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GLUCOGCORTICOID-INDUCED TUMOR NECROSIS FACTOR RECEPTOR
(GITR) ANTIBODIES AND METHODS OF USE THEREOY

RELATED APPLICATIONS
{60601 This application claims priority to, and the benefit of, U.S. Provisional
Application No. 62/365,712 filed on July 22, 2016 and U.S. Provisional Application No.
62/375,634 filed August 16, 2016 the contents of which are incorporated herein by reference
in their entireties.

FIELD OF THE INVENTION
[6002] This invention relates generally to anti-glucocorticoid-induced fumor necrosis
factor recepior {GITR) antibodies as well as to methods for use thereof.

GOVERNMENT INTEREST
[60603] This invention was made with government support under | | awarded by the [].
The government has certain rights in the invention.

INCORPORATION-BY-REFERENCE OF SEQUENCE LISTING

[6004] The contents of the text file named | |, which was createdon | jand i5 { |

kilobytes in size, are hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION
[6005] The immune system must achieve a balance between effective responses to
eliminate pathogenic entities {e.g. in cancer), while maintaining tolerance to prevent
autoimmune disease. T cells serve a critical role in mainiaining a balance between
suppression of immune function, and active immune rejection. T regulatory cells (Tregs) are
characterized by the expression of CD25+, CD4+, FOXp3+ and glucocorticoid-induced
tumor necrosis factor-related receptor (GITR). Tregs suppress pathological immune
responses, and ultimately maintain immume homeostasis by way of regulating immunological
self~tolerance. The presence of Tregs suppresses the activity of activated, effector T cells
which are responsible for eliminating various pathological entities.
[6006] Human epithelial malignancies have been associated with the presence of
increased amounts of Tregs both in the circulation and within the tumor itself. The increased
presence of suppressive Tregs in cancer patiends, results in a suppression of conventional T
cells, including effector cells, which m tumn leads to a downregulation in IFN-y production,

Reduction of the presence or the activity of Tregs in i1 vivo cancer animal models has
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resulted in an increase in the amounts and activity of effector T cells, which is often followed
by a decrease in size of the tumor and or alleviation of other cancer symploms,
[8007] T cell activation results mn an upregulation of GITR levels in both Tregs and
effecior T cells. Manners of modulating the activity of GITR, such that the Tregs immune
suppressing Runction s reduced, and the activily of effector T cells is increased 1s an ongoing
area of intense study. The GITR ligand, GITR-L, is expressed in a variety of cells including
dendritic cells, macrophages and B cells. Previous studies have shown an association between
increased anti-tumor immune activity following administration of exogenous GITR-L, or by
alternate weans of antagonizing GITR, in cancer models.
[6008] Given the increased presence, and the role that Tregs have in cancer, further
attention to modulating the activity and presence of Tregs, via GITR, is paramount in further
understanding and, ultiimately, in the freatment of cancer. Therefore, there exisis an urgent
need for agents that can specifically bind and modulate the binding of GITR with its ligand,
GITR-L, as a means to promote effector T cell activity and, as a result, anti-tumor activity.
SUMMARY OF THE INVENTION
[8009] In various aspects the invention provides an an isolated humanized
monoclonal antibody or antigen-binding fragment thereof that binds to the human anti-
glucocorticoid-induced tumor necrosis factor receptor (GITR). The antibedy has a variable
heavy chain region having the amino acid sequence of SEQ ID NO: 2, and a variable light
chain region having the amino acid sequence of SEQ ID NG: 4; a vartable heavy chain region
having the amine acid sequence of SEQ ID NO: 6, and a vasiable light chain region having
the amino acid sequence of SEQ ID NO: &; a variable heavy chain region comprising the
amino acid sequence of SEQ 1D NO: 10, and a variable light chain region having the arino
acid sequence of SEQ 1D NO: 12; a variable heavy chain region having the aming acid
sequence of SEQ D NO: 14, and a variable light chain region having the amino acid
sequence of SEQ [D NO: 16; a variable heavy chain region having the amino acid sequence
of SE( ID NO: 18, and a variable light chain region having the amino acid sequence of SEQ
ID NQO: 20; a variable heavy chain region having the amino acid sequence of SEQ ID NO: 22,
and a variable light chain region having the amino acid sequence of SEQ IDNO: 24; a
variable heavy chain region having the amino acid sequence of SEQ ID NQO: 26, and a
variable light chain region having the anuno acid sequence of SEQ ID NG: 28; a variable
heavy chain region having the amino acid sequence of SEQ ID NO: 30, and a variable light

chatn region having the amino acid sequence of SEQ ID NOG: 32; a variable heavy chain
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region having the amino acid sequence of SE{} ID NO: 34, and a variable light chain region
having the amino acid sequence of SEQ TD NO: 36; a variable heavy chain region having the
amino acid sequence of SEQ 1D NQO: 38, and a vartable light chain region having the amino
acid sequence of SEQ 1D NO: 40; a variable heavy chain region having the amino acid
sequence of SEQ D NO: 42, and a variable light chain region having the amino acid
sequence of SEQ 1D NO: 44; a variable heavy chain region having the amino acid sequence
of SE( ¥D NO: 46, and a variable light chain region having the amino acid sequence of SE(}
ID NQ: 48; a variable heavy chain region having the amino acid sequence of SEQ ID NGO: 50,
and a variable light chain region having the amino acid sequence of SEQ 1D NO: 52.

[8610] In a further aspect the invention provides an isolated humanized monoclonal
antibody or antigen-binding fragment having a variable heavy chain complementarity
determining region 1, 2, or 3 (VH-CDR} having the amuno acid sequences of SEQ ID NO. 53,
54 or 35, respectively; and, a variable light chain complementarity determining region 1, 2 or
3 (VL-CDR) comprising the anino acid sequences of SEQ ID NO. 56, 57, or 58; a variabie
heavy chain complemsntarity determining region 1, 2, or 3 (VH-CDR) having the amino acid
sequences of SEQ ID NO. 39, 60, or 61, respectively; and, a vanable light chain
complementarity deternuning region 1, 2 or 3 (VL-CDR) having the amino acid sequences of
SEQ ID NO. 62, 63, or 64; a variable heavy chain complementarity determining region 1, 2,
or 3 {VH-CDR} having the amino acid sequences of SEQ ID NO. 65, 66, or 67, respectively;
and, a variable light chain complementarity determining region 1, 2 or 3 (VL-CDR) having
the amino acid sequences of SEQ ID NO. 68, 69, or 70; a variable heavy chain
complementarity determining region 1, 2. or 3 (VH-CDR} having the amino acid sequences
of SEQ ID NO. 71, 72, or 73, respectively; and, a variable light chain complementarity
determining region 1, 2 or 3 (VL-CDR) having the amino acid sequences of SEQ ID NO. 74,
75, or 76; a variable heavy chain complementarity determining region 1, 2, or 3 (VH-CDR)
having the amino acid sequences of SEQ ID NO. 77, 78, or 79, respectively; and, a variable
light chain complementartiy determining region 1, 2 or 3 (VL-CDR) having the amino acid
sequences of SEQ ID NO. 80, 81, or 82; a variable heavy chain complementarity deternining
region 1, 2, or 3 (VH-CDR) having the amino acid sequences of SEQ 1D NO. 83, 84, or 85,
respectively; and, a variable light chain complemeniarity determining region 1, 2 or 3 (VL-
CDR) having the amino acid sequences of SEQ ID NQ. 86, 87, or 88; a variable heavy chain
complementarity defernuning region 1, 2, or 3 (VH-CDR) having the amino acid sequences

of SEQ ID NO. 65, 72, or 89, respectively; and, a variable light chain complementarity
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determining region 1, 2 or 3 (VL-CDR) having the amino acid sequences of SEQ ID NO. 90,
91, or 92 avariable heavy chain complementarity determining region 1, 2, or 3 (VH-CDR)
having the amino acid sequences of SEQ D NO. 93, 94, or 95, respectively; and, a variable
light chain complementarity determining region 1, 2 or 3 (VL-CDR) having the amino acid
sequences of SEQ ID NG. 96, 97, or 98; a variable heavy chain complementarity determining
region 1, 2, or 3 (VH-CDR) having the amino acid sequences of SEQ ID NQO. 99, 100, or 101,
respectively; and, a variable light chain complementarity determining region 1, 2 or 3 (VL-
CDR) having the amino acid sequences of SEQ ID NO. 102, 103, or 104; a variable heavy
chain complementarity determining region 1, 2, or 3 (VH-CDR) having the amino acid
sequences of SEQ ID NG, 63, 72, or 105, respectively; and, a vanable light chain
complementarity determining region 1, 2 or 3 {VL-CDR) having the amino acid sequences of
SEQ ID NO. 106, 107, or 108; a variable heavy chain complementarity determining region
1. 2, or 3 (VH-CDR) having the amino acid sequences of SEQ ID NOG. 109, 72, or 110,
respectively; and, a variable light chain complementarity determuning region 1, 2 or 3 (VL-
CDR) having the amino acid sequences of SEQ ID NG 111, 112, or 113; a vanable heavy
chain complementarity deternuning region 1, 2, or 3 (VH-CDR) having the amino acid
sequences of SEQ ID NQ. 65, 72, or 114, respectively; and, a variable light chain
complementanty determuning region 1, 2 or 3 (VL-CDR) having the aminc acid sequences of
SEQID NO. 115, 116, or 117, and a variable heavy cham complementarity determining
region 1, 2, or 3 (VH-CDR)} baving the amino acid sequences of SEQ ID NO. 101, 118, or
119, respectively; and, a variable light chain complementarity determuning region 1, 2 or 3
(VL-CDR) having the amino acid sequences of SEQ ID NO. 120, 121, or 122.

(6011} The antibody is monovalent or bivalent. For example the antibody is a single
chain antibody. The antibody has a binding affinity within the range of 107 M 10 1072 M.

In some aspects the antibody has a 1g(G4 heavy chain constant region. In other aspects the
antibody has an Fc region that contains mutations at amino acid positions 234 and 235, The
mutations are for example, L234A and L235A.

[6012] In other aspects the invention includes a bi-specific antibody containing the
human GITR antibody of the invention and an antibody that also binds to a tumor-associated
antigen, a cytokine or a cell surface receptor.

[6613] Optionally the antibodies of the invention are s linked to a therapeutic agent,

such as a toxin, a radiolabel, a siRNA, a small molecule. or a cytokine.
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[¢014] Also provide by the invention are cells producing the antibody according to
the invention.
[8015] In various aspects the invention provides methods for depleting regulatory T-

cells in a subject, by administering to a subject in need thereof a composition comyprising an
antibody according to the invention.

[6616] Other methods of the invention include augmenting an inunune response to an
antigen by administering to a subject in need thereof a composition comprising an antibody
according to the invention. The antigen is a viral antigen, a bacterial antigen or a tamor
associated antigen.

[8617] In various aspects administering an antibody according to the inveniion result
in an increase in antigen specific T cell activity and/or an increase NK cell cvtoxicity.

[6618] In some aspects the methods of the invention {urther includes administering to
the subject IL-15.

[4619] In yet another aspect the invention includes methods of treating or alleviating
a symptom of cancer by administering to a sabject in nead thereof a composition comprising
an antibody according to the invention. The ¢ancer is a cancer in which GITR or its higand,
GITR-L, is overexpressed. Optionally the subject is further administered a cytokine, such as
fL-15 or a chemotherapeutic agent,

[6620] The invention further provides a nucleic acid having the nucleic acid sequence
of SEQIDNO: 1, 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37. 39, 41, 43,
45,47, 49, and 51.

[6621] In a further aspect the invention provides A nucleic acid encoding the
polypeptide of SEQ IDNO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38, 40, 42, 44, 46, 48, 50, 52 or polypeptide having the amino acid sequence of SEQ ID NO:
2.4,6,8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52.
Vectors containing the nucleic acids according to the invention are also provided. Alse
included in the invention are cells containing the vectors according to the invention.

[6022] Unless otherwise defined, 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 pertains. Although methods and materials similar or equivalent to those described
herein can be used in the practice of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references

menttoned herein are expressly incorporated by reference in their entirety. In cases of
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conflict, the present specification, including definitions, will control. In addition, the
materials, methods, and examples described herein are illustrative only and are not intended
to be hnuting,
[6623] Other features and advantages of the invention will be apparent from and
encompassed by the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[6024] Figure 1 illustrates the design and results from an ELIS A in vitro binding
assay used for identifying anti-GITR antibodies. Plates were coated with 2ug/ml each of the
A) hGITR-His; By hGITR-mlgG2a; ) mGITR-His; or D) mlgG2a 3D measurements for
each corresponding well are shown below the template.
[6625] Figure 2 is a pair of graphs showing binding activity of indicated anti-GITR
phage antibodies 1 four different concentrations (1E10 to 1E13 particles/moll) to two
different concentrations of hGITR-~mig deterntined by a meso scale discovery immunaoassay..
[6626] Figure 3 is a pair of graphs showing binding activity for indicated anti-GITR
phage antibodies to eight different concentrations of hGITR-mlg using a meso scale
discovery mmunoassay.
[6027] Figure 4 llustrates the data for the flow cvtometry binding assay performed
using anti-GITR phage antibodies. Four concenirations of anti-GITR phage AB were tested
along with CHO cells expressing either stable GITR or control CAY.
[(6028] Figure 5 is a graph showing flow cytomeiry GITR binding data with a single
concentration of phage antibodies from culture supernatant of individual colonies. Orange
bars indicate binding to CHO cells expressing GITR and blue bars indicate binding to CHO
cells lacking GITR expression (CA9 control).
[0029] Figure 6 llustrates ELISA GITR binding data for phage supematant from
single colonies. The clone template, 01450 for individual clones and the coating pattern for
each plate is shown.
[6030] Figure 7 llustrates flow cytometry and ELISA results for anti-GITR
antibodies according to the invention.
[0631] Figure 8 is a graph showing GITR binding of anii-GITR antibodies expressed
in full [gGl-Fo(L AL A) motant format as analyzed by flow cylomtry assavs. Anti-GITR
mAb binding to the GITR(+) CHO cell lines were tested by 5-point 2X serial dilutions in

duplicates.
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[0032] Figure 9 is a graph showing anocther flow eytometry analysis of anti-GITR
I2G1-Fe(LALA) antibodies binding to the cell surface expressed GITR. Anti-GITR mAb
binding to the GITR(+) CHO cell lines were tested by 5-pomt 2X serial dilutions m
duplicates.

[6633] Figure 10 demonsirates GITR binding ability of representative anti-GITR
IgG1 antibodies expressed it 1gG 1-Fe(LALA) format (Panel A) or in 1gG4 format (Panet B),
analyzed by flow cytometry. Anti-GITR mAb binding to the GITR(+) CHO cell lines were
tasied by 4-point 2X serial dilutions in duplicates.

[0034] Figure 11 illustrates binding competition between GITR ligand ai 47ng/ml
and 10-point 2x serial dilution of anti-GITR E1-3H7 IgG4, TT1-3C6 TgG4, or commercial
GTI-10 IgG1 antibodies.

[8935] Figure 12 illustratess that anti-GITR E1-3H7 IgG4 or TT1-3C6 synergistically
increases GITR ligand induced luciferase expression in an in vitro assay with GloResponse™

NF-xB-lucZP/GITR Jurkat cells bv Promega.

DETAILED DESCRIPTION
[0036] The present invention provides humanized monoclonal antibodies specific
against glucocorticoid-mduced tumor necrosis factor receptor, also known as GITR. The
antibodies were identified through the use of extensively validated Mehta VIT human
antibody-phage display libraries panning against human GITR. These antibodies represent a

new class of human monoclonal antibodies against GITR.

[6637] These anti-GITR human monoctonal antibodies are referred {o herein as
“huGITR antibodies™.
[0638] There is documented evidence of an increase in the amounts of regulatory T-

cells {(Tregs) in cases of epithelial cancers. There 1s also evidence that GITR plays a key role
in the dominant immunological self-tolerance maintained by Tregs. This connection between
GITR expression on the Tregs, and the increase in Tregs during cancer, allows for an
opportunity to target GITR activity as a means to promote enhanced effector T cell function.
Specifically, this makes targeting GITR, a pofential imounotherapeatic approach 1o cancer
treatment.

[6039] Tregs express CD28, CD4, FOXP3, and GITR. The suppression of effector T
cell activity is largely mediated by way of FOXP3 dimerization with activated T cell nuclear

factor, NF-AT, which in tum results in the suppression of IFN-y, IL-2 and IL-4. Increased
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GITR ligation by means of binding with its ligand has been shown to reduce the suppressive
effects that Tregs have on activaied T cells. Additionally, antibodies that divectly target GITR
have also been shown to reduce Treg suppressive function.

{6640} While GITR 1s expressed in both Tregs and in effector T cells, the amount of
expression of GITR 1s drastically greater in the former. As such, GITR has been considered a
good candidate target for the modulation of the suppressive function of Tregs in various
diseases, including cancer. Murine models have indicated that stimudation of the GITR results
in reduced Trag suppressive activity. Other studies have also indicated that antagonizing
GITR activity results in alessening of Treg recruttment to malignant cells. Combined, these
data indicate GITR as a crucial receptor in the pathophysiology of cancer.

