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(57) ABSTRACT 

Disclosed are methods for identifying an agent that modu 
lates an immune response. One such method comprises 
screening for agents Which inhibit the interaction betWeen a 
PD-l ligand and a PD-l polypeptide, and determining 
Whether the agents inhibit the interaction betWeen a PD-l 
ligand and a B7 polypeptide, to identify an agent that 
inhibits PD-l ligand and PD-l polypeptide interaction, 
While not inhibiting the interaction betWeen a PD-l ligand 
and a B7 polypeptide, as an agent that modulates an immune 
response. Another such method comprises screening for 
agents Which inhibit the interaction betWeen a PD-l ligand 
and a B7 polypeptide, and determining Whether the agents 
inhibit the interaction betWeen a PD-l ligand and a PD-l 
polypeptide, to identify an agent that inhibits the PD-l 
ligand and B7 polypeptide interaction, Which does not 
inhibit the interaction betWeen a PD-l ligand and a PD-l 
polypeptide, as an agent that modulates the immune 
response. Further disclosed is a method for inhibiting the 
interaction betWeen a B7 polypeptide and a PD-l ligand, the 
method comprising contacting an immune cell bearing a 
PD-l ligand, or an immune cell bearing a B7 polypeptide, 
With an agent that inhibits the interaction betWeen the PD-l 
ligand and the B7 polypeptide. Such agents may be an 
anti-PD-l ligand antibody or a small molecule. Also dis 
closed is a method for modulating an immune response. The 
method comprises contacting an immune cell bearing the 
PD-l ligand, or an immune cell bearing the PD-l polypep 
tide, With an agent that inhibits interactions between the 
PD-l ligand and the PD-l polypeptide, Without inhibiting 
interactions betWeen the PD-l ligand and a B7 polypeptide, 
to thereby modulate an immune response. The agent may be 
an anti-PD-l ligand antibody or a small molecule. 
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AGENTS THAT MODULATE IMMUNE CELL 
ACTIVATION AND METHODS OF USE THEREOF 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application 60/337,817, ?led Nov. 13, 2001, the contents of 
Which are incorporated herein by reference. 

GOVERNMENT FUNDING 

[0002] Work described herein Was supported under AI 
39671, CA 84500 and AI 41584, aWarded by the National 
Institutes of Health. The US. government, therefore, may 
have certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] In order for T cells to respond to foreign proteins, 
tWo signals must be provided by antigen-presenting cells 
(APCs) to resting T lymphocytes (Jenkins, M. and SchWartZ, 
R. (1987) J. Exp. Med. 165:302-319; Mueller, D. L. et al. 
(1990) J. Immunol. 144:3701-3709). The ?rst signal, Which 
confers speci?city to the immune response, is transduced via 
the T cell receptor (TCR) folloWing recognition of foreign 
antigenic peptide presented in the context of the major 
histocompatibility complex (MHC). The second signal, 
termed costimulation, induces T cells to proliferate and 
become functional (LenschoW et al. (1996) Annu. Rev. 
Immunol. 14:233). Costimulation is neither antigen-speci?c, 
nor MHC restricted and is thought to be provided by one or 
more distinct cell surface polypeptides expressed by APCs 
(Jenkins, M. K. et al. (1988) J. Immunol. 140:3324-3330; 
Linsley, P. S. et al. (1991) J. Exp. Med. 173:721-730; 
Gimmi, C. D., et al. 1991 Proc. Natl. Acad. Sci. USA 
88:6575-6579; Young, J. W. et al. (1992) J. Clin. Invest. 
90:229-237; Koulova, L. et al. (1991) J. Exp. Med. 173:759 
762; Reiser, H. et al. (1992) Proc. Natl. Acad. Sci. USA 
89:271-275; van-Seventer, G. A. et al. (1990) J. Immunol. 
144:4579-4586; LaSalle, J. M. et al. (1991) J. Immunol. 
147:774-80; Dustin, M. I. et al. (1989) J. Exp. Med. 169:503; 
Armitage, R. J. et al. (1992) Nature 357:80-82; Liu, Y. et al. 
(1992) J. Exp. Med. 175:437-445). 

[0004] The CD80 (B7-1) and CD86 (B7-2) proteins, 
expressed on APCs, are critical costimulatory polypeptides 
(Freeman et al. (1991) J. Exp. Med. 174:625; Freeman et al. 
(1989) J. Immunol. 143:2714; AZuma et al. (1993) Nature 
366:76; Freeman et al. (1993) Science 262:909). B7-2 
appears to play a predominant role during primary immune 
responses, While B7-1, Which is upregulated later in the 
course of an immune response, may be important in pro 
longing primary T cell responses or costimulating secondary 
T cell responses (Bluestone (1995) Immunity 2:555). 

[0005] One receptor to Which B7-1 and B7-2 bind, CD28, 
is constitutively expressed on resting T cells and increases in 
expression after activation. After signaling through the T cell 
receptor, ligation of CD28 and transduction of a costimula 
tory signal induces T cells to proliferate and secrete IL-2 
(Linsley, P. S. et al. (1991) J. Exp. Med. 173:721-730; 
Gimmi, C. D. et al. (1991) Proc. Natl. Acad. Sci. USA 
88:6575-6579; June, C. H. et al. (1990) Immun0l. Today. 
11:211-6; Harding, F. A. et al. (1992) Nature 356:607-609). 
A second receptor, termed CTLA4 (CD152) is homologous 
to CD28 but is not expressed on resting T cells and appears 
folloWing T cell activation (Brunet, J. F. et al. (1987) Nature 
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328:267-270). CTLA4 appears to be critical in negative 
regulation of T cell responses (Waterhouse et al. (1995) 
Science 270:985). Blockade of CTLA4 has been found to 
remove inhibitory signals, While aggregation of CTLA4 has 
been found to provide inhibitory signals that doWnregulate 
T cell responses (Allison and Krummel (1995) Science 
270:932). The B7 polypeptides have a higher affinity for 
CTLA4 than for CD28 (Linsley, P. S. et al. (1991) J. Exp. 
Med. 174:561-569) and B7-1 and B7-2 have been found to 
bind to distinct regions of the CTLA4 polypeptide and have 
different kinetics of binding to CTLA4 (Linsley et al. (1994) 
Immunity 1:793). A neW polypeptide related to CD28 and 
CTLA4, ICOS, has been identi?ed and seems to be impor 
tant in IL-10 production (Hutloff et al. (1999) Nature 
397:263; WO 98/38216), as has its ligand, Which is a neW 
B7 family member (Aicher A. et al. (2000) J. Immunol. 
164:4689-96; Mages H. W. et al. (2000) Eur J Immunol. 
30:1040-7; Brodie D. et al. (2000) Curr Biol. 10:333-6; 
Ling V. et al. (2000) J. Immunol. 164:1653-7; Yoshinaga S. 
K. et al. (1999) Nature 402:827-32). If T cells are only 
stimulated through the T cell receptor, Without receiving an 
additional costimulatory signal, they become nonresponsive, 
anergic, or die, resulting in doWnmodulation of the immune 
response. 

[0006] The importance of the B7:CD28/CTLA4 costimu 
latory pathWay has been demonstrated in vitro and in several 
in vivo model systems. Blockade of this costimulatory 
pathWay results in the development of antigen speci?c 
tolerance in murine and human systems (Harding, F. A. et al. 
(1992) Nature 356:607-609; LenschoW, D. J. et al. (1992) 
Science 257:789-792; Turka, L. A. et al. (1992) Proc. Natl. 
Acad. Sci. USA 89:11102-11105; Gimmi, C. D. et al. (1993) 
Proc. Natl. Acad. Sci. USA 90:6586-6590; Boussiotis, V. et 
al. (1993) J. Exp. Med. 178:1753-1763). Conversely, expres 
sion of B7 by B7 negative murine tumor cells induces T-cell 
mediated speci?c immunity accompanied by tumor rejection 
and long lasting protection to tumor challenge (Chen, L. et 
al. (1992) Cell 71:1093-1102; ToWnsend, S. E. and Allison, 
J. P. (1993) Science 259:368-370; Baskar, S. et al. (1993) 
Proc. Natl. Acad. Sci. 90:5687-5690.). 

[0007] Inhibitory receptors that bind to costimulatory 
polypeptides have also been identi?ed on immune cells. 
Activation of CTLA4, for example, transmits a negative 
signal to a T cell. Engagement of CTLA4 inhibits IL-2 
production and can induce cell cycle arrest (Krummel and 
Allison (1996) J. Exp. Med. 183:2533). In addition, mice 
that lack CTLA4 develop lymphoproliferative disease (Tivol 
et al. (1995) Immunity 3:541; Waterhouse et al. (1995) 
Science 270:985). The blockade of CTLA4 With antibodies 
may remove an inhibitory signal, Whereas aggregation of 
CTLA4 With antibody transmits an inhibitory signal. There 
fore, depending upon the receptor to Which a costimulatory 
polypeptide binds (i.e., a costimulatory receptor such as 
CD28 or an inhibitory receptor such as CTLA4), certain B7 
polypeptides can promote T cell costimulation or inhibition. 

[0008] PD-1 has been identi?ed as a receptor Which binds 
to PD-L1 and PD-L2. PD-1 is a member of the immuno 
globulin gene superfamily. PD-1 (Ishida et al. (1992) EMBO 
J. 11:3887; Shinohara et al. (1994) Genomics 23:704; US. 
Pat. No. 5,698,520) has an extracellular region containing 
immunoglobulin superfamily domain, a transmembrane 
domain, and an intracellular region including an immunore 
ceptor tyrosine-based inhibitory motif (ITIM). These fea 
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tures also de?ne a larger family of polypeptides, called the 
immunoinhibitory receptors, Which also includes gp49B, 
PIR-B, and the killer inhibitory receptors (KIRs) (Vivier and 
Daeron (1997) Immunol. Today 18:286). It is often assumed 
that the tyrosyl phosphorylated ITIM motif of these recep 
tors interacts With SH2-domain containing phosphatases, 
Which leads to inhibitory signals. A subset of these immu 
noinhibitory receptors bind to MHC polypeptides, for 
example the KIRs, and CTLA4 bind to B7-1 and B7-2. It has 
been proposed that there is a phylogenetic relationship 
betWeen the MHC and B7 genes (Henry et al. (1999) 
Immunol. Today 20(6):285-8). 
[0009] The nucleotide and amino acid sequence of PD-1 is 
published in Ishida et al. (1992) EMBO J. 11:3887; Shino 
hara et al. (1994) Genomics 23:704; and US. Pat. No. 
5,698,520. PD-1 Was previously identi?ed using a subtrac 
tion cloning based approach to select for proteins involved 
in apoptotic cell death. PD-1 is identi?ed herein as a member 
of the CD28/CTLA-4 family of polypeptides. Like CTLA4, 
PD-1 is rapidly induced on the surface of T-cells in response 
to anti-CD3 (Agata et al. (1996) Int. Immunol. 8:765). In 
contrast to CTLA4, hoWever, PD-1 is also induced on the 
surface of B-cells (in response to anti-IgM). PD-1 is also 
expressed on a subset of thymocytes and myeloid cells 
(Agata et al. (1996) supra; Nishimura et al. (1996) Int. 
Immunol. 8:773). 

[0010] TWo types of human PD-1 ligand polypeptides 
have been identi?ed. PD-1 ligand proteins comprise a signal 
sequence, and an IgV domain, an IgC domain, a transmem 
brane domain, and a short cytoplasmic tail. Both PD-L1 (See 
Freeman et al. (2000) J. Exp. Med. 192:1027 for sequence 
data) and PD-L2 (See Latchman et al. (2001) Nat. Immunol. 
2:261 for sequence data) are members of the B7 family of 
polypeptides. Both PD-L1 and PD-L2 are expressed in 
placenta, spleen, lymph nodes, thymus, and heart. Only 
PD-L2 is expressed in pancreas, lung and liver While only 
PD-L1 is expressed in fetal liver. Both PD-1 ligands are 
upregulated on activated monocytes and dendritic cells. 

[0011] The fact that PD-1 binds to PD-L1 and PD-L2 
places PD-1 in a family of inhibitory receptors With CTLA4. 
While engagement of a costimulatory receptor results in a 
costimulatory signal in an immune cell, engagement of an 
inhibitory receptor, e.g., CTLA4 or PD-1 (for example by 
crosslinking or by aggregation), leads to the transmission of 
an inhibitory signal in an immune cell, resulting in doWn 
modulation of immune cell responses and/or in immune cell 
anergy. While transmission of an inhibitory signal leads to 
doWnmodulation in immune cell responses (and a resulting 
doWnmodulation in the overall immune response), the pre 
vention of an inhibitory signal (e.g., by using a non-activat 
ing antibody against PD-1) in immune cells leads to 
upmodulation of immune cell responses (and a resulting 
upmodulation of an immune response). 

[0012] The identi?cation of additional agents useful in 
modulation of an immune response Would be of tremendous 
bene?t. 

SUMMARY OF THE INVENTION 

[0013] The present invention is based, at least in part, on 
the discovery that PD-1 ligand, in addition to binding PD-1, 
binds to B7-1. PD-1 transmits a negative signal to immune 
cells, similar to CTLA4. PD-1 ligand polypeptides are 

Dec. 18, 2003 

expressed on the surface of antigen presenting cells and can 
provide a costimulatory signal to immune cells or can 
transmit doWnmodulatory signals to immune cells, depend 
ing upon the polypeptide to Which they bind. For example, 
PD-1 ligand binding to PD-1 transmits a negative signal, 
Whereas PD-1 ligand binding to a B7 polypeptide does not. 
Thus, modulation of the interaction betWeen PD-1 and PD-1 
ligand or betWeen PD-1 ligand and a B7 polypeptide results 
in modulation of the immune response. 

