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binding to bovine vitreous

vuble VEGFR1T chimeric protein {nh)
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LONG-ACTING VEGF INHIBITORS FOR
INTRAOCULAR NEOVASCULARIZATION
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of Health. The government has certain rights i the
ivention.

CROSS REFERENCE TO RELATED
APPLICATIONS

[0002] This application 1s a continuation of 17/522.318,
filed Nov. 9, 2021 which 1s a continuation of PCT Applica-
tion No. PCT/US2020/061519, filed Nov. 20, 2020, which
claims the benefit of U.S. Provisional Pat. Application No.
62/939.756, filed on Nov. 25, 2019. The entire contents of
which are mcorporated by reference herewith.

SEQUENCE LISTING

[0003] The contents of the electronic sequence listing
(sequencelisting. xml; Size: 38,000 bytes; and Date of Crea-
tion: Nov. 1, 2020) 1s hereimn incorporated by reference 1n 1ts
entirety.

TECHNICAL FIELD

[0004] The present invention relates to novel long-acting
VEGF mhibitors for intraocular neovascularization.

BACKGROUND

[0005] The development of a neovascular supply or angio-
oenesis serves crucial homeostatic roles simce the blood ves-
sels carry nutrients to tissues and organs and remove cata-
bolic products!. However, uncontrolled growth of blood
vessels can promote or facilitate numerous disease pro-
cesses, including tumors and intraocular vascular disor-
ders!. Although numerous angiogenic tactors were 1mitially
identified and characterized?, work performed in many
laboratories has established VEGF as a key regulator of nor-
mal and pathological angiogenesis as well as vascular per-
meability? 4. Alternative exon splicing results 1n the genera-
tion of multiple 1soforms that differ i thewr affimty for
heparin_,, iIlC-h].diﬂg VEGFlQh VEGF165 and VEGFISQ.
VEGF,; lacks sigmificant heparin binding. While
VEGF¢s has a single, exon-7 encoded, heparin-binding
domain, VEGF;g¢ has two heparin-binding domains
encoded by exon 6- and exon 7 > 6. Much experimental evi-
dence documents the key role of the heparin-binding VEGF
1soforms 1n the establishment of biochemical gradients
required for anglogenesis /-°. VEGF 1s a member of a gene
family that also includes P1GF, VEGF-B, VEGF-C and
VEGF-D. Three related receptor tyrosine kinase (RTKs)
have been reported to bind VEGE ligands: VEGEFRI119,
VEGFR21!! and VEGFR312. VEGF binds both VEGFRI
and VEGFR2, while PIGF and VEGF-B interact selectively
with VEGFRI1. VEGFR3 binds VEGF-C and VEGF-D,
which are implicated 1n lymphangiogenesis!? 14, Each
member of this RTK class has seven immunoglobulin (1g)-
like domains 1n the extracellular portion!>. There 15 agree-
ment that VEGFR-2 1s the main signaling receptor for
VEGF 4, although VEGFR1 binds VEGF with substantially
higher affinity than VEGFR215,
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[0006] VEGF imnhibitors have become a standard of ther-
apy 1n multiple tumors and have transformed the treatment
of intraocular neovascular disorders such as the neovascular
torm of age-related macular degeneration (AMD), prolifera-
tive diabetic retinopathy and retinal vein occlusion, which
are leading causes of severe vision loss and legal blind-
nesslé 3 17 Currently, three anti-VEGF drugs are widely
used 1 the USA for ophthalmological indications: bevaci-
zumab, ramibizumab and aflibercept®. Bevacizumab 1s a
full-length IgG antibody targeting VEGF13. Even though
bevacizumab was not developed for ophthalmological indi-
cations, 1t 1s widely used ott-label due to 1ts low cost. Rani-
bizumab 1s an affinmity-matured anti-VEGF Fab!®. Afliber-
cept 1s an IgG-Fc fusion protemn2?, with elements from
VEGFR1 and VEGFR2, that binds VEGF, PIGF and
VEGF-B21, Importantly, after five-year treatment with rani-
bizumab or bevacizumab, about haltf of neovascular AMD
patients had good vision, 1.€. visual acuity 20/40 or better, an
outcome that would have not been possible before anti-
VEGF agents were available?2. However, 1n real- life clin-
1cal settings, many patients receive fewer anti-VEGF mjec-
tions than 1n clinical trials and 1t has been hypothesized that
this correlates with less satisfactory visual outcomes?3.
Therefore, there 1s a need to develop agents with longer
duration after intraocular mjection, thus reducing the fre-
quency ol mjections and a number of approaches to this
end have been attempted<4 2°. Atlibercept (EYLEA) was
approved based on clinical trials showing that every 8-
week administration of the dose of 2 mg could match the
efficacy of monthly ranibizumab (0.5 mg). However, despite
the prediction that a switch to aflibercept would reduce the
number of mntravitreal mjections, recent studies suggest that
1t 1S not the case2°. Therefore, there 1s still an unmet medical
need for intravitreal anti-VEGE agents with improved halt-
lafe.

[0007] In 1996, 1n the course of structure-function studies
aiming to 1dentity VEGF binding elements in VEGFRI1, we
found that deletion of Ig-like domain (D) 2, but not of other
Ds, abolished VEGF or PIGF binding 27. Replacimg D2 of
VEGFR3 with VEGFR1 D2 conferred on VEGFR3 the
ligand specificity of VEGFR127. Subsequent studies docu-
mented the interaction between D2 and VEGF (or PIGF) by
X-ray crystallography 28-30. However, D3 was important for
optimal VEGF binding 27 28, These imtial studies led to the
design of a construct comprising the first three 1g-like Ds of
VEGFRI, tused to an Fc-1gG (Flt-1-3-1gG) 27. Flt-1-3-1gG
showed a potent ability to neutralize VEGF 1n vitro and 1n
several 1n vivo models of physiological and pathological
anglogenesis 31-34 35 36 However, the half-life of this mole-
cule following systemic administration was relatively short
due to the presence of clusters of basic residues m D3, which
resulted 1n binding to heparan sulfate proteoglycans (HSPG)

and sequestration 1n various tissues.
[0008] In 2002 Holash et al 2! described an IgG fusion

construct comprising of VEGFR1 D2 and VEGFR2 D3,
which has much lower heparin-atfinity than VEGFR1 D3.
This molecule, known today as aflibercept, ziv-atlibercept
or EYLEA, was reported to have a significantly longer sys-
temic half-life than Flt-(1-3-1gG) 21. These PK characteris-
tics, combined with high binding atfinity for VEGF and the
ability to bind PIGF and VEGF-B, led to the prediction that
athibercept would be a more effective anti-tumor agent than
other VEGF inhibitors 2! 37, However, aflibercept has
gamed FDA approval only for 2nd line treatment of color-
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ectal cancer, while bevacizumab and the ant1-VEGFR2 anti-
body ramucirumab received several FDA approvals imn mul-
tiple cancer types 3 17, suggesting that the above mentioned
characteristics did not provide a therapeutic advantage.
Clearly, aflibercept has had its major clinical impact as an
intravitreal treatment for ocular vascular disorders.

SUMMARY OF THE INVENTION

[0009] The present invention provides compositions and
methods for inhibiting angiogenesis and for treating
VEGF-associated conditions, such as ocular disease, includ-
ing but not himited to, age-related macular degeneration,
proliferative diabetic retmmopathy, retinal vein occlusion,
choroidal neovasculanzation secondary to myopia, retino-
pathy of prematurity, diabetic macular edema, polypoidal
choroidal vasculopathy, comprising admimstering an anti-
VEGF agent that inhibits the activity of VEGF and, at the
same ftime, has strong hepann-binding characteristics,
thereby providing superior pharmacokinetics, namely hav-
ing a longer hali-life of the therapeutic agent following
intravitreal administration.

[0010] In embodmments, the present mvention provides
compositions and methods for treating a VEGF-related
ophthalmic disorder 1n a subject in need comprising, admin-
istering mtravitreally to the subject a first therapeutically
effective amount of an anti-VEGF agent, and administering
intravitreally to the subject a second therapeutically etfec-
tive amount of the anti-VEGF agent within 10 to 30 weeks
of the earlier admimstration. In embodiments, the anti-
VEGF agent comprises a VEGF binding portion operatively
linked to a Fc-1gG, wherem the VEGF binding portion com-
prises at least one VEGF binding domain that 1s an IgG-like
domain 2 of VEGFR-1.

[0011] In embodiments, the second therapeutically etfec-
tive amount of the anti-VEGF agent 1s administered intravi-
treally within 16 to 24 weeks of the earlier administration. In
embodiments, the method comprises subsequent administra-
tions of the therapeutically effective amount of the anti-
VEGF agent administered intravitreally within 10 to
30 weeks of a prior administration for a period of at least
one year.

[0012] In embodiments, the therapeutically effective
amount of the anti-VEGF agent 1s about 1 to 10 mg. In
embodiments, the therapeutically effective amount of the
anti-VEGF agent 1s about 3 to 6 mg. In embodiments, the
first, second and subsequent therapeutically effective
amounts are the same. In embodiments, the first, second
and subsequent therapeutically effective amounts are
different.

[0013] In embodiments, the present mvention provides an
anti-VEGF agent, wheremn the anti-VEGF agent 1s an Fc-
IgG construct fusing domains with VEGF binding charac-
teristics and domains that bind hepann proteoglycans. In
embodiments, the present invention provides an anti-
VEGF agent, whereimn the anti-VEGF agent 1s an Fc-IgG
construct having the ability to bind heparin and contains
one or more domains with VEGF binding characteristics.
In embodiments, the present mvention provides an anti-
VEGF agent, wherem the anti-VEGF agent 1s a fusion pro-
tein with 1mproved eftficacy for binding to VEGF and
heparin. In embodiments, the present invention provides
an ant1-VEGF agent, wherein the anti-VEGFE agent 1s a
fusion protein with very low endotoxin levels.

%
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[0014] In embodiments, the present invention provides an
ant1-VEGF agent, wherein the anti-VEGE agent 1s an IgG
chimeric protein comprising elements of VEGFE receptors.
In embodiments, the present invention provides an IgG chi-
meric protein, wherein the IgGG chimeric protein comprises
one or more fragments of the seven immunoglobulin (Ig)-
like domains 1n the extracellular portion of VEGF tyrosine
kinase receptors. In embodiments, the present invention pro-
vides an IgG chimeric protein, wherein the IgG chimeric
protem comprises one or more extracellular domain frag-
ments of VEGEFR-1 fused with Fc-IgG. In embodiments,
the present invention provides an IgG chimeric protein com-
prising at least one VEGF binding domain VEGFR-I
domam 2 and at least one additional VEGFR-1 domain 1
or 3, and not mcluding domain 4. In embodiments, the pre-
sent mvention provides an IgG chimeric protemn, wherein
the IgG chimeric protein comprises one or more extracellu-
lar domain fragments of VEGFR-2 fused with Fc¢-IgG. In
embodiments, the present mvention provides an IgG chi-
meric protein, wherein the IgG chimeric protein comprises
one or more extracellular domain fragments of VEGFR-1
and VEGFR-2 fused with Fc-IgG.

[0015] In embodiments, the present invention provides an
ant1-VEGF agent comprising a VEGFE binding portion
operatively linked to a Fc-IgG, wherein the VEGF binding
portion comprises at least one VEGF binding domain that 1s
an I1gG-like domam 2 of VEGFR-1, and wherein the anti-
VEGF agent has a VEGF-stimulated mitogenesis-inhibiting
ability greater than aflibercept. In embodiments, the present
invention provides that the anti-VEGF agent has a vitreous
binding ability greater than aflibercept. In embodiments, the
present mvention provides that the anti-VEGF agent has a
vitreous bound VEGF-stimulated endothelial cell prolitera-
tion-1nhibiting ability greater than aflibercept. In embodi-
ments, the present mvention provides that the agent has an
increased half-lite in vivo compared to atlibercept.

[0016] In embodiments, the present invention provides
that the VEGF binding portion consists essentially of IgG-
like domains 1, 2, and 3 of VEGFR-1 (V.5.3).

[0017] In embodiments, the present invention provides
that the VEGF binding portion consists essentially of IgG-

like domains 2 and 3 of VEGFR-1 (V,.3).
[0018] In embodiments, the present invention provides

that the VEGF binding portion consists essentially of IgG-
like domains 1, 2, 3 and 3 of VEGFR-1 (V.,.33).

[0019] In embodiments, the present invention provides
that the VEGF binding portion consists essentially of IgG-
like domains 2, 3 and 3 of VEGFR-1 (V;.3.3).

[0020] In embodiments, the present invention provides
pharmaceutical compositions comprising a therapeutically
effective amount of an anti-VEGF agent as defined claims
and a pharmaceutically acceptable excipient. In embodi-
ments, the present invention provides methods of treating a
VEGF-related disorder in a subject in need comprising
administering to the subject a therapeutically effective
amount of an anti-VEGF agent as defined. The anti-VEGF
agent can be directly mjected into the affected tissue or
organ, such as an e¢ye.

[0021] In embodiments, the present mvention provides a
method for treating ocular disease, wherein an anti-VEGF
agent 18 administered locally to the eye at a dosage corre-
sponding to a molar ratio of 2:1 compared to VEGF. In
embodiments, the present mvention provides a method for
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treating ocular disease, wherem an anti-VEGE agent 1s
administered by intravitreous 1njection.

[0022] In embodiments, the present invention provides a
method for treating ocular disease, wherem an anti-VEGF
agent 1s administered intravitreally once every 10-30 weeks.
In embodiments, the anti-VEGF agent 1s administered mtra-
vitreally once every 16 to 24 weeks. In embodiments, the
treatment 1s continued for a period of at least one year.
[0023] According to one embodiment, the present imven-
tion provides a method for treating ocular disease compris-
ing administering a therapeutically effective amount of an
anti- VEGF agent locally into the eye wherein the treatment
1s effective to treat occult, mimimally classic, and predomi-
nantly classic forms of wet macular degeneration, wherein
the agent 1s a fusion protein.

[0024] In embodiments the mvention can be used to treat a
wide variety of VEGF-related disorders including neovas-
cular age related macular degeneration, choroidal neovascu-
lar1ization secondary to myopia, proliferative diabetic retino-
pathy, diabetic macular edema, retinal vascular obstruction
such as retinal vem occlusion, ocular tumors, von Hippel
Lindau syndrome, retinopathy of prematurity, polypoid
choroidal vasculopathy, or non-neoplastic disorders that
benefit from anti-VEGF therapy.

[0025] According to another aspect, the present mvention
provides a pharmaceutical formulation comprising an anti-
VEGF agent 1n a pharmaceutically acceptable carrier formu-
lation for local administration such as mto the eye.

[0026] In embodiments, the present mvention discloses
novel constructs, wherein the constructs potently neutralize
the activity of VEGF while, at the same time, have strong
heparin-binding characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 shows Immunoglobulin (Ig)-like domain
(D) organization of VEGFRI1 and of the Fc-fusion con-
structs designed m our study. Red label denotes heparin-
bimding domain. D2 1s an mdispensable binding ¢lement
for VEGF and PIGF, responsible for ligand specificity?”.
D3 plays an important role i binding atfinity and stabality
2728 30 D3 of VEGFRI, but not D3 of VEGFR2, 1s a major
heparin-binding site. V23 and aflibercept (EYLEA) differ
only i D3, which 1s from VEGFR2 1 atlibercept. D4 1s
also a heparin-binding site, implicated 1n receptor dimeriza-
tion and homotypic interactions3°. Each construct 1s shown
as a monomer for simplicity, but the recombinant proteins
are dimers due the forced dimerization imposed by the Fc.
[0028] FIGS. 2A-2B show characterization of purified
recombinant protemns. FIG. 2A shows silver-stamed SDS/
PAGE (4-20% Tr1s) of our purified recombinant fusion pro-
teins and EYLEA. 200 ng of cach protein were subjected to
clectrophoresis under reducing conditions. Staining was
performed by SilverQuest Silver Stamning kit (Invitrogen).
FIG. 2B shows an analytical size-exclusion chromatography
(SEC) of V23, V233, V1233 and EYLEA, 25 ug of each.
The Y-axis represents imtensity of absorbance (A280) n
milli-absorbance unit, and X-axis represents elution time
1n minutes.

