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Abstract: We investigated the effects of troglitazone on human cervical cancer SiHa cells and 

its mechanisms of action. SiHa cells were incubated with different concentrations of troglitazone 

(100, 200, or 400 µg/mL) for 24, 48, and 72 hours. Cell viability was measured by 3-(4,5-

dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide (MTT) assay; cell cycle and apoptosis 

were detected by flow cytometry; and morphology of SiHa cells was observed under an inverted 

microscope. pcDNA3.1 and pcDNA3.1-Skp2 plasmids were constructed and then transfected 

into SiHa cells. Protein expression was analyzed by Western blotting. Troglitazone inhibited 

the proliferation of SiHa cells in a time- and concentration-dependent manner. Troglitazone 

caused G0/1 phase arrest but failed to reduce apoptosis in SiHa cells. Troglitazone significantly 

increased expression of p27 but decreased Skp2 expression. Skp2 overexpression inhibited 

the role of troglitazone in increasing expression of p27, and the cell cycle inhibitory effect of 

troglitazone. Troglitazone can inhibit SiHa cell viability by affecting cell cycle distribution but 

not apoptosis, and Skp2 and p27 may play a critical role.

Keywords: SiHa cells, cell cycle, apoptosis

Introduction
Cervical cancer is ranked as the second leading cause of female cancer mortality 

worldwide and 500,000 new cases are diagnosed each year.1,2 Platinum-based 

chemotherapy in combination with radiotherapy or surgery is now mainly used but the 

efficacy is limited, especially in advanced-stage disease.3,4 Therefore, it is necessary 

to seek antitumor drugs of high efficacy and low toxicity for the treatment of cervical 

cancer. It has been confirmed that the vast majority of human tumors express peroxisome 

proliferator-activated receptor (PPAR)γ, including cervical cancer.5 The PPARγ agonist 

troglitazone (TGZ) exhibits potential antitumor effects. TGZ is one of the synthetic 

ligands, which exhibits the most potent drug effect and minimal side effects.6 TGZ inhibits 

hepatocellular carcinoma cell proliferation, which suggests that it has potential for treat-

ment of cancer.7 However, the role of TGZ in cervical cancer and the precise molecular 

mechanisms of action have not been fully elucidated. It is necessary to investigate the 

antitumor mechanism of TGZ, in the hope of providing more therapeutic targets for 

cervical cancer. Therefore, we examined the effect of TGZ on human cervical cancer 

SiHa cells and made a preliminary determination of its molecular mechanisms.

Materials and methods
reagents
TGZ was purchased from ALEXIS Biochemicals (Lausen, Switzerland) and dis-

solved in dimethyl sulfoxide (DMSO) at a final concentration of 0.1% in the culture 
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medium. TGZ was stored at -80°C and further diluted to the 

appropriate concentrations with cell culture medium imme-

diately before use. Anti-cyclin E, p27, Skp2, and GADPH 

antibodies were purchased from Santa Cruz Biotechnology, 

Inc. (Dallas, TX, USA).

cell culture
The human cervical cancer SiHa cell line was purchased 

from the Type Culture Collection of the Chinese Academy 

of Sciences (Shanghai, People’s Republic of China). Cells 

were cultured in Dulbecco’s Modified Eagle’s Medium 

(DMEM) (Sigma-Aldrich Co., St Louis, MO, USA) sup-

plemented with heat-inactivated 10% fetal bovine serum 

(FBS) (Thermo Fisher Scientific, Waltham, MA, USA), 

penicillin (100 U/mL; Sigma-Aldrich Co.), and streptomy-

cin (100 µg/mL; Sigma-Aldrich Co.) at 37°C with 5% CO
2
. 

The cells were treated with different amounts of TGZ as 

indicated (0, 100, 200, and 400 µg/mL).

