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(57) Abrégée/Abstract:
Disclosed is a newly identified B7 family member, zB/7H6, which functions as a counter-receptor for the NK cell triggering receptor,
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(57) Abrege(suite)/Abstract(continued):

NKp30, as well as related screening methods, are also disclosed. Further disclosed are anti-zB/H6 antibodies as well as antibody-
drug conjugates comprising an ant-zB/H6 antibody conjugated to a therapeutic agent, including methods for using such
antibodies and antibody-drug conjugates to exert therapeutic effects against zB/7HG6-expressing cells.



Abstract
Disclosed is a newly identified B7 family member, zZB7H6, which functions as a
counter-receptor for the NK cell triggering receptor, NKp30. Methods and compositions for
modulating NKpBO-mediated NK cell activity based on the interaction of zB7H6 with NKp30,
as well as related screening methods, are also disclosed. Further disclosed are anti-zB7H6
antibodies as well as antibody-drug conjugates comprising an anti-zB7H6 antibody conjugated

to a therapeutic agent, including methods for using such antibodies and antibody-drug

conjugates to exert therapeutic effects against zZB7H6-expressing cells.
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Sanmpurihc

B7 FAMILY MEMBER zB7H6 AND RELATED COMPOSITIONS AND METHODS

BACKGROUND OF THE INVENTION

B7 Family
(1] Positive and negative costimulatory signals play critical roles tn the modulation of

lymphocyte activity, and the molecules that mediate these signals have proven to be effective targets
for immunomodulatory agents. For example, upon interaction with B7-1 or B7-2 on the surface of
antigen-preseunting cells (APC), CD28, the prototypic T cell costimulatory molecule, emits signals that
promote T cell proliferation and differentiation in response to T cell receptor (TcR) engagement,
while the CD28 homologue cytotoxic T lymphocyte antigen-4 (CTLA-4) mediates inhibition of T cell
proliferation and effector functions, (See Chambers et al., Ann. Rev. Immunol., 19:565-594, 2001,
Egen et ul., Nature Immunol,, 3:611-618, 2002.)

(2] Several new molecules with homology to the B7 family have been discovered (Abbas
et al., Nat, Med., 5:1345-6,1999; Covle et al., Nat. Immunol., 2: 203-9, 2001; Carreno et al., Annuw.
Rev. Immunol., 20; 29-53, 2002; Liang et al., Curr. Opin. Immunol., 14: 384-90, 2002), and their role
in lymphocyte activation is just begiuning to be elucidated. These new costimulatory counter-
receptors include B7h2, PD-L1, PD-L2, B7-H3 and B7-H4.

(3] The expression of known B7 family members 15 largely restricted to antigen-
presenting cells.  Collectively, these studies have revealed that B7 family members are counter-
receptors on lymphoid cells that interact with cognate receptors on lymphocytes to provide positive or
negative costimulatory signals that play critical roles in the regulation of cell-mediated immune

resSponses.

(4] Accordingly, there is a need in the art for the identification of additional B7 family
members, their counter-receptors, and molecules derived therefrom that have lymphocyte
costimulatory activity. This need 18 based largely on their fundamental biological importance and the
therapeutic potential of agents capable of affecting their activity. Such agents capable of modulating
costimulatory signals would find sigmificant use in the modulation of immune responses, and are

highly desirable.
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NK Cells and NKp30

(5] Natural killer (NK) cells are a subset of lymphocytes active in the immune system
and represent an average of about 13% of mononuclear cells in human peripheral blood. NK cells
were imtially described functionally in 1971 by the observation that lethally trradiated mice were
capable of rejecting allogeneic or parental strain bone marrow cell (BMC) allografts. (See Cudowicz
and Bennett, /. Exp. Med. 134:83-102, 1971; Cudowicz and Bennett, J. Exp. Med. 135:1513-1528,
1971.) Cudowicz and Bennett observed that irradiated F1 hybrid H-2-heterozygous mice (A x B)
were capable of rejecting parental H-2-homozygous BMC (A or B), This observation conflicted with
the classic laws of transplantation in which transplantation antigens were thought to inherit co-
dominantly and offspring were obligately tolerant toward parental major histocompatability complex
(MHC) determinants. (See Cudowicz and Bennett, J. Exp. Med. 134:83-102, 1971.) The cells
responsible for this phenomenon were found to be radioresistant and identical to lymphoid cells,
which were characterized later in 1975 by their ability to mediate spontaneous killing of tumors in
vitro m an MHC-unrestnicted manner, (See Herberman and Ortaldo, Science, 214:24-30, 1981;
Ortaldo and Herberman, Annu. Rev. Immunol. 2:359-394, 1984: Trinchieri, Adv. Immunol. 47:187-
376, 1989, Murphy et al., J. Nall. Cancer Inst. 85:1475-1482, 1993.) Additional evidence that NK
cells alone could mediate the specificity of marrow graft rejection emerged in 1987 when it was
observed that mice with severe combined immune deficiency (SCID), which cannot develop T and B

cells, have normal NK cell function. (See Murphy et al., J. Exp. Med. 165:1212-1217, 1987.)

[6] NK cells are currently understood to represent an important arm of innate immunity
and to play a primary role in immune surveillance against fumors and virally infected cells. Unless
activated, however, NK cells are ineffective in performing their normal function, even when present
in otherwise sufficient numbers. Indeed, decreased NK cell activity is associated with cancer and
infectious diseases (see Yamazaki et al., Oncology Reports 9:359-363, 2002; Rosenberg et al., Cancer
Research 51:5074-5079 (suppl.), 1991, Britteenden er al., Cancer 77:1226-1243, 1996; U.S. Patent
Nos. 5,082,833 and 4,883,662). Conversely, as noted above, NK cell activity mediates acute rejection
of BMC allografts. Therefore, levels of NK ccll activity appear to play an important role in

innnune-related disorders.

