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ABSTRACT

Although substantial studies on peroxisome proliferator-activated receptor g 
(PPARg) have focused on the mechanisms by which PPARg regulates glucose and 
lipid metabolism, recent reports have suggested that PPARg shows tumorigenic or 
antitumorigenic effects. The roles and mechanisms of PPARg activation in esophageal 
cancer remain unclarified. EC109 and TE10 esophageal cancer cells were treated 
with 0, 10, 20 and 40 mM of PPARg agonist rosiglitazone (RGZ) for 24, 48, and 72 h, 
and the cell viability and apoptosis were detected using methyl thiazolyl tetrazolium 
(MTT) assay and Flow cytometric (FCM) analysis, respectively. Moreover, the effects 
of inhibition of PPARg by antagonist or specific RNA interference on cell viability, 
apoptosis, the Toll-like receptor 4 (TLR4) and mitogen-activated protein kinase 
(MAPK) pathways were evaluated. Additionally, the effect of TLR4 signaling on the 
MAPK pathway, cell viability and apoptosis was assessed. The results showed that 
RGZ suppressed proliferation and induced apoptosis of esophageal cancer cells, which 
could be partly restored by inactivation of PPARg. RGZ suppressed the MAPK and 
TLR4 pathways, and the inhibitory effect could be counteracted by PPARg antagonist 
or specific RNA interference. We also suggested that MAPK activation was regulated 
by the TLR4 pathway and that blocking the TLR4 and MAPK pathways significantly 
suppressed proliferation and induced apoptosis of esophageal cancer cells. In 
conclusion, our data suggested that activation of PPARg suppressed proliferation 
and induced apoptosis of esophageal cancer cells by inhibiting TLR4-dependent MAPK 
pathway.

INTRODUCTION

Esophageal cancer is an aggressive malignancy, 
with an estimated 455,800 new esophageal cancer cases 
and 400,200 deaths worldwide in 2012 [1]. Esophageal 
cancer is the eighth most common malignancy, and the 
sixth most common cause of death from cancer worldwide. 
About 80% of the cases occur in developing countries. 
It was estimated that about 375,000 Chinese died from 
esophageal cancer in 2015 [2]. The most common cancer-
related complication of esophageal cancer is swallowing 
difficulty with the cancer development, resulting in 
malnutrition, pain and lower quality of life [3, 4]. Despite 

multimodal treatment, long-term survival remains poor 
with 5-year survival rates of 15-25%, underscoring the 
urgency to develop novel treatment strategies [5].

Peroxisome proliferator-activated receptor γ 
(PPARγ) is one of ligand-activated transcription factors 
within the nuclear steroid hormone receptor superfamily 
and forms a sub-family along with the other two subtypes, 
PPARα and PPARβ/δ [6]. Rosiglitazone (RGZ) is known 
to be a ligand for PPARγ [7]. Transcriptional regulation 
by PPARs requires heterodimerization with the retinoid 
X receptor (RXR), and then the heterodimeric complex 
binds to PPARγ-responsive element (PPRE), consequently 
triggering the expression of numerous target genes [8, 
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9]. Although substantial studies on PPARγ have focused 
on the mechanisms by which PPARγ regulates glucose 
and lipid metabolism, reports over the past several years 
have suggested that PPARγ might play additional roles in 
inflammatory response and cancer. A recent study showed 
that thiazolidinedione-activated PPARγ had an ability 
to repress the proliferation of estrogen-dependent breast 
cancer cells and PPARγ might act as a therapeutic target 
in human breast cancer [10]. The role of PPARγ in the 
progression of esophageal cancer remains controversial: 
activation of PPARγ inhibits cell growth and induces 
apoptosis in vitro; however, PPARγ agonists promote 
tumor growth in xenografted mice. This discrepancy may 
be related with in vivo effects of “tumor interactions”, 
PPARγ activation magnitude, and PPARγ-independent 
effects of agonists [11]. Therefore, the role of PPARγ 
on esophageal cancer cells and the mechanisms in the 
response to PPARγ agonists in esophageal cancer cells 
remain to be further elucidated.