[0014] Thus, one aspect of the invention relates to a 
method for inhibiting the interaction betWeen a B7 polypep 
tide and a PD-1 ligand. The method comprises contacting an 
immune cell bearing a PD-1 ligand, or an immune cell 
bearing a B7 polypeptide, With an agent that inhibits the 
interaction betWeen the PD-1 ligand and the B7 polypeptide. 
In one embodiment, the interaction betWeen a B7 polypep 
tide and a PD-1 ligand polypeptide prevents PD-1 ligand 
from binding to PD-1 and, thus, inhibits delivery of an 
inhibitory immune signal. In one embodiment, agents Which 
block the interaction betWeen PD-1 and PD-1 ligand can 
prevent inhibitory signaling. In one embodiment, agents that 
block the binding of a B7 polypeptide to a PD-1 ligand alloW 
the PD-1 ligand to bind PD-1, and provide an inhibitory 
signal to an immune cell, thus enhancing signaling inhibi 
tion. 

[0015] PD-L1, by binding to a B7 polypeptide, also 
reduces the B7 polypeptide binding to the inhibitory recep 
tor CTLA4. In one embodiment, agents that block the 
binding of a B7 polypeptide to a PD-1 ligand polypeptide 
alloW the B7 polypeptide to bind CTLA4 and provide an 
inhibitory signal to an immune cell, and agents that promote 
the binding of the B7 polypeptide to the PD-1 ligand inhibit 
binding of the B7 polypeptide to CTLA4, and thus inhibit a 
negative signal. 

[0016] In another embodiment, a PD-1 ligand, by binding 
to a B7 polypeptide, also reduces the B7 polypeptide binding 
to the costimulatory receptor CD28. Thus, in one embodi 
ment, agents that block the binding of a the B7 polypeptide 
to the PD-1 ligand polypeptide alloW the B7 polypeptide to 
bind CD28 and provide a costimulatory signal to an immune 
cell and agents that promote the binding of the B7 polypep 
tide to the PD-1 ligand inhibit the binding of the B7 
polypeptide to CD28, and thereby inhibit a costimulatory 
signal. 

[0017] Accordingly, one aspect of the invention relates to 
a method for modulating (e.g., inhibiting or stimulating) an 
immune response, comprising contacting an immune cell 
bearing a PD-1 ligand or an immune cell bearing a B7 
polypeptide With an agent that modulates (e.g., inhibits or 
stimulates) the interaction betWeen the PD-1 ligand and the 
B7 polypeptide, to thereby modulate (e.g., inhibit or stimu 
late) the immune response. 

[0018] In one embodiment, the agent is an anti-PD-1 
ligand antibody. 

[0019] 
antibody. 

[0020] 

[0021] 

[0022] 

In one embodiment, the agent is an anti-B7-1 

In one embodiment, the agent is a small molecule. 

In one embodiment, the agent is a peptide. 

In one embodiment, the agent is a fusion protein. 
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[0023] Another aspect of the invention relates to a method 
for modulating an immune response comprising, contacting 
an immune cell bearing a PD-l ligand, or an immune cell 
bearing PD-l, With an agent that inhibits the interaction 
betWeen the PD-l ligand and PD-l, Without inhibiting an 
interaction betWeen a PD-l ligand and a B7 polypeptide, to 
thereby modulate the immune response. 

[0024] In one embodiment, the agent is an anti-PD-l 
ligand antibody, an anti-PD-l antibody, a peptide, or a small 
molecule, Wherein the agent inhibits the interaction betWeen 
PD-l and a PD-l ligand, and does not inhibit the interaction 
betWeen the PD-l ligand and a B7 polypeptide. 

[0025] In one embodiment, the PD-l ligand is PD-Ll. 

[0026] In one embodiment, the PD-l ligand is PD-L2. 

[0027] 
[0028] Another aspect of the invention relates to a method 
for modulating an immune response by inhibiting the inter 
action betWeen a B7 polypeptide on a ?rst immune cell and 
CTLA4 on a second immune cell, comprising contacting 
said ?rst or second immune cell With a PD-l ligand, to 
thereby modulate the immune response. 

In one embodiment, the B7 polypeptide is B7-1. 

[0029] Another aspect of the invention relates to a method 
for modulating an immune response comprising contacting 
an immune cell bearing a B7 polypeptide, or an immune cell 
bearing a CTLA4 polypeptide With an agent that inhibits the 
interaction betWeen a B7 polypeptide and a CTLA4 
polypeptide, and does not inhibit the interaction betWeen a 
B7 polypeptide and the PD-l ligand, to thereby modulate an 
immune response. 

[0030] Yet another aspect of the invention relates to a 
method of modulating an immune response by inhibiting the 
interaction betWeen a B7 polypeptide on a ?rst immune cell 
and CD28 on a second immune cell, comprising contacting 
said ?rst or second immune cell With a PD-l ligand, to 
thereby modulate an immune response. 

[0031] Another aspect of the invention relates to a method 
for modulating an immune response comprising contacting 
an immune cell bearing a B7 polypeptide, or an immune cell 
bearing CD28, With an agent that inhibits the interaction 
betWeen the B7 polypeptide and a CD28, and does not 
inhibit the interaction betWeen the B7 polypeptide and the 
PD-l ligand, to thereby modulate the immune response. 

[0032] Another aspect of the invention relates to a method 
for identifying an agent that modulates an immune response, 
comprising, screening for agents Which inhibit the interac 
tion betWeen a PD-l ligand and a PD-l polypeptide, and 
determining Whether the agents identi?ed in the screen 
inhibit the interaction betWeen a PD-l ligand and a B7 
polypeptide, Wherein an agent identi?ed in the screen Which 
is determined not to affect (e.g., inhibit) the interaction 
betWeen a PD-l ligand and a B7 polypeptide, is identi?ed as 
an agent that modulates the immune response. 

[0033] Another aspect of the invention relates to a method 
for identifying an agent that modulates an immune response, 
comprising, screening for agents Which inhibit the interac 
tion betWeen a B7 polypeptide and CTL4, and determining 
Whether the agents identi?ed in the screen inhibit the inter 
action betWeen a PD-l ligand and the B7 polypeptide, 
Wherein an agent identi?ed in the screen Which is deter 

Dec. 18, 2003 

mined not to affect (e.g., inhibit) the interaction betWeen the 
B7 polypeptide and CTLA4, but does not inhibit the inter 
action betWeen the B7 polypeptide and the PD-l ligand, is 
identi?ed as an agent that modulates the immune response. 

[0034] Yet another aspect of the invention relates to a 
method for identifying an agent that modulates an immune 
response comprising, screening for agents Which inhibit the 
interaction betWeen a PD-l ligand and a B7 polypeptide, and 
determining Whether the agents identi?ed in the screen 
inhibit the interaction betWeen the PD-l ligand and the B7 
polypeptide, Wherein an agent identi?ed in the screen Which 
is determined not to affect (e.g., inhibit) the interaction 
betWeen a PD-l ligand and a PD-l polypeptide, is identi?ed 
as an agent that modulates the immune response. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a bar graph of data representing the 
binding of cells expressing PD-Ll to B7-1 Ig, in the pres 
ence of absence of 1G10 (anti-B7-1) antibody, 10F.9G2 
(anti-PD-l) antibody, 10F.2H11 (anti-PD-l) antibody, and 
PD-l Ig polypeptide. 

[0036] FIG. 2 is a bar graph of data representing the 
binding of cells expressing PD-Ll to PD-l Ig, in the 
presence and absence of the 10F.9G2 antibody. The data 
indicates that the 10F.9G2 antibody inhibits this interaction. 

[0037] FIG. 3 is a bar graph of data representing the 
binding of cells expressing PD-Ll to B7-1 and B7-2. illus 
trates the compares the ability of B7-1 and B7-2 to bind to 
cells expressing PD-Ll. 

[0038] FIG. 4 is a graphical representation of data gen 
erated by FACS analysis, Which indicates murine PD-l 
binding to murine PD-Ll and PD-L2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] 
[0040] As used herein, the term “modulate” includes up 
regulation and doWn-regulation, e.g., enhancing or inhibit 
ing a response. 

[0041] As used herein, the term “inhibit” includes the 
decrease, limitation, or blockage, of, for example a particu 
lar action, function, or interaction. 

I. De?nitions 

[0042] As used herein, the term “immune cell” refers to 
cells that play a role in the immune response. Immune cells 
are of hematopoietic origin, and include lymphocytes, such 
as B cells and T cells; natural killer cells; myeloid cells, such 
as monocytes, macrophages, eosinophils, mast cells, baso 
phils, and granulocytes. 

[0043] As used herein, the term “T cell” includes CD4+T 
cells and CD8+T cells. The term T cell also includes both T 
helper 1 type T cells and T helper 2 type T cells. The term 
“antigen presenting cell” includes professional antigen pre 
senting cells (e.g., B lymphocytes, monocytes, dendritic 
cells, Langerhans cells) as Well as other antigen presenting 
cells (e.g., keratinocytes, endothelial cells, astrocytes, ?bro 
blasts, oligodendrocytes). 
[0044] As used herein, the term “immune response” 
includes T cell mediated and/or B cell mediated immune 
responses that are in?uenced by modulation of T cell 
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costimulation. Exemplary immune responses include T cell 
responses, e.g., cytokine production, and cellular cytotoxic 
ity. In addition, the term immune response includes immune 
responses that are indirectly effected by T cell activation, 
e.g., antibody production (humoral responses) and activation 
of cytokine responsive cells, e.g., macrophages. 

[0045] As used herein, the term “costimulatory receptor” 
includes receptors Which transmit a costimulatory signal to 
a immune cell, e.g., CD28. As used herein, the term “inhibi 
tory receptors” includes receptors Which transmit a negative 
signal to an immune cell (e.g., CTLA4 or PD-1). An 
inhibitory signal as transduced by an inhibitory receptor can 
occur even if a costimulatory receptor (such as CD28) is not 
present on the immune cell and, thus, is not simply a 
function of competition betWeen inhibitory receptors and 
costimulatory receptors for binding of costimulatory 
polypeptides (Fallarino et al. (1998) J. Exp. Med. 188:205). 
Transmission of an inhibitory signal to an immune cell can 
result in unresponsiveness or anergy or programmed cell 
death in the immune cell. Preferably transmission of an 
inhibitory signal operates through a mechanism that does not 
involve apoptosis. As used herein the term “apoptosis” 
includes programmed cell death Which can be characteriZed 
using techniques Which are knoWn in the art. Apoptotic cell 
death can be characteriZed, e.g., by cell shrinkage, mem 
brane blebbing and chromatin condensation culminating in 
cell fragmentation. Cells undergoing apoptosis also display 
a characteristic pattern of internucleosomal DNA cleavage. 

[0046] Depending upon the form of the PD-1 ligand 
polypeptide that binds to a receptor, a signal can either be 
transmitted (e.g., by a multivalent form of a PD-1 ligand 
polypeptide or a form of a PD-1 ligand polypeptide that 
binds to Fc receptors that results in crosslinking of receptor) 
or a signal can be inhibited (e.g., by a soluble, monovalent 
form of a PD-1 ligand polypeptide or a form of PD-1 ligand 
polypeptide lacking Fc receptors), for instance by competing 
With activating forms of PD-1 ligand polypeptides for bind 
ing to the receptor. HoWever, there are instances in Which a 
soluble polypeptide can be stimulatory. The effects of a 
modulatory agent can be easily demonstrated using routine 
screening assays as described herein. 

[0047] As used herein, the term “costimulate,” as used 
With reference to activated immune cells, includes the ability 
of a costimulatory polypeptide to provide a second, non 
activating receptor mediated signal (a “costimulatory sig 
nal”) that induces proliferation or effector function. For 
example, a costimulatory signal can result in cytokine secre 
tion, e.g., in a T cell that has received a T cell-receptor 
mediated signal. Immune cells that have received a cell 
receptor mediated signal, e.g., via an activating receptor are 
referred to herein as “activated immune cells.” 

[0048] As used herein, the term “activating receptor” 
includes immune cell receptors that bind antigen, complexed 
antigen (e.g., in the context of MHC polypeptides), or bind 
to antibodies. Such activating receptors include T cell recep 
tors (TCR), B cell receptors (BCR), cytokine receptors, LPS 
receptors, complement receptors, and Fc receptors. 

