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Abstract

Background: Brown adipocytes play an important role in regulating the balance of energy, and as such, there is a strong
correlation between obesity and the amount of brown adipose tissue. Although the molecular mechanism underlying white
adipocyte differentiation has been well characterized, brown adipocyte differentiation has not been studied extensively.
Here, we investigate the potential role of dual-specificity phosphatase 10 (DUSP10) in brown adipocyte differentiation using
primary brown preadipocytes.

Methods and Results: The expression of DUSP10 increased continuously after the brown adipocyte differentiation of mouse
primary brown preadipocytes, whereas the phosphorylation of p38 was significantly upregulated at an early stage of
differentiation followed by steep downregulation. The overexpression of DUSP10 induced a decrease in the level of p38
phosphorylation, resulting in lower lipid accumulation than that in cells overexpressing the inactive mutant DUSP10. The
expression levels of several brown adipocyte markers such as PGC-1a, UCP1, and PRDM16 were also significantly reduced
upon the ectopic expression of DUSP10. Furthermore, decreased mitochondrial DNA content was detected in cells
expressing DUSP10. The results obtained upon treatment with the p38 inhibitor, SB203580, clearly indicated that the
phosphorylation of p38 at an early stage is important in brown adipocyte differentiation. The effect of the p38 inhibitor was
partially recovered by DUSP10 knockdown using RNAI.

Conclusions: These results suggest that p38 phosphorylation is controlled by DUSP10 expression. Furthermore, p38
phosphorylation at an early stage is critical in brown adipocyte differentiation. Thus, the regulation of DUSP10 activity
affects the efficiency of brown adipogenesis. Consequently, DUSP10 can be used as a novel target protein for the regulation
of obesity.
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Introduction adipocytes, which have opposite functions with regard to their
. . . ) ) ) ) ) energy balance. White adipocytes store excess energy as triglyc-
Adipose tissue is loose connective tissue that is primarily erides in lipid droplets, whereas brown adipocytes release energy
composed of adipocytes. It plays a critical role in energy in the form of heat through thermogenesis. Brown adipocytes are

homeostasis as both an energy reserve and an endocrine organ very prominent in rodents and human infants [3]. However,

in animals [1;2]. Obesity is becoming a common health problem brown adipocytes are increasingly thought to be important in adult

across the world. It occurs due to an imbalance between energy humans. The amount of brown adipose tissue (BAT) in adult
intake and energy expe{nditur? and de.pends on the amount of  ;;mang has been found to be highly correlated with their degree
boc.1y fat, spec.lf’%cally_adlpf)sc tlSSuC..AdlpOg(?IlCS.IS, the process by of obesity, indicating that brown adipocytes may play an
whlch' a cell d1ﬁerent1.ates 1r.1t0 an.adlpocyte, is highly regulated by important role in the prevention and treatment of obesity [3-6].
a variety of mechanisms, including endocrine factors. In mam- Therefore, a deeper understanding of the cellular and molecular

mals, there are two types of adipocytes, white and brown mechanisms underlying brown adipocyte differentiation is re-
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quired to treat and overcome obesity. Compared to the
mechanisms related to white adipocytes, the molecular mecha-
nisms underlying brown adipocyte differentiation have not been
extensively investigated because this process was identified only
recently in adult humans.

The p38 mitogen-activated protein kinases (MAPKs) are
responsive to many stress stimuli such as cytokines, UV irradiation,
and heat shock. They are involved in the processes of cell
differentiation, apoptosis, and autophagy [7-9]. Dual-specificity
MAPK kinase 3 (MKK3) and SAPK/ERK kinase (SEK) activate
p38 MAPK by phosphorylation at Thr-180 and Tyr-182 [10].
Several studies have shown the involvement of p38 MAPK in
adipocyte differentiation, although their results regarding the
functional role of p38 have been somewhat contradictory. For
example, Engelman et al. reported the positive role of p38 in
adipogenesis in experiments using a p38 inhibitor [11], whereas
another study showed that the addition of a p38 inhibitor at an
early stage of adipogenesis induces decreased adipocyte differen-
tiation by downregulating the phosphorylation of the transcription
factor C/EBPP and its post-translational activation [12]. Further-
more, Hata ef al. showed that bone morphogenic protein-2 (BMP-
2) induced pluripotent mesenchymal cell lines C3H10T1/2 into
the adipocyte lineage through p38 activation [13]. For brown
adipocyte differentiation, BMP-7 increases this differentiation by
enhancing mitochondrial biogenesis via p38 [14]. In addition,
cardiac natriuretic peptides act via p38 to induce the brown fat
thermogenic program [15]. These reports clearly imply that p38 is
involved in brown adipocyte differentiation.