7] NK cell activity is typically regulated by the interaction between MHC class |
molecules and inhibitory and activating receptors. (See, e.g., Barao and Murphy, BBEMT 9:727-741,
2003.) The “missing self” hypothesis is originally based on the observation that tumor cells that lack
MHC class 1 molecules are susceptible to killing by NK cells, (See Ljunggren and Karre, /mmunal.
Today 11:237-244, 1990; Ohlen et al., J. Immunol 145:52-58, 1990,) Investigators additionally
observed that human NK cells lyse class-I-deficient Epstein-Barr-virus-transformed B-lymphoblastoid

cell lines. (Storkus et al, Proc. Natl. Acad. Sci. USA 86:2361-2364, 1989.) Also, it was found that
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transfection of class 1 genes into class I-deficient target cells caused these cells to be partially or
completely resistant to NK cell-mediated lysis. (See Storkus et af., supra; Shimizu and DeMars, Eur.
J. Immunol., 19:447-451, 1989.) MHC class I, however, 1s not always necessary for protection from
NK-cell-mediated cytotoxicity, and recognition by MHC class [ does not always prevent cytolysis by
NK cells. (Barao and Murphy, supra.) During recent years, various MHC-class-I-specific inhibitory
and activating receptors as well as non-MHC-class-I-specific activating receptors have been
identified. These receptors are relevant with respect to therapeutic approaches such as, e.g.,

allogeneic BMT und cancer therapy. (See id.)

[8] Non-MHC-class-I-specific activating receptors, which are capable of mediating NK
cell cytatoxicity agamst MHC-class-I-deficient or negative targets, are represented in part by a
heterogeneous family of NK cell-specific immunoglobulin-like molecules that are known as natural
cytotoxicity receptors (NCRs). (See, e.g., Moretta et al.,, Amu. Rev. Immunol 19:197-223, 2001;
Diefenbach and Raulet, /mmunol, Rev., 181:170-184, 2001.) In the absence of MHC class |
cxpression {such as, for example, on tumor cells or virus-infected cells), ligation of these activating
receptors on NK cells triggers target-cell kilimg, One such activating receptor is NKp30, which is
selectively and constitutively expressed on mature natural killer (NK) cells and signals through, inter
alia, coupling with CD3(, (See Barao and Murphy, supra.) The target-cell ligand to which NKp30

bimds has not been previously identified.

9] This system of mmnate recognition by NK cells represents a potentially powerful tool
for clinical application in allogeneic bone marrow transplantation (BMT). cancer therapy, or treatment
of other NK-cell-associated disorders. (See, e.g., Barao and Murphy, supra.) For example,
stimulating or inhibiting activation of NKp30 would be useful for modulating NK cell activity and
treating diseases or disorders associated with NK cell activity. In particular, enhancement of NK cell
activity by triggering NKp30 would be useful for treatment of diseases or disorders charactenized by
insufficient NK cell activity, such as cancer and infectious disease, while inhibition of NK cell
activity by blocking NKp30 would be useful for treating NK-cell-mediated disorders, such as, for
example, BMC allograft rejection. The present invention provides compositions and methods for

these and other uses that should be apparent to those skilled in the art from the teachings herein.

BRIEF SUMMARY OF THE INVENTION

[10]  In one aspect, the present invention provides isolated zZB7H6 polypeptides, including
polypeptide fusions, comprising the amino acid sequence of SEQ ID NO:2 or a functional variant or
fragment thereot.  For example, in some embodiments, a zB7H6 polypeptide of the invention is an

isolated, soluble polypeptide comprising a polypeptide segment that has at least 90% or at lcast 95%
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sequence identity with the amino acid sequence set forth in residues 25-266 of SEQ 1D NOQ:2, wherein
the soluble zB7HO6 polypeptide 1s capable of specifically binding to human NKp30. In specific
variations, such a soluble zB7HG6 polypeptide comprises a polypeptide segment having the amino acid
sequence set forth in residues 25-266 or 1-266 of SEQ 1D NO:2. Such soluble polypeptides can be,
for example, soluble fusion proteins, Suitable soluble fusion proteins include polypeptides further
comprising an immunoglobulin heavy chain constant region (e.g., an Fc¢ fragment), such as an 1gG
(e.g., 1gGl, 1gG2, 1gG3, or 1gG4), IgM, IgE, IgA, or IgD immunoglobulin heavy chain constant
region. Other suitable solubie fusion proteins include polypeptides further comprising a VASP

domain.

(11]  In another aspect, the present invention provides isolated polynucleotides encoding a
zB7H6 polypeptide as described herein. Accordingly, in certain embodiments, the present invention
provides an isolated polynucleotide comprising a polynuclectide segment encoding a soluble zB7H6
polypeptide, the zB7H6 polypeptide comprising a polypeptide segment that has at lcast 90% sequence
identity with the amino acid sequence set forth in residues 25-266 of SEQ [D NO:2, and wherein the
zB7HG6 polypeptide 15 capable of specifically binding to human NKp30. In a specific variation, the
cncoded soluble zB7H6 polypeptide comprises a polypeptide segment having the amino acid
sequence set forth in residues 25-266 of SEQ ID NO:2. The encoded soluble polypeptide can be, for
cxample, a soluble fusion profein, such as a soluble fusion protein comprising an immunoglobulin
heavy cham constant region or a VASP domain. In certain variations, the polynucleotide segment
encoding the zB7H6 polypeptide comprises nucleotides 73-798 or 1-798 of SEQ ID NO: 1.

