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Abstract: MicroRNAs (miRNAs) are an important class of small non-coding RNA molecules that can regulate gene 
expression at the transcriptional or post-transcriptional level. In our study, we aimed to investigate the expres-
sion of microRNA-451a (miR-451a) and clarify its biological role in cervical cancer development. The expression of 
miR-451a in human cervical cancer tissues and cell lines was detected by real-time PCR (qPCR). Furthermore, the 
effects of miR-451a on cell proliferation, migration and invasion were evaluated, using MTT, migration scratch and 
transwell assays. We found that the expression of miR-451a was up-regulated in cervical cancer tissues, as com-
pared with paired normal cervical tissues (P<0.05). MiR-451a was also up-expressed in cervical cancer cell lines 
(Hela, C33A, Caski and SiHa) compared with normal cervical epithelial cell (End1/E6E7). Knock-down of miR-451a 
in SiHa and C33A cells using a synthesized inhibitor can significantly suppress cell proliferation, migration and inva-
sion in vitro, as compared with a negative control (P<0.05). In the present study, it was determined that miR-451a 
plays an oncogenic role in cervical cancer development. Silencing miR-451a may be a potential novel therapeutic 
approach for cervical cancer treatment.
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Introduction

Cervical cancer is one of the most common 
cancers in women worldwide, with an estimat-
ed more than 529,000 new cases annually in 
the world [1, 2]. At present, although early stage 
diagnosis and treatment over high-risk popula-
tion have decreased the incidence and mortal-
ity of cervical cancer, its poor prognosis is a 
major public health worldwide concern and 
results in significant healthcare costs [3, 4]. 
Although previous studies have found that the 
high-risk HPV, environmental, genetic, and epi-
genetic factors, are among the etiological 
causes contributing to cervical carcinogenesis, 
the molecular pathogenesis of cervical cancer 
is complicated and poorly understood [5]. 
Therefore, further investigations on the molec-
ular pathogenesis of cervical cancer and find-
ing effective biomarkers were imperative to 
better predict the cancer prognosis.

MicroRNAs (miRNAs) are non-coding 19-23 
nucleotide RNA molecules, which are involved 
in post-transcriptional regulation of gene 

expression [6, 7]. In fact, miRNAs have already 
been implicated as regulators of many physio-
logical and pathological processes, including 
proliferation, differentiation, apoptosis, and 
tumor progression and metastasis [8, 9]. 
Accumulating evidences demonstrate that miR-
NA-451a (miR-451a) is widely dysregulated in 
many human tumors, including melanoma [10], 
renal cell carcinoma [11] and breast cancer 
[12], which suggest miR-451a plays an impor-
tant role in oncogenesis. Recently, miRNA 
expression profiles revealed the up-regulation 
of miR-451a in patients with cervical cancer 
[13], but its biological role in tumor pathogene-
sis has not been investigated. Therefore, the 
aim of the present study is to investigate the 
expression of miR-451a and clarify its biologi-
cal role in cervical cancer development.

Materials and methods

Tissue samples and cell culture 

Total 30 cases of paired cervical cancer tissues 
and adjacent non-cancerous cervical tissues 
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were collected from May 2011 to May 2014 in 
the he Fourth Affiliated Hospital of Harbin 
Medical University (Harbin, China). The present 
study was approved by the Institutional Review 
Board and Ethical Committee of The Fourth 
Affiliated Hospital of Harbin Medical University 
and written informed consent was also obtained 
from all patients involved in this study. The 
fresh tissue samples were immediately 
immersed in RNA later (Qiagen, Hilden, Ger- 
many) following surgical resection, stored at 
4°C over-night and then frozen in liquid nitro-
gen and stored at -80°C for further use. Human 
cervical cancer cell lines (HeLa, Caski, SiHa 
and C33A) and normal cervical epithelial cells 
(End1/E6E7) were purchased from American 
Type Culture Collection (ATCC, VA, USA). All cells 
were cultured in DMEM medium (Invitrogen, CA 
USA) supplemented with 10% fetal bovine 
serum (Invitrogen, CA USA), 100 U/mL penicillin 
sodium and 100 U/mL streptomycin sulfate at 
37°C in a humidified incubator with 5% CO2. 
Cells in the logarithmic phase of growth were 
used for experiment in this study.

