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Objective: To investigate preclinical data regarding the efficacy and biocompatibility of a bispecific protein,
RO-101, with effects on VEGF-A and angiopoietin-2 (Ang-2) for use in retinal diseases.

Design: Experimental study.
Subjects: Brown Norway rats and New Zealand White Cross rabbits.
Methods: Preclinical study data of RO-101 in terms of target-specific enzyme-linked immunosorbent assay

binding affinity to VEGF-A and Ang-2, vitreous half-life, inhibition of target-receptor interaction, laser choroidal
neovascular membrane animal model, human umbilical vein endothelial cell migration, and biocompatibility was
obtained. Where applicable, study data were compared with other anti-VEGF agents.

Main Outcome Measures: Binding affinity, half-life, biocompatibility, and efficacy of RO-101. Neo-
vascularization prevention by RO-101.

Results: RO-101 demonstrated a strong binding affinity for VEGF-A and Ang-2 and in vitro was able to inhibit
binding to the receptor with higher affinity than faricimab. The half-life of RO-101 is comparable to or longer than
current VEGF inhibitors used in retinal disease. RO-101 was found to be biocompatible with retinal tissue in
Brown Norway rats. RO-101 was as effective or more effective than current anti-VEGF therapeutics in causing
regression of neovascular growth in vivo.

Conclusions: RO-101 is a promising candidate for use in retinal diseases. In preclinical models, RO-101
demonstrated similar or higher regression of neovascular growth to current anti-VEGF therapeutics with com-
parable or longer half-life. It also demonstrates a strong binding affinity for VEGF-A and Ang-2. It also was shown
to be biocompatible with retinal tissue in animal studies, indicating potential compatibility for use in humans.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclo-
sures at the end of this article. Ophthalmology Science 2024;4:100467 ª 2024 by the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Choroidal neovascularization, with its resulting vascular
leakage, bleeding, and scarring, is the hallmark of exudative
age-related macular degeneration (eAMD) and leads to vision
loss.1 VEGF has been thought to play an important role in
eAMD by inducing angiogenesis and microvascular leakage.
This has been supported by several lines of evidence
demonstrating VEGF expression in choroidal neovascular
membranes (CNVM) of patients with AMD.2,3 Studies have
also revealed increased retinal and vitreous VEGF levels in
patients and animals with ischemic retinopathies.4,5

Anti-VEGF antibodies, antibody fragments, and receptor
decoys have been shown to reduce neovascularization and
vessel permeability in a primate model of choroidal vascu-
larization.6 Prevention of neovascularization in diseases
such as eAMD, diabetic retinopathy, and retinal vein
occlusion is currently targeted at inhibiting VEGF binding
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and signaling through its cognate receptor, thus reducing
neovascularization.7,8 Current intravitreal anti-VEGF thera-
pies for retinal diseases include bevacizumab, ranibizumab,
aflibercept, brolucizumab, and faricimab. Of these therapies,
the recently approved bispecific antibody faricimab
uniquely targets both VEGF-A and angiopoietin-2 (Ang-2).9

Angiopoietin-2 has been shown to promote vascular
leakage and abnormal vessel structure by inactivation of the
TIE2 receptor.10 In ischemic retina models, coexpression of
Ang-2 with VEGF-A has shown accelerated neo-
vascularization compared with VEGF-A alone.11,12 Reports
of elevated VEGF-A and Ang-2 levels in vitreous samples
from diabetic patients undergoing vitrectomy were corre-
lated with increased disease severity.13,14

VEGF-A monotherapy has been the mainstay of treatment
for retinal neovascular diseases for the last decade and the
1https://doi.org/10.1016/j.xops.2024.100467
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efficacy of anti-VEGF therapy has been validated in
numerous phase III studies.15e18 However, a subset of pa-
tients do not respond to treatment with VEGF-A mono-
therapy and demonstrate little to no reduction in retinal fluid
after treatment. Up to 45% of the eAMD population were
shown to be “non-responders” or “poor-responders” and as
such have a high injection burden with worse visual out-
comes.19 The ability to bind 2 targets simultaneously may
result in better disease control and durability, especially in
this subset of VEGF-A nonresponders. Indeed, the phase II
Ruby Trial showed improved CST in patients cotreated with
aflibercept and high-dose nesvacumab (anti-Ang-2 antibody)
compared with aflibercept alone.20

