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Abstract

Background: To circumvent possible systemic side effects, anti-angiogenic drugs targeting vascular endothelial growth factor (VEGF)
for ocular neovascular diseases in adults are approved only for intravitreal administration. However, intravitreal injection itself can elicit
injection-related adverse effects, and premature eyes of infants with retinopathy of prematurity (ROP) may be particularly susceptible
to intravitreal injection. Therefore, an unmet clinical need is to develop safe systemic anti-angiogenic therapies for ROP. We recently
reported that secretogranin III (Scg3) is a disease-restricted angiogenic factor and that systemic anti-Scg3 mAb alleviates ROP in animal
models with minimal side effects on developing eyes and organs. The aim of this study is to investigate the safety and efficacy of a
humanized anti-Scg3 antibody via systemic administration. Methods: We analyzed the safety and efficacy of a humanized anti-Scg3
antibody Fab fragment (hFab) delivered by intraperitoneal injection in oxygen-induced retinopathy (OIR) mice, a surrogate model of
ROP. Results: The results showed that systemic anti-Scg3 hFab effectively alleviated pathological retinal neovascularization in OIR
mice with similar efficacy to the anti-VEGF drug aflibercept. Systemic aflibercept conferred significant adverse side effects in neonatal
mice, including reduced body weight, abnormalities in retinal and renal development, and retarded physiological neovascularization,
whereas systemic anti-Scg3 hFab elicited no such side effects. Conclusions: The findings suggest that systemic anti-Scg3 hFab is a safe
and effective therapy for OIR and support further development for ROP treatment.

Keywords: retinopathy of prematurity; oxygen-induced retinopathy; secretogranin III; Scg3; pathological angiogenesis; physiological
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1. Introduction

Retinopathy of prematurity (ROP) is a leading cause
of vision loss in children, primarily affecting preterm in-
fants born with extremely low gestational ages or birth
weights [1]. The disease is characterized by pathological
retinal neovascularization (RNV) that may progress toward
retinal detachment, severe vision loss or even blindness.
One of the unique features of ROP is the concurrent pres-
ence of physiological and pathological angiogenesis in the
developing retina [2,3]. The disease is currently treated
with laser therapy or cryotherapy, both of which destroy
the peripheral retina to save the central vision but do not
address the underlying causes of pathological RNV [4].

The advent and approval of anti-vascular endothelial
growth factor (VEGF) drugs were a major breakthrough
for the treatment of proliferative ocular vascular diseases,
including neovascular age-related macular degeneration
(AMD) and diabetic retinopathy (DR). VEGF inhibitors,
such as ranibizumab, bevacizumab and aflibercept, have
also been used off-label to treat ROP [5–7]. Ranibizumab
was recently approved for the therapy of ROP in the Euro-

peanUnion following positive outcomes of the randomized,
multicenter RAINBOW clinical trial [8].

However, VEGF regulates both diseased and healthy
vessels and is a growth and survival factor for numer-
ous cells, including healthy endothelial cells and neurons
[9,10]. As a result, systemic anti-VEGF therapy for can-
cer is known to elicit adverse side effects, including hy-
pertension, nephrotic syndrome, thromboembolic events,
bowel perforation and delayed wound healing [11,12]. To
circumvent systemic side effects, VEGF inhibitors for oc-
ular disease therapy are all approved for intravitreal injec-
tion. However, this delivery route may also cause injection-
related adverse effects, such as endophthalmitis, intraocu-
lar inflammation, rhegmatogenous retinal detachment, in-
creased intraocular pressure and ocular hemorrhage [13].
Therefore, although systemic anti-VEGF drugs can effec-
tively alleviate neovascular AMD, such delivery route is not
approved for any ocular disease due to safety concerns [14].

We recently discovered secretogranin III (Scg3) as a
disease-restricted angiogenic factor that selectively binds
to and stimulates angiogenesis of diseased but not healthy
vessels, whereas VEGF binds and drives angiogenesis of
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both diseased and healthy vessels [15]. We generated Scg3-
neutralizing monoclonal antibodies (mAbs) that alleviate
pathological RNV with high efficacy in oxygen-induced
retinopathy (OIR) mice, a surrogate model of ROP [15,16].
We further demonstrated that anti-Scg3 mAb injected ei-
ther intravitreally or intraperitoneally (i.p.) elicits no ad-
verse side effects, whereas the anti-VEGF drug aflibercept
injected by either route adversely suppresses the normal de-
velopment of retinal structure and function in neonatal mice
[16]. These encouraging results provide a basis for systemic
anti-Scg3 therapy.

