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COMPOSITIONS AND METHODS COMPRISING ANTI-NRP2a ANTIBODIES

Cross-Reference to Related Applications
Thus application claims the benefit under 33 US.C. § 119(e) of U.S. Provisional Apphication

No. 63/272 374, filed October 27, 2021, which s incorporated by reference 1o ifs entirety.

Statement Regarding the Sequence Listing

The Sequence Listing XML associated with this application is provided i XML file format
and 1s hereby incorporaied by reference into the specification. The name of the XML file contaiming
the Sequence Listing XML s ATYR 137 01WO0O ST26.xml The XML file ts about 222,086 byis,

was created on October 26, 2022, and 1s being submuitted electronically via USPTO Patent Center.

Background
Technical Field

The present disclosure relates to antibodics and antigen-binding fragments thereof that
preferentially or selectively bind to human newropilim-2a (NRP2a) variant 1 {v1) and/or variant 2 (v2)
isoforms, relative to NRP2b woforms, and which selectively modualate binding interactions between
human NRP2a v1/v2 ligands and downstream signaling evendts. Also included are related therapeutic
compositions and methods for treating discases such as cancers and flammatory and autoimmunc

diseases.

Descripfion of the Related Art

NRP2 15 a single pass transmembranc protein that forms heterodimeric complexes with a
large number of other plasma membrane receptors including growth factor receptors like FLT-4,
KDR, and ¢cMET (Nararre etal., (2014) OncoTargets and Therapy doi:10.2147/0TT.5377744), as
well as integrins and other signaling systems {(Goel et al.| I Cell Scr 125 597-506, 2012). The
extracelbular domam of NRP2 binds ligands of the VEGF and semaphorin fanulics, while its short
miracellular domain participates i a varnicty of protein-protein interactions. These interactions appear
to enhance or modulate the intracellular traflicking and signaling ouiput of growth factor receptoss,
integrins, and other co-receptors to facilitate cellular plasticity (Favier ¢t al., Blood
doi:10.1182/blood-2005-11-4447), among other processes that enable the cell to rapidly respond and
adapt to changing cnviroaments and cellular stress.

NRP2 15 typically expressed m vivo as a nnixture of various closely related sphice vartants,
which are typically grouped together as NRP2a, which comprises variants vi, v2 and v3, and NRP2b,
which comprises variants v4 and v5. Variant v6 18 a soluble form of NRP2 which 1s found within the
circulation. While NRP2a and NRP2b share sequence identity over most (but not ally of their surface

exposad domaing, the NRP2a and NRP2b vartants differ significantdy in their puxtamembrane,
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transmembrane, and intracellnlar C terminal regions. In all three splice varants of NR¥P2a, the unigque
c-terminal domain comprises 42 amino acids and an intracethular PDZ-binding domain with the C-
terminal SEA amino acid sequence motif. By contrast, the two splice variants of NRP2b contain a 46
amiino acid cytoplasmic domain region lacking the C-ternunal SEA. NRF2a and NRFP2b share only
about 11% sequence horaclogy between their dracellular, juxtamembrane, and transmembranc
sequences.

Increasing evidence suggests that the NRP2a and NRPZb sphee variants of NRPZ play
distinct roles i directing differential patterns of intracellular localization and signal transduction, o
regulate cellular funclion. Emerging data suggests that the ratio of the expression of NRP2a and
NRP2b varies over time i a specific tissue based on cellular siress and activation state, in both
normal and pathophysiology states. Accordingly, the development of NRP2a and NRP2Zb selective
antibodics offers the opportunity to develop a new generation of more selective and potent therapeutic
and diagnostic agenis.

However, a major mitation to developing tsoform specific therapeatic and diagnostic
reagents however has been the lack of sutiable isoform selective, high affinily, and fonction blocking
antibodies. This limitation has been overcome by the development and validation of NRF2a-specific

anttbodies described herein.

Brief Summary

Embodiments of the present disclosure include an antibody, or an antigen-binding {fragment
thereof, which binds to a neuropilin-2A (NRPZa) variant 1 (v1) or vanant 2 (v2} polypeptide at an
cpitope that comprises, consisis, or consists essentially of a sequence selecied from Table N2,
mcluding about or at least about 8, 9, 10, 11, or 12 or more contiguous amino acids of a sequence
selected from Table N2 In some embodiments, the epitope comprises, congists, or consists essentially
of a sequence selected from SEQ D NO: 96-104, including about or at least about 8,9, 10, 11, or 12
contiguous amine acids of a sequence selected from SEQ 1D NOs: 96-104. In specific embodiments,
the epifope comprises, consists, or consists essentially of SEQ 1D NO: 100, or about or at least about
8,9, 10, 11, or 12 contiguous amine acids of SEQ 1D NO: 100

Ia certain embodiments, an antibody. or antigen-binding fragment thereof, comprises a heavy
chain variable region (VH) sequence that comprises complementary determining region VHCDRI,
VHCDRZ, and VHCDR3 sequences, and a Hight chain variable region (VL) sequence that comprises
coraplementary determining region VECDR, VLCDRZ, and VLUDRS3 sequences, wherein:

the VHCDRI1, VHCDR2, and VHCDR3 sequences comprise SEQ ID NOs: 13, 127, and
GXGX XX Xs (wherein X is G A, or 5, X0 8 Y, F K Lo R X T A GLL Qor V. Xuis D,
AGKNGQRooS andXsis YA D EF G HLELKLDNQR ST or V), respectively, and
the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NQs: 16, 17, and
XX XXX X (wherein Xe 18 5, A, G L L P, T.or V., X0 8 QL A, G R or 5, Xsis 5, A H,
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KLQoT XisT FGRILKLNQRS VoY, XuisH,ADEFGLKLNQR
B, T,or Y, XKuisVAEFGHLKLNPORS T oY, Xpis L AEHLNP,Q 5T, or
Viand X8 T, A D EF G LK LN Q, R S, or V), respectively;

the VHCDRI, VHCDR2, and VHCDRS sequences comprise SEQ ID NQGs: 130-132,
respeciively, and the VLCDRI, VLCDR?2, and VLCDRS sequences comprise SEQ 1D NOs: 133135,
respectively, including variants thereof having 1, 2, 3, 4. 5, or 6 total alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDR3 sequences comprise SEQ 1D NOs: 136-138,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ 1D NGs: 139-141,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDRS sequences comprise SEQ D NOs: 142-144,
respectively, and the VLCDRI, VLCDRZ, and VLCDR3S sequences comprise SEQ 1D NOs: 145-147,
respectively, including variants thereof having 1, 2, 3. 4, 5, or 6 (otal alterations across all of the CDR
Tegions;

the VHCDRI1, VHCDR2, and VHCDRS3 sequences comprise SEQ ID NOs: 148-150,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NOg: 151-153,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regIons;

the VHCDRY, VHCDR2Z, and VHCDR3 scquences comprise SEQ TD NOs: 154-156,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ 1D NOs: 157-159,
respectively, including varianis thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
Tegions;

the VHCDRIE, VHCDR2, and VHCDR3 sequences comprise SEQ D NQOs: 1.3, respectively,
and the VLCDRI, VLCDRZ, and VLCDR3 sequences coraprise SEQ 1D NOs: 4-6, respectively,
meluding vartants thercof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR regiong;

the VHCDRE, VHUDRZ, and VHCDR3 sequences comprise SEQ D NOs: 7-9, respectively,
and the VLCDRE, VLCDR2, and VLCDR3 sequences comprise SEQ 1D NQOsg: 10-12, respectively,
mehuding variants thercof having 1, 2, 3. 4, 5, or 6 total alterations across all of the CDR regions;

the VHCDRY, VHCDR2Z, and VHCDR3 sequences comprise SEQ D NOs: 13-15
respectively, and the VLCDRI, VLCDR2, and VLCDR3S sequences compnise SEQ D NOg: 16-18,
respectively, including varianis thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
Tegions;

the VHCDRIE, VHCDR2, and VHCDRS3 seqoences comprise SEQ ID NGOs: 19-21,
respectively, and the VLCDRI, VLCDR?2, and VLCDR3 sequences comprise SEQ TD NOs: 22-24,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR

FEQIONS,;
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the VHCDRI, VHCDR?2, and VHCDR3 sequences comprise SEQ [D NQGs: 25-27,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NOs: 28-30,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDRS sequences comprise SEQ 1D NGs: 31-33,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NQOs: 34-36,
respectively, including variants thereof having 1, 2, 3. 4, 5, or 6 (otal alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDRS sequences comprse SEQ ID NOg: 37.39,
respectively, and the VLCDRI, VLCDRZ, and VLUDR3S sequences comprise SEQ D NOsg: 40-42,
respectively, including vanants thereof having 1, 2, 3, 4, 5, or 6 (otal alterations across all of the CDR
Tegions;

the VHCDRY, VHCDR2Z, and VHCDR3 scquences comprise SEQ TD NOs: 43-45,
respectively, and the VLCDRI, VLCDR2, and VLCDR3S sequences compnse SEQ D NOg: 46-48,
respectively, including varianis thereof baving 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
Tegions;

the VHCDRIE, VHCDR2, and VHCDRS3 seqoences comprise SEQ D NQOs: 49-31,
respectively, and the VLCDRI, VLCDR?2, and VLCDR3 sequences comprise SEQ TD NOs: 52-34,
respeciively, mcluding variants thereof having 1, 2, 3, 4, 3, or 6 total alterations across all of the CDR
regions,;

the VHCDRI, VHCDR2, and VHCDR3 sequences comprise SEQ [D NQOs: 55-57,
respectively, and the VLCDRI, VLCDR?2, and VLCDRS sequences comprise SEQ ID NOs: 58-60,
respectively, including variants thereof having 1, 2, 3, 4. 5, or 6 total alterations across all of the CDR
egIons; or

the VHCDRIE, VHCDR2, and VHCDR3 sequences comprise SEQ 1D NOs: 61-63,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NQOs: 64-06,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions.

e particular embodiments:

the VH sequence comprises SEQ 1D NO: 170, and the VL sequence comprises SEQ 1D NO:

the VH sequence is at least 80, 83, 90, 935, 97, 98, 99, or 100% wdendical to SEQ 1D NO: 160,
and the VL scquence is at least 80, 83, 90, 95, 97, 98, 99, or 100% idenucal to SEQ D NG: 161,

the VH sequence 1s at least 80, 83, 90, 95, 97, 98, 99, or 100% 1dentical to SEQ ID NO: 162,
and the VL scquence is at Jeast 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 163;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ D NG; 164,
and the VL sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NO: 163,

4
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the VH sequence is at feast 80, 83, 90, 935, 97, 98, 99, or 100% identical to SEQ 1D NO: 166,
and the VL sequence is at least B0, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ D NG: 167,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 168,
and the VL sequence 1s at least 80, 85, 90, 95,97, 98, 99, or 160% identical to SEQ ID NO: 169;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NO: 67,
and the VL sequence is at least 80, 85, 90, 95, 97, 98, 99, or 100% idenucal to SEQ 1D NG: 68;

the VH sequence 1 at least 83, &5, 90, 95, 97, 98, 99, or 100% 1dentical to SEQ ID NO: 69,
and the VL sequence is at Jeast 80, 85, 80, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 70,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ 1D NG: 71,
and the VL scquence is at least 80, 85, 90, 93, 97, 98, 99, or 100% identical to SEQ ID NO: 72;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 73,
and the VL sequence is at Jeast 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NO: 74,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 75,
and the VL sequence is at least 80, 85, 90, 93, 97, 98, 99, or 100% identical to SEQ ID NO: 76,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NO: 77,
and the VL sequence is at least 80, 85, 90, 95, 97, 98, 99, or 100% idenucal to SEQ 1D NG: 78;

the VH sequence 1 at least 83, &5, 90, 95, 97, 98, 99, or 100% 1dentical to SEQ ID NO: 79,
and the VL sequence is at Jeast 80, 85, 80, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 80,

the VH sequence is at least 80, 83, 94, 93, 97, 98, 99, or 100% identical to SEQ ID NG: 81,
and the VL scquence is at least 80, 85, 90, 93, 97, 98, 99, or 100% identical to SEQ ID NO: 82;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 83,
and the VL sequence is at Jeast 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NO: 84,

the VH sequence is at least 80, B3, 90, 95, 97, 98, 99 or 100% identical to SEQ 1D NO: 83,
and the VL sequence is at least 80, 85, 90, 93, 97, 98, 99, ar 100% identical to SEQ ID NO: 86; or

the VH sequence is at least 80, 85, 80, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 87,
and the VL scquence is at least 80, 83, 90, 95, 97, 98, 99, or 100% idenucal to SEQ D NG: 88

&

In some erebodiments, an antibody, or antiges-binding fragment thereof, does not
substantially bind t0 & human sewropilin-2B (NRP2b} variant 4 (v4) polypeptide, and/or a human
NEPZb vanant 5 (v3) polypeptide. In some erabodiments, an antibody, or antigen-binding fragment
thereof, binds to the NRP2a v1 or v2 polypeptide, or the epitope, with an affinity of about 10 pM to
about 300 pM or to about 30 aM, or about, at least about, or no more than about 10, 20, 30, 40, 50, 60,
70, 80, 90, 106, 110, 126, 130, 140, 130, 160, 176, 180, 196, 200, 306, 400, 500, 606, 700, 804, 960
pM, I nM, 10 nM, 25 nM, or 50 nM, or optionally with an affinity that ranges from about 10 pM 10
about 300 pM, about 10 pM to about 400 pM, about 10 pM o about 300 pM, about 16 pM to about
200 pM, about 10 pM to about 100 pM, about 10 pM 1o about 50 pM, or about 20 pM to about 300
pM, about 20 pM to about 400 pM, about 20 pM to about 300 pM, aboust 20 pM 1o about 200 pM,
about 20 pM to about 106 pM, about 20 pM to about 50 pM, or about 30 pM 1o about 500 pM, about
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30 pM to about 400 pM, about 30 pM to about 300 pM, about 30 pM to about 200 pM, about 30 pM
to about 100 pM, about 30 pM to about 50 pM, or about 20 pM (o about 200 pM, about 30 pM to
about 300 pM, about 40 pM to about 400 pM, about 30 pM to about 500 pM, about 60 pM to about
600 pM, about 70 pM to about 700 pM, about 80 pM 1o about 800 pM, about 90 pM o about 900 pM,
about 100 pM to about 1 aM, about 1 nM to about 3 nM, about 5 oM to about 108M, about 10 aM to
23 nM, or about 25 nM to about 50 nM.

In certain embodiments, binding afTinity of the anttbody, or antigen-binding fragment thereof,
for the NRPZa v1 or v2 polvpeptide is at least about 1.3, 2.4, 6, 8, 10, 20, 40, 60, 80, 100, 200, 400,
600, 800, or 1000 tmes stronger that its binding affinity for a NRP2Zb v4 polypeptide. and/or a NRP2Zhb
v5 polypeptide.

{n some embodiments, an antibody, or antigen-binding fragment thereot, blocks or otherwise
reduces binding between the NRPZa vi or v2 polypeptide and a ligand thereof, optionally wherein the
ligand is selected from Table L3 or Table L.2. In some embodiments, an antibody, or antigen-binding
fragment thereof, blocks or otherwise reduces binding between the NRP2a vi or v2 polypeptide a
chamokine (C-C motif) ligand 21 (CCLZ1) polypeptide, optionally in an i vifre binding assay, an in
vitro or ex vivo cell-based assay, or in vive. In some embodiments, an antibody, or antigen-binding
fragment thereof, blocks or otherwise reduces binding between the NRP2a v1 or v2 polypeptide and
the CCL21 polypeptide by about or at least about 20-100% or more (optionally about 20, 25, 30, 35,
40, 43, 50, 535, 60, 65, 70, 75, 80, 90, or 100% or more) relative to a control or reference. In specific
embodiments, an antibody, or antigen-binding fragment thereof, blocks or otherwise reduces binding,
imcluding dimerization, between the NRP2a vl or v2 polypeptide and a C-C chemokine receptor type
7 (CCR7) polvpeptide, optionally in an /» vifro binding assay, an i vitre or ex vivo celi-based assay,
or in vivo. In particular embodiments, an antibody, or antigen-binding fragment thereof, blocks or
otherwise reduces binding, including dimenization, between the NRP2a vi or v2 polypeptide and the
CCR7 polypeptide by about or at least about 20-100% or more {optionally about 20, 25, 30, 33, 40,
45,50, 55, 60, 65, 70, 75, 80, 90, or 100% or more) relative to a control or reference.

In some embodiments, an antibody, or antigen-binding fragmend thereof, modulates
{optionally antagonizes) the signaling activity between the NKPZa v1 or v2 polvpeptide and a CCL21
and/or CCR7 polypeptide, optionally by about or at least about 20-100% or more (optionally abowt
20, 23, 30, 35, 40, 45, 30, 35, 60, 63, 70, 75, 80, 90, or 160% or more) relative to a control or
reference. In certain embodiments, the signaling activity comprises induction of mmmune cell
raigration, optionally dendritic cells or mature T-cells, and wherein the antibody, or antigen-binding
fragment thereof, reduces the signaling activity; and/or wherein the signaling activity comprises
induction of turor cell migration, and wherein the antibody, or antigen-binding {fragment thereof,
reduces the signaling activity.

e some embodiments, an antibody, or antigen-biading fragment thercof, comprises an IgA

{inchiding subclasses IgAl and IgA2), Teh, IgE, 1gG Gucluding subelasses IgGl, g2, 1263, and
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IgG4y, or IgM Fo domain, optionally a human Fo domain, or a hybnd and/or variant thercof. In some
embodiments, an antibody, or antigen-binding fragment thereof, comprises an [gG Fo domain with
high effector function in humans, optionally an IgG1 or [g(3 Fc domain; or which comprises an lgG
Fe domain with low effector function in humans, optionally an {gG2 or [g(G4 Fe domaim. In some
embodiments, an antibody, or antigen-biading fragment thereof, comprises an IgGl or fgG4 Fo
domain, optionally selected from Table F1.

Certain embodiments inclade a monoclonal antibody, 3 humanized antibody, an Fv fragment,
a simgle chain Fv (scFv) polypeptide, an adnectin, an anticalin, an aptamer, an avimer, a camehid
antibody, a designed ankyrin repeat protein (DARPin), a minibody, a nancbody, and/or a unibody.

Also included are therapeutic compositions, comprising a pharmaceutically-acceptable carrier
and an antibody, or antigen-binding fragment thereof, as described herein. In some embodiments, the
composition has a purity of at least about 80%, 85%, 90%, 95%, 98%. or 99% on a proiein basig with
respect to the at least one antibody, or antigen-binding fragment thereof, and 1s substantially
aggregate-free. In some embodiments, the therapeutic composition 1 substantially endoloxin-free. In
soime erabodiments, the therapeutic composition is a stevide, njectable solution, optionally suitable for
miravenous, mtramuscular, subciancous, or intraperitoneal admimstration. Certain therapeutic
compositions and methods further comprising at least one additional agent selected from one or more
of a cancer imunumotherapy agent, a cheraotherapeutic agent, a hormonal therapeutic agent, and a
kinase minbitor.

Also meluded are methods of treating a disease or condition 1n a subject in need thereof,
comprising administering to the subject a therapeutic composition described herein. In sonie
cmbodiments, the disease or condition 1s a neuropilin 2 (NRP2)-associated disease or condition,
optionally an NRP2a-associated discase or condition. Tn some embodiments, the disease or condition
is selected from a cancer, an wflammatory disease, an astoimmune disease, a lymphatic disease or
associated condition, a fibrotic disease, and a disease associated with reduced smooth muscle
contractility .

In certain embodiments, the disease is a cancer, optionally wherein the cancer expresses or
overexpresses NRP2, optionally wherein the cancer displays NRP2-dependent growth, NRP2-
dependent adhesion, NRP2-dependent mugration, and/or NRP2-dependent nvasion. In specific
embodiments, the cancer expresses or averexpresses NRP2 but does not substantially express
neuropitin-1 (NRP D). Certain methods are {or reducing or preventing re-emergence of a cancer in a
subject in need thereof, wherein administration of the therapeutic coraposition enables generation of
an innmune memory o the cancer. In some embodiments, the subject hag lvmphedema.

Certain embodiments include admunistering {o the subject at least one additional agent
selected from one or more of a cancer wmmunotherapy agent, a chemotherapentic agent, a hormonal
therapeutic agent, and a kinage inhibitor. In some embodiments, the at least one anti-NRPa2 antibody

or antigen-hinding fragment thercof and the at least one agent are administered separately, as separate

7
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compositions. In some embodiments, the at least one anti-NRP2 antibody and the at least one agent
are admanistered together as part of the same therapentic composition, optionally as a therapeutic
composition described herein,

{n some embodiments, the cancer immunotherapy agent is selected from one or more of an
mmmune checkpoint moduolatory agent, a cancer vaccine, an oncolytic virus, a cytoking, and a cell-
based immunotherapics. In certain embodiments, the immune checkpoint modulatory agentis a
polypeptide, optionally an antibody or antigen-binding fragment thereof or a hgand, or a small
molecule. In some embodiments, the immune checkpoint modulatory agent comprises

(a) an antagordst of a inhibitory tmmune checkpoint molecule; or

(b} an agonist of a sttmudatory omune checkpomd molecule,

optionally, wherein the mmume checkpomt modulatory agent specifically binds to the
mmune checkpoint raclecule.

In some erabodiments, the inhibitory fmonume checkpoint molecule 1s selected from one or
more of Programmed Death-Ligand 1 (PD-L1), Programmed Death 1 (PD-1), Programumed Death-
Ligand 2 (PD-L2), Cviotoxic T-Lymphocyte-Associated protein 4 (CTLA-4), Indolearaine 2,3-
dioxygenase (IDO), tryptophan 2,3-dioxygenase (TDO), T-cell mmunoglobulin domain and Mucin
domain 3 (TIM-3), Lymphocyte Activation Gene-3 (LAG-3), V-doman Ig sappressor of T cell
activation (VISTA), B and T Lymphocyie Attenmator (BTLA), CD160, Herpes Virus Entry Mediator
(HVEM), and T-cell tmmunoreceptor with Ig and ITIM domaing (TIGIT). In particular embodiments:

the antagonist is a PD-L1 and/or PD-12 antagonist optionally selected from one or more of an
antibody or antigen-binding fragment or small melecule that specifically binds thereto, atezolizumab
(MPDL3280A), avehimab (MSBOG10718C), and durvalumab (MEDI4736), optionally wherein the
cancer is selected from one or more of colorectal cancer, melanoma, breast cancer, non~-small-cell
lung carcinoma, bladder cancer, and renal cell carcinoma;

the antagonist is a PD-1 antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto, nivolumab,
pembrolizuraab, MK-3475, AMP-224, AMP-514PDROOL, and pidihzumab, optionally wherein the
PD-1 antagonist is nivolumab and the cancer 1s optionally selected from one or more of Hodgkin’s
Iymphoma, melanoma, non-small cell hung cancer, hepatocellnlar carcinoma, renal cell carcinoma,
and ovarian cancer,

the PD-1 antagonist 1s pembrolizumab and the cancer is optionally selected from one or more
of melanoma, nou-smaall cell fong cancer, small cell fung cancer, head and neck cancer, and urothelial
cancer,

the antagomist s a CTLA-4 antagonist optionally selected from one or more of an astibody or
antigen-binding fragment or small molecule that specifically binds thereto, ipilimumab,
tremelimurnab, optionally wherein the cancer is selected from one or more of melanoma, prostate

cancer, lung cancer, and bladder cancer;
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the antagonist is an IDO antagonist opticnally selected from one or more of ap antibody or
antigen-binding fragment or small molecule that specifically binds thereto, mdoximod (NLG-8139),
I-methyl-trtyptophan (1MT), p-Carboline (norbarmane; 9H-pynido|3,4-blindole), rosmarinic acid, and
epacadostat, and wherein the cancer is optionally selected from one or more of metastatic breast
cancer and brain cancer optionally glichlastoma multiforme, ghioraa, gliosarcoraa or malignant brain
famor;

the antagonist s a TDO antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto, 680C91, and LM10;

the antagonist 1s a TIM-3 antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto,

the antagomist is & LAG-3 antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thercto, and BMS-986016;

the antagonist is a VISTA antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto;

the antagonistis a BTLA, CD 60, and/or HVEM antagonist optionally selected from one or
more of an antibody or antigen-binding fragment or small molecule that specifically binds thereto;

the antagomist is a TIGIT antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small meolecule that specifically binds thereto.

In some embodiments, the stimulatory mmone checkpoint molecule is selected from one or
more of OX40, CD40, Glucocorticoid-Induced TNFR Fanuly Related Gene (GITR), CD137 (4-18B),
CD27, CD28, CD226, and Herpes Virus Entry Mediator (HVEM). In certain embodiments:

the agonist is an OX40 agorust optionally selected fromy one or more of an andibody or
antigen-binding fragment or small molecule or ligand that specifically binds thereto, OXE86, Fe-
OX40L, and GSK3174998;

the agonist is a CD40 agonist optionally selected from one or more of an antibody or antigen-
binding fragment or small molecule or bgand that specifically binds thereto, CP-870,893,
dacetuzumab, Chi Lob 7/4, ADC-1013, and rhCD40L, and wherein the cancer is optionally selected
from one or more of melanoma, pancreatic carcinoma, mesothelioma, and hematological cancers
optionally lymphoma sach as Non-Hodghin’s lyraphoma;

the agomnist is a GITR agonist optionally selected from one or more of an antibody or antigen-
binding fragment or small molecule or ligand that specifically binds thereto, INCAGNO1876, DTA-I,
and MEDIIST3;

the agomst 1s a CD137 agonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule or higand that specifically binds thereto, vtomilumab, and

4-1BB ligand;
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the agonist i1s a CD27 agonist optionally selected from one or more of an antibody or antigen-
bindimg fragment or small molecule or igand that specifically binds thereto, varlilumab, and CDX-
1127 (1F3);

the agonist 1s a CD28 agonist optionally selected from one or more of an antibody or antigen-
binding fragment or small molecule or ligand that specifically binds thereto, and TABOE; and/or

the agomst 1s an HVEM agonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule or ligand that specifically binds thercio.

In some embodiments, the cancer vaceine 18 selected from one or more of Oncophage, a
human papillomaviras HPV vaccine optionally Gardasii or Cervarix, a hepatitis B vaccine optionally
Engerix-B, Recombivax HB, or Twinrix, and sipuleuscel-T (Provenge), or comprises a cancer aniigen
selected from one or more of buman HerZ/men, Her VEGE receptor (EGFR), Her3, A33 antigen,
B7H3, CD5, CD19, CD26, CD22, CD23 (IgE Recepior), MAGE-3, C247 antigen, 3T4, IL-6, TL-13,
vascular endothelial growth factor VEGF (e.g., VEGF-A) VEGFR-1, VEGFR-2, CD30, CD33, CD37,
CD40, CD44, CD5E, CDB32, Ch56, CD74, CDB0, CDIE32, Ch200, CD221, CCR4, HLA-DR, CTLA-
4, NPC-1C, tenascin, vimentin, tasulin-like growth factor 1 receptor (1GF-1R), alpha-fetoprotein,
msulin-fike growth factor 1 (IGF-1), carbonic anhvdrase 9 (CA-IX), carcinoembryonic antigen
{(CEA)}, guanylyl cvelase C, NY-ESG-1, p33, survivin, integrin av3, mtegrin o5p1, folate receptor 1,
transmembrane glvcoprotem NMB, fibroblast activation protein alpha (FAP), glvcoprotem 75, TAG-
72. MUCT, MUCI6 {or CA-125), phosphatidylserine, prostaie-specific membrane antigen (PMSA),
NR-LU-13 antigen, TRAIL-R1, timor necrosis factor receptor superfamily member 10b
{(TNFRSFI10B or TRAIL-R2), SLAM family member 7 (SLAMFEF7), EGP40 pancarcinoma antigen, B-
cell activating factor (BAFF), platelet-derivad growth factor recepior, glveoprotein EpCAM (17-1A),
Programraed Death-1, protein disulfide isomerase (PD1), Phosphatase of Regenerating Liver 3 (PRL-
3), prostatic acid phosphatase, Lewis-Y antigen, G2 (a distaloganghioside expressed on tumors of
neuroectodermal origin), glypican-3 (GPC3), and mesothelin, optionally wherein the subject has or is
at risk for having a cancer that comprises the corresponding cancer antigen.

In some erebodiments, the oncolytic virug selected from one or more of ishimogene
[aherparepvec (T-VEC), coxsackievirus A21 (CAVATAK™) Oncorine (H101), pelarcorep
(REOLYSIN®), Beneca Valley virus (INTX-010), Senecavirus BYV-001, ColcAdl, SEPREHVIR
(HSV-1716), CGTG-102 (Ad53/3-D24~-GMCSF), GL-ONCT, MV-NIS, and DNX-2401. In some
entbodiments, the cytokine selected from one or more of mterferon (IFN}~g, 1L-2, IL-12, 11-7 TE-21,
and Granulocyte-macrophage colony-stimulating factor (GM-CSF). Tn some embodimenis, the cell-
based immunotherapy agent compriscs cancer antigen-specific T-cells, optionally ex vivo-denived T-
cells. In some embodiments, the cancer antigen-specific T-cells are selected from one or more of
chimeric antigen receptor (CAR)-modified T-cells, and T-cell Receptor (TCR)-modificd T-cells,

twmor wnfiltrating lymphocytes (T1hs), and peptide-induced T-cells,
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In particular embodiments, the at least one chemotherapeutic agent is selected from one or
more of an alkylating agend, an anti-metabolite, a cytotoxic antibictic, a topoisomerase whibitor (fype
1 or type 1), and an anti-nucrotubule agent. In some embodiments:

the alkylating agent is selected from one or more of nitrogen mustards (optionally
mechiorethamine, cyclophospbamide, mustine, reclphalan, chloambucil, fosfamide | and busulfan),
nitrosourcas {optionally N-Nitroso-N-methy lurea (MNU), canmustine (BCNUDY, lomustine (CCNU},
serustine {MeCCONU), foternustine, and streptozotocin), tetrazines (optionally dacarbazine,
mitozolomide, and temozolomide), aziridines (optionally thiotepa, nwtomycin, and diaziguone
{AZQ)). cisplatins and derivatives thereof (optionally carboplatin and oxaliplatin), and non-classical

gents {optionally procarbazine and hexarethybuclamine);

o

atkylating a

the anti-metabolite 1s selected from one or more of anti-folates (optionally methotrexate and
peracirexed), fluoropyrimidines (optionally S-fluorouracil and capecitabine), deoxynucieoside
analogues (optionallv ancitabine, enocitabing, cytarabine, gemcitabine, decitabine, azacitiding,
fladarabine, nelarabine, cladribine, clofarabine, fludarabine, and pentostatin}, and thiopurines
(optionally thioguanine and mercaptopuringe);

the cytotoxic antibiotic 18 selected from one or more of anthracyclines (optionally
doxorubicin, daunorubicin, epirubicin, idarubicin, pirarabicin, aclarubicin, and mitoxantrone),
bleomycins, mitomycm C, mitoxantrone, and actinomycing

the topoisomerase mhbitor 18 selected from one or more of camptothecin, rinotecan,
topotecan, ctoposide, doxorubicin, mitoxantrone, feniposide, novobiocn, merbarone, and aclarubicing
and/or

the anii-microtobule agent is selected from one or more of taxances (optionally pachitaxel and
docetaxely and vinca alkalowds (optionally vinblastine, vinenisting, vindesine, vinoreibine).

In some emebodiments, the at least one hormonal therapeutic agent is a honmonal agonist or a
hormonal antagonist. In certain embodimments, the hormonal agonist is selected from one or more of a
progestogen {progesting, a corticosteroid (optionally predmsolone, methylprednisolone, or
dexamethasone), insulin like growth factors, VEGF derived anglogenic and lymphangiogenic factors
{opuionally VEGE-A, VEGR-A145, VEGF-A163, VEGF-.C, VEGF-D, PIGF-2), fibroblast growth
factor (FGE), galectin, hepatocyte growth factor (HGE), platelet derived growth factor (PDGE),
transforming growth factor (TGF)-beta, an androgen, an estrogen, and a somatostatin analog. In some
entbodiments, the hormonal antagonist is selected from one or more of a hormone syathesis inhibitor,
optionally an aromatase inhibitor or a gonadotropin-releasing hormone (GnRH) or an analog thereof,
and a hormone receptor anfagonist, optionally a selective estrogen receptor modulator (SERM} or an
anti-androgen, of an antibody directed against a hormonal receptor, optionally cixatumumab,
dalotuzumab, figitwmumab, ganitumab, istiratumab, robatumumab, alacizumab pegol, bevacizumab,
icrucumab, ramucirumab, fresolimumab, metelimumab, naxitamab, cetuximab, depatuxizumab

mafodotin, futuximab, imgatozumab, laprituximab endansine, matuzumab, modotuximab,

1
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necitumumab, nimotuzumab, panitumumab, tomuzotuximab, zalutumumab, aprutumab xadotin,
bemarituzamab, claratimab, or tovetumab.

In some embodunents, the kinase mhabitor s selected from one or more of adavoscrtib,
afanifib, aftibercept, axitinib, bevacizumab, bosutinib, caborantingb, cetuximab, cobimetinid,
crizotintb, dasatingb, entrectinid, erdafitinib, erlotinth, fostanutioib, gefitinib, ibrutinib, imatinib,
lapatinib, lenvatimb, mubnitinib, mlotimb, pamtumumab, paropanib, pegaptamb, ponatimb,

o

ranibizumab, regorafenib, ruxolitinib, sorafemb. sunitinib, SUG636, tofacitinib, trastuzumab,
vandetanibh, and vemuafenib.

I some embodiments, the cancer 1§ 3 privaary cancer. In certain embodirents, the cancer s a
gretastatic cancer, optionally a metastatic cancer that expresses NRP2a and/or NRPZb.

In some embodiments, the cancer is selected from one or more of melanoma (e.g., metastatic
melasoma), pancreatic cancer, bone cancer, prostate cancer, small cell fung cancer, non-small cell

hing cancer (NSCLC), mesothelioma, leukemia (e.g., lvmphocytic leukemia, chronic myelogenous

leukemia, acote myeloid leukemia, relapsed acute myeloid leukenna), lymphoma, hepatoma
(hepatocellular carcinoma), sarcoma, B-cell malignancy, breast cancer, ovarian cancer, colorectal
cancer, ghoma, glicblastoma multiforme, meningioma, pituitary adenoma, vestibular schwannoma,
primary CNS lymiphoma, primitive nesrocctodermal tumor (medolloblastoma), kidaey cancer (e.g.,
renal cell carcinoma), bladder cancer, uterine cancer, esophageal cancer, brain cancer, head and neck
cancers, cervical cancer, testicular cancer, thyroid cancer, and stomach cancer.

In some emboduncents, the metastatic cancer 1s selected from one or more of

() a bladder cancer winch has metastasized to the bone, liver, and/or hings;

(b} a breast cancer which has metastasized to the bone, brain, liver, and/or tungs;

{c} a colorectal cancer which has metastasized to the bver, tungs, and/or perttoneum;
{d) a kaduey cancer which has metastasized to the adrenal glands, bone, brain, liver,

and/or lungs;
(e} a fung cancer which has metastasized to the adrenal glands, bone, brain, hiver, and/or

other lung sites;

{f) a melanoma which has metastasized to the bone, brain, liver, lung, and/or
skin/muscle;

(g) a ovarian cancer which has metastasized to the liver, hung, and/or peritoncum;

(hy a pancreatic cancer which has metastasized to the liver, lung, and/or peritoneum;

(0 a prostate cancer which has metastasized to the adrenal glands, bone, liver, and/or
tungs;

O a stomach cancer which has metastasized to the Bver, lang, and/or perttoneun,

4] a thyroid cancer which has metastasized 1o the bone, hiver, and/or tungs; and

(m) a uterine cancer which has metastasized o the bone, liver, lung, perttoncum, and/or
vagina.

12
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Also included are patient care kits, compnising:

(a) an antibody, or an antigen-binding fragment thereof, as desenibed herein; and
optionally
b at least one additional agent selected from a cancer immunotherapy agent, a

chemotherapeutic agent, 2 horracnal therapentic agent, and a kinase inbibitor,

In some embodiments, (a) and (b) are 1n separate therapeutic compositions. [n some
embodiments, (a) and (b) are 10 the same therapeutic composition. fn some embodiments, the at least
one chemotherapeutic agent is selected from one or more of an alkylating agent, an anti-metaboliic, a
cytotoxic antibiotic, a topoiscmerase mhibitor (type 1 or type H), and an anti-microtubale agent.

Certain embodimends incluade a bioassay sysiem, comprsing an antibody, or an antigen-
binding fragment thercof, as described herein, and a host cell bine that expresses a human NRP2
polypeptide on the cell surface. In some embodimenis, the NRP2 polvpeptide s labeled with a
detectable label. In some embodiments, the antibody, or antigen-binding fragment thereof, is labeled
with a detectable label. In somc embodiments, the NRP2 polypepide 1s functionally coupled to a
readout or indicator, such as a fluorescent or luminescent indicator of biclogical activity of the NRP2
polypeptide. In certain embodiments, the NRP2 polypeptide 15 selected from Table NY, optionally an
NRP2a v1 and/or v2 polypeptide. Particular bicassay systerns comprise at least one NRP2a ligand,
optionally an NRPZa ligand selected from Table L1 or Table L.2, optionally wherein the host cell
expresses the at least one NRP2a higand.

Particular embodiments include a detection system, comprising a cell that expresses a human
neuropilin 2a (NRP2a) polvpeptide, at least one NRP2a ligand, and a human or humanized anti-

gen-binding {fragment thereof, as descubed herein, which modulates the

o

NRFPZ3 antibody, or an antt
mteraction between the NRP2a polypeptide and the at least one NRP2a ligand. In some embodiments,
the anti-NRP2a antibody, or antigen-binding fragment thereof, 15 labeled with a detectable label. In
some embodiments, the NRP2a polvpeptide 1s a NREP2a vanant 1 and/or variand 2 polypeptide
selected from Table NI, In some embodiments, the at least one NRP2a higand is selected from Table
£ or Table L.2. In some embodiments, the NRPZa polypeptide and/or the at least one NRP2a ligand
1s/are functionally coupled to a readout or indicator, such as a fluorescent or himinescent indicator of
biclogical activity of the NRP2a polypeptide or the at least one NRP2a ligand.

Also meluded are cellular compositions, compusing as enginecred population of cells 10
which at least one cell comprises one or more polynuciectides encoding a buman or humamized ani-
NRFPZ3 antibody, or antiges-binding fragmend thereof, as described herein, wherein the cells are
capable of growing 10 a scrum-free medivm,

Some ernbodiments include a cellular growth device, comprising a human or humanized anti-
NRP2a antibody, or an andigen-binding fragment thereof, as descubed herein, an enginecred

population of cells in which at least one cell comprises one or more polynucicotides encoding said
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anti-NRP2a antibody, or antigen-binding fragment thereof] at least about 10 hiters of a serum-free

growth mediig, and a sterife contamer.

Bescription of the Figures

Figure § shows 3 reodel of the tieraction of NRP2a vi/iv2 with CCL21 and CCR7. NRPZa
v3 and NRP2b v4/v3 do not significantly interact with CCL21 or CCR7, in part because these NRP2
isoforms lack a CCL2 -interacting sequence within the juxtamembrane domain.

Figures 2A-2KE show the association between NRPZa v1/v2 1soforms with CCR7 m the
presence of CCL21 or CCLIS

Figures 34-3K show the effects of reutations in the CCL21-binding site of NRPZa with
respect to hgand-induced dimerization of NRP2a and CCR7.

Figures 4A-4{ show the relative binding of antibodics 1o buman and mouse NRP2A (44),
human NRPZa and NRP2b (4B), and buman NRPZa v2 and NRP2a v3 (40).

Figures 5A-58 show the ability of antibodics to block NRP2a/CCR7-CCL2 1 induced
receptor dimerization,

Figure 6 shows sequence analvsis of exemplary anti-NRP2a antibody epitopes (SEQ 1D NG
95 (NRP2a}, and corresponding homologous mouse sequence SEQ 1D NO: 124 (mNRP2a)).

Figures TA-TB show the workflow (7A) and gating steategy {(7B) of an m vivo dendritic cell
ruigration assay. Figure 7C shows the results of FITC+ dendritic cells m the lvinph node of NRP2

KO relative to wild-type mice.

Detailed Description

Unless defined otherwise, all technical and scientific torms used herein have the same
meaning as commonly snderstond by those of ordinary skifl in the art to whach the disclosure belongs.
Although any methods, matenals, compositions, reagents, cells, similar or equivalent similar or
eguivalent (o those described herein can be used in the practice or testing of the subject matier of the
present disclosure, preferred methods and matenals are described. All publications and references,
mchuding but not limited to patents and patent applications, cited i this specification are herein
meorporated by reference in their entivety as if each mdividual publication or reference were
spectfically and mdividually indicated to be incorporated by reference herein as bemg fully set forth,
Any patent application to which this application claims priority s also incorporated by reference
herein in s entirety in the manner describad above for publications and references,

Standard techmiques may be uvsed for recombinant DNA, ohigonucleotide synthesis, and tissue
culture and transformation (e.g., ¢lectroporation, hipofection). Enzymatic reaclions and punfication
technigues may be performed according to manufacturer’s specifications or as commonly
accomplished n the art or as described herein. These and related technigues and procedures may be

gencrally performed according to conventional methods well known i the art and as descnibed in
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various general and more specific references that are cited and discussed throughout the present
specification. Unless specific definitions are provided, the nomeunclature wtidized in connection with,
and the laboratory procedurcs and techniques of, molecular biology, analytical chenustry, synthetic
organic chemistry, and medicinal and pharmaceutical chemistry described hercin are those well-
known and commonly used in the art. Standard techniques may be used for recombinant technology,
molecular biological, microbiological, chemical syuntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment of patients.

For the purposes of the present disclosure, the following termas are defined below.

The articles “a” and “an” are used herein to refer to one or {o more than one (Lo, (o at least
one) of the grarmamatical object of the article. By way of example, “an clement” includes “one
element”, “one or more elements” and/or “at least one element”.

By “about” ts meant a quantity, fevel, value, sumber, frequency, percentage, dimension, size,
amount, weight or length that varies by as much as 20, 13, 10,9,8. 7, 6, 5, 4, 3, 2 or 1% 1o a reference
quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or length.

The terrn “antigen” refers to a molecule or a portion of a molecule capable of being bound by
a selective binding agent, such as an antibody, and additionally capable of being used in an animal to
produce antibodies capable of binding to an epitope of that antigen. An antigen may have one or more
cpitopes. As used herein, the torm “antigen” includes substances that are capable, under appropriate
conditions, of mducing an irmune response to the substance and of reacting with the products of the
immune response. For example, an antigen can be recognized by antibodies (humoral immune
response) or sensitized T-lymphocyies (T helper or cell-mediated immune response), or both.
Antigens can be soluble substances, such as toxins and foreign proteins, or particulates, such as
bacteria and tissuc cells; however, only the portion of the protein or polysaccharide molecule known
as the antigenic determinant {epitopes) combines with the antibody or a specific recepior on a
fymphocyte. More broadly, the term “antiger” inclndes any substance to which an antibody binds, or
for which antibodies are desired, regardiess of whether the substance is immunogenic. For such
antigens, antibodies can be identified by recombmant methods, independently of any immune
TESpONSe.

An “antagomst” refers to biological structure or chemical agent that interferes with or
otherwise reduces the physiclogical action of another agent or molecule. In some nstances, the
antagonist specifically binds to the other agent or molecule. Included are full and partial antagonists.

An “agonist” rafers o biological structure or chernical agent that increases or erhances the
physiological action of another agent or molecule. In some instances, the agonist spectfically binds to
the other agent or molecule. Included are full and partial agonists.

The terre “ancrgy” refers to the functional mactivation of a T-cell, or B-cell response to re-

stimuutlation by antigen.

[
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As used herein, the term “aming acid” is intended (o mean both naturally occwrring and non-
naturally occurning anino acids as well as amino acid analogs and mimetics. Naturally-occurring
amino acids inchude the 20 (L)-amino acids utilized during protein biosynthesis as well as others such
as 4-hydroxyproline, hydroxylvsine, desmosing, 1sodesmosine, homocysteine, citrulline and ornithine,
for example. Non-paturally occumring amino acids include, for example, {D-amino acids, norlencine,
norvaline, p~fluorophenylalanine, ethionine and the like, which are known to 8 person skilled 1n the
art. Amine acid analogs include modified forms of naturally and non-naturally occurring amino acids.
Such modifications can include, for example, substitution or replacement of chemical groups and
moictics on the aming acid or by derivatization of the amino acid. Amino actd mumeties wclude, for
example, organic structures which exhibit functionally siratlar properties such as charge and charge
spacing characteristic of the reference ammo acid. For example, an organic structore which mimics

argiaine (Arg or R} would have a positive charge moiety located inostmdlar molecular space and

having the samc degree of mobility as the e~amino group of the side chain of the naturally occurring
Arg amino acid. Mimetics also include consirained structures 50 as to maintain optimal spacing and
charge inferactions of the amino acid or of the amino acid fuactional groups. Those skilled in the art
know or can determing what structures constitute functionally equivalent amino acid analogs and
amino acid mimetics.

Ag used herein, the term “antibody” encompasses not ondy intact polyclonal or monoclonal
antibodies, but also fragments thereof (such as dAb, Fab, Fab’, F(ab)2, Fv), stngle chain (scFv),
synthetic vavanis thereof, natrally oconrring vadands, fusion proteiss comprising an andibody portion
with an antigen-binding fragment of the required specificity, humamzed antibodies, chimeric
antibodics, and any other modified configuration of the ramunoglobulin molecule that comprises an
antigen-binding site or fragment {cpiiope recognition site) of the required specificity. Certain features
and characteristics of antibodies (and antigen-binding fragments thereof) are desenibed in greater
detail herein.

An anttbody or antigen-binding fragment can be of essentially any type. As is well known m

get, such as an

the art, an astibody s an immunoglobulin molecule capable of specific binding to a tar
mumune checkpoint moelecule, through at least one epitope recognition sife, located in the vanable
region of the anmonoglobulin molecule.

The term “antigen-binding fragment” as used herein refers to a polypeptide fragment that
contains at least one CDR of an immunoglobulin heavy and/or hight chain that binds to the antigen of
wtcrest. Ia this regard, an antigen-binding fragment of the herein described antibodies may comprise
1,2.3, 4,5, orall 6 CDORs of a Vi and Vi sequence from antibodics that bind (o a target molecule.

The binding properties of antibodies and antigen-binding fragments thereof can be quantified
using methods well known in the art (sec Davies ¢t al., Annuoal Rev, Biochem. 39:439-473, 1990}, In
some embodiments, an antibody or antigen-binding fragment thereof specifically binds fo a target

grolecule, for exaraple, an NRP2a vi and/or v2 polyvpeptide or an epitope or complex thereof, with an

it
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equilibrivm dissociation constant that is about or ranges from about <107 M to about 16™ M. In some
embodiments, the equilibrium dissociation constant is about or ranges from about <10 M to about
<0 M. In certain iHlustrative embodiments, an antibody or antigen-binding fragment thereof bas an
afTinity (Kd or ECso) for a target molecule (1o which it specifically binds) of about, at least about, or
ess than about, 0.01, 0.05,0.1,02,03,04,05,06,07,08,09,1,2,3,4,5,6,7,8,9,10, 11, 12,
13,14, 15, 16, 17, 18, 19,20, 21, 22,23, 24, 25, 26, 27, 28, 29, 30, 40, or 50 nM.

A molecule such as a pobypeptide or antibody s said 1o exhibit “specific binding” or
“preferential binding”™ if it reacts or associates more frequently, more rapidly, with greater duration
and/or with greater affinity with a particalar cell, substance, or particalar epitope than it does with

133
N

alternative cells or substances, or epiiopes. An antibody “specifically binds” or “preferentially binds”
to a target molecule or epitope if 1t binds with greater affinity, avidity, more readily, and/or with
greater duration than « binds to other substances or epitopes, for example, by a statistically significant
amount. Typically one member of the pair of molecules that exhibit specific binding has an area on its
surface, or a cavity, which specifically binds to and is therefore complementary to a particular spatial
and/or polar organization of the other raember of the pair of molecules. Thus, the members of the paur
have the property of binding specifically to cach other. For instance, an antibody that specifically or
preferentially binds (o a specific epitope is an antibody that binds that specific epitope with greater
atfinity, avidity, more readily, and/or with greater duration than it binds to other epitopes. It 1s also
understood by reading this definition that, for example, an antibody (or motety or epitope) that
specifically or preferentially binds to a first target may or may not specifically or preferentially bind
to a second target. The term is also applicable where, for example, an antibody s specific for a
particular epitope which is carmed by a number of antigens, in which case the specific binding
member carrying the antigen-binding fragment or domain will be able to bind to the various antigens
carrying the epitope; for example, 1t may be cross reactive to a mumber of different forms of a target
antigen from multiple species that share a common epitope

Immuonological binding gencrally refers o the non-covalent interactions of the type which
occur between an ramunoglobulin molecule and an antigen for which the imowaoglobulin is specific,
for example by way of illustration and not imitation, as a result of electrostatic, ionic, hydrophilic
and/or hydrophobic attractions or repulsion, steric forces, hydrogen bonding, van der Waals forces,
and other mtcractions. The strength, or affinity of amunological binding interactions can be
expressed i terms of the dissociation constant (Kd) of the interaction, wherein a smaller Kd
represenis a greater affindy. ITmmunofogical binding properties of selected polypepiides can be
guantified using methods well known in the art. One such method entails measuring the rates of
antigen-binding site/antigen complex formation and dissociation, wherein those rates depend on the
concentrations of the complex pariners, the affimty of the interaction, and on geometric parameters
that equally imfluence the rate in both directions. Thus, both the “on rate constant” (Kon} and the “off

raie constant” (Koff) can be deternuined by calculation of the concentrations and the actual rates of
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association and dissociation. The ratio of Koff /Kon enables cancellation of all parameters not related
to affinity, and i thus cqual to the dissociation constant Kd. Ag used herein, the term “affiniy”
mcludes the equilibrium constant for the reversible binding of two agents and is expressed as Kd or
ECs. Affinity of a binding protein to a higand such as affinity of an antibody for an epitope can be, for
example, from about 100 vanomelar (8M) to about 0.1 &M, from abowt 100 nM 1o abowt 1 picoraclar
{pM), or from about 100 nM to about | femtomolar (M), As used heremn, the term “avidity” refers to

the resistance of a complex of two or more agents to dissociation after dilution. In some embodiments,

Asntibodies may be prepared by any of a variety of techunigues known to those of ardinary skill
in the art. See, ¢.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory, 1988, Monoclonal antibodies specific for a polypeptide of mierest may be prepared, for
example, using the technique of Kobler and Milstein, Eur. J. Immuonol. 6:511-5319, 1976, and
mmprovements thereto. Also included are methods that utilize transgenic animals such as mice to
express homan aantibodies. See, ¢.g., Neuberger et al., Nature Biotechnology 14:826, 1996; Lonberg et
al., Handbook of Experimental Pharmacology 113:49-101, 1994; and Lonberg et al., Internal Review
of Immunology 13:63-93, 1995, Particular examples include the VELOCIMMUNE® platfora by
REGENEREX® (sec, ¢.z., U.S. Patent No. 6,596,541

Antibodies can also be generated or identified by the use of phage display or yeast display
fibraries (sec, e.g., U.S. Patent No. 7,244,592, Chao ot al., Nature Protocols. 1:753-768, 2006). Non-
hmuting examples of available libraries include cloned or synthetic librarics, such as the Human
Combinatonial Antibody Library (HuCAL), in which the structural diversity of the human antibody
repertoire is represented by seven heavy chain and seven light chain variable region genes. The
combination of these genes gives rise to 49 framewaorks in the master hbrary. By superimposing
highly variable genetic cassettes {CDRs = complernentarity determining regions) on these
frameworks, the vast human antibody repertoire can be reproduced. Also mncluded are human hibraries
designed with lvman-donor-sourced fragments encoding a light-chain variable region, a heavy-chain
CDR-3, synthetic DNA encoding diversity in heavy-chain CDR-1, and synthetic DNA encoding
diversity in heavy-chain CDR-2. Other libraries suitable for use will be apparent to persons skilled n
the art.

In certamn embodiments, antibodies and antigen-bindmg fragments thereof as desenbed herein
include a heavy chain and a heht chain CDR set, respectively interposed between a heavy chain and a
fight chamn framework region (FR) sct which provide support to the CDRs and define the spatial
relationship of the CDRs relative to each other. As used berein, the term “CDR set” refers to the three

bvpervariable regions of a heavy or light chain V region. Proceeding from the N-terminus of a heavy
« o S o o .