Toll-like receptors (TLRs), expressed on the cell 
surface, are a group of pattern recognition receptors 
(PRRs) responsible for recognizing conserved structures 
unique to bacteria or fungi [12]. Emerging evidence 
indicates that TLR4 is overexpressed on multiple types 
of cancer, and plays a crucial role in carcinogenesis, 
metastasis and cancer development [13], whereas the role 
of TLRs in esophageal cancer has been studied sparsely 
[14]. The stimulation of TLR4 with lipopolysaccharide 
(LPS, a ligand for TLR4) has been revealed to enhance 
migratory and adhesive properties of esophageal cancer 
cells [15]. Better understanding of the mechanisms 
underlying TLR4-dependent tumor formation and 
progression may be useful for therapy of esophageal 
cancer.

The signaling components mitogen-activated protein 
kinases (MAPKs), have key roles in converting external 
stimuli or environmental stresses into cellular responses 
[16]. Extracellular signal-related kinase (ERK), c-jun-
NH2-terminal kinase (JNK), and p38 MAPK are members 
of the MAPK signaling pathways [17]. The functions of 
ERK, JNK and p38 MAPKs in cancer development have 
been demonstrated [18, 19]. The aim of the present study 
is to illuminate the signaling network which orchestrates 
the regulation of TLR4 and MAPK pathway by PPARγ 
activation in esophageal cancer cells.

RESULTS

PPARγ activation suppresses proliferation of 
esophageal cancer cells

Previous studies have proposed that activation of 
PPARγ by RGZ inhibits growth of various types of cancer 
[20–22]. To verify the inhibitory effect of activation of 
PPARγ on esophageal cancer cells, EC109 and TE10 
cells were treated with 0, 10, 20, and 40 μM of RGZ for 

24, 48, and 72 h, and proliferation of EC109 and TE10 
cells were determined using MTT assay. As expected, the 
proliferation of EC109 and TE10 cells was inhibited by 
RGZ in time- and dose-dependent manners (Figure 1A 
and 1C). To confirm the inhibitory effect of activation of 
PPARγ, EC109 cells were treated with 10 μM of PPAR-γ 
antagonist GW9662 to test the effect of PPARγ reduction 
on the proliferation of EC109 cells. We observed that 
GW9662 enhanced the proliferation of EC109 cells 
compared with the control group. Moreover, 20 μM of 
PPARγ agonist RGZ inhibited the proliferation of si-
control EC109 cells, but did not repressed the proliferation 
of PPARγ-knockdown EC109 cells (Figure 1E).

Transcriptional regulation by PPARs requires 
heterodimerization with RXR [23]. PPARγ and RXRα 
form a non-symmetric complex, allowing the ligand-
binding domain of PPARγ to link multiple domains to 
both proteins [24]. We observed that siRNA-mediated 
knockdown of RXRα in EC109 cells blunted the ability of 
RGZ to repress cell proliferation (Figure 1E). To further 
confirm the role of PPARγ, western blot analysis was 
conducted to detect the expression status of Ki67 and 
PCNA. The expression levels of Ki67 and PCNA were 
decreased in response to PPARγ activation in EC109 
and TE10 cells (Figure 1B and 1D), but increased in the 
presence of GW9662 or when knockdown of PPARγ or 
RXRα (Figure 1F). Taken together, all these findings 
suggest that PPARγ is acting as a heterodimer with RXRα 
to suppress proliferation of esophageal cancer cells.

PPARγ activation induces apoptosis of 
esophageal cancer cells

To study the role of PPARγ activation in apoptosis 
of esophageal cancer cells, EC109 and TE10 cells were 
treated with 20 μM of PPARγ agonist RGZ for 48 h, 
and apoptosis rate was measured using flow cytometric 
analysis. As shown in Figures 2A, 2B, 2D and 2E, RGZ 
induced apoptosis, reduced Bcl-2 expression level, and 
elevated Bax and cleaved caspase-3 expression levels in 
EC109 and TE10 cells. Furthermore, siRNA-mediated 
knockdown of PPARγ and RXRα in EC109 cells impaired 
the ability of RGZ to induce apoptosis, reduced Bcl-2 
expression level, and elevated Bax and cleaved caspase-3 
expression levels (Figure 1C and 1F). These data suggest 
that PPARγ acts as a heterodimer with RXRα to induce 
apoptosis of esophageal cancer cells.

