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Long noncoding RNA MEG3 is downregulated in cervical cancer and affects cell
proliferation and apoptosis by regulating miR-21
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ABSTRACT
Recent research has found that long noncoding RNAs (lncRNAs) were involved in various human cancers.
However, the role of these lncRNAs in cervical cancer remains unexplored. Therefore, we aimed to
investigate the biological function of maternally expressed gene 3 (MEG3), a cancer-related lncRNA, and
its underlying mechanism in cervical cancer. In this study, MEG3 expression of 108 patients’ cervical cancer
tissues and adjacent normal tissues was detected by quantitative real-time PCR analysis (qRT-PCR), and
the functional effect of MEG3 was determined in vitro assays. We observed that MEG3 was downregulated
in cervical cancer tissues, compared to the adjacent normal tissues, and was negatively related with FIGO
stages, tumor size, lymphatic metastasis, HR-HPV infection and the expression of homo sapiens microRNA-
21 (miR-21). Furthermore, we focused on the function and molecular mechanism of MEG3, finding that
overexpression of MEG3 reduced the level of miR-21-5p expression, causing inhibition of proliferation and
increased apoptosis in cervical cancer cells. In summary, our findings indicate that MEG3 function as a
tumor suppressor by regulating miR-21-5p, resulting in the inhibition of tumor growth in cervical cancer.
As a result, this study improves our understanding of the function of MEG3 in cervical cancer and will help
to provide new potential target sites for cervical cancer treatment.

Abbreviations: lncRNA, long noncoding RNA; MEG3, maternally expressed gene 3; qRT-PCR, quantitative real-time
PCR analysis; miR-21, homo sapiens microRNA-21; ncRNA, noncoding RNA; NSCLC, nonsmall cell lung cancer;
miRNA, MicroRNA; PDCD4, programmed cell death 4; CASC2, cancer susceptibility candidate 2; GAS5, growth arrest
specific 5; LVSI, Lymphatic vascular space invasion; MDM2, mouse double minute 2 homolog; SDS-PAGE, SDS-poly-
acrylamide gel electrophoresis; CCK-8, Cell Counting Kit-8.
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Introduction

Cervical cancer is the second commonest cancer among women
in the worldwide, and the majority cause of death in developing
countries as well.1 Reports estimate that there are approxi-
mately 500,000 new cases of cervical cancer diagnosed each
year. 2 Treatment of cervical cancer is represented by radiother-
apy or surgery for patients in FIGOI-IIa stages and concurrent
chemoradiation for patients in FIGOIIb-IV stages. The progno-
sis of advanced patients generally remains poor and the overall
5 y survival rate is approximately 40% after conventional treat-
ments are used.3 Thus, effective therapeutic strategy is urgently
needed and further exploring the mechanism underlying is
urgently required.

After the discovery of noncoding RNAs (ncRNAs), which
have been linked to the regulation of gene expression, a new
insight to cancer etiopathogenesis occurred. LncRNA is com-
monly defined as a RNA molecular which is larger than 200
nucleotides and not translated into proteins.4 They have impor-
tant functional roles in chromatin remodeling, structural

scaffolding of nuclear protein substructures, regulation of the
expression and transcription genes, and posttranscriptional proc-
essing.5-8

MEG3, which encodes a lncRNA, is an imprinted gene
belonging to the DLK1-MEG3 locus located on chromosome
14q32.3 in humans. The loss of MEG3 expression was observed
in various types of cancers, including nonsmall cell lung cancer
(NSCLC), gastric cancer and gallbladder cancer. Overexpressed
MEG3 could inhibit proliferation and promote apoptosis in
tumor cells. 9-11 These studies suggest the MEG3 gene may play
a role in tumor suppression. However, research on the expres-
sion and function of MEG3 in cervical cancer is still limited.

MicroRNAs (miRNAs) are a class of approximately 22
nucleotides noncoding RNAs that regulate the expression of
target genes by interacting with complementary sites in the 30
untranslated region of the target mRNAs.12 Our previous study
has found that miR-21 effected tumorigenesis by regulating
CCL20 in cervical squamous cell.13 Other studies also observe
that miR-21 is an oncomiR in cervical cancer, which promotes
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cell proliferation by downregulating the expression of pro-
grammed cell death 4 (PDCD4),14 or by mediating aberrant
STAT3 signaling.15 In addition, miR-21 is significantly upregu-
lated in HR-HPV positive cervical cancer.16 Taken together, it
indicate that miR-21 plays a significant role in cervical cancer.

