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(57) ABSTRACT 

Novel structural forms of T cell costimulatory molecules are 
described. These structural forms comprise a novel struc 
tural domain or have a structural domain deleted or added. 
The structural forms correspond to naturally-occurring alter 
natively spliced forms of T cell costimulatory molecules or 
variants thereof Which can be produced by standard recom 
binant DNA techniques. In one embodiment, the T cell 
costimulatory molecule of the invention contains a novel 
cytoplasmic domain. In another embodiment, the T cell 
costimulatory molecule of the invention contains a novel 
signal peptide domain or has an immunoglobulin variable 
region-like domain deleted. The novel structural forms of T 
cell costimulatory molecules can be used to identify agents 
Which stimulate the expression of alternative forms of 
costimulatory molecules and to identify components of the 
signal transduction pathway Which results in costimulation 
of T cells. 
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B-7 DOMAIN-SPECIFIC ANTIBODIES 

RELATED APPLICATIONS 

[0001] This application is a divisional application of US. 
application Ser. No. 09/837,867, ?led Apr. 17, 2001, entitled 
“B7 Domain-Speci?c Antibodies (As Amended)”; Which is 
a divisional application of US. application Ser. No. 08/205, 
697 ?led on Mar. 2, 1994, issued as US. Pat. No. 6,218,510 
on Apr. 17, 2001, entitled “Novel Forms of T Cell Costimu 
latory Molecules and Uses Therefor”. The contents of all of 
the aforementioned applications are hereby incorporated by 
reference. 

GOVERNMENT FUNDING 

[0002] Work described herein Was supported under 
CA-40216 and GM46883 aWarded by the National Instiutes 
of Health. The US. government therefore may have certain 
rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] For CD4+ T lymphocyte activation to occur, tWo 
distinct signals must be delivered by antigen presenting cells 
to resting T lymphocytes (SchWartZ, R. H. (1990) Science 
248:1349-1356; Williams, I. R. and Unanue, E. R. (1991) J. 
Immunol. 147:3752-3760; Mueller, D. L. et al., (1989) J. 
Immunol. 142:2617-2628). The ?rst, or primary, activation 
signal is mediated physiologically by the interaction of the 
T cell receptor/CD3 complex (TcR/CD3) With MHC class 
II-associated antigenic peptide and gives speci?city to the 
immune response. The second signal, the costimulatory 
signal, regulates the T cell proliferative response and induc 
tion of effector functions. Costimulatory signals appear 
pivotal in determining the functional outcome of T cell 
activation since delivery of an antigen-speci?c signal to a T 
cell in the absence of a costimulatory signal results in 
functional inactivation of mature T cells, leading to a state 
of tolerance (SchWartZ, R. H. (1990) Science 24811349 
1356). 
[0004] Molecules present on the surface of antigen pre 
senting cells Which are involved in T cell costimulation have 
been identi?ed. These T cell costimulatory molecules 
include murine B7-1 (mB7-1; Freeman, G. J. et al., (1991) 
J. Exp. Med. 174:625-631), and the more recently identi?ed 
murine B7-2 (mB7-2; Freeman, G. J. et al., (1993) J. Exp. 
Med. 178:2185-2192). Human counterparts to the murine 
B7-1 and B7-2 molecules have also been described (human 
B7-1 (hB7-1) Freedman, A. S. et al., (1987) J. Immunol. 
137:3260-3267; Freeman, G. J. et al., (1989) J. Immunol. 
143:2714-2722; and human B7-2 (hB7-2); Freeman, G. J. et 
al., (1993) Science 262:909-911; AZuma, M. et al. (1993) 
Nature 366:76-79). The B7-1 and B7-2 genes are members 
of the immmunoglobulin gene superfamily. 

[0005] B7-1 and B7-2 display a restricted pattern of cel 
lular expression, Which correlates With accessory cell 
potency in providing costimulation (Reiser, H. et al. (1992; 
Proc. Natl. Acad. Sci. USA 89:271-275; RaZi-Wolf Z. et al., 
(1992) Proc. Natl. Acad. Sci. USA 89:4210-4214; Galvin, F. 
et al. (1992) J. Immunol. 149:3802-3808; Freeman, G. J. et 
al., (1993) J. Exp. Med. 178:2185-2192). For example, B7-1 
has been observed to be expressed on activated B cells, T 
cells and monocytes but not on resting B cells, T cells or 
monocytes, and its expression can be regulated by different 
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extracellular stimuli (Linsley, P. S. et al., (1990) Proc. Natl. 
Acad. Sci. USA 87:5031-5035; Linsley, P. S. et al., (1991) J. 
Exp. Med. 174:561-569; Reiser, H. et al. (1992); Proc. Natl. 
Acad. Sci. USA 89:271-275; Gimmi, C. D. et al. (1991) Proc. 
Natl. Acad. Sci. USA 88:6575-6579; Koulova, L. et al. 
(1991) J. Exp. Med. 173:759-762; AZuma, M. et al. (1993) 
J. Exp. Med. 177:845-850; Sansom, D. M. et al. (1993) Eur. 
J. Immunol. 23:295-298) 

[0006] Both B7-1 and B7-2 are counter-receptors for tWo 
ligands, CD28 and CTLA4, expressed on T lymphocytes 
(Linsley, P. S. et al., (1990) Proc. Natl. Acad. Sci. USA 
87:5031-5035; Linsley, P. S. et al., (1991) J. Exp. Med. 
174:561-569). CD28 is constitutively expressed on T cells 
and, after ligation by a costimulatory molecule, induces IL-2 
secretion and T cell proliferation (June, C. H. et al. (1990) 
Immunol. Today 11:211-216). CTLA4 is homologous to 
CD28 and appears on T cells after activation (Freeman, G. 
J. et al. (1992) J. Immunol. 149:3795-3801). Although 
CTLA4 has a signi?cantly higher affinity for B7-1 than does 
CD28, its role in T cell activation remains to be determined. 
It has been shoWn that antigen presentation to T cells in the 
absence of the B7-1/CD28 costimulatory signal results in T 
cell anergy (Gimmi, C. D. et al. (1993) Proc. Natl. Acad Sci. 
USA 90:6586-6590; Boussiotis, V. A. et al. (1993) J. Exp. 
Med. 1781753). The ability of T cell costimulatory mol 
ecules such as B7-1 and B7-2 to bind to CD28 and/or 
CTLA4 on T cells and trigger a costimulatory signal in the 
T cells provides a functional role for these molecules in T 
cell activation. 

SUMMARY OF THE INVENTION 

[0007] This invention pertains to novel forms of T cell 
costimulatory molecules. In particular, the invention per 
tains to isolated proteins encoded by T cell costimulatory 
molecule genes Which contain amino acid sequences 
encoded by novel exons of these genes. The isolated proteins 
of the invention correspond to alternative forms of T cell 
costimulatory molecules. Preferably, these alternative forms 
correspond to naturally-occurring, alternatively spliced 
forms of T cell costimulatory molecules or are variants of 
alternatively spliced forms Which are produced by recom 
binant DNA techniques. The novel forms of T cell costimu 
latory molecules of the invention contain an alternative 
structural domain (i.e., a structural domain having an amino 
acid sequence Which differs from a knoWn amino acid 
sequence) or have a structural domain deleted or added. The 
occurrence in nature of alternative structural forms of T cell 
costimulatory molecules supports additional functional roles 
for T cell costimulatory molecules. 

[0008] The invention also provides isolated nucleic acid 
molecules encoding alternative forms of proteins Which bind 
to CD28 and/or CTLA4 and isolated proteins encoded 
therein. Isolated nucleic acid molecules encoding polypep 
tides corresponding to novel structural domains of T cell 
costimulatory molecules, and isolated polypeptide encoded 
therein are also Within the scope of the invention. The novel 
structural domains of the invention are encoded by exons of 
T cell costimulatory molecule genes. In one embodiment of 
the invention, the T cell costimulatory molecule gene 
encodes B7-1. In another embodiment, the T cell costimu 
latory molecule gene encodes B7-2. 

[0009] Another aspect of the invention provides proteins 
Which bind CD28 and/or CTLA4 and contain a novel 
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cytoplasmic domain. T cell costimulatory molecule genes 
Which contain exons encoding different cytoplasmic 
domains Which are used in an alternate manner have been 
discovered. Alternative splicing of mRNA transcripts of a T 
cell costimulatory molecule gene has been found to generate 
native T cell costimulatory molecules With different cyto 
plasmic domains. The existence of alternative cytoplasmic 
domain forms of T cell costimulatory molecules supports a 
functional role for the cytoplasmic domain in transmitting an 
intracellular signal Within a cell Which expresses the 
costimulatory molecule on its surface. This indicates that 
costimulatory molecules not only trigger an intracellular 
signal in T cells, but may also deliver a signal to the cell 
Which expresses the costimulatory molecule. This is the ?rst 
evidence that the interaction betWeen a costimulatory mol 
ecule on one cell and its receptor on a T cell may involve 
bidirectional signal transduction betWeen the cells (rather 
than only unidirectional signal transduction to the T cell). 

[0010] In yet another aspect of the invention, proteins that 
bind CD28 and/or CTLA4 and contain a novel signal 
peptide domain are provided. T cell costimulatory molecule 
genes Which contain exons encoding different signal peptide 
domains Which are used in an alternate manner have been 
discovered. Alternative splicing of mRNA transcripts of the 
gene can generate native T cell costimulatory molecules 
With different signal peptide domains. The existence of 
alternative signal peptide domain forms of T cell costimu 
latory molecules also suggests a functional role for the 
signal peptide of T cell costimulatory molecules. 

[0011] An isolated nucleic acid molecule of the invention 
can be incorporated into a recombinant expression vector 
and transfected into a host cell to express a novel structural 
form of a T cell costimulatory molecule. The isolated nucleic 
acids of the invention can further be used to create trans 
genic and homologous recombinant non-human animals. 
The novel T cell costimulatory molecules provided by the 
invention can be used to trigger a costimulatory signal in a 
T lymphocyte. These molecules can further be used to raise 
antibodies against novel structural domains of costimulatory 
molecules. The novel T cell costimulatory molecules of the 
invention can also be used to identify agents Which stimulate 
the expression of alternative forms of costimulatory mol 
ecules and to identify components of the signal transduction 
pathWay induced in a cell expressing a costimulatory mol 
ecule in response to an interaction betWeen the costimula 
tory molecule and its receptor on a T lymphocyte. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a photograph of an agarose gel depicting 
the presence of mB7-1 cytoplasmic domain II-encoding 
exon 6 in mB7-1 cDNA, determined by nested Reverse 
Transcriptase Polymerase Chain Reaction (RT-PCR). 

[0013] FIG. 2 is a schematic representation depicting 
three mB7-1 transcripts (A, B and C) detected by nested 
RT-PCR. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] This invention pertains to novel structural forms of 
T cell costimulatory molecule Which contain a structural 
domain encoded by a novel exon of a T cell costimulatory 
molecule gene, or have a structural domain deleted or added. 
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Preferably, the isolated T cell costimulatory molecule cor 
responds to a naturally-occurring alternatively spliced form 
of a T cell costimulatory molecule, such as B7-1 or B7-2. 
Alternatively, the isolated protein can be a variant of a 
naturally-occurring alternatively spliced form of a T cell 
costimulatory molecule Which is produced by standard 
recombinant DNA techniques. 

[0015] Typically, a domain structure of a T cell costimu 
latory molecule of the invention includes a signal peptide 
domain, an immunoglobulin variable region-like domain 
(IgV-like), an immunoglobulin constant region-like domain 
(IgC-like), a transmembrane domain and a cytoplasmic 
domain. T cell costimulatory molecule genes are members 
of the immunoglobulin gene superfamily. The terms “immu 
nogloublin variable region-like domain” and “immunoglo 
bulin constant region-like domain” are art-recogniZed and 
refer to protein domains Which are homologous in sequence 
to an immunoglobulin variable region or an immunoglobu 
lin constant region, respectively. For a discussion of the 
immunoglobulin gene superfamily and a description of 
IgV-like and IgC-like domains see Hunkapiller, T. and 
Hood, L. (1989) Advances in Immunology 44: 1-63. Each 
structural domain of a protein is usually encoded in genomic 
DNA by at least one exon. The invention is based, at least 
in part, on the discovery of novel exons in T cell costimu 
latory molecule genes Which encode different forms of 
structural domains. Moreover, it has been discovered that 
exons encoding different forms of a structural domain of a 
T cell costimulatory molecule can be used in an alternative 
manner by alternative splicing of primary mRNA transcripts 
of a gene. Alternative splicing is an art-recogniZed term 
referring to the mechanism by Which primary mRNA tran 
scripts of a gene are processed to produce different mature 
mRNA transcripts encoding different proteins. In this 
mechanism different exonic sequences are excised from 
different primary transcripts. This results in mature mRNA 
transcripts from the same gene that contain different exonic 
sequences and thus encode proteins having different amino 
acid sequences. The terms “alternative forms” or “novel 
forms” of T cell costimulatory molecules refer to gene 
products of the same gene Which differ in nucleotide or 
amino acid sequence from previously disclosed forms of T 
cell costimulatory molecules, e.g., forms Which result from 
alternative splicing of a primary mRNA transcript of a gene 
encoding a T cell costimulatory molecule. 

[0016] Accordingly, one aspect of the invention relates to 
isolated nucleic acids encoding T cell costimulatory mol 
ecules corresponding to naturally-occurring alternatively 
spliced forms or variants thereof, and uses therefor. Another 
aspect of the invention pertains to novel structural forms of 
T cell costimulatory molecules Which are produced by 
translation of the nucleic acid molecules of the invention, 
and uses therefor. This invention further pertains to isolated 
nucleic acids encoding novel structural domains of T cell 
costimulatory molecules, isolated polypeptides encoded 
therein, and uses therefor. 

[0017] The various aspects of this invention are described 
in detail in the folloWing subsections. 

