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Abstract. Evidence suggests that peroxisome proliferator 
activated receptor-γ (PPAR-γ) acts as a tumor suppressor in 
multiple types of cancer; however, the role of action of PPAR-γ 
on human epidermoid carcinoma is unclear. The present study 
investigated the effects of a PPAR-γ agonist, rosiglitazone, 
on human epidermoid carcinoma cell growth using the A431 
cell line. The effects of rosiglitazone on cell viability and 
proliferation were evaluated with MTS and [3H] thymidine 
incorporation assays. The effects of rosiglitazone on the cell 
cycle and apoptosis were analyzed by flow cytometry, and 
western blotting. It was identified that rosiglitazone inhibited 
A431 cell proliferation in a dose-dependent manner, increased 
the proportion of cells in the G1 phase, but did not affect 
apoptosis. Consistently, there was a significant decrease in the 
expression of cell proliferation-associated proteins, including 
cyclin D1, cyclin-dependent kinase (Cdk)2 and Cdk4 in A431 
cells treated with rosiglitazone. This decrease was rescued by 
a selective antagonist of PPAR-γ or specific PPAR‑γ small 
interfering RNAs. However, the ratio of B-cell lymphoma 2 
(Bcl-2) to Bcl-2 associated X protein, which is associated with 
cell apoptosis, was not affected by these treatments. The data 
of the present study suggest that the PPAR-γ agonist rosi-
glitazone inhibits human epidermoid carcinoma cell growth 
through regulating the expression of the cell cycle-associated 
proteins, and that this effect is independent of apoptosis.

Introduction

Squamous cell carcinoma (SCC) is a common type of skin 
cancer. Although SCC primarily occurs in areas of the skin that 
are frequently exposed to sun, it may occur on all areas of body, 
including the mucous membranes and genitals (1,2). It is esti-
mated that ~700,000 incident cases of SCC were diagnosed in 
the United States in 2012 (3). Understanding the mechanism of 
SCC, and developing novel and effective therapies are required.

Peroxisome proliferator-activated receptor-γ (PPAR-γ) 
activation has been demonstrated to inhibit cell growth in 
numerous malignant cell types, suggesting that PPAR-γ 
agonists may act as tumor suppressors (4). PPAR-γ is a tran-
scription factor that participates in metabolism of lipid and 
glucose (5). PPAR-γ is expressed at a high level in adipose 
tissue, regulating adipocyte differentiation and glucose utili-
zation (6). PPAR-γ is also expressed in intestinal epithelial 
cells and tumor cells in breast, colon, and lung (7-10). In 
addition, reduction of the expression levels of PPAR-γ in 
PPAR-γ+/− mice is associated with an increased susceptibility 
to 7,12-dimethylbenz(a) anthracene-mediated carcinogenesis 
in the skin (11). A previous study indicated that topical treat-
ment of hairless mice with PPAR-γ agonists troglitazone and 
ciglitazone enhanced the expression of markers of differentia-
tion that promoted epidermal barrier recovery (12).

Tumors may be caused by a number of factors, including 
genetic mutations that lead to malfunction of the cell cycle, 
inhibition of apoptosis and environmental factors that lead 
to DNA damage (13). Clinically, the induction of apoptosis 
to modulate cell growth has become an important approach 
in cancer therapy (14). To examine the function and mecha-
nism of PPAR-γ agonist in treating malignant skin cancer, 
the present study investigated the effect of one of the most 
potent PPAR-γ agonists, rosiglitazone, on cell growth and cell 
apoptosis in vitro. It was identified that rosiglitazone inhibited 
cell growth, potentially through reducing the expression of cell 
cycle-associated proteins and without affecting apoptosis.

Materials and methods

Cell culture experiment. Human epidermoid carcinoma A431 
cells (American Type Culture Collection, Manassas, VA, USA) 
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were cultured in Dulbecco's modified Eagle's medium/Ham's 
(powder, high glucose; cat no. 12800017; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 0.15% 
sodium bicarbonate, 10% fetal bovine serum and 100 U/ml 
penicillin-streptomycin (all from Invitrogen; Thermo Fisher 
Scientific, Inc.) at 37˚C under 5% CO2. The stock solution 
of rosiglitazone (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) was dissolved in dimethyl sulfoxide (DMSO; Cell 
Signaling Technology, Inc., Danvers, MA, USA). For all drug 
assays, an equal amount of DMSO was added as a control.