MTT assay
Cells were seeded at 5×l03 cells/well in 96-well culture plates, 

and 24 hours later, they were treated with the indicated con-

centrations of TGZ. Control wells consisted of cells incubated 

with medium only. After 24, 48, and 72 hours’ treatment, 

cells were incubated with 20 µL 3-(4,5-dimethylthiazol-2-yl) 

2,5-diphenyltetrazolium bromide (MTT) (Sigma-Aldrich 

Co.) at 5 mg/mL. After 4 hours at 37°C, the supernatant 

was removed, and 150 µL DMSO was added. After the 

blue crystals were dissolved in DMSO, the optical density 

(OD) was detected at 570 nm using a 96-well multiscanner 

autoreader (Bio-Rad Laboratories Inc., Hercules, CA, USA). 

The following formula was used to determine the inhibition 

rate of cell proliferation:

Cell proliferation

inhibited (%)

OD of the experimental 

sam
=

pples  OD of the control

OD of the control

−
×100%.

 (1)

cell cycle analysis
Cells were seeded at 2×105 cells/well in 6 cm Petri dishes 

and synchronized with DMEM containing 0.5% FBS 

for 12 hours. Cells were incubated with the indicated 

concentrations of TGZ for 24, 48, and 72 hours. The SiHa 

cells were collected and washed with phosphate-buffered 

saline (PBS) three times and fixed with 75% ethanol at -20°C 

for at least 1 hour. After extensive washing with PBS, the 

cells were suspended in Hank’s Balanced Salt Solution 

containing 50 mg/mL RNase A (Boehringer Mannheim) and 

50 mg/mL propidium iodide (Sigma-Aldrich Co.), incubated 

for 1 hour at room temperature, and analyzed by FACScan 

(Becton Dickinson).

apoptosis measurement
Apoptosis was analyzed 48 hours after treatment using the 

Annexin V–FITC Apoptosis Detection Kit (BD Biosciences, 

San Jose, CA, USA). Cells were seeded at 1×l05 cells/well in 

24-well culture plates. After 24, 48, and 72 hours, the cells 

were collected using 0.25% trypsin (without ethylenedi-

aminetetraacetic acid) and washed by PBS, and centrifuged 

at 2,000 rpm for 5 minutes. Approximately 500 µL of binding 

buffer was added to each tube of cell suspension, followed 

by 5 µL annexin V–fluorescein isothiocyanate. Propidium 

iodide was added and flow cytometry (488 nm excitation and 

530 nm emission) was performed to measure apoptosis.

cell morphology
SiHa cells were seeded in six-well culture plates and incu-

bated with TGZ for 24, 48, or 72 hours. SiHa cell morphology 

was examined using an inverted optical microscope. 

cell transfection
Cells (5×105) were plated on six-well plates 24 hours before 

transfection. The pcDNA3.1-Skp2 (Skp2 gene overex-

pressed) and pcDNA3.1 (plasmid vector) vector transfectants 

were constructed by Nanjing Keygen Biotech (People’s 

Republic of China) and used to transfect SiHa cells according 

to the instructions of the manufacturer of Lipofectamine 2000 

(Thermo Fisher Scientific) with 4 mg DNA. Transfection 

media were removed 6 hours after transfection and replaced 

with fresh complete medium containing 10% FBS. Controls 

included cells treated with Lipofectamine 2000 and cells 

transfected with empty vector pcDNA3.1.

Western blotting
After different treatments, the medium was aspirated and 

SiHa cells were lysed with ice-cold RIPA lysis buffer. Protein 

concentrations were determined using the bicinchoninic acid   

method. After adjustment to a similar level of total protein 

concentration, samples were separated by 8% sodium dodecyl 

sulfate polyacrylamide gel electrophoresis under reducing 

conditions and transferred onto polyvinylidene fluoride 

membranes (Millipore, USA). The membranes were blocked 

with 5% non-fat milk in TBST buffer (20 mM Tris–HCl, 

137 mM NaCl, and 0.1% Tween 20, pH 8.0) for 1 hour at 

room temperature prior to incubation with specific antibod-

ies to cyclin E, p27, Skp2, and GADPH overnight at 4°C.  
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After washing and reaction with horseradish peroxidase-

conjugated anti-mouse IgG (Beijing Zhong Shan Golden 

Bridge Biological Technology Co. Ltd., Beijing, People’s 

Republic of China), or anti-rabbit IgG (Beyotime, People’s 

Republic of China) secondary antibodies for 1 hour, the mem-

branes were washed with TBST buffer three times and the 

proteins on the membrane were detected using an enhanced 

chemiluminescence substrate (Beyotime).

statistics
Studies were performed in triplicate with the results expressed 

as the mean ± standard deviation as appropriate. All statistical 

analyses were performed using SPSS version 13.0 (SPSS 

Inc., Chicago, IL, USA). For comparison of differences, 

Student’s t-test or analysis of variance was used. P0.05 

was considered statistically significant.

