of
NG101. The identity and purity of NG101 were examined by
SDS-PAGE followed by SYPRO Ruby staining (Figure 1B). All three
VP proteins, VP1–VP3, were detected at the anticipated ratio,30

with little to no non-specific bands. Next, NG101-derived afliber-
cept was produced in vitro to evaluate its equivalence to Eylea. Sev-
enty-two hours after transducing CHO-K1 cells with NG101, the
culture medium was collected and analyzed alongside Eylea by
immunoblotting (Figure 1C). Aflibercept produced by NG101 and
Eylea showed similar sizes, with a molecular weight of approxi-
mately 115 kDa.31

In HEK293 cells, aflibercept expression was dose-dependent 48 h
following transduction (Figure 1D). The biological activity of afliber-
cept from NG101 was evaluated using a VEGF bioassay with engi-
neered HEK293 cells that express luciferase upon VEGF binding to
VEGFR2. Aflibercept disrupts this interaction, resulting in reduced
luciferase expression. Aflibercept from NG101 effectively inhibited
VEGF, demonstrating equivalency to Eylea (Figure 1E). The half-
maximal inhibitory concentration values were 33.62 ng/mL for
NG101-derived aflibercept and 38.89 ng/mL for Eylea.

Ligand-binding selectivity was also assessed using an ELISA
(Figures 1F–1H). The aflibercept from NG101 specifically bound to
VEGF-A165 and PlGF, but not to hepatocyte growth factor (HGF),
mirroring the binding profile of Eylea. The half-maximal effective
concentration values for VEGF-A165 binding were 0.1038 nM for
NG101-derived aflibercept and 0.1115 nM for Eylea, while for PlGF
they were 0.9091 nM and 1.219 nM, respectively. Taken together,
these findings demonstrate that aflibercept produced by NG101 is
equivalent to Eylea in terms of VEGF binding and inhibition in vitro.
er 2024
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Figure 1. Aflibercept produced by NG101 binds to and inhibits VEGF signaling comparable to Eylea in vitro

(A) Graphical scheme of aflibercept expression cassette of NG101. (B) Purity of NG101 was assessed by SYPRO Ruby-stained SDS-PAGE (1 � 1010 vg/lane). (C) CHO-K1

cells were transduced with NG101 (MOI: 2� 105). After 72 h, aflibercept produced by NG101 and Eylea were analyzed by non-reducing SDS-PAGE and immunoblotting. The

Fc region of aflibercept was detected by an anti-human IgG antibody. (D) HEK293 cells were infected with NG101 at the indicated MOI. Forty-eight hours after infection,

aflibercept levels in the culture medium were measured by ELISA. Data are shown as mean ± SD. (E) The VEGF inhibitory activities of aflibercept produced by NG101 and

Eylea were evaluated. (F–H) The binding selectivity of aflibercept produced by NG101 and Eylea to recombinant VEGF-A165 (F), placental growth factor (PlGF) (G), and

hepatocyte growth factor (HGF) (H) were evaluated. OD450, optical density at absorbance 450 nm; RLU, relative luminescence unit.
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Efficacy of NG101 in suppressing CNV in mice

To investigate the therapeutic potential of NG101, we examined
whether its administration effectively induces aflibercept expression
and consequently prevents laser-induced CNV formation in mice.
Mice received SR injections of NG101 at doses ranging from
1 � 106 to 1 � 109 vg/eye 28 days prior to CNV induction, allowing
sufficient time for the expression of NG101-derived aflibercept. In
contrast, for the Eylea treatment group, Eylea was IVT injected at
40 mg/eye immediately after CNV induction. Ten days post-induc-
tion, we assessed CNV lesion leakage and size using fluorescein angi-
ography (FA) and optical coherence tomography (OCT) (Figure 2A).
Aflibercept expression in the whole-eye lysates occurred in a dose-
Molecular T
dependent manner (Figure 2B), with all dose levels of NG101 result-
ing in aflibercept concentrations similar to or higher than those from
IVT administered Eylea.

Ten days after CNV induction, fluorescent contrast agents were intra-
peritoneally injected into mice. The corrected total fluorescence
(CTF) measured from FA images served to assess vascular leakage
in CNV lesions. The size and density of CNV lesion leakages were
significantly reduced in both the Eylea and NG101 (1 � 106 to
1 � 109 vg/eye) groups compared to the vehicle group. Notably,
CTF levels were significantly lower in all NG101 groups than in the
Eylea group (Figures 2C and 2D).
herapy: Methods & Clinical Development Vol. 32 December 2024 3
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Figure 2. NG101 administration prevents laser-induced CNV formation in mice

Mice were administered either NG101 subretinally (SR) at the indicated doses (1� 106 to 1� 109 vg/eye) or vehicle (formulation buffer) 28 days prior to CNV induction, or with

Eylea (40 mg/eye) intravitreally (IVT) once immediately after CNV induction. (A) Overview of efficacy testing in themousemodel of laser-induced CNV. (B) Aflibercept expression

was measured 11 days after CNV induction by ELISA. Data are shown as mean ± SD. (C) Representative fluorescein angiography (FA) images are shown. (D) The CNV lesion

leakage was evaluated. Data are shown as mean ± SD. (E) Representative OCT images are shown. Arrowheads indicate CNV lesions. (F) The volume of CNV lesions was

measured. Data are shown as mean ± SD. (B, D, and F) Statistical analysis: one-way ANOVA. ****p < 0.0001 versus vehicle; ##p < 0.01 and ####p < 0.0001 versus Eylea.
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Table 1. Animal group assignment