18



WO 2023/076998 PCT/US2022/078780

or light chamn, these regions are denoted as “CDRI,” “CDR2.” and “"CDR3” respectively. An antigen-
binding site, therefore, includes six CDRs, comprising the CDR set from each of a heavy and a light
g, a CDRI, CDR2Z or CDR3) is referred

£

chain V region. A polvpeptide comprising a single CDR, (e.
to herein as a “molecular recognition umit.” Crystallographic analysis of a number of antigen-antibody
complexes has demeonsirated that the amino acid residues of CDRs form extensive contact with bound
antigen, wherein the most extensive antigen contact is with the heavy chain CDR3. Thus, the
molecolar recogmition units are primtartly responsible for the spectficity of an antigen-binding site.

As used herein, the term “FR set” refers to the four flanking amino acid sequences which
frame the CDRs of a CDR set of a heavy or hght chain V region. Some FR residues raay contact
bound antigen; however, FRs are primarily respounsible for folding the V region into the antigen-
binding site, particularly the FR residues directly adjacent to the CDRs. Within FRs, certain amino
residues and certain structural features are very highly conserved. In this regard, all V region
sequences contain an internal disulfide loop of around 90 anuno acid residues. When the V regions
fold mto a binding-site, the CDRs are displayed as projecting loop motds which form an antigen-
binding surface. It is geperally recognized that there are conserved structural regions of FRs which
mfhuence the folded shape of the CDR loops into certain “canonical” structures—regardless of the
precise CDR amino acid sequence. Further, certain FR residues are known (o participate in non-
covalent interdomain contacts which stabilize the interaction of the antibody heavy and light chains.

The stroctures and locations of immunoglobulin variable domaing may be deternined by
reference to Kabat, E. A et al., Sequences of Proteins of Immunclogical Interest. 4th Edition. US
Department of Health and Human Services. 1987, and updates thereof.

<

Also include are “monoclonal” antibodies, which refer to a homogeneous antibody population
wherein the monoclonal antibody 1s comprised of amine acids (naturally occurring and non-naturally
occurring) that are imvolved in the selective binding of an epitope. Monoclonal antibodies are highly
specific, being directed against a single epitope. The torm “monoclonal antibody” encompasses not
only intact monoclonal antibodies and full-length monoclonal antibodies, but also {ragments thereof
{such as Fab, Fab’, Flab"2, Fv), single chain (scFy), varlants thereof, fosion proieins comprising ag
antigen-binding portion, humanired monoclonal antibodies, chimeric monoclonal antibodies, and any
other modified configuration of the timrmunoglobulin molecule that comprises an antigen-binding
fragment {(cpitope recognition site) of the required specificity and the ability fo bind (o an epitope. Jtis
not intended to be hmited as regards the sowrce of the antibody or the mannper in which 1t 1s made
(c.g.. by hvbridoma, phage selection, recombinant expression, fransgente arumals), The e jucludes
whole bumunoglobuling as well as the fragments etc. described above under the definition of
“antibody.”

The proteolytic euzyme papain preferentially cleaves TgG molecules to yield several
fragments, two of which (the F(ab) fragments) cach comprise a covalent heterodimer that mchudes an

wriact andigen-binding stfe. The enzyme pepsin is able o cleave IgG molecuies o provide several

o
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fragments, including the F(ab™)2 fragment which comprises both antigen-binding sites. An Fv
fragment for use according to certain embodiments can be produced by preferential proteolytic
cleavage of an IgM, and on rare occasions of an 1gG or IgA immunoglobulin molecule. Fv fragments
are, however, more commonly derived using recombinant technigques known n the art. The Fv
fragment includes a non-covalent VH VL beterodimer 1nchuding an astigen-binding site which
retains much of the antigen recognifion and binding capabilities of the native antibody molecule. See
Inbar et al., PNAS USA. 69:2659-2662, 1972; Hochman et al., Biochem. 15:2706-2710, 1976; and
Ehrlich ¢t al., Biochem. 19:4091~-4096, 1980

Ia certain embodiments, single chain Fv (s¢FV) antibodies are contemplated. For example,
Kappa bodies (11l ¢t al., Prot. Eng. 10:949-57, 1997); minibodies (Martin et al., EMBO J 13:5305-9,
1994Y; diabodies (Holliger et al, PNAS 90: 6444-8, 1993); or Janusins (Travnecker et al., EMBO ]
107 3655-39, 1991, and Traunecker et al,, Int. J. Cancer Suppl. 7:51-52, 1592), may be prepared using
standard molecular biclogy technigues following the teachings of the present application with regard
to selecting antibodies having the desired specificity.

A single chain Fv (s¢Fv) polvpeptide 1s a covalently linked VH::VL beterodimer which is
expressed from a gene fusion incloding VH- and V0-encoding genes linked by a peptide-encoding
hnker. Huoston ot al. (PNAS USA. 85(16):3879-5883, 1988). A mumber of methods have been
described to discern chemical structures for converting the naturally aggregated—but chemically
separated-—hight and heavy polypeptide chaine from an antibody V region mte an scFv molecule
which will fold into a three dimensional structure substantially sinular to the structure of an antigen-
bindmg site. See, e.g., U.S. Pat. Nos. 5,091,313 and 5,132,405, to Huston et al.; and 1.8, Pat. No.
4,946,774, to Ladner et al.

In certain embodiments, the antibodies or antigen-binding fragments described herem are in
the form of a “diabody.” Diabodies are multimers of polypeptides, each polypeptide comprising a first
domain comprising a binding region of an mmmunoglobulin light chain and a sccond domain
comprising a binding region of an mmunoglobulin heavy chain, the two domaing being linked (e g,
by a peptide linker) but unable 1o associate with 2ach other 1o form an antigen-binding site: antigen-
binding sites arc formed by the association of the first domain of one polypeptide within the multimer
with the second domain of another polypeptide within the mudtiroer (WOS4/13804). A dAb fragrent
of an aniibody consists of a VH domain (Ward ot al., Nature 341:544-346, 1989). Diabodies and other
multivalent or mubtispecific fragments can be constructed, for example, by gene fusion (see
WOG4/13804; and Holliger et al, PNAS USAL 90:6444-6448, 1993)).

Minibodies comprising a scfy joined to 8 CH3 domain are also mchuded {see Hu et al,
Cancer Res. 36:3055-3061, 1996). Sec alse Ward et al., Nature. 341:544-546, 1989; Bird et al.,
Science. 247:423-426, 198%; Huston ct al,, PNAS USA. 85:3879-3883, 1988); PCT/USS2/09963,;
WO94/13804; and Retter et al., Nature Biotech. 14:1239-1245, 1996,
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Where bispecific antibodies are to be used, these may be conventional bispecific antibodies,
which can be manufactured in a variety of ways (Holhiger and Winter, Current Opinion Biotechnol.
4:446-449 1993}, ¢.g., prepared chemically or from hybrid hybridomas, or may be any of the
bispecific antibody fragments mentioned above. Disbodies and scFv can be constructed without an Fe
region, using only variable domains, potentially reducing the effects of anti<diotypic reaction.

Bispecific diabodies, as opposed fo bispecific whole antibodies, may also be particularly
useful becanse they can be readily constructed and expressed in E. coli. Diabodies (and many other
polypeptides such as antibody fragments) of appropriate binding specificities can be readily selected
using phage display (WO94/13804) from librarics. If one arm of the diabody is to be kept constant,
for nstance, with a specificity direcied against antigen X, then a bbrary can be made where the other
arm 1s varied and an antibody of appropriate specificity selected. Bispecific whole antibodies may be
raade bv knobs-into-boles engineering (Ridgeway ot al., Protein HEag., 9:616-621, 1996},

In certain embodiments, the antibodies or antigen-binding fragments described herem are in
the form of a2 UniBody®. A UniBody® 15 an {gG4 antibody with the hinge region removed (see
GenMab Uttecht, The Netherlands; see also, e g, US20090226421). This andibody technology creates
a stable, smaller antibody format with an anticipated longer therapeutic window than corrent small
antibody formats. 1G4 antibodies are considered mert and thus do not nteract with the amune
system. Fully human 1gG4 antibodies may be modified by climinating the hinge region of the
antibody to obtam halfemolecule fragments having distinet stability properties relative to the
corresponding miact 1gG4 (GenMab, Usrecht). Halving the 1gG4 molecule lcaves only one area on the
UmBody® that can bind (o cognate antigens {¢.g., discase targets) and the UniBody® therefore binds
upivalently to only one site on target cells. For certain cancer cell surface antigens, this univalerd
binding may not stimulate the cancer cells to grow as may be seen using bivalent antibodics having
the same antigen specificity, and hence UniBody® technology may afford treatment options for some
types of cancer that may be refractory to treatment with conventional antibodies. The small size of the
UniBodyv® can be a great benefit when treating some forms of cancer, allowing for better distribution
of the molecule over larger solid tomors and potentially increasing efficacy .

{n certaie embodiments, the antibodics and antigen-binding fragreents described herein are 16
the form of a nancbody. Mintbodics are encoded by single genes and are efficiently prodoced 1n
almost all prokaryotic and cukarvotic hosis, for example, E. coli (sce U.S. Pat. No. 6,765,087}, molds
{for example Aspergiflus or Trichoderma) and veast (for example Saccharomyces, Kluyvermyces,
Hansenwla or Pichia (see ULS. Pat. No. 6,838,234). The production process is scalable and muli-
kilogram guantities of nanobodies have been produced. Nanobodies may be formulated as a ready-to-
use solution having a long shelf ife. The Nanoclone method (see WO 06/079372) is a proprictary
method for generating Nanobodies against a desired target, based on automated high-throughput

selection of B-cells.
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{n some embodiments, the antibodies or antigen-binding fragments described herein are in the
form of an aptamer (sce, e.g., Ellington et al., Nature. 346, 818-22, 1990; and Tuerk et al., Science.
249, 505-10, 1990, mcorporated by reference). Examples of aptamers included nucleic acid aptamers
{e.g., DNA aptamers, RNA aptamers) and peptide aptamers. Nucleic acid aptamers refer generally (o
nucleic acid species that bave been engineered through repeated rounds of in vitre selection or
eguivalent method, such as SELEX (systematic evolution of ligands by exponential enrichment}, to
bind to various molecular targels such as small molecules, proteins, sucleic acids, and even celis,
tissucs and organisms. See, e.g., U.S. Patent Nos. 6,376,194, and 6,387,620, incorporated by
reference.

Peptide aptamers typically include a variable peptide loop attached at both ends to a protein
scaffold, a double structural constraint that typically mcreases the binding affinity of the peptide
aptamer to lovels comparable o that of an antibody s (¢.g., 1o the panomolar range). In certam
embodiments, the variable loop length may be composed of about 10-20 amino acids (including all
ntegers 1 between), and the scaffold may include any protein that bas good solubihity and compacity
properiizs. Certain exeraplary ermabodiments ntilize the bacterial protein Thioredoxin-A as a scaffold
protein, the variable loop being inserted within the reducing active site (-Cys-~-Gly -Pro~-Cys~ loop in the
wild proteiny, with the two cysieines lateral chains being ablke to form a disalfide bridge. Methods for
identifying peptide aptamers are described, for example, in U.S. Application No. 2003/0108532,
meorporated by reference. Peptide aptamer selection can be performed using different systems known
in the art, including the yeast two-hybrd system.

{n some embodiments, the antibodies or antigen-binding fragments described herein are in the
form of an avimer. Avimers refer to multimeric binding proteins or peptides engineerad using in vifre
exon shuffling and phage display. Multiple binding domains arc linked, resulting in greater affinity
and specificity compared to single epitope rmmunogiobalin domains, See, e g, Silverman ¢t al,
Nature Biotechnology. 23:1556-1561, 2005; U.S. Patent No. 7,166,697, and U 5. Application Nos.
2004/0173756, 2005/004851 2, 2005/0083973, 2003/0089932 and 2005/0221384, meorporated by
reference,

In some embodiments, the antibodies or antigen-binding fragments described herein are
the form of an adnectin. Adnectins refer (o a class of targeted biologics derived from homan
fibronectin, an abundant extracellular protein that naturally binds to other proteins. See, ez, US.
Application Nos. 2007/0082365; 2008/0139791; and 2008/0220049, incorporated by reference.
Adnecting typically counsists of a natural fibronecitin backbone, as well as the multiple targeting
domains of a specific portion of human fibronectin. The targeting domaing can be engincered o
enable an adoectin to specifically recognize an NRP2 polypeptide or an epitope thercof.

{a some embodiments, the antibodies or antigen-binding fragments described herein are in the
form of an anticalin. Anticaling refer o a class of antibody mimctics that are typically synthesized

from human lipocalins, a famuly of binding protems with a hypervariable loop region supporied by a
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stracturally ngid framework. See, e.g., U.S. Application No. 2006/0058510. Anticalins typically have
a size of about 20 kDa. Anticabins can be characterized by a barrel structure formed by eight
antiparallel f-strands (a stable B-barrel scaffold) that arc pairwise connected by four peptide loops and
an attached a-helix. In certain aspects, conformational deviations to achieve specific binding arc made
a the hypervariable loop regionds). See, e.g., Skerra, FEBS | 275:2677-83, 2008, wocorporated by
reference.

In some embodiments, the antibodies or antigen-binding fragments described herein are in the
form of a designed ankyrin repeat protein (DARPin). DARPins include a class of non-
mnmuncglobalin proteins that can offer advantages over antibodies for target binding in drug
discovery and drug development. Among other uses, DARPas are ideally suited for in vive tnaging
or delivery of toxins or other therapeutic payloads because of their favorable molecular properties,
chiding small gize and bigh stability. The low-cost production in bacteria and the rapid generation of
many target-specific DARPine make the DARPin approach useful for drug discovery. Additionally,
DARPins can be easily generated in multispectfic formats, offering the potential to target an effector
DARPin 1o a specific organ ot (o target multiple recepiors with one molecule composed of several
DARPins. See, e.g., Stumpp et al., Curr Opin Drag Discov Devel. 10:153-159, 2007, U5, Application
No. 2009/0082274; and PCT/EP2001/10434, corporated by reference.

Also mcluded are heavy cham dimers, such as antibodies from camelids and sharks. Camelid
and shark antibodies comprise a homodimeric pair of two chains of V-iike and C-like domains
(neither has a hight cham). Since the VH region of a heavy chain dimer 1gG in a camelid does not have
to make hydrophobic inferactions with a light chain, the region n the heavy chain that normally
contacts a light chain is changed to hydrophilic amino acid residucs in a camelid. VH domains of
heavy-chain dimer 1gGs are called VHH domains. Shark 1g-NARs comprise a homodimer of one
variable domain (lermed a V-NAR domain) and five C-like constant domains (C-NAR domains).

o camelids, the diversity of antibody repertoire 18 determined by the complementary
deternuning regions (CDRY 1, 2, and 3 i the VH or VHH regions. The CDR3 in the camel VHH
region is characterized by ds relatively long length averaging 16 amvino acids (Muyidenuans et al.,
1994, Protein Engineering 7(9): 1129). This is in contrast to CDR3 regions of antibodies of many
other specics. For example, the CDR2 of mouse VH has an average of @ amino acids. Libraries of
camelid-derived antibody variable regions, which maindain the in vivo diversity of the variable
regions of a camelid, can be made by, for example, the methods disclosed 1n U.S. Patent Apphication
Ser. No. 20050037421, published Feb. 17, 2003

In certain embodiments, the antibodies or antigen-binding fragments thereof are humanized.
These embodiments refer to a chimeric molecule, generally prepared using recombinant technigques,
having an antigen~-binding sitc derived from an immunoglobulin from a non-human species and the
rerpaining imnunoglobulin structure of the molecole based upon the structure and/or sequence of a

buman immunoglobulin. The antigen-binding site may comprise either complete variable domaing
£ ¥
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fused onto constant domains or only the CDRs grafied onto appropriate framework regions i the
variable domains. Epitope binding sites may be wild type or modified by one or more amino acid
substitutions. This elimisates the consiant region as an emunogen in human individuals, but the
possibility of an immune response to the foreign vanable region remains (LoBuglio et al., PNAS USA
86:4220-4224, 1989; Queen ot al., PNAS USA. 86:10029-10033, 1988; Ricchmann et al., Nature,
332:323-327, 1988). Hustrative methods for immamization of antibodics include the methods
described in U.S. Patent No. 7,462 697,

Another approach focuses not only on providing human-~derived constant regions, but
modifying the variable regions as well 50 as to reshape them as closely as possible to uman form. It
is known that the variable regions of both beavy and light chains contain three complemendarity -
determining regions (CDRs) which vary in response to the epitopes in guestion and determine binding
capability, flanked by four framework regions (FRs) which are relatively conserved in a given species
and which putatively provide a scaffolding for the CDRs. When nonhuman antibodics are prepared
with respect to a particular epitope, the variable regions can be “reshaped” or “humanized” by
grafting CORs derived from nonhuman antibody on the FRs present in the burean antibody to be
modified. Apphcation of this approach to various antibodics has been reporied by Sato et al, Cancer
Res. 53:851-856, 1993; Ricchmann et al., Nature 332:323-327, 1988, Verhoeyen ¢t al., Science
239:1534-1536, 198%; Kettleborough ot al., Protein Enginecering. 4:773-3783, 1991; Maeda ct al.,
Human Antibodies Hybridoma 2:124-134, 1991; Gorman et al., PNAS USA. B8R:4181-4183, 1991,
Tempest et al., Bio/Technology ¢:266-271, 1991, Co ctal,, PNAS USA. 88:2869-2873, 1991, Carter
ctal, PNAS USA. 89:4285-4289, 1992; and Co et al., J lmmunol. 148:1149-1154, 1992, In some
embodiments, bumanized antibodies preserve all CDR sequences (for example, a inmanized mouse
antibody which contains all six CDRs from the mouse antibodies). In other embodiments, humanized
antibodies have one or more CDRs (one, two, thiee, four, five, six) which are altered with respect to
the original antibody, which are also termed one or more CDRs “dernived from”™ one or more CDRs
from the original antibody.

In certain embodiments, the antibodies are “chimeric” antibodies. In this regard, a chimeric
antibody 18 comprised of an antigen-binding fragment of an antibody operably linked or otherwise
fused to a heterologous Fo portion of a different antibody . In certain embodiments, the Fo domain or
heterologous Fo domain is of human origin. In certain embodiments, the Fo domain or heterologous
Fo domam is of mouse origin. In other embodiments, the heterclogous Fo domain may be from a
different Ig class from the parent antibody, including IgA Gucluding subclasses IgAl and 1gA2), 1gD,
IgE, IgG Gneluding subelasses [gGl, 1gG2, 1gG3, and Tg(G4), and IgM. In further embodiments, the
heterclogous Fo domain may be comprised of CH2 and CH3 domains from one or more of the
different Ig classes. As noted above with regard to humanired antibodies, the antigen-binding

fragment of a chimeric antibody may comprise only one or more of the CDRs of the antibodies
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described herein (e.g., 1, 2, 3, 4, 5, or 6 CDRs of the antibodics described herein}, or may comprise an
entire variable domain (VL, VH or both).

As used herein, a subject “at risk” of developing a disease, or adverse reaction may or may
not have detectable disease, or symptoms of disease, and may or may not have displayed detectable
disease or symptoms of disease prior {o the treatment racthods described herern. “At risk™ denotes that
a subject has one or more nisk factors, which are measorable parameters that correlate with
development of a discase, as described herein and known in the art. A sabject having ong or more of
these risk factors has a higher probability of developing discase, or an adverse reaction than a subject
without ong or more of these nigk factor(s).

“Biocompatible” refers to materials or compounds which are generally not iyjurious o
biological functions of a cell or subject and which will not result in any degree of unacceptable
foxicity, including allergenic and disease states.

The term “binding” refers 1o a direct association between two molecules, due to, for example,
covalent, electrostatic, hydrophobic, and 1onic and/or hydrogen-bond interactions, incloding
rateraciions such as salt bridges and water bridges.

The term “chemoresistance” refers (o the change 1n therapeutic sensitivity of a cancer cell
population over time following exposure (o chemotherapy, including resistance to at leastonce of a
cancer immunotherapy agent, a chemotherapeutic agent, a hormonal therapeutic agent, and/or a kinase
mhibitor. Eventeally, chemoresistance leads o the relapse and/or metastasis, of the cancer, and
challenges the maprovement of clinical outcome for the cancer patiends. [t remains the main obstacle
to long term successful cancer therapy . For example, approximately 30 percent of women diagnosed
with carly-stage breast cancer nitimately develop resistance and eventually progress to metastatic
breast cancer. The molecular mechanisms of chemoresistance include the induction of transporter
punips, oncogenes, turor suppressor genes, mitochondrial alteration, DNA reparr, antophagy,
epithelial-mesenchymal transition (EMT), cancer stemness, and exosome production. These processes
may operate via distinct mechanisms, alone or m combination with each other, but ultimately
coordinate to provend cell death in response o 2 specific targeted chemotherapeutic agent. For
example, such processes provide aliernative pro-growth signals and/or chinunate or otherwise reduce
apoptotic pathways. Accordingly, agents that reduce chemoresistance could find uvtibity 1 the
treatment or reduction of chemoresistant cancers.

By “coding seguence” is meant any nucleic acid seqguence that conirbutes to the code for the
polypeptide product of a gene. By contrast, the term “non-coding sequence” refers to any nucleic acid
sequence that does not divectly contribuie to the code for the polypeptide product of a gene.

Throughout this disclosure, unless the context requires otherwise, the words “comprise,”
“comprises,” and “coraprising” will be understood to mmply the melusion of a stated step or element or
group of steps or clements but not the exclusion of any other step or element or group of steps or

clements.
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By “consisting of” is meant mchuding, and Hmited to, whatever follows the phrase “consisting
of " Thas, the phrase “consisting of ™ indicates that the listed elements are required or mandatory, and
that no other clements may be present. By “consisting cssentially of” is meant inchuding any eclements
fisted atter the phrase, and himited to other elements that do not mterfere with or contribute to the
activity or action specified in the disclosure for the lsted elements. Thus, the phease “consisting
essentially of” indicates that the listed elements are required or mandatory, but that other clements are
optional and may or may not be present depending upon whether or not they matenially affect the
activity or action of the listed cleraents.

The termn “effector function”, or “ADCC effector function” in the context of antibodies refers
to the ability of that antbody (0 engage with other arms of the immune system, including for example,
the activation of the classical complement pathway, or through engagement of Fo receptors.
Compleracnt dependent pathways are primarily deiven by the inderaction of Clg with the C1 complex
with clustered antibody Fe domains. Antibody dependent cellular cviotoxicity (ADCC), is primarily
driven by the interaction of F¢ receptors {FoRs) on the surface of effector cells (natural killer cells,
raacrophages, monocytes and 2osinophiis) which bind to the Fc region of an 1gG which itseli 1s bound
to a target cell. Fo receptors (FeRs) are key imnnime regulatory receptors connecting the antibody
mediated thumoral) parmane response (o celbdar effector functions. Receptors for all classes of
mrunoglobulins have been identified, including FeyR (g(), FeeRI (IgE), FeaRl (IgA), FouR (gh)
and FodR (IgD). There are at least three classes of receptors for human IgG found on leukocytes:
D64 (FoyRE, CDH32 (FeyRila, FeyRIb and FoyRile) and CD16 (FoyRIla and FoyRiTb). FoyRiis
classed as a high affinity receptor (nanomolar range KD) while FeyRIT and FoyRIH are low o
intermediate affinity (micromolar range XD). Upon Fo binding a signaling pathway is triggered which
results i the secretion of various subsiances, such as lytic enrymes, perforin, granzymes and tumour
necrosis factor, which mediate in the destroction of the target cell. The level of ADCC effecior
function various for human lg( subtypes. Although this is dependent on the allotype and specific
FovR, v simple terms ADCC effector function is “high” for human [gGl and 1gG3, and “low” for
1gG2 and 1gG4.

The term “endotoxin free” or “substantially endotoxin free”™ relates generally to compositions,
solvents, and/or vessels that contain at most frace amcunts (e g, amounts having no clinically adverse
physiclogical effects to a subject) of endotoxin, and preferably undetectable amounts of endotoxin.
Endotoxing are foxans associated with certain micro-organisms, such as bacteria, typically gram-
negative bacteria, although endotoxins may be found in gram-positive bacteria, such as Listeria
monocviogenes. The most prevalent endotoxins are Hipopolvsaccharides (LPS) or lpo-oligo-
saccharides (LOS) found in the cuter mermbrane of vartons Grame-negative bacteria, and which
represent a central pathogenic feature in the ability of these bacteria to cause disease. Small amounts
of endotoxin in humans may produce fever, a lowering of the blood pressure, and activation of
mflammation and coagulation, among other adverse physiological effects.

s ¥

L0



WO 2023/076998 PCT/US2022/078780

Therefore, m pharmaceutical production, it 1s often desirable to remove most or all traces of
endotoxin from drug products and/or drug containers, because even small amounts may cause adverse
effects in humans. A depyrogenation oven may be used for this purpose, as femperatures in excess of
300°C are typically required to break down most endotoxins. For instance, based on primary
packaging material such as svringes or vials, the combination of a glass temperature of 250°C and a
holding time of 30 minutes is often sufficient to achieve a 3 log reduction in endotoxin levels. Other
metheds of removing endotoxins are contemplated, including, for example, chromatography and
filiration methods, as described herein and known in the art.

Endotoxins can be detected using rovtine technigues known in the art. For example, the
Limulos Amochocyte Lysate assay, which utilizes blood from the horseshoe crab, s a very sensitive
assay for detecting presence of endotoxin. In this test, very low levels of LPS can cause detectable
coagulation of the limulus lvsate due a powerful enzymatic cascade that amplifies this reaction.
Endotoxins can alse be quantitated by enzyme-imked immunosorbent assay (ELISA). To be
substantially endotoxin free, endotoxin levels may be lesg than about 0.0G1, 0.005, 0.01, 0.02, 6.03

(.04, 0.05, 0.06, 0.08,0.09, 0.1 0.5, 1.0, 1.5,2,2.5.3,4, 5.6, 7. 8,9, or 10 EU/rag of active

>

compound. Typically, | ng hpopolysaccharide (LPS) corresponds to about 1-10 EUL

The erm “epitope” mecludes any determinant, preferably a polypeptide determinant, capable
of specific binding to an immunoglobulin or T-cell receptor. An epitope includes a region of an
antigen that i3 bound by an antibody. In certain embodiments, epitope determinants mchide
chemically active surface groupings of molecules such as amino acids, sugar side chains, phosphaoryl
or sulfonvl, and may in certain embodiments have specific three-dimensional structural
characteristics, and/or specific charge characteristics. Epitopes can be contiguous or non-contiguous
in refation o the primary structure of the antigen, for example, an NRPZ polvpeptide. In particular
embodiments, an epitope comprises, consists, or consists essentially of about, at least about, or no
more than about 3, 4, 3, 6,7, 8,9, 10, 11, 12, 13, 14, 13, 16, 17, 18, 19, or 20 contignous aminoe acids
(i.c., a lincar epitope) or nop-~contiguous amine acids {ie., conformational epitope) of a reference
sequence (see, ¢.g., Table Ni, Table N2 or target molecule described herein

An “epitope” includes that portion of an antigen or other macromolecule capable of forming a
binding mtcraction that interacts with the vanable region binding pocket of a binding protein. Such
binding interaction can be manifested as an intermolecular contact with one or more anino acid
residues of a CDR. Antigen binding can involve a CDR3 or a CBR3 pair. An epitope can be a hnear
peptide sequence (e, “continuous”) of can be composed of noncontignous amdne acid sequences
(i.c.. “conformational” or “discontinuous”). A binding protein can recognize one or nore aming acid
sequences; therefore an epitope can defline more than one distinct amino acid sequence. Epilopes
recognized by binding protein can be determined by peptide mapping and sequence analysis
techniques well known to one of skill n the art. A “crypiic epttope” or a “cryptic binding site” 1s an

epitope or binding site of a protein sequence that is not exposed or substantially protected from
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recognition within an unmodified polypeptide, but 1s capable of being recognized by a binding protein
of a denatured or proteolyzed polypeptide. Amino acid sequences that are not exposed, or are only
partially exposed, in the unmodified polypeptide structure are potential cryptic epitopes. If an epitope
is not exposed, or only partially exposed, then it 1s bkely that 1t 1s buried within the interior of the
polypeptide. Candidate cryptic epitopes can be wdentified, for example, by examining the three-
dimensional structure of an wnmodified polypeptide.

The term “half maximal effective concentration” or “ECsy” refers to the concentration of an
agent {(¢.g., antibody) as described herein at which it induces a response halfway between the bascling
and maximm after some specified exposore time; the ECs of a graded dose response curve therefore
represenis the concentration of 3 corapound at which 50% of 1ts maxireal effectis observed. EC38

%4 of g maximum effect in vivo.

also represents the plasma concentration required for obtaming 50
Simifarly, the "ECy” refers o the concendration of an agent or composition at whuch 90% of its
maximal effect is observed. The “ECq” can be calculated from the "ECS50” and the Hill slope, or it
can be determined from the data directly, using rowtine knowledge 1n the art. In some erabodiments,
the EC50 of an agent (e.g., antibody) 1s fess than abowt 0.01, 0.05, 6.1, 6.2, 03,04, 05, 06,07, 0.8,
$6.9,1,2,3,4,5,6,7, 8,9 10, 11,12, 13, 14, 15, 16, 17,18, 19, 20, 23, 30, 40, 30, 60, 70, 80, 90, 100,
200 or 300 nM. In some embodiunents, an agent will have an ECs0 value of about 1nM or less.

“Immeune response” means auy tnmunoclogical response origmating from tmmune svsten,
mehuding responses from the cellolar and humeral, innate and adaptive immaune sysiems. Exeraplary
cellular immume cells include for example, lymphocytes, macrophages, T cells, B cells, NK cells,
neutrophils, cosinophils, dendritic cells, mast cells, monocytes, and all subsets thereof. Cellnlar
responses include for example, effector function, cyiokine release, phagocytosis, efferocytosis,
translocation, trafficking, proliferation, differentiation, activation, repression, celi-cell interactions,
apoptosts, cic. Humeral responses inchude for example IgG, IgM, IgA, IgE, responses and their
corresponding effector functions.

The “half-life” of an agent such as an antibody can refer to the time it takes for the agent (o
lose half of its pharmacologic, physiologic, or other activity, relative to such activity at the time of
adrainistration into the serura or tissue of an orgamism, or relative to any other defined time-point.
“Half-hife” can also refer to the time ¢ takes for the amount or concentration of an agent to be reduced
by half of a starting amount adnuinistered into the serum or tissuc of an organism, relative to such
amount or concentration at the time of administration into the serum or tissue of an organism, or
relative to any other defined time-point. The half-life can be measured in serun and/or any one or
more sclected tissues.

The terms “modulating” and “altermg” inclode “increasing.” “enhancing” or “stomudating,” as
well as “decreasing” or “reducing,” tvpically in a statistically significant or a phyvsiologically
stgnificant amount or degree relative to a control. An “mereased,” “stimulated” or “enhanced” amount

is typically a “statistically significant” amount, and may include an increase thatis 1.1, 1.2, 1.5, 2, 3,
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45,67, 8,9, 10, 15, 20, 30, 40, 50, 60, 70, 8¢, 90, 100 or more times {e.g., 300, 1000 umes)
(ncluding all wiegers and ranges 1 between g, 1.5, 1.6, 1.7 LE cto.) the amount produced by no
composition {(¢.g., the absence of agent) or a control composition. A “decreased” or “reduced” amount
is typically a “statistically significant” amount, and may include a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%,
9%, 10%, 11%, 129%, 13%, 149%, 159%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%. 40%, 45%,
50%, 35%, 60%, 65%, T0%, 75%, BO%, 85%, 90%, 95%, or 100% decrease (including all integers
and ranges 1 between) in the amound prodaced by no composition (.g.. the absence of an agent) or a
control composition. Examples of comparisons and “statistically significant” amounts are described
herein.

The term “migratory cells” refers to celis that are capable of moversent from one place 1o
another in response (o a stimulbus. Exemplary mugratory cells include immune cells such as
raonocvies, Natural Kidler (NK) cells, dendntic cells {imrnature or mature), subsets of dendritic celis
including myeloid, plasmacvioid (also called Ivmphoid) and Langerhans cells, macrophages such as
histiocytes, tissue resident macrophages such as Kupffer’s cells, microglia cells in the CNS, alveolar
macrophages, and peritoneal macrophages, macrophage subtypes such as MG, M1, Mox MZa, M2b,
and M2¢ macrophages, neutrophils, cosinophils, mast cells, basophuls, B cells including plasma B
cells, memory B cells, B-1 cells, and B-2 cells, CD45R0 (natve T) cells, CD45RA Guemory T) cells,
CD4 Helper T Cells including Th1, Th2, and Tr1/Th3 cells, CDE Cytotoxic T Cells, Regulatory T
Cells, Gamma Delta T Cells, and thymocytes. Additional examples of migratory cells mchude
fibroblasts, fibrocyics, tumor cells, and stem cells. The term “cell migration” refers to the movement
of migratory cells, and the term “modulation of cell mugration” refers to the modulation of the
movement of any such migratory celis,

EERS

The terms “polypeptide,” “protem” and “peptide” are used interchangeably and mean a
polyreer of amine acids not hiled to any particolar length. The term “enzyme”™ inclades polypeptide
or protein catalysts. The terras include modifications such as rayrnistoviation, sulfation, glycosylation,
phosphorylation and addition or deletion of signal sequences. The terms “polypeptide” or “protein”
means one or more chaimg of amino acids, wherein each chain comprises amino acids covalently
finked by peptide bonds, and wherein said polypeptide or protein can comprise a plurality of chains
non-covalently and/or covalently hoked together by peptide bonds, having the sequence of native
proteins, that is, proteins produced by natrally~occurring and specifically non-recombinant cells, or
genetically-engineered or recombinant cells, and comprise molecules having the amino acid sequence
of the native proten, or molecules having deletions from, additions to, and/or substitutions of one or
more aming acids of the native sequence. In certain embodiments, the polypeptide s a “recombinant”
polypeptide, prodoced by recombinant cell that comprises one or more recombinant DNA molecales,
which are typically made of heterologous polvnucleotide sequences or combinations of

polynucleotide sequences that would not otherwise be found in the cell.
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The term “polynoclectide” and “nucleic acid” includes mRINA, RNA, cRNA, ¢cDNA, and
DNA. The term typically refers to polymeric form of nuclestides of at least 10 bases in length, either
ribonucleotides or deoxynucleotides or a modified form of cither type of nucleotide. The term
includes single and double stranded forms of DNA. The terms “isolated DNA” and “isolated
polynucleotide” and “isolated nucleic acid” refer to a molecule that has been isolated free of total
genomic DNA of a particular specics. Therefore, an isolated DNA segment encoding a polypeptide
refers to a DINA segment that contains one or more coding sequences yet is substantially solated
away fror, or purified free from, total genomic DNA of the species from which the DNA scgment 1s
obtained. Also included are non-coding polynucleotides (e.g., primers, probes, oligonucleotides),
which do not encode a polvpeptide. Also inchuded are recombinant vectors, including, for example,
expression vectors, viral vectors, plasmids, cosmids, phagemids, phage, viruses, and the hke.

Additional coding or non-coding sequences may, but need not, be present within a
polynucieotide described herein, and a polynucleotide may, but need not, be linked to other molecules
and/or support materials. Hence, a polynucleotide or expressible polynucleotdes, regardless of the
fength of the coding sequence itself, may be combined with other sequances, for example, expression
control sequences.

“Expression control sequences” mchude regulatory sequences of nucleic acids, or the
corresponding anuno acids, such as promoters, leaders, enhancers, introns, recognition motifs for
RNA, or DNA binding proteiuns, polvadenylation signals, terminators, internal ribosore entry sifes
(IRERS), secretion signals, subccllular localization signals, and the like, which have the ability 1o affect
the ranscription or translation, or subcellular, or celludar location of a coding sequence 1n a host cell.
Exemplary expression control sequences are described 1o Goeddel, Gene Expression Techoology:
Methods in Enzymology 185, Academic Press, San Dicgo, Calif. (1990).

A “promoter” 1 a DNA regulatory region capable of binding RNA polymerase in a celf and
mitiating transcription of a downstream (37 direction) coding sequence. As used herein, the promoter
sequence 1s bounded at 18 37 terminus by the transcription initiation site and exiends upstream (57
direction) to include the mimimum number of bases or clements necessary to initiate transcription at
fevels detectable above background. A transcription initiation site (conveniently defined by mapping
with noclease S1) can be found within a promoter sequence, as well as protein binding domains
{consensus sequences) responsibie for the binding of RNA polvmerase. Eukaryotic promoters can
often, but not always, contain “TATA” boxes and “CAT” boxes. Prokaryotic promoters contain
Shine- Dalgamo sequences 1o addition to the -10 and -35 conscusus sequences,

A large number of promoiers, including constitutive, inducible and repressible promoters,
from a vanety of different sources are well known in the art. Representative sources mehude for
cxample, viral, mammalian, msect, plant, yveast, and bacterial cell types), and suitable promoters from
these sources are readily available, or can be made synthetically, based on sequences pubbcly

available on line or, for example, from depositories such as the ATCC as well as other commercial or
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mndividoal sources. Promoters can be unidirectional (1.e., inifiate trapscription in one direction) or bi-
directional (1.¢., nitiate transcription in etther a 37 o 57 direction). Non-hmiting examples of
promoters include, for example, the T7 bacterial expression system, pBAD (araA) bacterial
expression gystem, the cytomegalovirus (CMV) promoter, the SV40 promoter, the RSV promoter.
Inducible promoters tachide the Tet system, (US Patents 5,464,758 and 5,814,618), the Hedysone
mducible system (No et al., Proc. Natl, Acad. Sci. (1996) 93 (8): 3346-3351; the T-RExTM system
{Invitrogen Carlsbad, CA), Lachwitch® (Stratagene, (San Diego, CA) and the Cre-ERT tamoxafen
mducible recombinase sysiem (Indra ot al. Nuc. Acid. Res, (1999) 27 (22): 4324~4327; Nuc. Acid.
Res. (2000) 28 (23): 299; US Patent No. 7,112,715, and Kramer & Fussenegger, Methods Mol Biol.
{20053 308, 123-144) or any promoter known 1 the art suitable for expression 1n the desired cells,

An “expressible polynucleotide” includes a cDNA, RNA, mRNA or other polyaucieotide that
comprises at least one coding sequence and optionally at least one expression control sequence, for
example, a transcriptional and/or translational regulatory elemend, and which can express an encoded
polypeptide upon introduction 1nto a cell, for example, a cell i a subjeat.

Various viral vectors that can be utihized to deliver an expressibie polynucieotide include
adenoviral vectors, herpes virus vectors, vaccima virus vectors, adeno-associated virus (AAV)
vectors, and retroviral vectors. In some instances, the retroviral vector 18 a derivative of a murine or
avian retrovirus, or is a lentiviral vector. Examples of retroviral vectors in which a single foreign gene
can be mserted include, but are not himited to: Moloney murine leokemia vires MoMulL V), Harvey
murine sarcoma virus (HaMuSV), murine mamumary tumor virns (MuMTV), SIV, BIV, HIV and
Rous Sarcoma Virus (RSV). A sumiber of additional retroviral vectors can meorporate multiple genes.
All of these veciors can transfer or incorporate a gene for a selectable maarker so that ransduced cells
can be identified and generated. By inserting a polypeptide sequence of interest into the viral vector,
along with another gene that encodes the Hgand for a receptor on a specific target cell, for example,
the vector mav be made target specific. Retroviral vectors can be made target specific by inserting, for
example, a polynucleotide encoding a protemn. Hlustrative targeting may be accomplished by using an
antibody to target the retroviral vector. Those of ckill in the art will know of, or can readily ascertain
without undue experimentation, specific polynucleotide sequences which can be inserted into the
retroviral genome o allow target specific debivery of the retroviral vector.

In particular embodiments, the expressible polymucieotide is a modified RNA or modified
mRNA polynucleotide, for example, a non-naturally occwrring RNA analog. In certain embodiments,
the modified RNA or mRNA polypeptide comprises one or more modified or nop-natural bases, for
example, a nuclectide base other than adenine (A), guanine (G), cytosine (C), thymine (T}, and/or
gracil (U). In some embodinents, the modified mRNA comprises one or more modified or non-
natoral internucleotide linkages. Expressible RNA polvnucleotides for delivering an encoded

therapeutic polvpeptide are described, for example, in Kormann et al., Nat Biotechnol. 29:154-7,
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2Gi1; and U.S. Application Nos. 2015/6111248; 2014/0243399; 2014/0147454; and 2013/0245104,
which are incorporated by reference in their entireties,

The term “isolated” polypeptide or protein referred to hercin means that a subject protein (1)
is free of at least some other proteins with which it would typically be found in nature, (23 s
essentially free of other proteins from the same source, e.g., from the same species, (3) is expressed
by a cell from a different species, (4) has been separated from at least about 50 percent of
polynocleotides, lipids, carbohydrates, or other materials with which it 15 associated m nature, (3) 18
not associated (by covalent or non-covalent interaction) with portions of a protein with which the
“igolated protemn” s associated 1 nanue, (6) is operably associated (by covalent or non-covalent
inderaction) with a polvpeptide with which it 1s not associated in nature, or (7) does not occur in
nature. Such an 1solated protein can be encoded by genomic DNA, cDNA, mRNA or other RNA, of
raay be of sypthetic origin, or any combination thereof. In certain embodiments, the isolated protein is
substantially free from proteins or polypeptides or other contaminants that are found m iis natural
environment that would interfere with its use (therapeutic, diagoostic, prophylactic, research or
otherwise).

In certamn embodiments, the “purity” of any given agent {e.g., polypeptide such as an
antibody) in a composition may be defined. For instance, certain cormpositions may comprise an agent
such as a polypeptide agent that s at least 80%, 85946, 90%, 919%%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%. or 100% pure on a protein basis or a weight-weight basig, inclodmg all decimals and
ranges in between, as measured, for example and by no means himiting, by high performance liguid
chromatography (HPLC), a well-known form of coliwnn chromatography used frequently in
biochemistry and analytical chemistry to separate, ideniily, and guantify compounds.

A “lipid nanoparticle” or “solid lipid nanoparticle” refers to one or more spherical
nanoparticles with an average diameter of between about 10 to about 1000 nanometers, and which
coraprise a solid lipid core matrix that can solubilize hipopbilic molecules. The lipid core is stabilized
by surfactants {e.g., emulsifiers), and can comprise one or more of figlycerides (c.g., tristearin),
diglycendes (e.g., glvcerol bahenaie), monoglyvcerides (e.g., glycerol monostearate), fatty acids (e.g.,
stearic acid), steroids (c.g., cholesterol), and waxes {(e.g., cetyl palmitate), including combinations
thercof. Lipid nanoparticles are described, for example, 1n Petralli et al., Curr Pharm Biotechnol.
15:847-35, 2014, and U.S. Patent Nos. 6,217,912; 6,881,421 7,402,573, 7,404,969, 7,550,441,
7.727,969, 8,003,621; 8,691,750, 8,871,509, 9,017,726, 9,173,853, 9,220,779, 9227917, and
9,278,130, which are incorporated by refercnce in thetr euntiretics. Certain compositions described
heremn are formudated with one or more lipid nanoparticles.

The terms or “gewropilin 2-associated disease” or “NRP2-associated disease” refer to discases
and conditions in which NRF2 activity, expression, and/or spatial distribution plavs a role in the
pathophysiclogy of that disease or condition. In some nstances, NRP2-associated diseases are

groduiated by the anti-NRP2 antibodies of the present disclosure by aliering the tderaction of NRP2
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with at least one NRP2 higand, thereby impacting NRP2 activity, signaling, expression, and/or spatial
distribution. In particalar embodiments, the NRP2 s NRP2a variant 1 or variant 2, and the NRP2
tigand is CCL21 and/or CCR7. Thus, in certain embodiments, the NRPZ-associated disease or
condition 1s an “NRPZa-associated disease or condition”. Exemplary NRPZ-associated diseases and
conditions include without limitation, cancer and diseases or pathologies associated with cancer
meluding cancer cell growth, cancer iitiation, cancer migration, cancer cell adhesion, invasion,
chemoresistance, and metastasis. Also inchuded are diseases associated with imflammation and
autoimmunity, and related inflammatory discases, including discase associated with inappropriate
mnmane cell activation or migration such as graft versus host disease (GVHD). Certain embodonents
include discases associated with lvmphatic developrment, lymphangiogenesis, and lymphatic damage,
mcluding, for example, edema, lymphedema, secondary lymphedema, inappropriate fat absorption
and deposition, excess {at deposition, and vascular permeability; diseases associated with mfections,
including latent infections; discases associated with allergic disorders/discases, allergic responses,
ncluding, for example, chronic obstructive palmonary disorder (COPD), neutrophilic asthma,
antineutrophi cytoplasmic antibody (ANCAj-associated systemic vasculitis, systemic fupus
erythematosus, rheumatoid arthritis, mflammasome-related diseases, and skin-related neutrophil-
mediated diseases such as pyoderma gangrenosom; discases associated with granulomatous
mflamraatory discases, mchuding sarcoidosis and granulomas; diseases associated with fibrosis
mchading {ibrotic diseases, fibrosis, endothelial to mesenchymal transition (EMT), and wound
healing: diseases associated with mappropriate smooth muscle contractility, smooth muscle
compensation and decompensation, and inappropriate vascular smooth muscle cell migration and
acdhesion; discases associated with inappropriate autophagy, phagocoviosis, and efferocytosis; discases
associated with neuronal diseases, peripheral nervous system remodeling, and pain percepiion;
diseases associated with bone development and boue remodeling. Typically, the term “mappropriate”
refers to an activity or characteristic that associates with or causes a pathology or discase state.

The term “reference sequence” refers generally (o a nucleic acid coding sequence, or amino
acid sequence, to which another sequence 1s being compared. All polypeptide and polynucieotide
sequences described herein are inchuded as refercnces sequences, including those described by name
and those described i the Tables and the Sequence Listing.

Certain embodimenis include biologically active “variants” and “fragments” of the
polypeptides (e.g., antibodics) described herein, and the polynucleotides that encode the same.
“Vartants” contain one or more substitutions, additions, deletions, and/or insertions refative to a
reference polypeptide or polynuclectide (see, e.g., the Tables and the Sequence Listing). A variant
polypeptide or polypucleotide comprises an amino acid or nucleotide sequence with at least about
509, 55%, 60%, 63%, T0%, 75%, 80%, 85%, 90%. 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98% .
99% or more sequence identity or similarity or homelogy to a reference sequence, as described herein,

and substantially retains the activity of that reference sequence. Also included are sequences that
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consist of or differ from a reference sequences by the addition, deletion, msertion, or substitution of 1,
2,3,4,5,6,7.8,9 10, 11, 12,13, 14, 15,16, 17, 18, 19,20, 30, 40, 50, 60,70, 80, 90, 100, 110, 120,
130, 146, 150 or more amino acids or nucleotides and which substantially retain the activity of that
reference sequence. In certain embodiments, the additions or deletions include C-termunal and/or N-
teroinal additions and/or deletions.

The terms “sequence Wdentity” or, for example, comprising a “sequence 50% 1dentical 0,7 as
used herein, refer to the extent that sequences are identical on a nucleotide-by-nuclectide basis or an
amino acid-by-amino acid basis over a window of comparison. Thus, a “percentage of sequence
wdentity” may be calculated by comparing two optimally aligned sequences over the window of
comparison, detereining the nuraber of positions at which the ideutical nucleic acid base (e.g., A, T,
C, G, D) or the wdentical amino acid residue (e.g., Ala, Fro, Ser, Thr, Gly, Val, Leu, lle, Phe, Tyr, Trp,
Lys, Arg, His, Asp, Glu, Asn, Gln, Cys and Met) occurs in both sequences to vield the number of
matched positions, dividing the number of matched positions by the total number of positions in the
window of companson (1.e., the window size), and maluplyimg the result by 100 to vield the
percentage of sequence identily. Optimal alignment of sequences for aligning a comparison window
may be conducted by computerized implementations of algorithms (GAP, BESTFIT, FASTA, and
TFASTA i the Wisconsin Genetics Software Package Release 7.0, Genetics Corapuier Group, 373
Science Drive Madison, Wis., USA) or by inspection and the best alignment (.., resulting in the
highest percentage homology over the comparison window) generated by any of the varions methods
selected. Reference also may be made to the BLAST family of programs as for exampie disclosed by
Altschul et al,, Nucl Acids Res. 25:3389, 1997,

The tere “solubility” refers o the property of an agesnt (¢.g., antibody) provided herein o
dissolve in a liguid solvent and form a homogencous solution. Solubility is typically expressed as a
concentration, cither by mass of sohute per unit volume of solvent (g of solute per kg of solvent, g per
dL (100 mL), mg/ml, etc.), molarity, molality, mole fraction or other similar descriptions of
concentration. The maximum equilibrium amount of solute that can dissolve per amount of solvent is
the solubility of that solute in that solvent under the specified conditions, achuding temperature,
pressure, pH, and the nature of the solvent. In certain embodimaents, solubility is measured at
physiological pH, or other pH. for example, at pH 3.0, pH 6.0, pH 7.0, pH 7.4, pH 7.6, pH 7.8, 01 pH
8.0 (e.g., about pH 5-8). In certain erebodiments, solubility is eecasured in water or a physiological
buffer such as PBS or NaCl (with or without NaP(y). In specific embodiments, solubility is measured
at relatively lower pH {c.z., pH 6.0) and relatively higher gakt (e.g., 500mM NaCl and 10mM NaPOy).
In certain embodiments, solubility is measured m a biclogical fluid (solvent) such as blood or serim.
In certain embodiments, the temperature can be about room temperature (¢.g., about 20, 21, 22, 23,
24, 25°C) or about body temperature (37°C). In certain embodiments, an agent has a solubility of at
feastabout 0.1, 0.2, 03,04, 05,06, 07, 08,09, 1,2.3,4,5,6,7. 8,9 10, 11,12, 13, 14, 15, 16,

17, 18, 19, 20, 25, 30, 40, 50, 60, 70, 80, 90 or 1060 mg/ml at room temperature or at 37°C,
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A “subject” or a “subject in need thereof” or a “patient” or a “patient in need thereof”
mehides a mammalian subject sach as a human subject.

“Substantially” or “essentially” means nearly totally or completely, for instance, 93%, 96%,
7%, 98&%, 99% or greater of some given quanfity.

By “statistically significani,” i is meant that the result was unlikelyv to have occurred by
chance. Statistical significance can be determined by any method known in the art. Commonly used
measures of significance mclude the p-value, which is the frequency or probabiity with which the
observed event would occur, if the null hypothesis were true. I the obtained p-value 1s smaller than
the significance level, then the null hypothesis 1s rejected. In simple cases, the sigpificance Jevel is
defined at a p-vatue of 0.05 or less.

“Therapeutic response” refers to improvement of symptoms (whether or not sustained) based
on adminisivation of one or more therapeutic agents.

As used herein, the terms “therapeutically effective amount”, “therapeuntic dose,”
“prophyiactically effective amount,” or “diagnostically effective amount” is the amount of an agent
{c.g., anti-NRP2a antibody, mamunotherapy agent) needed to elicit the desired biclogical response
following administration.

As used herein, “treatment” of a subject (¢.g.. a mammal, such as a homan) or a cell is any
type of intervention used i an attempt to alter the natural course of the individual or cell. Treatment
mchudes, but 18 not lmited to, admimisiration of a pharmacentical composition, and may be performed
either prophylactically or subsequend to the initiation of a pathologic event or contact with an eticlogic
agent. Also included are “prophylactic” weatments, wiich can be divected (o reducing the rate of
progression of the disease or condition being treated, delaving the onset of that disease or condition,
or reducing the severity of its onset. “Treatment” or “prophviaxis” does not necessanly indicate
complete eradication, cure, or prevention of the discase or condition, or associated symptoms thereof

The term “wild-type” refers to a gene or gene product {¢.g., a polypeptide) that 18 most
frequently observed in a population and 1s thus arburanily designed the “normal” or “wild-type” form
of the gene.

FHach embodiment in this specification is to be applied to every other embodiment unless

expressly stated otherwise,

Anti-NRFP2Za Antibodies

Certatn crabodipents include antibodies, and antigen-binding fragments thereof, which bind
to a human neuropilin 2a (NRP2a) polypeptide, specifically 3 human NRP23 variant 1 (v1) and/or
variant 2 (v2) polypeptide. In particular embodiments, the antibodics, and antigen-binding fragments
thereof, specifically bind to a human NRPZa v1 and v2 polypeptide, and also bind to a human NRPZa
variant 3 (v3) polypeptide. In some embodiments, an antibody or antigen-binding fragment thereof

selectively modulates {¢.g., directly or indirectly interfores with, inhibils, reduces, stimulaies,
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increases) binding of the homan NRP2a v1 and/or v2 polypeptide to at least one NRF2a ligand, such
as a plasma membrane receptor, growth factor, signaling molecule, mitegrin, plexin, or other ligand.
Specific examples of NRP2a ligands mchude chemokine (C-C motif) higand 21 (CCL21) polvpeptide
and/or a C-C chemokine receptor type 7 {CCR7; polypeptide.

