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Abstract. Nasopharyngeal carcinoma (NPC) is one of the 
most common malignant head and neck cancers in southern 
China. Although the local and regional control of NPC has 
been considerably improved, patients with advanced disease 
still suffer from poor prognosis. Statins inhibit the mevalonate 
pathway and play antiproliferative and proapoptotic roles in 
a number of cancer cells. However, the effects and molecular 
mechanism of statins in NPC treatment remain unclear. In this 
study, the cell viability of NPC cell line, C666‑1, after simv-
astatin exposure was determined using the alamarBlue Cell 
Viability Assay. Cell apoptosis in C666‑1 treated with simvas-
tatin was assessed by flow cytometry and TUNEL assay. The 
expression levels of cell cycle regulatory proteins were deter-
mined using western blotting. Simvastatin markedly decreased 
cell viability in a concentration‑dependent manner, increased 
caspase 3 activity and induced apoptosis in C666‑1 cells. 
Simvastatin induced Bim expression by regulating phosphory-
lation of transcriptional factor c‑Jun. Simvastatin treatment 
induced cell cycle arrest in the G1 phase in C666‑1 cells by 
inhibiting the expression of cyclin D1 and cyclin‑dependent 
kinase 4, and enhancing p27 expression. Simvastatin treat-
ment inhibited protein kinase B and extracellular signal 
regulated kinase 1/2 activation. In conclusion, the results of 
the present study reveal the possible molecular mechanism of 
simvastatin‑induced anti‑tumor effects in C666‑1 and suggest 

that simvastatin is a potential chemotherapy agent in NPC 
treatment.

Introduction

Nasopharyngeal carcinoma (NPC) is the most frequent malig-
nant head and neck cancer in Southeast Asia, especially in 
southern China. The annual incidence rate is ~20‑50 cases per 
100,000 individuals (1). An estimated 42,100 new cases and 
21,320 fatalities were attributed to NPC in China in 2013 (2). 
Epstein‑Barr virus infection, genetic factors and environ-
mental conditions are involved in the pathogenesis of NPC (3). 
A cure rate of >90% after radiotherapy has been reported in 
early stage NPC (4). However, most NPC patients are initially 
diagnosed as undifferentiated and nonkeratinizing carcinoma 
at an advanced stage (5).

In recent years, the local and regional control of NPC 
has been markedly improved with the emergence of inten-
sity‑modulated photon‑based radiation therapy (6). Although 
radiotherapy is the primary treatment modality, multidis-
ciplinary management is the current treatment standard, 
especially for patients with local advanced disease. Concurrent 
chemotherapy with radiotherapy remains the standard of 
care (7). At the present time, the 5‑year overall survival rate of 
patients with local advanced NPC is only 50‑70% and 30‑40% 
of patients still develop distant metastasis within 4 years with 
10‑20% developing locoregional relapse (8‑10). Patients with 
advanced disease suffer from a worse outcome. To improve the 
long‑term overall survival rate of NPC, it is crucial to explore 
more effective treatment modalities.

Statins are 3‑hydroxy‑3‑methylglutaryl coenzyme A 
(HMG‑CoA) reductase inhibitors, which are frequently used 
as safe and effective therapeutic agents for hypercholesterol-
emia, contributing to a reduction in morbidity and mortality 
from atherosclerosis and coronary artery disease  (11,12). 
Statins target mevalonate, one of the cholesterol precursors, 
which is catalyzed by HMG‑CoA reductase. It has been 
reported that overexpression of mevalonate is associated with 
cell survival and proliferation of cancer cells (13). Statins 
inhibit the mevalonate pathway and reduce the synthesis of 
geranylgeranyl pyrophosphate and farnesyl pyrophosphate, 
which are indispensable for the posttranslational modifica-
tion of certain regulatory proteins  (14). In addition to a 
lipid‑lowering effect, statins also exert antiproliferative and 
proapoptotic effects in cancer cells by regulating the cell 
cycle (15,16). Koul et al (17) demonstrated that inhibition of 
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the mevalonate pathway could affect a number of cellular 
functions in bone‑resorbing osteoclasts and inhibit cancer 
cell proliferation, viability, motility, invasion, and angiogen-
esis. Statin‑induced inhibition of the mevalonate pathway 
attenuates the growth of mesenchymal‑like cancer cells (18). 
Anticancer effects with in vitro simvastatin treatment have 
been reported in prostate, breast and ovarian cancer, and 
adenocarcinoma (15,19‑21). However, the effects of simvas-
tatin in NPC remain unclear.