112]  In yet other aspects, the present invention provides vectors, including expression
vectors, comprising a polynucleotide as above. For example, in some embodiments, the present
mvention provides an expression vector comprising the following operably linked clements: a
transcription Initiation region; a DNA segment encoding a soluble zB7H6 polypeptide, the zB7H6
polypeptide comprising a polypeptide segment that has at least 90% sequence identity with the amino
acid sequence sct forth in residues 25-266 of SEQ 1D NQO:2, wherein the zB7TH6 polypeptide is
capable of specifically binding to human NKp30: and a transcription termination region. In other,
related aspects, the present invention provides host cells comprising such vectors, as well as methods
for producing a zB7H6 polypeptide. In some embodiments, a method of producing a soluble zZB7H6
polypeptide meludes culturing a host cell comprising an expression vector as above under conditions

in which the polypeptide is expressed, and recovering the expressed polypeptide.

[13]  The present invention also provides isolated antibodies that specifically bind to a
zB7HO6 polypeptide as descnbed herein. For example, in certain embodiments, the present invention
provides an antibody that specifically binds to a polypeptide segment having the amino acid sequence

set forth n residues 25-266 of SEQ ID NO:2. In some such variations, the antibody inhibits the
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mteraction of zZB7H6 with human NKp30. Particularly suitable antibodies are monoclonal antibodies,
such as, e.g., human or humanized monoclonal antibodies. Anti-zB7HG6 antibodies also include single

cham antibodies.

[14]  Instill another aspect, the present invention provides methods for medulating human
natural killer (NK) cell activity. Some such methods include cnhancing NK ccll activity by
contacting a human NK cell with a cell expressing a recombinant, membrane-bound zB7H6
polypeptide, the zB7H6 polypeptide compnising a polypeptide segment that has at least 90% sequence
identity with the amino acid sequence set forth in residues 25-266 of SEQ ID NQ:2, and wherein the
zB7TH6 polypeptide is capable of specifically binding to human NKp30. In a specific variation, the
zB7H6 polypeptide segment has the amino acid sequence set forth in residues 25-266 of SEQ ID

NO:2.

(15]  Other methods for modulating NK cell activity include, e.g., decreasing NK cell
activity against a zB7HG-expressing cell.  Such methods generally comprise contacting a cell
expressing functional zZB7H6, in the presence of a human NK cell, with an effective amount of an
antibody that specifically binds to a polypeptide segment having the amino acid sequence set forth in
restdues 25-266 of SEQ 1D NO:2, wherein the antibody inhibits the interaction of ZB7H6 with human
NKp30. Such methods for decreasing NK cell activity are useful, for example, in the treatment of
bone marrow cell (BMC) allograft rejection. Accordingly, in certain variations, a method of the
mvention includes treating bone marrow cell (BMC) allograft rejection in 2 human subject by
admimstering to the human subject, i an amount effective to inhibit NK cell activity and thereby treat
the acute BMC allograft rejection, an antibody that (a) specifically binds to a polypeptide segment
having the amino acid sequence sct forth in residues 23-266 of SEQ ID NO:2 and (b) inhibits the
interaction of zB7H6 with human NKp30. Particularly suitable antibodies include monoclonal
antibodies (e.g., human or humanized monoclonal antibodies). Antibodies for treating BMC can also

be single chain antibodies,

[16] In another aspect, the present invention provides methods for inducing antibody
dependent cellular cytotoxicity (ADCC) against a zB7H6-expressing cell.  Such methods generally
nclude contacting the zB7H6-expressing cell with an effective amount an antibody that specifically
binds to a polypeptide segment having the amino acid sequence set forth in residues 25-266 of SEQ
1D NO:2, wherein the contacting 1s in the presence of an NK cell or a CD8" T cell expressing an Fe
receptor having ADCC activity, and wherein the antibody comprises an Fe region capable of binding
the Fc receptor. Suttable anti-zB7H6 antibodies include monoclonal antibodies, including, for
example, human or humanized monoclonal antibodies, as well as single chain antibodies. In certain
variations, the Fe region is a single chain Fc (scFe). The zB7H6-expressing cell can be, for example,

a zZB7H6-expressing cancer cell. zB7H6 cancer cells particularly amenable to targeted killing using
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these methods include, e g., colon cancer cells, liver cancer cells, cervical cancer cells, lung cancer
cells, pancreatic cancer cells, prostate cancer cells, probemocytic leukemia cells, B-cell lymphoma
cells, monocytic lymphoma cells, erythroleukemia cells, Burkitt’s lymphoma cells, and chronic

myelogenous leukema cells.

(177 In yet another aspect, the present invention provides methods for inducing
complement dependent cytotoxicity (CDC) agamst a zZB7H6-expressing cell. Such methods generally
imclude contacting the zB7H6-expressing cell with an effective amount an antibody that specifically
binds to a polypeptide segment having the amino acid sequence set forth in residues 25-266 of SEQ
ID NO:2, wherein the contacting is in the presence of complement, and wherein the anti-zB7H6
antibody comprises an Fc region having CDC activity, Suitable anti-zB7H6 antibodies include
monoclonal antibodics, including, for example, human or humanized monoclonal antibodies, as well
as single chain antibodies. In certain variations, the Fc region is a single chain Fc (scFe). The
zB7HG6-expressing cell can be, for example, a zB7H6-expressing cancer cell. zB7H6 cancer cells
particularly amenable to targeted killing using these methods include, e 2., colon cancer cells, liver
cancer cells, cervical cancer cells, Iung cancer cells, pancreatic cancer cells, prostate cancer cells,
prohemocytic leukenia cells, B-cell lymphoma cells, monocytic lymphoma cells, erythroleukemia

cells, Burkitt’s lymphoma cells, and chronic myelogenous leukemia cells.

