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Human PD-I1.2 nuclectide sequence

1 GCAAACCTTAAGCTGAATGAACAACTITTCTTCTCTIGAATATATCTTAACGCCAA
AlTTTIGAGTGCT T I T I TGT TACCCATCCTCATATGTCCCAGCTCGGAAAGAATCCTE

GETIGEGAGCTACTGCATGITGATTGTTTTGITTTICCTITTGGCTGTTCATTTTGS
TGGCTACTATAAGCAAATCTAACACARACAGCAACTGTTTTTTGTTGTTTACTTTT

GCATCTTTACTTGTGEGACCTETEECAAGTCCTCATATCAAATACACAACATGATCT
TCCTCCTGCTAATGT TGAGCCTGCAATTCCAGCTTCACCAGATAGCAGCTTTATTC
ACAGTGACAGTCCCTAAGGARAC TG TACATAATAGACCATGGCAGCAATGTCACCCT
GRAATGCAACTTTCACACTGRAAGTCATCTCAACCTTGCAGCAATAACAGCCACTT
TGCARAAGCTCCAARAATGATACATCCCCACACCGTGAARGAGCCACTTTCCTECAL
GAGCAGCTGCCCCTAGGGAAGGCCTCGTTCCACATACCTCAAGTCCAAGTGAGGEA
CGAAGGACAGTACCAATGCATAATCATCTATGGEGTCGCCTCGEGACTACAACTACC
TGACTCTGAAAGTCAAACCTTCCTACAGGAARATAAACACTCACATCCTAAAGGTT
CCAGARACAGATGAGCCTAGAGCTCACCTECCAGCCCTACAGGTTATCCTCTGGCAGA
AGTATCCTGGCCAAACGTCAGCGTTCCTGCCAACACCAGCCACTCCAGGACCCCTG
AAGGCCTCTACCAGRTCACCAGTET TCTECRCCTAAAGCCACCCCOTGECAGARAAC
TTCACCTGTGTCTTCTGGAATACTCACGTCAGGGAACTTACTTTCGCCAGCATTGA

CCTTCAAAGTCAGATGEAACCCAGGACCCATCCARCTTIGGCTGCTTCACATTTTCA
TCCCCTCCTGCATCATTGCTTTCATTTTCATAGCCACAGTGATAGCCCTAAGAAMA

CAACTCTGTCAARAGCTGTATICTTCARAAGACACAACAAAAAGACCTGTCACCAC

AACAAAGAGGGAAGTGAACAGTGCCTATCTIGAACCTGTGGTCITGEEAGCCAGGET G
ACCTGATATGACATCTAAAGAAGCTTCTGCGACTCTGAACAAGRAATTCGGTGECCTE

CAGAGCTTGCCATTTCCACTITTICAAATGCCTTTGGATGACCCAGCA 1223

Human PD-L2 amino acid sequence

1 MIFLLIMLSLELQLHQIAALFTVIVPKELYIIEHGSNVTLECNFDTGSHVNLGAIT
ASLOKVENDTSPHRERATLLEEQLPLGKASFHIPQVOVRDEGOYQCITIIYGVAWDY
KYLTLXVKASIRRKINTRILKVPETDEVELTCOATGYPLAEVSHWPNVSVPANTSHSR

IPREGLYQVITSVLRLEKPPPGRNFSCVEFWNTHVRELTLASIDLOSOMEPRTHPTWLLHE
IFLIPSCIIAFILFIATVIALRKQUCQKTL.YSSKDTTRRPVTTTERREVNSAT 273

(57) Abréegée/Abstract:
The invention provides Isolated nucleic acids molecules, designated PD-L2 nucleic acid molecules, which encode novel B/ -related

molecules which are ligands for PD-1. The Invention also provides antisense nucleic acid molecules, recombinant expression
vectors containing PD-L2 nucleic acid molecules, host cells into which the expression vectors have been Introduced, and
nonhuman transgenic animals in which a PD-L2 gene has been introduced or disrupted. The invention further provides isolated PD-
L2 polypeptides, fusion proteins, antigenic peptides and antl-PD-L2 antibodies. The invention still further provides methods for
promoting or Inhibiting the interaction between PD-L2 and PD-1. Diagnostic and treatment methods utilizing compositions of the

