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Bispecific Aptamer Compositions for the Treatment of Retinal Disorders

Cross-Reference to Related Applications

This application is related to and claivas the benefit of provisional U8, Application No.
63/005,629, filed April 6, 2020. The entirety of this provisional application is hereby incorporated
by reference for all purposes.

Field of the Invention

Disclosed herein are bispecific aptamers, pharmaceutical compositions comprising the
same as well as methods of treating retinal disorders with bispecific aptamers and pharmaceutical
compositions. Metheds of manufacturing such bispecific aptamers and pharmaceutical
compositions are also disclosed.

Background

Wet Age-Related Macular Degeneration (wAMD) affects more than 1.7 mitlion Arsericans
with about 200,000 new cases of wet AMD diagnosed each vear (National Eye Institute}. Anti-
VEGF therapy (Lucentis™, Eylea®, Avastin®) is the standard of care and generally results in
stgnificant visual gains. Unfortunately, not all patients respond fully with as many as 25 -75% of
treated patients maintaining persistent retinal fluid (Wells et al. Ophthalmology 123, 1351-1359
(2616}, Group, C.R., New Hngland Journal of Medicine 364, 1897-1908 (2011); Heier et al.
Ophthalmology 119, 2537-2548 (2012)}. Persistent retinal fluid is associated with worse long-term
visual outcomes compared to patients with dry/normal retinas (Sharma, S. et al. Opbthalmology
123, 865-875 (2016}, Brown et al., Retina 33, 23-34 (2013)). For patients that respond well,
treatment can be conducted at the prescribed dosing intervals (gdw, g8w or 12w depending on
the drug) or “as needed” to improve or maintain visual gains. For patients that do not respond well,
monthly dosing is required. For example, nearly one third of the patients in the HARBOR tnial
required near monthly dosing, a consequence of =5 letter decrease in vision, intraretinal fluid,
subretinal fluid, or subretinal pigment epithelial fluid (Ho et al. Ophthalmology 121, 2181-2192
(2614})). For patients that don’t fully respond {(e.g., maintain fluid), the standard practice is
currently to switch from one anti-VEGF therapy (usually Avastin® to start) to one of the
alternatives (Lucentis® or Bylea®™). Tn some instances, treatment dosing is increased to levels
beyond what is prescribed. However, improvements gained with switching are usually minimal
and are mostly anecdotal (Shah, C.P. Review of Ophthalmology (2018); You et al. Retina

{Philadelphia, Pa.} 38, 1156 (2018}
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Diabetic Macular Edema (DME), which is a type of diabetic retinopathy (DR, affects more
than 750,000 Americans and is a leading cause of vision loss for people with diabetes (Varma, R
et al. JAMA Ophthalmology 132, 1334-1340 (2014). Anti-VEGYF therapies are only effective for
~30-40% of patients. For example, an analysis of data from the DRCR Network’s Protocol |
revealed only 40% of eves showed improvement in best corrected visual acuity [BCVA] (=10
fetters) by week 12 following 3 doses of Lucentis®. No further vision improvement was ghserved
for most patients beyond what was observed iu the initial 12 weeks even after a year of moutbly
dosing (Gonzalez, V.H. et al. American Journal of Ophthaimology 172, 72-79 (2016}, Vascular
and tissue inflammation contribute to BME, which is supported by studies correlating high levels
of cytokines in the vitreous and aqueocus humors of DME patients (Reh et al | Ophthalmology 116,
80-86 (2009); Funk, M. et al. Retina 30, 1412-1419 (2010), Feng, 8. et al. Journal of Diabetes
Research 2018 (2018); Jonas et al. Retina 32, 2150-2157 (2012)). Steroids (Ozurdex® and
Huvien®™) are approved as second-line treatment alone or in combination with anti-VEGF therapy.
However, the broad mechanism of action of these drugs leads to partial downreguiation of a host
of different cytokines, chemokines and growth factors. This contributes to side effects such as
increased ocular pressure and cataracts, which limits their use {Schwartz et al, Clinical
Ophthalmology (Auckland, NZ) 10, 1723 (2016); Regillo, C.D. et al. Ophthalmic Surgery, Lasers
and Irnaging Retina 48, 291-301 (2017)).

The initial pivotal randomized controlled trials supported monthly dosing for Lucentis®
and Avastin® and bimonthly dosing after 3-monthly doses for Eylea®. In order to mitigate the
treatment burden of wAMD and DME, attention has been placed on researching the optimal dosing
regimen for these medications. Anti-VEGF therapy has been adnmunistered at regularly spaced
fixed intervals in ‘continuous’ regimens or at varying intervals in “discontinuous’ regimens in an
attempt to reduce the burden, risks and costs of repeated intravitreal injections. These
discontinuous regimens include a “pro re nata’ (PRN) approach based oo findings of exudation, or
a ‘treat and extend’ (T&E) approach that gradually increases assessment and treatment intervals
after exudation is controlled. However, recent real-world data have shown that patients who
receive 3 low number of annual injections achieve meaningfully worse visual acuity ouicomes than
those in pivotal trials.

Although anti-VEGF therapies have been effective and revolutionized the way retinal

diseases are treated, a significant portion of patients do not respond to treatment or are undertreated
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due to the injection burden of current therapies and are left with inflammation, retinal fluid and
edema. New approaches are needed to enhance efficacy, reduce treatment burden and improve
patient care.
Summary of the Invention

Disclosed herein are bispecific aptamers {g.g., RNA aptamers} that specifically bind to two
or more target molecules {(e.g, VEGF, IL8 Ang? and combinations therecf), as well as
pharmaceutical compositions comprising such bispecific aptamers. Also disclosed are methods of
using such bispecific aptamers and pharmaceutical compositions for the treatment of ocular
disease and disorders (e.g., retinal diseases and disorders), as well as methods of making such
bispecific aptamers and pharmaceutical compositions.

In one aspect, a bispecific RNA aptamer is disclosed comprising Formula ©:

Xi-(aptamer 1)-Xs-{linker}-Y -(aptamer 2)-Y2-invdT
Formaula §

wherein the bispecific aptamer comprises at least one nucleotide sequence shown in 1o Tabie A or
at least one nucleotide sequences sharing at least about 70% identify with the nucleotide sequences
shown in Table A

In one embodiment, the aptamer and aptamer 2 each comprise a nuclectide sequence
selected from SEQ ID Nos identified in Table 1 and sequences sharing at teast about 70% 1dentity
with such SEQ ID Nos.

In a particular embodiment, the bispecific RNA aptamer has a hydrodynamic radius of
about between about 9 and about 15 nm and more particularly, about 13.5 nm.

In a particular embodiment, aptamer 1 comprises a nucleotide sequence selected from SEQ
1. Nos.: 1-54. Iu a particular embodiment, aptamer 2 comprises a nucleotide sequence selected
from SEQ 1D Nos.: 1-54,

In one embodiment, aptamer 1 and aptamer 2 are between about 30 and about 40
nucleotides in length.

In one embodiment, an inverted deoxythymidine (invdT) is incorporated at the 37-end of
the bispecific aptamer of Formulia i, leading to the formation of a 3°-3” linkage which inhibiis both

degradation by 37 exonucleases and extension by DNA polymerases.
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In another embodiment, the bispecific RNA aptamer specifically binds to VEGF or an
isoform thereof (e.g., VEGF-A) and ILS and inhibits the function thereof by between about 90%
and about 100%, more particularly, about 90%, about 95%, about 98% or about 100%.

In a particular embodiment, the bispecific RNA aptamer binds to VEGF or an isoform
thereof {e.g., VEGF-A} and 1L8 with a binding affinity of between about 250 pM and about 20
i, between about 300 nM and about 10 pM, or between about 750 nM and about 1pM. In certain
embodiments, the bispecific RNA aptamer has a binding affinity of about 250 nM, about 300 nM,
about 350 nM, about 400 nM, about 450 aM, about 500 ndM, about 550 nM, about 600 nM, about
650 nM, about 700 nM, about 750 nM or about 800 nM, about 850 nM, about 900 nM, about 950
M or about 1 pM. In one embodiment, the bispecific RNA aptamer has a binding affinity less
than about 20 pM, less than about 15 pM, less than about 10 pM, less than about 5 pM or about |
pM or fess.

In another embodiment the bispecitic RNA aptamer specifically binds to VEGF or an
isoform thereof (e.g., VEGF-A) and Ang? and inhibiis the function thereof by between about 0%
and about 100%, more particularly, about 90%, about 95%, about 98% or about 100%.

In a particular embodiment, the bispecific RNA aptarser binds to VEGF or an isoform
thereof {e.g., VEGF-a) and Ang2 with a binding affinity of about 250pM and about 10 pM. In
certain embodiments, the bispecific RNA aptamer has a binding affinity between about 500 nM
and about 5 pM, or between about 750 nM and about TpM. In certain embodiments, the bispecific
RNA aptamer has a binding affinity of about 250 nM, about 300 nM, about 350 nM, about 400
nM, about 450 oM, about 300 oM, about 550 nM, about 600 oM, about 630 oM, about 700 nb,
about 750 nM or about 800 nM, about 850 M, about 900 oM, about 950 nM or about 1 pM. In
one embodiment, the bispecific RNA aptamer has a binding affinity less than about 10 pM, less
than about 5 pM, or less than about 10 pM.

In a further embodiment, the bispecific RNA aptamer specifically binds to 1.8 and Ang2
and inhibits the function thereof by between about 90% and about 100%, more particularly, about
90%, about 95%, about 98% or about 100%.

In a particular embodiment, the bispecific RNA aptamer binds to IL8 and Ang2 with a
binding affinity of between about 20 pM and about 10 pM. In one embodiment, the hispecific
aptamer has a binding affinity of about 20 pM, about 18 pM, about 15 pM, about 13 pM, about 10

pM, about 8 pM, about 5 pM, about 3 pM, or about Rogallo 1 pM.
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In certain embodiments, Xy comprises between 0 — 3 nuclectides, wherein the nucleotides
are complementary to the nucleotides of Xo.

In certain embodiments, Y1 comprises between 0 - 5 nuclectides that are complementary
to the nucleotides of Y2

In one embodiment, the linker is a nucleotide linker comprising between ¢ and 20
nucleotides.

In a particular embodiment, the linker is a nucleotide linker comprising one or more 2°0OMe
uridine residues.

In certain embodiments, the nucleotide linker comprises UUUUU, where U is 2°0OMe.

In certain embodiments, the nucleotide linker comprises GCCGUGUUUUCACGGC,
where U, G, C and A are 2 OMe.

In a particular embodiment, the linker is a nucleotide linker comprising one or more 5 mU
residues.

In certain embodunent, the linker is a non-nucleotide linker as shown in Table B

In a particular embodiment, the linker is a heterobifunctional linker comprising a thiol
reactive moiety (e.g., maleimide) and an amine reactive moiety.

In a particular embodiment, the linker is a non-nuclectide linker selected from the group
consisting of 1 3-propanediol, 1,6 hexanediol, 1,12 dodecyldiol, triethylene glvcol or hexaethylene
glycol.

In one embodiment, aptamer A and aptamer B joined by hybridization.

In one embodiment, the bispecific RNA aptamer is modified with polyvethylene glycol.

In certain embodiment, the polyethylene glveol 15 coupled to the bispecific aptamer.

In certain ervbodinments, the polyethylene glycol is coupled to a secoud linker, wherein the
second linker is coupled to the bispecific aptamer.

In one embodiment, the bispecific RNA aptamer is modified with one or more additional
therapeutic agents.

In certain embodiments, the bispecific RNA aptamer comprises one or more nucleotides
that are chemically modified.

In a particular embodiment, the one or more chemically modified nucleotides are selected
from the group consisting of 2’F Guangsine, 27 OMe Guanosine, 2’0OMe Adenosine, 2’0OMe

Cytosine, 2"0OMe Uridine and combinations thereof.
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In certain embodiments, the one or more chemical modification(s) result in one or more
improved characteristics selected from the group consisting of in vivo stability, stability against
degradation, binding affinity for its target, and/or improved delivery characteristics in comparison
to the same bispecific RNA aptamer having unmodified nucleotides.

In one embodiment, the one or more chemical modification results in an improvement in
in vivo stability and more particularly, the half-life of the non-pegylated bispecific RNA aptamer
is greater than about 10 hours or more particularly, greater than about 20 hours.

In certain embodiments, the half-life of the non-pegylated bispecific RNA aptamer is
between about 10 and about 100 hours, more particularly, between about 300 and about 700 hours,

In certain embodiments, the half-life of the non-pegylated bispecific aptamer is between
about 400 and about 700 hours, more particularly, between about 500 and about 600 hours and
even more particulardy, about 500, about 525, about 550, about 575, or about 600 hours.

In a particular embodiment, the one or more modifications enhance the affinity and
specificity of the binding moiety for the target molecule compared to the bispecific RNA aptamer
having a binding moiety with unmodified nuclectides.

In a particular embodiment, the one or chemical modifications provide additional charge,
polarizability, hydrophobicity, hydrogen bonding, electrostatic interaction, and functionality to the
bispecific aptamer.

In certain embodiments, the bispecific RNA aptamer comprises a VEGF Aptamer selected
from the group consisting of Aptamer 285, Aptamer 481 and Aptamer 628 and an IL8 Aptarmer
selected from the group consisting of Aptamer 269 and Aptamer 248 and combinations thereof.

In certain embodiments, the bispecific RNA aptamer comprises VEGF Aptamer 285 and
L8 Aptamer 269

In certain embodiments, the bispecific RNA aptamer comprises VEGYF Aptamer 285 and
aptamer 2 comprises 1L.8 Aptamer 248.

In certain embodiments, the bispecific RINA aptamer comprises VEGF Aptamer 481 and
aptarer 2 comprises IL8 Aptamer 269,

In certain embodiments, the bispecific RNA aptamer comprises VEGF Aptamer 481 and
aptamer 2 comprises IL8 Aptamer 248,

In certain embodiments, the bispecific RNA aptamer comprises VEGF Aptamer 628 and

aptamer 2 comprises IL8 Aptamer 269
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In certain embodiments, the bispecific RNA aptamer comprises VEGEF Aptamer 628 and
aptamer 2 comprises IL8 Aptamer 248.

In certain embodiments, the bispecific RINA aptamer comprises a VEGF Aptamer selected
from the group consisting of Aptamer 285, Aptamer 481 and Aptamer 628 and an IL8 Aptamer
selected from the group consisting of Aptamer 269 and Aptamer 248 and combinations thereof
finked by hybridization.

In certatn embodiments, the bispecific RNA aptamer comprises a VEGF Aptamer selected
from the group consisting of Aptamer 285, Aptamer 481 and Aptamer 628 and an 1L8 Aptamer
selected from the group consisting of Aptamer 269 and Aptamer 248 and combinations thereof
linked by a non-nucleoctide linker.

In certain embediments, the bispecific aptamer comprises Aptamer 285 and Aptamer 269
linked by a non-nucleotide linker.

In a particular embediment, the bispecific aptamer comprises Aptamer 285 and Aptamer
269 linked by hybridization.

In one embodiment, the bispecific RNA aptamer is associated with one or more additional
molecules, which association may be covalent or non-covalent. In certain embodiments, the
association comprises a linker.

In a particular embodiment, the one or more additional molecules is selected from the group
consisting of antibodies, peptides, proteins, carbohydrates, enzymes, polymers, drugs, small
molecules, gold nanoparticles, radiolabels, fluorescent labels, dyes, haptens, other aptamers, or
nucleic acids.

In a particular embodiment, the one or more additional molecules is polvethylene glyeol.

In a third aspect, a pharmaceutical composition is disclosed comprising the bispecific RNA
aptamer disclosed herein and a pharmaceutically acceptable carrier.

In a particular embodiment, the pharmaceutical composition is formulated for intravitreal
administration.

In a fourth aspect, a syringe is disclosed, wherein the syringe is pre-filed with the
pharmaceutical composition disclosed herein.

In a fifth aspect, a method of modulating (e.g , inhibiting) the function of at least one target
molecule is disclosed, comprising contacting the target molecule with the bispecific aptamer

disclosed herein.
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In a particular embodiment, the target molecule is selected from VEGF, ILE, Ang2 or a
combination thereof.

In a sixth aspect, a method of treating a retinal disease or disorder is disclosed comprising
administering an effective amount of the bispecific aptamer disclosed herein to a subject in need
thereof, thereby treating the retinal disease or disorder.

In a particular embodiment, the retinal disease or disorder is the wet form of age-related
macular degeneration (wAMD),

In a particular embodiment, the retinal disease or disorder is diabetic retinopathy.

In a particular embodiment, the diabetic retinopathy is diabetic macular edema.

In a particular embodiment, the retinal disease is retinal vein occlusion.

In a particular embodiment, the retinal vein occlusion is branched retinal vein occlusion.

In a particular embodiment, the retinal vein occlusion is central retinal vein occlusion.

In a particular embodiment, the retinal disease is retinopathy of prematurity.

In a particular embodiment, the retinal disease is radiation retinopathy.

In one embodiment, the subject in need thereof has been diagnosed with the retinal disease
or disorder.

In a particular embodiment, the subject in need thereof has been previously treated with
other anti-VEGF agent{(s), but where the subject has shown a suboptimal response to such
treatment.

In another embodiment, the subject in need thereof is at risk for the retinal disease or
disorder.

In one embodiment, the administering is intraocular adminsstration.

In a particular embodiment, the administering is by intravitreal injection,

In a particular embodiment, the intravitreal injection is part of kit containing a syringe that
i3 prefilled with the bispecific composition.

In a particular embodiment, treatment results in an increase in overall best corrected visual
acuity (BCVA) as measured on the Early Treatment Diabetic Retinopathy Study (ETDRS) chant
by at least 3 letters, at least 4 letters, at least S letters, at least 6 letters, at least 7 letiers, at least 8
letters, at least 9 letters, at least 10 letters, at least 11 letters, at least 12 letiers, at least 13 letters,
at least 14 letters, at least 15 letters, at least 16 letters, at least 17 letters, at least 18 letters, at least

~0

19 letters, at least 20 letters, or more than 20 letters as compared to an untreated control subject
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over a defined period of time, selected from at least one of 2 weeks, one month, 2 months, 3
months, 6 months, one year, 2 years, or 5 years.

in one embodiment, treatment results in a percentage of patients gaining > 15 letters in
BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, atleast 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at feast 75%, at least 80%, at least 85%, at ieast 90%, at least 95%, or more as compared to an
untreated control subject over a defined period of time, selected from at least one of 2 weeks, one
month, 2 months, 3 months, 6 months, one year, 2 years, or § years.

In one embodiment, treatment results in a percentage of patients gaining > 10 lfetters in
BCVA from baseline of at least 10%, at least 15%, at least 20%, atleast 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at feast 65%, at least 70%,
at feast 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as compared to an
untreated control subject over a defined period of time, selected from at least one of 2 weeks, one
month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years.

In one embodiment, treatment results in a percentage of patients gaining > 5 letters in
BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as compared to an
untreated control subject over a defined period of time, selected from at least one of 2 weeks, one
month, 2 months, 3 months, 6 months, one year, 2 years, or S years.

In a particular embodiment, treatment resulis in a reduction of retinal thuid as measured by
fluorescein angiography (FA}) and optical coherence tomography (OCT) of at least 10%, at least
15%, at least 2 atleast 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
feast 90%, at least 95%, or more as compared to an untreated control subject over a defined period
of time, selected from at least one of 2 weeks, one month, 2 months, 3 months, 6 months, one vear,
2 years, or 5 years.

In a particular embodiment, treatment results in a reduction of retinal thickness as measured
by fluorescein angiography (FA) and optical coherence tomography (OCT) of at least 10%, at least
15%, at feast 20%, at feast 25%, at least 30%, at least 35%, at feast 40%, at least 45%, at least 50%,

at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
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feast 90%, at least 95%, or more as compared to an untreated control subject over a defined period
of time, selected from at least one of 2 weeks, one month, 2 months, 3 months, & months, one vear,
2 years, or 5 years.

In a particular embodiment, treatment results in a reduction of the total area of choroidal
neovascular (CNV) lesions as measured by fluorescein angiography (FA} and optical coherence
tomography (OCT) of at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at feast 40%, at least 45%, at least 50%, at least 55%, at least 60%, at feast 65%, at leasi 70%,
at teast 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as compared to an
untreated control subject over a defived period of time, selected from at least one of 2 weeks, one
month, 2 months, 3 months, 6 months, one year, 2 vears, or 5 years. In one embodiment, the method
further comprises co-administering to the subject in need thereof at least one additional therapeutic
modality, e.g., at least one additional therapeutic agent.

In a particular embodiment, the at least additional therapeutic agent 1s selected from
Hluvien® and Ozurdex. @

In a seventh aspect, a method of ireating a population of subjects in need thereof is
provided, comprising administering an effective amount of the bispecific aptamer disclosed herein
to such subjects.

In one embodiment, the method results in effective treatment for more than 30%, more
than 35%, more than 40%, more than 45%, more thao 50%, more than 55%, more than 60%, more

than 65%, more than 70%, more than 75%, more than 80%, more than 85%, more than 90% or

more than 95% of subjects treated. In a particular embodiment, effective treatment is measured by
overall best corrected visual acuity (BCVA) as measured on the Early Treatment Diabetic
Retinopathy Study (ETDRS).

In one embodiment, the method results in fewer than 30%, fewer than 25%, fewer than
20%, fewer than 15% or fewer than 10% of such subjects maintaining persistent retinal fluid.

Iu an eighth aspect, a method of making the bispecific RNA aptarmer disclosed herein,
comprising direct chemical synthesis, enzymatic synthesis, chemical synthesis followed by
domain chemical conjugation, and/or domain hybridization,

In one embodiment, the bispecific aptamer is synthesized by direct chemical synthesis.

In one embodiment, the bispecific aptamer is synthesized by enzymatic synthesis.
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In one embodiment, the bispecific aptamer is synthesized by chemical synthesis followed
by domain chemical conjugation.

In one embodiment, the bispecific aptamer is synthesized by domain hybridization.

Brief Brescription of the Figures

FIG. 1A Depicts structure of aptamer 285 as folded in mfold which is consistent with the
experimentally derived structure.

FIG. 1B Depicts structure of aptamer 269 as folded in mfold which is consistent with the
experimentally derived structure.

FIG. 1C Depicts structure of a bispecific aptamer comprised of aptamer 285 and aptamer
269 as folded in mfold. The structures of the aptamer domains are not consistent with the
expertmentally derived structure.

FIG. 1D Depicts structure of a bispecific aptamer comprised of a variant of aptamer 285
which has been extended by 2 base pairs (aptamer 285¢x) and aptamer 269 as folded in mfold The
structures of the aptamer domains are consistent with the experimentally derived structure. The
boxed region highlights the additional base pairs.

FIG. 1E Depicts the structure of a bispecific aptamer comprised of aptamer 285 and a
variant of aptamer 269 which has been extended by 2 base pairs (aptamer 269ex) as folded in
mfold. The structures of the aptamer domains are consistent with the experimentally derived
structure. The boxed region highlights the additional base pairs.

FIG. 2: Depicts a plot of the experimentally derived relationship between molecular
hydrodynamic radius and the intravitreal half-life. The target range for a bispecific aptamer is
indicated.

FIG. 3: Depicts a flow diagram ustrating the steps involved in the synthesis, deprotection,
PEGylation and purification of a bispecific aptamer by direct chemical synthesis.

FIG 4 Depicts examples, approaches and parameters to link two aptamers by a nucleotide
linker N(n}. Two different aptamer domains can be linked by a linker comprised of nucleotides.
The length of the linker can vary from 0 to 50 nucleotides in length. The linker can be unstructured
or structured (e.g., designed to form a stem loop). When designed to form a stem loop the length
of the stem can be varied from 2 to 10 nucleotides and then loop length varied from 3 to 10
nuclectides. A structured stem linker can be flanked by nucleotide linkers (X{n} and Y{n}) that are

between 0 and 15 nucleotides in length.
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FIG. 5A: Depicts examples, approaches and parameters to link two aptamers by a non-
nucteotide linker. Aptamer domains can be linked with the 37 end of the first aptamer attached to

the 5" end of the second aptamer.

FIG. 5B Depicts examples, approaches and parameters to link two aptamers by a non-
nucleotide linker. Aptamer domains can be linked with the 37 end of the first aptamer is attached

to the 37 end of the second aptamer.

FIG. 5C Depicts examples, approaches and parameters to link two aptamers by a non-
nuclieotide linker. Aptamer domains can be linked with the 57 end of the first aptamer is attached

to the 37 end of the second aptamer.

FIG. 5D Depicts examples, approaches and parameters to link two aptamers by a non-
nucleotide linker. Aptamer domains can be linked with the 5” end of the first aptamer is attached

to the 57 end of the second aptamer.

FIG. 6: Depicts an exemplary bispecific aptamer composed of Aptamer 285 and Aptamer
269 linked by a nuclectide Hukage composed of five mU residues produced by direct chemical
syithesis. mA, mC, mU and mG are 270OMe RNA, £G 15 2°F RNA and sp3 is a },3 propanediol

Hnker.

FIG. 7. Depicts an exemplary bispecific aptamer composed of aptamer 285 and aptamer
269 generated by post synthesis chemical conjugation. Depicted here, aptamer 285 and 269 are
synthesized separately. Following synthesis aptamer 269 is PEGylated. Following PEGylation, the
aptamers are chemically conjugated using a PEG linker. mA, mC, mU and mG are 2’OMe RNA,|

fGis 27F RNA and sp3 is a 1,3 propavediol linker.

FIG. 8A: Depicts examples, approaches and parameters to link two aptamers by
hybridization. Aptamer domains can be linked by hybridization in which the 37 end the first
aptamer is extended and designed to hybridize and form a duplex with a 37 extension on the second
aptamer. Or, aptamer domains can be linked by hybridization in which the 5 end the first aptamer
is extended and designed to hybridize and form a duplex with a 57 extension on the second aptamer.
The duplex length (DL} can vary between 3 and 35 nucleotides. The duplex may be separated from

the aptamer by a nucleotidyl linker 0 to 25 nucleotides in length or a non-nucleotidyl linker.

12



WO 2021/207197 PCT/US2021/025964

FIG. 8B Depicts examples, approaches and parameters to link two aptamers by
hybridization. Aptamer domains can be linked by hybridization in which the 37 end the first
aptamer is extended and designed to hybridize and form a duplex with a 5” extension on the second
aptamer. The duplex length (DL} can vary between 3 and 35 nucleotides. The duplex may be
separated from the aptamer by a nucleotidyl linker 0 to 25 nucleotides in length or a non-

nucteotidyl linker.

FIG. 8C Depicts examples, approaches and parameters to link two aptamers by
hybridization. Aptamer domains can be linked by hybndization in which the 5 end the first
aptamer is extended and designed to hybridize and form a duplex with a 3 extension on the second
aptamer. The duplex length (BL) can vary between 3 and 35 nucleotides. The duplex may be
separated from the aptamer by a nucleotidyl linker O to 25 nucleotides in fength or a non-

nucleotidyl linker.

FIG. 9: Depicts an exemplary bispecific aptamer composed of Aptamer 285 and Aptamer
269 linked by hybridization. Depicted here, aptamer 285 and 269 are synthesized separately
bearing a short 8 nucleotide complementary extension. The extension is linked to each aptamer at
the 3’ end by a hexaethylene glycol linker (§818). The 57 end of aptamer 269 is PEGylated. mA,

m, mU and mG are 27OMe RNA, G is 27F RNA and sp3 is 4 1,3 propanediol linker.
Detailed Bescription
i Befinitions

The term "about” as used herein means a range of values including the specified value,
which a person of ordinary skill in the art would consider reasonably similar to the specified value.
in embodiments, the term "about" means within a standard deviation using measurements
generally acceptable in the art. In embodiments, about means a range extending to +/-10% of the
specified value. In embodiments, about means the specified value.

The terms “administering” or "administration” as used herein generally refer to introducing
a therapeutic agent, composition, formulation, etc., to a desired site or location on or within the
body of a subject, e.g., a site or location within the eye. Administration may be performed, e g,
by a health care provider. For purposes of convenience, the present specification refers generally

to ophthalmologists. However, the methods described herein, including both the methods of the
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invention and other methods {e.g., methods for diagnosing and/or monitoring a retinal disorder)
may be practiced by any qualified health care provider.

The term “affinity” as used herein refers to the strength of the sum tofal of noncovalent
interactions between a single binding site of a molecule (e.g., an aptamer) and its binding pariner
{e.g., an antigen). Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic
binding affinity which reflects a 1.1 interaction between members of a binding pair (e.g., antibody
and antigen). The affinity of a molecule X for its partner Y can generally be represented by the

>

dissociation constant (Kd). As used herein the term “high affinity” means less than 500 nM.

The term “antigen” as used herein refers to the binding site or epitope recognized by an
antigen-binding aptamer. The term "aptamer” as used herein refers to a peptide or nucleic acid
molecule, such as RNA or DNA that is capable of binding to a specific molecule with high affinity
and specificity. Exemplary ligands that bind to an aptamer include, without limitation, small
molecules, such as drugs, metabolites, intermediates, cofactors, transition state analogs, ions,
metals, nucleic acids, and toxins, such as endotoxins. Aptarners may also bind vatural and synthetic
polymers, including proteins, peptides, nucleic acids, polysaccharides, glycoproteins, hormones,
receptors and cell surfaces such as cell walls and cell membranes. The binding of a ligand to an
aptamer, causes a conformational change in the effector domain and alters its ability to interact
with its target molecule. An aptamer will most typically have been obtained by in vitro selection
for binding of a target molecule. However, in vivo selection of an aptamer is also possible.
Aptamers have specific binding regions which are capable of forming complexes with an intended
target molecule in an environment, wherein other substances in the same environment are not
complexed to the nucleic acid. The specificity of the binding 1s defined in terms of the comparative
dissociation constants (Kd) of the aptamer for is ligand as compared to the dissociation constant
of the aptamer for other materials in the environment or unrelated molecules in general. A ligand
is one which binds to the aptamer with greater affinity than to vorelated material. Typically, the
Kd for the aptamer with respect to its ligand will be at least about 10-fold less than the Kd for the
aptamer with unrelated material or accompanying material in the environment. Even more
preferably, the Kd will be at least about 50-fold less, more preferably at least 50 about 100-fold
tess, and most preferably at least about 200-fold less. An aptamer will typically be between about
10 and about 300 nucleotides in length. More commonly, an aptamer will be between about 30

and about 100 nuclectides in length.
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The term “aptamer domain” as used herein refers to refers to a nucleic acid element or
domain within a nucleic acid sequence or polynucleotide sequence that, at a biophysically effective
amount, will bind or have an affinity for one or a plurality of target molecules.

The term “bispecific aptamer” as used herein refers to an aptamer that binds two distinet
antigens or two distinct epitopes within the same antigen. The bispecific aptamer may have cross-
reactivity to other related antigens, for example to the same antigen from other species (homologs).

The term “carrier” as used herein refers to compound, composition, substance, or structure
that, when in combination with a compound or composition, aids or facilitates preparation, storage,
administration, delivery, effectiveness, selectivity, or any other feature of the compound or
compostiion for its intended use or purpose. For example, a carrier can be selected to minimize
any degradation of the active ingredient and to minimize any adverse side effects in the subject.

The term “co-administration” as used herein refers to administration of the bispecific
aptamer described herein to a subject simultaneously or consecutively with one or more additional
therapeutic agents. Tn a particular erbeodiruent, the one or more additional therapeutic agents
include steroids such as Iluvien® and Ozurdex®™. In a particular embodiment, the one or more
additional therapeutic agents include a Complement Factor 3 (C3) or Complement Factor 5 (C5)
inhibitor for the treatment of geographic atrophy and the dry form of advanced macular
degeneration. In one embodiment, the C3 inhibitor is APL-2 (Apellis Pharmaceuticals). In one
embodiment, the CS inhibitor is Zimura® (Iveric Bio).

The terms “complementary” or "complementarity” refer to the ability of a nucleic acid in
a polynuclectide to form a base pair with another nucleic acid in 3 second polynuclestide. For
example, the sequence A-G-T is complementary to the sequence T-C-A. Complementarity may be
partial, in which only some of the nucleic acids match according to base pairing, or complete,
where all the nucleic acids match according to base pairing.

The terro “conjugation” as used herein refers to a chemical compound that is formed by
joining two or more compounds with one or more chemical bonds or linkers. In an embodiment
disclosed herein, a bispecific aptamer is conjugated to a lipid or high molecular weight compound
{e.g., PEG), and/or another therapeutic agent.

The term “DNA” means deoxyribonucieic acid.

The terms “effective amount” and "therapeutically effective amount," are used herein

interchangeably to refer to a sufficient amount of an agent or a composition or combination of
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compaositions being administered which will relieve to some extent one or more of the symptoms
of the disease or condition being treated. The result can be reduction and/or alleviation of the signs,
symptoms, or causes of a disease, or any other desired alteration of a biological system. For
example, an "effective amount” for therapeutic uses is the amount of the composition as disclosed
herein required to provide a clinically significant decrease in disease symptoms. An appropriate
"effective” amount in any individual case may be determined using techniques, such as a dose
escalation study. The dose could be administered in one or more administrations. However, the
precise determination of what would be considered an effective dose may be based on factors
individual to each patieni, including, but not limited to, the patient's age, size, type or extent of
disease, stage of the disease, route of administration, the type or extent of supplemental therapy
used, ongoing disease process and type of treatment desired (e.g., aggressive vs. conventional
treatment).

The term “epitope” as used heretn refers to the part of an antigen (e.g, a substance that
stimulates an imroune system {o generate an antibody against) that is specifically recognized by
the antibody. In certain embodiments, the antigen 15 a protein or peptide and the epitope is 2
specific region of the protein or peptide that is recognized and bound by an antibody.

The term “hydrodynamic radius” or “Ry” as used herein refers to the radius of an equivalent
hard-sphere diffusing at the same rate as the molecule under observation. In certain embodiments,
the bispecific aptamers disclosed berein have 3 hydrodynamic radius that is about 50% greater
than aptamers known in the art and more particularly, about 9, about 10, about 11, about 12, about
13, about 14 or about 15 Ru. In certain embodiments, a bispecific RNA aptamer is disclosed that
has a hydrodynamic radius of between about 12 and about 14, and more particularly about 13,
about 13.5 or about 14 Ry In certain embodiments, this Ra is measured before pegylation of the
bispecific aptamer, wherein pegylation would further increase the hydrodynamic radius, e.g., by
about 1, about 2, about 3, about 4 or about S Rn or more over the non-pegylaied bispecific aptamer.

The terms "identical" or percent "identity," in the context of two or more nucleic acids or
polypeptide sequences, refer to two or more sequences or subsequences that are the same or have
a specified percentage of amino acid residues or nuclectides that are the same {(i.e., about 60%
identity, preferably 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher identity over a specified region, when compared and aligned for maximum

correspondence over a comparison window or designated region) as measured using a BLAST or
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BLAST 2.0 sequence comparison algorithms with default parameters described below, or by
manual  alignment  and  wvisual  inspection  (see, eg, NCBI web  site
hitp//www nebinlmonib.gov/BLAST/ or the like) Such seguences are then said fo be
"substantially identical " This definition also refers to, or may be applied to, the compliment of a
test sequence. The definition also includes sequences that have deletions and/or additions, as well
as those that have substitutions. As described below, the preferred algorithms can account for gaps
and the like. Preferably, identity exists over a region that is at least about 25 awino acids or
nucleotides in length, or more preferably over a region that is 50-100 amino acids or nucleotides
in length.

The term “isolated” as used herein with reference to a nucieic acid or protein, indicates that
the nucleic acid or protein or peptide is essentially free of other cellular components with which it
is associated in the natural state. It can be, for example, in a homogeneous state and may be in
either a dry or agueous solution. Purity and homogeneity are typically determined using analviical
chemistry techniques such as polyacrylamide gel electrophoresis or high-performance liquid
chromatography (HPLC). A protein or peptide that is the predominant species present in a
preparation is substantially purified.

The term “linker” as used herein refers to molecule positioned between two moieties.
Typically, linkers are bifunctional, i.e, the linker includes a functional group at each end, wherein
the functional groups are used to couple the linker to the two moteties.

The term “nucleic acid” as used herein refers to deoxyribonucleotides or ribonuclectides
and polymers thereof in either single-, double- or multiple-stranded form, or complements thereof.
The term "polynucleotide” refers to a linear sequence of nuclectides. The term "nucleotide”
typically refers to a sivgle unit of a polynucleotide, i.e., a monomer. Nucleotides can be
ribonuclectides, deoxyribonucleotides, or modified versions thereof. Examples of polynucleotides
contemplated herein include single and double stranded DNA, single and double stranded RNA
(including siRNA), and hybrid molecules having mixtures of single and double stranded DNA and
RNA. Nucleic acids can be linear or branched. For example, nucleic acids can be a linear chain of
nucleotides or the nucleic acids can be branched, e g., such that the nucleic acids comprise one or
more arms or branches of nucleotides. Optionally, the branched nucleic acids are repetitively

branched to form higher ordered structures such as dendrimers and the like.
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The term “nuclectide linker” as used herein refers to oligonucieotide that connects an
aptamer to another aptamer. In contrast a "non-nuclectide linker” refers to a linker that does not
include nucleotides or nuclectide analogs. Without Hmiiations, the nuclectide Hinker can be single-
stranded or a double-stranded oligonucleotide, e.g., a linker comprising a first oligonuclectide
strand and second oligonucleotide strand, wherein the first and the second sirands are sufficiently
complementary to each other. Furthermore, the nucleotide linker can comprise one or more of the
nucleotide modifications described herein. A nucleotide linker can be of any length, ¢ g, between
4-30 nuclectides in fength.

The term “pegylated compound” as used herein refers t0 a compound {e.g., an aptamer)
with one or more polyethylene glycol moieties. In certain embodiments disciosed herein, the
aptamer or bispecific aptamer is a pegylated compound.