Results
TgZ inhibited proliferation of siha cells
TGZ at a concentration of 200 and 400 µg/mL significantly 

inhibited SiHa cell viability after 24 hours (P0.05) in 

comparison with the control group (without TGZ). At 48 and 

72 hours, the cell inhibition rate was increased significantly 

(P0.05) in the three TGZ groups compared with the con-

trol group. TGZ inhibited SiHa cell growth in a time- and 

concentration-dependent manner (Table 1; Figure 1).

effect of TgZ on siha cell apoptosis
The apoptosis rate for SiHa cells was 2.97% (0 hours), 

3.87% (24 hours), 5.20% (48 hours), and 6.10% (72 hours) 

after treatment with 400 µg/mL TGZ, without significant 

differences at each time point (P=0.06) (Figure 2A and B). 

These results were consistent with the cell morphology 

(Figure 2C). Treatment of SiHa cells with 400 µg/mL TGZ 

for 24, 48, or 72 hours resulted in decreased cell numbers, 

but no significant changes in cell morphology were observed 

in each group. Scattered polynuclear apoptotic cells were 

observed, as were apoptotic bodies. No significant differences 

were observed for the varying durations of incubation.

TgZ induced siha cell cycle arrest
SiHa cells were synchronized. The mean proportion of cells 

in G0/1 phase was 65.73%, 34.50 %, 24.98%, and 9.17% in 

the control group at 0, 24, 48, and 72 hours, respectively, 

compared with 64.47%, 58.53%, 51.87%, and 46.95% after 

treatment with 400 mg/mL TGZ, which was significantly 

different (P0.01). Cells in G2/M and S phases decreased 

with increasing incubation time, suggesting that TGZ 

inhibited cell proliferation by inducing G0/1 arrest and G1-S 

phase transitional inhibition (Figure 3).

skp2 was involved in p27 upregulation 
and cell cycle arrest induced by TgZ 
TGZ inhibited cell proliferation in SiHa cells by affecting cell 

cycle distribution. We measured the expression of proteins 

related to G1/S transition, such as p21, p27, and cyclin E after 

treatment with 400 µg/mL TGZ for 24 hours. p21 was only 

weakly expressed in SiHa cells and slightly increased with the 

TGZ incubation. Treatment with 400 µg/mL TGZ for 24 hours 

significantly increased expression of p27. Expression of cyclin 

E increased after TGZ incubation (Figure 4A). 

pcDNA3.1 and pcDNA3.1-Skp2 were transfected into 

SiHa cells to clarify the role of p27 and Skp2 in the cell cycle 

modulation of TGZ. Overexpression of Skp2 significantly 

reduced p27 expression compared with the blank control and 

vector group (Figure 4B). After transfection with pcDNA3.1 

and pcDNA3.1-Skp2, SiHa cells were incubated with TGZ. 

TGZ significantly increased p27 expression in pcDNA3.1-

SiHa cells but decreased Skp2 expression. Upregulation of 

p27 disappeared in pcDNA3.1-Skp2-SiHa cells (Figure 4C). 

Cell cycle distribution of the SiHa cells was determined using 

flow cytometry. The proportion of pcDNA3.1-Skp2-SiHa 

Table 1 The inhibitory effects of troglitazone on the proliferation 
of human cervical cancer siha cells

Troglitazone  
(µg/mL)

Time (h)

24 48 72

100 3.34±0.27 9.37±1.54* 14.73±2.77*
200 12.42±1.10* 38.95±3.76* 60.15±6.87*
400 20.11±2.68* 52.33±8.15* 74.36±5.55*

Note: Data are presented as mean ± standard deviation. *P0.05.