MTS assay. Cell viability was evaluated using MTS assay 
(Promega Corporation, Madison, WI, USA). Specifically, 
5,000 A431 cells were seeded in each well of a 96-well plate 
and incubated with different concentrations of rosiglitazone 
(0, 10, 20, 30, 40 and 100 µM) for 24 h at 37˚C. Then, 20 µl 
MTS/well was added and incubated at room temperature for 
4 h. Cell viability was measured by absorbance at 490 nm 
using a microplate reader.

3H‑Thymidine incorporation assay. A431 cells (density, 
5x104 cells/well) were seeded on 6‑well plates and cells at 80% 
confluence were treated in triplicate with vehicle or rosigli-
tazone (10, 20, 30 and 40 µM) for 3‑24 h at 37˚C. A total of 
2 h prior to harvesting, cells were pulsed with 1 µC 1 mCi/ml 
3H‑thymidine (Merck KGaA) at 37˚C for 30 min. At each time 
point of harvesting, cells were washed with cold PBS buffer, 
and then fixed with cold 10% (w/v) trichloroacetic acid (three 
times; firstly for 10 min, then 5 min twice). Next, cell lysis was 
performed at room temperature by adding 1 ml lysis buffer 
(0.3 N NaOH, 1% SDS) for 15 min. Following cell lysis, the 
lysates were transferred to scintillation vials, then mixed with 
5 ml scintillation liquid to measure radioactivity, which was 
later normalized to protein concentration (15).

Flow cytometric analysis of cell cycle and apoptosis. A431 
cells (density, 5x104 cells/well) were seeded on 6-well plates 
and, at 80% confluence, cells were treated with the rosigli-
tazone (10, 20, 30 and 40 µM) for 24 h at 37˚C. For cell cycle 
analysis, cells were fixed at 4˚C with 70% ethanol overnight 
and stained with 500 µl propidium iodide (PI; 40 mg/ml) at 
room temperature for 30 min, then analyzed by flow cytometry 
(BD FACSAria Cell Sorter; BD Biosciences, Franklin Lakes, 
NJ, USA). For apoptosis analysis, harvested cells were resus-
pended in 400 µl binding buffer (with Ca2+; Thermo Fisher 
Scientific, Inc.) and divided into two tubes; one was used as 
the blank group and the second one was incubated with 5 µl 
Annexin V in the dark for 15 min at room temperature. A total 
of 10 µl PI was then added and apoptosis was analyzed by flow 
cytometry (excitation, 488 nm; emission, 515 nm). Untreated 
cells were used as an additional control in addition to the 
DMSO control group.

Western blot analysis. A431 cells (density, 5x104 cells/well) 
were seeded on 6‑well plates and, at 80% confluence, cells 
were treated with drugs [40 µM rosiglitazone or 10 µM 
GW9662 (Tocris Bioscience, Bristol, UK)] or transfected 
with PPAR-γ small interfering (si)RNAs according to a 
previous study (16). Then, the cells were harvested following 
treatment for 24 h. Total cellular proteins were extracted 

with radioimmunoprecipitation lysis buffer (Cell Signaling 
Technology, Inc.) and protein concentration was measured with 
the BCA Assay kit (Shanghai Shenergy Biocolor Bioscience 
and Technology Company, Shanghai, China). Protein samples 
(20‑40 µg) were separated on 8‑12% SDS‑PAGE gels and then 
transferred onto 0.22 µm polyvinylidene fluoride membranes. 
Subsequent to blocking for 1 h at room temperature with 
5% non‑fat milk or BSA in Tris‑buffered saline with 0.1% 
Tween-20, membranes were incubated with primary antibodies 
against B-cell lymphoma 2 (Bcl-2; cat no. 15071; 1:1,000), Bcl-2 
associated X protein (Bax; cat no. 2274; 1:1,000), cyclin D1 
(cat no. 2922; 1:1,000), cyclin-dependent kinase [(Cdk)2; cat 
no. 2546; 1:1,000)], Cdk4 (cat no. 12790; 1:1,000), and GAPDH 
(cat no. 5174; 1:1,000) (all from Cell Signaling Technology, 
Inc.) overnight at 4˚C. Following washing in Tris‑buffered 
saline with 0.1% Tween‑20 4 times for 5 min each, membranes 
were incubated with horseradish peroxidase (HRP)-conjugated 
secondary antibodies (HRP-conjugated rabbit anti-mouse 
immunoglobulin G, cat no. ab6728 or HRP-conjugated 
goat anti-rabbit immunoglobulin G; cat no. ab6721) (both 
secondary antibodies from Abcam, Cambridge, MA, USA; 
dilution, 1:5,000) for 1 h at room temperature. Western blot 
membranes were developed using Immobilon™ Western 
Chemiluminescent HRP substrate (EMD Millipore, Billerica, 
MA, USA), analyzed with Gel Documentation and Analysis 
system (G-Box, Syngene Europe, Cambridge, UK). The 
density of the protein of interest was normalized to GAPDH 
with ImageJ (version 1.46; National Institutes of Health, 
Bethesda, MD, USA).

