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TUMOR NECRQSIS FACTOR-LIKE LIGAND 1A SRFECIFIC ANTIBODIES
AND COMPOSITIONS AND USES THEREGKE

FIELD OF THE INVENTION

The present invention relates to antibodies, e.g., full length antibodies and
antigen binding fragments thereof, that specifically bind tumor necrosis factor (TNF }-like
figand 1A {TL1A). The invention further relates to compositions comprising antibodies o
TL1A, and methods of using the antibodies as a medicament. The TL1A antibodies are
useful for realing and preventing diseases and disorders mediated by TL1A.

BACKGRQUND OF THE INVENTION

Tumor necrosis factor (TNF)-like ligand 1A (TL1A) is a member of the TNF family
of gytokines also known as TNFSF15. TL1A is the only known ligand for its receptor
Death Receptor 3 (DR3) aiso known as TNFRESF25 TLIA expression on antigen
presenting cells {monocyles, macrophages, dendritic cells) and DR3 expression on
effector cells (T celis, NK and NKT cells) is highly dependent on pro-inflammatory
conditions (Migone et al, 2002, Immunity 18(3):479-492; Prehn et al, 2004, Clin.
fmmunol. 112{1%66-77; Shih e al, 2009, Eur J mmunol 38(1133233-3250). In vive and
in vilro evidence support a co-stimulatory role for the TL1A/DR3 pathway on T ¢ells and
in enhancing effector cell functions, inflammalory cell expansion and cytokine secretion.
Further, this pathway has been implicated in the reguiation of pathogenic Th1, Th2, and
Thi7 T-helper responses, and of NK and NK-T cell responses, in immune-mediated
diseases (Papadakis ot al, 2004, J Immunol 172(1137002-7007; Prehn et al, 2004, Clin.
Immunol. 112(1):86-77; Papadakis et al, 2005, J Immunol 174(8):4985-4880G; Pappu st
al, 2008, J Exp Med 205(531048-1062; Takedatsu ef al, 2008, Gastroenterclogy
135(2):552-567).

Studies of DR3 or TL1A gens-deficient mice or mice treated with anti-TL1A
antibodies demonsirate a role Tor this pathway in a number of autcimmune disease
models, such as IBD, asthma, mulliple sclerosis, and arthrilis {see Mevylan et al., 2008,
Immunily 29(1379-88,; Pappu et al, 2008; Hsu and Viney, 2011, Mucosal Immun.
4{4:368-370).

Moreover, significant literature from studies involving nondclinical species and
humans implicates TL1A most prominently in the pathophysiclogy of inflammatory bowel
disease (IBD), such as, uicerative colitis (UC) and Crohn's Disease (CD). That is,
numercus genome-wide association studies have linked several polymorphisms of the
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TLIA gene to UC and CD in patient populations of Japanese, European, and Asian
origin (Yamazaki et al, 2005. Hum Mol Genet 14(22):3488-3506.; Barrett et al, 2008, Nat
Genet 40(8).055-062; Kakuta et al, 2009, Hum Mol Genet 18{6):1089-1098; Jostins ef
al, 2012, Nature 491(74223119-124.; Yamazaki et al, 2013, Gastroenterclogy
144(4).781-788).

Additionally, human inflamed IBD tissues show high levels of TL1A and DR3
expression and several independent laboratories have demonsirated that antibody
blockade of TL1A prevents or altenuates established gut inflammation in a number of
murine 1BD models (Bamias et al, 2003, J mmunol 171(8):4868-4874; Prehn el 3l
2004; Bamias et al, 2006, Proc Natl Acad Sci USA  103(22):8441-8446.; Takedatsu ot
al, 2008, Gastroenterclogy 135(2):552-567; Shih et al, 2009; Kamada et al, 2010,
Inflamm Bowel Dis 16(4):568-575; Mevlan et al,2011 | lmmunol Rev 244{1}:188-19¢;
Taraban et al, 2011, Mucosal Immunol 4(2):186-196; Bamias et al, 2012, Dig Liver Dis.
44(1):30-36).

Although the exact cause of IBD, eg., CD and UC, remains undlear, inhibition of
pro-inflammatory cytokines and adhesion molecules have been shown o provide some
therapsutic benefif. However, despite current medical therapy, most CD patients may
ultimately require surgery, and, over time, repeated resections can result in short gut
syndrome, ultimately commitiing the patient fo Hfe-long parenteral nulrition and its
associated complications. Thus, therg is a long-felt unmet need for more robust
therapies for CD patients. Further, there is a long-Telt unment need for novsl
therapeutics {o treat or ameliorate 1BD, including UC and CD, as well as 1o treat other
TL1A-medialed diseases and conditions. The present invention meets these needs.

SUMMARY OF THE INVENTION

Disclosed are isolated antibodies, or anligen-binding fragmenis thereof, that
specifically bind tumor necrosis factor-like ligand 1A {TL1A), as well as associated

reagents, compositions and methods.

E1. According to a first aspect of the invention, therg is provided, an isclated antibody
or antigen-binding fragment theredt, that specifically binds tumor necrosis facior-
fike ligand 1A {TL1A).

Described below are a number of embodiments (E) of this first aspect of the

invention wheare, for convenience E1 is identical theretlo.
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E2.

E3.

E4.

E8.

E9.

E10.

E11.

E12.

The antibody or antigen-binding fragment thereof according o E1, wherein the
antivody or antigen-binding fragment thereof binds human TL1A with an affinity of

about 4 nM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E2Z,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with

an affinity of about 1 nM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E5,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with

an affinity of about 500 ph or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E4,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with

an affinity of about 250 pM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E5,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with

an affinity of about 100 pM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E8,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with

an affinity of about 50 pM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E7,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with

an affinity of about 25 pM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E8,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with

an affinity of about 10 pM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E9,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with
an affinity of about 5 pM or less.

The antibody or antigen-binding fragment thereof according to any one of E1-E9,
wherein the antibody or anligen-binding fragment thereof binds human TL1A with
an affinity of about 2 pM or less.

The antibody or antigen-binding fragment thereof according to any one of £1-

E11, wherein the antibody or antibody binding-fragment thereof has lower affinity
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E£13.

E14.

E16.

18,

E18.

E20.

for a human homolog of TL1A than it does for human TL1A, and said human
homolog of TL1A is TNFSFG.

The antibody or antigen-binding fragment thereof according o any one of E1-
E12, wherein the antibody or antibody binding-fragment thereof has lower affinity
for & human homolog of TL1A than it does for human TL1A, and said human
homolog of TL1A is TNFSF10.

The antibody or antigen-binding fragment thereof according o any one of £1-
E13, wherein the antibody or antibody binding-fragment thereof has lower affinity
for a human homolog of TL1A than it doss for human TL1A, and said human
homolog of TL1A is TNFSF14.

The antibody or antigen-binding fragment thereof according o any one of E1-
E14, wherein the antibody or antibody binding-fragment thereof has lower affinity
for a human homolog of TLIA than #t doss for human TL1A, and sald human
homolog of TL1A is TNF-0.

The antibody or antigen-binding fragment thereof according to any one of E1-
E15, wherein the antibody or antibody binding-fragment thersof has lower affinity
for a human homolog of TLIA than it does for human TL1A, and said human
homolog of TL1A Is TNF-q.

The antibody or antigen-binding fragment thereof according to any one of E1-
E16, wherein the antibody or antibody binding-fragment thereof has lower affinity
for & human homolog of TL1A than it does for human TL1A, and said human

homolog of TL1A is Lymphotoxin o2-1.

The antibody or antigen-binding fragment thereof according fo any one of E1-
E14, wherein the antibody or antibody binding-fragment thereof has lower affinity
for a human homolog of TL1A than it does for human TL1A, and said human
homolog of TL1A is Lymphotoxin a1-B2.

The antibody or antigen-binding fragment thereof according to any one of E1-
E£20, wherein the antibody or antigen-binding fragment thereof has lower afiinity
for 2 human homolog of TL1A than # does for human TL1A, and said human
homolog of TL1A is selecied from the group consisting off TNFSBFg, TNFSF10,
TNFSF14, TNF-B, TNF-o, Lymphotoxin ¢2-$1, and Lympholoxin o1-B2.

The antibody or antigen-binding fragment thereof according o any one of £12-

E14, wherein the antibody or antigen-binding fragment thereof has an affinily for

4
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E21.

£22.

E23.

E£24.

E25.

E28.

E27.

£28.

£20.

E£30.

the human homolog of TL1A of a value selectad from the group consisting of
about 1 UM or greater, about 3 uM or greater, aboul 10 yM or greater, about 30

uM or greater, and about 100 uM or greater.

The antibody or antigen-binding fragment thereof according o any one of £E12-
E20, wherein the anlibody or antigen-binding fragment thereof has an affinity for

the human homolog of TL1A of about 1 uM or greater.

The antibody or antigen-binding fragment thereof according o any one of £E12-
E20, wherein the anlibody or antigen-binding fragment thereof has an affinity for

the human homolog of TL1A of about 3 uM or greater.

The antibody or antigen-binding fragment thereof according o any one of £E12-
E22, wherein the antibody or antigen-binding fragment thereof has an affinity for

the human homoloyg of TL1A of about 10 uM or greater.

The antibody or antigen-binding fragment thereof according o any one of £E12-
E23, wherein the anlibody or antigen-binding fragment thereof has an affinity for

the human homolog of TL1A of about 100 yM or greater.

The antibody or antigen-binding fragment thereof according o any one of £E12-
E24, wherein the anlibody or antigen-binding fragment thereof has an affinity for

the human homolog of TL1A of about 1 mM or greater.

The antibody or antigen-binding fragment thereof according o any one of £E12-
E25, wherein the anlibody or antigen-binding fragment thereof has an affinity for

the human homolog of TL1A of about 1 uM or greater.

The antibody or antigen-binding fragment thereof according e any one of E1-
E26, wherein, the antibody or antigen-binding fragment thereof has an affinity for

murine TL1A of about 10 nM or less.

The antibody or antigen-binding fragment thereof according e any one of E1-
E27, wherein, the antibody or antigen-binding fragment thereof has an affinity for
muring TL1A of about 3 nM or less.

The antibody or antigen-binding fragment thereof according to any one of £1-
E28, wherein, the antibody or antigen-binding fragment thereof has an affinity for
muring TL1A of about 1 nM or less.

The antibody or antigen-binding fragment thereof according to any one of £1-
E29, wherein, the antibody or antigen-binding fragment thereof has an affinity for

muring TL1A of about 300 pM or less.

5
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E31.

E£32.

=34,

E£35.

£36.

E£37.

£38.

E£30.

E£40.

E41.

The antibody or antigen-binding fragment thereof according to any one of £1-
E30, wherein, the antibody or antigen-binding fragment thereof has an affinity for

muring TL1A of about 100 pM or less.

The antibody or antigen-binding fragment thereof according to any one of £1-
E31, wherein the anlibody or antigen-binding fragment thereof has an affinity for
the human TL1A of about 100 pM or less, an affinity Tor the murine TL1A of about

300 pM or less, and an affinity for human TNF-q of about 1 uM or greater.

The antibody or antigen-binding fragment thereof according o any one of E1-
E32, wherein the affinity for human TL1A of the antibody or antigen-binding

fragment thereof is measured by surface plasmon resonance (SPR).

The antibody or antigen-binding fragment thereof according o any one of E1-

E33, wherein the affinity is the KD value as measured by SPR.

The antibody or antigen-binding fragment thereof according to any one of £1-

E34, wherein the SPR uses a captured antibody, and solution phase targst.

The antibody or antigen-binding fragment thereof according o E35, wherein the
caplured antibody is immobilized onto & sensor c¢hip using an anti-isolype

antivody or antigen binding portion thereof.

The antibody or antigen-binding fragment thereol according o £E36, wherein the
anti-isotype antibody or antigen binding portion thereof Is immobilized onto the
sensor chip 10 a density of between aboul 4,000 and about 13,000 response

units.

The antibody or antigen-binding fragment thereof according to any one of £E33-
E37, wherein the SPR measurement is substantially conducted according to the

protocol setf out in Example 8.

The antibody or antigen-binding fragment thereof according to E33 or E34,

wherein the SPR uses a caplured larget, and solution phase antibody.

The antibody or antigen-binding fragment thereof according to any ong of £E33-
£39, wherein the SPR measurement is conducied using a Blacore T100 or T200
instrument.

The antibody or antigen-binding fragment thereof according o any one of E1-
E£32, wherein the affinity for human TL1A of the aniibody or antigen-binding

fragment thereof is measured by solution-based kinelic exclusion assay (KinExA}

[e3]
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E42.

E43.

E£44.

E45.

E48.

E45

E48.

E48.

E50.

E51.

E52.

The antibody or antigen-binding fragment thereof according fo E41, wherein the
affinity is the KD value as measured by solution-based Kinelic exclusion assay
(KinExA).

The antibody or antigen-binding fragment thereof according o any one of £41-
E42, wherein the KinExA uses a capiured target on a solid phase, and a solution
phase antibody.

The antibody or antigen-binding fragment thereol according fo £E43, wherein the
antivody and larget are pre-incubated in solution long enough fo reach
squilibrium.

The antibody or antigen-binding fragment thereol according fo £E44, wherein the
fevel of unbound antibody is measured after the antibody and target have

reached equilibrium,

The antibody or antigen-binding fragment thereof according {0 any one of E41-

, wherein the KinExA measurement is conducted using a KinkExA 3200 instrument

(Sapidyne).

The antibody or antigen-binding fragment thereof according to any one of E1-
E46, wherein the antibody or antigen-binding fragment thereof is a humanized
antibody.

The antibody or antigen-binding fragment thereof according to any one of E1-
E46, wherein the antibody or antigen-binding fragment thereof is a chimeric
antibody.

The antibody or antigen-binding fragment thereof according to any one of E1-
48, wherein the antibody or antigen-binding fragment thereof comprising an Fo
domain having diminished effector function.

The antibody or antigen-binding fragment thereof according to any one of E1-
E£49, wherein the antibody or antigen-binding fragment comprises a constant

region which has reduced or abolished effecior functions.

The antibody or antigen-binding fragment thersof according 10 E50, wherein the
antibody or antigen-binding fragment does not bind a Foy receptor.

The antibody or anligen-binding fragment thereof according to E50-E51, wherein
the antibody or antigen binding potion thereof comprises an effecior domain that
comprises an amino acid seguence at least about 90% homologous to the CH2

sequence from human lgG.
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£58.

58,

k59,

E60.

The antibody or antigen-binding fragment thereof according fo E52, wherein the

G is selectedfrom the group consisting of IgG1, IgG2, and igG4.

The antibody or antigen-binding fragment thereof according o any one of E1-
E53, wherein the antibody or antibody binding portion thereof comprises a human
IgG1 CH2 domain, wherein the CH2 domain comprises one or more deletions at
positions selected from the group consisting of 234, 235, and 237 {(numbered with
respect 0 the EU numbering system), or at positions 241, 242 and 244 of 3EQ
1D NO:228.

The antibody or antigen-binding fragment thereof according fo any one of E1-
E54, wherein the antibody or antibody binding portion thereof comprises a human
g1 CH2 domain, wherein the CH2 domain comprises one or more substilutions
at positions corresponding 1o the positions selected from the group consisting of:
234, 235, and 237 {numberad with respect to the EU numbering system (see
Kabat et al "Sequences of proteins of immunological interest”. Bethesda, US
Department of Health and Human Services, NiH, 1991}, or at positions 241, 242
and 244 of SEQ 1D NQO:228.

The antibody or antigen-binding fragment thereol according to E55S, whersin the
substitutions may comprise any amino acld selecited from the group consisting of
serine, alanine, and proline.

The antibody or antigen-binding fragment thereof according e any one of E1-
E5G, wherein the anlibody or antibody binding portion thereof comprises al least

one of the residues selected from the group consisting of L241A, L242A, and
(3244A, according to the numbering of SEQ 1D NO:228.

The antibody or antigen-binding fragment thereof according o any one of E1-
ES7, wherein the antibody or antibody binding portion thereof comprises each of
the following residuss L2414, L2424, and G2444A, according o the numbering of
SEQID NO: 228,

The antibody or antigen-binding fragment thereof according fo any one of E1-
E58, wherein the aniibody or antibody binding portion thereof comprises the
amino acid sequence of SEQ D NOI257,

The antibody or antigen-binding fragment thereof according fo any one of E1-
E£58, wherein the antibody or antibody binding portion thereof has a solubility of at

teast about 10 mg/mi.
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E681.

E6Z.

E63.

k64,

E686.

E68.

E89.

The antibody or antigen-binding fragment thereof according o any one of £1-
E60, wherein the antibody or antibody binding portion thereof has a solubiiity in
agueous solution selected from the group consisting of at least about about 20
mag/mi, at least about 30 mg/mi, at least about 40 mg/ml, al least about 50 mg/mt,
at least about 80 mg/mi, at least aboul 70 mg/mi, at least about 80 mg/mi, at least
about 80 mg/ml, at ieast about 100 mg/mi, at least about 125 myg/mi, at least

about 150 mg/mi, at least about 175 mg/mi, and at least about 200 mg/ml.

The antibody or antigen-binding fragment thereof according 10 E81, wherein the

agueous solution has a pH beiween about pH 5.0 and about pH 8.0,

The antibody or antigen-binding fragment thereof according to E61-E62, wherein

the agueous solution has a pH between about pH 6.0 and about pH 7.0.

The aniibody or antigen-binding fragment thereof according to ES1-E63, wherein
the agusous solution comprises an ionic strength that is about equivalent fo

saline buffer, for example, PBS.

The antibody or antigen-binding fragment thergof according to E1-E64,
whereinthe antibody or antigen-binding fragment has a thermal stability with a
melting temperature (Tm) of about 80°C or greater, as measured by Differential
Scanning Calorimetry.

The antibody or antigen-binding fragment thergol according to E1-EB5,
whereinthe antibody or antigen-binding fragment has a thermal siability with a
melting temperature {Tm) selected from the group consisting of about 60°C or
greater, about85°C or greater, about 70°C or greater, and about 75°C or greater,

as measured by Differential Scanning Calorimetry.

The antibody or antigen-binding fragment thereof according to E1-EGS,
whereinthe antibody or antigen-binding fragment has a T1%, or the temperaiure

at which the protein was 1% unfolded, of at least about 37°C.

The antibody or antigen-binding fragment thereof according to E1-EGT,
whereinthe antibody or antigen-binding fragment has a T1%, or the temperaiure
at which the protein was 1% unfolded sslected from the group consisting of at
least about 37°C, at least about 40°C, at least about 45°C, at least about 50°C, or

at least about 55°C.

The antibody or antigen-binding fragment thereof according to any one of £1-
E88, wherein the antibody or anfigen-binding fragment thereof compeles for

binding to TLA1 with or binds the same TL1A epifope as the antibody selected
9
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from the group consisting of 101 1.31, 286811, OB3, 704, 22F9, 15A0, and

15C11, as defined herein.

E70. The antibody or antigen-binding fragment thereof according to any one of E1-
E£69, wherein the antibody or antigen-binding fragment thereof comprises a heavy
chain variable region (VH) comprising:

a. a VH complementarily determining region one (CDR-H1) comprising the
amino acid seguence of SEQ 1D NOG:374;

b. a VH complementarity determining region two (CDR-HZ) comprising the
amino acid seguence of SEQ 1D NO: 377; and

c. a VH complementarity determining region three (CDR-H3) comprising the
aming acid sequence of SEQ 1D NO: 380

E71. The antibody or antigen-binding fragment thereof according fo any one of E1-
E70, wherein the antibody or antigen-binding fragment thergof comprises a heavy

chain variable region {VH) comprising:

a. a VH complementarity determining region one (CDR-H1) comprising the
amino acid sequences of SEQ 1D NO: 375,

b. a VH complementarity determining region two {CDR-HZ) comprising the
amino acid sequence of SEQ 1D NG: 378; and

¢. a VH complementarity determining region three (CDR-H3) compiising the
amino acid sequence of SEQ 1D NO: 381,

E72. The antibody or antigen-binding fragment thereof according to any one of E1-
E71, wherein the antibody or antigen-binding fragment thereof comprises a heavy
chain variable region {(VH) comprising:

a. a VH complementarity determining region ong (CDR-H1) comprising the
aming acid sequence of SEQ 1D NO: 378,

b. a a VH complementarity determining region two (CDR-H2) comprising the
amine acid sequence of SEQ 1D NO: 379; and

c. a VH complementarity determining region three (CDR-H3) comprising the

aming acid seqguence of SEQ 1D NO: 382,

E73. The antibody or antigen-binding fragment thereof according o any one of E1-
E72, wherein the antibody or antigen-binding fragment thereof comprises a light
chain variable region (VL) comprising an amino acid sequence atl least 80%
identical to the amino acid sequence selected from the group consisting of SEG
1D NQOs: 102, 1, 22, 36, 50, 64, 88.
10
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E74.

k76,

E£77.

E80.

£81.

The antibody or antigen-binding fragment thereof according to any one of £1-
E73, wherein the antibody or antigen-binding fragment thereofl comprises a light
chain variable region (VL) comprising an amino acid seguence al least 90%

identical to the amino acid sequence of SEQ 1D NG: 102.

The antibody or antigen-binding fragment thereof according o any one of E1-
E74, wherein the antibody or anfigen-binding fragment thereof comprises a light
chain variable region (VL) comprising an amino acld seguence seleciad from the
group consisting of SEQ 1D NOs: 102, 1, 22, 36, 50, 64, 88.

The antibody or antigen-binding fragment thereof according fo any one of E1-
75, wherein the antibody or anfigen-binding fragment thereof comprises a light
chain variable region (VL) comprising the amino acid sequence of SEQ 1D NO:
102,

The antibody or antigen-binding fragment thereof according to any ong of E1-
E76, comprising a heavy chain variable region (VH) comprising an amino acid
sequence selected from the group consisling of SEQ 1D NOs: 226, 3, 5, 24, 38,
52, 68, 688, 70, 80, 104, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 1385,
138, 140, 142, 144, 1486, 148, 150, 152, 154, 156, 1588, 160, 162, 164, 166, 168,
170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 180, 182, 194, 186, 188, 205,
212,219, 233, 240, and 247.

The antibody or antigen-binding fragment thersof according e any one of £1-
E77, comprising a heavy chain variable region (VH) comprising the amino acid
sequence of SEQ D NO: 226.

The antibody or antigen-binding fragment thersof according e any one of £1-
E78, wherein the antibody or antigen-binding fragment thereof comprises a Vi
comprising a CDR-L1 having the amino acid sequence of SEQ 1D NO:110, &
CDR-L2 having the amino acid seguence of SEQ 1D NO:111, and a CDR-L3

having the amino acid sequence of SEQ 1D NO:112.

The antibody or antigen-binding fragment thereof according fo any one of E1-
E79, wherein the antibody or anfigen-binding fragment thereof comprises a light
chain variable region (VL) comprising the amino acid seguence of SEQ 1D
NO:102.

The antibody or antigen-binding fragment thereof according to any one of E1-
E80, wherein the antibody or antigen-binding fragment thereof comprises a VL
encodead by the nucleic acid sequence of SEQ 1D NG:103.
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The antibody or antigen-binding fragment thereof according to any one of £1-
E81, wherein the antibody or antigen-binding fragment thereofl comprises a light
chain variable region (VL) comprising an amino acid seguence at least about
8% identical to an amino acid sequence selecied from the group consisting of
SEQ D NGs:1, 50, 88, and 64.

The antibody or antigen-binding fragment thereof according fo any one of E1-
E8Z, wherein the antibody or antigen-binding fragment thereof comprises a VL
comprising a CDR-L1 having the amino acid sequence of SEQ 1D NO:13, a COR-
L2 having the amino acid sequence of SEQ 1D NGO:14, and a CDR-L3 having the
amino acid sequence of SEQ 1D NG:15.

The antibody or antigen-binding fragment thereof according to any one of E1-
83, wherein the antibody or antigen-binding fragment thereofl comprises a light

chain variable region (VL) comprising the amino acid sequence of SEQ (D NO:1.

The antibody or antigen-binding fragment thereof according to any one of E1-
84, wherein the antibody or antigen-binding fragment thereof comprises a VL

encoded by the nucleic acid sequence of 3EQ 1D NO:2.

The antibody or antigen-binding fragment thereof according to any one of E1-
E85, wherein the antibody or antigen-binding fragment thereof comprises a VL
comprising a CDR-L1 having the amino acid sequence of SEQ 1D NO:58, a COR-
L2 having the amino acid sequence of SEQ 1D NO:58, and a CDR-L3 having the
amino acid seguence of SEQ 1D NO:60.

The antibody or antigen-binding fragment thereof according o E86, wherein the
antibody or antigen-binding fragment comprises a light chain variable region (VL)
comprising the amino acid sequence of SEQ 1D NO:S0,

The antibody or antigen-binding fragment thereof according 1o any one of £E86-
E87, wherein the antibody or anfigen-binding fragment comprises a V0L encoded

by the nucleic acid sequence of SEQ 1D NO:51.

The antibody or antigen-binding fragment thereof according o any one of E1-
E85, wherein the antibody or antigen-binding fragment thereof comprises a VL
comprising a COR-L1 having the amino acid sequence of SEQ 1D NQO:76, a COR-
L2 having the amino acid seguence of SEQ 1D NO:77, and a CDR-L3 having the
amino acid seguence of SEQ 1D NO78.
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The antibody or antigen-binding fragment thereol according to E8Y, wherein the
antivody or antigen-binding fragment comprises a light chain variable region (VL)
comprising the amino acid sequence of SEQ 1D NO:G4.

The antibody or antigen-binding fragment thereof according o any one of £E88-
E90, wherein the antibody or anfigen-binding fragment comprises a VL encoded
by the nucleic acid sequence of SEQ 1D NO:8D.

The antibody or antigen-binding fragment thereof according to any one of £1-
E91, wherein the antibody or antigen-binding fragment thereof comprises a T or

R at position 76, as determined by Kabat numbering of the VH.

The antibody or antigen-binding fragment thereof according o any one of £1-
E92, wherein the anlibody or antigen-binding fragment thereof comprises a D or

E at position 81, as determined by Kabat numbering of the VH.

The antibody or antigen-binding fragment thereof according o any one of £1-

E93, wherein the antibody or antigen-binding fragment thereof comprises:

a. a VH comprising:
i. a CDR-H1 comprising the amine adid sequence of SEQ 1D NO:202;
ii. a CDR-H2 comprising an amino acid sequence selected from SEQ
10 NQO: 203, 210, 217, 224, 231, 238, 245, or 252;
. a CDR-H3 comprising an amino acid sequence selected from SEQ
D NO: 232, 204, 211, 218, 225, 239, 246, or 253; and
b. a VL comprising a CDR-L1 having the amino acid segquence of SEQ D
NO:11G, a CBR-L2 having the aming acid ssguence of SEQ 1D NO:111,
and a CDR-L3 having the aming acid sequence of SEQ 1D NO:112.

The antibody or antigen-binding fragment thereof according to any one of E1-
E84, wherein the antibody or antigen-binding fragment thereof comprises a VH
comprising the COR-H1 aminoc acid sequence of SEQ D NO:230, the COR-HZ
amino acid sequence of SEQ NG:231, the CDOR-H3 amino acid seguence of SEQ
ID NO:232, and a VL comprising the CDR-L1 amino acid sequence of SEQ D
NO:110, the CDR-LZ amino acid sequence of SEQ D NO:111, and the CDR-L3
amino acid sequence of SEQ 1D NO:112.

The antibody or antigen-binding fragment thereof according fo any one of E1-
E98, wherein the antibody or antigen-binding fragment thereof comprises a VH

comprising the COR-H1, CDR-H2, and CDR-H3 of the VH amino acid sequence
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of ZEG 1D NO:226, and a VL comprising the COR-L1, COR-LZ, and CDR-L3 of
the VL amino acid seguence of SEQ 1D NO:102;

The antibody or antigen-binding fragment thereof according o any one of E1-
E98, wherein the antibody or antigen-binding fragment thereof comprises a VH
comprising the amino acid sequence of SEQ 1D NO:226 and a VL comprising the
amino acid seguence of SEQ 1D NO:102;

The antibody or antigen-binding fragment thereof according o any one of £1-
E97, wherein the antibody or antigen-binding fragment thereof comprises a heavy
chain comprising the amino acid sequence of SEQ 1D NO:228 and a light chain

{LC) comprising the amine acid sequence of SEQ 1D NG:106;

The antibody or antigen-binding fragment thereof according o any one of E1-
E98, wherein the antibody or antigen-binding fragment thergof comprises a VH
comprising the CDR-H1, COR-H2, and CDR-H3 of 2 VH encoded by the nudieic
acid sequence of SEQ ID NG:227, and a VL comprising the COR-L1, CDR-L2Z,
and CDR-L3 of a VL encoded by the nucleic acid sequence of SEQ 1D NO:103;

The antibody or antigen-binding fragment thereof according to any one of E1-
ESY, comprising a VH encoded by a nudleic acid encoding the amino acid
sequence of SEQ 1D N(O:226 and a VL encoded by a nucleic acid encoding the
amino acid sequence of SEQ D NO:102; or the antibody or aniigen-binding
fragment thereof according t© any one of E1-ES8S, wherein the antibody or
antigen-binding fragment thereof comprises a VH encoded by the nucleic acid
sequence of SEQ 1D NO:227, and a VL encoded by the nucleic acid sequence of
SEQ D NOG:103; and

The antibody or antigen-binding fragment thereof according o any one of E1-
E100, wherein the antibody or antigen-binding fragment thereof comprises a
heavy chain encoded by the nucleic acid sequence of SEQ ID NO:224, and a
light chain encoded by the nucleic acid sequence of SEQ 1D NG:107,

The antibody or antigen-binding fragment thereof according fo any one of E1-
E101, wherein the antibody or antigen-binding fragment thergof comprises a VH
encoded by the nucleic acid sequence of the insert of the vector deposited as
101 1.31 VH having ATCC accession number PTA-120638.

The antibody or antigen-binding fragment thereof according to any one of E1-

E102, wherein the aniibody or antigen-binding fragment thereof comprises a VL
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encoded by the nudleic acld sequence of the insert of the veclor deposited as
101 1.31 VL having ATCC accession number PTA-120640.

The antibody or antigen-binding fragment thereof according fo any one of E1-
E102, wherein the antibody or antigen-binding fragment thereof comprises a VH
encoded by the nucleic acid sequence of the insert of the veclor deposited as
101 1.31 VH having ATCC accession number PTA-12063% and a VL encoded by
the nucleic acid sequence of the insert of the veclor deposited as 101 1.31 VL
having ATCC accession number PTA-120640.

An isclated aniibody or antigen-binding fragment thereof that binds tumor
necrosis factor-like ligand 1A {(TL1A), wherein the aniibody binds {0 an epitope on
TL1A, the epilope comprising al least one amino acid selected from the group
consisting of T30, V31, V32, R33, G34, T35, P36, T37, Q38, H38, F40, K41, N42,
Q43, F44, P45, E50, HE1, BEB2, LE3, G54, LBS, ABG, F57, T58, R86, 387, M8§,
T80, EO1, G308, R100, P101, N102, K103, P104, D105, 8108, 5136, N137, F139,
S161, D1e2, 1163, Ste4, L1685, V166, D167, Y168, 71698, K170, E171, D172,
N42, F44, K103, P104, D105, 8106, K113, TH15, 5117, Y118, P118, E120,
P124, T122, Q123, M147, F148, 5148, and Q151, according o the numbering of
the amino acid segquence of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof of E1-E105, wherein the
antibody binds {0 a homomullimer of TL1A, the homomultimer comprising at least
a first and a second TUTA monomaer, wherein the antibody binds to a first epifope
on the first TL1A monomer, wherain the first epitope comprises al least one
amino acid selected from the group consisting of N42, F44, K103, P104, D105,
5106, K113, T115, 8117, Y118, P119, E120, P121, T122, Q123, M147, F148,
5148, and Q151, according to the numbering of the amino acid sequence of
TL1A as sei forth in SEQ 1D NG:254, and the antibody binds 10 a second epitope
on the second TL1A monomer, wherein the second epilope comprises al least
one amino acid selected from the group consisting of T30, V31, V32, R33, 034,
T35, P36, T37, Q38, H3E, F40, K41, N42, Q43, F44, P45, EB0, HAE1, EBZ, LAG,
G5H4, L55, ABG, F57, T88, R86, G87, M88, T84, 81, G889, R100, P101, N10Z,
K103, 104, D105, S106, 5136, N137, F138, S161, D162, 1163, 8164, L1868,
V166, D167, Y168, T168, K170, E171, and D172, according o the numbering of
the aming acid sequence of TL1A as sst forth in SEQ 1D NQO:254.
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The antibody or antigen-binding fragment thereof of E1-E106, wherein the
antibody binds 10 an epilope on TL1A comprising at least one amino acid
selected from the group consisting of V31, V32, R33, T35, P36, T37, Q38, H38,
F40, 43, E50, H51, EBZ, LG, G54, L55, AdG, F57, RE86, G887, M88, 5136,
N137, 8164, L1165, Y168, T169, K170, E1714, K113, 3117, Y118, P119, T122,
Q123, M147, F148, 3149, and Q151, according 1o the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NC:254.

The antibody or antigen-binding fragment thereof of E1-E107, wherein the
antibody binds to a homomultimer of TL1A, and wherein the homomullimer
comprising at least a first and second TL1A monomer, wherein the antibody
binds i0 a first epilope on the first TL1A monomer, wherein the first epitope
comprises at least one amino acid selected from the group consisting of K113,
ST, Y118, P19, T122, Q123, M147, F148, $148, and Q151, according 1o the
numbering of the amino acld sequence of TL1A as sat forth in SEQ 1D NO:254,
and the antibody binds 1o a second epitope on the second TL1A monomer,
wherein the second epilope comprises at least one aming acid selected from the
group consisting of V31, V32, R33, T35, P38, T37, Q38, H39, F40, Q43, 50,
H51, E5Z, LB3, 354, L55, ABS, F57, R86, G87, M88, S136, N137, 5164, L1868,
Y168, T169, K170, and E171, according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ 1D NQO:254.

The antibody or antigen-binding fragment thereof of E1-E110, wherein the
antibody binds 10 an epilope on TL1A comprising at least one amino acid
selected from the group consisting of V31, V32, R33, EBD, L53, G54, 5164,
Y168, T168, K170, 171, Y118, and Q151, according to the numbering of the
amino acid sequence of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof of E1-E100, wherein the
antibody binds to a homomullimer of TL1A, wherein the homomullimer
comprising at least a first and second TL1A monomer, wherein the antibody
binds 10 a first epitope on the first TL1A monomer, wherein the first epitope
comprises at least one aming acid selected from the group consisting of Y118
and Q151, according to the numbering of the amine acid sequence of TL1A as
sel forth in SEQ 1D NO:254, and the antibody binds 10 a second epitope on the
second TL1A monomer, wherein the sscond epitope comprises at least oneg
amino acid selected from the group consisting of V31, V32, R33, EE0, LE3, G54,
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D164, Y168, T169, K170, and E171, according o the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof of E1-E110, wherein the
antibedy binds to an epitope on TL1A comprising al least one TL1A aming acid
selected from the group consisting of R33, Y168, and T168, according fo the
numbering of the amino acid sequence of TL1A as sel forth in SEQ 1D NO:254,
The antibody or antigen-binding fragment thereof of E1-E111, In ancther
embodiment, the antibody or aniigen-binding fragment specifically binds TL1A
wherain the antibody binds to an epifope on TL1A comprising at least one amino
acid seiected from the group consisting of V31, V32, R33, E5G, HE1, E&2, L53,
b4, LB5, Abg, F57, Y188, 7169, K170, E171, K113, Y118, T122, 0123, M147,
F148, 8148, and Q151, according to the numbering of the amino acid sequence
of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof of E1-E11Z, wherein the
antibody binds to a homomuitimer of TL1A comprising at ieast a first and sscond
TL1A monomer, wherein the antibody binds to a first epitope on the first TL1A
monomer, wherein the first epitope comprises at least one amino acid sslected
from the group consisting of K113, Y118, T122, Q123, M147, F148, 5149, and
Q151, according io the numbering of the amino acid sequence of TL1A as set
forth in SEQ 1D NO:1254, and the aniibody binds 1o a second epilope on the
sacond TL1A monomer, wherein the second epilope comprises at least one
amino acid sselected from the group consisting of V31, V32, R33, E50, H51, E5Z,
L53, B4, L55, Abp, F57, Y188, T168, K170, E171, according to the numbering
of the amino acid sequencs of TL1A as set forth in SEG D NG:254.

The antibody or antigen-binding fragment thergof of E1-E113, wherein the
antibody binding to TL1A causes a non-zero change in buried surface area due
to interaction of the antibody with a TL1A amino acid selected from the group
consisting of R33, O34, T35, P36, T37, Q38, H38, F40, K41, N42, P45, E50, L&3,
G54, L85, F57, THE, RBG, M88, T89, P101, N102, K103, P104, D105, 5136,
N137, D162, 1163, S164, Y188, 7169, K170, E171, N4z, K103, P104, D105,
K413, 8117, Y118, T122, 5148, and Q151, according to the numbering of the
amino acid sequence of TL1A as set forth in 3EQ D NO:254.

The antibody or antigen-binding fragment thereof of E1-E114, wherein the

antibody or antigen-binding fragment thereof binds to a homomuitimer of TL1A
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comprising at least a first and second TL1A monomer, wherein the antibody
binding to the first epitope on the first TL1A monomer causes a non-Zero change
in buried surface area due to interaction of the antibody with a TL1A amino acid
selected from the group consisting of N42, K103, P104, D105, K113, 3117,
Y1418, T122, 5149, and Q151, according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ D NO:254, and the antibody binding to the
second epifope on the second TL1A monomer causes a non-zero changs in
buried surface area due to interaction of the antibody with a TL1A amino acid
selected from the group consisting of R33, 34, T35, P36, T37, (438, H349, F40,
K41, N42, P45, 50, L33, G54, L55, F57, T58, R86, M8, T89, P101, N102,
K103, P104, D105, $136, N137, D162, 1163, 5164, Y168, 7188, K170, and E171,
according to the numbering of the amino acid sequence of TL1A as sel forth in
SEQID NO:254.

The antibody or antigen-binding fragment thereof of E1-E115, wherein the
antibody binding to TL1A causes a non-zero change in buried surface area due
to interaction of the antibody with a TL1A amino acid selected from the group
consisting of R33, T35, P36, 38, H38, F40, K41, N4Z, L53, 54, LE5, R,
M88, P101, N102, K103, D105, N137, 5164, Y188, E171, N42Z, K103, D105, and
Y118, according to the numbering of the amino acid sequence of TL1A as sel
forth in SEQ 1D NO:1254.

The antibody or antigen-binding fragment thereof of E1-E118, wherein the
antivody binds to a homomullimer of TL1A comprising al least a first and second
TL1A monomer, wherein the antibody binding o the first epitope on the first TL1A
MONoMer causes a non-zero change in buried surface area due o interaction of
the antibody with a TL1A amino acid selected from the group consisting of N4Z,
K103, D105, and Y118 |, according to the numbering of the amino acid sequence
of TL1A as set forth in SEQ 1D NO254, and the antibody binding o the second
gpitope on the second TLIA monomer causes a non-2ero change in buried
surface area due o interaction of the antibody with a TL1A amino acid selected
from the group consisting of R33, T35, P36, Q38, H3B, F40, K41, N42, L53, G54,
L55, R86, M33, P101, N102, K103, D105, N137, $164, Y168, and E171,
according to the numbering of the amino acid sequence of TL1A as sel forth in
SEQID NO:254.
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The antibody or antigen-binding fragment thereof of E1-E117, wherein the
antivody binding to TL1A causes a non-zero change in buried surface area due
fo interaction of the antibody with a TL1A amino acid selected from the group
consisting of K33, Q38, F40, K41, LE3, R86, M88, and Y118, according 1o the
numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof of E1-E118, wherein the
antibody binds to a homomuitimer of TL1A comprising at least a first and second
TL1A monomer, wherein the antibody binding to the first epitope on the first TL1A
monomer causes a non-zere change in buried surface area due o interaction
with the antibody at Y118 according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ D NO:254, and the antibody binding to the
second epitope on the second TL1A monomer causes a non-zero change in
buried surface area due to interaction of the antibody with a TL1A amino acid
selected from the group consisting of R33, Q38, F40, K41, LB3, RE6, and M88,
according to the numbering of the amino acid sequence of TL1A as sel forth in
SEQID NO:254.

The antibody or antigen-binding fragment thereof of E1-E118, wherein one or
more amine acid residues ¢of the antibody participates in a hydrogen bond with
one or more amino acid residues in TL1A selected from the group consisting of
A58, D232, BE171, E52, H108, K111, K173, N112, N172, N207, P108, P171,
Q104, Q108, R158, K33, 5148, T122, T169, Y118, Y188, and Y238, according to
the numbering of the amino acid sequence of TL1A as sel forth in SEQ 1D
NO:254.

The antibody or antigen-binding fragment thereof of £E1-E120, wherein one or
more amino acid residues of the antibody participates in a hydrogen bond with
one or more amino acid residues in TL1A selected from the group consisting of
@108, H1GG, K111, N112, P171, N172, and K173, according o the numbering of
the amino acid sequence of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof of E1-E121, wherein one or
more amino acid residues of the antibody participates in a hydrogen bond with
one or more amino acid residues in TL1A selected from the group consisting of
G104, P106, R15806, N207, D232, and Y238, according o the numbering of the
amino acid sequence of TL1A as sef forth in SEQ D NO:254.
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The antibody or antigen-binding fragment thereof of £1-E122, wherein one or
more amino acid residues of the antibody participates in a hydrogen bond with
oneg or more amino acid residues in TL1A selected from the group consisting of
T122, 3148, £E52, AES, Y168, T188, and E171, according o the numbering of the
amino acid sequence of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof of E1-E123, wherein one or
more amino acid residues of the antibody participates in a hydrogen bond with
one or more amino acid residues in TL1A selected from the group consisting of
Y118, 5148, R33, £E52, A5, and Y168, according to the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NC:254.

The antibody or antigen-binding fragment thereof of E1-E124, wherein one or
more amino acid residues of the antibody participates in a salt bridge with one or
more TL1A amino acid residuss selected from the group consisting of R33, K41,
E50, BE52, and K113, according to the numbering of the amino acid seqguence of
TL1A as sel forth in SEQ 1D NG:254.

The antibody or antigen-binding fragment thereof of E1-E125, wherein the
antibody or antigen-binding fragment described herein binds to TL1A and
participates in a water-mediated hydrogen bond with one or more reisdues of
TL1A that is sselected from the group consisling of R33, Q38, K41, N42, L55,
N102, D105, and M147, according 1o the numbering of the amino acid sequence
of TL1A as set forth in SEQ 1D NO:2584.

The antibody or antigen-binding fragment thereof of E1-E126, wherein the
antibody or antigen-binding fragment described hersin binds to TL1A when one
or more amino acid residues of the antibody participates in a hydrogen bond wilh
one or more residues in TL1A, participates in a water-mediated hydrogen bond
with one or more reisdues of TL1A, participates in a salf bridge with one or more
residues in TL1A, has a non-zero change in buried surface area due o
interaction with TL1A, or when a heavy atom from one or more residues of the
antibody is within a distance of 4 A from a heavy atom in TL1A,

A pharmaceutical composition comprising the antibody, or antigen-binding
fragment thereof according to any one of E1-E127, and further comprising a
pharmaceutically acceptable carrier or excipient.

A method of preventing, ameliorating or trealing a disease, disorder or condition
mediated by TL1A, comprising administering {0 a subject in need thereof an
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sffective amount of the antibody or antigen-binding fragment thereof according to

any one of E1-E127, or the pharmaceutical composition according to E128.

The antibody or antigen-binding fragment thereof according fo any one of E1-
£127, or a pharmacsutical composition according o £128, for use in the
prevention, amelioration or treatment of a disease, disorder or condilion mediated
by TL1A.

Use of an antibody, or antigen-binding fragment thereof according o any one of
E1-E127 in the manufacture of a medicament Tor the prevention, amelioralion or

freatment of a disease, disorder or condition mediated by TL1A.

The use according to E131, wherein the disease, disorder or condition is selected
from the group consisting of: inflammalory bowel disease (1BD), Crohn's disease,
uicerative oolitis, asthma, ailergies, diabetes mellitus, arthritis, rheumatoid
arthritis, juvenile rheumaltoid arthritis, ostecarthrilis, psoriatic arthritis, ankylosing
spondylitis, mulliple sclerosis, transplant rejection, graft-versus-host disease
(GVHD), spondvioarthropathy, primary sclerosing cholangitis, primary biliary
cirrhosis, atherosclerosis, bladder syndromes/intersticial cystitis, Urinary bowel
disfunclion, sepsis, uveilis, encephalomyelitis, myasthenia gravis, systemic lupus
erythematosus, cutaneous lupus erythematosus, autoimmune thyroidilis, alopic
dermalilis, eczematous dermatitis, psoriasis, Sjogren’s syndrome, scleroderma,

and vasculitis.

. A method of detecting TL1A in a sample, lissue, or cell, comprising providing the

sample, tissug contacting or cell with the antibody or antigen-binding fragment
thereof according to E1-E127, and detecting said antibody.

An isolated nucleic acid encoding the antibody, or antigen-binding fragment
therecf that specifically binds TL1A according to E1-E127.

The isolated nucleic acid according {o £E134, wherein the nucleic acid is selected
from the group consisting of:

a. the nugdlsic acid sequance of SEQ 1D NO:103;

the nucleic acid sequence of SEQ 1D NO: 105;

the nucleic acid sequence of SEQ 1D NO:107;

oo

the nucleic acid sequsence of SEQ 1D NO:106;
the nucleic acid sequence of SEQ 1D NO:103 and 105;
the nucleic acid sequence of SEQ 1D NO:107 and 108;

~ oo
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g. the nudleic acid sequence of the insert of the vector deposited as 101 1.31

VH having ATCC accassion number FTA-120639;

h. the nucleic acid sequence of the insert of the vecior deposited as 101 1.31 VL

having ATCC accession number PTA-120640;

i the nucleic acid sequence of the insert of the vector deposited as 101 1.31
VH having ATCC accession number PTA-120639 and the nucleic acid

sequence of the insert of the vector deposited as 101 1.31 VL having ATCC

accession number FTA-120640;
§-  the nucleic acid sequence of SEQ 1D NO:227;
kK. the nucleic acid sequence of SEQ 1D NO: 229;
[, the nucleic acid sequence of SEQ 1D NO:227 and 103;
m. the nucleic acid sequence of SEQ 1D NO:228 and 107,
the nuclsic acid sequeance of SEQ 1D NO:198;
the nucleic acid sequence of SEQ 1D NO: 201;
the nucleic acid sequence of SEQ 1D NO:199 and 103;
the nucleic acid sequence of SEQ 1D NO:201 and 107;
the nucleic acid sequence of SEQ 1D NO:206;
the nucleic acid sequence of SEQ 1D NO: 208;
the nucleic acid sequence of SEQ 1D NO:208 and 103;
the nuclsic acid sequeance of SEQ 1D NO:208 and 107;
the nucleic acid sequence of SEQ D NO:213;
. the nucleic acid sequence of SEQ 1D NO: 215;
the nucleic acld sequence of SEQ 1D NO:213 and 103;
the nucleic acid sequence of SEQ 1D NO:215 and 107,
the nucleic acid sequence of SEQ 1D NO:2206;
aa.the nuclsic acid sequence of SEQ 1D NQO: 222;
bh. the nuclsic acid sequeance of SEQ 1D NO:220 and 103;
co. the nudlsic acid sequence of SEQ 1D NO222 and 107
dd. the nucleic acid seqguence of SEQ 1D NO:234;
se.the nucleic acid sequence of SEQ 1D NO: 236;
ff. the nucleic acid sequence of SEQ 1D NO:234 and 103;
qg. the nucleic acid sequence of SEQ 1D NO:236 and 107;
hh. the nucleic acid sequence of SEQ 1D NO:1241;
fi. the nucleic acid sequence of SEQ 1D NQO: 243;
i+ the nucleic acid sequence of SEQ 1D NO:241 and 103;
22
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KK. the nudleic acld sequence of SEQ 1D NO:243 and 107,
. the nucleic acid sequence of SEQ 1D NO:248;

mm. the nucleic acid sequence of SEG ID NQ: 250;

ni. the nucleic acid sequence of SEQ 1D NO:248 and 103;
oo. the nucleic acid sequence of SEQ 1D NQ:250 and 107,
pp. the nucleic acid sequence of SEQ 1D NO:65;

34. the nudlsic acid saguence of SEQ 1D NO: 67;

rr. the nucleic acid sequence of SEQ 1D NO:6Y;

ss. the nucleic acid sequence of SEQ 1D NG: 71;

tt. the nucleic acid sequence of SEQ 1D NO:73;

uu. the nucleic acid sequence of SEQ 1D NOIT5;

vy, the nucleic acid sequence of SEQ 1D NO:67 and 65;
ww.  the nucleic acid sequence of SEQ 1D NO:8Y and 85;
xx. the nucleic acid sequence of SEQ D NO:71 and 65;
yy. the nucleic acid sequence of SEQ 1D NO73 and 7§;
zZ. the nucleic acld sequence of SEQ ID NG:Z;

aaa. the nucleic acid sequence of SEQ 1D NQO: 4;

bbb, the nudlsic acld sequance of SEQ 1D NO©G;

coe.  the nucleic acid sequence of SEQ ID NO:§;

ddd. the nucleic acid sequence of SEQ 1D NOIG;

aee. the nucleic acid sequence of SEQ 1D NO:1Z;

fff. the nucleic acid sequence of SEQ ID NO4 and 2
ggg. the nucleic acid sequence of SEQ 1D NO:6 and 2;
hhh. the nudleic acid sequence of SEQ ID NGO and 8;
fit. the nucleic acid sequence of SEQ 1D NO12Z and 8;

PCT/US2014/065293

i+ the nucleic acid encoding the amino acid sequence of SEQ 1D NO:102; and

kkik. the nucleic acid encoding the amino acid sequence of SEQ 1D NQ: 226,

A vector comprising the nucleic acid according o E134 or E135.

. A host cell comprising the vector according to E136.

The host cell according to E137, sslected from the group consisting of a bacterial

cell, a fungal cell, an insect cell, avian cell, a plant cell or a mammalian cell.

E139. A method of producing an antibody, or antigen-binding fragment thereof, that

specifically binds TL1A, comprising culturing the host cell according to E137 or
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E138 and growing the cells under conditions wherein the antibody is expressed,
and further comprising isolating the antibody.

E140. An isolated antibody, or antigen-binding fragment thereof, that specifically binds
tumor necrosis factor-like ligand 1A {TL1A) and comprises:
aj a heavy chain variable region (VH) comprising:

i) & VH complementarity determining region one (CDR-H1) comprising the
amine acid sequence GY X FXoXYGEIS, wherein X408 8, D, Q, N or P; X,
is TorR and Xzis Y or H (SEQ 1D NQ: 384);

iy @ CDR-HZ2  comprising the  amino  acid sequence
WISKGY NG XX YAX MM QG, wherein Xy s T, P, S, or A; Xsis K, A,
G N orV XeisTorl; Xyis NorH; Xeis Ror @ and Xgis L or H (SEQ
1D NO: 385); and

iy a CDR-H3  ocomprising the  amino  acld  sequence
ENYYGSGXXcRGGMDX 1, wherein Xgis S or A Xypis Y or F; and Xy
sV, G, or A (SEQID NO: 382);

o} a VH comprising:

iy & CDR-H1 comprising the amino acid sequence GYXFX2X3YGIS,
wherein X1is 3, D, Q, NorP; Xpis Tor R and Xsis Y or H (EEQ ID NG
384y

iy @ CDR-HZ2  comprising the  amino  acid sequence
WIS YNGK KK YA eMXQG, wherein Xy 08 T, F, S, or A Xsis K, A,
G N oV, XgisTorkK; Xsis NorH Xgis Ror@Q; and Xgis L or H (BEQ
D NO: 385);

i a CDOR-H3 comprising the aminge acid sSequence
ENYYGSGX X oRGGMDX, whersin Xgis S or A; Xy is Y or F; and Xy
isV, G, or A (SEQ D NO: 382);, and

a light chain variable region (VL} comprising an amino acid sequence at least
90% identical to the amino acid sequence of SEQ 1D NOG:02;
c) a VH comprising:

a COR-H1 comprising the amine acld sequence GY X FXXaYGIS, wherein
Xiis 8, D, Q NorP; XzpisTor R and Xsis Y or H {SEQ 1D NO: 384}

i} a CDR-H2 comprising the amino acid sequence
WISK Y NG XX YAKMAQG, wherein Xy is T, P, 3, or A Xsis K, A,
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G N oV XslsTorK; XrisNorH, Xgis Ror Q) and Xgis L or H (SEQ
D NO: 385);

iy a  CDR-H3  comprising  the  amino  acid  sequence
ENYYGESGXX1oRGGMDX 4, wherein Xois S or A; Xygis Y or F; and Xy
sV, G, or A (SEQID NO: 382);

iv}a T or R at position H78, as determined by Kabat numbering of the VH;

v)a D or E at position H81, as determined by Kabal numbering of the VH;

and

a VL comprising a CDR-L1 having the amino acid sequence of 3EQ 1D
NO:110, a CDR-L2 having the amino acid sequence of SEQ ID NO:111, and
a CDR-L3 having the amino acid sequence of SEQ 1D NO:112;

d} a VH comprising:

i} a COR-H1 comprising the amino acid seguence of SEQ 1D NO:202;
i) a CDR-H2 comprising the acid sequence selected from SEQ 1D NO: 203,
210, 217, 224, 231, 238, 245, or 252;
iy a CDR-HZ comprising the amino acid sequence selected from SEQ D
NO204, 211, 218, 225, 232, 238, 246, or 253; and

a VL comprising a CDR-L1 having the amino acid sequence of SEQ 1D
NO:110, a CDR-L2 having the amino acid sequence of SEQ ID NO:111, and
a CDR-L3 having the aming acld sequence of SEQ 1D NO:112;

e} a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:13, the
CDR-H2 amino acid seguence of SEQ NO:114, the CDR-H3 amino acid
sequence of SEQ D NO15, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NG110, the CDR-L2 amino acid sequence of SEQ D
NO:111, and the CDR-L3 amino acid sequence of SEQ 1D NO:112;

) a VH comprising the CDR-H1, COR-H2, and CDBR-H3 of the VH amino acid
sequence of SEQ 1D NO:104, and a VL comprising the CDR-L1, COR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NO:102;

g} a VH comprising the amino acid seguence of SEQ ID NOG:104 and a VL
comprising the amino acid sequence of SEQ 1D NO:102;

h} a heavy chain comprising the amino adid seguence of SEQ 1D NO08 and a

tight chain {LC) comprising the amino acid seguence of SEQ 1D NO:106;
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i} a VH comprising the CDR-H1, COR-H2, and CDR-H3 encoded by the nucleic
acid sequence of SEQ 1D NO:05, and a VL comprising the COR-L1, CDR-L2,
and CDR-L3 encoded by the nucieic acld seguence of SEQ 1D NO:103;

i} a VH encoded by the nucleic acid sequence of SEQ 1D NO05, and a VL
encoded by the nudleic acid sequence of SEQ D NO:103;

K} a heavy chain encoded by the nucleic acid sequence of SEQ D NO:108, and a

light chain encoded by the nudleic acid sequence of SEQ 1D NC:107;

f} & VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:230, the
CDR-HZ aminc acid seguence of SEQ NO:231, the CDR-H3 aminc acid
sequence of SEQ D NO:232, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NGOG0, the CDR-LZ amino acid sequence of SEQ D
NO:111, and the CDR-L3 aming acid sequence of SEQ 1D NO:112;

m} a VH comprising the CDR-H1, COR-HZ, and CDR-H3 of the VH aminc acid
sequence of SEQ 1D NO:226, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NG:102;

n} a VH comprising the amino adid sequence of SEQ 1D NOG:226 and a VL
comprising the amino acid sequence of SEQ 1D NO:102;
0} 2 heavy chain comprising the amino acid sequence of SEQ 1D NO:228 and a

fight chain {(LC) comprising the amino acid sequence of SEQ 1D NO:106;

p} a VH comprising the CDR-H1, CDR-H2, and CDR-H3 encoded by the nucleic
acid sequence of SEQ ID NO:227, and a V0L comprising the COR-L1, CDR-L2,
and CDR-L3 encoded by the nudielc acld sequence of SEQ D NO:105;

g} a VH encoded by the nucleic acid sequence of SEQ ID NO:227, and a VL
encoded by the nucleic acid sequence of SEQ 1D NG:1035;

r) a heavy chain encoded by the nucleic acid sequence of SEQ 1D NO:229, and a
light chain encoded by the nucleic acid sequence of SEQ 1D NO:107,

s} & VH comprising the CBR-H1 amino acid sequence of SEQ 1D NO:202, the
CDR-H2 amine acid seguence of SEQ NO:203, the CDR-H3 amino acid
sequence of SEQ D NO:204, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NOM10, the CDR-L2 amino acid seguence of SEQ D
NO:111, and the CDR-L3 amine acid sequence of SEQ 1D NO:112;
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t) a VH comprising the CDR-H1, CDR-HZ, and CDR-H3 of the VH amino acid
sequence of SEQ 1D NO:188, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NG:102;

) a VH comprising the amino acid sequence of SEQ 1D NOG:188 and a VL
comprising the amino acid sequence of SEQ 1D NO:102;

v} a heavy chain comprising the amino acid sequence of SEQ 1D NO:200 and a
fight chain {(LC) comprising the amino acid sequence of SEQ 1D NO:106;

w} a VH comprising the COR-H1, CDR-HZ2, and CDR-H3 encoded by the nucleic
acid sequence of SEQ ID NO:198, and a V0L comprising the COR-L1, CDR-L2Z,
and CDR-L3 encoded by the nudielc acld sequence of SEQ D NO:105;

x} a VH encoded by the nucleic acid sequence of SEQ 1D NO:199, and a VL
encoded by the nucleic acid sequence of SEQ 1D NG:1035;

v a heavy chain encoded by the nucleic acid sequence of SEQ 1D NO:201, and a

fight chain encoded by the nucieic acid sequence of SEQ 1D NO:107;

Z) a VH comprising the CDOR-H1 amino acid sequence of SEQ 1D NO:209, the
CDOR-H2 aminc acid sequence of SEQ NOG:210, the CDR-H3 amino acid
sequence of SEQ D NO211, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NOM10, the CDR-L2 amino acid seguence of SEQ D
NO:111, and the CDR-L3 amine acid sequence of SEQ 1D NO:112;

aa} a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of the VH aminc acid
sequence of SEQ 1D NG:2058, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NO:102;

bb) a VH comprising the amino acid sequence of SEQ ID NG:205 and a VL
comprising the amino acid segquence of SEQ 1D NO:102;

c¢) a heavy chain comprising the amino acid seguence of SEQ ID NO:207 and a
fight chain (LC) comprising the amino acid seguence of SEQ 1D NO:106;

dd} a VH comprising the CDR-H1, CDR-HZ, and CDR-H3 encoded by the nudisic
acid sequence of SEQ 1D NO:206, and a VL comprising the CDR-L1, CDR-L2,
and CDR-L3 encoded by the nucleic acid sequence of SEQ 1D NO:103;

ee} a VH encoded by the nucleic acid sequence of SEQ 1D NG:206, and a VL
encoded by the nucleic acid sequence of SEQ 1D NO:035;

f) a heavy chain encoded by the nucleic acid sequence of SEQ 1D NO:208, and

a light chain encoded by the nucleic acid sequence of SEQ 1D NO1{07;
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gg) a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:216, the
CDR-HZ amino acid sequence of SEQ NG:217, the CDR-H3 amino acid
sequence of SEQ 1D NO:218, and a VL comprising the CDR-L1 amino acid
sequence of SEQ D NC:110, the CDR-L2 amino adld sequence of SEQ D
NG:111, and the CDR-L3 amino acid sequence of SEQ 1D NO:112;

hh) a VH comprising the CDR-H1, CDR-HZ, and CDR-H3 of the VH amino acid
sequence of IEQ 1D NO212, and a VL comprising the CDR-L1, CBR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ D NG:102;

iy a VH comprising the amino acid seguence of SEQ 1D NO:212 and a VL

comprising the amino acid sequence of SEQ 1D NO:102;

i} @ heavy chain comprising the amino acid sequence of SEQ D NO:214 and a

Hght chain (LC) comprising the amino acid sequence of SEQ D NO:106;

Kk} a VH comprising the CDR-H1, CDR-HZ, and CDR-H3 encoded by the nucleic
acid sequence of SEQ 1D NO:213, and a VL comprising the COR-L1, CDR-L2,
and CDR-L3 encoded by the nucieic acld seguence of SEQ 1D NO:103;

i} a VH encoded by the nucleic acid sequence of 3EQ 1D NO:213, and a VL
encoded by the nucleic acid sequence of SEG 1D NO:103;

mim) & heavy chain encoded by the nucleic acid sequence of SEQ 1D NO:Z15,

and a light chain encoded by the nuclelc acid sequence of SEQ 1D NOG:107;

nn} a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:223, the
CDR-HZ aminc acid seguence of SEQ NO:224, the CDR-H3 aminc acid
sequence of SEQ D NO225, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NGOG0, the CDR-LZ amino acid sequence of SEQ D
NO:111, and the CDR-L3 aming acid sequence of SEQ 1D NO:112;

00} a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of the VH aming acid
sequence of SEQ 1D NO:218, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NG:102;

pp) a VYH comprising the amino acid sequence of SEQ 1D NO:218 and a VL
comprising the amino acid sequence of SEQ 1D NO:102;
34} a heavy chain comprising the amingo acid seguence of SEQ 1D NO:221 and a

fight chain {(LC) comprising the amino acid sequence of SEQ 1D NO:106;
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rey @ VH comprising the COR-H1, CDR-HZ, and CDR-H3 encoded by the nucleic
acid sequence of SEQ 1D NO:220, and a VL comprising the COR-L1, CDR-L2,
and CDR-L3 encoded by the nucieic acld seguence of SEQ 1D NO:103;

$8} a VH encoded by the nucleic acid sequence of IEQ 1D NO220, and a VL
encoded by the nucleic acid sequence of SEG 1D NO:103;

it} a heavy chain encoded by the nucleic acid sequence of SEQ 1D N(O:222, and

a light chain encoded by the nucleic acld sequence of 3EQ 1D NO1OT,;

uuy a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:237, the
CDR-HZ aminc acid segquence of SEQ NO238, the CDR-H3 aminc acid
sequence of SEQ D NO:239, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NGOG0, the CDR-LZ amino acid sequence of SEQ D
NO:111, and the CDR-L3 aming acid sequence of SEQ 1D NO:112;

v} a VH comprising the COR-H1, CDR-H2, and CDR-H3 of the VH aming acid
sequence of SEQ 1D NO:233, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NG:102;

ww} a VH comprising the amino acid sequence of SEQ D NOZ33 and a VL
comprising the amino acid sequence of SEQ 1D NO:102;
xx} a heavy chain comprising the amino acid seguence of BEQ D NO:1235 and a

fight chain {(LC) comprising the amino acid sequence of SEQ 1D NO:106;

vy} a VH comprising the CDR-H1, CDR-H2, and CDR-H3 encoded by the nucleic
acid sequence of SEQ ID NO:234, and a V0L comprising the COR-L1, CDR-L2,
and CDR-L3 encoded by the nudielc acld sequence of SEQ D NO:105;

zz} a VH encoded by the nucleic acid sequence of SEQ D NO:234, and a VL
encoded by the nucleic acid sequence of SEQ 1D NG:1035;

aaa) a heavy chain encoded by the nucleic acid sequence of SEQ D N(O:236,

and a light chain encodead by the nucleic acid sequence of SEQ 1D NO:107;

bbb} a VH comprising the CDR-H1 amino acid sequence of SEQ 1D N(G:244, the
CDR-H2 amine acid seguence of SEQ NO:245, the CDR-H3 amino acid
sequence of SEQ D NO:246, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NOM10, the CDR-L2 amino acid seguence of SEQ D
NO:111, and the CDR-L3 amine acid sequence of SEQ 1D NO:112;
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cee) a VH comprising the COR-H1, CDR-HZ, and CDR-H3 of the VH amino acid
sequence of SEQ 1D NO:240, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NG:102;

ddd) a VH comprising the amino acid sequence of SEQ 1D NO:240 and a VL
comprising the amino acid sequence of SEQ 1D NO:102;
gee) a heavy chain comprising the amino acid sequence of SEQ 1D NO:242 and

a light chain (LC) comprising the amino acid sequence of SEQ 1D NO:106;

) a VH comprising the CDR-H1, CDR-H2, and CDR-H3 encoded by the nucleic
acid sequence of SEQ ID NO:241, and a V0L comprising the COR-L1, CDR-L2Z,
and CDR-L3 encoded by the nudielc acld sequence of SEQ D NO:105;

gaq) a VH encoded by the nucleic acid sequence of SEQ 1D NO:241, and a VL
encoded by the nucleic acid sequence of SEQ 1D NG:1035;

hhh) a heavy chain encoded by the nudleic acid sequence of SEQ 1D NO:243,

and a light chain encodead by the nucleic acid sequence of SEQ 1D NO:107;

it} & VH comprising the CDR-H1 amino acid seguence of SEQ 1D NO:251, the
CDOR-H2 aminc acid sequence of SEQ NO:25Z, the CDR-H3 amino acid
sequence of SEQ D NO:253, and a VL comprising the COR-L1 amino acid
sequence of SEQ 1D NOM10, the CDR-L2 amino acid seguence of SEQ D
NO:111, and the CDR-L3 amine acid sequence of SEQ 1D NO:112;

iy a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of the VH amino acid
sequence of SEQ 1D NG:247, and a VL comprising the CDR-L1, CBR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NO:102;

kkk} a VH comprising the amino acid sequence of SEQ 1D NO:247 and a VL
comprising the amino acid segquence of SEQ 1D NO:102;

ih a heavy chain comprising the amino acid sequence of SEG D NO:248 and a
fight chain (LC) comprising the amino acid seguence of SEQ 1D NO:106;

mmm} a VH comprising the CDR-H1, CDR-H2Z, and CDR-H3 encoded by the
nucleic acid sequence of SEQ 1D NO:248, and a VL comprising the CDR-LA1,
CDOR-L2, and CDR-L3 encoded by the nucleic acid sequence of SEQ 1D NO:103;
nnn} a VH encoded by the nucleic acld sequence of SEQ 1D NO:248, and a VL
encoded by the nucleic acid sequence of SEQ 1D NO:035;

o000} a heavy chain encoded by the nudleic acid seqguence of SEQ D NO:250,

and a light chain encoded by the nucleic acid sequence of SEQ 1D NO:O7;
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E141.

ppp) a VH encoded by the nucieic acid sequence of the insert of the vector
deposited as 101 1.31 VH having ATCC accession number PTA-120639 and a
VL encoded by the nucleic acid sequence of the insert of the vector deposited as
101 1.31 VL having ATCC accession number PTA-120640;

qaq) a Vi encoded by a nudleic acid encoding the amino acid seguence of SEQ
ID NG:102; and

rrYy & VH encoded by a nucleic acid encoding the amino acid sequence of SEQ
D NO:226.

The isolated antibody or antigen-binding fragment thereof according to any of E1-
E127, or E140, wherein the anlibody comprises:
a} a VH comprising:
) a CDR-H1 comprising the amino acid sequence GYTFTSYXXoXs,
wherain X, is G or A; Xpis i or M; and Xsis N or H (SEQ D NO: 336);
iy @ CDR-HZ2  comprising the  amino  acid sequence
WX K aXgNGNTIGHKaXoQEK0QG, wherein X4 is SorN; Xsis TorA; X5 is
YorG XoisNorK; XgisSorY,and Xols AorS; XppisL or F(SEQID
NG 3873
i & COR-H3 comprising the amino acid sequence XX :SS8XsWFDAFDI
wherain Xy is Aor G Xypis Hor Y, and Xy is S or A (SEQ 1D NO: 388);
vy a D or an E al position H85, as determiined by Kabal numbering of the
VH; and
a VL comprising a CDR-L1 having the amino acid sequence of SEQ 1D
NO:86, a CDR-L2 having the amino acid sequence of SEQ 1D NO:97, and a
CDR-L3 having the amino acid sequence of SEQ 1D NO:E8;
b} a VH comprising SEQ 1D NO:B2Z or SEQ ID NO:80, and a VL comprising SEQ
ID NO:50;
¢} a VH comprising the COR-H1 amino acid sequence of SEQ 1D NO:9Y, the
CDR-HZ amino acid sequence of SEQ NO:10Q, the CDR-H3 amino acid
sequence of IEQ 1D NC:01, and a VL comprising the CDR-L1 amino acid
saquence of SEQ 1D NG:84, the CDR-LZ amino acid seguence of SEG 1D NO:S7,
and the COR-L3 amino acid sequence of SEQ 1D NO:85;
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d} a VH comprising the COR-H1, CDR-HZ, and CDR-H3 ¢of the VH amino acid
sequence of SEQ ID NO:80, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ D NO:88;

g} a2 VH comprising the amino acid sequence of SEQ D NOG0 and a VL
comprising the amino acid sequence of SEQ 1D NQO:38;
) & heavy chain comprising the amino acid seqguence of SEQ 1D NO:94 and a

fight chain {(LC) comprising the amino acid sequence of SEQ 1D NO:92;

g} a VH comprising the CDR-H1, CDR-H2, and CDR-H3 encoded by the nucleic
acid sequence of SEQ 1D NO:S1, and a VL comprising the CDR-L1, CDR-LZ, and
CDR-L3 encoded by the nucleic acid sequence of BEQ 1D NO:8S;

h} a VH encoded by the nudleic acid sequence of SEQ 1D NO:91, and a VL
encoded by the nucleic acid sequence of 3EQ 1D NO:8Y;

i} & heavy chain encoded by the nudleic acid sequence of SEQ 1D NG9S, and a
fight chain encoded by the nucleic acid sequence of SEQ 1D NO:63;

i} a VH comprising the CDR-H1 amino acid ssguence of SEQ D NO:@61, the
CDR-H2 amino acid segquence of SEQ NO:62, the CDR-H3 amino acid sequence
of SEQ ID NO:B3, and a VL comprising the CDR-L1 amino acid sequence of
SEQ D NO:ES, the CDR-LZ aming acid sequence of SEQ 1D NG:5Y, and the
CDR-L3 amino acid sequence of SEQ 1D NG:6(;

Ky a VH comprising the CDR-H1, COR-H2, and CDR-H3 of the VH amino acid
sequence of SEQ ID NO:52, and a VL comprising the CDR-L1, CDR-LZ, and
GCDR-L3 of the VL amino acid sequence of SEQ D NOED;

f} a VH comprising the amino acid sequence of SEQ D NO:52 and a VL
comprising the amino acid sequence of SEQ 1D NO:5D;

m) a heavy chain comprising the amino acid sequence of SEQ 1D NO:56 and a
fight chain {(LC) comprising the amino acid seguence of SEQ 1D NO:54;

ny a VH comprising the CDR-H1, CDR-HZ, and CDR-H3 encoded by the nucleic
acid sequence of SEQ 1D NO:ES, and a VL comprising the CDR-L1, CDR-LZ, and
CDR-L3 encoded by the nucleic acid sequence of SEQ D NG5,

¢} a VH encoded by the nudeic acld sequence of SEQ D NO:B3, and a VL
encoded by the nucleic acid sequence of SEQ 1D NO:5T; or

p} a heavy chain encoded by the nucleic acid sequence of SEQ 1D NO:S7, and a

light chain encoded by the nucleic acid seguence of SEQ 1D NO:E5S.
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£142. The isolated antibody or antigen-binding fragment thereof according to any of £1-
E127, E140 or E141, comprising:
a} a VH comprising:
iy a CDR-H1 comprising the amino acid seguence GFTFSXXAXH,
wherain Xy is Nor 8 2¢is Y or Fr and Xsis L, M, or 1 {BEQ 1D NO: 388);
iy @ CDR-HZ2  comprising the  amino  acid sequence
LIXaXsDGSXXGYYADSVKG, wherein Xy is S or P Xsis Y or F; Xs is
0,5, or N; Xy is Kor N {SEQ D NO: 380);
iy a  CDR-H3  comprising the amino  acid  seguence
DRXgY KoK 10K 11 K129 X35 X4 DAFD wherein Xgis E or N; Xo is C or Y
Ko To G XyisYo S XnpisSor G XpisCo FyXyisYorF
(SEQ 1D NO: 391);
ivian A or T at position HBS, as determined by Kabat numbering of the
VH:
vya M or L at position 108, as determined by Kabat numbering of the VH;
and
a VL comprising a CDR-L1 having the amino acid sequence of S3EQ ID
NO:78, a CDR-L2 having the amino acid sequence of SEQ 1D NO:77, and a
CDR-L3 having the amino acid sequence of SEQ ID NG:78; anda For Y at
position L33, as determined by Kabat numbering of the VL.
b} a VH comprising SEQ 1D NQO:86, 68 or 70, and a VL comprising SEQ 1D NG
or 64;
¢) a VH comprising
i) the CDR-H1 amino acid sequence of SEQ D NO:79, the CDR-H2 amino
acid sequence of SEQ NO:80, and the CDR-H3 amino acid sequence of
SEQ 1D NO81;
iy the CDOR-H1 amino adld seqguence of SEQ 1D NO:82, the CDR-HZ
amino acid sequence of SEQ NO:83, and the CDR-H3 amino acid
sequence of SEQ 1D NG:84; or
iy the COR-H1 amino acid sequence of SEQ 1D NO:85, the CDR-HZ
amino acid sequence of SEQ NO:86, and the CDR-H3 amino acid
sequence of SEQ 1D NG:87; and
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a VL comprising the COR-L1 amino adid sequence of SEQ 1D NG:76, the CDR-
L2 amino acid sequence of SEQ ID NQO77, and the CDR-L3 amino acid
sequence of SEQ D NO:78;

d} a VH comprising the COR-H1, CDR-HZ, and CDR-H3 ¢of the VH amino acid
sequence of SEQ ID NO:66, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ D NO:64;

e} a VH comprising the COR-H1, CDOR-HZ, and CDR-H3 of the VH amino acid
sequence of SEQ ID NO:BE, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ D NO:64;

f) a VH comprising the COR-H1, COR-H2Z, and CER-H3 of the VH amino acid
sequence of SEQ ID NO:70, and a VL comprising the CDR-L1, CDR-L2, and
CDR-L3 of the VL amino acid sequence of SEQ D NO:64;

g} a VH comprising the amino acid sequence of SEQ 1D NOE8S and a VL
comprising the amino acid sequence of SEQ 1D NO:64;

h} a VH comprising the amino acid sequence of SEQ D NOG8B and a VL
comprising the amino acid sequence of SEQ 1D NO:6G4,

i} a VH comprising the amino acid sequence of SEQ ID NO70 and a VL
comprising the amino acid seguence of SEQ 1D NO:64;

i} a heavy chain comprising the amino acid sequence of SEQ 1D NO:74 and a
fight chain {(LC) comprising the amino acid seguence of SEQ 1D NO72;

k} 2 VH comprising the COR-H1, CDR-HZ, and CDR-H3 encoded by the nudleic
acid sequence of SEQ 1D NO:67, and a VL comprising the CDR-L1, CDR-LZ, and
CDR-L3 encoded by the nucleic acid sequence of SEQ 1D NO:BE;

Iy a VH comprising the CDR-H1, COR-HZ, and CDR-H3 encoded by the nudcleic
acid sequence of SEQ 1D NO:69, and a VL comprising the CDR-L1, CDR-LZ, and
CDR-L3 encoded by the nucleic acid sequence of SEQ 1D NO:BE;

m} a VH comprising the CDR-H1, CDR-HZ, and CDR-H3 encoded by the nucleic
acid sequence of SEQ 1D NO:71, and a VL comprising the CDR-L1, CDR-LZ, and
CDR-L3 encoded by the nucleic acid sequence of SEQ 1D NO:BE;

n} a VH encoded by the nudleic acid sequence of SEQ 1D NOG:#®B7, and a VL
encoded by the nucleic acid sequence of SEQ 1D NO:85;

o} a VH encoded by the nucleic acid sequence of SEQ D NG9, and a VL
encoded by the nudlsic acid segquence of SEQ 1D NO:65;
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p} a VH encoded by the nucleic acid sequence of SEQ ID NO:71, and a VL
encoded by the nudleic acid sequence of SEG (D NO:65;

g} a heavy chain encoded by the nucleic adid sequence of SEQ ID NGC:75, and a

fight chain encoded by the nucleic acid sequence of SEQ ID NO:73;

r)y a VH comprising the COR-H1 amino acid sequence of SEQ ID NOE, the
CDR-HZ amino acid sequence of SEQ NO:17, the CBR-H3 amino acid sequance
of SEQ 1D NO8, and a VL comprising the CDR-L1 amino acid sequence of
SEQ 1D NQO:13, the CDOR-L2 amino acid sequence of SEQ D NO:14, and the
CDR-L3 amino acid seguence of SEQ 1D NO:15;

s) a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NG9, the
CDR-H2 amino acid sequence of SEQ NO:20, the CDR-H3 amino acid sequence
of SEQ ID NG:21, and a VL comprising the CDR-L1 amino acid ssguence of
SEQ D N3, the CDR-L2 amino acid sequence of SEQ ID NG:14, and the
CDR-L3 amine acid sequence of SEQ D NOI1E;

£y a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of the VH amino acid
sequence of SEQ ID NOG, and a V0L comprising the CDR-L1, CDR-L2Z, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NO:1;

U}y a VH comprising the COR-H1, CDR-H2, and COR-H3 of the VH amino acid
sequence of SEQ ID NO§, and a V0L comprising the CDR-L1, CDR-L2Z, and
CDR-L3 of the VL amino acid sequence of SEQ 1D NO:1;

vy a VH comprising the amino acid sequence of SEQ 1D NO:3 and a VL

comprising the amino acld sequence of SEQ 1D NO:1;

w) a VH comprising the amino acid sequence of SEQ 1D NO®B and a VL

comprising the amino acid sequence of SEQ 1D NO:1;

¥} a heavy chain comprising the amino acid sequence of SEQ 1D NO:9 and a light
chain (LC) comprising the amino acid seguence of SEQ 1D NOT7;

v} a heavy chain comprising the amino acid sequence of SEQ 1D NO:11 and a
fight chain {LC) comprising the amino acid seguence of SEQ 1D NO:7,;

Z) a VH comprising the CDOR-H1, COR-HZ, and CBR-H3 encoded by the nudleic
acid sequence of SEQ 1D NQO4, and a VL comprising the CDR-L1, CDR-LZ, and
CDR-L3 encoded by the nucleic adid sequence of SEQ ID NO:2;
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E£143.

144,

k145,

E146.

E147.

E£148.

aa) a VH comprising the COR-H1, CDR-HZ, and CDR-H3 encoded by the nucdieic
acid sequence of SEQ 1D NO:6, and a VL comprising the COR-L1, CDR-LZ, and
CDR-L3 encoded by the nuclelc acid seguence of SEQ 1D NO:2;

bb) a VH encoded by the nucleic acid sequence of SEQ 1D NO4, and a VL

encoded by the nucleic acid sequence of SEQ D NO:2;

cc) a VH encoded by the nudleic acid sequence of SEQ 1D NO6B, and a VL
encoded by the nucleic acid sequence of IEQ 1D NO:2;

dd} a heavy chain encoded by the nucleic acid seguence of SEQ D NGO, and

a light chain encoded by the nucleic acid sequence of SEQ 1D NO:B; or

ee} a heavy chain encoded by the nucdleic acid seguence of SEQ 1D NOM2Z, and

a light chain encoded by the nucleic acid sequence of SEQ 1D NO:8.

A isolated antibody, or antigen-binding fragment thereof, that comprises a3 VH

sequence alleast 84% identical to the VH sequence of SEQ 1D NO:G0.

The antibody or antigen-binding fragment therecf according to E143, further
comprising a V0L sequence that is at lsast 95% identical to the VL of SEQ 1D
N(C:88.

An isolated antibody, or antigen-binding fragment thereof, thai comprises a VH
sequence at least 87% identical to the VH sequence of SEQ 1D NO:68.

An isolated antibody, or antigen-binding fragment theredf, thal comprises a VL
sequence at least 88% identical to the VL sequence of SEQ 1D NO:64.

An isolated antibody, or antigen-binding fragment thereof, that binds TL1A,
wherein the antibody competes with the antibody or antigen-binding fragment
thereof according any of E1-E120, or E133- E139 for binding to TL1A,

The antibody or antigen-binding fragment thereof according o any of E1-E127, or

E140- £147, having a paralope that comprises:
a) one or morg heavy chain variable domain residues selected from Gly286,
Tyrd7, SerZ8, Thr30, Tyr31, Trpd0, Tyrb3, Asnb4, Asnbd, AsnS8, Th73,
Arg?8, Tyr?, GIvBg, Ser1(0, Gly100A, Sert00B, and Arg100D, based on
Kabat numbering with respect {o the sequence of SEQ 1D NO:104, and
one or more light chain variable domain residues selected from Tyr32 and
Trptd, based on Kabat numbering with respact to the sequence of SEQ 1D
NO:10Z; or
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E£149.

E£150.

E151.

E£152.

b} one or more heavy chain variable domain residues GivZ6, AspZ§,
Thr30, Tyr31, Trpb0, Tyrb3, Asnb4, Asni6, Hisd8, Thr73, Arg78, Tyrd7,
Giy99, Sert10d, Glyi00A, Seri00B, Arg100D, based on Kabat numbering
with respect to the sequence of SEQ ID NC:104, one or more light chain
variable domain residues Tyr32 and Trp84d based on Kabat numbering
with respect 1o the sequence of SEQ 1D NO:102,

The antibody or antigen-binding fragment thereof according o any of E1-E127, or
E140- £148, wherein the antibody binds to human TL1A with a KD ranging from
4nM o 1pM.

The antibody or antigen-binding fragment thereof according o any of E1-E127, or
E140- £149, wherein wherein the antibody or antigen-binding fragment binds o
human TL1A with a KD of less than 2 nM.

The antibody or antigen-binding fragment thergof according to any of E1-E127, or
E140- E150, wherein the antibody binds t© human TL1A with a KD less than 1
nhd.

The antibody or antigen-binding fragment thergof according to any of E1-E127, or
E140- E151, wherein:

a) the antibody binds to at least ong TL1A amino acid sslected from the group
consisting of K113, T115, 117, Y118, P118, P121, T122, Q123, M147, F148,
S48, Q151, V31, V32, R33, EBQ, H61, BEBZ, LB3, Gb4, L5b, ABS, F57, T68, E91,
Y168, T164, K170, and E171, according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ 1D NO:254,

b} the anitibody binds to a homomultimer of TL1A, the homomultimer comprising
at lgast a first and a second TL1A monomer, wherein the antibody binds to a first
epitope on the first TL1A monomer, wheregin the first epitope comprises at least
one amino acld selected from the group consisting of K113, T115, 8117, Y118,
P18, P121, T122, Q123, M147, F148, 5148, and Q151 according lo the
numbearing of the amino acid sequence of TL1A as set forth in SEQ 1D NO:254,
and the antibody binds to a second epitope on the second TLT1A monomer,
wherein the second epilope comprises al least one amino acid selected from the
group consisting of V31, V32, R33, E5Q, H51, E82, LE3, G54, LA5, Abg, F57,
T88, £81, Y168, T188, K170, and E171, according to the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NG:254;
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c) the antibody binds o al least one TL1A amino acid selected from the group
consisting of K113, Y118, T122, Q123, M147, F148, 5149, 0151, V31, V32, R33,
ESQ, H51, EBZ, L83, GbB4, LBS, ABB, F57, Y168, T168, Ki70, and E171,
according to the numbering of the amino acid sequence of TL1A as set forth in
SEQ D NO:254,

d} the antibody binds 1o a homomullimer of TL1A comprising at least g first and
second TL1A monomer, whersin the antibody binds o 2 first epilope on the first
TL1A monomer, wherein the first epitope comprises atl least one amino acid
selected from the group consisting of K113, Y118, T122, Q123, M147, F148,
5149, and Q151, according to the numbering of the amino acid sequence of
TL1A as sel forth in BEQ 1D NG:254, and the antibody binds {0 a second epitope
on the second TLI1A monomer, wherein the second epilope comprises at least
one amino acid selected from the group consisting of V31, V32, R33, E50, H51,
E52, L53, G&4, LB5, ABG, F&7, Y168, T168, K170, and E171, according {o the
numbering of the amino acid seguence of TL1A as set forth in SEQ 1D NO:254;

g} the antibody binds o at least one TL1A amino acid selscled from the group
consisting of K113, Y118, T122, M147, 3148, Q151, V32, R33, E50, H51, E52,
L53, (&4, LBS, AbBg, FO&7, Y168, T168, K170, and E171, according fo the
numbering of the amino acid seguence of TL1A as set forth in SEQ 1D NO:254.

f} the antibody binds {o a homomultimer of TL1A comprising at least a first and
second TL1A monomer, wherein the antibody binds to a first epilope on the first
TL1A monomer, wherein the first epitope comprises at least one amino acid
selected from the group consisting of K113, Y118, T122, M147, 5148, and Q151
according o the numbering of the amino acid sequence of TL1A as seat forth in
SEQ D NO:254, and the antibody binds 1o a second epitope on the second TL1A
monomer, wherein the second epitope comprises at leasi one amino acid
selected from the group consisting of V32, R33, £50, H51, E52, L53, Gb4, L5,
AS6, F57, Y168, 7168, K170, and E171, according to the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NG:254;

g} the antibody binds to at least ong TL1A amino acid selected from the group
consisting of K113, Y118, T122, M147, 8149, O151, R33, E50, E5Z, L83, GB4,
LE5S, ABG, FA7, Y168, 7169, K170, and E171, according 1o the numbering of the
amino acid sequence of TL1A as set forth in SEQ 1D NO:254;
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h} the antibody binds to a homomultimer of TL1A comprising at least a first and
second TL1A monomer, wherein the antibody binds to a first epitope on the first
TL1A monomer, wherein the first epilope comprises at least ong amino acid
selected from the group consisting of K113, Y118, T122, M147, $148, and Q151,
according to the numbering of the amino acid sequence of TL1A as sel forth in
SEQ 1D NO:254, and the antibody binds 1o a second epitope on the second TL1A
monomer, whergin the second epitope comprises at least one aming acid
selected from the group consisting of R33, £50, £E52, L53, G54, L5, ABB, F57,
Y168, T169, K170, and E171, according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ D NQ:254;

{} the antibody binds {o at least one TL1A aminoe acid selected from the group
consisting of K113, Y118, T122, M147, 5140, Q151, R33, E&0, E52, LB3, G54,
L55, Abg, F57, Y168, T189, and E171, according to the numbering of the amino
acid saguence of TL1A as set forth in SEQ 1D NC254;

i} the anitibody binds to a homomulilimer of TL1A comprising atl lsast a first and
second TL1A monomer, wheregin the antibody binds o a first epitope on the first
TL1A monomer, wherein the first epitope comprises at least one amino acid
selected from the group consisting of K113, Y118, T122, M147, 8149, and Q151,
according 1o the numbering of the amino acid sequence of TL1A as sei forth in
SEQ D NO:254, and the antibody binds to a second epitope on the second TL1A
monomer, whersin the second epilope comprises at least one amino acid
selected from the group consisting of R33, EB0, ESZ, L53, G54, Lb5, AbB, F57,
Y168, T1689, and E171, according fo the numbering of the amino acid sequence
of TL1A as set forth in SEQ 1D NO:254;

K} the antibody binds {o at least one TL1A amino acid selected from the group
consisting of K113, Y118, T122, 5148, R33, E5(, E5SZ, LE3, ABG, F57, Y1635,
T168, and E171, according o the numbering of the amino acid sequence of TL1A
as set forth in SEQ 1D NO:254;

I} the antibody binds 10 a homomultimer of TL1A comprising at least a first and
second TL1A monomer, whersin the antibody binds o 2 first epitope on the first
TL1A monomer, wherein the first epitope comprises atl least one amino acid
selected from the group consisting of K113, Y118, T122, and 8149, according io
the numbering of the amino acid seguence of TL1A as set forth in SEQ 1D

NO:254, and the antibody binds 1o a second epitope on the second TL1A
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monomer, whersin the second spilope comprises at least one amino acid
selected from the group consisiing of R33, EB0, E52, Lb3, ASG, F57, Y168, T169,
and E171, according to the numbering of the amino acid seguence of TL1A as
set forth in SEQ 1D NO:254,;

m} the antibody binds to at least one TL1A amino acid selected from the group
consisting of residues 117-123 of 8EQ 1D NO:254 and residuss 50-58 of SEQ D
NO:254;

n} the antibody binds to a homomultimer of TL1A comprising at least & first and
second TL1A monomer, wheregin the antibody binds o a first epitope on the first
TL1A monomer, the first spitope comprising at least one amino acid from
residuss 117-123 of SEQ 1D NO:254, and the antibody binds to a second epitope
on the second monomer, the sgcond epitope comprising atl least one amino acid
from residues 50-88 of SEQ 1D NOG:254,;

¢} the antibody binds 1o at least one TL1A amino acid selecied from the group
consisting of K113, Y118, T122, 8140, E5D, E52, L53, ABgG, Y168, T168 and
E171 of SEQ 1D NO:254;

p} the antibody binds 10 a homomultimer of TL1A comprising al lsast a first and
second TL1A monomer, wherein the antibody binds to a Tirst epilope on the first
TL1A monomer, the first epilope comprising at least ong amino acid selected
from the group consisting of K113, Y118, T122, and 5148 according fo the
numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NO:254,
and the antibody binds to a second epitope on the second monomer, the second
epitope comprising at least one amino acid sslected from the group consisting of
E50, E52, L53, ABS, Y188, T189 and E171 according to the numbering of the
amino acid sequence of TL1A as set forth in SEQ 1D NG:254;

q} the antibody binds to at least ong TL1A amino acid selected from the group
consisting of K113, Y118, T122, 5148, E50, EbZ, A58, and Y168 of SEQ ID
NO:254;

r) the antibody binds to a homomultimer of TL1A comprising at least a first and
second TL1A monomer, wherein the antibody binds to a first epilope on the first
TL1A monomer, the first epilope comprising at least ong amino acid selecied
from the group consisting of K113, Y118, T122, and 5148 according o the
numbering of the amino acld sequence of TL1A as set forth in SEQ 1D NO:254,

and the antibody binds {0 a second epitope on the second monomer, the second
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epitope comprising at least one amino acid selected from the group consisting of
ERQ, BE52, A5G, and Y168 according to the number of SEQ 1D NO:254;

$) the antibody binds 1o at least one TL1A amino acid selected from the group
consisting of K113, T115, Y118, P121, T122, Q123, M147, F148, 5149, Q1561,
V31, V32, R33, E80, H51, EBZ, LB3, b4, L5, ABG, F57, T58, EU1, Y168, T169,
K170, and E171, according to the numbering of the amino acid sequence of
TL1A as set forth in SEQ 1D NO:125B4;

i} the antibody binds to a homomultimer of TL1A comprising at least a first and
second TL1A monomer, wheregin the antibody binds o a first epitope on the first
TL1A monomer, wherein the first epitope comprises at least one amino acid
selected from the group consisting of K143, T115, Y118, P121, T122, G123,
M147, F148, 8149, and Q151 according o the numbering of the amino acid
sequence of TL1A as set forth in SEQ D NG:254, and the antibody binds o a
second epitope on the second TL1A monomer, wherein the second epitope
comprises al least one amino acid selected from the group consisting of V31,
Vaz, R33, BEBO, HB1, EBZ, LB3, G54, LBS, ABB, F57, T58, EB1, Y168, T169,
K170, and E171, according to the numbering of the amino acid sequence of
TL1A as set forth in SEQ 1D NO:125B4;

1) the antibody binds 1o at least ong TL1A amino acid selecied from the group
consisting of Y118, M147, 8148, R33, E&0, E5Z, LBE, A5G, and Y168, according
to the numbering of the amino acid sequence of TL1A as set forth in SEQ D
NO:254;

v} the antibody binds {o a homomuitimer of TL1A comprising at least a first and
second TL1A monomer, wherein the antibody binds to a first epilope on the first
TL1A monomer, wherein the first epitope comprises at least one amino acid
selected from the group consisting of Y118, M147, and 5149, according to the
numbering of the amino acld sequence of TL1A as set forth in SEQ 1D NG:254,
and the aniibody binds 1o a second epilope on the second TL1A monomer,
wherein the second epitope comprises at least one aming acid selected from the
group consisting of R33, E50, E52, L35, A58, and Y168, according fo the
numbering of the amino acid seguence of TL1A as set forth in SEQ 1D NO:254;

w) the antibody binds 1o at ieast one TL1A amino acid selecled from the group
consisting of K113, Y118, T122, 5148, Q151, R33, E50, £E52, L83, 54, L55,
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ABB, F57, T88, Y1868, T168, K170, and E171, according to the numbering of the
amino acid seguence of TL1A as sel forth in SEQ 1D NO:254;

K} the antibody binds to a homomultimer of TL1A comprising at least a first and
second TLTA monomer, wherein the antibody binds o a first epitope on the first
TL1A monomer, wherein the firsl epilope comprises at least one amino acid
selected from the group consisting of K113, Y118, T122, $148, and Q151
according to the numbering of the amino acid sequence of TL1A as set forth in
SEQ 1D NO:254, and the antibody binds 1o a second epitope on the second TL1A
monomer, wherein the sscond epitope comprises at least ong amino acid
selected from the group consisting of R33, £E50, £E52, L53, GB4, L35, ABS, F57,
T88, Y168, T169, K170, and E171, according to the numbering of the amino acid
saquence of TL1A as set forth in SEQ 1D NO:254;

y) the antibody binds to at least one TL1A amino acid selected from the group
consisting of Y118, ES0, £E5Z, and L53, according o the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NO:254;

z} the antibody binds to a homomultimer of TL1A comprising at least a first and
second TLTA monomer, wherein the antibody binds o a first epitope on the first
TL1A monomer, wherein the first spitope comprises at least Y118 according o
the numbering of the aminc acid sequence of TL1A as sel forth in SEQ 1D
NO:254, and the antibody binds 1 a second epiiope on the second TLIA
monomer, wherein the second epilope comprises al least one aming acid
selected from the group consisting of E50, 52, L53, according 1o the numbering
of the amino acid sequence of TL1A as set forth in SEQ 1D NG 254;

aa) the antibody binds 1o atl least one TL1A amino acid selected from the group
consisting of K113, 8117, Y118, P118, T122, 0123, M147, F148, S148, (151,
V31, V32, R33, EBG, HE1, £52, L53, G54, L55, ASG, F57, Y168, T169, K170, and
E171, according to the numbering of the amino acid sequence of TL1A as sel
forth in SEQ 1D NO:254;

bk} the antibody binds fo a homomultimer of TL1A comprising at isast a first and
second TLTA monomer, wherein the antibody binds o a first epitope on the first
TL1A monomer, wherein the firsl epilope comprises at least one amino acid
selected from the group consisting of K113, 8117, Y118, P119, T122, Q1233
M147, F148, 5149, and Q151 according o the numbering of the amino acid
sequence of TL1A as set forth in SEQ 1D NG:254, and the antibody binds fo a
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sacond epitope on the second TL1A monomer, wherein the sscond epitops
comprises al least one amino acid selected from the group consisting of V31,
V32, R33, E5), HB1, EB2, LB3, G54, LB5, A5G, FA7, Y168, T169, K170, and
E171, according to the numbering of the amino acid sequence of TL1A as set
forth in SEQ 1D NO:254;

bk} the antibody binds {0 at least one TL1A amino acid selscled from the group
consisting of K113, T122, $149, EB0, E52, A58, Y168, T188, and E171,
according to the numbering of the amino acid sequence of TL1A as sel forth in
SEQID NO:254,

¢¢} the antibody binds to 8 homomultimer of TL1A comprising at least a first and
second TL1A monomer, wherein the antibody binds 1o 2 first epilope on the first
TL1A monomer, wherein the first epitope comprises at least one amino acid
selected from the group consisting of K113, T122, and §149, according o the
numbering of the amino acld sequence of TL1A as set forth in SEQ 1D NO:254,
and the aniibody binds to a second epitope on the second TLTA monomer,
wherein the second epitope comprises at least one aming acid selected from the
group consisting of E50, EBZ, ABG, Y168, T168, and E171, according to the
numbering of the amino acld sequence of TL1A as set forth in SEQ 1D NO:254;

dd} the antibody binds o at least one TL1A amino acid selected from the group
consisting of K113, 8117, Y118, T122, 8149, Q151, R33, E50, £52, L83, G54,
LES, ASG, F&7, Y168, T168, and E171, according to the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NG:254;

ee) the antibody binds © a homomuitimer of TL1A comprising al least a first and
second TL1A monomer, wherein the antibody binds to a first epilope on the first
TL1A monomer, wherein the first epitope comprises at least one amino acid
selected from the group consisting of K113, 3117, Y118, T122, 5149, and Q151
according o the numbering of the amino acid sequence of TL1A as seat forth in
SEQ 1D NO:Z54, and the antibody binds 1o a second epitope on the second TL1A
monomer, wherein the second epitope comprises at leasi one amino acid
selected from the group consisting of R33, ESD, E52, L53, G54, LB5, ABS, F57,
Y168, T16Y, and E171, according to the numbering of the amino acid sequence
of TL1A as set forth in SEQ 1D NO:254;
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) the antibody binds to at least one TL1A amino acid selected from the group
consisting of K113, Y118, T122, E50, E52, and L83, according to the numbering
of the amingo acid sequence of TL1A as set forth in SEQ 1D NO:254;

gg) the antibody binds {o a homomullimer of TL1A comprising at ieast a first and
second TL1A monomer, wherein the antibody binds to a first epitope on the first
TL1A monomer, wherein the first epifope comprises at least ong amino acid
selected from the group consisting of K113, Y118, and T122, according o the
numbering of the amino acid sequence of TL1A as sel forth in SEQ 1D NO:254,
and the antibody binds 1o a second epitope on the second TL1A monomer,
wherein the second epilope comprises al least one aming acld selected from the
group consisting of £50, £52, and L83, according o the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NO:254;

hh) the aniibody binds 1o atf least one TL1A amino acid selected from the group
consisting of K113, Y118, T122, F148, 8148, Q151, V31, V32, R3G, E&0, £E5Z,
LB3, Gh4, LE5, ASE, FB7, ES1, Y168, T168, K170, and E171, according o the
numbering of the amino acid sequence of TL1A as sei forth in SEQ 1D NO:254;

fi} the antibody binds 10 a2 homomultimer of TL1A comprising at least a first and
second TL1A monomer, wherein the antibody binds to a first epitope on the first
TL1A monomer, wherein the first epilope comprises at least ong amino acid
selected from the group consisting of K113, Y118, T122, F148, S148, and Q151,
according to the numbering of the amino acid sequence of TL1A as sel forth in
SEQ 1D NO:254, and the antibody binds 1o a second epitope on the second TL1A
monomer, wherein the second epilope comprises at least one aming acid
selected from the group consisting of V31, V32, R33, E50, E52, L53, G54, L5§,
ARG, F57, EO91, Y168, T169, K170, and E171, according o the numbering of the
amino acid seguence of TL1A as set forth in SEQ 1D NO:254;

i) the antibody binds to at least one TL1A amino adid selected from the group
consisting of K113, Y118, P118, T122, Q123, F148, 81498, V31, V32, E50, EBZ,
L53, G54, L55, ABG, Y168, T169, K170, and E171, according to the numbering of
the aming acid sequence of TL1A as set forth in SEQ 1D NO:254;

Kk} the antibody binds to a homomultimer of TL1A comprising at ieast a first and
second TL1A monomer, wheregin the antibody binds o a first epitope on the first

TL1A monomer, wherein the first epitope comprises at least one amino acid
selected from the group consisting of K113, Y118, P118, T122, @123, F148, and
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5148, according o the numbering of the amino acid sequence of TL1A as sel
forth in SEQ 1D NQO:Z54, and the antibody binds o a second epitope on the
second TL1A monomer, wherein the sscond epitope comprises at least one
amino acid selecied from the group consisting of V31, V32, £5G, E52, LE3, 5354,
L5S, ABS, Y168, T168, K170, and E171, according to the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NG:254;

i} the antibody binds to at least one TL1A amino acid selected from the group
consisting of K113, Y118, P119, T122, 0123, F148, 5144, Q151, V31, V32, R33,
E50, EB2, L83, G54, L55, ABB, F57, EB1, Y188, T169, K170, and E171,
according 1o the numbering of the amino acid sequence of TL1A as set forth in
SEG D NO:254;

mim) the antibody binds to a homomuitimer of TL1A comprising at least a first and
second TL1A monomer, wherein the antibody binds to a first epitope on the first
TL1A monomer, wherein the first epilope comprises at least one amino acid
selected from the group consisting of K113, Y118, P11, T122, 0123, F148§,
S148, and Q151, according to the numbering of the amino acid sequence of
TL1A as set forth in SEQ 1D NG:254, and the antibody binds to a second epitope
on the second TL1A monomer, wherein the second epilope comprises atl least
one amino acid selected from the group consisting of V31, V32, R33, EBD, £E52,
L53, (554, L85, Abg, F57, ES81, Y168, T1688, K170, and E171, according to the
numbering of the amino acid sequence of TL1A as sel forth in SEQ 1D NO254;

nn) the antibody binds to at least one TL1A amino acid selected from the group
consisting of K113, Y118, T122, F148, 8148, V31, V32, EBG, E£52, L83, G54,
L55, ASS, Y168, T1689, K170, and E171, accwarding {o the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NG:254; or

00} the antibody binds to a homomuitimer of TL1A comprising at least a first and
second TLTA monomer, wherein the antibody binds o a first epitope on the first
TL1A monomer, wherein the firsl epilope comprises at least one amino acid
selected from the group consisting of K113, Y118, T122, F148, and 5149,
according to the numbering of the amino acid sequence of TL1A as set forth in
SEQ 1D NO:254, and the antibody binds 1o a second epitope on the second TL1A
monomer, wherein the sscond epitope comprises at least ong amino acid
selected from the group consisting of V31, V32, EED, £52, L53, G54, LE5, ASE,
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E153.