Figure 1 Troglitazone (TgZ) inhibits proliferation of human cervical cancer siha 
cells. 
Notes: cells were treated with TgZ (100, 200, or 400 µg/ml) and proliferation was 
measured after 24, 48, or 72 hours. TGZ significantly inhibited SiHa cell proliferation 
in a time- and concentration-dependent manner.
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Figure 4 skp2 is involved in p27 upregulation and cell cycle arrest induced by troglitazone (TgZ) in siha cells. 
Notes: (A) Western blot analysis of protein extracts from siha cells treated with TgZ for 24 hours. expression of p21, p27, and cyclin e was analyzed. gaDPh was used 
as a loading control. (B) pcDna3.1 and pcDna3.1-skp2 were transfected into siha cells. expression of p27 and skp2 was analyzed. gaDPh was used as a loading control. 
(C) siha cells were transfected with pcDna3.1 or pcDna3.1-skp2 and incubated with 0, 100, 200, or 400 µg/ml TgZ. expression of p27 protein was detected. (D) The 
proportion of pcDNA3.1-Skp2-SiHa cells in G0/1 phase was 47.76% (0 hours), 37.21% (24 hours), 16.90% (48 hours), and 12.23% (72 hours), which was significantly different. 
*P0.05. skp2-overexpressing siha cells were incubated with 400 mg/ml TgZ. g0/1 phase distribution of treated cells was 48.76% (0 hours), 52.16% (24 hours), 52.52%  
(48 hours), and 53.30% (72 hours), which was not significantly different. Control-Skp2 represents the SiHa cells transfected with pcDNA3.1-Skp2 and incubated without TG2, 
and Tg2-skp2 represents the cells that transfected with pcDna3.1-skp2 and incubated with Tg2.

cells in G0/1 phase was 47.76% (0 hours), 37.21% (24 hours), 

16.90% (48 hours), and 12.23% (72 hours), which was sig-

nificantly different. Skp2-overexpressing (pcDNA3.1-Skp2) 

SiHa cells were incubated with 400 µg/mL TGZ. The pro-

portion of pcDNA3.1-Skp2-SiHa cells incubated with TGZ 

(400 µg/mL) in G0/1 phase was 48.76% (0 hours), 52.16% 

(24 hours), 52.52% (48 hours), and 53.30% (72 hours), which 

was not significantly different (Figure 4D).

Discussion
PPARs are a class of ligand-activated nuclear transcription 

factors that belong to the nuclear receptor superfamily type II. 

The biological functions of PPARs are complex, including 

lipid and glucose metabolism, inflammation, and tumor 

cell differentiation and apoptosis. Currently, three types of 

PPARs have been identified: PPARα, PPARβ, and PPARγ. 

PPARγ and its agonist are the most widely studied. Thiazo-

lidinedione ketone compounds, such as TGZ, are synthetic 

PPARγ agonists that were initially used as insulin sensitizers 

in diabetes research. Later, it was observed that, in addition 

to regulating glucose and lipid metabolism, TGZ exhibited 

anti-atherosclerotic and anti-inflammatory effects, as well 

as glucose-inhibitory effects and other broad effects on bio-

logical activity.8–10 Significant data have shown that PPARγ 
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agonists exhibit antitumor effects on a variety of tumors.11,12 

Our study revealed that TGZ has a significant time- and 

dose-dependent inhibitory effect on human cervical cancer 

cell proliferation, which shows an antitumor effect. TGZ 

showed an antiproliferative effect in our study, which was 

consistent with previous research on gastric cancer, breast 

cancer, and hepatocellular carcinoma.13–15

Biological behavior of malignant tumor includes dis-

orderly proliferation and distant metastasis, and the prolif-

eration ability is related to disruption of the cell cycle and 

apoptosis resistance. We analyzed apoptosis through annexin 

V–fluorescein isothiocyanate staining by flow cytometry and 

observed that different concentrations of TGZ did not alter 

the percentage of apoptotic cells, suggesting that apoptosis 

does not play an important role in the inhibitory effect of 

TGZ on human cervical cancer SiHa cell growth. We further 

analyzed the cell cycle distribution and observed that after 

treatment with 400 µg/mL TGZ, the proportion of SiHa cells 

in G0/G1 phase significantly increased, whereas the S and 

G2 phase proportions significantly decreased. The effect 

appeared to be significantly time dependent, suggesting 

that the effect of TGZ may lead to cell cycle arrest in G0/1 

phase. This is believed to be the first study to show that TGZ 

inhibits the proliferation of human cervical cancer SiHa 

cells through regulating the cell cycle but not apoptosis. 

