ANTI-CD48 ANTIBODIES AND USES THEREOQOF

FIELD OF THE INVENTION
[0001] The present invention relates to antibodies, and antigen-binding fragments thereof,
which are specific for human CD48.

BACKGROUND
[0002] CD48 is a GPl-anchored protein that exists in both membrane-bound and soluble
forms. CD48 is a high-affinity ligand for 2B4 and a low-affinity ligand for CD2. CD48 has also
been referred to in the scientific literature as "TCT.1" (Mami-Chouaib et al., J. Exp. Med.
172:1071-1082 (1990)), "B-LAST 1" (Thorley-Lawson ef al., Cell 30:415-425 (1982)), and
SLAMF2 (Detre et al., Semin. Immunopathol. 32:157-171 (2010)). The interaction between
CD48 and 2B4 was shown to cause NK cell activation. CD48 has also been shown to stimulate
T-cell activation in vitro, and CD48-knockout mice display an impaired T-cell proliferation
response.
[0003] Certain lines of evidence suggest a role for CD48 in asthma progression and
inflammatory bowel disease (IBD). For example, CD48 was shown fo be upregulated in
experimental asthma (e.g., ovalbumin- and Aspergilius-induced allergic eosinophilic airway
inflammation models). See, e.g., Munitz et al., Am. J. Respir. Crit. Care Med. 175:911-918
(2007). Moreover, CD48 knock-out mice failed to deveiop inflammaitory coiitis in the adoptive
transfer model of IBD. Furthermore, CD48 antagonism was shown to produce beneficial effects
in previously established colitis.
[0004] The use of CD48 antagonists for therapeutic purposes are mentioned in, e.g., US
2007/0212353 and WO 97/35614. Nonetheless, there remains a need in the art for novel CD48
modulating agents, including anti-CD48 antibodies, that can be used to ireat CD48-mediated
diseases and conditions.

BRIEF SUMMARY
[0005] The present disclosure provides antibodies that bind human CD48. The antibodies of
the disclosure are useful, inter alia, for inhibiting CD48-mediated signaling and for treating
diseases and disorders caused by or related to CD48 activity and/or signaling.



[0005a] In one aspect, there is provided an isolated antibody, or antigen-binding fragment
thereof, that specifically binds human CD48 (SEQ ID NO:384) and blocks the interaction
between human CD48 and a CD48 receptor, wherein the antibody or antigen binding fragment
thereof comprises complementarity determining regions (CDRs} of a heavy chain variable
region (HCVR) amino acid sequence having an amino acid sequence of SEQ ID NO:368 and
the CDRs of a light chain variable region (LCVR) having an amino acid sequence of SEQ ID
NO:370.

[0006] The antibodies of the present disclosure block the interaction between CD48 and a
CD48 receptor (e.g., 2B4 and/or CD2), and/or inhibit the activation of primary human peripheral
blood mononuciear cells (PBMCs). According to certain embodiments, the antibodies of the
disclosure bind an epitope within the first immunoglobulin domain of human CD48.

[0007] The antibodies of the disclosure can be full-length (for example, an igG1 or IgG4
antibody) or may comprise only an antigen-binding portion (for example, a Fab, F(ab’), or scFv
fragment), and may be modified to affect functionality, e.g., to eliminate residual effector
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functions (Reddy et al., 2000, J. immunol. 164:1925-1933).

[0008] The present disclosure provides an antibody or antigen-binding fragment of an
antibody comprising a heavy chain variable region (HCVR) having an amino acid sequence
selected from the group consisting of SEQ ID NO: 2, 18, 34, 50, 66, 82, 98, 114, 130, 162, 178,
192, 208, 212, 228, 232, 248, 252, 268, 272, 288, 292, 308, 312, 328, 332, 348, 352, and 368,
or a substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at
least 99% sequence identity.

[0009] The present disclosure also provides an antibody or antigen-binding fragment of an
antibody comprising a light chain variable region (LCVR) having an amino acid sequence
selected from the group consisting of SEQ 1D NO: 10, 28, 42, 58, 74, 90, 106, 122, 138, 146,
154, 170, 180, 182, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330,
340, 350, 360, 370, 372, and 380, or a substantially similar sequence thereof having at least
90%, at least 95%, at least 98% or at least 99% sequence identity.

[0010] The present disclosure also provides an antibody or antigen-binding fragment thereof
comprising a HCVR and LCVR (HCVR/LCVR) sequence pair selected from the group consisting
of SEQ ID NO: 2/10, 18/26, 34/42, 50/58, 66/74, 82/90, 98/106, 114/122, 130/138, 162/170,
178/180, 162/182, 178/190, 192/200, 208/210, 212/220, 228/230, 232/240, 248/250, 252/260,
268/270, 272/280, 288/290, 292/300, 308/310, 312/320, 328/330, 332/340, 348/350, 352/360,
368/370, 352/372, and 368/380.

[0011] The present disclosure also provides an antibody or antigen-binding fragment of an
antibody comprising a heavy chain CDR3 (HCDR3) domain having an amino acid sequence
selected from the group consisting of SEQ ID NO: 8, 24, 40, 56, 72, 88, 104, 120, 136, 168,
198, 218, 238, 258, 278, 298, 318, 338, and 358, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least 99% sequence identity; and a light
chain CDR3 (LCDR3) domain having an amino acid sequence selected from the group
consisting of SEQ ID NO: 16, 32, 48, 64, 80, 96, 112, 128, 144, 152, 160, 176, 188, 206, 226,
246, 266, 286, 306, 326, 346, 366, and 378, or a substantially similar sequence thereof having
at least 90%, at least 95%, at least 98% or at least 99% sequence identity.

[0012] In certain embodiments, the antibody or antigen-binding portion of an antibody
comprises a HCDR3/LCDR3 amino acid sequence pair selected from the group consisting of
SEQ 1D NO: 8/16, 24/32, 40/48, 56/64, 72/80, 88/96, 104/112, 120/128, 136/144, 168/176,
168/188, 198/206, 218/226, 238/246, 258/266, 278/286, 298/306, 318/326, 338/346, 358/366,
and 358/378.

[0013] The present disclosure also provides an antibody or fragment thereof further
comprising a heavy chain CDR1 (HCDR1) domain having an amino acid sequence selected
from the group consisting of SEQ 1D NO: 4, 20, 36, 52, 68, 84, 100, 116, 132, 164, 194, 214,
234, 254, 274, 294, 314, 334, and 354, or a substantially similar sequence thereof having at
least 90%, at least 95%, at least 98% or at least 99% sequence identity; a heavy chain CDR2
(HCDR2) domain



having an amino acid sequence selected from the group consisting of SEQ ID NO: 6, 22, 38,
54, 70, 86, 102, 118, 134, 166, 196, 216, 236, 256, 276, 296, 316, 336, and 356, or a
substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; a light chain CDR1 (LCDR1) domain having an amino acid sequence
selected from the group consisting of SEQ ID NO: 12, 28, 44, 60, 76, 92, 108, 124, 140, 148,
156, 172, 184, 202, 222, 242, 262, 282, 302, 322, 342, 362, and 374, or a substantially similar
sequence thereof having at least 90%, at least 95%, at least 98% or at least 99% sequence
identity; and a light chain CDR2 (LCDR2) domain having an amino acid sequence selected from
the group consisting of SEQ ID NO: 14, 30, 46, 62, 78, 94, 110, 126, 142, 150, 158, 174, 186,
204, 224, 244, 264, 284, 304, 324, 344, 364, and 376, or a substantially similar sequence
thereof having at least 90%, at least 95%, at least 98% or at least 99% sequence identity.
[0014] Certain non-limiting, exemplary antibodies and antigen-binding fragments of the
disclosure comprise HCDR1-HCDR2-HCDR3-LCDR1-LCDR2-LCDR3 domains, respectively,
having the amino acid sequences selected from the group consisting of: SEQ 1D NOs: 4-6-8-12-
14-16 (e.g. H2M1707N); 20-22-24-28-30-32 (e.g. H2M1709N); 36-38-40-44-46-48 (e.g.
H2M1710N); 52-54-56-60-62-64 (e.g. H2M1712N); 68-70-72-76-78-80 (e.g. H2M1713N); 84-86-
88-92-94-96 (e.g. H2M1763N); 100-102-104-108-110-112 (e.g. H2M1764N}); 116-118-120-124-
126-128 (e.g. H2M1811N); 132-134-136-140-142-144 (e.g. H2M1766N); 164-166-168-172-174-
176 (e.g. H4H1769N-a); 164-166-168-184-186-188 (e.g. H4H1769N-b}); 194-196-198-202-204-
206 (e.g. H4H1770N); 214-216-218-222-224-226 (e.g. HAH1771N); 234-236-238-242-244-246
(e.g. HAH1772N); 254-256-258-262-264-266 (e.g. H4H1774N), 274-276-278-282-284-286 (e.g.
H4H1775N); 294-296-298-302-304-306 (e.g. H4H1778N); 314-316-318-322-324-326 (e.g.
H4AH1779N); 334-336-338-342-344-346 (e.g. H4H1781N); 354-356-358-362-364-366 (e.q.
H4H1789Na and Pa); and 354-356-358-374-376-378 (e.g. H4H1789Nb and Pb).

[0015] The present disclosure also includes antibodies, or antigen-binding fragments thereof,
which comprise HCDR1-HCDR2-HCDR3-LCDR1-LCDR2-LCDR3 domains, respectively, having
the following amino acid sequences: HCDR1 = GFTFSNYG (SEQ 1D NO:254); HCDR2 =
IWYDDSXK, wherein X is S or N (SEQ ID NO:381); HCDR3 = ARDRWTYSHXFEY, wherein X
is Y or F (SEQ 1D NO:382); LCDR1 = QXISSW, wherein X is D or G (SEQ ID NO:383); LCDR2
= AAS (SEQ ID NO:264); and LCDR3 = QQANSFPRT (SEQ ID NO:266). Non-limiting
exemplary antibodies of the disclosure which have these sequence characteristics include
HAH1774N, H4H1775N, H4H1778N, H4H1779N, and H4H1781N.

[0018] In a related embodiment, the disclosure includes an antibody or antigen-binding
fragment of an antibody which specifically binds CD48, wherein the antibody or fragment
comprises the heavy and light chain CDR domains contained within heavy and light chain
sequences selected from the group consisting of SEQ ID NO: 2/10, 18/26, 34/42, 50/58, 66/74,
82/90, 98/106, 114/122, 130/138, 162/170, 178/180, 162/182, 178/190, 192/200, 208/210,
2127220, 228/230, 232/240, 248/250, 252/260, 268/270, 272/280, 288/290, 292/300, 308/310,



312/320, 328/330, 332/340, 348/350, 352/360, 368/370, 352/372, and 368/380. Methods and
techniques for identifying CDRs within HCVR and LCVR amino acid sequences are well known
in the art and can be used to identify CDRs within the specified HCVR and/or LCVR amino acid
sequences disclosed herein. Exemplary conventions that can be used to identify the
boundaries of CDRs include, e.g., the Kabat definition, the Chothia definition, and the AbM
definition. In general terms, the Kabat definition is based on sequence variability, the Chothia
definition is based on the location of the structural loop regions, and the AbM definition is a
compromise between the Kabat and Chothia approaches. See, e.g., Kabat, "Sequences of
Proteins of Immunological Interest," National Institutes of Health, Bethesda, Md. (1991); Al-
Lazikani et al., J. Mol. Biol. 273:927-948 (1997); and Martin ef al., Proc. Natl. Acad. Sci. USA
86:9268-9272 (1989). Public databases are also available for identifying CDR sequences

within an antibody. A
{60171 In another embodiment, the disciosure provides nucleic acid molecules encoding anti-

CD48 antibodies or fragments thereof. Recombinant expression vectors carrying the nucleic
acids of the disclosure, and host cells info which such vectors have been infroduced, are also
encompassed by the disclosure, as are methods of producing the antibodies by culturing the
host cells under conditions permitting production of the antibodies, and recovering the
antibodies produced.

[0018] In one embodiment, the disclosure provides an antibody or fragment thereof
comprising a HCVR encoded by a nucleic acid sequence selected from the group consisting of
SEQ ID NO: 1, 17, 33, 49, 65, 81, 97, 113, 129, 161, 177, 191, 207, 211, 227, 231, 247, 251,
267, 271, 287, 291, 307, 311, 327, 331, 347, 351, and 367, or a substantially identical sequence
having at least 90%, at least 95%, at least 98%, or at least 99% homology thereof.

[0018] The present disclosure also provides an antibody or fragment thereof comprising a
LCVR encoded by a nucleic acid sequence selected from the group consisting of SEQ 1D NO:
9, 25, 41, 57, 73, 89, 105, 121, 137, 145, 153, 169, 179, 181, 188, 199, 208, 219, 229, 239,
249, 259, 269, 279, 289, 299, 309, 319, 329, 339, 349, 359, 369, 371, and 379, or a
substantially identical sequence having at least 90%, at least 95%, at Ileast 98%, or at least 99%
homology thereof.

[0020] The present disclosure also provides an antibody or antigen-binding fragment of an
antibody comprising a HCDR3 domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 7, 23, 39, 55, 71, 87, 103, 119, 135, 167, 197, 217, 237, 257,
277, 297, 317, 337, and 357, or a substantially identical sequence having at least 90%, at least
95%, at least 98%, or at least 99% homology thereof; and a LCDR3 domain encoded by a
nucleotide sequence selected from the group consisting of SEQ ID NO: 15, 31, 47, 63, 79, 95,
111, 127, 143, 151, 159, 175, 187, 205, 225, 245, 265, 285, 305, 325, 345, 365, and 377, 0r a
substantially identical sequence having at least 80%, at least 95%, at least 98%, or at least 99%
homology thereof.



[0021] The present disclosure also provides an antibody or fragment thereof which further
comprises a HCDR1 domain encoded by a nucleotide sequence selected from the group
consisting of SEQ ID NO: 3, 19, 35, 51, 67, 83, 99, 115, 131, 163, 193, 213, 233, 253, 273, 293,
313, 333, and 353 or a substantially identical sequence having at least 90%, at least 95%, at
least 98%, or at least 99% homology thereof; a HCDR2 domain encoded by a nucleotide
sequence selected from the group consisting of SEQ 1D NO: 5, 21, 37, 53, 69, 85, 101, 117,
133, 165, 195, 215, 235, 255, 275, 295, 315, 335, and 355, or a substantially identical sequence
having at least 90%, at least 95%, at least 98%, or at least 99% homology thereof, a LCDR1
domain encoded by a nucleotide sequence selected from the group consisting of SEQ ID NO:
11, 27, 43, 59, 75, 91, 107, 123, 139, 147, 155, 171, 183, 201, 221, 241, 261, 281, 301, 321,
341, 361, and 373, or a substantially identical sequence having at least 90%, at least 95%, at
least 98%, or at least 99% homology thereof; and a LCDR2 domain encoded by a nucleotide
sequence selected from the group consisting of SEQ ID NO: 13, 29, 45, 61, 77, 93, 109, 125,
141, 149, 157, 173, 185, 203, 223, 243, 263, 283, 303, 323, 343, 363, and 375, or a
substantially identical sequence having at least 90%, at least 95%, at least 98%, or at ieast 99%
homoilogy thereof.

[0022] According to certain embodiments, the antibody or fragment thereof comprises the
heavy and light chain CDR sequences encoded by the nucleic acid sequences of SEQ ID NOs:
SEQ ID NOs: 1 and 9 (e.g. H2M1707N), 17 and 25 (e.g. H2M1709N), 33 and 41 (e.g.
H2M1710N), 49 and 57 (e.g. H2M1712N), 65 and 73 (e.g. H2M1713N), 81 and 89 (e.g.
H2M1763N), 97 and 105 (e.g. H2M1764N), 113 and 121 (e.g. H2M1811N), 129 and 137 (e.g.
H2M1766N), 161 and 169 (e.g. H4H1769N-a), 177 and 179 (e.g., H4H1769P-a), 161 and 181
(e.g. H4H1769N-b), 177 and 189 (e.g., H4H1769P-b), 191 and 199 (e.g. H4H1770N), 207 and
209 (e.g., H4H1770P), 211 and 219 (e.g. H4H1771N), 227 and 229 (e.g., H4H1771P), 231 and
239 (e.g. HAH1772N), 247 and 249 (e.g., H4H1772P), 251 and 259 (e.g. H4H1774N), 267 and
269 (e.g., H4H1774P), 271 and 279 (e.g. HAH1775N), 287 and 289 (e.g., H4H1775P), 291 and
299 (e.g. H4H1778N), 307 and 309 (e.g., H4H1778P), 311 and 319 (e.g. H4H1779N), 327 and
328 (e.g., HAH1779P), 331 and 338 (e.g. H4H1781N), 347 and 349 (e.g., H4H1781P), 351 and
359 (e.g. H4H1789Na), 367 and 369 (e.g., H4H1789Pa), 351 and 371 (e.g. H4H1789Nb), or
367 and 379 (e.g., H4H1789Pb).