{6641} The present invention provides a human monoclonal antibody that specifically
binds GITR proteins. Biading of the aniibody of the present inveniion to GITR interrupts the
GITR ligand’s ability to bind to GITR. By a variety of mechanisms, the huGITR antibody
reduces the suppressive function that Tregs have on effector cells. Admunistration of the
huGITR antibody may result in Treg depletion, increased effector T cell (Teff) proliferation,
increased antigen-specific T cell activity, and increased production of effector cytokines. In
some instances, the huGITR antibody promotes or augments the antigen-specific immune
response.

[6042] Accordingly, the buGITR antibodies of the invention are useful in modulaling
T-cell activity. In particular the huGITR antibodies can suppress Treg activity and stimulate
Teff activitv. Additionally, the huGITR antibodies of the invention increase NK- ceil
cytotoxicity and increase IFNy secretion.

[6043] The huGITR antibody is monovalent or bivalent and comprises a single or
double chain. Functionally, the binding affinity of the huGITR antibody is within the range
of 10°M to 10722 M. For example, the binding affinity of the huGITR antibody is from 10°° M
to 1072 M, from 107 M to 3072 M, from 10 M to 102 M, from 10 M to 107% M, from 107
M io 107 M, from 10¢ M to 1671 M, from 107 M io 101 M, from 108 M to 1071 M, from
107 M to 1071 M, from 107 M to 1071 M, from 107 M to 107° M, from 10 M fo 107¢ M,
from 107 M to 107 M, from 10 M to 10-® M, from 10 M to 10°° M, from 10° M to 10%
M, from 10° M to 10 M, from 107 M to 10° M, from 10% M to 10° M, from 10° M to 10
M, from 10° M to 10 M, from 107 M to 10 M, from 107 M to 107 M, from 10° M to 107
M or from 10 M to 10 M,
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[0044] Furthermore, the antibody of the present imvention comprises a therapeutic
agent including, but not limited to, a toxin, a radiolabel, a siRNA, or a cytokine,

[0045] Tharteen unique monoclonal huGITR antibodies were identified. These
include mAb #E1-3B4, #E1-3E5 (and refered to as #P2-2D12), #E1-3E9, #E1-3H7 (also
refered to as #E5-3B2 and #ET1-3B1), #ET1-3D6, #ET1-3E12, #P1-2A11, #P4-2F1, #T1-
3G7, #TT1-3C6 (also refered to as #E1-3F6), TT1-3C8, #TT1-3FS, and #TTS-3E2. The
variable region nucleic acid sequences and amino acid sequences are shown in Table 1A-
13B. The amino acid sequences of the CDRS associated with the variable regions of these
antibodies are shown in Table 14.

[8046] The nucleic acid and anuno acid sequence of the monoclonal human GITR

antibodies are provided below:

Table 1A. Ab #E1-3B4 Variable Region nucleie acid seguences

Y chain of Ab #E1-3B4 VH (JGHV3-9*01 F) (SEQ 1D NO:1)

CAGGTGCAGCTGETGCAGTC TEEGEEAGGCETGETACAGCCTGEGEGETCCCTGAGACTCTCCTGIG
CAGCCTCTEGATTCACCTTTGATGATTATGCCATGCACTGGETCCGGUAAGOTCCAGGGAAGGGICT
GOAGTGGETCTCAAGTCTTAGTTGEGAATACTGCGTCCGAGTAGCCTATGCGCGACTCTGTGAAGGGCCGA
TTCACCATCTCCAGAGACAACGCCAAGAATTCCCTGTATCTECARAATGAACAGTCTGAGACCTGAGG

ACACCECOTTOTATTACTGTCCAAAACGC T COCCOC T TEaC T TACT TCOCTRETTCRACCOCTERRA
CCAGGGCACCCTGCTCACCGTCTCCTCAG

Y1 chain of Ab #E1-3B4 (JGLV3-19*%01) (SEQ ID NO:3)
TCTTCTGAGCTGACTCAGGACCCTGCTGTCTCTGTGGCTT m”GuACAuA AGTCAGGATCACATGCC
AAGGAGACAGTCTCAGAACCTATTATAGAAGTTGETACCAGCAGAAGCCAGGACAGGCCOCTCTACT

TETCTTOTATCRCAR f;AG‘ CTOCRCCOTCACOE l’C‘C’CAGA COATTOTCTCCOTCORCCTCAGCA
AACACAGCTTCCTTGACCATCACTGEGGUTCAGECGGAAGATGAGGCTGACTATTACTGTAACTCCT
AGGACAGCAGTG TGAC;TATT TTCGGCGGAGEGLACCAAGUTGACCGTCCTAG

Table 1B. Ab #E1-3B4 Variable Region amino agid sequences

Vi chain of Ab #E1-3B4 VH JGHV3-9%01) (SEQ ID NO:2)
QVOLVQSEGEVVQPEGESLRLECAASGFTFDDYAMHWVEQAPGRALEWVS S LSWNTGRVAYADSVKER
FTLSRDNAKNSLYLQMNSLRPEDTAFYYCAKGSALGLVGWFDARGRGTLVTVSS

V. chain of Ab #E 1-3B4 {IGLV3-19%01) (SEQ 1D NO:4)
SSELTQDPAVSVALGQTVRITCQGDSLRTYYGSWYQQKPGRAPLLVFYGKESRPSGIPDRFSGSTSG
NTASLTITGAQAEDEADYYCNSQDSSEGDLLFGGETKLTVL

Table 2A. Ab #E1-3ES Variable Region nucleic acid sequences
Vu chain of Ab #E1-3E5 VH (IGHV3-5%01) (SEQ ID NO:5}

~
C
<

aggtygcagcetggtgecaatetgggggaggcttggtccagtctgggaac
ajcctc guautuac‘itutagugat tg;ca;m‘actsgmtc cg
t

LtCo\L catct ,«‘41(:1'(:10'3.0‘:18 qcoaaqaac:‘.t :a.cLuta? ,dcaaa',
acacggcetgtgtattactgtgegagegaaatgactggagettatgatatt
ggtcaccgtctcectecag

gggacradg"g‘ccac
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V. chain of Ab #E1-3E5 VL (IGLV3-19%01) (SEQ ID NO:7)

TCTTCTGAGCTGACTCAGGACCCTECTETGTCTEGTGGCCTTGGGACAGACAGTCAGGATCACATGCC

TGETCCTCTTTAGTARRARACAACCGGCCCTCAGGGATCCCAGACCEATTCTCTAGCTCCAGCTCAGEA
ARTACAGCTTCCTTGACCAT CACTOGEGC TCAGGCGGAACATGAGGUTCACTAT TACTOTARC TGS
AACT

TC
GGGACAGCAGTGGTAACCATCGATTCTTCGGAACTGGGACCAAGGTCACCGTCCTAA

Table 2B. Ab #E1-3ES Variable Region amino acid sequences
Yy chain of Ab #E1-3ES (also #P2-2D12) VH (IGHV3-9%01) (SEQ ID NG:6)

QVOLVQSGGEGLVQSGKSVRLECAASGFTFEGDYAMHWVRQAPGKGLEWVAGITRNSGRIAYADFVKGR
FIISRDNAKNSLYLOMNSLRAEDTAVYYCASEMTGAYDIWGQGTTVIVSS

V), chain of Ab #E1-3E3 {also #P2-2D12) VL (IGLV3-19%01) (SEQ ID NO:8)
SSELTQDPAVSVALGQTVRITCOGDGLRY Y YASWYQOKPGOAPILVLFGKNNRPSGIPDRFSGSSSG
NTASLTITGAQAEDEADYYCNSRDESCONHRFFGTGTKVTVL

Table 3A. Ab #E1-3E9 Variablke Region nucleic acid sequences

Yy chain of Ab #E1-3E9 VH (IGHV3-30-3%01) (SEQ ID NO:9)
CAGGTGCACGCTEETGCAGTUTCGCGECAGECETGETCCAGCUTEECAGETCCCTGAGACTCTCCTGTG
CAGCCTCTCGATTCACCTTCAGTAGCTATGCTATGCACTGGETCCGCCAGGCTCCAGGCARGGGGCT
GOAGTGAGTEGCAGTTATATCATATGATGGARGCAATARATACTACCTAGACTCCGTEAAGEGCTIGA
TTCACCATCTCCAGAGACAATTCCAACGAACACGCTGTATCTGCARATGAACAGCCTGAGAGCTGAGG
ACACGGCTGTATATTACTGTGCCGAAACAGGAT TACTATGATAGTAGTGCTTCGAACTACTGEGGCCA
GGGAACCCTGGTCACCGTCTCUTCAG

Vi chain of Ab #E1-3E9 VL (IGLV1-47*61} SEQID NO:11)
CTGCCTGTCCTCGACTCAGCCACCCTCAGCCTCTCECACCCCCGGGCAGAGCGETCACCATCTCTTGTT
CTGGAAGCAGCTCCAACATCGGAAGTARTTATGTATACTEGTACCAGCAGCTCCCAGGAACCGCTCT
CAAACTCCTCACCTATAGGAATGAT CAGCGGCCCTCAGGGGTCCCTGACCEGATTCTCTGGCTCCAAG
TCTGGCACCTCAGCCTCCCTGECCATCAGTGGGCTCCGETCCEAGCATGAGGCTGATTATTTCTGTT
CAGCTTGEGATEACAGCCTCGEGETEGECCAGETCTTCGEGAACTEGEALCAAGETCARCETCCTAG

s P

&

Table 3B. Ab #E1-3E9 Variable Region amino acid sequences

Vy cham of Ab #E1-3E9 VH (IGHV3-30-3*01) (SEQ ID NG:10)
OVOLVOSGGEVVQPGRSLRLSCAASGFTFSSYAMEWVRQAPGKGLEWVAVI SYDGSNKYYADSVKER
FTISRDNSKNTLYLOMNSLRAEDTAVYYCAKEDYYDS SGENYWEQATLVTVSS

Vi, chain of Ab #E1-3E9 VL (IGLV1-47*%01) (SEQ 1D NO:12
LPVLIQPPSASGTEGQRVTISCSGESSNIGSNYVYWYQQLPETAPKLLTYRNDORPSCGVEDRFEGSK
SGTSASLAISGLRSEDEADYFCSAWDDSLGGEVFGTGTRKVNVL

Table 4A. Ab #E1-3H7 Variable Region nucleic acid sequences

Vi chain of Ab #E1-3H7 VH (IGHV3-23*04) (SEQ ID NO:13)
CAGGTGCAGCTGGETGCAGTCTGEGGGAGGCTTGETACAGCCTGEGEGGETCCCTGAGACTCTCCTGETG
CAGCCTCTGEATTCACCTTTAGCAGCCATGCCATGAGCTGEETCCGCCAGGUTCCAGGGAAGGGGCT
GGAGTGGETCTCAGCTATTAGTGGTAGTGGTGGTAGCACATACTACGCAGACTCOGTGAAGGGLCGG
TTCACCATCTCCAGAGACAATTCCARGAACACGCTGTATCTACAAATGAACAGCCTGAGAGCCGAGE
ACACGGCCCTATATTACTGTGCGAARATCGETACBECECGATECTTTTGATATCTGGEGCCAAGGGAT
CACGGTCACCGTCICCTCAG

10
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V., chain of Ab #E1-3H7 VL (IGLV1-44*01) (SEQ ID NO:15)
CAGTCTGCCCTGACTCAGCCACCCTCAGTGTCTGEGACCCCCGEACAGAGGETCACCATCTCTTETT
CTGGAGGCGTCCCCAACATCGGAAGTAATCCTGTAAACTGGTACCTCCACTGCCCAGGAACGGICCT
CAARCTCCTCATCTATAATAGCAATCAGTGGCCCTCAGGGGTCCCTGACCGATTTTCTGGCTCCAGG
TCTGGCACCTCAGCCTCCCTGECCATCAGTGGGCTCCAGTCTGAGGATGAGGCTGATTATTACTGTG
CAGCATGGGATGACACCCTGGATGEGTCTGETTTTCCCGCCGGAGGGACCAAGTTCACCCTCCTAG

Table 4B, Ab #E1-3H7 Variable Region aming acid sequences

Vu cham of Ab #E1-3H7 (also #E5-3B2 and #ET1-3B1) VH (GHV3-23*04) (SEQ ID NO:14)
QVOLVQSGGELVOPGGSLRLSCAASGFTFSSHAMBWVRQAPGKGLEWVSATS8GSGGSTYYADSVKGEGR
FTISEDNSKNTLYLOMNSLRAEDTAVYYCAKIGTADAFDIWGQETTVIVSS

Yy, chain of Ab #E1-3H7 (also #E5-3B2 and #ET1-3B1) VL dGLV1-44*01) (SEQ ID NO:16)
OSALTQPPSVEGTPGQRVIISCSCGEVENIGSNPVNWYLHRPGTAPKLLIYNSNQWPSGVPDRFSGSR
SGTSASLAISGLOSEDEADY YCAAWDDSLDGLVFGGGTKLT VL

Table 5A. #ET1-3D6 Variable Region nuclcic acid sequences

Vi chain of #ET1-3D6 VH AGHV1-46%01) (SEQ ID NO:17)
CAGETGCAGCTGETGCAGTCTGGGEGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTTTCCTGCA
AGGCATCTGGATACACCTTCACCAGCTACTATATGCACTGGETGCCACAGECCCCTEGACARGGGECT
TCAGTOGATGGEAATAATCAACCUTAGTGCTGGTACCACAAGCTACGCACAGAAGTTCCAGGGCAGA
GTCACCATCACCAGGGACACGTCCACGAGCACAGTC TACATGCAGCTGAGCAGCCTGAGATCTGAGS
ACACGGCCGTGTATTACTGTGCTAGAGAAAAAAGCAGCAGCTCETACGEGGEGGACAACTEETTCGA
COCCTGOAGCCAGGECATCCTGATCACCATCTCCTCAG

Vi chain of #ETI-3D6 VL (IGLV2-11*01) (SEQ ID NO:19)
CAGTCTGCCCTGACTCAGCCTCGCTCAGTGTCCGEGTCTCCTGGACAGTCAGTCACCATCTCCTGCA
CTGGAAGCAGCAGTGATGETTGGTCGGTTATCATTATGTCTCCTGETACCAACAATACCCAGGCAAAGT
CCCCAAACTGATGATTTATGATGTCTCTAGGCGGCCCTCAGGGETTTCTGATCGCTTCTCTGGCTCT
BAGTCTGGCAGCACGGCCTCCCTGACCATCTCTEGGCTCCAGGCTGAGGACGAGGCTGATTATTACT
GCAGCTCATATACAAGCAGCAGCACTGTGETCTTUGGCGGAGGGACCAAGCTGACCGTCCTAT

Table SB. #£71-3D6 Variable Region amine acid sequences

Vi chain of #8T1-3D6 VH JGHV1-46*01) (SEQ 1D NO:18)
QVQLVQSGAEVHKPGASVKVSCKASGYTFTSYYMHWVRQAPGQGLEWMG I INPEGGSTSYAQKFQGER
VIMTRDTSTSTVYMELSSLRSEDTAVYYCAREKS SSWYGGDNWFDPWGQGTLVTVSS

¥, c¢ham of #5T1-3D6 VL (IGLV2-11¥01) (SEQ 1D NO:20)
OSALTQPRSVSGSPGQSVTISCTGSSEDVGEYRYVSWYQQYPGKVPKLMIYDVSRRPSGVEDRFSGS
KSGSTASLTISCLOAEDEADYYCSSYTSSSTVVFEGGTHLT VL

Table 6A. #ET1-3E12 Variable Region nucleic acid sequences

Vi chain of #8T1-3E12 VH GHV1-18*01) (SEQ 1D NO:21)
CAGGTGCAGCTGETGCAATCTGEAGCTGAGETGAAGARGCCTGEEGCCTCAGTGARGGTCTCCTGCA
AGGCTITCTGETTACACCTTTACCAGCTATGETATCAGCTGEETCOGACAGGLCCCTGGACRAAGGGECOT
TGAGTGGATGGGATEGATCAGCGCTTACAATAGTAACACARACTATGCACAGAAGCTCCAGEGCAGA
CGTCACCATGACCACAGACACATCCACCAGCACAGCCTACATGCGAGCTCGAGGAGCCTGAGATCTGALCG
ACACGGCCGTGTATTACTGTGCGAGAGATGTACACCCCTTAGATATAGCAGTGGCTGCCGACGATTA
CTACTACTACGGTATGGACGTCTGGEGCCAAGGCACCCTGGTCACCGTCTCCTCA

V. chain of #ET1-3E12 VL AGLV3-19%01) (SEQ 1D NO:23)
CCCTG

TCTTCTGAGCTGACTCAGCACCCTGCTGTGTCTGTIGGCCTTECGACAGACAGTCAGGATCACATGCC
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BAGGAGACAGCCTCACAACCAATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTTCT
TGTCATCTATGGTAAAARCAAGCGECCCTCAGGGATCCCAGACCGATTCTCTGGUT CCATCTCAGEG
AACACAGCTTCCTTGACCATCACTGGGGECTCAGGUGGAGGATGAGGCTGACTATTACTGTAACTCCC
CGGACAGCAGTGGTAAGCATTATGTCTTCGCAACTGGGACCAAGETCACCGTCCTAG