[0049] T cell receptors are present on T cells and are 
associated With CD3 polypeptides. T cell receptors are 
stimulated by antigen in the context of MHC polypeptides 
(as Well as by polyclonal T cell activating reagents). T cell 
activation via the TCR results in numerous changes, e.g., 
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protein phosphorylation, membrane lipid changes, ion 
?uxes, cyclic nucleotide alterations, RNA transcription 
changes, protein synthesis changes, and cell volume 
changes. 
[0050] B cell receptors are present on B cells. B cell 
antigen receptors are a complex betWeen membrane Ig (mIg) 
and other transmembrane polypeptides (e.g., Igot and Ig[3). 
The signal transduction function of mIg is triggered by 
crosslinking of receptor polypeptides by oligomeric or mul 
timeric antigens. B cells can also be activated by anti 
immunoglobulin antibodies. Upon BCR activation, numer 
ous changes occur in B cells, including tyrosine 
phosphorylation. 
[0051] Fc receptors are found on many cells Which par 
ticipate in immune responses. Fc receptors (FcRs) are cell 
surface receptors for the Fc portion of immunoglobulin 
polypeptides (Igs). Among the human FcRs that have been 
identi?ed so far are those Which recogniZe IgG (designated 
Fcy R), IgE (Fce R1), IgA (Fcot), and polymeriZed IgM/A 
(PC/10. R). FcRs are found in the folloWing cell types: Fce R 
I (mast cells), Fce R.II (many leukocytes), FCO. R (neutro 
phils), and Fcpot R (glandular epithelium, hepatocytes) 
(Hogg, N. (1988) Immunol. Today 9:185-86). The Widely 
studied FcyRs are central in cellular immune defenses, and 
are responsible for stimulating the release of mediators of 
in?ammation and hydrolytic enZymes involved in the patho 
genesis of autoimmune disease (Unkeless, J. C. et al. (1988) 
Annu. Rev. Immunol. 6:251-81). The FcyRs provide a crucial 
link betWeen effector cells and the lymphocytes that secrete 
Ig, since the macrophage/monocyte, polymorphonuclear 
leukocyte, and natural killer (NK) cell FcyRs confer an 
element of speci?c recognition mediated by IgG. Human 
leukocytes have at least three different receptors for IgG: h 
Fcy RI (found on monocytes/macrophages), hFcy RII (on 
monocytes, neutrophils, eosinophils, platelets, possibly B 
cells, and the K562 cell line), and Fcy III (on NK cells, 
neutrophils, eosinophils, and macrophages). 

[0052] With respect to T cells, transmission of a costimu 
latory signal to a T cell involves a signaling pathWay that is 
not inhibited by cyclosporine A. In addition, a costimulatory 
signal can induce cytokine secretion (e.g., IL-2 and/or 
IL-10) in a T cell and/or can prevent the induction of 
unresponsiveness to antigen, the induction of anergy, or the 
induction of cell death in the T cell. 

[0053] As used herein, the term “inhibitory signal” refers 
to a signal transmitted via an inhibitory receptor (e.g., 
CTLA4 or PD-1) for a polypeptide on a immune cell. Such 
a signal antagoniZes a signal via an activating receptor (e.g., 
via a TCR, CD3, BCR, or Fc polypeptide) and can result in, 
e.g., inhibition of second messenger generation; an inhibi 
tion of proliferation; an inhibition of effector function in the 
immune cell, e.g., reduced phagocytosis, reduced antibody 
production, reduced cellular cytotoxicity, the failure of the 
immune cell to produce mediators, (such as cytokines (e.g., 
IL-2) and/or mediators of allergic responses); or the devel 
opment of anergy. 

[0054] As used herein, the term “unresponsiveness” 
includes refractivity of immune cells to stimulation, e.g., 
stimulation via an activating receptor or a cytokine. Unre 
sponsiveness can occur, e.g., because of exposure to immu 
nosuppressants or exposure to high doses of antigen. As used 
herein, the term “anergy” or “tolerance” includes refractivity 
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to activating receptor-mediated stimulation. Such refractiv 
ity is generally antigen-speci?c and persists after exposure 
to the toleriZing antigen has ceased. For example, anergy in 
T cells (as opposed to unresponsiveness) is characterized by 
lack of cytokine production, e.g., IL-2. T cell anergy occurs 
When T cells are exposed to antigen and receive a ?rst signal 
(a T cell receptor or CD-3 mediated signal) in the absence of 
a second signal (a costimulatory signal). Under these con 
ditions, reexposure of the cells to the same antigen (even if 
reexposure occurs in the presence of a costimulatory 
polypeptide) results in failure to produce cytokines and, 
thus, failure to proliferate. Anergic T cells can, hoWever, 
proliferate if cultured With cytokines (e.g., IL-2). For 
example, T cell anergy can also be observed by the lack of 
IL-2 production by T lymphocytes as measured by ELISA or 
by a proliferation assay using an indicator cell line. Alter 
natively, a reporter gene construct can be used. For example, 
anergic T cells fail to initiate IL-2 gene transcription induced 
by a heterologous promoter under the control of the 5‘ IL-2 
gene enhancer or by a multimer of the AP1 sequence that can 
be found Within the enhancer (Kang et al. (1992) Science 
25711134). 
[0055] The PD-1 ligands and B7 polypeptides comprise a 
family of polypeptides having certain conserved structural 
and functional features. Similarly, the PD-1 proteins are 
members of a family of polypeptides having conserved 
structural and functional features. The term “family” When 
used to refer to proteins or nucleic acid molecules, is 
intended to mean tWo or more proteins or nucleic acid 
molecules having a common structural domain or motif and 
having sufficient amino acid or nucleotide sequence homol 
ogy, as de?ned herein. Such family members can be natu 
rally or non-naturally occurring and can be from either the 
same or different species. For example, a family can contain 
a ?rst protein of human origin, as Well as other, distinct 
proteins of human origin or alternatively, can contain homo 
logues of non-human origin. Members of a family may also 
have common functional characteristics. The PD-1 ligand 
polypeptides described herein are members of the B7 family 
of polypeptides. The term “B7 family” or “B7 polypeptides” 
as used herein includes costimulatory polypeptides that 
share sequence homology With B7 polypeptides, e.g., With 
B7-1, B7-2, B7h (SWalloW et al. (1999) Immunity 111423), 
and/or PD-1 ligands (e.g., PD-L1 or PD-L2). For example, 
human B7-1 and B7-2 share approximately 26% amino acid 
sequence identity When compared using the BLAST pro 
gram at NCBI With the default parameters (Blosum62 matrix 
With gap penalties set at existence 11 and extension 1 (See 
the NCBI Website). The term B7 family also includes 
variants of these polypeptides Which are capable of modu 
lating immune cell function. 

[0056] Preferred B7 polypeptides are capable of providing 
costimulatory or inhibitory signals to immune cells to 
thereby promote or inhibit immune cell responses. For 
example, B7 family members that bind to costimulatory 
receptors increase T cell activation and proliferation, While 
B7 family members that bind to inhibitory receptors reduce 
costimulation. Moreover, the same B7 family member may 
increase or decrease T cell costimulation. For example, 
When bound to a costimulatory receptor, PD-1 ligand can 
induce costimulation of immune cells or can inhibit immune 
cell costimulation, e. g., When present in soluble form. When 
bound to an inhibitory receptor, PD-1 ligand polypeptides 
can transmit an inhibitory signal to an immune cell. Pre 
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ferred B7 family members include B7-1, B7-2, B7h, PD-L1 
or PD-L2 and soluble fragments or derivatives thereof. In 
one embodiment, B7 family members bind to one or more 
receptors on an immune cell, e.g., CTLA4, CD28, ICOS, 
PD-1 and/or other receptors, and, depending on the receptor, 
have the ability to transmit an inhibitory signal or a costimu 
latory signal to an immune cell, preferably a T cell. 

[0057] PD-1 polypeptides are inhibitory receptors capable 
of transmitting an inhibitory signal to an immune cell to 
thereby inhibit immune cell effector function, or are capable 
of promoting costimulation (e.g., by competitive inhibition) 
of immune cells, e.g., When present in soluble, monomeric 
form. Preferred PD-1 family members share sequence iden 
tity With PD-1 and bind to one or more B7 family members, 
e.g., B7-1, B7-2, PD-1 ligand, and/or other polypeptides on 
antigen presenting cells. 

[0058] As used herein, the term “activity,” When used With 
respect to a polypeptide, e.g., a PD-1 ligand, PD-1, CTLA4, 
CD28, or a B7 polypeptide includes activities Which are 
inherent in the structure of the protein. For example, With 
regard to PD-1 ligand, the term “activity” includes the 
ability to modulate immune cell costimulation (eg by 
modulating a costimulatory signal in an activated immune 
cell) or to modulate inhibition by modulating an inhibitory 
signal in an immune cell ( e.g., by engaging a natural 
receptor on an immune cell) Those of skill in the art Will 
recogniZe that When an activating form of the PD-1 ligand 
polypeptide binds to a costimulatory receptor, a costimula 
tory signal is generated in the immune cell. When an 
activating form of the PD-1 ligand polypeptide binds to an 
inhibitory receptor, an inhibitory signal is generated in the 
immune cell. When a PD-1 ligand binds to a B7 polypeptide, 
a costimulatory signal may be generated because the inhibi 
tory signal of the PD-1 ligand binding to PD-1 is inhibited. 

[0059] As used herein, the term “PD-1 ligand” includes 
both PD-L1 (Freeman et al. (2000) J. Exp. Med. 192:1027) 
and PD-L2 (Latchman et al. (2001) Nat. Immunol. 2:261). 

[0060] Modulation of a costimulatory signal results in 
modulation of effector function of an immune cell. Thus, the 
term “PD-1 ligand activity” includes the ability of a PD-1 
ligand polypeptide to bind its natural receptor(s) (e.g. PD-1 
or B7-1), the ability to modulate immune cell costimulatory 
or inhibitory signals, and the ability to modulate the immune 
response. 

[0061] With respect to PD-1, the term “activity” includes 
the ability of a PD-1 polypeptide to modulate an inhibitory 
signal in an activated immune cell, e.g., by engaging a 
natural PD-1 ligand on an antigen presenting cell. PD-1 
transmits an inhibitory signal to an immune cell in a manner 
similar to CTLA4. Modulation of an inhibitory signal in an 
immune cell results in modulation of proliferation of, and/or 
cytokine secretion by, an immune cell. Thus, the term “PD-1 
activity” includes the ability of a PD-1 polypeptide to bind 
its natural ligand(s), the ability to modulate immune cell 
costimulatory or inhibitory signals, and the ability to modu 
late the immune response. 

[0062] As used herein, the term “interaction”, When refer 
ring to an interaction betWeen tWo molecules, refers to the 
physical contact (e.g., binding) of the molecules With one 
another. Generally, such an interaction results in an activity 
(Which produces a biological effect) of one or both of said 
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molecules. The activity may be a direct activity of one or 
both of the molecules, (e.g., signal transduction). Alterna 
tively, one or both molecules in the interaction may be 
prevented from binding their ligand, and thus be held 
inactive With respect to ligand binding activity (e.g., binding 
its ligand and triggering or inhibiting costimulation). To 
inhibit such an interaction results in the disruption of the 
activity of one or more molecules involved in the interac 
tion. To enhance such an interaction is to prolong or increase 
the likelihood of said physical contact, and prolong or 
increase the likelihood of said activity. 

[0063] As used herein, a “naturally-occurring” nucleic 
acid polypeptide refers to an RNA or DNA polypeptide 
having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). 

[0064] As used herein, an “antisense” nucleic acid 
polypeptide comprises a nucleotide sequence Which is 
complementary to a “sense” nucleic acid encoding a protein, 
e.g., complementary to the coding strand of a double 
stranded cDNA polypeptide, complementary to an mRNA 
sequence or complementary to the coding strand of a gene. 
Accordingly, an antisense nucleic acid polypeptide can 
hydrogen bond to a sense nucleic acid polypeptide. 

[0065] As used herein, the term “coding region” refers to 
regions of a nucleotide sequence comprising codons Which 
are translated into amino acid residues, Whereas the term 
“noncoding region” refers to regions of a nucleotide 
sequence that are not translated into amino acids (e.g., 5‘ and 
3‘ untranslated regions). 

[0066] As used herein, the term “vector” refers to a nucleic 
acid capable of transporting another nucleic acid to Which it 
has been linked. One type of vector is a “plasmid”, Which 
refers to a circular double stranded DNA loop into Which 
additional DNA segments may be ligated. Another type of 
vector is a viral vector, Wherein additional DNA segments 
may be ligated into the viral genome. Certain vectors are 
capable of autonomous replication in a host cell into Which 
they are introduced (e.g., bacterial vectors having a bacterial 
origin of replication and episomal mammalian vectors). 
Other vectors (e.g., non-episomal mammalian vectors) are 
integrated into the genome of a host cell upon introduction 
into the host cell, and thereby are replicated along With the 
host genome. Moreover, certain vectors are capable of 
directing the expression of genes to Which they are opera 
tively linked. Such vectors are referred to herein as “recom 
binant expression vectors” or simply “expression vectors”. 
In general, expression vectors of utility in recombinant DNA 
techniques are often in the form of plasmids. In the present 
speci?cation, “plasmid” and “vector” may be used inter 
changeably as the plasmid is the most commonly used form 
of vector. HoWever, the invention is intended to include such 
other forms of expression vectors, such as viral vectors (e.g., 
replication defective retroviruses, adenoviruses and adeno 
associated viruses), Which serve equivalent functions. 

[0067] As used herein, the term “host cell” is intended to 
refer to a cell into Which a nucleic acid of the invention, such 
as a recombinant expression vector of the invention, has 
been introduced. The terms “host cell” and “recombinant 
host cell” are used interchangeably herein. It should be 
understood that such terms refer not only to the particular 
subject cell but to the progeny or potential progeny of such 
a cell. Because certain modi?cations may occur in succeed 
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ing generations due to either mutation or environmental 
in?uences, such progeny may not, in fact, be identical to the 
parent cell, but are still included Within the scope of the term 
as used herein. 