Although much ncRNAs research is focued on understand-
ing the regulation of protein coding genes mediated by them, it
has been previously suggested that ncRNAs could form a well-
orchestrated regulatory interaction network.17 For example, it
has been reported that lncRNA cancer susceptibility candidate
2 (CASC2) and growth arrest specific 5 (GAS5) play tumor
suppressive role via negative regulation of miR-21.18,19 How-
ever, there is still no report about the interaction between
lncRNAs and miR-21 in cervical cancer.

In this study,we found a significant decrease of theMEG3 expres-
sion in cervical cancer tissues as compared to the adjacent normal tis-
sues and MEG3 downregulation was associated with larger tumor
size, advanced FIGO stage, lymph nodes metastasis and HR‑HPV
positive. Moreover, we found that upregulation ofMEG3 could sup-
press growth and enhance apoptosis of cervical cancer cells, which
showed anticancer functions of MEG3 in cervical cancer. Further-
more, we sought to identifyMEG3 interacting withmiRNA. Expres-
sion of miR-21-5p was negatively correlated with MEG3 in cervical
cancer tissues and overexpression ofmir-21-5p reversed the antican-
cer effects of MEG3 in cervical cancer cells. Taken together, our date
suggested thatMEG3may function as tumor suppressing lncRNA in
cervical cancercells at least inpartbydownregulatingmir-21-5p.

Results

The expression level of MEG3 is significantly decreased in
cervical cancer tissues

We examined the expression level of MEG3 in 108 samples of cervi-
cal cancer tissues and adjacent normal tissues. As shown in Fig. 1A,
the mean expression level of MEG3 in cervical cancer samples was
significantly lower than themean level in the adjacent normal tissues
samples (P< 0.01). The results suggested that theMEG3 expression
in cervical cancer were significantly downregulated compared to
adjacent normal cervical tissues.

Relationship between MEG3 expression and
clinicopathologic features of cervical cancer

As shown in Fig. 1B-E, low MEG3 expression levels were posi-
tively correlated with the tumor size, lymph node metastasis,
HR‑HPV infection and FIGO stage (P < 0.01). However, there
were no relationships between MEG3 expression and other
parameters such as age, menopause, histology, depth of inva-
sion, differentiation or Lymphatic vascular space invasion
(LVSI) (Table 1). These data indicate that downregulation of
MEG3 may relate to cervical cancer development.

Effect of MEG3 on cervical cancer cell prolif-eration in vitro

For the si-MEG3-2 demonstrated the strongest effect, it was
used to perform all subsequent assays. (Result S1 and Fig. S1B)
The result of CCK-8 assay showed that, compared with the
negative control, the HeLa and CaSki cells transfected with

pcDNA-MEG3 had lower proliferative ability (Fig. 2A). Con-
versely, MEG3 knockdown significantly induced cell prolifera-
(Fig. 2B). Consistent with the CCK-8 assay, the colony
numbers of HeLa and CaSki cells transfected with pcDNA3.1-
MEG3 were also fewer than those of the cells transfected with
negative control (Fig. 3A and S2A). And, as expected, MEG3
knockdown induced viability in cell proliferation (Fig. 3B and
S2B). These results suggest that the level of MEG3 expression is
significantly associated with the proliferation capacity of cervi-
cal cancer cells.

Effect of MEG3 on cervical cancer cell apoptosis in vitro

To further determine the physiological role of MEG3 in cervical
cancer cell apoptosis, HeLa and CaSki cells were transfected
with pcDNA- MEG3 or si-MEG3. The results revealed that
more apoptotic cells in pcDNA- MEG3-transfected groups
than control groups (Fig. 4A). In contrast, MEG3 knockdown
significantly reduced apoptosis in HeLa and CaSki cells
(Fig. 4B). These results confirmed that MEG3 induced cell apo-
ptosis in cervical cancer cells.

MEG3 affects the levels of P53 and caspase 3 in cervical
cancer cell

Fig. 5A shows that the expression of p53 and cleaved caspase 3
proteins was significantly increased in HeLa and CaSki cells
transfected with pcDNA- MEG3 compared with the control
cells. As anticipated, we also found that knockdown of MEG3
by si-MEG3 in HeLa and CaSki cells significantly decreased
p53 and cleaved caspase 3 protein expression (Fig. 5B). These
data confirm that MEG3 functions as a tumor suppressor gene
by affecting p53 and caspase 3 activations in cervical cancer
cell.