I. Isolated Nucleic Acid Molecules Encoding T Cell 
Costimulatory Molecules 

[0018] The invention provides an isolated nucleic acid 
molecule encoding a novel structural form of a T cell 
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costimulatory molecule. As used herein, the term “T cell 
costimulatory molecule” is intended to include proteins 
Which bind to CD28 and/or CTLA4. Preferred T cell 
costimulatory molecules are B7-1 and B7-2. The term 
“isolated” as used herein refers to nucleic acid substantially 
free of cellular material or culture medium When produced 
by recombinant DNA techniques, or chemical precursors or 
other chemicals When chemically synthesiZed. An “isolated” 
nucleic acid is also free of sequences Which naturally ?ank 
the nucleic acid (i.e., sequences located at the 5‘ and 3‘ ends 
of the nucleic acid) in the organism from Which the nucleic 
acid is derived. The term “nucleic acid” is intended to 
include DNA and RNA and can be either double stranded or 
single stranded. Preferably, the isolated nucleic acid mol 
ecule is a cDNA. 

[0019] A. Nucleic Acids Encoding Novel Cytoplasmic 
Domains 

[0020] One aspect of the invention pertains to isolated 
nucleic acids that encode T cell costimulatory molecules, 
each containing a novel cytoplasmic domain. It has been 
discovered that a gene encoding a costimulatory molecule 
can contain multiple exons encoding different cytoplasmic 
domains. In addition, naturally-occurring mRNA transcripts 
have been discovered Which encode different cytoplasmic 
domain forms of T cell costimulatory molecules. Thus, one 
embodiment of the invention provides an isolated nucleic 
acid encoding a protein Which binds CD28 or CTLA4 and 
comprises a contiguous nucleotide sequence derived from at 
least one T cell costimulatory molecule gene. In this embodi 
ment, the nucleotide sequence can be represented by a 
formula A-B-C-D-E, Wherein 

[0021] A comprises a nucleotide sequence of at least 
one ?rst exon encoding a signal peptide domain, 

[0022] B comprises a nucleotide sequence of at least 
one second exon of a T cell costimulatory molecule 
gene, Wherein the at least one second exon encodes 
an immunoglobulin variable region-like domain, 

[0023] C comprises a nucleotide sequence of at least 
one third exon of a T cell costimulatory molecule 
gene, Wherein the at least one third exon encodes an 

immunoglobulin constant region-like domain, 

[0024] D comprises a nucleotide sequence of at least 
one fourth exon of a T cell costimulatory molecule 
gene, Wherein the at least one fourth exon encodes a 

transmembrane domain, and 

[0025] E comprises a nucleotide sequence of at least 
one ?fth exon of a T cell costimulatory molecule 
gene, Wherein the at least one ?fth exon encodes a 

cytoplasmic domain, 

[0026] With the proviso that E does not comprise a nucle 
otide sequence encoding a cytoplasmic domain selected 
from the group consisting of SEQ ID NO:28 (mB7-1), SEQ 
ID NO:30 (hB7-1), SEQ ID NO:32 (mB7-2) and SEQ ID 
NO:34 (hB7-2). 

[0027] In the formula, A, B, C, D, and E are contiguous 
nucleotide sequences linked by phosphodiester bonds in a 5‘ 
to 3‘ orientation from Ato E. According to the formula, Acan 
be a nucleotide sequence of an exon Which encodes a signal 
peptide domain of a heterologous protein Which ef?ciently 
expresses transmembrane or secreted proteins, such as the 
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oncostatin M signal peptide. Preferably, A comprises a 
nucleotide sequence of at least one exon Which encodes a 
signal peptide domain of a T cell costimulatory molecule 
gene. It is also preferred that A, B, C, D and E comprise 
nucleotide sequences of exons of the B7-1 gene, such as the 
human or murine B7-1 gene. As described in detail in 
Examples 1 and 2, naturally-occurring murine B7-1 mRNA 
transcripts Which contain a nucleotide sequence encoding 
one of at least tWo different cytoplasmic domains have been 
discovered. The alternative cytoplasmic domains are 
encoded in genomic DNA by different exons and the dif 
ferent mB7-1 mRNA transcripts are produced by alternative 
splicing of the mRNA transcripts. The genomic structure of 
mB7-1 has been reported to contain only a single exon 
encoding cytoplasmic domain (Selvakumar, A. et al. (1993) 
Immunogenetics 38:292-295). The nucleotide sequence for 
the mB7-1 cDNA expressed in B cells has been reported to 
correspond to usage of ?ve exons, 1-2-3-4-5 (see Freeman, 
G. J. et al., (1991) J. Exp. Med. 174:625-631; the nucleotide 
sequence of Which is shoWn in SEQ ID NO: 16), including 
a single exon encoding cytoplasmic domain. As described 
herein, the nucleotide sequence of a sixth exon for the 
mB7-1 gene Which encodes a cytoplasmic domain having a 
different amino acid sequence than the cytoplasmic domain 
encoded by exon 5 has been discovered. The nucleotide 
sequence encoding the ?rst cytoplasmic domain of mB7-1 
(i.e., exon 5) is shoWn in SEQ ID NO: 25 and the amino acid 
sequence of this cytoplasmic domain (referred to herein as 
Cyt I) is shoWn in SEQ ID NO: 26. A nucleotide sequence 
encoding a second, alternative cytoplasmic domain for 
mB7-1 (i.e., exon 6) is shoWn in SEQ ID NO: 4. This 
alternative cytoplasmic domain encoded by exon 6 (also 
referred to herein as Cyt II) has an amino acid sequence 
shoWn in SEQ ID NO: 5. 

[0028] The Cyt II domain of mB7-1 has several charac 
teristic properties. Of interest is the preferential expression 
of mRNA containing the exon encoding Cyt II (i.e., exon 6) 
in thymus. In contrast, mRNA containing exon 6 of mB7-1 
is not detectable in spleen. Accordingly, this invention 
encompasses alternative cytoplasmic domain forms of T cell 
costimulatory molecules Which are expressed preferentially 
in thymus. As de?ned herein, the term “expressed prefer 
entially in the thymus” is intended to mean that the mRNA 
is detectable by standard methods in greater abundence in 
the thymus than in other tissues Which express the T cell 
costimulatory molecule, particularly the spleen. The Cyt II 
domain of mB7-1 has also been found to contain several 
consensus phosphorylation sites and, thus, alternative cyto 
plasmic domain forms of T cell costimulatory molecules 
Which contain at least one consensus phosphorylation site 
are also Within the scope of this invention. As used herein, 
the term “consensus phosphorylation site” describes an 
amino acid sequence motif Which is recogniZed by and 
phosphorylated by a protein kinase, for example protein 
kinase C, casein kinase II etc. It has also been discovered 
that exon 6 is encoded in genomic DNA approximately 7.5 
kilobases doWnstream of exon 5. This invention therefore 
includes alternative cytoplasmic domain forms of T cell 
costimulatory molecules Which are located in genomic DNA 
less than approximately 10 kb doWnstream (i.e., 3‘ ) of an 
exon encoding a ?rst cytoplasmic domain of the T cell 
costimulatory molecule. Additionally, a second, alternative 
cytoplasmic domain of another T cell costimulatory mol 
ecule is likely to be homologous to the Cyt II domain of 
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mB7-1. For example, the ?rst cytoplasmic domains of 
mB7-1, hB7-1, mB7-2 and hB7-2 display between 4% and 
26% amino acid identity (see Freeman, G. J. et al. (1993) J. 
Exp. Med. 178:2185-2192). Accordingly, in one embodi 
ment, an alternative cytoplasmic domain of a T cell costimu 
latory molecule has an amino acid sequence that is at least 
about 5% to 25% identical in sequence With the amino acid 
sequence of mB7-1 Cyt II (shoWn in SEQ ID NO: 5). 

[0029] Another embodiment of the invention provides an 
isolated nucleic acid encoding a protein Which binds CD28 
or CTLA4 and is encoded by a T cell costimulatory mol 
ecule gene having at least one ?rst eXon encoding a ?rst 
cytoplasmic domain and at least one second eXon encoding 
a second cytoplasmic domain. The at least one ?rst eXon 
comprises a nucleotide sequence selected from the group 
consisting of a nucleotide sequence of SEQ ID NO:25 
(mB7-1), SEQ ID NO:27 (hB7-1), SEQ ID NO:29 (mB7-2) 
and SEQ ID NO:31 (hB7-2). In this embodiment, the 
isolated nucleic acid includes a nucleotide sequence encod 
ing at least one second cytoplasmic domain. Preferably, the 
isolated nucleic acid does not comprise a nucleotide 
sequence encoding a ?rst cytoplasmic domain. Preferred T 
cell costimulatory molecule genes from Which nucleotide 
sequences can be derived include B7-1 and B7-2. 

[0030] In yet another embodiment, the isolated nucleic 
acid of the invention encodes a protein Which binds CD28 or 
CTLA4 and comprises a nucleotide sequence shoWn in SEQ 
ID NO: 1. This nucleotide sequence corresponds to a natu 
rally-occurring alternatively spliced form of mB7-1 Which 
includes the nucleotide sequences of eXons 1-2-3-4-6. Alter 
natively, the isolated nucleic acid comprises a nucleotide 
sequence shoWn in SEQ ID NO: 3, Which corresponds to a 
naturally-occurring alternatively spliced form of mB7-1 
comprising the nucleotide sequences of eXons 1-2-3-4-5-6. 

[0031] B. Nucleic Acids Encoding Novel Signal Peptide 
Domains 

[0032] Other aspects of this invention pertain to isolated 
nucleic acids Which encode T cell costimulatory molecules 
containing novel signal peptide domains. It has been dis 
covered that a gene encoding a costimulatory molecule can 
contain multiple eXons encoding different signal peptide 
domains and that mRNA transcripts occur in nature Which 
encode different signal peptide domain forms of T cell 
costimulatory molecules. Thus, isolated nucleic acids Which 
encode proteins Which bind CD28 or CTLA4 and comprise 
contiguous nucleotide sequences derived from at least one T 
cell costimulatory molecule gene are Within the scope of this 
invention. The nucleotide sequence can be represented by a 
formula A-B-C-D-E, Wherein 

[0033] A comprises a nucleotide sequence of at least 
one ?rst eXon of a T cell costimulatory molecule 
gene, Wherein the at least one ?rst eXon encodes a 

signal peptide domain, 

[0034] B comprises a nucleotide sequence of at least 
one second eXon of a T cell costimulatory molecule 
gene, Wherein the at least one second eXon encodes 
an immunoglobulin variable region-like domain, 

[0035] C comprises a nucleotide sequence of at least 
one third eXon of a T cell costimulatory molecule 
gene, Wherein the at least one third eXon encodes an 

immunoglobulin constant region-like domain, 
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[0036] D, Which may or may not be present, com 
prises a nucleotide sequence of at least one fourth 
eXon of a T cell costimulatory molecule gene, 
Wherein the at least one fourth eXon encodes a 

transmembrane domain, and 

[0037] E, Which may or may not be present, com 
prises a nucleotide sequence of at least one ?fth eXon 
of a T cell costimulatory molecule gene, Wherein the 
at least one ?fth eXon encodes a cytoplasmic domain, 
With the proviso that A does not comprise a nucle 
otide sequence encoding a signal peptide domain 
selected from the group consisting of SEQ ID NO:33 
(mB7-1), SEQ ID NO:35 (hB7-1), SEQ ID NO:37 
(mB7-2), SEQ ID NO:39 (hB7-2) and SEQ ID 
NO:41 (hB7-2). 

[0038] In the formula, A, B, C, D, and E are contiguous 
nucleotide sequences linked by phosphodiester bonds in a 5‘ 
to 3‘ orientation from A to E. To produce a soluble form of 
the T cell costimlatory molecule D, Which comprises nucle 
otide sequence of a transmembrane domain and E, Which 
comprises a nucleotide sequence of a cytoplasmic domain 
may not be present in the molecule. In a preferred embodi 
ment, A, B, C, D and E comprise nucleotide sequences of 
eXons of the B7-2 gene, such as the human or murine B7-2 
gene. As described in detail in EXample 6, naturally-occur 
ring murine B7-2 mRNA transcripts Which contain a nucle 
otide sequence encoding one of at least tWo different signal 
peptide domains have been discovered. An mRNA transcript 
containing a nucleotide sequence encoding a novel signal 
peptide domain represents an alternatively spliced form of 
murine B7-2. Anaturally-occurring mB7-2 mRNA transcript 
encoding an alternative signal peptide domain preferably 
comprises the nucleotide sequence shoWn in SEQ ID NO: 
12. The amino acid sequence of the novel signal peptide 
domain encoded by this transcript is shoWn in SEQ ID NO: 
13. Accordingly, in this embodiment, the isolated nucleic 
acid encodes a protein Which binds CD28 or CTLA4 and 
preferably comprises a nucleotide sequence shoWn in SEQ 
ID NO: 12. 

[0039] In yet another embodiment of the invention, the 
isolated nucleic acid encodes a protein Which binds CD28 or 
CTLA4 and is encoded by a T cell costimulatory molecule 
gene having at least one ?rst eXon encoding a ?rst signal 
peptide domain and at least one second eXon encoding a 
second signal peptide domain. The at least one ?rst eXon 
comprises a nucleotide sequence selected from the group 
consisting of a nucleotide sequence of SEQ ID NO:33 
(mB7-1), SEQ ID NO:35 (hB7-1), SEQ ID NO:37 (mB7-2) 
and SEQ ID NO:39 (hB7-2) and SEQ ID NO:41 (hB7-2). In 
this embodiment, the isolated nucleic acid includes a nucle 
otide sequence encoding at least one second signal peptide 
domain. Preferably, the isolated nucleic acid does not com 
prise a nucleotide sequence encoding the ?rst signal peptide 
domain. Preferred T cell costimulatory molecule gene from 
Which nucleotide sequences can be derived include B7-1 and 
B7-2. 