We show that RO-101, a bispecific targeting both
VEGF-A and Ang-2, has the potential to provide therapeutic
results equal to or better than current standards of treatment
for eAMD, especially among nonresponders or suboptimal
responders to current therapies. The purpose of this study
was to establish the efficacy and biocompatibility of RO-101
in relevant experimental in vivo models.
Methods

Transient RO-101 Protein Production

The pTT5-based expression vector (Canadian National Research
Center) was used for transient gene expression. The codon-
optimized surrogate light chain (SLC) gene, anti-VEGF, and
anti-Ang-2 heavy chain (HC) genes were cloned into pTT5 vector
via 5’ restriction site EcoR I and 3’ restriction site Not I, respec-
tively. Each gene expression plasmid contained a Kozak sequence
and a signal sequence. For transient transfection, the FreeStyle
293-F Cells (HEK293-F, Invitrogen) were cultured and maintained
at 37� C in an 8% CO2 humidified incubator with a shaker platform
at 125 rpm as per the manufacturer’s instruction. The HEK293-F
cells were seeded to a 1-liter flask in 250 ml culture scale per
flask the day before transfection. After overnight growth, the cells
were counted. For a 250 ml cell transfection, a mix of 125 mg
pTT5-SLC, 62.5 mg pTT5-anti-VEGF-HC, and 62.5 mg pTT5-anti-
Ang-2-HC plasmids was added to the medium. The DNA mixture
was then mixed with 250 mg of 2 mg/ml sterile polyethylenimine in
the medium (linear, 25 kDa) (Polysciences #23966, prepared in
phosphate balanced saline [PBS]). After 15 minutes of incubation
at room temperature, the DNA-polyethylenimine complex mixtures
were added to the cells in a flask containing 250 ml growth me-
dium. The transfected cells were grown at 37� C in an 8% CO2

humidified incubator with a shaker platform at 125 rpm. Sixteen to
24 hours posttransfection, the transfected cells were supplemented
with Tryptone TN1 (TekniScience Inc #19553) to a final concen-
tration of 0.5% (diluted from 20% solution made in growth me-
dium) and allowed to grow at 37� C in an 8% CO2 humidified
incubator with a shaker platform at 125 rpm. Six days post-
transfection, cell supernatants were harvested by 2 centrifugations
to remove cell pellets. The supernatants were then filtered through
a 0.2-mm filter unit and ready for protein A purification. The
harvested supernatants resulting from transient transfections were
purified by rProtein A GraviTrap (GE 28-9852-55), as per GE’s
instruction. The purified proteins then were desalted using Amicon
Ultra-15 UltraceleMW 100K (Millipore, Cat. No. UFC910024)
and sterilized by 0.22 mm syringe filter unit. The final buffer was
PBS, and the concentration was determined by absorbance at 280
nm. The purified proteins were qualified in SEC analysis using
Tosoh TSKgel BioAssist G3SWxl, and in sodium dodecyl-sulfate
2

polyacrylamide gel electrophoresis under nonreducing and
reducing conditions.