The authors' previous study demonstrated that simvastatin 
induces loss of cell attachment, reduces colony forming units 
and inhibits sphere formation in soft gel agar in squamous 
cell carcinoma of the nasal cavity  (22). The results of the 
present study indicated that statin acts as a relatively safe and 
cost‑effective chemoadjuvant agent in the treatment of nasal 
malignant tumors. However, little is known about the molecular 
mechanism of statins in NPC. In the present study, the effect 
of simvastatin was examined in human NPC cell line, C666‑1 
and investigated the associated molecular mechanisms.

Materials and methods

Materials and cell culture. Simvastatin, cisplatin and 
mevalonic acid lactone were purchased from Sigma‑Aldrich 
(Merck KGaA). For in  vitro administration, simvastatin 
was dissolved in dimethyl sulfoxide (DMSO) at a concen-
tration of 50 mM and stored at ‑20˚C as a stock solution. 
Mevalonic acid lactone was dissolved in PBS at a concen-
tration of 200 mM as stock solution. C666‑1 was purchased 
from American Type Culture Collection (Thermo Fisher 
Scientific, Inc.) and cultured in RPMI‑1640 (Corning Inc.) 
supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.) and 1% penicillin/strepto-
mycin (Sigma‑Aldrich; Merck KGaA). Cells were cultured 
at 37˚C in a humidified atmosphere of 5% CO2. In the 
signal pathway experiments, cells were pretreated with JNK 
inhibitor, SP6000125 (10 µM; BioSource; Thermo Fisher 
Scientific, Inc.), 4 h before simvastatin treatment.

Cell viability assay. NPC cells were seeded in 96‑well plates 
at a density of 1x104 cells per well in 100 µl of medium. A 
total of 24 h after seeding, cells were treated with the indi-
cated concentrations of simvastatin (0‑100 µM ) for 48 h. Cell 
viability was determined by alamarBlue Cell Viability Assay 
according to the manufacturer's protocol (BioSource; Thermo 
Fisher Scientific, Inc.). Briefly, at the end of incubation, culture 
supernatant was replaced with alamarBlue reagent (1:20 v/v 
dilution in fresh culture medium). Plates were incubated at 
37˚C for 2‑4 h and the absorbance was measured at 490 nm 
with an Omega microplate reader (Imgen Technologies). Cells 
were treated with or without 50 µM  of simvastatin for 48 h, 
then were observed and photomicrographs were captured 
using a Leica Microsystems light microscope at a magnifica-
tion of x400.

Apoptosis assay. Cell apoptosis was assessed by Annexin 
V‑APC and propidium iodide (PI) assay (BD Biosciences). 
Briefly, C666‑1 cells were treated with or without 50 µM  of 
simvastatin for 16 and 24 h. The adherent cells and floating 
cells were harvested and washed with cold PBS. Cells were 

resuspended in Annexin binding buffer at a concentration of 
5x105 cells/ml and incubated with Annexin V‑APC and PI 
for 15 min in the dark at room temperature. After incubation, 
the cells were analyzed using Acuuri C6 and the data were 
analyzed using CFlow Plus (Accuri Cytometers).

Caspase 3 fluorimetric assay. C666‑1 cells were treated with 
simvastatin (50 µM ) or statin plus mevalonate (200 µM ) for 
24 h. After incubation, cells were collected and centrifuged 
at 300 x g for 5 min at 4˚C. A Caspase 3 fluorimetric assay 
was performed using the Caspase 3 kit (R&D Systems, Inc., 
Minneapolis, MN, USA). In brief, pelleted cells were lysed 
using Lysis Buffer (R&D Systems, Inc.). A 100 µl portion of 
lysate was transferred into a 96‑well plate and mixed with 
50 µl of Reaction Buffer 3 and 5 µl of Caspase‑3 fluorogenic 
substrate. After incubation for 1 h at 37˚C, caspase activity 
was determined with an Omega microplate reader.