The tumor suppressive effects of MEG3 may through
regulation of miR-21-5p in cervical cancer cells

To explore the underlying mechanism responsible for MEG3,
we tested whether MEG3 could regulate miR-21-5p expression.
First of all, Pearson’s correlation showed that expression of
miR-21-5p was negatively correlated with MEG3 level in cervi-
cal cancer tissues (Fig. 1F). Subsequently, we detected the miR-
21-5p level after overexpression or knockdown MEG3. Fig. 6A
shows that the miR-21-5p expression level was significantly
decreased in cells transfected with pcDNA- MEG3 comparing
with control cells. In contrast, knockdown the expression of
MEG3 resulted significant upregulation of miR-21-5p expres-
sion in HeLa and CaSki cells (Fig. 6B). These results show that
MEG3 is regulate the expression levels of the miR-21-5p in
HeLa and CaSki cells.

To confirm that the MEG3 functions were indeed due to
regulation of miR-21-5p, HeLa and CaSki cells were transfected
together with plasmids encoding MEG3 and miR-21-5p mimic
or with si-MEG3 and miR-21-5p inhibitor. CCK-8 assay and
colony formation assay revealed that the proliferation of cells
in pcDNA- MEG3 C miR-21-5p mimics groups was increased,
compared with the cells in pcDNA- MEG3 groups (Fig. 7A, 3C
and S2C). Furthermore, we found that the apoptotic rates of
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Table 1. Correlation of the expression of MEG3 with clinicopathologic features.

Clinicopathologic feature n(%) Relative expression of meg3 (mean§SD) P-value

Age 0.15
�50 52(48%) 0.738%))
>50 56(52%) 0.612%))

Menopause 0.51
Yes 48(44%) 0.634%)se
No 60(56%) 0.696%)se

Histology 0.16
Squamous cell cancer 84(78%) 0.638%)s
Adenocarcinoma 24(22%) 0.782%)rc

Differentiation 0.12
Well to moderately 72(67%) 0.717%) m
Poorly 36(33%) 0.573%) m

Tumor size <0.01
�4cm 71(66%) 0.78 § 0.46
>4cm 37(34%) 0.45 § 0.26

Depth of invasion 0.14
�2/3 56(52%) 0.722%)f
>2/3 52(48%) 0.608%)f

Lymphatic vascular space invasion 0.22
Negative 55(51%) 0.721%)ec
Positive 53(49%) 0.619%)ec

Lymph node metastasis <0.01
Negative 68(63%) 0.853%)ed
Positive 40(37%) 0.377%)ed

HR‑HPV infection <0.01
Negative 29(27%) 1.027%)ee
Positive 79(73%) 0.533%)ee

FIGO stage <0.01
I 73(68%) 0.828%)ag
II 35(32%) 0.372%)ag

Figure 1. Relative MEG3 expression in cervical cancer tissues and its clinical significance. (A) Relative expression of MEG3 in cervical cancer tissues (n D 108) compared
with adjacent normal tissues (n D 108). (B, C, D and E) MEG3 expression was significantly lower in patients with larger tumor size, lymph nodes metastasis, HR HPV posi-
tive and advanced FIGO stage. (F) Pearson’s correlation coefficient analysis showed that miR-21-5p expression was negatively correlated with MEG3 in cervical cancer tis-
sues. ��P < 0.01.
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Figure 2. Effects of MEG3 on cervical cancer cells proliferation in vitro. (A) Upregulated MEG3 expression dramatically decreased the ability of Hela and CaSki cells prolifer-
ation by CCK-8 assay. (B) Downregulated MEG3 expression dramatically increased the ability of Hela and CaSki cells proliferation by CCK-8 assay. ＊P < 0.05.

Figure 3. Colony formation assay was performed to determine the colony formation ability of transfected Hela cells. (A, B) The colony number of pcDNA-MEG3 or si-MEG3
transfected Hela cells. (C, D) The colony number of Hela cells transfected with pcDNA- MEG3 and miR-21-5p mimic or transfected with si-MEG3 and miR-21-5p inhibitor.
＊P < 0.05.
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cells in pcDNA- MEG3 C miR-21-5p mimic groups were
decreased compared with the cells in pcDNA- MEG3 groups
(Fig. 8A). The functional assays were also performed to moni-
tor the effect of co-transfection of si-MEG3 and miR-21-5p
inhibitor. As shown in Fig. 7B, 3D, S2D and 8B, the effects of
si-MEG3 could be partly eliminated after decreasing the expres-
sion of miR-21-5p. In summary, we suggest that miR-21-5p
could rescue the effect on both cell proliferation and apoptosis
which induced by MEG3 in HeLa and CaSki cells.

