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ANTEGALECTIN-1 (GALI) MONOCLONAL ANTIBODIES
AND FRAGMENTS THEREOF FOR NEUTRALIZING GAL1

Background of the prescnt invention

Galectin-1 (Gall), a member of a highly conserved family of carbohydrate-binding
proteins, modulates immune responses and fosters mor-immune escape through specific:
recogrition of A-acetylactosamine (Gal-f1-4-NAcGlk) residues on the branches of N- or
O-linked glveans {Juszcaynski ef al. (2007) Proc Natl dcad Sai US 4, 104:13134-13139;
Rabinovich and Croct (2012} Impnmity 36:322-335; Rabinovich and Toscano (2000} Nat,
Bev Impnol, 9:338-352; Rubnstein et of, (2008 Cancer Cell 5:241-251).

Gall selechively induces the apopiosis of evtoloxic T cells and T helper (Th) | and
Thi7 cells by interacting with specifically sialated cell surface glycoproteins, such as
CD45, CD43 and CD7? (Toscano a all (2007 Nat, Iimuriol. $:825-834). Since Th2 eells
and regulatory T (Freg) cells lack the Gall-binding glveoprotein motif, Gall spares these
vells and fosters an immunosuppressive Th2 Treg-enriched tmor microenvironment
(Toscano ef af. (2007) Nar. Inmmunol. §:825-834). Gall also promotes the expansion of
regulatory T (Treg) cells (Jaszezynsia ef al. (2007) Proc Naif deod Sci 17 5 4. 10413133~
13139; Toscano ef al (2007) N Imsmnol, 8:825-834) and Gall-glycan interactions
augment hypoxia-driven temor angiogencss {(Croct efad, (201237 Exp. Med. 200:1945-
2000).

These molecular mechanisms undertic the effect of Gall on promoting classical
Hodgkin lvphoma (eHL). oML is a B-cell malignaney diagnosed i approximately 20,000
new patients in North America and Furope cach year; > 90% of these patients are voung
pdults. oL welude small mambers of malignant Hodgkin Reed-Sternberg (HRS) cells
within an extensive Th2/Treg-skewed inflammatory infilirate (Kiippers ¢r ol {2002} 4o
hicol. 13:11-18; Jaseceynski of @l {2007) Proc Nail dcad Sci U8 4. 104:13134-13139,
Kiippers (2009) Mat. Rev. Cancer 9:13-27). HRS colls overexpress Gal l, which selectively
kills Thl and evtotoxic T cells and promotes the immunosuppressive Th2Treg-
prodominant HL microenviconment {Juszezvuski &f ol (20073 Prog Natl dcad Sei T S A
104:13134-1313%9), HRS cells lack Becell receptor-mediated signals and rely on altesnative
survival and proliferative pathways activated by franscription factors, such as NF-xB and
activator protein 1 (APD) (Kiippers er af (2002) Ann Oneel 13:11-18; Mathas er ¢l (2002)
EMBOJ 21:4104-4313; Schwering er al, (2003) Mol Med. 9:85-935). 1o cHL, the fumor

eells exhibit constitutive AP1 activation, express high levels of the AP components, clun
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and Jun B, and depend on AP L-mediated proliferation signals (Mathas of ol (2002} KMBO
S 2141044113, Juszezynski ef al. (2U07) Proc Nad dead Sci U8 A, 104:13134-13139;
Rodig ef ¢l (2008 Chin. Cancer Rey, 14:3338-3344). Although primary oHLs have a bwisk
inflammatory nfilivate, there 1s hittle evidence of an effective bost antitumor immung
response. The reactive T cell population included predominantly Th2-type and
CDA+CDITFoxP3+ regalatory T cells that divectly suppress immune responses and
protect HRS cells from wmmune attack {Re er of. 20053} J. Clin, Oncol. 23:6379-6386;
Marshall et af. {2004) Blood 103:1755-1762; Gandhi et ol (2006) Blood 108:2280-2289),
Thi and natwral killer and eytotoxic T cells are markedly underrepresented.

Ewreased Gall expression v snmunchisiochemival analyses of prinmry cHis is
associated with poorer event-free survival (Kamper er al. (2011} Blood 117:6638-6649). In
particnlar, clevated soram Gall levels are significantly associated with humor burden and
adverse olimcal feabures in nowly diagnoscd patients with ¢HL {Oayang e of. {2013) Blood
121:3431-3433), Morcover, Gall expression is also associated with ERV-associated post-
transplant lymphoproliferstive disorder (PTLD) (Gouschalk e af (2005) dnmie. Rev. Med.
S$6:29-44; Ouyvang ef gl (201]) Blood 117:4163-4166 and 4315-4322), Mi L-rearranged
ALL Quszezynski ef ad. (2010) Clin, Cances Rex, 16:2122-2130), and Kaposi's sarcoma
{Tang et ol (2010) Oneol, Rep. 24:495-500), In addition to these sclect lymphoid
malignancies and virally induced cancers, Gall is also expressed by many solid tamors,
mcheding breast cancer (Croct ef af. (2012) J Exp. Med, 209:1985-20080), prostate cancer
{Dalotto-Moreno ef of. (2013} Cancer Rex. 73 1107-1117), lueg cancer {Laderach er ol
{2013} Cancer Res. 73:86-96), pancreatic cancer (Chung of of. (2012) Clin. Caneer Res.
18:4037-4047), squamous cell carcinoma of the head and neck (Chung ef ol (2008} ANZ /L
Surg. TR:245-251; Abves of ol (2011} Pachol Res. Pracs. 207.236-40), hepatocellular
carcinoma {(Le ef al. QOG5).J Clin. Oncol 23:8932-41), nasophanyngeal carcinoma {Wu ef
al. GO S Gastroenterol. Hepotol. 27:1312-1319), and melanoma (Rebinstein ef &/,
2004) Comcer Cell 3:241-251 Mailiew of oo, (2012).0 Jovest, Dermaiol 132:2245-2254),
Gall expression has been wdentified as an adverse prognostic marker in the above-
mentioned solid tumors. Morcover, Gall silencing is associated with anti-tumor effects in
breast cancer (Croet ef ol (2042).7 Exp. Med 209:1985.2000), prostate cancer {Dalotio-
Moreno of al, (2013) Cancer Res. 73:1107-1117), hmg cancer (Laderach eral {2013)

Caneer Res. 73:86-96), and melanoma (Rubinstein o of. (2004) Cancer Celi 5:241-251),
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Given the broadly imnmumosuppressive activities of Gall, these results suggest that
Gall is a very powerfal target for therapy inomany cancers and other disorders mediated by
Gall, In view of the above, it is clear that thore remaing 3 need in the art for compositions

and methods o effectively neutralize unvanted Gall activiry.

Summary of the present invention

The present imvention rolates in goneral to anti~galoetin-] (Gall) agents that
neutralize Gall function based on the identification of specific anti-Gall ephiopes that arg
unexpectedly effective in geperating newtralizing Gall agents.

B one aspect, a recombinant polypepiide of fess than or equat to about 68 amine
acids in length comprising an awino acid sequence that is ot least 30% identical 1o an amino
seid sequence selected from the group consisting of residues 102-113 of SEQ IDNOs: 1-16
is provided. In one embodinent, said polypeptide is cgual to 14 amine acids in leagth, In
another embodiment, said amino acid sequence is identical to the amino acid sequence of
residues 102~115 of any one of SEQ 1D NOs: 1-16. In another embodiment, saxd
polypeptide further comprises a heterologous sequence. In stifl another embodinent, the
polypeptide i isolated. In vet another covbodiment, said polypeptide is covalently Hnked to
a detectable fabel. Inanother embodiment, said polypeptide is covalently bonded 1o a
carrier molecule or immobilized on an object (e.g., an object selected from the group
consisting of a coll, a metal, a vesin, a polymer, a ceramic, a plass, a microclectrode, a
graphitic particle, a bead, a gol, a plaie, an anay, and a capiliary tube).

by another aspect, a recombinant nucleic acid molecude having a sequence that
hybridizes under stringent conditions with the complement of a nucleic acid encoding a
polypeptide of the present invention described herein or having a sequence with at least
about 95% homology to a nucleic acd encoding a polvpeptide of the present invention
described herein, wherein the mucleic acid moleaule is only as long as required to encode
the polypepitide is provided.

tu stili another aspoct, a vector comprising & recombinant pucleic acud of the present
invention described herein, optionally wherein the vector is an expression vegtor
comprising a promoter to which the nucleic acid is operably binked, is provided.

In yet another aspect, a host coll which expresses a polypeptide of the present
invention deseribed herein, comprises a nuclele acid of the present invention deseribad

herein, or comprises a vector of the present invention described herein, is provided.
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In another aspect, an inwnunogenic composition comprising 8 polypeptide of the
present invention described herein, 8 nucleic acid of the present invention deseribed herem,
a veetor of the present nvention desceibed horein, or 2 host oell of the present invention
described herein; and a pharmacentically sceeptable carrier, are provided. lnone
embodiment, the bomunogenic composition further comprises at least one additional
imammostimalatory agent {2.g., an adiuvant andfor an inwoune checkpoint inhibitor). In
sill another embodiment, the immune checkpomt 1s selected from the group consisting of
PD-E, PD-LY, PDAL2, LAG-S, TIM-1, CTLAA, VISTA, B7-H2, B7-H3, B7-H4, BT-Hé,
28B4, JCOS, HVEM, CD160, gpd9B, PIR-B, KIB family receptors, TIM-1, TIM-4, BTLA,
SIRPalpha (CD47), CD45, 2B4{CD244), B7.1, B7.2 ILT-2, ILT-4, TIGIT, A2aR, and
combinations thereof. In yet another embodiment, the inumunogenic composition is
capable of eliciing neutralizing anti-Gall antibodies bt nanumals,

In still another aspect, an isolated nowdralizing anti-Gall antthody, or antigen
binding portion thereof, that speeifically binds 10 a polypeptide of the prosent invention
described herein, is provided. In one embodiment, the antibody, or antigen binding portion
thereof, is a monocional antibody, polvclonal antibody, chimeric antthody, humanized
antibody, single-chain antibody, antibody fragment, composifc, muwine, human, or is
detectably labeled. In another embodiment, the antibody, or antigen-binding fragment
thereof, is detectably lubeled, comprises an effector donwain, comprises an Fe doman,
andfor is selected from the group consisting of Py, Fav, Flab™)2), Fab’, dsFv, scFv, se(Fv)2,
and diabodies fragmends,

B yet another aspeet, a method of identifving a noutralizing anti-Gall antibody
comprising (a) administering an effective antount of an agent selected from the group
consisting of a polypeptide of the present inveniion described herein, a nucleic acid of the
present invention described berein, a vector of the present invention desceribed heretn, a host
cell of the present invention described bereln, or an immunogenic composition of the
present invention described heredn, 1o a subject to generaie antibodies that neatralize Gall;
and {b) isolating anti-Gall anttbodics specific for the administered agent, is provided.

I another aspect, a mothod of identifying a noutralizing anti-Gall antibody
comprising {a) adrainistering sn effective amount of an sgent selected from the group
consisting of a polypeptide of the present inveation described herein, 2 nucleic acid of the
present invention described herein, a vector of the present invention described herein, a host

cell of the present invention described herein, or an innmunogenic composition of the
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present invention described herein, to B eells in an i vigre cell colture system o generate
antibodies that nentwalize Gall; and (b) isolating anti-Gall antibodies specific for the
adsinisterad agent, is provided.

In still another aspect, a method of raaking an isolated bybridoma which produces a
neutralizing anti-Gall antibody that specifically binds to Gall comprising: 1) amunizing a
mammal with or contacting B cells with an effective amount of an agent selected from the
group consisting of g polypeptide of the present imvention described herein, a nocksc acud
of the present invention described berein, a vertor of the present nvention deseribed herein,
a host cell of the present invention described herein, or an immunogenic composition of the
presert invention deseribed herein: b} optionally isolating splenocytes from the mmmoszcd
manmal; o} fusing splenocyies from the Immunized mammal or B cells with an
nnmortalized cell line to form bybridomas; and d) sereening individual hybridomas for
production of ae anti-Gall antibody which specificaily binds with the agent, is provided.

in vet another aspect, sn antibody produced by a method of the present invention
deseribed herein, is provided.

In another aspect, a method of eliciting an anti-Gall inunune response in a subjoct
conypwising administering to the sebject a prophylactically or therapeatically effective
amimpit of an agent selected from the group consisting of a polvpeptide of the present
irvention described herein, a nueleie acwd of the present invention described herein, a vector
of the present invention described herein, o host cell of the present invention described
hereln, an imommogenic composition of the presend invention described herein, or an
antibody of the present mvention described herein, 1o thereby ehicit the inimune response, s
provided. In one embodiment, the agent is administered in a single dose, admimstered in
multiple doses, or is administered as part of 3 heterologous prime-boost regimen.

In sull another aspect, 3 method of inhabiting Gall sctivity In a subject comprising
administering 1o the subject a prophylactically or thevapeuticatly effective amount of an
agent sefected from the group consisting of a polypeptide of the present invention described
herem, a nuclete acid of the present mvvention described berein, a vector of the present
invention described herein, & host cell of the prasent invention described herein, an
immmogenic composition of the present invention described herein, or an antibody of the
prosent invention described hevein, thorehy inhibiting Gall activity in the sebiect, is

provigded,



In yet another aspect, a method for préventing or delaying the onset of, or
slowing the rate of progression of, a disease in a subject mediated by Gall activity,
comprising administering to the subject a prophylactically or therapeutically effective
amount of an agent selected from the group consisting of a pdlypeptide of the present
invention described herein, a nucleic acid of the present invention described herein, a
vector of the present invention described herein, a host cell of the present invention
described herein, an immunogenic composition of the present invention described
herein, or an antibody of the present invention described herein, thereby preventing or
delaying the onset of, or slowing the rate of progression of, the Gall-mediated disease

in the subject, is provided.

In yet another aspect, the present invention provides an immunogenic
composition comprising (i) one or more polypeptides, wherein the polypeptides are
selected from the group consisting of residues 102-115 of SEQ ID NOs: 2, 4, 12, and

14, and (ii) an immune-effective amount of an adjuvant.

Certain embodiments can be applied to any method of the present invention
described herein. For example, the method can further comprise administering at least
one additional agent that upregulates an immune response. In another embodiment,
the at least one additional agent comprises an inhibitor of an immune checkpoint. In
still another embodiment, the immune checkpoint is selected from the group
consisting of PD-1, PD-L1, PD-L2, LAG-3, TIM-1, CTLA-4, VISTA, B7-H2, B7-H3,
B7-H4, B7-H6, 2B4, ICOS, HVEM, CD160, gp49B, PIR-B, KIR family receptors,
TIM-1, TIM-4, BTLA, SIRPalpha (CD47), CD48, 2B4 (CD244), B7.1, B7.2, ILT-2,
ILT-4, TIGIT, A2aR, and combinations thereof. In yet another embodiment, the Gall-
mediated disease is a Gall-positive cancer, Gall-mediated angiogenesis disorder,
AP1-dependent lymphoid malignancies, MLL-rearranged ALL, EBV+ post-transplant
lymphoproliferative disorder (PTDL), nasopharyngeal carcinoma, Kaposi's sarcoma,
breast cancer, prostate cancer, lung cancer, pancreatic cancer, squamous cell
carcinoma of the head and neck, hepatocellular carcinoma, and melanoma. In another
embodiment, the subject is a mammal. In still another embodiment, the mammal is a

human.

CA 2918780 2020-09-17



Brief Description of Figures

Figure 1 shows cross-reactivity of anti-Gall monoclonal antibody, 8A12, on
endogenous human and murine Gall on Western-blot (WB). WB analysis of cell
lysates derived from human Hodgkin lymphoma line, L428 and murine melanoma
line, B16-F10. Lysates were probed with 8A12 at different titration showing a specific
band of Gall (-14 kDa). 8A12 recognizes endogenous human and murine Gall at

similar range of titres.

Figure 2 shows a schematic diagram of recombinant GST-tagged or HIS-

tagged human Gall (hGall) and fragments.

- 6a -

CcaA 2818780 2020-09-17
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Figure 3 shows a ribbon diagram of the homodimernie hGall with two lactose
molecules prepared with MOLSCRIPT. The B-strands in the five-stranded (F1-FS) and six-
stranded (5 1-86a/86b) f-sheets are indicated by the Jetter-mamber code. The figure was
adapted from Lopez-Lucendo of al (2004) 7. Mol Biol 343:957970.

Figure 4 shows the results of fine epitope mapping for the 8R4 mAb.

Figure 3 shows a schematic diagram summarizing the fine epitope mapping resuls
for the 8F4 mADb.

Figure 6 shows the resulis of BlAcore analyses for the 8F4 maAb.

Figure 7 shows a sequence comparison between mouse Gall {mGall) and b(mall in

the regon surrowrsdmg amd including the epilope that 854 mAb binds,

The presont wvendion 1s based in part on the discovery of galectin 1 {Gall} epitopes
against which ani-Gall agents can neutralize Gall function, as well as anti-Gall agenis and
methods useful for newralizing Gall fimetion.

1 Definitions

The articles “a” and “an” are used herein 1o refer (0 one or'io more tha ene (ke o
at least one) of the grammatical object of the article. By way of example, “an clement”
means one clement or more than one element,

The term “adievants” refers to any agont suitable for enhancing the Tmmunogenicity
of an antigen, such as protemn and nucleie acid. Adjuvants suitable for use with protein-
based immunogens are well known in the art and include, but are not limited to, alum,
Freund's incomplete adiuvant (FIA), Saponin, Quil A, QR21, Ribi Detox, Monophosphoryl
lipid A €MPL), and nonionic block copolymers such as L-121 (Phwonic; Syatex SAF).
Methods of combining adievants with antigens are well known fo those skilled in the ant.
Adijuvants can also be in particulate form., The antigen can be incorporated into
biodegradable particles composed of poly-lactide-co-glycolide (PLG) or similar polymeric
material. Such biodegradable particles are knows to provide sustained refease of the
immunogen and thereby stimulate long-lasting immune responses 1o the immumogen. Other
particslate adpevants, inclade but are not Himited to, micellular muxtures of Quil A and
cholestercl known as immunostimudating complexes (ISCOMs) and alunnum or iron
oxide beads. It is also known o those skilled in the art that eytotoxic T hemphoeyte and

other celular munmme responses are elicited when protein-based immunogens we
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fornnlated and adnunistered with appropriate adjuvants, such as ISCOMs and nncron-sized
polymeric or metal oxide particles, Suitable adjwvants for nucleie acid-based vaceines
include, but arc not Hmited to, Quil A, interlenkin-12 delivered in purified protein or
nucleie acid form, short bacterial immuonostimulatory nucleotide sequence, such as CpGe
contaming motifs, interloulan-2/3g fusion proteins defivered in purified protein or nucleic
acid form, oil in water micro-crmilsions such as MESY, polvmeric nyicroparticles, cationic
liposomes, monophosphoryl ipid A (MPL), immunomodulators such as Ubenimex, and
genctically detoxified toxins such as E. coli beat labile toxin and cholera toxin from Vibrio.
Such adivvants and methods of combining adjvvants with antigens are well known o those
skilled m the arf. In addition, methods for combiming antigens and particuiate adiavants are
well known to those skilled in the ant.

The term “Gall-mediated disorder™ refers to any condition characierized by aberrant
of otherwise unwanied Gall expression. Excomplary Gall-mediated disordess mchede,
without Hmitation, cancer, angiogenesis, hvpoxia-associated angiogencsis, and post-
transplantstion lymphoproliferative disorder, Galectin- (Gall) protein expression and
franseript abundance are highly correlated (Juszcrvnsks ¢f of. {2007} Proc, Nadd dead. Sci.
(254, 104:13134-13139; Ouyang e al. 2011) Blood 117:4315-4322 and accompanying
editorial in Blood {2011 431 7:4163-4166). Gall is expressed by muliiple tumor types,
meluding sclect bymphoid malignancies, virally induced cancers and many solid tumors,

For example, lymphoid malignancies iclude, but sre not hmited to, API-dependent
tymphoid malignancies such as classical Hodgkdn hemmphoma {(cHL) and anaplastic farge
cell Iymphoma {Juszezynski of ol QO0T) Proc. Nail. dcad. Sei. US4, 104:13134-13139;
Rodig ef af. (Q008) Clin. Concer Res. 14:3338-3344). Gall is g prognostic marker in cHL
(Kamper er o/ (2011) Blood 117:6638-6649). Gall also wediates MLL-rearranged ALL.
In a comprehensive stady, all 32 pomary MLL-rearranged ALLs were Gall+, regardless of
translocation partner, whereas only 2/81 germiline MLEL ALLs expressed Gall (Juszezynski
et od. GO10Y Clin. Camewy Rew. 16:2122-2130), MLL-reavranged ALL is a poor prognosis
discase that requires different treatment (Juszezynski ef of, (20180) Clin. Canger Res.
164:2122.2130).

Gall-mediated vigally induced malignancies include, but are not limited to, EBV
posi-transpla ymphoproliforative disorder (PTLD) {(Ouvang of o (2011) Blood
117:4315-4322 and accompanying editorial in Blood (2011) 4317:4165-4166),
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nmasopharyngeal carcinoma {Tang ef ol (201 Osool. Rep. 24:495-300), and Kaposi's
sarcoma {Croct ef ol (J012) 7 Exp. Med, 209:1985-2000).

Gatl-mediated solid turmos fnchade, bt are not fimited to, breast cancer (Daloto-
Moreno ef ol 013} Cancer Res. 73:1107-1117), prostate cancer (Laderach er ol 2013)
Cancer Res. 73.86-96), lung cancer (Chung ¢ ol {2012) Clin. Cancer Res, 18:4037-40473,
pancreatic cancer (Chung or of. (200K} ANZ 7 Surg 78:245-251), squamous cell carcinoma
of the head and neck (Alves v af (2011) Pathol. Res. Pract 207:236-240; Le et ol (2005)
Lo Clin, Qucel. 23:8932-8041), hepatocellular carcinoma (W er of. (2012} Gastroenterol.
Heparol 27:1312-1319%, and melanoma (Mathiew ef of. Q012).0 lnvest. Dermaml.
132:2245-2254; Rubinstein of of. 2004} Concer Cell 5241-251), Gall expression 15 also
an adverse prognostie parker in all of the above-mentioned solid tumors and Gall silencing
s associsted with anti-mamor effects in breasi (Daloito-Moreno ef af, (2013 Cancer Res.
73 1167-1117), prostate {Laderach ef &/, (2013) Cancer Res. 73:86-96), and hmg (Chung o/
al. (2012} Clin. Concer Res. 18:4037-3047) cancer and melanoma (Rubinstein ef al. (2004)
Cancer Cell 3:241-251). Morcover, Gall transeripts arc increased in multiple types of
Cancers.

The teem “angiogenesis”™ or “neovascelarization” rofors to the process by which new
blood vessels develop from pre-existing vessels (Varaer ¢ of. (1999) dugiogen. 3:53-60;
Mousa ef ol 3000} Anglogen. Stim. Inhib. 35:42-34; Ko e o, (2000} dmer. L Path.
136:1345-1362; Kim e/ o, (20003 J. Bigl, Chem, 273:33920-33928; Kamar ¢f ol {2000
Angiogenesis: From Moleoular to Integrative Pharm. 169-180), Endothelial colls from pre-
existing blood vessels or from circulating endothehial stem cells (Takahashy ef ol (1995)
Nar. Med. 3:434-438; Isner ef of. (199937, Clin. Fvese. 103:1231-1236) become activated
to migrate, profiferate, and differentiate into structures with hemens, forning new blood
vessels, i response to growth factor or hormenal cues, or hypoxic or ischemic conditions.
During ischemia, such as ocours in cancer, the need to increase oxygenation and detivery of
nutrients apparently induces the secretion of angiogenic factors by the affected tissue; these
factors stimulate new blood vessel formation. Several additional forms are related to
angiogenesis,

For example, the tenn “tissuc exbibiting angiogenesis” refers 1o a tissue i which
now blood vessels are developing from pre-oxisting blood vessels.

As used herein, the form “inhibiting angiogenesis,™ “diminishing angiogenesis,”

“reducing angiogenesis,” and grammaticsd equivalents thereof refer to reducing the Tevel of
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angiogencsis in 3 tissne to a quantity which is at least H%5, 15%, 20%%, 2595, 30%, 35%,
443%, 455, 50%, 35%, 6006, 65%, T0%, 759, 80%, 5%, 90%, 5%, 99%: or less thaw the
quantity in 3 corresponding controd tissue, and most preforably is at the same level which is
observed b a control tissue. A reduced level of anpiogenesis noed not, slthough W may,
nean an absolute absence of angiogenesis. The invention does not require, and is not
himited to, methods that wholly eliminate angiogenesis. The kevel of angiogenesis may be
determined using methods well kaown i the art, ncluding, wahout lnmitation, counting the
number of blood vessels and/or the number of blood vessel branch points, as discussed
heretn and in the examples. An alternative n viro assay contemplated includes the ebular
cord formation assay that shows growth of now blood vessels at the cellular fevel DL 5,
CGrant et of., Cell, 38: 933943 (1980]. Art-sccepted i wivo assays are also known, and
mvolve the use of various test andmals such as chickens, rats, smce, rabbis and the tike.
These fn vive assays imchude the chicken chorioaliantoic mentbrane {CAM) assay, which is
suitable for showing anti-gngiogenic aciivity in both normal and neoplastic tissues
{Ausprunk (1975 Amer JJ Poth. 79:597-610 and Ossonowski and Reich (1980 Cancer
Res. 30:2300-2309). Other /n wivo assays inchude the mouse metastasis assay, which shows
the abihity of 2 compound to reduce the rate of growth of wansplanted humors in certain
nige, or to inhibit fhe formation of lumors or prencoplastic cells in mice which are
predisposed to cancer or which expresa chemically-induced cancer (Homphries of o/ (1986}
Science 233:467-470 and Humphries ef of, {1988).1. Clin, Iavess, 81:782-790). Moreover,
1 some embodiments, angiogenesis can be mmeasured acvording to such atiributes as
pericyte maturation and vascular remodeling as described further herein,

As used herein, the term “hypoxia associated angiogenesis™ or “hypoxia-induced
angiogencsis™ refers generally to the proecss of pathological angiogenesis in non-neoplastic
discase states and is typically, although not necessardy, accompanied by a transition to a
neoplastic state. Hypoxia-induced travscription factors (HIFs) induce the expregsion of
angiogenic factors including HiF-1zpha, VEGF, nitric oxide synthase, PDFG, Ang2, and
others. As a rosulf, hypoxia associated angiogenesis encotnpasscs a well-known st of
pathological conditions characterized by such a process Pugh e al. (2003} Nat Med 9, 677-
654; Fraist ef ol 2009} Dev Cefl 16, 167-1Y79;Ferrara o1 of. (2005} Nature 438, 967974,
Fervara €2010) Ctokine Growth Facior Rev 21, 21-26]. In some embodiments, the set of

hypoxia associate angiogenesis pathologics includes, but is not limited 1o, neoplasins and

~ 18-
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cancers, age-related macular degeneration, diabetes retinopathy, atherosclerosis, chrome
obstractive long disease, and psoriasis.