[0040] C. Nucleic Acids Encoding Proteins With Domains 
Deleted or Added 

[0041] Another aspect of the invention pertains to isolated 
nucleic acids encoding T cell costimulatory molecules hav 
ing structural domains Which have been deleted or added. 
This aspect of the invention is based, at least in part, on the 
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discovery that alternative splicing of mRNA transcripts 
encoding T cell costimulatory molecules generates tran 
scripts in Which an exon encoding a structural domain has 
been excised or in Which at least tWo exons encoding tWo 
forms of a structural domain are linked in tandem. A 
preferred nucleic acid is one in Which an exon encoding an 
IgV-like domain has been deleted. Accordingly, in one 
embodiment, the isolated nucleic acid encodes a protein 
comprising a contiguous nucleotide sequence derived from 
at least one T cell costimulatory molecule gene, the nucle 
otide sequence represented by a formula A-B-C-D, Wherein 

[0042] A comprises a nucleotide sequence of at least 
one ?rst exon of a T cell costimulatory molecule 
gene, Wherein the at least one ?rst exon encodes a 

signal peptide domain, 

[0043] B comprises a nucleotide sequence of at least 
one second exon of a T cell costimulatory molecule 
gene, Wherein the at least one second exon encodes 
an immunoglobulin constant region-like domain, 

[0044] C comprises a nucleotide sequence of at least 
one third exon of a T cell costimulatory molecule 
gene, Wherein the at least one third exon encodes a 

transmembrane domain, and 

[0045] D comprises a nucleotide sequence of at least 
one fourth exon of a T cell costimulatory molecule 
gene, Wherein the at least one fourth exon encodes a 

cytoplasmic domain. 

[0046] In the formula, A, B, C and D are contiguous 
nucleotide sequences linked by phosphodiester bonds in a 5‘ 
to 3‘ orientation from A to D. 

[0047] Naturally-occurring mRNA transcripts encoding 
murine B7-1 have been detected in Which the exon encoding 
the IgV-like domain (i.e, exon 2) has been excised and the 
exon encoding the signal peptide domain (i.e., exon 1) is 
spliced to the exon encoding the IgC-like domain (i.e., exon 
3) (see Example 7). In one embodiment, an isolated nucleic 
acid encoding an alternatively spliced form of murine B7-1 
in Which an IgV-like domain exon has been deleted com 
prises a nucleotide sequence corresponding to usage of 
exons 1-3-4-5 (SEQ ID NO: 8). Alternatively, an alterna 
tively spliced form of murine B7-1 comprises a nucleotide 
sequence corresponding to usage of exons 1-3-4-6 (SEQ ID 
NO: 10), Which contains the second, alternative cytoplasmic 
domain of mB7-1. 

[0048] Another aspect of this invention features an iso 
lated nucleic acid encoding a T cell costimulatory molecule 
Which contains exons in addition to a knoWn or previously 
identi?ed form of the T cell costimulatory molecule. For 
example, a naturally-occurring murine B7-1 mRNA tran 
script has been identi?ed Which contains tWo cytoplasmic 
domain-encoding exons in tandem, i.e., the transcript con 
tains exons 1-2-3-4-5-6 (the nucleotide sequence of Which is 
shoWn in SEQ ID NO: 3). Since there is an in-frame 
termination codon Within exon 5, translation of this tran 
script produces a protein Which contains only the Cyt I 
cytoplasmic domain. HoWever, if desired, this termination 
codon can be mutated by standard site-directed mutagenesis 
techniques to create a nucleotide sequence Which encodes an 
mB7-1 protein containing both a Cyt I and a Cyt II domain 
in tandem. 
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[0049] An isolated nucleic acid having a nucleotide 
sequence disclosed herein can be obtained by standard 
molecular biology techniques. For example, oligonucleotide 
primers suitable for use in the polymerase chain reaction 
(PCR) can be prepared based upon the nucleotide sequences 
disclosed herein and the nucleic acid molecule can be 
ampli?ed from cDNA and isolated. At least one oligonucle 
otide primer should be complimentary to a nucleotide 
sequence encoding an alternative structural domain. It is 
even more preferable that at least one oligonucleotide primer 
span a novel exon junction created by alternative splicing. 
For example, an oligonucleotide primer Which spans the 
junction of exon 4 and exon 6 can be used to preferentially 
amplify a murine B7-1 cDNA that contains the second, 
alternative cytoplasmic domain (e.g., a cDNA Which con 
tains exons 1-2-3-4-6; SEQ ID NO: 1). Alternatively, an 
oligonucleotide primer complimentary to a nucleotide 
sequence encoding a novel alternative structural domain can 
be used to screen a cDNA library to isolate a nucleic acid of 
the invention. 

[0050] Isolated nucleic acid molecules having nucleotide 
sequences other than those speci?cally disclosed herein are 
also encompassed by the invention. For example, novel 
structural forms of B7-1 from species other than mouse are 
Within the scope of the invention (e.g., alternatively spliced 
forms of human B7-1). Likewise, novel structural forms of 
B7-2 from species other than mouse are also Within the 
scope of the invention (e.g., alternatively spliced forms of 
human B7-2). Furthermore, additional alternatively spliced 
forms for murine B7-1 and murine B7-2 can be identi?ed 
using techniques described herein. These alternatively 
spliced forms of murine B7-1 and B7-2 are Within the scope 
of the invention. Isolated nucleic acid molecules encoding 
novel structural forms of T cell costimulatory molecules can 
be obtained by conventional techniques, such as by methods 
described beloW and in the Examples. 

[0051] An isolated nucleic acid encoding a novel struc 
tural form of a T cell costimulatory molecule can be 
obtained by isolating and analyZing cDNA clones encoding 
the T cell costimulatory molecule (e.g., mB7-1; hB7-1; 
mB7-2; hB7-2 etc.) by standard techniques (see for example 
Sambrook et al. Molecular Cloning: A Laboratory Manual, 
2nd Edition, Cold Spring Harbor Laboratory press (1989) or 
other laboratory handbook). For example, cDNAs encoding 
the costimulatory molecule can be ampli?ed by reverse 
transcriptase-polymerase chain reaction (RT-PCR) using oli 
gonucleotide primers speci?c for the costimulatory mol 
ecule gene. The ampli?ed cDNAs can then be subcloned 
into a plasmid vector and sequenced by standard methods. 
Oligonucleotide primers for RT-PCR can be designed based 
upon previously disclosed nucleotide sequences of costimu 
latory molecules (see Freeman, G. J. et al., (1991) J. Exp. 
Med. 174:625-631 for mB7-1; Freeman, G. J. et al., (1989) 
J. Immunol. 143:2714-2722 for hB7-1; Freeman, G. J. et al., 
(1993) J. Exp. Med. 178:2185-2192 for mB7-2; and Free 
man, G. J. et al., (1993) Science 262:909-911 for hB7-2; 
nucleotide sequences are shoWn in SEQ ID NOS: 16, 18, 20, 
22 and 24). For analyZing the 5‘ or 3‘ ends of mRNA 
transcripts, cDNA can be prepared using a 5‘ or 3‘“RACE” 
procedure (“rapid ampli?cation of cDNA ends) as described 
in the Examples. Alternative to amplifying speci?c cDNAs, 
a cDNA library can be prepared from a cell line Which 
expresses the costimulatory molecule and screened With a 
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probe containing all or a portion of the nucleotide sequence 
encoding the costimulatory molecule. 

[0052] Individual isolated cDNA clones encoding a T cell 
costimulatory molecule can then be sequenced by standard 
techiques, such as dideoxy sequencing or Maxam-Gilbert 
sequencing, to identify a cDNA clone encoding a T cell 
costimulatory molecule having a novel structural domain. A 
novel structural domain can be identi?ed by comparing the 
sequence of the cDNA clone to the previously disclosed 
nucleotide sequences encoding T cell costimulatory mol 
ecules (e.g., sequences shoWn in SEQ ID NO: 16, 18, 20, 22 
and 24). Once a putative alternative structural domain has 
been identi?ed, the nucleotide sequence encoding the 
domain can be mapped in genomic DNA to determine 
Whether the domain is encoded by a novel exon. This type 
of approach provides the most extensive information about 
alternatively spliced forms of mRNAs encoding the 
costimulatory molecule. 

[0053] Alternatively, a novel structural domain for T cell 
costimulatory molecules can be identi?ed in genomic DNA 
by identifying a novel exon in the gene encoding the T cell 
costimulatory molecule. Anovel exon can be identi?ed as an 
open reading frame ?anked by splice acceptor and splice 
donor sequences. Genomic clones encoding a T cell 
costimulatory molecule can be isolated by screening a 
genomic DNA library With a probe encompassing all or a 
portion of a nucleotide sequence encoding the costimulatory 
molecule (e.g., having all or a portion of a nucleotide 
sequence shoWn in SEQ ID NO: 16, 18, 20, 22 and 24). For 
costimulatory molecules Whose genes have been mapped to 
a particular chromosome, a chromosome-speci?c library 
rather than a total genomic DNA library can be used. For 
example, hB7-1 has been mapped to human chromosome 3 
(see Freeman, G. J. et al. (1992) Blood 791489-494; and 
Selvakumar, A. et al. (1992) Immunogenetics 36:175-181. 
Genomic clones can be sequenced by conventional tech 
niques and novel exons identi?ed. Aprobe corresponding to 
a novel exon can then be used to detect the nucleotide 
sequence of this exon in mRNA transcripts encoding the 
costimulatory molecule (e.g., by screening a cDNA library 
or by PCR). 

[0054] A more preferred approach for identifying and 
isolating nucleic acid encoding a novel structural domain of 
a T cell costimulatory molecule is by “exon trapping”. Exon 
trapping is a technique that has been used successfully to 
identify and isolate novel exons (see eg Duyk, G. M. et al. 
(1990) Proc. Natl. Acad Sci. USA 87:8995-8999; Auch, D. 
and Reth, M. (1990) Nucleic Acids Res. 18:6743-6744; 
Hamaguchi, M. et al. (1992) Proc. Natl. Acad. Sci. USA 
89:9779-9783; and KriZman, D. B and Berget, S. M. (1993) 
Nucleic Acids Res. 21:5198-5202). The approach of exon 
trapping can be applied to the isolation of exons encoding 
novel structural domains of T cell costimulatory molecules, 
such as a novel alternative cytoplasmic domain of human 
B7-1, as described in Example 5. 

[0055] In addition to the isolated nucleic acids encoding 
naturally-occurring alternatively spliced forms of T cell 
costimulatory molecules provided by the invention, it Will 
be appreciated by those skilled in the art that nucleic acids 
encoding variant alternative forms, Which may or may not 
occur naturally, can be obtained used standard recombinant 
DNA techniques. The term “variant alternative forms” is 
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intended to include novel combinations of exon sequences 
Which can be created using recombinant DNA techniques. 
That is, novel exons encoding structural domains of T cell 
costimulatory molecules, either provided by the invention or 
identi?ed according to the teachings of the invention, can be 
“spliced”, using standard recombinant DNA techniques, to 
other exons encoding other structural domains of the 
costimulatory molecule, regardless of Whether the particular 
combination of exons has been observed in nature. Thus, 
novel combinations of exons can be linked in vitro to create 
variant alternative forms of T cell costimulatory molecules. 
For example, the structural form of murine B7-1 Which has 
the signal peptide domain directly joined to the IgC-like 
domain (ie., Which has the IgV-like domain deleted) has 
been observed in nature in combination With the cytoplasmic 
domain encoded by exon 5. HoWever, using conventional 
techniques, an alternative structural form can be created in 
Which the IgV-like domain is deleted and the alternative 
cytoplasmic domain is encoded by exon 6. In another 
example, a murine B7-1 cDNA containing exons 1-2-3-4 
5-6 can be mutated by site-directed mutagenesis to change 
a stop codon in exon 5 to an amino acid encoding-codon 
such that an mB7-1 protein can be produced Which contains 
both a Cyt I domain and a Cyt II domain in tandem. 
Additionally, an exon encoding a structural domain of one 
costimulatory molecule can be transferred to another 
costimulatory molecule by standard techniques. For 
example, the cytoplasmic domain of mB7-2 can be replaced 
With the novel cytoplasmic domain of mB7-1 provided by 
the invention (i.e., exon 6 of mB7-1 can be “sWapped” for 
the cytoplasmic domain exon of mB7-2). 

[0056] It Will also be appreciated by those skilled in the art 
that changes can be made in the nucleotide sequences 
provided by the invention Without changing the encoded 
protein due to the degeneracy of the genetic code. Addition 
ally, nucleic acids Which have a nucleotide sequence differ 
ent from those disclosed herein due to degeneracy of the 
genetic code may be isolated from biological sources. Such 
nucleic acids encode functionally equivalent proteins (e.g., 
a protein having T cell costimulatory activity) to those 
described herein. For example, a number of amino acids are 
designated by more than one triplet codon. Codons that 
specify the same amino acid, or synonyms (for example, 
CAU and CAC are synonyms for histidine) may occur in 
isolated nucleic acids from different biological sources or 
can be introduced into an isolated nucleic acid by standard 
recombinant DNA techniques Without changing the protein 
encoded by the nucleic acid. Isolated nucleic acids encoding 
alternatively spliced forms of T cell costimulatory molecules 
having a nucleotide sequence Which differs from those 
provided herein due to degeneracy of the genetic code are 
considered to be Within the scope of the invention. 

II. Additional Isolated Nucleic Acid Molecules of 
the Invention 

[0057] In addition to isolated nucleic acids encoding alter 
native forms of T cell costimulatory molecules, the inven 
tion also discloses previously undescribed nucleotide 
sequences of the murine B7-1 gene and mRNA transcripts. 
As described in detail in Example 3, it has noW been 
discovered that murine B7-1 mRNA transcripts contain 
additional 5‘ untranslated (UT) sequences Which Were not 
previously reported. A 5‘ UT region of approximately 250 
base pairs has been reported for mB7-1 mRNA transcripts, 
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determined by primer extension analysis (see Selvakumar et 
al. (1993) Immunogenetics 381292-295). As described 
herein, an additional 1500 nucleotides of 5‘ UT sequences 
have been discovered in mB7-1. These 5‘ UT sequences are 
contiguous With knoWn exon 1 sequences, thereby extending 
the siZe of exon 1 by approximately 1500 base pairs. Thus 
the novel 5‘ UT sequence of the invention corresponds to the 
5‘ region of mB7-1 exon 1 (i.e., exon 1 extends an additional 
~1500 nucleotides at its 5‘ end than previously reported) 
rather than corresponding to a neW exon upstream of exon 
1. Computer analysis of the potential secondary structure of 
the 5‘ UT region reveals that the most stable structure is 
comprised of multiply folded palindromic sequences. This 
high degree of secondary structure may explain the results of 
Selvakumar et al. ((1993) Immunogenetics 38:292-295) in 
that the secondary structure could account for premature 
termination of the primer extension reaction. The potential 
for excessive secondary structure in the 5‘ UT region sug 
gests that post-transcriptional mechanisms are involved in 
controlling mB7-1 expression. Thus, inclusion of the long 5‘ 
UT sequence in recombinant expression vectors encoding 
mB7-1 may provide post-transcriptional regulation that is 
similar to that of the endogenous gene. Accordingly, the 5‘ 
UT region of mB7-1 provided by the invention can be 
incorporated by standard recombinant DNA techniques at 
the 5‘ end of a cDNA encoding a mB7-1 protein. The 
nucleotide sequence of the 5‘ UT region of mB7-1 (i.e, the 
full nucleotide sequence of exon 1) is shoWn in SEQ ID NO: 
6. 