Protein phosphorylation is a common post-translational mod-
ification that regulates a wide range of the signaling pathways
involved in differentiation, apoptosis, proliferation, gene regula-
tion, and metabolism. Although phosphorylation at tyrosine
occurs less frequently than phosphorylation at serine and
threonine, tyrosine phosphorylation is very important because it
occurs almost exclusively in multicellular eukaryotes [16-18]. The
balanced action between protein tyrosine kinases (PTKs) and
protein tyrosine phosphatases (PTPs) is critical in the regulation of
the tyrosine phosphorylation states of specific target proteins.
Several PTPs, including leukocyte common antigen related (LAR)
phosphatase, PTP-o,, PTP-1B and SHPTP2, are highly expressed
in insulin-sensitive tissues such as the liver, skeletal muscle, and
adipose tissue [1]. These enzymes are all involved in insulin
signaling. A number of studies have reported the close involve-
ment of several PTPs, such as LAR, RPTPu, PTP-RQ, SHP-2,
and PTP-BL, in white adipocyte differentiation [19-23]. Recently,
we performed a PTP profiling analysis of the action of a brown
preadipocyte cell line, HIB-1B, during brown adipogenesis.
Several PTPs were thought to be involved in brown adipogenesis
as well as white adipogenesis [24]. In this study, we found that
DUSPI10 is involved in brown adipocyte differentiation in mouse
brown preadipocytes via the modulation of the p38 phosphory-
lation level.

Materials and Methods

Ethics Statement
All procedures used in animal experiments were performed
according to a protocol approved by the Animal care and Use

committee of the Korea Research Institute of Bioscience and
Biotechnology (KRIBB).

Reagents and Antibodies
The pharmacological p38 inhibitor, SB203580, was acquired
from Calbiochem. Antibodies for p38 (cat. no. 9212), phospho-
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p38 (p-p38; Thr-180/Tyr-182; cat. no. 9211) and DUSPI10 (cat.
no. 3483) were purchased from Cell Signaling. Anti-o-tubulin
antibody was obtained from Sigma, and secondary antibodies
were obtained from Abcam.

Cell Isolation, Culture, and Brown Adipocyte
Differentiation

Brown preadipocytes were obtained from the interscapular
BAT of mice (age, late fetal to post-natal days 1-2) and isolated by
collagenase dispersion as described previously [25;26]. Isolated
cells were cultured in a growth medium (high glucose Dulbecco’s
Modified Eagle’s Medium [DMEM)] containing 1% antibiotic-
antimycotic solution and 20% fetal bovine serum [FBS]; Gibco-
Invitrogen) at 37°C in a humidified atmosphere with 5% COs.
Primary brown preadipocytes were induced to differentiate into
mature brown adipocytes, as described previously [27]. Briefly, on
day 2 after confluence (day 0), cells were placed in a differentiation
medium consisting of DMEM, 10% FBS, and a differentiation
cocktail (0.5 mM isobutylmethylxanthine [IBMX], 0.5 uM dexa-
methasone, 20 nM insulin, 125 pM indomethacin and 1 nM
3,3',5-triiodo-L-thyronine [T'5] [all from Sigmal]). They were then
switched to a maintenance medium composed of DMEM, 10%
FBS, 1 nM T3, and 20 nM insulin. The medium was replenished
every 2 days.

Overexpression of DUSP10 in Primary Brown
Preadipocytes

To ensure that DUSP10 was stably expressed, a retrovirus-
mediated infection system was used. The Dusp!0 gene was inserted
into the multi-cloning site of the pRetroX-IRES-ZsGreenl vector
(Clontech). The catalytically inactive mutant of Duspl0, in which
Cys-408 was replaced by Ser, was constructed by site-directed
mutagenesis in plasmids [28]. Retroviruses were subsequently
produced by transiently co-transfecting GP2-293 cells with a
retroviral vector and the VSV-G plasmid using Lipofectamine
2000 (Gibco-Invitrogen). At 48 h after transfection, media
containing retroviruses were collected, filtered with 0.45-um
filters, and used to infect cells in the presence of polybrene
(8 ng/mL). Infected cells were selected using fluorescence-activat-
ed cell sorting (FACS; FACSAria cell sorter, BD Biosciences) and
were further maintained in a growth medium, as described
previously [26;29].