[0023] The present disclosure includes anti-CD48 antibodies having a modified glycosylation
pattern. In some applications, modification to remove undesirable glycosylation sites may be
useful, or an antibody lacking a fucose moiety present on the oligosaccharide chain, for
example, to increase antibody dependent cellular cytotoxicity (ADCC) function (see Shield et al.
(2002) JBC 277:26733). In other applications, modification of galactosylation can be made in
order to modify complement dependent cytotoxicity (CDC).

[0023a] In one aspect, there is provided a pharmaceutical composition comprising the antibody
or antigen-binding fragment as defined herein and a pharmaceutically acceptable carrier or
diluent.

[0024] In another embodiment, the disclosure provides a pharmaceutical composition
comprising a recombinant human antibody or fragment thereof which specifically binds CD48
and a



pharmaceutically acceptable carrier. In a related embodiment, the disclosure features a
composition which is a combination of a CD48 inhibitor and a second therapeutic agent. In one
embodiment, the CD48 inhibitor is an antibody or fragment thereof. In one embodiment, the
second therapeutic agent is any agent that is advantageously combined with a CD48 inhibitor.
Exemplary agents that may be advantageously combined with a CD48 inhibitor include, without
limitation, other agents that inhibit CD48 activity (including other antibodies or antigen-binding
fragments thereof, peptide inhibitors, small molecule antagonists, etc) and/or agents which
interfere with CD48 upstream or downstream signaling.

[0025] In yet another embodiment, the disclosure provides methods for inhibiting CD48
activity using an anti-CD48 antibody or antigen-binding portion of an antibody of the disclosure,
wherein the therapeutic methods comprise administering a therapeutically effective amount of a
pharmaceutical composition comprising an antibody or antigen-binding fragment of an antibody
of the disclosure. The disorder treated is any disease or condition which is improved,
ameliorated, inhibited or prevented by removal, inhibition or reduction of CD48 activity. The
anti-CD48 antibody or antibody fragment of the disclosure may function to block the interaction
between CD48 and a CD48 receptor (e.g., 2B4 and/or CD2), or otherwise inhibit the signaling
activity of CD48.

[0025a]} in one aspect, there is provided the pharmaceutical composition as defined herein, for
use in treating a patient afflicted with, diagnosed with, or at risk of being afflicted with a disease
or disorder that is treatable by blocking the interaction between CD48 and a CD48 receptor.
[0026] The present disclosure also includes the use of an anti-CD48 antibody or antigen
binding portion of an antibody of the disclosure in the manufacture of a medicament for the
treatment of a disease or disorder related to or caused by CD48 activity in a patient.

[0026a] In one aspect, there is provided the use of the isolated antibody or antigen-binding
fragment as defined herein, or the pharmaceutical composition as defined herein, in the
manufacture of a medicament for use in treating a patient afflicted with, diagnosed with, or at
risk of being afflicted with a disease or disorder that is treatable by blocking the interaction
between CD48 and a CD48 receptor.

[6027] Other embodiments will become apparent from a review of the ensuing detailed
description.

BRIEF DESCRIPTION OF THE FIGURES
[0028] Fig. 1. Linear depiction of human CD48 polypeptide (SEQ ID NO:384). The portion
represented by amino acids 1-26 is the signal sequence; The portion represented by amino
acids 29-127 is Ig Domain 1; The portion represented by amino acids 132-212 is ig Domain 2.
The regions of SEQ ID NO:384 corresponding to amino acids 60-68 (YTFDQKIVE) and 107-125
(YIMRVLKKTGNEQEWKIKL) represent the epitope determined for the exemplary antibody
designated H4H1789Pa (see Example 4).
[0029] Fig. 2. Graphical representations of the effects of anti-CD48 antibody treatment in a
mouse model of graft-versus-host disease. (see Example 9). Panel A shows the weight loss
observed in treated and control animals; Panel B shows the percent survival of treated and
control animals. For both Panels (e) indicates no freatment; (A) indicates higG4 isotype control
treatment; and (=) indicates treatment with the exemplary anti-CD48 antibody H4H1789Pa.

DETAILED DESCRIPTION
[0030] Before the present invention is described, it is to be understood that this invention is
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not fimifed 1o particular methods and experimental conditions described, as such meathods and

conditions may vary. i is also 1o be understood that the ferminclogy used hersin is for the
purpase of describing particular embodiments only, and is nof intended fo be fimiting, since the
scope of the present invention will be limited only by the appended claims.

[0031] Unless defined otherwise, all technical and scieniific terms used herein have the same
meaning as commonly understood by one of ordinary skilf in the art fo which this invention
belongs. As used herein, the term "about,” when used in reference to a particular recited
numericat value, means that the value may vary from the recited value by no more than 1%.
For example, as used hevein, the expression "about 100" includes 98 and 101 and all values in
between {2.g., 88,1, 88.2, 89.3, 99 .4, aic.).

[6032] Although any methods and materials similar or equivalent to those described hsrein
can be used in the praciice or testing of the present invention, the preferred methods and

malarials are now described.

Definitions

[0033] The expressions "CD48" and "CD4B fragment,” as used hersin refer to the human
CD48 protein or fragment untess specified as baing from a nen-human species {e.g., "mouse
CDR48." "mouse CD48 fragment,” "monkey CD48," "monkey CD48 fragment,” etc.). Human
CD48 has the aming acid sequence of SEQ 1D NO:384. Amine acid sequences of CI48
molecules from non-human species (e.g., mouse, monkey, rabbit, dog, pig, elc.) are available
from public sources such as GenBank {e.g., GenBank accession numbers BAESE326.1
{mouse); DAA31866.1 {bovine), EDLB4663.1 (rat); eic).

{0034] The term "CD48 recepiorn,” as used herein, means 8 profein with which the human
Cd8 profein interacts o transmit & biological signal in vive. The term "CD48 recepior” includes
human 2B4 and human CD2. The term "human 2B4," as used herein, means a protein
comprising the amino acid sequence of SEQ 10 NO:380, or a portion thereof which is capable of
interacting with CD48. The term "human CD2." as used herein, means & protein comprising the
amino acid sequence of SEQ 1D NU382, or a portion thereof which is capable of interacting
with C348.

{0835] The term "antibody”, as used herein, is infended to refer to immunoglobulin molecules
comprising four polypeptide chains, two heavy {H) chains and two light (L) chains inter-
sonnected by disulfide bonds, as well as multimers thereof {e.g., igh). Each heavy chain
comprises a heavy chain variable region {abbreviated herein as HCVR or Vi) and a heavy chain
consiant region. The heavy chain constant region comprises three domains, Gy, Cu2 and Cy2.
Each light chain comprises a lght chain variable region {gbbreviated herein as LCVR ar V) and
a light chain constant region. The light chain constant region comprises one domain {C,1). The
Yy and Vy regions can be further subdivided into regions of hypervariability, termed
complemeantarity determining regions {CDRs), interspersed with regions that are more
conserved, termed framework regions (FR). Each Vy and V| is composed of three CDRs and
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four FRs, arranged from amino-ferminus 1o carboxy-terminus in the following order: FR1, CDR1,

FR2, CDR2, FR3, COR3, FR4, In different embodiments of the invention, the Fis of the anti-
CD48 antibody (or antigen-binding portion thereof) may be identical to the human germiine
sequences, of may be naturally or artificially modified. An amino acid consensus sequsnce may
be defined based on a side-by-side analysis of two or more CDRs,

[00381  The term "antibody,” as used herein, also includes anfigen-bingding fragments of fulf
antibody motecules. The terms “"antigen-binding portion” of an antibody, "antigen-binding
fragment” of an antibody, and the like, as used herein, include any naturally cccurring,
enzymatically obtainable, synthetic, or genelically engineered polypeptide or glvcoprotein that
specifically binds an antigen o form a complex. Antigen-binding fragments of an anfibody may
be derived, e.g., from Ul antibody molecules using any suitable standard techniques such as
proteciyiic digestion or recombinant genelic engineering techniques involving the manipulation
and expression of DNA encading antibady variable and aptionally constant domains. Such
DNA is known and/or is readily available from, e.g., commercial sources, DNA libraries
{including, e.¢., phage-antibody libraries), or can be synthesized. The DNA may be sequenced
and manipuiated chemically or by using molecular biclogy techniques, for example, fo arrange
one of more variable and/or constant domains infe a suitable configuration, or o infroduce
codons, creale cysieine residues, modify, add or delete amino acids, efc.

{60371 Non-limiting examples of antigen-binding fragments include: (i) Fab fragments; (i)
Flab'\2 iragrents; {iit) Fd fragments; () Fv fragments; {v) single-chain Fv {scFv) moleculas;
{vi} dAb fragrmenis; and {vil) minimal recognition units consisting of the amino acid residues that
mirmic the hypervariable region of an antibody {e.g., an isolated complementarity determining
region {CDR) such as a COR3 peptide), or & conslrained FR3-COR3-FR4 peptide. Other
engineered molecules, such as domain-specific antibodies, single domain antibodies, domain.
deleted anfibodies, chimerne antibodies, CDR-grafted antibodies, disbodias, triabodies,
tetrabodies, minibodies, nanobodies (e.g. monovalent nanobodies, bivalent nanobodiss, sig.),
small modular immunopharmaceuticals (SMPs), and shark variable igNAR domains, are also
sncompassed within the expression "antigen-binding fragment,” as used herein.

{0381  An antigen-binding fragment of an antibody will typically comprise at least one variable
domain. The variable domain may be of any size or amino acid composition and will generally
comprise at least one CDR which is adiacent to or in frame with one or more framework
sequences. in antigen-binding fragments having a Vg domain associaied with & V. domain, the
Vy and V, domains may be situated relative to one ancther i any suitable arrangement. For
exarple, the variable region may be dimeric and contain V-V, V-V, or V-V, dimers,
Alternatively, the antigen-binding fragment of an antibody may contain a monomeric Vy or Vi
domain.

{0038] in certain embodiments, an antigen-binding fragment of an antibody may contain af
least ane variable domain covalently finked o at least one constant domain, Non-limiting,
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exemplary configurations of variable and constant domains that may be found within an antigen-

binding fragment of an antibody of the presant inventiors include: {i) Ve Cut; (1) Va2, () Vi
Crd; () Vi Op 102y () Wr-Cpt1-Cp2-0nd; (vi) Vi Cp2-Cy8 (vil) Vi Gy (vl V-G (60 V-0i2;
(X} V-Cu3: {xi} V-Cp1-Cu2; (i) Vi-Cu1-Cp2-Cu3; (i} Vi-Cl2-Cu3; and {xiv) V-0 Inany
configuration of variable and constant domains, including any of the sxemplary configurations
fisted above, the variable and constant domains may be either directly linked to one another or
may be linked by a full or partial hinge or linker region. A hinge region may consist of at least 2
(g.g., 8, 10, 16, 20, 40, 80 or more} amino acids which result in a fiexible or semi-flexible linkage
between adjacent variable and/or constant domains in a single polypeptide molecule.
Moreover, an antigen-binding fragment of an antibody of the present invention may comptise a
homo-dimer or hetero-dimer {or other mullimer) of any of the variable and constant domain
configurations lisiad above in non-covalent assoctation with one ancther and/or with one or
more monomeric Vy or Vi domain {e.g., by disulfide bond(s})).

[0040] As with full anfibody molscules, antigen-binding fragments may be monospecHic or
muliispecific (e.g., bispecific). A mullispecific antigen-binding fragment of an antibody will
typically comprise af least two different vaniable domains, wherein esich variable domain is
capable of specifically binding o a separate antigen or fo a different epitope on the same
antigen. Any mullispecific antibody format, including the exemplary bispecific antibody formats
disclosed herein, may be adapted for use in the context of an éntigan-bmdiﬁg fragment of an
antibody of the present invention using rouding lechnigues available in the art

[8041} The antibodies of the present invention may function through complementi-dependent
cytotoxicity {CDC) or antibody-dependent celt-mediated cylotoxicity (ADCC). "Complement-
dependent cytotoxicily” (CDC) refers fo lysis of antigen-expressing celis by an antibody of the
invention in the presence of complement. "Antibody-dependent cell-mediated cytotoxicity”
(ADCC) refers to a cell-mediated reaction in which nonspecific cytotoxic cells that express Fo
receptors (FeRs) {e.g., Natural Killer (NK) cells, neutrophils, and macrophages) recognize
hound antibody on a target cell and thereby lead fo lysis of the target cell. CDC and ADCC can
be measured using assays that are well known and avallable in the arl. (See, a.g., U.S.
5,500,382 and 5,821,337, and Clynes ef al. {1888} Proc, Natl. Acad. Sci. {USA) 85:862-658)
The constant region of an antibody is important in the ability of an antibody to fix complement
and mediate sell-dependent cytotoxicity. Thus, ths isotype of an antibody may be sslected on
the basis of whether it ts desirable for the antibody to mediate cylotoxicity.

{08427 The term "huran antibody”, as used hersin, is intended to include antibodies having
variable and constant regions derived from human germiine nmunoglobulin sequences. The
human antibpdies of the invention may include amine acid residues not encoded by human
germiine immunogliobulin sequences {e.g.. mutations introduced by random or site~-specific
mutagenesis i vilro or by somatic mutation #7 vivo), for example in the CDRs and in partisular
CDR3E. Howsver, the term "human antibody”, as used herain, is not intended to includs
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antibodies in which COR sequences derived from the germiine of another mammalian species,

such as & mouse, have been grafted onto human framework seguences,

[0043] The term "recombinant human antibody”, as used herein, is intended to include all
humarn antibodies thal are prepared, expressed, created or isolated by recombinant means,
such as antibodies expressed using a recombinant expression vector transfecied into a host cell
{described further below), antibodies isolated from a recombinant, combinatorial human
antibody library (described further below), antibodies isciated from an animal (2.g., & mouse)
that is transgenic for human immunogiobulin genss {see e.g., Tayior el ai. (1882} Nucl. Agids
Res, 20:6287-6285) or antibodies prepared, expressed, created or isolaled by any other means
that involves splicing of human immunogiobulin gene sequences o other DNA sequences.
Such recombinant human antibodies have variable and constant regions derived from human
germiing immuncglobulin sequences, iIn cerlalr embodimants, however, such recombinant
humar antibodies are subjected to in viro mutagenesis (or, when an animal transgenic for
human lg sequences is used, in vivo somatic mutagenesis) and thus the aming acid sequences
of the Vy and V. regions of the recomiinant antibodies are sequences that, while derived from
and refated to human germline Vy and ¥, sequences, may not naturally exist within the human
antibody germline repertoire in vive,

[o044] HMuman antibodies can exist in two forms that are associated with hinge heterogeneity.
In one form, an immunogiobulin molecule comprises a stable four chain construct of
approximately 150-160 kDa in which the dimers are held togsther by an interchain heavy chain
disulfide bond. In a second form, the dimers are not finked via inter-chain disulfide bonds and a
molecule of about 75-80 kDa is formed composed of a covalently coupled fight and heavy chain
{half-antibody). These forms have been exiremaly difficult io separate, even after affinity
purification.

[6045] The frequency of appearance of the second form in varicus intact IgG isolypes is due
to, but not limited {o, sfructural differences associgted with the hinge region isotype of the
antibody. A single amino acid substitution in the hinge region of the human IgG4 hinge can
significantly reduce the appearance of the second form (Angal et al. (1943) Molecular
tmmunology 30:105) {o levels typically observed using a human igG1 hinge. The instant
invention ancompasses antibodiss having one or more mutations in the hinge, CpR or Cud
region which may be desirable, for exampie, in production, to improve the yield of the desired
antibody form.

