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OPTIMIZED ANTIBODY COMPOSITIONS FOR TREATMENT OF OCULAR DISORDERS

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted electronically in
ASCII format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on March
22,2018, is named 50474-160W0O3_Sequence Listing 3.22.18 ST25 and is 57,671 bytes in size.

FIELD OF THE INVENTION
The invention relates generally to antibody conjugates, cysteine engineered antibodies,

compositions (e.g., pharmaceutical compositions) thereof, and methods of use thereof.

BACKGROUND OF THE INVENTION

Angiogenesis is a tightly-regulated process through which new blood vessels form from pre-
existing blood vessels. Although angiogenesis is important during development to ensure adequate
blood circulation, many disorders are associated with pathological angiogenesis, such as ocular disorders
(e.g., age-related macular degeneration, AMD) and cell proliferative disorders (e.g., cancer). Vascular
endothelial growth factor (VEGF) is a clinically-validated driver of angiogenesis, and neutralization of
VEGF (e.g., using an anti-VEGF blocking antibody), can be used to treat disorders associated with
pathological angiogenesis.

Current approaches for treatment of ocular disorders associated with pathological angiogenesis
(e.g., AMD (e.g., wet AMD), diabetic macular edema (DME), diabetic retinopathy (DR), and retinal vein
occlusion (RVO)) typically involve intravitreal injection of VEGF antagonists (e.g., the anti-VEGF Fab
ranibizumab). Because the site of action of anti-VEGF Fabs is in the back of the eye at the retina, and
also because Fabs can have relatively short residence time in the eye, maximum patient benefit from anti-
VEGF Fabs is typically obtained by relatively frequent dosings (e.g., every four weeks, Q4W) by
intravitreal injection. Long-acting delivery of anti-VEGF antibodies or antibody fragments (e.g., Fabs) for
ocular disorders may be desired, at least in part, to decrease dosing frequency, which can improve
patient convenience and compliance.

There remains a need for antibody compositions for long-acting delivery for treatment of ocular
disorders (e.g., AMD (e.g., wet AMD), diabetic macular edema (DME), diabetic retinopathy (DR), and
retinal vein occlusion (RVO)).

It is to be understood that if any prior art publication is referred to herein, such reference does not
constitute an admission that the publication forms a part of the common general knowledge in the art in

Australia or any other country.

SUMMARY OF THE INVENTION
The invention provides antibody conjugates that include monodisperse polymers (e.g.,
monodisperse hyaluronic acid (HA) polymers) covalently linked to antibodies (e.g., anti-VEGF antibodies),
cysteine engineered antibodies that can be used, e.g., in preparing antibody conjugates, compositions
that include antibody conjugates (e.g., pharmaceutical compositions), as well as methods of making and

using the same, for example, for therapeutic uses.
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In one aspect, the invention features an antibody conjugate comprising (1) an antibody and (i) a
hyaluronic acid (HA) polymer covalently attached 1o the antibody, wherein the HA polymerhas g
polydispersity index (PD1) of 1.1 or lower. In some embodiments, the HA polymer has a PDI between 1.0
{0 1.1. In some embodiments, the HA polymer has a PDl between 1.0 to about 1.05. In some
embodiments, the HA polymer has a PDI between about 1.0001 to about 1.05. In some embodiments,
the HA polymer has a PRI of about 1.001. In some embodiments, the HA polymer has a molecular
weight of about 1 megadalion (MDa) or lower. In some embodiments, the HA polymer has a molecular
weight between about 25 kDa and about 500 kDa. In some embodiments, the HA polymer has a
molecular weight between about 100 kDa and aboul 250 kDa. in some embodiments, the HA polymer
has a molecular weight between about 150 kDa and about 200 kDa. In some embodiments, the HA
polymer is a lingar HA polymer. In some embodiments, the antibody conjugate has a hydrodynamic
radius between about 18 nm and about 80 nm. In some embodiments, the antibody conjugate has a
hydrodynamic radius between about 25 nm and about 35 nm. In some embodiments, the hydrodynamic
radius is about 28 nm to about 30 nm.

in some embodiments of the preceding aspect, the antibody conjugats has an ocular half-life that
is increased relative 1o a reference antibody that is not covalently attached to the HA polymer. In some
embodiments, the ocular hailf-life is increased at least about 2-fold relative to the reference antibody. In
some embodiments, the ocular hali-life is increased at least about 4-fold relative to the reference
antibody. In some embodiments, the ccular half-life is a vitreal half-life. In some embodiments, the
reference antibody is identical to the antibody of the antibody conjugate.

in some embodiments of the preceding aspedt, the antibody specifically binds o a biological
molecule selected from the group consisting of vascular endothelial growth factor (VEGF),; IL-18; IL-6; 1L-
8R; 1L-13; IL-13R; PDGF; angiopoietin; angiopoietin 2; Tie2; S1P; integrins avB3, avBs, and a581;
betacellulin; apelin/ARJ; erythropoietin; complement factor D; TNFa; HirA1; a VEGF receptor; ST-2
receptor; and a protein genetically linked 1o AMD risk. In some embodiments, the VEGF receptoris
VEGFR1, VEGFRZ, VEGFRS3, mbVEGFR, or sVEGFR. In some embodiments, the protein genetically
linked to AMD risk is selected from the group consisting of complement pathway components C2, factor
B, factor H, CFHR3, C3b, €5, C5a, and C3a; HirA1, ARMS2; TIMPS; HLA, IL-8; CX3CR1T; TLR3; TLR4,
CETP; LIPC, COL10AT,; and TNFRSF10A.

in some embodiments of the preceding aspect, the antibody specifically binds to VEGFE. In some
embodiments, the antibody comprises the following six hypervariable regions (HVRs): {a) an HVR-H1
comprising the amino acid sequence of DYWIH (SEQ ID NO: 1); {b) an HVR-H2 comprising the amino
acid sequence of GX4TPXoGGX X YXeDSVXXs (SEQ 1D NO: 2}, wherein X, is Hle or His, Xz is Ala or
Arg, Xais Tyr or Lys, Xqis Thr or Glu, Xs is Arg, Tyr, Gln, or Glu, Xs is Ala or Glu, X7 is Lys or Glu, and Xs
is Gly or Glu; {&) an HVR-H3 comprising the amino acid sequence of FVFFLPYAMDY (SEQ ID NG: 3); (&)
an HVR-L1 comprising the amino acid sequence of RASQXIVETAVA (SEQ 1D NO: 4), whersin Xy is Asp
or Arg, () an HVR-L2 comprising the amino acid sequence of XGASFLYS (SEQ ID NQ: 5), wherein X, is
Ser or Met; and () an HVR-L3 comprising the amino acid sequence of XiQGYGXPFT (SEQ 1D NO: 6),
wherein X1 is Gln, Asn, or Thr and Xz is Ala, Asn, Gln, or Arg. In some embodiments, the antibody

comprises the following six HVRs: {a) an HVR-H1 comprising the aming acid sequence of DYWIH (SEQ
2
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{0 NO: 1); (by an HVR-H2Z comprising the aminoe acid sequence of GITPAGGYTRYADSVKG (SEQ 1D NO:
7), GITPAGGYEYYADSVKG (SEQ 1D NO: 21), or GITRPAGGYEYYADSVEG (SEQ ID NO: 22); (o) an
HVR-H3 comprising the amino acid sequence of FVFFLPYAMDY (SEQ 1D NO: 3); {d) an HVR-L1
comprising the amino acid sequence of RASGDVSTAVA (SEQ 1D NO: 8); (&) an HVR-L2 comprising the
amine acid sequence of SASFLYS (SEQ 1D NOG: 9); and {f) an HVR-L3 comprising the amino acid
sequence of QQGYGAPFT (SEQ 1D NO: 10) or QQGYGNPFT (SEQ ID NO: 23),

in some embodiments of the above aspect, the antibody comprises the following six HVRs: (@) an
HVR-H1 comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1); (b) an HVR-HZ comprising the
amino acid sequence of GITPAGGYTRYADSVKG (SEQ 1D NO: 7); () an HVR-H3 comprising the amino
acid sequence of FVFFLPYAMDY (SEQ ID NO: 3); (d) an HVR-L1 comprising the amino acid sequencs
of RASQDVSTAVA (SEQ ID NG: 8); (e} an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ ID NOC: 9); and () an HVR-L3 comprising the amino acid sequence of QRGYGAPFT (SEQ 1D NO:
10}, In some embodiments, the antibody further comprises the following heavy chain variable (VH)
domain framework regions (FRs): (&) an FR-H1 comprising the amino acid sequence of
EVQLVESGGGLVOPGGSLRLSCAASGFTIS (BEQ 1D NO: 13); () an FR-H2 comprising the amino acid
sequence of WVRQOAPGKGLEWVA (SEQ 1D NO: 14}, (¢) an FR-H3 comprising the amino acid sequence
of RFTISADTSKNTAYLOMRSLRAEDTAVYYCAR (SEQ ID NG: 15); and (d) an FR-H4 comprising the
amine acid sequence of WGQGTLVTVSS (SEQ ID NG 16). In some embaodiments, the antibody further
comprises the following light chain variable (VL) domain FRs: {a) an FR-L1 comprising the amino acid
sgquence of DIGMTQSPESLSASVGDRVTITC (GEQ 1D NGO 17); (b) an FR-L2 comprising the amino acid
sequence of WYQOQKPGKAPKLLIY (SEQ 1D NO: 18); (¢) an FR-L3 comprising the amino acid sequence
of GYPSRFSGSGSGTDFTLTISSLOPEDAATYYC (SEQ D NG: 19); and {d) an FR-L4 comprising the
aminc acid sequence of FGQGTKVEIK (SEQ 1D NO: 20},

in some embodiments of the above aspect, the antibody comprises the following six HVRs: (a8) an
HVR-H1T comprising the amino acid sequence of DYWIH (SEQ 1D NG: 1); (b) an HVR-H2 comprising the
aming acid sequence of GITPAGGYEYYADSVEG (SEG ID NG: 22); (¢} an HVR-H3 comprising the
aming acid sequence of FVFFLPYAMDY (SEQ 1D NO: 33; (d) an HVR-L1 comprising the amino acid
sequence of RASQDVSTAVA (SEQ ID NG: 8); (e) an HVR-L2 comprising the amino acid sequence of
SASFLYS (SEQ ID NO: §); and () an HVR-L3 comprising the amino acid sequence of QQGYGNPFT
(SEQ 1D NO: 23). In some embodiments, the antibody further comprises the following VL domain FRs:
{a) an FR-L1 comprising the amino acid sequence of DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO: 17);
{b) an FR-L2 comprising the amino acid sequence of WYQQKPGRAPKLLIY (SEQ ID NG: 18); (o) an FR-
L3 comprising the amine acid sequence of GVPSRFSGSGSGTRDFTLTISSLOPEDFATYYC (SEQ 1D NO:
24y and {d) an FR-L4 comprising the amino acid sequence of FGQGTKVEIK (SEQ D NO: 20).

in some embodiments of the above aspect, the antibody comprises the following six HVRs: (a) an
HVR-H1 comprising the amingo acid sequence of DYWIH (SEQ 1D NO: 1), () an HVR-H2 comprising the
aming acid sequence of GITPAGGYEYYADSVEG (SEQ 1D NO: 22); (¢} an HVR-H3 comprising the
aming acid sequence of FVFFLPYAMDY (SEQ 1D NG 3); (d) an HVR-L1 comprising the aming acid
sequence of RASGDVSTAVA (SEQ ID NO: 8); (&) an HVR-L2 comprising the aminc acid sequence of

SASFLYS (SEQ 1D NO: 9); and (f) an HVR-L3 comprising the amino acid sequence of GQGYGAPFT
3
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(SEQ 1D NC: 10). In some embodiments, the antibody further comprises the following VL domain FRs:
(&) an FR-L1 comprising the amino acid sequence of DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO: 17),
DIGMTQSPESLSASVGDEVTITC (SEQ 1D NO: 25), or DIQMTQSPSSLSASVGDEVTITC (SEQ ID NO:
283; (b) an FR-L2 comprising the amino acid sequence of WYQQKPGKAPKLLIY (SEG 1D NG: 18) or
WYQQOQKPGEAPKLLIY (SEQ ID NG: 27); (¢) an FR-L3 comprising the amino acid sequence of
GVPSRFSGSGSGTDFTLTISSLAPEDAATYYC (SEQ ID NO: 18) or
GVPSRFSGSGSGTDFTLTIESLQPEDAATYYC (SEQ ID NO: 28); and (d) an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ D NO: 20}, In some embodiments, the antibody further
comprises the following VH domain FRs: {a) an FR-H1 comprising the amino acid sequence of
EEQLVEEGGGLYQPGESLELSCAASGFEIS (SEQ ID NO: 29) or
EEQLVEEGGGLYQPGESLRLSCAASGFEIS (SEQ ID NO: 52); (b) an FR-H2 comprising the amino acid
sequence of WVRQERPGEGLEWVA (SEQ ID NO: 30}, (¢) an FR-H3 comprising the amino acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NG: 31); and (d) an FR-H4 comprising the
amino acid sequence of WGQGELVTVSES (S8EQ 1D NO: 32).

in some embodiments of the above aspect, the antibody comprises (&) a VH domain comprising
an amino acid sequence having at [east 85% sequence identity io the amino acid sequence of SEQ D
NO: 11, 40, or 42; (I a VL domain comprising an amino acid sequence having at least 85% sequence
identity to the amino acid sequence of SEQ ID NC: 12, 41, or 48; or (¢} a VH domain as in (a) and a VL
domain as in (b). In some embodiments, the VH domain further comprises the following FRs: (&) an FR-
H1 comprising the amino acid sequence of EVQLVESGGGLVOPGGSLRLSCAASGFTIS (SEQ 1D NO:
13); (b} an FR-H2 comprising the amino acid sequence of WWRQAPGKGLEWWYA (SEQ ID NO: 14) or
WYRQEPGKGLEWVA (SEQ D NGO: 39); {¢) an FR-H3 comprising the amino acid sequence of
RFTISADTSKNTAYLOMRSLRAEDTAVYYCAR (SEQ 1D NO: 15); and (d) an FR-H4 comprising the
aming acid sequence of WGQGTLVTVES (SEG 1D NO: 16). In some embaodiments, the VH domain
comprises the amino acid sequence of SEQ ID NG: 11, In some embodiments, the VL domain further
comprises the following FRs: (8) an FR-L1 comprising the amino acid seqguence of
DIQMTQSPSSLSASVGDRVTITC (SEQ 1D NO: 17) or DIQMTQSPSSLSASVGDRVTIDC (SEQ 1D NO:
45): {Ib) an FR-L2 comprising the amino acid sequence of WYQGQKPGKAPKLLEY (SEQ 1D NO: 18); (¢} an
FR-L3 comprising the amino acid sequence of GVPSRFSGESGSGTDRFTLTISSLARPEDAATYYC (SEQID
NO: 19}, GVPSRFSGSGSGTDFTLTISSLGPEDSATYYC (SEQ ID NO: 44), or
GVPSRFSGSGSGTDFTLTISSLGPEDVATYYC (SEQ ID NQ: 54); and (d) an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ D NO: 20) or FGQGTKVEVK (SEQ 1D NO: 55). insome
embodiments, the VL domain comprises the aming acid sequence of SEQ 1D NO: 12.

in some embodimenis of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ 1D NG: 11 and (b) a VL domain comprising the amino acid sequence of
SEQ 1D NO: 12,

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 40 and (b} a VL domain comprising the aming acid sequence of
SEQ 1D NO: 12,
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in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 42 and () a VL domain comprising the amino acid sequence of
SEQ ID NO: 12,

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 42 and () a VL dormain comprising the amino acid sequence of
SEQ ID NO: 41,

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
an amino acid sequence having at least 85% sequence identity o the amino acid sequence of SEQ ID
NO: 33 or 51; (b) a VL domain comprising an amingc acid sequence having at least 85% sequence identity
{0 the amino acid sequence of SEQ 1D NO: 12, 34, 35, 36, 37, or 38; or (v) a VH domain as in {(a) and a
VL domain as in (0). In some embodiments, the antibody further comprises the following FRs: (a) an FR-
H1 comprising the amino acid sequence of EEQLVEEGGGLVQPGESLELSCAASGFELS (SEQ ID NO:
29) or CEQLVEEGGOLVOPGESLRLSCAASGFEIS (SEQ 1D NO: 52); (b an FR-H2 comprising the
aminc acid sequence of WVRQEPGEGLEWVA (SEQ 1D NO: 38, (¢} an FR-H3 comprising the aming
acid sequence of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ 1D NO: 31); and (d) an FR-H4
comprising the amino acid sequence of WGQGELVTVSS (SEQ ID NO: 32). inh some embodiments, the
Vi domain comprises the amine acid sequence of SEQ 1D NO: 33, In some embodiments, the VH
domain comprises the amino acid sequence of SEQ 1D NO: 51. In some embodiments, the antibody
further comprises the following FRs: (8} an FR-L1 comprising the amino acid sequence of
DIGMTQSPSSLSASVGDRVTITC (SEQ 1D NG 17), DIGMTQSPESLSASVGDEVTITC (SEQ 1D NO: 285),
or DIQMTQSPSSLSASVYGDEVTITC (SEQ ID NO: 26),; {b) an FR-L2 comprising the amino acid sequence
of WYQOQKPGKAPKLLIY (SEQ 1D NO: 18) or WYQQKPGEAPKLLIY (SEQ 1D NG: 27); (¢) an FR-L3
comprising the amino acid sequence of GVPSRFSGSGSGTDFTLTISSLQPEDAATYYC (SEG 1D NG:
19), GVPSRFSGSGSGTDFTLTISSLQPERDFATYYC (SEQ ID NO: 24), or
GVPSRFSGSGSGTDFTLTIESLOPEDAATYYC (SEQ ID NO: 28); and (d) an FR-L4 comprising the
aming acid sequence of FGQGTKVEIK (SEQ 1D NO: 20). In some embodiments, the VL domain
comprises the amino acid sequence of SEQ 1D NG: 34, In some embodiments, the VL domain comprises
the amino acid sequence of SEQ ID NG: 35, In some embuodiments, the VL domain comprises the amino
acid sequence of SEQ ID NO: 36. In some embodiments, the VL domain comprises the amino acid
sequence of SEQ 1D NG: 37, In some embodiments, the V0L domain comprises the amino acid sequence
of SEGQ ID NG: 12, In some embodiments, the VL domain comprises the amino acid sequence of SEQ ID
NC: 38.

in some embodimenis of the above aspect, the aniibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ 1D NO: 33 and (b) a VL domain comprising the amino acid sequence of
SEQ ID NO: 38.

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 33 and (b) a VL domain comprising the aming acid sequence of
SEQ 1D NO: 34,
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in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 33 and (b) a VL domain comprising the amino acid sequence of
SEQ 1D NO: 35,

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 33 and () a VL dormain comprising the amino acid sequence of
SEQ ID NO: 38,

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 33 and (b) a VL domain comprising the amino acid sequence of
SEQ ID NO: 37,

in some embodiments of the above aspect, the antibody comprises (a) a ViH domain comprising
the amino acid sequence of SEQ ID NO: 33 and (b) a VL domain comprising the amino acid sequence of
SEQ ID NG 12

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the aming acid sequence of SEQ ID NO: 51 and (b) a VL domain compyising the amine acid sequence of
SEQ ID NG: 38,

in some embodiments of the above aspect, the antibody comprises (a) a VH domain comprising
the aming acid sequence of SEQ ID NO: 51 and {b) a VL domain comprising the amino acid sequence of
SEGQ D NG: 35

in some embodiments of the above aspect, the antibody comprises (a) & VH domain comprising
the amino acid sequence of SEQ ID NO: 51 and (b) a VL domain comprising the amino acid sequence of
SEGQ D NG 37.

in some embodiments of the above aspect, the antibody comprises (a) & VH domain comprising
the amino acid sequence of SEQ ID NO: 51 and (b) a VL domain comprising the amino acid sequence of
SEQID NG 12

in some embodiments of the above aspect, the antibody comprises (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 48 and {b) a light chain comprising the aminoe acid sequence of
SEQ 1D NG: 50,

in some embodiments of the above aspect, the antibody comprises (a) a heavy chain comprising
the amino acid sequence of SEQ 1D NO: 48 and (b) a light chain comprising the amino acid sequence of
SEQ ID NO: 50.

in some embodimenis of any of the preceding aspects, the antibody is capable of inhibiting the
binding of VEGF to a VEGF receptor. In some embodiments, the VEGF receplor is VEGF receptor 1 (Fit-
1). In some embodiments, the VEGF receptor is VEGF receptor 2 (KDR).

in some embodimenis of any of the preceding aspects, the antibody binds human VEGF
(hWVEGF) with a Kd of about 2 nM or lower. In some embodiments, the antibody binds hVEGF with a Kd
between about 75 pM and about 2 nM. In some embodiments, the antibody binds hVEGF with a Kd
between about 75 pM and about 800 pM. In some embodimeants, the antibody binds hVEGF with a Kd
between about 75 pM and about 300 pM. In some embodiments, the antibody binds hVEGF with a Kd of
about 80 pM. In some embodiments, the antibody binds hVEGF with a Kd of about 60 pM.
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In some embodiments of any of the preceding aspects, the antibody has a melting temperature
{Tm) of greater than about 83.5°C. In some embodiments, the antibody has a Tm of about 85°C {0 about
91°C. In some embaodiments, the antibody has a Tm of about 89°C.

In some embodiments of any of the preceding aspecis, the antibody has an isoelectric point {ph
of lower than 8. In some embodiments, the antibody has a pl from about 5 to about 7. In some
embodiments, the antibody has a pl of from about 510 about 8.

in some embodiments of any of the preceding aspects, the antibody is monocional, human,
humanized, or chimeric.

in some embodiments of any of the preceding aspecis, the antibody is an antibody fragment that
binds VEGF. In some embodiments, the antibody fragment is selected from the group consisting of Fab,
Fab-C, Fab’-8H, Fv, scFv, and (Fab’): fragments. In some embodiments, the antibody fragment is an
Fab.

in some embodiments of any of the preceding aspecis, the antibody is a monospecific antibody.
in other embodiments of any of the preceding aspects, the antibody is a mullispecific antibody. In some
embodiments, the multispecific antibody is a bispecific antibody. In some embodiments, the bispecific
antibody binds VEGF and a sscond biological molecule selected from the group consisting of
interleukin 18 (L-18); interfeukin-8 (IL-8); interleukin-6 receptor (IL-6R); interfeukin-13 (1L-13); H.-13
receptor (L-13R); PDGF; angiopoletin; angiopoietin 2; Tie2, $1P; integrins avi3, avBs, and ab51;
betacellulin; apelin/APRJ; erythropoietin; complement factor D; TNFq; HirA1, a VEGF receptor;, ST-2
receptor; and a protein genetically linked to age-related macular degeneration (AMD) risk. In some
embodiments, the VEGF receptor is VEGFR1, VEGFRZ, VEGFR3, membrane-bound VEGF-receplor
{(mbVEGFR), or scluble VEGF receptor sVEGFR). In some embodiments, the protein genetically linked
1o AMD risk is selecled from the group consisting of complement pathway components G2, factor B,
factor H, CFHR3, C3b, C5, C5a, and C3a; HirA1; ARMSZ; TIMP3; HLA; interleukin-8 (IL-8); CX3CR1;
TLR3; TLR4,; CETP; LIPC, COL10AT; and TNFRSF10A.

in some embodiments of any of the preceding aspects, the antibody is a cysteine engineered
antibody. In some embodiments, the cysteine engineered antibody comprises a cysteine mutation in the
heavy chain selected from the group consisting of HC-A118C, HC-A1400C, and HC-L174C (EU
numbering), or 8 cysteine mutation in the light chain selscted from the group consisting of LC-K148C and
LC-V205C (Kabat numbering). In some embuodiments, the cysteine mutation in the heavy chain is HC-
A118C (EU numbering). In some embodiments, the cysieine mutation in the heavy chain is HC-A140C
(EU numbering). In some embodiments, the cysteine mutation in the heavy chain is HC-L174C (EU
numbering). In some embodiments, the cysieine mutation in the light chain is LC-K149C (Kabat
numbering). In some embodiments, the cysteine mutation in the light chain is LC-V205C (Kabat
numbering). In some embodiments, the HA polymer is covalently atiached {o the antibody at the cysieing
mutation.

in another aspect, any of the preceding antibody conjugates can be used as a medicameni.

in another aspect, any of the preceding antibody conjugates can be used in the manufacture of a
medicament for treating an ocular disorder in a8 subject.
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in another aspect, any of the preceding antibody conjugates can be used in reducing or inhibiting
angiogenesis in a subject having an ccular disorder,

in another aspect, any of the preceding antibody conjugates can be used in treating an ocular
disorder in a subject.

in some embodiments of any of the preceding aspects, the ocular disorder is selected from the
group consisting of age-related macular degeneration (AMD), macular degeneration, macular edema,
diabetic macular edema (DME) (including focal, non-center DME and diffuse, center-involved DME),
retinopathy, diabetic retinopathy (DR} (including proliferative DR (PDR), non-proliferative DR (NFPDR), and
high-aliitude DR), other ischemia-related retinopathies, retinopathy of prematurity (ROP), retinal vein
acclusion (RVO) {including central (CRVO) and branched (BRVO) forms), CNV (including myopic CNV),
corneal neovascularization, a disease associated with corneal neovascularization, retinal
neovascularization, a disease associated with retinal/choroidal neovascularization, pathologic myopia,
von Hippel-Lindau disease, histoplasmosis of the eye, familial exudative vifreoretinopathy (FEVR), Coats’
dissase, Norrie Disease, Osteoporosis-Pseudoglioma Syndrome (OPPG), subconjunctival hemorrhage,
rubeosis, ocular neovascular disease, neovascular glaucoma, retinitis pigmentosa (RP), hypertensive
retinopathy, retinal angiomatous proliferation, macular telangisctasia, iris neovascularization, intraccular
neovascularization, retinal degeneration, cysioid macular edema (CME), vasculilis, papilicedema, retinitis,
conjunctivitis (including infectious conjunctivitis and non-infectious {2.q., allergic) conjunctivitis), Leber
congenital amaurosis, uveitis (including infectious and non-infectious uveltis), chorgiditis, ocular
histoplasmaosis, blepharitis, dry eye, traumalic eye injury, and Sjbgren’s disease. In some embodiments,
the ocular disorder is AMD, DME, DR, or RVD. In some embodiments, the ocular disorder is AMD. In
some embodiments, the AMD is wet AMD. In some embodiments, the ocular disorder is DME.

in ancther aspedt, the invention features a pharmaceutical composition comprising any of the
antibody conjugates described herein a pharmaceutically acceptable carrier, excipient, or diluent. In
some embodiments, the pharmaceutical composition further comprises a second agent, wherein the
second agent is selected from the group consisting of an antibody, an anti-angiogenic agent, a cytokine, a
cytokine antagonist, a corticostercid, an analgesic, and a compound that binds o a second biological
molecule. In some embodiments, the anti-angiogenic agent is a VEGF antagonist. In some
embodiments, the VEGF antagonist is an anti-VEGF antibody, an anti-VEGF receptor antibody, a soluble
VEGF receptor fusion profein, an aptamer, an anti-VEGF DARPIn®, or a VEGFR tyrosine kinase inhibitor,
in some embuodiments, the anti-VEGF antibody is ranibizumab (LUCENTIS®), RTH-258, or a bispecific
anti-VEGF antibody. In some embodiments, the bispecific anti-VEGF antibody is an anti-VEGF/anti-Ang2
antibody. In some embodiments, the anti-VEGF/ anti-Ang2 antibody is RG-7718. In some embuodiments,
the soluble VEGF receptor fusion protein is afiibercept (EYLEA®). In some embodiments, the aplameris
pegaptanib (MACUGEN®). in some embodiments, the anti-VEGF DARPIN® is abicipar pegol. In some
embodiments, the VEGFR tyrosine kinase inhibitor is selected from the group consisting of 4-{4-bromo-2-
fluoroanilino)-S-methoxy-7-(1-methyipiperidin-4-yimethoxy)quinazoline (ZD6474), 4-{4-fluoro-2-
methylindok-5-yloxyy-6-methoxy-7-(3-pyrrolidin-1-yvipropoxyiquinazoline (AZD2171), vatalanib (FTK787),
semaxaminib (SU5416), and SUTENT® {(sunitinib). In some embodiments, the second biclogical

molecule is selected from the group consisting of HL-18; IL-8; IL-6R; IL-13; IL-13R; PDGF; angiopoietin;
8
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angiopoietin 2; Tie2; S1P; integrins avB3, avis, and a581; betaceliuling apelin/APJ; ervthropoietin;
complement factor D; TNFq; HirA1; a VEGF receptor; ST-2 receptor; and a protein genetically linked {o
AMD risk. In some embodiments, the VEGF receptor is VEGFR1, VEGFR2Z, VEGFR3, mbVEGFR, or
sVEGFR. In some embaodiments, the protein genetically linked to AMD risk is selected from the group
consisting of complement pathway components C2, factor B, factor H, CFHRS3, C3b, C5§, C5a, and C3a;
HirA1, ARMSZ; TIMP3; HLA; IL-8; CX3CR1; TLR3; TLR4; CETP; LIPC, COL10AT; and TNFRSF10A. In
some embodiments, the compound that binds a second biclogical molecule is an antibody or antigen-
binding fragment thereof. In some embodiments, the antigen-binding antibody fragment is selected from
the group consisting of Fab, Fab-C, Fab’-8H, Fv, scFv, and (Fab): fragments. In some embodiments, the
antigen-binding antibody fragment is an Fab.

in another aspect, any of the preceding pharmaceutical compositions can be used as a

medicament.

in another aspect, any of the preceding pharmaceuiical compositions can be used in the
manufacture of a medicament for treating an ocular disorder in a subject.

in another aspect, any of the preceding pharmaceutical compaositions can be used in reducing or
inhibiting angiogenesis in a subject having an ocular disorder.

in another aspect, any of the preceding pharmaceutical compaositions can be used in treating an
ocular disorder in a subject.

in some embodiments of any of the preceding aspects, the ocular disorder is selected from the
group consisting of age-related macular degeneration (AMD), macular degeneragtion, macular edema,
diabetic macular edema (OME) (including focal, non-center DME and diffuse, center-involved DME),
retinopathy, diabetic retinopathy (DR) (ncluding proliferative DR (PDR), non-proliferative DR (NPDR), and
high-altitude DR), other ischemia-related retinopathies, retinopathy of prematurity (ROP), retinal vein
occlusion (RVO) (including central (CRVQ) and branched (BRVO) forms), CNV (including myopic CNV),
cormeal neovascularization, a disease associated with comeal neovascularization, retinal
neovascularization, a disease associated with retinal/choroidal neovascularization, pathologic myopia,
von Hippel-Lindau disease, histoplasmosis of the eve, familial exudative vitreoretinopathy (FEVR), Coats’
disease, Norrie Disease, Osteoporosis-Pseudoglioma Syndrome (OPPG), subconjunctival hemorrhage,
rubeosis, ocular neovascular disease, neopvascular glaucoma, retinitis pigmentosa (RP), hypertensive
retinopathy, retinal angiomatous proliferation, macular telangiectasia, iris neovascularization, intraccular
neovascularization, retinal degeneration, cystoid macular edema (CME), vasculitis, papilioedema, retinitis,
conpunctivitis (including infectious conjunclivitis and non-infectious {e.q., allergic) conjunctivitis), Leber
congenital amaurosis, uveitis (including infectious and non-infectious uveilis), choroiditis, ocular
histoplasmosis, blepharitis, dry eye, traumatic eye injury, and Sjdégren’s disease. In some embodiments,
the ocular disorder is AMD, DME, DR, or RVQ. In some embodiments, the ocular disorder is AMD. In
some ambodiments, the AMD is wet AMD. In some embodiments, the ocular disorder is DME.

in another aspect, the invention features a method of reducing or inhibiting angiogenesis in a
subject having an ocular disorder, comprising administering o the subject an effective amount of any of
the antibody conjugates describad herein or any of the pharmaceutical compositions described herein,

thereby reducing or inhibiting angiogenesis in the subject.
9
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in another aspect, the invention features a method of treating an ocular disorder, the method
comprising administering an effective amount of any of the antibody conjugates described herein or any
of the pharmaceutical compositions described herein to a subject in need of such treatment.

In some embodiments of any of the preceding aspects, the ocular disorder is selected from the
group consisting of age-related macular degeneration (AMD), macular degeneration, macular edema,
diabetic macular edema (DME) (including focal, non-center DME and diffuse, center-involved DME),
retinopathy, diabelic retinopathy (DR) (including proliferative DR (PDR), non-proliferative DR (NPDR), and
high-aliitude DR), other ischemia-related retinopathies, retinopathy of prematurity (ROP), retinal vein
occlusion (RVO) {including ceniral (CRVO) and branched (BRVO) forms), CNV (including myopic CNV),
corneal neovascularization, a disease associated with corneal neovascularization, retinal
neovascularization, a disease associated with retinal/choroidal neovascularization, pathologic myopia,
von Hippel-Lindau disease, histoplasmosis of the eye, familial exudative vitreoretinopathy (FEVR), Coats’
dissase, Norrie Disease, Osteoporosis-Pseudoglioma Syndrome (OPPG), subconjunctival hemorrhage,
rubeosis, ocular neovascular disease, neovascular glaucoma, retinitis pigmentosa (RP), hypertensive
retinopathy, retinal angiomatous proliferation, macular telangisctasia, iris neovascularization, intraccular
neovascularization, ratinal degeneration, cystoid macular edema (CME), vasculitis, papilloedema, retinitis,
conjunctivitis (including infectious conjunctivitis and non-infectious {g.g., allergic) conjunctivitis), Leber
congenital amaurosis, uveitis (including infectious and non-infectious uveltis), chorgiditis, ocular
histoplasmaosis, blepharitis, dry eye, traumatic eye injury, and Sjbgren’s disease. In some embodiments,
the ocular disorder is AMD, DME, DR, or RVD. In some embodiments, the ocular disorder is AMD. In
some embodiments, the AMD is wet AMD. In some embodiments, the ocular disorder is DME.

in some embodiments of any of the preceding aspects, the method further comprises
administering 10 the subject an effective amount of a second agent, wherein the second agent is selected
from the group consisting of an antibody, an anti-angiogenic agent, a cylokine, a cytokine antagonist, a
corticosteroid, an analgesic, and a compound that binds 1o a second biological molecule. Insome
embodiments, the anti-angicgenic agent is a VEGF antagonist. in some embodiments, the VEGF
antagonist is an anti-VEGF antibody, an anti-VEGF receptor antibody, a soluble VEGF receptor fusion
protein, an aptamer, an anli-VEGF DARPIn®, or a VEGFR tyrosing Kinase inhibitor. In some
embodiments, the anti-VEGF antibody is ranibizumab (LUCENTIS®), RTH-258, or a bispecific anti-VEGF
antibody. In some embodiments, the bispecific anti-VEGF antibody is an anti-VEGF/anti-Ang2 antibody.
in some embuodiments, the anti-VEGF/anti-Ang2 antibody is RG-7716. In some embodiments, the scluble
VEGF receptor fusion profein is aflibercept (EYLEA®). in some embodiments, the aptamer is pegaptanib
(MACUGEN®). In some embodiments, the antib-VEGF DARFIn® is abicipar pegol. In some
embodiments, the VEGFR tyrosine kinase inhibitor is selected from the group consisting of 4-{4-bromo-2-
fluoroanilino)-6-methoxy-7-(1-methyipiperidin-4-vimethoxy)quinazoline (ZD6474), 4-(4-fluoro-2-
methylindok-5-yloxyy-6-methoxy-7-(3-pyrrolidin-1-yvlpropoxyiquinazoline (AZD2171), vatalanib (PTK787),
semaxaminib (SU5416), and SUTENT® {(sunitinib). In some embodiments, the second biclogical
molecule is selected from the group consisting of IL-18; [L-8; [L-8R; IL-13; IL-13R; PDGF; angiopoietin;
angiopoietin 2; Tie2; S1P; integrins avB3, avis, and abp1; betaceliuling apelin/APJ; ervthropoieting
complement factor D; TNFa; HtrA1, a VEGF receptor; ST-2 receptor; and a protein genetically linked to
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AMD risk. In some embodiments, the VEGF receptor is VEGFR1, VEGFRZ, VEGFR3, mbVEGFR, or
sVEGFR. In some embodiments, the protein genetically linked to AMD risk is selected from the group
consisting of complement pathway components C2, factor B, factor H, CFHRS3, C3b, C5§, C5a, and C3a;
HirA1, ARMSZ; TIMP3; HLA; IL-8; CX3CR1; TLR3; TLR4; CETP; LIPC, COL10A1; and TNFRSF10A. In
some embodiments, the compound that binds a second biological molecule is an antibody or antigen-
binding fragment thereof. In some embodiments, the antigen-binding antibody fragment is selected from
the group consisting of Fab, Fab-C, Fab'-SH, Fv, scFy, and (Fab’): fragments.

in some embodiments of any of the preceding aspects, the antibody conjugate or the
pharmaceutical composition is administered intravitreally, ocularly, intraocularty, juxtascleraily,
subtenonly, superchoroidally, topically, infravenously, intramuscularly, intradermally, percutaneously,
intraarterially, intraperitonesally, intralesionally, intracranially, intraarticularly, intraprostaiically,
intrapleurally, intratracheally, intrathecally, intranasally, intravaginally, intrarectally, topically,
intratumorally, intraperitoneally, peritoneally, intraventricularly, subciutanecusly, subconjundctivally,
intravesicutarly, mucosally, intrapericardially, intraumbilically, intraorbitally, orally, transdermally, by
inhalation, by injection, by eye drop, by implantation, by infusion, by continuous infusion, by localized
perfusion bathing target celis directly, by catheter, by lavage, in cremes, or in lipid compositions. in some
embodiments, the antibody conjugate or the pharmaceutical composition is administered intravitreally,
ocularly, intraccularly, juxtasclerally, subtenonly, superchoroidally, or topically. In some embaodiments,
the antibody conjugate or the pharmaceutical composition is administerad intravitreally by injection. In
some embodiments, the antibody conjugate or the pharmaceutical composition is administered topically
by eve drop or ointment. In some embodiments, the antibody conjugate or the pharmaceutical
comnpaosition is administered by a port delivery device.

in some embodiments of any of the preceding aspects, the subject is a human.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A Is a graph showing a population distribution of molecular weights (in terms of molar
mass) in a representative sample of 200 kDa HA.

FIG. 1B is a graph showing a population distribution of the number of maleimides on a 200 kDa
HA chain resulting from a Monte Carlo simulation of stochastic modification with each acid group having a
5% chance of modification.

FIG. 10 Is a graph showing the polydispersity of 40 kDa, 200 kDa, and 600 kDa HA polymers.
The table below the graph shows the number-average molecular weight (Mn), weight-average molecular
weight (Mw), polydispersity index (PRI, and molecular weight (MW) range (n terms of Mw) for the
indicated samples.

FiG. 2 is a series of graphs showing that HA-G6.31.AARR conjugates have differences in
physical stability under physiologically relevant stress conditions as assessed by size exclusion
chromatography (SEC) in-line with refractive index (RI) and multi-angle light scattering (MALS) detectors
(SEC-RI-MALS). The series labels refer to the HA backbone molecular weight (40 kDa ("40K™; 200 kDa
(“200K™); and 600 kDa ("600K") and Fab loading level.
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FIG. 3 is a series of graphs showing changes in SEC retention profiles over fime for HA40K-
G6.31.AARR-4.7% (left panel), HA200K-G6.31 AARR-4.7% (center panel), and HABOOK-GE.31 AARR-
2.1% (right panel), demonstrating that SEC retention fimes shifi {o later times (smaller hydrodynamic
size), with the exdent of this shift dependent on HA backbone molecular weight.

FIG. 4 is a series of graphs showing SEC-RI-MALS data ploited as cumulative weighi fraction for
HA40K-GE.31. AARR-4.7% (left panel), HAZO0K-GE.31.AARR-4.7% (center panel), and HAB00K-
G6.31.AARR-2.1% (right panel).

FIG. & is a graph showing the results of SEC-RI-MALS characterization of commercial
polydisperse MA (black) and monodisperse HA (grey), demonsirating the difference in mass distributions
between the two production technigues. The table in the right panel shows the Mn, Mw, and PDI values
determined by this analysis.

FIG. 6 is a graph showing the results of SEC-RI-MALS characterization of polydisperse HAZ00K-
G8.21.AARR (black) and monodisperse HA150K-G8.31. AARR (grey), demonsirating the differsnce in
mass disiributions. The table in the right panel shows the Mn, Mw, and PDI values determined by this
analysis.

FIG. 7 is a schematic diagram showing that standard Fab-C format molecules are designed to
contain a free cysteine residue useful for conjugation by extending the standard Fab hinge peptide
saquence to the first or second hinge disulfide cysteine. To minimize or prevent scrambling between the
interchain disulfide and this free cysteine residue, the cysteine can instead be mutated onto the surface of
the Fab at a location spatially further separated from the interchain disulfide (referred to hersin as
“ThioFabs”).

FIGS. 8A-8C are a series of schematic diagrams showing that the flexibility and spatial proximity
of the hinge sequence can lead o rearrangement into three possible disulfide states leaving three
different cysieine residues available for conjugation. Fig. 8A shows the intended configuration in which
the hinge sequence cysieine is reduced and available for conjugation. Fig. 8B shows a cyclized heavy
chain (HC) variant in which the hinge cysteine forms a disulfide bond with the HC cysteine residue that
normally is part of the interchain disulfide bond, leaving the light chain (LC) interchain disulfide cysieine
available for conjugation. Fig. 8C shows a LC variant in which the hinge cysteine forms a disulfide bond
with the LC cysteine that normally forms part of the interchain disulfide bond, leaving the HC interchain
disulfide cysteine available for conjugation.

FIG. 8 shows a series of graphs showing the resulis of a series of maleimide capping and limited
Lys-C digestion experiments performed on G6.31. AARR Fab-C and analvzed by reverse phase ultra
performance liquid chromatography time-of-flight (RP-UPLC-TOF) mass spectrometry. The numbers
over the peaks are total ion counts for that peak and are a measure of peak area.

FIGS. 10A and 10B are a series of graphs showing the resulis of limited Lys-C (Fig. 104) and
hyaluronidase (HAase) (Fig. 10B} enzymatic digests of HA-GB.31.AARR conjugates, confirming the
presence of conjugation variants associated with conjugation through both cysteines normally oocupisd

by the interchain disulfide.
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FIG. 11 is a series of graphs showing that conjugation of G6.31.AARR ThioFabs to HA200K-
maleimide proceeded normally compared to G6.31.AARR.Fab-C, although the conversion of Fab to
conjugate was lower for the ThioFab samples.

FIG. 12 is a graph showing deconjugation of a model polyethylene glycol (PEG)-maleimide polymer
from G6.31.AARR of different formats in PBS + 2 mM oxidized glutathione (GSSG) at 37°C as assessed by
RP-UPLC-TOF.

FIG. 13A shows the Kabat humbering scheme for the 4D5 light chain.

FIG. 13B shows a sequential numbering scheme (left column) starting at the N-terminus in
comparison with the Kabat numbering scheme (middle column) and EU numbering scheme (right column) for
the 4D5 antibody.

FIG. 14 is a graph showing that HA-G6.31.AARR conjugates produced from monodisperse HA show
improved physical stability under physiological stress at four weeks compared to HA-G6.31.AARR
conjugates of similar size produced from polydisperse HA. The table in the right panel shows Mw (kDa) at
weeks 0, 2, and 4.

DETAILED DESCRIPTION OF THE INVENTION
.  DEFINITIONS

In the claims and in the description of the invention, except where the context requires otherwise due
to express language or necessary implication, the word “comprise” or variations such as “comprises” or
“‘comprising” is used in an inclusive sense, i.e. to specify the presence of the stated features but not to
preclude the presence or addition of further features in various embodiments of the invention.

The term “about” as used herein refers to the usual error range for the respective value readily
known to the skilled person in this technical field. Reference to “about” a value or parameter herein includes
(and describes) embodiments that are directed to that value or parameter per se.

An “acceptor human framework” for the purposes herein is a framework comprising the amino acid
sequence of a light chain variable domain (VL) framework or a heavy chain variable domain (VH) framework
derived from a human immunoglobulin framework or a human consensus framework, as defined below. An
acceptor human framework “derived from” a human immunoglobulin framework or a human consensus
framework may comprise the same amino acid sequence thereof, or it may contain amino acid sequence
changes. In some embodiments, the number of amino acid changes are 10 or less, 9 or less, 8 or less, 7 or
less, 6 or less, 5 or less, 4 or less, 3 or less, or 2 or less. In some embodiments, the VL acceptor human
framework is identical in sequence to the VL human immunoglobulin framework sequence or human
consensus framework sequence.

“Affinity” refers to the strength of the sum total of noncovalent interactions between a single binding
site of a molecule (e.g., an antibody) and its binding partner (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). Affinity can be measured by common methods
known in the art, including those described herein. Specific illustrative and exemplary embodiments for
measuring binding affinity are described in the following.

An “affinity matured” antibody refers to an antibody with one or more alterations in one or more

hypervariable regions (HVRs) and/or framework regions (FRs), compared to a parent antibody which
13
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does not possess such allerations, such alterations resulting in an improvement in the affinity of the
antibody for antigen.

The term “vascular endothelial growth Tactor” or “VEGF” refers 1o vascular endothelial growth
factor protein A, as exempilified by SEQ 1D NO: 47 (see also Swiss Prot Accession Number P15692,
Gene ID (NCBI): 7422). The term “VEGF” encompasses the profein having the amino acid sequence of
SEQ D NO: 47 as well as homologues and isoforms thereof. The ferm “VEGF” also encompasses the
known isoforms, e.q., splice isoforms, of VEGF, e.g., VEGF 11, VEGF 121, VEGF 145, VEGF 165, VEGF 36, and
VEGF s, Iogether with the naturally-ocourring allelic and processead forms thereof, including the 110-
amino acid human vascular endothelial cell growth facior gensgrated by plasmin cleavage of VEGF 55 as
described in Ferrara Mol Biol Cell 21.687 (2010), Leung st al., Science, 248:1306 (1889), and Houck et
al., Mol Endocrin., 51806 (1881). The term "VEGF” also refers o VEGFs from non-human species such
as mouse, rat or primate. Sometimes the VEGF from a specific species are indicated by terms such as
hWWEGF for human VEGF, mVEGF for murine VEGF, and the like. The term “VEGF is also used {o refer
o truncated forms of the polypeptide comprising amino acids 8 to 108 or 1 to 109 of the 165-amino acid
human vascular endothelial celf growth factor. Reference 1o any such forms of VEGF may be identified in
the preseni application, e.g., by "VEGF g, "VEGF (8-108),” “VEGF (1-108)" or "VEGFe:.” The amino
acid positions for a “fruncated” native VEGF are numbered as indicated in the native VEGF sequence.
For example, amino acid position 17 {methionine} in fruncated native VEGF is also position 17
{methionine} in native VEGF. The truncated native VEGF has binding affinity for the KDR and Fit-1
receptors comparable 1o native VEGF. The term "VEGF variant” as used herein refers to a VEGF
polypeptide which includes one or more amino acid mutations in the native VEGF sequence. Optionaily,
the one or more amino acid mutations include amino acid substitution{s). For purposes of shorthand
designation of VEGF variants described herein, it is noted that numbers refer to the amino acid residue
position along the amino acid sequence of the putative native VEGF (provided in Leung et al., supra and
Houck et al., supra). Unless specified otherwise, the term “VEGF” as used herein indicates VEGF-A.

The terms “anti-VEGF antibody,” an “antibody that binds o VEGF,” and “antibody that specifically
binds VEGF” refer to an antibody that is capable of binding VEGF with sufficient affinity such that the
antibody is useful as a diagnostic and/or therapeutic agent in targeting VEGF. In one embodiment, the
axtent of binding of an anti-VEGF antibody to an unrelated, non-VEGF protein is less than about 10% of
the binding of the antibody to VEGF as measured, for exampie, by a radicimmunocassay (RIA). in certain
embodiments, an aniibody that binds to VEGFE has a dissociation constant (Kd) of £ 1uM, £ 100 nM, £ 10
nM, £ 1 nM, 201 nM, £0.01 nM, or £0.001 nM {8.g. 10°%Morless, eg., from 108M1to 102 M, 8.g.,
from 10° M to 10 M), In certain embodiments, an anti-VEGF antibody binds to an epltope of VEGF that
is conserved among VEGF from different species.

The term “antibody” herein is used in the broadest sense and encompasses various antibody
structures, including but not limited to monocional antibodies, polycional antibodies, multispecific
antibodies (e.g., bispecific antibodies), and antibody fragments so long as they exhibit the desired
antigen-binding activity.

An “antibody fragment” refers (o a molecule other than an intact antibody that comprises a portion

of an intact antibody that binds the antigen 1o which the intact antibody binds. Examples of antibody
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fragments include but are not limited to Fv, Fab, Fab’, Fab-C, Fab'-SH, F(ab)z; diabodies; lingar
antibodies; single-chain antibody molecules {(e.g., scFv); and mufltispecific antibodies formed from
antibody fragments. In some instances, examples of antibody fragments include but are not limited {o Fv,
Fab, Fab’, Fab'-SH, F(ab’)z; diabodies; linear antibodies; single-chain antibody molecules {e.g., scFv);
and multispecific antibodies formed from antibody fragments.

Papain digestion of antibodies produces two identical antigen-binding fragments, called “Fab’
fragments, and a residual "F¢” fragment, a designation reflecling the ability 1o crystallize readily. The Fab
fragment consists of an entire light (L) chain along with the variable region domain of the heavy (M) chain
(VH}, and the first constant domain of one heavy chain (CH1). Pepsin freatment of an antibody yields a
single large F(ab”z fragment which roughly corresponds to two disulfide linked Fab fragimenis having
divalent antigen-binding activity and is siill capable of cross-linking antigen. Fab’ fragments differ from
Fab fragmenis by having additional few residues at the carboxy terminus of the CH1 domain including
one or more cysteines from the antibody hinge region. Fab-C molecules are Fab molecules that are
expressed such that the sequence is truncatad at the first hinge cysigine, resulling in a Fab with a free
cysteine directly upon expression (see, e.g., Shatz et al. Mol Pharmaceufics 2016, PubMed identifisr
{(PMID) 27244474}, For example, a Fab-C molecule may have a free cysteine at position Cys227 of the
heavy chain. in other instances, a Fab-C molscule may have g free cysteine at position Cys229 of the
heavy chain. Fab’-SH is the designation herein for Fab’ in which the cysteine residue(s) of the constant
domains bear a free thiol group. F(ab’): antibody fragments originally were produced as pairs of Fab’
fragments which have hinge cysteines between them. Other chemical couplings of antibody fragments
are also known.

The term “Fo region” herein is used to define a C-terminal region of an immunoglobulin heavy
chain that contains at least a portion of the constant region. The term includes native sequence Fe
regions and variant Fc regions. In one embodiment, a human IgG heavy chain Fo region exiends from
Cys226, or from Pro230, to the carboxyl-terminus of the heavy chain. However, the C-terminal lysine
{Lys447) of the Fc region may or may not be present. Unless otherwise specified herein, numbering of
aming acid residues in the Fc region or constant region is according to the EU numbering system, also
called the EU index, as described in Kabat et al., Sequences of Proteins of immunological Interest, 5th
Ed. Public Health Service, National institules of Health, Bethesda, MD (1991).