NRPZ is a single transmernbrane receptor with a predonunant extraceliular region containing
two CUB domains (al/a2 combined domain), two Factor V/VHI homology domains (b1/b2 combined
domain}, a MAM domain (¢ domain)} (sec Figures 1A-1B), and a short juxtamembrane region that
connects the ¢ domain to the transmembrane domain (which traverses the plasma membrang). NRP2
18 typically expressed in vive as a muxture of various closely related sphice variants, which are often
gronped together as NRPZa, which coraprises vadands vi, v2 and v3, and NRP2Zh, which comaprises
variants v4 and v3. Variant vo 1s a soluble form of NRP2 which 1s found in circulanon.

The NRPZa and NRP2b splice varianis have identical amino acid sequences over the al, a2,
b1, b2 and ¢ domain, but differ n sequence over the juxtamembrane, transmembrane, and cytoplasmic
regions. The NRPZa variants v, v2, and v3 also differ in amino acid sequence over these regions

g, with NRPZa vi (931aa) and NRP2a v2 (B26aa), having

based on their pattern of alternative sphicing,
larger inserts compared 1o the relatively smaller NRP2a vanant 3 (909aa). The different sizes of these
alternatively sphced forms of NRP2a refiect a loss of a 5 amino acid stretch at the N-terminus of the
Juxtamembrane sequence from vi to v2, then a further loss of 17 aminoe acids immediately Cerminal
to the 5 amino acid deletion in the v3 variant. The C-terminal half of the joxtamembrane region,
transmembrane helix, and cytoplasnuc domain remains identical in all three NRP2a variants.

{n both NKPZa and NEP2h, the ala2 combined domain of NRP2 interacts with sema region
of the scmaphorins, and the bl domain toteracts with the seraaphorin P31 and Ig-like domatos. NRP2
has a higher affinity for SEMAJF and 3G, in contrast, SEMAg 3A, 3B and 3F preferentially interact
with NRPIL. Both NRP1 and NRP2 have similar affintty for SEMA 3C. The bib2 combined domain
of NRPZ interacts with several growth factors containing hepann-binding domains, mcluding VEGF
C & D, placenta growth factor (P1GF)-2, fibroblast growth factor (FGF), galectin, hepatocyte growth
factor {HGE), platelet derived growth factor (PDGF), and transfornung growth factor (TGF)-beta (see,
for example, Prud’homme ¢t al., Oncotarget. 3:921-939, 2012). NRP2 also interacts with various
growth factor-spectfic receptors, and nteractions with these receptors can occur ndependently of
binding to SEMAs. In this context, integrins and growth factor receptors hike VEGFRZ and VEGFR3,
TGE-beta receptors, o-Met, EGFR, FGER, PDGFR, have been shown to interact with NKPs and
general appear 1o increase the affinity of each Hgand for s receptor and o modulate down strear
signaling. The ¢ domain {(Mam) domain does not appear 1o be directly required for igand binding, but
may mnpact ligand specificity, receptor signabing, and NRP2 dimerization.

Neuropilin-2 modulates a broad range of cellular functions through its roles as an essential
cell surface receptor and co-receptor for a variety of higands (sce, e.g., Guo and Vaader Koot J. Cell

Biol. 280 No 49: 29120-29126, 2615). Additionally, recent data suggests that NRP2a and NRP2b are
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differentially expressed in normal tissucs and in certain pathological conditions, suggesting that the
relative expression of the NRP2 splice variants plays a key role in driviag receptor cross-talk ina
context dependent fashion in raultiple NRP2 associated discases. NRPZa and NRP2Zb also appear to
play different and sometimes opposing roles in a broad range of cellular functions. Thus, the
developracnt of isoform-gpecific antibodics holds the prowise of selestively raodulating the activity of
NRPZa variants and offers the opportunity {o create a new gencration of therapeutics with

significantly enhanced cell type selectivity, 1sotype specificity, higher potency, and reduced toxicity
corapared to other anti-NRP2 antibodies which cannot discriminate between these isoforms.

Neuropilin-2 expression is associated with mcreased celhdar plasticity, and epithehial to
gresenchyraal transition (EMT) in both normal and cancer cells, thereby ncreasing celiular survival
and chemoresistance development during cancer treatment {sec, ¢.g., Grandclement et al., PLoS ONE
6(7y ¢20444, 201 1), Addutonally, NRP2 expression 18 jacteased by TGF-beta exposure leading to
both EMT and fibrosis development in fibroblasis and endothelial cells. (see, ¢.g., Pardalietal | Int. 1
Mol Sci. 18:2157, 2017). Accordingly, the development of NRP2a specific antibodies offers the
possibility of selectively modulating cellular plasticily and survival, chemoresistance, and fibrogis
development.

Newropilin-2 expression promoies lymphangiogenesis (see, ¢.g., Doct et al,, Cancer Res.
75:2937-2948, 2015) and single nuckotide polymorphisms (5NPg) in MNRP2 are associated with
lymphedema (see, ¢.g., Miaskowski et al., PLo3 ONE 8(4) eoti164, 2013). Accordingly, the
development of NRP2a specific antibodics offers the possibility of sclectively modulating the
functions of these 1soforms to regulate lymphangiogenesis and to treat lvmphedema. NRP2 also
regulates smooth muscle contractility and smooth muscie tone (see, ¢.g., Biclenberg et al, Amer. J
Path, 181:5348-359, 2012), Accordingly, the development of NRP2a specific antibodics offers the
possibility of selectively modulating the functions of these 1soforms to regulate smooth muscle
contractility, and muscle tone.

NRP2 directly coniributes to cancer stem cell maintenance, and survival leading to increased
tumor initiation, survival, chemo- and radio-resistance developraent, and metastasis (see, e.g., Goel et
al,, EMBO Mol Med. 5:488-308, 2013; and Samuel ¢t al., PLoS ONE 6(10) ¢23208, 2011),
Prud’homme et al., Oncotarget 3:921-939, 2012). Accordingly, the development of NRP2a specific
antibodics offers the possibility of selectively modulating the functions of these isoforms to regulate
cancer stem cell growth, survival, chemo and radio-resistance development and metastasis.

Neuropilin-2 is expressed in various cells of the inumune systern, including lymphoid cells
such as B and T cells, and myeloid cells such as basophils, eosinophil, monocyies, dendritic cells, NK
cells, newtrophils, and macrophages, mcluding tissue-specific macrophages, for example, alveolar
macrophages. It is also expressed in endothelial and epithelial cells in the hing and other tissues, and
m moscle cells (see, ¢.g.. Biclenberg et al, Amer. J. Path. 181:548-339, 2012; Aung, et al., PLoS
ONE 11{2) 0147338, 2016; Schellenburg et al., Mol Tmam 90:239-244, 2017, and Wild et al, Ind. 1.
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Exp. Path. 93:81-103, 2012). NRP2 reguolates immune cell activation and migration (see, e.g.,
Mendes-da-Cruz et al., PLoS ONE %(7) ¢103405, 2014). Accordingly . the development of NRP2a
specific angibodies offers the possibility of selectively modulating the functions of these isoforms to
regulate immune cell activation and migration, thereby providing or the development of anti-

gents to wflamraation and autoimmuonity.

o

mflamraatory, aad wumunomodulatory a

Neuropilin-2 also plays a key role in autophagy, endosome development, for example, by
regulating late endosomal mataration, an mmportant aspect of phagoceytosis and efferocytosis, which
respectively contribute to clearance of mfections and apoptotic cells (see, e.g., Diaz-Veraetal, b
Cell. Scr. 130:697-711, 2617; Dutta ¢t al, Cancer Res. 76:418-428, 2016). Accordingly, the
development of NRP2a specific antibodies offers the possibility of selectively modulating the
functions of these 1soforms o regulate endosone development, phagocytosss, efferocytosis, and
autophagy.

Neuropilin-2 1s known to be a key player in the pathophysiclogy of many discases (e.g.,
“NRP2-associated diseases”, as described herein) and interacts with a broad array of soluble hpands
inchuding semaphorin 3F, VEGF-C and D, and TGF-beta (see, for example, Table L1 and Table L.2),
and an array of cellular receptors and co~factors. NRP2 1s also polysialated on dendritic cells, and
actively miteracts with the chemokine CCL21 and its recepior, CCR7 to mediate immung cell
migration, and for which single nucleotide polyvmorphisms associated with 1LD and RA have been
described (see, ¢.g., Rey-Gallardo et al,, Glveobiology 20:1139-1146, 20190; Stald et al., Nat. Genet.
42:508-514, 2013; and Miller ot al,, Arthritis Rheum. 65:3239-3247). Additionally, soluble,
circulating forms of NRP-2 are known (see, e.g., Parker et al, Structure 23(4) 677-687, 2015).
Accordingly, given the central role played by NRP2 in pathophysiology in a broad range of diseases,
it 1s evident that interactions between NRP2 and NRP2 higand(s) (for example, NRP2 ligands from
Table L1 and Table L2}, and the modalation of those interactions with antibodies agamst NRP2 to
sclectively change the corresponding biclogical activitics, provides broad potential for the treatraent
of diseases, mcluding NRPZ associated discases.

In particular embodiraents, an antibody or antiges-binding fragmend thereof selectively or
preferentially binds to a human NRP2a vi and/or v2 polypeptide relative to other NRP2 isoform
polypeptides, including relative to a hurman neuropilin-2B (NRP2b) vanant 4 (v4) polypeptide and/or
a human NRP2b variant 5 (v3) polypeptide. That is, in some embodiments, an antibody or antigen-
binding fragment thercof does not substantially bind (o a human NRP?b v4 polypeptide or a NRP2b
v3 polvpeptide. Certain antibodies or antigen-binding fragments thercof also bind o a human NRP2a
v3 polypeptide, and particular antibodies and antigen-binding fragments thercof do not substantially
bind to a buman NRP2a v3 polypeptide (see, ¢.g.. Figure 4C). Exermplary amino acid sequences of

NRP2 polypeptides are provided in Table NI below,

i Table N1. Exemplary Human NRPZ Polypepltides i
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Name Residues Sequence SEQ ID
NO:

Human NRPZa 23-931 PPC 3] GYITS PFYD";-Y?SE*ONCEWT‘/\AD 89
variant 1 QK F SESADLLG
LRY
KTGS PTILAK
PRMEIILOFLIFDLE “7(‘“ SDCKYDWLDIWDGI PHY
GPLIGKYCETKTPSELRSSTGILSLTFHTDMAVAKDGESA
RYYLVHQEPLENFQCNVPLGEMESGRIANEQISASST ’“’)G
RWTPQOSRLHGDDN PNLDSNKEYLGVDLRELTML
TOGALISRETON FYY"K%VKLJEJSW Nv}’T WMVYRHG
FOANNDAT F\,"\/’LJ\;LH/\ TREVRIRPQTWHSGIA
FGCRVT \S(‘,, S\SSJ )
ARLVS S
LQGARGGD Kl 1‘&‘\/v
TQQP&\L FEGNMHYDT ’P\J YE '“R SPAG
LGMRLEVLGCDWTDSKE _\/'lﬂ”uGP“'“”K",hh' TPYPTEER
ATECGENCSFEDDKDLOLPSGFNCNEDEFLEERPCCWMY DHA
KWLRTTWASSSSPNDRTEPDDRNFLRLY waQPEGQl’TA L
Ise P\MLPPSP‘/CM? } Q be SREGVE
SYDMEYQTIV F

ST

~
L SARAL
<A
GA.

e
= ,»’

4

YTQDPR

rD
LGEA I Lu’\(: LLLY
KV /I\I\’K\L QVPPSE_A

Human NRPZa EWTVYZ\P 90

variant 2 23-92¢% ES? 1"“ LG
i (r‘u\,KVPWL IWDGEIPHY
GP Lib“’ YoE “I\’l‘ P"“ <oS'£ GILSLTEFHTDMAVAKDGESA
RYYLVHQOEPLENFQCNVPLGMESGRIANEQISASSTYSDG
RWTPOOSRLHGDDNGWTPNLDSNKEYLOVDLRFLTMLTAL
ATCGATSRETONGYYVKSYKLEVSTNGEDWMVYRHGK
VEQANNDATEVVINKLHAPLLTR F'\/KT RPQ“WHQVD RL
F_..J‘.'*‘k;LJW\f"'
—’Pfx "'KF"I
( WEYTQDPR
"[‘(,‘/‘PKL ,\5\}% AQYVRVYPERWS PAG
IGMRLEVLGECDWTDSKPTVET LEGPTVKSEE! PYPTERE
ATECGENCSFEDDEDLOLPSGEN CN""“L’LLAPC’:L\,AI 4
KWLRTTWASSSSPNDRTFPDDRNEFLRLOSDSOREGOYA
ISPPVHLPRSPVCMEFQYCATGGER C ALOVVREASE
LWVIREDQGGEWKHGRIILPSYDMEY QI"F GVIGKGRS
EIATIDDIRISTDVPLENC VDIPEIHEREG ;uD
EIDDEYEV ‘A]SI\'ooL _*
’“T IAMSSLGVLL JZ\
] )\:leHK
Human NRPZa 23-909 91

variant 3

X ‘DLEHJ (‘,V
{TPSELRESTGT L

LWL
T LM \U\KLL;P SA

X4
]
<,

HOEPLENFQCRV SASSTYSDG
RWTPOOSRLAGDDNGY OVDLRELTMLTAT
ATOGATSRETONGYYVES TNGEDWMVYRHGKNHK
VECANNDATEVVINKLHAPLLTREVRIRPOTWHSGIALRL
ELFGCRVTDPAPCSNMLGMLEGLIADSQCISAS ST “EV: T% S
SAARLVESRSGWFPRIPQAQPGEEWLOVD
I ' DSITAVEARAFVRKFEVS f‘u;
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TOOPKLEES

LGMRLEVLGCDWTD! Eiv _JKSEETWTDVPTLWE

ATECGENCSFE DD"WLQLLobFNbN?D?l SEPCGWMYDHA

KWLRTTWASSSSPNDRTFPDDRNILRLOSDSOREGOYARL

ISPPVHLEPRSEVCM ATGGREVALOVVEREASCESKL
GKGRSG

)

LWVIREDQGGEWKHGRIILESYDMEYQIVEECGVIGKG

.ATL.IlTQTPV?LmNCMFPISI.n)EYEJWWSW‘S SAT
S5GBCGAP m“hFK‘WI\uhL: SATCA
YCOTCSYSGLSSR JKMNH

JKCCSEA
Human NRFPZb 23-904 CPDPPCGGRLNSKDZ EVA
variant 4 EPNQKIVILNE WPwF
KHCGNIA P
KTES
PKMETLTL LOVGEGDCKYDWL
:lGVivuTKTP AL“QUTGLLSLT”HTLMAVAREG A
YLYVHQEPLENFQCNVPLCGMESGRIANEQISASSTYSDG
PWTPQQSPLH;DDRGWT?J DSNKEYLOVDLRFLTMLTAL
ATQGAT LEVSTNGEDWMVYRHGKNHK
VEQANN JT FVRIRPOTWHSGIAL PL
ELFGCRVT ,1 )GL¢A.bonA%€:‘
SAARLVSSRSGWEPR! AQPGEEWLOVDL :
IOGARGGEDSTTAVEAR 7RKE<VSY5TA;MLan1@Fu
TOOPKLFEG VOYVRVYBERWSPAG
l@MR;EVLGpLWT. PTVETLG /KSEETTTPYPTEER
ATECCENCSFEDDRKDLOLPSGEFNCNEDEFLEEPCCGWMYDHA
ﬁW?RT’ ASSSSPNDRTFPDDRNFLRLOSDSOREGOYARL
SPPVHLPRSPVCMERPQVCATGEREVALOVVREASQESKL
lﬂ”IR DOGGEWKHGRIILPSYDMEYQIVFEGVIGKG
IATIDDIRISTDVEPLENCMERPISAFAGENFRGGET
ETVDTVPM“ ITPAYWYYVMAAGGAVIVLVSVALSL
REFRYAAKKTDHSTTYHETSHYTNGAPTAVEPTLT
GSHC
Human NRPZL 23-901 OPDPPCGGRILNSKDAGY 93
variant 5 EPNQKIVLNFNPHFEIE

KHCGNIAPPTIISSGEML

CSKNFTSPNG'"

RYYLVHOR LENFQCNVT.bMEQGRIANE“'SnoSTf

GDDNGWT PNLDSNKEYLOVDLRFLTML TAI
“HGYYVK”V LEVSTNGEDUMYYRHGKNAK
RFVRIPPOTWHSGIALRL

CSNMLCHLSGLIAD@”IofSSTQEYLﬂSP
DTG
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COAQPGEEWLOV
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vV‘(a\,I,V
ATECGENCSEFEDD? )
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LWVIREDQGGEWKHGRIILEPSYDMEYOIVEEGVIGKGREG
EIAIDDIRISTDVPLENCMEPISAFAGGTLLEGTEPTVDT
VEMOPIPAYWYYVMAAGGAVILVLY VALALVLHVHRFRYA
AKKTDHSITYKTSHYTNGARPLAVERPTLTIKLEQDRGSH

)
A
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Thus, m particular embodiments, an antibody or antigen-binding fragment thereof selectively
or preferentially binds (o a human NRP2a v1 and/or v2 polypeptide from Table N1, and does not

substantizlly bind to 2 buman NEPZb v4 polvpeptide, or a buman NRP2Zb v3 polypeptide, for
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example, from Table N1. Certain antibodies or antgen-binding fragments thereof also bind to a
homan NRP2a v3 polypeptide from Table N1, and some antibodies and antigen-binding fragments
thereof do not substantially bind to a human NRP2a v3 polypeptide from Table N1

{n particular embodiments, an antibody or antigen-binding fragment thereof binds to a human
NRP2a vi and/or v2 polypeptide at a unique epiope in the juxtamembrane domain, that is, an epitope
that 1s present in human NRP2a v1 and/or v2 but is not present in human NRP2b vd or NRP2bv3. In
some nstagees, the unique epitope is present in homan NRP2a v3, aud 10 some instances, the unigue
epitope 18 not present in human NRPZ2a v3, Exemplary unigue juxtamembranc epitopes are provided
m Table N2 below.
Table NZ. Exemplary juxtamembrane epitopes of NRP2Za vl and v2

Name Residues Sequence SEG ID

NCs
NRPZa 803-804 PISAFAGENFEVDIPEIHEREGYEDEIDDEYEVDWSNSSSATS 24
Juxta- S3GARPSTDRKEKSWLYTLDE

menb rane
Variqnt 1
NERP2a 803-85¢9
Juxta—

membrane
Variant 2

(EDEIDDEYEVDWSNSSSATSGSGAR 95

803822 PISAFAVDIPEIHEREGYEDEILIDDEYEVD 96
810-&32 DIPETHEREGYEDEIDDEYEVDW 97

803820 PISAFAVDIPETHEREGY 98
810-820 DIPETHEREGY G
8L8-832 EGYEDEIDDEYEVDW 100
803-811 PISAFAVDI 101
840-829 SGECGAPSTDRKERKSWLYTLDR 10z
846-85%3 103
840-851 SGSGAPSTDKEK 104
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Thus, in soree embodiments, an astibody or antigen-binding fragment thereof binds 1o the
NRP2a vi or v2 polypeptide at a sequence or epitope from Table N2, In some embodimends, the
epitope comprises at least about 8, 9, 10, 11, or 12 contiguous amino acids of a sequence or epitope
from Table N2, for example, any of SEQ 1D NGs: 94-104, including combinations thercof In some
embodiments, an antibody or antigen-binding fragment thercof binds to continuous epitope, which
comprises an gpitope from Table N2, In some embodiments, an antibody or antigen-binding fragment
thereof binds to a discontinuous epitope, which comprises one or more epiopes from Table N2 In
specific embodiments, an antibody or antigen-binding fragment thereof binds (o SEQ 1D NG: 100, or
about or at least about 8, 9, 10, 11, or 12 contiguous amino acids of SEQ 1D NG: 100

In some embodiments, an antibody or antigen-binding fragreent thereof binds o an epitope in
the newropilin juxtamembrane domain of NRP2a vi, for example, residues 803-864, 813-864, B23-
A64, 833-864, 843-864, 853-864; 803-854, 803-844, R03-834, #03-824, and/or 803-814 as defined in
SEQ 1D NG: 94. In some embodiments, the at least one antibody or antigen-binding fragment thereof
specifically binds o at least one epitope 1n the neuropilin juxtamembrane domam of NRP2a v2, for
cxample, residucs 803-859, 813-859, 823-859, 833-855, 843-8539, 833-859; 8(3-849, 803-839, 803-

29, 803-819, and/or 803-809 as defined 1 SEQ D NO: 95 In some embodiments, an antibody or
antigen-binding fragment thercof binds to at least one epitope in the newropilin juxiamembrane
domain of NRPZa v1/v2, for example, residues 818-832, 820-832, 822-832, 824-832 826-832, 818~
330, 818-828, 818-826, and/or 818-824 as defined in SEQ ID NO: 95,

In some embodiments, the at least one antibody or antigen-binding fragment thereof
specifically binds to at least one epitope 1n the newropilin jaxtamembrane domain of NRP2a viIN2, for
cxample, residucs 818-832, 820-832, 822-832, 824-832, 826-837, or 818-830, 818-828, 818-826,
and/or 818-824 as defined i SEQ ID NO: 95, In specific ernabodiments, an antibody or antigen-
binding fragraent thereof binds o SEG 1D NG 160,

{n some embodiments, an antibody or antigen-bindmg fragment thereof binds to an NKP2a vi
and/or v2 polypeptide, and optionally a NRP2a v3 polypeptide, for example, a sequence from Table
N1 and/or epitope from Table N2, with an affinity of about 10 pM to about 500 pM or to about 50
1M, or about, at least about, or no more than about 16, 20, 30, 40, 30, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 300, 400, 500, 600, 700, 800, 900 oM, 1 aM, 10 oM, 25 M,
or 30 nM, or optionally with an affinity that ranges from about 10 pM to about 300 pM, about 10 pM
to about 400 pM, about 10 pM to about 300 pM, about 18 pM to about 200 pM, about 10 pM (o about
100 pM, about 10 pM to about 30 pM, or about 20 pM to about 500 pM, about 20 pM to about 400
pM, about 26 pM to about 300 pM, about 20 pM to about 200 pM, about 20 pM (o about 100 pM,
about 20 pM to about 50 pM, or about 30 pM to about 300 pM, about 30 pM 1o about 400 pM, about
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30 pM to about 300 pM, about 30 pM to about 200 pM, about 30 pM to about 100 pM, about 30 pM
to about 30 pM, or about 20 pM to about 200 pM, about 30 pM (o about 300 pM, about 40 pM to
about 400 pM, about 50 pM to about 300 pM, about 60 pM to about 600 pM, about 70 pM to about
700 pM, about 8¢ pM to about 800 pM, about 90 pM 1o about 900 pM, about 100 pM to about 1 M,
about 1 aM to about 5 nM, about 5 sM to about 10nM, about 10 1M to 25 nM, or about 25 nM to
about 50 nM.

In some emabodiments, the binding affinity of an antibody, or antigen-binding fragment
thereof, for a human NRP2a v1 or v2 polypeptide (seec Table N1)is at least about 1.5, 2, 4, 6, 8, 10,
20, 40, 60, 8D, 100, 200, 400, 600, 8GO, or 1000 times stronger that its binding affinaty for a NRP2a v3
polvpeptide, a NRP2b v4 polypeptide, and/or a NRP2b v5 palypeptide (se¢ Table Ni).

{n some embodiments, an antibody or antigen-binding fragment thercof specifically binds to
at least one epitope within a region of a human NRP2a polypepiide thai binds to or tateracts with at
lcast one “NRP2a ligand”, including any molecule that interacts with or binds reversibly to human
NRP2a vl and/or v2 but does not substantially interact with or bind to NRP2b v4 or NRP2Zb v3.

General examples of NRP2 ligands are provided m Table L1

Table Li. Exemplary Neuropilin Ligands

Ligand NREP NRP2
CCL2Y +
CCR7 +
VEGE-A121 +

VEGF-A143 +
VEGF-A163 + +
VEGF-B167

VEGF-C + +
VEGE-D +
VEGF-E +

PIGE-2 + +
VEGFR +R1 and R2 +R1, R2, R3
Heparin + +
SemaldA +

SemaldB, C. D F. and G + +
Plexins Al, A2, A3 A4 D3} +
GIPCL, 2, and 3 + +
TGE-p1, B2, and B3 receptlors, | + +
and LAP

ThRI and THRIL + +
FGF-1.2, 4, and 7 +
FGF receptor | + +
Hepatoceyte growth factor +
receptors (¢-Met)

Integring (sec Table N3) + +
Fibronectin

Galectin-1 and Galectin + +
Receptors

Li-CAM +
Glat-1 +
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| HRS polypeptides | Lo |

Thus, in certain embodiments, the at least one NRP2a higand 1s selected from Table L1,
Specific examples of “NRPZa Hgands” inchude a chemokine (C-C motif) ligand 21 (CCL2D)
polypeptide and a C-C chemokine receptor type 7 (CCR7) polypeptide. The amino acid sequences of

exemplary NRP2a higands are provided in Table £.2 below.

Table L2. Exemplary NRI2a Ligands
Name Sequence SEQ ID
NC:
LILVLAFGIPRTY 105
R L SOAELCADPK
RTERSQTRE
length
Human SDGGAQRD LKYSORKT ! TLET CAELCADE i0o
CCL21 KELWVQGQ P 'RI\P“(;AQ}’TFK@J(M KL;L,I\“ ERSOTPKG
mature P
Human MDLGKEPMKSVLVVALLVIFOVCLCODEVTDDYIGDNTTVDYTLFESLCSKKDVRN 107
CCRY FRAWPLPIMYSIICEVGLLGNGLVVLTYIYFRKRLKTMTDTYLINLAVADL LIFLLT
Full- LPFWAYSAS dﬂ"oW\TG”\/’HW‘KLI FATYRMSFEFSGMLLLLC IS TDRYVALVOAVSAH
leng RERARVLLISKLS( [ LATVLSIPELLYSD -(\/\.V.Rf SLITEHVEAE
TTIOVASM ’I GF L\/ ; WITRTLLOQARNE TAVWVEIVE
QLPYNGVVL CELSKOLNIAYDVTYSLA 9 ‘vh DELYA
VKEFR bDL:K_ DL thL <QWSSC_\113R‘ I/lSanhTTT’
Human : K/\.W FL DIMYSTTLEV GLLGNGLVY 108
CCRY FWAY SAAKSY CRLIFA
mature RARVLLISKLECVGIWILATVL
SIPE LuVRF'QRmJ“E VEL I‘IQ\]’\OI*V“F"l ] LLAMSFCYL
VIIRTLLOARN LFfN'\hlf\”n ITssTCE
LSKOLNIAYDVTYSLACVRCCVE KDLGCLSQEQLRY
WSSCRHIRRSSMSVEAETTTTESP

Thus, in certain embodiments, the at least one NRP2a higand 1s selected from Table £2, and
the anti-NRPZa antibody or antigen-binding fragment thereof modulates (e.g., interferes with, inhibits,
reduces) bindmg of a human NEP2a v and/or v2 polypeptide (for exampie, selected from Table NI
1o an NRP2a ligand from Table L1 or Table L2, or a biclogically-active fragment or variant thereofl

{o some aspects, the at least one NRP2 ligand 15 selected from CCL21T and #s receptor CCR7T.
CCR7 activity has been implicated in a diverse variety of disease states, including chronic
dlammatory conditions (Moschovakis et al., 2012, Fur J Imnunol. 42:1949-33), atherosclerosis
{Luchtefeld et al., 2010, Circulation 122:1621-28), HIV nfection (Evans et al., 2012, Cytokine
Growth Factor Rev. 23:151-57) and cancer (Ben-Baruch, 2009, Cell Adhesion Migration 3:328-33).
CCR7 activity 1s implicated in inflammatory disorders, including inflamamatory bowel discases (1IBDs)
sach as Crohn’s discase and ulcerative colitis, tissue or organ transplant rejection, asthma, allergic
atrway maflammmation, airway smooth reuscle hyperplasia, and fibrotic hing diseases (Gomperts et al.,
2047, J Leukoc Biol. 82:449-56; Kawakamui et al., 2012, Cell Immumol 2575:24-32; Saunders et al.,
2009, Cho Exp Allergy 39:1684-92). CCR7 activity has also been imphicated 1 thewmatoid arthnios

{(Moschovakis et al., 2012, Eur J Imraunol. 42:1949-55). CCR7 activity has been implicated in
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multiple sclerosis (Aung et al., 2010, J Newrommmunol. 226:138-64), psoriasis (Fan et al., 2008,
Indian § Dermatol Venercol Leprol. 74(5):550; Bose et al, 2013, Am I Pathol, 183(2):413-421), and
atherosclerosis (Luchiefeld et al, 2010, Circulation 10 122:1621-28). CCR7 activity has been
mplicated in HIV infection and other mfections (Evans et al., 2012, Cytokine Growth Factor Rev.
23:151-37), including chronic and latent infections, including Leischmania donovant infection,

Varigus studics have revealed that CCR7 is expressed in a wide variety of tumour cells,
incloding, for example, mantle cells lymphoma (MCL), follicudar ymphoma, large Becell lymphoma,
AlDS-associated lvmphoma, lymphoplasmacytic lvmphoma, Burkitt lymphoma, B-cell acute
lymphoblastic leukaenma, Hodgkin’s disease, adult T-cell leukaemia/lymphoma, mycosis fungoides,
blast crisis of chronic myeloprolderative syndromes, blast crisis of myelodysplastic syndromes,
cancers such as breast cancer, non-small cell lung cancer, melanoma, gastric cancer or sguamous cell
carcinoma of the bead and neck and colon carcinoma as B cell chronic tymphocytic leukemia, non-
Hodgkin's lvinphoma, breast cancer cell and malignant mammary tumor (see, for example, WO
2007/003426). CCR7 also plays a role m lymph node metastasis of various cancers (see, for example,
Viola and Luster, 2008, Annn Rev Pharmacol Toxicol. 48:171-97).

Accordingly, anti-NRP2a antibodies which either directly modulate CCL2 1 binding, or CCR7
receptor, signaling would be expected find ntibty 10 modulating one or more of these discases and
disorders, including for the reatment of inflammatory disorders, cancer, tissuc or organ transplant
rejection, arrway inflammation, RA, and for the treatment and prevention of latent and persistent
infections.

{n certain embodiments, an antibody or antigen-binding fragment thereof 15 a “blocking
antibody”, which fully or substantially inbibits the binding between a bumsan NRPZa vi and/or v
polypeptide and an NRP2a ligand such as human CCL21T and/or CCR7. In some embodiments, a
“blocking antibody” ithibits about or at least about 80-100% (e.g., 80, 83, 90, 95, or 100%) of the
theorctical maximal binding between the NRP2a vl and/or v2 polypeptide and the NRP2a ligand afier
pre-incubation of the “blocking antibody” with the NRP2a polypeptide in a substantially
stoichiomettically equivalend araount. As nsed herein, 3 “stoichiometrically equivalent amounnt” refers
to a sifupation where the number of moles of one substance {(e.g., anti-NRP2a antibody) is equivalent or
substantially equivalent to the number of moles at feast one other substance (e.g., NRP2a polypeptide)
in a given cquation or reaction.

i{n certain embodiments, an antibody or antigen-binding fragment thereof 15 a “partial-
blocking antibody™, which at least partially but not fully inbibits the binding between a human NRP2a
vi and/or v2 polypeptide and an NRP2a ligand such as human CCL21 and/or CCR7. In some
embodiments, a “partial-blocking antibody” inhibits about or at least abouot 20-80% (e.g., 20, 25, 30,
35,40, 45, 530, 35, 60, 63, 70, 75, or 80%) of the theoretical maximal binding between the NRP2a
polypeptide and the NRP2a higand afier pre-incubation of the “parual-blocking antbody” with the

NRPZa palypeptide in a substantially stoichiometrically equivalent amount.
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In specific embodiments, an antibody or antigen-binding {ragment thereof mhubits, blocks, or
otherwise reduces binding between the NRP2a vi or v2 polypeptide and a human CCL21 polypeptide,
for example, 1 an i vitro binding assay, an in vifro ot ex vivo cell-based assay, or i vivo, In some
entbodiments, an antibody or antigen-binding fragment thereof antagonizes or reduces the theoretical
raaximal binding between a human NRP2a vi and/or v2 polypeptide and a hmman CCL21 polvpeptide
by about or at least about 20-100% (c.g., about 20, 25, 30, 35, 40, 453, 30, 33, 60, 63, 70, 73, 80, 90, or
100%), for example, after pre-incubation of the anti-NRP2a antibody with the NRP2a polypeptide ina
substastially stoichiometrically equivalent amount.

In some embodiments, an antibody or antigen-binding fragment thereof specifically mbibits,
blocks, or otherwise reduces binding (c.g.. dimerization) between the NRP2a vi or v2 polypeptide
and a human CCR7 polyvpeptide, for example, in an in vifro binding assay, an i vitro or ex vive cell~
based assay, of 17 vive. In some erabodiments, an andtbody or antigen-binding fragroent thereof
antagonizes or reduces the theoretical maximal binding between a human NRP2a vi and/or v2
polypeptide and human CCR7 polvpeptide by about or at least about 20-160% (e.g., about 20, 25, 30,
35,40, 43, 50, 55, 60, 65, 70, 75, 80, 90, or 100%), for example, after pre-incubaiion of the anti-
NEP2a antibody with the NEP2a polvpeptide in a substantially stoichiometrically equivalent amount.

In some embodiments, an antibody or antigen-binding fragment thereof modulates
CCL21/CCR 7-mediated signaling, for example, by about or at least about 26-100% {(e.g., about 20,
25,30, 33,40, 45, 30, 535, 60, 65, 70, 75, 80, 90, or 100%) relative to control. Examples of
CCL21/CCR7-mediated signaling activities include, without lmdtation, induction of immunc cell
migration, including dendnitic cells or mature T-cells, inhibition of immatire T-cells, and induction of
tumor or cancer cell migration. Exemplary tmraune cells and tumaor/cancer cells are describad berem,

In somne embodiments, an antibody or antigen-binding fragment thereof has an affinity (Kd or
ECs0) for cach of (i) a huran NRP2Za vi and/or v2 polypeptide and (i) the corresponding region of a
cynomolgus monkey NRP2 polypeptide (see, for example, UniProt G7PL91), wherein the affuuty for
(1) and (11) 15 witlun the range of about 20 pM to about 200 pM, about 30 pM 1o about 300 pM, about
40 pM to about 400 pM, about 50 pM to about 500 pM, about 60 pM to about 600 pM, about 70 pM
to about 700 pM, about 30 pM to about 800 pM, about 90 pM 1o about 900 pM, about 100 pM 1o
about 1 nM, about 0.4 to about 1.2 nM. about 0.9 to about 5.5 oM, about 0.9 to about 5 nM, or about 1
oM to about 10 nM.

{n some embodiments, an antibody or antigen-bindmg fragment thereof has an affimiy (Kd or
ECsy) for each of (1) a mman NRP2a vi and/or v2 polypeptide and (i) the corresponding region of a
murine NRP2 polypeptide, wherein the affinity for (i) and (i1} 1s within the range of about 20 pM to
about 200 pM, about 30 pM to about 300 pM, about 40 pM fo about 400 pM, about 56 pM to about
500 pM, about 60 pM to about 600 pM, about 70 pM to about 700 pM, about 80 pM to about 800 pM,
about 90 pM to about 900 pM, about 100 pM to about { nM, or about 1 nM to about 10 nM.
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In certain embodiments, an anfibody or antigen-binding {ragment thereof binds selectively to
a human NRPZa vi and/or v2 polypeptide (see Table N1) relative (o a corresponding muring NRP2
polypeptide, for instance, where its affinity for a human NRP2a vl and/or v2 polypeptide is
significantly stronger than its affinity for a corresponding murine NRP2 polypeptide, for example, by
about or at least about 2, 5, 10, 20, 30, 40, 50, 100, 500, or 1000-fold or more. In particular
embodiments, an antibody or antigen-binding {ragment thereof binds selectively to a human NRPZa
vl and/or v2 polypeptide and does not substantially bind to a corresponding murine NRP2
polypeptide. Certain exemplary murine NRP2 polypeptides include the Mus musculus NRP2
polypeptide (see. for exampile, UniProt 033375}

In certain embodiments, an antibody or antigen-binding fragment thereof 1s characterized by
or comprises a heavy chan variable region (VH) sequence that comprises complementary
determining region VHCDRE, VHCDR2, and VHCDR3 sequences, and a light chain variable region
(VL) sequence that comprises complementary determaining region VLCDRE, VLCDR2, and VLCDR3
sequences. Exemplary VH, VHCDRI, VHCDR2, VHCDR3, VL, VLCDRI1, VLCDR2, and VLCDR3
sequences ate provided in Table AT and Table A2 below,

Table Al: Exemplary CDR Saguences
Description Seguence SEQ ID
NO:
aNRP2Z2-37v2
VeCDRL GETESDYALS
VyCDRZ YISSGGDYIYYADTVRG 2
VuCDR3 DY 3
Vi CDRL T 4
V,CDR2 3 5
Vi, CDR3 S
VaCDRL ' 7
HCDRZ EIYPPSC\’T\YJ'*.NF‘K\; 8
=CDR3 S AVVALPYYYAMDY 9
ViCDRL S ST SNYLN 10
"“CiD 2 YT 11
nCD Q0 12
aNRP2~401v2d
CDR1 GETE3DYGMHE 13
Vi ( DPR2 TISRDINTVYYADTVRG 14
VaCDPR3 GGYTDY 15
RESOSLVHSNGNTYLY 16
KV3NRES 17
SOSTHVLT 18
alNRP2~402+v2
19
20
2L
Vi, CDRL 22
Vi, CDRZ 23
ViCDR3 EQLJE»H\V’L-"Y’I‘ 24
alNRP2~-403v2
VaCDRL GYTETSYWMH 25
ViCDRZ RIDPNSGDTKYNEKEFKS 26
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VyCDR3

N
~J

VO

DR
Vi CORL

VLCDR2

N
O Co

Vi,CDR3

Lad gD
]

AaNRPZ-404v2

GYTETDYNME 31
YIYPYNGDSGYNGRFKS 32

<CDR3 LGRGY 33
VLLDRL K5505LLDSDGKT YLH 3

T e

V:CDP2

TaRT
LV KL

Vi.CDR3

WOGTHEPWT

[SERVY]
[S2E RS2

ANRP2~405v2

SR1

Ve CDR2

GETERRYAMS
TITSCESYTYYLDIVKG

[O3 3 NA]
~d

3
VgCDR3 HGIYGGEDY 29
Vi, CDRL RSSOSIVHSDGNTYLE 40
Vi, CDRZ KV3NRES

Vi,CDR2

aNRP2-~-406v2

VgCDRL GYSETGYEFMN 43
VeCDRZ RINPYNGDTEYNQOKEKG 44
VeCDR32 EVAEVPEDY 45
Vi, CDRL K305 LLYRSNOKNYLA 46
Vi, CDRZ WASTRES 47
ViCDR3 QOYYSYRPRT 48

AaNRP2~407v2

Vi buR“'

GYSETGYYMH

o)

:CDR2

RINPYNGATSYSONEKRD

N {JCDP\ 3

fuiy

1RSI RS AT
[

L o
SOSL
x18

EETTAPETY

ViCDRL KS LYSSNOKNYLA B2

ViCDRZ WASTRES 53

Vi CDR3 QRYYSYPPT 54
aNRP2-408v2

VeCDRL 55

VuCDRZ

GETE Sb YAMS
I SITYYPDIVKG

(2]

VaCDR3

AMDY

myongon
-]

Vi CDRL IGSRLN 58
Vy, CDR2 35 59
Vi, CDR3 SSEYT 50
aNRP2-408v3
VaCDRL TNAMN &l
VzCDR2 KSNNYATYYADSVKD &2
VzCDR3 LDS SGYVWFAY 53
Vi, CDRL RASODIGSRLN 64
ViCDRZ ATSSLDS &b

ViLCBR3

LOYASSPYT

I
[e)]

ANRP2-401v5

VyCDRL

GETFSDYGMH

T\/Tf-( C D P :

SRDINTVYYADTVKG

VyCDR3

Vi CDRL

VL, CDR2 VENRES 24
Vi,CDR3 SOSTHVLT 135

\7_ C"!*}? : GET[”IQ‘L\\/(TI\/l\’ 136
VyCDRZ TISRDINTVYYADTVEKG 137
CDR2 DY 138

Vi,CDRL

139
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ViCDRZ KVSNRE'S 140
Vi, CDR3 AQSTHRLT 141

aMRP2-401v7

VyCDRL

]

YGMH 142

VyCDP2 TIoR: ‘I‘\ITVY&ADT KG 113
VyCDR3 GGYTDY 144
ViCDRL R35QS1 CNTYLY 145
VLCDR2 KVENRES 146
ViCDR3 AQSTHP 147

V (“)F L 48
V=CDRZ
CDR2 5

Vi,CDRL

(2]

ey e e ot P
J

Vi,CDR2 52
V5i,CDR3 53
ANRP2~402vS

=CDR1 GETESNYAMS 154
VHCDRﬁ SISDEGSYTYYPDNVKG 155
VeCDR3 DGGPREGYFDV 156
ViCORL RSSOSIVHSNGNTYLE 157
Vi CDR2 KVSNRFES 158

Vi, CDR2 FOGSHVPYT

fnt
in

aMRP2~-401 Variant Consensus Segquences

VuCDRE 13
VaCDRZ 127
VzCDR3 -

VLCDRL

Vi, CDRZ KV NKT 17
ViCDR3 {gX {

52951040

See Table E7 for definition

Tabkle A2: Exemplary Polypeptide Sequences

Description Sequence SEQ ID
NG

ANRP2~37v2

Heavy chain DVKLVES VKPGGSLKLSCAASGFTEFSDYALSWVRETPERRLEWY
variable AYISSGG 'IYYPETVRCRT"IQPDN \RNTLYLOMSSLOSEDTAIYYC
region (Vg} GTTLTVES

LSL?VI GDQASISCRSSQSLVHS
SNRESGVPDRESGEGSGTDITLKISRY

SJ*N EIK

aNRP2-400v2

ARPGASVELICKASGYTFRESYGL SWVKORTGOGLEWT
YYDENFKGE CADKSSSTAFMELRSLTSEDSA

LEYYYAMDYWGEOGTSVIVSES

£\ L

T
o

ARSSITAVVAL

SlFLRVTIoCoASO. SNYLNWYQQKPDGSV&IAT

Light chain DICMT
] SRATD)

variable YT

70

ANRP2~401v2

Heavy chain EVOLOESGGGLVRPGGESLKLSCAASGET E'S DY GMHWVRCAPEKGLEWY
variable AT SRDINTVYYADTVEKGRETISRODNAKNTLFLOVI SLREEDTAMYYC _
region (V) TRGEYTDYWGOGTTLTVSS o
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Light chain DIVMTOTPLILPVSLGDOASISTRSSOSLVHSNGNTYLYWYLOREGOS
variable PRLLIYKVSRRESGVPDRPBGSGSCTDFTLRKI SRVEAEDLGVYFCSOS .
region (Vi) THVLTFGGGTKLEIK e
aNRP2-402v2
VE3GGDLVKPEGSLKLSCAASGFTFSNYAMSWVROTFEKRLEWY
CESYTYYEDNVEGRPTISRDSAKKS LYLOMSHLKSEDTAMYYC .
EGYFDVHETETTVIVSS !
NT gEWYLO
- S D DFPTI VTJRJP \EDLG o
region (Vi) SHVPYTFGGCETKLEIK e
aNRPZ-403v2
Heavy chain JVKPGASVKLSPKA<GY"?' SYWMHWVKORPGRGLEWT
variable VﬂthhS“H.AIV‘V PYSTAYMOVSSLTSEDSAVYYC e
region (V) CETEVIVES '“

SLVHSNGNTYLHWELOK
KISRVEAEDLGVYEFCSON

ANRP2~404v2

Heavy chain EVOLOCSGPELVKPGASVEKISCKASGYTFTDYNMHWVKCSHGKS LEWT
variable IYPY YNQRFKSEATLTVDISSSTAYMELRSLTSDDSAVYYC ..
i ooy 4 'I
region (Vy} TTLTVES
chain DVVMIOTPLTLIVIVGOPASISCKS3OSLIDSDGRTYLAWLFORPGES
variable PRRLIYLVSKLDSGVPDRETGSGSGTDFTLKISRVEAEDLGVYYCHOG e
: : T RIS T LAY
region (Vi) THEPWTFGGGETKLEIK
ANRP2-405v2
EVMLVESGGGLVKPGGSLE »\o(;’“i'“PP\\zd\’[tj'.ﬂf‘vRQTPE}\ GLEWV
ITSGGESYTYYLDSVEKGRITISRDNARKNT LY LOMS SRS 49
- oy g oy Ty -
\:v.[ YGGE] TTL “\/ 55
MTOTPLSLEVSLGDOAST
11\ LIYKVSNRESGVPDRE o
SHVPFTFGSGTKLELK o
aNRP2-~-406v2
Heavy chain EVOLOOSGPELVKPCASVKISCTRAS Gi'*“"T'”‘A(E‘I\II‘\E"{:‘\YVI\QS IGKSLEWL
variable GRINPYNGDTFYNOKFKGKATLTVDKSSSTAEMALLSLTSEDSAVYYC .
: ; NI PR TN 7T T AT o
region (Vi) GREVAEVPFDYWGEOGTTLIVSS -

K‘NY";JWTK QOERG
VEAED L 7VVCQQ

'O

RESGVPD
TRLELK

AaNRP2~407v2
SVTIS I’ \SGYSEFTGYYMHEWVKCSHVKS

Le KO3 STAYMELHSLTSEDSA a9
i~ A
(Vi
Light chain DI‘ MEQEPSSLAVSVGEKVIMECKSSQS LLY SSNORKNYLAWYQOKP GO
variable PELLIYWASTRESGY TPFR T GSGSGTDETLTISSVOAEDLAVYFCOH

region (V] YYSY‘E"P’TFC’ GTKLETK

3

ANRP2-408vw2
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EVRKLVESGGGLVKPGGS TESSYAMSWVROTPEXKRLEWY

ASISRGSITYYPDEVRKGR : '“ngY_‘;MSSL}?SLL"‘ MYYTCA
REYYYAMDYWGOGTSVIVSS

( SPSSLS!—\..‘L; ER

YATSSLDE CV K}? E'S

Y
TEGGETKL

ANRP2~4089v3

EVOEVETGGCLVOPKGSLKLSCAASGET ENTNAMNWVRCA Ptsl'(:— Ewv
ARIRTKSNNYATYYADSVRDREFTISRDDSONILY LG

- o p . 87
reglon (Vi) YCVTLDS SGYVREFAYWGQGTLVTVSA
Light chain WGTIKRLI
variable LOYASSPY -
O C

region (V]

ANRP2-401v5

WOLVESGGGLVOPGGSLRLSCAASGET FS DY CMEWVRCAPGRGLEWY
LIRDINTVYYADTVEGRETI SRDNAKNS LYLOMNSLRAE
ARGGYTDYWGDGETTVIVS S

"1.:‘,\\‘\/ Y V A

T(\TPLuwb\/TPGQDAS. ;
KVSNRESGVED

VILTFGGETRKVELK

NGNTY HT )(ﬂ;g_,o
,-KI SRVEAEDVGVYYCSOS

e
S5GEESGT

aNR?Z 401v6

Heavy chain
variable

EVOLVESGGGLVQPG RLESCAASGET ;‘SDYGML"V\Y FROAPGKGLEWY
STISRDINTVYYADTVKGRETISRDN II NSLYLOMNSLRAEDTAVYYC
REGYTDYWGOGTTVIVSS

X
)]
(]

162

ATOTPLSLEVTPGOPA
POLLIYKV3NRESGVPDR
THPLTEFGGGTKVEIK

alNRPZ~-401v7

EVOLVESGG n/g_ PGGALRLICAASGETFSDYGMHEWVROAPGKGT
STISRSIN ADTVKGRETISRDNAENS LY LOMN S LRAEDT

ARGEYTDYWGEOGTTVTVSS

=
~
=<

le4d

OTPLSLSVTPGOPASTSCRESQSLVHSNGNTYLYWYLOQKRPGOS
YKVENREFSGVEDRESGSGSGTDETL KToH\fﬂn—FT\‘/f” VYYCAQS

P LTEGGGTEVEIK

alRP2

~401vE
YGMHWVROAPGEGLEWVY

RLSCAASGETESDY

ETISRDNAKNS LY LOMNSLRAEDTAVYYC

EVOLVESGGGLVOPGGSLE
STISRPIQOTVYYADTVKGR
ARGGYTDYWGDGETTVIVS

o
o

—
[e))
[e))

MTOTPLSLEVIPGOPASISCRESOSLVHSNGNT?

variable POLLIYKVSRRIFSGVPDRFSGSGSGTDETLRKI SRVEAEDVGY {V\;,AQS 167
>
region (Vi) THPLTFGGETKVELK i
aNRP2-402vS
Heavy chain EVOLVESGGGLVKPGGSLRLSCAASGFTSNYAMSWVRCAPGRKGLEWY
variable SSISDGGSYTYYPDNVKGRETISRDNAKNS LY LOMNSLRAEDTAVYYC

region (Vg}

ARDGGPREGYFDVWGKGTTVIVSS

et
52l
[ue]
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Light chazi DVVMIOSPLSLEPVTLGOPASISCURESOSIVHSNGRNT YLEWYQORPGES

variable PRLLIYKVSHN GSGSGIDFTLRKISRVEAEDVGVYYCEQG 169

region (Vi} S?’“VTFGGG.KVEIY o
aliRP2-~401 Humanized Variant Consensus Sequences

Heavy chain EVOLVESGGGLVOPGGSLRLSCAASGIFTFSDYGMEWVROAPGKGLEWY

variable 3 158 16X 17418X 192 29 Koa X ADTVEGREFTISRDNAKNSLYL 170

region (Vi) QMNSLRAED?ﬁV\lCARuX KX K WEOETTVTVSES )

Light chain DIVMTQTPLSLSVTPGQDA Is

variable E LIYKVSNRIFSGVPDRFEFSGESG o

region (Vi) 7;\8,\o\<1\,><u>x]~f\.3 GEETRVETE H

See Table E7 for definition of “X” residues

Thus, m certain embodiments, an antibody or antigen-binding fragment thereof comprises

a heavy chain vanable region (VH) sequence that comprises complementary determining
region VHCDRI, VHCDRZ, and VHCDRS3 sequences selected from Table Al and variants thereof
which specifically bind to a homan NRP2Za polypeptide or epitope thereof (selected, for example,
from Table N1, Table N2);, and

a hight chain vanable region (VL) sequence that comprises complementary determinmg
region VLCDR1E, VLCDR2, and VLCDR3 sequences selecied from Table Al and varianis thereof
which spectiically bind to the human NRP2 polypeptide or epitope thereof (selected, for example,
from Table N1, Table N2).

