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COMPOSITIONS AND METHODS FOR 
STIMULATING AN IMMUNE RESPONSE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of and priority to 
US. Ser. No. 60/877,319 ?led on Dec. 27, 2006 and US. Ser. 
No. 60/949,742 ?led on Jul. 13, 2007, both of Which are 
incorporated by reference in their entirety. 

GOVERNMENT SUPPORT 

[0002] Funding for the Work described herein Was provided 
in part by grant number R01 CA98731 aWarded by the 
National Institutes of Health to Lieping Chen. The federal 
government may have certain rights in the invention. 

TECHNICAL FIELD 

[0003] This invention relates to compositions and methods 
for enhancing immune responses in a host, in particular to 
compositions and methods for treating or inhibiting cancer or 
infection. 

BACKGROUND 

[0004] Modulating immune responses is an important 
treatment for many diseases and disorders. For example, it 
Would be advantageous to enhance an immune response in 
patients suffering from cancer or infection. Current cancer 
therapies are based on the use of drugs and/ or radiation Which 
kills replicating cells indiscriminately. The idea is to kill 
cancer cells faster than killing the patient’s normal cells. 
Surgery is used to reduce tumor bulk, but has little impact 
once the cancer has metastasiZed. Radiation is effective only 
in a localiZed area. 

[0005] Cancer treatments can in themselves kill or maim 
the patient, even With maintenance therapy. For example, for 
some types of cancer, bone marroW transplants have been 
used to maintain the patient folloWing treatment With other 
Wise fatal amounts of chemotherapy. Ef?cacy has not been 
proven for treatment of solid tumors, hoWever. “Cocktails” of 
different chemotherapeutic agents and combinations of very 
high doses of chemotherapy With restorative agents, for 
example, granulocyte macrophage colony stimulating factor 
(“GM-CSF”), erythropoietin, thrombopoetin, granulocyte 
stimulating factor, (“G-CSF”), macrophage colony stimulat 
ing factor (“M-CSF”) and stem cell factor (“SCF”) to restore 
platelet and White cell levels, have been used to treat aggres 
sive cancers. Even With the supportive or restrictive therapy, 
side effects are severe. 

[0006] Other treatments have been tried in an attempt to 
decrease mortality and morbidity. Vaccines to stimulate the 
patient’s immune system have been attempted, but not With 
great success. Various cytokines, such as tumor necrosis fac 
tor, interferon gamma, and interleukin-2 (“IL-2”), alone or in 
combination, have been used to kill cancers, but have not 
produced cures. More recently, anti-angiogenic compounds 
such as thalidomide have been tried in compassionate use 
cases and shoWn to cause tumor remission. In animal studies, 
compounds inducing a procoagulant state, such as an inhibi 
tor of protein C, have been used to cause tumor remission. 
NeW studies have shoWn that inhibitors of cytokine receptors, 
such as tumor necrosis factor receptors (“TNFRs”) Which are 
released in a soluble form from tumor cells, in high concen 
trations relative to normal cells, may restore the immune 
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system’s attack on the tumor cells (Jablonska and Peitruska, 
Arch. Immunol. Ther. Exp. (WarsZ) 1997, 45(5-6), 449-453; 
Chen, et al., J. Neuropalhol. Exp. Neurol. 1997, 56(5), 541 
550). 
[0007] Studies in both mice and humans have involved the 
ip or intravenous (iv) administration of cytokine proteins as 
more speci?c activators of the immune response (Adachi, et 
al, Cancer Immunol. Immunolher 37: 1-6, (1993); Lissoni, et 
al, Tumori. 78: 118-20 (1992)). Treating murine ovarian 
tumors With a combination of recombinant IL-2 and GM-CSF 
proteins had some bene?cial effect in inhibiting ascites pro 
duction; hoWever, IL-2 Was only effective if it Was combined 
With GM-CSF (Kikuchi, et al., Cancer Immunol. Immu 
nolher, 43: 257-261 (1996)). Similarly, a combination of 
IL-2 and lymphokine-activated killer (LAK) cells Was able to 
reduce i.p. sarcomas in mice, While IL-2 protein alone Was not 
as effective (OttoW, et al., Cellular Immunology, 104: 366 
376 (1987)). Human clinical trials evaluating IL-2 protein 
therapy of ovarian cancer patients indicated some antitumor 
effects (Chapman et al., lnvesligalional New Drugs, 6:179 
188. (1988); Lissoni et al., Tumori, 78:118-120 (1992); 
Sparano et al., .1. of Immunolherapy, 16:216-223 (1994); 
Freedman et al., J. oflmmunolherapy, 16:198-210 (1994); 
EdWards et al., J. Clin. Oncol., 15:3399-3407 (1997)). 
[0008] Other studies in mice have involved the injection of 
DNA constructs encoding “suicide” genes folloWed by treat 
ment With prodrugs. This approach has successfully caused 
regression of some small tumors but has been less successful 
on larger tumor masses. (SZala, et al., Gene Therapy, 3: 1025 
1031 (1996); Sugaya, et al., Hum Gene Ther, 7: 223-230 
(1996)). In another study, liposome-mediated E1A gene 
therapy for mice bearing ovarian cancers that overexpress 
HER-2/neu resulted in reduced mortality among these tumor 
bearing mice. (Yu, et al., Oncogene, 11: 1383-1388 (1995)). 
Similarly, the successful treatment of murine ovarian carci 
noma (MOT) has been demonstrated using cisplatin-induced 
gene transfer of DNA constructs encoding IFN-gamma via 
ip injection. (Son, Cancer Gene Therapy, 4: 391-396 
(1997)). HoWever, this study demonstrated that tumors Were 
poorly responsive to either the IFN-gamma gene or cisplatin 
alone, suggesting that the effectiveness of the cisplatin-based 
gene therapy protocol Was mainly due to enhanced sensitiZa 
tion of cisplatin-exposed tumor cells to transfection by the 
IFN-gene. (Son, Cancer Gene Therapy, 4; 391-396 (1997)). 
[0009] Therefore, it is object of the invention to provide 
compositions and methods for enhancing or promoting an 
immune response in a host. 
[0010] It is another object to provide methods and compo 
sitions for enhancing an immune response in a host to treat 
infection or cancer. 

SUMMARY 

[0011] Compositions and methods for the stimulating, 
enhancing or promoting an immune response in a host by 
administering an effective amount of a B7-H4 antagonist, 
preferably sH4 or variant thereof, have been developed. Com 
positions of sH4 can be used to enhance an immune response 
to treat infection, cancer, or as part of a vaccine. Other suitable 
B7-H4 antagonists include, but are not limited to, antibodies 
speci?c for B7-H4 or B7-H4 receptor, inhibitory nucleic 
acids speci?c for B7-H4 or B7-H4 receptor, and other mol 
ecules that inhibit or interfere With B7-H4 activity in vivo. 
[0012] In one embodiment, cancer is treated by administer 
ing to a host an effective amount of a B7-H4 antagonist to 
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stimulate, enhance, or promote an immune response in the 
host. Representative cancers that can be treated include, but 
are not limited to, bladder, brain, breast, cervical, colo-rectal, 
esophageal, kidney, liver, lung, nasopharangeal, pancreatic, 
prostate, skin, stomach, uterine, ovarian, and testicular cancer 
Still another embodiment provides compositions and meth 
ods for treating or inhibiting an infection by administering to 
a host an effective amount of a B7-H4 antagonist to stimulate, 
enhance, or promote an immune response in the ho st. Suitable 
infections that can be treated include, but are not limited to, 
bacterial, viral, fungal, and protoZoan infections. 
[0013] Another embodiment provides vaccine composi 
tions including a B7-H4 antagonist, preferably sH4. The vac 
cine also includes an antigen source. The antigen source can 
provide viral antigens, bacterial antigens, fungal antigens, or 
protoZoan antigens. In a preferred embodiment, the antigen is 
a tumor speci?c antigen. The vaccine composition optionally 
includes an adjuvant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic diagram shoWing the disrup 
tion of the B7-H4 gene. A 4.7 kb DNA fragment containing 
exons encoding the IgV and IgC domains of murine B7-H4 
gene is substituted by a l .7 kb fragment encoding the neomy 
cin resistant (N eo) gene. Closed boxes represent B7-H4 cod 
ing exons. Lines betWeen exons represent intron sequences. 
Open boxes represent untranslated exons. The Neo is repre 
sented by a shaded box. 
[0015] FIG. 2a is a line graph of percent survival versus 
days post Listeria monacytogenes (LM) infection in Wildtype 
mice (0) or B7-H4KO mice (III). FIG. 2b is a graph ofCFU/g 
of spleen (x108) on day 2 or day 3 for Wildtype mice (0) or 
B7-H4KO mice (A) infected With LM. FIG. 20 is a line graph 
percent spleen granulocytes versus days post LM infection in 
Wildtype mice (0) or B7-H4KO (mice (B) infected With LM. 
FIG. 2d is a bar graph of CFU/g ofliver><l04 in three B7-H4 
KO mice or litterrnate control i.p. injected With 150 pg Gr-l 
mAb or control rat IgG (LPS-free) 24 hours prior to Listeria 
infection. Mice Were then i.p. injected With 3><l06 CFU of 
Listeria. TWenty-four hours post infection, mice Were termi 
nated and Listeria in liver Was counted. 

[0016] FIG. 3 is a bar graph of LM CFU/granulocyte versus 
hours post LM infection in Wildtype mice (0) or B7-H4KO 
mice (III). 
[0017] FIG. 4 is a line graph of percent survival versus days 
post LM infection in RKO mice (0) or B7-H4KO mice (B). 
[0018] FIG. 5a is a line graph of CPM versus G-CSF (ng/ 
ml) in tWo><l06 bone marroW cells of Wildtype mice (0) or 
B7-H4KO mice (B) plated With the indicated concentration 
of recombinant G-CSF for 3 days. The cultures Were pulsed 
With 3HTdR for 18 hrs before the end of culture, harvested 
and counted by a scintillation counter. FIG. 5b is a panel of 
line graphs of the dilution of CFSE in gated Gr-l+CDl lb+ 
granulocytes analyZed by How cytometry. TWo><l06 of bone 
marroW cell from the indicated mice Were labeled With CFSE 
and cultured for 5 days. Cells Were harvested and doubly 
stained With Gr-l/CDl lb mAb. 

[0019] FIG. 6 is a line graph ofCPM versus days. TWo><l06 
of bone marroW cells from normal B6 mice Were plated in the 
96-Well plates coated With 20 ug/ml of recombinant murine 
B7-H4Ig (A) or murine Ig control protein (A) in the absence 
(A) or presence of 0.1 ng/ml (B) or 1 ng/ml (C) of recombi 
nant murine G-CSF. Cells Were harvested on day 2-5 days as 
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indicated. The cultures Were pulsed With 3HTdR for 18 hrs 
before the end of culture, harvested and counted by a scintil 
lation counter. *P<0.05. 

DETAILED DESCRIPTION OF THE INVENTION 

I. De?nitions 

[0020] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention pertains. Although methods and materials similar 
or equivalent to those described herein can be used to practice 
the invention, suitable methods and materials are described 
beloW. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. In case of con?ict, the present speci? 
cation, including de?nitions, Will control. In addition, the 
materials, methods, and examples are illustrative only and not 
intended to be limiting. 

[0021] The term “effective amount” or “therapeutically 
effective amount” means a dosage suf?cient to stimulate or 

enhance an immune response in a ho st or to otherWise provide 
a desired pharmacologic and/or physiologic effect. The pre 
cise dosage Will vary according to a variety of factors such as 
subject-dependent variables (e.g., age, immune system 
health, etc.), the disease, and the treatment being effected. 
[0022] A “fragment” of a sH4 polypeptide is a fragment of 
the sH4 polypeptide that is shorter than the full-length sH4 
polypeptide. Generally, fragments Will be ?ve or more amino 
acids in length. An antigenic fragment has the ability to be 
recogniZed and bound by an antibody. 

