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ABSTRACT NFAT (nuclear factor of activated T cells) is a
family of transcription factors implicated in the control of
cytokine and early immune response gene expression. Recent
studies have pointed to a role for NFAT proteins in gene
regulation outside of the immune system. Herein we demonstrate
that NFAT proteins are present in 3T3-L1 adipocytes and, upon
fat cell differentiation, bind to and transactivate the promoter of
the adipocyte-specific gene aP2. Further, fat cell differentiation
is inhibited by cyclosporin A, a drug shown to prevent NFAT
nuclear localization and hence function. Thus, these data suggest
arole for NFAT transcription factors in the regulation of the aP2
gene and in the process of adipocyte differentiation.

Nuclear factor of activated T cells (NFAT) is a family of tran-
scriptional regulatory proteins that controls the expression of
cytokine genes in T lymphocytes (1). NFAT was initially identi-
fied as a transcriptional complex in activated T cells that bound,
in electrophoretic mobility shift assays (EMSAs) and by DNase
I footprinting experiments, to two purine-rich sequences located
at positions —290 and —35 upstream of the coding region of the
interleukin 2 (IL-2) cytokine gene (2-4). The NFAT family has
four members that are approximately 65% similar throughout a
290-amino acid domain-related to the DNA binding and dimer-
ization domain of the Rel family of transcription factors (RHD)
(5-8). The RHD is essential for the dimerization of NFAT with
an inducible nuclear component composed of AP-1 family mem-
ber proteins (9-13). The NFAT proteins reside in the cytoplasm
in resting T and B lymphocytes and translocate to the nucleus
upon activation through T and B cell receptors. This process is
controlled by the dephosphorylation of cytoplasmic NFAT by the
phosphatase calcineurin, which becomes activated upon the
delivery of a signal that results in a sustained calcium flux (14-16).
The inhibition of cytokine gene transcription by the immunosup-
pressive drugs cyclosporin A (CsA) and tacrolimus (FK506) can
be explained by their interaction with their receptors, cyclophilin
and FKBP12, thereby creating high-affinity binding sites for the
phosphatase calcineurin. This interaction interferes with cal-
cineurin activity and thereby inhibits NFAT translocation to the
nucleus (17). The export of NFAT from the nucleus back into the
cytosol has recently been shown to depend on its rephosphory-
lation by glycogen synthase kinase 3 (18).

The distribution of two of the four NFAT proteins, NFATc and
NFAT4 (also called NFATc3/NFATX), is tightly restricted to the
lymphoid system in the adult organism, whereas the expression of
the remaining two, NFATp and NFAT3 (also called NFATc4), is
fairly ubiquitous (7). Until recently, a role for NFAT proteins
outside the lymphoid system had not been apparent. However,
the phenotype of mouse strains lacking the NFATCc transcription
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factor revealed a critical role for this protein in cardiac morpho-
genesis. These animals die from cardiac failure in utero secondary
to defective formation of cardiac valves and ventricular septae, a
calcium-sensitive process characterized by epithelial/mesenchy-
mal transformation of the endocardial cushion (19). The wide-
spread distribution of two of the NFAT proteins, coupled with the
known function of glycogen synthase kinase 3 in developmental
signaling programs in Xenopus and Drosophila (20-22), also
suggested that NFAT proteins might be important in cellular
differentiation programs outside of the immune system.

The development of adipose tissue from uncommitted meso-
dermal precursors is characterized by striking alterations in cell
morphology and gene expression. Adipocyte differentiation has
been a fruitful model system for investigations into programs of
terminal cell differentiation, in part because of the existence of
cell lines such as the 3T3-L1 preadipocytes that can be differen-
tiated in vitro. When exposed to appropriate hormonal stimuli,
3T3-L1 fibroblasts will convert into fat-laden adipocytes in ap-
proximately a week (23-25). This conversion is accompanied by
the expression of a number of adipocyte-specific genes including
stearoyl CoA desaturase, the insulin-responsive glucose trans-
porter, and a fatty acid-binding protein called aP2 (26-28).
Investigations into the transcriptional regulation of this latter
gene have identified a number of transcription factors that play
a key role in adipogenesis. Initial studies demonstrated that the
proximal promoter region of the aP2 gene could direct low-level
fat-cell-specific expression in vitro (29-31). This region contained
binding sites for C/EBPa (positions —149 to —130) and AP-1
(positions —124 to —107) transcription factors. C/EBPa was
demonstrated to bind to the more distal element and to trans-
activate the aP2 promoter (32, 33). The proximal element was
termed FSE?2 (fat-specific element 2) and was shown to be active
during fat cell differentiation and to bind c-fos. (29). Mutational
analysis of the FSE2 demonstrated that this site was essential for
promoter activity during adipogenesis. However, this promoter
region did not give rise to tissue-specific expression in transgenic
mice (34). Subsequently, it was shown that the critical determi-
nant of fat-cell-specific expression in vivo was an enhancer located
5.4 kb upstream of the transcriptional start site that binds the
peroxisome proliferator-activated receptor y2 (PPARY2) nuclear
factor (35, 36). Thus, factors that bind to the FSE2 act in concert
with factors, most notably PPARY, that bind upstream.