[0046] An "isolated antibady,” as used heraln, means an antibody that has been identified and
saparated and/or racovered from at least ane compeonent of its natural envivonment. For
example, an antibody that has been separsted or removed from atl least one companent of an
organism, or from a lissue or cell in which the antibody naturally exists or is naturaily produced,
is an “isolated antibady™ for purposes of the present invention. An isolated antibody also
inchides an antibody in sity within a recombinant cell. Isolated antibodies are antibodies that
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have been subjecied o al least one purification or isciation step. According fo certain

embodiments, an isofated antibody may be substantially free of other celiuiar material and/or
chamicals.

80471 The term "specifically binds,” or the like, means that an antibody or antigen-birding
fragment thereof forms a complex with an antigen that is relatively stable under physiologic
conditions. Methods for determining whether an antibody specifically binds io an antigen are
well known in the art and include, for example, equilibrium dialysis, surface plasmon resonance,
and the like. For example, an antibody that "specifically binds" human CD48, as used in the
context of the present invention, inctudes antibodies that bind human CD48 or portion thereof
with & Kp of fess than about 1000 nh, less than about 500 niM, less than about 300 M, less
fhan about 200 nM, less than about 100 nM, less than about 80 nM, less than abowt 80 nM, lsss
than about 70 nM, less than about 60 nM, less than about 50 nM, less than abeout 40 nM, lass
thar about 30 nM, irss than about 20 nM, less than about 10 nM, less than aboul 5 nM, less
than about 4 nM, tess than about 3 nM, less than about 2 M, less than about 1 nM or less than
about 0.5 nM, as measured in a surface plasmon resonancs assay. (See, e.g., Example 3,
herein). An isolated andibody thal specifically binds human CD48 may, however, have cross-
reactivily to other antigens, such as CD48 molecules from other {non-human) species.

{0048 A "neutralizing” or "blocking” antibody, as used harsin, is intended to refer fo an
antibody whose binding to CD48: (i} inferferes with the interaction between CD48 or a C48
fragment and & CD4E receptor {(a.¢., 2B4 and/or CD2), and/or (i) resulis in inhibition of al least
one biological function of CD48. The inhibilion caused by a CD48 neutralizing or blecking
antibody need not be compiste $0 long as it is delectable using an appropriate assay.
Exemplary assays for detecting D48 inhibition are described herein,

{00498 The anB-CD48 antibodies disciosed herein may comprise aone of more aming acid
substitutions, insertions and/or deletions in the framework and/or COR regions of the heavy and
fight chain variable domains as comparad o the corresponding germiing sequsnces from which
the anfibodies were derived. Such mutations can be readily ascertained by comparing the
amino acid sequences disclosed herein to germiine sequenceas avallable from, for exampie,
public antibody sequence databases. The present invention includes anibodies, and antigen-
hinding fragments thereof, which are derived from any of the amine acid sequences disclosed
herein, whersin one oF more amino acids within one or more framework and/or CDR regions are
mutated {o the corresponding residus(s) of the germline sequence from which the antibody was
derived, or to the corresponding residue(s) of another human germiine sequence, or io a
conservative aming acid substitution of the corresponding germiine residus(s) {such seguence
changes are referred {o herein colleclively as "germiine mutations”™). A person of ordinary skili in
the art, starting with the heavy and light chain variable region sequences disclosed hersin, can
easily produce numercus antibodies and antigen-binding fragments which comprise one or
more individual germline mutations or combinations thereof. In cerlain embodiments, all of the
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framework andior COR residues within the Vy andfor Vi domaing are mutated back to the

residues found in the original germiine sequence from which the antibody was derived. In other
embuodiments, only certain residues are mutated back to the original germiine sequence, e.g.,
orly the mudated residues found within the first 8 amino acids of FR1 or within the fast 8 amino
acids of FR4, or only the mutated residues found within COR1, COR2 or CDRS3. In other
embodiments, one or more of the framework and/or COR residue(s) are mutated to the
corresponding residue(s) of a different germifine sequence {i.e., 2 germiine sequence that is
difterent from the germiline sequence from which the antibody was originally derived).
Furthermore, the antibodies of the present Invention may contain any combination of two or
more germiineg mutations within the framework and/or CDR regions, e.g., wherein certain
individual residues are mutated {o the correspending residue of a particular germline seguence
while certain other residues that differ from the original germiine sequence are maintained or
are muiated to the corresponding residue of a different germiine sequence. Once obtained,
antibodies and artigen-binding fragments that contain one or more germiine mutations can be
easily tesied for one or more desired property such as, improved binding specificity, increased
binding affinity, improved or enhanced antagonistic or agonistic binlogical properties (as the
case may be}, reduced immunogenicily, ele. Antibodies and antigen-binding fragments
chiained in this general manner are encompassed within the present invention.

[0050] Tne present invention also includes anti-CD48 antibodies comprising variants of any of
the MCVR, LOVR, and/or COR aming acld sequences disclosed herein having ons ar more
conservative substitutions. For example, the present invention includes anti-CDM48 antibodies
having HCVR, LOVR, and/or CDR amino acid sequences with, e.g., 10 or fewer, 8 or fewer, & or
fewer, 4 or fewet, efc. conservalive amine acid substilutions relative to any of the HCVR, LOVR,
and/or CDR aminc acid sequences disclosed herein.

[0454] The term “"surface plasmon resonance”, as used herein, refers {o an oplical
phenomenaon that aliows for the analysis of real-time interactions by detection of alterations in
protein concentrations within a bicsensor matrix, for example using the BlAcore™ sysiem
(Biacore Life Sciences division of GE Healthcare, Piscataway, NJ).

fOB82] Theterm "Kp ", as used herein, is intended {o refer to the equilibrium dissociation
constant of a parficular antihody-antigen interaction.

[0053] The term "spitope” refers to an antigenic determinant that interacts with a specific
antigen binding site in the variabie region of an antibody molecule known as a paratope, A
single antigen may have more than ohe epifope. Thus, different antibodies may bind to differem
areas on an antigen and may have different biclogicat effects. Epiiopes may be either
conformational or linear. A conformational epitope is produced by spatiaily juxtaposed amino
acids from different segments of the linear polypeptide chain. A linear epifope & one produced
by adjacent amino acid residues in a polypeptide chain. in certain circumstance, an epitope
may include moisties of saccharides, phosphoryl groups, or sulfory! groups on the antigen,
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[0054] The term "substantial identity” or “substantially identical,” when referring to a nucleic

acid or fragment thereof, indicates that, when optimally aligned with appropriate nucieotide
insertions or deletions with ancther nugleic acid (o its complemenitary strand), there is
nucleofide sequence ideniily in at lsast about 85%, and more prefarably at feast about 98%,
97%, 88% or 99% of the nucleotide bases, as measured by any well-known algorithm of
sequence identty, such as FASTA, BLAST or Gap, as discussed below. A nucieic acid
molecule having substantial identity to a reference nuclelo acid molecule may, in certain
instarces, encode a polypeptide having the same or substantisily similar amino acid sequence
as the polypeptide encoded by the reference nucleic acid molecule.

[B0ES]  As applisd to polypeptides, the term "substantial similarity” or "substantially simitar
means that iwo peptide sequences, when optimally aligned, such as by the programs GAP or
BESTHT using default gap weights, share at least 85% sequence identity, even more
oreferably at least 98% or 989% sequence identily. Preferably, residue posifions which are not
identical differ by conservative amino acid substitulions. A “conservative amine acid
substitution” is ong in which an amino acid residue is substituted by another amino acid residue
having & side chain (R group) with similar chemical properties {e.g., charge or hydrophobicity).
in general, a congervative amino acid substitution will not substantially change the functional
properties of a protein. In cases where two or more aming acid sequences differ from each
other by conservative substitutions, the percent sequence identity or degree of simiiar?ﬁy may be
adiusted upwards o correct for the conservative nature of the substitution. Means for making
this adjustment are well-known to those of skill in the arl. Ses, e.g., Pearson (1804} Methods
Mol. Biol. 24; 307-331. Examples of groups of amine acids that have side chains with similar
chemical properties include (1) aliphatic side chains: glycine, alanine, valine, leucine and
isoteucine; (2) aliphalic-hydroxyl side chains: serine and threonine; {3) amide-containing side
chaing: asparaging and giutamine; (4) aromatic side chains: phenvialanine, tyrosine, and
tryptophan; (5) basic side chains: lysine, arginine, and histiding, (6) acidic side chains: aspartaie
and glutamate, and {7} sulfur-containing side chains are cysieine and methioning. Preferred
conservative aming acids substitution groups are: valine-leucine-iscleucing, phenylatanine-
tyrosine, lysing-arginine, alanine-vaiine, glutamate-aspariate, and asparagine-glutamine.
Adternatively, a conservative replacement is any change having a positive value in the PAM250
fag-ikelihood matrix disciosed in Gonnet ef &l (1982) Science 256: 14431445, A "moderately
conservative” replacement is any change having a nonnegative value in the PAMZS0 iog-
fikelihood matrix.

[6058] Sequence similarity for polypeptides, which is also referred {0 as seqguence identity, is
typically measured using sequence analysis software. Prolein analysis sofiware matches
similar sequences using measures of similarity assigned o various substitutions, delstions and
other modifications, including conservative aming acid substitutions. For instance, GCG

software contains programs such as Gap and Bestiit which can be used with default parameters
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to determine sequence homology or sequence identity betwseen closely related polypaptides,

such as hompologous polypeptides from different species of organisms or between a wild type
profein and a mutein thereof. See, e.g., GCG Version 6.1, Polypeptide sequences also can be
compared using FASTA using default or recommended paramsters, & program in GCG Version
8.1, FASTA (e.g., FASTAZ and FASTAS3) provides alignments and percent sequance identity of
fhe regions of the best overlap between the query and search saquences {Pearson (2000)
supra). Another preferred algorithm whan comparing a sequence of the invention io g database
containing a large number of sequences fron different organisms is the computer program
BLAST, especially BLASTP or TBLASTN, using default parameters. See, e.g., Altechul of al
(1840} J. Mol. Biol. 215:403-410 and Alischul ef a/, (1997) Nucleic Acids Res, 25:3380-402.

Biological Characteristics of the Antibodies

[00871  The antibodies of the present invention block the interaction between human CD48 and
at least one CDM48 receptor. As used herein, the expression "blocks the interaction between
human CD48 and at least one TD48 receptor” means that, in an assay in which the physical
interaction between CD48 and a CDA48 receplor {e.g., human 2B4 and/or human CD2) can be
detected and/or quantified, the addition of an antibody of the invention reduces the interaction
hetween CD48 and the receptor by atleast 50%. A non-imiting, exemplary assay thai can be
used to determine if an antibody blocks the interaction between human CD48 and a CD48
receptor {(&.g., human 284) is dlustraled in Example &, hersin. In this Example, antibodies are
mixed with GD48 protein, and then the antibody/CD48 miixture s applied to a surface coated
with 2B4 prolein. After washir}g away unbound molecules, the amount of CD48 bound fo the
284-coated surface is measured. By using varying amounis of antibody in this assay format,
the amount of antibody required o biock 80% of CD48 binding to 2B4 can be calculated and
sxpressed as an {Gy value. The present invention includes anti-CD48 antibodies that exhibit an
ICsp of less than about 400 pM when tested in a CO48/C048 receptor binding assay as
desoribad above, of a substantially similar assay. For example, the invention includes anti-
CD48 antibodies that exhibit an iCsg of less than about 400, 300, 280, 280, 270, 260, 250, 240,
230, 220, 210, 200, 190, 180, 170, 1680, 180, 140, 130, 120, 110, 100, 80, 80, 75, 60, 50, 40,
30, 20, 10,18, 16, 14,12, 10,8, 8,7, 8, 5, 4, 3, 2, or 1 pM when tested in 5 CD48/CD48
receptor binding assay as described above, or a substantially similar assay.

[o088] The antibodies of the present invention are also able to inhibit activation of primary
human peripheral blood mononuclear cells (PBMGCs). As used herein, the expression "inhibits
activation of primary human petipheral blood mononuclear cells” means that, in an assay in
which the activation of PBMCs can be detected andfor quantified (e.g., by measuring release of
IFN-gamma or other cytokine), the addition of an antibody of the invention reduces the amount
of IFN-gamma {or other cytokine} that is released by at least 50%. Non-limiting, exemplary
assays that can be used fo determine if an antibody inhibits activation of PBMCs are illustrated
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in Examples 6 and 7, herein. {n one example, anti-CD48 antibody is added 1o isolated human

PBMCs prior {o activation of the PBMCs with agonisi anti-CD3 and anti-CD28 antibodies. After
a period of incubation, the amount of IFN-gamma released is measured. By using varying
amounts of antibody in this assay format, the amount of antibody required to inhibit 50% of
maximal IFN-gamma release can be calculated and expressed as an ICy value, The present
invention includes anti-(C048 antibodies that exiiibil an {Cs, of less than about 500 pM when
tested in a PBMC activation assay as described above, or a substantially similar assay. For
examptle, the invention includes anti-CD48 antibodies that exhibit an 1Cs; of less than about 500,
400G, 300, 200, 280, 270, 260, 250, 240, 230, 220, 210, 200, 180, 180, 170, 160, 150, 140, 130,
120, 110, 100, 90, 80, 70, 80, 50, 40, 30, 20, 10, 18, 16, 14, 12, 10,9, 8,7.6,5, 4, 3, 2, or 1 pM
whern tested in 8 PBMC sctlivation assay as described above, or a substantialiy simitar assay.

Epitope Mapping and Related Technologies

{6058]  The human CD48 protein contains two immunoglobulin-like domains, referred to herein
as "lg domain 1" and "lg domain 2", 1g domain 1 s the sequence of amino acids represented by
amino acids 29 through 127 of SEQ I NO384, and 1g domain 2 is the sequence of amino
acids represented by amino acids 132 through 212 of SEQ 1D N384 {see Figure 1).

180607 The present invention includes antt-CD48 antibodies which bind specifically to an
epitope within Ig domain 1 of human CD48. The epitope may consist of & single contiguous
sequence of Sormore (8.9, 3, 4, 5, 6,7, 8, 8,10, 11,12, 13, 14, 15, 18, 17, 18, 19, 20 or more)
amino acids located within ig domain 1 of CD48. Allernatively, the spitope may consist of &
plurality of non-configuous amine acids {or aming acid sequences) located within g domain 1 of
CD48, According to cerfain embodiments of the present invention, anti-CD48 antibodies are
provided which inferact with one of more amino acids located within amino acids 60 to 125 of
SECG D NO:384, For example, the present invention includes anti-CD48 antibodies which
interact with one or more amino acids located within aming acids 60 {o 88 andfor 107 o 125 of
SEQ ID NO:384,

{6061] Various fechnigues knows 1o persons of ordinary skifl in the art can be used to
determine whether an antibody "interacts with one or more amino acids”™ within a polypeptide or
protein. Exemplary lechniguss include, e.g., routing cross-blocking assay such as that
described Antibadies, Harow and Lane (Cold Spring Harbor Press, Cold Spring Harb., NY),
alanine scanning mutational analysis, peptide biots analysis (Reineke, 2004, Methods Mol Biol
248:443-463), and peplide cleavage analysis. In addition, methods such as epitope excision,
epitope exfraction and chemical modification of antigens can be employed {Tomer, 2000,
Protein Science 9:487-496). Anocther method that can be used to identify the amino acids within
a polypeptide with which an antibody interacts is hydrogen/deuterium exchange detectad by
mass spectrometry, (See, a.g., Example 4 herein}. in general {erms, the hydrogen/deuterium
exchange method involves deuterium-labeling the protein of interest, followed by binding the
antibody {o the deuterium-labeled protein, Nexi, the protein/antibody complex is transferred fo

15~



WO 2012/047567 PCT/US2011/053193
water to allow hydrogen-deuterum exchange {o ocgur at all residuss except for the residues

protected by the antibody (which remain deuterium-labeled). After dissociation of the antibody,
the target protein is subjecied to protease cleavage and mass spectrometry analysis, theraby
revealing the deuteriumelabeled residues which correspond to the specific aming acids with
which the antibody interacis. See, e.g., Ehring (1998} Anahvtical Bicchemisiry 267{2.252-258;
Engen and Smith (2001) Anal. Chern, 73 256A-265A

[6682] The present invention further includes anti-CD48 antibodies that bind to the same
epilops as any of the spacific exempiary antibodies described herein {e.g., H4H1788FPg,
HAHTTE3N, H2M1FO7N, HZM170ON, H4H1770N, H4M1T7IN, etc.). Likewise, the present
invention also includes anti-CD48 antibodies that compete for binding to CD48 or a CD48
fragment with any of the specific exemplary antibodies described herein {a.g., H4H1789P¢g,
HARTTESN, M2M1707N, H2MI708N, FAHT77ON, HAHI771N, efo. ).

