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Abstract
The proliferation and adipogenesis of preadipocytes played important roles in the development of
adipose tissue and contributed much to the processes of obesity. On the other hand,
lipopolysaccharide (LPS), also known as endotoxin, is a key outer membrane component of
gram-negative bacteria in the gut microbiota, and has a dominant role in linking inflammation to
high-fat diet-induced metabolic syndrome. Studies suggested the potential roles of LPS in hepatic
steatosis and in obese mice models. However, the molecular mechanisms underlying LPS-regulated
obesity remained largely unknown. Here we reported that LPS stimulated expression of cyosolic
phospholipase A2 (cPLA2), one of inflammation regulators of obesity, in the preadipocytes.
Pretreatment the inhibitors of JAK2, STAT3, STAT5 or AMPK significantly reduced LPS-increased
mRNA and protein expression of cPLA2 together with phosphorylation of JAK2, STAT3, STAT5
and AMPK, separately. Similarly, transfection of siRNA against JAK2 or AMPK abolished expression
of cPLA2 and phosphorylation of JAK2 or AMPK together with downregulated expression of JAK2
and AMPK protein. LPS enhanced activation of STAT3 and STAT5 via JAK2-dependent manner in
the preadipocytes. Transfection of JAK2 or AMPK siRNA further proofed the independence of
JAK2 and AMPK in LPS-treated preadipocytes. In addition, LPS-increased DNA synthesis, cell
numbers and cell viability of preadipocytes were attenuated by AACOCF3, AG490, BML-275,
cPLA2 siRNA, JAK2 siRNA or AMPK siRNA. Attenuation JAK2/STAT or AMPK-dependent cPLA2
expression reduced LPS-mediated adipogenesis of preadipocytes. Stimulation of arachidonic acid or
AMPK activator, A-769662, increased cell numbers and cell viability and promoted differentiation of
preadipocytes. Collectively, these results indicated that LPS increased preadipocytes proliferation
and adipogenesis via JAK/STAT and AMPK-dependent cPLA2 expression. The mechanisms of
LPS-stimulated cPLA2 expression may be a link between bacteria and obesity and provides the
molecular basis for preventing metabolic syndrome or hyperplasic obesity.
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Introduction
Obesity, defined as “abnormal or excessive fat
accumulation, is a chronic disease and a worldwide
epidemic problem. Obesity contributes to the
development of a group of potentially life-threatening
conditions including, insulin resistance, Type 2
Diabetes Mellitus, dyslipidemia, cardiovascular
disease, metabolic syndrome, nonalcoholic fatty liver
disease, osteoarthritis, stillbirth, and some cancer
[1-3]. Adipose tissue consists of approximately
one-third of mature adipocytes and two-thirds of
stromal cells including macrophages, ﬁbroblasts,
endothelial cells and preadipocytes [4]. Preadipocytes
originate from a multi-potent stem cell of mesodermal
origin and function as source of new fat cells persists
during the entire human life. The cellular changes of
adipose tissue in obesity include fat depot
hypertrophy (increase in adipocyte volumes) and
hyperplasia (increase in adipocyte numbers) [5, 6].
Excess triglyceride accumulation in existing
adipocytes due to a positive energy balance (energy
intake in excess of energy expenditure) results in
hypertrophy. On the other way, hyperplasia,
regarded as ‘adipogenesis’, results from the
recruitment of new adipocytes from precursor cells in
adipose tissue and involves the proliferation and
differentiation of preadipocytes [5]. Because increase
in adipocyte number from preadipocyte proliferation
and differentiation may result in more units to storage
lipid. Hyperplastic fat expansion with poorest
prognosis for treatment is addressed as more
important than hypertrophic expansion [5].
The proliferation of preadipocytes was tightly
regulated. In addition to the action of various
hormone, several cytokines such as transforming
growth factor-β (TGFβ), tumor necrosis factor-α
(TNF-α), macrophage colony-stimulating factor
(MCSF), angiotensin II, basic fibroblast growth factor
(bFGF) and bone morphogenetic protein (BMP) are
reported to positively or negatively regulating
adipocyte proliferation [7-16]. Lipopolysaccharide
(LPS), also known as endotoxin, is a key component of
the outer membranes of gram-negative bacteria and
has a dominant role in the host responding to
gram-negative bacterial infection. It is proposed that
LPS derived from gram-negative bacteria residing in
the gut microbiota acts as a triggering factor linking
inflammation to high-fat diet-induced metabolic
syndrome [17]. Studies found that a high-fat diet in
mice increases endotoxemia and affect intestinal
bacterial populations by favoring an increase in the
gram-negative to gram-positive ratio. And chronic
metabolic endotoxemia induces obesity, insulin
resistance, and diabetes [17]. Similarly, treatment of
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rats with polymyxin B, an antibiotic that specifically
targets gram-negative organisms, is shown to reduce
LPS concentration and hepatic steatosis [18]. In
culture system, LPS stimulates the expression and
secretion of serum amyloid A, LPS binding protein,
soluble CD4 and RANTES (a chemokine) in
adipocytes [19]. Similar results also show in ob/ob
mice or high-fat-diet mice model that intravenous
injection of LPS increase the level of serum amyloid A,
LPS binding protein, soluble CD4 and RANTES in
plasma [19]. Although several reports implied the
participation of LPS on obesity, the cellular
mechanisms are still largely unknown. Moreover, the
role of AMP-activated protein kinase (AMPK) in
preadipocytes proliferation and adipogenesis is
controversial. It is found that AMPK inhibitor cannot
prevent the inhibition effects of EGCG on insulin
growth factor-stimulated preadipocyte proliferation
[20]. However, AMPK siRNA reversed ursolic
acid-inhibited adipogenesis [21]. Thus, AMPK
differently contributed to the preadipocytes
proliferation and adipogenesis. Whether AMPK
involved in LPS-regulated preadipocytes proliferation
and adipogenesis was less evaluated.
Cytosolic phospholipase A2 (cPLA2), one of
inflammation regulators, contributes to inflammation
via upregulating the production of arachidonic acid
(AA) and the following eicosanoid. It is found that
expression of cPLA2 facilitates the infiltration of
neutrophils into adipose tissue [22]. cPLA2
contributes to the process of adipogenesis by
promoting the proliferation of preadipocytes and cell
cycle progress [23]. Expression of cPLA2 is regulated
by Janus tyrosine kinase (JAK)2 that inhibition of
JAK2 activation by AG490 abolishes TNF-α and
IL-5-regulated cPLA2 expression in human
pulmonary alveolar epithelial cells and eosinophils,
separately [24, 25]. Also, AG490 suppresses the
phosphorylation of signal transducer and activator of
transcription (STAT)-3, and both AG490 and
dominant-negative mutant of STAT-3 attenuated
expression of cPLA2, AA release, and DNA synthesis
in PDGF-BB-stimulated vascular smooth muscle cells
[26]. In addition, STAT-5 is also reported to be one of
JAK2 downstream molecules that may opsonize the
effects of LPS [27]. It is found that NVP-BSK805, a
specific
JAK2
inhibitor,
suppressed
STAT5
phosphorylation and microglia survival in response
to LPS [28]. Whether activation of JAK/STAT
pathway involved in LPS-regulated preadipocytes
proliferation and adipogenesis was less studied.
In this study, we determined the effects of LPS
on preadipocytes proliferation and adipogenesis
together with the related molecular mechanisms. Here
we reported that LPS increased expression of cPLA2
http://www.medsci.org
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gene via activation of AMPK and JAK/STAT
pathway. Suppression the phosphorylation of AMPK
and JAK2 or inhibition of cPLA2 attenuated
LPS-stimulated preadipocytes proliferation and
adipogenesis. Collectively, LPS contributed to
hyperplasic
obesity
via
AMPK
and
JAK/STAT-dependent activation of cPLA2 gene.