Invention are also provided.
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(54) Title: PD-L.2 MOLECULES: NOVEL PD-1 LIGANDS AND USES THEREFOR

Human PD-L2 nucleotide sequence

1 GCAAACCTTAAGCTGAATGAACAACTTTTCTITICTCTTGAATATATCTTAACGCCAA
ATTTTGAGTIGCTTITTTIGTTACCCATCCTCATATGTCCCAGCTGGAAAGAATCCTG
GGTTGGAGCTACTGCATGT TGATTGTT TTGTTTTTCCTTITGGCTGTTCATTTTGG
TGGCTACTATAAGGAAATCTAACACAAACAGCAACTGTTTTTTGTTGTTTACTTTT
GCATCTITACTTGTGGAGCTGTGGCAAGTCCTCATATCAAATACAGAACATGATCT
TCCTCCTGCTAATGT TGAGCCTGGAATTGCAGCTTCACCAGATAGCAGCTTTATTC
ACAGTGACAGTCCCTARGGAACTGTACATAATAGAGCATGGCAGCAATGTGACCCT
GGAATGCAACTTTGACACTGGAAGTCATCGTGAACCTTGGAGCAATAACAGCCAGTT
TGCAAAAGGTGGAAAATGATACATCCCCACACCGTGAAAGAGCCACTTTGCTGGAG
GAGCAGCTGCCCCTAGGGAAGGCCTCGITCCACATACCTCAAGTCCAAGTGAGGGA
CGAAGGACAGTACCAATGCATAATCATCTATGGGGTCGCCTGGCGACTACAAGTACC
TGACTCTGAAAGTCAAAGCTTCCTACAGGAARATAAACACTCACATCCTARAGGTT
CCAGAAACAGATGAGGTAGAGCTCACCTGCCAGGCTACAGGTTATCCTCTGGCAGA
AGTATCCTGGCCAAACGTCAGCGTTCCTGCCAACACCAGCCACTCCAGGACCCCTG
AAGGCCTCTACCAGGTCACCAGTGTTCTGCGCCTAAAGCCACCCCCTGGCAGAAACL
TTCAGCTGTGTGTTCTGGAATACTCACGTGAGGGAACTTACTTTGGCCAGCATTGA
CCTTCARAAGTCAGATGGAACCCAGGACCCATCCAACTTGGCTGCTTCACATTTTCA
TCCCCTCCTGCATCATTGCTTTCATTTTCATAGCCACAGTGATAGCCCTAAGAARAR
CAACTCTGTCAAAAGCTGTATTCTTCAAMAAGACACAACARAAAGACCTGTCACCAC
AACARAGAGGGAAGTGAACAGTGCTATCTGAACCTGTGGTCTTGGGAGCCAGGETG
ACCTGATATGACATCTAAAGAAGCTTCTGGACTCTGAACAAGAATTCGGTGGCCTG
CAGAGCTTGCCATTTIGCACTITTCARATGCCTTTGGATGACCCAGCA 1223

Human PD-~1L2 amino acid sequence

1 MIFLLIMLSLELQLHQIAALFITVIVPRKELYIITEHGSNVILECNFDTGSHVNLGAIT
ASLORKVENDTSPHRERATLLEEQLPLGEKASFHIPQVQVRDEGQYQCIIIYGVAWDY
RYLTLKVKASYRKINTHILRVPETDEVELTCQATGYPLAEVSWPNVSVPANTSHSR
TPEGLYQVTSVLRLKPPPGRNFSCVFWNTHVRELTLASIDLQSOMEPRTHPTWLLH
IFIPSCIIAFIFIATVIALRKQLCORKLYSSKDTTKRPVTTTKREVNSAT 273