The terms "peptide” and "protein” are used interchangeably herein to refer to polymers of
amino acids of any length. A polypeptide can be any protein, peptide, protein fragment or
component thereof. A polypeptide can be a protein naturally occurring iu vature or a protein that
is ordinarily not found in nature. A polypeptide can consist largely of the standard twenty protein-
building amino acids or it can be modified to incorporate non-standard amino acids. A polypeptide
can be modified, typically by the host cell, by e.g., adding any number of biochemical functional
groups, including phosphorylation, acetvlation, acylation, formylation, alkylation, methylation,
lipid addition {e.g., palmitoylation, myristoylation, prenylation, etc.) and carbohydrate addition
{e.g., N-linked and O-linked glycosylation, etc }. Polypeptides can undergo structural changes in
the host cell such as the formation of disulfide bridges or proteslvtic cleavage The peptides
described herein may be therapeutic peptides utilized for e g, the treatment of a disease.

The terro “pharmaceutical composition” as used herein refers to compositions that include
an amount (for example, a unit dosage) of one or more of the disclosed bi-specific aptamers
together with one or more non-toxic pharmaceutically accepiable additives, including carriers,
diluents, and/or adjuvants, and optionally other biclegically active ingredients.

The term “pharmaceutically acceptable” as used herein refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problems or complications commensurate

with a reasonable benefit/risk ratio.
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The term “purified” as used herein refers to a peptide that gives rise to essentially one band
in an electrophoretic gel. In some embodiments, the peptide ts at least 50% pure, optionally at least
65% pure, optionally at least 75% pure, optionally at least 5% pure, optionally at least 95% pure,
and optionally at least 99% pure.

The term “reduces” or “inhibits” are used interchangeably herein to refer to a negative
alteration of at least 5%, at least 10%, at least 15%, at feast 20%, at least 25%, at least 30%, at
feast 35%, at least 40%, at least 45%, at least 50%, at least 55%, at feast 60%, at least 65%, at least
70%, at least 75%, or at least 100% or more.

The tern “retinal disease” and “retinal disorder” are used interchangeably herein and refers
to any disease or disorder in which the retina is affected due to multiple and variant etiologies.

The term “RNA” refers to ribonucleic acid.

The term “SELEX” as used herein refers to Systematic gvolution of ligands by exponential
enrichment and is a combination of (1} the selection of aptamers that interact with a target molecule
in a desirable mauner, for example binding with high affinity to a protein, with (2) the amplification
of those selected nucleic acids. The SELEX process can be used to identify aptamers with high
affinity to a specific target or biomarker.

The term “specifically binds” as used herein refers to the ability of an aptamer to bind to
an antigen with an Kd of at feast about 1 micromolar down to 1 picomolar and/or bind to an antigen
with an affinity that is at least two-fold greater than its affinity for a nonspecific antigen. it shal}
be understood, however, that the bispecific aptamers disclosed herein are capable of specifically
binding to two or more antigens which are related in sequence. For example, the bispecific
aptamers disclosed herein can specifically bind to both a human antigen and a non-human ortholog
of that antigen.

The terms "subject” and "patient” are used interchangeably herein to refer to a vertebrate,
preferably a mammal, more preferably a buman. Mammals include, but are not hmited to, rourines,
simians, humans, farm animals, sport animals, and pets. Tissues, cells, and their progeny of a
biological entity obtained tn vivo or cultured in vitro are also encompassed.

The term "substantially homologous” or "substantially identical” in the context of two or
more oligonucleotides, nucleic acids, or aptamers, generally refers to two or more sequences or

subsequences that have at least 40%, 60%, 80%, 90%, 95%, 96%, 97%, 98% or 99% nucleotide
R b 3
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identity, when compared and aligned for maximum correspondence, as measured using sequence
comparison algorithms or by visual inspection.

The term “unit dosage form” as used herein refers o physically discrete units suited as
unitary dosages for the subject to be treated {e.g, for a single eye), each unit containing a
predetermined quantity of an active agent selected to produce the desired therapeutic effect,
optionally together with a pharmaceutically acceptable carrier, which may be provided in a
predetermined amount. The unit dosage form may be, for example, a volume of liqud (eg, a
pharmaceutically acceptable carrier) containing a predetermined quantity of a therapeutic agent, a
predetermined amount of a therapeutic agent in solid form, an ocular implant containing a
predetermined amount of a therapeutic agent, a plurality of nanoparticles or microparticles that
collectively contain a predetermined amount of a therapeutic agent, ete. It will be appreciated that
a unit dosage form may contain a variety of components in addition to the therapeutic agent. For
example, pharmaceutically acceptable carriers, diluents, stabilizers, buffers, preservatives, et
may be jncluded. In certain embodiments, the aptamer or bispecific aptamer disclosed hereiu is
provided in a unit dosage form.

The term “target molecule” or “larget” are used interchavngeably herein to refer any
motecule of interest. The term includes any minor variation of a particular molecule, such as, in
the case of a protein, for example, minor variations in amino acid sequence, disulfide bond
formation, glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or
modification, such as conjugation with a labeling component, which does not substantially alter

LI

the identity of the molecule. A "target molecule”, "target”, or "analyte” refers to a set of copies of
one type or species of molecule or multi-molecular structure. "Target molecules”, "targets”, and
"analytes” refer to more than one type or species of molecule or multi-molecular structure.
Hxemplary target molecules include proteins, polypeptides, nucleic acids, carbohydrates, lipids,
polysaccharides, glycoproteins, hormones, receptors, auntigens, autibodies, affibodies, antibody
mimics, viruses, pathogens, toxic substances, substrates, metabolites, transition state analogs,
cofactors, inhibitors, drugs, dyes, nutrients, growth factors, cells, tissues, and any fragment or
portion of any of the foregoing. In some embodiments, a target molecule is a protein, in which
case the target molecule may be referred to as a "target protein.”

The term "treatment or treating” as used herein means an approach for obtaining beneficial

or desired resuits, including clinical results. Beneficial or desired clinical results can include, but
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are not limited to, alleviation or amelioration of one or more symptoms or conditions,
diminishment of extent of disease, stabilized (i.e, not worsening) state of disease, preventing
spread of disease, delay or stowing of disease progression, amelioration or palliation of the disease
state, and remission {whether partial or total), whether detectable or undetectable.

The term "variant” as used herein with respect to a peptide, refers to a peptide in which an,
insertion, deletion, addition and/or substitution has occurred in at least one amino acid residue
refative to the reference peptide. The variant may be approximately 99%, 98%, 97%, 96%, 95%,
04%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%:, 83%, 82%:, &1% or 80% sequence
of the aptamer or aptamer domain.

The terms "vascular endothelial growth factor”, and "VEGF" as used herein refer to
naturally-occurring VEGF, including isoforms and variants thereof As used herein, VEGF
includes all mammalian species of VEGF, including but not limited to human, canine, feline,
murine, primate, equine, and bovine VEGF.

il Bispecific Aptamer Compeositions

In one aspect, a bispecific aptamer is disclosed comprising Formula A
{aptamer 1}- (linker)- (aptamer 2)
Formula A

In one embodiment, the bispecific aptamer is a DNA aptamer. In another embodiment,
the bispecific aptamer is an RNA aptamer.

In a particular embodiment, the bispecific aptamer is an RNA aptamer wherein the
sequence identities of (aptamer 1) and {aptamer 2} are indicated in Table 1.

In certain embodiments, the positions of (aptamer 1} and {(aptamer 2} can be exchanged.

In certain embodiments, the linker is a nucleotide linker having between 0 and 20
nucleotides.

In certain embodiments, the linker is a non-nuclectide hinker selected from the group
consisting of 1,3-propanediol, 1,0 hexanediol, 1,12 dodecyldiol, triethylene glycol or hexaethylene
glyeol.

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to vascular endothelial
growth factor A (VEGF-A) selected from the group consisting of SEQ 1D NOS: 1-46.
In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to interleukin 8 {1L8)

selected from the group consisting of SEQ 13 NOS: 47-48.
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In certain embodiments, aptamer | or aptamer 2 is an aptamer that binds to angiopoietin 2
{ANG?) selected from the group consisting of SEQ ID NOS: 49-50.

o certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to complement
component 5 {C5) comprising SEQ ID NG: 51

In certain embodiments, aptamer 1 or aptamer 2 i3 an aptamer that binds to platelet-derived
growth factor (FDGF) comprising SEQ D NG: 52,

o certain embodiments, aptamer 1 ot aptamer 2 i3 an aptamer that binds to fibroblast
growth factor (FGF} comprising SEQ 1D NO: 53,

In certain embodiments, aptamer 1 or aptamer 2 is aun aptamer that binds to Factor D
comprising SEQ D NO: 54,

In one aspect, a bispecific aptamer is disclosed comprising Formula I

Ki-(aptamer 1}3-Xo-(linker)-Yi-{aptamer 2}-Yo-invdT
Formula }

In certain embodiments, the sequence identities of {aptamer 1) and {aptamer 2) are
indicated in Table 1.

Iu certain embodiments, the positions of (aptamer 1) and {aptamer 2} can be exchanged.

In certain embodiments, X115 0 5 nuclectides in length that are designed to base pair with
region Xo.

In certain embodiments, Y1 is 0 - S nucleotides in length that are designed to base pair with
region Yo

fn certain embodiments, the linker is a nucleotide linker having between O and 20
nucleotides.

In certain embodiments, the hnker is a nov-nucleotide linker selected from the group
consisting of 1,3-propanediol, 1,6 hexanediol, 1,12 dodecyldiol, triethylene glveol or hexaethylene
glveol.

In one embodiment, an inverted deoxythymidine {invdT) is incorporated at the 3"-end of
the bispecific aptamer of Formula 1, leading to the formation of a 37-37 linkage which inhibits both
degradation by 3’ exonucleases and extension by DNA polymerases.

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to vascular
endothelial growth factor A (VEGF-A) selected from the group consisting of SEQ 1D NOS: 1-46.
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In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to interleukin 8
{IL.8) selected from the group consisting of SEQ ID NOS: 47-48.

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to angiopoietin 2
{ANG?2) selected from the group consisting of SEQ ID NOS: 49-50.

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to complement
component 5 (C5) comprising SEQ [ NG: 51

In certain embodiments, aptamer 1 or aptaroer 2 is an aptamer that binds to platelet-derived
growth factor (PDGY) comprising SEGQ ID NO: 52.

In certain erobodirents, aptamer 1 or aptarver 2 is an aptamer that binds to fibroblast
growth factor 2 (FGF2) comprising SEQ 1D NO: 53

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to Factor D
comprising SEQ ID NO: 54,

In another aspect, a bispecific aptamer is disclosed comprising Formula IH:

5'-Xi~(aptameri - Xo-(linker)-(Hyb1)
{(Hyb2)-(linker)-Yo-(aptamer 2)}-Y-5
Formula I

wherein Hyb!1 and Hyb2 are complementary.

In certain embodiments, the sequence identities of (aptamer 1) and {(aptamer 2) are
indicated in Table 1.

In certain embodiments, the positions of (aptamer 1) and {aptamer 2} can be exchanged.

In certain embodiments, X113 0~ 5 nuclectides in length that are designed to base pair with
region Xo.

In certain embodiments, Y1is 0 - S nucleotides in length that are designed to base pair with
region Yo

In certain embodiments, the linker is a nucleotide linker having between 0 and 20
nuclectides.

In certain embodiments, the linker is a non-nucleotide linker selected from the group
consisting of 1,3-propanediol, 1,6 hexanediol, 1,12 dodecyldicl, triethylene glycol or hexaethylene
glveol.

In certain embodiments, aptamer | or aptamer 2 is an aptamer that binds to vascular

endothelial growth factor A (VEGF-A) selected from the group consisting of SEQ ID NOS: 1-46.
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In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to interleukin 8
{IL.8) selected from the group consisting of SEQ ID NOS: 47-48.

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to angiopoietin 2
{ANG?2) selected from the group consisting of SEQ ID NOS: 49-50.

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to complement
component 5 (C5) comprising SEQ [ NG: 51

In certain embodiments, aptamer 1 or aptaroer 2 is an aptamer that binds to platelet-derived
growth factor (PDGY) comprising SEGQ ID NO: 52.

In certain erobodirents, aptamer 1 or aptarver 2 is an aptamer that binds to fibroblast
growth factor (FGF) comprising SEQ D NG: 53,

In certain embodiments, aptamer 1 or aptamer 2 is an aptamer that binds to Factor D
comprising SEQ ID NO: 54,

In certain embodiments, the bispecitic RNA aptamer comprises a VEGF Aptamer selected
from the group consisting of Aptaroer 285, Aptamer 481 and Aptamer 628 and an 11.8 Aptamer
selected from the group consisting of Aptamer 209 and Aptamer 248 and combinations thereof.

In certain embodiments, the bispecific RNA aptamer comprises VEGF Aptamer 285 and
1L8 Aptamer 269.

In certain embodiments, the bispecific RNA aptamer comprises VEGF Aptamer 285 and
aptamer 2 comprises 1L.8 Aptamer 248,

In certain embodiments, the bispecific RNA aptamer comprises VEGF Aptamer 481 and
aptamer 2 comprises 1L.8 Aptamer 269

In certain embodiments, the bispecific RNA aptamer comprises VEGF Aptamer 481 and
aptamer 2 comprises IL8 Aptamer 248

In certain embodiments, the bispecific RNA aptamer comprises VEGYF Aptamer 628 and
aptamer 2 comprises 1L.8 Aptamer 269

In certain embodiments, the bispecific RINA aptamer comprises VEGF Aptamer 628 and
aptarer 2 comprises IL8 Aptamer 248

In certain embodiments, the bispecific RNA aptamer comprises a VEGF Aptamer selected
from the group consisting of Aptamer 285, Aptamer 481 and Aptamer 628 and an IL8 Aptamer
selected from the group consisting of Aptamer 209 and Aptamer 248 and combinations thereof

linked by hybridization.
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In certain embodiments, the bispecific RNA aptamer comprises a VEGF Aptamer selected
from the group consisting of Aptamer 285, Aptamer 481 and Aptamer 628 and an IL8 Aptamer
selected from the group consisting of Aptamer 269 and Aptamer 248 and combinations thereof
linked by a non-nuclectide linker.

In a particular embodiment of Formula 11, the bispecific RNA aptamer further comprises
between 3-25 nucleotides with complementary sequences that allow for the first and second
aptamers to hybridize. In one embodiment, the complerentary sequences are separated from the
aptamer by a linker.

In one aspect, a bispecific aptamer having a hydrodynamic radius of about 9 or more, 10
or more Rh, about 11 or more Rh, about 12 or more Rh, about 13 or more Rh, about 14 or more
Rh or about 15 or more Rh, and capable of binding to a target molecule selected from the group
consisting of VEGF or isoforms thereof, I8 or Ang2. Optionally, the bispecific aptamer is an

RNA aptamer having at least one sequence disclosed in Table 1, herein.

Tabled
Ss ]:? Aptamer | Target Seqguence
NG
1 285 VEGF CXACZCCGUGUGCAGGGXUUUCAVAAUCCCGUUUXUCK
2 26 VEGEF | AGGUCGCCUCCGCOCGLAGGGGUUUCAUUAUCCCGUUUGELGGCUU
3 436 VEGF CGACUCCHCOCOGAGGGUUGGAGGUUACCOGUUUGUCG
4 441 VEGF CGACUCCGCGCGGAGUCCCUAAUUUGGGGCGUUUGUCG
3 443 VEGF CGACUCCGCGCGGAGUCCCUUCAUUGGGGCGUUUGUCG
6 445 VEGF COGACUCCGUGLGHGAGGGUUAAUGGCUACCCGUUUGUCG
7 447 VEGF CGACUCCOGCGCGOAGUCCCUGUAAUGGGGCGUUUGUCG
% 479 VEGF CGACUCCGCGCGGAGGGUUUGGCUACCCGUUUGUCG
9 481 VEGF CGACUCCGCGCGGAGGLUUGAGGUAGCCGUUUGUCG
10 483 VEGF COACUCCGCGCGGAGUCCCACAUGGOGCGUUUGUCG
i 485 VEGF CGACUCCGCGCGGAGGGAUGAGGUUCCCGUUUGUCG
12 487 VEGF CGACUCCGCGCGGAGGCAUGAGGUUGCCGUUUGUCG
13 489 VEGF COACUCCGLUGUGHAGUGCUGAGGUGCACGUUUGULG
14 600 VEGF COACZCCCGCOCGGAGGGUUGGAGGUUACCCGUUUGUCG
13 601 VEGF CGACZCCGCGCGGAGUCCCUAAUUUGGGGCGUUUGUCG
16 602 VEGF CGACZCCGCGCGGAGUCCCUUCAUUGGGGLGUUUGUCG
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17 603 VEGF CGACZCCGCGCGGAGGGUUAAUGGCUACCCGUUUGUCG
18 604 VEGF CGACZCCGCGCGGAGUCCCUGUAAUGGGGCGUUUGUCG
19 603 VEGF CGACZCCGOGCGRAGGGUUUGGCUACCOCGUUUGUCG
20 606 VEGF COACZCCGCGUGRAGGCUUGAGGUAGCCGUUUGUCG
21 607 VEGF CQACZCCGCGCGGAGULCCCACAUGGHGLGUUUGUCG
22 608 VEGF COACZCCGUGCGGAGGGAUGAGGUUCCCGUUUGUCG
23 609 VEGF COACLCCGCGCGGAGGCAUGAGGUUGCCGUUUGUCE
24 610 VEGF CGACZCCGCGCGGAGUGCUGAGGUGCACGUUUGUCG
25 611 VEGF CXACUCCGCGCGOAGGGUUGGAGGUUACCCGUUUXUCK
26 612 VEGF CXACUCCGCOGCGGAGUCCCUAAUUUGGGGCGUUUXUCX
27 613 VEGF CXACUCCOCOCGGAGUCCCUUCAUUGGGGCGUUUXUCX
28 614 VEGF CXACUCCGCGCGGAGGGUUAAUGGUUACCCGUUUXUCX
29 615 VEGF CXACUCCGCGCGGAGUCCCUGUAAUGGGGCGUUUXUCK
30 616 VEGF CXACUCCGCGCOGAGGGUUUGGCUACCCGUUUXUCY
31 617 VEGF CXACUCCGUGUGGAGGCUUGAGGUAGCCGUUUXUCK
32 618 VEGF CXACUCCGCOCOGGAGUCCCACAUGGGGLGUUUXUCK
33 619 VEGF CXACUCCGCGCGOGAGGGAUGAGGUUCCCGUUTUXUCX
34 620 VEGF CXACUCCGCGCOGAGGCAUGAGGUUGCCGUUUXUCX
35 621 VEGF CXACUCCGCGCOGAGUGTUGAGGUGCACGUUUXUCX
36 622 VEGF CXACZCCGOGCGGAGGGUUGGAGGUUACCCGUUUXUCK
37 623 VEGF CXACZCCGCGCGGAGUCCCUAAUUUGGGGCGUUUXUCK
38 624 VEGF CXACZCCGCOCGGAGUCCCUUCAVUGGGGCGUUUXUCK
39 625 VEGF CXACZCCGOGCGGAGGGUUAAUGGCUACCCGUUUXUCK
40 626 VEGF CXACZCCGUGCGGAGUCCCUGUAAUGGGHCGUUUXUCK
41 627 VEGF CXACZCCGCGCGRAGGGUUUGGCUACCCGUUUXUCK
42 628 VEGF CHACZCCGCGCGRAGGCUUGAGGUAGCCGUUUXUCK
43 629 VEGEF CXACZCCGCGCGGAGUCCCACAUGGGGCGUUUXUCK
44 630 VEGF CXACZCCGCGCOGGAGGGAUGAGGUUCCCGUUUXUCK
45 631 VEGF CXACZCCGCGCGGAGGUAUGAGGUUGCCGUUUXUCK
46 632 VEGF CXACZCCGCGCGGAGUGCUGAGGUGCACGUUUXUCX
47 248 iLs XCXXUGGGAAAUGUGAGAUGGGUUXCCXC
48 269 s XKECKXACKKUAXAUUAUGGGCAGUGUGACCXCXCC
49 188 Ang? XGGCAAAGGCAAAUCAAAACCGUUACAACCC
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50 204 Ang?2 ACGGGGCAAUCCUGCCGUUUUACAGGUAAAXCCG

51 | ARCIO05 Cs CXCCOLXXUCUCAXXCOGCUXAXUCUXAXUYUACCUXEX
32 | ARCI27 | PDGF caggeUaCX (S 18)egtaXaXcaUCAS 18 )gatCCUX

53 3(19; FGF2 XXXAUACUAXX G CAUUAAUXUVACCAXGUGGIUAXUCCC
54 74 FactorD CCXCCUUGCCAGUAUUGGCUUAGGCUGGAAGUUUXXCXX

Where Gis 2’F RNA, Xis 2°0OMe GRNA, A C and U are 270OMe RNA, C and U are 2°F RNA | a,
g, cand t are DNA, Z 15 a 1,3-propanediolspacer and ($18) hexacthyleneglycol

The aptamers in Table 1, can be linked to one another using a variety of different linkers,
including linkers composed of 0, 1, 3 5, 10, 15 or 20 nucleotides. The identity of the nuclestides
can be varied and include A, G, C, U and T. The 1dentity of the sugar on the nucleotide can also
be varied and can be comprised of 2’H deoxyribose, 2'F deoxyribose or 2’0OMe ribose or 2'-0-
Methoxyethyl ribose. The linker sequence can also be comprised of bridged sugars such as LNA
{(locked nucleic acid) or ¢Et (constrained ethyl) nucleotide analogs. Additionally, the linker can be
composed of non-nucleotide moieties including 1,3-propanediol, 1,6 hexanediol, 1,12 dodecyldiol,
triethylene glycol or hexaethylene glycol (Table 2). These molecules can be added between the
two aptamers 0 - 5 times to vary the distance between the molecules. Additionally, the order of
the aptamer domains can be varied; aptamers can be placed $° or 3 primuer the linker.

Table 2

Non-nucleotide linkers
1,3-propanediol
1,6 hexandiol
1,12 dodecyldiol
triethylene glycol
aptamer  compositions  are hexaethylene elycol shown in Tables 3-26 that

Non-limiting examples  of  bispecific

comprise a YEGF-A binding domain and an [L-8 binding domain in various configurations.
Shown in Table 3, the anti-VEGF aptamer, aptamer 285 with an inverted T (SEQ 1D NO:
553, and the anti-1L8 apiamer, aptamer 269 with an inverted T (SEQ 1D 36} were linked with no
intervening linker (SEQ ID NO: 57), & non-nuclectide linker comprised of a 3-carbon non-
nucleotidyl 1,3-propanediol spacer (Z) {(SEQ ID NO: 58}, a non-nucleotide linker comprised of a

.....

deoxyuridine residues (SU) (SEQ ID NO: 60), or 3 nucleotide linker comprised of ten 270Me
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deoxyuridine residues (10UNSEQ D NO: 61). The order of the aptamer domains is also varied
{(SEQ ID NOS: 62-66).

Table 3
5‘%\%1” FApt | 3Apt | Linker Sequence
<& o , ., CXAC-Z-CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCK
55 288 n/a n/a invdT
56 269 n/a wa XXCKXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-nvd T
57 285 369 one CXAC-Z-CCGC GCGGA'GGGX 918] UCAUAAU CCC(EU [818) XU CX-
XXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCCHinvdT
58 355 269 7 CXAC-L_Z-CCQC_GC(}Gft_‘;GGGXUUUC./’&_UA_/»‘_!UCCCGUUUXFJCXTZ-
KXCXACXXUAXAUUAUGGGCAGUGUGACCKCXCC-invdT
59 295 260 918 CXA:C-Z-‘CCG;CGCG‘GAGGGXU UuU N(A U AAU(ICC GI_IU@J ‘QE(\i\ 18~
XXCKXACKXUAXAVUAUGGGCAGUGUGACCXCXCC-invdT
CXAL-Z-CCGCOUGOAGGGXUUUCAUAAUCCCGUUUXUCK-
68 288 269 SU UUUUU-XXCXACXXUAX AUUVAUGGGCAGUGUGACCXCXCC-
invdT
CXAC-Z-CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCK-
61 283 269 jluss [6101B181010181 0101 01
XXCKXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-invd T
6 269 785 rome KXCKACKXUAKAUU AUGQGC {% GUGUGACC?ICXCC-CXAC,“Z—
- CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCK -invd T
63 268 285 7 XA(XA(XAX AXAfU u A U'GGQC AGUGU (}A(}CXCXCC—Z—QXAGZ—
’ CCGCGCGGAGGGXUVUCADAAUCCCGUUUXUC K vinvd T
o4 268 285 918 KXCKACKXITAKAUU AUGGQC A QUGUGACCX(;XCC -SI8-CXAC-
) - ZCCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCK -invdT
XHCKACKXUAXAUUAUGGGCAGUGUGACCXTXCC-UUUUU-
65 269 288 sU CXAC-Z-CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCXK-
invdT
XXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-
66 269 285 10U UUUUUUUUUU-CXAC-Z-
CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCK ~-invdT
Where A, C and U are 2°0OMe, X is 2’0Ome G, G is 2°F G, Z 15 a 1, 3-propanedioispacer, 518 is
hexacthyleneglyeol and -invdT is an inverted dT residue. Sequences in bold indicate base pairs added to stabilize
a terruinal stem and a dash {-) 18 used to flaok the hoker.

Using computational analysis {mfold) we observed that although in isolation each aptamer
domain folds inte a predicted structure consistent with experimentally derived aptamer structures
{(Figures 1A and 1B), linking the aptamers together 1u this mwanoer resulted in the formation of
non-native structures (Figure 1C). Increasing distance between the domains using either a non-
nucleotide linker (simulated by forcing the iuter-aptamer region to be single siranded) or a
nucleotide linker failed to allow the aptamers to adopt their native conformations. However, the
addition of two additional base pairs to the terminal stern of aptamer 285 (SEG ID NQ: 67), or the
terminal stem of aptamer 269 (SEQ 1Dy NO: 78) within the bispecific constructs is sufficient to
stabilize the native conformation of both aptamers in the context of the bhispecific as predicted by

mfold (Figures 1D and 1E).

28



WO 2021/207197 PCT/US2021/025964

Shown in Table 4, the extended version of 285, 285ex with an inverted T (SEQ ID NO:
67) can be combined with aptamer 269 with an inverted T (SEQ ID NO: 56) using no intervening
linker (SEQ 112 NG: 68), a non-nucleotide linker comprised of a 3-carbon non-nucleotidy! 1,3~
propanediol spacer {(Z) (SEQ ID NO: 69), a non-nucleotide linker comprised of a hexaethylene
glycol spacer (S18} (SEQ ID NO: 703, a nucleotide linker comprised of five 2’OMe deoxyuridine
residues (U} (SEQ 1D NO: 71}, or a nucleotide linker comprised of ten 2°OMe deoxyuridine
residues (10U} (SEQ ID NG: 72). The order of the aptamer domains is also varied {SEQ [D NOS:

ry e
3-77).

NG

Tabie 4

SF}\%}IQ SApt | ¥Apt | Linker Sequence
67 28%x | na wa XCCXAL-Z )
CCGCGCGOAGGOXUUUCAUAAUCCCGUUUNUCYX C-invdT
56 269 n/a n/a XXCXACXXUAXAUUAUGGGCAGUGUGACCXKXCXCC-invdT
XLCXAC-Z-
68 285ex | 269 8one CCGCGLQGAGGGXUUUCAUAAUCCCGUUUXUCKX -
XKXCKXACKXUAXAUUAUGCGCAGUGUGACCXCXCC-invd T
XCCXAC-Z-
69 28%ex | 269 Z CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCKXC-Z-
XXCXACKXXUAXAUUAUGGGCAGUGUGACCXCXCCHinvdT
XCCXAL-Z-
76 28%ex | 269 Si8 CCOGLGCGGAGOOXUUUCAUAAUCCCGUUUXUCXXC-518-

XXCXACXXUAXAUUAUGGGCAGUGUGACCKCXCC-invdT
XCCXAC-Z-
73 283ex | 269 U CCGCGCGGAGGGXUUUCAVAAUCCCGUU L XUCXXC-UUUUU-
XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCCHnvd T
XCCXACZ-
72 28%ex | o 10U CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCKXLC-
- o [9101818101 8151010108
KXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-invdT
73 269 285ex aone XXCXACKXXU AXAUUAUGGG CAG UG’UGACCXCXCC-XVCCXAC-Z—
] CCGCOCGOAGGOXUUUCAUAAUCCCGUUUXUCXX C-invd T
283ex EXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-Z-XCCXAC-
Z-CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCKXC-invdT
KACKACKKUAXAUUAUGGGCAGUGUGACCXCXCC-518-
78 269 | 288ex S18 XCCKXALZ-
CCGCGLGGAGGGXUUUCAUAAUCCCGUUUXUCKX C-invdT
XXCXACXXUAXAUUAUGGGCAGUGUGACCK CXCC-UUUTU-
76 269 | 288ex SU XCCXACZ-
CCGCGCGGAGGGXUUUCATAAUCCCGUUUXUCKXC-invd T
XKXCKXACXXUAXAVUAUGGGCAGUGUGACCXCXCC-
77 269 | 285ex U VUUUUUUUUU-XCCXALC-Z-
CCGCOCGOAGGOXUUUCAUAAUCCCGUUUXUCKX CHnvd T
Where A, Cand U are 2°OMe, Xis 2’0Ome G, Gis 2'F G, Z is a 1, 3-propancdioispacer, S18 is
hexaethyleneglycol and ~invdT is an inverted dT residue. Sequences in bold indicate base pairs added to stabilize
a terminal stem and a dash (+) is used to flank the linker.

Shown in Table 5, the extended version of 269, 269ex with an inverted T (SEQ 1D NO:
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78} can be combined with aptamer 285 with an inverted T (SEQ [D NO: 55) using no intervening

finker (SEQ 1D NO: 79), a non-nucleotide linker comprised of a 3-carbon non-nucleotidyt 13-

propanediol spacer (Z) (SEQ ID NQ: 80}, a non-nucleotide linker comprised of a hexaethylene

glycol spacer (818) (SEQ ID NO: 81), a nucleotide linker comprised of five 2°OMe deoxyuridine

residues (511 (SEQ 1D NO: 82), or a nucleotide linker comprised of ten 2°OMe deoxvuridine

residues (10U)Y (SEQ ID NO: 83). The order of the aptamer domains is aiso varied (SEQ 1D NO&:

84-88).
SE .
= F}\%}iﬁ 5’Apt | 3'Apt | Linker Seguence
- . , CXAC-Z-CCGUCGCGGAGGGXUUUCAUAAUCCCGUUUXEICK -
55 28% wa n/a iavdT
) KOCXXKCXACKXUAXAUUAUGGGCAGUGUGACCKCXCCXC-
78 269ex n/a n/a nvdT
CXAC-Z-CCOCGLGGAGGGNUUUCAUAAUCCCGUUUXUCK-
74 285 26%ex | none XOXXCXACKNUAXAUUAUGGGCAGUGUGACCNCXCCXC-
invdT
CXAC-Z-CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCX-2-
8¢ 285 26%ex Z XCXXCKXACKXUAXAUUAUGGGCAGUGUGACCXCXCCXLC-
invdT
CXAC-Z-CCGUGCGGAGGGXUUUCAUAAUCCCGUUUXICK -
81 288 26%¢ex S1i8 SIS-XCXXCKACKKUAXAUUAUGGGCAGUGUGACCXCKCCXC-
invdT
CXAC-Z-CCGLGCGGAGGGXUUUCAUAAUCCCGUUUXUCK -
© 285 268ex 50 UUUuUU-
e T XXX CXACKXKUAXAUUAUGGGCAGUGUGACCKIXCCXLC-
invdT
CXAC-Z-CCGCGOGGAGGGXUUUCAUAAUCCCGUULIXUCX-

33 285 269ex 10U UULUUULUUU-

e ’ KCKXXCKACKXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invd T
XXX CXACKXXUAXAUUAUGGGCAGUGUGACCXCXCCKC-

84 269ex 285 gonge | CXAC-Z-CCGCGLGGAGGGXUUUCAUAAUCCCCUULXUCK-
invdT
KCXNCXACKNUAXAUUAUGGGCAGUGUGACCXCXOCXC-Z-

85 26%ex 288 Z CXAC-Z-CCGCGCGGAGGGXUUUCATAAUCCCGUITUXUCK-
invd T
XXX CXACXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-S18-

86 269ex 28% S18 CXAC-Z-CLGCOCGGAGGOXUUUCAUAAUCCCGUUUXUCX-
wmvdT
XCXXCXACKXUAXAUUAUGGGCAGUGUGACCXCXTCXC-

87 269ex 235 5U UUUUU-CXAC-Z-

CCGCGCGGAGGGXUVUCAUAAUCCCGUUUX UK -invdT
XCXKCKACKKUAXAUUAUGGGCAGUGUGACCXCXCCXC-
84 269ex 285 U | UUUUUUUUUU-CYXAC-Z-

CCGCGCGOAGGGXUUUCAUAAUCCCCUUUXUCK jovdT

Where A, Cand U are 2°OMe, X is2'0Ome G, Gis 2'F G, £ 15 a 1, 3-propanediolspacer, S18 is
hexaethylencglycol and -invdT is an inverted dT residue. Sequences in bold indicate base pairs added 1o stabilize
a terminal stem and a dash (+) is used to flank the linker.
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Shown in Table 6, the extended version of 285 with an mnverted T (SEQ 2 NO: 67) can
be combined with the extended version of aptamer 269 with an inverted T (SEQ ID NG: 78) using
no intervening finker (SEQ 1D NO: 89}, a non-nuclectide linker comprised of a 3-carbon non-
nucleotidyl 1 3-propanediol spacer (7} (SEQ 1D NO: 90}, a non-nucleotide linker comprised of a
hexaethylene glycol spacer (818) (SEQ [ NG: 91), a nucleotide linker comprised of five 2’OMe
decoxyuridine residues (SU) (SEQ D NO: 923, or a nucleotide linker comprised of ten 2'OMe
deoxyuridine residues (10U} (SEQ ID NG: 93). The order of the aptamer is also varied (SEQ ID
NOS: 94-98).

fable 6

SE—P;Q(;B 53Ap€ 3’}3&;31 Linker chuentc
o sgsex | wa a XCCXAC-Z-

CCGOGCGGAGGGXUUUCAUAAUCCCGUUUXUCK X C-invd T
XOCXXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invd T
XCCXAC-Z-
CCGCGLGGAGGGXUUUCAUAAUCCCGUULXUCKX-

78 26%ex na n/a

g PERE v o

B 2WBex | 2600 | DORC | e ACK XU AX AU AUGGGCAGU GUGACCXCXCOXC-
invdT
XCCXACZ-

CCQUCGCGGAGGOXUUUCAUAAUCCCGUUUXUCKXC -2
RCXXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCCKLC-
invdT
XCCXALC-Z-
CCGUGCGGAGGGXUUUCAUVAAUCCCGUUUXIIC KX C-8 18-
XCXXCKXACXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invd T
XCCXAC-Z-
CCGCGUGGAGOGXUUUCAUAAUCCCCUUUXUCXX C-UUUUU-
KOXNCXACKXUAXAUUAUGGGCAGUGUGACCXOXCCXC-
wnvdT
KCCXAC-Z-
CCGCGCGGAGGGXUUUCAUAAUCCCGUULXUCXXE-

96 288¢ex | 269ex Z

91 Z83%ex | 26%ex S8

92 283ex | 28%ex sU

83 285ex | 269ex 10U JUUUUUUUUU-
XCAXCXACKXXUAXAUVAUGGGCAGUGUGACCXCXCCXC-
nvd T
K CXKXCKXACKKXUAXAUUVAUGGGCAGUGUGACCXCXCCXLC-
94 26%¢ex | 28Sex BON¢ XCCXAC-Z-

CCGCOGCGOAGGOGXUUUCAUAAUCCCGUUUXICK X C-invd T
XCXAXCXACKXUAXAUUAUGGGCAGUGUGACCKOXCCXC-2-
26%ex | 283ex Z XCCXAC-Z-
CCGCOCGOAGGOXUUUCAUAAUCCCGUUUXUCX X C-invdT
XCXXCKACKXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-

S18-XCCXALC-Z-
CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCX X C-invd T

N
(23]

96 26%ex | 283ex

w
pulin
o
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XCXXCXACXXUAXAVUAUGGGCAGUGUGACCXCXCCRC-
$7 26%ex | 283ex SU UUUUU-XCCXALC-Z-
CCGCOGCGOAGGOGXUUUCAUAAUCCCGUUUXUICK X C-invdT
XCXXCXACKXXUAXAUUAUGGGCAGUGUGACTXCXCCEC-
98 Z6%ex | 28%ex | 10U VUUUUUUUUU-XCCXAC-Z-
CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCKXX CanvdT
Where A, Cand U are 2’0OMe, Xis 2'0me G, Gis 2°F G, £ is a 1. 3-propancdiolspacer, S18 is
hexacthyleneglyeol and -tnvdT is an inveried dT residue. Sequences in bold indicate base pairs added {o
stabilize a terminal stew and a dash (-} 1s used o flank the linker,

Bispecific aptamer designs were extended to include other variants of aptamer 285 which
were identified during a selection in which the Loop 4 of the aptamer was randomized. Shown in
Table 7 are examples of bispecific aptamers sequences using anti-VEGF aptamer, aptamer 481
with an inverted T (SEQ ID NG: 99}, and the anti-IL§ aptamer, aptamer 269 with an inverted T
{SEQ 1D N 56) linked with no intervening linker (SEQ 12 NG: 100), 3 non-nucleotide linker
comprised of a 3-carbon non-nucleotidyl 1,3-propanediol spacer (Z) (SEQ ID NO: 101}, a non-
nucleotide linker comprised of a hexaethylene glycol spacer (818) (SEQ D NOG: 162}, a
nucleotide linker comprised of five 2°OMe deoxyuridine residues (SUY (SEQ ID NO: 103), or a
nucleotide linker comprised of ten 2”0OMe deoxyuridine residues (10U} (SEQ ID NG: 104). The

order of the aptamer domains is also varted (SEQ 1D NOS: 105-109).

