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Effect of survivin downregulation by simvastatin on the
growth and invasion of salivary adenoid cystic carcinoma
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Abstract. Simvastatin, an inhibitor of 3-hydroxy-3-
methylglutaryl-coenzyme A reductase, is been used in the
clinic due to its pleiotropic effects, such as breast cancer,
prostate cancer, pancreatic cancer. Simvastatin has recently
been demonstrated to serve a potential role in the prophylaxis
and therapeutics of a number of human cancers. The majority
of reports concerning simvastatin treatment in the majority of
human cancers have demonstrated that survivin is significantly
decreased as a result and has been implicated in tumorigenesis.
However, only a limited number of studies have investigated the
use of simvastatin for the treatment of salivary gland adenoid
cystic carcinoma (SACC). Therefore, this agent is a candidate
for further investigation. The aim of the present study was
to investigate the effects of simvastatin on the proliferation,
invasion and apoptosis of the human salivary adenoid cystic
carcinoma cell line, SACC-83, as well as survivin expression
in the cells. The Cell Counting kit-8 assay results revealed
that simvastatin inhibited the proliferation of SACC-83 cells
in a dose-dependent (10 to 50 xM) and time-dependent (24 to
48 h) manner when compared with the untreated cells. Flow
cytometry analysis indicated that simvastatin increased the
percentage of cells in early and late apoptosis. Invasion assays
revealed that simvastatin treatment inhibited the invasiveness
of SACC-83 cells in a dose-dependent manner. In addition,
simvastatin downregulated survivin expression in SACC-83
cells. In conclusion, simvastatin significantly inhibited the
proliferation and invasion of SACC-83 cells, induced apoptosis,
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and reduced the expression of survivin, which suggests that
simvastatin may be a novel target for SACC therapy.

Introduction

Salivary gland adenoid cystic carcinoma (SACC) is one of
the most common types of malignant tumor, and has unique
clinical manifestations, as it is exclusively observed in the
head and neck (1). It accounts for ~10 to 15% of salivary gland
tumors. Pathologically, SACC is a basaloid tumor comprised
of epithelial and myoepithelial cells in variable morpho-
logic configurations, including tubular, cribriform and solid
patterns (2,3). It is characterized by the indolent yet persistent
growth of salivary gland epithelium, perineural invasion, local
recurrence and distant metastasis (4). The 5-year survival rate
of patients with highly metastatic SACC is <20%. At present,
surgical excision combined with postoperative radiotherapy
is the routine treatment used (5,6). However, the potent
invasiveness and metastasis of SACC prevents complete eradi-
cation, which leads to poor prognosis and low survival rates.
Therefore, novel approaches to treat SACC are required.

Simvastatin inhibits the rate-limiting step in the meval-
onate (MVA) pathway and is applied clinically to reduce serum
cholesterol levels and lower the incidence of cardiovascular
and cerebrovascular events (7). In addition to its lipid-lowering
effects, simvastatin is used to treat hypercholesterolemia,
atherosclerosis, coronary heart disease and stroke (8,9).
However, simvastatin has additionally been demonstrated to
inhibit tumor cell proliferation, promote apoptosis and suppress
invasion via cholesterol-independent pleiotropic effects (10).
The efficacy and molecular mechanisms underlying its actions
in SACC-83 cells have not yet been fully elucidated.

Several oncogenes and tumor suppressor genes have
been suggested to be involved in SACC (11). Survivin is
overexpressed in a number of cancer types, including lung,
prostate and Merkel cell carcinoma (12-15). Survivin over-
expression in cancer patients is an unfavorable prognostic
marker and is correlated with decreased survival in several
malignancies (16,17). In addition, overexpression of survivin
is associated with an increased risk of recurrence, lymph node
invasion and metastasis in cervical cancer, squamous cell
cancer of the tongue, primary laryngeal carcinoma (18-20). In
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order to investigate the role of survivin in SACC cells treated
with simvastatin in the present study, the human SACC cell
line, SACC-83, was used to assess cell proliferation, apoptosis
and survivin expression following simvastatin exposure.

