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(57) ABSTRACT 

The invention provides novel polypeptides Which are asso 
ciated With the transcription complex NF-AT, polynucle 
otides encoding such polypeptides, antibodies Which are 
reactive With such polypeptides, polynucleotide hybridiza 
tion probes and PCR ampli?cation probes for detecting 
polynucleotides Which encode such polypeptides, trans 
genes Which encode such polypeptides, homologous target 
ing constructs that encode such polypeptides and/or homolo 
gously integrate in or near endogenous genes encoding such 
polypeptides, nonhuman transgenic animals Which comprise 
functionally disrupted endogenous genes that normally 
encode such polypeptides, and transgenic nonhuman ani 
mals Which comprise transgenes encoding such polypep 
tides. The invention also provides methods for detecting T 
cells (including activated T cells) in a cellular sample, 
methods for treating hyperactive or hypoactive T cell con 
ditions, methods for screening for immunomodulatory 
agents, methods for diagnostic staging of lymphocyte dif 
ferentiation, methods for producing NF-AT proteins for use 
as research or diagnostic reagents, methods for producing 
antibodies reactive With the novel polypeptides, and meth 
ods for producing transgenic nonhuman animals. 
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NF-AT POLYPEPTIDES AND POLYNUCLEOTIDES 

[0001] This application is a continuation-in-part of US. 
Ser. No. 08/124,981 ?led Sep. 20, 1993. 

STATEMENT OF RIGHTS 

[0002] This invention Was made in the course of Work 
supported by the US. Government and Howard Hughes 
Medical Institute, Which may have certain rights in this 
invention 

FIELD OF THE INVENTION 

[0003] The invention provides novel polypeptides Which 
are associated With the transcription complex NF-AT, poly 
nucleotides encoding such polypeptides, antibodies Which 
are reactive With such polypeptides, polynucleotide hybrid 
iZation probes and PCR ampli?cation probes for detecting 
polynucleotides Which encode such polypeptides, trans 
genes Which encode such polypeptides, homologous target 
ing constructs that encode such polypeptides and/or homolo 
gously integrate in or near endogenous genes encoding such 
polypeptides, nonhuman transgenic animals Which comprise 
functionally disrupted endogenous genes that normally 
encode such polypeptides, and transgenic nonhuman ani 
mals Which comprise transgenes encoding such polypep 
tides. The invention also provides methods for detecting T 
cells (including activated T cells) in a cellular sample, 
methods for treating hyperactive or hypoactive T cell con 
ditions, methods for screening for immunomodulatory 
agents, methods for diagnostic staging of lymphocyte dif 
ferentiation, methods for producing NF-AT proteins for use 
as research or diagnostic reagents, methods for producing 
antibodies reactive With the novel polypeptides, and meth 
ods for producing transgenic nonhuman animals. 

BACKGROUND OF THE INVENTION 

[0004] The immune response is coordinated by the actions 
of cytokines produced from activated T lymphocytes. The 
precursors for most T lymphocytes arise in the bone marroW 
and migrate to the thymus Where they differentiate and 
express receptors capable of interacting With antigen. These 
differentiated T lymphocytes then migrate to the peripheral 
lymphoid organs Where they remain quiescent until they 
come in contact With the cognate antigen. The interaction of 
antigen With the antigen receptor on T lymphocytes initiates 
an ordered series of pleiotropic changes; a process denoted 
as T lymphocyte activation. T lymphocyte activation is a 7 
to 10 day process that results in cell division and the 
acquisition of immunological functions such as cytotoxicity 
and the production of lymphokines that induce antibody 
production by B lymphocytes and control the groWth and 
differentiation of granulocyte and macrophage precursors. 
The cytokines produced by activated T lymphocytes act 
upon other cells of the immune system to coordinate their 
behavior and bring about an effective immune response. 

[0005] The initiation of T lymphocyte activation requires 
a complex interaction of the antigen receptor With the 
combination of antigen and self-histocompatibility mol 
ecules on the surface of antigen-presenting cells. T lympho 
cytes may also be activated by relatively simple stimuli such 
as the combination of a calcium ionophore (e. g., ionomycin) 
and an activator of protein kinase C, such as phorbol 
myristate acetate (PMA). Several lectins, including phyto 
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hemagglutinin (PHA) may also be used to activate T cells 
(NoWell (1960) Cancer Res. 20: 462). 

[0006] T lymphocyte activation involves the speci?c regu 
lation of particular subsets of genes. The transcriptional 
regulation characteristic of T cell activation begins minutes 
after the antigen encounter and continues until at least 10 
days later. The T lymphocyte activation genes can be 
grouped according to the time after stimulation at Which 
each gene is transcribed. Early genes are the ?rst subset of 
T lymphocyte activation genes that is expressed during the 
activation process. Expression of the early genes triggers the 
transcriptional modulation of subsequent genes in the acti 
vation pathWay. Because of the critical role of the T lym 
phocyte in the immune response, agents that interfere With 
expression of the early activation genes, such as cyclosporin 
A and FK506, are effective immunosuppressants. 

[0007] Transcription of the early genes requires the pres 
ence of speci?c transcription factors, such as NF-AT, Which 
in turn are regulated through interactions With the antigen 
receptor. These transcription factors are proteins Which act 
through enhancer and promoter elements near the early 
activation genes to modulate the rate of transcription of 
these genes. Many of these transcription factors reversibly 
bind to speci?c DNA sequences located in and near 
enhancer elements. 

[0008] The interleukin-2 (IL-2) gene is a paradigmatic 
early activation gene. The IL-2 gene product plays a critical 
role in T lymphocyte proliferation and differentiation. The 
IL-2 gene is transcriptionally active only in T cells that have 
been stimulated through the antigen receptor or its associ 
ated molecules (Cantrell and Smith (1984) Science 224: 
1312). The transcriptional induction of IL-2 in activated T 
lymphocytes is mediated by a typical early gene transcrip 
tional enhancer that extends from 325 basepairs upstream of 
the transcriptional start site for the IL-2 gene (Durand et al. 
(1988) Mol. Cell. Biol. 8: 1715). Other genes knoWn to 
contain NF-AT recognition sites in their regulatory regions 
include: y-interferon, IL-4, GM-CSF, and others. This 
region, Which is referred to herein as the IL-2 enhancer, has 
been used extensively to dissect the requirements for T 
lymphocyte activation. An array of transcription factors, 
including NF-AT, NFkb, AP-1, Oct-1, and a neWly identi?ed 
protein that associates With Oct-1 called OAP-40, bind to 
sequences in this region (Ullman et al. (1991) Science 254: 
558). These different transcription factors act together to 
integrate the complex requirements for T lymphocyte acti 
vation. 

[0009] Among the group of transcription factors men 
tioned above, the presence of NF-AT is characteristic of the 
transcription events involving early activation genes, in that 
its recognition sequence is able to enhance transcription of 
linked heterologous genes in activated T cells of transgenic 
animals (VerWeij et al. (1990) J. Biol. Chem. 265: 15788). 
The NF-AT sequence element is also the only knoWn tran 
scriptional element in the IL-2 enhancer that has no stimu 
latory effect on transcription in the absence of physiologic 
activation of the T lymphocyte through the antigen receptor 
or through treatment of T cells With the combination of 
ionomycin and PMA. For example, the NF-AT element 
enhances transcription of linked sequences in T lymphocytes 
Which have had proper presentation of speci?c antigen by 
MHC-matched antigen presenting cells or have been stimu 
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lated With the combination of ionomycin/PMA, but not in 
unstimulated T lymphocytes (Durand et al. (1988) 0n.cit; 
ShaW et al. (1988) op. cit; Karttunen and Shastri (1991) Proc. 
Natl. Acad. Sci. USA 88: 3972; VerWeij et al. (1990) op.cit). 
Moreover, the NF-AT sequence element naturally enhances 
transcription of the IL-2 gene only in activated T lympho 
cytes. 