[0029] FIG. 3 shows ICsg values of the inhibitors. Bovine
choroidal endothelial cells were maintained as described m
Approach For assays, cells are plated at low density. Inhibi-
tors are then added at various concentrations as mndicated mn
the figure. VEGF 1s added at the final concentration of
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10 ng/ml. Cell densities are evaluated after 5 days. 1C30
values were calculated using GraphPad Prism 5 (GraphPad
Software, CA). Data shown are based on two mmdependent
experiments obtaimned with highly purified proteins and are
consistent with numerous previous assays.

[0030] FIG. 4 shows binding to bovine vitreous.

[0031] FIGS. SA-SD show effects of control IgG, EYLEA
or VEGFRI Fc fusion proteins on laser-induced choroidal
neovascularization (CNV) 1n adult mice. FIG. SA shows
cach protein was 1njected mtravitreally in the mouse at the
dose of 2.5 ug one day before laser treatment. EYLEA was
tested also at 25 ug. Asterisks denote significant differences
(Student’s t test) compared to the appropriate IgG control
oroups (**p < 0.01, *p < 0.05). Data are based on three
independent experiments with at least 5 mice per group.
Note that the etficacy of EYLEA 15 1n line with the pub-
lished literature 1n the same model. FIG. SB shows effect
of the time of mjection prior to injury on CNV area.
EYLEA at the dose of 2.5 ug had a significant reduction
only when imjected at day -1. In contrast, V1233 at the
same dose significantly reduced CNV area even when
injected 7 days or 14 prior to the mjection. The left panel
show representative CD31 mmmunofluorescence images.
Asterisks denote significant differences (Student’s t test)
compared to the approprniate IgG control groups (**p <
0.01, *p < 0.05). n=5. Smmilar results were obtamned 1 two
independent expermments. FIG. SC shows V23, V233 and
V1233, tested at equamolar doses (4.8 ug of EYLEA and
V23, 6.3 ug of V233 and 7.2 ug of V1233), show greater
etficacy compared to EYLEA. All agents were administered
14 days prior to the laser treatment. Seven days later, eyes
were harvested, and data were analyzed. Asterisks denote
significant differences (Student’s t test) compared to the
appropriate IgG control groups (**p < 0.01, *p < 0.03).
FIG. 5D shows serum levels of EYLEA, V23, V233 or
V1233 m mice at different time points after intravitreal
injection. Each molecule was mjected 1in both eyes m equi-
molar amounts: 2.4 mg of EYLEA and V23, 3.15 mg of
V233 and 3.6 mg of V1233. After 1 day, 3 days, 7 days,
14 days and 21 days, peripheral blood was collected from
the tail vein. Human Fc¢ levels were measured by ELISA.
Values shown are means £ SEM. *, p <0.05; ** p <0.01;
% p <0.001. n=8 per point.

[0032] FIGS. 6A-6C show intravitreal injections of V1233
inhibit neovascularization 1n the OIR model. FIG. 6 A shows
intravitreal mjections were performed at P7 mn C57BL/6;
mice using aflibercept, V1233, and control (IgG). A volume
of 0.5 pl aflibercept (E) at a dose of 12.5 ug, 2.5 ug, or
1.25 ug versus control IgG at a dose of 3.25 ug mmjected
into the fellow eyes. Littermates were mjected with V1233
(3.8 ug or 1.65 pg) and control. The concentrations of IgG
control, aflibercept 2.5 ug and V1233 3.8 ug were equimo-
lar (see¢ also FIG. 10 legend). Animals were then exposed to
75% oxygen trom P7 to P12 followed by return to room air.
At P17, the animals were perfusion fixed, and the eyes were
enucleated, dissected, stamed with BSL-FITC and flat
mounted. FIG. 6B shows vasoobliteration and neovascular-
1zation were analyzed using automated software as
described by Xiao et al. (ref. 116). The vasoobliterative
areas are shown 1n yellow, and neovascular tuits are shown
in red. FIG. 6C shows quantification of neovascularization
shows a significant reduction (p<<0.05 t- test with Welch's
correction) 1n neovascularization relative to control with
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V1233 (3.8 and 1.65 pg) or high dose atlibercept (12.5 ug),
but not with aflibercept at 2.5 or 1.25 ug.

[0033] FIG. 7 shows mhibiatory effects of fusion protein on
BCEC proliferation stimulated by VEGF165 or VEGF121.
Results are expressed as % of inhibition of VEGF-stimu-
lated proliferation relative to control. Cell numbers were
determined by relative fluorescence unmit (RFU) 530/590
(Excitation/Emission), average of triplicates.

[0034] FIG. 8 shows mhibitory effects of recombmant
VEGTF receptor Fc-fusion proteins on HUVEC proliferation.
V123, V1233, V233, V23 or EYLEA (10-2000 ng/ml) was
added along with VEGFI65 (10 ng/ml) for 3 days, and cell
viability was determuned. Results are expressed as % of
inhibition of VEGF-stimulated proliferation relative to con-
trol. Cell numbers were determined by relative fluorescence
unit (REFU) 530/390 (Excitation/Emission), average of tripli-
cates. Statistical analysis was performed by 2-Way ANOVA
in GraphPad Prism software. Statistical significance * p<
0.001, ** p<0.0001 was calculated by comparing with
VEGF alone.

[0035] FIG. 9 shows crystal structure of VEGF/VEGFR2
complex (3V2A) was superimposed on the crystal structure
of the VEGF/VEGFRI1 complex (5189). VEGFRI residues
that can potentially interact with VEGF and that ditfer
between VEGFRI1 and VEGFR2 are labeled. Yellow and
blue greyscales: VEGF. Green greyscale: VEGEFR1 D2.
White: VEGFR1 D3. Analysis points to a more extensive
interaction between VEGF and VEGFR1 D3 compared to
VEGFR2 D3.

[0036] FIG. 10 shows effects of V1233 on bovine
endothehal cell proliferation. Bovine choroidal microvascu-
lar endothehal cells (BCECs, VEC Technologies) were
seeded 1n 96-well plates mn low glucose DMEM supplemen-
ted with 10% bovine calf serum and incubated with senal
dilutions of V1233 (batchl and batch2) and EYLEA
(Regeneron Pharmaceuticals) 1n the presence of 10 ng/ml
of hVEGF165 (R&D system). After 5 or 6 days, cells were
incubated with Alamar Blue for 4h. Fluorescence was mea-
sured at 530 nm excitation wavelength and 590 nm emission

wavelength.
[0037] FIG. 11 shows mhibition of VEGF-induced

VEGFR2 activation i Promega VEGF. The Promega
VEGF Bioassay (GA2001, Promega) was used to measure
the ability of V1233, to mmhibit stimulation mmduced by
VEGF165 1n KDR/NFAT-RE HEK293 Cells were incubated
with senal dilutions of V1233 (batchl and batch2), EYLEA
and Human IgGl (BE0297, BioXcell) in the presence of

20 ng/ml of hVEGF165. After a 6-hour incubation, Bio-

Glo80 Reagent was added, and luminescence was quantified
using SpectraMax M35 microplate reader. Data were {fitted to
a 4PLx®curve using GraphPad Prism software.

[0038] FIG. 12 shows etfects of heparin on VEGFR1 con-
structs concentrations in CHO cells culture media. Split pool
cells (V123, V1233, V233 and V23) mto CD ForttCHO
media with or without 100 ug/ml heparn (#H3149,
Sigma) and incubate at 37° C. with 5% CO2 with humidified
atmosphere and 125 rpm for 96 hours. The culture media
were collected and the expression of VEGEFR1 ECDs was
evaluated by ELISA.

[0039] FIG. 13 shows CHO-expressed V1233 1s fully
active 1n the mouse CNV model. 6-8 week male C57/B16
mice were used (n=6) . After laser mduction, ~5 ug ot CHO
cells-dennved and 293 cells-derived V.33 were mjected
intravitreally (1 ul) m each eye. 10 days later, choroid-sclera
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complex was harvested and fixed. Neovascular area was
indicated by CD31 immunofluorescent whole mount stain-
ing. Figure shows three representative neovascular arcas 1n
cach group.

[0040] FIG. 14 depicts the ammo acid sequence and
nucleic acid sequence of the entire human [gGl-Fe fragment
and VEGFR-1 domain of construct Vi.,5. SEQ ID No: 1
and SEQ ID No: 2, respectively. Amino acid sequences
and nucleic acid sequences for the IgG-like domains of
VEGFR-1 are provided within the Figure, as described.
The ammo acid sequence of V; 1s SEQ ID No: 135, the
amino acid sequence of construct V, 1s SEQ ID No: 16,
and the amino acid sequence of construct V3 1s SEQ ID
No: 17.

[0041] FIG. 15 depicts the ammmo acid sequence and
nucleic acid sequence of the entire human IgGl-Fc fragment
and VEGFR-1 domain of construct V,_3. SEQ ID No: 3 and
SEQ ID No: 4, respectively. Amino acid sequences and
nucleic acid sequences for the IgG-like domains of
VEGFR-1 are provided within the Figure, as described.
The amino acid sequence of V, 1s SEQ ID No: 16, and the
amino acid sequence of V3 1s SEQ ID No: 17.

[0042] FIG. 16 depicts the amino acid sequence and
nucleic acid sequence of the entire human IgGl-Fe fragment
and VEGFR-1 domain of construct V{.,.3.3. SEQ ID No: 5
and SEQ ID No: 6, respectively. Amino acid sequences and
nucleic acid sequences for the IgG-like domains of VEGFEFR-
1 are provided within the Figure, as described. The amino
acid sequence of V; 1s SEQ ID No: 15, the amino acid
sequence of V5 15 SEQ ID No: 16, and the amino acid
sequence of Vs 1s SEQ ID No: 17.

[0043] FIG. 17 depicts the amino acid sequence and
nucleic acid sequence of the entire human [gGl-Fe fragment
and VEGFR-1 domain of construct V,.35. SEQ ID No: 7
and SEQ ID No: 8, respectively. Amino acid sequences
and nucleic acid sequences for the IgG-like domains of
VEGFR-1 are provided within the Figure, as described.
The amio acid sequence of V, 1s SEQ ID No: 16, and the
amino acid sequence of V3 1s SEQ ID No: 17.

[0044] FIG. 18 depicts the ammmo acid sequence and
nucleic acid sequence of the entire human [gGl-Fc fragment
and VEGFR-1 domain of construct Vi.5.3.3.4. SEQ ID No: 9
and SEQ ID No: 10, respectively. Amino acid sequences and
nucleic acid sequences for the IgG-like domains of VEGER-
1 are provided within the Figure, as described. The amino
acid sequence of Vi 1s SEQ ID No: 15, the amino acid
sequence of V, 1s SEQ ID No: 16, the amino acid sequence
of V3 1s SEQ ID No: 17, and the amino acid sequence of V,
1s SEQ ID No: 18.

[0045] FIG. 19 depicts the ammo acid sequence and
nucleic acid sequence of the entire human IgGl-Fc fragment
and VEGFR-1 domain of construct V,5_4. SEQ ID No: 11
and SEQ ID No: 12, respectively. The amino acid sequence
of construct V, 1s SEQ ID No: 16, the amino acid sequence
of V3 1s SEQ ID No: 17, and the amino acid sequence of V,
1s SEQ ID No: 18.

[0046] FIG. 20 depicts the ammmo acid sequence and
nucleic acid sequence of the entire human [gGl-Fe fragment
and VEGFR-1 domain of construct V,_ 4. SEQ ID No: 13
and SEQ ID No: 14, respectively. The amino acid sequence
of V5 1s SEQ ID No: 16, and the amino acid sequence of V,
1s SEQ ID No: 18.
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DETAILED DESCRIPTION

[0047] All publications, patents, and patent applications
mentioned m this specification are herein mcorporated by
reference to the same extent as 1f each mdividual publica-
tion, patent, or patent application was specifically and ndi-
vidually mndicated to be mcorporated by reference.

[0048] Unless defined otherwise, all technical and scienti-
fic terms and any acronyms used herein have the same
meanings as commonly understood by one of ordinary
skill m the art n the field of the mvention. Although any
methods and materials similar or equivalent to those
described heremn can be used 1n the practice of the present
invention, the exemplary methods, devices, and materials
are described herein.

[0049] The practice of the present invention will employ,
unless otherwise indicated, conventional technmiques of
molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry and immunology,
which are within the skill of the art. Such techniques are
explained fully 1n the literature, such as, Molecular Cloning:
A Laboratory Manual, 277 ed. (Sambrook et al., 1989); Oli-
oonucleotide Synthesis (M. J. Gatt, ed., 1984); Animal Cell
Culture (R. I. Freshney, ed., 1987); Methods 1n Enzymology
(Academic Press, Inc.); Current Protocols in Molecular
Biology (F. M. Ausubel et al., eds., 1987, and periodic
updates); PCR: The Polymerase Chain Reaction (Mullis et
al., eds., 1994); Remington, The Science and Practice of
Pharmacy, 207 ed., (Lippmcott, Willhlams & Wilkins
2003), and Remington, The Science and Practice of Phar-
macy, 22 ed., (Pharmaceutical Press and Philadelphia Col-
lege of Pharmacy at University of the Sciences 2012).
[0050] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having,” “contains”,
“containing,” “characterized by,” or any other variation
thereof, are mntended to encompass a non-exclusive inclu-
s10n, subject to any limitation explicitly indicated otherwise,
of the recited components. For example, a tusion protein, a
pharmaceutical composition, and/or a method that “com-
prises” a list of elements (e.g., components, features, or
steps) 18 not necessarily limited to only those elements (or
components or steps), but may iclude other elements (or
components or steps) not expressly listed or inherent to the
fusion protein, pharmaceutical composition and/or method.
[0051] As used herein, the transitional phrases “consists
of” and “consisting of” exclude any element, step, or com-
ponent not specified. For example, “consists of” or “consist-
ing of” used 1 a claim would Iimat the claim to the compo-
nents, materials or steps specifically recited n the claim
except for impurities ordmarnily associated therewith (1.e.,
impurities within a given component). When the phrase
“consists of” or “consisting of” appears 1n a clause of the
body of a claim, rather than immediately following the pre-
amble, the phrase “consists of” or “consisting of” limits only
the elements (or components or steps) set forth in that
clause; other elements (or components) are not excluded

from the claim as a whole.
[0052] As used herein, the transitional phrases “consists

essentially of” and “consisting essentially of” are used to
define a fusion protein, pharmaceutical composition, and/
or method that includes materials, steps, features, compo-
nents, or elements, 1n addition to those literally disclosed,
provided that these additional matenals, steps, features,
components, or elements do not materially affect the basic
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and novel characteristic(s) of the claimed invention. The
term “consisting essentially of” occupies a muddle ground
between “comprising” and “consisting of”.

[0053] When mtroducing elements of the present mnven-
tion or the preferred embodiment(s) thereof, the articles
“a”, “an”, “the” and “said” are mtended to mean that there
are one or more of the elements. The terms “comprising”,
“including” and “having” are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.

[0054] The term “and/or” when used 1n a list of two or
more 1tems, means that any one of the listed 1tems can be
employed by 1tself or in combiation with any one or more
of the listed 1tems. For example, the expression “A and/or
B” 1s intended to mean either or both of A and B, 1.e. A
alone, B alone or A and B 1 combination. The expression
“A, B and/or C” 1s intended to mean A alone, B alone, C
alone, A and B 1n combination, A and C in combination, B
and C 1 combination or A, B, and C 1n combination.
[0055] It 15 understood that aspects and embodiments of
the mvention described heremn mclude “consisting” and/or
“consisting essentially of” aspects and embodiments.
[0056] It should be understood that the description 1n
range format 1s merely for convenmience and brevity and
should not be construed as an mflexible limitation on the
scope of the mvention. Accordingly, the description of a
range should be considered to have specifically disclosed
all the possible sub-ranges as well as mdividual numernical
values within that range. For example, description of a range
such as from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4, from 1
to 5, from 2 to 4, from 2 to 6, {from 3 to 6 etc., as well as
individual numbers within that range, for example, 1, 2, 3, 4,
5, and 6. This applies regardless of the breadth of the range.
Values or ranges may be also be expressed herein as
“about,” from “about” one particular value, and/or to
“about” another particular value. When such values or
ranges are expressed, other embodiments disclosed include
the specific value recited, from the one particular value, and/
or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent
“about,” 1t will be understood that the particular value
forms another embodiment. It will be further understood
that there are a number of values disclosed therein, and
that each value 1s also herein disclosed as “about” that par-
ticular value 1n addition to the value 1tself. In embodiments,
“about” can be used to mean, for example, within 10% of
the recited value, within 5% of the recited value, or within
2% of the recited value.