[0058] The discovery of additional 5‘ UT sequences in 
mB7-1 cDNA demonstrates that transcription of the mB7-1 
gene initiates further upstream (i.e., 5‘ ) in genomic DNA 
than previously reported in Selvakumar et al. (Immunoge 
netics (1993) 38:292-295). Transcription of a gene is typi 
cally regulated by sequences in genomic DNA located 
immediately upstream of sequences corresponding to the 5‘ 
UT region of the transcribed mRNA. Nucleotides located 
Within approximately 200 base pairs of the start site of 
transcription are generally considered to encompass the 
promoter of the gene and often include canonical CCAAT or 
TATA elements indicative of a typical eukaryotic promoter. 
For a gene having a promoter Which contains a TATA box, 
transcription usually starts approximately 30 base pairs 
doWnstream of the TATA box. In addition to CCAAT and 
TATA-containing promoters, it is noW appreciated that many 
genes have promoters Which do not contain these elements. 
Examples of such genes include many members of the 
immunoglobulin gene superfamily (see for example Breath 
nach, R. and Chambon, P. (1981) Ann. Rev. Biochem. 
50:349-383; Fisher, R. C. and Thorley-LaWson, D. A. (1991) 
Mol. Cell. Biol. 11:1614-1623; Hogarth, P. M. et al. (1991) 
J. Immunol. 146:369-376; Schanberg, L. E. (1991) Proc. 
Natl. Acad Sci. USA 881603-607; Zhou, L. J. et al. (1991) J. 
Immunol. 147:1424-1432). In such TATA-less promoters, 
transcriptional regulation is thought to be provided by other 
DNA elements Which bind transcription factors. Sequence 
analysis of ~180 base pairs of mB7-1 genomic DNA imme 
diately upstream of the neWly identi?ed 5‘ UT region 
revealed the presence of numerous consensus sites for 
transcription factor binding, including AP-2, PU.1 and 
NFKB. The nucleotide sequence of this region is shoWn in 
SEQ ID NO: 7. The structure of this region (i.e, the DNA 
elements contained therein) is consistent With it functioning 
as a promoter for transcription of the mB7-1 gene. The 
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ability of this region of DNA to function as a promoter can 
be determined by standard techniques routinely used in the 
art to identify transcriptional regulatory elements. For 
example, this DNA region can be cloned upstream of a 
reporter gene (e.g., encoding chloramphenicol acetyl trans 
ferase, [3-galactosidase, luciferase etc.) in a recombinant 
vector, the recombinant vector transfected into an appropri 
ate cell line and expression of the reporter gene detected as 
an indication that the DNA region can function as a tran 
scriptional regulatory element. If it is determined that this 
DNA region can function as a B7-1 promoter, it may be 
advantageous to use this DNA region to regulate expression 
of a B7-1 cDNA in a recombinant expression vector to 
mimic the endogenous expression of B7-1. 

III. Uses for the Isolated Nucleic Acid Molecules 
of the Invention 

[0059] A. Probes 

[0060] The isolated nucleic acids of the invention are 
useful for constructing nucleotide probes for use in detecting 
nucleotide sequences in biological materials, such as cell 
extracts, or directly in cells (e.g., by in situ hybridiZation). 
Anucleotide probe can be labeled With a radioactive element 
Which provides for an adequate signal as a means for 
detection and has suf?cient half-life to be useful for detec 
tion, such as 32P, 3H, 14C or the like. Other materials Which 
can be used to label the probe include antigens that are 
recogniZed by a speci?c labeled antibody, ?uorescent com 
pounds, enZymes and chemiluminescent compounds. An 
appropriate label can be selected With regard to the rate of 
hybridiZation and binding of the probe to the nucleotide 
sequence to be detected and the amount of nucleotide 
available for hybridiZation. The isolated nucleic acids of the 
invention, or oligonucleotide fragments thereof, can be used 
as suitable probes for a variety of hybridiZation procedures 
Well knoWn to those skilled in the art. The isolated nucleic 
acids of the invention enable one to determine Whether a cell 
expresses an alternatively spliced form of a T cell costimu 
latory molecule. For example, mRNA can be prepared from 
a sample of cells to be examined and the mRNA can be 
hybridiZed to an isolated nucleic acid encompassing a nucle 
otide sequence encoding all or a portion of an alternative 
cytoplasmic domain of a T cell costimulatory molecule (e. g., 
SEQ ID NO: 1) to detect the expression of the alternative 
cytoplasmic domain form of the costimulatory molecule in 
the cells. Furthermore, the isolated nucleic acids of the 
invention can be used to design oligonucleotide primers, e.g. 
PCR primers, Which alloW one to detect the expression of an 
alternatively spliced form of a T cell costimulatory mol 
ecule. Preferably, this oligonucleotide primer spans a novel 
exon junction created by alternative splicing and thus can 
only amplify cDNAs encoding this alternatively spliced 
form. For example, an oligonucleotide primer Which spans 
exon 4 and exon 6 of murine B7-1 can be used to distinguish 
betWeen the expression of a ?rst cytoplasmic domain form 
of mB7-1 (i.e, encoded by exons 1-2-3-4-5) and expression 
of an alternative second cytoplasmic domain form of a 
costimulatory molecule (i.e., encoded by exons 1-2-3-4-6) 
(e.g., see Example 2). 

[0061] The probes of the invention can be used to detect 
an alteration in the expression of an alternatively spliced 
form of a T cell costimulatory molecule, such as in a disease 
state. For example, detection of a defect in the expression of 
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an alternatively splicedform of a T cell costimulatory mol 
ecule that is associated With an immunode?ciency disorder 
can be used to diagnose the disorder (i.e., the probes of the 
invention can be used for diagnostic purposes). Many con 
genital immunode?ciency diseases result from lack of 
expression of a cell-surface antigen important for interac 
tions betWeen T cells and antigen presenting cells. For 
example, the bare lymphocyte syndrome results from lack of 
expression of MHC class II antigens (see e.g., Rijkers, G. T. 
et al. (1987) J. Clin. Immunol. 7198-106; Hume, C. R. et al. 
(1989) Hum. Immunol. 2511-11)) and X-linked hyperglobu 
linemia results from defective expression of the ligand for 
CD40 (gp39) (see eg Korthauer, U et al. (1993) Nature 
3611541; Aruffo, A. et al. (1993) Cell 721291-300). An 
immunode?ciency disorder Which results from lack of 
expression of an alternatively spliced form of a T cell 
costimulatory molecule can be diagnosed using a probe of 
the invention. For example, a disorder resulting from the 
lack of expression of the Cyt II form of B7-1 can be 
diagnosed in a patient based upon the inability of a probe 
Which detects this form of B7-1 (e.g., an oligonucleotide 
spanning the junction of exon 4 and exon 6) to hybridiZe to 
mRNA in cells from the patient (e.g., by RT-PCR or by 
Northern blotting). 

[0062] B. Recombinant Expression Vectors 

[0063] An isolated nucleic acid of the invention can be 
incorporated into an expression vector (i.e., a recombinant 
expression vector) to direct expression of a novel structural 
form of a T cell costimulatory molecule encoded by the 
nucleic acid. The recombinant expression vectors are suit 
able for transformation of a host cell, and include a nucleic 
acid (or fragment thereof) of the invention and a regulatory 
sequence, selected on the basis of the host cells to be used 
for expression, Which is operatively linked to the nucleic 
acid. Operatively linked is intended to mean that the nucleic 
acid is linked to a regulatory sequence in a manner Which 
alloWs expression of the nucleic acid. Regulatory sequences 
are art-recogniZed and are selected to direct expression of 
the desired protein in an appropriate host cell. Accordingly, 
the term regulatory sequence includes promoters, enhancers 
and other expression control elements. Such regulatory 
sequences are knoWn to those skilled in the art or are 
described in Goeddel, Gene Expression Technology: Meth 
ods in Enzymology 185, Academic Press, San Diego, Calif. 
(1990). It should be understood that the design of the 
expression vector may depend on such factors as the choice 
of the host cell to be transfected and/or the type of protein 
desired to be expressed. Such expression vectors can be used 
to transfect cells to thereby produce proteins or peptides 
encoded by nucleic acids as described herein. 

[0064] The recombinant expression vectors of the inven 
tion can be designed for expression of encoded proteins in 
prokaryotic or eukaryotic cells. For example, proteins can be 
expressed in bacterial cells such as E. coli, insect cells (using 
baculovirus), yeast cells or mammalian cells. Other suitable 
host cells can be found in Goeddel, Gene Expression Tech 
nology: Methods in Enzymology 185, Academic Press, San 
Diego, Calif. (1990). Expression in prokaryotes is most 
often carried out in E. coli With vectors containing consti 
tutive or inducible promotors directing the expression of 
either fusion or non-fusion proteins. Fusion vectors add a 
number of amino acids usually to the amino terminus of the 
expressed target gene. Such fusion vectors typically serve 
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three purposes: 1) to increase expression of recombinant 
protein; 2) to increase the solubility of the target recombi 
nant protein; and 3) to aid in the puri?cation of the target 
recombinant protein by acting as a ligand in af?nity puri? 
cation. Often, in fusion expression vectors, a proteolytic 
cleavage site is introduced at the junction of the fusion 
moiety and the target recombinant protein to enable sepa 
ration of the target recombinant protein from the fusion 
moiety subsequent to puri?cation of the fusion protein. Such 
enZymes, and their cognate recognition sequences, include 
Factor Xa, thrombin and enterokinase. Typical fusion 
expression vectors include pGEX (Amrad Corp., Mel 
bourne, Australia), pMAL (NeW England Biolabs, Beverly, 
Mass.) and pRIT5 (Pharmacia, PiscataWay, N.] which fuse 
glutathione S-tranferase, maltose E binding protein, or pro 
tein A, respectively, to the target recombinant protein. 

[0065] Inducible non-fusion prokaryotic expression vec 
tors include pTrc (Amann et al., (1988) Gene 691301-315) 
and pET11d (Studier et al., Gene Expression Technology: 
Methods in Enzymology 185, Academic Press, San Diego, 
Calif. (1990) 60-89). In pTrc, target gene expression relies 
on host RNA polymerase transcription from a hybrid trp-lac 
fusion promoter. In pET11d, expression of inserted target 
genes relies on transcription from the T7 gn10-lac 0 fusion 
promoter mediated by a coexpressed viral RNA polymerase 
(T7 gn1). This viral polymerase is supplied by host strains 
BL21(DE3) or HMS174(DE3) from a resident 7» prophage 
harboring a T7 gn1 under the transcriptional control of the 
lacUV 5 promoter. 

[0066] One strategy to maximiZe recombinant protein 
expression in E. coli is to express the protein in a host 
bacterial strain With an impaired capacity to proteolytically 
cleave the recombinant protein (Gottesman, S., Gene 
Expression Technology: Methods in Enzymology 185, Aca 
demic Press, San Diego, Calif. (1990) 119-128). Another 
strategy is to alter the nucleic acid sequence of the nucleic 
acid to be inserted into an expression vector (e.g., a nucleic 
acid of the invention) so that the individual codons for each 
amino acid Would be those preferentially utiliZed in highly 
expressed E. coli proteins (Wada et al., (1992) Nuc. Acids 
Res. 2012111-2118). Such alteration of nucleic acid 
sequences of the invention can be carried out by standard 
DNA synthesis techniques and are encompassed by the 
invention. 

[0067] Examples of vectors for expression in yeast S. 
cerivisae include pYepSec1 (Baldari. et al., (1987) Embo J. 
61229-234), pMFa (Kurj an and HerskoWitZ, (1982) Cell 
301933-943), pJRY88 (SchultZ et a, (1987) Gene 541113 
123), and pYES2 (Invitrogen Corporation, San Diego, 
Calif.). Baculovirus vectors available for expression of 
proteins in cultured insect cells (SF 9 cells) include the pAc 
series (Smith et al., (1983) Mol. Cell Biol. 312156-2165) and 
the pVL series (LuckloW, V. A., and Summers, M. D., (1989) 
Virology 170131-39). 
[0068] Expression of alternatively spliced forms of T cell 
costimulatory molecules in mammalian cells is accom 
plished using a mammalian expression vector. Examples of 
mammalian expression vectors include pCDM8 (Seed, B., 
(1987) Nature 3291840) and pMT2PC (Kaufman et al. 
(1987), EMBO J. 61187-195). When used in mammalian 
cells, the expression vector’s control functions are often 
provided by viral material. For example, commonly used 
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promoters are derived from polyoma, Adenovirus 2, cytome 
galovirus and Simian Virus 40. The recombinant expression 
vector can be designed such that expression of the nucleic 
acid occurs preferentially in a particular cell type. In this 
situation, the expression vector’s control functions are pro 
vided by regulatory sequences Which alloW for preferential 
expression of a nucleic acid contained in the vector in a 
particular cell type, thereby alloWing for tissue or cell 
speci?c expression of an encoded protein. 

[0069] The recombinant expression vectors of the inven 
tion can be a plasmid or virus, or viral portion Which alloWs 
for expression of a nucleic acid introduced into the viral 
nucleic acid. For example, replication defective retroviruses, 
adenoviruses and adeno-associated viruses can be used. The 
recombinant expression vectors can be introduced into a 
host cell, eg in vitro or in vivo. Ahost cell line can be used 
to express a protein of the invention. Furthermore, introduc 
tion of a recombinant expression vector of the invention into 
a host cell can be used for therapeutic purposes When the 
host cell is defective in expressing the novel structural form 
of the T cell costimulatory molecule. For example, in a 
recombinant expression vector of the invention can be used 
for gene therapy purposes in a patient With an immunode 
?ciency disorder resulting from lack of expression of a novel 
structural form of a T cell costimulatory molecule. 