Unless otherwise specified here within, the terms “antibody™ and “amtibodies™
broadly encompass satualiy-ocarring fonos of atibodies (a.g. oG, IgA, IgM, 1gE) and
recotnbinant antibodies such as single-chain amibodies, chimeric and hamanized antibodics
and multi-specific antibodics, as well as Fragments and derivatives of all of the foregoing,
which fragments and derivatives have af least an antigenic binding stie. Aatibody
derivatives may comprise a protein or chemical moiety conjugated to an antibody. An
“mattbody™” refers to a glycoprotein comprising at least two heavy (H) chains and two light
{L} chains mier-connected by disalfide bowds, or an antigen binding poriion thereof, Each
heavy chain is comprised of a heavy chain variable region (abbreviated herein as Vig) and a
heavy chain constant region. The heavy chain constani region is comprised of three
domains, CHI, CH2 and CH3. Each Hght chain is comprised of a light chain variable
region (abbreviated herein as Vi) and a light chain constant region. The light chain
constant Tegion is comprised of oac donwin, CL. The Vi and Vi regions can be Amthor
subdivided into regions of hypervariability, tormed complementarity dotermining regions
(CDR), iersparsed with regions that are more conserved, tenmed framework regions (FR.
Each Vg and V¢ is composed of three CBRs and four FRs, arranged from amino-ternyinus
{o carboxy-termings in the following order: PRI, CDRI, FR2, CDR2, FR3, CDR3, FR4.
The variable regions of the heavy and light chains contain a binding domain that interacts
with an antigen, “Inactivating antthodics™ rofers to antibodies that du not induce the
complement system.

The term “antibody™ ag used herein also chudes an “anbigen-binding portion” of an
antibody {or simply “antibody portien™), The term “antigen-binding portion™, as used
hevetn, refers to one or move fragments of an antibody that retain the ability o specifically
bind to an antigen {e.g., Gall polypeptide ov fragment thereof). thas been shown that the
antigen-binding fmetion of an antibody can be performed by fragments of a full-length
antthody. Examples of binding fragments cncompassed within the ferm “anfigen-binding
portion” of an antibody inchude (i) a Fab fragment, 38 monovalent fragment oonsisting of the
Vi, VH, CL and CHI domains; (i1} a F(ab'); fragment, a bivalent fragiment comprising two
Fab fragments Haked by a disulfide bridge at the hinge region; (il a Fd fragment
consisting of the VH and CH1 domains; {iv) a Fv fragment consisting of the VL and VH

domains of a single arnx of an antthody, (v) a dAD fragment (Ward er ol | (1989} Nature
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341:544-546), which consists of 3 VH domain; and {vi) an isolated complementarity
determining region (CDR). Purthermore, although the two domains of the Fv fragment, VL
and VH, are coded for by separate genes, thoy can be joined, using recombinant methods,
by a synthetic linker that enables them to be made as a single protein chain in which the VL
and VH regions pair to form monovalent polypeptides (known as single chain Fyv {soFvy;
see e.g., Bird er ol (1988} Science 242:423-426; and Huston ef o, (1988) Proc. Nl dead.
Sci. 354 83:5879-5883; and Osbourn ¢t al. 1998, Nature Biotcchnology 16: 778). Such
single chain antibodies are also ntended to be enconpassed within the ferm “antigen-
binding portion” of an antibody. Any VH and V1. sequences of speeific scFv can be lnked
to human ienunogiobulin constant region ¢DNA or genorue sequences, i order to
generate expression vectors encoding complere IgG polypeptides or other isotypes. VH and
V1. can also be nsed in the generation of Fab |, Fv or other fragments of immumogdobuling
asing either protein chendstry or recombingnt DNA fechnology, Other forms of simgle
chain anttbodics, such as diabodies gre also encompassed. Diabodies are bivalent,
bispeeific antibodics in which VH and VL domains are expressed on o single polvpeptide
chain, but using a Hnker that is too short to allow for pairing between the two domains on
the same chain, thereby fovcing the domsains (o padr with complementary domains of
another chain and creating two antigen binding sites (see ¢ g, Holliger, P, o7 o {1993}
Proc. Ned. dead, Sci. 1784 90:6444-6448; Poljak, R 1, er of. (1994) Straecture 2:1121-
1133

Sti¥ further, an antibody or antigeo-binding portion thercof may be part of larger
nnunoadhesion polypeptides, formed by covalent or noncovalent association of the
antibody or antibody portion with one or more other proteins or peptides. Examples of such
mmanoadhesion polypeptides inchide use of the streptavidia core region to make a
tetramenic scFv polypeptide (Kipriyanov, S M, er al. (Y995} Human dntibodies and
Hybridomas 5:93-101) and use of a cysteine residue, a marker peptide and a C-tenminal
polvhistidine tag to make bivalent and biotinviated scFv polypeptides (Kiprivanov, .M., ¢
al (1994} Mol Hmuncl. 31 1047-10538). Antibody portions, such as Fab and Flab')>
fragments, can be prepared from whole antibodies using conventional technigues, such as
papuin or pepsin digestion, respectively, of whole antibodics. Moreover, antibodies,
antibody portions and immunoadhesion polypeptides can be obtained using standard

recombinant DNA technigues, as described herein,
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Antibodies may be polyclonal or mounoclonal; xenogeneic, allogeneic, or syngeneic;
or modified forms thercof {e.y., hamantzed, chimeric, efe). Antihodics may also be filly
gman. In one ombodiment, antibodies of the present invention bind speeifically or
substantislly specifically & Gall polypepiides or fragments thereof. The tenms
“monoclonal amtibodies™ and “monocioml antibody composition”™, as used herein, referto a
popdation of antibody polypeptides that contain only one species of an antigen binding gite
capable of mynunorescting with g particular epitope of an antigen, whereas the ferm
“polyclonal antibodies™ and “polyclonal antibody composition™ refer to a population of
antibody polypeptides that contain multiple species of aniigen binding sites capable of
wicracting with a particelar antigen. A monocionat antibody compossiion typicatly
displays a single binding affinity for a pasticular antigen with which it inununoreacts.

The term “body fluid” refers io fluids that are excreted or secreted from the body as
well as fluids that are normally not {e.g. ammictic flwd, aqueous bumor, bile, blood and
blood plasma, corebrospinal fluid, corumen and earwax, cowper’s fluid or pre-cjaculatory
fluid, chyle, chyme, stool, female claculate, interstitial fhnd, intracelhddar thad, lymph,
menses, breast mitk, mucus, plenral fluid, pus, saliva, scbum, semen, serum, sweat,
synovial fhaid, tears, wrine, vaginal lobrication, vitreous hoamos, vomit),

The terms “cancer™ or “tamor™ or “hyperprofiforative disorder” refer to the presence
of vells possessing characteristics typical of cancer-causing cells, such as uncountrolied
proliferation, immortality, metastatic potential, rapid growth and proliferation rate, and
certain characturistic muwphological features, Cancer cells are often in the form of a humor,
but such cells may exist alone withun an animal, ov imay be a non-tumorigenic cancer cell,
such as a leukemia cell. Cancers inclade, but are not hmited to, B cell cancer, e.g., multiple
myetoma, Waldenstrdny's macroglobulinemia, the heavy chain discases, such as, for
cxample, alpha cham disease, gaoma chamn disease, and o chain disease, benign
monoclonal gammopathy, and bomwnocytic amyloidosis, melanomas, breast cancer, lung
cancer, bronchus cancer, colorectal cancer, prostate cancer, panereatic cancer, stomach
CEDCLY, ovatian cancer, arinary bladder cancer, brain or contral nervous system cancer,
peripheral norvous system canger, esophageal cancer, cervigal cancer, utoring or
endometrial cancer, cancer of the oral cavity or pharvex, liver cancer, kidney cancer,
testicudar cancer, biliary fract cancer, small bowel or appendix cancer, salivary gland
cancer, thyroid gland cancer, adrenal gland cancer, osteosarcoma, chondrosarcoma, cancer

of hematological tissues, and the like.



The terms "CDR", and its'plural "CDRs", refer to a complementarity
determining region (CDR) of which three make up the binding character of a light chain
variable region (CDR-L1, CDR-L2 and CDR-L3) and three make up the binding
character of a heavy chain variable region (CDR-H1, CDR-H2 and CDR-H3). CDRs
contribute to the functional activity of an antibody molecule and are separated by amino
acid sequences that comprise scaffolding or framework regions. The exact definitional
CDR boundaries and lengths are subject to different classification and numbering
systems. CDRs may therefore be referred to by Kabat, Chothia, contact or any other
boundary definitions. Despite differing boundaries, each of these systems has some
degree of overlap in what constitutes the so called "hypervariable regions" within the
variable sequences. CDR definitions according to these systems may therefore differ in
length and boundary areas with respect to the adjacent framework region. See for
example Kabat, Chothia, and/or MacCallum et al., (Kabat et al., in "Sequences of
Proteins of Immunological Interest,” 5th Edition, U.S. Department of Health and
Human Services, 1992; Chothia et al. (1987) J. Mol. Biol. 196, 901; and MacCallum et
al,, J. Mol. Biol. (1996) 262, 732).

As used herein, the term "coding region" refers to regions of a nucleotide
sequence comprising codons which are translated into amino acid residues, whereas the
term "noncoding region" refers to regions of a nucleotide sequence that are not
translated into amino acids (e.g., 5' and 3' untranslated regions).

"Complementary" refers to the broad concept of sequence complementarity
between regions of two nucleic acid strands or between two regions of the same nucleic
acid strand. It is known that an adenine residue of a first nucleic acid r;‘;:gion is capable
of forming specific hydrogen bonds ("base pairing") with a residue of a second nucleic
acid region which is antiparallel to the first region if the residue is thymine or uracil.
Similarly, it is known that a cytosine residue of a first nucleic acid strand is capable of
base pairing with a residue of a second nucleic acid strand which is antiparalle] to the
first strand if the residue is guanine. A first region of a nucleic acid is complementary to
a second region of the same or a different nucleic acid if, when the two regions are
arranged in an antiparallel fashion, at least one nucleotide residue of the first region is
capable of base pairing with a residue of the second region. In one embodiment, the first
region comprises a first portion and the second region comprises a second portion,
whereby, when the first and second portions are arranged in an antiparallel fashion, at -

least about 50%, and preferably at least about 75%, at
14
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{east about 90%, or at least about 95% of the nucleotide residues of the first portion are
capable of base pairing with nucleotide residues in the second portion, In another
cmbodiment, all nacleotide rosidues of the first portion are capable of base pairing with
nucleotide restdues i the second portion.

As used herein, the term “composite anthody”™ refors to an antihody which has
variable regions comprising germiline or non-germiine invnunogiobulin sequences from two
or more unrelated variable regions, Addutwonally, the torm “composite, human antibody™
refers 1o an antibody which has constant regions derived from human germline or non-
germline immumoglobulin sequences and viviable regions comprising human germlioe or
non-germline sequences from bwo or more unrelatod human variable regions, A composile,
harnam anttbody 15 uscful as an effective component i a therapentic agent according 1o the
present invention since the anbigenicity of the composiie, human antibody in the huanan
body is lowered.

The term “effective amount™ refers to an amount sufficient to achiove a destred
result, For cxample, a “prophylactically offective amount™ réfors o o amount sufficient fo
reduce the Hkelihood of 2 disorder from occurring. In addition, a “therapeutically effioctive
smount” refers fo an amount effective 1o show, stop or reverse the progression of a disorder.

As used herein, the term “Fr region” is used 1o define a C-erninal region of an
mnnmmoglobulin beavy chawm, inchuding native-sequence Fe regions and variant Fe regions.
Although the houndaries of the Fe regdon of an immunoglobulin heavy chain mught vary,
the man IgG heavy-chain Fo region is wsually defised to stretch fronm an amine acid
residue at position Cys226, or from Pro230, to the carboxyl-terminus thereof. Suitable
native-seguence Fo regions for use in the anttbodies of the present invention inchude human
le(Gl, ReG2 (1gG2A, 12G2B), 12G3 and IpG4.

As used herein, “Fe receptor” or "FeR™ deseribes a receptor that binds to the Fo
region of an antibody. The proferred FoR is a native sequence human FeR. Moreover, a
preferred FeR is one which binds an [gG antibody {a gamma receptor) and inchudes
recepiors of the FeyRIL FovR1, and FeyRIH subclasses, mcludmg allelic variants and
alternatively spliced forms of these receptors, FoyRIH receptors include FoyRIA (an
Msetivating receptor”) and FoyRIIB (an “ishibiting receptor™), which have similar amine
acid sequences that differ primarily i the eytoplasmic domains thereof. Activating
receptor FoyRILA containg an immunoreceptor tyrosing-based activation metif (ITAM) in

#s cvtoplasmic domain. Inhibiting receptor FevRIIB contains an immunoreceplor (yrosine-
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based inhibition motd (ITIM} in #is cvioplasniic domain (see M. Dagron, dmny. Rev.

Zwpnol, 15203-234 (19973, FoRs are reviewed i Ravetch and Kinet, dosu. Rev.

Inppunol. 9: 437-92 (1991);, Capel ef gl Immnunomethods 4: 25-34 (1994); and de Hass &
al. J Lab Clin, Med 126: 330-41 {1995). Other FeRs, including those 1o be identified in
the futwre, are oncompassed by the torm “FeR™ herein.

A mokeoule s “fixed” or “affixed” 10 3 satbstrate if it 15 covalently or non-covalently
assoctated with the substrate such the subsitate can be rmsed with a fhud {e.g. standard
saline citrate, pH 7.4) without a substantial fraction of the molecule dissociating from the
sabstrate,

As ysed horein, “famework”™ or *FR” residues ave those varigble-domain residues
other than the HVR residucs as herein defined.

“Fuanction-conservative variants™ are those in which a given amnno acid residue ina
protein or enzyme has been changed without altering the overall conformation and faaction
of the polypeptide, including, but not limited to, replacement of an amine acid with one
having similar propertics {such as, for example, polanty, hydrogen bonding poteatial,
acidic, basic, hvdrophobic, aromatic, and the fike). Amino acids other than those indicated
as conserved may differ in 2 protein so that the percent protein or amino acid sequence
simnilarity between any fwo profeins of similar funchion may vary and may be, for example,
from 70% to 99% as determined according to an alignment scheme such as by the Cluster
Method, wherein similariiy s based on the MEGALIGN algorithm. A “function-
conscrvative variant” alsy includes 3 polypeptide which has at least 60% amino acid
wentity as deternuined by BLAST or FASTA algorithms, preferably at least 75%. more
preferably at least 85%, still preferably at least %%, and even more preforably at least 95%,
and which has the same or substantially similar properties or fimctions as the native or
parent protein to which it is compared.

As nsed herein, the trerm “heterologous antibody™ is defined in rolation o the
wansgenic non-human organism producing such an antibody. Thig term refers 1o an
antibody having an anwino acid sequence or an encoding nuclew acid sequence
corresponding to that found in ai organdsm not consisting of the transgenic non-human
animal, and generally from a species other than that of the wansgenic nos-buman animal.

“Homologous™ as used herein, refors to nucleotide sequence similarity betwien two
regions of the same nucleie acid strand or between regions of two ditferent nucleic acid

strands. When a nucleotide residue position i both regions is occupied by the same

- 31h -
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mucleotide residae, then the regions are bomologous at that position. A frst region is
bomologous © & second region if at least one nucleotide residue position of sach region is
oecupied by the same residue, Homology between two regions is exprossed in torms of the
proportion of nucleosde residue positions of the two regions that ave occupied by the same
nucleotide residue. By way of example, a region having the nucleotide sequence 8-
ATTOCC-3 and a region having the nacleotide sequence 3-TATGGC-3 share 30%
homology. Preferably, the first region comprises & first portion and the second region
comprises a second portion, whereby, at least about 30%, and preferably at feast about 75%,
at least showt 90%, or at least about 93% of the nucleotide residue positions of each of the
portions are occapied by the same nucleotide restdue. More preferably, all nucleotide
residue positions of each of the portions are occupied by the ssme mucleotide residue.

As used herein, the term “host cell” is ntended to refer to a cell into which a nucleic
acid of the present vention, such as a recombinant exprossion vector of the present
mvention, has been introduced. The terms “host celt” and “recombinant host cell” are ysed
wierchangeably herem. R should be understood that such torms refer not only to the
particular subjoct cell but to the progeny or potential progeny of such a cell. Because
certain modifications may ocowr in succecding gonerations doe to cither nmaation or
environmental nflucnces, such progeny may not, in fact, be wenticad o the parent ccll, but
are still included within the scope of the term as used hevein.

The term “humanized antibody™, as used heredn, is intended to include antibodies
made by a non-hnman cell baving variablc and constand rogions which have been altored to
more closely resemble antibodies that would be made by a lunan cell. For example, by
altering the non-human antibody amino acid seqeence to ncorporate amino acids found in
human germitne mmeunoglohudia sequences, The humanized antibodies of the presen
mvention may mchsde anuino acid residues not encoded by human germline
irarmmoglobulin sequences {e.g., mutatons introduced by random or site-specific
nitagenesis 1 vire or by somatic mutation jg vhw), for example in the CDRs. The term
“lnmamzed antibody”, as used herein, alse includes antibodics i which CDR sequences
derived from the germiine of gnother maummatian speeics, such as 2 mouse, have been
grafted onto human framework sequences.

As used herein, the term “hypervariable region,” “HVR,” or “HV.,” refers fo the
regions of an antibody-variable domain that are hypervariable in sequence andfor form

structurally defined loops. Generally, sntibodies comprise six HVRs; three i the VH {H1,
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H2 H3}Y, and three m the VL (L1, L2, L.3). In native antibodies, H3 and L3 display the
most diversity of the six HVRs, and H3 in particular is believed to play & unigue role in
conferring fine specificity to antibodics. See, eg., Xu e ol (2000} Immanity 13, 37-45;
Johnson and W in Methods 1 Molecular Biology 248, 1-25 (Lo, ed, Human Press,
Totowa, NJ, 2003)). Indeed, naturally occurring camelid antibodies consisting of a heavy
chain only are functional and stable in the absence of Hght chain (see, £.¢., Hamers-
Casterman f of, {1993) Natore 363:346-448 (1993} and Shenff er af {1990) Natwre Stract,
Biol. 3, 733-736).

As ysed herein, the toom “irmmune cell™ vefers w colls that play a role in the Imnne
response. Imomane ol are of hematopoictic ongin, amd melude lymphooyics, such as B
cells and T cells; natural killer cells; myeloid cedls, such as monocytes, macrophages,
eosinophils, mast cells, basophils, and granulocyies.

As used heretn, the torm “mmune checkpoints™ means a group of molecules on the
cell surface of CD&+ and CDE+ T cells. These moleeules fine-tune immune responses by
down-modulating or inhibiting an anti-lumor smmuone response. Inwmunc checkpoint
proieins are well known i the ant and include, withoot hmitation, CTLA-4, PD-1, VISTA,
B7-H2, B7-H3, PD-L1, B7-H4, B7-H6, 2B4, 1COS, HVEM, PD-L2, CD160, ppdoB, PIR-
B, KIR family receptors, TiM-1, TIM-3, TIM-4, LAG-3, BTLA, SIRPalpha (CD4T), CD4E,
2B4 {CD244), B7.1, B7.2, ILT-2, ILT-4, TIGIT, LAG-3, BTLA, and AZaR {see, for
example, WO 2012/177624). Immunotherapeutic agents that can act as inunene checkpoint
inhibitors useful in the methods of the present invention, inchede, but are not Hmited fo,
Blocking antibodies for any one or more immune checkpoints.

As used herein, the terny “inpnune disorder” inchades immune discases, conditions,
and predispositions to, including, but not limited to, Hodphin lymphoma (including, eg.,
bymphocyte-rich classical Hodgkan hymmphoma, mixed cellularity classical Hodglan
lymphoma, tymphocyte-depleted classical Hodgkin tymphoma, nodular sclerosis classical
Hodgkin fymphoma, anaplastic large celt lymphoma, or MLL” pre B-cell ALL), cancer,
chrorae nflammatory discase and disorders (including, ez, Crolw's disease, inBammatory
bowel diseasc, reactive artheitis, and Lyme diseasc), insulin-dependent diabetes, organ
specific antoimmunity (nchuding, e.g., multiple sclerosis, Hashimoto's thyroiditis,
safotmemune uveitis, and Grave's discase), contact dermatitis, psoriasis, graft rejection, grafl
versus host discase, sarcoidosis, atopic conditions {including, e.g., asthma and silergy

mchuding, but not bonted to, allergic rhinutis and gastroimtestingl allergies such as food
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allergies), cosinophilia, conjunctivitis, glomenslar nephritis, systemic lupus erythematosus,
scleroderma, cortain pathogen sasceptibilities such as helounthic (nchuding, e g,
leishmaniasis) and certain virg! infoctions (including, ey, HIV and bacterial infections
such as wherculosis and lepromatous leprosy).

As vsed herain, the fenn “immune response”™ imchudes T cell mediated andior B cell
mediated invnune responses, Exemplary immene responses inclade T coll responses, e g,
cyiokine production, and cellular eytotoxicity. In adduion, the term tmune response
includes immune responses that ave indirectdy effecied by T cell activation, e.g., antibody
production (manoral responses) and activation of cyiokine responsive cells, e.g.,
macrophages.

The term “immumizing” refers fo generating an innnune response 1o apantigen in a
subject. This can be accomplished, for example, by administering a primary dose of an
wmmogen to a subject, followed afier a siatable porind of tne by one or more subscyuent
administrations of the immunogen, so as to generale in the subject an tmmune response
agminst the invnunogen. A suitable period of tme betweon administrations of the
imnmnogen can readily be determined by one skilled i the art, and is usually on the order
of several weeks o months,

As used herein, the torm “inhilst” or “neutralize” includes the decrease, mitation,
or blockage, of, for example a particular action, fumction, or interaction. For example, a
Gall-mediaied infection or disease is “whibited™ if at least one symptom of the disease,
such as mumune function, 1s modulated in a desirable manner. As wsed heredn, a Gall-
wediated infection or disease is also “inlubited” W recurrence of a discase symptom is
reduced, slowed, delayed, or prevented. For example, a Gall-mediated activity can be
decreased by 39, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 53%, 60%, 653%,
TO%, 7%, BO%, 81%, §2%., 83%, 84%, 85%, 86%. 87%, R8%%, 8%, 00%, 1%, 92%,
93%, 945, 93%, 96%, 970, V8%, 99%, U9, 1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%,

99, 7%, 99.8%, 98.9% or more. The ferm “promote,” in some emhodiments, can be used in
the cxact oppostic manncr as “inhibag”

As used herein, the torm “ingeraction”, whes referring o an ieraction betwoen fwo
molecules, refers 1o the physical contact (g, binding) of the moleculis with one another.
Generally, such an interaction rosults in an activity {which produces a biological effect) of
one or both of said molecules. The activity may be a direot activity of one or both of the

molecales, (o, sigmal ansdoction). Alternatively, one or both molecules in the
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mteraction may be prevented from binding their hgand, and thus be held inactive with
respect to Hyand binding activity (eg., binding its higand and triggering or inhibifing an
imvmene response). To inhibit such an interaction results in the disraption of the activity of
one or more molecules involved inthe mteraction. To enhance such an nferaction Is 1o
prolong or increase the hkelihood of said physical contact, and prolong or increase the
iikelihoond of said activity.

As used herein, the term an “isolated antthody™ 15 intended to vefer 1o an antihody
which is substantially free of other antibodies having different antigenic specificities (e.g.,
an isolated asttbody that specifically binds to buman Gall and is substantially free of
antibodies that do not bind {6 Gall}), An wolated antibody that specifically binds o an
epiiope of buman Gall may, however, bave cross-reactivity o other Gall proteins,
respectively, from different species. However, in some embodiments, the antibody
maintains higher affindly and sclectivity for lapsan Gall, Ia addition, an isolated antibody
is typically substantially free of other cellular material sndlor chemicals. Inone
cibodiment of the present invention, a combination of “isolated” monockonal antibodics
having different speeificities to humar Gall are combined in a well-defined composition.

As used herein, an “isolated protein™ wfies to a protein that is substangiafly free of
other proteins, cetlular material, separation medim, and cultere medium when isolated
from eells or produced by recombinant DNA techniques, or chenical precursors or other
chemcals when chemically synthesized. An “isolated” or “panfied™ protein or biologically
active portion therend is substantially frew of cellolar material or other contaminating
proteins from the cell or tissue source from which the amtibody, pelvpeptide, peptide or
fusion protein is derived, or substantially free from chemical precursors or other chenmieals

LAY

when chemically synthesized. The langeage “substantially free of celtular material™
meludes preparations of a target polypeptide (e g, inmunoglobulin} or fragment thercof, in
which the protein is separated from celludar components of the cells from which it is
isolated or recombinantly produced. Tn one ersbodiment, the langaage “sabstannally free
of cellular matenial” mcludes preparations of target protewn or feagmed thereot, baving less
than about 30% (by dry weight) of non-targes protein {also referred to hereinas a
“contaminating protein” ), mwore preferably loss than about 20% of non-target protem, still
more preforably less than about 10% of non-target protein, and most preferabily less than
about 3% ron-target protein, When antibody, polypeptide, peptide or fusion protein or

fragment thereof, ez, a biologically actve fragment thereof, is recombinantly produced, it

~ 23 -
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1 also preferably substantially free of culture mediam, 7 ¢, culture mediam represents less
than about 20%, more preferably less than about 10%, and most preferably fess than sbout
3% of the volume of the profein preparation.

As used heren, the ferm “isotype” refers 1o the antibody class {e.g, IpMor 1gG1)
that s encoded by heavy chain constant rogion genes.

Asg used herein, the term "Ky™ is Intended to vefer to the dissociation equilibrium
constant of a particular antibody-antigen intcraction, The binding affinuy of antibodics of
the discloscd invention may be recasured or determined by standard anttbody-antigen
assays, for example, competitive assays, sahasion assays, or standard inwpenoassays sach
as ELISA or REAL

Ag used herein, s “kit” is any manufocture (eg & package or container) comprising
at least one reagent, e.2. a probe, for specifically detecting or modelating the expression of
a marker of the present ivestion, The kit may be promoted, disttibuicd, or sold as a unit
for performing the methods of the present invention,

The terms “label”™ or “labeled” refor o incorporation or attachment, optionally
covalently or non-covalently, of a deteetable marker into 2 molecule, such as a polypepuide.
Various oethods of labeling polypeptides are knowst i the art and can be used. Examples
of labels for polypeptides include, but are not Hmited to, the following: radicisotopes,
fluorescent labels, heavy atoms, enzymatic labels or reporter genes, chemilyminescent
groups, biotiny] groups, predetermined polypeptide epliopes recognized by a secondary
reporier (e, lousing zipper pair sequences, binding sties for scoondary antibodies, mucal
binding domains, epitope tags). Examples and use of such labels are described in more
detait below. In some embodiments, labels ave attached by spacer arms of various lengths
to reduce potential steric hindrance,

As used herein, the form “monoclonal antibody™, refers fo an antibody winch
displays a single binding specificity and affinity for a particular epitope. Accordingly, the
teom “human monoclonal antibody”™ refers 1o an antibody which displays a single binding
spectficity and which has variable and constant regions derived from human germbine or
non-germiling immunoglobulin sequences, In pne embodiment, human monocional
antibodies are prodoced by a hybridoma which includes a B cell obtained from 2 ransgenie
non-heman animal, eg., a transgenic mouse, having a genoae comprising a human heavy

chain wransgene and 2 Hght chain transgene fused to an immortalized cell.