Test article Dose level, vg/eye Dose volume, mL/eye Sex Animal ID Injection day Laser treatment day Sacrifice day

Vehicle 0 100

M

P0001 1 57 88

P0002 1 57 88

P0003 1 57 365

F

P0401 1 57 86

P0402 1 57 86

P0403 1 57 365

Eylea 2 mg/eye 50 M

P0101 57 57 88

P0102 57 57 88

P0103 57 57 88

NG101 3 �109 100

M

P0201 1 57 88

P0202 1 57 88

P0203 1 57 365

F

P0501 1 57 86

P0503 1 57 86

P0504 1 57 365

NG101 6 �109 100

M

P0301 1 57 88

P0302 1 57 88

P0303 1 57 365

F

P0601 1 57 86

P0602 1 57 86

P0603 1 57 365

www.moleculartherapy.org
Concurrently, OCT was utilized to examine the CNV-induced retinal
area, measuring the cross-sectional area of the CNV lesions either
horizontally or vertically. The volume of CNV lesions, assessed by
OCT, increased in the vehicle group but was suppressed in both the
Eylea and all NG101 groups compared to the vehicle group
(Figures 2E and 2F). However, no significant differences in the vol-
ume of CNV lesions were observed between the Eylea group and
the NG101 groups. Collectively, these results demonstrate that even
the lowest dose of NG101 significantly inhibits the growth of new
blood vessels, showing efficacy that is statistically comparable to or
superior to Eylea.
Aflibercept expression following SR administration of NG101 in

NHPs

Following these results in mice, we extended our evaluation to the
safety and efficacy profile of NG101 in NHPs. In the initial study, cyn-
omolgus monkeys (1 male and 1 female per group) received SR injec-
tions of NG101 at doses ranging from 3 � 1010 to 1 � 1012 vg/eye.
Eight weeks post-injection, aflibercept expression levels in ocular tis-
sues were assessed (Figure S2). The retina exhibited the highest afli-
bercept levels in animals that received 3 � 1010, 1 � 1011, or
3 � 1011 vg/eye, while the highest concentrations in the vitreous hu-
mor (VH) occurred in animals given 1 � 1012 vg/eye (Figures S2A
and S2C). The aqueous humor (AH) consistently showed the lowest
aflibercept levels across all groups (Figure S2D). Previous studies with
Molecular T
NHPs showed that an IVT injection of ADVM-022 at a dose of
2 � 1012 vg/eye nearly eliminated grade 4 CNV lesions, with retinal
aflibercept concentrations of 3.5–7.3 mg/g at doses ranging from
2 � 1011 to 2 � 1012 vg/eye.32,33 A phase 1 clinical study further
confirmed that 2 � 1012 vg/eye is not the minimum effective
dose.34 These studies suggest that a retinal aflibercept concentration
of 3–10 mg/g is expected to have a therapeutic effect on wAMD. Tak-
ing into account the strong correlation between aflibercept concentra-
tion and dosage and noting a retinal aflibercept concentration of
44 ng/mg after a single SR injection of NG101 at 3� 1010 vg/eye (Fig-
ure S2A), we selected doses of 3 � 109 and 6 � 109 vg/eye for subse-
quent studies. These doses are aimed at achieving a retinal aflibercept
concentration range of 3–10 mg/g tissue, expected to provide thera-
peutic efficacy in NHPs.
Efficacy of NG101 in laser-induced CNV model in NHPs

To further assess the efficacy and safety profile of NG101 in an NHP
CNV model, an experiment was conducted where three male and
three female cynomolgus monkeys were grouped and administered
either a vehicle or NG101 at doses of 3 � 109 or 6 � 109 vg/eye via
bilateral SR injection on day 1 (Table 1). Fifty-six days after NG101
administration (on day 57), laser-induced CNV was performed on
all animals. In the Eylea group, three male cynomolgus monkeys
received an IVT injection of Eylea at a dose of 2 mg/eye immediately
following CNV induction. Approximately 3 months post-injection,
herapy: Methods & Clinical Development Vol. 32 December 2024 5
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two males and two females from the vehicle and NG101 groups
(3 � 109 or 6 � 109 vg/eye), along with all animals from the Eylea
group, were sacrificed. The remaining animals were sacrificed on
day 365 (Figure 3A). The incidence of clinically relevant grade 4
CNV lesions was determined using FA images.35 On day 71, 2 weeks
post-CNV induction, 63% of the eyes administered vehicle exhibited
grade 4 CNV lesions, whereas none of the eyes treated with Eylea
showed such lesions (Figures 3B and 3C). On day 85, 4 weeks post-
CNV induction, the occurrence of grade 4 lesions was 49% in the
vehicle group and 4% in the Eylea group. NG101 proved highly effec-
tive at preventing grade 4 CNV lesions on days 71 and 85 in animals
administered either 3 � 109 vg/eye (5% and 6%, respectively) or
6� 109 vg/eye (2% on both days), demonstrating efficacy comparable
to Eylea.