[0068] As used herein, an “isolated protein” refers to a 
protein that is substantially free of other proteins, cellular 
material, separation medium, and culture medium When 
isolated from cells or produced by recombinant DNA tech 
niques, or chemical precursors or other chemicals When 
chemically synthesiZed. An “isolated” or “puri?ed” protein 
or biologically active portion thereof is substantially free of 
cellular material or other contaminating proteins from the 
cell or tissue source from Which the antibody, polypeptide, 
peptide or fusion protein is derived, or substantially free 
from chemical precursors or other chemicals When chemi 
cally synthesiZed. The language “substantially free of cel 
lular material” includes preparations of PD-l ligand, PD-l 
or B7 polypeptide, in Which the protein is separated from 
cellular components of the cells from Which it is isolated or 
recombinantly produced. In one embodiment, the language 
“substantially free of cellular material” includes prepara 
tions of PD-l ligand, PD-l or B7 fusion protein, having less 
than about 30% (by dry Weight) of non-PD-l ligand, PD-l 
or B7 fusion protein (also referred to herein as a “contami 
nating protein”), more preferably less than about 20% of 
non-PD-l ligand, PD-l or B7 fusion protein, still more 
preferably less than about 10% of PD-l ligand, PD-l or B7 
fusion protein, and most preferably less than about 5% 
non-PD-l ligand, PD-l or B7 fusion protein. When anti 
body, polypeptide, peptide or fusion protein or biologically 
active portion thereof is recombinantly produced, it is also 
preferably substantially free of culture medium, i.e., culture 
medium represents less than about 20%, more preferably 
less than about 10%, and most preferably less than about 5% 
of the volume of the protein preparation. 

[0069] The language “substantially free of chemical pre 
cursors or other chemicals” includes preparations of anti 
body, polypeptide, peptide or fusion protein in Which the 
protein is separated from chemical precursors or other 
chemicals Which are involved in the synthesis of the protein. 
In one embodiment, the language “substantially free of 
chemical precursors or other chemicals” includes prepara 
tions of antibody, polypeptide, peptide or fusion protein 
having less than about 30% (by dry Weight) of chemical 
precursors or non-antibody, polypeptide, peptide or fusion 
protein chemicals, more preferably less than about 20% 
chemical precursors or non-antibody, polypeptide, peptide 
or fusion protein chemicals, still more preferably less than 
about 10% chemical precursors or non-antibody, polypep 
tide, peptide or fusion protein chemicals, and most prefer 
ably less than about 5% chemical precursors or non-anti 
body, polypeptide, peptide or fusion protein chemicals. 

[0070] The term “antibody” as used herein also includes 
an “antigen-binding portion” of an antibody (or simply 
“antibody portion”). The term “antigen-binding portion”, as 
used herein, refers to one or more fragments of an antibody 
that retain the ability to speci?cally bind to an antigen (e.g., 
PD-l ligand or a B7 polypeptide). It has been shoWn that the 
antigen-binding function of an antibody can be performed 
by fragments of a full-length antibody. Examples of binding 
fragments encompassed Within the term “antigen-binding 
portion” of an antibody include a Fab fragment, a 
monovalent fragment consisting of the VL, VH, CL and 
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CH1 domains; (ii) a F(ab‘)2 fragment, a bivalent fragment 
comprising tWo Fab fragments linked by a disul?de bridge 
at the hinge region; (iii) a Fd fragment consisting of the VH 
and CH1 domains; (iv) a Fv fragment consisting of the VL 
and VH domains of a single arm of an antibody, (v) a dAb 
fragment (Ward et al., (1989) Nature 341:544-546), Which 
consists of a VH domain; and (vi) an isolated complemen 
tarity determining region (CDR). Furthermore, although the 
tWo domains of the Fv fragment, VL and VH, are coded for 
by separate genes, they can be joined, using recombinant 
methods, by a synthetic linker that enables them to be made 
as a single protein chain in Which the VL and VH regions 
pair to form monovalent polypeptides (knoWn as single 
chain Fv (scFv); see e.g., Bird et al. (1988) Science 2421423 
426; and Huston et al. (1988) Proc. Natl. Acad Sci. USA 
85:5879-5883; and Osbourn et al. 1998, Nature Biotechnol 
ogy 16: 778). Such single chain antibodies are also intended 
to be encompassed Within the term “antigen-binding por 
tion” of an antibody. Any VH and VL sequences of speci?c 
scFv can be linked to human immunoglobulin constant 
region cDNA or genomic sequences, in order to generate 
expression vectors encoding complete IgG polypeptides or 
other isotypes. VH and V1 can also be used in the generation 
of Fab, Fv or other fragments of immunoglobulins using 
either protein chemistry or recombinant DNA technology. 
Other forms of single chain antibodies, such as diabodies are 
also encompassed. Diabodies are bivalent, bispeci?c anti 
bodies 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 complemen 
tary domains of another chain and creating tWo antigen 
binding sites (see e.g., Holliger, P., et al. (1993) Proc. Natl. 
Acad. Sci. USA 90:6444-6448; Poljak, R. J., et al. (1994) 
Structure 211121-1123). 
[0071] Still further, an antibody or antigen-binding portion 
thereof may be part of larger immunoadhesion polypeptides, 
formed by covalent or noncovalent association of the anti 
body or antibody portion With one or more other proteins or 
peptides. Examples of such immunoadhesion polypeptides 
include use of the streptavidin core region to make a 
tetrameric scFv polypeptide (Kipriyanov, S. M., et al. (1995) 
Human Antibodies and Hybria'omas 6:93-101) and use of a 
cysteine residue, a marker peptide and a C-terminal poly 
histidine tag to make bivalent and biotinylated scFv 
polypeptides (Kipriyanov, S. M., et al. (1994) M01. Immunol. 
31:1047-1058). Antibody portions, such as Fab and F(ab‘)2 
fragments, can be prepared from Whole antibodies using 
conventional techniques, such as papain or pepsin digestion, 
respectively, of Whole antibodies. Moreover, antibodies, 
antibody portions and immunoadhesion polypeptides can be 
obtained using standard recombinant DNA techniques, as 
described herein. 

[0072] Antibodies may be polyclonal or monoclonal; 
xenogeneic, allogeneic, or syngeneic; or modi?ed forms 
thereof (eg humaniZed, chimeric, etc.). Antibodies may 
also be fully human. Preferably, antibodies of the invention 
bind speci?cally or substantially speci?cally to PD-1 ligand, 
PD-1, or B7-1 polypeptides. The terms “monoclonal anti 
bodies” and “monoclonal antibody composition”, as used 
herein, refer to a population of antibody polypeptides that 
contain only one species of an antigen binding site capable 
of immunoreacting With a particular epitope of an antigen, 
Whereas the term “polyclonal antibodies” and “polyclonal 
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antibody composition” refer to a population of antibody 
polypeptides that contain multiple species of antigen binding 
sites capable of interacting With a particular antigen. A 
monoclonal antibody composition typically displays a single 
binding af?nity for a particular antigen With Which it immu 
noreacts. 

[0073] The term “humaniZed antibody”, as used herein, is 
intended to include antibodies made by a non-human cell 
having variable and constant regions Which have been 
altered to more closely resemble antibodies that Would be 
made by a human cell. For example, by altering the non 
human antibody amino acid sequence to incorporate amino 
acids found in human germline immunoglobulin sequences. 
The humaniZed antibodies of the invention may include 
amino acid residues not encoded by human germline immu 
noglobulin sequences (e. g., mutations introduced by random 
or site-speci?c mutagenesis in vitro or by somatic mutation 
in vivo), for example in the CDRs. The term “humaniZed 
antibody”, as used herein, also includes antibodies in Which 
CDR sequences derived from the germline of another mam 
malian species, such as a mouse, have been grafted onto 
human frameWork sequences. 

[0074] An “isolated antibody”, as used herein, is intended 
to refer to an antibody that is substantially free of other 
antibodies having different antigenic speci?cities (e.g., an 
isolated antibody that speci?cally binds PD-1 ligand is 
substantially free of antibodies that speci?cally bind anti 
gens other than PD-1 ligand). Moreover, an isolated anti 
body may be substantially free of other cellular material 
and/or chemicals. 

[0075] There is a knoWn and de?nite correspondence 
betWeen the amino acid sequence of a particular protein and 
the nucleotide sequences that can code for the protein, as 
de?ned by the genetic code (shoWn beloW). LikeWise, there 
is a knoWn and de?nite correspondence betWeen the nucle 
otide sequence of a particular nucleic acid and the amino 
acid sequence encoded by that nucleic acid, as de?ned by the 
genetic code. 

GENETIC CODE 

Alanine (Ala, A) GCA, GCC, GCG, GCT 

Arginine (Arg, R) AGA, ACG, CGA, CGC, CGG, 
CGT 

Asparagine (Asn, N) AAC, AAT 

Aspartic acid (Asp, D) GAC, GAT 

Cysteine (Cys, C) TGC, TGT 

Glutamic acid (Glu, E) GAA, GAG 

Glutamine (Gln, Q) CAA, CAG 

Glycine (Gly, G) GGA, GGC, GGG, GGT 

Histidine (His, H) CAC, CAT 

Isoleucine (Ile, I) ATA, ATC, ATT 

Leucine (Leu, L) CTA, CTC, CTG, CTT, TTA, 
TTG 
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-oontinued 

GENETIC CODE 

Lysine (Lys, K) AAA, AAG 

Methionine (Met, M) ATG 

Phenylalanine (Phe, F) TTC, TTT 

Proline (Pro, F) CCA, ccc, ccc, CCT 

Serine (Ser, 5) AGC, AGT, TCA, TCC, TCG, 
TCT 

Threonine (Thr, T) ACA, ACC, ACG, ACT 

Tryptophan (Trp, W) TGG 

Tyrosine (Tyr, Y) TAC, TAT 

Valine (Val, v) GTA, GTC, GTG, GTT 

Termination signal (end) TAA, TAG, TGA 

[0076] An important and Well known feature of the genetic 
code is its redundancy, Whereby, for most of the amino acids 
used to make proteins, more than one coding nucleotide 
triplet may be employed (illustrated above). Therefore, a 
number of different nucleotide sequences may code for a 
given amino acid sequence. Such nucleotide sequences are 
considered functionally equivalent since they result in the 
production of the same amino acid sequence in all organisms 
(although certain organisms may translate some sequences 
more ef?ciently than they do others). Moreover, occasion 
ally, a methylated variant of a purine or pyrimidine may be 
found in a given nucleotide sequence. Such methylations do 
not affect the coding relationship betWeen the trinucleotide 
codon and the corresponding amino acid. 

[0077] In vieW of the foregoing, the nucleotide sequence 
of a DNA or RNA coding for a fusion protein or polypeptide 
of the invention (or any portion thereof) can be used to 
derive the fusion protein or polypeptide amino acid 
sequence, using the genetic code to translate the DNA or 
RNA into an amino acid sequence. Likewise, for fusion 
protein or polypeptide amino acid sequence, corresponding 
nucleotide sequences that can encode the fusion protein or 
polypeptide can be deduced from the genetic code (Which, 
because of its redundancy, Will produce multiple nucleic 
acid sequences for any given amino acid sequence). Thus, 
description and/or disclosure herein of a nucleotide 
sequence Which encodes a fusion protein or polypeptide 
should be considered to also include description and/or 
disclosure of the amino acid sequence encoded by the 
nucleotide sequence. Similarly, description and/or disclo 
sure of a fusion protein or polypeptide amino acid sequence 
herein should be considered to also include description 
and/or disclosure of all possible nucleotide sequences that 
can encode the amino acid sequence. 

[0078] II. Agents that Modulate Immune Cell Activation 

[0079] The agents of this invention can up or doWn 
regulate the immune system and, thereby, up or doWnregu 
late an immune response. For example, modulation of the 
interaction betWeen PD-l and PD-l ligand, or betWeen PD-l 
ligand and a B7 polypeptide, results in modulation of the 
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immune response. The interaction betWeen a B7 polypeptide 
and a PD-l ligand polypeptide prevents PD-l ligand from 
binding to PD-l and, thus, inhibits delivery of an inhibitory 
immune signal. Thus, in one embodiment, agents Which 
block the interaction betWeen PD-l and PD-l ligand can 
prevent inhibitory signaling. In one embodiment, agents that 
block the binding of a B7 polypeptide to a PD-l ligand 
polypeptide alloW PD-l ligand to bind PD-l and provide an 
inhibitory signal to an immune cell. PD-l ligand, by binding 
to a B7 polypeptide, also reduces the B7 polypeptide binding 
to the inhibitory receptor CTLA4. In one embodiment, 
agents that block the binding of a B7 polypeptide to a PD-l 
ligand polypeptide alloW the B7 polypeptide to bind CTLA4 
and provide an inhibitory signal to an immune cell. In 
another embodiment, PD-Ll, by binding to a B7 polypep 
tide, also reduces the B7 polypeptide binding to the costimu 
latory receptor CD28. Thus, in one embodiment, agents that 
block the binding of a B7 polypeptide to a PD-l ligand 
polypeptide alloW the B7 polypeptide to bind CD28, and 
provide a costimulatory signal to an immune cell. 

