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HUMAN MONOCLONAL ANTIBODIES TO BTLA AND METHODS OF USE

Background
Positive and negative costimulatory signals play critical roles in the modulation of

B and T cell activity, and the molecules that mediate these signals have proven to be
effective targets for immunomodulatory agents. Positive costimulation, in additionto T
cell receptor (1'CR) engagement, 1s required for optimal activation of naive T cells,
whereas negative costimulation 1s believed to be required for the acquisition of
immunologic tolerance to self, as well as the termination of effector T cell functions.
Upon interaction with B7.1 or B7.2 on the surface of antigen-presenting cells (APC),
CD?28, the prototypic T cell costimulatory molecule, emits signals that promote T cell
proliferation and differentiation in response to TCR engagement, while the CD28
homologue cytotoxic T lymphocyte antigen-4 (CTLA-4) mediates inhibition of T cell
proliferation and effector functions (Chambers ef al., Ann. Rev. Immunol., 19:565-594,
2001; Egen et al., Nature Immunol., 3:611-618, 2002).

Several new molecules with homology to the B7 family have been discovered
(Abbas er al., Nat. Med., 5:1345-6,1999; Coyle ef al., Nat. Immunol., 2: 203-9, 2001;
Carreno ef al., Annu. Rev. Immunol., 20: 29-53, 2002; Liang et al., Curr. Opin. Immunol.,
14:384-90, 2002), and their role in T cell activation is just beginning to be elucidated.
These new costimulatory ligands include B7h, PD-L1, PD-1.2, and B7-H3.

B7h (Swallow et al., Immunity, 11: 423-32, 1999), also known as B7RP-1
(Yoshinaga et al., Nature, 402: 827-32, 1999), GL50 (Ling, ef al., J. Immunol., 164:1653-
7,2000), B7TH2 (Wang ef al., Blood, 96: 2808-13, 2000), and LICOS (Brodie et al., Curr.
Biol., 10: 333-6, 2000), binds to an inducible costimulator (ICOS) on activated T cells,
and costimulates T cell proliferation and production of cytokines such as interleukin 4 (IL-
4) and IL-10.

PD-L1 (Freeman et al., J. Exp. Med., 192: 1027-34, 2000), also known as B7-H1
(Dong ef al., Nat. Med., 5, 1365-9, 1999), and PD-L2 (Latchman e al., Nat. Immunol.,
2:261-8, 2001), also known as B7-DC (Tseng ef al., J. Exp. Med., 193, 839-46, 2001) bind
to programmed death 1 (PD-1) receptor on T and B cells.

Finally, B7-H3 binds an as yet currently unknown counter-receptor on activated
T cells, and 1s reported to enhance proliferation of CD4+ T helper (Th) cells and CD8+
cytotoxic T lymphocytes (CTLs or Tcs) and selectively enhance IFN-y expression '
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(Chapoval ef al., Nat. Immunol., 2, 269-74, 2001; Sun et al., J. Immunol., 168, 6294-7.
2002). B7-H3 has also been reported to be a negative regulator (Suh ef al., Nat. Immunol.,
4, 899-906, 2003; Prasad ef al., J.Immunol., 173, 2500-2506, 2004). B7-H3 has also been
reported to be a negative regulator (Suh ef al., Nat. Immunol., 4, 899-906, 2003; Prasad ef
al., J.Immunol., 173, 2500-2506, 2004).

The 1dentification of additional molecules that have T cell costimulatory activity is
of keen interest due to their fundamental biological importance and the therapeutic
potential of agents capable of affecting their activity. Agents capable of modulating
costimulatory signals, and thereby capable of modulating the activation and/or effector
tunctions of CD8+ CTLs and CD4+ Th cells find use in the modulation of immune
responses, and are highly desirable.

In particular, many autoimmune disorders are known to involve autoreactive
T cells and autoantibodies. Agents that are capable of inhibiting or eliminating
autoreactive lymphocytes without compromising the immune system's ability to defend
against pathogens are highly desirable.

Conversely, many cancer immunotherapies, such as adoptive immunotherapy,
expand tumor-specific T cell populations and direct them to attack and kill tumor cells
(Dudley et al., Science 298:850-854, 2002; Pardoll, Nature Biotech.,20:1207-1208, 2002;
Egen et al., Nature Immunol., 3:611-618, 2002). Agents capable of augmenting tumor
attack are highly desirable.

In addition, immune responses to many different antigens (e.g., microbial antigens
or tumor antigens), while detectable, are frequently of insufficient magnitude to afford
protection against a disease process mediated by agents (e.g., infectious microorganisms
or tumor cells) expressing those antigens. It is often desirable to administer to the subject,
in conjunction with the antigen, an adjuvant that serves to enhance the immune response to
the antigen in the subject.