Stable RO-101 Protein Production

The gene expression plasmids used for generating stable cell lines
were constructed by Lonza using Lonza’s proprietary multi-gene
vector system. Three types of expression plasmids were gener-
ated using pXC-TGV and pXC-QGV, respectively. The pXC-
TGV-based expression plasmid contained 1 copy of the SLC
gene, 1 copy of anti-VEGF HC, and 1 copy of anti-Ang-2 HC
(TGV). The pXC-QGV-based expression plasmid contained 2
copies of the SLC gene, 1 copy of anti-VEGF HC, and 1 copy of
anti-Ang-2 HC (QGV1 and QGV2). The establishment of the RO-
101-expressed stable CHOKlSV GS-KO cell line was carried out
by Lonza. DNA plasmids were transfected to cells via electropo-
ration using the Gene Pulse XCell. For each transfection, 100 ml
linearized DNA at a concentration of 400 mg/ml was aliquoted into
a 0.4 cm gap electroporation cuvette, and a 700 ml cell suspension
was added. Three cuvettes of cells and DNA were electroporated at
300 V, 900 mF and immediately transferred to 30 ml of prewarmed
CD-CHO, supplemented with 10 ml/l SP4 (Lonza, BESP1076E),
to generate a stable pool. The transfectants were incubated in a
shaking incubator at 36.5� C, 5% CO2, 85% humidity, 140 rpm.
Twenty-four hours posttransfection, the cultures were centrifuged
and resuspended into prewarmed CD-CHO, supplemented with 50
mM MSX (L-methionine sulfoximine, Sigma-Aldrich, M5379) and
10 ml/l SP4. Subsequently, the stable recombinant CHOKl SV GS-
KO cells were cultured in CD-CHO media supplemented with
MSX and SP4. Transfected cells were routinely subcultured every
3 to 4 days, seeding at 0.2 � 106 cells/ml, and propagated. The
clarified cell culture supernatant was analyzed on an Octet R8
using Protein A Biosensors (ForteBio, 18-5010) for expressed
proteins. The clarified supernatants generated from the stable pool
cultures were purified using an in-house packed 100 ml HiTrap
MabSelect SuRE column (Cytiva) on an AKTA purifier at 20 ml/
min (Lonza). The column was equilibrated with 50 mM sodium
phosphate, 125 mM sodium chloride (pH 7.0), washed with 50 mM
sodium phosphate, and 1 M sodium chloride (pH 7.0) followed by
reintroduction of equilibration before elution. The molecule was
eluted with 10 mM sodium formate (pH 3.5). Eluted fractions were
immediately pH-adjusted by neutralizing with l0x PBS buffer
(pH 7.4) and titrated to an approximate pH of 7.2 by the addition of
dilute sodium hydroxide solution. A further polishing step was
performed to reduce soluble aggregate levels using a proprietary
Lonza method. The product was applied at a ratio of a maximum of
25 mg per ml of resin. The protein was eluted with a salt gradient
and eluted fractions were analyzed by size exclusion-high-
performance liquid chromatography, before proceeding to pool
selected fractions. The pooled material was analyzed by size
exclusion-high-performance liquid chromatography and reduced
and nonreduced sodium dodecyl-sulfate polyacrylamide gel
electrophoresis.

Vitreous Half-Life

All experiments involving animal models were conducted with the
approval of, and under compliance with standards set by, the local
institutional animal care and use committee. Anesthesia of New
Zealand White Cross rabbits was achieved via intramuscular in-
jection of a suspension of ketamine (10 mg/kg) and xylazine
(3 mg/kg). Eyes were dilated using a drop of a 2.5%
phenylephrine-HCl/1% tropicamide solution. Methylcellulose gel
1% was placed topically to prevent corneal dehydration.

Once the rabbits were properly anesthetized, a measurement of
vitreous RO-101 levels was performed with an ocular
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fluorophotometer (Ocumetrics) before injection of fluorescein-
labeled RO-101 (concentration 0.3 mg/ml), and postinjection
readings done at 15 minutes, 30 minutes, 1 hour, and 12 hours. All
animals were warmed on a heating pad until full recovery was
observed. Recordings of the vitreous fluorescence were made for
each eye by scanning anterior to the retina and posterior to the
crystalline lens. Background fluorescence of the vitreous was
determined for each eye before intravitreal injection. The fluores-
cence intensity due to fluorescein-labeled RO-101 was measured
after the intravitreal injection. Determination of the vitreous fluo-
rescence was made by averaging the values around the vitreous
plateau as described by Gray et al.21

CNVM Growth Inhibition

All experiments involving animal models were conducted with the
approval of, and under compliance with standards set by, the local
institutional animal care and use committee. Adult Brown Norway
rats (Jackson Laboratories) were anesthetized via intraperitoneal
injection of ketamine (0.1g/kg) and xylazine (0.01 g/kg) to induce
sedation. Pupil dilation for rats was achieved by applying 1 drop
per eye of a premixed suspension of 2.5% phenylephrine-HCl
(Akron Pharmaceuticals) and 1% tropicamide (Akorn Pharma-
ceuticals). Using a technique published previously,22 Bruch’s
membrane was ruptured in each eye with thermal laser
photocoagulation to induce CNVM growth. First, using a slit
lamp laser delivery system, a glass coverslip was used to flatten
the cornea and allow visualization of the optic nerve and retina.
Next, 6 to 8 laser spots of 200 mW power, 50 um diameter, and
100 ms duration were placed around the nerve, taking care to
avoid retinal vessels. The goal was to create a visible bubble
beneath the retina, indicating a rupture of Bruch’s membrane.
Spots that hemorrhaged or failed to create a bubble were
excluded from the analysis.