[18] In another, related aspect, the present tnvention provides methods for treating a
zB7H6-expressing cancer in a subject. Such methods generally include admimistering to the subject
an effective amount of an antibody that specifically binds to a polypeptide segment having the amino
acid sequence set forth in residues 25-266 of SEQ [D NO:2, wherein the antibody comprises an Fe
region having ADCC and/or CDC activity. Suitable anti-zB7H6 antibodies include monoclonal
antibodies, including, for example, human or bumanized monoclonal antibodies, as well as single
chain antibodics. In certain vanations, the Fc region is a single chain F¢ (scFc). zB7H6-expressing
cancers particularly amenable to treatment using such methods include, for example, cancers of the
colon, hiver, cervix, lung, pancrcas, and prostate, as well as cancers of the blood such as, e.g.,
prohemocytic leukemia, B-cell lymphoma, monocytic lymphoma, erythroleukemia, Burkitt’s

lymphoma, or chronic myelogenous leukemia.

[19]  In another aspect, the present mmvention provides an antibody-drug conjugate
comprising an anttbody that specifically binds to a polypeptide segment having the amino acid
sequence set forth 1 residues 25-266 of SEQ 1D NO:2, wherein the antibody is conjugated to a
cytotoxic agent. In certain embodiments, the antibody that binds the amino acid sequence of residues
23-266 of SEQ ID NO:2 15 a monoclonal antibody such as, for example, 2 human or humanized
monoclonal antibody. In other variations, the antibody is a single chain antibody. Suitable cytotoxic

agents include, for example, anti-tubulin agents, DNA minor groove binding agents, DNA minor
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groove alkylating agents, duocarmycins, and puromycins. Particularly suitable anti-tubulin agents
include, e.g., dolastatins, vinca alkaloids, podophyllatoxins, taxanes, baccatin derivatives,

cryptophysins, maytansinoids, and combretastatins.

[(20]  In typical embodiments of an antibody-drug conjugate as summarize above, the
antibody is conjugated to the cytotoxic agent via a linker. Particularly suitable linkers are linker that
are cleavable under intracellular conditions, such as, for example, a peptide hinker cleavable by an
intracellular protease (e.g., cleavable by a lysosomal protease or an endosomal protease). Linkers
cleavable under intracellular conditions may include dipeptide hinkers, such as, for example, a val-cit
linker or a phe-lys linker. In other variations, the cleavable linker is hydrolyzable at a pH of less than
5.5 (e.g., a hydrazone linker). In yet other variations, the cleavable linker is a disulfide linker.

(211  The present mvention further includes pharmaceutical composition comprising an

-

antibody-dnig conjugate as above and at least one pharmaceutically acceptable carrier.

22]  In yet another aspect, the present invention provides a method for depleting or
inhibiting the growth of zB7H6-expressing cells within a cell population comprising said zB7H6-
expressing cells. Generally, the method includes contacting said zB7H6-expressing cells with an
effective amount of an antibody-drug conjugate as above. In certain embodiments, the method is used
in vivo to treat a zZB7H6-expressing cancer in a subject by administering to the subject an effective
amount of the anfibody-drug conjugate. In particular variations, the zB7H6-cxpressing cancer is a
cancer of the colon, liver, cervix, lung, pancreas, or prostate. In yet other vanations, the zB7H6-
expressing cancer is 4 prohemocytic leukemia, a B-cell lymphoma, a monocytic lymphoma, a

erythroleukemia, Burkitt’s [lymphoma, or a chronic myelogenous leukemia.

(23]  The present wnvention further provides methods of screening for an antagonist or an
agonist of the interaction of zZB7H6 with NKp30. For example, in certain embodiments, a method of
screening for antagonist of the interaction of zZB7H6 with NKp30 generally includes (a) contacting an
agent with a zB7H6 polypeptide in the presence of an NKp30 polypeptide: (b) detecting a measure of
the interaction of the zZB7H6 polypeptide with the NKp30 polypeptide; and (c) determining whether
the level of the zB7TH6/NKp30 interaction measured in step (b) is significantly less relative to the
level of interaction measured for control zB7H6 and NKp30 polypeptides in the absence of the agent,
such that if the level of zZB7H6/NKp30 interaction is less, then the agent is identified as an antagonist
of the interaction of zB7H6 with NKp30, In other embodiments, a method of screening an agent for
an agonist of the mteraction of zZB7H6 with NKp30 generally includes (a) contacting an agent with a
zB7HG6 polypeptide m the presence of an NKp30 polypeptide; (b} detccting a mcasure of the
mteraction of the zB7H6 polypeptide with the NKp30 polypeptide; and (¢) determining whether the

level of the zB7THO/NKp30 interaction measured in step (b) is significantly greater relative fo the level
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of interaction measured for control zZB7H6 and NKp30 polypeptides in the absence of the agent. such

that if the level of zB7H6/NKp30 interaction is greater, then the agent is identified as an agonist of
the interaction of zB7H6 with NKp30.

[23a] In one embodiment of the present invention there is provided an antibody-drug
conjugate comprising: an antibody that specifically binds to a polypeptide segment consisting of the
amino acid sequence set forth in residues 25-266 of SEQ ID NO:2, wherein said antibody is
conjugated to a cytotoxic agent selected from the group consisting of an anti-tubulin agent, a DNA

minor groove binding agent, a DNA minor groove alkylating agent, a duocarmycin, and a puromycin.

[23b] In another embodiment of the present invention there is provided a use of an effective
amount of an antibody-drug conjugate comprising an antibody that specifically binds to a polypeptide
segment consisting of the amino acid sequence set forth in residues 25-266 of SEQ ID NO:2,
conjugated to a cytotoxic agent selected from the group consisting of an anti-tubulin agent, a DNA
minor groove binding agent, a DNA minor groove alkylating agent, a duocarmycin, and a puromyein
for depleting or inhibiting growth of zB7H6-expressing cells within a cell population comprising the

zB7H6-expressing cells.