[6083] One can easily defermine whether an antibody binds o the same epitope as, or
competes for binding with, a reference anti-CD48 antibody by using routine methods known in
the art. For example, to determine if a test antibody binds to the same epitope as a referance
anti-CD48 antibody of the invention, the reference antibody is allowed to bind to a CD48 protein
or peptide under saturating conditions. Next, the ability of a test aptibody o bind to the CD48
molecule is assessed. I the test aniibody is able to bind to CU48 following saturation binding
with the reference ant-CD48 antibody, it can be concluded that the test antibody bindsto a
different epitope than the refarence anti-CD48 antibody. On the other hand, i the test antibody
iz not able (o bind to the CD48 moiecule following saturation binding with the reference anti-
CD48 antibody, then the test antibody may bind fo the same epitope as the apifope bound by
the reference anti-CD48 antibody of the invention. Additional routine experimentation {e.g.,
paplide miujation and binding analyses) can then be carried out fo confirm whether the observed
lack of birding of the test antibody is in fact due 1o binding fo the same epitope as the reference
antibody or i steric blocking {or another phenomenon) is responsible for the lack of observed
binding. Experiments of this aort can be performed using ELISA, RIA, Biacorg, flow cylometry
or any other quantitative or qualifative antibody-binding assay available in the art. In
accordance with cerlain embodiments of the presant invention, two antibodies hind 1o the sams
{or overlapping) epitope i, &.g., & 1+, 5+, 10-, 20~ or 100-fold excess of one antibody inhibits
binding of the other by af least 50% but preferably 78%, 80% or even 99% as measured in a
competitive binding assay {see, e.g., Junghans et al., Cancer Res. 1900:50:1495-1502),
Alternatively, two antibodies are deemed to bind o the same epitope if essentially all amino acid
mutations {n the antigen that reduce or efiminaie binding of one antibody reduce or sliminate
binding of the other. Two antibodies are deemed {o have "overlapping epifopes” if only a subsat
of the amino acid mutations that reduce or sliminate binding of one antibody reduce or
eliminate binding of the other.

[0064] To delermine if an antibody competes for binding with & reference anti-CD48 antibody,
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the above-described binding methodalogy is performed in two orientations: In a first orientation,

the reference antibody is allowed 1o bind to a CD48 molecule under saturating conditions
followed by assessment of binding of the test antibody to the CD48 molecula. In a sscond
orientation, the fest antibody is allowsd to bind {o a CD48 molecule under saturating conditions
followed by assessment of binding of the reference antibody to the CD48 molecule. I, in both
orientations, only the first {saturating) antibody is capable of binding to the CD48 molscule, then
it is concluded that the test antibody and the reference antibody compeie for binding to CD48.
As will be appreciated by & person of ordinary skilt in the art, an antibody that compeles for
hinding with a reference antibody may not necessarily bind to the same epitope as the
reference aniibody, but may sterically block binding of the reference antibady by binding an
overlapging or adjacernt epifope.

Freparation of Human Antibodies

[6085] Methods for generating monoclonal antibodies, including fufly human monodional
antibodies are known in the art. Any such known methods can be used in the context of the
present invention to make human antibodies that specifically bind o human CD48.

{0068] Using VELQCIMMUNE ™ technology or any other known method for gensrating
muonocional antibodies, high affinity chimeric antibodies to CD48 are initially isolated having a
human variable region and a mouse constant region. As in the experimentsl section below, the
antibodies are characterized and selected for desirable characteristics, including affinity,
selectivily, epitope, ete. The mouse consiant regions are replaced with a desired human
constant region {o generate the fully human antibody of the invention, for example wild-tvpe or
modified lgG1 or IgG4. While the constani region selected may vary according fo specific uss,
high affinity antigen-binding and target spacificity characieristics reside in the variable region,

Bicequivalents

[BOBY] The enti-CD48 antibodies and antibody fragments of the present invention encompass
proteins having aminge acid sequences that vary from those of the described antibodies but that
retain the ability {o bind human CD48. Such variant antibodies and antibady fragments
comprise ong or more additions, deletions, or substitutions of amino acids when compared to
parent sequence, but exhibit biclogical activity thal is essentially equivalent {o that of the
desoribed antibodies. Likewiss, the anti-CD48 antibody-encoding DNA sequences of the
present invention encompass sequences that comprise one or more additions, deletions, or
substitutions of nucieotides when compared to the disclosed sequence, but that encode an anti-
CR48 antibody or antibody fragment thal is essentially biosquivalent to an anti-CD48 aniibody
or antibody fragment of the invention, Examples of such variant amino acid and DNA
sequences are discussed abovs.

[0088] Two antigen-binding proteins, or antibodies, are considered bivequivalent #, for

exampig, they are pharmaceutical equivalents or pharmaceutical alternatives whose rate and

LT -



WO 2012/047567 PCTUS2011/053193
extent of absorption do not show a significant difference when administered at the same molar

dose under similar experimental conditions, either single does or muitiple dose. Soms
antibodies will be considered equivalents or pharmaceutical alternatives If they are equivalent in
the extent of their absorption but not in their rate of absorption and yet may be considered
bioeguivalent because such differences in the rate of absorption are intentional and are
reflected in the labeling, are not essential to the attainment of effective body drug
concentrations on, e.q., chronic use, and are considerad medically insignificant for the particular
drug product studied.

{00691 in one embodiment, two antigen-binding proteins are bioeguivalent if there are no
slinically meaningful differences in thelr safety, purily, and potency.

BOTY]  In one embodiment, two antigen-binding proteins are bioequivalent if & patieni can be
switched one or more times between the reference product and the bidlogical product without
an expected increase in the risk of adverse effects, inchuding a clinically significant change in
immunogenicity, or diminished effectiveness, as compared to continued therapy without such
switching.

{00711  In one embodiment, fwo antigen-binding proteins are bicsquivalent if they both actby a
common mechanism or mechanisms of action for the condition or conditions of use, to the
extent that such mechanisms are known.

[6072] Biceguivalence may be demensirated by in vive and in vilro methods. Biceguivalence
measures include, e.g., {a) an in vivo test in humans or other marmmals, in which the
soncendration of the antibody or its metabolites is measured in blood, plasma, serum, or other
biclogical fluid as a funclion of time,; (&) an in vitro test that has been corelated with and is
reasonably predictive of human in vive bicavailability data; {¢) an in vivo test in humans or ofher
mammals in which the appropriate acute pharmacological effect of the aniibody (or its target) s
measured az a function of time; and (@) in & well-controlied clinical trigd thal establishes safety,
afficacy, or bioavaiiability or bioequivalence of an antibody.

[6073] Biosquivalent vartants of anti-CD48 antibodies of the invention may be constructed by,
for example, making various substitutions of residues or sequences or deieting terminal or
internal residues or sequences not needed for biclogical activity. For example, cysteine
residues not essential for biological activity can be deleted or replaced with other amino acids o
pravent formation of unnecassary or incorrect intramolecular disulfide bridges upon
renaturation. In other contexts, bineguivalent antibodies may include anti-CD48 antibody
variants comprising aminoe acid changes which modify the glycosylation characleristics of the
antibodies, e.g., mutations which eliminate or ramove glycosylation.

Species Selectivity and Species Cross-Reactivity

(80741 According to ceriain embodiments of the invention, the anti-CD48 antibodies bind to
human CD48 but not to C48 from other species. The present invention also inchudas arnti-
CD48 antibodies that bind to human G348 and to CD48 from one or more non-human species,
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Far example, the anti-CD48 antibodies of the invention may bind to human CD48 and may bind

or not bind, as the case may be, 10 one or more of mouse, rat, guinea pig, hamster, gerbil, pig,
cat, dog, rabbit, goat, sheep, cow, horse, camel, cynomologous, marmoset, rhesus or
chimpanzee CD48.

mmunoconjugates

{00781 The invention encompassss anti-CD48 monodcional antibodies conjugated 1© a
therapeutic molety {Mimmunoconjugate™), such as g oylotoxin, a chemotherapeutic drug. an
immunosuppressant o & radioisotope. Cyloloxic agents include any agent that s defrimental to
cells. Examples of suitable cytotoxic agents and chemotherapeutic agents for forming
immunoconjugates are known in the arl, (see for sxample, WO 05/103081).

Multispecific Antibodies

{0076} The antibodies of the present invention may be monospecific, bi-specific, or
multispecific. Multispeciiic antibodies may be specific for diffsrent epitopes of one target
polypeptide or may contain antigen-binding domains specific for more than one target
polypeptide. See, e.g., Tuttetal, 1881, 4 immunol. 147:60-69; Kufer e &/, 2004, Trends
Biotechnol, 22:238-244, The anfi-CD48 antibodies of the present invention can be linked o or
co-expressad with another functional m,o;ecuie; e.g., another peptide or profein. For example,
an anfibisdy or ﬁ%ggén‘t thereof can be functionally finked (e.g., by chemical coupling, genetic
fusion, noncovalent association or otherwise) {0 one or more other molecular entities, such as
another antibody or antibody fragment o produce a bi-specific or a multispecific antibody with a
second binding specificity. For example, the present invention includes bi-specific antibodies
wherein one arm of an immunoglobulin is specific for human CD48 or a fragment thereof, and
ine other arm of the immunoglobulin is specific for a second therapeudic target ar is conjugated
to & therapeudic moiety such as g trypsin inhibitor,

{0077]  An exemplary bi-specific antibody format that can be used s the context of the present
invention mvolves the use of a first immunoglobulin {lg) C43 domain and a second Ig Cy3
domain, wherein the first and second lg C.3 domains differ from one another by &t least one
amino acid, and wherein at least one amino acid difference reduces binding of the bispecific
anfibody to Protein A a8 compared {o & bi-specific antibody lacking the amino acid difference.

in one embodiment, the first Ig Cy3 domain binds Frotein A and the second Ig Cuy3 domain
contains a mutation that reduces or abolishes Protein A binding such as an H95R maodification
(by IMGT exon numbering; H438R by EU numbering). The second 83 may further comprise &
YI6F modification (by IMGT, Y436F by EU). Further modifications that may be found within the
second Cn3 include: DBE, L18M, N44S, KB2N, V5T, and V82! {by IMGBT; D3IBEE, LI5S,
N384%, K302N, V387TM, and V4221 by EU) in the case of IgG1 antibadies; N44S, KB2N, and
VEZI{IMGT,; N3845, K382N, and V4221 by EU) ins the case of igB2 antibodies; and (115R,
N44S, KB2N, va7M, RE8K, E79Q, and V821 (by IMGT; Q355R, N3845, K302N, VIO7TM, R400K,
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£418Q), and V422] by EU) in the case of IgG4 antibodies. Variations on the bi-specific antibody

format described above are confemplated within the scope of the present invention.

Therapeutic Formulation and Administration

f06T8]  The invention provides pharmaceutical compositions comprising the anti-CD48
anfibodies or antigen-binding fragments thereof of the present invention. The pharmaceutical
compaositions of the invention are formulaied with suitable carriers, excipients, and other agents
that provide improved transfer, delivery, tolerance, and the tike. A multitude of appropriate
formulations can be found in the formulary known to alf pharmaceutical chemists: Remington's
Pharmaceutical Sciences, Mack Publishing Company, Easton, FA. These formulations include,
for example, powders, pastes, ointments, jellies, waxes, oils, lipids, lipid (cationic or anlonic}
containing vesicles {(such as LIPOFECTIN™Y, DNA conjugates, anhydrous absorption pasies,
cil-in-water and water-in-oil emulsions, emulsions carbowax {polyethylene glycols of various
molecular weights}, semi-solid gels, and semi-solid mixtures containing carbowax. See alse
FPowelt ol al. "Compendium of excipients for parenteral formulations” PDA (1988} J Pharm Sci
Technal 52:238-311.

[0079] The dose of antibody administered to a patient may vary depending upon the age and
the size of the patient, targel disease, conditions, route of administration, and the like. The
preferrad dose is typically calculated according to body weight o body surtace area. When an
antibody of the present invention is used for trealing a condition or dissase associated with
Ch48 activity in an adull patient, i may be advantageous 1o intravenously administer the
antibody of the presant invention normally af a single dose of about 0.01 1o about 20 mgikg
body weight, more preferably about 0.02 1o aboul 7, about 0.03 to about §, or about 0.08 to
about 3 mgikg body weight. Depending on the severily of the condition, the frequency and the
duration of the freatment can be adjusied. Effective dosages and schedules for administering
D48 antibodies may be determined empirically; for example, patient progress can be
monifored by periadic assessment, and the dose adjusted accordingly. Moreover, interspecies
scaling of dosages can be performed using weil-known methods in the art {e.g., Mordent! ef &,
1881, Pharmaceut. Res. 81351},

[B680] Various delivery systems are Knowrt and can be used o administer the pharmaceutioal
compostiion of the invention, e.g., encapsulation in iposomeas, micropasticles, microcapsules,
recombinant celis capabie of expressing the mutent viruses, receplor mediated endocylosis
{see, .g., Wusetal, 1887, J. Biol Chem. 262:4428-4432). Methods of introduction include, but
are nat iimited {0, intradermal, intframuscular, intraperitoneal, infravenous, subcutansous,
intranasal, spidural, and oral routes. The compagition may be adminisiared by any convenient
routs, for example by infusion or bolus injection, by absorption through epithslial or
mucocutaneous finings (8.g., oral mucosa, rectal and intesfinal mucosa, etc.) and may be
administered together with other biologically active agents. Administration can be systemic or
focal.
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[0081] A pharmaceutical composition of the present invention can be deliversd

subcutaneously or intravenousily with a standard needie and syringe. in addition, with respect
to subcutaneous delivery, & pen delivery device readily has applications in delivering &
pharmaceutical composition of the present invention. Such a pen delivery device can be
reusable or disposable. A reusable pen delivery device generally utilizes a replacesble
cartridge thal contains a pharmaceutical pompositéon‘ Once alt of the pharmaceutical
composition within the cartridge has been administered and the cartridgs s emply, the empty
cartridge can readily be discarded and replaced with a new carnridge that contains the
pharmaceutical composition. The pen delivery device can then be reused. in a disposable pen
delivery device, there is no replaceable cartridge. Rather, the disposable pen delivery device
comes prefiled with the pharmaceutical composition held in & reservolr within the device. Once
the reservolr is emptied of the pharmaceutical composition, the entire device is discarded.
(86821 Numerous reusable pen and autoinjector delivery devices have applications in the
subcutaneaus deiivery of a pharmaceutical composition of the present invention. Examples
include, but are not limited o AUTOPEN™ (Gwen Mumford, inc., Woodstock, UK),
DISETRONIC™ nen (Disstronic Medical Systems, Bergdorf, Switzerland), HUMALOG MIX
75/25™ pen, HUMALOG™ pern, HUMALIN 70/30™ pen (El Lilly and Co., indianapolis, IN),
NOVOPEN™ i It and Il (Novo Nordisk, Copenhagen, Denmark), NOVOPEN JUNIOR™ (Novo
Nordisk, Copenhagen, Derynark}, BD™ pen (Becton Dickinéon, Franklin Lakes, N},
OPTIPEN™ OPTIPEN PRO™ OPFTIPEN STARLET™, and OPTICLIK™ (sanofi-avertis,
Frankfurt, Germany), to name only a few, Examples of disposable pen delivery devices having
applications in subcutaneous delivery of a pharmaceutical composition of the present invention
include, but are not imited to the SOLOSTAR™ pen (sanofi-aventis), the FLEXPEN™ (Movo
Nordisk), and the KWIKFEN™ (£l Lilly), the SURECLICK™ Autoinjector {Amgen, Thousand
Oaks, CA}, the PENLET™ (Haselmeier, Siuttgart, Germany), the EPIPEN (Dey, L.P.), and the
HUMIRA™ Pan {Abbott Labs, Abbott Park IL), Io name only 2 few.