[0010] Other elements Within the IL-2 enhancer, for 
example, the NFkb site or the AP-1 site, activate transcrip 
tion in response to less speci?c stimuli, such as tumor 
necrosis factor a or simply PMA by itself. These compounds 
do not by themselves activate transcription of the IL-2 gene 
and other early activation genes, and do not lead to T 
lymphocyte activation. 

[0011] Such observations indicate that the expression of 
certain early genes, such as the interleukin-2 gene may be 
regulated by the protein complex NF-AT. Data have also 
indicated that a selective genetic de?ciency of NF-AT pro 
duces severe combined immunode?ciency (SCID) (Chatilla 
et al. (1989) New Engl. J. Med. 320: 696). 

[0012] One of the functional sequences in the IL-2 
enhancer is a binding site for a multimeric protein complex, 
designated NF-AT (nuclear factor of activated T lympho 
cytes), that functions as a transcriptional regulator of IL-2, 
IL-4, and other early activation genes (ShaW et al. (1988) 
Science 241: 202). The NF-AT transcription complex is 
formed subsequent to a signal from the antigen receptor. 
Enhancement of transcription of genes adjacent to the NF 
AT recognition site requires that the NF-AT complex bind to 
the recognition site (ShaW et al. (1988) op.cit). Although the 
molecular makeup of NF-AT is not fully de?ned, studies 
have reported that NF-AT can be reconstituted from a 
ubiquitous nuclear component that requires protein synthe 
sis for induction and a T cell-speci?c constitutive cytoplas 
mic component, designated NF-ATc (Flanagan et al. (1991) 
Nature 352: 803). This cytoplasmic component, NF-ATC, 
associates With the nucleus in response to calcium signalling 
in a manner that is inhibited by the immunosuppressive 
drugs cyclosporin A (CsA) and FK506. The nuclear com 
ponent of NF-AT can be induced With PMA, is not sensitive 
to CsA or FK506, and can be seen in cells of non-T cell 
origin such as HeLa and Cos. 

[0013] Northrop et al. (1993) J. Biol. Chem. 268: 2917 
report that the nuclear component of NF-AT contains the 
phorbol ester-inducible transcription factor, AP-1 (Jun/Fos), 
and shoW that antisera to Fos (a component of AP-1) inhibits 
NF-AT binding to DNA containing a binding site for AP-1. 
Moreover, Northrop et al. shoW that NF-AT DNA binding 
can be reconstituted in vitro using semi-puri?ed AP-1 pro 
teins mixed With cytosol from T lymphocytes, presumably 
containing NF-ATC. Northrop et al. also report partial puri 
?cation of NF-ATcand report a molecular mass range of 
approximately 94 to 116 kD as estimated by SDS-polyacry 
lamide gel electrophoresis. 

[0014] As noted above, cyclosporin A (CsA) and FK506 
are capable of acting as immunosuppressants. These agents 
inhibit T and B cell activation, mast cell degranulation, and 
other processes essential to an effective immune response 
(Borel et al. (1976) AgentsActions 6: 468; Sung et al. (1988) 
J. Exp. Med. 168: 1539; Gao et al. Nature 336: 176). In T 
lymphocytes, these drugs disrupt a step in the signal trans 
duction pathWay(s) through Which the binding of antigen to 
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the T cell antigen receptor produces enhanced transcription 
of speci?c cytokine genes involved in the coordination of 
the immune response. Thus, these agents prevent T lympho 
cyte activation (Crabtree et al. (1989) Science 243: 355; 
Schreiber et al. (1989) Science 251:283; Hohman & Hutlsch 
(1990) New Biol. 2: 663) and act as immunosuppressants. 

[0015] Putative intracellular receptors for FK506 and CsA 
have been described and found to be cis-trans prolyl 
isomerases (Fischer & Bang (1985) Biochim. Biophys. Acta 
828: 39; Fischer et al. Nature 337: 476; Handschumacher et 
al. (1984) Science 226: 544; Lang & Schmid (1988) Nature 
331: 453; Standaert et al. (1990) Nature 346: 671). Binding 
of the drugs inhibits isomerase activity; hoWever, studies 
With other prolyl isomerase inhibitors (Bierer et al. (1990) 
Science 250: 556) and analysis of cyclosporin-resistant 
mutants in yeast suggest that the prevention of T lymphocyte 
activation results from formation of an inhibitory complex 
involving the drug and the isomerase (Bierer et al. (1990) 
Proc. Natl. Acad. Sci. USA. 87: 9231; Tropschug et al. 
(1989) Nature 342: 953), and not from inhibition of the 
isomerase activity per se. CsA and FK-506 prevent T cell 
proliferation by inhibiting a calcium-dependent signalling 
event required for the induction of interleukin-2 transcrip 
tion. 

[0016] Calcineurin, a calmodulin-dependent protein phos 
phatase Which occurs in various isoforms, has been identi 
?ed as a critical component of T cell activation through the 
signal transduction pathWay leading to transcriptional acti 
vation of NF-AT-dependent genes, such as lymphokine 
genes (Liu et al. (1991) Cell 66: 807; Clipstone and Crabtree 
(1992) Nature 357: 695; O’Keefe et al. (1992) Nature 357: 
692) 
[0017] Transcriptional enhancement involving NF-AT 
recognition sequences is completely blocked in T cells 
treated With efficacious concentrations of cyclosporin A or 
FK506, With little or no speci?c effect on transcriptional 
enhancement involving recognition sites for other transcrip 
tion factors, such as AP-1 and NF-KB (ShaW et al.(1988) 
op.cit; Emmel et al. (1989) Science 246: 1617; Mattila et al. 
(1990) EMBO J. 9: 4425). This blockage can be overcome, 
at least partially, by the expression of hyperphysiolgical 
amounts of calcineurin (Clipstone and Crabtree (1992) 
0p.cit.). 
[0018] Unfortunately, While both cyclosporin A and 
FK506 are potent immunosuppressive agents, both drugs 
possess detrimental properties. For example, cyclosporin 
elicits adverse reactions including renal dysfunction, trem 
ors, nausea and hypertension. Indeed, for many years 
researchers have attempted to develop superior replace 
ments, With FK506 being the most recent candidate. HoW 
ever, Without understanding the mechanisms by Which 
cyclosporin (or FK506) functions at the intracellular level, 
developing improved immunosuppressants represents an 
extremely dif?cult research effort With a limited likelihood 
of success. 

[0019] Thus, there exists a signi?cant need to understand 
the functional basis of T cell activation involving NF-AT, 
particularly With regard to the mechanism by Which these 
immunosuppresants such as CsA and FK506 inhibit tran 
scription of the early activation genes. With such knoWl 
edge, improved assays for screening drug candidates Would 
be feasible, Which could in turn dramatically enhance the 
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search process. Modulation of the immune system, espe 
cially modulation of T cell activation, also may be effected 
by directly altering the amount or activity of NF-AT. The 
present invention ful?lls these and other needs. 

[0020] The references discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the inventors are not entitled to antedate such 
disclosure by virtue of prior invention. 

SUMMARY OF THE INVENTION 

[0021] The present invention provides several novel meth 
ods and compositions for modulating the immune response 
and for screening for modulators of the immune response. 
These methods utiliZe polynucleotide sequences encoding 
NF-ATc recombinant proteins and complementary poly 
nucleotides Which are substantially identical to NF-ATc 
polynucleotide sequences. 

[0022] In one aspect of the invention, NF-ATc polypep 
tides and compositions thereof are provided. NF-ATc 
polypeptides comprise polypeptide sequences Which are 
substantially identical to a sequence shoWn in FIG. 1 or a 

cognate NF-ATc gene sequence. 