Discussion

Several studies reported that MEG3 acted as a tumor suppress-
ing lncRNA in various tumors. The MEG3 expression levels
were found to be lower in cancer tissues than the adjacent nor-
mal tissues in NSCLC,9, gastric cancer10 and gallbladder can-
cer.11 So, we hypothesized that MEG3 also had similar impact
on the progression of cervical cancer. As other studies, we

found that the levels of MEG3 in cervical cancer tissues
were significantly lower than those in the matched adjacent
normal tissues. According to other reports, MEG3 was
mainly correlated with tumor size.9,10 Similarly, we found
that MEG3 was significantly lower in patients with large
tumors. By now, there is no report about the relationship
between HR‑HPV infection and MEG3 expression in cervi-
cal cancer. Our study found that the MEG3 levels in HR-
HPV negative patients are higher than positive patients.
More important, we found that low expression of MEG3
was significantly associated with advanced FIGO stages and
lymph nodes metastasis. And as we know, patients with
advanced FIGO stages or lymph nodes metastasis always
tend to have shorter overall survival time. So MEG3 may
represent a novel indicator of prognosis in cervical cancer.
Taken together, these results suggested that loss expression
of MEG3 may associate with progression and poor progno-
sis of cervical cancer.

Figure 5. P53 and cleaved caspase 3 protein levels after the transfection. (A) P53 and cleaved caspase 3 protein levels was increased in HeLa and CaSki cell after the trans-
fection of the pcDNA- MEG3. (B) P53 and cleaved caspase 3 protein levels was decreased after the transfection of the si- MEG3.

Figure 4. Effects of MEG3 on cervical cancer cells apoptosis in vitro. (A) Overexpression of MEG3 promotes the apoptosis of Hela and CaSki cells. (B) Knockdown of MEG3
reduced the apoptosis of Hela and CaSki cells. ＊P < 0.05.
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Qin et al. demonstrated that MEG3 inhibits proliferation
and induces apoptosis in human cervical cancer cells.20 Consis-
tent with it, we also found that MEG3 overexpression can dra-
matically induce apoptosis and growth arrest in vitro. P53 and
caspase 3 are apoptosis-related proteins. Many studies have
demonstrated that MEG3 may play an important role in regu-
lating cell growth via the p53 and caspase 3.9,20 In our study,
we found as expected that MEG3 can activate p53 and caspase
3. It suggested that MEG3 can indirectly or directly target p53
and caspase 3 to control proliferation and apoptosis of cervical
cancer cells.

Recently, increasing evidences have demonstrated the inter-
play between lncRNAs and miRNAs. Some lncRNAs are
degraded by miRNAs21 and some can serve as sponges or
decoys for miRNAs.22 Moreover, Several lncRNAs also have
been reported that can compete with miRNAs for binding to
mRNAs23 or produce miRNAs and other small RNAs.24

Although MEG3 has been reported involved in the develop-
ment of cervical cancer,20 the interaction between MEG3 and
miRNAs in cervical cancer is still not verified. In our previous
study, we found that miR-21-5p was correlated with lymph
nodes metastasis, HR‑HPV infection, cell proliferation and
apoptosis in cervical cancer,13 which is similar to MEG3.
Therefore, we would like to explore the interaction between
MEG3 and miR-21-5p in cervical cancer. First, we found that
miR-21-5p level was inversely correlated with MEG3 level in
cervical cancer tissues. So, we speculated that miR-21-5p is
under the regulation of MEG3. Then we found that overexpres-
sion of MEG3 contributed to downregulation of miR-21-5p,
and knockdown of MEG3 contributed to upregulation of miR-

21-5p. In addition, miR-21-5p mimic was shown to rescue the
effects which induced by MEG3 and miR-21-5p inhibitor could
partly eliminate the effect of si-MEG3 in HeLa and CaSki cells.
These provided additional evidences to such a regulatory net-
work. Interestingly, miR-21-5p overexpression or knockdown
had no significant effect on the expression level of MEG3
(Fig. 6C and D). This finding indicated that the MEG3 may
negative regulated the expression of miR-21-5p but they may
not form a reciprocal repression feedback loop. Here, we report
for the first time that MEG3 can inhibit cervical cancer cells
proliferation and induce apoptosis through regulating miR-21-
5p. However, the exact molecular mechanisms of interaction
between MEG3 and miR-21-5p require further study.

