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Abstract

Obese states characterized by chronic inflammation are closely linked to the development of metabolic dysfunction. We
identified adipolin/CTRP12 as an insulin-sensitizing and anti-inflammatory adipokine. Although obese conditions down-
regulate adipolin expression, its molecular mechanism is largely unknown. Here we show that the transcriptional regulator
Krippel-like factor (KLF) 15 is involved in the regulation of adipolin expression in adipocytes. White adipose tissue from diet-
induced obese (DIO) mice showed decreased expression of KLF9 and KLF15 among several KLFs, which was accompanied
by reduced expression of adipolin. In cultured 3T3L1 adipocytes, treatment with TNFa significantly reduced the mRNA levels
of KLF9, KLF15 and adipolin. Adenovirus-mediated overexpression of KLF15 but not KLF9 reversed TNFa-induced reduction
of adipolin expression in adipocytes. Conversely, gene targeting ablation of KLF15 attenuated adipolin expression in
adipocytes. Expression of KLF15 but not KLF9 enhanced the promoter activity of adipolin in HEK293 cells. Pretreatment of
3T3L1 adipocytes with the JNK inhibitor SP600125, but not p38 MAPK inhibitor SB203580 blocked the inhibitory effects of
TNFa on adipolin and KLF15 expression. These data suggest that adipose inflammation under conditions of obesity
suppresses adipolin expression via JNK-dependent down-regulation of KLF15 in adipocytes.
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Introduction adipolin concentrations are reduced in rodent models of obesity
[17,18]. Adipolin expression is also reduced in fat tissue in obese
mice [17,18]. Furthermore, adipolin expression is suppressed in
cultured adipocytes by the pro-inflammatory stimuli [17]. Thus, it
is plausible that adipose tissue inflammation in obese states is
involved in the regulation of adipolin expression. However, the

Obesity is closely associated with the development of various
metabolic disorders including insulin resistance and type 2
diabetes [1-3]. Recent evidence indicates that chronic low-grade
inflammation contributes to the pathogenesis of numerous obesity-

relatefi dlsea'ses such as atherosclerosis a.nd 1n.suhn r651§tance [%7] precise mechanism of how obese states reduce adipolin expression
Adipose tissue secretes numerous biologically active proteins, in fat tissue has not been fully clarified.

also known as adipokines. Many (?f the adi.pokines, includin‘g Krippellike factors (KLFs) are a family of zinc-finger
TNFa, MCP-1 and IL6, promote inflammation and metabolic L . .
transcription factors that recognize GC-rich elements and

dys_function,. whereas a small number of adipokine§ have beneficial CACCC boxes [19]. KLFs are broadly associated with disorders
actions on inflammatory processes and metabolism [5,8,9]. We
have demonstrated that adiponectin exerts protective functions
against obesity-related diseases through modulation of inflamma-
tory responses [10-16]. Recently we found that adipolin/Clq/
TNF-related protein (CTRP) 12 functions as an anti-inflammatory
adipokine that is abundantly expressed in fat tissue [17]. We also
showed that systemic administration of adipolin improves insulin
sensitivity in diet-induced obese (DIO) mice [17]. Consistent with
our findings, another report demonstrated that adipolin amelio-
rates glucose metabolism in obese and diabetic mice [18]. Plasma

including obesity, inflammatory conditions and metabolic dys-
function [20]. Among KLIFs, the expression levels of KLF9,
KLF10, KLFI13 and KLFI15 are increased during adipocyte
differentiation of 3T3-L1 cells [21]. It has been shown that KLF15
plays a crucial role in regulation of adipocyte differentiation [21].
KLF9 is also reported to act as a pro-adipogenic transcription
factor [22]. Adipolin expression is up-regulated upon adipocyte
differentiation in vitro [17,18]. These findings allowed us to
speculate the potential involvement of KLFs in regulation of
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adipolin in adipocytes. Here, we sought to dissect the mechanism
of obese conditions regulate the adipose expression of adipolin.

Materials and Methods

Materials

Recombinant TNF-o0 protein was purchased from Sigma.
SB203580 and SP600125 were purchased from TOCRIS and
Wako, respectively. An antibody against FLAG was purchased
from Cell Signaling Technology.