[0023] The terms “individual,” “host,” “subject,” and 
“patient” are used interchangeably herein, and refer to a 
mammal, including, but not limited to, murines, simians, 
humans, mammalian farm animals, mammalian sport ani 
mals, and mammalian pets. 
[0024] As used herein, “operably linked” means incorpo 
rated into a genetic construct so that expression control 
sequences effectively control expression of a coding 
sequence of interest. 

[0025] The terms “polypeptide” and “protein” are used 
interchangeably and mean any peptide-linked chain of amino 
acids, regardless of length or post-translational modi?cation. 
Embodiments include sH4 polypeptides With conservative 
substitutions. Conservative substitutions typically include 
substitutions Within the folloWing groups: glycine and ala 
nine; valine, isoleucine, and leucine; aspartic acid and 
glutamic acid; asparagine, glutamine, serine and threonine; 
lysine, histidine and arginine; and phenylalanine and 
tyrosine. 
[0026] The terms “sH4” or C“sH4 polypeptide” refers to 
soluble fragments of B7-H4 including biologically active 
fragments of the extracellular domain of B7-H4. Soluble 
fragments generally lack some or all of the intracellular and/ 
or transmembrane domains. 

[0027] As used herein, the term “treating” includes allevi 
ating, preventing and/or eliminating one or more symptoms 
associated With the disease to be treated. 

[0028] The term “B7-H4” antagonist refers to compound 
that interferes or inhibits a biological activity of B7-H4, 
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reduces or inhibits the expression or bioavailability of B7-H4, 
or inhibits the interaction of B7-H4 With its natural ligand/ 
receptor. 

II. Compositions 

[0029] Compositions including one or more B7-H4 antago 
nists are provided. Suitable B7-H4 antagonists include, but 
are not limited to, sH4, antibodies to B7-H4 and antigen 
binding fragments thereof, antibodies to B7-H4 receptor and 
antigen binding fragments thereof, inhibitory nucleic acids 
that doWn regulate expression of B7-H4, and inhibitory 
nucleic acids that doWn regulate expression of B7-H4 recep 
tor. 

[0030] A. Soluble H4 (sH4) 
[0031] It has been discovered that soluble H4 (sH4) pro 
motes immune responses. It is believed that sH4 binds to 
B7-H4 receptors in vivo, causing the interaction of B7-H4 
With the B7-H4 receptor to be reduced or inhibited. Soluble 
H4 is derived from B7-H4. B7-H4 is expressed in cells as a 
transmembrane protein, With an intracellular domain, a single 
transmembrane-spanning domain, and an extracellular 
domain. Compositions including sH4 are provided herein. 
[0032] One embodiment provides sH4 polypeptides that 
reduce the binding of B7-H4 to B7-H4 receptor(s) by at least 
20%, more preferably by at least 30%, more preferably by at 
least 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 
98%, 99% or more compared to a control. Another embodi 
ment provides sH14 compositions that do not activate B7-H4 
receptor activity or produce a detectable amount of B7-H4 
activity in a cell expressing a B7-14 receptor on its surface. In 
some embodiments, sH4 compositions are capable of reduc 
ing or inhibiting one or more activities of a B7-H4 receptor in 
a cell expressing a B7-H4 receptor on its surface. In still other 
embodiments, the cell is a lymphocyte, a T cell, a CD4+ T 
cell, a CD8+ T cell, a Th1 cell, a B cell, a plasma cell, a 
macrophage, a neutrophil or an NK cell. 
[0033] sH4 polypeptides can include the entire extracellu 
lar domain of B7-H4 or fragments thereof. In other embodi 
ments, sH4 polypeptides include fragments of the extracellu 
lar domain of B7-H4. sH4 polypeptides can be derived from 
any species of origin. In a preferred embodiment the sH4 
polypeptides are of human origin. 
[0034] The sH4 polypeptides disclosed herein include vari 
ant polypeptides. As used herein, a “variant” polypeptide 
contains at least one amino acid sequence alteration as com 
pared to the amino acid sequence of the corresponding Wild 
type polypeptide. An amino acid sequence alteration can be, 
for example, a substitution, a deletion, or an insertion of one 
or more amino acids. 

[0035] A variant sH4 polypeptide can have any combina 
tion of amino acid substitutions, deletions or insertions. In 
one embodiment, isolated sH4 variant polypeptides have an 
integer number of amino acid alterations such that their amino 
acid sequence shares at least 60, 70, 80, 85, 90, 95, 97, 98, 99, 
99.5 or 100% identity With an amino acid sequence of a 
corresponding Wild type amino acid sequence. In a preferred 
embodiment, sH4 variant polypeptides have an amino acid 
sequence sharing at least 60, 70, 80, 85, 90, 95, 97, 98, 99, 
99.5 or 100% identity With the amino acid sequence of a 
corresponding Wild type polypeptide. 
[0036] Percent sequence identity can be calculated using 
computer programs or direct sequence comparison. Preferred 
computer program methods to determine identity betWeen 
tWo sequences include, but are not limited to, the GCG pro 
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gram package, FASTA, BLASTP, and TBLASTN (see, e.g., 
D. W. Mount, 2001, Bioinformatics: Sequence and Genome 
Analysis, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y.). The BLASTP and TBLASTN programs are 
publicly available from NCBI and other sources. The Well 
knoWn Smith Waterman algorithm may also be used to deter 
mine identity. 
[0037] Exemplary parameters for amino acid sequence 
comparison include the folloWing: 1) algorithm from Needle 
man and Wunsch (J. Mol. Biol., 48:443-453 (1970)); 2) 
BLOSSUM62 comparison matrix from Hentikoff and Hen 
tikoff (Proc. Natl. Acad. Sci. USA., 89:10915-10919 (1992)) 
3) gap penalty 12; and 4) gap length penalty:4. A program 
useful With these parameters is publicly available as the “gap” 
program (Genetics Computer Group, Madison, Wis.). The 
aforementioned parameters are the default parameters for 
polypeptide comparisons (With no penalty for end gaps). 
[0038] Alternatively, polypeptide sequence identity can be 
calculated using the folloWing equation: % identity:(the 
number of identical residues)/ (alignment length in amino 
acid residues)*100. For this calculation, alignment length 
includes internal gaps but does not include terminal gaps. 
[0039] Amino acid substitutions in sH4 variant polypep 
tides may be “conservative” or “non-conservative”. As used 
herein, “conservative” amino acid substitutions are substitu 
tions Wherein the substituted amino acid has similar structural 
or chemical properties, and “non-conservative” amino acid 
substitutions are those in Which the charge, hydrophobicity, 
or bulk of the substituted amino acid is signi?cantly altered. 
Non-conservative substitutions Will differ more signi?cantly 
in their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example, as a 
sheet or helical conformation, (b) the charge or hydrophobic 
ity of the molecule at the target site, or (c) the bulk of the side 
chain. 
[0040] Examples of conservative amino acid substitutions 
include those in Which the substitution is Within one of the 
?ve folloWing groups: 1) small aliphatic, nonpolar or slightly 
polar residues (Ala, Ser, Thr, Pro, Gly); 2) polar, negatively 
charged residues and their amides (Asp, Asn, Glu, Gln); 
polar, positively charged residues (His, Arg, Lys); large ali 
phatic, nonpolar residues (Met, Leu, Ile, Val, Cys); and large 
aromatic resides (Phe, Tyr, Trp). Examples of non-conserva 
tive amino acid substitutions are those Where 1) a hydrophilic 
residue, e.g., seryl or threonyl, is substituted for (or by) a 
hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl, 
valyl, or alanyl; 2) a cysteine or proline is substituted for (or 
by) any other residue; 3) a residue having an electropositive 
side chain, e. g., lysyl, arginyl, or histidyl, is substituted for (or 
by) an electronegative residue, e. g., glutamyl or aspartyl; or 4) 
a residue having a bulky side chain, e.g., phenylalanine, is 
substituted for (or by) a residue that does not have a side 
chain, e.g., glycine. 
[0041] sH4 polypeptides may be modi?ed by chemical 
moieties that may be present in polypeptides in a normal 
cellular environment, for example, phosphorylation, methy 
lation, amidation, sulfation, acylation, glycosylation, sumoy 
lation and ubiquitylation. sH4 variant polypeptides may also 
be modi?ed With a label capable of providing a detectable 
signal, either directly or indirectly, including, but not limited 
to, radioisotopes and ?uorescent compounds. 
[0042] sH4 polypeptides may also be modi?ed by chemical 
moieties that are not normally added to polypeptides in a 
cellular environment. Such modi?cations may be introduced 
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into the molecule by reacting targeted amino acid residues of 
the polypeptide With an organic derivatiZing agent that is 
capable of reacting With selected side chains or terminal 
residues. Another modi?cation is cycliZation of the protein. 
[0043] Examples of chemical derivatives of the polypep 
tides include lysinyl and amino terminal residues derivatiZed 
With succinic or other carboxylic acid anhydrides. Derivati 
Zation With a cyclic carboxylic anhydride has the effect of 
reversing the charge of the lysinyl residues. Other suitable 
reagents for derivatiZing amino-containing residues include 
imidoesters such as methyl picolinimidate; pyridoxal phos 
phate; pyridoxal; chloroborohydride; trinitrobenZenesulfonic 
acid; O-methylisourea; 2,4 pentanedione; and transaminase 
catalyZed reaction With glyoxylate. Carboxyl side groups, 
aspartyl or glutamyl, may be selectively modi?ed by reaction 
With carbodiimides (RiN:C:NiR') such as l-cyclo 
hexyl-3-(2-morpholinyl-(4-ethyl)carbodiimide or l-ethyl-3 
(4-aZonia-4,4-dimethylpentyl) carbodiimide. Furthermore, 
aspartyl and glutamyl residues can be converted to asparagi 
nyl and glutaminyl residues by reaction With ammonia. 
Polypeptides may also include one or more D-amino acids 
that are substituted for one or more L-amino acids. 

[0044] The sH4 polypeptides may be coupled to other 
polypeptides to form fusion proteins. Provided are sH4 
polypeptides having a ?rst fusion partner comprising all or a 
part of a sH4 polypeptide fused (i) directly to a second 
polypeptide or, (ii) optionally, fused to a linker peptide 
sequence that is fused to the second polypeptide. The pres 
ence of the fusion partner can alter the solubility, a?inity 
and/or valency of the sH4 polypeptide. As used herein, 
“valency” refers to the number of binding sites available per 
molecule. sH4 fusion proteins described herein include any 
combination of amino acid alteration (i.e. substitution, dele 
tion or insertion), fragment, and/or modi?cation as described 
above. 
[0045] The second polypeptide binding partner may be 
N-terminal or C-terminal relative to the sH4 polypeptide. In a 
preferred embodiment, the second polypeptide is C-terminal 
to the sH4 polypeptide. 
[0046] A large number of polypeptide sequences that are 
routinely used as fusion protein binding partners are Well 
knoWn in the art. Examples of useful polypeptide binding 
partners include, but are not limited to, green ?uorescent 
protein (GFP), glutathione S-transferase (OST), polyhisti 
dine, myc, hemagglutinin, FlagTM tag (Kodak, NeW Haven, 
Conn.), maltose E binding protein, proteinA, and one or more 
domains of an lg heavy chain constant region, preferably 
having an amino acid sequence corresponding to the hinge, 
CH2 and C H3 regions of a human immunoglobulin Cy chain. 
[0047] B. Antibodies to B7-H4 and B7-H4 Receptors 
[0048] Antibodies to B7-H4 or B7-H4 receptors can be 
used as B7-H4 antagonists. Antibodies or antibody fragments 
that speci?cally bind to B7-H4 or B7-H4 receptor can be used 
to reduce or inhibit the binding of B7-H4 to a receptor on T 
cells. Methods of producing antibodies are Well knoWn and 
Within the ability of one of ordinary skill in the art and are 
described in more detail beloW. 