‘v consists of a dimer of one heavy- and one light~-chain variable region domain in tight, non-
covalent association. From the folding of these two domains emanate six hypervariable loops (3 loops
gach from the H and L chain) that contribute the amino acid residues for antigen binding and confer
antigen binding specificity 1o the antibody. However, even a single variable domain (or half of an Fv
comprising only three HVRSs specific for an antigen) has the ability 1o recognize and bind antigen,
although often at a lower affinity than the entire binding site.

“Single-chain Fv" also abbreviated as “sFv” or “scFv” are antibody fragments that comprise the
VH and VL antibody domains connected inlo a single polypeptide chain. Preferably, the sFv polypeptide
further comprises a polypeplide linker between the VH and VL domains which enables the sFv o form the
desired structure for antigen binding. For a review of sFv, see Pluckthun in The Pharmacology of
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Monocional Anfibodies, vol. 113, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 268-315
(1984).

The term “diabodies” refers to small antibody fragments prepared by constructing sFv fragments
(see preceding paragraph) with shor linkers {about 5-10 residues) between the VH and VL domains such
that inter~chain but not intra-chain pairing of the V domains is achieved, resulting in a bivalent fragment,
i.e., fragment having two antigen-binding sites. Bispecific diabodies are heterodimers of two “crossover”
sFv fragments in which the VH and VL domains of the two antibodies are present on different polypeptide
chains. Diabodies are described more fully in, for example, EP 404,087; WO 23/11181; and Hollinger et
al., Proc. Natl. Acad. Sci. USA, 80:6444-0448 (1993).

A “blocking” antibody or an "aniagonist” antibody is one which inhibits or reduces biclogical
activity of the antigen if binds. Certain blocking antibodies or antagonist antibodies substantially or
completely inhibit the biological activity of the antigen.

An “antibody that binds to the same epitope” as a reference antibody refers to an antibody that
biocks binding of the reference antibody o its antigen in a competition assay by 50% or more, and
conversely, the reference antibody blocks binding of the antibody to its antigen in a competition assay by
50% or more. An exemplary competition assay is provided herein.

The term “chimeric” antibody refers o an antibody in which a portion of the heavy and/or light
chain is derived from a particular source or species, while the remainder of the heavy and/or light chain is
derived from a different source or species.

The “class” of an antibody refers 1o the type of constant domain or constant region possessed by
its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, 196G, and Igh, and several of
these may be further divided into subclasses (isotypes), e.q., 1gGs, g6z, 1gGs, IgGs, IgAs, and IgAz. The
heavy chain constant domains that correspond to the different classes of immunoglobulins are cafled «, 3,
£, v, and u, respedciively.

A “cysteine engineered antibody” or “cysteine engineered antibody variant” is an antibody in
which one or more residues of an antibody are substituted with cysteine residues. in certain instances,
cysteine engineered antibodies may be referred to as THIOMAB™ antibodies or ThioFab antibodies. The
thiol group(s) of the cysteine engineered antibodies can be conjugated to other moleties, e.g., polymers
{e.g., HA polymers, including monodisperse HA polymers). In particular embodiments, the substituted
residues occur at accessible sites of the antibody. By substituting those residues with cysteine, reactive
thiol groups are thereby positioned at accessible sites of the antibody and may be used {o conjugate the
antibody to other moieties, such as polvmers (e.g., HA polymers). For example, a cysteine engineered
antibody may be an antibody with 3 single mutation of a non-cysieine native residue to a cysteine in the
light chain (e.g., LC-GB4C, LC-1M106C, LC-R108C, LC-R142C, or LC-K149C according to Kabat
numbering) or in the heavy chain {(e.g., HC-D101C, HC-V184C, or HC-T205C according to Kabat
numbering, or HC-T114C, HC-A140C, HC-L174C, HC-L179C, HC-T187C, HC-T208C, HC-V262C, HC-
G371C, HO-Y373C, HC-E382C, HC-3424C, HC-N434C, and HC-Q438C according to EU numbering
(i.e., HC-A138C according to Kabat numbering is HC-A1400 according to EU numbering)) (see Figs. 13A
and 138). In particular instances, a cysieine engineered antibody may include a cysteine mutation in the

heavy chain selected from the group consisting of HC-A118C, HC-A1400C, and HC-L174C (EU
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numbering), or a cysieine mutation in the light chain selected from the group consisting of LC-V205C and
LC-K149C (Kabat numbering). In some instances, a cysieine engineered antibody has a single cysieine
multation in either the heavy or light chain such that each full-length antibody {i.e., an antibody with two
heavy chains and two light chains) has two engineered cysteine residues, and each Fab fragment has
ane engineered cysieine residue. In other instances, a cysieine engineered antibody has more than one
cysteine mutations (e.g., 2, 3, 4, or 5 gysieine mutations).

A “free cysleine amino acid” refers {o a cysteine amino acid residue which has been engineered
into a parent antibody, has a thiol functional group (—S8H), and is not paired as an intramolecular or
intermolecular disulfide bridge.

The term “thiol reactivity value” is a guantitative characierization of the reaclivity of free cysteine
amino acids. The thiol reactivity value is the percentage of a free cysteine amino acid in a cysteine
engineered antibody which reacis with a thiol-reactive reagent, and converted to a masdmum value of 1.
For example, a free cysteing amino acid on a cysteine engineered antibody which reacts in 100% yield
with a thiokreactive reagent, such as a biotin-maleimide reagent, to form a biotin-labelled antibody has a
thiol reactivity value of 1.0. Another cysieine aming acid engineered into the same or different parent
antibody which reacts in 90% vield with a thiol-reactive reagent has a thiol reactivily vaiue of about 0.8
Another cysteine amino acid engineered into the same or different parent antibody which reacts in 80%
vield with a thiol-reactive reagent has a thiol reactivity value of about 0.8, Anocther cysieine amino acid
engineered into the same or different parent antibody which reacis in 70% vyield with a thiol-reactive
reagent has a thiol reactivity value of about 0.7, Ancther cysteine amino acid engineered into the same
or different parent antibody which reacts in 60% vield with a thicl-reactive reagent has a thicl reactivity
value of about 0.6. Another cysteine amino acid engineerad into the same or different parent antibody
which reacts in 50% vield with a thicl-reactive reagent has a thiol reactivity value of about 0.5, Another
cysieine amino acid engineered into the same or different parent antibody which reacts in 40% vield with
a thiol-reactive reagent has a thiol reactivity value of about 0.4, Another cysteine amino acid engineered
into the same or different parent antibody which reacts in 30% vield with a thiol-reactive reagent has a
thiol reactivity value of about 0.3, Another cysteine amino acid engineered info the same or different
parent antibody which reacis in 20% vield with a thiol-reactive reagent has a thiol reactivity value of about
0.2. Another cysieine amino acid engineered into the same or different parent antibody which reaclts in
10% vield with a thicl-reactive reagent has a thiol reactivity value of about 0.1, Another cysteine amino
acid engineered into the same or different parent antibody which fails totally {0 react with a thiol-reactive
reagent has a thiol reactivity value of 0. Determination of the thiol reactivity value of a particular cysieine
may be conducted by ELISA assay (e.g., a PHESELECTOR assay as described herein), mass
speciroscopy, liquid chromatography, autoradiography, or other quantitative analylical tests.

A “parent antibody” is an antibody comprising an amino acid seguence from which one or more
aming acid residues are replaced by one or more cysteine residuss. The parent antibody may comprise
a native or wild type sequence. The parent antibody may have pre-existing amino acid sequence
modifications (such as additions, deletions and/or substitutions) relative to other native, wild type, or
modified forms of an antibody. A parent antibody may be directed against a target antigen of interest,
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e.g., a biologically important polypeptide, such as VEGF. Any of the antibodies described herein (e.g.,
anti-VEGF antibodies) may be a parent antibody.

“Effector functions” refer o those biological activities attributable o the Fc region of an antibody,
which vary with the antibody isotype. Exampies of antibody effector functions include: C1qg binding and
complement dependent cytotoxicity (CDC); Fo receptor binding; antibody-dependent cell-mediated
cylotoxicity (ADCC); phagooyiosis; down-~-reqgulation of cell surface receptors (e.q. B cell recepton); and B
cell activation.

‘Framework” or “framework region” or “FR” refers to variable domain residues other than
hypervariable region (HVR) residues. The FR of a variable domain generally consists of four FR
domains: FR1, FR2, FR3, and FR4.

The terms “iul-length antibody,

H o

intact antibody,” and “whole antibody” are used herein
interchangeably to refer to an antibody having a structure substantially similar 1o a native antibody
structure or having heavy chains that contain an Fc region as defined herein.

A “human antibody” is one which possesses an amino acid sequence which corresponds o that
of an antibody produced by a human or a human cell or derived from a non-human source that ulilizes
human antibody repericires or other human antibody-encoding sequences. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding residuss.

A “human consensus framework” is a framework which represents the most commonly occurring
aming acid residues in a selection of human immunocglobulin VL or VH framework sequences. Generally,
the selection of human immunoglobulin VL or VH sequences is from a subgroup of variable domain
sequences. Generally, the subgroup of sequences is a subgroup as in Kabat et al., Sequences of
Proteins of iImmunclogical inferest, Fifth Edition, NIH Publication 81-3242, Bethesda MD (1891), vols. 1-3.
In one embodiment, for the VL, the subgroup is subgroup kappa | as in Kabat et al., supra. Inone
embodiment, for the VH, the subgroup is subgroup Hi as in Kabat et al., supra.

‘Humanized® forms of non-human {e.q., rodent) antibodies are chimeric antibodies that contain
minimal sequence derived from the non-human antibody. For the most part, humanized antibodies are
human immunoglobulins (recipient antibody) in which residues from a hypervariable region of the
recipient are replaced by residues from a hypervariable region of a non-human species (donor antibody)
such as mouse, rat, rabbit or non-human primate having the desired antibody specificity, affinity, and
capability. In some instances, FR residues of the human immunogiobulin are replaced by corresponding
non-human residues. Furthermore, humanized antibodies can comprise residues that are not found in
the recipient antibody or in the donor antibody. These modifications are made {o further refine antibody
performance. In general, the humanized antibody will comprise substantially all of at least one, and
fypically two, variable domains, in which all or substantially all of the hypervariable loops comrespond to
those of a non-human immunogiobulin and all or substantially all of the FRs are those of a human
immunoglobulin sequence. The humanized antibody optionally also will comprise at least a portion of an
immunoglobulin constant region (Fc}, typically that of a human immunoglobulin, For further details, see
Jones &t al., Mature 321:522-525 (1888); Riechmann et al., Nafure 332:323-329 {1988); and Presta, Curr,
Op. Struct. Biol. 2:593-596 (1992).
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The term “variable” refers to the fact that certain segments of the varnable domains differ
extensively in sequence among antibodies. The variable or V" domain mediates antigen binding and
defines specificity of a particular antibody for its particular antigen. However, the variability is not evenly
distributed across the span of the variable domains. Instead, the V regions consist of relatively invariant
stretches called framework regions (FRs) of 15-30 amino acids separated by shorter regions of extreme
variability called “hypervariable regions” that are each 8-12 amino acids long. The term “hypervariable
region” or “HVR” when used herein refers to the amino acid residues of an antibody which are responsible
for antigen-binding. The hypervariable region generally comprises amino acid residues from, for
example, around about residues 24-34 (1), 50-58 (L2) and 88-97 {L.3) in the VL, and around about
residues 26-35 (H1), 49-65 (H2) and 95-102 (H3) in the VH (in one embodiment, H1 is around about
residues 31-35); Kabat et al., Sequences of Proteins of immunoclogical inferest, 5th Ed. Public Heaith
Service, National Institutes of Health, Bethesda, MD. (1881)) and/or those residues from a “hypervariable
ioop” {s.q., residues 26-32 (L1), 50-52 (L2}, and 91-86 (L3) in the VL, and 26-32 (H1), 53-55 (H2), and 96-
101 (H3) in the VH; Chothia and Lesk, J. Mol Biol 196:801-817 {1987). The variable domains of native
heavy and light chains each comprise four FRs, largely adopting a beta-shest configuration, connected by
three hypervariable regions, which form loops connecting, and in some cases forming part of, the beta-
sheet structure. The hypervariable regions in gach chain are held together in close proximity by the FRs
and, with the hypervariable regions from the other chain, coniribute to the formation of the antigen-binding
site of antibodies (see Kabat et al., Segquences of Proteins of mmunological inferest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, MD. (1881)). Accordingly, the HVR and FR
saquences generally appear in the following sequence in VH (or VL) FR1-H1{L1)-FR2-H2(L2)}-FR3-
H3(L2)-FR4. The constant domains are not invoived directly in binding an antibody to an antigen, but
exhibil varicus effector functions, such as participation of the antibody in antibody dependent cellular
cytotoxicity (ADCC).

The term “variable domain residue numbering as in Kabat” or “amino acid posttion numbering as
in Kabat,” and variations thereof, refers to the numbering system used for heavy chain variable domains
or light chain variable domains of the compilation of antibodies in Kabat et al,, supra. Using this
numbering system, the actual linear amino acid sequence may contain fewer or additional amino acids
corresponding to a shortening of, or insertion into, a FR or HVR of the variable domain. For example, a
heavy chain variable domain may include a single amino acid insert {residue 52a according o Kabat)
after residue 52 of H2 and inseried residues (e.g. residues 82a, 82b, and 82¢, efc. according to Kabat)
after heavy chain FR residue 82, The Kabat numbering of residues may be determined for a given
antibody by alignment at regions of homology of the sequence of the antibody with a “standard” Kabat
numbered seguence.

The Kabat numbering system is generally used when referring 1o a residue in the variable domain
{approximately residues 1-107 of the light chain and residues 1-113 of the heavy chain) (see, &.g., Kabat
et al., Sequences of immunoiogical Inferest. 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (1891), which is herein incorporated by reference in s entirety). The “EU numbering
system” or “EU index” is generally used when referring 1o a residueg in an immunogliobulin heavy chain

constant region {e.g., the EU index reported in Kabat et al,, supra). The “EU index as in Kabat” refers to
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the residue numbering of the human 1gG1 EU antibody. Unless stated otherwise herein, references o
residue numbers in the variable domain of antibodies means residue numbering by the Kabat numbering
system. Unless stated otherwise herein, references to residue numbers in the constant domain of
antibodies means residue numbering by the EU numbering system, also called the EU index, as
described in Kabat et al., Sequences of Profeins of Immunological Inferest, 5th Ed. Public Health Service,
National Institules of Health, Bethesda, MD, 1991.

Unless otherwise indicated, HVR residues and other residues in the varable domain (e.g., FR
residues) are numbered herein according io Kabat et al., supra.

The term an “isolated antibody” when used o describe the various antibodies disclosed herein,
means an antibody that has been identified and separated and/or recovered from a cell or cell culture
from which it was expressed. Contaminant components of its natural environment are malerials that
would typically interfere with diagnostic or therapeutic uses for the polypeptide, and can include enzymes,
hormones, and other proteinaceous or non-proteinaceous solutes. In some embodiments, an antibody is
purified to greater than 95% or 88% purity as determined by, for example, elsctrophoretic {e.g., 3DS-
PAGE, isoelectric focusing ({EF), capillary electrophoresis) or chromalographic {(e.g., ion exchange or
reverse phase HPLC). For a review of mathods for assessment of antibody purity, see, for example,
Flatman et al,, J. Chromafogr. B 848:79-87 (2007). In preferred embodiments, the antibody will be
purified (1) to a degree sufficient to oblain at least 15 residues of N-terminal or internal amino acid
sequence by use of g spinning cup sequenator, or {2) to homogeneity by SDE-PAGE under non-reducing
or reducing conditions using Coomassie blue or, preferably, silver stain. isolated antibody includes
antibodies in sifu within recombinant cells, because at least one component of the polypeptide natural
environment will not be present. Ordinarily, however, isolated polypeptide will be prepared by at least one
purification step.

The term “monoclonal antibody” as used herein refers o an antibody obtained from a population
of substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are
identical and/or bind the same epilope, except for possible variant antibodies, e.g., containing naturally
occurring mutations or arising during production of a monocional antibody preparation, such variants
generally being present in minor amounts. In contrast to polycional antibody preparations, which typically
include different antibodies directed against different determinants (epitopes), each monocional antibody
of a monocional antibody preparation is directed against a single determinant on an antigen. Thus, the
modifier “monocional” indicaies the character of the antibody as being obtained from a substantially
homogeneous populalion of antibodies, and is not to be construed as requiring production of the antibody
by any particular method. For example, the monocional antibodies 1o be used in accordance with the
present invention may be made by a variety of techniques, including but not limited to the hybridoma
method, recombinant DNA methods, phage-display methods, and methods utilizing transgenic animais
containing all or part of the human immunoglobulin loci, such methods and other exempilary methods for
making monoclonal antibodies being described herein.

The term “mullispecific antibody” is used in the broadest sense and specifically covers an
antibody comprising a heavy chain variable domain (VH) and a light chain variable domain (VL), where

the VH-YL unit has polyepitopic specificity (i.e., is capable of binding to two different epitopes on one
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biological molecule or each epitope on a different biological molecule). Such multispecific antibodies
include, but are not limited {o, full-length antibodies, antibodies having two or more VL and VH domains,
antibody fragments such as Fab, Fab’, Fab-C. Fv, dsFv, scFv, diabodies, bispecific diabodies and
friabodies, antibody fragments thatl have been linked covalently or non-covalently. “Polyepiiopic
specificity” refers {o the ability to specifically bind fo two or more different epitopes on the same or
different farget{s). “Dual specificity” or “bispecificity” refers to the ability to specifically bind {0 fwo different
epitopes on the same or different farget(s). However, in conirast to bispecific antibodies, dual-specific
antibodies have two antigen-binding arms that are identical in amino acid sequence and each Fab arm is
capable of recognizing two antigens. Dual-specificity aliows the antibodies to interact with high affinity
with two different antigens as a single Fab or igG molecule. According to one embodiment, the
multispecific antibody in an IgG1 form binds to each epitope with an affinity of 5 yM to 0.001 pM, 3 uM to
0.601 pM, 1 uM 1o 0.001 pM, 0.5 uM o 0.001 pM or 8.1 uM to 0.001 pM. "Monospecific” refers to the
ability to bind only one epitope.

*Native antibodies” refer to naturally occurring immunoglobulin molecules with varying structures.
For example, native IgG antibodies are heterotetrameric glycoproteins of about 150,000 daltons,
composed of two identical light chains and two identical heavy chains that are disulfide-bonded. From N-
{0 C-terminus, each heavy chain has a variable region (VH), also called a variable heavy domain or a
heavy chain variable domain, followed by three constant domains (CH1, CH2, and CH3). Similarly, from
N- 1o C-terminus, each light chain has a variable region (VL), also called a variable light domain or g light
chain variable domain, followed by a constant light (CL) domain. The light chain of an antibody may be
assigned to one of two types, called kKappa (k) and lambda (A}, based on the amine acid sequence of its
constant domain.

With regard to the binding of a antibody 1o a target molecuie, the term “specific binding” or
“specifically binds t0” or is "specific for” a particular polypeptide or an epitope on a particular polypeptide
farget means binding that is measurably different from a non-specific interaction. Specific binding can be
measured, for example, by determining binding of a2 molecule compared fo binding of a control molecule,
For example, specific binding can be determined by competition with a control molecule that is similar to
the target, for exampie, an excess of non-labeled targel. In this case, specific binding is indicated if the
binding of the labeled target to a probe is competitively inhibited by excess unlabeled target. The term
“specific binding” or “specifically binds to” or is “specific for” a particular polypeptide or an epitope on a
particular polypeptide target as used herein can be exhibited, for example, by a molecule having a Kd for
the target of 104 M or lower, alternatively 10-°M or lower, alternatively 108 M or lower, alternatively 107 M
or lower, alternatively 108 M or fower, alternatively 10-° M or lower, altarnatively 10-° M or lower,
alternatively 10-" M or lower, alternatively 1012 M or lower or 3 Kd in the range of 104 Mto 10°f Mor
108 Mic 10 C Mor 107 Mto 109 M. As will be appreciated by the skilled artisan, affinity and Kd values
are inversely related. A high affinity for an antigen is measured by a low Kd value. In one embodiment,
the term “specific binding” refers to binding where a molecule binds to a particular polypeptide or epitope
on a particular polypeptide without substantially binding to any other polypeptide or polypeptide epitope.

A "nucleic acid encoding an antb-VEGF antibody” refers 1o one or more nucleic acid molecules

encoding antibody heavy and light chains {or fragments thereof), including such nucleic acid molecule(s)
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in a single vector or separate veclors, and such nucleic acid molecule(s) present at one or more locations
in a host cell.

The term “vector,” as used herein, refers o a nucleic acid molecule capable of propagating
ancther nucleic acid to which it is linked. The term includes the vector as a self-replicating nucleic acid
structure as well as the vector incorporated into the genome of a host cell into which it has been
infroduced. Certain vectors are capable of directing the expression of nucleic acids to which they are
aperatively linked. Such vectors are referred {o herein as “expression vectors.”

The terms “host cell,” “host cell line,” and “host cell culture” are used interchangeably and refer to
ceils into which exogenous nucieic acid has been introduced, including the progeny of such celis. Host
cells include “transformants” and “transformed celis,” which include the primary transformed cell and
progeny derived thersfrom without regard to the number of passages. Progeny may nol be completely
identical in nucleic acid content to a parenti cell, but may contain mutations. Mutant progeny that have the
same function or biclogical aclivity as screened or selected for in the originally transformed cell are
included herein.

“Percent (%) amino acid sequence identity” with respect to a reference polypeplide sequence is
defined as the percentage of amino acid residues in a candidate sequence that are identical with the
amino acid residues in the reference polypeplide seguence, after aligning the sequences and introducing
gaps, if necaessary, io achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Alignment for purposes of determining
percent aming acid sequence identity can be achieved in various ways that are within the skill in the art,
for instance, using publicly avallable computer sofiware such as BLAST, BLAST-2, ALIGN or Megalign
{DNASTAR) software. Those skilled in the art can determine appropriate parameters for aligning
sequences, including any algorithms needed {o achieve maximal alignment over the full length of the
sequences being compared. For purposes herein, however, % amino acid sequence identity values are
generated using the sequence comparison computer program ALIGN-2. The ALIGN-2 sequence
comparison computer program was authored by Genentech, Inc., and the source code has been filed with
user documentation in the LS. Copyright Office, Washington D.C., 205859, where it i5 registered under
U.S. Copyright Registration No. TAUS10087. The ALIGN-2 program is publicly available from
Genentech, inc., South San Francisco, California, or may be compiled from the source code. The ALIGN-
2 program should be compiled for use on a UNIX operating sysiem, including digital UNIX V4.0D. All
sequence comparison parameiers are set by the ALIGN-2 program and do not vary.

in situations where ALIGN-2 is employed for aming acid sequence comparisons, the % amino
acid sequence identity of a given amino acid sequence A to, with, or againsi a given amino acid
sequence B (which can alternatively be phrased as a given aming acid sequence A that has or comprises
a certain % amino acid sequence identity o, with, or against a given amino acid sequence B) is
calculated as follows: 100 times the fraction X/Y, where X is the number of amino acid residues scored as
identical matches by the sequence alignment program ALIGN-2 in that program’s alignment of A and B,
and where Y is the total number of amino acid residues in B. [t will be appraciated that where the length
of amino acid seguence A is not equal to the length of amino acid sequence B, the % amino acid

sequence identity of A to B will not equal the % amino acid sequence identity of Bto A, Unless
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specifically stated otherwise, all % amino acid sequence identity values used herein are oblained as
described in the immediately preceding paragraph using the ALIGN-2 computer program.

As used herein, "administering” is meant a method of giving a dosage of a compound {(e.g., an
antibody (2.9., a cysteine engineered anti-VEGF antibody) or an antibody conjugate (e.g., a
monodisperse HA conjugate) of the invention) or a composition {e.g., a pharmaceutical composition, e.g.,
a pharmaceutical composition including an antibody or an antibody conjugate of the invention) to a
subject. The compositions utilized in the methods described herein can be administered, for example,
intravitreally (.g., by infravitreal injeciion), by eye drop, intramuscularly, intravenously, infradermally,
percutaneously, intraarterially, intraperitoneally, intralesionally, intracranially, intraarticularly,
intraprostatically, intrapleurally, intratracheally, intrathecally, intranasally, intravaginally, intrarectally,
fopically, intratumorally, perfioneally, subcutaneously, subconjunclivally, intravesicularly, mucosally,
intrapericardially, intraumbilically, intraccularly, intraorbitally, orally, topically, transdermally, by inhalation,
by injection, by implantation, by infusion, by continuous infusion, by iocalized perfusion bathing target
cells directly, by catheter, by lavage, in cremes, or in lipid compositions. The compositions utilized in the
methods described herein can also be administered systemically or locally. The method of administration
can vary depending on various factors (e.g., the compound or composition being administered and the
severity of the condition, disease, or disorder being treated).

“Anglogenesis” refers 1o the process through which new blood vessels form from pre-existing
biood vessels. Angiogenesis is distinct from vasculogenesis, which is the de novo formation of
endothelial cells from mescderm cell precursors. Disorders associated with pathological angiogenesis
can be treated by compositions and methods of the invention. Exemplary disorders associated with
pathological angiogenesis include but are not limited to ocular conditions {(non-limiting ocular conditions
include, for exampie, retinopathy including proliferative diabetic retinopathy, choroidal neovascularization
{CNV), age-related macular degeneration (AMD), diabetic and other ischemia-related retinopathies,
diabetic macular edema (OME), pathologic myopia, von Hippel-Lindau disease, histoplasmosis of the eye,
retinal vein occlusion (including central (CRVO) and branched (BRVQ) forms), corneal
neovascularization, retinal neovascularization, retinopathy of prematurity (ROP), familial exudative
vitreoretinopathy (FEVR), Coats’ disease, Norrie Dissase, Osteoporosis-Pseudoglioma Syndrome
{(OPPG), subconjunctival hemorrhage, rubeosis, ocular neovascular disease, neovascular glaucoma, and
hyperiensive retinopathy) Additional pcular disorders are described below.

The term “ocular disorder,” as used herein, includes any ocular disorder (also referred to
inferchangeably herein as “ocular condition”) associated with pathogical angiogenesis. An ooular
disorder may be characterized by altered or unregulated proliferation and/or invasion of new biood
vessels into the structures of ocular tissues such as the retina or cornea. Non-limiting ocular disorders
include, for example, AMD (e.q., wet AMD, dry AMD, intermediate AMD, advanced AMD, and geographic
atrophy (GA)), macular degeneration, macular edema, DME (e.g., focal, non-center DME and diffuse,
center-involved DME), retinopathy, diabetic retinopathy (OR) {g.q., proliferative DR (PDR), non-
profiferative DR (NFPDR), and high-altitude DR), other ischemia-related retinopathies, ROP, retinal vein
occlusion (RVO) {e.g., central (CRVO) and branched (BRVO) forms), CNV {e.g., myopic CNV), corneal

neovascularization, diseases associated with comeal neovascularization, retinal neovascularization,
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diseases associated with retinal/choroidal neovascularization, pathelogic myopia, von Hippel-Lindauy
disease, histoplasmosis of the eye, FEVR, Coals’ disease, Norrie Disease, OPPG, subconjunctival
hemorrhage, rubeosis, ocular neovascular disease, neovascular glaucoma, retinitis pigmentosa (RP),
hypertensive retinopathy, retinal anglomatous proliferation, macular felangiectasia, iris
neovascularization, intraocular neovascularization, retinal degeneration, cysioid macular edema (CME),
vasculitis, papilloedema, retinitis, conjunclivitis (e.g., infectious conjunctivitis and non-infectious (e.g,.
allergic) conjunctivitis), Leber congenital amaurosis (also known as Leber's congenital amaurosis or
LCA), uveitis {including infectious and non-infectious uveilis), choroiditis (e.g., multifocal choroiditis),
ocular histoplasmosis, blepharitis, dry eye, traumatic eye injury, Sjdgren’s disease, and other ophthaimic
dissases wherein the disease or disorder is associated with ocular neovascularization, vascular leakage,
and/or retinal edema. Additional exemplary ocular disorders include diseases associated with rubeosis
{neovascularization of the angle) and diseases caused by the abnormal proliferation of fibrovascular or
fibrous tissue, including ali forms of proliferative vitreoretinopathy.

Exemplary diseases associated with cornsal neovascularization include, but are not limited 1o,
epidemic keratoconjunclivitis, vitamin A deficiency, contact lens overwear, atopic keratitis, superior imbic
keratitis, terygium keratitis sicca, Sjdgren’s syndrome, acne rosacea, phylectenulosis, syphilis,
Mycobacteria infections, lipid degeneration, chemical burns, bacterial ulcers, fungal ulcers, Herpes
simplex infections, Herpes zoster infections, protozoan infections, Kaposi sarcoma, Mooren ulcer,
Terrien's marginal degeneration, marginal keratolysis, rheumatoid arthritis, systemic lupus, polyarteritis,
trauma, YWegener's sarcoidosis, scleritis, Stevens-Jdohnson syndrome, periphigoid radial keratotomy, and
corneal graph rejection.

Exemplary diseases associated with retinal/choroidal neovascularization include, but are not
limited 1o, diabetic retinopathy, macular degeneration, sickle cell anemia, sarcoid, syphilis,
pseudoxanthoma elasticum, Paget’s disease, vein occlusion, artery occlusion, carolid obstructive
disease, chronic uveitis/vitritis, mycobacterial infections, Lyme's disease, systemic lupus erythematosis,
retinopathy of prematurity, retinitis pigmentosa, retina edema (including macular edema), Eales disease,
Behcet’s disease, infections causing retinitis or choroiditis {e.q., mullifocal choreidits), presumed ocular
histoplasmosis, Best's disease (vitelliform macular degeneration), myopia, optic pits, Stargart’s disease,
pars planitis, retinal detachment (e.q., chronic retinal detachment), hyperviscosity syndromes,
{oxoplasmosis, frauma, and post-laser complications.

An “angiogenic factor or agent” is a growth factor which stimulates the development of blood
vessels, e.q., promote angicgenesis, endothelial cell growth, stability of blood vessels, and/or
vasculogenesis, etc. For example, angiogenic Tactors, include, but are not limited o, e.g., VEGF and
members of the VEGF family, PIGF, PDGF family, fibroblast growth factor family (FGFs), TIE ligands
{Angiopoietins), ephrins, Del, fibroblast growth factors: acidic (aFGF) and basic (bFGF), Follistatin,
Granulocyte colony-stimulating factor (G-CSF), Hepatocoyte growth factor (HGF) /scatter factor (8F),
interteukin-8 (1L-8), Leptin, Midkine, Placental growth faclor, Platelet-derived endothelial cell growth factor
(PD-ECGF), Platelet-derived growth factor, especially PDGF-BE or PDGFR-beta, Pleiotrophin (PTNj),
Progranulin, Proliferin, Transforming growth factor-alpha (TGF-alipha), Transforming growth factor-beta

(TGF-beta), Tumor necrosis facior-alpha (TNF-alpha), Vascular endothelial growth factor
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(VEGF)/vascular permeability factor (VPF), etc. It would also include factors that accelerate wound
healing, such as growth hormone, insulin-like growth factor-l (1GF-D, VIGF, epidermal growth factor
(EGF), CTGF and members of its family, and TGF-alpha and TGF-beta. See, for example, Klagsbrun
and D’Amore, Annu, Rev. Physiol., 53:217-38 (1891); Streit and Detmar, Oncogene, 22:3172-3179
(2003); Ferrara & Alitalo, NMature Medicine 5(12):1359-13864 (1989); Tonini et al,, Oncogene, 22:6549-
6558 (2003) (e.g., Table 1 listing known angiogenic factors); and Sato, /nt. J. Clin. Oncol., 8:200-206
(2003).

An “anti-angiogenesis agent” or “angiogenesis inhibitor” refers to a small molecular weight
substance, a polynucleotide, a polypepilide, an isolated protein, a recombinant protein, an antibody, or
conjugates or fusion proleins thereof, that inhibits angiogenesis, vasculogenesis, or undesirable vascular
permeability, either directly or indirectly. It should be undersiond that the anti-angiogenesis agent
includes those agents that bind and block the angiogenic activity of the angiogenic faclor or its receptor.
For example, an anti-angiogenesis agent is an antibody or other antagonist to an angiogenic agent as
defined above, e.g., VEGF antagonists {(e.g., antibodies to VEGF-A or to the VEGF-A receptor (e.g., KDR
receptor or Fit-1 receptorn), PDGF anfagonists {(e.g., anti-PDGFR inhibitors such as GLEEVEC™
{imatinib Measylate)). Anti-angiogenesis agents also include native angiogenesis inhibitors, e.g.,
angiostatin, endostatin, efc. See, for example, Klagshrun and D’Amore, Annu. Rev. Physiol., 53.217-38
{1981}, Streil and Detmar, Oncogene, 22:3172-3178 (2003} (e.g., Table 3 listing anti-angiogenic therapy
in malignant melanoma); Ferara & Alitalo, Nature Medicine 5(12):1358-1364 (1999); Tonini et al,,
Oncogene, 22:6548-6556 (2003) (e.q., Table 2 listing known antiangiogenic factors); and, Sato Int. J.
Clin. Oncol., 8:200-208 (2003) (e.g., Table 1 lists anti~angiogenic agents used in clinical trials).

The term “VEGF antagonist,” as used herein, refers {o a molecuie capable of binding 1o VEGF,
reducing VEGF expression levels, or neutralizing, blocking, inhibiting, abrogating, reducing, or interfering
with VEGF biological activities, including, but not limited to, VEGF binding 1o one or more VEGF
receptors, VEGF signaling, and VEGF-mediated angicgenesis and endothelial cell survival or
profiferation. For example, a molecule capable of neutralizing, blocking, inhibiting, abrogating, reducing,
or interfering with VEGF bioclogical aclivities can exert its effects by binding o one or more VEGF receptor
(VEGFR) (e.g., VEGFR1, VEGFRZ, VEGFR3, membrans-bound VEGF receptor (ImbVEGFR), or soluble
VEGF receptor (sVEGFR)). Included as VEGF antagonists useful in the methods of the invention are
polypeptides that specifically bind to VEGF, anti-VEGF antibodies and antigen-binding fragments thereof,
receptor molecules and derivatives which bind specifically to VEGF thereby sequestering its binding to
one of mors receptors, fusions proteins (e.q., VEGFE-Trap (Regeneron)), and VEGF zi-gelonin
(Peregrine). VEGF antagonists also include antagonist variants of VEGF polypeptides, antisense
nucleobase oligomers complementary {0 at feast a fragment of a nucleic acid molecule encoding a VEGF
polypeptide; small RNAs complementary 1o at least a fragment of a nucleic acid molecule encoding a
VEGF polypeptide; ribozymes that target VEGF, peptibodies to VEGF; and VEGF aptamers. VEGF
antagonists also include polypeptides that bind to VEGFR, anti-VEGFR antibodies, and antigen-binding
fragmenis thereof, and derivatives which bind to VEGFR thereby blocking, inhibiling, abrogating,
reducing, or interfering with VEGF biclogical activities (e.g., VEGF signaling), or fusions proteins. VEGF

antagonists also include nonpeptide small molecules that bind to VEGF or VEGFR and are capable of
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blocking, inhibiting, abrogating, reducing, or interfering with VEGF biclogical activities. Thus, the term
VEGF activities” specifically includes VEGF-mediated biological aclivities of VEGF. In certain
embodiments, the VEGF antagonist reduces or inhibits, by at least 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 80% or more, the expression level or biological aclivity of VEGF. in some embodiments, the
VEGF inhibited by the VEGF-specific aniagonist is VEGF (8-109), VEGF (1-109), or VEGF ss.

As used herein VEGF antagonists can include, but are not limited {o, anti-VEGFR2 antibodies
and related molecules (e.q., ramucirumab, tanibirumab, aflibercept), anti-VEGFR1 antibodies and related
molecules {(&.q., icrucumab, aflibercept (VEGF Trap-Eye; EYLEA®), and ziv-afiibercept (WVEGF Trap;
ZALTRAP®)), bispecific VEGF antibodies {g.g., MP-0250, vanucizumab (VEGF-ANGZ2), and bispeciiic
antibodies disclosed in US 2001/0236388), bispeciiic antibodies including combinations of two of anti-
VEGF, anti-VEGFR1, and anti-VEGFR2 arms, anti-VEGF antibodies (e.g., bevacizumab, sevacizumab,
and ranibizumab}, and nonpeptide small molecule VEGF antagonists (e.g., pazopanib, axitinib,
vandetanib, stivarga, cabozantinib, lenvatinib, nintedanib, orantinib, telatinib, dovitinig, cediranib,
motesanib, sulfatinily, apatinib, foretinib, famitinib, and tivozanib). Additional VEGF antagonists are
describsd below.

An “effective amount” of an agent, e.g., a pharmaceutical formulation, refers to an amount
effective, at dosages and for periods of time necessary, to achieve the desired therapeutic or prophylactic
result.

An “individual” or “subject” is a mammal. Mammals include, but are not limited to, domesticated
animals (e.g., cows, sheep, cals, dogs, and horses), primates {e.g., humans and non-human primates
such as monkeys), rabbits, and rodentis {e.g., mice and rais). In certain embodiments, the individual or
subject is a human. A "subject” may be g “patient.”

A “disorder” is any condition that would benefit from treatment with the antibody. For example,
mammals who suffer from or need prophylaxis against abnormal angiogenesis (excessive, inappropriaie
or uncontrolied angiogenesis). This includes chronic and acute disorders or diseases including those
pathological conditions which predispose the mammal to the disorder in question. Non-limiting examples
of disorders 1o be treated herein include disorders associated with pathological angiogenesis (e.g., ocular
disorders).

The term “package insert” is used to refer to instructions customarily included in commercial
packages of therapeuiic products, that contain information about the indications, usage, dosage,
administration, combination therapy, contraindications and/or warnings concerning the use of such
therapeutic producis.

A “pharmaceutically acceptable carrier” refers {0 an ingredient in a pharmaceutical formulation,
other than an active ingredient, which is nontoxic to a subject., A pharmaceutically acceptable carrier
includes, but is not limited {0, a buffer, excipient, stabilizer, or preservative.

The term “pharmaceutical formulation” refers {o a preparation which is in such form as o permit
the biological activity of an active ingredient {&.g., an antibody conjugate) contained therein to be
effective, and which contains no additional components which are unacceptably toxic to a subject to
which the formulation would be administered.
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As used herein, “treatment” (and gramimatical variations thereof such as “treat” or “treating™
refers to clinical intervention in an attempt to alter the natural course of the individual being treated, and
can be performed either for prophylaxis or during the course of clinical pathology. Desirable effects of
freatment include, but are not limited to, preventing occurrence or recurrence of disease, alleviation of
symptoms, diminishment of any direct or indirect pathological consequences of the disease, decreasing
the rate of disease progression, amelioration or palliation of the disease siate, and remission or improved
prognosis. In some embodiments, antibody conjugates of the invention or other compositions that include
an antibody conjugaie of the invention (e.g., a pharmaceutical formulation) are used to delay
development of a disease or to slow the progression of a disease.

An “‘isolated” nucleic acid molecule is a nucleic acikd molecule that is identified and separated from
at least one contaminant nucleic acid molecule with which it is ordinarily associated in the natural source
of the nucleic acid. An isolated nucleic acid molecule is other than in the form or setting in which it is
found in nature. Isolated nucleic acid molecules therefore are distinguished from the nucleic acid
molecule as it exisis in natural cells. However, an isolated nucleic acid molecule includes a nucisic acid
molecule contained in cells that ordinarily express the antibody where, for example, the nucleic acid
molectule is in a chromgosomal location different from that of natural cells.

The expression “controf sequences” refers to DNA sequences necessary for the expression of an
operably linked coding sequence in a particular host organism. The control sequences that are suilable
for prokaryotes, for example, include a promoter, optionally an operator sequence, and a ribosome
binding site. Eukaryotic cells are known 1o utilize promoters, polyadenylation signals, and enhancers.

Nucleic acid is “operably linked” when # is placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a presequence or secretory leader is operably linked {o
DNA for a polypeptide if it is expressed as a preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer is operably linked {o a coding sequence if it affects the transcription
of the sequence; or a ribosome binding site is operably linked to a coding sequence if it is positioned so
as to facilitate translation. Generally, “operably linked” means that the DNA sequences being linked are
contiguous, and, in the case of a secretory leader, contiguous and in reading phase. However,
enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic oligonuclectide adaptors or linkers are used in accordance
with conventional practice.

As used herein, the expressions “cell,” “cell line,” and “cell culture” are used interchangeably and
ali such designations include progeny. Thus, the words “transformants” and “transformed cells” include
the primary subject cell and cultures derived therefrom without regard for the number of transfers. liis
also undersitood that all progeny may not be precisely identical in DNA content, due to deliberate or
inadverient mutations. Mutant progeny that have the same function or bioiogical activily as screened for
in the originally transformed cell are included. Where distinct designations are intended, it will be clear
from the context.

A *variant” or “mutant” of a starting or reference polypeptide (e.g., a reference antibody or its
variable domain{s)/HVR(s}), is a polypeptide that (1) has an amino acid sequence different from that of

the starting or reference polypeptide and (2) was derived from the starting or reference polypeptide
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through either natural or artificial (man-made) mutagenesis. Such variants include, for example, deletions
from, and/or insertions info and/or substitutions of, residues within the amino acid sequence of the
polypeptide of interest, referred {o herein as “amino acid residue altergtions.” Thus, a variant HVR refers
{0 a HVR comprising a variant sequence with respect to a starling or reference polypeptide sequence
(such as that of a source antibody or antigen binding fragment). An amino acid residue alteration, in this
contexd, refers {o an amino acid different from the amino acid at the corresponding position in a starting or
reference polypeptide sequence (such as that of a reference antibody or fragment thereof). Any
combination of deletion, insertion, and substitution may be made 1o arrive at the final variant or mutant
construct, provided that the final construct possesses the desired functional characteristics. The aming
acid changes also may alter post-iransiational processes of the polypeptide, such as changing the
number or position of glycosylation sites.

A “wild-type (WT)" or “reference” sequence or the sequence of a “wild-type” or “reference”
protein/polypeptide, such as an HVR or a variable domain of a reference antibody, may be the reference
sequence from which variant polypeptides are derived through the introduction of mutations. In general,
the “wild-type” sequence for a given protein is the sequence that is most common in nature. Similarly, a
“wild-type” gene sequence is the sequence for that gene which is most commonly found in nature.
Mutations may be infroduced into a “wild-type” gene {and thus the protein it encodes) either through
natural processeas or through man-induced means. The products of such processes are “variant” or
“mutant” forms of the original “wild-type” protein or gene.

By “iscelectric point {ph)” is meant the pH at which a molecule {e.g., a protein, such as an
antibody) carries no net electrical charge, also referred o in the art as “pH{Y or “IEP”

As used herein, an “antibody conjugate” is an antibody covalently attached 1o one or more
polymers. Any suitable polymer may be conjugated to an antibody, for example, a hydrophilic polymer
{e.q., hyaluronic acid (HA) or polyethylene glycol (PEG)) or a hydrophobic polymer (e.q., poly(actic-co-
ghyeolic acid) (PLGA)). In particular embodiments, the polymer is HA (also referred to herein as "HA
conjugates”).

As used herein, the term “polymer” means a molecule that includes repeating structural uniis (i.e,,
monomers) connected by chemical bonds in a linear, circular, branched, crosslinked, or dendrimeric
manner, or a combination thereof, A polymer may be synthetic or naturally occurring, or a combination
thereof. 1t is {0 be undersiood that the term “polymer” encompasses copolymers, which are polymers that
include two or more different monomers, A polymer may aiso be a homopolymer, which is a polymer that
includes only a single type of monomer.

The term “polydispersity index (PDIY” refers to a measure of the broadness of the molecular
weight distribution of a polymer. PDl is also referred {0 in the art as “dispersily index,” *hetersgeneity
index,” or “dispersity (B).” The PDI of a polymer sample may be calculaied using equation (I): Py =
M./M,, where M, is the weight-average molar mass and M, is the number-average molar mass. Unless
indicated otherwise, PD1 is calculated according to equation (1),

A polymer sample may be considered “monodisperse” (aiso known in the art as uniform) or
“polydisperse” (also known in the art as non-uniform). As used herein, the term “monodisperse” with

respect to an HA polymer or HA conjugate sample means that the HA polymer or HA conjugate sample
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has a PDI of less than or equal to about 1.1, e.g., about 1.001, about 1.02, about 1.03, about 1.04, about
1.05, about 1.06, about 1.07, about 1.08, about 1.08, or about 1.1, For example, a monodisperse HA
polymer or HA coniugate sample may have a PDi between 1.0 fo about 1.1 (e.g., belween 1 to about 1.1,
between 110 about 1.09, between 1 o about 1.08, between 1 to about 1.07, between 1 {o about 1.06,
between 1 1o about 1.05, between 1 {0 about 1.04, between 1 to about 1.03, between 1 to about 1.02,
between 110 about 1.01, between 1 to about 1.005, between about 1.001 o about 1.1, between about
1.001 1o about 1.1, between about 1.001 to about 1.09, between about 1.001 to about 1.08, between
about 1.001 to about 1.07, between about 1.001 to about 1.08, between about 1.001 to about 1.05,
between about 1.001 to about 1.04, between about 1.001 to about 1.03, between about 1.001 to about
1.02, between about 1.001 to about 1.01, between about 1.001 to about 1.005, between about 1.001 to
about 1.004, between about 1.001 to about 1.003, between about 1.001 {o about 1.002, between about
1.0001 to about 1.1, between about 1.0001 {0 about 1.09, between about 1.0001 {o about 1.08, betwesn
about 1.0001 to about 1.07, between abouti 1.0001 to about 1.08, between about 1.0001 to about 1.05,
between about 1.0001 to about 1.04, between about 1.0001 to about 1.03, between about 1.0001 to
about 1.02, between about 1.0001 to about 1.01, between about 1.0001 to about 1.005, between about
1.0001 to about 1.004, between gbout 1.0001 to about 1.003, between about 1.0001 1o about 1.002, or
between about 1.0001 to about 1.005).

in contrast, the term “polydisperse” means that the HA polymer or HA conjugate sample has a
PDl of greaterthan 1.1, e.g., aboul 1.3, about 1.4, about 1.5, about 1.6, about 1.7, about 1.8, or higher.
For example, in some embaodiments, a polydisperse HA polymer or HA conjugate sample has a PDi of
between about 1.3 to about 2, about 1.4 to about 2, about 1.5 1o about 2, about 1.6 to about 2, about 1.7
to about 2, about 1.8 to about 2, or about 1.9 to about Z.

The terms “hyaluronic acid,” “hyaluranon,” and "HA,” which are used interchangeably herein, refer
o a polymeric glycosaminoglycan (GAG), which contains repeating disaccharide units of N-acetyl
glucosamine and glucuronic acid. HA Is an anionic, nonsulfated GAG, which can be found, for example,
in exiracellular matrix (e.g., in the vitreous of the eve), connective tissue, epithelial, and neural tissue.

The term “polyethyiene glycol” or "PEG” as used herein, refers fo a polyether compound that is
also known as polyethylene oxide (PEO) or polyoxyethylene (POE), depending on iis molecular weight,
PEG may have a structure of H-(O-CH~CHa)n~OH, wherein n is any suitable integer. The PEG may be
a branched PEG, a star PEG, or a comb PEG. The PEG may be, for example, a PEG tetramer, a PEG
hexamer, of a PEG octamer.

The term “clearance,” as used herein, refers to the volume of a substance (e.g., an anli-VEGF
antibody, an antibody conjugate, a fusion protein (e.g., a Fab fusion protein), or a polymeric formulation)
cleared from a compartment (e.q., the eye (e.g., the vilreous)) per unit time.

The term “half-life” refers to the time required for the concentration of a substance {e.g., an anti-
VEGF antibody, an antibody conjugate, a fusion prolein {e.g., a Fab fusion prolein), or a polymeric

formutlation) to dersase by one-half, in vivo (g.g., in the eye {(e.g., the vitreous)) or in vitro,

29



(8]

10

15

20

25

30

a5

40

WO 2018/175752 PCT/US2018/023812

. COMPOSITIONS AND METHODS
The invention provides antibody conjugates that include polymers {e.g., monodisperse polymers,
including monodisperse HA polymers) linked to antibodies (e.q., anti-VEGF antibodies, including any anti-
VEGF antibody described herein), cysteine engineered antibodies that can be used, for example, in
preparing antibody conjugates, compositions that include antibody conjugates (e.q., pharmaceutical
compositions), as well as methods of making and using the same, for example, for therapeutic uses (e.g.,

treatment of ocular disorders).

A. Exemplary Antibodies for Use in Conjugates of the Invention

The invention provides antibody conjugates that include antibodies (e.q., anti-VEGF antibodies)
covalently linked o polymers {(g.g., monodisperse polymers). Any suitable antibody (e.g., anti-VEGF
antibody) may be used. For example, the antibody may specifically bind to an anligen selected from the
group consisting of VEGF, interleukin-1 beta (L-18); interleukin-8 {(iL.-8); interleukin-6 receptor (IL-BR);
interleukin-13 (L-13); IL-13 receptor (L-13R); PDGF {e.g., PDGF-BB); angiopoietin, angiopoietin 2
{Ang2); Tiez; S1P; integrins avB3, avps, and a581; betacellulin; apelin/ARJ; erythropoieting complement
factor D; TNFg, HirA1; a VEGF receptor (e.g., VEGFR1, VEGFRZ2, VEGFRS, membrane-bound VEGF-
receptor (mMbVEGFR), or soluble VEGF recepior SVEGFR)); 3T-2 receptor; and a protein genetically
linked to age-related macular degeneration (AMD) risk (e.g., complement pathway components C2, factor
B, factor H, CFHR3, C3b, G5, C5&, and C3a; HirA1; ARMSZ2; TIMP3; HLA; interfeukin-8 (IL-8); CX3CR1,
TLR3I;, TLR4; CETP; LIPC; COL10A1; and TNFRSF10A). Such antibodies can be useful, for example, for
reducing angiogenesis and/or for treating or delaying the progression of a disorder associated with
pathological angiogenesis {e.g., ocular disorders). Exemplary, non-limiting anti-VEGF antibodies that can
be used in the antibody conjugates of the invention are described further below.

in some instances, the anti-VEGF antibody may include at least one, two, three, four, five, or six
HVRs selected from: {(a) an HVR-H1 comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1), ()
an HVR-HZ2 comprising the amino acid segquence of GXiTPXaGGEXaXaXsY XeDEVXXe (SEQ 1D NO: 2},
wherein Xqis He or His, Xz is Ala or Arg, Xais Tyr or Lys, Xz is Thror Glu, Xs is Arg, Tyr, Gin, or Glu, Xs is
Ala or Ghu, Xy is Lys or Glu, and Xs is Gly or Glu; {¢) an HVR-H3 comprising the amino acid sequence of
FVFFLEYAMDY (SEQ ID NO: 3); (d) an HVR-L1 comprising the amino acid sequence of
RASQXGVISTAVA (SEQ ID NO: 4), wherein X1 is Asp or Arg; (&) an HVR-L2 comprising the amino acid
sequence of XHASFLYS (SEQ ID NO: §), wherein X4 is Ser or Met; and {f) an HVR-L3 comprising the
aming acid sequence of X4QGYGXLPFT (SEQ D NO: 6), wherein Xy is Gin, Asn, or Thr and Xz is Ala,
Asn, Gin, or Arg, or a combination of one or more of the above HVRs and one or more varianis thereof
having at least about 80% sequence ideniity (e.g., 81%, 82%, 83%, 84%, 85%, 886%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, B7%, 98%, or 39% identily) to any one of SEQ 1D NOs: 1-8.