Table 6B. #8T1-3E12 Variable Region aming gcid sequences

Yy chain of #ET1-3E12 VH (IGHV1-18%01) (SEQ 1D NO:22)
OVQLVQSGARVKKPGASVRVSCKASGYTRFTSYC T SWVRQAPGOELEWMGW I SAYNENTNYAQKLOGR
VTMTTDTSTSTAYMELRSLESDDTAVYYCARDVHPLD IAVAADDY Y Y YGMDVWGQATLVTVSS

V). chain of #ET1-3E12 VL dGLV3-19%01) (SEQ ID NG:24)
SSELTQDPAVEVALGQTVRITCQCDSLTTNYASWYQORPGOAPVLVIYCGKNKRPSCGIPDRIFSGE ISG
NTASLTITGAQAEDEADYYCNSRDSSGKHYVFGTGTKVTVL

Table 7A. #P1-2A11 Variable Region nucleic acid sequences

Vu chain of #P1-2A11 VH JGHV3-23*04) (SEQ 1D NO:25)
GAGGTGCAGCTGGTERACTCTGEEEGAGGCETERTCCAGCCTGEGAGGTCCOTAAGACTCTCCTETG
CAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGETCCGCCAGGCTCCAGGGARGGGGCT
GCAGTECETCTCAGCTATTAGTECTACTAETCCTACCACATACTACGCACACTCCETCAAGCACCRC
TTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCARATGAACAGCCTEAGAGCCGAGS
ACACGGCCGTATATTACTGTGCGARAGATTGGGECCTAGTACAACTEGARATCCGGCTATGACTACTG
GOCGCCAGGGAACCCTGEGTCACCGTCTCCTCAG

V. chain of #P1-2A11 VL (IGLVL-50701) (SEQ ID NG:27)
CAGTCTGTGCTGACTCAGCCACCCTCAGTETCTGEGGECCCCAGGGCAGAGGETCACCATCTCCTGECA
CTGGGAGCAGUTCCAACATCGEGGCAGGETTATGATGTACACTGEGTACCAACAGUTTCCAGGAAAAGT
CCCCAAACTCCTCATCTATGATAATACCAATCGGCCCTCGGGGETCCCTGACCGAT TCTCTEGCTCC
AARGTCTGGCACCTCAGCUTCCCTGGCCATCAGTGEGCTCCAGTCTCAGGATGAGGCTGATTATTACT
GTGCAGCATGGGATGAAAGCCTGAATGGETCAGGTCTITCGGAACTEGGACCAAGGTCACCGTCCTAG

Table 7B. #P1-2A11 Variable Region amino acid sequences

Yy chain of #P1-2A11 VH AGHV3-23*04 F) (SEQ ID NG:26)
EVQLVESGGEVVOPGRELRLSCAASGFTFSSYAMEWVROAPCGKGLEWVSAL SGEGGETYYADSVKER
FTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDWGLVQLESGYDYWGOGTLVIVSES

Vi chain of #P1-2A11 VE JGLV1-50%01) (SEQ ID NG:28)
QSVLTQPPSVEGAPGORVTISCTGSSENIGAGYDVHWYQQLPGKAPKLLIYDNTNRPESGVPDRFEGS
KSGTSASLATSGLOSEDEADYYCAAWDES LNGQVEGTGTRKVTVL

Table 8A, #P4-2F1 Variable Region nucleic acid sequences

Vi cham of #P4-2F1 VH (IGHV4-4*02) (SEQ ID NGO:29)
CAGGTACAGCTGCAGCAGTCAGGCCCAGGACTGGTGAAGCCTTCEGGGEACCCTGTCCCTCACCTECG
CTGTCTCTGETGCOTCCATCAGCAGTAGTCACTCGGETGGAGTTGGEET COGCCAGGTCCCAGGGAAGEG
GCTGCAGTGEATTGAGCGARATCTATCACAGTGEGECAGTCCCAACTACAACCCETCCCTCAGRAGTIGA
GTCACCATATCAGTAGACAAGTCGAAGAACCAGTTCTCCCTOAAGCTGAGCTCTATGACCECCGCES
ACACGGCCGTCTATTACTETECCGAGAGAAAGAGTTGCTCCTACAGTAGACGETCCTTTTGATGTCTG
GGGCCAAGGGACAATGETCACCGTCTCCTCAG

V. chain of # P4-2F1 VL (IGKV-39*01) (SEG ID NO:31)

GACATCGTGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACCATCACTT
GCCGGGCAAGTCACGAGCATTACCACCTATTTAAATTGGTATCAGCAGAAACCAGGGAAAGTCCCTAA
GCTCCTEATCTATGCTGCATCCAGTTTGCAAAGT GGEETCCCATCAAGGTT CAGTGGCAGTGGATCT
GGGACAGAATTCACTCTCACTATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTATTGTCARD
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AGGCCAGCAGTTTCCCTCTCACTTTCGCCGCGAGGGACCAAGETGCATCTCARAC

Table 8B. #P4-2F1 Variable Region amino acid sequences

Vi chatn of #P4-2F1 VH (IGHV4-4%02) (SEQ [T NO:30)
QVQLOQSGPELVKPESETLELTCAVSGES I SSEDWWSWVRQVPGKCGLEN IGET YHSGS PNYNPSLRGR
VTISVDRSKNQFSLKLSSVTAADTAVYYCARERVAPTVDGAFDVHGOGETMVTVSS

V1 chain of #P4-2F1 VL (IGKV1-39*01 F) (8EQ ID NO:32)
DIVMIQSPSSLSASVGDRVTITCRASCSITTYLNWYQQKPGKAPKLLIYAASSLOSGVPSRFSGEGS
CTEFTLTISSLOPEDFATYYCQQASSFRPLTFGGGTKVDLK

Table 9A. #T1-3G7 Yariable Region nucleic acid sequences

Vy chain of #T1-3G7 VH (IGHVS-51*01) (SEQ 1D NO:33)
GAGGTGCAGCTGGETGCAGTCTGGAGUTGAGGTGAAAAAGCCCGGEGGAGTCTCTGAAGATOTCCTGETA
AGGETTCEGCATACAGCTTTACCAACTACTGGATCGGCTGEGETECGCCAGATGCCCEGGAARGECCT
GGAGTGGATTGGGATCATCTATCCTGGTGACTLTGATACCAGATACAGCLCGTCCTTCCAAGGECAG
GTCACCATCTCAGCCGACAAGTCCACCAGCACTECCTACCTGCAGTGGAGCAGCOTGAAGGCITCGG
ACACCOCCATETATTACTGTECGAGCGATAARGAGTTACTATCATAGTAGTGGTTATTACCTCTGGEG
CCAGGGAACCCTEETCACCGTCTCCTCAG

- @

Vi chain of #T1-3G7 VL AGLV3-21*02) (SEQ 1D NO:35)
CAGTCTGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGCGACAGACGECCAGCATAACCTETY
CGGGAAACAACATTGGGAGTAARAGTCTGCACTGETACCAGCAGRAGCCAGGCCAGGCCCCTGTC
GGTCGTCTATGATGATAGCGACCGGUCCTCAGGGATCCOTGAGCGATTCTCTGGCTCCAACTCTGE
AACACGGCCACCCTGACCATCAGCAGGGTCGAAGUCGGGGATGAGGCCGACTATTACTGTCAGGTGT
GGGATAGTAGTAGTGAAGAGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG

[&]

w3

Table 9B, #T1-3G7 Yariable Region amino acid scquences

Vi chain of #T1-3G7 VH (IGHVS-51*01) (SEQ 1D NG:34)

EVOLVOSGARVKRKPGESLKI SCKGSCYSFTNYW I GWVEQMPGRKGLEWIGI IYPGDSDTRYSPSFQG
VTISADKSTSTAYLOWSSLKASDTAMYYCARIKSYYDSSGYYLWGQGTLVTVSS

V), chain of #T1-3G7 VL (IGLV3-21%02) {SEQ ID NO:36)
QSVLTQPPSVSVAPGQTAS ITCCONNIGSKSVHWYQQKPGQAPVLVVYDDSDRESGIPERFSGSNSS
NTATLTISRVEAGDEADYYCQOVWDSSSEEVFGGGTKLTVL

Table 10A. #TT1-3C6 (also #E1-3F6) Variable Region nucleie acid sequences

Vy cham of #1'T1-3C6 VH (IGHV3-23*04) (SEQ ID NG:37)
GAGGTGCAGCTGETECAGTCTGGGEEAGGECTTEGTACAGOCTGERGEGETCCCTEAGACTCTCCTGTG
CAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGECT
GGAGTGGOETCTCAGCTATTAGTCCTAGTGGTCETAGCACATACTACGCAGACTCCGTGAAGCEC TGS
TTCACCATCTCCAGAGACRATTCCARGAACACGCTGTATCTGCARATGRAACAGCCTGAGAGCCGACG
ACACGGCTGTCTATTACTGTGCCAGAAGGGEETTCATGGACGTCTGEECCAAAGGCACCCTEGTCAC
GTCTCCTCAG

il
&

(9]

V1. chain of #TT1-3C6 VL AGLV3-19%01) (SEGQ ID NO:39)
TCTTCTGAGCTGACTCAGCACCCTCCTGTCTCTGTGGCCTTGGGACAGACAGTCACCATCACATGCC
BAGGAGACATCCTCGAAGCCTATTATGCAAGTTGETACCAGCAGAGGCCAGGACAGGCCCCTGTECT
TGTCATCTATGGCGAAARCAACCGGCCCTCAGGGATCCCAGACCGEGTTCTCTGGCTCCAGETCAGRA
AACACAGCCTCCTTGACCATCACTGGEGCTCAGGUGGAAGATGAGGCTGACTATTATTGTAACTCTC
CGGACAGCAGTGCETAGCCATCTCGTATTCGECGCAGGGACCAAGATGACCETCCTGE

Table 16B. #TT1-3C6 {(also #E1-3F6)Variable Region amino acid sequences
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Vu chain of #T71-3C6 VH JGHV3-23*04) (SEQ 1D NO:38)
EVOLVQSGGCELVOPGGSLRLSCAASCGFTFSSYAMSWVROAPGKGLEWVSAT SGESGGSTYYADSVKGR
FTISRDNSKNTLYLOMNSLRADDTAVYYCARRGFMDVWEKGTLVIVSS

Vi, cham of #T7T1-3C6 VL JGLV3-19*01) (SEQ ID NO:40)
SSELTQDPAVSVALGQTVTITCOGD ILEAYYASWYQQRPGQAPVLY IYGENNRPSGIPDRFSGERSG
NTASLTITGAQAEDEADYYCNSRDSSESHVVFGGETKMTVL

Table 11 A, #TT1-3C8 Variable Region nucleit acid sequences

Vy chaim of #TT1-3C8 VH (IGHV23-23%04) (SEQ 1D NO:41)
CAGGTGCAGCTGGETGCAGTCTGECGGAGGCTTEGTACAGCCTGEGGGETCCOTCAGACTOTCCTETG
CAGCCTCTGEATTCACCTTTAACAGCTT TECCATGACCTEGETCCGCUAGEUTCUAGGRAAGEEECT
GGAGTGGETCTCAGGTATTAGTGGTAGTGETGGTAGCACATACTACGCAGALTCCGTGAAGGGCLGG
TTCACCATCTCCAGAGACAATTCCARGAACACGCTGTATCTGCARATGAACAGCCTGAGAGCCGAGS

ACACGGCCGTATATTACTGTGCGAAAGGGCACGCTTTTGATATCTGGGGUCAAGGGACCACGGETCAC
CGTCTCCTCAG

V1 chain of #TT1-3C8 VL JGKV2D-29*01) (SEQ 1D NO:43)
GACATCGTGATGACCCAGTCTCCACTCTCTCTGTCCGTCACCCOTGGECAGTCAGCCTCCATCT T
GCARGTCTAGTCAGAGCCTCCTGCATAGTGATGGAAAGACCTATTTGTATTGGTACCTGCAGRAGCC
AGGCCAGCCTCCACRAACTCCTCATCTATCAACTTTCCAACCGCTTCTCTGCAGTGCCAGATAGGTTC
AGTGGCAGCGGGTCAGGGACAGATTTCACACTGAARAATCAGCICGGGTGGAGGCTGAGGATGETTGGGEG
TTTATTACTGCATGCAAAGTATACAGCTTCCTCTCACTTTCGECGGAGGGACCAAGGTGCAGATCAA
AC

Table 11B. #TT1-3C8 Variable Region amine acid sequences

Vyu chain of #TT1-3C8 VH (IGHV3-23%04) (SEQ ID NC:42)
QVQLVOSECELVQPGESLRLECALASGFTFNSFAMTHVRQAPCGKGLEWVSG I SGSGGSTYYADS VKGR
FTISRDNSKNTLYLOMNSLRAEDTAVY YCAKGHAFD IWGQGTTVIVSS

Vi, chain of #TT1-3C8 VL (AGKV2D-29*01) (SEQ 1D NO:44)
DIVMTIQSPLSLSVIPGCPAS ISCKSSQSLLESDGKTYLYWYLOKPGOPPQLLIYEVENRFSGVPDRE
SGSGSETDFTLKISRVEAEDVEVYYCMQS IQLPLTFGGGTKVEIK

Vi chain of #T71-3F3 VH ({GHVY3-23*04) (SEQ 1D NO:45)

CAGGTGCAGCTGGTGCACTCTGGEGGGAGGCTTGOTACAGCCTGAGGGGETCCOTGAGACTCTCCTETG
CAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCT
GGAGTGGGTCTCAGCTATTAGTGCTAGTGGTGGTAGCACATACTACGCAGACTCCGTGAAGGGCLGG
TTCACCATCTCCAGAGACAATTCCAAGAACACGUTGTATCTGCARATGAACAGCUITGAGAGCCGAGG
ACACGGCTGTGTATTACTGTGCGAAAGATARAGGETGGEGGCTTCCGACCCUTGGGEGCCAGGGAACCCT

GCGTCACCETCTCOTCAG

Vy, chain of #TT1-3F3 VL dGLV6-57%01) (SEQ ID NO:47)
AATTTTATGCTGACTCACGCCCCACTCTETGTCGGAGTCTCCGGGGEAAGACGGTAACCATCTCCTGCA
CCCGCAGCAGTGGCAGCATTGCCAGCAACTATGTGCAGTGGTACCAGCAGCGCCCGGGCAGTTCCCC
CACCACTGTGATCTATGAGGATAACCARAGACCCTCTGGGGTCCCTGATCGETTCTCTGGCTCCATC
GACAGCTCOTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACT
ACTGTCAGTCTITATGATAGTACCTCTCATGTCTTCGGAACTGGEACCCAGGTCACCGTCCTAG

Table 128, #TT1-3F5 Variable Region amine acid sequences
Vi chain of #TT1-3F5 VH (JGHV3-23*04) (SEQ 1D NO:46)
QVOLVQSGEGCLVOPGESLRLSCAASGFTFSSYAMSWVROAPGKGLEWVSAI SGSGGSTYYADSVKGR
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ETISRDNSKNTLYLOMNSLRAEDTAVYYCAKDKGGCFDPWGOGTLVIVSS

V1. chain of #TT1-3F5 VL (IGLYV6-57*01) (SEQ 1D NO:48)
NFMLTQPHSVSESPGKTVTISCTRSSGS TASNYVVOWYQURPGSSPTTVIVEDNQR PSGVPDRFSGS T
DSSSNSASLTISGLKTEDEADYYCQSYDSTSHVFETGTQVTVL

Table 13A. #TT5-3E2 Variable Region nueleic acid sequences

Vy chain of #TTS-3E2 VH (IGHV5-51*01) (SEQ 1D NO:4%
GAGGTGCAGCTAETGCAGTCTECAGCAGAGETGAAAAAGCCUGEGGAGTCTCTGRAGATCTCOTGTA
AGCETTCTECATACACCTTTACCAACTACTECGATCGCITECETGCCCCAGATECCCGCEARAGECCT
GGAGTGGGETGGGGATCATCTATCCTGGTGACTCTGATACCAGATACAGCCCETCCTTCCAAGGCCAG
GTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTECAGTGCAGCAGCCTGAAGECCTCGG
ACACCGCCATGTATTACTGTGCGAGACCAGEGTATTACTATAGTTCGGGGAGTTATTATAACGTTGA
CTACTGGEGCCAGCECACCCTEETCACCETCTCCTCAG

=

Yy, chain of #TT3-3E2 VL AGLV3-1*01) (SEQ ID NO:51)
CAGCCTGGGCTGACTCAGCCACCCTCAGTGTCCGTETCCCCAGGACAGACAGCCAGCATCACCTGCT
CTGGAGATGAATTGCCGGATAAATTTGCTTTCTGETATCAACAARAGCCAGGCCAGTCCCCTGTGECT
GGTCATCTATCARGATAGTAAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCATCTCTGGG
ARCACGGCCACCCTGACTATCAGCAGGGTCGAGGCCGGAGATGAGGCCGACTATTTCTGTCAGGTGT
GOGATAGCAATGGTGGTCCCCCATTCGOGAGAGGHACCAAGCTGACCGTCCTAG

Table 13B. #TT5-3E2 Variable Region amino acid sequences

Vi chain of #TT5-3E2 VH (IGHVY5-51%01) (SEQ 1D NO:30)
EVOLVQSGAEVKKPGESLKISCKGSGYSFTNYWIGWVRQMPGKGLEWVG I I YPGDSDTRY SPSFQG(
VTISADKSISTAYLOWSSLKASDTAMY YCARPGY YYGEGSYYNVDYWGECGTLVTVSS

Vi chain of #TTS-3E2 VL (IGLV3-1*01) (SEQ ID NO:52)
QPGLTQPPSVEVSPGQTASITCSGDELGDKFAFWYQQKPGUSPVLVIYIDSKRPSGIPERFSGSISG
NTATLTISRVEAGDEADYFCQVWDSNGGPPFGRGTKLTVL

[6647] The huGTTR antibodies described herein bind to GITR. In one aspect, the
huGITR antibodies have high affimity and high specificity for GITR. In another aspect, the
huGITR antibodies can bind the GITR receptor and prevent, mhibit, or block the ligand
GITR-L from binding its receptor GITR.