Gene Silencing Using shRNA

The pSIREN-RetroQ-DsRed Express retroviral vector (Clon-
tech) was employed to knockdown DUSPI10 in primary brown
preadipocytes. Short-hairpin RNAs (shRNAs) were designed by
selecting a target sequence specific to the mouse Duspl(0 gene, as
described by Sigma-Aldrich, and thus a sequence for inhibition of
DUSP10 expression was obtained (F: 5'-GATCCGTGGTATTG-
CAGTTAGGTTAAATTCAAGAGATTTAACCTAACTG-
CAATACCATTTTTTG-3', R: 5'-AATTCAAAAAATGG-
TATTGCAGTTAGGTTAAATCTCTTGAATTTAACCTAA.

CTGCAATACCACG-3"). Following this, shRNA sequences
were annealed and subcloned according to the manufacturer’s
recommendations. The knockdown efficiency was approximately
50% in mouse primary brown preadipocytes. Non-targeting
control shRNA (scrambled; SCR) was obtained from Clontech.

Quantitative Real-time RT-PCR and RT-PCR

Total RNA was extracted from cultured cells with QIAzol lysis
reagent (Qiagen, Hilden, Germany), according to the manufac-
turer’s instructions. First-strand complementary DNA (cDNA) was
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synthesized using 2 g of total RNA as the template, 500 ng of

random primers, and cDNA synthesis kit components (Promega)
in a total volume of 25 UL in accordance with the manufacturer’s
recommendations [30;31]. The targeted fragment of cDNA for
each of the brown adipocyte differentiation-associated genes
(Table 1) was amplified by PCR with 2 pL. of the reverse
transcription (RT) product, 10 pmol of each primer, and a PCR
premix (Intron, Daejeon, Korea).

Oil Red-O Staining

Lipid droplets of differentiating or mature brown adipocytes
were stained using the Oil red-O (Sigma) staining method, as
described previously [19-21,25]. For a quantification analysis, Oil
red-O staining dye was extracted and quantified, as described
previously [26;29].

Statistical Analysis

Experimental differences were examined for statistical signifi-
cance using Student’s #test. P values that exceeded 0.05 were
regarded as statistically significant.

Quantification of Mitochondrial DNA

Mitochondrial DNA (mtDNA) in mature brown adipocytes was
quantified using quantitative real-time PCR (qPCR) and Mito-
Tracker fluorescence images. NADH dehydrogenase (NDI)
primers were used to evaluate the mitochondrial DNA (F: 5'-
GGATCCGAGCATCTTATCCA-3', R: 5'-
GGTGGTACTCCCGCTGTAAA-3"). The NDI expression level
was normalized to TBP (TATA box binding protein) (F: 5'-
CCCCTTGTACCCTTCACCAAT -3, R: 5'-
GAAGCTGCGGTACAATTC CAG-3") [32;33]. To label the
mitochondria, cells were incubated with Mito-Tracker probes
(Invitrogen). The cells were fixed and permeabilized, after which
100 nM of a prewarmed (37°C) staining solution containing Mito-
Tracker probes was applied. The cells were incubated in this
solution for 30 min. After staining was complete, the solution was
replaced with fresh prewarmed media. The cells were fixed with
3.7% formaldehyde in a complete growth medium at 37°C for
15 min. After fixation, they were rinsed 5 times in PBS.

DUSP10 Controls Brown Adipocyte Differentiation

Results

DUSP10 is Continuously Upregulated during Brown

Adipocyte Differentiation

To determine the functional roles of the PTP family during
brown adipocyte differentiation, a PTP expression profiling
analysis was performed for primary brown preadipocytes. The
primary cells were harvested during brown adipogenesis (days 0, 2,
4, and 6 after culturing with a brown adipogenic medium), and the
mRNA levels were measured. As shown in Fig. 1A, the levels of
brown adipocyte differentiation marker proteins such as PPARY,
UCP1, PRDM16 and PGCl-o, were significantly upregulated
during brown adipogenesis. This result clearly indicates that a
substantial amount of brown adipocyte differentiation occurred
under our experimental conditions. Among several PTPs showing
significant alterations of thier mRNA levels, the DUSP10 mRNA
levels dramatically increased after the addition of the differenti-
ation cocktail (Fig. 1A). In particular, the expression level of the
DUSPI10 protein increased continuously, with marked upregula-
tion at a late stage of differentiation (Fig. 1B). Additionally, western
blot analysis data clearly showed that DUSP10 was significantly
upregulated 24 h after differentiation (Figs. 1C and 1D).
Furthermore, the brown adipogenesis-specific differential expres-
sion pattern was detected in the case of DUSP10 [34]. Thus, we
considered that the fine regulation of DUSP10 may allow some
control during brown adipogenesis.