[0080] For example, in one embodiment, agents that 
increase the interaction betWeen a PD-l ligand and a B7 
polypeptide can enhance an immune response While agents 
that decrease the interaction betWeen a PD-l ligand and a B7 
polypeptide can reduce an immune response by enhancing 
the interaction betWeen the PD-l ligand and PD-l and/ or the 
interaction betWeen the B7 polypeptide and CTLA4. In one 
embodiment, agents that modulate the interaction betWeen a 
PD-l ligand and a B7 polypeptide do not produce inhibition 
of the interaction betWeen a PD-l ligand and PD-l and/ or 
betWeen the B7 polypeptide and CTLA4. In another 
embodiment, agents that increase a PD-l ligand interaction 
With a B7 polypeptide, also decrease the interaction betWeen 
the PD-l ligand and PD-l, and/or betWeen the B7 polypep 
tide and CTLA4. In yet another embodiment, agents that 
decrease the interaction of a PD-l ligand and a B7 polypep 
tide, enhance or increase the interaction betWeen the PD-l 
ligand and PD-l, and/or betWeen the B7 polypeptide and 
CTLA4. Exemplary agents for modulating (e.g., reducing, 
an immune response) include antibodies against a PD-l 
ligand or a B7 polypeptide Which inhibit the interaction of 
the PD-l ligand With the B7 polypeptide; small molecules or 
peptides Which inhibit the interaction of the PD-l ligand 
With the B7 polypeptide; and fusion proteins (eg the 
extracellular portion of the PD-l ligand or B7 polypeptide, 
fused to the Fc portion of an antibody) Which bind to the B7 
polypeptide or PD-l ligand, respectively, and prevent the 
interaction betWeen the PD-l ligand and B7 polypeptide. 

[0081] In another embodiment, agents that increase the 
interaction betWeen a PD-l ligand and a B7 polypeptide, 
decrease an immune response by decreasing the ability of 
the B7 polypeptide to bind to CD28. In yet another embodi 
ment, agents that decrease the interaction betWeen a PD-l 
ligand and a B7 polypeptide can increase the immune 
response by increasing the interaction betWeen the B7 
polypeptide and CD28. 

[0082] Agents that modulate the interaction betWeen a 
PD-l ligand and a PD-l polypeptide can also be used to up 
or doWn regulate the immune response. For example, agents 
that increase the interaction betWeen the PD-l ligand and 
PD-l polypeptide can decrease an immune response While 
agents that decrease the interaction betWeen the PD-l ligand 
and PD-l polypeptide can increase an immune response. 



US 2003/0232323 A1 

Preferably, agents that modulate the interaction betWeen the 
PD-1 ligand and PD-1, do not modulate (have no direct 
affect on) the interaction betWeen the PD-1 ligand and a B7 
polypeptide. In another embodiment, agents that increase the 
interaction betWeen the PD-1 ligand and PD-1, decrease the 
interaction betWeen the PD-1 ligand and the B7 polypeptide. 
In yet another embodiment, agents that decrease the inter 
action betWeen the PD-L1 ligand and PD-1 increase the 
interaction betWeen the PD-1 ligand and the B7 polypeptide. 
Exemplary agents for modulating (e.g., enhancing, an 
immune response) include antibodies against PD-1 or a 
PD-1 ligand Which block the interaction betWeen PD-1 and 
the PD-1 ligand; small molecules or peptides Which block 
the interaction betWeen PD-1 and the PD-1 ligand; and 
fusion proteins (eg the extracellular portion of a PD-1 
ligand or PD-1 polypeptide fused to the Fc portion of an 
antibody) Which bind to PD-1 or a PD-1 ligand and prevent 
the interaction betWeen the PD-1 ligand and PD-1. 

[0083] In another embodiment, at least a portion of a PD-1 
ligand Which binds to a B7 polypeptide, or a mimetic of such 
a portion, can be used to enhance an immune response by 
binding to the B7 polypeptide and inhibiting the interaction 
betWeen the B7 polypeptide on a ?rst immune cell and 
CTLA4 on a second immune cell. 

[0084] In another embodiment, at least a portion of a PD-1 
ligand Which binds to a B7 polypeptide, or a mimetic of such 
a portion, can be used to inhibit an immune response by 
binding to the B7 polypeptide and inhibiting the interaction 
betWeen the B7 polypeptide on a ?rst immune cell and CD28 
on a second immune cell. 

[0085] An isolated PD-1, PD-1 ligand, B7 polypeptide, 
CTLA4, or CD28, or a portion or fragment thereof (or a 
nucleic acid encoding such a polypeptide), can be used as an 
immunogen to generate antibodies that bind to the respective 
PD-1, PD-1 ligand, B7 polypeptide, CTLA4, or CD28, using 
standard techniques for polyclonal and monoclonal antibody 
preparation. A full-length PD-1, PD-1 ligand, B7 polypep 
tide, CTLA4, or CD28 can be used, or alternatively, the 
invention relates to antigenic peptide fragments of PD-1, 
PD-1 ligand, B7, CTLA4, or a CD28 polypeptide for use as 
immunogens. An antigenic peptide of PD-1, PD-1 ligand, 
B7 polypeptide, CTLA4, or CD28 comprises at least 8 
amino acid residues and encompasses an epitope present in 
the respective full length molecule such that an antibody 
raised against the peptide forms a speci?c immune complex 
With the respective full length molecule. Preferably, the 
antigenic peptide comprises at least 10 amino acid residues, 
more preferably at least 15 amino acid residues, even more 
preferably at least 20 amino acid residues, and most pref 
erably at least 30 amino acid residues. Preferred epitopes 
encompassed by the antigenic peptides are regions of PD-1, 
PD-1 ligand, a B7 polypeptide, CTLA4, or CD28 that are 
located on the surface of the protein, e.g., hydrophilic 
regions. Astandard hydrophobicity analysis of the polypep 
tide molecule can be performed to identify hydrophilic 
regions. Highly preferred epitopes encompassed by the 
antigenic peptides are the regions of the polypeptide mol 
ecule Which are in the extracellular domain, and therefore 
are involved in binding. In one embodiment such epitopes 
can be speci?c for a given polypeptide molecule from one 
species, such as mouse or human (i.e., an antigenic peptide 
that spans a region of the polypeptide molecule that is not 
conserved across species is used as immunogen; such non 
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conserved residues can be determined using an alignment 
such as that provided herein). 

[0086] In one embodiment, an antibody binds substan 
tially speci?cally to PD-1 Without binding to a B7 polypep 
tide or a PD-1 ligand. In another embodiment, an antibody 
binds substantially speci?cally to a PD-1 ligand. In another 
embodiment, an antibody binds substantially speci?cally to 
a B7 polypeptide. In a preferred embodiment, an antibody 
binds to a PD-1 ligand and blocks the interaction betWeen 
the PD-1 ligand and a B7 polypeptide. In another preferred 
embodiment, an antibody binds to a B7 polypeptide and 
blocks the interaction betWeen a PD-1 ligand and the B7 
polypeptide. In another preferred embodiment, an antibody 
binds to a PD-1 ligand and blocks the interaction betWeen 
PD-1 and the PD-1 ligand, Without blocking the interaction 
betWeen the PD-1 ligand and a B7 polypeptide. 

[0087] A PD-1, PD-1 ligand, B7 polypeptide, CTLA4, or 
CD28 immunogen typically is used to prepare antibodies by 
immuniZing a suitable subject, (e.g., rabbit, goat, mouse or 
other mammal) With the immunogen. An appropriate immu 
nogenic preparation can contain, for example, a recombi 
nantly expressed or chemically synthesiZed molecule or 
fragment thereof to Which the immune response is to be 
generated. The preparation can further include an adjuvant, 
such as Freund’s complete or incomplete adjuvant, or simi 
lar immunostimulatory agent. ImmuniZation of a suitable 
subject With an immunogenic preparation induces a poly 
clonal antibody response to the antigenic peptide contained 
therein. 

[0088] Polyclonal antibodies can be prepared as described 
above by immuniZing a suitable subject With a polypeptide 
immunogen. The polypeptide antibody titer in the immu 
niZed subject can be monitored over time by standard 
techniques, such as With an enZyme linked immunosorbent 
assay (ELISA) using immobiliZed polypeptide. If desired, 
the antibody directed against the antigen can be isolated 
from the mammal (e.g., from the blood) and further puri?ed 
by Well knoWn techniques, such as protein A chromatogra 
phy to obtain the IgG fraction. At an appropriate time after 
immuniZation, e.g., When the antibody titers are highest, 
antibody-producing cells can be obtained from the subject 
and used to prepare monoclonal antibodies by standard 
techniques, such as the hybridoma technique originally 
described by Kohler and Milstein (1975) Nature 2561495 
497) (see also BroWn et al. (1981) J. Immunol. 127:539-46; 
BroWn et al. (1980) J. Biol. Chem. 255:4980-83; Yeh et al. 
(1976) Proc. Natl. Acad. Sci. 76:2927-31; and Yeh et al. 
(1982) Int. J. Cancer 29:269-75), the more recent human B 
cell hybridoma technique (KoZbor et al. (1983) Immunol. 
Today 4:72), the EBV-hybridoma technique (Cole et al. 
(1985) MonoclonalAntiboa'ies and Cancer Therapy, Alan R. 
Liss, Inc., pp. 77-96) or trioma techniques. The technology 
for producing monoclonal antibody hybridomas is Well 
knoWn (see generally Kenneth, R. H. in Monoclonal Anti 
bodies." A New Dimension In Biological Analyses, Plenum 
Publishing Corp., NeW York, NY. (1980); Lemer, E. A. 
(1981) Yale J. Biol. Med. 541387-402; Gefter, M. L. et al. 
(1977) Somatic Cell Genet. 3:231-36). Brie?y, an immortal 
cell line (typically a myeloma) is fused to lymphocytes 
(typically splenocytes) from a mammal immuniZed With an 
immunogen as described above, and the culture supernatants 
of the resulting hybridoma cells are screened to identify a 
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hybridoma producing a monoclonal antibody that binds to 
the polypeptide antigen, preferably speci?cally. 
[0089] Any of the many Well knoWn protocols used for 
fusing lymphocytes and immortalized cell lines can be 
applied for the purpose of generating an anti-PD-1, anti 
PD-1 ligand or anti-B7 polypeptide monoclonal antibody 
(see, e.g., Galfre, G. et al. (1977) Nature 266155052; Gefter 
et al. (1977) supra; Lerner (1981) supra; Kenneth (1980) 
supra). Moreover, the ordinary skilled Worker Will appreci 
ate that there are many variations of such methods Which 
also Would be useful. Typically, the immortal cell line (e.g., 
a myeloma cell line) is derived from the same mammalian 
species as the lymphocytes. For eXample, murine hybrido 
mas can be made by fusing lymphocytes from a mouse 
immuniZed With an immunogenic preparation of the present 
invention With an immortaliZed mouse cell line. Preferred 
immortal cell lines are mouse myeloma cell lines that are 
sensitive to culture medium containing hypoXanthine, ami 
nopterin and thymidine (“HAT medium”). Any of a number 
of myeloma cell lines can be used as a fusion partner 
according to standard techniques, e.g., the P3-NS1/1-Ag4-1, 
P3-X63-Ag8.653 or Sp2/O-Ag14 myeloma lines. These 
myeloma lines are available from the American Type Cul 
ture Collection (ATCC), Rockville, Md. Typically, HAT 
sensitive mouse myeloma cells are fused to mouse spleno 
cytes using polyethylene glycol (“PEG”). Hybridoma cells 
resulting from the fusion are then selected using HAT 
medium, Which kills unfused and unproductively fused 
myeloma cells (unfused splenocytes die after several days 
because they are not transformed). Hybridoma cells produc 
ing a monoclonal antibody of the invention are detected by 
screening the hybridoma culture supernatants for antibodies 
that bind a given polypeptide, e.g., using a standard ELISA 
assay. 

[0090] As an alternative to preparing monoclonal anti 
body-secreting hybridomas, a monoclonal speci?c for one of 
the above described polypeptides antibody can be identi?ed 
and isolated by screening a recombinant combinatorial 
immunoglobulin library (e.g., an antibody phage display 
library) With the appropriate polypeptide to thereby isolate 
immunoglobulin library members that bind the polypeptide. 
Kits for generating and screening phage display libraries are 
commercially available (e.g., the Pharmacia Recombinant 
Phage Antibody System, Catalog No. 27-9400-01; and the 
Stratagene SurfZAPTM Phage Display Kit, Catalog No. 
240612). Additionally, eXamples of methods and reagents 
particularly amenable for use in generating and screening an 
antibody display library can be found in, for eXample, 
Ladner et al. US. Pat. No. 5,223,409; Kang et al. Interna 
tional Publication No. W0 92/ 18619; DoWer et al. Interna 
tional Publication No. W0 91/ 17271; Winter et al. Interna 
tional Publication WO 92/20791; Markland et al. 
International Publication No. WO 92/15679; Breitling et al. 
International Publication WO 93/01288; McCafferty et al. 
International Publication No. WO 92/01047; Garrard et al. 
International Publication No. WO 92/09690; Ladner et al. 
International Publication No. WO 90/02809; Fuchs et al. 
(1991) Biotechnology 911369-1372; Hay et al. (1992) 
Hum. Antiboa'. Hybridomas 3:81-85; Huse et al. (1989) 
Science 24611275-1281; Grif?ths et al. (1993) EMBO J. 
121725-734; Hawkins et al. (1992) J. Mol. Biol. 2261889 
896; Clarkson et al. (1991) Nature 3521624-628; Gram et al. 
(1992) Proc. Natl. Acad. Sci. USA 8913576-3580; Garrard et 
al. (1991) Biotechnology 911373-1377; Hoogenboom 
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et al. (1991) NucleicAcia's Res. 1914133-4137; Barbas et al. 
(1991) Proc. Natl. Acad. Sci. USA 8817978-7982; and 
McCafferty et al. (1990) Nature 3481552-554. 