PPARγ agonist inhibits LPS-induced TLR4 
activation

A recent study showed that PPARγ agonists 
attenuated tobacco smoke-induced TLR4 expression 
in alveolar macrophages [25], and that activated TLR4 
has procarcinogenic effects has been demonstrated [26]. 
MyD88 and TRAF6 are crucial adaptor proteins in TLR4-
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activated responses [27]. To assess whether PPARγ agonist 
inhibits LPS-induced TLR4 activation, EC109 cells were 
pretreated with RGZ (20 μM) or GW9662 (10 μM) 
overnight, and then stimulated with 10 ng/ml of LPS or 
vehicle for 1 h. TLR4, MyD88, and TRAF6 expression 
levels were detected using western bolt analysis. We found 
that LPS increased the expression levels of TLR4, MyD88, 
and TRAF6, but the levels were inhibited by RGZ or 

enhanced by GW9662. Additionally, PPARγ-knockdown 
cells were stimulated with 10 ng/ml LPS or vehicle for 1 
h and TLR4, MyD88, and TRAF6 expression levels were 
measured using western bolt analysis. The results showed 
that PPARγ knockdown promoted LPS-induced TLR4, 
MyD88, and TRAF6 expression in EC109 cells (Figure 
3). Collectively, these results indicate that PPARγ agonist 
inhibits TLR4 signaling in esophageal cancer cells.

Figure 1: PPARγ activation suppresses proliferation of esophageal cancer cells. A. RGZ suppresses proliferation of EC109 
cells. EC109 cells were treated with 0, 10, 20, and 40 μM of RGZ (Control, RGZ-10, RGZ-20 and RGZ-40) for 24, 48, and 72 h, and 
proliferation of EC109 cells were determined by using MTT assay. B. RGZ decreased the expression levels of Ki67 and PCNA in a dose-
dependent manner in EC109 cells. *P < 0.05, compared with the control group. C. RGZ suppresses proliferation of TE10 cells. D. RGZ 
decreased the expression levels of Ki67 and PCNA in a dose-dependent manner in TE10 cells. *P < 0.05, **P < 0.01, compared with the 
control group. E. Inhibition of PPARγ activation enhanced proliferation of EC109 cells. EC109 cells were treated with 10 μM of PPAR-γ 
antagonist GW9662 for 48 h. si-Control or PPARγ- and RXRα-knockdown EC109 cells were treated with 20 μM of PPARγ agonist RGZ 
for 48 h. *P < 0.05, **P < 0.01. Con: the normal control cells. siCon: si-control cells. F. Inactivation of PPARγ inhibits the expression levels 
of Ki67 and PCNA in EC109 cells. *P < 0.05, **P < 0.01.
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PPARγ agonist inhibits the MAPK pathway in 
esophageal cancer cells

The activation of ERK, JNK and p38 MAP kinases 
downstream of TLR4 has been proposed to be involved in 
the initiation and progression of cancer [28]. To explore 
whether ERK, JNK and p38 was inhibited by PPARγ 
activation, EC109 cells were treated with RGZ (20 μM) or 
GW9662 (10 μM) for 0, 24, and 48 h. As shown in Figure 
4A, GW9662 significantly induced p-ERK, p-JNK, and 
p-p38 activation, but RGZ inhibited the MAPK pathway 
in EC109 cells. To further validate whether PPARγ was 

critical for the inactivation of MAPK pathway, western 
blot analysis was conducted to check the level status 
of p-ERK, p-JNK, and p-p38 in PPARγ- and RXRα-
knockdown EC109 cells. We found that PPARγ- and 
RXRα-knockdown enhanced the activation of p-ERK, 
p-JNK, and p-p38. PPARγ-knockdown EC109 cells was 
treated with 10 μM of GW9662 for 0, 24, and 48 h, the 
levels of p-ERK, p-JNK, and p-p38 was significantly 
increased compared to the si-control or si-PPARγ groups 
(Figure 4B). In summary, these results reveal that PPARγ 
activation inhibits the MAPK signaling pathway in 
esophageal cancer cells.