[0070] C. Host Cells 

[0071] The invention further provides a host cell trans 
fected With a recombinant expression vector of the inven 
tion. The term “host cell” is intended to include prokaryotic 
and eukaryotic cells into Which a recombinant expression 
vector of the invention can be introduced. The terms “trans 
formed With”, “transfected With”, “transformation” and 
“transfection” are intended to encompass introduction of 
nucleic acid (e.g., a vector) into a cell by one of a number 
of possible techniques knoWn in the art. Prokaryotic cells 
can be transformed With nucleic acid by, for example, 
electroporation or calcium-chloride mediated transforma 
tion. Nucleic acid can be introduced into mammalian cells 
via conventional techniques such as calcium phosphate 
co-precipitation, DEAE-dextran-mediated transfection, 
lipofectin, electroporation or microinjection. Suitable meth 
ods for transforming and transfecting host cells can be found 
in Sambrook et al. (Molecular Cloning: A Laboratory 
Manual, 2nd Edition, Cold Spring Harbor Laboratory press 
(1989)), and other laboratory handbooks. 

[0072] The number of host cells transfected With a recom 
binant expression vector of the invention by techniques such 
as those described above Will depend upon the type of 
recombinant expression vector used and the type of trans 
fection technique used. Typically, plasmid vectors intro 
duced into mammalian cells are integrated into host cell 
DNA at only a loW frequency. In order to identify these 
integrants, a gene that contains a selectable marker (i.e., 
resistance to antibiotics) can be introduced into the host cells 
along With the gene of interest. Preferred selectable markers 
include those Which confer resistance to certain drugs, such 
as G418 and hygromycin. Selectable markers can be intro 
duced on a separate vector (e.g., plasmid) from the nucleic 
acid of interest or, preferably, are introduced on the same 
vector (e.g., plasmid). Host cells transformed With one or 
more recombinant expression vectors containing a nucleic 
acid of the invention and a gene for a selectable marker can 
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be identi?ed by selecting for cells using the selectable 
marker. For example, if the selectable marker encoded a 
gene conferring neomycin resistance, transformant cells can 
be selected With G418. Cells that have incorporated the 
selectable marker gene Will survive, While the other cells 
die. 

[0073] Preferably, the novel cytoplasmic domain form of 
the T cell costimulatory molecule is expressed on the surface 
of a host cell (e.g., on the surface of a mammalian cell). This 
is accomplished by using a recombinant expression vector 
encoding extracellular domains (e.g., signal peptide, V-like 
and/or C-like domains), transmembrane and cytoplasmic 
domains of the T cell costimulatory molecule With appro 
priate regulatory sequences (e.g., a signal sequence) to alloW 
for surface expression of the translated protein. 

[0074] In one embodiment, a host cell is transfected With 
a recombinant expression vector encoding a second, novel 
cytoplasmic domain form of a T cell costimulatory mol 
ecule. In a preferred embodiment, the host cell does not 
express the ?rst (i.e., previously disclosed) cytoplasmic 
domain form of the costimulatory molecule. For example, a 
host cell Which does not express a form of murine B7-1 
containing Cyt I can be transfected With a recombinant 
expression vector encoding a form of murine B7-1 contain 
ing Cyt II. Such a host cell Will thus excusively express the 
form of B7-1 containing Cyt II. This type of host cell is 
useful for studying signaling events and/or immunological 
responses Which are mediated by the Cyt II domain rather 
than the Cyt I domain of B7-1. For example, one type of cell 
Which can be used to create a host cell Which exclusively 
expresses the Cyt II-form of murine B7-1 is a non-murine 
cell, since the non-murine cell does not express murine 
B7-1. Preferably, the non-murine cell also does not express 
other costimulatory molecules (e. g., COS cells can be used). 
Alternatively, a mouse cell Which does not express the Cyt-I 
form of murine B7-1 can be used. For example, a recom 
binant expression vector of the invention can be introduced 
into NIH 3T3 ?broblast cells (Which are B7-1 negative) or 
into cells derived from a mutant mouse in Which the endog 
enous B7-1 gene has been disrupted and thus Which does not 
natively express any form of B7-1 molecule (i.e., into cells 
derived from a “B7-1 knock-out” mouse, such as that 
described in Freeman, G. J. et al. (1993) Science 2621907 
909). 
[0075] In another embodiment, the host cell transfected 
With a recombinant expression vector encoding a novel 
structural form of a T cell costimulatory molecule is a tumor 
cell. Expression of the Cyt-I form of murine B7-1 on the 
surface of B7-1 negative murine tumor cells has been shoWn 
to induce T cell mediated speci?c immunity against the 
tumor cells accompanied by tumor rejection and prolonged 
protection to tumor challenge in mice (see Chen, L., et al. 
(1992) Cell 71, 1093-1102; ToWnsend, S. E. and Allison, J. 
P. (1993) Science 259, 368-370; Baskar, S., et al. (1993) 
Proc. Natl. Acad. Sci. 90, 5687-5690). Similarly, expression 
of novel structural forms of costimulatory molecules on the 
surface of a tumor cell may be useful for increasing the 
immunogenicity of the tumor cell. For example, tumor cells 
obtained from a patient can be transfected ex vivo With a 
recombinant expression vector of the invention, e.g., encod 
ing an alternative cytoplasmic domain form of a costimu 
latory molecule, and the transfected tumor cells can then be 
returned to the patient. Alternatively, gene therapy tech 
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niques can be used to target a tumor cell for transfection in 
vivo. Additionally, the tumor cell can also be transfected 
With recombinant expression vectors encoding other pro 
teins to be expressed on the tumor cell surface to increase the 
immunogenicity of the tumor cell. For example, the Cyt-I 
form of B7-1, B7-2, MHC molecules (e.g., class I and/or 
class II) and/or adhesion molecules can be expressed on the 
tumor cells in conjunction With the Cyt-II form of B7-1. 

[0076] D. Anti-Sense Nucleic Acid Molecules 

[0077] The isolated nucleic acid molecules of the inven 
tion can also be used to design anti-sense nucleic acid 
molecules, or oligonucleotide fragments thereof, that can be 
used to modulate the expression of alternative forms of T 
cell costimulatory molecules. An anti-sense nucleic acid 
comprises a nucleotide sequence Which is complementary to 
a coding strand of a nucleic acid, eg complementary to an 
mRNA sequence, constructed according to the rules of 
Watson and Crick base pairing, and can hydrogen bond to 
the coding strand of the nucleic acid. The hydrogen bonding 
of an antisense nucleic acid molecule to an mRNA transcript 
can prevent translation of the mRNA transcript and thus 
inhibit the production of the protein encoded therein. 
Accordingly, an anti-sense nucleic acid molecule can be 
designed Which is complementary to a nucleotide sequence 
encoding a novel structural domain of a T cell costimulatory 
molecule to inhibit production of that particular structural 
form of the T cell costimulatory molecule. For example, an 
anti-sense nucleic acid molecule can be designed Which is 
complementary to a nucleotide sequence encoding the Cyt-II 
form of murine B7-1 and used to inhibit the expression of 
this form of the costimulatory molecule. 

[0078] An anti-sense nucleic acids molecule, or oligo 
nucleotide fragment thereof, can be constructed by chemical 
synthesis and enZymatic ligation reactions using procedures 
knoWn in the art. The anti-sense nucleic acid or oligonucle 
otide can be chemically synthesiZed using naturally-occur 
ring nucleotides or variously modi?ed nucleotides designed 
to increase the biological stability of the molecules or to 
increase the physical stability of the duplex formed betWeen 
the ant-isense and sense nucleic acids eg phosphorothioate 
derivatives and acridine substituted nucleotides can be used. 
Alternatively, the anti-sense nucleic acids and oligonucle 
otides can be produced biologically using an expression 
vector into Which a nucleic acid has been subcloned in an 
anti-sense orientation (i.e. nucleic acid transcribed from the 
inserted nucleic acid Will be of an anti-sense orientation to 
a target nucleic acid of interest). The anti-sense expression 
vector is introduced into cells in the form of a recombinant 
plasmid, phagemid or attenuated virus in Which anti-sense 
nucleic acids are produced under the control of a high 
efficiency regulatory region, the activity of Which can be 
determined by the cell type into Which the vector is intro 
duced. For a discussion of the regulation of gene expression 
using anti-sense genes see Weintraub, H. et al., “Antisense 
RNA as a molecular tool for genetic analysis”, Reviews— 
Trends in Genetics, Vol. 1(1) 1986. 

[0079] E. Non-Human Transgenic and Homologous 
Recombinant Animals 

[0080] The isolated nucleic acids of the invention can 
further be used to create a non-human transgenic animal. A 
transgenic animal is an animal having cells that contain a 
transgene, Wherein the transgene Was introduced into the 
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animal or an ancestor of the animal at a prenatal, e.g., an 
embryonic, stage. A transgene is a DNA molecule Which is 
integrated into the genome of a cell from Which a transgenic 
animal develops and Which remains in the genome of the 
mature animal, thereby directing the expression of an 
encoded gene product in one or more cell types or tissues of 
the transgenic animal. Accordingly, the invention provides a 
non-human transgenic animal Which contains cells trans 
fected to express an alternative form of a T cell costimula 
tory molecule. Preferably, the non-human animal is a mouse. 
A transgenic animal can be created, for example, by intro 
ducing a nucleic acid encoding the protein (typically linked 
to appropriate regulatory elements, such as a tissue-speci?c 
enhancer) into the male pronuclei of a fertiliZed oocyte, e.g., 
by microinjection, and alloWing the oocyte to develop in a 
pseudopregnant female foster animal. For example, a trans 
genic animal (e.g., a mouse) Which expresses an mB7-1 
protein containing a novel cytoplasmic domain (e.g. Cyt-II) 
can be made using the isolated nucleic acid shoWn in SEQ 
ID NO: 1 or SEQ ID NO: 3. Alternatively, a transgenic 
animal (e.g., a mouse) Which expresses an mB7-2 protein 
containing an alternative signal peptide domain can be made 
using the isolated nucleic acid shoWn in SEQ ID NO: 12. 
Intronic sequences and polyadenylation signals can also be 
included in the transgene to increase the efficiency of 
expression of the transgene. These isolated nucleic acids can 
be linked to regulatory sequences Which direct the expres 
sion of the encoded protein one or more particular cell types. 
Methods for generating transgenic animals, particularly ani 
mals such as mice, have become conventional in the art and 
are described, for example, in US. Pat. Nos. 4,736,866 and 
4,870,009 and Hogan, B. et al., (1986) A Laboratory 
Manual, Cold Spring Harbor, N. Y., Cold Spring Harbor 
Laboratory. A transgenic founder animal can be used to 
breed additional animals carrying the transgene. 

[0081] The isolated nucleic acids of the invention can 
further be used to create a non-human homologous recom 
binant animal. The term “homologous recombinant animal’ 
as used herein is intended to describe an animal containing 
a gene Which has been modi?ed by homologous recombi 
nation. The homologous recombination event may com 
pletely disrupt the gene such that a functional gene product 
can no longer be produced (often referred to as a “knock 
out” animal) or the homologous recombination event may 
modify the gene such that an altered, although still func 
tional, gene product is produced. Preferably, the non-human 
animal is a mouse. For example, an isolated nucleic acid of 
the invention can be used to create a homologous recombi 
nant mouse in Which a recombination event has occurred in 
the B7-1 gene at an exon encoding a cytoplasmic domain 
such that this exon is altered (e.g., exon 5 or exon 6 is 
altered). Homologous recombinant mice can thus be created 
Which express only the Cyt I or Cyt II domain form of B7-1. 
Accordingly, the invention provides a non-human knock-out 
animal Which contains a gene encoding a B7-1 protein 
Wherein an exon encoding a novel cytoplasmic domain is 
disrupted or altered. 

[0082] To create an animal With homologously recom 
bined nucleic acid, a vector is prepared Which contains the 
DNA sequences Which are to replace the endogenous DNA 
sequences, ?anked by DNA sequences homologous to ?ank 
ing endogenous DNA sequences (see for example Thomas, 
K. R. and Capecchi, M. R. (1987) Cell 51:503). The vector 
is introduced into an embryonic stem cell line (e.g., by 
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electroporation) and cells in Which the introduced DNA has 
homologously recombined With the endogenous DNA are 
selected (see for example Li, E. et al. (1992) Cell 69:915). 
The selected cells are then injected into a blastocyst of an 
animal (e. g., a mouse) to form aggregation chimeras (see for 
example Bradley, A. in Teratocarcinomas and Embryonic 
Stem Cells.'A PracticalApproach, E. J. Robertson, ed. (IRL, 
Oxford, 1987) pp. 113-152). Achimeric embryo can then be 
implanted into a suitable pseudopregnant female foster 
animal and the embryo brought to term. Progeny harbouring 
the homologously recombined DNA in their germ cells can 
be used to breed animals in Which all cells of the animal 
contain the homologously recombined DNA. 

IV. Isolated Novel Forms of Costimulatory 
Molecules 

[0083] The invention further provides isolated T cell 
costimulatory molecules encoded by the nucleic acids of the 
invention. These molecules have a novel structural form, 
either containing a novel structural domain or having a 
structural domain deleted or added. The term “isolated” 
refers to a T cell costimulatory molecule, e.g., a protein, 
substantially free of cellular material or culture medium 
When produced by recombinant DNA techniques, or chemi 
cal precursors or other chemicals-When chemically synthe 
siZed. In one embodiment, the novel T cell costimulatory 
molecule is a B7-1 protein. In another embodiment, the 
novel T cell costimulatory molecule is a B7-2 protein. 

