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Adiponectin is expressed in adipose tissue by adipogenic transcription factors including PPARYy, C/EBPa,
and ADD1/SREBP1c. Because cAMP-response element binding protein (CREB) is also a central transcrip-
tional activator of adipocyte differentiation, we evaluated CREB to determine if it stimulates adiponectin
gene expression. To accomplish this, we evaluated the effects of activated CREB on the promoter activity
of the mouse adiponectin gene, and identified the cAMP-response element (CRE) in the promoter. The
constitutively active form of CREB increased the promoter activity of the mouse adiponectin gene. In
addition, transfection studies using 5’ serial deleted promoters revealed the presence of a putative CRE
located between the —1250 and —1000 bp region. Furthermore, an electrophoresis mobility shift assay
(EMSA) and chromatin immunoprecipitation (ChIP) analysis demonstrated that CREB bound to the region
between —1022 and —995 in the adiponectin promoter. Insulin-like growth factor (IGF-1), which activate
CREB, increased the adiponectin promoter activity. However, this stimulation was prevented by the dom-
inant negative form of CREB (ACREB) and pretreatment with PD098059, indicating that IGF-1 stimulate
adiponectin expression through CREB phosphorylation via the ERK pathway. Importantly, the transacti-
vation of adiponectin expression by CREB was inhibited by ATF3. Coimmunoprecipitation and GST
pull-down assay revealed that ATF3 bound to CREB and prevented CREB phosphorylation induced during
differentiation of 3T3-L1 adipocytes. Collectively, these findings demonstrate that CREB is a positive
regulator of mouse adiponectin gene expression in adipocytes, which play an important role in the
regulation of adiponectin expression in response to growth factor.

© 2009 Elsevier Inc. All rights reserved.
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overexpression of adiponectin improves insulin sensitivity [3]. The
plasma levels of adiponectin correlate closely with systemic insulin

Introduction

Adipose tissue is considered to be an endocrine organ that se-
cretes central and peripheral metabolic signaling molecules known
as adipokines. Adipokines include tumor necrosis factor o (TNF-at),
resistin, interleukine-6 (IL-6), IL-8, acylation-stimulating protein
(ASP), angiotensinogen, plasminogen activator inhibitor-1 (PAI-1),
leptin, and adiponectin [1,2]. These proteins play important regula-
tory roles in a variety of complex processes, such as fat metabo-
lism, feeding behavior, homeostasis, vascular tone, energy
balance, and insulin sensitivity. Among these proteins, adiponectin
is the most abundant circulating adipokine with a serum concen-
tration 1000 times greater than other hormones and 10 times
greater than that of other inflammatory cytokines [1]. Adiponectin
exerts biological effects on antidiabetic, antiatherogenic, antiin-
flammatory, antiangiogenic and antitumor functions [1]. Therefore,
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sensitivity, and decreased adiponectin concentrations are often ob-
served in individuals with insulin resistance and type 2 diabetes
[4,5].

Adiponectin is expressed during adipocyte differentiation and
secreted only by differentiated adipocytes [6]. Therefore, the most
important regulators of adiponectin expression are transcription
factors involved in adipogenesis, such as peroxisome proliferator
activated receptor vy (PPARY) [7], CCAAT-enhancer binding protein
o (C/EBPa) [8,9], and adipocyte determination-differentiation fac-
tor 1c (ADD1/SREBP1c) [10]. A promoter analysis study revealed
that PPARy, C/EBPa, and ADD1/SREBP1c stimulate adiponectin
expression in adipocytes. In contrast, three transcription factors,
nuclear factor of activated T cells (NFATc4), activating transcription
factor 3 (ATF3) and activator protein 2 (AP-2), have been shown to
act as negative regulators of adiponectin transcription and
are likely related to obesity-induced adiponectin suppression
[11,12]. Furthermore, adiponectin expression is controlled under
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conditions of metabolic stress [13], as well as by a number of hor-
mones [14] and factors involved in the regulation of metabolic and
immune function [15,16].