Materials and methods

Cells, antibodies and reagents. The human SACC cell line,
SACC-83, was provided by the Shanghai No. 9 People's
Hospital (Shanghai, China). Simvastatin (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany), the primary antibodies
against survivin (cat. no. BS9870M; Biogot Technology Co.,
Ltd., Nanjing, China) and p-actin (cat. no. Ta-09; Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing,
China) were commercial products.

Cell culture. Prior to the experiment, simvastatin was
dissolved in anhydrous ethanol to obtain a final concentration
of 2 ymol/ml, followed by aseptic filtration and storage at
-20°C until the commencement of the experiment. SACC-83
cells were cultured in RPMI-1640 medium (Sigma-Aldrich;
Merck KGaA) supplemented with 10% fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), 100 mg/ml streptomycin and 100 units/ml penicillin
in a humidified atmosphere of 5% CO, and 37°C. Cells were
passaged when 90% confluent.

Cell proliferation assay. A Cell Counting Kit (CCK)-8 assay
(Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) was
performed to determine cell proliferation in the logarithmic
phase and to delineate a growth curve. SACC-83 cells were
plated at a density of 2x10? cells/well in 96-well plates and the
outer wells were filled with sterile phosphate-buffered saline
(PBS) which were cultured until adherence occurred. This
was followed by treatment with simvastatin using a gradient of
concentrations (0, 10, 20, 30, 40 and 50 M) for 24 and 48 h.
CCK-8 solution (10 ul) was subsequently added to each well
of the 96-well plate, which was then incubated for 1 h at 37°C.
The optical density values were determined using an enzyme
standard instrument set at an absorbance of 460 nm (BioTek
Instruments, Inc., Winooski, VT, USA), and the half maximal
inhibitory concentration (ICs,) was then calculated.

Colony forming assay. SACC-83 cells were cultured at a
density of 500 cells/well in 6-well petri dish at 37°C in satu-
rated humidity and 5% CO, for 48 h. Following the removal
of non-adherent cells, SACC-83 were cultured in the presence
of simvastatin at varying concentrations (0, 10, 20, 30, 40
and 50 xM) in RPMI-1640 medium. Ten days following this,
adherent cells were washed twice with PBS, followed by fixa-
tion with 4% paraformaldehyde for 10 min and 0.5% crystal
violet staining at room temperature for 20 min to calculate
colony counts.

Cell cycle analysis. SACC-83 cells (2x10° cells/well) were
seeded in six-well plates and treated with 50 M simvastatin for
24 and 48 h. The cells were harvested, washed twice in PBS and
fixed in 70% ice-cold ethanol at 4°C overnight. The cells were
then centrifuged at 2,000 x g for 5 min at room temperature,
washed twice in cold PBS and centrifuged again under the same
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conditions. Cells were suspended in 250 ml PBS and staining
with 10 ml propidium iodide (Nanjing KeyGen Biotech Co.,
Ltd.) and 10 ml RNase A (Nanjing KeyGen Biotech Co., Ltd.)
for 30 min at room temperature. The proliferation index was
defined as the proportion of cells in S and G, phases from the
total cell population. The cells in each group underwent flow
cytometry (Facs Canto I, BD Biosciences) analysis to calculate
the percentage of cells in G,/G,, S and G,/M phases by FlowJo
Diva (FlowJo LLC, Ashland, OR, USA).

Cell apoptosis analysis. SACC-83 cells (2x10° cells/well) were
seeded in 6-well plates and treated with simvastatin (0, 10, 30
and 50 uM) for 48 h. Cells were then harvested and washed
twice with PBS. Cells were subsequently resuspended with
500 u1 binding buffer (Nanjing KeyGen Biotech Co., Ltd.), and
stained with 5 1 PI (Nanjing KeyGen Biotech Co., Ltd.) and
5 ul Annexin V-fluorescein isothiocyanate (Nanjing KeyGen
Biotech Co., Ltd.) and incubated at room temperature for
10 min in the dark. In each group, 1x10° cells were analyzed
by flow cytometry using BD FACSDiva version 8.0.1 software
(Facs Canto II, BD Biosciences).