-3} -
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The term “not substantially altered,” “pot sabstantially modulated,” and the like,

undess otherwise defined, refors to a minimal deviation of & measured atfribote in
comparison 1o 3 reforence control. The deviation can be measwred according 1o quantitative
or quakitative means. In one embodiment, the sitribute’s alteration is less than 30%, 29%.
28%0, 27%, 26%, 25%, 24%, 23%, 22%, 21%, 205, 19%, 18%, 1796, 16%, 15%, 1%, 9%,
8%, 7%, 6%, 3%, 4%, 2%, 1% or less ditferent relative to the control {o.g., inter-residue
differences, angles-ofapproach, affimity for antibody binding, e}

A “post-transplantation lymphoproliforative disorder”™, “PTLD, and/or “viral-
associated PTLD” gach refers {o a disorder i which Iymphooytes, which are white blood
cells produced in the ymphatic fissue {e.g., lymph nodes, spleon, andéor thymus), are over-
produced or act abnormally and are caused by or correlated with a virus, Lymphoid celis
mchsde thymus derived bamphoeyies (T cells); bone marrow-derived lvmphoevies (B celis),
and nafuwral kitler (KK cclls), for example. Lymphocytes progress through a namber of
different stages, inchuding proliferation, activation, and maturation, and lymphoma or
abgreant proliferation can develop at cach stage. Disorders may be malignant neoplasnis
{and may be classified as aggressive or indolent, or as low, intermediate or high-grade),
including those associated with IEN- gamma., or the disorders may involve non-malignant
aberrant expansion of bvmphoid eolls. LPDs inchude any monoclonal or polycional LPD
that is not resobving without treatment and/or that involves excessive celtalar probiferation,
such as an expanding, wonoclonal, polyclonal or oligocional, vmphoid neoplasm. Cellular
proliferation sy be more rapid than normal and may continug afier the stvouki that
witiated the new growth cease. A neoplasm will show partial or complete lack of structoral
orgamization and functional coordination with the normal tissue, and may form a distinet
mass of tissue that may be either benign (benign tamor) or malignant (cancer},

Such viral-associated PTLD may be caused by or associated with, e.g., Epstein-Ban
vivus (EBV), a herpes vivus, HHV-8, cviomegaloving, C-type retrovirus, uman T-
lymphotropic virus type 1 {C-type refvovirus), andfor lnnman smmenodeficiency vives (HIV,
Hiv-1, HIV-2}), HIV- andor AlDS-associated cancers include HiV-associated LPDs, such
as Karpost sarcoma, non-Hodekin's tymphonm, ceniral nervous systom (CNS) vmphioma,
adult Tecell leukemiafhymphoma (HTLY-1+), and AIDS-associated ymphoma. Immoune
deficiency sach as i AIDS patients, organ transplant recipients, and gonctic immuang
disorders may aliow latent EBV 1o reactivate, causing proliferation of abnormal

vmphocytes and the potential 1o develop an EBV-associated LPD, for example. Methods
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to detect the presence of virus or viral infection in an aberrant cell, such as a cell involved
m a PTLD, are known inthe art. Viral nucleie acids or polypeptides may be detected in a
cell, fissue, or organism such as an aberrant cell, for example. Also, methods to detect
assay, such as a trany vive DTH assay may be used to detect regulatory T oells, for
example. In such an assay, buman or other mzmmalian peripheral blood monomsclear cells
{PBMC) may b mixed with g carrier comtrol with and without viral antigen, for example,
and injected fato o heterologous naive recipiont, such as the pinnas or footpad of naive
mice. I the dovor of the PBMC had previously been sensitized to the challenge antigen,
DTH-hke swelling responses are observed.

Ag used herein, the term “modulate™ includes up-regulation and down-regulation,
e.4., enhancing or inhibiting # response.

The “pormal™ level of expression of a marker is the level of expression of the
marker i colls of 3 subject, e.g, a human patient, not afflicted with a viral-associated
PTLD. An “over-expression” or “significantly higher level of expression™ of a marker
refors to an expression fevel in a fest sample that is greater than the standard error of the
assay coployed to assess expression, and is preferably at feast twice, and e preforably
three, four, five or ton times the expression level of the marker in s eontrol sample {e.g,
sample from a healthy subjects not having the marker associated disease) and preferably,
the average expression level of the marker in several control samples. A “significantly
krwer leved of expression”™ of & marker refers (o an exprossion fovel in a test sauple that ds
af least twice, and more preferably three, four, five or ten times lower than the expression
fevel of the marker in a control sample (e.g., sample from a healihy sabject not having the
marker associated disease} and preferably, the average expression level of the marker in
seversl control samples.

As used herein, the term “nucleie acid wolecule”™ 15 intended fo include DNA
miofecales and RNA molecules, A nmucleic acid molecule may be single-stranded or doublé-
stranded, but preferably is double-standed DNA. As used hevein, the torm “isolated
nucleic acid molecule™ in reforence to mucleic acids encoding antibodics or antibody
portions {e.g., Vi, Vi, CDR3) that bind 1o Gall, 1s intended to rofer to o nucleic acid
molecule m which the mreleotide sequences cacoding the antibody or antibody poriion arc

free of other nuclentide sequences encoding antibodies or antibody portions that bind

-3 .
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antigens other than Gall, which other sequences may naturally flank the nucleic acid in
tnsrnan genomic DNA.

A nucleic acid &3 “operably linked” when itis placed into a functional relationship
with another nucieie acid sequence. For instance, a promoter or eohancer 1s operably tinked
i & coding sequence i it affocts the anscription of the sequence. With respect to
fanseripiion remalatory sequences, operably linked means that the DNA sequences being
linked are contiguous and, whoere necessary o join bwo protom coding regions, conliguous
and in reading frame. For switch sequences, operably linked indicates that the sequences
are capable of effecting switeh recombination.

An “over-cxpresstony” or “sigmficantly higher kevel of expresston™ of 3 marker
refers to an expression level in a test ssnple that is greater than the standard ervor of the
assay emploved to assess expression, and is preferably at least twice, and more preferably
12,13, 14, 1.5 16, 1,7, 18 1.9,2.0,2.1,22,2.3, 24,25 2.6 2.7, 2.8 2.9, 3,3.5,4, 45
5,855,665 7,758,850 95 10,145 11,12 13, 14, 15, 16,17, 18,19, 20 gmes or
more higher than the expression activity or lovel of the marker a2 control sample {e.¢.,
sample from a healthy subject not having the marker associated disease} and preferably, the
average sxpression fevel of the marker io soveral control samples. A “significantly lower
fevel of expression™ of a marker refors fo an oxpression {ovel in a test sample that s af least
twice, andmore preferably 1.2, 1.3, L4 L3 16 L7, L8, 19,240,214, 22,23,24, 25,
26,27,28,29,3,35 4,45 5 55,665 7 75 885995 10, 10.5, 11, 12, 13, 14,
15,16, 17, 18, 19, 20 tuncs or nwwe fower than the cxprossion fovel of the markerin a
comtrol sample (g, sample from a healthy subject not having the marker associated
disease) and preferably, the average expression level of the marker in several control
samples.

The terms “polypeptide fragment”™ or “fragment”, when used in reference to a
reference polypeptide, refers 1o a polypeptide in which amino acld residues are deleted as
compared fo the reference polypeptide iself, but where the remaining amino acid sequence
1s usually dentical to the correspondng positions in the roference polypeptide. Such
deletions may ooour at the amino-fermings, intornally, or at the carboxy-terminug of the
reference polypeptide, or alternatively both. Fragments typically are st least 5,6, 8 or 10
amino acids long, at keast 14 amino acids long, at least 24, 30, 40 or 50 amino acids long, at
least 73 amino acids long, or atleast 100, 130, 200, 300, 300 or more amino acids long.
They can be, for example, at least andfor inclading 10, 11, 12, 13,14, 15, 14, 17, 18, 19,24,

T
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21,22, 23,24, 25, 26, 27, 28, 29, 301, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 56, 55, 56,
57, 58, 59, 60, 65, 70, 75, B0, 85, 940, 65, 100, 120, 140, 160, 180, 200, 220, 240, 260, 250,
300, 320, 340, 360, 380, 400, 420, 440, 460, 480, 500, 320, 540, 560, 380, 600, 620, 640,
660, 680, 7006720, 740, 760, TRO, 800, ¥20, 840, 860, RRO, 900, 926,940, 960, 980, 10O,
1030, 1040, 1060, 1086, 1100, 1120, 1140, 1160, FIR0, 1200, 1228, 1240, 1260, 1280,
1304, 1320, 1340 or more long, or less than such amino acids in length, or any range in
between, mclusive, 5o ong as they are less than the length of the full-length polypeptide.
Alternatively, they can be no longer than andfor exchnding such a range so long as they are
{ess than the lengih of the full-length polypeptide. The range can also inchude a polypeptide
domann of interest, such as the FS beta strand domain of Gall, which 15 well known in the
art and is between 35 and 39 amino acids in length.

As used herein, the term “rearranged” refers to a configaration of a heavy chain or
hight chain timnusoglobulin locus wherein a V scgment 1s positioned immediately adjacont
to a D-J or J segment in a conformation encoding essentially a complete Vi and Vi, domain,
respectively, A rearranged immunoglobulin gene locus can be adentificd by comparison to
gormline DNA; a rearranged locus will have at least one recombined heptamer/nonamer
homology clement.

As used herein, the twrm “recombinant”™ refers to biologival material, suchasa
nuclere acid, protetn, antibody, cell, and the like, that is manipulated or engineered by the
hand of man in order to be nade in & non-naturally occarring state, For example, a
“recombinant host cell™ {or simply “host cell™), is intended to refer 1o a ccll dngo which
recombinant expression vector has been introduced. Tt should be understood that such
terns are intended to refer not only o the particalar subject cell but to the progeny of such
cell, Bevayse certain modifications may ocour in suceceding pencrations dae fo etfher
mutafion or cavironmental influences, such progeny may not, m fact, be identical to the
pavent cell, but are still inchuded within {he scope of the term “host cell™ as used hergin,

As used herein, the term “recombinant human anthody”™ inchudes alf human
antibodics that are prepared, expressed, created or isolated by recombinant means, such as
{a) antibodics isolated from an animal {e.g., 2 mouse) that is transgenic or
transchromosemal for haman immunoglobulin genes or a hybridoma prepared therefrom
{described further below), (b) antibodies isolated from a host cell transformed to express the
autibody, e.g., from a trwsfoctoma, () antibodies isolated from a recombinant,

combinatorial human atibody library, and (d} antibodies prepared, expressed, created or

-
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ssolated by any other means that involbve splicing of human impwmoglobulin gene
sequences o other DNA sequences. Such recombinant human antibodies have vanable and
constant regions derbved from hyman germiline amdéor non-germiine immuanoglobulin
sequences. In certain embodiments, however, such recombinant human antibodies can be
subjected {o i vitrp pastagenesis {or, when an anbmal transgenic for luman Ig sequences is
ased, #r ¥ive soratic mutagenesis) and thus the amino acid sequences of the Vy and Vy,
regions of the recombinant antibodies are sequences that, while derived from ynd related to
human germiine Vi and Vo sequences, may bot naturally exist within the haman antibody
germiine reperioire in vive,

The prescat mvenfion “response” 15 gencrally related to for example, defernuning
the effects on progression, ¢fficacy, or outcone of a chinical intervention. In some
embadiments, respoases relate directly to a change in tumor mass and/or volume after
uutiation of chinival mtervention {eg., aduuaistration of an anti-Gall monocional antibody).
For example, hyperproliferative disorder responses may be assessed according to the size of
a tumor afior systomnie intervention compared to the mitial size and dimensions as measured
caliper measurement or pathological examination of the tumor after biopsy or surgical
resection. Response may be recorded in a quantitative fashion lke porcentage change in
amnor volume or ina qualitative fashion like “pathological complete response™ (pCR),
“clinical complete remission” (¢CR), “clinical partial remission™ (cPR), “climical stable
discase” (08D}, “clinical progressive diseasy™ (oPDY or other qualifative oriteria,
Assessment may be done carly after the onsct of the clinical intervention, e.g., after a fow
bours, dave, weeks or preferably afler a fow months. A typical endpoint for response
assessment is upon termination of the clinical imtervention or upor swgical removal of
residual fumor cells andfor the tumor bed.

As ased herein, the term “specific binding™ rofers 1o antibody binding o o
predetermined antigen. Typically, the antibody binds with an affinity (Kp) of approximately
fess than 107 M, such as approximately less than 107 M, 107 M or 107° M or cven lower
when deternmined by surface plasmon resonance {SPR) technology in g BIACORE®R assay
instrument using haman Gall as the analyie and the antibody as the Higand, and binds o the
predetermined antigen with an affinity that isatkeast 1.3, 1.2~ 13-, 14+, 1.5+, L6, 1.7,
1.8~ 1.9, 2.0-, 2.3~ 3.0~ 3.5-, 4.0, 4.5-, 5.0-,6.0-, 7.0~ 8.0~, 9.0, or 10.0-f01d or greater

than s affinity for binding o 3 nonespeeific antigen {ey., BSA, casein) other than the

-h -
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predetermined antigen or a closely-related antigen. The phrases “an antthody recognizing
an antigen™ and “an antibody specific for an antigen” are used interchangeably herein with
the ferm “an antibedy which binds specifically to an antigen.”

As used herein, “subject” refers to any healthy snimal, manwoal or human, or any
anmmal, mannal or homan afflicted with o Gall-mediated disorder. The torns “subject” ig
mterchangeable with “patient”, The term “non-nae antmal™ inchudes all veriebrates,
e.g., mammals and non-mammals, such as non-human primates, sheep, dog, cow, chickens,
antphibians, repiiles, ete.

The langnage “substantially free of chemical precursors or other chemicals™
wicludes preparations of antibody, polvpeptide, peptide or fusion protein in which the
protein Is separated from chemical precursors or other chemicals which are involved in the

o

synihesis of the protein. Tn one embodiment, the langoage “substantially free of chemical
precursors of other chemicals” includes preparations of antibody, polypephide, peptide or
fusion profein having less than about 30% (by dry weight) of chemical precursors or non-
antibody, polypeptide, peptide or fusion protein chenueals, more preferably loss than about
2% chemical procusors o non-antibody, polypeptide, peptide or fusion profein chonicals,
still more preferably less than about 109 chemical precursors or son-antibody, polypeptide,
peptide or fusion protein chemicals, and most preforably less tham about 3% chensical
precursors of non~ antibody, polypeptide, peptide or fusion protein chemicals.

As used herein, the term “survival” includes all of the following: survival wtil
mortality, also known as overall survival (whorein said mortality may be cither irrespective
of cause or humor refated); “recurrence-free survival™ (wherein the term recarrence shall
inclade both localized and distant recurrence); nwtastasis free survivaly disease free survival
{wherein the torm disease shall include cancer and diseases associated therewith), The
fength of said survival may be caleulated by referenee 1o a defined start pomt {e.g. tune of
diagnosis or start of weatrent) and end point (e.g. death, recurrence or metastasis), n
addition, criteria for efficacy of treatment can be expanded to include response to
chemotherapy, probabibity of survival, probability of metasiasis within a given time pentod,
and probability of tumor recurrence.

A “rranscribed polynucleotide™ or “nucleotide transcript™ is & polynucleotide (e.g.
an mRNA, laRNA, 3 ¢DNA| or an analog of such RNA or cDNA) which is complementary
10 or homologous with all or a portion of a mature mRNA made by wanscription of a
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marker of the present invention and nommal post-franscriptional processing (e.g. splicing), if
any, of the RNA transcript, and reverse transcription of the RNA transeript.

As ysed herein, the torm T cell™ includes CD4+ T cells and CD8+ T eells. The
term T cell alse includes both T helper 1 type T cells and T helper 2 type T eells. The term
“aatigen presenting cell™ inchudes professional antigen prosenting cells (e.g, B
ymphocvics, monoeytes, deadritie vells, Langerhans cells) as well as other antigen
presenting cells {e.g., keratinocyies, endothelial cells, astrovyies, fibroblasts,
oligodendrocytes).

As ysed herein, the toom “unrearmanged” or “germibine configuration” in veference o
a V sepment refers fo the configuration wherem the ¥V oscgment 1s not recombined so g5 o
be immediately adiacent to a D or J segment.

As used herein, ihe term “vector” refers 10 a nucleic acid capable of ransporiing
aupther muckeie acid fo which # has been inked, One type of veotor is 3 “plasmid”™, which
refers to a circular double steanded DNA loop into which additional DNA scgments may be
Higated. Another type of vector 3s s viral veotor, wherein additional DNA segmeats may be
figated o the viral gonome, Cortain vectors are capable of autoromous replication in a
host cell into which they are infroduced (e.y. . bacterial vectors having a bacterial origin of
replication and episomal mammabian vectors). Other vectors {e.g.. pon-episomal
manunatian vectors) are integrated into the genome of a host cefll apon inoduchon nto the
host celi, and thereby are replicated along with the host genome. Moreover, certain vectors
are capable of directing the expression of gones o which thev are eperatively linked. Such
vectors are referred fo herein as “recombinant expression vectors™ or simply “expression
vectors™, In general, expression vectors of utility in recombinant DNA techniques are often
in the form of plasmids. In the present specification, “plasmid” and “vector™ may be used
mierchangeably as the plasmid is the most commonly used form of vector. However, the
invention is ntended tw include such other forms of exprossion vectors, sach as viral
vectors {e.g., replication defective retrovivuses, adenovirases and adeno-assoviated virnses),
winch serve equuivalent funciions.

For nucleie acids, the torm “substantial homology™ indicates that tive nucleic acids,
or designated sequences thereof, when optimally aﬁgx:séd and compared, are identical, with
appropriate nucleotide nscrtions or deletions, in at keast about 0% of the nucleotides,
usually at foast about 1%, 82%, 8340, 8d%, 83%, 86%, R7%, RA%, 89%, 90%, 91%, 92%,

9305, 94%, 9394, 96%, or more of the nucleotides, and more preferably ot least abowt 97%,

- .
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98%, 995 or more of the nucleotides. Aliernatively, substantial homology exists when the
segments will hybridize under selective hybridization conditions, 1o the complement of the
strand.

The percent identity between two sequences is a function of the numsber of identical
positions shared by the sequences (i.e.. % identity= § of identical positions/total # of -
positions x 100}, taking into account the number of gaps, and the length of each gap, which
need 1o be introduced for optimal alignment of the two scquences. The comparison of
sequences and detormination of percent identity between two sequences can be
accomplished using a mathenwtical algorithm, as deseribed i the von-limiting examples
below.

The percent identity between two nucleotide sequences can be determined using the
GAP program in the GUG software package (available on the world wide web at the GCG
company website}, using a NWSgapdna OMP matrix and 3 gap welght of 40, 30, 60, 70, o1
80 and a length weight of 1, 2, 3,4, §, or 6. The percent identity between two nucleotide or
amuing ackd sequences can also be determined using the algonthm of £, Mevers and W,
Miller {CABIOS, 4:11 17 (1959)) which has been mcorporated into the ALIGN program
(version 2.0}, using a PAMI20 weight residue table, a gap length penalty of 12 and a gap
penalty of 4. In addition, the percent identity bebween two aminn acid soguenees can be
determined using the Needloman and Waonsch (3. Mol Biol, (48):444 453 (1970)) algorithm
which has been incorporated into the GAP program i the GCG software package
{available on the world wide web at the GUG company websiic), asing cither a Bloswn 62
matrix or 3 PAM250 matrix, and a pap weight of 16, 14, 12, 16, 8, 6, or 4 and a length
weightof 12,3, 4, 5, or 6.

The pucleic acid and protein sequences of the present invention can further be used
as a “guery seguence” o porform a scarch agaiost public databases fo, for example, dennfy
refated sequences, Such searches can be performed using the NBLAST and XBLAST
programs fversion 2.0} of Alischul, er al (1990 1. Mol Biol. 215403 10. BLAST
nucleotide scarches can be performed with the NBLAST program, score=1014,
wordlength=12 10 oblain nuclentide sequences bonologous to the nucleic acid molecules of
the present imvention. BLAST protein searches can be perforned with the XBLAST
progeam, score=30, wordiengthr=3 to obtain amino acid scqeences homologous fo the
protein molecules of the present invention. To obtain gapped aligunents for comparison

purposes, Gapped BLAST can be nulized as deseribed in Altschuol er af., {1997 Nuclewe

- .



Acids Res. 25(17):3389 3402. When utilizing BLAST and Gapped BLAST programs,
the default parameters of the respective programs (e.g., XBLAST and NBLAST) can
be used (available on the world wide web at the NCBI website).

The nucleic acids may be present in whole cells, in a cell lysate, orina
partially purified or substantially pure form. A nucleic acid is "isolated” or "rendered
substantially pure" when purified away from other cellular components or other
contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques,
including alkaline/SDS treatment, CsCl banding, column chromatography, agarose
gel electrophoresis and others well known in the art (see, F. Ausubel, et al., ed.
Current Protocols in Molecular Biology, Greene Publishing and Wiley Interscience,
New York (1987)).

Before the present invention is further described, it will be appreciated that
specific sequence identifiers (SEQ ID NOs) have been referenced throughout the
specification for purposes of illustration and should therefore not be construed to be
limiting. Any marker of the present invention, including, but not limited to, the
markers described in the specification and markers described herein are well known in
the art and can be used in the embodiments of the present invention.

It is further to be understood that this invention is not limited to particular
embodiments described, as such can, of course, vary. It is also to be understood that
the terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting.

Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within the invention. The upper
and lower limits of these smaller ranges can independently be included in the smaller
ranges, and are also encompassed within the invention, subject to any specifically
excluded limit in the stated range. Where the stated range includes one or both of the
limits, ranges excluding either or both of those included limits are also included in the
invention.

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to

which this invention belongs. Although any methods and materials similar or

-30-
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equivalent to those described herein can also be used in the practice or testing of the
present invention, the preferred methods and materials are now described.

It must be noted that as used herein and in the appended claims, the singular
forms "a," "and," and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a polypeptide" includes a plurality of
polypeptides and reference to "the active agent” includes reference to one or more
active agents and equivalents thereof known to those skilled in the art, and so forth. Tt
is further noted that the claims can be drafted to exclude any optional element. As
such, this statement is intended to serve as antecedent basis for use of such exclusive
terminology as "solely,” "only" and the like in connection with the recitation of ¢laim
elements, or use of a "negative” limitation.

The publications discussed herein are provided solely for their disclosure prior
to the filing date of the present application. Nothing herein is to be construed as an
admission that the present invention is not entitled to antedate such publication by
virtue of prior invention. Further, the dates of publication provided can be different

from the actual publication dates which can need to be independently confirmed.

II. Polypeptides. Antibodies, and Immunogenic Compositions

The present invention relatcs, in part, to Gall epitopes useful as targets for
neutralizing Gall activity, Such epitopes can be used to isolated agents, such as
antibodies or fragments thereof, that are directed against Gall and newtralize Gall
activity. Such molecules are characterized in that they exhibit an unexpected ability to
neutralize Gall protein function based on structure-function relationships described
further in the Examples below,

Sequences, structures, domains, biophysical characteristics, and functions of
Gall gene and gene products have been described in the art, See, for cxample,
Rabinovich et al, (2002) Trends Immunol. 23:313-320; Liu and Rabinovich (2005)
Nat. Rev. Cancer 5:29-41; Rubinstein et al, (2004) Cancer Cell 5:241-251; Le et al.
(2005) J. Clin. Oncol. 23:8932-8941; Vasta ef al. (2004) Curr Opin Struct Biol
14:617-630; Toscano ef al. (2007) Cyvt. Growth Fact. Rev. 18:57-71; Camby et al.
(2006) Glycobiol. 16: 137R-157R; U.S. Pat. Pubis. 2003-0004132, 2003-0109464,
2006-0189514, 2009-0176223, 2009-0191182, 2012-0028825, and 2013-0011409.

The nucleic acid and amino acid sequences of a representative human Gall

-3 -
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biomarker is avatlable to the public at the GenBank database under NM_0023053 and
NP_002296.1. Nuecleic acid and polypeptide sequences of Gall orthologs in organisms
other than hamans are well known and include, for example, monkey Gall

{NM_001 1686271 and NP_001162098. 1}, chimpanzee Gall (XM _003953882.1 and
XP_003953931.1; XM_003953883.1 and XP_003953932.1; XM_0011621043 and
XP_001162104.1), mouse Gall (NM_008405. 1 and NP_032521.1), rat Gall
{NM__019904.1 and NP_063969.1), dog Gall (NM_001201488.1 and NP_001188417.1),
chicken Gall (NM_206005.1 and NP_99678&.1), and cow Gall (NM_173782.1 and
NP_786976.1). For example, reltevant Gall sequences useful for detection include those
fisted below in Table 3:

Table3

SEQID NO. I:

1 atggetigiy

o

i Lgcascages agygacyggoyy GG
241 gtattgcaga ACCLLOHRATE AQPCCARCCY gacogbonay

gatangasit ceagibooon ascogootos acvtggaggn cabcsactsc

» k . e ]
i L nikpgealey pgevapdaks
123 owald

SEQID NGO 3 Mouse Oall ¢cDNA Sequence
1

ALEgoctatyg gUotagtogs Cagosaootyg Satobosssd NGty Totosasgtt

121 asascctygtyce tacacttoss chte gatyoocaty gagacyooas caccatiyty
ig1 ta g T acogaacase gogaacctar ettooocotio
241 g aoctitgson sggotganst gacoaboasy

[#24
i

- g o o .y e o PR o 5 ay, JOR SR o - v g N G Y e a v s
351 atgguogoegy atggagacil saagsitsay tgogtgooot tigsgiga

Mouse Gall Amine Acid Sequence

N PP
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However, the Gall epitopes associated with newtralization of Giall cpiiopes have not
been herctofore disclosed. Thus, the present invention provides recombinant sadfor
isolated Gall peptides, or fragments theveod, encompassing Gall epitopes against which
anti-Gall agents can bind and nawtratize Gall activity. In one aspect, such a Gall
polypeptide can comprize, consist essentially of, or congist of, 2 fragment of full-length
Gall eacompassing the entire FS f-sheet scquence or a portion therzof. T another aspect, a
Gall polypeptide van comprise, consist essentially of, or consist of, a sequence that is fess
than or equal to 100, 93, 90, B3, 80, 75, 70, 85, 60}, 39, 38, 57, 56, 35, 54, 33, 52, 81, 30,49,
48, 47,46, 45, 44,43, 42, 41,40, 39, 38,37, 36, 35, 34, 33, 32,31, 30, 29 28, 27,26, 25,
24,23,22 21,29, 19,18, 17, 16, 15, 14, or any range in between, that conywises residues
142-115 of any one of SEQ 1D NOs: 1-16 or an ortholog thereof. In one embodiment of the
Gall polypeptides of the present invention, the polvpeptides can comprise sequences that
are of least 30, 55, 60, 63, 70, 73,80, 83,90, 91, 92,93, 04 93 96 97, 98 99 995 or

- 34 -
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1H0% identical (o residues 102-115 of any one of SEQ 1D NOs: 1-16 ov an ortholog thereof.
In another embodiment of the Gall polypeptides of the present invention, the polypeptides
canhave 1,2,3,4,5,6, 7,8 6, 10, 11,12, 13, 14, 15,16, 17, 18, 19, or 20 or more
conservative amino acid substitutions. In stifl another embodiment, the present invention
provides g composition comprising a recombinant polypeptide described herein and less
than about 25%, or alternatively 18%, or alteratively 5%, contaminating biclogical

macromolecules or polypeptides.