E154.

E1585.

Y168, T189, K170, and E171, according o the numbering of the amino acid
saquence of TL1A as set forth in SEQ 1D NO:254.

The antibody or antigen-binding fragment thereof according to any of E1-E127, or
E140- £152, wherein the antibody binds to TL1A when one or more aming acid
residues of the antibody parlicipates in a hydrogen bond with one or more
residues in TL1A, participates in a water-mediated hydrogen bond with one or
more reisduss of TL1A, parlicipales in a salt bridge with one or more residues in
TL1A, has a non-zero change in buried surface area due to interaction with TL1A,
or when a heavy atom from ong or more residues of the antibody is within a
distance of 4 A from a heavy atom in TL1A.

An isolated nucleic acid encoding the antibody, or antigen-binding fragment
thereof, according fo any of E1-E127, or E140- E153.

The isolated nucleic acid encoding an antibody, or antigen-binding fragment
thereof according to E154, wherein said nucleic acid comprises the nucleic acid
sequence selecied from the group consisting of:

a) the nucleic acid sequence of SEQ 1D NG:103;

b} the nudleic acid sequence of SEQ 1D NO: 105;

¢) the nucleic acid sequence of SEQ 1D NO:107,

d} the nucleic acid segquence of SEG D NO:10%;

&} the nucleic acid sequence of SEQ 1D NO:103 and 105;

f) the nucleic acid sequence of SEQ D NO:107 and 109;

g} the nucleic acid seguence of the insert of the vector deposited as 101 1.31 VH
having ATCC accession number PTA-120638;

h} the nucleic acid sequence of the insert of the vector deposited as 101 1.31 VL
having ATCC accession number PTA-120640;

i} the nucleic acid segquence of the insert of the vector deposited as 1D1 1.31 VH
having ATCC accession number PTA-120639 and the nucleic acid sequence of
the insert of the vactor deposited as 101 1.31 VL having ATCC accession
number PTA-120640;

i} the nucleic acdid seguence of SEQ 1D NO:227;

i} the nucleic acid seguence of SEQ 1D NO: 229,

[} the nucleic acid sequence of SEQ 1D NO:227 and 103;
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E156.

m} the nuclelc acid sequence of SEQ 1D NG:228 and 107;
n} the nucleic acid sequence of SEQ 1D NO:199;

o} the nucleic acid sequence of SEQ 1D NG 201;

p} the nudcleic acid sequence of SEQ 1D NO:189 and 103;
g} the nucleic acid sequence of SEQ 1D NO:2Z01 and 107,
r} the nucleic acid sequence of SEQ 1D NO:206;

s} the nucleic acid seguence of SEQ 1D NO: 208;

£} the nucleic acid sequence of SEQ 1D NO:206 and 103;
u} the nucleic acid sequence of SEQ 1D NO:208 and 107;
v) the nucleic acid sequence of SEQ 1D NO:213;

w} the nucleic acid sequence of SEQ 1D NO: 215;

X} the nucleic acid sequence of SEQ 1D NO:213 and 103;
y) the nucleic acid sequence of SEQ 1D NO:215 and 107;
Z) the nucleic acid sequence of SEQ 1D NO:220;

aa) the nucleic acid sequence of SEQ 1D NO: 222,

bb) the nucleic acid sequence of SEQ 1D NO:220 and 103;
¢c} the nuclelc acid seguence of SEQ 1D NO:222 and 107,
dd) the nucleic acid sequence of SEQ 1D NO:234,

ee} the nucleic acid ssguence of SEQ 1D NO: 236;

) the nucleic acid sequence of SEG 1D NO:234 and 103;
gg) the nucleic acid sequence of SEQ 1D NO:236 and 107,
hh) the nucleic acid sequence of SEQ 1D NO:241;

ii) the nucleic acid sequence of SEQ 1D NO: 243;

i} the nudieic acid sequence of SEQ 1D NO:Z41 and 103;
Kk} the nucleic acid sequence of SEQ 1D NO:243 and 107;
i) the nucleic acid sequence of SEQ 1D NO:248;

mim) the nucieic acid sequence of SEQ 1D NO: 250;

nn) the nucleic acid sequence of SEQ 1D NO:248 and 103; or
00} the nucleic acid seguence of SEQ 1D NG:250 and 107,

The isolated nucleic acid encoding an antibody, or antigen-binding fragment

thereof according to £E154 or £155, wherein said nucleic acid comprises:
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a) the nucleic acid sequence of SEQ 1D NO:89;

b} the nucleic acid sequence of SEQ 1D NO: 81;

¢) the nucieic acid sequence of SEQ 1D NO:93;

d} the nucleic acid sequence of SEQ 1D NO:G5;

e} the nucleic acid seguence of SEQ 1D NO:89 and 81;
f} the nucleic acid sequence of SEQ 1D NO:83 and 95,
i) the nudleic acid sequence of SEQ 1D NO:53;

K) the nucleic acid sequence of SEQ {D NO: 57;

b the nudleic acid seguence of SEQ 1D NO:53 and 85;
) the nucleic acid sequence of SEQ 1D NOIE7 and 93;

n} a nucleic acid encoding the amino acid sequence of SEQ 1D NO:102; or

o) a nudleic acid encoding the amino acid seguence of SEQ 1D NO:226.

E157. The isolated nucleic acid encoding an antibody, or antigen-binding fragment

thereof according to any of E154-E156, wherein said nuclsic acid comprises:

a) the nucleic acid sequence of SEQ 1D NOIBSE;

b} the nucleic acid sequence of SEQ 1D NO: 87;

¢) the nucleic acid sequence of SEQ 1D NO:BY;

d) the nucleic acid sequence of SEQ 1D NO: 71;

e} the nucleic acid seguence of SEQ 1D NOI73;

f} the nucleic acid sequence of SEQ 1D NO:75;

g) the nucleic acid sequence of SEQ 1D NO:B7 and 85;
h} the nucleic acid sequence of SEQ 1D NO:6S and 65;
i) the nudleic acid seguence of SEQ 1D NO:71 and 65;
1) the nudleic acid sequence of BEQ 1D NC:73 and 75;
k) the nucleic acid sequence of SEQ D NOZ;

b the nudleic acid seguence of SEQ 1D NO: 4

m) the nucleic acid sequence of SEQ 1D NO:6;

n} the nucleic acid sequence of SEQ 1D NO:g;

o} the nucleic acid sequence of SEQ 1D NGHG;

p} the nucleic acid sequence of SEQ 1D NO:12;
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E£158.
E159.

E£160.
E181.

E162.

E163.

E164.

E165.

E166.

q) the nucleic acid seguence of SEQ 1D NO4 and 2;
r} the nucleic acid sequence of SEQ 1D NO:6 and 2;
&) the nucieic acid sequence of SEQ 1D NO:10 and §; or
t} the nucleic acid seguence of SEQ 1D NO:12 and 8.
A vector comprising the nucleic acid according to any of £E154-157.
A host cell comprising the nucleic adid according o any of E154-157or the vector
of E1588.
The host celi of £E158, wherein the cell is a bacterial cell or 3 mammalian cell.

A method of producing an antibody, or antigen-binding fragment thereof, that
specifically binds TL1A, said method comprising culturing the host cell according
to £158 or £E180 under conditions wherein said antibody is expressed, and further
comprising isolating said antibody.

A pharmaceutical  composition comprising an  antibody or antigen-binding
fragment therecof according fo any one of E1-E127, and E140-E1583, and a
pharmaceutically acceptable carrier or excipient.

A method for preventing or treating a disease, disorder or condition mediated by
TL1A, said method comprising administering o a subject in need thergof an
effective amount of the antibody or antigen-binding fragment thereof according to
any one of E1-E120, and E133-E145, or the pharmaceutical composition of

E154.

The antibody or antigen-binding fragment thereof according according to any one
of E1-E127, and E140-E153, or the pharmacsutical composition of £162 for use

in preventing or treating a dissase, disorder or condition mediated by TL1A.

Use of an antibody or antigen binding fragmaent thereof according to any one of
E1-E127, and E140-E153, in the manufacture of a medicament for treating a

disease, disorder or condition mediated by TL1A.

The method according fo E163, the antibody or pharmaceutical composition
according to E162, or the use according to E165, wherein the dissase, disorder
or condition is at least one selected from the group consisting oft inflammatory
bowel disease {IBD), Crohn's disease, ulcerative colilis, asthma, allergies,
diabetes mellitus, arthrilis, rheumatoid arthritis, juvenile rheumatold arthritis,
osteoarthritis, psoriatic arthritis, ankylosing spondylitis, multiple sclerosis,

transplant rejection, grafi-versus-host disease (GVHD), spondyloarthropathy,
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primary sclerosing cholangitis |, primary biliary cirrhosis, atherosclerosis, bladder
syndromefintersticial  oyslitis, Urinary bowel disfunction, sepsis, uvailis,
encephalomyelitis, myasthenia gravis, systemic lupus erythematosus, cutaneous
lupus erythematosus, auloimmune thyroiditis, atopic dermatilis, eczematous
dermatitis, psoriasis, Sjogren's syndrome, scleroderma, and vasculitis.

E158 A method of detecting TL1A in a sample, tissue, or cell using the aniibody or
antigen-binding fragment thereof according to any one of E1-E127, and E140-
E153, comprising confacting the sample, tissue or cell with the antibody and
detecting the antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detlailed description of the
invention, will be bstter undersiood when read In conjunction with the appended
drawings. For the purpose of illusirating the invention there are shown in the drawings
embodiment(s) which are presently preferred. i should be undersiood, however, that
the invention is not limited {0 the precise arrangements and instrumentalities shown.

in the drawings:

Figure 1, including panels A through H, depicts amino acid seqguences of various
anti-TL1A antibodies of the invention. Throughout Figureg 1, the VH domain CDR H1
regions, as defined by AntibodyM, are set out in bold and italicized. The CDR regions,
as defined by Kabatl, are underiined. Figure 1A depicts the VH and VL region amino acid
sequences of anlibodies 9B3, 15A8, 15C11, and 22F8. Figure 1B depicts the VH and
VL region amino acld sequences of antibodies 28811, 7DB4, and 1D1. Figure 1C and
Figure 1D depict the VH region amino acid sequences of a series of 101 antibodies that
were affinity matured through phage display and were designated 101 D5, 101 D18§,
101 D21, 1D1 D24, 101 D25, 101 D28, 1D1 D28, 101 D31, 101 D37, 101 D3G, 101
0338, 101 DH3, 101 BHE, 181 DHY, and 1D1 DH1G. Figure 1E to Figure 1H depict the
VH region amino acid sequences of 101 antibodies that were affinity matured through
co-crystal structure and phage display analysis and designated 101 1.1 through 101
1.34. For affinity matured antibodies in Figure 1C to Figure 1H, the VL regions have the
same amingc acid sequence as parental antibody 1021 VL region. Figure 11-1 depicts an
alignment of the amino acid sequences of the VL regions of 26B11, 7D4, and 1D1, and
Figure 112 shows the sequence alignment of the VH regions of parental antibodies 101,
704, and 28B11. Each of these antibodies represents a different epifope-binding

antibody bin/group. Figure 14 depicts an alignment of the amino acid sequences from
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antibodies 704 and 22F8, which share an epitope binding bin. Figure 1K depicls an
alignment of the amino acid sequences belween antibodies 26B11 and 9B3, which
share an epilope binding bin. Figure 1L depicts an alignment of the amino acid
sequences of antibody 101 and antibodies 15A8 and 15C11, which share an epilops-
binding bin. Figure 1M-1 shows a table depicting the percent amino acid sequence
identity shared between the VH domains of 101 and various 1D1 varant anti-TL1A
antibodies. Figure 1M-2 shows a iable depicling the percent aminc acid sequence
identity between the VL domains of various anti-TL1A antibodies {101, 15A8, 15C11,
983, 26811, 7D4 and 22F9). Figure 1M-3 shows a iable depicting the percent amino
acid sequence identity between the VH domains of various anti-TL1A antibodiss (101,
1548, 156C 11, 9B3/Z26B11 VH1, SB3/26811 VHZ, 26B11 MDX, 7D4 and 22F8).

Figure 2 depicts a Venn diagram showing anti-TL1A antibodies according o
epitope bins. Antibodies within the same circle compste for binding to human TL1A
while antibodies in separate circles do not compets for binding on human TL1A,

Figure 3 depicts another Venn diagram of anti-TL1A antibodies showing
antibodies according to epitope bins. Antibodies within the same circle compele for
binding 1o human TL1A while antibodies in separaie circles do not compete for binding
on human TL1A.

Figure 4 depiclts a Venn diagram of epitope hins of anti-TL1TA antibodies .
Antibodies within the same circle compete Tor binding to murine TL1A while antibodies
in separate circles do not compete for binding on murine TL1A. The figure shows data
demonsirating that polycional Ab AT127 does not compete with any of the antibodies in
the other circle (101, 27F8, 11F5, 3CE, 1683, 20C10, 16g8, and 68D7) and i aiso shows
that all of the antibodies within the circle compete with each other for binding o murine
TL1A.

Figure § depicts the co-crystal structure of three 1D1 soFv molecules (ribbon)
bound to three TL1A monomers (surface model with TL1A molecules shown as light
gray, dark gray, and black}. The heavy chain of 1D1 is closer o the viewer with the light
chain behind it

Figure 6 depicis a magnified view of g selecied region in CDRH1 (as defined by
AbM) of 101 soFv, which illustrates that serine 28 residug of CDRH1 has no strong H-
bond partners with any residues on TL1A,

Figure 7 depicts a magnified view of a selected region in CORH1 (as defined by

AbM) of 101 scFv as shown in Figure 6. The diagram shows that the model indicates
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that substitution of serine 28 with aspartic acid provides opporiunity for strong
interactions {e.g., H-bonds and a salt bridge).

Figure 8 depicts the crystal struciure of Fab of anti-TL1A antibody 7D4 co-
crystallized with human TL1A. Individual TL1A monomers are shown as surfaces in light
gray, dark gray and black. 704 Fabs are shown as ribbons with the VL in dark gray and
the VH in light gray.

Figure 8 depicts 2 model of the crystal structure of Fab of anti-TL1A antibody
26811 co-crysiallized with human TL1A. The model was formed by successive
superposition of the crystal structure of 2 single complex on the structure of the TL1A
trimer. Individual TL1A monomers are shown as surfaces with different shades of gray.
26811 Fabs are shown as ribbons with the light chain in dark gray and the heavy chain
in light gray.

Figure 10 depicts the crystal structure of the scFv of anti-TL1A antibody 101 1.31
co-crystallized with human TL1A. Individual TL1A monomers are each shown as
surfaces in light gray, dark gray and black. The 101 1.31 scFv is shown in ribbons with
the heavy chain in light gray and the light chain in dark gray.

Figure 11 depicts a comparison of the crystal structure of anti-TL1A antibodies
101 (parental}) and affinity optimized 1D1 1.31 with human TL1A in the region
surrounding residug 58 of the antibodies. 1D1 1.31 is shown in black (heavy chain on
right) and dark gray (light chain on left). Parental 1D1 is shown in light gray. TL1A s
shown as thin sticks.

Figure 12 depicis a comparison of the crystal structure of ani-TL1A antibodies
101 {parental) and 101 1.31 and human TL1A in the region surrounding residue 28 of
the antibodies. Parental 1D1 is shown in light grey thick sticks. 101 1.31 is shown in
black sticks. TL1A is shown in thin slicks with the conformation from the parental 101
costructure in light gray and the conformation from the 101 1.31 costruciure in black.

Figure 13 is a graph depicting expression of membrane-bound TL1A (mTL1A) by
monocytes in the presence and absence of anti-TL1A antibody 181 1.31. Human
rmonoeytes from whole blood were slimulated by plate-bound IC for 4 hours + 101 1.31
and show a peak to the right of the overlapping peaks demonsirated by both isotype
control (light gray) and unstimulated cells (dark gray). Membrane TL1A was detecled
using streptavidin PE and measured by flow cytometry such that amount of TL1A on cell
surface is expressed along the x-axis ranging from O to 10° mTL1A as increasing

fluorescence signal.

52



o

10

20

WO 2015/073580 PCT/US2014/065293

Figure 14, comprising Panels A through E, depicts graphs showing inhibition of
NFxB inhibition by anti-TL1A antibodies. Figure 14A depicis a graph demonstrating
constitutive expression of DR3 on TF-1 cells after overnight culture without GM-CSF.
Constitutive expression of DR3 on TF-1 cells was demonstrated by staining with a
commercial biotinylated-anti-DR3 antibody followed by slaining with streplavidin-PE.
After staining, DR3 expression was examined by flow cviomelry analvsis. Cell counts
are plotted against mean flucrescence intensity (MF1) as a measure of DR3 sxpression
which is demonstrated by the increase in MF! in the cells stained with the DR3 antibody
light gray) as compared o the streptavidin-PE control cells {drak gray). Figure 148
depicts a graph illustrating TL1A dose-dependent activation of NFkB activity in TF-1-
MNFkB-luciferase celis. TF-1-NF«B-ludiferase cells were stimulated with the indicated pM
concentrations of TL1A for 6 hours at 37°C. NFkB activity was measured by expression
of luciferase activity (light units). Relative light unils were measured by a luminometer
and plotied against TL1A concentrations. Figure 14C depicls a representiative graph
demonsirating dose dependent inhibition of NFxB activation by antibody 101 1.31
activity in TF-1-NFxB-luciferase cells in response to TL1A stimulation. TF-1- NFxB-
luciferase cells were stimulalted by 150 pM TL1A in the presence of the indicaled
concentrations of 181 1.31 for & hours at 37°C. NFxB activity was measured by
expression of luciferase activity. Relative light units were measured by a luminometer
and plotted against 101 1.31 concentrations. Figure 14D depicis a graph illustrating
TL1A dose-dependent activation of NF«B aclivity in TF-1-NF«B-luciferase cells in the
presance or absence of 3 nM isotype control antibody. TF-1-NFuB-luciferase cells were
stimulated with the indicated concentrations of TL1A and with or without 3 nM isolype
control antibody for 6 hours at 37°C. NFxB activity was measured by expression of
luciferase activity. Relative light units were measured by a luminometer and plotied
against TL1A concentrations. Figure 14E depicis a graph illusiration anti-letanus toxoid
isotype control antibody dose-dependent inhibition of NFkB activation in TF-1-NFxB-
luciferase cells in response TLIA stimulation. TF-1-NFkB-luciferase cells were
stimulated by 150 pM TL1A in the presence of the indicated conceniralions of isolype
control antibody for 6 hours af 37°C. NFxB activity was measured by expression of
luciferase activity. Relative light units were measured by a luminometer and plotied
against 101 1.31 antibody concentrations.

Figure 15, comprising panels A and B, demonstrates inhibtion of caspase activity
in TF-1 cells by anti-TL1A antibodies. Figure 15A depicts a graph illustrating TL1A dose-

dependent aclivation of caspase activily in TF-1 cells. TF-1 cells were stimulated with
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the indicated concenirations of TL1A for 6 hours at 37°C in the presence of
cycloheximide. Caspase activily was measured by iuciferin activity released upon
cleavage of the caspase-specific subsirale. Relative light units were measured by a
juminometer and plotied against TL1A concentrations. The data shown demonstirate an
ECB0 of about 84.17. Figure 158 depicts a graph illustrating dose-dependent inhibition
of caspase aclivity by antibody 101 1.31 in TF-1 cells in response o TL1A stimulation.
TF-1 cells were stimulated by 87 pM TL1A in the presence of the indicated
concentrations of 101 1.31 for 6 hours at 37°C in the presence of cycloheximide.
Caspase aclivity was measured by luciferin aclivity released upon cleavage of the
caspasa-specific substrale. Relative light unils were measured by a luminometer and
plotied against 101 1.31 concentrations. The data shown demonstrate an G50 about
54 .26 for Ab 1D1 1.31.

Figure 16, comprising panels A and B, depicts inhibition and depletion of
cylokines by anli-TL1A antibodies in human whole blood. Figure 18A depiclts a graph
flusirating inhibition of IFN gamma secretion upon immung complex (IC) and IL-12 and
IL-18 stimulation of human peripharal blood by 1B1 1.31. Human peripheral blood
freated with 0.5 ng/mL recombinant human IL-12 and 5 ng/mb recombinant human {L-18
was stimulated by immune complex coated plates for 24 hours at 37°C {fo upregulale
DR3 on NK/NKT celis and TL1A on monocyies, respectively) in the absence or
presence of the indicated 101 1.31 or isolype conirol antibody concentrations. Plasma
was prepared from these sampies and IFNy was measured in the plasma samples by a
quantitative immune-ligand binding assay using a Mssoscale (MSD) kit. Figure 16B
depicis a graph showing 101 1.31 decrease on 1D1-1.31-free soluble TL1A (sTL1A)
upon 1C and 1L-12 and HL-18 stimulation of human peripheral blood. Human peripheral
blood treated with 0.5 ng/mb recombinant human IL-12 and 5 ng/mb recombinant
human iL-18 was stimulated by immune complex coated platas for 24 hours at 37°C (fo
upreguiate DR3 on NK/NKT cells and TL1TA on monooytes, respectively) in the absence
or presence of the indicated 101 1.31 or isotype control antibody concentrations.,
Plasma was prepared from these samples and 101 1.31-free sTL1A was measured in
the plasma samples by a quantitative immunocligand binding assay using Msesoscale
(MSD).

Figure 17, comprising panels A and B, depicits inhibition and depletion of
cytokines by anii-TL1A antibodies in cynomolgus monkey whole blood. Figure 17A

depicts antibody 101 1.31 inhibition of IFN gamma production upon iC and 1L-12 and 1L~
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18 stimulation of cynomolgus monkey peripheral blood. Cynomolgus monkey peripheral
blood treated with 1 ng/ml recombinant human H-12 and 10 ng/ml recombinant human
IL-18 was stimulated by immune complex coated plates for 24 hours at 37°C (fo
upregulate DR3 on NK/NKT cells and TL1A on monocytes, respectively) in the absence
or presence of the indicated 1021 1.31 or isolype control antibody concentrations.
Plasma was prepared from these samples and [FNy was measured in the plasma
samples by a quantitative immune-ligand binding assay using a Mesoscale (MSD) kit
Figure 178 depicts a graph illustrating the decrease on antibody 101-1.31-free soluble
TL1A under IC and 12 and [L-8 stimulation of cynomolgus moneky blood.
Cynomoigus monkey peripheral blood treated with 1 ng/ml recombinant human 1L-12
and 10 ng/ml recombinant human IL-18 was stimulaied by immune complex coatsd
plates for 24 hours at 37°C (lo upregulate DR3 on NK/NKT cells and TL1A on
monaocytes, respectively) in the absence or presence of the indicated 181 131 or
isotype control antibody concentrations. Plasma was prepared from these samples and
101 1.31-free sTL1A was measured in the plasma samples by a quantilalive
immunoligand binding assay using a Mesoscale (MSD) kit

Figure 18A-C shows a chart summarizing the normalized surface area (A®) buried
due fo interactions between pairs of 101 antibody residues and TL1A residues. The 101
residues are designated by chain (H for heavy chain, or L for light chain}, single letter
amino acid code, and residue number. The TL1A residues are designated by TL1A
monomear/chain {A or B), single lefler amino acid code, and residue number. Pairs that
form a hydrogen bond are indicated with an ‘R, Pairs that form a salt bridge are
indicated with an ‘S’ Pairs that jointly coordinate a water molecule are indicated with a

Figure 19A-C shows a chart summarizing the normalized surface area (A?) buried
due fo interactions between pairs of 101 1.31 antibody residues and TL1A residues.
The 101 1.31 residues are designated by chain (M for heavy chain, or L for light chain),
single letter amino acid code, and residue number. The TL1A residues are designated
by TL1A monomer/chain (A or B), single letler amino acid code, and residue number.
Pairs that form a hydrogen bond are indicated with an 'h’. Pairs that form a salt bridge
are indicated with an 'S’ Fairs that jointly coordinate a waler molecule are indicated with
a'w'.

Figure 20 shows a graph comparing the binding of 1D1 1.31 to TL1A and
TNFSF8. Antibody binding was determined as described in materials and methods. This

graph represents 3 independent experiments executed in duplicate (n=6). 101 1.31
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bound TL1A with an ECsp value of 8.4 pg/mL (botlom triangies) but did not bind TNFSF6
{stars). The anti-TNFSF6 antibody bound TNFSFG (circles) with an ECs vaiue of 3
pg/mi.

Figure 21 shows a graph demonstrating the inhibition of binding of bictinylated-
TL1A o DR3-expressing HEKZ203 ceils by the anii-TL1A anfibody 101 1.31. Anti-TL1A
antibody 101 1.31 inhibited binding of 10 pg/mbL of biotinlvliated-TL1A to DR3-
expressing HEK293 cells with an 1Cg of 18.68 pg/mlL.

Figure 22A-E shows results of administration of an anti-TL1A antibody on alrway
inflasmmation in an HOM mouse model. Administration of the 1D1 antibody resulied in a
significant reduction in iotal BAL celivlarity [Figure 22(a)], the number of BAL
Eosinophils [Figure 22(b}], BAL lymphocytes [Figure 22{(¢)}, and BAL macrophagss
[Figure 22{d)]. BAL neuirophil numbers did not appear 1o be significantly modulated by
anti-TL1A freatment [Figure 22(e}], although it is worth noling that BAL neutrophils
reprasent a small cell population in this modsl.

Figure 23A-C shows a chart summarizing the normalized surface area (A?) buried
due fo interactions between pairs of 704 antibody residues and TL1A residues. The 7D4
residues are designated by chain (H for heavy chain, or L for light chain}, single letter
amino acid code, and residue number. The TL1A residues are designated by TL1A
monomer/chain (A or B), single letier aminc acdid code, and residue number. Pairs that
form a hydrogen bond are indicated with an ‘R, Pairs that form a salt bridge are
indicated with an ‘S’ Pairs that jointly coordinate a water molecule are indicated with a

Figure 24A-C shows a chart summarizing the normalized surface area (A?) buried
due to interactions between pairs of 26811 antibody residues and TL1A residues. The
26811 residues are designated by chain (H for heavy chain, or L for light chain), single
letter amino acid code, and residue number. The TL1A residues are designaied by
TL1A monomer/chain (A or B), single letter amino acid code, and residue number. Pairs
that form a hydrogen bond are indicated with an 'h'. Pairs that form a salt bridge are
indicated with an ‘S’. Pairs that jointly coordinate a water molecule are indicated with a
W

DETAILED DESCRIPTION QF THE INVENTION

Disclosed herein are antibodies that specifically bind o TUIA and further,
antibodies that inhibit its binding to DR3. Methods of making TL1A aniibodies,

compaositions comprising these antibodies, and methods of using these antibodies are
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provided. TL1A antibodies can be used in the prevention, treatment, and/or amelioration
of diseases, disorders or conditions caused by and/or associated with TL1A, such as
immune-related or inflammatory diseases. Such diseases, disorders or conditions
inciude, but are not limited {o, IBD, including UC and CD, asthma, multiple sclerosis,
psoriasis, and rheumaloid arthrilis, among others as would be appreciate by one skilied
in the art provided with the teachings disclosed herein.

General Techniques

Unless otherwise defined herein, scientific and technical ferms used in
connaction with the present invention shall have the meanings that are commonly
understood by those of ordinary skill in the art. Further, unless otherwise required by
coniext, singular terms shall include pluralities and plural terms shall include the
singufar. Generally, nomenclatures used in connection with, and technigues of, cell and
tissue culture, molscuiar biology, immunociogy, microbiology, genetics and protein and
nucleic acid chemistry and hybridization described hersin are those well known and
commonly used in the arl.

The practice of the present invention will employ, unless otherwise indicated,
conventional technigues of molecular biclogy (including recombinant technigues),
microbiology, cell biology, biochemistry and immunology, which are within the skill of the
art. Such techniques are explained fully in the literature, such as, Molecular Cloning: A
Laboratory Manual, second edition (Sambrook et al., 1988) Cold Spring Harbor Press;
Oligonucleotide Synthesis (M.J. Gait, ed., 1884); Methods in Molecular Biology,
Humana Fress; Cell Biology: A Laboratory Notebook (J.E. Celiis, ed., 1998} Academic
Fress; Animal Cell Culture (R, Freshney, ed., 1987} Introduction to Cell and Tissug
Culture (J.P. Mather and P.E. Roberis, 1898) Plenum Press; Cell and Tissue Culture:
Laboratory Procedures (A, Dovle, J.B. Griffiths, and D.G. Newell, eds., 1893-1988} J.
Wiley and Sons; Methods in Enzymology (Academic Press, Inc.)y, Handbook of
Experimental Immunology (DM, Weir and C.C. Blackwell, eds.);, Gene Transfer Vectors
for Mammalian Cells (J.M. Miller and M.P. Calos, eds., 1887} Current Protocols in
Molecular Biology (F.M. Ausubel et al, eds., 1987) PCR: The Polymerase Chain
Reaction, (Mullis et al,, eds., 1984}, Current Frotocols in Immunology (J.E. Coligan et
al., eds., 1891); Sambrook and Russell, Molecular Cloning: A Laboratory Manual, 3rd.
ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY (2001); Ausubel et
al., Current Protocols in Molecular Biology, John Wiley & Sons, NY {(2002), Harlow and
Lane Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY (1988); Coligan st al., Short Protocols in Protein Science, John
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Wiley & Sons, NY (2003); Short Protocols in Molecular Bidlogy {(Wiley and Sons, 1889);
immunocbiology {C.A. Jansway and P. Travers, 19897); Antibodies (P. Finch, 1887}
Antibodies: a practical approach {D. Catty., ed., IRL Press, 1888-1889); Monoclonal
antibodiss: a practical approach {P. Shepherd and C. Dsan, eds., Oxford University
Press, 2000); Using antibodies: a laboratory manual {E. Harlow and B, Lane (Cold
Spring Harbor Laboratory Press, 1889) The Antibodies (M. Zanetli and J.D. Capra,
eds., Harwood Academic Publishers, 1995).

Enzymatic reaciions and purification {echnigues are performed according to
manufacturer's specifications, as commonily accomplished in the art or as described
hersin. The nomenclatures used in connection with, and the laboratory procedures and
techniques of, analvtical chemistry, biochemistry, immunoclogy, molecular biclogy,
synthetic organic chemistry, and medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the art, Standard techniques are
used for chemical syntheses, chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment of patients.

Definitions

The following terms, unless otherwise indicated, shall be understood to have the
following meanings: the term "isolated molecuie™ (where the moleculs is, for example, a
polypeptide, a polynuclectide, or an antibody or fragment thereof) is a molecule that by
virtueg of its origin or source of derivation (1) is not associated with naturally associated
componenis that accompany it in its native stale, (2) is substantially free of other
molecules from the same species (3) is expressed by a cell from a different species, or
(4) does nol ocour in nature. Thus, a molecule thal is chemically synthesized, or
expressed in a cellular sysiem different from the cell from which it naturally originales,
will be “isofated” from ils naturally associated components. A molecule also may be
rendersd substantially free of nalurally associated components by isolation, using
purification technigues well known in the arl. Molecuie purity or homogeneity may be
assayed by a number of means well known in the art. For example, the purity of a
polypeptide sample may be assayed using polyacrylamide gel electrophoresis and
staining of the gel {o visualize the polypepltide using techniques well known in the arl.
For certain purposes, higher resolution may be provided by using HPLC or other means
well known in the art for purification.

As used herein, "subsiantially pure” means an object species is the predominant
species prasent {i.e., on a molar basis it is more abundant than any other individual
species in the composition), and preferably a substantially purified fraction is a
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composition wherein the object species {e.g., 2 glycoprotein, including an antibody or
receplor) comprises al least about 50 percent {on a molar basis) of all macromolecular
species present. Generally, a substantially pure composition will comprise more than
about 80 percent of all macromolecular species praesent in the compaosition, more
preferably more than about 85%, 90%, 95%, and 9%%. Most preferably, the object
species is purified to gssential homogeneity {contaminant species cannot be delected in
the composition by conventional detection methods) whersin the composition consisis
essentially of a single macromolscular species.

An “antibody” is an immuncglobulin molecule capable of specific binding o a
target, such as a carbohydrate, polynuclectide, lipid, polypeptide, eic., through at least
ong aniigen recognition site, located in the variable region of the immunoglobulin
molecuie. As used herein, the lerm encompasses nol only infact polycional or
monoclonal antibodies, but also, uniess otherwise specified, any antigen binding portion
thereof that competes with the intact antibody for specific binding, fusion proteins
comprising an antigen binding portion, and any other modified configuration of the
immunoglobulin molecule that comprises an antigen recognition site. Antigen binding
portions include, for example, Fab, Fab', F(ab’);, Fd, Fv, domain antibodigs (dAbs, e.g.,
shark and camelid antibodies), fragments including complementarity determining
regions (CDRs), single chain variable fragment antibodies (scFv), maxibodies,
minibodies, intrabodies, diabodies, triabodies, iefrabodies, v-NAR and bis-scFv, and
polvpeptides that contain at least a portion of an immunoglobulin that is sufficient to
confer specific antigen binding to the pdlypeptide. An antibody includes an antibody or
antigen-binding fragment thereof of any class, such as IgG, igA, or igM (or sub-class
thereof), and the antibody need not be of any particular class. Depending on the
antibody amino acid seguence of the constant region of s heavy chains,
immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: 1gA, 1gD, lgk, 1gG, and Igh, and several of these may be further
divided into subclasses (isclypes), e.g., 106Gy, 1gGs, igGa 1964, oAy and lghs. The
heavy-chain  constant regions  that correspond to the different classes of
immunoglobuling are called alpha, delta, spsilon, gamma, and mu, respeciively. The
subunit siructures and three-dimensional configurations of different classes of
immunoglobulins are well known.

The terms "anfigen-binding portion” or “antigen-binding fragment” of an antibody
{or simply "antibody portion”), as used interchangeably herein, refers {o one or more
fragments of an antibody that retain the ability to specifically bind to an aniigen (e.g.,
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TL1AY it has been shown thal the antigen-binding function of an antibody can be
performed by fragments of a fulllength antibody. Examples of binding fragments
encompassed within the term "antigen-binding portion” of an antibody include (i) a Fab
fragment, a monovalent fragment consisting of the VL, VH, CL and CH1 domains; (i} a
F(ab'}¢ fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide
bridge at the hinge region; (ili} a Fd fragment consisting of the VH and CH1 domains;
{ivy a Fv fragment consisting of the VL and VH domains of a single arm of an antibody,
{v) a dAb fragment (Ward ef al,, (1988) Nalure 341:544-548), which consisis of a VH
domain; and (vi) an isclaled complementarity determining region (CDR), disulfide-linked
Fvs {dsFv), and anti-idiotypic {anti-id) antibodies and intrabodies. Furthermore, although
the two domains of the Fv fragment, VL and VH, are coded for by separale genegs, they
can be joined, using recombinant methods, by a synthelic linker that enables them to be
made as a single protein chain in which the VL and VH regions pair to form monovalent
molecuies (known as single chain Fv {scFv)); see e.g., Bird et al. Science 242:423-428
{(1888) and Huston el al. Proc. Nall. Acad. Scl. USA 85:5878-5883 {(1988)). Such single
chain antibodies are also intended o be sncompassed within the term "antigen-binding
portion” of an antibody. Other forms of single chain antibodies, such as diabodies arg
also encompassed. Diabodies are bivalent, bispecific antibodies in which VH and VL
domains are expressed on a single polypeptide chain, but using a linker that is too short
to allow for pairing between the two domains on the same chain, thereby forcing the
domains to pair with complementary domains of another chain and creating two antigen
binding sites (see e.g., Holliger et al. Proc. Natl, Acad. Sci. USA 80:6444-6448 (1993}
FPoliak et al., 1994, Structure 2:1121-1123).

Antibodies may be derived from any mammal, including, but not limited fo,
humans, monkeays, pigs, horses, rabbits, dogs, cats, mice, etc., or other animals such as
birds {e.q. chickens), fish {e.g., sharks) and camelids {&.g., llamas).

A “variable region” of an antibody refers {0 the variable region of the antibody
fight chain (VL) or the variable region of the antibody heavy chain (VH), either alone or
in combination. As known in the arl, the variable regions ¢of the heavy and light chains
each consist of four framework regions (FRs) connecled by three complementarity
determining regions {CDRs) also known as hypervariable regions, and coniribuie fo the
formation of the antigen binding site of antibodies. If variants of a subject variable region
are desired, particularly with substitution in amino acid residues outside of 2 CDR region
{iLe., in the framework region), appropriale amino acid substitution, preferably,
conservative amino acid substitution, can be identified by comparing the subject variable
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region o the variable regions of other antibodies which contain CDR1 and CDRZ
sequences in the same canonical class as the subject variable region (Chothia and
Lesk, J. Mol Biol. 186{4}: 901-817, 1887).

In certain embodiments, definitive delineation of a CDR and identification of
residues comprising the binding site of an antibody is accomplished by solving the
siructure of the antibody and/or solving the structure of the antibody-ligand compiex. In
certain embodiments, that can be accomplished by any of a variety of technigues known
fo those skilled in the arl, such as X-ray crystallography. in cerlain embodiments,
varicus methods of analysis can be emploved fo identify or approximaie the CDR
regions. In certain embodiments, various methods of analysis can be emploved o
identify or approximate the CDR regions. Examples of such methods include, but are
niot lirmited to, the Kabat definition, the Chothia definition, the AbM definition, the contact
definition, and the conformational definition.

The Kabat definition is a standard for numbering the residues in an antibody and
is typicaily used to identify CDR regions. See, e.g., Johnson & Wu, 2000, Nucleic Acids
Res., 28: 214-8, The Chothia definition is similar {o the Kabat definition, but the Chothia
definition iakes into account positions of certain structural loop regions. See, a.g.,
Chothia et al,, 1986, J. Mol. Biol,, 186: 801-17; Chothia et al., 1889, Nature, 342: 877-
83. The AbM definition uses an inlegraled suile of compuler programs produced by
Oxford Molescular Group that model antibody struciure. See, e.g., Martin et al,, 1888,
Proc Natl Acad Scl (USBA), 86:9268-8272; “"AbBM™ A Computer Program for Modeling
Variable Regions of Antibodies,” Oxford, UK; Oxford Molecular, Lid. The AbM definition
models the tertiary structure of an antibody from primary sequence using a combination
of knowledge databases and ab initio methods, such as those described by Samudrala
et al, 1899, "Ab Inilio Prolein Structure PFrediction Using a Combined Hierarchical
Approach,” in PROTEINS, Structure, Function and Genetics Suppl., 3:194-188. The
contact definition is based on an analysis of the available complex crystal structures.
See, e.g., MacCalium et al,, 1886, J. Mol Biol., 5:732-45. In another approach, referred
{o herein as the “conformational definition” of CDRs, the positions ¢of the CDRs may be
identified as the residues thal make enthalpic contributions to antigen binding. See, e.g,,
Makabe et al., 2008, Journal of Biological Chemisiry, 283:1156-1166. Still other CDR
boundary definitions may not strictly follow one of the above approaches, but will
noneiheless overlap with at least a portion of the Kabat CDRs, although they may be
shortenad or lengthened in light of prediction or experimental findings thal particular
residues or groups of residuss do not significantly impact antigen binding. As used
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herein, a COR may refer 1o CDRs defined by any approach known in the art, including
combinations of approaches. The methods used herein may ulilize CDRs defined
according to any of these approaches. For any given embodiment containing more than
oneg CDR, the CDRs may be defined in accordance with any of Kabat, Chothia,
extended, AbM, contact, and/or conformational definitions.

As outlined elsewhere herein, certain positions of the antibody molecule can be
altered. By "posifion” as used herein is meant a location in the sequence of a profein.
FPositions may be numbered sequentially, or according to an established format, for
example the EU index and Kabatl index can be used 1o number amino acid residues of
an antibody. For example, posilion 287 is a position in the human antibody IgG1.
Corresponding positions are determined as outlined above, generaily through alignment
with other parent sequences.

By “residue” as used herein is meant a position in a protein and its associated
amino acid identity. For example, Asparaging 297 (also referred to as Asn297, also
referred to as N297) is a residue in the human antibody IgG1.

As used herein, "monocional antibody” refers 1o an antibody oblained from a
population of substantially homogeneous antibodies, ie., the individual antibodies
comprising the population are identical except for possible naturally-occurring mutations
that may be present in minor amounts. Monoclonal antibodies are highly specific, being
directed against a single antigenic site. Furthermore, in contrast to polyclonal antibody
preparations, which iypically include different antibodies directed against different
determinants {epilopes), each monoclonal antibody is directed against a single
determinant on the antigen. The modifier "monoclonal” indicales the character of the
antibody as being obtained from a substantially homogeneous population of antibodies,
and is not o be construed as requiring production of the antibody by any particular
method. For example, the monoclonal antibodies 0 be used in accordance with the
present invention may be made by the hybridoma method first described by Kohler and
Milstein, 1875, Nature 258:495, or may be made by recombinant DNA methods such as
described in U.5. Pat. No. 4,818,567, The monocional antibodies may also be isolated
from phage libraries generated using the lechnigues described in McCaflerty et al,
1980, Naiure 348:552-554, for example. As used hergin, "humanized” antibody refers o
forms of non-human (e.g. muring} antibodies that are chimeric immunoglobulins,
immunoglobutlin chains, or fragments thereof (such as Fv, Fab, Fab’, F{ab'). or other
antigen-binding subsequences of antibodies) that contain minimal seguence derived
from non-human  immunoglobulin, Preferably, humanized antibodies are human
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immunoglobulins {recipient antibody} in which residues from a CDR of the recipient are
replaced by residues from a CDR of a non-human species {donor antibedy) such as
mouse, ral, or rabbit having the desired specificity, affinily, and capacity. The humanized
antibody may comprise residues that are found neither in the recipient antibody nor in
the imported CDOR or framework segquences, bul are included to further refine and
optimize antibody performance.

A ‘human antibody” is one which possesses an amine acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using
any of the techniques for making human antibodies as disclosed herein. This definition
of a human antibody specifically excludes a humanized antibody comprising non-human
antigen binding residues.

The term “chimeric antibody” is intended to refer to antibodies in which the
variable region sequences are derived from one spsecigs and the constant region
saqguences are derived from ancther species, such as an antibody in which the variable
region sequences are derived from a mouse aniibody and the constant region
sequences are derived from a human antibody or vice versa. The lerm also
encompasses an antibody comprising a V region from one individual from one species
{e.g., a first mouse} and a constant region from another individual from the same
species {e.q., a second mousea).

The terms “antigen” and “Ag” refers to the molecular entity used for immunization
of an immunocompetent vertebrate to produce the antibody {Ab)} that recognizes the Ag
or 1o scresn an expression library {e.g., phage, yeast or ribosome display Hbrary, among
others). Herein, Ag is termed more broadly and is generally intended to include target
molecuies that are specifically recognized by the Ab, thus including fragments or mimics
of the molecule used in an immunization process for raising the Ab or in library
screening for sslecting the Ab. Thus, for antibodies of the invention binding to TL1A, full-
fength TL1A from mammalian species (e.g., human, monkey, mouse and rat TL1A),
including monomers and mullimers, such as dimers, trimers, etc. thereof, as well as
fruncated and other varianits of TL1A, are referred {0 as an antigen.

Generally, the term “epifope” refers 1o the area or region of an antigen o which
an antibody specifically binds, e.g., an area or region comprising a contact residue that
interacts with the antibody. Thus, the ferm "epitope” refers to that portion of & moleculs
capable of being recognized by and bound by an antibody at one or more of the
antibody's antigen-binding regions. Typically, an epitope is defined in the context of a
molecular interaction between an antibody, or anfigen-binding fragment thereof, and its
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corresponding antigen. Epitopes often consist of a surface grouping of molecules such
as amino acids or sugar side chains and have specific three-dimensional struciural
characteristics as well as specific charge characleristics. In some embodiments, the
epitope can be a prolein epitops. Protein epiopes can be lnear or conformational. in a
linear epitope, all of the points of interaction between the prolein and the inferacting
moleculs {such as an antibody) occur linearly along the primary amino acid sequence of
the protein. A "nondinear epitope” or "conformational epitope” comprises noncontiguous
polypeptides (or amine ackds) within the antigenic protein o which an antibody spedific
to the epitope binds. The term "antigenic epifope™ as used herein, is defined as a portion
of an antigen 1o which an antibody can specifically bind as determined by any msthod
well known in the art, for example, by conventional immunoassays. Alternatively, during
the discovery process, the generation and characlerization of antibodies may elucidale
information aboul desirable epitopes. From this information, it is then possible o
competitively screen antibodies for binding to the same epiiops. An approach o achieve
this is o conduct competition and cross-competition studies to find antibodies that
compele or cross-compete with one another for binding to TL1A, e.g., the antibodies
compete for binding to the antigen.

As used herein, the lerms ‘wid-tyoe amino acid,” “wild-lype IgG," *wild-type
antibody,” or “wild-type mAb,” refer to a sequence of amino or nucleic acids that coours
naturally within a certain population {e.q., human, mouse, rats, cell, etc.).

The term "anfagonist antibody” refers to an antibody that binds to a targst and
prevents or reduces the biclogical effect of that target. In some embodiments, the term
can denote an antibody that prevents the target to which it is bound from performing a
biological function, e.g., binding o its cognats recepliors.

As used herein, an “anti-TL1A anfagonist antibody” refers to an antibody that is
able o inhibit TL1A biological activity, or the activity of a homopolymer comprising
TLAA, such as g homodimer or a homotrimer) and/or downstream event{(s) mediated by
TLAA, including, but not limited to, binding 1o its receptors, including DR3, and mediating
signaling thereby. TL1A antagonist aniibodies encompass antibodies that block,
antagonize, suppress or reduce (fo any degree, including significanily) TL1A biological
activity, including downstream evenis mediated by TL1A, such as, DR3 binding and
downstream signaling. For purposes of the present invention, it will be explicitly
understood that the term "anfi-TL1A antibody” (interchangeably termed "anfagonist
TL1A antibody®, “antagonist anti-TL1A antibody”, "anti-TL1A antagonist antibody™,)
encompasses all the previcusly identified terms, litles, and functional siates and

64



o

10

15

20

WO 2015/073580 PCT/US2014/065293

characteristics whereby the TL1A itself, a TL1A biclogical aclivity (including but not
limitad fo its ability to bind a receplor), or the consequences of the biclogical activity, are
substantially nullified, decreased, or neulralized in any meaningful degree. In some
embodiments, an anti-TL1A antibody binds TL1A and prevents ifs binding and signalling
through DR3. In some embodiments, the antagonist ability is characterized and/or
described via a cell-based assay, such as an NFKB inhibition assay or caspase
inhibition assay as disclosed hergin. In some embodiments, the antagonist ability is
described in terms of an {Cs or ECs value. In some embodiments, the TL1A antibody
or anfigen-binding fragment thereof of the disclosure is considered to block, anlagonize,
suppress or reduce TL1A activity it it reduces a TL1A activity by 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 58%, 60%, 85%, 70%, 75%, 80%, 85%, B0%, 95% or
more relative [o the TL1TA aclivily in the absence of the antibody.

As known in the art, & “constant region” of an antibody refers to the constant
region of the antibody light chain or the constant region of the antibody heavy chain,
either alone or in combination.

The terms “polypeptide”, “oligopeptide”, “peplide” and “protein” are used
interchangeably herein 1o refer 1o chains of amino acids of any length. The c¢hain may be
linear or branched, it may comprise modified amino acids, and/or may be interrupted by
non-aming acids. The terms also encompass an aming acid chain that has been
modified naturally or by intervention; for example, disulfide bond formation,
glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or
modification, such as conjugation with a labeling component. Also included within the
definition are, for example, polvpeptides containing one or more analogs of an amine
acid {including, for example, unnatural amino acids, etc.), as well as other modifications
known in the art. It is understood that the polvpeplides can occur as single chaing or
associated chains.

The term “bind’, in the context of an antigen binding protein of the invention
{8.g., an aniibody, or antigen-binding fragment thereof) binding an amino acid on the
antigen or binding an epitope comprising an amino acid on the antigen, means an amine
acid residus of the antigen that participates in an electrostatic inleraction with the
antigen binding protein, participates in a hydrogen bond with the antigen binding protein,
or participates in a water-mediated hydrogen bond with the antigen binding protein, or
participales in a salt bridge with the antigen binding prolein, or it has a non-zero change
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atom of the antigen amino acid residue is located within 4A of a heavy atom of a
residue of the antigen binding protein.

The term “compefe”, as used herein with regard to an antibody, means that a first
antibody, or an antigen-binding portion thereof, binds {0 an epilope in @ manner
sufficiently similar o the binding of a sscond antibody, an antigen-binding portion
thergof, or a ligand that is not an antibody such that the result of binding of the first
antibody with its cognate gpitope is detectably decreased in the presence of the sscond
antibody compared to the binding of the first antibody in the absence of the second
antibody. The alternative, where the binding of the second antibody to its epilope is also
detectably decreased in the presence of the first antibody, can, but need not be the
case. That is, a first antibody can inhibit the binding of a sscond antibody 1o s epitope
without that second antibody inhibiting the binding of the first antibody (0 its respective
epitope. However, where each antibody delectably inhibils the binding of the other
antibody with its cognate epilope or ligand, whether 1o the same, greater, or lesser
extent, the antibodies are said {o “cross-compete” with each cther for binding of their
respective  epilope(s). Both compeling and cross-compsting  antibodies  are
encompassed by the present invention. Regardlgss of the mechanism by which such
competition or cross-competition cccurs {e.g., steric hindrance, conformational change,
or binding 1o a common epitope, or portion thereof), the skilled arlisan would appreciate,
based upon the teachings provided herein, that such competing and/or cross-competing
antibodies are encompassed and ¢an be useful for the methods disclosed herain.

‘Contact residue” as used herein with respect to an antibody or the antigen
specifically  bound thereby, refers o an amino acid residue present on an
antibody/antigen comprising at least one heavy atom (i.e., not hydrogen) that is within 4
A or less of a heavy atom of an amino acid residue present on the cognate
antibody/antigen.

As used herein, an aniibody “inferacts with” TL1A when the equilibrium
dissocliation constant (KD} is equal to or less than 5 nM, preferably less than 1nM,
preferably less than 100 pM, preferably less than about 50 pM, more preferably iess
than about 20 pM, most preferably less than about 10 pM, more preferably less than
about 5 pM, yet more preferably less than about 2 pM. The term “dissociation constant”
is sometimes used interchangeably with "equilibrium dissociation constant”, and refers
to the value oblained in a titration measurement al equilibrium, or by dividing the
dissociation rale constant (koff} by the association rate consiani {kon). The asscciation
rate constant, the dissociation rate constant and the equilibrium dissociation constant
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are used o represent the binding affinity of an antibody to an antigen. Methods for
determining association and dissociation rate constants are well known in the arl. Using
fluorescence-based techniques offers high sensitivity and the ability to examine samples
in physiclogical buffers at equilibrium. Cther experimental approaches and instruments
such as a BlAcore® (biomolecular interaction analysis) assay can be ussed (s.g.,
instrument available from BlAcore International AB, a GE Healthcare company,
Uppsala, Sweden). Additionally, a KinExA® (Kinetic Exclusion Assay) assay, available
from Sapidyne Instruments {(Boise, Id) can also be used. In one embodiment, the
dissociation constant is measured using surface plasmon resonance (SPR) method
{Biacore). in certain embodiments, the affinily is the KD value as measured by SPR. In
still other cases, the SPR uses a caplured antibody, and solution phase target. In some
embodiments, the caplured antibody is immobilized onto a sensor chip using an anti-
isotype antibody or antigen binding portion thersof, For example, the anti-isolype
antibody or antigen binding portion thereof can be immobilized onto the sensor chip to a
density of between about 4,000 and about 13,000 response unils. SPR measurement
can also be performed, for example, as substantially conducted according o the
profocol set out in Example 8. In some cases, the SPR uses a captured largei, and
solution phase antibody. In some embodiments, the SPR measurement is conducted
using a Biacore T100 or TZ200 instrument. In another embodiment, the dissociation
gonstant is measured using solution-based kinetic exclusion assay (KinExA). In other
embodimenis, the affinity of the antibody or antigen-binding fragment thereof for human
TLIA is measured by solution-based kinelic exclusion assay (KinkExA). For example, in
some cases, the affinity is the KD value as measured by soclulion-based kinetic
exciusion assay (KinkxA). In other cases, the KinkExA uses a caplured target on a solid
phase, and a solution phase antibody. In slill other cases, the antibody and larget are
pre-incubated in solution long enough to reach equilibrium. In one embodiment, the level
of unbound antibody is measured after the antibody and target have reached
equilibrium. In a particular embodiment, the KinExA measurement is conducted using a
KinExA 3200 instrument (Sapidyne). in one embodiment, the antibody interacis with
TL1A when the Kp ranges from about 20 pM o about 1 pM, as measured by KinExA. in
ong embodiment, the antibody interacts with TL1A with a Kp of about 1.38 pM as
measured by KinExA.

A number of methodologies are available for the measurement of binding affinity
of an antibody to its antigens, one such methodology is KinExA™, The Kinetic Exclusion
Assay (KIinExA™) is a general purpose immuncassay platform (basically a flow
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specircfiuorimeter) that is capable of measuring equilibrium dissodiation constants, and
association and dissociagtion rate constants for antigen/antibody interactions. Since
KinExA™ s performed afier eguilibrium has been obiained it is an advantagecus
technigue 1o use for measuring the KD of high affinity interactions where the off-rate of
the interaction may be very siow. The use of KinExA™ s particularly appropriate in this
casg where the affinity of antibody and antigen are higher than can be accurately
predicted by surface plasmon resonance analysis. The KinExA™ methodology can be
conducted generally as described in Drake el al (2004) Analytical Biochemisiry 328, 35-
43, which is incorporated herein by reference in its entirety, and also as delailed in the
Examples section. The term "surface plasmon resonance”, as used herein, refers to an
optical phenomenon that allows for the analysis of real-time biospecific interactions by
detection of alterations in protein concenirations within a biosensor matrix, for example
using the BIACORE™ system.

An  antibody that  “preferentially  binds”  or  “specifically  binds”  {used
interchangeably herein) to an epitope is a term well undersiood in the art, and methods
to determine such specific or preferential binding are also well known in the art. A
molecule is said o exhibit “specific binding” or “preferential binding” if it reacts or
associates more frequently, more rapidly, with greater duration and/or with greater
affinity with a particular cell or substance than it does with alternative cells or
substances. An antibody “specifically binds” or “preferentially bindg” 1o a farget i i binds
with greatler affinily, avidity, more readily, and/or with greater duration than if binds {0
other substances. Also, an aniibody “specificaily binds” or “preferentially binds” to a
target if it binds with grealer affinity, avidity, more readily, and/or with greater duration to
that target in a sample than i binds 1o other substances present in the sampla. For
example, an antibody that specifically or preferentially binds to a TL1A epitope is an
antibody that binds this epitope with grealer affinily, avidily, more readily, and/or with
greater duration than it binds to other TL1A epitopes or non-TL1A epitopes. It is also
understood by reading this definition, for example, that an antibody {or moiety or
epitope) which specifically or preferentially binds {o a first targel may or may not
specifically or preferentially bind {o a second target. As such, “specific binding” or
“preferential binding” does not necessarily require (although it can include) exclusive
binding. Generally, but not necessarily, reference o binding means preferential binding.
“Spedcific binding” or “preferential binding” indudes a compound, e.g., a protein, a
nucleic acid, an antibody, and the like, which recognizes and binds {0 a specific
molecule, but does not substantially recognize or bind other molecules in a sample. For
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instance, an antibody or a2 peptide receptor which recognizes and binds to a cognate
figand or binding pariner (&.g., an anti-TL1A antibody that binds TL1A) in a sample, but
does not substaniially recognize or bind other molecules in the sample, specifically
binds to that cognate ligand or binding partner. Thus, under designated assay
conditions, the specified binding moiety (e.g., an anfibody or an antigen-binding portion
thergof or a receptor or a ligand binding portion thereof) binds preferentially 1o a
particular target moleculs and does not bind in a significant amount to other components
present in a test sample.

A variety of assay formats may be used {0 select an aniibody or peptlide that
specifically binds a moleculs of interest. For example, solid-phase ELISA immunoassay,
immunoprecipitation, Biacore™  {GE  Healthcare, Piscataway, NJ), KinkExA,
fluorescence-activated cell sorting (FACS), Octet™ (FortéBlo, Inc., Menio Park, CA) and
Western blot analysis are among many assays that may be used to identify an antibody
that specifically reacts with an antigen or a receptor, or ligand binding portion thereof,
that specifically binds with a cognate ligand or binding pariner. Typically, a specific or
seleclive reaction will be at least twice the background signal or noise, more typically
more than 10 times background, even more typically, more than 50 times background,
more typically, more than 100 times background, vet more typically, more than 500
times background, even more typically, more than 1000 times background, and even
more typically, mora than 10,000 times background . Also, an antibody is said io
“specifically bind” an antigen when the equilibrium dissociation constant (Kp) is £ 1 ub,
preferably £ 100 nM |, more preferably < 10 nM, even more preferably, vet more
preferably, £ 1 nM, even more preferably, £ 100 pM, yal more preferably, £ 10 pM, and
even more preferably, £ 1 pM.

The term “hinding affinity” is herein used as a measure of the strength of a non-
covalent interaction between two molecules, e.¢., and antibody, or fragment thereof, and
an antigen. The term “binding affinity” is used to describe monovalent inleractions
{intrinsic activity).

Binding affinity between two molecules, &.g. an antibody, or fragment thereof,
and an antigen, through a monovalent interaction may be quantifisd by determination of
the dissociation constant (Kp). In furn, Kp can be determined by measurement of the
kingtics ¢of complex formation and dissociation using, e.g., the surface plasmon
resonance (SPR) method (Biacore). The rale constanis corresponding o the
association and the dissociation of a monovalent complex are referred to as the
association rate constanis &, {or k) and dissociation rate constant & (or ko,
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respectively. Kp is related to k; and &y through the equation Kp = &g/ ks, The value of the
dissociation constant can be delermined direclly by well-known methods, and can be
computed even for complex mixiures by methods such as those, for example, set forth
in Cacecl et al. (1884, Byte §: 340-382). For example, the Kp may be established using
a double-filler nifroceliulose filer binding assay such as that disclosed by Wong &
Lohman {1893, Proc. Natl. Acad. Sci. USA 80 5428-5432). Other standard assays o
gvaluate the binding ability of ligands such as antibodies towards targst antigens are
known in the art, including for example, ELISAs, Western blots, RiAs, and flow
cytometry analysis, and other assays exemplified elsewhere herein. The binding kinelics
and binding affinity of the antibody also can be assessed by standard assays known in
the art, such as Surface Plasmon Resonance (SPR}, €.g. by using a Blacore™ sysiem,
or KinExA,

A competitive binding assay can be conducted in which the binding of the
antibody 1o the antigen is compared {o the binding of the target by another ligand of that
targetl, such as another antibody or a soluble receplor that otherwise binds the target
The concentration at which 50% inhibition cccours is known as the K. Under ideal
conditions, the K is eguivalent fo Kp. The  value will never be less than the Kg, so
measurement of K can conveniently be substituted o provide an upper limit for Kp.

Following the above definition, binding affiniies associated with different
molecuiar interactions, e.g., comparison of the binding affinity of different antibodiss for
a given antigen, may be compared by comparison of the Kp valuss for the individuat
antibody/antigen complexes. Kg values for antibodies or other binding pariners can be
determined using methods well established in the art. One method for determining the
Kp is by using surface plasmon resonance, typically using a biosensor system such as a
Biacore® system.

Similarly, the specificity of an interaction may be assessed by delermination and
comparison of the Kp value for the ineraction of interest, e.g., a specific interaction
between an antibody and an antigen, with the Kg value of an interaction not of interest,
e.g., a control antibody known not {o bind TL1A.

An antibody that specifically binds ifs largel may bind its target with a high affinity,
that is, exhibiting a low Kp as discussed above, and may bind io other, non-farget
molecuies with a lower aflinity. For example, the antibody may bind o non-target
molecules with a Kp of 1 x 10™M or more, more preferably 1 x 10° M or more, more
preferably 1 x 10 M or more, more preferably 1 x 107 M or more, even more preferably
1 x 10 M or more. An antibody or antigen-binding fragment thereof of the invention is
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preferably capable of binding to ils target with an affinity that is at least two-fold, 10-fold,
50-fold, 100-fold 200-fold, 500-fold, 1, 000-fold or 10,000-fold or greater than its affinity
for binding o another non-TL1A molecule,

As known in the art, the term "Fc region” is used to define a C-terminal region of
an immunoglobulin heavy chain. The "Fc region™ may be a native sequence Fo region or
a variant Fc region. Although the boundarigs of the Fo region of an immunoglobulin
heavy chain might vary, the human 1gG heavy chain Fc region is usually defined o
stretch from an amino acid residue at position Cys228, or from Pro230, {o the carboxyi-
terminus thereof. The numbering of the residues in the F¢ region is that of the EU index
as described in Kabat et al., Ssguences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, Md., 1881. The F¢ region
of an immunoglobulin generally comprises two constant domains, CHZ and CH3. As is
known in the arl, an F¢ region can be present in dimer or monomeric form.

As used herein, "F¢ receptor” and “FeR” describe a receptor that binds to the Fe
region of an antibody. The preferred FoR is a nalive sequence human FeR. Moreover, a
preferred FoR is one which binds an IgG antibody {8 gamma receptor) and includes
recepiors of the FeoyRI, FoyRH, and FeoyREi subclasses, including allglic variants and
alternatively spliced forms of these receptors. FoyRl receptors include FoyRIA {an
“activating receptor™ and FoyRUB (an “inhibiting recepior™, which have similar amino
acid sequences that differ primarily in the cyloplasmic domains thereof. FoRs are
reviewed in Raveich and Kinst, 1881, Ann. Rev. Immunol,, 8:457-92; Capel et al,, 1804,
immunometheds, 4:256-34; and de Haas et al., 1905, J. Lab. Clin. Med., 126:330-41.
“FeR” also includes the neonatal receptor, FoRn, which is responsible for the transfer of
maternal IgGs fo the fetus (Guver et al, 1978, J. Immunol, 117:587; and Kim et al,,
1894, J. Immunol,, 24:248).

A “functional Fc region” possesses at least one effscior function of a native
sgguence Fo region. Exemplary “effector functions” include Ctg binding; complement
dependent cviotoxicity; Fc receplor binding; antibody-dependent cell-mediated
cylotoxicity; phagocoytosis; down-regulation of cell swface receptors (s.g. B cell
receplor), etc. Such effector functions generally require the Fc¢ region {0 be combined
with a binding domain {(g.g. an antibody variable domain or antigen-binding portion
thereof} and can be assessed using varicus assays known in the art for evaiuating such
antibody effector functions.

A “native sequence Fe region” comprises an aming acid sequsnce identical to the
amino acld sequence of an Fc region found in nature. A “variant Fo region” comprises
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an amino acid sequence which differs from that of a native seqguence F¢ region by virtue
of at least one amino acid modification, vet retains at least one effector function of the
natlive sequence Fo region. Preferably, the variant Fc region has at least one amino acid
substitution compared to a native sequence Fo region or to the Fo region of a parent
polypeptide, e.q. from about one 1o aboul ten amino acid substitutions, and preferably,
from about one io about five amino acid substifutions in a native seguence Fo¢ region or
in the Fe region of the parent polypeptids. The variant F¢ region herein will preferably
possess al least about 80% sequence identity with a native sequence F¢ region and/or
with an Fc¢ region of a parent polvpeplide, and most preferably, at least about 90%
sequence identily therewith, more preferably, at least about 95%, at least about 96%, at
least about 87%, at least about 98%, at least about 98% sequence identily therewith.

As known in the art, “polynuclectide,” or “nucleic acid,” as used interchangeably
herein, refer to chains of nuclectides of any length, and include DNA and RNA. The
nuclectides can be desoxyribonuclestides, ribonuclectides, modified nucleotides or
bases, and/or their analogs, or any substrate thal can be incorporated info a chain by
DNA or RNA polymerase. A polynucleotide may comprise modified nucleotides, such as
methylated nudcleotides and their analogs. If present, modification o the nucleotide
structure may be imparled before or after assembly of the chain. The sequence of
nuclectides may be interrupted by non-nuclectide components. A polynucieotide may be
further modified after polymerization, such as by conjugation with a labeling component.
Other types of modifications include, for example, “caps”, substitution of ong or more of
the naturally ccourring nuclectides with an analog, internuciecotide modifications such as,
for example, those with uncharged linkages (e.g., methyl phosphonates,
phosphotriesiers, phosphoamidaies, carbamates, efc.) and with charged linkages {e.g.,
phosphorothicates, phosphorodithicates, elc.), those containing pendant moleties, such
as, for example, proteins (e.q., nucleases, loxing, antibodies, signal peplides, poly-L-
lysine, elc.), those with inlercalators {e.g., acridine, psoralen, etc.), those coniaining
chelators {e.g., melals, radioactive metals, boron, oxidative metals, eic.), those
containing alkylators, those with modified linkages (e.q., aipha anomeric nucleic acids,
eic.), as well as unmodified forms of the polynucleotide(s). Further, any of the hydroxyl
groups ordinarily present in the sugars may be replaced, Tor example, by phosphonate
groups, phosphate groups, protecied by standard protecting groups, or activated to
prepare additional linkages to additional nudleotides, or may be conjugated to solid
supports. The 5 and 3" terminal OH can be phosphorylated or substituted with amines
or organic capping group molieties of from 1 to 20 carbon atoms. Other hydroxyls may
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alsc be derivalized 1o standard protecting groups. Polynucieotides can also contain
analogous forms of ribose or deoxyribose sugars that are generally Known in the art,
inciuding, for example, 2-0O-methyl-, 2-0-aliyl, 2'-fluoro- or 2-azido-ribose, carbocyclic
sugar analogs, alpha- or beta-anomeric sugars, epimeric sugars such as arabinose,
wyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptidoses, acyclic analogs
and abasic nucleoside analogs such as methyl riboside. One or more phosphodiesier
linkages may be replaced by alternative linking groups. These alternative linking groups
inciude, bul are not limiled o, embodiments wherein phosphate is replaced by
P{O)S("thicale”), P(8)S ("dithivate”), (O)NR; (“amidate”), P(O)R, P{OYOR’, CO or CH,
{("formacetal™), in which each R or R’ is independently H or substituted or unsubstituted
alkyl {(1-20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl, cycloalkyt,
cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical. The
preceding description applies o all polynucleotides referred to herein, including RNA
and DNA.

As used herein, "veclor” means a construct, which is capable of delivering, and,
preferably, expressing, one or more genels) or sequence(s) of interest in a host cell.
Examples of vaciors include, but are not Hmiled to, viral vectors, naked DNA or RNA
expression vectors, plasmid, cosmid or phage vectors, DNA or RNA expression vectors
associated with  cationic condensing agents, DNA or RNA expression vectors
encapsulated in liposomes, and cerfain eukaryotic cslls, such as producer cslis.

As used herein, "expression conirol seguence” means a nucleic acid sequance
that directs transcription of a nucleic acid. An expression conirel sequence can be a
promoier, such as a constilulive or an inducible promoter, or an enhancer. The
expression control sequence is operably linked to the nucleic acid seguence to be
transcribed.

A “host cell” includes an individual cell or cell cullure that can be or has been a
recipient for vector{s) for incorporation of polynucleoiide inserts. Host celis include
progeny of a single host cell, and the progeny may not necessarily be completely
identical {in morphology or in genomic DNA complement) to the original parent cell due
to natural, accidental, or deliberate mulation. A host cell includes cells transfected
and/or transformed in vive with a polynucleotide of this invention.

As used herein, “freatment” is an approach for oblaining beneficial or desired
clinical resulls. For purposes of this invention, beneficial or desired clinical resulls
include, bul are not limited to, one or more of the following: improved survival rale
{reduced mortality), reduction in inflammatory response to the disease, reduction in the
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amount of Hssue fibrosis, improvement in the appearance of the disease lasions,
limitation of the pathological lesions o focal sites, decreased exient of damage from the
disease, decreased duration of the dissase, and/or reduction in the numbaer, exient, or
duration of symptoms related to the disease. The term includes the administration of the
compounds or agents of the present invention to prevent or delay the onset of the
sympioms, complications, or biochemical indicia of a disease, allgviating the symptoms
or arresting or inhibiting further development of the dissass, condition, or disorder.
Treatment may be prophylactic (o prevent or delay the onset of the disease, or
prevent the manifestation of clinical or subclinical symptoms thereof) or therapeutic
suppression or alleviation of symptoms after the manifesiation of the disgase.

“‘Ameliorating” means a lessening or improvement of one or more symptoms as
compared to not administering a TL1A antibody. "Ameliorating” also includes shortening
or reduction in duration of a sympiom.

As used herein, an ‘effective dosage” or “effective amount” of drug, compound, or
pharmaceutical compaosition is an amount sufficient to affect any one or more beneficlal
or desired resulis. in more specific aspects, an effeclive amount prevents, alleviates or
ameliorates symptoms of disease or infection, and/or prolongs the survival of the subject
being ireated. For prophviactic use, beneficial or desired results include eliminating or
reducing the risk, lessening the severily, or delaying the outset of the disease, including
biochemical, histological and/or behavioral symptoms of the disease, its complications
and intermediate pathological phenotypes presenting during development of the
disease. For therapeutic uss, beneficial or desired results include dlinical resulis such as
reducing one or more symptoms of a TL1A mediated disease, disorder or condition,
decreasing the dose of other medications required {o treat the diseass, enhancing the
effect of another medication, andfor delaying the prograession of the dissase of patients.
An effective dosage can be administered in one or more administrations. For purposes
of this invention, an effeclive dosage of drug, compound, or pharmacsutical composition
is an amount sufficient to accomplish prophylactic or therapeutic freatment sither directly
or indirectly. As is understood in the clinical context, an effeclive dosage of a drug,
compound, or pharmaceutical composition may or may not be achieved in conjunclion
with ancther drug, compound, or pharmaceutical composition. Thus, an “effective
dosage” may be considered in the context of administering one or more therapsutic
agenis, and a single agent may be considered {o be given in an effective amount if, in

conjunction with one or more other agents, a desirable result may be or is achieved.

74



o

10

15

20

WO 2015/073580 PCT/US2014/065293

An tindividual’ or a "subject’ is a mammal, more preferably, a human. Mammals
also include, but are not limited to, farm animals (e.g., cows, pigs, horses, chickens,
efc.), sport animals, pels, primates, horses, dogs, cals, mice and rais. In some
embaodiments, the individual is considered to be at risk for a disease, disorder or
condition mediated by or associated with TL1A binding to iis receptor and signaling
mediated thereby.

As used hersin, “pharmaceutically acceptable carrie” or “pharmacesutical
acceplable exciplent” includes any malerial which, when combined with an active
ingredient, allows the ingredient to retain biclogical activity and is non-reactive with the
subject’s immune system. Examples include, but are not limited o, any of the standard
pharmaceutical carriers such as a phosphate buffered saline solution, water, emuisions
such as oilfwater emulsion, and various types of wetling agenis. Preferred diluents for
aerosol or parenteral administration are phosphate buffered saline (PBS) or normal
(0.9%) saline. Compositions comprising such carriers are formulated by well known
conventional methods (see, for example, Reminglon's Pharmaceutical Sclences, 18th
edition, A. Gennaro, ed., Mack Publishing Co., Easton, PA, 1980; and Reminglon, The
Science and Practice of Pharmacy 20th Ed. Mack Publishing, 2000).

Reterence to “aboul’ a value or parameter herein includes {(and describes)
embodiments that are dirscied to that value or parameler per se. For example,
description referring {0 “about X7 includes description of X" Numeric ranges are
inclusive of the numbers defining the range. Generally speaking, the term “about” refers
o the indicated value of the variable and to all vaiues of the variable that are within the
experimental error of the indicated value {e.g. within the 85% confidence interval for the
mean) or within 10 percent of the indicated vaiue, whichever is greater. Where the term
“about” is used within the context of a time period {years, months, weeks, days eic.}, the
term “aboul” means that period of fime plus or minus one amount of the next
subordinate time period {e.g. about 1 year means 11-13 months; about 6 months means
5 months plus or minus 1 week; about 1 week means 6-8 days; efc.), or within 10 per
cent of the indicated value, whichever is greater.

Notwithstanding that the numerical ranges and parameters setling forth the broad
scope of the inveniion arg approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however,
inherently contains certain errors necessarily resuiting from the standard deviation found
in their respective tesling measurements. Moreover, all ranges disclosed herein are o
be understood to encompass any and all subranges subsumed therein. For examplg, a
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stated range of "1 to 10" should be considered o include any and all subranges
between {(and inclusive of) the minimum value of 1 and the maximum value of 10; that
is, ali subranges beginning with a minimum value of 1 or more, e.g. 1 10 8.1, and ending
5.5 10 10.

it is understood that wherever embodiments are described herein with the

with a maximum value of 10 or less, e.g,,
language “comprising,” otherwise analogous embodiments described in terms of
‘consisting of’ and/or “consisting essentially of' are also provided. Throughout this
spacification and claims, the word "comprise,” or variations such as "comprises™ or
“comprising” will be understood to imply the inclusion of a stated integer or group of
integers but not the exclusion of any other integer or group of integers. Uniless otherwise
required by context, singular terms shall include pluralities and plural terms shall include
the singular. Any example(s) following the term “e.g.” or “or example” is not meant (o be
exhaustive or limiting.

Where aspects or embodiments of the invention are described in terms of a
Markush group or other grouping of alternatives, the present invention encompasses not
only the entire group listed as a whole, but each member of the group individually and
all possible subgroups of the main group, but also the main group absent one or more of
the group members. The present invention alse envisages the explicit exclusion of ong
or more of any of the group members in the claimed invention.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. In case of conflict, the present specification, including definitions, wiil
control.

Exemplary methods and materials are described herein, although methods and
materials similar or equivalent {o those described herein can also be used in the praciice
or testing of the present invention. The materials, methods, and examples are illustrative
only and not intended to be limiting.

TLIA Antibodies

The present invention relales o antibodies that bind o TL1A. The antibodies
preferably specifically bind o TL1AL In particular, the invention relales to antibodiss that
bind to TL1A and that modulate its activity. For example, an antibody or antigen-binding
fragment thereof of the invention may have the ability {0 decrease or inhibit binding of
TL1A fo its recepior DR3 and thereby to reduce or inhibit downstream receptor
signaling. The invention also relates 1o compositions comprising such antibodies as well
as uses for such antibodies, including therapsutic and pharmaceutical uses.
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By the term “TL7A" is meant any naturally occurring form of TL1A, whether
monomeric or multimeric, including dimers, trimers, etc., which may be derived from any
suifable organism. As used herein, “TL1A” refers 10 a mammalian TL1A, such as
human, rat or mouse, as well as non-human primate, boving, ovine, or porcine TL1A.
Preferably, the TL1A is human (see, e.g., Genbank Accession Number NP_{05109,
SEQ D NO:258). The term “TL1AY also encompasses fragments, variants, isoforms,
and other homologs of such TL1A molgcules. Varant TL1A molecules will generally be
characterized by having the same type of aclivity as naturally cccurring TL1A, such as
the ability to bind DRS, and the abhility o induce receptor- mediated aclivity.

The TL1A may bg in homomultimeric form. The homomuitimer may comprise
two, three, four, five, six or more TL1A monomer units. In some aspects, the
homomultimer may be a homodimer or homotrimer, In some aspects, there are 3 TL1A
monomers in the homomultimer, and the TL1A homomulilimer is a homolrimer. In some
aspacts, there are 2 TL1A monomers in the TL1A homomultimer, and the homomuitimer
is a homodimer.

The TL1A may comprise one or more, two or more, three or more, four or more,
five or more, six or more, saeven or more, gight or more, nine or more, ten or more,
twelve or more or fifteen or more surface accessible residues of TL1A. Where the TL1A
comprises a homomultimeric form of TL1A, the target may comprise ong or more, Wwo or
more, three or more, four or more, five or more, SiX or more, seven or more, eight or
more, nine or more, ten or more, twelve or more, or fifteen or more surface accessible
residues of a first subunit of TL1A, and one or more, two or more, three or more, four or
more, five or more, six or more, seven or more, eight or more, ning of more, ten or
more, twelve or more, or fifteen or more surface accessible residues of a second subunit
of TL1A,

The targel molecule may comprise a known epilope from TL1A.

The antibody or antigen-binding fragment thereof of the invention specifically
binds TL1A and inhibits its interaction with DR3, thereby inhibiting TL1A activity. By the
terms "TL1A medialed activity,” " TL1A medialed effect” "TL1A activity,” “TL 1A biological
activity” or “TL1A function,” as used interchangeably herein, is meant any aclivity
mediated by TL1A interaction with a cognate receptor including, but not limited to, TL1A
binding to DRS3, through binding of DR3, aclivation of downstream expression/secretion
of cylokines, espedially pro- inflammalory oylokines, such as INFy, 1L-8, TNF-qg, IL-17,
IL-22, -4, 1L-5, HL-13, IL-25, and cther cylokines that well known o persons killed in the
art, any other activity of TL1A either known in the art or to be elucidated in the future.
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Thus, the methods of the invention use the TL1A antibody or antigen-binding
fragment thereof of the invention that blocks, suppresses or reduces (e.g., significantly
reduces) TL1A activity, inciuding downstream events mediated by TL1A binding o iis
receptor, DR3. A TL1A antibody or antigen-binding fragment thergof of the invention can
exhibit any one or more of the following characteristics: (a) specifically bind to TL1A; (b)
block TL1A interaction with its receptor DR3; (c)block, suppress or reduce downsiream
signaling evenis that are aclivated by DR3; and (d) block suppress or reduce any other
TLIA activity of TL1A-mediated activity.

in one embodiment, the disclosure provides any of the following, or compositions
{including pharmaceutical compositions) comprising, an antibody having a light chain
sequence, or a portion thereof, and a heavy chain, or a portion thereof, derived from any
of the following antibodies: 101, 101 1.27, 101 1.28, 1D1 1.25, 101 1.30, 101 1.31,
101 1.32, 101 1.33, 101 1.34, 15A9, 15C11, 7D4, 22F9, 983, 2B11.

The antibodies useful in the present invention can encompass monoclonal
antibodies, polvcional antibodies, antibody fragmenis {e.g., Fab, Fab', Flab),, Fv, Fo,
eic.), chimeric antibodies, hispedific antibodies, hetercconjugate antibodies, single chain
{ScFv), mutants thereof, fusion proteing comprising an antibody portion (e.g., a domain
antibody), humanized antibodies, and any other modified configuration of the
immunoglobulin molecule thal comprises an antigen recognition site of the required
specificity, including glvcosylation varants of antibodigs, amingo acid sequence variants
of antibodies, and covalently modified antibodies. The antibodies may be murine, rat,
human, or any other origin {including chimeric or humanized antibodies). In some
embodiments, the TL1A antibody is a monoclonal antibody. In some embodiments, the
antibody is a chimeric, humanized or human antibody. In a particuiar embodiment, the
antibody is a human antibody.

in some cases, anlibodies of the present invention are defined by the
complementarity determining regions ("CDRs"). In certain cases, the CDORs are in a
human variable domain. In ancther embodiment, the CBRs are within a humanized
variable domain. In still other embodiments, the CDRs are within a chimeric variable
domain. The antibody or antigen-binding fragment thereof according to the present
invention includes an antibody or antigen-binding fragment thereof of any class, such as
G, igA, gk or igM (or sub-class thereof). In one embodiment, the antibody is an igG,
inciuding any of the major subclasses {e.g., igGy, 1gGy, 1gGa 1gG4). In one embodiment,
the antibody is of the subtype 1gGq. In ancther embodiment, the antibody is of the
sublype 1gG,. In other cases, the antibody can be of the lgGs subtype. In still other
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cases, the antibody can be igGs. in other cases, the antibody can be an igA antibody,
inciuding any of its subtypes. In one embodiment, the antibody is igAq. In ancther
embodiment, the antibody is IgAs.

in one embodiment, the antibody or antigen-binding fragment thereof according
to the present invention comprises a variable region which comprises framework
regions, whergin the framework regions are selected from the group consisting of 1gG,
fgA, IgM Igk and gD framework regions. In another embodiment, the antibody or
antigen-binding fragment therecof according fo the present invention comprises a
variable region which comprises framework regions, wherein the framework regions are
selected from the group consisting of 1gGy, g6y, lgGs, 9G4 framework regions. In still
ancther embodiment, the antibody or antigen-binding fragment thereof according to the
present invention comprises a variable region which comprises framework regions,
wherein the framework regions arg selected from the group consisting of a human,
humanized and chimeric framework region.

The TL1A antibodies of the invention may be made by any method known in the

art. General techniques for production of human and mouse antibodies are known in the
art and/or are described herein,
Methods known in the art can be employed o detect andior measure a reduction,
armelioration, or neulrglization in TL1A activity mediated by the antibodies or antigen
binding fragments described herein. In some embodiments, a TL1A antibody is
identified by incubating a candidate agent (e.g., DR3} with TL1A and monitoring binding
and/or attendant reduction or inhibition of a biological activity of TL1A. The binding
assay may he performed with, e.g., purified TL1TA polypeptide(s), or with cslis nalurally
expressing various receptors, or fransfected {0 express, TL1A receplors. In one
embodiment, the binding assay is a competitive binding assay, where the ability of a
candidate antibody o compete with a known TL1A antibody for TL1A binding is
evaluated. The assay may be performed in various formats, including the ELISA format.
in some embodiments, a TL1A antibody is identified by incubating a candidate antibody
with TL1A and monitoring binding. In some embodiments, a TL1A antibody is identified
by incubating a candidate antibody (e.g., a human anti-TL1A antibody) with TL1A and
monitoring the binding of a sgcond TUTA antibody fo TL1A {0 assess whether one
antibody compstes for binding of TL1A with the sscond antibody.

In addition, the activity of a candidate TL1A antibody can be measured by
bicassays known 1o tesi the fargseted biological activilies. In some embodiments, an in
vitro cell assay is used to further characlerize a candidate TL1A antibody. For example,
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bicassays can be used 10 screen candidates directly. Some of the methods for
identifying and characterizing TL1A antibody are described in detail in the Examples.

As discussed above, the TL1A antibodies of the invention exhibit one or more of
the foilowing characteristics: {a) specifically bind fo TL1A; (b) block TL1A interaction with
its receplor, DR3, and {c) attenuate or block downstream signaling events. Preferably, a
TL1A antibody or antigen-binding fragment thereof of the invention has at least one of
these fealures, more preferably, the antibody has two or more of these features. More

preferably, the antibodies have all of the fealures.

TL1A epitopes
TL1A antibodies may be characterized using additional methods well known in

the art. For example, one method is o identify the epilope to which it binds, or “gpilope
mapping.” There are many methods known in the arl for mapping and characterizing the
location of gpitopes on proteins, including solving the crystal structure of an antibody-
antigen compiex, compeliion assays, gene fragment expression assays, and synthetic
peptide-based assays, as describad, for example, in Chapter 11 of Harlow and Lane,
Using Antibodies, a Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1899, In an additional example, spitope mapping can be used
to determine the sequence io which TL1A antibody binds. Epitope mapping is
commercially available from various scources, for example, Pepscan Systems
{(Edelhertweg 15, 8219 PH Lelystad, The Netherlands). The epitope can be a linear
epitope, Le., conlained in a single strelch of amino acids, or a conformational epitope
formed by a three-dimensional inferaction of amino acids that may not necessarily be
contained in a single stretch, Peptides of varying lengths {e.g., at least 4-6 amino acids
long) can be isolated or synthesized {(e.g., recombinantly} and used for binding assays
with TL1A antibody. In another exampie, the epitope to which the TL1A antibody binds
can be determined in a sysiemalic screening by using overlapping peplides derived
from the TL1A seguence and determining binding by the antibody. According to the
gene fragment expression assays, the open reading frame encoding TL1A can be
fragmented either randomiy or by specific genetic constructions and the reactivity of the
expressed fragments of TL1A with the antibody o be tested is determined. The gene
fragments may, for example, be produced by PCR and then transcribed and translated
inte protein in vitro, in the presence of radicaclive amino acids. The binding of the
antibody o the radioactively labeled TL1A fragments is then determined by

immunoprecipifation and gsl electrophoresis. Certain epitopes can also be identified by
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using large lbraries of random peplide sequences displayed on the surface of phage
particles {phage libraries) or veast (yeast display). Allermnatively, & defined library of
overlapping peptide fragments can be tesied for binding o the fest antibody in simple
binding assays. In an additional example, mutagenesis of an antigen, domain swapping
experimenis and alanine scanning mutagensesis can be performed (o identify residues
required, sufficient, and/or necessary for epitope binding. For example, alaning scanning
mutagenesis experiments can be performed using a mutant TL1A in which various
residues of the TL1A polypeptide have been replaced with zlanine. By assessing
binding of the antibody to the mutant TL1A, the importance of the particular TL1A
residues o antibody binding can be assessed.

Yet another method which can be used to characlerize a TL1A antibody is fo use
competition assays with other anfibodies known 1o hind o the same antigen, Le,
various fragments on TL1A, 1o delermine if the TL1A antibody binds 1o the same epifope
as other antibodies. Competition assays are well known to those of skill in the art.

Further, the epitope for a given antibody/antigen binding pair can be defined and
characlerized al different levels of delail using a variely of experimenial and
compufational  epitope mapping methods. The experimental methods  include
mutagenesis, X-ray crystailography, Nuclear Magnetic Resonance (NMR) speciroscopy,
hydrogen/deuterium exchange Mass Spectromestry (H/D-MS3) and various competition
binding meathods weli-known in the arl. As each method relies on a unique principle, the
description of an epitope is intimately linked to the method by which it has been
determined. Thus, the epitope for a given antibody/antigen pair will be defined differently
depending on the epitope mapping method emploved.