[Continued on next page/

(57) Abstract: The invention
provides isolated nucleic
acids molecules, designated
PD-1.2 nucleic acid molecules,
which encode novel B7-related
molecules which are ligands
for PD-1. The invention also
provides  antisense  nucleic
acid molecules, recombinant
expression vectors containing
PD-1.2 nucleic acid molecules,
host cells into which the
expression vectors have been
introduced, and nonhuman
transgenic animals in which a
PD-L2 gene has been introduced
or disrupted. @ The invention
further provides isolated
PD-L2 polypeptides, fusion
proteins, antigenic peptides and
anti-PD-L.2 antibodies. The
invention still further provides
methods for promoting or in-
hibiting the interaction between
PD-L2 and PD-1. Diagnostic
and treatment methods utilizing
compositions of the invention are
also provided.
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PD-L2 MOLECULES: NOVEL PD-1 LIGANDS AND USES THEREFOR

Background of the Invention
In order for T cells to respond to foreign polypeptides, 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 first signal, which confers specificity 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 celis to proliferate and become
functional (Lenschow et al. (1996) Annu. Rev. Immunol. 14:233). Costimulation is
neither antigen-specific, nor MHC-restricted, and is thought to be provided by one or
more distinct cell surface molecules 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. ef al. (1991) J. Exp. Med. 173:759-762: Reiser,
H. et al. (1992) Proc. Natl. Acad. Sci. US4 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.IL 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).
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The CD80 (B7-1) and CD86 (B7-2) proteins, expressed on APCs, are critical
costimulatory molecules (Freeman ef 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 1s upregulated later in the course of an immune response,
may be important in prolonging primary T cell responses or costimulating secondary T
cell responses (Bluestone (1995) Immunity 2:555).

One ligand to which B7-1 and B7-2 bind, CD28, 1s constitutively expressed on
resting T cells and increases in expression after activation. Adfter signaling through the T
cell receptor, ligation of CD28 and transduction of a costimulatory signal induces T cells
to proliferate and secrete IL-2 (Linsley, P.S. ef 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) Immunol. Today 11:211-6; Harding, F.A. et al. (1992) Nature 356:607-609). A
second ligand, termed CTLA4 (CD152) 1s homologous to CD28 but 1s not expressed on
resting T cells and appears following T cell activation (Brunet, J.F. et al. (1987) Nature
328:267-270). CTLA4 appears to be critical 1in 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 molecules 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 CTL A4 molecule and have different kinetics of
binding to CTLA4 (Linsley et al. (1994) Immunity 1:793). A new molecule related to
CD28 and CTLA4, ICOS, has been identified (Hutloff er 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. ef 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.

Immune cells have receptors that transmit activating signals. For example, T
cells have T cell receptors and the CD3 complex, B cells have B cell receptors, and

myeloid cells have Fc receptors. In addition, immune cells bear receptors that transmit
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signals that provide costimulatory signals or receptors that transmit signals that inhibit
receptor-mediated signaling. For example, CD28 transmits a costimulatory signal to T
cells. After ligation of the T cell receptor, ligation of CD28 results in a costimulatory
signal characterized by, e.g., upregulation of IL-2ra, IL-2rf3, and IL-2ry receptor,
increased transcription of IL-2 messenger RNA, and increased expression of cytokine
genes (including IL-2, IFN-y, GM-CSF, and TNF-a). Transmission of a costimulatory
signal allows the cell to progress through the cell cycle and, thus, increases T cell
proliferation (Greenfield et al. (1998) Crit. Rev. Immunol. 18:389). Binding of a
receptor on a T cell which transmits a costimulatory signal to the cell (e.g., ligation of a
costimulatory receptor that leads to cytokine secretion and/or proliferation of the T cell)
by a costimulatory ligand results in costimulation. Thus, inhibition of an interaction
between a costimulatory ligand and a receptor that transmits a costimulatory signal on
immune cells results in a downmodulation of the immune response and/or specific
unresponsiveness, termed immune cell anergy. Inhibition of this interaction can be
accomplished using, e.g., anti-CD28 Fab fragments, antibodies to B7 tamily molecules,
or by using a soluble form of a receptor to which a B7 family member molecule can
bind as a competitive inhibitor (e.g., CTLA4lg).