[0049] The antibodies disclosed herein speci?cally bind to 
a B7-H4 or B7-H4 receptor and are capable of reducing or 
inhibiting the binding of B7-H4. These antibodies are de?ned 
as “blocking”, “function-blocking” or “antagonistic” anti 
bodies. In preferred embodiments the antagonistic antibodies 
speci?cally bind to a portion of the extracellular domain of 
B7-H4. 
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[0050] The immunogen used to generate the antibody may 
be any immunogenic portion of B7-H4 or B7-H4 receptor. 
Preferred immunogens include all or a part of the extracellu 
lar domain of human B7-H4, Where these residues contain the 
post-translation modi?cations, such as glycosylation, found 
on native B7-H4 or B7-H4 receptor. Immunogens including 
the extracellular domain or immunogenic fragments thereof 
are produced in a variety of Ways knoWn in the art, e.g., 
expression of cloned genes using conventional recombinant 
methods, isolation from cells of origin, cell populations 
expressing high levels of B7-H4 or B7-H4 receptor. 
[0051] The antibodies disclosed herein are capable of bind 
ing to a B7-H4 or l37-H4 receptorpolypeptide having at least 
about 70%, more preferably 75%, 80%, 85%, 90%, 95% 
identity to human B7-H4, GENBANK Accession Number 
AAP37283. 

[0052] The antibodies may be polyclonal or monoclonal 
antibodies. The antibodies may be xenogeneic, allogeneic, 
syngeneic, or modi?ed forms thereof, such as humaniZed or 
chimeric antibodies. The antibodies may also be anti-idio 
typic antibodies. Antibodies, as used herein, also includes 
antibody fragments including Fab and F(ab)2 fragments, and 
antibodies produced as a single chain antibody or scFv 
instead of the normal multimeric structure. The antibodies 
may be an IgG such as IgGl, IgG2, IgG3 or IgG4; or IgM, 
IgA, IgE or IgD isotype. The constant domain of the antibody 
heavy chain maybe selected depending on the effector func 
tion desired. The light chain constant domain may be a kappa 
or lambda constant domain. 

[0053] C. Inhibitory Nucleic Acids Speci?c for B7-H4 or 
B7-H4 Receptors. 
[0054] In another embodiment, B7-H4 or B7-H4 receptor 
expression is doWnregulated by providing one or more inhibi 
tory nucleic acids including, but not limited to, riboZymes, 
triplex-forming oligonucleotides (TFOs), antisense DNA, 
siRNA, and microRNA speci?c for nucleic acids encoding 
B7-H4 or B7-H4 receptor. B7-H4 or B7-H4 receptor antago 
nists can also be provided in combination With other immu 
nomodulatory agents, such as those described above. 
[0055] The term “tsiRN ” means a small interfering RNA 
that is a short-length double-stranded RNA that is not toxic. 
Generally, there is no particular limitation in the length of 
siRNA as long as it does not shoW toxicity. “siRNAs” can be, 
for example, 15 to 49 bp, preferably 15 to 35 bp, and more 
preferably 21 to 30 bp long. Alternatively, the double 
stranded RNA portion of a ?nal transcription product of 
siRNA to be expressed can be, for example, 15 to 49 bp, 
preferably 15 to 35 bp, and more preferably 21 to 30 bp long. 
The double-stranded RNA portions of siRNAs in Which tWo 
RNA strands pair up are not limited to the completely paired 
ones, and may contain nonpairing portions due to mismatch 
(the corresponding nucleotides are not complementary), 
bulge (lacking in the corresponding complementary nucle 
otide on one strand), and the like. Nonpairing portions can be 
contained to the extent that they do not interfere With siRNA 
formation. The “bulge” used herein preferably comprise l to 
2 nonpairing nucleotides, and the double-stranded RNA 
region of siRNAs in Which tWo RNA strands pair up contains 
preferably 1 to 7, more preferably 1 to 5 bulges. In addition, 
the “mismatch” used herein is contained in the double 
stranded RNA region of siRNAs in Which tWo RNA strands 
pair up, preferably 1 to 7, more preferably 1 to 5, in number. 
In a preferable mismatch, one of the nucleotides is guanine, 
and the other is uracil. Such a mismatch is due to a mutation 
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from C to T, G to A, or mixtures thereof in DNA coding for 
sense RNA, but not particularly limited to them. Furthermore, 
in certain embodiments the double-stranded RNA region of 
siRNAs in Which tWo RNA strands pair up may contain both 
bulge and mismatched, Which sum up to, preferably 1 to 7, 
more preferably 1 to 5 in number. 

[0056] The terminal structure of siRNA may be eitherblunt 
or cohesive (overhanging) as long as siRNA can silence, 
reduce, or inhibit the target gene expression due to its RNAi 
effect. The cohesive (overhanging) end structure is not lim 
ited only to the 3' overhang, and the 5' overhanging structure 
may be included as long as it is capable of inducing the RNAi 
effect. In addition, the number of overhanging nucleotide is 
not limited to the already reported 2 or 3, but can be any 
numbers as long as the overhang is capable of inducing the 
RNAi effect. For example, the overhang consists of l to 8, 
preferably 2 to 4 nucleotides. Herein, the total length of 
siRNA having cohesive end structure is expressed as the sum 
of the length of the paired double-stranded portion and that of 
a pair comprising overhanging single-strands at both ends. 
For example, in the case of 19 bp double-stranded RNA 
portion With 4 nucleotide overhangs at both ends, the total 
length is expressed as 23 bp. Furthermore, since this over 
hanging sequence has loW speci?city to a target gene, it is not 
necessarily complementary (antisense) or identical (sense) to 
the target gene sequence. Furthermore, as long as siRNA is 
able to maintain its gene silencing effect on the target gene, 
siRNA may contain a loW molecular Weight RNA (Which may 
be a natural RNA molecule such as tRNA, rRNA or viral 
RNA, or an arti?cial RNA molecule), for example, in the 
overhanging portion at its one end. 
[0057] In addition, the terminal structure of the siRNA is 
not necessarily the cut off structure at both ends as described 
above, and may have a stem-loop structure in Which ends of 
one side of double-stranded RNA are connected by a linker 
RNA. The length of the double-stranded RNA region (stem 
loop portion) can be, for example, 15 to 49 bp, preferably 15 
to 35 bp, and more preferably 21 to 30 bp long. Alternatively, 
the length of the double-stranded RNA region that is a ?nal 
transcription product of siRNAs to be expressed is, for 
example, 15 to 49 bp, preferably 15 to 35 bp, and more 
preferably 21 to 30 bp long. Furthermore, there is no particu 
lar limitation in the length of the linker as long as it has a 
length so as not to hinder the pairing of the stem portion. For 
example, for stable pairing of the stem portion and suppres 
sion of the recombination betWeen DNAs coding for the 
portion, the linker portion may have a clover-leaftRNA struc 
ture. Even though the linker has a length that hinders pairing 
of the stem portion, it is possible, for example, to construct the 
linkerportion to include introns so that the introns are excised 
during processing of precursor RNA into mature RNA, 
thereby alloWing pairing of the stem portion. In the case of a 
stem-loop siRNA, either end (head or tail) of RNA With no 
loop structure may have a loW molecular Weight RNA. As 
described above, this loW molecular Weight RNA may be a 
natural RNA molecule such as tRNA, rRNA or viral RNA, or 
an arti?cial RNA molecule. 

[0058] MiRNAs are produced by the cleavage of short 
stem-loop precursors by Dicer-like enZymes; Whereas, siR 
NAs are produced by the cleavage of long double-stranded 
RNA molecules. MiRNAs are single-stranded, Whereas siR 
NAs are double-stranded. 

[0059] Methods for producing siRNA are knoWn in the art. 
Because the sequence for B7-H4 is knoW, one of skill in the 
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art could readily produce siRNAs that doWnregulate B7-H4 
expression in ho st using the information that is publicly avail 
able. 

[0060] 
[0061] sH4 and/or nucleic acids encoding the same may be 
administered alone or in combination With any other suitable 
treatment to vaccinate a host. In one embodiment, sH4 and/or 
nucleic acids encoding the same may be administered in 
conjunction With, or as a component of, a vaccine composi 
tion. Suitable components of vaccine compositions include 
an antigen and optionally an adjuvant. sH4 compositions 
described herein can be administered prior to, concurrently 
With, or after the administration of a vaccine or component 
thereof. In one embodiment the sH4 composition is adminis 
tered at the same time as administration of a vaccine. Because 
sH4 increases immune responses, it is believed that sH4 can 
increase the effectiveness of a vaccine by promoting an 
immune response to the speci?c antigen of the vaccine. 
[0062] The sH4 compositions described herein may be 
administered in conjunction With prophylactic vaccines, 
Which confer resistance in a subject to subsequent exposure to 
infectious agents, or in conjunction With therapeutic vac 
cines, Which can be used to initiate or enhance a subject’s 
immune response to a pre-existing antigen, such as a tumor 
antigen in a subject With cancer, or a viral antigen in a subject 
infected With a virus. 

[0063] The desired outcome of a prophylactic, therapeutic 
or de-sensitiZed immune response may vary according to the 
disease, according to principles Well knoWn in the art. For 
example, an immune response against an infectious agent 
may completely prevent coloniZation and replication of an 
infectious agent, affecting “sterile immunity” and the absence 
of any disease symptoms. HoWever, a vaccine against infec 
tious agents may be considered effective if it reduces the 
number, severity or duration of symptoms; if it reduces the 
number of individuals in a population With symptoms; or 
reduces the transmission of an infectious agent. Similarly, 
immune responses against cancer, allergens or infectious 
agents may completely treat a disease, may alleviate symp 
toms, or may be one facet in an overall therapeutic interven 
tion against a disease. For example, the stimulation of an 
immune response against a cancer may be coupled With sur 
gical, chemotherapeutic, radiologic, hormonal and other 
immunologic approaches in order to affect treatment. 