NG101-mediated sustained expression of aflibercept in NHPs

To further evaluate transgene expression levels after a single SR injec-
tion of NG101, various ocular tissues including retina, choroid-retinal
pigment epithelium (RPE), VH, and AH were analyzed. Aflibercept
was detected in the ocular tissues of animals administered NG101
in a dose-dependent manner (Figures 3D–3G). Notably, due to the
route of administration, aflibercept expression by NG101 was pre-
dominantly higher in the retina and choroid-RPE rather than VH
and AH, whereas in the Eylea group, aflibercept concentrations
were higher in VH and AH. Moreover, NG101 groups demonstrated
sustained, and even elevated, ocular aflibercept levels up to day 365.
These findings indicate that a single SR injection of NG101 at doses
of 3 � 109 and 6 � 109 vg/eye leads to durable aflibercept expression
and effectively inhibits laser-induced CNV formation in NHPs.

Pharmacokinetics and biodistribution of NG101 in NHPs

To complement the therapeutic findings, a detailed biodistribution
analysis of NG101 was conducted on serum, VH, and AH (Tables 2
and 3). Notably, no detectable NG101 vector was found in the serum,
AH, and VH of the vehicle group. In the groups administered NG101
at a dose of 3 � 109 vg/eye, vector levels remained below the limit of
quantification (LOQ) at all evaluated time points in serum, except for
two animals on day 3. At the higher dose of 6� 109 vg/eye, detectable
vector levels were observed in the serum on day 3 for three animals,
declining by day 56 (Table 2). VH exhibited the highest NG101 vector
levels compared to serum and AH. In VH, NG101 was detected in
both eyes of two animals administered NG101 at 3 � 109 vg/eye
and in the right eye of two animals administered NG101 at 6 � 109

vg/eye on days 86/88 (Table 3). AH results remained below the limit
of detection (LOD) in all groups, except for the right eye of one animal
Figure 3. SR administration of NG101 effectively suppresses CNV formation at

NG101 (3� 109 or 6� 109 vg/eye) or vehicle (formulation buffer) was administered via SR

57, immediately following CNV induction. (A) Overview of efficacy testing in NHP CNV m

lesions was evaluated. Data are shown as mean ± SD. (D–G) Aflibercept expression leve

(G) were measured at day 86/88 by ELISA. Additionally, two animals (one male and one

followed up until day 365. Data are shown asmean ± SD. (C–G) Statistical analysis: two-

71 and ###p < 0.001 and ####p < 0.0001 versus vehicle on day 85. ns, not significant.
##p < 0.01, ###p < 0.001 versus Eylea on day 86/88; &p < 0.05 versus vehicle on day 3
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administered NG101 at 3 � 109 vg/eye, which had a result below the
LOQ (Table 3). Taken together, these data suggest that a single SR in-
jection of NG101 results in predominant distribution of the vector
within the eye.

For immune response analysis, anti-AAV8 neutralizing antibodies
(NAbs) were evaluated. Serum samples collected during the predose
phase and on days 29, 56, and 85 (Table 4) showed that four animals
administered NG101 at 3 � 109 vg/eye and three animals adminis-
tered NG101 at 6 � 109 vg/eye tested positive for anti-AAV8 NAbs
at the predose phase. Following SR injection of NG101, there was
an increasing tendency of anti-AAV8 NAbs. However, preexisting
or increased levels of anti-AAV8 NAbs did not impact aflibercept
expression in ocular tissues (Figures 3D–3G). Furthermore, anti-afli-
bercept antibodies were not detected in serum at the predose phase on
days 29, 56, and 85 in all groups, nor were they detected in VH on
days 86/88 (data not shown).

Ocular safety of NG101 in NHPs

Ophthalmic safety was assessed using slit-lamp biomicroscopy
following a single SR injection of NG101 (Figure 4). The vehicle group
exhibited transient anterior and posterior ocular inflammatory re-
sponses, characterized by the presence of aqueous cells, aqueous
flares, and vitreous cells. Similar transient dose-related ocular inflam-
matory responses were noted in the NG101 groups, which resolved by
day 60 without further ocular inflammatory response observed up to
day 365. The SR injection sites in eyes administered NG101 were flat
by day 8, and the laser spots were flat on days 86/88, approximately
4 weeks after CNV induction (data not shown). Additionally, there
was no evidence of retinal toxicity based on electroretinography
(ERG), flash-visual evoked potential (VEP), and intraocular pressure
measurements in all groups (data not shown). These comprehensive
evaluations demonstrate that NG101 induces only a transient and
mild ocular inflammatory response at the effective dose range tested,
without adverse effects on retinal structure and function.