In certain embodiments, the CDR sequences are as follows:

the VHCDRI1, VHCDR2, and VHCDRS3 sequences comprise SEQ ID NOs: 130-132,
respectively, and the VLCDR, VLCDRZ, and VLCDR3S sequences comprise SEQ 1D NGs: 133-135,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions;

the VHCDRE, VHUDRZ, and VHCDR3 sequences comprise SEQ D NOs: 136-138,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NOs: 139-141,
respectively, including varianis thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions,;

the VHCDRI, VHCDR2, and VHCDR3 sequences comprise SEQ ID NGs: 142-144,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NOs: 145-147,
respectively, including variants thereof having 1, 2, 3, 4. 5, or 6 total alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDR3S sequences comprise SEQ ID NQGs: 148-130,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NOs: 151-133,
respectively, including variants thereof having 1. 2, 3, 4, 5, or 6 total alterations across all of the CDR

fegions;
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the VHCDRI, VHCDR2, and VHCDR3S sequences comprise SEQ ID NQGs: 154-136,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NOGs: 157-159,
respectively, including variants thereof having 1. 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDRS sequences comprise SEQ 1D NGs: 1-3, respectively,
and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ 1D NOs: 4-6, respectively,
inclading vanants thereof,

the VHCDRI, VHCDR2, and VHCDR3 sequences comprise SEQ 1D NOs: 7-9, respectively,
and the VECDRI, VLCDR2, and VLCDR3 sequences comprise SEQ 1D NOs: 10-12, respectively,
including vanants thereof]

the VHCDRI, VHCDR2, and VHCDR3 sequences comprise SEQ ID NQGs: 13-15
respectively, and the VLCDRI, VLCDR?2, and VLCDRS sequences comprise SEQ TD NOs: 16-18,
respectively, mmcluding vanants thereof]

the VHCDRIE, VHCDR2, and VHCDRS3 seqoences comprise SEQ ID NGOs: 19-21,
respectively, and the VLCDRI, VLCDR?2, and VLCDRS sequences comprise SEQ D NOs: 22-24,
respectively, including vanants thereof]

the VHCDRIE, VHCDR2, and VHCDRS3 seqoences comprise SEQ D NOs: 23-27,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ 1D NOs: 28-30,
respectively, mclading variants thereof

the VHCDRI, VHCDRZ, and VHCDR3S sequences comprise SEQ D NOs: 31-33,
respectively, and the VLCDRI, VLCDR2, and VLCDR3S sequences compnise SEQ 1D NOg: 34-36,
respectively, mcluding varianis thereof]

the VHCDRI1, VHCDR2, and VHCDR3 sequences comprise SEQ ID NOs: 37.39,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprse SEQ ID NOg: 40-42,
respectively, meluding variants thereof)

the VHCDR1, VHCDR2, and VHCDRS sequences comprise SEQ ID NOs: 43-45,
respectively, and the VLCDRY, VLUDRZ, and VLUDRS sequences comprise SEQ D NOg: 46-48,
respectively, including variants thereof)

the VHCDRI, VHCDR2, and VHCDRS sequences comprse SEQ ID NOg: 49.531,
respectively, and the VLCDRI, VLCDR2, and VLUDR3 scquences comprise SEQ D NGs: 52-54,
respectively, including variants thereof)

the VHCDRI, VHCDR2, and VHCDRS3 sequences comprise SEQ 1D NOs: 55-57,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NQOs: 58-60,
respectively, inchuding variants thereof) or

the VHCDRI, VHCDR2, and VHUDES sequences comprise SEQ 1D NOs: 61-63,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NOs: 64-66,

respectively, including variants thereof,

v
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In certain embodiments, an antibody or antigen-binding fragment thereof (for example, a
variant of a 401 antibody or antigen-binding fragment thereof) compriscs CDR consensus sequences,
for example, wherein the VHCDRI1, VHCDR2, and VHCDR3 sequences comprise SEQ 1D NOs: 13,
127, and GXG XXX X s (wherein Xa1s G A, or 8. X0 s Y, FLOE, L or R 2T A G L L Qoor VY,
XKis DA GENOQRooeSamdXss Y, ADEFGHLKLNQRS T aV),
respectively, and the VLCDRI, VLCDR2, and VLUCDR3 sequences comprise SEQ D NOs: 16, 17,
and XXX XoX X1 XX (wherein Xe 18 5, A G LL P T, v VX s Q A G R or 5, X185, A,
HELQoT T, XisT,FGHLKLNOQRS VoY, XpnisH ADEFGILKLNQ,
RET oV, X VAEFGHILKLNPQRS T oY, XpisLAVEHINPQS T
or Vand X is T, AL DL E F, G LI LN, QR S, or V), respectively (see Table E7 for definition
of “X7 residucs).

Also included are variants thereof, including affinity matured varands, which bind to 2 homan
NRPZa polypeptide or epitope thereof (see, for example, Table N1, Table N2), for example, variants
having 1, 2, 3, 4. 5, or 6 total alterations across all of the CDR regions, for example, one or more the
VuCDRI, Vi CDR2Z, ViilDR3, VLCDRA, ViCDR2Z, and/or V. CDR3 sequences descrbed herein.
Exemplary “alterations” inclode amino acid substitntions, additions, and deletions.

In certain embodiments, the VH sequence is at least 80, 85, 96, 95, 97, 98, 99, or 100%
identical 1o a sequence selected from Table A2, mcluding, for example, whercin the VH sequence has
1, 2, 3. 4, or 3 alterations in one or move framework regions.

In some embodiments, the VL sequence is at least 80, 85, 90, 95, 97, 98, 99, or 100%
identical to a sequence selected from Table A2, inchuding, for example, whercin the VL sequence has
1,2, 3, 4, or 5 alterations in ong or more framework regions.

In some embodiments, the VH and VL sequences of an antibody or antigen-binding fragment
are as follows:

the VH sequence 1s at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ 1D NO: 160,
and the VL scquence is at least 80, 83, 90, 95, 97, 98, 99, or 100% idenucal to SEQ D NG: 161,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 162,
and the VL scquence is at Jeast 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 163;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ D NG; 164,
and the VL scquence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ D NO: 163,

the VH sequence is at feast 80, 83, 90, 935, 97, 98, 99, or 100% identical to SEQ 1D NO: 166,
and the VL sequence is at Jeast 80, 835, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NG 167,

the VH sequence is at least 80, 83, 90, 93, 97, 98, 99, or 100% identical to SEQ 1D NG: 168,
and the VL sequence is at least 80, 85, 90, 93, 97, 98, 99, ar 100% identical to SEQ 1D NO: 169;

the VH sequence is at least 80, 85, 80, 95, 97, 98, 99, or 100% wdentical to SEQ 1D NO: 67,
and the VL sequence is at least 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NG: 68,
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the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 69,
and the VL sequence is at least 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NG: 70,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 71,
and the VL sequence 1s at least 80, 85, 80, 93, 97, 98, 99, or 100% identical (o SEQ 1D NO: 72;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NO: 73,
and the VL sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identcal to SEQ [D NG: 74,

the VH sequence 1 at least 83, &5, 90, 95, 97, 98, 99, or 100% 1dentical to SEQ ID NO: 75,
and the VL sequence is at feast 80, 83, 90, 93, 97, 98, 99, or 100% identical to SEQ ID NO: 75;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ 1D NG: 77,
and the VL sequence is at least 80, 835, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NG: 78;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 79,
and the VL sequence is at least 80, 83, 90, 93, 97, 98, 99, or 100% identical to SEQ D NO: 80,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 81,
and the VL sequence is at least 80, 85, 20, 93, 97, 98, 92, or 100% identical to SEQ ID NO: 82;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 83,
and the VL sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identcal to SEQ [D NG: 84,

the VH sequence 1 at least 83, &5, 90, 95, 97, 98, 99, or 100% 1dentical to SEQ ID NO: 85,
and the VL sequence is at least 80, 83, 90, 93, 97, 98, 99, or 100% identical to SEQ D NO: 86, or

the VH sequence is at least 80, 83, 94, 93, 97, 98, 99, or 100% identical to SEQ ID NG: 87,
and the VL scquence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ D NOG: 8%

{n some embodiments, the Vi and V1 sequences of an antibody or antigen-binding fragment
are as follows:

the Vu sequence comprises SEQ 1D NO: 170, and the Vi sequence comprises SEQ 1D NO:
171 {see Table E7 for defimition of “X” residues);

the Vy sequence comprises SEQ 1D NO: 160, and the Vi sequence comprises SEQ D NO:

161,

the Vi sequence comprises SEQ 1D NO: 162, and the Vi sequence comprises SEQ ID NO:
163;

the Vi seguence comprises SEQ 1D NO: 164, and the V1 sequence comprises SEQ 1D NO:
165,

the Vi sequence comprises SEQ 1D NG 166, and the Vi sequence comprises SEQ D NG
i67

the Vi sequence comprises SEQ ID NGO: 168, and the Vi sequence comprises SEQ 1D NG:
169,

the Vy sequence comprises SEQ 1D NG: 67, and the Vi, sequence comprises SEQ 1D NO: 68;
the Vi sequence comprises SEQ 1D NG 69, and the V1, sequence comprises SEQ ID NQO: 70,

the Vi sequence comprises SEQ 1D NG: 71, and the Vi, sequence comprises SEQ D NO: 72;
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the Vi sequence comprises 5EQ 1D NG: 73, and the Vi sequence comprises SEQ ID NO: 74;

the Vi segquence comprises SEQ ID NG 75, and the Vi sequence comprises SEQ ID NO: 76,

the Vi sequence comprises SEQ 1D NO: 77, and the Vi sequence comprises SEQ TD NO: 78;

the Vi sequence comprises 5EQ 1D NG: 79, and the Vi sequence comprises SEQ ID NO: 80;

the Vy sequence comprses SEQ 1D NO: €1, and the V), sequence comprises SEQ 1D NGO 82;

the Vi sequence comprises SEQ 1D NG: 83, and the Vi, sequence comprises SEQ ID NQO: 84,

the Vi sequence comprises SEQ 1D NG: 85, and the Vi sequence comprises SEQ ID NO: 86;
or

the Vi sequence comprises SEQ ID NC: 87, and the Vi sequence comprises SEQ ID NG: 88,

Also included are varianis thereof, for example, variants having 1, 2, 3, 4, or 5 alterationg n
one or more framework regions, which bind (o a human NRP2a polypeptide or epitope thercof (sce,
for example, Table N1, Table N2). Exewmplary “alterations” include amino acid substitutions,
additions, and deletions.

Merely for illustrative purposes, the binding interactions between an auntibody or antigen-
binding fragment theroof, a human NRP2a polypeptide {e.g., NRP2a vl and/or v2), and/or an NRP2
ligand {e.g., CCL21, CCR7) can be detected and guantified using a variety of routine methods,
includng octet and Biacore assays (for example, with appropriately tagged soluble reagenis, bound to
a sensor chip), FACS analyses with cells expressing a NRP2a polypeptide on the cell surface (either
native, or reconbinant), immunoassays, fluorescence staining assays, ELISA assays, and
microcalorimetry approaches such as ITC (Isothermal Titration Calorimetry). See also the Examples.

In certain embodiments, an antibody or antigen-binding fragment thereof comprises vanant or
otherwise modified Fo regionds), including those having altered properties or biological activities
relative to wild-type Fe region(s). Examples of modified Fo regions include those having mutated
sequences, for instance, by substitution, msertion, deletion, or truncation of one or more aming acids
relative to a wild~type sequence, hybrid Fe polypeptides composed of domains from different
mnmuneglobulin classes/subclasses, Fo polypeptides having altered glycosylation/sialylation patterns,
and Fc polypepiides that are modified or denvatized, for example, by biotinylation (see, ¢.g., U.S.
Application No. 2010/0209424), phosphorylation, sulfation, etc., or any combination of the foregoing.
sSuch modifications can be employed to alter (2.g., increase, decrease) the binding propertics of the Fo
region to one or more particular FcRs (e.g., FoyRI, FoyRIla, FoyRIlb, FoyRlie, FeyRIla, FoyRITlb,
FcRa), its pharmacokinetic propertics (e.g., stability or hall-life, bicavailability, tissue distribution,
volumne of distribution, concentration, climination rate constant, climination rate, arca under the curve
(AU, clearance, Crax, twax. Cmin, [luctuation), its immunogenicity, 1 complement fixation or
activation, and/or the CDC/ADCC/ADCP-related activities of the Fe region, among other properties
described herein, relative to a carresponding wild-type Fo sequence of an antibody or antigen-binding

fragment thereof. Included are modified Fe regions of human and/or mouse origin.
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Also included are antibodies or antigen-bindmg fragments thereof that comprise hybrid Fo
regions, for example, Fo regions that comprise a combination of Fo domains (e.g., hinge, CHs, CH;,
{CHy) from immunoglobulins of different species {e.g., human, mousc), different g classcs, and/or
different Ig subclasses. General examples include hybrid Fe regions that comprise, consist of, or
consist egsentially of the following combination of CH/CH; domains: IgAl/IgAl, IgAl/IgAZ,
IgAIgD, IgAl/IgE, 1 Al/IgGl, TgAVIgG2, IgA1/Te(3, 1gA /g4, IgAldgM, IgA2/1gAl,
IgA2/1gA2, TeA2/IgD, IgA2/1eE, IgA2/1gGl, TeAZ/TgQ2, 1gA2/Te(G3, IgA2/AgG4, TgAZ/IgM,
1gD/AgAl, 1gD/gAZ TeDAgD, YeDAgE, 1gD/ApGl, 1gD/eG2, [gD/1g(G3, 1gD/p(G4, 1gD/IgM,

IgE/Mg AL, 1gE/MgA2, 1gE/MgD, IgEAgl, TpE/MgGl, pE/AgG2, IaE/AgG3, IgEAgGE, IgEdgM,
1gGligAlL, TeGl/EgA2, 1gGl/igh, 1eGl/IgE, TIeGEgGl, 1gGligG2, 1gGHigGa, 1gG/1gG4,
IgGHigM, TgG2/1g Al TgG2/gA2 TeG2/IgD, 1gG2/gE, 1gG2/1gGl, 1eG2/IgG2, 1gG2/1gG3,
1g32/1eG4, 1pG2/igM, 1eG3/IgAl, [pG3/gAZ, 1gG3/1gD, 1gG3/1gE, 1gG3/1eGl, 1gG3/1g(32,
1gG3/1gG3, 1gG3/TgG4, 1eG3/IgM, 1gG4TgAl, 1gGa/gAZ, TaG4/igh, lgGa/igh, lgG4/igGl,
IgGa/1pG2, TeGa/TgG3, TgG4/1gCG4, 1eG4/IeM, 1pM/AgAlL, TgM/IgA2, TpM/eD, TeM/Igl, TaM/Ig(Gl,
1gM/ig(GZ, 1gM/E(G3, 1gM/IgG4, 1gM/gM (or fragments or varianis thereof), and opticnally mchude
a hinge from one or more of {gAl, TgA2 gD Te(l, IgG2, 1g(3, or g4, and/or a CHy domai from
IgE and/or IgM. Tn specific embodiments, the linge, CH,, CHa, and CHy domatns are from human fg.

Additional examples include hybnid Fe regions that comprise, consist of, or consist essentially
of the following combination of CH/CH, domains: IgAl/IgE, IgA2/1gE, IgD/IgE, TpE/IgE, 1eGl/IgE,
1gG2/IgE, 1gG3/1gE, 1gG4/1gE, 1gM/IgE, IgAl/IgM, 1gA2/1gM, 1gD/IgM, IgBEdsM, 1gGl/igM,
IgG2/gM, 1gG¥/ 1M, 1gG4/1gM, IgM/TgM (or fragments or variants thereof), and optionally include
a hinge from one or more of IgAl, IgAZ, 1gD, 1gGl, 1gG2, 123, 1g(4, and/or 3 CHs domain frora
one or more of IgAl, TgA2 1D, IgE, IgGl, TgG2, 1g(G3, 1gG4, or IgM. In specific embodiments, the
hinge, CH,, CH;, and CHy domains are from human Ig.

Certain examples include hybrid Fo regions that comprise, consist of, or consist essentially of
the following combination of CHi/CHy domains: 1gA1/IgE, 1gA2/IgE, 1eD/gE, {gh/igE TeGligh,
1gG2/1gE, 1gG3/1gE, 1gGa/1gE, IgM/IgE, IgAl/IgM, IgA2/4egM, 1gligM, Igh/igM, gGl/igh,
1gG2/igM, 1gG3/1gM, 1gG4/IgM, 1gM/TgM (or fragments or variants thereof), and optionally inchude
a hinge from one or more of [gAl, IgAZ, Tgh TeGl, IgG2, 1g(G3, [pG4, and/or a CH, doman from
one or more of IgAl, IgA2 TgD, TgEH, 1g(G1, 1g(2, Tg(G3, 1gG4, or IgM. In specific crabodiments, the
hinge, CHs, CHs, and CHy domains are from human Ig.

Particular examples include hybrid Fe regions that comprise, consist of, or consist essentially
of the following combination of hinge/CH, domains: IgAl/TgAl, IgAl/IgAZ, TgAl/IgD, IgAl/IgE,
IgA1gGl, TIgA/TgQ2, TgAVIeGS, IgA TG4, 1gA/IgM, IgA2/1gAlL, TgAZ/TgA2, TgA2/1gD,
1gA2/1gE. 1gA2/1gGl, TgA2/Ig(2, 1gA2/Te(G3, 1gA2/1gG4, TgA2/IgM, IgD/IgAl, 1gD/TgA2 1gD/lgD,
IgD/gE, 1gD/IgGl, 1gD/TeG2, 1gD/IgG3, gD/, TeDileM, TG/ IgAl, 1gG1AgA2, 1gGH/igD,
1gGligE, 1gGHIeGl, 1eGHIgQ2, leGUIeG3, 1gGH eG4, 1eG1/IgM, 1gG2/1gAl, 1gG2/IgAl,
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IgG2/1egD, 1gG2/1gE, 1gG2/1eGl, 1gG2AgG2, 1pG2/1gG3, 1gG2/ eG4, 1gG2/AegM, [gG3/1gAl,
1gG3AgAZ, TgG3/TeDy, 1pG3/AgE, 1pGYgGlL, g3/ (2, 1oG3/1g(3, 1gG3/1sG4, 1gG3/gM,
1gG4/lgAlL, 1gG4/Tg A2 1eG4/IgD, 1gG4/TgE, 1gGa/tgGl, 1eG4/1gG2, 1gG4/1gGa, 1gG4/1gG4,
IgG4/1gM (or fragments or variants thereof), and optionally mclade a CHa domain from one or more
of TgAl, 1gAZ, IgD, IgE, 1eG1, 1gG2, 1g(G3, Ig(G4, or IgM, and/or a CH, domain frora Igl and/or
IgM. In specitic embodiments, the hinge, CHz, CH;, and CH4 domains are {from hwman Ig.

Certain examples inchude hybnd Fo regions that comprise, consist of, or congist essentially of
the following combination of hinge/CH: domains: IgAVIgAl, IgAV/IgAZ, 1gAY/IgD, IgAl/igE,

IgA TGl IgATeG2, TgAL/Eg(G3, TgAl/1gGH, IgA/1gM, 1gA2/1gAlL, TgA2/TgAZ, 1g A2/ gD,
1gAZ/1gE, 1gA2/1eGl, 1gAZ/Te(2, gA2/1g(G3, 1gAZ/1gG4, IgAZ/TgM, TgD/Ag AL, 1gD/igAZ, 1gtv/igh,
IgD/Igh, TeD/teGl, IgD/lgG2, 1gDAeG3 TeDilgG4, IgD/IgM, 1gG1/ gAl, 1gGIAgA2, 1pG/igD,
1gGHAgE, 1gGEIgGl, TgGl1eG2Z, 1gG1Eg(3, 1eGl/IgGH, 1gGl/igM, 1gG2/1gAl, TgG/IgAZ,
1gG2/1gD, 1gG2/igE, 1gG2/1gGh, 1gG2/1gG2, 1gG2/TgG3, 1gG2/1gG4, 1gG2AgM, 1gG3/igAl,
IgG3/1gA2, T1eG3/IgD, 1gG3/1eE, 1gG3/AgGl, TeG3/IgQ2, 1gG3/1e(G3, IgG3/AgG4, TeG3/IgM,
1gGadgAlL, TgGd/igAZ, TgG4/1eD, TgGd/igE, TgGd/leGl, 1gG41(2, 1gG4/1gG3, TgG4/1gG4,
IgG4/IgM (or fragments or variants thereof), and optionally include a CH, domain from one or more
of TgAl, TgA2, TeDy IeE| IgQGl, 1gG2, 103, ToG4, or IgM, and/or a CHy domain from [gE and/or
1gM. In specific embodiments, the binge, CHs, CHs, and CHy domains are frors burmsan Ig.

Some examples mehyde hybnd Fe regions that comprise, consist of, or congist essentially of
the following combination of hinge/CH.: domains: IgAl/IgE, IgAl/igM, 1gA2/igE, 1gA2/1gM,
IgD/igh, TeDy/leM, 1gGl/IgE, TeGl/IgM, 1gG2/IgE, 1oG2/TeM, ToG3/IgE, T1eG3/igM, IgG4/igE,
1gG4/dgM (or fragmends or variants thereof), and opticnally toclude a CH; domain from one or more
of TgAl, 1gA2, Igh, IgE, TgGl, 1gG2, 1gG3, 1gG4, or IgM, and/or a CHs domain from one or more of
IgAL TgA2, 1gD, IeE, [gGl, 1gG2, 13, Te(G4, or IgM.

Specific cxamples of hybrid Fe regions can be found, for example, m WO 2008/147143,
which are derived from combinations of 1gG subclasses or combinations of human gD and IgG

Also included are antibodies or antigen-binding fragments thereof having derivatized or
otherwise modified Fc regions. In certain aspects, the Fc region may be modified by phosphorylation,
sulfation, acrylation, glycosylation, methyiation, farnesylation, acetylation, amidation, and the hke,
for nstance, relative to a wild-type or naturally~occurring Fo region. In certain embodiments, the Fo
region may comprise wild-type or native glycosvlation patterns, or alternatively, it may comprise
mcreased glycosylation relative to a native form, decreased glycosylation relative to a native form, or
it may be entirely deglycosylated. As one example of a modified Fe glycoform, decreased
glycosylation of an Fo region reduces binding to the Clg region of the first complement component
1, a decrease m ADCCrelated activity, and/or a decrease in CDC-related activity. Certain
embodiments thus employ a deglycosylated or aglycosvlated Fe region. See, e.g., WO 2005/047337

for the production of exeraplary aglveosylated Fo regions. Another example of an Fe region
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glycoform can be generated by substituting the Q295 position with a cysteine residue (sce, e.g., U.S.
Application No. 2010/0080794), according to the Kabat ot al. nurabering system. Certain
embodiments may inchnde Fe regions where about 80-100% of the glvcoprotein in Fe region
comprises a mature core carbohydrate structure that lacks fructose (see, e.g., U.S. Application No.
2010/0255013). Some embodiments inclade Fo regions that are optinnized by substitution or deletion
to reduce the level of fucosylation, for instance, to merease affinity for FeyRl, FeyRla, or FeyRila,
and/or to improve phagocyiosis by FeyRHa-expressing oells (see U.S. Apphceation Nos. 2010/0249382
and 2007/0148170).

As another example of a modified Fo glycoform, an Fo region of an antibody or antigen-
binding fragment thercof may compnse oligomannose-type N-glycans, and optionally have one or
raore of the following: mcreased ADCC effector activity, increased binding affinity for FoyRIIA (and
certain other FeRs), similar or mcreased binding specificity for the target of the NRP2a polypeptide,
siralar or bigher binding affinity for the target of the NRP2a polypeptide, and/or similar or lower
bindmg affinity for mannose recepior, relative 1o a corresponding Fe region that contains complex-
type N-glycans (see, e.g.. U.S. Application No. 2007/0092521 and U.S. Patent No. 7.700,321). As
another example, enhanced affinity of Fo regions for FoyRe has been achioved using enginesred
glycoforms generated by expression of antibodies 1n engineered or variant cell lines (sce, e.g., Umana
¢t al, Nat Biotechnol. 17:176-180, 1999, Davics ¢t al., Biotechnol Biocug. 74:288-294, 2001, Shiclds
etal., J Biol Chem. 277:26733-26740, 2002; Shinkawa et al., 2003, ] Biol Chermn. 278:3466-3473,
2003; and U.S. Apphcation No. 2007/01 11281, Certaim Fo region glyeoforms comprise an increased
proportion of N-glycoside bond type complex sugar chains, which do not have the L-position of
fucose bound to the 6-position of N-acetylglucosamine at the reducing end of the sugar chain {sec,
e.g.. U.S. Application No. 2010/0092997). Particular embediracnts may inchide 1gG Fo region that 1g
glycosylated with at least one galactose moicty connected to a regpective terminal sialic acid moety
by an «-2,6 linkage, optionally where the Fo region has a lugher ant-inflaramatory activity relative {o
a corresponding, wild-type Fo region (see U.S. Application Mo, 2008/0206246). Certain of these and
related altered glycosylation approaches have generated substantial enhancements of the capacity of
Fc regions 1o selectively bind FeRs such as FeyRIT, to mediate ADCC, and to alter other properties of
Fc regions, as described herein,

Certain vanant, fragment, hybad, or otherwise modified Fe regions of an antibody or antigen-
binding fragment thercof may have altered binding 1o one or more FeRs, and/or corresponding
changes to effector function, relative to a corresponding, wild-type Fo sequence (e.g., same species,
sarae ig class, same Ig subclass). For insiance, such Fo regions reay bave increased binding o one or
more of Foy receptors, Foo receptors, Fee receptors, and/or the neonatal Fo receptor, relative to a
corresponding, wild-type Fe sequence. In other embodiments, variant, fragment, hybrid, or modified

Fe regions may have decreased binding to one or more of Fov receptors, Foa receptors, Foe receptors,
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and/or the neonatal Fe receptor, relative to a corresponding, wild-type Fe sequence. Specific FeRg are
described elsewhere heremn.

In some erabodiments, an antibody comprises an Fo domain, comprising one or more
mufations to increase binding to one or more of Foy receptors, Foa receptors, Fee receptors, and/or the
neonatal Fo receptor, relative to a corresponding, wild-type Fo sequence. In some embodiments, an
antibody comprises an IgGl or [gG3 Fe domain, comprising one or more mutations (o Increase
binding to one or more of Foy receptors, Foo receplors, Fee receptors, and/or the neonatal Fe receptor,
relative to a corresponding, wild-type Fe sequence. In some embodiments, an antibody comprises an
Fc domain, comprising one or more mutations to mcrease effector function. In some embodinents the
at least one antibody comprses an Fo dorain selected from a human [gGl and g3, comprising one
or more mutations to merease effector function.

e some embodimends, as antibody is blocking antibody that comprises an Fo domain with
high effector activity. In some embodiments, the blocking antibody comprises an Fo domain sclected
from a human 1gG1 and 1gG3, comprising one or more mutations o increase effector function. In
some crmobodiments, an antibody 18 a partial-blocking antibody that comprises an Fo doraain with high
effector activity . In some embodiments, the a partial-blocking antibody comprises an Fo domain
selected from a haman IgGl and IgQG3, comprising one or more rmutations (o increase effector
function. In some embodiments, an antibody is a non-blocking antibody that comprises an Fo domain
with high effector activity. In some embodiments, the nou-blocking antibody comprises an Fo dorain
selected from a human IgGl or 1g(G3, comprising one or more mutations {o mcrease effector function.

{n some embodiments, an antibody compriscs an Fo domain, comprising one or more
mutations t¢ decrease binding to one or more of Foy receptors, Foo receptors, Foe recepiors, and/or
the neonatal Fo receptor, relative to a corresponding, wild-tvpe Fo sequence. In some embodiments,
an antibody comprises an 1gG1 or 1g(G3 Fe domain, comprising one or more mutations (o decrease
binding to one or more of Foy receptors, Fea receptors, Fee receptors, and/or the neonatal Fe receptor,
relative o a corresponding, wild-type Fe sequence. In some embodiments, an antibody comprises an
Fe domain, comprising ong ot more mutations o decrease effector function. In some erabodimends, an
antibody comprises an Fo domain selected from a human 1gG2 and IgG4, comprising one or more
mutations to decrease effector function.

In some embodiments, an antibody is a blocking antibody comprising an Fo domain with low
effector activity. In some embodiments, the blocking antibody compriscs an Fe domain selected from
a human 1gG2 and Ig(G4, comprising one or more mutations to decrease effector function. In some
embodiments, an antibody is a partial-blocking antibody comprising an Fo domain with low effector
activity. In some embodiments, the partial-blocking antibody comprises an Fo domain selected from a
human 1gG2 and 1gG4, comprising one or more mutations o decrease effector function. In some

embodiments, an antibody is a non-blocking antibody comprising an Fe domain with low effector
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activity. In some embodiments, the pon-blocking antibody comprises an Fo domain selected from a
homan 1gG2 and IgG4, compnising one or more mutations o decrease effector function,

Specific examples of Fo varianis having altered {¢.g., increased, decreased) effector
finction/FcR binding can be found, for example, in U.5. Pat. Nos. 3,624,821 and 7,425,019, U S
Application Nos. 2009/0017023, 2009/0010921, and 2010/0203046; and WO 2000/42072 and WO
2004/016750. Certain examples mnelude human Fe regions having a one or more substitutions at
posttion 298, 333, and/or 334, for example, S298A, E333A, and/or K334A (based on the numbering
of the EU index of Kabat et al.}, which have been shown to increase binding to the activating receptor
FoyRIia and reduce binding to the mbhibitory receptor FeyR1Eb. These mutations can be combined to
obtain double and triple rawation variaats that have further inproveraents i binding to FoRs. Certain
entbodiments mchude a S298A/E333 A/ E34A wriple mutant, which has increased binding to FoyRIHa,
decreased binding to FoyRIdb, and increased ADCC (see, e.g., Shiclds et al,, ] Biol Chem. 276:65391-
6604, 2001, and Presta et al., Biochem Soc Trans. 30:487-490, 2002). See also enginecred Fe
glycoforms that have increased binding to FeRs, as disclosed in Umana et al.. supra; and U.5. Patent
No, 7,662,925, Some eobodiments include Fo regions that comprise one or more substitutions
selected from 43485, 252Y/4281, 252Y/4348, and 428L./4345 (see .8, Application Nos.
2009/0163699 and 20060173170), based on the EU index of Kabat et al.

Certain vanant, fragment, hybrid, or modified Fo regions may have aliered effector functions,
relative to a corresponding, wild-type Fo sequence. For example, such Fe regions may have increased
complement fixation or activation, increased Clg binding affinity, increased CDCwelated activity,
mereased ADCC-related activity, and/or mcreased ADCPrelated activity, relative to a corresponding,
wild-type Fo sequence. In other erabodimenis, such Fe regions may have decreased compleraent
fixation or activation, decreased Clg binding affinity, decreased CDC-related activity, decreased
ADCCrelated activity, and/or decreased ADCP-related activity, relative to a corresponding, wild-
type Fo sequence. As merely one illustrative example, an Fo region may comprise a deletion or
substitution in a complement-binding site, such as a Clg-binding site, and/or a deletion or substitition
inan ADCC site. Examples of such deletions/substitutions are described, for example, 18 U5, Patent
No. 7,030,226, Many Fe effector functions, such as ADCC, can be assayed according fo routine
techniques in the art. (see, ¢.g.. Zuckerman et al., CRC Crit Rev Microbiol. 7:1-26, 1978). Useful
effector cells for such assavs includes, but are not limited to, natural killer (NK) cells, macrophages,
and other peripheral blood mononuclear cells (PBMO). Aliernatively, or additionally, certain Fe
effector functions may be assessed in vivo, for example, by employing an animal model described 1n
Clynes et al. PNAS. 95:652-656, 1998,

Certain vanant hybeid, or modified Fo regions may have altered stability or halflife relative
to a corresponding, wild-type Fo sequence. In certain embodiments, such Fo regions may have
mereased bhalf-life relative to a corresponding, wild-type Fc sequence. In other embodiments, variant

hybrid, or modified Fo regions may have decreased half-life relative to a corresponding, wild-type Fo
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sequence. Hall~life can be meamwed 1 vitre {e.g., under physiological conditions) or in vivo,
according to routine technigues 1o the art, such as radiolabeling, ELISA, or other methods. I vivo
measurements of stability or half-iife can be measured 1n one or more bodily fluids, including blood,
serum, plasma, urine, or cerchrospinal fluid, or a given tissue, such as the liver, kidneys, muscle,
central nervous system tissues, bone, etc. As one example, modifications to an Fe region that alter s
ability to bind the FcRn can alter its half-life in vivo. Assays for measuoring the in vivo
pharmacokinetic properties (¢.g., i vivo mean chimination half-hfe) and non-limting examples of Fo
maodifications that alter is binding to the FoRn are described, for example, in U5, Pat. Nog. 7,217,797
and 7,732,570; and U.S. Application Nos. US 2010/0143254 and 2010/0143254.

Adduional non-imiting examples of modifications to alier stabiity or hali-hfe tnchude
substitutions/deletions at one or more of amino acid residues selected from 251-256, 285-290, and
308-314 in the CH, domain, and 383-3%9 and 428-436 1n the CH; domain, according to the
nurnbering svstemn of Kabat et al. See U5, Application No. 2003/0190311. Specific examples include
substitution with leucine at position 231, sebstitution with tyrosine, tryptophan or phenylalanine at
position 252, substitution with threonine or serine at position 254, substifution with argivune at
position 255, substitution with glutamine, arginine, serine, threonine, or glutamate at position 256,
substitution with threonine at position 308, substitution with proline at posttion 309, substitution with
serine at position 311, substitution with aspartate at position 312, substitution with leucine at position
314, substitutron with argmine, aspartale or serine at position 383, substitution with threomne or
proline at position 386, substitution with arginine or proling at position 387, substitution with proline,
agparagine or serine at position 389, substitution with methionine or threoning at position 428,
substitution with tyrosine or phenylalanine at posttion 434, substitution with histidine, arginine, lysine
or sering at position 433, and/or substitution with lustidine, tyrosine, arginine or thrconing at position
436, including any combination thereof. Such modifications optionally increase affinity of the Fc
region for the FcRn and thereby increase half-life, relative 1o a corresponding, wild-type Fe region.

Certain variant hybrid, or modified Fo regions may have altered solubility relative to a
corresponding, wild-type Fo sequence. In certain embodiments, such Fo regions raay have increased
solubility relative to a corresponding, wild-type Fo sequence. In other embodiments, variant hybrid, or
modified Fo regions may have decreased solubility relative o a corresponding, wild-type Fc
sequence. Solubility can be measured, for example, i vifro (e.g. under physiological conditions)
according to routine techmigues in the art. Exemplary solubility measurements are described
elsewhere herein,

Additonal examples of varants mclude {gG Fe regions having conservative or non-
conservative substitutions (as described elsewhere herein) at one or more of positions 230, 314, or 428
of the heavy chain, or in any combination thereof, such as at positions 230 and 428, or at positions
250 and 314, or at positions 314 and 428, or al positions 250, 314, and 428 (sce, e.g., U.S. Apphication

No. 2011/0183412). In spacific embodiments, the residue at position 230 is substituted with ghitanic
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acid or glutamine, and/or the residue at position 428 1s subsuuted with lescine or phenylalanine. As
another dhustrative example of an IgG Fe vanant, any one or more of the amino acid residucs at
positions 214 to 238, 297 t0 299, 318 10 322, and/or 327 to 331 may be used as a suitable target for
modification {¢.g., conscrvative or non-conservative substitution, deletion). In particular
cmbodiments, the 1gG Fe variant CH», domaia contains amino acid substituiions at positions 228, 234,
235, and/or 331 (see, ¢.g., human {gG4 with Ser228Pro and Leu235Ala mutations) (o attenuate the
effector functions of the Fc region (see. e.g., U.S. Patent No. 7.030,226). Here, the numbering of the
residues in the heavy chain is that of the EU index (sec Kabat ot al., “Sequences of Proteins of
Immunological Interest.” 3 Ed., National Institutes of Health, Bethesda, Md. (1991)). Certain of
these and related embodiments have aliered (e.g.. increased, decreased) FoRe binding and/or serum
half-life, optionally without reduced effector functions such as ADCC or CDC-related activitics.
Additional examples include variant Fe regions that comprise one or more amano acid
substitutions at positions 279, 341, 343 or 373 of & wild-type Fo region, or any combination thercof
(sce, e.g., US. Apphcation No. 2007/0224188). The wild-type amino acid residues at these positions
for burnan IgG are valine (279), glveine (341), proline (343) and tyrosine (373). The substation(s) can
be conservative or non~conservative, or can include non-naturally ocowrring amino actds or numetics,
as described herein. Alone or 1n combination with these substitutions, certain embodiments may also
coiploy a variant Fo region that comprises atleast 1, 2, 3, 4, 5, 6, 7. 8, 9, 10 or more amino acid
substitutions selected from the following: 235G, 235K, 236F, 236R, 236Y, 237K, 237N, 237R, 238E,
238, 238H, 238[, 2381, 238V, 238W, 238Y, 2441, 245R 247A, 247D, 2478, 247F, 247M, 247N,
2473, 247R, 2478, 2477, 24TW, 247Y, 248F 248P, 2480, 248W, 2491, 249M, 249N, 249P, 249Y,
25FH, 2511 251W, 234D, 254E, 254F, 254G, 254H, 2541, 254K, 2541, 254M, 254N, 254P, 2544Q,
234R, 254V, 254W, 234Y, 255K, 255N, 236H, 2561, 236K, 2361, 256V, 256W, 256Y, 257A, 2571,
257M, 237N, 2575, 258D, 2608, 2621, 2645, 265K, 2635, 267H, 2671, 267K, 268K, 269N, 2690,
27YF, 2721, 272K, 2721, 272R, 270A, 279D, 2798, 279G, 270H, 2791, 279K, 2791, 270M, 279N,
279, 279K, 2798, 2797, 279W, 279Y, 280T, 283F, 2830, 2&3H, 2831, 283K, 2831, 283M, 253D,
283R, 2837, 283W, 283Y, 285N, 286F, 288N, 288P, 292F, 290F, 292G, 2921, 2921, 2938, 293V,
301W, 304E, 307E, 307M, 3128, 315F, 315K, 3131, 315P, 313R, 316F, 316K, 317P, 3177, 318N,
318P, 3187, 332F, 332G, 3321, 332M, 3328, 332V, 332W, 339D, 330K, 339F, 339G, 339H, 3391,
339K, 3391, 339M, 330N, 3390, 339K, 3398, 330W , 339Y, 341, 3415, 341F, 341H, 3411, 341K,
3411, 341M, 341N, 341F, 341, 341R, 3418, 3417, 341V, 341W, 341Y, 343A, 343D, 343E, 343F,
343G, 343H, 3431, 343K, 3431, 343M, 343N, 3430, 343R, 3438, 3437, 343V, 343W, 343Y, 373D,
373E, 373F, 373G, 373H, 3731, 373K, 3731, 373M, 373N, 37303, 373R, 3738, 373T, 373V, 373W,
375R, 376E, 376F, 376G, 376H. 3761, 376L, 376M, 376N, 376P, 37643, 376R, 3765, 376T, 376V,
376W, 376Y, 377G, 377K, 3778, 378N, 379N, 379(3, 3798, 3797, 380D, 380N, 380K, 380T, 382D,
382F, 382H, 3821, 382K, 3821, 382M, 382N, 382F, 3820, 382K, 38285, 3827, 382V, 382W, 382Y,
385E, 3857, 386K, 423N, 424H, 424M, 424V, 426D, 4261, 427N, 429A, 429F, 429M, 430A, 430D,
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430F, 430G, 430H, 4301, 430K, 430L, 430M, 430N, 430F, 4300, 430K, 4308, 4307, 430V, 430W,
430V, 431H, 431K, 4319, 432R, 4325, 438G, 438K, 438L, 4387, 438W, 439E, 439H, 4390, 440D,
4408, 440F, 440G, 440H, 4401, 440K, 440L, 440M, 440Q, 4407, 440V or 442K As above, the
numbering of the residues in the heavy chain is that of the EU index (see Kabat ef o, supray. Such
variant Fc regions typically confer an altered effecior function or altered serum half-life upon the
antibody to which the vanant Fc region is operably attached. Preferably the altered effector function i
an mercase in ADCC, a decrease in ADCC, an increase in CDC, a decrease in CDC, an increase in
Clg binding affinity, a decrease in Clg binding affinity, an mercase m FoR (preferably FoRn) binding
affinity or a decrease in FoR (preferably FcRa) binding affinity as compared to a comresponding Fc
region that lacks such amino acid substitution(s).

Additional examples include variant Fe regions that comprise an amino acid substitution at
one or more of position{s) 221, 222, 224, 227, 228, 230, 231, 223, 233, 234, 233, 236, 237, 238, 239,
240, 241, 243, 244, 245, 246, 247, 249, 250, 238, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271,
273,274,275, 276, 278, 280, 281, 283, 285, 286, 288, 290, 291, 293, 294, 295, 296, 297, 298

>

, 300,362, 313,317, 318, 320, 322, 323, 324,325, 326, 327,328,329, 330, 331, 332, 333, 334,
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335 336 and/or 428 {see, e.g., U.S. Patent No. 7,662 925}, In specific embodiments, the variant Fo
region comprises at least one anune acid substitution selected from the group consisting oft P230A,
E233D, L234E, L234Y, L2341, L2330, L2355, L235Y, L2351, 82390, 8230, 8238N, 52390,
52397, V2401 VZ40M, F243L, V2641, V264T, V264Y, V26061, E272Y, K274T, KZ74E, K274R,
K274%, K274Y, F275W, N276L, Y278T, V3021, E318R, 83240, 83241, S324V, N325T, K326{,
K326, L328M, £328), L3280, L3280, 1328V, L328T, AR30Y, A330L, A330L, 13320, I332K,
[332N, 13320}, T335D, T335R, and T335Y. 1n other specific embodiments, the variant Fo region
comprises at least one amino acid substitution sclected from the group consisting oft V2641,
F243L/V264L L328M, I332E, L.328M/I332E, V2641/1332E, S298A/I332E, S239E/I332E,
S23DQ/I332E, 239K, A330Y, 13320, L328II332E, L3280QY/1332E, V264T, V2401, V2661, S239D,
S239D/13320, 8239D/I332E, 82390 /A332N, 8238013323, S230E/133213, S239E/1332N,
S239E/I3320), S239N/I332D, S239N/I332E, S239Q/1332D, A330Y/I332E, V2641/A330Y/I332E,
AZ30L/I332E, V2641/AZ30L/I332E, L234E, 1234, L2341, L2350, L2355, L.235Y, L235], 52397,
V240M, V264Y, A3301, N325T, L328D/1332E, L328V/I332E, L328T/I332E, L328I/I332E,
S23GE/V2641/332E, 82390/ V264A332E, S23DE/V264/AB30Y /13328, S2391D/A330Y/1332E,
S23ON/AB3OY/IA32E, SE390VA330L/332E, SI3ON/AZIOLA332E, V264/S208A/332E,
S239D/S298A/332E, S239N/S298A/332E, S239D/V264VI332E, S239D/V2641/8298A/I332E,
S239D/V264/AZ30L/I332E, S239D/I332E/A3301, P230A, P230A/E2I3D/I332E, E272Y, K274T,
K274E, K274R, K2741, K274Y, F275W, N276L, Y278T, V3021 E318R, S324D, 83241, S324V,
K326 K326T, T333D, T335R, T335Y, V240U/V2661, S2300/A330Y/T332E/1.234],
S239D/A330Y/I332E/L.235D, S239DVA330Y/I332E/V2401, S239D/A330Y/I332E/V264T,
S239TWAZ30Y/I332E/K326E, and S239D/A330Y/I332E/K326T, In more specific embodiments, the
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variant Fc region comprises g series of substitutions selected from the group consisting of!
N29TD/S32E, F241Y/F243Y/V262T/V264T/N297D/332E, S239D/N2STHVIZ32E,
S230E/N29TD/332E, S230D/D263Y/N29TD/I332E, S239D/D26SH/N2GTD/R32E,
V26e4E/N297D/IZ32E, Y296N/N29TD/A332E, N297D/AR30YA332E, S239D/D26SV/NIOTIIZ32E,
N239D/D263I/N297D/332E, and N297D/S298A/A330Y/1332E. In specific eovbodiments, the variang
Fe region comprises an aniing acid substitution at position 332 (using the nmumbering of the EU ndex,
Kabat et al., supra). Examples of substitutions inchude 332A 332D, 332K, 332F, 3324, 332H, 332K,
3320, 332M, 332N, 332P, 33243, 332R, 3328, 3327, 332V, 332W and 332Y. The numbering of the
residues i the Fe region is that of the EU index of Kabat et al. Among other properties described
herein, such variant Fe regions may have increased affinity for an FoyR, increased stability, and/or
ncreased solubility, relative to a corresponding, wild-type Fo region,

Further examples include variznt Fo regions that comprise one or more of the following
amino acid substitutions: 224N/Y, 225A, 2281, 2308, 239P, 2404, 2411, 24358/L/G/H/A, 2441, 240E,
247L7A, 2527, 234T/P, 258K, 261Y, 265V, 266A, 267G/N, 268N, 265K/G, 273A, 276D, 278H,
279M, 280N, 283G, 285R, 288R, 2894, 290F, 291L, 29243, 297D, 29%A, 300H, 301C, 304G, 305A,
306L/F, 31IR, 312N, 315D/K/S, 3208 3228, 323A, 3247, 3288, 326E/R, 3327, 333D/, 3351, 338R,
3397, 34003, 341E, 342R, 34403, 347R, 3518, 352A, 334A, 355W, 3560, 358T, 361DV/Y, 362L,
364C, 3630Q/P, 370R, 3721, 377V, 37871, 383N, 3895, 390D, 391, 393A, 394A, 3990, 4048, 408G,
409R, 4111 4124, 414M, 4215, 4221 426F/P, 4287, 430K, 4318, 432P, 433P, 4381 439E/R, 440G,
441F, 4427, 445K, 446A, 447E, optionaltly where the variant has altered recognition of an Fc ligand
and/or altered effector function compared with a parent Fe polypeptide, and wherein the numbering of
the residues i that of the EU index as in Kabat ef &/, Specific exaraples of these and related
embodiments mclude variant Fo regions that comprise or consist of the following sets of substitutions:
{1y N276D, R292Q, V30SA, I377V, T394A, V412A and K439E; (2) P2441, K246E, D399G and
K409R; (3) S304G, K320R, 83247, K326E and M338T; (4) F2435, P247L, D263V, V266A, S383N
and T411L (53 H224N, F2431, T393A and H433P, (6) V240A, 32676, G341E and E330G, (4
M2527T, P291L, P352A, R355W, N39O, S408G, S426F and A431S; (8) P228L, T289A, L3650,
N389S and 3440G; (9) F2411L, V2734, K3400Q and L441F, (10) F241L, T299A 13327 and M428T;
(11) E269K, Y300H, Q342R, V4221 and G446A; (12) T225A, R301e, S304G, D312N, N3350,
L3518 and N42Z1S: (13) 82347, L306), K326R and Q3621 (34) H224Y, P230S, V323A, H333D,
K338R and S364C; (15) 13351, K414M and P445R; (16) T3351 and K414M; (17) P247A, E258K,
D28ON, K288R, N297D, T299A, K322E, (Q342R, S354A and L365P; (18) H268N, V279M, A339T,
N361D and 8426P; (19 C261Y, K290E, L306F, Q311R, F333G and Q4381 (20) E283G, N313K,
E333G, R3440, L363P and S442T, (21) Q347R, N361Y and K439R; (22) S239P, S254P, 267N,
HZ835R, N3138, F3721, AZ78T, N390D, V391C, F4048, F430K, L432P and K447E; and (23)
E269G, Y278H, N323S and K370R, wherein the numbering of the residues is that of the EU mdex as
U.S. Application No. 2010/0184939).

in Kabat et al. (see, e.g

D
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Variant Fo regions can also have one or more mutated hinge regions, as descenibed, for
example, in U.S. Apphcation No. 2003/0118392. For mstance, one or more cysteines i a hinge
region can be deleted or substituted with a different amino acid. The mutated hinge region can
comprise Bo cysteine residucs, or it can comprise |, 2, or 3 fewer cysieine residues than g
corresponding, wild-type binge region. In some embodiraents, an Fo region having 2 mutated hinge
region of this type exhibits a reduced ability to dimerize, refative (o a wild-type {g hinge region.

In particular embodiments, the Fo region comprises, consists, or consists essentially of the Fc
from human [gG1 or 1g(G4 (see, ¢.g., Allberse and Schuurman, mmunology. 105:9-19, 2002), or a
fragment or variant thercof. Table F1 below provides exemplary sequences (CHI, hinge (underhned),
CH2, and CH3 regions) from homan IgGl and IgG4. Examples of variant Ig(G4 sequences that can be
emploved are described, for example, in Peters et al., JBC. 287:24525-24533, 2012, and include
C1278), and C131 (c.g

substitutions at C227, €230, C127 (e.g  C1318). Other variands that can be

O

used include a L445P substitution in [gG4 (denoted as 1gG4-2) or a D356H and L338M substitution in
IgGl, (denoted as IgGlm(eD).

Takle Fl. Exemplary IgG4 Fo Seqguences
Name Seguence SEQ ID
RO
Wild-type STAALGCLV r(uYFPW 109
TgG4d
SVLTVLHODWLNGREYKS
QEEMTENOVSLTCLVKGEYPS
CLYSRLTVDKSRWQEGNVESCSE
i Y”’WSLSLSLGK
P?’FLGG"D\u P VT 7”Dv CE :
OFNY EVENAKTKP? FPNSTYRVVSVLTVLHODWLNGKEYRCRVE
NKGLPSSIEKTISKAKGO! WVYTLEPSQEEMTKNOVSLTCLVKGEYPS
DIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOEGNVESCS
VMHEALHNEYTOKSLSLS
IgGim{za) ASTKGPIVEPLAP3SKSTS AALGCLVKDYFPEPVIVIWNSGALTSGVE iil
GenBank: TEPAVLCSSGLYSLEIVVIN SLGTQTYICNVNHKPSNTKVDERVERPKS
AHGO7035.2 CDKTHTCPPCPAPELLGGRSVEFLEPPKPKDTIMISRIPEVTCVVVDVSHED
EVEENWYVDGVEVHENARKTKPREEQYNSTYRVVESVLTVLHODWLNGKEYKC
KVSNKALL TLPPSRDELTRNQVSLTCLVKGE
YPSDIR { S FELY SKLTVDKSRE
SCEVMHEALENHYTOQKS
Kappa RIVAARPSVEIFPP3DEQLKSCTASVVCLLNNEYPREAKVOWKVDNALCSGN 112
Km3 : DETYSLSSTLTLSKADYEKHRKVYACEVTHOGLS SPVTKSE

Ag noted above, antibodics having altered Fo regions typically have aliered (e. g, improved,
mereased, decreased) pharmacokinetic properties relative to corresponding wild-type Fe region.
Examples of pharmacokinstic properties nclude stability or half-life, bivavatabiliy (the fraction of a
drug that 1s absorbed), tissue distribution, volume of distnibution (apparent volume 1n which a drug s

distributed tmracdiately afier it has been injected intravenously and equilibrated between plasma and
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the surrounding tissues), concentration (initial or steady-state concentration of drug in plasma),
elimination rate constant (rate at which drugs are removed from the body), ehimination rate {rate of
mfusion required to balance ehinunation), area under the curve (AUC or exposure; integral of the
concentration-time curve, after a single dose or 1n steady state), clearance (volume of plasma cleared
of the drug per unit time), Cna (peak plasma concentration of a drog after oral admirdstration), tma
{time to reach Cag), Cain (lowest concentration that a drug reaches before the next dosc i
admimstered), and Auctuation (peak trough fuctuation within one dosing miterval at steady state).

{o particular embodiments, an antibody or antigen-binding fragment thereof has a biological
half Efe at about pH 7.4, at about a physiclogical pH. at about 23°C or room temperature, and/or at
about 37°C or human body temperature {¢.g., In vive, inoserum, in a given Hssue, (i a given species
such as rat, mouse, monkey, or human), of about or at Ieast about 30 minutes, about 1 hour, about 2
hour, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 12 hours, about 18 hours,
about 20 hours, about 24 hours, about 30 hours, about 36 hours, about 40 hours, about 48 hours, about
50 hoors, about 60 hours, about 70 hours, about 72 hours, about 80 hours, about 84 hours, about 90
hours, about 96 hours, about 120 hours, or about 144 hours or more, or about I week, or about 2
weeks, or about 3 weeks, or about 4 weeks, or about 5 weeks, or about 6 weeks or more, or any
mtervening hatf-hife, nclading all ranges in between.

In some embodiments, an antibody or antigen-bindmg fragment thercof has a Ty, of about or
at least about 60, 62,64, 66, 68,70, 72, 74, or 73°C. In some erbodiments, an anttbody or antigen-
binding fragment thereof has a T of about 60 °C or greater.