00837 [n certain sifuations, the pharmaceutical composition can be delivered in & controlled
release system. In one embodiment, a pump may be used (see Langer, supra; Sefton, 1987,
CRC Crit, Ref. Biomed. Eng. 14:201). In another embodiment, polymeric materials can be
used; see, Medical Applications of Controlled Release, Langer and Wise {eds.), 1874, CRC
Fres., Boca Raton, Florida, in yet another embodiment, & controlled release system can be
placed in proximity of the composition's target, thus requiting onty & fraction of the systemic
dose {see, e.g., Goodson, 1884, in Medical Applications of Controlied Release, supra, vol. 2,
op. 115-138). Qiher controlled release sysiems are discussed in the review by Langer, 1880,
Science 248:1527-1533.

[6084] The injsctable preparations may include dosage forms for intravenous, subcutansous,
intracutaneous and inframusecular injections, drip infusions, efe. These injectable preparations

may be prepared by methods publicly known. For example, the injectable preparations may be
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prapared, 6.G., by dissclving, suspending or emulsifying the antibody or ifs salt described above

in a sterile aquecus medium or an oily medium conventionally used for injections. As the
agqueous medium for injections, there are, for example, physiojogical safine, arn isotpnic solution
containing glucose and other awdliary agents, etc., which may be used in combination with an
appropriate solubilizing agent such as an alcohol {e.g., ethanol), a polyalcohol (8.g., propyiens
glycol, polyethylene giycol), a nonionic surfactant [e.g., polysorhate 80, HCQ-50
{polyoxyethylene (50 mol} adduct of hydragenated castor oif)], efc. As the ofly madium, there
are employed, e.g., sesame oil, sovbean off, elc., which may be used in combination with a
solubilizing agent such as benzy! benzoate, benzyt sicohal, stc. The injection thus prepared is
preferably filled in an appropriate ampoule.

{00857 Advaniageously, the pharmaceutical compositions for oral or parenteral use described
above are prepared into dosage forms in a unit dose suited to fit a dose of the active
ingredients, Such dosage forms in a unit dose include, for example, tablets, pills, capsules,
injections {(ampoules), suppositaries, etc. The amount of the aforesaid antibody contained is
generally about 5 fo about 560 mg per dosage form in a unit dose; especially in the form of
injection, it is preferrad that the aforesaid antibody is contained in about 5 o about 100 mg and
in abowt 10 1o about 250 mg for the other dosage forms.

Therapeutic Uses of the Antibodies

[6086] The antibodies of the invention are uselul, infer afla, for the treatment, prevention
andfor amelioration of any disease or disorder associated with or mediated by CD48 activity or
treatable by blocking the interaction between CD48 and & CD4B receptor. Exemplary diseases
and disorders that can be {reated with the anti-C48 antibodies of the present invention includs,
e.g., asthma, allergy, atopic dermatitis, conjunctivitis, inflammatory bowel diseass (e.q.,
uicerative colitis), celiae disease, and cancer {e.g., blood cell cancer, brain cancer, breast
cancer, colon cancer, head and neck cancer, liver cancear, {ung cancer, ovarian sancer,
pancreatic cancer, prostate cancer, skin cancer, stomach cancer, sic.). The anti-C48
antibodies ¢f the presernt invention can also be administered o patients to treat psoriasis,
Other diseases and disorders that can be treated with the anti-CD48 antibodies of the present
nvention include, e.¢., systemic lupus ervthematosis (SLE}, rheumatoid arthritls, graft-versus-
host disease (GvHD) (s.g., chronic GvHD or acute GvHD), and transplant rejection,

Combination Therapies

fO0871 The present invention includes therapeutic administration regimens which comprise
administering an anti-CD48 antibody of the present invention in combination with at least one
additional therapeutically active component. Non-limiting examples of such additional
therapeutically active componenis include other CD48 antagonists (e.g., & second anti-CD48
antibody or small molecule inhibitor of CD48), cytoking inhibitors (e.g., an interleukin-1 (L-1)

inthibitor (sueh as rilenacept or anakinrg, a smali molecute -1 antagorist, or an anti-{L-1
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antibody); IL-18 inhibtlor {such as a small molecule 1L-18 antagonist or an anti-lL-18 antibody);

fL~4 inhibitor {such as a small molecuie 1L-4 antagonist, an anti-lL-4 antibedy or an anti-il-¢
receptor antibody); 1L-6 inhibitor {(such as a small molecule 1L-6 antagonist, an anti-iL-6 antibody
or an anti-iL-6 receptor antibody); aspirin; NSAIDs; steroids {e.g., prednisone, methotrexate,
ete.); low dose cyclosporine A; tumor necrosis factor (TNF} or TNF receptor inhibitors {e.g., a
smatl! molecule TNF or TNFR antagonist or an anti-TNF or TNFR antibody); uric acid synthesis
inhibitors (2.g., allopurinol}; uric acid excretion promoters {e.g., probenecid, sulfinpyrazone,
benzbromarone, eic.), other inflammatory inhibitors (e.g., inhibitors of caspase-1, p38, KK1/2,
CTLAig, etc.); andfar corticosteroids. The additional therapeutically active componeni(s) may
be administered prior 1o, concurrent with, or after the administration of an anti-CD48 antibody of
the present invention (for purposes of the present disclosure, such administration regimens are
considered the administration of an ant-CD48 antibody "in combination with” a therapeutically
active component of the invention).

Diagnostic Uses of the Antibodies

[0888] The anti-CD48 antibodies of the present invention may also be used 1o detect and/or
measure CD48 in a sample, e.g., for diagnostic purposes. For example, an anti-C48 antibody,
or fragment thereof, may be used to diagnose a condition or disease characterized by aberrant
sxpression {e.g., over-expression, under-exprassion, lack of expression, efc.) of CO48.
Exemplary diagnostic assays for CD48 may comprise, e.¢., contacting a sample, obtained from
a patient, with an anti-CD48 antibody of the Invenfion, wherein the anti-CD48 antibody is
labeled with a detectable iabel or reporter molecule. Allernatively, an uniabeled anti-C48
artibody can be used in diagnostic applications in combination with a secondary antibody which
is itself deteciably labeled. The detectabis label or reporter molecule can be a radioisotope,
such as *H, C, #p, 5, or "¥; a fiucrescent or chemiluminescent moiety such as fluorescein
isothiocyanate, or rhodaming; or an enzyme such as alkaline phosphatase, beta-galactosidase,
horseradish peroxidase, or luciferase. Specific exemplary assays that can be used to detect or
measure CD48 in a sampie include enzyme-linked immunosorbent assay (ELISA),
radioimmunocassay {RIA), and fluorescence-activated cell sorting (FACS).

[0088] Samples that can be used i CD48 diagnostic assays according to the present
invention include any issue or fluid sample obtainable from & patient which containg detectable |
quantities of CD48 protein, or fragments thereof, under normal or pathological conditions.
Generally, lavels of CDA48 in a particular sample obtained from a healthy patient (e.g., a patient
not afflicted with a disease or condilion associated with abnormal CD48 levels or activity) will be
measured to initially eslablish a baseline, or standard, lsvel of CD48. This baseline level of
CD48 can then be compared against the levels of CD48 measured in samples obtained from
individuals suspscted of having 8 CD48 related disease or condition.
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EXAMPLES

[6080] The following examples are pui forth s0 as to provide those of ordinary skill in the art
with a complete disclosure and description of how 1o make and use the methods and
compaositions of the invention, and are not intended fo limit the scope of what the inventors
regard as their invention, Efforts have besn made 1o ensure acouracy with respect to numbers
used {e.g., amounts, temperature, elc.) bul some experimental errors and devigtions should be
accounted for. Unless indicated otherwise, parts are parts by weight, molecular weight is
average molecular weight, temperature is in degrees Centigrade, and pressure is at or near
atmospheric.

Example 1. Generation of Human Antibodies to Human CD48

{00811 An immunogen comprising the ecto-domain of human CD48 (amino acids 27-220 of
SEQ 1D NO:384) was administered directly, with an adjuvant to stimulate the immune response,
to a VELOCIMMUNE® mouse comprising DNA encoding human Immunogiobulin heavy and
kappa Hght chain variable regions. The antibody immune response was monitored by a CD48-
specific immunoassay, When a desired immung response was achieved splenocyles were
rarvested and fused with mouse myeloma cells {o preserve thelr viabiitty and form hybridema
celt ines. The hybridoma cell fines were screened and selected to identify cell lines that
produce CD48-specific antibodies. Using this technigues several anti-CD48 chimeric antibodies
{i.e., antibodies possessing hurman variable domains and mouse constant domains) were
oblained; exemplary antibodies generated in this manner were designated as follows:
HM2M170TN, H2M1708N, HZM1710N, HEM1712N, H2M17 13N, H2ZM1763N, HZM1811N,
H3M1766N, H2M1788N, and HZM1711N.

{00821 Ant-CD48 antibodies were alsu isolated directly from antigen-positive B cells without
fusion to myeloma celis, as described in U.B. 2007/028084541, Using this method, several fully
hurnan gnti-CDASB antibodies {i.e., antibodies possessing human variable domains and human
constant domains) were ablained; exemplary antibedies generated in this manner were
designated as follows: H4H1768Na, HAMH1T760Pa, H4H1769NDb, HAHT7E8Pb, HAM1TTON,
HAHT770P, HEM177 1N, MAMITTIP, HAMTT7T2N, H4HAT72P, HAM1774N, HAM1774P,
HAHATTEN, HAHATTER, HAHAT7EN, HAHITTEP, H4HAT7ON, HAR1779P, H4M1781N,
HAMH1781P, HAM1788Na, H4H1788Pa, HAH178OND, H4AH1788PDb,

[0083] The biclogical properties of the exemplary ant-CD48 antibodies generated in
aceordance with the methods of this Exaraple are described in detall in the Examples set forth
below,

Example 2. Heavy and Light Chaln Variable Region Amino Acid Sequences

[6094] Table 1 sets forth the heavy and light chain variable region amine acid sequence pairs
of selected ant-CD48 antibodies and their corresponding antibody identifiers. The N, Pand &
designations refer to antibodies having heavy and fight chains with identical CDR sequences
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but with sequence variations in regions that fall cutside of the CDR seguences (l.e., in the

framework regions), Thus, N, P and G variants of a particular antibody have identical COR
sequsnces within thelr heavy and light chain variable regions but differ from one another within
thelr framework regions. The H2M, H3M, H4H, ete. prefixes on the antibody designations used
herein indicate the particular Fo region of the antibody. For example, an "H2M" antibody has a
mouse IgG2 Fo, whereas an "M4M" antibody has a human IgG4 Fo. As wili be appreciated by a
person of ordinary skill in the arl, an H2M or H3M antibody can be converted to an H4H
antibody, and vice versa, but the variable domains {inciuding the CDRs) will remain the same,

Tabie 1
SEQ D NOs: .
Antibody
Designation | HCVR | HCDR1 | HCDR2 | HCDR3 | LGVR | LCDRY | LCDR2 | LCDR3
HOM1TOTN | 2 4 8 8 10 12 14 16
H2M1700N | 18 20 22 24 26 28 30 3z
H2ZMITION | 34 36 | 38 40 42 44 | 46 48
H2M712N { 50 | 82 | 54 56 58 80 62 . 64
H2M1TIBN | 86 | 68 70 72 74 78 1 78 80
H2M1763N | 82 | 84 86 88 90 92 . 94 98
HIMI764N | 98 ¢ 100 102 104 106 108 | 11D 112
HZMTSTIN | 114 | 118 118 120 122 124§ 126 128
H3MA7E6N | 130 182 | 134 136 | 138 | 140 | 142 | 144
M4M1TBONE | 162 | 164 166 168 170 172 174 176
M4M1769Pa | 178 | 184 166 168 180 172 174 176
H4H1760ND | 182 164 166 168 182 184 186 188
HAHTTEOPD | 178 184 166 168 190 184 186 188
HAHATTON | 192 194 196 198 200 262 204 206
HAMATTOR | 208 194 198 198 210 | 202 204 | 208
HAHITTIN | 212 214 1 218 218 220 222 | 224 | 208
HAM1779P | 228 | 214 . 216 | 218 | 230 | 222 | 224 . 226
HAH1TT2N | 232 234 236 238 240 242 244 248
HaH1772P | 248 234 236 238 250 242 244 | 246
HAH1774N | 252 | 254 | 256 258 260 262 264 266
HAH1774P | 268 | 284 256 288 270 262 264 266
HaH17TEN | 272 274 276 278 280 262 | 284 286
HAH1775P | 288 274 276 278 290 282§ 284 286
HAR1778N | 292 294 | 286 298 300 302 . 304 306
| H4H1778P | 308 204 206 208 310 302 304 306
HAMATTON | 812 314 316 | 318 320 322 324 326
HAH177GP | 328 | 314 | 316 | 318 | 330 | 322 | 324 | 326
| HAH17BIN | 332 | 334 33 338 340 342 344 | 346
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CH4H1TBIP | 348 334 336 338 350 342 344 348
HAH1789Na | 352 354 356 358 360 362 364 366
| H4H1789Pa | 388 354 356 358 370 362 364 366
HAH1789Nb | 352 354 | 958 358 372 374 376 378
| H4H1780PL | 368 354 356 358 380 374 376 378

Exdmple 3. Antibody Binding to Soluble CD48 Determined by Swface Plasmon
Hesonanoe

{0085] Binding affinities and kinetic constants of human monocional anti-hCD48 antibodies
binding fo human and monkey soluble recombinant CD48 were determined by surface plasmon
resonance at both 25°C and 37°C and for both monomeric and dimeric configurations of CD48,
Measuremenis were conducted on a T100-2 BIACORE™ instrument {Blacore Life Sclences
divisiors of GE Healthcare, Piscataway, NJ). Antibodies (either with mouse Fg [designated
"H2M" or “H3M"} or human ig34 Fo [designated "H4H") were captured through an anti-Fe chip
surface, and CD48 was flowed over the surface either in a monomeric (soluble CD48 expressed
with a myc-myc-hexa-histidine C~terminal tag fmmH]} or dimeric (solubie CD48 expressed with
a C-terminat Fe fusion fmFel) format. The amine acid sequence identifiers of the reagents used
in this Example are set forth in Table 2.

Table 2
Construct SEQ D NG
Mornomeric human CD48-mmH 388
Monomeric monkey CD48-mmi 386
Dimeric human CD48-mFce 387
Dimeric monkey CDAB-mFe 388

{08861 The soluble CD48 was applied to the flow cell in separate injections at different
concentrations, and kinetic assodclation (k,) and dissociation (ky) rale constanis were determined
by fits fo the kinetic binding data using Biscore software. Binding dissociation equifibrium
constarts and dissociation half-imes wers caloulated from the kinslic rate constants as: Kp =y
[ Koy bz = {In2fka) {units: ka = M8 kd = 8™ Kp = M; T% = min) (Tables 3-6).

Tabls 3 (25°C)

monomeric human CD48 divneric human CD48 ?