It has recently been reported that mouse double minute 2
homolog (MDM2) expression is repressed by MEG3, suggest-
ing that down-regulation of MDM2 protein levels contributes
to p53 activation by MEG3.25 However, the molecular mecha-
nisms of MEG3 activates p53 remain elusive, especially whether
miRNAs is involved in it. In our study, we revealed that expres-
sion level of p53 protein was significantly decreased in pcDNA-
MEG3 C miR-21-5p mimic group and it was dramatically
increase in si-MEG3 C miR-21-5p inhibitor groups, compared
with the cells in pcDNA- MEG3 groups or si-MEG3 groups,
respectively (Fig. 9A and B). This result indicated that miR-21-
5p suppression contributes at least in part to p53 accumulation
induced by MEG3. Although there is no miR-21 binding site in
the p53 30 untranslated region in human, there are several
reports that can support our results. A recent study reports that
downregulation of miR-21 in glioblastoma cells leads to ele-
vated expression of p63 and activators of the p53 pathway.26 In

Figure 6. The interaction between MEG3 and miR-21-5p. (A, B) Hela and CaSki cells were transfected with pcDNA-MEG3 or si-MEG3, and qRT-PCR was used to detect the
miR-21-5p levels compared with controls. (C, D) Hela and CaSki cells were transfected with miR-21-5p mimic or inhibitor, and qRT-PCR was used to detect the MEG3 levels
compared with controls. ＊P < 0.05.
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breast cancer cells, miR-21 inhibition induces the expression of
several genes regulated by p53 at the mRNA level, suggesting
that miR-21 over-expression could impair the tumor-suppres-
sive function of the p53 pathway.27 However, more studies
should be applied to elucidate the molecular mechanisms of
interaction among MEG3, miR-21 and p53 in the progression
of cervical cancer.

In conclusion, our data suggests that MEG3 may play crucial
role during cervical cancer progression, and MEG3 may inter-
act with miR-21-5p to link miRNAs and the post-transcrip-
tional network. Targeting the MEG3/miR-21-5p interaction
may help establish new strategies for therapy and improve ther-
apeutic effect of cervical cancer.

Material and methods

Clinical samples

Paired cervical cancer and adjacent normal tissues were
obtained from 108 patients (FIGOI-IIa) who underwent pri-
mary surgery in the Second Affiliated Hospital of Sun Yat-sen
University (Guangzhou, China), between November 2014 and
Jun 2015. No patients had received any form of tumor specific
therapy before diagnosis. Informed consent was obtained from
each patient recruited, and the study protocol was approved by

the institutional ethics committee of the Second Affiliated Hos-
pital of Sun Yat-sen University. All specimens were immedi-
ately frozen in tubes containing RNAlater preservation liquid
after removal and stored at -80�C until RNA extraction. Tissue
sections from each patient were reviewed and classified by a
pathologist. The clinical characteristics of all patients are shown
in Table 1.

Cell culture

Human cervical cancer cell lines (HeLa, CaSki) were purchased
from the Cell Bank of the Chinese Academy of Sciences. HeLa
was grown in DMEM (Thermo Scientific) containing high glu-
cose. CaSki was grown in RPMI 1640 medium (Thermo Scien-
tific). Medium was supplemented with 10 % fetal bovine serum
(Gibco). All cells were grown in at 37�C in a humidified 5 %
CO2 atmosphere.

RNA isolation, Reverse transcription, and qRT-PCR

Total RNA of tissues and cells was isolated with Trizol reagent
(TaKaRa). RNAs were reverse transcribed into cDNAs using
the RT-PCR kit purchased from TaKaRa according to the man-
ufacturer’s protocol. SYBR Premix Ex Taq (TaKaRa) was used
to detect MEG3 and mir-21 according to the manufacturer’s

Figure 7. MiR-21-5p mediated the effects of MEG3 on Hela and CaSki cells proliferation. (A) CCK8 assay to evaluate the effect of MEG3 overexpression and miR-21-5p
stimulation on Hela and CaSki cells proliferation. (B) CCK8 assay to evaluate the effect of MEG3 knockdown and miR-21-5p inhibition on Hela and CaSki cells proliferation.
＊P < 0.05.
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instructions, and b-Actin and U6 was used as an internal con-
trol. QRT-PCR and data collection were performed on CFX96
Real-Time PCR Detection System (Bio-Rad, Hercules, Califor-
nia, US). The results were calculated by the 2¡DDCt method. All
results were expressed as the mean § SEM of 3 independent
experiments. Primers were synthesized by Generay Biotech and
TaKaRa. The primer sequences were listed in Table S1.

