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Salidroside induces cell cycle arrest and apoptosis in
human cervical cancer SiHa cells
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Abstract: Background: Salidroside has potent anti-oxidant, anti-inflammation and anti-tumor activity. However, little
is known regarding its effect on cervical cancer cells. This study investigated the effect of different concentrations
of salidroside on the viability, cell cycling and apoptosis of cervical cancer SiHa cells and its potential mechanisms.
Methods: Cell growth potential was measured by Cell Counting Kit-8 assay and colony formation. Cell cycle dis-
tribution was measured by flow cytometry. A light microscope was used to detect the morphology of SiHa cells.
Western blot was used to measure the protein expression of the indicated genes. Results: Treatment with different
concentrations of salidroside significantly reduced the viability of SiHa cells in a dose- and time-dependent man-
ner. Treatment with salidroside resulted in morphological changes in SiHa cells and induced cell cycle arrest at the
G2/M and/or S phase, which was associated with significantly decreased levels of Cyclin B1, Cyclin A and Cyclin-
dependent kinase-2 expression but up-regulating P21 expression. Furthermore, treatment with different concentra-
tions of salidroside induced the apoptosis of SiHa cells, and their effects were dose-dependent. Finally, treatment
with salidroside enhanced the relative levels of cleaved caspase 3, Bax, and Fas expression but down-regulated the
relative levels of BcL-2 and FasL expression in SiHa cells. These results demonstrated that salidroside had potent
cytotoxicity against SiHa cells by inducing cell cycle arrest and apoptosis in cervical cancer. Salidroside may be a
promising candidate for cervical cancer chemotherapy.

Keywords: Salidroside, cell cycling, apoptosis, cervical cancer SiHa cells

Introduction Salidroside is a glycoside present in Rhodiola
rosea. Previous studies showed that salidroside
has potent anti-oxidant, anti-inflammation, anti-
viral and immunomodulation activity [6-9].
Salidroside has cardiovascular and neuronal
protective activity and can ameliorate the toxic-
ity of chemotherapy or radiotherapy [10, 11].
Furthermore, salidroside also has potent anti-
tumor effects by inhibiting the growth of blad-
der, breast, and liver cancer cells in vitro [12-

Cervical cancer is one of the most common
malignant tumors in women. Although the inci-
dence of cervical cancer in developed coun-
tries has reduced due to vaccination, cervical
cancer remains a serious global threat for wom-
an’s health [1]. Cervical cancer at the early
stage can currently be treated with surgical
resection of the tumor; recurrent and advanced
cervical cancers usually require radiotherapy

and chemotherapy. However, radiotherapy and
chemotherapy usually have severe side effects,
which remain an obstacle for cervical cancer
interventions [2-4]. Hence, the development
and discovery of new regimens with low drug
resistance and few adverse effects will be of
great significance [5].

15]. However, whether salidroside can modu-
late the viability and cell cycling and induce the
apoptosis of cervical cancer cells have not
been clarified. Furthermore, the molecular
mechanisms underlying the action of salidro-
side in regulating the growth and survival of cer-
vical cancer cells remains unclear.
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This study tested the effect of different concen-
trations of salidroside on the viability, cell
cycling and apoptosis of SiHa cells and explored
the potential mechanisms underlying the action
of salidroside in vitro. Our data indicated that
treatment with different concentrations of sali-
droside significantly reduced the viability and
induced cell cycle arrest at the G2/M and/or S
phase, leading to apoptosis of SiHa cells in a
dose-dependent manner.

Materials and methods
Cell culture

Human cervical cancer SiHa cells were obtained
from Shanghai Institute of Cell Biology, Chinese
Academic of Science (Shanghai, China). SiHa
cells were cultured in DMEM medium (HyClone,
Logan, UT, USA) containing 10% heat-inactivat-
ed fetal bovine serum (GIBCO, Grand Island,
NY, USA) as the complete medium, at 37°Cina
humidified atmosphere with 95% air and 5%
CO,,.