ﬁﬂﬁbﬁﬁy ka fck KQ TVe ka ; fd Ku T
o 8.42E- | 4.Q2E- 6.50k- 8,23k~

MR 707N 1.31E+058 04 6o 18 | 7. 14E+05 05 | 11 175

, 8.01E- | 3.57E- ‘ 2.83E- | 7.36E- '
HAHA 77N 1.68E+05 ¢ 04 a9 18 | 3.8BE+05 0% 11 408
H2MATOBN | 2.82E+05 ¢ 5.80B- 4 OBE- 2 8.28E+05 ¢ 2 88F- 311~ 40
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Table 4 {37°C)
monomeric human CR48 dimeric human CD48

Antibody | 1@ kTR Te ] ke ki | Ko | Th
Homizorn | 214E%0s | b L TES g o og 2278 2AE | 5
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HoMi71aN | 9268405 | FO2F SEE 4 2 0BE406 2305 TISE | 4
vowi7izn | BsEe05 | TOOE TOOES o opige | BROE 282E
HomTian | 2358505 OURE L PTEE L qg | qosmeos . 82T BB3E- 4
Harzan | 2868405 SOFT 2B ag [y gepegs 4938 ) BO0E g
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4H1760P 225&4»@% Sk MR a7 | 121E408 SOE- | BOIE 4y
hanirrop | BO4Es0s | SSOF 1 B8ZE 5y o garigy SOBE TIBE- ] gpg
paprrrp | 112Ee06 | SATE 1 ABBE o0 ) s e ot VR g
nanirrop 1728405 | TOSE 1 S9UE 4y dggomsgs O9EE | B0E- o
parrap 130Es0s TOTE | BB g0g | g aapans NOOR | A0E- | 4o
Hanprrse | 177Esos SRR SR gp Looopa0s | 22TE S s0
----- Marii77ep | 135E+05 VIS B3R 02 | a78E0S 9% TASE | gy
iz | 207Es05 . 1O ASSETun s pesg| 450 BUAE T4y,
| anirpee | 2.26E405 Mo | MEE 11a |eazmees | 489 603E- 236
Hap780Pa | 100Es0s 1 TIEE L BUIE 6 ogrmegs ) SOTET TEIE 45,
Homt7een | 141Es0s | BI0E 5945 { |oormes | ZAE | TAET
Loistin | 1.30E408 zgg& z.gggw 2 | 2esEe08 z.gzﬁ- | 9,§§£~ 45

- 2B~



WO 2012/647567 PCT/US2011/053193
Table 5 {25°C}
monomeric monkey CD48 dimeric monkey CD4B
Antibody | @ kd Ko Tt ka kd Ky A
HAHA707N ]28‘9?*90 B2 L MTE L mp fsosesos | 00F L TESE o
HAH1 713N EB"’S‘E“"%. “oa | Mo | M Jesmsos| 2EE | BEE | 4
HAH1 763N sa7Ew0s "oa | Yoe | o |neseeos) PR | OTEE | res
oo | 5-89E+08 | 39 B8 a0 | agomes 220F | SOIE 1 gn
g 7rop | 720408 2. éi:E“ 2%25‘ 54 | 8.58E+05 10*35 L 3;';5 163
wamrrp | 1:05E%08 | VTR S gy T sopags | BOLE 1 SBR[ gg
Harrrop | AS1ER0S | SE | TR L as fasemees SRR OGEE 200
anirrse | 201808 | OTE 1 A0S agg Fageraos | O00F L T Larsg
siiroae | 276ER08 | OIS 3BE 1 ag g gapags | PTTE | A00E gy
waprrrgp | 301Es05 1 OSSO 102 | 522405 BATE BO6E s
i i sl | e 148 | s.o0Es0s | 105 390 54
§H4H’§?89Ps 4168405 1385 | SIE s JestEeos PO AR 4
Tabie 8 (37°C}
monomeric monkey CD4B dimeric monkey CD48
Antibody ka kel Ko | Th | ke ke Ko T
HaHT7OTN | 3-27EX05 1%%{":” 3’2‘;&” & | 1.64E+05 | 5.24E-03 3.20&@9% 2
Haririan | 320805 | SBZE 1 TISE gy 1y 7om406 | 5.16E04 5.00E-10 | 22
an1TeaN | 5-34E+05 ’f’f 2";25’ O | D42E+06 | 1.14E-04 | 470E-11 107
Harrean  213E+05 . OEOET | U 19 | 4028405 | 142603 740809 | 8
Harireop | 280605 I0E 392y g grea0s | 0.808:05 | 1.41E-10 | 118
M4H1770P 3.96E+08 | ?‘giﬁ" Afgg“ 66 | 1.838+06 | 1.39E-04 | 9.11E-11 | 83
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R e ‘

Harirrip | 6678405 BTTES L T3S yg 1y papeos | 102804 | 621811 143

: i ARET. ’ e

HaHizrop | 3.20Ev0s | TR L 48 g 17 70E005 | 731805 | 9.47E-11 | 158

Haprrap  1e7Es0s 20T TSR ag s 08Ee05 | 540805 1.07E10 274

Hanirrse  260Ew0s VAR 490E g0 | 6 6oE405 | 3.07E.05 | 5.93E-11 | 201

Hapt77ap | 189E408 | SO0 1395 46 | 5.25E405 | 360E-05 6.86E-11 | 321

I 2898 | VO 40 7218405 | 5.98805 829811 | 193
s 08

Hai7etp | 350E+0s | SOTE | BTOE L gg | g 7sEe05 | 661605 | 7.85E-11 | 175

Hari7aepe | 4.37E+0s . 200E L ATIES 6 1o o0rr05 | 7e8E04 7.76E10 | 15

{00871
affinity binding to both human and monkey CD48 solubie prolein. A significant increase in

As shown in Tables 3-6, the exemplary antibodies tested in this Example exhibited high

binding affinity was observed when bivaleni CD48 was used as the solution-phase anaiyle in
comparison o monovaient CD48,

Exampie 4. Epitope Mapping of H4H1788FPa Binding to CD48 by H/D Exchange

I0098] Experiments were conducted to determine the amino acid residues of CD48 with which
HAM1788Pa inferacts. For this purpose H/D sxohange epitope mapping was carried out. A
general description of the H/D exchange method is set forth in e.g., Ehring (1998} Analviical
Biochemisiry 267(2):252-259; and Engen and Smith (2001) Anal, Chem. 73:256A-2654,

[00688] To map the epitope of CD48 for binding H4H1788Pa via HD exchange, a recombinant
human CD48-myc-myc-his fusion construct was used ("hCD48-rmb"; SEQ 1D NO:301).
hCD4B-mmH was first deglycosylated with PNGase F (New England BioLabs) under native
conditions. M4H1788Pa was then covalently attached to anti-human igG-agarose beads
{Sigma) by crosslinker BS® (Therme Scientific).

{0100}
beads) experiment, the ligand (degiycosyated hD48-mmH) was deuterated for § min or 10 min
in PBS buffer prepared with DO, and then bound fo H4H1789Fa beads during a 2 min
incubation. The CD48-bound beads were washed with PBS aguesous buffer {prepared with

in the ‘on-solution/off-beads’ (on-exchange in solution foliowsd by off-exchange on

H,OY and incubated for haf of the on-exchangs time. After the off-exchange, the bound CD48
was eluted from beads with an ice~cold low pH TFA solution. The eluted CD48 was then
digested with immobilized pehsin {Thermo Scientific) for 5 min. The resulting peptides were
isolated using ZipTip® chromatographic pipette fips and immediately analyzed by UltrafieXirems
malrix assisted laser desorption ionfzation time of flight (MALDE-TOF)-TOF mass spectrometry
{M8).
10401}
beads) sxperiment, CD48 was first bound to H4H1788Pa beads and then incubated for 8 min or

in the ‘orn-bsads/off-beads’ {on-exchange on beads followed by off-exchange on
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10 min in D0 for on-exchange. The following steps (off-exchange, pepsin digestion, and MS

analysis) were carried out as described for the ‘on-solution/off-beads’ pracedure. The centroid
vaiues of all the detected peptlides were calculated and compared betweerr these fwo sets of
axperimearts.

{0102} The resulis are summarized in Table 7a which provides a guantitative comparison of
the centroid mass-to-charge retios for all the detecied peptides identified by liquid
chromalography-matrix assisted laser desorption ionization (LC-MALDI MS following the H/D
exchange and peplic digest procedure. While the majority of the sbserved peptic peplides gave
simifar centroitd mass-fo-charge ratios for both the on-solution/off-beads and on-beads/off-beads
experiments, three different peptic peptides sorresponding fo residues 8078 of SEQ D
N384 and seven peptides corresponding to residues 107-125 of SEQ D NO:384 gave
consistently higher cenfroid valuss, (i.e., higher dewteriun retention) in the ‘on-solution/off-
beads’ experiment. Far purposes of the present Example, a positive difference (A) of at least
(.20 indicates amino acids protected by antibody binding. Such residues are indicated by bold
text and an asterisk (*) in Table 7a.

Table 7a: H4H1789Pa Binding to HUD4GmmH

! § min on- [ 2.5 min off-exchange 10 min on-/ & min off-exchange
. Residues 5
 {of SEQID | On-solution | On-Beads / Oregolution | On-Beads /
i NO:384) § OFff Beads Off-Beads & { Off Beads {ff-Beads &
27 ~33 804.07 B4, 085 .03 804.83 804.88 ¢ -0.08
32~ 50 2001.88 2001.78 0.1 2001.68 200177 -0.08
45 ~ 58 1866.18 1856.19 -3.01 1856.37 1856,32 0.04
£3 - 58 28677 B88.75 o.02 986.28 a86.15 0.12
60 ~ 88~ 1143.72 1143.33 $.39 1143.78 1143.41 .57
84 - 7g* 218508 2184.74 .34 21851 219482 4.31%
83 - 78* 178348 . 1 783.24 .34 1783.64 1783.26 $.25
&8 78 10736.38 ; 167026 | 0.06 1070.30 1070.28 0.01
77941 203678 203685 | 013 2036.73 2036.87 0.13
a5 — 106 1413.74 | 141370 .03 1413.84 1413.88 ~0.01
88 - 107 1676.7¢ 1 1578.88 -0.07 157683 1876.84 -0.02
107 ~ 120 1741.01 L1740.73 {1.28 1710.87 17T10.73 .24
107 -~ 128* 2376.65 2379.19 §.47 23749.64 237833 $.34
108 — 120 1547 .48 1847.04 §.44 1547 .38 1547 42 .28
108 - 128% 2218.80 2218.0% {148 2216.54 2216.15 $.39
118 - 120 1303.48 1303.23 0.26 1303.46 1303.24 .22
148 ~ 124 1489.25 1488.7¢ (.46 148822 | 1488.88 0.34
130 ~ 125 1972.12 197170 042 1672.10 187177 .33
181 - 175 1802.00 1802.05 0.04 1802.07 1902.08 0.02
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1611781 2257.67 2257.70 .02 2257.70 2057.92 -0.22
161~ 181] 2667.23 255713 | 0.0 256709 2557.35 -0.27
1631751 168845 1688.40 | 0.05 1688.31 1688.29 0.0
163~ 181 234305 234308 | 0.02 2342.94 2343.22 028
166 181 ] 1893.07 1892.97 | 0.10 1892.89 1893.21 -0.33
188 -1811 187242 187213 | -0.02 1672.14 187221 007
225-236 | 131853 131853 -0.01 1318.51 1318.63 012
225248 | 2828.26 282814 | 0.12 2825.09 2828.30 -0.21
22872481 249876 249885 | 0.07 2498.71 2408 .83 0.12
237 ~248 | 152863 1528.56 0.07 152848 | 152858 | -0.08

(01831 The H/D exchangse resulis summarized in Table 7a demonstrate that the two regions
{corresponding 1 amino acids 8076 and 107125 of SEQ D NO:384) are protected from
proton off-exchange by H4AH1789Pa binding fo these specific epiiopes on CD48 afier on-
sxchange. Since the peplides corresponding to residues 89~76 did not show significant mass
difference, the N-erminal epilope region can be reduced 1o residues 60-68 of SEQ 1D NO:384.
Therefore, the two segments {carrespanding to amino acids 60-76 and 107-125 of SEQ D
N(.384) on C48 are defined by the H/D exchange method as a discontinuous epitope for
antibody H4H1788Pa binding to the soluble human CD48 protein. These areas of antibody
interaction are ipcated within Ig Domain 1 of CD48 and are depicted diagrammatically in Fig 1.
[0104] To confirm the validity and accuracy of the aforementioned epitope mapping assay,
additional experiments were conducied using a control antibody having a previousiy defined
epitope. in particular, H/D exchange experiments were performed using the CD48-mmi
construct described above (SEQ 1D NO381) and the anti-Myc antibody 9E10. The Mye epitope
corresponds to aming acids 185-216 of SEQ 1D NO:381.

0108 Al the experimental procedures for these confirmalory experiments were the same as
for the H4H1780Pa experiments described above except that the anii-Myc antibody SE10 was
used as the test antibody. The results of the confirmatory anti-Mye experitnents are
summarized in Table 7b. {Note that the residue numbering shown in the first column of Table
7h corresponds fo he actual amine acid numbering of the hCD48-mmi construct {SEQ 1D
NO:391], whereas the residue numbering shown in the first column of Table 7a has been
adiusted to correspond to the amino acid number of the full length human CD48 polypeptide
[SEQ D N(:3841). As before, a positive difference (4] of af least .20 indicates amino acids
protected by antibody birding. Such residuss are indicaled by bold text and an asterisk {*) in
Table Tb,
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Table Th: 8E18 Binding to hCD48.mynM

5 min on- [ 2.5 min off-exchange 10 min on- / 8 min off-exchange
Residues l
{of SEQID | On-solution | On-Beads/ On-solution | On-Beads /
NCH381) { OFf Beads | Off-Beads & { OFf Beads Off-Beads &
-7 804.93 804.91 L 0.02 804.89 804.95 0.04
18-33 1856.18 1856.24 -0.08 o e
34-50 2184.74 2184.68 0.06 2184.75 2184.64 0.10
37-50 178323 1783.21 0.62 1783.27 1783.198 .08
43-50 1070.04 1070.07 -0.08 1070.08 1070.08 0.01
51-88 203681 2038.52 0.00 203653 | 203650 © 002
69-80 1413.96 | 1413.89 0.07 141878 141380 | -0.02
69-81 1876.04 | 1577.07 -0.13 1877.05 1577.09 -0.04
81-94 1710.89 | 171062 | -0.02 171059 | 1710.67 0.03
81-89 237916 | 2379.23 -0.07 2379.26 2379.24 0.02
B2-94 1548.91 1646.84 0.07 1548.80 1546.84 0.06
82-88 2215.8¢8 2215.89 0.00 2215.88 2215.87 8.00
54-94 1303.32 13038.34 -0.02 1303.29 1303.20 0.0e
B4-00 1972.43 1872.14 ~-0.02 1972.21 197211 .10
135-188 2858.75 2556.64 042 2558.71 2556.68 0.05
137148 1188.27 1186.33 -.06 1186.27 1186.28 3,02
137-155 234271 2342.93 -0.22 2342 9% 234284 .05
140-155 1891.88 1891.20 -0.08 1881.90 1881.92 ~0.02
189210 1318.80 1318.57 0.22 1318.59 1318.61 (.02
188-222¢ 2830.27 2828.66 1.61 2829.99 2828.63 136
202232 250080 ¢ 24080.30 138 2500.31 2489.28 103
211220 125500 | 1254.38 §.62 1264.86 1254.38 .48
2112227 1828.30 1628.6¢ 0.80 1528.21 1528.76 @45

[0108] As expected, the epitope recognized by 9E10 is identified as being in the region
defined by amine acids 188-222 of SEQ 1D NO:381. The resuils surmmarized in Table 7b thus
confirm that the H/D methodology used in this Exampie can be used {o reliably and acouratedy

identify the amino acid residues on a polypeplide antigen with which an antibody interacts.

Example §. Antibody Blocking of CD48 — 284 interaction Measured by ELISA

{0107]  The ability of human anth-CD48 monocional antibodies 1o biock human CD48 and
monkey CD48 binding 1o the human cognate ligand, human 2B4, was measured using a
competifion sandwich ELISA (Table 8). Constant amounts of biotinylated dimeric human CD48
protein expressed as a fusion with mouse 1gG2a Fo ("bio-hCD48-mFe” [SEQ D NO:387) or
moneomeric monkey CD48 expressed with a tag consisting of 2 myc and one B-His epitopes
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("mfCD48-mmi" [BEQ 1D NO:386]) were separalely titrated with varying amounts of anfibodies.