Table 7
SE .
F]\%}iﬁ SApt | 3Apt | Linker Sequence
99 481 n/a o/a CXACUCCGCGLGOAGGCUUGAGGUAGCCGUUUXUCK -invdT
56 269 wa 1/a XXCXACKXUAXAUUAUGGGCAGUGUGACCXTXCC-invd T

CXACUCCOCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
XXCXACXXUANXAUUAUGGGCAGUGUGACCKCXCC-mvdT
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-Z2-
XXCXACKXKUAXAUUAUGGGCAGUGUGACCKCXCC-invdT
CXACUCCGCGCOCOAGOCUUGAGGUAGCCGUUUXUCK-SIES-
XXCKXACKXUAXAUUVAUGCGCAGUGUGACCYCXCC-tnvd T

CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
163 481 269 a1} DUUUU-XXCXACKXUAXAUUAUGGGCAGUGUGACCKCXCC-

186 481 269 none

161 481 269 Zz

162 481 269 Si8

invdT
CXACUCCGCGLGGAGGCUUGAGGUAGCCGUUUXUCK-
184 288 269 10U JUUuuUUuUuUy-

XXCXACXXUANXAUUAUGGGCAGUGUGACCKCXCC-mvdT
KXCXACKKUAXAUVAUGGGCAGUGUGACCKEXCC-

105 B9 1 B | pome | oy e UCCGOGEGGAGGCUUGAGGUAGCCGUUUXUC K -invdT
NXCXACKNUANAUUAUGGGCAGUGUGACCXONCC-Z-
w6 |2 | a1 |z | CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-imdT

KXCXACKKUAXAUVTAUGGGCAGUGUGACCKCXCC-818-
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXU CX-invdT
XXCXACKNUAXAUUAUGCGCAGUGUGACCXCXCC-UULUU-
CXACUCCGCGCGGAGGCUUGAGGUACCCGUUUXU CX-invdT

1497 269 481 Si8
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KXOXACKXUAXAUUAUGOGCAGUGUGACTXOXCC-
08 | 269 | 481 | sU UUUUUUUUUD-
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-invdT
109 | 269 | 481 | 1wy | . SXCXACXXUAXAUUAUGGGCAGUGUGACCRCXCC-
CXACUCCGOGCGGAGGCUUGAGGUAGCCGUUUXUCKinvdT

Where A, Cand Uare 270OMe, Xis 2°Ome G, Gis 2°F G, £ is a 1 3-propancdioispacer, S18 is

hexaethyleneglycol and -invdT is an inverted 47 residue. Sequences in bold indicate base pairs added to

stabilize a teeminal stem and a dash (-) s used 1o flank the Hnker.

Shown in Table 8, an extended version of aptamer 481, 481ex with an inverted T (SEQ ID
NGO 110} that contains two additional base pairs to stabilize the closing stem is combined with
aptamer 269 with an inverted T (SEQ 1D NO: 56) using no intervening linker (SEQ 1D NO: 111},
a non-nucleotide linker comprised of a 3-carbon non-nucleotidyl 1,3-propanediol spacer (2) (SEQ
Hy NGO 112), a non-nucleotide linker comprised of a hexaethylene glycol spacer (5183 (SEQ 1D
NO: 113), a nucleotide linker comprised of five 2°0OMe deoxyuridine residues (SU) (SEQ 1D NO:
114}, or a nucleotide linker comprised of ten 2"0OMe deoxyuridine residues (10U} (SEQ I3 NO:

115). The order of the aptamer domains is also varied (SEQ 1D NOS: 116-120).

Tabic 8
SE
” F],gfﬁ SApt | 3’Apt | Linker Sequence
. , , XCCKXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC -
118 481ex n/a wa vdT
3¢ 269 wa wa XXCXACKXUAXAUUAUGGGCAGUGUGACCXCXC CA-invd T
111 i8lex | 269 note XCCXACUCCOCGCGGAGGCUUGAGGUAGCCGUUUXUCKEC-
i NXCXACKXUANAUUAUGGGCAGUGUGACCXCXCC-invdT
12 f8tex | 269 7 XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCXXC-
’ i ~ Z-XXCXACXXUAXAUUAUGGGCAGUGUGACCXECXCC-invdT
113 After | 269 918 XCCXACUCCGCGCGCGAGGCUUGAGGUAGCCGUUUNUCKXC-
i ’ SES-XNCXACKXNXUAXAUUAUGGGCAGUGUGACCNCXCC-invd T
XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-
114 48%ex | 269 U DUUUU-XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC-
invdT
XCCXACUCCOCGOGGAGGUUUGAGGUAGCCGUUUXUCXKXXC-
115 48%ex | 269 107 DUUUUUUUyUUU-
NXCXACKXUANAUUAUGGGCAGUGUGACCXCXCC-invdT
AXXCXACXXUAXAUUAUGGGCAGUGUGACCKXCXCC-
116 269 | 48fex | none XCCXACUCCGCOGLGGAGGCUUGAGGUAGCCGUUUXUCX X
invd T
NXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-Z-
117 269 481ex £ XCCXACUCCGCOGCOGOGAGGCUUGAGGUAGCCGUUUNUCKXC-
invdT
XXCKXACKXXUAXAUUAUGGGCAGUGUGACCXCXCC-S18-
118 269 | 48%ex Si8 XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUU U XUCXKXC-
invdT
KXCKACKXUAXAUUAUGGGCAGUGUGACCXCXCC-UUUUU-
119 269 | 481ex U XCCXACUCCGCGOGGAGGCUUGAGGUAGCCGUUUXUCKXC-
invd T
. , - KXCXACKXUAXAUVUAUGGGCAGUGUGACCXCXCC-
126 269 | 48%ex 10U UUUUUUUUUD-
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XCCXACUCCGCGCCCAGGCUUGAGGUAGCCCUUUXUCXXC-
invdT
Where A, Cand Uare 270OMe, X is 2’0Ome G, Gis 2’F G, Z is a 1, 3-propanediolspacer, SI18 is
hexacthylencglycol and -invdT is an inverted d7T residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash (-} is used to flank the linker,

Shown in Table 9, the extended version of 269, 26%9ex with an inverted T(SEQ 1D NO:
78} 1s combined with aptamer 481 with an inverted T (SEQ ID NO: 99) using no intervening linker
{SEQ 1B NO: 121}, a non-nucleotide linker comprised of a 3-carbon non-nuclectidyt 1,3-
propanediol spacer (Z) (SEQ 1D NO: 122), a non-nucleotide linker comprised of a hexaethvlene
glycol spacer (818} (SEQ H3 NG: 123}, a nucleotide linker comprised of five 2'OMe deoxyuridine
residues (SU) (8EQ 1D NG: 124), or a nucleotide linker comprised of ten 2°OMe deoxyuridine

residues (10U) (SEQ 1D NO: 125). The order of the aptamer domains is also varied.

Table ¢
SE . 3
%;%ﬂ} $Apt | 3’Apt | Linker Sequence
49 481 n/a n/a CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK -invd T
S , , KCXKCKXACKKUAXAVUAUGGOCAGUGUGACCXCXCCXC-

78 26%ex n/a Wwa iovdT
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUITUXUCK-

123 481 | 26%ex | none | XCXNCXACKNUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invdT

CXACUCCGUGCGGAGGCUUGAGGUAGCCGUUUXUCX-Z-
122 481 | 20%ex Z XCXUCXACKXUAXAUUAUGGGUCAGUGUGACCXCXCCXC-
invd T
CXACUCCGCGCOGAGGCUUGAGGUAGCCGUUUXUCK-818-~
123 481 | 269ex S18 XCXXCXATKXUAXAUVUAUGGGCAGUGUGACCXCXCCX -
invdT

CXACUCCOCGCCOGAGGCUUGAGGUAGCCGUULUX UK
UULUUU-
KEXKXCXACKXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
nvd T
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCX-
[B18181 01510101 0I0I R
KCXKCXACKXUAXAVUAUGGGCAGUGUGACCKCXCCXC-
mvdT

XKXCXACKKXUAXAUUAUGGGCAGUGQUGACCXCXCC-

126 26%ex | 481 none | XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXLICXXC-

124 481 | 26%9ex SU

128 288 | 26%ex 10U

ivd T
XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC-2-

127 26%ex | 481 Z XCCXACUCCGOGCGGAGGUUUGAGGUAGCCGUUUXUCXXC-
invd T

KXCKACKNUAXAUUAUGGGCAGUGUGACCXCXCC-818~

128 26%ex | 481 S18 XCCKACUCCGOGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-
invdT
KEXCKACKXUAXAUUAUGGGCAGUGUGACCXCXCC-UUuUU-
129 269ex | 481 SU KECXACUCCCCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-
invd T
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XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC-
VUUUUyUuUU-
XCCXACUCCGOGCGGAGGCUUGAGGUAGCCGUUUXUCKKLC-
favd T

Where A, Cand U are 2°0OMe, X is 2°Ome G, G is 2°F G, Z is a 1,3-propancdiolspacer, 518 is
hexaethyleneglycol and ~invdT is an inverted dT residue. Sequences in bold indicate base pairs added to
stabilize 4 terminal stem and a dash (+) 15 used fo {lank the linker,

138 26%ex | 481 U

Shown in Table 18, the extended version of 481 (SEGQ ID NO: 99} is combined with the
extended version of aptamer 269 (SEQ ID NG 78) using no intervening Hnker (SEQ ID NO: 131),
a non-nucleotide linker comprised of a 3-carbon non-nucleotidyl 1,3-propanediol spacer (23 (SEQ
iD NG: 132), a non-nucleotide linker comprised of a hexaethylens glycol spacer (818} (SEQ ID
NO: 133), a nucleotide linker comprised of five 2'OMe deoxyuridine residues (53U} (SEQ ID NO:
134}, or a mucleotide linker corprised of ten 27OMe deoxyuridine residues (10U} (SEQ ID NO:
135). The order of the aptamer domains is also varied (SEQ D NOS: 136-140).

Table 10
SF&?OH) FApt | 3Apt | Linker Sequence
. KCCXACUCCOCGCGCAGGCUUGAGGUAGCCGUUUXUCX XL
a9 48iex | wa n/a v T
. , , XOAXCXACKKUAXAUTAUGGGCAGUGUGACCXCXCCXC-
78 26%ex | wia n/a T

XCCXACUCCGCGCGCGAGGCUUGAGGUAGCCGUU U XUCXXC-
131 481ex | 26%ex | none RXCXXCKXACKXUAXAUUAUGGGCAGUGUGACCXCXCCKC-
invd ¥
XCCXACUCCGCGOGGAGGCUUGAGGUAGCCGUUUXUCKXC-
132 48%ex | 26%ex Z Z-XCXXCKXACKKUAXAUVAUGGGCAGUGUGACCXCXCCXC-
invd T
KLOCXACUCCGCOCOGAGGCUUGAGGUAGCCGUUUXUCXXC-
Sig-
XOCXXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invd T
XCCXACUCCGCOGUGGAGGCUUGAGGUAGCCGUUUXUCXX -
UUUUU-
KCXXCXACKXUAXAUUVAUGGGCAGUGUGACCXCXCCX -
mvd T
XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXNUCKXC-
UsUuuuUUyUUuU-

R CXKXCKXACKKXUAXAUUVAUGGGCAGUGUGACCXCXCCXLC-
invd T
XCXXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCCKC-
136 26%¢ex | 481ex | nomne XCCXACUCCGCGLGGAGGCUUGAGGUAGCCGUUUXUCKXC-

invdT
XOCXNCXACXNXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
137 26%ex | 481ex Z XCCXACUCCOCGOGGAGGCUUGAGGUAGCCGUUUXUCKXC-
nvdT

133 483ex | 28%ex S18

134 48iex | 26%9ex sU

Jorst
(]
[#]]

481ex | 269ex 10U

XCAXCXACXXUAXAUVAUGGGCAGUGUGACCXCXCCXC-
138 26%ex | 481ex Si8 XLCXACUCCGCOCGGAGGCUUGAGGUAGCCGUUUXUCXXC-
wnvd T
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XCXXCXACKXUAXAUVUAUGGGCAGUGUGACCXCXCCX -

. ) UUULL-
3 X S0
B9 2068ex | d8lex | SU |y o CUCCGOGCOGAGGCUUGAGGUAGCCGUUTNUCKXC-
invdT
RO KK AN AR AU AUGOGE AU CUGAC TR O TR e
UULULULU-
146 | 26%x | 48tex | 10U UUUBUIyuuy

XCCXACUCCGOGCGGAGGCUUGAGGUAGCCGUUUXUCKXLC-
invdT

Where A, Cand Uare 2°OMe, X is 2’00 G, Gis 2’F G, £ is a |, 3-propanediolspacer, SIS is
hexaethyleneglycol and -invdT is an inverted 47 residue. Sequences in bold indicate base pairs added to

stabilize a terminal stew and a dash (=) is used 1o flank the linker,

Aptamer 628 (SEQ ID NO: 141) is a variant of aptamer 481 in which the U at position 5
relative to the start of aptamer 481 has been replaced with a 2 non-nucleotidyl linker. Shown in
Table 11 are examples of bispecitic aptamers sequences generated using anti-VEGF aptamer,
aptamer 628 with an toverted T (SEGQ ID 141), and the anti-TL8 aptamer, aptamer 269 with an
inverted T (SEQ D NO: 56} linked with no intervening linker (SEQ 1D NO: 142), a non-nucleotide
linker comprised of a 3-carbon non-nucleotidyl 1,3-propanediol spacer (Z2) (SEQ 1D NG: 143), a
non-nucleotide linker comprised of a hexacthylene glycol spacer (818} (SEQ I NQO: 144), a
nucleotide linker comprised of five 2’OMe deoxyurnidine residues (SU) (SEQ 1D NG: 145}, or a

nucleotide linker comprised of ten 2’OMe deoxyuridine residues (10U) {(SEQ ID NG: 146). The

order of the aptamer domains is also varied (SEQ 1D NOS: 147-151).

Table 11
SF%}QOB} SApt | 3Apt | Linker Seguence
141 628 w4 n/a CXAC-Z-CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCX Anvd T
36 269 wa na XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC-invdT
; CXAC-Z-CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
142 628 269 nomne T ENN & T T A AT T AT gt A LT T 10N A g (N g e
XXCXACXKXUAXAUUAUGGGCAGUGUGACCXCXCC-invdT
143 628 269 z CX{\C~Z~CCGCGCGGAGQC‘UUGAG{}UAGCCGUU?J XU CX~Z—
XXCKXACKXUAXAUUAUGCGCAGUGUGACCXCXCC-invdT
™ 618 269 Q18 CXAVC—Z-CCGCGCGGAGG (; U U&;}AGG U AQQCG L UI XUCK-S 1 8-
XXCKXACKXUAXAUUAUGGGCAGUGUGACCXCXCCHnvd T
CXAC-Z-CCGCGLGGAGGCUUGAGGUAGCCGUUUXUCK-
1458 628 269 U DUUULXXCXACKXXUAXAUUAUGGGCAGUGUGACCXCXCC-
invd T
CXAC-Z-COGCGLGCAGGCUUGAGGUAGCCGUUUXUCK-
146 628 269 10U JuuyuyuuUy-
XXCXACXXUAXAUUAUGGGCAGUGUGACCKCXCC-invdT
147 269 678 Bone XXCXACKXUAXA UU;AUGGGCAGUGU GA;CCXC XC(}CXAC~Z~
CCGOGCGGAGGCUUGAGGUAGCCGUUUXUCK -invdT
148 266 638 7 XI‘(CXACXXUA}%!—\L“JZ»‘& UVGGGCA‘VG UGUGACC XC}&CC T;_CK_AC_
Z-CCGLGCGOAGGCUUGAGGUAGCCOUUUXUCX anvdT
145 269 628 $18 ?\iX(_TXA(TXle AXAUUAUGGGCA GIVJ GU GACCXCX(}C% 1 8-
CXAC-Z-CCGOGCGGAGGCUUGAGGUAGCCGUUUXUCK -invd T
150 369 628 50 KXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC-UUUUU-

CXAC-Z-CCGCGCCGGAGGCUUGAGGUAGCCGUUUXUCX -invd T
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KXCKACXXUAXAUUAUGGGCAGUGUGACCXCXCC-
153 269 628 iU UJUUUUUUUUU-CXAC-Z-
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK -invdT
Where A, Cand U are 2°OMe, X is2'0Ome G, Gis 2'F G, £ is a 1, 3-propanediolspacer, S18 is
hexaethylencglycol and -invdT is an inverted dT residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash (-) s used to flank the linker,

Shown in Table 12, an extended version of aptamer 628, 628ex with an inverted T (SEQ
1D NO: 152) that contains two additional base pairs to stabilize the closing stem is combined with
aptamer 209 with an inveried T(SEQ 1D NO: 56) using no intervening linker (SEQ 1D NG 142),
a non-nucleotide linker comprised of a 3-carbon nov-nucleotidyl 1,3-propanediol spacer (23 {(SEQ
ID NG: 143), a non-nucleotide linker comprised of a hexaethylene glycol spacer (818) (SEQ ID
N 144), a nuclectide linker comprised of five 2'OMe deoxyuridine residues (SU} (SEQ 1D NO:
145}, or a mucleotide linker comprised of ten 270OMe deoxyuridine residues (10U} (SEQ 1D NO:
146). The order of the aptamer domains is also varied (SEQ 1D NOS: 147-151).

Table 12
Shl\%)iﬂ FApt | 3Apt | Linker Sequence
141 628¢ex n/a n/a - X CXAC—ZVN . g
CCGCOUGGAGGCUUGAGGUAGCCGUUUXUCKXC -invdT

36 269 n/a wa KXCKACKXUAXAUUAUGGGCAGUGUGACCXCXCC-invdT
XLCXAC-Z-

142 628ex | 269 none CCGCGCGGAGGCUUGAGGUAGCCGUULXUCKXC-

XXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCCrinvdT

XKCCKAC-Z-

143 628ex | 269 Z COGUGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-Z-

NXCXACXXUANXAUUAUGGGCAGUGUGACCKXCXCC-mvdT
XCCXAC-Z-
144 628ex | 269 518 CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-518-
XXCXACXKXUAXAUVUAUGGGCAGUGUGACCKCXCC-invd T
XOCXAC-Z-
145 628ex | 269 U CCGCGCGCAGGCUUGAGCGUAGCCGUUUXUCKXC-UUUUU-
XXCXACKXUAXAUUVAUGCGCAGUGUGACCYCXCC-tnvd T
XCCXAC-Z-
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCXXC-
UUyuuuuyuY-
XXCXACXXUAXAUUAUGCGCAGUGUGACCXCXCC-invdT
XKXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-XCCKALC-
ZLCGCOCOCAGCCUUGAGCGUAGCCCGUUUXUCKXC -invd T
KXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCC-Z-
148 26% | 628ex z XCCXACZ-
CCGCOCGOAGGCUUGCAGGUAGCCGUUUXUCKX C-avdT
KXCXACKKUAXAUVTAUGGGCAGUGUGACCKCXCC-518-
149 269 | 628ex 518 XCCXACZ-
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCXXC-invdT
XAXCXACKNUAXAUUAUGCGCAGUGUGACCXCXCC-UULUU-
150 269 | 628ex SU XCCXAC-Z-
CCGCOLCCCAGGCUUGAGGUAGCCCUUUXUCKX C -invdT

146 628ex | 269 10U

147 269 628ex none
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KXCKACXXUAXAUUAUGGGCAGUGUGACCXCXCC-
153 269 628ex igu VUUUUUUUUU-XCCXAC-Z-
CCGCGCGGAGGCUUGAGCUAGCCCUUUXUCKXC-invdT
Where A, Cand U are 2°OMe, X is2'0Ome G, Gis 2'F G, £ is a 1, 3-propanediolspacer, S18 is
hexaethylencglycol and -invdT is an inverted dT residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash (-) s used to flank the linker,

Shown inn Table 13, the extended version of 269, 26%ex with an inverted T (SEQ I NO:
78) is combined with aptamer 628 with an inverted T (SEQ ID NO: 141} using no intervening
Hnker (SEQ ID NO: 152), a non-nucleotide linker coraprised of a 3-carbou non-nucleotidyl 1,3-
propanediol spacer (Z3 (SEQ 1D NGO: 153), a non-nucleotide linker comprised of a hexasthylene
glveol spacer {S183(SEQ D NO: 154), a nucleotide linker comprised of five 2°0OMe deoxvuridine
residues (5U) (SEQ ID NO: 155), or a nucleotide linker comprised of ten 2°OMe deoxyuridine
residues (10U) (SEQ ID NO: 156). The order of the aptamer domains is also varied (SEQ ID NOS:
157-161).

Iable 13

SEG D
NG
1431 628 n/a n/a CXAC-Z-CCGUGCGGAGGCUUGAGGUAGCCGUUUXUC X -invd T

KCXXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCCKL-

invdT
CXAC-Z-COGCGUGGAGGCUUGAGGUAGCCGUUUXUCK-
152 628 | 26%ex | none XCXXCKACXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invd T

CXAC-Z-CCGCGLGOAGGCUUGAGGUAGCCGUUUXUCK-Z-

153 628 | 26%9ex Z KOXNXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCCXC-

wnvdT

CXAC-Z-CCGCGLGGAGGCUUGAGGUAGCCGUUUXUCX-S18-

134 628 | 269¢x 518 KCXXCXACKXXUAXAUUVAUGGGCAGUGUGACCXCXCCX -

nvd T
CXAC-Z-CCGCCCGGAGGCUUGAGGUAGCCGUUUXUICK-
UUUUU-

K CXKXCKXACKKXUAXAUUAUGGGCAGUGUGACCXCXCCXLC-
invdT
CXAC-Z-COGCGCGGAGGCUUGAGGUAGCCGUUUXUTXK-
UUUUUULuUy-
KCXXCXACKXUAXAUUAUGGGCAGUGUGACCXCXCCKC-
invdT
KXCKACKKUAXAUUAUGGGCAGUGUGACCXCXCC-CXAL-Z-
CCOGCGCGOGAGGCUUGAGGUAGCCGUUUXUC X -invd T
KCXKCKACKXUAXAUUAUGGGCAGUGUGACTXCXCUXC-2-
CXAC-Z-CCOCGCGGAGGCUUGAGGUAGCCGUUUXUC K -invdT
XXX CXACKXKUAXAUTAUGGGCAGUGUGACCXCXCCXC-
159 26%ex | 628 Si8 S18-CXAC-Z-CCGUGOGGAGGCUUGAGGUAGCCGHUUXIICK -

FApt | 3Apt | Linker Sequence

78 26%¢x n/a wa

155 628 | 26%9ex U

156 628 | 26%ex 10U

157 26%ex 628 none

138 26%ex | 628 Z

invdT
KX CKCKXACKXUAXAUUAUGGGCAGUGUGACCXCXCCKC-
168 26%ex | 628 SU VUUUU-CXAC-Z-

CCOCGCCGAGCCUUGAGGUAGCCGUUUXUCK -invdT
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XCXXCXACKXUAXAUVUAUGGGCAGUGUGACCXCXCCX -
161 I68ex | 628 ue UUUUUUUUUU-CXAC-Z-
CCOCGCOGACGGCUUGAGGUAGCCOUUUXUCK -invdT

Where A, Cand U are 2°OMe, X is2'0Ome G, Gis 2'F G, £ is a 1, 3-propanediolspacer, S18 is

hexaethylencglycol and -invdT is an inverted dT residue. Sequences in bold indicate base pairs added to

stabilize a terminal stem and a dash (-) s used to flank the linker,

Shown in Table 14, the extended version of aptamer 628, 628ex with an inverted T (SEQ
1D NO: 152} is combined with the extended version of aptamer 269, 269ex with an inverted T
(SEQ 1D 78) using no intervening linker (SEQ 1D NG: 162}, a non-nucieotide linker comprised of
a 3-carbon non-nucleotidyl 1,3-propanediol spacer () (SEQ ID NO: 163}, a non-nucleotide linker
comprised of a hexaethylene glycol spacer (§18) (SEQ ID NG: 164), a nucleotide linker comprised
of five 2’OMe deoxyuridine residues (5U) (SEQ 1D NO: 165), or a nucleotide Hinker comprised of

ten 2”0OMe deoxyuridine residues (10U) (SEQ ID NG: 166). The order of the aptamer domains is

also varied (SEQ ID NQOS: 167-171).

Table 14

SEQ D
NG

¥ Apt

3 Apt

Linker

Sequence

132

628¢ex

n/a

/

wa

XCCXACE-
CCGCGCCGGAGGCUUGAGGUAGCCGUUUXUCXXC -invdT

78

269¢ex

n/a

wa

KCXXCXACKXUAXAUUAUGGGCAGUGUGACCKCXCCKC-
invd T

162

628ex

269ex

none

XLCCXAC-2Z2-
CCGLGCGGAGGCUUGAGGUAGCCGUULXUCXXC-
RCXXCKXACKXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invdT

163

H28ex

26%ex

XCCKAC-Z-
CCGUGCGGAGGCUUGAGGUAGCCGUUUNUCKXC-Z-
HOCXNCXACXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
nvdT

164

628ex

269¢x

818

KCCXACZ-
CCGUGCGGAGGCUUGAGGUAGCCGUUUXUCXKXC-818-
XCHXCHACKXUAXAUVAUGGGCAGUGUGATUCKCXTCXC-
mvdT

163

628ex

269¢x

SU

XCCXAC-Z-
CCGCGCGGAGGCUUGAGCGUAGCCGUUUXUCXXC-UUUUL-
KCXKCXACKXUAXAUTAUGGGCAGUGUGACCKCXCCXC-
invdT

166

628¢x

26%ex

06U

XCCXAC-2-
CCGUGCCGAGGCUUGAGGUAGCCGUUUXUCXXC-
oy uuuuUy-
KCXXCKXACKXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
invd T

167

26%ex

628ex

none

XCXXCXACKXXUAXAUVUAUGGGCAGUGUGACCXCXCCXC-
XCCXAC-Z-
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-tovdT

168

26%¢x

628ex

XOCXNCXACXKXUAXAVUAUGGGCAGUGUGACCKCXCCXC-
XCCXAC-Z-
CCGCOCCGOAGGCUUCAGGUAGCCGUUUXUCXXC-invdT
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169

269ex

628ex

Sig

XCXXCXACKXUAXAVUAUGGGCAGUGUGACCXCXCCRC-
XCCXAC-Z-
CCGCOGCCOACGCUUGAGGUAGCCCUUUXUCXXC-invdT

Z%ex

628ex

SU

XCXXCKACKXUAXAUVUAUGGGCAGUGUGACCXCXCCXC-
UUUUU-RCCXACZ-
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-invdT

26%¢x

628ex

10U

XCXNCXACXXUAXAUUAUGGGCAGUGUGACCXCXCCXC-
UUUUUUUUUU-XCCXAC-Z-
CCGCGCGOAGGCUUGAGGUAGCCGUUUXUCKXC-1ovdT

Where A, Cand U are 2°0OMe, X 15 2’Ome G, Gis 2°F G, Z is a 1, 3-propanediolspacer, 518 is
hexacthyleneglycol and ~invdT is aninverted dT residue. Sequences in bold indicate base pairs added to

stabilize a terminal stem and a dash (-) s used 1o flank the linker,

Shown in Table 18 are bispecific aptamers generated using the anti-VEGFEF aptamer,
aptamer 285 with an inverted T (SEQ 112 NO: 55), and the anti-IL8 aptamer, aptamer 248 with an
inverted T (SEQ 1D NG: 172) were linked with no intervening linker (SEQ ID NO: 173), a non-
nucleotide linker comprised of a 3-carbon non-nucleotidy! 1,3-propanediol spacer (Z) (SEQ 1D
NO: 174), a non-nucleotide linker comprised of a hexacthylene glycol spacer (818} (SEQ ID NO:
175), a nucleotide linker comprised of five 2’OMe deoxyuridine residues (SU)Y (SEQ 1D NO: 176),

or a nucleotide linker comprised of ten 2"OMe deoxyuridine residues (10U) (SEQ D NO: 177).

The order of the aptamer domains is also varied (SEQ ID NOS: 178-182).

Table 15
SI“N%IB 5Apt | Apt | Linker Seguence
- v CXAC-Z-CCGCGCGGAGGGXUUUCAUVAAUCCCGUUUXUCX-
35 283 wa wa invdT
172 248 wa na KCOXKXUGGGAAAUGUGAGAUGGGUUXCCXC-invdT
- CXAC-Z-CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCK-
173 2858 248 none DY Syt A g A 3T TE 1 s e g
XKCXXUGGGAAAUGUGAGAUGGGUUXCCX CanvdT
174 298 248 z CXAC-Z-COCGCGC GGAG;G GXUUY CAUA AUCCCG’UU'UXU KT
NOXXUTGGGAAAUGUGAGAUGGGUUXCCNC-invdT
175 755 248 Qg CXAC —Z—CCGCQ CG‘GAGGGX UUUCAU Az_%U CL(G{U L{"'XU CX-
SI8-XCXXUGGGAAAUGUGAGAUGGGUUXCCXCHnvdT
176 85 248 50 X VA CjZI-CfCQCG:C GGAGGGXUUUCAUAAU CC(;GUUUXUCXw
VUUUUU-XCXNXUGGGAAAUGUGAGAUGGGUUXCCXC-invdT
CXAC-Z-CCGCGCGGAGGGRUVUCAUAAUCCCGUUUXUCK-
177 285 248 100U VUUTUUUULUU-XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-
nvd T
175 248 285 fone XCXXUGGGAAAUQUGAGAUGGGUU XCCKC-CX A (j?
i COGCGCGGAGOGXUUUCAUAAUCCCGUUUXUC X -invdT
79 248 285 P XL&‘(LG(:GA%AU GU GAGA [ GGG [ U ;(CGXC—Z-(%‘XAC—Z—
CCGUGCGGAGGGXUUUCAUAAUCCCGUUUXUCK -invdT
150 248 485 518 KCKXUGGGAAAUGU GA?‘ AU;GGGUUXCC;XC—S 1 K—CXAC—Z-
CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCK -invdT
181 248 285 50 XOCXXU (‘%GGAAAQ GU {EAVGAU’GG(’iUUX(:JC}f@{JU UU U —(.TXAQT-Z»
CCGCGCGGAGGOXUUUCAUAAUCCCGUUUXUC X -invdT
HOCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUTUUULUUU-
182 248 285 10U CHXAC-Z-CCGCGCGGAGGGRUTUUCAUAAUCCCGUUUXUCK-

invdT
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Where A, Cand U are 2’0OMe, X 18 2°0Ome G, G is 2’F G, Z 1s a 1,3-propanediolspacer, S18 is
hexacthylencglycol and -invdT is an fnverted dT residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash (-) is used to flank the linker,

Shown in Table 16, the extended version of 285, 285ex with an inverted T (SEQ [0 NO:
67} can be combined with aptamer 248 with an nverted T (SEQ 1D 172) using no intervening
linker (SEQ 13 NO: 183), a non-nucleotide linker comprised of a 3-carbon non-nucleotidy! 1,3~
propanediol spacer (2} {(SEQ ID 184), a non-nucleotide linker comprised of a hexaethylene glycol
spacer {818) (SEQ D NG 185), a nucleotide linker comprised of five 27OMe deoxyuridine
residues (SUY (S8EQ 1D NO: 186), or a nucleotide linker comprised of ten 2°0OMe deoxyuridine
residues (10U} (SEQ 1D NO: 187). The order of the aptamer domains is also varied (SEQ ID NOK:
188-192).

Table 16

SEQ 1D

NO SApt | 3Apt | Linker Sequence
67 WSex | ola o/a . __XC C?(AC'.Z' ; e s
CCGCOCGOAGGOXUUUCAUAAUCCCGUUUXUICK X C-invd T
172 248 n/a n/a XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-invd T
XCCXAC-Z-
183 28%ex | 248 none CCGCGCGGAGGOXUUUCAUAAUCCCGUUUXUCKXC-
XCXXUGGCAAAUGUGAGAUGGGUUXCCX C-iavdT
XCCXAC-Z-
184 283ex | 248 z CCGCGCGGAGGGXUVUCAUAAUCCCGUUUXKUCKXC-2-
XCXXUGGGAAAUGUGAGAUGGGUUXCCX CHinvdT
XCCXAC-Z-
183 28%¢x | 248 Si8 CCGCGUGGAGGGXUUUCAUAAUCCCGUUUXUCKXC-S18-
XCXXUGGGAAAUGUGAGAUGGCGUUXCCXC-invdT
XCCXAC-Z-

186 288¢x | 248 SU CCOGCGCGGAGGOGXUUUCAUAAUCCCGUUUXUCXX C-UTUUU-
XCXXUGGGAAAUGUGAGAUGGGUUXCCX Cuinvd T
XCCXAC-Z-
COGCGCGGAGGGXUTUCAUAAUCCCGUUUXUCXX C-
VULUUUTLUUU-XCXXUGGGAAAUGUGAGAUGGGUUXCOXC-
invdT
KCXXUGGGAAAUGUGAGAUGGRUUXCCXC-XCCXAC-Z-
CCGCGCOGGAGGGXUUUCAVAAUCCCGUUURUCKXC-invdT
KCXKXUGGGAAAUGUGAGAUGGGUUXCCKC-Z-XTCXAC-Z-
CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCKX C-invdT
XCXXUGGGAAAUGUGAGAUGGCUUXCCXC-S18-XCCXAC-Z-
CCGCGCOGCAGGGXUUUCAUAAUCCCGUUUXUCX X C-invd T
KCXKXUGGGAAAUGUGAGAUGGGUUXCCXC-UUUUY-

191 248 285ex SU XCCXAC-Z-
CCGOGCGGAGGGXUUUCAUAAUCCCGUUUXUCX X C-invd T
KCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUUUUUUUyUU-

192 248 285ex 10U XCCKXAC-Z-
CCGCGCOGAGOGGXUUUCAUAAUCCCOUUUXUCKX C-invdT
Where A, Cand U are 2'0OMe, X 18 2°Ome G, G is 2°F G, Z is a 1, 3-propancdiolspacer, 518 is
hexaethyieneglycol and ~invdT is an inverted d7T residoe. Sequences in bold indicate base pairs added to
stabilize a terminal stemn and a dash (-} is used to flank the linker,

187 283ex | 248 10U

188 248 285¢ex none

ige 248 | 288ex Z

198 248 | 288ex Si8
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Shown in Table 17, the extended version of 248, 248ex with an inverted T (SEQ ID NO:
193} can be combined with aptamer 285 with an inverted T (SEQ ID NO: $5) using no intervening
linker (SEQ 1D NO: 194), a non-nucleotide linker comprised of a 3-carbon non-nucleotidy! 1,3~
propanediol spacer (Z) (SEQ ID NO: 195), a non-nucleotide linker comprised of a hexaethylene
glycol spacer (818) (SEQ 1D NO: 196), a nucleotide linker comprised of five 2°OMe deoxyuridine
residues (S5U} (SEGQ 1D NO: 197y, or a nucleotide linker comprised of ten 2'OMe deoxvuridine
residues (10U} (SEQ 1D NO: 198). The order of the aptamer domains is also varied SEQ ID NOS:
196.203).