Materials and methods
Materials
Fetal bovine serum (FBS), DMEM medium, and
TRIZOL were purchased from Invitrogen (Carlsbad,
CA, USA). Antibodies against cPLA2 (SC-454),
p-JAK2 (SC-21870), p-STAT3 (SC-8059), p-STAT5
(SC-101806) and GAPDH (SC-32233) were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). PhosphoPlus AMPK antibody (#43705) kits
were obtained from New England Biolabs (Beverly,
MA, USA). AG490, WP1066, STAT5-I, BML-275 and
AACOCF3 were obtained from Biomol (Plymouth
Meeting, PA, USA). Hybond C membrane and
Hyperfilms were obtained from GE Healthcare
Biosciences (Buckinghamshire, UK). siRNA of
scrambled, AMPK, JAK2, and cPLA2 were purchased
from MDBio, Inc. (Taipei, Taiwan). An enhanced
chemiluminescence (ECL) Western blotting detection
system was obtained from Visual Protein
Biotechnology Co. (Taipei, Taiwan). XTT assay kit
was
purchased
from
Biological
Industries
(Beth-Haemek, Israel). LPS, enzymes and other
chemicals were obtained from Sigma (St. Louis, MO,
USA).

Cell culture and adipogenesis
3T3-L1 preadipocytes were purchased from
Food Industry Research and Development Institute
(Hsinchu, Taiwan) and cultured in 37 °C, 5% CO2 with
DMEM medium containing 10% FBS. Differentiation
of preadipocytes to adipocytes was induced by
incubating cells in differentiation medium (DM)-I
(DMEM
medium
containing
0.5
mM
of
methylisobutylxanthine, 1 µg/ml of insulin, 0.25 µM
of dexamethasome) for 48 h. And then cells were
changed to DM-II medium (DMEM medium
containing 1 µg/ml of insulin) for another 2 to 6 days.
Mature adipocytes was confirmed by Oil Red O (from
sigma)-stained fat droplets in the cytoplasm.

Oil Red O stain
At the end of differentiation, adipocytes were
washed with PBS and fixed with 10% formalin by
incubating 1 h at RT. At the end of incubation,
formalin was removed and washed with 60%
isopropanol once. Then Oil Red O working solution
(from invitrogen) was added into cells for 10 min then
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washed out by H2O four times. Lipids appeared in red
and cells were viewed on a phase contrast microscope
(DMI 3000 B; Leica, Wetzlar, Germany). For
quantification the amount of lipid in adipocytes, Oil
Red O was eluted by adding 100% isopropanol for 10
min. After pipet up and down to sure that all Oil Red
O was in the solution, the isopropanol with Oil Red O
was transfer to 96-well plate and measure OD at 490
nm by Epoch™ Multi-Volume Spectrophotometer
System (BioTek, Vermont, USA). 100% isopropanol
was used as blank control.