Table 14. Aming Acid Sequences of Heavy and Light Chains.

Variabl
Antibody | orr8vse CDRL CDR2 CDR3
region
LSWNTGRY
o AKGSALGLVGWEDA
HE1-2B2 VH (SEQ 1D e
o 54) (S8BQ ID NO:55)
° NSCDSSGDLL
HE1-3B4 VL (SEQ ID ,Dgg *gumo~5a)
NO:57) YRR AL B
HE1-3E5 TTRNSGRT | oo
T EMTGAYDI
(and #p2- | VH (SEQ ID | "end n mosell
2D12) NO:60) {SEQ ID NO:61)
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(SEQ ID

(SEQ ID

EQ ID NC:108

Y
/

E1-3ES 3 G }
# P S b wo: | (570 1o NSRDSSCGNHRF
- éé? o No:é?fl (SEQ ID NO:64)
GFTESSYA T5YDGENK -
HE1-3E9 VH (SEQ ID AKED{??“°GSN}
\;}q ce) {SEQ ID NO0:67)
NO:66)
RND o
HE1-3ES VL (SEQ 1B ffig 'chgJ7c)
NO:69) =45 -
BEL-3H7
{also TSESEEST —
¥E5-3B2 VH (SEQ ID %Efbléﬁ f17
and HETL- NO:72) (SEQ NO:73)
3B1}
#E1-3H7
{also NEN
#ér S - VPNIGSNP (§E~ . AAWDDSLDGLY
oTeme Y (88Q 1D e (SEQ ID NO:76)
and HETL- NO:75)
‘“ NO:74) ’
3B1}
GYTFTSYY INPEGAST o - s
HET1-3D6 | VH (SEQ 1D (sEQ 1p | PRERSSSWYGGDIWEDE
NO 77 NO:78) (SEQ ID NO:79)
SEDVGGYHY VS o
HETL-3D6 | VL {SEQ 1D (SEQ I SSYTSSSTVV
N 80) ﬁo o) (SEQ ID NO:82)
GYTFTSYG ISAYNGNT
wpT1-3m12 | vE (FQ 1D (qgg o ARDVHPLDIAVAADDYYYYGMDV
R B ﬁgfgit Jgjé4\' (SEQ ID NO:85)
SLTTNY GEN
NSRDSSGKHYV
1-3812 | VL 20 IT
HETL-3E12 (SEQ ID {SEQ ID NG:88)
AKDWGLVQLESGYDY
D1 -2A17 VE
#P1-2R11 | VH (SEQ ID NO:89)
4p1-2m11 | v ABRWDESLNGOV
A B NO:51) {SEQ ID NO:92)
TYHSGEPR
fome ARERVAPTYDGAFDY
p4a-2F1 VH SEQ ID
foa-2 éo~§4‘ (SEQ ID NO:95)
BAS .
ASSFPLT
#P4-2F1 | VL ) (SEQ ID guas )
NO:96) NO:97) (SEQ ID NO:93
GYSFTNYW IYPGDEDT ]
=2 ARIKSYYDSEGYYL
#T1-3G7 VH {8EQ ID SEQ ID - :
NO: 99) NO:100) (SEQ ID NO:101)
NIGSKS DDS R
HT1-307 VI (SEQ ID (8EQ ID QVADSSSE
T1-33G7 Tt (SEQ SkQ 11 (SEQ ID NO:104)
NO:102) UO-]OB) P A -
HITL-3C6 GFTESSYA ISGSGGST
- ) ARRGFMDV
{and VH {(SEQ ID QEO_ D 'qﬁg - 5:105)
#EL1-3F6) NO:65) NO:72) {BEQ ID NO:105
BTTL-3C6 | ILEAYY GEN NSRDSSGSHVY
( = (SEQ I
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HE1-3F6) NO:106) NG:107)
GFTFNSFA SGSGGST ——
TT1- VH /‘E 10 AKGHAFDI
#ITL-3C8 | VE e 1 (SEQ ID NO:110)
QSLLH MQS TQLPLT
2o T RRDIEY ol NN
HTT1-3C8 Via DJO:'?113 NO:112) (SEQ ID NO:1123}
GFTFSS ISGSGGST . _
HTTL-3FS | VH (SEQ 1I (SEQ ID AKDRGGGFDP .
NO:65) NO:72) (SEQ ID NO:114)
GSIAS EDH
HTT1-3F5 | VL (57Q T (SEQ 1D Q?fzsf%;;o 17
NO:115) NO:116) VU S T
GYSFTNYW TYPEDSDT . o
HTT5-3E2 | VH {SEQ ID (SEQ 1D Afr CYYICSGEYENVIY
NO:101) NO:118) (SEQ ID NO:113)
LGDKF DS T RS
BTTS5-3E2 | VL (svo 1D (SEQ 1D %fﬁ””fi’“]:?,_?m
WO:120) NG:121) (SEQ ID NO:122)
[0048] The present invention also features antibodies that have a specified percentage

identity or similarity to the amino acid or nucleotide sequences of the huGITR antibodies
described herein. For example, the antibodies may have 60% , 70%, 75%, 80%, 85%, 90%
919%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 9%, or higher identity when compared a
specified region or the full length of any one of the huGITR antibodies described herein.
Sequence identity or similarity to the nucleic acids and proteins of the present invention can
be determined by sequence comparison and/or alignment by methods known in the art. For
example, sequence comparison algorithms (i.e. BLAST or BLAST 2.0), manual alignment or
visual inspection can be uiilized o determine percent sequence identity or stmilarity for the
nucleic acids and protemns of the present invention.

[6049] As to amino acid sequences, one of skill in the art will readily recognize that
individual substitutions, deletions or additions to a nucleic acid, peptide, polypeptide, or
protein sequence which alters, adds, deletes, or substitutes a single amino acid or a small
percentage of amino acids in the encoded sequence is collectively referred to herein as a
“conservatively modified variant™. In some embodiments the alteration results in the
substitution of an amino acid with a chemically similar amino acid. Conservative substitulion
tables providing functionally simalar amino acids are well known in the art. Such
conservatively moditied vanants of the huGITR antibody disclosed herein may exhibit
increased cross-reactivity to GITR in comparison to an unmodified GITR antibody.

Anitbodies
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[6050] As used herein, the term "antibody" refers to immumnoglobulin molecules and
immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that
contan an antigen binding site that specifically binds (immunoreacts with) an antigen. By
“specifically binds™ or “immunoreacts with” is meant that the antibody reacts with one or
more antigenic determinants of the desired antigen and does not react with other
polypeptides. Antibodies include, but are not limited to, polyclonal, monoclonal, chimeric,
dAb (domain antibodv), single chain, Fas, Fap' and Fapy fragments, scFvs, and Fab expression
libraries.

[6051] A single chain Fv ("scFv") polypeptide molecule is a covalently linked Vi Vo
heterodimer, which can be expressed from a gene fusion including Vu- and Vi-encoding
genes linked by a peptide-encoding linker. (See Huston et al. (1988) Proc Nat Acad Sci USA
85(163:5879-5883). A nurnber of methods have been described to discern chemical structures
for converting the naturally aggregated, but chemically separated, light and heavy
polypeptide chains from an antibody V region info an scFv molecule, which will fold mio a
three dimensional structure substantially similar o the steucture of an antigen-binding site.
See, e.g., U.S. Palent Nos. 5,091,513, 5,132,403; and 4,946,778,

[0052 Very large naive human scFv libraries have been and can be created to offer a
large source of rearranged antibody genes against a plethora of target molecules. Smaller
libraries can be constructed from individuals with infectious diseases in order to 1solate
disease-specific antibodies. (See Barbas et al,, Proc. Natl. Acad. Sci. USA 89:9339-43
(1992} Zebedee et al., Proc. Natl. Acad. Sci. USA 89:3175-79 (1992)).

[8053] In general, antibody molecules obtained from humans relate to anv of the
classes T1g@G, TgM, IgA, IgE and gD, which differ from one another by the nature of the heavy
chain present in the molecule. Certain classes have subclasses as well, such as 1gGy, IgGa,
IgGs and [g2Gq and others. Furthermore, in humans, the light chain may be a kappa chain or a
lambda chain. The term "antigen-binding site,” or "binding portion” refers to the part of the
immunoglobulin molecule that participates in antigen binding. The antigen binding site is
formed by amino acid residues of the N-terminal variable ("V") regions of the heavy ("H")
and light ("L") chains. Three highly divergent stretches within the V regions of the heavy and
light chains, referred io as "hypervariable regions,” are interposed between more conserved
flanking stretches known as "framework regions," or "FRs". Thus, the term "FR" refers to
armino acid sequences which are naturally found between, and adjacent to, hvpervariable

regions In immunoglobuling. In an antibody molecule, the three hypervariable regions of a
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light chain and the three hypervariable regions of a heavy chain are disposed relative to each
other in three dimensional space to form an anfigen-binding surface. The antigen-binding
surface 1s complementary 1o the three-dimensional surface of a bound antigen, and the three
hypervariable regions of each of the heavy and light chains are referred to as
"complementarity-determining regions,” or "CDRs." VH and VL regions, which contain the
CDRs, of the scFv antibodies are shown in Tables1 A-Tablel3B.

[6054] As used herein, the term “epitope” includes any protein determinant capable of
specific binding to an immunoglobulin, a scFv, or a T-cell receptor. Epitopic determinants
usually consist of chemically acive surface groupings of molecules such as amino acids or
sugar side chains and usually have specific three dimensional structural characteristics, as
well as specific charge characteristics. For example, antibodies mav be raised against N-
terninal or C-terminal peptides of a polypeptide.

[0055] As used herein, the terms "immunological binding," and "imnunological
binding properties” refer io the non-covalent interactions of the tvpe which cccur between an
imgunaglobulin molecule and an antigen for which the immunoglobulin is specific. The
strength, or affinity of immunological binding interactions can be expressed in terms of the
dissociation constant (Kq) of the interaction, wherein a smaller Ka represents a greater
affinity. Immunological binding properties of selected polypeptides can be quantified using
methods well known 1n the art. One such method entails measuring the rates of antigen-
binding site/antigen complex formation and dissoctation, wherein those rates depend on the
concentrations of the complex partners, the affinity of the interaction, and geomeiric
parameters that equally influence the rate in both directions. Thus, both the "on rate constant”
(Kony and the "off rate constant" {Kogr} can be determined by calculation of the concentrations
and the actual rates of association and dissociation. {See Nature 361:186-87 (1993)). The
ratio of Kot /Kon enables the cancellation of all parameters not related to affinity, and is equal
to the dissociation constant Ka. (See, generally, Davies et al. (1990) Annual Rev Biochem
59:439-473). An antibody of the present invention is satd to specifically bind to a GITR
epitope when the equilibrium binding constant (Ka) ts 10 uM, preferably < 10 nM, more
preferably < 10 nM, and most preferably < 100 pM to about | pM, as measwred by assays
such as radioligand binding assays or similar assays known to those skilled in the art.

[6656] An GITR protein of the invention, or a derivative, fragment, analog, homolog
or ortholog thereof, may be utilized as an immunogen in the generation of antibodies that

immumnospecifically bind these protein components. A GITR protein or a derivative,
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fragment, analog, homolog, or ortholog thereof, coupled to a proteoliposome may be utilized
as an immunogen in the generation of antibodies that immunospecifically bind these protein
components.

[6657] Those skilled in the art will recognize that it ts possible to determine, without
undue experimentation, if a human monoclonal antibody has the same specificity as a human
monoclonal antibody of the invention by ascertaining whether the foriner prevents the latter
from binding to GITR. ¥ the hwman monoclonal antibody being tested competes with the
human monoclonal antibody of the invention, as shown by a decrease in binding by the
human monoclonal antibody of the invention, then it is likely that the two monocional
antibodies bind to the same, or to a closely related, epitope.

{6658} Another way to determine whether a human monoclonal antibody has the
specifictly of a hurnan monoclonal antibody of the invention is to pre-incubate the human
monaoclonal antibody of the invention with the GITR protein, with which it is normally
reactive, and then add the human monocltonal antibody being tested to determine if the human
maonoclonal antibody being tested is inhibited in 1ts ability {o bind GITR. If the human
monoclonal antibody being tested is inhibited then, 1o all hkelihood, it has the same, or
functionally equivalent, epitopic specificity as the monoclonal antibody of the invention.
Screening of human monoclonal antibodies of the mvention can be also carried out by
utilizing GITR and determining whether the test monoclonal antibody 1s able to neutralize
GITR.

[6059] Various procedures known within the art may be used for the production of
polyclonal or monoclonal antibodies directed against a protein of the invention, or against
derivatives, fragments, analogs homologs or orthologs thereof. (See. for example,
Antibodies: A Laboratorv Manual, Harlow E, and Lane D, 1988, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, incorporated herein by reference).

[66360] Antibodies can be purified by well-known techniques, such as affinity
chromatography using protein A or protein G, which provide prmarily the Ig(G fraction of
immune serum. Subsequently, or alternatively, the specific antigen which is the target of the
immunoglobulin sought, or an epitope thereof, may be immobilized on a column to purify the
impme specific antibody by immunoaffimty chromatography. Purification of
immunoglobulins 1s discussed, for example, by D. Wilkinson (The Scientist, published by

The Scientist, Inc., Philadelphia PA, Vol. 14, No. 8 (April 17, 2000}, pp. 25-28).
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[0061] The term "monoclonal antibody™ or “MAb” or "monoclonal antibody
compostiion”, as used herein, refers to a population of antibody molecules that contain only
one molecular species of antibody molecule consisting of a unique light chain gene product
and a unique heavy chain gene product. In particular, the complementariy determining
regions {CDRs) of the monoclonal antibody are identical in all the molecules of the
population. MADs contain an antigen binding site capable of immunoreacting with a
particular epitope of the antigen characterized by a unique binding affinity for it.

[6062] Monoclonal antibodies can be prepared using hybridoma methods, such as
those described by Kohler and Milstein, Natare, 256:495 (1975). In a hybridoma method, a
mouse, hamster, or other appropriate host animal, is typically immunized with an immunizing
agent to elicit lymphocytes that produce or are capable of producing antibodies that will
specifically bind to the immunizing agent. Alternatively, the lymphocytes can be immunized
in vitro.

[6663] The immumizing agent will typically include the protein antigen, a fragment
thereof or a fusion protein thereof. Generally, either peripheral blood tymphocytes are used if
cells of human origin are desired, or spleen cells or lvmph node cells are used if non-human
mammalian sources are desired. The lymphocytes are then fused with an immortalized cell
line using a suitable fusing agent, such as polyethviene glycol, to form a hybridoma cell

(Goding, Monoclonal Antibodies: Pringiples and Practice, Academic Press, (1986) pp.

59-103). Immortalized cell lines are usually transformed mammalian cells, particularly
myeloma cells of rodent, bovine and human origin. Usually, rat or mouse myeloma celi lines
are employed. The hybridoma cells can be cultured in a suitable culture medium that
preferably contains one or more substances that inhibit the growth or survival of the unfused,
immortalized cells, For example, if the parental cells lack the enzyme hypoxanthine guanine
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas
typically will include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which
substances prevent the growth of HGPRT-deficient cells.

[0064] Preferred immortalized cell lines are those that fuse efficiently, support stable
high level expression of antibody by the selected antibodv-producing celis, and are sensitive
to a medium such as HAT medium. More preferred immortalized cell lines are murine
myeloma lines, which can be obtained, for instance, from the Salk Institute Cell Distnibution
Center, San Diego, California and the American Type Culture Collection, Manassas,

Virginia. Human myeloma and mouse-human heteromyeloma cell lines also have been
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described for the production of human monoclonal antibodies. (See Kozbor, J. Immunol,,
133:3001 (1984); Brodeur et al., Monoclonal Antibody Production Technigues and
Apphcations, Marcel Dekker, Inc., New York, (1987) pp. 51-63)).

[6665] The culture medium in which the hybridoma cells are cultured can then be
assayed [or the presence of monoclonal antibodies directed against the antigen. Preflerably,
the binding specificity of monoclonal antibodies produced by the hybridoma cells is
deternuned by immunoprecipitation or by an iz virro binding assay, such as
radioimmunoassay (RIA) or enzyme-linked imymunoabsorbent assay (ELISA). Such
techniques and assays are known i the art. The binding affinity of the monoclonal antibody
can, for example, be determined by the Scatchard analysis of Munson and Pollard, Anal.
Biochem., 107:220 (1980}). Moreover, in therapeutic applications of monoclonal antibodies,
it is important 1o identify antibodies having a high degree of specificity and a high binding
affinity for the target antigen.