For instance, the anti-VEGF antibody may include at least one, two, three, four, five, or six HVRs
selected from: (a) an HVR-H1 comprising the amino acid sequence of DYWIH (SEQ ID NO: 1); (b) an
HVR-HZ2 comprising the amingc acid sequence of GITPAGGYTRYADSVKG (SEQ 1D NO: 73,
GITPAGGYEYYADSVKG (SEQ ID NOG: 21), or GITPAGGYEYYADSVEG (SEQ 1D NO: 22); (0} an HVR-

H3 comprising the amino acid sequence of FVFFLPYAMDY (SEQ ID NG: 3); (d) an HVR-L1 comprising
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the amino acid sequence of RASQDVETAVA (SEQ ID NO: 8); (e) an HVR-L2 comprising the amino acid
sequence of SASFLYS (SEQ ID NO: 9); and (f) an HVR-L3 comprising the amino acid sequence of
QQGYGAPRFT (SEQ ID NO: 10) or QQGYGNPFT (SEG ID NG: 23), or a combination of one or more of
the above HVRSs and one or more variants thereof having at least about 80% sequence identity (e.q.,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 98% identily) to any one of SEQ ID NOs: 1, 3, 7-10, or 21-23.

For example, in some instances, the anti-VEGF antibody may include at least one, two, three,
four, five, or six HVRs selected from: (8) an HVR-H1 comprising the amino acid sequence of DYWIH
{(SEQ ID NO: 1); {b) an HVR-H2 comprising the amino acid sequence of GITPAGGYTRYADSVKG (SEQ
D NO: 7Y (¢) an HVR-H3 comprising the amino acid seqguence of FVFFLPYAMDY (SEQ ID NO: 3); (d)
an HVR-L1 comprising the amino acid sequence of RASQDVSTAVA (SEQ 1D NO: 8); {e) an HVR-L2
comprising the amino acid sequence of SASFLYS (SEQ 1D NG: 8, and () an HVR-L3 comprising the
amine acid sequence of QREGYGARPFT (SEQ 1D NO: 18}, or a combination of one or more of the above
HVRs and one or more variants thereof having at least about 80% sequence identity (e.g., 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 81%, 82%, 93%, 24%, 25%, 96%, 87%, 98%, or 99%
identity) to any one of SEQ 1D NGs: 1, 3, or 7-10. In a particular exampls, in some instances, the anti-
VEGF antibody includes the following six HVRs: (ay an HVR-H1 comprising the amino acid sequence of
DYWIH (SEQ 1D NO: 1); (b} an HVR-H2 comprising the amino acid sequence of
GITPAGGYTRYADSVKG (SEQ ID NO: 7); (¢} an HVR-H3 comprising the amino acid sequence of
FVFFLPYAMDY (GEQ 1D NO: 3); (d) an HVR-L1 comprising the amino acid sequence of
RASQDVSTAVA (SEQ 1D NO: 8); (e) an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ ID NC: 9); and () an HVR-L3 comprising the amino acid sequence of QQGYGAPFT (SEQ 1D NO:
10).

in some instances, any of the preceding anti-VEGF antibodies may include one, two, three, or
four of the following heavy chain variable domain framewaork regions (FRs): (a) an FR-H1 comprising the
aming acid sequence of EVQLVESGGGLVQPGGSLRLSCAASGFTIS (SEG D NG: 13); (b) an FR-H2
comprising the amino acid sequence of WVRQAPGKGLEWVA (SEGQ 1D NG: 14); (¢) an FR-H3
comprising the amino acid sequence of RFTISADTSKNTAYLOMRSLRAEDTAVYYCAR (SEQ 1D NO:
18y and {d) an FR-H4 comprising the amino acid sequence of WGEQGTLVTVSS (SEQ 1D NO: 18).

in some instances, any of the preceding anti-VEGFE antibodies may include one, two, three, or
four of the following light chain variable domain FRs: (8) an FR-L1 comprising the amino acid sequence of
DIQMTQSPSSLSASVGDRVTITC (SEQ 1D NO: 17); (b) an FR-L2 comprising the amino acid sequence of
WYQOKPGKAPKLLIY {(SEQ ID NO: 18); {¢) an FR-L3 comprising the amino acid sequence of
GVPSRFSGSGSGTDFTLTISSLGPEDAATYYC (SEQ ID NQ: 19); and (d) an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ D NO: 20).

For exampile, in some instances, the anti-VEGF antibody includes the following six HVRs: (a) an
HVR-H1 comprising the amingo acid sequence of DYWIH (SEQ 1D NO: 1)) () an HVR-H2 comprising the
aming acid sequence of GITPAGGYTRYADSVKG (SEQ 1D NO: 7Y, (¢) an HVR-H3 comprising the aming
acid sequence of FVFFLPYAMDY (SEQ 1D NG: 3); (d) an HVR-L1 comprising the amino acid seguence

of RASQDVSTAVA (SEQ ID NO: 8); (e) an HVR-L2 comprising the amino acid sequence of SASFLYS
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(SEQ 1D NO: 9); and (f) an HVR-L3 comprising the amino acid sequence of QQGYGAPFT (SEQ D NO:
10}, In some instances, the anti-VEGF antibody includes the following four heavy chain varnable domain
FRs: (a) an FR-H1 comprising the amino acid sequence of EVQLVESGGGLVQPGGSLRLSCAASGFTIS
(SEQ 1D NO: 13); {b) an FR-H2 comprising the amino acid sequence of WVRQAPGKGLEWVA (SEQID
NO: 14); (¢) an FR-H3 comprising the amino acid sequence of
RFTISADTSKNTAYLOMRSLRAEDTAVYYCAR (SEQ ID NO: 15); and (d) an FR-H4 comprising the
amine acid sequence of WGQGTLVTVSS (SEQ 1D NO: 18). In further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: (a) an FR-L1 comprising the amino acid
sequence of DIQMTQSPSSLSASVGDRVTITC (BEQ 1D NO: 17); (b) an FR-L2 comprising the amino acid
sequence of WYQQKPGKARKLLIY (SEQ 1D NO: 18); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSGSGSGTDFTLTISSLAQPEDAATYYC (SEG 1D NO: 19); and (d) an FR-L4 comprising the
aminc acid sequence of FGQGTKVEN (SEQ 1D NO: 28). In some instances, the anti-VEGF antibody
includes {a) a VH domain comprising an amino acid sequence of SEQ 1D NG: 11 and (b) a VL domain
comprising an amino acid sequance of SEQ 1D NG: 12,

For example, in some instances, the anti-VEGF antibody may include at lsast ong, two, three,
four, five, or six HVRs selected from: (8) an HVR-H1 comprising the amino acid sequence of DYWIH
(SEQ ID NOG: 1); (b) an HVR-H2 comprising the amino acid sequence of GITRPAGGYEYYADSVEG (SEQ
D NO: 223, (©) an HVR-HJ comprising the aming acid sequence of FVFFLPYAMDY (SEQ 1D NG 3); ()
an HVR-L1 comprising the amino acid sequence of RASQDVSTAVA (SEQ D NO: 8); {e) an HVR-L2
comprising the amino acid sequence of SASFLYS (SEQ 1D NO: 9, and (f) an HVR-L3 comprising the
amine acid sequence of QQGYGNPFT (SEQ ID NCG: 23}, or a combination of one or more of the above
HYRs and one or more variants thereof having at least about 80% sequence identity {e.g., 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) to any one of SEQ ID NOs: 1, 3, 8, 9, 22, or 23, In a particular example, in some instances, the
anti-VEGF antibody includes the following six HVRs: (8) an HVR-H1 comprising the amino acid sequence
of DYWIH (SEQ 1D NO: 1), (b) an HVR-H2 comprising the amino acid sequence of
GITPAGGYEYYADSVEGS (SEQ 1D NO: 22); (¢} an HVR-H3 comprising the amino acid sequence of
FVFFLEYAMDY (SEQ ID NO: 3); (d) an HVR-L1 comprising the amino acid sequence of
RASQDVSTAVA {(SEQ 1D NO: 8); (&) an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ D NO: 9); and (f) an HVR-L3 comprising the amino acid ssquence of QQGYGNPFT (SEQ 1D NG:
23).

in some instances, any of the preceding anti-VEGFE antibodies may include one, two, three, or
four of the following heavy chain variable domain framework regions (FRs): (a) an FR-H1 comprising the
amino acid sequence of EEQLVEEGGGLVQPGESLELSCAASGFEIS (SEQ ID NO: 29) or
EEQLVEEGGGLVQPGESLRLSCAASGFEIS (SEQ ID NO: 52); () an FR-H2 comprising the amino acid
sequence of WVRQEPGEGLEWVA (SEQ 1D NO: 30}, (¢} an FR-H3 comprising the aming acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NO: 31); and (d) an FR-H4 comprising the
amino acid sequence of WGQGELVTVSS (S8EQ 1D NO: 32).

in some instances, any of the preceding anti-VEGF antibodisgs may include one, two, three, or

four of the following light chain variable domain FRs: (a) an FR-L1 comprising the amino acid sequence of
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DIGMTQSPSSLSASVGDRVTITC (SEG ID NOG: 17); (b) an FR-L2 comprising the amino acid sequence of
WYQOQKPGKAPKLLIY (SEQ ID NG: 18); (¢) an FR-L3 comprising the amino acid sequence of
GVPSRFSGSGSGTDFTLTISSLAPEDFATYYC (SEQ ID NO: 24); and (d) an FR-L4 comprising the
amine acid sequence of FGQGTKVER (SEG 1D NG: 20).

For example, in some instances, the anti-VEGF antibody includes the following six HVRs: (a) an
HVR-H1 comprising the aminoe acid sequence of DYWIH (SEQ 1D NOG: 1); (b) an HVR-HZ comprising the
amine acid sequence of GITPAGGYEYYADSVEG (SEQ 1D NO: 22); (¢} an HVR-H3 comprising the
amino acid sequence of FVFFLPYAMDY (SEQ 1D NO: 3); (d) an HVR-L1 comprising the amino acid
sequence of RASQDVSTAVA (SEQ ID NO: 8); (e} an HVR-L2 comprising the amino acid sequence of
SASFLYS (SEQ ID NO: 8); and () an HVR-L3 comprising the amino acid sequence of QLGYGNPFT
(SEQ ID NO: 23). In some instances, the anti-VEGF antibody includes the following four heavy chain
variable domain FRs: (8) an FR-H1 comprising the amino acid seguence of
EEQLVEEGGGLVOQPGESLELSCAASGFEIS (SEQ ID NO: 28); (b) an FR-H2 comprising the amino acid
sequence of WVRQERPGEGLEWVA (SEQ 1D NO: 30); () an FR-H3 comprising the amino acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NG: 31); and (d) an FR-H4 comprising the
amine acid sequence of WGQGELVTVES (8EQ ID NO: 32). In further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: (a8) an FR-L1 comprising the amino acid
sequence of DIQMTQSPESLSASVGDRVTITC (GEQ 1D NGO 17); (b) an FR-L2 comprising the amino acid
sequence of WYQOQKPGKAPKLLIY (SEQ 1D NO: 18); (¢) an FR-L3 comprising the amino acid sequence
of GYPSRFSGSGSGTDFTLTISSLOPEDFATYYC (SEQ ID NO: 24); and {d) an FR-L4 comprising the
amine acid sequence of FGQGTKVEIK (SEQ 1D NO: 20). In some instances, the anti-VEGF antibody
includes {a) a VH domain comprising an amino acid sequence of SEQ 1D NG: 33 and (b) a VL. domain
comprising an amino acid sequence of SEQ 1D NG: 38.

in some instances, the anti-VEGF antibody includes the following six HVRs: (a) an HVYR-H1
comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1); (b) an HVR-H2 comprising the amino
acid sequence of GITRPAGGYEYYADSVEG (SEQ 1D NG: 22); (c) an HVR-H3 comprising the amino acid
sequence of FVFFLPYAMDY (SEQ ID NG: 3); (d) an HVR-L1 comprising the amino acid sequence of
RASQDVSTAVA {(SEQ 1D NO: 8); (&) an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ D NO: 9); and (f) an HVR-L3 comprising the amino acid ssquence of QQGYGNPFT (SEQ 1D NG:
23). In some instances, the anti-VEGF antibody includes the following four heavy chain variable domain
FRs: (a) an FR-H1 comprising the amino acid sequence of EEQLVEEGGGLVOPGESLRLSCAASGFEIS
(SEQ D NO: 52); {b) an FR-H2 comprising the aming acid sequence of WVRQEPGEGLEWVA (SEQID
NO: 30); (¢) an FR-H3 comprising the amino acid sequence of
RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NO: 31); and (d) an FR-H4 comprising the
amino acid sequence of WGQGELVTVSS (SEQ ID NO: 32). In further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: {a) an FR-L1 comprising the amino acid
sequence of DIQMTQSPSSLSASVGDRVTITC (BEQ ID NO: 17); (b) an FR-L2 comprising the amino acid
sequence of WYQQKPGKAPKLLIY (SEQ 1D NO: 18); (¢} an FR-L3 comprising the amino acid sequence
of GVPSRFSGSGSGTDFTLTISSLOGPEDFATYYC (SEQ D NO: 24}, and (d) an FR-L4 comprising the

amino acid sequence of FGQGTKVEIK (SEG 1D NC: 28). In some instances, the anli-VEGF antibody
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includes {a) a VH domain comprising an amino acid sequence of SEQ 1D NO: 51 and (b) a VL domain
comprising an amino acid sequence of SEQ D NO: 38,

For example, in some instances, the anti-VEGF antibody may include at least one, two, three,
four, five, or six HVRs selected from: (a) an HVR-H1 comprising the amino acid sequence of DYWIH
(SEQ D NOC: 1); (b) an HVR-H2 comprising the amino acid sequence of GITPAGGYEYYADSVEG (SEQ
D NO: 22); (o) an HVR-H3 comprising the aming acid sequence of FVFFLPYAMDY (SEQ 1D NO: 33; ()
an HVR-L1 comprising the amino acid sequence of RASQDVSTAVA (SEQ 1D NO: 8); {e) an HVR-L2
comprising the amino acid sequence of SASFLYS (SEGQ 1D NO: ), and (i) an HVR-L3 comprising the
amino acid sequence of QRQCGYGAPFT (SEQ 1D NO: 10), or a combination of one or more of the above
HVRs and one or more variants thereof having at least about 80% sequence identily {(e.g., 81%, 82%,
83%, 84%, 85%, 88%, 87%, 88%, 89%, 90%, 81%, B2%, 83%, 84%, 85%, 96%, 87%, 88%, or 89%
identity) {o any one of SEQ 1D NOs: 1, 3, 8-10, or 22. In g particular example, in some instances, the anti-
VEGF antibody includes the following six HVRs: (&) an HVR-H1 comprising the amino acid sequence of
DYWIH (SEQ 1D NO: 1) (b an HVR-H2 comprising the amino acid sequence of
GITPAGGYEYYADSVEG (SEQ 1D NO: 22); (¢} an HVR-H3 comprising the aming acid sequence of
FVFFLPYAMDY (SEQ 1D NO: 3); (d) an HVR-L1 comprising the aming acid sequence of
RASQDVETAVA (SEQ 1D NG: 8); (e) an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ ID NC: 9); and () an HVR-L3 comprising the amino acid sequence of QQGYGAPFT (SEQ 1D NO:
10).

in some instances, any of the preceding anti-VEGF antibodies may include one, two, three, or
four of the following heavy chain variable domain framewoik regions (FRs): {a) an FR-H1 comprising the
aminc acid sequence of EEQLVEEGGGLVQPGESLELSCAASGFEIS (SEQ 1D NO: 29) or
EEQLVEEGGGLVOPGESLRLECAASGFEIS (SEQ 1D NG: 52); (b) an FR-HZ2 comprising the amino acid
sequence of WVRQEPGEGLEWYVA (SEGQ D NO: 30}, (¢) an FR-H3 comprising the amino acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NG: 31); and (d) an FR-H4 comprising the
aming acid sequence of WGQGELVTVSS (SEQ D NG: 32).

in some instances, any of the preceding anti-VEGF antibodies may include one, two, three, or
four of the following light chain variable domain FRs: (8) an FR-L1 comprising the amino acid sequence of
DIOMTQSPSSLSASVGDRVTITC (SEQ 1D NO:17), DIGMTQSPESLSASYGDEVTITC (SEQ 1D NO: 25),
or DIQMTQSPSSLSASVGDEVTITC (SEQ ID NO: 28); (b) an FR-L2 comprising the amino acid sequence
of WYQQKPGKAPKLLIY (SEQ ID NO: 18) or WYQQKPGEAPKLLIY (SEQ ID NO: 27); (c) an FR-L3
comprising the amino acid seguence of GYPSRFSGSGSGTDFTLTISSLOPEDAATYYC (SEQ D NO: 18)
of GVPSRFSGSGSGTDFTLTIESLGREDAATYYC (SEQ 1D NO: 28); and (d} an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ 1D NO: 20).

For example, in some instances, the anti-VEGF antibody includes the following six HVRs: (3) an
HVR-H1 comprising the amingo acid sequence of DYWIH (SEQ 1D NO: 1)) () an HVR-H2 comprising the
aming acid sequence of GITPAGGYEYYADSVEG (SEQ 1D NO: 22),; (¢} an HVR-H3 comprising the
aming acid sequence of FVFFLPYAMDY (SEQ 1D NOG: 3); (d) an HVYR-L1 comprising the amino acid
sequence of RASGDVSTAVA (SEQ ID NO: 8); (&) an HVR-L2 comprising the amino acid sequence of

SASFLYS (SEQ 1D NO: 9); and () an HVR-L3 comprising the amino acid sequence of GQGYGAPFT
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(SEQ 1D NC: 10). iIn some instances, the anti-VEGF antibody includes the following four heavy chain
variable domain FRs: (8) an FR-H1 comprising the amino acid seguence of
EEQLVEEGGGLYQPGESLELSCAASGFEIS (SEQ D NO: 29); (b an FR-H2 comprising the amino acid
sequence of WVRQEPGEGLEWVA (SEQ D NO: 30); (¢} an FR-H3 comprising the amino acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NO: 31); and (d) an FR-H4 comprising the
amine acid sequence of WGQGELVTVSS (BEQ 1D NO: 32). In further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: (a) an FR-L1 comprising the amino acid
sequence of DIQMTQSPESLSASVGDEVTITC (SEQ ID NO: 25); (b) an FR-L2 comprising the amino acid
sequence of WYQQKPGKARKLLIY (SEQ 1D NO: 18); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSGSGSGTDFTLTISSLAPEDAATYYC (SEG 1D NO: 18); and (d) an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ 1D NO: 20). In some instances, the anti-VEGF antibody
includes {a) a VH domain comprising an amino acid sequence of SEQ 1D NG: 33 and (b) a VL domain
comprising an amino acid sequeance of SEQ 1D NG: 34.

For example, in other instances, the anti-VEGF antibody includes the following six HVRs: {a) an
HVYR-H1 comprising the aminoc acid sequence of DYWIH (SEQ 1D NO: 1); (b) an HVR-H2 comprising the
aminc acid sequence of GITPAGGYEYYADSVEG (SEQ 1D NO: 22}, (o) an HVR-H3 comprising the
aminc acid sequence of FVFFLPYAMDY (SEQ 1D NO: 3} (d) an HVR-L1 comprising the amino acid
sequence of RASQDVSTAVA (SEQ ID NO: 8); (e} an HVR-L2 comprising the amino acid sequence of
SASFLYS (BEQ 1D NO: 83; and {f) an HVR-L3 comprising the amino acid sequence of QUGYGAPFT
(SEQ ID NC: 10). In some instances, the anti-VEGF antibody includes the following four heavy chain
variable domain FRs: (a) an FR-H1 comprising the amino acid sequence of
EEQLVEEGGGLVQPGESLELSCAASGFEIS (SEQ ID NO: 29); {(b) an FR-HZ comprising the amino acid
sequence of WVRQERPGEGLEWVA (SEQ ID NO: 30y, (¢) an FR-H3 comprising the amino acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NG: 31); and (d) an FR-H4 comprising the
aming acid sequence of WGQGELVTVSS (SEQ ID NO: 32). in further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: (a) an FR-L1 comprising the aming acid
sequence of DIQMTQOSPESSLSASVGDEVTITC (SEQ 1D NG: 28); (b) an FR-L2 comprising the amino acid
sequence of WYQQKPGEAPKLLIY (SEQ D NO: 27); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSGSGSGTDFTLTIESLOPEDAATYYC (SEQ ID NO: 28); and (d) an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ 1D NO: 28). In some instances, the anti-VEGF antibody
includes (&) a VH domain comprising an amino acid sequence of SEQ 1D NO: 33 and (b) a VL domain
comprising an amino acid sequence of SEQ D NO: 35,

For example, in other instances, the anti-VEGF antibody includes the following six HVRs: (a) an
HVR-H1 comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1); () an HVR-H2 comprising the
amino acid sequence of GITPAGGYEYYADSVEG (SEQ ID NO: 22); (¢) an HVR-H3 comprising the
aming acid sequence of FVFFLPYAMDY (SEQ 1D NOG: 3); (d) an HVYR-L1 comprising the amino acid
sequence of RASGDVSTAVA (SEQ ID NO: 8); (&) an HVR-L2 comprising the amino acid sequence of
SASFLYS (SEQ 1D NO: 9); and () an HVR-L3 comprising the amino acid sequence of QQGYGAPFT
(SEQ D NO: 10). In some instances, the anti-VEGF antibedy includes the following four heavy chain

variable domain FRs: (a) an FR-H1 comprising the amino acid sequence of
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EEQLVEEGGGLYQPGESLRLSCAASGFEIS (SEGQ 1D NG: 52); (D) an FR-H2 comprising the amino acid
sequence of WVRQEPGEGLEWVA (SEQ D NO: 30); (¢} an FR-H3 comprising the amino acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NO: 31); and (d) an FR-H4 comprising the
amine acid sequence of WGQGELVTVSS (BEQ 1D NO: 32). In further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: (a) an FR-L1 comprising the amino acid
sequence of DIQMTQSPSSLSASVGDEVTITC (8EQ 1D NO: 28); (by an FR-L2 comprising the amino acid
sequence of WYQGQKPGEARKLLIY (SEQ 1D NO: 27); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSGSGSGTDFTLTIESLOQPEDAATYYC (SEG 1D NO: 28); and (d) an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ 1D NO: 20). In some instances, the anti-VEGF antibody
includes (a) a VH domain comprising an amino acid sequence of SEQ 1D NGO: 51 and (b) a VL domain
comprising an amino acid sequsance of SEQ 1D NO: 35.

For example, in yet other instances, the anti-VEGF antibody includes the following six HVRs: (a)
an HVR-H1 comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1); (b) an HVYR-H2 comprising
the aming acid sequence of GITPAGGYEYYADSVEG (SEQ 1D NO: 223, () an HVR-H3 comprising the
aminc acid sequence of FVFFLPYAMDY (SEQ 1D NO: 3} (d) an HVR-L1 comprising the amino acid
sequence of RASQDVETAVA (SEQ ID NO: 8); (e) an HVR-L2 comprising the aming acid sequencs of
SASFLYS (SEQ 1D NO: 8); and {f) an HVR-L3 comprising the amino acid sequence of QRGYGARFT
(SEQ ID NC: 10). In some instances, the anti-VEGF antibody includes the following four heavy chain
variable domain FRs: (a) an FR-H1 comprising the amino acid sequence of
EEQLVEEGGGLVQPGESLELSCAASGFEIS (SEQ ID NGO 29); {(b) an FR-HZ comprising the amino acid
sequence of WVRQERPGEGLEWVA (SEQ ID NO: 30}, (¢) an FR-H3 comprising the amino acid sequence
of RFTISADTSENTAYLOGMNELRAEDTAVYYCAR (SEQ ID NG: 31); and (d) an FR-H4 comprising the
aming acid sequence of WGQGELVYTVSES (SEQ ID NO: 32). In further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: (a) an FR-L1 comprising the aming acid
sequence of DIQMTQOSPESLSASVGDEVTITC (SEQ 1D NG: 25); (b) an FR-L2 comprising the amino acid
sequence of WYQQKPGEAPKLLIY (SEQ D NG: 27); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSGSGSGTDFTLTISSLOPEDAATYYC (SEQ 1D NO: 19); and (d) an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ D NO: 20). In some instances, the anli-VEGF antibody
includes (&) a VH domain comprising an amino acid sequence of SEQ 1D NG 33 and (b) a VL domain
comprising an amino acid sequence of SEQ D NO: 38,

For example, in still further instances, the anti-VEGF antibody includes the following six HVRs: (a)
an HVR-H1 comprising the amino acid sequence of DYWIH (SEQ 1D NO: 13; (b) an HVR-H2 comprising
the amino acid sequence of GITRPAGGYEYYADSVEG (SEQ ID NG: 22); (¢) an HVR-H3 comprising the
amino acid sequence of FVFFLPYAMDY (SEQ 1D NO: 3); {d) an HVR-L1 comprising the amino acid
sequence of RASQDVSTAVA (SEQ ID NG: 8); (&) an HVR-L2 comprising the amino acid sequence of
SASFLYS (SEQ 1D NO: 9); and () an HVR-L3 comprising the amino acid sequence of QQGYGAPFT
(SEQ D NO: 10). In some instances, the anti-VEGF antibedy includes the following four heavy chain
variable domain FRs: (8) an FR-H1 comprising the amino acid sequence of
EEQLVEEGGGLVQPGESLELSCAASGFEIS (SEQ 1D NO: 28); (b) an FR-H2 comprising the amino acid

sequence of WVROQEPGEGLEWVA (SEQ 1D NO: 30); (¢} an FR-H3 comprising the amino acid sequence
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of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NO: 31); and (d) an FR-H4 comprising the
amine acid sequence of WGQGELVTVSS (BEQ 1D NO: 32). In further instances, the anti-VEGF antibody
includes the following four light chain variable domain FRs: (a) an FR-L1 comprising the amino acid
sequence of DIOMTQSPSSLSASVGDEVTITC (8EQ 1D NO: 28); (b) an FR-L2 comprising the amino acid
sequence of WYQGOQKPGKARKLLIY (SEQ 1D NG: 18); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSCSGSGTDFTLTISSLAQPEDAATYYC (SEQ ID NO: 19); and (d) an FR-L4 comprising the
amine acid sequence of FGQGTKVER (SEG ID NG: 20). In some instances, the anli-VEGF antibody
includes (a) a VH domain comprising an amino acid sequence of SEQ 1D NO: 33 and (b) a VL domain
comprising an amino acid sequence of SEQ 1D NO: 37.

in other instances, the anti-VEGF antibody includes the following six HVYRs: (a) an MVR-H1
comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1); (b) an HVR-H2 comprising the amino
acid sequence of GITPAGGYEYYADSVEG (SEQ 1D NG: 22); (¢} an HVR-H3 comprising the amino acid
sequence of FVFFLPYAMDY (SEQ ID NO: 3); (d) an HVR-L1 comprising the amino acid sequencs of
RASQDVETAVA (SEQ 1D NG: 8); (e) an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ ID NOC: 9); and () an HVR-L3 comprising the amino acid sequence of QRGYGAPFT (SEQ 1D NO:
10}, In some instances, the anti-VEGF antibody includes the following four heavy chain variable domain
FRs: {a} an FR-H1 comprising the amino acid sequence of EEQLVEEGGCLVOPGESLRLSCAASGFEIS
(SEQ ID NO: 52); (b) an FR-H2 comprising the amino acid sequence of WWRQEPGEGLEWVA (SEQ ID
NGO 30); () an FR-H3 comprising the amino acid sequence of
RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ 1D NO: 31); and (d) an FR-H4 comprising the
aming acid sequence of WGQGELVYTVSES (SEQ ID NO: 32). In further instances, the anti-VEGF antibody
includes the following Tour light chain variable domain FRs: (a) an FR-L1 comprising the amino acid
sequence of DIGMTQSPSSLSASVGDEVTITC (SEQ 1D NO: 26); (b) an FR-L2 comprising the amino acid
sequence of WYQQKPGKAPKLLIY (SEQ 1D NO: 18); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSGSGSGTDFTLTISSLOPEDAATYYC (SEQ 1D NOQ: 19); and (d) an FR-L4 comprising the
aming acid sequence of FGQGTRVEIK (SEQ 1D NO: 20). In some instances, the anti-VEGF antibody
includes (a) a VH domain comprising an amino acid sequence of SEQ 1D NG: 51 and (b) a VL domain
comprising an amino acid sequence of SEQ {D NO: 37,

For example, in other instances, the anti-VEGF antibody includes the following six HVRs: (a) an
HVR-H1 comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1); () an HVR-H2 comprising the
amino acid sequence of GITPAGGYEYYADSVEG (SEQ ID NO: 22); (¢) an HVR-H3 comprising the
amino acid sequence of FVFFLPYAMDY (SEQ 1D NO: 3); {d) an HVR-L1 comprising the amino acid
sequence of RASQDVSTAVA (SEQ ID NG: 8); (&) an HVR-L2 comprising the amino acid sequence of
SASFLYS (SEQ 1D NO: §); and () an HVR-L3 comprising the amino acid sequence of QQGYGAPFT
(SEQ 1D NO: 10). In some instances, the anti-VEGF antibody includes the following four heavy chain
variable domain FRs: (8) an FR-H1 comprising the amino acid sequence of
EEQLVEEGGGLVQPGESLELSCAASGFEIS (SEQ 1D NO: 28); (b) an FR-H2 comprising the amino acid
sequence of WVRQEPGEGLEWVA (SEQ 1D NO: 30}, (¢} an FR-H3 comprising the aming acid sequence
of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID NO: 31); and (d) an FR-H4 comprising the

amino acid sequence of WGQGELVTVSS (SEQ ID NO: 32). In further instances, the anti-VEGF antibody
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includes the following four light chain variable domain FRs: (a) an FR-L1 comprising the amino acid
sequence of DIQMTQSPSELSASYGDRVTITC (BEQ D NO: 17); () an FR-L2 comprising the amino acid
sequence of WYQGQKPGKARKLLIY (SEQ 1D NO: 18); (¢) an FR-L3 comprising the amino acid sequence
of GVPSRFSCSGSGTDFTLTISSLAQPEDAATYYC (SEQ ID NO: 19); and (d) an FR-L4 comprising the
amine acid sequence of FGQGTKVER (SEG ID NG: 20). In some instances, the anli-VEGF antibody
includes {a) a VH domain comprising an amino acid sequence of SEQ 1D NO: 33 and (b) a VL domain
comprising an amino acid sequence of SEQ 1D NO: 12.

in other instances, the anti-VEGF antibody includes the following six HVYRs: (a) an MVR-H1
comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1); (b) an HVR-H2 comprising the amino
acid sequence of GITPAGGYEYYADSVEG (SEGQ ID NG: 22); (¢) an HVR-H3 comprising the amino acid
sequence of FVFFLPYAMDY (SEQ 1D NO: 3); (d) an HVR-L1 comprising the amino acid sequence of
RASQDVETAVA (SEQ 1D NG: 8); (e) an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ ID NOC: 9); and () an HVR-L3 comprising the amino acid sequence of QRGYGAPFT (SEQ 1D NO:
10}, In some instances, the anti-VEGF antibody includes the following four heavy chain variable domain
FRs: {a} an FR-H1 comprising the amino acid sequence of EEQLVEEGGGLVCOPGESLRLSCAASGFEIS
(SEQ ID NO: 52); {b) an FR-H2 comprising the amino acid sequence of WVRQEPGEGLEWVA (SEQ ID
NO: 30); {©) an FR-H3 comprising the amino acid sequence of
RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ 1D NO: 31); and (d) an FR-H4 comprising the
aming acid sequence of WGQGELVYTVSES (SEQ ID NO: 32). In further instances, the anti-VEGF antibody
includes the following Tour light chain variable domain FRs: (a) an FR-L1 comprising the amino acid
sequence of DIQMTQSPESLSASVGDRVTITC (GEQ 1D NGO 17); (b) an FR-L2 comprising the amino acid
sequence of WYQOQKPGKAPKLLIY (SEQ 1D NO: 18); (¢) an FR-L3 comprising the amino acid sequence
of GYPSRFSGSGSGTDFTLTISSLOPEDAATYYC (SEQ D NG: 19); and (d) an FR-L4 comprising the
aming acid sequence of FGQGTKVEIK (SEQ 1D NO: 20). In some instances, the anti-VEGF antibody
includes (a) a VH domain comprising an amino acid sequence of SEQ 1D NG: 51 and (b) a VL domain
comprising an amino acid sequence of SEQ ID NO: 12,

in some instances, the anti-VEGF antibody comprises (a) a heavy chain variable (VH) domain
comprising an amino acid sequence having at least 90% sequence ideniity (e.g., at least 1%, 92%, 83%,
84%, 95%, 86%, 97%, 98%, or 99% sequence identity) o, or the sequence of, any one of 3EQ ID NOs:
11, 40, or 42; (b) a light chain variable (VL) domain comprising an amino acid sequence having at least
80% sequence (e.g., at least 91%, 92%, 93%, 94%, 95%, 88%, 87%, 98%, or 88% sequence identity) to,
or the sequence of, any one of SEQ 1D NOs: 12, 41, or 48; or (¢) a VH domain as in (&) and a VL domain
as in {b). For example, in some instances, the antibody comprises a VH domain comprising the amino
acid sequence of SEQ ID NO: 11 and a VL domain comprising the amino acid sequence of SEQ 1D NO:
12. In some instances, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ ID NO: 40 and a VL domain comprising the amino acid sequence of SEQ ID NO: 12. In some
instances, the antibody comprises a VH domain comprising the amino acid sequence of SEQ 1D NO: 42
and a VL domain comprising the amino acid sequence of SEQ 1D NG: 12. In some instances, the
antibody comprises a VH domain comprising the amino acid sequence of SEQ D NG: 42 and a VL

dorain comprising the amino acid sequence of SEQ ID NO: 41, In some instances, the antibody
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comprises a VH domain comprising the amino acid sequence of SEG 1D NG: 11 and a VL domain
comprising the amino acid sequence of SEQ 1D NGO 46,

In some instances, any of the preceding anti-VEGF antibodies may include one, two, three, or
four of the following heavy chain variable domain framework regions (FRs): {a) an FR-H1 comprising the
amino acid sequence of EVQLVESGGGLVOPGGSLRLSCAASGFTIS (SEQ ID NG: 13); (b) an FR-H2
comprising the amino acid sequence of WYRQAPGKGLEWVA (SEQ 1D NO: 14) or
WVYRGQEPGKGLEWVA (SEQ 1D NO: 38); (¢) an FR-H3 comprising the amino acid sequence of
RETISADTSKNTAYLOMRSLRAEDTAVYYCAR (SEQ ID NO: 15); and (d) an FR-H4 comprising the
amino acid sequence of WGQGTLVTVSES (BEQ 1D NO: 18).

in some instances, any of the preceding anti-VEGF antibodies may include one, two, three, or
four of the following light chain variable domain FRs: (8) an FR-L1 comprising the amino acid sequence of
DIMTQSPSSLSASVGDRVTITC (SEQ 1D NO: 17) or DIQMTQSPSSLSASVGDRVTIDC (SEQ D NO:
45); (b) an FR-L2 comprising the amino acid sequence of WYQQKPGKAPKLLIY (SEGQ 1D NO: 18}, (o} an
FR-L3 comprising the amino acid sequence of GVPSRFSGSGSGTDFTLTISSLGPEDAATYYC (BEQ 1D
NO: 19), GVPSRFSGSGSGTDFTLTISSLOPEDSATYYC (SEQ 1D NO: 44), or
GVPSRFSGEGSGTDFTLTISSLOPEDVATYYC (SEQ 1D KO: 54); and {d} an FR-L4 comprising the
amino acid sequence of FGQGTKVEIK (SEQ 1D NO: 20) or FGQGTKVEVK (SEQ ID NO: 55).

in some instances, the antibody comprises a YH domain comprising the amino acid sequence of
SEQ D NG: 11 and a VL domain comprising the amino acid sequence of
DIOMTQSPESSLSASVGDRVTITCRASGDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLOPEDVATYYCQQGYGNPFTFGGGTKVEIK (SEQ ID NO: 59,

in some instances, the antibody comprises a YH domain comprising the amino acid sequence of
SEQ D NG: 33 and a VL domain comprising the amino acid sequence of
DIGMTOSPSSLSASVGDRVTITCRASGDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLGPEDVATYYCQQGYGNPFTFGQGTRVEIK (SEQ ID NO: 58).

in some instances, the antibody comprises a VH domain comprising the amino acid seguence of
SEQ D NG: 40 and a VL domain comprising the amino acid sequence of
DIQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLGPEDVATYYCQQGYGKRPFTFGQGTHVEIK (SEQ 1D NO: 53).

in some instances, the aniibody comprises a VH domain comprising the amino acid seguence of
SEQ D NO: 42 and a VL domain comprising the amino acid sequence of
DIQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQOQKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLGPEDVATYYCQQGYGKRPFTFGQGTHVEIK (SEQ 1D NO: 53).

in some instances, the aniibody comprises a VH domain comprising the amino acid seguence of
SEQ D NO: 51 and a VL domain comprising the amino acid sequence of
DICMTQSPSSLSASVGDRVTITCRASQDVSTAVAWY QOKPGKAPKLLIYSASFLYSGVPSRFSGEGEGTD
FTLTISSLQPEDVATYYCQQGYGNPFTFGQGTKVEIK (SEG 1D NO: 58).

in some instances, the aniibody comprises a VH domain comprising the amino acid seguence of

SEQ D NO: 11 and a VL domain comprising the aming acid sequence of
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DIGMTQSPSSLSASVGDRVTITCRASQDVSTAVAWY QQKPGKAPKLLIYSASFLYSGVPSRFSGEGSGTD
FTLTISSLOQPEDVATYYCOQQGYGAPFTFGQGTHKVEIK (SEQ ID NO: 80).

In some instances, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ P NO: 33 and a VL domain comprising the amino acid sequence of
DIGMTQSPSSLSASVGDRVTITCRASQDVSTAVAWY QQRPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLOQPEDVATYYCQQGYGAPFTFGQGTRVEIK (SEQ ID NO: 80).

In some instances, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ D NG: 40 and a VL domain comprising the amino acid sequence of
DIGMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLOPEDVATYYCOQQGYGAPFTFGQGTHVEIK (SEQ ID KO: 80).

in some instances, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ D NO: 42 and a VL domain comprising the aminc acid sequence of
DIGMTQSPSSLSASVGDRVTITCRASGDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLOPEDVATYYCQQGYGAPFTFGQGTKVEIK (SEQ 1D NO: 80).

in some instances, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ D NOG: 51 and a VL domain comprising the amine acid sequence of
DIGMTQSPSSLSASVGDRVTITCRASGDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLGPEDVATYYCQQGYGAPFTFGQGTKVEIK (SEQ 1D NO: 60). For example, in some
instances, the anti-VEGF antibody comprises (a) a VH domain comprising an amino acid sequence
having al least 90% sequence identity (e.g., at least 81%, 82%, 93%, 94%, 85%, 96%, 97%, 88%, or 98%
sequence identity) {0, or the sequence of, SEQ ID NG: 11, (b} a VL domain comprising an amino acid
saquence having at least 80% seqguence (e.q., at least 81%, 92%, 93%, 84%, 85%, 96%, 87%, 98%, or
99% sequence identity) to, or the sequence of, SEQ 1D NO: 11; or {¢) a VH domain as in (@) and a VL
domain as in (b). In some instances, the anti-VEGF antibody may include (a) an HVR-H1 comprising the
aming acid sequence of DYWIH (SEQ ID NG: 1); (b) an HVR-H2 comprising the amino acid sequence of
GITPAGGYTRYADSVKE (SEQ 1D NO: 7); (¢ an HVR-H3 comprising the amino acid sequence of
FVFFLPYAMDY (GEQ 1D NO: 3); (d) an HVR-L1 comprising the amino acid sequence of
RASQDVSTAVA {(SEQ 1D NO: 8); (&) an HVR-L2 comprising the amino acid sequence of SASFLYS
(SEQ D NO: 9); and (f) an HVR-L3 comprising the aming acid sequence of QQGYGAPFT (SEQ IR NO:
10). In some instances, the anti-VEGF antibody includes the following heavy chain framewoirk regions:
{a) an FR-H1 comprising the amino acid sequence of EVOQLVESGGGLVQPGGSLRLSCAASGFTIS (SEQ
D NG: 13); (b) an FR-H2 comprising the aming acid sequence of WVRQAPGKGLEWVA {(SEQ 1D NO:
14); {c) an FR-H3 comprising the amino acid sequence of
RFTISADTSKNTAYLOMRSLRAEDTAVYYCAR (SEQ ID NO: 15); and (d) an FR-H4 comprising the
amino acid sequence of WGQGTLVTVSS (SEG ID NO: 16}, In some instances, the anti-VEGF antibody
includes the following light chain framework regions: {a) an FR-L1 comprising the amino acid sequence of
DICMTQSPSSLEASVGDRVTITC (SEQ ID NO: 17y, (b) an FR-L2 comprising the amino acid sequence of
WYQOQKPGKAPKLLIY (SEQ ID NO: 18); () an FR-L3 comprising the amino acid sequence of
GVPSRFSGSGSGTDFTLTISSLOPEDAATYYC (SEQ ID NC: 19); and (d) an FR-L4 comprising the

amino acid sequence of FGQGTKVEIK (SEG 1D NC: 28). In some instances, the anti-VEGF antibody
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includes a binding domain comprising (&) a VH domain comprising an amino acid sequence of SEQ ID
NO: 11 and (b) a VL domain comprising an amino acid sequence of SEQ [D NGO: 12, In some instances,
the exemplary anti-VEGF is NS4AF83ANB2aR . YSER {(also referred to as G6.31 AARR or G8.31 AARR).

In some instances, the anti-VEGF antibody comprises (@) VH domain comprising an amino acid
sequence having at least 80% sequence identity (e.g., at least 91%, 92%, 83%, 94%, 95%, 96%, 97%,
98%, or 99% sequence identity) to, or the sequence of, SEQ 1D NO: 33 or 51; (b) 3 VL domain
comprising an amino acid sequence having at least 90% seguence (e.g., al least 81%, 92%, 93%, 94%,
95%, 96%, 87%, 98%, or 88% sequence identity) o, or the sequence of, any one of SEQ 1D NOs: 12, 34,
35, 38, 37, or 38; or {c) a VH domain as in (a) and a VL domain as in (b}, For example, in some
instances, the antibody comprises a VH domain comprising the aming acid sequence of SEQ 1D NO: 33
and a VL domain comprising the amino acid sequence of SEQ 1D NO: 12, In some instances, the
antibody comprises a VH domain comprising the amino acid sequence of SEQ ID NO: 33 and a VL
domain comprising the amino acid sequence of SEQ D NO: 34, In some instances, the antibody
comprises a VH domain comprising the amino acid sequence of SEQ 1D NG: 33 and a VL domain
comprising the amino acid sequence of SEQ 1D NO: 35, In some instances, the antibody comprises g VH
domain comprising the amino acid sequence of SEQ D NGO: 33 and a VL domain comprising the amino
acid sequence of SEQ ID NO: 38. In some instances, the antibody comprises a VH domain comprising
the amino acid sequence of SEQ ID NO: 33 and a VL domain comprising the amino acid sequence of
SEQ D NG: 37, In some instances, the antibody comprises a VH domain comprising the amino acid
sequence of SEQ ID NC: 33 and a V0L domain comprising the amino acid sequence of SEQ 1D NG: 38, In
some instances, the antibody comprises a VH domain comprising the amino acid sequence of SEQ D
NGO 51 and a VL domain comprising the aming acid sequence of SEQ 1D NO: 38, In some instances, the
antibody comprises a VH domain comprising the amino acid sequence of SEQ ID NO: 51 and a VL
domain comprising the amino acid sequence of SEQ {D NOQ: 35, In some instances, the antibody
comprises a VH domain comprising the amino acid sequence of SEQ ID NO: 51 and a VL domain
comprising the amino acid sequence of SEQ 1D NO: 37, In some instances, the antibody comprises a VH
domain comprising the amino acid sequence of SEQ {D NO: 51 and a VL domain comprising the amino
acid sequence of SEQ ID NO: 12,

In some instances, any of the preceding anti-VEGFE antibodies may include one, two, three, or
four of the following heavy chain variable domain framework regions (FRs): an FR-H1 comprising the
amino acid sequence of EEQLVEEGGGLVQPGESLELSCAASGFEIS (SEQ ID NO: 29) or
EEQLVEEGGGLVQPGESLRLSCAASGFEIS (SEQ ID NO: 52); (b) an FR-H2 comprising the amino acid
sequence of WVRQEPGEGLEWWVA (SEQ 1D NO: 30) or WYRQEPGKGLEWWVA (SEQ 1D NO: 39); (¢) an
FR-H3 comprising the aming acid ssgquence of RFTISADTSENTAYLOMNELRAEDTAVYYCAR (SEQ ID
NQO: 31, and (d) an FR-H4 comprising the amino acid sequence of WGQGELVTVSS (SEQ 1D NO: 32).

in some instances, any of the preceding anti-VEGF antibodisgs may include one, two, three, or
four of the following light chain variable domain FRs: (8) an FR-L1 comprising the amino acid sequsnce of
DIOMTQSPSSLSASVGDRVTITC (SEQ ID NO 17y, DIGMTGQSPESLSASYGDEVTITC (SEQ ID NO: 25),
or DIGMTQSPSSLSASVGDEVTITC (SEQ ID NO: 28); (b) an FR-L2 comprising the amino acid sequence

of WYQQKPGKAPKLLIY (SEQ 1D NO: 18) or WYQQKPGEAPKLLIY (SEQ 1D NO: 27); (o) an FR-L3
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comprising the amino acid sequence of GYVPSRFSGSGSCGTRDFTLTISSLOPEDAATYYC (SEQ 1D NO:
19), GVPSRFIGSGSGTDFTLTISSLOPEDFATYYC (SEQ ID NO: 24), or
GVPSRFSGSGSGTDFTLTIESLQPEDAATYYC (SEQ ID NO: 28); and (d) an FR-L4 comprising the
amine acid sequence of FGQGTKVER (SEGQ 1D NO: 20).

In some instances, the invention provides an antibody comprising (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 48 and/or (b) a light chain comprising the amino acid sequence
of SEQ 1D NO: 50. in certain embodiments, the antibody is G8.31 AARR expressed in Fab format.

in some instances, the invention provides an antibody comprising (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 49 and/or (b} a light chain comprising the amino acid sequence
of SEQ 1D NO: 50, In certain embodiments, the antibody is a variant version of G6.31 AARR that lacks
reactivity to anti-human IgG.

in a further aspect, an antibody {&.g., an anti-VEGF antibody)} according to any of the above
embodiments may incorporate any of the features, singly or in combination, as described in Sections 1-8
below:

1. Antibody Affinity

in certain embodiments, an antibody provided herein has a dissociation constant (Kd) of £ 1uM,
<100 nM, 10 nM, £ 1 nM, < 0.1 nM, £ 0.01 nM, or 2 0.001 nM (e.g., 103 M or less, &.g., from 10¢Mio
107°M, e.g., from 10°M 1o 10" M). For exampile, in some instances, an antibody provided herein binds
an antigen {e.g., human VEGF (hWEGF)) with & Kd of about 10 nM or lower. In some instances, an
antibody provided herein binds an antigen {(e.g., hVEGF) with a Kd of about 5 nM or lower. In some
instances, an antibody provided herein binds hVEGF with a Kd of about 2 nM or lower. For example, in
some instances, the antibody binds an antigen {e.q., hVEGF) with a Kd between about 25 pM and about
2nM {e.q., about 25 pM, about 50 pM, about 75 pM, about 100 pM, about 125 pM, about 150 pM, about
175 oM, about 200 pM, about 225 pM, about 250 pM, about 275 pM, about 300 pM, about 325 pM, about
350 pM, about 375 pM, about 400 pM, about 425 pM, about 450 pM, about 475 pM, about 500 pM, about
525 pM, about 550 pM, about 575 pM, about 600 pM, about 625 pM, about 850 pM, about 875 pM, about
700 pM, about 725 pM, about 750 pM, about 775 pM, about 800 pM, about 825 pM, about 850 pM, about
875 pM, about 800 pM, about 825 pM, about 850 pM, about 875 pM, about 1 nM, about 1.1 nM, about 1.2
ni, about 1.3 oM, about 1.4 nM, about 1.5 nM, about 1.8 nM, about 1.7 nM, about 1.8 nM, about 1.9 nM,
or about 2 nM). In some instances, the antibody binds an antigen (e.g., hVEGF) with a Kd between about
75 pM and about 600 pM (e.g., about 75 pM, about 100 pM, about 125 pM, about 150 pM, about 175 pM,
about 200 pd, about 225 pM, about 250 pM, about 275 pM, about 300 pM, aboui 325 pM, about 350 pM,
about 375 phd, about 400 pM, about 425 pM, about 450 pM, about 475 pM, aboui 500 pM, about 525 pM,
about 550 pM, about 575 pM, about 800 pM). In some instances, the antibody binds an antigen {e.g.,
hVEGF) with a Kd between about 75 pM and about 500 pM. In some instances, the antibody binds an
antigen (e.g., hVEGF) with a Kd between about 75 pM and about 400 pM. In some instances, the
antibody binds an antigen (e.g., hVEGF) with a Kd between about 75 pM and about 300 pM. In some
instances, the antibody binds an antigen (e.g., hVEGF) with a Kd between about 75 pM and about 200

ph. In some instances, the antibody binds an antigen {e.g., hWEGF) with a Kd between about 75 pM and
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about 150 pM. In some instances, the antibody binds an antigen (e.q., hVEGF) with a Kd between about
75 pM and about 125 pM. In some instances, the antibody binds an antigen (e.q., hWEGF) with a Kd
between about 75 pM and about 100 oM. In some instances, the antibody binds an antigen (e.q.,
hWEGF) with a Kd of about 80 pM. In some instances, the antibody binds an antigen (e.g., hWEGF) with
a Kd of about 60 pM. In some instances, the antibody binds an antigen (e.q., hWEGF) with a Kd of about
40 pM.

in one embodiment, Kd is measured by a radiolabeled antigen binding assay (RIA). Inone
embodiment, an RIA is performed with the Fab version of an antibody of interest and its antigen. For
example, solution binding affinity of Fabs for antigen is measured by equilibrating Fab with a minimal
concentration of (*¢5)-labsled antigen in the presence of a titration sseries of unlabeled antigen, then
capturing bound antigen with an anti-Fab antibody-coated plate (see, e.g., Chen et al., J. Mol Biol
293:865-881(1999)). To establish conditions for the assay, MICROTITER® mufti-well plates (Thermo
Scientific) are coated overnight with 5 pug/mi of a capluring anti-Fab antibody (Cappel Labs) in 50 mM
sodium carbonate (pH 8.6), and subsequently blocked with 2% (w/Av) boving serum albumin (BSA) in
phosphate buffered saline (PBS) for two o five hours at room temperature (approximately 23°C). Ina
non-adscrbent plate (Nunc #269620), 100 ph or 26 ph ["“l}-antigen are mixed with serial dilutions of a
Fab of interest (e.g., consistent with assessment of the anti-VEGF antibody, Fab-12, in Prasta et al,,
Cancer Res. 57.4583-4598 (1997)). The Fab of inlerest is then incubated overnight; howeaver, the
incubation may continue for a longer period {(e.g., about 65 hours) to ensure that equilibrium is reached.
Thereafter, the midures are transferred 10 the capture plate for incubation at room temperature {(e.g., for
one hour). The solution is then removed and the plate washed eight times with 0.1% polysorbate 20
(TWEEN-20®) in PBS. When the plates have dried, 150 ul/well of scintillant (MICROSCINT-20™;
Packard) is added, and the plates are counted on a TOPCOUNT ™ gamma counter (Packard) for ten
minutes. Concentrations of each Fab that give less than or equal to 20% of maximal binding are chosen
for use in competitive binding assays.