It 1s also desirable to inhibit normal immune responses to antigen under certain
circumstances. For example, the suppression of normal immune responses in a patient
recelving a transplant 1s desirable, and agents that exhibit such immunosuppressive
activity are highly desirable.

Costimulatory signals, particularly positive costimulatory signals, also play a role
in the modulation of B cell activity. For example, B cell activation and the survival of

germinal center B cells require T cell-derived signals in addition to stimulation by antigen.
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CD40 ligand present on the surface of helper T cells interacts with CD40 on the surface of
B cells, and mediates many such T-cell dependent effects in B cells.

The protein BTLA (B and T lymphocyte attenuator) is a member of the CD238
family of receptors that also includes CD28, CTLA-4, ICOS, and PD-1. The initial
members of the family, CD28 and ICOS, were discovered by functional effects on
augmenting T cell proliferation following the addition of monoclonal antibodies (Hutloff

ef al. (1999) Nature 397:263-266; Hansen ef al. (1980) Immunogenics 10:247-260).

BTLA was discovered through screrening for differential expression in TH1 cells. In

addition, BTLA has been desribed as providing negative stimulatory signals, analogous to
CTLA-4. In the presence of agonist anti-BTLA mAb, anti-CD3 and anti-CD28 activated
T-cells show reduced IL-2 production and proliferation (Kreig et al., J. Immunol., 175,
6420-6472, 2005). Mice lacking an intact BTLA gene show higher titers to DNP-KLH
post-immunization and an increased sensitivity to EAE (Watanabe er al., Nat. Immunol., 4,
670-679, 2003). HVEM (herpes virus entry mediator) 1s thought to be a ligand for BTLA
(Scully et al. (2005) Nat. Immunol. 6:90-98; Gonzalez et al. (2005) Proc. Nat’l. Acad. Sci.
US.A.102: 1116-1121).

Accordingly, agents that recognize BTLA, and methods of using such agents, are

desired.

Summary
The present disclosure provides 1solated monoclonal antibodies, in particular

human monoclonal antibodies, that bind to BTLA and that exhibit numerous desirable
properties. These properties include, for example, high affinity binding to human BTLA,
but lacking substantial cross-reactivity with human CD28, CTLA-4, PD-1, or ICOS. Still
further, antibodies of the disclosure have been shown to modulate immune responses.
Accordingly, another aspect of the disclosure pertains to methods of modulating immune
responses using anti-BTLA antibodies. In particular, the disclosure provides a method of
stimulating a T-cell response. Also, the disclosure provides a method of inhibiting growth
of tumor cells in vivo using anti-BTLA antibodies.

In one aspect, the disclosure pertains to an isolated monoclonal antibody, or an
antigen-binding portion thereof, wherein the antibody exhibits at least one of the following
properties:

(a) binds to human BTLA with a Kp of 1 x 107 M or less;
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(b) does not substantially bind to human TrkB, CD28. CTLA-4, PD-1 or ICOS;
(¢) inhibits the binding of HVEM to BTLA.
In some embodiments the antibody further:

(a) stimulates T-cell response;

(b) stimulates antibody responses;

(¢) inhibits tumor cell growth in vivo.

Preferably the antibody is a human antibody, although in alternative embodiments the
antibody can be, for example, a murine antibody, a chimeric antibody or humanized
antibody.

In more preferred embodiments, the antibody binds to human BTLA with a Kp of
5x 10° M or less, binds to human BTLA witha Kp of 1 x 10° M or less, binds to human
BTLA withaKp of 5x 10 M or less, or binds to human BTLA with a Kp of between 1
x108Mand 1 x 107" M.

In another embodiment, the disclosure provides an isolated monoclonal antibody,
or antigen binding portion thereof, wherein the antibody cross-competes for binding to
BTLA with a reference antibody comprising:

(2) a human heavy chain variable region comprises an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1, 2, 3, 4, 5, 6, 74, and 85; and
(b) a human light chain variable region comprises an amino acid sequence selected
from the group consisting of SEQ ID NOs: 7, 8,9, 10, 11, 12, 13, 75, 76, and 86.
In various embodiments, the reference antibody comprises:
(2) a heavy chain variable region comprising the amino acid sequence of SEQ ID
NO:1; and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:7;
or the reference antibody comprises:
(2) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
2; and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
8;
or the reference antibody comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
3; and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
9
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or the reference antibody comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
3 and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
10;

or the reference antibody comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
4: and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
11;

or the reference antibody comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
5; and
(b) a light chain variable region comprising the amino acid sequence of SEQ 1D NO:
12;

or the reference antibody comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
6; and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
13;

or the reference antibody comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
74: and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
75;

or the reference antibody comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
74; and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
76;

or the reference antibody comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
85: and
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(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:

86.