DISCUSSION
NG101, a non-replicating rAAV8 viral vector, is designed to express
aflibercept under the control of a synthetic CAT311 promoter. This
promoter has been shown to induce robust and sustained ocular
transgene expression for at least 51 weeks in mice (Figure S1). Our re-
sults indicate that the CAT311 promoter offers superior robustness
and durability compared to the CAG promoter, enhancing gene
expression and extracellular secretion of aflibercept in the eye. This
is facilitated by the use by NG101 of a codon-optimized aflibercept
low doses in NHPs

injection on day 1 in cynomolgusmonkeys. Eylea (2mg/eye) was injected IVT on day

odel. (B) Representative FA images are shown. (C) The percentage of grade 4 CNV

ls in the retina (D), choroid-RPE (E), vitreous humor (VH) (F), and aqueous humor (AH)

female) from vehicle group and NG101 (3 � 109 and 6 � 109 vg/eye) groups were

way ANOVA (C) and one-way ANOVA (D–G). (C) ****p < 0.0001 versus vehicle on day

(D–G) *p < 0.05; **p < 0.01; ***p < 0.001 versus vehicle on day 86/88; #p < 0.05,

65..
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Table 2. Biodistribution of NG101 in serum

Sample Time point Sex

Vehicle 3 � 109 vg/eye 6 � 109 vg/eye

Animal ID Copies/mg Animal ID Copies/mg Animal ID Copies/mg

Serum

predose

M

P0001 <LOD P0201 <LOD P0301 <LOD

P0002 <LOD P0202 <LOD P0302 <LOD

P0003 <LOD P0203 <LOD P0303 <LOD

F

P0401 <LOD P0501 <LOD P0601 <LOD

P0402 <LOD P0503 <LOD P0602 <LOD

P0403 <LOD P0504 <LOD P0603 <LOD

day 3

M

P0001 <LOD P0201 <LOQ P0301 <LOQ

P0002 <LOD P0202 <LOD P0302 <LOQ

P0003 <LOD P0203 <LOD P0303 219.24

F

P0401 <LOD P0501 <LOQ P0601 <LOQ

P0402 <LOD P0503 473.64 P0602 908.96

P0403 <LOD P0504 847.99 P0603 199.01

day 8

M

P0001 <LOD P0201 <LOD P0301 <LOQ

P0002 <LOD P0202 <LOD P0302 <LOQ

P0003 <LOD P0203 <LOD P0303 <LOQ

F

P0401 <LOD P0501 <LOD P0601 <LOD

P0402 <LOD P0503 <LOQ P0602 188.50

P0403 <LOD P0504 <LOQ P0603 268.26

day 29

M

P0001 <LOD P0201 <LOD P0301 <LOD

P0002 <LOD P0202 <LOD P0302 <LOD

P0003 <LOD P0203 <LOD P0303 <LOD

F

P0401 <LOD P0501 <LOD P0601 <LOD

P0402 <LOD P0503 <LOQ P0602 <LOD

P0403 <LOD P0504 <LOQ P0603 <LOQ

day 56

M

P0001 <LOD P0201 <LOD P0301 <LOD

P0002 <LOD P0202 <LOD P0302 <LOD

P0003 <LOD P0203 <LOD P0303 <LOD

F

P0401 <LOD P0501 <LOD P0601 <LOD

P0402 <LOD P0503 <LOD P0602 <LOD

P0403 <LOD P0504 <LOQ P0603 <LOD

LOD, limit of detection; LOQ, limit of quantification.
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gene along with a human IgG4 signal peptide sequence and a mutated
WPRE sequence (Figures 1, 2, 3, and S2).28,36 Additionally, the
NG101 genome contains four copies of the target sequence for anti-
gen-presenting cell (APC)-specific microRNA 142-3p.29 This
sequence serves to reduce aflibercept expression in APCs by promot-
ing miR142-3p binding-mediated degradation of the mRNA, thereby
decreasing the host immune response against aflibercept. Collectively,
these elements contribute to robust and long-lasting aflibercept
expression driven by NG101 in the retina, enhancing its therapeutic
potential.

Various animal models of CNV, such as mice, rats, and NHPs, are
used to evaluate treatment strategies for wAMD. In these models, a
8 Molecular Therapy: Methods & Clinical Development Vol. 32 Decemb
laser-induced rupture of Bruch’s membrane results in the develop-
ment of CNV.37 Due to differences in eye size, typically, four CNV le-
sions are induced in the mouse eye, while nine lesions are created in
NHP models. To evaluate the efficacy of NG101, we used both mouse
and NHP laser-induced CNV models, with evaluation methods
adapted to the anatomical differences. In the mouse model, vessel
leakage is assessed by measuring fluorescence intensity in FA images
of the entire eye, along with CNV volume based on OCT images
(Figures 2C and 2E). In contrast, the NHPmodel allows for individual
grading of CNV lesions based on the extent of leakage, with lesions
classified from grades 1 to 4, where grade 4 represents clinically rele-
vant leakage (Figure 3B).35 A reduction in the occurrence of grade 4
lesions was used as an efficacy indicator. The close approximation of
er 2024