According to another embodiment, Kd is measured using a BIACORE® surface plasmon
resgnance assay. Forexample, an assay using a BIACORE®-2000 or a BIACORE ®-3000 (BlAcore,
Inc., Piscataway, NJ) is performed at 25°C with immobilized antigen CMS5 chips at ~10 response units
(RU). In one embodiment, carboxymethylated dexiran biosensor chips (CMS, BlAcore, inc.) are activated
with M-ethyl-A- G-dimethyvlaminopropyly-carbodiimide hydrochioride (EDC) and N-hydroxysuccinimide
(NHS) according to the supplier's instructions. Antigen is diluted with 10 mM sodium acetate, pH 4.8, 10 5
po/mi (~0.2 ul) before injection at a flow rate of 5 pl/minute {0 achieve approximately 10 response unils
(RU) of coupled protein. Following the injection of antigen, 1 M ethanolamine is injected to block
unreacied groups. For kinetics measurements, two-fold serial dilutions of Fab {(0.78 niM to 500 nM) are
injected in PBS with 0.05% polysorbate 20 (TWEEN-20™) surfactant (PBST) at 25°C at a flow rate of
approximately 25 pifmin. Assodciation rates {(kony and dissociation rales (ko) are calculaied using a simple
one-to-ong Langmuir binding model (BIACORE® Evaluation Software version 3.2) by simultaneously
fitling the association and dissociation sensorgrams. The equilibrium dissociation constant (Kd) is
calculated as the ratio kewfkon. See, for example, Chen et al,, J. Mol Biol 293:865-881 (1899}, ifthe on-

rate exceeds 108 M1 51 by the surface plasmon resonance assay above, then the on-rate can be
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determined by using a fluorescent quenching technigue that measures the increase or decrease in
fluorescence emission intensity (excitation = 295 nm; emission = 340 nm, 16 nm band-pass) at 25°C of a
20 nM anti-antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of
antigen as measured in a spectrometer, such as a stop-flow equipped spectrophometer (Aviv
instruments) or a 8000-series SLM-AMINCO™ gpectrophotometer (ThermoSpecironic) with a stirred

cuvetie.

2. Antibody Stability

in some instances, the antibody used in the antibody conjugates of the invention or compositions
thereof have enhanced stability, for example, as compared o an anti-VEGF antibody, for instance, G86.31
(see, e.g., U.S Pal No. 7,758,852 and International Application Pub. No. WO 2005/012358, which are
incorporated herein by reference in their entirety). The stability of an antibody may be determined using
any method known in the art, for example, differential scanning fluorimetry (DSF), circular dichroism (CD),
intrinsic protein flucrescence, differential scanning calorimetry, spectroscopy, light scattering (e.g.,
dynamic light scattering (CLS) and siatic lighi scaltering (SLS}, self-interaction chromatography (SIC).
The anti-VEGF antibody may have, for example, an enhanced melling temperaiure (T}, lemperature of
aggregation {Tagg), or other metrics of stability compared to an anti-VEGF antibody, for example, G8.31.

in certain embodiments, an antibody provided herein has a Twm that is greater than or egualto
about 80°C {e.g., about 81°C, about 82°C, about 83°C, about 84°C, about 85°C, about 86°C, about 87°C,
about 88°C, about 88°C, about 80°C, about 81°C, about 82°C, or about 83°C). For example, in some
instances, the anti-VEGF antibody has a Twm that is greater than or equal to about 83.5°C (e.g., about
83.5°C, about 84°C, about 85°C, about 86°C, about 87°C, about 88°C, about 89°C, ahout 90°C, about
91°C, about 92°C, or about 93°C). In some instances, the anti-VEGF antibody has a Tn of about 82°C 1o
about 82°C (e.g., about 82°C, about 83°C, about 84°C, about 85°C, about 86°C, about 87°C, about 88°C,
about 88°C, about 80°C, about 81°C, or about 82°C). In some about instances, the anli-VEGF antibody
has a Tm of about 82°C. In some instances, any of the preceding Tmvalues of an anti-VEGF antibody is
determined using DSF. In some embodiments, the Twvalue of an anti-VEGF antibody is determined as
described, for example, in Example 1 of intermational Patent Application No. PCT/US2016/053454, which
is incorporated herein by reference in its entirety.

3. Antibody Fragments
In certain embodiments, an antibody provided herein is an antibody fragment. Aniibody

fragments includs, but are not limiled to, Fab, Fab’, Fab-C, Fab’-SH, F{ab),, Fv, and scFv fragmenis, and
other fragments described below. For a review of certain antibody fragments, see Hudson et al., Nai.
Med. 9:129-134 (2003). For a review of scFv fragments, see, g.g., Pluckthiin, in The Pharmacology of
Monaocional Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-Verlag, New York}, pp. 268-315
{1884); see also WO 83/18185; and U.8. Patent Nos. 5,571,884 and 5,587 458. For discussion of Fab
and F{ab")z fragmenis comprising salvage receptor binding spitope residues and having increased in vivo
half-life, see U.S. Patent No. 5,869,046,
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Diabodies are antibody fragments with two antigen-binding sifes that may be bivalent or
bispecific. See, for example, EP 404,097; WO 1993/01161; Hudson et al., Nat. Med. 9:129-134 (2003);
and Hollinger et al., Proc. Nafl, Acad. Scoi. USA 90. 6444-65448 (1993). Triabodies and {etrabodies are
also described in Hudson et al., Nat. Med. 9:128-134 (2003).

Single-domain antibodies are antibody fragments comprising all or a portion of the heavy chain
variable domain or all or a portion of the light chain variable domain of an antibody. In certain
embodiments, a single-domain antibody is a human single-domain antibody (Domantis, Inc., Waltham,
MA; see, e.g., U.S. Patent No. 6,248,516 B1).

Antibody fragments can be made by various techniques, including but not limited {0 proteolytic
digestion of an intact antibody as well as production by recombinant host cells (e.g., £ cofi or phage), as

described herein.

4.  Chimeric and Humanized Antibodies

in certain embodiments, an antibody provided herein is a chimeric antibody. Certain chimeric
antibodies are described, for example, in U.S. Patent No. 4,816,567, and Morrison et al., Proc. Nedl
Acad. Sci. USA, 81.6851-6855 (1984). in one example, a chimeric antibody comprises a non-human
variable region {e.g., a variable domain derived from a mouse, rat, hamster, rabbit, or non-human
primate, such as a monkey) and & human constant domain. In a further example, a chimeric antibody is a
“class switched” antibody in which the class or subclass has been changed from that of the parent
antibody. Chimeric antibodies include antigen-binding fragments thereof,

in certain embodiments, a chimeric antibody is a humanized antibody. Typically, a non-human
antibody is humanized 1o reduce immunogenicity to humans, while retaining the specificity and affinity of
the parental non-human antibody. Generally, a humanized antibody comprises one or more variable
domains in which HVRs, for example, CDRs, (or portions thereof) are derived from a non-human
antibody, and FRs (or portions thereof) are derived from human antibody sequences. A humanized
antibody optionally will also comprise at least a portion of g human constant region. Insome
embodiments, some FR residues in a humanized antibody are substituted with corresponding residues
from a non-human antibody (e.g., the antibody from which the HVR residues are derived), e.g., to restore
or improve antibody specificity or affinity.

Humanized antibodies and methods of making them are reviewed, for example, in Almagro and
Fransson, Front. Biosci 13:1618-1833 (2008}, and are further described, for example, in Riechmann st
al., Nature 332:323-329 (1888); Queen et al., Proc. Naf! Acad. Sci, USA 86:10029-10033 (1889); US
Patent Nos. 5,821,337, 7,527,721, 6,882,321, and 7,087,409, Kashmiri et al., Methods 36:25-34 (2005)
{describing specificity determining region (SDR) grafting); Padlan, Mol immunol. 28:488-488 (1881)
{describing “resurfacing™); DallAcqua et al., Methods 36:43-60 (2005) (describing “FR shuffling”); and
Osbourn et al., Methods 38:61-88 (2005) and Klimka et al., Br. J. Cancer, 83.252-260 (2000) (describing
the “guided selection” approach to FR shuffling).

Human framework regions that may be used for humanization include but are not limited {o:
framework regions selected using the “best-fit” method {see, e.g., Sims et al., J. Immunol, 151:2286

(1893)); framework regions derived from the consensus sequence of human antibodies of a particular
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subgroup of light or heavy chain variable regions (see, e.q., Carler et al., Proc. Natl Acad. Sci. USA,
89:4285 (1982); and Presta et al,, J Immunol., 151:2623 (1983)); human mature (somatically mutated)
framework regions or human germiline framework regions (see, e.g., Almagre and Fransson, Front,
Biosci, 13:1618-~16373 (2008)); and framework regions derived from screening FR libraries (see, e.g., Baca
et al., J. Biol Chem. 272:10678-10684 (1997} and Rosok et al., J. Bip! Chem. 271.22611-22618 (1998)).

5 Human Antibodies

in certain embodiments, an antibody provided herein is a human antibody. Human antibodies
can be produced using various technigues known in the art. Human antibodies are described generally in
van Dk and van de Winkel, Curr. Opin. Pharmacol. 5. 368-74 (2001) and Lonberg, Curr. Cpin. immunol,
20:.450-459 (2008).

Human antibodies may be prepared by adminisiering an immunogen to a transgenic animal that
has been modified to produce intact human antibodies or intact antibodies with human variable regions in
response to antigenic challenge. Such animals typically contain all or a portion of the human
immunoglobulin foc, which replace the endogenous immunoglobulin oci, or which are present
exirachromosomally or integrated randomly into the animal’'s chromosomes. In such transgenic mice, the
endogenous immunogiobulin loci have generally been inactivated. For review of methods for obtaining
human antibodies from transgenic animals, see Lonberg, Naf. Biofech. 23:1117-11285 (2005). See also,
for example, U.S. Patent Nos. 8,075,181 and 6,150,584 describing XENOMCUSE ™ technology; U.S.
Patent No. 5,770 425 describing HUMAB® technology, U.S. Patent No. 7,041,870 describing K-M
MOUSE® technology, and U.S. Patent Application Publication No. US 2067/0061900, describing
VELOCIMOUSE® technology). Human variable regions from intact antibodies generated by such
animals may be further modified, for example, by combining with a different human constant region.

Human antibodies can also be made by hybridoma-based methods. Human myeloma and
mouse-human heteromyeloma cell lines for the production of human monoclonal antibodies have been
described. (See, e.q., Kozbor J. Immunol, 133: 3001 (1884); Brodeur et al., Monocional Antibody
Production Techniques and Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1887); and Boerner
et al., J Iimmunol., 147: 86 (19981).) Human antibodies generated via human B-cell hybridoma technology
are also described in Li et al., Proc. Nafl, Acad. Sci, USA, 103:3557-3562 (2006). Additional methods
include those described, for example, in U.S. Paltent No. 7,188,828 (describing production of monocional
human Igh antibodies from hybridoma cell ines) and Ni, Xiandai Mianyixue, 26(4).285-268 (2006)
(describing human-human hybridomas). Human hybridoma technology (Trioma technology) is also
described in Volimers and Brandlsin, Hisiology and Histopathology, 20(3):827-937 (2005) and Vollmers
and Brandlein, Methods and Findings in Experimental and Clinical Pharmacology, 27(3):185-81 (2005},

Human antibodies may also be generated by isolating Fv clone variable domain sequences
selected from human-derived phage display libraries. Such variable domain sequences may then be
combined with a desired human constant domain. Techniquses for selecting human antibodies from

antibody libraries are described below.
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6. Library-Derived Antibodies

Antibodies of the invention may be isolated by screening combinatorial libraries for antibodies
with the desired aclivity or activities. For example, a variety of methods are known in the art for
generating phage display libraries and screening such libraries for antibodies possessing the desired
binding characteristics. Such methods are reviewed, e.q., in Hoogenboom et al., in Methods in Molecular
Biology 178:1-37 (O'Brien et al,, ed., Human Press, Totowa, NJ, 2001) and further described, e.g., in the
McCaftferty et al., Nafure 348:552-554; Clackson et al., Nafure 352: 624-628 (1991); Marks et al., J. Mol
Biol 222: 581-587 (1882}, Marks and Bradbury, in Methods in Molecufar Biclogy 248:161-175 (Lo, ed.,
Human Fress, Totowa, NJ, 2003); Sidhu et al., J Mol Biol 338(2). 2998-310 (2004}, Lee et al., J. Mol
Biol 340G(5). 1073-1093 (2004); Feliouse, Proc. Natl. Acad. Sci. USA 101(34). 12467-12472 (2004); and
Lee et al., J. Immuncl. Methods 284(1-2): 118-132(2004).

in certain phage display methods, repertoires of VH and VL genes are separately cloned by
polymerase chain reaction (PCR) and recombined randomiy in phage librarigs, which can then be
screened for antigen-binding phage as described in Winter et al., Ann. Rev. Immunol., 12. 433-455
{1884}, Phage typically display antibody fragments, either as single-chain Fv (scFv) fragmenis or as Fab
fragments. Libraries from immunized sources provide high-affinity antibodies to the immunogen without
the requirement of constructing hybridomas. Alternatively, the naive repertoire can be cloned {e.g., from
human) to provide a single source of antibodies 10 a wide range of non-self and also self antigens without
any immunization as described by Griffiths et al,, EMBO J, 12: 725-734 (1983). Finally, naive libraries
can also be made synthetically by cloning unrearranged V-gene segments from stem cells, and using
PCR primers confaining random sequence 1o encode the highly variable CDR3 regions and to accomplish
rearrangement in vifro, as described by Hoogenboom and Winter, J. Mol Biol., 227 381-388 (1992).
Patent publications describing human antibody phage libraries include, for example: US Patent No.
5,750,373, and US Patent Publication Nos. 2005/0079574, 2005/0119455, 2005/0266000,
2007/0117126, 2007/0180598, 2007/0237784, 2007/02929386, and 2008/0002360.

Antibodies or antibody fragments can be derived from phage libraries as described in
International Patent Application No. PCT/US2016/053454,

Antibodies or antibody fragments isolated from human antibody libraries are considered human

antibodies or human antibody fragments herein,

7. Multispecific Antibodies

In certain embodiments, an antibody provided herein is a multispecific antibody, for example, a
bispecific antibody. Multispecific antibodies are monocional antibodies that have binding specificities for
at least two different sites. In certain embodiments, one of the binding specificities is for VEGF and the
other is for any other antigen {e.¢., a second biclogical molecule, e.g., interlsukin-1 beta (L-18);
interleukin-6 (IL-6}; interleukin-8 recaptor (IL-8R); interleukin-13 {({L-13); 1L-13 receptor (L-13R); PDGF
{e.g.. PLBGF-BB); angiopoietin; angiopoietin 2 (Ang2); Tie2; S1P, integrins avP3, avB5, and ab5f1;
betacelluling apelin/ARJ; erythropoieting complement factor D; TNFa; HtrAt; a VEGF receplor {&.g.,
VEGFR1, VEGFR2, VEGFRS, membrane-bound VEGF-receptor (mbVEGFR), or soluble VEGF receptor

(sVEGFR)); ST-2 receptor; and proteins genetically linked to age-related macular degeneration (AMD)
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risk, such as complement pathway components C2, factor B, factor H, CFHR3, C3b, C5, C5a, and C3a;
HirA1, ARMS2: TIMPS; HLA; interfeukin-8 (IL-8); CX3CR1; TLR3; TLR4; CETP; LIPC; COL10A1; and
TNFRSF10A. Accordingly, the bispecific antibody may have binding specificity for VEGF and 1L-18;
VEGF and IL-8; VEGF and IL-8R; VEGF and IL-13; VEGF and IL-13R; VEGF and PDGF (e.q., PDGF-
BB); VEGF and angiopoietin; VEGF and Ang2; VEGF and Tie2; VEGF and S1P; VEGF and integrin avi3;
VEGF and integrin avB5; VEGF and infegrin a581; VEGF and betacellulin, VEGF and apelin/APJ; VEGF
and erythropoietin; VEGF and complement factor D; VEGF and TNFq; VEGF and HirA1; VEGF and a
VEGF receplor {e.g., VEGFR1, VEGFRZ, VEGFR3, mbVEGFR, or sVEGFR), VEGF and ST-2 recepior,
VEGEF and C2; VEGF and factor B; VEGF and factor H; VEGF and CFHRS3; VEGF and C3b; VEGF and
C5; VEGF and C8a; VEGF and C3a; VEGF and ARMS2; VEGF and TIMP3; VEGF and HLA; VEGF and
-8, VEGF and CX3CR1; VEGF and TLRS; VEGF and TLR4; VEGF and CETP; VEGF and LIPC; VEGF
and COL10AT; or VEGF and TNFRSF10A. In certain embodiments, bispecific antibodies may bind to two
different epitopes of VEGF. Bispecific antibodies may also be used to localize cyioloxic agents {o celis
which express VEGF. Bispecific antibodies can be prepared as full length antibodies or antibody
fragments {e.g., Fab, Fab’, or Fab-C fragments}.

in some instances, the bispecific antibody is a bispecific anti-VEGF/anti-angiopoeitin 2 (Ang2)
antibody disclosed in U.S. Palent Application No. US 2014/0017244, which is incorporated herein by
reference in its entirety. For example, the anti-VEGF/ anti-Ang2 bispecific antibody may include a first
binding domain that binds VEGF {(such as any of the anti-VEGF antibodies described herein) and a
sacond binding domain that binds Ang?2 that includes {a) an HVR-H1 comprising the amino acid
sequence of GYYMH (GEQ 1D NO: 62); (b} an HVR-H2 comprising the aminoe acid sequence of
WINPNSGGTNYAQKFQG (SEQ ID NCG: 63); (¢} an HVR-H3 comprising the amino acid sequence of
SPNPYYYDSSGYYYPRGAFD! (SEQ 1D NO: 84); (d) an HVR-L1 comprising the amino acid sequence of
GGNNIGSKSVH (SEQ 1D NO: 85); (&) an HVR-L2 comprising the amino acid sequence of DDSDRPS
{SEQ 1D NO: 86); and () an HVR-L3 comprising the aming acid sequence of QVWDSSSDHWY (SEQ ID
NQ: 67), or a combination of one or more of the above HVRs and one or more variants thereof having at
least about 80% sequence identity {e.q., 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 84%, 95%, 96%, 97%, 88%, or 98% identity} to any one of SEQ 1D NOs: 82-67.

in some instances, the anli-VEGF/anti-Ang2 bispecific antibody may include a first binding
domain that binds VEGF (such as any of the anti-VEGF antibodies described herein) and a second
binding domain that binds to Ang2 and includes {(a) a VH domain comprising an aming acid sequence
having at least 80% segquence identity (8.g., 80%, 81%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 88%,
80%, 91%, 92%, 93%, 94%, 95%, 86%, 87%, 98%, or 89% sequence identily) to, or the sequence of,
SEQ D NO: 88; (Ib) a VL domain comprising an amino acid sequence having at least 80% sequence
identity (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 808%, 87%, 88%, 88%, 20%, 91%, 82%, 33%, 94%, 95%,
86%, 97%, 88%, or 88% sequence identity) to, or the sequence of, SEQ 1D NO: 68; or (&) a VH domain
as in {ay and a VL domain as in ). In some instances, the anti-VEGF/anti-Ang2 bispecific antibody may
include a first binding domain that binds VEGF {such as any of the anti-VEGF antibodies described
herein) and a second binding domain that specifically bind 10 Ang2, wherein the second binding domain is
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any antibody binding domain described in International Patent Application Publication No. WO
2010/069532, which is incorporated herein by reference in its entirety, or a variant thereof,

in other instances, the anti-VEGF/anti-Ang2 bispecific antibody is any anti-VEGF/anti-Ang2
bispecific antibody described in International Patent Application Publication No. WO 2016/073157.

In some instances, the bispecific antibody is a bispecific anti-VEGF/anti-lL-6 antibody. In some
instances, an anti-VEGF/anti-IL-6 bispecific antibody may include a first binding domain that binds VEGF
(such as any of the anti-VEGF antibodies described herein) and a second binding domain that binds [L-8.
The second binding domain may be a binding domain of any anti-iL-6 antibody known in the ari, for
example, EBI-031 (Eleven Biotherapeutics, see, e.g., WO 2016/073880, which is incorporated herein by
reference in its entirety), situwximab (SYLVANT®), clokizumab, clazakizumab, sirukumab, elsifimomab,
gerilimzumab, OPR-003, MEDI-5117, PF-04236921, or a variant thersof.

in some instances, the bispecific antibody is a bispecific anti-VEGF/anti-iL-6R antibody. In some
instances, an anti-VEGF/anti-IL-6R bispecific antibody may include a first binding domain that binds
VEGF (such as any of the anti-VEGF antibodies described herein) and a second binding domain that
binds IL-8R. The second binding domain may be a binding domain any anti-IL-8R antibody known in the
ar, for example, tocilizumab (ACTEMRA®) (see, &.g., WO 1882/018578, which is incorporaied herein by
reference in its entirety), sariiumab, vobarilizumab (ALX-0081), 3A-237, or a variant thereof.

Technigues for making multispecific antibodies include, but are not limited 1o, recombinant co-
expression of two immunoglobulin heavy chain-light chain pairs having different specificities {see Milstein
and Cuello, Nafure 305: 537 (1883)), WO 93/08329, and Traunecker et al., EMBO J. 10: 3655 {1991)),
and “kKnob-in-hole” engineering (see, e.g., U.S. Palent No. 5,731,168). Mulli-specific antibodies may also
be made by engineering electrostatic steering effects for making antibody Fo-heterodimeric molecules
(WO 2008/089004A1); cross-linking fwo or more antibodies or fragments (see, e.g., US Patent No.
4,676,980, and Brennan et al., Science, 229: 81 (1888)); using leucine zippers to produce bi-specific
antibodies (see, e.q., Kosteiny et al., J. Immunol., 148(5):1547-1553 (1992)); using “diabody” technology
for making bispecific antibody fragmenis (see, e.q., Hollinger et al.,, Proc. Nall. Acad. Sci. USA, 80.6444-
8448 (1993)); and using single~-chain Fv (sFv) dimers (see, e.g., Gruber et al., J. Immunol., 152:5368
(1994)); and preparing trispecific antibodies as described, for example, in Tuti et al,, J. Immunol, 14760
{1881).

Engineered antibodies with three or more functional antigen binding sites, including “Oclopus
antibodies,” are also included herein {see, e.g. US 2006/0025578A1).

The antibody or fragment herein also includes a “Dual Acling FAD” or "DAF” comprising an
antigen binding site that binds to VEGF as well as another, different antigen (see, e.g.,

US 2008/0069820).

8. Antibody Varianis
in certain embodiments, amino acid sequence variants {e.g., anlibody variants including one or
more aming acid residue alterations) of the antibodies provided herein are contemplated. For example, #
may be desirable to improve the binding affinity and/or other biglogical properties of the antibody. Amino

acid sequence variants of an antibody may be prepared by introducing appropriate modifications into the
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nucleotide sequence encoding the antibody, or by peptide synthesis. Such modifications include, for
example, deletions from, and/or insertions into and/or substitutions of residues within the amino acid
sequences of the antibody. Any combination of deletion, insertion, and substitution can be made to amrive
at the final construct, provided that the final construct possesses the desired characteristics, for example,

antigen binding.

a) Substitution, Insertion, and Deletion Varianis
in certain embodiments, antibody variants having one or more amino acid substitutions are
provided. Sites of interest for substitutional mutagenesis include the HVRs and FRs. Conservalive
substitutions are shown in Table 1 under the heading of “preferred substitutions.” More substantial
changes are provided in Table 1 under the heading of "exemplary substitutions,” and as further described
below in reference to amino acid side chain classes. Aming acid substitutions may be introduced inlo an
antibody of interest and the products screened for a desired activily, for example, retained/improved

antigen binding, decreased immunogenicity, or improved ADCC or CDC.

Table 1
Original Exemplary Substitutions Preferred Substitutions
Residue

Ala (A) Val: Leu; He Val
Arg (R) Lys; Gln; Asn Lys
Asn (N} Gln; His; Asp, Lys; Arg Gin
Asp () Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gin (Q) Asn; Glu Asn
Glu (E) Asp; Gin Asp
Gly (3) Ala Ala
His (M) Asn; Gin; Lys; Arg Arg
tle (i Leu; Val; Met; Ala; Phe; Norleucine Leu
Leu (L) Norlsucine; lle; Val; Met; Ala; Phe e

Lys (K} Arg; Gl Asn Arg
Met (M) Leu; Phe; lle Leu
Phe (F} Trp, Leu; Val; lie; Ala; Twr Tyr
Fro (P} Ala Ala
Ser (8) Thr Thr
Thr (1) Val; Ser Ser
Trp (W) Tyr: Phe Tyr
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Original Exemplary Substitutions Preferred Substitutions
Residue

Tyr {Y) Trp, Phe, Thr; Ser Phe

Val (V) ile; Leu; Met; Phe; Ala; Norleucine Leu

Amino acids may be grouped according to commeoen side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Ley, lie;

(2} neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

(3} acidic: Asp, Glu;

(4} basic: His, Lys, Arg;

(5} residues that influence chain orientation: Gly, Pro;

(8} aromatic: Trp, Tyr, Phe,

Non-conservative substitutions will entall exchanging a member of one of these classes for
another class.

One type of substitutional variant involves substituling one or more hypervariable region residues
and/or FR residues of a parent antibody (e.q., a2 humanized or human antibody). Generally, the resulting
variani(s) selected for further study will have modifications {e.g., improvements) in ceriain biological
properties {g.g., increased affinity, increased stability, increased exprassion, altered pl, and/or reduced
immunogenicily) relative to the parent antibody and/or will have substantially retained cerlain biclogical
properties of the parent antibody. An exemplary substitutional variant is an affinity matured antibody,
which may be conveniently generated, for example, using phage display-based affinity maturation
techniques such as those described herein. Briefly, one or more HVR residues are mutated and the
variant antibodies displayed on phage and screened for a particular biological activity {e.g. binding
affinity).

Alterations {e.g., substitutions) may be made in HVRs, for example, 1o improve antibody affinity.
Such alterations may be made in HVR “hotspots,” Le., residues encoded by codons that undergo
multation at high frequency during the somatic maturation process (see, e.¢., Chowdhury, Methods Mol
Biol. 207:179-196 (2008)), and/or residues that confact antigen, with the resulting variant VM or VL being
fested for binding affinity.  Affinity maturation by constructing and reselecting from secondary libraries has
been described, for example, in Hoogenboom et al., in Methods in Molecular Biology 178:1-37 (O’Brien et
al., ed., Human Press, Totowa, NJ, (2001)). In some embodiments of affinity maturation, diversity is
introduced into the variable genes chosen for maturation by any of a variety of methods {g.q., error-prone
PCR, chain shufling, or oligonuclectide-directed mutagenesis). A secondary library is then created. The
library is then screened to identily any antibody variants with the desired affinity. Another method {o
introduce diversity involves MHVR-directed approaches, in which several HVR residues (e.g., 4-8 residues
at a time) are randomized. HVR residues involved in aniigen binding may be specifically identified, e.g.,
using alanine scanning muiageneasis or modeling. CDR-H3 and CDR-L3 in particular are often targeted.

in certain embodiments, substitutions, insertions, or deletions may occur within one or more
HVRs so tong as such alterations do not substantially reduce the ability of the antibody to bind antigen.
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For example, conservative alterations {(e.g., conservative substitutions as provided herein) that do not
substantially reduce binding affinity may be made in HVRs. Such alterations may, for example, be
autside of antigen contacting residues in the HVRs. In certain embodiments of the variant VH and VL
sequences provided above, each HVR either is unaltered, or contains no more than one, two or three
amnine acid substitutions.

In cerfain embodiments, substitutions, insertions, or deletions may occur within one or more FRs
s0 long as such alterations do not substantially reduce the ability of the antibody 1o bind antigen. Such
alterations may, for example, improve antibody affinity and/or stability (e.g., as assessed by an increased
melting temperature).

A useful method for identification of residues or regions of an antibody that may be targeted for
mutagenesis is called “alanine scanning mutagenesis” as described by Cunningham and Wells (1989)
Science, 244.1081-1085. In this method, a residue or group of target residuss {e.g., charged residues
such as Arg, Asp, His, Lys, and Glu) are identified and replaced by a neutral or negatively charged amino
acid {(e.g., alanine or polyalaning} to deiermine whether the interaction of the antibody with antigen is
affected. Further substitutions may be introduced at the amino acid locations demonstrating functional
sensitivity to the initial substitutions. Aliemnatively, or additionally, a crystal structure of an antigen-
antibody complex to identify contact poinis between the antibody and antigen. Such contact residues and
neighboring residues may be targeted or eliminated as candidates for substitution. Varianis may be
screenad o determine whether they contain the desired properties.

Amino acid sequence insertions include amino- and/or carboxyb-terminal fusions ranging in length
from one residue to polypeptides containing a hundred or more residues, as weall as intrasequence
insertions of single or muktiple amino acid residues. Examples of terminal insertions include an antibody
with an N-terminal methionyl residue. Cther insertional variants of the antibody molecule include the
fusion to the N- or C-terminus of the antibody to an enzyme (e.q. for ADEPT) or a polypeptide which

increases the serum half-life of the antibody.

h)  Glycosylation variants

In certain embodiments, an antibody provided herein is altered to increase or decrease the exient
{o which the antibody is glycosylated. Addition or deletion of glycosylation sites to an antibody may be
conveniently accomplished by altering the amino acid sequence such that one or more glycosylation sites
is created or removed.

Where the antibody comprises an Fc region, the carbohydrate attached thereto may be allered.
Native antibodies produced by mammalian cells typically comprise a branched, biantennary
oligosaccharide that is generally attached by an N-linkage to Asn287 of the CH2 domain of the Fc region.
See, e.g., Wright et al., TIBTECH 15:26-32 (1887). The oligosaccharide may include various
carbohydrates, e.g., mannose, N-acetyl glucosamine (GlcNAC), galactose, and sialic acid, aswell as a
fucose atiached {0 a GlcNAc in the “stemy” of the biantennary oligosaccharide structure. In some
embodiments, modifications of the oligosaccharide in an antibody of the invention may be made in order

o create antibody variants with certain improved properties.
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in one embodiment, antibody variants are provided having a carbohvydrate structure that lacks
fucose attached (directly or indirectly) to an Fo region. For example, the amount of fucose in such
antibody may be from 1% 10 80%, from 1% 10 65%, from 5% 10 65% or from 20% 10 40%. The amount of
fucose is determined by calculating the average amount of fucose within the sugar chain at Asn297,
relative 1o the sum of all glycostructures attached to Asn 297 (e. g. complex, hybrid and high mannose
structures) as measured by MALDI-TOF mass spectrometry, as described in WO 2008/077548, for
example. Asn287 refers to the asparagine residue located at about position 287 in the Fe region (Eu
numbering of Fc region residues); however, Asnz287 may aiso be located about & 3 amino acids upstream
or downstream of position 297, i.e., between positions 294 and 300, due to minor sequence variations in
antibodies. Such fucosylation varianis may have improved ADCC function. See, for exampie, US Patent
Publication Nos. US 2003/0157108; US 2004/0093621. Examples of publicalions related to
“‘defucosylated” or “fucose-deficient” antibody variants include: US 2003/0157108; WO 200061738, WO
2001/29246; US 2003/0115614; US 2002/0164228; US 2004/0093821; US 2004/0132140; US
2004/0110704; US 2004/0110282; US 2004/0108865; WO 2003/085119; WO 2003/084570, WO
2005/035586,; WO 2005/035778, WO2005/053742; W0O2002/031140; Okazaki et al., J. Mol Biol,
336:1238-1248 (2004); Yamane-Chnuki et al., Biofech. Bioeng. 87. 614 (2004). Examples of cell lines
capable of producing defucosylaied antibodies include Lect3 CHO celis deficient in prolein fucosylation
(Ripka et al., Arch. Biochem. Biophys. 249:533-545 (1986); US Pat Appl No US 2003/0157108 A1,
Presta, L; and WO 2004/0568312 A1, Adams ef al., especially at Example 11), and knockout cell lines,
such as alpha-~1,6-fucosyliransferase gene, FUTS, knockout CHO cells {see, e.g., Yamane-Ohnuki et al.,
Biotech. Bioeng. 87. 614 (2004); Kanda et al., Biofechinol. Bioeng., 94(4).680-688 (2006); and
WO2003/085107).

Antibodies variants are further provided with bisecled oligosaccharides, e.g., in which a
biantennary oligosaccharide attached to the Fo region of the antibody is bisecled by GlcNAc. Such
antibody variants may have reduced fucosylation and/or improved ADCC function. Examples of such
antibody variants are described, e.q., in WO 2003/011878; US Patent No. 6,602,684, and US
2005/0123546 (Umana et al.). Antibody variants with at least one galaciose residue in the
oligosaccharide attached o the Fc region are also provided. Such antibody variants may have improved
CDC function. Such antibody variants are described, for exampls, in WO 1887/30087; WO 1998/58964;
and WO 1969/22784 (Raju, S.).

¢} Fcregion varianits

In certain embodiments, one or more amino acid modifications may be introduced into the Fc
region of an antibody provided herein, thereby generating an Fo region variani. The Fc region variant
may comprise a human Fo region sequence {(.¢., a human IgG1, IgG2z, igG3 or igG4 Fe region)
comprising an amino acid residue alteration (e.g., a substitution) at one or more amino ackd positions.
in certain embodiments, the invention contemplates an antibody variant that possesses some but not all
effector functions, which make it a desirable candidate for applications in which the half life of the
antibody in vivo is important yet cerlain effector functions (such as complement and ADCC) are

unnecessaiy or deleterious. In vifro and/or in vivo oytotoxicity assays can be conducted 1o confirm the
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reduction/depletion of CRC and/or ADCC activities. For example, Fo receptor (FeR) binding assays can
be conducied {o ensure that the antibody lacks FoyR binding (hence likely facking ADCC activity), but
retains FeRn binding ability. The primary cells for mediating ADCC, NK cells, express FcyRIll only,
whereas monocyles express FoyRIE, FoyRE and FoyREEL FeR expression on hematopoietic cells is
summarized in Table 3 on page 484 of Ravetch and Kinet, Annu. Rev. Immunol, 8.457-492 (1981).

Non-limiting examples of in vifro assays to assess ADCC activity of a molecule of interest are
described in U.S. Patent No. 5,500,362 (see, e.g. Helistrom et al., Proc. Nat'l Acad. Sci. USA 83.7058-
7083 (1886) and Helistrom, | et al., Proc. Nat'l Acad. Soi. USA 82:1498-1502 (1985); U.S. Pat. No.
5,821,337; and Bruggemann et al., J. Exp. Med. 166:1351-1381 (1887)). Aliernatively, non-radicactive
assays methods may be employed (see, for example, ACTI™ non-radinactive cytotoxicity assay for flow
cytometry (CeliTechnology, Inc. Mountain View, CA; and CYTOTOX 96® non-radicactive cyvtotoxicity
assay (Fromega, Madison, Wi). Useful effector celis for such assays include peripheral blood
mononuclear celis (PBMC) and Natural Killer (NK) celis. Alternatively, or additionally, ADCC activity of
the molecule of interest may be assessed in vivo, for example, in an animal model such as that disclosed
in Clynes et al.,, Proc. Natl Acad. Sci USA 85:652-656 (1988). C1qg binding assays may also be carried
aut to confirm that the antibody is unable 1o bind C1g and hence lacks CDC activity. See, for example,
C1g and C3c¢ binding ELISA in WO 2006/028879 and WO 2005/100402. To assess complement
activation, a CDC assay may be performed (see, e.q., Gazzano-Santore ef al., J. Immunol. Methods
202:163 (19986); Cragq et al., Blood 101:1045-1052 (2003); and Cragg et al., Blood 103:2738-2743
(2004)). FcRn binding and in vivo clearance/half life determinations can also be performed using
methods known in the art (see, e.g., Petkova el al., /Inf'l immunol. 18(12):1759-1769 (2006)).

Antibodies with reduced effector function include those with substitution of one or more of Fo
region residues 238, 265, 269, 270, 297, 327 and 328 (1.3, Patent No. 6,737,058). Such Fc mulants
include Fc mutanis with substitutions at two or more of amino acid positions 265, 269, 270, 287 and 327,
including the so-called "DANA” Fo mutant with substitution of residues 265 and 297 1o alanine (US Patent
No. 7,332,581).

Certain antibody variants with improved or diminished binding to FcRs are described. (See, e.g.,
U.S. Patent No. 6,737,056, WO 2004/056312, and Shields et al,, J. Biol. Chem. 9(2): 6591-6604 (2001)).

in certain embodiments, an antibody variant comprises an Fo region with one or more amino acid
substitutions which improve ADCC, e.g., substitutions at positions 298, 333, and/or 334 of the Fc region
{(EU numbering of residues).

in some embodiments, alterations are made in the Fc region that result in altered {i.e., either
improved or diminished) C1qg binding and/or Complement Dependent Cylotoxicity (CDCY, for example, as
described in US Patent No. 6,184,551, WO 99/51642, and [dusogie et al., J. Immunol 164; 4178-4134
(2000).

Antibodies with increased half lives and improved binding to the neonatal Fo receptor (FeRn),
which is responsible for the transfer of maternal IgGs to the fetus (Guver et al., J. Immunol 117.:587
{1976} and Kim et al., J immunol. 24.249 (1884)), are described in US2005/0014934A1 (Hinton et all).
Those antibodies comprise an Fo region with one or more substitutions therein which improve binding of

the Fo region to FoRn. Such Fo variants include those with substitutions at one or more of Fo region
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residues: 238, 256, 265, 272, 286, 303, 305, 307, 311, 312, 317, 340, 356, 360, 382, 376, 378, 380, 382,
413, 424 or 434, e.g., substifution of F¢ region residue 434 (US Patent No. 7,371,826). See also Duncan
& Winter, Nafure 322:738-40 (1988); U.S, Patent No, 5,648,260; U.S. Patent No. 5,624,821; and WO

94/29351 concerning other examples of Fe region variants.

d) Cysteine engineered antibody variants

The invention provides cysieine engineered antibodies where one or more amino acids of a wild-
type or pareni antibody (e.g., an anti-VEGF antibody, including any anti-VEGF antibody described herein)
are replaced (i.e., “substituted” or "mutated”) with a cysieine amino acid (i.e., an “engineered cysieine”),
Any form of antibody may be 50 engineered, i.e. mutated. For example, a parent monocional antibody
may be engineered to form a “THIOMAB ™ antibody.” One example of a THIOMAB™ aniibody is an
antibody fragment (i.e., a Fab) that has an engineered cysieine. This Fab THIOMAB™ antibody can be
referred {o as “ThicFab.” It should be noted that a single site mutation vields a single engineered cysteine
residue in a ThioFab, while a single site mutation visids two engineered cysleine residues in a
THIOMAB™ antibody, due to the dimeric nalure of the IgG antibody.

Mutants with engineered cysteine (Cys) residues can be evaluated for the reactivity of the newly
introduced, enginesred cysteing thiol groups. The thiol reactivity value is a relative, numerical term in the
range of 0 to 1.0 and can be measured for any cysteine engineered antibody. Thiol reactivity values of
cysteine engineered antibodies of the invention are in the range of 0.0 to 1.0. Specifically, the thiol
reactivity values of cysteine engineered antibodies of the invention are intherange of 0.1 t0 1.0, In
certain embodiments, the thiol reactivity values of gysieine engineered antibodies of the invention are in
the ranges of 0010 01,0110 05,0110 06,0110 0.7, 0110 0.8, 0.1t0 0.8, or 0.1 10 1.0, In cerfain
embodiments, the thiol reactivity values of cysteine engineered antibodies of the invention are in the
ranges of 021010, 0310 1.0,04101.0,05101.0,0610 1.0, 0710 1.0, or 0.8 to 1.0. In certain
embodiments, the thiol reactivity values of cysteine engineered antibodies of the invention are in the
range of 0.6 10 1.0. In certain embodiments, the thiol reactivity values of cysteine engineered antibodies
of the invention are in the ranges of 0.7 10 1.0, In cerfain embodiments, the thiol reactivity values of
cysteine enginsered antibodies of the invention are in the ranges of 0.8 to 10, In cerlain embodiments,
the thiol reactivity values of cysteine engineered antibodies of the invention are in the ranges of 0.5 10 0.8,
in certain embodiments, the thiol reactivity values of cysteine engineered antibodies of the invention are
in the ranges of 0.5 10 0.9, In certain embodiments, the thicl reaclivity values of cysieine engineered
antibodies of the invention are in the ranges of 0.5 10 0.7, In certain embodiments, the thiol reactivity
values of cysieine engineered antibodies of the invention are in the ranges of 0.5 10 1.0,

The invention provides design, selection, and preparation methods for producing cysieine
engineerad antibodies which are reactive with electrophilic functionality. These methods further enable
antibody conjugate compounds such as, for example, antibody-polymer conjugates with polymer moigties
conjugated at designated, designed, seleclive sites. Reactive cysieine residues on an antibody surface
allow specifically conjugating a polymer through a thiol reactive group such as maleimide or haloacetyl.
The nuclecphilic reactivity of the thicl functionality of a Cys residue to a maleimide group is about 1000

times higher compared {o any other amino acid functionality in a protein, such as amino group of lysine
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residues or the N-ierminal amino group. Thiol specific functionality in iodoacetyl and maleimide reagents
may react with amine groups, but higher pH (>8.0) and longer reaction times are required (Garman, 1997,
Non-Radioactive Labelling: A Practical Approach, Academic Press, London).

Cysteine engineered antibodies of the invention preferably retain the antigen binding capability of
their wild type, parent antibody counterparts. Thus, cysieine engineered antibodies are capable of
binding, preferably specifically, 1o antigens. Exemplary, non-limiting antigens include VEGF; IL-1B; IL-6;
L-6R; 1L-13; IL-13R; PDGF {e.g., PDGF-BB); angiopoietin; angiopoietin 2 (Ang2); Tie2; S1P; integrins
av33, avB5, and ab5B1; betacellulin; apelin/ARJ; eryihropoieting complement factor D; TNFa; HirAt, a
VEGF receplor {e.q., VEGFR1, VEGFRZ, VEGFR3, mbVEGFR, or sVEGFR), 8T-2 receplor; and a
profein genetically linked to AMD risk (e.g., complement pathway components C2, factor B, factor H,
CFHR3, C3b, €5, C5a, and C3a; HirA1, ARMS2; TIMPS; HLA; IL-8; CX3CRT; TLR3,; TLRS,; CETP; LIPC;
COL10A1; and TNFRSF10A).

Any of the antibodies described herein (e.g., any of the anti-VEGF antibodies described above)
may be a parent antibody used o generate a cysieine engineered antibody. The exemplary methods
described here may be applied generally 1o the identification and production of antibodies through
application of the design and screening steps described herein.

Cysteine engineered antibodies of the invention may be site-specifically and efficiently coupled
with a thiokreactive reagent. The thicl-reactive reagent may be, for exampie, a clearance-modifving
agent such as a polymer {e.g., an HA polymer or various isomers of polyethylene glycol), a peptide that
binds 1o a third component, or ancther carbohydrate or lipophilic agent, a multifunctional linker reagent, a
capture, Le., affinity, label reagent (e.g., a bictin-linker reagent), a detection label (2.q., a fluorophore
reagent), a solid phase immobilization reagent {e.g., SEPHARCSE™ polystyrene, or glass), or a drug-
linker infermediate. One example of a thicl-reactive reagent is N-ethyl maleimide (NEM). Inan
exermnplary embodiment, reaction of a THIOMAB™ antibody with a biotin-linker reagent provides a
biotinylated THIOMAB™ antibody by which the presence and reactivity of the engineered cysieine
residue may be detected and measured. Reaction of a THIOMAB™ antibody with a multifunctional linker
reagent provides a THIOMAB™ antibody with a funclionalized linker which may be further reacied with a
polymer, a drug moiety reagent, or other label. Reaction of a THIOMAB™ antibody with a drug-linker
infermediate provides a THIOMAB™ antibody drug conjugate. In certain embodiments, the THIOMAB™
antibody is a ThioFab.

Cysteine engineered antibodies can be conjugated to thiol-reactive agents in which the reactive
group is, for example, a malsimide, an iodoacetamide, a pyridy! disulfide, or other thiol-reactive
conjugation partner (see, e.g., Haugland, 2003, Molecular Probes Handbook of Fluorescent Probes and
Research Chemicals, Molscular Probes, Inc.; Brinkley, 1982, Bioconjugate Chem. 3.2; Garman, 1997,
Non-Radioactive Labelling: A Practical Approach, Academic Press, London; Means {1980) Bioconjugate
Chem. 1:2; Hermanson, G. in Bioconjugate Technigues (1898) Academic Press, San Diego, pp. 40-55,
643-671). The partner may be a cytoloxic agent {(e.g., a toxin such as doxorubicin or pertussis toxin), a
fluorophore such as a fluorescent dye like fluorescein or rhodamine, a chelating agent for an imaging or
radiotherapeutic metal, a peptidyi or non-peptidyl label or detection tag, or a clearance-modifying agent

58



(8]

10

15

20

25

30

a5

40

WO 2018/175752 PCT/US2018/023812

such as a polymer {e.q., an HA polymer or various isomers of polyethylene glycol), a peptide that binds to
a third component, or another carbohydrate or lipophilic agent.

The PHESELECTOR (Phage ELISA for Selection of Reactive Thiols) assay allows for detection
of reactive cysieine groups in antibodies in an ELISA phage format. See U.S. Pal. No. 7,521,541 and
U.S. Pat. Pub. No. 20110301334, which are incorporated herein by reference in their entirety.
Specifically, the PHESESLECTOR assay includes the process of coating the protein (e.g., antibody) of
interest on well surfaces, followed incubation with phage particles and then horseradish peroxidase
(HRPF) labeled secondary antibody with absorbance detection. Mutant proteins displayed on phage may
be screened in a rapid, robust, and high-throughput manner. Libraries of cysteine engineered antibodies
can be produced and subjected to binding selection using the same approach to identify appropriately
reactive sites of free Cys incorporation from random protein-phage libraries of antibodies or other
proteins. This technigue includes reacting cysteine mutant proteins displayed on phage with an affinity
reagent or reporter group which is also thiol-reactive.

in certain embodiments, the PHESELECTOR assay includes the following steps: (1) bovine
serum albumin (B3A), a portion or entirety of a larget protein (e.g., VEGF), and streptavidin (100 ylof 2
ug/mb are separately coated on MAXISORB® 86 well plates; (2} After blocking with 0.5% TWEEN®-20
{in PBS), bictinylated and non-bictinylated THIOMAB™ antibody-phage (2%10% phage pariicles) are
incubated for 1 hour at room temperature; (3) the incubation with the phage is followed by incubation with
HRP labeled secondary antibody {anti-M13 phage coat protein, pVil protein antibody); (4) standard HRP
reactions are carried out and the absorbance is measurad at 450 nimn; (5) thiol reactivity is measured by
calculating the ratio between ODuso for streptavidin/ODase for the target protein (e.g., VEGF) such that a
thiol reactivity value of 1 indicates compilete bicotinviation of the cysteine thiol.

DNA encoding the cysteine engineered antibodies is readily isolated and sequenced using
conventional procedures (e.q., by using oligonucieotide probes thatl are capabile of binding specifically to
genes encoding the heavy and light chains of murine antibodies). The hvbridoma cells serve as a source
of such DNA. Once isolated, the DNA may be placed info expression vectors, which are then transfected
inio host cells such as £, cofi cells, simian COS cells, Chinese Mamsier Ovary {(CHO) cells, HEK293T
cells, or other mammalian host cells, such as myeloma cells (U.S. Pat. No. 5,807,715, US 2005/0048572;
US 2004/0229310) that do not otherwise produce the antibody protein, fo obtain the synthesis of
monocional antibodies in the recombinant host celis. In most cases, the yields of the cysteine engineered
antibodies are similar to wild type antibodies.

After design and selection, cysteine engineered antibodies, e.g., THIOMAB™ antibodies, with
highly reactive unpaired Cys residues, may be produced by: (i) expression in a bacterial, e.g., E. cof,
system or a mamimalian cell culture system (WO 01/00245), .¢., Chinese Hamster Ovary celis {CHO) or
HEK293 celis {e.g., HEK293T celis); and (i) purification using common protein purification technigues
{e.g.. Lowman et ai (1981) J. Biol. Chem. 286{(17:10282-10888}. In specific embodimeants, the
THIOMAB™ antibodies are expressed in a mammalian cell expression system. In specific embodiments,
the mammalian cell expression system is HEK293T celis.

The structure positions of the engineered Cys residues of the heavy and light chains can be

numbered according to a sequential numbering system. This seguential numbering sysiem is correlated
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o the Kabat numbering system (Kabat et al., (1991) Sequences of Proteins of Iimmunological interest, 5th
Ed. Public Health Service, National Institutes of Health, Bethesda, Md.) for the 4D5 antibody in Figs. 13A
and 138, Using the Kabat numbering system, the actual linear amino acid seguence of the may contain
fewer or additional amino acids corresponding o a shortening of, or insertion inte, a FR or CDR of the
variable domain. Cysteine engineered heavy chain variant sites and light chain variant sites are identified
by the sequential numbering and Kabat numbering in Figs. 13A and 13B.

Thiol reactivity may also be generalized to certain domains of an antibody, such as the light chain
constant domain (CL) and heavy chain constant domains, CH1, CHZ and CH3. Cysteine replacements
resulting in thiol reactivity vailues of about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 0.95 and higher
may be made in the heavy chain constant domains o, 8, £, v, and y of infact antibodies: IgA, gD, IgE,
i0G, and ighd, respectively, including the IgG subclasses: IgG1, 1gG2Z, 1gG3, IgG4, IgA, and IgAZ.