[0023] Nucleic acid sequences encoding NF-ATc are pro 
vided. The characteristics of the cloned sequences are given, 
including the nucleotide and predicted amino acid sequence 
in FIG. 1. Polynucleotides comprising these sequences can 
serve as templates for the recombinant expression of quan 
tities of NF-ATc polypeptides, such as human NF-ATc and 
murine NF-ATC. Polynucleotides comprising these 
sequences can also serve as probes for nucleic acid hybrid 
iZation to detect the transcription and mRNA abundance of 
NF-ATc mRNA in individual lymphocytes (or other cell 
types) by in situ hybridiZation, and in speci?c lymphocyte 
populations by Northern blot analysis and/or by in situ 
hybridiZation (AlWine et al. (1977) Proc. Natl. Acad. Sci. 
U.S.A. 74: 5350) and/or PCR ampli?cation and/or LCR 
detection. Such recombinant polypeptides and nucleic acid 
hybridiZation probes have utility for in vitro screening 
methods for immunomodulatory agents and for diagnosis 
and treatment of pathological conditions and genetic dis 
eases, such as transplant rejection reactions, T cell-mediated 
immune responses, lymphocytic leukemias (e.g., T cell 
leukemia or lymphoma) Wherein NF-AT activity contributes 
to disease processes, autoimmune disease, arthritis, and the 
like. 

[0024] In one embodiment, candidate immunomodulatory 
agents are identi?ed by their ability to block the binding of 
a NF-ATc polypeptide to other components of NF-AT (e.g., 
AP-l) and/or to block the binding of NF-AT to DNA having 
an NF-AT recognition site. The DNA preferably includes 
one or more NF-AT binding sites at Which a NF-AT protein 
complex speci?cally binds. One means for detecting binding 
of a NF-AT protein comrpising NF-ATc to DNA is to 
immobiliZe the DNA, such as by covalent or noncovalent 
chemical linkage to a solid support, and to contact the 
immobiliZed DNA With a NF-AT protein complex compris 
ing a NF-ATc polypeptide that has been labeled With a 
detectable marker (e.g., by incorporation of radiolabeled 
amino acid). Such contacting is typically performed in 
aqueous conditions Which permit binding of a NF-AT pro 
tein to a target DNA containing a NF-AT binding sequence. 
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Binding of the labeled NF-AT to the immobiliZed DNA is 
measured by determining the extent to Which the labeled 
NF-ATc polypeptide is immobiliZed as a result of a speci?c 
binding interaction. Such speci?c binding may be reversible, 
or may be optionally irreversible if a cross-linking agent is 
added in appropriate experimental conditions. 

[0025] In one aspect, candidate immunomodulatory 
agents are identi?ed as being agents capable of inhibiting (or 
enhancing) intermolecular binding betWeen NF-ATc and 
other polypeptides Which compriss a NF-AT complex (e.g., 
AP-l, JunB, etc.). The invention provides methods and 
compositions for screening libraires of agents for the capac 
ity to interfere With binding of NF-ATc to other NF-AT 
polypeptide species under aqueous binding conditions. Typi 
cally, at least either NF-ATc and/or another NF-AT polypep 
tide species is labeled With a detectable label and intermo 
lecular binding betWeen NF-ATc and other NF-AT 
polypeptide species is detected by the amount of labeled 
species captured in NF-AT complexes and the like. 

[0026] The invention also provides antisense polynucle 
otides complementary to NF-ATc sequences Which are 
employed to inhibit transcription and/or translation of the 
cognate mRNA species and thereby effect a reduction in the 
amount of the respective NF-ATc protein in a cell (e.g., a T 
lymphocyte of a patient). Such antisense polynucleotides 
can function as immunomodulatory drugs by inhibiting the 
formation of NF-AT protein required for T cell activation. 

[0027] In a variation of the invention, polynucleotides of 
the invention are employed for diagnosis of pathological 
conditions or genetic disease that involve T cell neoplasms 
or T cell hyperfunction of hypofunction, and more speci? 
cally conditions and diseases that involve alterations in the 
structure or abundance of NF-ATc polypeptide, NF-ATc 
polynucleotide sequence, or structure of the NF-ATc gene or 
?anking region(s). 
[0028] The invention also provides antibodies Which bind 
to NF-ATc With an af?nity of about at least 1><107 M-_1 and 
Which lack speci?c high af?nity binding for other proteins 
present in activated T cells. Such antibodies can be used as 
diagnostic reagents to identify T cells (e.g., activatable T 
cells) in a cellular sample from a patient (e.g., a lymphocyte 
sample, a solid tissue biopsy) as being cells Which contain 
an increased amount of NF-ATc protein determined by 
standardiZation of the assay to be diagnostic for activated T 
cells. Frequently, anti-NF-ATc antibodies are included as 
diagnostic reagents for immunohistopathology staining of 
cellular samples in situ. Additionally, anti-NF-ATc antibod 
ies may be used therapeutically by targeted delivery to T 
cells (e.g., by cationiZation or by liposome/immunoliposome 
delivery). 
[0029] The invention also provides NF-ATc polynucle 
otide probes for diagnosis of neoplasia or immune status by 
detection of NF-ATc mRNA in cells explanted from a 
patient, or detection of a pathognomonic NF-ATc allele (e. g., 
by RFLP or allele-speci?c PCR analysis). Apathognomonic 
NF-ATc allele is an allele Which is statistically correlated 
With the presence of a predetermined disease or propensity 
to develop a disease. Typically, the detection Will be by in 
situ hybridiZation using a labeled (e.g., 32p, 35S, 14C, 3H, 
?uorescent, biotinylated, digoxigeninylated) NF-ATc poly 
nucleotide, although Northern blotting, dot blotting, or solu 
tion hybridiZation on bulk RNA or poly A+ RNA isolated 
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from a cell sample may be used, as may PCR ampli?cation 
using NF-ATc-speci?c primers. Cells Which contain an 
increased amount of NF-ATc mRNA as compared to stan 
dard control values for cells or cell types other than activated 
T cells or activatable T cells Will be thereby identi?ed as 
activated T cells or activatable T cells. Similarly, the detec 
tion of pathognomonic rearrangements or ampli?cation of 
the NF-ATc locus or closely linked loci in a cell sample Will 
identify the presence of a pathological condition or a pre 
disposition to developing a pathological condition (e.g., 
cancer, genetic disease). 

[0030] The present invention also provides a method for 
diagnosing T cell hypofunction of hyperfunction in a human 
patient, Wherein a diagnostic assay (e.g., immunchis 
tochemical staining of ?xed lymphocytic cells by an anti 
body that speci?cally binds human NF-ATC) is used to 
determine if a predetermined pathognomonic concentration 
of NF-ATc protein or NF-ATc mRNA is present in a bio 
logical sample from a human patient; if the assay indicates 
the presence of NF-ATc protein or NF-ATc mMA at or above 
such predetermined pathognomonic concentration, the 
patient is diagnosed as having T cell hyperfunction or 
hypofunction condition, or transplant rejection and the like. 

[0031] All publications and patent applications herein are 
incorporated by reference to the same extent as if each 
individual publication or patent application Was speci?cally 
and individually indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE FIGURES 

[0032] FIG. 1 (panels A and B) shoWs the nucleotide 
sequence of the human NF-ATc cDNA and the deduced 
amino acid sequence. Nucleotide sequence and complete 
predicted amino acid sequence of NF-ATc from human T 
lymphocytes. Bovine peptides (sequences not completely 
conserved) identi?ed in the predicted human sequence are 
underlined. The cDNA ends in a canonical polyadenylation 
signal and a poly A tail. 

[0033] FIG. 2 shoWs the expression of NF-ATc protein in 
T cells (Jurkat) and non-T cells (Cos). 