In another aspect, the disclosure pertains to an isolated monoclonal antibody, or an
antigen-binding portion thereof, comprising a heavy chain variable region that is the
product of or derived from a human Vg 2-05 gene, wherein the antibody specifically binds
BTLA. The disclosure further provides an isolated monoclonal antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable region that is the product of or
derived from a human Vy 2-70 gene, wherein the antibody specifically binds BTLA. The
disclosure further provides an isolated monoclonal antibody, or an antigen-binding portion
thereof, comprising a heavy chain variable region that is the product of or derived from a
human Vg 4-59 gene, wherein the antibody specifically binds BTLA. The disclosure
further provides an isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a heavy chain variable region that is the product of or derived from a human
Vu 3-20 gene, wherein the antibody specifically binds BTLA. The disclosure further
provides an isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a heavy chain variable region that is the product of or derived from a human
Vu 3-33 gene, wherein the antibody specifically binds BTLA. The disclosure further
provides an isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a light chain variable region that is the product of or derived from a human Vi
A27 gene, wherein the antibody specifically binds BTLA. The disclosure further provides
an isolated monoclonal antibody, or an antigen-binding portion thereof, comprising a light
chain variable region that is the product of or derived from a human Vg L18 gene, wherein
the antibody specifically binds BTLA. The disclosure further provides an isolated
monoclonal antibody, or an antigen-binding portion thereof, comprising a light chain
variable region that 1s the product of or derived from a human Vi L15 gene, wherein the
antibody specifically binds BTLA. The disclosure further provides an isolated monoclonal
antibody, or an antigen-binding portion thereof, comprising a light chain variable region
that is the product of or derived from a human Vg 04 gene, wherein the antibody
specifically binds BTLA.

In a preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereof, comprising:

(a) a heavy chain variable region of a human Vy 2-05 gene; and
(b) a light chain variable region of a human Vg A27 gene;
wherein the antibody specifically binds to BTLA.
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In another preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereotf, comprising:

(a) a heavy chain variable region of a human Vy 2-70 gene; and

(b) a light chain variable region of a human Vg A27 gene;
wherein the antibody specifically binds to BTLA.

In another preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereotf, comprising:

(a) a heavy chain variable region of a human Vy 4-59 gene; and

(b) a light chain variable region of a human Vg L18 gene;
wherein the antibody specifically binds to BTLA.

In another preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereot, comprising;:

(a) a heavy chain variable region of a human Vy 4-59 gene; and

(b) a light chain variable region of a human Vg A27 gene;
wherein the antibody specifically binds to BTLA.

In another preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereof, comprising:

(a) a heavy chain variable region of a human Vy 3-20 gene; and

(b) a light chain variable region of a human Vg L15 gene;
wherein the antibody specifically binds to BTLA.

In another preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereof, comprising:

(a) a heavy chain variable region of a human Vy 3-33 gene; and

(b) a light chain variable region of a human Vg 04 gene;
wherein the antibody specifically binds to BTLA.

In another preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereot, comprising:

(a) a heavy chain variable region of a human Vy 3-33 gene; and

(b) a light chain variable region of a human Vg A27 gene;
wherein the antibody specifically binds to BTLA.

In another preferred embodiment, the disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereof, comprising:

(a) a heavy chain variable region of a human Vg 2-05 gene; and

(b) a light chain variable region of a human Vg A27 gene;
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wherein the antibody specifically binds to BTLA.

In another aspect, the disclosure provides an isolated monoclonal antibody, or
antigen binding portion thereof, comprising:

a heavy chain variable region that comprises CDR1, CDR2, and CDR3 sequences;

and a light chain variable region that comprises CDR1, CDR2, and CDR3

sequences,
wherein:

(a) the heavy chain variable region CDR3 sequence comprises an amino acid

sequence selected from the group consisting of SEQ ID NOs: 26, 27, 28, 29, 30,

31, 79, and 89, and conservative modifications thereof;

(b) the light chain variable region CDR3 sequence comprises an amino acid

sequence selected from the group consisting of SEQ ID NOs: 46, 47, 48, 49, 50,

51, 52, 82, 92, and 97, and conservative modifications thereof; and

(¢) the antibody specifically binds to human BTLA.

Preferably, the heavy chain variable region CDR2 sequence comprises an amino
acid sequence selected from the group consisting of amino acid sequences of SEQ ID
NOs: 20, 21, 22, 23, 24, 25, 78, and 88, and conservative modifications thereof; and the
light chain variable region CDR2 sequence comprises an amino acid sequence selected
from the group consisting of amino acid sequences of SEQ ID NOs: 39, 40, 41, 42, 43, 44,
45, 81, 91, and 96, and conservative modifications thereof. Preferably, the heavy chain
variable region CDR1 sequence comprises an amino acid sequence selected from the
group consisting of amino acid sequences of SEQ ID NOs: 14, 15, 16, 17, 18, 19, 77, and
87, and conservative modifications thereof; and the light chain varnable region CDR1
sequence comprises an amino acid sequence selected from the group consisting of amino
acid sequences of SEQ ID NOs: 32, 33, 34, 35, 36, 37, 38, 80, 90, and 95, and
conservative modifications thereof.