Thase antibody-protein complexes were incubated (1hr, 25°C) before being transferred to
microtiter plates coated with a dimeric construct expressing the human 284 receptor fusad o a
gither human igG1 (h2B4-hFc [R&D Systems, Inc., Minnsapolis, MIN, Cat. No. 1038-28]) or
mouse 1gG2a Fo (h2B4-mFc [SEQ 1D NGO:3BE). After & 1 hr at 25°C the wells wers washed and
bound human CD48 was detected with streptavidin conjugated with horse-radish peroxidase
[HRP), and monkey CD48 was detected with an HRP conjugated ardi-mye polyclonal antibody.
The ELISA was developed with & TMB solution fo produce a colorimstric reaction and quenched
with sulfuric acid before reading absarbance at 450nm ory a Victor X3 plate reader, Sigmaoidal
dose response curves were fit to the data using Prism™ software. The caloulated Gy, value,
defined as the concentration of antibody required to block 50% ¢f hCD48 or miCD48 binding to
284, was used as an indicator of blocking potency. {Tables 8 and 8, NB = no binding observad)

Table 8
h284-hFc + bio-hCD4B-mFe | h2BA-hFo + miCD48-mmH |
Antibody sy {molar} s {molar}
| HZM1707N 2.2E-11 2.3E-11
L H2M1709N 45811 1.2E-10
H2M17 10N 5.8E5-10 3.7E-10
HZM17 11N 5.08-12 2.9E-11
MM 712N 1.4E-11 17811
H2WMAT13N 28511 2.4E-11
H2M1763N 8.8E-12 1.38-11
H2M1784N 6.4511 2.4E-10
H3M1766N NB NB
H2M1798N 5.0E-12 NB
| H2MIBIIN 4,9E-10 | 2.2E-10
Tabis &
- h2B4-mFc + bio-hCD48anFe | h2Bd-mFo + ndCD48wmmbl
Antibody iGso {molar) 1Cse {molar)
H2M1707N 8.6E-12 43812
L HAHT707N 2.2E-11 45811
- HOM1710N | 4.9E-10 2.6E-10
L H2MATN 4.1E-12 77813
H2M1713N 22811 } 2 5E-12
H4H1713N 1.8E-11 ; 3.4E.12
MM 783N 55512 23812
HAM1 763N 7.4E-12 72812
MZM1 764N 2.98-11 6.2E-11
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HAMH1784N 7.0E-11 1.6E-10
HAHT788P 1.5E8-11 1.8E-11
HAH1770P 2.0E-11 2.28-11
HAH1771P 8.8E-12 2.2E-12
HAH1772R 14811 44812
HAH17 74P 2.5E-11 1.6E-11
HAHTT75P 4.45-11 4.3&-11
HAH1778F §.68-11 8. AE~12
H4H1779P 1.6E-11 57E-12
HAH17B81P 1.8E-11 8.1-12

H4H1788Pa 8.3k~11 3.8E-11

[6408] As shown in Tables 8 and 8, all tested antibodies effectively blocked the interaction
betwean C48 and 2B4.

Example 8. Antibody Blocking of IFN-gamma Release in Primary Human PBMCs

{91081 The ability of human anti-CD48 monoclonal antibodies of the prasent invention to block
activation of primary human peripheral blood mononuciear celis (PBMC) was measured using
an Ny release assay. Human PBMC were isclated from white blood cell concentrate of
several donors {Leukopak, New York Blood Center, New York, NY) by centrifugation on Ficoll-
Hypague gradient. Cells were re-suspended in RPMI-1640 medium supplemented with 10%
fetal bovine serum at final concentration of Tmillior/mi and plated in 98-well microtiter plates
{2001 per well), Celis were incubaled with varying amounts of CD48-gpecific antibodies (thr,
37°C) prior to addition of agonist ant-CD3 (B&D Pharmingen, San Jose, California, Cat#
556336) and anti-CD28 (B&D Pharmingen, San Jose, California, Catlf 555725} antibodies (both
at final concentration of 40ng/mi) pre-mixed with protein G (at final concentration of 0.8mg/ml,
Sigma-Aldrich, St. Louis, MO, Cat# P4689). After 48h at 37°C and 5%CQ;, supematants were
coflected and IFNy concentralion was determined using ELISA kit {B&D Blosciences, San Jose,
California, Cat® 555142) per manufacturer’s protogol. Sigmoidal dose response curves were fit
io the data using Prism™ software. The calculated 15, values, defined as the concentration of
antibody required to block 50% of maximal IFNy releass, was used as an indicator of blocking

potency. (Tables 10-12; NB = no binding observed; NI = not determined; NC = data not

convergent).
Table 18
inhibition of FN-gamma Release 10, (Molar)
Antibody Donor 1 Donor 2 Donor 3 Donor 4 Donor &
HaM1707N 4.8E-11 3.08-11 1,1E-10 1.7E-10 1.5E-11
H2MA7O9N 4.8E-11 5.78-11 1.2E-10 11E-10 3.28-11
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MZM1T7E3N 4.9E~11 3.4E8-11 1.38-10 78811 1 1.9E-11
H2M1 798N 4,3F414 A.4F-11 g.58-11 5.7E-10 8.08-11
H2M17684N 2.7E-11 1.1£-10 1.98-10 8. 5811 19811
HZM17 1IN NB NB NB NB NB
H2M1 710N 7.8E-10 1.9E-10 1.1E-08 1.58-09 2.7E-10
H2M1T712N 2.0E-11 2. 8F11 7.28-11 488-11 | TE-11
H3M1 766N NEB NB NB MR NA
H2M1811N 9. 1811 4.8E-10 8.3E-11 4.88-10 9.4E-11
H2M1713N | 21E-11 1 7.8E-11 NB 11E-10 1411
Table 11
fnhibition of IFN-gamma Refease ICs, (Molar} |
Antibody Donor § Donor 7 :
H2M1707N §.38-12 1.98~11
H2M1 783N 2.6E-11 1.8E~11
H2IM1 764N 1.0E-10 not tested
H2M17 TON 5.08-11 14810
H2M1713N 2.2F-11 1.0E-10
H4H1760Pa NB NC
HAHT770P | NB NB
HAM1771P NEB NB
MAH1772P 2 0E-12 2.28-14
HAHI 77 4P 2.58-11 8 5E-12
HAH1775R NC 5AE-12
HAH1778P 9 .8F-12 NG
HaH1779R 17812 1.5811
H4M1781F 3.6E-11 158811
HAM1780Pa 1.2E-11 1.8E-11
Table 12
inhibition of IFN-gamma Release 1, {Molar)
Antibody Donor B Donor @ | Donoris | Donor 14
HAH1707N NC 540811 NC NC
HAMH1 763N B.60F-12 9.30E-12 | 1.00E-12 3.408-12
HAH1 764N 5.30E-12 340E-11 | 5.10E-12 2.30E-11
H4H1769Pa NB 5. 70E-12 NB 1.90B-11
HAH1771P NC NE NB 1.50E-11
HAH772P ; NE NC 140832 8.B0E-11
HaM1775P 3,10E-12 2.30E-12 2.00E-11 NC
H4H1780Pa 3.70E-11 1.60E-11 1.30E-11 1,308-11

{84107 As shown in Tables 10, 11, and 12, majority of the tested antibodies effectively biocked

the PNy release in primary human PBMC.
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Example 7. Antibody Blocking of IFN.gamma Relsase in Primary Human Mixed
Lymphooyte Reaction {(MLR) Assays

[3144] The ability of human anti-CD48 monocional antibadies to block activation of primary
human peripheral blood mononuclear cells (PBMC) was measured using a mixed lymphocyie
reaction assay (Tables 13 and 14). Muman PBMC were isolated from white blood cell
concentrate (Leukopak, New York Blood Center, New York, NY) or whole blood samples
{obtained through an in-house blood coliection program) by centrifugation on Ficoll-Hypague
gradient. Cells were re-suspended in RPFME1840 medium supplemented with 10% fetal bovine
serum to a final concentration of 1 million/mi. Freshly isolated cells were mixed with previously
irradiated celis from a different donor at 10:1 ratio and plated in 86-well microtiter plates (200l
per wall). Immediately after plaling cells, antibodies were added to final concentrations ranging
from 0.01 nb to 10 nM. Celis were incubaled for 7 days at 37°C and 5%CO,. Supernatants
were collected and IFNy concentration was determined using ELISA kit (B&D Biosciences, San
Juse, California, Cat# 555142) per the manufacturer’s protocol, Sigmoidal dose response
curves were fit {o the data using Prism™ software. The IFNy blockade level was defined as the
difference between the maximum and minimum values of the curves fitted through the dose-
response data, normalized by the maximum value ("% blockade" in Tabies 13 and 14, "nb” = no
binding observed; NC = data nof convergent). The caiculated 1Cs, value, defined as the
concentration of antibady required to block 50% of maximal IFNy release, was used as an
indicator of blocking potency (Table 14).

Table 13
% Blockade for nine individual donors {D1-D8}
Antibody DI Dz D3 | D4 | D5 | D6 | D7 | D8 DS
H4H1760Pa | 1D 60 38 ; nb , 43 | 60 51 40 | nb
MAMHA77AR 78 79 &8 T 50 36 nb 32
manirroP | no | 68 62 | 89 UE2 | 63 | B8 5 5%
hairTse | 42| 7187 76 | 72 | 68 22 | 60
Hatli7sepa | 65 | 66 88 | 36 . 88 | ez | 75 | 65 | 66
Hari7oTN | 86 &7 78 E T ez 7 6z | 4260
Hari7ean B0 89 B8 B2 | 63 | 75 | 48 | &0 E3
A TeaN 69 | 46 | 80 | w75 | B8 48 hb | b
Orencia® | mb 82 nb mb RS T ED T B3 58 75
Amevive® | B4 TEE 76 | 8678 | 40 78 | mb b
bemtcept | 81 77 | 74 | 80 | 82 | &8 | B0 | 64
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Table 14
H4H17E3N HAH1780Pa
Bonor % Biockads 1Cs (W) % Blockade 1Csp (M)

D1 59 ~1,0x10 65 ~1.4x10
D2 89 NC 86 ~8 3%10
D3 68 G ax10 88 NC

D4 52 2.4%10 36 2.3x10
D5 63 ~2.7%10 89 ~9.0x10
D6 75 2.3x10 R 2.8x10
o7 B NE 78 NG

D8 30 ~3.75X10 &5 2.9%10
D8 53 ~4.1x10" 86 1.8%10
D10 79 ~8.4x10 7 ~50x10
D11 72 7310 80 ~0.2x10
D12 79 ~B.Bx10 55  ~30x10
D13 72 9ox10 64  -aBx10
D14 80 e 83 200
D18 82 50510 95 ~2.7X10
D18 ot 7.6x10 85 ~1.2x40 |

[0112] As shown in Tables 13 and 14, all tested antibodies effectively biocked the IFNy
release in primary human mixed lymphocyte reaction (PBMC MLR). The ability of the candidate
ant-Ch48 antibodies to effectively block FNy release in primary human PBMCs, as
demonsirated in Examples 6 and 7, suggests that these antibodies are useful in blocking
inappropriate autcimmune reactions in diseasss and conditions such as sysiemic lupus
avythematosus, rheumatold artheilis, graff-versus-host disease, inflammatory bowel disease,
altergy, cellac disease, psoviasis, asthma, elc.

Example 8. Antthody Blocking of Human Cytokine Relsase in Rag2™y.”" Mice
Reconstituted with Human Hemalopoietic Stem Cells

{0113] The ability of human anti-CD48 monacional antibedies o block activation of human
immune calls in vivo was measured using a chimeric animal mode! consisting of
immunodeficient Rag2™y.” mice reconstitufed with human hematopoietic stem cells. Animals
were reconstifuted with human stem cells shorlly after birth and reconstitution was confirmed by
flow cylometry. Fully reconstituled animails {12-16 weeks old) were intraperitoneally injected
with Bmagfkg of C48-gpecific antibodies or approptiate isotype control {in-house produced
human igG4(S10RP) antibody} 24h prior to treatment with an agonist mouse antishuman CD3
antibody (GKT3, 1ug/ antmal, 1P injection, Biclegend, San Diege, California, Cai#317315) or
the isotype coniral {in-house produced mouse IgGRa aniibody). Biood samples were obtained
24h after stimulation and serum leveis of nine human cylokines were measured using MSD
mualfiplex kit {Human Proinflammalory 8-Plex Ultra-Sensttive Kit, MesoScale Discovary,
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inhibited production of human aytokines (Tables 15 and 18}
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Galthersburg, Marvland, Cat#K15007C-2) per manufacturer's protocol. Both antibodies tested

Tabls {5
Treatment Serum cyiokine level (pgfml)

Group IFNy 66 L et TNFa -2
igG2a + 206.6+30.1 145.0+18.5 | 304.0+37.8 | 261.03256 | (7324214
MgGdmut |

| lgB2a + 166.3+9.8 153.9+18.7 | 343.8+16.0 | 301.2¢168 1947+115
. HAH1783N
gGRa + 186.6+14.5 18914131 [ 3801115 | 326.3+27.3 | 184.8+155
| H4H1789Pa
COKTS 83831+ 11441+ 211283+ 1457 4+69.4 | 2800.6+
4258 120.6 1276.0 208.7
OKTS + BY67.7+ 1124 .4+ 3853.8+ 2668.44 504 5+85.0
higGamut | 1659.4 190.1 7423 555.6 B
OKT3 + 493.9+86.4 | 180.2+124 | 53624340 | 497.14566 | 205.1+353
H4H1763N
OKT3 + 617.04116.0 | 2400+388 | 460.9+30.2 | 3304207 | 244.4+153
H4H1789Pa
Tabls 18
Treatment Serum cytokine level {pg/mi}

Group -8 i~i2 pre 1R CM-CSF
igBG2a + 2186.8+885.4 | 202.7+7.3 L 490.7+37.7 177.7+14.8
hlgG4mut
(323 + 5808.0+826.0 | 217.8+10.4 | 437.4426.7 175.6+10.3
HAH1763N
lgG2a + 27404651 2134+11.4 | 4D8.8+15.9 172.3+7.7
H4H1780Pe
OKT3 §241.8+ 225.6+13.0 | 445.0+8.8 | 1107.7+90.9

1237.0 :
OKT3 + 19899.0+3138.1 | 279.0+18.2 603.0+41.4 . | 676.3+50.2
- higGamut %
OKT3 + 3381.0+1169.0 | 18214105 | 410.4422.4 243.3+10.4
H4H1763N :
OKT3 + 1585.7+ 206.3+4.2 305.0+16.4 550.3+76.8
HaH1780Pg | 2682

{6114} As showrtin Tables 15 and 18, both iested antibadies effectivaly blocked aytokin

refease induced by polyclonal stimulation of humar immune cells in a chimeric /n vivo system

{Rag2”y.” mice reconstitited with human hematopoietic stem celis).
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Example 8. Antibody Inhibition of Weight Loss and Profonged Survival in a Xenogenic
Model of Graft-versus-Host Disease {GyHD}

[6118] The ability of 2 human anti-CD48 monacional antibody, H4H1788Pa, to block activation
of human immune cells in vivo was determined using a xenogeneic animal model of Grafi-
versus-Host Disease (GvHD) sstablished in the immunodeficient NOD/scid/ ™y, " (NSG) mice
engrafted with human peripheral blood mononuoclear cells {(PBMC). Eight week-old mice were
injected intravenously with freshiy isolated PBMC from healthy normal volunteers (Day0). The
engraftment success raie was svaluated as percentage of cells positive for human CD45 celi
surface marker (detected by flow eytometry) in the peripheral blood three days after the PBMC
injection. A single intraperifoneal dose of M4M1780Pa (10ma/kg) administered 24h prior to
induction with human PBMC fully inhibited engraftiment of human cefis (<10% of the cells in
lymphocyte gate compared 1o ~89% in the blood from mice treated with isotype control).

