
Introduction

Cervical cancer is the second most common malignancy

in women worldwide, with an estimated global incidence of

500,000 new cases and approximately 233,000 deaths per

year [1]. Despite recent advances in surgery, radiation, and

chemotherapy, clinical outcomes vary significantly between

patients and can be difficult to predict. It is now clear that

cervical cancer is a complex disease involving the abnor-

mal expression of many oncogenes and tumor suppressor

genes. However, the detailed mechanism of cervical car-

cinogenesis and progression remains largely unknown.

Identification of new candidate molecules in cervical cancer

development may lead to new preventive and therapeutic

approaches to this disease, and improve patient survival.

MicroRNA (miRNA) is a group of short (~22nt) and non-

coding RNAs which can control gene expression by in-

hibiting mRNA translation or by inducing mRNA

degradation [2, 3]. Beyond the involvement in diverse bi-

ological processes, including cell growth, apoptosis, de-

velopment, differentiation, and endocrine homeostasis [4],

emerging evidence strongly suggests that the deregulation

or dysfunction of miRNAs contributes to human carcino-

genesis and cancer progression [5-7]. miRNAs can func-

tion as either oncogenes or tumor suppressors according to

the roles of their target genes. In terms of cervical cancer,

in vitro functional assays showed that both miR-100 and

miR-125b suppress the proliferation and promote apopto-

sis of cervical cancer cells [8, 9]. Clinical analysis demon-

strated that increased miR-224 expression in cervical can-

cer tissues were associated with advanced clinical stage and

poor prognosis [10]. Furthermore, upregulation of miR-126

sensitizes Siha cervical cancer cells to bleomycin [11].

MiR-181a confers resistance of cervical cancer to radiation

therapy through targeting the pro-apoptotic PRKCD gene

[12]. These findings suggest an important role of miRNAs

in the diagnosis, biological target therapy, and prognosis

prediction in patients suffering cervical cancer.

Located on chromosome 6p12.2, miR-206 has been iden-

tified as a tumor-suppressive miRNA that is downregulated

in several human malignancies, including glioma [13], la-

ryngeal cancer [14], breast cancer [15], lung cancer [16],

gastric cancer [17], colorectal cancer [18], renal cell carci-

noma [19], rhabdomyosarcoma [20], and osteosarcoma

[21]. Serum miR-206 expression levels has significant di-

agnostic value for rhabdomyosarcoma (sensitivity of 1.0 and

specificity of 0.913) [22]. Decreased miR-206 expression

also correlates with tumor progression and poor survival

[17, 21, 23, 24]. However, currently, very little is known

about the expression and function of miR-206 in cervical

cancer. In the current study, the authors analyzed the asso-

ciation of miR-206 expression with clinicopathologic fea-

tures and prognosis in cervical cancer patients. In addition,

the effects of miR-206 on biological behaviours of cervical

cancer cells were elucidated.
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Materials and Methods

Patients and tissue samples
This study was approved by the Research Ethics Committee of

The First Affiliated Hospital of Shantou University Medical Col-

lege. Written informed consent was obtained from all of the pa-

tients. All specimens were handled and made anonymous

according to the ethical and legal standards.

Paired cervical cancer and matched adjacent normal tissue

specimens (at least three cm away from the tumor node) were

collected from 135 patients who underwent surgery between

March 2006 and December 2008 in The First Affiliated Hospital

of Shantou University Medical College. The fresh tissue speci-

mens were immediately frozen in liquid nitrogen until use. No

patients had preoperative chemotherapy or radiotherapy history

or other inflammatory diseases. Clinicopathological information

is shown in Table 1. The clinical stage was classified according

to the International Federation of Gynecology and Obstetrics

(FIGO) criteria.

All of the patients received follow-up periodically. Follow-up

was performed every three months for the first two years, then

every six months for the next three years, and then every year

thereafter by telephone visit and questionnaire letters. Overall sur-

vival (OS) was defined as the time from primary surgery to death

of the patient or, for living patients, the date of last follow-up.

Cell culture and transfection
Four human cervical cancer cell lines (HeLa, SiHa, CaSKi,

and C33A) were obtained from a biotechnology company of

Shanghai and cultured in Dulbecco’s modified Eagle’s medium

(DMEM) supplemented with 10% fetal bovine serum and 1%

penicillin/streptomycin. Cells were incubated at 37°C in a 5%

CO2 atmosphere. Normal cervical squamous cells (NCSC) were

obtained from fresh normal cervical epithelium of the hys-

teromyoma patients treated with surgery, and used as controls.