[0057] As used herein, “patient” or “subject” means a
human or animal subject to be treated.

[0058] As used herein the term “pharmaceutical composi-
tion” refers to pharmaceutically acceptable compositions,
wherein the composition comprises a pharmaceutically
active agent, and 1n some embodiments further comprises
a pharmaceutically acceptable carrier. In some embodi-
ments, the pharmaceutical composition may be a combina-
tion of pharmaceutically active agents and carriers.

[0059] The term “combination” refers to either a fixed
combination 1n one dosage unit form, or a kit of parts for
the combined administration where one or more active com-
pounds and a combination partner (e.g., another drug as
explamed below, also referred to as “therapeutic agent” or
“co-agent”) may be administered independently at the same
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time or separately within time intervals. In some circum-
stances, the combination partners show a cooperative, e.g.,
synergistic eftect. The terms “co-administration” or “com-
bmed administration” or the like as utilized herein are meant
to encompass administration of the selected combination
partner to a single subject 1n need thereof (e.g., a patient),
and are mtended to include treatment regimens i which the
agents are not necessarily administered by the same route of
administration or at the same time. The term “pharmaceuti-
cal combination” as used herein means a product that results
from the mixing or combining of more than one active
ingredient and mcludes both fixed and non-fixed combina-
tions of the active mgredients. The term “fixed combina-
tion” means that the active mgredients, ¢.g., a compound
and a combination partner, are both administered to a patient
simultancously 1n the form of a single entity or dosage. The
term “non-fixed combination” means that the active 1ngre-
dients, €.g., a compound and a combination partner, are both
administered to a patient as separate entities e1ther simulta-
neously, concurrently or sequentially with no specific time
limits, wherein such administration provides therapeutically
effective levels of the two compounds 1n the body of the
patient. The latter also applies to cocktail therapy, e.g., the
administration of three or more active mgredients.

[0060] As used herein the term “pharmaceutically accep-
table” means approved by a regulatory agency of the Federal
or a state government or listed in the U.S. Pharmacopoeia,
other generally recognized pharmacopoeia in addition to
other formulations that are safe for use in animals, and
more particularly in humans and/or non-human mammals.
[0061] As used herein the term “pharmaceutically accep-
table carrier” refers to an excipient, diluent, preservative,
solubilizer, emulsifier, adjuvant, and/or vehicle with which
demethylation compound(s), 1s administered. Such carriers
may be sterile liquids, such as water and oils, mncluding
those of petroleum, amimal, vegetable or synthetic origin,
such as peanut o1l, soybean o1l, mineral o1l, sesame o1l and
the like, polyethylene glycols, glycerine, propylene glycol
or other synthetic solvents. Antibactenial agents such as ben-
zyl alcohol or methyl parabens; antioxidants such as ascor-
bic acid or sodium bisulfite; chelating agents such as ethy-
lenediaminetetraacetic acid; and agents for the adjustment
of tonicity such as sodium chloride or dextrose may also
be a carrier. Methods for producing compositions mn combi-
nation with carriers are known to those of skill 1n the art. In
some embodiments, the language “pharmaceutically accep-
table carrier” 1s intended to mclude any and all solvents,
dispersion media, coatings, 1sotonic and absorption delaying
agents, and the like, compatible with pharmaceutical admin-
1stration. The use of such media and agents for pharmaceu-
tically active substances 1s well known 1n the art. See, ¢.g.,
Remington, The Science and Practice of Pharmacy, 20th ed.,
(Lippincott, Willlams & Wilkins 2003). Except msofar as
any conventional media or agent 1s incompatible with the
active compound, such use m the compositions 1s
contemplated.

[0062] As used herein, “therapeutically eftective amount”
refers to an amount of a pharmaceutically active com-
pound(s) that 1s sufficient to treat or ameliorate, or 1 some
manner reduce the symptoms associated with diseases and
medical conditions. When used with reference to a method,
the method 1s sufficiently effective to treat or ameliorate, or
in some manner reduce the symptoms associated with dis-
cases or conditions. For example, an effective amount n
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reference to diseases 1s that amount which 1s sufficient to
block or prevent onset; or 1f disease pathology has begun,
to palliate, ameliorate, stabilize, reverse or slow progression
of the disease, or otherwise reduce pathological conse-
quences of the disease. In any case, an effective amount
may be given 1n single or divided doses.

[0063] As used herein, the terms “treat,” “treatment,” or
“treating” embraces at least an amehoration of the symp-
toms associated with diseases 1n the patient, where ameli-
oration 1s used 1n a broad sense to refer to at least a reduction
in the magnitude of a parameter, €.g. a symptom associated
with the disease or condition being treated. As such, “treat-
ment” also includes situations where the disease, disorder,
or pathological condition, or at least symptoms associated
therewith, are completely mhibited (e.g. prevented from
happening) or stopped (e.g. terminated) such that the patient
no longer suffers from the condition, or at least the symp-
toms that characterize the condition.

[0064] As used herein, and unless otherwise specified, the
terms “prevent,” “preventing” and “prevention” refer to the
prevention of the onset, recurrence or spread of a disease or
disorder, or of one or more symptoms thereotf. In certain
embodiments, the terms refer to the treatment with or
administration of a compound or dosage form provided
herein, with or without one or more other additional active
agent(s), prior to the onset of symptoms, particularly to sub-
jects at risk of disease or disorders provided herein. The
terms encompass the mhibition or reduction of a symptom
of the particular disease. In certain embodiments, subjects
with familial history of a disease are potential candidates
for preventive regimens. In certain embodiments, subjects
who have a history of recurring symptoms are also potential
candidates for prevention. In this regard, the term “preven-
tion” may be interchangeably used with the term “prophy-
lactic treatment.”

[0065] As used herein, and unless otherwise specified, a
“prophylactically effective amount” of a compound 1s an
amount suflicient to prevent a disease or disorder, or prevent
its recurrence. A prophylactically effective amount of a
compound means an amount of therapeutic agent, alone or
1n combination with one or more other agent(s), which pro-
vides a prophylactic benefit in the prevention of the disease.
The term “prophylactically effective amount” can encom-
pass an amount that improves overall prophylaxis or
enhances the prophylactic efficacy of another prophylactic
agent.

[0066] As used heren, the term “therapeutic agent,” “anti-
VEGF agent,” “fusion protein,” “‘chimeric protemn,” or
“recombinant protein” comprises a first polypeptide opera-
tively linked to a second polypeptide, wherein the “thera-
peutic agent,” “anti-VEGF agent,” “tusion protein,” “chi-
meric protein,” or “‘recombinant protemn” inhibits the
activity of VEGF. Chimeric protemns may optionally com-
prise a third, fourth or fitth or other polypeptide operatively
linked to a first or second polypeptide. Chimeric proteins
may comprise two or more different polypeptides. Chimeric
protems may comprise multiple copies of the same polypep-
tide. Chimeric protemns may also comprise one or more
mutations 1n one or more of the polypeptides. Methods for
making chimeric proteins are well known 1n the art. In some
embodiments the term “therapeutic agent,” “fusion protein,”
“chimeric protemn,” or “recombmant protemn” refers to any
constructs expressed or synthesized, mcluding but not lim-
ited to, peptides or protems operatively linking one or more

27 LC
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of the Ig-like domains or domain fragments of VEGFR-1
and/or VEGFR-2 with Fe¢-IgG.

[0067] The term “Ig-like domams” refers to Ig-like
domains 1-7 of VEGFR-1 and VEGFR-2. The term “Ig-
like domam fragments” comprise a portion of a full length
domain, generally the heparin and/or VEGF binding or vari-
able region thereol. Examples of domain fragments include
amino acid sequences comprising a segment of at least 75%,
more preferably at least 80%, 90%, 95%, and most prefer-
ably 99% of the full length domain with 100% sequence
1dentity and vanations thereof. Vanations m the amino
acid sequences of fusion protemns are contemplated as
bemng encompassed by the present disclosure, providing
that the variations 1n the amino acid sequence maintain at
least 75%, more preferably at least 80%, 90%, 95%, and
most preferably 99%. Certamn percentages 1 between are
included, such as 75%, 76%, 77%, 78%, 79% 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, and 99% sequence
1dentity. In particular, conservative amino acid replacements
are contemplated. Conservative replacements are those that
take place within a family of amino acids that are related i
their side chains. Genetically encoded amino acids are gen-
erally divided into families: (1) acidic amino acids are aspar-
tate, glutamate; (2) basic amino acids are lysine, arginine,
histidine; (3) non-polar amino acids are alanine, valine, leu-
cine, 1soleucine, proline, phenylalanine, methionine, trypto-
phan, and (4) uncharged polar amimo acids are glycine,
asparagine, glutamine, cysteine, serine, threonine, tyrosine.
The hydrophilic amino acids include arginine, asparagine,
aspartate, glutamine, glutamate, histidine, lysine, serine,
and threomine. The hydrophobic amino acids mmclude ala-
nine, cysteine, 1soleucine, leucine, methionine, phenylala-
nine, proline, tryptophan, tyrosine and valine. Other families
of amino acids include (1) sermne and threonine, which are
the aliphatic-hydroxy family; (1) asparagine and glutamine,
which are the amide contamning family; (111) alanine, valine,
leucine and 1soleucine, which are the aliphatic family; and
(1v) phenylalanine, tryptophan, and tyrosine, which are the
aromatic family. For example, 1t 1s reasonable to expect that
an 1solated replacement of a leucine with an 1soleucine or
valine, an aspartate with a glutamate, a threonine with a ser-
ine, or a stmilar replacement of an amio acid with a struc-
turally related amino acid will not have a major effect on the
binding or properties of the resulting molecule, especially 1f
the replacement does not mvolve an ammo acid within a
framework site. Whether an amino acid change results mn a
functional fusion protein can readily be determined by
assaying the specific activity of the fusion protein deriva-
tive. Fragments or analogs of fusion proteins can be readily
prepared by those of ordmmary skill i the art. Preferred
amino- and carboxy-termim of fragments or analogs occur
near boundaries of functional domains.

[0068] As used herein, an “1solated” or “purified” fusion
protein means the fusion protein 1s the predominant species
present (1.e., on a molar basis 1t 1s more abundant than any
other individual species 1n the composition), and preterably
a substantially purified fraction 1s a composition wherein the
fusion protemn comprises at least about 50% (on a molar
basis) of all macromolecular species present. Generally, a
puritied composition will comprise more than about 80%
of all macromolecular species present 1 the composition,
more preferably more than about 85%, 90%, 95%, and
99%. Most preferably, the fusion protein 1s purified to essen-
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tial homogeneity (contaminant species cannot be detected 1n
the composition by conventional detection methods)
wherein the composition consists essentially of a single
macromolecular species.

[0069] In one aspect the present mvention discloses a
composition comprising a therapeutic agent, where the ther-
apeutic agent comprises one or more heparm binding
domams of VEGFR-1 or VEGFR-2, and one or more
VEGF binding domains, thereby inhibiting the binding of
VEGF to 1ts cognate receptor. In embodiments, the anti-
VEGF agent comprises a VEGF binding portion operatively
linked to a Fc-IgG, wherein the VEGF binding portion com-
prises at least one VEGF binding domain that 1s an IgG-like

domain 2 of VEGFR-1.
[0070] In embodiments, the present invention provides

compositions and methods for treating a VEGF-related
ophthalmic disorder 1 a subject in need comprising, admin-
1stering intravitreally to the subject a first therapeutically
effective amount of an anti-VEGF agent, and administering
intravitreally to the subject a second therapeutically effec-
tive amount of the anti-VEGF agent within more than
8 weeks, or within between 10 to 30 weeks of the earlier
administration. In embodiments, the second therapeutically
etfective amount of the anti-VEGF agent 1s administered
intravitreally within 16 to 24 weeks of the earlier adminis-
tration. In embodiments, the method comprises subsequent
adminmistrations of the therapeutically effective amount of
the anti-VEGF agent administered intravitreally within 10
to 30 weeks of a prior administration for a period of at
least one year. The invention provides such dosing regimens
as may be required for any particular individual subject 1n
need thereof, wherem the second and subsequent adminis-
trations are less frequent than required for an equimolar
amount of atlibercept due to a greater heparin binding etfi-
ciency than athibercept. The mvention further provides that
following mtraocular administration, plasma levels of the
ant1-VEGF agents m an individual are lower than plasma
levels of aflibercept i an individual following intraocular
administration of an equimolar amount of aflibercept,
which avoids undesirable systemic effects, such as detri-
mental neurodevelopmental effects.

[0071] In embodiments, the therapeutically effective
amount of the anti-VEGF agent 1s about 1 to 10 mg. In
embodiments, the therapeutically effective amount of the
ant1-VEGF agent 1s about 3 to 6 mg. In embodiments, the
first, second and subsequent therapeutically effective
amounts are the same. In embodiments, the first, second
and subsequent therapeutically effective amounts are ditfer-
ent. The mvention provides such dosages of therapeutically
cliective amounts as may be required for any particular anti-
VEGF agent for any particular individual subject in need
thereof.

[0072] In embodiments, the present invention provides an
ant1-VEGF agent comprising a VEGFE binding portion
operatively linked to a Fe-IgG, wheremn the VEGE binding
portion comprises at least one VEGF binding domain that 1s
an IgG-like domain 2 of VEGFR-1, and wherein the anti-
VEGF agent has a VEGF-stimulated mitogenesis-inhibiting
ability greater than atlibercept. In embodiments, the present
invention provides that the anti-VEGFE agent has a vitreous
binding ability greater than aflibercept. In embodiments, the
present mvention provides that the anti-VEGF agent has a
vitreous bound VEGF-stimulated endothelial cell prolifera-
tion-inhibiting ability greater than aflibercept. In embodi-
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ments, the present invention provides that the agent has an
increased half-life 1n vivo compared to aflibercept.

[0073] VEGFR VEGF binding domains are well known 1n
the art. Exemplary amino acid sequences and nucleic acid
sequences for the IgG-like domains V, V,, V3, and V, of
VEGFR-1 are provided within FIGS. 14-20, respectively
which present the entire human IgGl-F¢ fragment and
VEGFR-1 domains, as described. Amino acid sequences
for the mdividual human IgG-like domains V,, V,, Vj,
and V, of VEGFR-1 are also individually provided in SEQ
ID Nos: 15-18, respectively. The amino acid sequence of V,
1s SEQ ID No: 15 (the yellow greyscale amino acid
sequence m FIG. 14, which 1s within SEQ ID No: 1). The
amino acid sequence of V5 1s SEQ ID No: 16 (the blue grey-
scale amino acid sequence m FIG. 14, which 1s within SEQ
[D No: 1). The amino acid sequence of V3 1s SEQ ID No: 17
(the grey greyscale amino acid sequence m FIG. 14, which
1s within SEQ ID No: 1). The amimo acid sequence of V, 18
SEQ ID No: 18 (the green greyscale amino acid sequence 1n
FIG. 18 , which 1s within SEQ ID No: 9)

[0074] In embodiments, the present mvention provides
that the VEGF binding portion consists essentially of IgG-
like domains 1, 2, and 3 of VEGFR-1 (V;.,-3). In embodi-
ments, the ant1-VEGF agent comprises amino acid sequence
as defined in SEQ ID No: 1.
[0075] In embodiments, the present mvention provides
that the VEGF binding portion consists essentially of IgG-
like domains 2 and 3 of VEGFR-1 (V,_3). In embodiments,
the anti-VEGF agent comprises amino acid sequence as
defined 1n SEQ ID No: 3.

[0076] In embodiments, the present mvention provides
that the VEGF binding portion consists essentially of IgG-
like domains 1, 2, 3 and 3 of VEGFR-1 (V{.,.3.3). In embo-
diments, the anti-VEGF agent comprises amino acid
sequence as defined i SEQ ID No: 5.

[0077] In embodiments, the present mvention provides
that the VEGF binding portion consists essentially of IgG-
like domains 2, 3 and 3 of VEGFR-1 (V,.33). In embodi-
ments, the anti-VEGF agent comprises amino acid sequence
as defined i SEQ ID No: 7.