[0034] FIG. 3A and 3B shoW that the NF-ATc cDNA 
clone encodes a protein that activates transcription from an 
NF-AT site and is capable of activating the IL-2 promoter in 
non-T cells. 

[0035] FIG. 4 shoWs homology betWeen NF-ATC, NF 
ATp, and Rel family members. The protein sequences of 
murine NF-ATp and the Rel proteins Dorsal (the Drosophila 
axis-determining protein), human c-Rel, NF-kB p50, and 
NF-KB p65 are aligned to the sequence of NF-ATC. Num 
bering is With respect to NF-ATC. Identity to NF-ATC, open 
boxes; similarity in knoWn residue function or structure, 
shaded areas. Stars indicate regions in Which NF-ATc has: 1) 
a charge reversal relative to the majority of other Rel 
proteins, or has 2) replaced a potential salt bridge residue 
With a histidine or other chelating residue. LoWer portion 
shoWs a schematic of NF-ATc and NF-ATp. 

[0036] FIG. 5 (panels a-c). Panel a: Ribonuclease protec 
tion for human NF-ATc With RNA from Jurkat cells (lanes 
1-6) or Hela cells (lane 7). The expected speci?c ribonu 
clease-resistant fragment is 304 nucleotides (arroW). Hela 
cells Were non-stimulated. Jurkat cells Were either non 
stimulated or stimulated With 20 ng/ml PMA and 2 uM 
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ionomycin for 3 hours, plus or minus 100 ng/ml CsA added 
at the indicated times after stimulation. Panel b: RNA from 
the folloWing human cells: KJ (preB cell ALL), JD-1 (B cell 
lineage ALL), K562 (erythroleukemia cell line), CML (bone 
marroW cells from a patient With a myeloid leukemia), 
human muscle tissue, Hep G2 (liver cell line), HPB ALL (T 
cell line, nonstimulated or stimulated With 2 ug/mi PHA and 
50 ng/ml PMA for 30 minutes), and Hela cells analyZed by 
ribonuclease protection. A longer exposure of this gel indi 
cates that the K562 cell line contains a small amount of 
NF-ATc transcript. Panel c: NF-ATc (upper panel) and NF 
ATp (loWer panel) mRNA expression in mouse tissues and a 
skin tumor derived from NF-AT-Tag transgenic mice (Ver 
Weij et al. (1990) J. Biol. Chem 265: 15788-15795). Cells 
Were either non-stimulated or stimulated With 20 ng/ml 
PMA and 2 uM ionomycin for 3 hours. RNA Was measured 
by quantiative ribonuclease protection using murine cDNA 
probes. The predicted siZe of the fragment homologous to 
the probe is indicated by the arroWs. 

[0037] FIG. 6 (panels a-d). Panel a: Cos cells and Jurkat 
cells Were transfected With reporter constructs for NF-AT or 
HNF-1 ([328). Co-transfected expression vectors for NF-ATc 
(+NF-AT) or HNF-1ot(+HNF-1) Were included Where indi 
cated, otherWise empty pBJ5 vector Was included. Cells 
Were stimulated as indicated: PMA, P+I (PMA plus iono 
mycin). Panel b: Cos cells Were transfected With IL-2 
luciferase and With expression vectors as in a. Stimulations 
Were as in a. Data in a and b are expressed as fold induction 
of luciferase activity over nonstimulated value With empty 
pBJ5 vector. Bars represent mean and range of 2-3 inde 
pendent transfections. Panel c: Expression of NF-ATc in Cos 
cells gives rise to speci?c DNA binding activity. Gel mobil 
ity shifts using nuclear extracts from Cos cells transfected 
With pBJ5 (lanes 1 and 3), With NF-ATc (lanes 2 and 4-7), 
from non-transfected Jurkat cells (lanes 8-11) or using 
cytosols from pBJ5- or NF-ATc-transfected Cos cells (lanes 
12-13, 15-16) combined With Hela nuclear extract (lanes 
15-16). Lane 14, Hela nuclear extract alone. Labeled AP-1 
(lanes 1-2) or NF-AT (lanes 3-16) probes and cold competi 
tor oligonucleotides are indicated. ArroWs indicate speci?c 
AP-1 and NF-AT complexes. Panel d: Antisera induced 
supershift of NF-AT. NF-AT and AP-1 gel mobility shifts 
using nuclear extracts from stimulated Jurkat cells or murine 
thymocytes. Either no antisera, preimmune, or one of tWo 
different immune antisera Was included as indicated. ArroWs 
indicate speci?c NF-AT or AP1 complexes or supershifted 
NF-AT complexes 

[0038] FIG. 7 shoWs dominant-negative NF-ATC. Jurkat 
Tag cells Were transfected With vector plasmid (control) or 
With the dominant negative NF-ATc plasmid, plus the indi 
cated secreted alkaline phosphatase reporter plasmid. Trans 
fected cells Were transferred to fresh culture medium 24 
hours after transfection and secreted alkaline phosphatase 
activity Was measured (Clipstone and Crabtree (1992) 
Nature 357: 695-698) 16 to 24 hours later, after stimulation 
With 1 uM ionomycin plus 20 ng/ml PMA (NF-AT and IL-2 
reporters), 20 ng/ml PMA alone (API reporter) or no stimu 
lation (RSV reporter). Bars indicate, secreted alkaline phos 
phatase activity from cells transfected With the dominant 
negative NF-ATc as a percentage of the activity from cells 
transfected in parallel With control plasmid, and represent 
data obtained from (n) independent transfections. The domi 
nant negative NF-ATc consists of a carboxy terminal trun 
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cation of the epitope tagged NF-ATc expression plasmid 
extending to the PvuII site at amino acid 463. 

[0039] FIG. 8 shoWs changes in mobility of epitope 
tagged NF-ATc expressed in Jurkat cells. Cells Were trans 
fected With NF-ATc as in FIG. 2 and stimulated as shoWn for 
2 hrs plus or minus 100 ng/ml CsA. Whole cell lysates Were 
analyZed by Western blotting as in FIG. 2. 

DEFINITIONS 

[0040] Unless de?ned otherwise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are described. For purposes 
of the present invention, the folloWing terms are de?ned 
beloW. 

[0041] As used herein, the tWenty conventional amino 
acids and their abbreviations folloW conventional usage 
(Immun0l0gy—A Synthesis, 2nd Edition, E. S. Golub and D. 
R. Gren, Eds., Sinauer Associates, Sunderland, Mass. 
(1991), Which is incorporated herein by reference). Stereoi 
somers (e.g., D-amino acids) of the tWenty conventional 
amino acids, unnatural amino acids such as ot,ot-disubsti 
tuted amino acids, N-alkyl amino acids, lactic acid, and 
other unconventional amino acids may also be suitable 
components for polypeptides of the present invention. 
Examples of unconventional amino acids include: 4-Hy 
droxyproline, y-carboxyglutamate, e-N,N,N-trimethyll 
ysine, e-N-acetyllysine, O-phosphoserine, N-acetylserine, 
N-formylmethionine, 3-methylhistidine, 5-hydroxylysine, 
uu-N-methylarginine, and other similar amino acids and 
imino acids (e.g., 4-hydroxyproline). In the polypeptide 
notation used herein, the lefthand direction is the amino 
terminal direction and the righthand direction is the carboxy 
terminal direction, in accordance With standard usage and 
convention. Similarly, unless speci?ed otherWise, the left 
hand end of single-stranded polynucleotide sequences is the 
5‘ end; the lefthand direction of double-stranded polynucle 
otide sequences is referred to as the 5‘ direction. The 
direction of 5‘ to 3‘ addition of nascent RNA transcripts is 
referred to as the transcription direction; sequence regions 
on the DNA strand having the same sequence as the RNA 
and Which are 5‘ to the 5‘ end of the RNA transcript are 
referred to as “upstream sequences”; sequence regions on 
the DNA strand having the same sequence as the RNA and 
Which are 3‘ to the 3‘ end of the RNA transcript are referred 
to as “doWnstream sequences”. 