[4066] After the desired hybridoma cells are identified, the ciones can be subcloned
by limiting dilstion procedures and grown by standard methods. (See Goding, Monoclonal

Aniutbodies: Principles and Practice, Academic Press, (1986) pp. 59-103). Suitable culture

media for this purpose mclude, for example, Dulbecco’s Modified Eagle's Medium and
RPMI-1640 medium. Alternatively, the hybridoma cells can be grown in vive as ascites in a
manmmal.

[(067] The monoclonal antibodies secreted by the subclones can be isolated or
purified from the culture medium or ascites fluid by conventional immunoglobulin
purification procedures such as, for example, protein A-Sepharose, hvdroxylapatite
chromatography. gel electrophoresis, dialysis, or affinity chromatography.

[0068] Monoclonal antibodies can also be made by recombinant DNA methods, such
as those described in U.S. Patent No. 4,816,567, DNA encoding the monoclonal antibodies
of the invention can be readily isolated and sequenced using conventional procedures {e.g.,
by using cligonucleotide probes that are capable of binding specifically to genes encoding the
heavy and light chains of nwrine antibodies). The hybridoma cells of the invention serve as a
preferred source of such DNA. Once isolated, the DNA can be placed into expression
vectors, which are then transfected into host cells such as simian COS cells, Chinese hamster
ovary (CHO) cells, or myveloma cells that do not otherwise produce imununoglobulin protein,
to obtain the synthesis of monoclonal antibodies in the recombinant host celis. The DNA

also can be modified, for example, by substituting the coding sequence for human heavy and
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light chain constant domains in place of the homologous murine sequences (see U.S. Patent
No. 4,816,567, Morrison, Nature 368, 312-13 (1994)) or by covalently joining 1o the
immunoglobulin coding sequence all or part of the coding sequence for a
non-tmmunogiobulin polypeptide. Such a non-immunoglobulin polypeptide can be
substituted for the constant domains of an antibody of the invention, or can be substituted for
the vartable domains of one antigen-combining site of an antibody of the invention 1o create a
chimeric bivalent antibody.

[0669] Fully human antibodies are antibody molecules in which the entire sequence
of both the light chain and the heavy chain, including the CDRs, arise from human genes.
Such antibodies are termed “humanized antibodies”, “human antibodies”, or “fully human
antibodies” herein. Human monoclonal antibodies can be prepared by using trioma
technique; the human B-cell hybridoma technique (see Kozbor, et al., 1983 Immunol Today
4: 72): and the EBV hybridoma technique to produce human monoclonal antibodies (see
Cole, et al., 1985 In: MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R. Liss, In¢.,
pp. 77-96). Human monoclional antibodies may be utilized and may be produced by using
human hybridomas (see Cote, et al., 1983, Proc Natl Acad Sci USA 80: 2026-2030) or by
transforming human B-cells with Epstein Barr Virus i vitro (see Cole, et al., 1985 In:
MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc., pp. 77-96).

[6670] n addiiion, human antibodies can also be produced using additional
techniques. including phage display Iibraries. {See Hoogenboom and Winter, 3. Mol. Biol,,
227:381 (1991); Marks et al , . Mol. Biol., 222:581 (1991)). Similarly, human antibodies
can be made by introducing human immunoglobulin loci into transgenic animals, e.g., mice
in which the endogenous immunoglobulin genes have been partially or completely
inactivated. Upon challenge, human antibody production is observed, which closely
resembles that seen in humans in all respects, including gene rearrangement, assembly, and
antibody repertoire. This approach is described, for example, in U.S. Patent Nos. 3,545,807,
5,545,806, 5,569,825, 5,625,126; 5,633,425, 5,661,016, and in Marks et al., Bio/Technology
10, 779-783 (1992); Lonberg et al., Nature 368 856-859 {1994); Morrison, Nature 368,
812-13 (1994); Fishwild et al, Nature Biotechnology 14, 845-51 (1996); Neuberger, Nature
Biotechnology 14, 826 (1996); and Lonberg and Huszar, Intemn. Rev. Immunel. 13 65-93
(19953).

[6671] Human antibodies may additionally be produced using transgenic nonhuman

animals which are modified so as to produce fully human antibodies rather than the animal’s
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endogenous antibodies in response o challenge by an antigen. (See PCT publication
W(94/02602). The endogenous genes encoding the heavy and light immunoglobulin chains
in the nonhuman host have been incapacitated, and active loci encoding human heavy and
light chain immunoglobulins are inserted into the host’s genome. The human genes are
incorporated, for example, using yeast artificial chromosomes containing the requisite human
DNA segments. An animal which provides ali the desired modifications is then obtained as
progeny by crossbreeding intermediate transgenic animals containing fewer than the full
complement of the modifications. The preferred embodiment of such a nonhuman animal is
a mouse, and is termed the Xenomouse™ as disclosed in PCT publications WO 96/33733
and WO 96/34096. This animal produces B cells which secrete fully human
immunoglobulins. The anttbodies can be obtained directly from the animal after
immunization with an tmmunogen of inferest, as, for example, a preparation of a polyctonal
antibody, or altematively from iromortalized B cells derived from the animal, such as
hybridomas producing monoclonal antibodies. Additionaily, the genes encoding the
imiunaglobuling with human variable regions can be recovered and expressed to obtain the
antibodies directly, or can be further modified to obtain analogs of antibodies such as, for
example, single chain Fv (scFv) molecules.

[6672] An example of a method of preducing a nonhuman host, exemplified as a
mouse, facking expression of an endogenous immmunoglobulin heavy chain 1s disclosed in
UJ.S. Patent No. 5,939,598, 1t can be obiained by a method, which includes deleting the ¥
segment genes from at least one endogenous heavy chain locus in an embryonic stem cell to
prevent rearrangement of the locus and to prevent formation of a transcript of a rearranged
immumoglobulin heavy chain locus, the deletion being effected by a targeting vector
containing a gene encoding a selectable marker; and producing from the embryonic stem cell
a transgenic mouse whose somatic and germ cells contain the gene encoding the selectable
marker.

[6673] One method for producing an antibody of interest, such as a human antibody,
is disclosed in U.S. Patent No. 5,916,771, This method includes introducing an expression
vector that contains a nucleotide sequence encoding a heavy chain into one mammalian host
cedl in culture, introducing an expression vector containing a nucleotide sequence encoding a
light chain into another mammalian host cell, and fusing the two cells to form a hybrid cell.

The hybrid cell expresses an antibody containing the heavy chain and the light chain,
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[0074] In a further improvement on this procedure, a method for identifying a
clinically relevant epitope on an immunogen and a correlative method for selecting an
antibody that binds inwnunospeafically to the relevant epitope with high affinity, are
disclosed in PCT publication WO 99/53049.

[6675] The antibody can be expressed by a vector containing a DNA segment
encoding the single chain antibody described above.

[6376] These can include vectors, liposomes, naked DNA, adjuvant-assisted DNA,
gene pun, catheters, erc. Vectors include chemical conjugates such as described in WO
93/64701, which has targeting motety {e.g. a ligand to a cellular surface receptor), and a
nucleic acid binding motety {e.g. polvlysine), viral vector {e.g. a DNA or RNA viral vector),
fusion proteins such as described in PCT/US 95/02140 (WO 95/22618) which is a fusion
protein containing a target moiety {e.g. an antibody specific for a target cell) and a nucleic
actd binding motety {e.g. a protamine), plasimids, phage, etc. The vectors can be
chromosomal, non-chromosomal or svnthetic.

[6677] Preferred vectors include viral vectors, fusion proteins and chemical
conjugates. Retroviral vectors mclude moloney murine leukemia viruses. DNA viral vectors
are preferred. These vectors include pox vectors such as orthopox or avipox vectors,
herpesvirus vectors such as a herpes simplex I virus (HSV) vector {see Geller, A. L etal., J.
Newrochem, 64:487 (1995); Lim, F, et al., m DNA Cloning: Mammalian Systems, D.
Glover, Ed {Oxford Univ. Press, Oxford England) {1995); Geller, A. 1. et al., Proc Natl.
Acad. Sci: US A 90:7603 (1993); Geller, A. 1., et al., Proc Natl. Acad Sci USA 87:1149
(19903, Adenovirus Vectors (see LeGal LaSalle et al | Science, 259:988 (1993); Davidson, et
al., Nat. Genet 3:219 (1993); Yang, et al., J. Virol. 69:2004 (1995) and Adeno-associated
Virus Vectors {see Kaplitt, M. G.. et al., Nat. Genet. 8:148 (1994).

[6678] Pox viral vectors introduce the gene into the cells cytoplasm. Avipox virus
vectors resull in only a short term expression of the nucleic acid. Adenovirus vectors, adeno-
associated virus vectors and herpes simplex virus (HSV) vectors are preferred for infroducing
the nucleic acid into neural cells. The adenovirus vector resulis in a shorter term expression
{about 2 months) than adeno-associated virus (about 4 months), which in turn is shorter than
HSV vectors. The pariicular vector chosen will depend upon the target cell and the condition
being treated. The introduction can be by standard techniques, e. g infection, transfection,

transduction or transtormation. Examples of modes of gene transfer include e.g., naked DNA,
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CaPQu precipitation, DEAE dextran, electroporation, protoplast fusion, lipofection, cell
microinjection, and viral vectors.

[6679] The vector can be emploved to target essentially any desired target cell. For
example, stereotaxic injection can be used to direct the vectors {e.g. adenovirus, HSV) to a
desired location. Additionally, the particles can be delivered by intracerebroventricular {icv)
infusion using a minipwmnyp infusion system, such as a SynchroMed Infusion System. A
method based on bulk flow, termed convection, has also proven effective at delivering large
molecules to extended areas of the brain and may be useful in delivering the vector to the
target cell, (See Bobo et al, Proc. Natl, Acad. Sci. USA 91:2076-2080 (1994}; Morrison et
al., Am. J. Physiol. 266:292-305 (1994)). Other methods that can be used include catheters,
intravenous, parenteral, intraperitoneal and subcutaneous mjection, and oral or other known
routes of administration.

[6080] These vectors can be used to express large quantities of antibodies that can be
used in a variety of ways. For example, to detect the presence of GITR in a sample. The
antibody can also be used to try to bind to and disrupt a GITR activity.

[6081] Techniques can be adapted for the production of single-chain antibodies
specific to an antigenic protein of the invention (see e.g., U.S. Patent No. 4,946,778). In
addition, methods can be adapted for the construction of Fay expression libraries (see e g.,
Huse, ef al., 1989 Science 246; 1275-1281}) to allow rapid and elfective identification of
monaclonal Fas fragments with the desired specificity for a protein or derivatives, fragments,
analogs or homologs thereof. Antibody fragments that contain the idiotypes to a protein
antigen may be produced by techniques known in the art including, bt not limited to: (i) an
Fevy fragment produced by pepsin digestion of an antibody molecule; (i) an Fa fragment
generated by reducing the disulfide bridges of an Fiapyz fragment; (ii1) an Fas fragment
generated by the treatment of the antibody molecule with papain and a reducing agent and
(iv) Fv fragments.

[0082] Heteroconjugate antibodies are also within the scope of the present mvention.
Heteroconjugate antibodies are composed of two covalently joined antibodies. Such
antibodies have, for example, been proposed to targst immune system celis to unwanted cells
(see U.S. Patent No. 4,676,980}, and for treatment of HIV infection (see WO 91/00360, WO
92/200373; EP (03089). It 1s contemplated that the antibodies can be prepared in vitro using
known methods in synthetic protein chemistry, including these invelving crosslinking agents.

For example, immunotoxins can be constructed using a disulfide exchange reaction or by
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forming a thioether bond. Examples of suitable reagents for this purpose include
iminothiolate and methyl-4-mercapiobutyrimidate and those disclosed, for example, m US.
Patent No. 4,676,980.

[6083] It can be desirable to modify the antibody of the invention with respect to
effector function, so as to enhance, e.g., the effectiveness of the anfibody in {reating cancer.
For example, cysteine residue(s) can be introduced into the Fe region, thereby allowing
interchain disulfide bond formation in this region. The homodimeric antibody thus generated
can have improved internalization capability and/or increased complement-mediated cell
killing and antibody-dependent celfular cytotoxicity (ADCC). (See Caron et al., J. Exp Med.,
176: 1191-1195 (1992) and Shopes, J. Immunol.,, 148: 2918-2922 (1992)). Alternatively, an
antibody can be engineered that has dual Fc regions and can thereby have enhanced
complement lyvsis and ADCC capabilities. {See Stevenson et al., Anti-Cancer Drug Design,
3:219-230 (1989)).

[6084] In certain embodiments, an antibody of the invention may comprise an Fo
variant comprising an aming acid substitution which aliers the antigen-independant effector
functions of the antibody, 1o particufar the circulating half-iife of the antibody. Such
antibodies exhibil either increased or decreased binding to FoRn when compared to
antibodies lacking these substitunions, theretore, have an increased or decreased half-hife m
serum, respectively. Fo varants with improved affinity for FoBa are anficipated to have
fonger serurn half-lives, and soch molecules bave usefud applications iy wethods of treativg
marnmals where long half-life of the administered antibody is desired, 2.3, to treat a chronic
disease or disorder. In contrast, Fc variants with decreased FeRn binding affinily are expected
to have shorter halt-lives, and such roolecoles are also useful, for example, for administration
to a mammmal where a shortened circulation time may be advantageous, e.g for in vivo
diagnostic imaging or in situations where the starting antibody has toxic side effects when
present in the circulation for prolonged periods. Fo variants with decreased FeRn binding
affiotly are also less kely 1o cross the placenta and, thus, are also nseful iv the treatment of
diseases or disorders in pregnant women. In addition, other applications in which reduced
FeRu binding affintly mav be desired include those applications in siuch localization to the
brain, kidney, and/or liver is deaired. In one exemplary embodiment, the altered antibodies of
the mvention exhabil reduced transport across the epitheliwm of Kidney glomeruli from the
vasculaturs. T another embodiment, the altered antibodies of the invention exhibit reduged

transport across the blood bram barrier (BBB) from the bramn, into the vascular space. In one
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embodiment, an antibody with altered FcRa binding comprises an Fc domain having ons or
more asvane acld substitutions within the "FeRa binding loop” of an Fo domain. The FeRp
hinding loop 5 comprised of amino acd residugs 280-299 (according to EL numbenng).
Exemplary armino acid substitutions which altered FcRn binding activity are disclosed in
Infernational PUT Publication No, WO(5/047327 which is incorporated by reference herein.
tn certain exemplary embodiments, the antibodies, or fragments thereof, of the invention
comprise an Fo domain having one or more of the followmyg substitutions: V284E, H283E,
M2EGD, K290E and S3040 {BU numbering}.
[0085] In some embodiments, mutations are introduced to the constant regions of the
mAb such that the antibody dependent cell-mediated cviotoxicity (ADCC) activity of the

Ab is altered. For example, the mutation is an LALA mutation in the CH2 domain. In one
aspect, the bsAb contains wutations on one scFv unit of the heterodimeric mAb, which
reduces the ADCC activity. In another aspect, the mAb contains nutations on both chains of
the heterodimeric mAb, which completely ablates the ADCC activity. For example, the
mutations introduced one or both scFv units of the mAb are LALA mutations in the CH2
domain. These mAbs with variable ADCC activity can be optimized such that the mAbs
exhibits maximal selective killing towards cells that express one antigen that 1s recognized by
the mAb, however exhibits nunimal killing towards the second antigen that 1s recognized by
the mAb.
[686] o other embodiments. aniibodies, for use 1o the diagnostie and treatroent
methods described herein have a constant region, eg., an IgG or 1G4 heavy chain constant
region, which ig alterad to reduce or eliminate glycoaylation. For example, an antibody of the
invention may also coruprise an Fo variant comprising an amine acid sobstitution which
alters the glveosylation of the antibody. For example, said Fo vanant may have reduced
glycosylation {g.z.. N- or O-linked giveosviation). In exemplary embodiments, the Fe variant
comprises reduced glveosvlation of the N-linked glycan normally found at amino acid
posttion 297 (B numbering}. Tn another ernbodiruent, the anéibody has an amino acid
substitution near or within a glycosviation motif, for example, an N-linked glveosviation
ot that contamns the amino acid sequence NXT or NXS. In a particolar embodiment, the
antibody comprises an Fo variant with an asano acid substitution al amine acid position 228
ar 299 (EU murobening). In woors particular erobodiments, the anutbody comprises an [gGl or

1G4 constant region comprising an S228P and a T299A mutation (EU numbering).
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[¢087] Exemplary amino acid substitulions which confer reduced or aliered
alveosyiation are disclosed i Infemational PCT Publication Mo, WO05/018572, which is
moorporated by reference heretn. In preferred embodiments, the antibodies, or fragments
therzof, of the invention are modified to eliminate glycosvlation. Such antibodies, or
fragments thereof, may be referrad to as "aghv" antibodiss, or fragments thereof, (e.g. "agly"
antibodies), While not being bound by theory, it is believed that "aghy® antibodies, or
fragments thereof, may have an improved safety and stability profile in vivo. Exemplary agly
antibodies, or fragments thereof, comprize an aglycosylated Fe region of an eG4 antibody
which ¢ devord of Fe-effector function thereby eliminating the potential for Fo mediated
toxioiy to the normal vital organs that express GITR. In vet other embodiments, antibodies,
or fragrents thereof, of the invention comprise an alterad glvean. For example, the antibody
may have a reduced mumber of fucose residuss on an N-glycan at Asn297 of the Fe region,
L8, is afucosylated. To gnother erobodiment, the antibody may have g altered nuraber of
stalic actd residues on the N-glycan at AsnZ97 of the Fe region. ury Covalent Attachnient
[(088] The invention also pertains to immunoconj ugates comprising an antibody
conjugated (o a cytoloxic agent such as a toxin {e.g., an enzymatically aciive toxin of
bacterial, fungal, plant, or animal origin, or fragments thereof), or a radioactive isotope (l.e.. a
radioconjugate).