[0078] In embodiments, the mvention provides a pharma-
ceutical composition for use m treating a VEGF-related
ophthalmic disorder in a subject 1n need, wherein the anti-
VEGF agent 1s as defined herein. In embodiments, the pre-
sent mvention provides pharmaceutical compositions com-
prising a therapeutically effective amount of an anti-VEGF
agent as defined claims and a pharmaceutically acceptable
excipient. In embodiments, the present invention provides
methods of treating a VEGF-related disorder 1in a subject
1n need comprising administering to the subject a therapeu-
tically effective amount of an anti-VEGF agent as defined.
The anti-VEGF agent can be directly immjected mto the
affected tissue or organ, such as an eye.

[0079] In embodiments, the present mnvention provides a
method for treating ocular disease, wherein an anti-VEGF
agent 15 administered intravitreally more than once every
16 weeks. In embodiments, the ant1-VEGF agent 1s adminis-
tered intravitreally more than once every 16 to 24 weeks. In
embodiments, the treatment 1s continued for a period of at
least one year. In embodiments, the therapeutically effective
amount of the anti-VEGF agent 1s about 1 to 10 mg. In
embodiments, the therapeutically effective amount of the
ant1- VEGF agent 1s about 3 to 6 mg.
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[0080] In embodiments the invention can be used to treat a
wide variety of VEGF-related disorders including neovas-
cular age related macular degeneration, choroidal neovascu-
larization secondary to myopia, proliferative diabetic retino-
pathy, diabetic macular edema, retinal vascular obstruction
such as retinal vein occlusion, ocular tumors, von Hippel
Lindau syndrome, retinopathy of prematurity, polypoid
choroidal vasculopathy, or non-neoplastic disorders that
benetit from anti-VEGF therapy.

[0081] In some embodiments, the therapeutic agent 1s 1n
an admiistrable dosage form, comprising the therapeutic
agent, and an additional excipient, carrier, adjuvant, solvent,
or diluent.

[0082] In some embodiments, the present mvention dis-
closes a pharmaceutical composition suitable for treating
and/or preventatively treating a subject, wherein the anti-
VEGF agent 1s contained 1n an amount effective to achieve
its intended purpose.

[0083] In some embodiments, the therapeutic agent or
compositions disclosed herein are administered by mjection.
In certain embodiments, the compositions or the therapeutic
agent are 1njected directly into the diseased organ or tissue.
In some embodiments, the therapeutic agent can be topically
administered, for example, by patch or direct application to
the diseased organ or tissue, or by 1ontophoresis. The ther-
apeutic agents may be provided 1n sustained release compo-
sitions, such as those described 1n, for example, U.S. Pat.
Nos. 5,672,659 and 5,595.760. The use of immediate or sus-
tamned release compositions depends on the nature of the
condition being treated. If the condition consists of an
acute or over-acute disorder, treatment with an immediate
release form will be preferred over a prolonged release com-
position. Alternatively, for certain preventative or long-term
treatments, a sustamned released composition may be
appropriate.

[0084] The anti-VEGF agent may also be delivered using
an 1mplant, such as but not limited to an intraocular implant.
Such 1mplants may be biodegradable and/or biocompatible
implants, or may be non-biodegradable implants. The
implants may be permeable or impermeable to the active
agent. The specific implants for delivery of the therapeutic
agent 18 dependent on both the affected tissue or organ as
well as the nature of the condition being treated. The use
of such implants 1s well known 1n the art.

[0085] The anti-VEGF agent described 1 this imnvention
can be formulated 1n nanoparticles or other drug formula-
tions m order to provide precise delivery to specific tissues
and also provide controlled release therapy.

[0086] The anti-VEGF agent described 1n this application
can be delivered not only as purified recombinant proteins
but also by a gene therapy approach. Recombinant adeno-
associated vectors (tAAVs) or other suitable vectors can be
used to deliver the VEGF 1nhibitor by sub-retinal or mtravi-
treal delivery43:44,

[0087] In arelated aspect, the present nvention provides a
method for treating a VEGF -related or neovascular disorder
in a subject, wherein the method mmvolves administering to
the subject: (a) an effective amount of a tusion protein cap-
able of binding heparin and diminishing or preventing the
development of unwanted neovasculature. The fusion pro-
tein may be combined with other anti-VEGF agents mclud-
ing, but are not limted to: antibodies or antibody fragments
specific to VEGF; antibodies specific to VEGF receptors;
compounds that mhibit, regulate, and/or modulate tyrosine
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kmase signal transduction; VEGF polypeptides; oligonu-
cleotides that mhibit VEGF expression at the nucleic acid
level, for example antisense¢ RNAS; and various organic
compounds and other agents with angiogenesis mhibiting
activity.

[0088] The 1nvention provides that heparin-binding
mediated by D3 (or other Ig-like domain) of VEGFR128,
while a disadvantage for systemic administration, can con-
fer important advantages for intravitreal (or other local)
administration. Indeed, the ability to bind HGPSG, key
components of the extracellular matrix2°, promotes accumu-
lation 1n the vitreous as well as retinal penetration39. The
invention provides a series of VEGFR-1 Fc¢ fusion con-
structs having differential abilities to mteract with HSPGs.
This enables election of VEGEF inhibitors with ditferent
duration/halt-life 1n the eye, which are usetul under differ-
ence clinical conditions.

[0089] The features and other details of the mvention will
now be more particularly described and pointed out 1n the
following examples describing preferred techmiques and
experimental results. The examples are provided for the pur-
pose of 1illustrating the mmvention and should not be con-
strued as limiting.

EXAMPLES

[0090] To 1dentify more eftective and longer-lasting
VEGF 1nhibitors for intraocular use, the diversity of
heparin-binding in VEGFR1 Ds was studied. To this end,
eight VEGFRI1-F¢ fusion constructs were designed having
differential heparin binding, thus providing a spectrum of
HPSG affinmity. FIG. 1 illustrates the domain structure of
these proten and highlights heparin-binding domains. All
proteins include D2, the key determinant of ligand specifi-
city 27. Two constructs (V1233 and V233) have a duplicated
D3. The domain structure of aflibercept 1s also shown.
[0091] In mtial expermments, the expression levels of sev-
eral of constructs were low; V1234, V1233, V234 and V124
were detectable at low levels i the conditioned media.
Interestingly, earlier studies had shown that VEGF 1soforms
with high atfinity for heparin (VEGF189 or VEGF206) are
almost undetectable 1n the conditioned media of transtected
cells, bemng largely bound to the cells surface or the extra-
cellular matrix38 °. However, they could be released mn a
soluble form by the addition of heparin or heparinase, mndi-
cating that the binding site consisted of HSPG 38 . Thus, 1t
was determined whether the addition of heparin may also
aftect the levels of recombinant VEGEFR-1 fusion proteins.
Indeed, adding heparin to the media of transfected cells
resulted i dose-dependent increases 1n the concentrations
of recombinant protein 1 the medium (data not shown).
[0092] Purification of the recombinant protemns simply by
conventional protemn A (PA) affinity chromatography was
attempted. However, this method yielded a major band of
the expected mass and numerous other minor bands, likely
reflecting the mteraction of the strongly basic, heparin-bind-
1ng, recombinant proteins with host cell-dertved HSPGs and
other anionic molecules. Therefore, a protocol was devel-
oped that removed such impurities, as described 1n Methods.
A wash at lhugh pH (9.2), mn the presence of 1.2 M NaCl,
while the protemn 1s bound to PA, resulted mn release of
numerous contaminants. The next step, anion exchange
chromatography, was very effective at removing the bulk
of contamimants and aggregates, while the purified protemn
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was 1n the flow-through. The LPS levels 1n the final purthied
preparations were < (0.1 EU/mg (range 0.02-0.08), a very
low level compatible with preclinical studies 3°. As shown
in FIG. 2A, the purity of the recombinant protemns was
>95%, as assessed by silver-stamed SDS/PAGE and was
similar to that of the FDA-approved drug EYLEA. FIG.
2B shows analytical SEC profiles of the three most promis-
ing candidates, V23, V1233 and V233, next to EYLEA.
Similar to EYLEA, the three proteins eluted as a single
peak at the expected retention time, without significant
aggregation.

[0093] The recombinant proteins were tested for their abil-
ity to inhibit mitogenesis induced by VEGF ;45 (10 ng/ml) 1n
BCEC. As illustrated 1in Fig., they had mhibitory effects,
with 1Cs5q values were 1 the range of ~1 nM, except for
V124 and V24, which were less potent (FIG. 3). We also
documented their ability to inhibit BCEC mitogenesis sti-
mulated by VEGF,,; (FIG. 7). Interestingly, EYLEA,
nearly all experiments performed (>10) was potent, being
active at low concentrations, with ICsy of ~1 nM, but inhib-
ited no more than ~80% of VEGF- stimulated proliferation
even at the highest concentrations tested. Similar results
were obtained using HUVEC proliteration assays (FIG. 8).
In contrast, the VEGFR1 constructs, (except, V124 and
V24), completely blocked VEGF-mnduced proliferation.
The ability to detect such difterences likely reflects the rela-
tively high dynamic range of our BCEC proliferation assay
in response to VEGF stimulation (~4-fold 1increase).

VEGFR1 D3 may provide a better mteractive surface than
D3 from VEGFR2, especially conmdermg that VEGFR1

binds VEGF mgmﬁcantly more ¢ ectwely than VEGFR2
40 41 To test this hypothesis, a comparison was performed
of Protein Data Bank Files of the VEGFRI1/VEGF complex
(5T89) 30 and VEGFR2/VEGF complex (3V2A) 42 and
superimposed D2-D3 trom each receptor. This analysis sup-
ports the hypothesis. For example, Arg280 in VEGFR1-D3
interacts with the sidechain of VEGF Phe36, whereas
VEGFR2 has an Asp there. Likewise, in VEGFR1 both
Arg261 and Asn290 interact with VEGF Glu64;
VEGFR2 the Arg261 1s replaced by Gly and hence n
VEGFR2 only the Lys replacing Asn290 can interact with
VEGF Glu64. FIG. 9 illustrates the VEGFRI residues that
can potentially interact with VEGF and that differ between
VEGFR]1 and VEGFR2.

[0094] To turther define therapeutically relevant mterac-
tions, 1t was assessed whether the recombinant proteins
bind bovine vitreous i1n vitro. As illustrated in FIG. 4,
while EYLEA, control IgG or bevacizumab had little or no
binding, our proteins showed significant binding. The stron-
oest binders were V1233, V233 and V1234, followed by
V123. V23 had intermediate binding characteristics,
between EYLEA (or control IgG) and V1233. Vitreous
binding was displaced by heparin mm a dose-dependent
manner.

[0095] Recombinant proteins were tested in the mouse
CNV model and compared to control IgG or EYLEA. An
extensive literature documents the ability of anti-VEGF
agents to suppress neovascularization 1n this model 43 44
45 Relatively low doses were chosen for proot-of-concept
studies, bemng best suited to reveal potency and durability
differences among the various protems. Also, 1t has been
reported that travitreal administration of high doses of
antibodies of the IgGl 1sotype may have off-target angio-
inhibitory effects, mediated by Fc¢ signaling through FcgRI
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and ¢-Cbl, leading to impaired macrophage migration4é.
These effects might potentially contound the mterpretation
of the data. The doses employed are etficacious and at the
same time should avoid such off-target effects. Inmitially,
cach protein was ijected mtravitreally at the dose of
2.5 ug one day before laser treatment. EYLEA was tested
also at 25 ug. As illustrated 1n FIG. SA, EYLEA resulted n
an approximately 30% inhibition at the dose of 2.5 ug and ~
50% 1nhibition at the dose of 25 ug. These findings are lar-
ocly consistent with the published literature. For example,
Saishin et al. reported that the intravitreal mnjection of ~5 ug
of atlibercept resulted 1 ~30% 1nhibition of CNV area 1n the
mouse 4. Indeed, the dose of 40 ug 1s commonly used to
achieve maximal mmhibitory effects of atlibercept in the

mouse CNV model 47,

[0096] An unexpected finding was the greater potency of
some of the constructs: V123, V23, V1233 and V233.
Administering 2.5 ug of these proteins, one day before the
injury, matched or even exceeded the level of ihibition
achieved with 25 ug of EYLEA. However, none of the con-
structs that included D4 demonstrated signmificant CNV mhi-
bition (FIG. 5A).

[0097] To determine whether heparin-binding may trans-
late 1n durable therapeutic etfects following a single admin-
istration, V1233, EYLEA or control IgGG, were mjected
intravitreally (2.5 ug) 1 day, 7 days or 14 days before the
laser-induced njury. As shown in FIG. SB, EYLEA resulted
in a significant inhibition only when administered 1 day
betore the mnjury. In contrast, V1233 resulted 1n a significant
inhibition also when administered 7 days or 14 days prior to

the 1njury.
[0098] In a subsequent study, equimolar amounts of

EYLEA, V23, V1233 and V233, (4.8 ug of EYLEA and
V23,63 ug of V233 and 7.2 ug of V1233) were adminis-
tered 14 days prior to the mjury. FIG. SC shows that, at the
dose tested, EYLEA had very little effect on CNV. In con-
trast, V23, V1233 and V233 resulted 1n a significant CNV
inhibition. A prediction of the hypothesis 1s that mhibitors
with strong heparmn-binding characteristics will have lower
systemic exposure compared to EYLEA. Both ¢yes were
injected mtravitreally with equimolar amounts of EYLEA,
V23, V233 or V1233 and human Fc¢ serum levels were mea-
sured at different time points up to 21 days after intravitreal
admiistration, as shown i FIG. 5D. EYLEA administra-
tion resulted 1in the highest serum levels throughout the
experiment. V23, which has a single heparin binding
domain, resulted 1n lower serum levels than EYLEA, but

trended higher than V1233 or V233.

[0099] Finally, we compared multiple doses of V1233 and
EYLEA 1n the OIR model. In agreement with the findings n
the CNV model, V1233 was more potent than EYLEA at
inhibiting neovascularization FIG. 6.

[0100] FIG. 7 shows inhibitory effects of fusion protein on
BCEC proliferation stimulated by VEGF165 or VEGF121.
Results are expressed as % of inhibition of VEGF-stimu-
lated proliferation relative to control. Cell numbers were
determined by relative fluorescence unit (REFU) 530/590
(Excitation/Emission), average of triplicates.

[0101] FIG. 8 shows imhibitory effects of recombinant
VEGTF receptor Fe-fusion proteins on HUVEC proliferation.
V123, V1233, V233, V23 or EYLEA (10-2000 ng/ml) was
added along with VEGFI65 (10 ng/ml) for 3 days, and cell
viability was determmned. Results are expressed as % of
inhibition of VEGF-stimulated proliferation relative to con-
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trol. Cell numbers were determined by relative fluorescence
unit (REFU) 530/590 (Excitation/Emission), average of tripli-
cates. Statistical analysis was performed by 2-Way ANOVA
in GraphPad Prism software. Statistical significance * p<
0.001, ** p<0.0001 was calculated by comparing with
VEGF alone.

[0102] FIG. 9 shows crystal structure of VEGF/VEGFR2
complex (3V2A) was superimposed on the crystal structure
of the VEGF/VEGFRI1 complex (5T89). VEGFRI residues
that can potentially interact with VEGF and that differ
between VEGFR1 and VEGFR2 are labeled. Yellow and
blue greyscales: VEGE. Green greyscale: VEGFR1 D2.
White: VEGFR1 D3. Analysis pomnts to a more extensive
interaction between VEGE and VEGFR]1 D3 compared to
VEGFIR2 D3.

[0103] The activity of purtfied CHO-expressed V1233
was tested i two mdependent bioassays: BCEC prolifera-
tion (FIG. 10) and the Promega VEGF Bioassays (FIG. 11).
Both assays show that two independent batches of purified
V1233 mhibit VEGF-stimulated growth or receptor activa-

tion with similar (1f not greater) potency as EYLEA.
[0104] It was also determined that, 1 contrast to 293 cells

(Exp1-293 system), in CHO cells expression of the con-
structs 18 not dependent on the addition of heparin to the
medium (FIG. 12), a considerable advantage. In addition,
we determimed that CHO-derived V1233 1s fully active n
the mouse CNV model and 1s no less potent than 293
expressed V1233 (FIG. 13).