At its most detalled level, the epitope for the interaction between the Ag and the
Ab can be defined by the spatial coordinates defining the atomic coniacts present in the
Ag-Ab interaction, as well as information about their relalive conlributions o the binding
thermodynamics. Al a less detailed level the apiiope can be characlerized by the spatial
coordinates defining the atomic contacits between the Ag and Ab. At a further less
detaiied level the epliope can be characterized by the amino acid residues that i
comprises as defined by a specific criterium, e.g., by distance between aloms
{e.g.,heavy, Le., non-hydrogen atoms) in the Ab and the Ag. At a further less detailed
level the epitope can be characterized through function, e.g. by competition binding with
other Abs. The epitope ¢an also be defined more generically as comprising amino acid
rasidues for which substitution by another amino acid will alter the characteristics of the
interaction between the Ab and Ag {(e.g. using alanine scanning).
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in the context of an X-ray derived crysial structure defined by spatial coordinales
of a complex belween an antibody, e.g., a Fab fragment, and ils Ag, the term epitope is
herein, unless otherwise specified or coniradiclied by context, specifically defined as
TLAA residuss characierized by having a heavy alom (i.e. a non-hydrogen atom) within
a distance of 4 A from a heavy alom in the Ab. Alternatively, a given TL1A amino acid
rasidue is considered to be part of an epilope if it participates in a hydrogen bond with
the antibody or with a water molecule that is also hydrogen bonded 1o the antibody
(water-mediated hydrogen bonding) or it participates in a salt bridge {o a residue on the
antibody, or if it has a non-zero change in buried surface area due o interaction with the
antibody. Alternatively, a given TL1A amino acid residue is considered {0 be part of an
epitope if i parlicipates in a hydrogen bond with the antibody, or if it is hydrogen bonded
with a water molecule that is also hydrogen bonded to the antibody {(water-mediated
hydrogen bonding), or if it participates in a sall bridge with a residue on the antibody, or
if it has a non-zero change in buried surface area due to interaction with the antibody.
Thus, an amino acid on the antibody is considersd {0 "bind” an amino acid on TL1A f at
least one of these conditions is satisfied, e.g., the TL1A amino acid residue has a heavy
atom within 4 A from a heavy atom on an amino acid residue of the antibody, the TL1A
amino acid residus participates in a hydrogen bond with an amino acid residue of the
antibody, the TL1A amino adid residue is hydrogen bonded with a water molecule where
the same water molecule is also hydrogen bonded with an amino acid residug of the
antibody, the TL1A amino acid residue participates in 3 salt bridge with an amingo acid
residue of the antibody, and the TL1A amino acid residue has a non-zero change in
buried surface area due (o interaction with the antibody.

From the fact that descriptions and definitions of epitopes, dependent on the
epitope mapping method used, are oblained at different levels of detall, i follows that
comparison of epitopes for different Abs on the same Ag can similarly be conducted at
different levels of detail.

Epitopes described at the amino acid level, e.g., determingd from an X-ray
structure, are sald o be identical if they conlain the same sel of amino acid residuss.
Epiiopes are sald fo overlap if at least one amino acid is shared by the epitopes.
Epitopes are said to be separate {unigue} if no amino acid residue is shared by the
epitopes.

Epiiopes characterized by competition binding are said o be overlapping if the
binding of the corresponding antibodies are mutually exclusive, ie., binding of one
antibody excludes simultansous or consecutive binding of the other antibody. The
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epitopes are said {0 be separate (unigue) If the antigen is able 1o accommodate binding
of both corresponding antibodies simultaneously.

The definition of the term “paratope™ is derived from the above definition of
"epltope” by reversing the perspective. Thus, the term "paratope” refers o the area or
region on the antibody which specifically binds an antigen, i.e., the amino acid residues
on the antibody which make contact with the antigen (TL1A) as “confact” is defined
elsewhers hergin.

in the context of an X-ray derived crysial structure defined by spatial coordinales
of a complex between an antibody, e.g., a Fab fragment or two Fab fragments, and ils
antigen, the term paraiope is herein, unless otherwise specified or contradicted by
coniext, specifically defined as antigen residues characterized by having a heavy atom
(i.e., a non-hydrogen atom) within a dislance of 4 A from a heavy atom in TL1A.
Alternatively or additionally, a given TL1A amino acid residue is considered o be part of
an epitope iIf it participates in a hydrogen bond with the antibody or with a waler
molecuie that is also hydrogen bonded o the antibody {waler-medialed hydrogen
bonding) or if it participates in a salt bridge o a residue on the antibody, or if it has a
non-zero change in buried surface area due to interaction with the antibody. Any amino
acids according o the foregoing are said to “contact” each other.

The epilope and paratope for a given antibody/antigen pair may be identified by
routine methods. For example, the general location of an gpitope may be detarmined by
assessing the abilily of an aniibody to bind to different fragments or variant TL1A
polypeptides. The specific amino acids within TL1A that make contact with an antibody
{epitope) and the specific amino acids in an antibody that make contact with TL1A
{paraiope) may also be determined using routine methods, such as those described in
the examples. For example, the antibody and target molecule may be combined and the
antibody/antigen complex may be crystallized. The crystal structure of the complex may
be determined and used to identify specific sites of interaction between the antibody and
its target.

An antibody or antigen-binding fragment thereof according to the current
invention may bind io the same epilope or domain of TL1A as the antibodies of the
invention that are specifically disclosed herein. For example, other yel unidentified
antibodies of the invention may be identified by comparing their binding to TL1A with
that of any of the following monocional antibodies: 101, 101 1.27, 101 1.28, 1B1 1.28,
101 1.30, 101 1.31, 1D1 1.32, 101 1.33, 101 1.34, 15A8, 15C11, 704, 22F9, 8RS,
2811, and variants thereof, or by comparing the function of yet unidentified antibodies
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with that of the antibodies described herein; and/or by comparing the epitope/coniact
residues on TL1A of yel unidentified antibodies with those of the antibodies of the
invention. Analyses and assays that may be used for the purpose of such identification
inciude assays assessing the competition for binding of TL1A between the antibody or
antigen-binding fragment thereof of interest and DRS, in biclogical activity assays as
described in Examples 10-14, and in analysis of the crystal structure of the antibody.

As disclosed herein, such a corysial structure analysis was carried out for the
interaction between the 101 parental antibody and TL1A, and variant antibody 101 1.31
and TL1A. This analysis is described in more detall in the examples. The binding
epitope of antibody 101 and TL1A, and antibody 101 1.31 and TL1A, were mapped as
alsc described in further detall in the examiples.

Disclosed herein are also detailed interactions between TL1A and ils naturdl
ligand, DR3. As such, antibodies which “contact” TL1A at the same amino acid residues
as DR3 would be expscted to interfere with the interaction between TL1A and DR3. As
such, in some embodiments, a TL1A epitope bound by the antibody or antigen-binding
fragment thereof of the present inveniion encompasses one or more of the TL1A
residues selected from T30 (T100), V31 (V101), V32 (V102), R33 (R103), E50 (E120),
LB3 (L123), Gb4 (G124), R86 (R156), G387 (G1567), M88 (M158), S136 (5208}, N137
(N2073, F139 (F208), S164 (8234), L165 (L235), Y168 (¥Y238), T160 (T239), K170
(K240), E171 (E241), N42 (N112), F44 (F114), K103 (K173), P104 (P174), D105
(D175}, S108 (S176), 8117 (8187), Y118 (Y188), P118 (P188), E120 (E190), Q151
(Q221), according fo the numbering of the amino acid sequence of TL1A as setforth in
SEQ D NO:254 [numbering of SEQ 1D NO: 258 in parenthesis].

As shown in Table 42, which displays the amino acids of TL1A that inferact with
the ligand DR3 and aniibodies 101 1.31, 101, 26811 and 7B4, several antibodies
described hersin interact with the same amino acids as those which interact with the
ligand DR3. Therefore, in a particular embodiment, a TL1A epitops bound by the
antibody encompasses one or more of the TL1A residues selected from the group
consisting off V31 (V101), V32 (V102), R33 (R103), E50 (E120), L53 (L123), GbH4
(G124), R86 (R156), G87Y (G157), M88 (M158), S136 (5208), N137 (N207), S164
(8234), L165 (L2358), Y168 (Ya38), T168 (T238), K170 (K240), E171 (E241), S117
{(8187), Y118 (Y188}, P118 (P188), and Q181 {Q221), according to the numbering of
the amino acid sequence of TL1A as set forth in SEQ 1D NO:254 [numbering of SEQ 1D
NO: 258 in parenthesis].
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As depicted in Figure 5, in some embodiments, TL1A antibodies 101 and 1D1
1.31 bind to a TL1A homolrimer between two TL1A monomers. Accordingly, a single
101 or 101 1.31 may bind to two TL1A monomers simultaneously, and a singls
antibody is unlikely to bind to all of the epitope residues on a single TL1A monomer.
Alternatively, it is possible that one TL1A antibody or antigen-binding fragment thereof of
the Invention may bind some of the epitopes on a TL1A protein, while another TL1A
antibody binds the other gpitopes.

Thus, in some embodiments, the TL1A epifope bound by the antibody or antigen-
binding fragment thereof of the invention encompasses one or more of the TL1A
residues selected from K113, T115, S117, Y118, P119, P121, T122, Q123, M147, F148,
$148, Q181, V31, V32, R33, E50, H51, E52, L53, G54, L55, ARG, F57, T58, E81, Y188,
T169, K170, and E171, according to the numbering of the amino acid sequence of TL1A
as set forth in SEQ 1D NQO:254. Given the geomelry of the binding of antibodies 101 and
101 1.31 fo TL1A between two TL1A monomers, some of the binding residues are
found on the first monomer (also called monomer A of chain A of TL1A), and cther
binding residues are found on the second monomer (glso called monomer B or chain B
or TL1A}. In particular, one or more of the TL1A binding epifope residues on monomer A
are selected from K113, T115, S117, Y118, P118, P121, T122, Q123, M147, F148,
5148, and Q151, and one or more TL1A binding epitope residuss on monomer B are
sglected from V31, V32, R33, E50, HB1, EB2, L53, G54, L85, ABG, F57, T53, B9,
Y168, T168, K170, and E171. In some embodiment, the epitopes found on monomer A
are bound by one TL1A antibody, while the epiiopes found on monomer B are bound
another TL1A antibody.

in ancther embodiment, a TL1A antibody or antigen-binding fragment thereof of
the disclosure binds {0 an epitope on TL1A comprising one or more of the TLIA
residues selected from K113, Y118, T122, G123, M147, F148, 5149, Q151, V31, V32,
R33, EBO, HET, E52, L33, G54, L55, ABG, FAE7, Y1848, T169, K170, and E171, according
to the numbering of the amino acld sequence of TL1A as set forth in SEQ 1D NO:284),
wherein one or more of the TL1A binding epitope residuss on monomer A are sslected
from the group consisting of K113, Y118, T122, Q123, Mi147, F148, 5149, Q151,
according to the numbering of the amino acid sequence of TL1A as sef forth in SEQ D
NC:254, and wherein ong or more of the TL1A binding epitope residues on monomer B
are selecied from the group consisting of V31, V32, R33, E50, Hb51, E52, L3, G54, L5,
AbB, FE7,Y168, T1689, K170, and E171, according to the numbering of the aming acid
sequence of TL1A as set forth in SEQ 1D N(O.254,
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in a further embodiment, the TL1A epitope may comprise amine acid residues
selected from the group consisting of K113, Y118, T122, M147, 8149, 0151, V32, R33,
ESQ, HB1, BEBZ, L53, GB4, L55, ABG, F57, Y168, T168, K170, and E171, according to
the numbering of the amino acid sequence of TL1A as set forth in 3EQ 1D N(O:254,
wherein one or more of the TL1A binding epitope residues on monomer A are selecied
from the group consisting of K113, Y118, T122, M147, 5148, and 151, according {0
the numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NG:254, and
wherein one or more of the TL1A binding epitope residues on monomer B are sslected
frorm the group consisting of V32, R33, E50, H51, EB2, LE3, Gbh4, LES, A5G, FA7, Y168,
T169, K170, and E171, according to the numbering of the amino acid sequence of TL1A
as set forth in SEQ 1D NO:254, wherein the residues are involved in electrostatic
interactions between a TL1A antibody or antigen-binding fragment thereof of the
invention and TL1A, or the buried surface area surrounding the residug is greater than
20 A? when bound to a TL1A antibody or antigen-binding fragment thereof of the
invention.

in another embodiment, the TL1A epilops may comprise amino acid residues
selected from the group consisting of K113, Y118, T122, 5149, R33, E50, E52Z, 153,
ABG, F57, Y168, T188, and E171, according to the numbering of the amino acid
sequence of TL1A as sei forth in SEQ 1D NO:Z254; wherein one or more of the TL1A
binding epitope residues on monomer A are selected from the group consisting of K113,
Y118, T122, and 5148, according to the numbering of the amino acid seguence of TL1A
as set forth in BEQ 1D NOG:254, and wherein one or more of the TL1A binding epitope
residues on monomer B are selecied from the group consisting of R33, ES0, E52, L53,
ASE, F57, Y188, T1689, and E171, according fo the numbering of the amino acid
sequence of TL1A as set forth in SEQ 1D NOG:254, wherein the residues are involved in
electrostalic interactions between a TL1A antibody or antigen-binding fragment thereof
of the invention and TL1A, or the buried surface area surrounding the residue is greater
than 40 A? when bound to a TL1A antibody or antigen-binding fragment thereof of the
invention.

in some embodiments, the TL1A epitope bound by the TL1A antibodies of the
present disclosure are selected from the group consisting of one or more aming acid
residues 117-123 of SEQ 1D NO:254 and residues 50-158 of SEQ 1D NO:254, wherein
one or more of the residues on monomer A are selected from from residues 117-123 of
SEQ 1D NO:254, and one or more of the residues on monomer B are selected from
residues 50-58 of SEQ 1D NO:254.
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in ancther embodiment, a TL1A aniibody or antigen-binding fragment thereof of
the disclosure binds fo an epifope on TLTA comprising one or more of the TL1A
residues sglected from K113, Y118, T122, 5149, E50, E5Z, L53, ABG, Y168, T169 and
E£E171, according to the numbering of the amino acid sequence of TL1A as set forth in
SEQ D NO:254, wherein one or more of the TL1A binding epitope residuss on
monomer A are selected from the group consisting of K113, Y118, T122, and $14¢,
according to the numbering of the aming acid seguence of TL1A as sel forth in SEQ 1D
NO:254, and wherein one or more of the TL1A binding epitope residues on monomer B
are selected from the group consisting of ERQ, EBZ, L53, ASB, Y168, T16Y and E171,
according to the numbering of the amino acid sequence of TL1A as sef forth in SEQ D
NC:254.

in a further embodiment, a TL1A antibody or antigen-binding fragment thereof of
the disclosure binds {0 an epitope on TL1A comprising one or more of the TL1A
rasidues selected from K113, Y118, T122, 8148, £E50, £E52, ABS, and Y168, according
{e the numbering of the amino add sequence of TL1A as set forth in SEQ 1D NO:254,
wherein one or more of the TL1A binding epitope residues on monomer A are selected
from the group consisting of K113, Y118, T122, and 5149, according to the numbering
of the amino acid sequence of TL1A as set forth in SEQ 1D NO:254, and wherein one or
more of the TL1A binding epitope residues on monomer B are selecled from the group
consisting of E80, E52, A58, and Y1638, according to the numbering of the aming acid
sequence of TL1A as set forth in SEQ 1D N(O.254,

in ancther embodiment, a TL1A aniibody or antigen-binding fragment thereof of
the disclosure binds fo an epifope on TLTA comprising one or more of the TL1A
residuas selected from K113, Y18, P18, T122, G123, F148, $149, Q151, V31, V32,
R33, £B0, £52, L3, G54, LB, ABG, F57, EG1, Y188, 1189, K170, and E171, according
to the numbering of the amino acid segquence of TL1A as sel forth in SEQ 1D NQO:254,
wherein one or more of the TL1A binding epitope residugs on monomer A are selected
from the group consisting of K113, Y118, P118, T122, Q123, F148, §148, and G151,
according to the numbering of the amino acid sequence of TL1A as sel forth in SEQ D
NO:254, and wherein one or more of the TL1A binding epitope residues on monomer B
are selecied from the group consisting of V31, V32, R33, E50, ES2, L53, 354, L55, A5G,
F57, E91, Y188, T168, K170, and E171, according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ 1D NO:1254, wherein a heavy atom of the residues
is found within 3.8 A of a heavy atom of an amino acid residue of antibody 1D1 1.31
when bound TL1A is found with 1D1.
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in some embodiments, a TLTA antibody or antigen-binding fragment thereof of
the disclosure binds fo an epifope on TLTA comprising one or more of the TL1A
residues sslected from K113, Y118, T122, F148, 5149, V31, V32, £50, E52, 53, G54,
LS5, ABE, Y188, T189, K170, and E171, according 1o the numbering of the amino acid
sequence of TL1A as sei forth in SEQ 1D NO:Z254, wherein one or more of the TL1A
binding epitope residues on monomer A are selected from the group consisting of K113,
Y118, T122, F148, and 5148, according o the numbering of the amino acid sequence
of TL1A as set forth in SEQ 1D NO:254, and wherein one or more ¢f the TL1A binding
epitope residues on monomer B are selected from the group consisting of V31, V32,
ES0Q, EB2, LA3, Gh4, 155, Abpg, Y188, T169, K170, and E171, according io ths
numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NG:254, wherein
the TL1A epitope residues are found within 3.8 A of residues the TL1A antibody when
the TL1A antibody is bound to TL1A.

in another embodiment, the antibody 101 binds io an epilope on TL1A
comprising one or more of the TL1A residues selected from K113, T115, Y118, P121,
T122, G123, M147, F148, 5148, Q1561, V31, V32, R33, BES0, HE1, BEBZ, L3, G54, L55,
ABG, FB7, T58, E91, Y188, T169, K170, and E171, according to the numbering of the
aming acld sequence of TL1A as set forth in SEQ D N(O:254, wherein ong or more of
the TL1A binding epitope residues on monomer A are selected from the group
gonsisting of K113, T115, Y118, P121, T122, Q123, M147, F148, 5148, and Q151
according to the numbering of the aming acid seqguence of TL1A as sel forth in SEQ 1D
NO:254, and wherein one or more of the TL1A binding epitope residues on monomer B
are selecled from the group consisting of V31, V32, R33, EB0, HAE1, EBZ, L53, GB4, L55,
ABG, FB7, T58, E91, Y188, T169, K170, and E171, according to the numbering of the
amino acld seqguence of TL1A as set forth in SEQ 1D NG:2564,

in a further embodiment, the antibody 101 binds o an epitops on TL1A
comprising one or more of the TL1A residues selected from Y118, M147, 5148, R33,
EB0, £E52, L85, ABE, and Y1868, according o the numbering of the amine acid sequsnce
of TL1A as set forth in SEQ 1D NO:254, wherein one or more of the TL1A binding
epitope residues on monomer A are selected from the group consisting of Y118, M147,
and 5148 according 1o the numbering of the amino acid seguence of TL1A as set forth
in SEQ 1D NG:254, and wherein one or more of the TL1A binding epilope residues on
monomer B are selected from the group consisting of R33, £E50, E5Z, L35, ABS, and

Y168 according to the numbering of the amino acid seguence of TL1A as set forth in
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SEQ 1D NO:254; wherein the epitopes are involved in electrostalic interactions bebween
antibody 101 and TL1A.

in a further embodiment, the antibody 1B1 binds o an epitope on TL1A
comprising one or more of the TL1A residues selected from K113, Y118, T122, 5148,
G151, R33, ES0, £52, LE3, Gb4, L5, Abg, F5E7, TH8, Y168, T18Y, K170, and E171,
according to the numbering of the aming acid sequence of TL1A as sel forth in SEQ D
NG:254, wherein one or more of the TL1A binding epitope residues on monomer A are
selected from the group consisting of K113, Y118, T122, 8149, and Q151 according to
the numbering of the amino acid seguence of TL1A as set forth in SEQ 1D NO:254, and
wherein one or more of the TL1A binding epitope residuss on monomer B are selected
from the group consisting of R33, E50, E52, L53, G54, L85, ABS, F57, 7588, Y168, T168,
and E171according to the numbering of the amino acid sequence of TL1A as setforth in
SEQ ID NO:254; wherein the epitopes are involved in elecirostalic interactions between
antibody 121 and TL1A or the buried surface area surrounding the residue is greater
than 20 A? when bound to a2 TL1A antibody or antigen-binding fragment thereof of the
invention.

in some embodiments, the antibody 101 binds to an epitope on TL1A comprising
ong or more of the TL1A residuss selected from Y118, E50, E52, and L53, according to
the numbering of the amino acid sequence of TL1A as set forth in SEG 1D NO:254,
wherein Y118 is found on monomer A, and wherein ong or more of the TL1A binding
epitope residues on monomer B are selecled from the group consisting of E50, E52,
L.53 according to the numbering of the amino acid seguence of TL1A as sel forth in SEQ
ID NO:254; wherein the epiiopss are invoived in sall bridge interactions belween
antibody 101 and TL1A or the buried surface area surrounding the residue is greater
than 100 A% when bound to a TL1A antibody or antigen-binding fragment thereof of the
invention.

In yet another embodiment, the antibody 101 binds to an epitope on TL1A
comprising one or more of the TL1A residues selected from K113, Y118, T122, F148§,
5149, Q151, V31, V32, R33, EB0, £52, L53, G54, L85, ASS, F&7, EU1, Y168, T169,
K170, and E171, according to the numbering of the amino acid sequence of TL1A as sel
forth in SEQ 1D NO:254, wherein ong or more of the TL1A binding epiiope residues on
monomer A are selected from the group consisting of K113, Y118, T122, F148, 5148,
and Q151 according to the numbering of the amino acid sequence of TL1A as sel forth
in SEQ 1D NO:254, and wherein one or more of the TL1A binding spifope residues on
monomsr B are sslecited from the group consisting of V31, V32, R33, £50, £52, L&3,
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(G54, LBG, ABE, F&7, EB1, Y168, T168, K170, and E171 according to the numbering of
the amino acid sequence of TL1TA as set forth in SEQ 1D NO:254; wherein the residues
are found within 3.8 A of antibody 1D1 when bound TL1A is found with 1D1.

In ancther embodiment, the antibody 101 1.31 binds o an epiiope on TLIA
comprising one or more of the TL1A residues selecled from K113, 5117, Y118, P118,
T122, Q123, M147, F148, 51498, G151, V31, V32, R33, BEBG, HE1, EE2Z, LE3, GB4, L5,
ABB, F57, Y168, T188, K170, and E171, according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ 1D NO:254, wherein one or more of the TL1A
binding epitope residues on monomer A are selected from the group consisting of K113,
S117, Y118, P19, T122, Q123, M147, F148, 8149, and Q151 according o the
numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NO:254, and
wherein one or more of the TL1A binding epitope residues on monomer B are selecled
from the group consisting of V31, V32, R33, EB{, H51, EB2, L53, G54, L5, A5G, F57,
Y168, T189, K17(, and E171, according to the numbering of the amino acid sequence
of TL1A as seiforth in SEQ 1D NO:254.

in a further embodiment, the aniibody 101 1.31 binds o an epilope on TL1A
comprising ong or more of the TL1A residuss selected from K113, T122, §148, E50,
E£52, ABB, Y168, T168, and E171, according fo the numbering of the amino acid
sequence of TL1A as sel forth in SEQ 1D NO:Z254, wherein one or more of the TL1A
binding epitope residues on monomer A are selected from the group consisting of K113,
T122, and $148 according o the numbering of the amino acid sequence of TL1A as set
forth in SEQ D NO:254, and wherein one or more ¢of the TL1A binding epitope residues
on monomer B are selected from the group consisting of ES0, E52, A5G, Y168, T169,
and E171 according 1o the numbering of the amino acid seguence of TL1A as set forth
in SEQ 1D NO:254; wherein the epilopes are involved in eleclrostatic inleractions
between antibody 101 1.31 and TL1A.

in a further embodiment, the antibody 101 1.31 binds to an epitope on TL1A
comprising one or more of the TL1A residues selected from K113, S117, Y118, T122,
5149, Q151, R33, EED, EBZ, L§3, G&4, L5S, AbGs, F&H7, Y188, T168, and E171,
according to the numbering of the amino acid sequence of TL1A as set forth in SEQ D
NQO:254, wherein one or more of the TL1A binding epitope residuss on monomer A arg
selected from the group consisting of K113, S117, Y118, T122, &148, and Q151
according to the numbering of the amine acid sequence of TL1A as sel forth in SEQ D
NO:254, and wherein one or more of the TL1A binding epitope residues on monomer B
are sslected from the group consisting of R33, E50, E&2, LB3, Gb4, L5, ARG, F57,
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Y168, T1698, and £171 according o the numbering of the amino acid sequence of TL1TA
as sel forth in SEQ 1D NO:254; wherein the epitopas are involved in elecirostatic
interactions between antibody 1D1 1.31 and TL1A or the buried surface ares
surrounding the residue is greater than 20 A% when bound to antibody 101 1.31.

In some embodiments, the antibody 101 1.31 binds to an epitope on TL1A
comprising one or more of the TL1A residues selected from K113, Y118, T122, ERQ,
£52, and L83, according to the numbering of the amino acid sequence of TL1A as set
forth in SEQ 1D NO:254, wherein ong or more of the TL1A binding epitope residuss on
monomer A are selecled from the group consisting of K113, Y118, and T122, and
whergin one or more of the TL1A binding epitope residues on monomer B are selected
from the group consisting of £E50, E52, L53 according to the numbering of the aming
acid sequence of TL1A as set forth in SEQ D NO:254; wherein the spitopes are
involved in salt bridge interactions between antibody 101 and TL1A or the buried
surface area surrounding the residue is greater than 100 A% when bound to a TL1A
antibody or antigen-binding fragment thereof of the invention.

in vet another embodiment, the antibody 101 1.31 binds to an epiiope on TL1A
comprising one or more of the TL1A residues selected from K113, Y118, P119, T122,
Q123, F148, 5148, V31, V32, E50, E52, L53, G54, L55, ASg, Y188, 7189, K170, and
E171, according to the numbering of the amino acid sequence of TL1A as sei forth in
SEQ ID NO:254, wherein one or more of the TL1A binding epitope residuss on
monomsr A are selected from the group consisting of K113, Y118, P11g, T122, Q123,
F148, and 5149 according fo the numbering of the amino acid sequence of TL1A as sel
forth in SEQ 1D NO:254, and wherein one or more of the TL1A binding epitope residues
on monomer B are selected from the group consisting of V31, V32, E50, E52, L53, G54,
L5E, ABG, Y168, T168, K170, and E171 according to the numbering of the amino acid
sequence of TL1A as set forth in SEQ D NO:254; wherein the residues are found within
3.8 Aof antibody 1D1 1.31 when bound TL1A is found with 1D1.

in a further embodiment, the antibody1D1 comprises a paratope encompassing
one of more heavy chain variable domain residues selected from Gly26, Tyr27, Serd§,
Thr30, Tyr31, Trps0, Tvrs3, Asnd4, Asnb6, Asnb8, Thr7 3, Arg78, Twd7, GivA9, Sert(0,
Gly100A, SertQ0B, and Argl100D, based on Kabat numbering with respect io the
sequence of SEQ ID NO:104, and one or more light chain variable domain residuss
selected from Tyr32 and Trp84 based on Kabal numbering with respect io the sequence
of SEQ D NO:102.
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in vel ancther embodiment, the antibody 181 1.31 comprises a paralope
encompassing one or more heavy chain variable domain residues selected from Glv26,
AspZ8, Thr30, Tyrd1, Trp50, Tyr53, Asnd4, Asnbe, His58, Thr73, Arg78, Tyrd7, Giyig,
Sert0, Giy100A, Sert(0B, and Arg100D, based on Kabat numbering with respect {o
the sequence of SEQ D NO:104, and one or more light ¢chain variable domain residues
salected from Tyr32 and Trp84 based on Kabat numbering with respect io the sequence
of SEQ 1D NO:102.

An antibody or antigen-binding fragment thereof of the invention may have the
ability to compele or cross-compete with ancther antibody or antigen-binding fragment
thereof of the invention for binding to TL1A as described herein. For example, an
antibody or antigen-binding fragment thereof of the invention may compete or cross-
compete with antibodies described herein for binding to TL1A, or to a suilable fragment
or variant of TL1A that is bound by the aniibodies disclosed herein.

That is, if a first antibody competes with a second antibody for binding to TL1A
but it does not compele where the second antibody is first bound to TLAA, it is still
deemed to compele with the second antibody {(also referred to as unidirectional
competition). Where an antibody compeies with another antibody regardless of which
antibody s first bound to TL1A, then the antibody cross-competes for binding to TL1A
with the other antibody. Such competing or cross-competing antibodies can be identified
based on their ability o compete/cross-compete with a known antibody or antigen-
binding fragment thereof of the invention in standard binding assays. For example, SPR
£.g. by using a Blacore™ systern, ELISA assays or flow cytomelry may be used o
demonsirate competition/cross~competition. Such competition/cross-competition may
suggest that the two antibodies bind to identical, overlapping or similar epitopes.

An antibody or antigen-binding fragment thereof of the invention may therefore be
identified by a method that comprises a binding assay which assesses whether or not a
test antibody is able to compete/cross-compete with a reference antibody or antigen-
binding fragment thereof of the invention (e.g., 101, 101 varants, 704, 8B3, and
26811, among others) for a binding site on the target molecule. Methods for carrying out
compelitive binding assays are disclosed herein andfor are well known in the arl. For
example they may involve binding a reference antibody or antigen-binding fragment
thereof of the invention to a targst molscule using conditions under which the antibody
can bind {o the target molecule. The antibody/target complex may then be exposed o a
test/second antibody and the extent to which the test antibody is able to displace the
reference antibody or antigen-binding fragment thereof of the invention from
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antibodyfiargetl complexes may be assessed. An alternative method may involve
contacting a test antibody with a target molecule under conditions that aliow for antibody
binding, then adding a reference antibody or antigen-binding fragment thereof of the
invention that is capable of binding that target molecule and assessing the extent to
which the reference antibody or antigen-binding fragment thereof of the invention is able
to dispiace the test antibody from antibody/target complexes or 1o simultaneously bind {0
the target (i.e., non-compsting antibody}.

The ability of a test antibody fo inhibit the binding of a reference antibody or
antigen-binding fragment thereof of the invention o the target demonstraies that the test
antibody can compete with a reference antibody or antigen-binding fragment thereof of
the invention for binding fo the target and thus that the test antibody binds to the same,
or substantially the same, epitope or region on the TL1A protein as the reference
antibody or antigen-binding fragment thereof of the invention. A test antibody that is
identified as competing with a reference antibody or antigen-binding fragment thereof of
the invention in such a method is also an antibody or antigen-binding fragment thereof
of the present invention. The fact that the fest aniibody can bind TL1A in the same
region as a reference antibody or antigen-binding fragment thereof of the invention and
can compeie with the reference antibody or antigen-binding fragment thereof of the
inveniion suggests that the test antibody may act as a ligand at the same binding site as
the antibody or antigen-binding fragment thergof of the invention and that the test
antibody may therefore mimic the action of the reference aniibody and is, thus, an
antibody or antigen-binding fragment thereof of the invention. This can be confirmed by
comparing the aclivity of TL1A in the presence of the test antibody wih the activity of
TLA1A in the presence of the reference antibody under otherwise identical conditions,
using an assay as more fulivdescribed elsewhere herein.

The reference antibody or antigen-binding fragment thereof of the invention may
be an antibody as described herein, such as 101, 101 1.27, 1D1 1.28, 1D1 1.29, 101
1.30, 101 1.31, 1D1 1.32, 1081 1.33, 101 1.34, 15A8, 15C11, 7D4, 22F9, 883, 2B11, or
any variani, or fragment thereof, as desocribed herein that retains the abilily to bind to
TLIA. An antibody or antigen-binding fragment thereof of the invention may bind to the
same epitope as the refergnce antibodies described herein or any variant or fragment
thereof as described herein that retains the ability to bind to TL1A.

As stated previously elsewhere herein, specific binding may be assessed with
reference 10 binding of the antibody o a mdlecuie that is not the targetl. This comparison
may be made by comparing the ability of an antibody {0 bind to the target and {0 ancther
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molecule. This comparison may be made as described above in an assessment of Kp or
Ki. The other molecule used in such a comparison may be any molecule that is nof the
target molecule. Preferably, the other molecule is not identical to the target molecule.
Preferably the target molecule is not a fragment of the target molecule.

The Kp of an antibody or antigen-binding fragment thereof of the current invention
may be less than 50 nM, such as less than 10 nM, such as less than 5 nM, such as less
than 1 nM, such as less than 750 pM, such as less than 500 pM, such as less than 100
oM, such as less than 50 pM, such as less than 25 pM, such as less than 20 pM, such
as less than 10pM, such as less than 9 pM, such as less than 9 pM, such as less than 7
pM, such as less than 6 pM, such as less than 5 pM, such as less than 4 pM, such as
less than 3 pM, such as less than 2 pM, such as less than 1pM,such as betwesn 20 pM
and 1 pM.

In other embodiments, the binding affinity {Kp) of TL1A antibody to TL1A can be
about 0.001 to about 250 nM. In some embodimenis, the binding affinity is any of about
200 nM, about 100 nM, about 50 nM, about 10 nM, about 1 nM, about 500 pM, about
100 phM, about 60 pM, about 50 pM, about 26 pM, about 15 pM, about 10 pM, about 5
pM, aboui 2 pM, or about 1 pM. In some embodiments, the binding affinity is less than
any of about 250 nM, about 200 nM, about 100 nM, about 50 nM, about 10 nM, about 1
nM, about 500 pM, about 100 pM, about 50 pM, about 20 pM, about 10 ph, aboul 5 pM,
about 2 pM, or about 1pM. In some embodiments, the Kp of a TL1A antibody ranges
from about 70 pM fo about 1 pM. In some embodiments, the Kp of a TL1A antibody for
human TL1A ranges from about 30 pM to about 2 pM. In some embodiments, the
binding affinity of a TL1A antibody or anligen-binding fragment thereof of the invention is
about 69 pM, about 28 pM, about 25 pM, about 15 pM, about 13 pM, about 10 pM,
about 4 pM, and about 2 ph.

The other molecule used to determine specific binding may be unrelated in
siructure or function to the fargel. For example, the other molecuie may be an unrelated
material or accompanying material in the environment.

The other molecule used {¢ detarmine specific binding may be ancther molecule
involved in the same in vivo pathway as the larget molecule, Le., TL1A. By ensuring that
the antibody or antigen-binding fragment thergof of the invention has specificity for TL1A
over ancther such molecule, unwanted in vivo cross- reactivity may be avoided.

The antibody or antigen-binding fragment therecof of the invention may retain the

ability to bind to some molecules that are related to the target molecule.
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Alternatively, the antibody or antigen-binding fragment thereof of the invention
may have specificily for a particular target molecule. For example, it may bind to one
target molecule as described herein, but may not bind, or may bind with significantly
reduced affinity {0 a different target molecule as described herein. For example, a full
length mature human TL1A may be used as the target, but the antibody that binds o
that target may be unable {o bind {0 or may bind with lesser affinity to, e.g. other TL1A
proteins from other species, such as other mammalian TL1A.

An antibody or antigen-binding fragment thereof of the invention may bind to
TL1A and in doing so may inhibit an activity of TL1A.

Polypeptide or antibody "fragments” or “portions” according 1o the invention may
be made by truncation, e.g. by removal of ong or more amino acids from the N and/or C-
terminal ends of a polyvpeptide. Up to 10, up to 20, up o 30, up to 40 or more amino
acids may be removed from the N and/or C terminal in this way. Fragments may also be
generated by one or more infernal deletions.

An antibody or antigen-binding fragment thereof of the invention may be, or may
comprise, a fragment of, any one of antibodies 101, 101 1.27, 101 1.28, 101 1.29, 1D1
1.30, 101 1.31, 1D1 1.32, 101 1.33, 1D1 1.34, 15A8, 15C11, 7D4, 22F9, 9B3, 2B11, or
a variant thereof. The antibody or antigen-binding fragment thereof of the invention may
be or may comprise an antigen binding portion of this antibody or a variant thereof. For
example, the antibody or antigen-binding fragment thereof of the invention may be a
Fab fragment of this antibody or a variant theresf or may be a single chain antibody
derived from this antibody or a variant thereof.

A variant antibody may comprise 1, 2, 3, 4, 5, up o 10, up o 20, up to 30 or more
aming acid substitutions and/or deletions and/or insertions from the specific sequences
and fragments discussed above. "Delefion” variants may comprise the deletion of
individual amino acids, deletion of small groups of amino acids such as 2, 3, 4 or &
amino acids, or deletion of larger amino acid regions, such as the delstion of specific
amino acid domains or other features. "insertion” variants may comprise the insertion of
individual amino acids, insertion of small groups of amino acids such as 2, 3, 4 or 8
amino acids, or inserlion of larger amino acid regions, such as the insertion of specific
amino acid domains or other features. "Substitution™ variants preferably involve the
replacement of one or more aminoe acids with the same number of aming acids and
making conservalive amino acid substitutions. For example, an amino acid may be
substituied with an alternative amino acid having similar properties, for exampls,
another basic amino acid, another acidic amino acid, another neutral amino acid,
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another charged amino acid, ancther hydrophilic amino acid, another hydrophobic
aming acid, another polar amino acid, another aromatic amino acid or ancther aliphatic
aminge acid. Some propertias of the 20 main amino acids which can be used to select
suifable substituenis are as follows

Substitution variants have at least one amino acid residue in the antibody
molecule removed and a different residue inserted in ils place. The sites of greatest
interest for substitutional mutagenssis include the hypervariable regions, but framework
alterations are aiso contemplated. Conservalive substitutions are shown in Table 1
under the heading of “conservative substitutions.” If such substitutions result in a change
in bioclogical aclivity, then more substantial changes, denominated “exemplary
substitutions” shown below, or as further described below in reference to amino acid
classes, may be introduced and the products screenad.
Table 1: Amino Acid Substitutions

Conservative
Original Residue Substitutions Exemplary Subsiifutions
Ala (A} Val Val Leu; lle
Arg (R Lys Lys; Gin; Asn
Asn (N} Gin Gin; His; Asp, Lys; Arg
Asp (D) Glu Glu; Asn
Cys (C) Ser Ser; Ala
Gin (Q) Asn Asn; Glu
Glu {E) Asp Asp; Gin
Gly (G} Ala Alg
His (H) Arg Asn; Gl Lys; Arg
e (1) Loy Leuw; V;ﬁ; ?v‘iet; .Aia; Phag;
' orleucing
Leu (L) He Norieuci;;a;ﬁiie; Vai, Met;
a; Phe
Lys (K} Arg Arg; Gin; Asn
Met (M) Leu Ley; Phe; e
Phe {F) Tyr Leu; Val, lle; Ala; Tyr
Pro (P) Ala Ala
Ser (8) Thr Thr
Thr (T} Ser Ser
Trp (W) Tyr Tyr; Phe
Tyr (Y} FPhe Tro; Phe; Thr, Ser
Val (V) Lau He; Le;;@i‘;fgi;cii;e; Ala;
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Subsiantial modifications in the biclogical properties of the antibody are
accomplished by selecting substitutions that differ significantly in their effect on
maintaining (@) the structure of the polypeptide backbone in the area of the substitution,
for example, as a f-sheet or helical conformation, (b} the charge or hydrophobicity of the
molecuie at the target site, or {0} the bulk of the side chain. Naturally cccurring residues
are divided into groups based on common side-chain properties:

{1) Non-polar: Norleucine, Met, Ala, Val, Ley, lig;

{2) Polar without charge: Cys, Ser, Thr, Asn, Gliy;

{3) Acidic {negatively charged): Asp, Glu;

{(4) Basic {positively charged): Lys, Arg;

(5) Residues that influence chain orientation: Gly, Pro; and
(8) Aromatic: Trp, Tyr, Phe, His.

Non-conservative substitulions are made by exchanging a member of one of
these classes for another class.

One type of substilution, for example, that may be made is to change one or
more cysteines in the antibody, which may be chemically reactive, to another residue,
such as, without limitation, alanine or serine. For example, there can be a substitution of
a non-canonical cysteine. The substitution can be made in a CDR or framewaork region
of a variable domain or in the consiant region of an antibody. In some embodiments, the
cysteine is canonical. Any cysleine residue not involved in maintaining the proper
conformation of the antibody also may be substituted, generally with serine, 10 improve
the oxidative stability of the molecule and prevent aberrant cross-linking. Conversely,
cysteine bond{s) may be added {o the antibody o improve ils stability, particularly where
the antibody is an antibody fragment such as an Fv fragment.

The invention also provides methods of generating, selecting, and making TL1A
antibodies. The antibodies of this invention can be made by procedures known in the
arl. In some embodiments, antibodies may be made recombinantly and expressed using
any method known in the arl.

In some embodiments, antibodies may be prepared and sslected by phags
display technology. See, for example, U.S. Palent Nos. 5,585,332; 5,580,717,
5,733,743; and 6,265,1580; and Winter et al., Annu. Rev. Immuncl. 12:433-455, 1694,
Alternatively, the phage display technology (McCafferty el al., Nalure 348:552-883,
1980) can be used {o produce human antibodies and antibody fragments in vitro, from
immunoglobulin variable (V) domain gene repericires from unimmunized donors.

According 1o this technique, antibody V domain genes are cloned in-frame inio either a
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major or minor coat protein gene of a filamentious bacteriophage, such as M13 or fd,
and displayed as funclional antibody fragments on the surface of the phage particle.
Because the filamentous particle contains a single-stranded DNA copy of the phags
genome, selections based on the functional properties of the antibody also resul in
selection of the gene encoding the antibody exhibiting those properties. Thus, the phage
mimics some of the properties of the B cell. Phage display can be performed in a varisty
of formats; for review see, e.g., Johnson, Kevin 8. and Chiswell, David J., Current
Opinion in Structural Bidlogy 3:564-571, 18983, Several sources of V-gene segments can
be used for phage display. Clackson et al, Nature 352:624-628, 1991, isolaled a
diverse array of anti-oxazolone antibodies from a small random combinatorial library of
V genes derived from the spleens of immunized mice. A repertoire of V genes from
human donors can be constructed and antibodies to a diverse array of antigens
{including self-antigens) can be isolated essentially following the iechnigues described
by Mark et al., 1881, J. Mol. Biol. 222:581-897, or Griffith et al,, 1883, EMBO J. 12:725-
734. In a natural immune response, antibody genes accumulate mutations at a high rate
{somatic hypermutation). Some of the changes introduced will confer higher affinity, and
B cells displaying high-affinity surface immunogiobulin are preferentiaily replicated and
differentiated during subsequent antigen challenge. This natural process can be
mimicked by employing the technique known as “chain shuffling” (Marks et al.,
1802, Bio/Technol. 10:778-783). In this method, the affinity of “primary” human
antibodies obtained by phage display can be improved by sequentially replacing the
heavy and light chain V region genes with reperioires of naturally ocourring variants
{reperioires) of V domain genes oblained from unimmunized donors. This technique
allows the produgction of antibodies and antibody fragments with affiniies in the pM-nM
range. A strategy for making very large phage antibody repertoires {also known as “the
mother-of-all libraries”™) has been described by Waterhouse et al,, Nucdl Acids Res,
21:2265-2266, 1983, Gene shuffling can also beg used fo derive human antibodies from
rodent antibodies, where the human antibody has similar affinities and specificities to
the starting rodent antibody. According o this method, which is also referred o as
“epitope imprinting”, the heavy or light chain V domain gene of rodent antibodies
obtained by phage dispiay technigue is replaced with a rgpertoire of human V domain
genes, creating rodent-human chimeras. Selection on antigen resulls in isolation of
human variable regions capable of resioring a funclional antigen-binding site, e, the
epitope governs {(mprinis) the choice of pariner. When the process is repeated in order
to replace the remaining rodent V domain, a human antibody is oblained (see PCT
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Fublication No. WO 83/06213). Unlike traditional humanization of rodent antibodies by
CDR grafting, this technique provides completely human aniibodies, which have no
framework or CDR residugs of rodent origin.

In some embodiments, antibodies may be made using hybridoma technology. it
is contemplaled that any mammalian subject including humans or antibody producing
cells therefrom can be manipulated o serve as the basis for production of mammalian,
including human, hybridoma cell lines. The route and schedule of immunization of the
host animal are generally in keeping with established and conventional technigues for
antibody stimulation and production, as further described herein. Typically, the host
animal is inoculated intraperitoneally, intramusculary, orally, subcutangously,
infraplantar, and/or intradermally with an amount of immunogen, including as described
herein,

Hybridomas can be prepared from the lymphocytes and immortalized mysloma
cells using the general somatic cell hybridization technique of Kohler, B. and Milstein,
C., 1975, Nature 2586:495-487 or as modified by Buck, D. W, et al,, In Vitro, 18:377-381,
1982, Available myeloma lines, including but not limited to X683-Ag8.653 and those from
the Salk institute, Cell Distribution Center, San Diego, Calif., USA, may be used in the
hybridization. Generally, the technique involves fusing myeloma cells and lymphoid celis
using a fusogen such as polyethylene glycol, or by electrical means well known {o those
skilled in the arl. After the fusion, the celis are separated from the fusion medium and
grown in a selective growth medium, such as hypoxanthine-aminopterin-thymidine
(HAT) medium, to eliminate unhybridized parent cells. Any of the media described
herein, supplemented with or without serum, can be used for culluring hvbridomas that
secrete monoclonal antibodies. As ancther alternative to the cell fusion technique, EBY
immortalized B cells may be used {o produce the TL1A monocional antibodies of the
subject invention. The hybridomas or olher immorlalized B-cells are expanded and
subcloned, if desired, and supemalanis are assayed for anti-immunogen activity by
conventional  immunoassay  procedures  {e.g.,, radicimmuncassay, enzyme
immunoassay, or fluorescence immunoassay).

Hybridomas that may be used as source of antibodies encompass all derivalives,
progeny cells of the parent hybridomas that produce monoclonal antibodies specific for
TLAA, or a portion thergof.

Hybridomas that produce such antibodies may be grown in vilro or in vivo using
known procedures. The monodlonal antibodies may be isolated from the culiure media
or body fluids, by conventional immunoglobulin purification procedures such as
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ammonium suifale precipitation, gel electrophoresis, dialysis, chromatography, and
ultrafiliration, if desired. Undesired activity, if present, can be removed, for example, by
running the preparation over adsorbents made of the immunogen atiached {0 a solid
phase and eluting or releasing the desired antibodies off the immunogen. Immunization
of a host animal with a TL1A polypeptide, or a fragment containing the largel amino acid
sgguence conjugated o a protein that is immunogenic in the species 1o be immunized,
e.g., keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean
frypsin  inhibilor  using a bifunclional or  derivalizing  agent, for  exampls,
maleimidobenzoy! sulfosuccinimide ester (conjugation through cysteing residues), N-
hydroxysuccinimide (through lysing residues), glutaraldehyde, succinic anhydride,
SOk, or R'N=C=NR, where R and R' are different alkyl groups, can vield a population
of antibodies (&.g., monocional antibodies).

if desired, the TL1A antibody {(monoclonal or polyclonal) of interest may be
sequenced and the polynudiectide sequence may then be cloned infe a vector for
expression or propagation. The sequence encoding the antibody or antigen-binding
fragment thereof of interest may be maintained in vector in a host cell and the host cell
can then be expanded and frozen for future use. Production of recombinant monocional
antibodies in cell culture can be carried out through cloning of antibody genes from B
celis by means known in the art. See, e.g. Tiller el al., 2008, J. Iimmunol. Methods 328,
112; US Patent No. 7,314,622.

In some embodiments, the polynucleotide sequence may be used for genstic
manipulation 1o humanize the antibody or (o improve the affinity, or other characleristics
of the antibody. Antibodies may also be customized for use, for example, in dogs, cats,
primate, equines and bovines.

in some embodiments, fully human antibodies may be obtained by using
commercially available mice that have been engineered 1o express specific human
immunoglobulin proteins. Transgenic animals that are designed to produce a more
desirable {2.g., fully human antibodies) or more robust immune response may alsc be
used for generation of humanized or human antibodies. Examples of such fechnology
are Xenomouse™ from Abgenix, inc. (Fremoni, CA) and HuMAb-Mouse® and TC
Mouse™ from Medarex, Inc. (Princeton, NJ).

Antibodies may be made recombinantly by first isclating the antibodies and
antibody producing cells from host animals, obtaining the gene seguence, and using the
gene sequence 1o express the antibody recombinantly in host cells {e.g., CHO celis).
Another method which may be employed is to express the antibody seguence in planis
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{e.g., iobaceco) or fransgenic milk. Methods for expressing antibodies recombinantly in
plants or milk have been disclosed. Ses, for example, Peetars, el al. Vaccine 19:2756,
2001; Lonberg, N. and D. Huszar Int. Rev. Immunol 13:65, 1885; and Poliock, et al,, J
Immunol Methods 231:147, 1988, Methods for making derivatives of antibodiss, s.g.,
domain, single chain, elc. are known in the arl.

Immunoassays and flow cylometry sorting technigues such as fluorescence
activated cell sorting {(FACS) can also be employed {o isolate antibodies that are specific
for TL1AL

DNA encoding the monoglonal antibodies is readily isolated and sequenced using
conventional procedures {e.qg., by using oligonuclectide probes that are capable of
binding specifically to genes encoding the heavy and light chains ¢f the monoclonal
antibodies). The hybridoma cells serve as a preferred source of such DNA. Once
isolated, the DNA may be placed into expression veciors {such as expression vectors
disclosed in PCT Publication No. WO 87/04462), which are then transfected inio host
cells such as E. coli cells, simian COS cells, Chinese hamster ovary ({CHO) cslls, or
myeloma celis that do not otherwise produce immuncoglobulin protein, to oblain the
synthesis of monocional antibodies in the recombinant host cells. Seeg, e.g., PCT
Publication No. WO 87/04462. The DNA also may be modified, for example, by
substifuting the coding sequence for human heavy and light chain constant domains in
place of the homologous murine sequences, Morrison et al, Proc. Nat. Acad. Sch
81:6851, 1884, or by covalenily joining to the immunoglobulin coding sequence all or
part of the coding seguence for a non-immunogiocbulin polypeptide. In that manner,
chimeric or hybrid antibodies are prepared that have the binding specificity of a TL1A
antibody herein,

Antibody fragmenis can be produced by profeoiytic or other degradation of the
antibodies, by recombinant methods (i.e., single or fusion polypeplides) as described
above or by chemical synthesis. Polypeptides of the aniibodies, especially shorter
polypeptides up to about 50 amino acids, are conveniently made by chemical synthesis.
Methods of chemical synthesis are known in the art and are commercially available. For
example, an ankibody could be produced by an automated polypeptide synthesizer
employing the solid phase method. See also, U.S. Patent Nos. 5,807,715, 4,816,567,
and 6,331,415,

In some embodimenis, a polynuclectide comprises a sequence encoding the
heavy chain and/or the light chain variable regions of TL1A antibody or antigen-binding
fragment thereof of the present disclosure. The sequence encoding the antibody or
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antigen-binding fragment thereof of interest may be maintained in a vector in a host cell
and the host cell can then be expanded and frozen for future use. Vectors {including
expression veciors) and host calls are further described herein.

The invention includes affinity matured embodiments. For example, affinity
ratured antibodies can be produced by procedures known in the art (Marks et al., 1992,
Bio/Technology, 10:779-783; Barbas st al.,, 1894, Proc Nat. Acad. Sci, USA 81:3800-
3813; Schier et al, 1885, Gene, 188:147-155; Yelton et al, 1885, J. Immunol.,
155:1884-2004; Jackson et al., 1885, J. Immunol., 154{7).3310-0; Hawkins st ai.,, 1892,
J. Mol Biol,, 226:889-886; and PCT Publication No. W(02004/058184).

The following methods may be used for adjusting the affinity of an antibody and
for characterizing a CDR. Cne way of characterizing a COR of an antibody andior
altering {such as improving) the binding affinity of a polypeptide, such as an antibody,
termed “ibrary scanning mitagenesis”. Generally, lHibrary scanning mutagenesis works
as follows. One or morg amino acid positions in the CBOR are replaced with two or more
(such as 3, 4, 5, 6, 7, 8, 8, 16, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20} amino acids
using art recognized methods. This generates small libraries of clones (in some
embodiments, one for every amino acid position that is analyzed), each with a
complexity of two or more members (if two or more amino acids are substituted at every
posifion). Generally, the library also includes a clone comprising the nalive
{unsubstituted) amino acid. A small number of dlones, e.g., about 20-80 clones
{depending on the complexity of the library), from sach library arg scregned for binding
affinity to the targst polypeptide {or other binding {argetl), and candidales with increased,
the same, decreased, or no binding are identified. Methods for determining binding
affinity are well-known in the arl. Binding affinity may be determined using, for example,
Bilacore™ surface plasmon resonance analysis, which deiecls differences in binding
affinity of about 2-fold or greater, Kinexa® Biosensor, scintillation proximity assays,
ELISA, ORIGEN® immunoassay, fluorescence quenching, fluorescence transfer, andlor
veast display. Binding affinity may also be screensd using a suilable bicassay.
Biacore™ is particularly useful when the starting antibody already binds with a relatively
high affinity, for example a Kp of about 10 nM or lower.

in some embodiments, every amino acid position in a COR is replaced (in some
embodiments, ong at a time) with all 20 natural aming acids using art recognized
mutagenesis methods (some of which are described herein). This generates small

libraries of clones {in some embodiments, one for every amino acid position that is
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analyzed), each with a complexity of 20 members (if all 20 amino acids are substituted
at every position).

in some embodiments, the library 10 be screened comprises substifutions in two
or more positions, which may be in the same CDR or in two or more CDRs. Thus, the
library may comprise substitutions in two or more positions in one COR. The Hbrary may
comprise substitution in two or more positions in two or more CDRs. The library may
comprise substitution in 3, 4, 5, or more positions, said positions found in two, thres,
four, five or six CDRs. The substitution may be prepared using low redundancy codons.
See, e.q., Table 2 of Balint et al,, 18993, Gene 137(13:108-18.

The CDR may be heavy chain variable region (VH) CDR3 and/or light chain
variable region (VL) COR3. The CDR may be one or more of VH CDR1, VH CDR2Z, VH
CDR3, VL CDR1, VL CDR2, andior VL CDR3. The CDR may be a Kabat CDR, a
Chothia CDR, an exiended CDR, an AbM CDR, a contact CDR, or a conformational
CBR.

Candidates with improved binding may be sequenced, thereby identifying a CDR
substitution mutant which results in improved affinity (also termed an “improved”
substitution). Candidates that bind may also be sequenced, thereby identifying a CDR
substitution which retains binding.

Multiple rounds of screening may be conducted. For example, candidates {each
comprising an aming acid substitution at one or more position of one or more COR) with
improved binding are also useful for the design of a second library containing at least
the original and substiluted amino acid at each improved COR position {Le., amino acid
position in the CDR at which a substitulion mutant showed improved binding).
Preparation, and screening or selection of this library is discussed further below.

Library scanning mutagenesis also provides a means for characlerizing a COR,
in so far as the frequency of clones with improved binding, the same binding, decreased
binding or no binding also provide information relating to the importance of each amino
acid position for the stability of the antibody-antigen complex. For example, if a position
of the CDR relains binding when changed to all 20 amino acids, that posilion is
identified as a position that is unlikely {0 be required Tor anligen binding. Converssly, ifa
position of CDR retains binding in only a small percentage of substiiutions, that position
is identified as a position that is important to COR function. Thus, the library scanning
mutagenesis methods generate information regarding positions in the CDRs that can be

changed to many different amine acids (including all 20 amino acids), and positions in
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the CDRs which cannot be changed or which can only be changed io a few amino
acids.,

Candidates with improved affinity may be combined in a second library, which
inciudes the improved amino acdid, the original amino acid at that position, and may
further include additional substitutions at that position, depending on the complexity of
the library that is desired, or permitted using the desired screening or selgction method.
in addition, If desired, adjacent amino acid position can be randomized o at least two or
more amino aclds. Randomization of adjacent aminc acids may permit additional
conformational flexibility in the mutant CDR, which may in tum, permit or facilitate the
infroduction of a larger number of improving mutations. The library may also comprise
substitution at positions that did not show improved affinity in the first round of
soreening.

The second library is screened or selscted for library members with improved
and/or altered binding affinity using any method known in the art, including screening
using Biacore, Kinexa™ biosensor analysis, and selection using any method known in
the art for selection, including phage display, yeast display, and ribosome display.

To express the TL1A antibodies of the present invention, DNA fragmentis
encoding VH and VL regions can first be obtained using any of the methods described
above. Various modifications, e.g. mulations, deletions, and/or additions can also be
introduced into the DNA sequences using standard methods known fo those of skill in
the arl. For exampls, mutagenesis can be carried cut using standard methods, such as
PCR-mediated mutagenesis, in which the mutated nuclectides are incorporated into the
PCR primers such that the PCR product conlains the desired mutations or site-direcisd
mutagenesis.

The invention encompasses modifications to the variable regions shown in Figure
1 and the CDRs indicated in Figure 1. For example, the invention includes antibodies
comprising functionally equivalent variable regions and CDRs which do not significantly
affect their properties as well as variants which have enhanced or decreased activity
and/or affinity. For example, the amince acid sequence may be mutaled o oblain an
antibody with the desired binding affinity to TL1A. Examples of modified polypeptides
inciude polypeptides with conservative substitutions of amino acid residues, one or more
deletions or additions of aming acids which do not significantly deleteriously change the
functional activity, or which mature {enhance) the affinity of the polypeptide for its ligand,

or use of chemical analogs.
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Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides conlaining & hundred or more
residues, as well as intrasegquence insertions of single or multiple amino acid residues.
Examples of terminal insertions include an antibody with an N-terminal methionyl
residus or the antibody fused to an epiiope tag. Other insertional varianis of the
antibody molecule include the fusion to the N- or C-terminus of the antibody or antigen-
binding fragment thereof of an enzyme or a polypeplide which increases the half-life of
the aniibody In the blood circulation.

The antibodies may also be modified, e.g., in the variable domains of the heavy
and/or light chains, e.g., 1o alter a binding property of the antibody. Changes in the
variable region can aller binding aflinity and/or spedificity. In some embodiments, no
more than one {o five conservative amino acid substitutions are made within a CDR
domain. In other embodiments, no more than one to three conservative amino acid
substifutions are made within a COR domain. For exampie, a mutation may be made in
one or more of the CDR regions o increase or decrease the Kp of the antibody for
TLIA, to increase or decrease Koy, or 10 aller the binding specificity of the antibody.
Techniques in site-directed mutagenesis are well-known in the arl. See, a.g., Sambrook
et al. and Ausubsl et al., supra.

A modification or mutation may also be made in a framework region or constant
region to increase the haif-life of a TL1A antibody. See, e.g., PCT Publication No. WO
00/08560. A mutation in a framework region or constant region can also be made fo
alter the immunogenicity of the antibody, to provide a site for covalent or non-covalent
binding to another molecule, or 1o alter such properiies as complement fixation, FeR
binding and antibody-dependent cell-mediated cytotoxicity. According to the invention, a
single antibody may have mulations in any one or more of the CDRs or framework
regions of the variable domain or in the constant region.

Modifications also include glycosyiated and nonglycosylated polypeplides, as well
as polypeptides with other posttranslational modifications, such as, for exampls,
glycosylation with different sugars, acetylation, and phosphorylation. Antibodies are
glycosviated at conserved positions in thelr constant regions (Jefferis and Lund, 1897,
Chem. Immunol. 85:111-128; Wright and Morrison, 1987, TibTECH 15:28-32). The
oligosaccharide side chains of the immunoglobuling affect the protein’s functlion (Bovd et
al.,, 1596, Mol immuncl, 32:1311-1318; Wittlwe and Howard, 1980, Biochem. 29:4175-
4180) and the inframolecular interaction between portions of the glycoprotein, which can
affect the conformation and presented three-dimensional surface of the glycoprotein
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(defferis and Lund, supra; Wyss and Wagner, 1886, Current Opin. Biotech. 7:408-418).
Oligosaccharides may also serve {o target a given glycoprotein 1o certain molecules
based upon specific recognition struciures, Glycosylation of antibodies has also been
reporied to affect antibody-dependent cellular coylotoxicity {(ADCC) In particular,
antibodies produced by CHO celis with tetracycline-requiated expression of B{1.4)-N-
acetylglucosaminyitransferase Hi (GnTiHH, a glycosyliransferase catalyzing Tformation of
bisecting GlcNAc, was reporied to have improved ADCC activity {Umana et al, 1888,
Nature Biotech. 17:176-180).

Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers
to the attachment of the carbohydrate molely o the side chain of an asparagine residue.
The iripeptide sequences asparaging-i-sering, asparagine-X-threoning, and
asparagine-X-gysteine, where X is any amino acid except proline, are the recognition
sgguences for enzymatic attachment of the carbohydrate molsty 1o the asparagine side
chain. Thus, the presence of sither of these tripeptide seguences in a polypeptide
creates a potential glycosylation site. O-linked glycosylation refers to the attachment of
one of the sugars N-acetylgalactosamine, galactose, or xylose 1o a hydroxyaminge acid,
most commonly serine or threoning, although 5-hydroxyproling or S-hydroxylysineg may
also be used.

Addition of glycosylation sites to the antibody is convenienily accomplished by
altering the amino acid seguence such that it contains one or more of the above-
described tripeptide ssguences (for N-linked glycosyiation sites). The alteration may
also be made by the addition of, or substifution by, one or more serine or threonine
residues (o the sequence of the original antibody (for O-linked glycosylation sites).

The glycosylation patiern of antibodies may also be altered without altering the
underlying nuclectide sequence. Glvcosylation largely depends on the host call used o
express the antibody. Since the cell type used for expression of recombinant
glycoprofeing, e.g. antibodiss, as potential therapeutics is rarely the native cell,
variations in the glycosylation pattern of the antibodies can be expected (see, e.g. Hse
et al., 1997, J. Biol. Chem. 272:9062-8070).

in addition to the choice of host cells, factors that affect ghycosylation during
recombinant production of antibodies include growth mode, media formulation, culture
density, oxygenation, pH, purification schemes and the like. Various methods have been
proposed o alter the giycosylation paltern achieved In a particular host organism
including introducing or overexpressing certain enzymes involved in oligosaccharide
production (U.5. Patent Nos. 5,047,335; 5,510,261 and 5,278,298). Glycosyiation, or

106



o

10

15

20

WO 2015/073580 PCT/US2014/065293

cerlain types of glycosylation, can be enzymatically removed from the glvcoprotein, for
example, using endogiveosidase H {(Endo H), N-givcosidase F, endoglveosidase F1,
endoglycosidase F2, endoglycosidase F3. In addition, the recombinant host celi can be
genetically engineered {0 be defective in processing certain types of polysaccharides.
These and similar technigues are well known in the art.

Other methods of maodification include using coupling techniques known in the
art, including, but not limited {0, enzymatic means, oxidative substitution and chelation.
Modifications can be used, for example, for atlachment of labels for immunoassay.
Modified polypepiides are made using esiablished procedures in the art and can be
screened using standard assays known in the arl, some of which are described below
and in the Examples.

In some embodimentis, the antibody comprises a modified constant region that
has increased or decreased Ubinding affinity to 8 human Fo gamma receplor, is
immunologically inert or partially inert, e.g., does not Irigger complement mediated lysis,
does not stimulate antibody-dependent cell mediated cyiotoxicty (ADCC), or does not
activate microglia; or has reduced aclivilies {compared to the unmodified antibody) in
any one or more of the following: triggering complement mediated lysis, stimuiating
ADCC, or activating microglia. Different modifications of the constant region may be
used to achieve optimal level and/or combination of effecior functions. See, for example,
Morgan et al., Immunology 86:318-324, 1985; Lund et al., J. immunology 157:4863-0
157:4863-4968, 1986; ldusogie et al., d. Immunoclogy 164:4178-4184, 2000; Tac st al,
J. Immunology 143: 2585-2601, 19889; and Jefferis et al, Immunological Reviews
163:58-76, 1988, In some embodimenis, the constant region is modified as described in
Eur. J. immunol., 19898, 29:26813-2624; PCT Application No. PCT/GBBS/01441; andior
UK Patent Application No. 9808951.8.

in some embodiments, an antibody constant region can be modified to avoid
interaction with Fc gamma receptor and the complement and immune systems. The
techniques for preparation of such antibodies are described in WO 89/885872. For
example, the constant region may be engineered to more resemble human constant
regions to avoid immune response if the antibody is used in clinical trials and treatments
in humans. See, e.g., U.S. Pal. Nos. 5,997,867 and 5,866,692,

In some embodiments, the constant region is modified as described in Eur. [
immunol, 1889, 29:2613-2624; PCT Application No. PCT/GBSS/01441; and/or UK
Patent Application No. 8808851 8. In such embodiments, the Fc can be human 1gG;: or
human 1gGs. The Fo can be human 1gG; containing the mutation A330P331 o
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53308331 (1gGuas), in which the amino acid residuss are numbered with reference to
the wild type I1gG: sequence. Eur. J. Immunol, 1088, 289:2813-2624. In some
embodiments, the antibody comprises a constant region of IgGs comprising the following
mutations {Armour et al., 2003, Molecular immunology 40 585-583); E233F234L235 {o
P233V234A235 (1gGaac), in which the numbering is with reference to wild type 1gGs. In
yet another embodiment, the Fo is human [gGy E233F2341L235 to P233V234A235 with
deletion G236 (IgGaan). In ancther embodiment, the Fo is any human lgGs Fo {igGy,
1gGaan or [gGan) containing hinge stabilizing mutation 58228 to P228 (Aalberse et al,,
2002, Iimmunoclogy 105, 8-19).

in some embodiments, the antibody comprises a human heavy chain IgGo
constant region comprising the following mutations: A330P331 o S3308331 (aminc
acid numbering with reference o the wild type 1gG; sequence). Eur. J. Immuncl, 1999,
29:2613-2624. In still other embodiments, the constant region is aglycosylated for N-
linked glycosylation. in some embodiments, the constant region is aglycosylated for N-
linked glycosyiation by muiating the oligosaccharide altachment residue and/or flanking
residues that are part of the N-glycosviation recognition sequence in the constant
region. For example, N-glycosylation site N297 may be mutaled o, e.g., A, Q, K, or H.
See, Tao et al, J. Immunology 143: 2585-26801, 1989; and Jefferis et al,, Immunological
Reviews 163:58-76, 1998, In some embodimenis, the constant region is aglycosylated
for N-linked glycosylation. The consiant region may be aglycosylated for N-linked
glycosylation enzymaticaily (such as removing carbohydrate by enzyme PNGase}, or by
expression in a glycosylation deficient host cell.

Other aniibody modifications include antibodiss that have been modified as
describad in PCT Publication No. WO 90/58572. These antibodies comprise, in addition
to a binding domain directed at the arget molecule, an sffecior domain having an amino
acid sequence substantially homologous 1o all or part of a constant region of a human
immunoglobulin hegavy chain. These antibodies are capable of binding the largel
molecuie without friggering significant complement dependent lysis, or cell-mediated
destruction of the targel. In some embodiments, the effecior domain is capable of
specifically binding FoRn and/or FeoyRib., These are typically based on chimeric
domains derived from two or morg human immunoglobulin heavy chain CHZ domains.
Antibodies modified in this manner are particularly suitable for use in chronic antibody
therapy. to avoid inflammatory and other adverse reactions to conventional antibody

therapy.
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The disclosure also provides an aniibody constant domain that may be further
modified. it is known that variants of the F¢ region, e.g., aming acid subsiitutions,
insertions, andfor additions and/or delefions, enhance or diminish effector function. See,
e.q., Presta et al, 2002, Biochem. Soc. Trans. 30:487-490; Sirohl, 2009, Curr. Opin.
Biotechnol. 20{6):685-691; U.S. palenis 5,624,821, 5,648,260, 5,885,573, 6,737,056,
7,317,081; PCT publication Nos. WO 85/88572, WO 00/42072, WO 04/029207, WG
2006/106338, WO 2008/022152, WO 2008/150484, WO 2010/033736; U.S. Palent
Application  Publication  Nos. 2004/0132101, 2006/0024288, 2006/0121032,
2006/0235208, 2007/0148170; Armour et al,, 1889, Eur. J. Immunol, 29(8):.2613-2624
{reduced ADCC and CDC) Shields et al, 2001, J. Biol. Chem. 276(8):6581-6604
{reduced ADCC and CDC) idusogie et al, 2000, J. Immunocl. 164(8)4178-4184
{increased ADCC and CDC) Steurer et al, 18985, J. Immunol. 155(3)1165-1174
(reduced ADCC and CDC); idusogie st al, 2001, J. Immunol. 1886{(4)25871-2575
{increased ADCC and CBCY; Lazar et al., 2008, Proc. Natl. Acad. 3ol USA 103(11):
4005-4010 (increased ADCC);, Ryan et al, 2007, Mol. Cancer. Ther,, 6 3008-3018
{increased ADCCY; Richards et al., 2008, Mol. Cancer Ther, 7(8):2517-2527.

in some embodiments, the antibody comprises a modified constant region that
has increased binding afiinity for FeRn and/or an increased serum hali-life as compared
with ihe unmodified antibody.

In a process known as ‘gernmiining”, certain amino acids in the VH and VL
seguences c¢an be mutaled to match those found naturally in germiine VH and VL
sequences. In particuiar, the amino acid sequences of the framework regions in the VH
and VL sequences can be mulated to maich the germiine sequences 1o reduce the risk
of immunogenicity when the antibody is administered. Germline DNA seguences for
human VH and VL genes are known in the art {see e.g., the "Vbase” human germline
sequence database; see also Kabal, E. A, st al, 1881, Sequences of Proleins of
immunological interest, Fifth Edition, U5, Department of Health and Human Services,
NiH Publication No. 81-3242; Tomlinson et al., 1882, J. Mol. Biol. 227:776-798; and Cox
et al., 1994, tur. J. Immunol, 24:827-836).

Ancther type of amino acid substitulion that may be made is {0 remove polential
proteolytic sites in the antibody. Such sites may ocour in a CDR or framework region of
a variable domain or in the consiant region of an antibody. Substitution of cysteine
residues and removal of proteolytic sites may decrease the risk of helerogeneily in the
antibody product and thus increase its homogeneity. Ancther type of amino acid
substitution is o eliminate asparagine-glycine pairs, which form potential deamidation
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sites, by altering one or both of the residues. In ancther example, the C-terminal lysine
of the heavy chain of a TL1A antibody or anfigen-binding fragment thereof of the
invention can bhe cleaved or otherwise removed. In various embodiments of the
invention, the heavy and light chains of the antibodies may optionally include a2 signal
sequence.

Once DNA fragments encoding the VH and VL segments of the present invention
are obtained, these DNA fragments can be further manipulated by standard
recombinant DNA techniques, for example to convert the variable region genes to fuli-
fength antibody chain genes, t© Fab fragment genes, or 1o a scFv gene. In these
manipulations, a V- or VH-encoding DNA fragment is operatively linked to ancther
DNA fragment encoding ancther profein, such as an antibody constant region or a
flexible linker. The term “operatively linked”, as used in this conlext, is intended o mean
that the two DNA fragments are joined such that the amino acid sequences encoded by
the two BNA fragments remain in-frame.

The isclated DNA encoding the VH region can be converled 1o a full-length heavy
chain gene by operatively linking the VH-encoding DNA o ancther DNA molecule
encoding heavy chain constani regions (CH1, CHZ and CH3). The sequences of human
heavy chain constant region genas are known in the art (see e.g., Kabat, E. A, et al,
1991, Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department
of Health and Human Services, NIH Publication No. 91-3242) and DNA fragments
encompassing these regions ¢an be obtained by standard PCR amplification. The heavy
chain constant region can be an 1gGy, 19Gy, 1gGs, 1gG,, IgA, IgE, IgM or Igh constant
region, but most preferably is an IgGq or 1gG2 constant region. The IgG constant region
sequence can be any of the various alleles or allotypes known 1o occur among different
individuals, such as Gm{1), Gm(2), Gm{3}, and Gm{17). These allolypes represent
naturally occurring amino acid substiiution in the IgG1 constant regions. For a Fab
fragment heavy chain gens, the VH-encoding DNA can be operalively linked to another
DNA molecule encoding only the heavy chain CH1 constant region. The CH1 heavy
chain constant region may be derived from any of the heavy chain genes.

The isolated DNA encoding the VL region can be converted to a fulHength light
chain gene (as well as a Fab light chain gene) by operatively linking the Vi-encoding
DNA to another DNA mdlecule encoding the light chain constant region, CL. The
sequences of human light chain constant region genes are known in the art (see e.g.,
Kabat, E. A, et al., 1881, Sequences of Proteins of immunological Interest, Fifth Edition,
(LS. Department of Healih and Human Services, NiH Publication No. 91-3242) and
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DNA fragments encompassing these regions can be oblained by standard PCR
amplification. The light chain constant region can be a kappa or lambda constant region.
The kappa consiant region may be any of the various alleles known 1o ooccur among
different individuals, such as Inv(1}, Inv(2), and Inv(3). The lambda constant region may
be derived from any of the three lambda genes.

To creaie a sckv geng, the VH- and Vi-encoding DNA fragmenis are operatively
linked to another fragment encoding a flexible linker such that the VH and VL sequences
can be expressed as a contiguous single-chain protein, with the V0L and VH regions
joined by the flaxible linker (See e.qg., Bird el al., 1988, Science 242:423-426; Huston et
al,, 1888, Proc. Natl. Acad. Sci. USA 85:5879-5883; McCafferty et al,, 1880, Nature
348:852-554. An example of a linking peptide is (BGGGES); (SEQ 1D NO: 383), which
bridges approximately 3.5 nm between the carboxy terminus of one variable region and
the amino terminus of the other variable region. Linkers of other segquences have been
designed and used (Bird et al, 1888, supra). Linkers can in turmnm be modified for
additional functions, such as altachment of drugs or altachment o solid supporis. The
single ¢hain antibody may be monovalent, if only a single VH and VL are used, bivalent,
if two VH and VL are used, or polyvalent, if more than two VH and VL are used.
Bispecific or polyvalent antibodies may be gensrated that bind specifically to TL1A and
to ancther molecule. The single chain variants can be produced either recombinantly or
synthetically. For synthetic production of scFv, an automated synthesizer can be used.
For recombinant production of scFv, a suitable plasmid containing polynuclentide that
encodes the scky can be introduced into a suitable host cell, either sukaryotic, such as
veast, plant, insect or mammalian cells, or prokaryotic, such as E. coll. Polynuclectides
encoding the sckv of interest can be made by routing manipulations such as ligation of
polynuciectides. The resuliant scFv can be isolated using standard protein purification
technigues known in the art.

Other forms of single chain antibodies, such as diabodies, are also
encompassed. Diabodies are bivalent, bispecific antibodies in which VH and VL are
expressed on a single polypeptide chain, but using a linker that is too short 10 aliow for
pairing between the two domains on the same chain, thereby forcing the domains to pair
with complementary domains of another chain and creating two antigen binding sites
{see e.g., Haolliger, P., et al, 1893, Proc. Natl. Acad Sl USA 80:6444-6448; Poliak, R
J., etal, 1994, Structure 2:1121-1123).

Heteroconjugate antibodies, comprising two covalently joined antibodies, are also
within the scope of the invention. Such antibodies have been used o targst immune
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system cells 1o unwanted cells {(U.5. Falent No. 4,676,880), and for treatment of HIV
infection (PCT Publication Nos. WO 91/00380 and WO 02/200373; EP 03089).
Heteroconjugate antibodies may be made using any convenient cross-linking methods.
Suitable cross-linking agents and techniques are well known in the art, and are
described in U.S. Patent No. 4,676,980,

Chimeric or hybrid antibodies also may be prepared in vitro using known methods
of synthetic protein chemistry, including those involving cross-linking agents. For
example, immuncioxing may be constructed using a disuliide exchange reaction or by
forming a thioether bond. Examples of suilable reagents for this purpose include
iminothiolate and methyl-4d-mercaptobutyrimidate.

The invention alsc encompasses fusion profeins comprising one or more
fragments or regions from the antibodies disclosed herein. In some embodiments, a
fusion antibody may be made that comprises all or a portion of a TL1A antibody or
antigen-binding fragment thereof of the invention linked to another polypeptide. In
another embodiment, only the variable domains of the TL1A antibody are linked o the
polypeptide. In another embodiment, the VH domain of a TL1A antibody is linked o a
first polypeptide, while the VL domain of a TL1A antibody is linked o a second
polypeptide that associates with the first polvpeptide in a manner such that the VH and
VL0 domains can interact with one ancther to form an antigen binding site. In another
preferred embodiment, the VH domain is separated from the VL domain by a linker such
that the VH and VL domains can interact with one ancther. The VH- linker- VL antibody
is then linked {0 the polypeptide of interest. In addition, fusion antibodies can be created
in which two (or more) single~-chain antibodies are linked {o one another. This is useful if
one wants (o create a divalent or polyvalent antibody on a single polypeptide chain, orif
one wantis {o create a bispecific antibody.

In some embodiments, a fusion polypeptide is provided that comprises at least 10
contiguous amino acids of the variable light chain region shown in SEQ ID NOs: 1, 22,
36, 50, 64, 88, or 102 and/or at least 10 amino acids of the variable heavy chain region
shown in SEQ 1D NOs:3, 5, 24, 38, 52, 65, 88, 67, 188, 205, 212, 219, 228, £33, 240,0r
247. In other embodiments, a fusion polypeptide is provided that comprises at least
about 10, at least about 15, at least about 20, at least about 25, or at lgast about 30
configuous aminoc acids of the variable light chain region andior at least about 10, at
least about 15, at least about 20, al least about 25, or at least about 30 contigucus
amino acids of the variable heavy chain region. In another embodiment, the fusion
polvpeptide comprises ong or more COR(s). In still other embodiments, the fusion
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polypeptide comprises VH CBR3 and/or VL CDR3. For purposes of this invention, a
fusion prolein contains one or more antibodies and ancther amine acid sequence o
which it is not attached in the native molecule, for example, a heterclogous sequence or
a homologous sequence from ancther region. Exemplary heterclogous sequences
inciude, but are not limited to a "ag” such as a FLAG tag or a 6His tag (S8EQ 1D NO:
3823. Tags are well known in the art

A fusion polypeptide can be created by methods known in the ari, for exampls,
synthetically or recombinantly. Typically, the fusion proteins of this invention are made
by preparing an expressing a polynucleotide encoding them using recombinant methods
describad herein, although they may also be prepared by other means known in the art,
inciuding, for example, chemical synthesis.

in other embodiments, other modified antibodies may be prepared using nucleic
acid molecules encoding a TL1A antibody. For inslance, “Kappa bodies” (Il et al., 1897,
Protein Eng. 10:848-57), “Minibodies” (Martin etal, 1884, EMBO J. 13:5303-8),
"Diabodies” (Holliger et al., supra), or “danusing” {Traunecker st al, 1881, EMBGC Jd.
10:3655-3659 and Traunecker etal, 1892, Int. J. Cancer (Suppl.} 7:51-52) may be
prepared using standard molecular biological techniques following the teachings of the
spacification.

For example, bispecific antibodies, monocional antibodiss that have binding
specificities Tor at least two different antigens, can be prepared using the antibodies
disclosed herein. Methods for making bispecific antibodies are known in the art (ses,
e.g.., Suresh et al,, 1986, Methods in Enzymology 121:210). For example, bispecific
antibodies or antigen-binding fragments can be produced by fusion of hybridomas or
linking of Fab' fragmenis. See, e.g., Songsivilai & Lachmann, 1880, Clin. Exp. Immunol.
79:315-321, Kostelny et al, 1882, J. Immunol. 148:1547-15863. Traditionally, the
recombinant production of bispecific antibodies was based on the coexpression of two
immunoglobulin heavy chain-light chain pairs, with the two heavy chains having different
specificities (Millstsin and Cuelie, 1883, Nature 305, 537-538). In addition, bispecific
antibodies may be formed as “diabodies” or “Janusing.” In some embodiments, the
bispacific antibody binds o two different epitopes of TLTAL In some embodiments, the
modified antibodies described above are prepared using one or more of the variable
domains or COR regions from a TL1A antibody provided herein.

According 1o ong approach o making bispecific antibodies, antibody variable
domains with the desired binding specificiiies {antibody-antigen combining sites) are
fused to immunoglobulin constant region sequences. The fusion preferably is with an
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immunoglobulin heavy chain constant region, comprising at least part of the hinge, CHZ
and CH3 regions. Ht is preferred to have the first heavy chain constant region (CH1),
containing the site necessary for light chain binding, present in at least one of the
fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate expression vectors, and are
cotransfected into a suitable host organism. This provides for great flexibility in adjusting
the mutual proportions of the three polypeptide fragments in embodiments when
ugnegual ratios of the three polypeplide chaing used in the construction provide the
oplimum vields. It is, however, possible o insert the coding sequences for two or all
three polypeptide chains in one expression vector when the expression of at least two
polypeptide chains in equal ratics resulls in high vields or when the ratics are of no
particular significance.

in one approach, the bispecific antibodiss are composed of a hybrid
immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
immunoglobulin heavy chain-light chain pair {providing a second binding specificity) in
the other arm. This asymmetric structure, with an immunoglobulin light chain in only one
half of the bispecific molecule, facilitates the separation of the desired bispecific
compound from unwanted immunoglobulin chain combinations. This approach is
described in PCT Publication No. WO 94/04680.

This invention also provides compositions comprising antibodies conjugated (for
example, linked) {o an agent that facilitale coupling to 3 solid support {such as biotin or
avidin}. For simplicity, reference will be made generally to aniibodies with the
understanding that these methods apply t© any of the TL1A binding and/or antagonist
embodiments described herein. Conjugation generally refers 1o linking these
componenis as described herein. The linking (which is generally fixing these
components in proximate association al least for adminisiration) can be achieved in any
number of ways. For example, a direct reaction between an agent and an antibody is
possible when each possesses a substituent capable of reacting with the other. For
example, a nucleophilic group, such as an amino or sulfhydryl group, on one may be
capable of reacling with a carbonyl-containing group, such as an anhydride or an acid
halide, or with an alkyi group coniaining a good leaving group {e.g., a halide) on the
other.

The antibodies can be bound o many different carriers. Carrlers ¢an be aclive
and/or inert. Examples of well-known carriers include polypropyiene, polysiyreneg,
polyethylene, dextran, nylon, amylases, glass, natural and modified cellulosss,
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polvacrylamides, agaroses and magnelile. The nalure of the carrier can be either
soluble or insoluble Tor purposes of the invention. Those skilled in the art will know of
other suitable carriers for binding antibodies, or will be able to ascertain such, using
routing experimentation.

An antibody or polypeptide of this invention may be linked to a labeling agent
such as a fluorescent molecule, a radicactive molecule or any others labels known in
the arl. Labels are known in the art which generally provide (either directly or indirectly)
a signal.

As described in greater detall in Example 1, this application discloses multiple
TL1A antibodies that may be characterized as belonging to one of three different
epitope “bing.” That Is, aniibodies which are grouped together in ong epitope bin
compete with each other for binding to TL1A. More specifically, antibody 1D1, ils affinity
optimized variants, and antibodies 15A8 and 15C11, each compete for binding 1o TL1A
and thus are grouped together inlfo a first epilope bin. Antibodies 7D4 and 22F9 also
compete with each other for binding fo TL1A, but bind o 2 different epitope than the
other antibodies disclosed herein, and hence are grouped in a sscond epiiope bin.
Antibodies 26B11 and 8B3 compete with each other for binding to TL1A, bui also bind {o
a different epitope than the other antibodies disclosed herein and therefore, they are
grouped into a third epitope bin. Detalls of the antibodies within each epiiops bin are
provided bslow.

The aming acid sequences of the light chain variable domain (VL) heavy chain
variable domains (VH), full length light chain (LC), and full length heavy chain (HC) of
the TL1A antibodies disclosed herein are summarized in Table 2 by sequence
identification number. The nudlsic acid sequences encoding the VILVH, LG, and HC of
these antibodies are summarized in Table 3 by sequence identification number. These
seguences designated by the sequence identification numbers provided in Tables 2 and

3 arg set Torth in the Sequence Listing Table (Table 40).
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Table 2 Amine Acid Sequence SEQ 1D NOs of TL1A Antibodies

Region

Antibody | VL VH LG HC

1011102 104 106 108

1.27 1102 198 108 200

1.28 § 102 208 106 207

1.28 1 102 212 108 214

1.30 § 102 219 108 221

1.31 1102 228 108 228

1.32 1 102 233 1086 235

133§ 102 240 108 242

1.34 1 102 247 108 248
1548 | 22 24 26 28
15C11 | 38 38 40 42
704 1 88 890 92 04
22F% { 50 52 54 56
26811 164 BBor88 or 70 | 72 74

SB3 1 Jord 7 Gorti
Table 3. Nudlsic Acid Sequence SEQ 1D NOs of TL1A Antibodiss
Nucleic Acid SEQ ID NOs.

Antibody | VL VH LC HC
101 | 103 1058 107 108
1.27 |1 103 198 107 201
1.28 | 103 208 107 208
1.29 | 103 213 107 215
1.30 | 103 220 107 222
1.31 1 103 227 107 229
1.32 | 103 234 107 238
1.33 | 103 241 107 243
1.34 | 103 248 107 250

1849 | 23 25 27 29
18011 | 37 39 41 43
704 1 88 91 93 895
22F8 | 51 53 55 57
286811 |65 7 orBQor71 173 75
983 | 2 40r8 8 10 or 12

5  Table 3A. Alignment of COR-H1 Sequences

SEGID DESCRIPTION Epitope i 2 3 4 5 & 7 & Qi 10

NO: Bin
16 { 9B3 CDR-VH1 116G | F T F S N oY A L H
19 | 9B3 CDR-VH2 1i1G¢ |F T F S S F A | M IH
78 | 26B11 CDR-VHI 116 | F T F S N oY A L H
82 { 26811 COR-VHZ 114G | F T F S 5 F A M IH
85 | 26B11 CDR-VH-MDX 116G | F T F 5 N Y A | H
33 | 15A8 CDR 2BIG Y p F T N oY G |1 S
47 { 15C11 CDR 2BiG Y S F T 4T Y G it S
61 | 22FG (DR 268G (Y T F T S Y A M I H
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99 | 7D4 CDR 281G Y T F T 1S ¥ G |1 N
113 ] IDICDR BIG LY |5 F T Y 1Y G | 5
263 1 101 D5 VH BiG Y S F T Y iY CH 5
266§ 1IDLDISVH 2BiIG Y |5 F T 1Y iY G | S
269 | 1DL D21 VH 2BiG Y |S& F T 1Y Y G |1 5
272 1 1DL D24 VH 2BIG (Y S F T Y Y G |t 5
275 1 IDL D25 VH 2BIG Y |5 F T iY 4y G | S
278 iDL D28 VH 2BiG Y S F T (Y iY G |1 5
281 1DL D29 VH 2BiG Y 5 F T 1Y iY G | S
284 1 IDL D31 VH 2BiG Y |5 F T 1Y {Y G | 5
287 1 1DL D37 VH 2BIG (Y S F T Y Y G |t 5
290 { ID1 D38 VH 2BIG Y |5 F T iY 4y G | S
283§ 1DL D3CVH 2BiG Y S F T (Y iY G |1 5
296 § 1D1 DH3 VH 2BiG Y IS F T 1Y ¥ G |1 N
299 | 1D1 DHBVH BIG LY |5 F T Y 1Y G | 5
302 ¢+ 1DL DHY VH BiG Y S F T Y iY CH 5
305§ iDI DHIOVH 2BiG Y 5 F T 1Y iY G | S
308 1 iDL 1.1 2BiG Y DiF T 1Y Y G |1 5
3L ADL L3 2BIG Y Q iF T Y Y G |t 5
314 1 1D1 1.4 2BIG Y |5 F T H Y G | S
317 1 iDL 15 2BiG | Y N | F R 1Y Y G |1 5
320 1 101 1.7 2BiG Y IS F T 1Y G |1 N
3231101 1.8 BIG LY |5 F R {Y Y G | 5
326+ 101 18 BiG Y S F T Y iY CH 5
328 1D1 1.10 2BiIG Y |5 F T 1Y iY G | S
332 1 iDL 111 2BiG Y S F R 1Y Y G |1 5
335 1 101 1.13 2BiG Y IS F T H Y G |1 N
336 IDL L.15 2BIG Y |5 F T iY 4y G | S
341+ 101 118 BiG Y S F T Y iY CH 5
344 ¢ 1D1 1.17 2BiIG Y |5 F T 1Y iY G | S
347 1 1DL 1.18 2BiG Y |S& F T 1Y Y G |1 5
350+ 101 118 2BIG (Y S F T Y Y G |t 5
3531 1D1 1.20 2BIG Y |5 F T iY 4y G | S
356§ 101 1.21 2BiG Y S F T (Y iY G |1 5
359 1 101 1.22 2BiG Y IS F T 1Y ¥ G |1 N
362 1 1DE 123 BIG LY |5 F T Y 1Y G | 5
365 ¢ 101 1.24 BiG Y S F T Y iY CH 5
368§ 101 1.25 2BiIG Y |5 F T 1Y iY G | S
371 1 1DL 1.26 2BiG Y |S& F T 1Y Y G |1 5
202 1 1D 1.27 COR 2BIG Y D {F T Y Y G |t 5
2080 1 IDL 128 COR BIG Y D ouF T iY 4y G | S
216§ 101 1.29CDR 2BiG | Y D iF T (Y iY G |1 5
223 1 101 1.30CDR 2BiG | Y D {F T 1Y ¥ G |1 N
2301 1DL 1.31 CDR 2BiG Y DiF T 1Y Y G |1 5
237 1 101 132 CDR BiG Y D iF T Y iY CH 5
244 1 1D1 133 CDR 2BIG Y D iF T 1Y iY G | S
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251 | 1D1 1.34 COR | 2816 |Y |D [F [T Y [Y 16 [ |S
Consensus CH1 seguence of antibodies | G F T F 5 N Y AL H

across epitope bins 1, 2A and 2B v p T 5 E G M S
{SEQID NO: 374} 5 R T ; N
D Y
Q H
N
Consensus CH1 sequence of antibodies | G Y P F T N Y A ] N
across epitope bins 2A and 28 g R T G MOH
{SEQ 1D NO: 375} T S N
D Y
Q H
N
Consensus CH1 sequence of antibodiesin | G Y P F T MY G § 5
epitope bin 2B 3 R T
{SEQ ID NO: 376) D y
Q H
N

Tabie 3B. Alignment of COR-HZ Sequences

SEQ D [Epitope|DESCRIPTION 2 3 4 6f 7181 9 10} 11112113114 15 16| 17

NO: Bin

17 1{3B3 COR-H2-VH1 L S Y D 4G S D K HY Y A DS IV K G
20 1|9B3 CDR-H2-VH2 Egb P |F DG 1S 15 IN Y 1Y ADIS IV K |G
30 126811 COR-HZ-VHT (L i S Y D IG5 D K Y Y A DS |V K |G
&3 126811 COR-H2-VH2 {L i P |F D G {S 5 N Y 1Y A DIS |V K |G
36 1126B11 CDR-H2-VH- {L F P Y 1D IG 1S [N IN Y 1Y A A S [V K |G
MDX
&2 24|22F9 CDR-H2 Wi IN JA G IN G N T O Y S IQ KR G |G
100 25/7D4 COR-HZ Wb IS 1T Y IN G N T NS 1A G ik L 1 |G
34 2B15A% CDR-H2Z Wb 1S T Y N G N T H Y A QK L Q|G
48 2B|15C11 CDR-H2 Wit IS T 1Y N iGN T {H Y 1A QK |IL Q|G
114 2B8/1D1 CDR-HZ Wi I8 T Y IN G IN IT IN Y 1A RiMIL Q|G
203 281101 1.27 COR-HZ Wb IS T Y N G N T Y A IR IMIL Q6
210 28/1D1 1.28 CDR-H2 Wit 1S T iy N G N K HH Y 1A IRIMIL Q|G
217 281101 1.29 CDR-H2Z Wil s T Y NG G T iH Y A IRIMIL Q|G
224 2B|1D1 1.30 CDR-HZ Wi S T Y N G IV T Y A IR IML G |G
231 28/1D1 131 COR-H2 Wb IS 1T Y IN G N IT HH Y 1A R IMIL Q|G
238 281101 1.32 COR-HZ Wb IS T Y N G G T Y AR IMIL QG
245 2B|1D1 1.33 CDR-H2 Wit IS T 1Y N IG IV IT H Y 1A IRIMIL Q|G
252 281101 1.34 CDR-H2 Wi IS T Y IN G K IT iH Y 1A RIMIH Q|G
114 2B|1D1 Parental VH Wi S T Y N G N T N Y A IR ML G |G
264 28/1D1 D5 VH Wb IS 1T Y IN G N IT N Y 1A R IMIL Q|G
267 281101 D18 VH Wb 1S T Y NG N T H Y A IR IMIL 1Q |G
270 2B|1D1I D21 VH Wit IS T 1Y N IG IK IT H Y 1A IRiIMIL Q|G
273 2B/AD1 D24 VH Wi IS [P lY O IN G INIT M Y 1A RIMIL Q|G
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Consensus CH2 seguence of |W K Y 5 K F Q @G
antibodies across apitope bins 24 and T NS R M L
28 P H H
{SEQ D NO: 378} 5
Consensus CH2 saguence of|W T T H Y A QK L O G
antibodies in epitope hin 2B p K N R M H
{SEQID NO: 379} S
A
Tabie 3C. Alignment of CDR-H3 Sequences
SEQUID {DESCRIPTION Epitope 2 1i12)13114/15|16} 17
NO: Bin
18{9B3 CDR-H3-VH1 1D iR Y iC T SIC IS Y IDJA|F |D I
21{3B3 CDR-H3-VH2 1D iR ¥ Y i SIF IS {F IDIAF DI
81{26B11 CDR-H3-VH1 1D iR Y T SICIS Y DA F DB
84126811 CDR-H3-VH2 1D IR Y Y IG 1S IF S IF D JAJF DI
87{26B11 CDOR-H3-VH- 1D IR Y Y iG SIF S F DA DY
MDX
35{15A%9 CDR-H3 2BiE IN G IS 5 RIG |G |M|D |V
43{15C11 CPR-H3 2BiE N Gis S R IG |G |MIDIV
63{22F9 CDR-H3 241, Y iS A F DA F D
1011704 COR-H3 2A0 L HiS S WIF DA |F DY
115{1D1 CDR-H3 2BiE N Gis S R IGI{G|MD|V
20411D1 1.27 CDR-H3 2BiE N Gis S RIG |G MDYV
2111101 1.28 COR-H3 2BIE N 315 S R GG MDDV
2181101 1.29 COR-H3 ZBIE IN S SIY IR G |M|D IV
225{1D1 130 CDR-H3 2BiE IN 5 5 Y IR G |M|D |V
232{1D1 1.21 CDR-H3 2BiE N S AlY IR G |M|D IV
2391101 1.32 COR-H3 2BIE N S ALY IR G MDA
2461101 1.33 COR-H3 2BIE N ZRICEA) ALY IR GG MDA
2531101 1.34 COR-H3 ZBIE IN GiS ALY IR IGIG MDA
2651101 D5 VH 28{E N G is AR IR (GG MID |G
268|101 D18 VH 2BiE N Gis SIY IR iGiG MID IV
271101 D21 VH 2BIE N GiS SV IR (GG MDDV
2741101 D24 VH 2BIE N G5 SIY IR GG MDDV
277{1D1 D25 VH 2BiE N Gis SIY IR GG MIDIV
280{1D1 D28 VH 2BiE N Gis S Y IR iG G MID IV
2831101 D29 VH 2BIE N Gis SIY IR GG MDYV
236|101 D31 VH ZBIE IN GiS S RIGIG |M|D IV
289{1D1 D37 VH 2BiE IN G IS 5 RIG |G |M|D |V
2821101 D38 VH 2BiE N Gis S R IG |G |MIDIV
2951101 D39 VH 2BIE N GiS A R GG MDA

]
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238101 DH3 VH 2BIE INY Y IGISIGIS Y IR GG |MID IV
301101 DH8 VH 2BE NIV Y GISIGIS YR GG |MID W
304101 DHY VH ZBIE INY Y IGISIGIS Y IR IGIG |M|D IV
207101 DHIO VH 2BIE INY Y IGISIGIAY IR GG |M|D |V
3101101 1.1 ZBIE INJY Y IGIS IGIS Y IR GG MDDV
313]1D1 1.3 ZBIE INIY (Y I GISIGIS Y IR GG |MD WV
316/101 1.4 2BE NI Y IGISIGIS Y IR IGIG MDY
318{1D1 1.5 ZBIE INJY Y IGISIGIS Y IR GG |M|D |V
3221101 1.7 2BIE INY Y IGISIGIS Y IR GG |M|D |V
3725{101 1.8 2BE NIV Y GISIGIS YR GG |MID W
328(1D1 1.9 ZBIE INY (Y I GISIGIAY IR GG |M|D IV
3311101 110 2BIE N Y IG5 |GIALY IR IGIG MDY
334{1D1 31.11 ZBIE INJY Y IGISIGIAY IR GG |M|D |V
337/1D1 113 2BIE INY Y IGISIGIAY IR GG |MID IV
3401101 115 2BE NIV Y GISIGIAY IR GG MDA
3431101 1.16 ZBIE INY Y IGISIGIAY IR GG MDA
246101 117 2BIE INY Y IGISIGIAY IR GG |M|D |A
3431101 1.18 ZBIE INJY Y IGISIGIAY IR IG1G |MID A
352{1D1 1.18 ZBIE INY (Y I GISIGIAIY IR GG MDA
3551101 1.20 2BE NI Y IGISIGIAY IR IGIG MDA
358{1D1 1.21 ZBIE INJY Y IGISIGIAY IR GG MDA
36111D1 .22 2BIE INY Y IGISIGIAY IR GG MDA
364101 1.23 2BE NIV Y GISIGIAY IR GG MDA
3671101 1.24 ZBIE INY Y IGISIGIAY IR GG MDA
370{1D1 1.25 2BIE INY Y IGISIGIAY IR GG |M|D |A
373{1D1 1.26 ZBIE INJY Y IGISIGIAY IR GG MDA
20411D1 1.27 2BIE INY Y IGISIGIS Y IR GG |MID IV
2111101 1.28 2BIE N Y IG5 |GIS Y IR IGIG MDY
21811D1 1.29 ZBIE INY Y IGISIGIS Y IR IGIG |M|D IV
225{1D1 1.30 2BIE INY Y IGISIGIS Y IR GG |M|D |V
2321101 1.31 ZBIE INJY Y IGIS IGIAY IR GG MDDV
239101 1.32 ZBIE INY (Y I GISIGIAIY IR GG MDA
2461101 1.33 2BE NI Y IGISIGIAY IR IGIG MDA
253{1D1 1.24 ZBIE INJY Y IGISIGIAY IR IG G MDA |
Consensus CH3 sequence of antibodies . . . Y O T Y 8§ S C S Y D AF |
across epitope hins 1, 24 and 28 DR E Y 35S GYEFE GF MDV DI
(SEQID NO: 330) ENNAGS GAWRDGEF |
¥ H F A A
G
Consensus CH3 seguence of antibodies |, . . Y G5 G S YR G G MD V
across epitope hins 24 and 2B ENY G Y S A WE D A F i
{SEQ D NO: 381) A H £ A
G
Consensus CH3 sequence ofantibodies (E N Y ¥ G S G S YR GG MD V
in epitope hin 2B A F A
{SEQ ID NO: 382) G
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Antibody 181 and Variants Thereof
in one embodiment, the antibody or anligen-binding fragment thereof comprises

comprises a VH comprising: i) a CDR-H1 comprising the aminc acid sequence of SEQ
1D NO: 374; i) a COR-H2 comprising the amino acid sequence of SEQ 1D NO: 377; and
it} a COR-H3 comprising the amine acid sequence of SEQ D NO: 380. The antibody or
antigen-binding fragment thereof according o this embodiment can also comprise a VL
comprising an amino acid sequence at least 80%, 91%, 92%, 93%, 94%, 85%, 96%,
7%, 98%, 98%, or 100% identical to the VL sequence comprising the amino acid
sequence selecled from the group consisting of SEQ 1D NOs:1, 22, 38, 50, 64, 88 and
102.

in one embodiment, the antibody or antigen-binding fragment thereof comprises
comprises a VH comprising: i) a CDR-H1 comprising the aming acid sequence of SEQ
D NQ: 375; §i) a CDR-H2Z comprising the amino acid sequence of SEQ 1D NQO: 378; and
iy a CDR-H3 comprising the amino acid sequence of SEQ D NO: 381. The antibody or
antigen-binding fragment thereof according o this embodiment can also comprise a VL
comprising an amino acid sequence at least 90%, 91%, 92%, 93%, 84%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the VL seguence comprising the amino acid
sequence selected from the group consisting of SEQ 1D NOs: 50, 84, and 102.

in one embodiment, the antibody or antigen-binding fragment thereof comprises
comprises a VH comprising: 1) a COR-H1 comprising the amino acid sequence of SEG
(D NQ: 376; i) a CDR-H2 comprising the amino acid sequence of SEQ 1D NO: 379; and
iii}) a CDR-H3 comprising the amino acid sequence of SEQ D NO: 382. The antibody or
antigen-binding fragment thereof according {o this embodiment can also comprise a VL
comprising an amino acid sequence at least 90%, 91%, 92%, 93%, 894%, 95%, 86%,
97%, 88%, 98%, or 100% identical to the VL sequence of SEQ 1D NO: 102.

in one embodiment, the antibody or antigen-binding fragment thereof of the
invention comprises a VH comprising: i} a COR-H1 comprising the amino acid sequence
GYXFXQGYGIS, wherain X, i85, D, G N or B X is Tor Ry and Xz is Y or H (BEQ 1D
NO:  384) i) a CDR-HZ comprising the amino acid seguence
WISX Y NGKe Ko7 YAX MK oQ G, wherein Xyis T, F, 3, or A s is K A, G, N, orV; Xs is
TorK, XsisNorH Xgis Ror Q and Xgis L or H (SEQ 1D NQ: 385); and i) a CDR-H3
comprising the amino acid seguence ENYYGSGXaXoRGEMDX 44, wherein Xg is S or A;
XwisYorF and Xy sV, G, or A{SEQ 1D NO: 382).
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An antibedy or antigen-binding fragment thereof of the invention may comprise a
VL comprising an amino acid seguence at least 80%, 91%, 92%, 83%, 94%, 85%, 96%,
97%, 88%, or 88% identical {0 the amino acld seguence of SEQ 1D NG:102.