In yet another aspect, the disclosure provides an 1solated monoclonal antibody, or
antigen binding portion thereof, comprising a heavy chain variable region and a light chain
variable region, wherein:

(a) the heavy chain variable region comprises an amino acid sequence that 1s at least

80% homologous to an amino acid sequence selected from the group consisting of SEQ ID

NOs: 1,2, 3,4,5, 6,74, and 85;
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(b) the light chain variable region comprises an amino acid sequence that is at least
80% homologous to an amino acid sequence selected from the group consisting of SEQ ID
NOs: 7,8,9,10, 11,12, 13,75, 76, and 86;

(¢) the antibody binds to human BTLA with a Kp of 1 x 10" M or less; and

(d) the antibody does not substantially bind to human TrkB, PD-1, CD28, CTLA-4 or
ICOS.

In a preferred embodiment, the antibodies additionally inhibit binding of one or
more BTLA ligands (e.g. HVEM) to BTLA.

Additionally or alternatively, the antibody may comprise one or more of the other
features listed above.

In preferred embodiments, the disclosure provides an isolated monoclonal
antibody, or antigen binding portion thereof, comprising:

(a) a heavy chain variable region CDR1 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 14, 15, 16, 17, 18, 19, 77, and 37,

(b) a heavy chain variable region CDR2 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 20, 21, 22, 23, 24, 25, 78, and 88;

(c) a heavy chain variable region CDR3 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 26, 27, 28, 29, 30, 31, 79, and 89;

(d) a light chain variable region CDR1 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 32, 33, 34, 35, 36, 37, 38, 80, 90, and 95;

(e) a light chain variable region CDR2 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 39, 40, 41, 42, 43, 44, 45, 81, 91, and 96; and

(f) a light chain variable region CDR3 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 46, 47, 48, 49, 50, 51, 52, 82, 92, and 97;

wherein the antibody specifically binds BTLA.

A preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 14;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 20;
(¢c) a heavy chain variable region CDR3 comprising SEQ ID NO: 26;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 32;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 39; and
(f) a light chain variable region CDR3 comprising SEQ ID NO: 46.
Another preferred combination comprises:

(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 15;
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(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 21;
(¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 27;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 33;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 40; and
5 (f) a light chain variable region CDR3 comprising SEQ ID NO: 47.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 16;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 22;
(¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 28;
10 (d) a light chain variable region CDR1 comprising SEQ ID NO: 34;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 41; and
(f) a light chain variable region CDR3 comprising SEQ ID NO: 48.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 16;
15 (b) a heavy chain variable region CDR2 comprising SEQ ID NO: 22:
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 28:
(d) a light chain variable region CDR1 comprising SEQ ID NO: 35;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 42; and
() a light chain variable region CDR3 comprising SEQ ID NO: 49.
20  Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 17;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 23;
(¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 29:;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 36;
25 (e) a light chain variable region CDR2 comprising SEQ ID NO: 43; and
(f) a light chain variable region CDR3 comprising SEQ ID NO: 50.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 18;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 24;
30 (c) a heavy chain variable region CDR3 comprising SEQ ID NO: 30;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 37;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 44; and
() a light chain variable region CDR3 comprising SEQ ID NO: 51.

Another preferred combination comprises:

10



Ln

20

30

CA 02669921 2009-05-14
WO 2008/076560 PCT/US2007/084792

(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 19;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 25;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 31;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 38;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 45; and
(t) a light chain variable region CDR3 comprising SEQ ID NO: 52.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 77;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 78;
(¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 79;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 80;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 81; and
(f) a light chain variable region CDR3 comprising SEQ ID NO: 82.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 87;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 88;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 89;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 90;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 91; and
(f) a light chain variable region CDR3 comprising SEQ ID NO: 92.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 77;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 78;
(¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 79;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 95;
(e) a light chain variable region CDR2 comprising SEQ ID NO: 96; and
(f) a light chain variable region CDR3 comprising SEQ ID NO: 97.
Other preterred antibodies of the disclosure, or antigen binding portions thereof, comprise:
(a) a heavy chain variable region comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 1,2, 3,4, 5, 6, 74, and 85; and
(b) a light chain variable region comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 7, 8, 9, 10, 11, 12, 13, 75, 76, and 86;
wherein the antibody specifically binds BTLA.

A preferred combination comprises:
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(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
1: and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO: 7
Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ 1D NO:
2: and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
8.
Another préferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
3: and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
9.
Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
3: and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
10.
Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
4: and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
11.
Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
5; and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
12.
Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
6; and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
13.