[6089] Enzymatically active toxins and fragments thereof that can be used include
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPIH, and
PAP-8), momordica charantia inhibitor, curcin, crotin, sapaocnaria officinalis inhibitor,
gelonin, mitogellin, restrictocin, phenomycin, enomycin, and the tricothecenes. A variety of
radionuclides are available for the production of radioconjugated antibodies. Examples
include 2VBi, P11, Pln, **Y, and ¥°Re.

[6050] Conjugates of the antibody and cytotoxic agent are made using a variety of
bifunctional protein-coupling agents such as N-succinimidyi-3-(2-pyridyldithiol) propionate
(SPEP), iminothiolane (IT), bifunctional derivatives of imidoesters {such as dimethyl
adipimidate HCL), active esters (such as disuccinimidy! suberate), aldehydes (such as
glutareldehyde), bis-azido compounds (such as bis (p-azidobenzovi) hexanediamine),
bis-drazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),

diisocyanates (such as tolyene 2,6-dlisocyanate), and bis-active fluorme compounds (such as
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1,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as
described in Vitetta et al., Science 238: 1098 (1987). Carbon-~14-labeled
1-isothiocyanatobenzyl-3-methyldiethylene tnaminepentaacetic acd (MX-DTPA) is an
exemplary chelating agent for conjugation of radionucieotide to the antibody. (See
W094/11026).

[6691] Those of ordinary skill in the art will recognize that a large variety of possible
moieties can be coupled to the resultant antibodies or to other molecules of the invention.
(See, for example, "Conjugate Vaccines"”, Contributions to Microbiclogy and Immunology, J.
M. Cruse and R, E. Lewis, Jr (eds), Carger Press, New York, (1989}, the entire contents of
which are incorporated herein by reference).

[6692] Coupling may be accomplished by any chemical reaction that will bind the
two molecules so long as the antibody and the other molety retain their respective activiites.
This linkage can include many chemical mechanisms, for instance covalent binding, affinity
binding, intercalation, coordinate binding and complexation. The preferred binding is,
however, covalent binding Covalent binding can be achieved either by direct condensation of
existing side chains or by the incorporation of external bridging molecules. Many bivalent or
polyvalent linking agents are useful in coupling protein molecuies, such as the antibodies of
the present invention, to other molecules. For example, representative coupling agents can
include organic compounds such as thioesters, carbodiimides, succinimide esters,

diisocy anates, glutaraldehyde, diazobenzenes and hexamethylene diamines. This listing is not
intended to be exhaustive of the various classes of coupling agents known in the art but,
rather, is exemplary of the more common coupling agents. (See Killen and Lindstrom, Jour.
Imimen. 133:1335-2549 (1984); Jansen et al., Immmmological Reviews 62:185-216 (1982);
and Vitetta et al., Science 2381098 (1987)). Preferred linkers are described in the literature,
(See, for example, Ramakrishnan, S. et al., Cancer Res. 44:201-208 (1984) describing use of
MBS (M-maleimidobenzovl-N-hydroxysuccinimide ester). See aiso, U.S. Patent No.
5,030,719, describing use of halogenated acetyl hydrazide derivative coupled to an antibody
by way of an oligopeptide linker. Particularly preferred linkers include: (1) EDC (1-ethyl-3-
(3-dimethylamino-propyl} carbodiimide hydrochloride; (1) SMPT (4-

succinimidyloxy carbonyt-alpha-methyl-alpha-(2-pridyl-dithio)-toluene (Pierce Chem. Co.,
Cat. (21558G); (1) SPDP (succiminudyl-6 [3-(2~-pyridyldithio) propionanudoihexanocate
(Pierce Chem. Co., Cat #21631G); (iv) Sulfo-LC-SPDP (sulfosuccinimidy! 6 [3-(2-
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pyndyldithio}-propianamde] hexanoate (Pierce Chem. Co. Cat. #2165-0); and (v} sulfo-
NHS (N-hydroxysulfo-succimimide: Pierce Chem. Co., Cat. #24510) conjugated to EDC.
[0053] The linkers described above contain components that have different attributes,
thus leading to conjugates with differing physio-chemical properties. For example, sulfo-
NHS esters of alkyl carboxylates are more stable than sulfo-NHS esters of aromatic
carboxylates. NHS-ester containing linkers are less soluble than sulfo-NHS esters. Further,
the linker SMPT contains a sterically hindered disulfide bond, and can form conjugates with
increased stability. Disulfide linkages, are in general, less stable than other linkages because
the disulfide linkage is cleaved in vitro, resulting in less conjugate available. Sulfo-NHS, in
particular, can enhance the stability of carbodimide couplings. Carbodimide couplings {such
as EDC) when used in conjunction with sulfo-NHS, forms esters that are more resistant to
hydrolysis than the carbodimide coupling reaction alone.

[6094] The antibodies disclosed herein can also be formulated as immunoliposomes.
Liposomes containing the antibody are prepared by methods known in the art, such as
described in Epstein et al., Proc. Natl. Acad. Sci. USA, 82: 3688 (1985); Hwang et al., Proc
Natl Acad. Sci. USA, 77: 4030 (1980); and U.S. Pal. Nos. 4,483,045 and 4,544,545.
Liposomes with enhanced circulation tiroe are disclosed in U.S. Patent No. 5,013,556,
[6095] Particularly useful liposomes can be generated by the reverse-phase
evaporation method with a ipid composifion comprising phosphatidyicholineg, cholesterol,
and PEG-derivatized phosphatidylethanolanine (PEG-PE). Liposomes are extruded through
filters of definad pore size to vield liposomes with the desired diameter. Fab' fragments of
the antibody of the present invention can be conjugated to the liposomes as described in

Martin et al, J. Biol. Chem., 257: 286-288 {1982} via a disulfide-interchange reaction.

: Again A
[6096] Antibodies specifically binding a GITR protein or a fragment thereof of the
invention can be administered for the treatment a GITR associated disease or disorder. A
"GITR- assocated disease oy disorder” ncludes disease states and/or symploms associated
with a disease state, where increasad levels of GITR and/or activation of celiular signaling
pathways wvolving GITR are found. Exemplary GITR-associated disgase or disorder include,
but are not lmited to, cancer and imflammatory diseases.

[6697] Many cancers overexpress GITR and the upregulation of GITR 1s associated
with high risk prognostic factors. Overexpression of GITR or its hgand, GITR-L, in tumeor

cells can also indicate a mechanism by which the tumor cells evade anti-tumor immumnily.
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Such cancers include solid tumor and hematologic tumor. Use of the antibody of the
invention suppress or deplete Tregs and stimulate Teffs. Tn addition, the antibodies of the
invention and mcrease the toxiaty of NK cells and increase IFNy production.

[6098] Antibodies of the mvention, including bi-specific, poly clonal, monocional,
humanized and fully human anitbodies, may be used as therapeutic agents. Such agents will
generally be employed to treat or prevent cancer in a subject, increase vaccine efficiency or
augment a natural immune response. An antibody preparation, preferably one having high
specificity and high affinity for its target antigen, is administered to the subject and will
generally have an effect due to its binding with the target. Administration of the antibody
may abrogate or inhibit or interfere with an activity of the GITR protein.

[6699] Antibodies specifically binding a GITR protein or fragment thereof of the
invention can be administered for the treatment of a cancer in the form of pharmaceuticat
composttions. Principles and considerations involved in preparing therapeutic compositions
comprising the antibody, as well as guidance in the choice of componenis are provided, for
example, in Remington: The Science And Practice Of Pharmacy 19th ed. (Alfonso R
Gennaro, et al., editors) Mack Pub. Co., Easton, Pa., 1995; Drug Absorption Enhancement:
Concepts, Possibilities, Linmtations, And Trends, Harwood Academic Publishers, Langhome,
Pa., 1994; and Peptide And Protein Drug Delivery (Advances In Parenteral Sciences, Vol. 43,
1991, M. Dekker, New York.

(0106 A therapeutically effective amount of an antibody of the invention relates
generally to the amount needed to achieve a therapeutic objective. As noted above, this may
be a binding interaction between the antibody and its target antigen that, in certain cases,
interferes with the functioning of the target. The amount required {o be administered will
furthermore depend on the binding affinity of the antibody for its specific antigen, and will
also depend on the rate at which an administered antibody is depleted from the free volume
other subject to which it is administered. Common ranges for therapeutically effective dosing
of an antibody or antibody fragrment of the invention may be, by way of nonlimiting example,
from about 0.1 mg/kg body weight to about 50 mg/kg body weight. Common dosing
frequencies may range, for example, from twice daily to once a week.

00101} Where antibody fragments are used, the smallest inhibitory fragment that
specifically binds to the binding domain of the target protein is preferred. For example,
based upon the variable-region sequences of an antibody, peptide molecules can be designed

that retain the ability to bind the farget protein sequence. Such peptides can be svnthesized
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chemically and/or produced by recombinant DNA technology. (See, e.g., Marasco et al.,
Proc. Natl. Acad. Sci. USA, 90: 7885-7893 (1993)). The formulation can also confain more
than one active compound as necessary for the particular indication being treated, preferably
those with complementary activities that do not adversely affect each other. Alternatively, or
in addition, the composition can comprise an agent that enhances its function, such as, for
exarnple, a cytotoxic agent, cytokine( e.g. IL-15), chemotherapeutic agent, or
growth-inhibitory agent. Such molecules are suitably present in combination in amounts that
are effective for the purpose intended.

[00162] The active ingredients can also be entrapped in microcapsules prepared, for
example, bv coacervation techniques or by interfacial polymerization, for example,

hydroxy methylceliulose or gelatin-microcapsules and poly-(methylmethacrviate)
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microernulsions, nano-particles, and nanocapsules) or in
macroemulsions.

{00103} The formulations to be used for in vivo administration must be sterife. This i3
readily accomplished by filtration through sterile filtration membranes.

[00104] Sustained-release preparations ¢an be prepared. Suitable examples of
sustained-release preparations include semipermeable matrices of solid hydrophobic
polyiuers coniaining the antibody, which matrices are in the form of shaped articles, e.g.,
films, or microcapsules. Examples of sustained-release matrices include polyesters,
hvdrogels (for example, poly(2-hydroxyethyl-methacryiate), or poly{vinylalcohol}),
polvlactides (U.8. Pat. No. 3,773,919}, copolymers of L-glutamic acid and v
ethyl-L-glutamate, non-degradable ethylene-viny! acetate, degradable lactic acid-glycolic
acid copolymers such as the LUPRON DEPOT ™ (injectable microspheres composed of
lactic acid-glycolic acid copolvmer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric
actd. While polymers such as ethvlene-vinyi acetate and lactic acid-glycolic acid enable
release of molecules for over 100 days, certain hydrogels release proteins for shorter time
periods.

[06105] An antibody according to the invention can be used as an agent for detecting
the presence of GITR {or a protein or a protein fragment thereof) in a sample. Preferably, the
antibody contains a detectable label. Antibodies can be polyclonal, or more preferably,
monocional. An intact aniibody, or a fragment thereof (e.g., Fa. scFv, or Favy2) can be used.

The term "labeled", with regard to the probe or antibody, is infended to encompass direct
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labeling of the probe or antibody by coupling (i.e., physically linking} a detectable substance
to the probe or antibody, as well as indirect labeling of the probe or antibody by reactivity
with another reagent that is directly labeled. Examples of indirect labeling include detection
of a primary anttbody using a fluorescently-labeled secondary antibody and end-labeling of a
DNA probe with biotin such that it can be detected with fluorescently-labeled streptavidin.
The term "biological sample" is intended to include tissues, cells and biological fluids
isolated from a subject, as well as tissues, cells and fluids present within a subject. Included
within the usage of the term “biological sample”, therefore, is blood and a fraction or
component of blood including blood serum, blood plasma, or lymph. That is, the detection
method of the invention can be used to detect an analyte mRNA, protein, or genomic DNA in
a biclogical sample iz vitro as well as in vivo. For example, in vifro techniques for detection
of an analyte mRNA includes Northern hybridizations and in situ hybridizations. n vifro
techniques for detection of an analyte protein include enzyme linked immunosorbent assays
{ELISAs), Western blots, immunoprecipitations, and immunocfluorescence. [ virro
technigues for detection of an analyte genomic DNA include Southern hybridizations.
Procedures for conducting immunoassays are described, for example in “ELISA: Theory and
Practice: Methods in Molecular Biologyv”, Vol. 42, J. R. Crowther (Ed.) Human Press,
Totowa, NJ, 1995; “Immuncassay”, E. Diamandis and T. Christopoulus, Academic Press,
Inc., San Diggo, CA, 1996, and “Practice and Theory of Enzyme Immunoassays”, P. Tijssen,
Elsevier Science Publishers, Amsterdam, 1985, Furthermore, in vivo techniques for detection
of an analyte protein include iniroducing into a subject a labeled anti-analvte protein
antibody. For example, the antibody can be labeled with a radioactive marker whose
presence and location in a subject can be detected by standard imaging techniques.

[00106] Antibodies directed against a GITR protein (or a fragment thereof) may be
used in methods known within the art relating to the localization and/or quantitation of a
GITR protein (e.g., for use in measuring levels of the GITR protein within appropriate
phystological samples, for use in diagnostic methods, for use in imaging the protein, and the
like). In a given embodiment, antibodies specific to a GITR protein, or derivative, fragment,
anatog or homolog thereof, that contain the antibody derived antigen binding domain, are
utilized as pharmacologically active compounds (referred to hereinafler as "Therapeutics™).
[66107] An antibody specific for a GITR protein of the mvention can be used to isolate
a GITR polypeptide by standard techniques, such as immumoaffinity, chromatography or

immunoprecipiiation. Antibodies directed agamnst a GITR protein (or a [ragment thereof) can
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be used diagnostically to monitor protein levels in tissue as part of a clinical testing
procedure, e.g., to, for example, determine the efficacy of a given treatment regimen.
Detection can be facilitated by coupling (i.e., physically hnking) the antibody to a detectable
substance. Examples of detectable substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials, bioluminescent materials, and radioactive
materials. Examples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, B-galactosidase, or acetylcholinesterase; examples of suitable prosthetic group
complexes include streptavidin/biotin and avidin/biotin; examples of suitable {fluorescent
materials include umbeliiferone, fluorescein, fluorescein isothiocyanate, rthodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a
Juminescent matenial includes lununol; exampies of biolumminescent materials mclude
luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 121,
Y35 or FH.

Pharmaceutical compositions

[B6108] The antibodies or agents of the invention (also referred to herein as "active
compounds"), and derivatives, fragments, analogs and homologs thereof, can be incorporated
into pharmaceutical compositions suitable for administration. Such compositions typically
comprise the antibody or agent and a pharmaceutically acceptable carrier. As used herein,
the terro "pharmaceutically acceptable carrier” is intended to include any and all selvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like, compatible with pharmaceutical administration. Suitable
carriers are described in the most recent edition of Remington’s Pharmaceutical Sciences, a
standard reference text in the field, which is incorporated herein by reference. Preferred
examples of such carriers or diluents include, but are not limited to, water, saline, ringer’s
solutions, dextrose solution, and 3% buman serum albumin. Liposomes and non-aqueous
vehicles such as fixed oils may also be used. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventtonal media or agent is incompatible with the active compound, use thereof in the
composttions is confemplated. Supplemeniary active compounds can also be incorporated
into the compositions.

[60109] A pharmaceutical composition of the invention is formulated to be compatible
with 1ts infended route of administration. Examples of routes of administration include

parenteral, e g, intravenous, intradermal, subcutaneous, oral {(e.g , inhalation), transdermal
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(i.e., topical), transmucosal, and rectal administration. Solutions or suspensions used for
parenteral, intraderral, or subcutancous application ¢an include the following components: a
sterile diluent such as water for imjection, saline solution, fixed otls, polyethvlene glycols,
glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid (EDTA); buffers such as acetates, citrates or
phosphates, and agents for the adjustment of tonicity such as sodium chloride or dextrose.
The pH can be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide.
The parenteral preparation can be enclosed in ampoules, disposable syringes or mudtiple dose
vials made of glass or plastic.