Table 3. Biodistribution of NG101 in VH and AH

Sample Time point Sex

Vehicle 3 � 109 vg/eye 6 � 109 vg/eye

Animal ID Copies/mL Animal ID Copies/mL Animal ID Copies/mL

VH-OD

day 86/88

M
P0001 <LOD P0201 687,536.39 P0301 115,865.68

P0002 <LOD P0202 <LOQ P0302 <LOQ

F
P0401 <LOD P0501 13,555,608.05 P0601 297143.72

P0402 <LOD P0503 <LOQ P0602 <LOQ

VH-OS

M
P0001 <LOD P0201 73,389.28 P0301 <LOQ

P0002 <LOD P0202 <LOQ P0302 <LOQ

F
P0401 <LOD P0501 99,594.49 P0601 <LOQ

P0402 <LOD P0503 <LOQ P0602 <LOQ

AH-OD

day 86/88

M
P0001 <LOD P0201 <LOD P0301 <LOD

P0002 <LOD P0202 <LOD P0302 <LOD

F
P0401 <LOD P0501 <LOQ P0601 <LOD

P0402 <LOD P0503 <LOD P0602 <LOD

AH-OS

M
P0001 <LOD P0201 <LOD P0301 <LOD

P0002 <LOD P0202 <LOD P0302 <LOD

F
P0401 <LOD P0501 <LOD P0601 <LOD

P0402 <LOD P0503 <LOD P0602 <LOD

AH, aqueous humor; LOD, limit of detection; LOQ, limit of quantification; OD, oculus dexter; OS, oculus sinister; VH, vitreous humor.
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the NHP retina and macula to those of the human makes this grading
system highly relevant.37 Differences between mice and NHPs may
account for variations in the efficacy of NG101 compared to Eylea
(Figures 2 and 3). Alternatively, these differences may be due to the
variable efficacy of Eylea at the given dose in each animal model. In
the mice efficacy study, Eylea (40 mg/eye) showed incomplete sup-
pression of blood vessel leakage, possibly due to insufficient afliber-
cept levels, whereas NG101, with its higher levels of aflibercept pro-
duction, was able to provide better suppression. However, in the
NHP efficacy study, the aflibercept levels in the Eylea group (2 mg/
eye) were sufficient to nearly eliminate grade 4 lesions, resulting in
comparable efficacy between NG101 and Eylea, despite the higher
aflibercept expression of NG101. Overall, NG101 effectively sup-
pressed CNV in bothmodels, suggesting that in patients, it could offer
efficacy comparable to Eylea while potentially reducing treatment
burden through robust and long-lasting aflibercept expression.

Given that AAV is less pathogenic and the eye is an immune-privi-
leged site, AAV ocular gene therapy is generally considered safe.
However, high doses in many clinical trials have led to adverse effects
such as ocular inflammation or retinal degeneration, particularly at
doses above 1 � 1011 vg/eye. At doses ranging from 1 � 1010 to
1 � 1011 vg/eye, the occurrence of ocular inflammation has varied,
with administration routes being more common with IVT injection
compared to SR injection.17 The most effective way to reduce the
toxicity of the AAV vector is to lower its dose. Therefore, developing
a strategy that enables the transgene to be expressed at an efficacious
level with a minimal dose is crucial for patient safety.
Molecular T
NG101 has demonstrated effective inhibition of CNV at relatively low
doses, specifically, 1� 106 vg/eye in the mouse and 3 � 109 vg/eye in
the NHP CNV models, owing to several key factors. First, the higher
affinity of aflibercept for VEGF and its longer retinal residence time,
compared to ranibizumab, enable effective VEGF inhibition with
smaller amounts of therapeutic protein.27,38 Second, the potent
CAT311 promoter drives significantly higher expression levels of afli-
bercept at equivalent doses compared to the CAG promoter, facili-
tating a further reduction in the required vector dose (Figure S1).
Lastly, SR injection targets NG101 delivery directly to the retina
and RPE at the lesion site, optimizing local efficacy and minimizing
systemic exposure (Figures 3D–3G and S2). The synergy between
the high affinity of aflibercept for VEGF, the efficacy of the
CAT311 promoter, and precise SR delivery enables NG101 to effec-
tively curb CNV progression at these low doses.

Following NG101 administration, NG101 vectors were initially de-
tected in serum on days 3 and 8, but levels quickly decreased to below
the LOQ by day 56 in all subjects (Table 2). In ocular fluids, NG101
vectors were identified in the VH but not in the AH (Table 3). Addi-
tionally, anti-aflibercept antibodies were not detected in either the
serum or VH, indicating no significant immunogenicity (data not
shown). These observations confirm that the NG101 vector remains
confined within the ocular environment after SR administration.

Despite the presence of anti-AAV NAbs (Table 4), which are known
to potentially affect transduction efficiency and reduce efficacy
following gene transfer,39 ocular aflibercept expression remained
herapy: Methods & Clinical Development Vol. 32 December 2024 9
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Table 4. Anti-AAV8 neutralizing antibody in serum