For RNA transfection, the cells were seeded into each well of

24-well plate and incubated overnight, then transfected with ma-

ture miR-206 mimics or negative control (NC) using Lipofecta-

mine 2000 in accordance with the manufacturer’s procedure.

RNA extraction and quantitative real-time PCR
RNA isolation from cells or tissue samples was performed with

the mirVana miRNA Isolation Kit according to the manufac-

turer’s protocol. A total of five ug of small RNA was reverse tran-

scribed to cDNA using M-MLV reverse transcriptase with either

the miR-206-RT or U6-RT primers. The cDNA was used as a

template for amplification of miR-206 and the endogenous con-

trol miRNA, U6, by real-time PCR. The real-time PCR was per-

formed and analyzed on the 7300 real-time PCR system, and the

following PCR cycles were used: initial denaturation at 94°C for

four minutes followed by 40 cycles of 94°C for 30 seconds, 50°C

for 30 seconds, and 72°C for 40 seconds. The RT primers were

5’- GCGCGTGAGCAGGCTGGAGAAATTAACCACGCGC -

3’ for miR-206 and 5’-TGGTGTCGTGGAGTCG -3’ for U6. The

PCR primers for mature miR-206 or U6 were designed as fol-

lows: miR-206 sense, 5’- GGAATGTAAGGAAGTGTG -3’ and

reverse, 5’- GAGCAGGCTGGAGAA -3’. U6 sense, 5’- CTC

GCT TCG GCA GCACA-3’ and reverse, 5’-AACGCTTCAC-

GAATTTGCGT-3’. The relative amount of miR-206 to U6 was

calculated using the equation 2-DCt, where DCT = (CTmiR-206 -

CTU6).

Cell proliferation assay
The cells were seeded into 96-well plates (5,000 cells/well in

200 ul medium) and incubated at 37°C in 5 % CO2 after transfec-

tion. After incubation for one to five days, 20 ul of MTT solution

(five mg/ml) was added to the media of each well, and the plates

were further incubated for another four hours. Then, the media was

replaced with 150 ul of dimethyl sulfoxide (DMSO), and the ab-

sorbance was measured at 490 nm using a microplate reader.

Detection of apoptosis by flow cytometry
Flow cytometry was used to analyze cell apoptosis. Staining of

apoptotic cells was achieved by incubating the cells with propid-

ium iodide (ten ug/ml) and Annexin V-FITC ug/ml, BD) in the

dark for 15 min at room temperature. Data were acquired on a

flowcytometer .

Transwell invasion assay
After transfection of miR-206 mimics or NC, the cells were col-

lected and 5 × 104 cells suspended in 200 ul of serum-free DMEM

medium were placed in the upper chambers of each insert coated

with 40 ul of 2 mg/ml Matrigel (eight-μm pore size), and 600 ul

of DMEM with 20% FBS was added to the lower chamber. After

incubation for 24 hours, cells on the upper surface of the mem-

brane were scrubbed off, and the invaded cells were fixed with

95 % ethanol, stained with 0.1% crystal violet, and counted under

a light microscope.

Scratch migration assay
Scratch migration assay was also performed to confirm the ef-

fect of miR-206 on cervical cancer cell migration. When the cells

transfected with miR-206 mimics or NC were grown to

confluence, a scratch in the cell monolayer was made with a cell

scratch spatula. After the cells were incubated under standard con-

ditions for 24 hours, the plates were washed twice with fresh

medium and pictures were taken.

Statistics
All computations were carried out using the software of SPSS

version13.0 for Windows. Data are expressed as mean ± SD. The

differences between groups were analyzed using the Student’s t-

Table 1. — Association between miR-206 expression and
different clinicopathological features of human cervical
cancers.
Clinicopathological No. of miR-206 expression p
features cases Low (n, %) High (n, %)

Age

< 50 60 27 (45.0%) 33 (55.0%) 0.301

≥ 50 75 41 (54.7%) 34 (45.3%)

Tumor size (cm)

< 4.0 61 30 (49.2%) 31 (50.8%) 0.729 

≥ 4.0 74 38 (51.4%) 36 (48.6%)

HPV

Negative 49 17 (34.7%) 32 (65.3%)

Positive 86 51 (59.3%) 35 (40.7%) 0.007 

Histological grade

Well- moderate 62 24 (38.7%) 38 (61.3%)

Poor 73 44 (60.3%) 29 (39.7%) 0.016

Lymph node metastasis

Positive 51 37 (72.5%) 14 (27.5%)

Negative 84 31 (36.9%) 53 (63.1%) <0.001

FIGO Stage

Ib-IIa 69 22 (31.9%) 47 (68.1%) <0.001

IIb-IIIa 66 46 (69.7%) 20 (30.3%)
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test or chi-square test. The Kaplan-Meier method and log-rank

test were used to assess patients’ survival. The Cox proportional

hazards model for multivariate survival analysis was used to as-

sess predictors related to survival. Outcomes were considered sta-

tistically significant with two-tailed p < 0.05.