TUNEL assay. Cells were seeded in 8‑well cell culture slides 
at a density of 500 cells/well. After overnight culture at 37˚C, 
cells were treated with or without simvastatin (50 µM ) or 
simvastatin plus cisplatin (35 µM ) for 24 h and the TUNEL 
assay was performed (R&D Systems, Inc.). The treated cells 
were labeled using terminal deoxynucleotidyl transferase to 
transfer biotin‑dUTP to the free 3'‑OH of cleaved DNA at 
37˚C for 1 h. Then the slides were incubated in the dark with 
avidin‑fluorescein isothiocyanate for 20 min at room tempera-
ture and 3 fields were visualized by fluorescence microscopy 
at a magnification of x400.

Western blot analysis. Total protein was extracted from 
C666‑1 cells using radioimmunoprecipitation assay 
(RIPA) buffer (Sigma‑Aldrich; Merck KGaA) and protein 
concentrations were quantified with the bicinchoninic acid 
Protein Assay kit (Beyotime Institute of Biotechnology, 
Haimen, China). Samples (10‑30 µg) were separated by 10% 
SDS‑PAGE and transferred to nitrocellulose membranes 
(EMD Millipore, Billerica, MA, USA). The membranes 
were blocked with 5% nonfat milk in TBS‑T for 1 h at room 
temperature and then incubated overnight at 4˚C with the 
following primary antibodies (1:1,000): Polyclonal rabbit 
anti cleaved Caspase‑3 (cat. no.  9661), polyclonal rabbit 
anti Bim (cat. no.   2819), polyclonal rabbit anti Bax (cat. 
no. 2772), monoclonal rabbit anti phosphorylated protein 
kinase B (p‑Akt; cat. no. 4058), polyclonal rabbit anti Akt 
(cat. no. 9272), monoclonal rabbit anti p‑extracellular signal 
regulated kinase (Erk)1/2 (cat. no. 9106), polyclonal rabbit 
anti Erk1/2 (cat. no. 9102) and c‑Jun (all from Cell Signaling 
Technology, Inc., Danvers, MA, USA), monoclonal rabbit 
anti p‑c‑Jun (cat. no. 1527; Epitomics, Abcam, Cambridge, 
UK), polyclonal rabbit anti α tubulin (cat. no.  sc‑5546), 
polyclonal rabbit anti p27 (cat. no. sc‑528), polyclonal rabbit 
anti cyclin‑dependent kinase (CDK4; cat. no. sc‑260), and 
monoclonal mouse anti cyclin D1 (cat. no.  sc‑246; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA). After washing, 
membranes were further incubated with secondary anti-
bodies (anti rabbit: sc‑2004 and anti‑mouse: sc‑2005, both 
from Santa Cruz Biotechnology, Inc.; 1:5,000) conjugated 
with horseradish peroxidase for 1 h at room temperature. 
The immunoreactive signal was detected using the enhanced 
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chemiluminescent detection system (GE Healthcare, 
Piscataway, NJ, USA).

Cell cycle analysis. After treatment with simvastatin, cell cycle 
distribution and ploidy status of C666‑1 cells were determined 
by flow cytometry. Cells were collected and washed in PBS, 
then fixed with 70% ice‑cold ethanol for 24 h at ‑20˚C. The 
fixed cells were treated with 10 mg/ml RNAse for 30 min at 
37˚C. The DNA content of cells was evaluated by CFlow after 
staining with PI (50 µg/ml).

Statistical analysis. Results were expressed as the 
mean ± standard deviation. Statistical analysis was performed 

by Student's t‑test or analysis of variance using SPSS version 
19 (IBM, Corp., Armonk, NY, USA). SNK‑q was used for 
comparisons among groups. P<0.05 was considered to be a 
statistically significant difference.