Group Sex Animal ID Predose Day 29 Day 56 Day 85

Vehicle

M

P0001 20 10 10 10

P0002 <5 <5 <5 <5

P0003 10 10 10 10

F

P0401 5 <5 5 5

P0402 <5 <5 <5 <5

P0403 <5 5 <5 <5

Eylea, 2 mg/eye M

P0101 320 – – –

P0102 10 – – –

P0103 160 – – –

3 � 109 vg/eye

M

P0201 80 20 80 40

P0202 20 40 80 40

P0203 80 80 80 80

F

P0501 80 320 320 160

P0503 <5 <5 <5 <5

P0504 <5 <5 <5 <5

6 � 109 vg/eye

M

P0301 40 80 80 20

P0302 10 80 40 40

P0303 5 40 40 40

F

P0601 40 1,280 320 160

P0602 <5 5 <5 <5

P0603 <5 5 20 10

Values are the reciprocal serum dilution at which relative luminescence units (RLUs)
were reduced 50% compared to vector-only control wells.
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unaffected in NHPs (Figures 3D–3G). This phenomenon underscores
previous findings that such antibodies do not significantly inhibit
transgene expression within ocular tissues, attributable to the protec-
tive nature of the blood-retinal barrier (BRB), which limits antibody
penetration.10,40,41 Furthermore, a previous study has shown that
NAb levels are significantly lower in the VH than in serum across
various serotypes in humans.42 These findings suggest that the impact
of preexisting anti-AAV NAbs on transgene expression in ocular tis-
sues is likely less pronounced than in other tissues.

The ocular safety profile of NG101 was characterized by mild and
transient inflammation, evident from aqueous cells, aqueous flare,
and vitreous cells (Figure 4). This inflammation, which peaked
5 days post-injection in a dose-dependent manner, was also noted
in the vehicle group, indicating that some responses could be attrib-
uted to the mechanical stimulation of the injection process. Impor-
tantly, this inflammation resolved completely by approximately
60 days post-injection, with no further inflammatory responses noted
up to day 365. Retinal function, assessed by ERG and VEP tests, re-
mained unaffected, indicating that these transient inflammatory re-
sponses did not compromise retinal function (data not shown).

In summary, a single SR administration of NG101 in mice and NHPs
effectively suppresses CNV formation at low doses, ensuring robust
10 Molecular Therapy: Methods & Clinical Development Vol. 32 Decem
and sustained expression of aflibercept within ocular tissues, particu-
larly the retina. The NG101 treatment demonstrates a confined distri-
bution within the eye, mild and transient ocular inflammation, and no
retinal abnormalities, indicating its potential as a candidate for long-
term treatment of wAMD. Based on these promising preclinical re-
sults, a phase 1/2a clinical trial for NG101 has been initiated to eval-
uate its safety and preliminary therapeutic efficacy in wAMD patients
(this study is registered at ClinicalTrials.gov: NCT05984927). This
trial uses significantly lower doses, ranging from 1 � 109 to 8 � 109

vg/eye, compared to other trials that have used doses ranging from
3 � 109 to 6 � 1011 vg/eye.34,43,44

MATERIAL AND METHODS
NG101 vector construction

NG101 is an rAAV8 vector containing a codon-optimized aflibercept
gene, flanked by two ITR sequences. The NG101 vector genome is
constructed using the Gibson Assembly method. Expression of afli-
bercept is controlled by a synthetic CAT311 promoter. The afliber-
cept gene is followed bymultiple cis-elements, including the mWPRE,
four copies of a target sequence for microRNA 142-3p (miR142-
3pTx4), and the bGH pA.

SYPRO Ruby staining

Purified AAV samples were mixed with 4X Bolt LDS sample buffer
(Invitrogen, Thermo Fisher Scientific, Waltham, MA). Following in-
cubation at 95�C for 10 min, samples were loaded on a Bolt 4%–12%
Bis-Tris plus gel (Invitrogen). Then, the gel was stained with SYPRO
Ruby protein gel stain (Invitrogen) according to the manufacturer’s
instructions. Signals were detected using an automated imaging sys-
tem (ChemiDoc; Bio-Rad Laboratories, Hercules, CA).

Immunoblot analysis

CHO-K1 cells were cultured in F-12K medium (American Type
Culture Collection, , Manassas, VA) in a humidified atmosphere
of 5% CO2 at 37�C. Following pre-incubation with 5 mM MG132
(Sigma-Aldrich, St. Louis, MO) for 8 h, the cells were transduced
with NG101 for 72 h, and the culture medium was collected. Eylea
(aflibercept; Bayer AG, Leverkusen, Germany) and the samples
were mixed with 4X Bolt LDS sample buffer (Novex). Proteins
were separated by SDS-PAGE and transferred to a nitrocellulose
membrane. The membrane was blocked with Tris-buffered saline
containing 0.1% Tween 20 and 5% skimmilk powder and then incu-
bated with anti-human IgG antibody (709-035-149; The Jackson
Laboratory, Bar Harbor, ME). Proteins were visualized using an
enhanced chemiluminescence reagent (Thermo Fisher Scientific),
and signals were detected using an automated imaging system
(ChemiDoc; Bio-Rad Laboratories).

