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Abstract

Chemerin, an 18 kDa protein secreted by adipose tissue, was reported to modulate immune system function through its binding to the
chemerin receptor (chemerinR). We herein demonstrate that chemerin also influences adipose cell function. Our data showed that chem-
erin and chemerinR mRNA expressions were highly expressed in adipose tissues, and that their expression levels were up-regulated in
mice fed a high-fat diet. Both chemerin and chemerinR mRNA expression dramatically increased during the differentiation of 3T3-L1
cells and human preadipocytes into adipocytes. Furthermore, recombinant chemerin induced the phosphorylation of extracellular signal-
regulated kinases 1/2 (ERK 1/2) and lipolysis in differentiated 3T3-L1 adipocytes. Thus, the adipokine chemerin likely regulates adipo-
cyte function by autocrine/paracrine mechanisms.
� 2007 Elsevier Inc. All rights reserved.
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The discovery that adipose cells secrete leptin, which
regulates food intake and energy homeostasis [1], con-
firmed the role of adipose tissue as a secretory organ. In
addition to leptin, adipocytes were found to secrete adipo-
nectin, tumor necrosis factor-a (TNF-a), and interleukin-6
(IL-6); these factors were termed adipokines (or adipocyto-
kines) [2,3]. Adipocytes are known to express receptors for
TNF-a (TNFR1 and TNFR2) and adiponectin (adipoR1
and adipoR2), which reportedly modulate adipogenesis
and lipid metabolism directly by autocrine and paracrine
mechanisms [4,5]. Some adipokines, in particular TNF-a,
IL-6, and IL-1b, are known to be produced by, and act
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upon, other cell types, most notably macrophages and
other immune cells, and to play a role in immune and
reproductive function [6–8].

Chemerin, also known as tazarotene induced gene 2
(TIG2) and retinoic acid receptor responder 2 (RARRES2)
is an 18 kDa protein that was originally identified as the
protein produced by the gene that was up-regulated by
the RAR b/c-selective anti-psoriatic synthetic retinoid taz-
arotene [9]. Recent evidence suggests that chemerin is a
natural ligand of the chemerin receptor (chemerinR), also
known as chemokine like receptor 1 (cmklr1, ChemR23,
or GPCR-DEZ) [10,11]. The chemerin receptor, now
termed chemerinR, was isolated and found to be an orphan
G-protein coupled receptor (GPCR) that had been referred
to as GPCR-DEZ in mice, and chemR23 in humans
[12,13]. Chemerin is known to stimulate intracellular cal-
cium release, phosphorylate extracellular signal-regulated
kinase-1 and -2 (ERK 1/2), and to inhibit cAMP accumu-
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lation through its binding to Gi-coupled heterotrimeric G
proteins [10]. However, the molecular mechanism and sig-
naling pathways by which chemerin and chemerinR influ-
ence adipogenesis and adipocyte development have not
been investigated. We herein examined the effects and
mechanism of action of chemerin and its receptor in
adipocytes.

Materials and methods

Animals. The mice were used C57BL/6J mice obtained from Charles
River Japan. And then weighed and divided into two groups of six with
approximately equal mean body weights. One group was fed the standard
diet (Oriental Yeast, Chiba, Japan) containing 8.5% (w/w) fat, 43.7%
carbohydrate, and 29.7% protein, with an energy content of 3.69 kcal/g,
and the other received a high-fat diet for 11 weeks (4–15 weeks of age).
The high-fat diet was contained 41% fat, 36% carbohydrate, and 23%
protein, with an energy content of 4.33 kcal/g; its fat source was the same
as that of the standard diet and it contained the same absolute amounts of
protein and fiber as the standard diet. White adipose tissues and non-
adipose tissues were rapidly frozen in liquid nitrogen, and stored at
�80 �C until RNA extraction. All experiments were conducted in accor-
dance with the Shinshu University Guide for the Care and Use of
Experimental Animals.

Isolation of adipocytes and stromal-vascular (S-V) cells from adipose

tissues. White adipose tissue from the perirenal and parametrial fat regions
of 15-week-old female mice was separated from connective tissue and
blood vessels. The adipose tissue was then divided into adipocyte and S-V
cell fractions as previously described [14].