Animals were assigned to 1 of 3 experimental groups: RO-
101, aflibercept, or balanced saline solution (BSS). For each an-
imal, 1 eye received 5 ml intravitreal injections of either RO-101
(6 mg/ml) or aflibercept (2 mg/0.05 ml) and the fellow eye served
as the control, receiving an injection of 5 ml of BSS. The initial
injection for each group was given immediately after laser
photocoagulation. Intravitreal injections of 5 ml were delivered
via a 32-gauge needle attached to a 10 ml syringe (Hamilton)
using a method like that described by Gao et al.23 Betadine
solution (5%) was applied topically before any manipulation,
and 0.3% ofloxacin ophthalmic solution was applied topically
after each injection. Direct visualization with the slit lamp was
used to confirm the proper placement of intravitreal injections.
Animals with traumatic lens perforation were excluded from the
study. Topical ofloxacin was applied daily for 1 week after
treatment.

Two weeks post laser, animals were anesthetized, received
intraperitoneal injection of fluorescein, and the eyes were har-
vested. Briefly, the left ventricle was cut, and a cannula was placed.
A clamp was then used to occlude the descending aorta. The right
atrium was also cut to allow for the outflow of perfusate. The
vasculature was then perfused via the cannula with a constant flow
pump (Harvard Apparatus). First, 120 ml of cold heparinized
(1 IU/ml) PBS was infused. Then, 250 mg of 2 � 106 molecular-
weight fluorescein isothiocyanate (FITC)edextran (Sigma-
Aldrich) in a volume of 50 ml of PBS was infused. Animals were
euthanized with 100% CO2. Eyes were then enucleated and pre-
served in 10% formalin for 16 hours. The anterior portion and
vitreous, and posterior portion of the eyes were dissected at the
equator of the eye. Neural retina was then removed, and 4 radial
cuts were made in the retinal pigment epithelium-choroid-sclera to
flatten the tissue for flat mounting. Flat mounts were made from
these sections on standard microscope slides. The flat mounts were
treated with an epifluorescent microscopy-specific medium (Bio-
meda), and weights were placed on the coverslips for additional
flattening.

Methods from Edelman and Castro were used to measure the
FITC-dextranelabeled CNVM.24 Flat mounts were examined with
the 20x objective on an epifluorescent microscope and suitable
FITC filters. Choroidal neovascularization was captured for
analysis with a computer-operated digital camera. An observer,
who was blinded to which eye received treatments, outlined the
FITC-dextran perfused hyperfluorescent vessels using image cap-
ture and analysis software. To correct for the differing number of
laser spots per eye, the total area of CNVM leakage was averaged
for each treatment arm.

Human Umbilical Vein Endothelial Cells
Migration Inhibition

Human umbilical vein endothelial cells (HUVECs) were purchased
from Sciencell Research Laboratories and grown in a 5% CO2

humidified incubator set at 37� C. Endothelial Cell Medium (Sci-
encell Research Laboratories) was used to allow for optimal pro-
liferation. Culture inserts (Ibidi USA) were used to evaluate
HUVEC migration potential. Thirty-five thousand HUVECs were
seeded into a bifurcated chamber and placed in the incubator
overnight. Eighteen hours after initial seeding, the culture inserts
were removed, and cells were washed 3x with 1x PBS. After
washing, media containing 40 ng of VEGF-A was added along
with either bevacizumab, aflibercept, or surrobody (each at 2 nM
concentration). Cells were incubated with the desired medium for
12 hours. The percent change in wound closure was calculated
using an image of the same area over the 2 designated timepoints.
This process was performed in triplicate and results were analyzed
and reported.

Ocular Biocompatibility

All experiments involving animal models were conducted with the
approval of, and under compliance with standards set by, the local
institutional animal care and use committee.

Five Brown Norway rats received 5 ml intravitreal injections of
either RO-101 (6 mg/ml) in the right eye or BSS in the left eye to
evaluate for any ocular toxicity.

One month after injection, electroretinograms (ERGs) were
performed. Animals were dark-adapted overnight before the ERG.
Electroretinograms were performed on the Celeris device (Diag-
nosys LLC). The test consisted of flash stimuli at 0.01, 0.1, 1.0, and
3.0 cd$s/m2.

Post ERG testing, animals were sacrificed, and tissue was
collected for histological analysis. The tissue was fixed, sectioned,
and stained with hematoxylin and eosin. ImagePro (Media
Cybernetics) software was used to quantify the number of cells
present in the ganglion cell layer, inner nuclear cell layer, and outer
nuclear cell layers. A program within ImagePro was written which
looped through the following procedure: first, identify areas to
quantify cells and place a preset perimeter around cells. Second,
convert image to grayscale. Third, identify and quantify all cells.
Analysis of each cell layer included the quantification of cells in 3
different areas of the layer.