Aflibercept ELISA

HEK293 cells were cultured in DMEM containing 10% fetal bovine
serum (Gibco, Thermo Fisher Scientific) in a humidified atmosphere
of 5% CO2 at 37�C. The cells were seeded and incubated for 18 h. Sub-
sequently, the cells were pre-incubated with 5 mM of MG132 (Sigma-
Aldrich) for 8 h. Then, the cells were transduced with NG101. After
ber 2024



Vehicle Eylea (2 mg/eye) 3x109 vg/eye 6x109 vg/eye
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Figure 4. Ocular inflammation was mild and transient at the effective doses of NG101 in NHPs

Ophthalmic examinations were conducted on the same animals described in Figure 3 to assess ocular inflammatory responses. Parameters evaluated included aqueous cell

(A), aqueous flare (B), and vitreous cells (C), monitored up to day 86/88. Additionally, two animals (one male and one female) from each of the vehicle and NG101 (3� 109 and

6 � 109 vg/eye) groups were followed up until day 365. Data are shown as mean ± SD.
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48 h, the culture medium was collected, and the aflibercept level was
measured using an aflibercept ELISA kit (ImmunoGuide-AybayTech
Biotechnology, Ankara, Türkiye) according to the manufacturer’s
instructions.
VEGF bioassay

VEGF bioassay (Promega, Fitchburg, WI) was performed according
to the manufacturer’s instructions. In brief, the collected cell culture
medium containing NG101-derived aflibercept and Eylea (afliber-
cept; Bayer AG) were serially diluted using assay buffer. KDR/
NFAT-RE HEK293 cells were resuspended in the assay buffer and
dispensed into a 96-well assay plate. Then, diluted samples or Eylea
was added, followed by the addition of VEGF-A165. The assay plate
was incubated at 37�C with 5% CO2 for 6 h. Luminescence was
measured using a Varioskan LUX multimode microplate reader
(Thermo Fisher Scientific).
Ligand binding assay

The recombinant human (rh)VEGF-A165 (R&D Systems, Minneapo-
lis, MN), rhPlGF (R&D Systems), and rhHGF (R&D Systems) were
dispensed to a 96-well ELISA plate (Thermo Fisher Scientific) and
incubated for 18 h. Then, 3% BSA and 0.05% Tween 20 in Dulbecco’s
PBS (DPBS; Gibco) was added and incubated for 1 h. Diluted samples
or Eylea was added and incubated for 1 h, followed by washing with
0.1% Tween 20 in DPBS. Horseradish peroxidase-conjugated anti-
human Fc IgG antibody (Invitrogen) was added and incubated for
1 h. Following washing with 0.1% Tween 20 in DPBS, TMB (Thermo
Fisher Scientific) was added and incubated for 5 min for rhVEGF-
A165 or 10 min for rhPlGF and rhHGF. Then, 1 N sulfuric acid (Sam-
chun, Seoul, Korea) was added to stop the reaction. Absorbance was
measured at 450 nm using a Varioskan Lux (Thermo Fisher
Scientific).
Molecular T
Animal study approval

The mice studies were reviewed and approved by the Institutional
Animal Care and Use Committees (IACUC) of KPC Co., Ltd. In
accordance with the Animal Protection Act (Approval No.:
P215004). All procedures for NHP studies were in compliance with
applicable animal welfare acts and were approved by the local Institu-
tional Animal Care and Use Committee (IACUC).

Dose administration

Mice

NG101 or vehicle (formulation buffer) was SR administered into both
eyes (1 mL/eye) 28 days before CNV induction in C57BL/6 mice. A
31G needle was used to create a scleral puncture, through which a
34G needle connected to an IO kit (Nanofil-IO kit; World Precision
Instruments, Sarasota, FL) was inserted. Subsequently, FP and OCT
were used to check for bleb formation on the retina. Eylea was IVT
administered into both eyes at (1 mL/eye) immediately after CNV in-
duction. Following administration, an antibiotic eye drop formula-
tion (Tobrex, Novartis Korea, Seoul, Korea) was applied once to
each eye to prevent infections.

Cynomolgus monkeys

Cynomolgus monkeys were anesthetized with ketamine and dex-
medetomidine. The eyes were cleaned with 1% povidone iodine so-
lution. A 2.5% povidone iodine solution was used at the dose site
prior to injection. Pupils were dilated with a topical mydriatic
agent. A DORC 23G needle with an extendible 41G SR injection
needle (DORC, Zuidland, the Netherlands) was introduced
through the sclera in the superior temporal quadrant of the globe,
approximately 3 mm posterior to the corneal limbus. The 41G
cannula tip was advanced from the needle and gently touched to
the retinal surface. NG101 or vehicle was injected through the neu-
ral retina into the SR space, resulting in a SR bleb. After the
herapy: Methods & Clinical Development Vol. 32 December 2024 11
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injection, a topical antibiotic and steroid ointment (Neo-Poly-Dex)
was instilled in each eye.

For IVT injection of Eylea, a topical anesthetic (0.5% proparacaine)
was instilled in each eye before the procedure. A wire speculum was
used to retract the eyelids. The eyes were cleaned with 1% povidone
iodine solution and rinsed with sterile saline. A 30G needle was
used for each dose. Following dosing, a topical antibiotic (Neo-
Poly-Bac) was applied to each eye.
FP

For retinal imaging evaluation, mice were anesthetized with ketamine
(Yuhan, Seoul, Korea) and xylazine (Bayer Korea, Seoul, Korea), and
an anesthetic eye drop (Alcaine; Alcon Korea, Seoul, Korea) was
applied to each eye for additional local anesthesia. Mydriasis was
induced with mydriatics (Tropherine Eye Drops; Alcon Korea). The
images were taken with a Micron IV (Phoenix-Micron, Bend, OR).
After imaging was completed, a droplet of antibiotic eye drops (To-
brex 0.3% Eye Drops; Novartis Korea) was applied to each eye.