Culture of 3T3-L1 cells and induction of differentiation. 3T3-L1 cells
were purchased from ATCC (Manassas, VA, USA). Culture of 3T3-L1
cells and induction of differentiation was performed as previously
described [14]. In another set of experiments, cells were treated with
troglitazone (5 lM) for up to 7 days for up to 9 days during adipocyte
differentiation.

Total RNA extraction and semi-quantitative RT-PCR. Total RNA was
extracted from freshly dissociated adipocytes, S-V cells, adipose tissues
and 3T3-L1 cells. Total RNA from human preadipocytes and differenti-
ated adipocytes (20d) were purchased from Zen-Bio, Inc. (Research Tri-
angle Park, NC). Semi-quantitative RT-PCR was performed in order to
measure levels of chemerin, chemerinR, PPAR-c2, and b-actin mRNA.
The gene-specific primers are shown in Table 1. PCR products were
resolved on a 1.2% agarose gel. The DNA was visualized by ethidium
bromide staining and analyzed using NIH image software.
Table 1
Primers used for semi-quantitative reverse transcription polymerase chain rea

Gene

Mouse Chemerin Forward 5 0-TGCTTGCTGATC
Reverse 5 0-GACTATCCGGCC

ChemerinR Forward 5 0-CTGATCCCCGTC
Reverse 5 0-TGGTGAAGCTC

PPAR-c2 Forward 5 0-TGGGTGAAACT
Reverse 5 0-CCATAGTGGAA

b-Actin Forward 5 0-AGGTCATCACTA
Reverse 5 0-ACTCATCGTACT

Human Chemerin Forward 5 0-GGAGGAATTTC
Reverse 5 0-GAACTGTCCAG

ChemerinR Forward 5 0-CTCCCAATCCAT
Reverse 5 0-GCAGAGGAAGA

b-Actin Forward 5 0-AGGTCATCACCA
Reverse 5 0-ACTCGTCATACT

a Tm, melting temperature.
Protein preparation and Western blot analysis. The cells were washed
with cold PBS, collected, and transferred to microfuge tubes. The cell
pellets were lysed by vortexing for 10 s with 500 lL of 50 mM Tris (pH
8.0), 150 mM NaCl, 0.5% deoxycholate, 1% Nonidet P-40, 0.1% SDS, and
a cocktail of mammalian proteinase inhibitors (Sigma Chemical Co., St.
Louis, MO). After mixing, the solution was incubated for 10 min at 4 �C.
The cell homogenate was spun at 10,000g in a tabletop centrifuge at 4 �C
for 10 min. The supernatant was then transferred to a clean microfuge
tube and stored at �80 �C until used in the blotting procedure. The pro-
teins contained in the supernatant (70 lg per lane) were separated by
denaturing gel electrophoresis. After the electrophoresis, the proteins were
transferred to PVDF membranes in 50 mM Tris (pH 8.3), containing
380 mM glycine and 20% methanol at 15 V for 16 h. The membranes were
washed twice in TBS containing 0.5% Tween 20 and blocked with 5% (w/
v) nonfat dry milk in the above-mentioned wash buffer for 1 h at room
temperature with constant agitation. The membranes were then washed 3
times for 5 min after which they were incubated with human chemerin
antibody (mouse 7F6 monoclonal antibody, isotype IgG1) diluted 1:3000
in TBS containing 0.5% Tween 20 and 5% (w/v) nonfat dry milk (blocking
buffer) for 16 h at 4 �C with constant agitation. The membranes were then
again washed with blocking buffer and incubated with the secondary
antibody (Goat anti-mouse IgG-HRP conjugate, 1:5000; Promega, Mad-
ison, WI) for 1 h at room temperature with constant agitation. The blots
were developed with ECL Plus and visualized with Hyperfilm ECL
(Amersham Pharmacia Biotech, Piscataway, NJ).