MTT assay

Salidroside was purchased from Chengdu
Biological Development (Chengdu, China). SiHa
cells (1x10%/well) were cultured overnight in
complete medium in 96-well plates and treated
in triplicate with vehicle as the controls or dif-
ferent concentrations (20-120 pg/ml) of sali-
droside for 24-72 h. During the last 4-h culture,
the cells were exposed to 20 pl of MTT (5 mg/
ml, Sigma), and the resulting formazan in each
well was dissolved in 100 ul DMSO. The absor-
bance was measured at 570 nm in a microplate
reader (Bio-Rad, Hercules, CA, USA). The inhibi-
tory rate of salidroside on SiHa cell proliferation
was calculated as [1- SiHa (experimental wells)/
SiHa (control wells)]x100%.

Cell cycle analysis

The effect of salidroside on the cell cycling of
SiHa cells was determined by flow cytometry.
Briefly, SiHa cells (3x10%/well) were cultured
overnight in complete medium and treated in
triplicate with vehicle alone or different concen-
trations of salidroside for 48 h. The cells were
fixed overnight in ice-cold 70% ethanol and
digested with DNase-free RNase for 30 min.
After being washed, the cells were stained with
propidium iodide, and different phases of the
cells were analyzed in a Cytomics FC500 flow
cytometer (Beckman Coulter, Fullerton, CA,
USA).
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Morphological evaluation

SiHa cells were treated with or without different
concentrations of salidroside for 48 h, and cell
morphology was imaged under a light micro-
scope. Additionally, the cells were treated with
or without different concentrations of salidro-
side for 72 h and fixed with 1% glutaraldehyde
in PBS for 30 min at room temperature (RM).
After washing, the cells were stained with 1 mM
Hoechst 33342 for 20 min at 37°C and exam-
ined under a fluorescent microscope (ix-81,
Olympus, Tokyo, Japan).

Western blot analysis

SiHa cells were treated with or without different
concentrations of salidroside for 48 h. After
washing, the cells were harvested and lysed in
ice-cold lysis buffer (50 mM Tris-HCI, pH 7.4,
150 mM NaCl, 5 mM EDTA, 50 mM NaF, 1%
Triton X-100, 1 mM sodium orthovanadate, 1
mM phenylmethanesulfonyl fluoride, 1 mg/ml
aprotinin, 2 g/ml pepstatin A, and 2 g/ml leu-
peptin), followed by centrifugation. The concen-
trations of the protein lysates were quantified
by BCA method. The cell lysate samples were
separated by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride mem-
branes (Millipore, Bedford, MA, USA). The mem-
branes were blocked with 5% non-fat dry milk in
TBST saline (20 mM Tris-HCI, pH 7.4, 137 mM
NaCl, and 0.1% Tween-20) at RT for 1 h and
incubated with primary antibodies against
Cdc2 (1:1,000), cyclin B1 (1:1,000), CDK2
(1:1,000), cyclin A (1:1,000), p21 (1:1,000),
Bax (1:500), Bcl-2 (1:500), Fas (1:1,000), FasL
(1:1,000), cleaved caspase 3 (1:5,000) or con-
trol 1gG (Santa Cruz Biotech, Santa Cruz, USA)
at RM for 3 h. After washing, the bound anti-
bodies were detected with peroxidase-conju-
gated optimal second antibodies at RM for 1 h
and visualized with enhanced chemilumines-
cent reagent (Bio-Rad, Hercules, CA, USA). The
relative levels of interesting protein to the con-
trol were determined by densitometric scan-
ning using ImageJ software.

Statistical analysis

Data are expressed as the means = SD. The
differences between groups were determined
by analysis of variance. A P-value of < 0.05 was

considered statistically significant.
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Figure 1. The effect of salidroside on the viability of SiHa cells. SiHa cells were treated in triplicate with or without
the indicated concentrations of salidroside for varying periods, and the viability of different groups of cells was de-
termined by MTT assay, followed by calculating the inhibition rates. Data are expressed as the means + SD of each
group from four separate experiments. The differences between groups were determined by analysis of variance.
A P-value of < 0.05 was considered statistically significant. A. Inhibition rates. B. Percentages of cell viability. The
control cells without salidroside treatment were designated as 100%. *P < 0.05 vs. the control group.