Transfection with small interference RNA
(siRNA)
3T3-L1 cells were plated in 3 X 105 cells/mL (1
mL/well) in 12-well culture plates for 24 h, reaching
approximately 80% confluence [29]. The cells were
replaced with 0.4 mL of DMEM containing 10% FBS.
The DNA Metafectene reagent complex was prepared
according to manufacturer instructions (Biontex,
Martinsried, Planegg, Germany). The amount of
transfected DNA was maintained constant with 100
nM scrambled, AMPK, JAK2, or cPLA2 siRNA for
each well. The sense sequences of siRNA used are as
follows: JAK2: CGGGUCGGCGCAACCUAAGAU
UAAU; AMPKα: AUGAUGUCAGAUGGUGAA
UUU; cPLA2: CGAGACACUUCAAUAAUGAUU;
and scramble: UUCUCCGAACGUGUCACGU. The
DNA METAFECTENE complex (0.1 mL) was added
to each well and then incubated at 37 °C for 24 h. After
24 h of transfection, the cells were washed with PBS
and maintained in DMEM medium for 72 h (before
treatment with LPS for the indicated time intervals).

Cell lysate extraction and Western blot
After treatment, the cells were then rapidly
washed with ice-cold PBS, scraped, and collected by
centrifugation at 1,000 g for 10 min. The collected cells
were lysed with ice-cold lysis buffer. The lysates were
centrifuged at 4,500 g for 1 h at 4 °C to yield the whole
cell extract. Samples from these supernatant fractions
(30 µg protein) were subjected to SDS-PAGE using a
10% running gel. Proteins were transferred to
nitrocellulose membrane, and the membrane was
incubated successively at room temperature with 5%
BSA in Tris-buffered saline with 0.1% Tween 20
(TTBS) for 1 h. Membranes were incubated overnight
at 4°C with an anti-cPLA2, anti-COX-2, anti-phosphoAMPK, anti-phospho-JAK2, anti-phospho-STAT3,
anti-phospho-STAT5, or anti-GAPDH according to
the recommendation of the manufacturer. Membranes
were incubated with a 1:2,000 dilution of anti-mouse
or anti-rabbit horseradish peroxidase antibody for 1 h.
The immunoreactive bands detected by ECL reagents
were developed by Hyperfilm-ECL.
http://www.medsci.org
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RNA extraction and semi-quantified PCR
Total RNA was extracted from 3T3-L1 cells using
Trizol, as previously described [30]. The cDNA
containing 2 µg of RNA was used as a template to
analyze cPLA2 mRNA level. Oligonucleotide primers
for β-actin and cPLA2 were as follows: for β-actin:
5’-GGCAT TGTTA CCAAC TGGGA CGAC-3’
(sense), 5’-GGCAT TGTTA CCAAC TGGGA
CGAC-3’ (antisense); for cPLA2: 5’-GTGAG GGGCT
TTATT CCACA-3’ (sense), 5’-GGTGA GAGTA
CAAGG TTGAC A-3’ (antisense). The amplification
profile included one cycle of initial denaturation at 94
°C for 5 min, 30 cycles of denaturation at 94 °C for 1
min, primer annealing at 55 °C (cPLA2) and 60 °C
(β-actin) for 1 min, extension at 72 °C for 1 min, and
then one cycle of final extension at 72 °C for 5 min.
The expression of β-actin was used as an internal
control for the assay of a constitutively expressed
gene.

Cell viability assay and cell number counts
The working solution of XTT assay kit was
prepared as manufacturer’s direction. The Cultured
cells (5000 cells/well) were treated with or without
various inhibitors and then incubated with LPS for 48
h. At the end of incubation, 50 µL of XTT kit reaction
solution was added into each well and incubated in an
incubator for 2 h. The absorbance of each well was
detected at OD450 and OD630 (reference absorbance)
by Epoch™ Multi-Volume Spectrophotometer System
(BioTek, Vermont, USA). Or cells were cultured in
6-cm dishes, and incubated with various treatments.
At the end of stimulation, cell numbers were counted
by HoloMonitor M4 (Phase Holographic Imaging PHI
AB, Lund, Sweden).

Bromodeoxyuridine (BrdU) incorporation
assay
10 µM BrdU labeled cells were pretreated with
various inhibitors and then incubated with 20 µg/mL
of LPS for 48 h. At the end of treatment, cells were
washed 3 times with PBS followed by methanol
fixation and permeabilization for 20 minutes at -20°C.
After washing cells, anti-BrdU antibody (1:100) was
added for 1 h at 37°C. After washes, the
FITC-conjugated secondary antibody were added at
1:200 at 37°C for 1 h. Cells were visualized under a
fluorescence microscope (DMI 3000 B; Leica, Wetzlar,
Germany).