[0064] l. Antigens 
[0065] Antigens that can be used in the vaccine composi 
tions can be peptides, proteins, polysaccharides, saccharides, 
lipids, nucleic acids, or combinations thereof. The antigen 
can be derived from a virus, bacterium, parasite, plant, pro 
toZoan, fungus, tissue or transformed cell such as a cancer or 
leukemic cell and can be a Whole cell or immunogenic com 
ponent thereof, e.g., cell Wall components or molecular com 
ponents thereof. 
[0066] Suitable antigens are knoWn in the art and are avail 
able from commercial government and scienti?c sources. In 
one embodiment, the antigens are Whole inactivated or 
attenuated organisms. These organisms may be infectious 
organisms, such as viruses, parasites and bacteria. These 
organisms may also be tumor cells. The antigens may be 
puri?ed or partially puri?ed polypeptides derived from 
tumors or viral or bacterial sources. The antigens can be 
recombinant polypeptides produced by expressing DNA 
encoding the polypeptide antigen in a heterologous expres 
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sion system. The antigens can be DNA encoding all or part of 
an antigenic protein. The DNA may be in the form of vector 
DNA such as plasmid DNA. 
[0067] Antigens may be provided as single antigens or may 
be provided in combination. Antigens may also be provided 
as complex mixtures of polypeptides or nucleic acids. 
[0068] i. Viral Antigens 
[0069] A viral antigen can be isolated from, or encoded by 
nucleic acid from, any virus including, but not limited to, a 
virus from any of the folloWing viral families: Arenaviridae, 
Arterivirus, Astroviridae, Baculoviridae, Badnavirus, Bar 
naviridae, Bimaviridae, Bromoviridae, Bunyaviridae, Cali 
civiridae, Capillovirus, Carlavirus, Caulimovirus, Circoviri 
dae, Closterovirus, Comoviridae, Coronaviridae (e.g., 
Coronavirus, such as severe acute respiratory syndrome 
(SARS) virus), Corticoviridae, Cystoviridae, Dellavirus, 
Dianthovirus, Enamovirus, Filoviridae (e.g., Marburg virus 
and Ebola virus (e.g., Zaire, Reston, Ivory Coast, or Sudan 
strain)), Flaviviridae, (e. g., Hepatitis C virus, Dengue virus 1, 
Dengue virus 2, Dengue virus 3, and Dengue virus 4), Hep 
adnaviridae, Herpesviridae (e.g., Human herpesvirus 1, 3, 4, 
5, and 6, and Cytomegalovirus), Hypoviridae, Iridoviridae, 
Leviviridae, Lipothrixviridae, Microviridae, Orthomyxoviri 
dae (e.g., In?uenZavirus A and B and C), Papovaviridae, 
Paramyxoviridae (e.g., measles, mumps, and human respira 
tory syncytial virus), Parvoviridae, Picomaviridae (e.g., 
poliovirus, rhinovirus, hepatovirus, and aphthovirus), Pox 
viridae (e.g., vaccinia and smallpox virus), Reoviridae (e.g., 
rotavirus), Retroviridae (e.g., lentivirus, such as human 
immunode?ciency virus (HIV) 1 and HIV 2), Rhabdoviridae 
(for example, rabies virus, measles virus, respiratory syncy 
tial virus, etc.), Togaviridae (for example, rubella virus, den 
gue virus, etc.), and Totiviridae. Suitable viral antigens also 
include all or part of Dengue protein M, Dengue protein B, 
Dengue DINS1, Dengue DINS2, and Dengue D1NS3. 
[0070] Viral antigens may be derived from a particular 
strain such as a papilloma virus, a herpes virus, i.e. herpes 
simplex 1 and 2; a hepatitis virus, for example, hepatitis A 
virus (HAV), hepatitis B virus (HBV), hepatitis C virus 
(HCV), the delta hepatitis D virus (HDV), hepatitis E virus 
(HEV) and hepatitis G virus (HGV), the tick-bome encepha 
litis viruses; parain?uenZa, varicella-Zoster, cytomeglavirus, 
Epstein-Barr, rotavirus, rhinovirus, adenovirus, coxsackievi 
ruses, equine encephalitis, Japanese encephalitis, yelloW 
fever, Rift Valley fever and lymphocytic choriomeningitis. 
[0071] ii. Bacterial Antigens 
[0072] Bacterial antigens can originate from, or encoded by 
nucleic acid from, any bacteria including, but not limited to, 
Actinomyces, Anabaena, Bacillus, Bacteroides, Bdellovibrio, 
Bordetella, Borrelia, Campylobacter, Caulobacter, Chlamy 
dia, Chlorobium, Chromatium, Clostridium, Corynebacte 
rium, Cytophaga, Deinococcus, Escherichia, Francisella, 
Halobacterium, Heliobacter, Haemophilus, Hemophilus 
in?uenza type B (HIB), Hyphomicrobium, Legionella, 
Leptspirosis, Listeria, Meningococcus A, B and C, Methano 
bacterium, Micrococcus, Myobacterium, Mycoplasma, 
Myxococcus, Neisseria, Nitrobacter, Oscillatoria, Prochlo 
ron, Proteus, Pseudomonas, Phodospirillum, Rickettsia, Sal 
monella, Shigella, Spirillum, Spirochaeta, Staphylococcus, 
Streptococcus, Streptomyces, Sulfolobus, T hermoplasma, 
Thiobacillus, and Treponema, Fibrio, and Yersinia. 
[0073] ii. Parasite Antigens 
[0074] Parasite antigens can be obtained from, or encoded 
by nucleic acid encoded by, parasites such as, but not limited 
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to, an antigen derived from Cryptococcus neoformans, His 
toplasma capsulatum, Candida albicans, Candida tropicalis, 
Nocardia asteroides, Rickettsia ricketsii, Rickettsia typhi, 
Mycoplasma pneumoniae, Chlamydial psittaci, Chlamydial 
trachomatis, Plasmodium falciparum, Trypanosoma brucei, 
Entamoeba histolytica, Toxoplasma gondii Trichomonas 
vaginalis and Schistosoma mansoni. These include Sporo 
Zoan antigens, Plasmodian antigens, such as all or part of a 
CircumsporoZoite protein, a SporoZoite surface protein, a 
liver stage antigen, an apical membrane associated protein, or 
a MeroZoite surface protein. 

[0075] iv. Allergens and Environmental Antigens 
[0076] The antigen can be an allergen or environmental 
antigen, such as, but not limited to, an antigen derived from 
naturally occurring allergens such as pollen allergens (tree-, 
herb, Weed-, and grass pollen allergens), insect allergens (in 
halant, saliva and venom allergens), animal hair and dandruff 
allergens, and food allergens. Important pollen allergens from 
trees, grasses and herbs originate from the taxonomic orders 
of Fagales, Oleales, Pinales and platanaceae including i.a. 
birch (Betula), alder (Alnus), haZel (Corylus), hombeam 
(Carpinus) and olive (Olea), cedar (Cryptomeriaand Junipe 
rus), Plane tree (Platanus), the order of Poales including i.e. 
grasses of the genera Lolium, Phleum, Poa, Cynodon, Dacty 
lis, Holcus, Phalaris, Secale, and Sorghum, the orders of 
Asterales and Urticales including i.a. herbs of the genera 
Ambrosia, Artemisia, and Parietaria. Other allergen antigens 
that may be used include allergens from house dust mites of 
the genus Dermatophagoides and Euroglyphus, storage mite 
e.g Lepidoglyphys, Glycyphagus and lyrophagus, those from 
cockroaches, midges and ?eas e. g. Blatella, Periplaneta, Chi 
ronomus and Ctenocepphalides, those from mammals such as 
cat, dog and horse, birds, venom allergens including such 
originating from stinging or biting insects such as those from 
the taxonomic order of Hymenoptera including bees (super 
family Apidae), Wasps (superfamily Vespidea), and ants (su 
perfamily Formicoidae). Still other allergen antigens that 
may be used include inhalation allergens from fungi such as 
from the genera Alternaria and Cladosporium. 
[0077] v. Tumor Antigens 
[0078] In a preferred embodiment, the antigen can be a 
tumor antigen, including a tumor-associated or tumor-spe 
ci?c antigen, such as, but not limited to, alpha-actinin-4, 
Bcr-Abl fusion protein, Casp-8, beta-catenin, cdc27, cdk4, 
cdkn2a, coa-1, dek-can fusion protein, EF2, ETV6-AML1 
fusion protein, LDLR-fucosyltransferaseAS fusion protein, 
HLA-A2, HLA-A11, hsp70-2, KIAAO205, Mart2, Mum-1, 
2, and 3, neo-PAP, myosin class I, OS-9, pml-RARot fusion 
protein, PTPRK, K-ras, N-ras, Triosephosphate isomeras, 
Bage-1, Gage 3, 4, 5, 6, 7, GnTV, Herv-K-mel, Lage-1, Mage 
A1, 2, 3, 4, 6, 10, 12, Mage-C2, NA-88, NY-Eso-1/Lage-2, 
SPi7, SSX-2, and TRP2-Int2, MelanA (MART-I), gp100 
(Pmel 17), tyrosinase, TRP-l, TRP-2, MAGE-l, MAGE-3, 
BAGE, GAGE-1, GAGE-2, p15(58), CEA, RAGE, NY-ESO 
(LAGE), SCP-1, Hom/Mel-40, PRAME, p53, H-Ras, HER 
2/neu, BCR-ABL, E2A-PRL, H4-RET, IGH-IGK, MYL 
RAR, Epstein Barr virus antigens, EBNA, human papilloma 
virus (HPV) antigens E6 and E7, TSP-180, MAGE-4, 
MAGE-S, MAGE-6, p185erbB2, p180erbB-3, c-met, 
nm-23H1, PSA, TAG-72-4, CA 19-9, CA 72-4, CAM 17.1, 
NuMa, K-ras, [3-Catenin, CDK4, Mum-1, p16, TAGE, 
PSMA, PSCA, CT7, telomerase, 43-9F, 5T4, 791Tgp72, 
ot-fetoprotein, 13HCG, 13CA225, BTAA, CA 125, CA 15-3 
(CA 27.29/BCAA), CA 195, CA 242, CA-50, CAM43, 
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CD68/KP1, CO-029, FGF-S, G250, Ga733 (EpCAM), 
HTgp-l75, M344, MA-50, MG7-Ag, MOV18, NB/70K, NY 
CO-l, RCASl, SDCCAG16, TA-90 (Mac-2 binding protein/ 
cyclophilin C-associated protein), TAAL6, TAG72, TLP, and 
TPS. 
[0079] 2. Adjuvants 
[0080] Optionally, the vaccines may include one or more 
adj uvants. These can be incorporated into, administered With, 
or administered separately from, the vaccine compositions. 
The adjuvant can be, but is not limited to, one or more of the 
following: oil emulsions (e.g., Freund’s adjuvant); saponin 
formulations; virosomes and viral-like particles; bacterial 
and microbial derivatives; immunostimulatory oligonucle 
otides; ADP-ribosylating toxins and detoxi?ed derivatives; 
alum; BCG; mineral-containing compositions (e.g., mineral 
salts, such as aluminium salts and calcium salts, hydroxides, 
phosphates, sulfates, etc.); bioadhesives and/or mucoadhe 
sives; microparticles; liposomes; polyoxyethylene ether and 
polyoxyethylene ester formulations; polyphosphaZene; 
muramyl peptides; imidaZoquinolone compounds; and sur 
face active substances (e.g. lysolecithin, pluronic polyols, 
polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanin, and dinitrophenol). 
[0081] Adjuvants may also include immunomodulators 
such as cytokines, interleukins (e.g., IL-l, IL-2, IL-4, IL-S, 
IL-6, IL-7, IL-l2, etc.), interferons (e.g., interferon-. 
gamma), macrophage colony stimulating factor, and tumor 
necrosis factor; and co-stimulatory molecules, such as those 
of the B7 family. Such proteinaceous adjuvants may be pro 
vided as the full-length polypeptide or an active fragment 
thereof, or in the form of DNA, such as plasmid DNA. 

III. Methods for Stimulating an Immune Response 

[0082] An immune response can be stimulated or enhanced 
in a host, preferably a human host, by interfering With the 
biological activity of B7-H4 in the host. sH4 competes With 
B7-H4 for B7-H4 ligands. Thus, an immune response can be 
enhanced or promoted by administering a therapeutically 
effective amount of sH4 or variant thereof to a host. 

[0083] In another embodiment, a B7-H4 antagonist is 
administered to host in an amount effective to decrease the 
amount of or bioavailability of B7-H4 in the host. Represen 
tative antagonists of B7-H4 include, but are not limited to 
antibodies speci?c to B7-H4 or B7-H4 receptors and inhibi 
tory nucleic acids speci?c for nucleic acids encoding B7-H4 
or a B7-H4 receptor. 