In some embodiments, an antibody or antigen-binding fragment thercol confugated to one or
more cytotoxic or chemotherapentic agents. General examples of cytotoxic or chemotherapeutic
agents include, without limitation, alkylating agents, anti-metabolites, anthracychines, anti-tumor
antibiotics, platinums, type 1 topoisomerase inhibitors, type H {opoisomerase inhibitors, vinca
alkaloids, and taxancs. Specific examples of cytotoxic or chemotherapeutic agents melude, without
fimitation, cyclophosphamide, cilengitide, lomustine (COCNU), melphalan, procarbazine, carmustine
{BCNLD, enzastaurin, busolfan, daunorubicin, doxorubicin, gefitinib, eclotinib idanibicin,
temozolomide, epirubicin, mitoxanirone, bleomycin, cisplatin, carboplatin, oxaliplatin, camptothecins,
winotecan, topotecan, amsacnne, cloposide, etoposide phosphate, teruposide, temsirobimas,
everolimus, vincrisiine, vinblasting, vinorelbine, vindesine, £T52923, paclitaxel, imatinib, dasatinib,
sorafenib, pazopanib, sunitmb, vatalanib, gefumb, edotimb, AFE-748, dichoroacetate, tamoxifen,
fasudil, SB-681323, semaxanib, donepizil, galantamine, memantine, rivastigmine, tacrine, rasigiline,
naltrexone, lubiprostone, safinanude, istradely line, pimavanserin, pitolisant, isradipine, pridopiding
{ACR16), tetrabenazine, bexarctene, glatintmer acetate, fingohimod, and miutoxanirone, including
pharmacentically acceptable salts and acids thereof. Further examples of cytotoxic or
chemotherapeutic agents mclude alkylating agents such as thiotepa, cyclophosphamide

{CYTOXAN™Y; alkyl sulfonates such as busulfan, improsuifan and piposulfan; aziridines such as
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benzodopa, carboguone, meturedopa, and vredopa; ethylenimines and methylamelamines inclading
altretamine, tnethylenemelamine, tnetylenephosphoramide, triethylenethiophosphaoramide and
trimethylolomelamineg; nitrogen mustards such as chlorambucil, chlornaphazineg, cholophosphamide,
cstramusting, osfamide, mechlorethamine, mechlorethanine oxide hydrochlonde, melphalan,
novembichin, phencsierine, predmimusting, trofosfaride, uracil mustard; wnitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics such as
aclacinomysing, actinomycin, authramycin, azaserine, bleomycing, cactinomycin, calicheamicin,
carabicin, carminomyvcin, carzinophilin, chromomycing, dactinomyvein, daunorubicin, detorubicin, 6-
diazo-3-oxo-L-norieucing, doxorubicin, epirabicin, escrubicin, idarubicin, marcellomycin,
gritomycins, mycophenolic acid, nogalaswyem, olivomycing, peplomyetn, potfiromycin, puroraycin,
guelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostating, zorubicin, anti-
raetabolites such as methorexate and S-fluorouracit (3-FU; folic acid analogues such as denopterin,
methotrexate, pleropierin, rimetrexate; purine analogs such as fludarabine, 6-mercaptopurine,
thiamiprine. thioguanine, pyrimaidine analogs such as ancitabine, azacitidine, o-azanridine, carmofir,
cytarabine, dideoxyurnidine, doxifluridine, enocitabine, floxundine, 5-FU; androgens such as
calusterone, dromostanolone propionate, epitiosianol, mepitiostane, testolactone; anti-adrenals such as
anunoghitethimide, mutotane, trilostane; folic acid replenisher such as frohnic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid; amsacring; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcme; diaziqoone, elformuthine; elliptindum acetate; etoghicid; galthium nitrate;
hydroxyurea; lentinan; lomidaming, mitoguazone; mitoxantrone; mopidamol; nitracring; pentostating
phenamet; prrarubicin; podophyllinic acid; 2-ethythydrazide; procarbazine; PSK; razoxane; sizofiran;
spirggermanium, tenuazonic acid; naziguone; 2,272 -trichlorotricthylamine; vrethan; vindesine;
dacarbazine; mannomustine; mitobronitol; nutolactol; pipobroman; gacvtosing; arabinoside ("Ara-
C7y; eyclophosphamide; thiotepa; taxoids, e.g., pachitaxel (TAXOL®, Bristol-Myers Squibb
Oneology, Princeton, N 1) and doxetaxel (TAXOTERE®,, Rhne-Poulenc Rorer, Antony, France);
chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vioblastine; platianum; ctoposide (VP-16); dostamide; mitomycin )
mitoxantrone; vincristing; vinorelbine; navelbine; novantrone; teniposide; daunomycin; anunopterin,
xeloda; tbandronate; CPT-11; topoisomerase inhibitor RFS 2000; diftaoromethylomithine (DMFO);
retinoic acid derivatives such as Targretin™ (bexarotene), Panretin™ (alitretinoin)y, ONTAKT™
{demleukin difiitox); esperamicing; capecitabine; and pharmaceutically acceptable salts, acids or
derivatives of any of the above.

The antibodies or antigen-binding fragments thercof can be used m any of the compositions,
methods, and/or kits described herein, and combined with one or more of the immunotherapy agents

described herein.

Additional Therapeutic Agents and Compositions
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i{n certain embodiments, an antibody or antigen-binding fragment thereof 15 used
combination with one or more additional therapeutic agents, including mmmunotherapy agents,
chemotherapeutic agents, hormonal therapeutic agents, and kinase inhubitors.

Immunotherapy Agents. Certain embodiments employ one or more cancer immunotherapy
agents. In cortain instances, an immunotherapy agent modulates the ioumune response of a subject, for
example, 1o increase or maintain a cancer-related or cancer-specitic immune response, and thereby
resulis n increased immune cell inhibition or reduction of cancer cells. Exeraplary mmmunotherapy
agents include polvpeptides, for example, antibodies and antigen-binding fragraents thereof, ligands,
and small peptides, and mixtores thercof. Also inclode as immunotherapy agents are small molecules,
cells {e.g., mmune cells such as T-cells), various cancer vaccines, gene therapy or other
polynucleotide-based agents, including viral agents such as oncolytic viruses, and others known in the
art. Thus, in certain embodimends, the cancer tmmunotherapy ageuat is selected from one or more of
immune checkpoint modulatory agents, cancer vaccines, oncolytic viruses, cytokines, and a cell~based
marunctherapics.

1a certain erabodiments, the cancer emunotherapy agent is as taroune checkpoing
modulatory agent. Particular examples include “antagonists” of one or more mhibitory immaune
checkpoint molecules, and “agomists” of one or more stimulatory rmmune checkpoint molecules.
Generally, womame checkpoiat molecules are components of the tmmune systers that cither tarmmup a
sigual (co-stirmdaiory molecules) or turn down a signal, the targeting of which has therapeutic
potential in cancer because cancer cells can perturb the natural function of imnyune checkpoint
molecules (sce, e.g., Sharma and Allison, Science. 348:56-61, 2015, Topalian ¢t al., Cancer Cell.
27:450-461, 2015, Pardoll, Mature Reviews Cancer. 12:252-264, 2012), In some cmbodiments, the
immune checkpoint modulatory agent (e.g., antagonist, agonist) “binds” or “specifically binds” to the
one or more npmune checkpoint molecules, as described herein.

In particular embodiments, the mumune checkpoint modulatory agent is a polypeptide or
peptide. The terms “peptide” and “polypeptide” are used interchangeably herein, however, in certain
instances, the term “peptide” can refer (o shorter polypepiides, for example, polypeptides that consist
ofabout 2,3, 4,3, 6,7, 8, 9,10, 11,12, 13, 14, 15, 16, 17, 148, 19, 20, 25, 30, 35, 46, 43, or 50 amino
acids, including all integers and ranges (e.g., 5-10, 8-12, 10-135} in between. Polypeptides and peptides
can be composed of naturallv-occurring amino acids and/or non-naturally occurring amino acids, as
described herein

Astibodics are also included as polvpeptides. Thus, 10 some embodiments, the immune
checkpoint modulatory polypeptide agent 1s an antibody or “antigen-binding fragment thercof”, as
described elsewhere herein.

{6 some embodiments, the agent 18 or comprises a “ligand,” for example, a natural ligand, of
the immune checkpoint molecule. A “ligand” refers generally to a substance or molecule that forms a

complex with a target molecule {e.g., biomolecule) o serve a biological purpose, and includes a
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“protein hgand,” which generally produces a signal by binding to a site on a target molecule or target
protern. Thus, certain agents are protein higands that, in nature, bind to an tmmune checkpoint
molecule and produce a signal. Also included are “modified ligands,” for example, protein ligands
that are fused o a pharmacokinetic modifier, for example, an Fe region derived from an
mmunogicbuling

The binding properties of polypeptides can be guantified using methods well known in the art
{sce Davies et al., Annual Rev. Biochem. 59:439-473, 1990). In some embodiments, a polypeptide
specifically binds to a target molecule, for example, an immune checkpoint molecule or an epitope
thereof, with an equilibrivmn dissociation constant that is about or ranges from about <10-7 to abowt
10-8 M. In some cmbodiments, the equilibriom dissociation constant is about or ranges from about
<13~9 M to about <10-10 M. In certain illustrative embodiments, the polypeptide has an affimity (Kd
or BECse) for a target described herein (fo which it specifically binds) of about, at feast about, or less
than about, 0.01, 0.05, 0.1, 0.2, 03,04,05,06,07,.08,09,1,2,3.4,5,6,7, 8 9 10, 11,12, 13,
14,15, 16, 17, 18, 19,20, 2%, 22, 23,24, 25, 26, 27, 28, 29, 30, 40, or 30 aM.

{n some embodiments, the agent is a “small molecule,” which refers to an organic compound
that s of synthetic or biological origin (biomolecule), but is typically not a polymer. Organic
compounds refer to a large class of chemical compounds whose molecules contain carbon, typically
exchuding those that contain only carbonates, simple oxides of carbon, or cyanides. A “biomolecunle”
refers generally to an organic molecole that 1s produced by a living orgamsm, mcloding large
polymeric molecules (biopolymers) such as peptides, polysaccharides, and nucleic acids as well, and
small molecules such as primary secondary metabolites, lipids, phospholipids, glycobipids, sterols,
ghveerolipids, vitarmaius, aud hormones. A “polvmer™ refers generally to a large molecule or
macromolecule composed of repeating strctural units, which are tvpically connected by covalent
chemical bond.

In certain embodiments, a small molecule has a molecular weight of about or less than about
1000-2000 Daltons, typically between about 300 and 700 Daltons, and including about or less than
about 50, 100, 130, 200, 250, 300, 350, 400, 450, 500, 550, 500, 650, 600, 750, 700, 850, 800, 950,
1000 or 2000 Dalions.

Certain small molecules can have the “specific binding” characteristics described for herein
polypeptides such as antibodies. For instance, in some embodiments a small molecule specifically
binds to a target, for example, an immune checkpoint molecule, with a binding affimty (Kd or ECso)
of about, at least about, or less than about, 0.01, 0.05,0.1,0.2,03,04,05,06,07 08,09, 1, 2,3,
4,5 6,789 10,11, 12,13, 14, 15 16, 17,18, 19,20, 21,22, 23,24, 28, 26, 27, 28, 29, 30, 40, or
50 nbM.

In some embodiments, the immune checkpoint modulatory agent is an antagonist or inhibitor
of one or more inhibitory immuone checkpoint molecules. Exemplary inhibitory immune checkpoint

molecules include Programmed Death-Ligand 1 (PD-L1), Programmed Death-Ligand 2 (PD-L2),
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Programmed Death | (PD-1), Cyiotoxic T-Lymphocyte-Associated protein 4 (CTLA-4), Indoleamine
2,3-dioxygenase (1DQO), tryptophan 2, 3-dioxy genase (TDQO), T-cell Immunoglobolin domain and
Mucin domain 3 (TIM-3), Lymphocyie Activation Gene-3 (LAG-3), V-domain Ig suppressor of T cell
activation (VISTA), B and T Lymphocyte Attenuator (BTLA), CD160, and T-cell immunoreceptor
with fg and ITIM domaias {(TIGIT).

In certain embodiments, the agent 1s a PD-~1 {receptor) antagonist or inhibitor, the targeting of
which has been shown to restore immune function in the tumor environmeni (see, .g., Phillips ¢t al,
Int bmmunol, 27:39-46, 2015). PD-1 is a cell surface receptor that belongs to the immunoglobulin
superfanly and is expressed on T cells and pro-B cells. PD-1 interacts with two ligands, PD-L1 and
PD-L2. PD-1 functions as an inhibilory immune checkpoint molecule, for example, by reducing or
preventing the activation of T-cells, which in turn reduces autoimmunity and promotes self-tolerance.
The inhibitory effect of PD-1 i5 accomplished at least 1a part through a doal mechanisra of promoting
apoptosis in antigen spectic T-cells in lymph nodes while also reducing apoptosis in regulatory T
cells (suppressor T cells). Some examples of PD-1 antagonists or inhibitors include an antibody or
antigen-binding fragment or small molecule that specifically binds to PI-1 and reduces one or raore
of its immune-suppressive activities, for example, s downstream signaling or its interaction with PD-
Lt Specific examples of PD-1 antagonists or thibitors tnchude the antibodies nivolomab,
pembrolizumab, PDROGE, MK-3475, AMP-224, AMP-514, and pidilizumab, and antigen-binding
fragments thereof (see, e g, U.S. Patent Nog. 8,008,449, 8,993 731, 9,073,994, 2.084,776; 9,102 727,
9,102,728, 9,181,342, 9,217.034; 9,387,247: 8,492 539; 9,492 340; and U.§. Application Nos,
2012/0039906; 2015/0203579).

e some embodimends, the agent is a PD-L1 andagonist or juhubitor. As soted above, PR-L1 &5
one of the natural ligands for the PD-1 receptor. General examples of PD-L1 antagonists or mhibitors
inclade an antibody or antigen-binding fragment or small molecule that specifically binds to PD-L1
and reduces one or more of ifs immune-suppressive activities, for example, its binding to the PD-1
receptor. Specific examples of PD-L1 antagomists include the antibodies atezolizumab
{(MPDL3280A), avelureab (MSBOG1IG7180), and dorvalomab (MEDI4736), and astigen-binding
fragments thereof (see, ¢.g.. U.S. Patent Nos. 9,102,725; 9,393,301, 9,402,899, 9,439,962},

e some embodiments, the agent 1s a PD-L2 antagonist or ighibitor. As goted above, PE-L2 is
one of the natural ligands for the PD-1 receptor. General examples of PD-L.2 antagonists or inhibitors
include an antibody or antigen-binding fragment or small molecule that specitically binds to PD-L2
and reduces one or more of Hs immune-supprassive activities, for example, Us binding to the PD-1
receptor.

In some erabodiments, the agent ts a CTLA-4 antagowmst or nhibitor. CTLA4 or CTLA4
{cyiotoxic T-lymphocvie-associated protein 4), also known as CD132 {cluster of differentiation 152},
18 a protein receptor that functions as an inhibitory mnmune checkpomnt molecule, for example, by

fransmuitting inhibitory signals to T-cells when it 1s bound to CDR0 or CD&6 on the surface of antigen-
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presenting cells. General examples CTLA-4 antagomists or inhibitors inchude an antibody or antigen-
binding fragment or small molecuole that specifically binds to CTLA-4. Particolar examples mclude
the antibodics ipilimumab and tremelimumab, and antigen-binding fragments thereof. At lcast some
of the activity of ipilimumab 15 believed to be mediated by antibody-dependent cell-mediated
cytotoxicity (ADCC) killing of suppressor Tregs that express CTLA-4,

In some embodiments, the agent is an [DO antagonist or inhibitor, or 8 TDO antagonist or
mbibitor. IDGC and TDO are tryptophan catabolic enzyvmes with immaone-intibitory properties. For
example, IDO 1s known to suppress T-cells and N¥ cells, generate and activate Tregs and myeloid-
dertved suppressor cells, and promote tiraor angiogenesis. General examples of DO and TDO
antagonists or tnhibitors tachide an antibody or andigen-binding fragment or small molecule that
specifically binds to IDO or TDO (see, e.g., Platten ¢t al, Front Immunol, 5: 673, 2014) and reduces
or inhibits one or more iImmune-suppressive activitics. Specific examples of IDO antagonists or
inhibitors include mdoximod (NLG-8189), I-methyl-uyptophan (IMT), B-Carboline (norharmane;
SH-pyndof3.4-blindole), rosmarinic acid, and epacadostat {see, ¢.g., Shenidan, Nature Bistechnology.
33:321-322, 2015). Specific examples of TDO antagonists or inhibitors include 680CYT and LMIO
{see, ¢.g., Pilotte ot al,, PNAS USA 109:2497-25062, 2012).

In some erabodiments, the agent ts a TIM-3 antagonist or whibutor. Tcell Immunoglobulin
domain and Mucin domain 3 (TIM-3) is expressed on activated human CD4+ T-cells and regulates
Thi and Th17 cytokines. TIM-3 also acts as a negative regolator of Th1/Tcl function by triggering
cell death upon interaction with its ligand, galectin-9. TIM-3 contributes to the suppressive fumor
microenvironment and ifs overexpression is associated with poor prognosis in a variety of cancers
(sec, c.g., Lietal, Acta Oncol. 54:1706-13, 2015). General examples of TIM-3 antagonisis or
inhibitors include an antibody or antigen-binding fragment or small molecule that specifically binds to
TIM-3 and reduces or inhibits one or more of its Immune-suppressive aciivities,

In some embodiments, the agent 18 a LAG-3 antagonist or inhibitor. Lymphocvite Activation
Gene-3 (LAG-3) is expressed on activated T-cells, natural killer cells, B-cells and plasmacytoid
dendritic cells. Tt negatively regulates cellolar prohiferation, activation, and homeostasis of T-cells, in
a similar fashion to CTLA-4 and PD-1 (see, ¢.g., Workman and Vignali. Evropean Journal of Immun.
33:976-9, 2003: and Workman et al., Journal of mmuoan. 172; 5430-3, 2004), and has been reported
to play a role in Treg suppressive function (see, e.g., Huang et al., Inununity. 21: 503-13, 2004).
LAG3 also maintains CD8+ T-cells in a tolerogenic state and combines with PD-1 o maintain CD8
T-celt exhaustion. Geoeral examples of LAG-3 antagonists or inhibitors include an antibody or
antigen-binding fragment or small molecule that specifically binds to LAG-2 and inhibits ong or more
of its immone-suppressive activities. Specific examples inclade the antibody BMS-986016, and
antigen-binding fragments thereof,

In some embodiments, the agent is a VISTA antagonist or inlubitor. V-doman Ig suppressor

of T cell activation (VISTA) is primarily expressed on hematopotetic cells and s an inhibitory
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e checkpoint regulator that suppresses T-cell activation, imduces Foxp3 expression, and 1s
highly expressed within the tumor mucroenvironment where if suppresses anti-twmor T cell responses
{(see, ¢.g., Lines et al., Cancer Res. 74:1924-32, 2014}, General examples of VISTA antagonists or
nhibitors inclade an antibody or antigen-binding fragment or small molecule that specifically binds to
VISTA and reduces one or more of s immune-suppressive activiiies.

In some embodiments, the agent 1s a BTLA antagonist or inhibitor. B~ and T-lymphocyte
attenuator (BTLA; CD272) expression is induced during activation of T-cells, and it inhibits T-cells
via interaction with tumor necrosis family receptors (TNF-R) and B7 family of cell surface receptors.
BTLA s a ligand for tumor necrosis factor (receptor) superfamily, member 14 {TNFRSFi4), also
known as herpes virus entry mediator (HVEM). BTLA-HVEM coraplexes negatively regulate T-cell
immune responses, for example, by inhibiting the function of human CD3+ cancer-specific T-cells
(see, e.g., Derr¢ etal, J Chin Tavest 12015767, 2009). General examples of BTLA antagonists or
inhibitors include an antibody or antigen-binding fragment or small molecule that specifically binds 1o
BTLA-4 and reduce one or more of its immune-suppressive activities.

e some embodimends, the agent is an HVEM andagonist or inhubitor, for example, an
antagomst or inhubitor that speciflically binds to HVEM and interferes with its interaction with BTLA
or CD160. General examples of HVEM antagonists or inlubiiors inciude an antibody or antigen-
bimdmg fragment or small molecule that specifically binds to HVEM, optionally reduces the
HVEM/BTLA and/or HVEM/CD160 wteraction, and thereby reduces one or more of the numune-
suppressive activities of HVEM.

In some embodiments, the agent 1v a CD160 antagomst or inhibitor, for example, an
antagouist or inhibitor that specifically binds to CD160 and interferes with its inderaction with HVEM.
General examples of CD160 antagonists or inlubitors inchade an antibody or antigen-binding fragment
or small molecule that specifically binds to CD 160, optionally reduces the CDHOO/HVEM interaction,
and thereby reduces or inhibits one or more of is immune-suppressive activities.

In some embodiments, the agent 1s a THGIT antagomst or iphibitor. T cell Ig and [TIM
domain (TIGIT) 18 a co-inbiibitory receptor that is found on the surface of a variety of lymphoid celis,
and suppresses antitupor wmmunity, for example, via Tregs (Kurtulus et al., J Clin Invest. 125:4053-
40062, 2013). General examples of TIGIT antagonists or inbibitors mclude an antibody or antigen-
binding fragment or small molecule that specifically binds to TIGIT and reduce one or more of its
nnmne-suppressive activitics (see, ¢.g., Johnston ¢t al., Cancer Cell. 26:923-37, 2014,

1u certain erabodiments, the tounune checkpoint modulatory agent s an agounist of one or
nmore sumulatory immune checkpoint molecules. Exemplary stimulatory immune checkpoint
molecules melade OX40, CD40, Glucocorticotd-Induced TNFR Family Related Gene (GITR),
CDI37 (4-1BB), CD27, CD28, CD226, and Herpes Virns Entry Mediator (HVEM).

s some embodiments, the agent 18 an OX40 agonist. OX40 {CD134) promotes the expansion
of effector and memory T cells, and suppresses the differentiation and activity of T-regulatory celis
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{sce, e.g., Croft et al., mmunel Rev. 229:173-91, 2009). Iis hgand 15 OX40L (CD252). Since OX40
signaling mflucnces both T-cell activation and survival, i plays a key role 1 the utiation of an andi-
tumor immune response in the lymph node and in the maintenance of the anti-tumor mmune response
in the twmor microenviromment. General examples of OX40 agonists include an antibody or antigen-
binding fragment or small molecule or ligand that specifically binds to OX40 and increases one or
more of 1ts immunostimulatory acfivitics. Specific examples include OX86, OX-40L, Fo-OX40L,
GSK3174998, MEDIGS62 (g humanized OX40 agonist), MEDI6469 (murine OX4 agonist), and
MEDI6383 (an OX40 agonist), and antigen-binding fragraents thereof.

e some embodiments, the agent 18 a CD4O agonist. D40 1 expressed on antigen-presenting
cells (APC) and sorac raalignancies. It Hgand 1s CD40L (CD154). On APC, ligation results in
upregulation of costimulatory molecules, potentially bypassing the need for T-cell assistance in an
aatitomor imraune response. C40 agonist therapy plays an important role in APC matwration and
their migration from the tumor to the lymph nodes, resulting o elevated antigen presentation and T
cell activation. Anti-CDM4O agonist antibodies produce substantial responses and durable anticance
mmmunty in animal models, an effect mediated at keast in part by cytotoxic T-cells (see, ¢.g., Johnson
etal. Chin Cancer Res. 21 1321-1328, 2015; and Vonderheide and Glennie, Chn Cancer Res.
19:1035-43, 2013). General exarples of CD40 agomsts inclade an antibody or antigen-binding
fragment or small molecule or ligand that specifically binds to CD40 and increases one or more of iis
unmpnostinmdatory activities. Specific examples include CP-870,893, dacetuzuimab, Cha Lob 7/4,
ADC-1013, CD40L, rhCD40L, and antigen-binding fragments thereof

In some embodiments, the agent is a GITR agonist. Glucocorticoid-Induced TNFR family
Related gene (GITR) increases T cell expansion, inhibits the suppressive activity of Tregs, and
extends the survival of T-effector cells. GITR agonists have becn shown to promote an anti-tumor
response through loss of Treg lineage stability (sce, e.g., Schaer ¢t al., Cancer Immunol Res, 1:320-
31, 2013). These diverse mechanisms show that GITR plays an important role in initiating the
mmmune response i the lvmph nodes and in maintaining the munune response in the tumor tissue. Its
bgand is GITRL. General examples of GITR agonists include an antibody or antigen-binding
fragment or small molecule or ligand that specifically binds to GITR and increases one or more of its
mnmunostinndatory activities. Specific examples include GITRL, INCAGNG1876, DTA-1,
MEDIIB73, and antigen-binding fragments thereof,

{n some embodiments, the agent 15 a CD137 agonist. CD137 (4-1BB) 1s a member of the
tumor necrosis factor (TNF) receptor family, and crosslinking of C 137 enbances T-cell
proliferation, IL-2 secretion, survival, and cytolytic activity. CD137-mediated signaling also protects
T-cells such as CDB+ T-cells from activation-induced cell death. General examples of CD137
agonists mchude an antibody or antigen-binding fragment or small molecule or ligand that specifically

binds to CD 137 and increases ong or more of its timmunostimolatory activities. Specific examples
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include the CD137 (or 4-1BB) higand (sce, e.g., Shao and Schwarz, J Leukoe Biol. 89:21-9, 2011) and
the antibody wiomilumab, mcluding antigen-binding fragments thereof.

In some erabodiments, the agent 15 a CD27 agowist. Stimmlation of CD27 increases antiges-~
specific expansion of naive T cells and contributes to T-cell memory and long-term maintenance of T-
cell unnity. ks igand 15 CD70. The targeting of homan CD27 with an agowist antibody sttmulates
T-cell activation and antitumor imnnmity (sce, e.g., Thomas et al., Oncommmunoclogy. 2014;3:¢27253.
dot:10.4161/00c1.27255; and He et al |, § lmmonol. 191:4174-83, 2013). General examples of CD27
agonists mchude an antibody or antigen-binding fragment or small molecule or ligand that specifically
binds to CD27 and mereases one of more of ds inmanostimulatory activities. Specific examples
include CD70 and the antibodies varlilumab and CDX-1127 (1F5), including antigen-binding
fragments thereof.

e some embodimends, the agent is a CD2¥ agonist, CD28 (s counstitutively expressed CD4+ T
cells some CD8+ T cells. lis ligands include CD8O and CD8S, and its stimulation increases T-cell
expansion. General examples of CD28 agonists include an antibody or antigen-binding fragrment or
srealf reclecule or figand that specifically binds to D28 and increases one or more of ifg
mnmuenostimulatory acuvities. Specific examples include CD8O, CDE6, the antibody TABOE, and
antigen-binding fragments thereof

{6 some embodiments, the agent 18 CD226 agonist. CD226 18 a stimulating receptor that
shares ligands with TEGIT, and opposite to TEGIT, engagement of CD226 enbances T-cell activation
(see, ¢.g., Kurtulus et al., J Clin Invest. 125:4053-4062, 2015, Bottino et al., ] Exp Med. 1984:5357-
567, 2003, and Tahara-Hanaoka et al., Int Immunol 16:533-538, 2004}, General examples of CD226

agonists iochide an antibody or antigen-bioding fragment or small molecule or Hgand {e.g., CD112,

CD153) that specifically binds to CD226 and increases one or more of its immunostimulatory
activitics.

In some embodiments, the agent 18 an HVEM agonist. Herpesvirus entry mediator (HVEM),
also known as twmor necrosis factor receptor superfamily member 14 (TNFRSF14), 1s a homan cell
surface receptor of the TNF-receptor superfaratly. HVEM is found ou a vavety of cefls including T-
cells, APCs, and other immune cells. Unlike other receptors, HVEM is expressed at ligh levels on
resting T-cells and down-regulated upon activation. 1t has been shown that HVEM signaling plays a
crucial role in the carly phases of T-cell activation and during the expansion of tumor-specific
fymphocyte populations in the lvmph nodes. General examples of HVEM agonists include an
antibody or antigen-binding fragment or small molecule or ligand that specifically binds to HVEM
and mcreases one or more of s immunestinndatory activities.

In certain embodiments, the cagcer immunotherapy agent is a cancer vacoine. Exeraplary
cancer vaccines include Oncophage, human papillomavirus HPV vacomnes such Gardasil or Cervarix,
hepatitis B vaccines such as Engerix-B, Recombivax HB, or Twinrix, and sipulence-T (Provenge). In

some embodimends, the cancer vaccing coraprises or wiilizes one OF 100IC CANCEr aniigens, OF cancer-
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agsociate d antigens. Exemplary cancer antigens include, withoot limitation, human HerZ/meu,

Her lI/EGF receptor (EGFR), Her3, A33 antigen, B7H3, CDS3, CD19, CD20, CD22, CD23 (Jgb
Receptor), MAGE-3, C242 antigen, 574, TL-6, [L-13, vascular endothehial growth factor VEGF (e g,
VEGEF-AY VEGFR-1, VEGFR-2, VEGFR-3, NRP2, CD30, CD33, CD37, CD40, CD44, CD3L, CD32,
CD36, CD74, CDRO, CD152, CD206, CD221, CCR4, HLA-DR, CTLA-4, NPC-1C, tenascin,
vimentin, msulin-like growth factor 1 receptor (IGF-1R), alpha-fetoprotein, msulin-like growth factor
1 (IGF-1), carbonic anhydrase 9 (CA-IX), carcinoembryonic antigen (CEA), guanylyl oyclase C, NY-
ESO-1, p33, survivin, integrn avp3, integrin 351, folate receptor 1, transmerabrane glycoprotein
NMB, fibroblast activation protein alpha (FAP), glycoprotein 75, TAG-72, MUCT, MUCIE6 (or CA-
123}, phosphatidylserine, prostate-specific membrane antigen (PSMA), NR-LU-13 antigen, TRAIL-
R1, tumor necrosis factor receptor superfamily member 10b (TNFRSF10B or TRAIL-R2), SLAM
farpddy mernber 7 (SLAMFT), EGP46 pancarcinoras antigen, B-oeH activating factor (BAFF), platelet-
derived growth factor receptor, glycoprotein EpCAM (17-1A), Programmed Death-~1, protein
disulfide isomerase (PDI), Phosphatase of Regenerating Liver 3 (PRL-3), prostatic acid phosphatase,
Lewis-Y antigen, GD2 {(a disialoganglioside expressed on tumors of neuroectodermal origing,
ghvpican-3 (GPC3), and mesothelin.

In certain embodiments, the cancer immunctherapy agent is an oncolytic virus. An oncolyiic
virus is a virns that preferentially infects and kills cancer cells. Included are naturally-occurring and
man-made or engineered oncolytic vinises. Most oncolytic viruses are engineered for tomor
selectivity, although there are naturally-occurring examples such as Reovirus and the SVV-001
Sencea Valley viras. General examples of oncolytic virases mnclude VSV, Poliovirus, Reovirus,
Sewecavivus, and RIGVIR, aud engiucered versions thereof, Non-hmiting examples of oncolytic
viruses include herpes simplex virus (HSV) and engincered version thereof, talimogene laherparepvec
{T-VEC), consackievirus A21 (CAVATAK™), Oncorme (H101), pelarecrep (RECLYSIN®), Sencca
Valley virus (NTX-010), Sernecavirus SVV-001, ColoAdl, SEPREHVIR (HSV-1716), CGTG-162
{AdS/3-D24-GMCSE), GL-ONC1, MV-NIS, and DNX-2401, among others.

In certain embodiments, the cancer immunotherapy agent is a cviokine. Exemplary cytokines
mclude mterferon (IFN)-~a, 1L-2, 1L-12, 1L-7, [L-21, and Granulocyte-macrophage colony-stimulating
factor (GM-CSF).

In certain embodiments, the cancer immunotherapy agent is cell-based immunotherapy, for
example, a T-cell based adoptive immunotherapy. In some embodiments, the cell-based
mmunotherapy comprises cancer antigen-specific T-cells, optionally ex vivo-derived T-cells. In some
embodiments, the cancer antigen-specific T-cells are selected from one or more of chimeric antigen
receptor {CAR-modified T-cells, and T-cell Receptor (TCRy-modified T-cells, turnor mfiltrating
Iymphocytes (TILs), and peptide-induced T-cells. In specific embodiments, the CAR-~modified T-cell

18 targeted against CB-19 (see, ¢.g., Maude et al., Blood. 123:4017-4023, 2015).
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In certain mstances, the cancer to be treated associates with the cancer antigen, that 1s, the
cancer antigen-specific T-cells are targeted against or enriched for at least one antigen that is known
to associate with the cancer to be treated. In some embodiments, the cancer antigen 1s selected from
one or more of CD19, human Her2/neu, Her /EGE receptor (EGFR), Her3, A33 antigen, B7H3, CD3,
CD20, CD22, CD23 (1gE Receptor), MAGE-3, €242 antigen, 5T4, 1L-6, IL-13, vascular endothelial
growth factor VEGF (e.g., VEGF-A) VEGFR-1, VEGFR-2, CD30, CD33, CD37, CD40, CD44,
CD31, CD32, CD56, CD74, CD80, CD132, CD200, CD221, CCR4, HLA-DR, CTLA-4, NPC-1C,
tenascin, vimentin, insulin-like growth factor 1 receptor (IGF~1R), alpha-fetoprotem, mesulin~hike
growth factor 1 {EGF-1), carbonic anhydrase 9 (CA-IX), carcincembryonic antigen (CEA), guanyivl
cyclase C, NY-ERQ-1, p53, survivin, ntegrin avBl, integrin o381, folate recepior 1, transmembrane
glycoprotein NMB, fibroblast activation protein alpha (FAP), glycoprotein 75, TAG-72, MUCH,
MUC16 (or CA-123), phosphatidyiserine, prostate-specific membrane antigen (PMSA), NR-LU-13
antigen, TRAIL-R1, tmor necrosis factor receptor superfamily member 10b (TNFRSFI0B or
TRAIL-R2), SLAM family member 7 (SLAMF7), EGP40 pancarcinoma aptigen, B-cell activating
factor (BAFE), platelet-derived growth factor receptor, glycoprotein EpCAM (17-1 A}, Programmed
Death-1, protemn disulfide isomerase (PDI), Phosphatase of Regenerating Liver 3 (PRL-3), prostatic
acid phosphatase, Lewis-Y antigen, GDZ (a distaloganglioside expressed on tumors of
neuroectodermal origin, glypican-3 (GPC3), and mesothelin.

Additional exemplary cancer antigens mchude 574, 707-AP, SD7, AFP, ADZIP HPGL, alpha-
S-beta-1 -integrin, alpba- 3-beta-G-integrin, alpha-actinin~-4/m, alpha-methylacyl-coenzyme A
racemase, ART-4, ARTCi/m, B7H4, BAGE-1, BCL-2, ber/abl, beta~catenin/m, BING-4, BRCAl/m,
BRCA2/m, CA 15-3/CA 27-29, CA 19-9, CAT2-4, CA1235, calreticulin, CAMEL, CASP-8/m,
cathepsin B, cathepsin L, CDC27/m, CDE4/m, CDKNZA/m, CEA, CLCA2, CML28, CML66, COA-
1/m, coactosin-like protein, collage XX, COX-2, CT-9/BRD6, Clen, cyclin B, cychin DY, cyp-B,
CYPBI, DAM-10, DAM-6, DEK-CAN, EFTUD2/m, EGFR, ELF2/m, EMMPRIN, EpCam, EphA2,
EphA3, ErbB3, ETVe-AMLY, EZH2, FGF-3, FN, Frau-1, G230, GAGE-1, GAGE-2, GAGE-3,
GAGE-4, GAGE-3, GAGE-6, GAGETb, GAGE-8, GDEP, GnT-V, gpl00, GPC3, GPNMB/m,
HAGE, HAST-2, hepsin, Her2/nen, HERV-K-MEL HLA-A*0201-R1 71, HLA-AL 1/m, HLA-~
AZ/ma, HNE, homeobox NKX3.1, HOM-TES-14/SCP-1, HOM-TES-83, HPV-E6, HPV-E7, HSP7(-
2M, HST-2, hTERT, 1CE, IGF-1 R, [L-13RaZ2, TL-2R, IL-53, immature lammin receptor, kallikrein-2,
kallikrein-4, Ku67, KIAAQ20S, KIAAO208/m, KK-LC-1, K-Ras/m, LAGE-AL LDLR-FUT, MAGE-
AL MAGE-AZ, MAGE- A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-AT0, MAGE-ALZ,
MAGE-B1, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B3, MAGE-B6, MAGE-B10, MAGE-B1 ¢,
MAGE-B1 7. MAGE-CI, MAGE-C2, MAGE-C3, MAGE-D1, MAGE- D2, MAGE-D4, MAGE-E],
MAGE-E2, MAGE-FI, MAGE-HI, MAGEL2, mammaglobin A, MART-1/melan-A, MART-2,
MART-2/m, matrix protein 22, MCI R, M-CSF, ME1/m, mesothebin, MGS50/PXDN, MMP! 1,
MN/CA FX-antigen, MRP-3, MUC-1, MUC-2, MUM-1/m, MUM-2/m, MUM-3/m, myosin class Im,
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NABE-A, N-acetylglucosaminyliransferase-V, Neo-PAP, Neo-PAP/m, NFYC/m, NGEP, NMP22,
NPM/ALK, N-Ras/m, NSE, NY-E50-B, NY- ESC-1, OAL OFA-LRP, OGT, OGT/m, G5-9, O8-
9/m, osteocalcin, osteopontin, pt 3, p190 minor ber-abl, p33, p33/m, PAGE-4, PAIL-1, PAL-2, PAP,
PART-i, PATE, PDEF, Pim-1 Kinase, Pin-1, PmI/PARalpha, POTE, PRAME, PRDX5/m, prostemn,
proteinase-3, PSA, PRCA, PSGR, PSM, PSMA, PTPRE/m, RAGE-1, RBAF6O0/m, RHAMM/ACDI
68, RUT, RUZ, 8100, SAGE, SART-1, SART-2, SART-3, 5CC, SIRT2/m, Spt 7, $8X-1, 88X~
2/HOM-MEL-40, SSX-4, STAMP-1, STEAP-1, survivin, survivin-2B, 3YT-35X-1, SYT-38X-2,
TAGG, TAG-72, TARP, TEL-AMLI, TGF-beta, TGFbetaRI, TGM-4, TP/m, TRAG-3, TRG, TRP-
1, TRP-2/6b, TRI/INT2, TRP-p8, tyrosinase, UPA, VEGFRE, VEGFR-2/FLK-1, aud WT1. Certain
preferred antigens taclude p33, CA125, EGFR, Her2/neu, hTERT, PAP, MAGE-AT, MAGE-A3S,
Mesothelin, MUC-1, GPI00, MART-1, Tyrosinase, PSA, PSCA, PSMA, STEAP-1, Ras, CEA and
WT1, and maore preferably PAP, MAGE-A3, WT1, and MUC-L.

In some embodiments the antigen is selected from MAGE-A1 (e.g., MAGE-AT according to
accession mimber M77481 ), MAGE-A2, MAGE-A3, MAGE-A6 (¢.g.. MAGE-AG according to
accession nomber NM_ 005363, MAGE-CH, MAGE-C2, melan-A (2.g., melan-A according to
accession number NM_ 00351 1), GPI00 (e.g., GP100 according o accession number M77348),
tyrosinase (¢.g., tyrosimase according to acoession number NM_000372), survivin (2.2, survivin
according to accession number AF077350), CEA (e.g., CEA according to accession number
NM_004363), Her-2/neu (e.g., Her-2/nen according to accession nwmber M1 1 730), WTl(e g, WTI
according to accession number NM_000378), PRAME (c.g., PRAME according to accession number
NM 0061 13), EGFRI (epidermal growth factor receptor 1) {e.g., EGEFRI {epidermal growth factor
receptor 1) according 1o accession nmuntber AF288738), MUCH, mucin-1 {e.g., raucin-1 according {o
accession nomber NM_ 002456, SEC61 G (¢.g., SECO1 G according to accession number
NM 014302, hTERT (e.g., hTERT accession nwnber NM_ 1982533, 5T4 (c.g., 53T4 according to
accession number NM_006670), TRP-2 (e.g., TRP-2 according to accession nuraber NM 001 9223,
STEAPI (Six~-transmembrane epithelial antigen of prostate 1), PSCA, PSA, PSMA ete.

In some erabodiments, the cancer antigen is selected from PCA, PSA, PSMA, STEAP, and
optionally MUC-1, mmcluding fragments, vananis, and denivatives thercof. In some embodiments, the
cancer antigen selected from NY-ESQ-1, MAGE-CH, MAGE-C2, survivin, 5T4, and optionally
MUC- 1, including fragments, varianis, and derivatives thereof.

In some instances, cancer antigens encompass idiotypic antigens associated with a cancer or
tumor disease, particularly lyvmphoma or a lympborma associated disease, for exaraple, wherein the
idiotypic antigen is an immunoglobulin idiotype of a lympheid blood cell or a T cell receptor 1diotype
of a lymphoid blood cell.

o some mstasces, the cancer astigen-specific T-cells are selected from one or more of
chimeric antigen receptor {(CAR)-modified T-cells e g, targeted against a cancer antigen), and T-cell

Receptor (TCR-modified T-cells, tumor infilirating lvmphocyics (THLs), and peptide-induced T-cells,
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The skilled artisan will appreciate that the various cancer bumunotherapy agents described
herein can be combined with any one or more of the various anti-NRP2a antibodies (inchuding
antigen-binding fragments thereof) described hercin, and vsed according to any one or raore of the
methods or compositions described herein.

Chemotherapeutic Agenss. Cortain euvbodiments eraploy one or raore chemotherapeutic
agents, for example, small molecule chemotherapeutic agents. Non-hmiting examples of
chemotherapeutic agents include alkyvlating agents, anti-metabolites, cytotoxic antibiotics,
topoisomerase inhibitors (type 1 or fvpe ), an anti-microtubule agents, among others.

Exaraples of alkvlating ageunts rachude mitrogen mustards {e.g., mechlorethamine,
cyclophosphamide, mustine, melphalan, chlorarabucil, ifosfaraide | and busulfan), nitroscureas (e.g.,
N-Nitroso-N-methylurea (MNLD, carmustine (BONU), lomustine (CONUD, semusting (MeCCNDY,
fotemustine, and streplozotocing, tetrazines (e.g., dacarbazine, mitozolomide, and temozolomide),
aziridines {e.g., thiotepa, ravtomycin, and diaziguone (AZQ)), cisplatins and derivatives thereof (e.g.,
carboplatin and oxaliplatin}, and non-classical alkylating agents {optionally procarbazine and
hexamethylmelamine).

Examples of anti-metabolites mclude anti-folates (e.g., methotrexate and pemetrexed),
flaoropyrimidines (¢.g.. S-fluorouracit and capecitabine), deoxynucleoside analoguces {g.g., ancitabine,
cnocitabine, cytarabine, gemcitabine, decitabine, aracitidine, fludarabine, nelarabine, cladribing,
clofarabine, fhudarabine, and pentostating, and thicponnes {e.g., thicgoanine and mercapiopurine),

Examples of cytotoxic antibiotics include anthracyclines {(¢.z., doxorubicm, daunorubicin,
epirubicin, idarubicin, pirarubicin, aclarubicin, and mitoxantrone), bleomycins, mitomycin C,
mitoxantrope, and actinomycin. Examples of topoisomerase imhibitors include caraptothecin,
irinotecan, topotecan, etoposide, doxorubicin, nutoxanirone, teniposide, novobiocin, merbarone, and
aclarubicin,

Examples of anti~-microtubule agents include taxanes (¢.g., paclitaxel and docetaxel) and
vinea atkalowds {e.g., vinblastine, vincristine, vindesine, vinorelbing).

The skilled artisan will appreciate that the various chemotherapeutic agents described herein
can be combined with any one or more of the various anti-NRP2a antibodies (ncluding antigen-
binding fragments thereof) described herein, and used according to any one or more of the methods or
compositions described herein,

Hormonal Therapentic Agents. Certain embodiments employ at least one hormonal
therapentic agent. General examples of bormonal therapeutic agents inchude hormonal agorasts and
hormonal antagomsis. Particular examples of hormonal agonists include progestogen (progesting,
corticosteroids (e.g., prednisolone, methylprednisolone, dexamethasone}, msuhn bke growth factors,
VEGE derived angiogenic and lymphangiogenic factors (e.g., VEGF-A, VEGF-A145, VEGF-A1635,
VEGF-C, VEGF-D, PIGF-2), fibroblast growth factor (FGF), galectin, hepatocyte growth factor
{HGE), platelet derived growth factor (PDIGE), ransforoung growth factor (TGF)-beta, androgens,
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estrogens, CCL21, and somatostatin analogs. Examples of hormonal antagonists mchude hormone
synthesis nhibitors such as aromatase inhibitors and gonadotropmn-releasing hormone (GnRH)s

., leuprolide, goserclin, iriptorelin, histrelin) inchuding analogs thercof. Also included are

£

agonists (e
hormone receptor antagomist such as selective esirogen receptor modulators (SERMs; ¢ g, tamoxifen,
rafoxifene, toremifene) and anti-androgens {c¢.g., flutamide, bicalutamide, nidutamide).

Also inchided are hormonal pathway inhibitors such as antibodies directed agamst hormonal
receptors. Examples include inhibitors of the the IGF receptor (¢.g., IGF-IR D) such as cixutumumab,
dalotuzumab, figitumumab, ganitumab, stiratumab, and robatumumab; inhibitors of the vascular
endothelial growth factor receptors |, 2, or 3 (VEGFEFRI, VEGEFR2 or VEGFR3) or their hgands sach
as alacizumab pegol, bevacizuraab, icrocumab, ramucitumab; ohibitors of the TGF-beta receplors
Ri, R2, and R3 such as fresolimumab and metelimumab; habitors of e-Met such as naxitamab;
whibitors of the EGF receptor such as cetoximab, depatuxizumab mafodotin, fotnximab,
ingatuzumab, laprituximab emitansine, matuzumab, modotuximab, necitumumab, nimotursumab,
panitirmumab, tormuzotuximab, and zalutumumaly; inhibitors of the FGF receptor such as aprotumab
ixadotin and bemaritozumab; mbibitors of CCR7; and inhibitors of the PDXGF receptor such as
olaratmab and tovetumab.

The skilled artisan will appreciate that the various hormonal therapeutic agents described
herein can be combined with any one or more of the various anti-NRP2a antibodies (including
antigen-binding fragments thereof) described herein, and used according o any one or more of the
methods or compositions described herein.

Kinase fnhibitors. Certain embodiments employ at least one kinase inhibitor, including
tyrosine kinase inhibitors. Examples of kinase inhibitors inctude, without limitation, adavosertib,
afanitib, aflibercept, axitinib, bevacizumab, bosutinib, cabozantinib, cetuximab, cobimetinib,
crizotimb, dasatimb, entrectinnb, erdafitinib, erlotimb, fostamitinib, gefitinib, ihratinb, imatinib,
fapatinib, lenvatinib, mubritinib, nilotinib, panitmumab, pazopanib, pegaptanib, ponatinib,
ramabizumab, regorafenib, ruxolitinib, sorafentb, sunitinib, SUGGS6, tofacitinib, frastuzumab,
vandetanib, and vernuafenid, Exemplary P13 kinase whibttors tnclude alpelisib, buparlisib, copanlistb,
CUDC-907, dactolisib, duvelisib, GNE-477, idelasib, [P1-349, LY 294002, ME-401, perifosing, Pl-
103, pictilisib, PWT33597, RP6503, taselisib, urbralisib, voxtalisib, wortmanmin, and XL147

The skilled artisan will appreciate that the various Kkinase mhibitors described herein can be
combined with any one or more of the various anti-NRF2a antibodies (including antigen-binding
fragmenis thereof) described herein, and vsed according to any one or raore of the methads or

compositions described herein.

Methods of Use and Therapeutic Compositions
Embodiments of the present disclosare relate 1o part to the discovery that certain human

geuropiin 2 (NRP2) polypeptides, specifically NRP2a v1 and v2, contain unigue juxiamerabrane
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domain sequences that mediate binding nteractions with NRP2a vIiA2 higands such as CCL2T and/or
CCR7. Such CCL2V/CCR7-uteracting domains are not found 10 buman NRP2b v4 and NRP2b v5
polypeptides, and arc only partially present in buman NRPZa v3. Accordingly, antibodies that
selectively bind o human NRP2a vl and/or v2, relaive to NRP2b v4 and NRP2b v5, and which
wohibit or otherwise inderfore with the binding between NRP2a vin2 and CCL2I/CCRT, can be used
to modulate downstream signaling events of these pathways. Such antibodies can be used as
standalone therapies in the treatiment of diseases, mchuding NRP2-associated discases, or in
corabination with other therapeutic agents as described herein.

Certatn embodieents therefore wnchide methods of treating, ameliorating the symptoms of,
and/or reducing the progression of, a discase or condition in a subject in nead thereof, comprising
administering to the subject at least one antibody or antigen-binding {ragment thereof that binds to a
human NRP2a vi and/or v2 polvpeptide, as describad berein. Tn some instances, an antibody or
antigen-binding fragment thercof modulates (¢.g., antagonizes) the binding between the NRP2a vl
and/or v2 polypeptide and CCL21 and/or CCR7. In some embodiments, the anti-NRP2a antibody, or
antigen-binding fragment thereof, binds selectively o the NRP2a varant 1 and/or 2 iscforms, and
does not substantially bind to the NRF2b v4 and v5 1soforms. In some embodiments, an anubody or
antigen-binding fragment thereof modulates the signaling activities that resalt from the interaction
between NRP2a vl and/or v2 polypeptides and NRP2a ligands such as CCL2V/CCR7,

Some embodunents include administering an anti-NRP2a antibody or antigen-binding
fragment thereof in an amount and at a frequency sufficient to achieve a steady state concentration, or
average circolating concentration, of anti-NRP2a antibody or antigen-binding fragment thereof of
between about 1 nM and about 1 uM, between about 1 nM and about 160 rM, between about T oM
and about 10 nM, or between about § oM and about 3 puM.

In certain embodiments, the disease or condition 1s an NRP2-associated disease or condition.
In some embodiments, the NRP2-associated discase or condition is selected from one or more of
cancer and diseases and pathways associated with cancer, including cancer cell growth, initiation,
migration, adhesion, 1nvasion, chemoresistance, and/or metastasis; discases associated with
mf{lammation, avtoimmunity, and related inflammatory diseases, including discases associated with
mappropriate immune cell activation or migration such as graft versos host disease (GVHDY), diseases
associated with lymphatic development, lymphangiogenesis, and lvmphatic damage, mcluding, for
example, edema, lymphedema, secondary lymphedema, inappropriate fat absorption and deposition,
cxcess fat deposition, and vascular permeability; diseases associated with infections, including latent
mfections; discases associated with allergic disorders/discases, allergic responses, including, for
example, chronic obstructive pulmonary disorder (COPDY), neutrophilic asthma, antineutrophil
cytoplasmic antibody (ANCA)-associated systemic vasculitis, systemic lupus ervihematosus,

rheumatoid arthrtis, inflammasome-related discascs, and skin-related neotrophil-mediated diseases

such as pyoderma gangrenosum; discases associated with granulomatous mflaramatory discases,

#1



WO 2023/076998 PCT/US2022/078780

including sarcoidoesis and granulomas; diseases associated with fibrosis including fibrotic diseases,
fibrogis, endothelial to mesenchymal transition (EMT), and wound healing; diseases associated with
inappropriate smooth muscie contractility, smooth muscle compensation and decompensation, and
mappropriate vascular smooth muscle cell mugration and adhesion; diseases associated with
raappropriate avtophagy, phagocytosis, and efferocytosis; discases associated with neuronal diseases,
peripheral nervous system remodeling, and pain perception; diseases associated with bone
developmeni and bone remodeling.

in some embodiments, the discase is a cancer. Certain embodiments thus imclude methods of
treating armchiorating the symptoms of, or mhibiting the progression of, a cancer 1 a subject in need
thereof, comprising administering to the subject at least one antibody or antizgen-binding fragment
thereof that specifically binds to a human NRPZa vi and/or v2 polypeptide {an anti-NRP2a antibody),
and which modulates (e.g., interforcs with) binding of the human NRP2a polypeptide to a uman
NRPZa ligand (for example, an NRP2a ligand from Table N2 such as CCL21 and/or CCRT). Certain
embodiments clude reducing or preveniing the re-emergence of a cancer 1 a subject 1 need
thereof, for exaraple, a metastatic cancer and/or a chemoresistant cancer, wherein adrainistration of
the therapeutic composttion enables gencration of an immune memory to the cancer.

In some-instances, an anti-NRP2a antibody or antigen-binding fragment thereof reduces
cancer initiation, cancer cell migration, adhesion, or cancer cell metastasis by about or at least about
5,10, 15,20, 25,30, 35,40, 45, 50, 60, 70, 804, 90, 100, 200, 300, 400, 300, 600, 700, 800, 206, 1000,
2000% or more relative to an untreated control. In some-instances, an anti~NRP2a antibody or
antigen-binding fragment thereof reduces cancer mediated lymphangiogenesis by about or at least
about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300, 400, 300, 500, 700, 800, 900,
1000, 2600% or more relative to an unireated control. Tn some embodiments, an anti-NRP2a antibody
or antigen-binding fragment thereof inhuibits or redaces the rate of migration or motility of the cancer
or a migratory cell (for example, cancer or impume cells isolated from a biopsy or other sample
grown {n vitre) by about or at least about 3, 10, 13, 20, 25, 30, 35, 40, 45, 30, 60, 70, 80, 90, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 2000% or more relative to an untreated control, In some
embodiments, an anti-NRFP2a antibody or antigen-binding fragment thereof reduces the mvasiveness
of the cancer (for exanple, cancer cells isolated from a biopsy or other sample grows in vitro) by
about or at least about 5, 10, 15, 20, 25, 30, 35, 40, 43, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, 2000% or more relative to an unireated control.

e some embodimends, an anti-NRP2a antibody or antiges-binding fragment thereof enhances
the susceptibility of the cancer to an additional agent (for example, chemotherapeutic agent, hormonal
therapeutic agent, and or kinase inhibitor) by about or at least about 3, 10, 13, 20, 25, 30, 35, 40, 45,
30, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or more relative to the
additional agent alone. In some embodiments, an anti-NRP2a antibody or antigen-binding fragment

thereof enhances an anti-tumor and/or immunostinulatory activity of 3 cancer immunotherapy agent
o o o
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by about or at feast about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, 2000% or more, relative to the cancer inmunotherapy agent alone.