Inhibitory receptors that bind to costimulatory molecules have also been
identified 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. Theretore, depending upon the receptor to
which a costimulatory molecule binds (i.e., a costimulatory receptor such as CD28 or an
inhibitory receptor such as CTLA4), B7 molecules including B7-4 can promote T cell
costimulation or inhibition. |

PD-1 is a member of the immunoglobulin family of molecules (Ishida et al.
(1992) EMBO J. 11:3887; Shinohara et al. (1994) Genomics 23:704). PD-1 was
previously identified using a subtraction cloning based approach designed to identify
modulators of programmed cell death (Ishida et al. (1992) EMBQO J. 11:3887-95;
Woronicz et al. (1995) Curr. Top. Microbiol. Immunol. 200:137). PD-1 is believed to

play a role in regulating lymphocyte survival, e.g., during clonal selection (Honjo (1992)
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Science 258:591; Agata et al. (1996) Int. Immunology 8:765; Nishimura et al. (1996) Int.
Immunology 8:773). PD-1 has an extracellular region containing an immunoglobulin
superfamily domain, a transmembrane domain, and an intracellular region which
includes an immunoreceptor tyrosine kinase-based inhibitory motif (ITIM) (Ishida ef al.
(1992) supra; Shinohara et al. (1994) supra; US Patent 5,698,520). This features also
define a larger family of molecules, called the immunoinhibitory receptors, which also
includes gp49B, PIR-B, and the killer inhibitory receptors (KIRs) (Vivier and Daeron
(1997) Immunology Today 18:286). It is often assumed that the tyrosyl phosphorylated
[TIM motif of these receptors interacts with the SH2-domain-containing phosphatases,
which leads to inhibitory signals. A subset of these immunoinhibitory receptors binds to
MHC molecules, for example the KIRs, and CTLA4 binds 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) Immunology Today 20:285-288).

PD-1 was also implicated as a regulator of B cell responses (Nishimura (1998)
Int. Immunology 10:1563). Unlike CTLA4, which is found only on T cells, PD-1 is also

found on B cells (in response anti-IgM) and on a subset of thymocytes and myeloid cells

(Agata et al. (1996) supra; Nishimura et al. (1996) Int. Immunology 8:773).

The importance of the B7:CD28/CTLA4 costimulatory pathway has been
demonstrated in vitro and in several in vivo model systems. Blockade of this
costimulatory pathway results in the development of antigen-specific 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; Gimmia, C.D. et al. (1993) Proc. Natl. Acad. Sci. US4 90:6586-
6390; Boussiotis, V. et al. (1993) J. Exp. Med. 178:1753-1763). Conversely, expression
of B7 by B7-negative murine tumor cells induces T-cell mediated specific immunity
accompanied by tumor rejection and long lasting protection to tumor challenge (Chen,
L. etal. (1992) Cell 71:1093-1102; Townsend, S.E. and Allison, J.P. (1993) Science
259:368-370; Baskar, S. et al. (1993) Proc. Natl. Aéad Sci 90:5687-5690.). Therefore,
manipulation of the costimulatory pathways offers great potential to stimulate or

suppress immune responses in humans.

Summary of the Invention

The present invention is based, at least in part, on the discovery of novel nucleic

acid molecules and polypeptides encoded by such nucleic acid molecules, referred to
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herein as PD-L2 nucleic acid and polypeptide molecules, which are members of the B7
family and are ligands for PD-1. Interaction of PD-L2 with PD-1 transmits a negative
signal to immune cells, downregulating immune responses. Preferred PD-L2 molecules
are expressed on the surface of professional antigen presenting cells (e.g., B
lymphocytes, monocytes, dendritic cells, and Langerhans cells) and other antigen
presenting cells (e.g., keratinocytes, endothelial cells, astrocytes, fibroblasts, and
oligodendrocytes), down-regulate lymphocyte activation, and/or are bound by antibodies
which recognize PD-L2 molecules. The PD-L2 nucleic acid and polypeptide molecules
of the present invention are useful, e.g., in modulating the immune response.
Accordingly, in one aspect, this invention provides 1solated nucleic acid molecules
encoding PD-L2 polypeptides, as well as nucleic acid fragments suitable as primers or
hybridization probes for the detection of PD-L2-encoding nucleic acids.