Results

Effect of simvastatin on the viability of C666‑1 cells. To deter-
mine the inhibitory effect of simvastatin on C666‑1 cell viability, 
the alamarBlue Cell Viability Assay was performed. C666‑1 
cells were treated with various concentrations of simvastatin for 
48 h and cell viability was measured. As presented in Fig. 1A, 
simvastatin statistically significantly decreased cell viability in a 

Figure 1. Simvastatin inhibits cell viability and promotes apoptosis in C666‑1 cells. (A) C666‑1 cells were treated with increasing concentrations of simvastatin 
for 48 h and cell viability was measured using the alamarBlue Assay. The viability of the control cells was set as 100% and the viability relative to the control 
cells is presented. Experiments were performed three times in triplicate. *P<0.05 vs. the control cells. (B) Images of C666‑1 cells were captures at a magnifica-
tion of x400 after 48 h of treatment with or without simvastatin (50 µM). (C) Determination of apoptotic cells by Annexin V assay. Cells were treated with or 
without 50 µM of simvastatin for the indicated times. Cells were analyzed by flow cytometry. The data represent one of three experiments. (D) Activation of 
Caspase 3 by simvastatin treatment. Immunoblotting demonstrated that caspase 3 was gradually cleaved in C666‑1 cells within 24 h after simvastatin (50 µM) 
treatment. Immunoblots are representative of three independent experiments. (E) Quantified expression of cleaved caspase 3 protein. Data are presented as 
mean ± standard deviation (n=3). *P<0.05 vs. the control cells; #P<0.05 vs. the simvastatin‑treated cells for 0, 2, 6 and 16 h. (F) Fluorimetric assay of caspase 
3 activity. Cells were treated with or without 50 µM of simvastatin in the presence or absence of mevalonate (200 µM) for 24 h. Caspase 3 activity was deter-
mined using a microplate reader. Experiments were performed three times in triplicate. *P<0.05 vs. the control cells; #P<0.05 vs. the simvastatin‑treated cells.
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concentration‑dependent manner over the dose range of 1‑100 µM 
(P<0.05). Cell morphology was changed and the number of 
adherent cells was reduced after statin treatment (Fig. 1B).

Effect of simvastatin on apoptosis and caspase 3 activity in 
C666‑1 cells. To examine whether the decreased viability 
of C666‑1 is due to statin‑induced apoptosis, cell apoptosis 
in C666‑1 was evaluated using flow cytometry. C666‑1 
cells treated with 50 µM of simvastatin for up to 24 h were 
subjected to Annexin V assay. Statin treatment increased the 
proportion of apoptotic cells in the early (Annexin V+/PI‑: 
From 12.6±0.8 to 19.5±1.8%) and late (Annexin V+/PI+: From 
12.3±1.0 to 21.3±2.1%) stages (Fig. 1C). To further elucidate 
the statin‑induced apoptosis in NPC, the effect of simvastatin 
exposure on caspase 3 activity in C666‑1 cells was evaluated. 
Simvastatin statistically significantly increased the expression 
of cleaved caspase 3 after 6 h exposure (P<0.05; Fig. 1D and E) 
and induced caspase 3 activity by a 1.6‑fold increase in 
C666‑1 cells compared with untreated cells (P<0.05; Fig. 1F). 
Interestingly, supplementation of mevalonate, one of the 
HMG‑CoA reductase downstream products, significantly 
reversed the increased caspase 3 activation induced by 
simvastatin (P<0.01; Fig. 1F). These results indicate that cell 
apoptosis induced by simvastatin in C666‑1 cells is mediated 
through the HMG‑CoA reductase pathway.