Determination of total and phosphorylated ERK. Total and phosphor-
ylated ERK 1/2 were determined using polyclonal antibodies against total
ERK 1/2 (1:1000) and phosphorylated ERK 1/2 (p44 and p42, 1:1000
dilution), respectively. To determine the effects of chemerin and chemer-
inR on ERK phosphorylation, 3T3-L1 cells were first grown in serum free
DMEM containing 0.1% BSA for 6 h after which they were treated with
mouse recombinant chemerin (PeproTech House, London, UK; 10�8 M).
After treatment, the cells were lysed, the cell extracts were run on a 12.5%
polyacrylamide gel, and Western blot analysis was performed.

Effects of chemerin in fully differentiated 3T3-L1 adipocytes. To inves-
tigate the effect of chemerin on the change of adipogenic genes, cells (3T3-
L1 adipocytes that had differentiated for 10–15 days) were s treated with
mouse chemerin (10�10 M) for 24 h. After then, culture medium was
collected for analysis of glycerol and total RNA from the cells was
extracted to measure the expression of PPAR-c2 mRNA. The concen-
tration of glycerol in culture medium was assayed using a kit from
SIGMA (St. Louis, MO).

Statistical analysis. Results are presented as the percentage of control
values (mean ± SEM) and represent data collected from at least three
experiments. Data in each figure were compared using the Students t-
test.
ction (RT-PCR)

Length (bp) Cycle Tm
a (�C)

TCCCTA-3 345 25 60
TAGAATTT-30

TTCATCAT-30 376 25 58
CTGTGACTG-3 0

CTGGGAGAT-30 454 28 57
GCCTGATGC-30

TTGGCAAC-30 363 27 57
CCTGCTTG-30

ACAAGCAC-30 361 23 60
GGAAGTAGA-30

ATCACCTA-30 543 28 58
AGGTAATGA-30

TTGGCAAT-30 357 26 58
CCTGCTTG-3 0
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Results

Expression of chemerin and chemerinR in adipose tissues and

mature adipocytes

First of all, we investigated the expression levels of
chemerin and chemerinR mRNA in various tissues of mice
using RT-PCR analysis. While chemerin and chemerinR
mRNA transcripts were expressed ubiquitously in mice,
they were expressed most highly in adipose tissue
(Fig. 1A). Subsequently, whether chemerin and chemerinR
mRNA were expressed in adipocytes and S-V cells, we
determined the expression in these two cells. The expres-
sion of chemerin and chemerinR mRNA was significantly
higher in adipocytes compared to S-V cells (Fig. 1B).
Up-regulation of chemerin and chemerinR mRNA expression

in adipose tissues of mice fed a high-fat diet

After 11 weeks on a high-fat diet, the body weight of
mice was 21% greater than that of mice that had been
fed a normal diet. In addition, the respective weights of
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Fig. 1. (A) The levels of chemerin and chemerinR mRNA in various adult mou
gel showing amplified chemerin, chemerinR, and b-actin with molecular marker
in percent form. The data represent the means ± SEM from six independent exp
of chemerin and chemerinR mRNA in adipocytes and S-V cells isolated from m
stained agarose gel showing amplified chemerin, chemerinR, and b-actin (363
b-actin and were expressed as a percent of the value obtained in adipocytes. The
100 bp molecular size ladder; Ad, adipocytes; S-V, stromal-vascular cells *P <
these animals’ four different fat pads were approximately
2–3 times greater than were those in mice fed the normal
diet. Levels of PPAR-c2 mRNA, the adipose specific
nuclear receptor, were also higher in mice fed the high-fat
diet (Fig. 2), as were chemerin and chemerinR mRNA lev-
els in the four different fat depots of mice fed the high-fat
diet (Fig. 2).
Expression of chemerin and chemerinR in differentiating