[0042] The term “naturally-occurring” as used herein as 
applied to an object refers to the fact that an object can be 
found in nature. For example, a polypeptide or polynucle 
otide sequence that is present in an organism (including 
viruses) that can be isolated from a source in nature and 
Which has not been intentionally modi?ed by man in the 
laboratory is naturally-occurring. 

[0043] The term “corresponds to” is used herein to mean 
that a polynucleotide sequence is homologous (i.e., is iden 
tical, not strictly evolutionarily related) to all or a portion of 
a reference polynucleotide sequence, or that a polypeptide 
sequence is identical to a reference polypeptide sequence. In 
contradistinction, the term “complementary to” is used 
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herein to mean that the complementary sequence is homolo 
gous to all or a portion of a reference polynucleotide 
sequence. For illustration, the nucleotide sequence 
“TATAC” corresponds to a reference sequence “TATAC” 
and is complementary to a reference sequence “GTATA”. 

[0044] The folloWing terms are used to describe the 
sequence relationships betWeen tWo or more polynucle 
otides: “reference sequence”, “comparison WindoW”, 
“sequence identity”, “percentage of sequence identity”, and 
“substantial identity”. A “reference sequence” is a de?ned 
sequence used as a basis for a sequence comparision; a 
reference sequence may be a subset of a larger sequence, for 
example, as a segment of a full-length cDNA or gene 
sequence given in a sequence listing, such as a polynucle 
otide sequence of FIG. 1, or may comprise a complete 
cDNA or gene sequence. Generally, a reference sequence is 
at least 20 nucleotides in length, frequently at least 25 
nucleotides in length, and often at least 50 nucleotides in 
length. Since tWo polynucleotides may each (1) comprise a 
sequence (i.e., a portion of the complete polynucleotide 
sequence) that is similar betWeen the tWo polynucleotides, 
and (2) may further comprise a sequence that is divergent 
betWeen the tWo polynucleotides, sequence comparisons 
betWeen tWo (or more) polynucleotides are typically per 
formed by comparing sequences of the tWo polynucleotides 
over a “comparison WindoW” to identify and compare local 
regions of sequence similarity. A “comparison WindoW”, as 
used herein, refers to a conceptual segment of at least 20 
contiguous nucleotide positions Wherein a polynucleotide 
sequence may be compared to a reference sequence of at 
least 20 contiguous nucleotides and Wherein the portion of 
the polynucleotide sequence in the comparison WindoW may 
comprise additions or deletions (i.e., gaps) of 20 percent or 
less as compared to the reference sequence (Which does not 
comprise additions or deletions) for optimal alignment of the 
tWo sequences. Optimal alignment of sequences for aligning 
a comparison WindoW may be conducted by the local 
homology algorithm of Smith and Waterman (1981) Adv. 
Appl. Math. 2: 482, by the homology alignment algorithm of 
Needleman and Wunsch (1970) J. Mol. Biol. 48: 443, by the 
search for similarity method of Pearson and Lipman (1988) 
Proc. Natl. Acad. Sci.(U.SA.) 85: 2444, by computeriZed 
implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics SoftWare 
Package Release 7.0, Genetics Computer Group, 575 Sci 
ence Dr., Madison, Wis.), or by inspection, and the best 
alignment (i.e., resulting in the highest percentage of homol 
ogy over the comparison WindoW) generated by the various 
methods is selected. The term “sequence identity” means 
that tWo polynucleotide sequences are identical (i.e., on a 
nucleotide-by-nucleotide basis) over the WindoW of com 
parison. The term “percentage of sequence identity” is 
calculated by comparing tWo optimally aligned sequences 
over the WindoW of comparison, determining the number of 
positions at Which the identical nucleic acid base (e.g., A, T, 
C, G, U, or I) occurs in both sequences to yield the number 
of matched positions, dividing the number of matched 
positions by the total number of positions in the WindoW of 
comparision (i.e., the WindoW siZe), and multiplying the 
result by 100 to yield the percentage of sequence identity. 
The terms “substantial identity” as used herein denotes a 
characteristic of a polynucleotide sequence, Wherein the 
polynucleotide comprises a sequence that has at least 85 
percent sequence identity, preferably at least 90 to 95 
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percent sequence identity, more usually at least 99 percent 
sequence identity as compared to a reference sequence over 
a comparison WindoW of at least 20 nucleotide positions, 
frequently over a WindoW of at least 25-50 nucleotides, 
Wherein the percentage of sequence identity is calculated by 
comparing the reference sequence to the polynucleotide 
sequence Which may include deletions or additions Which 
total 20 percent or less of the reference sequence over the 
WindoW of comparison. The reference sequence may be a 
subset of a larger sequence, for example, as a segment of the 
full-length human NF-ATc polynucleotide sequence shoWn 
in FIG. 1 or the full-length murine or bovine NF-ATc cDNA 
sequence. 

[0045] As applied to polypeptides, the term “substantial 
identity” means that tWo peptide sequences, When optimally 
aligned, such as by the programs GAP or BESTFIT using 
default gap Weights, share at least 80 percent sequence 
identity, preferably at least 90 percent sequence identity, 
more preferably at least 95 percent sequence identity or 
more (e.g., 99 percent sequence identity). Preferably, residue 
positions Which are not identical differ by conservative 
amino acid substitutions. Conservative amino acid substitu 
tions refer to the interchangeability of residues having 
similar side chains. For example, a group of amino acids 
having aliphatic side chains is glycine, alanine, valine, 
leucine, and isoleucine; a group of amino acids having 
aliphatic-hydroxyl side chains is serine and threonine; a 
group of amino acids having amide-containing side chains is 
asparagine and glutamine; a group of amino acids having 
aromatic side chains is phenylalanine, tyrosine, and tryp 
tophan; a group of amino acids having basic side chains is 
lysine, arginine, and histidine; and a group of amino acids 
having sulfur-containing side chains is cysteine and 
methionine. Preferred conservative amino acids substitution 
groups are: valine-leucine-isoleucine, phenylalanine-ty 
rosine, lysine-arginine, alanine-valine, and asparagine 
glutamine. 

[0046] The term “NF-ATC native protein” and “full-length 
NF-ATc protein” as used herein refers to a a naturally 
occurring NF-ATc polypeptide corresponding to the deduced 
amino acid sequence shoWn in FIG. 1 or corresponding to 
the deduced amino acid sequence of a cognate full-length 
cDNA. Also for example, a native NF-ATc protein present in 
naturally-occurring lymphocytes Which express the NF-ATc 
gene are considered full-length NF-ATc proteins. 

[0047] The term “NF-ATC fragment” as used herein refers 
to a polypeptide that has an amino-terminal and/or carboxy 
terminal deletion, but Where the remaining amino acid 
sequence is identical to the corresponding positions in the 
NF-ATc sequence deduced from a full-length cDNA 
sequence (e.g., the cDNA sequence shoWn in FIG. 1). 
NF-ATc fragments typically are at least 14 amino acids long, 
preferably at least 20 amino acids long, usually at least 50 
amino acids long or longer. 

[0048] The term “NF-ATC analog” as used herein refers to 
polypeptides Which are comprised of a segment of at least 25 
amino acids that has substantial identity to a portion of the 
deduced amino acid sequence shoWn in FIG. 1 , and Which 
has at least one of the folloWing properties: (1) binding-to 
other NF-AT proteins (e.g., AP-l) under suitable binding 
conditions, or (2) ability to localiZe to the nucleus upon T 
cell activation. Typically, NF-ATc analog polypeptides com 
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prise a conservative amino acid substitution (or addition or 
deletion) With respect to the naturally-occurring sequence. 
NF-ATc analogs typically are at least 20 amino acids long, 
preferably at least 50 amino acids long or longer, most 
usually being as long as full-length naturally-occurring 
NF-ATc (e.g., as shoWn in FIG. 1). Some NF-ATc analogs 
may lack biological activity but may still be employed for 
various uses, such as for raising antibodies to NF-ATc 
epitopes, as an immunological reagent to detect and/or 
purify ot-NF-ATc antibodies by af?nity chromatography, or 
as a competitive or noncompetitive agonist, antagonist, or 
partial agonist of native NF-ATc protein function. 