In certain embodiments, a polypeptide of the present invention con further comprise
3 heterolopous sequence.  For example, fusion profeins are provided contaming a domain
which increases polypeptide solubility and bioavailability andfor facilitates its purification,
wentification, detection, and/or siroetoral characterization. In such embodiments, the
heterologous portions should not substantially alier the mpunogenic activity andfor
condformation of the Gall neutralizing epitope. Exemplary domains, include, for example,
shitathione S-tamsferase (GST), protein A, protein G, calmodualin-binding peptide,
thioredoxin, maltose binding protein, HA, mve, poly asginine, poly His, poly His-Asp or
FLAQG fusion protems and tags. Additional cxemplary domains include domatns that alter
protein localization ir vive, such as signal peptides, tvpe T secretion systom-targeting
peptides, wanseytosis domains, muclesr Tocalization stenals, ere. In various embodiments, a
polvpeptide of the present invention can conprise one or more heterologous fusions.
Polypeptides can contain nuliiple copies of the same fusion domain or can contain fusions
to two or more different domains. The fusions can ocecer in within the polypeptide a8 an -
frape insertion, of the N-terminag of the polypeptide, at the C-terminus of the polypepiide,
or at both the N- and C-terminus of the polvpeptide. It is also within the scope of the
myention to inchude Enker sequences between a polypeptide of the mvention aad the fusion
dormain in order o facilitate construction of the fusion protein or w opthmize protein
expression or structural constrainis of the fusion protein. In another embodiment, the
polvpeptide can be consirucied 5o as to contair protease cleavage sHes between the fusion
polypeptide and polypeptide of the invention in order 1o remove the tag after protein
expression or thereaffer. Examples of suitable endoprofesses, inclede, for example, Factor
Xa and TEV proteases.

in some embodiments, polypeptides of miercst or fragnients thereof, are fused to an
antibody fragment {e.g., Fo polypeptides). Technigues for prepanng these fusion proteing

are known, and are described, for example, in WO 9931241 and in Cosman etal, 2001

- 3% .
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Pmumity 14123 133, Fusion o an Fe polypeptide offers the additional advantage of
facilitating purification by affinity chvomatography over Protein A or Protein G columns.

i still another cmbodiment, a polypeptide of intorest or fragmuent thereof can be
coupled to s detectable substance. Examples of detectable substances include vartous
enzymes, prosthetic groups, fluorescent materials, huminescent msterials, bioluminescent
materials, and radivactive materials, Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, B-palaciosidase, or acetylcholinesterase; examples of
suitable prosthetic group complexes include streptavidin/biotin and avidindioting exanples
of suitable flucvescent materigls include winbelliferone, fuorescein, fluorescein
wsothwcyanate, rhodanuse, dichlorotniamnyiamane fluorescem, dansvi chlonde or
phycoerytbrin; an example of a luminescent material includes haninol; examples of
bigluminescent materials include Inetforase, luctforin, and acquorin, and oxamples of
suitable radioactive material inchade Y251, U 338 or S #n vive techniques for
detection of a polypeptide of the present invention inchude introducing futo a subject a
iabeled antihody directed against the protein. For example, the antibody can he labeled
with a radioactive marker whose presence and location in a subject can be detected by
standard imaging techniques,

In a purticular enabodiment, # polypeptide of interest or frageent thereofcan be
Iabeled with a flaorescent label to facilitate their detection, purification, or structural
characterization. In an exemplary embodiment, a polypeptide of interest or fragment
thereol can be fused 1o ¢ heterologous polypeptide seguence which produces a detectable
flugrescent signal, including, for example, green flusrescent protein (GFP), enhanced green
fluorescent protein (EGEPR), Renilla Remformis green fluorescent protein, GFPmuwt2,
GFPavd, enhanced vellow fluorescent profein (EYFP), enbanced eyvan fluorescent protom
{ECFP), enhanced blue fluorescent protein (EBFP), citrine and red fluorescent protein from
discosoma (dsRED).

Fragments of the Gall nentralizing cpitope-containing polypeptides desortbed
hercin are also provided. For example, delction or replacoment of certain sequences {e.g |
the proteolytic cleavage site, signal sequence, and the like) that do not substantially affect
the immunogente activity andfor conformation of the Gall nevtralizing epitope ave
contenmplated.

Polypeptides of miterest or fragments thereof described horein can be produced by

recombinant DNA fechniques. For exanmple, a nacleic acid molecale encoding the protein

- 3h -



CA 02918780 2016-01-19

WO 2015/013389 PCT/US2014/047784

o

10

S
La

20

]
N

15 cloned inlo an expression vector (as described below), the expression vector is introduced

mto a host celt (as described below) and the proteim is expressed in the host cell. The

protein of interest can then be isolated from the cells by an appropriste purification scheme

using standard protein purification techmiques. Alternative to recombinant expression, a
protein of nterest or fragment thereof can be synthesized chenucally using standard peptide
synthesis technigues. Moreover, nafive protein can be isolated from cells (e.g., ymphoni
cells), for example, using an antibody (a3 deseribed below).

In another aspect, polypeptides of the present invention can be used as inmnogens
to generste neuiralizing agents {e.g., sntibodics, aptamers, and the hke) that bind a Gall
neatralizing epttope, using standard techaigues for polyclonal and monoclongl antibody
preparation. The polypeptide or an agemt that encodes or produces the polypeptide (.42, a
nucleic acid, vector, host cells, and the Bke) can be used to prepare antibodies by
mwmizing a suifable sudhject, (e.g., human, monkey, rabbit, goat, mouse or other mammal}
with the inmnunogen as farther deseribed herein, An appropriate immunogenic preparation
can contam, for example, recorsbinantly expressed protein or a chemically synthesized
protein. The preparation can forther include an adjuvant, such as Fraund's complete or
mcomplote adpvant, or similar insnunostionulatory agent,

Inmpunization of a subject with an Immunogenic agent deseribed herein induces 8
polyclonal anti-Gall neatralizing antibody response. The polyclonal antibody titer in the
anmusized subject can be monitored over time by standard techmigues, such as with an
cnzyine lnked immunesorbond assay (ELISA) using inumobilized farget protein, I desived,
the antibody molecules divected against a Gall neutralizing epitope can be isolated from the
mammal {2.g., from the blood) and further purified by well-known technigues, sach as
protein A chromatography to obtain the IgG fraclion. At an appropriate thme after
ponmnization, 22, when the antibody @iters of iderest are highest, antibody~producing cells
can be obtained from the subject and used to prepare monocional antibodies,

The term “monocional antibody™ or “monoclonal antibody composition™, as used
heremn, refors to a population of aatibody molecudes that contam only one species of an
antigen binding site capable of imnwnoreacting with a particular ncutralizing epitope of
Gall. A monoclonal antibody composition thus typically displays a single binding affinity
for a parficudar protein with which # imonmoreacts. These can be made using standard
techaiques, such as the hybridoms rechnique originafly described by Kohler and Milstein
{978 Nature 256:495-497) (see also, Brown ef af (1981) J Ivommol. 127:539-46; Brown
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ef af. (Y9BI).L Biol Chem. 255:4980-83; Yeh ef . (1976} Proc. Nadd. dcad. Sci. US4
Te:2927-31; and Yeh ef of. (1982% fne. L Concer 29.269-75), the more recent hawan B cell
hybridoma techoigue (Kozbor ef ¢l (1983) Immnmol. Today 4:72), the EBV-hybridona
sechmque (Cole o1 of. (1985), Monocleonal dimibodies and Cancer Therapy, Alan R Liss,
Inc., pp. 77-96) or trioma technigues. The techmology for producing monoclona antibody
hybridomas is well known (see generally R, H. Kenneth, in Monoclonal dntibodies. 4 New
Bimension In Bivlagica! Analyres, Plenum Pablishing Corp., New York, New York (1980,
. A, Lomer (1981) Yofe £ Biol Med, 34:387-402 M. L. Gefter et of. (1977 Nomuatic Cell
Gener. 3:231-36). Briefly, an immontal cell Hne (ypically a myeloma) is fused 10
ymphocytes {iypically splenocytes) from a manunal immuonized with an imarmogenc
agent as described above, and the culnme supernatants of the resulting hybridoma cells arc
sereened o identify a hvbridoma producing & monoclonal antthody that binds a nevtralizing
epifope of Gall.

Any of the many well-known protocols used for fusing lymphocyvies and
wnmorialized cell hnes can be applied for the purpose of gonérating an anti-{ghl
neatralizing monoclonal antibody {see, fe, G. Galfie et of. (1977) Nepure 266:350-32;
Gefver er al. Somatic Cell Genet., cited supra;, Lerner, Yale S Biol Med., cited supre,
Kemneth, Monoclonal Angibodies, cited suprad. Moreover, the ordinarily skilled artisan will
appreciate that there are many vanations of such methods which also would be useful.
Typically, the immortal cell line (e.g., a mycloma cell Tine) is derived frons the same
mamunalian speeies as the lvmphoovins, For example, mrine hybridomas can be made by
fusing Iymphocyies from a mouse inununized with an impnmogenic preparation of the
present invention with an immortatized mouse cefl ine. Preferred immortal cell ines are
mouse myelomy cell lines that are sensitive to culture medium conizining hypoxanthine,
aminopterin and thymidine ("HAT medinm™}  Any of a muonber of myelona cell lines can
be used as 4 fusion parter according to standard technigues, Le., the PINS/1-Agd-1, P3-
x63-AgB.653 or Sp2/0-Agld myeloma Hues. These myelorma loes are available from
ATCC, Typicaily, HAT-sensitive mouse mveloma cells are fused fo mouse splenocyics
using polyethylene glyeol (“PEG™). Hybridoma oclls resulting from the fusion are then
selected using HAT medimm, which kills unfused and unproductively fused myeloma cells
{unfused splenocyies dic after several dayvs because they are not transformed). Hybridoma

cells producing a menocional antibody of the invention ave detected by screening the
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hyhridoma culture supernatants for antibodies that bind 2 newtralizing epitope of Gall, ie,

using a stndard ELISA assay.

I Nucleic Acids. Vectors, and Recombinant Host Cells

A further object of the present invention relates to a nucleie acid sequence encoding
Gall epltopes associated with nestralizing Gall activity, antibodics (e.g.. monoclonal
amtibodics} and fragments thereof, mnmunoglobulins, and polypeptides of the present
nvention,

I one embodiment, the present invention provides nueleic actd molecoles having »
sequence that encodes a pephide or antihody of the present invention. As used heren, the
term “nucleie actd molecule™ is mended to include DINA molecules (fe., ¢cDNA or
genomic DNA) and RNA molecoles (Do, mRNAY and anslogs of the DNA or RNA
gencrated using nucleotide analogs. The nucleic acid molecule can he single-stranded or
double-stranded, bus preferably is double-stranded DNA, An “isolated™ nucleic acid
molecule is onc which is separated from other nucleie scid molecules which are present in
the nataral sowwee of the necleic acid. Proferably, an “isolated”™ muckeic acid is free of
sequences which naturally flank the nucleic acid (e, soquences Jocated at the 5 and 37
ends of the nucleic acid} in the genomic DNA of the organism from which the sucleic acid
is dertved. For example, in varions embodiments, a recombinant and/or isolated nuclele
acid molecule can contain less than about S kb, 4kb, 3kb, 2kb, 1 kb, 0.5 kbor L1 kb of
aucieptide scquenees which naturally Bank the nmucleke acid molecule in vival DNA.
Moreover, an “isolated” nucleic acid molecule, sach as a ¢«DNA mislecule, can be
substantially free of other collular material, or culture medin when produced by
recombinant techniques, ov chemical precursors or other chemicals when chemically
synthesized.

A mucleic acid molecute of the present invention {¢.g., distlosed in Table 3 or an
ortholog thereof or encodes a polypeptide described herein), can also be a nocléotide
sequence which is at loast about 30%, preforably at least about 60%, more preferably at
least about 70%, vet more preforably at east abous 80%, still more preforably at least about
5%, and most preferably at least about 95%, 96%, 97%, 98%, 99% or more identical to
such nueleotide sequences, can be engincered and isolated using standard molecalar
hiology technigues and the sequence information provided herein (Le., as described in
Sambrook, 1., Fritsh, E. F., and Maniatis, T, Modecwdor Cloning: A Laboratory Mawed,

-3 .
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2ud, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 1989% Moreover, such nucleic acids can be isolated by the polymerase
chain reaction using oligonucieotide primers designed based apon sequences described
herein or orthologs thereof. For example, RNA or DNA can be isolated from velevant
sources contaiming nucleic acid templates (7.¢., by the guanidinivm-thiocyanate extraction
procedure of Chirgwin es of. (1979) Biochemisiry 18; 3204-3299) and oDINA can be
prepared using reverse transcriptase (Le., Moloney MLV roverse transcuipiase, available
from Gibeo/BRL, Bethesda, MDY, or AMV roverse timscriptase, available from Seikagaku
America, Inc., 1. Petersbarg, FLY. Svuthetic oligonucleotide primers for PCR
amplification van be designed. A nucleic goid of the present mvention can be amplitied
using «DNA or, aliernatively, genomic DNA| as a emplate and appropriate oligonucleotide
primers according o standard PCR amplification technigues. The mucleic acid so amplified
can be cloned into an apmopriaie vector and characterized by DNA sequence analysis.
Furthermore, oligomclootides corresponding to a nucleic acid sequence of the present
wyention oo be prepared by standard gynthetie techmigues, Le., usmg an sutomated DNA
synthesizer.

I another cambodiment, the nucleic acid encodes a protein that is at feast abowt 5%,
preferably at least about 60%, more preferably at feast about 70%, 75%, 80%, 85%, 90%,
%o, 92%, 93%, 04%, 95%, 9626, 87%, 9%, 9% or more homelogous 1o 3 Gall epitope
sequence described herein, or a fragment thereof.

¥ will bo appreciated by those skilled s the art that DNA sequence polymorphisios
that lead to changes in the amine acid sequences of a polypeptide can exist withina
population (¢.g., a mammalian and/or buman popudation). Such genetic polymorphism in a
gene can exist ameng mdividuals within a population duc 1o natural allclic variation, As
used herein, the terms “gene” and “recombinant gene” refer to nueleic acid molecules
comprising an open reading frame encoding a polypeptide of the present invention,
preferably a mammalian polypeptide. Such natural aflehic vartations can typieally result in
1-5% vanance i the nucleotide sequence of the gene.  Any and alf such nuciconde
variations and resulting aming acid polvinorphisms in a polypeptide that are the result of
napural aliche viwiation and that do not alter the functional petivity of the polypeptide are
wfended to be within the scope of the present mvention.  Nucleie acid mwoleeules

corresponding to natural aftelic variants and homologues of interest can be isolated,
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In addition to naturally-oceurring allelic variants of a sequence that can exist in the
population, the skilled artisan will further appreciate that changes can be introduced by
mwtation into the nucleotide sequence of a relevant Gall epitope nucleic acid sequence
shown n Table 3 or onthologs thereof, thereby leading to changes i the amino acd
sequence of the encoded protein, without aliering the functional ability {e.2., neutralizing
epitope} of the protein. Fow example, nucicotide substitutions leading to amino acid
substilutions at “nom-essential” gmino acid resudues can be made in the sequences. A “non-
essential” amnino acid residue 15 a residoe that can be altered from the wild-type sequence
without substantially aliering the inrmmogenic properiies or conformation, whereas an
“easential” amine acud residue 15 one that affcets the momunogenie proporiies or
conformation. Other amino acid residues, however, {e.g., those that are not conserved or
only semi-conserved between mouse and human) cannot be essential for activity and thus
are fikely 1o be amenable to alteration withou! altering polypeptide activity,

The term “seguence identity or homology™ refers to the sequence similarity between
two polypeptule molecules or between two nucleie acid molecnies. When a position in
haoth of the two compared sequences Is occupied by the same base or amino acid monomer
subunit, e.g., if a position in cach of two DNA molecules is occupied by adening, then the
molecules are homologons or sequence identical at that positien. The percent of homology
or sequence identity between bwo sequences 1s a function of the number of matching or
homelogous identical positions shared by the two sequences divided by the number of
positions corepared x 100, For example, i56 of 10, of the positions in two ssguences are
the same then the two sequences are 60% homologons or have 60% sequence identuy. By
way of example, the DNA sequences ATTGCC and TATGUC share 50% homology or
sequence identity, Generally, a comparison is made when two sequences are aligned o
give maximum homology. Unless otherwise specified “loop out regions”, e g, those
arising from, from deletions or insertions in one of the sequences are counted as
nusmatches.

The comparison of sequences and determimation of percent homology
between two sequences can be accomplished using a mathomatical algorithm,

Preferably, the alignment can be performed using the Clustal Methed. Multiple
alignment parageters inclode GAP Ponalty =14, Gap Length Penaliy = 10 For
DNA alignments, the pairwise alignment parameters can be Huuple=2, Gap

penaliy=3 Window=4, and Diagonal saved=4. For protein alignments, the pairwise
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alignment parameters can be Kiuple=1, Gap penalty=3, Window=3, and Diagonals
Saved=§.

I a proforred embodiment, the peroent identity between two amino acid sequences
is determined using the Needleman and Wunsch (8 Mol Biol (48444453 (1970))
alyorithm which has been incorporated into the GAP program in the GCG software package
{avatiable online), using cither 3 Blossom 62 muatrix or 2 PAM230 matrix, and a gap weight
of 16, 14, 12, 10, 8, 6, or 4 and a longth weightof 1, 2. 3, 4, §, or 6. In vot snother
preferred embodiment, the percent idestity between two nuclestide sequences is determined

using the GAP program in the GCG sofiware package (available online), using a

NWSgapdna, UMP matrix and 3 gap weight of $1, 50, 60, 70, or 80 and a length weight of

1,3, 3,4, 5 or 6. Inanother embodiment, the percent identity between two amine acid or
nucleotide sequences is determined vsing the algorithm of B Mevers and W, Miller
{CABIOS, 4:11-17 (1989)) which has been incorporated info the ALION program (version
2.0) {available onling), using a PAM120 weight residuc table, a gap length penalty of 12
and a gap peoalty of 4,

An isolated nucleic acid molecule encoding 2 Gall neutralizing epitope, or ortholog
or fragment thereof, can be created by introdusing ong or more nucleotide substitations,
additions or deletions into the nucleotide sequence of a tomplate. Mutations can be
mtroduced by standard techniques, such as site-directed mutagenesis and PCR-mediaed
mustagenesis. Preferably, comservative amino acid substitutions are made af one or more
predicted no-essential anino acid residucs, A “conssrvative amino acid substitation” is
one in which the amino acid residue 15 replaced with an amino acid residue having a similar
side chaitn. Families of amino acid residues having similar side chaing have been defined in
the art. These families include amino acids with basic side chaing (eg., lysine, arginine,
histuline), acidic side chains {e.g., aspartic acid, glutamic acid), uncharged polar side chams
{e.g., glveine, asparagine, ghaaming, sevine, threonine, tyrosing, cysteine), nonpolar side
chains {e.g., alanine, valine, leycine, isoleucive, proline, phenyinlanine, methiouine,
fypiophan}, branched side chawms (e g, thrconing, valine, isoleucine) and arpmatic side
chains {e. g, {yrosine, phenvialanine, tryptophan, histidine). Thus, a prodicied nonessential
amino acid residue is prefersbly replaced with another amme acid residoe from the sgme
side chain family. Alfcrnatively, In another cmbodiment, nnidations can be Introdaced
randomiy along all or part of a target coding sequence, such as by saturation mutagenesis,

and the resultant postants can be sereened for a tavget polypeptide activity described herein
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to wdentify mutants that retain polypeptide activity. Following mutagenesis, the encoded
protein can be expressed recombinantly (as described hevein) and the activity of the protein
can be determined using, for example, assays described herein,

Levels of proteins of interest {e.g. . Gall newtralizing epitope containing peptides or
target Gall polvpeptides) can be assessed by any of a wide variety of well-known methods
for detecting expression of » wanscribed reclecnle or profein. Non-Hiting examples of
such methods include mumunological methods for detection of profemns, protein purnification
methods, protein function or activity assays, sucleic acid hybadization reethods, nucleic
acid reverse iranscription methods, and mucleic acid amplification methods.

B some cosbodiments, such protein cxpression fovels are asceriained by measwmg
gene transeript (e.g., mRNAJ, by 2 measure of the quantity of ranslated protein, orby a
neaswre of gene product activity, Bxpression levels can be monitored in a variety of ways,
swheding by detocting mBRNA levels, protoin levels, or profein activity, any of which can be
measured using standard techniques. Detection can involve quantification of the level of
gone expression {e.g., genomic DNA, cDNA, mRNA, protein, or enzyme activity), or,
altcraatively, can be a qualitative assessment of the level of gene expression, in particular in
comparison with 8 conteol lovel, The type of level being deipcted will be clear from the
context,

In other embodiments, mRNA expresgion Jevel can be dewrmnined both by &v st
and by i vizro formats in a biological sample using methods known in the ant. Tﬁc it
“biological sanple™ is infended to include tissues, colls, bivlogica fluids and isolates
thereof, 1solated from a subject, as well as tssues, cells and fluids present within a subject.
Many expression detection methods use isolated BNA. For in vitro methods, any RNA.
isolation fechnique that does nof select against the isolation of mRNA can be utilized fiwr
the purification of RNA from cells {sce, e g, Ausubel ¢f ol | ed., Cuwrrent Prowcols in
Mplecudar Biology, John Wiley & Sons, New York 1987-1999), Addidonally, krge
nambers of tissue samples can readily be processed asing techniques well known 1o those
of skill in the art, such as, for cxample, the single-step BNA 1solation process of
Chomezynski (1989, U.S. Patent No. 4,843,155).

The tsolated mRNA can be used in hybridization or amphification assays that
nclude, but arc not limited to, Southemn or Noathem analyses, polymerase chatn reaction

analyses and probe arravs.
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As an alternative to making determinations based on the absolute expression lfevel,
determinations can be based on the normalized expression level. Expression fevels are
normatized by correcting the absobate exprassion level by comparing its expression fo the
expression of & non-farget gene, 2., a housckeeping or other reference gene that 1s
constitntively expressed. Switable genes for nommalization inchade housckeeping pencs
such as the actin gene, or epithelial cell-specific genes. This normalization alfows the
comparnison of the expression level in one sample, e g, a sublect sample, 1o spother sample,
e.g., anormal sample, or between samples from different sourees.

The level or activity of a polypeptide can also be detected and/or guantified by
defeeting or quantifying e expressed polypeptide. The desired polypeptide can be defected
and quantificd by any of a nuniber of means well known to those of skill in the art. These
can mehade analyiie biochemical methods such as electrophoresis, capillary electrophoresis,
high performangce hguid chronmatography (HPLO), thin laver chromatopraphy {TLC),
hyperdiffusion chromatography, and the ike, or various immunological methods such as
fiuid or gel precipitin reactions, immumnodiifusion (singke or double},
imnwnoclectrophoresis, radioimmunocassay {RIA), enzyime-linked immunosorbent assavs
(ELISAs), immanofleorcscont assays, Western blotting, and the like, A skithed artisan can
readily adapt known protein/antibody detection methods for use in deternuning whether
cells express the polypeptide of interest.

Typically, said nucleic acid 15 a DNA or RNA molecale, which may be included in
any saitable vector, such as a plasmid, cosmid, cpisome, artificial choyuosome, phage or a
viral vector,

The terms “wector”, “cloning vector” and “expression vector™ mwan the vehicle by
which a DNA or RNA sequence (e.g. a foreign gene) can be infroduced into a host celf, so
as to transform the host and promete expression {e.g. tanscription and translanion) of the
introduced sequence. Thus, & further object of the present invention relates 1o 4 veotor
comprising a nucleie acid of the present invention.

Such veetors may comprise regulatory clements, such g5 a promoter, enhancer,
terminator and the fike, to cause or discot expression of said polypeptide upon
administration 10 a subject. Examples of provwters snd enhancers vsed in the expression
vector for animal cell inchude carly promotoy and enhancor of SV40 (Mizakami T. et al.

1987}, L'TR promoter and enhancer of Moloney mouse leukemia virus (Kuwana Y et al,
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1887), promoter {Mason 10 et al. 1985) and enhancer (Gillies S D et al. 1983) of
mnumoglobulin H cham and the like.

Any expression veetor for animal coll van be used,  Examples of suitable vectors
inchide pAGE 7 {(Mivap H ot al. 1990}, pAGEIO3 (Muzukami T et al. 1987), pHSG274
{Brady G et al. 1984}, pRCR(OHare X et al. 1981), pSG1 beta d2-4-{Mivaji H et al. 1990)
and the Wke, Other representative examples of plasmids include replicating plasmids
comprsing an origin of rephcation, or mtegrative plasmids, such as for istance pUC,
peDNA, pBR, and the like, Representative cxamples of viral vector include adenoviral,
retrovival, herpes viros and AAV vectors. Such recombinant viruses may be produced by
techniques known m the ari, such as by transfecting packaging cells or by iransient
wansfection with helper plasmids or viruses. Typical examples of virus packaging cells
mchade PASET cells, PSICRIP cells, GPenvpositive cells, 293 cells, ete. Detailed protocols
for producing such repheativn-defective recombinant viruses may be found for mstance
WO 914785, WO 9622378, U5, Pat, No. 5,882,877, ULS. Pat. No, 6 013,516, ULS. Pat.
No. 4,861,719, U5, Pat. No. 5,278 056 and WO 94/ 10478,

A furthor object of the present invention relates to a cell which has been manstected,
nfected o wansformmd by a suckele acid andfor a vector according 1o the invention. The
rerm “transformation” means the introduction of g “foreign™ {i.¢. extrinsic or extraceliular)
gene, DNA or RNA sequence to a host cell, so that the bost cell will express the introduced
gene o sequence to produce a desived substance, typically a protein or enzyme coded by
the introduced gone or sequence. A host cell that receives and expresses intoduced DNA
or RNA has been “wransformed ™

The nucleic acids of the present invention may be used to produce a recombinant
polypepiide of the present invention in a suitable expression system. The ferm “expression
system” means 2 host cell and conpatible vector under suitable conditions, e.g. for the
expression of & protein coded for by foreign DNA carried by the vector and introduced to
the host cell.