Here we characterized the safety and efficacy of
systemically delivered anti-Scg3 humanized antibody Fab
fragment (hFab) in the OIR model. We found that systemic
anti-Scg3 hFab effectively alleviated pathological RNV in
OIRmicewithminimal adverse effects on physiological an-
giogenesis. The results support further development of anti-
Scg3 humanized antibody (hAb) for systemic ROP therapy.

2. Materials and Methods
2.1 Animals and Materials

C57BL/6J mice were obtained from the Jackson Lab-
oratory. All procedures of animal studies were approved by
the Institutional Animal Care and Use Committee at Baylor
College of Medicine. Anti-Scg3 hFab derived from anti-
Scg3 mAb was engineered by Everglades Biopharma, LLC
[17,18].

2.2 OIR Mice
OIR mice were generated as described [15,19].

Briefly, mice (male and female) at postnatal day 7 (P7) were
exposed to 75% oxygen in a chamber for 5 days with their
nursing mothers, returned to room air at P12 and analyzed
at indicated time points.

2.3 Anti-angiogenic Therapy
OIR mice received i.p. injection of anti-Scg3 hFab,

aflibercept or control hFab at indicated doses on P14, P16
and P18. Eyes were enucleated from euthanized mice at
P19 and fixed in 4% paraformaldehyde (pH 7.4) for 45
min. Previous studies found that pathological RNV sever-
ity at P17 and P19 has insignificant difference [20,21].
Therefore, we analyzed RNV at P19. Retinas were iso-
lated, stained for vessels with Alexa Fluor 488-conjugated
isolectin B4 (AF488-IB4) (10 µg/mL, Thermo Fisher Sci-
entific, #I21411) overnight at room temperature, washed,
flat-mounted and analyzed using a Keyence structured illu-
mination fluorescencemicroscope (SIM,Model BZ-X800).
Images were blind-coded and quantified for neovascular-
ization, neovascular tufts, number of branch points and cen-
tral avascular area, as described [15,16]. Branch points
were quantified in a defined area (0.21 mm2), which was
800 µm away from the retinal optic nerve head. Vessel den-
sity was quantified as the ratio of a vessel-covered area vs.
the same total area. All data are normalized to non-injection
control.

2.4 Retinal Toxicity
Healthy mice were treated with aflibercept, anti-Scg3

hFab or PBS via i.p. injection at P1, P3 and P5. Eyes were
enucleated from euthanized mice at P6. Retinas were iso-
lated, stained with AF488-IB4, flat-mounted and analyzed
using the SIM, as described above. Additionally, afliber-
cept, anti-hFab or PBS was injected into healthy mice at
P2, P4, P6, P8 and P10, and eyes were enucleated at P12
and embedded in optimal cutting temperature compound
(OCT). Cryosections in 10-µm thickness were washed with
PBS/0.1% Tween-20, blocked for 1 h at room temperature
in Blocking Solution (5% BSA, 10% goat serum and 0.5%
Triton X-100 in PBS), washed and immunostained with
anti-CD31 mAb (Abcam, #ab24590; 1:250) in the same so-
lution overnight at 4℃. After washing, sections were incu-
bated for 1 h at room temperature with AF488-conjugated
anti-mouse IgG H&L (Abcam, #ab150113; 1:500) and
Hoechst (Thermo Fisher, #62249) in the Blocking Solution.
Sections were washed, mounted in 50% glycerol and ana-
lyzed using the SIM.

2.5 Systemic Toxicity
Indicated therapeutic agents were injected i.p. into

healthy C57BL/6J mice at P1, P3, P5, P7, P9 and P11.
Body weight was monitored from P1 to P12. Kidneys were
isolated at P12, fixed in 4% paraformaldehyde overnight
at 4 ℃ and embedded in paraffin for H&E staining or
OCT for immunostaiing. Cryosections in 10-µm thick-
ness were stained with Alexa Fluor 594-conjugated anti-
CD31 mAb (Biolegend, #102520; 1:250) for detecting vas-
cular endothelia. Fluorescence signals were analyzed us-
ing the SIM. The number of glomeruli, CD31+ glomeruli,
the glomerular diameter, the tubular injury score and vessel
density were quantified, as described [16].