[0049] The term “NF-ATC polypeptide” is used herein as a 
generic term to refer to native protein, fragments, or analogs 
of NF-ATC. Hence, native NF-ATC, fragments of NF-ATC, 
and analogs of NF-ATc are species of the NF-ATc polypep 
tide genus. Preferred NF-ATc polypeptides include: the 
human full-length NF-ATc protein comprising the polypep 
tide sequence shoWn in FIG. 1, or polypeptides consisting 
essentially of a sequence shoWn in Table II. 

[0050] The term “cognate” as used herein refers to a gene 
sequence that is evolutionarily and functionally related 
betWeen species. For example but not limitation, in the 
human genome, the human CD4 gene is the cognate gene to 
the mouse CD4 gene, since the sequences and structures of 
these tWo genes indicate that they are highly homologous 
and both genes encode a protein Which functions in signal 
ing T cell activation through MHC class II-restricted antigen 
recognition. Thus, the cognate murine gene to the human 
NF-ATc gene is the murine gene Which encodes an expressed 
protein Which has the greatest degree of sequence identity to 
the human NF-ATc protein and Which exhibits an expression 
pattern similar to that of the human NF-ATc (e.g., expressed 
in T lineage cells). Preferred cognate NF-ATc genes are: rat 
NF-ATC, rabbit NF-ATC, canine NF-ATC, nonhuman primate 
NF-ATC, porcine NF-ATC, bovine NF-ATC, and hamster 
NF-ATC. 
[0051] The term “NF-ATc-dependent gene” is used herein 
to refer to genes Which: (1) have a NF-AT binding site (a site 
Which can be speci?cally footprinted by NF-AT under 
suitable binding conditions) Within about 10 kilobases of the 
?rst coding sequence of said gene, and (2) manifest an 
altered rate of transcription, either increased or decreased, 
from a major or minor transcriptional start site for said gene, 
Wherein such alteration in transcriptional rate correlates With 
the presence of NF-ATc polypeptide in NF-AT complexes, 
such as in an activated T cell. 

[0052] The term “altered ability to modulate” is used 
herein to refer to the capacity to either enhance transcription 
or inhibit transcription of a gene; such enhancement or 
inhibition may be contingent on the occurrence of a speci?c 
event, such as T cell stimulation. This alteration Will be 
manifest as an inhibition of the transcriptional enhancement 
of the IL-2 gene that normally ensues folloWing T cell 
stimulation. The altered ability to modulate transcriptional 
enhancement or inhibition may affect the inducible tran 
scription of a gene, such as in the just-cited IL-2 example, 
or may effect the basal level transcription of a gene, or both. 

[0053] The term “agent” is used herein to denote a chemi 
cal compound, a mixture of chemical compounds, a biologi 
cal macromolecule, or an extract made from biological 
materials such as bacteria, plants, fungi, or animal (particu 
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larly mammalian) cells or tissues. Agents are evaluated for 
potential activity as immunomodulatory agents (e.g., immu 
nosuppressants) by inclusion in screening assays described 
hereinbeloW. 

[0054] The term “candidate imunomodulatory agent” is 
used herein to refer to an agent Which is identi?ed by one or 
more screening method(s) of the invention as a putative 
immuomodulatory agent. Some candidate immunomodula 
tory agents may have therapeutic potential as drugs for 
human use. 

[0055] As used herein, the terms “label” or “labeled” 
refers to incorporation of a detectable marker, e.g., by 
incorporation of a radiolabeled amino acid or attachment to 
a polypeptide of biotinyl moieties that can be detected by 
marked avidin (e.g., streptavidin containing a ?uorescent 
marker or enZymatic activity that can be detected by optical 
or colorimetric methods). Various methods of labeling 
polypeptides and glycoproteins are knoWn in the art and may 
be used. Examples of labels for polypeptides include, but are 
not limited to, the folloWing: radioisotopes (e.g., 3H, 14C, 
35S, 1251, 131I), ?uorescent labels (e.g., FITC, rhodamine, 
lanthanide phosphors), enZymatic labels (e.g., horseradish 
peroxidase, [3-galactosidase, luciferase, alkaline phos 
phatase), biotinyl groups, predetermined polypeptide 
epitopes recogniZed by a secondary reporter (e.g., leucine 
Zipper pair sequences, binding sites for secondary antibod 
ies, metal binding domains, epitope tags). In some embodi 
ments, labels are attached by spacer arms of various lengths 
to reduce potential steric hindrance. 

[0056] As used herein, “substantially pure” means an 
object species is the predominant species present (i.e., on a 
molar basis it is more abundant than any other individual 
species in the composition), and preferably a substantially 
puri?ed fraction is a composition Wherein the object species 
comprises at least about 50 percent (on a molar basis) of all 
macromolecular species present. Generally, a substantially 
pure composition Will comprise more than about 80 to 90 
percent of all macromolecular species present in the com 
position. Most preferably, the object species is puri?ed to 
essential homogeneity (contaminant species cannot be 
detected in the composition by conventional detection meth 
ods) Wherein the composition consists essentially of a single 
macromolecular species. 

[0057] As used herein the terms “pathognomonic concen 
tration”, “pathognomonic amount”, and “pathognomonic 
staining pattern” refer to a concentration, amount, or local 
iZation pattern, respectively, of a NF-ATc protein or mRNA 
in a sample, that indicates the presence of a hypofunctional 
or hyperfunctional T cell condition or a predisposition to 
developing a disease, such as graft rejection. A pathogno 
monic amount is an amount of a NF-ATc protein or NF-ATc 
mRNA in a cell or cellular sample that falls outside the range 
of normal clinical values that is established by prospective 
and/or retrospective statistical clinical studies. Generally, an 
individual having a neoplastic disease (e.g., lymphocytic 
leukemia) or T cell-mediated immune response Will exhibit 
an amount of NF-ATc protein or mRNA in a cell or tissue 
sample that is higher than the range of concentrations that 
characteriZe normal, undiseased individuals; typically the 
pathognomonic concentration is at least about one standard 
deviation above the mean normal value, more usually it is at 
least about tWo standard deviations or more above the mean 
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normal value. HoWever, essentially all clinical diagnostic 
tests produce some percentage of false positives and false 
negatives. The sensitivity and selectivity of the diagnostic 
assay must be suf?cient to satisfy the diagnostic objective 
and any relevant regulatory requirements. In general, the 
diagnostic methods of the invention are used to identify 
individuals as disease candidates, providing an additional 
parameter in a differential diagnosis of disease made by a 
competent health-professional. 

DETAILED DESCRIPTION 

[0058] Generally, the nomenclature used hereafter and the 
laboratory procedures in cell culture, molecular genetics, 
and nucleic acid chemistry and hybridiZation described 
beloW are those Well knoWn and commonly employed in the 
art. Standard techniques are used for recombinant nucleic 
acid methods, polynucleotide synthesis, and microbial cul 
ture and transformation (e.g., electroporation, lipofection). 
Generally enZymatic reactions and puri?cation steps are 
performed according to the manufacturer’s speci?cations. 
The techniques and procedures are generally performed 
according to conventional methods in the art and various 
general references (see, generally, Sambrook et al. Molecu 
lar Cloning: A Laboratory Manual, 2d ed. (1989) Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
Which is incorporated herein by reference) Which are pro 
vided throughout this document. The procedures therein are 
believed to be Well knoWn in the art and are provided for the 
convenience of the reader. All the information contained 
therein is incorporated herein by reference. 