Another preferred combination comprises:
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(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
74; and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
73.
Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
74; and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
76.
Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
85; and

(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
86.

The antibodies of the disclosure can be, for example, full-length antibodies, for
example of an IgG1 or IgG4 1sotype. Alternatively, the antibodies can be antibody
fragments, such as Fab or Fab’2 fragments, or single chain antibodies.

The disclosure also provides an immunoconjugate comprising an antibody of the
disclosure, or antigen-binding portion thereof, linked to a therapeutic agent, such as a
cytotoxin or a radioactive isotope. The disclosure also provides a bispecitic molecule
comprising an antibody, or antigen-binding portion thereof, of the disclosure, linked to a
second functional moiety having a different binding specificity than said antibody, or
antigen binding portion thereof.

Compositions comprising an antibody, or antigen-binding portion thereof, or
immunoconjugate or bispecific molecule of the disclosure, and a pharmaceutically
acceptable carrier, are also provided.

Nucleic acid molecules encoding the antibodies, or antigen-binding portions
thereof, of the disclosure are also encompassed by the disclosure, as well as expression
vectors comprising such nucleic acids and host cells comprising such expression vectors.
Moreover, the disclosure provides a transgenic mouse comprising human immunoglobulin
heavy and light chain transgenes, wherein the mouse expresses an antibody of the
disclosure, as well as hybridomas prepared from such a mouse, wherein the hybridoma

produces the antibody of the disclosure.
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In yet another aspect, the disclosure provides a method of modulating an immune
response in a subject comprising administering to the subject the antibody, or antigen-
binding portion thereof, of the disclosure such that the immune response in the subject is
modulated. Preferably, the antibody of the disclosure enhances, stimulates or increases the
immune response in the subject. In some embodiments, the antibody of the invention
inhibits, reduces or suppresses the immune response in the subject.

In a further aspect, the disclosure provides a method of inhibiting growth of tumor
cells in a subject, comprising administering to a subject a therapeutically etfective amount
of an anti-BTLA antibody, or antigen-binding portion thereof. The antibodies of the
disclosure are preferred for use in the method although other anti-BTLA antibodies can be
used instead (or in combination with an anti-BTLA antibody of the disclosure). For
example, a chimeric, humanized or fully human anti-BTLA antibody can be used in the
method of inhibiting tumor growth.

In a further aspect, the disclosure provides a method of treating an infectious
disease in a subject, comprising administering to a subject a therapeutically etfective
amount of an anti-BTLA antibody, or antigen-binding portion thereof. The antibodies of
the disclosure are preferred for use in the method although other anti-BTLA antibodies can
be used instead (or in combination with an anti-BTLA antibody of the disclosure). For
example, a chimeric, humanized or fully human anti-BTLA antibody can be used in the
method of treating an infectious disease.

Still further, the disclosure provides a method of enhancing an immune response to
an antigen in a subject, comprising administering to the subject: (i) the antigen; and (11) an
anti-BTLA antibody, or antigen-binding portion thereof, such that an immune response to
the antigen in the subject is enhanced. The antigen can be, for example, a tumor antigen, a
viral antigen, a bacterial antigen or an antigen from a pathogen. The antibodies of the
disclosure are preferred for use in the method although other anti-BTLA antibodies can be
used instead (or in combination with an anti-BTLA antibody of the disclosure). For
example, a chimeric, humanized or fully human anti-BTLA antibody can be used in the
method of enhancing an immune response to an antigen in a subject.

The disclosure also provides methods for making “second generation” anti-BTLA
antibodies based on the sequences of the anti-BTLA antibodies provided herein. For

example, the disclosure provides a method for preparing an anti-BTLA antibody

- comprising:
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(a) providing: (1) a heavy chain variable region antibody sequence comprising a
CDRI1 sequence that 1s selected from the group consisting of SEQ ID NOs: 14, 15, 16, 17,
18, 19, 77, and 87, and/or a CDR2 sequence that is selected from the group consisting of
SEQ ID NOs: 20, 21, 22, 23, 24, 25, 78, and 88; and/or a CDR3 sequence that is selected
from the group consisting of SEQ ID NOs: 26, 27, 28, 29, 30, 31, 79, and 89; or (ii) a light
chain variable region antibody sequence comprising a CDR1 sequence that is selected
from the group consisting of SEQ ID NOs: 32, 33, 34, 35, 36, 37, 38, 80, 90, and 95,
and/or a CDR2 sequence that 1s selected from the group consisting of SEQ ID NOs: 39,
40, 41, 42, 43, 44, 45, 81, 91, and 96, and/or a CDR3 sequence that 1s selected from the
group consisting of SEQ ID NOs: 46, 47, 48, 49, 50, 51, 52, 82, 92, and 97;

(b) altering at least one amino acid residue within at least one variable region
antibody sequence, said sequence being selected from the heavy chain variable region
antibody sequence and the light chain variable region antibody sequence, to create at least
one altered antibody sequence; and

(c) expressing the altered antibody sequence as a protein.

