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Abstract: Cervical cancer is the second most common and malignant tumor among women worldwide. However, 
the effective therapies for this deadly disease are limited because the elaborate molecular mechanism of progress 
of cervical cancer remains largely unknown. In present study, we not only determine the miR-182 as an antican-
cer miRNA molecule but also provide the mechanistic link between miR-182 and its anticancer activity. Primarily, 
the expression of miR-182 is significantly down-regulated in cervical tumor in contrast to normal cervical tissue, 
and then miR-182 mimic-treated cell presents reduction of cell proliferation and promoting apoptosis. During this 
process, DNA methyltransferase 3a (DNMT3a) expression is markedly decreased, thereby likely contributing to 
miR-182-induced apoptosis. Consistently, over-expression of DNMT3a inhibits the miR-182-induced apoptosis, and 
inhibition of DNMT3a promotes cervical cancer cell apoptosis, which further demonstrated that DNMT3a involved 
in cervix carcinogenesis. Collectively, we have revealed a valuable mechanism by which down-regulation of DNMT3a 
contributes to the miR-182-induced cervical cancer cell apoptosis, which raise a becoming potential that miR-182 
administration or inhibition of DNMT3a expression may be the underlying strategies for therapeutic intervention in 
cervical carcinoma.
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Introduction

Cervical cancer, which represents important 
reproductive health problems for women [1], is 
the second most common and malignant tumor 
among women worldwide [2]. In developing 
countries, incident case of cervical cancer 
accounts for more than 80% of world incident 
case [2]. Infection with one of the few oncogen-
ic human papillomavirus (HPV) types is a nec-
essary cause of invasive cervical cancer [3]. 
Although cervical cytology (Papanicolaou test) 
screening programs have greatly reduced the 
rates of cervical cancer over the past 50 years 
[4], evidence reveals that HPV infection alone is 
not likely to produce the malignant changes, 
and pathogenesis of cervical cancer may be 
caused by other factors such as host genetic 
variations [5]. Therefore, it is an urgent clinical 
challenge to elaborate molecular mechanisms 
of development of cervical cancer, as well as to 
develop new therapeutic interventions for this 
deadly disease.

MicroRNA (miRNA), single stranded and non-
coding small RNA molecules approximately 19 
to 24 nucleotides in length and posttranscrip-
tional regulators of gene expression by the for-
mation of imperfect base pairing to target mes-
senger RNAs for degradation or translational 
repression [6], have been shown to be crucial in 
diverse cell development [7] and identified as 
mediators of disease [8]. Accumulating reports 
have revealed that dysregulation of miRNA 
expression occurs in various types of human 
cancers in breast, colon, lung, liver, pancreas, 
and malignant gliomas [9-14]. To date, some 
miRNAs exhibiting tumor suppressor role and 
carcinogenesis have been revealed. An onco-
miRNA, miR-21, possess pro-tumor effects, 
and associated with prognosis and therapeutic 
outcome in breast cancers [15]. In contrast, 
highly expressed miR-221 and miR-222 exert 
anti-tumor effects in vitro as evidenced by tar-
geting the stem cell factor receptor c-kit and 
indirectly regulating endothelial nitric oxide syn-
thase expression [16, 17]. However, relatively 
limited studies focusing the role of miRNA in 
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cervical cancer have been initiated in recent. 
Using direct sequencing method, the first dif-
ferential profiles of miRNAs between cervical 
carcinoma cell lines and normal cervical sam-
ples was revealed [18]. The investigation of 
global microRNA profiles in cervical squamous 
cell carcinoma exploited significantly altered 
expression of miRNAs depending on Drosha 
expression levels [19]. Other miRNA studies in 
cervical cancer also identified a number of dif-
ferentially expressed miRNAs [20-22]. However, 
the findings of altered expression of miRNAs in 
cervical cancer from above-mentioned studies 
were contradictory and the functional signifi-
cance of miRNA targets remains to be discov-
ered, thereby confusing the miRNA-regulated 
molecular mechanisms of progression of cervi-
cal cancer.

In the present study, we characterized the miR-
182 expression in both normal and cervical 
tumor samples. Of considerable interest, miR-
182 promotes cervical cancer cell apoptosis, 
and, at the same time, it negatively regulates 
DNMT3a expression, thus providing the mecha-
nistic link between miR-182 and its anti-cancer 
activity.