Table 17

SEQID

NO 5'Apt | ¥Apt | Linker Segquence

< , , CXAC-Z-CCGCQCGCAGGGXUUUCAUAAUCCCCUUUXUCK-
58 2858 n/a wa ivdT
193 248¢x | wa wa XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invd T

CXAC-Z-CCGCECGEAGGOXUUUCAVUAAUCCCGUUUXUCK-
KCXCXXUGGGAAAUGUGAGAUGGCGUUXCCXCXC-invdT
CXAC-Z-CCGCGCGGAGGGXUUUCAUAAUCCCGUITUXUCK-Z-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invdT
CXAC-Z-CCGCGCGCAGGGXUUUCAUAAUCCCGUUUXUCXK-
S18-XCXCXXUGGGAAAUGUGACGAUGGCUUXCCXCXC-invdT
CXAC-Z-CCGCGCGGAGGGXUUUTCAUAAUCCCGUUUXUCXK-

1%7 285 | 248ex St UUUUU-XCKCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-

194 285 248ex none

195 285 | 248ex Z

196 285 | 248ex Si8

invdT
CXAC-Z-CCGCGCGGAGGOXUDUCAVAAUCCCGUUUXUCK-
198 285 | 248ex | 10U Uguuuuduuy-
RCXCXXUGGGAAAUGUGAGAUGGQUUXCCXCX C-invd T
159 248ex | 285 none X(,XC(XU GGGA}AAAL{ GﬁJ G:’f;GAUGGGE_,f U X(L CXCXC ~C‘XA(?-Z—
CCGCGCGOAGGOXUUVUCAUAAUCCCGUUUXUCK -invdT
, " XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCRC-Z-CXAC-Z-
268 248¢x | 283 Z

CCGCGCCCAGOGXUUUCAUAAUCCCGUUUXUC K -invd T
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCKC-818-CXAC-
Z-CCGCGCGGAGGOXUVUCAUAAUCCCGUUUXUCK -invdT
RCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-UUUUU-

202 248ex | 288 U CXACZ-CCCCOCGCAGGGXUUUCAUAAUCCCQUUUXUCK-

261 248ex | 288 S18

invd T
XOCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-
283 248ex | 285 10U UUUUUUUUUU-CXAC-Z~

CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUC K vinvd T
Where A, Cand Uare 2’OMe, X is 2’'0Ome G, Gis 2’F G, Z1s a 1,3-propanediolspacer, S8 is
hexacthyleneglycol and ~-invdT is an inverted dT residue. Sequences io bold indicate base patrs added to
stabilize a terminal stem and a dash {(-) is used to flank the linker,

Shown in Table 18, the extended version of 285, 285ex with an inverted T (SEQ ID NO:
67) can be combined with the extended version of aptamer 2438, 248ex with an inverted T {SEQ

1D WNO: 193) using no intervening linker (SEQ D NO: 204), a non-nuclectide linker comprised of
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a 3-carbon non-nucleotidyl 1,3-propanediol spacer (2} (SEQ 1D 205), a non-nucleotide linker
comprised of a hexaethylene glycol spacer (S18) (SEG ID NO: 206), a nucleotide linker comprised
of five 2”0OMe deoxyuridine residues (SU) (SEQ 1D NO: 207), or a nucleotide linker comprised of
ten 2°OMe deoxyuridine residues (10U) (SEQ ID NO: 208). The order of the aptamer is also varied
{SEQ 1D NOS: 209213,

Table 18
Shﬁ?@ﬂ) 3 Apt | 3Apt | Linker Sequence
RCCKACE-
5 g P B . N N B . ~ .
67 | 2Sex | na | oa CCGCGCGOAGGOXUUUCAUAAUCCCGULUXUCKXCrnvd T
193 | 248ex | oa | oa XCXEXXUGGOAAAUGUGAGAUGGOUUNCCNCRC-ovdT
XOCRAC-Z-
204 | 285ex | 248ex | none COGCGOGOAGGGXULUCAUAALCCOGUUUXUCKKC-

XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCX C-invdT
XCCKAC-Z-
285 283ex | 248ex Z CCGCGUGGAGGGXUUUCAUAAUCCCGUUUXUCKX L -Z-
RCXCXXUGGOAAAUGUGAGAUGGQUUXCCXCX C-invd T
XCCXACZ-
286 283¢x | 248ex | SI8 CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCXXC-818-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCX C-invd T
XCCXAC-Z-
287 285ex | 248ex U CCGCGCGOAGGGXUUUCAUAAUCCCGUUUXUCKX C-UUUUU-
XCXCKXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-iovdT
XCCXAC-Z-
CCOCGCGGAGGGXUUUCAUAAUCCCGUUUXKUCKXC-
TCUUUUUuUUy-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCX C-invdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCHCKC-XCUXAL-
Z-CCGCGCGOAGGGXUUUCAUAAUCCCGUUUXUCKX CH-invdT
XCXCXXKUGGGAAAUGUGAGAUGGGUUXCCX X2~
216 248ex | 285ex V4 XCCKAC-Z-
CCGCGCGOAGGGXUUUCAUAAUCCCCGUUUXUCKXC-invdT
XCXCEXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-S18-
218 248ex | 28%ex | SI8 XCCXACZ-
CCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCKX C-invdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-UUUUU-
212 248ex | 283ex SU XCCXAC-Z-
CCGCOCGOAGGOXUUUCAUAAUCCCGUUUXUCK X C-invdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-
213 248ex | 28%ex | 10U UUUUUUUUUU-XCCXAC-Z-
CCGLGCGGAGGGXUUUCAUAAUCCCCGUUUXUCK X C-invdT
Where A, Cand U are 2°0OMe, X is 2°Ome G, G is 2°F G, Z is a 1.3-propanediolspacer. Si8is
hexacthyleneglycol and -invdT is an inverted 47 residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash (-) is used to flank the linker,

208 285ex | 248ex 10U

289 248ex | 283%ex none

Bispecific aptamer designs were extended to include other variants of aptamer 285 which
were identified during a selection in which the Loop 4 of the aptamer was randomized. Shown in
Table 19 are examples of bispecific aptamers sequences using anti-VEGF aptamer, aptamer 481
with an inverted T {SEQ ID NO: 99), and the anti-ILS aptamer, aptamer 248 with an inverted T
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{SEQ ID NO: 172) linked with no intervening Hanker (SEQ 1D NOG: 214), a non-nucleotide linker
comprised of a 3-carbon non-nucleotidyl 1,3-propanediol spacer (2) (SEQ ID 215), a non-
nucieotide linker comprised of a hexaethylene glycol spacer (S18) (SEQ ID NG: 216), a nucleotide
linker comprised of five 2’0OMe deoxyuridine residues (SU)} (SEQ ID NO: 217), or a nucleotide
linker comprised of ten 2"0Me deoxyuridine residues (10U) (SEQ H2 NG: 218). The order of the
aptamer domains is alse varied (SEQ ID NOS: 219-2233.

Table 19
SE . o
%\%}m S Apt | 3’Apt | Linker Sequence
89 481 n/a n/a CXACUCCGCGLGGAGGCUUGAGGUAGCCGUUUXUCK -invdT
i72 248 /i n/a XCXXUGGGAAAUGUGAGAUGGGUUXCCX C-invd T

CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK
KCXXUGGOAAAUGUGAGAUGGGUUXCCX C-avdT
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK -
XCXXUGGGAAAUGUGAGAUGGGUUXCCX CH-invdt
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCX-818-
NCXXUGGGAAAUGUGAGAUGGGUUXCCX C-invdT
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
UUUUU-XCXXUGGGAAAUGUCAGAUGGGUUXCCX C-invdT
CXACUCCGCGCGGAGGUUUGAGGUAGCCGUUUXUCK-
218 285 248 10U UUUUUUUUUU-XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-
invd T
KCXXUGGCAAAUGUGAGAUGGGUUXCCXKC-
CXACUCCGLOCGOAGGCUUGAGCGUAGCCGUUUXU CX anvdT
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-Z-
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK -invdT
KCXKXUGGGAAAUGUGAGAUGGGUUXCCXC-518-
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUU XU CX-invdT
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUYUU-
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXU CX-invdT
XKCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUUUUUUUUU-
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXU CX-anvdT
KCXXUGGCAAAUGUGAGAUGGGUUXCCXKC-
CXACUCCGLOCGOAGGCUUGAGCGUAGCCGUUUXU CX anvdT
Where A, Cand Uare 270Me, X is 2’Ome G, Gis 2’F (G, Z 15 a 1,3~-propanediolspacer, Si8 is
hexacthyieneglycol and -invdT is an inverted dT residue. Sequences in bold indicate base pairs added to
stabilize a torminal stem and a dash (-} is used to flank the linker.

214 481 248 none

215 481 248 V4

216 481 248 Si8

207 481 248 su

218 248 481 none

228 248 481 Z

221 248 481 Si8

222 248 481 518

223 248 481 10U

Shown tn Table 28, an extended version of aptamer 48, 481ex with an inverted T (SEQ ID
NO: 110} that contains two additional base pairs to stabilize the closing stem is combined with
aptamer 248 (SEQ ID NO: 172) using no intervening linker (SEG ID NO: 224), a non-nucleotide
finker comprised of a 3-carbon non-nuclectidyl 1,3-propanediol spacer (Z} (SEQ 1D NO: 225), a
non-nucieotide linker comprised of a hexacthviene glycol spacer (818) (SEGQ ID NO: 226), a
nucleotide linker comprised of five 2°OMe deoxyuridine residues (5U) (SEQ 1D NOG: 2273, or a

nucleotide linker comprised of ten 2" OMe deoxyuridine residues (10U} (SEG 1D NO: 228). The
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order of the aptamer domains is also varted (SEQ 1D NOS: 229-233).

Table 20
SF%?QID FApt | 3Apt | Linker Sequence
) ; ’ KCCXACUCCGCGUGGAGGCUUGAGGUAGCCGUUUXUCKK -
118 48%ex | wa n/a avdT
172 248 n/a n/a XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-invd T
224 AStex | 248 qone XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCXXC-
i XCXXUGGGAAAUGUGAGAUGGOUUXCCX CrinvdT
335 i8tex | 248 > XCCXACUCCOCGOGGAGGCUUGAGGUAGCCGUUUXUCKXC-
o Z-XOXXUGGGAAAUGUGAGAUGGGUUXCCX C-invd T
226 i81ex | 248 518 XLCXACUCCGCOCGGAGGCUUGAGGUAGCCGUUUXUCXXC-
B i | S18-XCXXUGGGAAAUGUGAGAUGGQUUXCCXC-nvdT
297 AStex | 248 sU XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCXXC-
“ i ~ . VUUUU-XCXXUGGGAAAUGUGAGAUGGGUUXCOXC-invdT
XCCXACUCCGLGCGGAGGCUUGAGGUAGCCGUUUXRUCXXC-
228 48iex | 248 10U UUUUUUUUUU-XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-
invdT
XOCXXUGGGAAAUGUGAGAUGGGUUXCCXC-
225 248 | 48%ex | nonc XCCXACUCCOCGOGGAGGCUUGAGGUAGCCGUUUXUCKXC-
invdT
KCXKXUGGGAAAUGUGAGAUGGGUUXCCXC-2-
236 248 | 48%ex V4 KCCXACUCCGCGUGGAGGCUUGAGGUAGCCGUUUXUCXXC-
nvd T
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-818-
234 248 | 48%ex S18 XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCXXC-
nvd T
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUUUU-
232 248 | 483ex SU KCCXACUCCGLGCGGAGGCUUGAGGUAGCCGUUUNUCXXC-
invdT
KCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUUUULUUUL-
233 248 | 48iex 10U XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUU U XUCKXC-
invdT

Where A, Cand Uare 27OMe, X is 2’0o G, Gis 2’F G, £ is a | 3-propanediolspacer, SIS is

hexacthyleneglycol and -invdT is an inverted 47 residue. Sequences in bold indicate base pairs added to

stabilize a ferminal stew and a dash (-} is used 1o flank the linker,

Shown in Table 21, the extended version of 248, 248ex with an inverted T (SEQ 1D NO:
193} 13 combined with aptamer 481 with an inverted T (SEQ ID NO: 99} using no intervening
Hinker (SEQ 1D NO: 234), a non-nucleotide linker comprised of a 3-carbon non-nucleotidyl 1,3-
propanediol spacer (Z) (SEQ 1D NO: 235}, a non-nucleotide linker comprised of a hexaethvlene
glycol spacer (S18} (SEQ 1D NG: 236), a nucleotide linker comprised of five 2" OMe deoxyuridine
residues (SU) (SEQ 1D NO: 237), or a nuclectide linker comprised of ten 2°OMe deoxyuridine
residues (10U) (SEQ 1D NO: 238). The order of the aptamer domains is also varied (SEQ D NOK:

239-243).
Table 21
SF%?OIB S Apt | 3Apt | Linker Sequence
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99 481 n/a n/a CXACUCCGCGCGUAGGCUUGAGGUAGCCGUUUXUCK -invdT
143 248ex | wa wa XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCX C-invd T

CXACUCCOCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
KCXCXXUGGGAAAUGUGACGAUGGCGUUXCCXCXC-invdT
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUTUXUCK -Z-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invd T
CXACUCCGCGCOCOAGGCUUGAGGUAGCCGUUUXUCK-SIES-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-iovdT
CXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
237 481 | 2d8ex a1} UUUUU-KCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-

234 481 248ex none

235 481 | 248ex z

236 481 | 248ex Si8

invd ¥
CXACUCCGCGLGGAGGCUUGAGGUAGCCGUUUXUCK-
238 481 | 248ex 10U UUUUUUUUUL-

RCXCXXUGGOAAAUGUGAGAUGGGUUXCCXCX C-invdT
KCXXUGGGAAAUGUGAGAUGGGUUXCCXC-
238 248ex | 481 none KCCHACUCCGCOGCGGAGGCUUGAGGUAGCCGUUUXUCXXC-

nvd T
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-Z-
240 248ex | 481 Z XCCXACUCCGLCGCGCAGGCUUGAGGUAGCCGUUUNUCKXC-
invdT

XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-518-

241 Z48¢ex | 481 Si8 XCCXACUCCGCGLGGAGGCUUGAGGUAGCCGUUUXUCKXC-
invdT

KCXKXUGGGAAAUGUGAGAUGGGUUXCCXC-UTUUU-

248ex | 481 U XCCXACUCCGCGOGGAGGCUUGAGGUAGCCGUUUXUCKXC-

invd T

XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUUuyUUUYUU-

243 248ex | 481 10U XCCXACUCCOCGLGGAGGCUUGAGGUAGCCQUUUXUCXXC

wnvd T

Where A, Cand Uare 270Me, X is 2’Ome G, Gis 2’F (G, Z 15 a 1,3~-propanediolspacer, S18 is
hexacthyieneglycol and ~invdT is an inverted dT residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash {-) s used to flank the linker,

[
g
hs)

Shown in Table 22, the extended version of 481, 481ex with an inverted T {(SEQ ID NO:
110} is combined with the extended version of aptamer 248, 248ex with an inverted T (SEQ ID
NO: 193} using no intervening lnker (SEQ 1D NO: 244}, a non-nucleotide linker comprised of a
3-carbon non-nucleotidyl 1,3-propanediol spacer (Z) {(SEQ ID NG: 243), a non-nucleotide linker
comprised of a hexaethylene glycol spacer (518} (8EQ ID NO: 246), a nuclectide linker comprised
of five 2”0OMe deoxyuridine residues (53U} (SEQ ID NG: 247), or a nucleotide linker comprised of
ten 2°(OMe deoxyuridine residues (10U) (SEQ 1D NG: 248). The order of the aptamer domains is
also varied (SEQ ID NOS: 249-253).

SE]\%H} SApt | 3Apt | Linker Sequence
119 ftex | ol o/a XCCXACUCCGLGC GGAGG(;EESAGGUAGCCGUUUXUCXXC -
193 248ex | wa 1/a XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCEC-invd T
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XCCKXACUCCGCGCOCAGGCUUGAGGUAGCCCUULUXUCKX -
XCXCXXUGGCGAAAUGUGAGAUGGGUUXCCXCRC-1nvdT
XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-
Z-XCKCXXKUGGGAAAUGUGAGAUGGGUUXCCXCXC-invd T
XCCXACUCCOCGCGGAGGLCUUGAGGUAGCCGUUUXUCKEL-
SIS-XCXCXXUGGCAAAUGUGAGAUGGGUUXCCXCXC-invdT
XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-

247 48%ex | 248ex U DUUUU-XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-

244 48%ex | 248ex [one

248 48%ex | 248ex Z

246 483ex | 248ex S8

invd T
XCCXACUCCGCOCOCAGGCUUGAGGUAGCCCUUUXUCKXC-
248 48%cex | 248ex igu UUUJUUULUUUU-

XCHCKXXUGGGAAAUGUGAGAUGGGUUXCCNCX C-iovdT
XCXCKXUGGGAAAUGUGAGAUGGGUUXCCXCXC-
249 248¢x | 481ex | nome | XCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-
invdT
XX CXFUGGGAAAUGUGAGAUGGGUUXCCXCXC-
258 248ex | 481ex Z XCCXACUCCOCCGCGGAGGLUUGAGGUAGCCGUUUXUCKXC-
wvd{
XOCXCHXUGGGAAAUGUGAGAUGGGUUXCCXCXC-
251 248ex | 481lex | Si8 XCCXACUCCGCGUGGAGGCUUGAGGUAGCCGUUUXUCXXC-
wvd T
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-UUTUU-
252 248ex | 481ex 5U KCCXACUCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-
invdT
XCXCKXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-
UUULuuuuUy-
XCCXACUCCGCGCOGGAGGCUUGAGGUAGCCGUUUXUCXXC-
invdT
Where A, Cand Uare 2°0OMe, X is 2’0Ome G, Gis 2’F G, Z is a 1, 3-propanediolspacer, S18 is
hexaethylensglycol and -invdT is an inverted &7 residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash () is nsed to flank the linker,

253 248¢x | 481ex s

Aptamer 628 (SEQ ID NO: 141) 15 a variant of aptamer 481 in which the U at position §
relative to the start of aptamer 285 has been replaced with a Z nouv-nucleotidyl linker. Shown in
Table 23 are examples of bispecific aptamers sequences generated using anti-VEGF aptamer,
aptamer 628 with an inverted T (SEQ ID NO: 141), and the anti-IL3 aptamer, aptamer 248 with
an inverted T {(SEQ 1D NO: 172) linked with no intervening linker (SEQ 1 NO: 254), a non-
nuclectide linker comprised of a 3-carbon non-nuclectidyl 1,3-propanediol spacer (Z) (SEQ 1D
NO: 255}, a non-nuciectide linker comprised of a hexaethylene glycol spacer {818} (SEQ ID NG:
2563, a nucleotide linker comprised of five 2°OMe deoxyuridine residues (SU)Y (SEQ ID NO: 2573,
or a nucleotide linker comprised of ten 2"0OMe deoxyuridine residues (10U} (SEQ 1D NO: 258).

The order of the aptamer domains is also varied (SEQ ID NOS: 259-263).

Table 23
S
- E]\%;B 3Apt | 3’Apt | Linker Sequence
141 628 n/a wa CXAC-Z-CCGCGCGCAGCCUUCAGCGUAGCCGUUUXUCX -nvdT
172 248 wa wa XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-invdT
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. CXAC-Z-CCOCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
254 628 248 a0ne O g e N T TN ST e 4T
XKCXXUGGGAAAUGUGAGAUGGGUUXCCX CoinvdT
55 628 348 7 C}’\’AC,?Z —CC(_}(.‘, GOGGA GG‘C“U U GAGGU A;GC‘C—GU E*UNU CX-Z-
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-invdT
256 628 248 518 CXAC'LCCGCGCGGAGGC;’U UGAC{GUAQ CCGUUUXUC?GS i8-
- KCXXUGGGAAAUGUGAGAUGGGUUXCCXC-invdT
257 678 248 50 C \AQ».Z» C C(}‘()fGFGGAGGC Uu GA_ GGU AG_CCG?J U UXU CX» ‘
VUUUU-XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-invd 1
CXAC-Z-CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
258 628 248 iU UUUUUUUUUU-XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-
invdT
239 248 628 none }x()b\{ GGGAP}A U ('%U G A{: AU(;G(JL U /\CQ XCACXAC-Z-
CCGUGCGGAGGCUUGAGGUAGCCGUUUXUCK -invdT
260 248 628 7 XCXKUGGGAAAUG{JG AGAUGGGUUXC C?(C—Z—CXAC—Z-
CCGCGCGGAGOCUUGAGGUAGCCGUUUXNUCK -nvd T
261 748 &28 518 XC?Q(UG_GGA_AAU G-U GAGA UG f’&G Uy XC‘CX (,-Es i 8i§?XA C.“Z“
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK -invd T
262 248 638 SU KCXKU GGGAA ‘x UGUGAG AU GGC}‘U UXCCXGUU}FUU@XA C-Z-
CCGCGCOGAGGCUUGAGGUAGCCOUUUXUCK -invdT
263 248 628 10U ,\(,\XU G KIC}G_AAAU GUGAG‘AUGGG U U;XC CX‘C -K;U ULULULUL~
CXAC-Z-CCGLGCGGAGGCUUGAGGUAGCCGUUUXUCK nvd T

Where A, Cand U are 270OMe, Xis 2'0me G, Gis 2°F G, £ is a 1 3-propancdiolspacer, S18 is
hexacthyleneglyeol and -tnvdT is an inverted dT residue. Sequences in bold indicate base pairs added o
stabilize a terminal stem and a dash {+) is used to flank the linker.

Shown in Table 24, an extended version of aptamer 628, 628ex with an inverted T (S8EQ
1D NO: 152 that contains two additional base pairs to stabilize the closing stem is combined with
aptamer 248 with an inverted T (SEQ D NO: 172) using no intervening linker (SEQ 1D NOG: 264),
a non-nucleotide linker comprised of a 3-carbon nov-nucleotidy] 1,3-propanediol spacer (Z) {(SEQ
I NG 265), a non-nucleotide linker comprised of a hexasthylene glyeol spacer (818) (SEQ 1D
N 266}, a nucieotide linker comprised of five 2°0Me deoxyuridine residues (SU) (SEQ 1D NO:

267), or a nucleotide linker comprised of ten 2°0OMe deoxyuridine residues (10U} (SEQ ID NO:

268). The order of the aptamer domains is also varied (SEQ ID NOS: 269-273).

Table 24
ﬁ’F}\%}lﬂ 5'Apt | 3Apt | Linker Sequence
152 $28ex n/a o/a CXAC-Z-CCOGCGCCCAGGCUUGAGOUAGCCGUUUXUC X -nvdT
172 248 w/a wa XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-invdT
XECCKAC-Z-
264 628ex | 248 none CCGCGCQGAGGCUUGAGGUAGCCGUUUXUCKXLC-
KCXKXUGGGAAAUGUGAGAUGGGUUXCCXC-invdT
XCCXAC-Z-
265 628ex | 248 Z CCGCGCGGAGGLUUGAGGUAGCCGUULXUCXXLC-Z-
KCXXUGGGAAAUGUGAGAUGGGUUXCCX CainvdT
XCCXAC-Z-
266 628ex 248 Sig CCGCGCGGAGOCUUGAGGUAGCCGUUUXLCXXC-S 18-
XCXNUGGGAAAUGUGAGAUGGGUUXCCX C-invdT
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XCCXAC-Z-

267 628e¢x | 248 SU CCGCGUGGAGGCUUGAGGUAGCCGUUUXUCKXXC-UUUUU-
XOXXUGGGAAAUGUGAGAUGGGUUXCCX C-invdT
XLCCXAC-2Z2-
268 628ex 348 10U 7 CCGC GCGGA_G GCU_U GAGGUAGCCGUUUXU (‘)&)\(—
i CUUDUUUUUUXCXXUGGGAAAUGUGAGAUGGGUUXCCXC-
invdT
369 348 628ex Hore KCXXUGGGAAA UG[{GAGAU GOGUUXCCXC-XC CXAC—Zn
CCGCOCGGAGGCUUGAGGUAGCCGUUUXUCKX C-iovdT
270 248 628ex 7 X LXX U GE}G AAAL (_1' U GAGAU G G{}U -U X C?XC —,£~‘(( C}:{ACTZ—
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUUX X C -nvd T
271 24% 628ex $18 XOCXXUGGGAAAUGUGAGAUGGGUUXCCXC-S18-XCCXAC-Z-

CCGCGCGGAGGCUUGAGCUAGCCCUUUXUCKXC-invdT
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUUUU-

272 248 | 628ex SU XCCXACZ-
CCGCGLGGAGGCUUGAGGUAGCCGUUUXUCKX C-invdT
XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-UUULUUUUUUU-

273 248 | 628ex 104 XCCXAC-Z-
CCGCCCGGAGGCUUGAGGUAGCCGUUUXUCXX C-invdT
Where A, Cand U are 2°0OMe, X 1 2’Ome G, Gis 2°F G, Z is a 1,3-propanediolspacer, 518 is
hexaethyleneglycol and -invdT is an inverted d7 residoe. Sequences in bold indicate base pairs added (o
stabilize a terminal stewn and a dash (<) is used 1o flank the linker,

Shown in Table 25, the extended version of 248, 248ex with an inverted T (SEQ ID NO:
193} is combined with aptamer 628 with an inverted T (SEQ ID NO: 141) using no intervening
finker (SEQ ID NO: 274}, a non-nucleotide linker comprised of a 3-carbon non-nucleotidy] 13-
propanediol spacer {(Z) (SEQ ID NO: 275), a non-nuclectide linker comprised of a hexaethylene
glycol spacer (818) (SEQ ID NGO: 276), a nucleotide linker comprised of five 2°OMe deoxyuridine
residues (SU) {(SEG ID NO: 2773, or a nucleotide linker comprised of ten 2'OMe deoxyuridine
residues (1000) (SEQ ID NO: 278} The order of the aptamer domains is also varted (SEQ ID
N{S:279-283).

Table 28

SE]\%IB 5*Apt | 3Apt | Linker Seguence
141 618 /s n/a CXAC-Z-CCGLGCGGAGGCUUGAGGUAGCCGUUUXUCX AnvdT
193 248ex wa na REXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invd T

CXAC-Z-CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK-
KCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invdT
CXAC-Z-CCGCGCGGAGCCUUGAGCGUAGCCGUUUXUCK-Z-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCRC-1ovdT
CXAC-Z-CCGCGCGOGAGGCUUGAGGUAGCCGUUUXUCK-S818-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCX C-invdT
CXAC-Z-COGCGCGCAGGCUUCGAGGUAGCCOUUUXUCK-
27 628 | 248ex 50U UUUUU-XCXCXXUGGGAAAUGUGAGAUGGCOUUXCCXCXC-

274 628 248¢x none

273 628 | 248ex Z

276 628 | 248ex S18

invdT
CXAC-Z-CCGCGLCGCAGGCUUGAGGUAGCCCUUUXUCK-
278 628 | 248ex | 10U UUuvuuUuULy-

KCXCXXUGGGAAAUGUGAGAUGCGCUUXCCXCXC-invd T
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XCXXUGGGAAAUGUGAGAUGGGUUXCCXC-CXAC-Z-
CCGOGCGGAGGCUUGAGGUAGCCGUUUXUCK -invdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-Z2-CXAC-2-
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUC K sinvdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-S18-CXALC-
Z-CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK -invd T
XXCXCXACAXUAXAUTAUGGGCAGUGUGACCKCXCCXC-

282 248ex | 628 30U UUUUU-CXAC-Z-
CCGLGCGGAGGUUUGAGGUAGCCGUUUXUC X AnvdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCN X -
283 248¢x | 628 10U UUUUUUUUUU-CXAC-Z-
CCGOGCGGAGGCUUGAGGUAGCCGUUUXUCK -invdT
Where A, Cand U are 2°0OMe, X 18 2°0Ome G, G 18 2’F G, Z1s a 1 3-propanedicispacer, S18 is
hexacthylencglycol and -invdT is an inverted d7T residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash (-} is used to flank the linker,

278 248ex 628 [one

280 Z48ex | 628 Z

281 248ex | 628 S18

Shown in Table 26, the extended version of aptamer 628, 628ex with an inverted T (SEQ
1D NO: 152) is combined with the extended version of aptamer 248, 248ex with an inverted T
(SEQ ID NO: 193) using no intervening linker (SEQ ID NO: 284), a non-uucleotide linker
comprised of a 3-carbon non-nucleotidyl 1 3-propanediol spacer (Z) (SEQ D NO: 285), a non-
nucleotide linker comprised of a hexaethylene glycol spacer (S18) (SEG 1D NO: 286), a nucleotide
linker comprised of five 2’0OMe deoxyuridine residues (SU) (SEQ 1D NO: 287), or a nucleotide
hnker comprised of ten 2”0OMe deoxyuridine residues (10U)Y (SEQ ID NO: 288} The order of the

aptamer domains is also varied (SEQ 1D N(OS:289-293).

Table 26
Mi‘l\{%iﬂ FApt | 3Apt | Linker Sequence
152 $28ex | ola o/a XCCXACZ- o
CCGCOCOGAGGCUUGAGOUAGCCOUUUXUCKXC-invdT
193 248ex | wa | wa XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCRCanvdT
XCCXACZ-
284 | 628ex | 248ex | rone CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invdT
XCCXAC-Z-
285 | 628ex | 2M48ex | Z CCGCGCGGAGGCUUGAGGUAGCCGUULXUCKXC-Z-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invd T
XCCXACZ-
286 | 628ex | 248ex | SI8 CCGCGOGGAGGCUUGAGGUAGCCGUUUXUCKXC-518-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-invdT
XCCXAC-Z-
287 | 628¢x | 248ex | SU | CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCKXC-UULUU-
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCAC-invdT
XCCXACZ-
- COGCGCGGAGGCUUGAGGUAGCCGUUTUXUCKXC-
W8 6%ex | 2Bex | 10U UUUUUUUUUL-
XCXCXXUGGOAAAUGUGAGAUGGGUUXCCXCXC-invdT
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XCXCXXUGGGAAAUGUGAGAUGGGUUXCOXCXC-XCCXAC-
Z-CCGCOCGOAGGCUUGAGGUAGCCGUUUXUCK X C-avdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-XCCXAL-
Z-CCGCGCGGAGGCUUGAGGUAGCCGUUUXU KA CHnvdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCXCXC-XCCXAL-
Z-LCGCGCOGAGCCUUGAGCGUAGCCGUUUXUCKXC -invd T
XCXCXKUGGGAAAUGUGAGAUGGGUUXCCXCXC-UUUTY-

292 248ex | 628ex 30U XCCXAC-Z-
CCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK R C-invdT
XCXCXXUGGGAAAUGUGAGAUGGGUUXCCN X -

293 248¢x | 628ex 10U UUUUUUUUUU-XCCXAC-Z-
CCGCGLGOACGCUUGAGGUAGCCCUUUXUCXXC-invdT
Where A, Cand U are 2°0OMe, X 18 2°0Ome G, G 18 2’F G, Z1s a 1 3-propanedicispacer, S18 is
hexacthylencglycol and -invdT is an inverted d7T residue. Sequences in bold indicate base pairs added to
stabilize a terminal stem and a dash (-} is used to flank the linker,

28% 248ex | 628ex [one

280 Z48ex | 628ex Z

291 248ex | 628ex S8

1iE. Tarcet Molecules

The aptamers and bispecific aptamers disclosed herein are capable of specifically binding
one or more target molecules.

In one embodiment, a bispecific aptamer is disclosed having a first binding molety and a
second binding moiety, wherein the first and second binding moieties bind to different target
molecules or antigens. o certain embodiments, the target wolecules are proteins and more
particularly, selected from the group consisting of VEGF, IL8 and Ang-2.

A, Vascular Endothelial Growth Factor (VEGF)

VEGFEF-A is thought to be the most significant regulator of angiogenesis in the VEGF
family. VEGF-A promotes growth of vascular endothelial cells which leads to the formation of
capillary-like structures and may be necessary for the survival of newly formed blood vessels.
Vascular endothelial cells are thought to be major effectors of VEGF signaling. Retinal pigment
epithelial (RPE) cells may also express VEGF receptors and bave been shown to proliferate and
migrate upon exposure to VEGF. In addition, VEGF is thought to play roles beyond the vascular
systern. For example, VEGF may play roles in normal physiological functions, including, but not
limited to, bone formation, hematopoiesis, wound healing, and development. In various aspects,
the bispecific compositions provided herein include aptamers that bind to VEGF-A, thercby
inhibiting or reducing angiogenesis, e.g., by inhibiting or preventing growth of vascular
endothelial cells, retinal pigment epithelial cells, or both. In certain embodiments, the bispecific
compositions provided herein may prevent or reduce binding or association of VEGF-A with a
YEGF receptor (e.g., Flt-1, KDR, Nrp-1) expressed on vascular endothelial cells, retinal pigment

epithelial cells, or both.
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The VEGF family includes VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F,
and placental growth factor (PIGF). The aptamers within the bispecific aptamers disclosed herein
primarily bind to variants and tsoforms of VEGF-A. In certain embodiments, such aptamers may
also bind to one or more of VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and PIGF.
Transcription of VEGF mRNA may be upregulated under hypoxic conditions. Furthermore,
various growth factors and cytokines have been shown to upregulate VEGEF mRNA expression,
including, without Himitation, epidermal growth factor (EGF), transforming growth factor-alpha
(TGF-w), transforming growth factor-beta (TGF-), keratinocyte growth factor (KGF), insulin-like
growth factor-1 (IGF-1), fibroblast growth factor (FGF), platelet-derived growth factor (PDGF),
interfeukin 1-alpha (IL-1-o}, interleukin-¢ (IL-0), and interfeukin-8 (IL.8). VEGF-A is thought to
play a role in various ocular diseases and disorders such as, but not limited to, diabetic retinopathy
(DR), retinopathy of prematurity (ROP), retinal vein occlusion (RVQ), branch retinal vein
occlusion (BRVQ), central retinal vein occlusion {CRVQ), choroidal neovascularization (CNV),
digbetic macular edema (DME), macular edera, neovascular (or wet) age-related macular
degeneration {nAMD or wAMD), myopic choroidal neovascularization, polypoidal choroidal
vasculopathy (PCV), punciate inver choroidopathy, presumed ocular histoplasmosis syndrome,
familial exudative vitreoretinopathy, and retinoblastoma.

In certain embodiments, the bispecific compositions provided herein may be used to treat
an ocular disease or disorder involving one or more factors that upregulate VEGF-A expression
and/or activity, including, but not limited to, hypoxic conditions; a growth factor such as EGF,
TGF-, TGE-B, KGF, IGF-1, FGF, or PDGF; and a cytokine such as H-1-g, 116, and ILE In
certain ernbodiments, the bispecific compositions provided herein may be used to treat an ocular
disease or disorder selected from the group consistivg of diabetic retinopathy (DR), retinopathy
of prematurity (ROP), retinal vein occlusion (RYV O}, branch retinal vein occlusion (BRVQ), central
retinal vein occlusion (CRV(), choroidal neovascularization (CNV), diabetic macular edema
(DME), macular edema, neovascular {or wet) age-related macular degeneration (nAMD or
wAMD), myopic choroidal neovascularization, polypoidal choroidal vasculopathy (PCV),
punctate inner choroidopathy, presumed ocular histoplasmosis syndrome, familial exudative
vitreoretinopathy, radiation retinopathy and retinoblastoma. The gene for human VEGF-A
contains eight exons and encodes at least 16 isoforms. The most common isoforms generated by

alternative splicing mechanisms are VEGF-Au, VEGF-Awss, VEGF-Ause, and VEGF-Axs. Of
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these, VEGF-Ajes, VEGF-Ajze, and VEGYF-Az0s each contain a C-terminal heparin binding domain
(HBD}. In contrast, VEGF-Aix lacks a heparin-binding domain. Furthermore, plasiuin activation
may result in proteclvtic cleavage of VEGEF-Azes, VEGE-Aiss, and VEGF-Aas, resulting in the
release of the soluble VEGF-Aj o variant, which also lacks a heparin-binding domain. In various
aspects, the bispecific compositions provided herein may be comprised of at least one aptamer or
aptamer domain that binds to and inhibits a function associated with one or more VEGF-A
isoforms or variants. For example, the aptamers provided herein may bind to and inhibit a function
associated with one or more of VEGF-Ain, VEGF-Ai, VEGF-Aues, VEGF-Auze, and VEGF-
Azcs. In certain embodiments, the bispecific compositions provided herein may be comprised of
at least one aptamer or aptamer domain that are pan-variant specific aptamers. In certain
embodiments, a pan-variant specific aptamer or aptamer domain is disclosed that binds to each of
VEGF-Ans, VEGE-An, VEGF-Ass, VEGF-Ausy, and VEGF-Aze. In certain embodiments, the
bispecific compositions provided herein may be comprised of at least one aptamer or aptamer
domain that binds to a structural feature that is common 1o each of VEGF-Ai, VEGF-Aun,
VEGF-Auss, VEGF-Aurs, and VEGF-Ans. For example, the aptamers provided herein may bind
to the receptor binding face, or a portion thereof, of each of VEGF-Are, VEGF-A1n, VEGF-Aqgs,
VEGF-Aues, and VEGF-Aze. In certain embodiments, the bispecific aptamers provided herein
may be comprised of at least one aptamer or aptamer domain that binds to the receptor binding
domain, or a portion thereof, of each of VEGF-Aune, VEGF-A1n, VEGF-Ates, VEGF-Ause, and
VEGF-Axos. certain embodiments. In certain embodiments, the bispecific compositions provided
herein may be comprised of at least one aptamer or aptamer domain that binds to a structural
feature of VEGF-A other than the heparin binding domain found in VEGF-Ajes, VEGF-Ase, and
VEGF-A206.

VEGY-A is known to interact with the receptor tyrosine kinases VEGFR1 (also known as
Flt-1), VEGFR2 (also known as KIDR or Flk-1)}, and Neuropitin-1 (Nip-1). Nip-1 is thought to be
a co-receptor for KDR. VEGF receptors have been shown to be expressed by endothelial cells,
macrophages, hematopoietic cells, and smooth ruscle cells. KDR is a class [V receptor tyrosine
kinase that binds 2:1 to VEGF-A dimers. Flt-1 is a receptor tyrosine kinase that binds to VEG¥-
A with a 3-10-fold higher affinity than KDR, and has also been shown to bind to VEGF-B and
PIGK. Flt-1 expression may be upregulated by hypoxia, and its affinity for VEGF-A has been

proposed as a negative regulator of signaling by KR by acting as a decoy receptor. An alternative
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splicing variant of Flt-1 results in a scluble variant of the receptor (sFlt-1) which has been
suggested to act as an anti-angiogenic sink for VEGF-A. Association of VEGF-Aies with KDR
may be enhanced by the interaction of the heparin binding domain with co-receptor Nrp-1, which
may enhance downstream signaling of KIDR. Nrp-1 also has strong affinity for Flt-1, which may
prevent Nrp-1 association with VEGF-Aies and may be a secondary regulatory mechanism for
YEGF-A induced angiogenesis.

In certain embodiments, bispecific compositions provided herein moay be comprised of at
least one aptamer or aptamer domain that binds to one or more isoforms or variants of VEGF-A|
and may prevent ot reduce binding or association of VEGF-A with a VEGF receptor. Forexample,
bispecific compositions provided hersin may prevent or reduce binding of one or more isoforms
or variants of VEGF-A with Flt-1, KDR, Nrp-1, or any combination thereof. In certain
embodiments, bispecific aptamers provided herein may be comprised of at least one aptamer or
aptamer domain that may prevent or reduce binding of one or more of VEGF-Auwg, VEGF-Auzy,
YEGF-Auss, VEGF-Auss, and VEGF-Axus to one or more of Fit-1, KDR, and Nrp-1. In a particuiar
embodiment, bispecific compositions provided herein may be comprised of at least one aptamer
or aptamer domain that prevents or reduces binding of one or more isoforms or variants of VEGE-
A to KDR. In certain embodiments, the bispecific composition may be comprised of at least one
aptamer or aptamer domain that are pan-variant specific aptamers that bind to each of VEGF-Auo,
YEGF-Awn1, VEGF-Aes, VEGF-Ass, and VEGF-Aws, and reduce or prevent binding or
association thereof with one or more of Flit-1, KDR, and Nrp-1.