In one embodiment, a PD-L2 nucleic acid molecule of the invention 1s at least
about 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or more identical to the nucleotide sequence (e.g., to the entire length of the nucleotide
sequence) shown in SEQ ID NO:1 or 3, or a complement thereof.

In a preferred embodiment, the isolated nucleic acid molecule includes the
nucleotide sequence shown in SEQ ID NO:1 or 3, or a complement thereof. In another
embodiment, the nucleic acid molecule includes the nucleic acid sequence shown in
SEQ ID NO:3 and nucleotides 1-273 of SEQ ID NO:1. In a further embodiment, the
nucleic acid molecule includes the nucleic acid sequence shown in SEQ ID NO:3 and
nucleotides 1096-1223 of SEQ ID NO:1. In another preferred embodiment, the nucleic
acid molecule consists of the nucleotide sequence shown in SEQ ID NO:1 or 3.

In another embodiment, a PD-L2 nucleic acid molecule includes a nucleotide
sequence encoding a polypeptide having an amino acid sequence sufficiently identical to
the amino acid sequence of SEQ ID NO:2. In a preferred embodiment, a PD-L2 nucleic
acid molecule includes a nucleotide sequence encoding a polypeptide having an amino
acid se(iuence at least about 71%, 75%, 80%, 85%, 90%, 95%, 96%, 7%, 98%., 99% or
more identical to the entire length of the amino acid sequence of SEQ ID NO:2.

In another preferred embodiment, an isolated nucleic acid molecule encodes the
amino acid sequence of human PD-L2. In yet another preferred embodiment, the
nucleic acid molecule includes a nucleotide sequence encoding a polypeptide having the
amino acid sequence of SEQ ID NO:2. In yet another preferred embodiment, the
nucleic acid molecule 1s at least about 50, 100, 150, 200, 250, 300, 350, 400, 450, 500,
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550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150 or more
nucleotides in length. In a further preferred embodiment, the nucleic acid molecule is at
least about 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750,
800, 850, 900, 950, 1000, 1050, 1100, 1150 or more nucleotides in length and encodes a
polypeptide having a PD-L2 activity (as described herein).

Another embodiment of the invention features nucleic acid molecules, preferably
PD-L2 nucleic acid molecules, which specifically detect PD-L2 nucleic acid molecules
relative to nucleic acid molecules encoding non-PD-L2 polypeptides. For example, in
one embodiment, such a nucleic acid molecule is at least about 880, 900, 950, 1000,
1050, 1100, 1150 or more nucleotides in length and hybridizes under stringent
conditions to a nucleic acid molecule comprising the nucleotide sequence shown in SEQ
ID NO:1, or a complement thereof. In another embodiment, such a nucleic acid
molecule i1s at least 20, 30, 40, 50, 100, 150, 200, 250, 300 or more nucleotides in length
and hybridizes under stringent conditions to a nucleic acid molecule comprising
nucleotides 1-358 of SEQ ID NO:1, or a complement thereof. In a further embodiment,
such a nucleic aciﬁd molecule 1s at least 20, 30, 40, 50, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150 or more
nucleotides in length, includes at least 15 (i.e., 15 contiguous) nucleotides of the
sequence comprising nucleotides 1-358 of SEQ ID NO:1, or a complement thereof, and
hybridizes under stringent conditions to a nucleic acid molecule comprising the
nucleotide sequence shown in SEQ ID NO:1, or a complement thereof.