Cloning of mouse KLF15 and KLF9

Full-length  mouse KLFI5 ¢DNA (accession
NM_023184.3) and KLF9 c¢DNA (accession number:
NM_010638.4) were cloned by PCR using cDNA from mouse
epididymal fat tissue, fused with FLAG epitope at the C-terminus,
and subcloned into the pShuttle mammalian cell expression vector
(Qbiogene). The pShuttle vector expressing KLF15 or KLF9 was
transfected into HEK293 cells by using Lipofectamine LTX
(Invitrogen) according to manufacturer’s instruction. Cells trans-
fected with empty vectors (mock) were used as a negative control.

number:

Animal model

Control G57BL/6], high fat (HF) diet-induced obese (DIO) in a
background of C57BL/6] were purchased from Charles River
Laboratories. C57BL/6] mice at the age of 4 weeks were
maintained on a HF diet (Research Diets, Inc. D12492, 60%
fat) or a normal diet (CLEA CE-2, 4.8% fat, wild-type mice) for 12
weeks. Study protocols were approved by the Institutional Animal
Care and Use Committees at Nagoya University. Our study
conformed to the Guide for the Care and Use of Laboratory
Animals published by the United States National Institutes of
Health.

Cell culture

Mouse 3T3-L1 cells (ATCC) were maintained in DMEM with
10% fetal bovine serum (FBS) and differentiated into adipocytes by
treatment with DMEM supplemented with 5 ug/ml of insulin,
0.5 mM 1-methyl-3-isobutyl-xanthin, and 1 utM dexamethasone
[23]. At day 8 after differentiation, 3T3-L1 adipocytes were
treated with SB203580 (10 pM), SP600125 (10 uM), TNFa
(10 ng/ml) or vehicle for 24 h.

Transfection with siRNA targeting KLF15 in 3T3-L1
adipocytes

3T3-L1 adipocytes were transfected with siRNAs targeting
KLF15 or unrelated siRNAs at 20 nM for 48 h (Thermo
Scientific, ON-TARGET plus SMART pool, Cat. No. L-
059453-01) by using Lipofectamine RNA1 MAX reagent (Invitro-
gen) in a cell suspended condition after trypsin treatment
according to the method by Kilroy et al [24].

Construction of adenoviral vectors

The adenovirus (Ad) vectors expressing B-galactosidase (Ad-(-
gal), Flag-tagged KLF9 (Ad-KLF9) and Flag-tagged KLF15 (Ad-
KLF15) were constructed under the control of CMV promoter
[25,26]. 3T3-L1 adipocytes were transduced with Ad-(-gal, Ad-
KLF9 or Ad-KLF15 at a MOI of 150 for 24 h. The media was
then replaced with fresh DMEM, and cells were incubated for
additional 24 h.
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Luciferase reporter assays

3T3-L1 adipocytes or HEK293 cells in 24 well or 96 well dishes
were transfected with 1 ug or 200 ng of pGL3-basic vector
(Promega, Madison, WI) containing a fragment of the mouse
adipolin gene promoter (nucleotides —111 to —1 or —66 to —1
relative to the transcription initiation site) or empty pGL3-basic
vector along with 200 ng of pShuttle expression vector containing
mouse KLI9 or KLF15 ¢cDNA, or the empty pShuttle vector
(mock) in the presence of 10 ng or 4 ng of pRL-SV40 (Promega)
by Lipofectamine L'TX (Invitrogen) as described previously (5).
After 48 h, the cells were lysed in Passive Lysis Buffer (Promega),
and the lysates were assayed for firefly and Renilla luciferase
activities with the use of a Dual-Luciferase Reporter Assay system
(Promega). Promoter activity was determined as the ratio of firefly
to Renilla luciferase activities.

Quantification of mMRNA levels

Gene expression level was quantified by real-time PCR (RT-
PCR) method. Total RNA was prepared using a Qiagen Kkit.
c¢DNA was produced using ReverTra Ace gPCR RT Master MIX
(ToYoBo). PCR was performed with a Bio-Rad real-time PCR
detection system using Thunderbird qPCR Mix (ToYoBo) as a
double-strand DNA specific dye. Primers were: 5'-taccacgtc-
caaccgtgag-3' and 5'-gtcatgtgggcatctgagag-3’ for mouse adipolin,
5'-TACAGGAGAAAAGCCGTACAAATG-3" and 5'-TCAT-
CAGACCGAGCGAACTTC-3" for mouse KLF3, 5'-ATAC
AGGTGAACGGCCCTTTC-3" and 5-TCCGAGCGCGAG
AACTTTT-3’ for mouse KLF9, 5'-TTCTCTCCAGCAAG
CTTCGGA-3" and 5-TCACTCTGCTCAGCTTTGTCCC-3’
for mouse KLF10, 5-CCTCACCCCTTTGGTAATAGGA-3'
and 5'-GCTGTGGACTTCTCAAGTTCGC-3" for mouse KL
F13, 5'-TACACCAAGAGCAGCCACCT-3" and 5-AACTCA
TCTGAGCGGGAAAA-3" for mouse KLF15, 5-AGGTTG-
GATGGCAGGC-3" and 5'-GTCTCACCCTTAGGACCAAGA
A-3" for mouse adiponectin, and 5-GCTCCAAGCAGATG-
CAGCA-3' and 5'-CCGGATGTGAGGCAGCAG-3' for mouse
36B4.