Cysteine engineered antibodies may be generaled as described, 5.g., in U.S. Palent No.
7,521,541 or International Patent Publication No. WO 2006/034488, which are incorporaled by reference
herein in their entirety. In some embodiments, the cysteine engineercd antibody variant is a cysieine
engineered antibody variant described in U.8. Patent No. 7,521,541 or international Patent Publication
No. WO 2006/034488. In some instances, the cysteine engineered antibody variant is a cysieine
engineered antibody variant described in International Patent Application Publication No. WO
20117156328 or UG, Patent No. 8,000,130, which are incorporated by reference herein in their entirety.
in some embodiments, the cysteine engineered antibody variant is a cysteine engineered antibody variant
described in International Patent Application Publication No. WO 2016/040856, which is incorporated
herein by reference in iis entirety, for example, in Tables 1-4 of WO 2016/0408586.

For example, in certain embodiments, the cysteine mutation is selected from the group consisting
of HC-1M95C, HC-S4200C, HC-Y432C, and LC-GB4C {(according to Kabat numbering). In certain
embodiments, the cysteine mutation is selected from the group consisting of HC-Y432C and LC-GG64C
{according to Kabat numbering). In certain embodiments, the cysteine mutation is a heavy chain
mutation and is selecied from the group consisting of Y33C, G162C, V184C, 1M195C, 8420C, Y432C, and
Q434C (according to Kabat numbering). In certain embodiments, the cysieine mutation is a heawvy chain
mutation and is selected from the group consisting of R18C, E48C, T57C, Y53C, ABOC, M100cC,
W103C, G162C, 11850, V258C, S420C, H425C, and N430C (according to Kabat numbering). In ceriain
embodiments, the cysteine mutation is a heavy chain mutation and is selected from the group consisting
of Y33C, G162C, V184C, and 1195C (according to Kabat numbering). In certain embodiments, the
cysteine mutation is a heavy chain mutation and is selected from the group consisting of R18C, E46C,
Y59C, ASOC, M100cC, WI03C, V258C, M425C, and N430C {(according to Kabat numbering).

in certain embodiments, the cysieine mutation is a light chain mutation and is selected from the
group consisting of Y55C, G64C, T85C, T180C, and N430C {according to Kabat numbering}. In certain
embodiments, the cysteine mutation is a light chain mutation and is selecied from the group consisting of
T31C, 8520, G84C, RE6C, A183C, and N430C {(according to Kabat numbering). In certain
embodiments, the cysteine mutation is a light chain mutation and is selected from the group consisting of
G640, T85C, T180C, and N430C (according o Kabat numbering). In certain embodiments, the cysteine

mutation is a Hght chain mutation and is selected from the group consisting of S52C, GB84C, R66C,
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A193C, and N430C (according to Kabat numbering). In specific embodiments, the cysteine mutation in
the light chain is selected from the group of cysieine mutations comprising LC-1106C, LC-R108C, LC-
R142C, and LC-K149C {(according to Kabat numbering) (see Fig. 13A; Table 2). In a particular
embodiment, the cysteine mutation in the light chain is LC-K149C (according to Kabat numbering) (see
Fig. 13A). In a particular embodiment, the cysieine mutation in the in the light chain is LC-V205C

{according to Kabat numbering).

Table 2: Exemplary Light Chain Cysteine Mutations

Residue | Sequence {(+/~ § Residues) | SEQ ID NO. | EU Numbering | Kabat Numbering
! GTKVECKRTVA 70 106 106
R KVEIKCTVAAP 71 108 108
R MNNFYPCEAKVQ 72 142 142
K AKVOWOVDNAL 73 149 149

in pariicular embaodiments, the cysteine mutation in the heavy chain is selected from the group of
cysteine mutations consisting of HC-T114C, HC-A140C, HC-L174C, HC-LA72C, HC-T187C, HC-T208C,
HC-V262C, HC-G371C, HC-Y373C, HC-E382C, HC-8424C, HC-N434C, and HC-Q438C {(according to
EU numbering) (see Fig. 13B; Table 3). In a particular embodiment, the cysteine mutation in the heavy
chain is HC-A143C according to Kabat numbering (i.e., HC-A140C according to EU numbering) (see Fig.
12B; Table 3). In a particular embodiment, the cysteine mutation in the heavy chain is HC-A174C
according o EU numbering (see Fig. 13B; Table 3). In a particular embodiment, the cysteing mutation in
the heavy chain is HC-A118C according to EU numbering (.e., HC-A114C according to Kabat
numbering).

in a particular embodiment, any cysteing engineered antibody as described herein has one of the
following cysteine mutations: LC-K148C according to Kabat numbering and HC-A1400 according to EU
numbering (see Tables 2 and 3 and Figs. 13A and 13B).

Table 3: Exemplary Heavy Chain Cysteine Mutations

Residue | Sequence {+/-5 Residues} | SEQ 1D NO. | EU Numbering | Kabat Numbering
T QGTLVCVESAS 74 114 110
A TSGETCALGCL 75 140 136
L TFRAVCQSSGL 78 174 170
L LOBSGLYSLSS 77 178 175
T LESBVVCVPSES 78 187 183
T HKPSNOKVDKK 78 209 205
\ PEVTCOWWDVS 80 282 258
G TCLVKGFYPSD 81 371 387
Y LVKGFCPSDIA 82 373 368
& IAVEWCSNGQP 83 382 378
S QGNVFCCSVMH 84 424 420
N HEALHCHYTQK 85 434 430
Q HNHYTCKSLSL 86 438 434
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in certain embodiments, any one or more of the following residues may be substituted with
cysteine: V205 (Kabat numbering) of the light chain; A118 (EU numbering) of the heavy chain; and S400
(EU numbering) of the heavy chain Fc region.

in certain embodiments, the cysleine engineered antibody may include one or more heavy chain
cysteine mutations selected from the group consisting of V2C, L4C, V5C, L11C, R19C, F27C, 128C,
T32C, Y33C, Q39C, A40C, K43C, L45C, £E48C, TH3C, G55C, TE7C, RB8C, YH9C, ABOC, TBBC, N76C,
Y78C, Q81C, WaSC, GIB8C, D101C, WI03C, T118C, K117C, T135C, N155C, A158C, G182C, G174C,
L1780, T183C, V184C, 1185C, N198C, 82030, F238C, M248C, E254C, V2580, N272C, V278C, L3050,
T331C, 8333C, R340C, Q343C, K356C, E384C, 8390C, K410C, Q414C, G416C, N417C, Y432C,
T433C, K435C, S438C, 1L438C, M100cC, and N&82aC (according to Kabat numbering). See also Table 3
of international Patent Application No. WO 2016/040856.

in certain embodiments, the cysteine engineered antibody may include one or more light chain
cysteine mutations selected from the group consisting of S12C, 3140, G18C, R18C, T22C, R24C, Q27C,
T31C, A32C, Q380C, K38, G41C, K42C, P44C, Y49C, 8500, 8520, F53C, L4, Y55C, S63C, G840,
Re6C, DT0C, T72C, T74C, S76C, Q78C, T85C, H81C, Y82C, P85C, To7C, F88C, K103C, E105C,
K107C, P118C, K126C, T128C, S131C, Q147C, W148C, A153C, Q155C, 8158C, $158C, Q160C,
S182C, Q186C, T172C, T180C, V1810, A183C, E185C, V205C, T208C, and N210C (according to Kabat
numbering). See also Table 4 of International Patent Application No. WO 2016/040858.

in certain embodiments, the cysteine engineered antibody may include one or more cysteine
mutations selected from the group consisting of HC-M85C, HO-2420C, HC-Y432C, and LC-G64C
{according to Kabatl numbering). See also Table 5 of International Patent Application No. WO
2016/040856.

in cerain embodiments, the cysteine engineered antibody includes a light chain cysteine
mutation selected from the group of sites consisting of LC-T22C, LC-K39C, LC-Y49C, LC-YS5C, LC-
T8SC, LC-TO7C, LC-1108C, LC-R108C, LC-R142C, LC-K1498C, and LC-V205C (according o Kabat
numbering).

The cysteine engineered antibody may include any suitable number of engineered cysteine
residues, e.0., 1,2, 3, 4,5,8,7, 8,9, 10, 11,12, 13, 14, 15, or more engineesred cysteine residues. In
some embodiments, the cysteine engineered antibody may include from 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
or 1-10 engineered cysteine residues. In some embodiments, the cysteine engineered antibody may
include 1 engineered cysteine residue. In some embodiments, the cysteine engineered antibody may
include 2 engineered cysteine residues. In some embodiments, the cysteing engineered antibody may
include 3 engineered cysteine residues.

in any of the preceding embodiments, the cysteine engineered antibody may include an
engineerad cysteine at the equivalent position as any of the cysteine mutations described above. For
instance, if an antibody includes a native sering at position 118 (EU numbering), the serine can be
mutated to a cysieine to form an $118C mutation.

For example, the invention provides a cysteine engineered anti-VEGF antibody comprising a

cysteine mutation in the heavy chain selected from the group consisting of HC-A118C, HC-A140C, and
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HC-L174C (EU numbering), or a cysteine mutation in the light chain selected from the group consisting of
LC-V205C and LC-K149C (Kabatl numbering), wherein the anti-VEGF antibody is any anti-VEGF antibody
described herein, for example, any anti-VEGF antibody described in Tables 8-10. In some embodiments,
the anti-VEGF antibody is N94A FE3ANB2aR.Y5E8R (G6.31 AARR). In some embodiments, the anti-
VEGF antibody is G6.31 WT. In some embodiments, the anti-VEGF antibody is LC-N84A. In some
embodiments, the anti-VEGF antibody is LC-N94A LC-F83A. In some embaodiments, the anti-VEGF
antibody is LC-N94A . LC-F83A. In some embodiments, the anti-VEGF antibody is HC-A40E HC-T57E
(G6.31 AAEE). In some embodimenis, the anti-VEGF antibody is HCcombo. In some embuodiments, the
anti-VEGF antibody is HCLC2. In some embodimenis, the anti-VEGF antibody is HCLC4. In some
embodiments, the anli-VEGF antibody is HCLCS. In some embodiments, the anti-VEGF antibody is
HCLC3. In some embodiments, the anti-VEGF antibody is HCLC1. In some embodiments, the anti-
VEGF antibody is R128HCcombo. In some embodiments, the anti-VEGF antibody is R18HCLCZ2. In some
embodiments, the anli-VEGF antibody is R18HCLC4. In some embodiments, the anti-VEGF antibody is
R18HCLCS.

in a particular example, the invention provides a cysieine enginesred anti-VEGF antibody
comprising an cysteine mutation in the heavy chain selected from the group consisting of HC-A118C, HC-
A14CC, and HC-L174C (EU numbering}, or an cysieine mutation in the light chain selected from the
group consisting of LC-V205C and LC-K148C (Kabat numbering), wherein the antibody comprises the
following sbtHVYRs: (@) an HVR-H1 comprising the amino acid sequence of DYWIH (SEQ 1D NO: 1), (b}
an HVR-H2Z comprising the amino acid sequence of GITPAGGYTRYADSVKG (SEQ 1D NG 7); {¢) an
HVR-H3 comprising the amino acid sequence of FVFFLPYAMDY (SEQ 1D NO: 3); (d) an HVR-L1
comprising the amino acid sequence of RASQDVSTAVA (SEQ 1D NC: 8); (e) an HVYR-L2 comprising the
aming acid sequence of SASFLYS (SEQ ID NG: 9); and {f) an HVR-L3 comprising the amino acid
sequence of QQGYGAPFT (SEG ID NG: 10). in some instances, the cysieine engineered anti-VEGF
antibody includes the following four heavy chain variable domain FRs: {(a8) an FR~-H1 comprising the amino
acid sequence of EVQLVESGGGLVOPGGSLRLSCAASGFTIS (SEQ ID NO: 13); (b) an FR-H2
comprising the amino acid sequence of WVRQAPGKGLEWVA (SEGQ 1D NG: 14); (¢) an FR-H3
comprising the amino acid sequence of RFTISADTSKNTAYLOMRSLRAEDTAVYYCAR (SEQ 1D NO:
158y and {d) an FR-H4 comprising the amino acid seguence of WEQGTLVTVSES (SEQ ID NGO 18). In
further instances, the cysteine engineered ant-VEGF antibody includes the following four light chain
variable domain FRs: (a) an FR-L.1 comprising the amino acid sequence of
DIQMTQSPSSLSASVGDRVTITC (SEQ 1D NO: 17); (b) an FR-L2 comprising the amino acid sequence of
WYQOKPGKAPKLLIY {(SEQ ID NO: 18); {¢) an FR-L3 comprising the amino acid sequence of
GVPSRFSGSGSGTDFTLTISSLGPEDAATYYC (SEQ ID NQ: 19); and (d) an FR-L4 comprising the
aming acid sequence of FGQGTKVEIK (SEQ 1D NO: 28}, In some instances, the cysteine sngineered
anti-VEGF antibody includes (@) a VH domain comprising an amino acid sequence of SEQ 1D NG: 11 and
{by a VL domain comprising an amino acid sequence of SEQ 1D NG 12, In some instances, the parent
antibody is G8.31 AARR. In some embodimeants, the cysteine mutation is HC-A118C. In other
embuodiments, the cysteine mutation is HC-A140C. In vet other embodimenis, the cysteine mutation is
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HC-L174C (EU numbering). In other embodiments, the cysteine mutation is LC-V205C (Kabat
numbering). In other embodiments, the cysteine mulation is LC-K148C (Kabat numbering).

In some instances, the invention provides an antibody comprising (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 80 and/or (b) a light chain comprising the amino acid sequence
of SEQ 1D NO: 89,

In some instances, the invention provides an antibody comprising (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 82 and/or (b) a light chain comprising the amino acid sequence
of SEQ D NQ: 91,

in some instances, the invention provides an antibody comprising (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 94 and/or (b) a light chain comprising the amino acid sequence
of SEQ D NQ: 93,

e} Antibody Derivalives

in certain embodiments, an antibody provided herein may be further modified to contain
additional nonproteinacesus moieties that are known in the art and readily available. The moieties
suilable for derivatization of the antibody include but are not limited to water soluble polymers. Non-
limiting examples of water soluble polymers include, but are not Himited to, polyethyiene glycol (PEG),
copolymers of ethylene glycol/propylene glycol, carboxymethyicelluiose, dextran, polyvinyt alcchol,
polyvinyt pyrrolidone, poly-1, 3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer,
polyaminocacids (either homopolymers or random copolymers), and dexiran or poly{n-vinyl
pyrrolidone)polyethylene glycol, propropylene glycol homopoelymers, prolypropylene oxide/ethylene oxide
co-polymers, polyoxyethylated polvols {(2.q., glyceroh, polyvinyl alcohol, and mibdures thereof,
Polyethviene giycol propionaldehyde may have advantages in manufacturing due to its stability in water,
The polymer may be of any molecular weight, and may be branched or unbranched. The number of
polymers attached to the antibody may vary, and if more than one polymer are gtiached, they can be the
same or different molecules. In general, the number and/or type of polymers used for derivatization can
be determined based on considerations including, but not limited to, the particular properties or functions
of the antibody to be improved, whether the antibody derivative will be used in a therapy under defined
conditions, and the like. Additional antibody conjugates are described herein, for example, in Section G
below and in Examples 1 and 2.

in another embodiment, conjugates of an antibody and nonproteinaceous moiety that may be
selectively healed by exposure {o radiation are provided. In one embodiment, the nonproteinaceous
moiety is a carbon nanciube (Kam et al., Proc. Natl. Acad. Sci. USA 102: 11600-11805 (2005)). The
radiation may be of any wavelength, and includes, but is not limited to, wavelengths that do not harm
ordinary cells, but which heat the nonproteinaceous moiety to a temperature at which cells proximal (o the

antibody-nonproteinaceous moiety are killed.

f}  Isoefectric Point Variants
The invention provides antibodies variants with altered isoelectric points. For example, the

invention provides antibodies variants with a reduced isoelectric point (pl), for example, as compared o
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an anti-VEGF antibody, for instance, G8.31. In some instances, the surface charge is reduced at
physiclogical pH. In some instances, the anti-VEGF antibody has a pl equalto orlowerthan aboul 8
{e.q., about 8, about 7, about &, about 5, or about 4). In some instances, the antibody has a pl from about
410 about 8 (e.q., about 4, about 5, aboul 6, aboul 7, or about 8). In some instances, the anti-VEGF
antibody has a pl from about 5 to about 7 (e.g., about 5, aboul 6, or about 7). In some instances, the anti~
VEGF antibody has a pl from about 5 {o about 6 {e.g., about 5.1, about 5.2, about 5.3, about 5.4, about
5.5 gbout 5.8, about 5.7, about 5.8, about 5.8, or about 6).

Antibodies of the invention may be engineered to have a reduced pl, for example, by substituting
wild-type amino acid residues at a given position with an amino acid having a lower pl. The pl of an
amino acid can be determined based on the pKa values of the amine (-NHz), carboxylic acid (-COOH),
and side-chain of the amino acid, which are known in the art. In some embuodiments, surface-exposed
amino acid residues may be substituted to reduce the pi of an antibody. In one embodimeant, surface-
exposed amino acid residuss may be substituted with glutamate (£). In one embodiment, surface-

exposed amino acid residues may be substituted with aspariate (D).

B. Recombinant Methods and Compositions

Any of the antibodies {(e.g., anti-VEGF antibodies, including cysteine enginsered anti-VEGF
antibodies) describad herein may be produced using recombinant methods and compositions, for
example, as described in U.S. Patent No. 4,816,567, In one embodiment, an isolated nucieic acid
encoding an anti-VEGF antibody described herein is provided. Such a nucleic acid may encode an
aming acid sequence comprising the VL and/or an amino acid sequence comprising the VH of the
antibody {2.g., the light and/or heavy chains of the antibody). In a further embodiment, one or more
vectors (e.g., expression vectors) comprising such a nucleic acid are provided. In a further embodiment,
a host cell comprising such a nucleic acid is provided. In one such embodiment, a host cell comprises
{e.q., has been transformed with): (1) a vector comprising a nucleic acid that encodes an amino acid
sequence comprising the VL0 of the antibody and an amino acid sequence comprising the VH of the
antibody, or {2) a first vector comprising a nucleic acid that encodes an amino acid seguence comprising
the VL of the antibody and a second vector comprising a nucleic acid that encodes an amino acid
sequence comprising the VH of the antibody. in one embodiment, the host cell is eukaryotic, for
example, a Chinese Hamster Ovary (CHO) cell or lymphoid cell (e.g., YO, NSO, Sp20 cell). inone
embodiment, a method of making an anti-VEGF antibody is provided, wherein the method comprises
culturing a host cell comprising a nucleic acid encoding the antibody, as provided above, under conditions
suitable for expression of the antibody, and optionally recovering the antibody from the host cell {or host
cell culiure mediumyj.

For recombinant production of an antibody (e.g., an anti-VEGF antibody, including a cysteine
engineerad anti-VEGF antibody), nucleic acid encoding an antibody, for example, as described above, is
isolated and inserted into one or more vectors for further cloning and/or expression in a host cell. Such
nucleic acid may be readily isolated and sequenced using conventional procedures {(&.g., by using
aligonucleotide probes that are capable of binding specifically 1o genes encoding the heavy and light

chains of the antibodyy).
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Suitable host cells for cloning or expression of antibody-encoding vectors include prokaryolic or
eukaryotic cells described herein. For example, antibodies may be produced in bacteria, in particular
when glycosylation and Fc effector function are not needed. For expression of antibody fragments and
polypeptides in bacleria, see, for example, U.S. Patent Nos. 5,648,237, 5,780,199, and 5,840,523, See
also Charlion, Methods in Molecular Biology, Vol 248 (BK.C. Lo, ed., Humana Press, Tolowa, NJ, 2003},
pp. 245-254, describing expression of antibody fragments in £, cofi. After expression, the antibody may
be isolated from the bacterial cell paste in a soluble fraction and can be further purified.

in addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable
cloning or expression hosts for antibody-encoding vectors, including fungi and veast strains whose
giycosylation pathways have been “humanized,” resulling in the production of an antibody with a partiaily
or fully human glycosyiation patiern. See Gerngross, Nai. Biotech. 22:1409-1414 (2004), and Liet al,,
Nat. Biotech. 24:210-215 (20006).

Suitable host celis for the expression of glycosylated antibody are also derived from multicelivlar
organisms {invericbrates and vertebrates). Examples of invertebrate celis include plant and insect celis.
Numerous baculoviral strains have been identified which may be used in conjunction with insect celis,
particularty for transfection of Spodoptera frugiperda cells.

Plant cell cultures can also be utilized as hosts. Seeg, for example, US Patent Nos. 5,858,177,
6,040,408, 6,420,548, 7,125,878, and 6,417,428 ({describing PLANTIBODIES ™ technology for producing
antibodies in transgenic plants).

Veriebrale cells may also be used as hosts. For example, mammalian cell lines that are adapted
1o grow in suspension may be useful. Other examples of useful mammalian host cell lines are monkey
Kidney CV1 line transformed by SV40 ({COS-7); human embryonic kidney Hne (293 or 293 cells as
described, e.g., in Graham et al., J. Gen Virol 36:58 (1977)); baby hamster kidney cells (BHK); mouse
sertoli cells (TM4 cells as described, e.g., in Mather, Biol Reprod. 23:243-251 (1980)); monkey Kidney
cells (CV1); African green monkey kidney cells (VERQ-78); human cervical carcinoma cells (HELA);
canine kKidney cells (MDCK; buffalo rat liver cells (BRL 3A); human lung cells (W138); human liver cells
(Hep G2); mouse mammary tumor (MMT 0680582); TRI celis, as described, e.g., in Mather et al., Annals
NY. Acad. Sci. 383:44-68 (1982); MRC 5 cells; and F34 cells. Other useful mammalian host cell lines
include Chinese hamster ovary (CHO) cells, including DHFR- CHO celis (Urlaub et al., Froc. Nall. Acad.
Sei. USA 77:4218 (1880)); and myeloma cell lines such as YO, N8O and Sp2/0. For a review of certain
mammatlian host cell lines suitable for antibody production, see, for example, Yazaki and Wu, Methods in
Molecular Biology, Vol 248 (B.K.C. Lo, ed., Humana Press, Tolowa, NJ}, pp. 255-288 {2003).

. Assays

Antibodies {e.g., anti-VEGF antibodies described herein, including cysteine enginesred anti-
VEGF antibodies), as well as antibody conjugates {e.g., antibody conjugates that include anti-VEGF
antibodies (e.g., any anli-VEGF antibody provided herain)), may be identified, screened for, or
characterized for their physical/chemical properties and/or biclogical activities by various assays known in
the art.
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1. Binding assays and other assays

In one aspect, an antibody (e.g., an anti-VEGF antibody, including a cysieine engineered anti-
VEGF antibody), or an antibody conjugate thereof, is tested for its antigen binding activity, e.g., by known
methods such as ELISA, Westem blot, eic.

in another aspect, competition assays may be used to identify an antibody that competes with an
antibody as described herein, or an antibody conjugate thereof, for binding to an antigen (e.g., VEGF). In
certain embodiments, such a competing antibody binds o the same epitope (e.q., alinearora
conformational epitope) that is bound by an antibody as described herein. Detailed exemplary methods
for mapping an epitope {0 which an antibody binds are provided in Morris (1898) “Epitope Mapping
Protocols,” in Mefhods in Molecular Biclogy vol. 66 (Humana Press, Totowa, NJ).

in an exemplary competition assay, immobilized VEGF is incubated in a solution comprising a
first labeled antibody that binds to VEGF and a second unlabeled antibody that is being tested for its
ability to compete with the first antibody for binding to VEGF. The second antibody may be presentin a
hybridoma supernatant. As a control, immobilized VEGF is incubated in a solution comptising the first
labeled antibody but not the second unlabeled antibody. After incubation under conditions permissive for
binding of the first antibody 1o VEGF, excess unbound antibody is removed, and the amount of label
associated with immobilized VEGF is measured. If the amount of label associated with immobilized
VEGF is substantiaily reduced in the test sample relative to the control sample, then that indicates that
the second antibody is competing with the first antibody for binding to VEGF. Similar assays may be
performed for other antigens. See Harlow and Lane (1988) Anfibodies: A Laboratory Manual ch.14 (Cold

Spring Harbor Laboratory, Cold Spring Harbor, NY).

2. Activity assays

in one aspect, assays are provided for identifying antibodies (e.q., anti-VEGF antibodies,
including cysteine engineered anti-VEGF antibodies), or antibody conjugates thereof, having biclogical
activity. Biolegical activity may include, for example, binding to an antigen (e.q., VEGF (e.g., VEGF in the
blood stream)), or a peplide fragment thereof, either in vivo, in vilro, or ex vive. In certain embodiments,
biological activity may include blocking or neutralizing an antigen. For example, in certain embodiments,
biological activity may include blocking or neutralizing VEGF, or preventing VEGF from binding to a
ligand, for example, a receptor such as KDR or Fit-1. Antibodies, or antibody conjugates thereof, having
such biological activity in vive and/or in vitro are also provided. In cerlain embodiments, an antibody of

the inveniion, or an antibody conjugate thereof, is tested for such biological activity.

3. Stability assays
in one aspect, assays are provided for determining the stability (8.g., thermostability) of an
antibody {e.g., an anti-VEGF antibody, including a cysieine engineered anli-VEGF antibody), or an
antibody conjugate thereof. For example, the stability of an antibody, or an antibody conjugate thereof,
may be determined using any method known in the art, for example, differential scanning flucrimetry

(DSF), circular dichroism (CD), intrinsic protein fluorescence, differential scanning calorimetry,
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speciroscopy, light scattering (e.q., dynamic light scattering (DLS) and static light scattering (SLS), self-
interaction chromatography (SIC). The stability of an antibody, or an antibody conjugate thereof, may be
determined as described herein, for example, using DSF as described, for example, in Examples 1 and 2
of International Patent Application No. PCT/US2016/053454. In some instances, the stability of an
antibody conjugate can be determined by size exclusion chromatography in-line with refractive index and

multi-angle light scatiering deteclors (SEC-RI-MALS), for example, as described in Example 1.

D. Pharmaceutical Formuiations

Pharmaceutical formulations of an antibody {(e.g., an anti-VEGF antibody, including a cysteine
engineered anti-VEGF antibody) or antibody conjugate thereof provided herein are prepared by mixing
such antibody or antibody conjugate having the desired degree of purity with one or more optional
pharmaceutically acceptable carriers (Remingion’s Pharmaceutical Sciences 16th edition, Osol, A. Ed.
{1880}, in the form of lyophilized formulations or agueous solutions. Pharmaceutically acceptable
carriers are generally nontoxic to recipients at the dosages and concentrations employed, and include,
but are not limited to: buffers such as phosphate, ciirate, and other organic acids; antioxidants including
ascorbic acid and methionine; preservatives (such as octadecyldimethyibenzyl ammonium chioride;
hexamethonium chioride; benzalkonium chioride; benzethonium chioride; phenol, butyt or benzyl alcohol;
alkyl parabens such as methyl or propyl paraben; catechol, resorcinol; cyclohexanol; 3-pentanoi; and m-
cresoly; low molecular weight (less than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyirolidone,; aming acids
such as glycing, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or dextrins, chelating agents such as EDTA, sugars
such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as polyethyilene glycol (PEG).
Exemplary pharmaceutically acceptable carriers herein further include interstitial drug dispersion agents
such as soluble neutral-active hvaluronidase glvcoproteins (sSHASEGP), for example, human soluble PH-~
20 hyaluronidase glycoproteins, such as rHuPH20 (HYLENEX®, Baxter international, Inc.). Certain
exemplary sHASEGPs and methods of use, including rHuPH20, are described in US Palent Publication
Nos. 2005/0280186 and 2006/0104968. In one aspect, a sHASEGP is combined with one or more
additional glycosaminoeglycanases such as chondroitinases.

Exemplary lvophilized antibody formulations are described in US Patent No. 6,267 858, Aqueous
antibody formulations include those described in US Patent No. 6,171,586 and WO2006/044808, the
laiter formulations including a histidine~-acetate buffer

The formulation herein may also contain more than ong aclive compound as necessary for the
particular indication being treated, preferably those with complementary activities that do not adversely
affect each other. For example, #f may be desirable to further provide an immunosuppressive agent.
Such molecules are suitably present in combination in amounts that are effective for the purpose
intended.

Active ingredients may be entrapped in microcapsules prepared, for example, by coacervation

techniques or by interfacial polymerization, for example, hydroxymethylceliulose or gelatin-microcapsules
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and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems (for
example, liposomes, albumin microspheres, microemuisions, nano-particles and nanocapsules) orin
macroemuisions. Such techniques are disclosed in Remington’s Pharmaceutical Sciences 16th edition,
Csol, A. Ed. (1980).

The formulations to be used for in vivo administration are generally sterile. Sterility may be
readily accomplished, for example, by filtration through sterile filtration membranes.

in certain embodiments, the pharmaceutical formulation includes one or more additional
compounds. In certain embodiments, the additional compound binds to a second biological molecule
selegcted from the group consisting of IL-18; IL-8; [L-8R; 1L-13; IL-13R; PDGF, angiopoietin; angiopaoietin
2: TieZ; S1P; integrins avB3, avBb, and abB1; betaceliuling apelin/APJ; erythropoieting complement factor
D: TNFq; HirA1; a VEGF receptor; 8T-2 receplor, and proteins genetically linked 1o age-related macular
degeneration (AMD) risk, such as complement pathway components C2, factor B, facior H, CFHR3, C3b,
C5, Cha, and C3a; HtrAT, ARMSZ, TiMP3, HLA; IL-8; CX3CR1; TLR3; TLR4; CETP; LIPC, COL10A1;
and TNFRSF10A. In certain embodiments, the additional compound is an antibody or antigen-binding
fragment thereof.

For example, in some instances, the additional compound is a bispecific antibody (e.g., an anti-
VEGF/anti-Ang2 bispecific antibody, such as RG-7716 or any bispecific anti-VEGF/anti-Ang2 bispecific
antibedy disclosed in WO 2010/069532 or WO 2016/073157.

in ancther example, in some instances, the additional compound is an anti-iL-6 antibody, for
example, EBI-031 (Eleven Biotherapeutics; see, e.g., WG 2016/073880), siltuximab (SYLVANT®),
olokizumah, clazakizumab, sirukumab, elsilimomab, gerilimzumab, OPR-003, MEDI-6117, PF-04236821,
or a variant thereof.

in a still further example, in some instances, the additional compound is an anti-lIL-8R antibody,
for example, tocilizumab (ACTEMRA®) (see, e.g., WO 1992/018579), sarilumab, vobarilizumab (ALX-
0061), SA-237, or a variant thereof,

E. Therapeutic Methods and Compositions

Any of the antibodies {e.q., anti-VEGF antibodies, including cysteine engineered anti-VEGF
antibodies) or antibody conjugates thereof {e.g., monodisperse HA conjugates) provided herein may be
used in therapeutic methods.

in one aspect, an anti-VEGF antibody (e.9., an enginesred cysteine anti-VEGF antibody) for use
as a medicament is provided. In another aspect, an antibody conjugate (e.g., a monodisperse HA
conjugate) for use as a medicament is provided. In further aspects, the invention provides an anti-VEGF
antibody {e.g., an engineered cysteing anti-VEGF antibody) for use in trealing a disorder associated with
pathological angiogenesis. In ancther aspect, the invention provides an antibody conjugate (e.g., a
monodisperse HA conjugate) for use in treating a disorder associated with pathological angicgenesis. In
some embodiments, the disorder associated with pathological angicgenesis is an ocular disorder. In
some instances, the ocular disorder is AMD (e.g., wet AMD, dry AMD, intermediate AMD, advanced
AMD, or geographic atrophy (GA}Y), macular degeneration, macular edema, DME (e.g., focal, non-center

DME or diffuse, center-involved DME), retinopathy, diabetic retinopathy (DR) {(e.g., proliferative DR
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(PDR), non-proliferative DR (NPDR), or high-altitude DR), other ischemia-related retinopathies, ROP,
retinal vein occlusion (RVQ) {e.g., central (CRVO) and branched (BRVO) forms), CNV (e.g., myopic
CNV), corneal neovascularization, diseases associated with comeal neovascularization, retinal
neovascularization, diseases gssaociated with retinal/choroidal neovascularization, pathologic myopia, von
Hippel-Lindau disease, histoplasmosis of the eye, FEVR, Coats’ disease, Norrie Disease, OPPG,
subconjunctival hemorrhage, rubeosis, ocular neovascular disease, neovascular glaucoma, retinitis
pigmentosa (RP), hypertensive retinopathy, retinal angiomatous proliferation, macular telangiectasia, iris
neovascularization, intraocular neovascularization, retinal degeneration, cystoid macular edema (CME),
vascuiitis, papilicedema, retinitis, conjunctivitis (e.q., infectious conjunctivitis and non-infectious (e.q.,
allergic) conjunclivitis), Leber congenital amaurosis, uveitis (including infectious and non-infectious
uveitis), choroiditis (e.g., multifocal choroiditis), ocular histoplasmeosis, blepharitis, dry eye, traumalic eye
injury, or Sjdgren’s disease.

in another aspect, an anti-VEGF antibody {g.g., an engineerad cysieine anti-VEGF antibody) for
use in a method of treatment is provided. In ancther aspect, an antibody conjugate {(e.g., a monodisperse
HA conjugate) for use in a method of treatment is provided. In certain instances, the invention provides
an anti-VEGF antibody (&.¢., an engineered cysteine anti-VEGF antibody) for use in a8 method of treating
a subject having a disorder associated with pathological angiogenesis comprising adminisiering to the
individual an effective amount of the anti-VEGF antibody. The invention also provides an antibody
conjugate {e.¢., @ monodisperse HA conjugate) for use in a method of treating a subject having a disorder
associated with pathological anglogenesis comprising administering to the individual an effective amount
of the antibody conjugate. In some instances, the disorder associated with pathological angiogenesis is
an ocular disorder. In some instances, the ocular disorder is AMD (e.g., wet AMD, dry AMD, intermediate
AMD, advanced AMD, or geographic atrophy (GA}), macular degeneration, macular edema, DME (e.g.,
focal, non-center DME or diffuse, center-involved DME), retinopathy, diabetic retinopathy (DR) (e .q.,
profiferative DR (PRR), non-proliferative DR (NPDR), or high-altitude DR), other ischemia-related
retinopathies, ROP, retinal vein occlusion (RVO) (e.q., central (CRVQO) and branched (BRVO) forms),
CNV (e.g., myopic CNV), comeal neovascularization, diseases associated with corneal
neovascularization, retinal neovascularization, diseases associaled with ratinal/choroidal
neovascularization, pathologic myopia, von Hippel-Lindau disease, histoplasmosis of the eye, FEVR,
Coats’ disease, Norrie Disease, OPPG, subconjunctival hemorrhage, rubeosis, ocular negvascular
disease, neovascular glaucoma, retinitis pigmentosa (RP), hypertensive retinopathy, retinal angiomatous
profiferation, macular felangiectasia, iris neovascularization, intraocular neovascularization, retinal
degeneration, cysioid macular edema (CME), vasculitis, papillcedema, retinitis, conjunctivitis (e.g.,
infectious conjunctivitis and non~-infectious (e.q,. allergic) conjunclivitis), Leber congenital amaurosis,
uveitis (including infectious and non-infectious uveitis), choroiditis (e.g., multifocal choroiditis), ocular
histoplasmosis, Blepharitis, dry eye, traumatic eye injury, or Sjdgren’s disease.

in some instances, the invention provides an anti-VEGF antibody (e.g., an engineered cysteine
anti-VEGF antibody) for use in reducing or inhibiting angiocgenssis in a subject. in another aspect, an
antibody conjugate (e.g., a monodisperse HA conjugate) for use in reducing or inhibiting angiogenesis in

a subject is provided. In certain embodiments, the invention provides an anti-VEGF antibody (e.g., an
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engineered cysteine anti-VEGF antibody) for use in a method of reducing or inhibiting anglogenesis in a
subject comprising administering to the individual an effective of the anti-VEGF antibody to reduce or
inhibit angiogenesis. The invention also provides an antibody conjugate (e.g., a monodisperse HA
conjugate) for use in a method of reducing or inhibiting angiogenesis in a subject comprising
administering {o the individual an effective amount of the antibody conjugate. A “subject” according to
any of the above uses may be a human.

The invention provides for the use of an anli-VEGF antibody (e.g., an engineered gysteine anti-
VEGF antibody) in the manufacture or preparation of a medicament. The inveniion also provides for the
use of an antibody conjugate {&.q., a monodisperse HA conjugate) in the manufaciure or preparation of a
medicament. For example, in one instance, the medicament is for treatment of a disorder associated with
pathological angiogenesis. In a further instance, the medicament is for use in a method of treating a
disorder associated with pathological angiogenesis comprising administering to a subject having a
disorder associated with pathological angiogenesis an effective amount of the medicament. In some
instances, the disorder associated with pathological angiogenesis is an ocular disorder. in some
instances, the ocular disorder is AMD {e.g., wet AMD, dry AMD, intermediate AMD, advanced AMD, or
geographic atrophy (GA)Y)}, macular degeneration, macular edema, DME (e.g., focal, non-center DME or
diffuse, center-involved DME), retinopathy, diabsetic retinopathy (DR) (e.g., proliferative DR (PDR), non-
profiferative DR (NPDR), or high-altitude DR), other ischemia-related retinopathies, ROP, retinal vein
occlusion (RVO) {e.g., central (CRVO) and branched (BRVO) forms), CNV (e.g., myopic CNV), comesal
neovascularization, diseases associated with comeal neovascularization, retinal neovascularization,
disegses associated with retinal/choroidal neovascularization, pathologic myopia, von Hippel-Lindau
disease, histoplasmosis of the eye, FEVR, Coats’ disease, Norrie Disease, OPPG, subconjunctival
hemorrhage, rubeosis, ocular neovascular disease, neovascular glaucoma, retinitis pigmentosa (RP),
hyperiensive retinopathy, retinal angiomatous proliferation, macular telangiectasia, iris
neovascularization, infraccular neovascularization, retinal degeneration, cystoid macular edema (CME),
vasculitis, papilloedema, retinitis, conjunclivitis {(e.q., infectious conjunclivitis and non-infectious (e.q,.
allergic) conjunctivitis), Leber congenital amaurosis, uveitis (including infectious and non-infectious
uveitis), choroiditis (e.g., multifocal choreiditis), ocular histoplasmosis, blepharitis, dry eye, traumatic eye
injury, or Sjigren’s disease. In a further instance, the medicament is for reducing or inhibiting
angiogenesis in a subject. In a further instance, the medicament is for use in a method of reducing or
inhibiting angiogenesis in a subject comprising administering to the subject an amount effective of the
medicament to reduce or inhibit angiogenesis. In any of the preceding uses of medicaments, the method
may include administering to the individual an effective amount of at least one additional therapeutic
agent, e.g., as described below.

The invention provides a method for treating a disorder associated with pathological
angiogenesis. in one embodiment, the method comprises administering to an individual having a
disorder associated with pathological angicgenesis an effeclive amount of an anti-VEGF antibody (&8.q.,
an engineered cysteine anti-VEGF antibody). In ancther example, the method comprises administering
o an individual having a disorder associated with pathological angiogenesis an effective amount of an

antibody conjugate (e.g., a monodisperse HA conjugate). In some instances, the disorder associated
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with pathological angiogenesis is an ocular disorder. In some instances, the coular disorder is AMD (e.g.,
wet AMD, dry AMD, intermediate AMD, advanced AMD, or geographic atrophy (GA)), macular
degeneration, macular edema, DME (e.q., focal, non-center DME or diffuse, center-invoived DME),
retinopathy, diabelic retinopathy (DR) (e.q., proliferative DR (PDR), non-proliferative DR (NPDR), or high-
altitude DR), other ischemia-related retinopathies, ROP, retinal vein occlusion (RVO) (e.q., central
(CRVO) and branched (BRVO) forms), CNV (e.g., myopic CNV), corneal neovascularization, diseases
associated with corneal neovascularization, retinal neovascularization, diseases associated with
retinal/choroidal neovascularization, pathologic myopia, von Hippel-Lindau disease, histoplasmosis of the
eye, FEVR, Coals’ disease, Norrie Disease, OFPPG, subconjunclival hemorrhage, rubesosis, ocular
neovascular disease, heovascular glaucoma, retinitis pigmentosa (RP), hypertensive retinopathy, retinal
angiomatous proliferation, macular telangiectasia, iris neovascularization, intraocular neovascularization,
retinal degeneration, cystoid macular edema (CME), vasculitis, papilicedema, retinitis, conjunclivitis (e.g.,
infectious conjunctivilis and non-infectious (e.g,. allergic) conjunctivilis), Leber congenital amaurosis,
uveilis (including infectious and non-infectious uveitis), choroiditis (e.g., multifocal choroiditis), ocular
histoplasmosis, blepharitis, dry eye, fraumalic eye injury, or Si6gren’s disease. In further instances, the
method further comprises administering to the individual an effective amount of at least one additional
therapeutic agent, as described below. A “subject” according to any of the above methods may be a
human.

it is contemplated that the antibody {e.g., cysteing engineered anti-VEGF antibody) or antibody
conjugate {e.g., monodisperse HA conjugate) of the present invention may be used 1o treat a mammal. In
one embodiment, the antibody (e.g., cysteine engineerad anti-VEGF antibody) or antibody conjugate
{e.g., monodisperse HA conjugate) is administered to a nonhuman mammal for the purposes of sbtaining
preclinical data, for example. Exemplary nonhuman mammals 10 be treated include nonhuman primates,
dogs, cats, rodenis (e.g., mice and rats) and other mammals in which preclinical studies are performed.
Such mammals may be established animal models for a disease 1o be treated with the antibody or may
be used {0 study toxicity or pharmacokinetics of the antibody of interest. In each of these embodiments,
dose escalation studies may be performed in the mammal. The antibody (e.g., cysteine engineered anti-
VEGF antibody) or antibody conjugate {e.g., monodisperse HA conjugaie) may be administered to a host
rodent in a solid tumor model, for example. The antibody or antibody conjugate may be administered (o a
host (e.g., a rodent, e.q., a rabbil} for ocular pharmacoekinetic studies, for example, by intravitreal
administration (e.q., intravitreal injection) or using a port delivery device,

In a further aspect, the invention provides pharmaceutical formulations comprising any of the
antibodies (e.g., cysteine engineered anli-VEGF aniibodies) or antibody conjugates (e.g., monodisperse
HA conjugates) provided herein, for exampile, for use in any of the above therapeutic methods. In one
embodiment, a pharmacsutical formulation comprises any of the antibodies {e.g., cysteine engineered
anti-VEGF antibodies) or antibody conjugales {e.g., monodisperse HA conjugates) provided herein and a
pharmaceutically acceptable carrier. In ancther embodiment, a pharmaceutical formulation comprises
any of the antibodies {g.g., cysteine engineered anti-VEGF antibodies) or antibody conjugates (e.g.,
monodisperse HA conjugates) provided herein and at least one additional therapeutic agent, for exampie,

as described below. In certain embodiments, the pharmaceutical formulation comprises one or more
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additional compounds. In certain embodiments, the additional compound binds to a second biological
molecule selecied from the group consisting of IL-18; 1L-6; IL-8R; IL-13; IL-13R; PDGF; angiopoietin;
Ang2; Tie2; S1P; integrins avB3, av5, and ab81; betacellulin; apelin/ARJ; erythropoietin; complement
factor D; TNFa; HirA1; a VEGF receptor; ST-2 receptor; and proteins genetically linked 1o age-related
macular degeneration (AMD) risk, such as complement pathway components C2, factor B, facior H,
CFHR3, C3b, C5, C5a, and C3a; HirA1; ARMS2; TIMP3; HLA, interleukin-8 (IL-8); CX3CR1; TLR3;
TLR4; CETP; LIPC, COL10AT; and TNFRSF10A. In certain embodiments, the additional compound is an
antibody or antigen-binding fragment thereof. For example, in some instances, the additional compound
is a bispecific antibody {e.q., an anti-VEGF/anti-Ang?2 bispecific antibody, such as RG-7716 or any
bispecific anli-VEGF/anti-Ang2 bispecific antibody disclosed in WO 2010/068532 or WO 2016/073157 or
a variant thereof. In another example, in some instances, the additional compound is an anti-lL-8
antibody, for example, EBI-031 {Eleven Biotherapeutics; see, e.g., WO 2018/073820), siltuximab
{(SYLVANT®), olokizumab, clazakizumab, sirukumab, elsilimomab, gerflimzumab, OPR-003, MEDES117,
PF-04236921, or a variant thergof. In a still further example, in some instances, the additional compound
is an anti-l1L-8R antibody, for example, tocilizumab (ACTEMRA®) (see, e.g., WO 1992/018579),
sarilumab, vobarilizumab (ALX-0061), SA-237, or a variant thereof.

Antibodies {(e.g., cysieine engineered anli-VEGF antibodiss) or antibody conjugates (e.g.,
monodisperse HA conjugates) can be used either alone or in combination with other agents in a therapy.
For instance, an antibody (2.g., a cysteine engineered anti-VEGF antibody) or antibody conjugate (e.g., a
monodisperse HA conjugate) may be co-administered with at least one additional therapeutic agent. In
certain embodiments, an additional therapeutic agent is ancther antibody, an anti-angiogenic agent, an
immunosuppressive agent, a cytokine, a cytokine aniagonist, a corticosteroid, an anti-emetic, a cancer
vaccine, an analgesic, or combinations thereof,

For example, in certain embodiments, any of the preceding methods further comprises
administering one or more additional compounds. In cerlain embodiments, the antibody (e.g., a cysieine
engineered anti-VEGF antibody) or antibody conjugate {e.g., a monodisperse HA conjugate) is
administered simultaneously with the additional compound(s). In cerfain embodiments, the antibody or
antibody conjugate is administered before or after the addilional compound(s). In cerfain embodiments,
the additional compound binds {0 a second biclogical molecule selected from the group consisting of i-
1B8; IL-6; IL-BR; HL-13; IL-13R; PDGF,; angiopoietin; Ang2; Tie2; S1P; integrins avB3, av3s, and ab51;
betacellulin; apelin/ARJ; ervthropoietin, complement factor D; TNFa; HtrA1; a VEGF receplor; ST-2
recepior; and proteins genetically linked o AMD risk, such as complement pathway components C2,
facior B, factor H, CFHR3, C3b, €5, C5a, and C3a; HirA1, ARMSZ; TIMP3; HLA, interfeukin-& (1L-8);
CX3CRT, TLRS, TLR4; CETP; LIPC; COL10AT; and TNFRSF10A. In certain embodiments, ths
additional compound is an antibody or antigen-binding fragment thereof.

in certain embodiments according to {or as applied 10} any of the embodimeanis above, the ocular
disorder is an intraccular neovascular disease selected from the group consisting of proliferative
retinopathies, choroidal neovascularization (CNV), age-related macular degeneration {AMD), diabetic and
agther ischemia-related retinopathies, diabetic macular edema, pathological myopia, von Hippel-Lindau

disease, histoplasmosis of the eye, retinal vein occlusion (RVO), including CRVO and BRYO, comeal
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neovascularization, retinal neovascularization, and retinopathy of prematurity (ROP). For example, in
some instances, the additional compound is a bispecific antibody (2.¢., an anti-VEGF/anti-Ang2 hispecific
antibody, such as RG-7716 or any bispecific anti-VEGF/anti-Ang2 bispecific antibody disclosed in WO
2010/069532 or WO 2016/073157 or a variant thereof. In another example, in some instances, the
additional compound is an anti-1L-6 antibody, for example, EBI-031 (Eleven Biotherapeutics; see, e.g.,
WO 2016/073880), siltuximab (SYLVANT®), olokizumab, clazakizumab, sirukumab, elsilimomab,
gerilimzumab, OPR-003, MEDI-5117, PF-04236921, or a variant thereof. In a still further example, in
some instances, the additional compound is an anti-lL-6R antibody, for example, tocilizumab
(ACTEMRA®) (see, e.g., WO 1992/019579), sariiumab, vobarilizumab (ALX-0081), SA-237, or a variani
thereof.

in some instances, an antibody {(e.g., a cysteine engineered anti-VEGF antibody) or an antibody
conjugate {e.q., a monodisperse HA conjugate} of the invention may be administered in combination with
at least one additional therapeutic agent for treatment of an ocular disorder, for example, an ocular
disorder described hergin {e.g., AMD (e.g., wet AMD), DME, DR, or RVQC). Exemplary additional
therapeutic agentis for combination therapy for treatment of ocular disorders include, without limitation,
anti-angiogenic agents, such as VEGF antagonists, including, for example, ant-VEGF antibodies {e.g.,
the anti-VEGF Fab LUCENTIS® {ranibizumab)), soluble receptor fusion proteins {(g.g., the recombinant
soluble receptor fusion protein EYLEA® {aflibercept, also known as VEGF Trap Eve,;
Regeneron/Aventis)), aptamers (e.q., the anti-VEGF pegylated aptamer MACUGEN® (pegaptanib
sodium; NeXstar Pharmaceuticals/O8I Pharmaceuticals)), and VEGFR tyrosine kinase inhibitors (8.g., 4-
{4-bromo-2-fluoroanilino)-6-methoxy-7-(1-methylpiperidin-4-yimethoxy)quinazoline (ZD6474), 4-(4-flucro-
2-methylindol-5-vioxy)-6-methoxy-7-(3-pyrrolidin-1-ylpropoxyiquinazoline (AZD2171), vatalanib (PTK787},
sermnaxaminib (SUS416; SUGEN), and SUTENT® (sunitinib)); Tryptophany-RNA synthetase (TrpRS);
squalamine; RETAANE® (anecoriave acetale for depot suspension; Alcon, inc.); Combretastatin Ad
Prodrug (CA4P); MIFEPREX® (mifepristone-ru486); sublenon triamcincione acetonide; intravitreal
crystalline triamcinolone acetonide; matrix metalloproteinase inhibitors (e.g., Prinomastat (AG3340;
Pfizer)), fluocinolone acetonide (including fluocinolone infraccular implant; Bausch & Lomb/Control
Delivery Systems); linomide; inhibitors of integrin B3 function; angiostatin, and combinations thereof,
These and other therapeutic agenis that can be administered in combination with an antibody conjugate
of the invention are described, for example, in U.S. Patent Application No. US 2014/0017244, which is
incorporated herein by reference in its entirety.