[0084] A. Methods for Treating Infections 
[0085] In one embodiment, an immune response is stimu 
lated or enhanced in a ho st by administering an amount of sH4 
effective to inhibit B7-H4 activity in the host. It Will be 
appreciated that other antagonists of B7-H4 can also be used 
alone or in combination With sH4. It is believed that inhibiting 
B7-H4 With sH4 promotes or enhances an immune response 
in the host. Inhibition of B7-H4 activity is typically compared 
to an appropriate control or predetermined amount of activity 
using conventional methods. For example, threshold B7-H4 
activity in a ho st can be determined prior to administration of 
sH4. B7-H4 activity after administration of sH4 that is loWer 
than the threshold B7-H4 activity demonstrates an inhibition 
of B7-H4 activity and stimulation or enhancement of an 
immune response. 
[0086] Stimulating an immune response in a host is desir 
able, for example, When the ho st suffers from a viral infection, 
bacterial infection, fungal, protoZoa infection, or hyperpro 
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liferative condition such as cancer. Thus, one embodiment 
provides a method for treating infection by administering an 
amount of sH4 effective to inhibit B7-H4 activity in the host. 
[0087] Representative infections that can be treated, 
include but are not limited to infections cause by microogan 
isms including, but not limited to, Actinomyces, Anabaena, 
Bacillus, Bacteroides, Bdellovibrio, Bordetella, Borrelia, 
Campylobacter, Caulobacter, Chlamydia, Chlorobium, 
Chromatium, Clostridium, Corynebacterium, Cytophaga, 
Deinococcus, Escherichia, Francisella, Halobacterium, 
Heliobacter, Haemophilus, Hemophilus in?uenza type B 
(HIB), Hyphomicrobium, Legionella, Leptspirosis, Listeria, 
Meningococcus A, B and C, Methanobacterium, Micrococ 
cus, Myobacterium, Mycoplasma, Myxococcus, Neisseria, 
Nitrobacter, Oscillatoria, Prochloron, Proteus, Pseudomo 
nas, Phodospirillum, Rickettsia, Salmonella, Shigella, Spir 
illum, Spirochaeta, Staphylococcus, Streptococcus, Strepto 
myces, Sulfolobus, Thermoplasma, Thiobacillus, and 
T reponema, Vibrio, Yersinia, Cryptococcus neoformans, His 
toplasma capsulatum, Candida albicans, Candida tropicalis, 
Nocardia asteroides, Rickettsia ricketsii, Rickettsia typhi, 
Mycoplasma pneumoniae, Chlamydial psittaci, Chlamydial 
trachomatis, Plasmodiumfalciparum, T rypanosoma brucei, 
Entamoeba histolytica, Toxoplasma gondii, Trichomonas 
vaginalis and Schistosoma mansoni. 
[0088] B. Methods for Treating Cancer 
[0089] Another embodiment provides methods and com 
positions for stimulating or enhancing an immune response in 
host for treating cancer by administering an amount of sH4 
effective to inhibit B7-H4 activity in the host. It Will be 
appreciated that other antagonists of B7-H4 can also be used 
alone or in combination With sH4. The types of cancer that 
can be treated With the provided compositions and methods 
include, but are not limited to, the folloWing: bladder, brain, 
breast, cervical, colo-rectal, esophageal, kidney, liver, lung, 
nasopharangeal, pancreatic, prostate, skin, stomach, uterine, 
ovarian, testicular and the like. Administration is not limited 
to the treatment of an existing tumor or infectious disease but 
can also be used to prevent or loWer the risk of developing 
such diseases in an individual, i.e., for prophylactic use. 
Potential candidates for prophylactic vaccination include 
individuals With a high risk of developing cancer, i.e., With a 
personal or familial history of certain types of cancer. 
[0090] Malignant tumors Which may be treated are classi 
?ed herein according to the embryonic origin of the tissue 
from Which the tumor is derived. Carcinomas are tumors 
arising from endodermal or ectodermal tissues such as skin or 
the epithelial lining of internal organs and glands. Sarcomas, 
Which arise less frequently, are derived from mesodermal 
connective tissues such as bone, fat, and cartilage. The leu 
kemias and lymphomas are malignant tumors of hematopoi 
etic cells of the bone marroW. Leukemias proliferate as single 
cells, Whereas lymphomas tend to groW as tumor masses. 
Malignant tumors may shoW up at numerous organs or tissues 
of the body to establish a cancer. 

[0091] Another embodiment provides a method for treating 
infection in host by administering an amount of sH4 effective 
to inhibit B7-H4 activity in a host. The infection can be viral, 
bacterial, or protoZoan. Without being bound by one theory, it 
is believed that interfering With the activity of B7-H4, for 
example binding its natural ligand, Will prevent or reduce the 
inhibition of T cell response by B7-H4. By inhibiting the 
activity of B7-H4, an immune response can progress and 
increase the ability to ?ght infection. 



US 2008/0206235 A1 

[0092] C. Gene Therapy 
[0093] Nucleic acids encoding sH4 antagonists can be 
administered to an individual in need thereof in an amount 
effective to treat an in?ammatory response or autoimmune 
disease, DNA delivery involves introduction of a “foreign” 
DNA into a cell and ultimately, into a live animal. Gene 
delivery can be achieved using viral vectors or non-viral 
vectors. One approach includes nucleic acid transfer into 
primary cells in culture folloWed by autologous transplanta 
tion of the ex vivo transformed cells into the individual, either 
systemically or into a particular organ or tissue. 

[0094] Nucleic acid therapy can be accomplished by direct 
transfer of a functionally active DNA into mammalian 
somatic tissue or organ in vivo. DNA transfer can be achieved 
using a number of approaches described beloW. These sys 
tems can be tested for successful expression in vitro by use of 
a selectable marker (e.g., G418 resistance) to select trans 
fected clones expressing the DNA, folloWed by detection of 
the presence of the B7-H4 expression product (after treatment 
With the inducer in the case of an inducible system) using an 
antibody to the product in an appropriate immunoassay. Ef? 
ciency of the procedure, including DNA uptake, plasmid 
integration and stability of integrated plasmids, can be 
improved by lineariZing the plasmid DNA using knoWn meth 
ods, and co-transfection using high molecular Weight mam 
malian DNA as a “carrier”. 

[0095] Retroviral-mediated human therapy utiliZes 
amphotrophic, replication-de?cient retrovirus systems 
(Weiss and Taylor, Cell, 82:531-533 (1995)). Such vectors 
have been used to introduce functional DNA into human cells 
or tissues, for example, the adenosine deaminase gene into 
lymphocytes, the NPT-ll gene and the gene for tumor necrosis 
factor into tumor in?ltrating lymphocytes. Retrovirus-medi 
ated gene delivery generally requires target cell proliferation 
for gene transfer (Bordignon et al. Science 270:470-475 
(1995)). This condition is met by certain of the preferred 
target cells into Which the present DNA molecules are to be 
introduced, i.e., actively groWing tumor cells. Gene therapy 
of cystic ?brosis using transfection by plasmids using any of 
a number of methods and by retroviral vectors has been 
described by US. Pat. No. 5,240,846 to Collins et al. 
[0096] The DNA molecules encoding the B7-H4 polypep 
tides or fusion proteins may be packaged into retrovirus vec 
tors using packaging cell lines that produce replication-de 
fective retroviruses, as is Well-knoWn in the art (see, for 
example Stone, D. et al. J. Endocrinology, 164: 103-1 18 
(2000)). Additional viruses for gene delivery are described in 
Reynolds et al. Molecular Medicine Today, 5:25-31 (1999)). 
[0097] Other virus vectors may also be used, including 
recombinant adenoviruses (Murphy et al. Proc Natl Acad Sci 
94:13921-13926 (1997)), herpes simplex virus (HSV) for 
neuron-speci?c delivery and persistence (LoWenstein et al. 
Brain Res. Molec. Brain Res, 30:169-175 (1995)). Advan 
tages of adenovirus vectors for human gene therapy include 
the fact that recombination is rare, no human malignancies 
are knoWn to be associated With such viruses, the adenovirus 
genome is double stranded DNA Which can be manipulated to 
accept foreign genes of up to 7.5 kb in siZe, and live adenovi 
rus is a safe human vaccine organisms. Adeno-associated 
virus is also useful for human therapy (Samulski, R. J. et al., 
EMBO J. 10:3941 (1991). 
[0098] Another vector Which can express the disclosed 
DNA molecule and is useful in the present therapeutic setting, 
particularly in humans, is vaccinia virus, Which can be ren 
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dered non-replicating (Peplinkski, G. R. et al. Surgical 
Oncology Clinics of North America, 7575-588 1998)). 
Descriptions of recombinant vaccinia viruses and other 
viruses containing heterologous DNA and their uses in immu 
niZation and DNA therapy are revieWed in: Moss, B., Curr. 
Opin. Genet Dev. 3:86-90 (1993); Moss, B. Biotechnology 
20: 345-362 (1992); Moss, B., Curr Top Microbiol Immunol 
158:25-38 (1992); Moss, B., Science 252:1662-1667 (1991); 
Piccini, A et al., Adv. J/irus Res. 34:43-64 (1988); Moss, B. et 
al., Gene AmplifAnal 3:201-213 (1983). 
[0099] In addition to naked DNA or RNA, or viral vectors, 
engineered bacteria may be used as vectors. A number of 
bacterial strains including Salmonella, BCG and Listeria 
monocytogenes (LM) (Hoiseth & Stocker, Nature 291, 238 
239 (1981); Poirier, T P et al. J. Exp. Med. 168, 25-32 (1988); 
(Sadoff, J. C., et al., Science 240, 336-338 (1988); Stover, C. 
K., et al., Nature 351, 456-460 (1991); Aldovini, A. et al., 
Nature 351, 479-482 (1991); Schafer, R., et al., .1. Immunol. 
149, 53-59 (1992); lkonomidis, G. et al., J. Exp. Med. 180, 
2209-2218 (1994)). These organisms display tWo promising 
characteristics for use as vaccine vectors: (1) enteric routes of 
infection, providing the possibility of oral vaccine delivery; 
and (2) infection of monocytes/macrophages thereby target 
ing antigens to professional APCs. 
[0100] In addition to virus-mediated gene transfer in vivo, 
physical means Well-knoWn in the art can be used for direct 
transfer of DNA, including administration of plasmid DNA 
(Wolff et al., Science, 247:1465-1468 (1990); Hickman, M. 
A, et al. Hum. Gene Ther., 5: 1477-1483 (1994)) and particle 
bombardment mediated gene transfer (O’Brien, J. et al. Brain 
Res Brain Res Pr0tc0, 10:12-15 (2002)). Furthermore, elec 
troporation, a Well-knoWn means to transfer genes into cell in 
vitro, can be used to transfer DNA molecules to tissues in vivo 
(Titomirov, A. V. et al., Biochim. Biophys. Acta 1088:131 
((1 99 1 )). 
[0101] “Carrier mediated gene transfer” has also been 
described (Wu, C. H. et al., J. Biol. Chem. 264: 1 6985 (1989); 
Wu, G.Y. et al., J. Biol. Chem. 263: 14621 (1988); Soriano, P. 
et al., Proc. Natl.Acad. Sci. USA 80:7128 (1983); Wang, C-Y. 
et al., Proc. Natl. Acad. Sci. USA 84:7851 (1982); Wilson, J. 
M. et al., J. Biol. Chem. 267:963 (1992)). Preferred carriers 
are targeted liposomes (Liu et al. Curr Med Chem, 10: 1307 
1315 (2003)) such as immunoliposomes, Which can incorpo 
rate acylated mAbs into the lipid bilayer. Polycations such as 
asialoglycoprotein/polylysine (Wu et al., 1989, supra) may be 
used, Where the conjugate includes a molecule Which recog 
niZes the target tissue (e. g., asialoorosomucoid for liver) and 
a DNA binding compound to bind to the DNA to be trans 
fected. Polylysine is an example of a DNA binding molecule 
Whichbinds DNA Without damaging it. This conjugate is then 
complexed With plasmid DNA for transfer. 
[0102] Plasmid DNA used for transfection or microinjec 
tion may be prepared using methods Well-knoWn in the art, for 
example using the Quiagen procedure (Quiagen), folloWed 
by DNA puri?cation using knoWn methods, such as the meth 
ods exempli?ed herein. 
[0103] D. Combination Therapy 
[0104] The disclosed compositions can be administered 
alone or in combination With one or more additional thera 
peutic agents. For example, the disclosed compositions can 
be administered With an antibody or antigen binding fragment 
thereof speci?c for a groWth factor receptors or tumor speci?c 
antigens. Representative groWth factors receptors include, 
but are not limited to, epidermal groWth factor receptor 