cAMP-response element binding protein (CREB) belongs to the
bZIP superfamily of transcription factors [17]. Like all bZIP tran-
scription factors, CREB family members contain a C-terminal basic
domain that mediates DNA binding, as well as a leucine zipper do-
main that facilitates dimerization. CREB can form both homo- and
heterodimers with related factors, and each can bind to the same
cis-the regulatory element, the cAMP-response element (CRE),
which consists of the palindromic consensus sequence TGACGTCA
[17]. The key steps involved in CRE-mediated gene expression in-
clude dimerization of CREB, binding to the CRE element, and phos-
phorylation. In turn, phosphorylation of CREB recruits associated
proteins such as CREB-binding protein (CBP) and RNA polymerase,
which results in the formation of a large transcription complex
[17]. Recently, CREB has been shown to play a crucial role in adipo-
cyte differentiation such as PPARY2, CEBPo, and ADD1/SREBP1c
[18,19]. CREB binds to putative CREs in several adipocyte-specific
gene promoters and regulates the transcription of adipocyte-spe-
cific genes for C/EBPB, phosphoenolpyruvate carboxykinase (PEP-
CK), fatty acid binding protein (FABP [aP2/422]), and fatty acid
synthetase (FAS).

Because CREB is an adipogenic transcription factor, we con-
ducted this study to determine if CREB positively regulates adipo-
nectin in adipocyte. The results of this study showed that CREB
stimulates the promoter activity of the mouse adiponectin gene
through binding to the promoter, which plays an important role
in IGF-1-stimulated adiponectin expression.

Materials and methods

Cell culture and treatments. The 3T3-L1 pre-adipocytes (ATCC,
Manassas, VA, USA) were cultured in Dulbecco’s modified Eagle’s
medium with high glucose (Invitrogen, Carlsbad, CA, USA) supple-
mented with 10% (v/v) fetal calf serum (GibcoBRL, Gaithersburg,
MD, USA). 3T3-L1 pre-adipocytes were differentiated as described
previously [10]. To investigate the effects of IGF-1 on the adiponec-
tin promoter, 3T3-L1 adipocytes transfected with promoter report-
ers were treated with 5-20 nM IGF-1 (Calbiochem, San Diego, CA,
USA) for 24 h.

Plasmid constructs. The mouse adiponectin promoter region
spanning —3000 to +50 bp was amplified by PCR using mouse
genomic DNA and then inserted into the Kpnl/BglII restriction sites
of the pGL3 basic vector (Promega, Madison, WI, USA). Deletions in
the 5’ flanking regions of the adiponectin promoter were con-
structed by PCR using a pairwise combination of the following
sense primers: 5-AGT TGG CTG TTA GCC CAG A-3’ [for P(—1000)/
Luc], 5'-AGT TGG AGG AAG CAG AT-3' [for P(—1250)/Luc], 5'-ATAC
AGT TTG CTT GGG A-3' [for P(—1500)/Luc], 5'-ATA GTT AGA ATC
TGC TGA-3' [for P(—2000)/Luc], and 5'-AGC CAG GGC TAC ACA
GA-3' [for P(—3000)/Luc], with the antisense primer, 5-AGA TCT
CTT TTG GTG TCG TCA GAT CC-3'. All primers were designed to
contain the Kpnl or BglIl restriction enzyme recognition sites at
the 5’ ends. A deletion-mutant plasmid lacking the putative CRE
was constructed in the pGL3-adiponectin luciferase plasmid using
the two-step PCR method. Expression vectors for the constitutively
active CREB (VP-16 CREB) and the dominant negative CREB
(ACREB) were provided by Richard Goodman of Oregon Health Sci-
ences University (Portland, OR, USA).

Transient transfection and luciferase activity. The fully differenti-
ated 3T3-L1 adipocytes were grown in 6-well plates and then sub-
jected to transient transfection using Lipofectamine reagent
(Invitrogen) according to the manufacturer’s instructions. After
transfection for 24 h, the cells were lysed in lysis buffer (Promega),
after which the luciferase activity was measured using the

Luciferase Assay System (Promega). To normalize the transfection
efficiency, a pCMV- gal was included in each transfection as inter-
nal control plasmid.

Preparation of nuclear extracts and electrophoretic mobility shift
assay (EMSA). Nuclear extracts from 3T3-L1 adipocytes were pre-
pared using the method described by Crabtree [20]. Protein con-
centrations were determined using the Bradford method. EMSAs
were performed using probe corresponding to each promoter bind-
ing region as previously described [8].