Phosphorylation of p38 MAPK Drastically Increased Early

during Brown Adipocyte Differentiation

DUSPI10 (also known as MKP-5) inactivates its target kinases by
dephosphorylating both the phosphoserine/threonine and phos-
photyrosine residues. DUSP10 binds to and inactivates p38 and
the N-terminal kinase, JNK, but not ERK [35]. Therefore, we
checked the active p38 and JNK levels during brown adipocyte
differentiation. As shown in Fig. 1C, the p-p38 (active p38) levels
were significantly decreased at 48 h after adipogenic differentia-
tion. In contrast, at the same time, DUSP10 was dramatically
upregulated (Fig. 1D). In the case of JNK, we did not detect
significant changes during brown adipocyte differentiation (data
not shown).
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Table 1. Primer sequences and PCR conditions used for assessing the mRNA levels of various target proteins by means of gqPCR.
Genes Sequences (5'—3') Amplicon (bp) Annealing Temp. (°C) Melting Temp. (°C)
UcP1 F : 5'-CTTTGCCTCACTCAGGATTGG-3' 123 60 81.5
R : 5'-ACTGCCACACCTCCAGTCATT-3'
PGC-10. F : 5'-CCCTGCCATTGTTAAGACC-3' 161 60 81.0
R :5'-TGCTGCTGTTCCTGTTTTC-3
PRDM16 F : 5'-CTTCATGAGCATGCAGGAGA-3' 150 64 84.0
R : 5'-GACTTTGGCTCAGCCTTGAC-3’
DUSP10 F : 5'-TTCCTGTTCCTCGGCAATGA-3' 141 60 83.2
R : 5'-TGGCAGCCTCTTGTAGTTGA-3'
PPARy F : 5'-CAAGAATACCAAAGTGCGATCAA-3 69 60 755
R : 5'-GAGCTGGGTCTTTTCAGAATAATA-3'
B-actin F : 5'-GATCTGGCACCACACCTTCT-3' 138 60 83.6
R : 5'-GGGGTGTTGAAGGTCTCAAA-3’
TBP F : 5'-CCCCTTGTACCCTTCACCAAT-3' 89 60 79.0
R : 5'-GAAGCTGCGGTACAATTCCAG-3'
doi:10.1371/journal.pone.0072340.t001
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Figure 1. Increased DUSP10 expression levels during the brown adipogenesis of primary cultured cells. A. At days 0, 2, 4, and 6 after
brown adipogenic induction, the level of DUSP mRNA was assessed by a RT-PCR analysis, and brown adipocyte differentiation was confirmed by
measuring the levels of several brown adipogenic marker proteins. B. The level of DUSP mRNA was checked using RT-PCR at various time points,
especially during the early stage of differentiation. C. DUSP10 and p38 protein levels were analyzed with western blot analysis. D. Western blot data
of the DUSP10 and active p38 levels were quantified using Image J software. E. mRNA profiling analysis of DUSP10 during the white adipogenesis of

3T3-L1 preadipocytes.
doi:10.1371/journal.pone.0072340.g001

Next, to test if the upregulation of DUSP10 was a phenomenon
specific to brown adipogenesis, we conducted an expression
analysis of DUSP10 during the white adipogenesis of 3T3-L1
preadipocytes. As shown in Fig. 1E, there was no dramatic
alteration in the expression of DUSP10 during white adipogenesis.