Materials and methods

Cell culture and tissue specimens

The human cervical cancer cell line C4-II was 
cultured in Dulbecco’s modified eagle medium 
(DMEM, Hyclone) supplemented with 10% (V/V) 
FBS (Hyclone) and 100 units penicillin-strepto-
mycin at 37°C with 5% CO2 atmosphere in a 
humidified incubator. Cells grown in cell culture 
dish were allowed approximately to reach 85% 
confluence. The culture medium was changed 
every two day and then were rinsed and re- 
moved from the dishes by incubating them with 
a trypsin-EDTA solution (Hyclone), and harvest-
ed in a 15 mL centrifuge tube for subsequent 
study. Clinical cervical cancer and adjacent nor-
mal cervical tissue biopsy samples were col-
lected from 10 patients. All patients underwent 
resection of cervical cancer tissues without 
chemotherapy or radiotherapy prior to surgery. 
Informed consent was obtained from all partici-
pating subjects and Institutional Review Board 
approval was obtained.

MiRNA mimic

Chemically modified double-stranded RNAs 
engineered to mimic the endogenous mature 

miR-182 and negative control miRNA were pur-
chased from Ambion. miRNA mimics were 
transfected using RNAi Max (Invitrogen) accord-
ing to the manufacturer’s indication at 0.5 or 5 
nM as directed.

Cell proliferation assay

Cell proliferation was analyzed by using CCK-8 
assay kit (Dojindo) according to manufacturer 
introductions. In brief, C4-II cells were incubat-
ed in the medium containing DMSO or miR-182 
mimic in 96-well plates. After that, 5 µl CCK-8 
reagent was added to each well and incubated 
at 37°C for 1 h. The cell numbers were evalu-
ated by measurement of absorbance at 450 
nm.

Overexpression of DNA methyltransferase 3a 
(DNMT3a)

The human DNMT3a coding region was ampli-
fied by PCR from C4-II cell. After verifying by 
DNA sequencing, DNMT3a was cloned into the 
pcDNA3, generating plasmid pcDNA3-DNMT3a. 
This plasmid was transiently transfected into 
C4-II cell with transfection reagent Lipofect- 
amine 2000 (Invitrogen) in 6-well plates for 
subsequent western blotting and flow cytomet-
ric analysis of apoptosis. All transfections were 
done in triplicate for each experiment.

RNA interference

Three small interference RNA (siRNA) corre-
sponding to DNMT3a sequence were synthe-
sized (Qiagen). C4-II cells were transfected with 
siRNAs (200 nM) against DNMT3a (si-DNMT- 
3a-1 to -3) using Lipofectamine 2000 (Invitro- 
gen) according to the manufacturer’s protocol. 
Scrambled siRNA (si-Scramble) was used as 
negative control. Cells were collected at 24 hrs 
post-transfection for further experiment includ-
ing flow cytometric analysis of apoptosis, quan-
titative RT-PCR, western blotting and immuno- 
fluorescence.

Flow cytometric analysis of apoptosis

Exposure of phosphatidylserine (PS) was as- 
sessed to detect early stage apoptosis by anal-
ysis of annexin V-FITC binding. Increased prop-
idium iodide (PI) was a correlate for increased 
secondary necrosis. In particular, 2×105 cells 
were plated onto 6 well plates and then were 
respectively treated with DMSO and miR-182 
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mimic for indicated time at 37°C. After that, 
cells were manipulated by sequentially harvest-
ing, washing in PBS and resuspending in bind-
ing buffer (10 mM HEPES/NaOH, pH 7.4, 140 
mM NaCl, 2.5 mM CaCl2). Annexin V-FITC was 
added to a final concentration of 200 ng/ml 
prior to incubation in the dark at room tempera-
ture (RT) for 10 min, then washed in PBS and 
resuspended in 190 µl of binding buffer. 10 µl 
of PI was loaded to each sample before flow 
cytometric analysis. Stained cells were ana-
lyzed using a FACStar plus flow cytometer 
(Becton Dickinson). The ratio of fluorescence 
intensities excited at 488 nm was monitored at 
an emission wavelength of 515 nm for FITC and 
560 nm for PI. Data analysis was performed 
with standard Cell Quest software (Becton 
Dickinson). Apoptosis induction in C4-II cells 
incubated with miR-182 mimic, negative mimic, 
miR-182 mimic plus 1000 ng pcDNA3-DNMT3a 
vector, si-Scramble and si-DNMT3a-2 were also 
determined by identical condition.