Further examples of additional therapeutic agents that can be used in combination with an
antibody (e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugate (e.g., a
monodisperse HA conjugate) of the invention for treatment of an ocular disorder (e.g., AMD, DME, DR, or
RV(Q)Y, include, but are not limited o, VISUDYNE® (verleporfin; a light-activated drug that is typically used
in conjunction with photodynamic therapy with a non-thermal laser), PKC412, Endovion (NS 3728;
NeuroSearch A/S), neurotrophic factors {e.g., glial derived neurctrophic factor {GONF) and ciliary
neurctrophic factor (CNTF)), ditiazem, dorzolamide, PHOTOTROP®, 8-cis-retinal, eye medication {e.g.,
phospholing iodide, echothiophate, or carbonic anhydrase inhibitors), veovastat (AE-941; AEtermna

Laboratories, inc.), Sima-027 (AGF-745; Sima Therapeutics, Inc), neurstrophins (including, by way of
72



(8]

10

15

20

25

30

a5

40

WO 2018/175752 PCT/US2018/023812

example only, NT-4/5, Genentech), Cand5 (Acuity Pharmaceuticals), INS-37217 (Inspire
Pharmaceuticals), integrin antagonists {including those from Jerini AG and Abbott Laboratories), EG-3308
{(Ark Therapeutics Lid.), BDM-E (BioDiem Lid.), thalidomide (as used, for example, by EnfreMed, Inc.),
cardiotrophin-1 (Genentech), 2-methoxyestradiol (Allergan/Oculex), DL-8234 (Toray industries), NTC-200
{(Meurotech), ietrathiomolvbdate (University of Michigan), LYN-002 (Lynkeus Biotech), microalgal
compound (Aquasearch/Albany, Mera Pharmaceuticals), D-9120 (Celitech Group plo), ATX-S10
(Hamamatsuy Photonics), TGF-beta 2 (Genzyme/Celtrix), tyrosine kinase inhibitors (e.g., those from
Allergan, SUGEN, or Pfizer), NX-278-L (NeXstar Pharmaceuticals/Gilead Sciences), Opt-24 (OPTIS
France SA), retinal cell ganglion neuroprotectants (Cogent Neurosciences), N-nitropyrazole derivatives
{Texas A&M University System), KP-102 (Krenitsky Pharmaceuticals), cyclosporin A, therapeutic agents
used in photodynamic therapy (e.g., VISUDYNE®, receplor-largeted PDT, Bristol-Myers Squibb, Co.;
porfimer sodium for injection with PDT: verteporfin, QLT Inc,; rostaporfin with PDT, Miravent Medical
Technologies; talapotfin sodium with PDT, Nippon Petroleum; and motexafin lutetium, Pharmacyclics,
inc.}, antisense oligonucleotides (including, by way of example, products tested by Novagali Pharma SA
and 18185-13650, Isis Pharmaceuticals), and combinations thereof.

An antibody (e.g., a cysteine engineered anti-VEGF antibody) or antibody conjugate {(8.g., a
monodisperse HA conjugate) of the invention may be administered in combination with a therapy or
surgical procedure for treatment of an ccular disorder {e.g., AMD, DME, DR, or RV(Q), including, for
example, laser photocoagulation {(e.g., panretinal photocoagulation (PRP)), drusen lasering, macular hole
surgery, macular translocation surgery, implantable miniature telescopes, PHi-motion angiography (also
known as micro-iaser therapy and feeder vessel treatment), proton beam therapy, microstimulation
therapy, retinal detachment and vitreous surgery, scleral buckle, submacular surgery, transpupiliary
thermotherapy, photosystem | therapy, use of RNA interference (RNAI, extracorporeal rheopheresis (also
known as membrane differential filtration and rheotherapy), microchip implantation, stem cell therapy,
gene replacement therapy, ribozyme gene therapy (including gene therapy for hypoxia response element,
Oxford Biomedica; Lentipak, Genetix; and PDEF gene therapy, GenVec), photoreceptor/retinal celis
fransplantation (including transplantable retinal epithelial celis, Diacrin, Inc.; retinal cell transplant, Cell
Genesys, Inc.), acupunciure, and combinations thereof.

In some instances, an antibody (e.Q., a cysteine engineered anti-VEGF antibody) or aniibody
conjugate (e.q., a monodisperse HA conjugate) of the invention can be adminisiered in combination with
an anii-angicgenic agent for treatment of an ocular disorder (e.g., AMD, DME, DR, or RVQ). Any suitable
anti-angiogenic agent can be used in combination with an antibody (e.g., a cysteine engineered anti~
VEGF antibody) or an antibody conjugate of the invention, including, but not limited to, those listed by
Carmeliet et al. Nature 407.249-257, 2000, In some embodiments, the anti-angiogenic agent is a VEGF
antagonist, including, but not limited to, an anti-VEGF antibody (g.9., the anti-VEGF Fab LUCENTIS®
{ranibizumab}, RTH-258 (formerly ESBA-1008, an anti-VEGF single-chain antibody fragment; Novartis),
or a bispecific anti-VEGF antibody (e.g., an anti-VEGF/anti-angiopoeitin 2 bispecific antibody such as RG-
7716, Roche)), a soluble recombinant receptor fusion protein {e.g., EYLEA® (aflibercept}), a VEGF
variant, a soluble VEGFR fragment, an aptamer capable of blocking VEGF {(e.g., pegaptanib) or VEGFR,

a neuiralizing anti-VEGFR antibody, a small molecule inhibitor of VEGFR tyrosine kinases, an anti-VEGF
73



(8]

10

15

20

25

30

a5

WO 2018/175752 PCT/US2018/023812

DARPIN® (e.g., abicipar pegol), a small interfering RNAs which inhibits expression of VEGF or VEGFR, a
VEGFR tyrosine kinase inhibitor (2.4., 4-(4-bromeo-2-flucroaniiino)-6-methoxy-7-(1-methyipiperidin-4-
vimethoxy)quinazoline (ZD6474), 4-(4-fluoro-2-methylindol-5-yioxy)-8-methoxy-7-{3-pyrrolidin-1-
vipropoxy)quinazoline (AZD2171), vatalanib (PTK787), semaxaminib (SUS416; SUGEN), and SUTENT®
(sunitinib}), and combinations thereof. In some instances, the bispecific anti-VEGF antibody binds to a
second biolegical molecule, including but not limited to HL-18; IL-6; [L-6R; PDGF {e.gq., PRDGF-BB);
angiopoietin; angiopoietin 2; Tie2; 31P; integrins avB3, avi5, and 5B 1; betaceliulin; apelin/APJ;
erythropoietin; complement factor D; TNFa; HtrA1; a VEGF receplor (e.g., VEGFR1, VEGFRZ, VEGFRS,
mbVEGFR, or sVEGER); ST-2 receptor; and proteins genetically linked to age-related macular
degeneration (AMD) risk, such as complement pathway components C2, factor B, factor M, CFHR3, C3b,
C5, Cba, and C3a; HirAt1;, ARMSZ; TIMP3; HLA; 1L-8; CX3CR1; TLR3; TLR4; CETP; LIPC, COL10AY;
and TNFRSF10A. For example, in some instances, the additional compound is a bispecific antibody
{e.g., an anti-VEGF/anti-Ang2 bispecific antibody, such as RG-7716 or any bispecific anti-VEGF/anti-
Ange bispecific antibody disclosed in WO 2010/068532 or WO 2016/073157 or a variant thereof.

Cther suitable anti-angiogenic agents that may be administered in combination with an antibody
{e.9., a cysteine enginesred anti-VEGF antibody) or an antibody conjugate (e.g., a monodisperse HA
conjugate) of the invention for treatment of an ocular disorder {e.g., AMD, DME, DR, or RV(Q) include
covticosteroids, angiosiatic stercids, anecortave acetate, angiostatin, endostatin, tyrosine kinase
inhibitors, matrix metalloproteinase (MMP) inhibitors, insulin-like growth factor-binding protein 3 (IGFBP3),
stromal derived factor (SDF-1) antagonists (e.g., anti-SDF-1 antibodies), pigment epithelium-derived
factor (PEDF), gamma-secretase, Delta-like ligand 4, integrin antagonists, hypoxia-inducible factor (HIF)-
1a antagonists, protein kinase CK2 antagonists, agents that inhibit stem cell (2.g., endothelial progenitor
cell) homing to the site of neovascularization (e.g., an anti-vascular endothelial cadherin (CD-144)
antibody and/or an anti-SDF-1 antibody), and combinations thereof,

in a further exampile, in some instances, an antibody (2.q., a cysteine engineered anti-VEGF
antibody) or an antibody conjugate {(.g., a monodisperse HA conjugate) of the invention can be
administered in combination with an agent that has aclivity against neovascularization for treatment of an
ocular disorder (e.g., AMD, DME, DR, or RV(Q), such as an anii-inflammatory drug, a mammalian target of
rapamycin (mTOR) inhibitor {e.g., rapamycin, AFINITOR® {everciimus), and TORISEL® (temsirclimus)),
cyclosporineg, a tumor necrosis factor (TNF) antagonist {(e.g., an anti-TNFa antibody or antigen-binding
fragment thereof (e.g., infliximab, adalimumab, cericlizumab pegol, and golimumab) or a soluble receptor
fusion protein (g.g., etanercepl)), an anti-complement agent, a nonsteroidal antiinflammatory agent
(NSAID), or combinations thereof,

In a still further example, in some instances, an antibody {e.q., a cysteine engineered anti-VEGF
antibody) or an antibody conjugate {(e.g., a monodisperse HA conjugate) of the invention can be
administered in combination with an agent that is neuroprotective and can potentially reduce the
progression of dry AMD to wet AMD, such as the class of drugs called the “neurosteroids,” which include
drugs such as dehydroepiandrosterons (DHEA) (brand names: PRASTERA™ and FIDELIN®),
dehydroepiandrosterone sulfate, and pregnenocione sulfate.
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Any suitable AMD therapeutic agent can be administered as an additional therapeutic agent in
combination with an antibody (e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugate
(e.9., 2a monodisperse HA conjugate) of the invention for treatment of an ocular disorder (e.g., AMD,
DME, DR, or RVQ), including, but not limited to, a VEGF antagonist, for example, an anti-VEGF antibody
(e.q., LUCENTIS® (ranibizumab), RTH-258 (formerly ESBA-1008, an anti-VEGF single-chain antibody
fragment; Novartis), or a bispecific anti-VEGF antibody (e.g., an anti-VEGF/anti-angiopoeitin 2 bispecific
antibody such as RG-7718; Roche)), a soluble VEGF receptor fusion protein (e.q., EYLEA® (aflibercept)),
an anti-VEGF DARPIn® (e.g., abicipar pegol, Molecular Pariners AG/Allergan), or an anti-VEGFE aptamer
{e.q,. MACUGEN® (pegaptanib sodium}),; a plaielet-derived growth factor (PDGF) antagonist, for
example, an anii-PDGF antibody, an anti-PDGFR antibody (e.g., REGN2178-3), an anti-PDGF-BE
pegvlated aptamer (e.g., FOVISTA®; Ophthotech/Novartis), a soluble PDGFR receptor fusion protein, or
a dual PDGF/AVEGF antagonist (e.g., a small molecule inhibitor {e.g., DE-120 (Santen) or X-82
{TyrogeneX)} or a bispecific anti-PDGF/anti-VEGF antibody)); VISUDYNE® {(verteporfing in combination
with photodynamic therapy; an antioxidant; a complement system antagonist, for example, a complemesnt
factor C5 antagonist {e.g., a small molacule inhibitor {e.g., ARC-1805; Opthotech) or an anti-C5 antibody
{s.g., LFG-318; Novariis), a properdin antagonist {(e.g., an anti-properdin antibody, e.g., CLG-581; Alcony,
or a complement factor D antagonist {e.g., an anti-complement factor D antibody, e.g,. lampalizumab;
Roche)); a visual cycle modifier (e.g., emixustat hydrochloride); squalamine (e.g., OHR-102,; Ohr
Pharmaceutical); vitamin and mineral supplements (2.q., those described in the Age-Related Eye Disease
Study 1 (AREDSH1,; zinc and/or antioxidants) and Study 2 (AREDS2Z,; zing, antioxidants, lutein, zeaxanthin,
and/or omega-3 fatty acids)); a celi-based therapy, for example, NT-501 (Renexus); PH-05206338
{Pfizer), huCNS-SC celf transplantation (StemCells), CNTC-2476 (Janssen), OpRegen (Cell Cure
Neurosciences), or MADS-hRPE cell transplantation (QCcata Therapeutics); a tissue factor antagonist (e.g.,
hi-cont; lconic Therapeutics); an aipha-adrenergic receptor agonist {e.g,. brimonidine tarirate); a peptide
vaccine {(e.g., S-646240; Shionogi); an amyloid beta antagonist (2.g., an anti-beta amyioid monoclonal
antibody, e.q., GSK-833776); an S$1P antagonist (e.q., an anti-S1P antibody, e.g., ISONEP™: Lpath Ing);
a ROBO4 antagonist (e.g., an anti-ROBO4 antibody, e.g., D3-7080a; Daiichi Sankyo); a lentiviral vector
expressing endostatin and angiostatin (e.g., RetingStat); and any combination thereof. In some
instances, AMD therapeutic agents (including any of the preceding AMD therapeulic agenis) can be co-~
formulated. For example, the anti-PDGFR aniibody REGNZ2176-3 can be co-formulated with aflibercept
(EYLEA®). In some instances, such a co-formulation can be administered in combination with an
antibody of the invention. In some instances, the pcular disorder is AMD (e.g., wet AMD).

An antibody {&.9., a cysieine engineered anli-VEGF antibody) or an anlibody conjugate {(e.q., a
monodisperse HA conjugate) of the invention can be administered in combination with LUCENTIS®
{ranibizumab) for treatment of an ocular disorder {e.g., AMD, DME, DR, or RVQO). LUCENTIS®
{ranibizumab} may be administered, for example, at 0.3 mg/eye or 0.5 mg/eye by intravitreal injection, for
example, every month. In some instances, the ocular disorder is AMD (e.g., wet AMD).

An antibody {&.¢., a cysieine engineered anli-VEGF antibody) or an aniibody conjugate {(8.g., a
monodisperse HA conjugate) of the invention can be administered in combination with EYLEA®

(aflibercept) for treatment of an ocular disorder {(e.g., AMD, DME, DR, or RVO). EYLEA® (aflibercept)
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may be administiered, for example, at 2 mg/eye by intravitreal injection, for example, every four weeks
(Q4W), or QW for the first three months, followed by injections once every fwo months for mainienance.
in some instances, the ocular disorder is AMD (e.g., wet AMD).

An antibody (2.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugate {e.q., a
monodisperse HA conjugate) of the invention can be adminisiered in combination with MACUGEN®
{pegaptanib sodium) for treatment of an ocular disorder {(e.g., AMD, DME, DR, or RVO). MACUGEN®
{(pegaptanib sodium} may be administered, for example, at 0.3 mg/eye by intravitreal injection every six
weeks. In some instances, the ocular disorder is AMD {(e.g., wel AMD).

An antibody (e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugale (e.g., a
monodisperse HA conjugate) of the invention can be administered in combination with VISUDYNE®
{verteporfin} in combination with photodynamic therapy for treatment of an ocular disorder (e.g., AMD,
DME, DR, or RVO). VISUDYNE® can be administered, for example, by intravenous infusion at any
suitable dosg (&.g., 6 mg/m?2 of body surface area) and delivered once every three months (e.g., over 10
minutes of infusion). In some instances, the ocular disorder is AMD {(g.g., wet AMD}.

An antibody {e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugale (e.g., a
monodisperse HA conjugate) of the invention can be administered in combination with a PDGF
antagonist for treatment of an ocular disorder (e.g., AMD, DME, DR, or RVD). Exemplary PDGF
antagonists which may be used in combination with an antibody of the invention include an anti-PDGF
antibody, an anti-PDGFR antibody, a small molecule inhibitor {8.q., squalamine), an anti-PDGF-B
pegylated aptamer such as FOVISTA® (E10030,; Ophthotech/Novartis), or a dual PDGF/NVEGF antagonist
{2.g., @ smail molecule inhibitor {e.g., DE-120 (Santen) or X-82 {TyrogeneX)) or a bispecific anti-
PDGF/anti-VEGF antibody). For example, FOVISTA® can be administered as an adjunct therapy to an
antibody of the invention. FOVISTA® can be administered at any suitable dose, for example, from 0.1
mg/eye 0 2.5 mg/eye, e.q., at 0.3 mg/eye or 1.5 mg/eye, for example, by intravitreal injection, for
example svery four weeks (Q4W). OHR-102 {squalamine lactate ophalmic solution, 0.2%) can be
administered by eve drop, for example, twice daily. OHR-102 can be administered in combination with
VEGF antagonists such as LUCENTIS® or EYLEA®. In some embodiments, an antibody conjugate of
the invention can be administerad in combination with OHR-102, LUCENTIS®, and/or EYLEA®. In soms
instances, the ocular disorder is AMD (e.g., wet AMD).

An antibody {&.9., a cysieine engineered anli-VEGF antibody) or an aniibody conjugate {(e.q., a
monodisperse HA conjugate) of the invention can be administered in combination with RTH-258 for
freatment of an ocular disorder (e.g., AMD, DME, DR, or RV0O). RTH-258 can be adminisiered, for
gxample, by intravitreal injection or eye infusion. For intravitreal injection, RTH-258 can be administered
at any suitable dose (g.9., 3 mg/eve or 8 mg/eve), for example, once every four weeks (Q4W) for the first
three months as loading, followed by injection every 12 weeks (Q12W) or evary eight wesaks (Q8W) for
maintenance. In some instances, the ocular disorder is AMD (g.g., wet AMD).

An antibody {&.¢., a cysieine engineered anli-VEGF antibody) or an aniibody conjugate {(8.g., a
monodisperse HA conjugate) of the invention can be administered in combination with abicipar pegol for
tregtment of an ocular disorder (e.g., AMD, DME, DR, or RVQG). Abicipar pegol can be administered, for

example, by intravitreal injection. Abicipar pegol can be administered at any suitable dose {e.g., 1
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mg/eye, 2 mgleye, 3 mg/leve, 4 mg/eye, or 4.2 mgleye), for example, once every four weeks (Q4W) for
the first three months as loading, followed by injection every 12 weeks (Q12W) or every eight weeks
(Q8W) for maintenance. In some instances, the ocular disorder is AMD (&.g., wet AMD).

Any suitable DME and/or DR therapeutic agent can be administered in combination with an
antibody (2.4., a cysteine engineered anti-VEGF antibody) an antibody conjugate (e.g., a monodisperse
HA conjugate) of the invention for treatment of an ocular disorder (e.g., AMD, DME, DR, or RVQ),
including, but not limited, to a VEGF antagonist {(e.g., LUCENTIS® or EYLEA®), a corticosteroid (e.g., a
corticosteroid implant (e.g., CZURDEX® (dexamethasone intravilreal implani) or HLUVIEN® {luocinolone
acelonide intravitreal implant)) or a corticosteroid formulated for administration by intravitreal injection
{e.q., triamcinoione acetonide)), or combinations thereof. in some instances, the ocular disorder is DME
and/or DR.

An antibody {(e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugale (e.g., a
monodisperse HA conjugate) of the invention can be administered in combination with LUCENTIS®
{ranibizumab} for treatment of DME and/or DR {g.g., NPDR or PDR). LUCENTIS® (ranibizumab) may be
administered, for example, at 0.3 mg/eve or 0.5 mg/eye by intravilreal injection, for example, every four
weeks (Q4W).

An antibody {(e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugale (e.g., a
monodisperse HA conjugate) of the invention can be administered in combination with EYLEA®
{aflibercept) for treatment of DME and/or DR (e.g., NPDR or PDR). EYLEA® (aflibercept) may be
administered, for example, at 2 mg/evye by intravitreal injection, for example, every four weeks (Q4W), or
Q4W for the first five months, followed by injections once every eight weeks (Q8W) for maintenance.

An antibody (e.9., a cysteine engineered anti-VEGF antibody) or an antibody conjugate (e.g., a
monodisperse HA conjugate) of the invention can be administered in combination with OZURDEX®
{dexamethasone intravitreal implant) for treatment of DME and/or DR, OZURDEX® can be administered
as a 0.7 mg dexamethasone infravitreal implant, which can be administiered up to every six months.

An antibody (e.9., a cysteine engineered anti-VEGF antibody) or an antibody conjugate {(e.g., a
monodisperse HA conjugate) of the invention can be administered in combination with ILUVIEN®
(dexamethasone intraviireal implant) for treatment of DME and/or DR, OZURDEX® can be adminisiered
as a 0.19 myg fluocinclone acetonide intravitreal implant, which can be eluted at a rate of 0.25 yg/day, and
can last up to about 36 months.

in some cases, the TAG/PRN treatment regimen or TAE treatment regimen may be used to
administer an AMD therapeutic agent (e.g., ranibizumab or aflibercept) in combination with an antibody
{e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugate {e.g., a monodisperse HA
conjugate) of the invention. For the TAQ/PRN regimen, following initial intravitreal injections every four
weeks (Q4W) (typically for about 3 months), the subject is monitored monthly or every other month (or at
even longer intervais), with injections administered in the event of evidence of disease activity (8.g., a
decline in visual acuity or fluid on optical coherence tomography (OCT)). Forthe TAE regimen, a subject
may be treated every four weeks (Q4VV), followed by exiending the interval of ireatment by a fixed
number of weeks {e.g., +2 weeks) for each subsequent visit up to a maximal interval (e.g., every 6 weeks,

aever 8 weeks, every 10 weeks, or every 12 weeks). The eye(s) may be observed and treated at each
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visit, even if there is no evidence of disease activity. If the macula appears wet (e.g., by OCT), the
interval for injections can be shortened {e.q., -2 weeks) until the macula appears dry again. In some
instances, the ocular disorder is AMD {e.g., wet AMD).

Such combination therapies noted above encompass combined administration (where two or
more therapeutic agents are included in the same or separate formulations), and separale administration,
in which case, administration of the antibody or antibody conjugate of the invention can occour prior 1o,
simultaneously, and/or following, administration of the additional therapeutic agent or agents. Inone
embodiment, administration of the antibody or antibody conjugate and administration of an additional
therapeutic agent occur within about one, two, three, four, or five months, or within about one, two or
three weeks, or within about one, two, three, four, five, or six days, of each other.

An antibody (e.g., a cysteine engineered anti-VEGF antibody) or an antibody conjugale (e.g., a
monodisperse HA conjugate) of the invention (and any additional therapeutic agent} for prevention or
treatment of an ocular disease or condition can be administered by any suifable means, including but not
limited 1o, for example, ocular, intraccular, and/or intravitreal injection, and/or juxiascleral injection, and/or
subitenon injection, and/or superchoroidal injection, and/or topical administration in the form of eye drops
and/or ointment. Such aniibodies or antibody conjugates may be delivered by a variety of methods, for
example, intravitreally as a device and/or a depot that allows for siow release of the compound inio the
vitreous, including those described in references such as Intraocutar Drug Delivery, Jaffe, Jaffe, Ashion,
and Pearson, editors, Tavior & Francis (March 2008). In one example, a device may be inthe formof a
mini pump and/or a matrix and/or a passive diffusion system and/or encapsulated cells that release the
compound for a prolonged period of time {(Intraccular Drug Delivery, Jaffe, Jaffe, Ashion, and Pearson,
editors, Taylor & Francis (March 2006). Additional approaches which may be used are describaed in
Section G below.

Formulations for ocular, intraoccular, or intravitreal administration can be prepared by methods
and using excipients known in the arl. Animportant feature for efficient freatment is proper penetration
through the eye. Unlike diseases of the front of the eye, where drugs can be delivered topically, retinal
diseases typically benefit from a more site-specific approach. Eve drops and ointments rarely penetrate
the back of the eye, and the blood-ocular barrer hinders penetration of systemically administered drugs
inio ocular tissue. Accordingly, a method of choice for drug delivery to treat retinal disease, such as AMD
and CNV, is typically direct intravitreal injection. Intravitreal injections are usually repeated at intervais
which depend on the patient’s condition, and the properties and half-life of the drug delivered. Additional
approaches which may be used are described in Section G below.

The amount of antibody or antibody conjugate which will be effective in the treatment of a
particular ocular disorder or condition will depend on the nature of the disorder or condition, and can be
determined by standard clinical techhniques. Where possible, it is desirable o determine the dose-
response curve and the pharmaceutical compaositions of the invention first in vitro, and then in useful
animal model systems prior to testing in humans.

Additional suitable administration means include parenteral, intrapulmonary, and intranasal, and,
if desired for local treatment, intralesional adminisiration. Parenteral infusions include intramuscular,

infravenous, intraarterial, intraperitoneal, or subcutaneous administration. Dosing can be by any suilable
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route, for example, by injections, such as intravenous or subcutaneous injections, depending in part on
whether the administration is brief or chronic. Various dosing schedules including but not limited to single
ar multiple administrations over various time-points, bolus administration, and pulse infusion are
contemplated herein. in some instances, an antibody conjugate of the invention may be administered
infravenously, intramuscularly, infradermally, percutaneously, intraarterially, intraperitoneally,
infralesionally, infracranially, infraarticularly, intraprostatically, intrapleurally, intratracheally, intrathecally,
infranasally, intravaginally, infrarectally, topically, intratumorally, intraperitoneally, peritoneally,
intraveniricularly, subcutaneously, subconjunctivally, intravesicularly, mucosally, intrapericardially,
intraumbilically, intraorbitally, orally, topically, transdermally, by inhalation, by injection, by implantation,
by infusion, by continuous infusion, by localized perfusion bathing target celis directly, by catheter, by
lavage, in cremes, or in lipid compositions

For the prevention or treatment of disease, the appropriate dosage of an antibody (e.g., a
cysteine engineered anti-VEGF antibody) or an antibody conjugate {&.¢., a monodisperse HA conjugate)
of the invention {(when used alone or in combination with one or more other additional therapeutic agents)
will depend on the type of disease 10 be treated, the type of antibody, the severity and course of the
dissase, whether the antibody is administered for preventive or therapeutic purposes, previous therapy,
the patient’s clinical history and response to the antibody, and the discretion of the attending physician.
The antibody (e.g., a cysieine engineered anti-VEGF antibody) or antibody conjugate {(e.¢., a
monodisperse HA conjugate) is suitably administered to the patient gt one time or over g series of
treatments. Depending on the type and severity of the disease, about 1 yg/kg 10 15 my/kg (eg., 01
mg/kg, 8.2 mg/kg, 0.4 mg/kg, 0.6 mg/kg, 0.8 mg/kg, 1 mo/kg, 2 mg/kg, 3 mg/kg, 4 mo/kg, 5 mg/kg, ©
mg/kg, 7 mg/kg, 8 mg/kg, 9 ma/kg, or 10 mg/kg) of antibody or antibody conjugate can be an initial
candidate dosage for adminisiration 1o the patient, whether, for example, by one or more separaie
administrations, or by continuous infusion. In some embodiments, the antibody or antibody conjugate
used is about 0.01 mg/kg to about 45 mg/kg, about 0.01 mg/kg to about 40 mg/kg, about 0.01 mg/kg fo
about 35 mg/kg, about 0.01 mg/kg to about 30 mg/kg, about 0.01 mg/kg 1o about 25 mg/kg, about 0.01
mg/kg to about 20 mg/kg, about 0.01 mg/kg to about 15 mg/kg, about 0.01 mg/kg to about 10 mg/kg,
about 0.01 mg/kg to about 5 mg/kg, or about 0.01 mo/kg to about 1 mg/kg. For antibody conjugates, the
dosing may be based on the weight of the antibody component of the conjugate. One typical daily
dosage might range from about 1 yg/kg to 100 mg/kg or more, depending on the factors mentioned
above. For repeated administrations over several days or longer, depending on the condition, the
freatment would generally be sustained until a desired suppression of disease symploms oCcours.

in some embodiments, the methods may further comprise an additional therapy. The additional
therapy may be radiation therapy, surgery, chemotherapy, gene therapy, DNA therapy, viral therapy, RNA
therapy, immunotherapy, bone marrow transplantation, nanctherapy, monoclonal antibody therapy, or a
combination of the foregoing. The additional therapy may be in the form of adjuvant or neocadjuvant
therapy. In some embodiments, the additional therapy is the administration of small molecule enzymatic
inhibitor or anti-metasiatic agent. In some embodiments, the additional therapy is the administration of
side-effect imiting agents (e.g., agents intended 1o lessen the occurrence and/or severity of side effects

of treatment, such as anti-nausea agents, eic.). In some embodiments, the additional therapy is radiation
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therapy. In some embodiments, the additional therapy is surgery. In some embodiments, the additional
therapy is a combination of radiation therapy and surgery. In some embodiments, the additional therapy
is garmma irradiation. In some embodiments, the additional therapy may be a separate administration of
ane or more of the therapeutic agents described above,

it is understood that any of the above formulations or therapeutic methods may be carried out
using an immungoconjugate of the invention in place of or in addition to an anti-VEGF antibody.

it is understood that any of the above formulations or therapeutic methods may be carried out
using an antibody conjugate of the invention {e.g., any described herein, e.g., in Seclion G below).

F. Articles of Manufacture

in another aspect of the invention, an article of manufacture containing materials useiul for the
treatment and/or prevention of the disorders described above is provided. The article of manufacture
comprises a container and a label or package insert on or associated with the container. Suitable
containers include, for example, botties, vials, syringes, 1V solution bags, eic. The containers may be
formed from a variety of malerials such as glass or plastic. The container holds a composition which is by
itseif or combined with another composition effective for treating, preventing and/or diagnosing the
condition and may have a sterile access port (for example the container may be an intravenous solution
bag or a vial having a stopper pierceable by a hypodermic injection needle). At least one active agent in
the composition is an antibody composition (.g., an antibody (e.g., a cysieine engineered anti-VEGF
antibody) or antibody conjugate thereof) of the invention. The label or package insert indicates that the
comnpaosition is used for treating the condition of choice. Moreover, the aricle of manufacture may
comnprise (a) a first container with a composition contained therein, wherein the composition comprises an
antibody or antibody composition thereof of the invention; and optionally (b) a second container with a
composition contained therein, wherein the composition comprises an additional therapeutic agent. The
article of manufacture in this embodiment of the invention may further comprise a package insert
indicating that the composition(s) can be used to treat a particular condition. Aliernatively, or additionally,
the article of manufacture may further comprise a second {(or third) container comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI), phosphate-buffered
saline, Ringer's solution and dextrose solution. It may further include other materials desirable from
a commercial and user standpoint, including other buifers, diluents, filters, needles, and syringes.

it is understood that any of the above articles of manufacture may include any of the antibodies or

antibody conjugates thereof described herein and/or any additional therapeutic agents.

G. Qcular Long-Acting Delivery Approaches

The invention provides compositions for treatment of ocular disorders, which may be used for
long-acting delivery of antibodiss {(e.g., anti-VEGF antibodies {including any anti-VEGF antibody
described herein, such as G8.31 AARR)) to the sye. For example, the invention provides antibody
conjugates {g.g., monodisperse HA conjugates) that include an anti-VEGF antibody described herein
{e.g., Fab, Fab-C, or cysteine engineered antibody {e.g., ThioFab) conjugates). The invention also

provides devices that can be used for ocular administration of an antibody or antibody conjugate
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described herein. The invention further provides pharmaceutical compositions that include antibodies or
antibody conjugates described herein. These compositions can be used in any of the therapeutic
methods described herein, for example, methods of treating an ocular disorder {(e.g., AMD (e.g., wet
AMD), DME, DR {e.g., NPDR or PDR), or RVO (e.g., CRVO or BRVO)).

1. Anfibody Conjugates

The invention provides antibody conjugates that include an antibody (e.g., an anti-VEGF
antibody) and a monodisperse polymer covalently attached {o the antibody. The antibody (e.g., the anti-
VEGF antibody) may be covalently attached to the monodisperse polymer in an irreversible fashion or a
reversible fashion. Any suitable monodisperse polymer may be used, including those described herein or
others known in the art.

The invention provides an antibody conjugate that includes an antibody and a monodisperse
polymer {&.g., a monodisperse HA polymer} covalently attached to the antibody. The polymer can have a
polydispersity index (PDD of about 1.1 or fower. 1 is to be undersiood that the PDI value can refer o the
PDI value of the polymer used to prepare the antibody conjugate. For example, in some embodiments,
the polymer has a PDI between 1.6 1o about 1.1 {e.g., between 1 to about 1.1, between 1 to about 1.09,
between 1 io about 1.08, between 1 to about 1.07, between 1 to about 1.08, between 1 io about 1.05,
between 1 to about 1.04, between 1 to about 1.03, between 1 io about 1.02, between 1 1o about 1.01,
between 1 to about 1.005, between about 1.001 fo about 1.1, between about 1.001 to about 1.1, between
about 1.001 1o about 1.09, between about 1.001 to about 1.08, between about 1.001 to about 1.07,
between about 1.001 to about 1.06, between about 1.001 to about 1.05, between about 1.001 o about
1.04, between about 1.001 to about 1.03, between about 1.001 to about 1.02, between about 1.001 fo
about 1.01, between about 1.001 to about 1.005, between about 1.001 io about 1.004, betwsen about
1.001 to about 1.003, between about 1.001 to about 1.002, between about 1.0001 {0 about 1.1, between
about 1.0001 to about 1.09, between about 1.0001 to about 1.08, between about 1.0001 o about 1.07,
between about 1.0001 {0 about 1.08, belween about 1.0001 to about 1.05, between about 1.0001 to
about 1.04, between about 1.0001 to about 1.03, between about 1.0001 to about 1.02, between about
1.0001 to sbout 1.01, between about 1.0001 to about 1.005, between about 1.0001 to about 1.004,
between about 1.0001 {0 about 1.003, between about 1.0001 to about 1.002, or between about 1.0001 {0
about 1.005).

For example, in some embodiments, the monodisperse polymer (e.g., monodisperse HA polymer)
has a PDI of 1.001, about 1.0001, about 1.00001, about 1.000001, about 10000001, or lower. In some
embodiments, the monodisperse polymer {(e.q., monodisperse HA polymer) has a PR of 1.0, about
1.001, about 1.002, about 1.003, about 1.004, about 1.005, about 1.008, about 1.007, about 1.008, about
1.008, about 1.01, about 1.011, about 1.012, about 1.013, aboul 1.014, about 1.015, about 1.018, about
1.017, about 1.018, about 1.018, about 1.02, about 1.021, about 1.022, about 1.023, about 1.024, about
1.025, about 1.028, about 1.027, about 1.028, about 1.028, about 1.03, about 1.031, about 1.032, about
1.033, about 1.034, about 1.035, about 1.038, about 1.037, about 1.038, about 1.039, about 1.04, about
1.041, about 1.042, about 1.043, about 1.044, about 1.045, about 1.046, about 1.047, about 1.048, about

1.04%, about 1.05, about 1.051, about 1.052, about 1.053, about 1.054, about 1.055, about 1.056, about
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1.057, about 1.058, about 1.059, about 1.08, about 1.0681, about 1.062, about 1.083, about 1.084, about
1.085, about 1.088, about 1.067, about 1.088, about 1.089, about 1.07, about 1.071, about 1.072, about
1.073, about 1.074, about 1.075, about 1.078, about 1.077, about 1.078, about 1.079, about 1.08, about
1.081, about 1.082, about 1.083, about 1.084, about 1.085, about 1.088, about 1.087, about 1.088, about
1.089, about 1.09, about 1.081, about 1.092, about 1.083, about 1.094, about 1.085, about 1.098, about
1.097, about 1.098, about 1.089, or about 1.1. In some embodiments, the polymer (e.g., HA polymer)
has a PDi of about 1.001.

The monodisperse polymer may be a hydrophilic polymer or a hydrophobic polymer, ltis o be
understood that a hydrophilic polymer may he a water-soluble polymer. Any suitable hydrophilic polymer
may be used, for example, a hydrophilic polymer described in International Patent Application Publication
No. WO 2011/066417 and/or Pelegri-O'Day et al. J. Am. Chem. Soc. 136:14323-14332, 2014, which are
incorporated herein by reference in their entirety. Exemplary, non-limiting hydrophilic polymers that can
be used include hyaluronic acid (HA), polyethyiene glvcol (PEG; also known as poly(ethylene giycol)
{e.g., straight-chain PEG, branched PEG, comb-like PEG, and dendritic PEG), polviethylene oxide}-co-
{methvyiene ethylene oxide)], poly{poly{ethyiene glycol) methyl ether methacrylaie) (pPEGMA), agarose,
alginate, carageenans, carboxymethyiceliulose, cellulose, celiulose derivatives, chitosan, chondroitin
sulfate, collagen, dermatan sulfate, dexiran, dexiran sulfate, fibrin, fibrinogen, fibronectin, fucoidan,
gelatin, ghycosaminoglycans (GAGs), a giycopolymer, heparin, heparin sulfate, a highly-branched
polysaccharide {e.¢., a galactose dendrimer), keratan suifate, methyl celiulose,
hydroxypropylmethyicellulose (HPMC), poly(N-(2-hydroxypropybmethacrylamide) (pHPMA), peclins,
pectin derivatives, pentosane polysulfate, starch, hydroxylethyl starch (HES), styrene, vitronectin,
poly(acrylic acid), polv{imethacrylic acid), poly{acrylamide), poly{acrylic acid), poly(amines), poly(amino
acidsy, poly{carboxybetaine) (PCB), polyelectrolvies, polvigluiamic acid) (PGA), poly{ulycero)) (PG) (e.g.,
linear, midfunctional, hyperbranched, or linear hyperbranched PG), poly(maleic acid), poly(2-oxazolineg)
(FO2Z), poly(2-ethyl-2-oxazoline, polysialic acid (PSA), polystyrene, polystyrene derivatives {e.g., charged
polystyrene derivatives), poly{styrenesulfonate-co-PEGMA), polyvinyipyrrolidone (PVP), poly(iV-
acrylovimorpholine) (pNACM), and copolymers thereof. In some instances, the polymeris a hydrophobic
polymer, for example, poly{lactic-co-glycolic acid) (PLGA), polviactide (PLA), and polyglycolide (PGA).
The polymer may be biodegradable and/or biocompatible. In particular embodiments, the polymer is HA,

By way of exampile, the monodisperse polymer (e.g., HA polymer) may include any suitable
number of monomers, for example, between 2 and about 1x10* monomers (e.¢., about 10, about 50,
about 100, about 200, about 300, about 400, about 500, about 600, about 700, about 800, about 800,
about 1000, about 2000, about 3000, about 4000, about 5000, about 8000, about 7000, about 8000,
about 9000, or about 1x10* monomers), or more. For exarmple, the polymer (e.g., HA polymer) may
include between about 50 and about 250 monomers, about 50 and about 500 monomers, between about
50 and about 1000 monomers, betwean about 50 and about 2000 monomers, betwesen about 50 and
about 3000 monomers, between about 50 and about 4000 monomers, between about 50 and about 5000
monomers, betwesn about 50 and about 8000 monomers, betweean about 50 and about 7000 monomers,
between about 50 and about 8000 monomers, between about 50 and about 9000 monomers, between

about 50 and about 10000 monomers, between about 100 and about 250 monomers, about 160 and
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about 500 monomers, between about 100 and about 1000 monomers, between about 100 and about
2000 monomers, between about 100 and about 3000 monomers, between about 100 and about 4000
monomers, between about 100 and about 5000 monomers, between about 100 and about 8000
monomers, between about 100 and about 7000 monomers, between about 100 and about 8000
monomers, between about 100 and about 8000 monormers, between about 100 and about 10000
monomers, between about 250 and about 500 monomers, between about 250 and about 1000
monomers, between about 250 and about 2000 monomers, between about 250 and about 3000
monomers, between about 250 and about 4000 monomers, between about 250 and about 5000
monomers, between about 250 and about 8000 monomers, between about 250 and about 7000
monomers, between about 250 and about 8000 monomers, between about 250 and about 8000
monomers, between about 250 and about 10000 monomers. between about 500 and about 1000
monomers, between about 500 and about 2000 monomers, between about 500 and about 3000
monomers, between about 500 and about 4000 monomers, between about 500 and about 5000
monomers, between about 500 and about 6000 monomers, between about 500 and about 7000
monomers, between about 500 and about 8000 monomers, between about 500 and about 8000
monomers, of between about 500 and about 13000 monomers. In some instances, the polymer {e.g., HA
polymer) may include about 5060 monomaers.

The invention provides an antibody conjugate that includes an antibody {e.q., an anti-VEGF
antibody such as G6.31 AARR) covalently atiached {0 g monodisperse HA polymer. Such antibody
conjugates are sometimes referrad 1o herein as “monodisperse HA conjugates.” The monodisperse HA
polymer can have a polydispersity index (PD1) of about 1.1 or lower. For example, in some embodiments,
the monodisperse HA polymer has a PDI between 1.0 to about 1.1 (e.g., between 1 10 about 1.1, between
1to about 1.09, between 1 to about 1.08, between 1 1o about 1.07, between 1 to about 1.08, between 1
to about 1.05, between 1 {0 about 1.04, between 1 to about 1.03, between 1 1o about 1.02, between 1 o
about 1.01, between 1 to about 1.005, between about 1.001 {o about 1.1, between about 1.001 to about
1.1, belween about 1.001 to about 1.09, between about 1.001 to about 1.08, between about 1.001 to
about 1.07, between about 1.001 to about 1.08, between about 1.001 {o about 1.05, between about 1.001
fo about 1.04, belwesn about 1.001 1o about 1.03, between about 1.001 to about 1.02, between about
1.001 to about 1.01, between about 1.001 {0 about 1.008, between about 1.001 to about 1.004, between
about 1.001 to about 1.003, between about 1.001 {o about 1.002, belween aboutl 1.0001 to about 1.1,
between about 1.0001 {o about 1.09, between about 1.0001 {o about 1.08, betwesn about 1.0001 {o
about 1.07, between about 1.0001 to shout 1.08, between about 1.0001 to about 1.05, between about
1.0001 to sbout 1.04, between about 1.0001 to about 1.03, between about 1.0001 to about 1.02, between
about 1.0001 to about 1.01, between asbhout 1.0001 {o about 1.005, between about 1.0001 to about 1.004,
between about 1.0001 {0 about 1.003, between about 1.0001 to about 1.002, or between about 1.0001 to
about 1.005).

For example, in some embodiments, the monodisperse HA polymer has a PDi of 1.001, about
1.0001, about 1.00001, about 1.000001, about 1.0000001, or lower. In soms embodiments, the
monodisperse HA polymer has a PDI of 1.0, about 1.601, about 1.002, about 1.003, about 1.004, about

1.005, about 1.006, about 1.007, about 1.008, about 1.008, about 1.01, about 1.011, about 1.012, about
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1.013, about 1.014, about 1.015, about 1.018, about 1.017, about 1.018, about 1.019, about 1.02, about
1.021, about 1.022, about 1.023, about 1.024, about 1.025, about 1.028, about 1.027, about 1.028, about
1.029, about 1.08, about 1.031, about 1.032, about 1.033, about 1.034, about 1.085, about 1.0386, about
1.037, about 1.038, about 1.039, about 1.04, about 1.041, about 1.042, about 1.043, gbout 1.044, about
1.045, about 1.048, about 1.047, about 1.048, about 1.049, about 1.05, about 1.051, about 1.052, about
1.053, about 1.054, about 1.055, about 1.058, about 1.057, about 1.058, about 1.059, about 1.08, about
1.061, about 1.082, about 1.063, about 1.084, about 1.085, about 1.068, about 1.067, about 1.068, about
1.088, about 1.07, about 1.071, about 1.072, aboul 1.073, about 1.074, about 1.075, about 1.078, about
1.077, about 1.078, about 1.079, about 1.08, about 1.081, about 1.082, about 1.083, about 1.084, about
1.085, about 1.086, about 1.087, about 1.088, about 1.089, about 1.09, about 1.091, about 1.082, about
1.083, about 1.024, about 1.095, about 1.086, about 1.087, about 1.098, about 1.088, or about 1.1, In
some embodiments, the monodisperse HA polymer has a PDI of about 1.001.

in some instances, the monodisperse HA polymer has a molecular weight of about 2.5
megadatlton (MDa) or lower {e.g., about 2.5 MDa or lower, about 2.4 MDa or lower, about 2.3 MDa or
lower, about 2.2. MDa orlower, about 2.1 MDa or lower, about 2.0 MDa or lower, about 1.8 MDa or lower,
about 1.8 MDa or lower, about 1.7 MDa or lower, about 1.6 MDa orlower, about 1.5 MDa or lower, about
1.4 MDa or lower, about 1.3 MDa or lower, about 1.2 MbDa or lower, about 1.1 MDa or lowsr, about 1.0
MDa or lower, about 800 kDa or lower, about 800 kDa or lower, about 700 kDa or lower, about 800 kDa
or lower, about 500 kDa or lower, about 400 kDa or lower, about 300 kDa or lower, about 200 kDa or
lower, or about 100 kDa or lower). In some instances, the HA polymer has a molecular weight of about 1
MDa or lower {e.g., about 1.0 MDa or lower, about 900 kDa or lower, about 800 kDa or lower, about 700
kDa or lower, about 600 kDa or lower, about 500 kDa or lower, about 400 kDa or lower, about 300 kDa or
lower, about 200 kDa or lower, or about 100 kDa or lower). In some instances, the HA polymer has a
molecular weight between about 25 kDa and about 2.5 MDa (e.g., belween about 25 kDa and about 2.5
mba, between about 25 kDa and about 2 MDa, between about 25 kDa and about 1.5 MDa, between
about 25 kDa and about 1 MDa, between about 25 kDa and about 800 kDa, between about 25 kDa and
about 800 kDa, between about 25 kDa and about 700 kDa, between about 25 kDa and about 800 kDa,
between about 25 kDa and about 500 kDa, between about 100 kDa and about 2.5 mDa, between about
100 kDa and about 2 MDa, between about 100 kDa and about 1.5 MDa, between about 100 kbDa and
about 1 MDa, between about 100 kDa and about 900 kDa, between about 100 kDa and about 800 kDa,
between about 100 kDa and about 700 kDa, between about 100 kDa and about 800 kDa, betwesn about
100 kDa and about 500 kDa, between about 250 kDa and about 2.5 MDa, belween about 250 kDa and
about 2 MDa, between about 250 kDa and about 1.5 MDa, between about 250 kDa and about 1 MDa,
between about 250 kDa and about 200 kDa, betweaen about 250 kDa and about 800 kDa, betwesn about
250 kDa and about 700 kDa, between about 250 kDa and about 800 kDa, between about 250 kDa and
about 500 kDa, between about 500 kDa and about 2.5 MDa, between about 500 kDa and about 2 MDa,
between about 500 kDa and about 1.5 MDa, between about 500 kDa and about 1 MDa, between about
500 kDa and about 900 kDa, between about 500 kDa and about 800 kbDa, between about 500 kDa and
about 700 kDa, between about 500 kDa and about 800 kDa, between about 1 MDa and about 2.5 MDa,

between about 1 MDa and about 2 MDa, between about 1 MDa and about 1.5 MDa, between about 1
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MDa and about 1.25 MDa, between about 1.25 MDa and about 2.5 MDa, between about 1.25 MDa and
about 2 MDa, belween about 1.25 MDa and about 1.5 MDa, between about 1.5 MDa and about 2.5 MDa,
between about 1.5 MDa and about 2 MDa, between about 1.5 MDa and about 1.75 MDa, or between
1.75 MDa and about 2.5 MDa).

In some instances, the monodisperse HA polymer has a molecular weight between about 25 kDa
and about 500 kDa (e.q., between about 25 kDa and about 500 kDa, between about 25 kDa and about
450 kDa, between about 25 kDa and about 400 kDa, between about 25 kDa and about 350 kDa, between
about 25 kDa and about 300 kDa, between about 25 kDa and about 300 kDa, between about 25 kDa and
about 250 kDa, between about 25 kDa and about 200 kDa, between about 25 kDa and about 150 kDa,
between about 25 kD3 and about 100 kDa, between about 25 kDa and aboul 50 kDa, belween about 40
kDa and about 500 kDa, between about 40 kDa and about 450 kDa, betwesn about 40 kDa and about
400 kDa, between about 40 kDa and about 350 kDa, between about 40 kDa and about 300 kDa, between
about 40 kDa and about 300 kDa, between about 40 kDa and about 250 kDa, between about 40 kDa and
about 200 kDa, between about 40 kDa and about 150 kDa, between about 40 kDa and about 100 kDa,
between about 40 kDa and about 50 kDa, between about 50 kDa and about 500 kDa, between about 50
kDa and about 450 kDa, between about 50 kDa and about 400 kDa, betweean about 50 kDa and about
350 kDa, between about 50 kDa and about 300 kDa, between about 50 kDa and about 300 kDa, between
about 50 kDa and about 250 kDa, between about 50 kDa and about 200 kDa, between about 50 kDa and
about 150 kDa, between about 50 kDa and about 100 kDa, between about 50 kDa and about 75 kDa,
between about 100 kDa and about 500 kDa, between about 100 kDa and about 450 kDa, between about
100 kDa and about 400 kDa, between about 100 k2a and about 350 kDa, between about 100 kDa and
about 300 kDa, between about 100 kDa and about 300 kDa, between about 100 kDa and about 250 kDag,
between about 100 kDa and about 200 kDa, between about 100 kDa and about 150 kDa, between about
150 kDa and about 500 kDa, between about 150 kDa and about 450 kDa, between about 150 kDa and
about 400 kDa, between about 150 kDa and about 350 kDa, between about 150 kDa and about 300 kDa,
between about 150 kDa and about 300 kDa, between about 150 kDa and about 250 kDa, between about
150 kDa and about 200 kDa, between about 175 kDa and about 500 kDa, between about 175 kDa and
about 450 kDa, between about 175 kDa and about 400 kDa, between about 175 kDa and about 350 kDa,
between about 175 kDa and about 300 kDa, between about 175 kDa and about 300 kDa, between 175
200 kDa and about 250 kDa, between about 175 kDa and about 225 kDa, between about 200 kDa and
about 500 kDa, between about 200 kDa and about 450 kDa, between about 200 kDa and aboul 400 kDa,
between about 200 kDa and about 350 kDa, betweaen about 200 kDa and about 300 kDa, between about
200 kDa and about 300 kDa, between about 200 kDa and about 250 kDa, or between about 200 kDa and
about 225 kDa).

In some instances, the monodisperse HA polymer has a molecular weight between about 100
kDa and about 250 kDa (e.g., about 1060 kDa, about 110 kDa, about 120 kDa, about 130 kDa, about 140
kDa, about 150 kDa, about 180 kDa, about 170 kDa, about 180 kDa, about 120 kDa, about 200 kDa,
about 210 kKDa, about 220 kDa, about 230 kDa, about 240 kDa, or about 250 kDa). in particular

instances, the HA polymer has a molecular weight of about 200 kDa.
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Any of the preceding molecular weights may be a weight-average molecular weight (also known
as weight-average molar mass).