Simvastatin enhances the anti‑tumor effects of cisplatin 
in C666‑1 cells. Combination chemotherapy is an ideal 
therapeutic approach recommended in most cancers. An 
experiment was designed using cisplatin and simvastatin to 
assess the inhibitory effects of statin in C666‑1 cells. Cells 
were treated with simvastatin (50 µM) or cisplatin (35 µM) 
alone, or a combination of the two, for 24 h. Cell apoptosis was 
assessed by TUNEL assay. As presented in Fig. 2, treatment 
with a combination of cisplatin and simvastatin statistically 
significantly induced apoptosis in C666‑1 cells compared with 
those treated with simvastatin or cisplatin alone (P<0.01). This 
result confirms that simvastatin has a synergistic antitumor 
effect with a conventional agent in NPC.

Simvastatin induces Bim expression by activating the JNK 
pathway in C666‑1 cells. There are two major apoptotic 
pathways, the mitochondrial and death receptor pathways. 
The Bcl‑2 family, members of the mitochondrial apoptosis 
pathway, can induce antiapoptotic and proapoptotic effects. To 
clarify whether the Bcl‑2 family plays a role in statin‑induced 
apoptosis in C666‑1 cells, the expression of two proapoptotic 
members, Bim and Bax was observed. Simvastatin induced the 
expression of Bim (Fig. 3A and B), but not Bax (Fig. 3A and C), 
in a time‑dependent manner, suggesting that statin may induce 
C666‑1 cell apoptosis through the mitochondrial apoptotic 

Figure 2. Simvastatin enhances the anti‑tumor effect of cisplatin in C666‑1 cells. C666‑1 cells were treated with simvastatin (50 µM ) or cisplatin (35 µM) 
alone or a combination of both for 24 h. Apoptosis was subjected to TUNEL assay. (A) Fluorescence photomicrographs of culture slides were captured at a 
magnification of x400 by fluorescence microscopy. Images are representative of three independent experiments. (B) Rate of apoptosis of C666‑1 cells. Data are 
presented as mean ± standard deviation (n=3). *P<0.05 vs. the control cells; #P<0.05 vs. the simvastatin or cisplatin‑treated cells; NS, no statistically significant 
difference.
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pathway. Meanwhile, increased expression of phosphorylated 
c‑Jun in C666‑1 cells was observed after simvastatin treat-
ment (Fig. 3A and D). As is already known, the JNK pathway 
plays an important role in regulating phosphorylation of tran-
scriptional factor c‑Jun. Then, C666‑1 cells were pretreated 
with a JNK inhibitor, SP6000125, before exposing them to 
simvastatin. The expression of Bim (Fig. 3E and G) and phos-
phorylated c‑Jun (Fig. 3E and F) was significantly decreased 
by SP6000125 pretreatment (P<0.05). These results indicate 
that the JNK pathway may be involved in statin‑induced apop-
tosis in C666‑1 cells.

Effect of simvastatin on cell cycle progress in C666‑1 cells. 
To evaluate the effect of statin on cell cycle, C666‑1 cells 
were incubated with 50 µM of simvastatin for up to 48 h. 
The statin induced a decrease in the total S‑ and G2/M‑phase 
population in C666‑1 cells (Fig.  4A and Table  I). The 
statin‑induced inhibition of S‑ and G2/M‑phases appeared to 
be associated with a simultaneously increasing proportion of 

G1 phase, suggesting that simvastatin probably induced G1 
arrest in C666‑1 cells.

Effects of simvastatin on the activation of mitogen‑activated 
protein kinase 1 (MAPK) and Akt and the expression of cell 
cycle regulatory proteins. The present study sought to identify 
the molecular mechanism involved in statin‑induced inhibitory 
effects in C666‑1 cells. Western blot analysis demonstrated that 
the phosphorylated levels of Akt and Erk1/2 were downregu-
lated by simvastatin (Fig. 4B‑D). As described above, statin 
treatment induced cell cycle arrest in the G1 phase. Therefore, 
the effects of simvastatin on the expression of cell cycle regu-
latory proteins was examined. The results of the present study 
demonstrated that simvastatin induced a markedly increase 
in p27 expression (Fig. 4E and H) and decreased the expres-
sion of cyclin D1 (Fig. 4E and F) and CDK 4 (Fig. 4E and G) 
in C666‑1 cells. Interestingly, mevalonate partially reversed 
these effects induced by statin.