Results
Salidroside suppresses SiHa cells viability

Salidroside is a phytochemical and has potent
anti-oxidant, anti-inflammation and antitumor
activity. To test the effect of salidroside on cer-
vical cancer, Siha cells were treated with or
without different concentrations of salidroside
for varying periods; their viability was then
determined with MTT assays (Figure 1A).
Inhibition calculations indicated that treatment
with 20-120 pg/ml salidroside significantly
reduced the viability of SiHa cells and that the
effects of different doses of salidroside on
inhibiting SiHa cell growth were dose-depen-
dent (Figure 1B). Furthermore, treatment with
salidroside for a longer period, such as 48 h,
further significantly reduced the viability of
SiHa cells. Hence, treatment with salidroside
inhibited the growth of SiHa cells in a dose-and
time-dependent manner.

Salidroside results in morphological changes
in SiHa cells

We next tested the impact of treatment with
salidroside on the morphology of SiHa cells.
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SiHa cells were treated with or without different
concentrations of salidroside for 48 h, and their
morphology was observed under a light micro-
scope. As shown in Figure 2, while control cells
without salidroside treatment displayed a
healthy shuttle type with a few rounded cells,
the experimental groups with different concen-
trations of salidroside had gradually reduced
numbers of cells and exhibited an increased
body size with less process but obvious retrac-
tion, disintegration and necrosis. The morpho-
logical changes in the cells treated with differ-
ent concentrations of salidroside increased in a
dose-dependent manner. There were no obvi-
ous living cells after treatment with 120 ug/ml
salidroside. Thus, treatment with different con-
centrations of salidroside resulted in morpho-
logical changes in SiHa cells in a dose-depen-
dent manner.

Salidroside induces cell cycle arrest at the
G2/M and/or S phase in SiHa cells

Cytotoxic drugs are associated with inducing
tumor cell cycle arrest. To understand the
mechanisms underlying the action of salidro-
side, SiHa cells were treated with or without dif-
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Figure 2. Salidroside treatment re-
sults in morphological changes in
SiHa cells. SiHa cells were treated
in triplicate with or without differ-
ent concentrations of salidroside
for 48 h, and their morphology
was photoimaged under a light mi-
croscope. Data are representative
images of each group from three
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Figure 3. Effect of salidroside on cell cycle E of SiHa cells. SiHa cells were treated in triplicate with or without differ-
ent concentrations of salidroside for 48 h, and the status of cell cycling of different groups of cells was determined
by flow cytometry. Data are representative histograms or expressed as the means (%) + SD of each group of cells
from three separate experiments. A P-value of < 0.05 was considered statistically significant. A. Histograms of cell
cycling. B. The status of cell cycling in each group of cells. *P < 0.05 vs. the control cells.

ferent concentrations of salidroside for 48, and cells were analyzed by flow cytometry. As shown
the cell cycle states of the different groups of in Figure 3, treatment with different concentra-

6354 Int J Clin Exp Med 2017;10(4):6351-6359



Effect of salidroside on SiHa cells

P2IKIPIQIKDS) Mt i i

cyclinB1(60KDa) b b_. ,

CDK2(34KDa) [Smmm—

PAIKDY) | —————————

I CyclinBl

12 4

B Cdc2
10 4 *

* ‘-7*
84 *
a4
4 4
*

Relative expression

Control 20pg/ml  40pg/ml  80pg/ml
Concentrations

»
.
o
~
=
<8
o
=

Relative expression
« & & =
. al
T

(1]

Control 20pg/ml 40pg/ml 80pg/ml
Concentrations

12 E CyclinA

Relative expression

Control 20pg/ml  40pg/ml  80pg/ml
Concentrations

Figure 4. Effect of salidroside on the expression of cell cycle regulators in SiHa cells. SiHa cells were treated in
triplicate with or without different concentrations of salidroside for 48 h, and the relative levels of Cdc-2, cyclin B4,
cyclin A, CDK2 and P21 expression in the different groups of cells were determined by Western blot assays. Data
are representative images or expressed as the means + SD of each group of cells from three separate experiments.
A P-value of < 0.05 was considered statistically significant. *P < 0.05 vs. the control cells.

tions of salidroside significantly decreased the
percentages of cells at the GO/G1 phase but
increased the percentages of cells at the G2/M
phase. Additionally, treatment with 20-80 ug/
ml of salidroside also increased the percent-
ages of cells at the S phase.