VEGF-A and Ang-2 Target-Specific Binding
Enzyme-Linked Immunosorbent Assay

VEGF-A specific (Peprotech, Cat #100-20) and Ang-2-specific
(Acro Biosystems, Cat #AN2-H52H4) binding affinity of
RO-101 was tested using enzyme-linked immunosorbent assay
3
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(ELISA) on CHO cell derived materials (Lonza). Target coated
plates were left overnight at room temperature, and the next day
they were washed 3 times with PBS-0.05% Tween (PBST) and
blocked with blocking buffer (PBSTþ1% BSA) for 1 hour at room
temperature. The plates were washed again 3 times with PBST
before adding a dilution series of RO-101 in blocking buffer and
incubated for 1 hour at room temperature. The plates were then
washed 3 times with PBST and then a 1:5000 dilution of Anti-
Human IgG-horseradish peroxidase (HRP) antibody (Jackson
ImmunoResearch, Cat. #709-035-098) was added and incubated
for 1 hour at room temperature. The plates were then washed 6
times with PBST and then TMB substrate was added and incubated
briefly at room temperature (typically 5 min). The stop solution
was added and the plates read for absorbance at 450 nm. The
binding affinity half maximal effective concentration (EC50) was
determined using GraphPad Prism v 9 analysis.

Ligand-Receptor Competition ELISAs

To determine the inhibitory potencies of RO-101, we developed
plate-based receptor ligand competition assays. To test compe-
tition between VEGF-A and its receptor VEGF R2/kinase insert
domain receptor (KDR), we immobilized VEGF-A (Peprotech,
Cat #100-20) and tested for binding against biotinylated re-
combinant human VEGF R2/KDR (rhVEGF R2/KDR, Acro
Bioystems, Cat. KDR-H82E5) at a final 1 nM concentration.
Test articles were added simultaneously to the addition of re-
ceptor and incubated for 1 hour at room temperature, followed
by PBST washing. Next a 1:5000 dilution of HRP-conjugated
streptavidin (Jackson ImmunoResearch Lab, Cat. #016-030-
084) was added and incubated at room temperature for 1 hour
and then followed by PBST washes. After the final wash, TMB
substrate, stop, and colorimetric quantitation was repeated,
similar to the target-binding ELISA section above. The half-
maximal inhibitory concentration (IC50) values were deter-
mined using GraphPad Prism v 9 analysis.

To test Ang-2 competition, we used an assay similar to the
VEGF receptor ligand competition, except that Tie2-Fc proteins
(Acro Biosystems, Cat #TI2-H5255) was coated and His-tagged
Ang-2 (Acro Biosystems, Cat #AN2-H52H4) binding was detec-
ted by 1:10 000 dilution of HRP-conjugated anti-His antibody
(Bethyl Laboratories, Cat. #A190-114P). All subsequent steps
were similar to the VEGF receptor ligand and IC50 values were
determined using GraphPad Prism v 9 analysis.

Statistical Analysis

All results are shown as means of measurements, taken in tripli-
cate, followed by standard deviation of multiple measurements.
Statistical analysis was performed using the Student paired t test
and analysis of variance using statistical software (Excel, Microsoft
Corporation) at the confidence level of 95%, with a P value of 0.05
considered statistically significant.

Results

The surrobody platform is an approach to both enhance and
simplify antibody discovery and design that was first
described in relation to antiviral antibodies discovered from
H5N1 avian flu survivors.25 The surrobody structure is
similar to a traditional antibody (Fig 1) but instead of
using canonical light chains, HC complementation is
accomplished with an invariant SLC. The invariant SLC
provides the potential to rapidly create bispecific
therapeutics in an accelerated and robust manner with
4

simplified “plug and play” characteristics that avoid
complex protein engineering, especially that associated
with light-chain mismatching.25e27

Vitreous Half-Life

To determine intraocular half-life, we injected fluorescently
labeled RO-101 into the vitreous of New Zealand White
Cross rabbits. Calculations based upon fluorescent mea-
surements taken from peak average measurements support a
vitreous half-life estimate of 6.75 days � 2.13 days
(Table 1)28e32 that compares favorably to previously pub-
lished rabbit vitreous half-life assessments.