[0059] Oligonucleotides can be synthesiZed on an Applied 
Bio Systems oligonucleotide synthesiZer according to speci 
?cations provided by the manufacturer. 

[0060] Methods for PCR ampli?cation are described in the 
art (PCR Technolooy: Principles and Applications for DNA 
Ampli?cation ed. H A Erlich, Freeman Press, NeW York, 
NY. (1992); PCR Protocols: A Guide to Methods and 
Applications, eds. Innis, Gel?and, Snisky, and White, Aca 
demic Press, San Diego, Calif. (1990); Mattila et al. (1991) 
NucleicAcids Res. 19: 4967; Eckert, K. A. and Kunkel, T. A. 
(1991) PCR Methods and Applications 1: 17; PCR, eds. 
McPherson, Quirkes, and Taylor, IRL Press, Oxford; and 
US. Pat. No. 4,683,202, Which are incorporated herein by 
reference). 
[0061] Commonly assigned application U.S. Ser. No. 
07/749,385 ?led Aug. 22, 1991 is incorporated herein by 
reference. 

Cloning of NF-ATc Polynucleotides 

[0062] Genomic or cDNA clones encoding NF-ATc may 
be isolated from clone libraries (e.g., available from Clon 
tech, Palo Alto, Calif.) using hybridiZation probes designed 
on the basis of the nucleotide sequences shoWn in FIG. 1 
and using conventional hybridiZation screening methods 
(e.g., Benton W D and Davis R W (1977) Science 196: 180; 
Goodspeed et al. (1989) Gene 76: 1; Dunn et al. (1989) J. 
Biol. Chem. 264: 13057). Where a cDNA clone is desired, 
clone libraries containing cDNA derived from T cell mRNA 
is preferred. Alternatively, synthetic polynucleotide 
sequences corresponding to all or part of the sequences 
shoWn in FIG. 1 may be constructed by chemical synthesis 
of oligonucleotides. Additionally, polymerase chain reaction 
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(PCR) using primers based on the sequence data disclosed in 
FIG. 1 may be used to amplify DNA fragments from 
genomic DNA, mRNA pools, or from cDNA clone libraries. 
US. Pat. Nos. 4,683,195 and 4,683,202 describe the PCR 
method. Additionally, PCR methods employing one primer 
that is based on the sequence data disclosed in FIG. 1 and 
a second primer that is not based on that sequence data may 
be used. For eXample, a second primer that is homologous 
to or complementary to a polyadenylation segment may be 
used. In an embodiment, a polynucleotide comprising the 
2742 nucleotide-long sequence of FIG. 1 can be used. 
Alternative polynucleotides encoding the 716 amino acid 
sequence of FIG. 1 can also be readily constructed by those 
of skill in the art by using the degeneracy of the genetic 
code. Polynucleotides encoding amino acids 418 to 710 of 
the NF-ATc sequence of FIG. 1 can also be constructed by 
those of skill in the art. 

[0063] It is apparent to one of skill in the art that nucle 
otide substitutions, deletions, and additions may be incor 
porated into the polynucleotides of the invention. Nucleotide 
sequence variation may result from sequence polymor 
phisms of various NF-ATc alleles, minor sequencing errors, 
and the like. HoWever, such nucleotide substitutions, dele 
tions, and additions should not substantially disrupt the 
ability of the polynucleotide to hybridiZe to one of the 
polynucleotide sequences shoWn in FIG. 1 under hybrid 
iZation conditions that are sufficiently stringent to result in 
speci?c hybridiZation. 

[0064] Speci?c hybridiZation is de?ned herein as the for 
mation of hybrids betWeen a probe polynucleotide (e.g., a 
polynucleotide of the invention Which may include substi 
tutions, deletion, and/or additions) and a speci?c target 
polynucleotide (e.g., a polynucleotide having the sequence 
in FIG. 1), Wherein the probe preferentially hybridiZes to the 
speci?c target such that, for eXample, a single band corre 
sponding to NF-ATc mRNA (or bands corresponding to 
multiple alternative splicing products of the NF-ATc gene) 
can be identi?ed on a Northern blot of RNA prepared from 
a suitable cell source (e.g., a T cell expressing NF-ATC). 
Polynucleotides of the invention and recombinantly pro 
duced NF-ATC, and fragments or analogs thereof, may be 
prepared on the basis of the sequence data provided in FIG. 
1 according to methods knoWn in the art and described in 
Maniatis et al., Molecular Cloning: A Laboratory Manual, 
2nd Ed., (1989), Cold Spring Harbor, NY. and Berger and 
Kimmel, Methods in Enzymolooy, Volume 152, Guide to 
Molecular Cloning Techniques (1987), Academic Press, 
Inc., San Diego, Calif., Which are incorporated herein by 
reference. 

[0065] NF-ATc polynucleotides may be short oligonucle 
otides (e.g., 25-100 bases long), such as for use as hybrid 
iZation probes and PCR (or LCR) primers. NF-ATc poly 
nucleotide sequences may also comprise part of a larger 
polynucleotide (e.g., a cloning vector comprising a NF-ATc 
clone) and may be fused, by polynucleotide linkage, in 
frame With another polynucleotide sequence encoding a 
different protein (e.g., glutathione S-transferase or [3-galac 
tosidase) for encoding expression of a fusion protein. Typi 
cally, NF-ATc polynucleotides comprise at least 25 consecu 
tive nucleotides Which are substantially identical to a 
naturally-occurring NF-ATc sequence (e.g., FIG. 1), more 
usually NF-ATc polynucleotides comprise at least 50 to 100 
consecutive nucleotides Which are substantially identical to 
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a naturally-occurring NF-ATc sequence. HoWever, it Will be 
recogniZed by those of skill that the minimum length of a 
NF-ATc polynucleotide required for-speci?c hybridiZation to 
a NF-ATc target sequence Will depend on several factors: 
G/C content, positioning of mismatched bases (if any), 
degree of uniqueness of the sequence as compared to the 
population of target polynucleotides, and chemical nature of 
the polynucleotide (e.g., methylphosphonate backbone, 
phosphorothiolate, etc.), among others. 

[0066] For eXample but not limitation, suitable hybridiZa 
tion probes for detecting and/or quantifying the presence of 
NF-ATc mRNA in a sample generally comprise at least one, 
preferably at least tWo, and more preferably all of the 
folloWing human NF-ATc sequences shoWn in Table I, or 
their complements: 

TABLE I 

Selected Human NF-ATc Polynucleotide Sequences 

5 '—CAG CGC GGG GCG GCC ACT TCT CCT GTG CCT CCG 

CCC GCT GCT-3 ' ; 

5 '—GCC GCG CGG ATG CCA AGC ACC AGC TTT CCA GTC 

CCT TCC AAG-3 ' ; 

5 '—CCA ACG TCA GCC CCG CCC TGC CGC TCC CCA CGG 

CGC ACT CCA-3 ' ; 

5'-TTC AGA CCT CCA cAc CGG GcA TCA TCC CGC CGG 
cGG-3' ; 

5 '—GCC ACA CCA GGC CTG ATG GGG CCC CTG CCC TGG 

AGA GTC CTC-3 ' ; 

5 '—AGT CTG CCC AGC CTG GAG GCC TAC AGA GAC CCC 

TCG TGC CTG-3 ' ; 

5'—GTG TCT ccc AAG Acc ACG GAC ccc GAG GAG GGc 

TTT ccc-3' ; 

5 '—AGC TGG CTG GGT GCC CGC TCC TCC AGA CCC GCG 

TCC CCT TGC-3 ' ; 