Discussion

[0105] Interaction of D3 with the HPSG has been long
considered a limitation of VEGFRI- based ant1-VEGF stra-
tegies due to sequestration in various tissues, resulting n
reduced systemic halt-life. To overcome such 1ssue, Holash
et al. replaced VEGFRI1 D3 with VEGFR2 D3 21, To the
same aim, Lee et al. more recently mtroduced a glycosyla-
tion site in VEGEFRI1 D3, effectively neutralizing positive
charges and thus elimmating D3-mediated HSPG binding
48 In both cases, systemic half-life was increased relative

to the original VEGFRI1 construct 21 43,
[0106] The present study designed a senies of VEGFR-1

F¢ fusion constructs having differential abilities to mteract
with HSPGs. The premise was that heparin-binding,
mediated by VEGEFR1 D3 (or other Ig-like D such as
D44°), while a disadvantage for systemic treatment, might
confer unique advantages on a VEGF 1nhibitor to be used
for intravitreal administration, since a) 1t should anchor the
inhibitors to HPSGs or other anionic molecules 1n the vitr-
eous or other structure n the eye, thus mcreasing 1ts hali-
life; b) such mhibitor does not need to be uniformly distrib-
uted or to deeply penetrate 1nto the eye structures 1n order to
effectively bind and block VEGF. A vanety of studies have
shown that VEGF can diffuse to a considerable distance
from 1ts production site 1n response to biochemical gradients
determined by HPSG or receptor distributions in the vascu-
lature or other sites °0 8 . For example, although VEGF 1s
produced by tumor cells even at a significant distance from
the vasculature, 1t diffuses and accumulates 1n the blood ves-
sels by virtue of 1ts high athinity for the VEGF receptors, 1-
53 Therefore, wvitreous-bound VEGFRI1 variants are
expected to generate strong gradients, capable of attracting
and neutralizing VEGF.
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[0107] Guven the challenges 1n obtaining accurate atfinity
measurements using sensor plattorms such as SPR with very
tight binders (Kd <100 pm)>4, the contlicting data regarding
the affinity of atlibercept versus other VEGF ihibiators 21 2>
and the poor correlation between binding atfinity and ther-
apeutic potency/etficacy among neutralizing antibodies to
VEGF and other targets ¢ »7, this study chose to focus on
biological 1Csq data, being more physiologically relevant.
As 1llustrated m FIG. 4, the recombinant proteins had mbha-
bitory effects, with ICs, values 1n the range of ~1 nM,
except V124 and V24, which were significantly less potent.
[0108] These proteins bind to bovine vitreous. The stron-
oest binders were, V1233, V1234, followed by V123. V23
had signmificant but lower vitreous binding. Control IgG,

EYLEA, or AVASTIN had mstead minimal binding.
[0109] An unexpected finding of our study was the greater

potency of some of the constructs: V123, V23, V1233 and
V233. Admmuistering 2.5 ug of these constructs one day
betore the injury matched or even exceeded the level of mhi-
bition achieved with 25 ug of EYLEA. The finding that
V1233, but not EYLEA, has significant effect in preventing
CNV when admimistered 7 days or 14 days before the injury,
documents the durability of the effects and the therapeutic
value.

[0110] Also, 1t was found that intravitreal injection of
these heparin-binding proteins results in much lower sys-
temic levels than EYLEA. This property might be particu-
larly useful, for example, for the treatment of ROP, since 1t
has been reported that treatment with anti-VEGE agents
with sigmificant systemic exposure may have detrimental
neurodevelopmental effects 58 59,

[0111] Interestingly, none of the constructs containing D4
(V1234, V234, V124, V24) resulted 1n marked 1nhibition n
vivo (at least at the dose tested), 1n spite of the fact that these
molecules (with the exception of V,_,) demonstrated an
ability to mhibit VEGF-stimulated mitogenesis in vitro.
However, all of these constructs demonstrated a propensity
to form oligomers or aggregates, as assessed by SDS/PAGE
under nonreducing conditions and si1ze exclusion chromato-
oraphy (data not shown). Although earlier work 0 identified
D4 (together with D7) as a requirement for VEGFR-1
dimerization, such effect has been known to be ligand-
dependent. Crystal structure studies revealed a loop m D4
responsible for such homotypic interactions 39. It 15 concel-
vable that high concentrations and/or the forced dimeriza-
tion 1mposed by the Fc¢ construct may result in ligand-inde-
pendent interactions, resulting 1n aggregation. In any event,
aggregates are not desirable pharmaceuticals given the pos-
sibility of inflammation and immunogenicity 61 62, Impor-
tantly, the lack of significant efficacy of our D4-including
proteins argues against the pos 81b111ty that a contaminant
may be responsible for the observed efficacy, since all pro-
teins were purified by the same methodology and have
strong heparin-binding properties.

[0112] In conclusion, aflibercept was designed to elimi-
nate the heparin-binding heparin domain 1n order to improve
systemic half-lite for oncological indications. The con-
structs described 1n the present study are instead designed
to promote binding and retention 1n the vitreous to ensure
more sustained and therapeutically relevant mteractions.
[0113] In experiments 1n which CHO cells were employed
as an expression system, the requirement for adding heparin
to the media of transfected cells was greatly diminished,
such that adding heparin to the media resulted 1 very
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small mcreases 1 the recombinant protein concentrations.
This 1s likely explamned by difterences in HSPG composi-
tion/concentrations between 293 and CHO cells.

Methods

[0114] For construction of VEGFR-Fc¢ expression plas-
mids, the nucleic acid fragments encoding the signal peptide
and a combination of extracellular Ig-like domains one to
four of VEGRF127 (Gene ID: 2321) were synthesized by
GenScript USA Inc. The following constructs were done:
V123, DI, D2 and D3; V23, D2 and D3; V1233, D1, D2,
D3 and D3; V233 D2, D3 and D3; V1234, D1, D2, D3 and
D4; V234, D2, D3 and D4; V124, D1, D2 and D4; V24, D2
and D4. The synthesized fragments were inserted mto
pFUSE-hlgGl-Fcl vector (InvivoGen, #pluse-hgifcl) at
EcoRI and BglIl sites, generating the plasmids containing
the various VEGFR1 ECDs. Then, using PrimeSTAR Muta-
oenesis Basal Kit (Takara, RO46A), the interval amino acids
R and S (BgllI site) between the ECDs and the Fc fragment
were removed, generating the plasmids expressing the
fusion proteins of VEGFR1 ECDs with a 227-amino acid
human IgGl-Fc.

Transtection and Conditioned Media Preparation

[0115] The Expi1293 expression system (Life technologies,
Al4524) was used to generate the conditioned media for
purification, according to the manufacturer's mstructions.
In briet, Exp1293F™ (ells (ThermoFisher) were suspen-
ston-cultured 1 Exp1293™ expression medium at 37° C.
in a humdified atmosphere with 8% CO2. When the cell
density reached to 2.5 million/ml, plasmids DNA and Expi-
Fectamimne™ 293 reagent was mixed, mmcubated 5 min and
added to the cells. The final concentration of the DNA and
transtected reagent was 1 ug and 2.7 ul per malliliter respec-
tively. Five hours after transfection, 100 ug/ml Heparin
(S1igma, H3149) and protease imhibitor cocktail, 1:400
(Sigma, P1860), were added to the cells. 16 hours after
transfection, enhancer reagents 1 and 2 were added.
Ninety-six hours after transfection, conditioned media
were harvested. Aliquots were tested for F¢ fusion proteins
concentrations using a human Fc¢ ELISA Kit (Syd Labs,
EK000095-HUFC-2) according to the manufacturer’s
instructions. Protease inhibitors were added (1:500) to the
bulk, which was stored at -800C until further use.

Purification of Recombinant Proteins

[0116] Pyrogen-tree reagents were employed. Prior to use,
columns and equipment (Akta Explorer System) were sani-
tized by exposure to 0.5 N NaOH. Conditioned media from
transtected cells were adjusted to PBS, 0.01% polysorbate
(PS) 20. PS20 was added to buffers at all steps. After cen-
trifugation at 20,000 xg for 30 minutes, supernatants were
subjected to protein A (PA) atfinity chromatography using a
Hi-Trap MabSelect SuRe (5 ml, GE Healthcare). After load-
ing, the column was washed with 20 mM diethanolamine,
pH 9.2, 1.2 M NaCl, prior to elution with 0.1 M citric acid,
pH 3.0, which was immediately neutralized. The PA elution
pool was then diluted 1n 20 mM diethanolamine, pH 9.2, and
apphied to Hi-Trap Q (GE Healthcare) anion-exchange col-
umn. The bound matenial was eluted with a gradient of
NaCl. The flow-through, which contamned the purified
recombinant protein, was immediately adjusted to 20 mM
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Tris, pH 6.8, and then concentrated through binding to
heparin-sepharose (Hi-TrapTM-HS). After a wash with
0.2-0.45 M NaCl (depending on the construct), the recom-
bmant VEGFR1 tfusion protein was eluted with 1 M NaCl
The final polishing step consisted of size-exclusion chroma-
tography (SEC). Fially, the proteins were builfer-
exchanged by dialysis mto 10 mM Tris, pH 6.8, 10 mM his-
tidine, 5-7% threalose, 40 mM NaCl, 0.01% PS20. The goal
1s obtaming a close to 1so-osmolar formulation
(~300 mOsm). To determine endotoxin levels, ToxiSensor
Chromogenic LAL Endotoxin Assay Kit (GenScript,
[L00350) was used according to the manufacturer’s protocol.

Cell Proliferation Assays

[0117] Endothelial cell proliferation assays were per-
formed essentially as previously described 63 64, Primary
bovine choroidal endothelial cells (BCEC) (passage <10)
(VEC Technologies Rensselaer, NY, Cat# BCME-4) were
trypsimzed, re-suspended and seeded m 96-well plates (no
coating) 1n low glucose DMEM supplemented with 10%
bovine calf serum, 2 mM glutamine, and antibiotics, at a
density of 1000 cells per well i 200 ul volume. thVEGF (45
(R& D Systems, Cat# 293-VE-010) or thVEGF;5; (R& D
Systems Cat. # 4644-VS010) was added at the concentration
of 10 ng/ml. Aflibercept (EYLEA) was purchased from a
pharmacy. The mhibitors were added to cell at various con-
centrations, as indicated 1n the figures., before adding the
ligands. After 5 or 6 days, cells were incubated with Alamar
Blue tor 4 hr. Fluorescence was measured at 530 nm excita-
tion wavelength and 590 nm emission wavelength.

[0118] Prmmary human umbilical vein endothehal cells
(HUVECQC), trom pooled donors (Lonza Cat # C2519A), pas-
sage 5-9, were cultured on 0.1% gelatin coated plates n
EGM-2 endothelial cell growth media (Lonza). Cells were
maintained at 37° C. m a humidified atmosphere with 5%
CO2. To measure cell proliteration, 1800 HUVECs sus-
pended 1n 200 ul of endothelial basal growth media EBM-
2 (Lonza) contaming 0.5% FBS, were seeded i 96-well
plate. Four hours later recombinant Fc-fusion proteins and
EYLEA at concentrations of 10, 20, 50, 250, 500, 1000 and
2000 ng/ml were added to cells along with 10 ng/ml of
VEGF165. Cells were cultured for 3 days, and cell viability
was determuned by alamarBlue Cell wiability reagent
(Thermo Fisher Scientific), following the manufacturer’s
instruction.

In Vitro Binding to Bovine Vitreous

[0119] Bovine vitreous samples (InVision BioResource,
Seattle, WA) were thawed at 40 C and then diluted 1:1
with PBS, filtered through 0.22 pm filter, aliquoted and
stored at -80o C. Total protemn concentrations were mea-
sured by the Pierce BCA protem assay. Costar 96-well
EIA/RIA stripwells were coated with vitreous (1 pg/well)
for 4 hr at RT, followed by one wash with PBS- 0.1%
Tween 20 (PBS-T). To each well, 0.08 to 10 nM chimeric
VEGF receptor protemn was added i a 50 pl volume and
incubated overnight at 4° C. Plates were be then washed
with PBS-T, and incubated with AP-conjugated goat anti-
human Fc¢ (1:2000, Invitrogen, #A18832) for 1 hr at RT.
Plates were washed with PBS-T before 1 step PNPP sub-

strate (Thermo Scientific, Rockiord, IL, #37621) for 15-
30 min at RT. Absorbance will be measured at 405 nm. S
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Laser-Induced Choroidal Neovascularization (CNV)

[0120] Male C57BL/6J mice (6-8 week) were anesthetized
with ketamine/Xylazine cocktail before laser treatment.
CNV lesions were mduced by laser photocoagulation
using a diode laser (IRIDEX, Oculight GL) and a slit lamp
(Z¢1ss) with a spot size of 50 um, power of 180 mW and
exposure duration of 100 ms. 47- 65 _ Four laser burns were
typically induced at 3, 6, 9 and 12 o’clock position around
the optic disc 1n each eye. Different constructs or IgG 1s0-
type control were mjected intravitreally, at the dose of
2.5 ug per eye, m a 1 pl volume. EYLEA was used as a
positive control at 2.5 or 25 ug. One day after mjection,
laser treatment was conducted and eyes were enucleated
and fixed m 4% paratormaldehyde (PFA) for 15 min,
7 days after laser treatment. In a separate set of studies,
selected constructs were mjected once 1 day, 7 days or
14 days prior to laser treatment. Choroid-sclera complexes
and retinas were separated and anti-CD31 immunofluores-
cence (IF) was performed to evidence the vasculature by
whole mount staming of both retina and choroidal tissues.
For CD31 IF, rat anti-mouse antibody BD 550274 was
diluted 1:100 and incubated overnight at 4° C. After 4-
hour incubation with a secondary anti-rat antibody (Life
Technologies A11006), whole mounts were mmaged at
488 nm. Quantification of neovascularization 1n lesion arca
and vascular density 1n retina was carried out by Image J. P
values were assessed by Student’s t test (significant change,

p<0.05).

Oxygen-Induced Retinopathy Model

[0121] The Oxygen Induced Retinopathy (OIR) mouse
model 1s a well-established method that has proven usetul
in delineating the molecular changes 1n 1schemic vascular
cye disease 96 67 Using an enclosed chamber, neonatal
mice are exposed to 75% oxygen from postnatal day 7
(P7) until P12, and then returned to 21% oxygen (room
air). This exposure to hyperoxia causes vessel regression
1n the central retina and the cessation of normal radial vessel
orowth, mimicking the vaso- obliterative phase of 1schemic
vasculopathies. Upon return to room air, the avascular areas
of retina become hypoxic 68 62 This hypoxia mduces the
expression of angiogenic factors, especially VEGEF70,
resulting in the growth of aberrant retinal neovascularization
at the junctions of vascular and avascular retina. To test the
effects of mmhibitors, intravitreal mjections will be performed
prior to exposure to hyperoxia in an effort to test inhibition
of the neovascular phase. Wild-type C57BL/6) mice at P7
will be anesthetized using 1soflurane flowing through a
rodent facemask. The eyelids will be opened using a Vannas
microdissection scissors and pulled back to expose the eye.
Next, 0.5 pl of solution will be 1njected using pulled glass
micropipettes attached to a picospritzer I1I (Parker Hannifin)
into the vitreous cavity. The needle will be left in the eye for
30 seconds after mjection and withdrawn slowly to mini-
mize leakage. This procedure will be repeated 1 the fellow
cye with 1njection of equimolar human IgGl as control (Bio
X Cell, West Labanon, NH). EYLEA, various constructs
will be tested versus control IgGl at various doses. The eye-
lids were covered with antibiotic ointment. Litters will then
be placed 1n a 75% hyperoxic chamber from P7-P12 to gen-
erate the OIR phenotype. At P17, the peak time for neovas-
cularization, the amimals will be sacrificed, and the eyes will
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be enucleated, dissected, and the vessels will be stamned with
BSL-FITC. The retinas were flat-mounted and imaged by
confocal microscopy. The extent of neovascularization was
quantified by measuring the volume of pre- retinal vascular
buds 67 70-72_ Vaso-obliteration and neovascularization were
analyzed using automated software, as described /5.