Statistical Analysis of Data
All data are expressed as the mean ± standard
error of the mean by using the GraphPad Prism
Program (GraphPad, San Diego, CA, USA) [30].
Quantitative data were analyzed using one-way

170
ANOVA followed by Tukey’s post hoc test at a p <
0.05 level of significance. All of the experiments were
performed at least 5 times.

Results
LPS stimulated expression of cPLA2 in
preadipocytes
It is reported that endotoxemia occurs in high-fat
diet-fed mice and chronic metabolic endotoxemia
induces obesity, insulin resistance, and diabetes [17].
LPS, also known as endotoxin, is the key component
of the outer membranes of gram-negative bacteria and
plays important roles in inducing host responses
against infection. On the other hand, cPLA2 shows a
proadipogenic function in regulating the process of
adipogenesis [23]. The ability whether LPS promoted
cPLA2 expression in preadipocytes were determined.
Low serum-growth arrested cells were stimulated by
20 or 10 µg/mL of LPS for 0, 2, 4, 6, 16 or 24 h. At the
end of incubation, cells were washed and cell lysates
were extracted. Protein lysates were subjected into
10% SDS-PAGE and Western blot was performed
with the usage of anti-cPLA2 antibody. We found that
LPS stimulated expression of cPLA2 protein in a
time-dependent manner with maximum response
occurred after 16 h of stimulation (Fig. 1A). In
addition, to detect whether LPS mediated cPLA2
mRNA expression in preadipocytes, cells were treated
with 20 µg/mL of LPS for 0, 0.5, 1, 2, 4 or 6 h. RT-PCR
was performed to detect the mRNA expression of
cPLA2. As showed in Fig. 1B, LPS induced increased
expression of cPLA2 mRNA in preadipocytes with
maximum responses at the end of studied time point.
Thus, LPS increased cPLA2 gene expression in
preadipocytes.

LPS mediated cPLA2 expression via activation
of JAK2 kinase
It is reported that expression of cPLA2 gene is
mediated by TNF-α or IL-5-increased JAK2 activity
[24, 25]. To elucidate whether LPS increased
phosphorylation of JAK2 in 3T3-L1 cells,
serum-starved cells were treated with 20 µg/mL of
LPS for 0, 1, 2, 4, 6 or 8 h. Phosphorylation of JAK2
was
detected
by
Western
blot
with
anti-phospho-JAK2 antibody. Phosphorylation of
JAK2 began as early as 2 h after LPS stimulation, and
sustained to 8 h. Pretreatment of AG490, inhibitor of
JAK2, significantly attenuated LPS-regulated JAK2
phosphorylation in 3T3-L1 cells (Fig. 2A). Similarly,
transfection of JAK2 siRNA down-regulated JAK2
protein expression together with abolished JAK2
phosphorylation in LPS-stimulated preadipocytes
(Fig. 2B). To evaluate whether JAK2 involve in
http://www.medsci.org
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Figure 1. LPS enhanced cPLA2 gene expression in 3T3-L1 cells. Serum-starved 3T3-L1 cells were stimulated with different concentrations of LPS for the indicated time
points. At the end of incubation, cells were harvested and cell lysates or mRNA were extracted. (A) Western blot was used to evaluate the expression of cPLA2 protein. (B)
RT-PCR was used to analyze the expression of cPLA2 mRNA. Data are expressed as means ± SEM of at least 3 independent experiments (n≥3). #P < 0.01, *P < 0.05, as
compared with the basal group.

Figure 2. LPS modulated cPLA2 gene expression via activation of JAK2. Serum-starved 3T3-L1 cells were pretreated with 100 nM or different concentrations of
AG490 for 1 h. Or cells were transfected with 100 nM of scramble (Scr) or JAK2 siRNA for 24 h. Inhibitor or siRNA-treated cells were then incubated 20 µg/mL of LPS for the
indicated time points (A, B), 16 h (C, D) or 6 h (E). At the end of incubation, cells were harvested and cell lysates or mRNA were extracted. (A, B, C, D) Western blot was used
to evaluate the expression of phosphorylated JAK2, total JAK2, cPLA2 or GAPDH protein. (E) RT-PCR was used to analyze the expression of cPLA2 mRNA. Data are expressed
as means ± SEM of at least 3 independent experiments (n≥3). &P < 0.05, as compared with the 0 point or indicated group. #P < 0.05, as compared with the same time points or
LPS treated alone.