Figure 2: PPARγ activation induces apoptosis of esophageal cancer cells. RGZ induces apoptosis of EC109 A. and TE10 
cells B. EC109 and TE10 cells were treated with 20 μM of PPARγ agonist RGZ for 48 h, and apoptosis rate was measured using flow 
cytometric analysis. **P < 0.01. RGZ-20: cells treated with 20 μM of RGZ. C. PPARγ inhibition decreased the apoptosis rates of EC109 
cells. Control or PPARγ- and RXRα-knockdown EC109 cells were treated with 20 μM of RGZ for 48 h. **P < 0.01. D and E. RGZ reduced 
Bcl-2 expression level, and elevated Bax and cleaved caspase-3 expression levels. *P < 0.05. F. The effect of PPARγ inactivation on the 
expression levels of Bcl-2, Bax and cleaved caspase-3. *P < 0.05, **P < 0.01.
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Inhibition of MAPK pathway by PPARγ agonist 
requires TLR4

To examine the ability of PPARγ agonist to inhibit 
MAPK pathway are dependent on TLR4, TLR4- and 
MyD88-knockdown EC109 cells were pretreated RGZ 
(20 μM) overnight, followed by stimulation with 10 ng/
ml of LPS or vehicle for 1 h. We found that LPS induced 
p-ERK, p-JNK, and p-p38 activation, and PPARγ agonist 
RGZ decreased the expression levels of p-ERK, p-JNK, 
and p-p38. These inhibitory effects of RGZ were TLR4-
dependent, as the inhibitory effects were not observed in 
TLR4- and MyD88-knockdown cells (Figure 5). These 

results indicate that inhibition of MAPK pathway by 
PPARγ agonist requires TLR4.

Inhibition of TLR4 and MAPK pathways 
suppresses proliferation and induces apoptosis of 
esophageal cancer cells

To address whether inhibition of TLR4 and MAPK 
pathways was mechanistically linked to the repression 
of esophageal cancer cells, the viability and apoptosis of 
EC109 cells transfected with specific siRNAs targeting 
TLR4, MyD88, ERK, JNK, and p38 were determined 
using MTT assay and FCM analysis, respectively. 

Figure 3: PPARγ agonist inhibits LPS-induced TLR4 activation. EC109 cells were pretreated with RGZ (20 μM) or GW9662 
(10 μM) overnight, and then stimulated with 10 ng/ml of LPS or vehicle for 1 h. TLR4, MyD88, and TRAF6 expression levels were 
detected using western bolt analysis. *P < 0.05, **P < 0.01.
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Figure 4: PPARγ agonist inhibits the MAPK pathway in esophageal cancer cells. A. RGZ decreases the leves of p-ERK, 
p-JNK, and p-p38, but GW9662 shows the contrary effect. EC109 cells were treated with RGZ (20 μM) or GW9662 (10 μM) for 0, 24, and 
48 h, and protein expression levels were detected using western bolt analysis. B. PPARγ inhibition increases the leves of p-ERK, p-JNK, 
and p-p38. PPARγ-knockdown EC109 cells was treated with 10 μM of GW9662 for 0, 24, and 48 h. Western blot analysis was conducted 
to check the level status of p-ERK, p-JNK, and p-p38 in PPARγ- and RXRα-knockdown EC109 cells.

Figure 5: Inhibition of MAPK pathway by PPARγ agonist requires TLR4. TLR4- and MyD88-knockdown EC109 cells 
were pretreated RGZ (20 μM) overnight, followed by stimulation with 10 ng/ml of LPS or vehicle for 1 h. *P < 0.05, **P < 0.01. NS: not 
significant.
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Figure 6A and 6C showed that silence of TLR4, MyD88, 
ERK, JNK, and p38 inhibited proliferation of EC109 
cells. Silence of TLR4, MyD88, ERK, JNK, and p38 also 
suppressed the expression of Ki67 and PCNA (Figure 
6B and 6D). As expected, knockdown of TLR4, MyD88, 
ERK, JNK, and p38 induced apoptosis of EC109 cells 

(Figure 6E and 6G). Western blot analysis suggested that 
silence of TLR4, MyD88, ERK, JNK, and p38 decreased 
Bcl-2 expression level and increased Bax and cleaved 
caspase-3 expression levels, consistent with the FCM 
analysis results (Figure 6F and 6H). Taken together, these 
data suggest that activation of PPARγ inhibits proliferation 