In another embodiment, an antibody or antigen-binding fragment thereof of the
invention may comprise a VH comprising: a2 CDR-H1 comprising the amino acid
seguence GY X FXoXYGIS, wherein X is 3, D, Q, Nor P XoisTorR and Xais Y or H
(SEQ D NO: 384) i) a CDR-HZ comprising the amino acid sequence
WISXAY NG KX Y AXMKQE, wherein X4is T, P, S, or A XK is KA, G N, or V) X s
TorK; X;isNorH Xgis RorQ; and X is L or H (SEQ 1D NO: 385); iy a CDR-H3
comprising the amino acid seguence ENYYGSGXaXoRGEMDX 44, wherein Xq is S or A;
XwisYorFrand Xppis V, G, or A (SEQ 1D NO: 382) vy a T or R at position H76, as
determined by Kabat numbering of the VH; v) a D or E al position H81, as determined
by Kabat numbering of the VH; and a VL comprising a CDR-L1 having the aminc acid
sequence of SEQ ID NO:110, a CDR-L2 having the amine adid seguence of SEQ D
NO:111, and a CDR-L3 having the amino acid sequence of SEQ 1D NO:112.

in a further embodiment, an antibody or antigen-binding fragment thereof of the
invention may comprise a VH comprising: i} a CDR-H1 comprising the amino acid
sequence of SEQ 1D NO:202; iy a CDR-H2 comprising the acid ssguence selected from
SEQ D NQ: 203, 210, 217, 224, 231, 238, 245, or 252; i) a CDR-H2 comprising the
amino acid sequence selected from SEQ ID NO:204, 211, 218, 225, 232, 230, 248, or
253; and a VL comprising a CDR-L1 having the amino acdid seguence of SEQ D
NO:110, a CDR-LZ having the amino adid sequence of SEQ 1D NO111, and a COR-L3
having the amino acid sequence of SEQ D NO:112.

An antibody or antigen-binding fragment thereof of the invention may comprise
both:

a) a VH comprising the amino acdid sequence of SEQ 1D NO:104 and a VL comprising
the amino acid sequence of SEQ D NO:102; or
by a VH comprising the amine acid sequence of SEQ 1D NGC:188 and a VL comprising
the amino acld sequence of SEQ 1D NO102; or
o} a VH comprising the amino acid sequence of SEGQ 1D NO:205 and a VL comprising
the amino acid sequence of SEQ 1D NO:102; or
d) a VH comprising the amino acid sequence of SEQ 1D NO:212 and a VL comprising
the amino acid sequence of SEQ D NO:102Z; or
e} a VH comprising the amino acid sequence of SEQ 1D NC:219 and a VL comprising
the amino acid sequence of SEQ ID NO:102; or
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f) a VH comprising the amino acid sequence of SEQ 1D NO:226 and a VL comprising
the amino acid sequence of SEQ 1D NO:102; or

g} a VH comprising the amino acid seguence of SEQ 1D NO:233 and a VL comprising
the amino acid sequence of SEQ 1D NO102; or

h) a VH comprising the amino acid sequence of SEQ 1D NG:240 and a VL comprising
the amino acid sequence of SEQ D NO:102; or

i} a VH comprising the amino acid sequence of SEQ 1D NO:247 and a VL comprising
the amino acld sequence of SEQ 1D NO102; or

i) a VH comprising the amino acid sequence of SEQ 1D NQO:24 and a VL comprising the
amino acid sequence of SEQ 1D NO:22; or

k} a VH comprising the amino acid sequence of SEQ 1D NO:38 and a VL comprising the
arnino acid sequence of SEQ 1D NO:36.

In one aspedt, the antibody comprises a V9L comprising the sequence of SEQ D
NG:102, SEQ ID NO:22, or SEQ 1D NC:36. In ancther aspedt, the antibody comprises a
VH comprising the amino acid sequence of SEQ 1D NO:106, SEQ 1D NO:198, SEQ D
NQO:205, SEQ 1D NO:205, SEQ 1D NO:212, SEQ D NO:219, SEQ 1D NO:22¢, SEQ ID
NQ:233, SEQ 1D NG:240, SEQ D NO:247, SEQ 1D NO: 24, or SEQ 1D NO:38. in
ancther aspect, the aniibody comprises a variant of these sequences, wherein such
varianis can include both conservalive and non-conservative substitulions, deletions,
and/or additions, and typically include peptides that share at ieast 80%, al least 65%, at
least 70%, atl least V5%, at least 80%, at least 85%, at least 87%, at least 88%, at least
90%, at least 1%, at least 82%, al least 83%, atl least 84%, at least 85%, at least 86%,
al least 97%, at least 98%, or atl least 98% ssguence identity (0 any of the specific
sequences disciosaed herein.

For example, in one aspect, the disclosure provides an isolated antibody or
antigen-binding portion thereof that comprises a V4 chain amino acid sequence as sel
forth in SEQ 1D NO:106, SEQ 1D NO:198, SEQ 1D NO:205, SEQ 1D NO:205, SEQ 1D
NO:212, SEQ 1D NO:218, SEQ 1D NO226, SEQ ID NO:233, SEQ 1D NO:240, SEQ 1D
NGC:247, SEQ ID NO: 24, or SEQ 1D NO:38, or a variant thereol. In ong aspech, sald
antibody variant comprises 1, 2, 3,4, 5,6, 7, 8, €, 10, 11, 12, 13, 14, or 15 conservaiive
or non-conservative substitutions, andfor 1,2, 3, 4,5, 6,7, 8, 9, 10, 11, 12, 13, 14, or 15
additions and/or deletions to 3EQ 1D NO:106, SEQ 1D NO:1988, SEQ 1D NG:205, SEQ
D NQ:205, SEQ 1D NO:212, SEQ D NO:215, SEQ 1D NO:226, SEQ 1D NO:233, SEQ
10 NO240, SEQ 1D NOG:247, SEQ 1D NO: 24, or SEQ 1D NO:38. In a further aspect, said

variant shares at least 65%, at least 75%, at least 85%, at least 80%, at least 85%, at
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least 96%, at least B7%, at least 98%, or at least 99% sequence identity with SEQ 1D
NO:106, SEQ 1D NO:188, SEQ 1D NOG:205, SEQ 1D NO:205, SEQ 1D NC:212, SEQ ID
NQ:215, SEQ 1D NO:226, SEQ 1D NO233, SEQ 1D NO:240, SEQ 1D NG:247, SEQ 1D
NO: 24, or SEQ 1D NO:38, and wherein said antibody or antigen-binding portion
specifically binds TL1TA.

in a further aspect, the disclosurg provides an isolated antibody or antigen-
binding portion thereof that comprises a V. chain amino acid sequence as sel forth in
SEQ 1D NO:102, SEQ ID NG:22, or SEQ ID NO:38 or g variant thereofl. In one aspect,
said antibody variant comprises 1, 2, 3, 4, 5, 6, 7, 8, 8, 10, 11, 12, 13, 14, or 15
conservative or non-conservative substitutions, andfor 1, 2, 3, 4, 5, 6,7, 8, 8, 10, 11, 12,
13, 14, or 15 additions and/or deletions {o SEQ 1D NO:102, SEQ 1D NO:22, or SEQ D
NO:36. In a further aspect, said variant shares al ieast 65%, at least 75%, atl least 85%,
at least 80%, at least 95%, at ieast 96%, at least 97%, at least 98%, or at least 99%
sequence identity with SEQ 1D NO:102Z, SEQ 1D NO:22, or SEQ 1D NO:36, and wherein
said antibody or antigen-binding portion specifically binds TL1A.

An antibody or antigen-binding fragment thereof of the invention may comprise a
heavy chain comprising a VH comprising the amino acid sequence of SEQ 1D NO:106,
SEQ 1D NO:188, SEQ 1D NC:205, SEQ 1D NO205, SEQ ID NO:212, SEQ 1D NO:218,
SEQ ID NOG:226, SEQ ID NO:233, SEQID NO:240, SEQ ID NG:247, SEQID NO: 24, or
SEQ 1D NO:38, wherein the antibody further comprises a heavy chain constant domain.
As more fully set forth elsewhere herein, the antibody heavy chain constant domain can
be selected from an 1gGy, igGo, 19Gs, 1gGa, igA, gk, igM or IgD constant region, but
most preferably is an 1gGy or IgGsy constant region. The IgG constant region sequence
can be any of the varicus alleles or allotypes known to ococur among different
individuals, such as Gm{1), Gm(2), Gm{(3), and Gm{17). For a Fab fragment heavy
chain gene, the VH-encoding DNA can be operatively linked to another DNA molecule
encoding only the heavy chain CH1 constant region. The CH1 heavy chain constant

region may be derived from any of the heavy c¢hailn genes.

in one aspect, the antibody may comprise a heavy chain comprising a VH
selected from a VH comprising the amino acid sequence of SEQ 1D NC:106, SEQ D
NO:198, SEQ 1D NO:Z05, SEQ 1D NO:Z08, SEQ 1D NC:212, SEQ 1D NG:219, SEQ ID
NQO:226, SEQ D NO:Z33, SEQ 1D NO:240, SEQ 1D NO:247, SEG 1D NO: 24, or SEQ D
NQ:38 and further comprising a human wild type igG1 constant domain comprising the

amino acid sequence of SEQ 1D NO:256. In another aspect, the igG1 constant domain
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comprises a triple mutation decreasing or abolishing Fe effector function (higG1-3my
SEQ D NO:257). in one aspect, the antibody or antigen-binding fragment thereof of the
invention may comprise a heavy chain comprising a VH comprising the seguence of
SEQ 1D NO10g, SEQ D NC:198, SEQ 1D NO:205, SEQ ID NO:205, 3EQ D NO:212,
SEQ ID NO:219, SEQ 1D NC:226, SEGQ 1D NO:233, SEQ 1D NO:240, SEG 1D NO:247,
SEQ D NO: 24, or SEQ 1D NO:38 and further comprising a human lgG1-3m constant
domain such that the fuli-ength heavy chain amino acid seguence comprises SEQ D
NO. 108, SEQ 1D NO:200, SEQ 1D NO:207, SEQ 1D NO:214, SEQ 1D NO:221, SEQ 1D
NQO:228, SEG 1D NO:235, SEG 1D NO: 242, SEQ 1D NO:248, SEGQ 1D NO:28, or SEQ D
NO:42.

in a further aspedt, the disclosure provides an isolated antibody or antigen-
binding portion thereof that comprises a full-length heavy chain comprising the aminge
acid ssguence as setf forth in SEQ 1D NO. 108, SEQ 1D NO:200, SEQ D NO:207, SEQ
1D NO:214, SEQ 1D NO:221, SEQ D NO:228, SEQ 1D NO:Z35, SEQ 1D NO: 242, 5EQ
D NO:Z248, SEQ 1D NO:28, or SEQ 1D NO:42, or a variant thereof. In one aspect, said
antibody variant comprises 1, 2, 3,4, 5,6, 7, 8, €, 10, 11, 12, 13, 14, or 15 conservative
or non-conservative substifutions, andior 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15
additions and/or deletions to SEQ 1D NO. 108, SEQ ID NO:2Z00, SEQ 1D NO:207, SEQ
D NO:214, SEQ ID NO:221, SEQ ID NO:228, SEQ 1D NO:235, SEQ 1D NO: 242, SEQ
10 NO:249, SEQ 1D NG:28, or SEQ 1D NG:42. In a further aspedt, said variant sharss at
least 65%, at least 75%, at least 85%, at least 80%, at least 95%, at least 86%, at least
7%, at least B8%, or at least 99% sequence identily with SEQ 1D NO. 108, SEQ 1D
NG:200, SEQ 1D NG:207, SEQ 1D NO:214, SEQ ID NO:221, SEQ D NO:228, SEQ ID
NG:235, SEQ 1D NO: 242, SEQ 1D N(O:248, SEQ 1D NOE8, or SEQ ID NO42Z, and

wherein said antibody or antigen-binding portion specifically binds TL1A.

An antibody or antigen-binding fragment thereot of the invention may comprise a
light chain comprising a V0L comprising the amino acid sequence of SEQ 1D NO:102,
SEQ D NO2Z2, or SEQ 1D NO36, wherein the antibody further comprises a light chain
constant domain. As more fully set forth elsewhere herein, the antibody light chain
constant domain can be selected from a Ck or CA constant region, preferably, a Ck
constant region.

in one aspect, the antibody may comprise a light chain comprising a VL selected
from a VL comprising the amino acid sequence of SEQ 1D NO:102, SEQ ID NOG:22, or
SEQ 1B NO:36 and further comprising a human wild type CA constant domain
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comprising the amino acid sequence of SEQ 1D NO:255, such that the fuil-length light
chain amino acid sequence comprises SEQ D NO:106, SEQ D NOG26, or SEQ D
NC:40.

in a further aspecl, the disclosure provides an isolated antibody or antigen-
binding portion thereof that comprises a full-length light chain comprising the amino acid
sequence as set forth in SEQ D NO:108, SEQ 1D NQO:26, or SEQ 1D NO:40, or a variant
thereof. In one aspect, said antibody variant comprises 1, 2, 3,4, 5, 6,7, 8, 8, 10, 11,
12, 13, 14, or 15 conservative or non-conservatlive substitutions, and/or 1, 2, 3, 4, 5, 6,
7,8, 9, 10, 11, 12, 18, 14, or 15 additions and/or deletions to SEQ ID NO:108, SEQ 1D
NG:26, or 3EQ ID NO:40. In a further aspect, said variant shares at least 85%, at lsast
75%, at least 85%, at least 80%, al least 85%, atl least 86%, at least 87%, at least 88%,
or al least 99% sequence identity with SEQ 1D NQO:106, SEQ 1D NO:26, or SEQ 1D
NQ:40, and wherein said antibody or antigen-binding portion specifically binds TL1A,

The invention encompasses an antibody, or antigen-binding fragment thereof,
comprising the three CDRs of the heavy chain variable domain amino acid sequence
encoded by the polynucleotide insert of the vector deposited with the ATCC on Qclober
17. 2013, as 101 1.31 VH (ATCC Acc. No. PTA-120838). In one aspect, the antibody,
or antigen-binding fragment thereof, of the invention comprises the Vu domain amino
acid sequence encoded by the polynucleotide insert of the vector deposited with the
ATCC as 101 1.31VH (ATCC Acc. No. PTA-120638).

The invention encompasses an antibody, or antigen-binding fragment thereof,
comprising the three CDRs of the light chain variable domain amino acid seguence
encoded by the polynucleciide insert of the vector deposited with the ATCC on Cctober
17, 2013, as 101 1.31 VL {ATCC Acc. No. PTA-120640). In one aspect, the antibody, or
antigen-binding fragment thereof, of the inveniion comprises the VL domain amino acid
sequence encoded by the polynuciectide insert of the vector deposited with the ATCC
as 101 1.31 VL (ATCC Acc. No, PTA-120640).

The invention encompasses an aniibody, or anligen-binding fragment thereof,
comprising the three CDRs of the light chain variable domain amino acid sequence
encoded by the polynucleotide insert of the vector deposited with the ATCC on Cclober
17, 2013, as 101 1.31 VL (ATCC Ace. No. PTA-120640), and the three CDORs of the
heavy chain variable domain amino acid seguence encoded by the polynucieotide insert
of the vector deposited with the ATCC as 181 1.31 VH (ATCC Acc. No. PTA-120638).
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The invention encompasses an antibody, or anligen-binding fragment thereof,
comprising the light chain variable domain aminc acid sequence encoded by the
polynucleotide insert of the vector deposited with the ATCC on Oclober 17, 2013, as
101 1.31 VL (ATCC Acc. No. PTA-120840}, and the heavy chain variable domain amino
acid sequence encoded by the polynucleotide insert of the vector deposifed with the
ATCC as 1D11.31 VH (ATCC Acc. No. PTA-120839).

The isclated DNA encoding the VL region can be converted to a full-length light
chain gene (as well as a Fab light chain gene) by operatively linking the Vi-encoding
DNA to ancther DNA molecule encoding the light chain constant region, CL. The
seguences of human light chain constant region genes are known in the art (see e.g.,
Kabat, E. A, et al., 1891, Sequences of Proteins of Immunological Interest, Fifth Edition,
U.S. Department of Health and Human Services, NiH Publication No. 81-3242) and
DNA fragments encompassing these regions can be obtained by standard PCR
amplification. The light chain constant region can be a kappa or lambda constant region.
The kappa constant region may be any of the various alleles known 1o ocour among
different individuals, such as Inv(1), Inv(2), and Inv(3). The lambda consiant region may
be derived from any of the thres lambda genes.

An antibedy or antigen-binding fragment thereof of the invention may comprise a
fragment of one of the VL or VH amino acid sequences shown in Figure 1. For example,
an antibody or antigen-binding fragment thereof of the invention may comprise a
fragment of at least 7, at least 8, at least 9, at least 10, at least 12, at least 15, at least
18, at ieast 20 or at least 25 consecutive amingo acids from a VH comprising SEQ 1D
NO:106, SEQ 1D NO:108, SEQ 1D NO:205, SEQ 1D NO:205, SEQ 1D NO:212, SEQ ID
NO:219, SEQ 1D NO:226, SEQ 1D NO:233, SEQ 1D NO240, SEQ 1D NO247, SEQ D
NO: 24, or SEQ 1D NO:38, or from a VL comprising SEQ D NO:102, SEQ D NO:Z2, or
SEQ D NO:36. Such a fragment will preferably retain one or more of the functions
discussed above, such as the ability to bind 1o TL1A.

A suitable fragment or variant of any of these VH or VL sequences will retain the
ability to bind to TLTA. it will preferably relain the ability {o specifically bind to TL1A. |t
will preferably refain the ability to specifically bind to the same or similar epitope or
region of the TL1A molecule as the antibody from which it is derived. It will preferably
refain one or more additional funclions of the antibody from which it is derived, such as
the ability to inhibit TL1A binding o its receptor, among others.

A suitable fragment or variant VL sequence will preferably refain the aming acids

at positions Tyr32 and Trp84 based on Kabat numbering with respedt o the seguence
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of SEQ 1D NCH102, A suiiable fragment or variant VH sequence will preferably retain the
amino acids at positions Gly2s, Tyr27, Ser28, Thr30, Tvrd1, Trpdl, Tyrb3, Asnb4,
Asnb8, Asnb8, Thr73, Arg?8, Tyr97, GBS, Seri(0, Gly100A, Sert(0B, Arg100D,
based on Kabat numbering with respedt 1o the sequence of SEQ 1D NO:104, or those at
posifions Giv26, Asp28, Thr3d, Tyr31, Trpb0, Tyrb3, Asnfd, Asnb6, Hisb8, Thri3,
Arg7e, Tyrb7, GlvoQ, Sert00, Giy100A, SeriQ0B, Arg100D, based on Kabat numbering
with respect {o the sequence of SEQ 1D NO:104. As identified in the Examples, these
are the residues in the 101 and 101 1.31 light and heavy chain variable domain
sequences that have a buried surface (BSA) of 20 A% or grealer, or are involved in
electrostatic interactions when the antibodies are bound to TL1A.

An antibody or antigen-binding fragment thereof of the invention may comprise a
CER region from the specific antibody identified herein such as a COR region from
within SEQ 1D NO:106, SEQ ID NO:198, SEQ 1D NG:205, SEQ 1D NO205, SEQ D
NO:212, SEQ 1D NO:219, SEQ 1D NO:226, SEQ 1D NO:233, SEQ 1D NO:240, SEQ ID
NO:247, SEQ 1D NO: 24, SEQ 1D NO:38, SEQ 1D NO:102, SEQ 1D NO:22Z, or SEQ D
NQO:36. Such an antibody will preferably retain the ability to bind to TL1A as described
hergin.

For examiple, the CDR seguences of the antibodies of the invention are shown in
Figure 1, Table 8, Table 11, and the Sequence Listing Table (Table 40), using both the
Kabat definition and AntibodyM definitions.

in one aspect, the disclosure provides an isolated antibody or antigen-binding

portion thereof that comprisas
ay a VH comprising: 1) a CDR-H1 comprising the amino acid seguence of SEQ 1D
NQO:202; iy a CDR-H2 comprising the acid sequence selected from SEQ 1D NO: 203,
210, 217, 224, 231, 238, 245, or 252; ity a CDR-HZ comprising the amino acdid
sequence selected from SEQ ID NO:204, 211, 218, 225, 232, 239, 246, or 253; and a
VL comprising a CDR-L1 having the amino acid sequence of SEQ 1D NO:110, & COR-
L2 having the amino acid sequence of SEQ 1D NG:111, and a COR-L3 having the amino
acid sequence of SEQ 1D NO:M12;
b} a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:113, the CDR-HZ
amino acid sequence of SEQ NO:114, the CDR-H3 amino acid sequence of SEQ D
NO:115, and a VL comprising the CDR-L1 amino acid seguence of SEQ 1D NO:11G, the
CDR-L2 amino acid sequence of SEQ D NO:1i1, and the CDR-L3 amino acid
seguence of SEQ 1D NO:112;
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¢} a VH comprising the CDR-H1 amino acld sequence of SEQ 1D NO:202, the CDR-HZ
amino acid sequence of SEQ NO:203, the CDR-H3 amino acid sequence of SEQ D
NQO:204, and a VL comprising the CDR-L1 amino acid seguence of SEQ 1D NO:110, the
CDR-L2 amino acid sequence of SEQ D NO:111, and the CDR-L3 amino acid
sequence of SEQ 1D NO: 112,

dy a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:209, the CDR-H2Z
amino acid sequence of SEQ NO:210, the CDBR-H3 amino acid seguence of SEQ D
NO:211, and a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NO:11D, the
CDOR-L2 amino acid sequence of SEQ ID NO:111, and the CDR-L3 amino acid
sequence of SEQ 1D NO:112;

e} a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:218, the CDR-H2
armino acid segquence of SEQ NO:217, the CDR-H3 amino acdid sequence of SEQ 1D
NO:218, and a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NO:110, the
CDOR-LZ aming acid sequence of SEQ 1D NO11, and the CDR-L3 aming acid
sequence of SEQ 1D NO:112;

£y a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:223, the CDR-HZ
amino acid sequence of SEQ NO:224, the CDR-H3 amino acid sequence of SEQ D
NC:225, and a VL comprising the COR-L1 amino acld sequence of SEQ 1D NO:110, the
CDOR-L2 amino acid segquence of SEQ 1D NO:111, and the CDR-L3 amino acid
seguence of SEQ 1D NO:112;

g} a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:230, the CDR-HZ
amino acid sequence of SEQ NO:1231, the CDR-H3 amino acid seguence of SEQ 1D
N(O:232, and a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NO:110, the
CDR-LZ2 amino acid seqguence of SEQ D NO:i11, and the CDR-L3 amino acid
sequence of SEQ 1D NO:112;

i a VH comprising the CDOR-H1 amino acid sequence of SEQ 1D NO:237, the CDR-H2
amino acid seguence of BEQ NO:238, the CDR-H3 amino acid seguence of SEQ D
NG:238, and a VL comprising the COR-L1 amine acid sequence of SEQ 1D NO:110, the
COR-LZ amino acld seguence of SEQ D NO!11, and the CDR-L3 amino acid
sequence of SEQ 1D NO:112;

iy a VH comprising the CDR-H1 amino acid seguence of SEQ 1D NQO:244, the CDR-HZ
amino acid sequence of SEQ NO: 245, the CDR-H3 amino acid sequence of SEQ 1D
NC:248, and a VL comprising the CDR-L1 amino acld sequence of SEQ 1D NO:11G, the
COR-LZ amino acid sequence of SEQ 1D NO11, and the CBR-L3 amino acid
sequence of SEQ 1D NO:112;
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i} a VH comprising the COR-H1 amino acid sequence of SEQ 1D NO:251, the CBR-HZ
amino acid sequence of SEQ NQO:252, the CDR-H3 amino acid sequence of SEQ D
NQO:253, and a VL comprising the CDR-L1 amino acid seguence of SEQ 1D NO:110, the
CDR-L2 amino acid sequence of SEQ D NO:111, and the CDR-L3 amino acid
sequence of SEQ 1D NO: 112,
k) a VH comprising the CDR-H1 amino acid seguence of SEQ 1D NO:33, the COR-H2
amino acid sequence of SEQ NG:34, the COR-H3 amino acid ssquence of 3EQ D
NOG:35, and a VL comprising the CDR-L1 amino acid sequence of SEQ 12 NO:30, the
CDR-L2 amino acid sequence of SEQ 1D NO:31, and the CDR-L3 amino acid sequence
of SEQ ID NOG:32; or
I} a VH comprising the CDR-H1 amino acid sequence of SEQ D NO:47, the COR-H2
armino acid sequence of SEQ NOG:48, the CDR-H3 amino acid sequence of SEQ D
NO:49, and a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NO:44, the
CDR-L2 amino acid sequence of SEQ 1D NO:45, and the COR-L3 amine acid sequance
of SEQ 1D NO46.

in one aspect, the disclosure provides an antibody variant comprising 1, 2, 3, 4,
5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 conservative or non-conservative subsiifutions,
andior 1, 2, 3,4, 5, 6,7, 8, 8, 10, 11, 12, 13, 14, or 15 additions and/or deletions o the
CDRs listed above. In a further aspect, the variant shares at least 65%, al least 75%, at
least 85%, at least 90%, at least 85%, af least 96%, al least 97%, at least 98%, or al
least 88% sequence identity with the CDR seguences listed above, and wherein the
antibody, or antigen-binding portion thereof, specifically binds TL1A,
Antibody 7D4, 22F9. and Varanis Thereof

An antibody or antigen-binding fragment thereot of the invention may comprise a

VH comprising: 1) 2 CDR-H1 comprising the amino acid sequence GYTFTSYXX2Xs,
wherein Xy is G or A; Xy istor M; and Xa is N or H (SEQ 1D NO: 386); i) a CDR-H2
comprising the amino acid sequence WK XNGNTXCX X oQRXQG, wherein X418 8
orN; XsisTord, XoisYor G XoisNor K XgisSorY,and XoisAor &, Xppisbh or F
(SEQ D NO: 387) i) a CDR-H3 comprising the amino acid sequence
XX pSSX s WFDAFD wherein Xy s Aor G Xy s Hor Y; and Xy is S or A (SEQ 1D
NO: 388}, iv) a D or an E at position H35, as determingd by Kabat numbering of the VH;
and

a VL comprising a COR-L1 having the amino acid sequence of SEQ ID NGB8, a CDR-
L2 having the amino acid sequence of SEQ 1D NO:97, and a CDR-L3 having the amino
acid sequence of SEQ D NO:G8.
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in a further embodiment, an antibody or antigen-binding fragment thereof of the
invention may comprise a VH comprising SEQ ID NO:52 or 80, and a VL comprising
SEQ D NO:BG.

An antibody or antigen-binding fragment thereof of the invention may comprise
both:

a) a VH comprising the amino acid sequence of SEQ 1D NO:80 and a VL comprising the
amino acld sequence of SEQ 1D NG:8S; or

b) a VH comprising the amino adid sequence of SEQ 1D NO:52Z and a VL comprising the
amino acid sequence of SEGQ 1D NO:50.

in one aspect, the antibody comprises a VL comprising the seguence of SEQ D
NC:88 or SEQ 1D NO:50. in ancther aspect, the antibody comprises a variant of thess
sequences, whersin such variants can include both conservative and non-conservative
substitutions, delstions, and/or additions, and typically include peplides that sharg at
least 80%, al least 65%, at least 70%, at least 75%, at least 80%, atl least 85%, at least
87%, at least 85%, at least 80%, al least 81%, atl least 2%, at least 83%, at least 84%,
atleast 95%, at least 96%, at least 87%, at least 88%, or at least 99% sequence identity
to any of the specific sequences disclosed herain.

For example, in one aspect, the disclosure provides an isolated antibody or
antigen-binding portion thersof comprising a Vi chain amino acid sequence as set forth
in SEQ 1D NG:88 or SEQ 1D NC:BQ, or a variant thereof. In one aspect, said anlibody
variant comprises 1, 2, 3, 4, 5, 8, 7, 8, 8, 10, 11, 12, 13, 14, or 15 conservalive or non-
conservative subslitutions, andfor 1, 2, 3, 4, 5§, 6, 7, 8, 8, 10, 11, 12, 13, 14, or 15
additions and/or deletions to SEQ 1D NOG:88 or SEQ ID NO:B0. In a further aspect, said
variant shares at least 65%, at least 75%, at least 85%, at least 80%, aif least 895%, at
least 96%, at least B7%, at least 98%, or at least 99% sequence identity with SEQ 1D
NO:88 or SEQ 1D NO:B0, and wherein said antibody or antigen-binding portion
specifically binds TL1A,

in a further aspedt, the disclosure provides an isolated antibody or antigen-
binding portion thereof comprising a Vi chain amino acid sequence as sel forth in SEQ
ID NO:80 or SEQ ID NO:B2, or a variant thereof. In one aspect, the antibody variant
comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 consservalive or non-
conservative substitutions, andfor 1, 2, 3, 4, 5,6, 7, 8, §, 10, 11, 12, 13, 14, or 15
additions and/or deletions to SEQ 1D NO:B0 or SEQ 1D NO:B2. In a further aspect, the
variant shares at least 65%, at least 75%, at least 85%, at least 80%, ai least 5%, at

least 96%, at least B7%, at least 98%, or at least 99% sequence identity with SEQ 1D
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NO:S0 or SEQ D NO52, and wherein the antibody or aniigen-binding portion
specifically binds TL1A.

An antibody or antigen-binding fragment thereof of the invention may comprise a
heavy chain comprising a VH comprising the amino acid sequence of SEQ 1D NO:S0 or
SEQ D NO:B2, wherein the antibody further comprises a heavy chain constant domain.
As more fully set forth elsewhere herein, the antibody heavy chain constant domain can
be selected from an 1gGy, 19G,, 1gGs, 1gGs, IgA, IgE, IgM or gD constant region, but
most preferably is an IgGy or igGs: constant region. The 1gG constant region sequence
can be any of the various alleles or allotypss known to ococur among different
individuals, such as Gm{1), Gm{2), Gm{3}, and Gm{17}. For a Fab fragment heavy
chain gene, the YH-encoding DNA can be operalively linked to another DNA molecule
encoding only the heavy chain CH1 constant region. The CH1 heavy chain constant

region may be derived from any of the heavy chain genes.

in one aspect, the antibody may comprise a heavy chain comprising a VH
selected from a VH comprising the amino acid sequence of SEQ 1D NO:90 or SEQ 1D
NQ:52 and further comprising a human wild type igG1 constant domain comprising the
amino acid sequence of SEQ 1D NO:256. In another aspect, the 1gG1 constant domain
comprises a triple mutation decreasing or abolishing Fo effector function (higG1-3m;
SEQ D NO:257). In one aspect, the antibody or antigen-binding fragment thereof of the
invention may comprise a heavy chain comprising a VH comprising the sequence of
SEQ D NG:80 or SEQ ID NG:52, and further comprising a human 1gG1-3m constant
domain such that the fulllength heavy chain amino acid sequence comprises SEQ 1D
NQO. 94 or SEQ 1D NO:5S6.

in a further aspedt, the disclosure provides an isolated antibody or antigen-
binding portion thereof comprising a full-length heavy c¢hain comprising the amino acid
sequence as set forth in SEQ 1D NG, 94 or SEQ 1D NO:5E, or a variant thereof. In one
aspect, the antibody variant comprises 1, 2, 3, 4, 5, 6,7, 8, 8, 10, 11, 12, 13, 14, or 15
conservative or non-conservative substitutions, andior 1, 2,3, 4. 5,6, 7, 8, 9, 10, 11, 12,
13, 14, or 15 additions and/or deletions {0 SEQ D NQ. 94 or SEQ 1D NO:56. In a further
aspact, the variant shares at least 65%, at least 75%, atl least 85%, at least 80%, at
least 95%, at least 6%, at least 97%, at least 8%, or at least 88% sequence identity
with SEQ 1D NO. 94 or SEQ 1D NO:58, and wherein theantibody or antigen-binding
portion specifically binds TL1A,
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An antibedy or antigen-binding fragment thereof of the invention may comprise a
fight chain comprising a VL comprising the amino acid sequence of SEQ 1D NO:88 or
SEQ D NO:B0, wherein the antibody further comprises a light chain constant domain.
As more fully sei forth elsewhere herein, the antibody light chain constant domain can

be selected from a Cx or CA constant region, preferably, a Ck constant region.

in one aspect, the antibody may comprise a light chain comprising a VL selected
from a VL comprising the amino acid sequence of 3EQ 1D NO:88 or SEQ D NG5G, and
further comprising a human wild type CA constant domain comprising the amino acid
sgguence of SEQ 1D NO:255, such that the full-length light chain amino acid sequence
comprises SEQ 1D NO:92 or SEQ 1D NO:54.

in a further aspect, the disclosure provides an isolated antibody or antigen-
binding portion thereof comprising a full-length light chain comprising the amino acid
sequence as set forth in SEQ 1D NG:82Z or SEQ 1D NG54, or a variant thereof. In one
aspeci, the antibody variant comprises 1, 2, 3, 4, 5, 86, 7, §, 8, 10, 11, 12, 13, 14, or 15
conservative or non-conservalive substitutions, andfor 1,2, 3,4, 5, 6,7, 8, 9, 10, 11, 12,
13, 14, or 15 additions and/or deletions to SEQ 1D NO:B2 or SEQ 1D NO:54. In a further
aspect, the variant shares at least 65%, at least 75%, at least 85%, at least 90%, at
least 88%, al least 96%, at least §7%, at least 88%, or at least 89% sequence identity
with SEQ 1D NO:B2 or SEQ ID NO:54, and wherein the aniibody or antigen-binding
portion specifically binds TL1A.

An antibody or antigen-binding fragment therecf of the invention may comgprise a
fragment of one of the VL or VH amino acid sequences shown in Figure 1. For example,
an antibody or antigen-binding fragment thereof of the invention may comprise a
fragment of at least 7, at least 8, al least B, atieast 10, al least 12, at least 15, at least
18, at least 20 or al least 25 consecutive amino acids from a VH comprising SEQ 1D
NO:90 or SEGQ 1D NO:B2, or from a VL comprising SEQ 1D NO:ESE, or SEQ ID NG:50.
Such a fragment will preferably retain one or more of the functions discussed above,
such as the ahility to bind to TL1A, the ability o inhibit TL1A binding to ils receptor DR3,
the ability to inhibit TL1A signaling via its receptor, among others.

A suitable fragment or variant of any of these VH or VL sequences will retain the
ability to bind to TL1A. it will preferably retain the ability to specifically bind to TL1A It
wiil preferably refain the ability to specifically bind to the same or similar epitope or
region of the TL1A molscule as the antibody from which it is derived. It will preferably

retain one or more additional funclions of the antibody from which it is derived, such as
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the ability to inhibit TL1A binding {0 its receplor (2.g., DH3), the ability to inhibit TL1A
signaling by its receptor, among others.

An antibody or antigen-binding fragment thereof of the invention may comprise a
CDR region from the specific antibody identified hersin such as a CDR region from
within SEQ 1D NO: 88, SEQ 1D NO:50, SEQ 1D NOEB0, or SEQ ID NO:BG. Such an
antibody will preferably refain the ability to bind to TL1A as described hersin.

For example, the CDR saquences of the antibodies of the invention are shown in
Figure 1 and in the Sequence Listing Table {Table 40), using both the Kabat definition
and AntibodyM definitions.

in one aspect, the disclosure provides an isolated antibody or antigen-binding
portion thereof comprising:

a) a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:98, the CDR-H2
amino acid seguence of 3EQ NO:100, the CDR-H3 amino acid seguence of SEQ D
NG:101, and a VL comprising the CDR-L1 aminoc acid sequence of SEQ 1D NC:98, the
COR-LZ amino acid sequence of SEQ 1D NO:97, and the CDR-L3 amine acid sequence
of SEQ 1D NO:88§; or

b) a VH comprising the CDR-H1 aming acid sequence of SEQ 1D NO:61, the CDR-HZ
amino acld seguence of SEQ NC:62, the CDR-H3 amino acid sequence of SEQ D
NO:63, and a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NO:EE, the
CDR-L2 amino acid sequence of SEQ 1D NO:5S, and the CDR-L3 amino acid sequance
of SEQ D NC:60.

in one aspect, the disciosure provides an antibody variant
comprising 1, 2, 3, 4, 5, 6, 7, 8 9,10, 11, 12, 13, 14, or 15 conservative or non-
conservative substitutions, andfor 1, 2, 3, 4, 5, 6§, 7, 8, 9, 10, 11, 12, 13, 14, or 15
additions and/or deletions o the CDRs listed above as SEQ 1D NOS:98-101 or SEQ 1D
NOS: 58-83. In a further aspect, the variant shares at least 65%, at least 75%, at least
85%, at least 90%, at lgast 85%, at least 86%, at least 97%, at least 88%, or at least
989% sequence identity with the CDR sequences listed above, and whersin the antibody
or antigen-binding portion spedcifically binds TL1A.

Antibody 28811, 8B3, and Variants Thereof
An antibody or antigen-binding fragment thereof of the invention may comprise a

VH comprising: ) a CDR-H1 comprising the amino acid sequence GFTFEX DA GH,

wherein X is Nor 8, X is Y or Fy and Xgis L, M, or [ (SEQ 1D NO: 38%); i) 2 COR-H2

comprising the amino acid sequence LIXp2GRGEESXGYYADSVRG, wherein Xy is S or P

XsisYorF; Xgis DS, or Ny Xy is K or N (SEQ D NQO: 380); ity a COR-H3 comprising
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the amino acid sequence DRXeYXeX X1 X128 X3S X1 DAFD] wherein Xsis E or N; Xgis
CorY; XpisTorG XnisYorS; XpisSou G XnisCorF, XuisYorF, ivyanAor T
at position H85, as determined by Kabat numbering of the VH; v} a M or L at position
108, as determined by Kabat numbering of the VH; and a VL comprising a CDR-LA1
having the amino acid sequence of SEQ 1D NO7E6, a COR-LZ having the amino acid
sgguence of SEQ ID NO77, and a CDR-L3 having the amino acid seguence of SEQ D
NO:78; and a F or Y atl position L83, as determined by Kabat numbering of the VL.,

in a further embodiment, an antibody or antigen-binding fragment thereof of the
invention may comprise a VH comprising SEQ 1D NQO:66, 68 or 70, and a VL comprising
SEQ D NGO or 64,

An antibody or antigen-binding fragment thereof of the invention may comprise
both:

a) a VH comprising the amino acid sequence of SEQ 1D NO:B6 and a VL comprising the
amino acld sequence of SEQ 1D NO:64; or

b) a VH comprising the amino adid sequence of SEQ 1D NO:68 and a VL comprising the
aming acid sequence of SEQ 1D NO:84, or

¢} a VH comprising the amino acid sequence of SEQ 1D NO:70 and a VL comprising the
amino acid sequence of SEQ 1D NO:64, or

dy a VH comprising the amino acid sequence of SEQ 1D NO:3 and a VL comprising the
amino acid sequence of SEQ 1D NGt or

e} a VH comprising the amine acid segquence of SEQ ID NO:5 and a VL comprising the
amino acld sequence of SEQ 1D NO:1.

in one aspect, the antibody comprises a VL comprising the sequence of SEQ 1D
NC:64 or SEQ 1D NC:1. In ancther aspect, the antibody comprises a variant of thess
sequences, wherein such variants can include both conservative and non-conservative
substitutions, delstions, and/or additions, and typlcally include peptides that share at
least 80%, al least 65%, at least 70%, at least 75%, at least 80%, atl least 85%, at least
87%, at least 88%, at least 80%, at least 81%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 87%, at least 88%, or at least 989% sequence identity
to any of the specific sequences disclosed herain,

For example, in one aspect, the disclosure provides an isolated antibody or
antigen-binding portion thereof that comprises a Vi chain amino acid sequence as set
forth in SEQ 1D NO:®B4 or SEQ ID NO, or a variant thereofl. In one aspect, said
antibody variant comprises 1, 2, 3, 4, 5,6, 7, 8, 8, 10, 11, 12, 13, 14, or 15 conservative

or non-conservative substitutions, andior 1, 2, 3,4, 5,6, 7, 8, 8, 10, 11, 12, 13, 14, or 15
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additions and/or delelions o SEG 1D NO:84 or SEQ 1D NGO, In g further aspect, said
variant shares at least 65%, at least 75%, at least 85%, at least 80%, at least 95%, at
lsast 96%, at least B7%, at least 898%, or at least 88% sequence identity with SEQ 1D
NOs4 or SEQ ID NOM, and wherein said antibody or antigen-binding portion
specifically binds TL1TA.

in a further aspect, the disclosure provides an isolated antibody or antigen-
binding portion thereof that comprises a Vi chain amino acid sequence as set forth in
SEQ 1D NO:66, SEGQ 1D NO: 68 or SEQ ID NO:70, SEQ D NOG:3, or SEQ D NOS ora
variant thereof. In one aspect, said antibody variani comprises 1, 2, 3, 4, 5,86, 7, 8, §,
10, 11, 12, 13, 14, or 15 conservative or non-conservative substitutions, andfor 1, 2, 3,
4,5, 86,7, 8,8 10, 11, 12, 13, 14, or 15 additions and/or deletions to SEQ 1D NO:66,
SEG 1D NO: 68 or SEQ 1D NO:70, SEGQ ID NO:3, or SEQ 1D NGB, In a further aspect,
said variant shares at least 85%, at least 75%, ai least 85%, at least 80%, at leasi 85%,
at least 98%, atl least 97%, al least U8%, or at least 88% sequence identity with SEQ 1D
NO:66, SEQ ID NO: 68 or SEQ 1D NO:70, SEQ 1D NO:G, or SEQ 1D NO:5, and wherein
said antibody or antigen-binding portion specificaily binds TL1A.

An antibody or antigen-binding fragment thereof of the invention may comprise a
heavy chain comprising a VH comprising the amino acid sequence of SEQ D NO:66,
SEQID NG: 68 or SEQ 1D NO:70, SEQ ID NGOG, or SEQ D NO:5, wherein the antibody
further comprises a heavy chain constant domain. As more fully set forth elsewhere
herein, the anifibody heavy chain constant domain can be selected from an 1gG, IgG,,
laGs, 1gGs, igA, Igk, 1gM or IgD constant region, but most preferably is an IgGy or igGo
constant region. The [gG constant region sequence can be any of the various alleles or
allotypes known to occur among different individuals, such as Gm{1), Gm{2), Gm{3),
and Gm(17). For a Fab fragment heavy chain gene, the VH-encoding DNA can be
operaiively linked 1o another DNA molecule encoding only the heavy chain CHI1
constant region. The CH1 heavy chain constant region may be derived from any of the

heavy chain genes.

In one aspect, the antibody may comprise a heavy chain comprising a VH
selected from a VH comprising the aming acid sequence of SEQ 1D NO:68, SEQ 1D NO:
88 or SEQ 1D NG:70, SEQ 1D NOG:3, or SEQ 1D NO:§ and further comprising a human
witd type lgG1 constant domain comprising the amino acid sequence of SEQ ID
NO:256. In another aspect, the 1gG1 constant domain comprises a triple mutation
decreasing or abolishing Fo effector function {higG1-3m; IEG 1D NO:Z57). In one

137



o

10

20

25

30

WO 2015/073580 PCT/US2014/065293

aspect, the antibody or anligen-binding fragment thereof of the invention may comprise
a heavy chain comprising a VH comprising the sequence of SEQ D NO:gg, SEQ ID
NQ: 688 or SEQ 1D NO:70, SEQ ID NO:3, or SEQ 1D NO:5, and further comprising a
human [gG1-3m constant domain such that the fulldength heavy chain amino acid
sequence comprises SEQ 1D NO. 74, SEQ 1D NQO:9 or SEQ D NO:11.

in a further aspect, the disclosure provides an isolated antibody or antigen-
binding portion thereof that comprises a full-length heavy chain comprising the amino
acid seguence as sef forth in SEQ 1D NO. 74, SEQ iD NO:®B or SEQ 1D NO:1, or a
variant thereof. In one aspect, said antibody variani comprises 1, 2, 3, 4, 5,86, 7, 8, §,
10, 11, 12, 13, 14, or 15 conservative or non-conservative substitutions, andfor 1, 2, 3,
4, 5,6,7,8, 0, 10, 11, 12, 13, 14, or 15 additions and/or deletions to SEQ 1D NO. 74,
SEG D NGB or SEQ 1D NO:11. In a further aspect, said variant shares at least 65%, at
least 756%, at least 85%, at least 90%, atl least 85%, at least 96%, at least 97%, at least
898%, or at ieast 88% sequence identily with SEQ 1D NO. 74, 3EQ ID NO:G or SEQ 1D
NO:11, and wherein said antibody or anligen-binding portion specifically binds TL1A.

An antibody or antigen-binding fragment thereof of the invention may comprise a
light chain comprising a VL comprising the amino acid sequence of SEQ 1D NO:64 or
SEQ 1D NO: 1, whersin the antibody further comprises a Hght chain constant domain. As
more fully set forth elsewhere herein, the antibody light chain constant domain can be
selected from a Cx or CA constant region, preferably, a Cxk constant region.

In one aspect, the antibody may comprise a light chain comprising a VL selecled
from a VL comprising the amino acid seguence of SEQ 1D NO:84 or SEQ ID NO:1, and
further comprising a human wild type CA constant domain comprising the amino acid
sequence of SEQ 1D NO:Z85, such that the full-length light chain amino acid sequence
comprises SEQ ID NO:72 or SEQ 1D NO:7.

in a further aspedt, the disclosure provides an isolated antibody or antigen-
binding portion thereof that comprises a full-length light chain comprising the amino acid
sequence as sel forth in SEQ 1D NO:72 or SEQ 1D NG7, or a variant thereof. In one
aspeci, said antibody variant comprises 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, or 15
conservative or non-conservative substitulions, andfor 1, 2, 3, 4. 5, 6,7, 8, 8, 10, 11, 12,
13, 14, or 15 additions and/or deletions to SEQ 1D NO:72 or SEQ ID NO:7. In a further
aspect, said variant shares at least 85%, at least 75%, al least 85%, at least 90%, at

least 85%, at least 86%, at least 97%, at least 88%, or at least 88% sequence identity
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with SEQ 1D NO:72 or SEQ 1D NO7, and wherein said antibody or antigen-binding
portion specifically binds TL1A,

An antibody or antigen-binding fragment thereof of the invention may comprise a
fragment of one of the VL or VH amino acid sequences shown in Figure 1. For examples,
an antibody or antigen-binding fragment thereof of the invention may comprise a
fragment of at least 7, at least 8, at least B, at least 10, at least 12, at least 15, at least
18, at ieast 20 or at least 25 consecutive amino acids from a VH comprising SEQ 1D
NO:66, SEQ ID NO: 68 or SEQ 1D NG:70, SEQ D NO:3, or SEQ 1D NG5, or from a VL
comprising SEQ 1D NO:72 or SEQ 1D NO:7. Such a fragment will preferably retain one
or more of the functions discussed above, such as the ability to bind to TL1A

A suitable fragment or variant of any of these VH or VL sequences will retain the
ability to bind to TL1A. It will preferably retain the ability to specifically bind to TL1A. I
will preferably refain the ability 1o specifically bind to the same or similar epitope or
region of the TL1A molecule as the antibody from which it is derived. it will preferably
retain one or more additional functions of the antibody from which i is derived, such as
the ability {o inhibit TL1A binding 1o its receptor, amonyg others,

An antibody or antigen-binding fragment thereof of the invention may comprise a
CBR region from the specific antibody identified herein such as a COR region from
within SEQ 1D NO:86, SEG D NQO: 68 or SEQ D NO:70, SEQ 1D NO:3, SEQ 1D NG:5,
SEQ 1D NOB4 or SEQ 1D NO:1. Such an antibody will preferably retain the ability to
bind o TL1A as described herein.

For example, the CDR sequences of the antibodies of the invenlion are shown in
Figure 1 and the Sequence Listing Table (Table 40}, using both the Kabat definition and
AntibodyM definitions.

in one aspect, the disclosure provides an isolated antibody or antigen-binding
portion thereof comprising:

a) the CDR-H1 amino acid sequence of SEQ 1D NO:78, the CDOR-H2Z amino acid
sequence of SEQ NOC:80, and the CBR-H3 amino acid sequence of SEQ 1D NG:81, and
a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NO:76, the CDR-LZ
amino acid sequence of SEQ 1D NG:77, and the CDR-L3 aminc acid sequence of SEQ
D NOT7E;

by a VH comprising the COR-H1 amine acld sequence of SEQ 1D NO:82, the COR-HZ
amino acid sequence of SEQ NO:83, and the COR-H3 amino acid sequence of SEQ D
NO:84, and a VL comprising the CDR-L1 amino acid seguence of SEQ 1D NO:78, the
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COR-LZ amino acid sequence of SEQ 1D NO:77, and the CDR-L3 amine acid sequence
of SEQ ID NO:78; or
¢} a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NQO:8S, the CDR-H2
amino acid sequence of SEQ NO:86, and the COR-H3 amino acid sequence of SEQ 1D
NO:87, and a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NO:78, the
CDR-L2 amino acid sequence of SEQ 1D NO:77, and the CDR-L3 amino acid sequance
of SEQ D NO:78; or
dy a VH comprising the CDR-H1 amino acid sequence of SEQ 1D NO:186, the CDR-HZ
amino acid segquence of SEQ NG:17, the CDR-H3 amino acid sequence of SEQ D
NO:18, and a VL comprising the CDR-L1 amino acid seguence of SEQ 1D NO:13, the
CDR-L2 amino acid sequence of SEQ 1D NO:14, and the COR-L3 amino acid seguence
of SEQ 1D NO:15; or
&) a VH comprising the CDR-H1 amino acid seguence of SEQ ID NO:18, the CDR-H2Z
amino acld sequence of SEQ NG:20, the COR-H3 amino acid ssquence of 3EQ 1D
NG:21, and a VL comprising the CDR-L1 amino acid sequence of SEQ 1D NGOG, the
CDR-L2 amino acid sequence of SEQ 1D NO:14, and the CDR-L3 amino acid sequence
of SEQ 1D NO:15.

In one aspect, the disclosure provides an antibody variant comprising 1, 2, 3, 4,
5, 6,7,8, 8, 10, 11, 12, 13, 14, or 15 conservalive or non-conservative substitutions,
andior 1, 2, 3,4, 5, 6,7, 8, 9,10, 11, 12, 13, 14, or 15 additions and/or delstions {0 the
CDRs listed above. In a further aspect, the variant shares at least 65%, at least 75%, at
least 85%, at least 0%, at ieast 05%, at least 56%, at least 97%, at least 88%, or at
lsast 89% sequence identity with the CDR sequences listed above, and wherein the
antibody or antigen-binding portion specifically binds TL1A.
Polynucleotidas, vectors, and host cells

The invention also provides polynucleotides encoding any of the antibodies,
including antibody fragmenis and maodified antibodies described herein, such as, e.g.,
antibodies having impaired effector function. In another aspedt, the invention provides a
method of making any of the polynucieotides described herein. Folynuclectides can be
made and expressed by procedures known in the art. Accordingly, the invention
provides polynucleotides or compositions, including pharmaceutical compositions,
comprising polynucleotides, sncoding any of the following TL1A antibodies and antigen-
binding fragments thereof: 1D1 VL (SEQ 1D NGC:AGZ), 1D1 VH (BEQ 1D NO:104), 1D1
LC(SEQ 1D NG: 108), 1D1-higG1-3m-HC (SEQ ID NO:108), 101 1.27 VH (SEQ ID NO:
198), 101 1.27-higG1-3m-HC (BEQ 1D NO:200), 101 1.28 VH (SEQ 1D NO: 205), 1D1
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1.28-higG1-3m-HC (SEQ 1D NO:207), 1D1 1.280 VH (BEQ D NO: 212), 101 1.258-
higG1-3m-HC (SEQ D NO:214), 101 1.30 VH (SEQ 1D NO: 219), 181 1.30-higG1-3m-
HC (SEQ ID NO:221), 101 1.31 VH (SEQ 1D NO: 226}, 101 1.31-higG1-3m-HC (8EQ
1D NO:228), 101 1.32 VH (BEQ 1D NO: 233), 1D1 1.32-higG1-3m-HC (SEQ 1D
NO:235), 101 1.33 VH (SEQ 1D NQO: 240}, 101 1.33-higG1-3m-HC (SEQ 1D NO:242),
101 1.34 VH (SEQ 1D NO: 247), 1D1 1.34-hlgG1-3m-HC (SEQ 1D NO:249), 15A8 VL
(SEQ D NG:22), 15A8 VH (BEQ 1D NC:24), 15A8 LC (SEQ 1D NO: 26}, 1D1-higG1-3m-
HC (SEQ 1D NG:28), 15C11 VL (SEQ 1D NOG:36), 15C11 VH (SEQ 1D NG:38), 15C 11
LC (SEQ D NO: 40), 15C11-higG1-3m-HC (SEQ 1D NG:42), 704 VL (SEQ 1D NO:88),
704 VH (SEQ 1D NOC:BO), 7D4 LC (SEQ 1D NO:©2), 7D4-higG1-3m-HC (8EQ 1D
NO:94), 22F9 VL (SEQ 1D NO:BD), 22F8 VH (SEQ 1D NO:52), 22F8 LC (SEQ 1D
NO:54), 22F8-higG1-3m-HC (SEG 1D NQO:56), 26811 VL (SEQ 1D NO:64), 26811 VH1
(SEQ D NG:68), 20B11 VHZ (SEQ 1D NO:68), 26811 VH-MDX (SEQ 1D NQ:70), 26811
LC (SEQ ID NO72), 26B11-higG1-3m-HC (SEQ 1D NO:74), 8B3 VL (SEQ 1D NO:1j,
983 VH1 (SEQ 1D NO:3); 9B3 VH2 (SEQ D NO:5), 983 LC (SEQ 1D NO:7), 8B3-higG1-
3m-HCT (SEQ 1D NO:9), 9B3-higG1-3m-HCZ (SEQ 1D NO:11), or any fragment or part
thereof having the ability to bind TL1A

The invention provides polynudleotides, or composiions comprising the
polynucleotides, encoding any of the following TL1A antibodies and antigen-binding
fragments thereof or the invention, including: 101 VL (SEQ 1D NO:102), 101 VH (SEQ
(D NO:104), 101 LC (SEQ D NO: 106), 101-hlgG1-3m-HC (SEQ 1D NG:108), 1B1 1.27
VH (SEQ ID NO: 188), 1D1 1.27-higG1-3m-HC (SEQ 1D NC:200), 101 1.28 VH (SEQ
D NO: 2053, 1D1 1.28-higG1-3m-HC (SEQ 1D NOG:207), 101 1.28 VH (SEQ 1D NOG:
212), 1D1 1.29-higG1-3m-HC (SEQ 1D NO:214), 101 1.30 VH (SEQ 1D NO: 218), 101
1.30-higG1-3m-HC (SEQ D NO:221), 1D1 1.31 VH (SEQ 1D NO: 228), 1D1 1.31-
higG1-3m-HC {SEQ 1D NOG:228), 101 1.32 VH (SEQ 1D NO: 233), 101 1.32-higG1-3m-
HC (SEQ 1D NO:235), 1D1 1.33 VH (B8EQ 1D NO: 240}, 1D1 1.38-higG1-3m-HC (SEQ
(D NO242), 101 1.34 VH (SEQ 1D NO: 247}, 1D1 1.34-higG1-3m-HC (SEQ D
NO:248), 15A8 VL (SEQ 1D NO:22), 15A8 VH (SEQ D NO:24), 15A0 LT (SEQ D NO:
28}, 1D1-hlgG1-3m-HC (SEQ 1D NO:28), 16C11 VL (SEQ 1D NO:36), 15C11 VH (SEQ
1D NG:38), 15C11 LC (SEQ D NO: 40), 15C11-higG1-3m-HC (GEQ 1D NO:42), 7D4 VL
{(SEQ 1D NO:E8), 7804 VH (SEQ 1D NO:80), 7D4 LC (BEQ 1D NO:82), 7D4-hig1-3m-
HC (SEG 1D NO:B4), 22F9 VL (SEQ 1D NO:50), 22F9 VH (SEQ ID NO:52), 22F8 LC
(SEQ 1D NO:B4), 22F8-higG1-3m-HC (BEQ 1D NQ:5BG), 26B11 VL (8EQ 1D NO:64),
26811 VH1 (SEQ 1D NO:68), 26B11 VH2 (SEQ 1D NG:68), 26B11 VH-MDBX (SEQ 1D
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NG:70), 268B11 LC (SEQ 1D NO:72), 26B11-higG1-3m-HC (SEQ 1D NOG:74), 9B3 VL
(SEQ 1D NO:1), 9B3 VH1 (SEQ 1D NO:3); 9B3 VH2 (SEQ 1D NO:5), 9B3 LC (SEQ 1D
NQ:7), 8B3-higG1-3m-HC1 (SEQ 1D NQ:©), 8B3-higG1-3m-HCZ2 (SEQ ID NO:11), or
any fragment or part thergof having the ability to bind TL1A, wherein the sequence of
the polynucleotide encompasses the seguence of SEQ 1D NO:1G3 {encoding 101 VL),
SEQ D NO:05 (encoding 101 VHY), SEQ 1D NOGH107 (encoding 101 LC)LSEQ 1D NO:
108 {encoding 1D1-higG1-3m-HC), SEQ ID NO:189 (encoding 101 1.27 VH), SEQ D
NO:201 (encoding 101 1.27-higG1-3m-HC), SEQ 1D NO:206 (encoding 101 1.28 VH;),
SEQ D NO: 208 {encoding 1D1 1.28-higG1-3m-HC), SEQ 1D NO:213 {encoeding 101
1.20 VH), SEQ ID NO: 215 (encoding 101 1.28-higG1-3m-HC), SEQ ID NQO:220
{encading 1D1 1.30 VH), SEQ ID NO: 222 (encoding 1D1 1.30-higG1-3m-HC), SEQ D
NO:227 (encoding 101 1.31 VH), SEQ 1D NO: 229 {encoding 1D1 1.31-higG1-3m-HC),
SEQ D NO:234 (encoding 1D1 1.32 VH), SEQ 1D NO: 236 (endoding 101 1.32-higG1-
3m-HC), SEQ D NO:241 {encoding 101 1.33 VH), SEQ 1D NO: 243 {encoding 1D1
1.33-higG1-3m-HC), SEQ D NO:248 (enccding 1D1 1.34 VH), SEQ ID NO: 250
{encoding 101 1.34-higG1-3m-HC), SEQ 1D NQO:23 {encoding 15A0 VL), SEQ 1D NO:25
{encoding 15A8 VH), SEQ ID NO:27 {(encoding 15A9 LC), SEQ 1D NO: 29 (encoding
1D1-higG1-3m-HC), SEQ 1D NO37 {encoding 15C11 VL), SEQ 1D NO:38 (encoding
15C11 VH), SEQ 1D NG:41 {(endoding 15C11 LC), SEQ 1D NO: 43 {encoding 15C11-
higG1-3m-HQC), SEQ 1D NG:89 {encoding 704 VL), SEQ 1D NO:B1 {encoding 7D4 VH,
SEQ D NO:g3 (encoding 704 LC), SEQ 1D NC:85 {encoding 7D4-higG1-3m-HC), SEG
D NODB1 {encoding 22F9 VL), SEQ 1D NO:IB3 (encoding 22F0 VH), SEQ 1D NO:BS
{encoding 22F8 LC), SEGQ 1D NO:5Y {(encoding 22F9-higG1-3m-HC), SEQ 1D NO:@GS
{encoding 26811 VL), SEQ 1D NO:67 (encoding 26811 VH1), SEQ 1D NO:65 (encoding
26811 VHZ), SEQ 1D NO:71 (encoding 26811 VH-MDX), SEQ 1D NO73 {encoding
26B11 LC), SEQ 1D NO:75 {encoding 26B811-higG1-3m-HC), SEQ 1D NO:Z {encoding
9B3 VL), SEQ ID NO:4 (encoding 8B3 VH1), SEQ 1D NO:6 {encoding 983 VH2), SEQ
(D NO:8 (encoding 2B3 LC), SEQ 1D NG:10 (encoding 8B3-higG1-3m-HC1), SEQ 1D
NO:12 {(encoding 8B3-higG1-3m-HCZ), or any fragment or part thereof having the ability
to bind TL1A),

in one embodiment, the VH and VL domains, or antigen-binding fragment
thereof, or full length HC or LC, are encoded by separate polynuclectides. Alternatively,
both VH and VL, or anfigen-binding fragment thereof, or HC and LC, are encoded by a

single polynucleotide.
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in another aspect, the invention provides polynuclectides and varianis thereor
encoding a TL1A antibody, wherein such variant polynucieotides share at least 70%, at
least 75%, at least 80%, at least 85%, atl least 87%, at least 89%, at least 90%, at least
891%, at least 82%, at least 93%, at least 84%, atl least 895%, at least 86%, at least 87%,
at least 98%, or al least 9%% sequence identily to any of the specific nucleic acid
disclosed hersin.

Polynuclectides complementary to any such seqguences are also encompassed
by the present invention. Polynuclectides may be single-stranded {coding or anfisense)
or double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules.
RNA molecules include HNRNA miolecudes, which contain introns and correspond o a
DNA molecule in a one-to-one manner, and mRNA molecules, which do not contain
introns. Additional coding or non-coding sequences may, but need not, be present within
a polynucleotide of the present invention, and a polynuciectide may, but need not, be
linked 1o other molecules andfor support materials.

Polynuciectides may comprise a nalive sequence {i.e., an endogenous sequence
that encodes an antibody or a fragment thereof) or may comprise a variant of such a
sequence. Polynuclectide variants contain one or more substifutions, additions,
deletions and/or insertions such that the immunoreactivily of the encoded polypeplide is
not diminished, relalive o a native immunoreactive molecule. The effect on the
immunoreactivity of the encoded polypeplide may generally be assessed as described
herein. Variants preferably exhibit at least about 70% identity, more preferably, at least
about 80% identity, vet more preferably, at least about 80% identily, and most
prefarably, al least about 85% identity {0 a2 polynudieotide sequence that encodes a
native antibody or a fragment thereof.

Two polynucleotide or polypeptide sequences are said o be identical” if the
sequence of nuciectides or amino acids in the two sequences is the same when aligned
for maximum correspondence as described below. Comparisons belwesn two
sequences are typically performed by comparing the seguences over a comparison
window 1o identify and compare local regions of sequence similarity. A "comparison
window” as used herein, refers to a segment of at least about 20 contiguous positions,
usually 30 to about 75, or 40 to about 50, in which a seguence may be comparaed o a
reference sequence of the same number of contiguous posilions afler the two
sequences are oplimally aligned.

QOptimal alignment of sequences for comparison may be conducted using the

MegAiign® program in the Lasergene® suite of bioinformatics software (DNASTAR®,
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inc., Madison, W), using default parameters. This program embodies several alignment
schemes described in the following references: Dayhoff, M.O., 1978, A model of
evolutionary change in proteins - Matrices Tor detecting distant relationships. In Dayhoff,
M.O. (ed.) Atlas of Prolein Sequence and Structure, National Biomsdical Research
Foundation, Washingion DC Vol 5, Suppl. 3, pp. 345-358; Hein J., 1800, Unified
Approach o Alignment and Phyvlogenes pp. 626-645 Methods in Enzymology vol, 183,
Academic Press, Inc., San Disgo, CA; Higgins, D.G. and Sharp, P.M,, 1888, CABICS
5:154-153; Myers, EW. and Muller W., 1888, CABIOS 4:11-17; Robinson, £.D., 1871,
Comb. Theor. 11:105; Santou, N., Nes, M., 1887, Mol. Biol. BEvol. 4:408-425; Sneath,
P.H.A. and Sokal, R.R., 1873, Numerical Taxonomy the Principles and Practice of
Numerical Taxonomy, Freeman Press, San Francisco, CA; Wibur, W.J. and Lipman,
D.J., 1983, Proc. Nall. Acad. Sci. USA 80:728-730.

Praferably, the “percenfage of sequence identity” is determined by comparing two
optimally aligned sequences over a window of comparison of at least 20 positions,
wherein the portion of the polynudlectide or polypeptide sequence in the comparison
window may comprise additions or delstions {i.e., gaps) of 20 percent or less, usually 5
to 15 percent, or 10 to 12 percent, as compared o the reference sequences {which
dogs not comprise additions or deletions} for optimal alignment of the two sequences.
The percentage is calculated by determining the number of positions at which the
identical nucleic acid bases or aming acid residue occurs in both sequences 1o vield the
number of matched positions, dividing the number of matched positions by the iotal
number of positions in the reference sequence (i.e., the window size) and multiplying the
resulis by 100 fo yield the percentage of sequence identity.

Variants may also, or alternatively, be substantially homologous 1o a native gene,
or a porlion or complement thereof. Such polynucleotide variants are capable of
hybridizing under moderately slringent conditions to a naturally occurring DNA
sgguence encoding a native antibody {(or a complementary seguence).

Suitable “moderately stringent conditions” include prewashing in a solution of § X
S8C, 0.5% SDS, 1.0 mM EDTA {pH 8.0); hybridizing at 50°C-85°C, 5 X 885G, avernight;
followed by washing twice at 85°C for 20 minutes with sach of 2X, 0.5X and 0.2X 88C
containing 0.1 % SDS.

As used herein, "highly stringeni conditions® or “high stringency conditions” are
those that: (1) employ low ionic strength and high temperature for washing, for example
(5.015 M sodium chioride/0.0015 M sodium citrate/0. 1% sodium dodecyl sulfate at 56°C;
{(2) employ during hybridization a denaturing agent, such as formamide, for example,
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50% (v/v) formamide with 0.1% bovine serum  albumin/01%  Ficol/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chioride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x 85C {(0.75 M
NaCl, 0.075 M scdium citratg), 50 mM sodium phosphate {(pH 6.8), 0.1% sodium
pyrophosphate, & x Denhardt’s solution, sonicated salmon sperm DNA (80 pg/mi), 0.1%
S0E, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x 88C (sodium
chioride/sodium citrale) and 50% formamide at 55°C, followed by a high-stringency
wash consisting of 0.1 x 58C containing EDTA at 55°C. The skilled arlisan will
recognize how fo adjust the lemperature, ionic strength, sic. as necassary o
accommodate factors such as probe length and the like.

it will be appreciated by those of ordinary skill in the art thal, as a result of the
degeneracy of the genetic code, thers are many nucieolide sequences that encode a
polypeptide as described herein. Some of these polynucieotides bear minimal homology
te the nuclectide seguence of any native gene. Nonetheless, polynuclestidss that vary
due to differences in codon usage are spedifically contemplated by the present
invention. Further, alleles of the genes comprising the polynucieotide sequences
provided herein are within the scope of the present invention. Alleles are endogencus
genes that are altered as a result of one or more mutations, such as delstions, additions
and/or substitulions of nuclectides. The resulling mRNA and protein may, but need not,
have an altered structure or function. Alleles may be identified using standard
technigues {such as hybridization, amplification and/or database seguence comparison).

The polvnuclectides of this invention can be oblained using chemical synthesis,
recombinant methods, or PCR. Methods of chemical polynucleotide synthesis are well
known in the art and need not be described in detail hergin. One of skill in the art can
use the sequences provided herein and a commercial BDNA synthesizer (0 produce a
desired DNA ssguence.

For preparing polynucleotides using recombinant methods, a polynucleotide
comprising a desired sequence can be inserted into a suitable vector, and the vector in
turn can be introduced into a suitable host cell for replication and amplification, as
further discussed herein. Polynudiectides may be inserted into host cells by any means
known in the art. Cells are fransformed by infroducing an exogenous polynucieotide by
direct uptake, endocytosis, transfection, F-mating or slectroporation. Cnee introduced,
the exogenous polynuclestide can be maintained within the cell as a non-integrated

vector (such as a plasmid) or infegrated into the host gell genome. The polynucleotide
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so ampilified can be isolated from the host cell by methods well known within the arl.
Ses, 8.q., Sambrook et al., 1888

Alternatively, PCR aliows reproduction of DNA seguences. PCR technology is
well known in the art and is described in US. Patent Nos. 4,683,185, 4,800,158,
4,754,065 and 4,683,202, as well as PCR: The Polymerase Chain Reaction, Mullis et al.
eds., Birkauswer Press, Boston, 1934,

RNA can be obtaingd by using the isolated DNA in an appropriate vector and
inserting it into a suitable host cell. When the cell replicates and the DNA is transcribed
into RNA, the RNA can then be isolated using methods well known {o those of skill in
the art, as set forth in Sambrook et al., 18989, supra, for example.

Suitable cloning vectors may be constructed according o standard techniques, or
rmay be selecied from a large number of cloning vectors avallable in the arl. While the
cloning vector selected may vary according 1o the host cell intended 1o be used, useful
cloning vectors will generally have the ability to ssif-replicate, may possess a single
target for a particular restriction endonuclease, and/or may carry genes for a marker that
can be used in selecting clones conlaining the vector. Suitable examples include
plasmids and bacterial viruses, e.g., pUC18, pUC19, Bluescript {e.g., pBS SK+) and iis
derivatives, mp18, mp18, pBR322, pMBS, ColE1, pCR1, RP4, phage DNAs, and shuttle
vectors such as pSAS3 and pAT28. These and many other cloning vectors are available
from commercial vendors such as BioRad, Strategens, and Invitrogen.

Expression vectors are further provided. Expression veciors generally are
replicable polynucleotide consiructs that contain a polynucleotide according to the
invention. it is implied that an expression vector must be replicable in the host celis
gither as episomes or as an integral part of the chromosomal DNA. Suitable expression
vectors include but are not limiled to plasmids, viral vectors, including adenoviruses,
adenc-associated viruses, retroviruses, cosmids, and expression veclor(s) disclosed in
PCT Publication No. WO 87/04482. Vector components may generally include, but are
not limited to, one or more of the Tollowing: a signal ssguence; an origin of replication;
one or more marker genes, suilable transcriptional controlling slements {such as
promoiers, enhancers and terminator). For expression {i.e., translation), ong or more
translational controlling elemenis are also usually required, such as ribosome binding
sites, translation initiation sites, and stop codons.

The vectors containing the polynuclectides of interest and/or the polynuclectides
themselves, can be infroduced into the host cell by any of a number of appropriate
means, including elsciroporation, transfection employing calcium chioride, rubidium
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chioride, calcium phosphate, DEAE-dexiran, or other subslances;, microprojecile
bombardmaent; lipofection; and infection {e.g., where the vector is an infectious agent
such as vaccinia virus). The choice of introducing vectors or polynuciectides will often
depend on features of the host cell.

The inveniion also provides host cells comprising any of the polynuclectides
described herein. Any host cells capable of over-expressing heterologous DNAsS can be
used for the purposs of isolating the genss encoding the antibody, polvpeptide or
protein of interest. Non-limiting exampiles of mammalian host cells include but not limited
to COS, Hela, and CHO celis. See also PCT Publication No. WO 87/04462. Suitable
non-mammalian host cells include prokaryotes (such as E. cofi or B. subtillis) and yeast
{such as 8. cerevisae, S. pombe; or K jactis). Preferably, the host cells express the
cDNAs at a level of about 5 fold higher, more preferably, 10 fold higher, even more
prefarably, 20 fold higher than that of the corresponding endogenous antibody or profsin
of interest, if present, in the host cells. Soreening the host cells for a specific binding 1o
TLIA is effected by an immunoassay or FACS. A cell overexpressing the aniibody or
protein of interest can be identified.

An expression vecior can be used {0 direct expression of a TL1A antibody. One
skilled in the art is Tamiliar with administration of expression vectors o obtain expression
of an exogenous protein in vivo, See, e.g., U.8. Patent Nos. §,436,808; 6,413,942; and
5,376,471, Administration of expression veclors includes local or systemic
adminisiration, including injection, oral administration, particle gun or catheterized
administration, and topical administration. In another embodiment, the expression vecior
is administered directly to the sympathetic trunk or ganglion, or into a coronary artery,
atrium, venirical, or pericardium.

Targeted delivery of therapeutic compositions containing an expression vector, or
subgenomic polynuclectides can aiso be used. Receptor-medialed DNA  delivery
techniques are described in, for example, Findeis et al, Trends Biotechnol,, 1893,
11:202; Chiou st al., Gene Therapeutics: Methods And Applications Of Direct Gene
Transfer, JA. Wollf, ed., 1984, Wu et al, J. Biol Chem., 1988, 263:621; Wu et al., [
Riol. Chem., 1884, 289:542; Jenke et al, Proc. Natl. Acad. Sci. USA, 19090, 87:3655;
Wu et al, J. Biol. Chem., 1891, 266:338. Therapeutic compositions confaining 3
polynucleotide are administered in a range of about 100 ng to about 200 mg of DNA for
local administration in a2 gene therapy protocol. Concentration ranges of about 500 ng {o
about 50 myg, about 1 pg o about 2 mg, about 5 yg 1o about 500 pg, and about 20 pg o
about 100 ug of DNA can also be used during a gene therapy protocol. The therapeutic
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polynucientides and polypeptides can be delivered using gene delivery vehicles. The
gene delivery vehicle can be of viral or non-viral origin (see generally, Jolly, Cancer
Gene Therapy, 1994, 1:51; Kimura, Human Gene Therapy, 18984, 5:845; Connelly,
Human Gene Therapy, 1885, 1:185; and Kaplitt, Nature Genstics, 1884, 6:148).
Expression of such coding sequences can be induced using endogenous marmmalian or
hetarologous promoters. Expression of the coding sequence can be either constifutive
or regulated.

Virai-based veclors for delivery of a desired polynuclectide and expression in a
desired cell are well known in the arl. Exemplary viral-based vehicles inciude, but are
not limited to, recombinant refroviruses {(see, e.g., PCT Publication Nos. WO 90/07936;
WO 84/03622, WO 93/25688, WO 83/25234; WO 93/11230; WO 93/10218; WO
81/02805; U.S. Patent Nos. 5, 218,740 and 4,777,127, GB Patent No. 2,200,651, and
EP Patent No. 0 345 242), alphavirus-based vectors {e.g., Sindbis virus vectors, Semiiki
forest virus {ATCC VR-87; ATCC VR-1247), Ross River virus (ATCC VR-373; ATCC
VR-1246) and Venezuelan equine encephalitis virus (ATCC VR-823; ATCC VR-1250;
ATCC VR 1248; ATCC VR-532)), and adeno-associated virus {AAV) vectors (see, &.q,,
RPCT Publication Nos. WO 94/12649, WO 93/03769; WO 93/18181; WO 94/28838; WO
05/11984 and WO 95/00855). Administration of DNA linked to killed adenovirus as
described in Curiel, Hum. Gene Ther., 1892, 3:147 can also be emploved.

MNon-viral delivery vehicles and methods can also be employed, including, but not
fimited to, polycationic condensed DNA linked or unlinked to killed adenovirus alone
{see, e.g., Curiel, Hum. Gene Ther., 1982, 3:147); ligand-linked DNA (see, e.g., Wu, J.
Riol. Chem., 1088, 264:16085); eukaryotic cell delivery vehicles cells {see, e.g., U.S
Patent No. 5814,482; PCT Publication Nos. WO 95/07884;, WO 86/17072; WO
85/30783; and WO 87/42338) and nucleic charge neulralization or fusion with cell
membranes. Naked DNA can also be employed. Exemplary naked DNA introduction
methods are described in PCT Publication No. WO 90/11082 and U.S. Patent No.
5,580,858. Liposomes that can act as gene delivery vehicles are described in UG,
Patent No. 5,422,120, PCT Publication Nos. WO 895/13796, WO 84/23697; WO
91/14445; and EP (524968, Additional approaches are described in Philip, Mol Cell
Biol., 1884, 14:2411, and in Woffendin, Proc. Natl, Acad. Sci., 1894, 811581,

Antibody Binding

The antibody or antigen-binding fragment thereof described herein selectively
bind twmor necrosis Tactor-like ligand 1A (TL1A). In one embodiment, the antibody or
antigen-binding fragment thereof bind the human fumor necrosis factor-like ligand 1A
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(hTL1A).

in certain cases, particularly when developing a therapsutic, it is advantagsous
for the antibody 1o cross-react with TL1A from other species that can be used as
surrogate modsls of safety and/or efficacy. For exampls, in some cases, toxicity and/or
efficacy of a therapeutic can be measured in a surrogale animal model of a particular
disease. As such, in one embodiment, the antibody or antigen-binding fragment thereof
binds the human tumor necrosis factor-like ligand 1A (hTL1A), as well as the tumor
necrosis factor-like ligand 1A from at least one other mammal selected from the group
consisting of a mouse, rat, dog, and a cynologous monkey. In a particular embodiment,
the KD of the antibody for the tumor necrosis factor-like ligand 1A from at least one
other mammal selected from the group consisting of a mouss, ral, dog, and a
cynologous monkey is no greater than 30 fold higher, for example, no greater than 20
fold higher, no greater than 15 fold higher, or no greater than 10-fold higher, than the KD
of the antibody for hTL1A. In still another embodiment, the antibody or antigen-binding
fragment thersof has an affinity for the murine TLTA of 10 nM or less, for example, 3 nM
or less, 1 nM or less, 300 pM or less, or 100 pM or less, as measured by SPR.

in ancther embodiment, the antibody or antigen-binding fragment thereof has an
affinity for human TNF alpha of 1 uM or greater, for example, 3 uM or greater, 10 yM or
greater, 30 uM or greater, 100 uM or greater, as measured by SPR.

in still another embodiment, the antibody or antigen-binding fragment thereof has
an affinity for the murine TL1A of 10 nM or less, Tfor example, 3 nM or less, 1 nM or less,
300 pM or less, or 160 pM or less, as measured by SFR. In a particular embodiment,
the aniibody or antigen-binding fragment there of has an affinity for the human TL1A of
100 pM or less, an affinity for the murine TL1A of 300 pM or less, as measured by SPR,
and an affinity for human TNF aipha of 1 uM or greater.

in one embodiment, the antibody or antigen-binding fragment thereof has an
affinity for human TL1A of 4 nM or less, for examiple, 1 nM or less, 500 pM or less, 250
ph or less, 100 pM or less, 50 pM or less, 25 pM or less, 10 pM or less, 5 pM or less, as
measured by surface plasmon resonance (SPR).

in ancther embodiment, the antibody or antigen-binding fragment thereof has an
affinity for human TNF alpha of 1 uM or greater, for example, 3 uM or greater, 10 yM or
greater, 30 uM or greater, 100 uM or greater, as measured by SPR.

In stili another embodiment, the antibody or antigen-binding fragment thersof
competes with the antibody selected from the group consisting of 1D1 1.31, 26811,
OB3, 7D4, 22F8, 15A8, and 15C11, as defined herein below.
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in a particular embodiment, the antibody or antigen-binding fragment there of has
an affinity for the human TL1A of 100 pM or less, an affinity for the murine TL1A of 300
pM or less, as measured by SPR, and an affinity for human TNF alpha of 1 uM or
greater.

In certain cases, the binding of the antibody or antigen-binding fragment thereof
to TL1A or any other protein can be measured using surface plasmon rgsonance (SPR).
fn certain embodiments, the affinity is the KD value as measured by SPR. In still other
cases, the BPR uses a caplured antibody, and solution phase target In some
embodiments, the captured antibody is immobilized onto a sensor chip using an anti-
isolype antibody or antigen binding portion thereof. For example, the anti-isotype
antibody or antigen binding portion thereof can be immobilized onto the sensor chipto a
density of between about 4,000 and about 13,000 response units. SPR measurement
can also be performed, for example, as substantially conducted according to the
protocol set out in Example 8. In some cases, the SPR uses a caplured target, and
solution phase antibody. In some embodiments, the SPR measurement is conducted

using a Biacore T100 or T200 instrument.

In other embodiments, the affinity of the antibody or antigen-binding fragment thereof for
human TL1A is measured by solution-based kinelic exclusion assay (KintExA). For
example, in some cases, the affinily is the KD value as measured by solution-based
kinetic exclusion assay (KinkExA). In other cases, the KinExA uses a captured target on
a solid phase, and a soiution phase antibody. In still other cases, the antibody and target
are pre-incubated in solution long enough to reach equilibrium. In one embodiment, the
level of unbound antibody is measured afier the antibody and target have reached
equilibrium. In a particular embodiment, the KinExA measurement is conducted using a
KinExA 3200 instrument {(Sapidyne).
Therapeutic methods

Therapeutic msthods involve administering {o a subject in need of ireatment a
therapeutically effective amount, or effective amount, of a TL1A antibody, or antigen-
binding portion, of the invention and are contemplated by the present disclosure. As
used herein, a "therapeutically effective”, or “effective”, amount refers {0 an amount of
an antibody or portion theredf that is of sufficient quantity to result in a decreass in
severity of disease symploms, an increase in freguency and duration of disease
symptom-free periods, or a prevention of impairment or disability due to the disease
affliction - either as a single dose or according o a mulliple dose regimen, alons or in

combination with other agenis. COne of ordinary skill in the art would be able to
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determine such amounts based on such factors as the subject's size, the severily of the
subject’s symptoms, and the particular composition or route of administration selecled.
The subjeci may be a human or non-human animal {e.g., rabbil, rat, mouse, monkey or
other lower-order primate).

An antibody or antigen-binding portion of the invention might be co-administered
with known medicaments, and in some instances the antibody might itself be modified.
For example, an antibody could be conjugated to an immunotoxin or radicisolops o
potentially further increase efficacy. Regarding co-administration with  additional
therapeutic agents, such agents can include a cyloloxic agent, a radioloxic agent or an
immunosuppressive agent. The antibody can be linked to the agent {as an
immunoccoemplex) or can be administered separately from the agent. In the latler case
{separate adminisiration}, the antibody can be administered before, after or concurrently
with the agent or can be co-administered with other known therapies, e.g., an anti-
cancer therapy, e.g., radiation. Co-administration of the TL1A antibodies, or antigen
binding fragments thereof, of the present disclosure with a therapeutic agent provides
two agents which operate via different mechanisms may provide a therapeutic and
perhaps synergistic effect 0 human disease.

The antibodies and antigen-binding portions disclosed herein can be used as s
therapeutic or a diagnostic tool in a varisty of situations where TL1A is undesirably
expressed or found as reviewed, for example, in Hsu and Viney, supra. Given the
involvermnent of TL1A In flammatory pathways and in numerous dissassas, disorders and
conditions, many such diseases, disorders or conditions are particularly suitable for
freatment with an antibody or antigen-binding portion of the present invention.
Accordingly, the TL1A antibodies, or antigen binding fragments thereof, of this
disclosure can used in the treatment or prevention of TL1A-medialed disorders. In
addition, the invention provides for use of the TL1A antibodies, or antigen binding
fragments thereof, of this disclosure in the manufaciure of a medicament for use in
freatment or prevention of TL1A-mediated disorders. In another embodiment, this
application discloses TL1A antibodies, or antigen binding fragments thereof, for use in
treatment of TL1A-mediaied disorders. In a further embodiment, this applicalion
discloses pharmaceutical compositions comprising the TL1A antibodies, or antigen
binding fragments thereof, of this disdosure for use in treating or prevening TL1A-
mediated diseases. These TL1A-mediated diseases, disorders or conditions include, but
are not limited fo, inflammatory disorder such as 1BD (inciuding Crohn's disease and
ulcerative colitis), asthma (including intrinsic asthma and allergic asthma), allergies {for
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example, atopic allergy), diabetes mellitus, arthrilic disorders (including rheumatoid
arthritis, juvenile rheumatoid arthritis, osteoarthritis, psoriatic arthrilis, and ankylosing
spondylitis), multiple sclerosis, fransplant rejection, graft-versus-host disease (GVHD),
spondyioarthropathy,  primary  sclerosing cholangilis, primary  billary  cirrhosis,
atherosclerosis, bladder syndrome/intersticial cyslitis, Urinary bowel disfunction, sepsis,
uveitis, encephalomyelitis, myasthenia gravis, systemic lupus erythematosus, cutaneous
lupus ervthematosus, aulolmmune thyroiditis, dermatitis {including atopic dermatitis and
sozemalous dermatitis), psoriasis, Sjogren's syndrome, scleroderma, and vasculitis,

To treat any of the foregoing disorders, pharmaceutical compositions for use in
accordance with the present disclosurg may be formulated in a conventional manner
using one or morg pharmaceutically accepiable carriers or exciplents and administered
as more fully discussed below.

Determining & therapeutically effective amount of an antibody or antigen-binding
portion according to the present disclosure will largely depend on particular patient
characteristics, route of adminisiration, and the nature of the disorder being treated and
is more fully discussed below.

Administration and dosing of the antibody are more fuilly discussed elsewhere
below.

Diagnostic Methods

The TU1A antibodies, or antigen binding portions thereof disclosed herein can
be used for diagnostic testing and imaging. For example, the TL1A antibodies or antigen
binding portions thereof can be used in an ELISA assay. The antibodies or antigen
binding portions thereofl can also be used as a radiolabeled monocional antibody. See,
for example, Srivastava (ed.), Radiolabeled Monoclonal Antibodies For Imaging And
Therapy, Plenum Fress {1988) Chase, "Medical Applications of Radicisolopes,” in
Remingion's Pharmaceutical Sciences, 18th Edition, Gennaro el al (eds.), Mack
Publishing Co., pp. 824-652 {1980} and Brown, "Clinical Use of Monoclonal
Antibodies,” in Biotechnology and Pharmacy, Pezzuto ef al. {eds.), Chapman and Hall,
pp. 227-249 {1983); Grossman, 1986, Urol. Clin. North Amer. 13:465-474; Unger et al,
1985, Invest. Radiol. 20:893-700; and Khaw el al,, 1980, Science 209:285-297. This
technique, also known as immunoscintigraphy, uses a gamma camera 1o detect the
location of gamma-emilting radioisclopes  conjugated 1o monodlonal  antibodies.
Diagnostic imaging can be used to diagnose cancer, autoimmune disease, infectious
disease and/or cardiovascular disease. (See, e.g., Brown, supra.}

in one embaodiment, the TL1A antibodies or antigen binding fragments therecf
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can be used lo diagnose TL1A-related diseases, disorders, or conditions, including
immune-related diseases. For example, the antibodies, or antigen binding fragments
thereof, can be used to detect TL1A levels in patients, among other uses.

In addition to diagnosis, the TL1A antibodies or antigen binding fragments
thereof can be used to monitor therapeutic responses, detect recurrences of a dissass,
and guide subssguent dlinical decisions.

In some embodiments, for diagnostic and moniioring purposes, radioisotopes
may be bound to antibody fragments either directly or indirectly by using an intermediary
functional group. Such intermediary funclional groups include, for example, DTPA
{digthylenetriaminepentaacetic acid) and EDTA {ethylene diamine {efraacetic acid). The
radiation dose delivered io the patient is typically maintained at as low a level as
possible. This may be accompiished through the choice of isolope for the best
combination of minimum half-life, minimum retention in the body, and minimum quantity
of isotope which will permit deteclion and accurate measurement. Exampies of
radicisoiopes which can be bound o antibodies and are appropriale for diagnostic
imaging include ®mTe and "in.