LPS-stimulated cPLA2 expression, cells were
pretreated with AG490 for 1 h. After treated with 20
µg/mL of LPS for another 16 h, cell lysates were
collected and subjected into 10% SDS-PAGE. As
showed in Fig. 2C, AG490 significantly attenuated
LPS-induced cPLA2 expression. Transfection of JAK2

siRNA also reduced LPS-regulated cPLA2 expression
(Fig. 2D). Similarly, blockage JAK2 by AG490
obviously reduced LPS-regulated cPLA2 mRNA
expression (Fig. 2E). These data suggested that LPS
enhanced cPLA2 gene expression via activation of
JAK2 in preadipocytes.
http://www.medsci.org
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Figure 3. Activation of STAT3 contributed to LPS-regulated cPLA2 gene expression. Serum-starved 3T3-L1 cells were pretreated with AG490 (100 nM) or
WP1066 (1 µM or different concentration) for 1 h. Or cells were transfected with 100 nM of scramble (Scr) or siRNA for 24 h. At the end of inhibitor or siRNA treatment, cells
were incubated 20 µg/mL of LPS for the indicated time points (A, B, C), 16 h (D) or 6 h (E). Cells were harvested and cell lysates or mRNA were extracted. (A, C, D) Western
blot was used to evaluate the phosphorylation of STAT3, total STAT3 or cPLA2 protein. (B) The phosphorylated STAT3 was quantified and showed as bar graph. (E) RT-PCR was
used to analyze the expression of cPLA2 mRNA. Data are expressed as means ± SEM of at least 3 independent experiments (n≥3). &P < 0.05, as compared with the 0 point group
or the indicated group. #P < 0.05, as compared with the same time points or LPS treated alone.

Involvement of STAT3 in LPS-stimulated
cPLA2 expression
STAT3 is one of JAK2 downstream signaling
molecular that regulating PDGF-BB-stimulated
cPLA2 expression in vascular smooth muscle cells
[26]. Whether LPS increased cPLA2 expression via
JAK2-dependent
activation
of
STAT3
was
investigated in preadipocytes. Serum-starved 3T3-L1
cells were stimulated by 20 µg/mL of LPS for 0, 1, 2, 4,
6, or 8 h. The phosphorylation of STAT3 was detected
by Western blot with anti-phospho-STAT3 antibody.
LPS increased STAT phosphorylation was detected as
early as 2 h after stimulation. Pretreatment of WP1066
(inhibitor of STAT3) or AG490 significantly decreased
STAT3 phosphorylation in LPS-stimulated cells (Fig.
3A and B). Moreover, JAK2 siRNA transfection
decreased
STAT3
phosphorylation
level
in
LPS-treated preadipocytes (Fig. 3C). To ensure the
role of STAT3 in regulating LPS-induced cPLA2 gene
expression, cells were pretreated with different
concentrations or 1 µM of WP1066 for 1 h, then
incubated with LPS for 16 h or 6h. We found that
LPS-stimulated cPLA2 protein expression was
significantly reduced by WP1066 (Fig. 3D). Similarly,
inhibition of STAT3 by WP1066 significantly
attenuated cPLA2 mRNA expression in LPS-treated

cells (Fig. 3E). Briefly, these data suggested that the
participation of STAT3 in LPS-stimulated cPLA2
expression.

Activation of STAT5 in LPS-increased cPLA2
expression
Activation inhibition of STAT5 by peroxiredoxin
V-dependent suppression of JAK2 attenuated
LPS-induced immune response [27]. Whether LPS
activated STAT5 in preadipocytes was studied. Cells
were treated with or without AG490 or STAT5-I
(inhibitor of STAT5) for 1h, and then stimulated by 20
µg/mL of LPS for the indicated time intervals.
Phosphorylation of STAT5 was detected by Western
blot. As showed in Fig. 4A and B, LPS increased
phosphorylation of STAT5 as early as 2 h after
treatment, and sustained to 8 h. Pretreatment of
STAT5-I and AG490 significantly attenuate
LPS-induced
phosphorylation
of
STAT5
in
preadipocytes (Fig. 4A and B). LPS-increased
phosphorylation of STAT5 also be reduced by
transfection of JAK2 siRNA (Fig. 4C). To know
whether
activated
STAT5
contributed
to
LPS-increased expression of cPLA2 gene, cells were
pretreated with various concentrations or 10 µM of
STAT5-I for 1 h, and incubated with LPS for 16 or 6 h.
Protein lysates or mRNA were extracted and analyzed
http://www.medsci.org
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by Western blot and RT-PCR, separately.
LPS-enhanced expression of cPLA2 protein and
mRNA was significantly reversed by STAT5-I (Fig. 4D
and E). Collectively, these data revealed that LPS
regulated cPLA2 gene expression via activation of
JAK/STAT5 pathway.