[23¢c] In another embodiment of the present invention there is provided a use of an effective
amount of an antibody-drug conjugate comprising an antibody that specifically binds to a polypeptide
segment consisting of the amino acid sequence set forth in residues 25-266 of SEQ ID NO:2,
conjugated to a cytotoxic agent selected from the group consisting of an anti-tubulin agent, a DNA
minor groove binding agent, a DNA minor groove alkylating agent, a duocarmycin, and a puromycin

for treating a zB7H6-expressing cancer in a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[24]  Figures 1A and 1B depict inhibition of NK-92 cytolytic activity against K562 targets
with a soluble NKp30 fusion protein. In particular, soluble NKp30/VASP A1683F inhibited the
cytolytic activity of NK-92 cells against K562 targets. (See Figure 1A.) In a separate cytolytic assay
experiment using different concentrations of soluble NKp30/VASP (0.25, 0.5, 1.0, 2.0, 4.0, 8.0, and
16.0 “'g/ml) added to wells containing NK-92 effectors and K562 targets at an effector:target ratio of
9:1, soluble NKp30 inhibited lysis by NK-92 cells in a dose dependent manner. (See Figure 1B.)

[25]  Figure 2 depicts binding of soluble NKp30 fusion protein to K362 cells. K562 cells
were incubated in the presence of NKp30/mFc2 fusion protein followed by secondary labeling with
PE anti-mlgG and analyzed for PE staining by FACS. NKp30/mFc2 bound to K562 cells (“No
Comp.”). This binding was competable with a second soluble NKp30 fusion protein, NKp30/VASP,
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but not competable with control VASP proteins (“hzB7R1/Vasp” and “B7-DC/Vasp™).

[26]  Figure 3 depicts binding of soluble NKp30 fusion protein to K562 cells, but not to
Bal3 cells. K562 cells and BaF3 cells were probed with NKp30/mFc¢2 conjugated to biotin, followed
by secondary labeling with PE-conjugated streptavidin.

127] Figures 4 and 5A-5B depict crosslinking of K562 cells and biotinylated
NKp30/mFc2. Four samples, the sample of interest and three negative control samples, were
analyzed. The sample of interest was K562 cells incubated with biotinylated NKp30/mFc2. The
three negative control samples were K562 cells with no NKp30 and BaF3 cells with and without
NKp30. Each sample was reacted with a chemical crosslinker to covalently link any protein-protein
interactions and the biotinylated components were separated and collected by streptavidin agarose
precipitation. Samples were split and run on identical 4-12% Nu-Page gels., One gel was used for a
Western blot probed with streptavidin-HRP (see Figures 4 and 5B). The second gel was coomassie-
stained (see Figure 5A). Figures 5A and 5B show the coomassie-stained gel and corresponding

Western blot juxtaposed.

[28]  Figure 6 depicts the amino acid sequence of protein DKFZP686121167 (subsequently
designated zB7H6), with peptides identified by LC-MS/MS underlined in bold.
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[29]  Figure 7 depicts the gene structure profile of protein DKFZP686121167 (subsequently
designated zB7HG6). The gene structure profile 1s Signal-2-IgV-2-1gC-2-TMD-0-LgEx, where the
intcgers 2" and “0” denote the phasing between exons | through 5 coding for, respectively, a leader
sequence (“S™), an gV domain, an IgC domain, a transmembrane domain (*TMD”), and an
intracellular domain with homology to Gag polyprotein. “SxYxxL,” “YxxQ,” and “PxxPxxP" denote
potential signaling motifs within the intracellular domain of zB7H6 (respectively, an ITIM motif, an
SH2 binding motif, and an SH3 binding motif).

[30] Figure 8 depicts binding of soluble NKp30 to BaF3 cells expressing full-length
7zB7H6. Soluble NKp30/VASP-A647 bound to cells electroporated with the human zB7H6
expression vector (see Figures 8A and 8B — solid, unfilled ling), but not to control cclls containing an
empty vector control (see Figures 8A and 8B — filled line). Staining with NKp30/VASP-A647 was
not observed in the presence of a 100-fold excess of unlabeled NKp30/VASP (see Figure 8A — dashed
lme), but was observed in the presence of a 100-fold excess of unlabeled irrelevant VASP protein (see

Figure 8B — dashed line).

[(31]  Figure 9 depicts NK-92 lysis of P815 cells. NK-92 cells were cultured with P815
cells at an effector:target ratio from 27:1 down to 1:1 in 3-fold dilutions. NK-92 cells did not lyse
wild-type P815 cells or P815 cells transfected with two non-triggering control proteins (higSF1 and
hB7H1), while addition of an acnvating anti-NKp30 monoclonal antibody triggered re-directed lysis.
Transfection of either hHCD86 or zB7H6 triggered direct killing of P815 cells.

[32]  Figure 10 depicts imhibition of NK-92 cytolytic activity against zB7H6 expressing
cells with soluble NKp30 and anti-zZB7H6 annibody. NK-92 cells were cultured with either K562 cells
or PR135 cells expressing zB7H6 at an effector:target ratio of 9 to 1. A soluble form of NKp30
(NKp30/VASP), a control VASP protein (B7H3/VASP), an anti-zB7H6 polyclonal antibody, and an
irrelevant control antibody werc added to some wells. Soluble NKp30/VASP and anti-zB7H6
polyclonal antibody inhibifed the cytolytic activity of NK-92 cells against K562 and P815 zB7H6

targets, while the VASP and antibody controls had no effect.