In preferred embodiments, the nucleic acid molecules are at least about 880
nucleotides 1n length and hybridize under stringent conditions to the nucleotide molecule
set forth in SEQ ID NO:1 (i.e., to 880 contiguous nucleotides of SEQ ID NO:1), or a
complement thereof. In other preferred embodiments, the nucleic acid molecules are at
least about 15 nucleotides in length and hybridize under stringent conditions to
nucleotides 1-358 of the nucleotide molecule set forth in SEQ ID NO:1 (i.e., to 15
contiguous nucleotides of nucleotides 1-358 of SEQ ID NO:1), or a compleﬁlent thereof.
In further preferred embodiments, the nucleic acid molecules are at least 15 nucleotides
in length, include at least 15 (i.e., 15 contiguous) nucleotides of the sequence comprising
nucleotides 1-358 of SEQ ID NO:1, or a complement thereéf, and hybridize under
stringent conditions to a nucleic acid molecule comprising the nucleotide sequence

shown 1n SEQ ID NO:1, or a complement thereof.
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In still other preferred embodiments, the nucleic acid molecule encodes a
naturally occurring allelic variant of a polypeptide comprising the amino acid sequence
of SEQ ID NO:2, wherein the nucleic acid molecule hybridizes to a complement of a
nucleic acid molecule comprising SEQ ID NO:1 or 3, or a complement thereof, under
stringent conditions.

Another embodiment of the invention provides an isolated nucleic acid molecule
which 1s antisense to a PD-L2 nucleic acid molecule, e.g., is antisense to the coding
strand of a PD-L2 nucleic acid molecule as shown in SEQ ID NO:1 or 3.

Another aspect of the invention provides a vector comprising a PD-L2 nucleic
acid molecule. In certain embodiments, the vector is a recombinant expression vector.
In another embodiment, the invention provides a host cell containing a vector of the
invention. In yet another embodiment, the invention provides a host cell containing a
nucleic acid molecule of the invention. The invention also provides a method for
producing a polypeptide, preferably a PD-L2 polypeptide, by culturing in a suitable
medium, a host cell, e.g., a mammalian host cell such as a non-human mammalian cell,
of the invention containing a recombinant expression vector, such that the polypeptide 1s
produced. '.

Another aspect of this invention features isolated or recombinant PD-L2
polypeptides (e.g., proteins, polypeptides, peptides, or fragments or portions thereof). In
one embodiment, an 1solated PD-L2 polypeptide includes at least one or more of the
tollowing domains: a signal peptide domain, an IgV domain, an IgC domain, an
extracellular domain, a transmembrane domain, and a cytoplasmic domain.

In a preterred embodiment, a PD-L2 polypeptide includes at least one or more of
the following domains: a signal peptide domain, an IgV domain, an IgC domain, an
extracellular domain, a transmembrane domain, and a cytoplasmic domain, and has an
amino acid sequence at least about 71%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more identical to the amino acid sequence of SEQ ID
NO:2. In another preferred emBodiment, a PD-L2 polypeptide includes at least one or |
more of the tollowing domains: a signal peptide domain, an IgV domain, an IgC
domain, an extracellular domain, a transmembrane domain, and a cytoplasmic domain,
and has a PD-L.2 activity (as described herein).

In yet another preferred embodiment, a PD-L2 polypeptide includes at least one
or more of the following domains: a signal peptide domain, an 1gV domain, an IgC

domain, an extracellular domain, a transmembrane domain, and a cytoplasmic domain,
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and is encoded by a nucleic acid molecule having a nucleotide sequence which
hybridizes under stringent hybridization conditions to a complement of a nucleic acid
molecule comprising the nucleotide sequence of SEQ ID NO:1 or 3. ‘

In ahother embodiment, the invention features fragments or portions of the
polypeptide having the amino acid sequence of SEQ ID NO:2, wherein the fragment
comprises at least 15 amino acids (i.e., contiguous amino acids) of the amino acid
sequence of SEQ ID NO:2. In another embodiment, a PD-L2 polypeptide comprises or
consists of the amino acid sequence of SEQ ID NO:2.