Studies indicate that antibody fragments, particularly Fab and Fab’, provide
suitable tumor/background ratios. (See, €.g., Brown, supra.)

The TL1A antibody or antigen binding fragments thereof also can be labeled
with paramagnetic ions for purposes of in vivo diagnosis. Elemenis which are
particularly useful for Magnetic Resonance Imaging include Gd, Mn, Dy, and Fg ions.

The TL1A antibody or antigen binding fragmenits thereof can also delect the
presence of TL1A in vitro. In such immunoassays, the antibody or antigen binding
fragments thersof may be ulilized in liquid phase or bound o a solid-phase carrier. For
example, an intact antibody, or antigen-binding fragment therecof, can be attached fo a
polymer, such as aminodextran, in order {0 link the antibody component to an insoluble
support such as a polymer-coated bead, plate, or tube.

Alternatively, the TL1A antibody or antigen binding fragments thereof can be
used o detect the presence of particular antigens in lissue sections prepared from a
hisiological specimen. Such in situ delection can be accomplished, for example, by
applying a detectably-labeled TL1A antibody or antigen binding fragment thereof {o the
tissue sections, In situ detection can be used o determineg the prasence of a particular
antigen and to determing the distribution of the antigen in the examined tissue. Generdl
techniques of in situ delection are well known fo those of ordinary skill. (Ses, e.g.,
Ponder, "Cell Marking Techniques and Their Application,” in Mammalian Development:
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A Practical Approach, Monk (ed.), IRL Press, pp. 115-138 (1887}; Coligan et al., supra.)
Delectable labels such as enzymes, flucrescent compounds, slectron fransfer

agents, and the like can be linked to a carrier by conventional methods well known {o
the art. These labsled carriers and the antibody conjugates prepared from them can be
used for in vilro immunoassays and for in situ delection, much as an antibody conjugale
can be prepared by direct attachment of the labels to antibody. The loading of the
antibody conjugates with a plurality of labels can increase the sensitivity of
immunoassays or histological procedures, where only a low extent of binding of the
antibody, or antibody fragment, o target anligen is achigved.
Compositions

The invention also provides pharmacesutical compositions comprising an effective
amount of a TL1A antibody described hersin. Examples of such composilions, as well
as how 1o formulate, are also described herein. in some embodiments, the composition
comprises one or more TL1A antibodies. In other embodiments, the TL1A antibody
recognizes TLIA. In other embodiments, the TL1A antibody is a human antibody. In
other embodiments, the TL1A antibody is a humanized antibody. In some embodiments,
the TL1A antibody comprises a consiant region that is capable of friggering a desired
immune responsg, such as antibody-mediated lysis or ADCC. In other embodiments,
the TLTA antibody comprises a constant region that does not trigger an unwanted or
undesirable immune response, such as antibody-mediated lysis or ADCC. In other
embodimenis, the TL1A antibody comprises one or more CDR(s) of the antibody {such
as one, two, three, four, five, or, in some embodiments, all six CERs).

it is understood thal the compositions can comprise morg than one TL1A
antibody {e.g., a mixture of TL1A antibodies that recognize different epitopes of TL1A).
Other exemplary compositions comprise more than one TL1A antibody that recognize
the same epitope(s), or different species of TL1A antibodies that bind to different
epitopes of TL1A. In some embodiments, the compositions comprise a mixiure of TL1A
antibodies that recognize different variants of TL1A.

in some cases, it is desirable o have an aniibody or antigen-binding fragment
with high solubility in agueous solution or in pharmaceutical formulations. Therefore, in
ong embodiment, the antibody or antigen-binding fragment thereof according 1o the
present invention has & sclubility of at least about 10 mg/ml, for example, at ivast about
about 20 mg/ml, at least about 30 mg/mi, at least about 40 mg/mi, at least about 50
mg/mi, at least about 80 mg/mi, at least about 70 mg/ml, at least about 80 myg/mi, at
least about 20 mag/mi, at least about 100 mg/ml, at least about 125 myg/ml, at least about
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150 mg/mi, at least about 175 mg/mi, and al least about 200 mg/mi, in agueous solution.
In certain cases, the agqueous solulion is a solution with a pH of about 5.0 - 9.0. In other

cases, the pH of the agueous solution is belween about pH 6.0 and pH 8.0,

The composition used in the present inveniion can further comprise
pharmaceutically accepiable carriers, excipignts, or stabilizers (Remington: The Science
and practice of Pharmacy 20th Ed., 2000, Lippincott Williams and Wilkins, Ed. K. E.
Hoover), in the form of iyophilized formulations or agueocus solutions. Acceptable
carriers, excipients, or siabilizers are nontoxic o recipients at the dosages and
concentrations, and may comprise buffers such as phosphate, citrate, and other organic
acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethyibenzyl ammonium chioride; hexamethonium chioride; benzalkonium
chioride, benzethonium chloride; phenol, butyl or benzyl alcchol; alkyl parabens such as
methyl or propyt paraben; catechol; resorcinol; cyclohexanal; 3-pentanol; and m-cresal);
low molecular weight {less than about 10 residues) polypeplides; proleins, such as
serum  albumin, gelatin, or immunoglobuling;  hydrophilic polymers  such  as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, hislidine,
arginine, or lysing; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextrans; chelaling agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes {g.g. Zn-protein complexes); andfor non-ionic surfactants such as TWEEN™,
PLURONICS™ or polyethyiene glveol (PEG). Pharmaceutically acceplable excipients
are further desocribed herein,

The TL1A aniibody and compositions therecf can also be used in conjunction
with other agents that serve 0 enhance and/or complement the effecliveness of the
agenis.

The invention also provides compositions, including pharmaceutical
compositions, comprising any of the polynuclectides of the invention. In some
embodiments, the composition comprises an  expression veclor comprising a
polynuciectide encoding the antibody as described herein. In other embodiments, the
compaosition comprises an expression vecior comprising a polynudcieotide encoding any
of the antibodies described hersin. In still other embodiments, the composition
comprises either or both of the polynucleotides comprising the sequence shown in SEQ
(D NQ: 103 and SEQ 1D NO: 105, either or both of the polynuclectides shown in SEQ D
NO: 107 and SEQ 1D NO: 108, either or both of the polynucleotides shown in SEQ 1D

NO:103 and SEQ 1D NOM9O, either or both of the polynudleotides shown in SEQ 1D
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NO:107 and SEQ 1D NO:201, either or both of the polynudieotides shown in SEQ 1D
NO:103 and SEGQ 1D NQO:206, or either or both of the polynuclectides shown in SEQ D
NO:107 and SEQ 1D NQO:208, or either or both of the polynucleotides shown in SEQ D
NO:103 and SEQ 1D NO:213, or either or both of the polynuclectides shown in SEQ 1D
NO:107 and SEQ 1D NO:215, or either or both of the polynuclectides shown in SEQ 1D
NO:103 and SEQ ID NO:220, or gither or both of the polynuclectides shown in SEQ 1D
NO:107 and SEQ ID NO:222, or sither or both of the polynuclectides shown in SEQ 1D
NO:103 and SEQ ID NO:227, or either or both of the polynuclectides shown in SEQ 1D
NO:107 and SEQ 1D NQO:229, or either or both of the polynucleotides shown in SEQ 1D
NO:103 and SEQ 1D NQO:241, or either or both of the polynucleotides shown in SEQ D
NO:107 and SEQ 1D NO:243, or either or both of the polynuclectides shown in SEQ 1D
NO:103 and SEQ 1D NO:248, or sither or both of the polynuclectides shown in SEQ 1D
NO:107 and SEQ ID NO:250, or gither or both of the polynuclectides shown in SEQ 1D
NO:23 and SEQ 1D NO:25, or either or both of the polynucleotides shown in SEQ 1D
NO:27 and SEQ 1D NO:Z28, or either or both of the polynucleotides shown in SEQ 1D
NO:37 and SEQ 1D NO:3Y, or either or both of the polynucleotides shown in SEQ D
NO:41 and SEQ 1D NO43, or either or both of the polynucleotides shown in SEQ D
NO:89 and SEQ 1D NO:81, or either or both of the polynuclectides shown in SEQ 1D
NO:83 and SEQ 1D NO:05, or either or both of the polynucleotides shown in SEQ D
NO:51 and SEQ 1D NO:A3, or either or both of the polynucleotides shown in SEQ 1D
NO:55 and SEQ 1D NO:57, or either or both of the polynucleotides shown in SEQ 1D
NO:85 and SEQ 1D NO:67, or either or both of the polynucleotides shown in SEQ 1D
NO:65 and SEQ 1D NO:6Y, or either or both of the polynucleotides shown in SEQ 1D
NQO:65 and SEQ 1D NO:T1, or either or both of the polynucleotides shown in SEQ ID
NC:73 and SEQ 1D NO75, or either or both of the polynuclectides shown in SEQ 1D
NO:2 and SEQ 1D NO:4, or either or both of the polynucleotides shown in SEQ 1D NO:2
and SEQ 1D NO:G, or either or both of the polynuclectides shown in SEQ 1D NO:8 and
SEQ ID NGO, or either or both of the polynuclestides shown in SEQ 1D NO:8 and SEG
D NO:2.

in another aspedt, the polynudlectide can encode the VH, VL and/or both VH and
VL of the aniibody or antigen-binding fragment thereof of the invention. That is, the
composition comprises a single polynudlectide or more than one polynuclectide
encoding the antibody, or antigen-binding portion thereof, or the invention.

Pharmaceutical compositions of the disclosure also can be administered in
combination therapy, such as, combingd with cother agents. For example, the
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combination therapy can include TL1A antibody, or antigen binding fragment theredf, of
the present disclosure combined with at least one other therapy wherein the therapy
may be surgery, immunotherapy, chemotherapy, radiation treatment, or drug therapy.

The pharmaceutical compounds of the disclosure may include one or more
pharmaceutically acceplable salts. Exampies of such salls include acid addition salls
and base addition salls. Acid addition salis include those derived from nonioxic
inorganic acids, such as hydrochioric, nitric, phosphoric, sulfuric, hydrobromic,
hydrotodic, phosphorous and the like, as well as from nontoxic organic acids such as
aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy
atkanoic acids, aromatic acids, aliphatic and aromatic sulfonic acids and the like. Bass
addition salts include those derived from alkaline earth metals, such as sodium,
potassium, magnesium, calcium and the like, as well as from nontoxic organic amines,
such as N,N-dibenzylethylenediaming, N-methylglucamine, chioroprocaine, choling,
diethanclaming, sthylenediamine, procaine and the like.

A pharmaceutical composition of the disclosure also may include a
pharmaceutically acceptable anti-oxidant. Examples of pharmaceutically accepiable
antioxidants include: (1) waler soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfite, sodium sulfite and the like; (2} oii-
soluble antioxidants, such as ascorbyl palmitate, buivialed hydroxyaniscle (BHA),
butylated hydroxytoluene (BHT), lecithin, propyl gailate, aipha-tocopherol, and the like;
and {3} metal chelating agents, such as citric acid, ethylensdiaming fetraacetic acid
(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Examples of suitable aqueous and non-agueous carriers that may be employed
in the pharmaceutical compositions of the disclosure include water, ethanol, polyois
{such as glycerol, propylene giveol, polyethviene glycol, and the like), and suitable
mixiures thereof, vegetable cils, such as olive oll, and injectable organic eslers, such as
ethyl oleate. Proper fluidity can be maintained, Tor example, by the use of coating
materials, such as lecithin, by the maintenance of the required particle size in the case
of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetling
agents, emuisifying agents and dispersing agenis. Prevention of presence of
microorganisms may be ensured both by sterilization procedures and by the inclusion of
varicus antibacterial and antifungal agents, for example, paraben, chiorobutanol, phenol
sorbic acid, and the like. It may also be desirable o include isotonic agents, such as
sugars, sodium chioride, and the like info the compositions. In addition, prolonged
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absorption of the injectable pharmaceutical form may be brought about by the inclusion
of agents which delay absorption such as aluminum monostearate and gelatin,

Pharmaceutical compaositions typicaily must be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as a
solution, microemulsion, liposome, or other ordered struciture sultable to high drug
concentration. The carrier can be a solvent or dispersion medium containing, for
example, water, sthanol, polyol {for example, givcerol, propylene glycol, and liquid
polyethylene ghycol, and the like}, and suitable mixtures thereof. The proper fluidily can
be maintained, for example, by the use of a coating such as lecithin, by the mainienance
of the required pariicle size in the case of dispersion and by the use of surfactants. In
many cases, it will be suilable to include isolonic agenis, for example, sugars,
polyaicohols such as mannitol, sorbitol, or sodiurmm chioride in the composition.
Prolonged absorplion of the injectable compositions can beg brought about by including
in the compaosition an agent that delays absorption, for example, monostesarate salls and
gelatin.

Sterile injectable solutions can be prepared by incorporating the aclive compound
in the required amount in an appropriale solvent with one or a combination of
ingredients enumerated above, as required, followed by sterilization micrcfiliration.
Generally, dispersions are prepared by incorporaling the aclive compound info a sterile
vehicle that contains a basic dispersion medium and the reguired other ingredienis from
those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparalion are vacuum drying and
freeze-drying {lyophilization) that vield a powder of the active ingredient plus any
additional desired ingredient from a previcusly sterile-filiered solution thereof.

A pharmaceutical composition of the present disclosure may be preparsd,
packaged, or sold in a formulation suitable for ophthalmic administration. Such
formulations may, Tor example, be in the form of eye drops including, for exampie, a 0.1
1.0% {(wiw) solution or suspension of the active ingredient in an aquecus or oily liquid
carrier. Such drops may further comprise buffering agents, sails, or one or more other of
the additional ingredienis described herein. Other ophthalmalmically-adminisirable
formulations which are useful include those which comprise the aclive ingredient in
microcrysialling form or in a liposomal preparation.

As used herein, "additional ingredients™ include, but are not limited o, one or
more of the following: excipients; surface aclive agents; dispersing agents; inerd
diluents; granulating and disinfegrating agents; binding agents; lubricating agents;
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sweelening agents; flavoring agents; coloring agents; preservalives; physiologically
degradable compositions such as gelating agueous vehicles and solvenis; oily vehicles
and solvents; suspending agents; dispersing or welling agents; emulsifying agents,
demulcents; buffers; salls; thickening agents; fillers; emuisifying agents; antioxidanis;
antibiotics; antifungal agenis; slabilizing agents; and pharmaceutically acceptable
polymeric or hydrophobic materials. Other "additional ingredients” which may be
included in the pharmaceutical compositions of the invention arg known in the art and
described, for example in Remington's Pharmaceutical Sclences, Genaro, ed., Mack
Fublishing Co., Easton, PA (1985), which is incorporated herein by reference.

in one embodiment, the TL1A antibody, or antigen binding fragment thereof, is
administered In an intravencus formuiation as a sterile agueous solution containing &
mg/mi, or more preferably, about 10 mg/mi, or yet more preferably, about 15 mg/ml, or
even more preferably, about 20 mg/mi of aniibody, with sodium acetate, polysorbate 80,
and sodium chloride at a pH ranging from about 5 to 8. Preferably, the intravenous
formulation is a sterile agusous solution containing § or 10 mg/mi of antibody, with 20
mb sodium acetate, 0.2 mg/mi polysorbate 80, and 140 mM sodium chioride at pH 5.5.
Further, a solution comprising an antibody, or antigen binding fragment thereof, can
comprise, among many other compounds, histidine, mannitol, sucrose, irehalose,
glvcine, poly{sthylene} glycol, EDTA, methionine, and any combination thereof, and
many other compounds known in the relevant arl.

in one embodiment, a pharmacsutical compaosition of the present disclosure
comprises the following components: 100 mg TL1A antibody or antigen binding
fragment of the present disclosure, 10 mM hislidine, 5% sucrose, and 0.01%
polysorbate 80 at pH 5.8, This composition may be provided as a lyophilized powder.
When the powder is reconsiituted at full volume, the composition relains the same
formulation. Alternatively, the powder may be reconstituted at half volume, in which case
the composition comprises 100 mg TL1A antibody or antigen binding fragment thereof
of the present disclosure, 20 mM histidine, 10% sucrose, and 0.02% polysorbate 80 at
pH 5.8.

in one embodiment, part of the dose is adminisiersed by an intravensous holus
and the rest by infusion of the antibodyformulation. For example, a 0.01 mag/kg
infravencus injection of the TL1A antibody, or antigen binding fragment thereof, may be
given as a bolus, and the rest of the antibody dose may be administered by inlravenocus

injection. A predetermined dose of the TL1A antibody, or antigen binding fragment
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thereof, may be administered, for example, over a pericd of an hour and a half o two
hours fo five hours.

With regard o a therapsutic agent, where the agent is, e.g., a small molecule, it
can be preseni in a pharmaceutical composition in the form of a physidlogically
acceptable ester or salt, such as in combination with a physiologically acceptable cation
or anion, as is well known in the art.

The formulations of the pharmaceutical compositions described hergin may be
prepared by any method known or hereafter deveioped in the art of pharmacoiogy. In
general, such preparatory methods include the step of bringing the active ingredient into
association with a carrier or one or more other accessory ingredienis, and then, if
necessary or desirable, shaping or packaging the product info a desired single- or multi-
dose unil.

in one embodiment the compositions of the disclosure are pyrogen-free
formulations which are substantially free of endotoxins andfor related pyrogenic
substances. Endotoxins include {oxins that are confined inside a microorganism and are
released when the microorganisms are broken down or die. Pyrogenic subsiances also
inciude fever- inducing, thermostable substances ({glycoproteins) from the outer
membrane of bacleria and other microorganisms. Both of these substances can cause
fever, hypotension and shock if administered 1o humans. Due to the potential harmful
gffects, it is advaniageous fo remove even low amounts of endofoxing from
intravenously administered pharmaceutical drug solutions. The Food and Drug
Administration {FDA) has sel an upper Hmit of 5 endoloxin units (EU) per dose per
Kilogram body weight in a single one hour period for intravenous drug applications (The
United Siates Pharmacopeial Convention, Pharmacopsial Forum 26 (13223 (2000)).
When therapeutic proteins are administered in amounts of several hundred or thousand
milligrams per Kilogram body weight it is advaniageous to remove even frace amounts
of endotoxin. in one embodiment, endotoxin and pyrogen levels in the composition are
fess than 10 EU/mg, or less than § EU/mg, or less than 1 EW/mg, or less than 0.1
EU/mg, or less than 0.01 EU/mg, or less than 0.001 El/mg. In another embodiment,
endotoxin and pyrogen levels in the composition are less than about 16 EUimg, or less
than about 5 EU/mg, or less than about 1 EU/mg, or less than about 0.1 Ell/mg, or less
than about 0.01 EU/myg, or less than about 0.001 EU/mg.

in one embodiment, the disclosure comprises adminisiering a composition

wherein said administration is oral, parenteral, intramuscular, intranasal, vaginal, rectal,
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fingual, sublingual, buccal, intrabuccal, intravenocus, culaneous, subcutanecus or
transdermal.

in another embodiment the disclosure further comprises administering 3
composition in combination with other therapies, such as surgsry, chemotherapy,
hormonal therapy, biclogical therapy, immunotherapy or radiation therapy.

In some aspects, the compositions and methods of the invention are specifically
intended for use in combination with one or more of the products and classes selected
from the group consisting of. anaigesics such as acetaminophen, naproxen sodium,
ibuprofen, tramadol, aspirin, celecoxib, valdecoxih, indomethacin, and other NSAIDs;
COX-2 inhibitors; anti-inflammatory drugs; sulfasalazine, mesalamine, balsalazide, and
olsalazing; and corlicosteroids  such  as  prednisone  and  budesonide;
immunosuppressant drugs such as azathiopring, mercaptopurine, TNF blockers such as
inflodmab  and adalimumab, metholrexate, and cyclosporing; antibictics such as
metronidazole  and  ciprofloxacing anti-diartheals  such  as  loperamide;
immunosuppressant drugs such as azathioprine, mercapiopurine, corticosteroids;
immunosuppressants; Janus kinase-3 {Jak-3) inhibitors; and laxatlives; antihistamines
such as chlorpheniramine, desloratadine, levocetirizing, diphenhydramine, doxyiamine
siuccinate, friproliding, clemastine, pheniraming, brompheniramine,
dexbrompheniramine, loratadine, cefirizine and fexofenadine, amlexanox, alkylamine
derivatives, cromolyn, acrivastine, ibudilast, bamipine, ketotlifen, nedocromil,
omalizumab, dimsthindens, oxaiomids, pemirolast, pyrrobutaming,  pentigetids,
thenaldine, picumast, lclpropamine, ramalroban, repirinast,  suplalast  tosylale
aminoalkylsthers, tazanolasl, bromodiphenhydramine, tranilast, carbinoxamine,
fraxanox, chlorphenoxaming, diphenyipyaling, embramine, p-methyldiphenhydramine,
moxastine, orphenadring, phenviicloxamine, selastine, ethylensdiamine derivatives,
chloropyraming, chlorothen, methapyrilene, pyrilamine, {alastine, thenyldiamine,
thonzylamine hydrochloride, iripelennamine, piperazines, chlorcydlizine, clocinizing,
homochiorcyclizine, hydroxyzine, fricyclics, phenothiazines, meguitazing, promethazine,
thiazinamium methyvisulfale, azaladine, cyprohepiadine, deplropine, desloratadine,
isothipendyl, colopatadine, rupatadine, antazoline, astemizole, azelastine, bepolastine,
clemizole, ebasting, emedasting, epinasling, levocabasting, mebhydroling, mizoiastine,
phenindamineg, terfenading, tritoqualine.

Dosing/Administration

To prepare pharmacsutical or sterile composilions including a TL1A antibody, or
antigen binding fragment thereof of the disclosure, the antibody is mixed with a
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pharmaceutically acceplable carier or exciplent. Formuialions of therapsulic and
diagnostic agents can be prepared by mixing with physiologically acceplable carriers,
excipients, or stabilizers in the form of, e.q., lvophilized powders, slurries, aguecus
solutions, Iotions, or suspensions (seg, e.g., Hardman, st all (2001) Goodman and
Gilman's The Pharmacological Basis of Therapeutlics, McGraw-Hill, New York, N.Y.;
Gennaro {2000) Remington: The Science and Practice of Pharmacy, Lippincott,
Williams, and Wiikins, New York, N. Y., Avis, et al. {eds.} {1883} Pharmaceutical
Dosage Forms: Parenteral Medications, Marcel Dekker, NY; Lieberman, et al. {eds.)
(19890) Pharmaceutical Dosage Forms: Tablels, Marcel Dekker, NY; Lieberman, et al.
{eds.} (1980) Pharmaceutical Dosage Forms: Disperse Systems, Marcel Dekker, NY;
Weiner and Kotkoskie (2000) Excipient Toxicity and Safety, Marcel Dekker, Inc., New
York, N.Y.).

Selecting an administration regimen for a therapeutic depends on several factors,
including the serum or tissue fumover rate of the entily, the level of symplioms, the
immunogenicity of the entity, and the accessibiiity of the {arget cells in the biological
malrix. In cerlain embodiments, an administration regimen maximizes the amount of
therapsutic delivered o the patient consistent with an acceptable level of side effects.
Accordingly, the amount of biologic delivered depends in part on the particular entity and
the severity of the condition being freated. Guidance in selecting appropriate doses of
antibodies, cytokines, and small molecules are available (see, a.g., Wawrzynczak, 1896,
Antibody Therapy, Bios Scientific Pub. Lid, Oxfordshire, UK, Kresina {ed.), 1881,
Monoclonal Antibodies, Cytokines and Arthritis, Marcel Dekker, New York, N.Y.; Bach
{ed.}, 1883, Monocional Antibodies and Peptide Therapy in Autoimmune Diseases,
Marcel Dekker, New York, N. Y., Baert, et al., 2003, New Engl. J. Med. 348:601-808;
Milgrom, et al., 19899, New Engl. J. Med. 341:1066-14973; Slamon, et al., 2001, New
Engl J. Med. 344:783-792; Beniaminovilz, et al., 2000, New Engl. J. Med. 342:613-61%;
Ghosh, et al., 2003, New Engl. J. Med. 348:24-32; Lipsky, et al., 2000, New Engl. J.
Med. 343:1584-1602).

Determination of the appropriale dose is made by the clinician, e.g., using
parameters or factors known or suspecied in the art {o affect treatment or predicted to
affect treatment. Genegrally, the dose begins with an amount somewhat less than the
optimum dose and it is increased by small increments thereatter until the desired or
optimum effect is achieved relative to any negative side effects. Imporiant diagnostic
measures include those of symptoms of, e.q., the inflammation or level of inflammatory
cytokines produced.
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Actual dosage levels of the active ingredients in the pharmaceutical compositions
of the present disclosure may be varied so as o oblain an amount of the active
ingredient which is effective 10 achieve the desired therapsutic response for a particular
patient, composition, and mode of administration, without being toxic o the patient. The
selected dosage level will depend upon a variety of pharmacokinetic factors including
the aclivity of the parlicular compositions of the present disclosure emploved, or the
ester, salt or amide theredf, the roule of administration, the time of administration, the
rate of excretion of the particular compound being emploved, the duration of the
treatment, other drugs, compounds and/or materials used in combination with the
particular composilions employed, the age, sex, weight, condilion, general health and
prior medical history of the patient being treated, and like factors well known in the
medical arts.

Compositions comprising TL1A antibodies or antigen binding fragments thereof,
of the disclosure can be provided by continuous infusion, or by doses at infervals of,
£.g., one day, one week, or 1-7 times per week. Doses may be provided intravenously,
subcuianeously, topically, orally, nasally, rectally, intramuscular, infracerebrally, or by
inhalation. A specific dose protocol is one involving the maximal dose or dose frequency
that avoids significant undesirable side effects. A total weekly dose may be at least .05
ua/kg body weight, al least 0.2 ug/kg, at teast 0.5 yg/kg, at least 1 pg/ky, at least 10
uafky, at least 100 ugl/kyg, at least 0.2 mg/kg, at least 1.0 myg/kyg, at least 2.0 mg/ky, at
feast 10 mg/kyg, at least 15 mg/kg, at least 20 mg/ky, at least 25 mg/kg, or at least 50
mg/kg (see, e.g., Yang, et al, 2003, New Engl. J. Med. 348:427-434; Herold, et al,,
2002, New Engl. J. Med. 348:1892-1698; Liu, et al,, 1998, J. Neurol. Neurosurg. Psyeh.
67:451-456; Portielii, et al,, 2003, Cancer. Immunol. Immunocther. 52; 133-144). The
dose may be al least 15 ug, at least 20 pg, at least 25 pg, at least 30 yg, at least 35 yg,
at least 40 ug, at least 45 yg, at least 50 yg, at least 55 pg, at least 60 ug, al least 65
ug, at least 70 pg, at least 75 ug, at least 80 pg, at least 85 ug, at least 90 g, at least
95 pg, or at least 100 pg. The dosses administered to a subject may number at lgast 1, 2,
3.4,586,7,8,8, 10, 11, or 12, or more.

For TL1A antibodies or antigen binding fragments thereof of the disclosure, the
dosage administered o a patient may be 0.0001 mo/kg to 100 mg/kyg of the patient's
body weight. The dosage may be between 0.6001 mg/kg and 20 mg/kg, 0.0001 myg/kg
and 10 mgfkg, 0.0001 mgfkg and 5 mg/kg, 0.0001 and 2 mg/kg, 0.0001 and 1 mg/kg,
0.0001 mg/kg and 0.75 mg/kg, 0.0001 mg/kg and 0.5 mg/kg, 0.0001 mglkg to 0.25
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mg/kg, 0.0001 to 0.15 mg/kg, 0.0001 to 0.10 mg/kg, 0.001 to 0.5 mg/kg, 0.01 10 0.25
mg/kg or 0.01 to 0.10 myg/kg of the patient's body weight.

The dosage of the TL1A antibody or antigen binding fragment thergof may be
calculated using the palient's weight in kilograms {(kg) multiplied by the dose {0 be
administered in mg/kg. The dosage of the antibodies of the disclosure may be 150 ug/kg
or less, 125 ug/kg or less, 100 uglkg or less, 95 yg/kg or less, 80 pg/kg or less, 85 y/kg
or less, 80 wkyg or less, 75 y/kg or less, 70 kg or less, 65 u/kg or less, 60 u/kyg or less,
55 wikg or less, 50 wkg or less, 45 ukg or less, 40 wkg or less, 35 wkg or less, 30 wkg
or less, 25 wkg or less, 20 kg or less, 15 w/kg or less, 10 wkg or less, b wkg or less,
2.5 pikg orless, 2 wky or less, 1.5 plkkg or less, 1 wkg or less, 0.5 wkyg or less, or 0.1
u/kg or less of a patient's body weight.

Unit dose of the TL1A antibodies or antigen binding fragments thereof of the
disclosure may be 0.1 mg to 200 mg, 0.1 mg to 175 mg, 0.1 mg 10 150 myg, 0.1 mg to
125 mg, 0.1 mg to 100myg, 0.1 mg 1o 75 mg, 0.1 mg to 50 myg, 0.1 mg o 30 mg, 0.1 mg
to 20 mg, 0.1 mg to 15 mg, 6.1 mg to 12 myg, 0.1 mg fo 10 mg, 8.1 mg to 8 mg, 0.1 mg
to7mg 0. 1mgtobmg 0.1 2.5 mg, 0.25 mg o 20 mg, 0.25 to 15 mg, 0.25 o 12 my,
0.251010mg, 025108 mg, 025 mgto 7 myg, 0.25 mg o 5 mg, 0.5 mg to 2.5 my, 1 myg
w20 mg, Tmgio1dmg TmgloiZmg Tmgioilmg Tmgto8mg 1mgio7 mg, 1
mg to 5 mg, or 1 mg to 2.5 mg.

The dosage of the TL1A antibodies or antigen binding fragmentis thereoiof the
disclosure may achieve a serum titer of at least 0.1 pg/ml, at least 0.5 pg/mi, at lsast 1
ug/mi, at least 2 pg/mi, at least 5 pg/mi, at least 6 pg/mi, at least 10 pg/mi, at least 15
ug/mi, at least 20 ug/mi, atleast 25 yg/mi, at least 50 yg/mi, at least 100 pg/mi, at least
125 ug/mi, at least 150 v, al least 175 ug/mi, at least 200 ug/mi, at least 225 yg/mi, at
least 250 ug/mi, at least 275 yg/mi, at least 300 ug/mi, at least 325 ug/mi, al least 350
uagfmi, at least 375 pg/mi /mil, or al least 400 pg/mi /mi in a subject. Alternatively, the
dosage of the antibodies of the disclosure may achieve a serum titer of at ieast 0.1
ug/mi, at lsast 0.5 pg/ml, at least 1 ug/mi, at least, 2 yg/mi, at least 5 yg/ml, at least &
ug/mi, at least 10 pg/mi, at least 15 pg/mi, at least 20 ug/mi, at least 25 yg/mi, at least
50 ug/mi, at least 100 yg/mi, al least 125 yg/mi, at least 150 yg/mi, at least 175 ug/mi,
at least 200 pg/mi, al least 225 yg/ml, at least 250 ug/mi, at least 275 yg/mi, at least 300
ug/mi, at least 325 ug/mi, at least 350 pgimi, at least 375 yg/mi, or at lsast 400 ug/mt in
the subject.

Doses of TL1A antibodies, or antigen binding fragments thereof of the disclosure
may be repeated and the adminisirations may be separated by at least 1 day, 2 days, 3
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days, § days, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, or al
least 6 months.

An effective amount for a particular patient may vary depending on factors such

as the condilion being treated, the overall health of the patlient, the method route and
dose of administration and the severity of side effects (see, e.g., Maynard, et al., 1896,
A Handbook of SOPs for Good Clinical Practice, Interpharm Press, Boca Raton, Fla,;
Dent, 2001, Good Laboratory and Good Clinical Practice, Urch Publ, London, UK}
The route of administration may be by, e.g., topical or cutansous applicalion, injection or
infusion by intravenous, intraperitoneal, infracerebral, intramuscular, intraccular,
infraarierial, intracerebrospinal, intralesional, or by sustained release systems or an
implant (seeg, 8.g., Sidman et ai., 1983, Biopolymers 22:547-558; Langer, et al,, 1981, J.
Biomed. Mater, Res. 15: 167-277; Langer, 1982, Chem. Tech. 12:98-105; Epstein, et
al.,, 1985, Proc. Natl. Acad. Sci. USA §2:3688-36892; Hwang, et al.,, 1980, Proc. Nath
Acad. Sci. USA 77:4030-4034; U.&. Pat. Nos. 6,350466 and 86,318,024}, Where
necessary, the composition may also inciude z solubilizing agent and a local anesthetic
such as lidocaine 1o ease pain at the sile of the injection. In addition, pulmonary
administration can also be employed, e.g., by use of an inhaler or nebulizer, and
formulation with an aerosclizing agent. See, e.g., U.S. Pat. Nos. 6,018,968, 5,885,320,
5,885,309, 5,934,272, 5874004, 5,855,013, 5200,540, and 4,880,078 and PCT
Publication Nos. WO B2/18244, WO 97732572, WO 87/44013, WO 98/31346, and WO
99/66903, each of which is incorporated herein by reference their enfirety. In one
embodiment, the TL1A antibody, or antigen binding fragment thereof, or a composition
of the disclosure is adminisierad using Alkermes AIR™ pulmonary drug delivery
technology {(Alkermes, Inc., Cambridgs, Mass.).

A composition of the present disclosure may also be administered via one or
more routes of administration using one or more of a variely of methods known in the
art. As will be appreciated by the skilled artisan, the route and/or mode of adminisiration
will vary depending upon the desired results. Selecled routes of adminisiration for
antibodies of the disclosure include intravenous, intramuscular, intradermal,
intraperitoneal, subcutaneous, spinal or other parenteral routes of administration, for
example by injection or infusion. Parenteral administration may represent modes of
administration cther than enieral and topical administration, usually by injection, and
inciudes, without Hmitation, intravenous, inframuscular, inftraarierial, intrathecal,
infracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, iranstracheal,
subcutaneous, subcuticular, intraarticular, subcapsular, subarachnold, intraspinal,
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epidural and intrasternal injection and infusion. Allernatively, a composition of the
disclosure can be administered via a non-parenteral roule, such as a topical, epidermal
or mucosal route of administration, for example, intranasally, orally, vaginally, rectally,
sublingually or topically.

If the TL1A antibodies, or antigen binding fragments therecf, of the disclosure are
administered in a controlled release or sustained release sysiem, a pump may be used
te achieve controlled or sustained release (see Langer, supra; Sefion, 1887, CRC Crit.
Ref. Biomed. Eng. 14:20; Buchwald et al., 1880, Surgery 88:501; Saudek et al., 1889,
N. Engl. J. Med. 321:514).

Polymeric mategrials can be used to achieve controlled or sustained release of the
therapies of the disclosure {sse e.g., Medical Applications of Controlied Releass, Langer
and Wise {ads.}, CRC Pres., Boca Raton, Fla. (18974, Controlied Drug Bioavailability,
Drug Product Design and Performance, Smolen and Ball {eds.), Wiley, New York
(1884); Ranger and Peppas, 1883, J., Macromol. Scl Rev. Macromol. Chem. 23:61;
see also Levy e al, 1985, Science 11 225:190; During et al., 1928, Ann. Neurol. 25:351,
Howard et al, 1939, J. Neurosurg. 71: 105); U.S. FPat. No. 5,679,377, U.S. FPal. No.
5,816,507, U.S. Pat. No. 5,812,015; U.8. Pat. No. 5,080,463; U.5. Pal. No. 5,128,326;
RPCT Publication No. WO 99/15154; and PCT Publication No. W(Q 89/20253. Examples
of polymers used in sustained release formulations include, but are not limited to,
poly(Z-hydroxy ethyl methacrylate), poly(msthyl methacrylate), poly(acrylic acid),
polv{ethylene-co-  vinyl  acetate), poly(imsthacrvlic  acid), polyglvcolides  (PLG),
polvanhydrides, poiy(N  -vinyl  pyrrolidone),  polyvinyl  alcohol),  polyacrylamids,
polvethylene glyool), polvlactides (PLA), polvoeactide-co-glycolides) (PLGA), and
polyorthoesters. In one embodiment, the polymer used in & sustained release
formulation is inert, free of leachable impurities, slable on storage, sterile, and
biodegradable. A controlled or sustained release system can be placed in proximity of
the prophylactic or therapeutic target, thus requiring only a fraction of the systemic dose
(ses, e.g., Goodson, in Medical Applications of Controlled Releass, supra, vol. 2, pp.
115-138 (1984)).

Controlled release systems are discussed in the review by Langer, 1880, Science
245:1527-1533. Any technigue known to one of skill in the art can be used to produce
sustained release formulations comprising one or more antibodiss of the disclosure or
conjugates thereof. See, e.g., U5, Pat. No. 4,528,938, International Patent Publication
Nos. WO 91/05548, WO 86/20808, Ning et al, 1886, “iniralumoral
Radicimmunotheraphy of a Human Colon Cancer Xenograft Using a3 Sustained-Relsase

166



o

10

15

20

WO 2015/073580 PCT/US2014/065293

Gel,” Radictherapy and Oncology 59:178-189, Song et al., 1895, "Antibody Mediated
Lung Targeting of Long-Circulaling Emulsions,” FDA Journal of Pharmaceutical Science
and Technology 50:372-397, Cleek ef ah, 1997, "Biodegradable Polymeric Carriers for a
bFGF Antibody for Cardiovascular Application,” Pro. Ml Symp. Contrel. Rel. Bicact.
Mater., 24:853-854, and Lam et al, 1997, "Microencapsulation of Recombinant
Humanized Monocional Antibody for Local Delivery,” Proc. ML Symp. Control Rel.
Binact. Mater. 24:758-180, each of which is incorporated herein by reference in their
entirety.

if the TL1A antibedy, or antigen binding fragment thereof, of the disclosure is
administered topically, it can be formulaied in the form of an oinimeni, cream,
transdermal paich, lotion, gel, shampoo, spray, aerosol, solution, emulsion, or other
form well-known to one of skill in the arl. See, e.g., Reminglon's Fharmaceutical
Sciences and Infroduction to Pharmaceutical Dosage Forms, 18th ed., Mack Pub. Co.,
Easton, Pa. (1985}, For non-sprayable topical dosage forms, viscous to semi-solid or
solid forms comprising a carrier or one or more exciplents compatible with {opical
application and having a dynamic viscosily, in some instances, greater than water are
typically employed. Suitable formulations include, without Hmitation, solutions,
suspensions, emulsions, creams, ointments, powders, liniments, saives, and the ke,
which are, if desired, sterilized or mixed with auxiliary agenis {e.g., preservatives,
siabilizers, welling agents, buffers, or salts) for influencing various properties, such as,
for example, csmotic pressure. Other suitable topical dosage forms include sprayable
asrosol preparations wherein the aclive ingredient, in some Instances, in combination
with a solid or liquid inert carrier, is packaged in a mixiure with a pressurized volalile
{e.g., & gaseous propellant, such as freon) or in a squeeze boitle. Moisturizers or
humectants can also be added to pharmaceutical compositions and dosage forms if
desired. Examples of such additional ingredients are well-known in the arl.

If the compositions comprising TL1A antibodies, or aniigen binding fragments
thereof, are administered intranasally, it can be formulated in an aerosol form, spray,
mist or in the form of drops. In particular, prophylactic or therapeutic agents for use
according to the present disclosure can be conveniently delivered in the form of an
asrosol spray presentalion from pressurized packs or a nebuliser, with the use of a
suitable propeliant {e.q., dichloradifiuoromethans, trichlorofluoromethane,
dichlorotetrafluorosthane, carbon dioxide or other suitable gas). In the case of a
pressurized aerosol the dosage unit may be determined by providing a valve 1o deliver a
metered amount. Capsules and cartridges {composed of, e.g., gelatin} for use in an
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inhaler or insufflator may be formulated containing a powder mix of the compound and a
suitable powder base such as laclose or starch.

Methods for co-administration or treatment with a second therapeutic agent, s.q.,
a cyioking, steroid, chemotherapeutic agent, antibictic, or radiation, are well known in
the art {see, e.g., Hardman, et al. {eds.) (2001} Goodman and Giiman's The
Pharmacological Basis of Therapeutics, 10 th ed., McGraw-Hill, New York, N.Y.; Pocle
and Petarson {eds.) (2001} Pharmacotherapsutics for Advanced Practice: A Practical
Approach, Lippincott, Williams and Wilkins, Phila., Pa.; Chabner and Longo {eds.)
(2001) Cancer Chemotherapy and Biotherapy, Lippincoll, Willilams and Wilkins, Phila,,
Pa.). An effective amount of therapeutic may decrease the symptoms by at least 10
percent; by at least 20 percent; at least about 30 percent; at least 40 percent, or at least
50 percent.

Additional therapies {e.g., prophylactic or therapeutic agenis), which can be
adminisiered in combination with the TL1A antibodies, or antigen binding fragments of
the disclosure, may be administered less than 5 minules apart, less than 30 minutes
apart, 1 hour apar, at about 1 hour apart, al about 1 to about 2 hours apari, at about 2
hours 0 about 3 hours apart, at about 3 hours 10 about 4 hours apari, at about 4 hours
to about 5 hours apart, at about & hours {0 about 6 hours apart, at about 6 hours o
aboul 7 hours apart, at about 7 hours to about 8 hours apart, at about 8 hours to about @
hours apart, at about 8 hours to about 10 hours apart, at about 10 hours to about 11
hours apart, at about 11 hours to about 12 hours apart, at about 12 hours {0 18 hours
apart, 18 hours to 24 hours apart, 24 hours {¢ 36 hours apart, 38 hours 1o 48 hours
apart, 48 hours 1o 52 hours apart, 52 hours to 80 hours apart, 80 hours o 72 hours
apart, 72 hours o 84 hours apart, 84 hours to 96 hours apart, or 86 hours 0 120 hours
apart from the antibodies of the disclosure. The two or more theraples may be
administered within one same patient visit,

The TL1A antibodies, or antigen binding fragments thereotf, of the disclosure and
the other theraples may be cydlically administered. Cycling therapy involves the
administration of a first therapy {(e.g., a first prophylactic or therapsutic agent) for a
period of time, followed by the adminisiration of a second therapy (e.g., a second
prophviactic or therapeutic agent) for a period of fime, optlionally, followed by the
administration of a third therapy {e.g., prophylactic or therapeutic agent) for a pericd of
time and so forth, and repealing this sequential administration, i.e., the ¢ydle in order (o
raeduce the development of resistance to one of the therapies, {0 avoid or reduce the
side effects of one of the therapies, and/or to improve the efficacy of the therapies.
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in one embodiment, the TL1A antibodies of the invention can be co-administersd
with compositions for freating Crohn’s Disease, including compositions for inhibition of
pro-inflammatory oytokines and adhesion molecules, such as NSAIDs, 5-aminosalicylic
acid, giucocorticoids/corticosiercids, 8-mercaptopurine, or TNF-¢ inhibitors, including
adalimumab, infliximab, and others which are known to persons skilled in the art.

In certain embodiments, the TL1A antibodies, or antigen binding fragments
thereof of the disclosure can be formulated o ensure proper distribution in vive. For
example, the bleod-brain barrier (BBB) excludes many highly hydrophilic compounds.
To ensure that the therapeulic compounds of the disclosure cross the BRB (if desired),
they can be formulated, for example, in lposomes. For methods of manufaciuring
liposomes, see, e.g., U.S. Patents 4,522,811; 5,374,548; and 5,388,331, The liposomes
rmay comprise one or more moieties which are selectively transported into specific celis
or organs, thus enhance fargeted drug delivery (see, g.g., V.V. Ranade, 1889, J. Clin.
Pharmacol. 29:685). Exemplary targeting moietiss include folate or bictin {seg, e.g,
U.S. Patent 5,416,018) mannosides (Umezawa et zl., Biochem. Biophys. Res.
Commun. 153: 1038); antibodies (P. G. Bleeman et al,, 1805, FERS Lelt. 357 140; M.
Qwais et al., 18995, Antimicrob. Agents Chemother. 39: 180); surfactant protein A
receplor (Briscoe et al. {1885) Am. J. Physiol. 1233 134); pl20 {(Schreier et al. (18843 J.
Biol. Chem. 2069:8080), see also K. Keinanen; M.L. Laukkanen, 1984, FEBS Leil
346:123; Kiilion; Fidler, 1884; Immunomethods 4:273.

The disclosure provides protocols for the administration of pharmacsuticat
composition comprising TLTA antibodies, or anligen binding fragments thereof, of the
disclosure alone or in combination with other therapies to a subject in need thereof. The
therapies {e.g., prophylactic or therapeutic agents) of the combination therapies of the
present disclosure can be administered concomitantly or sequentially o a subject. The
therapy (e.g., prophylactic or therapeutic agenis) of the combination therapies of the
present disclosure can also be cyclically administered. Cycling therapy invoives the
administration of a first therapy (e.g., a first prophylactic or therapsutic agent) for a
pericd of time, followed by the administration of a second therapy {e.g., & second
prophvlactic or therapeutic agent) for a pericd of lime and repeating this seguential
administration, i.e., the cydle, in order to reduce the development of resistance to one of
the therapies {e.g., agents) {o avoid or reduce the side effects of one of the therapies
{e.q., agents), and/or {o improve, the efficacy of the therapies.

The therapies {e.q., prophvilactic or therapeutic agents) of the combination
theraples of the disclosure can be administered to a subject concurrently. The term
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“concurrently” is not limited to the adminisiration of therapies (e.g., prophylactic or
therapsutic agents) at exaclly the same fime, bul rather it is meant that a
pharmaceutical composition comprising TL1A aniibodies, or antigen binding fragments
thereof, of the disclosure are administerad to a subject in a sequance and within a time
interval such that the antibodies of the disclosure or conjugates thereof can act togsther
with the other therapy{ies) to provide an increased bengfit than i they were
administered otherwise. For exampls, each therapy may be administered to a subject at
the same time or sequentially in any order at different points in time; howsver, if not
administered at the same time, they should be adminisiered sufficiently close in time so
as io provide the desired therapsutic or prophylactic effect. Each therapy can be
administered to a subject separately, in any appropriate form and by any suitable route.
In various embodimenis, the therapies {(e.q., prophyiactic or therapeulic agenis) are
administered i0 a subject less than 15 minutes, less than 30 minutes, less than 1 hour
apart, at about 1 hour apart, at about 1 hour 10 about 2 hours apart, at about 2 hours to
about 3 hours apart, at about 3 hours o about 4 hours apart, at about 4 hours to aboui b
hours apart, at about 5 hours o about 6 hours apari, at about 6 hours o about 7 hours
apart, at about 7 hours to about 8 hours apart, at about 8 hours 1o about 8 hours apart,
at about 9 hours to about 10 hours apart, at about 10 hours to about 11 hours apart, at
about 11 hours to about 12 hours aparl, 24 hours apart, 48 hours apari, 72 hours apart,
or 1 week aparl. in other embodimenis, two or more therapies {e.g., prophylactic or
therapeutic agents) are administered o a within the same patient visit.

The prophylactic or therapeulic agents of the combination therapies can be
administered 1o a subject in the same pharmaceutical composition. Allernatively, the
prophylactic or therapeutic agents of the combination therapies can be administered
concurrently to a subject in separate pharmaceutical compositions. The prophylactic or
therapeuiic agents may be administered o a subject by the same or different routes of

adminisiration.

Kils

The invention also provides kits comprising any or all of the antibodies described
herain. Kits of the invention include ong or more containers comprising a TL1A antibody
described herein and instructions for use in accordance with any of the methods of the
invention described herein. Generally, these instructions comprise a description of
adminisiration of the antibody for the above described therapsutic freatments. In some

embodiments, kits are provided for producing a single-dose administration unit. In
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cerlain embodiments, the kit can contain both a first container having a dried protein and
a second coniainer having an aqueous formulation. In certain embodiments, Kils
containing an applicator, e.g., single and multi-chambered pre-filled syringes {g.q., liquid
syringes and lyosyringes) ,are included.

The instructions relating o the use of a TLIA antibody generally include
information as to dosage, dosing schedule, and route of administration for the intended
freatment. The containers may be unit doses, bulk packages (e.g., multi-dose packages)
or sub-unit doses. Instructions supplied in the kifs of the invention are typically written
instructions on a labsl or package insert (e.q., a paper sheet included in the Kit), but
maching-readable instructions {e.g., instructions carried on a magnetic or optical storage
disk) are also acceptable.

The kits of this invention are in suitable packaging. Suitable packaging includes,
but is not limiled o, vials, bottles, jars, flexible packaging {e.q., sealed Mylar or plastic
bags), and the like. Also contemplated are packages for use in combination with a
specific device, such as an inhaler, nasal administration device {e.g., an atomizer) or an
infusion device such as a minipump. A kil may have a slerile access port (for example
the container may be an infravenous solution bag or a vial having a stopper pierceabls
by a hypodermic injection needle). The container may also have a sterile access port
{for example the container may be an intravenous solution bag or a vial having a
siopper pierceable by a hypodermic injection needle). Al least one active agent in the
composition is a TL1A antibody or antigen-binding fragment therecf of the invention.
The container may further comprise a second pharmaceutically aclive agent.

Kits may oplionally provide additional components such as huffers and
interpretive information. Normally, the kit comprises a container and a label or packags
inseri{s) on or associated with the container.

The invention also provides diagonistic kits comprising any or all of the antibodies
described herein. The diagonistic kits are useful for, for example, detecting the presence
of TL1A in a sample. In some embodiments, a diagnostic Kit can be used o identify an
individual with a lalent disease, disorder or condition that may put them at risk of
developing TL1A-mediated disease, disorder or condition. In some embodiments, a
diagnostic kit can be used to detect the presence and/or level of TL1A in an individual
suspected of having a TL1A mediated disease.

Diagnostic kits of the invention include one or more comtlainers comprising a
TL1A antibody described herein and instructions for use in accordance with any of the
methods of the invention described herein. Generally, these instructions comprise a
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description of use of the TL1A antibody to detect the presence of TL1A in individuals at
risk for, or suspecied of having, a TL1A mediated disgase. In some embodiments, an
exemplary diagonistic kit can be configured 1o coniain reagenis such as, for example, a
TLAA antibody, a negative control sample, a positive control samiple, and directions for
using the kit.

Biclogical Deposit

Representiative materials of the present invention were deposited in the American
Type Cullure Collection, 10801 University Boulevard, Manassas, Va. 20110-2208, USBA,
on Qctober 17, 2013, Vector 101 1.31 VH having ATCC Accession No.PTA-120838
comprises a DNA insert encoding the heavy chain variabie region of antibody 101 1.31,
and vector 181 1.31 VL having ATCC Accession No. PTA-120640 comprises a DNA
insert encoding the light chain variable region of antibedy 101 1.31. The deposils were
made under the provisions of the Budapest Treaty on the International Recognition of
the Deposit of Microorganisms for the Purpose of Patent Procedure and Regulations
thereunder (Budapest Treaty). This assures maintenance of a viable culture of the
deposit for 30 vears from the dale of deposit. The deposit will be made available by
ATCC under the terms of the Budapest Treaty, and subject to an agreement belween
Pfizer Inc and ATCC, which assures permanent and unresiricted availability of the
progeny of the culiure of the deposit to the public upon issuance of the pertinent U.S.
patent or upon laying open fo the public of any U8 or forgign patent application,
whichever comes first, and assures availability of the progeny to one determined by the
U.S. Commissioner of Patents and Trademarks 1o be entilled therelo according to 35
U.8.C. Section 122 and the Commissioner’s rules pursuant thereto (including 37 C.F.R.
Section 1.14 with particular reference to 886 OG 838).

The assignee of the present application has agreed that if a culiure of the
raterials on deposit shouild die or be lost or desiroyved when cultivated under suitable
conditions, the materials will be promptly replaced on notification with anocther of the
same. Availability of the deposited material is not to be construed as a license o
practice the invention in contravention of the rights granted under the authority of any
government in accordance with ifs patent laws.

Equivalents

The foregoing writlen specification is considered to be sufficient to enable one
skilled in the arl o practice the disclosure. The foregoing description and Examples
detail certain exemplary embodiments of the disclosure. I will be appreciated, however,
that no matter how detalled the forsgoing may appear in fext, the disclosure may be
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praciiced in many ways and the disclosure should be construed in accordance with the
appended claims and any equivalenis thereof.

Al references cited herein, including patents, patent applications, papers, text
books, and the like, and the references cited therein, o the extent that they are not
already, are hereby incorporated herein by reference in their entirsty.

Exemplary Embodiments

The invention is further described in detall by reference to the following
experimental examples. These examples are provided for purposes of illustration only,
and are nol intended fo be limiting uniess otherwise specified. Thus, the invention
should in no way be construed as being limited to the following examples, but rather,
shouid be construsd 1o encompass any and all variations which become gvident as a
result of the teaching provided herein.

EXAMPLES
Example 1: Gensration of anti-TL1A Antibodies

Recombinant soluble human and mouse TL1A protein were transiently expressed
in HEKZ293 ceils. TL1A protein was purifiad by HitrapNTA, Hitrap Q and Sephacryl-200
{all purchased from GE healthcarg). The resulting purfied protein solution was
concenirated and stored below -80 °C. The purity was confirmed by SDS-PAGE and
analylical BEC.

Recombinant soluble human and mouse TL1A protein were used o immunize
Medarex KM and Hco mice. Some mice received alternating human and mouse TL1A,
while others received only human TL1A. In some cases, the mice were administered 3x
25ug of recombinant human TL1A plus 1x 25ug of recombinant mouse TL1A in Ribi
adjuvant weekly, infraperiloneally and subcutansously. Hybridomas produced by E-
fusion protocol were made from mice that showed reactivity o TL1A by serum liter
analysis. The subseguent hybridomas were screened for production of antibodies that
bound TL1A bul not TNF aipha. Those hybridomas that showed specific binding to TL1A
were further screened for neutralizing antibodies.

Example 2: Epitops Binning of anti-TL1A antibodies by SPR

A palrwise binding sirategy was emploved 1o characterize the anti-TL1A
antibodies by epilope binning using surface plasmon rescnance. One antibody was
directly immohbilized via amine coupling onto a carboxymethylated dexiran sensor chip
surface {CM5) using a Blacore 2000 or 3000 instrument. Then, recombinant soluble
human TL1A or murine TL1A diluted to 10nM in 8.1 mM NaHPQO4, 1.47 mM KHPO,,
pH 7.2, 237 mM NaCl, 2.7 mM KCI, 3.4 mM EDTA and 0.01% tween 20 (PBS-NET) was
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injected for about 1 minutes at a flow rate of 10ul/minule to achieve binding levels on the
immobilized antibody or antigen-binding fragment thereof of al least 100 response unils
{(RU). Next, the same antibody that was immobilized on the chip was injected at 30nkM
for & minutes in order to saturate all of the polential binding sites on the trimeric TLTAL A
repeat injection of antibody was performed to confirm this saturation. Finally, a second
antibody in PBS-NET or PBSE-NET alone as a control was injected at 30nM for 5
minutes. If the second antibody bound to the TL1A saturated with the first antibody, this
indicated that the second antibody bound a non-competiting epitope on TL1A as
compared {o the first antibody. If the second antibody could not bind to the saturated
TLAA, this indicated that the two antibodies shared the same or competiting epitope on
TL1A. This sirategy was repeated for the {op neutralizing antibodies. At the end of each
cycle, the immobilized antibody surface was regenerated either by a 30-second pulse of
3M Mgl or by 0.1% TFA followed by two consecutive 15-second pulses of PES-NET.
All injections were performad at 25°C at a collection rate of 10 Hz. All sensorgrams were
double referenced by using both a control surface and buffer injections.

Epitope binning of the initial 15 neutralizing antibodies against human TL1A
revealed at least two distinct epitopes (Figure 2). Within the 2™ epitope bin, there
appeared to be an overlapping spitope. Antibody 25A4 bound a non-compsting epitope
to 704 and 22F9, while it was shown have a compeling epitope 1o 101, Subsequently,
antibodies were compared against 101, 704 and 25A4 io determing its location within
this second epitope bin (Figure 3}, Additionally, within the first epitope bin, aniibodies
14G1, 4C1 and 10G3 each were compared against immobilized 16F0 {o reconfirm their
binning for binding to human TL1A. Each of these antibodies binds a competing epitope
with 16F9, as do 268811 and 9B3. Antibody 101 was used as a control for binding to
16F5 since these two antibodies bind human TL1A at non-competing epilfopes.

Epitope binning against murine TL1A was conducted for eight of the anti-TL1A
antihodies {which showed the ability o neulralize muring TL1A in the cell-based
caspase assay) as well as a commercially available anti-TL1A polyclonal antibody
AT127 (Enzo Life Sciences, Farmingdale, NY)L All of the anli-TL1A antibodies, other
than AT127, bound to murine TL1A at compeliting epilopes. AT127 appeared 1o bind
muring TL1A at a separate, nonoverlapping epitope (Figure 4).

Example 3: Characterization of TL1A Binding Kinetics of Neutralizing Antibodies

To characterize the binding kinetlics of the anti-TL1A antibodies to TL1A by
surface plasmon resonance, each anti-TL1A antibody was caplured via direcily
immobilized anti-human IgG (GE Healthcare) onio a carboiymethylated desttran sensor
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chip surface {CM5) using a Biacore T100 or T200 Instrumenti. Anti-human igG was
immobilized through amine coupling lo densilies of approximately 4,000 — 13,000
responseg units {RU). Each anti-TL1A antibody was diluted to 0.075-0.15ug/mi in 8.1 mM
NaHPO4, 1.47 mM KHPO,, pH 7.2, 237 mM NaCl, 2.7 mM KCI, 3.4 mM EDTA and
0.01% tween 20 (PBS-NET) and injected onto the anti-higG surface for about 1-2
minutes at a flow rate of Sul/minute 1o achieve low captured levels as low as 30 RU.
After capture, the flow rate was increased to 100 ylfminuts and various concenirations
of recombinant soiuble human TLIA, cynomologous monkey TLTA, or murine TL1A
ranging from 0.195 nM to 100 nM in PBS-NET were injected for a 2-3 minute
association and allowed to dissociate for up to 80 minutes. At the end of each cydle, the
entire anii-human lgG {(hig’) surface was regenerated by a 30-second pulse of 3M
MgCl followed by two consecutive 15-second pulses of PBS-NET. All injections were
performed at 25°C at a collection rate of 10 Hz. All sensorgrams were double referenced
by using both a control surface and buffer injections. Rate constants were determined
by fitling the data to a 1.1 model in Biacore T100, T200 evaluation software v1.0, or
RlAsvaluatlion sofiware v4. 1.1 and the equation Kp=ky/k,.

Initially, the binding of human and murine TL1A {0 select anti-TL1A antibodies,
was measured in real time on a Biacore T100 instrument. All of the antibodies bound {o
human TL1A or muring TLTA with similar equilibrium dissodiation constanis (Kp). The
determined Kps also were comparable to those previously generated cell-based assay
{C50s {data not shown).

For subsequent evaluation of TL1A binding in real time, antibodies 101, 26811
and 704, which are representative of antibodies that bind to different epitopes of TL1A,
werg expressed as follows. Transient expression of recombinant anti-TL1A antibodies
were assessed by co-fransfection of heavy and light chain V-regions cloned inio
mammalian expression vectors. For example, to each 100 mm tissue culture dish
{(Corning 430176); 40ul of TransiT (Mirus MIR2306) was added to 2 mis of room
temperature Optimem  {Invitrogen-Gibco  110588-021} + glutamine 2Z2mM  final
concentration. This mixture of Oplimem and Trans-IT was vortexed and incubated at
room temperature for 15 minuies. Maxiprep DNA was added (8 yg of heavy chain and 8
ug of ight chain) 1o the mixiure and incubated at room femperature for 15 minutes. This
solution was then added to the p100 coniaining ~8mi of growth media (DMEM+ Hi
FBS+Penn+StreprGlutamine). After 24 hours at 37°C, 10% COy, the celis were rinsed
with R1CD1{serum free growth media), then 10ml of R1CD1+PSG was added to each
p160. Conditioned madium was harvested after 48 hours at 37°C, 10% CO,, spun down
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{o pellet celis and supernatant removed 10 a new fube. This was adjusted accordingly to
accommaodate more cells for larger expression runs.

Conditioned medium from transient Iransfection was guantitated by total human
IgG-Fe- specific ELISA. Briefly, a flat bottom ELISA plate (Costar 3580) was coated
overnight at room temperature with 1004 each well of 1ugimi goat anti-human igG in
PBS (Pierce 31125). Plates were blocked with 100 yl/well of a §.02% Casein Solution in
PES for 2 minimum of 3 hours or up to 24 hours at reom temperatura. If the plales were
not used immediately they were siored for up o one month at 4°C in siorage bufler,
0,02% NaNj in FBS. Standard and samples were run in serial dilution series in assay
buffer (0.5% bovine serum albumin+ 0.02% Tween-20 in PB3) with 100 ! added o the
washead wells of the ELISA plate and incubated for 3 10 24 hours at room temperature.
Goat anti-human IgG (Pierce 31413) was diluted 1:5000 in assay buffer and 100 il was
added o well afier the plate was washed and allowed 1o incubate for 15 minules at
room temperature. The plale was washed and developed in 1004 per well BioFX TMB
{(TMBW-0100-01) the reaction was stopped in 100 @i per well 0.18 N H,80, and the
plate was read at 450 nm on Molecular Devices vMax plate reader. The unknowns were
calculated from the linear rangs of the curve from the dilution series of the standard.
Antibody 26B11 was used as quantitated conditioned medium in this experiment while
101, and 7D4 were protein A purified.

The anti-TL1A antibodies were captured onto immobilized anti-human Fo on a
CM5 sensor chip on a Biacore T100 instrument. Human TL1A (0.4-100nM) or
cynomolgus monkey TL1TA {(8-200nM) were injecied over caplured anti-TL1A antibodies.
Rate constants shown in the table were defermined by fitting to a 1:1 Langmuir binding
model in Biakvaluation v4.1.1 {fit lines shown in red). Data shown arg the average and
standard deviation of atl least 3 independent surfaces belween 2 experiments. No
nonspecific binding of recombinant solube human or coynomolgus TL1A o the
immobilized anti-human Fo was observed.

Capture levels were kept intentionally low o allow conditions of 1:1 binding, avoid
the impact of avidity, and {o minimize rebinding during dissociation. At capture levels
above 30 RU, slower off-rates had been observed to the antibodies which were likely
due to thess complications (data not shown).

For either human or cynomolgus TL1A, binding to ant-TL1A aniibodies was
dependent on the concentration of TL1A lested. At the highest cylokine concentrations,
the dissociation phase was sometlimes axtended o 80 minutes 1o achieve at least a 5%
decrease in binding signal. This is the minimum decrease recommended for accurately
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measuring relatively slow antigen dissociation rates (Katsamba, ot al. Kinelic analysis of
a high affinity antibody/antigen interaction performed by multiple Biacore users.
Analytical Biochemistry 2006 May 15;352(2):208-21). When this condition was mel, the
assodciation and dissociation rate constants between each species of TL1A and each
antibody were calculated from the binding sensorgrams using a 1:1 Langmuir binding
model. The Kd values for antibodies 101, 7D4, and 26B11 binding o human and ¢yno
TL1A are summarized in Table 4.

Table 4: Kd vaiues for antibodies 101, 7D4, and 26B11

Antibody Human TL1A Cyno TL1A
Ka ka{1/s} Ka{nM) Ka ka{1/s) Ka{nh)
{(1/Ms)IxE+05 1xE-G3 {(1/Ms)yixE+ | 1xE-03
05
101 g+2 1.840.2 13.1+£0.8 841 41+0.9 71
704 4+ 1 04+01 109+02 2.0+£0.5 14£03 1 689+09
28811 1.7 +01 0114004 1086+0.2 2.0:£0.8 g+2 36+ 12

Example 4: Anti-TL1A Antibody Sequences

Top neutralizing antibodies representing the various epitope bins were selected
for sequencing. Sequences were obtained for anti-TL1A antibodies 1D1, 7D4, 28B11,
15011, 15A8, 8B3 and 22F0 as follows. Anti-TL1A hyvbridomas of interest were selecled
to clone the variable domains. RNAs from the hybridomas were extracied and the
variable region DNA sequences from the expressed antibodies werg obtained via RT-
PCR cloning. Generally, one to five million of the subcloned hybridoma cells were
homogenized for total RNA isolation, run through QlAShredder with QIAGEN RNAegasy
Mini kit, or cell numbers adjusted to use other Qiagen kit such as RNAeasy micro kil
First strand cDNA was then produced using superscript Il or superscript il reverse
transcriptase {invitrogen). Double stranded cDNAs for variable regions of anti-TL1A
IgGs were subsequently generated and amplified by PCR using primers specific for
constant regions and 5 known cap, such as SMART lHla dligo. The resulting RT-PCR
products were cloned into TORO-Blunt cloning vector, zero blunt, tope TA or similar
veotor (Invitrogen) and sequenced by conventional methods.

Sequences are listed in the Sequence Listing Table (Table 40} and shown in
Figure 1. For antibodies 983 and 26B11, mulliple heavy chains were cloned from the
hybridoma and are listed in the Sequence Listing Table (Table 40) and Figure 1. For
26B11, experimenis were performed with construcis having the VH2 variable heawvy
chain domain {(SEQ 1D NO:74).
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Figure 11 depicts an alignment of the sequences of antibodies 101, 704, and
26811, which are representative of the 3 epitope bins discuss above. Figure 1J depicts
an alignment of the VH and VL sequences from antibodies 704 and 22F9, which bind o
competing TL1A epilopes. These antibodies have the same VL but different VH regions.
Table 5 provides a summary of the amino acid differences between the VH domains of
antibodies 7D4 and 22F8 Figure 1K depicts an alignment of the sequences beiween
antibodies 26B11 and 8B3, which bind to compsting TL1A epitopes. These antibodiss
have different VL regions, but each produce mulliple, identical VH regions (VH1, VHZ).
Antibody 26B11 also produces a third VH domain, named MDX-VH. Table € provides a
summary of the amino acid differences between antibodies 26B11 and 8B83. Figure 1L
depicts an alignment of the ssguences of antibody 101 and antibodies 15A8 and
15C11, which compete for binding to TL1A. These aniibodies have the same VL, but
each have different VH regions. Table 12 provides a summary of the amino acid
differences between antibodies 101, 15A3, and 15C11 and the 1D1 affinity matured
variants. Figure TM is a charl depicling the percentage sequence identity between

various anti-TL1A antibodies.
Table &5 Summary of Amino Acid Differences in VH Domaing of Antibodies 704 and

22F%. For COR-H1, sequence is defined by AntibodyM, and Kabat-defined residues are

in bold and italicized.
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CDR-H1 CDR-HZ CDR-H3 VH Domain
Amino Acid! Amino Acid Amino Amino Amino Aming | Amino Acid | Amino
Sequence | Sequence Acid Acid Acid Acid Sequence Acid
in 22F9 in 704 Ssquenc | Sequence | Sequenc | Sequen in 22F9 Sequen
{(GEQ D (SEQID {ein22F9 in 704 e in 22F9 ce in ce in
NO:61) NO: §9) {(SEQID (SEQID (SEQID 704 704
NO: 82) | NO:100) | NO:83) | (SEQID
NO:
1013
G G W W G A Das E85
Y Y | | Y H
T T N S S S
F F A T 8 S
T T 3 Y A S
] S N N W W
Y Y G G F F
A G N N D D
i { T T A A
H N K N F F
Y S D D
S A | ]
G G
K K
F L
Q Q
G G

Table 6: Summary of Amino Acid Differences in VH and VL Domains of Antibodies BB3
and 26B11. For CDR-H1, sequence is defined by AniibodyM, and Kabat-defined

residues are in bold and ilalicized.

CDR-L1 VL Domain COR-H1
Amino Amino Amino Amino Amino Acid Amino Acid Amino Acid
Acid Acid Acid Acid Sequence in Sequence in Sequence in
Sequence! Sequence § Sequence | Seguence § 28B11 (SEQID | 28811 (SEQID 26B11
in 26B11 in 983 in 26B11 in 9B3 NGO 78y/9B3 NQ: 82)/8B3 MDX (SEQID
(SEQID | (SEQID VH1 (SEQID VH2 (SEQID NO: 85)
NO: 78) N 133 NC: 183 NO: 19}
R R 83F 83y G G G
A A F F F
S S T T T
Q Q F F F
€ € S S S
| | N S N
S S Y F Y
N S A A A
W W i i {
L L #H H H
A A
CDR-H2 | CDR-H3 E VH Domain
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Amino Acid Amino Aming Amino Amino Amino Amino | Amino | Amino
Seguance Acid Acid Acid Acid Acid Acig Acid in Acid
in 26811 Sequence | Sequence § Sequence | Sequence | Seguence in VH2 in
{(SEQID in 26811 in 28811 in 28811 in 26811 in 26811 VH1 MBX
NO: 80) (SEQID MEX (SEQID (SEQ D DX
1OR3 NO: 83) (SEQID NG 813 NG 84) (BEQID
VH1 (SEQ /983 NO: 88) /aB3 /9B3 NO: 87)
D NG 17} | VH2 (BEQ VH1 (SEQ | VHZ (SEQ
ID NG iD NG 0 NOG:
20) 18} 21
L L L D D D B8A | B8T | 68T
! ! i R R 108 | 108L | 108
M M
8 P P E N N
Y F Y Y Y Y
D D D C Y Y
G G G T G G
S S 5 Y S S
B S N S G G
K N N S S S
Y Y Y C F F
Y Y Y S S S
A A A Y F F
B B A o D D
S S 3 A A A
V V V F F F
K K K D D D
G G G | E E

Example §5: Affinity Maturation of Anti-TL14A Antibody 101 via Phage Bisplay

Library
a} Phage Library Design

Three libraries were planned, each of which contained randomization in
VHCDR1, VHCDRZ or VHCDRS regions of 101 (also referred to herein as “Parentaf
10717 or wild type 101 or WT 101}, X-ray orystallography studies of 101 IgG bound {0
human TL1A trimer {see Example 8) indicated that the VL was not heavily involved in
the binding interaction, thersfore the VL region was not mutagenized. Two types of
randomization were used, binary substitution with oligonucieotides supplied by Eurcfins,
and spiking mutagenesis with oligonuciectides supplied by DT (integrated DNA
Technologies). In the binary substitution method, the wild-type amino acid was replaced
with a codon which incorporates either the original wild-type amino acid or a dlossly
related homolog. This mutagenesis allows sublle changes o be introduced. Spiking
mutagenesis involves replacing the wild type amino acid with all other amino acids at a

rate of 50%.
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Several highly conserved amino acids were maintained throughout the library
build — for example Y31, 181 and D101 were not mulated due o their conservation in
human antibodies. The C-terminal end of the VHCDRZ loop was not mutaied; keeping in
mind previously generated data which pointed to the importance of these residues in
binding funclion. Some possibly pivolal positions were only mutated by binary
substitution. Cthers were subject to two methods of randomization; these positions were
thought to have more potential {o affect binding affinity.

The VHCDR3 was mutated most heavily, as traditionally this loop has the largest
role in affinity determination. The eniire loop (except D101} was mutaled by both binary
substitution and spiking mutagenesis. Two spiking mutagenesis oligos were used for the
VHCDRS due to its length.

b} Phage Library Build

Construction of the mutant libraries was performed. Primary and secondary
(SOE) PCRs involved the use of Platinum® Tag DNA Polymerase High Fidelity
{invitrogen), according to the manufaclturer's recommendations. SOE-PCR products
were restriction digested, purified, and cloned into the pWRIL-1 vector in £, cofi TG
Total library sizes were caloulated by plating serial dilutions of transformations onto 2YT
agar/100 ug per millilitre of carbenicillin/2% (Vv glucose (2YT-CG). Total cell
populations from each eleclroporation were plated onto 22-om hicassay dishes
{(Geneth) confaining 2YT agar/100 yg per milliliter of carbenicillin/ 2% (v/v) glucose
(2Y7-CG), incubated overnight at 30 °C, and finally harvested by scraping and
resuspension in 2YT broth/20% {(v/v) glycerol. Library aliquots were then frozen at -80
°C.

c) Phage Library Rescue and Seleclions

Fhage libraries were rescued and selections were carried out in two different
stvies, the first being a classical solution-phase method. in these selections the libraries
were selected over three rounds, with a starting concentration of 3 nM bictinylated-
hTL1A, ending with 50 pM in round three. Washes were increased from 12 in round one
e 18 in round thres. Also in round three, another branch conlaining an ‘off-rale
competition’ step was included, where 50 nM excess uniabelied antigen was added for
30 min,

The second stvle of sslection involved the same biotinylated antigen and beads
as the first. The purpose of these selections is {¢ drive forcefully towards high affinity in
the first round, Tollowed by a gentle recovery in the second round. Four branches of
selection were compleied, two of which contained 1 nM biotinylated hTL1A in round
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one, the remaining branches contained 100 pM bictinviated antigen in round one. The
first round also conlained an overnight ‘off-rate compstition’ slep, where 100 nM
unlabelied antigen was added for 18 h. Stringent washing was also used in round one,
with 13 washes being applied. The second round of selection involved four branches,
two of which contained 1 nM biclinylated-recombinant soluble human TL1A, the
remaining two contained 1 nM biotinylated-recombinant soluble murine TL1A. Ten
washes were applied in round two.

d} Primary Screening - scfv Expression and Furification

For high-throughput screening, £. coff clones were plated on 2YT-CG agar in 22-
cm bicassay trays (Genslix), picked info standard sterile 98-well plates containing 2YT-
CG broth using & QPix I colony picker {Genetix), and grown in a Multitron mulliplate
incubator {infors AG) at 800 rpm, 37 °C, and 80% humidity overnight. Foliowing growth,
glycerol was added o a final concentration of 30% {v/v) and plates were stored at -80
°C or used fo immediately incculate 96-well desp-well plates containing 800 ul of 2YT-
CG broth. These were grown at 37 °C, 80% humidity, and 800 rpm for 5-6 h; expression
was induced by addition of IPTG to a final concentration of 0.5 mM and incubation at 28
°C overnight. Celis were pelieied by cenirifugation at 1260g and resuspended in 150 i
of ice-cold periplasmic buffer [0 mM Tris-HCL 1 mM sthylensdiaminetstraacstic acid,
and 20% sucrose {(wiv), pH 8]. Osmotic shock was induced by addition of 150 pliwell of
a 1:5 dilution of periplasmic buffer, and samples were placed on ice for 30 min. This was
followed by centrifugation at 3220g for 10 min, and the superatant, consisting of the
periplasmic fraction containing expressed scFv's, was recovered. High-throughput
screening by ELISA or HTRF assay was carried out using crude periplasmic exiracts in
single-point analyses.

Small-scale, single-step scFv purifications were carried out for more delailed
HTRF ftitration and caspase aclivity assay analysis. £ cofi clones of inlerest were
sglected on the basis of performance in the binding ELISA and HTRF screening assay,
and inoculated for small-scale protein expression and purification.

e} Binding ELISA

Maxisorp plates (Nunc) were coated with 1 yg/mi of human or murine TL1A in
PBS overnight at 4 °C. Wells were washed three times with 250 yi of PBS containing
0.02% (v/v) Tween-20, using a Zoomwasher liguid handling robot (Titertek), and blocked
in 100 yl of PBS/3% {(wiv) dried milk protein with 1% bovine serum albumin for 1 h.
Crude periplasmic extracts (50%, viv) were blocked in PBE/G% (w/iv) dried milk protsin
with 2% bovine serum albumin for 1 h. The blocked periplasmic extracis (80%, viv) were
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then incubated with an HRP-conjugated anti-c-myc antibody (Roche) at a final
concentration of 1:2500 for 30 min prior o addilion o the coated ELISA plate, which
was incubated for a further 2 h. Following Tour washing cycles on the Zoomwasher, the
reaction was developed using UltraTMB (Pierce) and stopped by a 1:1 addition of .18
M phosphoric acid. The plate was read in an EnVision Multiplate Reader at 450 nm. All
data were plotied using Decision Site 8§ (Spofiire) and Prism 5 {GraphPad) software.
f} High-throughput compeldition HTRF assay

A high-throughput competition HTRF assay was established in order fo allow
identification of affinity improved clones. The parental 101 antibody was labeled with
europium oryptate using a oryptate labeling kit (CisBio) according 1o the manufacturer's
instructions. The final reaction mix contained 6 nM biotinylaied recombinant scluble
human or murine TL1A, 1:1600 dilution of SA-XLoeS (CisBio), 1:1000 dilution of the
europium cryptate-labeled parental 1D1, and 10% (v/v) periplasmic exiract containing
sciv's of interest, prepared as described above, in a tolal reaction volume of 20 W in
HTRF Detection Buffer (Cishin). Reagents were added seguentially on a MiniTrak Liguid
Handling Piatform  (Perkin-Elmer) into 384-well low-volume black plates (Nunch
Reactions were aliowed {o procesd for 3 hours at room femperaiure, and plales were
subsequently read on the EnVision Mullilabel Plate Reader (Perkin-Elmer) with
excitation at 340 nm and two emission readings at 815 nm {measuring input donor
fluorescence from 1D1-europium cryptate) and 865 nm {(measuring oulput acceplior
fluorescence from SAXLEES). All readings were expressed as the percentage of change
in fiugrescence, %AF, as described previcusly (Finlay et al., J. Mol Biol 388(3%541-58
(20080, All data were plotled using Decision Site 8 (Spotfire) and Prism 5 (GraphPad)
software.
g} Reformatting to lgG, and Exprassion and Furification

The selected ciones were inoculated from their frozen stock and grown overnight
at 250 rpm, 37 °C in single wells containing 150 pl 2YT media with 100 pg/mL

carbenicillin, Next 0.5 pl of each of the overnight culiures were added to the PCR

mixiure. The forward primer read
5 CAACAGCTACAGGCGCGCACTCOCAGOGTTCAGCTGGTG 3 (SEQ 1D NO: 383)
and the reverss primer

5 GACCGATGCGGCCCTTGCTCCGACGUTGAGGAGACGGTGAC 37 (SEQ 1D NO: 394).

All POR reactions were then pooled and resclved on a 2% agarcse gel. The

approximaiely 400 bp band was excised and purified using a QlAquick gel exiraction kit

{CHagen). The purified PCR products were then subject to a BssHll digest at 50 °C for 3
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h, followed by deactivation at 80 °C for 20 min. Next, 0.6 pl of bovine serum albumin
(100x) and 3 pl of Salt enzyme was added (o the reaction and allowed 1o digest at 50
°C for a further 3 hours, followed by deactivation at 65 °C for 20 min. The bulk digsstion
was resolved on a 2% agarose gel, gel purified and then ligated into an expression
vector engineered to include an effector funclion null mutation (also referred to as ¥riple
mutant” or “3mut”) in the Fo.

lgGs were transiently expressed in 30 mi HEKZ283 cells (invilrogen) afler
standard transfection. Conditioned medium was harvested afler 5 days at 37 °C, 7%
CO, and cells were removed by centrifugation. The resulting supermatant was filtered
and purification was carried out using ProPlus 40 ul Resin lips with the MEA robot (both
Phynexus Inc). Briefly, afier tip equilibration in wash buffer {(Phynexus), 1 mi of
conditioned media was drawn through each lip at a flow rate of 0.5 mi/min, 6 timas, 0
enable capture of the IgG by the ProA/G mixiure resin, before being discarded. This
step was repeated with all 30 mi of media, overnighl. Foliowing wash steps with two
buffers {(Phynexus Inc) the caplured protein was eluted with G.1 M glycine pH 2, and
neutralised with 1 M Tris pHS. Purified proleins were buffer exchanged into PRS,
concentration was determined by MicroBCA (Thermo), and purity by reducing SDS-
PAGE.
h) Caspase Activity Assay

The purified scFvs identified afier inilial screening, and later the reformatted lgGs,
were tested for their ability to neuliralize TL1A-induced caspass activity in TF-1 cells {a
human erythroleukaemia cell ling), 0 ensure functionality had been maintained. On day
one, TF-1 cells were seeded to a density of 3 x 10° cells/ mi and incubated at 37°C, 5%
CO,. On day two, the stimuli mixture of cycloheximide (20 ug/mb and hTL1A (125 ng/mi)
was incubated with a 3-fold dilution series of sckvy, starting at 40 nM, for 30 min at 37
°C. TF-1 cells (50 000 celisiwell) were added fo the stimuli-scFv mix. After 6 h
incubation at 37 °C, 100 ulwell Caspase-Glo 3/7 reagent (Promega) was added. The
plate was incubated at room temperaturg for 15 min, afler which it was read on the
Envision Mlale Reader (Perkin-Elmer) at 700 nm. Analysis was performed in duplicate,
and data was plotted using Prism § (GraphPad) software.
i} Biacore Analysis of IgGs

Biacorg analysis was performed using T-200 biosensor, series § CM5 chips and
approximaiely 4000 RU (response units) of an anti-human IgG (Gt Heaitheare),
immobilized in 10 mM sodium acetate immobilization buffer at pH 5.0. Assay conditions
were established to minimize the influence of mass transfer, avidity, and rebinding
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svenis, as described below. A blank immobilization was carried out on a separate flow
cell for reference subtraction. The purified 1gGs were diluted in running buffer (PBS, 300
mbi sodium chioride, 3.2 mM ethylenediaminetetraacetic acid, 0.01% Tween20) and low
levels (<30 RU) captured using a flow rate of 100 ulimin for 2 min, 1o reduce possible
rebinding by the trimeric TL1A. TL1A was injecied at a range of concenirations (0.4 - 33
nM) in running buffer, at a flow rate of 100 uW/min for 30 s, followed by two 30 sec
regeneration steps with 3M magnesium chioride and running buffer. Reference-
subiracted sensorgrams for each concentration were analyzed using Biacore T-200
evaluation software {(v1.0).
k) Library QC Sequencing

Single colonies were sent for QC sequence analysis from each of the constructed
101 mutant soFv Hbraries (VHCDR1, VHCDRZ, VHCDRIA and VHCDR3B). Analysis of
the sequence rasulls showed incorporation of all desired mutations at all of the positions
targeted in the mutagenesis sirategy.
§} identification and analysis of affinity-matured varianis

Clones were picked randomly from each branch of seleclion, and inilially
screened in a crude, single-point periprep format. The binding ELISA identified clones
expressing TL1A-binding scFv enriched by the phage display selection process, with
increasing numbers of binders observed from round one through to round three of both
sglection approaches. The HTRF assay measures the decrease in fluorescence
observed upon binding of suropium crypiate-labeied parental 101 1gG {0 recombinant
soluble human/murine TL1A, in the presence of competing scFv antibodies. This allows
the identification of clones that compete strongly Tor binding o the original epilope of
181, which has been shown to mediate biological potency in vivo. Similarly, an increass
was observed in the number of competing clones retrieved after round 3 of selection. As
the periprep conceniration cannol be delermined, in order to delermine the effect of
expression on the assay signal, those with %AF similar 1o or better than the parental
101 periprep, were taken forward for further analysis. From the classical selection, 800
clones were screened, and 270 were selected for confirmatory screening and sequence
analysis, while from the sscond selaction method, an additional 800 clones were
screened, and 120 were taken forward.
m} Sequence Analysis

Sequence analysis of clonss which were positive in the primary screen led o
identification of 40 unique sequences from the classical selections, and an additional 13
unique sequences from the second selection, following removal of any clones with
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glycosylation motifs (NX3, NXT). Mutalions were identified in all 3 VH CDRs. Heavy
chain variable domain (VH) segquences for some of these variants are provided in the
Sequence Listing Table (Table 40) and Figure 1.

All clones were subjected fo further analysis as purified scFvs, in both the HTRF
competition assay and caspase activity assay, indicating all clones could compete with
the parental 101 for binding to TL1A and inhibit caspase activity in a conceniration-
dependent manner (data not shown). The scFvs were subseqguently reformatted to IgG
for further analysis, where similarly all hits showed the ability to compete with parental
101 in the HTRF assay and inhibit caspase activity. However, neither assay could be
used {o rank clones due {0 a probable stacking effect. As a final concentration of 2 nM
TLA1A was used in the caspase assay, it is believed the clones had passed the limit of
detection of the assay and further oplimization would be required in order o accurately
rank the polency of each clone.

Biacore analysis of the 1gGs showed a number of hits with a KD < 2 nM, and 15
hits had a KD < 1 nM (Table 7) The greatest afiinity improvements, with gains of 2 to 6-
fold in KD, were observed in clones with mutations in the VHCDRS3 and VHCDRZ, with
all VHCDRS variants including the Asn to His mutation. VHCDRS varianis all included a
Sering (8) to Alanine {A) mutation at position 83. Sequences of the heavy chain variable
domain (VH} of these varianis are provided in Table 8, the Sequence Listing Table
{Table 40}, and Figure 1. These varianits have the same light chain as the parental 101

antibody.

Table 7: Affinity Improvements in Anti-TL1A IgGs Affinity Matured Via Phage Display
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Antibody ka {1/Ms) kd {1/s) Avg KD (nM)
Clone x18*° wig®

101 11.7 1.77 2 (£0.5)

D37 12.6 0.35 0.3258 (x0.03)

D24 20.44 0.806 0.3841 (20.03)

DH3 24 .91 1.017 0.4117 (20.07)

D38 10.5 (.463 0.4389 (20.046)

D39 7.84 .355 0.4417 (20.04)

D25 8.68 0.387 0.4530 (= 0.08)

531 8.221 0.42 0.518 {20.06)

g28 10.89 (1.568 0.527 (20.08)

DH1G 8.528 0.5 0.5885 (20.04)

&5 7.785 (.478 0.6248 (zx 0.03}

018 7.173 0.473 0.6624 (x 0.06)

D29 10.13 0.712 0.705 {£0.08)

D21 7.452 0.52 0.7093 (x 0.08)

DHY 10.35 0.868 0.84 (£0.1)

DH8 8.768 0.89¢ 0.9245 (20.137)

Tabie 8: Sequences of VH CDRs of 1D1 Variants Affinity Matured via Phage Display.
Mutated positions relative to 101 parental clone are underlined. For CDR-H1, sequence

is defined by AntibodyM, and Kabat-defined residues are in bold and italicized.

Clone Name CDR-H1 CDOR-H2 COR-MH3

GYSFTYYGEIS

SEQ ID NO: WISTYNGNTNYARMLOG | ENYYGSGSYRGGMDY
101 Parental VH 113 SEQ ID NO:114 SEQ ID NC:115

GYSFTYYGEIS

SEQ ID WISTYNGNTNYARMLOG | ENYYGSGAFRGEGMDG
101 D5 VH NO:263 SEQ ID NO:264 SEQ ID NC:265

GYSFTYYGIS

SEQ ID WISTYNGNTHYARMLOG | ENYYGSGSYRGGEMDV
101 D18 VH NO:266 SEQ ID NO: 267 SEQ ID NC:268

GYSFTYYGIS

SEQ ID WISTYNGKTHYARMLOG | ENYYGSGSYRGGMDY
101 D21 VH NO:269 SEQ ID NO: 270 SEQ ID NC: 271

GYSFTYYGIS

SEQ ID WISEYNGNTHYARMLOG | ENYYGSGSYRGGMDY
101 D24 vH NO:272 SEQ ID Wo: 273 SEQ ID NGC: 274

CYSFTYYGIS

SEQ ID WISTYNGATHYARMLOG | ENYYGSGSYRGGMDY
101 D25 VH NO:275 SEQ ID WC: 276 SEQ ID NGC: 277
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GYSFTYYGIS

SEQ ID WISTYNGKTHYARMEQG | ENYYGSGSYRGGMDV
101 D28 VH NO:278 SEQ ID NO: 278 SEQ ID NO: 280

GYSFTYYGIS

SEQ ID WISSYNGNTHYARMLOG | ENYYGSGSYRGGMDY
101 D29 VH NO:281 SEQ ID NO: 282 SEQ ID NO: 283

GYSFTYYGIS

SEQ ID WISTYNGNKHYARMLOG | ENYYGSGSYRGGMDY
101 D31 VH NG:284 SEQ ID NC: 285 SEQ ID NO: 286

GYSFTYYGIS

SEQ 1D WISTYNGGTAYARMLOG YGSGSYRGGMDY
101 D37 VH NG:287 EQ ID NC: 288 SEQ ID NO: 289

GYSFTYYGIS

SEQ 1D ”STI‘JGJ'“HXA?WLQ(, YGSGSYRGGMDY
101 D38 VH NO:290 BQ ID NO: 291 SEQ ID NO: 292

GYSFTYYGIS

SEQ 1D WIise ENYYGSGAYRGGMDA
101 D38 VvH NO:293 SEQ lL NG: 284 SEQ ID NO: 295

GYSFTYYGIS

SE¢ ID I\T‘{\TUNW‘UYB :-“E‘;"YGSGS‘,{RUGM DV
101 DH3 VH NO:296 SEQ ID NC: SEQ ID NO: 29

GYSFTYYGIS

SE¢ ID WISAYNGNTHYARMLOG | ENYYGSGSYRGGMDVY
101 DHE vH NO:299 SEQ ID NG: 300 SEQ ID NO: 301

GYSFTYYGIS

SEQ T") WISPYNGETHYARMLGG YGSGSYRGGMDY
101 DHS VH NQ: 302 3EC ID NG: JJJ ID NO: 304

GYSFT YYGIS

SEQ ID WISTYNGNTNYARMLOG | ENYYGSGAYRGGMDY
101 DH10 VH NO:305 SEQ ID NCG: 306 SEQ ID NO: 307

Clones were aiso tested for affinity to both murine and cyno TL1A with similar

affinity gains observed (Table 9). Affinity gains were mostly derived from improvements

in off-rate. Improvements in affinity were also observed when lested for cross-species

reactivity against murine and cyno TL1A (Table 9).

Tabie 9: Affinity of Lead Anti-TL1A 1gGs to Human, Murine,

and Cyno TL1A

Antibody Human TL1A | Murine TL1A Cyno TL1A
Clone KD pM KD pM KD pM

101 1436 1320 1670

D37 305 786.8 334.9

D24 9318 803.9 542.5

DH3 560.3 £20.3 674.6

D38 8386.5 1294 610.8

039 441 812.6 385.5

Example 8: Crystal Structure Delermination of Anti-TL1A Antibody 1D1

Wiid-type

human TL1A forms  disulfide

linked

mullimers  that complicate

purification and have, in the literature, led 1o lower resolution orystal structures. For this

reason CU55/C1355 double mutants were used for crystallization. The mutant TL1A
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was expressed in £.cofi and purified using Ni chelation chromatography followed by ion
exchange chromatography and a final size exclusion step.

Fab fragmenis from parental 1D1 IgG were prepared by digestion with papain.
Initial attempis to grow corystals of the complex of TL1A with the 101 Fab weres
unsuccessiul. Subsequently, 101 scFv-Fo was expressed in HEK cells. The scFv-Fo
was purified from conditioned media by profein A capiure and the scFv cleaved from the
F¢ using papain. The isolated scFv was partially cleaved at the linker between the VH
and VL domains but the dlipped material was still able to bind to TL1A. The complex of
101 scFv with TL1A formed cubic crystals in a solution of potassium thiccyanate and
suecinic acid.

Data was coliected to 2.5 A at beamline 17-ID at the Advanced Photon Source.
The structure was solved by molecular replacement using the published siructure of
TLAA {(PDEB code 2RJL)Y and an ensemble of variable domain struciures. After rebuilding
and refinement, the final Riree valug is 0.237 with Rwork of 0.188. The crystal structure
has a single copy of the 101 scFv bound to a single TL1A monomer in the asymmetric
unit. The irimer is generaled by corysialiographic symmetry from the threefold axis
connecting opposite cormers of the unit cell in the cubic space group P432 (Figure 5).
The antibody interacts with adjacent faces of two monomers binding in the same groove
as seen for the decoy receplor DCR3 in ifs costructure with TL1TA. By analogy with the
siructures of other TNF family members with their signaling receptors it is assumed that
this antibody binding mode would lead to direct blocking of the signaling interaction with
the DR3 receptor. Almost all of the paratope is conlained within the heavy chain.
Example 7. Computational Design of an Affinity Enhanced Point Mutation

Using the crystal struciure, the seguence iolerance protocol, adapted from Smith
and Kortemme 2010, publicly available at

htin/Awvwew . plosone.org/arlicle/info%3Adot%2F 10, 1371%2Ficurnal.pone, 0020451, was

used fo identify mutations that might improve the binding affinity of 1D1 for TL1A. This
protocol evaluales a very large number of segquences relalively quickly using the
Rosella protein design software package from the University of Washington. A separate
experiment was done for each of the heavy chain CDRs. Residues within a defined
distance of the TL1A interface were allowed o vary.

Since the contacting residuss from CDRs 2 and 3 were well sampled in parallel
phage display optimizations we focused on resuits from CDOR H1. In particular, it was
apparent that serine 28 in 1D1 was buried in the interface but did not make any strong
hydrogen bonds (Figure 8). The sequence tolerance protocol suggested substituting
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asparlic acid (Figure 7), asparagines, or gltlamine and also favored a tyrosine to
histidine mutation at position 31. These options were examined further by modeling the
mutations using the program SCWRL from the Fox Chase Cancer Center and using
Macromodel from Schrodinger, inc. o minimize and calculate a change in binding
energy. These mulations {Table 10) were then made and the resulting proleins tested
for binding.

Table 10: Mutations selected for festing for improvement in 1D1 binding

Mutation Predicted ddG | Kd (nM)

WT 101 {parentaly | 0 2.3

5280 -8.7 0.42

S28N -10.2 no binding {(created glvcosylation site)
8280 -10.0 6.8

Y31H ~47.7 12.7

The modification of S280 was selected for combination with the best seguences
from phage dispiay optimization of CDRs H2 and H3 yielding variants with Kd < 0.1 nM.
These variants and their VH CDR sequences are listed in Table 11 (clones 101 1.1-
1.14). To further fry to improve the affinity, the beneficial mutations found in the phage
display screen across CDORH2 and CDRH3 were combined 1o look for synergy, {(clones
101 1.15-1.26). After all of these clones were analyzed, mutation 828D was added into
the best CORHZ and CDRH3 combinations, VH1.27-VH1.34. The heavy chain variable
domain (VH) sequences for each of these variants is listed in Table 40 and in Figure 1.
These variants have the same light chain as parental antibody 1D1.