Western blot analysis. Total protein was separated by
SDS-PAGE and western blotting was performed. Briefly,
following treatment of cells with varying simvastatin concen-
trations (0, 10, 20, 30, 40 and 50 M) for 48 h and following
treatment with 50 yM simvastatin for 24, and 48 h, each
group were washed twice with cold PBS and collected at
room temperature. Total protein was extracted using protein
lysis solution containing RIPA buffer and 1% phenyl methane
sulfonyluoride (PMSF; Beyotime Institute of Biotechnology,
Haimen, China). Protein concentrations were measured using
a BCA Protein assay kit (Beyotime Institute of Biotechnology).
Followed by protein (20 ug) separation on a 12.5% SDS-PAGE
gel, proteins were then transferred to polyvinylidene difluoride
membranes (Merck Millipore) for electrophoresis at a voltage
of 60 V for 4 h. Following this and blocking in 5% nonfat dry
milk for 2 h at room temperature, membranes were incubated
with primary antibodies against survivin (cat. no. BS9870M;
1:1,000; Biogot Technology Co., Ltd., Nanjing, China) over-
night at 4°C. Subsequently, the blots were washed three times
in PBS and incubated with a horseradish peroxidase-conju-
gated Goat anti-rabbit IgG (cat. no. ZB-2301; 1:5,000; Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd.) for 2 h at
room temperature. After washing three times, the membranes
were immersed in BCIP/NBT alkaline phosphatase color
development kit (C3206 Beyotime Institute of Biotechnology)
for coloration and blots were quantified using ImageJ 1.49
software (National Institutes of Health, Bethesda, MD, USA).

Cell invasion assays. To assess the invasive capacity of
simvastatin-treated cells, Matrigel invasion assays were
performed. Pore filters (8-mm) were inserted in 24-well plates
(Sigma-Aldrich; Merck KGaA) coated with Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) and the cells were
then incubated with 0, 10, 30 and 50 #M simvastatin for 48 h.
Cells (1x10%) were harvested and resuspended in RPMI-1640
medium containing 1% FBS, before they were added to
the upper chambers and incubated for 24 h at 37°C. Each
lower chamber was filled with 500 ul RPMI-1640 medium
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supplemented with 10% FBS. At the end of incubation, the
non-invasive cells on the upper surface of the membrane were
carefully removed using a cotton swab. The invaded cells on
the lower surface of the membrane were fixed with 4% form-
aldehyde for 20 min and stained with 0.1% crystal violet for
5 min at room temperature. Subsequently, the invaded cells on
the lower surface of the membrane were visualized in three
randomly selected fields under a light microscope (Olympus
BH-2; Olympus Corporation, Tokyo, Japan; magnification,
x200). All assays were performed in triplicate, and the mean
count of invaded cells was used for analysis.

Statistical analysis. Each experiment was conducted in trip-
licate. Statistical analysis was performed using SPSS 13.0 for
Windows (SPSS, Inc., Chicago, IL, USA). Data are presented
as the mean + standard deviation, and one-way analysis of vari-
ance and Dunnett's post-hoc tests were employed to determine
statistically significant differences among groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effect of simvastatin on the proliferation of SACC-83 cells.
As shown in Fig. 1, following treatment of cells with varying
concentrations of simvastatin (0, 10, 20, 30, 40 and 50 M) for
24 and 48 h, the proliferation of SACC-83 cells was signifi-
cantly inhibited in a time-(24 to 48 h) and dose-dependent (10
to 50 M) manner (P<0.05), whereas a modest level of inhibi-
tion was observed at concentrations <10 xM (data not shown).
The IC,, value of simvastatin was 22.9 yM at 48 h, and the
inhibitory rate at 50 yM was 89.19+0.21% at 48 h (Fig. 1).
Following treatment of cells with O to 50 #M simvastatin, the
colony forming ability of SACC-83 cells was significantly
reduced at 20, 30, 40 and 50 yM concentrations, when
compared with untreated controls (P<0.05; Fig. 2). These
results demonstrated that simvastatin significantly suppressed
the colonization of SACC-83 cells in a dose-dependent
manner, indicating that simvastatin may inhibit the prolifera-
tion of SACC-83 cells.