Also melnde are combination therapies for freating cancers, ncluding methods of treating
ameliorating the symptoms of, or inhibiting the progression of, a cancer in a subject in need thereof,

coraprising administering o the subject at least one antibody or antigen-binding fragmend thersof that

specitically binds to a human NRP2a vi and/or v2 polypeptide (an anti-NKPZa antibody} in

combination with at least one additional agent, for example, a cancer immunotherapy agent, a

chemotherapeutic agent, a horraonal therapeutic agent, and/or a kinase inbibitor, Excraplary cancer

inmunctherapy agents, chemotherapeutic agents, hormonal therapentic agents, and kinase inhibitors

are described elsewhere herein.

In some instances, an anti-NRP2a antibody, or antigen-binding fragment thereof, and the at

least one additional agent are administered separately, for example, in separate therapeutic

compositions and at the same or different times. In some embodiments, an anti~-NRP2a antibody, or

antigen-binding fragment thereof, and the at least one additional agent are administered as part of the

same therapeutic composition, at the same tme.

Particular methods employ one or more anti-NRP2a antibodies, or antigen-binding fragments

thereof, as part of (i.¢.. m addition t0) a combimnation therapy regimen. Exeraplary combination

regiments are provided in Table M1 below.

Table M1. Combination Therapy Regimens
Cancer Type Agents Agronyvon
Breast Cancer Cyclophosphamide, methotrexate, 5-fluorouracil, CMF
vinorelbing
Doxorubicin, cyclophosphamide AC
Hodgkin’s lymphoma Docetaxel, doxorubicin, cvclophosphamide TAC
Doxorubicin, bleomyein, vinblastine, dacarbazine ABVD
Mustine, vincristing, procarbazine, predmisolone MOPP
Non-Hodgkin's Cyclophosphamide, doxorubicin, vincristing, CHOP
{vmphoma prednisolone
Germ cell tumor Bleomycin, etoposide, cisplatin BEP
Stomach cancer Epirubicin, cisplatin, S-fluorouraci ECF
Epirubicin, cisplatin, capecitabine ECX
Bladder cance Methotrexate, vincristing, doxorubicin, cisplatin MVAC
Lung cancer Cyclophosphamide, doxorabicin, vincristine, CAV
vinorelbine
Colorectal cancer S-fluorouracil, folinic acid, oxaliplatin FOLFOX
Pancreatic Cancer Leucovorin, fluorouracil, winotecan (Campiosar), FOLFIRINGX
oxaliplatin
Gemcitabine, nabpaclitaxel ABRAYANE

In some embodiments, the methods and therapeutic compositions described herein For

example, anti-NRP2a antibody, alone or in combination with at least one additional agent) increase

median survival time of a subject by 4 weeks,

weeks, 6 weeks, 7 weeks, 8 weeks, @ weeks, 10

5
weeks, 15 weeks, 20 weeks, 25 weeks, 30 weeks, 40 weeks, or longer. In certain embodiments, the




WO 2023/076998 PCT/US2022/078780

methods and therapeutic compositions described herein (for example, anti-NRP2a antibody, alone or
1 combination with at least one additional agent) mcrease median survival time of a sabject by 1
vear, 2 years, 3 years, or longer. In some embodiments, the methods and therapeutic compositions
described herein (for example, anti-NRP2a antibody, alone or in combination with cancer
mmunctherapy agent) increase progression-free survival by 2 weeks, 3 weeks, 4 weeks, 5 wecks, 6
weeks, 7 weeks, 8 weeks, @ weeks, 10 weeks or longer. In certain embodiments, the methods or
therapeutic compositions described herein mcrease progression-free sarvival by | year, 2 vears, 3
years, or longer.

In certain embodiments, the methods and therapeutic compositions described herein (for
example, anti-NRP2a antibody, alone or in combination with at least one additional agent) are
sufficient to result m tumor regression, as indicated by a statistically sigmificant decrease in the
amount of viable tumor, for example, at feast a 10%, 20%, 30%, 40%, 50% or greater decrease in
fumot mass, or by altered {e.g., decreased with statistical significance) scan dimensions. In certain
embodiments, the methods and therapentic compositions described herein (for example, anti-NRP2a
antibody, alone or in combination with at least one additional agent) are sufficicnt to result in stable
disease. In certain embodiments, the methods and therapeutic compositions described heremn (for
example, anti-NRP2a antibody, alone or in combination with cancer immunotherapy agent) are
sufficient to result in chnically relevant reduction in symptoms of a particular discase indication
known to the skilled chinician.

In some embodiments, an anti-NRP2a antibody increases, complements, or otherwise
¢nhances the anti-tumor and/or immunostimulatory activity of the cancer immunotherapy agent,
relative to the cancer tamunotherapy agent alone. In some embodiments, an anti-NRP2a antibody
enbhances the anti-tumor and/or iImmunostimulatory activity of the cancer imraunotherapy agent by
about, or at least about, 5, 1G, 15, 20, 23, 30, 35, 40, 43, 50, 60, 70, 80, 94, 100, 200, 300, 400, 500,
600, 700, 800, 500, 1000, 2000% or more, relative to the cancer immunotherapy agent alone.

The methods and therapeutic compositions described herein can be used in the treatment of
any variety of cancers or tomors. fo some embodimends, the cancer is a privaary cancer, 1.¢., a cancer
growing at the anatomical site where fureor progression began and yielded a cancerous mass. In some
smbodiments, the cancer 1s a secondary of metastatic cancer, 1.¢., a cancer which has spread from the
primary sitc or tissue of origin into one or more different sites or tissues. In some embodiments, the
cancer expresses or overexpresses NRP2. In some embodiments, the subject or patient has a cancer
selected frome one or mowe of melanoma (e.g., metastatic reelanoma), an epithehial or epithelial-
dertved tumor, pancrealic cancer, bone cancer, prostate cancer, small cell lung cancer, non-small cell
lung cancer NSCLC), mesotheboma, leukemia (e g, lymphocytic leukemia, chronic myelogenous
fenkemia, acute myeloid leukemia, relapsed acute myeloid leukemia), lvmphoma, hepatoma
(hepatocellular carcimoma or HCO), sarcoma, B-cell mabgnancy . breast cancer (for example, estrogen

receptor positive (ER+), estrogen receptor negative {ER-), Her? positive (Her2+), Her? negative
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{Her2-), or a combination thereof e g, ER+/Her2+ ER+/Her2-, ER-/Her2+, or ER~Her2-; or “iriple
negative” breast cancer which is estrogen receptor-negative, progesteronc recepior-negative, and
HER2Z-negative), ovarian cancer, colorectal cancer, glioma {e.g., astrocytoma, oligodendroghioma,
ependymoma, or a chorowd plexus papilloma), ghoblastoma multiforme (.., giant cell glichastoma or
a ghosarcoma), meningioma, piuitary adenoma, vestibular schwanooraa, primary CNS lvmphoraa,
printitive neurocctodermal tumor (medulloblastoma), kidney cancer {¢.g., renal cell carcinomas,
bladder cancer, utenine cancer, esophageal cancer, brain cancer, head and neck cancers, cervical
cancer, testicular cancer, thyroid cancer, stomach cancer, virus-induced tumors such as, for example,
papilloma virus-induced carcinomas (¢.g., cervical carcinoma, cervical cancer), adenocarcinomas,
herpes virns-induced fumors (2.g., Burkiit’'s lymphoma, EBV-induced B-cell lymphoma), hepatitis B-
mduced tumors (hepatoceliular carcinomas), HTLV-1-indued and HTLV-2-induced lvimphomas,
acoustic neuroma, hung cancers (¢.g.. lung carcinoraa, bronchial carcincma), sraall-cell hung
carcinomas, pharvngeal cancer, anal carcinoma, ghioblastoma, rectal carcinoma, lymphangioma,
astrocytoma, brain tumors, retinoblastoma, basalioma, brain metastases, medulloblastomas, vaginal
cancer, pancreatic cancer, testicular cancer, Hodgkin's syndrome, meningiomas, Schnecberger
disease, hypophysis tumor, Mycosis fungoides, carcinoids, newrinoma, spinalioma, Burkatt’s
lymphoma, laryageal cancer, renal cancer, thymona, corpus carcinoma, bone cancer, non-Hodgkin's
fymphomas, urethral cancer, CUP syndrome, head/meck tumors, oligodendroglioma, vulval cancer,
mtestinal cancer, colon carcinoma, cesophageal cancer (e.g.. oesophageal carcinoma), wart
mvolvement, tumors of the small intesting, craniopharyngeomas, ovarian carcinoma, genital tumors,
ovanan cancer {£.g., ovarign carcinomay, pancreatic cancer (€.¢., pancreatic carcinoma), endometnal
carcinoma, liver metastases, penile cancer, tongue cancer, gall bladder cancer, lenkacmia,
plasmocyioma, and lid tumor.

In some embodiments, as noted above, the cancer or tumor is a metastatic cancer, for
example, a metastatic cancer that expresses NRP2a v and/or v2. Further to the above cancers,
exemplary metastatic cancers include, without mitation, bladder cancers which have metastasized (o
the bone, iver, and/or lungs; breast cancers which have metastasized to the bone, brain, liver, and/or
fungs; colorectal cancers which have metastasized to the liver, lungs, and/or peritoneum; kidoey
cancers which have metastasized to the adrenal glands, bone, bram, Hver, and/or lungs; lang cancers
which have metastasized to the adrenal glands, bone, brain, liver, and/or other lung sites; melanomas
which have metastasized to the bone, bram, liver, tung, and/or skin/muscle; ovarnan cancers wlich
have metastasized to the liver, lung, and/or peritoncum; pancreatic cancers which have metastasized
to the biver, lung, and/or peritoneum; prostate cancers which have metastasized to the adrenal glands,
bone, hiver, and/or lungs; stomach cancers which have metastasized to the liver, hung, and/or
peritoneum; thyroid cancers which have metastasized to the bone, biver, and/or lungs; and uterine

cancers which have metastasized to the bone, liver, lung, peritoneam, and/or vagina, among others.
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{n some embodiments, for example, where the cancer immunotherapy agent is a PD-1 or PD-
L1 antagonist or inhibitor, the subject has one or more biomarkers (e.g.. increased PD-1 or PD-L1
levels in cells such as cancer cells or cancer-specific CTLs) that make the suitable for PD-1 or PD-L1
mhibitor therapy. For instance, in some embodiments, the subject has increased fractions of
prograramed cell death 1 high/cytotoxic T lymphocyte—associated protein 4 high (e.g., PD-1"CTLA-
4™y cells within a tumor-infiltrating CDS+ T cell subset (see, e.g., Daund et al., § Clin Invest. 126:3447-
3452, 2016). As another example, 1 some embodiments, the subject hag mcreased levels of Bun (B

g, PD-

£

cell lymphoma 2-nteracting (Bel2-interacting) mediator) in circulating tumor-reactive (e.
1'CD11a"CDR") T cells, and optionally has metastatic melanoma (see, e.g., Dronca et al., JCI Insight.
Mayv 3. 1(6). e86014, 2016).

Certain specific combinations include an ant-NRP2a antibody and & PD-L1 antagonist or
inhibitor, for example, atezolizomab (MPDL3280A), avelumab (MSB0010718C), and durvalumab
(MEDI4736), for treating a cancer selected from one or more of colorectal cancer, melanoma, breast
cancer, non-small-cell ung carcinoma, bladder cancer, and renal cell carcinoma.

Some spacific combinations include an ant-NRP2a antibody and a PD-1 antagonist, for
example, nivolumab, {or treating a cancer sclected from one or more of Hodgkin’s lvmphoma,
melanoma, non-small cell lung cancer, hepatocellular carcinoma, renal cell carcimoma, and ovarian
cancer,

Particular specific combinations include an anti-NRP2a antibody and a PD-1 antagonist, for
example, pembrolizumab, for treating a cancer selected from one or more of melanoma, non-small
cell hung cancer, small cell hung cancer, head and neck cancer, and urothehial cancer.

Certatn spectfic corabinations tnclude an anti-NREPZa antibody and a8 CTLA-4 andagorist, for
example, iptlimumab and remehimumab, for treating a cancer selected from one or more of
melanoma, prostate cancer, lung cancer, and bladder cancer.

Some specific combinations include an anti-NRP2a antibody and an [DO antagonist, for
example, indoximod (NLG-8189), 1-methyl-irvptophan (1MT), f-Carboline (norharmane; 9H-
pyridof3,4-blindole), rosmarinic acid, or epacadostat, for treating a cancer selected from one or more
of metastatic breast cancer and brain cancer optionally Glioblastoma Multiforme, ghioma, gliosarcoma
or malignant brain twmor,

Certain specific combinations include as anti-NRPZa antibody and the cytokine INF-o for
weating melanoma, Kapost sarcoma, and hematologic cancers. Also mcluded s the combimation of an
anti-NRPZa antibody and 1L-2 (c.g.. Aldesleukin) for treating metastatic kidney cancer or metastatic
melanoma.

Some specific combinations include an anti-NRP2a antibody and a T-cell based adoptive
murunotherapy, for example, comprising CAR-modified T-cells targeted against CD-19, for treating

hematological cancers such as acute lvmphoblastic leukemia (ALL), chronic lymphocytic leokemia
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{CLL), and B-cell neoplasms (sce, e.g., Maude et al., 2015, supra; Lorentzen and Straten, Scand |
Immunol 82:307-19, 2015; and Ramos et al,, Cancer J. 20: 112118, 2614

The methods for treating cancers can be combined with other therapeutic modalities. For
example, a combination therapy described herein can be administered {o a sabject before, during, or
after other therapeutic tnterventions, including symptomatic care, radiotherapy, surgery,
transplantaton, hormone therapy, photodynamic therapy, antibiotic therapy, or any combination
thereof. Symptomatic care nchudes admirdstration of corticosteroids, o reduce cerebral edema,
headaches, cognitive dysfunction, and ermesis, and administration of anti-convulsants, to reduce
seizures. Radiotherapy includes whole-braim wrradiation, fractionated radiotherapy, and radiosurgery,
such as stereotactic radiosurgery, which can be further combined with tradiiional surgery.

Certain embodiments inclode the use of the anti-NRPZ2a antibodies described herein to
raodolate tymphasgiogenesis, and treat related lyraphatic diseases or associated conditions such as
Iymphedema or tumor metastasis. The lymphatic system consists of networks of ierconnecied
capillaries, collecting vessels and lymph nodes that absorb, collect and transport the fluid and protein
filtered from the blood vascular svstem. This systera provides a critical boreostatic function:
humans, lymphatic vessels return >4 liters of fhuid and a substantial amount of protein per day back
into the great veins of the neck.

Lymphatic vascular dvsfunction (vmphedema) resulis m the accureunlation of excess fhud
{edema) 1 the interstitiurn. Although ymphedema is typically not life-threatening, # hag serious
health consequences, including pain, immobiity, fibrosis, inflammation, adipose tissuc accumulation,
and uissue damage. Because the lymphatic system 1s also a critical component of imimung responses,
lvmphedema 1 typically accompanied by an increased risk of infection and other timraune system
problems.

Lymphangiogencss is the formation of new lvimphatic vessels from preexisting lvmphatic
vessels and is associated with diverse pathological conditions including metastatic dissenunation,
grafl rejection (¢.g., cornea, kidney and heart), type 2 diabetes, obesity, hypertension, and
tymphedema (See, o.g. Alitalo et al. Nature 43%:946-933, 2003, Karaman ¢t al. § Clinc fvest 124:922-
928, 2014; Kam et al., J Chin Invest 124:936-942 2014; Maby-El Hajjami et al., Histochem Cell Biol
133:1063-107, 2008; Machnik ot al., Nat Med 15:545-552; Mortimer et al., 2014 J Clin Invest
124:915-921; Skobe ot al., 2009, Nat Med 15:993-994).

Lymphatic vessel invasion 1n and around a pnimary twmor compared o invasion of blood
vessels 15 a prognostic marker of the aggressiveness of various types of cancers. Growth of lymphatic
vessels is also myvolved in graft rejection (Bietrich, T, et al.| § humunol 184:335-539, 2016, Hall et
al., Arch Otolaryngol Head Neck Surg 129:716-719, 2003, Maula et al, Cancer Res 63:1920-1926,
2003; Miyata et al,, § Urol 176:348-333, 2006; Saad et al., Mod Pathol 19:1317-1323, 2006,
Schoppmann et al., Ann Surg 240:306-312, 2004; Zeng et al, Prostate 65:222-230, 2005
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Anti~lymphangiogenic agents arc useful, for example, for treating debilitating discases of the
eye, where the growth of lymphatic vessels is the major reason of corneal grafl rejection and a major
contributor o neovasculanization associaied with age related macular degeneration (Dietrich, T, et al,,
FImmunol 184:335-339, 2010). In particular, penctrating keratoplasty s the most common form of
solid tissue transplantation, with approximately 40,000 corneal transplaniations performed cach year
1 the United States. The suceess rate of penetrating keratoplasty is as high ag 90% for uncomphicated
first grafis performed i avascular low-risk beds. However, the rejection rate of the corpeal grafts
placed i hugh-risk vascularized host beds is extremely high (70% to 909%). Thus certain embodiments
mchide anti-NRP2a antibodies for inlubiting bymphangiogenesis and thereby promoting graft sarvival
and inhibiting neovascularization

Anti~lvmphangiogenesis drugs are ascful also for treatment of dry eye disease. Sigmificant
upregulation of pro-lymphangiogenic factors (e.g., VEGF-C, VEGF-D, and VEGFR-3) and selective
growth of lymphatic vessels without concurrent growth of blood vesscls has been demonstrated in
corngas with dry eve disease {Goval et al., Arch Ophthalmol 128:819-824, 2010). Dry eye discase is
an immunc-mediated disorder affecting about 3 mullion Amernicans. It severely impacts the vision-
related gquality of life and the symptoms can be debilitating. The current therapeutic options for dry
eye discase are limited. mostly palliative, and expensive. Some embodiments thuas inclode anti-NRP2a
antibodics as lymphangiogenesis inhibitors for reatment of dry eve discase.

Metastases are responsible for the vast majority (90%) of deaths from solid tumors (Gupta
and Massague, Cell 127, 679-693, 2006). The complex process of metastasis tnvolves a series of
distinct steps including detachment of tumor cells from the primary tamor, intravasation of tumor
cells o bymophatic or blood vessels, and extravasation and growth of tomor cells in secondary siies.
Analysis of regional lymph nodes in many tumor types suggests that the lvmphatic vasculature is an
mportant route for the dissemination of homan cancers. Furthermore, in almost all carcinomas, the
presence of tumor cells in lymph nodes 1s the most important adverse prognostic factor. While it was
previously thought that such metastases exclusively involved passage of malignant cells along pre-
existing byraphatic vessels near tumors, recent experimental studies and chinicopathological reports
{See, e.g., Achen et al., Br J Cancer 94, 1355-1360, 2006 and Nathanson, Cancer 98,413-423, 2003)
suggest that lymphangiogenesis can be induced by solid tumors and can promote tumor spread. Some
embodiments thus include the use anti-NRPZa antibodies for targeting lymphatics and
fymphangiogenesis as a therapeutic strategy to restrict the development of cancer metastasis.

Accordingly, the methods and compasitions described herein can be used to inhibit the
activities of pro-lymphangiogenic factors and thereby treat grafl rejection, dry-eye disease, tumor
metastasis, lymphedema, and related inflammatory conditions.

Some embodiments include the use of the anti-NRP2 antibodics described herein to modulate
smooth muscle contractility, and treat related conditions. Reduced smooth muscle (SM) contractility

in the bladder can stem from nuraerous ctiologics including partial obstruction secondary to benign
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prostatic hyperplasia (BPH), posterior urethral valves, diabetes melbitus, multiple sclerosis, spinal
cord jury, or idiopathuc causes. (See, e.g., Drake ot al, Nat Rev Urol, 118454464, 2014). In
conditions such as BPH or posterior urethral valves, the bladder contracts against an obstructed outlet.
The mitial response is adaptive, involving a compensatory phase of 5M hypertrophy that enables
mcreased force generation to overcome the increased outlet resistance. When the demand outstrips the
adaptive capability of the bladder, contractile performance becomes less efficient, residual vohsmes
increase, and the bladder remodels, ultimately leading to a loss of detrusor contractility as the bladder
decompensates. {(See, ¢.g., Zderic et al., § Cell Mol Med. 16(2):203-217, 2012). The prevalence of
underactive detrusor function is reported to be as high as 48% 1 adults (Osman et al, Eur Urol;
65(23389-39¢%, 2014). Furthermore, existing pharmacological treatmends for restoration of SM
contraction such as muscarinic agonists or cholinesterase inhibitors have shown limited efficacy and
adverse effects {(Bareadrocht ot al, BIU Int. 99(4):749-732, 206073,

Recent studics have dentificd bladder smooth muscle as a major sife of NRP2 expression,
demonstrated the inhibition of RhoA and cytoskeletal stiffness, and observed morcased contractbity of
biadder SM sinips from mice with ubiguitous or smooth muscle-specific deletion of NRP2 m vive,
when compared with tissues from NRP2-intact Littermate controls (See, ¢.g., Bielenberg et al, Am. 1.
Pathol. 181 54&8-339, 2012; and Vasquez ¢t al,, JCT Insight 2(3) ¢90617, 2017).

Furthermore, recent studies have shown that targeting NRP2 in bladders undergoing
decornpensation has the potential to restore contractibity 1 spite of ongoing obstroction. (Vasqoer et
al., JCI Insight 2(3) 50617, 2017). These findings argue that the NRP2 axis represents a potentially
novel pharmacologic target for restoration of SM contractility in partial bladder outlet obstruction
syndromes, and provide an important therapeutic opportunity for the development of antibody-based
modulators of NRP2 function.

Pharmeacological management of dininished detrusor contractibity to date has focused on
stiraulation of parasympathetic activity to enhance bladder contractility and reduction of outflow
resistance to facilitate bladder emptying (Chancellor et al., Urology 72(5) 966-967, 2008). However,
analysis of 10 randomized clinical trials of parasympathomimetic drugs in patients with poorly
contractile bladders, revealed either a worsening of symptoms or a lack of significant improvement
(Barendrecht et al., BJU Int. 99(4) 749-732, 2007). The mcrease m contractility following NRP2
deletion in the decompensating bladder suggests that NRPZ may be a useful target to nutigate reduced
detrusor confractility under conditions of chronic obstruction.

Given the role of NRP2 in this process, certain erabodiments inchide the use of anti-NRP2
antibodies described herein to modulate smooth muscle contractility, including for example, 1n the
treatraent of reduced smooth muscle (3M) contractility in the bladder, and more specifically
syndromes associated with partial bladder outlet obstruction syndromes. Some embodiments thus
mchude methods of treating, amchorating the symptoms of, or nhibiting the progression of partial

bladder outlet obstruction syndromes 1o a subject in need thereof, comprising administering to the
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subject at least one antibody, or antigen-binding fragment thereof, as described herein, which
specifically binds to a human NRP2a polypeptide. Certain embodiments include methods of
modulating (¢.g., increasing, reducing) smooth muscle contractility in a subjoct in need thereof,
comprising administering to the sobject an anu-NRFP2a antibody, or antigen-binding fragment thereof,
as described herern. Certain embodiments inclade treating, amehiorating the svmptoms of, and/or
reducing the progression of, reduced smooth muscle contractility in a subject in need thereof,
comprising administering to the sobject an anti-NRP2a antibody, or antigen-binding fragrent thereof,
as described herem.

NRP2 expression has been associated with fibrosis development. Some erabodiments thus
include use of the anti-NRP2a antibodics described herein for treating fibrosis, for example, tissue
fibrosis. Examples of tissue fibrosis includes fibrosis selected from the group consisting of hepatic
fibrosis, renal fibrosis, pulmonary fibrosig, skin fibrosis, cardiovascular fibrosis, and gastromiesiinal
fibrosis, among other fibrous discases, Examples of hepatic fibrosis include hepatic cirrhosis,
ischemic reperfusion, post-hepatic transplant disorder, necrotic hepatitis, hepatitis B, hepatitis C,
primary biliary circhosis, and primary sclerosing cholangitis, In some aspecis, hepatic ctrrhosis g
related to induction by alcohol, drugs, and/or other chemicals. Examples of renal fibrosis include
proliferative glomerulonephritis, sclerotic glomendonephritts, nephrogenic fibrosing demmopathy,
diabetic nephropathy, renal tubule interstitial fibrosis, and focal segmental glomerulosclerosis.
Examples of pulmonary fibrosis inclade pulimonary inderstnal fibrosis, drug indoced sarcoidosis,
pulmonary fibrosis, idiopathic pulmonary fibrosis, asthma, chronic obstructive pulmonary disease,
diffuse pulmonary alveolar injury discase, pulmonary hypertension, and neonatal bronchopulmonary
dvsplasia. Exaraples of skin fibrosis tochude scleroderraa, keloid scarring, psoriasis, hypertrophic
scarring, and pseudo scleroderma. Examples of cardiovascular fibrosis include atherosclerosis,
coronary restenosis, congestive cardiomyopathy . heart failure, cardiac transplantation, and myocardial
fibrosis. Examples of gastrointestinal fibrosis includes collagenous colitis, villous atrophy, crypt
hyperplasia, polyp formation, fibrosis of Crohn’s discase, gastric ulcer healing, and post-abdominal
adbesion surgery scar. Also included are fibrotic conditions avising from bonc-related fibrosing
disease and rheumatoid pannus formation.

Methods for ideniifying subjects with one or maore of the diseases or conditions described
heremn are known in the art. In some embodiments, the subject has, and/or 1s selecied for treatment
based on having, a disease associated with increased levels or expression of at least one NRP2a hgand
such as CCL21 and/or CCR7 and/or a coding mRNA thereof relative to a healthy control. For
mstance, in some embodiments, the levels of the at least one NRP2a bgand in the diseases subject,
cells, or tissue are abowt or at leastabout 1.3, 2,3, 4, 5,6, 7, 8,9, 10, 13, 20, 30, 40, 30, 60, 70, 80, 90,
100, 1000 or more tiraes the levels of the at least one NRP2a ligand in a healthy control. In some
embodiments, the subject has, and/or is selecied for treatment based on having, a cancer which hag

increased levels or expression of ai least one NRP2a higand and/or a coding mRNA thereof relative to
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a non-cancerous control cell or tissue. For instance, in some embodiments, the levels of the at least
one NRP2a ligand a the cancer cells or tissue are about or at least about 1.5, 2.3, 4. 5,6, 7. 8, 9, 10,
13, 28, 30, 40, 50, 60, 70, 80, 90, 100, 1000 or more times the levels of the NRP2a ligand i a non-
cancerous control or standard. Thus, certain embodiments include methods of sclecting a sabject for
freatment, corprising () detecting increased expression levels of at least one NRPZa ligand and/or
coding mRNA 1 the subject relative to a control or reference, and (31) admunistering o the subject a
therapeutic composition comprising at least one anti-NRP2a-antibody or antigen-binding fragment
thereof, as described herein. In particular embodiments, the NRPZa higand 1s CCL21 and/or CCR7.

In some embodiments, the subject has, and/or is selected for treatment based on having,
ncreased circulating or serum levels of a NRP2a polypepiide, for example, a sofuble NRP2a
polypeptide (selected, for example, from Table N1), relative to the levels of a healthy or matched
conirol population of subject(s). For instance, in certain embodiments, the circulating or serum levels
are about or at least about 10, 20, 30, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 3000, 4000, 5000 pM of the soluble NRP2a
polypeptide, or the circulating or serom levels are about 30-50, 50-100, 100-2000, 200-2000, 300-
2000, 400-2000, 500-2000, 600-2000, 700-2000, 800-2000, 900-2000, 1600-2000, 2000-3000, 3000-
4000, 4600-3000 pM of the scluble NRP2a polypeptide.

In certain embodiments, the subject has, and/or 1s selected for treatment based on having, a
disease associated with increased levels or expression of an NRP2a polypepiide (optionally selected
from Table N1} and/or a coding mRNA thereof relative to a healthy control {(e.g., an NRPZ-associated
disease). In some embodiments, the NRP2a polypeptide is an NRP2a variant | or variant 2 1isoform, or
a fragment thereof. For example, in certain embodinaents, the levels of the NRP2a polypeptide 1a the
diseased subject, cells, or tissue are about or at least about 1.5, 2,3, 4, 5,6, 7, 8, 9, 10, 15, 20, 30, 40,
30, 60, 70, 80, 90, 100 or more times the levels of NRP2a polvpeptide 1o a healthy controll In some
cmbodiments, the subject has, and/or is selected for treatment based on having, a cancer which has
mcreased levels or expression of a NRP2a polypeptide (selected, for example, from Table N1 and/or
a coding mRNA thereof relative to a control cell or tissue, optionally relative to a non-cancerous cell
or tissue of the same type as the cancer. For mstance, in some embodiments, the levels of the NRP2a
polypeptide in the cancer cells or tissue are about or at least abouwt 1.5,2. 3,4, 5,6, 7. 8,9, 10, 15, 20,
30, 40, 50, 60, 70, 30, 90, 100 or more times the levels of NRP2a polvpeptide in a non-cancerous
control or standard. Some embodiments thus inchide methods of selecting a subject for treatment,
coraprising (i) detecting 1ncreased expression levels of a NRPZa polypeptide and/or a coding mRNA
thercof in the subject relative to a conirol or reference, and (1) admimistering o the subject a
therapeutic composition comprising at least one anti-NRP2a antibody or antigen-binding fragment
thereof, as described herein.

In some embodiments, the subject has, and/or is selected for reatment based on having, a

disease associated with increased lovels or expression of NRPZa (¢.g., varianis 1 and/or 2 of Table
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N1), or an altered ratio of NRP2a:NRP2b expression, relative to a healthy control or matched control

standard or population of subject(s). In some embodiments, the subject has significantly higher

[

xpression or levels of NRP2a relative to a healthy control or matched control standard or population
of subject(s). In some cmbodiments, the levels of NRP2a are increased by about or at least about 10%,
20%, 30%, 40%, 50%, 100%, 200%, 300%, 400%, 300%, 600%, 700%, 800%, 200%, 1000%
compared to a healthy control or matched control standard or population of subjeci(s). Certain
embodiments therefore include methods of selecting a sabject for cancer treatment, comprising (3)
detecting increased expression levels of NRFP2a in the subject relative to a conirol or reference, and
(1) admnistering o the subject a therapeutic composition corprising an auti-NRPZa-antibody or
antigen-binding fragment thereof, as described herein,

In some embodiments, the healthy control or matched control standard or population of
subjeci(s) comprises average ranges for age-matched samples of diseased or non-diseased cells or
tissue of the same type, which comprise speciic characteristics such as drug resistance, nictastatic
potential, aggressiveness, genctic signatare (¢.g., p33 mutations, PTEN deletion, IGFR expression),
and/or expression patterns.

For in vive use, as noted above, for the treatment of human or non-human mammalian disease
or testing, the agents described herein are generally mcorporated mnto one or more therapeutic or
pharmacentical compositions prior to adminisiration, including veterinary therapeutic compositions,

Thos, certain embodiments relate (o therapeutic compositions that comprise at least one
antibody or antigen-binding fragment thercof that specifically binds to a human NRP2a vi and/or v2
polypeptide, as described herein. In some instances, a therapeutic or pharmaceutical coniposition
coraprises one or more of the agents describad hercin in combination with a pharmaceutically- or
physiologically-acceptable carrier or excipient. Certain therapeutic compositions further comprise at
least one cancer immunotherapy agent. as described herein.

Some therapeutic compositions comprise (and certain methods utilize) only one anti-NRP2a
antibody or antigen-binding fragment thercof. Certain therapeutic compositions comprise (and certain
methods utilize) a mixture of at keast two, three, four, or five different anti-NRP2a antibodics or
antigen-binding fragments thereof.

For instance, certan therapentic compositions comprise at least two anti-NRP2 antibodics,
including a first antibody or antigen-binding fragment thereof that specifically binds to at least one
first epitope of a human NRP2a polypeptide, and a second antibody or antigen-binding fragment
thereof that specifically binds to at least one second epitope of the same or different homan NRP2
polypeptide, wherein the at least one first epitope differs from the at least one sceond epitope. In some
embodiments, the first and the second antibody or antigen-binding fragment thereof specifically and
non-~-competitively bind fo the same domain of the NRP2 polypeptide. In some embodiments, the first
auti-NRP2Z antibody or antigen-binding fragment thereof binds selectively to a first epitope that is
specific 1o the NRP2a isoform (e.g., variants 1 andfor 2 of Table N1), and the sccond anti-NRP2

G2

e



WO 2023/076998 PCT/US2022/078780

antibody or antigen-binding fragment thereof selectively binds 1o a second epitope which 1s specific to
the NRP2b 1soform (e.g., variants 4 and/or 5 of Table N1), or common 1o both NRP2a and NRP2b
isoforms (e.g., located n the common, surface exposed al,a2, bl, b2 or ¢ domains shared by full
fength NRP2a and NRP2b).

{0 some embodimends, the first and the second antibody or antigen-binding fragment thereof
specitically and non-competitively bind to dufferent domaing of the NRPZ polypeptide. In some
embodimenis, the first antibody modulates the signaling activity between the NRP2a polypeptide and
the at least one NRP2a ligand, for example, CCL21 and/or CCR7.

In some embodiments, the first and the second antibody or antigen-binding fragments thereof
arc both blocking antibodics, for example, for at least two different NRP2 ligands. Insome
embodiments, the first and the second anubody or antigen-binding fragments thereof are both partial-
blocking antibodies, for example, for at least two different NRP2 higands. In some instances, the first
and the second antibodies or antigen-binding fragments thercof are both non-blocking antibodies, for
exaraple, with respect to at least two different NRP2 ligands.

{a some nstances, the first antibody or antigen-binding fragment thereof is a blocking
antibody and the sccond antibody or antigen-binding fragment thereof is a partial-blocking antibody .
In certain instances, the {irst antibody or antigen-binding fragmeent thereof is a blocking antibody and
the second antibody or antigen-binding fragment thereof is a non-blocking antibody.

In some embodiments, the first and the second antibodies or antigen-broding fragments
thereof both comprise an 1g(G Fe domain with high effector function in humans, for example, an IgGl
or [g(33 Fe domain. In some embodiments, the first and the second antibodics or antigen-binding
fragmenis thereof comprise an lgls Fo domain with low effector function in humans, for examaple, an
IgG2 or [g(G4 Fo domam.

In some mstances, the first antibody or antigen-binding fragment thereof comprises an IgG Fe
domain with high effector function in humans, for example, an IgG1 or 1g(G3 Fe domain, and the
second antibody or antigen-binding fragment thereot comprises an Tg(G Fo doman with low effector
function i humans, for exaraple, an 1gG2 or g4 Fo domain,

In particular embodiments, the therapeutic composifion comprising the agents such as anti-
NRPZa antibodics or other polypeptide agents is substantially pure on a protein basis or a weight-
weight basis, for example, the composition has a purity of at least about 80%, 83%;,, 90%, 85%, 98%,
or 99% on a protein basis or a weight-weight basis.

{n some embodimends, the antibodies (¢.g., anti-NRP2a antibodices) or other polypeptide
agents provided herein do not form aggregates, have a desired solubility, and/or have an
murnunogenicity profile that is suitable for use in humans, as described hercin and known in the art,
Thus, in some embodiments, the therapeutic composition comprising a polypeptide agent (for
example, an anti-NRP2a antibody) 1s substantially aggregate-frec. For example, certain compositions

comprise less than about 10% {on a protein basis) high maolecular weight aggregated proteins, or less
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than about 5% high molecular weight aggregated proteins, or less than about 4% high molecular
weight aggregated proteins, or less than about 3% high molecular weight aggregated proteins, or less
than about 2 9% high molecular weight aggregated proteins, or less than about 1% hugh molecular
weight ageregated proteins. Some compositions comprise a polvpepude agent (e.¢., an antibody such
as an anti-NRP2a antibody) that is at least about 50%, about 60%, about 70%, about 80%, about 90%
or about 95% monodisperse with respect to its apparent molecular mass.

In some embodiments, polypeptide agents such as antibodies (¢.g.. anti-NRPZa antibodies)
arg concentrated to about or at least about 0.1 mg/mi, 0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mgim],
04.6,0.7, 0.8 09, L mghel, 2 mg/mi 3me/ml 4 mg/ml, 5 mg/ml, 6 mpg/ml, 7 meiel, Smg/ml 9
mg/md, 10 mg/ml, 11, 12, 13, 14 or 15 mg/md and are formulated for biotherapeutic uses.

To prepare a therapentic or pharmaccutical composition, an effective or deswed amownt of
oie of more agents s mixed with any pharmaceutical carrier{s} or excipiend known to those skilled in
the art to be suitable for the particular agent and/or mode of administration. A pharmaceutical carrier
may be hquid, semi-hgquid or solid. Solutions or suspensions used for parenteral, intradennal,
intraocular, subcutancous, direct instilation info the bladder, or topical application may inchude, for
example, a sterile diluent (such as water), saline sohution (e. g, phosphate buffered saline; PBS), fixed
oil, polyethvlence glycol, glycerin, propylene glycol or oiher syuthetic solvent; antmcrobial agents
(such as benzyl alcohol and methy! parabens); astioxidanis {such as ascorbic acid and sodivie
bisulfite} and chelating agents (such as ethylenediaminetetraacetic acid (EDTA}), buffers (sach as
acetates, citrates and phosphates), If administered mtravenously (e.g., by IV mnfusion), suitable
carriers melude physiological saline or phosphate butfered saline (PBXS), and sohitions containing
thickening and solobilizing agents, such as glucose, polyvethylene glycol, polypropylene glycol and
mixtures thercof,

Adpmumstration of ageunts described herein, 10 pare form or in an appropriate therapeutic or
pharmacentical composition, can be carried out via any of the accepted modes of administration of
agents for serving similar utilities. The therapeutic or pharmaccutical compositions can be prepared
by combining an ageni-containing composition with an appropriate physiologically accepiable camrier,
diluent or excipient, and may be forraulated into preparations in solid, semi-solid, liguid or gaseous
forms, such as tableis, capsules, powders, granules, ointments, sohutions, suppostories, njections,
ihalants, gels, microspheres, and acrosols. In addition, other pharmaceutically active ingredients
{inchiding other small molecules as described clsewhere herein} and/or sutable excipients such as
salis, buffers and stabilizers may, but need not, be preseat within the composition.

Administration may be achieved by a variety of different routes, including oral, parenteral,
nasal, intravenoos, infraccular, intradermal, intramuscular, subcutaneous, installation into the bladder,
or topical. Preferred modes of administration depend upon the nature of the condition to be treated or

prevented. Particolar embodiments inclode admuinistration by IV mfusion.
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Carrigrs can include, for example, pharmaceutically- or physiologically -acceptable carriers,
excipients, or stabihizers that are non-toxic to the cell or mammal being exposed thereto at the dosages
and concentrations employed. Often the physiologically-acceptable carrier is an agueous pH buffered
solotion. Examples of physiclogically acceptable carniers melude buffers such as phosphate, citrate,
and other organic acids; antioxidands including ascorbic acid; bow molecular weight (Iess than about
10 residues) polypeptide; proteins, such as serum albumin, gelatin, or immunoglobuling; hydrophibic
polyraers such as polyvinyipyrrobidone; amino acids such ag glycine, glutamine, asparagine, arginine
or lvsine; monosaccharides, disaccharides, and other carbohvdrates including glucose, mannose, or
dextrins; chelating agents sach as EDTA; sugar alcobols such as manmto] or sorbitol; salt-forming
counterions such ag sedinm,; and/or nonionic swrfactanis such as polysorbate 20 (TWEEN™)
polyethylene glycol (PEG), and poloxamers (PLURONICS™), and the like.

{n some embodiments, one or more agents can be entrapped in microcapsules prepared, for
example, by coacervation techruques or by interfacial polymerization (for example,
hydroxymethylcelldose or gelatin-microcapsules and poly -(methyimethacylateymicrocapsules,
respectively), in colleidal drug delivery svstems (for example, liposomes, albumin raicrospheres,
nyicroemulsions, nano-particles and nanocapsules), or in macroemulsions. Such technigues are
disclosed tn Remington’s Pharmaceutical Sciences, 16th edition, Gslo, AL, Ed., (1980). The particle(s)
or liposoracs raay further comprise other therapeutic or diagnostic agents.

The precise dosage and dwration of treatraent 1 a function of the discase bemng treated and
may be determined empirically using known testing protocols or by testing the compositions in model
systeins known in the art and extrapolating therefrom. Controlled clinical tnals may also be
performed. Dosages may also vary with the severity of the condition o be alleviated. A
pharmaccutical composition is generally formulated and administered to excrt a therapeutically useful
effect while mimimizing undesirable side effects. The composition may be admanistered one time, or
may be divided into a number of smaller doses to be adminsstered at mitervals of time. For any
particular subject, specific dosage regimens may be adjusted over time according to the mdividual
peed.

Typical routes of administering these and related therapeutic or pharmaccutical compositions
thus wclude, without limitation, oral, topical, trassdermal, ishalation, parenteral, sublingual, buccal,
ocular, rectal, vaginal, and mntranasal. The term parenteral as used herein includes subcutancous
mjections, infravenous, mstillation into the bladder, itramuscular, intrasternal imjection or infusion

echniques. Therapeutic or pharmaceutical corapositions according (o certain enmbodimentis of the
present disclosure are formulated so as to allow the active ingredients contained therein to be
bicavailable upon administration of the composition (o a subjeci or patient. Compositions that will be
administered to a subject or patient may take the form of one or more dosage units, where for
example, a tablet may be a single dosage unit, and a container of a herein described agent in asrosol

form may hold a plurality of dosage units. Actual methods of preparing such dosage forms are known,

95



WO 2023/076998 PCT/US2022/078780

or will be apparent, to those skilled in this art; for example, see Remingion: The Svience and Practice
of Pharmacy, 20th Edition {Phaladelphia College of Pharmacy and Science, 2000). The composition
to be adnunistered will typically contain a therapeutically effective amount of an agent described
herein, for reatment of a disease or condition of interest.

A therapeutic or pharmaceuiical composttion may be in the form of a sohid or liguid. Tnone
embodiment, the carrier(s) are particulate, so that the compositions are, for example, in tablet or
powder form. The carrier{s) may be liquid, with the compositions being, for exaraple, an oral o,
mjectable liquid or an acrosol, which is usetul in, for example, inhalatory advunistration. When
mtended for oral administration, the pharmaceuntical composition is preferably in either solid or hqud
form, where semi-solid, semu-liguid, suspension and gel formas are included within the forms
considered herein as either solid or liquid. Certain embodiments include sterile, mmjectable solutions.

As a solid composition for oral administration, the pharmaceutical coraposition raay be
formulated mto a powder, granule, gel, compressed tablet, pill, capsule, chewmg gum, wafer or the
bke. Such a solid composition will typically contain one or more inert diluents or edible camiers. In
addition, onc or more of the following may be present: binders such as carboxymethylcelinlose, ethyl
cellulose, mucrocry stallineg celiulose, gum tragacanth or gelating excipients such as starch, lactose or
dextring, disintegrating agents such as alginic acid, sodium alginaie, Primogel, corn starch and the
fike; lubricants such as magnesium stearate or Sterotex; ghidants such as colloidal silicon dioxide;
sweelening agenis such as sucrose or saccharm; a flavoring agent such as peppernunt, methyl
salicylate or orange flavorieg; and a coloring agest. When the pharmaccutical composition is in the
form of a capsule, for example, a gelatin capsule, it may contain, in addition to materials of the above
type, a higuid cawier such as polyethyviene glycol or ol

The therapentic or pharmaceutical composition may be in the form of a liquid, for example,
an elixir, syrop, solution, gel, emulsion or suspension. The liguid may be for oral administration or for
delivery by mjection, as two examples. When intended for oral administration, preferred composition
contain, in addition to the present compounds, one or more of a sweetening agent, preservatives,
dye/colorant and flavor enhancer. In a composition intended to be adrunistered by imgection, one or
more of a surfactant, preservative, wetting agent, dispersing agent, suspending agent, buffer, stabilizer
and isotonic agent may be included.

The houid therapentic or pharmacentical compositions, whether they be solutions,
suspensions or other like form, may inchide one or more of the following adjuvants: stenile diluents
such as water for mnjection, saline solution, preferably physiological saline, Ringer’s solution, isctonic
sodium chlonide, fixed oils such as synthetic mono or diglycernides which may serve as the solvent or
saspending medium, polyethylene glycols, glycernin, propylenc glycol or other solvents; antibactenal
agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium
bisulfiie; chelating agenis such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates o1

phosphates and agents for the adjustment of tonicity such as sodium chioride or dexirose. The
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parenteral preparation can be enclosed in ampoules, disposable syringes or mudtiple dose vials made
of glass or plastic. Physiclogical saline 1 a preferred adjuvant. An injectable pharmaceutical
composition is preferably stenile.

A higuid therapeutic or pharmaceutical composition intended for either parenteral, intraocular,
or oral adminisiration should contain an amount of an agent such that a suitable dosage will be
obtained. Typically, this amount 1s at least 8.01% of the agent of inlerest in the compostiion. When
mtended for oral administration, this amount may be varied to be between 0.1 and about 70% of the
weight of the composition. Certain oral therapentic or pharmaceutical compositions contain between
about 4% and about 75% of the agent of mterest. In certamn embodiments, therapeutic or
pharmeaceutical compositions and preparations are prepared so that a parenteral dosage unit contains
between 0.01 to 10% by weight of the agent of inferest prior to dilution.

The therapeutic or pharmaceutical compositions may be tatended for topical admimistration,
in which case the carrier may suitably comprise a solution, emulsion, ointment or gel base. The base,
for example, may comprise one or more of the following: petrolatum, lanolin, polyethylene glycols,
bee wax, muneral oil, dilucuts such as water and alcohol, and emulsifiers and stabilizers. Thickening
agents may be present in a therapeutic or pharmaceutical composition for topical admimstration. ff
mtended for transdermal administration, the composition may include a transdermal patch or
iontophoresis device,

The therapeutic or pharmaceutical compositions may be intended for rectal administration, in
the form, for example, of a suppository, which will melt in the rectum and release the drug. The
composition for rectal adminstration may contain an oleaginous base as a suitable nonirritating
excipient. Such bases include, without limitation, lanclin, cocoa butter, and polyethylens glycol.

The therapeutic or pharmaceutical composition may inchude various materials, which modify
the physical form of a solid or liguid dosage unit. For example, the composition may include materials
that form a coating shell around the active ingredients. The materials that form the coating shell are
typically nert, and may be selected from, for example, sugar, shellac, and other enteric coating
agenis. Alternatively, the active ngredients may be encased 1o a gelatin capsule. The therapeutic or
pharmaceutical compositions in solid or liguid form may include a component that binds to agent and
thereby assists in the delivery of the compound. Switable components that may act in this capacity
nclude monoclonal or polvclonal antibodies, one or more proteins or a liposome.

The therapeutic or pharmaceutical composition may congsist essentially of dosage units that
can be admindstered as an acrosol. The erm acrosol is used to denote a variety of systeras ranging
from those of colloidal nature to systems consisting of pressurized packages. Delivery may be by a
bquefied or compressed gas or by a suitable purap system that dispenses the active mgredients.
Aerosols may be delivered i single phase, bi-phasic, or tri-phasic systems in order to deliver the

active mgredient(s). Delivery of the acrosol includes the necessary container, activators, valves,
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subcontainers, and the like, which together may form a kit One of ordinary skill i the art, withowt
undue experimentation may determine preferred aerosols.

The compositions described herein mav be prepared with carriers that protect the agents
against rapid chininaton from the body, such as ume release formulations or coatings. Such carriers
mchide controlled release formulations, such ag, but ot Himited to, implants and microencapsulated
delivery systems, and biodegradable, biocompatible polymers, such as ethylene vinvl acetate,
polyvashydndes, polyglycolic acid, polyorthoesters, polylactic acid and others known 1o those of
ordinary skill in the art.

The therapeutic or pharmaceutical compositions may be prepared by methodology well
known in the pharmacentical art. For examaple, a therapeutic or pharmaceutical compostiion indended
to be administered by injection may comprise one or more of salts, buffers and/or stabilizers, with
sterile, distilled water so as to form a solution. A surfactant may be added to faciitaie the formation of
a homogencous solution or suspension. Surfactants are compounds that non-covalently interact with
the agent so as to facilitate dissolotion or homogeneous suspension of the agent 1o the agucous
delivery system.

The therapeutic or pharmaceutical contpositions nmay be administered 1n a therapeutically
effective amount, which will vary depending apon a variety of factors inclading the activity of the
spectfic compound employed; the metabolic stability and length of action of the compound; the age,
body weight, general health, sex, and diet of the subject; the mode and time of administration; the rate
of excretion; the drug combination; the severity of the particular disorder or condition; and the subject
undergoing therapy. In some instances, a therapeutically effective daily dose 1s (for a 70 kg mammal)
from about $.001 mg/kg (Le., ~ 0.07 mg) to about 100 mg/kg Ge.. ~ 7.0 g); preferably a
therapeutically effective dose s (for a 70 kg mamumal) from about 0.01 mg/kg G.e.. ~ 0.7 mg) to about
30 mg/kg (e, ~ 3.3 gk more preferably a therapeutically effective dose s (for a 70 kg mammal) from
about I mg/kg (e, ~ 70 mg) to about 23 mgkg (e, ~ 1.75 g). In some embodimerts, the
therapeutically effective dose is adnunistered on a weekly, bi-weekly, or monthly basis. In specific
crabodiments, the therapeutically effective dose 1s administered on a weekly, bi-weekly, or monthly
basis, for example, at a dose of about 1-10 or -5 mg/ke, orabout 1,2,3,4.3.6,7. & 9 or 10 mg/ks.

The combination therapies described berein may include administration of a single
pharmaccutical dosage formulation, which containg an anti-NRP2a antibody and an additional
therapeutic agent (¢.g., immunotherapy agent, chemotherapeutic agent, hormonal therapeutic agent,
kinase iphibitor), as well as adounistration of compositions comprising an anti-NRP2a antitbody and
an additional therapeutic agent in ils own separate pharmaceutical dosage formulation. For example,
an anti-NRP2a antibody as described herern and additional therapeatic agent can be administered to
the subject together in a single oral dosage composition such as a tablet or capsule, or cach agent
administered in separate oral dosage formulations. Similarly, an anti-NRP2a antibody as described

herein and addiiional therapeutic agend can be administered to the subject together 1n a single
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parenteral dosage composition such as in a saline solution or other physiclogically acceptable
sodution, or each agent administered in separate parenieral dosage formulations. As another example,
for cell-based therapies, an anti-NRPZ2a antibody can be mixed with the cells prior to administration,
administered as part of a separate composition, or both. Where separate dosage formulations arc used,
the compositions can be administerad at essentially the same time, Le., concurrently, ot at sepavately
staggered times, 1.e., sequentially and i any order; combination therapy is understood to include all
these regimens.

Also mcluded are patient care kits, comprising (a) at least one antibody or antigen-binding
fragment thereof that spectfically binds to a human NRP2a vanant 1 and/or variant 2 polypeptide (an
anti-NRP2a antibody), as described herein; and optionally (b} at least one additional therapeutic agent
{e.g., immunotherapy agent, chemotherapeutic agent, hormonal therapeutic agent, kinase inhibitor). In
certain kitg, (a) and (b} arc in separate therapeutic compositions. o some kits, (a) and (b) are in the
same therapentic composition.

The kits herein may also include a one or more additional therapeutic agents or other
components suitable or desired for the indication being treated, or for the desired diagnostic
application. The kits herein can also mmclude one or more syringes or other components necessary or
desived to facilitate an intended mode of delivery (c.g., stents, implantable depots, ¢tc.).

In some embodiments, a paticnt care kit contains separate containers, dividers, or
compartiments for the composition{s) and informational matenal(s). For example, the composition(s)
can be contained i a bottle, vial, or syringe, and the mformational material(s) can be contained in
association with the contaimer. In some embodiments, the separate elemenis of the kit are contaimed
within a single, ondivided container. For example, the coraposition is contained in a boitle, vial or
syringe that has attached thereio the informational matedal 16 the form of a label. In some
embodiments, the kit inchudes a plurality (e.g., a pack) of individual containers, each containing one
or more unit dosage forms (¢.g., a dosage form described herem) of an anti-NRP2a antibody and
optionally at least one additional therapeutic agent. For example, the kit mcludes a plurality of
syringes, ampules, fod packets, or blister packs, cach containing a single unit dose of an anti-NRP2a
anttbody and optionally at keast one additional therapeutic agent. The containers of the kits can be air
tight, watcrproof (¢.g., impermeable to changes in moisture or evaporation), and/or lighi-tight.

The patient care kit optionally inchudes a device suitable for adminisiration of the
composition, €.g., a syringe, inhalant, dropper (¢.g.. eye dropper), swab {¢.g.. a cotton swab or
wooden swab), of any such delivery device. In some embodiments, the device is an implantable
device that dispenses metered doses of the agent(s). Also included are methods of providing a kit e g,

by combining the components described herein.