Statistical analysis. Data were calculated and expressed 
as the mean ± standard deviation, unless otherwise speci-
fied. For semi-quantitative western blot analysis, the data 
were presented as the mean ± standard error of the mean. 
To decrease the variance in analysis, 3 sets of samples were 
collected from independent experiments and triplicate western 
blot experiments were performed for each set of samples. The 
mean of each set of samples and the standard error of the mean 
of all 3 sets of samples were then calculated and expressed. 
For the results of the 3H-Thymidine incorporation assay 
in Fig. 2, differences among distinct groups were analyzed by 
two-way analysis of variance (ANOVA), in order to examine 
the effects of treatment time and drug doses. If there was a 
significant interaction, post hoc analysis was performed using 
Dunnett's test to compare each group. For the data of the 
MTS assay, flow cytometry analysis and semi‑quantitative 
western blot analysis, one-way ANOVA was used to analyze 
the effects of different treatment followed by Dunnett's test 
if there was a significant interaction. P<0.05 was considered 
to indicate a statistically significant difference. All analyses 
were performed using SPSS 13.0 statistical software (SPSS, 
Inc., Chicago, IL, USA).

Results

Rosiglitazone inhibits cell proliferation. To determine the 
tolerated treatment concentration of rosiglitazone, cell 
viability in response to different doses of rosiglitazone was 
primarily examined. As demonstrated in Fig. 1, at a lower 
concentration of rosiglitazone (≤40 µM), no significant effect 
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on cell viability was observed. With higher concentrations 
(60 and 80 µM) of rosiglitazone, a decreased but not signifi-
cant effect on cell viability (data not shown) was observed. 
However, there was a significant inhibition on cell viability 
with 100 µM rosiglitazone. It has been demonstrated that a 
high concentration of rosiglitazone exhibits side effects on 
normal skin cells (17). Considering the potential drug safety 
issue for treatment, the experiments of the present study 
were limited to low concentrations of rosiglitazone, <40 µM, 
to maintain the effect of rosiglitazone on cell viability at a 
low level. Firstly, to investigate the anticancer potential of 
rosiglitazone in human epidermoid carcinoma, the effects of 
rosiglitazone on A431 cell proliferation were evaluated. A431 
cells were cultured in Dulbecco's Modified Eagle's Medium 
for 24 h prior to stimulation with rosiglitazone for 3-24 h. A 
3H-thymidine incorporation assay was then performed to eval-
uate cell proliferation. As demonstrated in Fig. 2, at the lowest 
concentration and as early as 3 h after treatment, rosiglitazone 
inhibited DNA synthesis and cell proliferation markedly. This 
inhibitory effect was dose- and time-dependent, with higher 
concentrations of rosiglitazone and longer treatment times 
resulting in increased inhibitory effects.

Rosiglitazone inhibits cell cycle progression. As rosigli-
tazone suppressed DNA synthesis and cell proliferation, the 
present study sought to examine which step of cell cycle was 
affected. A431 cells were treated with different concentrations 
(10-40 µM) of rosiglitazone for 24 h. Then, the cell cycle was 
analyzed with flow cytometry. In Fig. 3, it was identified that 
with increasing concentration of rosiglitazone, the ratio of 
number of cells at G1 to number of cells at G0 phase increased, 
and the number of cells at S phase decreased, indicating that 
rosiglitazone inhibited cell cycle progression from G1 to 
S phase.

Rosiglitazone exhibits no significant effect on cell apop‑
tosis. The present study investigated whether there was any 

association between inhibition of cell proliferation and apop-
tosis. The effect of rosiglitazone on cell apoptosis in A431 cells 
was examined by flow cytometry with Annexin V, a marker 
for apoptosis, and PI, a DNA stain to evaluate cell viability. 
As indicated in Fig. 4, with the increasing concentration of 
rosiglitazone, no effect on the distribution of A431 cells in the 
upper right and lower right regions was observed, indicating 
that there was no increase in apoptosis due to rosiglitazone 
treatment.