Adipocyte extracts give a single protected region on aP2 DNA
in DNase I footprinting experiments that extends from base pairs
—124 to —108 (29). Reexamination of the sequences protected
revealed a perfect consensus sequence for NFAT just upstream
of the c-fos binding site, reminiscent of the architecture of
cytokine promoters, raising the possibility that NFAT family
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proteins also play a role in the regulation of fat cell-specific genes.
Herein we present evidence that NFAT proteins are present in
adipocytes and, upon fat cell differentiation, bind to and trans-
activate aP2 reporter sequences. Further, fat cell differentiation
is inhibited by CsA, a drug known to prevent NFAT nuclear
localization. Thus, these data suggest a role for NFAT transcrip-
tion factors in the regulation of the aP2 gene and in processes of
adipocyte differentiation.

MATERIALS AND METHODS

Cell Culture and Adipocyte Differentiation. The generation
and maintenance of the Th2 clone, D10.G4.1(D10) (American
Type Culture Collection) specific for conalbumin/Ia¥, have been
described (37, 38). For nuclear extract preparation, D10 cells were
stimulated with anti-CD3(2C11)-coated plates overnight at 4°C.
The 3T3-L1 and F442A cell lines were grown on 100-mm tissue
culture plates in predifferentiation medium [DMEM/glucose
(4.5 g/liter)/10% bovine calf serum/1% of a 100X stock of a
penicillin—streptomycin solution]. Five days after the cells
reached confluence, they were fed with differentiation medium
[DMEM/glucose(4.5 g/liter)/10% fetal bovine serum/1% pen-
icillin—streptomycin/insulin (5 pg/ml)/0.5 mM methyl isobutylx-
anthine/1 mM dexamethasone]. After 48 hr of differentiation,
the cells were fed again and thereafter cells were fed every other
day but with DMEM supplemented only with insulin and 10%
fetal bovine serum. Differentiation was assessed by quantitating
triglyceride deposits by red oil O staining. Cells were washed once
with 1X PBS, twice with 60% cthanol, fixed in formalin, allowed
to stand at room temperature for 1 hr in red oil O, and then
examined by photomicroscopy.

CsA Treatment of 3T3-L1 Cells. Two sets of plates were used;
one set of plates was allowed to differentiate normally as de-
scribed above. A parallel set of plates was used to test the effects
of CsA on differentiation. To these plates were added various
doses of CsA (a gift from Sandoz and Merck; at 1 or 10 pg/ml)
or the solvent (EtOh) used to dissolve the CsA as control, at
culture initiation and subsequently every other day. Differentia-
tion was assessed as above.

Western Blot Analysis and Electrophoretic Mobility Shift
Assays. Total cell lysates were prepared from 3T3-L1 cells
harvested at appropriate time points, electrophoresed on a 10%
SDS/polyacrylamide gel, transferred to a poly(vinylidene diflu-
oride) membrane (Millipore) and probed with a mAb against
NFATYp, 4G6-G5 (a gift from G. Crabtree, Stanford Univ.) or a
polyclonal antiserum raised against NFAT3 (a gift from T. Hoey,
Tularik, San Francisco) and then visualized by enhanced chemi-
luminescence detection (ECL, Amersham). Cytoplasmic extracts
were prepared as described (39). For EMSA, stimulated Th2 cell
nuclear extracts and nuclear extracts from undifferentiated and
differentiated 3T3-L1 cells were prepared as described (9). The
DNA probes used were double-stranded oligonucleotides (indi-
cated below), end-labeled with [*?P]JdATP (DuPont NEN Re-
search Product) or used unlabeled in competition experiments.
The oligonucleotides used were as follows: IL-4 (positions —79 to
—61), 5'-ATAAAATTTTCCAATGTAAA-3'; MtIL-4, 5'-AT-
AAAACGGGTCCAATGTAAA-3'; FSE2 (positions —127 to
—101), 5'-GGATCCAAAAACATGACTCAGAGGAAAAC-
ATAC-3"; ARES6, 5'-TGCACATTTCACCCAGAGAGAAG-
GGATTGA-3"; AP-1, 5'-GAGCCGCAAGTGACTCAGC-
GCGGGCG-3'. For supershift experiments, antibodies
against NFATp (4G6-G5) and against c-fos, FosB, c-jun/AP-1,
c-fos (K-25), and Fral (N-17) (Santa Cruz Biotech, La Jolla,
Ca) were added to nuclear extracts and preincubated at 4°C for
1 hr before addition of labeled probe as described (9).