Table 12 provides a summary of the various amino acid substitutions in the VH
regions of antibody1D1 as compared o the affinity matured variants from Table 8 and
Tabie 11, as well as antibodies 15C11 and 15A8 which compete for binding o the same

TLAA epitope as antibody 101 {see Figure 1L}

Table 11: List of 101 Variants Affinity Matured Via Computational Design and Phage
Display with improved affinity over 1D1. Mutated positions relative 1o 1D1 parental clone
are underlined. For COR-H1, sequence is defined by AntibodyM, and Kabat-dsfined

residues are in bold and italicized.
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Cilone
Name

COR-HA

SEQ
iD
NO:

CDR-H2

SEQ

CDR-H3

SEQ

101

CYSFTYYGIS

WISTYNG

NTNYARMLOG

ENYYGSGSYRGGMDV

101
i1

GYDFTYYGIS

303

WISTYNGNTNYARMLOG

ENYYGEGSYRGEMDYV

101
1.3

CYQFTYYGIS

311

WISTYNGNTNYARMLOG

312

ENYYGSGSYRGGMDY

101
14

GYSFTHYGIS

314

WISTYNGNTNYARMLOG

315

ENYYGSGSYRGGMDV

101
1.5

GYNFRYYGIS

317

WISTYNGNTNYARML

318

ENYYGSGSYRGGMDY

101
1.7

GYSFTYYGEIS

320

WISTYNGRTNYARMLOG

321

ENYYGSGSYRGGMDV

101
1.8

GYSFRYYGIS

323

WISTYNGNTHYARMLOG

ENYYGSGSYRGGMDY

325

101
1.9

GYSFTIYYGIS

WISTYNGNTHYARMLOG

ENYYGEGAYRGGMDYV

328

101
1.10

YSETYYGIS

329

WISPYNGKTHYARMLOG

ENYYGSGAYRGGMDY

331

101
111

SYSFRYYGIS

332

WISTYNGNTHYARMLOG

ENYYGSGAYRGGMDV

334

101

1.13 SYSPTHYGIS | 335 | WISPYNGKTHYARMLOG | 336 | ENYYGSGAYRGGMDV 337
101
1.15 SYSFTYYSIS | 338 | WISPYNGGTHYAQMLOG | 339 | ENYYGSGAYRGGMDA 340

101
1.16

CYIPIYYGIE

WISPYNGVTHYAQMLOG

342

ENYYGSGAYRGGMDA

151
1.17

CYSEFTYYGIS

WISPYNGAT

345

ENYYGSGAYRGGMDA

101
1.18

GYSPTIYYGIS

WISPYNGNERYAOMLOG

348

ENYYGSGAYRGGMDA

151

1.19 GYSFTYYGIS | 350 | WISTYNGGTHYARMLOG | 351 | ENYYG3GAYRGGMDA 352
1021
1.20 GYSFTIY¥YGEIS | 353 | WISEYNGNTHYARMLOG | 354 | ENYYGSGAYRGGMDA 355

101
1.21

CYSEFTYYGIS

WISTYNGNTHYAQMLOG

ENYYGSGAYRGGMDA

101
1.22

GYSPIYYGIS

WISTYNGVITHYARMELQG

ENYYGSGAYRGGMDA

101
1.23

CYSFTYYGIS

WISTYNGATHYARMLOG

ENYYGSGAYRGGMDA

101
1.24

GYSFTIYYGEIS

WISTYNGNEKHYARMELQG

ENYYGSGAYRGGMDA

101
1.25

CYSFTYYGIS

WISTYNG

s KTHYARMHOG

ENYYGSGAYRGGMDA

101
1.28

GYSFTIYYGEIS

WISTYNGNTHYARMLOG

ENYYGSGAYRGGMDA

101
1.7

GYDFTYYGIS

WISTYNGNTHYARMLOG

ENYYGSGSYRGGMDY

101
1.28

GYDF

YYGIS

WISTYNGNEHYARMLOG

ENYYGSGSYRGGMDV

101
1.28

GYDFTYYGIE

WISTYNGGTHYARML

ENYYGSGSYRGGMDY
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1021
1.30 GYDFTYYGIS | 223 | WISTYNGVTHYARMLOG | 224 | ENYYGSGSYRGGMDV 225
181
1.314 GYDFTYYGIS | 230 | WISTYNGNTHYARMLOG | 231 | ENVYYGSGAYRGGMIV 232
101
1.32 GYDFTYYGIS | 237 | WISTYNGGTHYARMLOG | 238 | ENYYGSGAYRGGMDA 239
181
1.33 GYDFTYYGIS | 244 | WISTYNGYTHYARMLOG | 245 | ENYYGSGAYRGGMDA 246
101
1.34 GYDFTYYGIS | 251 | WISTYNGRTHYARMAOG | 252 | ENYYGSGAYRGGMDA 253
Table 12: Summary of Amino Acid Substitutions in 101 Variant Antibodies, and

Antibodies 15C 11 and 15A8 Relative 1o Farent 101 Antibody in VH and VH CDRs. For
CDR-H1, sequence is defined by AnfibodyM, and Kabat-defined residues are in bold

and italicized.
CDR-H1" CBR-H2 CBR-H3 ¥H Domain
Amino Variant Amino Acid Variant Amino Variant § Aming Acid | Variant
Acid Amino Sequsence Amino Acid Amino Sequence | Amino
Sequence Acids in 101 Acids Sequenc Acids in 101 Acids
in 101 {(SEQ D {(SEQ D (SEQID § ein1D1 (SEQ
(SEQID | NO: 376) § NO: 114} | NO: 379) | (SEQID | ID NO:
NO: 113) NO: 382)
115)
G W E 78R 76T
Y f N 81k 81D
S DO NP ] Y
F T P S A Y
T R Y G
Y HNT N S
Y G G
G M KA GY, 3 A
i T K, Y F
5 N H R
Y G
A G
R Q M
M K D
L H V G, A
Q Q
G G

Example 8: Determining TL1A Binding by 101 and Top Affinity Optimized Clones

Via Biacore/Kinexsa

To characterize the binding kinetics of various 1D1 variant anti-TL1A antibodies

to soluble recombinant TL1A by surface plasmon resonance, each anti-TL1A antibody

was expressed as an IgG1 antibody. Stable pool expression of antibodies recognizing

TLIA (1D1 parental, 704 and 26B11) were established using a lipofectamine

transfection protocol. CHO ceils were grown 1o 80% confluence; 25 ugs of DNA for both
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heavy and light chains were added. Spent media was exchanged with R1+10%FBS
repeated on a threeffour day schedule while the pools were being established. The
Pools were subsequently adapted to serum-free suspension. This material was purified
by protein A and used as controls in the program.

The new clone variants for 101 were tested by small scale expression in 50 mL
HEK 293 transignt fransfections. Small scale purification on Protein A resin using AKTA
express system gave protein that could be run in early Biacore and cell based assays
for screening. As clones were selected for further characierization, larger scale transient
expression and siable cell line development was carried out.

The antibodies were caplured via direclly immobilized anti-human 1gG (GE
Healthcare) onlo a carboxymethylated dexiran sensor chip surface (CM5S) using a
Biacore T100 or T200 instrument. Anti-human igG was immobilized through amine
coupling to densities of approximately 4,000 —~ 13,000 response units {RU}. The
antibodies were diluted to 0.075-0.15ug/ml in 8.1 mM Na HPO,4, 1.47 mM KHPO4, pH
7.2, 237 mM NaCl, 2.7 mM KCl, 3.4 mM EDTA and 0.01% tween 20 (PBS-NET) and
injected onto the anti-higG surface for about 1-2 minules al a flow rate of Sulminuie to
achieve low caplured levels of less than 30 RU. After capture, the flow rale was
increased v 100 glminute and varicus concenirations of recombinant soluble human
TLIA (SEQ 1D NO:254), recombinant soluble cynomologous monkey TL1A (SEQ D
NO:259), recombinant soluble mouse TL1A (8EQ 1D NO:26803, recombinant soluble rat
TLIA (SEQ 1D NO:261), or recombinant soluble rabbit TL1A (SEQ 1D NO:262), ranging
from $0.195 nM to 100 nM in PBS-NET were injected for an approximate 2-3 minute
association and allowed to dissociate for ~3-60 minutes. At the end of each oydle, the
entire anti-higG surface was regenerated by a 30-second pulse of 3M MgCl: followed by
two conseculive 15-second pulses of PBS-NET. Allernatively, the surface was
regenerated with two 30-second pulses of an ionic solution containing 0.46M KSCN,
1.83 M MgCl2, 0.92 M urea, and 1.83 M guanidine-HCI pH7 .4 | followed by a single 30-
sacond puise with PBS-NET. All injsctions were performed at 25°C at a collection rate of
10 Hz. All sensorgrams were double referenced by using both a conbrol surface and
buffer injections. Rate constants were determined by filling the data toc a 1:1 model in
Biacore T100, T200 evaluation software v1.0, or BlAevaluation softwarg v4.1.1 and the
equation Kp=ky/ks.

The equilibrium dissoclation constant (Ko} of each anti-TL1A antibody for human
TL1A was measured using a Kinelic exclusion assay (KinExA) on a KinExA 3200
instrument (Sapidyne). This assay involves pre-incubating antibody: antigen mixtures in
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solution long encugh {0 reach equilibrium before measuring the level of unbound
antibody using a solid phase component. To prepars the solid phase, two hundred
milligrams  of polymethyimethacrylate beads (PMMA, Sapidyne) were coated with
recombinant human TL1A at 30ug/ml in 1mil of PBS pHY.4 and tumbled for two hours at
room temperature. Beads were blocked for 1 hour with PBS plus 10mg/mi bovine serum
atbumin {bovine serum albumin, Sigma) at room temperature before being diluted up to
a total of 27 mi in PBE. For the in-solution component, each antibody was held at a
constant concentration while human, cyno or mouse TLTA were lifrated over a broad
range from 240M4-100nM in PBS plus Tmg/mi bovine serum albumin, The antibody
concentration was held sither near the estimated Kp for the Kp controlled curve or at a
conceniration 10-fold or more above the estimated Kp for the antigen binding
concentration (ABC-controlied curve. For each litration series, a buffer sample and a
sample of antibody alone were included. Each antibody: TL1A mixiure was tumbled at
room temperature for at least six hours 1o reach equilibrium and then each mixture was
injected over the solid phase of TL1A-coaled beads in the instrument flow cell. Only
free, unoccupied antibody bound 1o the beads and was detected with 500ul of §.25ug/mi
or 1.5ug/ml Alexa-847-goat-anti-human lgG (H+L) antibody {(Jackson) delivered 1o the
flow cell at ¢.25 mi/min. Beads were replenished between each sample. Binding signais
of detected free antibody were converted to percentage of free, unbound antibody as
measurad by the antibody only sample and plotted versus gach conceniration of TL1A.
For each antibody, the Kp and ABC controlled curves were it simulianeously using n-
Curve Analysis software v3.1.4 to fit the curves (o the ‘affinity, unknown ligand’ modsl
and measure an equilibrium Kp.

For evaluation of TL1A binding in real time, each antibody was caplured via anti-
gG onto the Biacore sensor chip surfaces at low densities below 30 RU. Caplure leveis
were kept intentionally low to allow conditions of 1:1 binding, aveid the impact of avidity,
and {0 minimize rebinding during dissociation. Al caplure levels above 30 RU, slower
off-rates had been observed for 101 which were likely due to these complications,

For all species of TL1A, binding to 101 and each of the affinity matured clones
was dependent on the conceniration of TL1A lesled, as expecied. Al the highest
oytokine concenirations, the dissociation phase was sometimes extended to 80 minutes
to achieve at ieast a 5% decrease in binding signal. This is the minimum decreass
recomnmended for accurately measuring relatively slow antigen dissociation rates. When
this condition was met, the association and dissociation rate constants between each
species of TL1A and sach antibody were calculated from the binding sensorgrams using
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a 1:1 Langmuir binding model (Table 13 - Table 17). For the affinity matured antibodies
that did not meet this criteria when binding human TL1A, the off rates were too slow 1o
measure and the Kps were estimated to be lgss than 100pM (Table 13).

Table 13: Binding Kinstics of anti-TL1A Antibodies to Human TL1A

10

Antibody Kq kg{1is) TXE-04 |ty (8) Ko(pM)
{1/Ms)1xE+(5
LEL 62 1842 397 3112 + 816
101 1.27 Too slow to measure <100
101 1.28 Too slow to measure <100
101 1.20 Too slow to measure <100
101 1.30 Too slow to measurs <100
101 1.31 Too slow 10 measurs <100
101 1.32 Too slow 1o measure < 100
101 1.33 Too slow to measure <100
101 1.34 Too slow to rmeasure =100

Table 14: Binding Kinetics of anti-TL1A Antibodies lo Cynomolgus Monkey TL1A

Antibody Ka Ka(1/s) 1XE-04 | fiz (8) KolpM)
(1/Ms)IxE+05
101 g1 41+ 98 169 6694 + 1094
101 1.27 3.9+0.8 0.8+0.2 8443 220 + 87
101 1.28 3.8+0.2 .54 + 0.05 12824 144 + 21
101 1.25 4.9 +0.4 0.45 + 0.0604 15553 U2+ 14
101 1.30 4.1+0.3 0.6+0.1 11815 142 + 21
101 1.31 4.5+04 (.36 +0.07 192386 31 +23
101 1.32 46405 0.28+0.05 23874 86 + 17
101 1.33 3.6+04 0.37 +0.05 18517 107 + 28
101 1.34 44 +04 .36 +0.05 19380 83+ 18
Table 15: Binding Kinstics of anti-TL1A Antibodies to Mouse TL1A
Antibody ka kef1is) XE-04 | fipa () Ko(pM)
(1/Ms)IXE+05
101 4.9+0.9 36+ 6 195 7286 + 756
1D1 1.27 27+05 43+ 0.5 1616 16473 + 547
101 1.28 21+0.4 3.2=0.5 2168 163 + 430
101 1.20 2.6+ 0.4 7+ 1 Q47 2860 + 812
101 1.30 1.4+0.3 7+2 1075 5253 + 1964
101 1.31 27+0.3 2.7 +0.08 2525 1050 + 338
101 1.32 2.6 +0.4 2.3+0.03 2971 506 + 234
101 1.33 1.6 + 0.1 2.9+0.06 23472 1910 + 485
101 1.34 2.5+0.3 2.8+ 0.6 2508 1108 + 335
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Tabie 18: Binding Kinetics of anti-TL1A Antibodies to Rat TL1A
Antibody Ka ka{His) IxE-G3 | L (8) Kn{ph)
(1M} IxE+0S
101 171+3.2 134+£04 52 8141 £ 1775
101 1.27 8.7 +0.2 7.2+04 06 10803 + 1047
101 1.30 24+0.1 8.8+2.1 71 41850 = 10820
101 1.31 54 +0.1 2.6 = 0.1 253 4858 + 249
101 1.32 5.8 + 0.01 2.9+ 0.1 237 5022 + 85
101 1.34 4.1+0.2 2.4 £ 0.01 286 5824 + 3086
Tabie 17: Binding Kinetics of anfi-TL1A Antibodies to Rabbit TL1A
Antibody Ka Ka{1/s) IxE-04 | lip (8) Kop{pM)
{(1/Ms)IxE+D5
101 6.1+0.7 7.8+0.24 877 1313 £ 191
101 1.27 3.0+0.2 1.4 + (.02 4928 478 + 31
101 1.31 3.2+04 1.1£0.04 8075 361 + 31

Solution-based kinetic exclusion assays {(KinkExA) were carried out as an
orthogonal technigue ¢ measure equilibrium Kp valuss. Both a Kg-controlled and an
ABC-controlied curve were generated for each affinity matured antibody with TL1A
Curves were generated as well for the parental 101 antibody and a Fab generated from
the 101 antibody o use as comparators. N-curve analysis was performed using the
“affinity, unknown ligand” model {o determine the equilibrium Kp for each antibody
{Table 18). For the affinity matured antibodies with Kps that could not be determined by
surface plasmon resonance, measured equilibrium Kps could  distinguish  these
antibodies from the parental 181 antibody.

Table 18: Equilibrium K's of 101 Variant Antibodies

Antibody Human TL1A Cyno TL1A Mouse TL1A
KinExA #p (pM) KinExA Kp (pM) KinExA Kp (pM)
101 84, 127 (n=2) 384 383
1D1 Fab 3060 N.D. N.D.
101 1.27 7.69 N.D. N.D.
101 1.28 2.52 N.D. N.D.
101 1.29 19.4 N.D. N.D.
101 1.30 6.8 N.D. N.D.
101 1.31 1.38, 3.6 (n=2) 3.5 86.3
1011.32 6.15 N.D. N.D.
1011.33 10.6 N.D. N.D.
19011.34 1.18 N.D. N.D.

Due o the homotrimeric composition of TL1A and the fact that KinExA Kps are
carried out in-solution, it is possible that the multivalent TL1A forms lattices struclures

with the bivaient antibodies. Therefore, the KinExA Kp values likely indude an avidity
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index. The avidity index of 101 antibody was determined due to the availability of the
1021 Fab protein. The Fab of 1D1 bound human TLIA with an equilibrium Kp of 3nM
{Table 18). The Fab is monovalent for human TL1A and accordingly, the KinkExA #p
agreed with the Ko of 3.2 £ 0.9 nM from the full length antibody under conditions of 1:1
binding on the Biacors sensor chip surface. There was not enough of the Fab o
measure the g fo human TL1A by SPR. Compared o the 127pM £y measured by
KinkExA, the avidity index for 101 is apparently 24. The avidity indices of the affinity
matured antibodies are unknown and are not necessarily the same of the apparent 24-

fold index for the parental 101 antibody.

Example 9: Crystal Structures of 704 Fab, 26811 Fab, and 101 1.31 scFv, and DR3
with TL1A

GC858/C1355 double mutant TL1A was expressad in £ colf and purified as
described in Example 6. The Fab fragment of antibody 7D4 was obtained by cdleaving
the full length 1gG with papain and removing the Fo using a Protein A resin. The Fab
was mixed with double mutant TL1A at a 1.1 molar ratio and the resulling complex was
purified by SEC. Cryslais of the complex formed in 100 mM Tris pH 8§, 28% PEG 400.

Data was coliected to 3.1 A at beamling 17-1D at the Advanced Photon Source.
The structure was sclved by molecular replacement and refined o RiRfree of
0.187/0.238 (Figure 8). The crystal structure has a single copy of TL1A bound {0 a
single 7D4 Fab fragment in the asymmetric unit in space group 1213, As for 1D1, the
biological trimer is generated by crystallographic symmelry. In contrast with 1D1, which
interacts with the receplor-binding groove between adjacent TL1A monomers, the 704
epitope is almost entirely confained within a single TL1A monomer. Nevertheless, the
epitope is sufficiently broad that 704 binding would be expecied {o interfere directly with
recaptor binding as is seen in the cell based neutralization assay.

For determination of the costructure of TL1A with 26B11, the same double
mutant TL1A was combined with the Fab fragment of 26811 and the resulling complex
purified by SEC. Crystals were oblained in 16% PEG 3350, 250 mM ammonium nitrale
and diffracted to 2.5 A at beamiine 17-1D at the Advanced Photon Source. The struciure
was refined o R/Rfree values of 0.477/0.224 (Figure 9). The crystallographic
asymmelric unit contains 2 copiss of the complex. Surprisingly, the TL1A molecules in
the crystal do not form the biclogically active timer. The low pH ¢f the crystallization
solution may have caused dissociation of the trimer. The complex elutes from a gsl

filiration column at a time consistent with the molecular weight of the 3:3 complex of

197



o

10

15

20

WO 2015/073580 PCT/US2014/065293

26811 Fab and TL1A demonstraling that the antibody does not interfere with
trimerization. Furthermore, if the TL1A in the 26B11 complex is superimposed on a
structure of the TL1A trimer there are no clashes observed batween individual copies of
the 26B11 Fab. The 7D4 and 26B11 epitopes are overlapping, although according 1o the
data in Example 2, these antibodies did not compete for binding to TL1A.

For determination of the costructure of TL1A with 1D1 1.31, an scFv version of
the affinily optimized antibody was expressed as an Fc¢ fusion, cleaved with papain, and
purified as for the parental 1D1 antibody. The purified scFv was mixed with double
mutant TL1A and the complex was purified by SEC. Crysials were oblained in 1800 mMM
ammonium sulfate, 8.33333 % dioxane, 100 mM MES pH 6.5 and diffracted t0 3.2 A on
beamiine 17-1D at the Advanced Photon Source (Figure 10). The asymmetric unit
containg a single copy of the full rimeric complex consisting of three TL1A monomers
and three 1.31 scFv molecules.

The overall binding mode of 1D1 1.31 to TL1A is the same as that for parental
101, There are two seguence differences belween 101 1.31 and 1D1 thal were
expecied o be located within the inlerface with TLIAD histidine in 1071 1.31 vs.
asparagine in 101 at position HE8, and aspartic acid in 101 1.31 vs. serine at position
H28 (see Figure 11} As expected, the histidine makes essentially the same intsraction
as the original asparagines with glutamic acid 55 of TL1A, but this interaction is stronger
because the proximity of the giutamic acid would likely raise the pKa of the histidine fo
the point where it would carry a positive charge at physiclogical pH. The aspartic acid at
position 28 shows the expecled improved hydrogen bonding coordination and charge
complimentarity relative (o the parental serine (see Figure 12). In addition, the orystal
structure shows an altered conformation in the adjacent TL1A loop 118-121 relative to
the conformation bound to 1D1. Tyrosine 121 of TL1A is in a different rotamer and
backbone irajectory is altered. The Y121 side chain forms new hydrophobic interactions
with 101 1.31 that may contribuie o the increased affinity of this antibody. in the
structure with 101, a water molecule cocupies the position held by the Y121 side chain
in the structure with 101 1.31. Thess differences are chserved in all three copiss of the
complex but it cannol be ruled out that it is an effect of the different corystallization
conditions rather than the sequence differences belween 101 and 101 1.31.

Similarly, corysials of the TL1ADRS complex were oblained. The interaction
between residues of TL1A and DRSG, as well as the interaction between TL1A and
antibodies 101, 101 1.31 {1.31), 704 and 26B11 are summarized in Table 42. As
shown in Table 42, a number of amino acids, including T30, V31, V32, R33, Q34, T35,
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P38, T37, Q38, H39, F40, K41, N42, Q43, F44, P45, E50, HB1, E52, LB3, 854, L55,
ABEG, FB7, T88, R8o, G8Y, M8, 789, EO1, 88, R100, P101, N102, K103, P104, D105,
S108, 5136, N137, F139, 8181, D182, 1163, S164, L1865, V168, D187, Y168, T168,
K170, £E171, D172, N42, F44, K103, P104, D105, S106, K113, T115, 8117, Y1185,
P119, E120, P121, T122, 0123, M147, F148, 8149, and Q151, according to the
numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NO:254 interact
with at least one of the 101, 1.31, 704, 268811 antibodies or DR3; in some cases, the
TL1A amino acid can reside within different subunils of the TL1A muliimer, such that the
antibody binds to a homomultimer of TL1A, the homomullimer comprising at least a first
and a second TL1A monomer, wherein the antibody binds to a first epitope on the first
TLAA monomer, wherein the first epitope comprises at least one amino acid selected
from the group consisting of N42, F44, K103, P104, D105, 8106, K113, T115, 31147,
Y118, P118, E120, P121, T122, Q123, M147, F148, 3149, and Q151, according fo the
numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NO:254, and the
antibody binds {0 a second spilfope on the second TL1A monomer, wherein the second
epitope comprises at least one amino acid selected from the group consisting of T30,
V31, V32, R3G, Q34, T35, P36, T37, Q38, H38, F40, K41, N42, Q43, F44, P45, E£50,
H81, £52, 153, G54, LB5, ASB, F57, T88, R86, G87, M8, 788, E81, 88, R100, P101,
N102, K103, P104, D105, 8106, $136, N137, F139, 8161, D162, 1163, 5164, L1865,
V166, D167, Y168, T189, K170, E171, and D172, according to the numbering of the
amino acld sequence of TL1A as sel forth in SEQ 1D NOG:254.

sSome of the amino acid residues of TL1A may be involved in interaction with
more than one of antibodies 1D1, 101 1.31 {1.31}, 7D4 and 26811, or DR3. As shown
in Table 42, amino acids V31, V32, R33, T35, P36, T37, 038, H39, F40, 043, E5(, H51,
E£52, L83, (554, L5, A, F57, R86, G87, M88, 5136, N137, 8164, L1865, Y168, T188,
KATO, E171, K413, S417, Y118, P18, T122, G123, M147, F148, 53149, and Q151, ,
according to the numbering of the aming acid sequence of TL1A as sel forth in SEQ D
NG:254 interact with at least two of the 101, 1.31, 7D4, 26811 antibodies or DR3. in
some cases, the TL1A amino acid can reside within different subunits of the TL1A
muitimer, such thal the antibody binds {0 a homomultimer of TL1A comprising at least a
first and second TL1A monomer, wherein the antibody binds to a first epiiope on the first
TLAA monomer, wherein the first epitope comprises at least one amino acid selected
from the group consisting of K113, S117, Y118, P119, T122, @123, M147, F148, 5148,
and Q151, according 1o the numbering of the amino acid sequence of TL1A as set forth
in SEQ 1D NO:254, and the antibody binds 1o a sscond gpitope on the second TL1A
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monomer, wherein the second epilope comprises at least one amino acid sslectad from
the group consisting of V31, V32, R33, T35, P36, T37, Q38, H3Y, F40, 43, ES0, H51,
E52, LB3, (G54, L55, AbB, F57, Ra6, G87, M348, 5136, N137, 5164, L165, Y188, T168,
K170, and E171, according to the numbering of the amino acid seguence of TL1A as set
forth in SEQ 1D NG:254.

Some of the amino acid residues of TL1A may be involved in interaction with
more than two of antibodies 1D1, 101 1.31 (1.31}, 7D4 and 26811, or DR3, as shown in
Tabie 42. Therefore, in one embodiment, the TL1A antibody or antigen-binding fragment
thereof according {0 the present invention binds to one or more amino acids selected
from the group consisting of V31, V32, R33, EB0, L53, G54, 8164, Y168, T168, K170,
£E171, Y118, and Q181, , according to the numbering of the amino acid seguencs of
TL1A as set forth in SEQ 1D NO:254 interact with at least three of the 101, 1.31, 704,
26B11 antibodies or DR3. In some cases, the TL1A antibody can interact with amino
acids of TL1A reside within different subunits of the TL1A multimer, such that the
antibody binds {o a homomultimer of TL1TA comprising at least a first and second TL1A
monomer, wherein the antibody binds to a first epitope on the first TL1A monomer,
wherein the first epitope comprises atl least oneg amino acid selecied from the group
consisting of Y118 and Q151 according to the numbering of the aming acid seguence of
TLAA as set forth in SEQ ID NO:254, and the antibody binds to g second epilope on the
sgcond TLTA monomaer, wherein the second epifope comprises at least ong amino acid
salected from the group consisting of V31, V32, R33, B0, LE3, 354, 5164, Y168, T169,
K170, and E171, according to the numbering of the amino acid sequence of TL1A as set
forth in SEG 1D NO:254.

Some amino acids of TL1A may be involved in interaction with more than three of
antibodies 101, 101 1.31 (1.31), 7D4 and 26811, or DR3, as shown in Table 42. As
such, in one embodiment, the TL1A anlibody or antigen-binding fragment thereof
according 1o the present invention interacts with an amino acid of TL1A selected from
the group consisting of R33, Y188, and T169, according o the numbering of the amino
acid sequence of TL1A as set forth in SEQ 1D NQO.254.

in still other cases, the TL1A amino acid residue is involved inleraction with 1D1
and 101 1.31 aniibodies. As such, in cerfain embodiments, the TL1A antibody or
antigen-binding fragment thereof according o the present invention binds to at least one
TL1A amino acld selectad from the group consisting of V31, V32, R33, £50, H51, £52,
L53, Gb4, LBH, ARG, F57, Y168, T169, K170, E171, K113, Y118, T122, Q123, M147,
F148, 5148, and Q151, according to the numbering of the amino acid sequence of TL1A
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as set forth in SEQ 1D NO:254. In other cases, the antibody can bind o amino acids
within different subunits of the TL1A homomultimer. As such, in one embodiment, the
TL1A antibody or antigen-binding fragment thereof according to the present invention
binds to a homomultimer of TL1A comprising at least a first and sscond TL1A monomer,
wherein the antibody binds {o a first epitope on the first TL1A monomer, wherein the first
epitope comprises al least one amino acid selected from the group consisting of K113,
Y118, T122, Q123, M147, F148, 8148, and Q151, according to the numbering of the
amino acid sequence of TL1A as sel forth in SEQ 1D NG:254, and the antibody binds to
a second epitope on the second TL1A monomaer, wherein the second spitope comprises
at least one amino acid selected from the group consisting of V31, V32, R33, E50, H51,
£52, 153, G54, L55, ABG, F57, Y168, T168, K174, £E171, according o the numbsring of
the amino acid sequence of TL1A as set forth in SEQ 1D NO:254.

n still other cases, the binding of the antibody to TL1A causes a non-Zero
change in buried surface area in an amino acid of TL1A. For example, there is an
increase of at least 20 AZ in the burled surface area in the amino acids R33, 034, T35,
P36, T37, Q38, H3Q, F40, K41, N42, P45, EB0, L5353, G54, LES, F57, T58, R86, M8S,
T89, P101, N102, K103, P104, D105, 5136, N137, D162, 1163, S164, Y168, T169,
K170, E171, N42, K103, P104, D105, K113, 8117, Y118, T122, 5148, and Q151,
according to the numbering of the amine acid sequence of TL1A as sel forth in SEQ D
NO:254. These amino acids can be present on different subunits of TL1A: for example,
amino acids of N42, K103, P104, D105, K113, 8117, Y118, T122, 8148, and Q1581 of a
first TL1A subunit, and R33, Q34, T35, 38, T37, Q38, H3Y, F40, K41, N4Z, P45, 50,
L.53, Gb4, L5, F57, T88, R86, M88, T89, P1041, N102, K103, P104, D105, 8136, N137,
D162, 1163, §164, Y168, T165, K170, and E171 of a second TL1A subunil, according to
the numbering of SEQ 1D NO: 254. In other cases, there is an increase of at least 50 A°
in the buried surface area in the amino acids R33, T35, P36, Q38, H3Y, F40, K41, N42,
L53, G54, L55, R86, M8, P101, N102, K103, D105, N137, 8164, Y168, E171, N42,
K103, D105, and Y118, according to the numbering of the amino acid sequence of TL1A
as set forth in SEQ 1D NO254. These amino acids ¢an be present on different subunils
of TL1A: for example, amino acids of N42, K103, D105, and Y118 , of a first TL1A
subunit, and R33, T35, P36, Q38, H38, F40, K41, N42, L53, G54, L85, Ra86, M8, P101,
N102, K103, D105, N137, &164, Y168, and E171, according o the numbering of the
amino acid segquence of TL1A as set forth In 3EQ 1D NO:254.In other cases, there is an
increase of at least 100 A? in the buried surface area in the amino acids R33, (38, F40,
K41, LB3, R86, M88, and Y118, according 1o the numbering of the aming acid sequance

201



o

10

15

20

WO 2015/073580 PCT/US2014/065293

of TL1A as set forth in SEQ 1D NO:254. These amino acids can be present on different
subunits of TL1A: Tor example, amino acid Y118  of a first TL1A subunil, and R33, Q38,
F40, K41, L83, RE6, and M88, according o the numbering of the aming acid sequence
of TL1A as set forth in SEQ 1D NOG:254.

A nurmber of amino acid residues of TL1A, for example, amino acids AbB, D232,
E171, E52, H100, K111, K173, N112, N172, N207, P108, P171, Q104, 0108, R156,
R33, &148, T122, 7168, Y118, Y1863, and Y238, according o the numbering of the
amino acid seguence of TL1A as set forth in SEQ 1D NO:254, are involved in hydrogen
bonding with DR3 or the antibodies of the present invention. For example, as shown in
Table 42, TL1A amino acids Q108, H1089, K111, N112, P171, N172, and K173,
according to the numbering of the amino acid sequence of TL1A as set forth in SEQ 1D
NO:254 are involved in hydrogen-bond formation with the antibody 26811, For binding
with antibody 704, G104, P106, R156, N207, D232, and Y238, are shown io form
hydrogen bonds. Amino acids Y118, 5140, R33, £52, A58, and Y168, according o the
numbering of the amino acld sequence of TL1A as set forth in SEQ 1D NO:254 can form
hydrogen bonds with the antibody 101, Amino acids T122, 8148, E52, A58, Y168,
T169, and E171, can form hydrogen bonds when TL1A s bound 10 1.31.

in certain cases, the antibody or antigen-binding fragment thereof of the present
invention binds to TL1A and participates with a water molecuie that is alsoe hydrogen
bonded to one or more reisdues of TL1A that is selected from the group consisting of
R33, Q38, K41, N42, L55, N102, D105, and M147, according to the numbering of the
amino acld sequence of TL1A as sel forth in SEQ 1D NG:254.

Example 10: Binding of Anti-TL1A Antibodies to Human Monocoyte Cell Surface

TL1A

This study demonstrates that TL1A Is expressed on the surface of monocytes
upon stimulation with immune complex and that antibody 101 1.31 binds to human
monocyte cell surface TLT1A. Antibody 101 1.31, expressed as a full length human IgG1
with effector function-null mutations in the heavy chain Fo (101 1.31-higG1-3mut} was
produced in CHO cells. The isotype conirol antibody was an anti-letanus foxoid (8T
antibody which is also & human lgG1 antibody containing the same three sffector
function-null mutations as 101 1.31.

Peripheral blood mononudlear cells (FBMCY wers isolated from 100 ml of human
peripheral blood by first diluting whole blood 50:50 with phosphale buffered saline (PBS)
and layering 25 mb of diluted biood over 15 mbl Ficoll-Pague. Layered blood was
centrifuged at 930 x g for 30 minutes. Following centrifugation, the cellular interface
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containing PBMC was collected and washed twice with 10 ml sterile PBS. Cells were
resuspended in 5 mbL Pharm Lysing Buffer (BD Blosciences, San Jose, CA) and
incubated at room temperature for 5 minutes o lyse the contaminating red blood cells.
After incubation, cells were washead twice with RFPMI 1640 medium containing 10% heat-
inactivated fetal  bovine serum  (FBS), 10 mM  HEPES, 10 unils/ml
penicillin/streptomycin, and 2 mM glulamine and resuspended in complsete medium at a
final concentration of 2 x 10" celis/mL.

induction of TL1A on peripheral blood monooytes and staining with 181 1.31 was
accomplished by plating 2 mi compiete medium containing 4 x 10° PBMC into IC
coaied 12-well plates in the presence or absence of 101 1.31 and stimulating cells for 4
hours at 37°C. induction was accomplished using IC formed by oplimal concentrations
of human 1gG and mouse anti-human IgG. Flate-bound IC was prepared by incubaling
500 pl of 0.5 mg/mb human IgG (Jackson ImmunoResearch Laboralories, West Grove,
PA)Y in PBE per well of a 12-well plate for 1 hour at 37°C. Following incubation, plates
were washed 3 times with PBS and incubated with mouse anti-human lgG {Jackson
immunoResearch Laboralories, West Grove, PA) in PBS (20 pg/mb) for 1 hour. Coated
plates were washed 3 times with PBS and stored in PBE prior to use.

Membrane-bound TL1A expression on human monocyles was demonstrated by
staining with biotinylated 101 1.31 antibody. Following a 4-hour stimulation, cells were
collected by using a cell lifter/scraper to detach adherent cells from the wells. Harvested
celis were collected by centrifugation and resuspended in 100 gL BD Pharmingen™
Stain Buffer (FBS; BD Biosciences, San Joss, CA) and blocked with TruStain FoX
{BioLegend™, San Diego, CA) on ice for 10 minutes. Anti-CD14 Pacific Blue (BD
Pharmingen™, BD Biosciences, San Jose, CA) and 10 yg/mbL biotinylated 101 1.31 or
isotype control antibodies were added and cells were incubated on ice for 15 minuies.
Afier incubation, cells were washed with 3 mi of stain buffer, centrifuged st 800 x gfor 5
minutes and resuspended in 400 uyl of stain buffer containing phycoerythrin (FE)-
streplavidin {(a 1:1000 dilulion of flucrescently-labeled streplaviding. After incubation,
cells were washed twice, centrifuged, and resuspended in 400 yb of stain buffer.
Membrane-bound TL1A sxpression was measured using the BD LSRFortgssa™
instrument and demonsirated by the increase in mean flucrescence intensity (MF) as
compared o the bictinylated isotype conlrol antibody.

The binding of 1D1 1.31 1o membrane-bound TL1A was evaluated on stimulated
human monocylies. Preliminary studies indicated resting peripheral blood monocytes do

not constitutively express membrane-bound TL1A. Therefore, monocyies were induced
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ie express endogencus TL1A following immune complex stimulation {via Fo receplor
engagement} to demonstrate binding of 1D1 1.31 o monocyte cell surface TL1A. Prior
in depth characterization of TL1A up-regulation Kinelics demonstrated maximal
expression at 4 hours post 1C stimulation, the time point used in subseguent siudies to
demonstrate 101 1.31 binding to monocyltes. IC coated plates induced TL1A expression
on monocylte cell surface 4 hours post stimulation (Figure 13). Cells treated with 101
1.31 had increased mean fluorescence infensity compared to the isotype treated and
unstimulated control cells. The specificity of this binding was confirmed in competition
assays using purified naked anti-TL1A antibodies at 1 and 10 pg/ml {(data not shown).
These resulis illustrale that antibody 101 1.31 is an anti-TL1A antibody that binds
specifically to membrane-bound TL1A expressed on stimulated circulating monocyles.
Example 11: Inhibition of NFxB by Anti-TL1A Antibodies in TF-1 Cells

To evaluate the funciional inhibitory potency and ability of antibody 101 1.31 fo
inhibit intraceliular signaling of TL1A through DR3, the antibody was evalualed in TF-1
celis (an erythroblasioma cell ling) which constitutively express DR3 and which were
transduced with an NFxB-promotor-driven luciferase gene.

Antibody 1D1 1.31, expressed as a full length human IgG1 with effector function-
null mutations in the heavy chain F¢ (101 1.31-higG1-3mut) was produced in CHO
cells. The isolype control antibody was an anti-letanus foxeld (@TT) antibody which is
also a human IgG1 antibody containing the same three effector function-null mulations
as 101 1.31. Soluble TL1A (rsTL1A) was recombinantly produced.

TF-1 cells were obtained from the American Tissue Typing Collection (ATCC,
Manassas, VA). TF-1 cells are derived from a human hematopoistic ervthroblastoma
cell ling obtained from ATCC. The TF-1-NFkB-luciferase rgportar cells were gengrated
by infecting the TF-1 cells with the lenlivirus pCignal Lenti NFxB-Luciferase reporter
{Catalog No. CLS-013L; SA BRiosciences, Valencia, CA). Briefly, 30,000 cells per well of
a 24-well plate were seaded in 150 ul of RPMi 16840, 10% fetal boving serum (FBS),
and 2 ng/ml granulocyte macrophage-colony stimulating factor (GM-CSF). The
following day they were infected with 50 pb (1X) and 100 L (2X) of lentivirus pCignal
Lenti NF«B-luciferase reporter in the presence of 8 ug/mb of polybrene. Afler 4 days,
cells were expanded and exposed to 1 pg/mb of puromycin for selection of siable
integrates. Selection continued untit all mock-infecied cells died. Activity of the reporier
in stable pools was assessed by treating the TF-1-NFkB-Luc 1x and Zx cells with

various TNF or TL1A concentrations. Cells (20,000 per 96 weil in 100 pl of media
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without GM-CSF)} were treated with the cylokines for 5 hours at 37°C, 5% CQ2. D-
fuciferin substrate (1500 pg/mi) was then added and after 10 minutes incubation at
37°C, the luminescence signal was read in an EnVision Luminometer (PerkinEimer,
Waltham, MA). The TF-1-NFxB-Luc 2X cells were selected for subsequent studies. TF-1
celis require either interleukin 13 (1L13) or GM-CSF for thelr long-term growth. Celis
were grown in RPMI 1640 containing 10% heat-inactivated FBS, 10 mM HEPES, 1 mM
sodium pyruvate, 2 ng/mb recombinant human GM-CSF and 1 pg/mb puromycin.

Constitutive expression of DR3 on TF-1 cells was demonstrated by staining with
a commercial biotinylated-anti-DR3 antibody. Cells were grown overnight without GM-
CSF as described in Seclion 5.4 for the TL1A-induced caspase activation assay. Celis
were harvested and re-suspended in BD Pharmingen® Stain Buffer (FBS) at 1 x 10°
celis/ml and incubated on ice for 15 minutes with 10 pg/mi of anti-DR3 antibody. After
incubation, cells were washed with 3 mbL of stain buffer, cenirifuged at 800 g and re-
suspended at 1 x 10° celis/mL in the same buffer with phycoerythrin {PE-shreplavidin, a
1:1000 dilution of fluorescentiy-labeled streptavidin, Afier incubation, the celis were
washed, centrifuged and re-suspended in stain buffer at 1 x 10° cellsfmL. DR3
expression was examined by flow cylomelry analysis in a BD Biosciences
LSRFortessa™ instrument (San Jose, CA). DR3 expression is demonstrated by the
increase in mean fluorescence intensity {(MFI) as compared to the sireptavidin-PE
control.

To determine the ability of rsTL1A {o activate the transcription factor NFKE,
luciferase aclivity was measured in response fo reTL1A in TF-1 celis transfected with a
luciferase gene under the transcriptional conirol of NFkB. Two days before the
experiment, TF-1 cells were cultured at a cell density of 0.3 x 10° celis/ml in TF-1
culture media containing puromycin but not GM-CSF. Solutions containing 2X each of
the final concentrations of rsTL1A in 80 pl of TF-1 media without puromycin or GM-CSF
were prepared in duplicate in 96-well plates (flat botltom for luminescence plates). The 8
rsTL1A concentrations were titrated down in 3 fold dilutions starting at 38986 pM (3968.3,
1322.8, 440.9, 147, 48, 18.53, §.4, and 1.8 pM). This TL1A dose response experiment
was also performed in the presence of a final concentration of 3 nM of the isolype
gontrol antibody. In this case, the same TL1A dose response solutions described above
also containgd 2X final concentration of isotype control antibody. The plates were then
sealed with aluminum foll and placed overnight at 4°C o reach equilibrium. The

following day, plates were pre-warmed at 37°C for 30 minutes, celis were harvested,
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washed once in phosphate buffered saline (FBS), re-suspended at 1 x 10° cells/mL in
TF-1 media without puromycin or GM-CSF and 50,000 cells in 50 ub of cell suspension
were added o 50 pl of pre-warmed TL1A solutions and incubated for 6 hours at 37°C.
One hundred (100) ul of 2X final concentration of 150 ug/mb of Beells luciferin were
added io the 100 pl wells, mixed well and incubated at 37°C for 30 minutes. Plales
were read in a luminometer (EnVision, 1 second/well). Mean relalive luminescence unils
(RL.U} were plotted againstlog TL1A or log 101 1.31 concentrations.

ECSH0 and IC50 Deferminations

TL1A activation curves or antibody inhibition curves were generated by plolting
the luminescence valugs against the log of TL1A or antibody concenirations
respectively. EC50 (for TL1A) or 1C50 values (for 1D1 1.31) were determined from these
graphs using GraphPad Prism® {version 5.02, GraphFad Software, Inc., San Diego, CA)
nonlinear regression curve fits and a sigmoidal log of agonist (three paramelers) or
aniagonist dose response (variable slope, Tour parameters) model {(Equation 1 for TL1A
agonist and Equation 2 for antagonist 101 1.31).

Equation 1:

Log{agonist) vs. response (three parameters)

Y=Botiom + {Top-Bottom)/(1+104{LogEC50-X))
Eguation 2

Log{inhibitor) vs. response-variahle slope {four parameters)

Y=Bottom + (Top-Botiom {1+ 108 (LoglCE0-XY HillSlope))

Where Y is the luminescence value and X is agonist TL1A {Eguation 1) or antagonist
101 1.31 (Eguation 2) concentration, Top is the maximum Y value corresponding to the
upper plateau of the sigmoidal curve, Boltom is the minimum Y value corresponding o
the lower plateau of the sigmoidal curve, and LogECS0 or LogiCh0 is the log of the
concentration of the agonist or antagonist respeciively at the infleclion point midway
between the maximum and minimum. The ECS0 or ICB0 values were summarized
across experiments using means and standard deviations (8TDEV).

The potency and ability of 101 1.31 in inhibiting signaling of TL1A through DR3
was gvalualed in an assay thal measures NFgB activation in TF-1-NFxB-luciferase cells
in response to TL1A stimulation. Figure 14A demonstrates constitutive expression of
DR3 on TF-1 cells after overnight culture without GM-CSF. Biotin-anti-DR3 antibody
stained cells had increased mean fluorescence intensity than the cells trealed only with

the sireptavidin secondary delection reagent. Biolin-TL1A also slained the celis while
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neither the biotin-DR3 antibody nor biolin-TL1A stained several other DR3-negative
cells, demonsirating the specificily of the staining {(not shown),

The ability of TL1A to activate NFxB-reguiated gene transcription was evaiuated
in TF-1-NFxB-luciferase cells stimulated with TL1A. Recombinant human soluble TL1A
dose-dependent increase in NFxB activity is Hllustraled for a representative experiment
in Figure 14B. TL1A stimulated NFkB activity in TF-1-NFxB-luciferase cells with a mean
EC50 value of 149 + 38 pM (n=8). In this assay, relative light units (RLU) increased 16-
15 fold over background atf saturating TL1A concentrations. 1D1 1.31 dose dependent
irthibition of NF«B activation by 150 oM TLAA in TF-1-NFxB-luciferase celis is shown for
a representative experiment in Figure 14C. 101 1.31 inhibited TL1A activation of NF«B
with a mgan IC50 value of 85 + 5.5 pM (n=4). These functional potency values are in
agreement with the binding affinity of 1D1 1.31 for TL1A, In addition, similar potency
values were calculated in other funclional studies measuring the inhibition of the
activation of caspase activity in TF-1 (see Example 12} or the production of IFNy in
response to 1C, 1L-12 and [L-18 stimulation in human whole blood (see Example 13).

The isotype confrol antibody had no inhibitory effect on this assay as shown in
Figure 14D and Figure 14E. Results are illustrated for a representative experiment
Figure 14D. The mean ECB0 value for TL1A stimulation of NFkB aclivity in the absence
of isotype conirol antibody was 103 + 27 pM (n=4) and in the presence of isolype control
antibody was 110 + 18 pM (n=4). in addition, an isotype control antibody dose response
experiment with up to 30 nM TL1A did not cause inhibition (llustrated in Figure 14E).
These experiments indicated that there was no inhibition attributed fo the isolype
antibody.

The studies described demonstrate the ability of 101 1.31 to potently block the
downstream signaling of the TL1A/DR3I interaction leading fo NFkB activation in TF-1-
NFxB-luciferase cells. These experimenis show that 1D1 1.31 is a potent antagonist of
TLIA/DRS signaling.

Example 12 inhibition of Caspase Activation Response by Anti-TL1A Antibodies

TL1A activates the NFxB pathway in TF-1 cells but is also able to induce
apopiosis by activating the caspase pathway when the NFkB pathway is inhibited by
protein synthesis inhibitors such as cycloheximide. The purpose of this study was to
evaluate the neutralizing activity and potency of the anti-TL1A antibody 101 131 in a
caspase activation assay in TF-1 cells in response o stimulation by recombinant soluble
human TLT1A {rsTL1A).
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TF-1 ceils were derived from a human hematopoletic erythroblastoma cell line
obtained from ATCC. TF-1 celis require either 1L-13 or granulocyte macrophage-colony
stimulating factor (GM-CSF} for their long-term growth. The TF-1 cells were grown in
RPMIE 16840 containing 10% heat-inactivated felal boving serum (FBS), 10 mM HEPES,
1 mM sodium pyruvate, and 2 ng/mb recombinant human GM-CSF.

Expression of DR3 in TF-1 Cells

Constitutive expression of DR3 on TF-1 cells was demonsirated by staining with
a commerdial biotinylated-anti-DR3 antibody {eBlosciences, San Diego, CA). Celis were
grown overnight without GM-CSF as described below for the TL1A-induced caspase
activation assay. Cells were harvested and re-suspended in BD Pharmingen™ Stain
Buffer (FBS; BD Biosciences, San Jose, CA) at 1 x 10° cells/mL and incubated on ice
for 15 minutes with 10 pg/ml of anli-DR3 antibody. After incubation, cells were washed
with 3 mL of stain buffer, centrifuged at 800 x g and re-suspended at 1 x 10° cells/imi in
the same buffer with phycoerythrin (PE)-sireptavidin, a 1:1000 dilution of fluorescentiy-
labeled streplavidin. After incubation, the cells were washed, cenirifuged and re-
suspended in stain buffer at 1 x 10° cells/mbL. DR3 expression was examined by flow
cylomelry analysis in a BD LSRFortessa™ instrument. DR3 expression is demonstrated
by the increase in mean fluorescence intensity (MF1) as compared {o the streplavidin-PE
control.

Caspase Activation in TF-1 Celfls by Recombinant Soluble TL1A

To determine the ability of reTL1A to aclivale the apopiotic pathway, caspase
activation in response 1o exogenous rsTLTA was evaluated in TF-1 cells freated with
cycloheximide (CHX) to inhibit the signaling toward the NFxB pathway and aliow
caspase and apoptclic pathway activation. The day before the experiment TF-1 celis
were cultured at a cell density of 0.3 x 10° cells/mL in TF-1 culture media containing 2
ng/ml of GM-CSF. Separately, solutions containing 2X each of the final concenirations
of rsTL1A and CHX {2 nM final concentration} in 50 pul of TF-1 media without GM-CSF
were prepared in triplicale in 86 well plates {flat botiom for luminescence plates). The 12
rsTL1A concentrations were titrated down in 2 fold dilutions starting at 3886 pM (39886,
1984, 992, 496,248, 124, 62, 31, 15.5, 7.75, 3.88 and 1.94 pM). The following day,
plates were pre-warmed at 37°C for 30 minules, cslis were harvested, washed once in
phosphate buffered saline (PBS), re-suspended at 0.8 x 10° cells/ml in TF-1 media
without GM-CSF and 30,000 cells in 50 pl of cell suspension were added to 50 ul of

pre-warmed TLIA/CHX solutions and incubated for € hours at 37°C. One hundred
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(100) ph. of Caspase-Glo® 3/7 kit (Promega, Madison, W1) was added and incubated at
room termperature for 156 minutes. Plates were read in an EnVision™ luminometer (1
secondiwell, PerkinElmer, Waltham, MA). Early steps in apoplosis involve activation of
caspases including caspase-3 and -7. The Caspase-Glo® 3/7 Assay is a homogensous
luminescent assay that measures caspase-3 and -7 activiies in purified snzyme
preparations or cultures of adherent or suspension celis. The assay provides a
juminogenic caspase-3/7 selective subsirate, which conlains the tetrapeplide sequence
DEVD (SEQ 1D NO: 385) {recognition sequence). This subsirate is cleaved 1o release
aminoluciferin, a substrate of luciferase used in the production of light. The Caspase-
Gle® 3/7 Reagent is optimized for caspase activity, luciferase activity and cell lysis.
Addition of the Caspase-Glo® 3/7 Reagent in an "add-mix-measure” format results in cell
lysis, followed by caspase cleavage of the subsirate and generatlion of a “glow-type”
luminescent signal. The assay relies on the properties of a proprietary thermostable
luciferase (Ultra-Glo Luciferase®, Promega) formulated to generate a stable signal
across a wide range of assay conditions. The iuminescence is proportional to the
amount of caspase aclivily present.
Antibody 101 1.31 inhibition of Caspase Activation in TF-1 Cells by Recombinanit
Sofuble TL1A

Antibody 101 1.31 inhibition of caspase activation was evaluated in TF-1 cells in
the presence of CHX. Briefly, the day before the experiment, TF-1 cells were cultured at
0.3 x 10° cells/mL in TF-1 culture media containing 2 ng/mbL of GM-CSF. Separately,
solutions containing 2X each of the final concentrations of antibody, CHX (20 ug/mL or 2
nh final concentration) and rsTLAA (8.5 ng/mb or 87 pM final concentration} in 50 pl of
TF-1 media {without GM-C8F)} were prepared in triplicate in a 86 well plate. The plales
were then sealed with aluminum foil and placed overnight at 4°C to reach eguilibrium.
The 10 or 12 point antibody concentrations were titrated down in 2 and/or 3 fold dilutions
starting at 1, 2 or 3 nM depending on the experiment. For the representalive experiment
in Figure 158, concentrations were 3000, 1000, 333, 185, 103, §7, 31.8, 17.6, 4.1, and
0.5 pM. reTL1A (87 pM) was calculated as the mean concentration which gives half of
maximal response {(ECB0) in previous rsTL1A dose response caspase activation
experiments (n=3) as described zbove. The following day, plates were pre-warmed at
37°C for 30 minutes, cells were harvested, washed once in PBS, re-suspended at
0.6 x 10" cells/mb in TF-1 media without GM-CSF and 30,000 cells in 50 ul of cell

suspension were added to 50 ul of pre-warmed antibody/TLIA/CHX solutions and
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incubated for 6 hours at 37°C. One hundred {(100) ul of Caspase-Glo® 3/7 kit
{Promega) was added and incubated at room temperature for 15 minutes. Plales were
read in a luminomeler (Envision, 1 sec/well). In parallel with the 101 1.31 inhibition dose
response experiments, a rsTL1A dose response experiment was performed to calculate
the EC50 for esach particular experiment and to verify the approximate percent of
maximal response corresponding to 87 pM, the concentration used to evaluate the
inhibitory potency of the antibody.

ECEO and IC50 Determinations

Mean relative luminescence unils (RLU)} were plotied against log TL1A or log
101 1.31 concentrations. TL1A activation curves or anfibody inhibition curves were
generated by plotiing the luminescence values against the log of TL1A or antibody
concentrations respectively. ECS0 (for TL1A)Y or 1CED values {for 101 1.31) were
determined from these graphs using GraphPad Prism® (version 5.02, GraphPad
Softwarg, inc., San Diego, CA) nonlinear regression curve fits and a sigmoidal log of
agonist or aniagonist dose responseg model (Equation 1 for TL1A agonist and
Equation 2 for antagonist 101 1.31}

Equation 1:

Log{agonist) vs. response (three parameters)

Y=Botiom + {Top-Bottom)/(1+104{LogEC50-X))
Eqguation 2

Log{inhibitor) vs. response-variable slope {four parameters)

Y=Bottom + (Top-Bottom Y/ {(1+108(LoglC50-Xy HillSlope))

Where Y is the luminescence value and X is agonist TL1A {(Equation 1) or anlagonist
101 1.31 (Egquation 2) concentration, Top is the maximum Y value corresponding to the
upper plateau of the sigmoidal curve, Bottom is the minimum Y value corresponding o
the lower plateau of the sigmoidal curve, and LogECS0 or LogiCh0 is the log of the
concentration of the agonist or antagonist respeciively at the infleclion point midway
between the maximum and minimum. The EC5G or IC50 values were summarized
across experiments using means and standard deviations (STDEV).

The potency and ability of 101 1.31 in inhibiting signaling of TL1A through DR3
was evaluated in an assay that measures caspase activation in TF-1 cells in response
to TL1A stimulation. DR3 was constitutively expressed on TF-1 cells at the time of
performing the caspase aclivation experiment after overnight culture without GM-CSF.
Biotin-anti- DR3 antibody treated cells had increased mean fluorescence infensity than

the celis treated only with the sireptavidin secondary detection reagent. Biotin-TL1A also
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stained the cells while neither the biolin-DR3 antibody nor biotin-TL1A stained seversal
other DR3-negative celis, demonsirating the specificity of the slaining (not shown).

TLiA-induced caspase activation was evaluated in TF-1 ¢slis in the presence of
CHX to block signaling through the NF«B pathway and consequenily deviate to the
downstream receplior signaling mechanism towards the apoptolic pathway via caspase
activation. A dose-dependent increase in caspase activity via recombinant soluble TL1A
(reTL1A) is Hllustrated from a representative experiment in Figure 15A TL1A stimulated
caspase activity in TF-1 cells with a mean ECB0 value of 80 = 7 pM (n=3). In this assay,
RLU increased 3-5 fold over background at saturating TL1A concentrations. 1D1 1.31
dose dependent inhibition of caspase activation by 87 pM TL1A in TF-1 cells is shown
from a representative experiment in Figure 158, 101 1.31 inhibited the TL1A-dependent
increase In caspase activity with a mean 1C50 value of 68 2 15 pM (n=3). These
functional potency values arg in agreement with the binding affinity of 101 1.31 for
TL1A. In addition, similar potency values were calouiated in other functional siudies
measuring the inhibition of the activation of NF«B in TF-1 cells or the production of IFNy
in response to immune complex ({C}, 1L-12 and 1L-18 stimulation in human whole biood.

These siudies demonsirate the ability of 101 131 {o polently block the
downstream signaling of the TL1A/DRS interaction leading to caspase activation and
apoptosis in TF-1 cells treated with CHX. These studies show that 101 1.31 is a potent
antagonist of TL1A/DRS signaling.

Example 13: Inhibition and Depletion of Cyiokines by Anti-TLIA Antibodies In

Human Whole Blood

The purpose of this study was to evaluate the neutralizing activity and potency of
the anti-TL1A antibody 101 1.31 in an assay in human peripheral blood that measures
cytokine secretion under conditions of up-requlation and aclivation of membrane-
expressed endogenous TL1A and DR3. In this assay, expression of the membrang-
bound form of TL1A permits evaluation of inhibition of both forms of TL1A, the c¢sll
associated and the scluble form, as well as soluble TL1A larget coverage in a
physiologically relevant ex vivo human whole blood system.

For immune complex {(1C) stimulation of human blood, 1C plates were prepared
the day before the experiment. Ninely-six well (86), fiat bollom lissue culiure plates were
cgoated with 50 bl per well of 0.5 mg/mlL or 0.25 mg/mb of human immunoglobulin G
{higG) in phosphate buffered saling (PBS), and kept at 4°C overnight. The next morning,

the plates were washed three times with 150 ul PBS per well, After removal of PBS, 50
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pl per well of 0.02 mg/mbL or .08 mg/mL of mouse anti-human 1gG in PBS were added
and piates were incubaled at 37°C for 1 hour. Plates were then washed three limes with
150 pl PBS per well pricr to use.

For {C and 1L-12 and 1L-18 stimulation of human whole blood, approximately 10
mi of blood from healthy donors was collected in Na Heparin coaled fubes. Blood
samples were normally delivered at room temperature within one hour after the blood
draw. 1L-12 (0.5 ng/mL final concentration} and 1L-18 {5 ng/ml final concentration} were
mixed in with blood prior to addition of 190 ul. of the blood/L-12/L-18 mixture to each
well of the IC coated plates. To evaluale the inhibifory potency of 101 1.31, 12-
concentration dose response curves were generated by adding 10 ul perwell of 3 20X
final concentration of 101 1.31 (or isotype control antibody) in 0.1% boving serum
albumin {(boving serum albumin) in FBS. 1D1 1.31 {or isclype conirol antibody)
concenirations were 30000, 10000, 3333.33, 1111.11, 370.37, 123.45, 12.34, 1.234,
0.1234, 0. 01234, 0.001234 and 0.0001 pM; and 30000, 10000, 3333.3, 1111.11,
370.37, 37.037, 3.7 037, (.3704, 0.037, 0.002, 8E-05 and 4.6E-06 pM. All conditions
were done in triplicate bul controls {no antibody) were repsated in 10-12 welis; no or
single stimulation controls {only IC or only IL-12/1L-18) were also included in triplicate or
more replicates. After 24 hours of culture at 37°C, 100 ub of 5% boving serum albumin
in PBS were added and mixed well with the 200 ubl of blood cultures to dilute plasma
(dilution factor: 1.8}, One hundred fifty (150} ul per well of diluled plasma were
harvested after the plates were centrifuged af 830 x g (2000 rpm) for 15 minutes and
further diluted 4 times in §% bovine serum albumin in PBS for quantification of IFNy and
181 1.31-free form of TL1A using MSD {(Mesoscale Discovery, Rockville, MD)-based
ligand-binding assays. IFNy was measured using the MSD human 1FNy kit (Catalog No.
K151AEB-1) foliowing the manufaciurer's instructions. Two assays were developed at
PGRD for measuring sTL1A, one that measures only antibody unbound sTL1A and
another one that measures total sTL1A {(antibody bound and unbound). Briefly, to
measure 101 1.31-free sTL1A, MSD blank plates (MSD, Catalog No. L15XA-8) were
coated with 30 gl per well of 2 ug/ml in PBS of anti-TL1A clone No. 28B11 at 4°C
overnight. The following day, plates were washed three times with 150 ul. per well of
0.1% Tween 20 in PBS, followed with 150 ul per well of blocking solution (8% bovine
serum albumin in PBS), then the plates were incubated al room temperature for 1 hour
with orbital shaking (1500 rpm). After the plates were washed as mentioned above,
diluted plasma sampies were added and incubated al 4°C overnight. The following day,
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0.25 ug/mb of Sulfo-tag labeled detection Ab (MSD anti-TL1A cdlone No. 1D1-VH-37
(101 D37); 30 ul per well; labeled as per manufaciurer's instructions) were added after
the plates had been washed, and were incubaled at reom temperature for 2 hours with
orbital shaking (1500 rpm) followed by the same plate wash protocol mentioned above.
TL1A standard curves were generated using recombinant human soluble TL1A. Plates
were read following the manufacturer's procedure, standard curve and plasma
concentration of the oylokine were calculated with the MSD software. A similar protocol
but using non-competitive antibodies for both capture and detection was used 1o detsct
total TL1A {(1D1 1.31-free and -bound soluble TL1A).

Antibody 101 1.31 inhibition dose response curves were generated by piotling
the concentrations of either IFNy or soluble TU1A in pg/mb of plasma against the log of
antibody concentrations. The 101 1.31 IC50 vaiues were determined from these graphs
using GraphPad Prism® {version 5.02, GraphPad Software, Inc, San Diggo, CA)
nonlinear regression curve fils and 2z sigmoldal log of aniagonist dose response
{variable siope, four parameters) model (Equation 1).

Equation 1:

Log{inhibitor) vs. response-variable slope {four parameters)

Y=Bottom + (Top-Bottomy/{(1+104(LoglCE0-Xy HiliSlope))

Where Y is the concentration of oytokine and X the antagonist 101 1.31 {(Equation 1)
concentration, Top is the maximum Y value corresponding o the upper plateau of the
sigmoidal curve, Bottom is the minimum Y value corresponding to the lower plateau of
the sigmoidal curve, and LogiC80 is the log of the conceniration of the antagonist at the
inflection point midway between the maximum and minimum. The 1C50 valugs were
summarized across experimenis using means and standard deviations (STDEV}.

The potency and ability of 1081 1.31 {o inhibit endogenous TL1TA actlivation of
DR3-expressing primary cells in human whole blood was evaluated in an assay that
measures the release of IFNy in response o stimulation by IC (which upregulates TL1A
expression on monocytes) and HL-12 and IL-18 {which upreguiate CD3 expression on
NK and NKT ceils). Due to the lack of constifulive expression of TL1A and DR3 on
peripheral blood leukocyles, and in order {0 measure downstream DR3 aclivation {such
as Ny secretion} upon endogenous TLTA sngagement, upregulation of expression of
TLAA on monocytes and DR3 on responding NK or NKT is reguired. Optimal stimulatory
conditions were derived from previous experiments demonstrating the kinetics of TL1A

upreguiation on monocytes by IC stimulation and the upregulation of DR3 on NK and
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NKT cells by the combination of the IL-12 and IL-18 cylokines. Single stimuilation
conditions {eg, only 1C or only 1L-12/1L-18) indicated that IC stimulation is sufficient for
the levels of TL1A up-regulation achieved and that HL-12/1L-18 alone is sufiicient to up-
regulate DR3. However, it is likely that both stimuli synergize for optimal functional
response beyond their effecis on up-regulation of expression. Condilions were also
optimized for cytokine production and TL1A-depsendence of that production. Mean IFNy
concentrations following 1C and 1L-12 and iL-18 stimuiation were 4088 + 2808 pg/mL
{range 289-8848 po/mbl; mean 537 fold induction over un-stimulated blood; n=14; 8
unique donors). 101 1.31 dose-dependent inhibition of IFNy production by whole blood
stimulated by IC and {L-12 and 1L-18 is shown for a representative experiment in Figure
16A. At the highest saturating 101 1.31 concentrations, inhibition reached a maximum
without achigving complete inhibition and suggesting partial inhibilion of the response.
This is not surprising given that many pro-inflammatory pathways iead o inflammatory
cylokine production and that the slimulatory conditions used are not specific {o the
TLIA/DRZ pathway and are likely to aclivate other pathways in addition to the
TLAA/DRI pathway. The IFNy response measured is likely contributed by TL1A-
dependent and independent pathways. Nonetheless, under these conditions, the TL1A
pathway seems to be a major contributor {¢ the response as mean maximal inhibition of
[FNy secretion by 1D1 1.31 in this syslem was 82% £ 10% n=14; 8 unique donors;
range 38-77%) suggesting that the TL1A-dependent response accounis for
approximaiely an average of two thirds of the response and that TL1A-indspendent
mechanisms also contribute to the folal IFNy production in this assay system. The
potency of 1D1 1.31 was determined by calculating the 1C50 for the TL1A-mediated
response. 101 1.31 inhibits IFNy  secretion by endogenous TL1A upregulated in whole
blood by 1C with an 1C50 of 277 = 125 pM (n=11; 8 unigque donors).

In the same human peripheral blood assay in which 1D1 1.31 was evaluated for
its suppression on IFNy levels in response to 1€ and [L-12 and IL-18 stimulation, 101
1.31 was zlso evaluated for s effect on sTL1A plasma levels. IC and IL-12/1L-18
stimulation of human whole biood resulted in endogencus soluble TL1A elevations to
mean values of 840 = 283 pg/mbl (Figure 168, range 535-1409 pg/mi; mean 50 fold
induction over unstimulated blood; n=8, 5§ uniqus donors). These increases of sTL1A at
24 hours likely reflect proteoiytic cleavage from monocyte membrane TL1A which was
shown {0 be maximally and lransiently expressed on monocytes al earlier time points

upon G stimulation. 101 1.31 binding fo soluble TL1A was measured by the dose-
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dependent and complete depistion of 101 1.31-free soluble TL1A. 1D1 1.31 deplelas

antibody-free soluble TL1A with a mean IC50 valug of 1.06 + 1.68 pM (n=8; 5 unigue

donors). The presence of sTL1A was confirmed by the measure of total sTL1A (which
could detect also antibody bound TL1A) Inhibition of IFNy  production starled at

concentrations of 101 1.31 at which depletion of antibody-free-soluble TL1A was 280%.

The difference in 1C50 values for antibody-free-sTL1A depletion and for IFNy inhibition

suggests that membrane bound TL1A activity might mediate IFNy production by

mediating cell to cell interactions. Indeed, early assay development experiments showed
that addition of plasma conlaining similarly high concentrations of endogenous soluble

TLAA fo [L-12/H.-18 stimulated blood was not as effective on increasing IFNy production

as 1C stimulation of TL1A up-regulation on monocyltes.

The data disclosed herein demonsirate that 101 1.31 is a potent inhibitor of the
activity of endogenous membrane and soluble form of TL1A in human peripheral blood.
101 1.31 inhibits IFNy secrelion following human peripheral blood upregulation and
activation of TL1A on monocytes and DR3 on effecior cells by IC and 1L.-12 and IL-18
stimulation with a mean 1CB0 value of 277 + 125 phd.

Example 14: inhibition of IFNy Production and Depletion of Antibody-Fres Soluble
TLI1A in Response to Immune Complex and IL-12/iL-18 Stimulation of
Cynomolgus Monkey Whole Blood
The purpose of this study was to evaluate the neutralizing activity and potency of

the anti-TL1A antibody 1D1 1.31 in an assay in cynomolgus monkey peripheral blood

that measures cylokine secretion under conditions of up-regulation and activation of
membrane-expraessed endogenous TL1A and DR3. In this assay, expression of the
membrane-bound form of TL1A permils evaluation of the inhibition of both forms of

TLAA, the cell associated and the soluble form, as well as soluble TL1A targel coverage

in a physiologically relevant ex vivo cynomolgus whole blood system.

The 101 1.31 antibody used for these experiments was produced in CHO cells.
The isolype control antibody was an antibody which is also a human 1gG1 antibody
coniaining the same three effector funclion-null mutations as 101 1.31. Recombinant
cynomolgus monkey soluble TL1A (oyno rsTL1A) {(Leu72-Leu251, see SEQ D NO:258)
was produced using standard protocols known in the arl.

For immune complex (IC) 1C stimulation of cyno blood, IC plates were prepared
the day of the experiment. Ninsty-six well (86), flal bollom tissue culture plates were

coated with 50 ul. per well of 1 mg/mbL of human immunoglobulin G (higG) in phosphate
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buffered saline (PBS), and incubated at 37°C for 1 hour. Wells were then washed three
times with 150 pl PBS per well, After removal of PBS, 50 ul per well of 0.04 mg/mL of
mouse anti-human igG in PBS were added and plates were incubated at 37°C for 1
hour. Plates wers then washed three times with 150 ul PBS per well prior 1o use.

For IG and HL-12 and 1L-18 stimulation, cynomolgus monkey bleod was collected
in sodium heparin coated tubes and used within one hour after the blood draw. Human
=12 (1 ng/mb final concentration) and human H-18 (10 ng/mL final concentration) were
mixed in with biood prior to addition of 95 pl of the blood/HL-12AL-18 mixiure o each
well of the IC coated plates. To gvaluate the inhibitory potency of 101 1.31, 12-
concentration dose response curves were generated by adding 5 pl perweli of a 20 X
final concentration of 1D1 1.31 {or isolype conirol antibody) in 0.1% bovine serum
albumin {(bovine serum albumin} in PBE. 101 1.31 {or isolype conirol antibody)
concentrations were 100000, 33333, 11111, 3703.7, 1234.5, 411.5, 13717, 13.717,
1.3717, 013717 and 0.0137 and 0.00137 pM for some ssis of experiments, and
100000, 20000, 4000, 800, 160, 32, 6.4, (.64, 0.064, 0.0084, 0.00064, and 0.000064
pM for other sets of experiments. All experimenis were done in triplicate. Controls
included stimulation without antibody as well as no, or single stimulation controls {only
IC or only IL-12/L-18) in triplicate. After 24 hours of culture at 37°C, 200 pl of
5% bovine serum albumin in PBS were added and mixed well with the 100 ul of blood
cultures o dilute plasma {dilution factor: 3). One hundred and fifty(150) pl per well of
diluted plasma were harvested after the plates were centrifuged at 830 x g (2000 rpm)
for 15 minutes and tested immediately for quantification of IFNy and 101 1.31-free form
of TL1A using MSD (Mesoscale Discovery, Rockville, MD)-based ligand-binding assays.
IFNy was measured using the MSD human [FNy kit (Cataiog No. K1531AEB-1) following
the manufacturer's instructions. Briefly, to measure 1B1 1.31fres sTL1A, MED blank
plates (MSD, Catalog No. L156XA-8) were coated with 30 ul per well of 4 pg/ml in PBS
of anti-TL1A clone No. 26B11 at 4°C overnight. The following day, plates were washed
three times with 150 ul. per well of §.1% Tween 20 in PBS, followed with 150 uk per well
of biocking solution (5% bovine serum albumin in PBS), then the plales were incubated
at room temperature for 1 hour with orbital shaking (1500 rpm). After the plates were
washed as mentionad above, 40 ul of plasma samples were added and incubated at
4°C for 2 hours followed by the same washing three imes and by addition of 1 pg/mL of
Sulfo-tag labeled detsction Ab (M3D anti-TLA clong No. 101 1.31; 30 ul per well;

labeled as per manufacturer’s instructions) .Plates were incubated at room temperaiure
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for 2 hours with orbital shaking (1500 rpm) followed by the same plate wash protocol
meniioned above. TL1A standard curves were generated using recombinant
cynomolgus monkey soluble TL1A. Plales were read following the manufacturer's
procedure, standard curve and plasma concentration of the cytokine were calculated
using the MSD software per manufacturer’s instructions.
{C50 Determinations

The 101 1.31 inhibition dose response curves were gengrated by plotting the
concentrations of either IFNy or soluble TL1A in pg/mbi of plasma against the log of
antibody concentrations. 101 1.31 IC50 values were determined from these graphs
using GraphPad Prism® {version 5.02, GraphPad Software, Ine, San Diego, CA)
nonlinear regression curve fils and a sigmoidal log of antagonist dose response
{variable slope, four parameters) model (Egquation 1).
Eqguation 1

Log{inhibitor) vs. response-variable slope {four parameters)

Y=Bottom + (Top-Bottom Y/ {(1+108(LoglC50-Xy HillSlope))
Where Y is the concentration of cyitokine and X the antagonist 101 1.31 {(Equation 1)
conceniration, Top is the maximum Y value corresponding o the upper plateau of the
sigmoidal curve, Botlom is the minimum Y valug corresponding to the lower plateau of
the sigmoidal curve, and LogiCB0 is the log of the concentration of the antagonist at the
inflection point midway between the maximum and minimum. The IC50 values were
summarized across experiments using means and standard deviations (STDEV).
101 1.37 Inhibition of IFN Gamma Froduction in Whole Blood Activated by Immune
Complex and IL-2/4L-18

The ability of 101 1.31 {o inhibil endogenous TL1A activation of DR3-expressing
primary cells in cynomolgus monkey whole blood was evaluated in an assay thal
measures the release of IFNy in response {0 stimulation by 1C {which upregulates TL1A
expression on monocytes) and 1L-12 and IL-18 {which upreguiate CD3 expression on
NK and NKT cells). Experimental conditions were adapted from an assay developed in
human whole blood and further optimized for cyickine production in cynomolgus blood.
Mean IFNy concentrations following IC and 1L-12 and 1L-18 stimulation were 222 + 220
pa/mb {range 89-667 pg/mL; mean 222 fold induction over un-stimulated blood; n=8
monkeys). This IFNy production is lower than in human blood (4089 + 2808 pg/mb)
possibly due {o the fact that human (instead of cynomolgus monkey} IL-12 and 1L-18
were used {0 activate the pathway. Nonetheless, the 1C stimulation resulted in simitar

levels of sTL1A production as in human blood and the sysitem was appropriale for
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evaluation of the pharmacologic activity of the lest article. Dose-dependent inhibition by
101 1.31 of IFNy production by monkey whole blood cells stimulated by 1C and 1L-12
and 1L-18 is shown for a representalive experiment in Figure 17A. At the highest
saturating 101 1.31 concentrations, inhibition reached a plateau of maximum inhibition
without achieving complete inhibition,suggesting partial inhibition of the response. This
is not surprising given that the stimulatory conditions used are not spedific o the
TLIA/DRSE pathway and are likely to also activate other pathways which may resull in
the production of inflammatory cylokines. Hence, the IFNy response measured is likely
confributed by TL1A-dependent and independent pathways. Nonetheless, under these
conditions, the TL1A pathway seems {0 be a major contributor to the response as mean
maximal inhibition of IFNy secrgtion by 101 1.31 in this system was 71% £ 21% (n=06
different monkeys; range 50-88%) suggesting that the TL1A-dependent response
accounts for approximately an average of two thirds of the response. These resulis were
also similar in the human sysiemn {mean maximal inhibition was 62% =t 10%). The
potency of 1D1 1.31 was determined by caloulating the 1C50 for the TL1A-mediated
responseg. 101 1.31 inhibits IFNy secretion by endogenous TL1A upreguiated in monkey
whole blood by 1C with an 1C50 of 36 + 42 pM {n=86 monkeys; range 6-119 pM). These
resulls indicate that the inhibitory potency of 101 1.31 for the cynomolgus TLIA/DRS
pathway is similar or greater than ifs potency in the inhibition of the human pathway
{(ICB0 of 277 £ 125 pM). In this assay, there was no dose-dependent inhibition by the
isotype control antibody.
Soluble TL1A Levels in Whole Blood Aclivated by Immune Complex and
-T2/ -18 and Trealed by 107 1.31

in the same human peripheral blood assay in which 1D1 1.31 was evaluated for
iis suppression on PNy levels in response 1o 1C and IL-12 and IL-18 stimulation, 101
1.31 was also evaluated for its effect on sTL1A plasma levels. IC and IL-12/L-18
stimulation of monkey whole blood resulted in endogenous soluble TL1A elevations o
mean values of 1519 1 686 py/mbL (Figure 17B; range 485-2587 pg/mkb; mean 116 fold
induction over unstimulated blood; n=6 monkeys). These values were similar o the ones
measurad in human whole blood (840 + 283 pg/ml; 50 fold induction} and also similar to
the values 1430 = 211 pg/mb measured with 1C stimulation alone (no IL-12/1L-18) of the
cynomolgus monkey biood. These increases of sTL1A at 24 hours likely reflect
proteciviic cleavage from monocyle membrane TLTA which was shown {0 be maximally

and fransiently expressed on human monoocyles at earlier time points upon iC
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stimulation. 1D1 1.31 binding fo soluble TL1A was measured by the dose-dependent
decrease of 101 1.31-free soluble TL1A. 1D1 1.31 depletes antibody-free soluble TL1A
with a mean {C50 value of 22 + 35 pM {range 0.114-80 pg/ml; n=6 monkeys}. The
corresponding human 1650 value was 1.06 + 1.68.

Anti-TL1A antibody 1081 1.31 inhibits IFNy secrefion following activation of
TLIA/MDRSE pathway in cynomolgus monkey peripheral blood by stimulation with 1€ and
IL-12 and 1L-18 with a mean {C50 value of 36 + 45 pM. These values are indicative of
pharmacclogical activity in cynomolgus monkey and are comparable o the potency of
1071 1.31 in human peripheral blood.

Example 15 Biological Assays Using 101 Variant Antibodies

The above-described NFKB assay, Caspase assay, and human whole blood
cylokine assay (Examples 11, 12, and 13) were also repeated with antibodies 101 1.27,
101 1.28, 1D1 1.29, 101 1.30, 1D1 1.31, 1D1 1.32, 101 1.33, and 1D1 1.34. The
resulis of these experiments are summarized in Table 19, Each of the affinity matured
antibodies demonstrated improved aclivity over 1D1 parental antibody.

Table 19: Average 1C50 of antibody 101 and affinity maiured variants in NFkB assay.

Average [C50 (ph)
Antibody Caspase Assay | NFkB Assay HWE Assay
101
Parental 216.6 742.0 247.8
1011.27 70.2 138.6 (.968
1D11.28 96.2 188.3 N/T
101 1.29 85 281.1 NIT
101 1.30 102.6 370.4 NIT
101 1.31 106.5 150.1 1.667
101132 61.5 180.4 N/T
101 1.33 145.6 200.3 N/T
1D11.34 627 181.9 N/T

N/T = Not Tested

Example 18: Epitope Mapping of TL1A Bound to Antibody 1D1 Parental

in the present disclosure, residues of the antigen and antibody are said o be
hydrogen bonded if they include a hydrogen bond donor atom (bound to an
electropositive hydrogen) in one molecule located within 3.2 A of a hydrogen bond

acceptor atom having a lone pair of electrons in the other molecule.
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Residues of the antibody and antigen are said to form a salt bridge if they contain
a positively charged atom in one molecule within 4 A of a negatively charged atom in the
other moleculs.

The perwesidue solvent exclusion was determined by calculating the solvent
accessible surface area of sach residue of the antibody and antigen in complex and
subiracting this from the sum of the solvent accessible surface areas of the two
components considered individually.

The solvent accessibie surface area was calculated according to the method of
Strake and Rupley (J Mol Biol 79 (2} 35171, 1973). The pairwise buried surface area
was used to estimate the individual contributions of pairs of residues from the antibody
and antigen to the overall effect of buried surface arga on binding energy. Since burisd
surface area is not pairwise decomposable, the buried surface area of sach residue in
the epitope was calcuiated in the presence of sach individual antibody residue in the
absence of the rest of the antibody. These individual contributions were then normalized
s0 that the sum of all individual contributions of all antibody residues o the buried
surface area of a given epitope residue would egqual the total buried surface ares of that
epitope residue due 1o the binding of the entire antibody. This process was repeated in
reverse for the individual contributions of epitope residues to the buried surface area of
antibody residues. The value for each pair of residuss shown in the fables is the sum of
these two calculations for that pair of residuss.

Analysis of the co-crystal Structure of TL1A with 101

Based on the co-crysial structures of homologous TNF family members with their
receplors, TL1A is expected to interact with its receptor, DR3, at the interseclions
between monomers within the Irimeric TL1A qualernary structure. The epitope of
antibody 101 spans this intersection {(Figure 8} and would therefore be expected o
block receptor activation by directly oceluding the receplor binding interface on TL1A,
The geometry of the interaction between the 1D1 variable domain and the epilope on
TL1A is such that it is unlikely that a single dimeric 1081 molecule could simultansously
bind two epitopes on a single trimeric TL1A molscule.

Mapping TL1A Epitope with 1D1

101 binding buries a surface area of approximately 1018 A% on TL1A with 897 A”
contributed by one TL1A monomer {monomer A or chain A) and 321 A? contributed by
its neighbor {(monomer B or chain B). Residuss from each of the two monomers that
participate in the interaclion are labaled as chain A or chain B. The overall contribution
of each residue to the binding energy of the interaction is a function of both the
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electrostatic interactions inciuding hydrogen bonds and salt bridges, and the Van der
Waals force which is related to the buried surface area (BSA).

Figure 18 show the area on both TL1A and 1D1 buried by sach pair of interacting
residues. Tables 20, 21, 22 and 23 summarize the data from Figure 18, separaled into
CBR regions of the heavy and light chains.

Table 20: Buried surface area in interactions between anti-TL1A antibody 101 Parental
CDR-H1 (as defined by AbM) and TL1A. Numbers represent normalized buried surface

area between the two residuss.

101 Heavy Chain CHR-H1 Residues
TLiA TLIA
monomer | residue | 825 G286 Y27 528 T30 hEX
A K113 18.8 42 1
A Ti15 28.6
A Y118 15.5 48.8 50.4 36.8
A Pi21 14.8
A T122 28 59.2
A 0123 43.5
B L55 214 35.8
B E171 22.4

Table 21: Buried surface area in inferactions between antibody 1D1 Parenial CDR-
H2Z/Framework 3 and TL1A. Numbers represent normalized buried surface area
between the two residues. Where the inleractions involve electrostatic interactions, the
buried surface area is annolated with the following coding: h=hydrogen bond, s=gall

Bridge, wswater-mediated hydrogen bond.
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101 Heavy Chain CHR-MZ2{Frameweork 3 Residues
TL1A TL1A
monomer | residue | W53 | 882 | Y53 N&d NG | Ts7 N58 173 | R78
A Y118 50.5h
A M147 17.6 w
A F148 28.3
A 5149 718 h
A Q151 71.9
2 H51 127 [ 2886
8 E52 36.2 | 15.8 2240 1331 164 34.8 h
B L53 33.4 5.9
B G54 95 219 4.5
B L55 82.7 w
B AS6 18.7 18.8 h
B F57 30.7 30.2
B T58 33.2

Table 22: Buried surface area in interaclions between antibody 101 Parental CDR-H3

and TL1A. Numbers represent normalized buried surface area betwean the two

residuas. Where the interactions involve elecirostatic interactions, the buried surface

area is annotated with the following coding: h=Hydrogen bond, s=Salt Bridge, w=Waler-

mediated hydrogen bond.

101 Heavy Chain CHR-M3 Residues

TLIA
monomer | TLIA

residue | Y87 | Y88 (e S16¢ GI100A | S100B | Y1000 | R10GD
B V31 28.8
B V32 24.9
B R33 225w | 43.2
B ESD 5058
g L53 447 16.4 55.8
B G54 42.8 19.6
B £E91 20.5
B Y168 14.7 33.8h
B Ti69 3.1 12.1 10.3 27.7 15
2 K170 259 1402 (118 10 2.1 15.8
B E171 34.3 | 385 13.8

Table 23: Buried surface area in interaclions between antibody 101 Parental light chain

and TL1A. Numbers represent normalized buried surface area between the two

residues. Where the interactions involve electrostalic interactions, the huried surface
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area is annotated with the following coding: h=Hydrogen bond, s=S8alt Bridge, w=Waler-

mediated hydrogen bond.,

101 Light Chain Residuss
TLiA TLIA
monomer | residue | 831 ¥32 Wod Wo6
B8 Vaz 7.4
B R33 347h (568w
B8 £52 427 h
B8 L53 21.2 27

There are 3 kay residues in the epitope having buried surface area greater than
100 A% These are tyrosine 118 (Y118) on TL1A chain A or monomer A, and glutamic
Acid 52 (E5Z) and leucine 53 (L53) on TL1A chain B or monomer B. Arginine 33, on
chain B, also has a high buried surface area, of 83.4 A2, These residues define
important interactions on both sides of the receptor binding cleft,

There are 9 dirgct hydrogen bonds {(formed by the residuss: Y118, 8148, R33,
E50, ESZ, ABB, and Y168), 4 water medialed hydrogen bonds (M147, R33, and L55)
and 1 salt bridge (EBO) visible in the crystal struciure of the TL1A-1D1 complex. These
are listed in Table 24. The introduction of additional hydrogen bonding and sait-bridge
interactions were responsible for most of the improvement seen in affinity oplimized

versions of 101,

Table 24: Residues involved in electrostatic interactions between TL1A and antibody
101 (Parental).
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Salt Bridged Residue Pailrs

TL1A | Residus | 1D1 Residue
Chain | Number | Chain | Number
B 50 H 100D

Hydrogen Bonded Residue Pairs

TLTA | Residue | 101 Residue
Chain | Number | Chain | Number

A 118 H 78
A 149 H 53
B 33 L 31
B 50 H 100D
B 52 H 54
B 52 H 58
B 52 L g4
B 56 H 54
B 168 H 1008

Shared Watsr Residus Pairs

TL1A | Residue | 101 Residue
Chain | Number | Chain | Number

A 147 H 53
B 55 H 83
B 33 H 100A
B 33 L 32

Table 25 summarizes the TL1A epiiope residues thal sither have slectrosiatic
interactions with 20 A or more of buried surface area when bound with antivody 101
parental.

Table 25: TL1A epitope residues having elecirostatic interactions and/or more than 20
A? of buried surface area (BSA) by interaction with 1D1. Elecirostatic interaction codes:

H=Hydrogen bond, S=Salt Bridge, W=Water-mediated hydrogen bond
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Buried
TLAA TL1A Surface Elactrostatic
monomer | residuse Area Interactions
A K113 25.0
/ Y118 118.1 H
A T122 43.7
A $149 39.1 H
A Q151 38.8
B R33 93.4 H W
B E50 20.4 H by
B ES52 110.5 H
B L53 118.1
B (354 51.3
B L55 53.4 W
B A5G 11.9 H
B F57 26.3
B 158 20.1
B Y168 15.6 H
B T169 33.0
B K170 48.0
B E171 49.0

Table 26 below summarizes the TL1A residues having Key interactions with
antibody 101, namely buried surface area greater than 100 A? or participating in buried
salt bridge interactions.

100 A or

V

Table 26: TL1A epitope residues having buried surface area (BSA) »

participating in buried sait bridge interactions

TLIA TLIA Electrosiatic
monomer residue BSA Interactions
A Y118 118.1 H

8 E50 20.4 H 3

B E52 110.5 H

B L53 118.1

in addition, a number of TL1A residues are within 3.8A of the antibody, many of
which overlap with the elecirostatic interactions residues identified above; K113, Y115,
T122, F148, 5149, Q1581, V31, V32, R33, E50, E5Z, 153, 54, L85, ABg, F&7, EUY,
Y168, T168, K170, and E171. These are presented in Table 27 with annolations

regarding location of the epifope residues on TL1A monomers.
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Tabie 27: TL1A residuss within 3.8A of residuss on antibody 101 Parenial

TL1A TLI1A Antibody | Antibody
monomer rasidue Chain Rasidue
A 113 H 30

A 118 H 28

A 118 H 27

A 118 B 76

A 122 H 31

A 148 H 53

A 149 H 53

A 151 H i3

B 31 B 100A
B 32 H 100A
B 33 H 100A
B 33 H 1008
B 33 L 30

B 33 L 31

B 33 L 32

B 50 H 100D
B 52 B 50

B 52 H 54

B 52 H 56

B 52 H 58

B 52 L G4

B 53 B 50

B 53 H 100D
B 54 H 53

B 54 H a7

B 54 H 100
B 55 H 53

B 56 H 53

B 56 H 54

B 57 B 54

B 91 H 1008
B 168 H 100A
B 168 H 1008
B 163 H 100
B 169 H 1008
B 170 H 99

B 171 H 152

B 171 B 100

The paratope on antibody 1D1 when bound to TL1A lies almost entirely In its
heavy chain. Heavy chain COR-H1 and CDR-H2 regions contact both TL1A chains. In

~

5 particular, 101 heavy chain tyrosine 31 and tyrosing 53 make extensive contacts with
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both TL1A monomers. Heavy chain CDR-H3 makes extensive contacts with only one
TLIA monomer. There are also two significant inleractions between the Framework 3
loop of 1D1 and TL1A. Although it makes many fewer contacts than the heavy chain,
the light chain of 1D1 does play a part in the interaction with TL1A. The paratope
residues of antibody 101 are listed in Table 28.

Table 28: Antibody 1D1 Parental paratope residues having slectrostatic inferactions
andfor more than 20 A? of surface buried by interaction with TL1A. Electrostatic

interaction codes: H=Hydrogen bond, 3=3alt Bridge, W=Water-mediated hydrogen bond

Antibod

y Kabat Residu | Buried Surface Electrostatic Intsraction With
Chain Paosition e Araa TLIA

H 26 GLY 235

H 27 TYR [ 20.2

H 28 SER | 67.7

H 30 THR 1332

H 31 TYR 158580

H 50 TRP 284

H 53 TYR 1527 H W
H 54 ASN 1 5841 H

H 56 ASN 1482

H 58 ASN 11341 H

H 73 THR 1330

H 75 ARG | 226 H

H a7 TYR 1382

H 99 GLY 451

H 100 SER | 501

H 100A GLY 722 W

H 1008 SER 1794 H

H 100D ARG | 54.0 H S
L 32 TYR 1287 W

L G4 TRP 1261 H

Exampls 17: Mapping Binding Epitope of TL1A by Antibody 1D1 1.31
Analysis of the co-crystal structure of TLT1A with 1.37

The crysial struciure of the complex of TL1A with the antibody 101 1.31, was
also solved. The binding mode of 101 1.31 is essentially the same as that of ifs parental
antibody. There are three sequence differences between 101 and 101 1.31. The
change from sering o asparlic acid at heavy chain residue 28 was suggested by the
above-described computational analysis of the 1D1.TL1A complex crystal structure. The
sering hydroxyl in the 101 complex has no appropriate hydrogen bonding pariners

{Figure 11). Replacement with aspartic acid allows hydrogen bonding 10 TL1A threonine
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122 and formation of a salt bridge with TL1A lysine 113. There is an additional
conformational change of some surrounding residues so that TL1A tyrosine 118, which
faced outwards in the 1D1-TL1A complex, is pointed inwards toward the center of the
epitope in the 101 1.31 complex,

The change from asparagine o histidine at heavy chain position 58 was found
from a phage-display affinily optimization approach. Hislidine 122 was postulated o
make a stronger electrostatic interaction with TL1A glutamic acid 52 (Figure 12).

The structural basis for any improvement in binding due {o the substilution of
alanine for serine at antibody heavy chain position 1008 is less clear. The original serine
does not have a clear hydrogen bonding partner. Without wishing to be bound by any
particular theory, it may be that removal of the serine hydroxyl by substifution with
alanine stabilizes the compiex by eliminating a buried polar group with unsatisfied
hydrogen bond donor and accepltor aloms.

The full list of interactions between 101 1.31 and TL1A are shown in Figure 18
and Tables 28-38. The water-mediated hydrogen bonds seen in the structure with 101
are not visible in the structure with 1D1 1.31. This may be due o the lower resolution of
the latter structure. Despite ifs tighter binding, the tofal buried surface area due to
antibody binding is somewhat lower for 101 1.31 (877 A%) than 1D1 (1018 A%). Much of
this difference is due io the conformational change involving TL1A tyrosine 118
described above., Without wishing o be bound 0 any particular theory, the enhanced
binding of 101 1.31 may be dus to the improved slectrostatic interactions of heavy chain
residues 28 and 58.

There are 11 direct hydrogen bonds (formed by the residues: T122, 5149, E50,
E52, ABB, Y168, T169, and E171), and 3 sall bridges (K113, EB0, ELZ) visible in the
crystal structure of the TLIA-1D1 complex. These are listed in Table 28. The
introduction of additional hydrogen bonding and salt-bridge interactions appear 0 be

responsibie for most of the affinity improvement seen over 101,

Table 29: Residues involved in electrostatic interactions between TL1A and antibody
1D1 1.31
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Salt Bridged Residue Pairs

TLIA TL1A 101 131 1101 1.3
monomer residue Chain Residue
B ES5Q H 100D

B E52 H 58

A K113 H 28
Hydrogen Bonded Residue Pairs

TL1A TLIA 101 131 1101 1.3
monomer residue Chain Reasidue
A Ti22 H 28

A 5149 H 53

2 ESD H 100D

B £E52 H 54

3] £52 H 58

B E52 L 94

B ASH H 54

2 Y168 H 1008

B T1i69 H 100

B T169 H 1008

B E171 H 89

Table 30: Buried swface area interactions between anti-TL1A antibody 1D1 1.31
CBRH1T {(as defined by AbM) and TL1A. Numbers represent normalized buried surface
area between the two residues. Where the interaciions involve elsctrostalic inleractions,
5  the burigd surface area is annotated with the following coding: h=hydrogen bond, s=salt

Bridge, w=water-mediated hydrogen bond.