Participation of AMPK in LPS-enhanced
cPLA2 expression
The role of AMPK in LPS-promoted hyperplasia
obesity is controversial. It is reported that inhibition of
AMPK reversed ursolic acid but not EGCG effects of
adipogenesis [20, 21]. The effects of LPS on AMPK
activity was examined on preadipocytes, cells were
pretreated with AMPK inhibitor, BML-275, for 1 h,
and then incubated with LPS for the indicated time
points. Or AMPK siRNA transfected cells were
incubated with 20 µg/mL of LPS for the indicated
time points. After harvested, cells lysates were
subjected into 10% SDS-PAGE. Western blot was
performed with the usage of anti-phospho-AMPK.
LPS increased phosphorylation of AMPK in
preadipocytes, which was significantly attenuated by
BML-275 (Fig. 5A). Similarly, LPS-increased AMPK
phosphorylation was abolished by knockdown
AMPK (Fig. 5B). To delink the relationship between
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AMPK and cPLA2 expression in LPS-regulated
preadipocytes, cells were pretreated with different
concentrations or 100 nM of BML-275 for 1 h or cells
were transfected with 100 nM scramble or AMPK
siRNA. After treated with 20 µg/mL of LPS, cell
lysates or mRNA were collected and analyzed.
LPS-increased expression of cPLA2 was significantly
attenuated by BML-275 (Fig. 5C) or AMPK siRNA
(Fig. 5D). Similarly, pretreatment of BML-275
reversed cPLA2 mRNA expression in LPS-stimulated
preadipocytes (Fig. 5E). These data suggested that
LPS induced cPLA2 gene expression via activation of
AMPK in preadipocytes. To distinguish the
relationship between AMPK and JAK2 activation in
LPS-treated cells. Preadipocytes were transfected with
scramble, AMPK or JAK2 siRNA and then incubated
with LPS for the indicated time points. Knockdown
AMPK protein did not attenuated LPS-increased
JAK2 phosphorylation (Fig. 5F). In addition,
LPS-stimulated AMPK phosphorylation did not
affected by knock down JAK2 protein (Fig. 5B),
suggested the independence of AMPK and JAK2 in
LPS-treated
preadipocytes.
Collectively,
LPS
enhanced cPLA2 gene expression via two manners,
JAK2 and AMPK.

Figure 4. Participation of STAT5 in LPS-mediated cPLA2 gene expression. Serum-starved 3T3-L1 cells were pretreated with AG490 (100 nM) or STAT5-I (10 µM or
different concentration) for 1 h. Or cells were transfected with 100 nM of scramble (Scr) or JAK2 siRNA for 24 h. After inhibitor or siRNA treatment, cells were incubated with
20 µg/mL of LPS for the indicated time points (A, B, C), 16 h (D) or 6 h (E). Protein lysates or mRNA were extracted. (A, C, D) Western blot was used to evaluate the
phosphorylation of STAT5, total STAT5 or cPLA2 protein. (B) The phosphorylated STAT5 was quantified and showed as bar graph. (E) RT-PCR was used to analyze the
expression of cPLA2 mRNA. Data are expressed as means ± SEM of at least 3 independent experiments (n≥3). &P < 0.05, as compared with the 0 point group or the indicated
group. #P < 0.05, as compared with the same time points or LPS treated alone.
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Figure 5. LPS increased cPLA2 gene expression through activation of AMPK. Serum-starved 3T3-L1 cells were pretreated with BML-275 (100 nM or different
concentration) for 1 h or transfected with 100 nM of scramble (Scr) or AMPK siRNA for 24 h, then incubated 20 µg/mL of LPS for the indicated time points (A, B, F), 16 h (C,
D) or 6 h (E). At the end of incubation, cells were harvested and cell lysates or mRNA were extracted. (A, B, C, D, F) Western blot was used to evaluate the expression of
p-AMPK, total-AMPK, p-JAK2, total-JAK2, cPLA2 or GAPDH. (E) RT-PCR was used to analyze the expression of cPLA2 mRNA. Data are expressed as means ± SEM of at least
3 independent experiments (n≥3). &P < 0.05, as compared with the 0 point group or control group. #P < 0.05, as compared with the same time points or LPS treated alone.

Attenuation of LPS-increased cell proliferation
by blockage JAK2/AMPK-dependent cPLA2
expression
To study whether LPS-increased cPLA2 gene
expression
contributed
to
proliferation
of
preadipocytes, 10 µM BrdU-labeled cells were
pretreated with AACOCF3, inhibitor of cPLA2 for 1 h,
and then stimulated by LPS for 48 h. The BrdU
incorporation was observed by fluorescence
microscope. LPS increased the DNA synthesis or
preadipocytes, which was reversed by AACOCF3
(Fig. 6A). This suggested that LPS facilitated
preadipocyte proliferation via cPLA2 protein.
Similarly, pretreatment of AG490 and BML-275 both
attenuated LPS-stimulated DNA synthesis in
preadipocytes (Fig. 6A). In the aspect of cell counts,
pretreatment of AACOCF2, AG490 or BML-275
significantly reduced LPS-increased cell numbers of