[0084] A. Proteins With a Novel Cytoplasmic Domain 

[0085] One aspect of the invention pertains to a T cell 
costimulatory molecule Which includes at least one novel 
cytoplasmic domain. In one embodiment, the invention 
provides a protein Which binds to CD28 and/or CTLA4 and 
has an amino acid sequence derived from amino acid 
sequences encoded by at least one T cell costimulatory 
molecule gene. In this embodiment, the protein comprises a 
contiguous amino acid sequence represented by a formula 
A-B-C-D-E, Wherein 

, W 1c ma or ma not e resent, com 0086 A h' h y y b p 
prises an amino acid sequence of a signal peptide 
domain, 

[0087] B comprises an amino acid sequence of an 
immunoglobulin variable region-like domain 
encoded by at least one exon of a T cell costimula 
tory molecule gene, 

[0088] C comprises an amino acid sequence of an 
immunoglobulin constant region-like domain 
encoded by at least one exon of a T cell costimula 
tory molecule gene, 

[0089] D comprises an amino acid sequence of a 
transmembrane domain encoded by at least one exon 
of a T cell costimulatory molecule gene, and 

[0090] E comprises an amino acid sequence of a 
cytoplasmic domain encoded by at least one exon of 
a T cell costimulatory molecule gene, 

[0091] With the proviso that E does not comprise an amino 
acid sequence of a cytoplasmic domain selected from the 
group consisting of SEQ ID NO: 26 (mB7-1), SEQ ID NO: 
28 (hB7-1), SEQ ID NO: 30 (mB7-2), and SEQ ID NO: 32 
(hB7-2). 
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[0092] In the formula, A, B, C, D, and E are contiguous 
amino acid residues linked by amide bonds from an N-ter 
minus to a C-terminus. According to the formula, A can be 
an amino acid sequence of a signal peptide domain of a 
heterologous protein Which efficiently expresses transmem 
brane or secreted proteins, such as the oncostatin M signal 
peptide. Preferably, A, if present, comprises an amino acid 
sequence of a signal peptide domain encoded by at least one 
exon of a T cell costimulatory molecule gene. In one 
preferred embodiment, the isolated protein is a B7-1 or a 
B7-2 protein. E preferably comprises an amino acid 
sequence of a murine B7-1 cytoplasmic domain having an 
amino acid sequence shoWn in SEQ ID NO: 5 (i.e., the 
amino acid sequence of the cytoplasmic domain encoded by 
the novel exon 6 of the invention). 

[0093] Another embodiment of the invention provides an 
isolated protein Which binds CD28 or CTLA4 and is 
encoded by a T cell costimulatory molecule gene having at 
least one ?rst exon encoding a ?rst cytoplasmic domain and 
at least one second exon encoding a second cytoplasmic 
domain. The at least one ?rst cytoplamic domain comprises 
an amino acid sequence selected from the group consisting 
of amino acid sequence of SEQ ID NO:26 (mB7-1), SEQ ID 
NO:28 (hB7-1), SEQ ID NO:30 (mB7-2) and SEQ ID 
NO:32 (hB7-2). In this embodiment, the protein includes an 
amino acid sequence comprising at least one second cyto 
plasmic domain. Preferably, the protein does not include an 
amino acid sequence comprising a ?rst cytoplasmic domain. 
Preferred proteins Which bind CD28 and/or CTLA4 are 
derived from B7-1 and B7-2. In a particularly preferred 
embodiment, the invention provides an isolated protein 
Which binds CD28 or CTLA4 and has a novel cytoplasmic 
domain comprising an amino acid sequence shoWn in SEQ 
ID NO: 2. 

[0094] A. Proteins With a Novel Signal Peptide Domain 

[0095] In yet another aspect of the invention, T cell 
costimulatory molecules Which include at least one novel 
signal peptide domain are provided. In one embodiment, the 
isolated protein binds to CD28 or CTLA4 and has an amino 
acid sequence derived from amino acid sequences encoded 
by at least one T cell costimulatory molecule gene. In this 
embodiment, the protein comprises a contiguous amino acid 
sequence represented by a formula A-B-C-D-E, Wherein 

[0096] A comprises an amino acid sequence of a 
signal peptide domain encoded by at least one exon 
of a T cell costimulatory molecule gene, 

[0097] B comprises an amino acid sequence of an 
immunoglobulin variable region-like domain 
encoded by at least one exon of a T cell costimula 
tory molecule gene, 

[0098] C comprises an amino acid sequence of an 
immunoglobulin constant region-like domain 
encoded by at least one exon of a T cell costimula 
tory molecule gene, 

[0099] D, Which may or may not be present, com 
prises an amino acid sequence of a transmembrane 
domain encoded by at least one exon of a T cell 
costimulatory molecule gene, and 

[0100] E, Which may or may not be present, com 
prises an amino acid sequence of a cytoplasmic 
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domain encoded by at least one exon of a T cell 
costimulatory molecule gene, 

[0101] With the proviso thatAnot comprise an amino acid 
sequence of a signal peptide domain selected from the group 
consisting of SEQ ID NO: 34 (mB7-1), SEQ ID NO: 36 
(hB7-1), SEQ ID NO: 38 (mB7-2), SEQ ID NO: 40 (hB7-2), 
SEQ ID NO: 42 (hB7-2). 

[0102] In the formula, A, B, C, D, and E are contiguous 
amino acid residues linked by amide bonds from an N-ter 
minus to a C-terminus. To produce a soluble form of the T 
cell costimlatory molecule D, Which comprises an amino 
acid sequence of a transmembrane domain and E, Which 
comprises an amino acid sequence of a cytoplasmic domain 
may not be present in the molecule. Preferably, A comprises 
an amino acid sequence of a novel signal peptide domain 
shoWn in SEQ ID NO: 15. 

[0103] In another embodiment of the invention, the iso 
lated protein Which binds CD28 or CTLA4 is encoded by a 
T cell costimulatory molecule gene having at least one ?rst 
exon encoding a ?rst signal peptide domain and at least one 
second exon encoding a second signal peptide domain. The 
at least one ?rst signal peptide domain comprises an amino 
acid sequence selected from the group consisting of an 
amino acid sequence of SEQ ID NO:34 (mB7-1), SEQ ID 
NO:36 (hB7-1), SEQ ID NO:38 (mB7-2) and SEQ ID 
NO:40 (hB7-2) and SEQ ID NO:42 (hB7-2). In this embodi 
ment, the protein includes an amino acid sequence compris 
ing at least one second signal peptide domain. Preferably, the 
protein does not include an amino acid sequence comprising 
a ?rst signal peptide domain. Preferred proteins Which bind 
CD28 and/or CTLA4 are derived from B7-1 and B7-2. In a 
particularly preferred embodiment, the invention features a 
murine B7-2 protein having a comprising an amino acid 
sequence shoWn in SEQ ID NO: 13. 

[0104] C. Isolated Proteins With Structural Domains 
Deleted or Added 

[0105] This invention also features costimulatory mol 
ecules Which have at least one structural domain deleted. A 
preferred structural form has at least one IgV-like domain 
deleted. In one embodiment, the isolated protein has an 
amino acid sequence derived from amino acid sequences 
encoded by at least one T cell costimulatory molecule gene 
and comprises a contiguous amino acid sequence repre 
sented by a formula A-B-C-D, Wherein 

[0106] A, Which may or may not be present, com 
prises an amino acid sequence of a signal peptide 
domain encoded by at least one exon of a T cell 
costimulatory molecule gene, 

[0107] B comprises an amino acid sequence of an 
immunoglobulin constant region-like domain 
encoded by at least one exon of a T cell costimula 
tory molecule gene, and 

[0108] C comprises an amino acid sequence of a 
transmembrane domain encoded by at least one exon 
of a T cell costimulatory molecule gene, and 

[0109] D comprises an amino acid sequence of a 
cytoplasmic domain encoded by at least one exon of 
a T cell costimulatory molecule gene. 

[0110] In the formula, A, B, C and D are contiguous amino 
acid residues linked by amide bonds from an N-terminus to 
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a C-terminus. In a preferred embodiment, an isolated murine 
B7-1 protein having an IgV-like domain deleted comprises 
an amino acid sequence shoWn in SEQ ID NO: 9. Alterna 
tively, an isolated murine B7-1 protein having an IgV-like 
domain deleted comprises an amino acid sequence shoWn in 
SEQ ID NO: 11. 

[0111] The proteins of the invention can be isolated by 
expression of the molecules (e.g., proteins or peptide frag 
ments thereof) in a suitable host cell using techniques knoWn 
in the art. Suitable host cells include prokaryotic or eukary 
otic organisms or cell lines, for example, yeast, E. coli and 
insect cells. The recombinant expression vectors of the 
invention, described above, can be used to express a 
costimulatory molecule in a host cell in order to isolate the 
protein. The invention provides a method of preparing an 
isolated protein of the invention comprising introducing into 
a host cell a recombinant expression vector encoding the 
protein, alloWing the protein to be expressed in the host cell 
and isolating the protein. Proteins can be isolated from a host 
cell expressing the protein according to standard procedures 
of the art, including ammonium sulfate precipitation, frac 
tionation column chromatography (e.g. ion exchange, gel 
?ltration, electrophoresis, af?nity chromatography, etc.) and 
ultimately, crystalliZation (see generally, “EnZyme Puri?ca 
tion and Related Techniques”, Methods in Enzymology, 22, 
233-577 (1971)). 

[0112] Alternatively, the costimulatory molecules of the 
invention can be prepared by chemical synthesis using 
techniques Well knoWn in the chemistry of proteins such as 
solid phase synthesis (Merri?eld, 1964, J. Am. Chem. Assoc. 
85:2149-2154) or synthesis in homogeneous solution 
(HoubenWeyl, 1987, Methods of Organic Chemistry, ed. E. 
Wansch, Vol. 15 I and II, Thieme, Stuttgart). 

V. Uses For the Novel T Cell Costimulatory 
Molecules of the Invention 

[0113] A. Costimulation 

[0114] The novel T cell costimulatory molecules of the 
invention can be used to trigger a costimulatory signal in T 
cells. When membrane-bound or in a multivalent form, a T 
cell costimulatory molecule can trigger a costimulatory 
signal in a T cell by alloWing the costimulatory molecule to 
interact With its receptor (e.g., CD28) on T cells in the 
presence of a primary activation signal. A novel T cell 
costimulatory molecule of the invention can be obtained in 
membrane-bound form by expressing the molecule in a host 
cell (e.g., by transfecting the host cell With a recombinant 
expression vector encoding the molecule). To be expressed 
on the surface of a host cell, the T cell costimulatory 
molecule should include extracellular domains (i.e., signal 
peptide, Which may or may not be present in the mature 
protein, IgV-like and IgC-like domains), a transmembrane 
domain and a cytoplasmic domain. To trigger a costimula 
tory signal, T cells are contacted With the cell expressing the 
costimulatory molecule, preferably together With a primary 
activation signal (e.g., MHC-associated antigenic peptide, 
anti-CD3 antibody, phorbol ester etc.). Activation of the T 
cell can be assayed by standard procedures, for example by 
measuring T cell proliferation or cytokine production. 

[0115] The novel T cell costimulatory molecules of the 
invention can also be used to inhibit or block a costimulatory 
signal in T cells. A soluble form of a T cell costimulatory 
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molecule can be used to competitively inhibit the interaction 
of membrane-bound costimulatory molecules With their 
receptor (e.g., CD28 and/or CTLA4) on T cells. A soluble 
form of a T cell costimulatory molecule can be expressed in 
host cell line such that it is secreted by the host cell line and 
can then be puri?ed. The soluble costimulatory molecule 
contains extracellular domains (i.e., signal peptide, Which 
may or may not be present in the mature protein, IgV-like 
and IgC-like domains) but does not contain a transmem 
brane or cytoplasmic domain. The soluble form of the T cell 
costimulatory molecule can also be in the form of a fusion 
protein, eg an immunoglobulin fusion protein Wherein the 
extracellular portion of the costimulatory molecule is fused 
to an immunoglobulin constant region. A soluble form of a 
T cell costimulatory molecule can be used to inhibit a 
costimulatory signal in T cells by contacting the T cells With 
the soluble molecule. 

[0116] B. Antibodies 

[0117] A novel structural form of a T cell costimulatory 
molecule of the invention can be used to produce antibodies 
directed against the costimulatory molecule. Conventional 
methods can be used to prepare the antibodies. For example, 
to produce polyclonal antibodies, a mammal, (e.g., a mouse, 
hamster, or rabbit) can be immuniZed With a costimulatory 
molecule, or an immunogenic portion thereof, Which elicits 
an antibody response in the mammal. Techniques for con 
ferring immunogenicity on a protein include conjugation to 
carriers or other techniques Well knoWn in the art. For 
example, the protein can be administered in the presence of 
adjuvant. The progress of immuniZation can be monitored 
by detection of antibody titers in plasma or serum. Standard 
ELISA or other immunoassay can be used With the immu 
nogen as antigen to assess the levels of antibodies. FolloW 
ing immuniZation, antisera can be obtained and, if desired, 
polyclonal antibodies isolated from the sera. 

[0118] In addition to polyclonal antisera, the novel 
costimulatory molecules of the invention can be used to 
raise monoclonal antibodies. To produce monoclonal anti 
bodies, antibody producing cells (lymphocytes) can be har 
vested from an immuniZed animal and fused With myeloma 
cells by standard somatic cell fusion procedures thus immor 
taliZing these cells and yielding hybridoma cells. Such 
techniques are Well knoWn in the art. For example, the 
hybridoma technique originally developed by Kohler and 
Milstein (Nature 256, 495-497 (1975)) as Well as other 
techniques such as the human B-cell hybridoma technique 
(KoZbor et al., Immunol. Today 4, 72 (1983)), the EBV 
hybridoma technique to produce human monoclonal anti 
bodies (Cole et al. Monoclonal Antibodies in Cancer 
Therapy (1985) Allen R. Bliss, Inc., pages 77-96), and 
screening of combinatorial antibody libraries (Huse et al., 
Science 246, 1275 (1989)). Hybridoma cells can be screened 
immunochemically for production of antibodies speci?cally 
reactive With the protein or portion thereof and monoclonal 
antibodies isolated. 

[0119] The term antibody as used herein is intended to 
include fragments thereof Which are also speci?cally reac 
tive With an alternative cytoplasmic domain of a costimu 
latory molecule. Antibodies can be fragmented using con 
ventional techniques and the fragments screened for utility 
in the same manner as described above for Whole antibodies. 
For example, F(ab‘)2 fragments can be generated by treating 
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antibody With pepsin. The resulting F(ab‘)2 fragment can be 
treated to reduce disul?de bridges to produce Fab‘ frag 
ments. 