Rosiglitazone regulates cell cycle‑associated protein 
expression. To additionally understand how rosiglitazone 
regulates cell proliferation, the protein expression levels of cell 
cycle-associated proteins, including CyclinD1, Cdk2 and Cdk4 
were examined. Notably, it was identified that the expression 
levels of these proteins decreased as the concentration of rosi-
glitazone increased (Fig. 5A). However, rosiglitazone exhibited 
no effects on the regulation of the ratio of Bcl-2 to Bax, which 
is an indicator of cell apoptosis. In addition, whether rosigli-
tazone regulated protein expression levels of cyclin D1, Cdk2 
and Cdk4 through PPAR-γ was examined. Firstly, a selective 
antagonist (GW9662) was used to inhibit PPAR-γ, and it was 
identified that this inhibitor rescued the agonistic effects of 
rosiglitazone on the modulation of expression levels of cyclin 
D1, Cdk2 and Cdk4 (Fig. 5B). Secondly, specific knockdown of 
PPAR-γ also rescued the expression levels of cyclin D1, Cdk2, 
Cdk4 in cells treated with rosiglitazone (Fig. 5B). However, 
these manipulations did not affect the expression ratio of Bcl-2 
to Bax. Taken together, these results suggest that rosiglitazone 
may downregulate protein expression levels of cyclin D1, Cdk2 
and Cdk4 to suppress cell cycle progress through PPAR-γ.

Discussion

PPAR-γ is known to be associated with the development of 
malignancies in the breasts, colon and pancreas; however, 
its effects on tumor proliferation vary in different types of 
cancer (18-24). Previously, multiple studies have indicated 
that activating PPAR-γ inhibits cell growth through arrest 
of the cell cycle and induction of apoptosis (25-27). In the 
present study, the effect of PPAR-γ agonist, rosiglitazone, on 

Figure 1. MTS assay of A431 cell viability. A431 cells were incubated with 
different concentrations (0-100 µM) rosiglitazone for 24 h. Cell viability was 
determined by MTS assay kit. Data are presented as the mean ± standard 
deviation of three independent experiments. #P<0.05 (0 µM rosiglitazone vs. 
100 µM rosiglitazone) as analyzed with one-way analysis of variance.

Figure 2. Effect of rosiglitazone on A431 cell proliferation. A431 cells treated 
with different concentrations of rosiglitazone were pulsed with 3H thymidine 
and harvested at different time points (3, 6, 9, 12 and 24 h). DNA synthesis 
activity was quantified by 3H thymidine incorporation assay. The data from 
three independent experiments are presented as mean ± standard deviation. 

#P<0.05 (vs. control for each time point) as analyzed with two‑way analysis 
of variance. [3H]T, 3H thymidine; cpm, counts per minute.
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the human epidermoid carcinoma A431 cell line was inves-
tigated. The results demonstrated that rosiglitazone exerted 
an inhibitory effect on cell proliferation through inhibiting 

progression from G1 to S phase in cell cycle. However, 
rosiglitazone did not induce apoptosis. Consistent with this, 
there was a significant reduction in cyclin D1, Cdk2 and Cdk4 

Figure 3. Cell cycle arrest induced by rosiglitazone. A431 cells at 80% confluence were stimulated with rosiglitazone for 24 h. Propidium iodide stained 
single‑cell suspensions were obtained and DNA content was analyzed by flow cytometry. The first red peak around 50 represents G1/G0 phase cells. The 
middle, shaded peak represents S phase cells. The second red peak, around 90, represents G2 phase cells. Data from three independent experiments are 
collected and the average G1/G0 percentage is presented in the bar graph. #P<0.05 (vs. control).

Figure 4. Effect of rosiglitazone on A431 cell apoptosis. A431 cells at 80% confluence were stimulated with rosiglitazone for 24 h. Propidium iodide stained 
single‑cell suspensions were obtained, and cell apoptosis analyses were performed by flow cytometry. A set of representative graphs from three independent 
experiments is presented. The average apoptotic cells were presented in the bar plot, and there was no significant difference among distinct treatments observed.
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protein levels. Furthermore, this reduction was rescued with 
a PPAR-γ antagonist or PPAR-γ agonist siRNAs. Therefore, 

these results suggest that the inhibitory effects of rosigli-
tazone on cell proliferation are mediated by downregulation 