CNVM Inhibition

RO-101 demonstrated efficacy by decreasing the total
amount of CNVM leakage after laser photocoagulation
insult. The mean CNVM leakage area in vehicle-treated
eyes was 3066 � 839 K pixels whereas eyes treated with
RO-101 reduced the leakage area by 59% (1259 � 106 K
pixels). The RO-101 reduction compared favorably to
aflibercept-treated eyes that reduced leakage area by 53%.
Two-way analysis of variance comparing BSS and RO-101
as well as BSS and aflibercept were statistically significant
(P value ¼ 0.0015) (Fig 2).

HUVEC Migration Inhibition

We used a VEGF-induced HUVEC migration as a compar-
ative bioassay. We found at 12 hours, HUVEC cells exposed
to both 40 ng of VEGF-A and aflibercept demonstrated a
70% reduction in VEGF-induced migration, compared with
control cells exposed to VEGF-A alone. Human umbilical
vein endothelial cells exposed to 40 ng of VEGF-A and
bevacizumab yielded only a 22% reduction, and by further
comparison, cells exposed to 40 ng of VEGF-A and RO-101
resulted in a 68% reduction in VEGF-induced migration
compared with control. Using 2-sample t tests, the difference
in reduction in VEGF-induced HUVEC migration between
aflibercept and RO-101 was not significant (P ¼ 0.93), but
was significant between RO-101 and bevacizumab (P ¼
0.003) and between RO-101 and VEGF-A alone (P ¼ 0.002)
(Fig 3A). A single factor analysis of variance yielded a P
value of 7.37 � 10e5, indicating a difference in the
average migration between the 4 groups.

Ocular Biocompatibility

As a safety surrogate assessment, we tested ocular tolera-
bility by both histological and real-time ERG readings in
Brown Norway rats. Histological analysis between RO-101
and BSS showed no statistically significant difference in cell
count between ganglion cells (17.90 � 1.31, R ¼ 16.33 �
1.11, t test ¼ 0.40), outer nuclear layers (156.04 � 2.49,
R ¼ 153.09 � 3.19, t test ¼ 0.42), or inner nuclear layers
(56.33 � 2.11, R ¼ 56.38 � 1.42, t test ¼ 0.98) of the retina
(Fig 4). Electroretinogram analysis of scotopic and photopic
light response showed cone and rod functional activity with
no statistically significant difference in the A and B wave
amplitudes and peak times between the control and the
experimental eye. Figure 5 is an illustration of a similar



Figure 1. The typical monoclonal antibody has a variable light chain (VL, green) that is unique and required for specific target binding. The Surrobody
structure uses an invariant surrogate light chain (yellow), providing a universal partner to all heavy chain partners in the Surrobody library to streamline drug
discovery and manufacturing.
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ERG response in the experiment and control arm at flash
stimuli of 3.0 cd$s/m2. Electroretinogram readings from
the eyes exposed to RO-101 and BSS showed no differ-
ence in the amplitude and response times between experi-
mental and control eyes.

VEGF-A and Ang-2 Target-Specific Binding and
Inhibition of Target-Receptor Interaction as
Determined by ELISA

RO-101 was tested in a target-specific ELISA assay
alongside aflibercept and faricimab for reference as current
clinical therapeutics, and trastuzumab for a nonbinding,
nonspecific control. RO-101’s binding affinity for VEGF-A
demonstrated EC50 of 0.040 nM. Three lines of RO-101
were tested with similar results (results not shown). This
was shown to be comparable to aflibercept and faricimab
(Fig 6).

Binding affinity to Ang-2 was also tested using ELISA
assay alongside aflibercept, faricimab, and trastuzumab in a
similar fashion. RO-101’s binding affinity was robust, with
an EC50 of 0.054 nM. Faricimab showed a significantly
lower binding affinity and as expected, no Ang-2 binding
was identified for aflibercept (Fig 7).

To examine how potently RO-101 blocks target-receptor
interaction, the inhibition of target-receptor binding in
Table 1. Rabbit Vitreous Half-Life of RO-101 Compare

Rabbit Vitreous Study RO-101 (Current Study) Afliberc

Half-life (days) 6.75 � 2.13 3.92-4.58
ELISA was performed and compared with faricimab. For
VEGF-A and its receptor VEGF R2/KDR binding, the
VEGF-A was captured on plate wells and the binding of
biotinylated VEGF R2/KDR was competed with serial
diluted RO-101 or faricimab. The remaining binding of
VEGF R2/KDR was detected by HRP-conjugated strepta-
vidin. In this format, RO-101 was able to inhibit the binding
at an IC50 of 1.989 nM, whereas faricimab inhibited the
binding at an IC50 of 6.471 nM, a threefold weaker inhi-
bition than RO-101 (Fig 8).