[0120] Chimeric and humaniZed antibodies are also Within 
the scope of the invention. It is expected that chimeric and 
humaniZed antibodies Would be less immunogenic in a 
human subject than the corresponding non-chimeric anti 
body. Avariety of approaches for making chimeric antibod 
ies, comprising for example a non-human variable region 
and a human constant region, have been described. See, for 
example, Morrison et al., Proc. Natl. Acad. Sci. USA. 81, 
6851 (1985); Takeda et al., Nature 314, 452 (1985), Cabilly 
et al., US. Pat. No. 4,816,567; Boss et al., US. Pat. No. 
4,816,397; Tanaguchi et al., European Patent Publication 
EP171496; European Patent Publication 0173494, United 
Kingdom Patent GB 2177096B. Additonally, a chimeric 
antibody can be further “humanized” antibodies such that 
parts of the variable regions, especially the conserved frame 
Work regions of the antigen-binding domain, are of human 
origin and only the hypervariable regions are of non-human 
origin. Such altered immunoglobulin molecules may be 
made by any of several techniques knoWn in the art, (e.g., 
Teng et al., Proc. Natl. Acad. Sci. U.SA., 80, 7308-7312 
(1983); KoZbor et al., Immunology Today, 4, 7279 (1983); 
Olsson et al., Meth. Enzymol, 92, 3-16 (1982)), and are 
preferably made according to the teachings of PCT Publi 
cation WO92/06193 or EP 0239400. HumaniZed antibodies 
can be commercially produced by, for example, Scotgen 
Limited, 2 Holly Road, TWickenham, Middlesex, Great 
Britain. 

[0121] Another method of generating speci?c antibodies, 
or antibody fragments, reactive against an alternative cyto 
plasmic domain of the invention is to screen phage expres 
sion libraries encoding immunoglobulin genes, or portions 
thereof, With proteins produced from the nucleic acid mol 
ecules of the present invention (e.g., With all or a portion of 
the amino acid sequence of SEQ ID NO: 7). For example, 
complete Fab fragments, VH regions and EV regions can be 
expressed in bacteria using phage expression libraries. See 
for example Ward et al., Nature 341, 544-546: (1989); Huse 
et al., Science 246, 1275-1281 (1989); and McCafferty et al. 
Nature 348, 552-554 (1990). 

[0122] In a preferred embodiment, the invention provides 
an antibody Which binds to a novel structural domain of a T 
cell costimulatory molecule provided by the invention. Such 
antibodies, and uses therefor, are described in greater detail 
beloW in subsection VI, part B. 

[0123] C. Screening Assays 

[0124] A T cell costimulatory molecule of the invention 
containing a novel cytoplasmic domain can be used in a 
screening assay to identify components of the intracellular 
signal tranduction pathWay induced in antigen presenting 
cells upon binding of the T cell costimulatory molecule to its 
receptor on a T cell. In addition to triggering a costimulatory 
signal in T cells, engagement of the costimulatory molecule 
With a receptor on T cells is likely to deliver distinct signals 
to the antigen presenting cell (i.e., the cell expressing the T 
cell costimulatory molecule), eg through the cytoplasmic 
domain. Signals delivered through a novel cytoplasmic 
domain of the invention may be of particular importance in 
the thymus, e.g., during positive selection of T cells during 
development, since structural forms of costimulatory mol 
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ecules comprising a novel cytoplasmic domain are prefer 
entially expressed in the thymus. A host cell Which exclu 
sively expresses a Cyt-II form of a costimulatory molecule 
(e.g., mB7-1) is especially useful for elucidating such intra 
cellular signal transduction pathWays. For example, a host 
cell Which expresses only a Cyt-II form of the costimulatory 
molecule can be stimulated through the costimulatory mol 
ecule, e.g., by crosslinking the costimulatory molecules on 
the cell surface With an antibody, and intracellular signals 
and/or other cellular changes (e.g., changes in surface 
expression of proteins etc.) induced thereupon can be iden 
ti?ed. 

[0125] Additionally, an isolated T cell costimulatory mol 
ecule of the invention comprising a novel cytoplasmic 
domain can be used in methods of identifying other mol 
ecules (e.g., proteins) Which interact With (i.e., bind to) the 
costimulatory molecule using standard in vitro assays (e.g., 
incubating the isolated costimulatory molecule With a cel 
lular extract and determining by immunoprecipitation if any 
molecules Within the cellular extract bind to the costimula 
tory molecule). It is of particular interest to identify mol 
ecules Which can interact With the novel cytoplasmic domain 
since such molecules may also be involved in intracellular 
signaling. For example, it is knoWn that the cytoplasmic 
domains of many cell-surface receptors can interact intrac 
ellularly With other members of the signal transduction 
machinery, e.g., tyrosine kinases. 
[0126] The invention further provides a method for 
screening agents to identify an agent Which upregulates or 
doWnregulates expression of a novel structural domain form 
of a T cell costimulatory molecule. The method involves 
contacting a cell Which expresses or can be induced to 
express a T cell costimulatory molecule With an agent to be 
tested and determining expression of a novel structural 
domain form of the T cell costimulatory molecule by the 
cell. The term “upregulates” encompasses inducing the 
expression of a novel form of a T cell costimulatory mol 
ecule by a cell Which does not constitutively express such a 
molecule or increasing the level of expression of a novel 
form of a T cell costimulatory molecule by a cell Which 
already expresses such a molecule. The term “doWnregu 
lates” encompasses decreasing or eliminating expression of 
an a novel form of a T cell costimulatory molecule by a cell 
Which already expresses such a molecule. The term “agent” 
is intended to include molecules Which trigger an upregu 
latory or doWnregulatory response in a cell. For example, an 
agent can be a small organic molecule, a biological response 
modi?er (e. g., a cytokine) or a molecule Which can crosslink 
surface structures on the cell (e.g., an antibody). For 
example, expression of the a novel cytoplasmic domain 
form of the T cell costimulatory molecule by the cell can be 
determined by detecting an mRNA transcript encoding the 
novel cytoplasmic domain form of the T cell costimulatory 
molecule in the cell. For example, mRNA from the cell can 
be reverse transcribed and used as a template in PCR 
reactions utiliZing PCR primers Which can distinguish 
betWeen a Cyt I cytoplasmic domain form and a novel Cyt 
II cytoplasmic domain form of the T cell costimulatory 
molecule (see e.g., Example 2). Alternatively, a novel cyto 
plasmic domain-containing T cell costimulatory molecule 
can be detected in the cell using an antibody directed against 
the novel cytoplasmic domain (e.g., by immunoprecipitation 
or immunohistochemistry). A preferred T cell costimulatory 
molecule for use in the method is B7-1. Cell types Which are 
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knoWn to express the Cyt-I form of B7-1, or Which can be 
induced to express the Cyt-I form of B7-1, include B 
lymphocytes, T lymphocytes and monocytes. Such cell 
types can be screened With agents according to the method 
of the invention to identify an agent Which upregulates or 
doWnregulates expression of the Cyt-II form of B7-1. 

VI. Isolated Novel Structural Domains of T Cell 
Costimulatory Molecules and Uses Therefor 

[0127] Another aspect of the invention pertains to isolated 
nucleic acids encoding novel structural domains of T cell 
costimulatory molecules provided by the invention. In one 
embodiment, the structural domain encoded by the nucleic 
acid is a cytoplasmic domain. A preferred nucleic acid 
encoding a novel cytoplasmic domain comprises a nucle 
otide sequence shoWn in SEQ ID NO: 4. In another embodi 
ment, the structural domain encoded by the nucleic acid is 
a signal peptide domain. A preferred nucleic acid encoding 
a novel signal peptide domain comprises a nucleotide 
sequence shoWn in SEQ ID NO: 14. 

[0128] The invention also provides isolated polypeptides 
corresponding to novel structural domains of T cell costimu 
latory molecules, encoded by nucleic acids of the invention. 
In one embodiment, the structural domain is a cytoplasmic 
domain. Apreferred novel cytoplasmic domain comprises an 
amino acid sequence shoWn in SEQ ID NO: 5. In another 
embodiment, the structural domain is a signal peptide 
domain. Apreferred novel signal peptide domain comprises 
an amino acid sequence shoWn in SEQ ID NO: 15. 

[0129] The uses of the novel structural domains of the 
invention include the creation of chimeric proteins. The 
domains can further be used to raise antibodies speci?cally 
directed against the domains. 

[0130] A. Chimeric Proteins 

[0131] The invention provides a fusion protein comprised 
of tWo peptides, a ?rst peptide and a second peptide, Wherein 
the second peptide is a novel structural domain of a T cell 
costimulatory molecule provided by the invention. In one 
embodiment, the novel structural domain is a cytoplasmic 
domain, preferably comprising an amino acid sequence 
shoWn in SEQ ID NO: 5. In another embodiment, the novel 
structural domain is a signal peptide domain, preferably 
comprising an amino acid sequence shoWn in SEQ ID NO: 
15. For example, a fusion protein can be made Which 
contains extracellular and transmembrane portions from a 
protein other than murine B7-1 and Which contains a novel 
cytoplasmic domain (e.g., Cyt-I1) of murine B7-1. This type 
of fusion protein can be made using standard recombinant 
DNA techniques in Which a nucleic acid molecule encoding 
the cytoplasmic domain (e.g., SEQ ID NO:4) is linked 
in-frame to the 3‘ end of a nucleic acid molecule encoding 
the extracellular and transmembrane domains of the protein. 
The recombinant nucleic acid molecule can be incorporated 
into an expression vector and the encoded fusion protein can 
be expressed by standard techniques, e.g., by transfecting 
the recombinant expression vector into an appropriate host 
cell and alloWing expression of the fusion protein. 

[0132] Afusion protein of the invention, comprising a ?rst 
peptide fused to a second peptide comprising a novel 
cytoplasmic domain of the invention, can be used to transfer 
the signal transduction function of the novel cytoplasmic 
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domain to another protein. For example, a novel cytoplasmic 
domain of B7-1 (e.g., Cyt-I1) can be fused to the extracel 
lular and transmembrane domains of another protein (e.g., 
an immunoglobulin protein, a T cell receptor protein, a 
groWth factor receptor protein etc.) and the fusion protein 
can be expressed in a host cell by standard techniques. The 
extracellular domain of the fusion protein can be crosslinked 
(e.g., by binding of a ligand or antibody to the extracellular 
domain) to generate an intracellular signal(s) mediated by 
the novel cytoplasmic domain. 

[0133] Additionally, a fusion protein of the invention can 
be used in methods of identifying and isolating other mol 
ecules (e.g., proteins) Which can interact intracellularly (i.e., 
Within the cell cytoplasm) With a novel cytoplasmic domain 
of the invention. One approach to identifying molecules 
Which interact intracellularly With the cytoplasmic domain 
of a cell-surface receptor is to metabolically label cells 
Which express the receptor, immunoprecipitate the receptor, 
usually With an antibody against the extracellular domain of 
the receptor, and identify molecules Which are co-immuno 
precipitated along With the receptor. In the case of mB7-1, 
hoWever, the cells Which have been found to express the 
naturally-occurring Cyt-II form of B7-1 have also been 
found to express the naturally-occurring Cyt-I form of B7-1 
(e.g., thymocytes, see Example 2). Thus, immunoprecipita 
tion With an antibody against the extracellular domain of 
mB7-1 Would immunoprecipitate both forms of the protein 
since the extracellular domain is common to both the Cyt-I 
and Cyt-II containing forms. Thus, molecules Which interact 
With either Cyt-I or Cyt-II Would be co-immunoprecipitate. 
A fusion protein comprising a non-B7-1 extracellular 
domain (to Which an antibody can bind), a transmembrane 
domain (derived either from the non-B7-1 molecule or from 
B7-1) and a B7-1 alternative cytoplasmic domain (e.g., 
Cyt-II) can be constructed and expressed in a host cell Which 
naturally expresses the Cyt-II form of B7-1. The antibody 
directed against the “heterologous” extracellular domain of 
the fusion protein can then be used to immunoprecipitate the 
fusion protein and to co-immunoprecipitate any other pro 
teins Which interact intracellularly With the novel cytoplas 
mic domain. 

[0134] B. Antibodies 

[0135] An antibody Which binds to a novel structural 
domain of the invention can be prepared by using the 
domain, or a portion thereof, as an immunogen. Polyclonal 
antibodies or monoclonal antibodies can be prepared by 
standard techniques described above. In a preferred 
approach, peptides comprising amino acid sequences of the 
domain are used as immunogens, e.g. overlapping peptides 
encompassing the amino acid sequence of the domain. For 
example, polyclonal antisera against a novel cytoplasmic 
domain (e.g., Cyt II of mB7-1) can be made by preparing 
overlapping peptides encompassing the amino acid 
sequence of the domain and immuniZing an animal (e.g., 
rabbit) With the peptides by standard techniques. 

[0136] An antibody of the invention can be used to detect 
novel structural forms of T cell costimulatory molecules. 
Such an antibody is thus useful for distinguishing betWeen 
expression by a cell of different forms of T cell costimula 
tory molecules. For example, a cell Which is knoWn to 
express a costimulatory molecule, such as B7-1, (for 
example, by the ability of an antibody directed against the 
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extracellular portion of the costimulatory molecule to bind 
to the cell) can be examined to determine Whether the 
costimulatory molecule includes a novel cytoplasmic 
domain of the invention. The cell can be reacted With an 
antibody of the invention by standard immunohistochemical 
techniques. For example, the antibody can be labeled With a 
detectable substance and the cells can be permeabiliZed to 
alloW entry of the antibody into the cell cytoplasm. The 
antibody is then incubated With the cell and unbound anti 
body Washed aWay. The presence of the detectable substance 
associated With the cell is detected as an indication of the 
binding of the antibody to a novel cytoplasmic domain 
expressed in the cell. Suitable detectable substances With 
Which to label an antibody include various enZymes, pros 
thetic groups, ?uorescent materials, luminescent materials 
and radioactive materials. Examples of suitable enZymes 
include horseradish peroxidase, alkaline phosphatase, [3-ga 
lactosidase, or acetylcholinesterase; examples of suitable 
prosthetic group complexes include streptavidinibiotin and 
avidin/biotin; examples of suitable ?uorescent materials 
include umbelliferone, ?uorescein, ?uorescein isothiocyan 
ate, rhodamine, dichlorotriaZinylamine ?uorescein, dansyl 
chloride or phycoerythrin; an example of a luminescent 
material includes luminol; and examples of suitable radio 
active material include 1251 1311, 35S or 3H. 