US 2008/0206235 A1 

(EGFR; HER1); c-erbB2 (HER2); c-erbB3 (HER3); c-erbB4 
(HER4); insulin receptor; insulin-like growth factor receptor 
1 (IGF-1R); insulin-like growth factor receptor 2/Mannose 
6-phosphate receptor (IGF-II R/M-6-P receptor); insulin 
receptor related kinase (IRRK); platelet-derived growth fac 
tor receptor (PDGFR); colony-stimulating factor-1receptor 
(CSF-1R) (c-Fms); steel receptor (c-Kit); Flk2/Flt3; ?bro 
blast growth factor receptor 1 (Flg/Cek1); ?broblast growth 
factor receptor 2 (Bek/Cek3/K-Sam); Fibroblast growth fac 
tor receptor 3; Fibroblast growth factor receptor 4; nerve 
growth factor receptor (NGFR) (TrkA); BDNF receptor 
(TrkB); NT-3-receptor (TrkC); vascular endothelial growth 
factor receptor 1 (Flt1); vascular endothelial growth factor 
receptor 2/Flk1/KDR; hepatocyte growth factor receptor 
(HGF-R/Met); Eph; Eck; Bek; Cek4/Mek4/HEK; Cek5; Elk/ 
Cek6; Cek7; Sek/Cek8; Cek9; Cek10; HEK11; 9 Ror1; Ror2; 
Ret; Ax1; RYK; DDR; and Tie. 
[0105] Additional therapeutic agents include conventional 
cancer therapeutics such as chemotherapeutic agents, cytok 
ines, chemokines, and radiation therapy. The majority of che 
motherapeutic drugs can be divided in to: alkylating agents, 
antimetabolites, anthracyclines, plant alkaloids, topoi 
somerase inhibitors, and other antitumour agents. All of these 
drugs affect cell division or DNA synthesis and function in 
some way. Additional therapeutics include monoclonal anti 
bodies and the new tyrosine kinase inhibitors e.g. imatinib 
mesylate (GLEEVEC® or GLIVEC®), which directly tar 
gets a molecular abnormality in certain types of cancer 
(chronic myelogenous leukemia, gastrointestinal stromal 
tumors). 
[0106] Representative chemotherapeutic agents include, 
but are not limited to cisplatin, carboplatin, oxaliplatin, 
mechlorethamine, cyclophosphamide, chlorambucil, vincris 
tine, vinblastine, vinorelbine, vindesine, taxol and derivatives 
thereof, irinotecan, topotecan, amsacrine, etoposide, etopo 
side phosphate, teniposide, epipodophyllotoxins, trastu 
Zumab (HERCEPTIN®), cetuximab, and rituximab (RIT 
UXAN® or MABTHERA®), bevaciZumab (AVASTIN®), 
and combinations thereof. 

IV. Pharmaceutical Compositions 

[0107] C. Pharmaceutical Compositions 
[0108] Pharmaceutical compositions including B7-H4 
antagonists, and vectors containing the same are provided. 
The pharmaceutical compositions may be for administration 
by oral, parenteral (intramuscular, intraperitoneal, intrave 
nous (IV) or subcutaneous injection), transdermal (eitherpas 
sively or using iontophoresis or electroporation), transmu 
cosal (nasal, vaginal, rectal, or sublingual) routes of 
administration or using bioerodible inserts and can be formu 
lated in dosage forms appropriate for each route of adminis 
tration. 
[0109] A. Formulations for Parenteral Administration 
[0110] In a preferred embodiment, the peptides are admin 
istered in an aqueous solution, by parenteral injection. The 
formulation may also be in the form of a suspension or emul 
sion. In general, pharmaceutical compositions are provided 
including effective amounts of a B7-H4 antagonist, or deriva 
tive products, and optionally include pharmaceutically 
acceptable diluents, preservatives, solubiliZers, emulsi?ers, 
adj uvants and/ or carriers. Such compositions include diluents 
sterile water, buffered saline of various buffer content (e.g., 
Tris-HCl, acetate, phosphate), pH and ionic strength; and 
optionally, additives such as detergents and solubiliZing 
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agents (e.g., TWEEN 20, TWEEN 80, Polysorbate 80), anti 
oxidants (e.g., ascorbic acid, sodium metabisul?te), and pre 
servatives (e.g., Thimersol, benZyl alcohol) and bulking sub 
stances (e.g., lactose, mannitol). Examples of non-aqueous 
solvents or vehicles are propylene glycol, polyethylene gly 
col, vegetable oils, such as olive oil and corn oil, gelatin, and 
injectable organic esters such as ethyl oleate. The formula 
tions may be lyophiliZed and redissolved/resuspended imme 
diately before use. The formulation may be steriliZed by, for 
example, ?ltration through a bacteria retaining ?lter, by 
incorporating sterilizing agents into the compositions, by 
irradiating the compositions, or by heating the compositions. 
[0111] B. Formulations for Enteral Administration 

[0112] B7-H4 antagonists can be formulated for oral deliv 
ery. Oral solid dosage forms are described generally in Rem 
ington’s Pharmaceutical Sciences, 18th Ed. 1990 (Mack Pub 
lishing Co. Easton Pa. 18042) at Chapter 89. Solid dosage 
forms include tablets, capsules, pills, troches or loZenges, 
cachets, pellets, powders, or granules or incorporation of the 
material into particulate preparations of polymeric com 
pounds such as polylactic acid, polyglycolic acid, etc. or into 
liposomes. Such compositions may in?uence the physical 
state, stability, rate of in vivo release, and rate of in vivo 
clearance of the present proteins and derivatives. See, e.g., 
Remington’s Pharmaceutical Sciences, 18th Ed. (1990, Mack 
Publishing Co., Easton, Pa. 18042) pages 1435-1712 which 
are herein incorporated by reference. The compositions may 
be prepared in liquid form, or may be in dried powder (e. g., 
lyophiliZed) form. Liposomal or proteinoid encapsulation 
may be used to formulate the compositions (as, for example, 
proteinoid micro spheres reported in US. Pat. No. 4,925,673). 
Liposomal encapsulation may be used and the liposomes may 
be derivatiZed with various polymers (e.g., US. Pat. No. 
5,013,556). See also Marshall, K. In: Modern Pharmaceutics 
Edited by G. S. Banker and C. T. Rhodes Chapter 10, 1979. In 
general, the formulation will include the peptide (or chemi 
cally modi?ed forms thereof) and inert ingredients which 
protect peptide in the stomach environment, and release of the 
biologically active material in the intestine. 
[0113] The polypeptide antagonists may be chemically 
modi?ed so that oral delivery of the derivative is ef?cacious. 
Generally, the chemical modi?cation contemplated is the 
attachment of at least one moiety to the component molecule 
itself where said moiety permits (a) inhibition of proteolysis; 
and (b) uptake into the blood stream from the stomach or 
intestine. Also desired is the increase in overall stability of the 
component or components and increase in circulation time in 
the body. PEGylation is a preferred chemical modi?cation for 
pharmaceutical usage. Other moieties that may be used 
include: propylene glycol, copolymers of ethylene glycol and 
propylene glycol, carboxymethyl cellulose, dextran, polyvi 
nyl alcohol, polyvinyl pyrrolidone, polyproline, poly-1,3-di 
oxolane and poly-1,3,6-tioxocane [see, e.g., Abuchowski and 
Davis (1981) “Soluble Polymer-EnZyme Adducts,” in 
Enzymes as Drugs. Hocenberg and Roberts, eds. (Wiley 
Interscience: New York, N.Y.) pp. 367-383; and Newmark, et 
al. (1982) J. Appl. Biochem. 4:185-189]. 
[0114] Another embodiment provides liquid dosage forms 
for oral administration, including pharmaceutically accept 
able emulsions, solutions, suspensions, and syrups, which 
may contain other components including inert diluents; adju 
vants such as wetting agents, emulsifying and suspending 
agents; and sweetening, ?avoring, and perfuming agents. 
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[0115] Controlled release oral formulations may be desir 
able. The B7-H4 antagonists can be incorporated into an inert 
matrix Which permits release by either diffusion or leaching 
mechanisms, e.g., gums. SloWly degenerating matrices may 
also be incorporated into the formulation. Another form of a 
controlled release is based on the Oros therapeutic system 
(AlZa Corp.), i.e. the drug is enclosed in a semipermeable 
membrane Which alloWs Water to enter and push drug out 
through a single small opening due to osmotic effects. For 
oral formulations, the location of release may be the stomach, 
the small intestine (the duodenum, the jejunem, or the ileum), 
or the large intestine. Preferably, the release Will avoid the 
deleterious effects of the stomach environment, either by 
protection of the peptide (or derivative) or by release of the 
peptide (or derivative) beyond the stomach environment, such 
as in the intestine. To ensure full gastric resistance a coating 
impermeable to at least pH 5.0 is essential. Examples of the 
more common inert ingredients that are used as enteric coat 

ings are cellulose acetate trimellitate (CAT), hydroxypropy 
lmethylcellulose phthalate (HPMCP), HPMCP 50, HPMCP 
55, polyvinyl acetate phthalate (PVAP), Eudragit L30D, 
Aquateric, cellulose acetate phthalate (CAP), Eudragit L, 
Eudragit S, and Shellac. These coatings may be used as mixed 
?lms. 
[0116] C. Topical Delivery Formulations 
[0117] Compositions can be applied topically. This does 
not Work Well for most peptide formulations, although it can 
be effective especially if applied to the lungs, nasal, oral 
(sublingual, buccal), vaginal, or rectal mucosa. 
[0118] The B7-H4 antagonists can be delivered to the lungs 
While inhaling and traverses across the lung epithelial lining 
to the blood stream When delivered either as an aerosol or 
spray dried particles having an aerodynamic diameter of less 
than about 5 microns. 
[0119] A Wide range of mechanical devices designed for 
pulmonary delivery of therapeutic products can be used, 
including but not limited to nebuliZers, metered dose inhalers, 
and poWder inhalers, all of Which are familiar to those skilled 
in the art. Some speci?c examples of commercially available 
devices are the Ultravent nebuliZer (Mallinckrodt Inc., St. 
Louis, M0); the Acorn II nebuliZer (Marquest Medical Prod 
ucts, EngleWood, Colo.); the Ventolin metered dose inhaler 
(Glaxo Inc., Research Triangle Park, NC); and the Spinhaler 
poWder inhaler (Fisons Corp., Bedford, Mass.). Nektar, Alk 
ermes and Mannkind all have inhalable insulin poWder prepa 
rations approved or in clinical trials Where the technology 
could be applied to the formulations described herein. 
[0120] Formulations for administration to the mucosa Will 
typically be spray dried drug particles, Which may be incor 
porated into a tablet, gel, capsule, suspension or emulsion. 
Standard pharmaceutical excipients are available from any 
formulator. Oral formulations may be in the form of cheWing 
gum, gel strips, tablets or loZenges. 
[0121] Transdermal formulations may also be prepared. 
These Will typically be ointments, lotions, sprays, or patches, 
all of Which can be prepared using standard technology. 
Transdermal formulations Will require the inclusion of pen 
etration enhancers. 
[0122] D. Controlled Delivery Polymeric Matrices 
[0123] Controlled release polymeric devices can be made 
for long term release systemically folloWing implantation of 
a polymeric device (rod, cylinder, ?lm, disk) or injection 
(microparticles). The matrix can be in the form of micropar 
ticles such as microspheres, Where peptides are dispersed 

Aug. 28, 2008 

Within a solid polymeric matrix or microcapsules, Where the 
core is of a different material than the polymeric shell, and the 
peptide is dispersed or suspended in the core, Which may be 
liquid or solid in nature. Unless speci?cally de?ned herein, 
microparticles, microspheres, and microcapsules are used 
interchangeably. Alternatively, the polymer may be cast as a 
thin slab or ?lm, ranging from nanometers to four centime 
ters, a poWder produced by grinding or other standard tech 
niques, or even a gel such as a hydrogel. 