[661106] Pharmaceutical compositions suitable for injectable use include sterile
aqueous solutions {(where water soluble) or dispersions and sterile powders for the
extemporanecus preparation of stertle injectable solutions or dispersion. For intravenous
administration, suitabie carriers inciude physiological saline, bacteriostatic water, Cremophor
EL™ (BASF, Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the
composition must be sterile and should be fluid to the extent that easy syringeability exists. It
must be stable under the conditions of manufacture and storage and must be preserved against
the contaminating action of microorganisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polvethylene glvcol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example, parabens, chlorcbutanol, phenol,
ascorbic acid, thimerosal, and the like. I many cases, it will be preferable (o include isctonic
agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium chlornide in the
composition. Prolonged absorption of the injectable compositions can be brought about by
including in the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin,

[00111] Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, lollowed by filtered sterilization. Generally,

dispersions are prepared by incorporating the active compound into a sterile vehicle that
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contains a basic dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions,
methods of preparation are vacuum drying and freeze~-drving that yields a powder of the
active ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof.

[66112] Oral compositions generally include an inert diluent or an edible carrier. They
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be incorporated with excipients and used
in the form of tablets, troches, or capsules. Oral compositions can also be prepared using a
fluid carrier for use as a mouthwash, wherem the compound in the fluid carrier 1s applied
orally and swished and expectorated or swallowed. Pharmaceutically corpatible binding
agents, and/or adjuvant materials can be included as part of the composition. The tablets,
pills, capsules, troches and the like can contain any of the following ingredients, or
compounds of a similar nature: a binder such as nmicrocrystalline cellulose, gum tragacanth or
eelatin; an excipient such as starch or lactose, a disintegrating agent such as alginic acid,
Primogel, or comn starch; a lubricant such as magnesium stearate or Sterotes; a ghidant such as
colloadal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring
agent such as peppermunt, methy! salicylate, or crange flavoring.

[60113] For admunistraiion by inbalation, the cormmpounds are delivered 1 the form of
an aerosol spray from pressured container or dispenser which contains a suitable propetlant,
e.g., a gas such as carbon dioxide, or a nebulizer.

[66114] Systemic administration can also be by transmucosal or transdermal means.
For transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art, and
include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the use of nasal
sprays or suppostiories. For transdermal administration, the active compounds are
formulated into ointments, saives, gels, or creams as generally known in the art.

[(0115] The compounds can also be prepared in the form of suppositories (e g., with
conventional suppository bases such as cocoa butier and other glycerides) or retention
enemas for rectal delivery.

[66116] In one embodiment, the active compounds are prepared with carriers that will

protect the compound against rapid elimination from the body, such as a controlled release
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formulation, including implants and microencapsulated delivery systems. Biodegradable,
biscompatible polvmers can be used, such as ethylene vinyl acetate, polyanhydrides,
polvelycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to infected cells with monoclonal antibodies to
viral antigens) can also be used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the art, for example, as described in
U.8. Patent No. 4,522.81 1.

(00117} It is especially advantageous to formulate oral or parenteral compositions in
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the subject to be
treated; each unit containing a predeternuned quantity of active compound caleulated to
produce the desired therapeutic effect in association with the required pharmaceutical carrier.
The specification for the dosage unit forms of the invention are dictated by and directly
dependent on the unique characternistics of the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in the art of compounding such an active
compound for the treatment of individuals.

[60118] The pharmaceuiical compositions can be mcluded 1 a container, pack, or
dispenser together with instructions for administration.

Diagnostic Assavs

[00119] The huGITR antibodizs can be used diagnostically fo, for example, monitor
the development or prograssion of a immune cell disorder (e g, CLL) as part of a clinical
testing pracedure (o, ©.g., deterroine the efficacy of 2 given treatment and/or prevention

regimen.

[6G126] in some aspects, for diagnostic purposes the huGITR anttbody of the invention
1s Tinked to a detectable moiety, provides a way for detecting T cell exhaustion in a subject

suffering from a cancer or a chronic infection.

[00121] The detectable moteties can be conjugated directly to the antibodies or
fragments, or indirectly by using, for example, a fluorescent secondary antibody. Direct
conjugation can be accomplished by standard chemical coupling of, for example, a
fluorophore to the antibody or antibody fragment, or through genetic engineering. Chimeras,

or fusion proteins can be constructed which contain an antibody or antibody fragment
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coupled to a fluorescent or bioluminescent protein. For example, Casadet, ¢t al., describe a
method of making a vector construct capable of expressing a fusion protein of aequorin and

an antibody gene in mammalian cells.

[66123] As used herein, the term "labeled"”, with regard to the probe or antibody, is
intended to encompass direct labeling of the probe or antibody by coupling (i.e., physically
linking) a detectable substance {0 the probe or antibody, as well as indirect labeling of the
probe or antibody by reactivity with another reagent that is directly labeled. Examples of
indirect labeling include detection of a primarv antibody using a fluorescently-labeled
secondary antibody and end-labeling of a DNA probe with biotin such that it can be detected
with fluorescently-labeled streptavidin, The term "biclogical sample® is intended fo include
tissues, cells and biological fluids isolated from a subject {such as a biopsy), as well as
tissues, cells and fluids present within a subject. That is, the detection method of the
invention can be used to detect cells that express GITR 1n a biological sample in vifro as well
as in vivo. For exarople, i vitro techniques for detection of GITR include enzyme linked
immunosorbent assays (ELIS As), Western blots, immunoprecipitations, and
immumofluorescence. Furthermore, in vivo technigues for detection of GITR include
introducing into a subject a labeled anti-GITR antibody. For example, the antibody can be
labeled with a radicactive marker whose presence and location in a subject can be detected by
standard imaging techniques. In the case of “targeted” conjugates, that is, conjugates which
contain a targeting moisty--a molecule or feature designed to localize the conjugate within a
subject or animal at g particular site or sites, localization refers 0 a state when an equilibriurm
between bound, “localized”, and unbound, “free” entities within a subject has been
essentially achieved. The rate at which such equilibrium is achieved depends upon the route
of administration. For example, a conjugate admenistered by intravenous injection to localize
thrombi may achieve localization, or accumulation at the thrombi, within minutes of
injection. On the other hand, a conjugate administered orally to localize an infection in the
mntestine may {ake hours (o achieve Tocalization. Alternatively, localization may simply refer
to the location of the entity withun the subject or animal at selected time periods after the
entity is administered. By way of another example, localization 1s achieved when an moiety
becomes distributed following administration.

[00123] In all of the above cases, a reasonable estimate of the time to achieve
localization may be made by one skilled i the art. Furthermore, the state of localization as a

function of time may be followed by imaging the detectable moiety (e.g., a light-emitiing
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conjugate} according to the methods of the invention, such as with a photodetector device.
The “photodetector device™ used should have a high enough sensitivity to enable the imaging
of faint light from within a mammal in a reasonable amount of time, and to use the signal

from such a device to construct an image.

[66124] In cases where it is possible to use light-generating moieties which are
extremely bright, and/or o detect light-generating fuston proteins localized near the sur{ace
of the subject or animal being imaged, a pair of “night-vision” goggles or a standard high-
sensitivity video camera, such as a Silicon Intensified Tube (SIT) camera (e.g., from
Hammamatsu Photonic Systems, Bridgewater, N.J.). may be used. More typically, however,

a more sensitive method of light detection is required.

[00125] In extremely low hight levels the photon flux per unit area becomes so low that
the scene being tmaged no longer appears continuous. Instead, it is represenied by individual
photons which are both temporally and spatially distinet form one another. Viewed on a
monitor, such an image appears as scintitlating points of ight, each representing a single
detected photon. By accumulating these detected photons in a digital image processor over
time, an image can be acquired and constructed. In contrast to conventional cameras where
the signal at each image point is assigned an intensity value, in photon counting imaging the
amplitude of the signal carries no significance. The objective is to simply detect the presence
of a signal (photon) and to count the occurrence of the signal with respect to its position over
time.

[60126] At lzast two types of photodetector devices, described below, can detect
individual photons and generate a signal which can be analyzed by an image processor.
Reduced-Noise Photodetection devices achieve sensitivity by reducing the background noise
in the photon detector, as opposed to amplifyving the photon signal. Noise is reduced
primarily by cooling the detector array. The devices include charge coupled device (CCD)
cameras referred to as “backthinned”, cooled CCD cameras. In the more sensitive
instruments, the cooling s achieved using, for example, liquid nitrogen, which brings the
temperature of the CCD array to approximately —120°C. “Backthinned” refers to an ultra-
thin backplate that reduces the path length that a photon follows to be detected, thereby
increasing the quanturm efficiency. A particularly sensitive backthinned cryogenic CCD
camera is the “TECH S127, a series 200 camera available from Photometrics, Lid. (Tucson,

Ariz).
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[00127] “Photon amplification devices” amplify photons before they hit the detection
screen. This class includes CCD cameras with intensifiers, such as microchannel mtensifiers.
A microchannel intensifier typically contaims a metal array of channels perpendicular to and
co-extensive with the detection screen of the camera. The microchannel array is placed
between the sample, sebject, or animal to be imaged, and the camera. Most of the photons
entering the channels of the array contact a side of a channel before exiting. A voltage
applied across the array results in the release of many electrons from each photon collision.
The electrons from such a collision exit their channel of origin in a “shotgun” pattern, and are

detected by the camera.

[00128] Even greater sensitivity can be achieved by placing intensifying microchanuel
arrays in sertes, so that electrons generated in the first stage in turn result in an amplified
signal of electrons at the second stage. Increases in sensiivity, however, are achieved at the
expense of spatial resolution, which decreases with each additional stage of amplification.
An exemplary microchannel intensifier-based single-photon detection device is the C2400

series, available from Hamamatsu.

{00129} Image processors process signals generated by photodetector devices which
count photons in order to construct an image which can be, for example, displayed on a
monitor or printed on a video printer. Such image processors are typically sold as part of
svstems which include the sensitive photon-counting cameras described above, and
accordingly, are available from the same sources. The image processors are usually
connected to a personal computer, such as an IBM-compatible PC or an Apple Macintosh
{Apple Computer, Cupertino, Calif }, which may or may not be included as part of a
purchased imaging system. Once the images are in the form of digital files, they can be
manipulated by a variety of trnage processing programs (such as “TADOBE PHOTOSHOP™,

Adobe Svysterns, Adobe Systems, Mt. View, Calif.) and printed.

[06130] In one embodiment, the biclogical sample contains protein molecules from the
test subject. One preferred biological sample is a peripheral blood leukocyte sample isolated
by conventional means {rom a subject.

[00131] The invention also encompasses kits for detecting the presence of GITR or a
GITR-expressing cell in a biological sample. For example, the kit can comprise: a labeled
compound or agent capable of detecting a cancer or tumor cell {e.g., an anti-GITR scFy or

monocional antibody) in a biological sample; means for determining the amount of GITR in
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the sample; and means for comparing the amount of GITR in the sample with a standard.
The standard is, in some embodiments, a non-cancer cell or cell extract thereof. The
compound or agent can be packaged in a suitable contamner. The kit can further comprnise
instructions for using the kit to detect cancer in a sample.

Bi-specific Antibodies

[00132] A bi~specific antibody (bsAb) 1s an antibody comprising two variable domains
or scFv units such that the resulting antibody recognizes two different antigens. The present
invention provides for bi-specific antibodies that recognize GITR and a second antigen.
Exemplary second antigens include tumor associated antigens, cytokines and cell surface
receptors. In some embodiments, the second antigen can be CAIX (carbonic anhvdrase IX,
or (G250), IL-10 or CCR4. In some embodiments, the second antigen can be a cell surface
receptor, wherein the cell surface receptor is PD-1, PDL1, CCR4, IL21R, BTLA, HVEM or
TIM3. A bi-specific antibody of the present invention comprises a heavy chain and a light
chain combination or scFv of the huGITR antibodies disclosed herein.

Construction of bi-specific antibodies
[60133] Bi-specific antibodies of the present invention can be constructed using
methods known art.  In some embodiments, the bi-specific antibody is a single polypeptide
wherein the two scFy fragments are joined by a fong linker polypeptide, of sufficient length
to allow mtramolecular association between the two scFv onits to form an antibody. In other
embodiments, the bi~specific antibody is more than one polypeptide linked by covalent or
non-covalent bonds.
[66134] In another embodiment, the bi-specific antibodv is constructed using the
“knob into hole” method (Ridgway et al., Protein Eng 7:617-621 (1996)}. In this method, the
Ig heavy chains of the two different variable domains are reduced to selectively break the
heavy chain pairing while retaining the heavy-light chain pairing. The two heavy-light chain
heterodimers that recognize two different antigens are mixed to promote heteroligation
pairing, which is mediated ihrough the engineered “knob into holes™ of ithe CH3 domains,
[#01353] In another embodiment, the bi-specific antibody can be constructed through
exchange of heavy-light chain dimers from two or more different antibodies 10 generate a
hybrid antibody where the first heavy-light chain dimer recognizes GITR and the second
heavy-light chain dimer recogmzes a second antigen. The mechamism for heavy-light chain
dimer is similar to the formation of human Ig(G4, which also functions as a bispecific

molecule. Dimerization of IgG heavy chains is driven by intramolecular force, such as the
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pairing the CH3 domain of each heavy chain and disulfide bridges. Presence of a specific
amino acid in the CH3 domain (R409) has been shown to promote dimer exchange and
construction of the IgG4 molecules. Heavy chain pairing is also stabilized further by
interheavy chain disulfide bridges in the hinge region of the antibody. Specifically, n eG4,
the hinge region contains the amino acid sequence Cys-Pro-Ser-Cys {in comparison to the
stable IgG1 hinge region which contains the sequence Cys-Pro-Pro-Cys) at amino acids 226-
230. Thus sequence difference of Serine at position 229 has been linked to the tendency of
[2(4 1o form novel intrachain disuifides in the hinge region (Van der Neut Kolfschoten, M.
et al., 2007, Science 317:1554-1557 and Labrijn, AF. et al, 2011, Jowrnai of immunol
187:3238-3246).

{66136} Therefore, bi-specific antibodies of the present invention can be created
throagh introduction of the R409 residue ju the CH3 domain and the Cys-Pro-Ser-Cys
sequernice in the hinge region of antibodies that recognize GITR. or a second antigen, so that
the heavy-light chain dimers exchange to produce an antibody molecule with one heavy-light
chain dimer recognizing GITR and the second heavy-light chain dimer recognizing a second
antigen, wherein the second antigen 1s any antigen disclosed herein. Known TgG4 molecules
may also be altered such that the heavy and light chains recognize GITR or a second antigen,
as disclosed herein. Use of this method for constructing the bi-specific antibodies of the
present invention may be beneficial due to the intrinsic characteristic of Ig(34 molecules
wherein the Fc region differs from other IgG subtypes in that it interacts poorly with effecior
systemis of the immune response, such as complement and Fc receptors expressed by certain
white blood cells. This specific property makes these IgG4-based bi-specific antibodies
attractive for therapeatic applications, in which the antibody is required to bind the target(s)
and functionally alter the signaling pathways associated with the target(s), however not
trigger effector activities.

[66137] In some embodiments, mutations are introduced to the constant regions of the
bsAb such that the antibody dependent cell-mediated cytotoxicity (ADCC) activity of the
bsAb is altered. For example, the mutation is an LALA mutation in the CH2 domain. In one
aspect, the bsAb contains mutations on one scFv unit of the heterodimeric bsAb, which
reduces the ADCC activity. In another aspect, the bsAb contains muotaiions on both chains of
the beterodimeric bsAb, which completely ablates the ADCC achvity. For example, the
mutations introduced one or both scFv units of the bsAb are LALA mmutations in the CH2

domain. These bsAbs with variable ADCC activity can be optimized such that the bsAbs
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exhibits maximal selective killing towards cells that express one antigen that 1s recognized by
the bsAb, however exhibits minimal killing towards the second antigen that is recognized by
the bsAb.

The bi-specific antibodies disclosed herein may be useful in treatment of diseases or
medical conditions, for example, cancer. The bi-specific antibodies of the present invention
may be particularly useful in diseases or medical conditions that are associated with increased
Tregs. {

Methods of Treatment

[60138] The invention provides for both prophylactic and therapeutic methods of
treating a subject at risk of {or susceptible to} a cancer, or other cell proliferation-related
diseases or disorders. Such diseases or disorders include but are not limited to, e.g., those
diseases or disorders associated with aberrant expression of GITR. For example, the methods
are used to treat, prevent or alleviate a symptom cancer. Alternatively, the methods are used
to treat, prevent or alleviate a symptom of a cancer in which GITR plays a negative
regudatory role in T cell response. Alternatively, the methods are used to treat, prevent or
alleviate a symptors of a solid tumor such as breast cancer, lung cancer, ovarian cancer,
prostate cancer, colon cancer, cervical cancer, brain cancer, skin cancer, liver cancer,
pancreatic cancer or stomach cancer. Additionally, the methods of the invention are used to
treat hematologic cancers such as leukemia and lymphoma. Alternatively, the methods are
used to treat, prevent or alleviate a symptom of a cancer that has metastasized.

[00139] Accordingly, in one aspect, the invention provides methods for preventing,
treating or alleviating a symptom cancer or a cell proliferative disease or disorder in a subject
by administering to the subject a monoclonal antibody, scFv antibody of the invention or bi-
specific antibody of the mvention . For example, a huGITR antibody mayv be administered in
therapeutically effective amounts.