Chromatin immunoprecipitation (ChIP). ChIP assays were per-
formed in fully differentiated 3T3-L1 cells as previously described
[21]. Immunoprecipitated DNA was amplified by PCR using the fol-
lowing primers, which are specific for the adiponectin promoter:
sense (—1085 to —1070), 5'-TGT GAG TCC GCC GAG A-3/, antisense
(—940 to —925), 5'-TAA ACC TCA GTT TCC A-3'.

Western blot analysis and coimmunoprecipitation. Total proteins
were extracted using PRO-PREP reagent (Intron Biotechnology,
Daejeon, Korea) and the immune complexes were identified using
the enhanced chemiluminescence detection system (ECL; Amer-
sham Biosciences, Uppsala, Sweden). For coimmunoprecipitation
assay, the lysates from the 3T3-L1 cells transfected with GFP or
GFP-ATF3 were immunoprecipitated with GFP or CREB, and then
immunoblotted with 2 pg of specific antibodies, CREB and GFP
(Santa Cruz).

Glutathione S-transferase pull-down assay. For in vitro-binding
assay of ATF3 and CREB, 500 pig lysate of 3T3-L1 cells were incu-
bated with 3.0 pg glutathione S-transferase (GST) or fusion GST-
ATF3 proteins coupled to glutathione-Sepharose beads in 300 pl
lysis buffer overnight at 4 °C. After three times of intensive wash-
ing, the bound proteins were eluted and separated by SDS-PAGE
followed by Western blotting using CREB antibody.

Statistical analysis. All experiments were performed at least
three times. The results are expressed as means + SE. Statistical
analysis was performed using Student’s t-test. The data were con-
sidered statistically significant at P < 0.001.

Results
CREB stimulates the promoter activity of the mouse adiponectin gene

Adipogenic transcription factors including PPARYy, C/EBPa, and
ADD1/SREBP1c activate adiponectin gene expression in adipocyte
[8-10]. Because CREB is also a central transcriptional activator of
adipocyte differentiation, we evaluated whether CREB stimulates
adiponectin gene expression in adipocyte. To this end, we exam-
ined the effect of activated CREB on the promoter activity of the
mouse adiponectin gene. To accomplish this, the —3000/+10 of
the 5’ flanking regions of the mouse adiponectin gene were iso-
lated by PCR and then inserted into a pGL3 basic vector, designated
P(—3000)/Luc. Next, this promoter reporter was transiently trans-
fected into 3T3-L1 adipocyte cells with constitutive active VP-16
CREB expression vector, after which the luciferase activity was
examined. As shown in Fig. 1A, expression of VP-16 CREB increased
the promoter activity of P(—3000)/Luc reporter. However, the dom-
inant mutant CREB (ACREB) did not increase the promoter activity
of adiponectin, demonstrating that active CREB stimulates adipo-
nectin gene expression.

To define the CREB-responsive region of the adiponectin pro-
moter, we constructed 5 serial deleted adiponectin promoters
and performed transfection experiments in 3T3-L1 cells (Fig. 1B).
As shown in Fig. 1B, deletion of the sequence from —3000 bp to
—1250 bp of the promoter did not effect the transactivation of
the adiponectin promoter by CREB. However, a further deletion
to —1000 bp resulted in almost complete loss of induction by CREB,
suggesting that the CREB-responsive region is located in the region
between —1250 and —1000 bp.
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Fig. 1. CREB stimulates the promoter activity of the mouse adiponectin gene which is dependent on CRE located between —1250 and —1000. (A) The 3.0 kb mouse
adiponectin promoter was transfected into 3T3-L1 adipocytes with VP-16 CREB or ACREB, after which the luciferase activity was measured. The data are presented as
means + SD of three independent experiments (P < 0.001). (B) 5' serial deletions of the mouse adiponectin promoters were constructed and transfected with VP-16 CREB;
after which the levels of promoter activity were measured in 3T3-L1 adipocytes. (C) Sequence comparison of the putative CRE between —1022 and —995 in the mouse
adiponectin promoter with the canonical CRE. The CREB core binding site is boxed. Bold letters indicate mutated sites. (D) A wild-type or a CRE-deleted mutant version of the
mouse adiponectin promoter was transfected into 3T3-L1 adipocytes. The data are presented as means * SD of three independent experiments (P < 0.001).