Bioassays and Analytical Assays for Drug Release Assays and Product Specifications,

Diagnostics, and Reagenis
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Also included are bicassays that relate to anti-NRP23 antibodies and related agents such ag
therapeutic and diagnostic reagents. Exanples include bicassays and analytical assays that measare
purity, biological activity, affinity, solubility, pH, endotoxin levels, among others, many of which are
described herein. Also included are assays that establish dose response curves and/or provide one or
more bases for comparison between different baiches of antibody . Baich comparisons can be based on
any onc or more of chenncal characterization, biclogical characterization, and clinical
characterization. Alse inchuded are methods of evaluating the potency, stability, pharmacokinetics,
and wumunogenicity of a selected antibody, Among other uses, these and other methods can be used
for lot releasing testing of bislogic or chemical agenis, mncluding anii-NRP2a antibodies, described
herem.

Certain embodiments include the use of bicaffinity assavs. Such assays can be used to asscss
the binding affinity, for example, between an anti-NRPZa antibody and at least one NRP2 ligand (for
example, an NRP2a ligand such as CCL21 and/or CCR7), including its ability to interfere with the
nteraction between a human NRP2a polypeptide and the at least one NRP2 ligand, or other celhular
binding partner. Certain exemplary binding affinity assays may utilize ELISA assays or protein-
protein interaction assays such as the NanoBiT® Protein: Protein Interaction System (Promega),
among other protern complementation assays and approaches as described herein and known in the

art. Certain assays utilize high-performance receptor binding chromatography (see, e.g., Roswall et

al., Biologicals. 24:23-39, 1996). Other exemplary binding affinity assays may utilize surface plasmon
resonance (SPR)-based technologies. Examples include BIACore technologies, certain of which
mtegrate SPR technology with a microfhudics system o momtor molecular interactions in real time at
concentrations ranging from pM to mM. Also tncluded are KINEXA™ agcays, which provide
accurate measurements of binding specificity, binding affinity, and binding Kinctics/rate constants.

Certain embodiments relate to ramunoassays for evaluating or optimizing the
mmunogericity of anti-MRP2a antibodies. Examples include ex vivo human cellular assays and in
Vitro mmune-enzymatic assays to provide useful information on the immunogenic potential of a
therapeutic protein. Ex vivo cell-response assays can be usad, for examaple, to reproduce the celivlar
co-operation between antigen-presenting cells (APCs) and T-cells, and thereby measure T-celis
aclivation afler contact with a protein of aterest. Certain in vitro enzymatic assays may utilize a
collection of recombinant HLA-DR molecules that cover a significant portion of a relevant human
population, and may include automated immuno-enzymatic assays for testing the binding of peptides
(stemyuing from the fragmeentation of the therapeutic protein) with the HLA-DR molecules. Also
meluded are methods of reducing the immunogenicity of a selected protein, such as by using these
and related methods to identify and then remove or alier one or more T-cell epitopes from an anti-
NRF2a antibody.

Also included are biclogical release assavs {e.g., cell-based assays) for measuring parameters

such as specific biological activities, binding characieristics, NRP2 receptor dimevization aud
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heterodimerization, or changes in signal transduction, receptor localization, mternalization or
terapospatial kinetics of NRPZ polypeptides, and or other paramcters such as plasticity, growth,
and/or cytotoxicity. Certain specific biological assays include, for example, cell-based assays that
utilize a cellular binding partner, for example, a cell-surface receptor such as a NRP2a vi and/or v2
polypeptide, a duferent NRPZ polypeptide (see Table N1}, and/or at least one NRP2Z ligand such as
CCL2 1 and/or CCR7, presented on the cell surface, winch is either endogenously, or recombinantly
expressed on the cell surface). which is functionally coupled to a readout, such as a fluorescent or
fuminescent indicator of NRP2Z or NRP2 ligand binding, or functional activity, as described herein.

For instance, specific embodiments include a cell that either endogenously or recombinantly
expresses a human NRP2 polvpeptide (e.z., NRPZa vi and/or vZ polypeptide on the celf swface, or
other NRP2 polypeptide), which allows assessment of the ability of anti-NRP2a antibody to bind one
or more of the NRP2 polypeptides described herein. Tn some embodiments, the anti-NRPZa antibody
and/or the NRP2 polypeptide 19/are functionally coupled to a readout or indicator, such as a
fluorescent or luminescent mndicator to measure the binding and/or biological activity of the NRP2
polypeptide. Exemplary protein-protein inferaction assays which are capable of monitoring the
mteraction of a NRP2a polypeptide with a NRP2a ligand n response (o an anti-NRP2a antibody
include sphit sensor systerns such as the NanoBiT® Proiein: Protein Interaction System (Promega). In
some embodiments, the cell also expresses at least one NRP2 ligand (for example, an NRP2a ligand
from Table N2 such as CCR7), wherein the at least one NRP2 ligand is coupled to a readoat or
indicator, such as a fluorescent or luminescent mdicator of binding and/or biological activity of the at
feast one NRPZ2 higand to an NRP2a polypeptide.

Also included are in vivo biological assays to characterize the pharmacokinetics of an anti-
NRPZa antibody, typically utilizing engineered, or wild type mice, rat, monkey or other mammal (see,
¢.g.. Lee et al., The Journal of Phamacclogy. 281, 1431-1439, 1997). Examples of cytoloxicity -based
biclogical assavs include release assays {e.g., chromium or europium relcase assays to measure
apoptosis; see, e.g., von Zons et al., Chn Diagn Lab Immunol 4:202--207, 1997), among others, which
can assess the cviotoxicity of anti-NRP2a antibodies, whether for establishing dose response curves,
batch testing, or other properties related to approval by various regulatory agencies, such as the Food
and Drug Administration (FDA). Also included are assays for evaloating the effects of an anti-NRP2a
antibody on tmraune cells, for example, dendritic cells,

Certain embodiments inclode an assay system, comprising a single monoclonal anti-NRP2a
antibody and at least one human NRP2a v1/and or vZ polypepiide, wherein the anti-NRP2a antibody
binds to the NRP2a polypeptide. In some instances, the at least one antibody compnises an Ig(G4 Fe
domain.

Also included arc testing material(s), comprising a purificd NRP2 polypeptide {e.g., NRP2a
v and/or v2 polypeptide), wherein said purified NRP2 polypeptide is bound o a solid substrate in a

manner that enables antibody binding detection.
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Such assays and materials can be used, for example, to develop a dose response curve for a
selected anéi-NRP2a antibody . asd/or to compare the dose response curve of different batches of
proteins or other agents. A dose-response curve is an X-Y graph that relates the magnitude of a
stressor fo the response of a receptor, such as an NRP2-NRP?2 higand (for example, an NRP2a ligand
from Table N2) interaction; the response mayv be a physiclogical or biochemical response, such as a
non-canonical biological activity in a cell i vifro or in a cell or tissue i vivo, a therapeutically
effective amount as measured in vivo {e.g., as measured by ECsq), or death, whether measared in vifro
or in vive {e.g., cell death, orgarismal death). Death is nsually mdicated as an LDy, a statistically-
dertved dose that 1s lethal to 50% of a modeled population, though it can be indicated by LCs (ethal
dose for 1% of the animal test population), LCipe (lethal dose for 100% of the animal test population),
or LCro (Jowest dose causing lethality). Almost any desired effect or endpoint can be characterized in
this manuer.

The measured dose of a response curve is typically plotied on the X axis and the response is
plotted on the Y axis. More typically, the logarithm of the dose 18 plotted on the X axis, most often
generating a sigrecidal curve with the sieepest portion o the middle, The No Observable Effect Level
(NOEL) refers to the lowest experimental dose for which no measurable effect is observed, and the
threshold dose refers to the first poind along the graph that radicates a response above zero. Asa
general rule, stronger drugs generate steeper dose response curves. For many digs, the desived effects
are found at doses shghtly greater than the threshold dose, often because lower doses are relatively
meffective and higher doses lead to undesired side effects. For in vivo generated dose response curves,
a curve can be characterized by values such as ug/kg, mg/kg, or g/kg of body-weight, if desired.

For batch comparisons, i can be usefud to calculate the coefficient of variation (C'V) between
different dose responsc curves of different batches {(e.g., between different batches of anti-NRP2a
antibody), in part because the CV allows comparison between data sets with different units or
different means. For instance, in certain exemplary embodiments, two or three or more different
batches of anti-NRP2a antibodies or other agents have a CV between them of less than abowut 30%,
20%, 13%, 14%, 13%, 12%, 11%, 10%, 9%, 8%. 7%, 6%, 5%, 4%, 3%, 2%, or 1% fora 4, 5,6,7 or
8 point dose curve. In certain embodiments, the dose response curve 1s measurcd n a celi-based assay,
and its readoot relates to an mncrease or a decrease i a selected activity of an anti-NRP2a antibody. In
certain embodiments, the dose response curve is measured in a cell release assay or aniraal model
{e.g., mouse model), and iis readont relates to cell death or animal death. Other variations will be

apparent to persons skilled in the art,

Expression and Porification Systems
Certain embodimeents include methods and related compositions for expressing and purifying
an anti-NRP2a antibody or other polypeptide-based agent described herein. Such recombinant anti-

NRP2a antibodies can be conveniently prepared using standared protocols as described for example in
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Sambrook, et al., (1989, supra), 1n particular Sections 16 and 17; Ausubel et al., (1994, supra), in
particular Chapters 10 and 16; and Coligan et al., Current Protocols in Protein Science (John Wiley &
Sons, Inc. 1995-1997), m particular Chapters 1, 5 and 6. As one general example, anti-NRPZa
antibodies may be prepared by a procedure includimg one or more of the steps of: (a) preparing a
construct comprising a polvnucleotide sequences that encode an anti-NRP2a antibody beavy and light
chain and that are operably linked to a regulatory element; (b) mtroducing the constructs info a host
cell; (o) cultanng the host cell to express an anti-NRP2a antibody; and (d) tsolating an anti-NRP2a
antibody from the host cell.

Anti-NRPZa antibody polynuclectides are described elsewhere herein. In order to express a
desired polypepiide, a nucleoiide sequence encoding an anti-NRP2a andibody, or a functional
cquivalent, may be inserted mio appropriate expression vector, t.e., a vecior which containg the
necessary elemenis for the transcription and translation of the 1nserted coding sequence. Methods
which arc well known to those skifled in the art may be used to consiruct expression vectors
containing sequences encoding a polypeptide of interest and appropriate transcriptional and
trapslational control clements. These methods include in vitro recombinant DN A technigues, syathetic
techniques, and 1 vivo genetic recombination. Such techmiques are described in Sambrook et al |
Molecular Cloning, A Laboratory Manaal (1989), and Ausubel et al., Corrent Protocols in Molecular
Biclogy (1989),

A variety of expression vector/host systems are known and may be utilized to contain and
express polynucleotide sequences. These include, but are not limited to, microorganisms such as
bacteria transformed with recombinant bacteriophage, plasmid, or cosmid DNA expression vectors;
yeast transformed with yeast expression vectors; rasect cell systems infected with virus expression
vectors {(e.g., baculovirus); plant cell systems transformed with viras expression vectors {e.g.,
cauliflower mosaic virus, CaMV, tobacco mosaic viras, TMV) or with bactenal expression veciors
(c.g., Ti or pBR322 plasmids); or animal cell systeras, including mammalian cell and more
specitically human cell systems.

The “control elements” or “regulatory sequences” present fn an expression vecior are those
non-translated regions of the vector—-enhancers, promoters, 57 and 37 untranslated regions-~which
mteract with host cellular proteins (o carry ot transcription and translation. Such clements may vary
in their strength and specificity. Depending on the vector system and host utilized, anv number of
suilable transcription and translation clements, imcluding constitutive and mducible promoters, may be
used. For example, when cloning 1n bacierial systerns, inducible promoters such as the hybrid lacZ
promoter of the PBLUESCRIPT phagemid (Stratagene, La Jolla, Calif)) or PSPORTI plasmud (Gibeo
BRL, Gaithersborg, Md.) and the bke may be used. In mammalian cell systerns, promoters from
manumalian genes or from mammalian viruses are generally preferred. 11 1t 1s necessary to generaic a
cell e that contains maltiple copies of the sequence encoding a polypeptide, vectors based on SV40

or EBV may be advantageously used with an appropriaie seleciable marker.
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In bacterial sysiems, a number of expression vectors may be selected depending upon the use
mtended for the expressed polypeptide. For example, when large quantities are needed, vectors which
direct high level expression of fusion proteins that are readily purified may be used. Such vectors
include, but are not hmited to, the mudfunctional E. coli cloning and expression vectors such as
BLUESCRIPT (Stratagene), in which the sequence encoding the polypeptide of inderest may be
ligated nto the vector in frame with sequences for the amino-terminal Met and the subsequent 7
residues of B-galactosidase so that a hybrid protein i produced; pIN vectors {Van Heeke & Schuster,
I Biol. Chera. 264:5503 3509 (1989)); and the hike. pGEX Vectors (Promega, Madison, Wis.) may
also be used to express forcign polypeptides as fusion protems with glutathione S-transferase (GST).
In general, sach fusion proteing are soluble and can easily be purified from lysed celis by adsorption
to ghutathione-agarose beads followed by clution in the presence of free glutathione. Proteins made in
such systems may be designed to include heparin, thrombin, or factor XA protease cleavage sifes so
that the cloned polypeptide of interest can be released from the GST mwolety at will,

Certain embodiments may employ E. coli-based expression systems (sce, e.g., Structural
Genomics Consortivm of al, Nature Methods, 5:135-146, 2008). These and related embodiments may
rely partially or totally on ligation~-independent cloning (LIC) to produce a suitable expression vector.
In specific embodiments, protein expression may be controlled by a T7 RWNA polymerase (¢.g., pET
vector series), These and related embodimenis may utidize the expression bost straim BLZIDES), a
ADE3 lysogen of BL21 that supports T7-mediated expression and 1s deficient in lon and ompT
proteases for maproved target protein stability. Also included are expression host strains carrying
plasmids encoding (RN As rarely used in E. coli, such as ROSETTA™ (DE?) and Rosetta 2 (DE3)
straing. Cell bysis and sample handhing may also be improved using reagents sold under the
trademarks BENZONASE® muclease and BUGBUSTER® Protein Exiraction Reagent. For cell
culture, anto-inducing media can improve the efficiency of many expression systems, including high-
throughpat expression systerns. Media of this type (e.g., OVERNIGHT EXPRESS™ Agtoinduction
System) gradually e¢licit protein expression through metabolic shift without the addition of artificial
mducing agents such as IPTG. Particudar embodiments employ hexahistidine tags {such as those sold
under the trademark HIS'TAG® fusions), followad by immaobilized metal affinity chromatography
(IMAC) purification, or related techniques. In certain aspects, however, clinical grade proteins can be
isolated from E. cob mnchusion bodies, without or without the use of affinity tags (see, ¢.g., Shimp ot
al., Protein Expr Punf. 30:58-67, 2006). As a further example, certain erabodiments may eraploy a
cold-shock mduced E. cobt high-vicld production system, because over-expression of profeins in
Eschenichia coli at low teraperature improves thewr solubility and stabdity (see, e g, Qingetal |

Nature Biotechnology. 22:877-882, 2004).
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Also included are high-density bacterial fermentation systems. For example, high cell density
cultivation of Ralstonia eutropha allows protein production at cell densities of over 150 g/L., and the
expression of recorabinant proteins at titers exceeding 10 g/L.

in the yveast Saccharomyees cerevisiae, a number of vectors containing constifufive or
mducible promoters such as alpha factor, alcchol oxidase, and PGH may be used. For reviews, see
Ausubel et al. (supra) and Grant et al., Methods Enzymol. 133:516-344 (1987). Also included arc
Piclua pandoris expression systems (see, ¢.g., Li et al, Nature Biotechnology. 24, 210 - 213, 2006;
and Hamilton et al, Science, 301:1244, 2003). Certain embodiments include yeast systems that are
engineered to selectively glvcosylate proteins, mchuding yeast that have homanized N-glycosylation
pathways, among others (see, e.g., Hamtlton et al., Science. 313:1441-1443, 2006, Wildt ¢t al, Nature
Reviews Microbiol 3:119-28, 2003; and Gerngross et al., Nature-Biotechnology. 22:1409 -1414,
2004; U8, Patent Nos. 7,629,163, 7,326,681; and 7.029,872). Merely by wav of example,
recombinant veast cultures can be grown in Fernbach Flasks or 1551, 501, 1001, and 200L fermentors,
among others.

{n cases where plant expression veciors are used, the expression of sequences encoding
polypeptides may be driven by any of a number of promoters. For example, viral promoters such as
the 355 and 195 promoters of CaMV may be used alone or in corabination with the omega leader
sequence from TMY (Takamatsuy, EMBO 1 6:307-311 (1987)). Aliernatively, plant promoters such as
the small subunit of RUBISCO or heat shock promoters may be nsed (Comzzi et al., EMBO |
3:1671-1680 (1984); Broghie et al, Science 224:838-843 (1984); and Winter et al., Results Probl. Cell
Ditfer. 17:85-103 (1991)). These constructs can be miroduced into plant cells by direct DNA
transformation or pathogen-mediated transfection. Such echniques are described 10 a number of
generally avaiable reviews (see, e.g., Hobbs in McGraw Hill, Yearbook of Science and Technology,
pp. 191196 (19923,

An inscct system may also be used to express a polypeptide of inferest. For example, in one
such system, Autographa cabifornica nuclear polyhedrosis vinws (AcNPVY 15 used as a vector to
exprass foreign genes in Spodoptera frugiperda cells or in Trichoplusia cells. The sequences encoding
the polvpeptide may be cloned nto a non-cssential region of the virus, such as the polyhedrin gene,
and placed onder control of the polyhedrin promoter. Success{ol msertion of the polypeptide-encoding
sequence will render the polvhedrin gene mactive and produce recombinant virus lacking coat protein,
The recombinant viruses may then be used to infect, for example, 3. frugiperda cells or Trichophisia
cells in which the polypeptide of interest may be expressed {(Epgethard et al., PNAS. U .5 A 913224
3227 (1994)). Also included are baculovirus expression systems, including those that uahze SF9,
SEZ1, and T. ni cells {3¢e, e.g., Murphy and Piwnica-Worms, Curr Protoc Protein Sci. Chapter
5:Units 4, 2001). Insect systems can provide post-transfation modifications that are similar to

mammalian systems.
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In mammalian host cells, a number of viral-based expression systems are generally available.
For example, in cases where an adenovirus 18 used as an expression vector, sequences encoding a
polvpeptide of interest may be ligated inte an adenovirus transcription/transiation complex consisting
of the late promoter and tripartite leader sequence. Insertion n a non-essential E1 or E3 region of the
viral genome may be used (o obiain a viable viros which i capable of expressing the polypeptide in
infected host cells (Logan & Shenk, Proc. Natl. Acad. Sci. U.S AL 81:3635-3659 (1984). In addition,
transcription enhancers, such as the Rous sarcoma virus (RSV) enbhancer, may be used to increase
expression i manunalian host cells.

Exaraples of useful marmalian host cell lines include monkey kiduey CV1 line wansformmed
by SV40 (COS-7, ATCC CRL 1651, human embrvonic kidoev Hoe (293 or 293 cells sub-cloned for
growth n suspension culture, Graham et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney cells
(BHK, ATCC CCL 10); mouse sextoli cells (TM4, Mather, Biol. Reprod. 23:243-231 {1980y,
monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERGO-76, ATCC
CRL-1387); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK,
ATCC CCL 34); buffalo rat biver cells (BRL 3A, ATCC CRL 1442); human lung celis (W3S, ATCC
CCL 75); human hiver cells (Hep G2, HB 8063); mouse mammary tumor (MMT 060362, ATCC
CCL3; TR cells (Mather et al., Annals NY. Acad. Sci. 383:44-68 {1982)); MRC 3 cells; FS4 cellg;
and a human hepatoma line (Hep 32). Other useful manunalian host cell lines inchnde Chinese
haraster ovary (CHO) cells, mchiding DHFR-CHO cells (Urdaub et al, PNAS USA 77:4216 (198G));
and myeloma cell lines such as N8O and Sp2/0. For a review of certain mammalian host cell lines
suitable for antibody production, see, e.g., Yazaki and Wu, Methods 1n Molecular Biology, Vol 248
(B. K.C Lo, ed., Humana Press, Totowa, N.J., 2003}, pp. 255-268. Certain preferred mammalian cell
expression systems include CHO and HEK293-cell based cxpression systems. Mammalian expression
systems can utilize attached cell lines, for example, in T-flasks, roller botdes, or cell factonies, or
suspension cultures, for example, in 11 and 5L spinners, 51, 145, 40L, 1061 and 2001 stir tank
bioreactors, or 20/50L and 100/200L WAVE bioreactors, among others known in the art.

Algo included is the cell-free expression of proteins. These and related embodiments typically
utilize purified RNA polymerase, ribosomes, t(RNA and ribonucleotides; these reagents may be
produced by extraction from cells or from a cell-based expression system.

Specific nitiation signals may also be used to achicve more efficient translation of sequences
encoding a polypeptide of interest. Such signals inchide the ATG mitiation codon and adjacent
sequences. In cases where sequences encoding the polypeptide, #s initiation codon, and upsiream
sequences are inscrted into the appropriate expression vector, no additional ranscriptional or
translational control siguals may be needed. However, in cases where only coding sequence, ora
portion thereof, is inserted, exogenous translational control signals including the ATG mnitiation codon
should be provided. Furthermore, the tutiation codon should be 1 the correct reading frame to ensure

transiation of the entire 1nsert. Exogenous translational elements and initiation codons may be of

166



WO 2023/076998 PCT/US2022/078780

various origins, both natural and svathetic. The efficiency of expression may be enhanced by the
mehision of enhancers which are approprate for the particular cell system which is psed, such as
those described in the literature (Scharf. et al., Results Probl. Cell Daffer. 200125-162 (1994)).

In addition, a host cell strain may be chosen for its ability to modulate the expression of the
inserted sequences or o process the expressed protern in the desived fashion. Such modifications of
the polypeptide include, but are not limited to, post-translational modifications such as acetylation,
carboxylation, glycosylation, phosphorvlation, ipidation, and acylation. Post-translational processing
which cleaves a “prepro” form of the protein may also be used to facilitate correct insertion, folding
and/or function. Different host cells such as yeast, CHO, Hela, MBCK, HEK293, and W138, in
addition to bactenial cells, which have or even lack specific cellular machinery and characteristic
mechanisms for such post-transiational activities, may be chosen to ensure the correct modification
and processing of the foreign protein.

For long-terme, lugh-vield production of recombinant proteins, stable expression is generally
preferred. For example, cell lines which stably express a polynuocieotide of inlerest may be
transformed using expression vectors which may contain viral origins of replication and/or
endogenous expression clements and a selectable marker gene on the same or on a separate vector.
Following the mtroduction of the vector, cells may be allowed to grow for about 1-2 days in an
coriched media before they are switched to selective media. The purpose of the selectable marker s to

conder resistance to selection, and its presence allows growth and recovery of cells which successtully

[

xpress the introduced sequences. Resistant clones of stably transformed cells may be prolierated
using tissue culture technigues appropriate (o the cell type. Transient production, such as by transient
transfection or mfection, can also be craployved. Excraplary mammalian exprossion sysiems that are
sutiable for transient production achude HEK 293 and CHO-based systems.

Any nurnber of selection systems may be used to recover trassformed or transduced cell lines.
These mclude, but are not imited to, the herpes ssmplex virus thymidine kinase (Wigler ¢t al, Cell
11:223-232 (1977)) and adenine phosphoribosyltransferase (Lowy et al., Cell 22:817-823 (1990))
gencs which can be emploved intk- or apri- celis, respectively. Also, antimetabolite, antibiotic or
herbicide resistance can be used as the basis for selection; for example, dhfr which confers resistance
to methotrexate (Wigler ot al, PNAS USA. 77:3567-70 (1980)); npt, which confers resistance to the
amimoglycosides, ncomycin and G-418 (Colbere-Garapin et al., J. Mol. Biol. 150:1-14 (1981)); and
als or pat, which confer resistance to chlorsulfuron and phosphinoincin acetyliransierase, respectively
(Mugry, supra). Additional selectable genes have been described, for example, 1rpB, which allows
cells to ntibire indole in place of tryptophan, or lusD, which allows cells to utilize histinel m place of
histidine (Hartman & Mulligan, Proc. Natl. Acad. 5ci. U.S AL 85:8047-51 (1988}). The use of visible
markers has gained popularity with such markers as green fluorcscent protein (GFP) and other
fluorescent proteins {¢.g., RFP, YFP), anthocyaning, B-glucuronidase and s substrate GUS, and

huciferase and its substrate luciferin, being widely used not only 1o wdentddy transformants, but also to
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guantify the amount of transient or stable protein expression attributable to a specific vector system
{(see, ¢.g., Rhodes et al, Methods Mol Biol 55:121-131 (19953}

Also melnded are high~throughput proteis production svstems, or micro-production sysiems.
Certain aspects may utilize, for example, hexa-histidine fusion tags for protein expression and
purification on metal chelate-modified shide surfaces or MagneHis Ni-Particles (see, 2.g., Kwon et al.,
BMC Bictechnol. 9:72, 2609; and Lin ¢t al., Methods Mol Biol 498:129-41, 20093, Also mncluded
are high-throughput cell-free protein expression systems (see, e.g., Sitaraman et al., Methods Mol
Biol 498:229-44, 2009). These and related embodiments can be used, for example, to generate
microarrays of anti-NRP2a antibodics which can then be vsed for screening hibraries to 1dentify
antibodics and antigen-binding domains that inferact with the NRP2 polypeptide(s) of interest.

A vanety of protocols for detecting and measuring the expression of polynucieotide-encoded
products, using binding agents or antibodies such as polyclonal or monoclonal antibodies specific for
the product, are known in the art. Examples include enzyme-linked immunosorbent assay (ELISA),
western rnmunoblots, radicimmunocassays (RIA), and flucrescence activated cell sorting (FACS).
These and other assays are descrbed, among other places, in Hampton et al., Serological Methods, a
Laboratory Manual (1990) and Maddox et al., J. Exp. Med. 158:1211-1216 (1983).

A wide variety of labels and conjugation techniques are known by those skilled in the art and
may be used in varions nucleic acid and amino acid assays. Means for producing labeled
hybridization or PCR probes for detecting sequences related to polynucleotides include oligolabeling,
nick translation, end-labeling or PCR amplification using a labeled nucleotide. Alternatively, the
sequences, of any portions thereof may be cloned into a vector for the production of an mRNA probe.
Such vectors are known in the art, are comunercially avatiable, and reay be used to synthesize RNA
probes in vitro by addition of an appropriate RNA polymerase such as T7, T3, or 5P6 and labeled
mycleotides. These procedores may be conducted using a vanety of commercially available kits.
Suitable reporter molecules or labels, which may be used include radionuclides, enzymes, flucrescent,
chemiluminescent, or chromogemic agents as well as substrates, cofactors, mnlnbitors, magnetic
particles, and the hike.

Host cells transformed with a polyauclestide sequence of interest may be cultured under
conditions suitable for the expression and recovery of the protern from cell culture. Certain specific
embodiments utilize serum free cell expression systems. Examples include HEK 293 cells and CHO
cells that can be grown on serum free mediom (see, e.g., Rosser ¢t al., Protemn Expr. Ponf 40:237-43,
2005; and U5, Patent number 6,210,922).

An antibody, or antigen-binding fragment thereof, produced by a recombinant cell may be
secreted or contained intracellularly depending on the sequence and/or the vector used. As will be
understood by those of skill in the art, expression vectors containing polynucleotides may be designed
to contain signal sequenices which direct secretion of the encoded polypeptide through a prokaryotic

or enkarvoiic cell membrane. Uther recombinant constructions may be used to join sequences
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encoding & polypeptide of mterest to nucleotide sequence encoding a polypeptide domain which will
facilitate purification and/or detection of soluble proteins. Examples of such domaing melude
cleavable and non-cleavable affinity purification and epitope tags such as avidin, FLAG tags, poly-
histidine tags {e.g.. 6xHisy, cMyc tags, V3-tags, ghutathione S-transferase (G8T) tags, and others.

The protein produced by 3 recornbinant cell can be purified and characterized according to a
variety of techniques known in the art. Exemplary systems for performing protein purification and
analyzing protein purity include fast protemn higund chromatography (FPLC) (e.g., AKTA and Bio-Rad
FPLC systems), high-pressure higuid chromatography (HPLC) {e.g., Beckman and Waters HPLC).
Exemplary chemistries for purification mchide 1on exchange chromatography (e.g.. Q, 8), size
exclusion chromaatography, salt gradients, affinity poafication {¢.g., Ni, Co, FLAG, maliose,
glutathione, protein A/(H, gel filtration, reverse-phase, ceramic HYPERD® 1on exchange
chromatography, and hydrophobic interaction coluomas (HIC), among others koown 1a the art. Alse
mncluded are analvtical methods such as SDBS-PAGE (e.g., coomassie, silver stain), immunoblot,
Bradford, and ELISA, which may be utibized duning any step of the production or purification
process, typically to measuore the purity of the protein composition,

Also included are methods of concentrating anti-NREPZa antibodics and antigen-binding
fragrments thereof, and composition comprising concentrated sofuble proteins. In different aspects
such concentrated solutions of anti-NRPZa antibodies raay comprise proteins at a concentration of
about S me/mib; or about 8 mg/mb; or about 10 mg/mL; about {3 mg/ml; or about 20 mg/mi..

In some aspects, such compositions may be substantially monodisperse, meaning that an at
feast one anti-NRP2a antibody exists primarily (i.c., at least about 90%, or greater) in ong apparent
modecular weight form when assessed for example, by size exclusion chromatography, dynamic light
scatiering, or analytical ultracentrifugation.

In some aspects, such compositions have a purity (on a protein basis) of at least about 90%, or
in some aspects at least about 95% purily, or in some embodiments, at least 98% purity. Purily may be
deternuned viag any routing analyvtical method as known 1 the art.

In some aspecis, such compaositions have a high molecular weight aggregate content of less
than about 10%, compared (o the total amount of protein present, or i some embodiments such
compositions have a lngh molecular weight aggregate content of less than about 5%. or in some

1]
b, OF

aspects such compositions have a high meolecular weight aggregate content of less than about 3
i some embodinments a high molecular weight aggregate content of less than about 1%. High
raclecular weight aggregate content may be determined via a variety of analytical technigues
meluding for example, by sive exclusion chromatography, dynamic light scattering, or analytical
altracentrifugation.

Examaples of concentration approaches conteraplated herein mnclnde Ivophilization, which s

typically employed when the solution contains few soluble components other than the protein of

inderest. Lyvophilization 1s often performed after HPLC run, and can remove most or all volatile
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components from the mixture. Also incloded are ulirafilivation technigues, which typically employ
one or more selective permeable membranes (o concentrate a protein solution. The mermbrane allows
water and small molecules to pass through and retains the protein; the solution can be forced agamst
the membrane by mechanical pump, gas pressure, or centrifugation, among other technigues.

{n certain embodiments, the reagents, anti-NRP2Za antibodies, or related agents have a purity

of at least about 90%, as measured according to rovtine technigoes m the art. In certain embodiments,
such as diagnostic compositions or certain therapeutic compositions, an anti-NRP2a antibody
compaosition has a purity of at least about 93%. In specific embodiments, such as therapeutic or
pharmaceutical compositions, an anti-NRP2a antibody composition has a purity of at least about 97%
or 98% or 99%. In other embodiments, such as when being used as reference or research reagents,
anti-NRP2a antibodies can be of lesser purity, and may have a purity of at least about 50%, 60%,
70%, or 80%. Purity can be measured overall or in relation to selected components, such as other
proteins, e.g., purily on a protein basis.

Purified anti-NRP2a antibodies can also be charactenized according to thewr biclogical
characteristics. Binding affietty and binding kinetics can be measured according to a variety of
techniques known in the art, such as Biacore® and related technologies that utilize surface plasmon
resonance (SPR), an optical phenomenon that enables detection of unlabeled interactants i real tirne.
SPR-based biosensors can be used m determination of active concendration, screening and
characterization in terms of both affinity and kinetics. The presence or levels of oge or more canonical
or non-canonical biological activitics can be measured according to cell-based assays, including those
that utihize a cellular binding partner of a selected anti-NRP2a antibody, which is fimctionally coupled
to a readout or indicator, such as a flucrescent or luminescent indicator of biological activity, as
described herein.

In certain embodiments, as noted above, an anti-NRP2a antibody coraposition 18 substantially
endotoxin free, including, for example, about 95% endotoxin free, preferably about 99% endotoxin
free, and more preferably about 99.99% endotoxin free. The presence of endotoxins can be detected
according to routine techniques in the art, as described herem. In specific embodiments, an andi-
NRP2a antibody composition 18 made from a cukarvotic cell such as a mammalian or human cell in
substantially serum free media. In certain embodiments, as noted herein, an anti-NRPZa antibody
composition has an endotoxin contend of less than about 10 EU/mg of anti-NRP2a antibody, or less
than about 5 EU/mg of anti-NRP2a antibody, less than about 3 EU/mg of anti-NRP2a antibody, or
fess than about | EU/mg of anti-NRP2a antibody.

In certain embodiments, an anti-NRP2a antibody composition comprises less than about 10%
wi/wt high molecular weight aggrepates, or less than about 5% wt/wt high molecular weight
aggregates, or less than about 2% wt/wt high molecular weight aggregates, or less than about or less

than about 1% wit/wt high molecular weight aggregates.
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Also included are protein-based analytical assays and methods, which can be used to assess,
for exarnple, protein purity, size, solubility, and degree of aggregation, arnong other charactenistics.
Protein purity can be assessed a number of ways. For instance, purity can be assessed based on
primary structure, higher order structure, sive, charge, hydrophobicity, and glycosviation. Examples of
raethods for assessing primary structiure include N- and C-terpunal sequencing and peptide-mapping
{see, e.g., Allen et al, Biologicals. 24:255-273, 1996)). Examples of methods for asscssing higher
order stracture inclade circolar dichroism (see, ¢.g., Kelly ¢t al,, Biochim Biophys Acta. 1751:119-
139, 2003), fluorescent spectroscopy (see, ¢.g., Meagher et al., J. Biol Chem. 273:23283-89, 1995},
FT-IR, amide hydrogen-deuterivm exchange kinetics, differential scanning calorimetry, NMR
spectroscopy, immunoreactivity with conformationally sensitive antibodies. Higher order structure
can also be assessed as a function of a variety of parameters such as pH, temperature, or added salts.
Examples of methods for assessing protein characteristics such as size inclode analytical
ultracentrifugation and size exclusion HPLC (SEC-HPLC), and exemplary methods for measuring
charge wclude ton-exchange chromatography and isolectric focasing. Hydrophobicity can be
assessed, for exaraple, by reverse-phase HPLC and hydeophobic interaction chroraatography HPLC.
Glycosylation can affect pharmacokinetics {e.g., clearance), conformation or stability, receptor
binding, and protemn function, and can be assessed, for example, by mass spectrometry and nuclear
magnetic resonance (NMR) spectroscopy.

Ag noted above, certain embodiments include the use of SEC-HPLC to assess protein
characteristics such as purity, size (¢.g., size homogencity) or degree of aggregation, and/or to punity
proteing, among other uses. SEC, also including gel-{ilivation chromatography (GFC) and gel-
permeation chromatography (GPC), refers to a chromatographic method in which molecules in
solution are separated in a porous material based on their size, or more specifically their
hydrodynamic volume, diffusion coefficient, and/or surface propertics. The process is generally used
to separate biological molecules, and to determine molecular weights and molecular weight
distributions of polymers. Typically, a biclogical or protein sample (such as a protein exiract
praduced according to the protein expression methods provided hersin and known 1o the art) is loaded
into a selected size-exclusion column with a defined stationary phase (the porous material), preferably
a phase that does not interact with the proteins in the sample. Tn certain aspects, the stationary phase is
composed of inert particles packed into a dense three-dimensional matrix within a glass or sieel
column. The mobile phase can be pure water, an agueous buffer, an organic solvent, or a muxiure
thereof. The stationary-phase particles typically have small pores and/or channels which only allow
molecules below a certain size to enter. Large particles are therefore excluded from these pores and
channels, and their hmited mteraction with the stationary phase leads them to elate as a “otally -
exchuded” peak at the beginning of the experimaent. Smaller molecules, which can fit into the pores,
are removed from the flowing mobile phase, and the time they spend mamobihized in the stationary -

phase pores depends, in part, on how far info the pores they penetrate. Their remaval from the mobile
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phase flow causes them {o take longer (o clute from the column and results 1n a scparation between
the particles based on differences 1n thetr size. A given size exclusion column has a range of
molecular weights that can be separated. Overall, molecules larger than the upper limit will not be
trapped by the stationary phase, molecules smaller than the lower it will completely enter the solid
phase and clute as a single band, and molecules within the range will elute at different rates, defined
by their properties such as hydrodynamic volume. For examples of these methods in practice with
pharmacentical proteins, see Bruner ¢t al., Journal of Pharmaceuntical and Biomedical Analysis. 13
1929-1935, 1997,

Protein purity for clinical applications 1s also discussed, for example, by Anicetti ¢f al.
{Trends in Biotechnology. 7.342-349, 19%9). More recent techuniques for analyvzing protcin purily
include, without limitation, the LabChip GXII, an avtomated platform for rapid analysis of proteing

and nucleic acids, which provides high throughput analysis of titer, sizing

g, and purity analysis of
proteins. In certain non-himiting embodiments, clinical grade proteins such as protein fragments and
antibodies can be obtained by utiizing a combination of chromatographic matenals 1 at least two
orthogonal steps, among other methods (s2¢, ¢.g., Therapeutic Proteins: Methods and Protocols, Vol
308, Eds., Smales and James, Homana Press Inc., 2005). Typically, protein agents (e.g., anti-NRFP2a
antibodies, and antigen-binding fragments) are substantially endotoxin-free, as measured according to
techniques known in the art and described herein.

Protern solability assays are also tncluded. Soch assays can be wtilized, for example, (o
determine optimal growth and purification conditions for recombinant production, to optimize the
choice of buffer(s), and to optimize the choice of anti-NRP2a antibodies or variants thereof. Solubility
or aggregation can be evaluated according to a variety of parameters, including temperature, pH, salis,
and the presence or absence of other additives. Examples of solubility screening assays include,
without imitation, microplate-based methods of measuring protein solubibity using tarbidity or other
measure as an end point, high-throughput assays for analvsis of the solubility of purified recombinant
proteins (see, e.g., Stenvall ¢t al., Biochim Biophys Acta. 1752:6-10, 2005), assays that use structural
complementation of a genctic marker protein to montior and measure protein folding and solubility in
vivo {sce, e.g., Wigley et al., Nature Biotechnology. 19:131-136, 2001), and electrochemical
screening of recorabiaant protein sohubility in Escherichia cob using scanning clectrochemical
nucroscopy (SECM) (see, ¢.g., Nagamine ot al., Biotechnologv and Bicengineering. 96:1008-1013,
2006), among others. Anti-NRP2a antibodies with increased solubility (or reduced aggregation) can
be identifiad or selected for according to routine techniques in the art, including staple 1o vivo assays
for protein solubility (see, ¢.g., Maxwell et al., Protein Sci. 8:1908-11, 1999y,

Protein solubility and aggregation can also be measured by dynamic light scattening
techniques. Aggregation is a general term that encompasses several types of interactions or
characteristics, including soluble/insoluble, covalent/noncovalent, reversible/irreversible, and

native/denatured inferactions and characterisiics. For protein therapeutics, the presence of aggregates
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is typically considered undesirable because of the concern that aggregates may cause an mymunogenic
reaction (¢.g.. smaall aggrepates), or may cause adverse events on administration {¢.g., particulates).
Dynamic hight scattering refers to a techrigue that can be used to determine the size disiribution
profile of small particles in suspension or polymers such as proteins in solution. This technigue, also
referred to as photon correlation spectroscopy (PCS) or quasi-clastic light scattering (QELS), uses
scattered hight to measure the rate of diffusion of the protein particles. Fluctuations of the scattering
ntensity can be observed due to the Brownian motion of the molecules and particles 1o sotution. This
motion data can be conventionally processed to derive a sive distribution for the sample, wherein the
size is given by the Stokes radiug of hydrodynamic radins of the protein particle. The hydrodynamic
size depends on both mass and shape (conformation). Dynamic scattering can detect the presence of
very small amounts of aggregated protein (<0.01% by weight), even n samples that contain a large
range of masses. 1t can also be used to compare the stabidy of different formulations, including, for
example, applications that rely on real-time monitoring of changes at clevated temperatures.
Accordingly, certain embodiments include the use of dynamic lght scattering to analyze the solubility
and/or presence of aggregates in a sample that cordains an andi-NRP2a antibody of the present

disclosure.

Although the foregoing embodiments have been described in some detail by way of
itastration and example for purposes of clarity of understanding, it will be readily apparent to one of
ordinary skill in the art in light of the teachings of this disclosure that certain changes and
modifications may be made thereto without departing from the spirit or scope of the appended claims.
The following examples are provided by way of illostration oaly and not by way of Humitation. Those
of skill in the art will readily recognize a variety of noncritical parameters that could be changed or

modified to yield essenually similar resulis,

Examples
Fxample 1
Binding Affinities
The isoform specificity, binding affinities, and specics reactivity for the antibodies listed 1
Tables AT/A2 were tested as described below to characterize their functional propertics. Binding
experiments were conducted by biolayver interferometry (BLD on an Octet REDO6e instrument
(Rartorius). Al antibodies, peptides, and profeins were diloted tin Ix PBS, 0.1% BSA, and 0.02%
Tween 20, pH 7.4. For isoform specificity and mouse reacuvitly, biotunylated pepudes corresponding
to the unigue sequences of NRP2 isoforms a and b, and mouse NRP2 isoform a (see Table E2) were
purchased from China Peptides and Genscrpt. The peptides were timmobilized on Octet Streptavidin
Biosensors (Sartorius, 18-5019) at 20 pg/mL. The biosensors were then dipped into 30 nM solutions

of each antibody and read for 300,
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For measuring binding affinities, a biotinviated anti-mouse antibody (CapiureSclect biotin
anti-LC-kappa murine, ThermoFisher) was inmobilized on Octet Streptavidin Biosensors (Sartonus,
18-5019) at 8 pg/ml. The biosensors were then dipped tio 1 pug/mL solutions of each antibody,
followed by a titration of 450, 150, 50, 16.67, 5.56, 1 .83, 8.62 nM recombinant NRP2 isoform a. The
association phase of binding was 300¢ and the dissociation phase was 1200s. The biosensors were
regenerated in 10 mM glyeine, pH 1.5 in between cycles of different antibodies. Binding affinities
were obtained by fitling the data to a |1 binding model in the Octet Data Analysis software

The resulis are summarized in Table 1 below.

Table EBl. Antibody affinities, iscoforxrm specificity, and species
reactivity
Antibody Human NRPZa Human NRPZb Mouse
binding kinding Reactivity
affinity (nM) | affinity
a 0.767 None Poor
a 0.453 None None
a 3.13e None Good
& L 38 None Good
a None Poor
a None Poor
a None Zood
a and b 5. Poor Good
a and b 0.35 Poor Good
a z None Good
a Z Nene Good

These resulis demonstrate for the first time the creation of hugh affinity antibodies which
show specific selectivity for NRP2a and little or no binding to NRP2b. Such antibodies demonstrate
high (sub nanomolar) affimity for NRP2a with bttle or no nonspecific reactivity, demonstrating that
the epitopes identificd enable high specificity, and provide NRP2a antibodies with smque functional

and diagnostic characteristics.

Example 2
Bimerization of NRP2 Isoforms and CCR7 Induced by CCL21

To determine the specificity of NRP2a and NRP2b association with CCR7, different protein
isoforms of NRP2Z were assessed for thewr ability to form heterodimers with CCR7 in the presence of
chemokine bgands CCL21 and CCLIS.

Briefly, vectors containing the small (pBiT2.1-C) and large(pBiT1 1-C) fragment of a sply
NanoLuc were obtained from Promega corporation. ¢PINA encoding human NRP2a (RCC220700,
isoform 2) and huwman NRP2b (RC210928, isofonm 3) were obtained from Origene Technologics.
cDNA encoding CCR7 (OHu24012) was obtained from Genscript. N-terminal to the vector encoded
spacer sequences and NanoLuc tags, the complete coding segquences of NRP2 were cloned into

pBIT1.1-C, while the full coding sequence of CCR7 was cloned inio pBiT1.1-C. The remaining
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protein 1soforms of NRP2 were constructed {rom the previously described vectors following standard
mutagencesis technigues.

The vectors were then transfected into Expi293F cells by Expifectamine transfection reagent
{Fisher Scientific) at | ug per mb at a density of 1 million cells per mL. Approximately 16-20 hours
post transfection, cells were washed, plated at 100,000 cells/well in luminometer plates, and then cell
permeable hicitferase substrate was added and himinescence was moniiored on a GloMax%6
{Promega) until stabifization of luminescent signal was achieved. 100 nM of either CCL19 (R&D
sysiems, 361-MICF) or CCL21 (R&D systems, 366-6C/CF) was added, and the change in
laminescence of wells with added bigand compared {o control wells was calcudated.

As shown i Figures 2A-2F, two isoforms of NRP2a, NRP2a vl (931aa) and NRPZa v2
{926aa), showed enhanced association with CCR7 m the presence of CCL2T compared to CCLIY,
whereas both of the b’ isoforms of NRPZb, NRF2b v4 (906aa) and NRP2b v3 (90]1aa), showed no
response to chemokine ligands. This data suggests the presence of a CCL21 speeific binding site in
the juxtamembrane scquence of the NRP2a vl and v2 isoforms but not the NRP2b isoforms. While all
of the NRP2a variants (e.g., vi/v2/v3} are considered to be the “a’ isoforms of NRP2, NRP2v3
{90%aa} showed no additional response to CCL21, supgesting the binding site is disrupted by the
omission of 17aa from the juxtamembrane region in this vanant.

This data 1s the first o demonstraie the specific interaction between NRP2a (but not NRP2b)
and CCR7 i the presence of its higand CCL2 L Given the central role of CCR7/CCL21 axis i the
regufation of immune cell migration activation, tissue mflammation, autoimmunity, and cancer
progression, this data provides direct evidence that NRP2a-specific antibodics would have highly
selective aud specific effects on CCRZACCLZE siguabing, and the associated pathophysiology

associated with these pathways.

Exampie 3
Mutagenesis of CCL21 Binding Site on NRP2a and Effects on Ligand-induced Dimerization of
NEP2a and CCR7
To deniify residues responsible for the mteraction of CCL21 with NRP2a, alanine scanning
ntagencsis was performed through the podamembrane region of NRP2a expected {o be disrupted in
the NRP2v3 deletion. Then, recepior dimerization experiments were performed to identify the specific
anuno acids involved in creating the binding nteraction.
Mutations were made in the NaeoBiT vector pBiT2 1-C-NRP2VZ Geoform 2) following
standard site directed mutagencsis protocols. The CCR7 protein i pBiT1 1-C 1n this case was

"
(it

trageated to remove the cytoplasmic sequence C terminal to the last (77) ransmembrane helix (after
aa331), to romove signal responscs likely due to receptor trafficking which were seen with CCL19

and CCL21 with NRP2v3.
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The vectors were transfected into Expi293 cells using Expifectamine (Fisher Scientific).
Approximately 16-20 hours post transfection, cells were washed, plated at 100,000 cells/well in
huranometer plates, and then cell permeable luciferase substrate was added and lnminescence was
monitored on a GloMax96 (Promega). 100nM higand was added, and response to higand was
calculated with respect (o a condral set with no ligand.

As shown in Figores 3A-3E, mutations showed various degrees of decreased binding with
the sabstitution of negatively charged residues throughout the binding site, and highhghted the critical
mportance of a tyrosine residuc at position 828 of NRP2a isoform v2. Additionally, a 3 amino acid
substitution from residoes 816-818, and a deletion from residucs 834-849 showed nontinal effects on
receptor dimerization, n this case with the full CCR7 sequence, suggesting that these sequences are
not important for receptor interaction. These regions define the N- and C- terminal boundaries to the
binding site. Accordingly, residues 819-833 of FL NRPZa define the unique miniroun epitope which

is imvolved n the interaction of NRP2a with CCL2 1.

Fxample 4
ELISA Specificity of Antibodies to NRP2 Peptides
To determine the approxtmate epitopes recognized by cach NRPZa reactive antibody, all

antibodics were tested agamst NRP2 peptides generated by Genscript and China Peptides via
munimpnoassay, as described below. All antibodies were also tested for human/mouse conservation and

cross-reactivity with NRP2b. The NRP2 peptides used for mapping are shown in Table E2, and
mclude a series of 12 amino acid peptide sequences which systematically span the minmmum CCL21
mteracting domain on NRP2a defined 1o Exaraple 3. Of these peptide sequences, peptides NRP2a-

scan 4, 5, and 6 represent the sequences which most completely cover the CCL21 interacting domain.

Table EZ
Peptide nce SEQ ID NO:
NPR2A WDIPETHEREGYEDEIDDEYEVDWSNSSSATSGSGAPSTDKE 113
Ks

Short FTPFJL HE G EIDDEYEVDW 114
NREZA
NRFZa scan VIDIPEIHEREGY 115
NREPZa =can PETHEREGYEDE 11e
2
NRPZa_ scan HEREGYEDEIDD 117
3
NRPZa scan EGYEDEIDDEYE 118
) -
NRP2a scan EDEIDDEYEVDW 118
NRPZa scan IDDEYEVDWSNS 120
NRPZa scan EYEVDWSNSSSA 121
7

P EGYEDEIDDEYEVDWSNSSSATS 122
Mid-mNRP2A EGYEDEIDDEYEGDWSNSSSSTS 123
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NRPO TYEGDWSNSS SSTEGAGDPS SGKE 124
NN KE o

NRP2L PISAFAGGTLLPGTERTVDTVEMOPIRPAYW 123
TNRPZL PISAFAGGTLPPGTERPTVDTVEVOPIPAYW 126

The peptides were conjugated to biotin. Sireptavidin plates were coated with each peptide at
2ug/ml, dibited m Casein. Plates were sealed with a plate sealer and were incubated at 4°C overnight
(no shaking). After overnight coating, the plates were washed three times with PBST. Each NRP2a
specific antibody of miterest was diluted to Fag/mL, 6 5ug/mi, and 0.25ug/mL and 56ul/well was
added to the assay plates. Plates were incubated at room temperature for 1 hour with shaking
{400rpm). Plates were washed again three times with PBST and HRP congugated Goat-anti-mouse
1gG (Jackson hmrauno Research, 115-035-071) was added at 3 1:5000 dilution at 50ul./well. Plates
were incubated at room temperature for | hour with shaking (400rpm). Plates were washed three
times with PBST and were developed by adding 50ul/well of 1-Step Ultra TMB subsirate (Thermo
Scientific, 34029).

Plates were incubated with substrate for 10 munutes and the reaction was stopped with Stop
Solution (Binlegend, 423001). The colorimetric signal was read at 450nm on a Biotek plate reader If
signals were <3X the average blank, the antibody was labeled as non-binding to the peptides. Signals
that were >3X blank but <10X blank were labeled as positive but low signal. Signals that were >10X

blark was a positive binder 1o a peptide. The resulis are shown in Tabie £3.

Table E3

Pept. 400 401 402 403 404 405 408 407 408 408 37
w2 V2 w2 w2 w2 w2 w2 w2 w2 v2 w2

NRPZA y ¥ Y y b Y Y M y Y M

NRPZa v n n n vy n n n n n n

scanl

NRPZa . n n . v n n n n n n

scan?

NRPZa n n n n n n n n n n n

szand

NRPZa n n n n n n n n n n n

scand

NRPZa n v N v ks n n n n n n

scand

NRFZ2a n Y Y v n n n o e} n n

szanbd

NRPZa n n n n n n n n n n n

scan’/

Mid- n v Low N4 kst n n n n n n

NRP2A

Mid- n Y Low v n n n . sl n .

mNRPZA

mNRP2A n v y % low N4 V Y V4 V Y

NRPZb n n n n n n N 3% n n n

The results demonsirate that antibodies aNEP2-406v2 and aNRP2-407v2 showed cross-

reactivity with both NRP2a and NRP2b, but did not bind to peptides representing the mintmum

117



WO 2023/076998 PCT/US2022/078780

CCL21 interaction region. By comparison, antibodies aNKP2-401v2, aNRFP2-402v2, and aNRP2-
403v2 showed selectivity for NRP2a peptides scan 5 and 6, as well as the longer NRPZa
juxtamembrane sequences, but did not bind to NRP2b. Antibodics aNRP2-400v2 and aNRP2-404v2
fikely bind further N-terminal n the puxtamembrane region, but may also be of sufficient proximity to
the binding site to block, while the remaining antibodies likely bind the C-terminus of the

juxtamembrane region.