Our results differ from those of Chen et al in human cervical 

cancer HeLa cells.16 They demonstrated that TGZ induces 

apoptosis, which is closely related to p53 ubiquitin and the 

presence of the TGZ-PPARγ-p53 signaling pathway, and is 

a critical regulator of apoptosis. Differences in histopathol-

ogy and genomics between human cervical cancer cell lines 

may result in different biological behavior. As we know, 

SiHa cells are squamous cells while Hela cells are adenocar-

cinoma cells. The effect of p53 gene may differ in different 

pathological cells.17–20 Further research should be conducted 

to clarify gene expression and the signaling pathway. These 

studies suggest that TGZ inhibits cell proliferation in differ-

ent tumors, but there may be differences in the mechanisms 

and pathways involved.

The cell cycle is divided into G1, S, G2, and M phases, 

which are regulated by cell cycle proteins cyclin, cyclin- 

dependent kinase (CDK), and CDK inhibitor. In our study, 

TGZ significantly increased expression of p27 in cells in 

a dose-dependent manner. p27 is a broad-spectrum CDK 

inhibitor that can play a key role in G1/S transition and 

can promote the proliferation of a variety of tumors with 

its abnormal expression.6 p27 expression is reduced in 

human cervical cancer tissue and is related to prognosis.21 

As the level of p27 mRNA remains relatively constant, the 

regulation of p27 protein levels typically occurs at the level 

of protein degradation. p27 protein activity, degradation, and 

phosphorylation are related to ubiquitination-dependent deg-

radation.12 Skp2 is an important factor in p27 ubiquitination 

and degradation.22,23 In a variety of tumors, Skp2 expression 

is upregulated and related to poor prognosis, thereby reducing 

p27 levels and inhibition of cell proliferation.6,24–27 Our results 

showed that the expression of Skp2 and p27 was negatively 

correlated, and TGZ may primarily act by inhibiting Skp2 

expression and thereby enhancing p27 protein expression. 

Motomura et al reported that Skp2 and p27 may be involved 

in the cell cycle arrest caused by TGZ in human hepatocellular 

carcinoma HepG2 and HLF cell lines. This pathway is associ-

ated with cell proliferation and differentiation.28,29 We found 

that when Skp2 was overexpressed in SiHa cells, the effect 

of TGZ on p27 protein expression was offset significantly, 

which confirms that Skp2 and p27 are involved in cell cycle 

arrest after TGZ incubation. Signal transducer and activator 

of transcription (STAT)3 is involved in the development and 

progression of many different tumor types, including cervical 

adenocarcinoma.30 In addition, the activation of STAT3 has a 

functional role in HPV16-mediated cervical carcinogenesis. 

A recent study demonstrated that the activation of PPARγ has 

a suppressive effect on STAT3. PPARγ agonists negatively 

modulate STAT3 through direct and/or indirect mechanisms 

in cancer cells. In addition, STAT3 is known to be involved 

in the development and progression of many tumors, includ-

ing cervical adenocarcinoma. The activation of STAT3 has a 

functional role in HPV16-mediated cervical carcinogenesis. 

Interestingly, a recent paper demonstrated that the activation of 

PPARγ has a suppressive activity on STAT3. In fact, PPARγ 

agonists negatively modulate STAT3 through direct and/or 

indirect mechanisms in cancer cells, and it could also be one of 

the mechanisms of TGZ.30–33 However, more in-depth studies 

are needed to identify its mechanism of action in the future.

In summary, our results indicate that TGZ inhibits SiHa 

cell viability through affecting cell cycle distribution but 

not apoptosis, and Skp2 and p27 may play a critical role in 

this process.
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