Figure 6: Inactivation of TLR4 and MAPK pathways suppresses proliferation and induces apoptosis of esophageal 
cancer cells. A and B. Inhibition of TLR4 suppresses proliferation of EC109 cells. The viability and the level status of Ki67 and PCNA 
were detected using MTT assay and western blot analysis, respectively, 48 h after EC109 cells were transfected with specific siRNAs 
targeting TLR4, MyD88. *P < 0.05, **P < 0.01. C and D. Inhibition of MAPK pathways suppresses proliferation of EC109 cells. The 
viability and the level status of Ki67 and PCNA were detected using MTT assay and western blot analysis, respectively, 48 h after EC109 
cells were transfected with specific siRNAs targeting ERK, JNK, and p38. *P < 0.05, **P < 0.01. E and F. Inhibition of TLR4 induces 
apoptosis of EC109 cells. The apoptosis rates were determined using FCM analysis 48 h after EC109 cells were transfected with specific 
siRNAs targeting TLR4, MyD88. *P < 0.05, **P < 0.01. G and H. Inhibition of MAPK pathways induces apoptosis of EC109 cells. The 
apoptosis rates were determined using FCM analysis 48 h after EC109 cells were transfected with specific siRNAs targeting ERK, JNK, 
and p38. *P < 0.05, **P < 0.01.
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and induces apoptosis of esophageal cancer cells by 
inhibiting TLR4-dependent MAPK pathway.

DISCUSSION

PPARs play a role in the regulation of cancer 
cell growth. PPARα agonists were recently reported to 
induce proliferation arrest by negatively regulating cell 
cycle in pancreatic cancer [29] and reduce primary and 
metastatic non-small cell lung cancer growth [30]. Zhu 
et al. demonstrated that activation of PPARβ/δ promoted 
senescence to inhibit tumorigenesis and provided new 
mechanistic insights into cancer chemoprevention 
[31]. Though the roles of PPARγ in cancer therapy are 
debatable, accumulating evidence suggested that activation 
of PPARγ by agonists exerts an inhibitory effect on cancer 
cells [32]. For example, PPARγ agonists dramatically 
reduced cell growth of hepatocellular carcinoma [33], 
prostate cancer [34], and gastric cancer [35] via regulating 
the expression and blocking the oncogenic proteins. In our 
study, we found that PPARγ agonist RGZ had an ability 
to inhibit proliferation of esophageal cancer cells in time- 
and dose-dependent manners. Moreover, RGZ induced 
apoptosis of esophageal cancer cells.

A recent study highlighted that activation of TLR4 
by paclitaxel enhances tumor growth and metastasis in 
breast cancer, and that blocking paclitaxel-induced TLR4 
activation in cancer may observably improve therapeutic 
outcome. [36]. Activation TLR4 by LPS significantly 
enhanced survival of prostate cancer cells while TLR4 
inhibition by a specific inhibitor led to rapid death of 
prostate cancer cells, [37]. Toll-like receptor 4 (TLR4) has 
been shown to be upregulated in esophageal squamous 
cell carcinoma [38]. TLR4 is associated with lymph 
node metastasis, and stimulation of TLR4 with LPS has 
been displayed to accelerate migration and adhesion of 
esophageal squamous cell carcinoma cells [15, 38]. In 
the present study, we also observed that LPS increased 
expression levels of TLR4, MyD88, and TRAF6, whereas 
PPARγ agonist RGZ resisted this effect. We deduced that 
PPARγ agonist RGZ inhibited progression of esophageal 
cancer cells via blocking TLR4 pathway in our system. 
Previous studies demonstrated that PPARγ agonist 
RGZ suppressed the expression of TLR4 mRNA and 
protein in alveolar macrophages [25] and that PPARγ 
agonist pioglitazone attenuated AngiotensinII-induced 
inflammatory response in cardiac fibroblast cells through 
inhibition of the TLR4 signaling pathway [39], which are 
consistent with our study.