[0091] Additionally, recombinant anti-PD-1, anti-PD-1 
ligand or anti-B7 polypeptide antibodies, such as chimeric 
and humaniZed monoclonal antibodies, comprising both 
human and non-human portions, Which can be made using 
standard recombinant DNA techniques, are Within the scope 
of the invention. Such chimeric and humaniZed monoclonal 
antibodies can be produced by recombinant DNA techniques 
knoWn in the art, for eXample using methods described in 
Robinson et al. International Patent Publication PCT/US86/ 
02269; Akira et al. European Patent Application 184,187; 
Taniguchi, M. European Patent Application 171,496; Mor 
rison et al. European Patent Application 173,494; Neuberger 
et al. PCT Application WO 86/01533; Cabilly et al. US. Pat. 
No. 4,816,567; Cabilly et al. European Patent Application 
125,023; Better et al. (1988) Science 24011041-1043; Liu et 
al. (1987) Proc. Natl. Acad. Sci. USA 8413439-3443; Liu et 
al. (1987) J. Immunol. 13913521-3526; Sun et al. (1987) 
Proc. Natl. Acad. Sci. 841214-218; Nishimura et al. (1987) 
Cancer Res. 471999-1005; Wood et al. (1985) Nature 
3141446-449; and ShaW et al. (1988) J. Natl. Cancer Inst. 
8011553-1559); Morrison, S. L. (1985) Science 22911202 
1207; Oi et al. (1986) Biotechniques 41214; Winter US. Pat. 
No. 5,225,539; Jones et al. (1986) Nature 3211552-525; 
Verhoeyan et al. (1988) Science 23911534; and Beidler et al. 
(1988) J. Immunol. 14114053-4060. 

[0092] In addition, humaniZed antibodies can be made 
according to standard protocols such as those disclosed in 
US. Pat. No. 5,565,332. In another embodiment, antibody 
chains or speci?c binding pair members can be produced by 
recombination betWeen vectors comprising nucleic acid 
molecules encoding a fusion of a polypeptide chain of a 
speci?c binding pair member and a component of a repli 
cable generic display package and vectors containing 
nucleic acid molecules encoding a second polypeptide chain 
of a single binding pair member using techniques knoWn in 
the art, e.g., as described in US. Pat. Nos. 5,565,332, 
5,871,907, or 5,733,743. The use of intracellular antibodies 
to inhibit protein function in a cell is also knoWn in the art 
(see e.g., Carlson, J. R. (1988) Mol. Cell. Biol. 812638-2646; 
Biocca, S. et al. (1990) EMBO J. 91101-108; Werge, T. M. 
et al. (1990) FEBS Lett. 2741193-198; Carlson, J. R. (1993) 
Proc. Natl.Acad. Sci. USA 9017427-7428; Marasco, W. A. et 
al. (1993) Proc. Natl. Acad. Sci. USA 9017889-7893; Biocca, 
S. et al. (1994) Biotechnology 121396-399; Chen, S-Y. 
et al. (1994) Hum. Gene Ther 51595-601; Duan, L et al. 
(1994) Proc. Natl. Acad. Sci. USA 9115075-5079; Chen, S-Y. 
et al. (1994) Proc. Natl. Acad. Sci. USA 9115932-5936; 
Beerli, R. R. et al. (1994) J. Biol. Chem. 269123931-23936; 
Beerli, R. R. et al. (1994) Biochem. Biophys. Res. Commun. 
2041666-672; Mhashilkar, A. M. et al. (1995) EMBO J. 
1411542-1551; Richardson, J. H. et al. (1995) Proc. Natl. 
Acad. Sci. USA 9213137-3141; PCT Publication No. WO 
94/02610 by Marasco et al.; and PCT Publication No. WO 
95/03832 by Duan et al.). 

[0093] Additionally, fully human antibodies could be 
made against a PD-1 ligand, PD-1, or a B7 polypeptide. 
Fully human antibodies can be made in mice that are 
transgenic for human immunoglobulin genes, e.g. according 
to Hogan, et al., “Manipulating the Mouse Embryo1 A 
Laboratory Manuel,” Cold Spring Harbor Laboratory. 
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Brie?y, transgenic mice are immunized With puri?ed PD-1 
ligand, PD-1, or a B7 polypeptide. Spleen cells are harvested 
and fused to myeloma cells to produce hybridomas. Hybri 
domas are selected based on their ability to produce anti 
bodies Which bind to PD-1 ligand, PD-1 or a B7 polypeptide. 
Fully human antibodies Would reduce the immunogenicity 
of such antibodies in a human. 

[0094] In one embodiment, an antibody for use in the 
instant invention is a bispeci?c antibody. A bispeci?c anti 
body has binding sites for tWo different antigens Within a 
single antibody polypeptide. Antigen binding may be simul 
taneous or sequential. Triomas and hybrid hybridomas are 
tWo examples of cell lines that can secrete bispeci?c anti 
bodies. Examples of bispeci?c antibodies produced by a 
hybrid hybridoma or a trioma are disclosed in US. Pat. No. 
4,474,893. Bispeci?c antibodies have been constructed by 
chemical means (StaerZ et al. (1985) Nature 314:628, and 
PereZ et al. (1985) Nature 316:354) and hybridoma tech 
nology (StaerZ and Bevan (1986) Proc. Natl. Acad. Sci. 
USA, 83:1453, and StaerZ and Bevan (1986) Immunol. 
Today 7:241). Bispeci?c antibodies are also described in 
US. Pat. No. 5,959,084. Fragments of bispeci?c antibodies 
are described in US. Pat. No. 5,798,229. 

[0095] Bispeci?c agents can also be generated by making 
heterohybridomas by fusing hybridomas or other cells mak 
ing different antibodies, folloWed by identi?cation of clones 
producing and co-assembling both antibodies. They can also 
be generated by chemical or genetic conjugation of complete 
immunoglobulin chains or portions thereof such as Fab and 
Fv sequences. The antibody component can bind to PD-1, 
PD-1 ligand, B7, CTLA4, or a CD28 polypeptide. In one 
embodiment, the bispeci?c antibody could speci?cally bind 
to both PD-1 ligand and a B7 polypeptide. 

[0096] Yet another aspect of the invention pertains to 
anti-PD-1, anti-PD-1 ligand or anti-B7 polypeptide antibod 
ies that are obtainable by a process comprising, immuniZing 
an animal With an immunogenic PD-1, PD-1 ligand, B7 
polypeptide, CTLA4, or CD28, or an immunogenic portion 
thereof unique to PD-1, the PD-1 ligand, the B7 polypeptide, 
CTLA4, or CD28; and then isolating from the animal 
antibodies that speci?cally bind to the polypeptide. 

[0097] In another aspect of this invention, peptides or 
peptide mimetics can be used to antagoniZe or promote the 
interaction betWeen a PD-1 ligand and a B7 polypeptide or 
the interaction betWeen PD-1 and a PD-1 ligand (e.g., 
Without interfering With the interaction betWeen the PD-1 
ligand and the B7 polypeptide). In one embodiment, variants 
of PD-1, a PD-1 ligand, a B7 polypeptide, CTLA4, or CD28 
Which function as a modulating agent for the respective full 
length protein, can be identi?ed by screening combinatorial 
libraries of mutants, e.g., truncation mutants, for antagonist 
activity. In one embodiment, a variegated library of PD-1, a 
PD-1 ligand, a B7 polypeptide, CTLA4, or CD28 variants is 
generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A varie 
gated library of PD-1, a PD-1 ligand, a B7 polypeptide, 
CTLA4, or CD28 variants can be produced, for instance, by 
enZymatically ligating a mixture of synthetic oligonucle 
otides into gene sequences such that a degenerate set of 
potential polypeptide sequences is expressible as individual 
polypeptides containing the set of polypeptide sequences 
therein. There are a variety of methods Which can be used to 
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produce libraries of polypeptide variants from a degenerate 
oligonucleotide sequence. Chemical synthesis of a degen 
erate gene sequence can be performed in an automatic DNA 
synthesiZer, and the synthetic gene then ligated into an 
appropriate expression vector. Use of a degenerate set of 
genes alloWs for the provision, in one mixture, of all of the 
sequences encoding the desired set of potential polypeptide 
sequences. Methods for synthesiZing degenerate oligonucle 
otides are knoWn in the art (see, e.g., Narang, S. A. (1983) 
Tetrahedron 39:3; Itakura et al. (1984) Annu. Rev. Biochem. 
53:323; Itakura et al. (1984) Science 198:1056; Ike et al. 
(1983) Nucleic Acid Res. 11:477. 

[0098] In addition, libraries of fragments of a polypeptide 
coding sequence can be used to generate a variegated 
population of polypeptide fragments for screening and sub 
sequent selection of variants of a given polypeptide. In one 
embodiment, a library of coding sequence fragments can be 
generated by treating a double stranded PCR fragment of a 
polypeptide coding sequence With a nuclease under condi 
tions Wherein nicking occurs only about once per polypep 
tide, denaturing the double stranded DNA, renaturing the 
DNA to form double stranded DNA Which can include 
sense/antisense pairs from different nicked products, remov 
ing single stranded portions from reformed duplexes by 
treatment With S1 nuclease, and ligating the resulting frag 
ment library into an expression vector. By this method, an 
expression library can be derived Which encodes N-terminal, 
C-terminal and internal fragments of various siZes of the 
polypeptide. 

[0099] Several techniques are knoWn in the art for screen 
ing gene products of combinatorial libraries made by point 
mutations or truncation, and for screening cDNA libraries 
for gene products having a selected property. Such tech 
niques are adaptable for rapid screening of the gene libraries 
generated by the combinatorial mutagenesis of polypeptides. 
The most Widely used techniques, Which are amenable to 
high through-put analysis, for screening large gene libraries 
typically include cloning the gene library into replicable 
expression vectors, transforming appropriate cells With the 
resulting library of vectors, and expressing the combinato 
rial genes under conditions in Which detection of a desired 
activity facilitates isolation of the vector encoding the gene 
Whose product Was detected. Recursive ensemble mutagen 
esis (REM), a technique Which enhances the frequency of 
functional mutants in the libraries, can be used in combina 
tion With the screening assays to identify variants of PD-1, 
a PD-1 ligand, a B7 polypeptide, CTLA4, or CD28 (Arkin 
and Youvan (1992) Proc. Natl. Acad. Sci. USA 89:7811 
7815; Delagrave et al. (1993) Protein Eng. 6(3):327-331). In 
one embodiment, cell based assays can be exploited to 
analyZe a variegated polypeptide library. For example, a 
library of expression vectors can be transfected into a cell 
line Which ordinarily synthesiZes PD-1, a PD-1 ligand, a B7 
polypeptide, CTLA4, or CD28. The transfected cells are 
then cultured such that the full length polypeptide and a 
particular mutant polypeptide are produced and the effect of 
expression of the mutant on the full length polypeptide 
activity in cell supernatants can be detected, e.g., by any of 
a number of functional assays. Plasmid DNA can then be 
recovered from the cells Which score for inhibition, or 
alternatively, potentiation of full length polypeptide activity, 
and the individual clones further characteriZed. 
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[0100] Systematic substitution of one or more amino acids 
of a polypeptide amino acid sequence With a D-amino acid 
of the same type (e.g., D-lysine in place of L-lysine) can be 
used to generate more stable peptides. In addition, con 
strained peptides comprising a polypeptide amino acid 
sequence of interest or a substantially identical sequence 
variation can be generated by methods knoWn in the art 
(RiZo and Gierasch (1992) Annu. Rev. Biochem. 611387, 
incorporated herein by reference); for example, by adding 
internal cysteine residues capable of forming intramolecular 
disul?de bridges Which cycliZe the peptide. 

[0101] The amino acid sequences of disclosed herein Will 
enable those of skill in the art to produce polypeptides 
corresponding peptide sequences and sequence variants 
thereof. Such polypeptides can be produced in prokaryotic 
or eukaryotic host cells by expression of polynucleotides 
encoding the peptide sequence, frequently as part of a larger 
polypeptide. Alternatively, such peptides can be synthesiZed 
by chemical methods. Methods for expression of heterolo 
gous proteins in recombinant hosts, chemical synthesis of 
polypeptides, and in vitro translation are Well knoWn in the 
art and are described further in Maniatis et al. Molecular 
Cloning: A Laboratory Manual (1989), 2nd Ed., Cold 
Spring Harbor, NY; Berger and Kimmel, Methods in EnZy 
mology, Volume 152, Guide to Molecular Cloning Tech 
niques (1987), Academic Press, Inc., San Diego, Calif.; 
Merri?eld, J. (1969) J. Am. Chem. Soc. 911501; Chaiken I. 
M. (1981) CRC Crit. Rev. Biochem. 111 255; Kaiser et al. 
(1989) Science 2431187; Merri?eld, B. (1986) Science 
2321342; Kent, S. B. H. (1988) Annu. Rev. Biochem. 571957; 
and Offord, R. E. (1980) Semisynthetic Proteins, Wiley 
Publishing, Which are incorporated herein by reference). 

[0102] In a one embodiment, the peptide has an amino 
acid sequence identical or similar to the B7 binding site of 
a PD-1 ligand polypeptide. In another embodiment, the 
peptide has an amino acid sequence identical or similar to 
the PD-L1 binding site of a B7 polypeptide. In one embodi 
ment, the peptide competes With PD-1 ligand for binding to 
a B7 polypeptide or the peptide competes With a B7 
polypeptide for binding to PD-1 ligand. In a preferred 
embodiment, the peptide competes for the binding of PD-1 
ligand to a B7 polypeptide, but not for the binding betWeen 
PD-1 and PD-1 ligand. In another embodiment, the peptide 
competes for the binding betWeen PD-1 and PD-1 ligand but 
not betWeen PD-1 ligand and a B7 polypeptide. 