Transient Transfection Assays. Transfections were performed
as described (29). Briefly, 3T3-L1 cells grown in 100-mm plates
were differentiated for 4 days or undifferentiated, washed once
with 1X PBS, and refed with DMEM/10% fetal bovine serum/
insulin (5 ug/ml) for 2-4 hr before application of the DNA-
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calcium phosphate mixture. The aP2 promoter chloramphenicol
acetyltransferase (CAT) construct was produced by PCR of the
aP2 upstream region from positions —168 to +20, followed by
ligation to the Sall/Xbal-digested pCAT basic reporter plasmid.
The mutant aP2 reporter contains a replacement of the wild-type
NFAT sequence ~'AAAC™% with ~1%8CCCG~1%. Cotrans-
fections used 20 ug of aP2 reporter, and 20 ug of an NFATp/
pRep4 expression construct or pRep4 control vector alone (40).
After a 3- to 6-hr incubation, the medium/precipitate was re-
moved, and cells were shocked with 10% dimethyl sulfoxide and
then refed with DMEM/10% fetal bovine serum/insulin (1
pg/ml). The cells were refed at 24 hr and stimulated with phorbol
12-myristate 13-acetate (2.5nM) and ionomycin (2 uM). At 48 hr,
extracts were prepared and assayed for CAT activity as described
9, 12).

RESULTS

The FSE2 Element Binds NFAT Proteins. An examination of
the region of the aP2 promoter footprinted by adipocyte extracts
revealed a perfect consensus NFAT binding site immediately
upstream of the AP-1 site that has been shown to bind c-fos. The
similarity of these sequences to NFAT/AP-1 sites in cytokine
promoters (Fig. 1a) prompted us to test whether NFAT proteins
could bind to the FSE2. EMSAs with nuclear extracts, prepared
from activated T lymphocyte clones, and the FSEZ2 site (positions
—127 to —101), as the probe (Fig. 1b), revealed two shifted
complexes whose binding was competed with an excess of unla-
beled FSE2 probe. The upper complex was competed with an
oligonucleotide containing the NFAT site in the IL-4 promoter,
but not by an oligonucleotide containing a mutant NFAT site, and
both complexes were competed with an oligonucleotide contain-
ing the AP-1 site in the IL-4 promoter. We conclude that the
upper complex is composed of NFAT plus AP-1 proteins and the
lower complex is composed of only AP-1 proteins. Thus these
experiments demonstrate that the FSE2 can bind NFAT/AP-1
proteins present in T lymphocytes.