5 '—TAC AGC CTC AAC GGC CGG CAG CCG CCC TAC TCA 

CCC CAC CAC-3 ' ; 

5 '—GAC CAC CGA CAG CAG CCT GGA CCT GGG AGA TGG 

CGT CCC TGT-3 ' ; 

5 '—CCT GGG CAG CCC CCC GCC CCC GGC CGA CTT CGC 

GCC CGA AGA-3 ' ; 

5 '—GCT CCC CTA CCA GTG GCG AAG CCC AAG CCC CTG 

TCC CCT ACG-3 ' ; 

5 '—CTT CGG ATT GAG GTG CAG CCC AAG TCC CAC CAC 

CGA GCC CAC-3 ' ; 

5 '—CAT GGC TAC TTG GAG AAT GAG CCG CTG ATG CTG 

CAG CTT TTC-3 ' ; 

5 '—AAG ACC GTG TCC ACC ACC AGC CAC GAG GCT ATC 

CTC TCC AAC-3 ' ; 

5 '—TCA GCT CAG GAG CTG CCT CTG GTG GAG AAG CAG 

AGC ACG GAC-3 ' ; 

5 '—AAC GCC ATC TTT CTA ACC GTA AGC CGT GAA CAT 

GAG CGC G-3 ' ; 
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TABLE I-continued 

Selected Human NF-ATc Polynucleotide Sequences 

5 '—AGA AAC GAC GTC GCC GTA AAG CAG CGT GGC GTG 

TGG CA-3 ' ; and 

5 '—GCA TAC TCA GAT AGT CAC GGT TAT TTT GCT TCT 

TGC GAA TG-3 ' . 

[0067] Also for example but not limitation, the following 
pair of PCR primers (amplimers) may be used to amplify 
murine or human NF-ATc sequences (e.g., by reverse tran 
scriptase initiated PCR of RNA from NF-ATc expressing 
cells): 

(forward) 
5 '—AGGGCGCGGGCACCGGGGCCCGGGCAGGGCTCGGAG-3 ' 

(reverse) 
5 '—GCAAGAAGCAAAATAACCGTGACTATCTGAGTATGC-3 ' 

[0068] If desired, PCR amplimers for amplifying substan 
tially full-length cDNA copies may be selected at the 
discretion of the practioner. Similarly, amplimers to amplify 
single NF-ATc exons or portions of the NF-ATc gene 
(murine or human) may be selected. 

[0069] Each of these sequences may be used as hybrid 
iZation probes or PCR amplimers to detect the presence of 
NF-ATc mRNA, for example to diagnose a disease charac 
teriZed by the presence of an elevated NF-ATc mRNA level 
in lymphocytes, or to perform tissue typing (i.e., identify 
tissues characterized by the expression of NF-ATc mRNA), 
and the like. The sequences may also be used for detecting 
genomic NF-ATc gene sequences in a DNA sample, such as 
for forensic DNA analysis (e.g., by RFLP analysis, PCR 
product length(s) distribution, etc.) or for diagnosis of 
diseases characteriZed by ampli?cation and/or rearrange 
ments of the NF-ATc gene. 

[0070] Production of NF-ATc Polypeptides 

[0071] The nucleotide and amino acid sequences shoWn in 
FIG. 1 enable those of skill in the art to produce polypep 
tides corresponding to all or part of the full-length human 
NF-ATc polypeptide sequence. Such polypeptides may be 
produced in prokaryotic or eukaryotic host cells by expres 
sion of polynucleotides encoding NF-ATC, or fragments and 
analogs thereof. Alternatively, such polypeptides may be 
synthesiZed by chemical methods or produced by in vitro 
translation systems using a polynucleotide template to direct 
translation. Methods for expression of heterologous proteins 
in recombinant hosts, chemical synthesis of polypeptides, 
and in vitro translation are Well known in the art and are 
described further in Maniatis et al., Molecular Cloning: A 
Laboratory Manual (1989), 2nd Ed., Cold Spring Harbor, 
NY. and Berger and Kimmel, Methods in Enzymology. 
Volume 152, Guide to Molecular Cloning Techniques 
(1987), Academic Press, Inc., San Diego, Calif. 

[0072] Fragments or analogs of NF-ATc may be prepared 
by those of skill in the art. Preferred amino- and carboxy 
termini of fragments or analogs of NF-ATc occur near 
boundaries of functional domains. For example, but not for 
limitation, such functional domains include: (1) domains 
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conferring the property of binding to other NF-AT compo 
nents (e.g., AP-1), (2) domains conferring the property of 
nuclear localiZation in stimulated T lymphocytes, and (3) 
domains conferring the property of enhancing activation of 
T cells When expressed at suf?cient levels in such cells. 
Additionally, such functional domains might include: (1) 
domains conferring the property of binding to RNA poly 
merase species, (2) domains having the capacity to directly 
alter local chromatin structure, Which may comprise cata 
lytic activities (e.g., topoisomerases, endonucleases) and/or 
Which may comprise structural features (e.g., Zinc ?ngers, 
histone-binding moieties), and (3) domains Which may 
interact With accessory proteins and/or transcription factors. 

[0073] One method by Which structural and functional 
domains may be identi?ed is by comparison of the nucle 
otide and/or amino acid sequence data shoWn in FIG. 1 to 
public or proprietary sequence databases. Preferably, com 
puteriZed comparison methods are used to identify sequence 
motifs or predicted protein conformation domains that occur 
in other proteins of knoWn structure and/or function, such as 
the Zinc ?ngers. For example, the NAD-binding domains of 
dehydrogenases, particularly lactate dehydrogenase and 
malate dehydrogenase, are similar in conformation and have 
amino acid sequences that are detectably homologous (Pro 
teins, Structures and Molecular Principles, (1984) Creigh 
ton (ed.), W. H. Freeman and Company, NeW York, Which is 
incorporated herein by reference). Further, a method to 
identify protein sequences that fold into a knoWn three 
dimensional structure are knoWn (BoWie et al. (1991) Sci 
ence 253: 164). Thus, the foregoing examples demonstrate 
that those of skill in the art can recogniZe sequence motifs 
and structural conformations that may be used to de?ne 
structural and functional domains in the NF-ATc sequences 
of the invention. One example of a domain is the rel 
similarity region from amino acid 418 to amino acid 710 of 
the NF-ATc polypeptide sequence of FIG. 1. 

[0074] Additionally, computeriZed comparison of 
sequences shoWn in FIG. 1 to existing sequence databases 
can identify sequence motifs and structural conformations 
found in other proteins or coding sequences that indicate 
similar domains of the NF-ATc protein. For example but not 
for limitation, the programs GAP, BESTFIT, FASTA, and 
TFASTA in the Wisconsin Genetics SoftWare Package 
(Genetics computer Group, 575 Science Dr., Madison, Wis.) 
can be used to identify sequences in databases, such as 
GenBank/EMBL, that have regions of homology With a 
NF-ATc sequences. Such homologous regions are candidate 
structural or functional domains. Alternatively, other algo 
rithms are provided for identifying such domains from 
sequence data. Further, neural netWork methods, Whether 
implemented in hardWare or softWare, may be used to: (1) 
identify related protein sequences and nucleotide sequences, 
and (2) de?ne structural or functional domains in NF-ATc 
polypeptides (Brunak et al. (1991) J. Mol. Biol. 220: 49, 
Which is incorporated herein by reference). For example, the 
13-residue repeat motifs -SPRASVTEESWLG- and 
-SPRVSVTDDSWLS- are examples of structurally related 
domains. 

[0075] Fragments or analogs comprising substantially one 
or more functional domain may be fused to heterologous 
polypeptide sequences, Wherein the resultant fusion protein 
exhibits the functional property(ies) conferred by the NF 
ATc fragment. Alternatively, NF-ATc polypeptides Wherein 
































