3T3-L1 cells and human preadipocytes

The expression of chemerin and chemerinR mRNA was
low in confluent 3T3-L1 cells. However, after they were
hormonally stimulated to differentiate, expression
increased markedly (Fig. 3A). PPAR-c2 similarly increased
during the differentiation of 3T3-L1 cells. Using a human
monoclonal antibody, we also found that the expression
of chemerin protein increased during hormone-induced dif-
ferentiation (Fig. 3B). Similarly, both chemerin and chem-
erinR mRNA were highly expressed in human
differentiated adipocytes compared to preadipocytes
(Fig. 3C). The adipogenic expression patterns in human
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Fig. 2. Levels of chemerin, chemerinR, and PPAR-c2 mRNA in four different regional fat depots of mice fed normal (N) or high-fat (H) chow. (Left
panel) Representative ethidium bromide-stained agarose gel showing amplified chemerin, chemerinR, PPAR-c2, and b-actin with molecular markers.
(Right panel) Data were normalized using b-actin mRNA and were expressed as a percent. The data represent the means ± SEM from six independent
experiments. M, 100 bp molecular size ladder; Sub, subcutaneous fat; Per, perirenal fat; Mes, mesenteric fat; Epi, epididymal fat *P < 0.05 vs. mice fed
normal diet.
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Fig. 3. (A) The levels of chemerin, chemerinR, and PPAR-c2 mRNA during the differentiation of 3T3-L1 cells. Representative ethidium bromide-stained
agarose gel showing amplified chemerin, chemerinR, PPAR-c2, and b-actin with molecular markers. b-Actin was used as the internal control. M, 100 bp
molecular size ladder. (B) Expression of chemerin protein during 3T3-L1 cell differentiation. 3T3-L1 cells were grown to 2 day post-confluency, after which
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(h) and days (d) of differentiation are indicated at the top. (Lower panel) Data were normalized against b-actin and were expressed in percent form. The
data represent the means ± SEM from three independent experiments. M, 100 bp molecular size ladder; ND, not detected *P < 0.05 vs. untreated.
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samples were confirmed in our previous reports [14]. Trog-
litazone, a PPAR-c2 agonist, treatment significantly
increased the expression of PPAR-c2 starting 3 days after
differentiation. Similarly, chemerin and chemerinR mRNA
levels were significantly up-regulated by troglitazone treat-
ment (Fig. 3D).

Functional roles of mouse recombinant chemerin in

differentiated 3T3-L1 cells

The previous study showed that chemerin stimulate
ERK 1/2 phosphorylation via chemerinR that coupled
with Gi class G proteins [10]. Treatment with human
recombinant chemerin clearly stimulated ERK 1/2 phos-
phorylation in differentiated 3T3-L1 cells (Fig. 4A); total
ERK 1/2 was used as the control. The time-course study
revealed that maximal stimulation of ERK 1/2 phosphory-
lation occurred 3 min after the addition of chemerin, and
then decreased by 5 min.

The treatments of chemerin (10�10 M) for 24 h in the
differentiated 3T3-L1 adipocytes significantly decreased
the levels of PPAR-c2 compared with control (Fig. 4B).
The glycerol release in culture medium for 24 h was signif-
icantly increased by the treatment of chemerin (Fig. 4C).
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Fig. 4. (A) Effects of chemerin on ERK 1/2 phosphorylation in differen-
tiated 3T3-L1 adipocytes. The cells were serum-starved for 6 h to reduce
their basal levels of ERK 1/2, after which they were treated with 10�8 M
mouse recombinant chemerin. Cell extracts were run on a 12.5%
polyacrylamide gel and Western blotted with total and phospho-specific
ERK antibodies. (B) Effects of chemerin on PPAR-c2 mRNA expression
in differentiated 3T3-L1 adipocytes. Mouse chemerin (10�10 M) were
treated for 24 h in 3T3-L1 adipocytes differentiated for 10–15 days. Data
were normalized against b-actin and were expressed in percent form. All
data are expressed as the means ± SEM fold increase over control values.
*P < 0.05 vs. control. (C) Effects of chemerin on lipolysis in differentiated
3T3-L1 adipocytes. Cells were incubated with mouse recombinant
chemerin (10�10 M) for 24 h, and then culture medium was collected.
Accumulation of glycerol was measured as an index of lipolysis. All data
are expressed as the means ± SEM fold increase over control values.
*P < 0.01 vs. control.
Discussion