NFAT/AP-1 Proteins Are Present in Differentiated Adipocytes
and Bind the FSE2. To determine whether adipocytes contain
NFAT proteins, the 3T3-L1 preadipocyte cell line was differen-
tiated in vitro as described (41) and cytoplasmic extracts were
prepared from undifferentiated (day 0) and differentiated (days
2 and 6) cells. Western blot analysis using a mAb specific for
NFATp and a polyclonal antiserum against NFAT3 demon-
strated the presence of both of these NFAT proteins in the
cytoplasm of both preadipocytes and differentiated adipocytes
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FiG. 1. FSE2 element binds NFAT proteins. (4) The 5’ upstream
promoter region of the aP2 gene with NFAT and AP-1 binding sites
is highlighted and nucleotide sequence comparisons of NFAT/AP-1
binding sites in the aP2, IL-4, and IL-2 promoters are shown. (B)
EMSA using T lymphocyte nuclear extracts and radiolabeled probe
containing the FSE2 element (positions —127 to —101).
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(Fig. 2a). As a control for the specificity of the polyclonal NFAT3
antiserum that could potentially also detect NFATp proteins,
Western blot analysis was performed on cytoplasmic extracts
prepared from mesenteric fat tissues of NFATp-deficient (—/—)
(39) and control (+/—) mice (Fig. 2b). A protein of the correct
molecular weight for NFAT3 was detected in NFATp-deficient
mice, confirming the presence of both NFATp and NFAT3
proteins in adipocytes. To determine whether the NFAT proteins
in adipocytes bind to FSE2 DNA, EMSA was performed with
nuclear extracts prepared from day 4 differentiated 3T3-L1 cells.
Similar to what was observed in T cell extracts, adipocyte nuclear
extracts gave two complexes on FSE2 DNA that are competed
with an excess of wild-type unlabeled FSE2 probe but not with a
nonspecific oligonucleotide containing PPARy2 (ARE®6) sites
(Fig. 3, lanes 1-3). Supershift analysis using the mAb against
NFATp and anti-c-fos and c-jun antibodies revealed that the
upper complex (complex a) contained NFATp and the lower
complex (complex b) contained c-fos (Fig. 3, lanes 6-13). Inter-
estingly, in contrast to what was observed in T cell extracts, the
anti-cjun antibody did not supershift these complexes, consistent
with the previously demonstrated binding of c-fos alone and not
c-jun to the FSE2. We could not determine whether NFAT3 was
present in the upper complex because the available antiserum
does not recognize NFAT3 in EMSA.

NFATDp Binds to FSE2 DNA Only in Differentiated Adipocytes.
NFATp and NFATS3 proteins are present in the cytoplasm of both
preadipocytes and differentiated adipocytes (Fig. 2a). However,
in T cells, NFAT proteins are present in the cytoplasm in resting
cells and translocate to the nucleus upon T cell activation where
they then bind DNA. We wondered whether a similar situation
existed in adipocyte differentiation so that NFAT proteins in
preadipocytes would not be present in the nucleus. To test this,
nuclear extracts were prepared from undifferentiated and day 4
differentiated 3T3-L1 cells and EMSA was performed with a
FSE2 labeled probe. Fig. 3, lanes 4 and 5, demonstrated that only
differentiated adipocytes contained NFAT binding activity. In
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FiG. 2. NFAT/AP-1 proteins are present in differentiated adipo-
cytes and bind the FSE2. (). Western blot analysis of cell extracts from
differentiated 3T3L1 cells with antibodies to NFATp and NFAT3 is
shown. (b) Western blot analysis of extracts prepared from the
mesenteric fat of NFATp —/— and control NFAT +/+ mice with
antibodies to NFAT3 is shown.

Proc. Natl. Acad. Sci. USA 95 (1998) 15539

antibody — — — — — & &‘Q &\Q
D P o N
& T K é‘@

cold competitor — ‘,?‘ - = = = = antbody — & & &

B |

1 2 3 45 6 7 8 9 10 11 12 13

Fi6. 3. NFATYp binds to FSE2 DNA only in differentiated adipo-
cytes. EMSA and supershift experiments were performed with nuclear
extracts from either undifferentiated (lane 5) or day 4 differentiated
(the remaining lanes) 3T3-L1 cells, an FSE2 radiolabeled probe, and
antibodies to NFATp and AP-1 proteins.

contrast, AP-1 binding activity was observed in both preadipo-
cytes and differentiated adipocytes as demonstrated by the pres-
ence of the lower complex in all lanes. These data confirm that
the upper complex contains NFAT proteins and the lower
complex consists of AP-1 proteins. We conclude that NFAT
proteins are present in both preadipocytes and adipocytes but
only translocate into the nucleus upon fat cell differentiation.

NFATp Transactivates the aP2 Promoter in Fat Cells. To
directly test the functional contribution of NFAT proteins to aP2
regulation, an aP2 promoter reporter construct containing bases
—168 to +20 of the aP2 promoter fused to the CAT reporter gene
was cotransfected along with an NFATp expression construct
into differentiating 3T3-L1 adipocytes. Very low basal activity of
the aP2 reporter construct was detectable, and in the presence of
NFATDp, a substantial increase (approximately 7-fold) in CAT
activity was observed (Fig. 44). Treatment of the cells with
phorbol 12-myristate 13-acetate and ionomycin, which has been
shown to increase nuclear translocation of NFAT proteins,
resulted in a further increase in promoter transactivation (ap-
proximately 20-fold). Further evidence that NFATp transacti-
vates the aP2 reporter was obtained from experiments in which
an aP2 reporter with a mutation in the NFAT site was used. The
mutant reporter was much less active (3-fold) than the wild-type
reporter and could not be transactivated by introduction of
NFATDp (Fig. 4B). These data demonstrate a functional role for
NFATDp in regulating the aP2 gene in vivo.