Discussion

The results of the present study demonstrated that simvastatin 
decreased cell viability in C666‑1 cells and the statin‑induced 
inhibitory effects were associated with HMG‑CoA 
reductase‑dependent apoptosis and cell cycle arrest. It was 
demonstrated that simvastatin has a synergistic anti‑tumor 
effect with cisplatin in NPC cells and suggest the potential 
utility of statins as a chemopreventive agent in the treatment 
of NPC.

Simvastatin induces apoptosis in NPC cells through 
the mitochondrial apoptotic pathway. There are a variety of 
molecules involved in apoptosis. A well‑known group of these 

Figure 3. Simvastatin induces Bim expression by activating the JNK pathway in C666‑1 cells. (A) C666‑1 cells were treated with or without 50 µM of simvastatin 
for the indicated times and the protein expression was assessed by western blotting with the indicated antibodies. Immunoblots are representative of three inde-
pendent experiments. Quantified expression of (B) Bim, (C) Bax and (D) p‑c‑Jun protein. Data are presented as mean ± standard deviation (n=3). *P<0.05 vs. the 
simvastatin‑treated cells for 0, 2, and 6 h; #P<0.05 vs. the simvastatin‑untreated cells; §P<0.05 vs. the simvastatin‑treated cells for 0 and 2 h. (E) Cells were treated 
with the vehicle or 50 µM of simvastatin with or without the pretreatment of SP600125 for 24 h. The expression of Bim, phosphorylated c‑Jun, and c‑Jun were 
analyzed by western blotting. Immunoblots are representative of three independent experiments. Quantified expression of (F) p‑c‑Jun and (G) Bim protein. Data 
are presented as mean ± standard deviation (n=3). *P<0.05 vs. the control cells; #P<0.05 vs. the simvastatin‑treated cells. NS, not significant; p, phosphorylated.

Table I. Cell cycle distribution induced by simvastatin in 
C666‑1 cells.

	 Control (%)	 Simvastatin (50 µM) (%)

G1	 53.90±3.33	 76.40±3.65a

S	 24.83±2.83	 9.37±2.02a

G2/M	 12.90±1.93	 12.87±1.83 

Values are the mean ± standard deviation. aP<0.05 vs. control cells.
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molecules is the Bcl‑2 family, which is the important member 
of the mitochondrial apoptotic pathway. The proapoptotic 
Bcl‑2 family members induce cell death by translocating from 
the mitochondrial membrane to cytosol (23). Signaling via the 
JNK pathway has been linked to altered expression of Bcl‑2 
family members in ovarian cancer and melanoma (19,24). 
The results of the present study demonstrated that Bim, but 
not Bax, a proapoptotic Bcl‑2 family member, was induced in 
NPC cells after simvastatin treatment. Bim initiates mitochon-
drial dysfunction and activates the mitochondrial apoptotic 
pathway by releasing cytochrome c and activating Caspase 3. 
Transcription factor c‑Jun regulates Bim expression in neurons 
by nerve growth factor (25). The result of the present study 
is consistent with a previous study (19). An increase in the 
levels of active, cleaved Caspase‑3 and phosphorylated c‑Jun 
in C666‑1 cells was observed after simvastatin treatment, 
suggesting that simvastatin promotes apoptosis in C666‑1 
cells by inducing Bim expression.

Statin‑induced cell cycle arrest in G1 probably results 
from decreased expression of cyclin D1 and a corresponding 
increase in p27. The present study's DNA ploidy analysis 
revealed that the treatment of C666‑1 cells with simvastatin 
resulted in cell cycle arrest in the G1 phase. Mitogenic stimuli 
may increase the intracellular level of cyclin D1, which 
then forms an complex with CDK4 and 6. Active cyclin 
D1‑CDK4/6 complexes sequentially phosphorylate and inacti-
vate the retinoblastoma (Rb) protein to initiate E2F‑dependent 
transcription, a requirement for cell cycle progression into 
the S‑phase (26,27). Exogenous cyclin D1 has been demon-
strated to increase cyclin D1/CDK4 activity and cause 
hyperphosphorylation of the Rb protein. Inhibition of cyclin 
D1 activation with siRNA results in a significant reduction in 
Rb hyperphosphorylation and is associated with G1 cell cycle 
arrest in breast cancer cells  (15,28). Suppression of cyclin 
D1 activity has been demonstrated to significantly reduce 
mammary tumorigenesis (29). In the present study, simvastatin 