Quantitative RT-PCR assay

For quantitative RT-PCR assay, RNA was isolat-
ed from C4-II cells using the TRIzol reagent 
according to the manufacturer’s instructions. 2 
µg of total RNA were provided to generate the 
first-strand cDNAs by using commercially avail-
able kits (Applied Biosystems). All subsequent 
PCR reactions were carried out using the 7 
Universal PCR Master Mix (Applied Biosystems). 
Primers of miR-182 used for amplification were 
5’-GTCGTATCCAGTGCAGGGTCCGAGGTGCAC- 
TGGATACGACAGTGTGA-3’ (Stem-loop RT), 5’-TG- 
CGGTTTGGCAATGGTAGAAC-3’ (forward), 5’-CC- 
AGTGCAGGGTCCGAGGT-3’ (universal downstr- 

eam primer, reverse). Primers of DNMT3a used 
for amplification were 5’-GGGGACGTCCGCAG- 
CGTCACAC-3’ (forward) and 5’-CAGGGTTGGA- 
CTCGAGAAATCGC-3’ (reverse). Thermal cycling 
and fluorescence detection of mRNA were ana-
lyzed by 7500 real-time PCR System (Applied 
Biosystems). To normalize mRNA concentra-
tions, mRNA levels of β-actin gene were identi-
fied in parallel for each sample, and relative 
mRNA level of DNMT3a was adjusted by stan-
dardization based on the β-actin transcriptional 
levels. Samples for each experimental condi-
tion were run in triplicate.

Western blotting

For immunodetection of DNMT3a, C4-II cells 
were lysed directly in Laemmli’s sample buffer 
and boiled for 10 min. After the removing of the 
insoluble fraction by centrifuge, 50 µg of total 
protein extracts was resolved on 10% SDS-
PAGE, which was then transferred to nitrocellu-
lose membranes for Western blotting. The 
membranes were first stained with Ponceau S 
to confirm the transfer efficacy. After blocking 
with 3% bovine serum albumin (BSA) dissolved 
in Tris-buffered saline (TBS), containing 0.05% 
Tween-20 (TBST), for 1 hour at RT, membranes 
were incubated with the primary antibody at a 
dilution of 1:1000, followed by goat anti-rabbit 
secondary antibody conjugated with horserad-
ish peroxidase at 1:2,000 dilutions. Positive 
band intensities were detected by using a gel 
documentation system (LAS-3000 Fujifilm).

Statistical analysis

All data were expressed as mean ± standard 
deviation (SD) and subjected to analysis of vari-
ance (ANOVA) to assess the treatment effects 
by using SPSS 13.0 software. The Student t 
test was used to determine the statistically sig-
nificant differences in numbers with two signifi-
cant levels (0.05 and 0.01).

Results

Cervical tumor lowly expressed miR-182

In order to investigate the miR-182 expression 
in cervical cancer, clinical cervical cancer and 
adjacent normal cervical tissue biopsy samples 
respectively derived from ten patients were 
used. By using quantitative RT-PCR assay, we 
found that the transcriptional level of miR-182 
was highly expressed in normal cervical tissue 
(Figure 1). However, interestingly, cervical tu- 
mor presented significantly low expression of 

Figure 1. The level of miR-182 expression was ana-
lyzed by quantitative RT-PCR in normal and tumor 
biopsy samples. The expression of miRNA was sig-
nificantly decreased in cervical cancer group. Error 
bars ± SD, **P < 0.01.
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miR-182 in contrast to normal cervical tissue 
(Figure 1). This finding suggests that low 
expression of miR-182 is likely to positively 
involve the cervical carcinogenesis.

miR-182 inhibits cervical cancer cell prolifera-
tion through apoptosis

Given the low expression of miR-182 in cervical 
tumor, we speculated that high expression of 
miR-182 may play a suppressor effect against 
cervical cancer. To test it, miR-221 mimic oligo-
nucleotides and nontargeting negative control 
mimic were transfected respectively into C4-II 
cells. Primary, cell proliferation was measured 
by utilizing CCK-8 assay, as shown in Figure 2A. 
As expected, the miR-182 mimic-transfected 

C4-II cells initiates the inhibition of cell prolif-
eration at 48 h (P < 0.05) and further suppress-
es the cell proliferation at 72 h (P < 0.01) in 
contrast to negative mimic-transfected cells 
and untreated cells, although the similar cell 
proliferation rates are detected in all 3 experi-
mental groups at 24 h, indicating that miR-221 
inhibits the C4-II cell proliferation. Then we rea-
soned whether C4-II proliferation suppressed 
by miR-182 mimic was resulted from the enhan- 
cement of cell apoptosis. Utilizing the promo-
tion of annexin fluorescence intensity as read-
out for enhanced apoptosis, we detected that 
C4-II cell treated with miR-182 mimic present-
ed a significant induction in cell apoptosis in 
contrast to untreated and nontargeting nega-
tive control mimic treated group (P < 0.01, 