Copunon expression systems mcluds £, codi host cells and plasnud veclors, msect
host cells and Baculovirus veotors, and manwnalian host cells andd vectors. Other exanples
of host cells include, without hamtation, prokaryotic cells (such as bacteria) and eukarvotic
cells (such as veast cells, mammalian cells, insect cells, plant cells, ete.). Specific examples
include E. enli, Khayveromyees or Saccharonivees veasts, mammahion cell lines {e.g., Vero

cells, CHO cells, 313 cels, COS cefls, ete)) as well as primary or established mammalian
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cell cultures (e g., produced from lymphoblasts, fibroblasts, embryonic cells, epithelial
cells, nervous cells, adipocyies, ete.). Examples also include mouse SP2AApid cell
{ATCC CRLISBI) mouse PIX63-AgR.653 cell (ATCC CRL1380), CHO cell in which a
dihydrofolate reductase gene (heremafter referred (o 35 “DHFR gene™) is defective (Urlaub
G etal; 19803, vat YB2AHL PLGHLI6A.20 oell (ATCC CRL 1662, hereinafier referved
o as “YRBZ/0 cell™), and the like. The YB2/ cell is preferred, singe ADCC activity of
chimeric or huraanized antibodies s enhanced when expressed in this cell

The present invention also relates to a method of producing a recombinant host eell
expressing an antibody or a polypeptide of the present invention according 1o the invention,
sad method comprising the steps eonsisting of (1) inroducing in wWire or exvive a
recombinant nucleic acid or a vector as described above into a competent host cell, (i)
culburing s vitro or ex vive the recombinant bost cell obtained and (if), optionatly,
selecting the cclls which capress and/or secrete said antibody or polypeptide, Such
recombinant host cells can be used for the production of antibodies and polypeptides of the
present mvention, A cell culture includes host eells, media snd other hyproducts. Suitable
media for cell culture are well known in the art. A polypeptide of inferest or fragment
thervof, can be secreted and isolated from a mixiure of colls and medivm containing the
polypeptide. Aliematively, a polypeptide or fiagment thereof, can be retained
cytoplassucally and the cells harvested, fysed and the protein or protein complex isolated.
A polypeptide of interest or fragment thereof, can be solated from celf coltore mediany,
host cetls, or both using techniques known i the art for punifying proteins, tncluding ion-
exchange chromatography, gel filtration chromatography, vltrafiltration, electrophoresis,
and mmnsmoaffinity purification with antibodies specific for particular epitopes of o
polypeptide of interest or g fragment thercof, v other embodiments, hoterologous tags can
be used for purification purposes (e.g., epitope tags and FC fusion tags), accoding to
standards methods known in the art,

In another aspect, the present invention provides isolated nueleic acids that
hybridize under selective hybridization conditions to a pelynucicotide disclosed herem.
Thus, the polvnuclestides of this embodiment can be wsed for isolating, detecting, andfor
quantifying nucleic acids comprising such polynuclentides. For example, polvnucicotides
of the present imvention can be used o identify, isolate, or amplify partial or full-length
clones in a deposited brary. Inn some embodiments, the polynucleotides are genomic or

¢DINA sequences isolated, or otherwise complementary (o, 2 cDNA from a human or
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mammalian nucleic acid library. Preferably, the cDNA library comprises at least §0%
full-length sequences, preferably, at least 85% or 90% full-length sequences, and,
more preferably, at least 95% full-length sequences. The cDNA libraries can be
normalized to increase the representation of rare sequences. Low or moderate
stringency hybridization conditions are typically, but not exclusively, employed with
sequences having a reduced sequence identity relative to complementary sequences.
Moderate and high stringency conditions can optionally be employed for sequences of
greater identity. Low stringency conditions allow selective hybridization of sequences
having about 70% sequence identity and can be employed to identify orthologous or
paralogous sequences. Optionally, polynucleotides of this invention will encode at
least a portion of an antibody encoded by the polynucleotides described herein. The
polynucleotides of this invention embrace nucleic acid sequences that can be
employed for selective hybridization to a polynucleotide encoding an antibody of the

present invention. See, e.g., Ausubel, supra; Colligan, supra.

IV. Methods of Producing Polypeptides and Antibodies

Polypeptides and antibodies and fragments thereof, immunoglobulins, and
polypeptides of the present invention may be produced by any technique known in the
art or described herein, such as, without limitation, any chemical, biological, genetic
or enzymatic technique, either alone or in combination.

For example, host cells can be cultured to express a polypeptide or antibody of
interest. A cell culture includes host cells, media and other byproducts. Suitable media
for cell culture are well known in the art. A polypeptide of interest or fragment
thereof, can be secreted and isolated from a mixture of cells and medium containing
the polypeptide. Alternatively, a polypeptide of interest or fragment thereof, can be
retained cytoplasmically and the cells harvested, lysed and the protein or protein
complex isolated. A polypeptide of interest or fragment thereof, can be isolated from
cell culture medium, host cells, or both using techniques known in the art for
purifying proteins, including ion-exchange chromatography, gel filtration
chromatography, ultrafiltration, electrophoresis, and inmmunoaffinity purification
with antibodies specific for particular epitopes of a polypeptide of interest or a
fragment thereof. In other embodiments, heterologous tags can be used for
purification purposes (e.g., epitope tags and FC fusion tags), according to standards

methods known in the art.
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Thus, a nucleotide sequence encoding all or a selected portion of a polypeptide of
mterest can be ased to produce a recombinant form of the protein via raicrobial or
coakaryotic celldar processes, Ligating the sequence info a polynuclestide constract, such
as an expression vector, and transforming or transfecting into hosts, either eukaryotic
{yeast, avian, insect or mammalian) or prokaryvotic (hacterial cells), are standard
procedures. Similar procedures, or modifications thersof, can be emploved o prepare
recombinant polvpeptides of mierest or fragments thereof, by nucrobial means or tissue-
culture techoology in accord with the subject fvention,

I another variation, protein production can be achieved using #» viten transiation
sysiems, /» vifro transiation systems are, generally, a translation system whach is a cell-free
extract containing at least the minimum cloments necessary for transiation of an RNA
molecale nto a protem. An in vidre tramslabion system typically comprises af Jeast
ribosomes, IRNAg, instiator methionyHRNAMgE, proteins or complexes involved in
translation, e.g., ¢lF2, eIF3, the cap-binding (CB) complex, comprising the cap-binding
protem {CBPY and cukarvotic initiation factor 4F (¢lF4F). A varicty of in virre tramsiation
systems are well known in the art and include commaereially available kits. Examples of in
vilro transtation systems include eukaryotic lysates, such as rabbif reticulooyte lysates,
rabbit cocyie bysates, ovan cell bysates, insect colf lvsates and wheat gormy extracts.
Lysates are commercially available from manufacturers such as Promega Corp., Madison,
Wis.; Stratagene, La lolla, Calif; Amersham, Arlington Heights, i, and GIBCO/BRL,
Grand Island, N.Y. B virre translation svstems typically comprise macromolecules, such as
enzymes, ransiation, nitiation and clongation factors, chemieal reagents, and nibosomies. In
addition, s in vilro franseription systerm can be used. Such systems fypically comprise at
least an RNA polynserase holoenzyme, ribonueleotides and any necessary transeription
mitiation, clongation and termination factors. fr vitrn fanscription and transhation can be
coupled in 2 one-pot reaction 1o produce proteins from one or more isolated DNAs,

In certain embodiments, a polypeptide of interest or fragment thereof, can be
synthesized chomeally, ribosomally in a coll free system, or ribosomally within a cell,
Chemical synthesis can be carcied out using a variety of ant recognized methods, including
stepwise solid phase synthesis, seni-synthesis through the conformationally-assisted re-
figation of peptide fragments, cozymatic Hgation of cloned or synthetic peptide segments,
and chemical figation, Native chemical lgation employs a chemoselective reaction of two

unprotected peptide segments fo produce a wansient duoester-linked intermediate. The
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transient thioester-linked intermediate then spontaneously undergoes a rearrangement to
provide the full length ligation product having a native peptide bond at the ligation site.
Full-length ligation products are chemically identical to proteins produced by cell free
synthesis. Full length ligation products can be refolded and/or oxidized, as allowed, to
form native disulfide-containing protein molecules, (see e.g., U.S. Pat. Nos. 6,184,344 and
6,174,530; and T. W. Muir et al., Curr. Opin. Biotech. (1993): vol. 4, p 420; M. Miller, et
al., Science (1989): vol. 246, p 1149; A. Wlodawer, et al., Science (1989): vol. 245, p
616; L. H. Huang, ef al., Biochemistry (1991): vol. 30, p 7402; M. Sclmolzer, et al,, Int. J.
Pept. Prot. Res. (1992): vol. 40, p 180-193; K. Rajarathnam, et al., Science (1994): vol.
264, p 90; R. E. Offord, "Chemical Approaches to Protein Engineering", in Protein Design
and the Development of New therapeutics and Vaccines, J. B. Hook, G. Poste, Eds.,
(Plenum Press, New York, 1990) pp. 253-282; C. J. A. Wallace, et al., 1. Biol. Chem.
(1992): vol. 267, p 3852; L. Abrahmsen, ef al., Biochemistry (1991): vol. 30, p 4151; T.
K. Chang, et al., Proc. Natl. Acad. Sci. USA (1994) 91 : 12544-12548; M. Schnlzer, ef al.,
Science (1992): vol, 3256, p 221; and K. Akaji, et al., Chem. Pharm. Bull. (Tokyo) (1985)
33: 184).

In particular, the present invention further relates to a method of producing an
antibody or a polypeptide of the present invention, which method comprises the steps
consisting of: (i) culturing a transformed host cell according to the invention under
conditions suitable to allow expression of said antibody or polypeptide; and (ii) recovering
the expressed antibody or polypeptide.

Antibodies and other polypeptides of the present invention are suitably separated
from the culture medium by conventional immunoglobulin purification procedures such
as, for example, protein A-Sepharose™, hydroxylapatite chromatography, gel
electrophoresis, dialysis, affinity chromatography, ammonium sulfate or ethanol
precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose
chromatography, hydrophobic interaction chromatography, hydroxylapatite
chromatography and lectin chromatography. High performance liquid chromatography
("HPLC") can also be employed for purification. See, e.g,, Colligan, Current Protocols in
Immunology, or Current Protocols in Protein Science, John Wiley & Sons, NY, N.Y.,
(1997-2001), e.g., Chapters 1, 4, 6, 8, 9, 10.

Chimeric antibodies (e.g., mouse-human chimeras) of the present invention can be
produced by obtaining nucleic sequences encoding VL and VH domains as previously
described, constructing a human chimeric antibody expression vector by inserting them

into
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an expression vector for amimal cell having genes encoding human anobody CH and haman
antibody CL, and expressing the coding sequence by introducing the expression vector into
an guimal cell, The CH domain of 3 human chimeric antibody can be any region which
belongs o human inmumoglobabin, such as the 196G class or a subclass thereof, such as
IaGl, EgG2, 1pG3 and IgG4. Simlarty, the CL of 2 buman chimeric antibody can be any
region which helongs ¢o Iy, such as the kappa class or lambda class. chimeric and
humanized monoclonal antibodies, comprising both human and non-human portions, which
can be made using standard recombinant DNA techmigues, are within the scope of the
present invention. Such chimeric and humanized monocional antibodies can be produced
by recombinant DNA techaigues known i the art, for example using methods described
Robinson ef ol Intemational Patent Publication PCT/US86/2269; Akirs ¢f of. European
Patent Application 184, 187; Tamiguchi, M. Evropean Patent Application 171.496; Marrison
of of. European Patent Application 173,494, Neuborger ef of. PCT Application WO
86/01533; Cabilly ef o U5, Patent No. 4,816,567, Cabilly ¢ al. European Patent
Application 1250337 Bettor o ol (1988) Science 240:1041-1043; Lau ef ol {1987} Froe.

Nard, Acad. Sci. USA 84:3439-3443; Lin e of, (1987) 4 Jpomunnl, 138:3321-3326; Sun of

al. (19B7Y Proc. Nodl. dead, Sci 842142218, Nishimura of of, (1987) Concer Res, 47:999-
HIOS; Wood e of {1983) Novure 314:446-44%; Shaw er ol (1988).J. Nad. Cancer Inst,
80:1553-1359); Morrson, S, L. (1983) Science 229:1202-1267, Ol e ol (1956)
Biotechniques 4:214; Winter ULS, Patent 5,223,539, Jones ¢7 af. (1986) Noawe 321:552~
325, Verhoevan ef af. {1988) Science 2391534, and Beidler of of. (1988) J. Invmnanal.
141:4053-40641.

In addition, humanized antibodies can be made according to standard protocols such
as these disclosed in U5, Patent 3,565,332, 1n another embodiment, antibody chains or
specific binding pair members can be produced by recombination between vectors
comprising necleic acid molecules encoding a fusion of a polypeptide chain of a specific
binding pair member and a component of a replicable generie display package and vectors
containing nucleie actd molecules encoding 3 second polypeptide cham of a single binding
pair member using techniques known in the art, e.g., as described in ULS, Patents 5,565,332,
S R71.907, 005,733,743, Humguized amtihodies of the present invention can be produced
by obtaining nucleie acid scquences encoding CDR domains, as previousty deseribed,
constracting a lpnanized antibody expression vetor by inserting them info an expragsion

vector for anbmal cell having genes encoding (1} 2 heavy chain coustant region wdentical to
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that of a lanman antibody and (it} a light chain constant region identical to that of 2 buman
antibody, and expressing the genes by introducing the expression vector into an animal cell.
The humanized antibody exprossion vector may be either of a type in which 2 gene
encoding an antibody heavy chain and a gene encoding an antibody hight cham exists on
separate vectors or of a type in which both genes exist on the same vector (tandem type}.

Methods for producing humanized antibodies based on conventional recombinant
DNA and gene transfection techniques are well known wn the ant (See, ez, Ricchmann L. of
al. 1988; Neuberger M S, et al. 1983). Antibodies can be hummnized using a vaviety of
technigues known s the art including, for example, COR-grafiing (EP 230 400; PCT
publication WOS1A9987; U5, Pat. Nos, 5,225339; 5,530, 101; and 5,583 189}, vencuring
or resurfacing (EP 592 106; EP 519 596; Padlan EA (1991); Swdnicka G M et al. (1994);
Roguska M AL et al (1994)), and chain shuffiing {U.S. Pat, No. 5,565,.332). The general
recommbinant DNA fechnology for preparation of such antibodies is also knowas {see
Furopean Patent Application EP 123023 and International Patent Application WO
S6/025876),

Similarly, bispocific or maltispecitic antihodies deseribed herein can be made
according to standard procedwres. For example, iriomas and hybrid hybridomas are two
examplos of coll Hines that can secrete bispecific or multispecific antibodics. Examples of
bispecific and multispecific antibodies prodaced by a hybrid hybridoma or a troma are
disclosed in 11.S. Patent 4,474,893, Such antibodies can also be constructed by chemical
means (Siaere of ol (Y983 Nogwre 314:628, and Perce ef of, (1985) Notwre 316:354) and
hybridoma technology (Stacrz and Bevan (1986) Proc. Nl Acad Sei. US4, 83:1453, and
Stacrz and Bevan (1986} fmmuncl, Today 7.241). Alternatively, sach antibodicscan also be
generated by making heterohybridomas by fusing hybridomas or other cefls making
different antibodics, followed by identification of clones producmg and co-assembling the
desired antibodies. They can also be generated by chemical or genetic conjugation of
complete immunoglobulin chains or portions thereof suel: as Fab and Fv sequences. The
antthady component can bind o a polypeptide or a fragmont thereof of one or more
bigmarkers of the present invention, including one or mime immunpinhibitory biomarkers
described herein,

In addition, methods for producing antibody fragments are well known. For
example, Fab fragments of the present invention can be obtained by treating an antibody

which speoifically reacts with human GALL with a protease, papaine. Also, Fabs can be
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producad by inserting DNA encoding Fabs of the anthody nto a vector for prokaryotic

expression systemy, or for cukarvofic expression system, and introdacing the vector into 2

ProCaryole or sucaryole (as appropriate} to express the Fabs,

Similarly, F(ab’2 fragments of the present invention can be obtamed teating an
antibody which specifically reacts with GAL T with a protease, pepsin, Also, the Flab')2
fragment can be produced by binding Fab' described below via a thivether bond or a
disulfide bond.

Fab' frapmenis of the present invention can be obtained treating F{ab™y2 which
specifically reacts with BGALL with a reducing agent, dithiothreitol. Also, the Fab’
fragments can be produced by mserfing DNA cncoding a Fab' fragment of the antibody into
an expression vector for prokaryote, or an expression vector for eukaryote, and introducing
the vector into a prokarvole or exdaryote (as appropriaie) to perform its expression.

In addition, seFvs of the preseat invenfion can be produced by oblaining cDNA
encoding the VH and VL domains as previously described, constructing DNA encoding
sclv, insertimy the DNA iato an expression vector for prokaryoie, or an expression vector
for evkarvote, axd then mtroducing the exprossion vector into a prokaryote or cukarvote (as
sppropriaie} to express the sy, To gencrate a bumanized seFv fagment, a well koovwn
technology called CDR grafting may be used, which involves sclecting the complementary
determining regions (CDRs) from a donor scFv fragment, and grafling therm oo a homan
scFy fragment framework of known three dimensional stractere (see, e.g., WOUE/45322;
WO 87402671, ULS, Pat. No, 5,859,205, U5, Pat. No, 5,385,089, U8, Pat. Mo, 4,816,567,
EFO173484),

V. Modification of Polvpeptides and Antibodies

Amino acid sequence modification(s} of the polypeptides and antibodies deseribed
herein are contemplated. For exampl, it may be desirable to improve the binding affinity
and/or other biological properties of the antibody. It is knows that when a lnananized
antibody s produced by simply grafting only CDRs in VH and VL of au antibody devived
frony  non-human animal in FRs of the VH and VL of 2 hwmnan antibody, the antigen
binding activity is reduced in comparison with that of the original antibody derived from a
pon-heman ammal. It is considered that several amine acid residues of the VH and VL of
the non-hueman antibody, not only in CDRs but also in FRs, are directly or indirectly

associated with the antigen binding activity. Hence, substtution of these amino acid
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residues with different ansino acid residues derived from FRs of the VH and Vi of the
tnsrnan antibody woald redoce binding activity and can be corrected by replacing the amino
acids with amino acid residues of the original amtibody derived from g non-heman animal,

Maodifications and changes sy be made in the structere of the polypepnde or
antibodies of the present invention, and 1 the DNA sequences encoding them, and st}
cbiain a functional molecule that encodes an antibody and polypeptide with desirable
charactenistics. For example, ceriain amino acids may be substituted by other amino acids
in a profein struchme without appreciable foss of activity. Since the interactive capacity and
nature of a proigin define the proein's biological fopctional activity, certain smino acid
subsfifutions can be made @ g proton sequence, and, of course, m s DNA encoding
sequence, while nevertheless obtaining a proteim with like properties. 1t is thus
contemplated that various changes may be made in the antibodies sequences of the present
mvention, or corresponding DNA seguences which sncode said polypeptides, without
appreciable foss of their biologieal activity,

In one cbodiment, amuno acid changes may be ackueved by changing codons in the
DNA sequence to encode conservative sabstitistions based on conservation of the genctic
code. Specifically, there is a known and delinite conespondence between the amino acid
sequence of a particular protein and the nucleotide sequences that can code for the protein,
as defined by the genetic code (shown below). Likewise, there is a known and definite
correspondence between the nacleotide sequence of a particelar nucleic acid and the amino

acid sequence oncoded by that nucieic acid, as defined by the geonetic code,

GENETIC CODE

Alanine {Ala, A) GCA, OCC, GCG, GCT
Arginme (Arg, R) AGA, ACG, CGA, COC, GG, CGT
Asparagine (Asn, N} AAC, AAT

Aspartic scid (Asp, I} GAC, GAT

Cystame {Cys, L) TGO, TGT

Glutamic ackd (Gly, E) GAA, GAG

Glutanzine {Gln, (0 CAA, CAG

Glyeine {Gly, G) GGA, GG, GGG, GGT
Histidine (His, H) CAC, CAT

Isolescine {lie, ATA ATC ATT

-8% .
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Lysine (Lys, K AAA AAG
Methionine (Meot, M) ATG
Phenylalanine (Phe. F) TIC, 71T

S Proline (Pro, P} CCA, CUC, CCGLCCT
Serine (Ser, 8) AGC, AGT,TCA, TOC, TCG, TCY
Threonine {Thr, T} ACA, ACC ACG, ACT
Tryptophan (Trp, W) TGG
Tyrosine (T, Y) TAC, TAT

10 Vaghne {Val V) GTA, GTC, GTG, GTT
Termination signal (end} TAA, TAG, TGA
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Anamportant and well known featuwre of the genctic code is s redundancy,
whereby, for most of the amine acids used to make profeins, more than one coding
aucleotide triplet may be employed (illustrated above). Therefore, a number of differont
nucleotide sequences may code for a given amino acid sequence. Such nucleotide
sequences are considered functionally eguivalent since they result in the production of the
same amine acid seqaence in all organisws (although coriain ofganisms may transiate some
sequences wore efficiently than they do others). Moreover, oecasionally, a methvlated
variant of a purine or pyrimidine may be found in a given nncleotide sequence. Such
methylations do not affect the coding relationship between the trinacleotide codon and the
corresponding aming acid,

B view of the foregoing, the nucleotide sequence of 1 DNA or RNA coding for a
fission protein or polypeptide of the present ivvention {0y sy portion thereof) can be used
to derive the fusion profein or polvpeptide amino acid sequence, using the genetie code o
wanslate the DNA or RNA into an amino acid sequence. Likewise, for fusion protein or
polypeptide amino acid sequence, corresponding nucleotide sequences that can encode the
fasion protein or polypeptide can be deduced from the genetic code (which, becanse of its
redundancy, will produce nwltiple nuclete acid sequences for any given amino acid
sequence). Thus, description andfor disclosure herein of a nucleotide soquence which
encodes a fusion profein or polypeptide should be considered 1o also include description
aadfor disclosure of the amine acid sequence encoded by the nucleotide sequence.

Simitarly, description and/or disclosure of a fusion proiein or polypeptide amino acid
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sequence herein should be considered to also include description andfor disclosure of all
possible nucleotide sequences that can encode the amino acid sequence.

f making the changes in the amine sequences of polypeptide, the hydropathic index
of smino scids may be considered. The importance of the bydropathic smino scid index m
conferving interpotive biodogic function on a protein is generally understood in the art. It is
accepiod that the relative hydropathic character of the amino acld contributes 1o the
secondary structure of the resultant protein, which in turn defines the mteraction of the
protoin with other molecudes, for example, cneymes, substrates, receptors, DNA,
antibodies, antigens, and the like. Each amino acid has begn assigred a hvdropathic index
on the basis of their hydrophobicity and charge charactertstics these are: isokacme (+4.5);
valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/oystine (+2.5); methionine
{-+1.9% alanine {+1.8); glycine (-0.4), theeonine (0.7); serine (-0.8); wyptophane {-0.9};
tyrosine {~1.3}; profine {-1.6); istidine {-3.2); glutamate {-3.5); ghstamine (-3.5}); aspartate
(<RTI 3.5); asparagine {~3.5); lysine {-3.9); and argivine {(-4.3}.

I 15 known m the art that cortain anino acids may be substituted by other amino
acids having a similar hydropathic index or score and still resalt in 2 protem with similar
biological activity, L.e. still obtain a biclogical functionally cquivalent protein.

As outlined above, amino acid substitutions are geperally therefore based on the
relative similarity of the anuno acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the bke. Exemplary substitutions which
ke vaviows of the foregoing characteristics into consideration are well known to those of
skill in the avt and inchude: arginine and lysine; glotamate and aspartate; serine and
threonine; ghawmine and asparagine; and valing, levcmne and isoleucine.

Another tvpe of amino acid modification of the polvpeptide or antibody of the
present invention may be uscfird for altering the original glycosylation pattem of the
antibody to, for example, increase stability. By “altering”™ is meant deleting one or morg
carbohydrate moieties found in the antibody, andfor adding one or more glycosylation sites
that arc not proscnd m the antibody. Ulyeosviation of antibodics s fypically N-linked, “N-
fiked” refiors to the attachment of the carbobydrate modety 1o the side chain of an
asparagine residue. The tripeptide sequences asparagine-X-serine and asparagine-X-~
threoning, where X 15 any anuno acid except proline, are the recogaition sequences for
epzymatic sttachment of the carbohydrate moiety to the asparagine side chain, Thus, the

presence of either of these tripeptide sequences i a polvpeptide creates a potential
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glycosylation site. Addition of glycosylation sites to the antibody is convenicntly
accomplished by altering the amino acid sequence such that it contains one ov more of the
above-described tripeptide sequences (For N-linked ghycosyviation sties). Another type of
covalent modification involves chenieally or enzymatically coupling glyeosides o the
antibody. These procedures ave advantageous in that they do not require production of the
antibody in 3 host cell that has glyeesylation eapabilitics for N- or O-linked glycosyiation,
Dependmg on the conpling mode ased, the sugar(s) may be attached o (2) srgmme and
histidine, (b} free carboxyl groups, (¢ free sulthydndd groups such as those of cysteine, (d)
free hydroxyl groups such as those of serine, threonine, orhydroxyproline, {2} aromatic
residues such as those of phenyialamne, tyrosiie, or rvplophan, or {(f} the amde group of
glutanrne. For example, such methods sre deseribed in WORT/05330.

Siailarly, removal of any carbohvdraie modeties present on the antibody may be
accomplhished chemically or enzymatically, Chemneal deglveosylation requires exposare of
the antibody o the compound trifluoromethancsulfonic acid, or an equivalent compound,
This reatment results in the cleavage of most or all sugars except the hnking sugar (N-
aceivlghicosamine or N-acetylgalactosamine), while leaving the antibody intact. Chomical
deglveosylation is described by Sojahr H. ot al, (1987} and by Edge, A 5. ef al. {1981).
Enzvmatic cleavage of carbohydrate maleties on antibodies can be achicved by theuse of a
variety of endo- and exo-glycosidases as desenbed by Thotakara, N R, et al. (1987).

Other modifications can involve the formation of bunumoconjogates. For example,
iz ong type of covalent modification, antibodics or proteins are covalmuly linked to onc of a
variety of non proteinaceous polymers, eg., polyethylene plveol, polypropylene glycol, or
polyoxvalkylenes, in the manncr set forth in U5, Pat No. 4,640,835, 4,496,689, 4,301,144,
4670417, 4,791,192 or 4,170 337,

Conjugation of antibodies or other proteins of the present imvention with
heterologous agents can be made osing 4 variety of bifunctional protein coupling agents
mchuding bat not timited to N-succininidyl { 2-pyridyldithio} propionate (SPDP),
succimmidyl {N-malemudomcthyljoyelohexane- t~carhoxyiate, imnothiolane {11),
bifunctional derivatives of imidossters {such ag dimethy! adipimidate HCL), active esters
(such as disnccimnidyl suherate}, aldehydes {such as glutaraldehvde), bis-azido
compounds (such as bis (p-azidobenzovl) hoxanediamine), bis-diazoniwm derivatives {such
as bis<{p-diazoniumbenzoyl)-cthylenediamine), dilsocyanates {such as tolyene

2. 6disocvanaie), and bis-active fluorine compounds {such as 1,5-diffuoro-2 4~
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dinifrobenzene). For example, carbon fabeled 1-tsothiocvanatobenzyt methvidiethylene
trizminepentaacetic acid (MNX-DTPA) is an exemplary chelating agent for conjugation of
radionuclentide 10 the antibody (WO 947110263,
In another aspect, the present invention features anti-Gall antibodies conjugated ko a
§  therapentic moiety, such a8 a eyiotoxin, a drag, andfor a radivisotope. When conjugated to
a ¢yiotoxin, these antibody conjugates are referred fo as “immunotoxines.,” A cviotoxin or
cytofoxic agent mcludes any agent that & detrimental to {e.g., kalls) cells. Examples mclude
taxol, eytochalasin B, gramicidin D, ethidium bromide, cmctine, mitormycin, ctoposide,
tenoposide, vineristing, vinblasting, colchicin, doxorubicin, daunorubicin, dihydroxy
10 anthracin dione, nutoxantrone, mthramvein, actinomycin D, I-dehydrotestosterone,
glucocorticoids, procaine, tetvacaine, hdocaing, propranolol, and puromycin and analogs ov
homologs thereof. Therapeutic agents include, but are not linstied to, antimetabobites (e,
nwihotrexate, 6-mercaplopurine, S-lnoguaning, oytarabine, 5-fluorouracl decarbazing),

alkylating agents (2.g . mechiorcthamine, thioepa chlorambueil, melphalan, carmustine

S
La

{BENLU) snd lonmssting {CONLD, cyclothosphamide, busulfan, dibromomanniiol,
streptozotocin, mitomycin C, and cis-dichiorodiamine platiman (1) (DDP) cisplatin),
anthracvelines (e, daunorubicin formerly damomycin) and doxorubicin), antibiotics
{2.g., dactinomyein {formetly actinomycin), blcomycin, mithramycin, and antlramyein
{AMUO)), and anti-milotic agents (e, vincristine and vinblastine}. An antibody of the
20 present invention can be conjugated to a vadivisotope, e.g., radicactive todine, to generate
oytotoxic radiopharmacenticals for freating a related disorder, such as a cancer,
Conjugated anti-Gall antibodies can be used therapentically in tissue as part of a
treatment regimen.  In some cmbodiments, detection is useful and detection can be

facilitated by coupling (7 ¢, physically linking) the amtibody to 8 deteciable sebstance.