The MAPK pathway comprises several crucial 
signaling components and phosphorylation events, 
activation of which transmit external signals to 
modulate cell growth, differentiation, tumorigenesis 
functions [40]; consequently, the pathway is considered 
potential therapeutic targets for oncotherapy. Marijn 
et al. showed that miR-634 regulated ERK MAPK and 

other pathways to affect survival and radiosensitivity 
of ovarian cancer cells [41]. The response rates of RAF 
inhibitor monotherapy in BRAF-mutant colorectal 
cancer are poor, but an ERK inhibitor suppressed MAPK 
activity and overcame resistance, highlighting the critical 
dependence of BRAF-mutant colorectal cancers on the 
MAPK pathway and pointing to potential strategies to 
overcome clinical resistance [42]. Our data in this study 
showed that inactivation of MAPK inhibited viability and 
induced apoptosis of esophageal cancer cells by PPARγ 
agonist or siRNA targeting ERK, JNK, and p38, which are 
consistent with these results. PPARγ acted as a molecular 
switch in moderating myocardial injury via blocking the 
MAPK pathway in isoproterenol-induced myocardial 
injury in rats [43]. PPARγ agonist suppressed ERK MAPK 
signal activation to inhibit activity of cellular NO and 
reactive oxygen species formation, counteracting LPS-
induced inflammatory response in pulp cells [44]. These 
data suggested that the activation of MAPK pathways 
is regulated by PPARγ. Moreover, it has been reported 
that MAPK activation was mediated by TLR4/MyD88 
pathway [45]. Ko et al. reported that alternaramide, a novel 
lipophilic depsipeptide, showed anti-inflammatory effects 
by suppressing activation of TLR4/MyD88-mediated 
nuclear factor kappa B (NF-кB), JNK and p38 pathways in 
LPS-stimulated cells [46]. In the present study, we found 
that ERK, JNK, and p38 MAPK activation was mediated 
by PPARγ agonist RGZ and the TLR4 pathway. In general, 
our data suggested that activation of PPARγ suppressed 
proliferation and induced apoptosis of esophageal cancer 
cells by inhibiting TLR4-dependent MAPK pathway.

In conclusion, our study demonstrated that PPARγ 
activation inhibited proliferation and induced apoptosis 
esophageal cancer cells in vitro. PPARγ activation also 
inactivated the TLR4 and ERK, JNK, and p38 MAPK 
pathways in esophageal cancer cells. This research 
highlighted that ERK, JNK, and p38 MAPK activation was 
regulated by TLR4 pathway, and that inhibition of TLR4, 
MyD88, ERK, JNK, and p38 attenuated proliferation 
and induced apoptosis esophageal cancer cells in vitro. 
Therefore, the better understanding of the mechanisms 
by which PPARγ functions as a suppressor in esophageal 
cancer is beneficial to PPARγ agonist utilization for the 
treatment of esophageal cancer.

MATERIALS AND METHODS

Cell culture, transfection, and treatment

Human esophageal carcinoma cells EC109 and TE10 
cells (ATCC) were purchased from the American Type 
Culture Collection (Manassas, VA, USA) and maintained 
in RPMI 1640 medium (Invitrogen, Grand Island, NY, 
USA) supplemented with 10% fetal bovine serum (Gibco 
BRL, Carlsbad, CA, USA), 100 U/ml penicillin and 100 
μg/ml streptomycin at 37°C in a humidified atmosphere 
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of 5% CO2. For RNAi experiments, EC109 and TE10 
cells (1 × 105 per well) were seeded in 6-well plates and 
incubated for 24 h. Cells were transfected with 100 nM 
specific siRNAs targeting RXRα, PPARγ, TLR4, MyD88, 
ERK, JNK, and p38 or control siRNA (si-control) with 
lipofectamine 2000 Reagent (Invitrogen) following the 
manufacturer’s instructions. Cells were harvested at 48 
h after incubation and the efficiency of gene knockdown 
was validated using western blot analysis. Cells treated 
with different concentrations of RGZ or/and 10 μM of 
GW9662 were collected to detect the expression levels 
of Ki67, PCNA, Bcl-2, Bax, and phospho-caspase-3 
proteins using western blot analysis. To assess the effects 
of PPARγ on TLR4 pathway, cells were placed in RPMI 
1640 medium containing 10% fetal bovine serum and 
20 μM of RGZ, dimethylsulfoxide (DMSO) or 10 μM 
of GW9662 overnight, and then stimulated with 10 ng/
ml lipopolysaccharide (LPS) or vehicle for 1 h. The 
expression levels of TLR4, MyD88, and TRAF6 were 
measured using western blot analysis. To assess the effects 
of PPARγ on MAPK pathway, cells were placed in RPMI 
1640 medium containing 10% fetal bovine serum and 20 
μM of RGZ or 10 μM of GW9662 for 0, 24, and 48 h, 
and the expression levels of ERK1, phospho-ERK, JNK, 
phospho-JNK, p38, and phospho-p38 were measured 
using western blot analysis.