CHO CELL STUDIES

Plasmid Construction and Expression

[0122] Nucleic acid fragments encoding extracellular Ig-
like domains (ECDs) ong to three with the signal peptide of
VEGFERI (Gene ID: 2321) and a human IgGl F¢ domains
(Gene ID: 3500) were synthesized by GenScript USA Inc.
The fragments were nserted mto pD2535nt-HDP Dual
EF la-promoter vector (ATUM) at Xbal and ECoRI1 sites,
oenerating the plasmids expressing the fusion proteins of
VEGFR1 ECDs with a 227-amino acid human IgGl-Fc.
The VEGFR1 ECDs constructs are as follows: V123 con-
tains ECDI1, 2 and 3; V1233 contains ECDI1, 2, 3 and 3;
V233 contamns ECD 2, 3 and 3 and V23 contains ECD 2
and 3. The authenticity of all constructs was verified by
sequence analysis.

[0123] CHO K1 Glutamimne Synthetase (GS) null cells
(HD-BIOP3, Horizon) were used for stable expression and
transfections were carried out using Neon™ Transfection
System (#MPK10096, ThermoFisher). Briefly, linearized
construct DNA was transfected by electroporation into
HD-BIOP3 cells according to the protocol provided by Hor-
1zon Discovery, then the cells were cultured in CD Forti-
CHO media (#A 1148301, ThermoFisher) containing 4 mM
L-glutamine (#25030081, ThermoFisher) at 37° C. with
humidified atmosphere of 5% CO, for 48 h. After the
2 day recovery, the media were changed with selection
media, CD FortiCHO contaming 50 uM MSX (#76078,
Sigma,). For up to 20 days culture, four pools of VEGFRI1
ECDs were selected and banked. The expression of
VEGFRI tfusion protem 1n the culture media was evaluated
by human Fc¢ ELISA Kit (EK000095-HUFC-2, Syd Lab
Inc.) and western blotting with anti-human IgGl Fc antibody
(A-10648, Invitrogen). The expression levels for the four
pools were from 1.9 to 13 ug per 1 million cells (7.1 for
V123, 1.98 for V1233, 4.7 for V233 and 12.7 for V23 1n
the average).

[0124] For sigle cell clone screeming, the pool cells were
diluted and selected according to the protocol (Horizon).
After about 60 days' culture, total 39 clones, 8 for V123,
11 for V1233, 9 for V233 and 11 for V23, were selected
and stocked. The expression of VEGFRI fusion protein n
the culture media for each clone was evaluated by ELISA
and western blot. The expression level 1s from 3.0to 18.3 ug
per 1 mallion cells (12 for V123, 3.7 for V1233, 6.5 for
V233 and 13 for V23 1n the average).

[0125] For large scale of culture media preparation, the
cells (single cell clone) were seeded at the density of
0.5 x10%ml mto the spmner flask and cultured m the
media of CD FortiCHO supplemented with 1:1000 Anti-
clumping agent (# 0010057AE, ThermokFisher) and 1:200
Protease Inhibitor Cocktail (pl1860, Sigma) at 37° C. with
5% CO2 with humidified atmosphere and 125 rpm (Orbatal
shaker with a 25 mm orbat). Cell viability and density were
monitored each day, and the culture media were collected
after 5-7 days' incubation (the cell density 1s 7.0-10x106/
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ml, viability 1s >90%). Clones, V1233-26, V233-52/67 and
V23-5 were used for large culture media preparation. The
expression of VEGEFRI fusion proteins i the media was
verified by ELISA and western blot and media were stored

at -80° C. for further purification. The expression level was

from 20 to 115 ug/ml (23 pg/ml tor V1233, 47 ug/ml for
V233 and 105 ug/ml for V23 1n the average).

Purification

[0126] Horizon Discovery (HD)-BIOP3 CHO cells
expressing higher levels of V1233 protein (20-30 ug/ml)
clones 14, 26, 44 and 46 were subjected to punification. All
four clones yielded similar end product, thus for subsequent
purification we used clone 26. Condition media equivalent
to roughly 10 mg from V1233-26 was performed as follows:
Conditioned media thawed at 37° C. was adjusted to 5%
PBS and 0.01% (v/v) Tween20, and was centrituged at
20,000 g for 30 min at 4° C. The clanfied extract was
applied to a Protemn A column (HiTrap™ MabSelect™Sure
5 ml) (GE Healthcare) equilibrated in 1xPBS and 0.01%
Tween20. The column was washed with high pH, high salt
butter (5 CV : 20 mM ethanolamine, pH 9.2, 1.2 M Nacl,
0.01% Tween 20), and the bound proteins were eluted by
0.1 M citric acid, pH 3.0, and were neutralized immediately
by adding ¥s the volume of 1 M Tris, pH 9.5. Fractions con-
taming FItl protem were pooled, diluted 10x 1n 20 mM etha-
nolamine, pH 9.2, 0.01% Tween20, and applied to
HiTrap™Q HP 5 ml (GE Healthcare) anmion exchange col-
umn. Fltl protemn present in Flow through was adjusted to
pH 6.8 by adding 10% v/v 0.5 M Tris, pH 6.8, and was
apphied to HiTrap™Heparin HP 1 ml column equilibrated
in 20 mM Tris, pH 6.8, 0.01% Tween20. The column was
washed with 0.45 M NaCl in buffer, followed by final elu-
tion 1n 1 M NaCl. Fractions positive for Flt1 were pooled,
and was subjected to gel filtration chromatography in
Hil.oad Superdex 16x600 column (GE Healthcare) in
10 mM Tris, pH 7.2, 0.4 M NaCl, 0.01% Tween20. Frac-
tions excludmg the high molecular weight aggregates were
pooled, concentrated after binding to HiTrap™Heparin HP
1 ml column followed by 1 M NaC(l elution as mentioned
before.

[0127] The eluted proteins were dialyzed using Float-A-
LyzerRG2 dialysis Device, MWCO 100 kD or 50 kD (Spec-
trum Laboratories), and concentrated by using Amicon cen-
tritugal filters UltraCel 50k.

[0128] For large scale purification (condition media
equivalent to 50 mg protein), the method was modified as
follows; Protein A chromatography was done using HiTrap-
PrismA 5 ml column with two wash steps using butter 1
(50 mM Tmis, pH 8.5, 1.2 M NaCl, 0.5 M Arginine, 0.01%
Tween20) and butfer 2 (25 mM sodium phosphate, pH 6.5,
200 mM NaCl, 0.01% Tween20) before final e¢lution 1n
0.1 M citric acid. HiTrapQQ was performed using 20 mM
Tris, pH 8.5, and slightly higher salt (0.55 M) was used to
wash HiTrap heparin column. Gel filtration step was per-
formed 1 a wider column (HilLoad 26x600) in buffer
10 mM Histidine, pH 6.0, 80 mM NacCl, 0.01% Tween20.
Instecad of dialysis, PD10 colummn was used for buifer

exchange, and the final protein was stored 1n 10 mM sodium

acetate, pH 5.0, 7% trehalose and 0.01% Tween20.
[0129] Chromatography was carried out 1n FPLC system

AKTA Avant (GE Healthcare). Column and the mstrument
were sanitized (cleaming 1n place) by 0.5 N NaOH before
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cach run. Purity of the protem was determined by SDS-
PAGE and silver staming after each step. The quality of
final protem preparation was determined by analytical gel
filtration.

[0130] Total protein estimation was done by Protein assay
dye reagent (Bio-Rad), and by Fc¢ ELISA kit for human Fc
proteins and human IgGs (Syd Labs). Overall protein recov-
ery was roughly 10%, and the final protein achieved the
level of endotoxin around 0.004 EU/mg, and HCP 150 ng/
mg.
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SEQUENCE LISTING
Sequence total gquantity: 18
SEQ ID NO: 1 moltype = AA length = 558
FEATURE Location/Qualifiers
REGION 1..558
note = Description of Artificial Sequence:
Syntheticpolypeptide
source 1..558
mol type = protein
organism = synthetic construct

SEQ ID NO: 1

MVSYWDTGVL LCALLSCLLL TGSSSGSKLK DPELSLEKGTQ HIMQAGQTLH LQCRGEAAHK
WSLPEMVSKE SERLSITKSA CGRNGEKQFCS TLTLNTAQAN HTGEPYSCEKYL AVPTSKEKKET

60
120
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ESAIYIFISD
GEKRIIWDSRK
KLLRGHTLVL
MONKDKGLYT
TLMISRTPEV
HQDWLNGKEY
KGFYPSDIAV
EALHNHYTQK

SEQ ID NO:
FEATURE

TGRPEFVEMYS
GFIISNATYK
NCTATTPLNT
CRVRSGPSFK
TCVVVDVSHE
KCEVSNKALP
EWESNGQPEN
SLSLSPGK

2

misc feature

source

SEQ ID NO:
atggtcaget
acaggatcta
cacatcatge
tggtctttge
tgtggaagaa
cacactggcet
gaatctgcaa
gaaatcecceg
acgtcaccta
ggaaaacgca
gaaatagggc
ctcacacatce
aaattactta
agagttcaaa
cgaattgacc
atgcagaaca
tctgttaaca
ccagecacctyg
accctcatga
gaccctgagqg
aagccgcggg
caccaggact
goeccecateg
accctgecece
aaaggcttet
aactacaaga
ctcaccegtgyg
gaggctectge

SEQ ID NO:
FEATURE
REGION

source

SEQ ID NO:
MVSYWDTGVL
VITSPNITVTL
YLTHRQTNTI
RRIDOSNSHA
CPAPELLGGP
TEKPREEQYNS
YTLPPSREEM
KLTVDKSRWQ

SEQ ID NO:
FEATURE

2

actgggacac
gttcaggtte
aagcaggeca
ctgaaatggt
atggcaaaca
tctacagetyg
tectatatatt
aaattataca
acatcactgt
taatctggga
ttetgacetyg
gacaaaccaa
gaggccatac
tgacctggag
aaagcaattce
aagacaaaqqg
cctecagtgeca
aactcetggg
tcteceggac
tcaagttecaa
aggagcagta
ggctgaatgg
agaaaaccat
catcceggga
atceccagega
ccacgectece
acaagagcag
acaaccacta

3

LCALLSCLLL
KKFPLDTLIP
IDVQISTPRP
NIPFYSVLTID
SVEFLEFPPKPK
TYRVVSVLTV
TKNOQVSLTCL
QGNVESCSVM

4

misc feature

EIPEIIHMTE
EIGLLTCEAT
RVOMTWSYPD
SVNTSVHIYD
DPEVKFNWYV
APIEKTISKA
NYKTTPPVLD

moltype =

GRELVIPCRV
VNGHLYKTNY
EKNKRASVRR
KDKTHTCPPC
DGVEVHNAKT
KGQPREPQVY
SDGSPFFLYSK

DNA length

Location/Qualifiers

1..1674

17

-continued

TSPNITVTLK
LTHRQTNTII
RIDQSNSHAN
PAPELLGGPS
KPREEQYNST
TLPPSREEMT
LTVDRKSRWOQQ

= 1674

KFPLDTLIPD
DVQISTPRPV
IFYSVLTIDK
VFLFPPEPED
YRVVSVLTVL
KNQVSLTCLV
GNVFSCSVMH

note = Description of Artificial Sequence:

Syntheticpolynucleotide

1..1674
mol type

other DNA

organism = synthetic

cggggtecctg
aaaattaaaa

gacactgcat
gagtaaggaa
attctgecagt
caaatatcta
tattagtgat
catgactgaa
tactttaaaa
cagtagaaaqg
tgaagcaaca
tacaatcata
tcettgtecte
ttaccectgat
ccatgcecaac
actttatact
tatatatgat
gggaccgteca
ccectgaggtce
ctggtacgtg
caacagcacqg
caaggagtac
ctccaaagec
ggagatgacc
catcgeegtg
cgtgcetggac
gtggcagcag
cacgcagaaqg

moltype =

ctgtgecgege
gatecctgaac
ctcecaatgea
agcgaaaggce
actttaacct
getgtaceta
acaggtagac
ggaagggdagc
aagtttccac
ggcttcateca
gtcaatgggce
gatgtccaaa
aattgtactg
gaaaaaaata
atattctaca
tgtegtgtaa
aaagacaaaa
gtcecttecetet
acatgecgtgg
gacggcegtgg
tacecgtgtgg
aagtgcaaqgg
aaagggcagce
aagaaccaqgqg
gagtgggaga
teccegacgget
gggaacgtet
agcctectecce

AA length

Location/Qualifiers

1..459

construct

tgetecagetg
tgagtttaaa
gggdgggaagc
tgagcataac
tgaacacagc
cttcaaagaa
ctttegtaga
tcegtecattec
ttgacacttt
tatcaaatgc
atttgtataa
taagcacacc
ctaccactcce
agagagcttce
gtgttcttac
ggagtggacc
ctcacacatg
tcccecccaaa
tggtggacgt
aggtgcataa
tcagegtect
tctceccaacaa
cccgagaacce
tcagectgac
gcaatgggea
ccttettect
tcectcatgete
tgtctceceggg

= 459

tetgettete
aggecacccag
agceccataaa
taaatctgcece
tcaagcaaac
gaaggaaaca
gatgtacagt
ctgecgggtt
gatccctgat
aacgtacaaa
gacaaactat
acgeccagte
cttgaacacg
cgtaaggcga
tattgacaaa
atcattcaaa
cecacegtge
acccaaggac
gagccacgaa
tgccaagaca
cacecgtectg
agccectecceca
acaggtgtac
ctgectggte
gecggagaac
ctacagcaag
cgtgatgecac
taaa

note = Description of Artificial Sequence:

Syntheticpolypeptide

1..459
mol type
organism

TGSSSGIFIS
DGKRIIWDSR
VEKLLRGHTLV
KMONKDKGLY
DTLMISRTPE
LHOQDWLNGKE
VRKGFYPSDIA
HEALHNHYTQ

moltype =

protein
synthetic

DTGRPFVEMY
KGFIISNATY
LNCTATTPLN
TCRVRSGPSF
VICVVVDVSH
YKCKVSNKAL
VEWESNGQPE
KSLSLSPGK

DNA length

Location/Qualifiers

1..1377

construct

SEIPEITHMT
KEIGLLTCEA
TRVQMTWSYP
KSVNTSVHIY
EDPEVEKFNWY
PAPIEKTISK
NNYKTTPPVL

= 1377

EGRELVIPCR
TVNGHLYKTN
DEKNKRASVR
DKDKTHTCPP
VDGVEVHNAK
AKGQPREPQV
DSDGSFFLYS

note = Description of Artificial Sequence:

Syntheticpolynucleotide

180
240
300
360
420
480
540
558

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674

60

120
180
240
300
360
420
459
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SOource

SEQ ID NO:
atggtcaget
acaggatcta
agtgaaatcc
gttacgtcac
gatggaaaac
aaagaaataqg
tatctcacac
gtcaaattac
acgagagttc
cgacgaattg
aaaatgcaga
aaatctgtta
tgcccageac
gacacccteca
gaagaccctg
acaaagccgce
ctgcaccagqg
ccageceocca
tacaccetge
gtcaaaggect
aacaactaca
aagctcaceg
cacgaggctc

SEQ ID NO:
FEATURE
REGION

source

SEQ ID NO:
MVSYWDTGVL
WSLPEMVSKE
ESAIYIFISD
GEKRIIWDSRK
KLLRGHTLVL
MONKDKGLYT
TRVOMTWSYP
KSVNTSVHIY
EDPEVKFNWY
PAPIEKTISK
NNYKTTPPVL

SEQ ID NO:
FEATURE

4

actgggacac
gttcaggtat
ccgaaattat
ctaacatcac
gecataatetg
ggcttetgac
atcgacaaac
ttagaggcca
aaatgacctg
accaaagcaa
acaaagacaa
acacctcagt
ctgaactect
tgatctcecg
aggtcaagtt
gggaggagca
actggetgaa
tcgagaaaac
ccccatececg
tctatececag
agaccacgcc
tggacaagag
tgcacaacca

5

5

LCALLSCLLL
SERLSITKSA
TGRPEFVEMYS
GFIISNATYK
NCTATTPLNT
CRVRSGPSFK
DEKNKRASVR
DKDKTHTCPP
VDGVEVHNAK
AKGQPREPQV
DSDGSFFLYS