[0103] Peptides can be produced, typically by direct 
chemical synthesis, and used e.g., as antagonists of the 
interaction betWeen PD-1 and PD-1 ligand or betWeen PD-1 
ligand and a B7 polypeptide. Peptides can be produced as 
modi?ed peptides, With nonpeptide moieties attached by 
covalent linkage to the N-terminus and/or C-terminus. In 
certain preferred embodiments, either the carboxy-terminus 
or the amino-terminus, or both, are chemically modi?ed. 
The most common modi?cations of the terminal amino and 
carboxyl groups are acetylation and amidation, respectively. 
Amino-terminal modi?cations such as acylation (e.g., acety 
lation) or alkylation (e.g., methylation) and carboxy-termi 
nal-modi?cations such as amidation, as Well as other termi 
nal modi?cations, including cycliZation, can be incorporated 
into various embodiments of the invention. Certain amino 
terminal and/or carboxy-terminal modi?cations and/or pep 
tide extensions to the core sequence can provide advanta 
geous physical, chemical, biochemical, and 
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pharmacological properties, such as: enhanced stability, 
increased potency and/or efficacy, resistance to serum pro 
teases, desirable pharmacokinetic properties, and others. 
Peptides disclosed herein can be used therapeutically to treat 
disease, e.g., by altering costimulation in a patient. 

[0104] Peptidomimetics (Fauchere, J. (1986) Adv. Drug 
Res. 15129; Veber and Freidinger (1985) TINS p.392; and 
Evans et al. (1987) J. Med. Chem. 3011229, Which are 
incorporated herein by reference) are usually developed With 
the aid of computeriZed molecular modeling. Peptide 
mimetics that are structurally similar to therapeutically 
useful peptides can be used to produce an equivalent thera 
peutic or prophylactic effect. Generally, peptidomimetics are 
structurally similar to a paradigm polypeptide (i.e., a 
polypeptide that has a biological or pharmacological activ 
ity), such as human PD-1, a PD-1 ligand, a B7 polypeptide, 
CTLA4, or CD28, but have one or more peptide linkages 
optionally replaced by a linkage selected from the group 
consisting of: —CH2NH—, —CH2S—, —CH2-CH2—, 
—CH=CH— (cis and trans), —COCH2-, 
—CH(OH)CH2-, and —CH2SO—, by methods knoWn in 
the art and further described in the folloWing references: 
Spatola, A. F. in “Chemistry and Biochemistry of Amino 
Acids, Peptides, and Proteins” Weinstein, B., ed., Marcel 
Dekker, NeW York, p. 267 (1983); Spatola, A. E, Vega Data 
(March 1983), Vol. 1, Issue 3, “Peptide Backbone Modi? 
cations” (general revieW); Morley, J. S. (1980) Trends 
Pharm. Sci. pp. 463-468 (general revieW); Hudson, D. et al. 
(1979) Int. J. Pept. Prot. Res. 141177-185 (—CH2NH—, 
CH2CH2-); Spatola, A. F. et al. (1986) Life Sci. 3811243 
1249 (—CH2-S); Hann, M. M. (1982) J. Chem. Soc. Perkin 
Trans. 1. 307-314 (—CH—CH—, cis and trans); Almquist, 
R. G. et al. (190) J. Med. Chem. 2311392-1398 (—COCH2 
); Jennings-White, C. et al. (1982) Tetrahedron Lett. 2312533 
(—COCH2-); SZelke, M. et al. European Appln. EP 45665 
(1982) CA1 97139405 (1982)(—CH(OH)CH2-); Holladay, 
M. W. et al. (1983) Tetrahedron Lett. ( 1983) 2414401-4404 
(—C(OH)CH2-); and Hruby, V. J. (1982) Life Sci. (1982) 
311189-199 (—CH2-S—); each of Which is incorporated 
herein by reference. A particularly preferred non-peptide 
linkage is —CH2NH—. Such peptide mimetics may have 
signi?cant advantages over polypeptide embodiments, 
including, for example: more economical production, 
greater chemical stability, enhanced pharmacological prop 
erties (half-life, absorption, potency, ef?cacy, etc.), altered 
speci?city (e.g., a broad-spectrum of biological activities), 
reduced antigenicity, and others. Labeling of peptidomimet 
ics usually involves covalent attachment of one or more 
labels, directly or through a spacer (e.g., an amide group), to 
non-interfering position(s) on the peptidomimetic that are 
predicted by quantitative structure-activity data and/or 
molecular modeling. Such non-interfering positions gener 
ally are positions that do not form direct contacts With the 
macropolypeptides(s) to Which the peptidomimetic binds to 
produce the therapeutic effect. DerivitiZation (e.g., labeling) 
of peptidomimetics should not substantially interfere With 
the desired biological or pharmacological activity of the 
peptidomimetic. 
[0105] Also encompassed by the present invention are 
small molecules Which can modulate (either enhance or 
inhibit) interactions, e.g., the interaction betWeen PD-1 
ligand and a B7 polypeptide or betWeen PD-1 and PD-1 
ligand. The small molecules of the present invention can be 
obtained using any of the numerous approaches in combi 
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natorial library methods known in the art, including: spa 
tially addressable parallel solid phase or solution phase 
libraries; synthetic library methods requiring deconvolution; 
the ‘one-bead one-compound’ library method; and synthetic 
library methods using af?nity chromatography selection. 
(Lam, K. S. (1997) Anticancer Drug Des. 121145). 

[0106] Examples of methods for the synthesis of molecu 
lar libraries can be found in the art, for example in: DeWitt 
et al. (1993) Proc. Natl. Acad. Sci. USA 9016909; Erb et al. 
(1994) Proc. Natl. Acad. Sci. USA 91111422; Zuckermann et 
al. (1994) J. Med. Chem. 3712678; Cho et al. (1993) Science 
26111303; Carrell et al. (1994) Angew. Chem. Int. Ed. Engl. 
3312059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 
3312061; and in Gallop et al. (1994) J. Med. Chem. 3711233. 

[0107] Libraries of compounds can be presented in solu 
tion (e.g., Houghten (1992) Biotechniques 131412-421), or 
on beads (Lam (1991) Nature 354182-84), chips (Fodor 
(1993) Nature 3641555-556), bacteria (Ladner US. Pat. No. 
5,223,409), spores (Ladner USP ’409), plasmids (Cull et al. 
(1992) Proc. Natl. Acad. Sci. USA 8911865-1869) or on 
phage (Scott and Smith (1990) Science 2491386-390); (Dev 
lin (1990) Science 2491404-406); (CWirla et al. (1990) Proc. 
Natl. Acad. Sci. USA 8716378-6382); (Felici (1991) J. Mol. 
Biol. 2221301-310); (Ladner supra.). Compounds can be 
screened in cell based or non-cell based assays. Compounds 
can be screened in pools (e.g. multiple compounds in each 
testing sample) or as individual compounds. 

[0108] In one embodiment, the small molecule binds to 
the binding site involved in the PD-1 ligand/B7 polypeptide 
interaction, or to the binding site involved in the PD-1/PD-1 
ligand interaction. In one embodiment, the small molecule 
antagoniZes the interaction betWeen PD-1 ligand and a B7 
polypeptide. In a preferred embodiment, the small molecule 
antagoniZes the interaction betWeen PD-1 ligand and a B7 
polypeptide, but not the interaction betWeen PD-1 and PD-1 
ligand or betWeen B7 and CTLA4. In another embodiment, 
the small molecule antagoniZes the interaction betWeen 
PD-1 and PD-1 ligand or betWeen B7 and CTLA4 Without 
antagoniZing the interaction betWeen PD-1 ligand and a B7 
polypeptide. 

[0109] The invention also relates to PD-1, PD-1 ligand, B7 
polypeptide, CTLA4, or CD28 chimeric or fusion proteins. 
As used herein, a PD-1, PD-1 ligand, B7 polypeptide, 
CTLA4, or CD28 “chimeric protein” or “fusion protein” 
comprises a PD-1, PD-1 ligand, B7 polypeptide, CTLA4, or 
CD28 molecule operatively linked to a non-PD-1, non-PD-1 
ligand, non-CTLA4, non-CD28, or non-B7 polypeptide 
molecule. A “PD-1, PD-1 ligand, B7 polypeptide, CTLA4, 
or CD28 molecule” refers to a polypeptide having an amino 
acid sequence corresponding to PD-1, PD-1 ligand, B7 
polypeptide, CTLA4, or CD28, Whereas a “a non PD-1, 
non-PD-1 ligand, non-B7 polypeptide, non-CTLA4, or non 
CD28, molecule” refers to a polypeptide having an amino 
acid sequence corresponding to a protein Which is not 
substantially homologous to the respective PD-1, PD-1 
ligand, B7 polypeptide, CTLA4, or CD28 molecule, e.g., a 
protein Which is different from the PD-1, PD-1 ligand, B7 
polypeptide, CTLA4, or CD28 molecule, and Which is 
derived from the same or a different organism. Within a 

PD-1, PD-1 ligand, B7 polypeptide, CTLA4, or CD28 
fusion protein, the PD-1, PD-1 ligand, B7 polypeptide, 
CTLA4, or CD28 portion can correspond to all or a portion 
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of a full length PD-1, PD-1 ligand, B7 polypeptide, CTLA4, 
or CD28 molecule. In a preferred embodiment, the fusion 
protein comprises at least one biologically active portion of 
a PD-1, PD-1 ligand, B7 polypeptide, CTLA4, or CD28 
molecule, e.g., an extracellular domain. Within the fusion 
protein, the term “operatively linked” is intended to indicate 
that the PD-1, PD-1 ligand, B7 polypeptide, CTLA4, or 
CD28 amino acid sequences and the non PD-1, non-PD-1 
ligand or non-B7 polypeptide sequences are fused in-frame 
to each other in such a Way as to preserve functions 
exhibited When expressed independently of the fusion. The 
non PD-1, non-PD-1 ligand, non-B7 polypeptide, non 
CTLA4, or non-CD28 molecules can be fused to the N-ter 
minus or C-terminus of the PD-1, PD-1 ligand, B7 polypep 
tide, CTLA4, or CD28 sequences, respectively. 

[0110] Such a fusion protein can be produced by recom 
binant expression of a nucleotide sequence encoding the ?rst 
peptide and a nucleotide sequence encoding the second 
peptide. The second peptide may optionally correspond to a 
moiety that alters the solubility, affinity, stability or valency 
of the ?rst peptide, for example, an immunoglobulin con 
stant region. Preferably, the ?rst peptide consists of a portion 
of the PD-1, PD-1 ligand, B7 polypeptide, CTLA4, or CD28 
that is sufficient to modulate costimulation or inhibition of 
activated immune cells. In another preferred embodiment, 
the ?rst peptide consists of a portion of a biologically active 
molecule (eg the extracellular portion of the polypeptide or 
the ligand binding portion). The second peptide can include 
an immunoglobulin constant region, for example, a human 
Cy1 domain or Cy4 domain (e.g., the hinge, CH2 and CH3 
regions of human IgCy1, or human IgCy4, see e.g., Capon et 
al. US. Pat. No. 5,116,964; 5,580,756; 5,844,095 and the 
like, incorporated herein by reference). Such constant 
regions may retain regions Which mediate effector function 
(eg Fc receptor binding) or may be altered to reduce 
effector function. Aresulting fusion protein may have altered 
solubility, binding affinity, stability and/or valency (i.e., the 
number of binding sites available per polypeptide) as com 
pared to the independently expressed ?rst peptide, and may 
increase the ef?ciency of protein puri?cation. Fusion pro 
teins and peptides produced by recombinant techniques can 
be secreted and isolated from a mixture of cells and medium 
containing the protein or peptide. Alternatively, the protein 
or peptide can be retained cytoplasmically and the cells 
harvested, lysed and the protein isolated. A cell culture 
typically includes host cells, media and other byproducts. 
Suitable media for cell culture are Well knoWn in the art. 
Protein and peptides can be isolated from cell culture media, 
host cells, or both using techniques knoWn in the art for 
purifying proteins and peptides. Techniques for transfecting 
host cells and purifying proteins and peptides are knoWn in 
the art. 

[0111] Particularly preferred Ig fusion proteins include the 
extracellular domain portion or variable region-like domain 
of human PD-1, a PD-1 ligand, a B7 polypeptide, CTLA4, 
or CD28, coupled to an immunoglobulin constant region 
(e.g., the Fc region). The immunoglobulin constant region 
may contain genetic modi?cations Which reduce or elimi 
nate effector activity inherent in the immunoglobulin struc 
ture. For example, DNA encoding the extracellular portion 
of PD-1, a PD-1 ligand, a B7 polypeptide, CTLA4, or CD28 
can be joined to DNA encoding the hinge, CH2 and CH3 
regions of human IgGy1 and/or IgGy4 modi?ed by site 
directed mutagenesis, e.g., as taught in WO 97/28267. 
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[0112] Preferably, a fusion protein of the invention is 
produced by standard recombinant DNA techniques. For 
example, DNA fragments coding for the different polypep 
tide sequences are ligated together in-frame in accordance 
With conventional techniques, for eXample employing blunt 
ended or stagger-ended termini for ligation, restriction 
enZyme digestion to provide for appropriate termini, ?lling 
in of cohesive ends as appropriate, alkaline phosphatase 
treatment to avoid undesirable joining, and enZymatic liga 
tion. In another embodiment, the fusion gene can be syn 
thesiZed by conventional techniques including automated 
DNA synthesiZers. Alternatively, PCR ampli?cation of gene 
fragments can be carried out using anchor primers Which 
give rise to complementary overhangs betWeen tWo con 
secutive gene fragments Which can subsequently be 
annealed and reampli?ed to generate a chimeric gene 
sequence (see, for eXample, Current Protocols in Molecular 
Biology, eds. Ausubel et al. John Wiley & Sons: 1992). A 
polypeptide encoding nucleic acid can be cloned into such 
an expression vector such that the fusion moiety is linked 
in-frame to the PD-l, PD-l ligand, B7 polypeptide, CTLA4, 
or CD28 encoding sequences. 