In some instances, any of the preceding monodisperse HA polymers is linear, i.e., not cross-
linked.

in other instances, the invention provides an antibody conjugate that includes an antibody (e.g.,
an anti-VEGF antibody such as G6.31 AARR) covalently attached 1o a monodisperse PEG polymer.
Such antibody conjugates are sometimes referred 1o as “PEG conjugates” herein. Any suitable
monodisperse PEG polymer may be used. i is {0 be understood that monodisperse PEG polymers may
have different PDI values as compared to monodisperse HA polymers. For example, commercially
availabie PEG polymers may have a PDI below 1.1; thus, a monodisperse PEG polymer would be defined
by a different range of PDI values compared to a monodisperse HA polymer. For example, a
monodisperse PEG polymer may have a PDI from about 1 1o about 1.02 {e.g., a PDi of 1, about 1.001,
about 1.002, about 1.003, about 1.004, aboutl 1.005, about 1.008, about 1.007, about 1.008, about 1.008,
about 1.01, about 1.011, about 1.012, about 1.013, about 1.014, about 1.015, about 1.018, about 1.017,
about 1.018, about 1.019, or about 1.82). The PEG may be a branched PEG, a star PEG, or a comb
PEG. The PEG polymer may be, for example, a PEG tetramer, a PEG hexamer, or a PEG octamer. In
some instances, the antibody conjugate includes an anti-VEGF antibody (e.g., an anti-VEGF antibody
described herein, such as G8.31 AARR) covalently attached 1o a PEG dendrimer. PEG polymers are
commercially available, for example, from JenKem Technology, Quanta BioDesign, NOF America
Corporation, and other vendors.

in some instances, the monodisperse PEG polymer has a molecular weight between about 1 kDa
and about 500 kDa (e.g., between about 1 kDa and about 500 kDa, between about 1 kDa and about 450
kDa, between about 1 kDa and about 400 kDa, between about 1 kDa and about 350 kDa, between about
1 kDa and about 300 kDa, between about 1 kDa and about 300 kDa, between about 1 kDa and about 250
kDa, between about 1 kDa and about 200 kDa, between about 1 kDa and about 150 kDa, between about
1 kDa and about 100 kD&, between about 1 kDa and about 50 kDa, between about 10 kDa and about 500
kDa, between about 10 kDa and about 450 kDa, between about 10 kDa and about 400 kDa, between
about 10 kDa and about 350 kDa, between about 10 kDa and about 300 kDa, between about 10 kDa and
about 300 kDa, between about 10 kDa and about 250 kDa, between about 10 kDa and about 200 kDa,
between about 10 ks and about 150 kDa, between about 10 kDa and about 100 kDa, between about 10
kDa and about 50 kDa, between about 20 kDa and about 500 kDa, between about 20 kDa and about 450
kDa, between about 20 kDa and about 400 kDa, between about 20 kDa and about 350 kbDa, between
about 20 kDa and about 300 kDa, between about 20 kDa and about 300 kDa, between about 20 kDa and
about 250 kDa, between about 20 kDa and about 200 kDa, between about 20 kDa and about 150 kDa,
between about 20 ks and about 100 kDa, batween about 20 kDa and about 75 kDa, between about 30
kDa and about 500 kDa, between about 30 kDa and about 450 kDa, between about 30 kDa and about
400 kDa, betweean about 30 kDa and about 350 kDa, between about 30 kDa and about 300 kDa, between
about 30 kDa and about 200 kDa, between about 30 kDa and about 250 kDa, between about 30 kDa and
about 200 kDa, between about 30 kDa and about 150 kDa, between about 40 kDa and about 5300 kDa,

between about 40 kDa and about 450 kDa, between about 40 kDa and about 400 kDa, between about 40
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kDa and about 350 kDa, between about 40 kDa and about 300 kDa, between about 40 kDa and about
300 kDa, between about 40 kDa and about 250 kDa, between about 40 kDa and about 200 kDa, between
about 50 kDa and about 500 kDa, between about 50 kDa and about 450 kDa, between about 50 kDa and
about 400 kDa, between about 50 kDa and about 350 kDa, between about 50 kDa and about 300 kDa,
between about 50 kDa and about 300 kDa, between 50 200 kDa and about 250 kDa, or between about
50 kDa and about 225 kDa).

In some instances, the monodisperse PEG polymer has a molecular weight between about 5 kDa
and about 250 kDa (e.g., about 1 kDa, about 5 kDa, about 10 kDa, about 15 kDa, about 20 kDa, about 25
kDa, about 30 kDa, about 35 kDa, about 40 kDa, about 50 kDa, about 80 kDa, about 70 kDa, about 80
kDa, about 80 kDa, 100 kDa, about 110 kDa, about 120 kDa, about 130 kDa, about 140 kDa, about 150
kDa, about 180 kDa, about 170 kDa, about 180 kDa, about 180 kDa, about 200 kDa, about 210 kDa,
about 220 kDa, about 230 kDa, about 240 kDa, or about 250 kDa). In particular instances, the PEG
polymer has a molecular weight of about 20 kDa. In other instances, the PEG polymer has a molecular
weight of about 40 kDa.

Any of the preceding molecular weights may be a weight-average molecular weight (also known
as weighi-average molar mass).

in some instances, the monodisperse PEG polymer is a PEG tetramer. PEG tetramers are
commercially available, for example, NOF America SUNBRIGHT® PTE-400MA, PTE-200MA, PTE-
100MA, and JenKem Technology USA 4 arm PEG maleimide (Cat. No. 4ARM-MAL). In some instances,
the PEG tetramer has a pentaerythiitol core. For example, in some instances, the PEG tetramer includes

a strycture of formula (), wheregin n is independently any suitable integer:

Formula |

in another example, in some instances, the monodisperse PEG polymer is a PEG hexamer., PEG
hexamers are commercially available, for exampie, JenKem Technology USA 6 arm PEG amine (Cat. No.
SARM(DP)-NHZHChH, or PEG hexamers from Quanta BioDesign. In some instances, the PEG hexamer
includes a dipentylerythritol core.

in some instances, the monodisperse PEG polymer is a PEG octamer. PEG octamers arg
commercially available, for example, NOF America SUNBRIGHT® HGEO series or JenKem Technology
USBA 8 arm PEG malgimide (Cat. No. BARM(TF)-MAL). In some instances, the PEG octamer may
include a tripentaerithritol core. For example, in some instances, the PEG octamer includes a structure of

formula (1), wherein n is independently any suitable integer:
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in yet another example, in some instances, the PEG octamer includes a tripentaervthritol core,

it is to be understood that any suitable conjugation approach, including those described herein
and others known in the arl, may be used to conjugate an anti-VEGF antibody of the inventionio a
monodisperse polymer. For example, the monodisperse polymer may be conjugated to any suitable
protein functional group, including a primary amine group, a carboxyl group, a sulfthydryl froup, ora
carbonyl group. Any suitable chemical reactive group may be used 1o target the protein functional group,
for example, carbodiimide (e.g., EDC), NHS ester, imidoester, pentafluorophenyl ester, hydroxymethyl
phosphine, maleimide, haloacetyl (e.g., bromoacety! or iodeacetyl), pyridyldisulfide, thiosulfonate,
vinylsulfone, hydrazine, alkoxyamine, diazirineg, aryl azide, isocyanate, or others known in the art. See,
for example, Hermanson, Bicconjugate Technigues, 3 Edition, 2013, In particular embodiments, HA
{e.g., monodisperse HA) is modified with maleimide groups (HA-maleimide) and second, an antibody that
includes a free thiol on a cysteine {(e.q., Fab-C or a cysteine variant (e.g., a THIOMAB™ or ThiocFab)) is
reacted with HA-maleimide o form covalent HA-Fab conjugates, for example, as described in Example 1.

Any of the preceding antibody conjugates may have a hydrodynamic radius between about 5 nm
and about 200 nim (e.g., about 5 nm, about 10 nm, about 20 nm, about 30 nm, about 40 nm, about 58 nm,
about 80 nim, about 70 nm, about 80 nm, about 20 nm, about 100 nm, about 110 nm, about 120 nm,
about 130 nm, about 140 nm, about 150 nm, about 180 nm, about 170 nm, about 180 nm, aboui 180 nm,
or about 200 nim}. In some instances, the antibody conjugate has a hydrodynamic radius between about
5 nm and about 150 nim (e.g., about 5 nm, about 10 nm, about 20 nm, about 30 nm, about 40 nm, about
50 nm, about 80 nm, about 70 nm, about 80 nm, about 80 nm, about 100 nm, about 110 nm, about 120
nm, about 130 nim, about 140 nm, or about 150 nmy). In some instances, the antibody conjugate has a
hydrodynamic radius between about & nm and about 100 nm {e.g., about & nm, about 10 nm, about 20

nm, about 30 nm, about 40 nm, about 50 nm, about 60 nm, about 70 nm, about 80 nm, about 80 nm, or
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about 100 nm). In some instances, the antibody conjugate has a hydrodynamic radius between about 5
nm and about 80 nm (e.g., about 5 nm;, about 10 nm, about 20 nm, about 30 nm, about 40 nm, about 50
nm, or about 80 nm). In some instances, the antibody conjugate has a hydrodynamic radius between
about 25 nm and about 35 nm (e.q., about 25 nm, about 26 nm, about 27 nm, about 28 nm, about 29 nm,
about 30 nm, about 31 nm, about 32 nm, about 33 nm, about 34 nm, or about 35 nm). In some
instances, the hydrodynamic radius is about 28 nm.

In some instances, the antibody conjugate has a hydrodynamic radius between about 10 nm and
about 200 nm, between about 10 nm and about 180 nm, between about 10 nm and about 160 nm,
between about 10 nm and about 140 nm, between about 10 nm and about 120 nm, between about 10 nm
and about 100 nm, betwesn about 10 nm and about 80 nm, between about 10 nm and about 80 nm,
between about 10 nm and about 50 nm, between about 10 nm and about 40 nm, belwsen about 10 nm
and about 30 nm, betwesn about 20 nm and about 200 nm, between about 20 nm and about 180 nm,
between about 20 nm and about 1680 nm, between about 20 nm and about 140 nm, between about 20 nm
and about 120 nm, betweean about 20 nm and about 100 nm, between about 20 nm and about 80 nm,
between aboul 20 nm and about 60 nm, between about 20 nm and about 58 nm, belwesn aboul 20 nm
and about 40 nm, betwesn about 20 nm and about 30 nm, between about 30 nm and about 200 nm,
between about 30 nm and about 180 nm, between about 30 nm and about 160 nim, between about 30 nm
and about 140 nm, between about 30 nm and about 120 nm, between about 30 nm and about 100 nm,
between about 30 nm and about 80 nm, between about 30 nm and about 88 nm, between about 30 nm
and about 50 nm, between about 30 nm and about 40 nm, between about 40 nm and about 200 nm,
between about 40 nm and about 180 nm, between about 40 nm and about 180 nim, between about 40 nm
and about 140 nm, between about 48 nm and about 120 nm, between about 40 nm and about 100 nm,
between about 40 nm and about 80 nm, between about 40 nm and about 88 nm, between about 40 nm
and about 50 nm, between about 50 nm and about 200 nm, belween about 50 nm and about 180 nm,
between about 50 nm and about 180 nm, between about 50 nm and about 140 nm, between about 50 nm
and about 120 nm, between about 50 nm and about 100 nm, between about 50 nm and about 80 nm,
between about 50 nm and about 80 nm, between about 80 nm and about 200 nm, between about 80 nm
and about 180 nm, between about 8¢ nm and about 180 nm, beltween about 80 nm and about 140 nm,
between about 80 nm and about 120 nm, betwesn about 80 nm and about 100 nm, or between about 60
nim and about 80 nm.

in any of the preceding antibody conjugates, the antibody may be an antibody fragment that binds
VEGF, for example, an antibody fragment of an anti-VEGF antibody described herein that binds VEGF.
in some instances, the anti-VEGF antibody is a cysteine engineered anti-VEGF antibody, as described
herein (see, e.g., Section 1(8){d) above). In some instances, the antibody fragment is selected from the
group consisting of Fab, Faby’, Fab-C, Fab’-SH, Bv, scFv, and (Fab’): fragmenis. In particular instances,
the antibody fragment is an Fab, an Fab’, or an Fab-C. In some instances, the antibody fragment is an
Fab-C.

Any of the preceding antibody conjugates may have an ocular half-life that is increased relative to
a reference antibody that is not covalently attached to the polymer (e.q., the hydrophilic polymer). In

some instances, the ocular half-life is increased at least about 2-fold (e.g., about 2-fold, about 3-fold,
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about 4-fold, about 5-fold, about 8-fold, about 7-fold, about 8-fold, about 8-fold, about 10-fold, about 12-
fold, about 14-fold, about 16-fold, about 18-fold, about 20-fold, or more) relative 1o the reference antibody.
in some instances, the ocular half-life is increased at least about 4-fold relative to the reference antibody.
in some instances, the ocular half-life is a vitreal half-life. In some instances, the reference antibody is
identical io the antibody of the antibody conjugate. In other cases, the reference antibody is non-identical
o the anlibody of the antibody conjugate.

Any of the preceding antibody conjugates may have an ocular clearance that is that is decreased
relative 1o a reference antibody that is not covalently attached to the polymer (e.g., the hydrophilic
polymer). In some instances, the clearance is decreased at least about 2-fold {(e.g., about 2-fold, about 3-
fold, about 4-fold, about 5-fold, about 8-fold, about 7-fold, about 8-fold, about 8-fold, about 10-{old, about
12-fold, about 14-fold, about 18-fold, about 18-fold, about 20-Told, or more) relative to the reference
antibody. In some instances, the clearance is decreased at least about 4-fold relative o the reference
antibody. In some instances, the clearance is clearance from the vitreous. In some instances, the
reference antibody is identical to the antibody of the antibody conjugate. In other cases, the reference
antibody is non-identical to the antibody of the antibody conjugate.

in some instances, the time period between two intraocular administrations {e.g., by intravitreal
injection} of any of the preceding antibody conjugates {(e.g., HA conjugates) is at least 1 month, e.g., at
least 1 month, at least 5 weeks, at least 6 weeks, at least 7 weeks, at least 8 weeks, at least 9 weeks, at
least 10 weeks, at least 11 weeks, at least 12 weeks, at least 13 weeks, gt least 14 weeks, gt least 15
weeks, at least 16 weeks, al least 20 weeks, at least 24 weeks, at least 28 weeks, at least 32 weeks, at
least 236 weeks, at least 40 weeks, at least 44 weeks, gt least 48 weeks, at least 52 weeks or more. In
some cases, the maximum period between two intraccular administrations is no longer then four years,
e.g., no longer than three years, no longer than two years, or no longer than one year. The antibody
conjugate can be administered, for example, every two 1o twelve months, e.g., every four to ten months.
In some instances, the antibody conjugate is adminisiered every six months.

The invention also provides compositions {(e.g., pharmaceutical compositions) that include any of
the antibody conjugates described above. In cerlain embodiments, the composition comprises one or
more additional compounds. In certain embodiments, the additicnal compound binds {0 a second
bivlogical molecule selected from the group consisting of IL-15; IL-6; IL-6R; PDGF; angiopoistin;
angiopoietin 2; Tie2; S1P; integrins avi3, avBs, and o531, betaceliulin; apelin/APJ; ervthropoietin;
complement factor D; TNFa; HtrAl; a VEGF receplor; ST-2 receplor; and proteins genetically linked {o
age-related macular degeneration (AMD) risk, such as complement pathway components C2, factor B,
facior H, CFHR3, C3b, C5, C8a, and C3a; HirA1, ARMSZ; TIMPS; HLA, interleukin-8 {IL-8); CX3CRH;
TLR3; TLR4; CETR; LIPC; COL10AT; and TNFRSF10A. in certain embodiments, the additionsal
compound is an antibody or anligen-binding fragment thereof. For example, in some instances, the
additional compound is a bispecific antibody (e.g., an anti-VEGF/anti-Ang2 bispecific antibody, such as
RG-7716 or any bispecific anti-VEGF/anti-Ang2 bispecific antibody disclosed in WO 2018/068532 or WO
2016/073157 or a variant thereof. In another example, in some instances, the additional compound is an
anti-iL-6 antibody, for example, EBI-031 (Eleven Biotherapeutics; see, e.g., WO 2016/073880), siltuximab

(SYLVANT®), olokizumab, clazakizumab, sirukumab, elsilimomab, gerilimzumab, OPR-003, MEDI-5117,
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PF-04236921, or a variant thereof. In a still further example, in some instances, the additional compound
is an anti-1L-8R antibody, for example, tocilizumab (ACTEMRAR) (see, e.g., WO 1982/019579),
sarilumab, vobarilizumab (ALX-0061), SA-237, or a variant thereof,

The invention further provides compositions {(e.g., pharmaceutical compositions) that include any

of the antibody conjugates described above and an additional VEGF antagonist.

2. Devices

Any of the antibodies (e.g., cysteine engineered anti-VEGF antibodies) or antibody conjugates
{e.g., monodisperse HA conjugates) described herein can be adminisiered 1o the eye using a port
delivery device. A port delivery device is an implantable, refillable device that can release a therapeutic
agent (e.q., an anti-VEGF aniibody conjugate) over a period of months (e.g., 1,2, 3,4, 5,6,7, 8, 8, 10,
11, 12, or more months). Exemplary port delivery devices that may be used include those from ForSight
Labs, LLC and/or ForSight VISION4, for example, as described in International Patent Application
Publication Nos. WO 2010/088548, WO2z015/085234, WO 2013/116061, WO 2012/019176, WO
2013/040247, and WO 2012/019047, which are incorporated hergin by reference in their entirety.

For example, the invention provides port delivery devices that include reservoirs containing any of
the antibodies or antibody conjugates described herein. The port delivery device may further include a
proximal region, a tubular body coupled to the proximal region in fluid communication with the reservoir,
and one or more outlets in fluid communication with the reservoir and configured 1o release the
composition into the eye. The tubular body may have an outer diameter configured to be inserted
through an incision or opening in the eye of about 0.5 mm or smaller. The device may be about 1 mm {o
about 15 mm in length {(&.q., about 1 mm, about 2 mm, about 4 mm, about 5 mun, about 6 mm, about 7
mim, about 8 mm, about 11 mm, about 13 mm, or about 15 mm in length). The reservoir may have any
suitable volume. In some instances, the reservoir has a volume of about 1 ul to about 100 1 (e.g., about
1 ul, about 5 ul, about 10 ui, about 20 yl, about 80 yl, about 75 1, or about 100 ul). The device or its
constituent parts may be made of any suitable material, for example, polyimide.

in some instances, the port delivery device includes a reservoir containing any of the antibodies
or antibody conjugates described herein and one or more additional compounds. in ceriain
embodiments, the additional compound binds {0 a second biclogical molecule selected from the group
consisting of IL-18; HL-6; L-8R; PDGF, angiopoietin; angiopoietin 2; Tie2; S1P; integrins avi3, avis, and
abB1; betacelluling apelin/APJ; erythropoieting complement factor D; TNFa; HirA1; a VEGF receptor; ST-2
recepior; and proteins genetically linked o AMD risk, such as complement pathway componenis C2,
facior B, factor H, CFHR3, C3b, €5, C5a, and C3a, HirA1; ARMSZ; TIP3, HLA; iL-8; CX3CR1; TLR3;
TLR4, CETP; LIPC, COL10AT; and TNFRSF1DA. in certain embodiments, the additional compound is an
antibody or antigen-binding fragiment thereof. For exampie, in some instances, the additional compound
is a bispecific antibody {&.g., an anti-VEGF/anti-Ang2 bispecific antibody, such as RG-7716 or any
bispecific anti-VEGF/anti-Ang?2 bispecific antibody disclosed in WO 2010/068532 or WO 2016/073157 or
a variant thereof. In ancther example, in some instances, the additional compound is an anti-IL-6
antibody, for example, EBI-031 (Eleven Biotherapeutics; see, e.g., WO 2016/073890), siltuximab

{(SYLVANT®), olokizumab, clazakizumab, sirukumab, elsilimomab, gerilimzumab, OPR-003, MEDI-5117,
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PF-04236921, or a variant thereof. In a still further example, in some instances, the additional compound
is an anti-1L-6R antibody, for example, tocilizumab (ACTEMRAR) (see, e.g., WO 1992/019579),
sarilumab, vobarilizumab (ALX-0061), SA-237, or a variant thereof,

In some instances, the port delivery device includes any of the antibodies or antibody conjugates
described herein and an additional VEGF antagonist.

i, EXAMPLES
The following are examples of methods and compositions of the invention. It is undersicod that

various other embodiments may be practiced, given the general description provided above.

Exampie 1: Linear hyaluronic acid (HA) antibody conjugates prepared from monodisperse HA for
improved stability

Conjugation of Fabs o the biopolymer hyaluronic acid (HA) can significantly improve retention
time of the Fab in the eyg, for example, by slowing diffusion of the Fab and, thereby, clearance from the
vitreous humor. A two step process has been employed for HA-Fab conjugate production: first,
commercial HA is modifisd with maleimide groups (HA-maleimide) and second, Fab-C (Fab with a free
thiol on cysteine) is reacted with HA-maleimide (o form covalent HA-Fab conjugates.

When produced via typical means, HA-protein conjugates can have two orthogonal components
of variability. The first source of variability is polydispersity, which is contributed by the polydispersity of
the HA backbone (Fig. 1A). The second source is heterogeneity, which is contributed by differences in
the number of Fab molecules attached 10 a given HA chain. This second source of variability is dictated
by the stochastic nature of maleimide modification of HA chains in the first step of the HA conjugation
process. Fig. 1B shows the results of a Monte Carlo simulation in which each acid group of a 200 kDa
HA chain was given a 5% chance of being reacted with a maleimide-containing linker, repeated for 1000
independent HA chains. The resulis suggest that, although the mean number of maleimides per HA
chain across the simulation was the expected value of 24.7, the absolute range was 11 to 42

it can be desirable to maintain the physical and colloidal stability of antibody conjugates (e.g.,
antibody conjugates that include linear HA and the anti-VEGF antibody G6.31 AARR; referred {o herein
as HA-GB.31.AARR antibody conjugates) in agueous phase and in vitreous humor. Based in part on the
simulations described above, it is considered that HA backbone molecular weight and the Fab loading
lsvel could be important parameters for physical stability. The Fab loading level refers {o the average
number of antibody (e.g., G6.31.AARR) molecules attached to each HA chain and is expressed in terms
of the percent of acid groups on the HA backbone that are covalently modified with a Fab moiety {each
HA repeating unit contains one modifiable acid group on the glucuronic acid saccharide). While other
parameters may contribute to conjugate stability (e.g. specific properties of the Fab including net charge,
surface charge distribution, hydrophobicity}, they are generally unconirollable within the confines of this
specific moiecule.

To assess the impact of HA MW and Fab loading level on HA-G6.31. AARR physical stability,
conjugates were prepared with three different HA starting MWs (approximately 40 kDa, 200 kDa and 600
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kDa) and varying Fab leading levels, stressed under physiological conditions and monitored for physical

stability over several months o mimic biological exposure.

(A) Materials and methods
{i} Materials

Sodium hyaluronate (HA, Lifecore Biomedical, Chaska, MN) of three different molecular weights
were used in this study. Their properties, as assessed by size exclusion chromatography in-line with
refractive index and multi-angle light scattering deleciors (SEC-RI-MALS), are sumimarized in Table 4,
Mn indicates number average molecular weight; Mw indicates weight average molecular weight; PDI
indicates polydispersity index; and Ry indicates hydrodynamic radius. Table 5 shows data for Mn, Mw,
and PDI of various polydisperse HA samples compared to a monodisperse sample as determined by
SEC-RIMALS. The data from Tables 4 and 5 are from two different lots of HA-200K, which had different
polydispersity.

Table 4: Properties of HA used in this study

Table §: Properties of polydisperse HA samples compared to a monodisperse sample

Label Name Mn, kDa | Mw, kRa | PDI Ry, nm
40K 28.8 455 1.581 | 87
200K 143.4 204.3 1.424 | 237
800K 481.6 619.8 1.287 | 355

Sample Mn (kDa) PMw (kDa) PDI {(Mw/Mn)
HA10K 13.7 19.6 143
HAZOK 21.0 32.9 1.57
HA4OK 28.7 447 1.56
HATOOK 86.0 107 162
HAZ00K 116 204 1.76
HA3S50K 208 314 1.53
HA700K 473 857 1.39
Monodisperse HA150K 137.2 137.3 1.001

(i) Synihesis of maleimide-functionalized HA (HA-mal)

HA was modified with maleimide groups using an agueous reaction with the coupling reagent 4~
{4 6-dimethoxy-1,3,5-triazin-2-yh-4-methylmorpholinium chioride (DMTMM) and the linker N-(2-
aminopethyDmaleimide trifluoroacetaie salt (AEM). HA was dissolved in 100 mM 2-(N-
morpholino)ethanesulionic acid (MES) (pH 5.5) at 2.5 mg/mi. and {o this solution was added DMTRMM and
AEM under siirring. The amounts of DMTMM and AEM added varied and were selected to target
different levels of maleimide functionalization ranging from 2 to 10%. The reaction was heated to 70°C
for 2 hours.

Excess AEM and DMTMM were removed from the reaction via a desalting procedurs. A
HIPREP ™ 26/10 Desalting column was mounted on an AKTA™ purification system (GE Life Sciences)

and squilibrated with 10 mM sodium acstate (pH 4.0} 150 mM NaCl. The reaction was injected neat onto
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the column, and the HA~-mal peak was collected according 1o absorbance at 302 nm and concentraled fo
greater than & mg/mk using centrifugal ultrafifiration devices. The maleimide concentration in the HA-mal
stock solution was measured by absorbance at 302 nm using a UV -visible spectrophoiometer, and the
molar ratio of maleimide groups per HA chain was assessed via size exclusion chromatography with
multi-angle light scatiering (SEC-MALS).

{iij} Conjugation of Fah-C to HA-mal

A solution of Fab-C was pH adjusted to 6.5 using 1 M phosphate (pH 8.5) to a final phosphate
concentration of 50 mi and ethylenediaminetetraacetic acid (EDTA) was spiked 1o a final concentration
of 2.5 mM. The Fab-C solution was stirred and to it was added HA-mal diluted into reaction buifer
comprised of 10 miM phosphate (pH 6.5), 150 mM NaCl, and 2.5 miM EDTA. The stoichiometry was set
at 1.2 moles of Fab-C per mole of maleimide in the final reaction, and the volume was set to give a final
profein concentration of 1 mg/mL. The conjugation reaction was carried out at room temperature under
stirring. At 3 hours, mercaptoethanol was added at 2 moles per mole of maleimide o cap unreacted
maleimide groups. After 30 minutes the reaction was diluted to iess than 50 mM NaCl with 10 mi
phosphate (pH 6.5).

Purification was carried oul using size exclusion chromatography (SEC) to separale free Fab-C
and Fab dimer from the conjugate. A HILOAD® 26/600 SUPERDEX® 200 pg column (GE Healthcare)
was equilibrated with 10 mM HisHCI (pH 5.5) 150 mM NaCl and the reaction was injected neal. Peaks
associated with conjugate, Fab dimer, and Fab monomer eluted separately and the conjugale peak was

collected.

{iv} Analysis of HA-Fab conjugafes by SEC-RI-MALS

Residual free Fab content, total conjugate molar mass, and protein mass fraction were assessed
by SEC-RI-MALS-QELS (a combination of size exclusion chromatography (SEC), refractive index (R
multi-angle light scattering (MALS), and quasi-elastic light scattering (QELS)) on an Agilent 1200 HPLC
with a Wyatt OPTILAB® T-rEX™ refractive index (R} detector and Wyalt HELEOS ™Il multi-angle light
scattering (MALS) detector in-line. For SEC, two columns were run in series: ACCLAIM™ 7.8x150 mm
1000 A pore size foliowed by ACCLAIM™ 7 8x150 mm 300 A pore size with phosphate buffered saline
(FB3) (pH 7.4} as the running buffer. A bovine serum albumin (BSA) control was used to normalize
MALS detectors and correct for band broadening between detectors. Free Fab conteni was measured by
integrating the UV Azeo peaks corresponding with Fab and HA-Fab conjugate. Conjugate molar mass
was taken as the weighl-average molecular weight (Mw) of the conjugate peak. Protein mass fraction
was calculated using a protein conjugate analysis using the differential refractive index (dR1) and UV Aseo

signais.

{vi HA-G6.31. AARR conjugale physiological stress and analysis
Furified conjugates were buffer exchanged into PBS and spiked with 2 mM sodium azide and
0.01% polysorbate 20 (PBSTN). The final concentrations were approximately 5 mg/mb on a Fab basis.

The samples were sealed and incubated at 37°C. This condition serves as g surrogate for vitreous
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humor (mimicking the pH, temperature, and ionic strength of vitreous). The 5 mg/miL concentration
represents a “stressful” concentration for assessing precipitation propensity in vitreous 2 mg dose in 4
mb human vitreous is equivalent to 0.5 mg/ml Fab). Af specified time points, samples were withdrawn,
diluted to 1 mg/mk in 10 mM HisHCI (pH 5.5) with 0.01% polysorbate 20 and 10% (w/v) trehalose, and

assayed for soluble protein concentration (Azso), turbidity (Agso), SEC retention time, and molecular weight

{(Mn and Mw by SEC-RI-MALS as above).

{8} Resuiis
{i} Characterization of materials
Table 6 lists the SEC-RI-MALS characterization results of the nine conjugates used in this study.
The conjugates differ in both HA backbone MW (40 kDa, 200 kDa or 600 kDa) and Fab loading level,
The sample names are given as HA backbone MW (kDA) Tollowed by Fab loading level (%).

Tabie 6: SEC-RI-MALS characterization resuits of HA-G6.31.AARR starting materials

Sample Name Mn, kDa Mw, kDa Fab loading %
40K 2.8% 146 178.7 2.78
40K 2.9% 149.4 182.4 2.85
40K 4.7% 181.2 272.4 485
40K 6.3% 305.9 354.8 8.31
200K 1.3% 4428 518.7 1.28
200K 2.5% 664.3 813.1 2.45
200K 4.7% 1108.2 1362.5 466
200K 8.2% 12974 1739.3 8.17
800K 2.1% 1730.8 21413 2.08

The polydispersity of HA-G8.31 AARR conjugates was evalualed experimenially using SEC-RI-
MALS (Fig. 1C). The polydispersity index was 1.58, 1.78, and 1.41 for HA40K, HAZOOK, and HASOOK

conjugates, respectively.

(i} Conjugate stability under physiofogical stress

Under physiological siress conditions, some HA-G8.31. AARR conjugates showed significant
physical changes over extended incubation in PBSTN. This changs is most clearly evidenced by shifis in
the average molecular weight (Mw, weight-average molecular weight) with time, as shown in Fig. 2.
While some samples did not change in Mw over the 12-week study, those that did all showed a decrease
in Mw over time. The exdent of Mw decrease was dependent both on the HA backbone molecular weight
and the Fab loading level. in general, it was observed that precipitation occurred in samples where the
HA molecular weight and Fab loading were higher.

in order to understand this Mw shift, analysis of the SEC retention profiles of incubated HA-
G6.31.AARR conjugates was performed. SEQ retention times shifted {o later times upon exdended
incubation, indicating that the average population of conjugate was becoming smaller progressively with
time (Fig. 3). Because SEC retention time is defined entirely by the backbone HA molecular weight {and
not by Fab loading), this observation indicated that either: (a) the entire population of conjugate molecules

was getting smaller over time, or (b) a higher molecular weight subpopulation was precipitating out of
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solution, resulting in an apparent shift to smaller conjugates. These data are also summarized in Table 7,

in which the differences between retention time at study start (T0) and week 12 are shown.

Table 7: SEC retention times of HA-G8.31.AARR stability samples at study start and at 12 weeks

after exposure to physiological conditions

Sample Retention Time, Reiention Time, Difference, min
10, min Week 12, min
40K 2.8% 13.272 13.287 -0.005
40K 2.9% 13.364 13.272 -0.092
40K 4.7% 13.125 13.349 (.224
40K 6.3% 13.292 13.569 (0.277
200K 1.3% 11.986 11.848 -0.138
200K 2.5% 12.052 12.787 0.735
200K 4.7% 12.31 12.448 (.138
200K 6.2% 11.986 12.502 (.516
800K 2.1% 10.692 13.827 2.935

These changes measured by SEC and MALS were paralleled by visual observations that higher
HA backbone molecular weight and higher Fab loading samples contained visible precipitates at later
time points. This observation supports the latter explanation for the observed shift in SEC retention
profiles, i.e., that higher molecular weight subpopulations of HA were precipitating and leading to a shift in
the average population remaining in solution,

Further supporting this hypothesis is a re-analysis of SEC-RI-MALS data examining the
distribution of HA-G8.31 AARR conjugates with respect {o molecular weight, as shown in Fig. 4. Forthe
40K HA backbone sample (lefl panel}, the overall distribution of conjugate molecules with respect to
molecular weight did not change appreciably upon extended exposure o physiological conditions. For
the 600K HA backbone sample (right panel}, there was a continuous shift of all population fractions {o
smaller molecular weights, indicating that a broad population of conjugate molecules was precipifating out
of solution. For the 200K HA backbone sample {(center panel), the shift in population fractions occurred
primarily in the higher molecular weight conjugale molecules. This indicates that in the 200K HA
backbone sample there was a mixed population of relatively stable and unstable conjugate molecules.
With time, the higher molecular weight conjugate molecules (relatively unstable subpopulation)

precipitated out of solution, leaving only the relatively stable subpopulation remaining in solution.

{iii) Monodisperse HA conjugates

Based on the understanding that within the polydisperse HAZOOK-G8.31. AARR population, only
the higher MW subpopulations are driving the physical instability and precipitation, we hypothesized that
switching from a polydisperse HA backbone to a monodisperse HA backbone could result in a2 more
stable antibody conjugate.

Standard commercially-available HA is produced by a mulli-step process in which: (@) HA s
synthesized by bacterial fermentation resulting in extremely high MV HA (Mw 1-4 MDa), (b the HA is
purified from cell culture, and (c) HA is chemically degraded in a controlled manner resulting in random
scission of HA molecules. This final step of the process is critical 1o the production of lower molecular
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weight HA that would otherwise not be feasible by fermentation alone. However, the random scission
degradation process also results in a broad (i.e. polydisperse) distribution of HA molecular weights.

HA can also be synthesized at commercial scale via a synchronized chemo-enzymatic process
(see Jing et al. J. Biol. Chem. 279:42345-42349, 2004, Jing et al. Anal, Biochem. 355:183-188, 2008; and
U.S. Patent No. 8,088,604, which are incorporated herein by reference in its entirety). In this process, a
purified hvaluronan synthase enzyme is added o a mixture of small HA oligosaccharides (typically the HA
tetramer, HA4) and the uridine diphosphate (UDP) saccharides UDP-glucuronic acid and UDP-M-
acetylgivcosamine. The hyaluronan synthase enzyme extends the cligosaccharide fragments using the
availabie sugars in an alternating manner resulting in synchronized polymerization of HA. The molecular
weight of the resulting HA polymer can be controlled by the ratio of HA substrate {g.g. HA4) (o sugars in
the starting reaction. The result of this process is highly monodisperse HA polymers,

For comparison, SEC-RI-MALS characterizations of polydisperse and monodisperse commercial
HA of similar size were comparsd in Fig. 5. Most notable is the difference in polydispersity index, which
was 1.779 for polydisperse HA200K and 1.001 for monodisperse HAT50K. This lower level of
polydispersity for monodisperse HA s considered o provide several key advaniages from the perspective
of HA-protein conjugates: (8) easier analytical characterization because elimination of the HA
polydispersily leaves differences in protein loading levels as the only source of helerogeneity in the
sample; (1) elimination of lower and higher molecular weight HA backbones in the overall population,
which may eliminate the instability and precipitation observed in the higher molecular weight HA
backbone subpopulations within HA-G6.31. AARR conjugates; and () potential reduction of the viscosity
of the formulated HA-antibody conjugate.

in the context of using polydisperse and monodisperse HA starting materials {o prepare
58.31.AARR conjugates, the same difference in polydispersity was observed: polydisperse HA200K-
58.31.AARR had a polvdispersity index of 1.228, while monodisperse HA150K-G6.31.AARR had a
polydispersity index of 1.003 (Fig. 8). It is expected that this monodispersity will improve HA-
58.31.AARR conjugate stability due to the absence of the higher HA backbone molecular weight
subpopulation, which was presumed to be responsible for the instability and precipitation observed under
physiological stress of polydisperse HA-G8.31. AARR conjugates.

Example 2;: Optimized Fab loading and cysteine-engineered sites for linsar HA antibody
conjugates

Covalent conjugation of monocional antibodies (mAbs) or antibody fragments (Fabs) to a polymer
scaffold can be periormed through a wide variety of chemistries, ranging from amine chemistry {direct
amidation through solveni-accessible lysine residues) to chemo-enzymatic conjugations using subsirate-
recognizing enzymaes such as transglutaminase. Recently, thicl-maleimide conjugation chemistry has
gained significant interest because i provides several key advantages over other approaches: (a) itis
site-selective, reacting only 1o reduced, solvent-accessible cysteine residues, (b it is an exdremely rapid
reaction, (¢} maleimide-containing linkers are readily available and are typically easily accessed
synthetically, (d) cysteineg residues can typically be easily incorporated into a protein structure, and {g) the

thiol-maleimide conjugation can be performed near neutral pH in aqueous conditions.
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in order to produce a Fab that is amenable to maleimide conjugation, one strategy is o produce a
Fab-C, in which the heavy chain sequence is exiended through the hinge peptide to either the first or
second hinge disulfide cysteine position and truncated at that cysteine residue (Fig. 7). In practice, this
approach can potentially introduce a number of complications that impact conjugation to a polymer
scaffold. The primary consequence of the spatial proximity of this free cysieine residue to the interchain
disulfide bond is thiol scrambling, in which these three nearby cysteine residues can form three possible
disulfide configurations. The three possible disulfide configurations are illustrated pictorially in Figs. 8A-
8C. In each configuration, a diifferent cysieine residue is reduced, making it the polential siie of
conjugation to the maleimide-containing polymer backbone. The consequence of this is helerogeneity in
the site of attachment between the Fab and the HA backbone, which may have consequences from the
perspective of product quality, Fab stability, or safety of the conjugated material.

We hypothesized that relocating the free cysteine residue from the flexible, spatially proximal
hinge sequence to a further surface location on the Fab could reduce or eliminate these conjugation
variants. This approach is similar in nature to that employed by THICMAB™ cysteing engineered
monocional antibodies, in which surface residues are mutated o cysieines for later conjugation. Inthe
Fab format, we term the surface-mutated cysieine-containing Fabs as “ThioFabs.”

Protein-polymer conjugates produced using thicl-maleimide chemistry aiso can suffer from
deconjugation of the protein from the polymer backbone through a reverse-Michael addition reaction.
This can result in slow release of free protein from the polymer backbone in a pH- and temperature-
dependent manner. This behavior is also influenced by the local chemical environment around the
cysteine residue and the structure of the maleimide-containing linker (e.g. presence of electron-
withdrawing groups or amings). Based on findings on reverse-Michael susceptibility of different cysteine
iocations in THIOMARB™ development {see Shen et al. Nat. Biotechnol. 30:184-189, 2012), we also
predicted that moving the free cysieine from the hinge peptide 1o a surface location would reduce the rate
of reverse~-Michael free Fab release from a polymer backbone. We also investigated the rale of reverse-
Michael deconjugation of a model polyethylene giveol (PEG)-maleimide polymer on Fab-C and ThioFab

format molecules under physiological conditions.

(A} Materials and methods
(i} Materials
Lys-C enzyme was purchased from Promega (Catalog # V1671, Madison, W1), hyaluronidase
(recombinant human PH20, also referred to as HAase) enzyme was purchased from Halozyme (San
Diego, CA), N-ethyimaleimide (NEM) was purchased from Sigma Aldrich (8t Louis, M3). Defined
methoxy polyethyiene giycol maleimide (d-mPEG4-Mal, Part # 10745) was purchased from Quanta
Biodesign (Plain City, OH).

(i} Limited Lys-C digestion of G6.31.AARR.Fab-C
A limited Lys-C digest was performed on G6.31. AARR Fab-C samples. Compared to a more
traditional Lys-C digest of a protein, the "limited" Lys-C digest is performed with a reduced quantity of Lys-

C enzyme and under non-denaturing conditions. This resulls in selective digestion of the hinge peptide
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portion of the G8.31.AARR Fab-C molecule (KTHTC (SEQ 1D NO: 1)), which is cleaved afier the lysine
residue. There were four samples of G6.31. AARR.Fab-C fested with different conditions: (a) *NEM,
-Digest, () +NEM +Digest, (¢) -NEM, +Digest, and {d) ~-NEM, -Digest.

For each sample, to 500 ug Fab-C in 500 uyl of 10 mM histidine-acetate + 150 mM sodium
chioride (pH 5.5) was added 50 yl of 1M Tris + 10 mM NEM (pH 7.5); the NEM was omitted for -NEM
samples. Samples were incubated for 30 min at 37°C to cap any free thiols. Lys-C enzyme was then
added to +Lys-C samples at a mass ratio of 1:500 Lys-C:Fab-C. Samples were incubated for 30 min at

37°C. After digestion, samples were frozen (o quench the reaction and analvzed by RP-UPLC-TOF.

{iif) Limited Lys-C digestion of HAZ00K-G6.31. AARR
To 500 ug (on a prolein basis) of HAZDOK-G6.31.AARR in 500 pl. of 10 mM histidine-aceiate +
150 mM sodium chioride buffer (pH 5.5) was added 30 ubl. of 1M Tris {(pH 7.5). Lys-C enzyme was added
at a mass ratio of 1:500 Lys-C.Fab-C. Samples were incubated ovemnight at 37°C. Afier digestion,

samples were frozen o quench the reaction and analyzed by RP-UPLC-TOF.

{iv} Hyaluronidase digest of HA200K-G6.31. AARR
500 ug (on a protein basis) of HA200K-G6.21. AARR was diluted in 500 pl. of 10 mM histidine-
acetate + 150 mM sodium chioride (pH 5.8). HAase was added at 10 units (U} per 1 yg HA in the
conjugate. The reaction mixture was incubaled at 37°C for 4 h. After digestion, samples were frozen to
quench the reaction and analyzed by RP-UPLC-TOF.

{v} Reverse-Michael-mediated deconjugation of model G8.31. AARR-PEG conjugafes
G6.31.AARR Fab-C, G6.31 AARR.A140C, GB.31 AARR.L174C, and G6.31 AARR.K149C were
buffer exchanged into 10 mM phosphate (pH 6.5) 150 mM NaCi 2.5 mM EDTA at between 0.2 and 0.5
mg/mb and d-mPEG4-Mal was added at a 20-fold molar excess. The reaction was incubated at room
temperature for 2 h followed by purification by desalting on PD-10 columns (GE Healtheare, Pittsburgh,
PAY into PBS (pH 7.4). The conjugates were then concentrated to 1 mg/mlL by centrifugal ultrafiltration
and spiked with oxidized glutathione (GSSG) to a final concentration of 2 mM. Constructs were incubated

at 37°C and samples were pulled periodically for analysis by RP-UPLC-TOF,

{vi} Reverse-phase ullra performance liquid chromalography time of flight (RP-UPLC-

TOF) mass spectrometry (MS) analysis

Intact masses of samples were obtained by liguid chromatography-mass spectrometry (LC/MS)
analysis using an Agilent 8230 electrospray ionization (ESI)-time-of-flight (TOF) mass spectrometer in ling
with an Agilent 12980 ultraperformance liquid chromatography (UPLC) system. Approximately 2.5 ug of
protein was injected per sample and desalied by reverse-phase ultra performance liquid chromatography
{(RP-UPLC) for direct online MS analysis. The resulting spectra were deconvoiuted to zerg-charge state
using the MassHunter workstation software/Qualilative Analysis (Agilent Technologies Inc., Santa Clara,
CA).

90



(8]

10

15

20

25

30

35

40

WO 2018/175752 PCT/US2018/023812

(B)Results
(i} Disulfide status in G6.31.AARR . Fab-C

Ta confinm whether the three disulfide states shown in Figs. 8A-8C exist in G6.31. AARR.Fab-C
and are maintained in a dynamic thermodynamic equilibrium, we conducied a series of experiments using
maleimide capping using NEM and limited Lys-C digests 1o probe both the instantaneous status of the
three cysteine residues and their ability to re-arrange dynamically.

in the first experiment, G8.31 AARR.Fab-C was capped with NEM (freezing the disulfide status
due to elimination of any free thiols) and then was subjected 1o a limited Lys-C digest, cleaving the heavy
chain hinge peptide sequence before the intended free cysteine residue (Fig. 8, second chromaiogram).
Upon denaturing analysis on RP-UPLC-TOF, species associated with the three disulfide statuses
presented in Figs. 8A-8C were observed: (a) intact Fab minus hinge peplide (associated with Fig. 8A); ()
light chain plus NEM and cyclized heavy chain (associated with Fig. 8B); and () light chain plus hinge
peptide and heavy chain minus hinge peptide plus NEM {(associated with Fig. 8C). This experiment
concretely demonstrated that G66.31 AARR.Fab-C does not exist in a homogeneous state but contains
three distinct species with different disulfide configurations and, consequently, reaclive cysteine residuss.

in the second experiment, G6.31.AARR Fab-C was subjectaed to a imited Lys-C digest without
NEM capping, leaving the cysteings the possibility to rearrange dynamically (Fig. 9, third chromaiogram).
in this experiment, nearly all of the RP-UPLC-TOF analyzed protein was in the same state: Fab minus
hinge peptide. Given the findings of the first experiment, this second set of data indicates that the three
free cysteines rearranged dynamically and on a relatively fast time-scale (30 min experimental duration).
After cleavage of the hinge peptide by Lys-C, the three possible disulfide states “scrambie” between the
three cysteine residues dynamically. If at some point in time the correct interchain disulfide is formed, the
hinge peptide sequence is left to release into solution since it was previously cleaved by Lys-C. The
result is that the sample is driven towards complete correctly-formed interchain disulfide through this
rearrangernent process,

These two experiments confirmed that G6.31. AARR Fab-C can exist in three distinct states with
regard to the three proximal cysteine residues and that their relative abundances are defined by a
dynamic thermodynamic equilibrium. This latter finding is important because it indicates that no
reprocessing step could completely eliminate the two incorrect disulfide configurations, since given any
short pernod of time the three cysteines would re-scrambie {0 form the three variants observed in the first

experiment,

(i} Conjugation variants in HA-G6.31. AARR Fab-C conjugales
While these three disulfide variants exist in G6.31. AARR Fab-C, it remained 1o be shown that
they also exist as variants in HA-G6.31. AARR conjugates. To slucidate the exact location of conjugation
of individual 36.31 AARR Fab-C molecules to HA-maleimide, we used two enzymatic digestion
procedures. The first, a imited Lys-C digest, cleaved G8.31. AARR at the hinge peptide preceding the
infended free heavy chain cysteine residue. In correctly conjugated G8.31. AARR molecuies, this
ireatment should release free intact G8.31 AARR into solution. However, analysis of digested samples by

denaturing RP-UPLC-TOF identified an additional species in solution: free light chain plus cleaved hinge
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peptide (Fig. 104A). The presence of this species confirmed that a population of G6.31 AARR Fab-C was
conjugated to HA through the heavy chain cysieine normally occupied by the interchain disulfide,
presumably originating from the disulfide variant depicted in Fig. 8C.

The second enzymatic digestion procedure kKept all conjugations intact, but exhaustively digested
the HA backbone using hyaluronidase (HAase). This permitied not only analysis of free molecules in
solution, but also conjugated proteins with small HA oligosaccharides covalently atiached. This method
permitted direct observation of the conjugaled species on an individual level. In this experiment,

G6.31. AARR molecules correctly conjugated fo HA through the intended heavy chain terminal cysteine
were ohserved; however, direct evidence of conjugation through the disulfide variant depicted in Fig. 8B
was also found. This was supported by two observations: (a) the presence of free cyclized heavy chain
molecules in solution; and (b} the presence of HA oligosaccharides with covalently attached maleimide
linker plus light chain (Fig. 10B). The presence of these species confirmed that a population of

G6.21. AARR Fab-C was conjugated to HA through the light chain cysteine normally occupied by the
interchain disulfide, presumably originating from the disulfide variant depicted in Fig. 8B.

These two digestion experiments confirmed that disulfide rearrangement does lead io variations
in the site of gttachment between G8.31. AARR Fab-C and HA-maleimide. This observation is expecied
{0 apply 1o any maleimide-containing polymer backbone used for conjugation and any Fab-C containing

this configuration of three cysieine residues in close proximity.,

{iii} Designing a free cysteine-containing Fab for more homogeneous conjugation

The data described above show that three conjugation variants exist when attaching a Fab-C
molecule to a maleimide-containing polymer backbone. This conjugation heterogeneity is caused by the
existence of three distinct disulfide configurations in thermodynamic equilibrium, with sach configuration
leaving a different cysteine residue available to affeci conjugation. That these three disulfide
configurations are possible is likely influenced by several factors including the proximity of the intended
free hinge cysteine residue {o the interchain disulfide and the flexibility of the hinge peplide sequence {0
which the free cysieine is altached.

To avoid having the free cysieine scramble with the interchain disulfide, we envisioned moving
the free cysteine further from the inferchain disulfide. Therefore, we fruncated the hinge sequence as
typical for a standard Fab format molecule and mutated surface residues of the Fab to cysteine residues.
The sites were chosen such that they were sufficiently far from the HVRs so as not o negatively impact
antigen binding and were sufficiently far from the interchain disulfide to prevent scrambling.

For an initial screening study, three locations were chosen based on previous reports from
THIOMAB™ development 1o meet these criteria: LC-K149 (EU numbering), HC~-A140 (EU numbering),
and HC-L174 (EU numbering). Each site was mutated to a cysteine residue and the hinge peplide was
ferminated immediately before the first hinge disulfide cysteine (i.e., KTHT; SEQ 1D NO: 87).

To confirm that these gysieine sites were still reactive 1o HA-maleimide, we performed pilot
conjugations under typical conditions {10 mM phosphate (pH 6.5), 150 mM NaCl, and 2.5 mM EDTA) and
assessed the products by SEC-RI-MALS after overnight incubation. Conjugation proceeded normally
with generation of HA-G8.31. AARR conjugates at the correct refention time compared to a
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G6.31.AARR.Fab-C conjugation reaction control (Fig. 11). The only major difference noted in the
ThioFab samples was lower conversion of Fab to conjugate. This is likely caused by the relatively low pH
of the conjugation reaction {pH 6.5), which may be betier suited {o the pKa of the hinge cysteine

compared {o that of the ThioFab engineered cysteine residues. 1t is expected that increasing the pH of

the conjugation reaction will improve yields for the ThioFab conjugations.

{iv) Reverse-Michael addition susceptibility of Fab-C and ThioFab formats
G6.31.AARR in Fab-C and ThioFab formats were conjugated to model PEG-maleimide

constructs and incubated in PBS at 37°C with GSSG {o act as a free thiol trap (i.e., preventing reverse-
Michael addition of released free thiol with PEG-maleimide) followed by periodic analysis by RP-UPLC-
TOF. In Fab-C-PEG constructs, significant reverse-Michael deconjugation was observed over the first
saven days, resulting in a 8.8% loss of intact conjugate Fig. 12). ThioFab conjugates showed variable
levels of improvement over Fab-C with the A140C variant showing nearly no deconjugation out to 14
days, the L174C variant showing 5.8% deconjugation, and the K148C variant showing 7.1%
deconjugation over the same time. These data suggest that cysteine mutation variants may be protective
against reverse-Michael-mediated protein deconjugation and may provide a significant advantage over

the Fab-C format in retaining intact protein-polymer conjugates.