2.6 Electron Microscopy
Mice were treated with aflibercept, anti-Scg3 hFab or

PBS via i.p. injection, as described in the systemic toxicity
section. At P12, kidneys were isolated, fixed in 3% glu-
taraldehyde, washed in 0.1 M sodium phosphate buffer (pH
7.3), re-fixed in 1% osmium tetroxide and dehydrated in a
series of graded ethanol solutions to a final 100% ethanol.
Eyes were infiltrated (harden) with acetone and Poly/Bed®
812 plastic resin, embedded in plastic block molds with
100% Poly/Bed 812. Sections (80–90 nm) cut on a Leica
Ultracut R ultramicrotome were stained with uranyl acetate
and lead citrate and analyzed using a Zeiss EM902 Trans-
mission Electron Microscope. Images were captured using
an AMT V602 digital camera.

2.7 Statistics
Results are expressed as means ± SEM. Statistical

analysis was performed using GraphPad Prism (version 8.0,
GraphPad Software, San Diego, CA, USA). Results were
analyzed using Student’s t-test (for differences between two
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Fig. 1. Systemic therapy of OIR. Aflibercept, anti-Scg3 hFab (5 µg/g body weight) or control hFab was injected i.p. into healthy mice
at P14, P16 and P18. At P19, retinas were isolated, stained with AF488-IB4 and analyzed. (A) Representative images of flat-mounted
retinas. Bar = 500 (top) and 100 µm (bottom, zoom-in). (B) Quantification of retinal neovascularization in A. (C) Quantification of
neovascular tufts in A. (D) Quantification of branch points in A. (E) Quantification of the central avascular area in A. n = 10 eyes/group.
±SEM; *** p < 0.001, ****, p < 0.0001, ns for not significant; one-way ANOVA test.

groups) or one-way ANOVA (for multiple groups). Differ-
ences between groups with p < 0.05 were considered sta-
tistically significant.

3. Results

3.1 Therapeutic Efficacy of Systemic Anti-Scg3 hFab

To investigate relative efficacies of systemic anti-
angiogenic therapy for OIR, mice were injected i.p. with
anti-Scg3 hFab, aflibercept or control hFab (5 µg/g body
weight) at P14, P16 and P18 and analyzed at P19. The re-
sults indicate that aflibercept and anti-Scg3 hFab conferred
significant but similar inhibition of pathological RNV, neo-
vascular tufts, branch points in OIR retina (Fig. 1), consis-
tent with previously reports for the respective intravitreal
and systemic administrations of anti-Scg3 mAb [15,16].

3.2 Adverse Inhibition on Physiological Angiogenesis in
the Developing Retina

To compare the adverse effects of anti-Scg3 vs. anti-
VEGF on physiological angiogenesis of the developing
retina, we injected i.p. anti-Scg3 hFab, aflibercept (5 µg/g
body weight) or PBS into healthy neonatal mice at P1, P3
and P5 and analyzed the vasculature by immunohistochem-
istry (IHC) of flat-mount retinas stained with AF488-IB4
at P6. Results show that aflibercept significantly reduced
the percentage and radius of the vascularized retinal area,
retinal vessel density and number of branch points (Fig. 2).
In contrast, systemic anti-Scg3 hFab did not inhibit retinal
vessel development relative to the PBS control.

The retinal vasculature comprises three vascular
layers, including the superficial, intermediate and deep
plexuses, which are progressively and sequentially devel-
oped during P1–P12 [22]. To analyze the adverse ef-
fects of systemic anti-angiogenic therapy on the individual
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Fig. 2. Systemic aflibercept, but not anti-Scg3 hFab, suppresses physiological retinal angiogenesis. Aflibercept, anti-Scg3 hFab (5
µg/g body weight) or PBS was injected i.p. into healthy mice at P1, P3, P5. At P6, retinas were isolated, stained with AF488-IB4 and
analyzed as in Fig. 1. (A) Representative images of flat-mounted retinas. Bar = 500 (top) and 100 µm (bottom, zoom-in). (B) Percentage
of vascularized area in A. (C) Radius of vascularized area in A. (D) Vessel density in A. (E) Number of branch points in A. n = 6 (PBS),
8 (aflibercept) and 6 eyes (anti-Scg3 hFab). ±SEM; *** p < 0.001, ****, p < 0.0001, ns for not significant; one-way ANOVA test.

plexuses, we injected i.p. anti-Scg3 hFab, aflibercept, and
PBS tomice at P2, P4, P6, P8 and P10. IHC analyses of reti-
nal sections with anti-CD31 mAb at P12 indicated that sys-
temic aflibercept significantly inhibited the development of
the intermediate and deep plexuses, but not the superficial
plexus (Fig. 3). By contrast, systemic anti-Scg3 hFab was
without detectable adverse effects on any of the retinal vas-
cular plexuses, consistent with the results of flat-mount reti-
nas shown in Fig. 2.