Cyclosporin A Inhibits Adipocyte Differentiation. To further
explore the role of NFAT proteins in adipogenesis, we took
advantage of the known effect of the immunosuppressive drug
CsA in inhibiting NFAT function in lymphocytes. Given the
results shown above, we reasoned that if NFAT proteins were
important in adipogenesis, then fat cell differentiation might be
inhibited in the presence of CsA by virtue of its interference with
NFAT nuclear translocation. The 3T3-L1 cells were therefore
differentiated in vivo in the presence or absence of various
concentrations of CsA or control solvent alone, and differentia-
tion was assessed by staining with red oil O to detect triglyceride
deposit accumulation. A striking effect of CsA in inhibiting fat
cell differentiation was observed at a dose of 10 wg/ml and a
significant effect was observed at 1 ug/ml (Fig. 5 a—d). Levels of
C/EBPa and aP2 were greatly decreased in CsA-treated adipo-
cytes (data not shown) consistent with the visualized inhibition of
fat cell differentiation. Differentiation of 3T3-L1 fibroblasts was
inhibited when CsA was introduced early (days 0 or 1), was less
dramatic when introduced at day 2, and was not observed when
CsA was added at later time points (days 3 or 4) (Fig. 5 d-h).
Attempts to directly visualize the subcellular location of NFATp
in 3T3L1 adipocytes by immunostaining were unfortunately
unsuccessful.
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FiG. 4. NFATDp transactivates the aP2 promoter in adipocytes. (A4)
3T3L1 cells were cotransfected with 20 ug of an aP2-CAT reporter
(positions —168 to +20) and 20 ug of an NFATp expression plasmid
(pRep4 NFATYD) or control pRep4 plasmid in the presence or absence
of phorbol 12-myristate 13-acetate (2.5 nM) and ionomycin (2 uM).
CAT activity determined 48 hr later. (B) The experiment in A was
repeated with either the wild-type aP2-CAT reporter or an aP2
reporter with a mutation in the NFAT site. The data were normalized
to the activity of the pRep control vector (=1). One representative
experiment of three is shown.

DISCUSSION

Analysis of regulatory control regions of the fat-cell-specific gene
aP2 has led to the identification of transcription factors critical for
its basal and tissue-specific expression. The best characterized of
these are members of the C/EBP and AP-1 families and the
PPAR~Y2 (32, 35, 36, 41). Herein we present strong evidence that
members of the NFAT transcription factor family are also
important in aP2 gene regulation. NFATp and NFAT3 proteins
are present in adipocytes and NFATp can bind to the FSE2
element and transactivate an aP2 reporter in vivo in fat cells.
Further, the action of NFAT in regulating aP2 is controlled by
differentiation because NFAT binding activity to the FSE2 was
present in differentiated but not undifferentiated adipocytes.
Finally, we demonstrate that CsA, an agent known to inhibit the
nuclear localization of NFAT in lymphocytes inhibits fat cell
differentiation. Given the presence of NFATp and NFAT3
proteins in undifferentiated adipocytes, these latter findings are
most likely explained by the failure of NFAT to translocate into
the nucleus although we were unable to directly visualize NFATp
in adipocytes by immunostaining. Thus, our data provide evi-
dence for a role of NFAT in regulating the expression of the
fat-cell-specific gene aP2 and are consistent with a role for NFAT
family members in adipogenesis.