preadipocytes (Fig. 6B and C). Cell viability assay also
revealed that LPS increased the viability of
preadipocytes, which was significantly reduced by
pretreatment of AACOCF3, AG490 or BML-275 (Fig.
6D). To ascertain whether LPS promoted cell
proliferation via JAK2 and AMPK-regulated cPLA2
gene, cells were transfected with siRNA of scramble,
cPLA2, JAK2 or AMPK, and then incubated with LPS.
Transfection of cPLA2 siRNA significantly reduced
cPLA2 expression in LPS-treated cells (Fig. 6E). We
found that LPS-increased cell numbers and viability
were significantly reversed by knockdown expression
of cPLA2, JAK2 or AMPK protein (Fig. 6F, G and H).
Furthermore, Application of arachidonic acid
increased cell numbers and viability of preadipocytes
(Fig. 6I, J and K). These data revealed that LPS
enhanced proliferation of preadipocytes via JAK2 and
AMPK-regulated cPLA2 protein.
http://www.medsci.org
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Figure 6. LPS enhanced proliferation of preadipocytes via JAK2 and AMPK-regulated cPLA2 protein. Serum-starved 3T3-L1 cells were pretreated with
AACOCF3 (1 µM), AG490 (100 nM) or BML-275 (0.1 µM) for 1 h. Or cells were transfected with siRNA against scramble, JAK2, AMPK or cPLA2 for 24 h. Then cells were
incubated 20 µg/mL of LPS 48 h. Or, cells were incubated with 0.1 µM of arachidonic acid for 0, 24 or 48 h. At the end of incubation, (A) BrdU incorporation assay, (B, F, I)
HoloM4 system detection, (C, G, J) cell number counts, and (D, H, K) XTT assay were performed. (E) Western blot was used to detect the expression of cPLA2. Data are
expressed as means ± SEM of at least 3 independent experiments (n≥3). &P < 0.05, as compared with the control group or scramble siRNA transfected alone group. #P < 0.05,
as compared with the LPS treated alone or the basal group.
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Figure 7. LPS promoted adipogenesis via JAK/STAT and AMPK-dependent cPLA2 expression. (A) Serum-starved 3T3-L1 cells were pretreated with AACOCF3 (1
µM), AG490 (100 nM), STAT5-I (10 µM), WP1066 (1 µM) or BML-275 (0.1 µM) for 1 h. (B) Or cells were transfected with siRNA of scramble, cPLA2, JAK2 or AMPK fro 24 h.
Then, cells were incubated with 20 µg/mL of LPS 48 h. Or (C) cells were stimulated without or with arachidonic acid (0.1 or 1 µM) or A769662 (1 or 10 µM) for 24 h. At the end
of incubation, the adipogenesis was performed with DM-I and DM-II medium. After the process of adipogenesis, the images were captured by microscope. Data are expressed
as means ± SEM of at least 3 independent experiments (n≥3). &P < 0.05 or *P < 0.05, as compared with the control group or scramble siRNA alone group. #P < 0.05, as compared
with the LPS treated alone.

To
evaluate
whether
LPS
accelerated
adipogenesis via JAK2/STAT and AMPK-dependent
cPLA2 expression, adipogenesis assay were
performed with the addition of LPS alone or
coexistence of various inhibitors or siRNAs. LPS
increased the rates of adipogenesis, and attenuation of
cPLA2
activity
reduced
adipogenesis
in
LPS-stimulated preadipocytes (Fig. 7A). Consistently,
inhibition cPLA2 expression by blockage JAK2/STAT
or AMPK pathway also reversed LPS-increased

adipogenesis (Fig. 7A). On the aspect of knockdown
experiments, LPS-promoted adipogenesis were
significantly blockage by protein knockdown of
cPLA2, JAK2 or AMPK (Fig. 7B). Moreover,
application of arachidonic acid or AMPK activator
alone slightly increased the adipogenesis of
preadipocytes (Fig. 7C). In summary, these data
indicated that LPS increased proliferation and
adipogenesis of preadipocytes via JAK2/STAT and
AMPK-regulated cPLA2 expression.
http://www.medsci.org
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Figure 8. Proposed model underlying LPS regulated preadipocyte
proliferation and adipogenesis. LPS increased preadipocyte proliferation and
adipogenesis via induction of inflammatory gene, cPLA2, expression. Series studies
revealed that LPS stimulated cPLA2 expression via activation JAK/STAT and AMPK in
preadipocytes.