In another embodiment, the invention features a PD-L2 polypeptide which is
encoded by a nucleic acid molecule consisting of a nucleotide sequence at least about
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99% or more
identical to a nucleotide sequence of SEQ ID NO:1 or 3, or a complement thereof. This
invention further features a PD-L2 polypeptide which 1s encoded by a nucleic acid
molecule consisting of a nucleotide sequence which hybridizes under stringent
hybridization conditions to a complement of a nucleic acid molecule comprising the
nucleotide sequence of SEQ ID NO:1 or 3.

The polypeptides of the present invention or portions thereof, e.g., biologically
active portions thereof, can be operatively linked to a non-PD-L2 polypeptide (e.g.,
heterologous amino acid sequences) to form fusion polypeptides. The invention further
features antibodies, such as monoclonal or polyclonal antibodies, that specifically bind
polypeptides of the invention, preferably PD-L2 polypeptides. In addition, the PD-L2
polypeptides (or biologically active portions thereof) or modulators of the PD-L2
molecules can be incorporated into pharmaceutical compositions, which optionally
include pharmaceutically acceptable carriers.

In another aspect, the present invention provides a method for detecting the
presence of a PD-L2 nucleic acid molecule, protein, or polypeptide in a biological

sample by contacting the biological sample with an agent capable of detecting a PD-L2

nucleic acid molecule, protein, or polypeptide, such that the presence of a PD-L2 nucleic

acid molecule, protein or polypeptide is detected in the biological sample.

In another aspect, the present invention provides a method for detecting the
presence of PD-L2 activity in a biological sample by contacting the biological sample
with an agent capable of detecting an indicator of PD-L2 activity, such that the presence

of PD-L2 activity is detected in the biological sample.
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In another aspect, the invention provides a method for modulating PD-L.2
activity, comprising contacting a cell capable of expressing PD-L2 with an agent that
modulates PD-L2 activity, such that PD-L2 activity in the cell is modulated. In one
embodiment, the agent inhibits PD-L2 activity. In another embodiment, the agent
sttimulates PD-L2 activity. In a further embodiment, the agent interferes with or
enhances the interaction between a PD-L2 polypeptide and its natural binding partner(s),
e.g2., PD-1. In a preferred embodiment, the binding partner is PD-1. In one
embodiment, the agent is an antibody that specifically binds to a PD-L2 polypeptide. In
a further embodiment, the agent 1s a combination of an antibody that specifically binds
to a PD-L2 polypeptide and an antibody that specifically binds to a PD-L1 polyepeptide.
In another embodiment, the agent 1s a peptide, peptidomimetic, or other small molecule
that binds to a PD-L2 polypeptide. In yet another embodiment, the agent is another PD-
1 ligand which can modulate the interaction between PD-L2 and PD-1. In still another
embodiment, the agent modulates expression of PD-L2 by modulating transcription of a
PD-L2 gene, translation of a PD-L2 mRNA, or post-translational modification of a PD-
L2 polypeptide. In another embodiment, the agent is a nucleic acid molecule having a
nucleotide sequence that 1s antisense to the coding strand of a PD-L2 mRNA or a PD-L2
gene.

In one embodiment, the methods of the present invention are used to treat a
subject having a disorder or condition characterized by aberrant, insufficient, or
unwanted PD-L2 polypeptide or nucleic acid expression or activity by administering an
agent which 1s a PD-L2 modulator to the subject. In one embodiment, the PD-L2
modulator 1s a PD-L2 polypeptide. In another embodiment the PD-L2 modulator is a
PD-L2 nucleic acid molecule. In a further embodiment, the PD-L2 modulator is an
antibody that specifically binds to a PD-L2 polypeptide. In another embodiment, the
PD-L2 modulator is a combination of an antibody that specifically binds to a PD-L2

polypeptide and an antibody that specifically binds to a PD-L1 polypeptide. In yet