Figure 4. Simvastatin regulates cell cycle distribution and phosphorylation of Akt and Erk1/2 in C666‑1 cells. (A) C666‑1 cells were treated with or without 
50 µM of simvastatin for the indicated times and subjected to DNA analysis by flow cytometry. The data represent one of three experiments. (B) The expression 
of p‑Akt, p‑Erk1/2, Akt and Erk1/2 were determined by western blotting. Quantified expression of (C) p‑Akt and (D) p‑Erk1/2 protein. Data are presented 
as the mean ± standard deviation (n=3). *P<0.05 vs. the simvastatin‑treated cells for 0, 5 and 10 min; #P<0.05 vs. the simvastatin‑treated cells for 0, 5 and 
15 min. (E) C666‑1 cells were treated with or without 50 µM of simvastatin in the presence or absence of 200 µM of mevalonate for 24 h. The expression of 
cyclin D1, CDK4 and p27 was determined by western blotting. Quantified expression of (F) cyclin D1, (G) CDK4 and (H) p27 protein. Data are presented as 
the mean ± standard deviation (n=3). *P<0.05 vs. the control cells; #P<0.05 vs. the simvastatin‑treated or simvastatin‑ and mevalonate‑treated cells. P‑Akt, 
phosphorylated protein kinase B; Erk, extracellular signal regulated kinase; CDK, cyclin‑dependent kinase; NS, not significant.
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decreased the expression of cyclin D1 and CDK4 in C666‑1 
cells. Notably, statin treatment induced an increase in the 
expression of one of the CDK inhibitors, p27. Wali et al (30), 
demonstrated that statins promoted p27 upregulation via 
promoter activation in mammary tumors. The present study 
provides the first evidence that simvastatin also increases the 
expression of a CDK inhibitor in NPC cells. Upregulation of 
p27 induced by statins is significantly associated with over-
coming anoikis resistance in head and neck squamous cell 
carcinoma cells (16). P27 could be a potential target for the 
anticancer effect of statins in NPC.

Statins can inhibit phosphorylation and activation of Akt 
and MAPK mitogenic signaling in mammary tumor cells (31). 
It has been reported that activation of these pathways simulated 
cell cycle progression from G1 to S phase through activating 
cyclin D1 (26,32). Activation of Akt can enhance cyclin D1 
transcription and protein expression, phosphorylate glycogen 
synthase kinase 3β (GSK3β), and thereby prevent GSK3β from 
phosphorylating and destabilizing cyclin D1 protein (26,33). 
In addition, FOXO transcription factors, which inhibit cyclin 
D1 expression and induce p27 expression, are also phosphory-
lated and inhibited by Akt pathway activation (34). Similarly, 
MAPK activation results in phosphorylation and stabilization 
of c‑myc, which induces cyclin D1 and inhibits CKI expres-
sion (35,36). Taken together, the results of the present study 
indicate that statin‑induced changes in endogenous cyclin and 
CDK could result from the inhibition of Akt and Erk1/2 in 
C666‑1 cells.

In conclusion, in this study, it was demonstrated that 
simvastatin induced apoptosis by upregulating Bim expression 
and arrested the cell cycle in the G1 phase by decreasing the 
expression of cyclin D1 and CDK4, and increasing p27 expres-
sion in C666‑1 cells. Treatment with simvastatin inhibited Akt 
and Erk1/2 activation. Mitogenic signaling can regulate cell 
cycle progression by activating cyclin D1 and CDK4, while 
inhibiting p27 expression. The results of the present study 
indicate that simvastatin is a potential chemotherapy agent in 
NPC treatment.
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