Effect of simvastatin on SACC-83 cell cycle and survivin
expression. As simvastatin was demonstrated to inhibit the
proliferation of SACC-83 cells, the effect of simvastatin on
cell cycle distribution was subsequently investigated by flow
cytometry analysis. As shown in Fig. 3, concomitant with its
inhibition of the proliferation of SACC-83 cells, simvastatin
treatment significantly induced cell cycle arrest in G, phase
following incubation for 24 and 48 h, with the percentage
of cells in G, phase increasing from 52 to 62.1 and 66.2%
at these time points, respectively (P<0.05). By contrast, the
percentage of cells in S phase significantly decreased from
24.8 to 10.2% at 48 h following simvastatin treatment (P<0.05;
Fig. 3). A previous study demonstrated that survivin serves a
key role in the regulation of cell proliferation, and is overex-
pressed during the G,/M phase and rapidly declines during G,
phase (21). Following treatment of cells with varying simv-
astatin concentrations for 48 h and following treatment with
50 uM simvastatin for 24, and 48 h, survivin expression was
significantly reduced when compared with untreated controls
(Fig. 4). By contrast, survivin was expressed at high levels in
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Figure 1. Simvastatin reduced the viability of SACC-83 cells. Cells
were treated with varying concentrations of simvastatin (0, 10, 20, 30,
40, 50 uM) for 24 and 48 h, and viability was determined using the Cell
Counting Kit-8 assay. The graph shows the percentage of viable cells in the
simvastatin-treated group relative to the untreated control group. Data are
presented as the mean =+ standard deviation of three independent experiments.
“P<0.05 vs. 0 M simvastatin control at 24 h; “P<0.05 vs. 0 uM simvastatin
control at 48 h.
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Figure 2. Simvastatin suppressed the clonogenicity of SACC-83 salivary
gland adenoid cystic carcinoma cells in vitro. (A) Representative images
of colony formation following exposure of SACC-83 cells to 0, 10, 20,
30, 40 and 50 uM simvastatin. (B) Quantification of colony numbers in
each group. Data are presented as the mean + standard deviation of at least
three independent experiments performed in triplicate. "P<0.05 vs. 0 uM
simvastatin.

untreated SACC-83 cells (Fig. 4). These results suggest that
simvastatin may mediate G, phase arrest of SACC-83 cells, in
part, via a survivin-mediated pathway.
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Figure 3. Cell cycle analysis of SACC-83 cells treated with 50 yM simvastatin for 24 and 48 h. (A) The number of cells in each cell cycle phase was measured
by flow cytometry analysis. (B) The percentage of cells in G, and S phases. Data are presented as the mean + standard deviation. "P<0.05 vs. G;-phase cells at

0 h; "P<0.05 vs. S-phase cells at 0 h. PI, propidium iodide.
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Figure 4. Expression of survivin in SACC cells. Western blot analysis of survivin expression in SACC-83 cells following (A) treatment with simvastatin
at concentrations of 0, 10, 20, 30, 40 and 50 xM ("P<0.05 vs. 0 M simvastatin) and (B) simvastatin treatment at 50 zm for 0, 24 and 48 h ("P<0.05 vs. 0 h
time-point). The relative survivin level indicates the density ratio of survivin (16 kDa) vs. $-actin (36 kDa) expression. Data are presented as the mean + standard

deviation. SACC, salivary gland adenoid cystic carcinoma.