Chemerin is known to be produced by the liver and to
act as a chemotactic agent through its binding to chemer-
inR, which is expressed at high levels on immune cells such
as plasmacytoid dendritic cells and macrophages [10,15–
17]. To date, however, the status of chemerin expression
in adipose tissues has not elucidated. Our results suggest
that chemerin regulates adipose tissue function in an auto-
crine/paracrine manner through its binding to chemerinR.
The expression of chemerin and chemerinR mRNA was
higher in mature adipocytes compared to S-V cells suggest-
ing that the former may be their primary site of expression.
Adipocytes as well as preadipocytes and macrophages
appear to be involved in the local production of proinflam-
matory cytokines and chemokines such as IL-6, TNF-a,
and monocyte chemoattractant protein-1 [6,8,18,19].
Resolvin E1, a newly discovered bioactive oxygenated
product of eicosapentaenoic acid that has anti-inflamma-
tory effects, was also reported to activate chemerinR [20].
Thus, the binding of ligands to chemerinR on adipocytes
may play a role not only in lipid metabolism but also
immune system function.

The gene expression patterns of a host of adipocyte-
derived genes, such as PPAR-c2, are known to be regulated
by nutritional factors [2,21]. Our results showing up-regu-
lation of both chemerin and chemerinR mRNA in four dif-
ferent regional fat pads in mice fed a high-fat diet not only
support the notion that chemerin expression is regulated by
nutrients but also that the binding of chemerin to its recep-
tor on fat cells plays a role in the regulation of adipose tis-
sue growth and energy homeostasis.

It is well known that hormone-induced differentiation of
3T3-L1 cells is primarily mediated by the three transcrip-
tion factors, PPAR-c2, C/EBP-a, and C/EBP-b. Our
results showed that the expression of chemerin and chem-
erinR mRNA was up-regulated during the differentiation
of 3T3-L1 cells and human preadipocytes into adipocytes.
Furthermore, we found that the expression of chemerin
protein was also up-regulated in differentiating 3T3-L1
cells. The expression of both the chemerin and chemerinR
genes in differentiating 3T3-L1 cells was also up-regulated
by troglitazone. Promoter analysis revealed the existence
of Sp1, C/EBP, GATA-1, and GATA-2 binding sites in
the promoter region of the mouse and human chemerinR
gene [22]. In addition, it was shown that the stimulatory
effect of PPAR-c2 on adipogenesis was mediated by C/
EBP-a [23]. Thus, the up-regulation of chemerinR mRNA
by troglitazone treatment may have been due to the activa-
tion of C/EBP-a. These suggest that the expression of
chemerin and chemerinR mRNA is controlled by adipo-
genic transcription factors in adipocytes.

Our data suggested that chemerin showed the lipolytic
effect in differentiated 3T3-L1 adipocytes. ERK 1/2 phos-
phorylation is known to directly promote the activation
of hormone sensitive lipase (HSL) activation and to stimu-
late lipolysis in mature adipocytes [24]. However, it has
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been also reported that cAMP-dependent PKA activation
is the major pathway of lipolysis [25,26]. The expression
pattern of chemerin and chemerinR suggests the possibility
that its up-regulation during differentiation may relieve
transcriptional stimulation on other adipogenic genes,
mediating the lipolytic effects via its own receptor. The
foregoing notwithstanding, the pathways that mediate the
lipolytic effects of chemerin via chemerinR in adipocytes
are still unclear.

In summary, chemerin appears to regulate both adipo-
cyte differentiation and lipid metabolism. The chemerinR
is highly expressed in adipocytes, supporting its role in the
mediation of the autocrine/paracrine effects of chemerin.
Acknowledgments

This work was supported in part by a Grant-in-Aid (No.
17380168 and 19658096) for scientific research from the
Ministry of Education, Science, Sports and Culture of
Japan.
References

[1] Y. Zhang, R. Proenca, M. Maffei, M. Barone, L. Leopold, J.M.
Friedman, Positional cloning of the mouse obese gene and its human
homologue, Nature 372 (1994) 425–432.

[2] G.S. Hotamisligil, N.S. Shargill, B.M. Spiegelman, Adipose expres-
sion of tumor necrosis factor-alpha: direct role in obesity-linked
insulin resistance, Science 259 (1993) 87–91.