[0124] Either non-biodegradable or biodegradable matri 
ces can be used for delivery of B7-H4 antagonists, although 
biodegradable matrices are preferred. These may be natural 
or synthetic polymers, although synthetic polymers are pre 
ferred due to the better characteriZation of degradation and 
release pro?les. The polymer is selected based on the period 
over Which release is desired. In some cases linear release 
may be most useful, although in others a pulse release or 
“bulk release” may provide more effective results. The poly 
mer may be in the form of a hydrogel (typically in absorbing 
up to about 90% by Weight of Water), and can optionally be 
crosslinked With multivalent ions or polymers. 
[0125] The matrices can be formed by solvent evaporation, 
spray drying, solvent extraction and other methods knoWn to 
those skilled in the art Bioerodible microspheres can be pre 
pared using any of the methods developed for making micro 
spheres for drug delivery, for example, as described by 
MathioWitZ and Langer, J. Controlled Release 5, 13-22 
(1987); MathioWitZ, et al., Reactive Polymers 6, 275-283 
(1987); and MathioWitZ, et al., J. Appl. Polymer Sci. 35, 
755-774 (1988). 
[0126] The devices can be formulated for local release to 
treat the area of implantation or injectioniWhich Will typi 
cally deliver a dosage that is much less than the dosage for 
treatment of an entire body4or systemic delivery. These can 
be implanted or injected subcutaneously, into the muscle, fat, 
or sWalloWed. 

IV. Methods of Manufacture 

[0127] As discussed above polypeptide sH4, nucleic acid 
constructs encoding sH4 or variants thereof and inhibitory 
nucleic acids speci?c for B7-H4 and B7-H4 receptor can be 
produced using standard molecular biology protocols knoWn 
in the art. See for example, Molecular Cloning: A Laboratory 
Manual (Sambrook and Russel eds. 3rd ed.) Cold Spring Har 
bor, N.Y. (2001 ). Alternatively, sH4 or variants there of can be 
isolated and puri?ed from a host expressing them using con 
ventional biochemical techniques. 
[0128] A. Methods for Producing Polypeptides 
[0129] Isolated polypeptides can be obtained by, for 
example, chemical synthesis or by recombinant production in 
a host cell. To recombinantly produce a costimulatory 
polypeptide, a nucleic acid containing a nucleotide sequence 
encoding the polypeptide can be used to transform, transduce, 
or transfect a bacterial or eukaryotic host cell (e.g., an insect, 
yeast, or mammalian cell). In general, nucleic acid constructs 
include a regulatory sequence operably linked to a nucleotide 
sequence encoding a costimulatory polypeptide. Regulatory 
sequences (also referred to herein as expression control 
sequences) typically do not encode a gene product, but 
instead affect the expression of the nucleic acid sequences to 
Which they are operably linked. 
[0130] Useful prokaryotic and eukaryotic systems for 
expressing and producing polypeptides are Well knoW in the 
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art include, for example, Escherichia coli strains such as 
BL-21, and cultured mammalian cells such as CHO cells. 
[0131] In eukaryotic host cells, a number of viral-based 
expression systems can be utiliZed to express polypeptides. 
Viral based expression systems are Well knoWn in the art and 
include, but are not limited to, baculoviral, SV40, retroviral, 
or vaccinia based viral vectors. 

[0132] Mammalian cell lines that stably express variant 
costimulatory polypeptides canbe producedusing expression 
vectors With appropriate control elements and a selectable 
marker. For example, the eukaryotic expression vectors 
pCR3.1 (Invitrogen Life Technologies) and p91023(B) (see 
Wong et al. (1985) Science 228:810-815) are suitable for 
expression of variant costimulatory polypeptides in, for 
example, Chinese hamster ovary (CHO) cells, COS-1 cells, 
human embryonic kidney 293 cells, NIH3T3 cells, BHK21 
cells, MDCK cells, and human vascular endothelial cells 
(HUVEC). Following introduction of an expression vector by 
electroporation, lipofection, calcium phosphate, or calcium 
chloride co-precipitation, DEAE dextran, or other suitable 
transfection method, stable cell lines can be selected (e.g., by 
antibiotic resistance to G418, kanamycin, or hygromycin). 
The transfected cells can be cultured such that the polypep 
tide of interest is expressed, and the polypeptide can be recov 
ered from, for example, the cell culture supernatant or from 
lysed cells. Alternatively, polypeptides can be produced by 
(a) ligating ampli?ed sequences into a mammalian expres 
sion vector such as pcDNA3 (Invitrogen Life Technologies), 
and (b) transcribing and translating in vitro using Wheat germ 
extract or rabbit reticulocyte lysate. 
[0133] Polypeptides can be isolated using, for example, 
chromatographic methods such as DEAE ion exchange, gel 
?ltration, and hydroxylapatite chromatography. For example, 
a polypeptide in a cell culture supernatant or a cytoplasmic 
extract can be isolated using a protein G column. In some 
embodiments, polypeptides can be “engineered” to contain 
an amino acid sequence that alloWs the polypeptides to be 
captured onto an a?inity matrix. For example, a tag such as 
c-myc, hemagglutinin, polyhistidine, or PlagTM (Kodak) can 
be used to aid polypeptide puri?cation. Such tags can be 
inserted anyWhere Within the polypeptide, including at either 
the carboxyl or amino terminus. Other fusions that can be 
useful include enZymes that aid in the detection of the 
polypeptide, such as alkaline phosphatase. Immunoa?inity 
chromatography also can be used to purify polypeptides. 
[0134] B. Methods for Producing Isolated Nucleic Acid 
Molecules 

[0135] Isolated nucleic acid molecules can be produced by 
standard techniques, including, Without limitation, common 
molecular cloning and chemical nucleic acid synthesis tech 
niques. For example, polymerase chain reaction (PCR) tech 
niques can be used to obtain an isolated nucleic acid encoding 
a variant costimulatory polypeptide. PCR is a technique in 
Which target nucleic acids are enZymatically ampli?ed. Typi 
cally, sequence information from the ends of the region of 
interest or beyond can be employed to design oligonucleotide 
primers that are identical in sequence to opposite strands of 
the template to be ampli?ed. PCR can be used to amplify 
speci?c sequences from DNA as Well as RNA, including 
sequences from total genomic DNA or total cellular RNA. 
Primers typically are 14 to 40 nucleotides in length, but can 
range from 10 nucleotides to hundreds of nucleotides in 
length. General PCR techniques are described, for example in 
PCR Primer: A Laboratory Manual, ed. by Dieffenbach and 
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Dveksler, Cold Spring Harbor Laboratory Press, 1995. When 
using RNA as a source of template, reverse transcriptase can 
be used to synthesiZe a complementary DNA (cDNA) strand. 
Ligase chain reaction, strand displacement ampli?cation, 
self-sustained sequence replication or nucleic acid sequence 
based ampli?cation also canbe used to obtain isolated nucleic 
acids. See, for example, LeWis (1992) Genetic Engineering 
News 12: 1; Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 
87: 1874-1878; and Weiss (1991) Science 254:1292-1293. 
[0136] Isolated nucleic acids can be chemically synthe 
siZed, either as a single nucleic acid molecule or as a series of 
oligonucleotides (e.g., using phosphoramidite technology for 
automated DNA synthesis in the 3' to 5' direction). For 
example, one or more pairs of long oligonucleotides (e.g., 
>10 nucleotides) can be synthesiZed that contain the desired 
sequence, With each pair containing a short segment of 
complementarity (e.g., about 15 nucleotides) such that a 
duplex is formed When the oligonucleotide pair is annealed. 
DNA polymerase can be used to extend the oligonucleotides, 
resulting in a single, double-stranded nucleic acid molecule 
per oligonucleotide pair, Which then can be ligated into a 
vector. Isolated nucleic acids can also obtained by mutagen 
esis. Nucleic acids can be mutated using standard techniques, 
including oligonucleotide-directed mutagenesis and/or site 
directed mutagenesis through PCR. See, Short Protocols in 
Molecular Biology. Chapter 8, Green Publishing Associates 
and John Wiley & Sons, edited by Ausubel et al, 1992. 
Examples of amino acid positions that can be modi?ed 
include those described herein. 
[0137] C. Methods for Producing Antibodies 
[0138] The basic antibody structural unit is knoWn to com 
prise a tetramer of subunits. Each tetramer is composed of tWo 
identical pairs of polypeptide chains, each pair having one 
“light” (about 25 kDa) and one “heavy” chain (about 50-70 
kDa). The amino-terminal portion of each chain includes a 
variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The carboxy 
terrninal portion of each chain de?nes a constant region pri 
marily responsible for effector function. 
[0139] Light chains are classi?ed as either kappa or 
lambda. Heavy chains are classi?ed as gamma, mu, alpha, 
delta; or epsilon, and de?ne the antibody’s isotype as IgG, 
IgM, IgA, IgD and IgE, respectively. Within light and heavy 
chains, the variable and constant regions are joined by a “I” 
region of about 12 or more amino acids, With the heavy chain 
also including a “D” region of about 10 more amino acids. 
(See generally, Fundamental Immunology, Paul, W., ed., 2nd 
ed. Raven Press, N.Y., 1989, Ch. 7). 
[0140] The variable regions of each light/heavy chain pair 
form the antibody binding site. Thus, an intact antibody has 
tWo binding sites. Except in bifunctional or bispeci?c anti 
bodies, the tWo binding sites are the same. The chains all 
exhibit the same general structure of relatively conserved 
frameWork regions (PR) joined by three hypervariable 
regions, also called complementarity determining regions or 
CDRs. The CDRs from the tWo chains of eachpair are aligned 
by the frameWork regions, enabling binding to a speci?c 
epitope. Prom N-terminal to C-terminal, both light and heavy 
chains comprise the domains PR1, CDR1, PR2, CDR2, PR3, 
CDR3 and PR4. 
[0141] 1. Production of Polyclonal Antibodies 
[0142] Polyclonal antibodies are obtained as sera from 
immuniZed animals such as rabbits, goats, rodents, etc. and 
may be used directly Without further treatment or may be 
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subjected to conventional enrichment or puri?cation methods 
such as ammonium sulfate precipitation, ion exchange chro 
matography, and a?inity chromatography. 
[0143] 2. Production of Monoclonal Antibodies 
[0144] Monoclonal antibodies may be produced using con 
ventional hybridoma technology, such as the procedures 
introduced by Kohler and Milstein (Nature, 256:495-97 
(1975)), and modi?cations thereof (see above references). An 
animal, preferably a mouse is primed by immunization with 
an immunogen as above to elicit the desired antibody 
response in the primed animal. B lymphocytes from the 
lymph nodes, spleens or peripheral blood of a primed, animal 
are fused with myeloma cells, generally in the presence of a 
fusion promoting agent such as polyethylene glycol (PEG). 
Any of a number of murine myeloma cell lines are available 
for such use: the P3-NS1/1-Ag4-1, P3-x63-k0Ag8.653, Sp2/ 
0-Ag14, or HL1-653 myeloma lines (available from the 
ATCC, Rockville, Md.). Subsequent steps include growth in 
selective medium so that unfused parental myeloma cells and 
donor lymphocyte cells eventually die while only the hybri 
doma cells survive. These are cloned and grown and their 
supematants screened for the presence of antibody of the 
desired speci?city, eg by immunoassay techniques. Positive 
clones are subcloned, e.g., by limiting dilution, and the mono 
clonal antibodies are isolated. 