(33]  Figures 11A-11C depict specific binding of soluble NKp30 to K562, P815 2B7H6
and 293F cells. K562, P8§15 zB7H6 and 293F cells were probed by FACS with a biotinylated
NKp3()/mFe2, either in the absence or presence of a 100-fold mass excess of NKp30/VASP,
zB7TH6/VASP, or a control VASP protein (B7H3/VASP). Following incubation with biotinylated
NKp3t/mFc2, cells were washed and stained with streptavidin-PE. Cells were then washed and
analyzed for PE staining on a FACSCalibur. NKp30/mFc2-biotin bound to K562 (11A), 293F (11B),
and P815 zB7HO (11C) cells (“No Competition™). This binding was competable with NKp30/VASP
and zB7H6/VASP, but not with control VASP protein (“B7H3/VASP™),
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[34]  Figures 12A-12D depict specific binding of anti-B7H6 antibody to K562, P8I1S
zB7H6, and 293F cells. K562, P815, PR15 zB7H6 and 293F cells were probed with an A647
conjugated form of anii-zB7H6 mouse polyclonal antibody (E10607). Cells were mcubated with
whole human IgG to block Fc receptors, and A647-conjugated anti-zB7H6 (“anti-zB7TH6-A647)
antibody was added fo cells in the absence or presence of a 100-fold mass excess of a VASP protein
(zB7TH6/VASP or a control VASP protein, B7H3/VASP). Following incubation with antibody, cells
were washed and analyzed for APC staining on a FACSCalibur. Anti-zB7H6 bound to K562 (12B),
PR15S zB7H6 (12C), and 293F (12D) cells but not to untransfected P815 cells (12ZA) ("No
Competition”). This binding was compctable with zB7H6/VASP, but not with control VASP protein.

[35]  Figures 13A-13C illustrate the amino acid sequences of certain immunoglobulin Fe
polypeptides. Amino acid sequence numbers are based on the EU index (Kabat er al., Sequences of
Proteins of Immunological Interest, US Department of Health and Human Services, NIH, Bethesda,
1991). The illustrated sequences include a wild-type human sequence (“wt”; SEQ ID NO:29) and
five variant sequences, designated Fc-488 (SEQ ID NO:30), Fed4 (SEQ ID NO:31), Fe5 (SEQ ID
NO:32), Fe6 (SEQ ID NQO:33), and Fc7 (SEQ ID NO:34). The Cys residues normally involved 1n
disulfide bonding to the light cham constant region (L.C) and heavy chain constant region (HC) are
indicated. A “.” indicates identity 1o wild-type at that position. *** indicates the stop codon; the C-
termmal Lys restdue has been removed from Fc6. Boundaries of the hinge, Cy2, and Cy3 domains are

shown.

DETAILED DESCRIPTION OF THE INVENTION
I. Overview

[36]  The present invention is directed to the identification and characterization of zB7HS6,
a novel member of the B7 family of cellular receptors, and the discovery of its ability to bind to
NKp30. The novel receptor of the present invention 1S denominated “zB7H6” and 18 distinct from
previously known members of the B7 family such as B7-1, B7-2, B7h2, PD-L1, PD-L2, B7-H3 and
B7-H4, Methods and compositions for modulating zB7Hé6-mediated signaling such as, eg.,
modulating the natural interaction of zB7H6 and NKp3( are also provided, having multiple
therapeutic applications for immunotherapy, including immunotherapy for, e.g., cancer and infectious

disease.

(3717 An illustrative nuelcotide sequence that encodes human zB7H6 is provided by SEQ
ID NO:1; the encoded polypeptide is shown in SEQ 1D NO:2. The zB7H6 polypeptide of SEQ 1D

NQO:2 comprises an extracellular domain of approximately 242 amino acid residues (residues 25-266
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of SEQ ID NO:2), a transmembrane domain of approximately 18 amino acid residues (residues 267-
284 of SEQ ID NQO:2), and an intracellular domain of approximately 158 amino acid residues
(residues 285-434 of SEQ 1D NO:2), zB7H6 also has an IgV domain of approximately 117 amino
acid residues (residues 25-141 of SEQ ID NO:2) and an IgC domain of approximately 97 amino acid
residues (residues 142-238 of SEQ ID NO:2). There are also several potential signaling motifs within
the intraceilular domain of zZB7HS, including an 1TIM monf (SaYtpL. amino acid residues 293-29% of
SEQ 1D NO:2); an SH2 binding motif (YqlQ, amino acid residues 229-332 of SEQ ID NO:2); and an
SH3 binding motif (PdaPilPvsP, amino acid residucs 418-427 of SEQ [D NO:2).

[38] zB7HG6 was identified as a member of the B7 family of cellular receptors based on B7
family gene profiling. The gene structure profile is Signal-2-IgV-2-1gC-2-TMD-0-LgEx. (See Figure
7.} The extraccllular region of this profile matches a B7 gene structure model, which includes
characteristic exon patterns in which the first exon encodes a leader sequence, the second exon
encodes an IgV domain and the third exon encodes an 1gC domain. Another characteristic feature of
the B7 family gene structure s the phasing of the exons; in the region corresponding to the
extracellular domain, B7 family members show a conserved phasing of 2 between exons | to 4. (See
id,)

[39] =zB7H6 was identified as a counter-receptor for NKp30, a receptor selectively
expressed on mature natural killer (NK) cells and which is involved in human natural cytotoxicity aS
an activatory receptor. NK cells are typically prevented from attacking normal tissue by the
interaction between MHC class 1 molecules and inhibitory receptors. In the absence, however, of
MHC class | expression (such as, for example, on tumor cells or virus-infected cells), ligation of
activating receptors on NK cells triggers target-cell killing, Such triggering NK-cell receptors include
NKp30, NKpd44, NKp46, NKG2D, and DNAMI. The activating target-cell ligand to which NKp30
binds had not been previously identified, and the identification of 2B7H6 as the counter-receptor for
NKp30 cnables a variety of therapeutic agents capable of mimicking or interfering with the interaction
of zB7H6 and NKp3( to modulate NK lymphocyte activity for the purpose of treating, among other
conditions, cancer, infectious discase, or NK-cell mediated allograft rejection. For example, a reagent
that mumies the zB7H6-NKp30 interaction, including a soluble form of zB7H6 comprising the
extracellular domain, can be used to facilitate NK cell responses to a tumor or virus-infected cells by
activating the NKp30 stimulatory signal. Conversely, an agent that blocks the zB7H6-NKp30
mteraction, such as, for example, an anti-zB7H6 antibody that competes for binding with NKp30, can
be used to inhibit NK cell-mediated responses such as, for example, in acute bone marrow cell (BMC)

allograft rejection.