Western blot

Fifty micrograms of protein were separated by 10% SDS-PAGE
(SDS-PAGE) and transferred to PVDF membrane (Roche).
The membrane was blocked at room temperature for 1 hour in
tris-buffered saline (TBS) containing 0.1% Tween-20 with 5%
skim-milk and subsequently incubated with specific primary
antibodies at 4�C for 12 hours. Then the membranes were
washed 3 times in TBST. Following incubation with HRP
Goat-anti-Rabbit (1:2000; Santa Cruz Biotechnology) at room
temperature for 2 hours, bound proteins were visualized using
ECL (Thermo Scientific). Primary antibody for caspases 3 was
purchased from Cell Signaling Technology (1:1,000) and P53
were obtained from Santa Cruz Biotechnology (1:500). Results
were normalized to the expression of b-Actin (1:1,000; Cell Sig-
naling Technology)

Transfection of cervical cancer cell lines

Cervical cancer cell lines were transfected with plasmids, siRNA
oligonucleotides, miRNA mimic and inhibitor using Lipofect-
amine 2000 (Invitrogen), according to the manufacturer’s pro-
tocol. The full-length MEG3 sequence was cloned into
pcDNA3.1 (C) expression vector (GenePharma). For the
RNAi-mediated knockdown of MEG3, GenePharma provided
3 different siRNAs against MEG3 (Table S2). MiRNA mimic
and inhibitor for miR-21-5p were purchased from Gene-
Pharma too. Cells were harvested 48 hours after transfection
then subjected to qRT-PCR analyses, western blot or functional
assays.

Colony formation assay

For the colony formation assay, a total of 1000 cells were plated
into each well of a 6-well plate and maintained in proper media
containing 10 %FBS for 7 days, during which the medium was
replaced every 3 d. Colonies were then fixed with 10 % formal-
dehyde for 15 minutes and stained with 1.0 % crystal violet for
5 minutes. The colony formation was determined by counting
the number of stained colonies. Triplicate wells were measured
in each treatment group.

Figure 8. MiR-21-5p mediated the effects of MEG3 on Hela and CaSki cells apoptosis. (A) Effect of co-transfection of pcDNA- MEG3 and miR-21-5p mimic on apoptosis of
Hela and CaSki cells. (B) Effect of co-transfection of si-MEG3 and miR-21-5p inhibitor on apoptosis of Hela and CaSki cells. ＊P < 0.05.
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Cell proliferation assay

Cell proliferation was assayed by the Cell Counting Kit-8
(CCK-8) assay (Dojindo) according to the manufacturer’s pro-
tocol. A total of approximately 5 £ 103 transfected cells were
plated in 96-well plates in triplicate and cultured in 90mL
medium containing 10% FBS. Then 10 mL CCK-8 solution was
added to each well and incubated for 2 hours at 37�C at each
indicated time points. Absorbance was then recorded at
450 nm using Multifunctional microplate reader SpectraMax
M5 (Molecular Devise, California, USA). Each experiment was
repeated 3 times, and the data represent the mean of all meas-
urements. The cell proliferation curves were plotted using the
absorbance at each time point.

Apoptosis analysis

At 48 hours post transfection, cells were harvested by trypsini-
zation and washed with PBS twice. Then the cells were resus-
pended in binding buffer and stained with Annexin V and PI
(Annexin V-FITC Apoptosis Detection Kit, eBioscience) for
15 min in the dark at room temperature, according to the man-
ufacturer’s recommendations. The stained cells were examined
by BD FACSCalibur flow cytometer (BD Biosciences, Califor-
nia, USA) equipped with Cell Quest software (BD Biosciences).
The cells were categorized into early apoptotic cells, late apo-
ptotic cells, dead cells, and viable cells. The relative ratio of
early apoptotic cells were counted for further comparisons. All
of the samples assayed were in triplicates.

Statistical analyses

Statistical analysis was performed using the SPSS software
package (version 13.0) and GraphPad Prism Software. The sig-
nificance of differences between 2 groups was estimated using

the Student’s t-test. The data is shown as the mean § SEM
from at least 3 independent experiments. All of the p-values
were 2-sided and p < 0.05 was considered to be statistically
significant.
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