[0145] Hybridomas produced according to these methods 
can be propagated in vitro or in vivo (in ascites ?uid) using 
techniques known in the art (see generally Fink et al., Prog. 
Clin. Pathol., 9: 121-33 (1984)). Generally, the individual cell 
line is propagated in culture and the culture medium contain 
ing high concentrations of a single monoclonal antibody can 
be harvested by decantation, ?ltration, or centrifugation. 
[0146] a. Production of Chimeric and Humanized Mono 
clonal Antibodies 
[0147] Chimeric and humanized antibodies have the same 
or similar binding speci?city and af?nity as a mouse or other 
nonhuman antibody that provides the starting material for 
construction of a chimeric or humanized antibody. Chimeric 
antibodies are antibodies whose light and heavy chain genes 
have been constructed, typically by genetic engineering, from 
immunoglobulin gene segments belonging to different spe 
cies. For example, the variable (V) segments of the genes 
from a mouse monoclonal antibody may be joined to human 
constant (C) segments, such as IgG1 and IgG4. Human iso 
type IgG1 is preferred. In some methods, the isotype of the 
antibody is human IgG1. IgM antibodies can also be used in 
some methods. A typical chimeric antibody is thus a hybrid 
protein consisting of the V or antigen-binding domain from a 
mouse antibody and the C or effector domain from a human 
antibody. 
[0148] Humanized antibodies have variable region frame 
work residues substantially from a human antibody (termed 
an acceptor antibody) and complementarity determining 
regions substantially from a mouse-antibody, (referred to as 
the donor immunoglobulin). See, Queen et al., Proc. Natl. 
Acad. Sci. USA 86: 10029-10033 (1989), WO 90/07861, US. 
Pat. No. 5,693,762, US. Pat. No. 5,693,761, US. Pat. No. 
5,585,089, US. Pat. No. 5,530,101, and Winter, US. Pat. No. 
5,225,539). The constant region(s), if present, are also sub 
stantially or entirely from a human immunoglobulin. The 
human variable domains are usually chosen from human 
antibodies whose framework sequences exhibit a high degree 
of sequence identity with the murine variable region domains 
from which the CDRs were derived. The heavy and light 
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chain variable region framework residues can be derived from 
the same or different human antibody sequences. The human 
antibody sequences can be the sequences of naturally occur 
ring human antibodies or can be consensus sequences of 
several human antibodies. Certain amino acids from the 
human variable region framework residues are selected for 
substitution based on their possible in?uence on CDR con 
formation and/or binding to antigen. Investigation of such 
possible in?uences is by modeling, examination of the char 
acteristics of the amino acids at particular locations, or 
empirical observation of the effects of substitution or 
mutagenesis of particular amino acids. 
[0149] For example, when an amino acid differs between a 
murine variable region framework residue and a selected 
human variable region framework residue, the human frame 
work amino acid should usually be substituted by the equiva 
lent framework amino acid from the mouse antibody when it 
is reasonably expected that the amino acid: 
[0150] (1) noncovalently binds antigen directly, 
[0151] (2) is adjacent to a CDR region, 
[0152] (3) otherwise interacts with a CDR region (e.g. is 
within about 6 A of a CDR region), or 
[0153] (4) participates in the VL-VH interface. 
[0154] Other candidates for substitution are acceptor 
human framework amino acids that are unusual for a human 
immunoglobulin at that position. These amino acids can be 
substituted with amino acids from the equivalent position of 
the mouse donor antibody or from the equivalent positions of 
more typical human immunoglobulins. Other candidates for 
substitution are acceptor human framework amino acids that 
are unusual for a human immunoglobulin at that position. The 
variable region frameworks of humanized immunoglobulins 
usually show at least 85% sequence identity to a human 
variable region framework sequence or consensus of such 
sequences. 
[0155] b. Production of Human Monoclonal Antibodies 
[0156] Human antibodies against B7-H4 or B7-H4 receptor 
are provided by a variety of techniques described below. 
Some human antibodies are selected by competitive binding 
experiments, or otherwise, to have the same epitope speci?c 
ity as a particular mouse antibody. Human antibodies prefer 
ably have isotype speci?city human IgG1. 
[0157] One method for producing human monoclonal anti 
bodies is the trioma methodology. The basic approach and an 
exemplary cell fusion partner, SPAZ-4, for use in this 
approach have been described by Oestberg et al., Hybridoma 
2:361-367 (1983); Oestberg, US. Pat. No. 4,634,664; and 
Engleman et al., US. Pat. No. 4,634,666). The antibody 
producing cell lines obtained by this method are called trio 
mas, because they are descended from three cells-two human 
and one mouse. Initially, a mouse myeloma line is fused with 
a human B-lymphocyte to obtain a non-antibody-producing 
xenogeneic hybrid cell, such as the SPAZ-4 cell line. The 
xenogeneic cell is then fused with an immunized human 
B-lymphocyte to obtain an antibody-producing trioma cell 
line. Triomas have been found to produce antibody more 
stably than ordinary hybridomas made from human cells. 
[0158] The immunized B-lymphocytes are obtained from 
the blood, spleen, lymph nodes or bone marrow of a human 
donor. If antibodies against a speci?c antigen or epitope are 
desired, it is preferable to use that antigen or epitope thereof 
for immunization. Immunization can be either in vivo or in 
vitro. For in vivo immunization, B cells are typically isolated 
from a human immunized with B7-H4 or B7-H4 receptor. In 
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some methods, B cells are isolated from the same patient Who 
is ultimately to be administered antibody therapy. For in vitro 
immunization, B-lymphocytes are typically exposed to anti 
gen for a period of 7-14 days in a media such as RPMI-1640 
supplemented With 10% human plasma. 
[0159] The immuniZed B-lymphocytes are fused to a xeno 
geneic hybrid cell such as SPAZ-4 by Well knoWn methods. 
For example, the cells are treated With 40-50% polyethylene 
glycol ofMW 1000-4000, at about 370 C., for about 5-10 min. 
Cells are separated from the fusion mixture and propagated in 
media selective for the desired hybrids (e.g., HAT or AH). 
Clones secreting antibodies having the required binding 
speci?city are identi?ed by assaying the trioma culture 
medium for the ability to bind to B7-H4 or B7-H4 receptor. 
Triomas producing human antibodies having the desired 
speci?city are subcloned by the limiting dilution technique 
and groWn in vitro in culture medium. The trioma cell lines 
obtained are then tested for the ability to bind B7-H4 or 
B7-H4 receptor. 
[0160] Although triomas are genetically stable they do not 
produce antibodies at very high levels. Expression levels can 
be increased by cloning antibody genes from the trioma into 
one or more expression vectors, and transforming the vector 
into standard mammalian, bacterial or yeast cell lines. 
[0161] Human antibodies against B7-H4 or B7-H4 receptor 
can also be produced from non-human transgenic mammals 
having transgenes encoding at least a segment of the human 
immunoglobulin locus. Usually, the endogenous immunoglo 
bulin locus of such transgenic mammals is functionally inac 
tivated. Preferably, the segment of the human immunoglobu 
lin locus includes unrearranged sequences of heavy and light 
chain components. Both inactivation of endogenous immu 
noglobulin genes and introduction of exogenous immunoglo 
bulin genes can be achieved by targeted homologous recom 
bination, or by introduction of YAC chromosomes. The 
transgenic mammals resulting from this process are capable 
of functionally rearranging the immunoglobulin component 
sequences, and expressing a repertoire of antibodies of vari 
ous isotypes encoded by human immunoglobulin genes, 
Without expressing endogenous immunoglobulin genes. The 
production and properties of mammals having these proper 
ties are described in detail by, e.g., Lonberg et al., WO93/ 
1222, Us. Pat. No. 5,877,397, U.S. Pat. No. 5,874,299, U.S. 
Pat. No. 5,814,318, U.S. Pat. No. 5,789,650, U.S. Pat. No. 
5,770,429, US. Pat. No. 5,661,016, U.S. Pat. No. 5,633,425, 
U.S. Pat. No. 5,625,126, U.S. Pat. No. 5,569,825, U.S. Pat. 
No. 5,545,806, Nature 148, 1547-1553 (1994), Nature Bio 
technology 14, 826 (1996), Kucherlapati, WO 91/10741. 
[0162] Transgenic mice are particularly suitable. Anti-B7 
H4 and anti-B7-H4 receptor antibodies are obtained by 
immunizing a transgenic nonhuman mammal With polypep 
tides corresponding to full length B7-H4 or B7-H4 receptor 
polypeptides or immunogenic fragments thereof. Mono 
clonal antibodies are prepared by, e.g., fusing B-cells from 
such mammals to suitable myeloma cell lines using conven 
tional Kohler-Milstein technology. Human polyclonal anti 
bodies can also be provided in the form of serum from 
humans immuniZed With an immunogenic agent. Optionally, 
such polyclonal antibodies can be concentrated by a?inity 
puri?cation using B7-H4 or B7-H4 receptor polypeptides or 
fragments thereof as an af?nity reagent. 
[0163] A further approach for obtaining human anti-B7-H4 
and anti-B7-H4 receptor antibodies is to screen a DNA library 
from human B cells according to the general protocol out 
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lined by Huse et al., Science 246:1275-1281 (1989). As 
described for trioma methodology, such B cells can be 
obtained from a human immuniZed With full length B7-H4 or 
B7-H4 receptor polypeptides or immunogenic fragments 
thereof. Optionally, such B cells are obtained from a patient 
Who is ultimately to receive antibody treatment. Antibodies 
binding to B7-H4, B7-H4 receptor, or fragments thereof are 
selected. Sequences encoding such antibodies (or binding 
fragments) are then cloned and ampli?ed. The protocol 
described by Huse is rendered more e?icient in combination 
With phage-display technology. See, e.g., WO 91/17271 by 
DoWer et al., WO 92/01047 by McCafferty et al., U.S. Pat. 
No. 5,877,218, U.S. Pat. No. 5,871,907, US Pat. No. 5,858, 
657, U.S. Pat. No. 5,837,242, U.S. Pat. No. 5,733,743 and 
Us. Pat. No. 5,565,332). In these methods, libraries ofphage 
are produced in Which members display different antibodies 
on their outer surfaces.Antibodies are usually displayed as Fv 
or Fab fragments. Phage displaying antibodies With a desired 
speci?city are selected by a?inity enrichment to a B7-H4 or 
B7-H4 receptor polypeptide or fragment thereof. 
[0164] In a variation of the phage-display method, human 
antibodies having the binding speci?city of a selected murine 
antibody can be produced (W0 92/ 20791 by Winter). In this 
method, either the heavy or light chain variable region of the 
selected murine antibody is used as a starting material. If, for 
example, a light chain variable region is selected as the start 
ing material, a phage library is constructed in Which members 
display the same light chain variable region (i.e., the murine 
starting material) and a different heavy chain variable region. 
The heavy chain variable regions are obtained from a library 
of rearranged human heavy chain variable regions. A phage 
shoWing strong speci?c binding for otSyn (e.g., at least 108 
and preferably at least 109M_1) is selected. The human heavy 
chain variable region from this phage then serves as a starting 
material for constructing a further phage library. In this 
library, each phage displays the same heavy chain variable 
region (i.e., the region identi?ed from the ?rst display library) 
and a different light chain variable region. The light chain 
variable regions are obtained from a library of rearranged 
human variable light chain regions. Again, phage shoWing 
strong speci?c binding for B7-H4 or B7-H4 receptor are 
selected. These phage display the variable regions of com 
pletely human anti-B7-H4 or anti-B7-H4 receptor antibodies. 
These antibodies usually have the same or similar epitope 
speci?city as the murine starting material. 
[0165] The heavy and light chain variable regions of chi 
meric, humaniZed, or human antibodies can be linked to at 
least a portion of a human constant region. The choice of 
constant region depends, in part, Whether antibody-depen 
dent complement and/or cellular mediated toxicity is desired. 
For example, isotopes IgG1 and IgG3 have complement 
activity and isotypes IgG2 and IgG4 do not. Choice of isotype 
can also affect passage of antibody into the brain. Human 
isotype IgG 1 is preferred. Light chain constant regions can be 
lambda or kappa. Antibodies can be expressed as tetramers 
containing tWo light and tWo heavy chains, as separate heavy 
chains, light chains, as Fab, Fab‘ F(ab')2, and Fv, or as single 
chain antibodies in Which heavy and light chain variable 
domains are linked through a spacer. 

[0166] 3. Expression of Recombinant Antibodies 
[0167] Chimeric, humaniZed and human antibodies are 
typically produced by recombinant expression. Recombinant 
polynucleotide constructs typically include an expression 
control sequence operably linked to the coding sequences of 
