40]  Accordingly, in one aspect, the present invention provides zB7H6 polypeptides that

arc useful in the modulation of NK ¢cll activity and in the treatment of disorders such as cancer,
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infectious disease, or NK cell-mediated allograft rejection. Generally, such zB7H6 polypeptides
comprise the zZB7TH6 extracellular domain (residues 25-266 of SEQ ID NO:2): a functional variant of
the zZB7HO6 extracellular domamn having at least 80% (e.g., at least 90% or at least 95%) identity with
residucs 25-266 of SEQ ID NO:2 and capable of binding to NKp30; or a functional fragment of the
aforementioned zB7H6 exiracellular domain or domain variant, which fragment is capable of binding
to NKp30. In some vanations, the zB7H6 polypeptide has the amino acid sequence of residues 25-
454 of SEQ ID NO:2 (e.g., the polypeptide of SEQ ID NQO:2), or a functional vanant of zB7H6
having at least 80% {e.g., at least 90%, or at least 95%) identity with residues 25-454 of SEQ ID
NO:2. In certain embodiments, the zZB7H6 polypeptide is a soluble zB7H6 polypeptide lacking a
functional transmembrane domain. Particularly suitable soluble 2zB7H6 polypeptides include fusion
proteins comprising or consisting of the zB7H6 extracellular domain, or the functional variant or
fragment thereof, and a heterologous polypeptide. In some such variations, the heterologus
polypeptide is an mmmunoglobulin moiety;, a particularly suitable immunoglobulin moiety is an
immunoglobulin heavy chain constant region, such as a human F. fragment. In other variations, the
heterologous polypeptide is a vasodialator-stimulated phosphoprotein (VASP) domain, which is
particularly suitable for preparation of multimeric (e.g., tetrameric) forms of soluble zB7H6. In some

embodiments, the soluble fusion protein further includes a polypepetide linker.

|41}  The present invention also provides polynucleotides, including vectors, encoding
soluble zZB7H6 polypeptides of the invention, as well as host cells comprising such polynucleotides.
In some aspects of the invention, such polynucleotides, vectors, and host cells are used 1n methods for
preparing a soluble zZB7H6 protein. Such methods gencrally include culturing 4 host cell transformed
or transtected with an expression vectors encoding the soluble zB7H6 protein under conditions in

which the protein 1s expressed, and recovering the soluble zZB7H6 protein from the host cell.

(42}  The present invention further provides antibodies that specifically bind to the
extracellular domain of zZB7H6. In various embodiments, such antibodies bind to monomeric and/or
multimenc forms of zZB7HG, including, for example, to monomeric or multimeric forms of soluble
zB7HG6. Such antibodies include agonist antibodies, neutralizing antibodies, pulyclonal antibodies,
murine monoclonal antibodies, humanized antibodies derived from murine monoclonal antibodies,
human monoclonal antibodies, and antigen-binding fragments thereof. Illustrative antibody fragments
include F(ab'),, F(ab),, Fab', Fab, Fv, scFv, and minimal recognition units. Neutralizing antibodies

bind zZB7H6 such that its interaction with NKp30 is inhibited or blocked.

[43]  The present invention further includes pharmaceutical compositions comprising 2
pharmaceutically acceptable carrier and a soluble zZB7H6 polypeptide or anti-zZB7H6 antibody as
described herein. Such compositions can be used in therapeutic methods according to the present

invention.
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[44]  In other aspects, the present invention provides methods for modulating NK cell
activity using agents that either minuc or block zB7HS6 activity. Suitable agents that miimic zZB7H6
activity include soluble forms of zZB7TH6 comprising the extracellular zB7H6 domain, or functional
variants or fragments thereof capable of binding to and stimulating NKp30 activity. Alternative
agonists include gene therapy vectors capable of recombinantly producing functional zB7HG
molecules mitracellularly, small molecule enhancers of zB7TH6 expression and/or zB7H6-mediated
signaling, and the like. Suitable zZB7H6 blocking agents include anti-2B7H6 antibodies capable of
binding to at least a portion of the extracellular domain of zZB7H6 and interfering with the interaction
of 2B7H6 with NKp30; small molecule inhibitors of the zB7H6 interaction with NKp30, and the like.
Altemative zB7H6 antagonists further include antisense oligonucleotides directed to the zB7H6
nucleic acid sequence, inhibitory RNA sequences, small molecule inhibitors of B7H6 expression

and/or intracellular signaling, and the like.

[45]  For example, in some embodiments, the present invention provides a method for
treating a disease or disorder characterized by insufficient natural killer (NK) cell activity (e.g., a
cancer or an infectious disease) by administering to a subject an effective amount of a soluble zB7H6
polypeptide. In other aspects, the present invention provides a method for decreasing human natural
killer (NK) cell activity against a zB7H6G-expressing cell by contacting the zB7H6-expressing cell, in
the presence of a human NK cell, with an effective amovnt of an antibody that specifically binds to
the extracellular domain of zZB7H6 and that inhibits the interaction of zZB7H6 with human NKp30;
such methods can be used, for example, in vivo for treating NK-cell-mediated allograft rejection,

particularly acute BMC allograft rejection.