[3] S.K. Fried, D.A. Bunkin, A.S. Greenberg, Omental and subcutaneous
adipose tissues of obese subjects release interleukin-6: depot difference
and regulation by glucocorticoid, J. Clin. Endocrinol. Metab. 83
(1998) 847–850.

[4] T. Yamauchi, J. Kamon, Y. Ito, A. Tsuchida, T. Yokomizo, S. Kita,
T. Sugiyama, M. Miyagishi, K. Hara, M. Tsunoda, K. Murakami, T.
Ohteki, S. Uchida, S. Takekawa, H. Waki, N.H. Tsuno, Y. Shibata,
Y. Terauchi, P. Froguel, K. Tobe, S. Koyasu, K. Taira, T. Kitamura,
T. Shimizu, R. Nagai, T. Kadowaki, Cloning of adiponectin receptors
that mediate antidiabetic metabolic effects, Nature 423 (2003)
762–769.

[5] H. Xu, J.K. Sethi, G.S. Hotamisligil, Transmembrane tumor necrosis
factor (TNF)-alpha inhibits adipocyte differentiation by selectively
activating TNF receptor 1, J. Biol. Chem. 274 (1999) 26287–26295.

[6] B.E. Wisse, The inflammatory syndrome: the role of adipose tissue
cytokines in metabolic disorders linked to obesity, J. Am. Soc.
Nephrol. 15 (2004) 2792–2800.

[7] G. Lord, Role of leptin in immunology, Nutr. Rev. 60 (2002) S35–S38
(discussion S68–S84, S85–S37).

[8] M.W. Rajala, P.E. Scherer, Minireview: the adipocyte—at the
crossroads of energy homeostasis, inflammation, and atherosclerosis,
Endocrinology 144 (2003) 3765–3773.

[9] S. Nagpal, S. Patel, H. Jacobe, D. DiSepio, C. Ghosn, M. Malhotra,
M. Teng, M. Duvic, R.A. Chandraratna, Tazarotene-induced gene 2
(TIG2), a novel retinoid-responsive gene in skin, J. Invest. Dermatol.
109 (1997) 91–95.

[10] V. Wittamer, J.D. Franssen, M. Vulcano, J.F. Mirjolet, E. Le Poul, I.
Migeotte, S. Brezillon, R. Tyldesley, C. Blanpain, M. Detheux, A.
Mantovani, S. Sozzani, G. Vassart, M. Parmentier, D. Communi,
Specific recruitment of antigen-presenting cells by chemerin, a novel
processed ligand from human inflammatory fluids, J. Exp. Med. 198
(2003) 977–985.
[11] W. Meder, M. Wendland, A. Busmann, C. Kutzleb, N. Spodsberg, H.
John, R. Richter, D. Schleuder, M. Meyer, W.G. Forssmann,
Characterization of human circulating TIG2 as a ligand for the
orphan receptor ChemR23, FEBS Lett. 555 (2003) 495–499.

[12] M. Samson, A.L. Edinger, P. Stordeur, J. Rucker, V. Verhasselt, M.
Sharron, C. Govaerts, C. Mollereau, G. Vassart, R.W. Doms, M.
Parmentier, ChemR23, a putative chemoattractant receptor, is
expressed in monocyte-derived dendritic cells and macrophages and
is a coreceptor for SIV and some primary HIV-1 strains, Eur. J.
Immunol. 28 (1998) 1689–1700.

[13] A. Methner, G. Hermey, B. Schinke, I. Hermans-Borgmeyer, A novel
G protein-coupled receptor with homology to neuropeptide and
chemoattractant receptors expressed during bone development, Bio-
chem. Biophys. Res. Commun. 233 (1997) 336–342.

[14] C. Gotoh, Y.H. Hong, T. Iga, D. Hishikawa, Y. Suzuki, S.H. Song,
K.C. Choi, T. Adachi, A. Hirasawa, G. Tsujimoto, S. Sasaki, S.G.
Roh, The regulation of adipogenesis through GPR120, Biochem.
Biophys. Res. Commun. 354 (2007) 591–597.