Results

Decreased expression of miR-206 in cervical cancer cell
lines and primary tumor samples

The expression levels of miR-206 in cervical cancer cell

lines and primary tumor samples were detected by qRT-

PCR and normalized to U6 small nuclear RNA. As in Fig-

ure 1A, the results showed that miR-206 expression levels

were significantly downregulated in cervical cancer tissues

(mean ± SD: 8.2 ± 1.9) than those in corresponding non-

cancerous tissues (mean ± SD: 19.1 ± 4.3; p < 0.001). The

present authors also observed decreased miR-206 expres-

sion in cervical cancer cell lines, compared to normal cer-

vical squamous cells (Figure 1B, p < 0.001). The HeLa cell

line, which possessed the lowest levels of miR-206 ex-

pression among all tested cell lines, was selected for miR-

206 mimics or NC transfection and further studies.

Association of miR-206 expression with clinicopathologic
features and prognosis in patients with cervical cancer

Table 1 summarizes the association between miR-206

expression and clinicopathological parameters in cervi-

cal cancers. Using the median miR-206 expression as a

cutoff, the patients were divided into high miR-206 ex-

pression group and low miR-206 expression group. The

present authors found that miR-206 expression was sig-

nificantly lower in the patients with advanced FIGO stage

(p < 0.001), positive lymph node metastasis (p < 0.001),

poor differentiation (p = 0.016), and human papillo-

mavirus (HPV) infection (p = 0.007). No significant as-

sociation was observed between miR-206 expression and

patients’ age and tumor size.

The present authors further evaluated whether miR-206

expression had prognostic potential for OS of patients

with cervical cancer. As shown in Figure 2, cervical can-

cer patients with low miR-206 expression tend to have

shorter OS than those with high miR-206 expression (p <

0.001).  The survival benefits were also found in those

with negative lymph node metastasis (p = 0.005) and

Figure 1. — Expression of miR-206 in cervical cancer tissues and cell lines. The expression levels were measured by qRT-PCR. A) MiR-

206 expression was significantly lower in cervical cancer tissues than in the corresponding non-cancerous tissues. MiR-206 expression

levels were calculated by the 2-DCt method and normalized to U6 small nuclear RNA. B) miR-206 expression was downregulated in cer-

vical cancer cell lines (HeLa, SiHa, CaSKi, and C33A), compared to normal cervical squamous cells (NCSC).

Figure 2. — Overall survival curves for two groups defined by

low and high expression of miR-206 in patients with cervical can-

cer. Low miR-206 expression levels were significantly associated

with poor outcome (p < 0.001, log-rank test).
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early FIGO stage (p < 0.001). Multivariate Cox regres-

sion analysis enrolling the aforementioned significant pa-

rameters revealed that miR-206 expression (relative risk

[RR] 6.6; p = 0.015), the status of lymph node metasta-

sis (RR 5.8; p = 0.02), and FIGO stage (RR 9.4; p =

0.006) were independent prognostic markers for OS of

patients (Table 2).

Effects of miR-206 on cell proliferation, apoptosis, inva-
sion, and migration

Finally, the present authors assessed the biological role of

miR-206 in cervical cancer. qRT-PCR analysis confirmed

increased miR-206 expression after miR-206 mimics trans-

fection in HeLa cells (Figure 3A). MTT assay showed that

cell proliferation was significantly impaired after miR-206

mimics transfection (Figure 3B), and flow cytometry indi-

cated that upregulation of miR-206 promoted HeLa cell

apoptosis (Figure 4).

Cell invasion is a significant aspect of cancer progression,

and involves the migration of tumor cells into contiguous

tissues and the dissolution of extracellular matrix proteins.

Transwell invasion assay was performed to investigate

whether miR-206 had a direct influence on HeLa cell inva-

sion. As shown in Figure 5, upregulation of miR-206 im-

peded the invasion of HeLa cells compared with control.

Scratch migration assay also confirmed the inhibitory effect

of miR-206 on HeLa cell migration (Figure 6).