Inhibition of Ang-2 and its receptor Tie-2 binding was
tested in a similar fashion. The plate well-captured Tie-2
had competition for Ang-2 binding by RO-101 or far-
icimab. RO-101 was able to inhibit the binding at an IC50
of 0.7868 nM. faricimab inhibited the binding at an IC50 of
13.55 nM, showing 17-fold weaker inhibition than RO-101
(Fig 9).

Discussion

Current anti-VEGF-A monotherapy has made significant
inroads in treating eAMD. However, despite treatment, 45%
of patients in studies have been termed “non-responders” or
poor responders who show a suboptimal response to ther-
apy, with recalcitrant fluid or the inability to extend to
d with Similar Previously Published Preclinical Data

ept Bevacizumab Faricimab Ranibizumab

28,32 4.32-6.6129,32 4.2930 2.75-2.929,31,32

5



Figure 2. Choroidal neovascular membrane (CNVM) size in pixels post injection of therapeutic agent was similar among RO-101 and aflibercept whereas
both were shown to be superior to control (balanced saline solution, BSS) at preventing choroidal neovascularization (P value ¼ 0.0015) using 2-way
analysis of variance. There was no statistically significant difference between aflibercept and RO-101.
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labeled dosing schedules.15e19 Furthermore, the high in-
jection burden in these nonresponders may lead to poor
patient compliance and worse visual outcomes.33 The
Comparison of AMD Treatment Trials is evidence that
visit adherence contributes to better visual outcomes.34

The Comparison of AMD Treatment Trials also displayed
a regression of visual acuity gains in the 5-year follow-up
data, largely presumed to be a function of decreasing
compliance with study protocol after leaving the active
portion of the study. Therefore, it is important to strive for
therapies that reduce treatment burden without compro-
mising visual acuity.35 It could be postulated that a
therapeutic agent targeting multiple soluble factors
necessary for angiogenesis, such as VEGF-A and Ang-2,
could potentially better treat this subset of nonresponders
than current anti-VEGF-A monotherapies. Given the rapid
clinical adoption of faricimab, and data that have been
presented in the Truckee trial, it is evident that there is
potential merit to this argument in the clinical setting.36

Above all else, a therapeutic must demonstrate ocular
compatibility in animals, as well as efficacy, to be able to
advance to be an intravitreal therapeutic agent. With the
postmarket authorization experience of brolucizumab and
the more recent experience with pegcetacoplan, immuno-
logic tolerance must be established at every stage of the
process from preclinical data to postmarketing surveillance.
6

RO-101 demonstrates ocular tolerability in rabbit models
and revealed no signs of inflammation in both rabbit and rat
models throughout all the experiments described in this
paper. In addition, RO-101 demonstrated efficacy in a rat
laser CNVM model on par with aflibercept in terms of ef-
ficacy. Both characteristics support RO-101 advancing to
further preclinical testing.

In addition to therapies with multiple targets, therapies
with increased biological activity can potentially reduce the
frequency of patient visits as well as the injection burden.
There are 3 pharmacologic strategies to achieve greater
biological activity and extend disease remission: increase
molar dose, increase half-life, and increase binding affinity
(Fig 10). Increasing molar dosage, the concentration of
particles in a solution administered at a single time to the
patient,37 has been a common strategy to increase biologic
activity since the results of the pivotal HARBOR trial.
The HARBOR trial was used to evaluate the safety and
efficacy of ranibizumab at 0.5 mg versus 2.0 mg over 12
months and 24 months, both monthly and pro re nata.38 In
the pro re nata arm of the study, the average interval
between doses, after the loading phase of 3 monthly
injections, was longer in patients who received 2.0 mg
(12.5 vs. 9.9 weeks). This suggests that administering a
higher dose of intravitreal ranibizumab could result in
longer biological activity of the agent. As-needed dosing



Figure 3. Human umbilical vein endothelial cell (HUVEC) wound closure analysis. Quantitative analysis of VEGF-A induced cell migration and effects of
aflibercept, bevacizumab, or RO-101 treatment A, Representative images of wound closure of HUVECs after exposure to VEGF-A and either bevacizumab,
aflibercept, or RO-101 at 0 and 12 hours B, Replicate analysis of images at 0 hours were deemed to be comparable.
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with 2.0 mg also showed a significant decrease in central
foveal thickness (e181.0 vs. e171.8 micrometers) as
compared with 0.5 mg, which could be an effect of
increased duration of biologic activity of the therapeutic.32

The molar dose of RO-101 can be modeled off well-
established therapeutics to get an effect of the same or
increased caliber.