Overexpression of DUSP10 Inhibits Brown Adipocyte

Differentiation

Next, we infected primary brown preadipocytes with Duspl0 by
using a retroviral system (Duspl/0-IRES-GFP) to clarify the
functional role of DUSP10 in brown adipogenesis. Duspl0-CS
(catalytic inactive mutant) and a control vector were used as
negative controls. Infected cells were enriched using a FACS
sorter. Most of the cells were found to be GIP positive upon
examination by fluorescence microscopy, and the overexpression
of wild-type and mutant DUSP10 was confirmed by a western blot
analysis (Fig. 2A). DUSP10 overexpression induced a reduction in
active p38 levels, especially in the early stages of differentiation
(Fig. 2B), and this expression was continuously detected during the
latter stages (6 days) (Fig. 2C). P-p38 was downregulated upon
DUSPI10 expression until the late stages. On the other hand, there
were no significant expression changes of p-JNK and JNK upon
DUSPI10 ectopic expression. The infected cells were induced to
differentiate into mature brown adipocytes, and then Oil red-O
staining was performed to assess the lipid accumulation 6 days
after culturing with a differentiation medium (Fig. 2D). DUSP10

PLOS ONE | www.plosone.org

overexpression led to a lower degree of lipid accumulation than
that noted with the control and DUSP10 mutant (Figs. 2D and
2E). The expression levels of brown adipogenic markers, such as
PGC-10,RRDM16 and UCPI, were consistently and significantly
reduced upon DUSPI0 overexpression (Fig. 2F). One typical
difference between white and brown adipocytes is the mitochon-
drial activity and number of mitochondria, both of which are
higher in brown adipocytes. Thus, the differentiated adipocyte
cells were stained with MitoTracker. The result clearly revealed a
dramatic decrease in staining upon DUSP10 overexpression
(Fig. 2G). On the other hand, the DUSP10-CS mutant (catalytic
inactive mutant) demonstrated no significant changes during the
phosphorylation of p38, lipid-drop accumulation, the expression of
brown adipogenic markers, and the mitochondrial content,
indicating that phosphatase activity is critical in decreasing brown
adipocyte differentiation.

Use of the p38 Inhibitor at an Early Stage Induced a
Reduction in Differentiation, which Recovered after
DUSP10 Knockdown

As shown in Fig. 3A, the application of a p38 inhibitor,
SB203580, at an early stage (02 days) was sufficient to cause the
suppression of differentiation. On the other hand, exposure durng
the terminal stage (46 days) did not cause any significant changes
in brown adipocyte differentiation compared to that in control
cells (Fig. 3A). Additionally, the application of SB203580 induced

August 2013 | Volume 8 | Issue 8 | 72340
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Figure 2. The Overexpression of DUSP10 inhibits brown adipocyte differentiation. A. GFP expression was directly monitored using
fluorescence microscopy after enrichment with FACS. In addition, the overexpression of DUSP10 and the catalytic inactive DUSP10 mutant was
confirmed by western blot analysis. B. The expression levels of p38, phospho-p38 (p-p38), JNK and phosphor-JNK (p-JNK) during differentiation after
DUSP10 or DUSP10-CS ectopic expression were assessed by western blot analysis (left panel). Western blot data were quantified using Image J
software (right panel; *P<<0.05). C. The overexpression of DUSP10 and the mutant DUSP10 at a late stage (day 6) was confirmed by western blot
analysis. D. Primary cultured cells were stained with Oil red O to visualize lipid droplets upon 6 days of differentiation. E. Quantification of stained
cells was performed using a dye-extraction buffer (*P<<0.05). F. The expression levels of brown specific adipogenic markers were analyzed using qPCR
after DUSP10 overexpression (*P<<0.05; **P<<0.01; ***P<<0.001). G. MitoTracker fluorescence (Invitrogen) was measured using confocal microscopy.
MitoTracker is identified by the red color, and DAPI-stained nuclei are blue. The mitochondrial DNA (mtDNA) content was quantified by qPCR
(**P<<0.01).

doi:10.1371/journal.pone.0072340.g002

a reduction in the levels of p-p38 (Fig. 3B). Next, we tested of p38 is critical at an early stage of brown adipogenic

whether the suppression of brown adipocyte differentiation by a differentiation and that DUSPI10 is involved in the inactivation
SB203580 treatment is recovered by the knockdown of DUSP10. of p38 at an appropriate time point of brown adipocyte
To do this, several shRNA constructs were produced and tested differentiation.

for their effectiveness in reducing DUSP10 expression in primary

brown preadipocytes using a retrovirus expression system Discussion

(Clontech, pSIREN-RetroQ-DsRed). The infected cells were
enriched by FACS. Following this, the knockdown of endogenous ;
DUSP10 expression was additionally confirmed by qPCR, which from the same precursor cells. Howev.er‘, recent st.u(#es have
showed that the ShRNA DUSPI0-III construct reduced endoge- shown that brown adipocytes have an origin that is distinct from

nous DUSP10 expression (Fig. 3C). The application of SB203380 that of white adipocytes. Thus, it is conceivable that there are
significant mechanistic differences between white and brown

adipogenic differentiation [1]. Most studies of adipogenesis have
focused on the differentiation of white adipocytes, but the
molecular differentiation mechanism of brown adipocytes has still
not been extensively investigated [1;26;36;37].