Western blot analysis

Cell lysates of 3T3-L1 adipocytes were used for determination
of overexpressed- KLF15 and KLF9, both of which are tagged
with FLAG. Equal amounts of proteins were separated with SDS—
PAGE. After transferring to PVDF membranes, Western blot
analyses were performed with the antibodies against FLAG. ECL
Western Blotting Detection kit (GE Healthcare) was used for
detection.

Statistical analysis

All data are expressed as means *SEM. Differences were
analyzed by Student’s unpaired t test or one-way analysis of
variance (ANOVA) with the Tukey post-test. A value of P<<0.05
was accepted as statistically significant.

Results

Reduced expression of KLF9 and KLF15 in obese adipose
tissue

To investigate whether obesity modulates the expression KLFs
in adipose tissue, the mRNA levels of KLF3, KLF9, KLF10,
KLF13 and KLF15 were evaluated in epididymal adipose tissue of
diet-induced obese (DIO) and control lean mice by RT-PCR
methods. KLF9 and KLFI15 mRNA levels were significantly
reduced in adipose tissue from DIO mice compared with those
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from control mice (Figure 1A). The mRNA levels of KLF3,
KLF10 and KLF13 did not differ in adipose tissue between two
experimental groups. Adipolin mRNA expression was decreased
in fat tissue in DIO mice compared with control mice consistent
with the previous report [17]. To test whether the pro-
inflammatory stimuli affects the expression KLFs in cultured
adipocytes, 3T3-L1 adipocytes were treated with recombinant
TNFa protein or vehicle. TNFa treatment significantly decreased
the mRNA levels of KLF9, KLF13 and KLF15 in cultured 3713-
L1 adipocytes (Figure 1B). In contrast, TNFo did not change the
expression of KLF3 and KLF10 in adipocytes. Adipolin mRNA
levels were suppressed in adipocytes by TNFo in agreement with
the previous report [17].

KLF15 overexpression restores TNFa-mediated reduction
of adipolin expression in adipocytes
To investigate whether KLF9 and KLF15 affect adipolin

expression in vitro, 3T3-L1 adipocytes were transduced with
adenoviral vectors encoding KLF9 (Ad-KLF9), KLF15 (Ad-

KLF15 Regulates Adipolin Expression

KLF15), or control B-galactosidase (Ad-B-gal). Transduction of
adipocytes with Ad-KLF15 led to a significant increase in adipolin
expression (Figure 2A). Ad-KLF15 treatment reversed the
mbhibitory effects of TNFa on adipolin expression in adipocytes.
In contrast, Ad-KLF9 had no effects on adipolin expression in
adipocytes in the presence or absence of TNFo. These data
indicate that KLF15 enhances the expression of adipolin in
cultured adipocytes. We also examined the impact of KLIF15 on
another insulin-sensitizing adipokine adiponectin in vitro. Treat-
ment of adipocytes with Ad-KLF15 resulted in a marginal increase
in adiponectin mRINA expression (Figure 2B). TNFo treatment
suppressed adiponectin expression in adipocytes, and this
suppression was not affected by Ad-KLF15 (Figure 2B).