]
N

Examples of detectable substances include vatious enzyimes, prosthetie groups, fluorescent
nwerials, luminescent materials, bioluminescent materials, and radioactive materials.
Exanples of suitable enzymes include horseradish peroxidase, atkatine phosphatase, P-
gatactosidase, or acetylcholimesierase; examples of suitable prosthefic group complexes
inchude stroptavidindiotin and avidin/biotin; examples of sultable fluorescent matedals

30 inclede wnbelliferone, fuorescein, fluorescein isothiocyanate (FITC), thodamine,
dichlorotriazinyiamine Buorescodn, dansyl chlonide or phycoervthrin (PE)Y; an example of a
luminescent material includes fuminol; examples of bioluminescent naterials mchude

hciferase, huciferin, and acqoorin, and examples of seitable radioactive material include
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B, ML S, or THL [0134] As used herein, the term “labeled”, with regard to the antibody,
15 intended 1o encompass direct labeling of the antibody by coupling (L.e., physically
linking) a detectable substance, sach as a radioactive agent or 2 fluorophore {e.g.
fluorescein isothivcyanate (FITC) or phycocrythein {PE) or Indocyanine {Cy3)) to the
antibody, as well as indivect labelhing of the antibody by reactivity with a deteciable
substance.

The antibody conjugates of the preseént myvontion can be used 1o modify a given
biological response. The therapeutic moiety is not to be construed as Himited to classicat
chemical therapeutic agents. For example, the drug motety way be a protein or polypeptide
posacssing a desived biological aetivity. Such protems may inchade, for example, an
enzymatically active toxin, or active fingment thereof] such as abtin, ricin A, pseudomonas
exotaxn, or diphtheria toxin, a profein such a8 twmor pecrosis factor or interferon~ gamma.;
or, biological response modifiors such as, for cxample, hymphokines, herlauian-1 ("IL-17),
mierlenkin-2 ("1L-27), interloukin-6 (“1L-67), granulocyte macrophage volony stimmulating
factor CGM-CSE™), granulooyte colony stinulating factor ("G-CSE™), or other oyvtokines or
growth factors.

Techniques for cospugating such thosapewtic moicly o antibodics are well known,
see. e.g, Amon ef al, “Monoclonal Antibodies For Immunotargeting OFf Drugs In Cancer
Therapy™, in Monoclonal Artibodies And Cancer Therapy, Reisfeld ef o/, {eds.), pp. 243 56
{Alan R. Lass, Inc. 1985); Hellstrom ef ol., “ Antibodies For Drag Delivery”, in Conivolled
Dirag Delivery (Znd Ed}, Robinson ef af. (eds ), pp. 623 53 (Marcct Dekker, Inc. 1987);
Thorpe, “Antibody Carriers OFf Cytotoxic Agents In Cancer Therapy: A Review™, in
Monoclonal Antibodies '84: Biological And Chinical Applications, Pinchera ef o, (eds.), pp.
475 506 {1943Y; “Analysis, Rosults, And Future Prospective Of The Therapeytic Use OF
Radiwolabeled Antibody In Cancer Therapy”, in Monoclonal Antihodies For Cancer
Detection And Therapy, Baldwin ef o/, {ods.), pp. 393 16 (Academic Press 1985), and
Thorpe ef of., “The Preparation And Cytotoxic Properties Of Antibody-Toxin Conjngates”,
Immunol, Rov, 62:119 38 (1982).

n some embodiments, conjugations can be made asing a “clsavable hinker™
facilitating release of the cytotoxic agent or growth inhibitory agent ina cell. Forexample,
an acid-labile linker, peptidase-sensttive Hinker, photolabile linker, dimethy! linker or
disulfide-containing linker (Sepeg. US, Pat. No, §,208,020) may be used, Aliernatively, a

fusion protein comprising the antibody and cviotoxic agent or growth inlublfory agent may
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be made, by recombinant techniques or peptide synthesis. The length of DNA may
comprise respective reglons encoding the two portions of the conjugate either adjacent one
another or separated by a region encoding a linker peptide which does not destroy the

desired properties of the conjugste.

V1 Uses and methods of the

The anti-(all neutralizing epitope agents described herein {e.g., nucleie gcids,

resent invention

polypeptides, vectors, host cells, and the tike} can be used to design anti-Gall nentralizing
agents. [n parsiodar, mformation useful for the design of ani-Gall therapeutic agents,
wiclading, for cxample, the protein domain, structural miormation, and the like for

polypeptides of the present invention is deseribed herein,

a. Screening assays

In cortain exemplary cwbodiments, sereening assays for identifving modulators, ie,
candidate or {est compounds or agents (e.y., antibodies, peptides, evelic peptides,
peptidomimetics, small molecules, small organic molecules, or other drugs) which have an
inhibitory effect on Gall activity are provided.

Such modulators be identified and developed as described herein using techniques
and methods known to those of skill in the art. The modulators of the present invention can
be used to inhibit Gall sctivity andfor to prevent or treat Gall-mediated disorders. A
number of methods for identifving such modulators are known in the art. For example, n
one such method, a Gall nucleic acid or polypeptide is contacted with a test agent and
Gall-mediated glvean binding activity ts determined in the presence of the test compound,
wherein a decrease in the activity 1w the presence of the compound as compared to the
activity in the absence of the compound {ov in the presence of a control compound}
indicates that the test agent modulates {e.g., inhibils or noutrafizes) the activity of Gatl,

Agonts to be fested for their ability 10 act as modulators (e g.. inhibits or
neutralizers) of Gall activity, can be produced, for example, by bacteria, yeast or other
organisms {e.g. natural products), produced chemically (e g small molecules, including
peptidomimetios), or produccd recombinantly. Compounds for use with the above-
described methods can be selected from the group of compounds consisting of lipids,
carbohydraies, polypeptides, peptidomimetics, peptide-mucieic acids (PNAs), small
mwlecates, nateral products, aptamers and polymucleotides, In cortain embodiments, the

compound is a polynucleotide.
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A variety of assay formats will saffice and, in light of the present disclosere, those
not expressly described herein can nevertheless be comprehended by one of ordinary skill
in the art based on the teachings herein,  Assay formats can be gonerated inomany difforent
forms and include assayvs based on cell-free systems, e.g. purified proteins or cell lysates, as
well as cell-based assays which utitize intact cells. Shuple binding assays can also be used
& detect agents which modulate Gall activity, for example, by inkibiting the formation of 2
{Gall-glycan complex or interaction. Another example of an assay nseful for deatifvmg
inhibitor of Gall activity is n competitive assay that combines one or mors Gatl
polypeptides with a potential modulator, such as, for example, polypepiides, nucleic acids,
natural sebsirates or hgamds, anfibodies, or subsirate or hgand mimetics, under appropriafe
conditions for a conapetitive inhibition assay. Assays can employ kinetic or
thermodynamic methodology esing a wide variety of technigues including, bat not limited
o, microcalorimetry, circudar dichroism, capitlary zone clectrophoresis, nuclear magnetic
resonance spectroscopy, fluorescence spectroscopy, and combinations thereof.

Interaction between Gall and a substrate, such as lactoasamine sequences {(Galfit 4
GleNAc or polv-LacNAc residues on Aglyeans andfor O-glyoans, such as complex M-
glycans or core 2 O-ghveans) can be detecied by a varicty of methods. Modudation of the
complex’s formation can be quantificd using, for example, detectably lubeled proteins such
as radiolabeled, fluorescently labeled, or enzymatically labeled polypeptides or binding
partners, by innnancassay, or by chromatographic detection.

In vertain embodiments, it can be desirable to immoebilize a test reagent to Heiliate
separation of destred reactants or products, as well as to acconmodate automation of the
assay. For example, polypeptides of the present imvention can be bonded to a carvier
molecute or immobilized on an object. In one embodiment, the objeet Is selected from the
sroup consisting of a cell, a metal, aresin, a polymer, a coransic, a glass, a microelectrode, a
graphitic particle, a bead, a gol, a plate, an wray, and a capillary tbe. Assays can be
accomplished in any vessel suitable for containing the reactants. Examples include
micresitre plates, test tubes, and micro-centrifuge ttbes. In onc embodiment, a fusion
protein can be provided which adds a domain that allows the protein to be boundto a
matrix. For example, glutathione-S-transferasefpolypeptide {GSTipohypeptide) fusion
proteins can be adsorbed onto glatathione sepharose beads (Sigma Chenscal, 56 Louis,
Mo.} or glutathione derivatized microtitre plates, which are then combined with the binding
partaer, ez an - S-tabeled binding partaer, and the test compound, and the mixture

~ 68 -
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meubated under conditions condaeive to complex formation, e g at physiologieal
conditions for salt and pH, though stighfly more stnngent conditions can be desired.
Following incubation, the beads are washed to remove any unbound label, and the matrix
immobilized and radiolabel determined dircetly (e 2., beads placed i scintiliant), or in the
supernatant after the comploxes ave subsequently dissociated. Alternatively, the complexes
can be dissociated from the matrix, separated by SDS-PAGE, and the level of target
polypeptides found in the bead fraction quantified from the gel using standard
cloctrophoretic tochnigques such s described in the appended examples.

Other wohnigues for immobilizing profeins on matrices are also available for use in
the subject assay. For mstance, a protein can be mnawbibized utidizing conjugation of hotin
and streptavidin. For mstance, biotinylated polypeptide molecules can be prepared from
bioti-NHA(N-hydroxy-succinimide) using techniques well known m the art eg.,
biptinviation kit, Pierce Chemicals, Rockford, 1), and immobilized in the wells of
streptavidin-coated 96 well plates (Picrce Chemical), Alternatively, anti-Gall newtralizing
antibodivs reactive with a polvpeptide deseribed herein can be derivatized 1o the wells of
the plate, and polypeptide trapped in the wells by antibody conjugation. As above,
preparations of a binding partoer and a test compound are ineubated in the polypeptide
presenting wells of the plate, and the amount of complex trapped in the well canbe
quantificd. Exemplary methods for detecting such complexes, m addition to those
described above for the GST-immobilized complexes, include immanodeiection of
complexcs asing antibodies reactive with the binding partoer, or which are reaetive with the
polypeptide and compete with the binding partner; as well as enzyme-hinked assays which
rely on detecting an enzymatic activity associated with the binding partner, either intrinsic
or extrinsic activity. In the instance of the latter, the enzyme can be chemically conjugated
or provided as 2 fusion protein with the buuding partuer.

In certain in vitre embodiments of the present assay, the protein or the set of
proteins engaged in a profein-profei, protein-substrate, or protein-nucleic aeid interaction
Compriscs a reconstituted profein mixture of at least senu-puwrificd profomns. By sean-
purified, it is mepnt that the proieins wiilized in the reconstituted mixtare have been
previously separated from other celfular or viral proteins. For instance, in contrast to cell
fysates, the proieins involved in a protein-substrate, pratein-protein or muckeic acid-protein
interaction are present in the mixure to at least 30% purity relative to all other proteies in

the mixtore, and more preferably ave present at 90-D5% purity. In cevtam exbodiments of
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the subject method, the reconssituted protein mixfare is derived by mixing highly purified
proteins such that the reconstituted mixture substantially locks other proteing (such as of
cellular or viral origin} which might interfore with or otherwise aler the ability o moaswre
activity resulting from the given protein-substate, profein-protem interaction, or nucleic
acid-protein interaction.

I one embodiment, the use of reconstituted protein mixtures allows more carcful
control of the protein-subsiraie, pratem-proten, or nuckeic acid-protein mteraction
conditions. Moreover, the system can be dovived to favor discovery of modulntors of
particular intermediate states of the protein-protein interaction. For insiance, #
reconstituicd profemn assay can be carried out both in the presence and absence of &
candidate agent, thereby allowing detection of a modulator of a given protein-substrate,
protein-protein, or puckeic acid-protein interaction.

I stilf further embodiments, the Gall ageot exprossing o neatrabizing Gall epitope
can be generated i whole cells, taking advantage of coll culture techniques to suppornt the
subject assay. For example, the agent can be constituted i a prokaryvonic or cukaryotic cell
calture system. This allows for an envivonment more closely approximating that which
therapeutic use of the modulator would require, including the ability of the agent to gain
entry into or contact a eell. Furthormore, cortain of the in vive cmbodiments of the assay
are amenable to high through-put analysis of candidate agents.

Some or all of the components can be derived from exogenous sources. For
wstance, Hsion proteins can be introduced into the ool by reeombinant techniques (such o
through the use of an expression vector), as well as by nicroinjecting the fusion protein
iself or mRNA encoding the fusion protein. Moreover, in the whole colf embodiments of
the subject assay, the reporier gene constrogl can provide, upon expression, a selectable
marker.

The anount of transeription from the veporter gene can be measured using any
method known to those of skill in the art to be suitable. For example; specifi¢ mRNA
expression can be detected using Northern blofts or specitic profom product can be
identified by x charactoristic stain, Western blots or an intvingic activity, In cortain
embodiments, the prodect of the reporter gone is detected by an intrinsic activity associated
with that product. For instance, the reporter gene can encode a gene product that, by
eneymatic activity, gives rise 1o a deteotion signal based on color, fluorescence, or

huninescence.
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In many drug screeming progranms which test libravies of compounds {e.g., phage
display) and nataral extracts, high throughput assays are desirable in order {o maximize the
mnber of compouads surveyed in a given period of time,  Assays of the present invention
which are performed i cell-free systems, such as can be derived with purified or semni~
purified proteins or with Ivsates, are often preferved as “primary™ screens in that they can be
generated o poestii tapid developrment and relatively easy detection of an alteration in a
molecular target which 1s mediated by 2 test compound. Moreover, the effects of cellular
toxicity amnd‘or bieavailability of the test compound con be generally ignored in the i visre
system, the assay insiead being focused primanly op the effect of the drug on the molecular
targef a8 can bo mamfest in an alieralion of hinding affinily with offrer profeins or changes
in enzymatic properties of the molecular target.

Gall activity can be wdentified andior assaved using a variety of methods well
known to the skilled artisan as described above. For example, fargeied disrupiion of Gall-
glvean interactions, through Gall blockade or prevention of A-glyean branching, can be
assaved. Such assays are well known in the ant {sec, for example, LS. Pat. Publ.

20137801 1409 and PCT Pat, Pabl. WO 201 1/060272).

b, Methods of using inupunogens

As described above, the present invention provides compositions useful as
nmumogens {e.2., polypeptides, nncleic acids, vectors, host cells, Immunogenic
connpositions, and the like described herein). Such invnuncgens can be administered in any
of a mumber of routes known in the art {2.g., to be compatible with eliciting strong antibody
responses). Adnnnistration can be by ijection, infusion, acrosol, oral, trinsdermal,
transmucosal, intraplearal, intratheeal, or other suitable rouies. Preferably, the composition
1s admistered by miravenous, subcutancous, imtradermal, or intramuscular roufes, or any
combination thereof. The immunization protocol can include at least one priming dose,
foltowed by one or multiple boosting doses administered over ime. An exemplary range
for an mwnunogenicatly cffective amount of the present mununogenic polvpeptides is about
5 to about 300 ppke body wolght, A preferved range is about 10-100 pgiks,

In one embodiment, one or more unit doses of the immunogen are given & ong, two
or three tine points. The optimal manber and timing of boosts can readily be determingd
using routine experimentation. Exemplary “prime-boost” regimens are described in ULS.
Pat. No. 6,210,663 and WO 00734410, One method aceording to the present invention
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mvolves “priming” a manumalian subject by admiumstration of a priming composition.
“Priming,™ as vsed herein, means any method whereby a first immunizabion using an
antigen permits the generation of aa inumane response to the antigen wpon 3 second
smnumization with the same antigen, wherein the second inumune vesponse is greater than
that achicved where the first immaunization is not provided.

Preferably, a boosting composition is administered about 2 to 27 weeks after
admmistening the priming composttion {o & rmammakian subject. The admimsiration of the
boosting composition is accomplished using an effective amount of a boosting composition
coniaining or capable of delivering the same antigen as adwinisiered by the priming
composiiion, As used heremn, the term “boosting compositiony” mechades, as one
embodiment, a composition containing the same antigen as in the priming composition of
precursor ihereof, bot in a different form, in which e boosting composition induces an
wieme response in the bost, In one partieular emboduncat, the boosting composttion
comprises 8 recombinant soluble protein,

In one embodiment, a boosting composition is 8 replication-competent or

replication-defoctive recombinant vinus containing the DNA sequence oncoding the protein
antigen. An example of a boosting composition is a bacterial recombinant vector
containing the DNA sequence encoding the antigen in operable association with regudatory
sequences directing expression of the antigen in tissues of the mamsnal. One example isa
recombinant BCG vector. Other examples inchade recombinant bacterial vectors based on
Sabmonelia, Shigella, and Listeria, among others. Still another example of a boosting
composition is a naked DNA sequence encoding the antigen in operable association with
regulatory scquences divecting expression of the antigen in tissaes of the mammal but
containing no additional vector sequences. These vaccines can further contain
pharmaceutically suitable or physiologically acceptable carviers. In sl additional
embodiments, the boosting compositions can inclode proteins or peprides (intact and
denatured), heat-killed reconibinant vaccines, inactivated whole microorganisms, antigen~
preseating colls pulsed with the mnstant protoins or mfscicd/transfocted with a nucleic acid
mindecule encoding same, and the like, all with or without adjuvants, chemokines andior
eytokines.

Representative forms of antigenic innnunogens inchede 8 “paked”™ DNA plasnnd, 8
“naked” RNA molecule, a DNA molecule packaged inte a replicating or nonweplicating

viral vector, an RNA moleculs packaged into a replicating or nonrephicating viral vector, a
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INA molecule packaged into a bacterial vector, or proteinaceous forms of the antigen
alone or present in virus-like particles, or combinations thereofl

f one ombodiment, imonmogenic agents of intercst can be administered to sudjonts,
In some embodiments, fosion profeins can be constructed and administered which have
enhanced binfogicsd propertics. In addition, the polypeptides can be modified according to
well-known pharmacniogiea! methods in the art (2., pepvintion, glveosylation,
cligomerization, efe.) in order to further enhance desirable biological activities, such as
ingreased inwnusogenicity, bionvailability, andfor deerensed proteolviic degradation,

I oue embodiment, “viras-Bike particles™ or “VLPs™ can be used, which are non-
mfeehicas particles i any host and do not contain all of the profein components of Hve
vitus particles. In one embodiment, VLPs contain the polypeptides deseribed herein and
form membranc-enveloped virus-hike particles. The advantages of using VLPs include (1)
their particelate and mulivalont nature, which is immuenostismusdatory, and {2) their ability to
present the disuifide-stabilized envelope glyvcoproteing in a near-native, membrane~
associated form. VEPs arc produced by co-cxpressing the viral protems (2.g., polypeptides
deseribed herein) in the same cell. This can be achicved by any of several means of
heterologous gene expression that are well-known to those skilled in the art, such as
wansfection of appropriate oxpression vector(s) encoding the viral proteins, infection of
cells with one or more recombinant virases (e.g., vacoinia) that encode the VLP proteins, or
retroviral transduction of the cells. A combination of such approaches can also be used.
The VEPs can be produced cither @ vitro of i ¥ive, VLPy can be produced in purified
form by methods that are well-known to the skalled artisan, including centrifugation, as on
sucrose or other layering substance, and by chromatography.

For embodiments using instant nucleic acid delivery, any means for the infroduction
of a polynucleotide mto a subject, such as a tusnan or pon-temman mammal, or cells thereof
van be adapted to the practice of this invention for the delivery of the various construcis of
the invention into the intended recipient. i one embodiment of the tnvention, the DNA
constructs arc dehivered fo cells by transfection, Le, by debivery of "naked" DNA orina
complex with a colloidgl dispersion svsten, A colloidal system includes macromolecule
complexes, nasocapsules, microspheres, beads, and hipid-based systenys inchuding oth-in-
water emulsions, miceles, mixed micelics, and biposomes. The preferred colloidal system
of this invention is a lipid-complexed or lipesome-formulated DNA. In the former

approach, prior to formulation of DNA, e, with lipid, a plasmid containing a transgene
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bearing the desired DNA constructs can first be experimentally optimized for expression
{e.g., mclasion of an intron in the 5" untransiated region and climination of ymecessary
sequences {Folgner, ef of, Ann NY Acad Sei 126-139, 1995). Formulation of DNA, e.g.
with vanous lipid or Bposome materials, can then be effected using known methods snd
materials and delivered to the recipient mamnzal. See, g2, Canonico ¢ of , Am J Respir
Cell Mol Biol 10:24-20, 1994, Tsan of ol , Am ¥ Physiol 268; Alton o1 ol Nat Genet,
5:135-142, 1993; and ULS. patent No. 3,679,647 by Carson ez al.

The targeting of Liposomes can be classified based on anatomteal and mechanistic
fagtors. Anatowical classification is based on the level of selectivity, for example, organ-
specific, cell-specilic, and organglie-specific. Mechamstic targeting can be disinguished
based upon whether it is passive or active, Passive targeting utilizes the natural tendency of
hposomes to distribute to cells of the reticolo-endothelial svstem (RES) in organs, which
contam sinusoidal capitlarics. Active tarpeting, on the other hand, involves alteration of the
liposome by coupling the liposome to g specific ligand such as a monoclonal antibody,
sugar, glycolipid, or protein, or by changing the composition or size of the hposome in
order to achiove targeting to organs ad coll types other than the naturnally occwrring sites of
focalization.

The surface of the tarpeted delivery system can be modified io a variety of ways. In
the case of a hposomal targeted debvery system, tipid groups can be incorporated into the
lipid bifayer of the liposome in order to maintain the targeting Hgond in stable association
with the Hposomal bilayer. Various linking groups can by used for joining the lipid chaias
to the targeting ligand. Naked DNA or DNA associated with a delivery welicle, g,
liposomes, can be adennistered to several sites in a subject (see belfow).

Nucleic avids can be delivered in any desired vector. These include viral or non-
viral vectors, mchiding adenovirus vectors, adeno-associated virus vectors, retrovirus
veetors, fentivirus vectors, and plasmid vectors. Exemplary types of viruses include HSV
therpes simplex virus), AAV (adeno associated virag), HIV (humag inpnunodeficiency
virus), BIV {bovine mmunodeficiency vivas), and MLV {owmine leukemng virus). Nuglexe
acids can be administered in any desirod format that provides sufficiently efficient delivery
levels, including in virus particles, in Tiposomes, in nanoparticles, and complexed to
polymers,

The pucleic acids encoding a protein or nucleic acid of interest can be in a plasmid

or viral vector, or other vector as 1s known fn the art. Such vectors ave well known aud any
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can be selected for a parbeular application.  In one embodiment of the invention, the gene
delivery wehicle comprises a promoter and o demethylase coding sequence. Preferred
promoters are tssue-specific promoters and promoters which are activated by cellular
proliferation, such as the thynidine kinase and thymidylate synthase promoters. Other
preferred promwoters include promoters which are activatable by infection with a virus, such
as the a- and f-interferon promoters, and promoters which are activamble by a hormone,
such as estrogen. Other promoters which can be used melude the Moloney virnus LTR, the
CMV promoter, and the mouse albumin promoter. & promoter can be constitutive or
inducible,

I another ensbodiment, naked polynuclestide molecules are used as gene delivery
vebicles, as deseribed in WO 90/11092 and ULS. Patent 3,580,859, Such gene delivery
vehicles can be either grovwth factor DNA or RNA and, in cortain embodiments, are linked
o killed adenovirus, Curiel er o, Hom. Goeng. Ther, 3:147-154, 1992, Qther vehicles
which can optionally be used include DNA-ligand (Wu et of | J. Biol. Chem,

264 1698516987, 1989), hipad-DINA combinations {(Felaner e of, Proc. Natl, Acad. Sci.
USA B4:7413 7417, 1989), liposomes {Wang ef af,, Proc. Natl. Acad. Sci. 84 7851-7835,
1987} and nsicroprojectiles (Williams ef of, Proc. Natl. Acad. Sei. 88:2726-2734, 1991},

A gene delivery vehicle can optionally comprise viral soquences, such as a viral
origin of replication or packaging signal. These viral sequences can be selected from
viruses such as astrovirus, coronaviras, orthomyxovirus, papovaviras, paramyxovinus,
parvovirus, picorpavirus, poxvire, wiovitus, togavirus or adenovins, In apreferred
embodiment, the growth factor gene delivery vehicle is a recombinant retrovival vector.
Recombinant retrovinuses and varous uses thereof have been described in numerons
references including, for example, Mann of o/, Cell 33:153, 1983, Cane and Mulligan,
Proc. Nat'l. Acad. Sei. USA 81:6349, 1984, Miller & ol , Human Gene Therapy 1:5-14,
1996, LLS, Patent Nos, 4,405,712, 4,861,719, and 4,980,289, and PCT Apphication Nos,
WO 80412 468, WO 89703 340, and WO S(¥02 806, Numerous retroviral gene delivery
vehicles ean be utihized mn the present mvention, mchuding for example those deseribed
EP 0415731, WO OGHT36; WO 94703622, WO 93725698, W 93/25234; LLS. Patent
No. §219,740; WO H311230; WO 9310218; Vile and Hart, Cancer Res. 53:3860-3864,
1993; Vile and Hart, Cancer Ros. 33:962-067, 1993; Ram of of., Cancer Res. 33:83-48,
1993; Takamiva o1 al, §. Newosel. Res, 33:493-5303, 1992; Baba ez ol , J. Newrosurg,
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Other viral veotor systems that can be used to deliver a polymucleotide of the
imvention have been derived from herpes vivos, eg., Herpes Simplex Viros (US. Patent No.
5,631,236 by Woo etal., issued Can 20, 1997 and WO 60/08191 by Newovex), vacoinia
virus (Ridgewny (1988} Ridpeway, “Mammalian expression vectors,” I Rodriguez R L.,
Denhardt D T, ed. Veotors: A survey of molecular cloning vectors and their uses.
Stoncham: Butterworth,; Baichwal and Sugden (1986) “Vectors for gene transfer derived
from animal DNA vireses: Transient and stable expression of rausferred genes,™ In:
Kucherlapati R, od. Gone fransfer. Now York: Plenum Press, Coupar ef ol (1988) Gene,
68:1-19), and several RNA viruses. Preferred viruses include an alphavirus, 2 poxvirus, an
srena vires, @ vaccing vires, a polio virus, and e like. They offer several attractive
feanames for various mamumakian cefls {Fricdimann (1989 Science, 244:1275-1281;
Radgewav, 1988, supra; Baichwal and Sugden, 1986, supra; Coupar e ol , 1988; Horwich e
¢l {19903 I Vol 64:642-630),

Imamunogens can be administered togother with an adiuvant or other
ivmumostinudant, Thas, the immunogess can further comprise one or move adjwvants or
anmunostimudating agents, which are preferably added to the fusion protein immunogens
asing for boosting the inunune response.  An adjuvant is any substance that can be added to
an Bmpnogen of 1o a vaccine formulation to enhance ihe inspane-stimulating properties of
the immunogenic moiety, such as a protein or polypeptide. Liposomes are alsp considered
to be adjuvants, See, for example, Gregoriades, G. f af., Invumological Adjueants and
Vaccines, Plemum Press, New York, 1989; Michalek, §. M. ef ol, Liposomes as Oral
Adjuvants, Curr, Top. Microbiol. Immuaed, 146:31-58 (1989). Examples of adiwvants or
agents that can add © the effectiveness of immunogens include aluminus hydroxide,
aluminom phosphate, alumimaen potassium sulfate (ahen), beryilivm sulfate, silica, kaolin,
carbon, waler-i-oil enndsions, and oil-in-water emulsions. Other adiuvants are moramy!
dipeptide (MDP) and various MDP derivatives and formulations, e.g., N-acety-D-
glucosaminyi-(B, 1-4)}-N-acotybowranmyl-L-alany-D-tsoglutami-ne (GMDP) (Homung, R L
et wd., Ther Imonmol 19935 2:7-14) or ISAF-1 (5% squalene, 2.5% plaronic L121, 0.2%
Twesn 86 in phosphate-buffered solation with 0.4 mg of thrconyl-muramy! dipepide; sec
Kwak, L Weral, (1992) N, Engl. J. Med., 327 1209-1238) and monophosphoryl lipid A

adiwevant solubilized m £.02% tricthanolanune. Other useful adjuvants are, or are based on,
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bacterial endotoxin, lipid X, whole organisms or ssbeellular fractions of the bacteria

Propionobacterium aenes or Bordetella periwsis, polyribomscleotides, sodinm alginate,

lanolin, tysolecithin, vitamin A, saponin and saponin derivatives such as Q521 (White, A,
C.eral {19911 Adv. Exp. Med. Biol,, 303:207-210) which 15 now in use in the climic
{(Helling, F ¢f ol (1998) Cancer Res., 35:2783-2788; Davis, T A ¢ ol {1997) Blood, Wik
S09A {abstr.}), levamisole, DEAE-dextran, blncked copolymers or other synthelic
adiuvants, Examples of commercially availuble adjuvants include (3} Amphigen®, which
is an otl-in-water adjuvans made of de-otled lecithin dissolved i oil (see for exanyple, UK,
Pat. No. 5,084,269 and US Pat Poblication 20030058667A1 and {b) Alhydrogel®, which s
an ahaminum hydroxide gel, Adunanum 1s approved for baunan use. Adjuvants are
available commercially from various sources, for example, Merck Adjuvant 63% (Merck
snd Company, Inc., Rabway, N1}, The immunogenic matenial can be adsorbed io or
comjugated to beads sach as latex or gold beads, ISCOMs, and the like. There is evidence
that traditional formulations, such as Freund's adjuvant (both complete and mcomplete) and
Alum gel at least parially denature antigen resuliing in the destruction or under-
representation of conformational epifopes. The Ribi adjuvant system (RAS}, which belongs
o the monophosphoryl-ipid A {MPL} contatning-adievants, can be ased to overcome this
problem. Results from several studies indicate that antigen formulated using MPL-
contamning adjuvants elicited antibodies that preferentially bound native vather than
denatured antigen (Barl, P. L., eral, J. Virol 68:3015-3026 (1994); VanCott T. L., et al, 1.
Virol TH4319-4330 (1997)).