Effect of simvastatin on SACC-83 cell apoptosis. Flow
cytometry analysis was performed to evaluate the effect of
simvastatin on cell apoptosis. Simvastatin at concentrations of
0, 10,30 and 50 #M increased the percentage of apoptotic cells

to 8.63+4.93, 21.43+5.43, 42.80+10.08 and 67.97+12.50%,
respectively, following 48 h of exposure in early and late apop-
totic cells (P<0.05; Fig. 5). By contrast, lower concentrations of
simvastatin (10 xM) demonstrated no significant effects on the
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Figure 5. Simvastatin induced apoptosis of SACC-83 cells. (A) Flow cytometry analysis of cells (1x10° cells/sample) treated with simvastatin at concentrations
of 0, 10, 30 and 50 uM for 48 h. Following treatment, cells were harvested and stained with Annexin V-FITC and PI. (B) The percentage of apoptotic cells
in each treatment group. Data are presented as the mean + standard deviation. “P<0.05 vs. 0 uM simvastatin. FITC, fluorescein isothiocyanate; PI, propidium

iodide.

number of apoptotic of SACC-83 cells when compared with
untreated controls (10 uM, 21.34+5.43%; Fig. 5).

Effects of simvastatin on the invasiveness of SACC-83
cells. The present study investigated whether simvastatin
exposure affected the invasive capacity of SACC-83 cells.
Treatment with varying concentrations of simvastatin (0, 10,
30 and 50 pM) significantly suppressed the invasive ability of
SACC-83 cells in a dose-dependent manner (P<0.05; Fig. 6).
These results indicate the potency of simvastatin in inhibiting
the invasiveness of SACC-83 cells.

Discussion

SACC develops in the major and minor salivary glands and
is dispersed to the oral and oropharyngeal mucosa, tracheo-
bronchial tree and the esophagus. At present, focal recurrence,
distal metastases, or these outcomes together occur in the
majority of patients (22), with 40 to 60% of SACC patients
developing distant metastases in the lungs, bone and soft
tissues (23). There is currently no available systemic therapy
that effectively inhibits SACC progression. Therefore, the aim
of current research is to identify strategies that target these
refractory tumors.

Previous studies have demonstrated the potential of simv-
astatin in the treatment of human cancers (10,24). Simvastatin
competitively functions as a potent and specific inhibitor
of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase, and its use in clinical practice to treat hypercho-
lesterolemia and hyperlipidemia is well established (7).
An increasing number of studies have indicated that statins
may improve the outcome of anti-cancer treatments (25-27).
HMG-CoA reductase is involved in the transformation of

HMG-CoA into MVA. MVA, coupled with its downstream
products, is involved in essential biological processes,
including cell membrane composition (28-30), glycoprotein
synthesis, intracellular signal transduction and cell cycle regu-
lation. In addition, the MVA pathway has been implicated in
tumorigenesis, including cell survival, proliferation, migration
and invasion (31-33). In cancer patients, the suppression of
genes involved in the MVA pathway is associated with favor-
able prognoses (34,35). However, the mechanisms by which
simvastatin downregulates the MVA pathway to activate
apoptosis-associated signaling remains poorly understood. A
previous study highlighted the critical role of the non-canon-
ical regulation of Rho guanosine 5'-diphosphate hydrolases,
and the involvement of the downstream superoxide-mediated
activation of the c-Jun N-terminal kinase pathway in simv-
astatin-mediated anticancer activities (10,36). Therefore, in
addition to their lipid lowering, anti-inflammatory, antithrom-
botic and anti-oxidant properties, as a result of the involvement
of HMG-CoA reductase in cholesterol synthesis and growth
control, statins may demonstrate chemopreventative effects
against cancer. However, the underlying molecular mecha-
nisms remain unknown.

Survivin is an inhibitor of apoptosis proteins, and is
overexpressed in malignant tumors and repressed in normal
tissues. This suggests that survivin may be a novel target for
tumor diagnosis, prognosis and anti-cancer therapies (16). In
addition, survivin is a key factor in a number of cancers (37),
and its gene encodes a multifunctional protein involved in
the regulation of the cell cycle and inhibition of apoptosis
pathways (38,39). However, the role of survivin in regulating
these processes is currently unclear. At the transcriptional
level, survivin expression has been demonstrated to involve
cell-cycle-dependent element/cell cycle gene homology region
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Figure 6. Simvastatin inhibited the invasive ability of SACC-83 cells. Cells
were incubated with simvastatin at concentrations of 0, 10, 30 and 50 uM
for 48 h. (A) Representative images of invaded cells at 48 h of invasion
(magnification, x200). (B) Quantification of the number of invaded cells in
each treatment group. Data are presented as the mean + standard deviation.
“P<0.05 vs. 0 uM simvastatin.