Cell cycling is regulated by kinases and inhibi-
tors. To further understand the action of sali-
droside, SiHa cells were treated with different
concentrations of salidroside for 48 h. The rela-
tive levels of Cdc2, cyclin B1, CDK2, cyclin A
and P21 expression in different groups of cells
were determined by Western blot assays.
Compared with the control cells, treatment
with salidroside dramatically reduced the rela-
tive levels of Cdc2 regardless of varying con-
centrations of salidroside (Figure 4). Treatment
with different concentrations of salidroside
gradually decreased the relative levels of Cyclin
B1, Cyclin A and CDK2 in SiHa cells, with the
exception of treatment with 80 ug/ml of sali-
droside, which elevated the relative levels of
CDK2 compared with that in the cells treated
with 40 pg/ml of salidroside. Furthermore,
treatment with different concentrations of sali-
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droside gradually increased the relative levels
of P21 expression in SiHa cells. Collectively,
treatment with salidroside induced cell cycle
arrest at the S and/or G2/M phases in SiHa
cells by modulating the expression of cell cycle
regulators.

Salidroside induces the apoptosis of SiHa cells

The induction of cell cycle arrest is associated
with triggering apoptosis, particularly for cyto-
toxic drug-induced arrest at the G2/M phase.
Finally, we tested the impact of treatment with
salidroside on the apoptosis of SiHa cells. SiHa
cells were treated with or without different con-
centrations of salidroside for 48 h, and the per-
centages of apoptotic cells were determined by
flow cytometry. Treatment with different con-
centrations of salidroside increased the per-
centages of apoptotic SiHa cells, and the
effects of different concentrations of salidro-
side on inducing SiHa cell apoptosis were dose-
dependent (Figure 5A).

Similarly, the cells were stained with Hoechst
33342 and observed under a fluorescent
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Figure 5. Effect of salidroside on the expression of apoptotic regulators in
SiHa cells. A. SiHa cells were treated in triplicate with or without different
concentrations of salidroside for 48 h, and the percentages of apoptotic
SiHa cells were determined by flow cytometry. B. After treatment with sali-
droside, the cells stained with Hoechst 33342 and apoptotic SiHa cells were
photoimaged under a fluorescent microscope. Data are representative facs
charts, photoimages (maghnification x100) or expressed as the mean = SD

of each group of cells from three
separate experiments. P < 0.05
vs. the control cells. C. SiHa cells
were treated in triplicate with or
without different concentrations
of salidroside for 48 h, and the
relative levels of Bcl-2, Bax, Fas,
FasL expression and cleaved cas-
pase 3 were determined by West-
ern blot assays. Data are repre-
sentative images or expressed
as the means + SD of each group
of cells from three separate ex-
periments. A P-value of < 0.05
was considered statistically sig-
nificant. P < 0.05 vs. the control
cells.

microscope. Treatment with
different concentrations of
salidroside resulted in SiHa
cell apoptosis (Figure 5B).
Further Western blot analysis
indicated that treatment with
salidroside significantly incre-
ased the relative levels of
cleaved caspase 3, Bax and
Fas but decreased the relative
levels of BcL-2 and FasL in
SiHa cells (Figure 5C). The
effects of different concentra-
tions of salidroside on modu-
lating apoptosis regulators
were dose-dependent. Toge-
ther, treatment with different
concentrations of salidroside
induced the apoptosis of SiHa
cells in a dose-dependent
manner.

Discussion

This study examined the effect
of salidroside on the survival,
cell cycling and apoptosis of
SiHa cells in vitro. We found
that salidroside had potent
cytotoxicity against cervical
cancer SiHa cells and that its
effects were dose-dependent.
Treatment with different con-
centrations of salidroside sig-
nificantly reduced the viability
of SiHa cells in a dose- and
time-dependent manner. Sali-
droside treatment modulated
morphology and induced cell
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cycle arrest at the G2/M and/or S phases and
led to apoptosis in SiHa cells. Our data extend-
ed previous findings that salidroside has strong
anti-tumor activity against several types of can-
cer cells [12, 13] and demonstrated that natu-
ral rhodioloside had excellent anti-tumor activi-
ty [16-18]. To the best of our knowledge, this
was the first study to demonstrate that salidro-
side had potent cytotoxicity against cervical
cancer cells. These novel findings suggest that
salidroside may represent a promising lead in
designing new therapeutic regimens for cervi-
cal cancer intervention.