Example 3: Exemplary anti-VEGF antibodies for use in the antibody conjugates of the invention

Any of the anti-VEGF antibodies described herein can be used to prepare antibody conjugates as
described in Examples 1 and 2. For example, any anti-VEGF antibody described in International Patent
Application No. PCT/US2016/053454 can be used. Table 8 describes exemplary anti-VEGF antibodies
that can be used, as well as the amino acid sequences of the VH and VL domains for each antibody.
Table 9 describes the VL HVR amino acid sequences for the anti-VEGF antibodies described in Table &,
Table 10 describes the VH HVR amino acid seqguences for the anti-VEGF antibodies described in Table
8. In particular embodiments, the anti-VEGF antibody G6.31 AARR (also referred to herein as
“G8.31.AARR") is used.

Table 8: VH and VL amino acid sequences for exemplary anti-VEGF antibodies

Antibody Name

Variant VH (BEGQ 1D NO}

Variant VL (SEQ ID NO)

G6.31 WT

GB.31 WT (SEQ ID NO: 42)

GB6.31 WT (SEQ ID NO: 38)

LC-NS4A

36.31 WT (SEQ 1D NG: 42)

N24A (SEQ 1D NG: 41)

LC-NO4ALC-F83A

G6.31 WT (SEQ ID NO: 42)

NB4A F83A (SEQ ID NO: 12)

LC-NO4A LC-F83A.
HC-A40E HC-T57E
(36.31 AAEE)

A40E.TETE (SEQ 1D NO: 40}

N84A F83A (SEQ ID NC: 13}

NS4A FR3A.N82aR Y58R
(G36.31 AARR)

NB2aR.Y58R (SEQ ID NO:11)

NB4A F83A (SEQ ID NO: 12)

HCcombo

HCcombo (SEQ 1D NO: 33)

(36.31 WT (SEG 1D NO: 38)
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HCLCZ HCeombo (SEQ 1D NO: 33) L Ccombo2 (SEQ 1D NO: 35)
HCLC4 HCoombo (SEQ ID NO: 33) L.Coombod (SEQ 1D NO: 37)
HCLCS HCcombe (SEQ 1D NO: 33) NG4A F83A (SEQ 1D NO: 12)
HCLCS HCcombo (SEQ 1D NO: 33) LCcombo3 (SEQ 1D NO: 38)
HCLGA HCeombo (SEQ 1D NO: 33) L Ccombot (SEQ 1D NO: 34)

R18HCcombo R19HCcombo (SEQ ID NO: 51) | G6.31 WT (SEQ ID NO: 38)
RIGHCLCZ R19HCecombo (SEQ ID NO: 51) | LCcomboz (SEQ ID NO: 35)
RISHCLCY R19HCcombo (SEQ ID NO: 51) | LCcombod (SEQ 1D NO: 37)
R1BHCLCS

R1gHCcombo (SEQ D NGO 51}

NB4A FB3A (SEQ ID NC: 12)

Table 9; VL. HVR Sequences for Antibodies from Table 8

Antibody Name HYR-L1 HYR-L2 HYR-L3
G6.91 WT RASQDVSTAVA SASFLYS QOGYGNPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 23)
L C-NOAA RASQDVSTAVA SASFLYS QOGYGAPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
LO-NB4A LC-F&3A RASGDVSTAVA SASFLYS QQAGYGAPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
LC-NO4A LC-F83A,
HC-A40E HC-T57E RASQDVSTAVA SASFLYS GGGYGAPRPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
(G6.31 AAEE)
NB4AFBIANBZaR.YSBR | o) sopvaTAVA SASFLYS QQGYGAPFT
(GB.31 AARR) (SEQ D NO: 8) (SEQ ID NO:) (SEQ ID NO: 10)
HOCombo RASQDVSTAVA SASFLYS QOGYGNPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 23)
HOLCD RASQDVSTAVA SASFLYS QQGYGAPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
HOLCA RASODVSTAVA SASFLYS QQGYGAPFT
(SEQ ID NO: 8) (SEQ ID NO:9 (SEQ 1D NO: 10)
HOLGS RASQODVSTAVA SASFLYS QOCYGAPFT
(SEQ ID NO: 8) (SEQ ID NO') (SEQ ID NO: 10)
HOLOS RASQDVSTAVA SASFLYS QQGYGAFFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
HOLCA RASQDVSTAVA SASFLYS QOGYGAPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
=1 OHCCOmMbo RASQDVSTAVA SASFLYS QQGYGNPET
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 23)
R1OHCLOD RASQODVSTAVA SASFLYS QUGYGAPFT
(SEQ ID NO: 8) (SEQ ID NO'S) (SEQ ID NO: 10)
B10HCLOA RASQDVSTAVA SASFLYS QOGYGAFFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
R1GHOLEE RASQDVSTAVA SASFLYS QOGYGAPFT
(SEQ ID NO: 8) (SEQ ID NO:9) (SEQ ID NO: 10)
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Table 10: VH HVR Sequences for Antibodies from Table 8

Antibody Name HVR-H1 HVR-H2 HVYR-H3

P BYWIH GITPAGGYTYYADSVKG FUEFLPYAMDY
(SEQ ID NO1) (SEQ ID NO: 53) (SEQ ID NO:3)
TN BYWIH GITPAGGYTYYADSVKE FUEELPYANDY
(SEQ ID NO:1) (SEQ ID NO: 53) (SEQ ID NO:3)
LO-NO4A LO-FAIA DYWWIH GITPAGGYTYYADSVKG FVFFLPYAMDY
(SEQ ID NO:1) (SEQ 1D NO: 53) (SEQ ID NO:3)

CETNGaA LEFRaA
HCAOE. HO. TS TE DYWIH GITPAGGYEYYADSVKG FVEFLEYAMDY
(SEQ ID NO:1) (SEQ 1D NO: 21) (SEQ ID NO:2)

(36.31 AAEE)

N94A.FB3A NB2aR.YV58R DYWIH GITPAGGYTRYADSVKG FVEFLEYAMDY
(G6.31 AARR) (SEQ ID NO1) (SEQIDNO: 7 (SEQ D NO3)
T SYWIH GITPAGGYEYYADSVEG FUEELPYAMDY
(SEQ ID NO:1) (SEQ 1D NO: 22) (SEQ ID NO2)
P BYWiH GITPAGGYEYYADSVEG FVEELPYAMDY
(SEQ ID NO) (SEQ ID NO: 22) (SEQ ID NO:3)
e DYWIH GITPAGGYEYYADSVEG FVFELPYAMDY
(SEQ ID NO:1) (SEQ 1D NO: 22) (SEQ ID NO:3)
e BYWIH STTPAGGYEYYADSVEG EVEELBYAMDY
(SEQ 1D NO1) (SEQ 1D NO: 22) (SEQ D NO3)
oL DYWIH GITPAGGYEYYADSVEG FUEELPYAMDY
(SEQ ID NO1) (SEQ ID NO: 22) (SEQ ID NO:3)
e BYWIH GITPAGGYEYYADSVES FUEELPYANDY
(SEQ ID NO:1) (SEQ ID NO: 22) (SEQ ID NO:3)
R 19HConmEe DYWIH GITPAGGYEYYADSVEG FVEELBYAMDY
(SEQ ID NO:1) (SEQ D NO: 22) (SEQ ID NO:3)
riomeLes BYWIH STPAGGYEYYADSVES FVEELBYAMDY
(SEQ ID NO1) (SEQ ID NO: 22) (SEQ ID NO3)
R1OHOLO4 DYWIH GITPAGGYEYYADSVEG FVEFLPYAMDY
(SEQ ID NO1) (SEQ ID NO: 22) (SEQ ID NO:3)
P BYWIH GITPAGGYEYYADSVES FUEELPYANDY
(SEQ ID NO:1) (SEQ ID NO: 22) (SEQ ID NO:3)

The upper hinge region of the Fab heavy chain of any of the antibodies listed above, for example,
G6.31 AARK, can be mulated to remove reactivity to anti-igG1 hinge auioantibodies that has been
reported in the literature. See, 8.g., Brezskiet al., J. Immunol, 181:3183-3182, 2008 and Brezski et al.,
mAbs 2.3, 212-220, 2010. Thus, the C-terminal amino acid of G6.31 AARR heavy chain can be eijther a
T (wild-type (WT) version} or L {variant version that lacks reactivily to anti-human IgG Fab). The full-
length heavy chain amino acid sequence of wild-type G8.31 AARR is S8EQ 1D NO: 48. The full-length
heavy chain amino acid sequence of the variant version that lacks reactivity to anti-human igG Fab is
SEQ D NG: 42, The full-length light chain amino acid sequence for both G8.31 AARR and the variant
version that lacks reactivity 10 anti-human IgG Fab is SEQ 1D NO: 50.

The amino acid sequences of the G8.31. AARR.LC-K148C cysteine engineered antibody variant
light chain and heavy chain are shown below (LC-C148 is in bolded and underlined font}.

Light chain (LC):
DIOMTQSPESSLSASVGDRVTITCRASGDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTD
FTLTISSLGPEDAATYYCQQGYGAPFTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVOLLNNFYP
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REAKVQWCVDNALQSGNBQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKERFN
RGEC (SEQ ID NO: 89).

Heawvy chain (HC):
EVQLVESGGGLVOQPGGSLRLSCAASGFTISDYWIHWVRQAPGKGLEWVAGITPAGGY TRYADSVKGRF
TISADTSKNTAYLOQMRSLRAEDTAVYYCARFVFFLPYAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKST
SGGETAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY SLSSVVTVPSSSLGTOTYICNYNHK
PSNTRKVDKRVERPKSCDKTHT (SEQ 1D NG: 90).

The amino acid sequences of the G6.31AARR HC-A140C cysteing engineered antibody variant

light chain and heavy chain are shown below (HC-C140 in bold underline font).

LC:
DIGMTQSPSSLSASVGDRVTITCRASCGDVSTAVAWYRQKPGKAPKLLIYSASFLYSGVPSRFSGSGSETD
FTLTISSLGPEDAATYYCQQGYGAPFTFGQGTKVEIKRTVAARPSVFIFPPSDEQLKSGTASVVOLLNNFYP
REAKVOWKVDNALQSGNSQESVTEQDSKDETYSLSETLTLSKADYEKHKYYACEVTHQGLSSPVTKSFN
RGEC (SEQ ID NG: 91).

HC:
EVQLVESGGGLVOGPGGSLRLSCAASGFTISDYWIHWVRGQAPGKGLEWVAGITPAGGYTRYADSVKGRF
TISADTSKNTAYLOMRSLRAEDTAVYYCARFVFFLPYAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKST
SGGTCALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNYNHK
PENTKVDKKVERPKSCDKTHT (SEQ ID NO: 92).

The amino acid sequences of the G8.31AARR HC-L174C cysieine engineered antibody variant

light chain and heavy chain are shown below (HC-C174 in bold underline font).

LC:
DIQMTQOSPSSLSASVGDRVTITCRASQDVSTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGEGSGTD
FTLTISSLOREDAATYYCQQGYGAPFTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
REAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPYTKSEN
RGEC (SEQ D NO: 23).

HC:
EVOLVESGGGLVQPGGSLRLECAASGFTISDYWIHWVROAPGKGLEWVAGITRPAGGYTRYADSVKGRF
TISADTSKNTAYLOMRELRAEDTAVYYCARFVFFLPYAMDYWGQGTLVTVIESASTKGRPEVFPLAPSSKET
SGGTAALGCLVKDYFPEPVTVSWNSGALTEGVHTFPAVOOSSGLYSLESVVTVRESSSLEGTOTYICNVNH
KPSNTKVDKKVEPKSCDKTHT (SEQ 1D NCG: 94).
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Exampie 4: HA-G6.31.AARR conjugates produced from monodisperse HA show improved
physical stability under physioclogical stress relative to HA-G6.31.AARR conjugaies produced
from polydisperse HA

(A) Materials and Methods

Monodisperse HA synthesized by chemoenzymatic means using the Pasfewrella multocida
hyaluronan synthase (PmHAS) was from Hyalose (Ckiahoma City, OK). All other chemicals and reagenis
were from Sigma Aldrich (St Louis, MC).

Monaodisperse HA (monoHA, Mw 137 kDa, Re 21.2 nm) was modified with A-(2-
aminocethyimaleimide) as previously described to contain 4.0% maleimide groups. G8.31. AARR.Fab-C
was then conjugated to the monoMA-maleimide backbone as previously described and purified by SEC
on a HiLOAD® SUPERDEX® 200 pg column with PES pH 7.4 running buffer. The conjugate fraclions
were pooled and confirmed by SEC-RI-MALS.

Purified monoHA-G8.31. AARR was concentrated by ultrafiltration to 5 mg/mb (on a Fab basis) in
PBS, spiked with sodium azide and polysorbate 20 (P820) to final concentrations of 2 mM and 0.01%,
respectively, and incubated at 37°C. Al sampling time points, samples were withdrawn and diluted to 1
mg/mi in a buffer containing 10 mM His-HCI (pH 5.5}, 150 mM NaCl, 10% {(w/v) trehalose, and 8.01%
polysorbate 20, and then assayed for soluble protein concentration (Azsc), turbidity (Asse), SEC retention
time, and molecular weight (Mn and Mw by SEC-RI-MALS).

(B} Resulfs

HA-GE.31 AARR conjugates produced using monodisperse HA showed vastly improved physical
stability out to four weeks as compared to HA-G8.31. AARR conjugates produced with simitar sized
polydisperse HA at the same Fab loading level (Fig. 14). The molecular weight (Mw) of monoHA-
58.31.AARR decreased slightly from week O to week 2 and week 4, but this loss could be entirely
accounted for by loss in free Fab due o reverse-Michael deconjugation, as commonly observed for thiol-
maleimide conjugated proteins. There was also no discernable shift in SEC retention time for monoHA-
58.31.AARR, indicating that the physical size of the conjugate was not changing over time.

These results clearly support the hypothesis that, within a population of HA-GG.31. AARR
conjugates produced from a polydisperse HA starling material, the high molecular weight HA-based
subpopulation is responsible for the physical instability observed after physiological stress. Removing
this subpopulation by homogenizing the HA starting material {i.g., starting from a monodisperse HA)
results in a more stable conjugate molecule that is less prone {o precipitation under physiclogical stress
conditions. These data further support using HA-G6.31. AARR conjugales produced from a

monodisperse HA material as therapeutic agents for in vivo use,

Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarty of undersianding, the descriptions and exampiles should not be construed
as limiting the scope of the invention. The disclosures of all patent and scientific literaiure cited herein

are expressly incorporated in their entirety by reference.
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CLAIMS

What is claimed is:

1. An antibody conjugate comprising (i) an antibody that specifically binds to vascular endothelial
growth factor (VEGF) and (ii) a hyaluronic acid (HA) polymer covalently attached to the antibody,
wherein the HA polymer has a polydispersity index (PDI) of between 1.0 and 1.1.

2. The antibody conjugate of claim 1, wherein the HA polymer has a PDI between 1.0 and about 1.07.

3. The antibody conjugate of claim 2, wherein the HA polymer has a PDI between about 1.0001 and
about 1.06.

4. The antibody conjugate of claim 3, wherein the HA polymer has a PDI of about 1.05.

5. The antibody conjugate of claim 1, wherein:
i. the HA polymer has a molecular weight of about 1 megadalton (MDa) or lower;
ii. the HA polymer is a linear HA polymer;
iii. the antibody conjugate has a hydrodynamic radius between about 10 nm and about
60 nm; and/or
iv. the antibody conjugate has an ocular half-life that is increased relative to a reference

antibody that is not covalently attached to the HA polymer.

6. The antibody conjugate of claim 5, wherein the HA polymer has a molecular weight between about
100 kDa and about 250 kDa.

7. The antibody conjugate of claim 6, wherein the HA polymer has a molecular weight between about
150 kDa and about 200 kDa.

8. The antibody conjugate of claim 1, wherein the antibody that specifically binds to VEGF is

monoclonal, human, humanized, or chimeric.

9. The antibody conjugate of claim 1, wherein the antibody that specifically binds to VEGF is an

antigen-binding antibody fragment.

10. The antibody conjugate of claim 9, wherein the antibody fragment is selected from the group

consisting of Fab, Fab-C, Fab—SH, Fv, scFv, and (Fab'). fragments.
11. The antibody conjugate of claim 1, wherein the antibody that specifically binds to VEGF is a

monospecific antibody.
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12. The antibody conjugate of claim 1, wherein the antibody that specifically binds to VEGF is a

multispecific antibody.

13. The antibody conjugate of claim 12, wherein the multispecific antibody is a bispecific antibody.

14. The antibody conjugate of claim 1, wherein the antibody that specifically binds to VEGF is a

cysteine-engineered antibody.

15. The antibody conjugate of claim 14, wherein the cysteine-engineered antibody comprises a
cysteine mutation in the heavy chain selected from the group consisting of HC-A118C, HC-
A140C, and HC-L174C (EU numbering), or a cysteine mutation in the light chain selected from
the group consisting of LC-K149C and LC-V205C (Kabat humbering).

16. The antibody conjugate of claim 15, wherein the HA polymer is covalently attached to the

antibody at the cysteine mutation.

17. The antibody conjugate of claim 1, wherein the antibody comprises the following six HVRs:
a. an HVR—H1 comprising the amino acid sequence of SEQ ID NO: 1;
b. an HVYR—H2 comprising the amino acid sequence of SEQ ID NO: 7, SEQ ID NO: 21, or
SEQ ID NO: 22;
an HVR—H3 comprising the amino acid sequence of SEQ ID NO: 3;
an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 8;
an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 9; and
an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 10 or SEQ ID NO: 23.

I

18. The antibody conjugate of claim 17, wherein the antibody comprises the following six HVRs:

a. an HVR—H1 comprising the amino acid sequence of SEQ ID NO: 1;

b. an HVR—H2 comprising the amino acid sequence of SEQ ID NO: 7;

c. an HVR—H3 comprising the amino acid sequence of SEQ ID NO: 3;

d. an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 8;

e. an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 9; and
f. an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 10.

19. The antibody conjugate of claim 18, wherein the antibody further comprises the following heavy
chain variable (VH) domain framework regions (FRs):
a. an FR—H1 comprising the amino acid sequence of SEQ ID NO: 13;
b. an FR—H2 comprising the amino acid sequence of SEQ ID NO: 14;
c. an FR—H3 comprising the amino acid sequence of SEQ ID NO: 15; and
d. an FR—H4 comprising the amino acid sequence of SEQ ID NO: 16.
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20. The antibody conjugate of claim 19, wherein the antibody further comprises the following light
chain variable (VL) domain FRs:
a. an FR-L1 comprising the amino acid sequence of SEQ ID NO: 17;
b. an FR-L2 comprising the amino acid sequence of SEQ ID NO: 18;
an FR-L3 comprising the amino acid sequence of SEQ ID NO: 19; and
d. an FR-L4 comprising the amino acid sequence of SEQ ID NO: 20.

21. The antibody conjugate of claim 17, wherein the antibody comprises (a) a VH domain comprising
an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 11, 40, or 42; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 12, 41, or 46; or (c) a VH

domain as in (a) and a VL domain as in (b).

22. The antibody conjugate of claim 21, wherein the VH domain comprises the following FRs:
a. an FR—H1 comprising the amino acid sequence of SEQ ID NO: 13;
b. an FR—H2 comprising the amino acid sequence of SEQ ID NO: 14 or SEQ ID NO: 39;
an FR—H3 comprising the amino acid sequence of SEQ ID NO: 15; and
d. an FR—H4 comprising the amino acid sequence of SEQ ID NO: 16.

23. The antibody conjugate of claim 22, wherein the VH domain comprises the amino acid sequence
of SEQ ID NO: 11.

24. The antibody conjugate of claim 21, wherein the VL domain comprises the following FRs:
a. an FR-L1 comprising the amino acid sequence of SEQ ID NO: 17 or SEQ ID NO: 45;
b. an FR-L2 comprising the amino acid sequence of SEQ ID NO: 18;
c. an FR-L3 comprising the amino acid sequence of SEQ ID NO: 19, SEQ ID NO: 44, or
SEQ ID NO: 54; and
d. an FR-L4 comprising the amino acid sequence of SEQ ID NO: 20 or SEQ ID NO: 55.

25. The antibody conjugate of claim 24, wherein the VL domain comprises the amino acid sequence
of SEQ ID NO: 12.

26. The antibody conjugate of claim 21, wherein the antibody comprises (a) a VH domain comprising
the amino acid sequence of SEQ ID NO: 11 and (b) a VL domain comprising the amino acid
sequence of SEQ ID NO: 12.

27. The antibody conjugate of claim 17, wherein the antibody comprises (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 48 and (b) a light chain comprising the amino acid
sequence of SEQ ID NO: 50.
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28. The antibody conjugate of claim 17, wherein the antibody comprises (a) a heavy chain comprising
the amino acid sequence of SEQ ID NO: 49 and (b) a light chain comprising the amino acid
sequence of SEQ ID NO: 50.

29. The antibody conjugate of claim 17, wherein the antibody is capable of inhibiting the binding of
VEGF to a VEGF receptor.

30. The antibody conjugate of claim 29, wherein the VEGF receptor is VEGF receptor 1 (FIt-1) or
VEGF receptor 2 (KDR).

31. The antibody conjugate of claim 17, wherein the antibody binds human VEGF (hVEGF) with a Kd
of 2 nM or lower, optionally with a Kd of between about 75 pM and about 2 nM; has a melting

temperature (Tm) of greater than about 83.5° C.; and/or has an isoelectric point (pl) of lower than
8.

32. The antibody conjugate of claim 17, wherein:
i the HA polymer has a PDI between 1.0 and about 1.07;
ii. the HA polymer has a molecular weight between about 100 kDa and about 250 kDa;
and/or

iii. the antibody is a cysteine-engineered antibody.

33. The antibody conjugate of claim 32, wherein:

i the HA polymer has a PDI between about 1.0001 and about 1.06;

ii. the HA polymer has a molecular weight between about 150 kDa and about 200 kDa;
and/or

iii. the cysteine-engineered antibody comprises a cysteine mutation in the heavy chain
selected from the group consisting of HC-A118C, HC-A140C, and HC-L174C (EU
numbering), or a cysteine mutation in the light chain selected from the group consisting of
LC-K149C and LC-V205C (Kabat numbering).

34. The antibody conjugate of claim 33, wherein the HA polymer has a PDI of about 1.05.

35. An antibody conjugate comprising (i) an antibody that specifically binds VEGF and (ii) an HA
polymer covalently attached to the antibody, wherein the HA polymer has a PDI of 1.05, and
wherein the antibody comprises (a) a VH domain comprising the amino acid sequence of SEQ ID

NO: 11 and (b) a VL domain comprising the amino acid sequence of SEQ ID NO: 12.

36. An antibody conjugate comprising (i) an antibody that specifically binds VEGF and (ii) an HA
polymer covalently attached to the antibody, wherein the HA polymer has a PDI of 1.05, and

wherein the antibody comprises (a) a heavy chain comprising the amino acid sequence of SEQ
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37.

38.

39.

40.

41.

42.

43.

ID NO: 48 or SEQ ID NO: 49 and (b) a light chain comprising the amino acid sequence of SEQ ID
NO: 50.

A pharmaceutical composition comprising the antibody conjugate of any one of claims 1 to 36 and

a pharmaceutically acceptable carrier, excipient, or diluent.

A method of treating an ocular disorder, the method comprising administering the antibody
conjugate of any one of claims 1 to 36, or the pharmaceutical composition of claim 37, to a

subject in need of such treatment.

Use of the antibody conjugate of any one of claims 1 to 36 in the manufacture of a medicament

for treating an ocular disorder in a subject in need of such treatment.

The method of claim 38 or the use of claim 39, wherein the ocular disorder is age-related macular
degeneration (AMD), diabetic macular edema (DME), diabetic retinopathy (DR), or retinal vein
occlusion (RVO).

The method or use of any one of claims 38 to 40, wherein the subject is administered a second
agent, wherein the second agent is selected from the group consisting of an antibody, an anti-
angiogenic agent, a cytokine, a cytokine antagonist, a corticosteroid, an analgesic, and a

compound that binds to a second biological molecule.

The method or use of any one of claims 38 to 41, wherein the antibody conjugate or the
pharmaceutical composition is administered intravitreally, ocularly, intraocularly, juxtasclerally,
subtenonly, superchoroidally, topically, intravenously, intramuscularly, intradermally,
percutaneously, intraarterially, intraperitoneally, intralesionally, intracranially, intraarticularly,
intraprostatically, intrapleurally, intratracheally, intrathecally, intranasally, intravaginally,
intrarectally, topically, intratumorally, intraperitoneally, peritoneally, intraventricularly,
subcutaneously, subconjunctivally, intravesicularly, mucosally, intrapericardially, intraumbilically,
intraorbitally, orally, transdermally, by inhalation, by injection, by eye drop, by implantation, by
infusion, by continuous infusion, by localized perfusion bathing target cells directly, by catheter,

by lavage, in cremes, or in lipid compositions.

The method or use of any one of claims 38 to 42, wherein the antibody specifically binds to a
biological molecule selected from the group consisting of vascular endothelial growth factor
(VEGF); IL-1B; IL-6; IL-6R; IL-13; IL-13R; PDGF; angiopoietin; angiopoietin 2; Tie2; S1P;
integrins avB3, avp5, and a5B1; betacellulin; apelin/APJ; erythropoietin; complement factor D;

TNFa; HtrA1; a VEGF receptor; ST-2 receptor; and a protein genetically linked to AMD risk.
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o 370 363 367 G 423 416 420

7
- !
L 371 364 368

i

424 417 421
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SEQUENCE LISTING

<110> Genentech, Inc.
F. Hoffmann-La Roche AG

<120> OPTIMIZED ANTIBODY COMPOSITIONS FOR TREATMENT OF OCULAR DISORDERS
<130> 50474-160W03

<150> US 62/475,163
<151> 2017-03-22

<160> 94
<170> PatentIn version 3.5

210> 1

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 1

Asp Tyr Trp Ile His
1 5

210> 2

211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

220>

<221> MISC_FEATURE
222> (2)..(2)

<223> Xaa is Ile or His

<220>

<221> MISC_FEATURE
<222> (5)..(5)

<223> Xaa 1is Ala or Arg

<220>
<221> MISC_FEATURE
<222> (8)..(8)

Page 1
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<223> Xaa is Tyr or Lys

<220>

<221> MISC_FEATURE
<222> (9)..(9)

<223> Xaa is Thr or Glu

<220>

<221> MISC_FEATURE

222> (10)..(10)

<223> Xaa is Arg, Tyr, Gln, or Glu

<220>

<221> MISC_FEATURE
<222> (12)..(12)

<223> Xaa is Ala or Glu

<220>

<221> MISC_FEATURE
222> (16)..(16)

<223> Xaa is Lys or Glu

<220>

<221> MISC_FEATURE
222> (17)..(17)

<223> Xaa is Gly or Glu

<400> 2
Gly Xaa Thr Pro Xaa Gly Gly Xaa Xaa Xaa Tyr Xaa Asp Ser Val Xaa

1 5 10 15

Xaa

<210> 3

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 3
Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr

1 5 10

<210> 4

Page 2



<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

_Sequence_Listing 32218 ST25.TXT
11
PRT
Artificial Sequence

Synthetic Construct

MISC_FEATURE
(5)..(5)

Xaa 1is Asp or Arg

4

Arg Ala Ser Gln Xaa Val Ser Thr Ala Val Ala

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

5 10

5

7

PRT

Artificial Sequence

Synthetic Construct

MISC_FEATURE
(1)..(1)

Xaa is Ser or Met

5

Xaa Ala Ser Phe Leu Tyr Ser

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

5

6

9

PRT

Artificial Sequence

Synthetic Construct

MISC_FEATURE
(1)..(1)

Xaa is Gln, Asn, or Thr

Page 3
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<220>

<221> MISC_FEATURE

222> (6)..(6)

<223> Xaa is Ala, Asn, Gln, or Arg

<400> 6

Xaa Gln Gly Tyr Gly Xaa Pro Phe Thr
1 5

210> 7

211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 7

Gly Ile Thr Pro Ala Gly Gly Tyr Thr Arg Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> 8

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 8
Arg Ala Ser Gln Asp Val Ser Thr Ala Val Ala
1 5 10

<210> 9

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

Page 4
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<400> 9

Ser Ala Ser Phe Leu Tyr Ser
1 5

<210> 10

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 10

Gln Gln Gly Tyr Gly Ala Pro Phe Thr
1 5

<210> 11

<211> 120

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 11
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Ile Ser Asp Tyr
20 25 30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyr Thr Arg Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Arg Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Page 5
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Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> 12

211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 12

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Ala Pro Phe
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 13

<211> 30

<212> PRT

<213> Artificial Sequence

Page 6
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<220>
<223> Synthetic Construct

<400> 13

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Ile Ser
20 25 30

<210> 14
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 14

Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val Ala
1 5 10

<210> 15

<211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 15

Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr Leu Gln
1 5 10 15

Met Arg Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

<210> 16

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
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<223> Synthetic Construct

<400> 16

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
1 5 10

210> 17

<211> 23

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 17

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys
20

<210> 18

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 18

Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr
1 5 10 15

<210> 19

211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 19

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Page 8
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Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Ala Ala Thr Tyr Tyr Cys
20 25 30

<210> 20

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 20
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
1 5 10

<210> 21

211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 21
Gly Ile Thr Pro Ala Gly Gly Tyr Glu Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> 22

211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 22

Gly Ile Thr Pro Ala Gly Gly Tyr Glu Tyr Tyr Ala Asp Ser Val Glu
1 5 10 15
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Gly

<210> 23

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 23

Gln Gln Gly Tyr Gly Asn Pro Phe Thr
1 5

<210> 24

<211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 24

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys
20 25 30

<210> 25

<211> 23

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 25
Asp Ile Gln Met Thr Gln Ser Pro Glu Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Glu Val Thr Ile Thr Cys
20

Page 10
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<210> 26

<211> 23

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 26

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Glu Val Thr Ile Thr Cys
20

210> 27

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 27
Trp Tyr Gln Gln Lys Pro Gly Glu Ala Pro Lys Leu Leu Ile Tyr
1 5 10 15

<210> 28

211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 28
Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Leu Thr Ile Glu Ser Leu Gln Pro Glu Asp Ala Ala Thr Tyr Tyr Cys
20 25 30
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<210> 29
<211> 30
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 29

Glu Glu Gln Leu Val Glu Glu Gly Gly Gly Leu Val Gln Pro Gly Glu
1 5 10 15

Ser Leu Glu Leu Ser Cys Ala Ala Ser Gly Phe Glu Ile Ser
20 25 30

<210> 30

211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 30

Trp Val Arg Gln Glu Pro Gly Glu Gly Leu Glu Trp Val Ala
1 5 10

<210> 31

<211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 31
Arg Phe Thr Ile Ser Ala Asp Thr Ser Glu Asn Thr Ala Tyr Leu Gln
1 5 10 15

Met Asn Glu Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

<210> 32
<211> 11

Page 12
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<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 32

Trp Gly Gln Gly Glu Leu Val Thr Val Ser Ser
1 5 10

<210> 33

211> 120

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 33
Glu Glu Gln Leu Val Glu Glu Gly Gly Gly Leu Val Gln Pro Gly Glu
1 5 10 15

Ser Leu Glu Leu Ser Cys Ala Ala Ser Gly Phe Glu Ile Ser Asp Tyr
20 25 30

Trp Ile His Trp Val Arg Gln Glu Pro Gly Glu Gly Leu Glu Trp Val
35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyr Glu Tyr Tyr Ala Asp Ser Val
50 55 60

Glu Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Glu Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Glu Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Glu Leu Val Thr Val Ser Ser
115 120
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<210> 34
211> 107
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 34

Asp Ile Gln Met Thr Gln Ser Pro Glu Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Glu Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Ala Pro Phe
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 35

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 35

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15
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Asp

Val

Tyr

Ser

65

Glu

Thr

Glu

Ala

Ser

50

Gly

Asp

Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Val

Trp

35

Ala

Ser

Ala

Gly

36
107
PRT

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

Ile

Gln

Phe

Thr

Thr

85

Gly

_Sequence_Listing 32218 ST25.TXT

Thr Cys

Gln Lys

Leu Tyr
55

Asp Phe
70

Tyr Tyr

Thr Lys

Artificial Sequence

Synthetic Construct

36

Asp Ile Gln Met Thr

1

5

Asp Glu Val Thr Ile

20

Val Ala Trp Tyr Gln

35

Tyr Ser Ala Ser Phe

50

Gln Ser

Thr Cys

Gln Lys

Leu Tyr
55

Arg

Pro

40

Ser

Thr

Cys

Val

Pro

Arg

Pro

40

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Glu

Ala

25

Gly

Gly

Ser

Glu

Val

Thr

Gln

90

Ile

Ser

10

Ser

Glu

Val

Gln Asp Val Ser Thr Ala

Ala

Pro

Ile

75

Gly

Lys

Leu

Gln

Ala

Pro

Page 15

30

Pro Lys Leu
45

Ser Arg Phe
60

Glu Ser Leu

Tyr Gly Ala

Ser Ala Ser

Asp Val Ser
30

Pro Lys Leu
45

Ser Arg Phe
60

Leu Ile

Ser Gly

Gln Pro

80

Pro Phe
95

Val Gly

15

Thr Ala

Leu Ile

Ser Gly
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Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Ala Pro Phe
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 37

211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 37
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Glu Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Ala Pro Phe
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 38
<211> 107

Page 16
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Artificial Sequence

Synthetic Construct

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

Thr

Ile

Gln

Phe

Thr

Thr

85

Gly

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Ser

Cys

Lys

Tyr

55

Phe

Tyr

Lys

Artificial Sequence

Synthetic Construct

<212> PRT

<213>

<220>

<223>

<400> 38

Asp Ile Gln

1

Asp Arg Val

Val Ala Trp
35

Tyr Ser Ala

50

Ser Gly Ser

65

Glu Asp Phe

Thr Phe Gly

<210> 39

<211> 14

<212> PRT

<213>

<220>

<223>

<400> 39

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

Gly

Lys

Ser

Asp

Pro

Ser

60

Ser

Tyr

Ala

Val

Lys

45

Arg

Ser

Gly

Ser

Ser

30

Leu

Phe

Leu

Asn

Trp Val Arg Gln Glu Pro Gly Lys Gly Leu Glu Trp Val Ala

1

<210>
<211>

40
120

5

10

Page 17

Val

15

Thr

Leu

Ser

Gln

Pro
95

Gly

Ala

Ile

Gly

Pro

80

Phe
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Artificial Sequence

Synthetic Construct

Leu

Leu

20

Trp

Thr

Phe

Asn

Val

100

Val

Val

Ser

Val

Pro

Thr

Ser

85

Phe

Thr

Glu

Cys

Arg

Ala

Ile

70

Leu

Phe

Val

Ser

Ala

Gln

Gly

55

Ser

Arg

Leu

Ser

Artificial Sequence

Synthetic Construct

<212> PRT

<213>

<220>

<223>

<400> 40

Glu Vval Gln

1

Ser Leu Arg

Trp Ile His
35

Ala Gly Ile

50

Lys Gly Arg

65

Leu Gln Met

Ala Arg Phe

Gly Thr Leu
115

<21e> 41

<211> 107

<212> PRT

<213>

<220>

<223>

<400> 41

Gly

Ala

Glu

40

Gly

Ala

Ala

Pro

Ser
120

Gly

Ser

25

Pro

Tyr

Asp

Glu

Tyr
105

Gly

10

Gly

Gly

Glu

Thr

Asp

90

Ala

Leu

Phe

Lys

Tyr

Ser

75

Thr

Met

Val

Thr

Gly

Tyr

60

Lys

Ala

Asp

Gln

Ile

Leu

45

Ala

Asn

Val

Tyr

Pro

Ser

30

Glu

Asp

Thr

Tyr

Trp
110

Gly

15

Asp

Trp

Ser

Ala

Tyr

95

Gly

Gly

Tyr

Val

Val

Tyr

80

Gln

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1

5

10

Page 18
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Asp

Val

Tyr

Ser

65

Glu

Thr

Arg

Ala

Ser

50

Gly

Asp

Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Val

Trp

35

Ala

Ser

Phe

Gly

42
120
PRT
Artificial Sequence

42

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

Ile

Gln

Phe

Thr

Thr

85

Gly

Thr

Gln

Leu

Asp

70

Tyr

Thr

_Sequence_Listing 32218 ST25.TXT

Cys

Lys

Tyr

55

Phe

Tyr

Lys

Synthetic Construct

Glu Val Gln Leu Val Glu Ser

1

5

Ser Leu Arg Leu Ser Cys Ala

20

Trp Ile His Trp Val Arg Gln

35

Ala Gly Ile Thr Pro Ala Gly

50

55

Arg

Pro

40

Ser

Thr

Cys

Val

Gly

Ala

Ala

40

Gly

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Gly

Ser

25

Pro

Tyr

Ser

Lys

Val

Thr

Gln

90

Ile

Gly

10

Gly

Gly

Thr

Gln Asp Val Ser Thr Ala

30

Ala Pro Lys Leu
45

Pro Ser Arg Phe
60

Ile Ser Ser Leu
75

Gly Tyr Gly Ala

Lys

Leu Val Gln Pro

Phe Thr Ile Ser
30

Lys Gly Leu Glu
45

Tyr Tyr Ala Asp
60

Page 19

Leu Ile

Ser Gly

Gln Pro

80

Pro Phe
95

Gly Gly

15

Asp Tyr

Trp Val

Ser Val
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Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> 43

211> 227

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 43
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Ile Ser Asp Tyr
20 25 30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110
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Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
165 170 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
195 200 205

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
210 215 220

Lys Thr His
225

<210> 44

<211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 44
Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Ser Ala Thr Tyr Tyr Cys
20 25 30
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<210> 45
<211> 23
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 45
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Asp Cys
20

<210> 46

211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 46
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Asp Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Ala Pro Phe
85 90 95
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Thr Phe Gly

<210>
<211>
<212>
<213>

<400>

47
232
PRT
Homo

47

Met Asn Phe

1

Tyr

Gly

Arg

Tyr

65

Met

Thr

Gln

Glu

Arg

145

Lys

Leu

Gly

Ser

50

Pro

Arg

Glu

Gly

Cys

130

Gly

Ser

His

Gln

35

Tyr

Asp

Cys

Glu

Gln

115

Arg

Lys

Trp
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Gln Gly Thr Lys Val Glu Ile Lys

100

sapiens

Leu

His

20

Asn

Cys

Glu

Gly

Ser

100

His

Pro

Gly

Ser

Leu

Ala

His

His

Ile

Gly

85

Asn

Ile

Lys

Lys

Val

Ser

Lys

His

Pro

Glu

70

Cys

Ile

Gly

Lys

Gly

150

Tyr

Trp

Trp

Glu

Ile

55

Tyr

Cys

Thr

Glu

Asp

135

Gln

Val

Val

Ser

Val

40

Glu

Ile

Asn

Met

Met

120

Arg

Lys

Gly

105

His

Gln

25

Val

Thr

Phe

Asp

Gln

105

Ser

Ala

Arg

Ala

Trp

10

Ala

Lys

Leu

Lys

Glu

90

Ile

Phe

Arg

Lys

Arg

Ser

Ala

Phe

Val

Pro

75

Gly

Met

Leu

Gln

Arg

155

Cys

Page 23

Leu

Pro

Met

Asp

60

Ser

Leu

Arg

Gln

Glu

140

Lys

Cys

Ala

Met

Asp

45

Ile

Cys

Glu

Ile

His

125

Lys

Lys

Leu

Leu

Ala

30

Val

Phe

Val

Cys

Lys

110

Asn

Lys

Ser

Met

Leu

15

Glu

Tyr

Gln

Pro

Val

95

Pro

Lys

Ser

Arg

Pro

Leu

Gly

Gln

Glu

Leu

80

Pro

His

Cys

Val

Tyr

160

Trp
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165 170 175

Ser Leu Pro Gly Pro His Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys
180 185 190

His Leu Phe Val Gln Asp Pro Gln Thr Cys Lys Cys Ser Cys Lys Asn
195 200 205

Thr Asp Ser Arg Cys Lys Ala Arg Gln Leu Glu Leu Asn Glu Arg Thr
210 215 220

Cys Arg Cys Asp Lys Pro Arg Arg
225 230

<210> 48

<211> 228

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 48
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Ile Ser Asp Tyr
20 25 30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyr Thr Arg Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Arg Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
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Ala

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys
225

Arg

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Phe Vval
100

Leu Val
115

Leu Ala

Cys Leu

Ser Gly

Ser Ser
180

Ser Leu
195

Asn Thr

His Thr

49
228
PRT

Phe

Thr

Pro

Val

Ala

165

Gly

Gly

Lys

Phe

Val

Ser

Lys

150

Leu

Leu

Thr

Val
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Leu Pro

Ser Ser
120

Ser Lys
135

Asp Tyr

Thr Ser

Tyr Ser

Gln Thr
200

Asp Lys
215

Artificial Sequence

Synthetic Construct

49

Tyr Ala Met Asp Tyr Trp Gly

105

Ala

Ser

Phe

Gly

Leu

185

Tyr

Lys

Ser

Thr

Pro

Val

170

Ser

Ile

Val

Thr

Ser

Glu

155

His

Ser

Cys

Glu

Lys

Gly

140

Pro

Thr

Val

Asn

Pro
220

Gly

125

Gly

Val

Phe

Val

Val

205

Lys

110

Pro

Thr

Thr

Pro

Thr

190

Asn

Ser

Ser

Ala

Val

Ala

175

Val

His

Cys

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5

10

15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Ile Ser Asp Tyr
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20 25 30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyr Thr Arg Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Arg Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
165 170 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
195 200 205

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
210 215 220

Lys Thr His Leu
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225

<210> 50

<211> 214

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 50
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Ala Pro Phe
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160
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Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> 51

<211> 1280

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 51
Glu Glu Gln Leu Val Glu Glu Gly Gly Gly Leu Val Gln Pro Gly Glu
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Glu Ile Ser Asp Tyr
20 25 30

Trp Ile His Trp Val Arg Gln Glu Pro Gly Glu Gly Leu Glu Trp Val
35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyr Glu Tyr Tyr Ala Asp Ser Val
50 55 60

Glu Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Glu Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Glu Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
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100 105 110

Gly Glu Leu Val Thr Val Ser Ser
115 120

<210> 52

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 52

Glu Glu Gln Leu Val Glu Glu Gly Gly Gly Leu Val Gln Pro Gly Glu
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Glu Ile Ser
20 25 30

<210> 53

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 53

Gly Ile Thr Pro Ala Gly Gly Tyr Thr Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> 54

<211> 32

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 54
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Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Val Ala Thr Tyr Tyr Cys
20 25 30

<210> 55

<211> 1o

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 55

Phe Gly Gln Gly Thr Lys Val Glu Val Lys
1 5 10

<210> 56

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 56
catcagatgg cgggaagatg aagacagatg gtgc

<210> 57

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 57
gccatccaga tgacccagtc tcc

<210> 58

<211> 19

<212> DNA

<213> Artificial Sequence
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<220>
<223> Synthetic Construct

<400> 58
ggctgcacca tctgtcttc 19

<210> 59

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 59

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Val Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Asn Pro Phe
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 60

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct
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<400> 60

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Val Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Ala Pro Phe
85 920 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 61

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 61

Lys Thr His Thr Cys
1 5

<210> 62

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct
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<400> 62

Gly Tyr Tyr Met His
1 5

<210> 63

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 63

Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln
1 5 10 15

Gly

<210> 64

<211> 2@

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 64

Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly
1 5 10 15

Ala Phe Asp Ile
20

<210> 65

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 65
Page 33



_Sequence_Listing 32218 ST25.TXT

Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His
1 5 10

<210> 66

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 66

Asp Asp Ser Asp Arg Pro Ser
1 5

<210> 67

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 67
Gln Val Trp Asp Ser Ser Ser Asp His Trp Val
1 5 10

<210> 68

<211> 129

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 68
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
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Gly Trp
50

Gln Gly
65

Met Glu

Ala Arg

Pro Gly

Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

35

Ile

Arg

Leu

Ser

Ala

115

69
110
PRT

Asn

Val

Ser

Pro

100

Phe

Pro

Thr

Arg

85

Asn

Asp

Asn

Met

70

Leu

Pro

Ile
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Ser

55

Thr

Arg

Tyr

Trp

Artificial Sequence

Synthetic Construct

69

Ser Tyr Val Leu Thr Gln Pro

1

5

Thr Ala Arg Ile Thr Cys Gly

20

His Trp Tyr Gln Gln Lys Pro

35

Asp Asp Ser Asp Arg Pro Ser

50

55

40

Gly

Arg

Ser

Tyr

Gly
120

Pro

Gly
40

Gly

Gly

Asp

Asp

Tyr

105

Gln

Ser

Asn

25

Gln

Ile

Thr Asn

Thr Ser
75

Asp Thr
90

Asp Ser

Gly Thr

Tyr

60

Ile

Ala

Ser

Met

Val Ser Val

10

Asn Ile

Gly

Ala Pro Val

Pro Glu

Page 35

Arg
60

45

Ala

Ser

Val

Gly

Val
125

Ala

Ser

Leu

45

Phe

Gln

Thr

Tyr

Tyr

110

Thr

Lys

Ala

Tyr

95

Tyr

Val

Phe

Tyr

80

Cys

Tyr

Ser

Pro Gly Gln

15

Lys Ser Val

30

Val val Tyr

Ser Gly Ser
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Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly

65

70

80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His

85

95

Trp Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Gln

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gly Thr Lys Val Glu Cys Lys Arg Thr Val Ala

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Lys Val Glu Ile Lys Cys Thr Val Ala Ala Pro

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asn Asn Phe Tyr Pro Cys Glu Ala Lys Val Gln

100

70
11
PRT
Artificial Sequence

Synthetic Construct

70

5

71
11
PRT
Artificial Sequence

Synthetic Construct

71

5

72
11
PRT
Artificial Sequence

Synthetic Construct

72

110
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1 5 10

<210> 73

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 73

Ala Lys Val Gln Trp Cys Val Asp Asn Ala Leu
1 5 10

<210> 74

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 74

Gln Gly Thr Leu Val Cys Val Ser Ser Ala Ser
1 5 10

<210> 75

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 75

Thr Ser Gly Gly Thr Cys Ala Leu Gly Cys Leu
1 5 10

<210> 76

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct
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<400> 76

Thr Phe Pro Ala Val Cys Gln Ser Ser Gly Leu
1 5 10

210> 77

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 77

Leu Gln Ser Ser Gly Cys Tyr Ser Leu Ser Ser
1 5 10

<210> 78

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 78

Leu Ser Ser Val Val Cys Val Pro Ser Ser Ser
1 5 10

<210> 79

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 79

His Lys Pro Ser Asn Cys Lys Val Asp Lys Lys
1 5 10

<210> 80
<211> 11
<212> PRT
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<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 80

Pro Glu Val Thr Cys Cys Val Val Asp Val Ser
1 5 10

<210> 81

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 81

Thr Cys Leu Val Lys Cys Phe Tyr Pro Ser Asp
1 5 10

<210> 82

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 82
Leu Val Lys Gly Phe Cys Pro Ser Asp Ile Ala
1 5 10

<210> 83

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 83

Ile Ala VvVal Glu Trp Cys Ser Asn Gly Gln Pro
1 5 10
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<210> 84

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 84

Gln Gly Asn Val Phe Cys Cys Ser Val Met His
1 5 10

<210> 85

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 85

His Glu Ala Leu His Cys His Tyr Thr Gln Lys
1 5 10

<210> 86

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 86

His Asn His Tyr Thr Cys Lys Ser Leu Ser Leu
1 5 10

<210> 87

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 87
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Lys Thr His Thr

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

88

8

PRT

Artificial Sequence

Synthetic Construct

88

Lys Thr His Thr Ser Pro Pro Cys

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

89
214
PRT
Artificial Sequence

Synthetic Construct

89

Asp Ile Gln Met Thr Gln Ser Pro

1

Asp Arg Val Thr Ile Thr Cys Arg

20

Val Ala Trp Tyr Gln Gln Lys Pro

35 40

Tyr Ser Ala Ser Phe Leu Tyr Ser

50

55

Ser Gly Ser Gly Thr Asp Phe Thr

65

70

Glu Asp Ala Ala Thr Tyr Tyr Cys

85

Ser

Ala

25

Gly

Gly

Leu

Gln

Ser

10

Ser

Lys

Val

Thr

Gln
90

Leu

Gln

Ala

Pro

Ile

75

Gly

Page 41

Ser

Asp

Pro

Ser

60

Ser

Tyr

Ala

Val

Lys

45

Arg

Ser

Gly

Ser

Ser

30

Leu

Phe

Leu

Ala

Val

15

Thr

Leu

Ser

Gln

Pro
95

Ala

Ile

Gly

Pro

80

Phe



Thr

Pro

Thr

Lys

145

Glu

Ser

Ala

Phe

Phe

Ser

Ala

130

Val

Ser

Thr

Cys

Asn
210

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gly

Val

115

Ser

Gln

Val

Leu

Glu

195

Arg

90
228
PRT

Gln

100

Phe

Val

Trp

Thr

Thr

180

Val

Gly

Gly

Ile

Val

Cys

Glu

165

Leu

Thr

Glu

Thr

Phe

Cys

Val

150

Gln

Ser

His

Cys

_Sequence_Listing 32218 ST25.TXT

Lys

Pro

Leu

135

Asp

Asp

Lys

Gln

Artificial Sequence

Synthetic Construct

90

Val

Pro

120

Leu

Asn

Ser

Ala

Gly
200

Glu Ile Lys Arg Thr Val Ala

105

Ser

Asn

Ala

Lys

Asp

185

Leu

Asp

Asn

Leu

Asp

170

Tyr

Ser

Glu

Phe

Gln

155

Ser

Glu

Ser

Gln

Tyr

140

Ser

Thr

Lys

Pro

Leu

125

Pro

Gly

Tyr

His

Val
205

110

Lys

Arg

Asn

Ser

Lys

190

Thr

Ser

Glu

Ser

Leu

175

Val

Lys

Ala

Gly

Ala

Gln

160

Ser

Tyr

Ser

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5

10

15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Ile Ser Asp Tyr

20

25

30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
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35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyr Thr Arg Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Arg Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
165 170 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
195 200 205

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
210 215 220

Lys Thr His Thr
225

<210> 91
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<211>
<212>
<213>

<220>
<223>

<400>

214
PRT
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Artificial Sequence

Synthetic Construct

91

Asp Ile Gln

1

Asp

Val

Tyr

Ser

65

Glu

Thr

Pro

Thr

Lys

145

Glu

Arg

Ala

Ser

50

Gly

Asp

Phe

Ser

Ala

130

Val

Ser

Val

Trp

35

Ala

Ser

Ala

Gly

Val

115

Ser

Gln

Val

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln

100

Phe

Val

Trp

Thr

Thr

Ile

Gln

Phe

Thr

Thr

85

Gly

Ile

Val

Lys

Glu
165

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Phe

Cys

Val

150

Gln

Ser

Cys

Lys

Tyr

55

Phe

Tyr

Lys

Pro

Leu

135

Asp

Asp

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Pro

120

Leu

Asn

Ser

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu

105

Ser

Asn

Ala

Lys

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Asp

Asn

Leu

Asp
170

Leu

Gln

Ala

Pro

Ile

75

Gly

Lys

Glu

Phe

Gln

155

Ser

Page 44

Ser

Asp

Pro

Ser

60

Ser

Tyr

Arg

Gln

Tyr

140

Ser

Thr

Ala

Val

Lys
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