MTT assay

Cell viability capacity was assessed using the 
methyl thiazolyl tetrazolium (MTT) method. EC109 
and TE10 cells were plated at a density of 104 per well 
in 96-well plates with 200 μl medium overnight. After 
culture media were removed, cells were incubated with 
0, 10, 20, and 40 μM of RGZ (Sigma-Aldrich, St Louis, 
MO, USA) for 0, 24, 48, and 72 h. To assess the effect of 
GW9662 (Sigma-Aldrich), a PPAR-γ antagonist, on cell 
viability capacity, EC109 cells were treated with 10 μM of 
GW9662 for 48 h. For the MTT assay, 50 μl MTT working 
solution (2.5 mg/ml) was added to each well, followed by 
continuous incubation for 4 h at 37°C. Culture medium 
supernatants were removed from each well and 200 μl of 
dimethyl sulfoxide was added to solubilize the formazan 
product. The absorbance of each well was measured 
using a microplate reader at 540 nm. The viability of cells 
transfected with specific siRNAs targeting RXRα, PPARγ, 
TLR4, MyD88, ERK, JNK, and p38 or control siRNA 
was assessed using MTT assay described above. Three 
independent experiments were conducted in quadruplicate.

Flow cytometric (FCM) analysis of cell apoptosis

EC109 and TE10 cells were treated with 20 μM 
RGZ for 48 h, and apoptosis rate was measured using an 
Annexin V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) Apoptosis Detection Kit (BD PharMingen, 

San Diego, CA, USA). Cells were collected, and then 
washed twice with cold PBS and resuspended in 500 μl 
of Annexin V-FITC binding buffer. The suspension was 
incubated with 5 μl of Annexin V-FITC and 5 μl of PI 
at room temperature in the dark for 10 min. Finally, the 
apoptosis rate was analyzed by fluorescence-activated 
cell sorting using a BD LSR II flow cytometry kit (BD 
PharMingen). The apoptosis rates of cells transfected with 
specific siRNAs targeting RXRα, PPARg, TLR4, MyD88, 
ERK, JNK, and p38 or control siRNA were measured 
using FCM analysis described above. Each experiment 
was conducted for three times independently.

Western blot analysis

Protein extraction and western blot analysis 
was performed as described previously [47]. Briefly, 
proteins were separated by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to nitrocellulose membranes. After non-
specific sites were blocked with 5% non-fat milk, the 
membranes were incubated with antibodies against 
Ki67(Abcam, Cambridge, UK), PCNA (Cell Signaling 
Technology, Danvers, MA, USA), Bcl-2 (Santa Cruz 
Biotech, Santa Cruz, CA, USA), Bax (Santa Cruz 
Biotech), phospho-caspase-3 (Santa Cruz Biotech), TLR4 
(Sigma-Aldrich), MyD88 (Abcam), TRAF6 (Abcam), 
ERK1 (Santa Cruz Biotech), phospho-ERK (Thr202/
Tyr204; Santa Cruz Biotech), JNK (Santa Cruz Biotech), 
phospho-JNK (Thr183/Tyr185; Santa Cruz Biotech), 
p38 (Santa Cruz Biotech), and phospho-p38 (Thr180/
Tyr182; Santa Cruz Biotech) and β-actin (Sigma-Aldrich) 
at 4°C overnight. The membranes were incubated with 
horseradish peroxidase-conjugated secondary antibodies 
for 1 h at room temperature, and blots were visualized 
using the Odyssey Infrared Imaging System (LI-COR 
Biosciences, Lincoln, NE, USA). β-actin was used as an 
internal control.

Statistic analysis

Results are expressed as means ± SE. Statistics were 
determined using Student’s t test or one-way analysis of 
variance (ANOVA). P values < 0.05 were considered 
statistically significant.
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