In one embodiment, an amino acid sequence of human VEGF-Axe may comprise the
following sequence;
APMAEGGGONHHEVVEFMDVYQRSYCHPIETLVDIFQEYPDEIEYIFKPSCVPLMR GG
CONDEGLECVPTEESNITMOIMRIKPHOQGQOHIGEMSFLOHNKCECRPKKDRARQEKKSY
RGKGRKGOKRERKKSRYKSWSVYVGARCCLMPWSLPGPHPCGPCSERRKHLFVQDPQT
CKCSCEKNTDSRCKARQLELNERTCRCDKPRR (SEQ 1D NG: 294).

In one embodiment, an amino acid sequence of human VEGF-Ase may comprise the
following sequence:
APMAEGGGONHHEVVKFMDVYQRSYCHPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGG
CONDEGLECVPTEESNITMQOQIMRIKPHOQGOQHIGEMSFLOHNK CECRPRKKDRARQEKKSY
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RGKGKGOKRKRKKSRYKSWSYPCGPCSERRKHLFVQODPQTCKCSCKNTDSRCKARQL
ELNERTCRCDKPRR (SEQ ID NGO: 295)

fn one embodiment, an amino acid sequence of human VEGF-A165 may comprise the
following sequence:
APMABRGGGONHHEVVKFMDVYQRSY CHPIETLVDIFQEYPDEIEYTFKPSCVPLMRCGG
CONDEGLECVPTEESNITMQIMRIKPHQGOHIGEMSFLOHNKCECRPKKDRARQENPCG
PCSERRKHLFVODPQTCKCSCKNTDSRCKARGLELNERTCRCDEPRR (SEQ ID NO: 2963,

In one embodiment, an amino acid sequence of human VEGF-Aw: may comprise the
following sequence:
APMABGGGONHHEVVKFMDBVYQRSYCHPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGG
CCNDEGLECVPTEESNITMOQIMRIKPHQGQHIGEMSFLOHNKCECRPKKDRARQEKCDK
PRR {(SEQ 1D NGO 297}

In one embodiment, an amino acid sequence of human VEGF-Ance may comprise the
following sequence:
APMAHRGGGONHHEVVKFMDVYQRSYCHPIETLVIIFQEYPDEIEYIFKPSCVPLMRCGG
CCONDEGLECYPTEESNITMOIMRIKPHOGQHIGEMSFLOHNKCECRPEKDR (SEQ 1D NO:
298).

Where the aptamer, bispecific aptamer or composition disclosed herein inhibits the
function of VEGF, the inhibiticn may be complete or partial. In certain embodiments, the
inhibition is at feast 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at feast 45%, at least 50%, at least 55%, at least 60%, at feast 65%, at least 70%,

at least 75%, at least 80%, at least 85% at least 90%, at least 95% or at least 100%.
B. Imterlenkin-8 (IL8)

Interfenkin-8 (IL§; also known as chemokive (C-X-C wotif) ligand § ({CXCLB)), is a
chemokine that may be involved in acute and chronic inflammation as well as various human
malignancies. L8 may function by being secreted nto the extracellular space and by binding to
membrane-bound receptors; as such, the compositions and methods of the disclosure may prevent
or reduce binding of IL8 to such membrane-bound receptors. ILS may be secreted by a number of
different cell types, inchuding, but not imited to, monocyies, macrophages, neutrophils, epithelial
cells, endothelial cells, tumors cells, melanocytes, and hepatocytes. In the eye, ILS may be
secreted by, for example, retinal pigment epithelial cells, Milller cells, corneal epithelial celis,
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corneal fibroblasts, conjunctival epithelial cells, and uveal melanocytes. IL8 is upregulated in
response tissue damage and a number of other stimuli including hypoxia and oxidative stress,
advanced glycation end products, high ghicose and complement. 118 and its receptors may also be
upregulated in a surgically induced model of proliferative vitreoretinopathy (PVR). Accordingly,
the bispecific aptamer compositions comprised of at least one aptamer or aptamer domain of the
disclosure may bind to 1L8 after it has been secreted by various cell types.

IL§ is a member of the CXC family of chemokines and may be closely related to GRO-a
(also known as CXCL1) and GRG-B {also known as CXCLZ). In certain embodiments, the
bispecific aptamers are comprised of at least one aptamer or aptamer domain that selectively binds
to 1.8, In certain embodiments, the aptamers may have little to no binding affinity for GRO-g,
GRO-B, or both. In other cases, such anti-IL8 aptamers may also bind to GRO- ¢, GRGO-f, or both.
iL8 may signal through both the C-X-C motif chemokine receptor 1 (CXCR1) and the C-X-C
motif chemokine receptor 2 (CXCR2); as such, the compositions and methods disclosed herein
may prevent or reduce the ability of 118 to sigoal through CXCR1, CXCR2, ot both. There are
thought to be two major isoforms of 1L8: 11872 and [L.877. 11877 may have a decreased affinity for
recepior binding. In certain embodiments, the compositions of bispecific aptamers comprised of
at ieast one aptamer or aptamer domain of the disclosure may include anti-1IL8 aptamers that bind
to an isoform of IL8. For example, the compositions may include anti-IL8 aptamers that bind to
H.87. Additionally, or alternatively, the compositions may include anti-IL8 aptamers that bind to
{1877, Additionally, or alternatively, the compositions may include anti-IL8 aptamers that bind to
both IL.872 and 1L.877. In addition, IL8 may exist as both a monomer and dimer, both of which may
bind to CXCRI1, CXCR2, or both. In certain embodiments, the bispecific compositions may
include anti-IL3 aptamers that bind to a monower of ILB. In certain embodiments, the bispecific
compositions may include anti-IL8 aptamers that bind to a dimer of ILS.

CXCR1 and CXCR2 are seven-transmembrane-domain coutaining G-coupled protein
receptors {GPCRs) which may signal through intracellular G-proteins. G protein subunits may be
released into the cells leading to an increase in intracellular cAMP or phospholipase that may
activate MAPK signaling. IL8 binding may cause an increase in 3,4,5-inosital triphosphate which
may lead to a rapid increase in free calcium and subsequently to neutrophil degranulation
Neutrophil degranulation may be an important step in the infiltration process that may allow for

bacterial clearance. Glycosaminogiveans (GAGs), in particular heparin, may bind to the C-
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terminus of 1L.8; such binding is thought 1o increase the activity of IL.8 by allowing for binding to
the surface of neutrophils. In certain embodiments, the anti-IL8 compositions of the disclosure
may prevent or reduce binding of 118 to GAGs {e.g., heparin). In certain embodiments, the anti-
IL8 compositions may prevent or reduce binding of IL8 to the surface of neutrophils. In addition
to the role of IL8 in neutrophil migration, IL8 may affect neovascularization and angiogenesis,
thus, anti-IL8 compositions of the disclosure may affect neovascularization, angiogenesis, or both.
In this regard, in addition to its interactions with CXCR1T and CXCR2, 1.8 has also been reported
to interact with the VEGF receptor, VEGFR2, leading to receptor phosphoryiation, pathway
activation. In certain embodiments, the compositions described herein may affect a signaling
pathway asscciated with IL8 signaling through CXCRI, CXCR2 or VEGFR2. In certain
embodiments, the compositions described herein may affect a signaling pathway associated with
iL8 signaling through CXCR1, CXCRZ or both. In certain embodiments, the compositions
described herein may affect a signaling pathway associated with IL8 signaling through CXCR1,
VEGFRZ or both. Tn certain erabodiments, the bispecific compositions described herein may affect
a signaling pathway asscciated with ILE signaling through CXCR2, VEGFRZ or both. For
example, bispecific aptamers of the disclosure may be comprised of at least one aptamer or aptarer
domain that may prevent or reduce HL8-induced G protein signaling; without wishing to be bound
by theory, such aptamers may prevent an increase in intracellular cAMP or phospholipase, thereby
preventing or reducing IL8-induced MAPK signaling. In some examples, the bispecific
compositions of the disclosure may prevent or reduce IL8-induced increases in 3,4,5-inositol
triphosphate and increases in intracellular free calcium. In certain embodiments, the bispecific
compositions of the disclosure may prevent or reduce IL8-induced neutrophil degranulation.

In one embodiment, an amino actd sequevnce of human [L87 comprises the following
sequence:
AVLPRSAKELRCOCIKTYSKPFHPKFIKELRVIESGPHCANTEINVKLSDGRELCLDPKEN
WYOQRVVEKFLKRAENS (SEQ 1D NO: 2093

In one embodiment, an amino actd sequence of human .87 may comprise the following
sequence:
SAKELRCQCIKTYSKPFHPKFIKELRVIESGPHCANTEUVKLSDGRELCLDPKENWVQRY
VEKFLKRAENS (SEQ ID NG: 300}
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Where the aptamer, bispecific aptamer or composition disclosed herein inhibits the
function of IL8 the inhibition may be complete or partial. In certain embodiments, the inhibition
is at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at
feast 40%, at least 45%, at least 50%, at least 55%, at least 609, at least 65%, at least 70%, at least
75%, at least 80%, at leasi 85%, at least 90%, at least 95% or at feast 100%.

C. Angiopeietins {Ang2

In addition to the VEGF family, the angilopoietins are thought to be involved in vascular
development and angiogenesis. In particular angiopoietin 2, {Ang2) may be important for the
development and maintenance of the three mammalian vascular systems; as such, the compositions
and methods provided herein may impact the development and maintenance of the vasculature. In
preferred embodiments, the methods and compositions provided herein target angiogenesis, and
generally may have anti-angiogenic properties.

Ang? is one of four members of the angiopoietin family of secreted glycoproteins.
Additional members of this family include angiopoietin-1 (Angl), angiopoietin-3 {Ang3) and
angiopoietin-4 {Ang4). Angt is likely an agonist of the recepior tyrosine kinase (RTK) with Ig
and epidermal growth factor homology domains receptor, TieZ. AngZ is a vertebrate receptor
tyrosine kinase antagonist that may also act as a Tie 2 agonist under certain contexi-specific
conditions. Ang? likely inhibits Angl-mediated Tie2 phosphorylation by competing for the same
receptor-binding site on TieZ.

Sequence homology between Human Angl and AngZ is roughly 64%. Structurally, the
angiopoieting are very sinailar, sharing a votable N-terminal signal peptide (Met1-Thr15 for Angl
and Metl1-Alal8 for Ang2) and super-clustering coiled-coil motif {(Phe78 ~ Leu261 for Angl and
Asp73-GIn248 for Ang2), and a C-terminal fibrinogen-like binding domain, including the receptor
binding domain of Ang2 (Arg277-Phed98 for Angl; Lys275-Phed496 for Ang2). The anti-Ang2
compositions provided herein may be designed to bind specifically to Ang2, and may generally
demonstrate {itle to no binding of Angl, Ang3, or Ang4.

Disclosed herein are bispecific aptamers comprised of at least one aptamer or aptamer
domain that binds to and antagonize a function associated with Ang2. Generally, the aptamers
described herein may be designed to bind to a specific region of Ang2, and the mechanism of

inhibition of Ang2 function may vary according to where the aptamer binds.
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In one embodiment, the bispecific composition is comprised of at least one aptamer or
aptamer domain that binds to the receptor binding domain or fibrinogen-like binding domain of
AngZ2. The C-terminal domain (ncluding the fibrinogen-like binding domain) of Ang2 may be
responsible for binding the tmmunoglobulin (Ig)-like domain of Tie2. Accordingly, bispecific
compositions comprised of at least one aptamer or aptamer domain that targets the receptor binding
doemain or fibrinogen-tike binding domain of Ang2 may prevent or reduce binding of Ang?2 to
Tie2.

In one embodiment, the bispecific composition is comprised of at least one aptamer or
aptamer domain that bind to the coiled-coil motif of Ang2. Without wishing to be bound by theory,
the coiled-coil motif may be important for mediating the homo- and heterodimerization of the
angiopoieting. In certain embodiments, homo- and heterodimerization of the angiopoieting may
be important for influencing the activity of Tie2 and the downstream signaling processes that it
controls. In certain embodiments, Ang?2 may be found as tetramers, hexamers and higher-order
oligomers to solution. Thus, in certain embodiments, the bispecific composiiions may bind to the
coiled-coil motif of Ang2. In certain embodiments, such bispecific compositions may prevent
homo- and/or heterodimerization of Ang?2. In certain embodiments, such bispecific compositions
may prevent or reduce formation of tetramers hexamers, or higher-order oligomers of Ang2.

In certain embodiments, a bispecific composition is disclosed comprised of at least one
aptamer or aptamer domain that bind to regions of Ang2 that are involved in binding to specific
cell-surface co-receptors. Endothelial cells may contain unigue Tie2 binding co-receptors such as
the Tie2 homolog, Tiel, or integrins, which may provide a means to discriminate the angiopoietins
from each other. Although Tie2 may be the primary receptor of the angiopoietins, integrins such
as the avB3, ovB5 and aSP1 integrins may also be capable of binding to Ang?2, albeit with low
affinity, and may play a role in regulating the activities of these proteins in both a Tie2-dependent
and TieZ-independent manner. Thus, although the dominant cellular responses to Ang2 may result
from direct interactions with Tie2, they may also involve the interactions of co-receptors.
Alternatively, cellular responses to AngZ may occur through direct interactions with the integrins
themselves. Hence, in certain embodiments, the bispecific compositions provided herein may bind
to regions of Ang? that prevent binding of Ang?2 with Tiel, avP3 integrin, avS integrin, and/or

aSP1 integrin,
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In one embodiment, an aminc acid sequence of human AngZ comprises the following
sequence.

YNNFRKSMDSIGKKQYQVOHGROSYTFLLPEMDNCURSESSSPY VSNAVORDAPLEYDDS
VORLOQVLENIMENNTOWLMKLENYIQDNMKKEMVEIQONAVONQTAVMIEIGTNLLN
OQTAEQTREKLTDVEAQVINQTTRLELGLLEHSLYSTNKLEKQHILDOQTSEINKLQDKNSFLEK
KVLAMEDKHHQLGSIKEEKDOLOVLYSKONSHEELEKKIVTATVNNSVLOKGOHDLME
TYNNLLTMMSTSNSAKDPTVAKEEQISFRDCAEVFKSGHTTNGIYTLTFPNSTEEIKAYC
DMEAGGGGWTHGRREDGSVDFOQRTWKEYKVGFGNPSGEYWLGNEFVSQLTNQGRYY
LKIHLKDWEGNEAYSLYEHFYLSSEELNYRIHLKGLTGTAGKISSISQPGNDEFSTKDGDN
DRCICKCSOMLTGGWWEDACGPSNLNGMYYPQRONTNKFNGIKWYYWKGSGYSLKA
TTMMIRPADF (SEQ ID NG: 301).

Where the aptamer, bispecific aptamer or composition disclosed herein inhibits the
function of Ang? the inhibition may be complete or partial. In certain embodiments, the inhibition
is at least 5%, ai least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at feast 35%, at
teast 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least

75%, at least 80%, at least 85%, at feast 90%, at least 93% or at least 100%.

iV, Methods of use

Disclosed herein are methods for the treatment of ocular diseases or disorders utilizing the
aptamers, bispecific aptamers or compositions disclosed herein.

Generally, the methods disclosed herein involve administration of the bispecific aptamer
to a subject in need thereof and in particular, methods of treatment involve administration of the
bispecific aptamer or a pharmaceutical composition comprising the same to a subject in need
thereof.

The subject may have been previously diagnosed with an ocular disorder {e.g., a retinal
disease or disorder) or may be at risk for developing an ocular disease or disorder (e.g., a retinal
disease or disorder) due fo one or more factors, for example, age, obesity, diabetes, smoking, eye
trauma or family history.

In certain embodiments, the methods include the use of a bispecific aptamer comprised of
an anti-VEGF aptamer domain linked to an anti-IL8 aptamer domain for, e.g, the treatment of
ocular diseases or disorders. In certain embodiments, the methods include the use of a bispecific
aptamer comprised of a pan specific anti-VEGF aptamer domain Hnked to an anti-IL8 aptamer
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domain. In certain embodiments, the ocular disease or disorder may be age-related macular
degeneration. In a particular embodiment, macular degeneration may be the wet form of age-
related macular degeneration (WAMD). In a particular embodiment, macular degeneration may be
the dry form of age-related macular degeneration (dAMD). In certain embodiments, the ocular
disease or disorder may be proliferative diabetic retinopathy. In certain embodiments, the ccular
disease or disorder may be diabetic retinopathy. In certain embodiments, the ocular disease or
disorder may be diabetic macular edema. In certain embodiments, the ocular disease or disorder
may be nonarteritic anterior ischemic optic neuropathy. In certain embodiments, the ocular disease
or disorder may be uveitis. Uveitis can be, for example, infectious uveitis or non-infectious uveitis.
Uveilis can be, for example, Iritis (anterior uveitis); Cyclitis (intermediate uveitis); Choroiditis and
retinitis (posterior uveitis), and/or Diffuse uveitis {panuveitis}. In certain embodiments, the ocular
disease or disorder may be Behcet’s disease. In certain embodiments, the ceular disease or disorder
may be Coats’ disease. In certain embodiments, the ocular disease or disorder may be retinopathy
of prematurity. In certain embodiment, the ocular disease or disorder may be dry eye. In certain
embodiments, the ocular disease or disorder may be allergic comjunctivitis. In certain
embodiments, the ocular disease or disorder may be pterygiurn. In certain embodiments, the ocular
disease or disorder may be branch retinal vein occlusion. In certain embodiments, the ocular
disease or disorder may be central retinal vein occlusion. In certain embodiments, the ocular
disease or disorder may be adenovirus keratitis. In certain embodiments, the ocular disease or
disorder mayv be corneal ulcers. In certain embodiments, the ocular disease or disorder may be
vernal keratoconjunctivitis. In certain embodiments, the ocular disease or disorder may be Stevens-
Johnson syndrome. In certain embodiments, the ocular disease or disorder may be corneal herpetic
keratitis. In certain ervbodirvents, the ocular disease or disorder may be rhegroatogenous retinal
detachment. In certain embodiments, the ocular disease or disorder may be pseudo-exfoliation
syndrome. In certain embodiments, the ocular disease or disorder way be proliferative
vitrecretinopathy. In certain embodiments, the ocular disease or disorder may be infectious
conjunctivitis. In certain embodiments, the ocular disease or disorder may be geographic atrophy.
In certain embodiments, the ocular disease or disorder may be Stargardt disease. In certain
embodiments, the ocular disease or disorder may be retinitis pigmentosa. In certain embodiments,
the ocular disease or disorder may be Contact Lens-Induced Acute Red Eye (CLARE). In certain

embodiments, ocular disease or disorder may be conjunctivochalasis. In certain embodiments, the
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ocular disease or disorder may be an inherited retinal disease. In certain embodiments, the ocular
disease or disorder may be a retinal degenerative disease. In certain embodiments, a subject having
an ocular disease or disorder may exhibit elevated ievels of VEGE. In certain embodiments, a
subject having an ocular disease or disorder may exhibit elevated levels of 1L In certain
embodiments, a subject having an ocular disease or disorder may exhibit elevated levels of VEGF
and 1L.8. In certain embodiments, a subject having an ocular disease or disorder may exhibit
elevated bisretinoids such as, for example, N-retinylidene-N-retinylethanolamine {AZE) _In certain
embodiments, the methods may include the use of a bispecific aptamer comprised of a pan specific
anti-VEGF aptamer dorvain hioked to an anti-IL8 aptamer domain for the treatment of any of the
aforementioned diseases that do not respond or show in complete response to anti-VEGY reatment
alone {e.g., VEGF non-responders).

In certain embodiment, the methods may involve the inhibition of a function associated
with IL8. In certain embodiments, the methods involve preventing or reducing ILS binding to
CXCR1, CXCR2, or both. In certain embodiments, the wethods may nvolve preventing or
reducing IL8 binding to CXCRI1, CXCR2, VEGFRZ or any combination thereof. In certain
embodiments, the methods may involve preventing or reducing dowustream sigoaling associated
with CXCR1, CXCR2, or both. In certain embodiments, the methods may involve preventing or
reducing downstream signaling associated with CXCR1, CXCR2, VEGFRZ or any combination
thereof. In certain embodiments, the methods may involve the inhibition of a function associated
with L8 for the treatment of ocular diseases or disorders. In some aspects of the disclosure, the
methods may involve partial or complete inhibition of a function assoctated with IL8. In certain
embodiments, the methods may involve partial or complete inhubition of a function associated with
118 for the treatment of ocular diseases. Additionally, or alternatively, the methods may involve
partial or complete inhibition of a function associated with IL8, in combination with partial or
complete inhibition of a function associated with VEGF, for the treatment of an ocular disease or
disorder. In certain embodiments, the methods may involve the inhibition of a function associated
with IL8 for the treatment of wet age-related macular degeneration. In certain embodiments, the
methods may involve the inhibition of a function associated with 118 for the treatment of dry age-
related macular degeneration. In certain embodiments, the methods may involve the inhibition of
a function associated with IL8 for the treatment of geographic atrophy. In certain embodiments,

the methods may involve the inhibition of a function associated with L8 for the treatment of
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proliferative diabetic retinopathy. In certain embodiments, the methods may involve the inhibition
of a function associated with IL8 for the treatment of retinal vein occlusion. In certain
embodiments, the method may involve the inhibition of a function associated with 118 for the
treatment of central retinal vein occlusion. In certain embodiments, the methods may involve the
inhibition of a function associated with IL8 for the treatment of diabetic retinopathy. In certain
embodiments, the methods may involve the inhibition of a function associated with IL8 for the
treatment of diabetic macular edema. In certain embodiments, the methods may involve the
inhtbition of a function associated with IL8 for the treatment of nonarteritic anterior ischemic optic
neuropathy. In certain embodiments, the methods may iuveolve the inhibition of a function
associated with 1L.8 for the treatment of uveitis. Uveilis can be, for example, infectious uveitis or
non-infectious uveitis. Uveitis can be, for example, Iritis (anterior uveitis); Cyclitis {intermediate
uveitis); Choroiditis and retinitis {posterior uveitis);, and/or Diffuse uvelitis {panuveitis). In certain
embodiments, the methods may involve the inhibition of a function associated with L8 for the
ireatment of Beheet’s disease. In certain embodiments, the methods may involve the inhibition of
a function associated with IL8 for the treatment of Coats’ disease. In certain embodiments, the
methods may tovolve the inhibition of a function associated with IL8 for the treatment of
retinopathy of prematurity. In certain embodiments, the methods may involve the inhibition of a
function associated with IL8 for the treatment of dry eve. In certain embodiments, the methods
and s may involve the inhibition of a function associated with ILB for the treatment of alfergic
conjunctivitis. In certain embodiments, the methods may involve the inhibition of a function
associated with IL8 for the treatment of pterygium. In certain embodiments, the methods may
involve the tnhibition of a function associated with IL8 for the treatment of branch retinal vein
occlusion. In certain embodiments, the methods may involve the inhibition of a function associated
with IL8 for the treatment of central retinal vein occlusion. In certain embodiments, the methods
may involve the ivhibition of a function associated with 1.8 for the treatment of adenovirus
keratitis. In certain embodiments, the methods may involve the inhibition of a function associated
with L& for the treatment of corneal ulcers. In certain embodiments, the methods may involve the
inhibition of a function associated with 1L8 for the treatment of vernal keratoconjunctivitis, In
certain embodiments, the methods may involve the inhibition of a function associated with 1.8 for
the treatment of Stevens-Johnson syndrome. In certain embodiments, the methods may involve the

inhibition of a function associated with IL8 for the treatment of corneal herpetic keratitis. In certain
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embodiments, the methods may involve the inhibition of a function associated with ILS for the
treatment of rhegmatogenous retinal detachment. In certain embodiments, the methods may
involve the inhibition of a function associated with 1L8 for the treatment of pseudo-exfoliation
syndrome. In certain embodiments, the methods may involve the inhibition of a function associated
with [LB for the treatment of proliferative vitreoretinopathy. In certain embodiments, the methods
and compositions the inhibition of a function associated with L8 for the treatment of infectious
conjunctivitis. 1o certain embodiments, the methods may iovolve the inhibition of a function
associated with 1L for the treatment of Stargardt disease. In certain embodiments, the methods
may involve the inhibition of a function associated with 1.8 for the treatment of retinitis
pigmentosa. In certain embodiments, the methods may involve the inhibition of a function
associated with ILS for the treatment of Contact Lens-Induced Acute Red Eye (CLARE). In
certain embodiments, the methods may involve the inhibition of a function associated with 1.8 for
the treatment of symptoms associated with conjunctivochalasis.  In certain embodiments, the
methods may involve the inhibition of a function associated with ILR for the ireatment of an
inherited retinal disease. In certain embodiments, the methods and may inveolve the inhibition of
a function associated with IL8 for the treatment of a retinal degenerative disease. In certain
embodiments, the methods may involve the inhibition of a function associated with IL8 for the
treatment of an ocular disease or disorder exhibiting elevated levels of IL8.  In certain
embodiments, the methods may involve the inhibition of a function associated with IL8 for the
treatment an ocular disease or disorder exhibiting elevated levels of bisretinoids, such as, for
example, N-retinylidene-N-retinylethanoloamine (AZE).

In certain embodiments, the methods may invelve the inhibition of a function
associated with VEGF-A. In certain embodiments, the methods may involve preventing or
reducing VEGF-A binding to or interaction with one or more VEGF receptors. For example, the
methods may involve preventing or reducing VEGF-A binding to or interaction with Flt-1, KDR,
Nrp-1, or any combination thereof. In certain embodiments, the methods and may involve
preventing or reducing downstream signaling associated with Fli-1, KDR, Nrp-1, or any
combination thereof. In certain embodiments, the methods may involve the inhibition of a function
associated with VEGF-A for the treatment of ocular diseases or disorders. In certain embodiments,
the methods may involve the inhibition of a function associated with VEGF-A for the treatment of

diabetic retinopathy. In certain embodiments, the methods may involve the inhibition of a function
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assoctated with VEGF-A for the treatment of retinopathy of prematurity. In certain embodiments,
the methods and compositions may involve the inhibition of a function associated with VEGF-A
for the treatment of central retinal vein occlusion. In certain embodiments, the methods may
involve the inhibition of a function associated with VEGF-A for the treatment of macular ederma.
In certain embodiments, the methods may involve the inhibition of a function associated with
YEGF-A for the treatment of choroidal neovascularization. In certain embodiments, the methods
and may involve the inhibition of & function associated with VEGF-A for the treatroent of
neovascular (or wet} age-related macular degeneration. In certain embodiments, the methods may
involve the inhibition of a function associated with VEGF-A for the treatment of myopic choroidal
neovascularization. In certain embodiments, the methods and compositions may involve the
inhibition of a function associated with VEGF-A for the treatment of punctate inner choroidopathy.
in certain embodiments, the methods and compositions may involve the inhibition of a function
assoctated with VEGF-A for the treatment of presumed ocular histoplasmosis syndrome. In
certain embodiments, the methods may wvolve the tohibition of a function associated with VEGF-
A for the treatment of familial exudative vitreoretinopathy. In certain embodiments, the methods
may involve the inhibition of a function associated with VEGF-A for the treatment of
retinoblastoma. In certain embodiments, the methods may involve the inhibition of a function
associated with VEGF-A for the treatment of an ocular disease or disorder exhibiting elevated
fevels of one or more isoforms or variants of VEGF-A.

Additionally or alternatively, the methods may involve the inhibition of a function
associated with L8, in combination with inhibition of a function associated with VEGYF, for the
treatment of any one of the following: wet age-related macular degeneration, dry age-related
nacular degeneration, geographic atrophy, proliferative diabetic retinopathy, retinal vein
occlusion, central retinal vein occlusion, diabetic retinopathy, diabetic macular edema, central
serous chorioretinopathy, X-linked retinitis pigmentosa, X-linked retinoschisis,nonarteritic
anterior ischemic optic neuropathy, uveitis (including infectious uveitis, non-infectious uveitis,
iritis {anterior uveitis), cyclitis {intermediate uveitis), choroiditis and retinitis (posterior uveitis),
diffuse uveitis (panuveitiis)), scleritis, optic neuritis, optic neuritis secondary to multiple sclerosis,
macular pucker, Behget’s disease, Coats’ disease, retinopathy of prematurity, open angle
glaucoma, neovascular glaucoma, dry eye, allergic conjunctivitis, pterygium, branch retinal vein

occlusion, adenovirus Keratitis, corneal nlcers, vernal keratoconjunctivitis, blepharitis, epithelial
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basement membrane dystrophy, Stevens-Johnson syndrome, achromatophasia, corneal herpetic
keratitis, keratoconus, rhegmatogenous retinal detachment, pseudo-exfoliation syndrome,
proliferative vitreoretinopathy, infectious conjunctivitis, Stargardt disease, retinitis pigmentosa,
Contact Lens-Induced Acute Red Eve (CLARE), conjunctivochalasts, inherited retinal disease, a
retinal degenerative disease, an ocular disease or disorder exhibiting elevated levels of 118, and an
ocular disease or disorder exhibiting elevated levels of bisretinoids, such as, for example, N-
retinylidene-N-retinylethanoloamive (AZE).

Additionally, or alternatively, the methods and compositions may involve the inhibition of
a function associated with the cormbivation of any two targets selected from the group consisting
of VEGF-A, [L.8, Ang2, 5, PDGF, FGF, and Factor B,

When the methods disclosed herein result in an inhibition of function or a reduction of
symptoms or the like, the inhibition or reduction may be partial or complete. In certain
embodiments, the inhibition or reduction is at least about 5%, at least about 10%, at least about
15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about
65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at leasi about
90%, at least about 95% or at least about 100%.

In certain embodiments, the result of treatment is measured using visual functional
outcomes measures, structural outcomes measures or patient seif-reported outcome measures. In
one embodiment, the result of treatment 1s measured {compared to baseline) for visual acuity,
scotopic and mesopic microperimetry sensitivity, low luminance visual acuity, vanishing
optotypes visual acuity, low luminance deficit or the like.

In a particular embodiment, treatment results in an increase iv overall best corrected
visual acuity (BCVA) as measured on the Early Treatment Diabetic Retinopathy Study (ETDRS)
chart by at least 3 letters, at least 4 letters, at least 5 letters, at least 6 letlers, at least 7 letters, at
least 8 letters, at least © letters, at feast 10 letters, at least 11 letters, at least 12 letters, at least 13
letters, at least 14 letters, at least 15 letters, at least 16 letters, at least 17 letters, at least 18 letters,
at least 19 letiers, at least 20 letters, or more than 20 letters as compared to an unireated control
subject over a defined period of time, selected from at least one of 2 weeks, one month, 2 months,

3 months, 6 months, one year, 2 vears, or 5 years.
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In one embodiment, treatment results in a percentage of patients gaining > 15 letters in
BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at feast 40%, at feast 45%, at least 50%, at least 55%, at feast 60%, at feast 65%, at teast 70%,
at feast 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as compared to an
untreated control subject over a defined period of time, selected from at least one of 2 weeks, one
month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years.

o one emwbodiment, treatment results in a percentage of patients gaining > 10 letters in
BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, atleast 40%, atleast 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at feast 75%, at least 80%, at least 85%, at ieast 90%, at least 95%, or more as compared 10 an
unireated control subject over a defined period of time, selected from at least one of 2 weeks, one
month, 2 months, 3 months, 6 months, one year, 2 years, or § years.

In one embodiment, treatment results in a percentage of patients gaining > 5 letters in
BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, atleast 30%, at least
35%, atleast 40%, atleast 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at least 75%, at least B0%, at least 85%, at least 90%, at least 95%, or more as compared to an
untreated control subject over a defined period of time, selected from at least one of 2 weeks, one

month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years.

In one embodiment, treatment resulis in a percentage of patients avoiding the loss of > 15

fetters in BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least

£l

30%, at feast 35%, at least 40%, at least 45%, at least 50%, at least 55%, at feast 60%, at leasi 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as
compared to an untreated control subject over a defined period of time, selected from at least one
of 2 weeks, one month, 2 months, 3 months, ¢ months, one year, 2 years, or 5 years.

In one embodiment, treatment results in a percentage of patients avoiding the loss of > 10
fetters in BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as
compared to an untreated control subject over a defined period of time, selected from at least one

of 2 weeks, one month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years.
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In one embodiment, treatment resuits in a percentage of patients avoiding the loss of > 5
fetters in BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at feast 35%, at feast 40%, at least 45%, at 1east 50%, at feast 55%, at feast 60%, at feast 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as
compared to an untreated control subject over a defined period of time, selected from at least one
of 2 weeks, one month, 2 months, 3 months, & months, one year, 2 years, or 5 years.

o ove embodiment, treatroent resuits in a percentage of patients avoiding the Joss of > 0
letters in BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least
309, atleast 35%, atleast 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as
compared to an untreated control subject over a defined period of time, selected from at least one
of 2 weeks, one month, 2 months, 3 months, 6 months, one year, 2 years, or 5 vears.

In a particular embodiment, treatruent results in a reduction of retinal fluid as measured by
fluorescein angiography (FA) and optical coherence tomography (OCT) of at least 10%, at least
15%, atleast 20%, atleast 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at feast 65%, at least 70%, at feast 75%, at feast 80%%, at least 83%, at
least 90%, at least 93%, or more as compared to an untreated control subject over a defined period
of time, selected from at least one of 2 weeks, one month, 2 months, 3 months, 6 months, one year,
2 years, or 5 years.

In a particular embodiment, treatment results in a reduction of retinal thickness as measured
by fluorescein angiography (FA) and optical coherence tomography (OCT) of at least 10%, at Jeast
15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least 709, at least 75%, at least 80%, at least 85%, at
feast 90%, at least 95%, or more as compared to an untreated control subject over a defined period
of time, selected from at least one of 2 weeks, one month, 2 months, 3 months, 6 months, one vear,
2 years, or 5 years.

In a particular embodiment, treatment results in a reduction of the total area of choroidal
neovascular (CNV) lesions as measured by fluorescein angiography (FA} and optical coherence
tomography (OCT) of at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at feast 40%, at feast 45%, at least S0%, at least 55%, at feast 60%, at least 65%, at least 70%,

at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as compared to an
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untreated control subject over a defined period of time, selected from at least one of 2 weeks, one
month, 2 months, 3 months, 6 months, one year, 2 years, or S years.

In a particular embodiment, administration of an effective amount of the bispecific aptamer
or pharmaceutical composition comprising the same refers to the amount of the bispecific aptamer
or pharmaceutical composition disclosed herein that that decreases the loss of overall visual acuity,
the loss of visual field, by at least about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least about 90%, at feast about 95%, or more
as compared 1o an untreated control subject over a defined period of time, selected from at least
one of 2 weeks, one month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years.

Also provided are kits. Such kits can include the bispecific aptamer described hergin and,
in certain embodiments, instructions for administration. Such kits can facilitate performance of the
methods described heretn. When supplied as a kit, the different components of the compositions
disclosed herein can be packaged in separate containers and admixed immediately before use. In

one embodiment, the bispecific composition is formulated as a pre-filled syringe.
V. Aptamers

In certain embodiments, the methods and compositions described herein use bispecific
aptamers for the treatment of an ocular disease. In certain embodiments, the methods and
compaositions described herein may use one or more anti-VEGF aptamers, one of more anti-[L8
aptamers of one of more anti-AngZ aptamers. In certain embodiments, the methods and
compositions described heretn utilize one or more aptamers for inhibiting an activity associated
with VEGF, IL8, or Ang2.