3.3 Systemic adverse Effects on the Developing Kidney
The kidney is one of the most vascularized organs,

and systemic bevacizumab for cancer therapy is known to
cause proteinuria [12,23]. Here, we injected i.p. afliber-
cept or anti-Scg3 hFab into healthy neonatal mice and com-
pared the effects on kidney development. Histological ex-
amination revealed that aflibercept significantly reduced
the number of glomeruli and increased the glomerular size
(Fig. 4A, top row; Fig. 4B,C). Additionally, H&E stain-
ing detected dilation of renal tubules in aflibercept-treated
mice (Fig. 4A, top panel), and quantification revealed sig-
nificantly increased tubular injury score in the aflibercept
group (Fig. 4D).

By IHC, we found that aflibercept significantly re-
duced CD31+ glomeruli and vessel density (Fig. 4A, bot-

tom two rows; Fig. 4E,F). No adverse effects were de-
tected in anti-Scg3 hFab-treated mice, as compared to PBS
control. The results suggest that aflibercept, but not anti-
Scg3 hFab, adversely inhibits physiological angiogenesis,
thereby deleteriously affecting developing kidneys, consis-
tent with our previous studies using aflibercept and anti-
Scg3 mAb [16].

Electron microscopy revealed changes in kidney ul-
trastructure (Fig. 5). Systemic aflibercept disrupted the
glomerular ultrastructure with abnormal cells (Fig. 5, top
row), reduced the foot processes of podocytes (Fig. 5, mid-
dle row), and inducedmitochondrial swelling (bottom row).
In contrast, systemic anti-Scg3 hFab did not adversely im-
pact the normal renal ultrastructure, compared with PBS.

3.4 Adverse Effects on Body Weight Gain

Systemic inhibition of healthy vessel development in
neonatal mice may reduce global blood supply and ad-
versely affect organ development and body weight gain.
Here, we injected i.p. anti-Scg3 hFab, aflibercept (5 µg/g,
each) or PBS at P1, P3, P5, P7, P9 and P11 and simultane-
ously analyzed the body wight. Indeed, aflibercept signifi-
cantly inhibited body weight gain, whereas anti-Scg3 hFab
was without detectable adverse side effects (Fig. 6).
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Fig. 3. Systemic aflibercept, but not anti-Scg3 hFab, inhibits development of the intermediate and deep retinal vascular plexuses.
Aflibercept, anti-Scg3 hFab (5 µg/g) or PBS was injected i.p. into normal mice at P2, P4, P6, P8, and P10. At P12, eyes were nucleated,
and retina sections were stained with anti-CD31 mAb and analyzed. (A) Representative images of retinas. Bar = 100 (top) and 50 µm
(bottom, zoom-in). (B) Number of vessels in the superficial layer in A (bright spots per 1200 µm). (C) Number of vessels per 1200 µm
in the intermediate layer in A. (D) Number of vessels per 1200 µm in the deep layer in A. n = 10 eyes/group. ±SEM; ****, p< 0.0001,
ns for not significant; one-way ANOVA test.

4. Discussion
Two unique features of ROP, including (i) concurrent

physiological and pathological angiogenesis in the devel-
oping retina and (ii) a predominant bilateral involvement
[24,25], present outstanding clinical challenges for safe and
effective therapy.

Firstly, ROP occurs primarily in preterm infants
whose developing retinas depend on VEGF and other an-
giogenic factors for physiological RNV and vascular re-
modeling. In contrast, other ocular neovascular diseases,
such as neovascular AMD, proliferative DR, corneal neo-
vascularization and neovascular glaucoma, occur princi-
pally in adults and the elderly, wherein mature and quies-
cent healthy vessels are more resistant to VEGF inhibition.
Consequently, by blocking physiological angiogenesis in
the developing retinas of ROP infants, anti-VEGF ther-

apy is predicted to adversely interfere with retinal develop-
ment, thereby conferring abnormalities in retinal structure
and function. Indeed, intravitreal injection of aflibercept
in neonatal mice and dogs was reported to inhibit retinal
vessel development, alter retinal structure and reduce elec-
troretinography (ERG) amplitudes [26,27]. Because VEGF
is a well-known growth factor for both endothelial cells and
neurons [9,10], anti-VEGF-induced abnormalities in ERG
may be due to the direct inhibition of retinal neuron devel-
opment, indirect adverse effects on neurons via angiogen-
esis inhibition or both. In ROP clinical trials, eyes treated
with intravitreal bevacizumab conferred significant vascu-
lar and macular abnormalities [28–30]. Intravitreally in-
jected bevacizumab may leak from the eye and decrease
serum VEGF level [31], thereby leading to lower motor
scores and higher rates of neurodevelopmental disability at