A greater half-life allows a longer duration of biological
activity in the vitreous of the eye. Thus, increasing half-
life results in increased intervals between necessary treat-
ments, decreasing the treatment burden with any given
agent. RO-101 shows superior half-life attributes (6.75 �
2.13 days) in the vitreous compared with previously
published data for aflibercept (3.92 days),28 ranibizumab
(Lucentis, Genentech/Roche; 2.88 days),29 faricimab
(4.29 days),30 and bevacizumab (Avastin, Genentech/
Roche; 6.51 days).31,32 This gives RO-101 the potential
for a longer duration of biological activity, reducing the
frequency of injections and treatment burden for patients
suffering from eAMD.

A higher affinity can potentially lower the minimal
efficacious concentration required to block a given factor.
RO-101’s binding affinity for VEGF-A is similar to other
therapies in the market (aflibercept and faricimab), with an
EC50 of 0.040 nM. However, RO-101 has a superior
binding affinity for Ang-2 (EC50 0.05 nM) compared with
faricimab (EC50 3.5 nM), the only approved bispecific that
targets Ang-2. With an EC50 that is 70 times greater than
faricimab, RO-101 should demonstrate biological activity
against Ang-2 at much lower concentrations, potentially
extending durability.

Ultimately, a therapeutic agent’s binding affinity is an
indirect measurement of its ability to inhibit a given target-
receptor interaction. VEGF and Ang-2, when binding to
their receptors and acting together, promote neo-
vascularization. Decreasing the interaction of VEGF-A and
7



Figure 4. Average cell counts in the ganglion cell layer, inner nuclear cells layer (INL), and outer nuclear cell layer (ONL) of the retina in Brown Norway
rats after control or RO-101 treatment.

Figure 5. Electroretinogram readings were taken after exposure to RO-101 in the right eye (OD) and balanced saline solution (BSS) as the control in the
left eye (OS). The left image shows the amplitude and response times of the experimental eye. The right images show the amplitude and response times of
the control eye with BSS.
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Figure 6. Binding affinities to VEGF as demonstrated by half maximal
effective concentration of RO-101, aflibercept, faricimab, and negative
control trastuzumab are shown.

Figure 8. The inhibition of VEGF-A and VEGF R2/kinase insert domain
receptor (receptor of VEGF-A) binding in enzyme-linked immunosorbent
assay; is shown. IC50 ¼ half-maximal inhibitory concentration.
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Ang-2 with their receptors can decrease the potential for
either to have this effect.39 RO-101 demonstrated IC50
toward VEGF-A target-receptor interaction at 1.989 nM,
which is about threefold better than faricimab’s IC50 at
6.471. RO-101 was also superior at preventing Ang-2
target-receptor interaction with an IC50 of 0.7868 nM,
nearly 17-fold better compared with faricimab with an IC50
of 13.55 nM. This difference in target-receptor inhibition of
VEGF-A and Ang-2 compared with faricimab may confer
Figure 7. Binding affinities to angiopoietin-2 as demonstrated by half
maximal effective concentration of RO-101, aflibercept, faricimab, and
negative control trastuzumab.
an advantage in the duration of efficacy by effectively target
binding at lower concentrations compared with faricimab.

RO-101 has been demonstrated to be similar or superior
to current intravitreal therapies for the treatment of eAMD
with regard to molar dose, affinity, and half-life. These
findings support the possibility that RO-101 will have a
beneficial clinical impact in achieving disease remission in
the subset of patients who show suboptimal or no
improvement with currently available treatment options.
These preclinical data are supportive of the need for further
research and preclinical development with RO-101.
Figure 9. The inhibition of angiopoietin-2 (Ang-2) and Tie-2 (receptor of
Ang-2) binding in enzyme-linked immunosorbent assay is shown. IC50 ¼
half-maximal inhibitory concentration.

9



Figure 10. Three different strategies to extend disease remission are to increase the molar dose, affinity, and half-life.
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