(631 46] Subjects at risk for cancer or cell proliferation-related diseases or disorders
include patients who have a family history of cancer or a subject exposed to a known or
suspected cancer-causing agent. Administration of a prophylactic agent can occur prior to the

mantifestation of cancer such that the disease is prevented or, alternatively, delayed in tis

prograssion.
[60141] In another aspect, twmor cell growth is inhibited, Treg activity 1s decreased |

Teff activity 1s increased, or NK-cell cytotoxicity in increased by contacting a cell with a

44



WO 2018/018039 PCT/US2017/043504

GITR antibody of the invention. The cell is any cell that expresses GITR. For example the
cell is T cell or an NK ¢ell.

[00142] Also imncluded in the invention are methods of increasing or enhancing an
immune response to an antigen. An immune response is increased or enhanced by
administering to the subject a monoclonal antibody or scFv antibody of the invention. The
inunune response is augmented for example by augmenting antigen specific T effector
function. The antigen is a viral (e.g. HIV), bacterial, parasitic or tumor antigen. The immune
response is a natural immune response. By natiwal immune response is meant an immune
response that 13 a result of an infection. The infection is a chronic infection. Increasing or
ephancing an immune response to an aniigen can be measured by a number of methods
known in the art. For example, an immune response can be measured by measuring any one
of the following: T cell activity, T cell proliferation, T cell activation, production of effector
cytokines, and T cell transcriptional profile.

[00143] Alternatively, the immune response is a response induced due to a vaccination.
Accordingly, in another aspect the invention provides a method of increasing vaccine
efficiency by administering to the subject a monoclonal antibody or scFv antibody of the
invention and a vaccine. The antibody and the vaccine are administered sequentially or
concurrently, The vaceine is a tumor vaccing a bacterial vaccine or a viral vaccine.

Combinatory Methods

[00144] The invention provides treating cancer in a patient by administering two
antibodies that bind to the same epitope of the GITR protein or, aliernatively, two different
epitopes of the GITR protein.  Alternatively, the cancer is treated by administering a first
antibody that binds to GITR and a second antibody that binds to a protein other than GITR.
For example, the other protein other than GITR may include, but is not limited to, PD-1, PD-
L1, CAIX, CCR4 and IL-10. For example, the other protein other than GITR is a tumor-
associated antigen.

[00145] In some exnbodiments, the invention provides admunistration of a huGITR
antibody alone or with an additional antibody that recognizes another protein other than
GITR, with cells that are capable of effecting or augmenting an immune response. For
example, these cells may be peripheral blood mononuclear cells (PBMC), or any cell type
that is found i PBMC, e.g., cytotoxic T cells, macrophages, and natural killer (NK)) cells,
[66146] Additionally, the invention provides administration of an antibody that binds

to the GITR protein and an anti-neoplastic agent, such a small molecule, a growth factor, a
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cytokine or other therapeutics including biomolecules such as peptides, peptidomimetics,
peptoids, polynucleotides, hpid-derived mediators, small blogenic amines, hormones,
neuropephides, and proteases. Small molecules include, but are not limited to, imorganic
molecules and small organic molecules. Suitable growth factors or cytokines include an IL-
2, GM-CSF, IL-12, and TNF-alpha. Smal molecule libraries are known in the art. {See, Lam,
Aunticancer Drug Des., 12:145, 1997)

[60147] The invention will be further described in the following examples, which do

not limit the scope of the invention describad in the claims.

EXAMPLES

[06148] ExamprLe 1: ISCLATION OF ANT-GITR ANTIBOBIES [dentification of Here is
described isolation of thirteen anti-GITR monoclonal antibodies. Panning with hGITR-mlg
was performed with the Mehta VIl phage display libraries for three rounds with different
antigen concentrations and wash conditions. Panning with mGITR-his was performed for two
rounds with different antigen concentrations and wash conditions. ELISA assays were then
performed to screen single clones from round two and three with 2ug/mi of hGITR-migG2a
or mGITR-His from Round 2. ELISA positive clones were sequenced and confirmed with a
second ELISA assay including negative controt as described in Figure 1. Forty three unigue
clones were identified.

[00149] Clones were further tested for binding to hGITR using MSD (meso scale
discovery system) at two different concentrations of the hGITR-mIgG2a antigen and four
different concentrations of PEG purified anti-GITR phage-AB (Figure 2). A second
experiment was performed testing eight concentrations of hGITR-mlg and a constant number
of PEG purified anti-GITR phage-AB {Figure 3}.

[86150] ExavprrLr 2 CHARACTERIZATION OF ELISA POSITIVE AND FACS
POSITIVE CLONES FROM aGITR AND MGITR PANNING.

[66151] In total, twenty nine unigue clones were identified after initial ELISA and
FACS screening using hGITR-mlg panning. After ELISA analysis ten of these clones were
identified as binding to anti-hGITR but not hGITR-His. Nineteen of these clones bound both
hGITR-mlg and His, with four of these having weak binding efficiency. Fifteen clones were
positive in FACS analysis, with three having weaker binding than the others. There were

also six total ELISA unique positive clones after two rounds of mGITR-His panning. Four of
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these clones bound to anti-mGITR-His only, and two bound to both mGITR-His and hGITR-
his. One scFV was selecled agaimst mGITR but it strongly reacts with hGITR-mlg and —Fis.
[86152] ExampLe 3: CHARACTERIZATION OF ANTE-GITR ANTIBODIES
[66153] Binding of anti-GITR was tested using four different concenirations of anii-
GITR phage-AB. Tn addition, stable CHO cells expressing either GITR or CA9 were tested
for anti-GITR antibody binding. Percentage of FITC positive CHO cells using FACS analysis
to assay GITR binding is shown in Figure 4. A third FACS GITR binding assay was
performed using single concentration with phage supernatant from single colonies (Figure 3).
This analvsis revealed anti-GITR antibodies that bound GITR expressing CHO cells and not
CA9 expressing CHO cells. Those positive for GITR binding were selected for further
ELISA analysis using a single concentration of phage supernatant from single colonies
(Figure 6). A final list of selected anti-GITR antibodies that were both flow cytometry and
ELISA posttive are listed in Figure 7.

[¢0154] EXAMPLE 4: CONSTRUCTION AND EXPRESSION OF ANTI-GITR
MAB IN IGGI-FC(LALA) MUTANT FORMAT AND IGG4 FORMAT

[60155] VH and VL fragments of our newly discovered anti-GITR phage scFv
antibodies were PCR cloned into mammalian expression vector TCAE to be expressed either
in fgGl Fo (LALA) mutant form or in IgG4 form, both formats with reduced or minimal
ADCC activities. Upon in vitro transfection of 293F cells, cell supernatants were harvested
and [g(G concentration were quantitated by human TgG quantitation assays. The supermnatants
were then used to test GITR binding activities of these IgG mAbs to GITR(+) CHO cells
using flow cytometry. Results provided in Figures 8-10 demonstrate that most of the anti-
GITR antibodies retain their GITR binding activities npon conversion to IgG format.

[00156] ExXAMPLE S; BINDING CONPETITION BETWEEN GITR LIGAND
AND ANTI-GITR ANTIBODIES

[80157] In order to further characterize our newly discovered anti-GITR antibodies, a
competition binding assay was performed between increasing amount of purified anti-GITR
E1-3H7 IgG4 or TT1-3C6 IgG4 with a constant concentration of GITR ligand by flow
cvtometry, respectively. Figure 11 shows that the binding of GITR ligand (detected by Alexa
488 labeled anti-HA-tag) is reduced by increasing amounts of anti-GITR antibodies {detected
by PE-labeled mouse-anti-human antibody, a feature shared with the commercial GTIL0
antibody although to a lesser degree. When NF-kB-luc2P/GITR Jurkat reporter cells were
incubated with increasing concentration of anti-GITR E1-3H7 IgG4 or TT1-3C6 1G4
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antibodies together with a constant concentration of GITR ligand, the luciferase activities
increased to the level well above when the cells incubated with the ligand or antt-GITR.
antibodies alone, a feature not shared by the commercial GTHO antibody (Figure 12). These
results indicate that anti-GITR E1-3H7 1gG4 or TT1-3C6 may synergistically increase GITR
ligand induced luciferase expression in GloResponse™ NF-kB-1uc2P/GITR Jurkat cells by

Promega.
OTHER EMBODIMENTS

[00138] While the invention has been described in conjunction with the detailed
description thereof] the foregoing description is intended to illustrate and not limit the scope
of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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What is claimed is:

1. An isolated humanized monoclonal antibody or antigen-binding fragment thereof
that binds to the human-glucocorticotd-induced tumor necrosis factor receptor

(GITR) comprising:

a. avariable heavy chain region comprising the amino acid sequence of SEQ ID
NO: 2, and a variable light chain region comprising the amine acid sequence

of SEQ ID NO: 4;

b. a variable heavy chain region comprising the amino acid sequence of SEQ 1D
NO: 6, and a variable light chain region comprising the amino acid sequence
of SEQ IDNQO: 8;

¢. avariable heavy chain region comprising the amino acid sequence of SEQ ID
NO: 10, and a vanable light chain region comprising the amino acid sequence

of SEQ 1D NO: 12;

d. avariable heavy chain region comprising the amino acid sequence of SEQ ID
NO: 14, and a variable hght chain region comprising the amino acid sequence

of SEQ ID NGO 16;

a variable heavy chain region comprising the anuno acid sequence of SEQ 1D

@

NO: 18, and a variable light chain region comprising the amino acid sequence
of SEQ 1D NO: 20;

f  avariable heavy chain region comprising the amino acid sequence of SEQ 1D
NO: 22, and a vanable light chain region comprising the amino acid sequence

of SEQ ID NO: 24;

g. avariable heavy chain region comprising the amino acid sequence of SEQ ID
NO: 26, and a variable light chain region comprising the amino acid sequence
of SEQ ID NG: 28;

h. avariable heavy chain region comprising the amino acid sequence of SEQ ID
NO: 30, and a variable Light chain region comprising the amino acid sequence

of SEQ IDNQO: 32;
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[

1. avariable heavy chain region comprising the amino acid sequence of SEQ ID
NO: 34, and a variable light chain region comprising the amino acid sequence
of SEQ ID NO: 36;

i.  avariable heavy chain region comprising the amino acid sequence of SEQ 1D
NO: 38, and a varable light chain region comprising the amino acid sequence
of SEQ 1D NO: 40; or

k. a variable heavy chain region comprising the arnino acid sequence of SEQ TD
NO: 42, and a vanable light chain region comprising the amine acid sequence
of SEQ ID NO: 44.

1. avariable heavy chain region comprising the amino acid sequence of SE(Q 1D
NO: 46, and a variable light chain region comprising the amino acid sequence

of SEQ 1D NO: 48

m. a variable heavy chain region comprising the amino acid sequence of SEQ ID
NO: 30, and a variable light chain region comprising the amino acid sequence
of SEQ ID NO: 52.

An isolated humanized monoclonal antibody or antigen-binding fragment thereof

wherein the antibody or antigen-binding {fragment comprises:

{a) avartable heavy chain complementarity determining region 1, 2, or 3 (VH-
CDR) comprising the aning acid sequences of SEQ ID NO. 53, 54 or 55,
respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) comprising the amino acid sequences of SEQ
IBNO. 56, 57, or 58;

{b) a variable heavy chain complementarity determining region I, 2, or 3 {VH-
CDR) comprising the amino acid sequences of SEQ ID NO. 59, 60, or 61,
tespectively; and, a variable light chain complementarity delermining
region 1, 2 or 3 (VL-CDR) comprising the amino acid sequences of SEQ
ID NO. 62, 63, or 64;

{c} a vanable heavy chain complementanty determining region 1, 2, or 3 (YH-
CDR) comprising the amino acid sequences of SEQ ID NO. 65, 66, or 67,

respectively; and, a variable light chain complementarity deternuning
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region 1, 2 or 3 (VL-CDR) comprnising the amino acid sequences of SEQ
ID NO. 68, 69, or 70,

{d) a vanable heavy chain complementanty determimng region 1, 2, or 3 (VH-

-

{e

M

DR} comprising the amino acid sequences of SEQ 1D NG, 71, 72, or 73,
respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) compnsing the amino acid sequences of SEQ
1D NO. 74, 75. or 76;

a variable heavy chain complementarity determining region 1, 2, or 3 (VH-
{DR) comprising the amino acid sequences of SEQ 1D NG. 77, 78, or 79,
respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) comprising the amino acid sequences of SEQ
ID NGO, 80, 81, or 82;

avariable heavy chain complementarity deternining region 1, 2, or 3 {(VH-
CDR) comprising the amino acid sequences of SEQ ID NO. 83, 84, or 85,
respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) comprising the amino acid sequences of SEQ
D NO. 86, 87, or 88;

{g} a vanable heavy chain complementanty determining region 1, 2, or 3 {(VH-

CDR) comprising the amino acid sequences of SEQ ID NO. 63, 72, or 89,
respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) comprising the amino acid sequences of SEQ

ID NO. 90, 91, or 92;

¢h) a variable heavy chain complementarity determining region 1, 2, or 3 (VH-

(M

CDR) comprising the amino acid sequences of SEQ ID NO. 93, 94, or 95,
respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 {(VL-CDR) comprising the amino acid sequences of SEQ
1D NO. 96, 97, or 98;

a variable heavy chain complementarity determining region I, 2, or 3 (VH-
CDR) comprising the amino acid sequences of SEQ ID NG. 99, 100, or
101, respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) compnising the amino acid sequences of SEQ
IDNO. 102, 103, or 104;
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fad

o

6.

~J

{j) avariable heavy chain complementarity determining region 1, 2, or 3 (VH-
CDR) comprising the amino acid sequences of SEQ ID NO. 65, 72, or
108, respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) comprising the amino acid sequences of SEQ
D NO. 106, 107, or 108;

(k) a variable heavy chain complementarity determining region 1, 2, or 3 (VH-
CDR) comprising the amino acid sequences of SEQ ID NO. 109, 72, or
110, respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) comprising the amino aeid sequences of SEQ
IDNO. 111,112, or 113;

{1y avariable heavy chain complementarity determining region 1, 2, or 3 (VH-
CPR} comprising the amino acid sequences of SEQ ID NO. 65, 72, or

114, respectively;

J

and, a variable light chain complementarity determining
region 1, 2 or 3 (VL-CDR) comprising the amino acid sequences of SEQ
IDNO. 115, 116, or 117; or

{m)a vartable heavy chain complementarnity determining region 1, 2, or 3 (VH-
CDR) comprising the amino acid sequences of SEQ ID NO. 101, 118, or
119, respectively; and, a variable light chain complementarity determining
region 1, 2 or 3 {(VL-CDR} comprising the amino acid sequences of SEQ

D NO. 120, 121, or 122.

wherein said antibody or antibody binding fragment binds huroan-

glucocorticoid-induced tumor necrosis factor receptor (GITR)
The antibody of claim 1, wherein said antibody is monovalent or bivalent.
The antibody of claim 1, wherein said antibody is a single chain antibody.

The antibody of claim 1, wherein said antibody has a binding affimity within the
range of 107 M to 1072 M.

The antibody of claim 1, wherein said antibody has a IgG4 heavy chain constant

region.

The antibody of claim 1, wherein the Fe region contains rmutations at amino acid

positions 234 and 235,
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8. The antibody of claim 7, wherein the mutations are L.234A and L235A.

9. The antibody according to claim 1 wherein said antibody is a bi-specific antibody

that also binds 1o a tumor-associated antigen, a cytokine or a cell surface recepior.

10. The antibody according to any one of preceding claims linked to a therapeutic

agent.

11. The antibody of claim 10, wherein said therapeutic agent is a toxin, a radiolabel a

siRN A, a small molecule, or a cytokine.
12. A cell producing the antibody of any one of claims 1-11.

13. A method of depleting regulatory T-cells in a subject, comprising administering {o
a subject in need thereof a composition comprising an antibody according (o any

one of claims 1-11.

14. A method of augmenting an Immune response {0 an antigen comprising
administering to a subject in need thereof a composition comprising an antibody

of any one of claims 1-11.

15, The method of claim 14, wherein said antigen is a viral antigen, a bacierial antigen

or a tumor associated antigen.

16. The method of claim 14, wherein said adminisiration of said antibody causes an

increase in antigen specific T cell activity.

17. The method of claim 14, wherein said administration of said antibody causes an

increase NK cell eytoxicity.

18. The method of claim 14, further comprising administering to said subject 1L.~15.
19, A method of treating or alleviating a symptom of cancer, comprising

adminmistering to a subject in need thereof a composition comprising an antibody

according to any one of ¢laims 1-i1.

20. The method of claim 19, wherein said cancer is a cancer in which GITR or its

ligand, GITR-L, 1s overexpressed.
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21. The method of claim 20, comprising further adnunistering to said subject a

cytokine or a chemotherapeutic agent.
22 The method of claim 21, wherein the cytokine is IL-15.

23, A nucleic acid comprising the nucleic acid sequence of SEQ IDNO: 1,3,5,7, 9,

11,13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51.

24. A nucleic acid encoding the polypeptide of SEQ IDNG: 2,4, 6, 8, 10,12, 14 146,
18,20, 22, 24,26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52.

25, A polypeptide comprising the amino acid sequence of SEQ ID NO: 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,

26. A vector comprising the nucleic acid claim 23 or 24,

27.  Acell comprising the vector of claim 26.
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