The basic-region—leucine-zipper factor C/EBP« binds to the
promoter region of several fat-cell-specific genes and appears to
be key in terminal adipocyte differentiation. Overexpression of
C/EBPa promotes adipogenesis in 3T3-L1 fibroblast cell lines
(32, 33, 42-46). Recently, it has been demonstrated that forced
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CsA added at day 0

e. CsA added at day 1 f. CsA added atday 2

CsA added at day 4

F1G. 5. CsA inhibits adipocyte differentiation. (a¢) Undifferenti-
ated 3T3-L1 cells. (b—d) T3L1 cells were differentiated for 6 days in the
absence of control solvent (b), the presence of control solvent (c¢), or
in CsA (10 pg/ml) (d) and stained with red oil O. The 3T3-L1 cells
were differentiated in the presence of CsA (10 ug/ml) added at day
0 (d), day 1 (e), day 2 (f), day 3 (g), or day 4 (h).

expression of two other members of the C/EBP family, C/EBPS
and C/EBP/B, which are expressed at the onset of differentiation,
accelerates adipogenesis in the presence of hormonal stimuli and
leads to the activation of C/EBPq, thus placing them proximal to
C/EBPua in the cascade of events leading to a fully differentiated
fat cell (41, 47). PPARY2 is an adipocyte-specific nuclear hor-
mone receptor critical for the regulation of two fat cell enhancers
(35). Retroviral expression of PPARy2 promotes adipogenesis in
NIH 3T3 fibroblasts and, when coexpressed with C/EBP, acts
synergistically to promote adipocyte differentiation (36). Ligand
activation of PPAR'y also promotes adipogenesis in vivo. Indeed,
ectopic expression of C/EBPB and C/EBPS in the presence of
glucocorticoids activates PPAR+y2 gene expression (47). Never-
theless, mice lacking C/EBPB and/or C/EBP& do express
PPARYy and C/EBPa despite impaired adipocyte differentiation
(48). Thus, complete adipocyte differentiation likely requires all
four of these factors. The C/EBPa and PPARy2 proteins thus act
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in concert to achieve adipocyte conversion from mesodermal
precursor cells. Exactly where NFAT fits in the constellation of
transcription factors already known to be involved in adipogenesis
is unclear, but possibilities may be inferred from the inhibition of
adipogenesis by the immunosuppressive agent CsA.

The mechanism by which CsA impedes adipogenesis is likely
multifactorial, but the stage at which CsA must be added to
accomplish this may provide clues as to the role of NFAT in
regulating adipogenesis. Triglyceride formation could be inhib-
ited if CsA was added at day 0 and day 1 but was only inhibited
when it was added before day 2 (Fig. 5). This result demonstrates
both that CsA needs to be introduced early in the differentiation
process to inhibit adipogenesis and that CsA cannot reverse this
process once it has passed a critical point. Further, we observed
that levels of PPARYy2 were unchanged in the presence of CsA,
although levels of C/EBPa were diminished (unpublished ob-
servations). Thus these data suggest that NFAT acts at a time
subsequent to PPAR %2 induction and before C/EBP« induction.
This raises the possibility that the induction of the C/EBP B, §,
or o genes themselves are controlled in part by NFAT family
members. Sequence examination of the promoter regions of the
C/EBPa and B genes did not reveal obvious NFAT target
elements, but only limited sequence information is available
(49-52).

It has been reported that fat cell differentiation could be
inhibited by rapamycin but not by either CsA or FK506 (53).
Those experiments used the preparation of CsA given to patients
that is dissolved in a cremophore carrier, whereas our experi-
ments were performed with two separate batches of the pure
crystalline powder. In an attempt to reconcile our findings with
the published report, we repeated our experiments with the
cremophore-based CsA preparation. We found that this prepa-
ration had only a modest, although clearly detectable, inhibitory
effect on fat cell differentiation compared with the pure prepa-
rations used (I.-C.H. and H.-J.K., unpublished data). The dis-
crepant results obtained are then likely due to differences in the
purity of the CsA. It is possible that the cremophore carrier
diminishes the efficiency of uptake of CsA by the 3T3-L1 cells
compared with the purified powder form that has most frequently
been used in in vitro assays.

Given the tightly restricted expression of NFATc and NFAT4
to the lymphoid system in the adult, it is likely that NFATp and/or
NFAT3 will be the NFAT family members involved in adipo-
genesis. Indeed, the majority of NFAT binding activity in fat cell
extracts could be supershifted with the anti-NFATp antibody.
However, NFATp-deficient mice manifest no defects in fat tissue
either by gross visual inspection or by histological analysis (I.-C.H.
and L.H.G., unpublished data). This raises the possibility that
NFAT3 may be important in fat cell development or, alterna-
tively, that the two proteins can compensate for each other. The
production and analysis of NFAT3-deficient mice and their
intercross with the NFATp-deficient strain already available
should be valuable in addressing this issue.
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