Aptamers and bispecific aptamers described herein may include any number of
modifications that can affect the function or affinity of the aptamer. For example, aptamers may
be unmodified or they may contain modified nucleotides to iwprove stability, nuclease resistance
or delivery characteristics. Examples of such modifications may include chemical substitutions at
the sugar and/or phosphate and/or base positions, for example, at the 27 position of ribose, the §
position of pyrimidines, the 8 position of purines. Various 2'-modified pyrimidines and purines are
well-known, including modifications of 2'-amino (2-NHz), 2'-fluoro (2'-F), and/or 2'-O-methyl (2'-
OMe) substituents. In certain embodiments, aptamers described herein comprise a 2°-OMe and/or
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a 2'F modification to increase iz vivo stability. In certain embodiments, the aptamers described
herein contain modified nuclectides to improve the affinity and specificity of the aptamers for a
target. Examples of modified nuclectides include those modified with guanidine, indole, amine,
phenol, hydroxymethyl, or borenic acid. In other cases, pyrimidine nucleotide triphosphate
analogs or CE-phosphoramidites may be modified at the 5 position fo generate, for example, 5-
benzylaminocarbonyl-2’-deoxyuridine {BndU); S-[N-({phenyi-3-propyljcarboxamide}-2'-
deoxyuridine (PPdU); 5-(N-thiophenyimethylcarboxyamide)-2'~-deoxyuridine (ThdU);, 3-(N-4-
fluorobenzylcarboxyamide)-2'-deoxyuridine (FBndU}; 5-(N-(1-naphthyimethyl)carboxamide}-2'-
deoxyuridine (Napdl); 5 -(N-2-vaphthylmethylcarboxyamide)-2'-deoxyuridine (2NapdU}), 5-(N-
1-naphthylethylcarboxyamide}-2'-deoxyuridine (NEAUY, 5-(N-Z-naphthylethvlcarboxyamide)-2'-
deoxyuridine  (2NEdU),  S+{N-tryptaminocarboxvamide)-2'-deoxyuridine  (TrpdU),  5-
isobutylaminocarbonyl-2’-deoxyuridine  (Ibdl));, 5-(N-tyrosylcarboxyamide)-2'-deoxyuridine
(TyrdU}; 5-(N-isobutylaminocarbonyl-2’ -deoxyuridine (iBudU), 5-(N-benzylcarboxyamide)-2'-
O-oethylunidine, S-(N-benzylcarboxyamide)-2'-flucrouridive, 5-(N-phenethylcarboxyamide)-2'-
decoxyuridine (PEAU}, 5-(N-3,4-methylenedioxybenzyicarboxyamide)-2'-deoxyuridine (MBndU),
S-(N-imidizolylethylcarboxyamide)-2'-deoxyuridine (ImdU), S-(N-isobutvlicarboxyamide)-2'-0O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-flucrouridine, 5-{N--R-threoninylcarboxyamide)-
2'-deoxyuridine {(ThrdU), S-(N-tryptaminocarboxyamide}-2'-O-methyluridine, 5~(N-
tryptaminocarboxyamide)-2'-flucrouridine, S-(N-[1-(3-
trimethylamonium)propyllcarboxyamide}-2'-deoxyuridine chloride, 5-{N-
naphthyimethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-2'-
fluorouridine, S5-{N-{1~(2,3~dihydroxypropylYcarboxyamide)-2'-deoxyuridine), S~(N-2-

naphthylmethylcarboxyamide}-2'-O-methyluridine, S-(N-Z-naphthylmethylcarboxyamide)-2'-

fluorcuridine, S-(N-1-naphthyiethvlcarboxvamide}-2'-C-methyluridine, 5-{N-1~
naphthylethyicarboxyamide)-2'-fluorouridine, 5-(N-2-naphthylethylcarboxyamide)-2'-G-
methyiuridine, 5-(N-2-naphthylethyicarboxyamide)-2'-fluorouridine, S-{N-3-
benzofuranylethylcarboxyamide)-2'-deoxyuridine (BFdU), S-{N-3-

benzofuranylethylcarboxyamide)-2'-O-methyluridine, S-(N-3-benzofuranylethylcarboxyamide}-
2-fluorouridine, S-{N-3-benzothiophenylethylcarboxyamide)-2'-deoxyuridine (BTdU), 5-(N-3-
benzothiophenylethylcarboxyamide)-2'-O-methyluridine, 5-{N-3~

benzothiophenylethylcarboxyamide }-2'-fluorouridine; 5-[N~{ 1-morpholino-2-
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ethyljcarboxamide]-2'-deoxyuridine  (MQOEdu);,  R-tetrahydrofuranylmethyi-2'-decxyuridine
(RTMdU};, 3-methoxybenzyl-2'-deoxyuridine (3MBndU), 4-methoxybenzyl-2'-deoxyuridine
(4MBudU); 3,4-dimethoxybenzyl-2'-deoxyuridine (3,4DMBndU}; S-tetrahydrofuranylmethyi-2'-
deoxyuridine (STMdAUY, 3,4-methylenedioxyphenyl-2-ethyl-2'-deoxyuridine  (MPEJU);, 4-
pyridinylmethyl-2'-deoxyuridine (PyrdU); or 1-benzimidazol-2-ethyl-2'-deoxyuridine (Bidt)), 5-
{amino-1-propenyi}-2'-deoxyuriding; S-(indole-3-acetamido-1-propenyi}-2'-deoxyuridine; or 5-
{4-pivaloyibenzamido-1-propenyi)-2'~-deoxyuridine.

Medifications of the aptamers and bispecific aptamers contemplated in this disclosure
inchude, without limitation, those which provide other chemical groups that incorporate additional
charge, polarizability, hvdrophobicity, hydrogen bonding, electrostatic interaction, and
functionality to the nucleic acid aptamer bases or to the nucleic acid aptamer as a whole.
Modifications to generate oligonucleotide populations that are resistant to nucleases can also
include one or more substitute internucleotide linkages, altered sugars, altered bases, or
combinations thereof  Such modifications include, but are not limited to, 2'-position sugar
modifications, S-position pyrimidine modifications, S-position  purine modifications,
modifications at exocyclic amines, substitution of 4-thicuridine, substitution of S-bromo or S-iodo-
uracil; backbone medifications, phosphorothioate, phosphorodithioate, or alkyl phosphate
modifications, methylations, and unusual base-pairing combinations such as the isobases
isoeytidine and isoguanosine. Modifications can also include 3° and 5' modifications such as
capping, ¢.g., addition of a 3'-3'-dT cap to increase exonuclease resistance.

Aptamers and bispecific aptamers of the disclosure may generally comprise nuclestides
having nbose in the B-D-ribofuranose configuration.  In certain embodiments, 100% of the
wicleotides present in the aptamer bave ribose in the B-D-ribofuranose configuration. In certain
embodiments, at least 50% of the nuclectides present in the aptamer have ribose in the B-D-
ribofuranocse configuration. In certain embodiments, at least 10%, at least 20%, at east 30%, at
least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or 100% of the
nucleotides present in the aptamer have ribose in the B-D-ribofuranose configuration.

The length of the aptamer or aptamer domain within a bispecific aptamer can be variable.
In certain embodiments, the length is less than 100 nucleotides. In certain embodiments, the length
is greater than 10 nuclectides. In certain embodiments, the length is between 10 and 90

nuclectides. The aptamer comprising an aptamer domain of a bispecific aptamer can be, without
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himitation, about 10, about 15, about 20, about 25, about 30, about 35, about 40, about 45, about
50, about 55, about 60, about 65, about 70, about 75, about 80, about 85, or about 90 nuclectides
in length.

In one embodiment, the bispecific aptamer is 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21,22, 23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 50 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 01, 92, 93, 94, 95, 96, 97,
98, 99, or 100 nucleotides in length.

In certain embodiments, the nucleic acid sequence of the VEGF-A aptamer domain of the
bispecific composition, may have a degree of primary sequence identity with one of SEQ 1D NOS:
1-46, that is at least one of 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, B8%, BO%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%. In certain
embodiments, the nucleic acid sequence of the 118 aptamer domain of the bispecitic composition,
may have a degree of primary sequence identity with one of SEQ ID NOS: 47-48, that is at least
one of 75%, T6%, TT%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, B6%, 87%, 88%, 89%,

0%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%. In certain embodimentis, the

k]

nucleic acid sequence of the Ang2 aptamer domain of the bispecific composition, may have a
degree of primary sequence identity with one of SEQ ID NOS: 49-50, that is at least one of 75%,
6%, 77%, 78%, 79%, 80%, 81%, B2%, &3%, B4%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
093%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%. In certain embodiments, the nucleic acid
sequence of the C5 aptamer domain of the bispecific composition, may have a degree of primary
sequence identity with SEQ ID NQO: 51, that is at least one of 75%, 76%, 77%, 78%, 79%, B(0%,
81%, B2%, 83%, 84%, 85%, 86%, B7%, 88%, B9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100%. In certain embodiments, the nucleic acid sequence of the PDGF aptamer
domain of the bispecific composition, may have a degree of primary sequence identity with SEQ
ID NQO: 52, that is at least one of 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 00%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%. In
certain embodiments, the nucleic acid sequence of the FGF2 aptamer domain of the bispecific
composition, may have a degree of primary sequence identity with SEQ ID NO: 53, that is at least
one of 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, B3%, 84%, 85%, 80%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 95%, 96%%, 97%, 98%, 99%, or 100%. In certain embodiments, the

El
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nucleie acid sequence of the Factor D aptamer domain of the bispecific composition, may have a
degree of primnary sequence identity with SEQ ID NG: 54, that is at least one of 75%, 76%, 77%,
T8%, 79%, B0%, 81%, 82%, 83%, 4%, B5%, 86%, 87%, 88%, 89%, 00%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100%. In some instances, a polyethylene givcol (PEG) polymer
chain is covalently bound to the aptamer or bispecific aptamer, referred o herein as PEGylation.
Without wishing to be bound by theory, PEGylation may increase the half-life and stability of the
aptamer in physiological conditions. In certain embodiments, the PEG polymer is covalently
bound to the 5' end of the aptamer or bispecific aptamer. In certain embodiments, the PEG polymer
is covalently bound to the 3" end of the aptamer or bispecific aptamer. In certain embodiments,
the PEG polymer is covalently bound to both the 5" end and the 3' end of the aptamer or bispecific
aptamer. In certain embodiments, the PEG polymer is covalently bound to a specific site on a
nucteobase within the aptamer, inchuding the S-position of a pyrimidine or 8-position of a purine.
In certain embodiments, the PEG polymer 1s covalently bound to a basic site within the aptamer
or bispecific aptamer. In certain erobodirnents, the PEG polymer is covalently bound to the first
aptamer domain within the bispecific aptamer. In certain embodiments, the PEG polymer is
covalently bound to the second aptamer domain within the bispecific aptamer. In certain
embodiments, the PEG polymer is covalently bound to both aptamer domains within the bispecific

aptamer.
Polyethylene Glyeol

In certain embodiments, an aptamer or bispecific aptamer described herein may be
conjugated to a PEG having the general formula, H-(O-CH-CHapp-OH. In certain embodiments,
an aptamer or bispecific aptamer described herein may be conjugated to a methoxy-PEG (mPEG)
of the general formula, CH30-(CH2-CH2-O)e-H. In certain embodiments, the aptamer or bispecific
aptamer 18 conjugated to a hinear chain PEG or mPEG. The linear chain PEG or mPEG way have
an average molecular weight of up to about 30 kD. Multiple linear chain PEGs or mPEGs can be
finked to a common reactive group to form multi-arm or branched PEGs or mPEGs. For example,
more than one PEG or mPEG can be linked together through an amino acid linker {e.g, lysine} or
another linker, such as glycerine. In certain embodiments, the aptamer or bispecific aptamer 1
conjugated to a branched PEG or branched mPEG. Branched PEGs or mPEGs may be referred to
by their total mass {e.g., two linked 20kD mPEGs have a total molecular weight of 40kD).
Branched PEGs or mPEGs may have more than two arms. Multi-arm branched PEGs or mPEGs
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may be referred to by their total mass (e.g., four linked 10 kD mPEGs have a total molecular weight
of 40 kD). In certain emnbodiments, an aptamer or bispecific aptamer of the present disclosure is
conjugated 10 a PEG polymer having a total molecular weight from about S kD to about 200 ki,
for example, about 5 kD, about 10 kD, about 20 kD3, about 30 kD, about 40 kD, about S0 kD, about
60 kI, about 70 ki3, about 80 ki3, about 90 kI, about 100 kD, about 110 ki3, about 120 kI3, about
130 kD, about 140 kD, about 150 kD, about 160 kI3, about 170 kDD, about 180 kD, about 190 kD,
or about 200 kD. In one non-limiting example, the aptamer or bispecific aptamer is conjugated to
a PEG having a total molecular weight of about 40 kD

In certain embodiments, the reagent that may be used to generate PEGylated aptamersisa

branched PEG N-Hydroxysuccinimide (mPEG-NHS) having the general formula:

mPEG, o

mPEG
O , with a 20 kD, 40 kD or 60 kD total molecular

weight {e.g., where each mPEG is about 10kD}, 20 kD or about 30 k). As described above, the
branched PEGs can be linked through any appropriate reageunt, such as an amino acid (e.g., lysine

or glycing residues).

In one non-limiting example, the reagent used to generate PEGylated aptamers is [N
{monomethoxy 20K polyethylene glycol Larbamoyl}ﬁ\" {(monomethoxy 20K polyethylene glycol

carbamoyi)i-lysine N-hydroxysuccinimide having the formula:
mPEG— .3__{

/\/\/\WO— i;

mPEG— C}/u\“

e

In yet another non-limiting example, the reagent used to generate PEGylated aptamers or

bispecific aptamers has the formula:
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where X is N-hydroxysuccinimide and the PEG arms are of approximately equivalent
molecular weight. Such PEG architecture may provide a compound with reduced viscosity

compared to a similar aptamer conjugated to a two-armned or single-arm linear PEG.

In some examples, the reagent used to generate PEGylated aptamers has the formula:

where X is N-hydroxysuccinimide and the PEG arms are of different molecular
weights, for example, a 40 kD PEG of this architecture may be composed of 2 arms of S kD and 4
arms of 7.5 kDD, Such PEG architecture may provide a compound with reduced viscosity compared
to a similar aptamer conjugated to a two-armed PEG or a single-arm linear PEG.
In certain embodiments, the reagent that may be used to generate PEGylated aptamers is a
non-branched mPEG-Succinimidyl Propionate (mPEG-SPA), having the general formula:

)

mPEG HoCH, e G G N

O

where mPEG is about 20 kD or about 30 kD In one example, the reactive ester may

be -O-CH2-CH2-CO2-NHS.
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In some embodiments, the reagent that may be used to generate PEGylated aptamers may
include a branched PEG linked through glveerol, such as the SUNBRIGHT® series from NOF

Corporation, Japan. Non-limiting examples of these reagents include:

(SUNBRIGHT® GL2-400GS2),

3(;@{/\
s

a

(SUNBRIGHT® GL2-400HS), and

HC .
o
n
HJCO\%/\ c\ﬁ,,o\N
s o
¢

(SUNBRIGHT® GL2-400T8).

In another embodiment, the reagents may inchude a non-branched mPEG Succinimidyt

alpha-methylbutanoate (mPEG-SMB) having the general formula:

O,
O

mPEG—H,CH,CHG (N

CH3
O

2

where mPEG is between 10 and 30 kD. In one example, the reactive ester may be ~0-CHa.
CHa CH{CH3}-CO2-NHS,
In certain embodiments, the PEG reagents may include nitrophenyl carbonate-linked

PEGs, having the general formula:
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NO;

Compounds including nitrophenyl carbonate can be comjugated to primary amine
containing Hukers.

In certain embodiments, the reagents used to generate PEGylated aptamers may include
PEG with thiol-reactive groups that can be used with a thicl-modified linker. One non-limiting
example may include reagenis having the following general structure:

[0}
MPE e \
O

where mPEG 1s about 10 kB3, about 20 kI3 or about 30 kD,
In certain embodiments, the reagents used to generate PEGylated aptamers may include

reagents having the following structure:

mPEG

mPEG

Q

>

where each mPEG is about 10 kI, about 20 kD, or about 30 kDD and the total
molecular weight is about 20 kD, about 40 kI3, or about 60 kI3, respectively. Branched PEGs with

thiol reactive groups that can be used with a thicl-modified linker, as described above, may include
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reagents in which the branched PEG has a total molecular weight of about 40 kD or about 60 kD
{e.g., where each mPEG is about 20 kD or about 30 kD).
o certain embodiments, the reagents used o generate PEGylated aptamers may include

reagents having the following structure:

e N

wPEG
wmPEG =N
H

0
In certain embodiments, the reaction to conjugate the PEG to the aptamer is carried out
between about pH ¢ and about pH 10, or between about pH 7 and pH 9 or about pH 8.
In certain embodiments, the reagents used to generate PEGylated aptamers or bispecific

aptamers may include reagents having the following structure:
CHRO{OH OO GHy

CHRO {OH OO - GH

~

G o™
! .} i
b G O G GHL GHAR RGO 2}, G i

In certain embodiments, the reagents used to generate PEGylated aptamers may include

reagents having the following structure:

™~

Pt e}

N~CHy= C—NHCH,CHNH=C —~CH,CH,—N
CHyO—CH,CHO0—CH,C

i 0
e

In ceriain embodiments, the reagents used o generate PEGylated aptamers may include

reagents having the following structure:
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In certain embodiments, the reagents used fo generate PEGylated aptamers may include

reagents having the following structure:

{}
T
OHLO~{CH,CH, 0, ~ © NH
{CH) 9

%

PR e ﬁWQWN
O

CH, O~ {CH,CH, 08, ~ g RH

In certain embodiments, the reagents used to generate PEGylated aptamers may include

reagents having the following structure:

/% oV

\/OMWOH

R = Hexaglycerol core structure

In certain embodiments, the reagents used o generate PEGylated aptamers may include

reagenis having the following siructure:
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R = Pentaerythritol core structure

In certain embodiments, the aptamer is associated with a single PEG molecule. In other
cases, the aptamer or bispecific aptamer is associated with two or more PEG molecules.

In certain embodiments, the aptamers or bispecific aptamers described herein may be
bound or conjugated to one or more molecules having desired biological properties. Any number
of molecules can be bound or conjugated to aptamers, non-limiting examples including antibodies,
peptides, proteins, carbohydrates, enzymes, polymers, drugs, small molecules, gold nanoparticles,
radiolabels, fluorescent labels, dyes, haptens (e.g., biotin), other aptamers, or nucleic acids {e.g.,
siRNA). In certain embodiments, aptamers may be conjugated to molecules that increase the
stability, the solubility or the bicavailability of the aptamer. Non-limiting examples include
polvethylene glycol (PEG) polymers, carbohydrates and fatty acids. In certain embodiments,
molecules that improve the transport or delivery of the aptamer may be used, such as cell
penetrating peptides. Non-limiting examples of cell penetrating peptides can include peptides
derived from Tat, penetratin, polyarginine peptide Args sequence, Transportan, VP22 protein from
Herpes Simplex Virus (HSV), antimicrobial peptides such as Buforin | and SynB, polyproline
sweet arrow peptide molecules, Pep-1 and MPG. In some embodiments, the aptamer is conjugated
to a lipophilic compound such as cholestercl, dialkyl glycerol, diacyl glycerol, or a non-
immunogenic, high molecular weight compound or polymer such as polyethylene glycol (PEG) or
other water-soluble pharmaceutically acceptable polymers including, but not limited to,
polvamincamines (PAMAM) and polysaccharides such as dextran, or polyoxazolines (PGZ).

The molecule 1o be conjugated can be covalently bonded or can be associated through non-
covalent interactions with the aptamer of interest. In one example, the molecule to be conjugated
is covalently attached to the aptamer or bispecific aptamer. The covalent attachment may occur at

a variety of positions on the aptamer, for example, to the exoeyclic amino group on the base, the
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S-position of a pyrimidine sucleotide, the &-position of a purine mucleotide, the hydroxyl group of
the phosphate, or a hydroxyl group or other group at the 5 or 3' terminus. In one example, the
covalent attachment s to the 5" or 3' hydroxy! group of the aptamer.

Hydrodynamic Radius

An advantage for a bispecific aptamer over a co-administration or co-formulation is the
increase in hydrodynamic radius. Molecular size is a key attribute for lowering diffusion from the
eye. Molecular size can be measured in two ways, molecular weight, and hydrodynamic radius
{Ru). For molecules with larger hydrodyvamic radius, there is a great correlation between the
physical size of the molecule while in the eye and its clearance rate.

The aptamers shown on Figure 2 are all single aptamers conjugated to a PEG carrier for
pharmacokinetic (PK) extension. The ability to make the aptamer portion larger due to the addition
of a second aptamer domain prior to adding PEG will provide several advantages. Shatz et al. has
shown that larger Ra results in a longer half-life in rabbits. In turn this longer half-life in rabbits
reliably translates to a longer half-life in humans. The larger R for the bispecific combined with
high solubility gives the bispecific aptamer corpositions an advantage over current antibody and
antibody fragment products. The ability to then conjugate to PEG molecules as needed will
provide an even longer boost to duration.

Linkers

In certain embodiments, the aptamer or bispecific aptamer can be attached to another
molecule directly or with the use of a spacer or linker. For example, a lipophilic compound or a
non-immunocgenic, high molecular weight compound can be attached to the aptamer using a linker
or a spacer. Various hivkers and attachment chemistries are known in the art. In a non-limiting
example, 6-(triflucroacetamidothexanc! (2-cyanoethyl-N N-diisopropyliphosphoramidite can be
used to add a hexylamino linker to the 5 end of the synthesized aptamer. This linker, as with the
other amino linkers provided herein, once the group protecting the amine has been removed, can
be reacted with PEG-NHS esters to produce covalently linked PEG-aptamers. Other non-limiting
examples of linker phosphoramidites may include: TFA-amino C4 CED phosphoramidite baving

the structure:
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S'-amino medifier C3 TFA having the structure:

2

MMT amino modifier C6 CED phosphoramidite having the structure:

MMT\ ~

N p
H

OEICN

S'-amino modifier 5 having the siructure:

MMT

A o N
P \\//"\Q//‘\\// \T/
OE(CN

MMT: 4-Monomethoxytrityl

$'-amino modifier C12 having the structure:
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MMT

EtCN

MMT: 4-Monomethoxytrityl

$' thiol-modifier C6 having the structure:

8
Trityl’/ \\\///\\//\\//\\\Qm [T

OEICN

$' thiol-modifier C6 having the structure:

" 0O Ca— o |
ST BN NP e T N N b
: \

DMT: 4.4-Duncthoxytrityl /’
; and 5 thiol-modifier €6 having the structure:
o o~ - p—— e /
DM O - . // \,// \\\/’/ \vf/\,/ \\Jf o 3 N/
OEtCN /‘
/

DMT: 4,4-Dimethoxytrityl

The 5'-thiol modified linker may be used, for example, with PEG-maleimides, PEG-
vinylsulfone, PEG-iodoacetamide and PEG-orthopyridyl-disulfide. In one example, the aptamer
may be bonded to the 5'-thiol through a maleimide or vinyl sulfone functionality.

In certain embodiments, the aptamer or bispecific aptamer formulated according to the

present disclosure may also be modified by encapsulation within or displayed on the surface of a
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liposome. In other cases, the aptamer formulated according to the present disclosure may alsc be
modified by encapsulation within or displayed on the surface of a micelle. Liposomes and micelles
may be comprised of any liptds, and in certain embodiments the lipids may be phospholipids,
including phosphatidyicholine. Liposomes and micelles mayv also contain or be comprised in part
or in total of other polymers and amphipathic molecules including PEG conjugates of poly lactic
acid (PLA), poly DL-lactic-co-glycolic acid (PLGA), or poly caprolactone (PCL).

Vi  Pharmaceutical compositions and formulations

Also disclosed are aptamers or bispecific aptamers prepared as pharmaceutical
compositions. Compositions as described herein may comprise a liguid formulation, a solid
formulation or a combination thereof. Non-limiting examples of formulations may include a
tablet, a capsule, a gel, a paste, a liquid solution and a cream. The compositions of the present
disclosure may further comprise any number of excipients. Excipients may include any and all
solvents, coatings, flavorings, colorings, lubricants, disintegranis, preservatives, sweeteners,
binders, diluents, and vehicles {or carriers). Generally, the excipient is compatible with the
therapeutic compositions of the present disclosure. The pharmaceutical composition may also
contain minor amounts of non-toxic auxiliary substances such as wetting or emulsifving agents,
pH buffering agents, and other substances such as, for example, sodium acetate, and
triethanolamine oleate.

Therapeutic doses of formulations disclosed herein can be administered to a subject in need
thereof. In certain embodiments, a formulation is administered to the eye of a subject to treat, for
example, wet AMD, diabetic retivopathy, diabetic macular edema, retinal vein occlusion,
branched retinal vein occlusion, central retinal vein occlusion, retinopathy of prematurity,
radiation retinopathy, dry AMD, or geographic atrophy.  Administration to the eye can be a)
topical; b) focal ocular defivery; or ¢} systemic. A topical formulation can be applied directly to
the eye (e.g., eve drops, contact lens foaded with the formulation) or to the evelid {(e.g., cream,
lotion, gel). In certain embodiments, topical administration can be to a site remote fron: the eye,
for example, to the skin of an extremity. This form of administration may be suitable for targets
that are not produced divectly by the eye.  lu certain embodiments, a forroulation of the disclosure
is administered by local ccunlar delivery. Non-limiting examples of local ocular delivery include
intravitreal (IVT), intracamarel, subconjunctival, subtenon, suprachoroidal, retrobulbar, posterior

juxtascleral, and peribulbar. In certain embodiments, a formulation of the disclosure is delivered
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by intravitreal administration (IVT). Local ocular delivery may generally involve injection of a

liquid formulation. In other cases, a formulation of the disclosure is administered systemically.

Systemic administration can involve oral administration. In certain embodiments, systemic

administration can be intravenous administration, subcutanecus administration, infusion,

implantation, and the like.

Other formulations suitable for delivery of the pharmaceutical compositions described

herein may include a sustained release gel or polymer formulations by surgical implantation of a
biodegradable microsize polymer system, e.g., microdevice, microparticle, or sponge, or other
slow release transscleral devices, implanted during the treatment of an ophthalmic disease, or by
an ocular delivery device, e.g. polymer contact fens sustained delivery device. In certain
embodiments, the formulation is a polymer gel, a self-assembling gel, a durable implant, an eluting
implant, a biodegradable matrix or biodegradable polymers. In certain embodiments, the
formulation may be administered by 1ontophoresis using electric current to drive the composition
from the surface to the posterior of the eye. In certain embodiments, the formulation may be
administered by a surgically implanted port with an intravitreal reservoir, an extra-vitreal reservoir
or a combination thereof. Examples of implantable ocular devices can include, without limitation,

the Durasert” technology developed by Bausch & Lomb, the ODTx device developed by On
Demand Therapeutics, the Port Delivery System developed by ForSight VISION4 and the
Replenish MicroPumip® System developed by Replenish, Inc.

In certain embodiments, nanotechnologies can be used to deliver the pharmaceutical
compositions including nanospheres, nanoparticles, nanocapsules, liposomes, nanomicelles and
dendrimers.

The composition disclosed herein can be administered ovce or more than ouce each day.
In certain embodiments, the composition is administered as a single dose {i.e., one-time use}. In
this example, the single dose may be curative. In other cases, the composition may be administered
serially (e.g., taken every day without a break for the duration of the treatment regimen}. In certain
embodiments, the treatment regime can be less than a week, a week, two weeks, three weeks, a
month, or greater than a month. In certain embodiments, the composition is administered once
over a period of at least 12 weeks. In certain embodiments, the composition 18 administered once
over a period of at least 16 weeks. In certain embodiments, the composition is administered once

over a period of at least 20 weeks. In certain embodiments, the composition is administered once

85



WO 2021/207197 PCT/US2021/025964

over a period of at least 24 weeks. In certain embodiments, the composition is administered once
over a period of at least 28 weeks. In certain embodiments, the composition is administered once
over a period of at feast 32 weeks. In certain embodiments, the composition is administered once
over a period of at least 36 weeks. In certain embodiments, the composition is administered once
over a period of at least 40 weeks. In certain embodiments, the composition is administered once
over a period of at least 44 weeks. In certain embodiments, the composition is administered once
over a period of at least 48 weeks. In certain ervbodimuents, the composition is administered once
over a period of at least 52 weeks. In certain embodiments, the compesition is administered as a
loading dose of ove injection every four weeks for three roonths

Bispecific aptamer compositions as described herein may be particularly advantagecus
over current approaches as they may sustain therapeutic intravitreal concentrations of drug for
fonger periods of time, thus requiring less frequent administration. For example, an anti-VEGE-
A antibody or Fab may show clinical efficacy for the treatment of wet age-related macular
degeneration at 10mg when dosed every 4 weeks {gdw} but not every 8 weeks {g8w} The
bispecific aptamers described herein have a longer intraccular half-life, and/or sustain therapeutic
intravitreal concentrations of drug for longer periods of time, than an anti-VEGF-A antibody or
Fab and other antibody therapies and thus, can be dosed less frequently. In certain embodiments,
the bispecific aptamers are dosed at least every 4 weeks (gdw), every 5 weeks (g3w), every &
weeks (gbw), every 7 weeks (q7w), every 8 weeks {q8w), every 9 weeks (¢9w), every 10 weeks
{q10w), every 11 weeks (gl lw), every 12 weeks (q12w}, every 13 weeks (q13w), every 14 weeks
{qi4w}, every 15 weeks {q15w), every 16 weeks (q16w), every 17 weeks (gl 7w), every 18 weeks
(q18w), every 19 weeks {q19w), every 20 weeks (q20w), every 21 weeks {(q21w), every 22 weeks
{q22w), every 23 weeks (q23w), every 24 weeks (q24w) or greater than g24w.

The compositions herein may include any number of pharmaceutical compositions for the
treatment of ocular diseases or disorders as well as any type of formulation containing a PEGylated
bispecific aptamer composition provided herein. The pharmaceutical compositions may include a
therapeutically effective amount of any composition as described herein {e.g, a therapeutic
bispecific aptamer conjugated to a PEG reagent). In certain embodiments, the formulation or
pharmaceutical composition provided herein contains a PEGylated bispecific aptamer provided

herein and ancther substance or component provided herein, such as a liquid or buffer.
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In certain embodiments, the pharmaceutical composition or formulation is solely
composed of PEGylated bispecific aptamers. In other cases, the formulation or pharmaceutical
composition is substantially composed of PEGylated bispecific aptamers (e.g., greater than about
70%, greater than about 80%, greater than about 90%, greater than about 95% composed of
PEGylated bispecific aptamers). In other cases, the formulation or pharmaceutical composition is
mostly composed of PEGylated bispecific aptamers {e.g., greater than about 50% PEGylated
aptamers). In certain embodiments, the PEGylated bispecific aptamer is a minor constituent of the
pharmaceutical formulation. In certain embodiments, the PEGylated bispecific aptamer makes up
less than about 20%, less than about 10%, or less than about 5% of the pharmaceutical formulation
or composttion. In certain embodiments, the PEGylated bispecific aptamer makes up from about
3% to about 5% of the pharmaceutical formulation or composition.

The formulation or pharmaceutical composition may further include any number of
excipients, vehicles or carriers. For example, the pharmaceutical composition may include a
therapeutically effective amount of the bispecific coraposition, alone or in combination, with one
or more vehicles {e.g., pharmaceutically acceptable compositions or e.g., pharmaceutically
acceptable carriers).  Excipients may include any and all buffers, solvents, lubricants,
preservatives, diluents, and vehicles {or carriers). Generally, the excipient is compatible with the
compositions described herein. The pharmaceutical composition may also contain minor amounts
of non-~toxic auxiliary substances such as wetting or emulsifying agents, pH buffering agents, and
other substances such as, for example, sodium acetate, and triethanolamine oleate.

In certain embodiments, a therapeutically effective amount of the bispecific composition
is administered to a subject. The term “therapeutically effective amount” refers to an amount of
the composition that provokes a therapeutic or desired response in a subject. In certain
embodiments, the therapeutic or desired response is the alieviation or reduction of one or more
symptoms associated with a disease or disorder. In certain embodiments, a therapeutic or desired
response is prophylactic treatment of a disease or a disorder. The therapeutically effective amount
of the composition may be dependent on the route of administration. In the case of systemic
administration, a therapeutically effective amount may be about 10 mg/kg to about 100 mg/kg. In
certain embodiments, a therapeutically effective amount may be about 10 pg/kg to about 1000

ug/kg for systemic administration. For intraviireal admiunistration, a therapeutically effective
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amount can be about 0.01 mg to about 150 mg in about 25 pl to about 100 ul injection volume per
eye.

The pharmaceutical compositions may be administered in a dose that is sufficient to cause
a therapeutic benefit to or a therapeutic response in the subject. The dose may vary depending on
a variety of factors including the bispecific aptamer and the PEG reagent selected for use. In
certain embodiments, a therapeutically effective amount of a PEGvylated bispecific aptamer of the
disclosure {e.g., a bispecific aptamer atiached to a PEG having 2, 3 or more arrus) may be
administered to a subject in a relatively small volume. In certain embodiments, a therapeutically
effective amount of a bispecific aptamer attached to a PEG reagent having 2 or more arms may be
administered to a subject in a smaller volume than a bispecific aptamer attached to a PEG reagent
having less than 2 arms. In certain embodiments, a therapeutically effective amount of a bispecific
aptamer attached to a PEG reagent having 3 or more arms may be administered to a subject in a
smaaller volume than a bispecific aptamer attached to a PEG reagent having less than 3 arms. For
example, because of the surprising benefiis of using a PEG reagent having 3 or more arms {(e.g.,
fower viscosity, higher injectability, etc), a formulation comprising a PEGylated bispecific
aptamer of the disclosure may be more concentrated (and hence, require a smaller adminisiration
volume). In certain embodiments, the therapeutic composition/formulation may enable a
therapeutically effective amount to be delivered to a subject in a single administration, e.g., a single
injection, a single intraviireal injection. in certain embodiments, the therapeutic
composition/formulation may possess a viscosity that enables a therapeutically effective amount
to be delivered to a subject in a single administration, e.g., a single injection, a single intravitreal
injection.

In certain embodiments, a therapeutically effective amount of an aptamer attached to a
PEG reagent having 3 or more arms {e.g., 3 or more arms, 4 or more arms, £tc.} may be less than
a therapeutically effective arnount of a bispecific aptamer attached to a PEG reagent having two
or fess arms. Without wishing to be bound by theory, this may be because an increased intravitreal
retention time may reduce the amount of PEGylated bispecific aptamer needed to achieve a
therapeutic response.

The pharmaceutical compositions herein generally may be administered by injection to the
vitreous (i.e,, intravitreal (IVT) administration}. IVT administration may be to one eye if only one

eye is affected by the ocular disease, or to both eyes if both eyes are affected. The pharmaceutical

88



WO 2021/207197 PCT/US2021/025964

compaositions herein may be in a formulation suitable for intravitreal administration. For example,
the pharmaceutical compositions may be prepared in a liquid formulation for injection into the
vitreous.

Liquid formulations provided herein may have low viscosity, e.g., a viscosity amenable o
intravitreal injection, vet may alsc contain a relatively high concentration of PEGylated bispecific
aptamer {e.g., about 25 mg/mL to about 60 mg/mL}. In certain embodiments, the pharmaceutical
composition may comprise a PEGylated bispecific aptawer conceutration of at least about 25
mg/mi. atleast about 30 mg/mL, at least 35 mg/ml, atleast 40 mg/mb, at least 45 mg/mL, at least
50 mg/mlL or atleast 60 mg/mL.). In a specific example, a liquid formulation provided herein may
have an aptamer concentration of PEGylated bispecific aptamer of greater than about 25 mg/m! or
greater than about 30 mg/m! when formulated for intravitreal administration. In another specific
example, a liquid formulation provided herein may have an aptamer concentration of PEGylated
bispecific aptamer of greater than about 35 mg/ml when formulated for intravitreal administration.
In another specific example, a liquid formulation provided herein may have an aptamer
concentration of PEGylated bispecific aptamer of greater than about 40 mg/m! when formulated
for intravitreal administration.

In certain embodiments, a Hiquid formulation as provided herein may be formulated in a
pre-filied syringe. In certain embodiments, a liguid formulation may be formulated in a volume
of about 10 pl., about 20 pl., about 30 ul., about 40 ul., about 50 ub., about 60 pl., about 70 plL,
about 8G ul, about 90 pL, about 100 ul or greater than about 100 nl. Also provided herein are
pre-filled syringes that contain a composition that comprises any of the PEGylated bispecific
aptamers described herein.

As used berein, “polydispersity index” refers to a measure of the distribution of molecuiar
mass in a given polyvmer sample. The polydispersity index, therefore, reflects the level of
uniformity in a sample. The polydispersity index (PDI) of a solution may be calculated by the
following formmuia: PDI = Mw/Mn, where Mw is the weight average molecular weight, and Mn is
the number average molecule weight. Therefore, the greater the PDI of a solution, the broader the
distribution of molecular mass within the sample. In certain embodiments, the therapeutic
compositions provided herein may have a PDI of less than 1.05. That is, the molecular mass of
PEGylated bispecific aptamers present in a therapeutic composition of the disclosure may be

relatively uniform. In certain embodiments, the PDI of a therapeutic bispecific composition may
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be less than about 1.05, less than about 1.04, less than about 1.03, less than about 1.02, less than
about 1.01, or about 1.00.

The compositions described herein may be co-administered with one or more additional
therapeutic agents. The one or more additional therapeutic agents may be conjugated to a PEG
reagent as described herein or may be unconjugated. The one or more additional therapeutic agents
enhance or act synergistically in combination with the compositions provided herein.

The PEGylated bispecific apiamer may be administered to a subject by ocular delivery. In
one embodiment, the PEGylated bispecific aptamer is administered by intravitreal injection. In
one embodiment, the PEGylated bispecific aptamwer is administered by periocular injection. In one
embodiment, the PEGylated bispecific aptamer is administered by suprachoroidal injection. In one
embodiment, the PEGylated bispecific aptamer is administered by subretinal injection.

In one embodiment the bispecific aptamer composition will be formulated in a prefilied
syringe. In one embodiment, the prefilled syringe will be designed to deliver 50-100 ul.. In one
erabodiment, the prefilled syringe will have a final total volume of 500 ul.. In one embodiment,
the prefilied syringe will be end sterilized prior to filling. In one embodiment, the barrel of the
syringe is borosilicate glass type I with no printing. In one embodiment, the needle size will be
31 . In one embodiment, the needle size will be 30 G. In one embodiment, the needle size will
be 29 G. In one embodiment, the needle size will be 28 G. In one embodiment, the needle size will
be 27 . In one embodiment, the needie gauge will be large enough to produce an injection break
force of less than 12 N, In one embodiment, the needle length will be approximately 12-13 mm.
in one embodiment, the prefilled syringe will be siliconized, to ensure smooth glide for the stopper

during injections.

VIiL  General Methed of Preparation

Oligonucleotide synthesis is a multi-step process involving solid phase chemical synthesis
of the oligonucleotide strand; cleavage and deprotection of the crude oligonucleotide; purification
by preparative anion exchange chromatography; desalting followed by PEGylation; purification
of the PEGylated oligonucleotide by preparative apnion exchange chromatography to remove
unPEGylated  oligonucleotide impurities; ultrafiltration for desalting, concentration and
fyophilization of the final product. The entire process is schematically shown in the process flow

diagram in Figore 3.
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Chemical Synthesis

Chemical synthesis of oligonucleotides via phosphoramidite chemistry involves sequential
coupling of activated monomers to an elongating polvimer, one terminus of which is covalently
attached to a solid support matrix. The solid phase approach allows for easy purification of the
reaction product at each step in the synthesis by simple solvent washing of the solid phase. The
oligonucleotides are sequentially assembled from the 3'- end towards the 5'- end by deprotecting
the 5'- end of the support-bound molecule, allowing the support-bound molecule to react with an
incoming tetrazole-activated phosphoramidite monomer, oxidizing the resulting phosphite triester
to a phosphate triester, and blocking any unreacted hydroxyl groups by acetylation {capping) to
prevent non-sequential coupling with the next incoming monomer to form a “deletion sequence”.
This sequence of steps is repeated for subsequent coupling reactions until the full-length
oligonucleotides are synthesized. Due to the presence of' a 37-3 linkage at the 37 end and a C-6
hinker for PEGylation at the 5° end, the synthesis is modified at the first and last step to
accommodate these changes.