Discussion

Cervical cancer is a malignant tumor that seriously

threatens women’s health. It is of great significance to in-

vestigate molecular and cellular mechanisms of cervical

cancer, and to identify novel genetic or protein markers for

Table 2. — Univariate and multivariate analysis of overall
survival in 135 in patients with cervical cancer.
Variables Univariate Cox multivariable Relative

log-rank test (p) analysis (p) risk (RR)

Age at diagnosis (years) 

< 50 vs. ≥ 50
0.38 –– ––

Tumor size (cm)

< 4.0 vs. ≥ 4.0
0.62 –– ––

HPV

Negative vs. positive
0.09 –– ––

Histological grade

Well- moderate vs. poor
0.08 –– ––

Lymph node metastasis

Negative vs. positive
0.005 0.02 5.8

FIGO Stage

(Ib-IIa) vs. (IIb-IIIa)
< 0.001 0.006 9.4

MiR-206 expression

High vs. low
< 0.001 0.015 6.6

Figure 3. — Effects of miR-206

mimics transfection on cell pro-

liferation of HeLa cells. (A) qRT-

PCR analysis confirmed

increased miR-206 expression in

HeLa cells transfected with miR-

206 mimics. U6 RNA was used

as an internal control. (B) MTT

assay showing that miR-206 re-

duced cell proliferation in vitro.

Figure 4. — Flow cytometric

analysis of the effect of miR-206

expression alteration on HeLa

cell apoptosis.
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early diagnosis and prediction of prognosis. In the current

study, the authors firstly observed that miR-206 was down-

regulated in cervical cancer compared with adjacent non-

cancerous tissues. Then, decreased miR-206 expression

was significantly correlated with advanced FIGO stage,

positive lymph node metastasis, poor differentiation, HPV

infection, and shorter OS. Finally, in vitro functional assays

demonstrated that upregulation of miR-206 in HeLa cells

was able to reduce cell proliferation, promote cell apopto-

sis, and inhibit cell invasion and migration. To the authors’

knowledge, this is the first study to investigate the expres-

sion and clinical significance of miR-206 in a large number

of cervical cancer patients.

Recent studies have proven dysregulated miR-206 ex-

pression and its tumor suppressive function in many human

malignancies. In vitro, upregulation of miR-206 reduces cell

growth and induces apoptosis in glioma [13], breast cancer

[25], lung cancer [16], gastric cancer [17], colon cancer [26],

and rhabdomyosarcoma [20]. Ectopic miR-206 expression

also inhibits cell invasion and migration in breast cancer

[27], lung cancer [16], and rhabdomyosarcoma [20]. In vivo,

Li et al. revealed decreased miR-206 expression and its cor-

relation with nodal metastasis and clinical stage in breast

cancer [28]. Yang et al. reported that miR-206 downregula-

tion occurred more frequently in gastric cancer patients with

lymph node metastasis, along with the presence of venous

invasion and hematogenous recurrence, and advanced tumor

stage [23]. Bao et al. also showed association between low

miR-206 expression and poor histological differentiation

and later stage of osteosarcoma [21]. Moreover, lower ex-

pression of miR-206 indicated shorter overall survival in pa-

tients suffering breast cancer [28], gastric cancer [23], and

colorectal carcinoma [24]. In xenotransplanted models,

miR-206-treated nude mice showed smaller tumor sizes and

lower tumor weights in compared with the control group

[17, 29]. Collectively, these findings suggest that miR-206

might play an important role not only in tumour initiation

and progression but also in the molecular targeted therapy of

human malignancies.

It is now clear that miRNAs execute their oncogenic or

tumor suppressor functions by regulating the expression of

target genes [30]. With regards to miR-206, several targets

have been reported in recent research, such as CyclinD2 [17],

Otx2 [13], MET [29], Pax7 [31], NOTCH3 [32], estrogen re-

ceptor alpha [33], and VEGF [14]; however, there is no ‘one-

to-one’ connection between miRNAs and target mRNAs. An

average miRNA can have more than 100 targets [34]. Con-

versely, several miRNAs can converge on a single transcript

target [35]. Thus, the potential regulatory circuitry afforded by

miR-206 may be enormous, and identification of the com-

plex molecular network involved in its function remains an

important subject for future investigation.

Figure 5. — Transwell invasion

assay showing that upregulation

of miR-206 impeded the inva-

sion of HeLa cells.

Figure 6. — Scratch migration

assay confirming the inhibitory

effect of miR-206 on HeLa cell

migration.
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In conclusion, the present results revealed that miRNA-

206 was downregulated in cervical cancer cell lines and

clinical samples. Decreased miRNA-206 expression was as-

sociated with tumor progression and adverse prognosis.

Regulation of miR-206 expression would affect biological

behavior of HeLa cells. These findings demonstrate that

miRNA-206 could not only be useful as a novel biomarker

but also serve as a potential target for gene therapy of cer-

vical cancer.
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