KLF15 enhances promoter activity of adipolin in HEK293
cells

To examine whether KLF15 or KLF9 modulates promoter
activity of adipolin, HEK293 cells were transfected with expres-
sion vectors containing FLAG-tagged KLF15 or FLAG-tagged
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Figure 1. KLF9 and KLF15 are down-regulated in adipose tissue of obese mice and TNFo-treated cultured adipocytes. Quantitative
RT-PCR method was used for measurement of mRNA levels. A, mRNA levels of KLF3, KLF9, KLF10, KLF13, KLF15 and adipolin (APL) in adipose tissues
of control lean and high fat diet-induced obese (DIO) mice. N =3-4 in each group. B, mRNA levels of KLF3, KLF9, KLF10, KLF13, KLF15 and adipolin
(APL) in 3T3-L1 adipocytes. 3T3-L1 adipocytes were treated with TNF-a (10 ng/ml) or vehicle for 24 h. N=3 in each group.

doi:10.1371/journal.pone.0083183.g001
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Figure 2. Overexpression of KLF15 rescues the reduction of adipolin expression caused by TNFa. Quantitative RT-PCR method was used
for measurement of mRNA levels. A, Adipolin mRNA levels treated with adenovirus expressing KLF9 (Ad-KLF9), KLF15 (Ad-KLF15) or B-galactosidase
(Ad-B-gal) at 150 moi for 24 h in 3T3-L1 adipocytes. 3T3-L1 adipocytes were treated with TNFo (10 ng/ml) or vehicle for 24 h. N=3 in each group. B,
Adiponectin mRNA levels treated with Ad-KLF15 or Ad-B-gal at 150 moi for 24 h in 3T3-L1 adipocytes. 3T3-L1 adipocytes were treated with TNFo

(10 ng/ml) or vehicle for 24 h. N=3 in each group.
doi:10.1371/journal.pone.0083183.g002

KLF9 ¢cDNA, or mock-transfected along with luciferase reporter
vectors containing mouse adipolin promoter. KLF15 or KLF9
protein was detected in the cell lysate of the cells expressing
KLF15 or KLF9 by Western blot analysis (Figure 3A and B).
Expression of KLF15 significantly increased the luciferase activity
at the region between —111 to —1 of adipolin promoter compared
with mock transfection (Figure 3A). In contrast, the promoter
activity of adipolin (—66/—1) in response to KLF15 was
diminished compared with that of the region of —111/—1. On
the other hand, expression of KLF9 did not affect the luciferase
activities of the promoter regions of —66/—1 and —111/—1
(Figure 3B).

To determine which promoter region of adipolin is activated in
adipocytes, 3T3-L1 adipocytes were transfected with luciferase
reporter plasmids containing the adipolin promoter (—66/—1 and
—111/—1). Enhanced luciferase activity of adipolin promoter
(—111/—1) was observed in 3T3-L1 adipocytes (Figure 3C). Little
or no activities of adipolin promoter (—66/—1) were observed in
adipocytes. These data indicate that the region between —111 and
—66 is required for the basal activation of adipolin gene promoter
in adipocytes and the promoter activation in response to KLF15.
Analysis of sequences of this region revealed GC-rich elements,
which are reportedly recognized by KLFs.

Inhibition of JNK activity blocks TNFa-mediated
inhibition of KLF15 and adipolin

To investigate the mechanism of adipolin suppression by TNFa,
3T3-L1 adipocytes were treated with pharmacological inhibitors
of JNK and p38 MAPK which function downstream of TNFa.
The JNK inhibitor, SP600125, cancelled the suppressive effects of
TNFo on adipolin expression in adipocytes (Figure 4A). SP600125
also restored the reduction of KLF15 expression by TNFa
(Figure 4B). SP600125 did not affect the basal expression levels
of adipolin and KLF15. In contrast, p38 MAPK inhibitor,
SB203580, had no effects on adipolin expression in the presence
or absence of TNFo (Figure 4C).
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Ablation of KLF15 reduces adipolin expression in 3T3-L1
adipocytes

To examine the role of endogenous KLF15 in control of
adipolin expression, 3T3-L1 adipocytes were transfected with
siRNA targeting KLF15 (siKLF15) or control siRNA (siControl).
Treatment of adipocytes with siKLF15 reduced KLIF15 expression
by 54% compared to siControl (Figure 5A). Reduction of KLF15
by siKLF15 led to suppression of adipolin expression by 42%
compared to siControl (Figure 5B). In contrast, treatment with
siKLF15 didn’t change the expression levels of adiponectin in
adipocytes.