Cleavage and Deprotection

Upon completion of the synthesis, the solid-support and associated oligonucleotide are
transterred to a filter funnel, dried under vacuum and transferred to a reaction vessel. Ammonium
hydroxide (28-30%) and methylamine (40% in water) are added to the solid support as a 101
solution {AMA) and the mixture is heated to approximately 45-60 °C for approximately 30 minutes
to effect cleavage from the solid support, removal of the cyanocethyl phosphate protecting group,
deprotection of exocyclic amine protecting groups as well as removal of the trifluoroacety! group
from the hinker. The sample ts cooled at -20 °C for 30 nminutes to vield the crude oligonucleotide.
The mixture is filtered under vacuum to remove the waste solid support. The reaction is quenched
with glacial acetic acid to provide a pH neutral solution of crude product.

Anion Exchange Purification 1

The crude oligonucleotide is purified by preparative anion exchange chromatography.
Purification is accomplished by eluting the product from the column through a controlled increase
in sodium bromide concentration in the buffer system by increasing the proportion of Buffer B.
Fractions are collected and analyzed by UV and IP RP-HPLC. Fractions are combined to yield a
product pool of the desired pursity, desalted by ultrafiltration and concentrated. The concentrated

product is labeled and stored at 2 - 8 °C.
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The purified oligonucleotide intermediate is analyzed for MW by ES-MS, UV for
oligonucleotide content and purity by IP RP-HPLC prior to proceeding to the PEGylation step.

PEGylation

The purified and concentrated oligonuclectide interruediate from above is reacted with 40K
PEG at 25 °C in 0.1-0.2 M sodium borate buffer {(~ pH 8.8 - 9.8), BDMSQ, and acetonitrile for 60-
90 min.

Anion Exchange Purification 2

The crude product is purified by preparative anion exchange chromatography to remove
unPEGylated oligomer impurities. Purification is accomplished by eluting the product from the
column through a controlled increase in sodium bromide concentration in the buffer system by
increasing the proportion of Buffer B. Fractions are coliected and analyzed for content and purity.
Selected fractions are combined to yield a product pool of the desired purity.

Desalting and Cencentration

The pooled fractions are desalted by ultrafiltration and concentrated. The concentrated
product is labeled and stored at 2 - 8 °C.

Lyophilization

API is aliquoted then freeze-dried o a dry, off-white to slightly vellow powder.

Storage of AP

Lyophilized AP1is stored at -15 °C to -25 °C.

Example 1: Bisnecific Aptamers Targetine VEGF and L8 Generated By Direct Chemical

Synthesis.

An aptamer domain targeting VEGF and an aptamer domain targeting 118 can be linked
directly during solid phase chemical synthesis (Figures 4-6). To achieve this the anti-VEGF
aptamer {aptamer 285 {SEQ D NG: 1y
CXACZCCGCGUGGAGGOXUUUCAUAAUCCCGUUUXUCK, where A, C and U are 2°0OMe,
Gis 27F G, X i3 270OMe G and 7 is the 3-carbon non-nucleotidyl spacer is 1,3-propanediol} is
linked at the 5° end of a short nucleotide linker composed of five 2°0OMe Uridine residues
{(UUUUU; where U 15 2°0OMe U}, which in turn is Hnked to the 57 end of the anti-1IL8 aptamer
(aptamer 269 (SEQ I NG 48); XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC,
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where A, C and U are 270OMe, G is 2°F G, X is 2’0Me G ). The resulting bispecific aptamer
sequence {CXACZCCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCKUUUUU
KXCXACKXKUAKXAUUAUGGGCAGUGUGACCXCXCC, where A, C and U are 2°0OMe, G is
2’F G, X is 2°OMe G and Z is the 3-carbon non-nucleotidyl spacer is 1 3-propanediol} can be
synthesized using a combination of commercially avaiiable 2’-fluoro-G and 2°-O-methyl (2’CMe}
AJC/UIG modified phosphoramidites on a 3”7 inverted deoxythymidine CPG support. The 57 end
of the aptamer is modified with a S C6 amino modifier {o facilitaie conjugation {0 an activated
PEG moiety.

Following synthesis, the bispecific aptamer is deprotected using the appropriate solvents
and reagents capable of removing the phosphate protecting groups, removing the base protecting
groups and cleaving the molecule from the support. For example, the bispecific aptamer could be
treated with diethylamine in acetonitrile followed by aqueous 30% ammonium hydroxide or a
50/50 mixture of aqueous 30% ammonium hydroxide and 40% methyl ammonium hydroxide. The
deprotected bispecific aptamer is then desalted and used for PEG covjugation dirvectly without
additional purification.

Conjugation to a 40 kDa branched PEG is achieved by incubating the 57 amine modified
bispecific aptamer with a2 1.5 — S-fold molar excess of NHS activated SUNBRIGHT® GL2-
400GS2 in 0.1M sodium bicarbonate buffer at pH 8.5, Following incubation, typically 2 -20hr, the
PEGylated bispecific aptamer is purified by either anion exchange chromatography or ton paired
reverse phase chromatography. The PEGylated bispecific aptamer is subsequently desalted prior
to future use.

In some instances, the deprotected bispecific aptamer 1s purified by either anion exchange
chromatography or ion paired reverse phase chromatography prior to PEG conjugation. Following
purification, the bispecific aptamer is desalted into water and then combined with a 1.5 — 5 fold
molar excess of NHS activated SUNBRIGHT® GL2-400GS2 in 0.1M sodium bicarbonate buffer
at pH 8.5, Following incubation, typically 2 -20hr, the PEGylated bispecific aptamer is then
purified by either anion exchange chromatography or ion paired reverse phase chromatography.
The PEGylated bispecific aptamer is subsequently desalted prior to future use.

A number of variations to this approach can be utilized to achieve the same or similar end
products. For example, the orientation of the aptamers could be reversed. That is, the bispecific

aptamer could be constructed bearing a 57 anti-VEGYF domain and a 37 anti-1L8 domain ora 5
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anti-1L8 domain and a 3’ anti-VEGYF domain. Similarly, the length of the nucleotide linker or the
sequence of the linker could be changed and that this would impart changes in the distance and/or
geometry between the aptamer domains.

The bispecific aptamers generated using this approach could be linked with a non-
nucleotidyl  linker.  Numercus non-nucleotidyl linkers are available commercially as
phosphoramidtes. Other similar linkers can be readily synthesized using standard chemical
approaches. The nucleotidyl linker could be, a 3-carbon non-nucleotidy! spacer such as 13-
propanediol, a 6-carbon non-nucleotidy! spacer such as 1,6-hexanediol, a 9-atom spacer such as
iriethyleneglycol or an 18-atom spacer such as hexaethyleneglycol.

The approach can be applied to any combination of aptamers, in particular those in Table

27,

Table 27
Sﬁ? Aptamer | Target | Sequence
N3:
1 285 VEGEF | CXACZCCGCGCGGAGGGXUUUCAUAAUCCCGUUUXUCXK
2 26 VEGF | AGGCCGCCUCCGLGCGGAGGOGUUUCAUUAUCCCGUUUGGCGGCUL
3 439 VEGEF | COACUCCGCGLCGOAGGCUUGGAGGUUACCCGUUUGULCE
4 441 VEGF | COGACUCCGCGCGGAGUCCCUAATUUGGGHCGUUUGUCG
3 443 VEGF | CGACUCCGCGCGGAGUCCCUUCAUUGGRGCGUUUGUCG
6 445 VEGF | CGACUCCGCGLGGAGGGUUAAUGGCUACCCGUUUGUCG
7 447 VEGEF | CGACUCCGCGCGGAGUCCCUGUAAUGGGGCGUUUGUCG
8 479 VEGF | COACUCCGCGCGGAGGOUUUGGCUACCCGUUUGUCE
o 481 VEGF | CGACUCCGCGCGGAGGCUUGAGGUAGCCQUUUGUCG
10 | 483 VEGF | CGACUCCGCGUGGAGUCCCACAUGGGGCGUUUGUCE
11 485 VEGF | COACUCCGCGCGOAGGCAUGAGGUUCCCGUUUGUCG
12 487 VEGF | CGACUCCGCGCGGAGGCAUGAGGUUGCCGUUUGUCG
13 439 /EGE | CGACUCCGCGCGCAGUGCUGAGGUGCACGUUUGUCG
14 600 VEGF | COACZCCGCGCGOAGGOUUGGAGGUUACCCGUUUGUCG
15 601 VEGF | COACZCCGCGCGRAGUCCCUAATUUGGGGCGUUUGUCG
16 602 VEGF | CQACZCCGCRUGRAGUCCCUUCAUUGGGGEGUUUGUCG
17 603 VEGEF | CGACZCCGCGCGGAGGGUUAAUGGLUACCCGUULUGUCG
18 604 VEGEF | CGACZCCGCGCGGAGUCCCUGUAAUGGGGCGUUUGUCG
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19 | 605 VEGF | CGACZCCGCGCGGAGGGUUUGGCUACCCGUUUGUCG
20 | 606 VEGE | CGACZCCGCGCGGAGGCUUGAGGUAGCCGUUUGUCG
21 | 607 VEGF | CGACZCCGCGCGGAGUCCCACAUGGGGCGUUUGUCG

27 | 608 VEGF | CGACZCCGCGCGGAGGGAUGAGGUUCCCGUUUGUCE
23| 609 VEGF | COACZCCGCGCGGAGGCAUGAGGUUGCCGUUUGUCS
24610 VEGF | COGACZCCGCGCGGAGUGCUGAGGUGCACGUUUGUCS
25| 611 VEGF | CXACUCCGCGCGGAGGGUUGGAGGUUACCCGUUUXUCK
26 | 612 VEGF | CXACUCCGCGCGGAGUCCCUAAUUUGGGGCGUUUXLCY
27 613 VEGF | CXACUCCGCGCGGAGUCCCUUCAUUGGGGCGUUUXUCK
28 614 VEGF | CXACUCCGCGCGGAGGGUUAAUGGCUACCCGUUUXUCK
29 | 618 VEGF | CXACUCCGCGCGGAGUCCCUGUAAUGGGGCGUUUXUCK
30 | 616 VEGF | CXACUCCGCGCGGAGGGUUUGGCUACCCGUUUXUCK
31| 617 VEGF | CXACUCCGCGCGGAGGCUUGAGGUAGECGUUUXUCK
32| 618 VEGF | CXACUCCGCGCGGAGUCCCACAUGGGGCGUUUXUCK
33| 619 VEGEF | CXACUCCGCGCGGAGGGAUGAGGUUCCCGUUUNUCY
341620 VEGF | CXACUCCGCGUGGAGGCAUGAGGUUGCCGUUUXUCK
35| 621 VEGF | CXACUCCGCGCGGAGUGCUGAGGUGCACGUUUXUCX
36 | 622 VEGF | CXACZCCGCGCGGAGGGUUGGAGGUUACCCGUUUXUCK
37 | 623 VEGF | CXACZCCGCGCGGAGUCTCUAAUUUGGGGCGUUUXUCX
3% | 624 VEGEF | CXACZOCGOGCGGAGUCCCUUCAUUGGGGCGUUUXUCK
39 | 625 VEGF | CXACZCCGOGCGGAGGGUUAAUGGCUACCCGUUUXUCK
10 | 626 VEGF | CXACZCCGCGCGGAGUCCCUGUAAUGGGGCGUUUXUCK
41 627 VEGE | CXACZCCGCGCGGAGGGUUUGGCUACCCGUUUNTEX

47 628 VEGF | CXACZCCGCGCGGAGGCUUGAGGUAGCCGUUUXUCK
43 629 VEGF | CXACZCCGCGCGGAGUCCCACAUGGGGCGUUUXUCK

44 630 VEGF | CXACZCCGCGCGGAGGGAUGAGGUUCCCGUUUXUCK
45631 VEGF | CXACZCCGCGCGGAGGCAUGAGGUUGCCGUUUXUCK
16 632 VEGF | CXACZCCGCGCGGAGUGCUGAGGUGCACGUUUXUCK
47| 248 s XCXXUGGGAAAUGUGAGAUGGGUUXCCXC

48 269 L% XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC

49 1188 Ang? | XGGCAAAGGCAAAUCAAAACCGUUACAACCC

50 | 204 Ang? | ACGGGGCAAUCCUGCCGUUUUACAGGUAAAXCCG

51 | ARC1905 | C3 CXCCGEXXUCUCAXNCGCUNAXUCUXAXULUACCUXCX
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52 1 ARCIZ7 | PDGF | cagecUalX(S818)cgtaXaXeaUCA{SI8)gatCCUX
33 3(1%) FGEF2 XXXAUACUAXX (G CAUUAAUXUVACCAGGU G UAXUCCC
54 17 FactorD | CCXCCUUGCCAGUAUUGGCUUAGGCUGGAAGUUUXXCXX

g, cand t are DNA, Z is a 1, 3-propanediclspacer and (818) hexaethyleneglycol

Example 2: Synthesis of bispecific aptamer compositions using Aptamer 285¢x and Aptamer

269,

Using this approach, bispecific aptamers were synthesized using aptamer 28S5ex, an extended
version of the anti-VEGF aptamer 285 with an inverted T (SEQ 1D NO: 67) combined with the
anti~1L.8 aptamer 269 with a converted T {SEQ ID NG: 56). Bispecific aptamers were generated
using a nor-nucleotide linker comprised of a 3-carbon non-nucleotidy! 1,3-propanediol spacer ()
(SEQ ID NG 69), a non-nucleotide linker comprised of a hexaethylene glycol spacer (818} (SEQ
1D NG: 70), or a nucleotide linker composed of five 2°OMe deoxyuridine residues (3U) (SEQ 1D
NO: 71). The order of the aptamer domains was varied; constructs were made with aptamer 285

linked to the 5’ side of aptamer 269, and with aptamer 285 linked to the 3’ side of aptamer 269. In

all cases, aptamers were generated bearing a $7 a 37 inverted deoxy thymidine (Table 28).

Table 28
?;% o S’Apt | 3’Apt | Linker Sequence
&7 385ex wa n/a X CXA {ﬁZQ(ﬁG’(ﬁ{i COGAGGGXUUCAUAAUCCCGUU
) e UXUCXXCovdT
, w XXCXACKXXUAXAUUVAUGGOGCAGUGUGACCXCXCC-

56 269 n/a n/a iovdT
XCCXACZCCGCGUGGAGGGXUUUCAVAAUCCCGUU

69 283%ex 269 Z UXUCXXCZXXCXACXXUAXAUUAUGOGGCAGUGUGA
CCXCXCCanvdT
RCCHACZCCGUGUGGAGGGXUUUCAUAAUCCCGUU

76 288%ex 269 S§i8 UXUCKXXCSIRXXCXACKXXUAXAUUAUGGGCAGUGUG
ACCXCXCC-invdT
XCCHACZCCOGCGUGGAGGGXUUUCAVAAUCCCGUU

. . UXUCXXC-UUUUU-

T 385ex | 269 1 SU L S OXACKXUA XAUUAUGGGCAGUGUGACCXCXCC-
mvdT
XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCCZ

74 265 28%ex Z XCCXACZCCGCGCGGAGGOGXUUUCAUAAUCCCGUYU
UXUCKXXC-nvdT
XXCYACKXXUAXAUUVAUGGOGCAGUGUGACCXCXCCSE

75 269 28%ex 518 EXCCXACZCCOCGCOGAGGGXUUUCAUAAUCCCGUU
UXUCKXC-nvdT
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NXCKXACKXXUAXAUUVAUGGGCAGUGUGACCXEXCC-
UuuuuU-
XCCXACZCCGCGUGGAGGGXUUUCAUVAAUCCCGUU
UXUCXXCHnvdT

where Gis 2F RNA, X1s 270Me GRNA, A, C, and Uare 270Me RNA, Cand Uare 22 FRNA, 3,
g. ¢ and tare BDNA, Z i3 a 1 3-propancdiol spacer, 518 is hexacthylene glycol Sequences in bold
indicate base pairs added to stabilize a terminal stem

76 269 U

t 3
=)
13y
]
4

Example 3: Bispecific Aptamers Targeting VEGEF and L8 Generated By Enzvmatic

Synthesis,

A bispecific aptamer targeting both VEGF and IL8 can also be generated enzymatically by
linking an aptamer domain targeting VEGF and an aptamer domain targeting IL8. To achieve this,
the anti-VEGF aptamer {aptamer 26 {SEQ 1)) NO: 2y
AGGCCGCCUCCGCGCGGAGGGGUUUCAUUAUCCCGUUUGGCGGCUU, where A, C and
U are 2’OMe, G is 2'F (3} is linked at the 57 end of a short nucleotide linker composed of five
27 OMe Uridine residues (UUUUY; where U 1s 2°0Me U}, which in turn 1s linked to the 57 end of
the anti-1L8 aptamer {aptamer 269 (SEQ D NO: 48);
GGCGACGGUAGAUUVAUGGGCAGUGUGACCGCGCC, where A, C and U are 2’OMe, G is
F G, X s 20Me Gy The  resulting  hispecific  aptamer  sequence
AGGCCGCCUCCGCGUGGAGGGGUUUCAUUAUCCCGUUUGGCGGCUU
UUUUUGGCGACGGUAGAUUVAUGGGCAGUGUGACCGCGCC, (where A, C and U are
2'0OMe, G is 2'F (33 can be encoded in a double stranded DNA immediately adjected to the 37 end
of a dsDNA phage polymerase promoter. Such templates can be generated by PCR from single
stranded DNA template using the appropriate primers. The double stranded DNA template can
then be transcribed into modified RNA using the appropriate mutant phage polymerase and
nucleotide mixture (e.g. 2°F GTP, 270Me ATP, 2’7OMe CTP, 2°OMe UTP) and purified by gel
electrophoresis, HPLC, or other suitable method.

A vuraber of variations o this approach can be utilized to achieve the same or similar end
product. The ordinarily skilled artisan would recognize that the orientation of the domains is not
fixed and that the bispecific aptamer could be counstructed bearing a 57 anti-VEGF domain and a
37 anti-1L8 domain or a 5" anti-IL8 domain and a 3 anti-VEGF domain. Similarly, the length of

the nucleotide linker or the sequence of the linker changed and that this would impart changes in
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the distance and or special geometry between the aptamer domains. The approach can be applied
to any combination of aptamers, in particular those in Table 27

fxample 4: Bispecific Aptamers Targeting VEGE and IL38 Generated By Chemical Svnthesis
Followed By Domain Chemical Conjugation,

An aptamer domain targeting VEGF and an aptamer domain targeting 1L8 can be
synthesized separately using solid phase chemical synthesis and following deprotection and/or
purification linked chemically (FIGURE 7).

To achieve this the anti-VEGF aptamer (aptamer 285 (SEQ ID NGOG 1y
CXACZCCOUGCGGAGOGXUUUCAUAAUCCCGUUUXUCK, where A, C and U are 2°0OMse,
Gis 2F G, X is 270OMe G and 7 is the 3-carbon non-nucleotidy! spacer is 1,3-propanediol} is
synthesized using a combination of commercially available 2" -fluoro-G and 27-O-methyl {2"0OMe)
A/CIU/G modified phosphoramidites on a 37 inverted deoxythymidine CPG support bearing a 5
C6 amino modifier to facilitate conjugation. Similarly, the anti-IL8 aptamer {aptamer 269 (SEQ

1 NGO 48), XXCXACXXUAXAUUAUGGGCAGUGUGACCXCXCC, where A, C and U are

3]

"OMe, Gis 2°F G, X118 270Me G ) is synthesized using a combination of commercially available

[

“fluoro-G and 2°-C-methyl (270Me) A/C/U/G modified phosphoramidites on a 37 amine C7
CPG support. The 57 end of the aptamer 1s modified with a 57 C6S8 thiol modifier to facilitate
conjugation {0 an activated PEG motety.

Following synthesis, the individual aptamers are deprotected using the appropriate solvents
and reagents capable of removing the phosphate protecting groups, removing the base protecting
groups and cleaving the molecule from the support. For example, the aptamers could be treated
with diethylamine in acetoritrile followed by aqueous 30% ammonium hydroxide or a 50/50
mixture of aqueous 30% ammonium hydroxide and 40% methyl ammonium hydroxide. The
deprotected aptamers are then desalted prior to subsequent use.

To link the aptamer domains, the auti-VEGF aptamer bearing a 57 prime amine i3 first
incubated with a 1.5 —~ 5-fold molar excess of the heterobifunctional PEG linker, SM{PEG)24, in
0.1M sodium bicarbonate buffer at pH & 5. Following incubation, typically 2 -20hr, the resultant
maleimide activated aptamer conjugate is purified by size exclusion chromatography, anion
exchange chromatography, or ton paired reverse phase chromatography.

Subsequently the, anti-1L.8 aptamer bearing a 57 C68S thiol modifier is reduced following
treatment with 100mM TCEP in 0.1M TEAA by heating at 70C for 5 minutes. The reduced
aptamer is then desalted to remove free thiol and reducing agents and incubated 1.1 with the
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maleimide activated anti-VEGF aptamer conjugate in PBS, pH 7.4, Following incubation,
typically 2 -20hr, the resultant aptamer conjugate is purified by size exclusion chromatography,
anion exchange chromatography, or ion paired reverse phase chromatography.

Finally, PEGylation of the 37 end of the bispecific aptamer is achieved by combining the
bispecific aptamer conjugate with a 1.5 — 5-fold molar excess of NHS activated SUNBRIGHT®
(GL2-400GS82 in 0.1M sodium bicarbonate buffer at pH 8.5, Following incubation, typically 2 -
20hr, the PEGylated bispecific aptamer is then purified by either anion exchange chromatography
or ion paired reverse phase chromatography. The PEGylated bispecific aptamer is subsequently
desalted prior to future use.

A number of variations to this appreach can be utilized to achieve the same or similar end
product. Such approaches might make use of different buffers, solutions or reagents that are well
known in the art. Additionally, the order of conjugation and/or the need for or the methods of
purification can be varied and/or substituted with a variety of alternatives.  Similarly, the
orientation of the aptamer {57 and 37} as well as the identity and location of the chemical groups
{5 and 3°) employed for conjugation described here {amine and thiol} could be varied or
substituted for any number of different linker chemistries {(amine, thiol, alkyne, azide, etc.) to
achieve a similar end product. This approach could be applied to any combination of aptamers, in
particular those in Table 27.

Examople 8: Bispecific Aptamers Tareeting VEGE and IL8 By Domain Hyvbridization,

An aptamer domain targeting VEGF and an aptamer domain targeting 1L8 can be
synthesized using solid phase cherical synthesis separately and following deprotection and/or
puritication linked by hybnidization (FIGURES 8-9}.

The anti-VEGF aptamer {aptarer 285 (SEQ 1)) NG: 1)
CXACZCCGCOCOGCAGGGXUUUCAUAAUCCCGUUUXUCK, where A, C and U are 27OMe,
Gis F G, X is 270Me G and Z i3 the 3-carbon nou-nucleotidy! spacer is 1,3-propanediol} is
linked to the 5° end of a short hybridization domain, S18-CUCUCUXA (where A, C and U are
2°0OMe, X 1s 270OMe G and S18 is a hexaethylene glycol non-nuclectidyl spacer) yielding a final
sequence, CXACLCCOCGCGGAGGOGXUUUCAUAAUCCCCUUUXUCK- S18-
CUCUCUXA, where A, Cand U are 2’7OMe, Gis 2°F G, X is 2’OMe G, Z is the 3-carbon non-

nucleotidyl spacer is 1,3-propanediol and 518 i3 a hexasthylene glycol non-nucleotidyl spacer.
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The anti-ILS aptamer {aptamer 269 (SEGQ B NOG: 48y,
XXCXACKXKXUAXAUUAUGGGCAGUGUGACCXCXCC, where A, C and U are 2°OMe, G is
F G, X 1s 270Me (G ) is similarly linked to a short complementary hybridization domain, 518-
UCAXAXAX (where A, C and U are 2°0Me, X is 270OMe G and S18 is a hexaeyhtleneglycol non-
nucleotidyl spacer} yielding a final sequence
XXCXACXKUAXAUUAUGGGCAGUGUGACCXCXCC-S18-UCAXAXAX, where A, C and
Uare 270Me, Gis 2°F G, X 13 270OMe G and S18 is a hexaethyleve glycol non-vucleotidyl spacer.

Chemical synthesis is preformed using a combination of commercially available 2’-fluoro-
G and 27-O-methyl (270Me) A/C/U/G modified phosphoramidites and a hexasthylene glycol
phosphoramidite on a 37 toverted deoxythymidine CPG support. To the 57 end of the anti-IL8
aptamer construct is added a 5° C6 amino modifier to facilitate PEG conjugation.

Following synthesis, the individual aptamers are deprotected using the appropriate
solvents and reagents capable of removing the phosphate protecting groups, removing the base
protecting groups and cleaving the molecule from the support. For example, the aptamers could
be treated with diethylamine in acetonitrile followed by agueous 30% ammonium hydroxide or a
S0/50 mixture of aqueous 30% ammonium hydroxide and 40% methyl ammonium bydroxide. The
deprotected aptamers are then purified.

To link the aptamer domains, the anti-VEGF and anti-IL8 molecules bearing their
hybridization tails are incubated in PBS at a ratio of 1.1 and subsequently heated to 70C for S
minutes after which they are allowed to cool to room temperature. Following this annealing step,
the bispecific aptamer is buffer exchanged into 0.1M borate buffer, pH 8.5 and incubated with a
1.5 = 5 fold molar excess of NHS activated SUNBRIGHT® GL2-400GS2. Following incubation,
typically 2 -20hr, the PEGylated bispecific aptamer is then purified by either anion exchange
chromatography or ion paired reverse phase chromatography. The PEGylated bispecific aptamer
i3 subsequently desalted prior fo future use.

A number of variations to this approach can be utilized to achieve the same or similar end
product. Such approaches might make use of differ buffers, solutions or reagents that are well
known in the art. Additionally, the order of hybridization, PEG conjugation and/or the need for or
the methods of purification can be varied and substituted with a variety of alternatives. Simularly,
the orientation of the aptamers as well as the identity of the chemical groups employed for

conjugation described here (amine and thiol) could be substituted for any number of ditferent
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linker chemistries (amine, thiol, alkyne, azide, etc..) to achieve a similar end product. Additionally,
the length of the linker and the identity of the linker separating the aptamer and the hybridization
domain can be varied. For example, the hexaethylene glveol non-nucleotidyl spacer, 818, could
be replaced with a shorter 1 3-propanediol non-nucleotidyl spacer. Alternately, the spacer could
be composed of nucleotides, for example, by the insertion of a string of 2'OMe uridine residues
{e.g. UUUUU; where U 15 2°OMe) such that the distance of the aptamer domains can be varied by
changing the number of nucleotides.

The use of a linker composed of nuclecotides would allow for individual aptamer domains
to be generated by enzymatic synthesis, provided that the selected aptamer domains did not contain
any other non~-nuclectide Hinkers and were comprised of nuclectides that are amenable to in vitro
transcription.  For example, the anti-VEGE aptamer, aptamer 26 (SEGQ ID NG: 2,
(AGGCCGCCUCCOCGCGHAGGGGUUUCAUUAUCCCGUUUGGCGGCUUY - could  be
linked to the 57 end of a short complementary hybridization domain, UUUUUUCAGAGAG
{where A, C and U are 270Me, G is 2°F G and the linker domain is underlined) yielding a final
sequence
AGGCCGCCUCCGCGCGGAGGGGUUUCAUUAUCCCGUUUGGCGGCUUUUUUUUCAG
AGAG. The sequence could subsequently be encoded in a double stranded DNA immediately
adjacent to the 37 end of a dsDNA phage polymerase promoter and transcribed into modified RNA
using the appropriate mutant phage polymerase and nuclectide mixture {e.g. 2’F GTP, 2’0OMe
ATP, 2°OMe CTP, 2°0OMe UTP. Following purification, the modified aptamer could be combined
by hybridization with a second aptamer domain {generated by either chemical or enzymatic
synthesis) bearing the appropriate complementary hybridization domain. The approach could be
applied to any combination of aptamers, in particular those in Table 27.

Example 6: Determination of apparent binding constants by Competition TR-FRET

This assay is used to corpare 1L binding affinity of the IL8 component of the hispecific
composition with the binding affinity of a monospecific 1IL8 aptamer with a known binding
constant. This assay uses labeled protein {(commercially available His-tagged IL-8) and a labeled
control compound (an anti-IL8 aptamer) known to bind this protein target and generate a TR-
FRET signal. The labeled control compound will be mixed with increasing concentrations of non-
labeled test bispecific compounds that will compete for binding. Assays will be performed over a

range of 5-7 concentrations to determine the ICse. In short, 5 nM His-tagged IL8 is mixed with 2.5
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nM anti-His-Eu conjugate and incubated for 15 minutes. A monospecific anti-IL8 aptamer is
synthesized and labeled with ALEXA FLUORY 647 A mixture of 30 nM of the labeled
monospecific aptamer and increasing concentrations of the bispecific compounds ranging from 0
to 3 uM is then added and incubated for 2 hr. plate is read on a Biotek CYTATION™ 35 plate
reader. Samples are excited at 330nm and fluorescent values are collected at 665nm. Following
incubation, the loss of fluorescent signal observed from increasing concentration of the bispecific
aptamer witl be used to determine the ICs values for each bispecific construct and corpared to a
controf titration using the unlabeled monospecific anti-{L.¥ aptamer.

A similar assay format can be used to compare VEGF binding affinity of the VEGF
component of the bispecific composition with the binding affinity of a monospecific VEGF
aptamer with a known binding constant.

This assay uses glycan biotinylated-VEGF165 (VEGF1635, biotinylated using aminooxy-
biotin following mild oxidation with sodium periodate} and a labeled control compound (an anti-
VEGF aptamer) known to bind this protein target and generate a TR-FRET signal. The labeled
control compound will be mixed with increasing concentrations of non-labeled test bispecific
compounds that will compete for binding. Assays will be performed over a range of 5-7
concentrations to determine the ICso. In short, 1 nM biotinylated VEGF 165 15 mixed with 0.5 nM
steptavidin-Eu conjugate and incubated for 15 minutes. A monospecific anti-VEGF aptamer is
synthesized and labeled with ALEXA FLUOR® 647. A mixture of 5 nM of the labeled
monospecific aptamer and increasing concentrations of the bispecific compounds ranging from 0
to 1 uM is then added and incubated for 2 hr. The plate is read on a Biotek CYTATION™ 3 plate
reader. Samples are excited at 330nm and fluorescent values are collected at 665nm. Following
incubation, the loss of fluorescent signal observed from tncreasing concentration of the bispecific
aptamer will be used to determine the ICse values for each bispecific construct and compared to a
control titration using the unlabeled monospecific anti-VEGF aptamer,

Example 7: Determination of anti-VEGF activity by competition ELISA

This assay is used to evaluate inhibitory activity of the amti-VEGF portion of the bispecific
aptamer consiructs. They are compared with the inhibitory properties of a monospecific anti-
VEGF aptamer with known activity. The assay uses an ELISA to lock directly at the ability to

interfere with the VEGF-A-KDR interaction.

102



WO 2021/207197 PCT/US2021/025964

Briefly, 10 nM KDR-F¢ fusion protein (R&D Systems) in PBS is immobilized on a 96 well
plate (Nunc Maxisob) by incubation overnight at 4°C. Following immobilization, the solution is
removed, and the plate is blocked with 200ul. of blocking buffer (20mg/ml BSA in PBST buffer)
at room temperature for 2 hours after which the plate is washed again 3X with 200ul. PBST. A
mixture containing 300 pM of glycan biotinylated-VEGEFss preincubated with increasing
concentrations of test compound ranging from 0 to 30 nM, is then added to each well. Following
an additional 2 hr incubation the plates are washed 3X with PBST and then incubated with 50ul.
of 1:5000 diluted streptavidin-HRP (horse radish peroxidase) in PBST for 1 hr at room
teraperature.  The amount of biotinylated-VEGF16s bound to the plate, and thus degree of
inhibition, is determined using 100ul. TMB ulira followed by 100 ul 2N sulfuric acid and the
percent inhibition for each construct was calculated by the following formula:

% inhibition = 1-(sample-low control}/(high control-low control}*100
The values are fit by using a four-parameter non-linear fit in GraphPad Prism Version 7.0,
Example 8 Characterization of inhibitien of VEGF-A signal transduction by KDBR
phosphorylation AlphaLlisa®

When the receptor binding domain (RBDY) of VEGF-A binds to its receptor KDR, the
receptor dimerizes {eading to trans-autophosphorylation and activation of VEGF-A signaling. To
determine if bispecific aptamers can inhibit VEGF-A activity on cells, bispecific aptamers can be
tested for the ability to inhibit KDR phosphorylation tnduced by either VEGF-Ales or VEGF-Aun
and compared to the activity of a monospecific anti-VEGY with known activity, or to anti-VEGFE-
A antibody.

Briefly, HEKZ293 cells engineered to stably overexpress KR are plated overight on
collagen coated 96 well plates at 50k cells/well. Aptamers in SBi+ (40 mM HEPES, pH 7.5, 125
mM NaCl, 5 ;M KC, 1 mM MgC12} are heated to 90°C for 3 minutes and allowed to cool to
room temperature for a minimum of 10 minutes. VEGF-Ayz (Biolegend) and VEGE-Ajss (R&D
Systems) are prepared at 12.5 oM 1o DMEM + 0.8% FBS, a 20X stock for the reaction. 15 ul. of
VEGF-A is added to 15 pl titrated aptamer in a polypropylene plate and diluted to 300 pl with
TS buffer (10 ;M Tris pH 7.5; 100 mM NaCl .7 mM KO | oM MgCle; 1 mM CaClz). The
aptamer/VEGF-A mixture is incubated at 37°C for 30 minutes, after which 100 pL is added to the
cells for S minutes at 37°C in 5% CO2. The treatment is aspirated from cells, and the cells lysed

with 100 L cold lysis buffer [20 mM Tris-HC, pH 7.5, 150 mM NaCl, 1 mM EDTA, 1% Triton
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X-100, 0.5 mM sodium orthovanadate (freshly prepared), 1 mM PMSF (freshly prepared), 1x
protease inhibitor cocktail (freshly prepared}] on tce for 10 minutes. The plates are centrifuged at
4000 x g for 10 minutes before transferring the cell lysis to the Alphal ISA® assay plate for
analysis.

To perform the AlphalLISA® assay, 10 pL of cell lysis is transferred to a white low volume
384 well Optiplate (Perkin Elmer). A mixture of the following components is made in order of
which they are listed: 1.25 nM anti-hVEGFR2 polyclonal goat IgG antibody (R&D Systems), 10
ug/ml Alphal ISA® anti-goat IgG acceptor beads (Perkin Elmer), 1.25 nM P-tyrosine biotinyiated
mouse mAb {Cell Signaling Technology), and 10 pg/ml AlphaScreen® streptavidin dovor beads
{Perkin Elmer}y. 10 pl of this reagent mixture is added to the assay plate that contains 10 pL of
cell lysate. The assay plate is sealed and incubated in the dark for approximately 2 hours, and is
then read on a Biotek CYTATION™ S plate reader using the Alpha 384 well optical cube. Percent
inhibition 1s calculated by subtracting TS buffer background from each value and normalizing to
VEGF-A ouly controls. The values can be fit by using a four-parameter non-linear fit iv GraphPad

Prism Version 7.0,

Example 9: Inhibitien of IL3-mediated neutrophil migration.

This assay is used to evaluate the ability of the anti-IL8 portion of the bispecific aptamers
to biock the interaction between L8 and its cognate receptors, CXCRI/CXCR2 thereby blocking
the recruitment of neutrophils, induced by 1L.8. The assay roakes use of a Boyden chamber in which
neutrophils are placed in the top chamber and IL8, along with an increasing concentration of
bispecific aptamer are added to the bottom chamber. A monospecific anti-IL8 aptamer with known
activity is used as a comparator.

Briefly, freshly isolated primary human neutrophils are isolated from fresh whole human
blood using Polymorphprep'™ (AXIS Shield) and then resuspended in assay buffer (RPMI +0.1%
Human Serum Albumin) at 1076 cells/mL. 5 um Transwell inserts (Corning) are activated with
200 ul. assay buffer in the plate and 100 pl of assay buffer in the top chamber of the transwell at
37°C. 3 nM 1L8 and increasing concentrations of bispecific aptamers or (0~ 1 uM) or monospecifc
aptamer control are incubated for 1 hour and then 200 pl. of this aptamer/IL8 mix is added to each
well. Neutrophils in 100 pL of assay buffer are added to the top chamber of the transwell. After
45 minutes at 37° C, 100 uL from each well 1s transferred to a white 96-well plate with S0 pL of

fysis buffer. The number of cells that migrate from the top chamber to the bottom well is quantified
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using the ATPLITE® Luminescence Assay System (Perkin Elmer). ICso values can be determined
by a best fit of the data using GraphPad Prism Version 7.0

Exampie 10: Inhibition of endothelial permeability.

This assay assesses the ability of bispecific aptamers to inhibit the effects of VEGF and
118 on endothelial cell permeability. The assay makes use of a Boyden chamber in which cells
{HUVEC or RMEC) are placed in the top chamber and allowed to form a confluent monolayer as
determined by restricted dye ieakage, horseradish peroxidase (HRP) leakage or transendothelial
electrical resistance {TEER). To the transwell is added VEGF, L8 or a mixture of these proteins.
These proteins increase endothelial permeability which can be measured by diffusion of HRP
which can be added to the wnsert. A model for the experiment 1s described in (Human Reproduction,
Yolume 25, fssue 3, March 2010, Pages 757-7067).