another embodiment, the PD-L2 modulator is a peptide, peptidomimetic, or other small
molecule. In a preferred embodiment, the disorder or condition characterized by
aberrant, insutficient, or unwanted PD-L2 polypeptide or nucleic acid expression or
activity is an immune response disorder or condition that would benefit from modulation
of PD-L2 activity. In another embodiment, the invention further provides treating the

subject with an additional agent that modulates an immune response.
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In still another embodiment, the invention provides a vaccine comprising an
antigen and an agent that reduces or inhibits PD-L2 activity. In a preferred embodiment,
the vaccine inhibits the interaction between PD-L2 and its natural binding partner(s). In
a more preferred embodiment, the binding partner is PD-1.

The present invention also provides diagnostic assays for identifying the
presence or absence of a genetic alteration characterized by at least one of (i) aberrant
modification or mutation of a gene encoding a PD-L.2 polypeptide; (ii) mis-regulation of
the gene; and (iii) aberrant post-translational modification of a PD-L2 polypeptide,
wherein a wild-type form of the gene encodes a polypeptide with a PD-L2 activity.

In another aspect the invention provides methods for identifying a compound
that binds to or modulates the activity of a PD-L2 polypeptide, by providing an indicator
composition comprising a PD-L2 polypeptide having PD-L2 activity, contacting the
indicator composition with a test compound, and determining the effect of the test
compound on PD-L2 activity in the indicator composition to identify a compound that
modulates the activity of a PD-L2 polypeptide.

In another aspect, this invention provides a method for modulating an immune
response by modulating the interaction between PD-1 and PD-L2.

In one aspect, the invention features a method for modulating the interaction of
PD-L2 with its natural binding partner(s) on an immune cell comprising contacting an
antigen presenting cell which expresses PD-L2 with an agent selected from the group
consisting of: a form of PD-L2, a form of PD-1, or an agent that modulates the
interaction of PD-L.2 and its natural binding partner(s) such that the interaction of PD-L2
with it natural binding partner(s) on an immune cell is modulated. In a preferred
embodiment, an agent that modulates the interaction of PD-L2 and its natural binding
partner(s) (e.g., PD-1) is an antibody that specifically binds to PD-L2. In another
preferred embodiment, the agent is a combination of an antibody that specifically binds
to PD-L2 and an antibody that specifically binds to PD-L1.

In one embodiment, the interaction of PD-L2 with its natural binding partner(s)
is upregulated. In another embodiment, the interaction of PD-L2 with its natural binding
partner(s) 1s downregulated.

In one embodiment, the method further comprises contacting the immune cell or
the antigen presenting cell with an additional agent that modulates an immune response.

In one embodiment, the step of contacting 1s performed iz vitro. In another

embodiment, the step of contacting is performed in vivo.
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In one embodiment, the immune cell is selected from the group consisting of: a
T cell, a B cell, and a myeloid cell.

In one embodiment, the PD-L2 binding partner is PD-1.

In another aspect, the invention pertains to a method for inhibiting activation in
an immune cell via a non-apoptotic mechanism comprising increasing the activity or
expression of PD-L2 in a cell such that immune cell activation is inhibited.

In yet another aspect, the invention pertains to a vaccine comprising an antigen
and an agent that inhibits the interaction between PD-1.2 and its natural binding
partner(s).

In still another aspect, the invention pertains to a vaccine comprising an antigen
and an agent that promotes the interaction between PD-L2 and its natural binding
partner(s).

In one embodiment, the PD-L2 binding partner is PD-1.

In another aspect, the invention pertains to a method for treating a subject having
a condition that would benefit from upregulation of an immune response comprising
administering an agent that inhibits the interaction between PD-L2 and its natural
binding partner(s) on cells of the subject such that a condition that would benefit from
upregulation of an immune response is treated.

In one embodiment, the agent comprises a blocking antibody or a small molecule
that binds to PD-L2 and inhibits the interaction between PD-L2 and its natural binding
partner(s). In another embodiment, the agent comprises a combination of an antibody
that specifically binds to PD-L2 and an antibody that specifically binds to PD-L1.
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