5
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Fig. 4. Aflibercept, but not anti-Scg3 hFab, adversely affects the structure of the developing kidney. Aflibercept, anti-Scg3 hFab
(5 µg/g body weight) or PBS was injected i.p. into normal mice at P1, P3, P5, P7, P9 and P11. Kidneys were isolated at P12. (A)
Representative images of kidney H&E and AF594-anti-CD31 mAb staining to label ECs. Top row: H&E staining. Arrowhead indicates
the enlarged glomerulus. Arrow indicates tubular dilation. Middle row: AF594-anti-CD31 mAb staining. Bottom row: Zoom-in view
of the middle row. Arrowhead indicates the capillary rarefaction. Bar = 50 µm. (B) Quantification of glomeruli in H&E staining.
(C) Quantification of glomerular diameter in H&E staining. (D) Tubular injury score in H&E staining. (E) Number of CD31-positive
glomeruli in A. (F) Density of CD31-positive vessels. ±SEM; n = 5 mice/group; ** p < 0.01, *** p < 0.001, **** p < 0.0001, ns for
not significant; one-way ANOVA test.

18months of age [32,33]. Because of these safety concerns,
no drug therapy has been approved for ROP in the U.S.

Secondly, other major categories of ocular neovascu-
lar disease, including neovascular AMD, proliferative DR
and neovascular glaucoma, are initially manifested as uni-
lateral diseases, although the fellow eyes remain at elevated
risks [34,35]. In contrast, ROP is predominantly a bilat-
eral disease [24,25]. This is because both eyes of prema-

ture infants are simultaneously exposed to the same level
of high oxygen, followed subsequently by relatively low
ambient oxygen [2–4]. Whereas only the affected eye in
the former categories of ocular vascular diseases requires
unilateral anti-angiogenic therapy via intravitreal injection,
most ROP cases require treatment of both eyes. Com-
pared to adult eyes, ROP eyes are likely more susceptible
to injection-related adverse side effects, such as retinal de-

6

https://www.imrpress.com


Fig. 5. Systemic aflibercept, but not anti-Scg3 hFab, adversely alters the ultrastructure of the developing kidney. Neonatal mice
were i.p. treated with aflibercept, anti-Scg3 hFab (5 µg/g) or PBS, as described in Fig. 4. At P12, kidneys were isolated from euthanized
mice and analyzed for ultrastructure by electron microscopy. (A) Glomerulus. (B) Microcapillaries in glomeruli. Yellow arrowheads
indicate normal foot process of podocytes. Red arrowheads indicate foot process fusion. (C) Mitochondria. Yellow arrows indicate
normal mitochondria. Red arrows indicate mitochondrial swelling. Bar = 6 (top) and 2 (middle and bottom) µm.

tachment and hemorrhage [36], due to premature connec-
tive tissues and/or extracellular matrix that hold the retina
together. Therefore, systemic anti-angiogenic therapy of
ROP offers to not only circumvent intravitreal injection-
related side effects but also provides the benefit of simul-
taneously treating ROP in both eyes. Although previously
investigated for wet AMD, systemic anti-VEGF therapy is
not approved for any ocular disease due to severe systemic
adverse side effects [11,12]. Therefore, a challenge is to de-
velop a safe and effective systemic anti-angiogenic therapy
for ROP.

By applying an innovative technology of compara-
tive ligandomics, we discovered Scg3 as a highly diabetes-
restricted angiogenic factor that binds to and promotes an-
giogenesis of diabetic but not healthy vessels [15]. Sub-
sequently, we independently verified that Scg3 selectively

binds to OIR neovessels but not healthy retinal neoves-
sels in neonatal mice, whereas VEGF binds to both OIR
and healthy neovessels equally well [18]. Our results also
showed that intravitreal injected anti-Scg3 hFab stringently
inhibited pathological but not physiological angiogenesis
in OIR mice, whereas aflibercept administered through the
same route indiscriminately blocks both pathological and
physiological angiogenesis with narrow therapeutic win-
dows (Figs. 1,2,3,4), consistent with our recent findings
through intravitreal injection [18].