Emnnogens can also be sapplemented with an imuunostimulatory eytokine,
lymphokine or chemokine, Exemplary cytokines include, without Bmitation, GM-CSF
{gramdocvie-macrophage colony sthmudating factor), ierioukin 1, interioukin 2,
mierienkin 12, interlenkin 1R or mierferon-gaomma.

General wethods t0 prepare immnnogenic pharnmceutical compositions and
vaceines sre well known in the arnt (see, for example, Remingion's Pharmaceutical Science;
Mack Publishing Company Easton, Pa.).

In one aspeet, the present invention provides immunopgens that can be used tourgise
anti-Gall neutralizing agents (e.g., antibodies and aptamers) by méthods known to those of
ordimary skill in the art. The aotibodies raised can then be administered o a subject having
a Gall-mediated disorder or to prevent a Gall-mediated disorder, in one embodiment

mvolving hybridoma production, samples can be sereened by a mumber of techniques to
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characterize binding to munogens deseribed berein. Ove approach mvolves BLISA
binding to the inventive immonogens. Animals with sera samples which tost positive for
hinding t0 one or more inwnunogens are candidates for yse in MAb production, The criteria
for selection of animals o be used iIn MAD production s based on the evidence of
neutratizing antthody in the animals’ sera or, in the absence of newtralization, appropriate
binding paticrns againgt the desired immunogens.

Hybuadoma seperaatanis derived from MAD production can be screened for ELISA,
tysate and surface immunoprecipitation assays for bimding to the desired immunogen.
Sarnples which are positive in any of the binding assays can be soreened to confirm their
abilify to neutralize Gall acltivily as deseribed above, For any assay described heroin,
results fron test agents can be compared againgt Biration or positive conirols {2.2.. known

broadly neutralizing anithodies) for nornmlization purposes.

G Therapentic methods

I oo aspect, the prosent favention provides a scthod of preventing & subject from
becommy afflicted with a Gall-mediated disorder comprising adwminstering {o the subject a
praphylactically effective amount of & Gall newiralizing agent deseribed herein to thereby
prevent the subject from becoming afflicted with the Gall-mediated disorder.

In another aspect, the present invention provides a method for reducing the
likelihood of & subject’s becoming infecied with a Gall-nmediaied disorder comprising
adminisicring 1 the subject a prophvlactically effective amount of o Gall neutralizing
agent described herew to thereby reducing the likelthood of the sebject’s becoming afficted
with the Gall-mediated disorder.

In still another aspect, the present invention provides a method for proventing or
delaving the onsct of, or slowing the rate of progression of, a Gall-mediated disorder ina
subject, comprising admbmigtering to the subject a therapeutically effective amownt of a
Gall nentralizing agent described herein o thereby prevent or delay the onset of, or
slowmg the rate of progression of. the Gall-medigied disorder in the subject.

Thus, in some embodiments, the immunogens described herein can bo used to
inummize a subject such that unwanted Gall activity will be reduced 1o the subject. In
sther embodiments, the smmuaogens descoribed herodn can be eayploved fo inaumize a

subject not aftlicted with a Gall-mediated disorder.
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it will be appreciated that individual dosages can be varied depending upon the
reguirements of the subject in the judgment of the attending clinician, the severity of the
condition being treated and the particular compound being emploved. In detormining the
therapeutically effective smount or dose, a number of additional factors can be considered
by the attending chindcian, inchuding, bt not Hmited o the pharmacodynamic
characteristics of the particular agent and its mode and route of adminisiration; the desired
time comrse of treatment; the species of mammal; its size, age, and general health; the
specific discase involved; the degres of or involvement or the severity of the disease; the
wsponse of the individual subject; the particular compound administered; the mode of
adounisfration; the bioavailabilily characienisties of the preparstion adunnistered; the dose
regimen selected; the kind of concusrent weatment; and other relevant circumstances.

The therapeutic dose can be al keast about 0.07 ug'ke body weight, at Jeast about
8.05 ppfeg body wedeht; al keast about .1 ug'ke body weight, at least about 8.5 pgdkg body
weight, af least about 1 pgdkg body weight, at Ieast about 2.5 ug'kg body weight, at least
about § pe'ky body weight, and not more than about 100 pad body weight, Ttwall be
understood by one of skill in the art that such guidelines will be adpusted for the molecudar
weight of the active agent, e.g. i the wse of antibody fragrmenis, or in the use of antibody
conjugates. The dosage may alst be varied for focalized adminisiration, e g. intranasal,
ithalanon, ete., or for systemic administration, ez im, Lp, Ly, and the ke, Treatment
can be inittated with smaller dosages which are less than the effective dose of the
compad. Thereafter, in one crabodinwnt, the dosage should be increased by snall
merements antil the optinman offeet under the circumstances s reached. For convenience,
the total daily dosage con be divided and administered in portions daring the day if desived.

The durgtion andfor dose of regiment with antiviral therapies can vary according to
the particular agent or combination thereof. An appropriate treatment tUme for a particular
antiviral therapeutic agent will be appreciated by the skilled artisan. The invention
contemplates the continued assessment of optinal treatment schedales for each antiviral
therapeutio agent, whers the phenotype of the Gall-mediated disorder of the subject as
determined by the methods of the invention is a factor in determining optimal treatment
doses and schedules.

‘The compositions described herein can be administered by any suitable means,
including parenteral, subcutancous, intraperitonsal, infrapulmaonary, and inteanasal.

Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitonesl, or
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subcutaneoys administragon, In addition, the compositions can be suitably administered by
pudse infision, parfioudarly with dechning doses of the antibody.

e general, # is preferable to obtain a fisst sample from the sebject priorfo
beginmng therapy and one or more samples doring treatment. Tn such a use, a baseline of
expression of cells from subjocts with & Gall-nrdiated disorder prior to therapy is
determined and then changes in the baseline state of expression of cells from subjects with
the Gal-mediated disorder s monitored durmg the course of therapy.  Alterngtively, two or
more successive samples obtained during treatment can o used without the need of a pre-
treatment buseling sample. In such a use, the first sample obiained from the subject is used
as o basehine for determimng whether the expression of cells from subjects with a Gall-
mediated disorder is inereasing or decrensing,

H may furiber be advantageous to adasinister the immanogesic compositions
disclosed horein with other agonis, such as profoas, peptides, antibodies, and other anti-
Gall agents. For example, therapeutic synergies are belioved to become manifested when
treating a ool expressing Gall and snother inwmunoinbibitory molecule, such as PD-1, PD-
L1, PD-L2, LAG-3, TIM-{, CTLA-4, VISTA, B7-H2, B7-H3, B7-H4, B7-H6, 2B4, 1COS,
HVEM, CD160, gpd9B, PIR-B, KIR family receptors, TIM-1, TiM4, BTLA, SIRPalpha
D47, CD48, 28B4 1CD244), B7.1, B7.2 1L.T-2, ILT-4, TIGIT, A2aR, and combinations
thereof. In certain embodiments, the immunonogenic compositions are administered
sequentially with other therapeutic agents, such as before or after the other agent. One of
ordinary skill in the art would know that sequential administration can mean imanediately
followang or afier an appropriate period of time, such as howrs days, weeks, months, or even
yeurs later.

I certain embodiments, the treatment is of a mammal, such as 8 human,

In another aspect, the preseat invention provides pharmaceutically aceeptable
compositions which comprise a therapeutically-effective amount of a composition
described berein, formulated together with one or more pharmacestically acceptable
carriers (additives) and/or diluents and with or without additional antiviral agents and/or
innnunogens, Ag described in detail below, the pharmaceutical compositions of the presont
invention can be specially formulated for administration in solid or higuid form, meluding
those adapted for the following: {1) oral adnunistration, for example, dronches (aqueons or
mn-aguecus solutions or suspensions), tablets, boluses, powders, granules, pastes; {2)

parenteral admindstration, for example, by subcutancouns, intramuscular or intravenons
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mjection as, for exampie, a sterile solution or suspension; (3) topical apphcation, for
example, as a cream, ointment or spray apphied to the sking (4) intravaginally or
ntrarectally, for example, as a pessary, eream or foam; or (3} acrosol, for example, as an
aqueous acrosol, Hposomal preparation or solid particles contaiming the compound.

The phrase “pharmaceutically acoeptable™ is employed herein (o refer 1o those
agents, materials, compositions, andfor dosage forms which are, within the scope of sound
medical judgment, suitable for usc in contact with the tissucs of human beings and animals
without excessive toxicity, irritation, alforgic response, of other problem or complication,
comumensyraie with a reasonable benefitrisk ratio.

The phrase “pharmaceuiically-acceptable carmer”™ as used herew means a
pharmaceuwtically-acceptable yaaterial, composition or vehicle, such as a higuid or solid
filler, diloent, excipient, solvent or encapsulating matenial, involved in carrving or
iransporting the subject chomicsl from onc organ, or poriion of the body, to ancther organ,

W

or portion of the body. Each carrier must be “acceptable™ i the sense of being compatible
with the other ingredients of the formulation and not imurious 1o the sobicct. Some
examples of natorials which can serve as pharmaceaticallv-accoptable carriers inchude: (1)
sagars, such as lactose, glucose and sucrose; {2) starches, such as corn starch and potato
starch; (3) celludose, and its derivatives, such as sodimm carboxymethyl cellulose, ethyi
cellulose and cellulose acetate; {4) powdered tragacanth; {3} mualt; (6) gelatin; (7} tale; (8)
exciptents, such as cocon butter and suppository waxes; (9) oils, such as peanat oil,
cotionsced o, safflower oif, sesame oil, olive vil, corn oil and soybean oil; (10} ghycols,
such as propylene glycol; {11} polyols, such as glycerin, sorbuol, mannitol and
polyethyiene glveol; (12} estors, such as ethyi oleate and cthyl faurate; {13) agar; (14)
buffering agents, such as magnestum hyvdroxide and atuminum hydroxide; {15} alginic acid;
{16) pyrogen-free water; {17} isotonie saline; (18) Ringer's selution; {19) cthyl aleobel; (20)
phosphate buffer solutions; and (21) other non-toxic compatible sebstances employed in
pharmaceutical formulations.

The term “pharmaccuticaliv-acceptable salis™ refors 1o the relatively non-toxic,
inprganic and organis acid addition salts of the agents that modulates (e.g.. neutealizes)
Gall expression andfor activity, or expression andfor getivity of the complex encompassed
by the invention. These salts can be prepared #z sifn during the final ssolation and
purification of the agents, or by separately reacting a purified agent in its free base forn

with a suitable organic or morganic acid, and solating the salt thus formed. Representative
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salts include the hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate,
valerate, oleate, pabmtate, stearate, laurate, benzoate, Iactate, phosphate, tosylate, citrate,
maleate, famarate, succinate, tartrate, napthvigte, mesvlate, glucoheptonate, lactobionate,
and laurvisulphonate salts and the Iike (Sce, for example, Berge ef ol (1977}
“Pharnaceutioal Salts”, J Pharm. Sci. 66:1-18).

n other cases, the agents usefu! in the methods of the present invention can contain
one or more acidic functional groups and, thus, are capable of formng pharmaceutically-
acceptable salts with pharmaceuatically-acceptable bases. The worm “pharmaceuticaliy-
acceptable salis” in these instances refers (o the relatively non-toxie, inorganic and organic
base addition salis of agents that modulates {e.g., neutralizes) Gall expression andior
activity, or expression and/or activity of the complex. These salts can likewise be prepared
it sitw during the final isolabion and punification of the agents, or by separately reacting the
purificd agent i s free acid form with a switable base, such as the hvdroxade, carbonaie or
bicarbonate of a pharmaccutically-accepiable metal cation, with ammonia, orwith a
pharmaceutically-acceptable orpanic primary, sccondary or ertiary anune. Representative
alkali or alkaline carth salts melude the Hthivm, sodism, potassium, calohum, magnesiom,
and aluminum salis and the ke Representative organic anvines esefud for the formation of
base addition sults mclude ethyvlamine, dicthylamine, ethyvlencdiamine, cthanolamine,
dicthanolomine, piperazine and the like (see, for example, Berge ef ol supra).

Weiting agents, enudsifiers and hebricants, such s sodiany lanry! suifate and
magnesium stearate, as well as coloning agents, release agents, coating agonts, swectening,
flavoring and perfuming agents, preservatives and antioxidants can also he present in the
composiions.

Examples of pharmaccutically-acceptable antioxidants imchude: (1) water suluble
antioxidants, such as ascorbic acid, cysteine hydrochlonide, sodium bisulfate, sodium
metabisulfite, sodium sulfiee and the tike, (2) olf-soluble antioxidants, such as ascorbyl
paimitate, butviated hydroxyanisole (BHA), buiylated hydroxyiolsene (BHT), lecithin,
propyi gallate, alpha-tocopherod, and the like; and {3) metal chelating agents, such as citiic
acid, cthylenediaming tetraacetie goid (EDTA), sorbitel, tartaric acid, phosphorie geid, and
the hke.

Formulations useful in the methods of the present invention include those suitable
for oral, nasal, topical (including buccal and sublingual), rectal, vaginal, acrosol andfor

parenteral administeation. The formulations can convemiontly be presented in nmt dosage
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form amd can be prepaved by any methods well known m the art of pharmacy. The amoum
of active ingredient which can be combined with a carvier material to produce a single
dosage form will vary depeading upon the host being treated, the particular mode of
administration. The amount of active ingredient, which can be combined with a carrier
material to produce a single dosage Foron will generally be that amount of the compound
which prodaces a therapentic offect, Generally, out of one hundred per cont, this amount
will range from about 1 per cont 1o ahout ninety-nine porcent of aclive ingredient,
preferably fron about 3 per cont 1o about 70 per cent, most preforably from abowt 10 per
cent fo about 30 per cent.

Methods of preparing these formulations or compositions melude the step of
bringing into associstion an agent that modulates {e.g., neutralizes) Gall expression and/or
activity, with the carrier and, optionally, one or more accessory mgredients. In generad, the
formalations are prepared by wafonnly and mtimately bringing info association an agont
with hiquid carriers, or finely divided solid carriers, or both, and then, i necessary, shaping
the product.

Formalations suitable for oral administration can be in the form of capsales, cachets,
pills, tablets, Jozenges (using a favored basis, usually sucrose and acacia or ragacanth),
powders, granules, or as a solution or a suspension i an agueous of pon-agueous higuid, or
as an oif~-i-water or water-in-oil higuid emulsion, or as an elixir of syrup, or as pasatles
{using an nert base, such as gelatin and glycerin, or sucrose and acacia) andior as mouth
washes ared the like, gach containing a predetermined amount of an agent as an active
mgredient. A compound can also be administered as a bolus, electuary or pasie.

In sohid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, granules and the like), the active ingredient is mixed with one or more
pharmaceutically-aceeptable carriers, such as sodium citrate or dicalcium phosphate, andfor
any of the following: (1} fillers or extenders, such as starches, lactose, sucrose, gheose,
manmitel, andfor sibicie acid; (23 binders, such as, for example, carboxymethyicelialose,
algmates, gelatm, polyviny! pyrrohidone, sucrose andfor acacig; (3) humcetants, such as
glyeerol; (4) disintograting agonts, such as agar-agar, calcium carbonate, potato or tapioca
starch, alginie acid, certam silicates, and sodium carbonate; (3) solution retarding agents,
such as parafiing {6} absorption accelerators, such as guatornary ammonium compounds; (7)
wetting agents, such as, for example, acetyl sleohol and glycerol monostearate; (8)

absorbents, such as kaolin and bentonite clay; {9) lubricants, such a tale, calcium stearate,
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magneshom stearate, solid polvethylene glycols, sodiam laury! sulfate, and mixtures

thereof: and (10} coloring agents. In the case of capsules, tablets and pills, the

pharmacewtical compositions can also comprise buffering agents. Solid compositions of a

silay type can slso be employed as Sllers i soft and hard-filled gelatin capsules using
such excipients as kactose or mitk sugars, as well as high molecular weight polvethylene
glveols and the like.

A tablet can be made by compression or molding, optionally with ong or more
accessory ingrodients. Compressed tablets cun he prepaved using binder (for example,
gelatin or hydroxypropyimethyl cellulose), hibricant, inert dileent, preservative,
dismiegrant { for example, soduun starch glycolate or cross-lmked sodiom carboxymethyl
cellulose), surface-active or dispersing agent. Molded tablets can be made by molding in s
suitable machine a mixture of the powdered pepiide or peptidomimetic modstened with an
mwert haguid diluent,

Tablets, and other solid dosage forms, such as dragevs, capsules, pills and granudes,
can eptionally be scored or prepared with coatings and shells, such as enterie goatings and
other coatings woll known in the pharmacestical-formudating art. Thev can alsobe
formatlated so as to provide slow or confrolled release of the active ingredicnt therein using,
for example, hydroxvpropvimethyd celhidose in varviag proportions to provide the desired
refease profile, other polymer matriees, Hposomes andfor microspheres. They can be
sterilized by, for example, filivation throngh a bacteria-retaining filter, or by incorporating
sterilizing agents in the fornm of sterile solid compositions, which can be dissolved in sterile
water, of some sther sterile injectable medinm immediately before use. These compositions
can also optionally contain opacifying agents and can be of a composition that they release
the active ingredient{s) only, or prefereatially, in 3 vertain portion of the gastroimtestinat
wact, optionally, i a delayed manner. Examples of embedding compositions, which can be
used inchude polymeric substances and waxes. The active ingredient can also be in micro~
encapsufated form, if appropriate, with one or more of the above-deseribed excipients.

Liguid dosage fonms for oral admunistration mchude pharmaceutically accepiable
enmlsions, microcomilsions, solutions, suspensions, syrups snd clixirs, Tn addition to the
active ingredient, the hguid dosage forms can contain inert diluents conymonly used in the
at, such as, for examyle, waler or other sobvents, solubilizing agents and comdsifiers, such
as ethyl alcohol, isopropy! alcohol, ethyl carbonate, ethyl acetate, benzyl aleohol, benzyl

benzoate, propylene giveol, 1 3-butviene glveol, ofls {in particular, cottonseed, groundnut,
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com, germ, olive, castor and sesame oils), glveerol, tetrahvdrofuryl alcohol, polyethylenc
ghycols and fatty acid esters of sorbitan, and mixtares thereof.

Bestdes inert dituents, the oral compositions ¢an also inchade adjuvants such as
wetting agents, emualsifying and suspending agents, sweetening, flavoring, coloring,
perfuming and preservative agents,

Suspensions, in addition to the active agent can contain suspending agends as, for
example, cthoxylated 1sostearyl alcohols, polyvoxyethvlene sorbitol and sorbitan esters,
microgrystailine cellulose, alominum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.

Formulations for rectal or vaginal administeation can be presented as a supposiiory,
which can be prepared by mixing one or more agents with one or mare suitable
nonirritating excipients or carriers conprising, for example, cocon buiter, polyvethylene
glycol, a suppository wax or a salicylate, and which is solid af room temperature, but hquid
at body temperature and, therefore, will melt in the rectum or vaginal cavity and release the
active agent.

Formalations which are suitable for vaginal administration also inchede pessaries,
tamnpons, creams, gels, pastes, foams or spray formulations containing such carriers & are
known i the art to be appropriafe.

Dosage forms for the topical or wansdermal adminisration of an agent that
modulates {e.g., neutralizes) Gall expression andfor activity inchude powders, sprays.
ointments, pastes, creams, lotions, gols, sobutioms, patches and inhalants. The active
component can be mixed under sterite conditions with a pharmaceuticatly-aceeptablc
carrier, and with any preservatives, buffers, or propeflants which can be required.

The ointments, pasics, creams and gels can contain, in addifion o an agent,
cxcipients, such as animal and vegetable fats, oils, waxes, paraffing, starch, tragacanth,
cellulose derivatives, polvethyiene glycols, silicones, bentonites, silicic acid, tale and zine
oxide, or mixtures thereof

Powders and sprays can confain, m addition to an agent that modulates (e.g.,
neutralizesy Gall expression and/or activity, excipients such as factose, tale, siticic acid,
atumimun hydroxide, calcium silicates and polvamide powder, or mixtures of these
substances, Sprays can additionally contain customary propeliants, such as
chiorofloprohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and

propane.



The agent that modulates (e.g., neutralizes) Gall expression and/or activity,
can be alternatively administered by aerosol. This is accomplished by preparing an
aqueous aerosol, liposomal preparation or solid particles containing the compound. A
nonaqueous (e.g., fluorocarbon propellant) suspension could be used. Sonic
nebulizers are preferred because they minimize exposing the agent to shear, which
can result in degradation of the compound.

Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or
suspension of the agent together with conventional pharmaceutically acceptable
carriers and stabilizers. The carriers and stabilizers vary with the requirements of the
particular compound, but typically include nonionic surfactants (Tweens' ",
Pluronics™, or polyethylene glycol), innocuous proteins like serum albumin, sorbitan
esters, oleic acid, lecithin, amino acids such as glycine, buffers, salts, sugars or sugar
alcohols. Aerosols generally are prepared from isotonic solutions.

Transdermal patches have the added advantage of providing controlled
delivery of an agent to the body. Such dosage forms can be made by dissolving or
dispersing the agent in the proper medium. Absorption enhancers can also be used to
increase the flux of the peptidomimetic across the skin. The rate of such flux can be
controlled by either providing a rate controlling membrane or dispersing the
peptidomimetic in a polymer matrix or gel.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are
also contemplated as being within the scope of this invention.

Pharmaceutical compositions of this invention suitable for parenteral
administration comprise one or more agents in combination with one or more
pharmaceutically-acceptable sterile isotonic aqueous or nonaqueous solutions,
dispersions, suspensions or emulsions, or sterile powders which can be reconstituted
into sterile injectable solutions or dispersions just prior to use, which can contain
antioxidants, buffers, bacteriostats, solutes which render the formulation isotonic with
the blood of the intended recipient or suspending or thickening agents.

Examples of suitable aqueous and nonagqueous carriers which can be employed
in the pharmaceutical compositions of the invention include water, ethanol, polyols
(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such
as ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating

materials, such as lecithin, by
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the maintenance of the requived particle size in the case of dispersions, and by the use of
surfactanis.

These compositions can also contain adinvants such as preservatives, weiting
agoents, enudsifying agents and dispersing agents. Prevention of the action of
nucroorganisms can be ensured by the inclusion of varipus antibacterial and antifungal
agents, for oxample, paraben, chilorobutanol, phenol sorbic actd, and e tike, Itcan alsobe
desirable to mclude 1sofonic agents, such as sugars, sodium chlonde, and the hke mio the
compositions. In addition, prolonged absorption of the injeciable pharmaceutical form can
be brought abous by the inclusion of agents which delay sbsorption such as aluminmm
monostearaic and gelatin,

In some cases, in order to protong the effeet of a drug, it is desirable to slow the
shsorption of the drag from subestaneous or miramusculer injection, This can be
accomplished by the use of a Liquad suspension of cryslline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends upon s rate of
dissohation, which, m furn, can depend upon orvsial sire and ervstatline form,
Alternatively, delayed absorption of a parenteraliy-administesed drug form is accomplished
by dissolving or suspending the drug in an oif vehicle,

Injectable depot forms are made by forming microencapsule matrices of an agent
that modulates {e.g., neutralizes) Gall expression andfor activity, in biodegradable
polymess such as polvlactide-polyslycolide. Depending on the ratio of drug to polymer,
amd the natuee of the particudar polymer emploved, the rate of drug releass can be
comtrofled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the drug
i liposomes or microcmusisions, which are compatible with body tissye.

Actual dosage levels of the active ingredicnts m the pharmaceutical compositions of
this invention can be determined by the methods of the present invention 5o as to obtain an
amount of the active ingredient, which is effective to achieve the desired therapeutic
response for 3 particudar subject, composition, and mede of admimsiration, without bomg
toxic to the subjest,

Nugleie acid molecules deseribed herein can be inserted nto vectors and used as
gone therapy vectors. Gene therapy vectors can be delivered fo a sebject by, for example,
itravenous injoction, focsl administration (see .S, Pat, No, 5,328,470) or by stereotactic
mjection (see e, Chen of o (1994} Proc. Natl. Acad. Sci. LIBA 91:3054 30575, The

- TG -



pharmaceutical preparation of the gene therapy vector can include the gene therapy vector
in an acceptable diluent, or can comprise a slow release matrix in which the gene delivery
vehicle is imbedded. Alternatively, where the complete gene delivery vector can be
produced intact from recombinant cells, e.g., retroviral vectors, the pharmaceutical

preparation can include one or more cells which produce the gene delivery system.