Other features and advantages of the instant disclosure will be apparent from the
tollowing detailed description and examples which should not be construed as limiting.
The contents of all references, Genbank entries, patents and published patent applications

cited throughout this application are expressly incorporated herein by reference.

Brief Description of the Drawings
Figure 1A shows the nucleotide sequence (SEQ ID NO: 53) and amino acid

sequence (SEQ ID NO: 1) of the heavy chain variable region of the 1B4 human
monoclonal antibody. The CDRI1 (SEQ ID NO: 14), CDR2 (SEQ ID NO: 20) and CDR3
(SEQ ID NO: 26) regions are delineated and the V, D and J germline derivations are
indicated.

Figure 1B shows the nucleotide sequence (SEQ ID NO: 59) and amino acid
sequence (SEQ ID NO: 7) of the light chain variable region of the 1B4 human monoclonal
antibody. The CDRI1 (SEQ ID NO: 32), CDR2 (SEQ ID NO: 39) and CDR3 (SEQ ID
NO: 46) regions are delineated and the V and J germline derivations are indicated.

Figure 2A shows the nucleotide sequence (SEQ ID NO: 54) and amino acid
sequence (SEQ ID NO: 2) of the heavy chain variable region of the E4H9 human
monoclonal antibody. The CDR1 (SEQ ID NO: 15), CDR2 (SEQ ID NO: 21) and CDR3
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(SEQ ID NO: 27) regions are delineated and the V and J germline derivations are
indicated.

Figure 2B shows the nucleotide sequence (SEQ ID NO: 60) and amino acid
sequence (SEQ ID NO: 8) of the light chain variable region of the E4H9 human
monoclonal antibody. The CDR1 (SEQ ID NO: 33), CDR2 (SEQ ID NO: 40) and CDR3
(SEQ ID NO: 46) regions are delineated and the V and J germline derivations are
indicated.

Figure 3A shows the nucleotide sequence (SEQ ID NO: 55) and amino acid
sequence (SEQ ID NO: 3) of the heavy chain variable region of the 3C2 human
monoclonal antibody. The CDR1 (SEQ ID NO: 16), CDR2 (SEQ ID NO: 22) and CDR3
(SEQ ID NO: 28) regions are delineated and the V and J germline derivations are
indicated.

Figure 3B shows the nucleotide sequence (SEQ ID NO: 61) and amino acid
sequence (SEQ 1D NO: 9) of the light chain variable region of the 3C2 human monoclonal
antibody. The CDRI1 (SEQ ID NO: 34), CDR2 (SEQ ID NO: 41) and CDR3 (SEQ ID
NO: 48) regions are delineated and the V and J germline derivations are indicated.

Figure 3C shows the nucleotide sequence (SEQ ID NO: 62) and amino acid
sequence (SEQ ID NO: 19) of the light chain variable region of the 3C2 human
monoclonal antibody. The CDR1 (SEQ ID NO: 35), CDR2 (SEQ ID NO: 42) and CDR3
(SEQ ID NO: 49) regions are delineated and the V and J germline derivations are
indicated.

Figure 4A shows the nucleotide sequence (SEQ ID NO: 56) and amino acid
sequence (SEQ ID NO: 4) of the heavy chain variable region of the 6AS human
monoclonal antibody. The CDRI1 (SEQ ID NO: 17), CDR2 (SEQ ID NO: 23) and CDR3
(SEQ ID NO: 29) regions are delineated and the V and J germline derivations are
indicated.

Figure 4B shows the nucleotide sequence (SEQ ID NO: 63) and amino acid
sequence (SEQ ID NO: 11) of the light chain variable region of the 6AS5 human
monoclonal antibody. The CDR1 (SEQ ID NO: 36), CDR2 (SEQ ID NO: 43) and CDR3
(SEQ ID NO: 50) regions are delineated and the V and J germline derivations are
indicated.

Figure 5A shows the nucleotide sequence (SEQ ID NO: 57) and amino acid
sequence (SEQ ID NO: 5) of the heavy chain variable region of the 11E2 human
monoclonal antibody. The CDR1 (SEQ ID NO: 18), CDR2 (SEQ ID NO: 24) and CDR3
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(SEQ ID NO: 30) regions are delineated and the V and J germline derivations are
indicated.

Figure 5B shows the nucleotide sequence (SEQ ID NO: 64) and amino acid
sequence (SEQ ID NO: 12) of the light chain variable region of the 11E2 human
monoclonal antibody. The CDR1 (SEQ ID NO: 37), CDR2 (SEQ ID NO: 44) and CDR3
(SEQ ID NO: 51) regions are delineated and the V and J germline derivations are
indicated.