Figure 5. Effect of rosiglitazone on the protein level of cell cycle‑ and apoptosis‑associated proteins. (A) A431 cells at 80% confluence were stimulated 
with rosiglitazone for 24 h, and the effects on Bax, Bcl‑2, cyclin D1, cdk2 and cdk4 expression were analyzed by western blotting. Data were quantified by 
scanning densitometry, and the ratio of the protein of interest was normalized to GAPDH. Data are presented as means ± SEM (n=3). #P<0.05 (10, 20, 30, 
40 mM rosiglitazone treatment compared with control treatment for cyclin D1/GAPDH and Cdk4/GAPDH; 30, 40 mM rosiglitazone treatment compared with 
control treatment for Cdk2/GAPDH) as analyzed with one‑way ANOVA. (B) A431 cells at 80% confluence were stimulated with rosiglitazone or GW9662 
or transfected with PPAR-γ siRNAs for 24 h and the effects on Bax, Bcl-2, cyclin D1, cdk2 and cdk4 expression were analyzed by western blotting. Data 
were quantified by scanning densitometry and the ratio of the protein of interest was normalized to GAPDH. Data are presented as means ± SEM (n=3). 
#P<0.05 (rosiglitazone vs. control; rosiglitazone vs. rosiglitazone plus GW9662; rosiglitazone vs. rosiglitazone plus PPAR‑γ siRNAs for cyclin D1/GAPDH, 
Cdk2/GAPDH and Cdk4/GAPDH) as analyzed with one-way ANOVA. ANOVA, analysis of variance; SEM, standard error of the mean; siRNA, small 
interfering RNA; Cdk, cyclin-dependent kinase; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2 associated X protein; Rosig, rosiglitazone; PPAR-γ, peroxisome 
proliferator-activated receptor-γ.
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of cyclin D1, Cdk2 and Cdk4 expression through the activa-
tion of PPAR-γ.

Increased DNA synthesis activity was observed in control 
cells at 9 h. Therefore, the present study hypothesized that 
following rosiglitazone activation, quiescent cells re-entered 
the cell cycle. However, DNA synthesis activity was similar 
between 6 and 3 h in the control cells, suggesting that at least 
6 h was required for these quiescent cells to reach the S phase. 
At an early time-point, for example 3 h, rosiglitazone mark-
edly inhibited DNA synthesis. Therefore, the present study 
suggested that rosiglitazone inhibits cell proliferation through 
inhibiting dividing cells entering into S phase at an early time 
point.

Notably, rosiglitazone exhibited no effects on the Bcl-2/Bax 
ratio, suggesting that apoptosis is not implicated in the inhibitory 
effects of rosiglitazone. Flow cytometry data also supported this 
observation, indicating that there was no difference between the 
control and treated groups in apoptosis. Previous studies have 
demonstrated evidence that PPAR-γ serves important roles in 
anti-apoptotic pathways (12-14). In concordance with this, the 
present data support that PPAR-γ agonists inhibit cell prolif-
eration independent of the induction of apoptosis. However, the 
effects of PPAR-γ agonists on the human epidermoid carcinoma 
cells require additional investigation in vivo.

To conclude, the present study suggested evidence that 
PPAR-γ agonists are implicated in the regulation of cell growth 
in human epidermoid carcinoma cells. Rosiglitazone inhib-
ited cell proliferation of human epidermoid carcinoma. This 
inhibitory effect involved the regulation of the expression of 
cell cycle-associated proteins, but was independent of apop-
tosis. These results provide novel insights into rosiglitazone 
and the development of anticancer therapies for epidermoid 
carcinoma. However, additional studies are required to improve 
the understanding of the molecular and cellular mechanisms 
of this potential anticancer drug. For example, it may be 
useful to further investigate the mechanisms of inhibition of 
cell proliferation by PPAR-γ agonists, and identify essential 
factors involved in the modulation of cyclin D1, Ckd2 and Cdk4 
expression that contribute to the regulation of cell cycle arrest. 
Previously, a study demonstrated that rosiglitazone activated G 
protein coupled receptor 40, additionally regulating the PPAR-γ 
pathway (28). The present study may suggest a potential under-
lying mechanism of how rosiglitazone activates PPAR-γ to 
regulate the cell cycle. Furthermore, it is necessary to investigate 
the effects of PPAR-γ agonists in animal models, to confirm the 
data gathered in vitro. The present study aimed to contribute to 
developing effective anticancer therapies by understanding the 
cellular and molecular mechanisms of potential drugs.
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