An initial titration experiment is performed using VEGF and ILS to identify minimal
protein concentrations required to induce permeability following a 1 hr incubation as determined
by leakage of HRF across the cell layer. The inhibitory effects of our test compounds can then be
assessed in this system using the concentrations specified from these control titrations. A
monospecific anti-IL8 aptamer, or anti-VEGEF aptamer with known activity is used as a
comparator.

In short, a mixture of L8 and VEGF at concentrations sufficient to induce permeability
following a 1 hr incubation is incubated with increasing concentrations of bispecific aptamer,
monospecific anti-1L8 aptamer, or anti-VEGF aptamers at 5 to 8 concentrations ranging from 0 to

B wie)
37°

1 uM. The mixture is preincubated for 1 bir at 37° C and then added to a confluent monolayer of
cells along with HRP (Type VI-A, 44 kDa; Sigma-Aldrich) at a concentration of 0.126 M. After
an additional 1 hr incubation the medium in the lower well 13 collected and assayed for HRP
enzymatic activity using a photometric guaiacol substrate assay {Sigma-Aldrich). The detection
reaction is allowed to proceed for 15 min at room temperature, and absorbance is measured at 450
nm.

Example 11: Bispecific Compositien in a Rabbit Model of Chronic Retinal
Negvascularization

Here we describe in detail a model of sustained retinal neovascularization (RNV) and leakage, the
DL-s-aminoadipic actd (AAA) model in rabbits. This is a model that measures a compounds ability

to inhibit pathologic ieakage. In brief, rabbiis receive a single IVT injection of AAA, with weekly
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follow-up fundus photography, fluorescein angiography (FA), and optical coherence tomography
{OCT). After 10 weeks, they receive a single IVT bispecific composition or control injection. RNV
feakage is quantified from FA by image analysis with Photoshop. Some eves are collected for
histologic analysis.

This model mimics a chronic human disease in its stability and persistence, and the antileak

action of the bispecific composition should be fully reversible with a dose-dependent duration.
Thevefore, this large eve roodel is uniquely suitable for investigations into the efficacy and duration
of action of novel formulations and pharmacotherapies for retinal vascular diseases, and for
studying the underlying pathobiology of retinal angiogenesis.
Male New Zealand White (NZW) rabbits with 2 mean age of 8 to 10 weeks and weight range of 2
to 2.5 kg are utilized for the model. All animal experiments will conform with the Association for
Research in Vision and Ophthalmology (ARVO) Statement for the Use of Animals in Ophthalmic
and Vision Research.

To prepare a AAA solution, 120 mg amount of AAA is dissolved in 1 mi hydrochloric
acid {1 N} The AAA stock solution is then diluted to an 80 mM solution using 0.9% sterile normal
salive solution which is followed by adjusting the pH of the solution to 7.4. The final solution is
then passed through a disposable Millex-GP syringe filter unit with a pore size of 0.22 Im to
remove any potential particulates. Solutions should be made immediately before use and all
solutions should remain at room temperature until time of injection.

Inttial baseline in-life ophthalmic evaluations are performed before induction of RNV.
Rabbits are anesthetized with ketamine (35 mg/kg, intramuscular) and Xvlazine (5 mg/kg,
intramuscular). Heart rate, respiratory rate, mucus membrane color, body temperature, and pulse
oximetry are monitored every 15 minutes for the entire duration of anesthesia in each animal
Corneas are anesthetized further using a 0.5% ophthalmic solution of proparacaine hydrochloride.
Pupils are dilated using a 1% ophthalmic solution of tropicamide. An additioval drop of a GenTeal
lubricating eye gel is applied to the eye to help with comeal hydration. A juvenile ophthalmic
speculum then is used to open the eyelids for intraccular imaging.

Ophthalmic evaluations include a photograph of the eye using a Canon PowerShot digital
camera for assessment of gross inflammation and an intra-ocular pressure (IOP) measurement
using a Tono-Pen is taken before pupil dilation. Approximately 5 minutes after pupil difation,

fundus examination using a WelchAllyn PanOptic Ophthalmoscope, Red-free Imaging using a
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Spectralis Heidelberg retinal angiography platform HRAPOCT system, early (0-3 minutes) and
fate (10—13 minutes) phase flucrescein angiography (FA) using the Spectralis imaging system, and
multiple 61-scan P-Pole optical coherence tomography (OCT) imaging using the Speciralis system
are performed for each eye.

Following initial baseline in-life ophthalmic evaluations, male NZW rabbits receive an 80
ul IVT injection of an 80 mM AAA solution {described earlier) with an injection site at 10 o’clock
for the right eye (OD) and 2 o'clock for the left eye (O8). After 10 minutes, a second 10P
measurement s obtained to assess acute pressure changes due to injection volume. An additional
ophthalmoscope observation is used to identify any potential damage during injection. A 0.5%
Erythromycin Ophthalmic Ointment is applied to the eye immediately after observation.

Animals receive follow-up examinations, similar to what is performed at baseline, between
0 and 65 weeks after AAA injection, which are used to assess disease progression. Any eyes with
severe retinal detachment, either procedure-related or due to serious retinal damage, or absence of
vasculdar leakage {10%-20%) are excluded from the studies.

To quantify disease progression at baseline prior to treatment, NZW rabbiis receive
two IVT injections of BrdU at 10 meg/SO mcl, on days 28 and 32, after DL-AAA. At week 10,
rabbits are euthanized and perfused with fluorescein ConA diluted in 1% paraformaldehyde and
evecups are fixed further overnight in 1% PFA at 48C. Following fixation, retinas are dissected,
permeabilized, and blocked overnight at 37°C in PBS containing 0.5% BSA, 0.1% Triton X-100,
and normal goat serum. The following day, retinas are washed in PBS containing Triton X-100
and are incubated in 2N HCI for 1 hour at room temperature, washed again in PBS, and incubated
overnight at 37°C in mouse anti-BrdU. Foilowing incubation with primary antibody, retinas are
washed again and incubated with goat anti-mouse Alexa 647 for 3 bours at 37°C and mounted with
Prolong antifade.

For treatment and conirol animals, on week 10, after AAA administration, when retinal
neovascular leakage is stabilized, a therapeutic baseline ophthalmic examination is performed
similar to examinations described previcusly. Rabbits are divided into treatment or control groups,
and the anesthetized animals are prepared for IVT treatment immediately following examination.
An intravitreal (EVT) bispecific composition is given at a range of doses. Control groups receive
gither butfer or human Fe. Al IVT injections will have a volume of 50 ul. regardless of the dose

of the bispecific composition. A second IOP measurement is taken 10 minutes after the treatment
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injections. A 0.5% Erythromycin Ophthalmic Ointment is applied to the eye immediately after the
second [OP measurement. In a separate cohort, on week 10 after AAA induction, repeat IVT doses
of the bispecific composition can be given with the subsequent dose given following a full
recurrence of pathologic leakage.

Further follow-up ophthalmic examinations are performed at weeks 1 through 20 after

bispecific composition injections. Red-free images and early-phase FA tmages are exported from
the Heidelberg software and imported to Adobe Photoshop CC. Multiple images per eye are
overiaid and merged into a mosaic of the fundus. For FA images, leakage area is quantified by
tracing over the fluorescein cloud in the vitreous using a patotbrush tool and calculating the number
of pixels covered. Leakage area is standardized weekly using the area of the optic nerve head. Data
is recorded as the percent leakage area when compared to baseline leakage area before any
treatment with the bispecific composition.
At each time point, percent leakage area is compared among treatments using 1-factor ANOVAs
with a Tukey’s multiple comparison test. All analyses are performed using GraphPad Prism. Data
are shown as mean values +/- SEM, unless stated otherwise. A P value of less than 0.05 is
considered statistically significant.

Vitreous is isolated and centrifuged for 10 minutes at 10,000g from normal and DL-AAA
treated eyes with already established disease. The upper phase is collected, aliquoted, and stored
at ~-80°C until VEGF levels are assessed. VEGF levels are measured using a Milliplex Assay from
Millipore following manufacturer’s instructions.

Eyes are enucleated and placed in either 10% formalin or Bavidson’s fixative for 48 hours.
Foilowing fixation, right eyes are dissected and placed in 70% ethanol until processed for paraffin
embedding. Serial sections from each eye are then stained with hematoxylin and eosin. Left eyes
processed for immunostaining are embedded in OCT Tissue-Tek, sectioned, and stored at -80°C.
Before washing the OCT with PBS, the eyes are placed in a 50% to 60°C oven for 15 minutes.
Following removal of OCT, the tissue is permeabilized with 0.1% Triton X-100 (Thermo Fisher
Scientific) for 15 minutes and blocked with PBS+1% BSA +0.1% TritonX +5% normal goat serum
for 1 hour. Mouse anti-B-Tubulin Alexa488 is added at 1:200 in blocking buffer and sections are
incubated at 48°C overnight. The following day, sections are washed with PBS and mounted with

Prol.ong Gold Antifade. Images are acquired in a Nikon 801 Eclipse Microscope.
Example 12: Evaluate efficacy of bispecific composition using a Pig laser NV model
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Due to the similar eye size and retinal anatomy to humans, pigs have become the favored
model animal for assessing test drug efficacy in posterior segment proliferative disease. While
rabbits are commonly used in many ophthalmic studies, their retinal architecture differs
significantly from those of humans, making the use of pigs an excellent alternative. To this end
we will assess efficacy in a faser CVN model in pigs.

In more detail, on day 0, a topical mydriatic (1.0% tropicamide HCL) will be applied at
feast 15 minutes prior to the faser procedure to each animal. The pigs will receive 0.01-0.03 mg/kg
buprenorphine intramuscularly (dM) and will be anesthetized with ketamine/dexmedetomidine IM
{1 mg and 0.015 mg per kg body weight, LM, respectively). A wire eyelid speculum is placed,
and the cornea kept moistened using topical evewash. An 810 nm diode laser delivered through an
indirect ophthalmoscope will be used to create approximately & single laser spots between retinal
veins. While sedated, pigs will also be injected with test compounds. The conjunctiva will be
gently grasped with colibri forceps, and the injection {27-30G needie) made 2-3 mm posterior to
the superior limbus (through the pars plana) will be done with the needle directly slighily
posteriorly to avoid contact with the lens. The injection will be made, and the needle slowly
withdrawn. Following the injection procedure, 1 drop of antibiotic ophthalmic solution will be
applied topically to the ocular surface.

Mydriasis for ocular examination will be done using topical 1% tropicamide HCL
{ong drop in each eye 15 minutes prior to examination). Complete ocular examination (modified
Hackett and McDonald) using a slit lamp biomicroscope and indirect ophthalmoscope will be used
to evaluate ccular surface morphology, anterior segment and posterior segment inflammation,
cataract formation, and retinal changes will be conducted on days 7 and 14 post treatment.

Fluorescein avgiography (FA) will be conducted on days 7 and 14 post treatment
on anesthetized animals [ketamine/dexmedetomidine (IM}]. Mydriasis for FA will be done using
topical 1% Tropicamide HCL {ouve drop 1o each eye 15 minutes prior to examination). Full FA
will be performed 1-3 minutes after intravencus sodium fluorescein injection (12 mg kg—1). A
trained reader will analyze the masked images obtained. Area of maximal fluorescein leakage will
be measured using Image J for each lesion.

Terminal collections {aqueous humor, vitreous humor, retina and plasma) will be

performed at the end of the experiment to provide material for PK/PD analyses.
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Example 13 Evalvate efficacy of bispecific composition in non-human primates using the

D1 -g-aminoadipic acid (dIAAA) chronic vascular leak model.

Testing in non-human priroate disease models is the gold standard for demonstrating
efficacy, most strongly supporting successful translation to humans. To this end, we will assess
the efficacy of a bispecific composition in a DL-o-aminoadipic acid (d{AAA) clvonic vascular
feak model in green monkeys (Chlorocebus sabasus) or cynomolgous monkeys.

On day € all enrolled monkeys will receive IVT injections of 5 mg DLAAA in both eyes.
DLAAA is dissolved in 1M hydrochloric acid to generate a 100 mg/mL stock solution, which is
then diluted with phosphate butfered saline, pH adjusted to 7 4 and is filtered through a 0.2-micron
filter. Aligquots of DLAAA dose solutions (25 mg/mL} are prepared before the day of dosing and
stored at —80 °C. At the time of IVT dosing the required amount of frozen DEAAA solution
aliquots is removed from the freezer and is thawed to room teroperature priotr to loading into dosing
syringes. All aliquots are prepared from a single batch of DLAAA. Prior to IVT dosing, topical
1% atropine is applied to each eye to achieve full pupil dilation. The ocular surface is anesthetized
with 1-2 drops of 0.5% proparacaine and is prepared aseptically with 5% Betadine followed by
sterile 0.9% saline. A vitreous tap is performed with a 1 mL syringe attached to a 27-gauge needle
to remove 100 L of vitreous humor, which will then be stored at —80°C. Vitreous taps are
performed prior to DLAAA dosing to limit intraocular pressure elevation. DEAAA solution (8
mg/200 ul.) is delivered to the mid-vitreous 3 mun posterior to the imbus to the inferior temporal
quadrant using 0.3 ¢c insulin syringes with a 31G 0 5-inch needle. Injections are immediately
followed by topical administration of triple antibiotic ointment and 1% atropine cintment.

Foliowing ophthalmic examinations at weeks & or 9 following DLAAA treatment,
fluorescein angiography (FA) images are graded by a masked assessor to evaluate severity of
DLAAA-~induced retinal neovascular feakage, referencing a standard leakage scoring scale.
Animals are stratified based on cumulative scores in both eyes and assigned to treatment groups
to achieve balanced severity of baseline DLAAA-induced pathology. FA imaging is repeated at
week 10 prior to treatments to confirm animal assignments and capture baseline FA images. Prior
to bispecific IVT dosing the ocular surface is anesthetized with 1-2 drops of 0.5% proparacaine
and prepared aseptically with 5% Betadine followed by sterile 0.9% saline. Bispecific composition
treatments are delivered IVT to monkeys using sterile 0.3 mL insulin syringes pre-fitted with 31G

5/16” needies. The needle is placed 2 mm posterior to the fimbus in the inferior temporal quadrant,
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targeting the central vitreous. Eyes will receive a single IVT injection of either vehicle (6.9%
saline, 50 pL) or aflibercept (35 pl of 40 mg/mL solution; Eylea®, Regeneron, Tarrytown, NY)
or the bispecific composition. Dose levels of test agents are selected based on relative vitreous
volume of African Green monkevs (approximately 2.7 mL) and comparative human vitreous
volume of 4.4 mL. All contralateral eyes will receive identical treatment. Injections are followed
by topical administration of neomycin/polymyxin B sulfates/bacitracin antibiotic ointment. Dosing
is conducted over 2 days and follow-up examination schedules will be maintained for the duration
of the study.

Eyes are examined by slit lamp biomicroscopy at baseline, biweekly after DLAAA
administration and weekly after intervention until study terminus to confirm integrity of the ccular
surface, general ocular health, broad ocular response to DLAAA administration and normal
response to mydriatics and 1% cyclopentolate HCL. Ophthalmic findings are graded using a
modified version of the Hackett-McDonald scoring system.

Bilateral color fundus images of the retina will be obtained at baseling, biweekly after
DLAAA administration and weekly after intervention until study terminus with 50° field of view
centered on the fovea using a Topcon TRC-SOEX retinal camera with Cavon 6D digital imaging
hardware and New Vision Fundus Image Analysis System software.

Fluorescence angiograms {FA) are acquired using either a Topcon TRC-50EX retinal
camera or a Heidelberg HRA + OCT with high resolution acquisition at fixed gain and flash
intensity following intravenous injection of 0.1 mU/kg of 10% sodium fluorescein. Images will be
collected up to 6 minutes after fluorescein administration. The retinal area exhibiting vascular
teakage in the full series of angiograms will be assessed and scored using a graded scoring system,
and the total fluorescence intensity within the leaking area in the {-roinute raw angiograms will be
quentified using a semi-automated multi RO tool in Imagel (week 10 to study terminus).

Following treatment, animals will be imaged weekly. Terminal collections (aqueous
humor, vitreous humor, retina and plasma) will be performed at the end of week 20 to provide
material for PK/PD analyses.

Example 14: Evaluate efficacy of hispecific composition in pon-human primates (NHP) using
a laser CNVY model.

The efficacy of bispecific aptamers can also be evaluated in NHP using a laser CNV model.

Brietly, animals are anesthetized for all procedures with intramuscular injection of 5:1

111



WO 2021/207197 PCT/US2021/025964

ketamine xylazine mix (0.2 mi/kg of 100 mg/mL ketamine and 20 mg/mL xvlazine). On day 0,
faser photocoagulation will be conducted in all animals.  Six laser spots will be symmetrically
placed within the perimacular region, approximately 1 to 1.5 optic disc distance from the fovea in
each eve by an ophthalmologist employing an Index Oculight TX 332 nm laser with a laser
duration of 100 ms, spot size 50 um, power 750 mW. Color fundus photography will be performed
immediately after the laser treatment to document the laser lesions. Any spots demonstrating
severe retinal/subretinal hemorrbage immediately post-laser and uvot resolving by the time of
follow-up examinations will be excluded from analyses. If hemorrhage occurs encompassing all
target lesion areas within the ceotral retina, then the anirsal will be substituted for with another
screened monkey, up to four monkeys across all freatment groups, taking measures 1o assure
balanced assignment to treatment. To accommodate the time necessary for follow-up imaging,
monkeys may be divided into two cohorts for laser-induction of NV, dosing and imaging on
successive days, with animals from each treatment group distributed evenly across each cohort.

All avimals will undergo OCT iraging at Day 9 posi-laser. CNV complex area for each
faser lesion will be measured from the OCT images and a mean size of lesions in each animal will
be calculated. Animals will theu be assigned to treatment groups based on the mean per animal
lesion grade with groups additionally balanced by sex (1.1 per treatment arm) to achieve
approximately equivalent mean lesion grade across treatment groups.

Test article defivery (IVT injection) will be performed on day 11 for all groups in both eyes
{OU)}, according to the treatment assignments. An eye speculum will be placed in the eye to
facilitate injections followed by a drop of proparacaine hydrochloride 0.5% and then 5% Betadine
solution, and a rinse with sterile saline. IVT injections to the central vitreous will be administered
using a 3 i-gauge 0.375-inch needle inserted inferotemporally at the level of the ora serrata ~2.5
mm posterior to the limbus. Following both IVT injections, a topical triple antibiotic neomycin,
polymyxin, bacitracin ophthahmic ointment (or equivalent) will be adrinistered.

At designated time points Intraccular pressure (10P) measurements will be collected using
a TonoVet (iCare, Finland) tonometer set to the dog (d) calibration setting. The animal will be
placed in a supine position for the measurement. Three measures will be taken from each eye at
each time point and the mean IOP defined.

At designated time points intraccular inflammation will be examined with shit lamp

biomicroscopy. Scoring will be applied to qualitative clinical ophthalmic findings using a
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nonhuman primate ophthalmic exam scoring system with a summary clinical score derived from
exam components.

At designated time points bilateral color fundus images will be captured centered on the
fovea using a Topeon TRC-50EX retinal camera with Canon 6D digital imaging hardware and
New Vision Fundus Image Analysis Systen software. Fluorescein angiography (FA) will be
performed with intravenous administration of 0.1 ml/kg of 10% sodium fluorescein and images
will be taken continuously from 30 seconds to 6 minutes. QD FA precedes O8 angiography by
greater than 2 hours to allow washout of the fluorescein between angiogram image series.
Fluorescein leakage in angiograms of CNV lesiouns will be graded assessing composites generated
after uniform adjustment of image intensity. Image fluorescence densitometry analysis of iate-
stage raw angiograms will also be performed using Imagel software.

At designated time poinis OCT will be performed using a Heidelberg Spectralis OCT Plus
with eye tracking and HEYEX image capture and analysis software. An overall volume scan of
encompassing the posterior retina will be performed. At baseline examination, the retinal cross-
sectional display image will be obtained. At post-laser examinations, six star-shaped scans per
eye, centered on each lesion, will be performed, as well as an overall volume scan of the entire
macula encompassing the six laser spots at a dense scan interval. The principal axis of maximal
CNV complex formation within each star-shaped scan at each laser lesion will be defined and the
CINV complex area measured using the freehand tool within Image] to delineate the CNV complex
boundary and calculate maximum complex area in square microns (um2).

Terminal coliections {aqueous humor, vitreous humor, retina and plasma) will be

performed at the termination of the study to provide material for PK/PD analyses.
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WHAT IS CLAIMED IS:

1. A bispecific ribonucleic acid (RNA) aptamer is disclosed comprising Formula I:

Xi-{(aptamer 1}-X2-(linker)-Yi~(aptamer 2}-Y z-invdT
Formula 1
wherein the bispecific RNA aptamer comprises at least one nucleotide sequence shown in Table 1
or at least one nucleotide sequence having at least about 70% identify to a nucleotide sequence
shown in Table 1.
2 The hispecific RNA aptamer of claim 1, wherein aptamer 1 and aptamer 2 each comprise
a nucleciide sequence selected from the nucleotide sequences shown in Table 1 or at least one

nucleotide sequence having at feast about 70% identity to the nucleotide sequences shown in Table

1.

3. The bispecific RNA aptamer of claims 1-2, wherein the bispecific RNA aptamer has a

hydrodynamic radius greater than about 10 nm.

4. The bispecific RNA aptamer of claims 1-3, wherein aptamer 1 comprises a nucleotide
sequence selected from SEQ ID NOS: 1-34 and aptamer 2 comprises a different nucleotide
sequence selected from SEG ID NOS: 1-534.

3. The bispecific RNA aptamer of claims §-4, wherein aptamer 1 and aptamer 2 are between
about 30 and about 40 nucleotides in length, respectively.

6. The bispecific RNA aptamer of claim 1, wherein the bispecific RNA aptamer specifically
binds to Vascular Endothelial Growth Factor (VEGF) {or an isoform thereof) and Interleukin §
(IL8).

7. The bispecific RNA aptamer of claim 6, wherein the bispecific RNA aptamer inhibits the
function of VEGF (or an isoform thereot) and 118 by an amount between about 90% and about
100%.

3. The bispecific RNA aptamer of claim 7, wherein the bispecific RNA aptamer inhibits the

function of VEGF (or an isoform thereof) and IL8 by an amount of about 95% or more.
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9. The bispecific RNA aptamer of claim 1, wherein the bispecific RNA aptamer binds to
VEGF (or the isoform thereof) and IL8 with a binding affinity of between about 250 pM and about
20 pM.

10.  The bispecific RNA aptamer of claim 9, wherein the bispecific RNA aptamer binds to
VEGF (or the isoform thereof) and I8 with a binding affinity of between about S00 nM and about
10 pM.

11, The bispecific RNA aptamer of claim 9, wherein the bispecific RNA aptamer binds to
VEGF {or the isoform thereof) and H.8 with a binding affinity of between about 750 nM and about

1pM.

12. The bispecific RNA aptamer of claim 9, wherein the bispecitic RNA aptamer has a binding
affinity selected from about 250 nM, about 300 M, about 350 nM, about 400 nM, about 450 nM,
about 500 nM, about 550 nM, about 600 nM, about 650 oM, about 700 aM, about 750 nM or about
300 nM, about 850 nM, about 900 nM, about 950 nM or about 1 pM.

13. The bispecific RNA aptamer of claim 1, wherein the bispecific RNA aptamer specifically

binds to VEGF (or an isoform thereof) and Angiopoietin 2 (Ang2).

14, Thebispecific RNA aptamer of claim 13, wheretn the bispecific RNA aptamer inhibits the
function of VEGF {or the isoform thereof) and Ang2 by an amount between about 90% and about

100%.

1S, The bispecific RNA aptamer of claim 13, wherein the bispecific RNA aptamer inhibits the

function of VEGF {or the isoform thereof) and Ang2 by an amount of about 95% or more.

16. The bispecific RNA aptamer of claim 13, wherein the bispecific RNA aptamer binds to
VEGF {(or the isoform thereof) and Ang2 with a binding affinity of between about 250pM and
about 10 pM.

17. The bispecific RNA aptamer of claim 16, wherein the bispecific RNA aptamer has a
binding affinity between about 500 nM and about 5 pM.

I8. The bispecific RNA aptamer of claim 16, wherein the bispecific RNA aptamer has a
binding affinity selected from the group consisting of about 250 nM, about 300 nM, about 350
nM, about 400 nM, about 450 nM, about SO0 nM, about 550 nM, about 600 nM, about 650 nM,
about 700 nM, about 750 nM or about 800 nM, about 830 nM, about 900 nM, about 950 nM or
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about 1 pM. In one embodiment, the bispecific RNA aptamer has a binding affinity less than about

10 pM, less than about 5 pM, or less than about 1 pM.

19 The bispecific RNA aptamer of claim 1, wherein the bispecific RNA aptamer specifically

binds to 1.8 and Ang2.

20, The bispecific RNA aptamer of claim 19, wherein the bispecific RNA aptamer inhibits the

function of 1L.8 and Ang?2 by an amount between about 90% and about 100%.

21 The bispecific RNA aptamer of claim 19, wherein the bispecific RNA aptamer inhibits

the function of IL8 and Ang?2 by an amount of about 95% or more.

22. The bispecific RNA aptamer of claim 19, wherein the bispecific RNA aptamer has a

binding affinity of greater than about 10 pM.

23. The bispecific RNA aptamer of claims 1-5, wherein Xy comprises between 0 — 5
nucleotides, wherein the nucieotides are complementary to the nucleotides of Xz,

”~

24, The bispecific RNA aptamer of claims 1-5, wherein Y1 comprises between 0 —~ S

nucleotides that are complementary to the nucleotides of Y.

2S. The bispecific RNA aptamer of claims 1-5, wherein the linker is a nucleotide linker

comprising between 0 and 20 nuclectides.

26. The bispecitic RNA aptamer of claim 25, wherein the nmuclectide linker comprises one or
more 27 O-methyl (2°0Me} uridine (U) residues.

27. The bispecific RNA aptamer of claim 25, wherein the nucleotide linker comprises five

or more 27 G-methyl (2”OMe) uridine (U) residues.

28. The bispecific RNA aptamer of claims 1-5, wherein the linker i3 a non-nucleotide linker

as shown in Table 2.

28, The bispecific RNA aptamer of claims 1-5, wherein the linker is a heterobifunctional

hinker comprising a thiol reactive moiety (e.g., maleimide) and an amine reactive moiety.

30. The bispecific RNA aptamer of claims 1-29, wherein the bispecific RNA aptamer is

modified with polyethyiene glycol (PEG).
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31 The bispecific RNA aptamer of claim 30, wherein the polyethylene glveol is coupled to

the bispecific RNA aptamer.

32. The bispecific RNA aptamer of claim 30, wherein the polyethylene glveol is coupled to

a second linker, wherein the second linker is coupled to the bispecific aptamer.

33 The bispecific RNA aptamer of claims 1-5, wherein an tnverted deoxythymidine (nvdT)

is incorporated at the 37 -end of the bispecific RNA aptamer.

34 The bispecific RNA aptamer of claims 1-5, wherein the bispecific RNA aptamer is

modified with one or more additional therapeutic agents.

35, The bispecific RNA aptamer of claims 1-5, whetein one or more nucleotides of the

bispecific RNA aptamer are chemically modified.

36. The bispecific RNA aptamer of claim 35, wherein the one or more chemically modified
nucleotides are selected from the group counsisting of 2'Fluoro (2°F) Guanosine, 27 OMe

Guanosine, 2’OMe Adenosine, 2°0OMe Cytosine, 2°OMe Uridine and combinations thereof.

37. The bispecific RNA aptamer of claim 35, wherein the one or more chemical
modification(s) result in one or more improved characteristics sefected from the group consisting
of in vivo stability, stability against degradation, binding affinity for its target, and/or improved
delivery characteristics in comparison to the same bispecific RNA aptamer having unmodified
nucleotides.

38. The bispecific RNA aptamer of claims 35, wherein the or more chemical medification
results in an improvement in /n vivo stability and wherein the Omen half-life of the non-pegylated
bispecific RNA aptamer is greater than about 10 hours or more.

39. The bispecific RNA aptamer of claim 35, wherein the or more chemical modification
results in an improvement in in vive stability and wherein the half-life of the non-pegylated
bispecific RNA aptamer is between about 10 and about 100 hours.

40. The bispecific RNA aptamer of claim 35, wherein the or more chemical modification
results in an improvement in /7 vivo stability and wherein the halflife of the non-pegylated

bispecific aptamer is between about 300 and about 700 hours.

117



WO 2021/207197 PCT/US2021/025964

41. The bispecific RNA aptamer of claim 35, wherein the or more chemical modification
results in an improvement in in vivo stability and wherein the half-life of the non-pegylated

aptamer is between about 400 and about 700 hours.

42 The bispecific RNA aptamer of claim 35, wherein the one or more chemical
modifications enbance the affinity and specificity of the binding moiety for the target molecule
compared to the bispecific RNA aptamer having a binding moiety with unmodified nuclectides.
43, The bispecific RNA aptamer of claim 35, wherein the one or more chemical
modifications provide additional charge, polarizability, hvdrophobicity, hvdrogen bonding,
electrostatic interaction, and functionality to the bispecific aptamer.

44, The bispecific RNA aptamer of claims 1-5, wherein aptamer 1 comprises VEGF Aptamer
285 and aptamer 2 comprises IL8 Aptamer 269

45, The bispecific RNA aptamer of claims 1-5, wherein aptamer | comprises VEGF Aptamer
285 and aptamer 2 comprises [L8 Aptamer 248,

46. The bispecific RNA aptamer of claims 1-5, wherein aptamer | comprises VEGF Aptamer
481 and aptamer 2 comprises 1L8 Aptamer 269

47. The bispecific RNA aptamer of claims 1-5, wherein aptamer 1 comprises VEGF Aptamer
481 and aptamer 2 comprises IL8 Aptarer 248,

48, The bispecific RNA aptamer of claims 1-5, wherein aptamer | coruoprises VEGEF Aptamer
628 and aptamer 2 comprises IL8 Aptamer 269,

49, The bispecific RNA aptamer of claims 1-5, wherein aptamer | comprises VEGF Aptamer

628 and aptamer 2 comprises IL8 Aptamer 248,
s [ p

50. The bispecific RNA aptamer of claims 44-4%, wherein the linker is a non-nucleotide
linker.
51 The bispecific RNA aptamer of claims 1-5, wheretn the bispecific RNA aptamer is

assoctated with one or more additional molecules selected from the group consisting of antibodies,
peptides, proteins, carbohydrates, enzymes, polymers, drugs, small molecules, gold vanoparticles,

radiolabels, fluorescent labels, dyes, haptens, other aptamers, or nucleic acids.
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52.  The bispecitic RNA aptamer of claim 51, wherein the one or more additional molecules is
polyethylene glycol.

53, 'The bispecific RNA aptamer of claim 52, wherein the polyethylene glycol is attached
directly to the bispecific RNA aptamer or joined to the bispecific RNA aptamer via a second linker.
54, A pharmaceutical composition comprising the bispecific RNA aptamer of claims 1-53 and

a pharmaceutically acceptable carrier.

§S. The pharmaceuntical composition of clairo 54, formulated for intravitreal administration.
56. A pre-filled syringe comprising the pharmaceutical composition of claims 54-55.
57. A method of inhibiting the function of at feast one target molecule, comprising contacting

the target molecule with the bispecific RNA aptamer of claims 1-53 or the pharmaceutical
composition of claims 54-55.

58, The method of claim 57, wherein the target molecule is selected from the group consisting
of VEGF, IL§, Ang? or a combination thereof.

59. A method of treating retinal disease or disorder i3 disclosed corprising administering an
effective amount of the bispecific RNA aptamer of claims 1-53 or the pharmaceutical composition
of claims 54-55 to a subject in need thereof, thereby treating the retinal disease or disorder.

60. The method of claim 59, wherein the retinal disease or disorder is the wet form of age-

related macular degeneration (wAMD).

61, The method of claim 59, wherein the retinal disease or disorder is diabetic retinopathy.
62. The method of claim 61, wherein the diabetic retinopathy is diabetic macular edema.

63. The method of claim 39, wherein the retinal disease or disorder is retinal vein occlusion.
64, The method of claim 63, wherein the retinal vein occlusion is branched retinal vein
occlusion,

05, The method of claim 63, wherein the retinal vein occlusion is central retinal vein occlusion.
66.  The method of claim 59, wherein the retinal disease or disorder is retinopathy of
prematurity.

67. The method of claim 59, wherein the retinal disease or disorder is radiation retinopathy.
68, The method of claims 59-67, wherein the subject in need thereof has been diagnosed with

the retinal disease or disorder.
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69. The method of claims 59-08, wherein the subject in need thereof has been previcusly
treated with one or more anti-VEGF agents, but where the subject has shown a suboptimal response
to such treatment.

70.  The method of claims 59-67, wherein the subject in need thereof i at risk for the retinal

disease or disorder.

71 The method of claims $9-70, wherein the administering comprises intraccular
administration.

72. The method of claims 59-70, wherein the administering comprises intravitreal injection.
73, Themethod of claim 72, wherein the method further comprising providing a kit cormprising

a syringe that is prefilled with the bispecific RNA aptamer or the pharmaceutical composition.
74. The method of claims 59-73, wherein treatment results in an increase in overall best
correcied visual acuity (BCVA}) as measured on the Farly Treatment Diabetic Retinopathy Siudy
(ETDRS) chart by at least 3 letters, at least 4 letters, at least 5 letters, at least 6 letters, at least 7
fetters, at Ieast B letters, at least 9 fetters, at least 10 letters, at least 11 letters, at least 12 letiers, at
least 13 letters, at least 14 letters, at least 15 letters, at least 16 letters, at least 17 letters, at least 18
fetters, at least 19 letters, at least 20 letters, or more than 20 letters as compared to an untreated
control subiect over a defined period of time selected from at feast one of 2 weeks, one month, 2
months, 3 months, ¢ months, one year, 2 years, or 5 years.

75. The method of claims 59-73, wherein the treatment results in a percentage of patients
gaining > 15 letters in BCVA from baseline of at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at feast 35%, at feast 40%, at least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or
more a3 compared to an unireated control subject over a defined period of time selected from at
feast one of 2 weeks, one month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years.

76.  The method of claims 59-73, wherein the treatment results in a percentage of patients
gaining > 10 letters in BCYA from baseline of at least 10%, at least 15%, at least 20%, at least
25%, atleast 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or
more as compared to an untreated control subject over a defined peried of time selected from at

least one of 2 weeks, one month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years,
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77. The method of claims 59-73, wherein treatment results in a percentage of patients gaining
> Sletters in BCVA from baseline of at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at feast 35%, at feast 40%, at least 45%, at least 50%, at feast 55%, at feast 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more as
compared to an untreated control subject over a defined period of time selected from at feast one
of 2 weeks, one month, 2 months, 3 months, & months, one year, 2 years, or 5 years.

78. The method of claims $9-73, wherein treatment resulis in a reduction of retinal fluid as
measured by fluorescein angiography (FA) and optical coherence tomography (OCT) of at least
10%, atleast 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%,
at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 85%, at least 90%, at feast 95%, or more as compared to an untreated control subject over a
defined period of time, selected from at least one of 2 weeks, one month, 2 months, 3 months, 6
months, one year, 2 years, or 5 years.

79, The method of clairms 59-73, wherein, treatment resulis in a reduction of retival thickness
as measured by fluorescein angiography (FA} and optical coherence tomography (OCT) of at least
10%, atfeast 15%, atfeast 20%, at ieast 25%, at least 30%, at teast 35%, at teast 40%, at least 45%,
at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, or more as compared to an unireated control subject over a
defined period of time selected from at least one of 2 weeks, one mouth, 2 months, 3 months, 6
months, one yvear, 2 years, or 5 years.

80, The method of claims 59-73, wherein treatment results in a reduction of the total area of
choroidal neovascular {CNV) lesions as measured by fluorescein angiography (FA) and optical
coherence tomography (OCT) of at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, atleast 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%,
at least 70%, at least 753%, at least 80%, at least 85%, at least 90%, at least 95%, or more as
compared to an untreated control subject over a defined period of time selected from at least one
of 2 weeks, one month, 2 months, 3 months, 6 months, one year, 2 years, or 5 years.

&1l.  The method of claims 59-73, further comprising co-administering to the subject in need
thereof at least one additional therapeutic modality.

82,  The method of claim 81, wherein the at least one additional therapeutic modality is a

therapeutic agent.
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g3, The method of claim 82, wherein the at least one additional therapeutic agent is selected
from Hluvien® and Ozurdex. ®

84. A method of treating a population of subjects in need thereof is provided, comprising
administering an effective amount of the bispecific RNA aptamer of claims 1-53 or the
pharmaceutical composition of claims 54-55 to such population.

85, The method of claim 84, wherein the method results in effective treatment for more than
30%, more than 35%, more than 40%, mwore than 45%, wore than 50%, more than 55%, more than
60%, more than 65%, more than 70%, more than 75%, more than 80%, more than 85%, more than
80% or more than 95% of subjects treated.

g6, The method of claim 85, wherein effective treatment is measured by overall best corrected
visual acuity (BCVA) as measured on the Early Treatment Diabetic Retinopathy Study (ETDRS)
Chart.

87. The method of claim 84, wherein the method results in fewer than 30%, fewer than 25%,
fewer than 20%, fewer than 15% or fewer than 10% of such subjects maintaining persisient retinal
fluid.

38, A method of making the bispecific RNA aptamer of claims 1-53, comprising carrving out
direct chemical synthesis, enzymatic synthesis, chemical synthesis followed by domain chemical

conjugation, and/or domain hybridization.

&9 The method of claim 88, comprising carrying out direct chemical synthesis.
90, The method of claim 88, comprising carrying out enzymatic synthesis,
91.  The method of claim 88, comprising carrying out chemical synthesis followed by domain

chemical conjugation.

92, The method of claim 88, comprising synthesis by domain hybridization.
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