6

misc feature

SOource

SEQ ID NO:
atggtcaget
acaggatcta
cacatcatgc
tggtectttge
tgtggaagaa
cacactggcect
gaatctgcaa
gaaatcccecg
acgtcaccta
ggaaaacgca
gaaatagggce
ctcacacatc

6

actgggacac
gttcaggttce
aagcaggeca
ctgaaatggt
atggcaaaca
tctacagetg
tctatatatt
aaattataca
acatcactgt
taatctggga
ttetgaccetg
gacaaaccaa

1..1377
mol type

organism =

cggggtecctg
atttattagt

acacatgact
tgttacttta
ggacagtaga
ctgtgaagca
caatacaatc
tactettgtce
gagttaccct
ttececatgec
aggactttat
gcatatatat
gggdggaccyg
gaccecctgag
caactggtac
gtacaacagce
tggcaaggag
catctccaaa
ggaggagatg
cgacategcec
tceccgtgetg
caggtggcag
ctacacgcag

moltype =

other DNA
synthetic

ctgtgecgege
gatacaggta
gaaggaaggg
aaaaagtttc
aagggcttca
acagtcaatg
atagatgtce
ctcaattgta
gatgaaaaaa
aacatattct
acttgtcegtg
gataaagaca
tcagtcecttece
gtcacatgcg
gtggacggcg
acgtaccgtg
tacaagtgca
gecaaagggce
accaagaacce
gtggagtggg
gactcecgacqg

caggggaacqg
aagagcctet

AA length

Location/Qualifiers

1..659

18

-continued

construct

tgetecagetg
gacctttegt
agctcegtcat
cacttgacac
tcatatcaaa
ggcatttgta
aaataagcac
ctgctaccac
ataagagagc
acagtgttet
taaggagtgg
aaactcacac
tcettececece
tggtggtgga
tggaggtgca
tggtcagegt
aggtctecaa
ageccoccgaga
aggtcagect
agagcaatgg
getecttett
tcettetecatg
ccecctgtetec

= 659

tetgettete
agagatgtac
teccctgecgg
tttgatceccet
tgcaacgtac
taagacaaac
accacgceca
tecccttgaac
ttcegtaagg
tactattgac
accatcatte
atgeccaceg
aaaacccaaqg
cgtgagccac
taatgccaag
ccectecacegte
caaagececte
accacaggtg
gacctgcectg
gcagccggayg
ccetetacage
cteegtgatg
gggtaaa

note = Description of Artificial Sequence:

Syntheticpolypeptide

1..659
mol type

protein

organism = synthetic

TGSSSGSKLK
CGRNGEKQFPFCS
EIPEITHMTE
EIGLLTCEAT
RVOMTWSYPD
SVNTSVHIYD
RRIDOQSNSHA
CPAPELLGGP
TEPREEQYNS
YTLPPSREEM
KLTVDKSRWQ

moltype =

DPELSLEKGTQ
TLTLNTAQAN
GRELVIPCRV
VNGHLYKTNY
EKNKRASVRR
KAVQISTPRP
NIFYSVLTID
SVEFLEFPPKPK
TYRVVSVLTV
TKNQVSLTCL
QGNVFESCSVM

DNA length

Location/Qualifiers

1..1977

construct

HIMQAGQTLH
HTGFYSCKYL
TSPNITVTLK
LTHRQTNTII
RIDQSNSHAN
VELLRGHTLV
KMONKDKGLY
DTLMISRTPE
LHODWLNGKE
VEGFYPSDIA
HEALHNHYTQ

1977

LQCRGEAAHK
AVPTSKEKKET
KFPLDTLIPD
DVQISTPRPV
IFYSVLTIDK
LNCTATTPLN
TCRVRSGPSF
VICVVVDVSH
YRKCKVSNKAL
VEWESNGQPE
KSLSLSPGK

note = Description of Artificial Sequence:

Syntheticpolynucleotide

1..1977
mol type

other DNA

organism = synthetic

caggggtectyg
aaaattaaaa

gacactgcat
gagtaaggaa
attctgecagt
caaatatcta
tattagtgat
catgactgaa
tactttaaaa
cagtagaaaqg
tgaagcaaca
tacaatcata

ctgtgegege
gatcctgaac
ctccaatgeca
agcgaaaggce
actttaacct
getgtaccta
acaggtagac
ggaagggagc
aagtttccac
ggcttecatceca
gtcaatggge
gatgtccaaa

construct

tgetecagetg
tgagtttaaa
gggdgggaagc
tgagcataac
tgaacacagc
cttcaaagaa
ctttegtaga
tcegtecattec
ttgacacttt
tatcaaatgce
atttgtataa
taagcacacc

tectgettete
aggecacccag
agceccataaa
taaatctgcece
tcaagcaaac
gaaggaaaca
gatgtacagt
ctgeccecgggtt
gatccctgat
aacgtacaaa
gacaaactat
acgecccagtce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1377

60

120
180
240
300
360
420
480
540
600
659

60

120
180
240
300
360
420
480
540
600
660
720
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aaattactta
agagttcaaa
cgaattgacc
atgcagaaca
tctgttaaca
gtcaaattac
acgagagttc
cgacgaattg
aaaatgcaga
aaatctgtta
tgcccageac
gacacccteca
gaagaccctg
acaaagceccgc
ctgcaccagqg
ccagecocca
tacaccctge
gtcaaaggct
aacaactaca
aagctcaceqg
cacgaggcete

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQ ID NO:
MVSYWDTGVL
VITSPNITVTL
YLTHRQTNTI
RRIDQSNSHA
PVKLLRGHTL
DEMQNKDKGL
KDTIMISRTP
VLHQDWLNGK
LVKGFYPSDI
MHEALHNHYT

SEQ ID NO:
FEATURE

gaggccatac
tgacctggag
aaagcaattc
aagacaaagqg
cctecagtgea
ttagaggcca
aaatgacctg
accaaagcaa
acaaagacaa
acacctcagt
ctgaactect
tgatctcececayg
aggtcaagtt
gggaggagca
actggctgaa
tcgagaaaac
ceccateecyg
tctateccececag
agaccacgcce
tggacaagaqg
tgcacaacca

7

LCALLSCLLL
KKFPLDTLIP
IDVQISTPRP
NIPFYSVLTID
VLNCTATTPL
YTCRVRSGPS
EVTCVVVDVS
EYKCKVSNEKA
AVEWESNGQP
QKSLSLSPGK

8

misc feature

sSource

SEQ ID NO:
atggtcagect
acaggatcta
agtgaaatcce
gttacgtcac
gatggaaaac
aaagaaatagqg
tatctcacac
gtcaaattac
acgagagttc
cgacgaattg
aaaatgcaga
aaatctgtta
ccagtcaaat
aacacgagag
aggcgacgaa
gacaaaatgc
ttcaaatcetyg
cegtgeccaqg
aaggacaccec

8

actgggacac
gttcaggtat
ccgaaattat
ctaacatcac
gecataatcetg
ggcttetgac
atcgacaaac
ttagaggecca
aaatgacctg
accaaagcaa
acaaagacaa
acacctcagt
tacttagagg
ttcaaatgac
ttgaccaaag
agaacaaaga
ttaacaccte
cacctgaact
tcatgatcte

tcettgtecte
ttaceccectgat
ccatgccaac
actttatact
tatatatgat
tactecttgtce
gagttaccct
ttececcatgec
aggactttat
gcatatatat
gggdggaccyg
gacccctgag
caactggtac
gtacaacagce
tggcaaggag
catctccaaa
ggaggagatg
cgacatecgcec
tceccgtgetg
caggtggcag
ctacacgcaqg

moltype =

1..560
note

Syntheticpolypeptide

1..560
mol type
organism

TGESSSGEIFIS
DGKRIIWDSR
VELLRGHTLV
KMONKDKGLY
NTRVOMTWSY
FEKSVNTSVHI
HEDPEVKFNW
LPAPTEKTIS
ENNYKTTPPV

moltype =

1..1680

aattgtactg
gaaaaaaata
atattctaca
tgtegtgtaa
aaagcagtcce
ctcaattgta
gatgaaaaaa
aacatattcect
acttgtcgtg
gataaagaca
tcagtcecttece
gtcacatgcg
gtggacggcg
acgtaccgtg
tacaagtgca
gecaaaqgggce
accaagaace
gtggagtggg
gactcecgacqg

caggggaacqg
aagagectet

AA length
Location/Qualifiers

protein
synthetic

DTGRPFVEMY
KGFIISNATY
LNCTATTPLN
TCRVRSGPSF
PDEKNKRASV
YDEDKTHTCP
YVDGVEVHNA
KAKGQPREPQ
LDSDGSPFFLY

19

-continued

ctaccactcce
agagagcttce
gtgttcttac
ggagtggacc
aaataagcac
ctgctaccac
ataagagagc
acagtgttct
taaggagtgg
aaactcacac
tcettececece
tggtggtgga
tggaggtgca
tggtcagegt
aggtctccaa
agecccgaga
aggtcagecet
agagcaatgg
getececttett
tctteteatg

ccetgtetece

= 560

construct

SEIPEIIHMT
KEIGLLTCEA
TRVQMTWSYP
KSVNTSVHIY
RRRIDQSNSH
PCPAPELLGG
KTKPREEQYN
VYTLPPSREE
SKLTVDKSRW

DNA length = 1680
Location/Qualifiers

cttgaacacg
cgtaaggcga
tattgacaaa
atcattcaaa
accacgceca
tececcttgaac
ttcececgtaagg
tactattgac
accatcattce
atgccecaceg
aaaacccaaqg
cgtgagccac
taatgccaag
cctecacegte
caaagccctce
accacaqggtg
gacctgectg
gcagccyggayg
cectetacage
cteegtgatg
gggtaaa

Description of Artificial Sequence:

EGRELVIPCR
TVNGHLYKTN
DEKNKRASVR
DKAVQISTPR
ANIFYSVLTI
PSVFLFPPKP
STYRVVSVLT
MTENQVSLTC
QQGNVFEFSCSV

note = Description of Artificial Sequence:

Syntheticpolynucleotide

1..1680
mol type
organism

cggggtcectg
atttattagt

acacatgact
tgttacttta
ggacagtaga
ctgtgaagca
caatacaatc
tactettgtce
gagttaccct
ttececcatgec
aggactttat
gcatatatat
ccatactett
ctggagttac
caattcccat
caaaggactt
agtgcatata

cetgggggga
cecggacecct

other DNA
synthetic

ctgtgecgegce
gatacaggta
gaaggaaggg
aaaaagttte
aagggcttca
acagtcaatg
atagatgtcc
ctcaattgta
gatgaaaaaa
aacatattct
acttgtcegtg
gataaagcag
gtcctcaatt
cctgatgaaa
geccaacatat
tatacttgte
tatgataaag
cegtcagtet
gaggtcacat

construct

tgectecagetg
gacctttegt
agctegtcat
cacttgacac
tcatatcaaa
ggcatttgta
aaataagcac
ctgctaccac
ataagagagc
acagtgttct
taaggagtgg
tccaaataag
gtactgctac
aaaataagagqg
tctacagtgt
gtgtaaggag
acaaaactca
tcecectettece

gegtggtggt

tetgettete
agagatgtac
teccectgecqgg
tttgatcecet
tgcaacgtac
taagacaaac
accacgcceca
teccecttgaac
ttcegtaagg
tactattgac
accatcattce
cacaccacgce
cactcecttg
agcetteccegta
tcttactatt
tggaccatca
cacatgccca
cccaaaacce

ggacgtgagce

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1977

60

120
180
240
300
360
420
480
540
560

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
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cacgaagacce
aagacaaagc
gtecctgecace
cteccagecce
gtgtacaccce
ctggtcaaaqg
gagaacaact
agcaagctca
atgcacgagq

SEQ ID NO:
FEATURE
REGION

source

SEQ ID NO:
MVSYWDTGVL
WSLPEMVSKE
ESAIYIFISD
GEKRIIWDSRK
KLLRGHTLVIL
MONKDKGLYT
AFPPSPEVVWL
TLIVNVKPDK
VEFNWYVDGV
EKTISKAKGQ
TTPPVLDSDG
SEQ ID NO:
FEATURE

ctgaggtcaa
cgcgggagga
aggactgget
ccatcgagaa
tgcececate
gettetatee
acaagaccac
cegtggacaa
ctectgcacaa

S
LCALLSCLLL
SERLSITKSA
TGRPEFVEMYS
GFIISNATYK
NCTATTPLNT
CRVRSGPSFK
KDGLPATEKS
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP
SFEFLYSKLTV
10

misc feature

SOource

SEQ ID NO:
atggtcaget
acaggatcta
cacatcatgc
tggtetttge
tgtggaagaa
cacactggcect
gaatctgcaa
gaaatcccecg
acgtcaccta
ggaaaacgca
gaaatagggce
ctcacacatc
aaattactta
agagttcaaa
cgqaattgacc
atgcagaaca
tctgttaaca
cagcaggtgc
gcecattteccet
gcetegetatt
gggaattata
actctaattg
gaactcctgg
atcteccegga
gtcaagtteca
gaggagcagt
tggctgaatg
gagaaaacca
ccatececeggg
tatcccageqg
accacgectce

10

actgggacac
gttcaggttce
aagcaggeca
ctgaaatggt
atggcaaaca
tctacagetg
tctatatatt
aaattataca
acatcactgt
taatctggga
ttetgaccetg
gacaaaccaa
gaggccatac
tgacctggag
aaagcaattce
aagacaaaqgqg
cctecagtgeca
ttgaaacegt
cgccggaagt
tgactegtgg
caatcttget
tcaatgtgaa
ggggaccgte
ceccctgaggt
actggtacgt
acaacagcac
gcaaggagta
tcteccaaage
aggagatgac
acatcgecegt
cegtgetgga

gttcaactgg
gcecagtacaac
gaatggcaag
aaccatctece
ccgggaggayg
cagcgacatce
gectecegtg
gagcaggtgg
ccactacacyg

moltype =

tacgtggacg
agcacgtacce
gagtacaagt
aaagccaaag
atgaccaaga
gccgtggagt
ctggactececg

cagcagggga
cagaagagcc

AA length

Location/Qualifiers

1..655

20

-continued

gcgtggaggt
gtgtggtcag
gcaaggtctce
ggcagceacyg
accaggtcag
gggagagcaa
acggctcecett
acgtcttcte
tctecctgte

= 655

gcecataatgece
cgtectcecacce
caacaaagcc
agaaccacag
cetgacetge
tgggcageceg
cttectetac
atgecteccegtg
tccgggtaaa

note = Description of Artificial Sequence:

Syntheticpolypeptide

1..655
mol type

protelin

organism = synthetic

TGSSSGEGSKLK
CGRNGEKQFCS
EIPEIIHMTE
EIGLLTCEAT
RVOMTWSYPD
SVNTSVHIYD
ARYLTRGYSL
ELLGGPSVFL
EEQYNSTYRV
PSREEMTEKNQ
DEKSRWQOGNV
moltype =

DPELSLEKGTQ
TLTLNTAQAN
GRELVIPCRV
VNGHLYKTNY
EKNKRASVRR
KAFITVKHRK
IIKDVTEEDA
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGF
FSCSVMHEAL

DNA length

Location/Qualifiers

1..1965

construct

HIMQAGQTLH
HTGFYSCKYL
TSPNITVTLK
LTHRQTNTII
RIDQSNSHAN
QOVLETVAGK
GNYTILLSIK
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS
1965

LQCRGEAAHK
AVPTSKEKET
KFPLDTLIPD
DVQISTPRPV
ITFYSVLTIDK
RSYRLSMKVK
QSNVFKNLTA
VVDVSHEDPE
VSNKALPAPI
SNGQPENNYK
LSPGK

note = Description of Artificial Sequence:

Syntheticpolynucleotide

1..1965
mol type
organism

caggggtectyg
aaaattaaaa

gacactgcat
gagtaaggaa
attctgecagt
caaatatcta
tattagtgat
catgactgaa
tactttaaaa
cagtagaaaqg
tgaagcaaca
tacaatcata
tcttgtecte
ttaceccetgat
ccatgcecaac
actttatact
tatatatgat
agctggcaaqg
tgtatggtta
ctactcecgtta
gagcataaaa
acccgacaaa
agtcttecte
cacatgcgtg
ggacggcgtg
gtaccgtgtg
caagtgcaag
caaagggcaqg
caagaaccagq
ggagtgggag
cteccgacgge

other DNA
synthetic

ctgtgegege
gatcctgaac
ctccaatgeca
agcgaaaggce
actttaacct
getgtaccta
acaggtagac
ggaagggagc
aagtttccac
ggcttecatceca
gtcaatggge
gatgtccaaa
aattgtactg
gaaaaaaata
atattctaca
tgtegtgtaa
aaagcattca
cggtcttacce
aaagatgggt
attatcaagg
cagtcaaatg
actcacacat
ttcecececaa
gtggtggacg
gaggtgcata
gtcagegtce
gtctccaaca
ccccgagaac
gtcagectga
agcaatggge
tecttettee

construct

tgetecagetg
tgagtttaaa
gggdgggaagc
tgagcataac
tgaacacagc
cttcaaagaa
ctttegtaga
tcegtecattec
ttgacacttt
tatcaaatgce
atttgtataa
taagcacacc
ctaccactcce
agagagectte
gtgttcttac
ggagtggacc
tcactgtgaa
ggctctctat
tacctgegac
acgtaactga
tgtttaaaaa
goeccacegtyg
aacccaagga
tgageccacga
atgccaagac
tcacecgtect
aagccctcecee
cacaggtgta
cctgectggt
agecggagaa
tctacagcaa

tetgettete
aggecacccag
agceccataaa
taaatctgcece
tcaagcaaac
gaaggaaaca
gatgtacagt
ctgeccecgggtt
gatccctgat
aacgtacaaa
gacaaactat
acgecccagtce
cttgaacacg
cgtaaggecga
tattgacaaa
atcattcaaa
acatcgaaaa
gaaagtgaag
tgagaaatcet
agaggatgca
cctecactgec
ceccagecacet
caccctecatg
agaccctgag
aaagcegegg
gecaccaggac
agcecceccate
cacecctgecce
caaaggcttce
caactacaag
gctcacegtyg

1200
1260
1320
1380
1440
1500
1560
1620
1680

60

120
180
240
300
360
420
480
540
600
655

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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21

-continued

gacaagagca ggtggcagca ggggaacgtce ttcetcatget cegtgatgca cgaggcectcetg
cacaaccact acacgcagaa gagcctetee ctgtcetcecegg gtaaa

SEQ ID NO:
FEATURE
REGION

SOouUurce

SEQ ID NO:
MVSYWDTGVL
VISPNITVTL
YLTHRQTNTI
RRIDOQSNSHA
KQOVLETVAG
AGNYTILLSI
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL
SEQ ID NO:
FEATURE

11

11
LCALLSCLLL
KKFPLDTLIP
IDVQISTPRP
NIPFYSVLTID
KRSYRLSMEKV
KQSNVFENLT
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY
SLSPGK

12

misc feature

SOouUurce

SEQ ID NO:
atggtcaget
acaggatcta
agtgaaatcc
gttacgtcac
gatggaaaac
aaagaaatag
tatctcacac
gtcaaattac
acgagagttce
cgacgaattg
aaaatgcaga
aaatctgtta
aaacagcagg
aaggcatttce
tcectgeteget
gcagggaatt
gcecactectaa
cctgaactec
atgatctcece
gaggtcaagt
cgggaggagc
gactggctga
atcgagaaaa
ccecccatece
ttctatececa
aagaccacgc
gtggacaaga
ctgcacaacc
SEQ ID NO:
FEATURE

REGION

SOource

SEQ ID NO:

MVSYWDTGVL LCALLSCLLL TGSSSGIFIS DTGRPFVEMY SEIPEITHMT EGRELVIPCR

12

actgggacac
gttcaggtat
ccgaaattat
ctaacatecac
gecataatetg
ggcttetgac
atcgacaaac
ttagaggeca
aaatgacctg
accaaagcaa
acaaagacaa
acacctcagt
tgcettgaaac
cctegecgga
atttgactcg
atacaatectt
ttgtcaatgt
tggggggacc
ggaccectga
tcaactggta
agtacaacag
atggcaagga
ccatctceecaa
gggaggagat
gegacatcege
ctcecegtget
gcaggtggca
actacacgca
13

13

moltype =

AA length

Location/Qualifiers

1..556
note

Syntheticpolypeptide

1..556
mol type

protein

organism = synthetic

TGSSSGEIFIS
DGKRIIWDSR
VELLRGHTLV
KMONKDKGLY
KAFPSPEVVW
ATLIVNVEKPD
EVKFNWYVDG
IEKTISKAKG
KTTPPVILDSD

moltype =

1..1668

DTGRPFVEMY
KGFIISNATY
LNCTATTPLN
TCRVRSGPSF
LKDGLFPATEK
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSEFFLYSKLT

= 556

construct

SEIPEIIHMT
KEIGLLTCEA
TRVQMTWSYP
KSVNTSVHIY
SARYIL.TRGYS
PELLGGPSVE
REEQYNSTYR
PPSREEMTKN
VDKSRWQQGN

DNA length = 1668
Location/Qualifiers

Description of Artificial Sequence:

EGRELVIPCR
TVNGHLYKTN
DEKNKRASVR
DKAFITVKHR
LITKDVTEED
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA

note = Description of Artificial Sequence:

Syntheticpolynucleotide

1..1668
mol type
organism

cggggtectg
atttattagt

acacatgact
tgttacttta
ggacagtaga
ctgtgaagceca
caatacaatc
tactettgtce
gagttacccect
ttececatgec
aggactttat
gcatatatat
cgtagcetggce
agttgtatgg
tggctacteyg
getgageata
gaaacccgac
gtcagtecttce
ggtcacatge
cgtggacggce
cacgtaccgt
gtacaagtgce
agccaaaqgqgg
gaccaagaac
cgtggagtgg
ggactccgac
gcaggggaac
gaagagecte
moltype =

other DNA

= synthetic

ctgtgegege
gatacaggta
gaaggaaggg
aaaaagtttc
aagggcttca
acagtcaatg
atagatgtcc
ctcaattgta
gatgaaaaaa
aacatattct
acttgtcegtg
gataaagecat
aageggtett
ttaaaagatg
ttaattatca
aaacagtcaa
aaaactcaca
ctcecttecece
gtggtggtgg
gtggaggtge
gtggtcagcg
aaggtctcca
cagccccgag
caggtcagcce
gagagcaatg
ggctcecettet
gtctteteat
tececctgtete
AA length

Location/Qualifiers

1..456

construct

tgcectcagetyg
gacctttegt
agctegtcat
cacttgacac
tcatatcaaa
ggcatttgta
aaataagcac
ctgctaccac
ataagagagce
acagtgttet
taaggagtgg
tcatcactgt
accggetcete
ggttacctge
aggacgtaac
atgtgtttaa
catgccecacce
caaaacccaa
acgtgagcca
ataatgccaa
tcctecacegt
acaaagcecect
aaccacaqggt
tgacctgect
ggcagccgga
tcctetacag
getecegtgat
cagggtaaa

= 45606

tetgettete
agagatgtac
teccectgecgg
tttgatcecet
tgcaacgtac
taagacaaac
accacgccca
teccecttgaac
ttcecegtaaqgg
tactattgac
accatcattce
gaaacatcga
tatgaaagtg
gactgagaaa
tgaagaggat
aaacctcact
gtgcccagea
ggacaccete
cgaagacccet
gacaaagccg
cctgcaccecag
cccagecece
gtacaccectg
ggtcaaaggce
gaacaactac
caagctcacc
gecacgaggcet

note = Description of Artificial Sequence:

Syntheticpolypeptide

1..456
mol type
organism

protein

= synthetic

construct

VITSPNITVTL EKKFPLDTLIP DGKRIIWDSR KGFIISNATY KEIGLLTCEA TVNGHLYKTN

YLTHRQTNTI IDVFITVKHR KQQVLETVAG KRSYRLSMKYV KAFPSPEVVW LEKDGLPATEK

1920
1965

60

120
180
240
300
360
420
480
540
556

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1668

60
120
180
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SARYLTRGYS
PELLGGPSVE

LIIKDVTEED
LFPPKPKDTL

REEQYNSTYR VVSVLTVLHQ

PPSREEMTKN

QVSLTCLVKG

VDKSRWQQGN VFSCSVMHEA

SEQ ID NO:
FEATURE

14

misc feature

SOource

SEQ ID NO:
atggtcaget
acaggatcta
agtgaaatcce
gttacgtcac
gatggaaaac
aaagaaataqg
tatctcacac
aaacagcagqg
aaggcatttc
tctgeteget
gcagggaatt
goecactetaa
cctgaactcec
atgatctcecce
gaggtcaagt
cgggaggagc
gactggctga
atcgagaaaa
ccececcatecee
ttctatececa
aagaccacgce
gtggacaaga
ctgcacaacc
SEQ ID NO:
FEATURE
source

SEQ ID NO:
PELSLKGTQH
LTLNTAQANH
SEQ ID NO:
FEATURE
source

SEQ ID NO:
PFVEMYSEIP
ISNATYKEIG
SEQ ID NO:
FEATURE
SOouUurce

SEQ ID NO:
VQISTPRPVK
FYSVLTIDKM
SEQ ID NO:
FEATURE
SOource

SEQ ID NO:

14

actgggacac
gttcaggtat
ccecgaaattat
ctaacatcac
gecataatetyg
ggcttetgac
atcgacaaac
tgcttgaaac
cctegecgga
atttgactcg
atacaatctt
ttgtcaatgt
tggggggacc
ggacccctga
tcaactggta
agtacaacag
atggcaagga
ccatctceccaa
gggaggagat
gegacatege
ctcececegtget
gcaggtggca
actacacgca
15

15
TMQAGQTLHL
TGEFYSCEKYLA
16

16
EITHMTEGRE
LLTCEATVNG
17

17
LLRGHTLVLN
QNEDKGLYTC
18

18

FITVKHREKQQ VLETVAGKRS
KDVTEEDAGN YTILLSIKQS NVFENLTATL IVNVEKP

AGNYTILLSI
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL
moltype =

22

-continued

KQSNVFEKNLT ATLIVNVEKPD KTHTCPPCPA
VVVDVSHEDP EVKFNWYVDG VEVHNAKTEKP
EKVSNKALPAP IEKTISKAKG QPREPQVYTL
ESNGQPENNY KTTPPVLDSD GSFFLYSKLT

SLSPGK

DNA length

Location/Qualifiers

1..1368

1368

note = Description of Artificial Sequence:

Syntheticpolynucleotide

1..1368
mol type
organism

caggggtectg
atttattagt

acacatgact
tgttacttta
ggacagtaga
ctgtgaagca
caatacaatc
cgtagcetggce
agttgtatgg
tggctacteg
getgageata
gaaacccgac
gtcagtcttce
ggtcacatgce
cgtggacggc
cacgtaccgt
gtacaagtgce
agccaaaggg
gaccaagaac
cgtggagtgg
ggactccgac
gecaggggaac
gaagagecctce
moltype =

other DNA

= synthetic

ctgtgegege
gatacaggta
gaaggaaggg
aaaaagtttc
aagggcttca
acagtcaatg
atagatgtcet
aagecggtett
ttaaaagatg
ttaattatca
aaacagtcaa
aaaactcaca
ctcecttececce
gtggtggtgg
gtggaggtge
gtggtcagcg
aaggtcteca
cagccceccgag
caggtcagcce
gagagcaatg
ggctceettet
gtcttectecat
teccectgtete
AA length

Location/Qualifiers

1..97
mol type
organism

protein

construct

tgetecagetg
gacctttegt
agetegtcecat
cacttgacac
tcatatcaaa
ggcatttgta
tcatcactgt
accggetcete
ggttacctge
aggacgtaac
atgtgtttaa
catgcccace
caaaacccaa
acgtgagcca
ataatgccaa
tcectecacegt
acaaagecccet
aaccacaggt
tgacectgect
ggcagccgga
tcectetacag
goeteegtgat
cgggtaaa

= 97

Homo sapiens

tetgettete
agagatgtac
teccctgecgg
tttgatcccet
tgcaacgtac
taagacaaac
gaaacatcga
tatgaaagtg
gactgagaaa
tgaagaggat
aaacctcact
gtgcccagea
ggacaccecte
cgaagacccet
gacaaagceccg
ccetgcacecag
cecageooece
gtacaccectg
ggtcaaaggce
gaacaactac
caagctcacc
gcacgagget

QCRGEAAHKW SLPEMVSKES ERLSITKSAC GRNGEKQPFCST

VPTSKKKETE
moltype =

SAIYIFI
AA length

Location/Qualifiers

1..93
mol type
organism

protein

= 93

Homo sapiens

LVIPCRVTSP NITVTLEKKFP LDTLIPDGKR IIWDSREKGFI

HLYKTNYLTH
moltype =

ROT
AA length

Location/Qualifiers

1..100
mol type
organism

protein

= 100

Home sapiens

CTATTPLNTR VOMTWSYPDE KNKRASVRRR IDQSNSHANI

RVRSGPSFKS
moltype =

VNTSVHIYDK
AA length

Location/Qualifiers

1..96
mol type
organism

protein

= 96

Home sapiens

YRLSMKVKAF PSPEVVWLKD GLPATEKSAR YLTRGYSLII

240
300
360
420
456

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1368

60
97

60
93

60
100

60
96
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1. A purified anti-vascular endothelial growth tactor (anti-
VEGF) agent having formula N-D2-D3-Fc¢, wherein:

N 1s an N-terminal peptide comprising amino acids 27-34

of SEQ ID NO: 3,

D2 1s an IgG-like domain 2 of vascular endothelial growth

factor receptor 1 (VEGFR-1),

D3 1s an IgG-like domain 3 of VEGFR-1, and

Fc 1s the F¢ domain of a human IgG immunoglobulin.

2. The purified ant1-VEGF agent of claim 1, wherein D2
comprises a sequence having at least 90% sequence 1dentity
to SEQ ID NO: 16.

3. The purified anti-VEGF agent of claim 2, wherein D2
comprises SEQ ID NO: 16.

4. The purified anti-VEGF agent of claim 1, wherein D3
comprises a sequence having at least 90% sequence 1dentity
to SEQID NO: 17.

S. The purified ant1-VEGF agent of claim 4, wherein D3
comprises SEQ ID NO: 17.

6. A polynucleotide encoding the anti-VEGF agent of
claim 1.

7. Amethod of treating a VEGT related condition m an eye
ol a subject comprising intravitreally admimstering to the eye
a composition comprising the purified anti-VEGF agent of
claim 1.

8. The method of claim 7, wherein the anti- VEGE agent has
a heparin binding ability greater than atlibercept.

9. The method of claim 7, wherein the anti1- VEGE agent has
a vitreous bound VEGF -stimulated endothehial cell prolifera-
tion-inhibiting ability greater than atlibercept.

May 4, 2023

10. The method of claim 7, wherein the ant1-VEGF agent, at
a concentration of 5 nM, mmhibits VEGF -stimulated prolifera-
tion of bovine choroidal microvascular endothelial cells to a
oreater extent than atlibercept.

11. The method of claim 7, wherein the anti-VEGF agent
has a longer duration after mtraocular injection compared to
atlibercept.

12. The method of claim 7, wherein 2 nM of the ant1-VEGF
agent inhibits VEGF -stimulated proliferation of bovine chor-
o1dal endothehial cells by greater than 80%.

13. The method of claim 7, wherem 2.5 ug of the anti-

VEGF agent mhibits choroid neovascularization at least as
potently as 25 ug of atlibercept when the anti-VEGF agent
or the aflibercept 1s mtravitreously mjected 1 day before a
choroid mjury mduced by laser photocoagulation using a
diode laser and a slit lamp with a spot size of 50 um, power
ol 180 mW, and exposure duration of 100 ms.

14. The method of claim 7, wherem 4.8 ug of the anti-
VEGF agent inhibits choroid neovascularization by at least
30% when mtravitreally mjected 1mnto a mouse eye 14 days
before a inducing a choroid injury by laser photocoagulation
using a diode laser and a slit lamp with a spot size of 50 um,
power of 180 mW, and exposure duration of 100 ms.

15. The method of claim 7, wherein a serum level of the
ant1-VEGF agent 1 day after intravitreal injection of the
ant1-VEGF agent 1s lower than a serum level of atlibercept 1
day after intravitreal injection of an equimolar amount of the
atlibercept.

w W W W w
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