(46]  These and other aspects of the invention will become evident upon reference to the

following detailed description,

il Defimtions

[47]  Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art pertinent to the methods and
compositions described. As used herein, the following terms and phrases have the meanings ascribed

to them unless specified otherwise.

(48]  As used herein, “nucleic acid” or “nucleic acid molecule™ refers to polynucleotides,
such as deoxyribonueleic acid (DNA) or ribonucleic acid (RNA), oligonucleotides, fragments
generated by the polymerase chain reaction (PCR), and fragments generated by any of ligation,
scission, endonuclease action, and exonuclease action, Nucleic acid molecules can be conmosed of

monomers that are naturally-occurring nucleotides (such as DNA and RNA), or analogs of naturally-
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occurmng nucleotides (e.g., o-enantiomeric forms of naturally-occurring nucleotides), or a
combination of both. Modified nucleotides can have alterations in sugar moieties and/or in
pyrimidine or purine base moieties. Sugar modifications include, for example, replacement of one or
more hydroxyl groups with halogens, alkyl groups, amines, and azido groups, or sugars can be
functionalized as ethers or esters. Moreover, the entire sugar moiety can be replaced with sterically
and electronically similar structures, such as aza-sugars and carbocyclic sugar analogs. Examples of
modifications in a base moiety include alkylated purines and pyrimidines, acylated purines or
pynmidines, or other well-known heterocyclic substitutes. Nucleic acid monomers can be linked by
phosphodiester bonds or analogs of such linkages. Analogs of phosphodiester linkages include
phosphorothivate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate,
phosphoroanilothioate, phosphoranilidate, phosphoramidate, and the like. The term “nucleic acid
molecule™ also includes so-called “peptide nucleic acids,” which comprise naturally-occurring or
modified nucleic acid bases attached to a polyamide backbone. Nucleic acids can be cither single

stranded or double stranded.

[49]  The term “complement of a nucleic acid molecule” refers to a nucleic acid molecule
having a complementary nucleotide sequence and reverse oricntation as compared to a reference

nucleotide sequence.

[S0]  The term “degenerate nucleotide sequence”™ denotes a sequence of nucleotides that
includes one or more degenerate codons as compared to a reference nucleic acid molecule that
encodes a polypeptide. Degenerate codons contain different triplets of nucleotides, but encode the

same amino acid restdue (i.e,, GAU and GAC triplets each encode Asp),

[31]  The term “‘structural gene” refers to a nucleic acid molecule that is transcribed into
messenger RNA (mRNA), which is then translated into a sequence of amino acids characteristic of a

specific polypeptide.

[52]  An*isolated nucleic acid molecule” is a nucleic acid molecule that is not integrated in the
genomic DNA of an organism. For example, a DNA molecule that encodes a growth factor that has been
separated from the genomne DNA of a cell is an isolated DNA molecule. Another example of an isolated
nucleic acid molecule is a chemically-synthesized nucleic acid molecule that is not integrated in the
genome of an organism, A nucleic acid molecule that has been isolated from a particular specics is

smaller than the complete DNA molecule of a chromosome from that species.

33] A “nucleic acid molecule construet” is a nucleic acid molecule, either single- or
double-stranded, that has been modified through human intervention to contain segments of nucleic

acid combined and juxtaposed in an arrangement not existing in nature.
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[54)  “Linear DNA™ denotes non-circular DNA molecules having free 5' and 3' ends.
Linear DNA can be prepared from closed circular DNA molecules, such as plasmids, by enzymatic

digestion or physical disruption.

[55]  “Complementary DNA (cDNA)" is a single-stranded DNA molecule that is formed from
an mRNA template by the enzyme reverse transcriptase. Typically, a primer complementary to portions
of mRNA is employed for the initiation of reverse transcription. Those skilled in the art also use the term
“cDNA” to refer to a double-stranded DNA molecule consisting of such a single-stranded DNA molecule
and 1ts complementary DNA strand. The term “cDNA™ also refers to a clone of a ¢DNA molecule
synthesized from an RNA template.,

[56] A *promoter” is a nucleotide sequence that directs the transcription of a structural gene.
Typically, a promoter is located in the §' non-coding region of a gene, proximal to the franscriptional start
site of a structural gene. Sequence elements within promoters that function in the initiation of
transcription are often characterized by consensus nucleotide sequences. These promoter elements
include RNA polymerase binding sites, TATA sequences, CAAT sequences, differentiation-specific
clements (DSEs: McGehee ef al, Mol Endocrinol. 7:551, 1993), cyclic AMP response elements
(CREs), serum response elements (SREs; Treisman, Seminars in Cancer Biol 1:47, 1990),
glucocorticoid response elements (GREs), and binding sites for other transcription factors, such as
CRE/ATF (OReilly et al, J. Biol. Chem. 267:19938, 1992), AP2 (Ye et al., J Biol. Chem.
269:25728, 1994), SP1, cAMP response element binding protein (CREB; Locken, Gene Expr. 3:253,
1993) and octamer factors (see generally Watson et al., eds., Molecular Biology of the Gene, 4th ed.
(The Benjamin/Cummings Publishing Company, Inc. 1987), and Lemaigre and Rousseau, Biochem. .J.
303:1, 1994). 1f a promoter is an inducible promoter, then the rate of transeription increases in response
to an inducing agent. In contrast, the rate of transcription is not regulated by an inducing agent if the

promoter is a constitutive promoter. Repressible promoters are also known.,

37} A “core promoter” contains essential nucleotide sequences for promoter function,
including the TATA box and start of transcription. By this definition, a core promoter may or may
not have detectable activity in the absence of specific sequences that may enhance the activity or

confer tissue specific activity,

58] A “regulatory element” is a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>