[15] W. Vermi, E. Riboldi, V. Wittamer, F. Gentili, W. Luini, S. Marrelli,
A. Vecchi, J.D. Franssen, D. Communi, L. Massardi, M. Sironi, A.
Mantovani, M. Parmentier, F. Facchetti, S. Sozzani, Role of
ChemR23 in directing the migration of myeloid and plasmacytoid
dendritic cells to lymphoid organs and inflamed skin, J. Exp. Med.
201 (2005) 509–515.

[16] B.A. Zabel, A.M. Silverio, E.C. Butcher, Chemokine-like receptor 1
expression and chemerin-directed chemotaxis distinguish plasmacy-
toid from myeloid dendritic cells in human blood, J. Immunol. 174
(2005) 244–251.

[17] V. Wittamer, F. Gregoire, P. Robberecht, G. Vassart, D. Communi,
M. Parmentier, The C-terminal nonapeptide of mature chemerin
activates the chemerin receptor with low nanomolar potency, J. Biol.
Chem. 279 (2004) 9956–9962.

[18] T. Mazurek, L. Zhang, A. Zalewski, J.D. Mannion, J.T. Diehl,
H. Arafat, L. Sarov-Blat, S. O’Brien, E.A. Keiper, A.G. Johnson,
J. Martin, B.J. Goldstein, Y. Shi, Human epicardial adipose
tissue is a source of inflammatory mediators, Circulation 108
(2003) 2460–2466.

[19] P. Sartipy, D.J. Loskutoff, Monocyte chemoattractant protein 1 in
obesity and insulin resistance, Proc. Natl. Acad. Sci. USA 100 (2003)
7265–7270.

[20] M. Arita, F. Bianchini, J. Aliberti, A. Sher, N. Chiang, S. Hong, R.
Yang, N.A. Petasis, C.N. Serhan, Stereochemical assignment, anti-
inflammatory properties, and receptor for the omega-3 lipid mediator
resolvin E1, J. Exp. Med. 201 (2005) 713–722.

[21] Y.X. Wang, C.H. Lee, S. Tiep, R.T. Yu, J. Ham, H. Kang, R.M.
Evans, Peroxisome-proliferator-activated receptor delta activates fat
metabolism to prevent obesity, Cell 113 (2003) 159–170.

[22] U.E. Martensson, C. Owman, B. Olde, Genomic organization and
promoter analysis of the gene encoding the mouse chemoattractant-
like receptor, CMKLR1, Gene 328 (2004) 167–176.

[23] E.J. Schwarz, M.J. Reginato, D. Shao, S.L. Krakow, M.A. Lazar,
Retinoic acid blocks adipogenesis by inhibiting C/EBPbeta-mediated
transcription, Mol. Cell. Biol. 17 (1997) 1552–1561.

[24] A.S. Greenberg, W.J. Shen, K. Muliro, S. Patel, S.C. Souza, R.A.
Roth, F.B. Kraemer, Stimulation of lipolysis and hormone-sensitive
lipase via the extracellular signal-regulated kinase pathway, J. Biol.
Chem. 276 (2001) 45456–45461.

[25] B. Zhang, J. Berger, G. Zhou, A. Elbrecht, S. Biswas, S. White-
Carrington, D. Szalkowski, D.E. Moller, Insulin- and mitogen-
activated protein kinase-mediated phosphorylation and activation of
peroxisome proliferator-activated receptor gamma, J. Biol. Chem.
271 (1996) 31771–31774.

[26] A.S. Greenberg, J.J. Egan, S.A. Wek, N.B. Garty, E.J. Blanchette-
Mackie, C. Londos, Perilipin, a major hormonally regulated adipo-
cyte-specific phosphoprotein associated with the periphery of lipid
storage droplets, J. Biol. Chem. 266 (1991) 11341–11346.


	Chemerin-A new adipokine that modulates adipogenesis  via its own receptor
	Materials and methods
	Results
	Expression of chemerin and chemerinR in adipose tissues and mature adipocytes
	Up-regulation of chemerin and chemerinR mRNA expression in adipose tissues of mice fed a high-fat diet
	Expression of chemerin and chemerinR in differentiating 3T3-L1 cells and human preadipocytes
	Functional roles of mouse recombinant chemerin in differentiated 3T3-L1 cells

	Discussion
	Acknowledgments
	References