Figure 6 A shows the nucleotide sequence (SEQ ID NO: 58) and amino acid
sequence (SEQ ID NO: 6) of the heavy chain variable region of the ESD9 human
monoclonal antibody. The CDR1 (SEQ ID NO: 19), CDR2 (SEQ ID NO: 25) and CDR3
(SEQ ID NO: 31) regions are delineated and the V and J germline derivations are
indicated.

Figure 6B shows the nucleotide sequence (SEQ ID NO: 65) and amino acid
sequence (SEQ ID NO: 13) of the light chain variable region of the E8D9 human
monoclonal antibody. The CDR1 (SEQ ID NO: 38), CDR2 (SEQ ID NO: 45) and CDR3
(SEQ ID NO: 52) regions are delineated and the V and J germline derivations are
indicated.

Figure 7 shows the alignment of the amino acid sequence of the heavy chain
variable region of 1B4 with the human germline Vy 2-05 amino acid sequence (SEQ ID
NO: 66).

Figure 8 shows the alignment of the amino acid sequence of the light chain
variable region of 1B4 with the human germline Vi A27 amino acid sequence (SEQ ID
NO:70).

Figure 9 shows the alignment of the amino acid sequence of the heavy chain
variable region of E4H9 with the human germline Vy 2-70 amino acid sequence (SEQ ID
NO:67).

Figure 10 shows the alignment of the amino acid sequence of the light chain
variable region of E4H9 with the human germline V¢ A27 amino acid sequence (SEQ ID
NO:70).

Figure 11 shows the alignment of the amino acid sequence of the heavy chain
variable region of 3C2 with the human germline Vy 4-59 amino acid sequence (SEQ ID

NO:63).
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Figure 12 shows the alignment of the amino acid sequence of the light chain
variable region of 3C2 with the human germline Vi L18 amino acid sequence (SEQ 1D
NO: 71).

Figure 13 shows the alignment of the amino acid sequence of the light chain
variable region of 3C2a with the human germline Vi L15 amino acid sequence (SEQ 1D
NO: 72).

Figure 14 shows the alignment of the amino acid sequence of the heavy chain
variable region of 6A5 with the human germline Vy 2-05 amino acid sequence (SEQ ID
NO:66).

Figure 15 shows the alignment of the amino acid sequence of the light chain
variable region of 6A5 with the human germline Vi A27 amino acid sequence (SEQ 1D
NO: 70).

Figure 16 shows the alignment of the amino acid sequence of the heavy chain
variable region of 11E2 with the human germline Vy 3-20 amino acid sequence (SEQ ID
NO:69).

Figure 17 shows the alignment of the amino acid sequence of the light chain
variable region of 11E2 with the human germline Vi L15 amino acid sequence (SEQ 1D
NO: 72).

Figure 18 shows the alignment of the amino acid sequence of the heavy chain
variable region of E8D9 with the human germline Vy 2-05 amino acid sequence (SEQ ID
NO:66).

Figure 19 shows the alignment of the amino acid sequence of the light chain
variable region of E8D9 with the human germline Vi A27 amino acid sequence (SEQ ID
NO: 70).

Figure 20 shows the sequence of human BTLA (SEQ ID NO:73).

Figure 21 A shows the nucleotide sequence (SEQ ID NO: 83) and amino acid
sequence (SEQ ID NO: 74) of the heavy chain variable region of the 10H6 human
monoclonal antibody. The CDR1 (SEQ ID NO: 77), CDR2 (SEQ ID NO: 78) and CDR3
(SEQ ID NO: 79) regions are delineated and the V, D and J germline derivations are
indicated.

Figure 21B shows the nucleotide sequence (SEQ ID NO: 84) and amino acid
sequence (SEQ ID NO: 75) of the light chain variable region of the 10H6 human
monoclonal antibody. The CDR1 (SEQ ID NO: 80), CDR2 (SEQ ID NO: 81) and CDR3
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(SEQ ID NO: 82) regions are delineated and the V and J germline derivations are
indicated.

Figure 21C shows the nucleotide sequence (SEQ ID NO: 98) and amino acid
sequence (SEQ ID NO: 76) of the light chain variable region of the 10H6a human
monoclonal antibody. The CDR1 (SEQ ID NO: 95), CDR2 (SEQ ID NO: 96) and CDR3
(SEQ ID NO: 97) regions are delineated and the V and J germline derivations are
indicated.

Figure 22 shows the alignment of the amino acid sequence of the heavy chain
variable region of 10H6 with the human germline Vi 3-33 amino acid sequence (SEQ 1D
NO: 99).

Figure 23 shows the alignment of the amino acid sequence of the light chain
variable region of 10H6 with the human germline Vi 04 amino acid sequence (SEQ 1D
NO:100).