[0137] C. Kinase Substrates 

[0138] A novel cytoplasmic domain of the invention 
Which contains a concensus phosphorylation site (i.e., Cyt-II 
of mB7-1) can be used as a substrate for a protein kinases 
Which phosphorylates the phosphorylation site. Kinase reac 
tions can be performed by standard techniques in vitro, e.g., 
by incubating a polypeptide comprising the cytoplasmic 
domain (or a T cell costimulatory molecule Which includes 
the novel cytoplasmic domain) With the kinase. The kinase 
reactions can be performed in the presence of radiolabeled 
ATP (e.g., 32P-y-AT P) to radiolabel the novel cytoplasmic 
domain. 

[0139] This invention is further illustrated by the folloW 
ing examples Which should not be construed as limiting. The 
contents of all references and published patents and patent 
applications cited throughout the application are hereby 
incorporated by reference. 

[0140] The folloWing methodology Was used in the 
Examples. 

MATERIALS AND METHODS 

[0141] Genomic Cloning 

[0142] A mouse 129 lambda genomic library Was kindly 
provided by Drs. Hong Wu and Rudolf Jaenisch of the 
Whitehead Institute for Biomedical Research, Cambridge, 
Mass. Genomic DNA Was prepared from the J1 embryonic 
stem cell line (derived from the 129/sv mouse strain), 
partially digested With MboI, siZed (17-21 kb), and ligated 
into the BamHI site of lambda-DASH II arms (Stratagene, 
La Jolla Calif.). The library Was probed With the coding 
region of mB7-1 cDNA to yield four clones (704, 709, 7015, 
and 7016). These lambda clones Were subdloned into Blue 
script-pKS II (Stratagene, La Jolla Calif.) for subsequent 
restriction mapping. 
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Reverse Transcriptase-Polymerase Chain Reaction 
(RT-PCR) 

[0143] Total cellular RNA Was prepared from SWR/J 
mouse spleen and thymus using RNA-Stat-60 (Tel-Test “B”, 
Inc, FriendsWood, Tex.). Random hexamer primed reverse 
transcription (RT) Was performed With Superscript-RT 
(Gibco BRL, Gaithersburg Md.) using 1-10 pg total RNA in 
a 20 pl reaction. All PCR reactions Were performed in 25 pl 
volumes using a manual “hot start”, Wherein 10>< deoxy 
nucleotide triphosphates (dNTPs) Were added to the samples 
at 80° C. Final reaction conditions Were: 60 mM Tris-HCl, 
pH 8.5, 15 mM (NH4)2SO4, 2.5 mM MgCl2, 200 pM dNTPs, 
and 2 pig/ml each of the speci?c primers. Cycling conditions 
for all ampli?cations Were 94° C., 4 minutes prior to 35 
cycles of 94° C. for 45 seconds, 58° C. for 45 seconds, and 
72° C. for 3 minutes, folloWed by a ?nal extension at 72° C. 
for 7 minutes. The template for primary PCR Was 2 pl of the 
RT reaction product and the template for secondary nested 
PCR Was 1 pl of the primary PCR reaction product. 

Oligonucleotides 

[0144] All oligonucleotides Were synthesiZed on an 
Applied Biosystems 381 A DNA Synthesizer. The oligo 
nucleotides used in this study are listed in Table I and their 
uses for primary or secondary PCR, as Well as sense, also are 
indicated. 

[0145] Rapid Ampli?cation of cDNA Ends (RACE) Pro 
cedure 

[0146] Polyadenylated RNA purifed by tWo cycles of 
oligo-dT selection Was obtained from CH1 B lymphoma 
cells, Which express high levels of mB7-1. Primers designed 
to the most 5‘ end of the cDNA Were employed With the 5‘ 
RACE Kit (Gibco BRL, Gaithersburg, Md.) according to the 
manufacturer’s instructions. In brief, RNA Was reverse 
transcribed With a gene-speci?c oligonucleotide, the cDNA 
puri?ed, and a poly-dCTP tail Was added With terminal 
deoxynucleotide transferase. PCR Was performed using a 
nested primer and an oligonucleotide complimentary to the 
poly-dCTP tail. PCR bands Were cloned, sequenced, and 
correlated With the genomic sequences. 

[0147] Oligonucleotide Hybridization 
[0148] Oligonucleotide(s) Were 5‘ end-labeled With poly 
nucleotide kinase and y32P-ATP. HybridiZations Were car 
ried out in 5><SSC and 5% SDS at 55° C. overnight and 
subsequently Washed 3 times for 15 minutes With 2><SSC at 
55° C. Blots Were exposed to Kodak XAR-5 ?lm With an 
intensifying screen at —80° C. 

[0149] The oligonucleotides used for the PCR studies in 
Examples 1-4 are shoWn in Table I: 

TABLE I 

Oliqonucleotides used for PCR studies 

Desig 
nation Sequence (5 ' to 3 ' ) sense PCR 

B7 . 2 7 CCAACATAACTGAGTCTGGAAA + second- (SEQ 

ary ID 
NO: 

43 ) 
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TABLE I-continued 

Oliqonucleotides used for PCR studies 

Desig 
nation Sequence (5 ' to 3 ' ) sense PCR 

B7 . 3 6 CTGGATTCTGACTCACCTTCA — second 

ary 
(SEQ 
ID 

NO: 

44 ) 

B7 . 3 7 AGGTTAAGAGTGGTAGAGCCA — primary (SEQ 

ID 

NO: 

45 ) 

B7 .38 AATACCATGTATCCCACATGG — second 

ary 
(SEQ 
ID 

NO: 

46 ) 

B7 . 4 2 CTGAAGCTATGGCTTGCAATT + primary (SEQ 
ID 

NO: 

47 ) 

B7 .44 TGGCTTCTCTTTCCTTACCTT + second 

ary 
(SEQ 
ID 

NO: 

48 ) 

B7 .48 GCAAATGGTAGATGAGACTGT — s eC 0nd 

ary 
(SEQ 
ID 

NO: 

49 ) 

B7 . 62 CAACCGAGAAATCTACCAGTAA — probe (SEQ 

ID 

NO: 

50 ) 

B7 . 6 8 GCCGGTAACAAGTCTCTTCA + primary (SEQ 
ID 

NO: 

51 ) 

B7 . 7 l AAAAGCTCTATAGCATTCTGTC + primary (SEQ 

ID 

NO: 

52 ) 

B7 .80 ACTGACTTGGACAGTTGTTCA + second 

ary 
(SEQ 
ID 

NO: 

53 ) 

B7 . 5 4 7 TTTGATGGACAACTTTACTA — primary (SEQ 

ID 

NO: 

54) 

Example 1 

CharacteriZation of the mB7-1 Genomic Locus 

[0150] Lambda clones containing mB7-1 genomic DNA 
Were isolated using a probe consisting of the coding region 
of mB7-1. Four representative lambda clones (designated 
clones 7(4, A9, A15, and X16) Were selected for further 
analysis. These lambda clones Were subcloned and subjected 
to restriction mapping With HindIII and BamHI. Regions 
containing exons Were further characteriZed With XbaI and 
PstI. Fine mapping studies indicate that the mB7-1 locus is 
comprised of 6 exons arranged in the folloWing 5‘ to 3‘ order: 



US 2004/0192899 A1 

5‘ UT plus signal peptide domain, Ig-V-like domain, Ig-C 
like domain, transmembrane domain, cytoplasmic domain I, 
and the alternative cytoplasmic domain II, to be discussed 
beloW. The 4 lambda clones spanned over 40 kb of the 
mB7-1 locus, excluding a gap of undetermined siZe betWeen 
exon 1 (signal exon) and exon 2 (Ig-V-like exon). The gap 
betWeen clones K15 (transmembrane domain exon) and X16 
(cytoplasmic domain exon) Was determined to be less than 
100 base pairs by PCR using a sense primer (B7.71) 
designed to the 3‘ end of clone K15 and an antisense primer 
(B738) located at the 5‘ end of clone X16. Clones ?9 and 
X15 overlapped in a region spanning exon 2. 

EXAMPLE 2 

Identi?cation of mB7-1 Exon 6: An Alternately 
Spliced Exon Encoding a Novel Second 

Cytoplasmic Domain 

[0151] Analysis of mB7-1 cDNAs isolated from an A20 B 
cell cDNA library shoWed that one cDNA contained addi 
tional sequence not previously described for the mB7-1 
cDNA. This sequence Was mapped to the mB7-1 locus 
approximately 7-kb doWnstream of exon 5. A canonical 
splice site Was present immediately upstream of this 
sequence and a polyadenylation site Was present doWn 
stream. Taken together, these data suggested that this novel 
sequence represents an additional exon, encoding 46 amino 
acids, Which may be alternatively spliced in place of exon 5. 
This alternative cytoplasmic domain is notable for tWo 
casein kinase II phosphorylation sites (amino acid positions 
11-15 (SAKDF) and amino acid positions 28-32 (SLGEA) 
of SEQ ID NO: 5) (for a description of casein kinase II 
phosphorylation sites see Pinna (1990) Biochimica et Bio 
physicaActa 1054:267-284) and one protein kinase C phos 
phorylation site (amino acid positions 11-14 (SAKD) of 
SEQ ID NO: 5)(for a description of protein kinase C 
phosphorylation sites see Woodgett et al. (1986) Biochem 
istry 161:177-184; and Kishimoto et al. (1985) J. Biol. 
Chem. 260:12492-12499). 
[0152] In order to assess Whether exon 6 also could be 
used in an alternative fashion, an antisense primer (B7.48) 
Was designed to the predicted exon 4/6 splice junction such 
that only the alternatively spliced product Would give rise to 
an ampli?ed product. This primer overhangs the putative 
exon 4/6 junction by 3 bp at its 3‘ end. The 3 bp overhang 
is insuf?cient to permit direct priming in exon 4 outside the 
context of an exon 4/6 splice (FIG. 1, lane 9, negative 
control is a cDNA clone containing only mB7-1 CytI). The 
expected ampli?ed product for the alternately spliced tran 
script (FIG. 1, transcript C) Would be 399 bp. Interestingly, 
this transcript Was observed only in thymic, but not splenic 
RNA. 

[0153] [In FIG. 1, lanes 1, 2 and 3 represent nested PCR 
products from murine splenic RNA using PCR primers 
B7.27-B736, B7.27-B738, and B7.27-B7.48, respectively. 
Lanes 4, 5 and 6 represent nested PCR products from murine 
thymic RNA using PCR primers B7.27-B736, B7.27-B738 
and B7.27-B7.48, respectively. Lane 7 represents a negative 
control (no input RNA). Lane 8 represents a positive control 
(mB7-1 cDNA clone). Lane 9 represents a negative control 
for B7.27-B7.48 ampli?cation comprised of the mB7-1 
cDNA containing cytoplasmic domain I, Which does not 
have the correct exon 4-6 splice junction. Lane M is a 100 
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bp ladder With the loWer bright band equal to 600 bp. Letters 
A, B and C refer to the transcripts detected and are further 
illustrated in FIG. 1. Note that exon 6 splicing as an 
alternative cytoplasmic domain is present only in the thy 
mus, but not in the spleen]. 

[0154] To further investigate the use of exon 6 in mB7-1 
mRNA transcripts, nested RT-PCR spanning exons 3 
through 6 Was performed using spleen RNA (FIG. 1, PCR 
product A). A PCR product longer than predicted from the 
use of exon 6 as an alternatively spliced exon also Was 
observed. Subsequent sequence analysis indicated that in 
this transcript, exons 5 and 6 Were spliced in tandem, rather 
than in an alternative fashion (FIG. 1, transcript A), making 
use of a previously unrecogniZed splice donor site doWn 
stream of the termination codon in exon 5. Thus, this 
alternative transcript Would not change the encoded protein. 
Subsequent sequence analysis of a larger than expected 
product observed from spleen RNA (FIG. 1, lane 3) 
revealed an additional example of the tandem splicing of 
exon 6 to exon 5 using an alternative noncanonical splice 
site. Transcripts With tandem splicing of exon 6 to exon 5 
Were observed in the spleen and the thymus. 

[0155] FIG. 2 is a schematic diagram of the three mB7-1 
transcripts (A, B, and C) detected by nested RT-PCR. Exons 
are depicted in different shades of gray and untranslated 
sequences are White. Oligonucleotide primers used for the 
initial RT-PCR and subsequent nested PCR are indicated 
above their respective locations in the transcripts. Only 
B7.48 spans an exon-exon junction as indicated. The scale 
bar above indicates the length in base pairs. 

EXAMPLE 3 

Identi?cation of Additional mB7-15‘ Untranslated 
Sequences 

[0156] Rapid ampli?cation of cDNA ends (RACE) is a 
PCR-based strategy to determine the 5‘ end of a transcript. 
Three distinct rounds of 5‘ RACE Were performed on 
polyadenylated RNA from CH1 B lymphoma cells, Which 
express high levels of mB7-1 RNA. The resulting sequences 
extended the 5‘ UT of the knoWn mB7-1 cDNA by 1505 bp, 
beyond the transcriptional start site reported by Selvakumar 
et al. ((1993) Immunogenetics 38:292-295). In order to 
con?rm that this long 5‘ UT sequence Was indeed in the 
mB7-1 mRNA and not generated by PCR ampli?cation of 
genomic DNA, a nested RT-PCR ampli?cation (B7.68 
B7.547 folloWed by B7.44-B7.80) Was performed. This 
ampli?cation spans exon 2 (primer B780) and the novel 5‘ 
UT sequences in exon 1 (B7-44), and should yield an 840 bp 
PCR product. It should be noted that exon 2 is separated 
from exon 1 by greater than 12 kb in genomic DNA, thus 
making a genomic DNA-derived PCR product of almost 
13kb. The predicted band of 840 bp, indeed, Was observed 
When this nested PCR ampli?cation Was performed. To 
further con?rm the nature of the PCR product, hybridiZation 
Was performed With an oligonucleotide (B7.62) derived 
from sequences in exon 1 located 5‘ of the transcriptional 
start site reported by Selvakumar et al. ((1993) Immunoge 
netics 381292-295). This probe hybridiZed to the PCR prod 
uct. In addition, sequencing of the RACE product revealed 
that it contained sequences identical to the previously knoWn 
genomic sequences immediately upstream of the knoWn 
exon 1 and Was contiguous With exon 1. Thus, it did not 
identify an additional exon. 


































