Figure 2. The effects of miR-182 mimic on cell proliferation and apoptosis in cervical cancer cell line. (A) The inhibi-
tion of cell proliferation by miR-182 mimic. All experiments were performed in tripliacte and data were presented 
as mean ± SD. (B-D) Apoptosis analysis of cervical cell treated with miR-182 mimic (D) and negative mimic (C). 
Untreated group was used as another negative control (B).
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Figure 2B-D). Collectively, these data suggest 
that miR-182 is an efficient anticancer microR-
NA molecule that inhibits C4-II cell proliferation 
through apoptosis.

miR-182 suppresses the expression of 
DNMT3a

In order to further explore the antineoplastic 
molecular mechanism, we evaluated whether 
the miR-182 have a capability to regulate the 
expression of DNMT3a in C4-II cells. By apply-
ing immunofluorscence, the negative mimic-
transfected cells had a basal level of DNMT3a 
expression, while expression of DNMT3a obvi-
ously decreased when treated with miR-182 
mimic for 48 h (Figure 3A and 3B), it suggests 
that miR-182 is able to attenuate the DNMT3a 
expression in cervical cancer cell, presenting 
the targeting activity of miR-182 on DNMT3a. 
Moreover, we also examine the DNMT3a expre- 

ssion in C4-II cell using western blotting. As 
Figure 3C showed, the expression of DNMT3a 
was significantly inhibited in C4-II cells treated 
with miR-182 compared to the negative mimic-
treated cells on 48 h.

Over-expression of DNMT3a inhibits miR-
182-induced apoptosis

In a follow-up experiment, we investigate 
whether down-regulated DNMT3a contributes 
to miR-182-induced apoptosis in cervical can-
cer cell. To this end, we primarily established 
DNMT3a recombinant plasmid and then con-
structed vector was transferred into C4-II cells. 
The DNMT3a expression was measured in 
mRNA and protein levels. In mRNA level, the 
expression of DNMT3a was markedly induced 
in C4-II cells transferred three dose of recombi-
nant plasmid, and this promoting effect repre-
sented a dosage-manner (Figure 4A). Similarly, 

Figure 3. The effects of miR-182 on expression of 
DNMT3a protein in cervical cancer cell line. (A) and 
(B) The expression analysis of DNMT3a protein in 
cervical cell line treated with miR-182 mimic (A) 
and negative mimic (B) by immunofluorescence 
assay, respectively. (C) The expression analysis of 
DNMT3a protein in cervical cancer cell line treated 
with miR-182 mimic or negative mimic by western 
blotting.
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we also detected the enhanced expression of 
DNMT3a in protein level (Figure 4B). Because 
administration of miR-182 reduced the expres-
sion of DNMT3a, the over-expressed effect of 
DNMT3a on miR-182-treated cell was analyzed. 
Similar to above outcome, miR-182 mimic-
transfected C4-II cells had a higher apoptosis 
in in contrast to control, however, miR-182 
mimic-transfected C4-II cells over-expressed 
DNMT3a prevented the increased apoptosis 
resulted from miR-182 mimic treatment (Figure 
4C-E), thereby revealing the specific ability of 
restored apoptosis for DNMT3a. These obser-
vations indicate that DNMT3a may be an impor-
tant down-stream signal molecule for miR-182 
in cervical cancer cell.

Inhibition of DNMT3a promotes cervical can-
cer cell apoptosis

The current result indicates a becoming possi-
bility that DNMT3a probably possess pro-tumor 
effects. To examine it, we knocked down the 

expression level of DNMT3a using RNAi tech-
nique. Three synthetic siRNAs that target 
DNMT3a were transfected and their function 
was analyzed. Endogenous DNMT3a mRNA 
level was analyzed by RT-PCR and detected to 
be lower in three DNMT3a siRNAs-transfected 
cells as compared to cells transfected with 
scrambled siRNA, in which si-DNMT3a-2 show- 
ed the most suppressing effect (Figure 5A). In 
keeping with the finding in RT-PCR, we also dis-
cover the similarly down-regulated pattern of 
DNMT3a expression in protein level (Figure 
5B), demonstrating the effectiveness of DNM- 
T3a siRNAs, especially for si-DNMT3a-2. Next 
we examined the apoptosis ratio of C4-II cell 
with si-DNMT3a-2 treatment. The apoptosis 
ratio was obviously enhanced in C4-II cell in si-
DNMT3a-2 treatment when compared with 
C4-II cells in absence or presence of scrambl- 
ed siRNA treatment. These data indicate that 
DNMT3a may play a significantly positive role in 
carcinogenesis.