A computer-assisted search of this 250bp region using
TFSEARCH revealed the presence of the putative cAMP-response
element (CRE) between —1011 and —1004 bp (Fig. 1C). To verify
that the putative CRE is crucial for CREB-mediated transactivation
of the adiponectin promoter, we deleted the putative CRE from
P(—1250)/Luc reporter and then transformed 3T3-L1 cells with
the CRE-deleted mutant promoter. Transfection with the CRE-de-
leted mutant abolished the CREB-stimulated promoter activity of
adiponectin (Fig. 1D), indicating that the putative CRE is a crucial
site for transactivation of the adiponectin gene by CREB.

CREB binds to the putative CRE site on the mouse adiponectin
promoter

To determine if CREB is capable of binding to the putative CRE
sites, we performed EMSA using a labeled oligonucleotide probe
covering —1022/-995 on the nuclear extracts from 3T3-L1 cells
and in vitro translated CREB. When both proteins were incubated
with 32P radiolabeled CRE oligonucleotides, binding complexes
that formed with the labeled 28 bp oligonucleotides were observed
(Fig. 2A). However, incubation with a 100-fold molar excess of
unlabeled oligonucleotides for homologous adiponectin promoter
and consensus CRE nearly abolished the binding bands, whereas
unlabeled mutant oligonucleotides did not exert a significant effect
on binding, which suggests that the binding complex is specific. To
determine if the complex consisted of bound CREB, a supershift as-
say was conducted using antibody against CREB. As shown in
Fig. 2A, treatment with anti-CREB shifted the binding complex,
whereas treatment with anti-C/EBP did not. Taken together, these
data demonstrate that CREB specifically binds to the CRE site be-
tween —1022 and —995 bp of the adiponectin promoter in vitro.

Next to evaluate the binding of CREB to the adiponectin pro-
moter in vivo, chromatin immunoprecipitation (ChIP) was per-
formed in differentiated 3T3-L1 adipocytes. The chromatins that
were immunoprecipitated with CREB antibody were amplified by
PCR using adiponectin promoter-specific primers covering the
CRE site from —1022 and —995 bp. As shown in Fig. 2B, a 160 bp
PCR product was generated with the CREB antibody in 3T3-L1 cells,
whereas no PCR product was observed when primers for sequences
in exon 3 were used. Taken together, these findings indicate that
CREB formed a specific complex with the adiponectin promoter
in vivo. Overall, these results indicate that CREB activates adipo-
nectin gene expression by binding to the CRE in —1022/-995 bp
of the promoter.

IGF-1 increases adiponectin gene expression through activation of
CREB

It has been reported that IGF-1 increase the expression and
secretion of adiponectin [15]. However, the signaling molecules re-
quired for these effects have not yet been identified. Because CREB
is activated by IGF-1 through phosphorylation via several signaling
pathways [22], we evaluated that CREB played a role in IGF-1-stim-
ulated expression of the adiponectin gene. To accomplish this, we
examined the effects of IGF-1 on promoter activity of the adiponec-
tin gene in 3T3-L1 adipocytes. As shown in Fig. 3A, IGF-1 increased
the promoter activity of the P(—3000)/Luc reporter. However,
ACREB abolished this IGF-1-induced promoter activity (Fig. 3A).
Furthermore, we determined if the stimulation is dependent on
CRE in the adiponectin promoter. As shown in Fig. 3B, IGF-1 did
not increase the promoter activity of the CRE-deleted reporter con-
struct. These findings suggest that IGF-1 increases adiponectin
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Fig. 2. CREB binds to the mouse adiponectin promoter. (A) EMSAs were performed on the CRE site (—1022 to —995) using nuclear extracts from 3T3-L1 adipocytes (left
panel), and in vitro translated CREB (right panel). For the oligonucleotide competition experiments, a 100-fold excess of oligonucleotides was used (lane 1: no competition;
lane 2: adiponectin wild CRE oligonucleotides; lane 3: Consense CRE oligonucleotides; lane 4: adiponectin mutant CRE oligonucleotides; lane 5: C/EBP oligonucleotides). The
protein-DNA complex was supershifted by CREB antibody (lane 6), but not by the nonspecific antibody (lane 7). (B) Chromatin immunoprecipitation was performed in fully
differentiated 3T3-L1 cells. DNA that was immunoprecipitated with anti-CREB was amplified by PCR using primers specific for adiponectin promoter or exon 3.
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Fig. 3. CREB is associated with IGF-1-stimulated adiponectin expression. (A) 3T3-L1 adipocytes transfected with P(—1250)/Luc reporter were stimulated with IGF-1 for 24 h
with or without ACREB. (B) 3T3-L1 adipocytes were transfected with P(—1250)/mut Luc and then treated with various concentrations of IGF-1. (C) 3T3-L1 adipocytes were
transfected with P(—~1250)/Luc reporter, preincybated in the presence of various kinase inhibitors and then incubated with IGF-1 for 24 h. The data are presented as
means + SD of three independent experiments (P < 0.001).
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expression through the activation of CREB, which is dependent on
CRE in the adiponectin promoter. Next, we identified the signaling
involved in IGF-1-induced stimulation of adiponectin expression.
To accomplish this, we evaluated the effects of several kinase
inhibitors on the IGF-1-stimulated promoter activity of adiponec-
tin. Specifically, 3T3-L1 adipocytes were pretreated with either
the ERK inhibitor, PD98059, the PI3 kinase inhibitor, worthmanin,
the p38 MAPK inhibitor, SB-203580, or the CalMK inhibitor, KN93,
after which they were treated with IGF-1 for 24 h. As shown in
Fig. 3C, PD98059 prevented the stimulation of adiponectin pro-
moter activity by IGF-1, which indicates that IGF-1 stimulates
adiponectin expression through CREB phosphorylation via ERK.