Exampic 8
Biclayer Interferometry Specificity of Antibodies to NRP2 Peptides

Biclayer mnterforometry {BLI) expeviments were carried ount on an Ociet REDS6e instrument
{Sartorius) to further characterive antibody affinities to the NRPZ peptides screened above. Antibodies
wers epitope mappad using peptides that span the NRP2a isoform specific region; antibodics were
also tested for reactivity to an NRP2Zb isoform specific peptide and cross-reactivity to mNRP2a and
mNRP2b peptides (sec Table E2 for peptide sequences).

Pepiides were synthesized at Gengeript and China Peptides and were biotin-conjugated.
Antibodies and peptides were diluted in 1x PBS, 0.1% BSA, 0.02% Tween 20, pH 7.4, The peptides
were immobilized on Octet Streptavidin Biosensors (Sartorius, 18-5G19) at 20 yg/mL. The biosensors
were then dipped o 50 nM solutions of each antibody and read for 300s. The biosensors were
regenerated in 10 mM glycine, pH 1.3 in between cycles of different antibodies. The results are showa

in Table ¥4, and confirm the data presented above.

Table E4

Pept. 400 401 402 403 404 405 406 407 408 408 37
w2 2 v w2 2 w2 2 w2 2 3 2

NRPZA Yy Y Yy Y b4 Y Y Y Y Yy Y

NRFZa v n n n v n n st n n n

szanl

NRPZa o n o n Y n n n e} n e}

scan?

NRPZa i n i n ot n n n n i n

NRFZ2a n n n i n i n ot n n n

scand

NRPZa n N y Y n n n n n n n

NRPZa n k% v y n n n n n n n

NRPZa n o} n

o~ =
s3Canid

]
=
]
=
o
=]
=
3
o
3

Mid- n N % Y n n n n T n T
NRP2A

Short- v o n n Y n n n n n n
NRPZA

Mid- n Y 3% N n n n n n n n
mNREZA

mNRPZA n N y Y v Y v y N ¥ N
NRPZb n n n n n n \% N4 n n n
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mNRPZL n ' n | n I n [ n ’ n I N l Yy |

o]
o]
=
o]

The resulis confirm that antibodics aNRP2-406v2 and aNRP2-407v2 showed cross-reactivity
with both NRP2a and NRP2b, but {ailed to bind peptides representing the mmimum CCL21
inéeraction region, and that antibodies aNRP2-401v2, alNRP2-402v2, and aNRP2-403v2 showed
selectivity for the minimum epitope that interacts with CCL21 on NRPZa. These results also
confirmed that the antibodies aNRP2-404v2, aNRP2-4053v2, aNRP2-408v2, aNRP2-409¢2, and
aNRP2-37v2 show strong specificity for NRP2a, even though they do not bind to the CCL21

mteracting nunimum domain.

Example &
Cell Surface Recognition of NRP2 by Antibodies

Selected NRP2a reactive antibodies were evalnated for their ability to recognize human or
mouse NRP2a receptor, as well as for thew specificity to NRP2a over NEPZh. ¢DNAg encoding
human NRPZ2a v2 (RCC220706), mouse NRP2a (MR224748) or human NRP2b (RC210928) were
obtained from Origene technologies. An NRP2 v3 expression vector was then constructed by
modifying the vector encoding NRP2 v2 via mutagenesis {o remove the 17 amino acids missing in
NRPZ v3. Expi293F cells were transtocted with each vector and ~48 hours post transfection counted
and stained with each recombimmant antibody and fluorescent secondary (Jackson Inmmuno rescarch,
115-175-146). Signal to noise was calculaied as the staining infensity of transfected cells compared to
an un~transfected ‘mock” population. Binding was compared to an NRP2 mouse/luman reactive al
domain binding antibody (alNRP2-17v2) and a non-binding isotype control (NBIC).

The resulis are shown in Figures 44-4C. The tested antibodies showed varied binding to cells
expressing full length NRP2a or NKP2Zb. Based on these studies, antibody alNRP2-403 showed the
best binding to human NRP2a expressed recombinantly on Expi293F cells. Antibody aNRP2-403v2
also showed strong binding to NRP2a, and additionally has the advantage of showing some mouse
cross reactivity. Antibody aNRP2-402 showed good binding specificity for NRP2a, but also exhibited
lower affinity compared 1o the other antibodies tested. Based on these studies, antibody aNKP2-403+v2
may possess the ability to bind to other regions of NRP2 beyond its NRP2a peptide-specific binding,
as it 1s non-reactive to NRP2b specific peptides, but appears to show some binding to full length
NEPZb expressed recombinantly in living cells in this model.

Addutionally, of the antibodies shown to bind the CCL2 1 miumue inderacting domain,
aNRP2-401 shows good binding, preservation of mNRP2a binding, and good specificity for NRP2a.
Cell surface binding of NRP2 v2 compared toNRP2 v3 shows that winle the sussing amino actds are
sufficient to prevent CCL21 associated NRP2v3/CCR7 association (see Example 2, antibodies
fargeting near this region may not be specific for NRP2 v2 over NRP2 v3 as the entirety of the

binding site is ot removed.
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Example 7
Axntibody competition of NRP2a/CCR7 recepior dimerization

To confirm the ability of antibodics to block NRP2a/CCR7-CCL21 induced receptor
dimerization, antibody blocking experiments were performaed. pBiT1.1-C-LOR7 (without g C-
terminal cytoplasmic sequence) and pBiT2. 1-C-NRP2v2 (isoform 2) were co-transfected 1 Expi293
cells with Expifectamine transfection reagent. 16-20 hours post transfection cells were counted and
plated and luciferasc substrate was added. Fach indicated antibody was added at 100nM, and a new
baschuoe laminescence signal was established, then CCL21 was added at ECB0, and normalized
response o ligand was observed over timye. The area under the curve was then compuied and
compared.

The wesnlis are shown in Figures SA-50 Aniitbodics aNRP2Z-4G0v2, aNRP2-401v2, aNRP2-
402v2, aNRP2-403v2, and aNRP2-404v2 all showed some degree of blocking, with antibodies
aNRP2-401v2 and aNRP2-403v2 bemng the most potent. Other antibodics appeared to have negligible
effect on receptor dimerization, similar to that soen with a noo-binding isotype control (NBIC).
Titrations of antibodies aNRP2-401v2 and aNRP2-403v2 against EC80 of ligand gave respective
IC350s of 0.339aM and 12.72nM. Thas data confirms that antibodies aNRP2-401v2 and aNRP2-403v2

have utility in therapeutic approaches aimed at disrupting the interaction of NRP2a and CCL21.

Exampie 8
Epitope mapping of antibodies io presumed binding site of CCL21

Mapping based on pepiide binding boundaries and haman/raouse conservaiion of NRPZa was
performed with the selected antibodies shown in Figare 6; here, substitutions relative to human
sequence in mNRP2a are underbived in the meouse sequence (mNRP2a), and the CCL21T binding site is
shows 1 bold 10 the human sequence. Underlined in the human sequence is the deletion described in
Example 3 (Figure 3E) that was meffective at preventing CCL21 induced dimerization, and thus
serves as an approxieaie C-toreinal boundary of the binding site. The N-terninal boundary ts aot
labelled, but is evidenced from the described mutations i NRFP2 v2 (816-818) in Example 3 (Figure
3D} that showed munimal effects on CCL2 1 nduced dimerization,

Angibodies with epitopes which overlap the binding site of CCL21 (1.c., aNRP2-401v2,
aNRP2-402v2, and aNRP2-403v2) are efficient blockers of receptor dimerization with CCR7. Spnilar
o above, these antibodies dermonstrate vtility in therapeutic approaches aimed at distupting the
mteraction of NRP2a and CCL21

Also, binding to the NRP2a specific peptide itself (for example, as illustrated by antibodies
abRP2-400v2, aNRP2-404v2, aNRP2-405v2, aNRP2-408v2, aNRP2-409v2, and aNRP2-37v2) iz not

sufficient to block receptor dimertzation with high efficiency. These antibodies show vtility as
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diagnostic reagents, for example, as reagents to develop target engagement, and measure recepior

density on cells and i tissoes.

Example 8
Humanized Antibodies

Humanized antibodics were prepared from antibodies aNRP2-401v2 and aNRP2-402v2. the
CDRs were 1dentified by thewr Kabat defimition (with the exception of CDR-HI which uses the IMGT
boundarics) as defined in Table AT, The full V-genes of the mouse monocional light and heavy
chains were aligned against the buman V-genes to identify the most similar framework sequences, and
a suitabie human framework was 1dentified for transfer. Mouse CDRs were transferred onto human
frameworks and affinitics were determined by binding to a range of NRP2 ligand concentrations by
bio-layer interferometry (BLI) on an Octet RED96e. Where necessary back-mutations were made in
the human frameworks taking into account residues important for the Vi Vi interface, CDR loop
contacts, and other structural considerations. Binding was again measured and critical back mutations
were selected. Additionally, antibodies were affintty matured via NNK saturation rautagenesis
through CDRs to improve affinity to ligand.

The binding affinitics of the homanized variants are shown in Table ES below,

Takble E5: Humanized variant affinity toe NRPZa

Sample ID KD (M) ka {i/Ms} kdis {1/s)
aNRPZ-401Lvh 3.91E~-10 T.4ARE4+OS Z2,%3E-04
aNRP2-401vsg 1.62E-10 9.99E+05 1.62E-04
aNRPZ2-401v7 1,.41E-10C 1.23E4+06 1.73E-04
aNRPZ2-4031vg 3,8%E~-11%1 1.21E+06 1.20E-04

Fxampie 16
Varianis of aNRP2Z-481

Astibody vananis of humanized aNRP2-401 were generated by sie-directed mutagenesis
through standard protocols. The entirety of the light chain CDR3, the heavy cham CDR3, and the first
11 amino acids of heavy chain CDR2 were randomly muotated. For cach position, 70-100 individoal
clones were screened, vielding 13-16 amino acid variants for cach after omitting Cysteme,
Tryptophan, and Methionine. Variants were then transfected into Expi293 cells (ThermoFisher,
A¥4527) as single subsiiutions along with an unmodified cognate hight or heavy chain. The
concentration of each vanant in the solution was then determined on an Octet RED96e, and the
variants were then used to compete with the controd antibody 1 a competition ELISA.

Humanized aNRP2-401 was biotinylated using EZ-link NSH-PEG;-Biotin (ThermoFisher,
21363) with a 20-fold molar excess of biotin to 1gG. Via an indirect ELISA, a biotinylated antibody
was titrated against NRP2 (amino acids 23-8535 of transcript variant 2) coated at 2ug/ral 10 IxPBS pH

7.4 to determine an appropriate ECse. The competing antibody was diluted by 3 or 2-fold dilutions
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with the biotinyiated control antibody at ECso. All plates were blocked with Casein Blocker
{ThermoFisker, 37528), washed with PBST pH 7 4, detected with Streptavidin-HRP (ThermoFisher,
SAT0001), and developed with TMB Ultra (ThermoFisher, 37574). Data analvsis was performed
using UraphPad Prism.

1Csy values for cach variant were calculated from the competition curves. Variants that
expressed, and were judged to sufficiently retam binding to antigen, had an ICs no greater than 2-{fold
of the control and stmilar kil slopes. The active binding variants are summarized 1 Table E6 and
Table £7, which show thet relative position within the CDRs and cach amino acid variant that

retamed binding.

Table E6: Antibody aNRPZ-401 CDR Consensus Segquences from Variant Testing

Chain Seguence SEQ ID
Chain sSeguence SEQ ID
NO:

VCDRL GFTEFSDYGMH 13
VCDR2 5K 16X 17X 18¥ 10K 00X 1 Koo ¥ X BADTVEKG 127
VaCh 1 K5, -
VCDORL & LVHSNGNTYLY 16
Vi CDRZ KVSNRES 17

: HeHnKgXoX102011%12X13 ——

Table E7: Amine acid definitions for (DR Consensus Segquences

X1 G, A, or 5 Xiz T, A, D, B, ¥, G, I, K, L, N,
i, R, 5, or V
X2 Y, ¥, K, L, o R Xas T, A, B, I, K, L, 9, R, or S
X3 Tr ‘A*I G;' Ir L! Qr or V le) Ir ‘A*I E‘i’ Gr L{ Np ‘r.»,rr Rr S’r T!
Vy; or Y
A D, A, G, X, N, O, R, or 8 X 5, A, F, G, H, I, X, Py,
R, V, or ¥
Xs Y, A, D, B, F, G, H, I, K, L, Kin R, A, G Ky L, N, Py ©F S, T,
N, ¢, Rk, 5, T, or v V, cr Y
Xs 2, A, G, L, L, P, T, cr V Xis D, A, G, @, R, 3, V, ¢ocxr Y
X7 Q, A, G, R, cr 8 Xisg I, A, E, G, H, ¥, L, N, P, R,
S, T, ocr V
Xe S A, H, K, Ly Op o T Lo e A, Dy I, Ly Pe 9 K, 5, T,
V, or Y
Ko T, ¥, G, H, I, K, L, N, ©, R, oy T, A, G, H, L, N, P, R, 3, or V
5, V, or Y
X1o H, A, D, B, ¥, G, I, K, L, N; Xo2 V, ¥, Gy I, v NP, Q. S T
O, R, 5, T, or Y or Y
¥11 Ve A, B, F, Gy H, I, K, L, N, Koz Y, ¥, H, I, K, N, or K
Py, Qs R, S5, T, or ¥
Xz ; A, B, H, I, N, P, ¢, S5, T, Hos Y, A, D, ¥, &, H, I, K, L, N,
or V P, ¢, R, 3, T, or V

Exampie 11
In vive Model of Dendritic Cell Migration
An in-vivo model of dendritic cell migration was developed 1o test the role of NEPZ in
dendritic cell migration from the skin to draining lymph nodes. On Day 0, 10wl of a 111 ratio of
Complete Freund’s Adjuvant (CFA) (Bigraa-Aldeich): phosphate-buffered saline (PBS) was wnjectad

subcutancously indo cach ear of wild type and NRP2 knockout mice with a 50 ul Hamilton syringe

122



WO 2023/076998 PCT/US2022/078780

and a 22-gange necedle (Becton Dickinson). After 48 hours, each car was painted on each side with
20ul of Dibutyl phthalate with acetone {(DPA) (Sigma-Aldrich) contaiming Smg/ml fluorescen
isothiocvanate (FITC) (Fisher Scientific).

24 hours after DPA/FITC painting, mice were cuthamzed, draining lymph nodes removed,
and processed for flow cytometric analysis (Figure 7A). Briefly, single-cell suspensions were made
by cutting lymph nodes and passing through a 70um strainer (Fisher Scientific}. Cells were stained
with Zombie Aqua viability dye (Biolegend) prior {o surface marker staming with anti-mouse CD3,
CD1 e, and MHC-1I antibodics (Biolegend). Cells were then analyzed on a CytoFlex 5 (Becton
Dickinson) flow cytometer to determine cell surface marker expression. FlowJo software was used to
determine the proportion of FITC-positive dendritic cells (CD3 CD1ic" MHC-IT) (Figure 7B). As
shown in Figure 7C, a sigmificant decrease of about 42% in the proportion of FITC' dendritic cells
was observad in the draining lymph noedes of NRP2 knockout mice coraparad to NRP2 wild-type
mice, suggesting that NRP2 plays a role in the migration of dendritic cells i vivo. The same model s
used to test the activity of the anti-NRP2 antibodics described herein, which are likewise expecied to

decrease dendniic cell migration from the skin to draining lyraph nodes,
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Claims

i Axn antibody, or an antigen-binding fragment thereof, which binds to a neuropihin-2A
(MRP2a) variant 1 {v1) or variant 2 (v2) polypeptide at an epitope that comprises, consists, or consists
cssentially of a sequence selected from Table N2, including about or at least about 8, 9, 10, 11, or 12

oF more contignous amine acids of a sequence selecied from Table N2,

2. The antibody, or antigen-binding fragraent thercof, of claim 1, wherein the epitope
comprises, consists, or consisis essentially of a sequence selected from SEQ 1D NO: 96-104,
mehuding about or at least abowt 8, 9, 16, 11, or 12 contiguous amino acids of a sequence selecied

from SEQ ID NOs: 96-104.,

3 The antibody, or antigen-binding fragment thereof, of clanm 1 or 2, wherein the
epitope compriscs, consists, or consists essentially of SEQ 1D NO: 100, or about or at least about 8, 9,

10, 11, or 12 contiguous aming acids of SEQ 1D NO: 100,

4. The antibody, or antigen-binding fragment thereof, of any one of claims 1-3,
comprising a heavy chain variable region (VH) sequence that comprises complementary deternuining
region VHCDRI, VHCDRZ, and VHCDRS3 sequences, and a light chain variable region (VL)
sequence that compriges complementary determining region VLCDRI, VLCDR2, and VLCDR3
sequences, wherein:

the VHCDRI, VHCDR2, and VHCDRS sequences comprise SEQ ID NGs: 13, 127, and
GX XXX Xe (wherein Xy is G A, or S, XY F K LLor R XGus T A G LL QorV, Xeis D,
AGENQOQROOS amdXsY ADEFGHLELNQR ST or V), respectively, and
the VLCDRI, VLCDRZ, and VLCDR3 sequences comprise SEQ ID NGs: 16, 17, and
KeXKgXoXgoX XXz (wherein Xeis S, A, G L L B T.or V, Xois QL A, G R or 5, Xeis S, A H,
KL Q ol XGsT FGHLKLNQQRS VoY, XpisH AADEFGLELNGQR
STouY, gV, AEFGHLKLNPOQRS T aVY, XnislL, AEHLNP QS Tor
Viand Xpsis T, A, D, EF G LK LN, QR S, or V), respectively (see also Table E6 and Table
E7).

the VHCDRY, VHCDR2Z, and VHCDR3 sequences comprise SEQ TD NOs: 130-132,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NOs: 133-133,
respectively, including varianis thereof baving 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions;

the VHCDRIE, VHCDR2, and VHCDR3 seqoences comprise SEQ D NQOs: 136-138,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NOs: 139-141,
respeciively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR

1EQIONS,;
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the VHCDRI, VHCDR?2, and VHCDRS sequences comprise SEQ ID NQGs: 142-144,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ [D NOs: 145-147,
respectively, including variants thereof having 1. 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDRS sequences comprise SEQ D NOs: 148-150,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NQOs: 151-133,
respectively, including variants thereof having 1, 2, 3. 4, 5, or 6 (otal alterations across all of the CDR
TeZIons;

the VHCDRI1, VHCDR2, and VHCDRS sequences comprise SEQ ID NQOs: 1544156,
respectively, and the VLCDR, VLCDRZ, and VLCDR3S sequences comprise SEQ 1D NGs: 157-159,
respectively, including vanants thereof having 1, 2, 3, 4, 5, or 6 (otal alterations across all of the CDR
regions;

the VHCDR1Y, VHCDR2Z, and VHCDR3 sequences comprise SEQ TD NOs: 1-3, respectively,
and the VECDRE, VLCDR2, and VLCDK3 sequences comprise SEQ ID NQOs: 4-6, respectively,
inchuding variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR regions;

the VHCDRI1, VHCDR2, and VHCDRS3 sequences comprise SEQ ID NOs: 7-9, respectively,
and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NQOs: 10-12, respectively,
including varnants thereof having 1, 2, 3, 4, 3, or 6 total alterations across all of the CDR regions;

the VHCDRI, VHCDRZ, and VHCDRS sequences compnse SEQ ID NOg: 13-13
respectively, and the VLCDRI, VLCDR2, and VLUDR3 scquences comprise SEQ D NGs: 16-18,
respectively, including vanants thereof having 1, 2, 3, 4, 5, or 6 (otal alterations across all of the CDR
regions;

the VHCDRI1, VHCDR2, and VHCDR3 sequences comprise SEQ ID NOg: 19-21,
respectively, and the VLCDRI1, VLCDR2, and VLCDR3 sequences comprse SEQ ID NOg: 22.24,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
Tegions;

the VHCDRE, VHUDRZ, and VHCDR3 sequences comprise SEQ 1D NOs: 25-27,
respectively, and the VLCDRI, VLCDR2, and VLCDR3S sequences compnise SEQ D NOg: 28-30,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions,;

the VHCDRI, VHCDR2, and VHCDR3S sequences comprise SEQ [D NGs: 31-33,
respectively, and the VLCDRI, VLCDR?2, and VLCDRS sequences comprise SEQ ID NOs: 34-36,
respectively, including variants thereof having 1, 2, 3, 4. 5, or 6 total alterations across all of the CDR
fegions;

the VHCDRI, VHCDR?2, and VHUDES sequences comprise SEQ 1D NOs: 37-39,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ ID NOs: 40-42,
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respectively, including vanants thereof having 1, 2, 3, 4, 5, or 6 (otal alterations across all of the CDR
regions;

the VHCDRY, VHCDR2Z, and VHCDR3 scquences comprise SEQ TD NOs: 43-45,
respectively, and the VLCDRI, VLCDR2, and VLCDR3S sequences compnise SEQ D NOg: 46-48,
respectively, including varianis thereof baving 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
Tegions;

the VHCDRIE, VHCDR2, and VHCDRS3 seqoences comprise SEQ D NQOs: 49-31,
respectively, and the VLCDRI, VLCDR?2, and VLCDR3 sequences comprise SEQ TD NOs: 52-34,
respectively, including variants thereof having 1, 2, 3, 4, 5, or 6 total alterations across all of the CDR
regions;

the VHCDRI, VHCDR2, and VHCDR3 sequences comprise SEQ [D NQOs: 55-57,
respectively, and the VLCDRI, VLCDR?2, and VLCDRS sequences comprise SEQ ID NOs: 58-60,
respectively, including variants thereof having 1. 2, 3, 4, 5, or 6 total alterations across all of the CDR
1egions; or

the VHCDRI, VHCDR2, and VHCDRS sequences comprise SEQ 1D NGs: 61-63,
respectively, and the VLCDRI, VLCDR2, and VLCDR3 sequences comprise SEQ D NQOs: 64-06,
respectively, including variants thereof having 1, 2, 3. 4, 5, or 6 (otal alterations across all of the CDR
Tegions.
5. The antibody, or antigen-binding fragment thereof, of claim 4, wherein:

the VH sequence comprises SEQ 1D NG 170, and the VL sequence comprises SEQ ID NO:

the VH sequence is at least 80, 83, 90, 93, 97, 98, 99, or 100% identical to SEQ 1D NG: 160,
and the VL sequence is at least 80, 85, 90, 93, 97, 98, 99, ar 100% identical to SEQ 1D NO: 161,

the VH sequence 1s at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ 1D NO: 162,
and the VL sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% idenucal to SEQ D NG: 163,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 164,
and the VL sequence 1s at least 80, 85, 80, 95,97, 98, 99, or 100% identical to SEQ 1D NG: 165;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ D NG: 166,
and the VL scquence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NG 167,

the VH sequence is at feast 80, 83, 90, 935, 97, 98, 99, or 100% identical to SEQ 1D NO: 168,
and the VL sequence is at Jeast 80, 835, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NG 169,

the VH sequence is at least 80, 83, 90, 95, 87, 98, 99, or 100% identical to SEQ 1D NG: 67,
and the VL sequence 1s at least 80, 85, 90, 95, 97, 98, 99, or 100% 1dentical {o SEQ 1D NO: 68,

the VH sequence is at least 80, 85, 80, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 69,
and the VL sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NG: 70,
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the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 71,
and the VL sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NG: 72;

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 73,
and the VL sequence 1s at least 80, 85, 80, 95, 97, 98, 99, or 100% identical (o SEQ 1D NO: 74,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 73,
and the VL sequence is at least 80, 85, 90, 95, 97, 98, 99, or 100% idenucal to SEQ D NG: 76;

the VH sequence 1 at least 83, &5, 90, 95, 97, 98, 99, or 100% 1dentical to SEQ ID NO: 77,
and the VL sequence is at Jeast 80, 85, 80, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 74,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% wdentical to SEQ 1D NG: 79,
and the VL scquence is at least 80, 85, 90, 93, 97, 98, 99, or 100% identical to SEQ ID NO: 80,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 81,
and the VL sequence is at Jeast 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ ID NO: 82,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 43,
and the VL sequence is at least 80, 85, 90, 93, 97, 98, 99, or 100% identical to SEQ 1D NO: 84,

the VH sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 83,
and the VL sequence is at least 80, 83, 90, 95, 97, 98, 99, or 100% idenucal to SEQ D NO: 86; or

the VH sequence 1 at least 83, &5, 90, 95, 97, 98, 99, or 100% 1dentical to SEQ ID NO: 87,
and the VL sequence is at Jeast 80, 85, 90, 95, 97, 98, 99, or 100% identical to SEQ 1D NO: 88,

6. The antibody, or antigen-binding fragment thereof, of any one of claims 1-3, which
does not substantially bind to a human neuropilin-2B (NRP2b) vanant 4 (v4) polypeptide and/or a
human NRPZb variant 5 (v5) polypeptide.
7. The antibody, or antigen-binding fragruent thercof, of any one of clatms 1-6, which
binds to the NRPZa vi or v2 polypeptide, or the epitope, with an affinity of about 10 pM to about 5300
pM or to about 50 nM, or about, af least about, or no more than about 10, 20, 30, 40, 30, 68, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 300, 400, 500, 600, 700, 800, 900 pM, 1
o, 10 oM, 25 oM, or 30 nM, or optionally with an affinmity that ranges from about 10 pM to about
560 pM, about 16 pM to about 400 pM, about 10 pM to about 300 pM, about 10 pM to about 200 pM,
about 10 pM to about 100 pM, about 10 pM to about 50 pM, or aboui 20 pM 1o about 300 pM, about
20 pM to about 400 pM, about 20 pM to about 300 pM, about 20 pM to about 200 pM, about 20 pM
to about 100 pM, about 20 pM to about 50 pM, or about 30 pM to about 500 pM, about 30 pM 1o
about 400 pM, about 30 pM to about 300 pM, about 30 pM o about 200 pM, about 36 pM to about
100 pM, about 30 pM to about 50 pM, or about 20 pM (o about 200 pM, about 30 pM (o about 300
pM, about 40 pM to about 400 pM, about 50 pM to about 300 pM, about 60 pM 1o about 600 pM,
about 70 pM to about 700 pM, about 80 pM to about 800 pM, about 90 pM to about 900 pM, about
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100 pM {0 about 1 nM, about 1 nM to about 3 nM, about 3 aM {o about 10nM, about 10 nM to 25

nM, or about 25 nM to about 30 nM.

3. The antibody, or antigen-bindmng fragment thercof, of any onc of claims 1-7, wherein
binding affinity of the antibody, or antigen-binding fragment thereof, for the NRP2a vl or v
polypeptide is at least about 1.5, 2, 4, 6, 8, 10, 20, 40, 60, 86, 160, 200, 400, 600, 800, or 1006 times
stronger that its binding alfinity for a NRP2a v3 polypeptide, a NRP2b v4 polvpeptide, and/or a
NRF2b v3 polypeptide.

9. The antibody, or antigen-binding fragraent thereof, of any one of ¢lavns 1-8, which
blocks or otherwise reduces binding between the NRPZa vi or v2 polypeptide and a ligand thereof,

optionally wherein the ligand is selected from Table L1 or Table L2,

10, The antibody, or antigen-binding fragment thereof, of any one of claims 1-9, which
blocks or otherwise reduces binding between the NRPZa vi or v2 polypeptide a chemokine (C-C
motif) hgand 21 (CCL21) polyvpeptide, optionally n an i vitfro binding assay, an in vitro or ex vivo

cell-based assay. or in vivo,

i1 The antibody, or antigen-binding fragment thereof, of ¢laim 10, which blocks or
otherwise reduces binding between the NRP2a vi or v2 polvpeptide and the CCL21T polypeptide by
about or at least about 20-100% or more (optionally about 20, 25, 30, 35 44, 45, 50, 35, 60, 65, 70,

75, 80, 90, or 100% or more) relative to a control or reference.

2. The antibody, or antigen-binding fragment thercof, of any one of claims 1-11, which
blocks or otherwise reduces binding, including dimerization, between the NRPZa v1 or v2 polypeptide
and a C-C chemokine receptor type 7 (CCR7) polypepude, optionally in an in vifro binding assay, an

in vitre or ex vive celi-based assay, or in vivo.

13. The antibody, or antigen-binding fragment thereof, of claim 12, which blocks or
otherwise reduces binding, including dimerization, between the NKP2a vl or v2 polypeptide and the
CCR7 polvpeptide by about or at least about 20-100% or more {optionally about 20, 25,30, 35, 40,

45,58, 55, 60, 65,70, 75, 80, 90, or 160% or more) relative to a coantrol or reference.

i4. The antibody, or antigen-binding fragment thercof, of any one of claims 1-13, which
modulates (optionally antagonizes) the signaling activity between the NRP2a vi or v2 polypeptide

LLFA

and a CCL2 1 and/or CCR7 polypeptide, optionally by about or at least about 20-100% or more
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{optionally about 20, 23, 30, 33, 40, 45, 30, 55, 60, 65, 70, 75, 808, 90, or 100% or more} refative to a

>

controd or reference.

15. The antibody, or antigen-bimdmg fragment thercof, of claim 14, wherein the signaling
activity comprises induction of tmraune cell migration, optionally dendritic cells or mature T-cells,
and wherein the antibody, or antigen-binding {ragment thereof, reduces the signaling activity; and/or
wherein the signaling activity conprises induction of tumor cell mugration, and wherein the antibody,

or antigen-binding fragment thereof, reduces the signaling activity.

16, The antibody, or antigen-binding fragreent thereof, of any one of ¢latms 1-15, which
comprises an [gA (ncluding subclasses {gAl and 1gA2), IgD, IgE. oG (ncluding subclasses 1oGl,
1gG2, 1g(G3, and 1gG4). or 1gM Fc domain, optionally a human Fc domain, or a hybreid and/or variant

thereof.

17. The antibody, or antigen-bindimg fragment thereof, of any one of claims 1-16, which
comprises an 1gG Fo domain with high effector function in humans, optionally an IgGl or 1gG3 Fe
domain; or which comprises an IgG Fo domam with low effector function in hamans, optionally an

1gG2 or Tg(G4 Fo domain,

18 The antibody, or antigen-binding fragment thereof, of any one of claims 117, which

comprises an {gGl or [gG4 Fe domain, optionally selected from Table F1.

19. The antibody, or antigen-binding fragment thereof, of any one of claims 1-18, which
is a monoclonal antibody.

20. The antibody, or antigen-binding fragment thereof, of any one of claims 1-19, which
is a humanized antibody.

21 The antibody, or antigen-bindimg fragment thereof, of any one of claims 120, which
is an Fv fragment, a single chain Fv (scFv) polypeptide, an adnectin, an anticalin, an aptamer, an
avimer, a camelid antibody, a designed ankyrin repeat protein (BARPm), a mimbody, a nancbhody, or

a unibody.

22. A therapentic composition, comprising a pharmaccutically-acceptable carrier and an

antibody, or antigen-binding fragment thercof, of any one of claims 1-21.
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23 The therapeutic composition of clamm 22, wheremn the composition hag a purity of at
Ieast about 80%, B3%, 20%. 953%, 98%, or 99% on a protein basis with respect to the at least one

antibody, or antigen-binding fragraent thereof, and 1s substantially aggregate-free.

24, The therapeutic compostiion of clairn 22 or 23, wherein the therapeutic composition

1s substantially endotoxin-fice.

25, The therapentic composition of any one of claims 22-24, wherein the therapeutic
composition 18 a sterile, gectable solution, optionally suitable for mtravenous, mtramuscular,

subcutaneous, or intraperitoneal administration.

26. The therapentic composition of any one of claims 22-25, further coraprising at least
one additional agent selected from one or more of a cancer immunotherapy agent, a chemotherapeutic

agent, a hormonal therapeutic agent, and a kinase inhibitor.

27. A method of treating a disease or condition in a subject in need thereof, comprising

administenng to the subject the therapeutic composition according to any one of claims 22-26.

28. The method of claim 27, wherein the disease or condition 18 @ nearopilin 2 (NRP2)-

associated disease or condition, optionally an NRPZa-assoctated disease or condition.

29, The method of claim 27 or 28, wherein the disease or condition is sclected from a
cancer, an inflanumatory discase, an avtoimmune discase, a lymphatic disease or associated condition,

a fibrotic disease, and a disease associated with reduced smooth muscle contractility.

30. The method of claim 29, wherein the disease is a cancer, optionally wherein the
cancer expresses of overexpresses NRP2, optionally wherein the cancer displays NRP2Z-dependent

growth, NRP2-dependent adhesion, NRP2-dependent migration, and/or NRPZ-dependent invasion.

31. The method of claim 30, wherein the cancer expresses or overexpresses NRPZ but

does not substantially express nevropilin-1 (NKP1).

32. The method of claim 30 or 31, for reducing or preventing re~emergence of a cancer in
a subject in need thereof, wherern admimstration of the therapeotic composition enables gencration of

an tmmune meraory o the cancer.

33, The method of any one of claims 30-32, wherein the subject has lymphedema.
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34 The method of any one of claims 30-33, comprising administering to the subject at
lcast one additional agent selected from one or more of a cancer immunotherapy agent, a

chemotherapeutic agent, a hormonal therapeutic agent, and a kinase mhbitor.

35, The method of claim 34, wherein the at least one anti-NRPaZ2 antibody or antigen-
binding fragment thercof and the at least one agent are administered separately, as separate

COMpPOSItIonS,

36. The method of claim 34, wherein the at least one anti-NRP2 antibody and the at least
one agent are admimsiered together as part of the same therapeutic composition, optionally as a

therapentic composition of any one of ¢lairas 46-64.

37. The method of any one of claims 34-36, whercin the cancer immunotherapy agent is
selecied from one or mowe of an tuaune checkpoint modulatory agent, a cancer vaccing, ag oncolytic

virus, a cytokine, and a celi-based mmmunotherapies.

38 The method of claim 37, wherein the immune checkpoint modulatory agentisa

polypeptide, optionally an antibody or antigen-binding fragment thereof or a igand, or a sinall

molecule.

39, The method of claim 37 or 38, wherein the wnwrane checkpoint reodulatory agent
COMPTiSes

@) an antagonist of a inhibitory immaune checkpoint molecule; or

(b an agonist of a stimulatory immune checkpomt molecule.

optiopally, wherein the immune checkpoint modulatory agent specifically binds to the

warune checkpoint molecule,

440 The method of claira 39, whercin the inhibitory wunane checkpoint molecule 18
selected from one or more of Programumed Death-Ligand 1 (PD-L1), Programmed Death 1 (PD-1),
Programmed Death-Ligand 2 (PD-L2), Cytotoxic T-Lymphocyte-Associated protein 4 (CTLA-4),
Indoleamine 2,3-dioxy genase (DO, tryptophan 2, 3-dioxygenase (TR, T-cell Imraunogiobulin
domain and Mucin domain 3 (TIM-3), Lymphocyte Activation Gene-3 (LAG-3), V-domain fg
suppressor of T celf activation (VISTA), B and T Lymphocyie Attenuator (BTLA), CD160, Herpes

Virus Entry Mediator (HVEM), and T~-cell immunoreceptor with Ig and ITIM domains (TIGIT).

41. The method of claim 40, whersie
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the antagomist is a PD-L 1 and/or PD-L2 antagonist optionally selected from one or more of an
antibody or antigen-binding fragrment or small molecule that specifically binds thereto, atezolizumab
(MPDL3280A), aveluraab (MSBO010718C), and durvalumab (MEDI4736), optionally wherein the
cancer 18 selected from one or more of colorectal cancer, melanoma, breast cancer, non-small-cell
fung carcinoma, bladder cancer, and wenal cell carcinoma;

the antagonist 1s 8 PD-1 antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto, navolumab,
permbrolizumab, MK-3473, AMP-224, AMP-314PDRO0T, and pidilizumab, optionally wherein the
PD-1 antagonist 1s nivolumab and the cancer 1s optionally selected from one or more of Hodgkin'g
tymphoma, melanoraa, non-small cell lung cancer, hepatocellular carcinoma, renal cell carcinoma,
and ovanan cancer;

the PD-1 antagonist is perabrolizumab and the cancer s optionally selected from vne or raore
of melanoma, non-small cell tung cancer, small ceft hing cancer, head and neck cancer, and urothelial
cancers;

the antagonistis a CTLA-4 antagonist optionally selected from one or more of an andibody or
antigen-binding fragment or sinall molecule that specifically binds thereto, ipilimumab,
rerpelimumab, optionally wherein the cancer is selected from one or more of melanoma, prostate
cancer, lung cancer, and bladder cancer;

the antagonist 18 an 10O antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto, indoximod (NLG-8189),
I-methyl-tryptophan (1MT), B-Carboline (norharmane; 9H-pyride[3,4-bjindole), rosmannic acid, and
cpacadostat, and wherein the cancer is optionally selected from one or more of metastatic breast
cancer and brain cancer optionally glicblastoma mwltiforme, ghoma, ghiosarcoma or malignant brain
oy,

the antagonist is a TDO antagonist optionally selecied from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto, 680CS1, and LM10;

the aotagonist (5 a TIM-3 antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small melecule that specifically binds thereto;

the antagonist 1s a LAG-3 antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds thereto, and BM5-986016;

the antagomist is & VISTA antagonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule that specifically binds therelo;

the antagonistis a BTLA, CD 160, and/or HYEM antagonist optionally selected from one or
more of an antibody or antigen-binding {ragment or small molecule that spectfically binds thercto;

the antagomist 18 a TIGIT antagonist optionally selected from one or more of an antibody or

antigen-binding fragrment or small molecule that spectfically binds thereto.

Ju—
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42. The method of claim 39, wherein the stimudatory iinmune checkpoint molecule is
selected from one or more of OX40, CD40, Glucocorticoid-Induced TNFR Family Related Gene
(GITR), CDI37 (4-1BRB), CD27, CD28, CD226, and Herpes Virus Entry Mediator (HVEM).

43, The method of claim 42, wherein:

the agomst is ap OX40 agonist optionally selected from one or more of an antibody or
antigen-binding fragment or small molecule or higand that specifically binds thereto, OX86, Fe-
OX40L, and GSK3174998;

the agomst is a CD40 agonist optionally selected from one or more of an antibody or antigen-
binding fragrent or srall moelecule or ligand that specifically binds thereto, UP-870,893,
daceturumab, Clz Lob 7/4, ADC-1013, and rhCD40L, and wherein the cancer is optionally selected
from one or more of melasoma, pancreatic carcinoma, mesothclioma, and hematological cancers
optionally lymphoma such as Non-Hodgkin’s lymphoma;

the agonist is 3 GITR agomst optionally selected from one or more of an antibody or antigen-
binding fragment or small molecule or igand that specifically binds thereto, INCAGNO1876, DTA-I,
and MEDII873;

the agonist is a CD37 agomst oplionally selected from one or more of an antibody or
antigen-binding fragment or small molecule or ligand that specifically binds thereto, utomiluraab, and
4-1BB hgand,

the agomnist is a CD27 agonist optionally selected from one or more of an antibody or antigen-
binding fragment or small molecule or ligand that specifically binds thereto, varlitumab, and CDX-
1127 (1F35y,

the agomnist is a CD28 agonist optionally selected from one or more of an antibody or antigen-
binding fragment or small molecule or Hgand that specifically binds thereto, and TABDS: and/or

the agonist is an HVEM agonist optionally selected from one or more of an antibody or

antigen-binding fragment or sinall molecule or ligand that specifically binds thereto.

44, The method of claim 37, wherein the cancer vaccing 1s selected from one or more of
Oncophage, a human papilomaviras HPV vaccine optionally Gardasi or Cervarix, a hepatitis B
vaccine optionally Engerix-B, Recombivax HB, or Twinrix, and sipuleucel~T (Provenge), or
comprises a cancer antigen selected from one or more of human Her2/mew, Her I/EGF receptor
(EGFR), Her3, A33 autigen, B7H3, CB3, CDI19, T4, CB22, TD23 (Igk Receptory, MAGE-3,

242 antigen, 574, 1L-6, [L-13, vascular endothehal growth factor VEGE (c.g., VEGF-A) VEGFR-1,
VEGEFR-2, CD30, CD35, CD37, CD40, CDdd, CD31, CDS52, CD36, CD74, CDEG, CD132, CD200,
CD221, CCR4, HLA-DR, CTLA-4, NPC-1C, tenascin, vimentin, insulin-like growth factor 1 receptor
(IGF-1R), alpha-fetoprotein, msulin-bike growth factor 1 (IGF-1), carbonic anhydrase 9 (CA-IX),

carcinoembryonic andigen (CEA), goanyivl cyclase C, NY-ESO-1, p33, survivig, imtegrin av3,

133



WO 2023/076998 PCT/US2022/078780

mtegrin 3B 1, folate receptor 1, transmembrane glveoprotein NMB, fibroblast activation protein alpha
(FAP). glycoprotein 75, TAG-72, MUCI, MUCI6 {or CA-123), phosphatidylsenne, prostate-specific
membrane antigen (PMSA), NR-LU-13 antigen, TRAIL-R1, ramor necrosis factor recepior
superfamily member 10b (TNFRSF10B or TRAIL-R2), SLAM family member 7 (SLAMFET), EGP40
pancarcinoma andigen, B-cell activating facior (BAFF), platelet-derived growth factor receptor,
ghveoprotein EpCAM (17-1A), Programmed Death-1, protein disulfide isomerase (PDI), Phosphatase
of Regenerating Liver 3 {PRL-3), prostatic acid phosphatase, Lewis-Y antigen, GD2 (a
disialoganghioside expressed on tumors of neuroectodermal origin), glvpican-3 (GPC3), and
mesothelin, optionally wherein the subject has or 15 at risk for having a cancer that comprises the

corresponding cancer antigen.

45, The method of claim 37, wherein the oncolviic virns selected from one or more of
talimogene laherparepvec (T-VEC), coxsackievirus AZ1 (CAVATAK™), Oncoring (HI01),
pelarcorep (REOGLYSIN®), Sencea Valley virus (NTXG10), Senecavirus SVV-001, ColoAdd,
SEPREHVIR (HSV-1716), CGTG-102 (Ad5/3-D24-GMCSF), GL-ONCI, MV-NIS, and DN¥X-2401.

46, The method of claim 37, wherein the cytokine selected from one or more of
mterferon (IFN)-q, 1L-2, TL-12, IL-7, [L-21, and Granvlocyte-macrophage colony-stimulating factor

(GM-CSF).

47. The method of claim 37, wherein the cell-based immunotherapy agent comprises

cancer antigen~-specific T-cells, optionally ex vive-derived T-cells,

48, The method of claim 47, wherein the cancer antigen-spectfic T-oells are selected from
one or more of chimeric antigen receptor (CAR)~modified T-cells, and T-cell Receptor (TCR)-

modificd T-cells, mor infilirating lymphocytes (TIhs), and peptide-induced T-cells.

49, The method of any one of claims 34-36, wherein the at least one chemotherapeutic
agent 18 selected from one or more of an alkylating agent, an anti-metabolite, a cytotoxic antibiotic, a

topotsomerase inhibitor (type | or type 1), and an anti-microtubule agent.

50, The method of claim 49, wherein:

the alkylating agent 1s sclected from one or more of mitrogen mustards {optionally
mechlorethamine, cyclophosphamide, mustine, melphalan, chlorambuc, osfarmide | and busulfan),
nitrosoureas (optionally N-Nifroso-N-~methylurea (MNU), carmustine (BONU), lomustine (CCNU),
semustine MeCCNU), fotemusting, and streptozotocin), tetrazines (optionally dacarbazine,

mitozolomude, and temozolomide), aziridines (optionally thiotepa, maytomycin, and diaziguone
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{AZ(, asplating and dertvatives thereof {optionally carboplatin and oxabiplating, and non-classical
alkylating agents (optionally procarbazine and hexamethyhnelamine);

the anti~-metabolite 1s sclected from one or more of anti-folates (optionally methotrexate and
pemetrexed), fluoropyrimidines (optionally S-fluorcuraci and capecitabing), deoxynucleoside
analogues (optionally ancitabine, cnocitabine, cyiarabine, gemeitabine, decitabine, azacitiding,
fludarabine, nelarabine, cladnbine, clofarabine, fludarabine, and pentostatin}, and thiopurines
{optionally thicguanine and mercaptopurine);

the cytotoxic antibiotic is selected from one or more of anthracvelines (optionally
doxorabicin, dannorabicin, epirubicin, darubicin, pirarubicin, aclarubicin, and mitoxanirone),
bleomycins, rattorayein C, ratioxantrone, and actinomycin;

the topoisomerase inhibitor 1s selected from one or more of campiothecin, irnotecan,
fopotecan, etoposide, doxorubicin, mitoxantroae, teniposide, novobiocin, merbarone, and aclarubicing
and/or

the anti-mucrotubule agent is selected from one or more of taxanes (optionally paclitaxel and

docetaxel) and vinca alkaloids (optionally vinblastine, vincnistine, vindesine, vinorelbine).

5t The method of any one of claims 34-36, wherein the at least one hormonal
therapentic agent is a hormonal agonist or a hormonal antagonst.
52, The method of claim 31, wherein the hormonal agonist is selected from one or more
of a progestogen (progestin}, a corticosteroid (optionally preduiselone, methylprednisolone, or
dexamethasone), insulin hike growth factors, VEGF dertved angiogenic and lvmphangiogenic factors
{optionally VEGF-A, VEGF-A145, VEGF-A163, VEGF-C, VEGF-D, PIGF-2), fibroblast growth
factor (FGF), galectin, hepatocyie growth {actor (HGF), platelet derived growth factor (PDGE),

transforming growth factor (TGF)-beta, an androgen, an estrogen, and a somatostatin analog,

53 The method of claio 51, wherein the honmonal antagonist is selected from one or
more of a hormone synthesis inhibitor, optionally an aromatase mhibitor or a gonadotropin-releasing
hommone (GnRH) or an analog thereof, and a hormone receptor antagonist, optionally a selective
estrogen receptor modulator (SERM) or an anti-androgen, or an antibody directed against a hormonal
receptor, optionally cixutumumab, dalotuzumab, figitumumab, ganitumab, istiratumab, robatumumab,
alacizumab pegol, bevacizumab, icrucumab, ramucirumab, fresolimumab, metelimumab, naxitamab,
cetuximab, depatuarzumab matodotin, futuximab, mmeatuzumab, laprituxamab emtansine, matuzumab,
modotuximab, necitamumab, nimoturumab, pantiimumab, iomuzotuximab, zalutumomab, apruturmab

ixadotin, bemarituzinab, olaratumab, or tovetumab.
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54. The method of any one of claims 34-36, wherein the kinase inhibitor is selected from
one of more of adavosertib, afamtb, aflibercept, axitinib, bevacizumab, bosutinib, cabozantinb,
cetuximab, cobimetinib, crizotinib, dasatinub, entrectinib, erdafitimb, erlotimb, fostamitinib, gefitinib,
ibrutinab, imatinib, lapatinib, lenvatinib, mubritinab, nilotinib, panttumumab, pazopamb, pegaptanib,
pounatinib, ranibizumab, regorafentd, ruxolitinib, sorafenib, sonitimb, SU6656, tofacitinib,

trastuzumab, vandetanib, and vemuafenib.

55, The method of any one of claims 30-34, wherein the cancer 1s a primary cancer.

56. The method of any one of claims 30-35, wherein the cancer is a metastatic cancer,

optionally a metastatic cancer that expresses NRP2a and/or NR¥P2b.

57. The method of any one of c¢laims 30-56, wherein the cancer is selected from one or
more of melanoma (¢ g, metastatic melanoma), pancreatic cancer, bone cancer, prostate cancer, small
cell long cancer, non-small cell hung cancer (NSCLC), mesothelioma, levkamia (e.g., lvaphocytic
leukemia, chronic myelogenous leukemia, acute myeloid leukenua, relapsed acute myeloid leukemia),
lymphoma, hepatoma (hepatoceliular carcinorna), sarcoma, B-cell malignancy, breast cancer, ovarian
cancer, colorectal cancer, glioma, glioblastoma multiforme, raeningioma, pituitary adenoma,
vestibular schwannora, primary CNS lymphorma, primitive nesroectodermal tomor
{medulloblastoma), kidney cancer {c.g., renal cell carcinoma), bladder cancer, utering cancer,
csophageal cancer, brain cancer, head and neck cancers, cervical cancer, testicular cancer, thyrowd

cancer, and stomach cancer.

58. The method of claim 56 or 37, wheretn the metastatic cancer 1s selected from one or
more of

{a} a bladder cancer which has metastasized to the bone, liver, and/or tungs;

(b} a breast cancer which has metastasized to the bone, brain, hver, and/or lungs;

{c) a coloreetal cancer which has metastasized to the bver, fungs, and/or peritoncum;

(&) a kidney cancer wiich has metastasized to the adrenal glands, bone, brain, liver,

and/or lungs;
(&) a lung cancer which has metastasized to the adrenal glands, bone, brain, liver, and/or

other lung sifes;

6 a melanoma which has metastasized o the bone, brain, liver, hing, and/or
skin/muscle;

(g a ovarian cancer which has metastasized to the liver, lung, and/or peritoneum;

(h) a pancreatic cancer which has metastasized to the biver, lung, and/or penitoncum;
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() a prosiate cancer wluch has metastasized to the adrenal glands, bone, liver, and/or
fangs;

) a stomach cancer which has metastasized to the liver, lung, and/or peritoncum;

D a thyroid cancer which has metastasized to the bone, hiver, and/or lungs; and

(o) a utertne cancer which has metastasized to the bone, liver, lung, peritoneum, and/or
vagina.

59, A patient care kit, comprising:

(a) an antibody, or an antigen-binding fragment thereof, according to any one of claims
1-21; and optionally

{b at least one additional agent sclected from a cancer immunotherapy agent, a

chemotherapeutic agent, 2 horracnal therapentic agent, and a kinase inbibitor,

60, The patient care kit of clarm 59, wherein (a} and (b) are in separate therapeutic
COrBPOSIIoNS.

61. The patient care kit of clarm 59, wherein (a) and (b) are in the same therapeutic
COMpPOsition,

62, The patient care kit of any one of claims 59-61, wherem the at least one

chemotherapeutic agent 1s sefected from one or more of an alkylating agent, an anti-metabolite, a

gent.

o

cytotoxic antibiotic, a topoisomerase mhibitor (type 1 or type ), and an anti-microtubule a

63. A bicassay system, comprising an antibody, or an antigen-bindmg fragment thereof]
according to any one of claims 1-21, and a host cell bine that expresses a hwman NRP2 polypeptide on

the cell surface.

64. The bicassay system of claim 63, wherem the NRP2 polypeptide is labeled with a
detectable label.
03. The bicassay system of claim 63 or 64, wherein the antibody, or antigen-binding

fragment thereof] is labeled with a deteciable label

66. The bicassay systern of any one of claims 63-35, wherein the NRP2 polypeptide is
functionally coupled to a readout or indicator, such as a fluorescent or luminescent indicator of

biclogical activity of the NRP2 polypeptide.
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57, The bicassay system of any one of claims 63-66, wherein the NRPZ polypeptide is
selecied from Table N1, optionally an NRP2a v1 and/or v2 polypeptide.

68. The bicassay system of any one of clanms 63-67, comprising at least one NR¥P2a
figand, optionally an NRPZa higand sclected from Table L1 or Table L2, optionally wherein the host

cell expresses the at least one NRP2a hgand.

69, A detection system, comprising a cell that expresses a lmman neuropilie 2a (NRP2a)
polypeptide, at least one NRP2a ligand, and a huran or buranized anti-NRP2a antibody, or an
antigen-binding fragment thereof, according to any one of claims 1-21, which modulates the

mteraction between the NRP2a polypeptide and the at least one NRP2a ligand.

70. The detection system of claim 69, wherein the anti-NRP2a antibody, or antigen-

binding fragment thereof, 1s labeled with a detectable label

71. The detection system of claim 69 or 70, wherein the NKP2a polypeptide is a NRP2a

variant 1 and/or variant 2 polypeptide selected from Table N1

732. The detection systern of any one of clairns 69-71, wherein the at least one NRP2a

ligand is selected from Table L3 or Table L2,

73 The detection system of any one of clairas 69-72, wherein the NRP2a polypeptide
and/or the at least one NRP2a higand is/are functionally coupled to a readout or indicator, such as a
flaorescent or hunmescent mdicator of brological activity of the NRP2a polypeptide or the at least one

NRF2a ligand.

74. A cellular composition, coreprising an enginecred population of cells i which at least
one cell compnises one or more polynucleotides encoding a human or humanized anti-NRP2a
autibody, or antigen-binding fragment thereof, according to any one of claims 1-21, wherein the cells

arc capable of growing in a scrum-free medium,

75, A cellular growth device, comprising a huran or huraanized andi-NRP2a antibody, or
an antigen-binding fragment thereof, according to any one of claims 1-21, an engincered population
of cells in which at least one cell comprises one or more polynuclectides encoding sad anti-NRP2a
antibody, or antigen-binding fragment thereof, at least about 10 liters of a serum-frec growth medium,

and a sterile container.
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1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.

b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13¢er1(a)),
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international application as filed.
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