Discussion

The present study demonstrated that obese states reduce
adipolin expression, at least in part, through suppression of
KLF15 expression in adipose tissue. Reduced expression of
adipolin and KLF15 was observed in obese adipose tissue in vivo
and in TNFo-treated cultured adipocytes in vitro. Adenovirus-
mediated overexpression of KLF15 restored the suppressive effects
of TNFa on adipolin expression in adipocytes. KLF15 stimulated
the promoter activity of adipolin in 293 cells. TNF-o-mediated
reduction of adipolin and KLF15 expression in adipocytes was
reversed by pretreatment with JNK inhibitor. Adipolin acts as an
adipokine that exerts beneficial actions on glucose metabolism
[17,18]. These data suggest that the pro-inflammatory responses to
obesity can induce JNK-dependent suppression of KLF15-
adipolin regulatory axis in adipose tissue, thereby leading to
exacerbation of metabolic dysfunction.

Adipolin is present in blood stream as full and proteolytically
cleaved isoforms [27,28]. Obese mice show an increase in
cleaved/full adipolin protein ratio in plasma despite reduced
plasma levels of full and total (full and cleaved) adipolin compared
to lean mice [27]. Furin, which belongs to the member of
proprotein convertase family, is involved in proteolytic cleavage of
adipolin [27,28]. Furin expression is up-regulated in adipose tissue
of obese mice [27]. Thus, it is conceivable that furin induction
under conditions of obesity facilitates the cleavage of adipolin in fat

December 2013 | Volume 8 | Issue 12 | 83183
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Figure 3. Expression of KLF15 augments the promoter activity of adipolin. A and B, Effect of KLF15 and KLF9 on the promoter activity of
adipolin. Protein levels of KLF15 (A) and KLF9 (B) in HEK293 cells transfected with pShuttle vector expressing KLF15 tagged with FLAG, KLF9 tagged
with FLAG or empty vector (MOCK). Expression of KLF15 and KLF9 was evaluated by Western blot analyses using anti-FLAG antibody. HEK293 cells
were transfected with pShuttle vector expressing KLF15, KLF9 or MOCK, along with pGL3-basic vectors containing adipolin promoter region (—66/—1
or —111/—1) or empty pGL3 vector in the presence of pRL-SV40. Promoter activity was assessed by luciferase reporter assay. Results are normalized
relative to the values of empty pShuttle vectors (MOCK). N=6 in each group. C, Luciferase assay for determination of adipolin promoter activity in
3T3-L1 adipocytes. 3T3-L1 adipocytes were transfected with pGL3-basic vectors containing adipolin promoter (—66/—1 or —111/—1) or empty pGL3

vector in the presence of pRL-SV40. N=6 in each group.
doi:10.1371/journal.pone.0083183.g003

tissue, thereby leading to reduced levels of full forms of circulating
adipolin. It has been shown that full, but not cleaved isoform of
adipolin enhances insulin-stimulated glucose uptake in cultured
adipocytes [28]. Taken together with our present findings, these
results suggest that obese states repress the transcript levels of
adipolin through reduction of KLF15 expression and concomi-
tantly suppress the production of insulin-sensitizing full form of
adipolin protein through induction of furin, therefore contributing
to the progression of insulin resistance.

Several KLFs including KLF3, KLF9 and KLFI5 are
implicated in adipogenesis and metabolic regulation [21,22,29].
A recent report showed that KLF3 binds to adipolin promoter,
thereby leading to suppression of promoter activity [30]. In
addition, adipolin expression are elevated in white adipose tissue
and plasma in KLF3 knockout mice [30]. These findings indicate
that KLF3 can act as a repressor of adipolin transcription in
adipocytes. Our data showed that KLF15 enhances the promoter

PLOS ONE | www.plosone.org

activity of adipolin gene. Therefore, it is possible that KLF15
shares its target gene adipolin with KLF3, and that KLF15 and
KLF3 act as a competitive factor that positively and negatively
regulates adipolin transcription. Our observations demonstrate
that adipose KLF15 but not KLF3 was down-regulated by obesity
or the inflammatory stimulus, suggesting that KLF3 has a minor
role in regulation of adipolin expression in fat tissue under
conditions of obesity. However, we cannot exclude the possibility
that obesity-induced perturbations in the balance between KLF15
and KLF3 expression may affect adipolin expression.