101 1.31 Heavy Chain CDR-H1 Residues
TLiA TLiA
monomer | residue | 528 Y47 D48 T30 Y31
A Kii3 28.3s 18
A 117 24.5 7.7
A Yii8 15.2 37.3 54.2
A P119 28.8
A T122 374 h 50.2
A Q123 42.2
A Q151 8.8 41.6
8 LS5 21.8 38.8
B E171 26.4

Table 31: Buried surface area in interactions betwean 101 1.31 CDRHZ/Framework 3
10 and TL1A. Numbers represent normalized buried surface area between the two

residuas. Where the interactions involve electrostatic interactions, the buried surfacs
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area is annotated with the following coding: h=hydrogen bond, s=salt Bridge, w=waler-

mediated hydrogen bond.,

101 1.31 Heavy Chain CDR-H2/FW3 Residuss
TLiA TLIA
mongmer | residue | W58 | 8§52 Y53 N54 M58 | H58 T73 | R78
A S117 44.5
A M147 7.8
A F148 32.7
A 5149 71.8h
A Q151 47.2
B H51 14.1
g E52 333 | 16.2 258h 1568313338
B .53 331
B G54 12 23.2 4.1
B L55 57.8
B A55 20.2 17.3 h
2 F57 30.2 31

Tabie 32: Buried surface area in inferaclions belween 101 1.31 CDR-H3 and TL1A.

o

Mumbers represent normalized buried surface area between the two residuss. Where

the inleractions involve electrostalic inferactions, the buried surface area is annolated

with the following coding: h=hydrogen bond, s=salt Bridge, w=waler-mediated hydrogen

bond.
101 1.31 Heavy Chain CDR-H3 Residues

TLAA TL1A

monomer | residue | Y97 G99 S168 | GIi00A | AT0B | YI108C | R10GD
B V31 32

B V32 27.6

g R33 13.2

B ES5Q 4208
B L53 43 16 48.3
B8 G54 40.9 19.8

B Y168 1.7 15.9 43.2h

g T1i69 5 145h {1086 28.8 h 217

B K170 2586 7.1 8.2 2.8

B E171 30.9h 1368 14.3

5] D172 5.8

10 Table 33: Buried surface area ininteractions between 1D1 1.31 Light Chain and TL1A.

Numbers represent normalized buried surface area belween the two residuss. Where

the inleractions involve electrostalic interactions, the buried surface area is annoiated
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with the following coding: h=hydrogen bond, s=salt Bridge, w=water-mediated hydrogen

bond.
101 1.31 Light Chain Residuss
TLIA TLiA
monomer | residue | L Y32 L Wa4 L Wug
g R33 455
B £52 402 h
B L.53 22.5 30.2

Table 34: TL1A epitope residues having elecirostatic interactions and/or more than 20

A% of surface buried by interaction with 101 1.31. Electrostatic interaction codes:

H=Hydrogen bond, S=8&alt Bridge, W=Water-mediated hydrogen bond

TLIA Buried

monomer | TL1A Surface Elsctrostatic
residue | Area interactions

A K113 17.7 S5

A 3117 41.9

A Y118 48.9

A T122 43.9 H

A 5148 35.4 H

A Q3151 49.3

B R33 31.6

8 E50 19.8 H S

B E52 110.9 H 3

B L53 113.8

B 554 51.3

B L55 58.3

B A58 10.7 H

B F&7 26.4

B Y168 25.6 H

8 T1649 43.8 H

B E171 51.2 H
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Table 35: 101 1.31 paratope residues having elecirostatic interactions and/or more than
20 A? of surface burled by interaction with TL1A. Elecirostalic inleraction codes:

H=Hydrogen bond, 5=5alt Bridge, W=Waler-mediated hydrogen bond

Kabat Electrostatic
Chain | Residue | Position | BSA interactions
H GLY 28 32.8
H ASF 28 76.3 H S
H THR 30 34,1
H TYR 31 38.1
H TRP 50 25.2
H TYR 53 151.1 H
H ASN 54 50.5 H
H ASN 58 35.1
H HIS 58 11.1 H S
H THR 73 24.7
H ARG 76 24.0
H TYR 97 36.0
H GLY a9 38.5 H
H SER 100 48.2 H
H GLY 100A 68.0
H ALA 1008 43.9 H
H ARG 100D 41.7 H S
L TYR 32 20.8
L TRP 94 28.3 H

5 Table 36: TL1A -1D1 1.31 binding epitope residues having buried surface area > 100
A, participating in buried salf bridges, or parlicipating in interactions with residues

changed during affinity optimization of 1D1 parental antibody

TLIA Buried

monomer | TLIA Surface | Electrostatic
residue | Area interactions

A K113 17.7 S

A Y118 48.9

A T122 43.8 H

B ES0 10.6 H 3

B E5Z 110.8 H 3

8 .53 113.8

in addition, a number of TL1A residues are within 3.8A when bound to antibody
10 101 1.31 K113, Y118, P15, T122, Q123, F148, 5148, V31, V32, ESD, £E52, L3, G54,
.55, AB6, Y168, T169, K170, and E171 (Table 37).
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Table 37 TL1A binding epitope residues having atoms within 3.8 Angstrom of 101
1.31

Antigen | Antigen | Antibody | Antibody
Chain Residue | Chain Residue
A K113 H 28

A Y118 H 27

A Y118 H 28

A P119 H 28

A 1122 H 28

A 1122 H 31

A Q123 H 31

A F148 H 53

A 5148 H 53

B V31 H 100A
B V32 H 100A
8 E50 H 100D
B £52 H 52

8 E52 H 54

B E52 H 56

B £52 H 58

8 E£52 L 84

B L53 H 50

B L53 H 97

8 L&3 H 1000
B G54 H 53

8 G54 H 97

B L55 H 31

8 L55 H 53

8 ABS H 53

B A5B H 54

B Y168 H 100A
B Y168 H 1008
5] 1169 H 100
8 1169 H 100A
B T169 H 100B
8 K170 H 89

B E171 H 31

B E171 H 99

B E171 H 100

Example 18: Formulation of the TL1A Antibody 101 1.31

The antibody 101 1.31 will be provided as a powder for solution for injection in
dosage strength of 100 mg/vial. The drug product is supplied in a 6 mb type 1 clear
glass vial, sealed with a coated rubber stopper and flip-off aluminum seal. The drug

product is designed o be reconstituted in either Tull volume with 2.2 mk of sterile Water
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for Injection (sWFD to allow for intravenous administration {1V} or in approximately half
volumne with 1.0 mb of sWFI to allow for intravenous (IV) administration or subgouiansous
(5C) administration. The formuiation is 10mM histidine, 5% sucrose, 0.01% polysorbate-
80 pH 58 as a lyophilized powder and is 10mM histiding, 5% sucrose, (.01%
polysorbate-80 pH5.8 when reconstituted in full volume and is 20mM histidine, 10%
sucrose, 0.02% polysorbate-80 pH 5.8 when reconstifuied in half volume,

All components used in the manufacture of the drug product and their functions are
provided in Table 38 below.

Table 38: Composition of Antibody 101 1.31 Powder for Solution for Injection, 100

mg/vial
Name of | Funciion Unit Unit Formula | Unit Formula
ingredients Formula Reconstituted | Reconstituted
{mgivial} Full VYolume | Half Volume
{magimb} {mgimi.}
101 1.31 Active 166 50 100
ingredient
L-histidine Buffer 1.2 (.6 1.2
component®
L-histidine, Buffer 2.8 1.3 2.6
hydrochlorids, | component®
monchydrate
Sucrose  ({low | Cryoprotectent, | 100 50 100
andotoxin) Tonicifier
Polysorbate- | Surfactant (3.2 &1 0.2
80
Water for | Solvent g5 v 20 jgs. o1 0mbl {ags ot Oml
injection {removed mL.
during
ivophilization)
Nitrogen Vial headspace | As needed NIA N/A
Overfill

To ensure that 2 mbL volume can be withdrawn from the vial after full volume
reconstifution and 1 mb volume can be withdrawn from the vial after half volume
reconstitution, there is an overdill of 0.4 mlL.. There is no manufacturing overage.

Antibody 101 1.31 drug product is formulated at a concentration of 50 mg/mb
and 2.4 mb is filled into sach vial for iyophilization. Prior {o dosing, the drug product is
reconstituied to either full volume or half volume o accommodate different injection
volumes and concenirations. For full volume reconstitution, 2.2 mbL of sterile waler for
injection is added to the vial resulting in a reconsiiluled iotal volume of approximately
2.4 mi, of which 2.0 mL can be withdrawn for dosing. The full volume reconstitution is
suitable Tor intravenous (V) adminisiration. For half volume reconstitution, 1.0 mbL of

sterile water for injection is added to the vial resulling in a reconstituted total volume of

234



o

10

15

20

30

WO 2015/073580 PCT/US2014/065293

approximately 1.2 mi, of which 1.0 mbL can be withdrawn for dosing. The half volume
reconstifution is sultable for either iniravenocus (IV) administration or subcutaneous (8C)
administration. Reconstitution volumes added 1o the vial for both full volume and half
volume reconstitution take inte account the volume of the lyophilized cake. Antibody
101 1.31 drug product release and stability testing are execuled after full volume
reconstitution with 2.2 mb of sterile waler for injection.

The choice of the exciplents for the lvophile formulation was mads 1o achisve an
appropriate solution, upon reconstitution, for IV infusion and SC injection with a stability
profile that will allow an extended drug product shelfdlife and robustness with respect to
temperature excursions. In addition, the formulation is designed 1o be robust with
respect to freeze and thaw cycles of the drug substancs.

The choice of histidineg with sucrose and polysorbate 80 at pH 5.8 was based on
garly phase formulation development work, Polysorbaie 80 has been added 1o the 101
1.31 formulation to reduce the potential for aggregate formation. Sucrose was selscted
for its stabilizing effect for lyophilization and storage siability. The amount of sucrose
chosen for the formulation targets an isotonic solution when reconstiuted in half volume.

Development siudies were performed fo evaluate administration componeant
compatibility and hold times that support proposed clinical study dssigns. The
conclusion of these studies is thal the dosage form is compatible with administration
componenis o be used in the proposed dlinical studies and is stable during dose
preparation and administration.

Example 1% Binding Specificity of of anti-TL1A Antibody clone 1D1 1.31 to TL1A
and Homologs

The goal of these studies was 1o evaluate the binding specificity of 101 1.31 for human

TLIA (TNFSF15) versus its closest human homologues: TNFIFE (FAS Ligand);

TNFSF10 (TRAIL), TNFSF14 (LIGHTY: TNF-B; TNF-a; and lymphotoxin-f§ isoforms;

which are 36%, 35%, 31%, 30%, 29% and 25% identical o TL1A respectively.

Materials and Methods

1D1 1.31 binding selectivity was evaluated in plate-based ELISA assays.

To test binding of 101 1.31 to each cylokine, each cytokine and TL1A were tesied
separately in a 96 well plate. All conditions were performed in duplicate. The first 6 rows
of each plate were coaled with the fest article cyitokine, and the last two rows were
coated with TL1A as a posilive control. Rows 1 and 2 were duplicate rows where the
test article cylokine was tested for binding to increasing concentrations of ils

corresponding anti-cyiokine positive control antibody. Rows 3 and 4 were duplicate rows
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tested against increasing concentrations of the anti-TL1A isolype conifrol antibody 8.8;
rows 5 through 8 were tesled against increasing concentrations of the anti-TL1A
antibody 101 1.31 (5 and 6 duplicate rows containing the cytokine test article and 7 and
8 duplicate rows containing TL1A as positive control for the anti-TL1A antibody). The
experiment for each cylokine was repeated three times,

Briefly, plates were coated with cyicking by adding 50 ub of a 1 ug/mb sclution of
oytokine in PBS fo gach well {rows 1-8 were coated with test article cyioking and rows 7
and 8 were coated with TL1A) (TNFSF8, TNFSF10, TNFSF14, and TNF-a from R&D
systems, Human Lymphotoxin oZ-1, and Lymphoioxin «1-B2 purchased from Sigma,
Human TNF-§ from Peprotech). Plates were incubated overnight at 4 "C. After washing
the plates three times (3X) with 300 ul FPBST using a piate washer (model ELx405;
BioTek), plates were blocked by incubating for 1 hour at room temperature with 300 ul
of biocking buffer (PBST + (.5% BSA) in each well. Piates were washed 3X with PBST
as above prior 1o addition of 50 bl of the corresponding antibody solution {as indicated
above for the various rows) at a slarting conceniration of 25 ng/mbL (followed by 1:5
subsequent dilutions in PBST + 0.5% BSA for a {otal of 11 antibody concentrations
ranging from 25 pg/mi to 2X10° pg/ml) and the PBST only control. Plates were
incubated for 1 hour at room femperature and then washed five times with 300 ul of
PBEST using the plate washer, followed by addition of 50 ub of 1:5000 anti-human IgG
HRF (from Jackson Immunoresearch{for detection of anti-TL1A; isolype control 8.8 or
anti-TNF-o infldimab  antibody); or 1:8000 Streptavidin HRP {from Pierce/Thermo
Scientific) (for delection of biotinylated anti-human TNFSFG, TNFSF10, TNFSF14 or
TNF-3, all from R&D systems); or 1:5000 anti-mouse IgG HRP (R&D systems){for anti-
lymphotoxin detection) and incubation for 1 hour at room temperature. Plates were then
washed 5 times with PBST using the plate washer. 50 pl of the horse radish
peroxidase substrate TMB1 were added {0 each well and plates incubated for 5 minutes
at room femperature prior to addition of 50 bl of stop solution (0.18M H804) (TMB1
from Fisher). Plates were then read at 450 nm in a plate reader (Envision; Perkin Elmer)
Antibody binding curves were generated by plotting the Optical Density at 450 nm
values against the log of antibody concentrations. ECs, values (for 101 1.31 binding to
TL1A or ovickine antibody hinding fo ils corresponding cytoking) were determined from
these graphs using GraphPad Prism® (version 5.02, GraphPad Software, Inc., San
Diego, CA} and nonlingar regression curve fits and a sigmoidal log of agonist (three
parameters) dose response model
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Resulls

Anti-TL1TA 1D1 1.31 did not bind 1o any of the closest TL1A homologue-cytokines tesled,
but it bound o TL1A in the same plate in which the cytokine homologues of TL1A were
tested. Each cyioking tested bound fo its corresponding anti-cyloking specific antibody
except for lympholoxin for which binding was detected only at very high antibody
concentrations of the anti-lymphotoxin antibody.

Figure 20 shows the experimental resuits for testing sslectivity of binding of 1D1 1.31 o
the closest homologue of TL1A, TNFSFE (n=86; 3 independent experiments in duplicate).
TNFSFS bound o the anti-TNFSFG antibody (circle) but it did not bind to anti-TL1A 101
1.31 {upward triangle). TL1A bound to 101 1.31. This plot is a representative plot for all
other cyickines tested except for lymphotoxin which binding to s specific anti-
lymphotoxin antibody only cccurred at high antibody concentrationsa.

Table 39 shows the ECs values oblained for each cyloking experiment {n=6; 3
independent experiments in duplicate) for binding of anti-TLAA 1D1 1.31 to TL1A and for
the anti-cytokine antibody binding to each corresponding cytokine in each plate.

Tabie 39 Summarizes the ECso values obtained for binding of anti-TLTA1D1 1.31 1o
TLAA and of the respective anli-cyiokine antibody 1o s corresponding cytokine in the

triplicate experiments performed for sach cytokine.

ECs (pa/mb)

TNFS [TL1[INFSF [TL1 ITNFSF [TL1 [FNF [TL1 JTNF |TL1 [Lym [TL1 JLym [TL1
F& 1A 10 A 114 A g A o A 1 A s2 A

101

o0 I NB 85| NB | 8| NB 84| NB 23|NB 82| NB 63| NB |58
Cytoki o I ngl 18 Indl 18 Indl 2 I NdL 40 | Nd | NB NG| NB | Nd
ne AR

NB=no binding; Nd --: does not apply because it was not measured. Data is n=8 from 3
independent experiments performed in duplicate. ECsg is defined as the concentration of
antibody vieiding half of maximal optical density obiained at saturaling antibody
concentrations.

Conclusion

101 1.31 Is selective for binding fo human TL1A and doss not detactably bind 1o any of

the closest homologues of TL1A: TNFSFG, TNFSF10, TNFSF14, TNF-B, TNF-g,
Lymphotoxin 2-B1, or Lymphotoxin o1-B2.
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Example 20: inhibition of TL1A:DRS interaction using anti-TL1A antibody 101
1.31.

Alm

The purpose of this study was to evaluate the ability of the anti-TL1A antibody 101 1.31

to inhibii binding of TL1A {o its receptor DR3 in DR3-expressing HEKZ83 celis.

Materials and methods

DR3-transfected HEK293 ceils were plated in a 86 round-well plate at cell densily of
100,000 cells per well in PBS 4% FCS and incubated for 15 minules at 4°C with 10
ug/mib of bictinylated TL1A and increasing concentrations of the anti-TL1A antibody 101
1.31 or its isotype control (8.8 IgG1 3m) in the concentration range from 0.5 yg/mb to
250G pg/mb in 2 fold dilutions for 10 concentrations. As a posilive control, cells were
incubated with biolinylated TL1A without any antibody. In a paraliel experiment
biotinylated TL1A was also incubated with untransfected parental HEKZ293 cells and
demonstrated to have no binding {data nof shown}.
Following this 15 minute incubation, cells were centrifuged at 485¢, the supernatant was
aspirated, and the oells were resuspended in a solution of Streptavidin-PE (BD
Biosciences) (1:500 dilution in PBYS/ fetal calf serum (FCS)). The cells were then
incubated for 15 minutes at 4°C. Following incubation, cells were washed 3 times with
the same buffer, resuspended in 200 pl of the same buffer and binding of TL1A
exammined by flow cytometric analysis on an LSR Fortessa cylometer (BD Biosciences).
Data analysis
Data was analyzed with FlowJo software.
Following identification of singlet cells, the geomelric mean of the cell population’s
fluorescent intensity for PE was measured. This is a measurement of how much
Streptavidin-PE is on the cells, which should only bind TL1A-biotin. The geomelric mean
of unstained cells was subtracied from all values as a background. The streptavidin
alone control background was similar to the background of the unstained cells,
These corrected geometric mean values werg plotted against log of Ab concentration
and s was calculated with GraphPFad Prism software.
RESULTS
Biotinylated TL1A was shown o bind to DR3-HEK293 iransfected cells {but not to
untransfected cells) and this binding was completely inhibited by the anti-TL1A antibody
101 1.31 (Figure 21). The isclype control antibody 8.8 1gG1 3m did not show any
inhibition. 101 1.31 inhibited binding of 10 ug/mbL of TL1A with 1Csp value of 18.68
pg/mi.

238



o

10

15

20

WO 2015/073580 PCT/US2014/065293

CONCLUSION

Biolinylated TL1A was shown fo bind to DRS-HEKZS3 iransfected cells {bul not to
untransfected celis) and this binding was completely inhibited by the anti-TL1A antibody
1D1 1.31 but not by the isclype control antibody 8.8 IgG1 3m. 101 1.31 inhibited binding
of 10 pg/mi of biotinylated TL1A with [Cap vaiue of 18.68 yg/mi.

Example 21: Thermal Stability of Representative Antibodies

Alm

The aim was o characterize the anti-TL1A aniibodies generated by affinily maturation
and structure-based design with respect to thermal stabilily and o confirm that the
stability of these antibodies was not affected by the mutations.

Methods

Differential Scanning calometry was performed essentially as described in King st al
(2011), Protein Soi., 20 (9 1546 — 1557, which is incorporated herein by reference.
Briefly, antibody samples werg diluted 10 6.1 mg/mbL in PBS. Sypro Orange was diluted
from its original 5000x concentration o a working concentration of 2.5x. The lotal
volume of 210 ul was split into four wells in a PCR microwsll plate and heated from 20
to 95°C at 1C per minute. Fluorescence was collected using the SYBR filters. Foliowing
data fitting to three (Gaussians, the Tm values of each unfolding iransition could be
determined, as well as the onset of unfolding.

Results

Table 43 shows the transition temperatures of various mutated antibodies, compared

with the parental antibody (1D1}.

Construct Tt Tm2 Tm3 Ti%
101 70.88x0.07 79.46%0.12 836.04x0.11 £52.87
YVH 1.28 71.3220.06 80.50x0.11 85.67+0.37 61.64
ViH 1.28 71.20x0.06 81.06x0.04 86.2520.25 81.73
VH 1.32 70.4220.03 78.72+0.02 85.61x0.35 61.77
VH 1.34 70.72+0.08 78.42+0.058 86.26x0.25 61.80
VH 1.27 71.80+0.04 82.38x0.09 87.00x0.19 61.85
YVH 1.30 71.84x0.10 83.04x0.12 87.35+0.19 81.91
VH 1.33 71.48%0.16 81.1440.10 86.75+0.07 62.08
VH 1.31 72.2420.15 82.37+0.08 87.60x0.40 £82.36

T1%, or the temperature at which the prolein was 1% unfolded or the onsetl of unfolding,
was calculated, also as described in King st al. {ibid). Each melling temperature refers
to the melling of a different key interface. In a canonical antibody, TM3 is the

temperature at which the interface of two CHS domains mells, TM1 is the lemperalure at
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which the interface of the two CHZ domains mells and TM2 is the temperature at which
the interface of the heavy and light chain mells.

Conclusion

All antibodies tested were stable, with a Tm1>85°C and T1% of greater than 50°C.
Variagtions in thermai stability could be seen in the Tm2, corresponding to the Fab

domain.

Example 22: High Concentration Stability Test of anti-TL1A Antibodies

Alm

Stability of biclogical drugs is a very imporlant characteristic o ensure that the
therapeutic can be formulated to maintain its safety and potency Tor a defined period of
time. The long-term stability of the anti-TL1A antibodies of the present invention were
tested.

Methods

The samples of antibodies 1D1 1.27, 101 1.31, and 1D1 1.32 were were concentrated
in Amicon Ultra 4 mb and Vivaspin 500 spin concentrators with 30 kDa culoff
membranes. When the final volumes had been reached, typically — 30 yl, the
goncentration of all samples was measured using a Nanodrop after 10-fold dilution.
Samples were adjusted to ~150 mg/mL, then placed in SEC vials with 15 pl mineral ¢
overlays, and placed either at room temperature or at 4°C. Samples were measured
weekly for formation of aggregales. SEC runs consisted of 1 uyb injections onto a
TOSOH GSK-300 column, with PBS running buffer, flow rate 0.5 ml/min. Recovery was
calculated using the area under the curve.

Results and Discussion

Samples were concentrated o 150 mg/ml, and good agreement was ssen between
Nanodrop and SEC recovery numbaers. Affer 12 weeks at room temperature or 4°C, less
than 2% aggregation was seen in all samples except for Antibody 101 1.32, which had
started fo increase in aggregation al ~6 weeks and reached approximaiely 7.5%
aggregation after 12 weeks. Overall, therefore, these aniibodies appear as stable, with
all except 101 1.32 antibody exhibiting less than 5% aggregation at high concentration

afler 12 weeks al room lemperalure.

Example 23: Efficacy of Anti-TL1A antibodies in house dust mite {HDM}-induced

allergic airway disease model.

Background
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DR3, also known as TNFRESF25, is a death domain-containing tumor necrosis factor
{TNF-family receplor expressed on various subsets of lymphoid cells. TL1A, the TNF-
family ligand for DRG, is expressed by myeloid celis, e.g. dendritic cells, and contributes
to the accumulation of lymphocytes into inflamed lissuss as well as the release of
cylokines involved in type-17 and type-2 immune responses [Meylan, F. et al. {(2008)The
TNF-family receptor DR3 is essential for diverse T cell-mediated inflammatory diseases.
fmunity 29, 79-89]

Materials and Methods

Al in-vivo experimenis were conducied in accordance 1o protocols approved by Plizer's

Institutional Animal Care and Use Committee. The murine model of house dust mite
{(HDM}-induced allergic airway disease was previously described in Fitz LJ et al. Vol 48
(2012}, pp. 71-79. Briefly, 8-12 week old BALB/c female mice were purchased from
Taconic Farms (Hudson, NY). On Days 0, 7, and 14 of the siudy, mice were
anesthetized with isoflurane and received 100 pg HBM exiract instilled intratracheally
{(Dermatophagoides  pleronyssinus, Greer Laboratories, Lencir, NC)L  Anti-TL1A
antibodies (20 mg/kg, clone 101 murine IgGt-4mut), anti-Eimeria enella 1gG1 isotype
conirol antibodies, or vehicle {saline) were injecied intraperitonsally on davs §, 2, 4, 7, 9,
11, 14 and 16 of the study. Al animals were euthanized by CO2 asphyxiation on day 17
and bronchoalveoiar lavage (BAL) fluid samples were collecied to assess pulmonary
inflammation. Statistical analysis was performed using a Mann-Whitney U fesi
Differences bstween groups were considered significant for p value <G.08.

Resulls

Modulation of HDM-induced allergic alrway inflammation by anli-TL1A treatment. Total
BAL cellularity was determined using a Cell-Dyn 3700 analyzer (Abbott Laboratories,
Abbott Park, IL), while differential cell counis were oblained by manually evalualing cell
populations on cytospin shides stained by the DI-Quik method. Data represent mean %
SEM for each group, 8-10 animals/group. When mice were treated 3 times per week by
intraperitoneal injections of anti-TL1A antibodies, total BAL cellularity was significantly
decreased compared o vehicle-treated animals {p=0.0021). Figure 22 shows that,
following 3 weekly iniratracheal challenges with HDM, mice developed robust airway
inflammation dominated by eosinophilia, although BAL lymphocyle, macrophage and
neutrophil numbers were also increased. In contrast with control IgG1, administration of
the 101 antibody resuited in a significant reduction in tolal BAL cellularity {Figure 22{a}},
the number of BAL Eosinophils [Figure 22(b}] (p<0.0001, compared {0 vehicle-treated
animals), BAL lymphocytes [Figure 22(c)} (p=0.0285), and BAL macrophages [Figure
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22{dY} (p=0.0207). BAL neutrophil numbers did not appear o be significantly modulated
by anti-TL1A trealment [Figure 22(e})], although it is worth noling that BAL neufrophils
reprasent a small cell population in this modasl.

Conclusion

Systemnic anti-TL1A trealment used in a murine model of repeated airway challenges

with HDM significantly alleviated allergic airway inflammation, including eosinophilia.

Example 24: A phase 1, randomized, double-blind, third-party open placebo-
conirolied, dose sscalating study to svaluate the safety, tolerability,
pharmacokinetics and pharmacodynamics of single intravenous and
multiple subcutaneous and intravenous doses of Anti-TL1A (101 1.31) in
healthy voluntesrs.

Obisclives

The primary objeclives of the siudy are to determine the safety and lolerability of

adminisiration of single (IV) and multiple infusions {8C and IV) of 101 1.31 in heallhy

subjects.

The secondary objectives are {0 characterize the PK profile of 101 1.31 following single

IV infusions, as well as muiliple 8C and 1V dosas. in addilion, it is a secondary objective

to evaluate the immunogenicity of 101 1.31.

Finally, exploratory objectives of the siudy include the evaluation of exploratory

biomarkers which may be informative in demonstrating the pharmacociogic effect of 101

1.31.

Endpeinis
The primary endopoints of the study are 1o determineg the incidence of dose limiting or

intclerability treatment related adverse evenis (AEs), the incidence, severily and causal
refationship of treatment emergent Aks {TEAEs) and withdrawals due to treatment
emergent adverse gvents; the incidence and magnitude of abnormal laboratory findings;
and, identification of abnormal and dinically relevant changes in vital signs, blood
pressure {BP) and slectrocardiogram (ECG) paramsters.

The secondary (pharmacokinetic) endopoints include the dstermination of serum
101 1.31 concentrations after single dose (SAD) or multiple doses (MAD), 1o be
determined by a validated assay. PK paramsters will be generated by

noncomparimental methods and will include, but are not limited to:
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s Single Ascending Dose Phase {1V infusions) Cuman Tmae AUCHL gayss AUCH:
AlUCus, Chax{dn), AUCH{dn), AUCu«{dn), tl2, mean residence time (MRT),

volume of distribution (V) and dearance (CL).

s  Multiple Dose FPhase (SC desing and 1V infusion):
¢ First Dose: Crax, Tmaxe AUC:, Craddn), AUC, {dn), 1V, MRT, apparent volume
of distribution (Vz/F)}, Vss, apparent tolal body clearance (CL/F) and CL.
=  BMultivle Dosel Chaxw Tmaw AUC,, Craddn), AUGC, (dn), tVs, MRT, VaiF, V.,

CL/F, CL, minimum concentration over the dosing interval (T}, average

concentration at steady state (Cy), observed accumulation ratio (R} and
peak o trough fluciuation (PTF).

« Additional Paramelern estimale of bivavallability (F) for SC administration at

the corresponding 1V dose (ratic of AUC, (8C, first doseYAUC 14 says (1Y, single
dose).
Secondary (immunogenicity) endpoints include the incidence of the development
of anti-drug antibody (ADA}.

Exploratory endpoints include the evaluation of high sensitivity C-reactive protein
(hsCRP) and P-10 gene expression and protein concentration, total TL1A protsin
concentration in serum and leukocyte analysis.

Study Desion
Approximately 92 healthy subjects have bsen enrolled at a single study site into the
proposed cohorts listed below. To date, over 80 subjects have besn administered with

the anti-TL1A antibody at varying doses.

Although the disclosed teachings have been described with reference to varicus
applications, methods, kits, and composiiions, # will be appreciated that various
changes and modifications can bg made without departing from the ieachings hergin
and the claimed invention below. The Toregoing examples are provided to betier
flustrate the disclosed teachings and are not intended to limit the scope of the feachings
presented hersin. While the present teachings have been described in terms of these
exemplary embodiments, the skilled artisan will readily understand that numsrous
variations and modifications ¢of these exemplary smbodiments are possible without
undue experimentation. All such variations and modifications are within the scope of the
current teachings.

Al references cited herein, including patents, patent applications, papers, text

books, and the like, and the references ciled therein, o the exient that they are not
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already, are hereby incorporated by reference in their entirety. In the event that one or

more of the incorporated literature and similar materials differs from or contradicts this

application, inciuding but not limited to defined terms, term usage, described technigues,

or the like, this application controls.

The foregoing description and Examples detall certain specific embodiments of

the invention and describes the best mode contemplated by the inveniors. 1t will be

appreciated, however, that no matter how detailed the foregoing may appear in text, the

invention may be practiced in many ways and the invention shouid be construed in

accordance with the appended claims and any equivalenis thereof.

Table 40: Ssguence Listing Table

CDR amino acid sequences, as defined by Kabat are underlinegd, COR H1 amino acid

sequences are shown in italics. In the heavy chain sequences, effecior null mulations

are also underlined.

SEQ
D
NO:

DESCRIPTION

SEQUENCE

2

NA sequence of 8B3
light chain V domain
{0B3-VL)

’\ CCA CTCT( CZ sTCTGCATCTC
'C bu(,C\SA(’Jl C A(J\: ;r-.H_"

hC I%AAL C hL

TRGGA

NA sequence of 883
heavy chain V domain

(SB3-VH1 )

(‘(‘T\GGK,T(‘(‘

CTTA) ¢:1T(ﬂ( A TJL

L}A\T(" =CC CnTr—(\\u C[lT( IR®

A { Hc:h(;(,rlbt‘_c:(hﬁ(,

TGTACTTATAGTAGCTGCTC
~

GCGAGAGATC JL_‘!&‘J_A’)}\} TAC
TTTGATATCTGGGGCCAAGGEE

GGGGGAGGCETGGTCCAGCCTGGGAGS
&G/x'ﬂr(\T\\,Cmf\r(""‘&Gk,’“r(\TquTr(\?\"C TCAGTAACTAT
AGGGGCTGGAGTGEETG
T}-\(\TACCCZ’AF/ACTCC—‘TP
ARGAACACGCTGTAT
GCTGI ATTACTGET

AT(‘:A L;r‘: T
TOTTECA

NA sequence of 9B3
heavy chain V domain

(9B3-VH2)

CTGAGACTCTC
GCACTTA ‘TA’JCCTT‘“GA’ L:\;‘rAA
AAGGGCCGAT

(‘ T G C,/\Z\Ah GAA C Z\G(‘ C T G-AGAGC T G

TTTG:xTTA r_(\TGb'\

GTG vGTCCZ\G(‘C’TGGG =G
SCTTH 3.H_q’l‘ACCT' l’
»‘G(‘TLL »’& 8 GCAt«Guu(z(‘ TGGAGTGGE

TATTACGCAGACTCCGH
TC&,Z\A(‘/\/\CACU 5

AA sequence of 983
full length light chain
(9B3-L.C)

T\T\J' QQP‘Q oZ\
LISS, ’WPEDY Y]
T/ CJ\ SVVCLL .1\.NT”

LTLS

TLSKADYEKHEVY

Y ﬁT}‘uPoDE

EV “Fu(vui Sl .“v"l KSE ’\]RGL(
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8 NA sequence of 8B3  {CACATCCAGATG
full length light chain  [GACAGAGTCACC
(9B3-LC) TTAGCCTGGTATC b AAGCCCCTAAGTC
TATGCTGCATCCAGTI TGCAGAG! ; CATCAAGGTTCAGCGGC
AGTGGATCTGGGACAGAT CTGCAGCCT
GAARG WCCCGETAC
ACTT G ,CTGC_’
CCAT
A _,TLL "1‘(,""'"_ C""‘SF«H

,\:n]w(-‘_[l/“rf'G\— ATCTGTAGGA
ATTZ GCAG\.TC

CTGATC

—\(‘
n

‘7_\

@]
e
@]

l/_\/')
3 g
o

C)

b

_IZ\*\; HCAG(J

SAG A GTGET C ‘&C/\G,Z{GCA G‘GA’MT Al
AGCACCCTGACGCTGAGCARAAGCAGACTA C
CATCAGGGCCTGAGCTCGCCCGTCACAAAGAGT

o

TCAACAGGGGAGAGTGET

‘\u]\)_r\\‘r\_r CAGC

P N e T T
FUCTGEUGEAR U*L,Z\\,

3

i AA sequence of B3 IQVQLVESGGGVVQPGRS AASGET IYALHEWVROAPGKG]
full length heavy chain ALISYDGE: mMY’\ DSVEGR R A
with VH1 and effector {ARDREYCTYSS5CST AT sSTKGPQVFLLAPSS'
nuli mutation IgG1 SGETAALGCLVRDYFPEPVIVSWNSGALTSGVATFPAVLOSSELY
constant domain SVVT”9>>5LCT1T!1 ]WRTKPSJMRVLYK7£9\SCUKM‘TCPPCPA
(9B3-higG1-3m-HC 1) khﬁhCAPov PPKPKDTLMISRTPEVTCVVVDVSHED PEVKENY
'VENﬁKikgpmﬂ YNSTYRVVSVLTVLEHQODWLNGKEYKCKVSENKA
g&nhung?quvaP“F?u*WTKN QVSTTCLVKGFYPS
GOP ENN¢K DGSFFLY SKLTVDKSRWQOGNVE

10 NA sequence of 983 GGCETG
full length heavy chain GGATTCAC
with VH1 and effector GGCARGGGG
rall mutation lgG1 AAATA TZ\CLJ\,H(t/-\QTCC?r PG

c
CCAAGARCACGCTGTAT

ATTACTET
TGATGCT
CAGCGTCG

constant domain AAJ(LCCCAIICC(CAT

{SB3-higG1-3m-HC1) [CTGCAAATGAACAGCCTGA

GCCAGAGRTCGGGARTA G”ACTT"

TTTCATATCTCGEECC GdGACdﬁ GETCACCGICTCT
C

ACCAAGGGCT GAGCACC
TCTGGGGGCACAGCGGCCK,T
A sACCGGTGA

bl

(_.ACAC'\, CCGGCTETCCTACAGTCCTCAGGACTC

GO “"’"T TAC,CGI CCCCTCCAGCAGCTTGEGGEC LCCCA& CCTs

GTGAATCACAAGCCCAGCAACACCAAGGTGCGACAAG!

fo»’& C("‘ AATCTTGTGACAAAACTCACACATGCCCACCGETGCCCAGC

CCTGAAGCCGCIGLGGECACCGTCAGTCTICOTCTTCCCCCCAARACC
o ~

s
2 g

et

3O

AAGGACA Ck,'“r(‘ATGAT(‘.'._’“”'CL.G?\C"TC TGAGGTCACATGCGTGETG
GTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGETG
a)

GACGGCGTGGAGGTGCATA A\TCL,\, AGACAAAGCCGCEL zf“&GGmGCZ.
TACAACAGCACGTACCGTGETG ITCA(:CGT CCTCACCGTCCTGCACCA
(,ACT' ( cr JAA “‘uu(,AA =G AGT* Hu’l‘(,(,AAbuT STCCAL ACAAAJ(V’
CTCCRAAGCCAAAGGEGCAGLC
L""‘”C'I‘G CCCATCX ;”LGAGGAGATGAC"T
mLCTG”' TGETCAARAGGCTTCTATCCCAGC
G?\f‘v”'AATG SGCAGCCE CTAC
\.CT’JCGZ.CGGCTCC [CTT CTAT

falalTalalal Vel T
AGGTGGCAGCAGGGGAACGTCTTC

& o

CATGC b'l“( SAGE vC l CTGCACAACCACTACACGCAGAAG
AGCC W~T COTGTONCCGGET
VGO CTGTCC 5G(

245
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11

AA sequence of 983
full length heavy chain
with VHZ and effector
rull mutation IgG1
constant domain
{9B3-hlgG1-3m-HC2)

OVQLVESGGGVVOQPGRELRLSCAASGETESS

ALIPFDGSSNYYADSVKGRITISRDNSENTLY LOMNSLRAEDTAVY
ARDRNY "YGo’C‘L SFDAFDIWGQGTLVIVSSASTRGPSVEFPLAPSSK
”?Gi LGCLVKDY TD.JP“JT*\/’SWGT\TDGA.“ST JHTFPFPAVLOSSGLYSLS

FAMHEWVROAPGKGLEWY
VT

N,
AN
T

=3 (')

Y
ST
.

7 n

SSKILM QTYICNVNHEPSNTEKY FI\K‘/FPE\SC‘DK }*TCDD P4
PEAZ-\.JAPS‘ "LEFPFPKE f(]“'FLPfJISRr'DE*\fTC\/ SVDVSHEDPEVEENR
VHNAK TV”kEEyf‘JSl’ (RVVSVLTVLHODWLNGKEYKCKVSNKA
KGQPREPOVYTLPPSREEMTKNQVSLTCLVKGEYPS
DIAVEWESNGQOPENNY PPVLDSDGEFEFLY SKLTVDESRWQQOGNVE
SCOVMHEALENHYTOQKSLSLSPG

‘"

12

NA sequence of 9B3
full length heavy chain
with VH2 and effector
null mutation lgG1
constant domain
(4B3-hlgG1-3m-HC2)

CAGGTTCAGCTGEYGGAGTCTGGEEEGEEECETEETCCAGCLTGGEEAGG
TCCCTGAGACTCTCCIGTGCAGCCTCTGGATTCACCTTCAGTAGCTTT

LIQGGTCPFLLA CPTLLA sGCAAGGGGCTGGAGTGEET
AL.TA!‘(\TA,LTA(‘(\""—‘&GZ\&TC&, TG
&G/\'\, ARTTCCAAGAACACGCT

(‘7\\3(_ (\TCAGZ"L 3C TGAGGACACGGET

\CTATGGTTCGEEGAGTTTTTICCTTTGATGCT
FCACCGTCTCCTCAL LGTCA
AC CAAGG(ZC”C,AI"” STCTTCCCCCTGGECACCCTCCTCCARGAG
CTGGGGECACAGCGGCCCTGGELTGCCTGETCAAGGACTAL
GAACCGGETGACGGTGTCGTGGAACTCAGGCEGCCCTGACCAGLGECGETG
Cv\'ﬂ“(\"'rf‘_- CCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGT
CCOGTGCCCTCCAGCAGCTTGEGCACCTCAGAL
CACALGCCCAGCAACACCARAGGTGGACAAGARAAGTT
GAGCCCAT [GTGACARARACTCACACATGCCCACCETGCCCAGCA
CCTGAAGCCECTGEEGECACCGTCAGTCTTCCTCTTCCCCCCARARACCC
AAGGACACCCTCATGATCTCCCGGACCCCTGAGETCACATGECGTGETG
GTGGACGTGAGCCACGAAGACCCTGAGGTCAACGTTCAACTGGTACGTG
CACGGCGTGGAGGTGCATAATGCC AJ\GAC FAALI\,\“ 'JUL.Z\ "‘GCAG

~ e

T (, 3 ’5 G' CCAAGGGACACTGET

[T N T
CCOTACATYC

-3

TACARACAGCACGTACCGTGTG GTCC
GACTGGCTCAR COAR GC

CG
GGUTGAATGGCAAGGAGT AAGT
CCCAGCCCCCATCCGAGAADA T
A(“ ARCCACAGGTGTACACCC
AGARCCA GTC,A\:‘* CTGACCTGCCTGETCAAS Z&\:C;ﬂ’ TTCTATC LQAGL

ACATCGCCETGE GGGAGAGCAATGGECAGCCGGAGARACAACTAL
AL { ALU”C'T"V"LL TGCTGGACTCCGACGGCTCCTTCTTCCTCTAT
GTGGAC ’\/‘U]\ CAGGTGCECAGCAGGGGAACGTCTTC

1)

G o
9]
Qo3

Helelolololar ¥

wluioa

=R =AY
g

B
-

T xTGCA, ( CACTACACGCAGAAG
AG SCCx ?
23 NA sequence of 15A9 [GAAAT iCT‘“LH CACAGTCTCCAGCCACCL TGTCTCCAGGS
light chain V domain  [GAAAGE GCK,A(Y"“TCTk(‘.» GCAGGGCCAGTC TGTTAGCAGCTAC
(1 SAQ—VL) TTAGCCTGGTACCARCAGARRCCTGGCCAG CAGGCTCCT \,ATC
¢AT(7.’\.T SCATCCAACAGEGCCACTGECATCCCAGCCAGGTTCAGTEEL
AGTEGETCTGEGACAGACTTCACTC ZP TC Af (,AGCC TAGAGCCT

(:AAGATTTT GCAGTTTATTACTGTCAGCAGC ACTGGCCGETEG

28

NA sequence of 15A9
heavy chain V domain
{15A8-VH)

ACGTTCGGCCAAGGGACCAAGGTGGAAATCAAS
CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGTCTGGGEHETC

CCTTTACCAACTAT

TCCTGCAAGGCTTCTGGTTAC

TCACTGAAGGET C
GGTATCAGCT TCJC GACAGGCCCCTGGACAAGGGCTTCGAGTGGATG

GGATGEGATCAGCAC ATGGTAACACTCACTATGCACAGAAGTT C.
CAGGGCAGAGTCACCATGACCACAGACACATCCACGACCACAGCCTAC
ATGGACCTGAGGAGCT TG/‘\G?\TC TGACGI" C /“CLI\J\“ (‘ T\J TATT
GCGAGAGAGAATTACT

'_%L TCCTCA

GTCTGGGGECCAAGGG
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26

AA sequence of 15AS
full length light chain
{15A8-LCY

TOSPATLSLSPGERATLSCRASQSVSEYLANYQ Ko’ O“PRLLI
ASNRATGIPARFSGSGSGTDFTLY lbthh A
JGTKVETKRTVAAPSVF IF PPSDEQLKSGT
STNALOSGNSORSVTEGDSKDSTY SLSSTLTLSKADYEKHKVY
,—:_.\JSDVT {SFNRGE

"EA

27

NA sequence of 15AY
full fength light chain
{18AS-LC)

GAAATTGTGTTGACACAG TCCAGCCACCCTJTC CTCCAGGG
2T . TCAGAG AGCAGCTAC
?. GGCTCC [CCTCATC
J,ATL’!.".T\TC[&T A CCAGC TTCAGTGEC
auTGGuTCTGdeCAG ATCAGCAGCCTAGAGCCT
CATTTTGCAGTTTATTACTGTCAGCAGCETAGCAACTGGECCETEG

n

ACGTTCGGCCAAGGGACCAAGGTGCAAATCAAACGTACTETGGCTGCA
C Z “C TGTCTTCATCTTCCK "PC Z r“(,. 'lvf Z%'-‘-'GZ‘« GCAGTTGAAATCTGGA

TGCCTCTGTTETGTGCCTG TTCTATCCCAGAGAGGCC
GTGGAAG TGQAT CAATh CCAG
ACAGAGCAGGAC AGCACC CAGCCTCAGC
ACGCTG uC:xAA GAGARACARCARAGTCTAC
AGTCACCCATCAGE TCGCCCGETCACAAAGAGT
AACAGGCGGAGA GT

9]
¢
¢

(

N
L
G
A9

<
i¥]

28

AA sequencs of 15A8
full length heavy chain
with effector null
mutation 19G1
constant domain
{(15A8-hlgG1-3m-HC)

9] Q VOSGAEVRKRKPGASLEVSCKASGYP GISWVRQAPGOGLEWM
VISTY! THYAQKLQGRVIMTTDTSTT MDLRSLREDDTAVYYC
ARENYYGSGEYRGGMDVWGOGTITVIVSSASTRGPSVEPLARPSSKSTSG
GTAALGCLVKDYFPEPVIVSWNSGAL VHTFPAVLOSSGLYSLESY
VIVEPSSSLGTQTYICNV \ \ /EPKSCDKT _PE )hPE
AAUAPQ FLEFPPEPEDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDG
KPREE“V“CTVPVVbVTTJLHQUWuGQBEYKCRVdVKA*“
ADTHFTIOKAKCOPKEPOVTTL'PQPEEMW NOQVSLTCLVEGFYRPEDI
AVEWESNGOPENNYKTTPEVLDSDGSFIPLY SKLTVDKSERWQOGNVESC
SVMHEALANHYTOKSLSLSPG

v
NY G
AY

247
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NA sequence of 15AY
full length heavy chain
with effector null
mutation 1gG1
constant domain
{(15A8-hlgG1-3m-HGC)

I,hu”m‘”” CAGTCTGGAGCTGAGGTGAAGAL
C%A GCTTCTGETTACCCC ITACCAA*TAT
ACAGGCCCCTGGACAAGGGCTTGAGTCGGATG
MTA?CACmmﬁﬁﬁhTCb ARCACTCACTATGCACAG
AGTCACCATGACCACAGACACATCCACGACCE
GEAGCCTGAGATCTGACGACACGGLCETH T
SAA IRCMATGGTWCGGGGACMTA AGAGGGGGTATGGAC
GGGGCCAAGGGACCACGGTCACCGTCTCCTCAGCGTCGACCAAG
GGC””A TTC"“LLT 3GC ALL"”C”ELLAALAGV"””m"‘G?G
GGCACAr@nUCprCcUCTGCF”FGMCAFnuAbTACUprCCC CCG

GTGACGGTGTCETGGAACTCAGGCGCCCTGACCAGCGGLGTGCER (f \CC
T .ACHCTCCTFHCQAV;CTApTV(thnnv*rCGTG
LTuApvzif Cp CCAGCAGCTTGGGCACCCAGAL rrr”?Z‘C

AR T
WCATCTGCAR
A

GTGAAT ‘ACHACCCVAGCAACALCA*ubluthAAbA; AGTTGZAGCCC

AAATCTTGETGACA ACTQAJAL mCCC:l“,Z”GWCKACCAWCTGAA
GCCGCTGEEE CA”“' CCTCTTCCCCCCAAAACCCAAGGAC
EC”CTCA_ ;TCE” LA”“&LTC“GG ACATGCGTGGTG SAC

%Cp“hn“”Gm“ CALRCTGGTACGTGGACGGC

GGAGGAGCAGTACAAC
TCCTGCACCAGGACTGG
CCARCRALGCCCTCCCA
SCCCCCAT :CAAAG,QAAAGGJQAGCCCC:AGAA
CCACAGGT :TAL ACCC T :CCCCC,ATCCCGGGAbub()Aff* ACCAAGAA
CAGGTCAGCITGACCTGCCTG Cm““"APCPfWLTLTQCCACﬁCA”’Wﬁ
thb GGAGTGCGAGAGCAATGGECAGCCGGAGAACAACTACAAGACC
CGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC TATAGCAAG
(‘Tppak,\,GTGUALZ\ACAUCAGGr—CG AGCAGGGGAACGTCTTCTCATGC

T ] 7 e NN TUR RN TR N R S D R D R (S T
TCCGTGEAT G\,f}a. GAGGCTCTGCACAACCACTACACGCAGARAGAGCCTC

COCTGTT S emerr
CCCT CCGGEET

I

NA sequence of
15C11 light chain V
domain
(15C11-VL)

’W\J

GAAATTGTGTTGACACAGTCTC
GARAGAGCCACCCTCTCCTGLAL
TTAGCCTGETACCAACAGARLCCTGGCCAGGCTCCC
AlCAfaClTC:P;:AG::CCACTCZCAINCC*GCVA
Af” 1(;(:(“ TCTGGGACAGACTTCACTCTCACCATCAGCAGLCCTAGAGCCT
'GCAGT 'hTTA“WGTC“GCAGCGTAQCnAﬁTGGLCGTC
AAGGGACCAAGGCTGGAAATCAAA

i

3

3

38

NA sequence of

15C 11 heavy chain V
domain

{(15C11-VH)

CA G( "'"T AbCTCGT(’?CAGTCT(’?GAG CTGAGGTGAAGAAGCCTEEGGECC
' GCAAGGCTTCTGGTTACTCCTTTACCACCTA f

It

hCAufo ‘CC ‘G -1;*\.11“uufok, l’l‘LA" TGGAT

40

AA sequsnce of
15C11 full length light
chain

{(158C11-LC)

GTPMRFDQS [DETI .SSL&PE.. @)
QGT VFT/PTVAAPSWTTFPPSDEQuRV SVVCLINNI .R
Y,b JALOSGNSQESVITEQDSKDSTY SLSSTLTLSKADYERKEKY

LSSPVTESEFNRGEC

248
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41

NA sequence of

15C 11 full length light
chain

{(158C11-LC)

GAAATTG '"(:T‘“CeCAChL""‘"TLLhC("‘ALL"““C TCTTTGTCTCCAG L"
GAAAGAGCCACCCT CAGGGCCAGTCAGAGTGTTAGCAGCTA

TTAGCCTGGTACCAACAGAAACCTGGCCAGGCTCCCAGGCTCCTCAT

TATGATGCATCCAACAGGGCCACTGGECATCCCAGCCAGETTCAGTG ?C
AGTGGGTCTGGGACAGA [CACTH A CCTAGAGCCT
GAAGATTTTGCAGTTTAT GGCCGTEG
ACGT STGGCTGCA
CCATCTGTCTTC! TG L""‘T" "AA‘“(‘I"‘CA
Al ,TLL ‘TC""‘" T C'-'-'SF«H DLALI”LL.'lAPC CAGAGAGGC

ot

rod
’W\J

0]
,\J

AL. GT (‘%CmGAGCAGGA’“.?\ m,Anu\_r ;CACCTACAGCCTCAGC

.C CACCCTGACGCTGAGCARAAGCAGACTA
e m
ik
T

g

& GCGAAGTCACCCATCAGEGCCTGAG

CG
ARCAGGGGAGAGT

42

AA saquencs of
15C11 full length
heavy chain with
effector null multation
IgG1 constant domain
(15C11-higG1-3m-~
HG)

NTHYAD /\LQCRJTE\CTFJL S

STTYTY
VT \/Tf S

-
-
o
Nos

‘;"in *\/QS(‘ Y KKPC?&SVKVS(‘K“&SGYSF
WI (&N

VIVPSSSLG TC'"" fl(*.\\:’\,71\]HI<L?"\?’1‘K %"\7}24 L‘[\JCLYl HTCPPCPAPE
AAGAPSVILFPPEPKDTLM EVICVVVDVSHEDPEVEFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCEVSNKALY
ARPTEKTISKAKGOPREPOVYTLPPSREEMT "V\‘V LTCLVRGrYREDI
AVE ’ESNGQP (KTTPEVLDSDGSFTLYSKLTVDKSRWQOGNVESC

43

NA sequence of
15C11 full fength
heavy chain with
effector null mutation
IgG1 constant domain
{(158C11-higG1-3m-
HCY

TR
CTTALCS

GGAT

C A{':;r(
Dx

"(\ iy

SGCGCACA
CETE nTmAAT l’
AGAC}U\JGUI TGOAC

TR
CAGCG

CCTGAGATCTS
l ACTATGETTCG
CA’"LH' SGGTCACCGETCTCC

C I""' uuGCL TCGACCAAG

\:
;:GCCk,Z\TCCGJ CTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGEGE
“T(‘f‘quTGC CTGGTCAAGGACTACTTCCCCGARLCG
TGGAACTCA vCC GCCCT ./'SCK,A\T( GEG TGCF—.CACC
TACAGTCCTCA

’”ACCG” SCCCTOCAGCAGOT uCJvd‘LthAC ﬂv*f““
GTGAATCACAAGCCCAGCARCACCAAGGTGGACAAGAARGTTG
AARTCTTGTGACARAACTCACACATGCCCACCGTGCCCAGCACCTGAR
GCCGCTGGEGCACCGTCAGTC TTCCTOTTCCCCOCARAACCCAAGGAL

CATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGAL

,V.CGAAGACCCT ' CT¢pAACTuC¢AV>TuGACGGC
GC TGCCARGACRAAGCCGCGEGAGGAGCAGTACRAC
AGCACGTACS CGTCOTGCACCAGGAC TG

CPOAATEG .- o R T S N R e T P e e e o e
T G 5 ,:LAL:GA( AV.H_a(h SCAAGGTCTCCAACARAAGLLCTCCCE

;ﬁ

GC "'C ATC \JAGAAA"%CC_' TC TC CAAAGCCAAAGGGCAGCCCCGAGAA
Cf_,ACZ‘«\; CCGGGAGGAGATGACCAAGAAC
CAGGTC. 'k,]\)I\t GGCTTCTATCCCAL
GCCGTGGAGTGGGEA _'J\AUC/‘\AT(\(\'\JC;\‘\GC(‘ “JAL.Z\A(‘A? CTACAAGACC
ACGCCTCCCGTGCTGEGACTCCGACGGCTCCTT k,TT(_.CTCTAT:-\.CCJ.:}\}G
CTCACCGTGGACALGAGCAGGTGGCAGCAGGGGARCGTCTTCTCATGC
TCCGTGAT b(, ATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCCCTGETCCCCEEET
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51

NA sequence of 22F9
light chain V domain
(;.2F9~VL}

GCCATCCAGT

GACAGAGTCACCATCAC

TTAGCCTGGETE
TATGATGCCT

AGTGGATCTGGGACA

GAAG
B

-\TT e

TGACCCAGT

ATCAGCA

CCAGTT]

e
J T

AAL' RGGGC

CA’

TTAGCA

GCTC

GTGC

TGATC

ATCTGTAGGA

T

lal

TTCAGCGEEC

e

TGCA

AGCC

TACCCGOT

CEUY

CT

~
A

NA sequence of 22F9
heavy chain V domain
(22F9-VH)

CAGGT
TCAG

GOTA

VTGCATT

GGATGGATCAACGCTG

CAGGGCAGAGT

ATG QHJCTCALLA C(‘T

'GTC—CAL,‘ TC

A

TGGH

GEETGCGEICAG

GCARA!

TCACCA TTA,—‘f\

e

GECTGAGGTGAAGAAGCCTGG
CCTGCAAGGCTTCTGGATACACCTTCACTA

el

AC s GACACATCCGECG

SAAC hhecGGva

CAGGCCCCCGGACAAAGGCTTGAGTG

'GGTAACACARAATATTICAC quhA\ST T

AGCACAGCOTAC

TATTACTGT

GATATCTGGEGC

TC
54 AA sequence of 22F9 {ATQL VTITCRASQG
full length light chain  [YDASSLESGVPSRFSGSGSGTDFTLTISS
(22F9-LC) TFPGGCTKVEIKRTVAAPSVFIFPPSDEQL
KVOWRVDNALGSGNSQESVTEQDSKDST
EVTHEOG LS’SDVT/S.*LIRGEC

NA sequence of 22F0
full length light chain
(22F9-L.C)

ACAGAGTCA
‘TTACL,CTM"T
TC:xTn( CT

G#"sh(, TTT
P I T

2‘1\, 4oLt -"L
CCATCTGTECT

ACTGCCTCTGT ’TGTUFPTuCTGZRTKPCTFFTxJC
GGRAGGTGGATAACGOCCTCN

TGTC ACAGAGCAGGACAGT

ACAGT

kj -y

Ck,Z\T “CT

i
ST 7
ATCAGCAGAAAL

CL/A\'r SGALAGTGGEET ?
SACAGATTTCACTCICACCATCAG

TR
GCAACTTATT

GGAGGGACCAALG

Al

o~
()

TCATCTTCCCG

m

GTCAACAGT '“'“"AA
SGAGATC »’&ﬁ“u’_:'

G

CCATCTGATCAGCA

CGCTGAGCARAGC ALu\.C TACGAGAA

ACCCATC
S AGTOT

A

e
HTG

~ et

200

)

[

C
AGCTCGCCC

T

LA

AC

AT

[y
AGCCTGC

CIP TR N
k‘!l A

CTGTEGE

TGARAT

—

CACARRGT(

TOYACTA D AL
CACARAGAG

CL \GAG.

ol
(:\« TJ\o

RIS e

AGCC

CEeTo

X

{
N

T

o~

‘»CA

CTGGA

T
LA

I3

56

AA sequence of 22F9
full length hsavy chain
with sffector null
mutation lgG1
constant domain
(22FS-higG1-3m-HC)

V’?L"QSG
GWINAGNGNT
ARGYSSAWED

ALGCLVKDYF
PSSSLETQTY

\EPSVELEFPPER
HNAKTKPREE
ERTISKAKGD
WESNGOPENN
HEALANHEYTQ

A

EVEKKFGASV
® EQ\V,JL P-

AFDIWGOG
PE ')‘7““’3- N
ICNV

QVI\""TVQ\/ v
FREPQVYTL?
YKTTPEVL D

KSLSLSPG

NHEPSNTKVDKKVEFR
PEKDTLMIS RTPH‘/TC\/ VV DV

E‘j

'“1

b

FTLHODWLNGKEYRKCEVSNKALEA
EVTKNO SLTCLVEGEFYPSDIAVE

FLYSKLTVDKSR

W
favy

QQGNVE

SCRV

(TS0 APGORLEWM
STAYMELSS EDTAVYYC
KGPSVEPLAPSSKETSGETA
TEPAVLQSSGLYSLESVVTV
KSCDKT rl""‘l")"‘PAPEMG
WV SHEDPEVEENWYVDGVEY

A

I

™M

256
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NA sequence of 22F9
full length heavy chain
with effector null
mutation 1gG1
constant domain
{(22FS-higG1-3m-HC)

A GCTAT
'TGGATG

AT TA'\,TL T

ATATOYEEEEC
(R

CAAGGL»@CA VAT u&’l‘CACCG l C TCTT sCGTCGAC C AAGGGCCCATC
GICTTCCCCCTEECACCC C”““(‘CF«J‘«_GAGCAC" l’f““CGs’JUUL“nCA(”CG
SCCCTGGGCTGCCTGGTCAAG T
TCGTGGARCTCAGGCGLCCTG

CCTA ‘-\FTCK, \,..(:Gka,Tj
e

n

AR G > ICA thh(, A ’3'3 A A(:GTG(?AC AAGAAA” :
CTCACACATGCCCACCGTGCCCAGCE

SCACCGTCAGTCTTCCTCTTCCCCCCAAAALCC Adfou CACCC

ATCTCCCGGACCCCTGAGGTCACATGCS GGACGTGA

AT GTGETG ~
cC Cm GAGGTCAAGTTCAACTGGTACGTGGACGGLCGTGGAGGETG
AAGACAALGCCGCGEGG AGTACAACAG

CGTETGGTC AL?‘T sTCCTCACCGTCC CAGGACTGGECT
AAGGAGTACAAGTGCAAGGTCTCCA SAGCCCTCCCAGC
GAGAAAACCATCTCCAAAGCCAAALG CCCCGAGAACCACAGHT
TACACCCTGCCCCCATC (:CCJ\‘JCJA\J(JA(‘n CAAGAACCAGGTCAGC
CTGACCTGCCTGETCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAG
TGGGAGAGCAATGEGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTG T\j\'_\f:’x(\TCb\‘ré}\(‘(\‘U TCCTT"'T G 5 TG

Iar S el atal
GAATGGEC
.
C

o~ e
CCCATC

|

NA sequence of
26B11 light chain V
domain
(26B11-vL)

SATGACCCAGTCTCCATCL
ACCZ\T("T\CTMvT( TCGC
TTA ’JCTGGT"M\ AL
TATGCTGCATCCAGT
GTGGATCTGGGACA

GAhGATT "GCAAT
L "GGAGATCAAA

O .L:C:A.Z\TA

SN NIRRT N I PN A A e sy o
SGGGTCCCATCAAGGTTCAGUGGEE
NPT N T e T YT N T AT R NN R, e ey
ATT L: AL TCTCACCATCAGCAGCCTGCAGC ,I

P

CCAACAGTATAATAGTTACCCGTA

67

NA sequence of
26811 heavy chain V
domain 1
(26B11-VH1

ACTTTTGGCCAGGGE
*AGZTGCAbCTCGTﬁGAETC”ﬁGG%GAGGCGTSG”*CAGZC”ﬁGGAGG
TCCCTEAGACTCTCCTGTGCAGCCTCTGEATTCALC I”A”T“"”T‘f
GCTCTGCACTGEGTCCGCCAGGCTCCAGGCARGEGGCTGCAGTGGETS
byﬁCmT’“"TCAf’“GthuAhu GATT“HIAPEALuthP STCCGTE
ACGCTG

AAGGGCCGA Tr—(\GCCnTC_’:P'AGACAuAA TTCCAAGAAC
CTG AGARAGCT GF\.GGAL,A(..G\%QLL;T(
GCGAG
P

el
AT o

NA sequence of
26B11 heavy chain V
domain 2
{286B11-VHZ)

CAG
Y
Lt

GCTA

ZWTTCACCTTC

GGGGCETGGTCCAG
el Ay
CAAG G\TC\/T\T TAGL?GGTU

3

SCACTTAT] C:' l”l"“(‘:&i GTAACTATTACGCAGACTCCGETG
ARGEGCCGATTCACCATL h(,:&(gr\_( ATTCCAAGAACACGCTGTAT

CTGCAAATGAA LA”‘C(‘TQAGAC(‘TQ GGACACGGCTGTGTATTACTGT
GCCAGAGATAGCGAATTACTATGGTTCGGGGAGTTTTICCTTITGATSCT
TTTGATATCTGGGGCCAAGGGACACTGGTCACCGTCTCCTCA

251
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NA sequence of
26811 heavy chain V
domain MDX

L””QUACM"”QU SGGAGGCGTGGTCCAGCCTGGEAGS
COTCTGGAT TCACCTTCAGTAACTAT

GCCTCCAGGCAAGGGGCTEGAATEGEETG

{(26B11-VH-MDX) GAAGCAATAACTATTACGCAGCCTCCETG
TTC GACAATTCCAZ 3G[xz7\\,.\.\,\7 CTGTAT
CTn( ARATGAAC GAGGACACGGCTGTGTATTACTGT
GCGAGAGATALL %' / TCGGGGA "T'“'“"J_ TGATGCT
TTTGATATCTGG ATGGTCAC 1‘(,""'" CTCA
72 AA sequence of DIQMTQ oFuuL_ T SQGISH AYQOKPERKAPKSLT
26811 full length light {YAASSLOSGVPSRISGSGSGTDFTLTISSLOP £ a""fng QYNSYPY
chain TEGOGTKLEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYPREA
{(26B11-L.C) KVOWKVDNALOSGNSQESVTEQDSKDSTY SLSSTLTLSKADYREKREVY

ACEVTHOGLSSPVTKSEFNRGEC

73

NA sequence of
26811 full length light
chain

(28B11-L.C)

GACATCCAGATGACCCAGTCTCCATCCTCACTGTCTGCATCTGTAGGA
GACAGAGTCACCATCACTTIGTCGGGCGAGTCAGGGTATTAGCAACTGG
TTAGCCTGGTATCAGCAGAAACCAGACAAAGCCLCT? J%C: _’Cff(,'-‘-'GATC
TATGCTGCATCCAGTTTGCAAAGTCGGGGTCCCATC
CTGGCGACAGATTTCACTCTCACCATCAGC
GCAAC -CCAAC?
GGAGA
T(,C C GCCATCTG!
GCCTGCTGRATAACTTC TA':C" CA\:A’
TGGATAACGCCCTCCAATCG
CACAGAGCAGGACAGCAAGGACAGCALCC

i
15"

X CAGGGG
con 1_1CTN CTTCATE

GrTaT
g

IeTalalal

CRG
Ny Yelals ‘-hG"N

A A% L

‘_\
GAGAGTS

AGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTAC
G-CCTGCGAAGTCF&CCk,ZXTCF‘GGGC(‘EGTGK,T(Y"VCL.T'“.?\“ Am"cr.é{(_-‘m,
TTCAACAGGGGAGAGTGT
74 AA sequence of OVQLVESGGGVVQPCGRELRLSC FTFS MEWVROQAPGKGLEWY
26811 full length ALIPFDGSSNYYADSVKGRETISRDNSENTLYLOMNSLRAEDTAVY
heavy chain 2 with ARDRNYYGSGSESFDAFDIWGCGTLVTVSSA STE\GPQV ‘PLI xP 5 SKS
effector null mutation SGETAALGCLVEKDYFPEPVIVSWNSGALTSGVHTIPA 3
IgG1 constant domain [SVVIVPSSSLETQTY ICNVNERPSNTEVDRKVERKS
{26811-higG1-3m-HC} PEAAGAPSVFLFPPRPRDTLMISRTPEVICVVVIVG
DGVE A | NGRE KCE\VSNVA

KTKPREEQYNSTYRVVSVLTIVLAQDWLN

Al "RE LPPSREEMTKNQVSLT
TPPVLDSDGSFFLYSKLTVDE
SLSPG

Ve
'CLVKGEYPS
SRWOOGNVE

--<
(/'

252
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NA sequence of
26811 full length
heavy chain 2 with
affector null mutation
IgG1 constant domain
{26B11-higG1-3nm-HC)

CAGG TCACC1C””bGAQ$CTquGCbeCGT‘S”CCAGCCTGGGAGG
TCCOTGAGA PPCAGTAGCTTT
GCTATGCACT -CAAGGGGpTuG“U GGETG
G ATA ’mCCGTG
AAGGGCCGAT CTGTAT
CTGO ve) "TACTGT
SCGAGAGAT TPGATGCT
mea VTATCT AAGGGACAC ACCGTCTOCTCAGCETOG

CTCCTCC AAGAGOA

ACCAAGGGCC ccce =GCACC cc
TCTGGGGEGCER TGGTCAAGGACTACT CcC
SAACCGETGER C, : 'CGTGGAA sCGCCCTGACCAGCG R
CACACCTTCC ’?GC TGETCCTACA CAGGACTCTACTCCC
AGCGTGGTGACCGTGCCCTCCAGT TfC GCACCCAGACCT '
'iGCAACG .n'bbAT(‘ ;V-_AC,CCCAL{,A* CACCAAGGTGGACAAGAAAGTT

STGACARAACTCE (‘Z—U’* ATGCCCAC CGTGC CCAGCA
‘TL'%A CCCJC"r'G(_:bGChC’JCJ"'C AGTCTTCCTCTTCCCCCCAA »’V‘C c
AAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACA

' TGAGCCACGAAGACCCTGA GG""(,Z\I‘PTTC/\U

A \AGCCGCGGGAGGAGCAG
CCETGTGGTCAG CT”C ‘CACCGTCC TuCAC:Z\u’
GGAGTACAAGTGCAAGGTCTCCAACARAAGCC
AGCCCCCATCGAGAARAACCATCTCCAA A(u,(,AAALmju(,AGC:’f
CC,A AbuT "“A:ACCCTG‘*CCCCAT‘W CGGGAGGAGATGAC
CAGCCTGACCTGCCTGEGTCAAAGGCTTCTA TCCCAGC
C ;'] GGAC TGEGGAGAC CAJ‘«].PGC’:AG"K\CGAGZ‘«_' CAACTAC
ACC? CCK,C'“ CCCGTGCTGGACTCCGACGGCTCCT T"'MT'"'(‘
CTCACCGTGGACAAGAGCAGGTGEG h?}GCZX(\ >
TCCGTGATGCATGAGGCTCTGCACAACCAL

STOTCCOT
crece

"

o
5
@]

e

"

&
Q]
e
';;4

Y G

@]
b
+3
aQ)
<&y
o f“

S TOCCCCRET
sTCCCCGGE

a
G\
a

89

NA sequence of 704
light chain V domain
(704-vL)

TGACCCAGT

¢

C
AT ST T Y A e
AGAGT C}z.Ck,AT(. AL LGEL

[
30

.

&

i

TA T(,A TEC ”T(,(,A\;r 5G 3G l (J SGETCCCATCAAGGTTC AL*C’G 5C
GTGGATC CTCACCATCAGCAGCCTGCAGCCT

GAhC:AT T -TC ’%A’:A GTTTAATAGTTACZCCGCTC

ACTTTCGGCGGAGGGACC ’%Aufo "GGAGATCAAA

e m A e el

91

NA sequence of 704
heavy chain V domain
{704-VH)

CAG 3'TGCAbCTCGT(’?CAGTCT(’?GAG I"’"AL GTGRAGAAGCCTGGGGCC
TCAGTGAAGGTCTCCTGCAAGGCTTICTGGTTACACCTTTACCAGCTA l‘
GGTATCAA LTCC’"” GACAGGCCCCTGGACAAGSGG l‘TCA" TGGAT
GGGTGGATCAGCACT L'AC AR TL&:TAA’J C:"«Aﬁf‘ l"‘"’G
CAGGGCAGAGTCACCATGA

92

AA sequsnce of 7D4
full length light chain
(7D4-L.C)

. AUAY
SVVCL

LSSTLTLS

TTDP gDE& KS
EQDSKDSTYS

KVQ n'\:Y\/ u’\]AL

N

A CEV

253
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(o8]

NA sequence of 704 {GCCATCCAGTTGACCCAGTCTCCAT "‘TLL"““C TCTCCATCTGTAGGA

full length light chain  |[GACAGAGTCACCATCACTTGCCG AGGGCATTAGCAGTGCT
{(7D4-LC) TTAGCCTGGTATCAGCAGAAACC, AR CCTAAGCTCCTGATC
TATGATGCCTCCAGTTTGGARAGTGEGGTCCCATCAAGGTTCAGCGEC
AGTGGATCTGGGACAGAT T C GCCTGCAGCCT

L
LAl

GAAGATTT
ACTT

FJCCGCTC
GGCTGCA
CCATC 8 '-'-C-GC ATCTGATGA GCAC'T"IW A AA'“(‘ TG CA
ACTGCCTCTET GCTGAATAACTTCTATCCCAGAGAGEC
WVAGTACAG TGL.Z\A(Y‘ TGGATAACGCCC T(‘CAATCGGGTZ&AMTT,_,CCAG
GAGTGTCACAGAGCAGCGACA CAGC
.CC ACCCTGACGCTGAGCARAAGT L:CZ‘xCT
GCCTGCGAAGTCACCCATCAGGGCCTGA

TTCAACAGGGGAGAGT

CGGCGEAGGGAL

TGTCTT

rod
’W\J

ot

0]
,\J

'\u]\)!‘\\‘r\_r

g

94 AA sequence of 734 IQVQLVOSGARVKKPGASVKVSCKASGY

full length heavy chain [GWISTYNGNTNSAD <LQCRJTP\CTF¢STS

with effector null PAHSSSWEDAFDINGQGTMVIVSSASTK

mutation 1gG1 LGCLVKDYFPEPVIVEWNSGALTSGVET

constant domain PESSLGTOTY ICRVNHE PSNTKYDKRVEPKSCDKT

(704-higG1-3m-HC) {APSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEY

PREEQYNSTYRVVSVLITVLHODWLNGKE YKCKV SNEA

TTQK? KGOPREPCVYTLPPSREEMTENQVSLICLVKGFYPSDIA

A NYKTTPPVLDSDGSFFLY SKLTVDKESREQQGNVESC
IQKSLALSPG

T

:D'

-3

95 NA sequence of 7D4 GAAGCC
full length heavy chain GA TG(‘. \AGG CCTTTACCE
with effector null TATCA ACA GGQCFPTUGAC J GGGCTTGAGTGGATG
mutation IgG1 jGCTGGATC cﬂf'”mm ART ACACAAACTCTGCACAGAAGCTC

SACACATCCACGAGCACAGCCTAC
GACGACACGGCCGTGTATTACTET
TGATGCTTTTGATATCTGGGG

AGCGTCGACCAAGGGCCCAT

CATG {H( Cl
CCTEAGATCT

CCAGCTGE
GCAGCAGCTGET

CAAT u;r’l‘CA(‘CG’l‘fT‘l‘(‘(‘l

constant domain
{7D4-higG1-3m-HC)

H
&G
G

10

GCACCCTCCTCCAAGAGCACCTCTGGEGECACAGLY

T CTC/‘\t GGACTACTTCCCCGAACCGETGACGGTG

T GCCCTGACCAGCGGCGTGCACACCTTCCCGECT
GTCCTACAGTCCTC? CGM,T ?T?—.CT’JCC. GCZ\G('_‘GTGGTGACCGTG
CCCT ICA SCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCAC

AAGCCCAGCAACACCAAGGTGGACAT GAF«_}"«_GT“‘"AQL CCAAA" C TTGT
GACAAAACTCACACATGCCCACCGETGCO
GCACCGTCAGTCTTCCTCTTCCCCC

(1
.t

CRAAAC
ATCTCCCGGACCCCTCGAGGTCACATGCGTCGG 5 CAC
GAAGACCCTGAGGTCAA GTACGTGGACGGCGTGGAGGTG

\GACARLGCCGCGE GAGCAGTACAACAGCACGTAC
(’&u ( CTCACCGTC CACCAG =C

T

GACTGGCTGAATGEC
cre C’ZAL CC(, ICA""”’
ACAC

»J

vbl’”"“C CAACAAAGCC
GAGF«_}«_' : GCCAAAGGGCAGCCCCGAGAAC

TACAC 'GGGAGGZ‘«_GATGAC AAGAAC
CTGAC A GGCTTCTATCCCAGCGACATCG
TGGGAGZ{GCAATGLC(‘ AGCCGGAGAACAACTACAA
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGC!

?C :CL,Z\n?rj CGTCTTCTCA

I
ACA CGCAL—W&AGA CCTCTCCC

*C”‘( GT
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NA sequence of 101
light chain V domain
{1D1-VL}

GAAATTGTCTTIGACACAGTCTCCAGCCACCCTGTCTTITGTCTCCAG L’"
GAAAGAGCCACCCTCTCCIGCAGGGCCAL TTAGCAGCTA

TTAGCCTGGTACCAACAGAAACCTGGCCAGGCTCCCAGGCTC "““Zk'

TATGATG C:xT(_ C!—thC:an SCCACTGEGECATCCCAGCCAGHE! Tk,f}ijiv(?\,
AGTGGEGTCT TCACTC ‘CAGCAGCCTAGAGCCT
GAAGATTTTGC F. 1T WCTGTCA GCAACTGGCCGTEG

ACGTTCGGCCAAGGGAL STGG /—sh'“(‘ A
105 iNA sequence of 1D1  [CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGARGRAGCCTGGGECC
heavy chain V domain {TCAGTGAAGGTCTCCTGCAAGGCCTCTGGT ij CCTTTACCTACTAT
(‘ED’E~\]H) SGTATCAGCTGEGEETGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATG
GGATGGATCAGCACTTACAATGGTAACACARACTATGCACGGATGCTC

CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTALC
ATGCGAGCTGAGGAGCCTCGAGATCTGACGACACGGLCGTGTATTACTGT
GCGAGAGAGAATTACTATGETTCGGEGAGTTATAGAGGGEETATGGALC
GTCTGGGGCCAAGGGACCACGGTCACCGETCTCCTCA

106

AA sequence of 1D1
full length light chain
(1D1-LC)

EIVLTOSPATLSLEPGERATLSCRASQEVSSY LAWY QOKPGOAPRLLT
YDASNRATGIFPARFSGSGSGTDETLTISSLEPEDFAVYYCOORINWEW

GOGTRVEIRKRTVAAPSVET J'PPSDE'“_LKM LZ\SVV-’T LNNFYPREA
TC\/’QE'\? VDN .«\.LQV\{E\T‘S ESVIRERD TLSKADYRKHEVY

VT [xQLvL 3 S PVTHSITNRGEC

107

NA sequence of 1D1
full length light chain
(131-L.C)

2

AALY\ (‘f‘LxCpCT(‘TCCTG“}\gQ SCCAGTCAGAG

LCCTGGECAGG /TCC(_

OO

TE TCnTa( «\TCK,’\N TAG C’?\,\, \CTGGCATCCCAGCCAGGTTCAGTGGC
AGTGGGTCTGGGACAGACTTICACTCTICACCATCAGCAGCCTAGAGCCT

GAAGATTTTGCAGTTTATTACTCTCAGCAGCGTAGCAACTGGC Lu’l‘ 5
A"".GT""" GCCAAGGGACCAAGGTGGAAATCAA] uu'i_f«_d”c 'GGC »CA
CCATCTGTCTICATCTTCCCGCCATCTGATGAGCAGTTGARAATCTGGA
ACT

”TC"‘"‘r— PTGTG(‘(\TUCTGZ ATAACT i(\T \T CCQ \GAGAGGCT
AAAG CCCTC ;
GAGAG TCMCZ »_...GJ Ck,z%("r_./'t\,ka"' Z:“.Gu}‘x
AGCACCCTGACGCTGAGCARAGCAGACTACGAGARACACAARAGTCTALC
SCCTGCG 'CACCCATCAGGGUCTGAGCTCGCCCGTCACARAGALC

TTCAACA GGGG _C AGTGET

108

AA sequence of 101
full length hsavy chain
with sffector null
mutation lgG1
constant domain
(1D1-higG1-3m-HC)

CVOLVQSGARVEKFPGASVEVICRASGY SFTYYGISWVROAPGQGLERWM
GWISTYNGNTNYARMILL LPVTI‘ TTDTSTRTAYMELRSLRSDDTAVYYC
ARENYYGSGSYRGGMDVNGOGTTVIVES ASTVGD%’V FRPLAPSSKSTSG
GTAALGCLVEDYPPERPVIVSWNSGALTSGVHTEFPAVLOSS C;Li ‘*LDS‘\'
VIVPSSSLGTOTY ICNVNHKPSNTEVDRKRVEPKSCDKT C
AAGAPSVELIPPKPKDTLMISRTPEVICVVVIDVIHE ,r’;:f\/’KF“J‘"“fvfu
VEVHANAKTEPREEQY \"':g'"VR‘f‘/“ JLIVLHOQDWINGKEYKCKVSNE
APTERTISKAKGOPREPQVYTLEFEPSREEM CLVKGE

NOVSLST

Z.,Lm\'Ful‘.\TLvﬂFrJL\'I\.i’ TTPP T]“‘”"‘Cuw FLY SKLTVDESRWOOGNVESC
VMHEALHNHYTQKSLELISPG
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NA sequence of 101
full length heavy chain
with effector null
mutation 1gG1
constant domain
{(1D1-hlgG1-3m-HC)

AR STOTE
J/ f ( _[

TORGCACTT
CAGCACT

SCGAG!
GTOTG

GGCCCA

T Jﬁupm SGTGCAG
GCRAAGGCCTOTOG
‘,AG-C TGEGEGTGCER

AT R e
NGTCAC C:xT("/\\,\,J‘xk,z

SAA l’L\("“"A'T'Gq’l"“cG(?G” A("“"TA
GGCCAAGGGACCACGGTCACCGTCTCC
l"l‘(,f"‘(vk,l’ 3GC ALCCTC"I‘LL»’L&LAG\"""‘f““(‘ ‘G 5G
GGCACAG r(‘f‘quk,bT(‘f‘quTGC(‘" GGT

TCTGGAGCTGAGGT GRAGA?

ACAGGCC (‘(\T\JG/‘\\, x?’-r'
DBCAATGGET

i
AGAG! :r\;r‘\:'c:l ATGGAC

TCAGCGTCGACCAAG

CAAGGACTACTTCCCCGAACCG

GTGACGGTGTCETGGAACTCAGGCGCCCTGACCAGCGGLGTGCER -’f \CC
T i }-\CL:CTCCT(*HCL,Z\\,..'CTA\,T&,( CTCAGCAGCGTG
& Tuhk,\, z.iff Ck, CCAGCAGCTTGGGCACCCAGAL rrr”?Z‘C

waral

AR T
WCATCTGCAR
A

GTGAATCAC L;h(, CC VAGCAACAL CAAGGTGCGACAAGAAAGTTGAGCCC

AAATCTTG
GCCGCTGEEE CA"" G

AC”CTCA_ ATCTCC

aTalalalatobN

sCCCCCAT
CCACAGGT : TAL ACCC
CAGGTCAGCCTGACCTS
Gf‘\’"fo GGAGTGGGAGA
CGCCTCCCGTGETG
CTbAb\,GTGUALAACA
TCCGTGATGCATGAGG

TCCCTETCCOCGEET
LU AT COOUGEEY

q@pﬂfnﬂfcmﬁ

‘GACRRARAC 'l“(,AJAL ATGCCCACCGTGCCCAG CA'”CTGAA

CCTCTTCCCCCCARAAACCTAAGG
CA’V"LLTC“G(J ACATGCETGGTS
CAARCTGGTACGTGGACGGEE
yGGAGGAGCAGTACAAC
TCCTGCACCAGGACTGG
CCARACAADGCCCTCCCA
TCCAAAG ,(,E;A_.A_c:u SCAGCCCC Zf;':JA_”X
T :CCCCC,ATCCCGGGAbub(,A_[‘C" ACCAAGAA
CCCTGGICAAAGGCTTCTATCCCAGCGACATC
GCAATGGGCAGCCGGAGAACARCTACAAGACT
ACTCCGAC GCCT(‘(\TTK,TT(Y\T"'TAT?\ 5 AAU
GCAGGTGGC

MmN ar YAy
li-k/T\T(_./\.\u RSN

NA sequence of
101 D VH

CTGOTGE

|\J
‘CAGTGAAG GTC
GGTATCAGCTGGGET
e

~ o~

GGATGGATC b(j(,z{':, ik
CAGGGCAGAGTCACZCA
ATGGAGCTCGAGGAGCC
GCGAGAGAGAATTACT

GGTTGEG

o~
\,(_ B

=

. Jugqu

AGTCTGGAGCTGAGS

'\TC[).Z\\TL"(\C, L0 TG? .

TCACCALA(,A\,A CG l’(,(,A&,VC ACAGCCTAC
TLA"A'V TGACGACACGGCCGTGTATTACTGT

ATGGTTC TLC"’ LL TTCAGAGGGGGTATGGAC
k(‘f\;u > TCACCGTCTCCTC

119

NA sequence of
181 D18 VH

VAGCCTGEEECT
ITANW ACTAT

CTGGAGC .[](_Jt“ GJTCAAU
L%Uu C‘TC I‘GG l‘ACTCC

ATG TEACGACACGGCC S _TACTGT
sCG TA ITA'."GGT TCGEGGAGTTA GGEETATGGA
sTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

121 NA sequence of CAG( CACCTV sTGCAGTCTGGA yCTuJ GTGAAGAAGCCTGGGGECC
101 D21 VH TCA TGCAAGGCCTCTGGTTACTCCTTTACCTACTAT

sGTA _dbGC TLGGTGC GACAGGCCCC l’G(,* CAAGGGCTTGAGTGGATG

~

GGATGGATCTCGACCTA
CAGGGCAGAGTCACCA
ATGGAGCTGAGGAGCC
GCGAGAGAGAATTACT
GTCTGEGGCCAAGGGAC

ACAATGG TA_H_AAC,L CACTATGCACGGATGCTC
TGACCACAGACACGTCCACGCGCACAGCCTAC
TGA cﬁ‘“(‘TfoH CGACACGGCCGTGTATTACTGT
ATGGTTCGGGGAGTTATAGAGLGGGETA
ACGGTCACCGTCTCCTCA

GGAC
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NA sequence of
101 D24 VH

TCAGCTGGTGCAGTC TGGAGC TGAGGTGAAGA?

GAAGGTCTCCTGCAAGGCCTCTGGTTACTCC

-”TGG@TGC' \CAGGCCCOTGEACARGEEC
CTCCCTACARTGGT C

e A~ o~
1 C:xT(ﬂ\\,\u‘xk,Z‘ (zALA

N e o

SGGGGA

125

NA sequence of
101 D25 VH

_Ac CACCACGGTCACCGTCT
GTGCAGTCTGGAG AAGAAGCCTGGGGOC

TeRG COTGCAAGGCOTCTGGTTACTCCT T TACCTACTAT
SGTATCAGC THGEGTGCGACAGGCCCCTGCACAAGGCC T TGAGTGGATG

I aralilal
i

GGATGCGATCTCCACCTACAATGGTGCTACACA CACGGATGC

CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTALC
f’\ka)IG‘}’\\GCr—(\‘LXG‘(:I‘.AGCCTG/‘\G?XTCTG;\‘\CG?\(\/‘CGGC(‘(\T\J TAT i.f\f‘TGT
GCGAGAGAGAATTACTATGGETTCGGEGAG

A o~ T T
AAGGGACCACGGETCACCET

TATGO I

NA sequence of
101 D28 VH

GCC C

"TTAC T

GGACAAGGGCTTGA G

CT[ }:C:J\T(vr T ‘s_n.Z\TA CACATTATGCACG C
STCACCATGACCACAGACACGTCCACGCGCACS C

ATGG! GCL C,AC:C:A\:(*”T()A\:AT”T()AC\} WCACGGCCGTGTATT
?CGA(:A SAGAATTACTATGGTTCGGGGAGTTATAGAGGGGGTAT
PTG

SGGGCCARGGGACCACGGTCACCGTCTCOTCA

b
o
CTGT
s
A\

e
SGAC

NA sequence of
181 D28 VH

:AG‘MT CAGCTGGTGCAGTCTGGAGC TGAGG TGRAAGAAGCCTGGEECE
TOAGTGRAGGTCTCCTGCAAGECCTC TG T TACTCCTTTACC TACTAT
GGTATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATS
auhm‘“A_ch TPC_ CAATGGTAATACACACTAT

“CTC

CACGTCCACGCGCACAGCCTAC
TACTGT
[TCGGGEGAGTTAL TGGAC

STCACCGTCTCCTCA

T A

131

NA sequence of
101 D31 VH

]
@]

9]
)]
9]
[}
@]

] C\

5
3 )

GTGAAGGET
GGTAT \,ACL,T(
GGATGGATCTH 4 .
CAGGGCAGAGTCACCAT (J.H_C Ch(,dbnx ACGTCCACGCGCAC A(J SCT!
ATGCGAGCTGAGGAGCCTCGAGATCTGACGACACGEGEC ATTA "T
GCGAGAGAGAATTACTATGGTTCGGGGAGTTA' TGE

AR

B
2
RS-
=

i
=

0

3
=14

0

el
p]
]
O

)]
4
A

0
9
3

I> 9]

=
Gy
050y

AGAGGGGETATGGAC
GTCTGEGGCCAAGGGACCACGGTCACCETCTCCTCA

)
£

133

NA sequence of
101 D37 VH

CAG(“’CACCTGGTLQ (rdTGGAmC””hGG“uabc ARGCCTGGEGOC
PO TGO T ACTCCT T T ACCTACTAT
GGTA CAGCTGGGTLP”nLA GOCCUTGOAC AAGGGCTTGAGTGEATG
GGATGGATCTCTACCTACAATGGTGGARCACATTATGCACGGATGCTC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGOGCACAGOCTAC
ATGGAGCTEAGGAGCC TGAGATC TGACGACACGGCCGTGTATTACTGT

SAGAGAGAATTACTATGGTTCGGGGAGTTAT A'Z;r WGGGGETA

) ITCGGGL CAAGGGACCACGETCACCGTCTCCTC

TGGAC

') f“\

135

NA sequence of
101 D38 vH

CAGGTTCAGCTGGTGCAGTCTGGAGCTGAG U*L;Z\A(vm../-\uk,\/T(JGGGCC
‘GCAAGGCCTCTGGTTACTC
TG SG GCGACAGECCC ITG(JACAAGG(
& TC '""Av CTACAATGGTGTTACACATTATG
CAGGGCAGA TCACCA TLA"’"r«ChLA"ALUl‘CCA 'CrC ACEH C CTAC
ATGGAGCTGA LCA\.:LLTLUUA TCTGACGACACGGCCGETGTAT 'i'_r"«_"‘l‘c I‘
ATTACTATGGTTCGGGGAGTTATAGAGGGGGTATGG
GGGACCACGGTCACCGTCTCCTC

e
TGA 5(\7*\/
o~

jf'ﬂl"'\(\
(RN

257
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NA sequence of
101 D38 VH

TCAGCTGGTGCAGTC TGGAGC TGAGGTGAAGA?
GAAGGTCTCCTGCARGGCCTCTEG

CAGCTGGGTGCGACAGGCC (‘(\TUG/\'\,?\?‘GG
mCA?ChCmmm /\/-\TCLJ ACACAAACTATG

AC TA'." GGTTCTE AGAGGTGGCATGGAC

GCGAG:

GCTTGGEGCCARGE LA“L"‘”L““A' CTCA
138  {NA sequence of CAGGTTCAGCTGGTGCRAGTCTGGRG AAGAAGCCTGGGGCC
101 DH3 VH TCAGTGAAGGTCTCCTGCAAGGCET TCCTTTACCTACTAT
SGTATCAGCTGGGTGCGACAGGCCCCTGGEE CA AGG SCTTGAGTGGATG

GGATGCGATCTCTACCTACAATGGTAATACACA CACAGATGCTC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTALC
l’\TU‘G‘}A\GCr—(\'LXG‘(}‘.AGCCTG/\G?\TCTG;\\:G?\(\/‘CGGC(‘(\TU TAT i.f\K‘TGT
GCGAGAGAGAATTACTATGGETTCGGEGAG

GGACCACGGTCACCGETCT

TATGO I

141

NA sequence of
1851 DHB VH

GCC C

TTAC T

GGACARAGGGCTTGA G

AC:J\TM‘T LuxT‘CF\.CJ WITTATGCACG C
CACCATGACCACAGACACGTCCACGCGCACE AC

ATGGAGCTG L\(~(~Aa'* CTGAGATCTGACGACACGGCCGTGTATT

?C’Gh(:ﬂ SAGAATTACTATGGTTCGGGGAGTTATAGAGGGGGTAT
TOTGO

SGGGCCARGGGACCACGGTCACCGTCTCOTCA

~
.
CTGT
—
-

e
SGAC

NA sequence of
181 DHG VH

~ A R ST D (T O T S A TS ™ T AT e
V_/—x(:r TTCAGCTGGTECAGTCTGGAGCTGAGGTGAAGAAGCUTEGEEGECT

TCAGTGAAGGTCTCCTGCAAGGCCTCTGETTACTC "TACCTACTAT

GGTATCAGCTGCGTGCGACAGECCCCTEGACAAGEECTTCAGTGEATS
auhm‘“A_tTcm“c CAATGGTARGACEA ;GG' CTE

T
SAGTCAC

GTTCGGEGGAGTTAL

STCACCGTCTCCTCA

T A

145

NA sequence of
101 DH10 VH

CCTGGGEGCT

TTACCTACTAT

TTGAGTGGATG

GGAT (:\74 AT L,Z% (‘Z\C'TTZH A A\TCL, z.F\.CJL:C:J\*-\.CT?.T’ECACGGATGCTC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCT!,

=
Gy
050y

ATGCGAGCTGAGGAGCCTGAGATCTGACGACACGELCGTS »’&T‘“A"T
GCGCAGAGAGAATTACTATGETTCTGETGCTTACAGAGETGETATGGAC
GTTTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

147

NA sequence of
101 1.1 VH

CAGGTTCAGCTGETGCAGTCTGGAGC TGAGGTGAAGAAGCCTGGGEC
TCAGTGAAGGTCTCCTGCAAGGCCTCTGETTACGACT T TACCTACTAT
GGTATCAGCTGGETGCGACAGGCCCCTGCACAAGEGCTTGAGTGGATS
GGATGGATCAGCACTTACAATGGTAACACAAACTATGCACGGATGCTC

P
o

~
et
el

G
7
£

CAGAGTCACCATGACCACAGACACGTCCACGCGLCACAGCCTAC
WGCTGAGGAGCCTGAGATCTGACGA

€ ACGGCCGETGTATTACTGT
GAGAGAGAATTACTATGGETTCGGGGALT

-

A

R

o el e Vel
( .LL).J.AAA.'\JA(\_"k‘ka SGTATGGAC
Tl

CTGGGECCAAGGEACCACGGTCACCGTCTCCTC

LT
=C
T

It

149

NA sequence of
101 1.2 VH

CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGG ik,Z\Aw AGCCTGEGGECT
TCAGTGAAGGTCTCCIGCAAGGCCTCTG [ACAA

T
ATCAGCTGGGTGCGACAGECCCC

=GT GEC STGGACAAGGEC
GGATGGATCAGCACTTACAATGGTAACACARAAC TA'.:'

CAGGGCAL \GTCACCATGACCACAGACACGTCCACGCEGCACAGC
G’""’GACCHULLTCUUA TCTGACGACACGGCCGETGTAT 'i'_f"«_"‘l‘c I‘
AG TACTATGGTTCGGGGAGTTATAGAGGGGGTATGG
AGGGACCACGGTCACCGTCTCCTC
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151

NA sequence of
18113 VH

TCTGGAGCTGAGGT GRAGA?