Figure 24 shows the alignment of the amino acid sequence of the light chain
variable region of 10H6a with the human germline Vi A27 amino acid sequence (SEQ ID
NO:70).

Figure 25A shows the nucleotide sequence (SEQ ID NO: 93) and amino acid
sequence (SEQ ID NO: 85) of the heavy chain variable region of the 4C9 human
monoclonal antibody. The CDR1 (SEQ ID NO: 87), CDR2 (SEQ ID NO: 88) and CDR3
(SEQ ID NO: 89) regions are delineated and the V, D and J germline derivations are
indicated.

Figure 25B shows the nucleotide sequence (SEQ ID NO: 94) and amino acid
sequence (SEQ ID NO: 86) of the light chain variable region of the 4C9 human
monoclonal antibody. The CDR1 (SEQ ID NO: 90), CDR2 (SEQ ID NO: 91) and CDR3
(SEQ ID NO: 92) regions are delineated and the V and J germline derivations are
indicated.

Figure 26 shows the alignment of the amino acid sequence of the heavy chain
variable region of 4C9 with the human germline Vy 2-05 amino acid sequence (SEQ ID
NO: 66).

Figure 27 shows the alignment of the amino acid sequence of the light chain
variable region of 4C9 with the human germline Vi A27 amino acid sequence (SEQ 1D
NO:70).

Figure 28 A demonstrates concentration dependent binding of anti-BTLA
antibodies to BTLA-CHO cells. Figure 28B and Figure 28C demonstrate anti-BTLA
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antibodies prevent HVEM binding to BTLA-CHO cells in a concentration dependent
manner.

Figure 29 demonstrates antigen specificity of anti-BTLA antibodes. A. Depicts
binding specificity of various anti-BTLA antibodies compared to their binding to other

CD28 molecules. B. Depicts antigen specific control.

Detailed Description
In one aspect, the present disclosure relates to isolated monoclonal antibodies,

particularly human monoclonal antibodies that bind specifically to BTLA. In certain
embodiments, the antibodies of the disclosure exhibit one or more desireable functional
properties, such as high affinity binding to BTLA, lack of cross-reactivity to other CD28
family members, the ability to stimulate T and/or B cell proliferation, the ability to inhibit
binding of one or more BTLA ligands (e.g., HVEM) to BTLA, the ability to inhibit growth
of tumor cells in vivo, the ability to stimulate antigen-specific memory responses, and/or
the ability to stimulate antibody responses.. In some embodiments, the antibodies of the
disclosure inhibit an immune response. Additionally or alternatively, the antibodies of the
disclosure are derived from particular heavy and light chain germline sequehces and/or
comprise particular structural features such as CDR regions comprising particular amino
acid sequences.

The disclosure provides, for example, isolated antibodies, methods of making such
antibodies, immunoconjugates and bispecific molecules comprising such antibodies and
pharmaceutical compositions containing the antibodies, immunconjugates or bispecific
molecules of the disclosure.

In another aspect, the disclosure pertains to methods of inhibiting growth of tumor
cells in a subject using anti-BTLA antibodies. Anti-BTLA antibodies are capable of
inhibiting tumor cell growth in vivo. The disclosure also relates to methods of using the
antibodies to modify an immune response, as well as to treat diseases such as cancer or
infectious disease, or to stimulate a protective autoimmune response or to stimulate
antigen-specific immune reponses (e.g., by coadministration of anti-BTLA with an antigen
of interest).

In order that the present disclosure may be more readily understood, certain terms

are first defined. Additional definitions are set forth throughout the detailed description.
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The term “B and T lymphocyte attenuator” and “BTLA”, genes/ proteins are used
interchangeably, which includes variants, isoforms, homologs orthologs and paralogs. For
example, antibodies specific for human BTLA may, in certain embodiments, Cross-react
with BTLA from species other than human. In other embodiments the antibodies specific
for human BTLA may be completely specific for human BTLA and may not exhibit
species or other types of cross reactivity. The term “human BTLA” refers to human
sequence BTLA, such as the complete amino acid seugnce of human BILA that has
Genbank accession number NP 861445. The human BTLA sequences may ditfer from
human BTLA of SEQ ID NO:73 by having, for example, conserved mutations or
mutations in non-conserved regions and the BTLA has substantially the same biological
function as the human BTLA of SEQ ID NO:73. For example, a biological function of
human BTLA is to suppress an immune response, such as a T-cell response. That s,
BTLA is considered to be a negative regulator. It has C-terminal inhibitor motifs that are
involved in reducing IL-2 production and T cell expansion (Watanabe et al., Nat.
Immunol., 4, 670-679, 2003; Chemnitz et al., J. Immunol., 176, 6603-6614, 2006). In
addition, a biological function of human BTLA may be having, for example, an epitope i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>