Discussion
The obese problem of the world was getting
worse, but the drug against weight gain was lack. The
proliferation and adipogenesis of preadipocytes were
the cellular changes of hypertrophic obesity. It is
found that inflammation mediator, cPLA2,
contributes to obesity by inducing the infiltration of
neutrophil and adipogenesis [17, 23]. On the other
hand, LPS from gut microbiota was reported as linker
between inflammation and high-fat diet-induced
metabolic syndrome [17]. However, whether LPS
directly regulated proliferation and adipogenesis of
preadipocytes via promoting cPLA2 gene expression
and the related molecular mechanisms were less
studied. Here we reported that LPS increased mRNA
and protein expression of cPLA2 in preadipocytes.
Blockage the activation of JAK2, STAT3, STAT5 or
AMPK significantly attenuated LPS-induced cPLA2
expression together with phosphorylation of JAK2,
STAT3, STAT5 and AMPK, separately. Inhibition of
JAK2 also reduced phosphorylation level of STAT3
and STAT5 in LPS-treated preadipocytes, suggesting
the upstream role of JAK2 on mediating STAT3 and
STAT5 activation. Moreover, LPS-stimulated DNA
synthesis, increased cell numbers and cell viability
were attenuated by AACOCF3, AG490 or BML-275.
Attenuation JAK2/STAT or AMPK-dependent cPLA2
expression reduced LPS-mediated adipogenesis of
preadipocytes. These results indicated that LPS
increased
preadipocytes
proliferation
and
adipogenesis via JAK/STAT and AMPK-dependent
cPLA2 expression (Fig. 7).
Several studies reported the correlation of gut
microbial composition and metabolic syndromes
including obesity [31]. Microbiota-related LPS played
roles in linking and regulating the inflammation and
metabolic outcomes [17]. The serum levels of LPS
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binding protein, LPB, were high in obese children
than in nonobese controls [32]. LPS induced mRNA
expression of cytokines and chemokines in stromal
vascular (SV) cells including preadipocytes [33]. It is
also been proved that LPS promoted the activation of
immune cells in adipose tissue [34, 35]. However, the
action of LPS directly on preadipocytes was less
addressed. Here we reported that LPS directly
increased proliferation and differentiation of
preadipocytes. Moreover, LPS promoted cPLA2
expression in preadipocytes, and attenuation of
cPLA2 abolished LPS-mediated proliferation and
differentiation of preadipocytes, indicating that LPS
accelerated increase of adipocytes numbers via
up-regulating cPLA2 gene. These results were
supported by the finding that increased adipogenesis
in LPS-injected adipose tissue [36], and similar to the
finding that LPS increased the expression of cytokine
mRNA in preadipocytes [33]. And resembled to the
finding that increased activation of inflammasome
pathway in obesity of children and adolescents [37].
Activation of JAK/STAT participated in various
physiological processes such as development and
inflammation. It is reposted that knock down the
expression of JAK2 and STAT3 attenuated
adipogenesis [38, 39]. Dominant negative of STAT5
reduced adipogenesis of 3T3-L1 cells [40]. Here we
found that inhibition of JAK2 reduced LPS-increased
proliferation and adipogenesis of preadipocytes. LPS
enhanced phosphorylation of STAT3 and STAT5 in a
JAK2-dependent manner in 3T3-L1 cells. Reduced
activation of JAK2/STAT pathway abolished
LPS-regulated cPLA2 expression. These data revealed
that LPS involved in pathologies of obesity via
upregulated proliferation and adipogenesis of
preadipocytes in a JAK2/STAT-dependent cPLA2
expression manner. It is found that knock out
adipocyte JAK2 expression increased adiposity in
both male and female mice via reducing lipolysis [39].
Constitutive activated STAT3 is found to reverse the
development of brown adipose tissue in Tyk2(-/-)
mice [41]. Specific deletion of STAT5 in adipocytes
impaired lipid mobilization via transcription
inactivation of adipose triglyceride lipase expression
[42]. After affecting proliferation and differentiation
of preadipocytes, whether LPS regulated lipolysis and
development of brown adipose tissue will be studied
in the future.
The roles of activated AMPK in obesity were
controversial. It is reported that AMPK activators
cannot increase the expression of p21 together with
compound C-upregulated preadipocytes expansion
[43]. Activation of AMPK contributed to
germacrone-reduced adipogenesis [44]. It seems that
the activation of AMPK in obesity was differentially
http://www.medsci.org
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regulated in response to different treatments. Here we
found that pretreatment of AMPK inhibitor
attenuated LPS-increased cPLA2 expression together
with proliferation and adipogenesis of preadipocytes.
Activation of AMPK contributed to increased
numbers of preadipocyte and adipocyte in response
to LPS stimulation. This is differ to what found on
EGCG-stimulated preadipocytes that inhibitor of
AMPK cannot reverse the proliferative effects of
insulin growth factor [20]. However, ursolic
acid-inhibited adipogenesis was reversed by AMPK
siRNA [21]. High glucose promoted lipid
accumulation of 3T3-L1 cells via substance P-activated
AMPK [45]. Activation of AMPK may differently
contribute to proliferation and adipogenesis of
preadpipocytes.
AMPK is reported as an energy sensor and
regulator of metabolism, with the suppression of
immune and inflammatory processes [46]. The
inhibition effects of AMPK on cytokine-activated
JAK/STAT had been proved in human fibrosarcoma
cells and adipocytes [47, 48]. Thus, we further
demonstrated the relationship of AMPK and JAK2 in
LPS-stimulated preadipocytes. The usage of AMPK
siRNA
reduced
LPS-regulated
AMPK
phosphorylation but did not attenuate JAK2
activation. On the other hand, knockdown protein
expression of JAK2 did not reduce LPS-regulated
AMPK phosphorylation. These results suggested the
independence of activated AMPK and JAK2/STAT
pathway in LPS-treated preadipocytes. This is
resemble to the effects of LPS on the triple-negative
breast cancer cell lines, MDA-MB-231 that both
AMPK and JAK2 are activated [49]. Moreover,
adipocyte-derived hormone leptin is also reported to
activate both AMPK and JAK2 in hepatic cells and
hypothalamus [50, 51]. Whether LPS facilitated the
differentiation of preadipocytes via regulating leptin
expression will be elucidated further.
Collectively, based on the literature and our
findings, Fig. 7 showed a model that LPS facilitated
proliferation and adipogenesis or preadipocytes via
up-regulated cPLA2 expression. Activation of
JAK/STAT or AMPK pathway were necessary for the
expression of cPLA2. Inhibition of cPLA2 reduced
LPS-mediated proliferation and adipogenesis of
preadipocytes. Similarly, decreased activation of
JAK/STAT
or
AMPK
pathway
attenuated
LPS-stimulated cPLA2 expression together with
proliferation and adipogenesis of preaidpocytes. The
mechanisms of LPS-stimulated cPLA2 expression
may be a link between bacteria and obesity,
suggesting novel strategies for treatment.
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