TCAGCTGGTGCAG
CAAGGTCTO GCAAGGCCTCTGGTTACCAR : )
CAGCTGGEGTGCEACAGGCC (‘f‘Tqu'\,A?&GuGCTTGRGTGGZ&TG
ACTTACAATGGT

AC C:xT(ﬂ\CC}ﬂ, £

CGGEGAGTTA
_Ac JGACCACGGTCACCGTCTCC

153

NA sequence of
101 1.4 VH

CAC TC\, AGTCTGGAG AAGAAGCCTGGGGCC

TCAG CCTGCAAGGCCT CTCCTTTACCCACTAT
SGTATCAGCTEGEETGCGACAGGCICCTGE! CA AGGGCTTGAGTGGATG
GGATGCGATCAGCACTTACAATGGTAACACAAACTATGCACGGATGCTC

CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTALC
1»\T\J'G-AGCrf‘~LxG-'uAGCCTGAGZXTCTGACG?\P/\CGGC(‘PTU TAT i.f\f‘TGT
GCGAGAGAGAATTACTATGGETTCGGEGAG

; CONT A T T T
GCCAAGGGACCACGGETCACCETCT

NA sequence of
101 1.5 vH

G CTGGETGCAGT C
CAG GGTCTC C T
GGTATCAGC _GGGTL,‘CGJM,Z\\TL, CCCCTGGACAAGGGCTTG TG
GGATGGATCAGCACTTACAATGGETAACACAAARCTATGCAC TC

WGAGTCACCATGACCACAGACACGTCCACGCGCA
ATGGAGCTGAGGAGCCTGAGATCTGACGACACGGCCE! ’GTATT
3C’GA(:A SAGAATTACTATGGTTCGGGGAGTTATAGAGGGGGTAT

TOTGO

SGGGCCARGGGACCACGGTCACCGTCTCOTCA

e
D)
Y ()
Q)
@]
e
ol
15

Y
.

m
J

¢

3
PP
@]

4

~
.
CT("
—
-

e
SGAC

157

NA sequence of
181 1.6 VH

~ A R ST D (T O T S A TS ™ T AT e
V_/—x(:r TTCAGCTGGTECAGTCTGGAGCTGAGGTGAAGAAGCUTEGEEGECT

TCAGTGAAGGTCTCCTGCAAGGCCTCTGEZTTACAAL

TTACCCACTAT

GGTATCAGCTGGGTGCGACAGGCCCCTLCACAAGGGCTTGAGTGGATG
GGAT "‘A_ 'h(f‘ C CAATGGTAACA L_r«_»’&ﬁ(‘l" “CTC

GTCCACGCGCACAGCCTAL
TACTGT
ATGGTTCGGEGAGTTAT TGGAC

STCACCGTCTCCTCA

NA sequence of
101 1.7 VH

[
@]
9]
)]
9]
[}
@]

] C\

5
3 )

AR

B
2
RS-
=

i
=

3
2

0
b

&

o
=30

p]
]
O

)]
4
A

C\m.f?@u\,zsc FZ(‘TTZH AR T
CAGEGCAGALGT G (, ZC’
ATG bAGC‘TLAbuA U‘T‘QAGAT(‘TQACGACA&uLLCC'I‘J AT‘“A"I
GCGAGAGAGAATTACTATCGETTCEGECGAGTTATAGAGGGGETATGGAL
GTCTGGGGCCAAGGGACCACGGTCACCETCTCCTCA

o

'I> 9]

f Y Q
= Q)
i:

=
Gy
050y

161

NA sequence of
1821 1.8 VH

CAGGTTCAGCTGETGCAGTCTGGAGC TGAGGTGAAGAAGCCTGGGEC
TCAGTGAAGSTCTCCTGCAAGGCOTCTGETTACTCCTTTCECTACTAT
GGTATCAGCTGGETGCGACAGGCCCCTGCACAAGEGCTTGAGTGGATS
GGATGGATCAGCACTTACAATGG TAACACACACTATGCACGGATGCTC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGOGCACAGOCTAC
ATGGAGCTGAGGAGCC TCAGATC TGACGACACCGGUCGTGTATTACTGT

.

\
GAGAGAGAATTACTATGGETTCGGGGALT ATAC;:Abuu GTA
-
A

GTCTGGGECCAAGGEACCACGETCACCGTCTCCTC

{ TGGAC

LT
C
T

=g
=g

163

NA sequence of
181 1.9 VH

CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGT k,Z\ALv“..A\ \T\/\/TLJGGGCC
AGTGAAGGTCTCCTGCAAGGCCTCTGGETTACTC

¢
ATCAGCTGGETGCGACAGGCCCCTGEACAAGHS

{

=GT e o
GGATGGATCAGCACTTACAATGGTAACACACAC TA'.:' jfi TC

CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGLACA C CTAC

£

ATCJCAGN"GACCH\JLLTCUUA TCTGACGACACGGCCGTGTATTACTGT
GAG TTACTATCGGTTCGEGGEGGCTTATAGAGGGEGTATGGAC

GGGACCACGGTCACCGTCTCCTC
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NA sequence of
181110 VH

TCAGCTGGTCCAGTCTGGAGCTSAGGTCAAGAS
GRAG PGCABGECCTCTEG
: ACAGGCC CPTUG“:Azﬂsf“
'AGATCZbF’CTTﬁ(HATCb AR

~ A~ T
TCARC C[lTL""\«kuLIL/Z} (zALA

LxCTA-'LwT'“C GGEGEGEE GAG
__A\: SGACC Cf‘C""‘" A "'CGTCTLL.ICA
167  {NA sequence of TC\,AL AAGAAGCCTGGGGCC

101 111 VH

T i‘A CCTH GCA_AG IC C'i ACTCCTTTCGCTACTAT
SGTATCAGCTEGEETGCGACAGGCICCTGE! CA AGGGCTTGAGTGGATG

mes

GGATGGATCAGCACTTACAATGGTAACACACACTATGCACGGATGCTC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTAC
ATQGAJCfcQGGAGCCTGAJATCTGA:GAPACGJCCPTULATaAéTGT
GCGAGAGAGARTTACTATGGTTCOGEGGCTTATAG

CCACGGTCACCETCTCCTCA

NA sequence of
101 112 VH

=]

(@]

L:C:).Z\T("r T ‘)_n]\.f‘ C?‘.C}xk,
CACCATGACCACAGACAC C

ATGGAGCTGAGGAGCCTGAGATCTGACGAC /-&CCGC CGE ’GTAT'E.HC T( T

3(’ GAGAGAGAATTACTATGGTTCGGGGGUTTATAGAGGGGETATG

ielifelele

SGGGCCARGGGACCACGGTCACCGTCTCOTCA

171

NA sequence of
181 1.13vH

:AG STTCAGCTGGTGCAGTCTEGAGCTGAGGTGRAAGAAGCCTH vbGG >C
TCAGTGAAGGTCTCCTGCAAGGCCTCTGETTACTC AT
GGTATCAGCTGGGTGCGACAGGCCCCTS 2:«_&&:&%(3&1‘1‘(3 L ATG

vL:f\_r L
GGAT V‘A_ CAGCCC CAATGGTAARACACACTAT

“CTC

SAGTCACCATGACCACAGACACGTCCACGCGCA CCTAC
AGCC GCCGETH ACTGT
CTATGGTTCGEEGECTTATAGAGGGEG TGGAC

LS I NI, T R, (T e 7
:.UUG:xL,(...’-\.\,U TCACCGTCTCCTCA

173

NA sequence of
101 1,44 VH

GTGCAC CTGGAGCTGAGGTGAAGAAGCCTGGEGCT

C,L \_IC AGGCCTCTGGTITACAACTTTACCCACTAT

ACAGGCCCCTGGACAAGGGCTTGAGTGGATG

Cn“.ﬁ@up (*C’C'TZ'CZA «“—\.A\TCL, ARRA /ACZ.CTAT’ECACGGZ‘;TGCTC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCT!,

=
Gy
050y

ATGGAGCTGAGGAGCCTGAGATCTGACGA AT‘“A"T
GCCAGAGAGAATTACTATGETTCGGEEGCTTATAGAGGGGETATGGAC
GTCTGEGGCCAAGGGACCACGETCACCETCTCCTCA

NA sequence of
1821 115 VH

CAG(“’CACCTGGTCQ GTCTGGAGCTGAGGTGAAGAAGCCTGGGGCC
TCAG TCTCCTGCAAGGCCTCTGGTTACTCCTTTACCTACTAT

N
)
2
=

CAGCTCGGGTGCGACAGGCLCCTGGACAAGGGCTTGAGTGGATG
GATCAGCCCTTACAATGGTGGCACACACTATGCACAGATGCTC

GG

alsl
GLONAW

)]
@)
=]
3

CAG AGTCACCATGACCACAGACACGTCCACGCGCACAGCCTALC
ATG AGGAGCCTGAGATCTGACGACACGGCCGETGTATTACTGT
GOGAGAGAGAATTACTATGGETTCGGGEGCT ATACJA(:GG SGTATGGAC

GCCTGGGECCAAGGEACCACGGTCACCGTCTCCTC

NA sequence of
181 116 VH

TTCT-\CCT ,nTva‘ AGTCTGGAGCTGAGGT k,Z\ALv“..A\ GCCTGEGEGECT
‘GCAAGGCCTCTGGTTACTC
AT vC ( GGTECGACAGGCCCCTGEACAAGGLCTTGAG buA* G
TGGATCAGCCCTTACAATCGTGTCACACA (‘TAT -CACAGA

AGGGCAGAGTCACCATGACCACAGACACGTCCACGCEGCACAGCCOTAC

£

NS
Y
50
2 Q

[
SR

TACCTACTA
TTACCTACTAT

o
s

sy

9]
@
]

NaUTel
i NS T N

N
Q1
5
3

QN

ATCJCAGN"GACCH\JLLTCUUA TCTGACGACACGGCCGTGTATTACTGT
GAG TTACTATCGGTTCGEGGEGGCTTATAGAGGGEGTATGGAC

GGGACCACGGTCACCGTCTCCTC
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179

NA sequence of
101 1,47 VH

TCAGCTGGTGCAGTCTGGAGCTGAGGTGRAGAS
FGCABGGCCTCTGETTACTEC ’EA*TAT

SAA
IR

» ACAGGCC F”TuG WCAAGGGC TG
GGATCA va*CCTTZA CAATGGTGCCAC TC
AC

AGAGTCACCATGACCACAGACACGT
TGAGGAGCCTGAGAT L,T(vT\Cth,A‘
/ ACTATGGT'“C GEGEECTTA

LA“ ACGGTCACCGTCTCC

@ G) @]
e
e

/ Lsou

i)
i

181

NA sequence of
1.18 VH

CTGGAGCTGAGGTGAAGAAGCCTGGGECC

TCAG CTGCAAGICCZLTQET”-L'QCTTTACCTACTAT
SGTATCAGCTEGEETGCGACAGGCCCCTGGACAAGGGCTTCGAGTGGATG

GGATGGATCAGCCCTTACAATGGTAACARGCACTATGCACAGATGCTC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTAC
ATQGAJCfcQGGAGCCTGAJATCTGA:GAPACGJCCPTULATaAéTGT
GCGAGAGAGARTTACTATGGTTCOGEGGCTTATAG

~m IS alale CV TR (Y TS

GCCTGEEGECCAAGGGACCACGGTCACCGTCTCCTCA

183

NA sequence of
181 119 VH

CAGE CTGGETGCAGT GCC C
TCACG GGTCTC TTAC T
GGTATCAGC .GGGTL,‘CGJLIK/A\TL, CCCCTGGACAAGGGCTTGA G
GGATGGATCAGCACTTACAATGETGGCACACACTATGCACG C
C P\GG’ECAC?—\.GT’J’&C CATGACCACAGACACGTCCACGCGCACE AC

ATGGAGCTG L\G(nﬂql* CTGAGATCTGACGACACGGCCGTGTATT

GOGAGAGAGAATTACTATGGETTCGGGGGUTTATAGAGGGGGTAT
GCCTGGLGCCAAGGGACCACGGTCACCLGTCTCCTCA

~
.
CTGT
—
-

e
SGAC

185

NA sequence of
181 1.20 VH

RGO C T o T AG T TG AGC T GO TR A RGO EaGaE
TOAGTGAAGGTCTCCTGCARGGCCTCTGETTACTCCTTTACCTACTAT
GGTATCAGCTGGGTGCCACAGGCCCCTGOACAAGGGCTTGAGTGGATS
GGATGGATCAGCCCTTACAATGGTAACACACACTAT

“CTC

SAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTAC
GAGGAGCC GCCGTGTATTACTGT
CTATGGTTCGEEEECTTATAGAGGGGGTATGGAC

5T “}-\(‘CGTCT(_ CTCA

T A

187

NA sequence of
101 1.21 VH

GAAGAAGCCTGGEECT

?GGK,'“FY\TUG, TL ,,TCCTTTACCTACTAT
AGGCCCCTGGACAAGGGCTTGAGTGGATG

Cn“.ﬁuuk,zﬁ( (*Z\C'TTZH /\/-\TCL— ARCACACACTATGCACAGATGCTC

AC
CAGGGCAGAGTCACCATGACCACAGACACGT CCACGCGCACAGCCTA
ATGGAGCTGAGGAG C(\]I‘(JAG.AI“(\]T(JACGACALULCCCII](_J ATTACTGT
GCCAGAGAGAATTACTATGETTCGGEEGCTTATAGAGGGGETATGGAC
SCCTGEGGCCAAGGGACCACGGTCACCGETCTCCTCA

|—4(’)

188

NA sequence of
101122 vH

CAGGTTCAGCTGETGCAGTCTGGAGC TGAGGTGARAGAAGCCTGGGECC
TCAGTGAAGGTCTCCTGCAAGGCCTCTGETTACTCCTTTACCTACTAT

N
)
2
=

GG CAGCTCGGGTGCGACAGGCLCCTGGACAAGGGCTTGAGTGGATG

GATCAGCACTTACAATGGTGTCACACACTATGCACGGAT C

alsl
GLONAW

)]
@)
=]
3

CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTALC
ATGGAGCTGAGGAGCCTCGAGATCTGACGACACGGCCGETGTATTACTGT
GCGAGAGAGAATTACTATGETTCGEGGEEECT ATACJAKauu SGTATGGAC
GCCTYGGEEECCARAGEGACCACGGETCACCETCTCCTC
1G1 NA seguaence of CAGGT T AGCTGGETGCAGTICTGGAGCTGAG U*L;Z\A(vm../-\uk,\/TLJGGGCC
101 1.23 vH TCAGTGAAGGTCTCCTGCAAGGCCTCTGGETTACTC
AT

[
SR

el o e e e

A*C "GGGTGECGACAGECCCCTEEACAAGHES

ai)

9]
@
e

jf'ﬂl"'\(\
(RN

GCACAGCCTAC

£

TGGATC b(,(,ﬁw TTACAATGGTGCCACACA (‘TA'.:'
AGGGCAGAGTCACCATGACCACAGACACGTCCAL

N
Q1
5
3

QN

ATCJCAGN"GACCH\JLLTCUUA TCTGACGACACGGCCGTGTATTACTGT
GAG TTACTATCGGTTCGEGGEGGCTTATAGAGGGEGTATGGAC

GGGACCACGGTCACCGTCTCCTC
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@]

193 |NA sequence of AGGTTCAGCTGGTG hCT’JTbUhC(‘I'\’_:r«G\jTCZAALf"«
101 1.24 VH '

ot

o G
:’u.‘s.¢k,z; "C./'S\,TTZ” "’“TCK; 'C
o
;AG TT
3BA G GGAC
CC2 C
195  NA sequence of CAGGTT CTGGTGCAGTCTGGAGC TGAGGTGAAGRAGCCTGGGET
1.25 VH TCAGTGARGETC ’”CTGCAAGCIC;L”G%T”ACI(CWTT"CCT*\TAl

GGTATCAGCTEGGETGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATG
GGATGCGATCAGCACTTACAATGCGTAAGACACACTATGCACGGATGCAC
CAGGGCAGAGTCACCATGACCACAGACACGTCCACGCGCACAGCCTALC
!’\TUG}\\GCr—(\'LXGK:I‘,A'\:rCCTG“G,ATCTG;\\CGZ\ xCGGC(‘.GTU;L.c TTACTGT
GCGAGAGA

O

e

LA

197 {NA sequence of CAGGTTC TGGGGCT
101 1.26 VH TCAGTGA CTACTAT
GGTATCA GTGGATG

GGATGGA GRTGCTC

CAGGGCS 1 jA\,M_CTCL,Z\V ,,,,, CGCACAGCCTAC

ATGGAGCT ZGCCG G 'A’l”i‘ﬁC’l‘GT

el

. >
E;JA‘JU:G SGTATGGAL

J

GOGAGAS (:Dh TEAC a(i CGGEEET
GCCTGGGGCCARGGGACCACGGT Lhccgwcrcﬁ'““

194 NA sequence of CAGGTTCAGCTGGTECAGTCTGCAGCTGAGGTGAAGAAGCCTEGEGEECE
101 1.27 VH TC hCTGAAbGT("‘CVl"u(,AA\S(?CCT CTGETTACGACTTTACCTACTAT

GGTATCAGC TGGGTGCGACAGGCCCOCTGOACAAGGGCTTGAGTGGATG
GGATGGATCTCTACT AC%ATQUTAAEAL"”‘MT’“Gyh‘GbA GCTC
CAGGGCAGAGTCACCATG GUGCACAGp”TI

ATGGAGCTG,
CC\TZ.A:.‘SGPLGY
GTCTGGEGGEC
200 {AA sequence of CVOLVQSGAR
101 1.27 full length GWISTYNGHNT
heavy chain with ARENYYGSGS
effector null mutation  {GTAALGCLY :
Ss1, i~ 1(“'\"

IgG1 constant domain [VIVESS
(101 1.27-hlgG1-3m- [ARGADPSY
HCY VEV? AK‘“E\E h ii\‘S"‘Vk‘ V%_VL% DWL J‘“'L-'K‘?"‘[\ _3

APIEKTISKAK SLTCLVKGFYPSDI
AVEWES N(‘(\PmNYK'.;TPDVTDS.L)G-SFFL.! \»\’“T FKQF HOQGNVESC
SVMHEALHNHYTQOKSLSLSPG

262
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201

NA sequence of

101 1.27 full length
heavy chain with
affector null mutation
IgG1 constant domain
(101 1.27-higG1-3m-
HCY

TTCAGCTGGTGCAGTCTGCGAGCTCAGETGAAGAAGCCTCGGEECT

T GAAGGTCTCCTGCAAGGCCTCTGGTTACGACTTTACCTACTAT
G CAGCTGGGTGCGACAGGCC (‘(\T\JG/‘\\, \GGGCTTGAGTGGATG
GGATGGATCTCTACTTACAATGGTAATACACATTATGCACGGATGCTC
CAGGGECAGA JACCACATACACQT(hApCbWVQCPGTCTAC
ATGGAGCTG, ACGACACGGCCGTGTATTACTET
SCGAGAGAG AGTTATAGAGGEGGETATGEAC

GTCT SGCL
GGCCCATCGET '-”TC(V‘ k-,
GGCACAGCGGCCCT (\(\‘\JCT
GTGACGGTGTCGT ,
TTCCCGGE \7¢CNT:-\.CL3C¢\A,

~
A

o~

\z

7 =l AR T Ve
GTGACCGTGCCCTCCAGCAGET WCATC iG\,hJ L)
Nelelels,

A

CGTCTCCTCAGCGTCGACCAAG
TCCTCCARGAGCACCTCTGGE
aﬂCGACTACATCpC“CARC'G

A.TACT\, _(*T\,n i

lalalel
ACCCA

GTGAATCACAAGCCCAGCAACACC L;A\:J TGGACAAGARAAGTTGA
AAATCTTGETGACARAACTCACACATGCCCACCGTGCCC ACCHJ CTGA.
GCCGCTGGGEECACCET LVA(;T\’" CTCTTCCCCCCAAAACCCAAGGAC

(

ACCCICATGATCTCCCGGACCCCTGAGGTCACATGCETGGTGE
GTGAGCCACGARAG Lka,’“hf‘ﬁ” > TCAA GT"" ACTGGTACGTGGACGGC
fale

B
GCGGGAGGAGCAGTACAAC
CGTCCTGCACCAGGACTEG
& G rCT T(f ACAAAGCCCTICCCA
GCCCCCATCGAGAAARACCATCTCCAAAGCCAAAGGGCAGCLCCGAGAA
CCACAGGTGTACACCCTGECCCCCATCCCGGGAGGAGATGACCARAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCC TGGAGTGGEAGAGCAATGGGCAGCCGGAGAACAAC TACAAGACC
CGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC TATAGCAAG

(‘TCAK,\,'“TGUAK,Z\A(\:‘UC/\\J\JT‘JGC;\\GCz’\f\“JGbZ\é\(‘(\TﬁmT'ﬂr—(\/‘TG\,
TCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGARAGAGCCTC
TCCCTGTCCCCGEET
206  INA seguence of CAGGTTCA T(‘f‘LxG CTGGAGCTG

101 1.28 VH TCAGTGA Cn]\ﬂ("(\k,¢k TG
GGTATCAG! ACAGGCCCCTGGE
GGATGGAT Xnle :AC,AAI‘ SGTAATAA
CAGG NA(JH_\%T(, LC 3."_’ ‘(,ACCALACJA\,A CG l’(,(, ACGCGCACAGCCTAC
ATGG? G ‘CTGRCGACACCGCCCTGTATTACTGT
GCGAC 2 PC Lcdd TATAGAGCGGGTATCGAL

TC ,GTCTCCTK, \

207

AA sequence of

101 1.28 full length
heavy chain with
affector null mutation
IgG1 constant domain
{(1D1 1.28-higG1-3m-
HC)

be"“VhL VSCKASCfDFTYYGIDWVR‘AQGQCLLM%
INQ-K&V7RnQQCR”TV [DTSTRTAYMELRSLRSDDTA

Y GSGEYRGGMDVRGOGT 7me>ASTKGQSVW9L% SSE
LGCLVKDYFPEPVIVSWNSGALTSGVHTEFPAVLOS SGLYS
TVPwQSLGTQLLICNVNHVFDNT-VIYBJEPKDVFRT“
AAGAPSVELFPPKPEDTLMISRTPEVTICVVVDVSHEDRPEVKIN®
VEVANAKTRPREEQYNSTYRVVSVL /LHQDWM\GREX\LK’S”X
APTEKTISKAKGOPREPOVYTLEPSREEMTRKNOVELTCLVKGEYRPSDT
AVEWESNGOPENNYKTTPPVLDSDGSFRPLY SKLTVDESEWOQQGNVESC
SVMHEALHNHYTOKSLSLSPG
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208

NA sequence of

101 1.28 full length
heavy chain with
affector null mutation
IgG1 constant domain
(101 1.28-higG1-3m-
HCY

TTCAGCTGGTG hCTCTbUhCbeBGJTCAAQHA "”TC ~GEGECC

GAAGGTCTCCTGCAAGGCCTCTLGETT! CCTAC

CAGCTGGGTGCGACAGGCC F”TquLfiGGGCTTGRGTGGATG
A

GATGGATCTCTACCTACAATGGTAATARACA

o
19}
9
)
)
b
=3 N 9—
) Qﬁ

—

o
(2wl b

e
AL AL
S

s

SCGAGAGA

chifsllelelelelels

J

Ct \CGG ”m"fLL‘CAC”b'CGALTAAG
GGCCCATCGE TT”TC"“ CTGGCACCCTCCTCCAAGAGCACCTCTGGE
GGCACAGCGGCCCT CCuCT““ ' AAGGACTACTTCCCCGAACCG
GTGACGGTGTCET \ CCTGACCAGCGGCGTGCACACC
TTCCCGGE U¢C"TAC%C¢VV CTCTACTCCCTCAGCAGCGTG

GACCGTGCCCTCCAGCAGTT Al WCATCTGCARC
L ‘]’1 Ay r"(‘f‘ic —-< C7\o"""«, iy ﬂ((‘\/‘ =l T,Nrﬂrﬁxz\z\m
GTGAATCACAAGCCCAGCAACACC L;A\:q "buh( ARGAAAGTTGAGCCC
AAATCTTGTGAC AAAAﬂmQACALfSTKX::lC/:”GPCMACCA‘L1GAA

GCCGCTHOGECACCETCAGTY

STCTECCCCCCAAARCCCARGGAL

(

ACCCICATGATCTCCCGGACCCCTGAGGTCACATGCETGGTGE
GTQAC”“ApG?AT%Cp“hCTF TCATGTW ACTGGTACGTGGACGGC
fale

B
GCGGGAGGAGCAGTACAAC
CGTCCTGCACCAGGACTEG
& G TCTCCARCARAAGCCCTCCCA
GCCCCCATCGAGAAARACCATCTCCAAAGCCAAAGGGCAGCLCCGAGAA
CCACAGGTGTACACCCTGECCCCCATCCCGGGAGGAGATGACCARAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCC_GGAGTGGGAG \GCAATGGGCAGCCGGAGAACAACTACAAGACC

CGCCTCCCGTGCTGGACTCCGALC GG“T(‘(\T TCTTCCTCTATAGCAAG

CTCAbbPTGUALAACHUCAUUT‘ AGCAGGGGAACGTCTTCTCATGC
TCCETGATECATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCCCTETCCCCGEEET
213 iNA sequence of CAGGTTCA T(‘f‘LxG CTGGAGCTG

101 1.20 v+ TCAGTGA. CnAﬂUhp¢qu?
GGTATCAGS ACAGGCCCCTEEA
GGATGGAT CC :b(,Af TGEETG ~E.LAL.H_L-A'
CAGG J\,A(JH_\%T(, LC 3."_’ ‘(,ACCALACJA\,A CGTCCACGCGCACAGCCTAC
ATGGE G CTGACGACACGGCCGETGTATTACTGT
G »'”T”' A "»GGuA TATAGAGGGGGTATGGAC
TC ,GTCTCCTp)

214

AA sequence of

101 1.29 full length
heavy chain with
affector null mutation
IgG1 constant domain
{(1D1 1.29-higG1-3m-
HC)

L 'J’SCKASC YDEFTYYGISWVRQA Qs’_:Q(_ LLL VM
Sm'NbuTix7Rn;gLR”TV [DTSTRTAYMELRSLRSDDTA
GSGESYRGGMDVWGOGT 7me>ASTKG°SVW9L% SSE
LGCLVKDYFPERPVIVSWNSGALTSGVHTIFAVLOS SGLYSLSSY
TVPuQDLGTQ¢LICNVNHVFDNT-VIYBJEPKQVFRT“ C
AAGAPSVELFPPKPEDTLMISRTPEVTICVVVDVSHEDRPEVKIN®
VEVANAKTRPREEQYNSTYRVVSVL /LHQDWM\GREX\LK’S”X
APTEKTISKAKGOPREPOVYTLEPSREEMTRKNOVELTCLVKGEYRPSDT
AVEWESNGOPENNYKTTPPVLDSDGSFRPLY SKLTVDESEWOQQGNVESC
SVMHEALHNHYTOKSLSLSPG
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NA sequence of

101 1.29 full length
heavy chain with
affector null mutation
IgG1 constant domain
(101 1.29-higG1-3m-
HCY

TTCAGCTGGTGCAGTCTCGAGCTGAGGTGAAGAAGCCTGGEEECT
T GAAGGTCTCCTGCAAGGCCTCTGGTTACGACTTTACCTACTAT
G CAGCTG nJTGk,\_r' \CAGGCCCCTGGACAAGGCCTTGAGTGGATG
GGAT Ath¢k,T(ﬂ ACCTACAATGGTGGAACACATTATGCACGGATGCTC
CAGGGCAGAL ACCATGACCACAGACACGTCCACGCGCACAGCCTAC
ATGGAGCTG, SACGACACGGCCGTY ATTACTGT
SCGAGAGAG ~GAGTTATAGAGGGGGTATGGAC

GICT SGCH CGTCTCCTCAGCGTCGACCAAG
GGCCCATCGOT T”TC("" C GGCA LLL C(‘I‘&LkﬁLAAG("ACC‘PJT‘(SGG
GGCACAGCGGCCCT (‘f‘quT CCTGGTH

GTGACGGTGTCET \
TTCCCGG \u("“TAC AGTCCTCA .'“T.TACT\, _(‘Tk,n a(

~
A

o~

\z

T aTe =l A OO P
GTGACCGTGCCCTCCAGCAGET CCCR WCATCT G\,}L L)
o Nelelels,

A

P
[CCC

GTGAATCACAAGCCCAGCAACACC L;A\:J TGGACAAGARAAGTTGA
AAATCTTGETGACARAACTCACACATGCCCACCGTGCCC ACCHJ CTGA.
GCCGCTGGGEECACCET LVA(;T\’" CTCTTCCCCCCAAAACCCAAGGAC

(

ACCCICATGATCTCCCGGACCCCTGAGGTCACATGCETGGTGE
GTGAGCCACGARAG Lka,’“hf‘ﬁ” > TCAA GT"" ACTGGTACGTGGACGGC
fale

B
GCGGGAGGAGCAGTACAAC
CGTCCTGCACCAGGACTEG
& G rCT T(f ACAAAGCCCTICCCA
GCCCCCATCGAGAAARACCATCTCCAAAGCCAAAGGGCAGCLCCGAGAA
CCACAGGTGTACACCCTGECCCCCATCCCGGGAGGAGATGACCARAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCC TGGAGTGGEAGAGCAATGGGCAGCCGGAGAACAAC TACAAGACC
CGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC TATAGCAAG

(‘TCA&,\,"‘TG\\;AK,Z\A(‘;\UCmuuT‘;GCAGCZ"J‘“JGL.Z\A(Y‘T”'"T'"'hf‘/\TG\,
TCCETGATECATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCCCTETCCCCGEEET

220 {NA sequence of CAGGTTCA T(‘f‘LxG CTGGAGCTG

101 1.30 VH TCAGTGA Cn]\n(v(\\,¢k T\
GGTATCAGC ACAGGCCCCTE!
GGATGGAT Xolw :b(,Af TEGTGET Tdvm A'
CAGG J\/A(JH_C}T(/ LC 3."_’ ‘(,ACCALACJA\,A CGTCCACGCGCACAGCCTAC
ATGGE G 'CTGACGAC ALC""LL TGTATTACTGT
GCGAC A FC CCJ[& TATAGCAGGGGGTATGGAC
TCTGGGGC ,GTCTCCT\v 3

221

AA sequence of

101 1.30 full length
heavy chain with
affector null mutation
IgG1 constant domain
{(1D1 1.30-higG1-3m-
HC)

L 'J’SCKASC YDEFTYYGISWVRQA Q\’_:QC LLL (!
'S'I""NC'\/ T'erAr "_:.J\,_’LRTV:”I‘E‘/_[ [DTSTRTAYMELRSLRSDDTA

BG6
=S| GG
,I,

o

RENYYGSGSE G(_:E"l)\“'fGQG T 7““v’bbF«STKGQS'\/";‘ PLAPSSKSTSG
GTAALGCL Vv(Fv FPEPVIVSWNSGALTSGVHTFPAVIYOSSGLYSLESY
VIVPSSSLGTOTY IC'\'K«*?\THVFD'\'T' Y II'I\ VEPKSCDKTH CPAPLE
AAGAPSVELFPPKPEDTLMISRTIPEVICVVVDVSHEDPEVKINWYVDG

VEVHN V LHODWILNGRKEYKCKY S”'\
LXQl"'Yl’l SRAKGOPREPOVYTLEPSREEMTKNQVILTCLVKGEYPRPSDI
AVEWESNGOPENNYKTTPPVLDSDGSFRPLY SKLTVDESEWOQQGNVESC
SVMHEALHNHYTOKSLSLSPG
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222

NA sequence of

101 1.30 full length
heavy chain with
affector null mutation
IgG1 constant domain
(101 1.30-higG1-3m-
HCY

TTCAGCTGGTGCAGTCTGCGAGCTCAGETGAAGAAGCCTCGGEECT

T GAAGGTCTCCTGCAAGGCCTCTGGTTACGACTTTACCTACTAT
G CAGCTG ‘«JTGK/\J‘ (\/‘\JGK/ (‘(\T\JG/‘\\, \GGGCTTGAGTGGATG
GGATGGATCTCT TACACATTATGCACGGATGCTC
CAGGGECAGA ‘?\.CACLJ TCCACGCGCACAGCCTALC
ATGGAGCTG, ACGACACGGCCGTGTATTACTET
SCGAGAGAG AGTTATAGAGGEGGETATGEAC

GTCT SGCL
GGCCCATCGET '-”TC(V‘ k-,
GGCACAGCGGCCCT (\(\‘\JCT
GTGACGGTGTCGT ,
TTCCCGGE \7¢CNT:-\.CL3C¢\A,

~
A

o~

\z

7 =l AR T Ve
GTGACCGTGCCCTCCAGCAGET WCATC iG\,hJ L)
Nelelels,

A

CGTCTCCTCAGCGTCGACCAAG
TCCTCCARGAGCACCTCTGGE
aﬂCGACTACATCpC“CARC'G

A.TACT\, _(*T\,n i

lalalel
ACCCA

GTGAATCACAAGCCCAGCAACACC L;A\:J TGGACAAGARAAGTTGA
AAATCTTGETGACARAACTCACACATGCCCACCGTGCCC ACCHJ CTGA.
GCCGCTGGGEECACCET LVA(;T\’" CTCTTCCCCCCAAAACCCAAGGAC

(

ACCCICATGATCTCCCGGACCCCTGAGGTCACATGCETGGTGE
GTGAGCCACGARAG Lka,’“hf‘ﬁ” > TCAA GT"" ACTGGTACGTGGACGGC
fale

B
GCGGGAGGAGCAGTACAAC
CGTCCTGCACCAGGACTEG
& G rCT T(f ACAAAGCCCTICCCA
GCCCCCATCGAGAAARACCATCTCCAAAGCCAAAGGGCAGCLCCGAGAA
CCACAGGTGTACACCCTGECCCCCATCCCGGGAGGAGATGACCARAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCC TGGAGTGGEAGAGCAATGGGCAGCCGGAGAACAAC TACAAGACC
CGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC TATAGCAAG

(‘TCAK,\,'“TGUAK,Z\A(\:‘UC/\\J\JT‘JGC;\\GCz’\f\“JGbZ\é\(‘(\TﬁmT'ﬂr—(\/‘TG\,
TCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCCCTGTCCCC :GG"

227 INA sequence of CAGGTTC

101131 VH TCAGIGA
GGTATICA G
GGATGGA Ch
CAGGGCAGAGTCACCA! ‘(,ACCZALACJA\,A CG l’(,(, 'W(JL GCACAGCCTAC
ATGGE AGCC ‘CTGRCGACACCGCCCTGTATTACTGT
5CG T2 TCOETTCGCGELCTTATAGACCGGGETATGGAC
T S TCA ’JGTCTCCTK, )

228

AA sequence of

181 1.31 full length
heavy chain with
affector null mutation
IgG1 constant domain
{(1D1 1.31-higG1-3m-
HC)

LVOQS 'J’SCKASC YDEFTYYGISWVRQA L’C_:QCLLLHVI
WlsT ;{Nf.""l"fl Y 'B\.;\JCR"TE" [DTSTRTAYMELRSLRSDDTA

NYYGSGAY G(_:E"l)\m(;-.,)s_i. 7‘“\’.5bF«STKGQS'\/‘F"-)Lf% SSE
LGCLVKDYFPPEPVTIVSWNSGALTSGVHTFFAVIOSSGLYS
TVPSSSL ) .J.IC'\'\«*?\THVPD'\'T' Y II'I\ VEPKSCDKTH
AAGAPSVELFPPKPEDTLMISRTPEVTICVVVDVSHEDRPEVKIN®
VEVANAKTRPREEQYNSTYRVVSVLIVLAQDWINGKEYKCKY S”'\
LXQl"'Yl’l SRAKGOPREPOVYTLEPSREEMTKNQVILTCLVKGEYPRPSDI
AVEWESNGOPENNYKTTPPVLDSDGSFPLY SKLTVDESREWQQGRVESC
SVMHEALHNHYTOKSLSLSPG
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229

NA sequence of

181 1.31 full length
heavy chain with
affector null mutation
IgG1 constant domain
(101 1.31-higG1-3m-
HCY

'I"I‘,t«(:”““ SGTG hLT’JTbUhC(‘I‘x’_:r«GdTCAAbHA (‘"TC =GGCC

i 9. CA
GATGG}u\,z (3 (*.sCTTZH "/-\TCLJ \.\,’ACACZ.A.'...
CAGEGECAGA
ATGGAGCTG
SCGAGAGAG GGCTTA
~ ¢ e

GTCTGEGGEC!
GGCCCATCGE Tf”
GGCACAGCGGCCCT
GTGACGGF’—'CTCG P'Gk_, “’“r—(\'/“CbZ\ r(‘.(\'GCGT
TTCCCGGE .hTﬁbTv_thnj
LTuhbvnTGCCb :fAuCAG:T'h ’ \pnTCTGCAAC
GTGAATCACAAGCCCAGCAACACCAAGH 'bqh( PLA(J.F"\_?—LH(‘ TTGAGCCK
AAATCTTGETGACARAACTCACACATGCCCACCGTGCCCAG ::‘J CTGAA

GCCGCTGEEE CACC“ruAGTP CTCTTCCCCCCAAAACCLAAGGAC

2O \ACCGTPELL’CACFG'LGAL¢AHG
TQGCALC"”C"E&LAAL“GPA C

TLP“ C
CGUCT

ACCCICATGATCTCCCGGACCCCTGAGGTCACATGCETGGTGE
GTGAGCCACGARAG Lka,’“hf‘ﬁ” > TCAA GT"" ACTGGTACGTGGACGGC
fale

B
GCGGGAGGAGCAGTACAAC
CGTCCTGCACCAGGACTEG
& G TCTCCARCARAAGCCCTCCCA
GCCCCCATCGAGAAARACCATCTCCAAAGCCAAAGGGCAGCLCCGAGAA
CCACAGGTGTACACCCTGECCCCCATCCCGGGAGGAGATGACCARAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCC_GGAGTGGGAG \GCAATGGGCAGCCGGAGAACAACTACAAGACC

CGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC TATAGCAAG

FTCA@PTGJ&AAC»\UCAUUT\;GCAJCZ\G.JG@AMPT”'WT'“P/\TGM
TCCGTGATGEGCATGAGGCTCTEGCACAACCACTACACGCAGAAGAGCCTC
TCCCTGTCCCCEEET

234 {NA sequence of CAGGTTC CTCP% CTGGAGCTG

101 1.32 VH TCAGTGE T Cn]\cr("(\\,*L T\
GGTATCAGCTGGEG ACAGGCCCCTEGA
GGATGGATCAGCAC’." AC,AAT SGETGGE ;3."_
CACGG@AGACTCPCZl”LACCALALAvd*’ICQ;vuLGC*VA CCTAC
ATGGE BGCC 'CTGACGACACGGCCGTGTATTACTGT
5C GGGGGCTTATAGAGGGGGTA
C C ’JGTCTCCT\“ )

AA sequence of

101 1.32 full length
heavy chain with
affector null mutation
IgG1 constant domain
{(1D1 1.32-higG1-3m-
HC)

W) C i
p<@
)

j

&3

Z

=

[

[DTSTE AYMEL ‘oLR‘*')

P GO

Ra "x 7““v’bbF«STKGQS'\/"F‘ PLAP 6KL>'TJ""
TZ{ALC’CLVKT\ E Pm? r‘7“\:\1]‘10(_ ALTSGVHTIPAVILOSSGLYS

@

D] O‘
=
o
|95)

<G

VIVPSSES JTYTONVNHEESNTHY II'I\ VEPKSCDKTH CPAPLE
AAGAPSVELFPRPKPRDTLMISRIPEVICVVVDVSHEDPEVETNWYVDG

VEVANAKTRPREEQYNSTYRVVSVLIVLAQDWINGKEYKCKY S”'\
LXQl"'Yl’l SRAKGOPREPOVYTLEPSREEMTRKNQVILTCLVKG YPSDI
AVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSEWQOGNVESC
SVMHEALHNHYTOKSLSLSPG
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NA sequence of

101 1.32 full length
heavy chain with
affector null mutation
IgG1 constant domain
(101 1.32-higG1-3m-
HCY

f,nb”m‘”” hCTCTbUhL”thGJTCAﬂbHA "”TC =GGCC

qﬁGpTGﬂuTprfP“qu FPTuG?C

AN
CTTM. .“ TCL,TLv v\,nCA AC

~ e~

B AGAGGGGEGET
GGGACCACGEICACCETC CTCCTCAGEGT '\,.GAL."A AG
Ie

H.q

5GCH CGG
GGCCCATCGGTICTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGE
GGCACAGCGGCCCT CnuCTG“C TCAAGGACTACTTCCCCGAALCG
GTGACGGTGTCET \ CCCTGACCAGCGGCGTGCACACC
TTCCCGGE U¢C"TACHC¢VV A CTCCCTCAGCAGCGTG
GTGACCGTGCCCTCCAGCAGTT WCATCTGCARC
GTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCC
AAATCTTETGACAAAACTCACACATGCCCACCGTGUCCAGCACCTGAA

GCCGCTHOGECACCETCAGTY

STCTECCCCCCAAARCCCARGGAL

(

ACCCICATGATCTCCCGGACCCCTGAGGTCACATGCETGGTGE
GTQAC”“ApG?AT%Cp“hCTF TCATGTW ACTGGTACGTGGACGGC
fale

B
GCGGGAGGAGCAGTACAAC
CGTCCTGCACCAGGACTEG
& G TCTCCARCARAAGCCCTCCCA
GCCCCCATCGAGAAARACCATCTCCAAAGCCAAAGGGCAGCLCCGAGAA
CCACAGGTGTACACCCTGECCCCCATCCCGGGAGGAGATGACCARAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCC_GGAGTGGGAG \GCAATGGGCAGCCGGAGAACAACTACAAGACC

CGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC TATAGCAAG

(‘TCAK,\,"‘TG\\)AK,Z\A(\;\UC/xu\_rT‘;GCAGCZ’\C-JGQZ\A(‘PT’"'“T'"h(\/\TG\,
TCCGTGATGEGCATGAGGCTCTEGCACAACCACTACACGCAGAAGAGCCTC
TCCCIGTCCCC :GCS"

241 NA sequence of CAGGTTC CTGGAGCTG

101 133 VH TCAGTGA Cn]\n(v(\\,¢k Tq?
GGTATCA \,Aacvf*cm,%?
GGATGGA a(,AAT SGTGTCACAC
CAGGGCAG: VCCATGACCACAGACACG r(,c, 'W(JLcj(:* CAGCCTAC
ATGGE ( g 'CTGACGAC ALC"%L TGTA T'L'_'"_ CTGT
C TCEGGGECTTATAGAGEGGETA
GC C ’JGTCTCCT\v )

242  {AA sequencs of QVQLVQ \PGOGLEWM
101 1.33 full length  {GWISTY ‘D'I'. T; Azm bLRW DTAVYYC
heavy chain with ARENYYGSGAYRG \_:[\’ll)h"'(;z', 7“‘V.5>F«5-’1‘KG PSVEPLAPSSKSITSG
effector null mutation [GTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVILOSSGLYSLSSV
IgG1 constant domain [VIVPSSSLGTOTY ICNVNHKPSNTK \v::':\ VEPKSCDKTH CP2

(101 1.33-higG1-3m-
HO)

>

\" SN
=<
o
U
)

U

AAGAPSVELFPPKPEDTLMISRTPEVTICVVVDVSHEDRPEVKIN®
VEVANAKTRPREEQYNSTYRVVSVL /LHQDWM\GREX\LK’S”X
APTEKTISKAKGOPREPOVYTLEPSREEMTRKNOVELTCLVKGEYRPSDT
AVEWESNGOPENNYKTTPPVLDSDGSFPLY SKLTVDESREWQQGRVESC
SVMHEALHNHYTOKSLSLSPG
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243  iNA sequence of
101 1.33 full length T
heavy chain with Gt o

effector null mutation GGATGG};A,: G f‘.sCTTZA( «\ATC—L;TL i
IgG1 constant domain GCRAGAGTC TGACCACAGACACGTCCACGCGCACAGCCTAC

I‘,t«(:f““ SGTG hLT’JTbUth‘I‘s’.:r«Gd‘l‘CAAbHA (‘"TC ~GEGECC

{101 1.33-higG1-3m- e AGATCTGACGACACGE "C
HC) CGAG! / AC'"'"A!GCTT CGEGEECTTA
y ~CAC

SGCL CGGTCAQCGTPELL1CACFG'LGALhAAG
GGCCCATCGGTCT ICJGCALQ "”C(\I'LLAACUG\“A C

GGCACAGCGGCCCT G
GTGACGGF’—'CTCG P'Gk_, “’“r—(\'/“CbZ\ r(‘.(\'GCGT
TTCCCGGE .hTﬁbTv_thnj

o
~
A
o~
{
Lz
7 =l A T P
GTGACCGET G\,Ck/ O _..‘.\TC[&\’I\, i y WCATCT G\,J.Lzb'\,
Nelelels,
7
A

TLP“ C
CGUCT

GTGAATCACAAGCCCAGCAACACCAAGS 'me( AA(JA_FLA(‘TT A
AAATCTTGETGACARAACTCACACATGCCCACCGTGCCC ACCHJ CTGA.
GCCGCTGGGEECACCET LVA(;T\’" CTCTTCCCCCCAAAACCCAAGGAC

(

ACCCICATGATCTCCCGGACCCCTGAGGTCACATGCETGGTGE
GTGAGCCACGARAG Lka,’“hf‘ﬁ” > TCAA GT"" ACTGGTACGTGGACGGC
fale

B
GCGGGAGGAGCAGTACAAC
CGTCCTGCACCAGGACTEG
& G rCT T(f ACAAAGCCCTICCCA
GCCCCCATCGAGAAARACCATCTCCAAAGCCAAAGGGCAGCLCCGAGAA
CCACAGGTGTACACCCTGECCCCCATCCCGGGAGGAGATGACCARAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
GCCC TGGAGTGGEAGAGCAATGGGCAGCCGGAGAACAAC TACAAGACC
CGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTC TATAGCAAG

FTCAWPTGUFNAAC:\UCAUUTJGCAJCZ\GJGL.AAFPT““T'“W‘ ATGC
TCCGTGATGEGCATGAGGCTCTEGCACAACCACTACACGCAGAAGAGCCTC
TCCCIGTCCCC :GG"

248  {NA sequence of CAGGTTC

181 1.34 VH TCAGTGE
GGTATCAGCTGE :
GGATGGATCAGC LC'." GCACGGA u\,h" z
CAGGGCAGAGTCACCA! ‘(,ACCZALACJA\,A CG l’(,(, 'W(JL GCACAGCCTA
ATGGE BGCC 'CTGACGAC ALC""LL TGTATTACTG f
5C GGGGGCTTATAGAGGEGGTA
C C ’JGTCTCCTb )

G.

249  {AA sequencs of Q \PGOGLEWM
101 1.34 full length GWISTYN M DT STE Az&L bLR«')\i_AJY"x."
heavy chain with ARENYYS oUhVR uEx’:l)h“r(;-, 7““v’.5>}“«5’l"KG PSVFPLAPSSKETSG
affector null mutation {GTAALGCLVKDYY P‘zu? TTVSWNSGALTSGVHTFPAVLOSSGLYSLISV
IgG1 constant domain [VIVPSSSLG NVNHKFSNTK \V::'I\ VEPKSCDKTH CPAPE
(101 1.34-hlgG1-3m- AI.GZ.DSVF._.FPWP {DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG

;J
f

HC) VEVANAKTRPREEQYNSTYRVVSVLIVLAQDWINGKEYKCKY S”K
' Lﬁ’l"'Yl’l SRAKGOPREPOVYTLEPSREEMTRKNQVILTCLVKG YPSDI
AVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSEWQOGNVESC
SVMHEALHNHYTOKSLSLSPG
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250 NA sequence of CAGGTTCAGCTGGTG hC"""”‘bGAGf‘I‘(Jr«GdTCﬂdb »’& ("”IC =GGCC

101 1.34 full length TCAGTGAAGGTCTCCTGCAAGGCCTCTGGTTAC CTACTAT
heavy chain with GGTATCAGCTGGGTGCGACAGGCC (‘PTGG-ACZ»\?‘GGGCTTC \GTGGATG
effector null mutation 1GGATGGATCAGCACTTACAATGGTAAGACACACTATGCACGGATGCAC
IgG1 constant domain CAGGGCAGAGTCACCATG.«“—\.CCACAGF\.CAC?T(TCACGCGC?.\JAGCCTZ.C
{101 1.34-higG1-3m- (ATGGAGCIGAGGAGCCTGAGATICTGACG T¢ TACTGT
HC)Y GCGAGAGAGAATTACTATGGETTCEEEEEC "ATGGAC
GCCTGEGGCCAAGGGACCACGGTCACCETCTCC lf‘ C ,G'TL‘CJ?&C CAAG
GGCCCATCGETCTTCCCCCTGGCACCCTCCTCCAAGAGTCALCTCTG (J\_r
AA

GGCACAG ;;GCTGC_'F TCAﬁnuApTAFerbbh

GTGACGG ACTCAC CGCCC
TCCCGGEE \GGAC

e
3

LAV

CCCTC _../\.\-;CAG:T GGGCAL
SCCCAGCARCACCAAGH]
ACARAACTCACACATGCCCAC C,C T G‘*Cx AC CACCTGAA
ACC STC Z‘n(;:'f\""? ,C'T'f‘T' CCCCCCARAACCCAAGGAT
'CAT’LUl sGTEG :

ANCTGGTACGTGGACGGT
AGG CCG‘&GL.Z\ T CAGTACAAC
AGCE A\CGT TCCTGCACCAGGACTGG
CTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAALGCCCTICCCA
SCCCCCATCGAGAAANCCATCTCCAAAGCCAAAGGGCAGCUCCGAGAA
CCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATC
TGGAGTGGCAGAGCAATGGGCAGCCGGACGAACAACTACAAGACC
? CGCCTCCCGTECTGGACTCCGACGGCTCCTTCTTCCTCTATAGCARG

= T GA

AAATCTTH

GCCGCTS
ACCCTCATGE

G-TG"‘JVJC

.)’

/

CTCACCGTGGACAAGAGCAGGTGGCAGCAGGGCGAACGTCTTCTCATGC
TCCGTGA “‘CCAMWK GGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCC("“""T CCGGEET

-

254 |AA sequence of GQEF‘ SH
recombinant soluble  IWEHELGLAFTK!
human TLTA DAGRPNKPDSZ
(rsTL1A) GAMFSLOEGDKR

R
24

]

<
=

SDEQLK

el v
KL“‘T"SL”\“}TLELSI.

255 AA sequence of RIVAAPSVFIFFPP
human wild type SGNSQESVIEQDS

kappa constant PVTKSFNRGEC

domain (CK)

ALQ
Y}u "‘]1\7’1‘HQ(5 53

256 AA sequence of VEPLAPSSKETSG! ALTS
human wild type LOSSGLYSLSSY S )TY TNV VDE
ilnG1 constant region [KN S3CDKTHICPPCPAPELLGGRSVELE PK“”P'IMAK
{hlgG1) VVVDVSHEDPEVEFNWYVDGVEVENAKTRPREEQY on\R

HODWLNGKEYKCEVSNKALPAPIEKTISKAKGQPREPD
MIKNQVSLTCLVKGFYPSDIAVEWE SNGCPENNYKTTPE
LYSKLTVDKSRWQQGNVESCEVMHEEALENAY TOKRSLS LS

257 AA ssquence of ASTKGESVFPLAFS3KSTSGGTAALGCLVKDYFFEPVIVSWNSGALTS
human IgG1 triple GVHTFPAVLO v'$ TVPSSSLGTQTY ICNVNHKPSNTKVDHE
mutant {3m) effector |KVEPKS AGK PSVELFPPKPRKDTLMISRTIPEVIC

null mutant constant v‘v’\f 0y HNAKTKPREEQYNSTYRVVSVI T‘f'L
ragion QDWLN ‘&hYVLKVQ,””“" Pl TTSKAKGOPREPQVYTLPPSRE
(higG1-3m) lv“'l‘ ENOVSLTCLVKGFY PSDIAVEWE SNGOPENNYRKTTPPVLDSDGSEE

LYSKLTVDESRWQOGNVESCSVMHEEALHNHY TOKSLSLIPG

frd

258 | AA Sequence of MAEDLGLSFGE aqvaM.ﬁh {GSCRPKARSSSARWALTCCLVL
human TL1A GLTTYLLVSQLRAQGEACVOFQALKGOEFAPSHOOVYAPLRADG
(human TL1A) ABRLTVVRQT PTOHFKNQF PALHWEHELGLA

VETKNRMNY TNKELL
GRYFIYSQVTFRGMTSECSEIRQAGRPNKEPDSITVVITEVTD ‘3
CLLMGTKSVCEVGSNWECPIYLGAME SLOEGDKLMYNVSDISLY

JGS
FRRTEREATT. (T
EDKTFFGAFL{L)
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259 AA Sequence of TGLRKGQEFAPSHQOVYAPLRADGDKPRAHLTVVROTPTOHRL
recombinant soluble [HWEHELGLAFTKL TREFLLIFPESGDYFVYSO
cynomalgus monkey [ROAGRENKPDSITVVITKVTDSYPE
TL1A LGAMFSLOESDKIMVNVSDISLVD:
{cyno rsTL1A)

EKNQFPAL
"RGMTSEC

.'P'MFI\T}Z uhT .L

260 AA Sequence of AITEERSEFPSPOOVYSPPRGKPRAHLTIKKQTPAPHIENCLSALHWEH
recombinant soluble FLUPM\PT{( GMKYINKSLVIPES GEY?’T\ S -

murine TL1A

{murine rsTL1A)

261 AA Saquence of rat | TGVTEERSAPSAQPVYTPSRIKPKAHLTIMRQTES
recombinant scluble /b .._J\’lrﬁ. SGDYFIVSQIT
TLiA RRPKKPUSITVVITRVZ PEPAHLLTGTRSVCE
{rat rsTL1A) LE DKTFFGAFLI

262 AA Sequence of
recombinant soluble [HWEHELGL? _E‘“M /
rabbit TL1A NORRROTKPDSIVVVI ’Mv f DNYPEPAQLLTGTESY
{rabbit rsTL1A) GAMFSLEEGDKIMVNVSDVSLVDY TEEDKTFFGAFLL

374  |Consensus CH1 G F
sequence of ¥
antibodiss across
epitope bins 1, 2A and
2B

F 5 N ¥ A L
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375 Consensus CH1 G Y
sequence of
antibodies across
epitope bins 2A and
2B

T A e @
=

376  |Consensus CH1 G Y
saquencs of
antibodies in epitope
bin 2B

Z,OCJW"OZDW"'EV"”

377 Consensus CH2 Lt s
saquencs of W p
antibodies across
epitope bins 1, 2A and
2B

¥ A DS V K
5§ AK
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o ow
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378 Consensus CH2 Wl N G NG N T

A Y5 4K F QG
sequence of S T ¥ G K )

p

5

ARM L
antibodies across
epitope bins 2A and
28

T Zz X
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Consensus CHZ
sequence of
antibodies in epitops
bin 28
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P G K N R M H
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S
A K

Consensus CH3
sequence of
antibodies across
aepitope bins 1, 2A and
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MDD V DI
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3
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Consensus CH3
sequence of
antibodies across
epitope bins 2A and
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382

Consansus CHJ
sequence of
antibodias in epilops
hin 28

ENY ¥ &6 5 G 5 Y R G G MD V
A F A

G

383

Linker sequencs

GCGGGESEGEESEEGEEE

384

Consensus CH1
sequence

G ¥ 5 F T Y Y Gt 5
D R H
G
N
P

385

Consensus CH2
sequencs

T N YAOQM L QG
K H R H

Z 0O » =

<

386

Consensus CH1
sequencs

Y & {+ N
A M H

387

Consansus CHZ
sequence

w i 5T ¥ NG NT NS A O K L

N A G K vy § F

QG

388

Consensus CH3
sequencs

A H 5SS 5 WF DAF DU
G Y A

388

Consansus CH1
sequence

9]
i
Z

390

Consensus CHZ
sequence

K'Y Y A DSV
N

K G

301

Consensus CH3
sequence

D R E Y C T Y
N Y & 5

5 € 3

D
S
N
S ¥ DA F D
c

392

56X Histidine Tag

HHHHHH

393

Forward PCR primer

5 CAACAGCTACAGGCGCGCACTCOCAGGTTCAGCTGGTG 3

394

Raverse PCR primey

5 GACCGATGGGCCCTTGGTCGACGCTGAGGACGACGGTGAC
3

Recognition sequence

DEVD
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CLAIMS

What is claimed is;

1. An isolated antibody or anligen-binding fragment thereof that specifically binds
tumor necrosis factor-like ligand 1A (TL1A), wherein the antibody or antigen-
binding fragment thereof competes for binding to TLAT with or binds the same
TLA1A epitope as the antibody selected from the group consisting of 101 1.31,
26811, 9B3, 7D4, 22F9, 15A8, and 15C11.

2. The antibody or antigen-binding fragment thereof of claim 1, comprising a
heavy chain variable region (VH) comprising:

a. a VH complementarily determining region one {(CDR-H1} comprising an
amine acid seguence selected from the group consisting of SEQ 1D
NOs:374, 375 and 376.

b. a VH complementarity determining region fwo (CDR-H2) comprising an
amino acid sequence selected from the group consisting of SEG 1D
NQOs: 377, 378 and 378; and

¢. a VH complementarity determining region three (CDR-H3) comprising
an amino acid sequence selecled from the group consisting of SEQ 1D
NOs: 380, 381, and 382.

3. The antibody or antigen-binding fragment thereof of any one of the preceding
claims, comprising a VH comprising:

a. a CDR-H1 comprising the amino acid sequence of SEQ 1D NO: 376;

b. a COR-HZ comprising the amino acid sequence of SEQ D NO: 379;
and

¢. a COR-H3 comprising the amino acid sequence of SEQ 1D NO: 382.

4. The antibody or antigen-binding fragment thereof of any one of the preceding
claims, further comprising a light chain variable region (VL) comprising an
amino acid sequence that is at least 90% identical {o an amino acid sequence
selected from the group consisting of SEQ 1D NQs: 102, 1, 22, 36, 50, 64, and
88, and further a heavy chain variable region (VH) comprising an amino acid
sequence that is at least 90% identical 1o an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 226, 3, §, 24, 38, 52, 66, 68, 70, 90,
104, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142,
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9.

144, 146, 148, 150, 152, 154, 1566, 158, 160, 182, 164, 186, 168, 170, 172,
174, 176, 178, 180, 182, 184, 186, 188, 180, 192, 184, 196, 188, 205, 212,
219, 233, 240, and 247,
The antibody or antigen-binding fragment thereof of any ong of the preceding
claims, comprising a light chain variable region (VL) comprising the amino acid
sequence of SEQ ID NQO: 102, and further comprising a2 heavy chain variable
region (VH) comprising the amino acid sequence of SEQ 1D NO: 226.
The antibody or antigen-binding fragment thereof of any one of the preceding
claims, comprising a human IgG1 CHZ domain having the following amino
acids at the indicated positions: 2344, 2354, and 237A, wherein the positions
are numbered by the EU numbering system.
The antibody or antigen-binding fragment thereof of any one of the preceding
claims, comprising:
a. a VH comprising a T or R at position 77, according o the numbering of
SEQ D NO:226; and
b. a VH comprising a D or E at position 82, according fo the numbering of
SEQ D NO:226.
The antibody or antigen-binding fragment thereof of any of the previous claims,
comprising:
a. a VH comprising:
i. a CDR-H1 comprising the amino acid sequence of SEQ D
NQO:202;
fi. a COR-H2 comprising an aminc acid sequence selected from
SEQ D NO: 203, 210, 217, 224, 231, 238, 245, or 252;
i, a CDR-H3 comprising an amino acid sequence selected from
SEQ D NG 232, 204, 211, 218, 225, 239, 246, or 253; and
b. a VL comprising a VL complementarity delermining region 1 (CDR-L1)
having the amino acid ssguence of SEQ D NO:11G, a VL
complementarity determining region 2 (CER-LZ} having the amino acid
sequence of SEQ 1D NO:111, and a VL complementarity determining
region 1 {CDR-L3} having the amino acid sequence of SEQ D NO:112.
The antibody or antigen-binding fragment thereof of any ong of the preceding
claims, comprising an amino acid sequence selected from the group consisting
of:

280



WO 2015/073580 PCT/US2014/065293

A VH comprising the CDR-H1 amino acid sequence of SEQ D
NQO:230, the COR-HZ amino acid sequence of SEQ NO:Z31, the COR-
H3 amino acid sequence of SEQ 1D NO:Z32, and a VL comprising the
COR-L1 amino acid sequence of SEQ 1D NOC:110, the CDR-L2 aming
acld segqusnce of SEQ 1D NO:111, and the CDR-L3 amino acid
sequence of SEG 1D NO:112;

A VH comprising the CDR-H1, COR-H2, and CDR-H3 of the VH amino
acid sequence of SEQ 1D NG:226, and a VL comprising the CDR-L1,
CDR-L2, and CDR-L3 of the VL amino acid seguence of SEQ ID
NO:102;

A VH comprising the amino acid sequence of SEQ ID NO:226 and a
VL comprising the amino acid sequence of SEQ 1D NG102;

A heavy chain (HC) comprising the amino acid sequence of SEQ D
NO:228 and a light chain {(LC) comprising the amino acid seguence of
SEQ D NO:106;

A VH comprising the COR-H1, COR-H2, and CDR-H3 of a VH encoded
by the nucleic acid seguence of SEQ 1D NO:227, and a VL comprising
the CDR-L1, CDR-L2, and CDR-L3 of a VL encoded by the nucieic
acld sequence of SEQ 1D NG:1035;

A VH encoded by the nudleic acid sequence of SEG 1D NO:227, and a
VL encoded by the nucleic acid sequence of SEQ 1D NO03;

A heavy chain encoded by the nudleic acid sequence of SEQ 1D
NQO:229, and a light chain encoded by the nucleic acid sequence of
SEQ D NO:107; and

A VH encoded by a nucleic adid encoding the amino acid sequence of
SEQ 1D NO226 and a VL encoded by a nucleic acld encoding the
amino acid sequence of SEQ 1D NO:MOZ.

10, An antibody or antigen-binding fragment thereof that specifically binds tumor

necrosis factor-like ligand 1A (TL1A), comprising an amino acid sequence

selected from the group consisting of:

a.

A WVH comprising the CDR-H1 amino acid seguence of SEQ ID
NO:230, the COR-H2 amino acid sequence of SEQ NO:231, the CDR-
H3 amino acid sequence of SEQ D NO:232, and a VL comprising the
CDR-L1 amino acid seguence of SEQ 1D NO:110, the CDR-L2 amino
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1.

12.

acid seguence of SEQ ID NG:111, and the CDR-L3 amino acid
saguence of SEQ 1D NOG:112;

b. A VH comprising the CDR-H1, COR-H2, and CDR-H3 of the VH amino
acid sequence of SEQ 1D NG:226, and a VL comprising the CDR-L1,
CDR-LZ, and CDR-L3 of the VL amino acld seguence of SEQ D
NO:02;

c. A VH comprising the amino acid seguence of SEQ 1D NO:226 and a
VL comprising the amino acid sequence of SEGQ D NGC:102;

d. A heavy chain (HC) comprising the amino acid sequence of SEQ 1D
NQO:228 and a light chain {L.C) comprising the amino acid sequence of
SEQ D NO:10g;

e. A VH comprising the COR-H1, COR-HZ, and CBR-H3 of a VH encoded
by the nuclelc acid sequence of SEQ 1D NQO:227, and a VL comprising
the CDR-L1, CDR-L2, and CDR-L3 of a VL encoded by the nucieic
acld seguence of SEQ 1D NC:103;

f. AVH encoded by the nucleic acid sequence of SEQ 1D NO:227, and a
Vi encoded by the nucleic acid seguence of SEQ 1D NO:103;

g. A heavy chain encoded by the nucleic acid sequence of SEQ ID
NO:Z29, and a light chain encoded by the nudleic acid sequence of
SEQ 1D NO:107; and

h. A VH encoded by a nucleic acid encoding the amino acid seguence of
SEQ 1D NGC:226 and a VL encoded by a nucleic add encoding the
amino acid sequence of SEQ 1D NOG:102.

An isolated antibody comprising a VH encoded by the nucleic acid seguence of
the insert of the vector deposited as 101 1.31 VH having ATCC accession
number FTA-120638 and a VL encoded by the nucleic acid sequence of the
insert of the vector deposited as 101 1.31 VL having ATCC accession number
PTA-120640.

An isolated antibody or antigen-binding fragment thereof that binds fumor
necrosis factor-like ligand 1A (TL1A), wherein:

a. the aniibody binds to at least one TL1A amino acid selected from the
group consisting of T30, V31, Va2, R33, Q34, T35, P38, T37, Q38,
H38, F40, K41, N42, Q43, F44, P45, E5O, H51, E52, LE3, G54, LS55,
ABB, F57, THhS8, R86, G87, M38, T89, EO1, G089, R100, P101, N102,
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K103, P104, D10&, 106, 5136, N137, F138, 8161, D162, [163, 5164,
L165, V166, D167, Y168, T168, K170, E171, D172, N42, F44, K105,
P104, D105, 8106, K113, T115, 8117, Y118, P119, E120, P121, T122,
Q123, M147, F148, 5148, and Q151, according o the numbering of
the amine acid sequence of TL1A as set forth in 8EQ 1D NO:254; or
the antibody binds o a homomuilimer of TL1A, the homomultimer
comprising at least a first and a second TL1A monomer, whersin the
antibody binds o a first epilope on the first TL1A monomer, wherein
the first epilope comprises al least one amino acid selected from the
group consisting of N42, F44, K103, P104, D105, §106, K113, T115,
S117, Y118, P18, E120, P121, T122, Q123, M147, F148, 5148, and
Q151, according i the numbering of the amino acid sequence of TL1A
as set forth in SEG 1D NO:254, and the antibody binds to a second
gpitope on the second TL1A monomer, wherein the second epifope
comprises at least one amino acid selected from the group consisting
of T30, V31, V32, R33, Q34, T35, P36, T37, (38, H38, F40, K41, N4Z,
Q43, F44, P45, EBO, HE1, EB2, LB3, Gh4, L55, AbG, F57, T58, R84,
G87, M88, 788, E81, G838, R100, P101, N102, K103, P104, D105,
S106, 8136, N137, F139, 8161, D162, 11863, 3164, L1865, V188, D167,
Y168, T169, K170, E171, and D172, according to the numbering of the
aming acid seguence of TL1A as set forth in SEQ 1D NO:254.

13.  The antibody or antigen-binding fragment thereof of any one of the preceding

claims, wherein:

a.

the binding of the antibody or antigen-binding fragment thereof o TL1A
causes a non-zerg change in buried surface area dus to integraction of
the antibody with a TL1A aminc acid selected from the group
consisting of R33, Q34, T35, P36, T37, Q38, H3Y, F40, K41, N42, P45,
E50, LA3, B4, LBS, F57, T58, Rbp, M88, T39, P101, N102, K103,
2104, D105, S136, N137, D162, 1163, 5164, Y1868, T168, K170, E171,
N42, K103, P104, D105, K113, S117, Y118, T122, $149, and Q151,
according to the numbering of the amino acid sequence of TL1A as set
forth in SEQ 1D NO254; or

the aniibody or anligen-binding fragment thereof binds o a

homomultimer of TLTA comprising at least a first and second TL1A
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14.

15.

16.

monomer, wherein the antibody binding to the first epitope on the first
TLTA monomer causes a non-zero change in buried surface area dus
to interaction of the antibody with a TL1A amino acid selected from the
group consisting of N42, K143, P104, D105, K113, S117, Y118, T122,
5148, and Q151, according fo the numbering of the aminc acid
sequence of TLTA as set forth in SEQ 1D NO:254, and the antibody
binding to the second gpitope on the second TL1A monomer causes a
non-zero change in buried surface area due fo interaction of the
antibody with a TL1A amino acid selected from the group consisting of
R33, Q34, T35, P36, T37, Q38, H39, F40, K41, N42, P45, E50, L53,
G54, L55, F57, T53, Ra6, M88, T8¢, P101, N102, K103, P104, D105,
S136, N1i137, D162, 1163, S164, Y168, T169, K170, and E171,
according to the numbering of the amino acid sequence of TL1A as set
forth in SEQ 1D NO:254.
The antibody or antigen-binding fragment thereof of any one of the preceding
claims, wherein one or more amino acld residues of the antibody participates
in a hydrogen bond with one or more amino acid residues in TL1A selected
from the group consisting of A5G, D232, £E171, £E52, H108, K111, K173, N112,
N172, N207, P108, P171, Q104, Q108, R188, R33, 5149, T122, T168, Y118,
Y188, and Y238, according to the numbering of the amino acid sequence of
TL1A as set forth in SEQ 1D NO:1254.
The antibody or antigen-binding fragment thereof of any one of the preceding
claims, wherein one or more amino acid residues of the antibody parlicipates
in a hydrogen bond with one or more amino acid residues in TL1A selected
from the group consisting of T122, 3148, £52, ABG, Y168, T168, and E171,
according to the numbering of the amino acld sequence of TL1A as set forth in
SEG D NO:254.
The antibody or antigen-binding fragment thereof of any one of the preceding
claims, wherein ong or more aming acid residues of the antibody participates
in a sall bridge with one or more TL1A amino acid residues selected from the
group consisting of R33, K41, ESB0, E52, and K113, according to the
numbering of the amino acid sequence of TL1A as set forth in SEQ 1D NO 254,
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17.

18.

18.

20.

21.

22.

23.

A pharmaceutical composition comprising an antibody, or antigen-binding
fragment thereof, according to any one of the preceding claims and a
pharmaceutically acceptable carrier or excipient.

A method of preventing, ameliorating or treating a diseass, disorder or
condition mediated by TL1A, comprising administering o a subject in need
thereof an effective amount of the antibody or an antibody or antigen binding
fragment thereof according to any of claims 1 - 16, or the pharmaceutical
compaosition of claim 17.

The antibody or anligen-binding fragment thereof of any of ¢laims 1 — 16, or
the pharmaceutical composition of daim 17 for use in the prevention,
amelioration or treatment of a disease, disorder or condition mediated by
TLAA.

Use of an antibody or antigen-binding fragment thereof of any one of claims 1
~ 18, in the manufaciure of a medicament for the prevention, amelioration or
treatment of a diseass, disorder or condition mediated by TL1A

The method of claim 18, the antibody or antigen-binding fragment thereof of
claim 19, or the use of an antibody or antigen-binding fragment thereof of claim
20, wherein the disease, disorder or condition is at least one selected from the
group consisting of inflammalory bowel disease (IBD), Crohn's disease,
ulcerative colitis, asthma, allergies, diabetes mellitus, arthritis, rheumatoid
arthritis, juvenile rheumatoid arthritis, ostecarthrilis, psoriatic  arthritis,
ankylosing spondylitis, multiple sclerosis, transplant rejection, graft-versus-host
disease {GVHD), spondyioarthropathy, primary sclerosing cholangitis |, primary
biliary cirrhosis, atherosclerosis, bladder syndrome/intersticial cystitis, Urinary
bowel disfunction, sepsis, uveitis, encephalomyelitis, myasthenia gravis,
systemic lupus ervthematosus, culaneous lupus erythematosus, aulolmmune
thyroiditis, atopic dermatilis, eczemalous dermatitis, psoriasis, Sjogren's
syndrome, sclercderma, and vasculilis.

A method of detecting TL1A in a sampls, tissue, or cell, comprising contacling
said sample, tissue or cell with the aniibody or antigen-binding fragment
thergof according to any of claims 1 — 16, and detecting said antibody, thereby
detecting TL1A in the sample, tissue or cell.

An isolated nucleic acid encoding an antibody, or antigen-binding fragment
thereof, of any of ¢laims 1 - 16.
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4.

An isolated nucleic acid encoding an antibody, or antigen-binding fragment

thereof, that specifically binds TL1A, wherein said nucleic acid is selected from

the group consisting oft

a.
. the nucleic acid segquencs of SEQ 1D NO: 105,

g.

=

QT e

o

@

the nucleic acid sequence of SEQ D NO:103;

]
c. the nucleic acid sequence of SEQ D NO:10T;
d.
e
f

the nucleic acid sequance of SEQ 1D NO:108;

. the nucleic acid sequence of SEQ ID NO:103 and 105;

the nucleic acid sequence of SEQ 1D NO:107 and 109;

the nudleic acid sequence of the insert of the vector deposited as 101
1.31 VH having ATCC accession number PTA-120639;

the nudleic acid sequence of the inserl of the veclor deposited as 101
1.31 VL having ATCC accession number PTA-120640;

the nucleic acid seguence of the insert of the vector deposited as 101
1.31 VH having ATCC accession number PTA-120639 and the nucleic
acid sequence of the insert of the vector deposited as 101 1.31 VL
having ATCC accession number PTA-120640;

the nucleic acid sequence of SEQ 1D NO:227;

the nucleic acid sequence of SEQ 1D NO; 226;

the nucleic acid sequence of SEQ D NO:227 and 103;

. the nucleic acid sequence of SEQ D NO:229 and 107;

the nucleic acid sequence of SEQ 1D NO:19¢;
the nuclelc acid sequence of SEQ 1D NO: 201;
the nucleic acid sequence of SEQ D NO:188 and 103;
the nucleic acid sequence of SEQ 1D NO:201 and 107;
the nucleic acid sequeance of SEQ 1D NO:206;
the nucleic acid sequence of SEQ (D NO: 208;
the nudleic acid sequence of SEQ D NO:206 and 103;
the nucleic acid sequence of SEQ D NOZ08 and 107,
the nuclelc acid sequence of SEQ 1D NO:2135;
the nucleic acid sequence of SEQ 1D NO: 215;
the nucleic acid sequence of SEQ D NO:213 and 105;
the nucleic acid sequence of SEQ 1D NO:215 and 107;
the nucleic acid sequence of SEQ D NO:220;
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aa.the nucleic acid sequence of SEQ 1D NO: 222,

bb. the nucleic acid sequence of SEQ 1D NO:220 and 103;
¢C. the nucleic acid sequence of SEQ D NO:222 and 107;
dd. the nucleic acid sequence of SEQ 1D NO:234;

ge. the nucleic acid sequence of SEQ 1D NO: 238;

ff. the nucleic acid sequence of SEQ 1D NO:234 and 103;
g4a. the nucleic acid sequence of SEQ 1D NO:236 and 107;
hh.the nucleic acid sequence of SEQ 1D NO241;

. the nucleic acid sequence of SEQ 1D NO: 243;

i the nucleic acid sequence of SEQ 1D NO:241 and 103;
kk. the nucleic acid sequence of SEQ 1D NG:243 and 107;
H. the nucleic acid sequence of SEQ 1D NO:248;

FTHT. the nucleic acid sequence of SEQ 1D NO: 250;
nn. the nucleic acid sequence of SEQ 1D NO:248 and 103;
00, the nucleic acid sequence of SEQ D NO:Z50 and 107,
pp. the nucleic acid sequence of SEQ 1D NO:65;

qg. the nucleic acid sequence of SEQ ID NO: 67;

ir. the nucleic acid sequence of SEQ 1D NO:8S;

ss. the nucleic acid sequence of SEQ D NO: 71;

tl. the nucleic acid sequence of SEQ D NO:73;

Uik the nucleic acid sequence of SEQ D NO:75;

vv. the nudleic acid sequence of SEQ ID NO:67 and 65;
W, the nucleic acid sequence of SEQ 1D NO:69 and 65;
). the nucleic acid sequence of SEQ ID NO:71 and 65;
vy. the nucleic acid sequence of SEQ 1D NG:73 and 75;

zz. the nucleic acid sequence of 3EQ ID NO:2;

aaa. the nuclelc acid sequence of SEQ 1D NO: 4;
bbb. the nudcleic acid seguence of SEQ 1D NO:6;
Coe. the nucleic acid sequence of SEQ D NO:§;
ddd. the nucleic acid sequence of SEQ 1D NG,
gge. the nucleic acid sequence of SEQ 1D NO:12;

fff. the nucleic acid sequence of SEQ 1D NO4 and 2;
aa4q. the nucleic acid sequence of SEQ 1D NO:6 and 2;

hhh. the nuclelc acid sequence of SEQ 1D NO:10 and 8; and
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fil. the nucleic acid sequence of SEQ 1D NO2 and 8.

25. A vector comprising the nucleic acids of any of claims 23-24.

26. A host cell comprising the vector of claim 25, wherein the cell is & bacterial
call, a fungal cell, an insect cell or & mammalian cell.

27. A method of producing an antibody, or antigen-binding fragment thereof, that
specifically binds TL1A, said method comprising culturing the host cell of claim
26 under conditions wherein saild antibody is expressed, and further
comprising isolating sald antibody.
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9B3 VH1

9B3 VH2

9B3 VL

15A9 VH

15A9 VL

15C11 VH

15C11 VL

22F3 VH

22F8 VL

QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYALHWVRQAPGKGLE
WVALISYDGSDKYYADSVKGRFAISRDNSKNTLYLQMNSLRAEDTAVY
YCARDREYCTYSSCSYDAFDIWGQGTMVTVSS

QVQLVESGGGVVQPGRSLRLSCAASGFTFSSFAMHWVRQAPGKGLE
WVALIPFDGSSNYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVY
YCARDRNYYGSGSFSFDAFDIWGQGTLVTVSS

DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWYQQKPEKAPKSLI
YAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDYATYYCQQYNSYPY
TFGQGTKLEIK

QVQLVQSGAEVKKPGASLKVSCKASGYPFTNYGISWVRQAPGQGLE
WMGWISTYNGNTHYAQKLQGRVTMTTDTSTTTAYMDLRSLRSDDTA
VYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLI
YDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWP
WTFGQGTKVEIK

QVQLVQSGAEVKKPGASVKVSCKASGYSFTITYGISWVRQAPGQGLE
WMGWISTYNGNTHYAQKLQGRVTMTTDTSTRTAYMELRSLRSDDTA
VYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLI
YDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWP
WT

QVOLVQSGAEVRKKPGASVRKVSCKASGYTFTSYAMHWVROAPGORLE
WMGWINAGNGNTKYSOKFQGRVTITROTSASTAYMELSSLRSEDTAY
YYCARGYSSAWEDAFDIWGQGTMYTVSS

AIQLTASPSSLSASVGDRVTITCRAGQGISSALAWY QUKPGKAPKLLIY
DASSLESGVPSRFSGEGEGTRFTLTISSLAQPEDFATYYCQQENSYPLY
FGGGTKVEIK
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26B11 VH1 QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYALHWVRQAPGKGLEW
VALISYDGSDKYYADSVKGRFAISRDNSKNTLYLQMNSLRAEDTAVYYC
ARDREYCTYSSCSYDAEDIWGQGTMVTVSS

26B11 VH2 QVQLVESGGGVVQPGRSLRLSCAASGFTFSSFAMHWVRQAPGKGLE
WVALIPEDGSSNYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CARDRNYYGSGSFSFDAFDIWGQGTLVTVSS

26B11 VH QVQLVESGGGVVQPGRSLRLSCEASGFTFSNYAIHWVRQAPGKGLEW
MDX VALIPYDGSNNYYAASVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARDRNYYGSGSEFSFDAFDIWGQGTMVTVSS

26B11 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQQKPEKAPKSLIY
AASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSYPYTF
GQGTKLEIK

7D4 VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTS YGINWVRQAPGQGLEW
MGWISTYNGNTNSAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYY
CARAHSSSWFDAFDIWGQGTMVTVSS

7D4 VL AIQLTQSPSSLSASVGDRVTITCRASQGISSALAWYQQKPGKAPKLLIYD
ASSLESGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQENSYPLTFG
GGTKVEIK

1D1 VH QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVYY
CARENYYGSGSYRGGMDVWGQGTTVTVSS

1D1 VL EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIY
DASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWPWTF
GQGTKVEIK
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1D1 D5 VH

1D1 D18 VH

1D1 D21 VH

1D1 D24 VH

1D1 D25 VH

1D1 D28 VH

1D1 D29 VH

1D1 D31 VH

1D1 D37 VH

PCT/US2014/065293

3145

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGAFRGGMDGWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISTYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISTYNGKTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISPYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISTYNGATHYARMLQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISTYNGKTHYARMHQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISSYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGL
EWMGWISTYNGNKHYARMLQGRVTMTTDTSTRTAYMELRSLRSDD
TAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLE
WMGWISTYNGGTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDT
AVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS
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1D1 D38 VH

1D1 D39 VH

1D1 DH3 VH

1D1 DH8 VH

1D1 DH9 VH

1D1 DH10
VH

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGVTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNTHYAQMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISAYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISPYNGKTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDVWGQGTTVTVSS
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1D1

1D1

1D1

1D1

1D1

1D1

1D1

1D1

1D1

1.1 VH

1.2 VH

1.3 VH

1.4 VH

1.5 VH

1.6 VH

1.7 VH

1.8 VH

1.9 VH

5/45

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYNFTYYGISWVRQAPGQGLE
WMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYQFTYYGISWVRQAPGQGLE
WMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTHYGISWVRQAPGQGLE
WMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYNFRYYGISWVRQAPGQGLE
WMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYNFTHYGISWVRQAPGQGLE
WMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGKTNYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFRYYGISWVRQAPGQGLE
WMGWISTYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDVWGQGTTVTVSS
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1D1

1D1

1D1

1D1

1D1

1D1

1D1

1D1

1D1

10 VH

A1 VH

A2 VH

A3 VH

14 VH

15 VH

16 VH

A7 VH

18 VH

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISPYNGKTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFRYYGISWVRQAPGQGLE
WMGWISTYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYNFTYYGISWVRQAPGQGLE
WMGWISPYNGKTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTHYGISWVRQAPGQGLE
WMGWISPYNGKTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYNFTHYGISWVRQAPGQGLE
WMGWISPYNGKTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISPYNGGTHYAQMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISPYNGVTHYAQMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISPYNGATHYAQMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISPYNGNKHYAQMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS
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1D1

1D1

1D1

1D1

1D1

1D1

1D1

1D1

1.19 VH

1.20 VH

1.21 VH

1.22 VH

1.23 VH

1.24 VH

1.25VH

1.26 VH
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QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGGTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISPYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNTHYAQMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGVTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGATHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNKHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGKTHYARMHQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQGLEW
MGWISTYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAVY
YCARENYYGSGAYRGGMDAWGQGTTVTVSS
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1D1

1D1

1D1

1D1

1D1

1D1

1D1

1D1

1.27 VH

1.28 VH

1.29 VH

1.30 VH

1.31 VH

1.32 VH

1.33 VH

1.34 VH
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QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGNKHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGGTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGVTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGSYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGNTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDVWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGGTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGVTHYARMLQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDAWGQGTTVTVSS

QVQLVQSGAEVKKPGASVKVSCKASGYDFTYYGISWVRQAPGQGLE
WMGWISTYNGKTHYARMHQGRVTMTTDTSTRTAYMELRSLRSDDTAV
YYCARENYYGSGAYRGGMDAWGQGTTVTVSS
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of Light Chain Variable Domains:

DIOMTQSPSSLSASVGDRVTITCRASQGISNWLAWY QOKPEKAP
ATQLTQSPSSLSASVGDRVTITCRASQGISSALAWYQQKPGKAP
EIVLTOQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAP

KSLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLQOPE 81
KLLIYDASSLESGVPSRFSGSGSGTDFTLTISSLQPE 81
RLLTYDASNRATGIPARFSGSGSGTDFTLTISSLEPE 81

DFATYYCQQYNSYPYTFGQOGTKLEIK 107
DFATYYCQQFNSYPLTFGGGTKVEIK 107
DFAVYYCQQORSNWPWTEFGOGTKVEIK 107

Alignment of Heavy Chain Variable Domains:

1D1
D4
20B11

1D1
D4
20B11

1D1
D4
20B11

1
1
1

40
40
40

81
81
81

QVOLVQOSGAEVKKPGASVKVSCKASGYSFTYYGISWVRQAPGQOGL
QVOLVQSGAEVKKPGASVKVSCKASGYTFTSYGINWVRQAPGOGL
QVOLVESGGGVVQPGRSLRLSCAASGFTFSSFAMHWVRQAPGKGL

EWMGWISTYNGNTNYARMLQGRVTMTTDTSTRTAYM 80
EWMGWISTYNGNTNSAQKLQGRVTMTTDTSTSTAYM 80
EWVALIPFDGSSNYYADSVKGRFTISRDNSKNTLYL 80

ELRSLRSDDTAVYYCARENYYGSG. . SYRGGMDVWGQGTTVTVSS
ELRSLRSDDTAVYYCARAHSS. .... SWEDAFDIWGQOGTMVTVSS
QMNSLRAEDTAVYYCARDRNYYGSGSFSFDAFDIWGQGTLVTVSS

44
44
44

45
45
45

113
113
113
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Alignment of Light Chain Variable Domains:

22F9
D4

22F9
D4

22F9
D4

VL
VL

VL
VL

VL
VL

1
1

35
35

82
82

ATQLTQSPSSLSASVGDRVTITCRASQGISSALA 34
ATQLTQSPSSLSASVGDRVTITCRASQGISSALA 34

WYQQOKPGKAPKLLIYDASSLESGVPSRFSGSGSGTDFTLTISSLQPE 81
WYQQOKPGKAPKLLIYDASSLESGVPSRFSGSGSGTDFTLTISSLQPE 81

DFATYYCQQFNSYPLTFGGGTKVEIK 107
DFATYYCQQFNSYPLTFGGGTKVEIK 107

Alignment of Heavy Chain Variable Domains:

D4
22F9

D4
22F9

D4
22F9

VH
VH

VH
VH

VH
VH

1
1

39
39

81
81

* k%

QVQLVQOSGAEVKKPGASVKVSCKASGYTFTSYGINWVR 38
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYAMHWVR 38

* k% * k% *

QAPGQGLEWMGWISTYNGNTNSAQKLOGRVTMTTDTSTSTAYM 80
QAPGORLEWMGWINAGNGNTKYSQKFQGRVTITRDTSASTAYM 80

* * % *

ELRSLRSDDTAVYYCARAHSSSWEFDAFDIWGQOGTMVTVSS 113
ELSSLRSEDTAVYYCARGYSSAWFDAFDIWGQGTMVTVSS 113

|
85
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Alignment of Light Chain Variable Domains:

*

26B11 VL 1 DIQMTQSPSSLSASVGDRVTITCRASQGISNWLA 34
9B3 VL 1 DIQMTQSPSSLSASVGDRVTITCRASQGISSWLA 34

26B11 VL 35 WYQQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGIDFTLTISSLQPE 81
9B3 VL 35 WYQQKPEKAPKSLIYAASSLQOSGVPSRFSGSGSGTDFTLTISSLQPE 81

*

26B11 VL 82 DFATYYCQQYNSYPYTFGQGTKLEIK 107
9B3 VL 82 DYATYYCQQYNSYPYTFGQGTKLEIK 107

|
83

Alignment of Heavy Chain Variable Domains VH1 and VH2 of
antibodies 9B3 and 26Bl1l, and MDX-VH of 26B1l1(9B3 and 26Bll1
produce multiple functional heavy chains which have the same
sequences)

* kK

9B3/26B11 VH1 1 QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYALHWVR 38
9B3/26B11 VH2 QVQLVESGGGVVQPGRSLRLSCAASGFTFSSFAMHWVR 38
26B11 MDX 1 QVQLVESGGGVVQPGRSLRLSCEASGFTFSNYATIHWVR 38

=

* * * * *

9B3/26B11 VH1 39 QAPGKGLEWVALISYDGSDKYYADSVKGRFAISRDNSKNTLYL 80
9B3/26B11 VH2 39 QAPGKGLEWVALIPFDGSSNYYADSVKGRETISRDNSKNTLYL 80
26B11 MDX 39 QAPGKGLEWVALIPYDGSNNYYAASVKGRFTISRDNSKNTLYL 80

|
68

* Ak kK kK *

9B3/26B11 VH1 81 QMNSLRAEDTAVYYCARDREYCTYSSCSYDAFDIWGQGTMVTVSS 113
9B3/26B11 VH2 81 QMNSLRAEDTAVYYCARDRNYYGSGSFSFDAFDIWGQGTLVTVSS 113
26B11 MDX 81 QOMNSLRAEDTAVYYCARDRNYYGSGSFSFDAFDIWGQGTMVTVSS 113

|
108
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1D1 1
15A9 1
15C11 35
1D1 35
15A9 35
15C11 79
1D1 79
15A9 79
Alignment
15A9 1
15C11 1
1D1 1
15A9 36
15C11 36
1D1 36
15A9 81
15C11 81
1D1 81
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Alignment of Light Chain Variable Domains:

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLA 34
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLA 34
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLA 34

WYQOKPGQAPRLLIYDASNRATGIPARFSGSGSGTDEFTLTISSL 78
WYQOKPGQAPRLLIYDASNRATGIPARFSGSGSGTDEFTLTISSL 78
WYQOKPGQAPRLLIYDASNRATGIPARFSGSGSGTDEFTLTISSL 78

EPEDFAVYYCQQRSNWPWTEFGQGTKVEIK 107
EPEDFAVYYCQQRSNWPWTEFGQGTKVEIK 107
EPEDFAVYYCQQRSNWPWTEFGQGTKVEIK 107

of Heavy Chain Variable Domains:

* *

QVQLVQSGAEVKKPGASLKVSCKASGYPFTNYGIS 35
QVQLVQSGAEVKKPGASVKVSCKASGYSFTTYGIS 35
QVQLVQSGAEVKKPGASVKVSCKASGYSFTYYGIS 35

* K *

WVRQAPGQGLEWMGWISTYNGNTHYAQKLOGRVTMTTDTSTTTAYM 80
WVRQAPGQGLEWMGWISTYNGNTHYAQKLOGRVTMTTDTSTRTAYM 80
WVRQAPGOGLEWMGWISTYNGNTNYARMLOQGRVTMTTDTSTRTAYM 80

|
76

*

DLRSLRSDDTAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS 113
ELRSLRSDDTAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS 113
ELRSLRSDDTAVYYCARENYYGSGSYRGGMDVWGQGTTVTVSS 113

|
81
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Percentage identity of variable heavy domains for 1D1 and variants
(1D1 variants share the same light chain as parent antibody 1D1)

01 127 128 129 130 131 132 133 134
1B1 100 984 876 976 976 9r6 960 960 952
127 964 100 982 802 992 0992 U786 976 968
128 976 992 100 984 984 984 968 8968 960
128 076 992 8984 100 002 U84 984 976 968
130 976 992 0984 892 100 U84 076 984 968
131 976 092 U84 984 984 100 084 984 976
132 960 976 968 884 976 984 100 992 U84
133 060 976 868 976 984 U84 992 100 U84
134 952 968 0960 868 968 U766 084 984 100

Variable Light Chain % identity of TL1A antibodies

101 158A% 15C11 9B3  28B11 704 22F9
1 100 100 100 882 682 729 72.9
1549 100 100 100 6882 682 729 728
18G4 100 100 100 682 682 729 729
9B3 6882 682 682 100 981 €88 88.8
26B11 682 682 682 981 100 888 88.8
04 729 728 729 888 888 100 100
22F 729 729 729 888 888 100 100

Variable heavy chain % identity of TL1A antibodies

aB3/ gB3/f
26811 26B11  26BH
101 1548 15C11 VH1 VH2 MDX 704 22F8

101 100 835 968 566 57.0 59.4 6.0  7h2Z
15A9 835 100 980 561 55.6 58.9 851 752
1501 96.8 96.0 100 54.5 54.8 57.3 86.8  76.9

SBI2EBTI VH1 566 561 545 100 87.3 88.9 592 803
SB3/26B11VHZ 570 556 548 873 100 93.7 582 612
26811 MDX 594 588 573 8839 93.7 100 617 620
D4 860 851 868  5B2 59.2 61.7 100 84.3
22F9 752 752 769 603 61.2 62.0 843 100
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CDHR H1 CDR H2

HY27\H S28H T30 |H Y31{HW50{H S52H'Y 53jH N54{HN56, H T57|HN58

TL1A totali 0 | 235]202|57.7:332| 99 | 284 55 {152.7| 5811 48.2) 0.7 |13.1

AK113 1 25 18.8 1 42.1

AT115 {12.7 28.6

AY118 1 118{15.5 | 48.8| 50.4|36.8

AP121} 7 14.6

AT122 {43.7 28 59.2

AQ123116.9 43.5

AM1471 0.2 17.6w

AF1481 55 28.3

A S149139.1 71.6h

AQ151138.8

BV31 {11.8

BV32 }16.3

BR33 {934

BES0 {204

BH51 {122 12.7 | 26.6

BE5S2 | 111 36.2 {15.8 224hi 331} 6.4 {34.8h

BL53 {118 33.4 5.9

BG4 1513 95 1219} 45

BL55 534 2141356 62.7wW

BA56 {11.9 18.7 118.8h

BF57 126.3 30.7 1 30.2

BT58 {20.1 33.2

BE91 | 6

BY16815.6

BT169} 33

BK170} 46

BE171} 49 224

CONTINUED
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% CONTINUED

CDR H3

HY97\H Y98|H G99H S100{H G100A|H S100B{H Y100C{H R100D

TL1A 3921126 | 451 501 | 722 | 794 | 144 54

AK113

AT115 50.5h

AY118

AP121

AT122

AQ123

AM147

AF148

AS149

AQ1514 71.9

B V31 288

B V32 249

B R33 225w | 432

B E50 50.5S

B H51
B E52
B L53 44.7 16.4 55.8

B G54 42.6 19.6
B L55

B A56
B F57
B T58
B E91 205

BY168 147 | 336h

B T169 31 1121 1 103 | 277 15

BK170 259 1402 | 11.8 | 10 21 15.8
B E171 343|365 | 13.8

CONTINUED
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% CONTINUED
L1 CDR L3

L S30 (L S31, LY32{ LW94, L W96
TL1A 96 1565 | 297, 261, 64
AK113
AT115
AY118
AP121
AT122
AQ123
AM147
AF148
AS149
AQ151
B V31
B V32 74
BR33 | 23.2 {34.7h56.8w
B E50
B H51
B E52 42.7 h
BL53 21.2 27
B G54
BL55
B A56
B F57
B T58
B E91
BY168
B T169
BK170
BE171
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1.31 CDHR H1 CDR H2

TL1A HG26{ HY27 | HD28 | HT30 {HY31 {HW50: HS52| HY53  HN54 [HN56 | HH58

total{ 328 1 18 | 763 | 341|881} 252 9.6 | 151.1: 505 | 351 | 111

AKNM3 | 17.7 293S| 18

ASHTT 14191 245 7.7

AY118 14891 152 37.3 | 4.2

AP1191142} 28.8

AT122 | 43.9 374h 50.2

AQ123} 16.5 422 7.8

AM147¢ 0 32.7

AF148 | 6.1 71.8h

AS1491354

AQ151;49.3 66 | 416

BV31 | 131

BV32 | 117

BR33 | 31.6

BE5S0 | 19.6

BH51 | 64 14.1

BE52 {110.9 3331 16.2 258h| 56.3 {3335

BL53 {113.8 33.1

BGH4 | 51.3 12 1232 | 41

BL55 |56.3 218 | 38.9 57.8

BA56 | 10.7 202 {17.3h

BF57 264 302 | 31

BY168}25.6

BT169|43.6

BK170} 15.2

BE171} 51.2 26.4

BD172} 0

CONTINUED
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