ATF3 represses CREB-stimulated adiponectin promoter activity

Then, we investigated the effect of ATF3 in CREB-mediated acti-
vation of adiponectin promoter because ATF3 inhibits adiponectin
gene expression and acts as important negative regulator in down-
regulation of adiponectin expression under obesity or type 2 diabe-
tes condition [11]. As shown in Fig. 4A, expression of ATF3
inhibited the promoter activity of adiponectin stimulated by CREB.
To clarify whether the inhibition is due to the functional interac-
tion of ATF3 with CREB, we investigated the interaction of ATF3
with CREB. To this end, 3T3-L1 preadipocyte cells were transfected
with GFP or GFP-ATF3 expression vector and then differentiated for
6 days. After immunoprecipitation with GFP or CREB antibody, the
Western blots were performed with CREB or GFP antibody, respec-
tively. When GFP-immunoprecitates were immunoblotted with
CREB, the immunoblotted bands were observed in both non differ-
entiated and differentiated 3T3-L1 cells transfected with GFP-
ATF3. Similarly, the immunoblotted band with GFP in CREB-immu-
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noprecipitates was also observed in the cells transfected with
GFP-ATF3 suggesting that ATF3 interacts with CREB in 3T3-L1 cells
(Fig. 4B). Importantly, the phosphorylated CREB significantly de-
creased in differentiated cells transfected with GFP-ATF3 com-
pared with the cells transfected with GFP, suggesting that
binding of ATF3 with CREB may inhibit CREB phosphorylation dur-
ing differentiation of 3T3-L1 adipocytes cells (Fig. 4B). To further
demonstrate the direct binding of CREB with ATF3, the GST pull-
down assay was conducted using purified GST or GST-ATF3. As
shown in Fig. 4C, CREB also bound to GST-ATF3 in both non differ-
entiated and differentiated 3T3-L1 cells, but not to control GST
beads.

Discussion

Many aspects of adipogenesis can be described as a cascade of
gene expression regulated by a small set of transcription factors,
namely adipogenic transcription factors including PPARY2, CEBPa,
and ADD1/SREBP1c [4]. These transcription factors have been
shown to stimulate adiponectin expression, as well as adipocyte-
specific genes [7-10]. Because CREB is now considered to be a pri-
mary inducer of adipogenesis, we determined in this study that
CREB also plays a role in the positive regulation of mouse adipo-
nectin expression in adipocytes. Constitutively active CREB stimu-
lates the promoter activity of mouse adiponectin gene, which
occurs as a result of CREB binding to the —1022 and —995 region
(CRE) of the adiponectin promoter. The CRE-deleted adiponectin
promoter was not stimulated by CREB, indicating that CREB posi-
tively regulates adiponectin expression in adipocyte through direct
binding to the —1022 and —995 region of the mouse adiponectin
promoter.
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Fig. 4. CREB binds to ATF3 and decreases CREB phosphorylation during adipocyte differentiation. (A) P(—1250)/Luc reporter was cotransfected with VP-16 CREB and ATF3
expression vector in the 3T3-L1 adipocytes, after which the activity of the promoter was measured. The data are presented as means + SD of three independent experiments
( P<0.001). (B) 3T3-L1 preadipocyte cells were transfected with GFP or GFP-ATF3 expression vector and then differentiated for 6 days. The lysates from 3T3-L1 adipocytes
were immunoprecipitated with GFP or CREB antibody, and the immunoprecipitates were subjected to the Western blots with CREB or GFP antibody, respectively. (C) The
lysates of 3T3-L1 cells were incubated with GST or GST-ATF3 coupled with glutathione-sepharose beads. The bound proteins were eluted and subjected to Western blot using