Figure 4. The loss of function of miR-182 when over-expression of DNMT3a in cervical cancer cell line. (A) and (B)
The expression analysis of DNMT3a both in mRNA (A) and protein (B) levels in cervical cell treated with indicated 
dose of pcDNA3-DNMT3a by real time PCR and Western blotting. Empty vector was used as negative control in this 
experiment. Data were presented as mean ± SD, *P < 0.05, **P < 0.01. (C-E) The apoptosis analysis of cervical cell 
treated simultaneously without (C) or with miR-182 (D) and miR-182 plus pcDNA3-DNMT3a (E).
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Discussion

The incident cases of cervical cancer occurred 
in developing countries have almost accounted 
for 80% of the world [2], it severely affects 
human health and burdens government’s 
health system, the effective therapeutic inter-
ventions are under urgent needed. However, 
the targeted therapies for this deadly disease 
are limited because the elaborate molecular 
mechanism of development of cervical cancer 
is still unclear now. In present study, we not 
only identify the miR-182 as an anticancer 
miRNA molecule that inhibits cervical cancer 
cell proliferation through promoting apoptosis 
but also, in follow-up experiments, provide the 
mechanistic link between miR-182 and its func-
tion in cell apoptosis.

The definition of miRNA is a RNA molecule that 
possesses approximately 19 to 24 nucleotides 
and that is not encoded into a protein [6]. There 
are a line of evidences indicate that the adjust-

able expression of miRNAs accounts for an 
important biological role in progress or resolu-
tion of cancer [9-17]. In current research, the 
core finding is that miR-182 has a capability to 
inhibit the expression of DNMT3a, and ulti-
mately to mediate the apoptosis of cervical 
cancer cell. This is a novel discovery, because 
previous studies did not reveal how any miRNA 
might induce apoptosis of cervical cancer. In 
current, we show that low expression of DNM- 
T3a contributes to miR-182-induced apoptosis, 
demonstrating a plausible DNMT3a-regulated 
mechanism. The miR-182 and DNMT3a regu-
lated in cancer have been extensively docu-
mented in the literature [23-25]. However, the 
ability of miR-182 to suppress the expression 
of DNMT3a and in turn increase apoptosis in 
cervical cancer was previously unrecognized.

DNMT3a, which is considered to be de novo 
DNA methylases, mediates mammalian CpG 
methylation. Methylation of cytosine within the 
context of CpG dinucleotides is important epi-

Figure 5. The effects of DNMT3a on cell apoptosis in cervical cell line was detected using siRNA assay. (A) and (B) 
The expression analysis of DNMT3a both in mRNA (A) and protein (B) levels in cervical cancer cell treated with or 
without siRNAs by RT-PCR and western blotting. Scramble RNA was used as negative control in this experiment. 
Data were presented as mean ± SD. (C-E) The apoptosis analysis of cervical cancer cell treated without (C) or with 
si-Scramble (D) and si-DNMT3a-2 (E).
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genetic modifications, high level of which is 
characteristic of transcriptionally silenced gene 
promoters [23]. Previous studies reported that 
DNMT3a is critical in the dynamic DNA methyla-
tion process during embryogenesis and patho-
genesis [26-28], and hypermethylation resulted 
in the silencing of tumor suppressor genes 
involved in lung carcinogenesis [28, 29]. Besi- 
des, the expression of DNMT3a is reportedly 
enhanced in various malignancies, including 
prostate, colorectal, breast and cervical cancer 
[30-33]. However, the relationship between 
cervical cancer and highly expressed DNMT3a 
has not been characterized. In present study, 
we first detected the promoting apoptosis in si-
DNMT3a-2-treated cervical cancer cell, demon-
strating that DNMT3a involved in cervix carcino- 
genesis.

In summary, we represents substantial improve 
toward elucidating the miRNA-regulated mech-
anism corresponding to anti-angiogenesis, and 
this potential mechanism is that DNMT3a 
down-regulated by miR-182 may contribute to 
the miR-182-induced apoptosis in cervical can-
cer cell. These findings emphasize the inter-
relationship between miR-182 and DNMT3a, 
and also raise a possibility that miR-182 admin-
istration or inhibition of DNMT3a expression 
may be the potential strategy for therapeutic 
intervention in cervical carcinoma.
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