The normal phenotypes of Scg3−/− mice provides ad-
ditional support for systemic application of anti-Scg3 Ab
without side effects. Scg3 shares no significant amino acid
sequence homology with other proteins. Mice with ho-
mozygous deletion of the Scg3 gene have normal gross
phenotypes, including viability, fertility and behavior, as
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Fig. 6. Anti-Scg3 hFab does not affect body weight gain of neonatal mice. Aflibercept, anti-Scg3 hFab (5 µg/g body weight) or PBS
was injected i.p. into normal mice at P1, P3, P5, P7, P9 and P11. Mouse body weight was measured from P1 to P11. (A) Representative
images of mouse size at P12. (B) Quantification of body weight. n = 6 (PBS), 12 (aflibercept) and 6mice (anti-Scg3 hFab). In aflibercept-
treated group, 1 pup died at P9 and 5 died at P11. ±SEM; ** p < 0.01, *** p < 0.001, **** p < 0.0001; t-test (vs. PBS).

well as retinal vasculature and structure [37]. Because of
the lack of genetic redundancy, the normal phenotype of
Scg3−/− mice suggests that complete blockade of Scg3
signaling does not interfere with normal development, in-
cluding vascular and neuronal development. In contrast,
mice with deletion of a single VEGF allele [38] or homozy-
gous deletion of either VEGFR1 or 2 die in utero [39,40]
with severely defective vasculogenesis. These strikingly
different phenotypes of knockout mice are consistent with
our proposition that systemic anti-Scg3, but not anti-VEGF,
represents a safe and effective therapy for ROP.

Although anti-Scg3 hFab and aflibercept have similar
efficacy to alleviate OIR, Scg3 and VEGF were reported
with distinct receptor signaling pathways [15]. This is sup-
ported by their distinct endothelial binding activities and
patterns to OIR vs. healthy retinal vessels as well as CNV
vs. healthy choroidal vessels [17,18]. Indeed, the combina-
tion of anti-Scg3 hFab and aflibercept synergistically allevi-

ated CNV [17], likely through different mechanisms of ac-
tion. The expression of Scg3, VEGF and VEGFR2 in OIR
and healthy retinas has been previously reported [18,41].
However, Scg3 receptor and its expression in the retina are
yet to be described.

Despite the previously reported high efficacy of anti-
Scg3 mAb to alleviate OIR [15,16], the mouse-derived
mAb cannot be used for ROP therapy in humans due to po-
tential immunogenicity. Anti-Scg3 hFab is a humanized an-
tibody, which is expected to have minimal immunogenicity
for human use. However, relatively low immunogenicity
of the hFab is yet to be confirmed in clinical trials.

We chose anti-Scg3 hFab for this study because of its
small size (45 kDa), facilitated tissue penetration and po-
tential for fewer side effects. However, one of the potential
concerns is its small molecular weight of ~49 kDa with pos-
sible relatively short serum half-life. Systemic anti-Scg3
hFab therapy for OIR may also benefit from the relative
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short treatment time required for anti-angiogenesis, and the
low immune response of the immature immune systems of
ROP infants. The next step is to compare the pharmacoki-
netics of anti-Scg3 hFab vs. full-length hAb before choos-
ing an appropriate antibody format for clinical therapy.

We have recently characterized the expression of Scg3
and VEGF in OIR vs. healthy retinas. Scg3 is minimally
increased in the OIR retina and vitreous by Western blot
or immunohistochemistry [15,18]. VEGF is upregulated in
OIR retinas [18]. Anti-Scg3 therapy has no effect on VEGF
expression [18]. Previous studies reported conflicting re-
sults of VEGFR2 expression in OIR. Whereas several stud-
ies showed no upregulation of VEGFR2 in OIR retinas of
mice and rats [42–44], other groups reported significant in-
duction of the receptor in OIR retinas [41,45]. Our in vivo
ligand binding assay detected equivalent VEGF binding ac-
tivities to retinal vessels in OIR and healthy mice, suggest-
ing that VEGFR2 was unlikely upregulated in the disease
condition [18].

5. Conclusions
We confirm excellent safety and efficacy profile of

anti-Scg3 hFab that is consistent with our previous work on
anti-Scg3 mAb therapy for OIR [15,16]. Our results sup-
port further clinical development and testing of anti-Scg3
hFab therapy for OIR.
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