Gl repressor elements in the baculoviral IAP repeat-containing
5 promoter (40).

The CCK-8 and colony-forming experiments performed in
the present study demonstrated that simvastatin significantly
inhibited the proliferation of SACC-83 cells in a time- and
concentration-dependent manner. Cancer cell proliferation
is usually accompanied by cell cycle arrest, and cell cycle
progression is modulated by cyclin-dependent kinase inhibi-
tors (41,42). In the present study, an increased number of
SACC-83 cells were arrested at the G, phase following simv-
astatin treatment; however, further investigation is required
to elucidate the underlying mechanisms involved. Cancer
pathogenesis is associated with cell proliferation as well as
abnormal apoptosis (43). Cell apoptosis is mediated by specific
signaling molecules and controlled by the programmed process
of cellular self-destruction, which is regulated by relevant
genes (44). In the present study, simvastatin demonstrated the
ability to induce apoptosis of SACC cells. Flow cytometry
analysis revealed that, at 48 h post-simvastatin treatment, a
significant increase in the rate of cell apoptosis was observed.
Degradation of the extracellular matrix is crucial during cell
invasion, and is usually mediated by extracellular proteases,
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notably matrix metalloproteinases (MMPs). Therefore, inhibi-
tion of MMPs may facilitate the prevention of the metastasis of
cancerous cells (45). The mRNA and protein expression levels
of MMPs have been reported to be reduced following expo-
sure to increasing concentrations of simvastatin in squamous
cells (46). Thus, simvastatin may reduce the expression of
MMPs, which validates the inhibited invasion and metastasis
of tumor cells. In the present study, simvastatin demonstrated
a significant inhibitory effect on the invasive capability of
SACC-83 cells, which may be attributable to its effect on
MMP expression.

In the present study, simvastatin-induced apoptosis was
characterized by the expression of survivin. A total of 68.4%
in patients with SACC exhibit overexpression of survivin,
and patients with negative survivin expression demonstrate
significantly higher postoperative 5-year survival rates (47). In
the present study, survivin expression decreased in a concentra-
tion-dependent manner following exposure of SACC-83 cells to
simvastatin. The results of previous studies indicate that survivin
is closely associated with tumorigenesis and the prognosis of
adenoid cystic carcinoma (AdCC) (10,48). Therefore, targeting
survivin may be an effective and novel approach to suppress the
growth and improve the prognosis of AdCC, which is consistent
with the results of previous studies. Altered survivin expression
may be directly implicated in the carcinogenic process, and
due to its role in multiple cellular networks, survivin has been
extensively studied as a potential anti-cancer drug target (49).
In addition, reduced survivin expression reportedly serves a
crucial role in lovastatin-induced apoptosis of SW480 colon
cancer cells. Simvastatin induces apoptosis via survivin down-
regulation (50), and may activate specific signaling cascades to
downregulate survivin expression by transcriptional, post-tran-
scriptional or post-translational mechanisms (51,52). In addition,
the downregulation of survivin by simvastatin may be mediated
by nuclear factor (NF)-xB and additional transcription factors,
such as hypoxia inducible factor-lo and signal transducer and
activator of transcription 3, with simvastatin as an inhibitor
of NF-kB-dependent anti-apoptotic gene expression (53). The
authors of the present study hypothesize that simvastatin may
be attributable to the downregulation of survivin expression.
Therefore, further investigation is required to elucidate the
potential effects of simvastatin on these transcription factors
and/or their interactions.

In conclusion, the present study demonstrated that simvas-
tatin inhibited the proliferation and invasion of SACC-83 cells.
In addition, survivin was downregulated during the process
of simvastatin-induced apoptosis. These results support the
current notions regarding the molecular mechanisms of
SACC, and the use of survivin as a novel therapeutic target.
The present study was performed in vitro; however, the results
demonstrate the potential efficacy of simvastatin for the treat-
ment of SACC, and may therefore support further extensive
investigation into the efficacy of simvastatin as an antitumor
agent.
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