[6116] In 100% of untreated animals, successful engraftment of human cells was observed
leading to devslopment of GvHD symptoms (weight loss, hunched position, ruffied fur,
weakness, efe.} 7-8 days afler the PBMC injection. Mice treated with a single infraperitoneal
dose of H4M1789Pa (10mg/kg) on Day3, showed detayed weight loss (siatistically significart on
Day10) and a trend towards prolonged survival (Figure 2). Further, human cytokine levels were
measurad in the sera oblained from ferminal bleeds {Day 13 or sarlier) using MSD multiplex kit
{Human Proinflarnmatory 8-Plex Ultra-Sensitive Kit, MesoScale Discovery, Gaithersburg, MD,
Cat. No. K18007C-2) per manufacturer's protocol, Treatment with M4H1780Pa resulied in
reduced levels of human IL-8 (55.2+21.3 pg/mi compared to 142.7+22 2pg/mi in the isolype
confrol group), 1L-10 (85.4+2.8 pgimi vs 171.8344.2 pg/ml), IL-8 {(20.5+12.3 pg/mi vs 30.0+8.9
pg/mi), and TNFo (38.3x4.5 pg/iml vs 51.6+1.1 pg/mit). No reduction in levels of human GM-
CSF (554.2+131.8 pgfmi vs 848.8+20.7 pg/mi) and IFNy (4.8+0.8 ng/mi vs 5.020.5 ng/mi) were
observed. Levels of human IL-1B, IL-2 and [L-12p70 were below delection,

[0117)  As shown in Figure 2, anth-CD48 antibody, H4H1788Fa, delayed waight loss (p<0.05,
Dunnetts multiple comparisontest) and prolonged survival in & xenogeneic model of GvHD
{(NSG mice engrafted with human PBMC). These results confirm the utifity of ant-CD48 therapy
in the treatmant of GvHD,

Example 10. Clintcal Trial of an Anti-CD48 Antibody for the Treaiment of Celiac Disease
fe148) Celiac disease is a chronic HLA-DQ2 or DQS restricted CD4+ T cell mediated
enteropathy resulling from the secretion of interfevon-y in response 1o specific dietary
deamidated giuten peplides from wheat, barley and rye which have & high binding affinity to
these specific HLA class i molecules.

{61197 A S~week, double-bling, placebo-controlled, proof-of-mechanism study i conduscted to
evaluate the efficacy, safety, and tolerability of treatment with an anti-CD48 antibody in biopsy-
proven gquiescent cetiac disease challenged with oral ghuten, Twelve patients racsive {301
randomization) a single intravenous infusion of 12 mg/kg of an anti-CD48 antibody of the
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invention (e.g., HAH1788Pa) or placebo.

{01201 Patients included in this sfudy will have been on g giuten free diet for at least 2 years
(daily ghden intake £ 5 mg), lack gluten intolerance for 8 weeks, have a posifive HLA-DQZ
genotype, have negative anti-fransglutaminase antibodies {ant-TGA) and negative PBMC
interferon-y ELISpot respanse to gliadin incubation.

[0121] Two weeks after placebo controfled treaiment all patients receive a gluten dose of 16 g
per day {equivalent {0 approximately four slices of bread per day) for 3 days consumed as a
fiour sturry mixed with orange juice or soy milk.

{01227 Celiac dissase sympioms are recorded by means of a dally symplom diary beginning
two weeks prios, during, and up 1o two weeks after gluten challenge, recording the presence
and severify (on a three-point scale) of nausea, bloating, abdominal pain, lethargy, vomifing,
digrrhea ot other symploms.

101231 Small bowel biopsies will be taken from the second part of the duodenum for mRNA,
histology, immunochistochemistry, determination of villous heighterypt depth (Vh/Cd) and
counting of intraepithelial lymphocytes (IEL), two weeks post-randomization and 2 weeks post
oral gluten challenge. Overall architecturs of the small infestinal mucosa will be evaluated by
the modified Marsh classification. Normal mucosa {(Marsh G), iow grade inflammation with
intragpitheliat lvmphocylosis (Marsh 1}, low grade inflamimation with intraepithelial
iymphocviosis and crypthyperplasia {(Marsh i), and gold standard to establish a celiac disease
diagnosis with intraspithelial lymphocoytosis and crypthyperplasia and villous atrophy (Marsh {H).
foi24] Prior to oral gluten challenge and one and 2 weeks after chalienge, peripheral blood
will be sampled from patienis {all HLA-DQ2 or DQ&) and purified T tymphocyles wilt be
incubated with the deamidated and conirol gliadin peptides {¢-gliading.7 native and the Q655
variantl, T cell responses in thess subliects will be quantitated by measuring the diferential IFN-
y ELiSpot response to the deamidated versus native a-gliading.»; peplide and normalized to the
{FN-y ELISpat rasponse to the pan-HLA-DR influenza peptide hemaglutinin peptide MAsyras
which is not sxpected o be altered following gluten challenge.

[0125] Safety and {olerabilily will be assessed by physical examination, clinical laboratory
testing, and adverse avent reporting.

(0126} Primary endpoint, af 2 weeks post-gluten chailange, would be improvement in the
mediar Vh/Cd index, Secondary endpoints would include improvement in overall Margh
intestinal biopsy histologic score, reduction of dally celiac sympltom score, and reduction of
PBMC interferoney ELISpot response to a-ghading.;; peptide challenge. Exploratory endpoints
would include change in tissue and WB mRNA, peripheral T cell phenotypes, tissue median IEL
count, and serum cylokines measurad by ELISA,

Example 11, Clinical Trial of an Anti-CD48 Antibody for the Treatment of Systemic Lupus
Erythematosus (8LE)

(01271 SLE is an autcimmune disease characterized by multiple immune system
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abnormaliies including production of autoantibodies against endogsnous nuclelc acids of

apoptosis that can lead to inflammation and tissue damage. Both humoral and celivlar immune
systems are activated. Autoantibody containing immune complexes and chronic viral infections
stimulate Type | interferons which regulate both Innate and adaptive immune systems including
T cells, B cells, dendritic cells and NK cells creating & self-perpetuating cycle of autoimmunity.
(0128] A 12-week, double-blind, placebo-controlied, proof-of-mechanism study is conducted to
evaluate the efficacy, safety, and tolerability of freatment with anti-CD48 antibody in siable milg- -
to-moderate to severe SLE. Twenty patients receive {4:1 randomization) a single infravenous
infusion of 12 mg/kg of an anti-CD48 antibody of the invention (e.g., HAM1789Fa) or placebo.
Patients are evaluated on a regular basis with Safety of Estrogens and Lupus Ervihematosus
National Assessment (SELENA}-Systemic Lupus Erythematosus Disease Activity index
{SLEDAY, SLE Flare Index and the Physician's Globa! Disease Assessment (PGA). Biologic
marker assessments include: (i) CO20+ B celis and CD138+ plasmacytoid cells, CDA0OL™ T
cells, anfi-dsDNA, ANA, Immunoglobulins (Ig5, IgM, gk, and igA) and complement
components $1q, C3,C4, and C8a; (if) levels of cytokines including interferon-o and interferon-
y, IL-10, 1L-8, IL-15, 1L-21 and BLyS by ELISA; (iif) total numbers of girculating T, B, NK and T-
regulatory cells with surface marker analysis by FACS; and/or (v} measurement of changes i
tsukocyte numbers in whole blood {&.g. normalization of leukopenia) and involved skin mRNA
gene regulation. Laboratory measuremenis may also include serial PK and anfi-drug
antibodies.

{01281 Key study inclusion/exclusion criterla include: () adults age 18 fo 70; (i) stabls SLE
disease activity for at lsast two months before screening; and {§) maintenance with no
miedication of with a stable treatment regimean of low-dose prednisone, antimalarials, NSAIDs,
azathioprine or myclopnolate mofetil.

{64307 Patients selectad for this study will have measurable anti-dsDNA, anti-Smith, anfi-RNP,
or anti-Sjogren's antibodies, Patients are excluded with active lupus nephrilis requiring
hemodialysis, cyclophosphamids or high dose prednisone. Patients are excluded with & history
of serious infection within four weeks,

[0131] Efficacy Is assessed by the reduction In anti-dsDNA antibodies and increass in

complement C3 and 4 between baseline and week 4 of anii-C48 freatment. Exploratory

tolerability is assessed by physical examination, clinical laboratory testing, and adverse event

reporting.

Exarapie 12, Clinlcal Triaf of an AntbCD4E Antibody for the Treatment of Psoriasis
{0132} The pathophysiclogy of psoriasis is related to aberrant immune mediated Thi and
Th17 hvmphocyte inflammatory responses which lead {o the secrstion of cytokines, chemokines
and growth factors that can activate and profiferate keralinocyies. These processes lead fo the
substantial leukocviic infiliration and epidermal thickening which characierize the halimark
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pathology of psoxatic plagues.

{01331 A 12-week, double-bling, placebo-controlled, proof-of-concept study is conducted to
svaluate the efficacy, safety, and tolerability of treatment with an anti-CD48 antibody of the
invention {e.g., H4H1789Pa) in moderate 10 severe psoriasis. Twenty patients receive (4.1
randomization) a single intravenous infusion of 12 mg/kg of anti-CD48 antibody or placebo.
Patients are evaluated on a regular basis with Psoriasis Area and Severity index (PABI) scores,
Physician Global Assessment (PGA} scores, DLQ, photography, clinical observations, and
iaboratory measurements including PK and anti-drug antibodies.

f0134] Efficacy s assessed by the change in PASH betwssan bassline and week 8 of anti-CD48
treatment. The primary endpocint Is 75% improvement in PASH scove from baseline {0 week 8.
Secondary endpoints include 50% improvement of PASI PGA, and DLQ between baseline and
wesk 8, Safety and {olerability are assessed by physical examination, clinical laboratory testing,
ard adverse event reporting.

[0135] Key study inclusion/exclusion criteria incliude: (i) adults age 18 to 70; {it) chronic plaque
paoriasis of at least six month's duration; (iif) BSA involvement of 2 10%; (iv) PAS] of 2 12, {v)
cendidate for systemic or pholotherapy; (vi) no current use of systermic therapies or use within
the specified washout periods; andfor (vil) no previous discontinuation of a biclogic therapy for
psoriasis due {o fack of efficacy.

Example 13. Clinical Trial of an Anti-CD48 Antibody for the Treatment of Uicerative
Colitis

[¢138] The pathophysiciogy of uicerative colitis is characterized by a hypsar-reactive Clid+ T
cell adaptive immune response in the gut wall direcied against the intestingl commensal floras.
Activated Th1 and Th17 lymphocyles release pro-inflammatory chemokines and cytokines
which cause neutrophils and monocytes fo be recruiled fo the intestine. Costimulation blockade
by anti-C348 has the potential to prevent microbially activated APCs from interacting with naive
T helper celis, which potentiates and sustains the chronic mucesal inflammatory response.
{31371 A 1Z-week, double-biind, placebo-controlied, proot-of-conospt study is conducted 1o
svaluate the efficacy, safety, and folerability of 4 weeks of freatment with an anti-CD48 antibody
in patients with moderate-fo-severs symploms of ulcerative colitis. Seventy patients will recaive
{1:1 randomization) an anii-Ch48 antibody of the invention {e.g., H4H1789Pa) or placebo as a
single infravenous infusion at baseline. Patients included in this study are 18-70 years of age,
and will have been diagnosed with ulcerative colitis with a Disease Activity Index score (12-paint
scaie) of 8410, inclusive, at scresning.  Patients will have been taking an amino-salicyiate
medication for at least 1 month prior lo screening, with a stable dose for at least 2 weeks prior io
randomization. fthe patient is taking any other medications for ulcerative colitis prior to the
study, the doses of such medications will be stable for at least 1 month prior to randomization.
With regard fo patients taking azathioprine or G-mercapiopuring, only patients that have been
taking these medication(s) for al least 3 months prior to screening are included in the study.
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{0438] The primary efficacy analysis will evaluate the mean change in Ulcerative Colitis

Disease Activity Index Sgore from baseline to Week 4 as g funclion of freatment group
assignment. A sample size of 35 patients per treatment group {29 per group with evaluable
data al week 4} has at lsast 80% power at the 5% level of significance {o detect a difference
between the placebo group and aclive treatment group, assuming a mean difference between
tregtmernt groups of at least 3 peints, with a common 8D of 4 or less.

{01381 A secondary efficacy analysis will svaiuate the proportion of patients who have a
reduction in Dissase Activity Index score of 3 poinis or more from baseline to week 4
{responder). Assuming that the placebo response rate is no more than 60% and the rate of
response in the active group is at least 40% more than in the placebo group (e.g., 30% placebo
group responders ve. >70% active group responders), the sample size of 35 subjecis per group
(28 per group with evaluable dats at week 4) has at least 80% power at the 5% level of
significance to detect a difference between the placebo group and the aclive treatment group.
[0140] The secondary efficacy endpoints {change in stool frequency, rectal bleeding, fecal
continence, endoscopic appearance, investigator's Global Assessment, and Patient’s Global
Assessment) are also compared as a function of reatmernt group from baseling to week 4. In
addition, intestinal tissue biopsies are harvested for quantitation of leukocytic infiltration (T cells,
activated macrophages) and confirmed by cellular phenotyping using immunohistochemical
surface marker analysis.

01411 The present invention is not {o be limited in scope by the specific embodiments
describe herein. Indeed, various modifications of the invertion in addition to those described
herein will become apparent to those skilled i the art from the foregoing description and the
accompanying figures. Such modifications are intended to fall within the scope of the appended
claims,



Claims

1. Anisolated antibody, or antigen-binding fragment thereof, that specifically binds
human CD48 (SEQ ID NO:384) and blocks the interaction between human CD48 and a CD48
receptor, wherein the antibody or antigen binding fragment thereof comprises complementarity
determining regions (CDRs) of a heavy chain variable region (HCVR) amino acid sequence
having an amino acid sequence of SEQ 1D NO:368 and the CDRs of a light chain variable
region (LCVR) having an amino acid sequence of SEQ ID NO:370.

2. The antibody or antigen-binding fragment of claim 1, wherein the CD48 receptor is
human CD2 (SEQ ID NO:392).

3.  The antibody or antigen-binding fragment of claim 1, wherein the CD48 receptor is
human 2B4 (SEQ ID NO:390).

4.  The antibody or antigen-binding fragment of any one of claims 1 to 3, wherein the
antibody or antigen-binding fragment-inhibits activation of primary human peripheral blood
mononuciear celis (PBMCs) in vilro.

5. The antibody or antigen-binding fragment of any one of claims 1 o 4, wherein the
antibody or antigen-binding fragment binds an epitope within Ig domain 1 of human CD48
{amino acids 29 to 127 of SEQ ID NO:384).

6. The antibody or antigen-binding fragment of ciaim 5, wherein the antibody or
antigen-binding fragment interacts with one or more amino acids located within amino acids 60
to 125 of SEQ ID NO:384.

7. The antibody or antigen-binding fragment of claim 6, wherein the antibody or
antigen-binding fragment interacts with one or more amino acids located within amino acids 60
10 68 of SEQ iD NO:384 and/or amino acids 107 to 125 of SEQ 1D NO:384.
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8.  The antibody or antigen-binding fragment of claim 7, wherein the antibody or
antigen-binding fragment interacts with one or more amino acids located within amino acids 60
to 68 of SEQ ID NO:384 and with one or more amino acids located within amino acids 107 to
125 of SEQ ID NO:384.

9.  The antibody or antigen-binding fragment of claim 1, wherein the antibody or
antigen-binding fragment comprises heavy and light chain CDRs HCDR1, HCDR2, HCDR3,
LCDR1, LCDR2, and LCDRS3, respectively, having the amino acid sequences of SEQ 1D
NOs:354, 356, 358, 362, 364 and 366.

10. The antibody or antigen-binding fragment of claim 1, wherein the antibody or
antigen-binding fragment comprises an HCVR having the amino acid sequence of SEQ ID
NO:368, and an LCVR having the amino acid sequence of SEQ {D NO:370.

11. A pharmaceutical composition comprising the antibody or antigen-binding fragment

of any one of claims 1 to 10 and a pharmaceutically acceptable carrier or diluent.

12. The pharmaceutical composition of claim 11, for use in treating a patient afflicted
with, diagnosed with, or at risk of being afflicted with a disease or disorder that is treatable by
blocking the interaction between CD48 and a CD48 receptor.

13. The pharmaceutical compaosition of claim 12, wherein the disease or disorder that
is treatable by blocking the interaction between CD48 and a CD48 receptor is a disease or
disorder selected from the group consisting of celiac disease, systemic lupus erythematosus,
ulcerative colitis, and psoriasis.

14, Use of the isclated antibody or antigen-binding fragment of any one of claims 1 1o
10, or the pharmaceutical composition of claim 11 , in the manufacture of a medicament for use
in treating a patient afflicted with, diagnosed with, or at risk of being afflicted with a disease or
disorder that is treatable by blocking the interaction between CD48 and a CD48 receptor.
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15. The use as defined in claim 14, wherein the disease or disorder that is treatable by
blocking the interaction between CD48 and a CD48 receptor is a disease or disorder selected
from the group consisting of celiac disease, systemic lupus erythematosus, uicerative colitis,

and psoriasis.
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