In this study, we performed a PTP profiling analysis during the
brown adipogenesis of mouse primary brown preadipocytes. As
expected, the results obtained from the PTP profiling analysis of

White and brown adipocytes were previously believed to derive

to primary brown preadipocyte cells infected with shRNA
DUSPI10-III showed partially recovered p-p38 levels (Fig. 3D).
Retrovirally transduced brown preadipocytes were induced to
differentiate into brown adipocytes. As shown in Figs. 3E and 3F,
the knockdown of DUSPIO significantly induced the partial
recovery of reduced brown adipocyte differentiation due to the
treatment with SB203580. These results suggest that the activation
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Figure 3. P38 inhibitor treatment at an early stage of brown adipogenesis induced the suppression of differentiation. A. SB203580
(p38 inhibitor) was added to the culture medium at different time points during brown adipogenesis. After 6 days of differentiation, lipid
accumulation was measured in fixed cells by Oil red O staining, and the quantification of stained cell was performed using dye-extraction buffer
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lipid droplets were quantified using a dye-extraction method (*P<<0.05).

doi:10.1371/journal.pone.0072340.g003

brown adipocyte differentiation were significantly different from
those for white adipocyte differentiation (data not shown). Among
several PTPs identified as being differentially expressed during
brown adipogenesis, we focused on the MAPK phosphatase
(MKP) DUSP10. DUSP10 (also known as MKP-5) acts as a
negative regulator of the stress-activated p38 and JNK MAPK
kinases [35]. DUSP10 is widely expressed in various tissues, and its
subcellular localization is unique. DUSP10 is evenly distributed
both in the cytoplasm and in the nucleus (from GeneCard®, http//
www.genecards.org). MAPKs are key intracellular signaling
pathways that play critical roles in many essential processes,
including adipocyte differentiation. Thus, MKPs are subjected to
tight regulation [38;39]. The expression levels of DUSP10 were
found to increase continuously during brown adipocyte differen-
tiation. In particular, dramatic upregulation of the DUSPI10
protein was detected 24 h after differentiation. On the other hand,
the level of the active p38 (p-p38) protein is reciprocally reduced
with that of DUSP10. The ectopic expression of DUSP10 in
primary brown preadipocyte cells significantly suppressed brown
adipogenesis, implying that DUSPIO is crucial for brown
adipocyte differentiation. Additionally, DUSP10 overexpression,
but not the introduction of the DUSP10-CS catalytic inactive

PLOS ONE | www.plosone.org

mutant, induced a reduction in adipogenic marker proteins, such
as PGC-1la, UCP1, PRDM16 and PPARY. The active p38 level is
also reduced upon DUSP10 overexpression. Other PTPs known as
negative regulators of p38, such as DUSP-1, DUSP-2, DUSP-4,
DUSP-8, DUSP-9, and DUSP-16, showed no significant expres-
sion changes during brown adipocyte differentiation [34].
DUSPI0 overexpression also had no effect on JNK activation
(Fig. 2B). Therefore, these results strongly suggest that DUSP10 is
a potent anti-adipogenic regulator that works by modulating the
phosphorylation levels of p38 during brown adipocyte differenti-
ation. Next, we used a specific inhibitor of active p38, SB203580,
to confirm the importance of DUSP10 by controlling p38 in
brown adipogenesis. As shown in Fig. 3A, the presence of
SB203580 in the first 0-2 days led to the suppression of brown
adipocyte differentiation, with little change occurring after these 2
days up to day 6. This finding strongly suggests that active p38 is a
critical factor at an early stage of brown adipocyte differentiation.
The suppression effect of SB203580 was found to be partially
recovered by the knockdown of DUSP10. In conjunction with
carlier reports, the results presented here provide conclusive
evidence that active p38 is essential in the early stages of brown
adipogenesis and that DUSP10 dephosphorylates and inactivates
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p38. Thus, DUSP10 downregulation by a specific inhibitor can
increase brown adipogenesis and subsequently causes an anti-
obesity effect via increased heat generation at the expense of ATP.
DUSPI10 could be a valuable novel target for the treatment of
obesity.
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