Image analysis for FP was performed using ImageJ, and the following
formula was used to calculate the CTF:
Corrected total f luorescence ðCTFÞ = Integrated Density -- ðArea of selected cell�Mean fluorescence of background readingsÞ
(Equation 1)
GFP ELISA

The eyes were lysed using a TissueLyser (Qiagen, Hilden, Germany)
with stainless steel beads (Qiagen) and radioimmunoprecipitation
assay buffer (Thermo Fisher Scientific) containing a protease inhibi-
tor (Thermo Fisher Scientific). The lysate was incubated for 1 h at 4�C
and then centrifuged at 13,000 � g for 15 min. The supernatant was
collected for analysis using a GFP ELISA kit (Abcam, Cam-
bridge, UK).
CNV induction

Mice

C57BL/6 mice were anesthetized by the intraperitoneal injection of
10 mg/kg xylazine (Rompun; Bayer Korea) and 100 mg/kg ketamine
(ketamine; Yuhan). An anesthetic eye drop (Alcaine) was applied to
each eye, followed by a mydriatics (Tropherine Eyedrops; Alcon Ko-
rea). The imaging camera of the Micron-IV system was focused on
the fundus. The conditions for CNV induction were as follows: wave-
length 532 nm, diameter 50 mm, duration 80 ms, and power level 240
mW. One drop of an antibiotic (Tobrex; Novartis Korea) was applied
to the eye. Burn lesions that showed no bubbling during lesion induc-
tion were classified as unsuccessful laser burns and were excluded
from analyses according to the modified version of the exclusion
criteria.45
12 Molecular Therapy: Methods & Clinical Development Vol. 32 Decem
Cynomolgus monkeys

Animals were anesthetized with ketamine and dexmedetomidine. The
macula of each cynomolgus monkey’s eye underwent laser treatment
with a 532-nm diode green laser burns (OcuLight GL; Iridex, Moun-
tain View, CA) using a slit-lamp delivery system, a single mirror lens
(Ocular Instruments, Bellevue, WA), and plano fundus contact lens.
The laser parameters included a spot size of 75 mm, duration of 0.1 s,
and power of 400–650 mW. Nine areas were symmetrically placed in
the macula of each eye.
FA/OCT

Mice

After inducing general anesthesia using xylazine and ketamine,
mice received an intraperitoneal injection of 100 mg/kg
fluorescent contrast agents (10% Fluorescite; Alcon Korea). The
imaging camera of the Micron-IV system was focused on the
fundus, and a hypromellose lubricant (Hycell Oph Soln; Samil
Pharmaceutical, Seoul, Korea) was applied to the eye. The lens
of the OCT system (Phoenix-Micron) was placed in contact with
the cornea. Imaging was completed within 5 min. ImageJ was
used to analyze FA and OCT images, and the CTF was calculated
using Equation 1.
Cynomolgus monkeys

Cynomolgus monkeys were anesthetized with ketamine and main-
tained on sevoflurane. Pupils were dilated with a mydriatic agent.
Fluorescein was administered intravenously, and photographs were
taken at the beginning and end of the injection. Stereophotographs
of the right eye’s posterior pole were taken rapidly from the dye
appearance through 50 s, followed by stereopairs of the posterior
pole at approximately at 1–2 and 5 min later. Between 2 and 5 min
later, nonstereoscopic photographs of twomid-peripheral fields (tem-
poral and nasal) in each eye were taken. For OCT, cynomolgus mon-
keys were anesthetized with ketamine, maintained on sevoflurane,
and pupils were dilated with a mydriatic agent. A Spectralis HRA+
OCT instrument (Heidelberg Engineering, Franklin, MA) was used.

Ophthalmic examination

Cynomolgus monkeys were anesthetized with ketamine, and pupils
were dilated with a mydriatic agent (1% tropicamide) prior to exam-
ination. The adnexa and anterior portion of both eyes were examined
using a slit lamp biomicroscope. The ocular fundus of both eyes was
examined using an indirect ophthalmoscope.

Biodistribution

DNA was extracted from blood and VH using the QIASymphony
DSP DNA kit (Qiagen) and from AH using QIASymphony DSP
ber 2024
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Virus/PathogenMini kit (Qiagen). To detect the transgene, qPCRwas
performed using 2� Environmental Master Mix (Applied Bio-
systems, Carlsbad, CA) in the QuantStudio Flex Real-Time PCR Sys-
tem (Applied Biosystems).

Anti-AAV8 NAb analysis

HEK293 cells were seeded into 96-well flat-bottom plates and incu-
bated in a humidified atmosphere of 5% CO2 at 37�C. On the
following day, serum samples, previously heat treated at 56�C for
35 min, were serially diluted in medium starting at 1:5. The diluted
samples or controls were then incubated with AAV8.CMV.
LacZ.bGH vector (MOI of 1 � 104) for 1 h at 37�C. Subsequently,
the incubated mixtures were transferred to the cells and incubated
for 20–24 h in a humidified atmosphere of 5% CO2 at 37�C. The
transduced cells were lysed, developed using a chemiluminescent sub-
strate, and read on a spectrophotometer.

Statistical analysis

GraphPad Prism 10 software was used to generate graphs and
analyze data.
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