Cell cycling is classified into different check-
points that are regulated by unique factors,
such as kinases and specific inhibitors of P27,
P21 and P16. CDK2 and cyclin E activation are
crucial for S phase and DNA synthesis, while
Cdc2, Cyclin A and B1 as well as P21 regulate
DNA repair and mitosis at the G2/M phase dur-
ing cell cycling [19-22]. To understand the
molecular mechanisms involved, we analyzed
the relative levels of Cdc2, Cyclin A, Cyclin B1,
CDK2 and P21 expression in the different
groups of cells. We found that treatment with
different concentrations of salidroside dramati-
cally reduced the relative levels of Cdc2 and
gradually reduced the relative levels of Cyclin
B1 but significantly up-regulated P21 expres-
sion in SiHa cells in a dose-dependent manner
relative to that in the control cells. These,
together with the gradually increased percent-
ages of cells at the G2/M phase, clearly indi-
cate that salidroside preferably induced cell
cycle arrest at the G2/M phase. Notably, sali-
droside may interfere with DNA repair and mito-
sis during the cell cycling, leading to cell cycle
arrest at the G2/M phase in SiHa cells. We also
found that the relative levels of CDK2 expres-
sion in the cells treated with relatively lower
concentrations (20-40 pg/ml) of salidroside
were significantly lower than that in the cells
treated with a relatively higher concentration
(80 pg/ml) of salidroside, accompanied by
higher percentages of cells at the S phase in
Siha cells. These observations suggest that
treatment with relatively lower doses of salidro-
side retarded the process of DNA synthesis
while treatment with a relative higher concen-
tration of salidroside may have potent cytotox-
icity, which attenuates DNA repair and mitosis
in SiHa cells. Previous studies showed that fla-
vopiridol and alkaloid rohitukine can induce cell
cycle arrest at the G2/M phase in lung cancer
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cells by directly inhibiting CDK activation
enzymes. Salidroside may have a similar activi-
ty. We are interested in further investigating the
molecular mechanisms underlying the action of
salidroside in regulating cell cycling in cervical
cancer cells.

The induction of cell cycle arrest is associated
with triggering cell apoptosis, which is based on
the balanced expression of pro-apoptotic and
anti-apoptotic factors [23]. To further under-
stand the role of salidroside, we examined the
relative levels of Bcl-2, Bax, Fas, FasL and
cleaved caspase 3 expression in the different
groups of SiHa cells. We found that treatment
with different concentrations of salidroside
gradually decreased the relative levels of Bcl-2
but increased the relative levels of Bax and
cleaved caspase 3 expression, leading to an
increase in the ratios of pro-apoptotic Bax to
anti-apoptotic Bcl-2 expression in SiHa cells.
The alternation in the ratios of pro-apoptotic to
anti-apoptotic factor expression leads to an
altered mitochondrial membrane permeability,
the release of cytochrome C into the cytosol
and the subsequent activation of caspase 3
[24]. The increased levels of Bax expression
suggest that the induction of cell cycle arrest at
the G2/M phase by salidroside may trigger
apoptosis through the mitochondrial pathway
[25]. Furthermore, we found that treatment
with different concentrations of salidroside sig-
nificantly increased the relative levels of Fas
expression but that treatment with a relatively
higher concentration of salidroside significantly
reduced the relative levels of FasL expression
in SiHa cells. The increased levels of Fas
expression should enhance the sensitivity of
SiHa cells to FaslL, thereby triggering apoptosis
[26-29]. The reduction in the relative levels of
FasL expression in the cells treated with a rela-
tively higher concentration of salidroside sug-
gests that salidroside may preferably trigger
apoptosis by interfering with cell cycling, rather
than through a membrane receptor-mediated
apoptosis pathway. Further studies are needed
to investigate the precise molecular mecha-
nisms by which salidroside regulates cell
apoptosis.

Conclusions

In summary, our data indicated that salidroside
had potent cytotoxicity against SiHa cells and
that its effects were dose-dependent. Treat-
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ment with salidroside induced cell cycle arrest
at the G2/M phase and apoptosis of SiHa cells
by modulating the expression of cell cycle and
apoptosis regulators. These novel findings sug-
gest that salidroside may be valuable for the
development of new therapies for cervical can-
cer and may provide new insights into the phar-
macological mechanisms underlying the cyto-
toxicity of salidroside against cervical cancer
cells.
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