CREB antibody. CTL: undifferentiated 3T3-L1 cells, MDI: differentiated 3T3-L1 cells.



H.B. Kim et al. / Biochemical and Biophysical Research Communications 391 (2010) 634-639 639

Adiponectin gene expression is regulated by several extracellu-
lar signals and hormones, including insulin, IGF-1, TNF-o. and
adrenergic agonists [14,15]. Among them, IGF-1 has been reported
to increase adiponectin expression in adipocytes [15]. However,
the link between the hormones and adiponectin gene expression
has not been elucidated. There are numerous protein kinases that
phosphorylate CREB. Protein kinase A (PKA), Ca**/calmodulin-
dependent kinase (CaMK)IV and mitogen-activated protein kinase
(MAPK) each phosphorylate CREB at serine 133, which leads to the
activation of gene transcription [22]. Therefore, we determined
that which signaling was associated with IGF-1-stimulated adipo-
nectin gene expression. Among the inhibitors evaluated in this
study, only PD98059 inhibited the stimulation of adiponectin pro-
moter as well as the phosphorylation of CREB (data not shown).
These results suggest that IGF-1 stimulates mouse adiponectin
expression in adipocytes through activation of CREB via the ERK
signaling pathway.

ATF3, stress-inducible transcriptional repressor, has been found
to inhibit adiponectin gene expression in 3T3-L1 adipocytes by di-
rect binding to adiponectin promoter and play an important role in
ER stress or obesity-induced downregulation of adiponectin
expression [11]. In current study, we demonstrated indirect role
of ATF3 in negative regulation of adiponectin expression. ATF3
binds to CREB, which was revealed by both coimmunoprecipitation
assay and GST pull-down, and inhibits the adiponectin promoter
activity transactivated by CREB. Importantly, ATF3 expression de-
creases the phosphorylation of CREB activated during differentia-
tion of 3T3-L1 adipocytes. Therefore, these results suggested that
ATF3 may inhibit the expression of adiponectin by preventing
the transactivation of CREB through interaction with CREB.

However, in contrast to our result, recent study reported that
adipocyte CREB downregulates expression of adiponectin indi-
rectly [23]. Because CREB binding over adiponectin promoter was
not found by ChIP assay, the study suggested that CREB stimulated
ATF3 which in turn repressed expression of adiponectin gene.
However, the difference of two studies is that human chromatins
were employed for the ChIP-chip assay in the previous study,
whereas mouse adiponectin promoter was used in our study to
see the effects of ATF3 on adiponectin gene expression. We identi-
fied CREB-bound CRE on the promoter of mouse adiponectin, and
demonstrated that CRE is essential in the positive regulation of
CREB in adiponectin expression. Searching of sequence homology
revealed that the CRE in mouse adiponectin promoter was not
found in human adiponectin promoter. Accordingly, CREB binding
was not detectable on the human chromatin by the ChIP-chip as-
say. As the previous study did not show direct effect of CREB on hu-
man adiponectin promoter even though no binding of CREB to
human chromatin, we do not have any explanation for this dispar-
ity. Whereas, another recent study on pig adiponectin gene showed
that CREB binds to CRE spanned by nucleotides —1150 to —1130 of
pig adiponectin promoter and stimulates pig adiponectin gene
expression in consistent with our result [24]. Therefore, the study
indicates that CREB is an essential regulatory factor for the tran-
scriptional activity of pig adiponectin.

In summary, we have shown for the first time that activation of
CREB transactivates mouse adiponectin gene expression in adipo-
cytes, which plays an important role in the regulation of adiponec-
tin expression in response to growth factor.
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