VIL Kits

In addition, the present invention also encompasses kits comprising anti-Gall
agents described herein. For example, the kit can comprise a neutralizing anti-Gall
antibody with or without additional therapeutic agents, such as an immune checkpoint
inhibitor. The agent can be packaged in a suitable container. For example, the present
invention provides kits comprising at least one immunogenic peptide and/or one antibody
described herein. Kits of the present invention can contain an immunogenic peptide and/or
antibody coupled to a solid support, e.g, a tissue culture plate or beads (e.g., Sepharose™
beads).

A kit can include additional components to facilitate the particular application for
which the kit is designed. Exemplary agents that kits can contain include reagents
necessary for controls {e.g., control biological samples or Gall protein standards). A kit
may additionally include buffers and other reagents recognized for use in a method of the
disclosed invention. Non-limiting examples include agents to reduce non-specific binding,
such as a carrier protein or a detergent. A kit of the present invention can also include
instructional materials disclosing or describing the use of the kit or an antibody of the
disclosed invention in a method of the disclosed invention as provided herein.

This invention is further illustrated by the following examples which should not be

construed as limiting,.

Examples

Example 1: Neutralizing anti-Gall monoclonal antibodies useful for therapeutic
applications

Neutralizing anti-Gall monoclonal antibodies were generated and reacted with
human recombinant Gall and endogenous Gall in biochemical assays and in

immunohistochemical analyses of primary tumors. In addition, several of the Gall
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monoclonal antibodies also cross-reacted well with endogenous Gall from cynomologous
monkey and mouse (Figure 1). Epitope mapping indicated that the 8B5, 8F4 and 8G3
Gall monoclonal antibodies all recognized a domain distal to the previously described
carbohydrate-binding domain (Figure 2 and Table 1),

These antibodies (i.e., 8B5, 8F4, and 8G3) were subsequently sequenced and
determined to each have the same sequence, with the light chain being lambda. Briefly,
total RNA was extracted from each hybridoma and subjected to RT-PCR using constant
region specific 3' primers and pools of degenerate signal sequence specific 5' primers.
Amplified products were cloned and sequenced. For the heavy chain, a total of 36 clones
were sequenced; and for the light chain, a total of 19 clones were sequenced. Sequence
alignments yielded the same heavy and light chain sequences for all clones across all three
antibodies. These sequences are presented in Table 1 below and analysis of the sequences
obtained from the hybridomas is summarized in Table 2 below. In addition, hybridoma
cell line 8F4.F8.G7 was deposited with the American Type Culture Collection and was
received on December 17, 2009 in accordance with the provisions of the Budapest Treaty
on the International Recognition of the Deposit of Microorganisms for the Purposes of
Patent Procedure under deposit number PTA-10535. U.S. Pat. Publ. 2013/0011409 and
PCT Pat. Publ. WO 2011/060272 disclose the 8F4 antibody.

Table 1: Epitope mapping and sequences of anti-human Gall monoclonal antibodies

mAbs Mapping Doman recognition
8B5.E6.2H3 GST-F5; GST-F6; GST-F7 Post-CBD
8§B5.E6.H9 GST-FS; GST-F6; GST-F7 Post-CBD
8F4.F8.G7 GST-F5; GST-F6; GST-F7 Post-CBD
8F4.F8.H2 GST-F5; GST-F6; GST-F7 Post-CBD
8G3.B1.G12 GST-F5; GST-F6; GST-F7 Post-CBD
8G3.B1.HS GST-F5; GST-F6; GST-F7 Post-CBD
2E5,2H12 GST-F3; GST-F6; GST-F7 CBD2
-81 -
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8BS, 8F4 and 8O3, mchuding 8EAFRGT, Heavy Chain Variable (VH) DNA Sequence®

GAGGTTCAGCTGCAGCAGTCTGTGOUAGAGTTTOTGAGGCCAGGGGCCTCAGT
CAGOTTGTCCTGCACAGCTICTGGUTTCAACATTAAAAACACCTATATACACTG
GOTGAGGCAGAGGUOTGAACAGGGUCTGOAGTGGATTGGAAAGATIGATCCTG
COGAATGUTAATACTAAATATGTCCCOCGAGTTCCAGGGCAAGUGUCACTATGACT

GCGGACACATCCTCCAACACAGTCTACCTGCACCTCAGCAGCCTGACATCTGAG
GACACTGCCATUTATTACTGTIGTCOATGUI TACTACGGUIGOG AT TCGUTGTCT
GOGGCACAGGGACCACGGTCACCGTCTCCTCA

RBS, BFY and 83 mcludine SF4AFRGT. Licht Chain Variable (VK3 DNA Sequence™

CAGGCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTC
ACACTCACTTGTCGCTCAAGCACTGOGOCTGTTACAACTAGTAACTATGCCAAC
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GCTGTCCTCACCATCACAGGGGCACAAACTGAGGATGAGGCAATATATITCTGT
GCTCTATOGTACAGAAACCATITTATTITCGGCAGTGGAACCAAGGTCACTGTIC
e

S05, 8F4, and 803, including 8F4E8
Sequence™

EVOLQQSVAEFVRPGASVRLSCTASGINIKNTYTHWVRQRPEQGLEWIGKIDPANG
NIRYVPEFOQORATMTADTSSNTVYLHLSSLTSEDTAIYYOVDGY YGWYFAVWGT

GTTVTVSS

QAVVTOESALTISPGETVTLTCRSSTCGAVTISNYANWVQEKPDHLFTGLIGATNNR
APGVPARFSGSLIGDEAVLTITGAQTEDEAIVFCALWYRNHFIFGEGTRVTVL

* CDR definitions and protein sequencs munbering according to Kabat, CBR nuclzotide
and protein sequences are highlighted in red color or underlintng i order of CDRE, CDR2,

and CDR3I, respectively.

Table 2: Summary of seauences of anti-huriian Gall m
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Example 2: Fine epitope mapping of neutralizing anti-Gall monoclonal antibodies useful
for therapeutic applications

The 8F4 mAb was determined to cross-react well with both human Gall and
mouse Gall in Figure 1 and recognize a post-CBD domain of Gall in Table 2 were
further subjected to fine epitope mapping analyses. In addition to the seven GST-tagged
human Gall constructs shown in Figure 2 and produced in E. coli, five additional 6x HIS-
tagged human Gall constructs spanning various portions of the human Gall polypeptide
were generated in E. coli for use in epitope mapping analyses (Figure 2). Figure 2 further
demonstrates how the amino acids encompassed by each GST-tagged and HIS-tagged
construct maps with respect to the B-strands in the five-stranded B-sheets (F1-F5) and six-
stranded B-sheets (S1-S6a/S6b) of the folded human Gal-1 polypeptide (Figure 3). The
Gall-neutralizing 8F4 mAb was determined to recognize recombinant HIS-F7, HIS-F5,
and HIS-F9 by Western blot analysis, whereas an anti-Gall, non-neutralizing 8A12 mAb
was determined to recognize recombinant HIS-F7 and HIS-F5 by Western blot analysis
(Figure 3). These results indicate that the 8F4 mAb binds Gall within amino acid residues
102-115, whereas the 8A12 mAb binds Gall within amino acid residues 116-135 (Figure
5). In addition, such fine epitope mapping data define a structural basis for Gall
neutralization because the human Gall-neutralizing 8F4 mAb recognize the B-sheet F5 to
thereby sterically interfere with and hinder the binding of human Gall to glycans (Figure
3). By contrast, the non-neutralizing 8A12 mAb binds to B-sheets S2/F1, which is

spatially far away from the carbohydrate binding domain.

Example 3: Biophvsical properties of neutralizing anti-Gall monoclonal antibodies useful

for therapeutic applications

Surface Plasmon Resonance (SPR) analyses (also called Biomolecular Interaction
Analysis, BlAcore™) were also conducted in order to further define the biophysical
properties (€.g., Kon, Kofr, Kor'kon (Kp) of Gall 's interaction with the 8F4 mAb. SPR
experiments were performed at 25°C in the standard BlAcore running buffer HBS-EP on
a BlAcore 3000 Instrument (BIAcore). In brief, anti-mouse antibody was first captured on
the CM-5 sensor chip (GE HealthCare). Afterwards, approximately 250 response units
(RU) of the 8F4 anti-Gall mAb were immobilized (with exception of ~ 350 RU for
rmGall assay) and followed by various dilutions of recombinant galectin (human galetin-
1,2,3,4,7, 8 9 or murine galectin-1 (mGall), from R&D Systems) to assess the binding

of galectin
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to #F4. All data are shown after subtraction from a channe! loaded with buffer alone. Data
analysis to obtain the binding carves shown and equilibrium dissoctation constant (KD} wis
performed wsing BlAevalaation 3.1 (BlAcore) by globally fitting the data to a stmple 111
{Langmuir) binding model. The 8F4 mAb showed manomolar (nM) levels of affiniy with

§  both recombinant BGall and recombinant mGall, bat with higher affinity for thGall (KD
of 13 oM for rhGatl compared to 38.5 oM for smGall (Figure 6), In addition, the 8F4
mAb showed no binding or non~specific binding to higher concentrations of other

recombinant galecting, including Gal2, Gall, Gald, Gal?, Gal®, and Galv.

10 Example 4
therapeutic applications
The significant preference for binding of thGall by the 3F4 mAb over binding

rkzall provides additional explanation for the observation that the 8F4 mAb s relatively

less effective in blocking mGatlin iz vive murine tumor models. In addition, six of the

S
La

twendy (35%} amine acids in the region C61-F80 m the CUBD adjacent (o the epitope that
8F4 mAb binds ace difforent between miGall and b(Gall. These amino acid differences arc
behieved to alter the condormation of the UBD and Hmit the effivicncy of $Fd-mediated
blockade of mGall. This effcet is further belicved to be compounded by the fact that there
are two amino acid differences in the oawine and buman epitopes that 8F4 mAb binds.
20 Thas, the wse of pre~clinical murine humor models for assessing the suitability of the 8F4
mAb for clinical development in hunans shoukd be balanced by the fact that the 8F4 mAb
has a lagher affinuy for hGall than for mGall.

Such use 1s contemplated with or without combination with addiional agents, such

3s inhibitors of immune checkpoing inhibitors. For example, programmed cel death ligand

]
N

1 (PDALY, also koown as BT-H1/CD2743 15 a cellsurface glyeoprotein belonging to the B7
family of costimulatory molecules primarily expressed by antigen-presenting cells and that
serve to regulate the celinlar imomune response (Zos ef of. (2008) Nat. Rev. Immumol. $:467-
477, Reir ¢f af. (2008) Amne. Hev. dummunol, 260677-704), Banding of PD-L1 to its cognate
receptor PD-1 inhibits protiferation of activated T cells in poripberal tissucs leading to “T-
30 coll exbaustion,” a functiona! phenotype that can be reversed by PD-1 blockade (Barber et
af. (2006) Natwre 439:682-687; Freeman ef of. (20003 J £xp Med. 192:1027-1034; Dong &
al. {1999) Nus AMed, 5:1363-1369), Many human malignancies, including carcinomas of

hung, ovary, and colon; melanomas; anaplastic large cell lviophowmas; adult T-celf
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iymiphomas; and cutancous T-cell ymphomas express PD-1.1 whereas normal lnenan
tissues, except for monocyies, macrophages, and placentad synetiotrophoblasis, do not
express detectable levels of PD-L1 by mmmwinohistochemistry {Keir e af, (2008) Anmp. Rev.
Impmmol. 26:677-704; Dong o7 al. 2002} Nat. Med. 8:793-800; Konishi ef af. (2004) Clin.
Capeer Res. Hn5094-3100; Kozako er ol (2009) Levdkemio 23:375-382; Andorsky et al
2011 Clin, Coneer Res, 17:4232-4244; Kantekure o af. (2012} Am. 0 Dermatopathol,
3136-128; Wilcox of al. (2009 Blood 114:2149-2138; Wilcox eral. (2012} Bar. J.
Haemarol, 88:465-475), In vitro and preclinieal studies bave shown that disruption of the
PD-1/PD-LT interaction potentiates the immune response and promoies antitumor activity
{bwvat ef al. (2002} Proc. Nl dcad. Sci. 1784, 99;12263-12297). Receni Phase I chinical
wials with homanized anti-PD-1 and ang-PD-L1 antibodics have produced durable clinical
responses 10 a subset of patients with solid organ malignancies, most notably melanoma,
non-small cell hang carcinoma, and renal-cell carcinoma, suggesting a promising Hae of
therapy based on targeting the PD-1/PD-L{ axis (Brahmer ¢f of. (2010) J. Clin, Oncol,
28:3167-3175; Beabomer ex o, (201 2Y N, Engl J Med. 366:2355-3465; Topaban et ol
COINN Engl J Med. 366:2443-2454).

As described herein, Gall is anothor Immumoregulatory molecule. It has been
shown that Gall is expressed by a variety of solid tumors and lvmphoproliferative
disorders, including gastrointestinal malignancies, thyroid papillary carcinoma, laryngeal
sgaamous cell carcinoma, cutancous T-cell Iymphoma, MLL-rearranged B-lvmphoblastic
bymiphoma, and the Reed-Stemberg cells of classical Hodgkin lymphoma (¢HL) (Cedeno-
Lasent o2 of. (2012) Blood 119:3534-3534,; huszeaynski ef ol Q010 Clin. Cancer. Res.
16:2 1222130 Saussez of al. {2007} Maternational Jowrnal of (neology. 31109, Danguy
et af. (2002} Biochim. Biophys. Acta, 1572 28528-28529, Yamamoto of «f. (2008} Blood
111:3220-3224; Gandlut ef ol (2007 Blood 110:1326-1329; huszezynsks &f ol (2007) Proc.
Nad. dcad. Sci. T8A. 1041313413139 Green ¢f af. (20103 Biood 116:3268-3277; Green
ef ol 012} Clin. Caneer Res, 18:1611-1618; Ouvang of of (2011) Blood 11743154322,
Rodig er af (2008) Ulin. Cancer Res 14:3338-3344). Gall knockdown or blockade with
functionally antagonistic antibodies resalts in tumor rejection in a T-cell dependent manner
in pre-clinical models of melanoma and Kaposi sarcoms (K5} (Rabinovich (2005 By 2
Cancer. 92:1188-1192; Rubinstein of af. (2004} Cancer Cell 5:241-251; Crovi efal (2012)

J Exp. Med 20971985-2000) and prevents Gal-mediated apoptosis of CDE+ T cells
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targeting EBV infected human B-cells in a model of PTLD {Ouyang er of (2011} Bivod
117:4315-4322).

Multimodal and combinatorial approaches o cancer therapy are increasingly
mrpeting multiple mechanisms nvelved n tumor pathogenesis. Immune evasion is an
emerging hallmark of cancer that presents an attractive arget with several recent advances,
including clinical trials with hwmanized antibodies directed against immane checkpoint
moleaudes, such as CTLA4 and PD-1 (Hanahan er o, (2011 Colf 144:690-674 and Pardoll
(2012) Nt Rev. Caneer 12:252-264), Recent Phase 1 clinieal trials with anni-PD-1 and
anti-PD-1.1 antihodies in patents with solid tumors demonsirate the need for a reliable
method of dentifving those tumors that express high levels of PD-L1 in order o improve
weatment efficacy (Brahwmer ef ol 2010) J Clin. Oneol. 28:3167-3175; Brahmer ef gl
QOIDN Engl J Med. 366:2455-2465; and Topabian er ol 20123 N, Engl. J Med.
366:2443-2454), 1n the tial with anti-PD-1, 9 of 25 cases that cxpressed any detectable
tumor-assoctated FD-L1 by immunohistochemistry showed a durable clinical response,
whereas no climcal effoct was observed i those patients with tumors lacking deseotable
PD-L1 (Topalian et ol (2012) N Engl J AMed. 366:2443-2454). The data described herein
demonsteates robust membranous PD-L1 sialning in the majority of EBV-positive DLBCL
of the elderly and immunocompronused, NPC, and ENKTCL cases. A minority of EBY-
negative PTLD, EBV-negative DLBCL, PBL., and PEL cases were positive for PD-L1L

Gall is also ab emerging manunemodulatory molecule that leads to apoptosis of T
colls and blockade of Gall geone expression promotes tumor rejection in mosse models (Lin
ef al. (2005) Naot. Rev. Cancer 5:29-41 and Rubinsiein er of (2008} Cancer Cell 3:241-
251). Gall staining has been determined to be found in the wmajority of EBV-positive
DLBCL, ENKTCL, and PBL., as well a8 the HHV&-associated tumors K8 and PEL. These
data mdicate that classes of virallv-driven malignancies can benefit from targeted therapy
against PD-L1 and Gall and provide a reliable method for identifving those cases that may
specificatly respond o such wreatment,

. hine with previous studies examining the AP-1 and EBV-dependent expression of
PD-LT and Gall in EBV-positive PTLD and c¢HL (Juszezynski et al. (2007) Proc. Naidl.
dead, Nei, UN4.104:13134-13139, Green ef al (2012 Clin. Cancer Res. 18:1611-1618,
Cuyang ef ol (2011) Hlead 11743154322, Rodig of &f. 2008} Clin. Cancer Res 14:3338-
3344y, Galt and PD-L1 expression correlated with oxpression of p-chun and JunB in EBV-
positive DEBCL and ENKTCL. Most EBV-negative PTLI cases showed expression of
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JunB and p-clun, despite being negative for EBV by previous EBER analysis, and a subset
of these cases showed membranous PDALY staining. Some of these cases also showed
cytoplasmic PD-L1 stainiag, which is of uncertain significance as it is likely that only
menbrane expression of PD-L1 would contribute to tumor immune evasion. These tumors
were also uniformiy megative for Gatl, in contrast to EBV-positive PTLD (Ouyang o o/,
2011) Blond 117:4315-4322), Similarly, the majority of NPC cases had activated AP-1
signaling and sirong PD-L1 staining but were negative for Gall. For PBL and PEL,
expression of the AP-1 components comrelated well with Gall expression, but several cases
were negative for PD-L1. Together, these data indicate alicrnative mechanisms for the
upremtation of PD-L1 amd Gall and that AP-1 activation or EBV-positivily is not
sufficient for driving expression of Gall.

Amplification of the Yp24 locus, as shown for <L (Green er ol (2010} Blood
FE6:3268-3277), may be a comnmon finding in fumors that overexpress PD-L1 bat are
negative for EBVY or activated AP-1 compenents. Conversely, interrogation of tumors that
harbor 9p24 amplification, such as gray zone lymphoma and breast carcinoma (Eberle ez ol
(2 1) Modern Pathology 24:1386-1397 and Wu er ad. (2012) Oncogene 31:333-341), for
PD-L1 expression would ferther identify candidates for anti-PD-L1 imunenotherapy.
Alternatively, aberrant signaling through the STAT3 pathway, first demonstrated in ALK~
positive T-cell lymphoma as a result of the NPM/ALK fusion protein {Mavzec ef af. (2008)
Proc. Natl. dcad, Sci. USA. T05:20852-20857) can provide another mechanisen for PD-L1
CXPression,

An interesting exception to the other EBV-positive malignancies is the sbsence of
Gall, PD-L1, and JunB/chu staining in virteally all EBV-positive BL cages. Itis Known
that the EBY latency program in BL is different from DLBCL {Vereide er ol (2011} Blood
117:1977-19835 and Borokamm (2009) Semin. Cancer Binl. 19:351-365). Specifically, a
smaller st of viral proteins are expressed in BL and LMP1 is not expressed. In studies of
EBV-dependent expression of Gall and PD-L1 in PTLD and ¢HL, it was shown that Gal}
and PD-L.1 cxpression was dependent specitically on LMP1 {Green & of, (2012) Clin
Cancer Res, TR:1611-1618 and Quyang o ol (2011) Blood 117:4315-4322). Thus, lack of
LMP1 in BL wumor cells may result in the failure to setivate AP-1 signaling and
consequently an absence of detectable Gall and PD-L1 cxpression. Furthermore, it has
been shown that the Myc protein counteracts the expression of PD-L1 (Durand-Panteix et
al (20123 J bwnorol. 1BOIR1-190) Thus, it is believed that BL tumor cells, by virtue of
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myc transtocation/amplification and an altered EBV latency program, would not benefit
from targeted therapy against Gall or PD-L1. This finding also raises the possibility of
downregulation of PD-L1 in other tumors that overexpress Myc, such as so-called double
hit DLBCL (Aukema et al. (2011) Blood 117:2319-2331).

For HHV8-postive malignancies KS and PEL, the majority of cases were positive
for Gall and AP-1 components, but only one case of PEL showed membranous PD-L1
staining and only one case of KS showed cytoplasmic PD-L 1 staining. Endothelial cells
also stain for Gall requiring careful interpretation of KS, which represents a proliferation
of endothelial-derived tumor cells. A recent analysis of Gall expression in KS included
analysis of benign vascular proliferations and Gall was only upregulated in KS samples
(Croci etal. (2012).J. Exp. Med. 209:1985-2000). Furthermore, the same neutralizing anti-
Gall antibody used in previous studies was shown to attenuate abnormal angiogenesis and
promote tumor regression in mouse models of KS (Croci et al. (2012) J. Exp. Med.
209:1985-2000).

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the present
invention described herein. Such equivalents are intended to be encompassed by the

following claims.
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We claim:

1. An immunogenic composition comprising (i) one or more polypeptides,
wherein the polypeptides are selected from the group consisting of residues 102-115

of SEQ ID NOs: 2, 4, 12, and 14, and (ii) an immune-effective amount of an adjuvant.

2. The immunogenic composition of claim 1, wherein said one or more
polypeptides is a single polypeptide selected from the group consisting of residues
102-115 of SEQ ID NOs: 2, 4, 12, and 14.

3. The immunogenic composition of claim 1 or claim 2, wherein said one or

more polypeptides further comprise a heterologous sequence.

4, The immunogenic composition of any one of claims 1 to 3, wherein said one

or more polypeptides are further covalently linked to a detectable label.

5. The immunogenic composition of any one of claims 1 to 4, wherein said one
or more polypeptides are further covalently bonded to a carrier molecule or

immobilized on an object.

6. The immunogenic composition of claim 5, wherein the object is selected from
the group consisting of a cell, a metal, a resin, a polymer, a ceramic, a glass, a -
microelectrode, a graphitic particle, a bead, a gel, a plate, an array, and a capillary

tube.

7. A recombinant nucleic acid molecule comprising a sequence with at least 95%
identity to a nucleic acid encoding the one or more polypeptides as defined by any
one of claims ] to 3, wherein the nucleic acid molecule is only as long as required to

encode the one or more polypeptides.

8. A vector comprising the recombinant nucleic acid molecule of claim 7.

9. A host cell which expresses the one or more polypeptides as defined by any
one of claims 1 to 3, comprises the recombinant nucleic acid molecule of claim 7, or

comprises the vector of claim 8.

-90 -
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10.  An immunogenic composition comprising the recombinant nucleic acid
molecule of claim 7, the vector of claim 8, or the host cell of claim 9; and a

" pharmaceutically acceptable carrier.

11.  The immunogenic composition of any one of claims 1 to 6 and 10, further

comprising at least one additional immunostimulatory agent.

12. The immunogenic composition of claim 11, wherein the additional

immunostimulatory agent is an adjuvant and/or an immune checkpoint inhibitor.

13.  The immunogenic composition of claim 12, wherein the immune checkpoint is
selected from the group consisting of PD-1, PD-L1, PD-L2, LAG-3, TIM-1, CTLA-4,
VISTA, B7-H2, B7-H3, B7-H4, B7-H6, 2B4, ICOS, HVEM, CD160, gp49B, PIR-B,
KIR family receptors, TIM-1, TIM-4, BTLA, SIRPalpha (CD47), CD48, 2B4
(CD244), B7.1, B7.2, ILT-2, ILT-4, TIGIT, A2aR, and combinations thereof.

14.  The immunogenic composition of any one of claims 10 to 13, wherein the

composition is capable of eliciting neutralizing anti-Gall antibodies in mammals.

15.  Use of an agent to isolate a neutralizing anti-Gall antibody, wherein the agent
is selected from the group consisting of the immunogenic composition of any one of
claims 1 to 6 and 10 to 14, the recombinant nucleic acid molecule of claim 7, the

vector of claim 8, and the host cell of claim 9.

16. A method of isolating a neutralizing anti-Gall antibody comprising

‘(a) administering an effective amount of an agen;t selected from the group
consisting of the immunogenic composition of any one of claims 1 to 6 and 10 to 14,
the recombinant nucleic acid molecule of claim 7, the vector of claim 8, and the host
cell of claim 9, to B cells in an in vitro cell culture system to generate antibodies that
neutralize Gall; and 4

(b) isolating anti-Gall antibodies specific for the administered agent.

17. Use of an agent to make an isolated hybridoma that produces a neutralizing
anti-Gall antibody that specifically binds to Gall, wherein the agent is selected from

the group consisting of the immunogenic éomposition of any one of claims 1 to 6 and
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10 to 14, the recombinant nucleic acid molecule of claim 7, the vector of claim 8, and

the host cell of claim 9.

18.  Use of an agent to elicit an anti-Gall immune response, wherein the agent is
selected from the group consisting of the immunogenic composition of any one of
claims 1 to 6 and 10 to 14, the recombinant nucleic acid molecule of claim 7, the

vector of claim 8, and the host cell of claim 9.

19.  The use of claim 18, wherein the agent is for administration in a single dose,
administration in multiple doses, or administration as part of a heterologous prime-

boost regimen.

20.  Use of an agent to inhibit Gall activity, wherein the agent is selected from the
group consisting of the immunogenic composition of any one of claims 1 to 6 and 10 A
to 14, the recombinant nucleic acid molecule of claim 7, the vector of claim 8, and the

host cell of claim 9.

21, Use of an agent to prevent or delay the onset of, or slowing the rate of
progression of, a disease mediated by Gall activity, wherein the Gall-mediated
disease is a Gall-positive cancer, Gall-mediated angiogenesis disorder, AP1-
dependent lymphoid malignancies, MLL-rearranged ALL, EBV+ post-trénsplant
lymphoproliferative disorder (PTDL), nasopharyngeal carcinoma, Kaposi’s sarcoma,
breast cancer, prostate cancer, lung cancer, pancreatic cancer, squamous cell
carcinoma of the head and neck, hepatocellular carcinoma, or melanoma, and further
wherein the agent is selected from the group consisting of the immunogenic
composition of any one of claims 1 to 6 and 10 to 14, the recombinant nucleic acid

molecule of claim 7, the vector of claim 8, and the host cell of claim 9.

22.  The use of any one of claims 18 to 21, wherein the agent is for administration

with at least one additional agent that upregulates an immune response.

23.  The use of claim 22, wherein the at least one additional agent comprises an

inhibitor of an immune checkpoint.

24, The use of claim 23, wherein the immune checkpoint is selected from the
group consisting of PD-1, PD-L1, PD-L2, LAG-3, TM-1, CTLA-4, VISTA, B7-H2,

-92.
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B7-H3, B7-H4, B7-H6, 2B4, ICOS, HVEM, CD160, gp49B, PIR-B, KIR family
receptors, TIM-1, TIM-4, BTLA, SIRPalpha (CD47), CD48, 2B4 (CD244), B7.1,
B7.2, ILT-2, ILT-4, TIGIT, A2aR, and combinations thereof.

25.  The vector of claim 8, wherein the vector is an expression vector comprising a

promoter operably linked to the recombinant nucleic acid molecule.
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