It has been shown that KLF15 increases the expression of
insulin-sensitive glucose transporter GLUT4 in adipose and
muscle cells [31]. It has also been reported that KLF15 can
promote adipogenesis though induction of PPAR-y [21]. Acetyl-
CoA synthetase 2 1s shown to be a target of KLF15 in muscle [32].
KLF15 knockout mice display severe hypoglycemia after fasting
due to defective amino acid catabolism [33]. Furthermore, adipose
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Figure 4. Inhibition of JNK restores TNFo-mediated reduction of adipolin expression in 3T3-L1 adipocytes. The mRNA levels of adipolin
(APL) and KLF15 were measured by quantitative RT-PCR method. A and B, Effect of JNK inhibitor on mRNA levels of APL (A) and KLF15 (B) in
adipocytes. 3T3-L1 adipocytes were cultured in the presence or absence of JNK inhibitor, SP600125 (10 uM) for 1 h followed by treatment with TNFo
(10 ng/ml) or vehicle for 24 h. N=3 in each group. C, Effect of p38 MAPK inhibitor on APL mRNA levels in adipocytes. 3T3-L1 adipocytes were treated
with or without p38 MAPK inhibitor, SB203580 (10 uM) for 1 h followed by stimulation with TNFa (10 ng/ml) or vehicle for 24 h. N=3 in each group.
doi:10.1371/journal.pone.0083183.9g004

specific KLF15 transgenic mice show improved glucose tolerance a mouse model [41]. The present study indicates that JNK

due to enhanced insulin secretion [34]. Here we showed that
KLF15 serves as an activator of adipolin expression in adipocytes.
Thus, KLF15 may function as a crucial regulator of glucose
homeostasis through modulation of various metabolic-related
genes in its target cells.

Inflammatory responses in obese adipose tissue participate in
systemic metabolic dysfunction including insulin resistance
[4,35,36]. TNFa is a major pro-inflammatory adipokine that is
upregulated in fat tissue of obese animals and humans, and causes
adipose tissue inflammation and insulin resistance in obesity [8].
Indeed, inhibition or deletion of TNFa signaling dramatically
improves insulin resistance in rodent models of obesity [8,37].
Activation of JNK, which is induced by various inflammatory
stimuli including TNFa, 1s involved in the development of obesity-
related insulin resistance [38,39]. In 3T3-L1 adipocytes, TNFo
stimulates pro-inflammatory cytokine expression through JNK
activation [40]. Furthermore, ablation of JNK in adipose tissue
leads to improvement of high fat diet-induced insulin resistance in

B

>

activation caused by TNFo attenuates adipolin expression in
adipocytes via suppression of KLF15. Thus, inhibition of JNK-
dependent inflammatory cascade in obese states may contribute to
improved insulin sensitivity partly through enhanced production of
adipose adipolin.

Adipolin belongs to the family of C'TRPs, which are conserved
adiponectin paralogs [17,18]. Both adiponectin and adipolin are
down-regulated in fat depot and blood stream by obesity
[17,18,23]. Likewise, treatment of adipocytes with TNFo leads
to reduction of adiponectin and adipolin expression. Previous
reports showed that PPAR-y agonist enhances adiponectin gene
expression in cultured adipocytes and adipose tissue, resulting in
increased levels of circulating adiponectin [23,42,43]. Moreover,
PPAR-y agonist reverses TNFo-induced suppression of adiponec-
tin expression in adipocytes. Although KLF15 induces PPAR-y
expression during adipocyte differentiation [21], our data showed
that knockdown of KLFI5 has no effects on adiponectin
expression in adipocytes. In addition, KLF15 marginally increased
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Figure 5. Ablation of KLF15 by siRNA reduces adipolin expression in adipocytes. KLF15, adipolin (APL) and adiponectin (APN) mRNA levels
were determined by quantitative RT-PCR method. A, KLF15 mRNA levels in 3T3-L1 adipocytes at 48 h after transfection with siRNA targeting KLF15
(si-KLF15) (20 nM) or non-targeting control siRNA (si-Control) (20 nM). N=3 in each group. B, mRNA levels of APL and APN in 3T3-L1 adipocytes
transfected with si-KLF15 (20 nM) or si-Control (20 nM). N=3 in each group.

doi:10.1371/journal.pone.0083183.g005
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adiponectin expression in adipocytes but had little effects on
TNFa-induced down-regulation of adiponectin. Moreover, adi-
pose specific KLF15 transgenic mice have been reported to exhibit
rather lower serum levels of adiponectin than control littermates
(35). Thus, it is unlikely that KLF15 acts as a major determinant of
adiponectin expression.

Conclusion

We demonstrated for the first time that KLF15 acts as a novel

regulator of adipolin expression in adipocytes and that the pro-
inflammatory states caused by obesity lead to reduction of adipose
adipolin expression via suppression of KLF15 activation. Strate-
gies to normalize or enhance adipolin production by targeting
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