[0113] In another embodiment, the fusion protein contains 
a heterologous signal sequence at its N-terminus. In certain 
host cells (e.g., mammalian host cells), eXpression and/or 
secretion of a polypeptide can be increased through use of a 
heterologous signal sequence. 

[0114] In a preferred embodiment, the fusion protein binds 
to PD-l or PD-l ligand and blocks the interaction of PD-l 
With PD-l ligand, Without blocking the interaction betWeen 
PD-l ligand and a B7 polypeptide. In another preferred 
embodiment, the PD-l ligand or B7 polypeptide fusion 
proteins bind to PD-l ligand or a B7 polypeptide and block 
the interaction betWeen PD-l ligand and the B7 polypeptide. 

[0115] Use of PD-l, a PD-l ligand, a B7 polypeptide, 
CTLA4, or CD28 fusion proteins can be useful therapeuti 
cally for the treatment of immunological disorders, e.g., 
autoimmune diseases, or in the case of inhibiting rejection of 
transplants. 
[0116] The fusion proteins of the invention can be used as 
immunogens to produce antibodies in a subject. Such anti 
bodies may be used to purify the respective natural polypep 
tides from Which the fusion proteins Were generated, or in 
screening assays to identify polypeptides Which inhibit the 
interaction of a PD-l ligand With a B7 polypeptide or the 
interaction of PD-l With a PD-l ligand. 

[0117] The modulatory agents described herein (e.g. anti 
bodies, small molecules, peptides, or fusion proteins) can be 
incorporated into pharmaceutical compositions and admin 
istered to a subject in vivo. The compositions may contain 
a single such molecule or agent or any combination of 
modulatory agents described herein. 

[0118] III. Methods of Selecting Agents that Modulate 
Immune Cell Activation 

[0119] Another aspect of the invention relates to methods 
of selecting agents (e.g., antibodies, fusion proteins, pep 
tides, or small molecules) Which modulate an immune 
response by modulating costimulation (such as agents that 
inhibit the interaction of PD-l ligand With a B7 polypeptide 
or the interaction of PD-l With a PD-l ligand). Such 
methods utiliZe screening assays, including cell based and 
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non-cell based assays. In one embodiment, the assays pro 
vide a method for identifying agents Which inhibit the 
interaction of a PD-l ligand and PD-l (e.g., With or Without 
inhibiting the interaction of PD-l ligand and a B7 polypep 
tide). In another embodiment, the assays provide a method 
for identifying agents Which modulate the interaction 
betWeen a PD-l ligand and a B7 polypeptide (e.g., With or 
Without inhibiting the interaction of the PD-l ligand and 
PD-l; the interaction of the B7 polypeptide and CTLA4; 
and/or the interaction of the B7 polypeptide and CD28). 

[0120] In one embodiment, the invention relates to assays 
for screening candidate or test compounds Which bind to, or 
modulate the activity of, PD-l, a PD-l ligand, a B7 polypep 
tide, CTLA4, or CD28, e.g., modulate the ability of a PD-l 
ligand or PD-l to interact with (eg bind to) its cognate 
binding partner. In one embodiment, a method for identify 
ing an agent to modulate an immune response entails 
determining the ability of the agent to modulate, e.g. 
enhance or inhibit, the interaction betWeen PD-l and a PD-l 
ligand, and further determining the ability of the agent to 
modulate the interaction betWeen a PD-l ligand and a B7 
polypeptide. In one embodiment, an agent that modulates 
the interaction betWeen the PD-l ligand and PD-l (e.g., 
Without modulating the interaction betWeen the PD-l ligand 
and the B7 polypeptide is selected). In another embodiment, 
an agent that modulates the interaction betWeen a PD-l 
ligand and a B7 polypeptide (e.g., Without modulating the 
interaction betWeen the PD-l ligand and PD-l) is selected. 
Such agents include, Without limitation, antibodies, proteins, 
fusion proteins and small molecules. 

[0121] In one embodiment, a method for identifying an 
agent Which enhances an immune response entails deter 
mining the ability of the candidate agent to enhance the 
interaction betWeen a PD-l ligand and a B7 polypeptide 
(e.g., Without modulating or While inhibiting the interaction 
betWeen the PD-l ligand and PD-l). In another embodiment, 
the method entails determining the ability of the candidate 
agent to inhibit the interaction betWeen a PD-l ligand and 
PD-l (e.g., Without modulating or While enhancing the 
interaction betWeen the PD-l ligand and a B7 polypeptide). 

[0122] In another embodiment, a method for identifying 
an agent to decrease an immune response entails determin 
ing the ability of a candidate agent to inhibit the interaction 
betWeen a PD-l ligand and a B7 polypeptide (e.g., Without 
modulating or While enhancing the interaction betWeen the 
PD-l ligand and PD-l) and selecting an agent that inhibits 
the interaction betWeen the PD-l ligand and the B7 polypep 
tide. In another embodiment, a method for identifying an 
agent to decrease an immune response entails determining 
the ability of the candidate agent to enhance the interaction 
betWeen a PD-l ligand and PD-l (e.g., that does not modu 
late, or inhibits, the interaction betWeen the PD-l ligand and 
the B7 polypeptide) and selecting an agent that enhances the 
interaction betWeen the PD-l ligand and PD-l. In a preferred 
embodiment, the agent selected for decreasing an immune 
response inhibits the interaction betWeen the PD-l ligand 
and a B7 polypeptide, but does not inhibit the interaction 
betWeen the PD-l ligand and PD-l. 

[0123] In one embodiment, an assay is a cell-based assay, 
comprising contacting a cell eXpressing PD-l, a PD-l 
ligand, a B7 polypeptide, CTLA4, or CD28, With a test 
compound and determining the ability of the test compound 
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to modulate (e.g. stimulate or inhibit) the binding of PD-l, 
the PD-l ligand, the B7 polypeptide, CTLA4, or CD28 
target to its binding partner. Determining the ability of the 
PD-l, PD-l ligand or B7 polypeptide to bind to, or interact 
With, its binding partner can be accomplished, e.g., by 
measuring direct binding or by measuring a parameter of 
immune cell activation. 

[0124] For example, in a direct binding assay, the PD-l, 
PD-l ligand or B7 polypeptide protein (or their respective 
target polypeptides) can be coupled With a radioisotope or 
enZymatic label such that binding of PD-l ligand to PD-l or 
to the B7 polypeptide can be determined by detecting the 
labeled protein in a complex. For example, PD-l, PD-l 
ligand, B7 polypeptide, CTLA4, or CD28 can be labeled 
With 1251, 35S, 14C, or 3H, either directly or indirectly, and 
the radioisotope detected by direct counting of radioemmis 
sion or by scintillation counting. Alternatively, PD-l, PD-l 
ligand, B7 polypeptide, CTLA4, or CD28 can be enZymati 
cally labeled With, for example, horseradish peroxidase, 
alkaline phosphatase, or luciferase, and the enZymatic label 
detected by determination of conversion of an appropriate 
substrate to product. 

[0125] It is also Within the scope of this invention to 
determine the ability of a compound to modulate the inter 
action betWeen PD-l and a PD-l ligand or betWeen a PD-l 
ligand and a B7 polypeptide, Without the labeling of any of 
the interactants. For example, a microphysiometer can be 
used to detect the interaction of PD-l and a PD-l ligand, or 
betWeen a PD-l ligand and a B7 polypeptide, With its target 
polypeptide, Without the labeling of either PD-l, PD-l 
ligand, B7 polypeptide, or the target polypeptide (McCon 
nell, H. M. et al. (1992) Science 257:1906-1912). As used 
herein, a “microphysiometer” (e.g., Cytosensor) is an ana 
lytical instrument that measures the rate at Which a cell 
acidi?es its environment using a light-addressable potentio 
metric sensor (LAPS). Changes in this acidi?cation rate can 
be used as an indicator of the interaction betWeen compound 
and receptor. 

[0126] In a preferred embodiment, determining the ability 
of the blocking agents (eg antibodies, fusion proteins, 
peptides, or small molecules) to antagoniZe the interaction 
betWeen a given set of polypeptides can be accomplished by 
determining the activity of one or more members of the set 
of polypeptides. For example, the activity of PD-l, a PD-l 
ligand, a B7 polypeptide, CTLA4, or CD28 can be deter 
mined by detecting induction of a cellular second messenger 
(e. g., tyrosine kinase activity), detecting catalytic/enZymatic 
activity of an appropriate substrate, detecting the induction 
of a reporter gene (comprising a target-responsive regulatory 
element operatively linked to a nucleic acid encoding a 
detectable marker, e.g., chloramphenicol acetyl transferase), 
or detecting a cellular response regulated by PD-l, a PD-l 
ligand, a B7 polypeptide, CTLA4, or CD28. Determining 
the ability of the blocking agent to bind to or interact With 
said polypeptide can be accomplished, for example, by 
measuring the ability of a compound to modulate immune 
cell costimulation or inhibition in a proliferation assay, or by 
interfering With the ability of said polypeptide to bind to 
antibodies that recogniZe a portion thereof. 

[0127] Agents that block or inhibit interaction of a PD-l 
ligand With a costimulatory receptor (e.g., soluble forms of 
PD-l ligand or blocking antibodies to PD-l ligand) as Well 
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as agents that promote a PD-l ligand-mediated inhibitory 
signal (e.g., agents Which block the interaction of the PD-l 
ligand With a B7 polypeptide) can be identi?ed by their 
ability to inhibit immune cell proliferation, and/or effector 
function, or to induce anergy When added to an in vitro 
assay. For example, cells can be cultured in the presence of 
an agent that stimulates signal transduction via an activating 
receptor. A number of recogniZed readouts of cell activation 
can be employed to measure, cell proliferation or effector 
function (e.g., antibody production, cytokine production, 
phagocytosis) in the presence of the activating agent. The 
ability of a test agent to block this activation can be readily 
determined by measuring the ability of the agent to effect a 
decrease in proliferation or effector function being mea 
sured, using techniques knoWn in the art. 

[0128] For example, agents of this invention can be tested 
for the ability to inhibit or enhance costimulation in a T cell 
assay, as described in Freeman et al. (2000) J. Exp. Med. 
19211027 and Latchman et al. (2001) Nat. Immunol. 2:261. 
CD4+T cells can be isolated from human PBMCs and 
stimulated With activating anti-CD3 antibody. Proliferation 
of T cells can be measured by 3H thymidine incorporation. 
An assay can be performed With or Without CD28 costimu 
lation in the assay. Similar assays can be performed With 
Jurkat T cells and PHA-blasts from PBMCs. 

[0129] In yet another embodiment, an assay of the present 
invention is a cell-free assay in Which PD-l, a PD-l ligand, 
a B7 polypeptide, CTLA4, or CD28, or a biologically active 
portion thereof, is contacted With a test compound, and the 
ability of the test compound to bind to the polypeptide, or 
biologically active portion thereof, is determined. Binding of 
the test compound to the PD-l, PD-l ligand, B7 polypeptide, 
CTLA4, or CD28 can be determined either directly or 
indirectly as described above. In a preferred embodiment, 
the assay includes contacting the polypeptide, or biologi 
cally active portion thereof, With its binding partner to form 
an assay mixture, contacting the assay mixture With a test 
compound, and determining the ability of the test compound 
to interact With the polypeptide in the assay mixture, 
Wherein determining the ability of the test compound to 
interact With the polypeptide comprises determining the 
ability of the test compound to preferentially bind to the 
polypeptide or biologically active portion thereof, as com 
pared to the binding partner. 

[0130] For example, a PD-l ligand and a B7 polypeptide 
can be used to form an assay mixture and the ability of a 
polypeptide to block this interaction can be tested by deter 
mining the ability of PD-l to bind the PD-l ligand and 
determining the ability of the PD-l ligand to bind the B7 
polypeptide, by one of the methods described above for 
determining direct binding. Determining the ability of the 
PD-l to bind the PD-l ligand and determining the ability of 
the PD-l ligand to bind the B7 polypeptide can also be 
accomplished using a technology such as real-time Biomo 
lecular Interaction Analysis (BIA) (Sjolander, S. and Urban 
icZky, C. (1991) Anal. Chem. 63:2338-2345 and SZabo et al. 
(1995) Curr Opin. Struct. Biol. 5:699-705). As used herein, 
“BIA” is a technology for studying biospeci?c interactions 
in real time, Without labeling any of the interactants (e.g., 
BIAcore). Changes in the optical phenomenon of surface 
plasmon resonance (SPR) can be used as an indication of 
real-time reactions betWeen biological polypeptides. PD-l, 
PD-l ligand, and B7 polypeptide can be immobiliZed on a 




