RNA extraction and real-time PCR (qPCR)

Total RNA was extracted from cervical cancer 
tissues and cell lines using TRIzol® (Invitrogen, 
CA USA), according to the manufacturer’s 
instructions. qPCR reaction was performed on 
the Roche Light-cycler 480 Real-Time PCR 
System (Roche, AL, USA) with the following con-
ditions: 95°C, 10 min; 95°C, 15 s; and 60°C, 
15 s for 40 cycles. The U6 small nuclear RNA 
was used as a control. The specific primers for 
miR-451a and U6 are as follows: miR-451a pri- 
mers forward: 5’-AAACCGTTACCATTACTGAGTT- 
3’, reverse: miScript SYBR Green PCR kit 
Universal Primer; U6 primers forward: 5’- 
CTCGCTTCGGCAGCACA-3’, reverse: 5’-ACGC- 
TTCACGAATTTGCGT-3’.

Cell transfection

The inhibitor and negative control of miR-451a 
were chemically synthesized by GeneCopoeia 
(Rockville, MD, USA). The sequences were as 
follows: inhibitor: 5’-AGUAAUGGUAAUGGUU- 
CUCUUGCUA-3’; negative control: 5’-CAGUAC- 
UUUUGUGUAGUACAA-3’. Cells were counted 
and seeded in plates on the day before  
transfection to ensure suitable cell conflu- 
ence. Transfection with the miR-451a in- 
hibitor or negative control was performed  
using lipofectamine 2000 reagent (Invitrogen, 
CA, USA) following manufacturer’s protocols.

Cell proliferation assay

The cellular proliferation potency was deter-
mined by MTT assay. SiHa and C33A cells were 
seeded into 96-well plates and transfected 
with 10 pmol of miR-451a inhibitor or a nega-
tive control. After 48 h, 10 µl of MTT reagent (5 
mg/ml, Sigma-Aldrich, MO, USA) was added to 
each well. The cells were incubated at 37°C for 
another 4 h and solubilized in 150 µl of dimeth-
yl sulfoxide. The optical density (OD) values 
were measured at 450 nm with a microplate 
reader (Bio-Rad, CA, USA). The proliferation 
assay was performed for three days and the 
cell growth was measured at 24 h intervals. 
Each experiment was performed in triplicate 
and repeated three times.

Cell migration assay

The migration scratch assay was used to 
assess the migratory ability of SiHa and C33A 
cells. SiHa and C33A cells were seeded into 
6-well plates and transfected with miR-451a 
inhibitor or a negative control. Following 6 h of 
transfection, confluent cells monolayer were 
then scraped with a yellow pipette tip to gener-
ate scratch wounds and washed twice with 
media to remove cell debris. Time lapse images 
were captured after 12 h. Images were cap-
tured from five randomly selected fields in each 
sample, and the wound areas were calculated 
by NIH ImageJ software (Biocompare, CA, USA). 
The experiments were performed in triplicate 
and repeated 3 times.

Cell invasion assay 

Cell invasion were examined using transwell 
assay. 24 h after transfection with the miR-
451a inhibitor or a negative control, transfect-
ed cells were plated into the top side of polycar-
bonate transwell filter coated with Matrigel in 
the upper chamber of the BioCoat™ Matrigel™ 
Invasion Chambers (Becton-Dickinson Bio- 
sciences, MA, USA) and incubated at 37°C for 
24 h. The cells inside the upper chamber with 
cotton swabs were then removed. The cells that 
had migrated through the matrix to the other 
side of the insert were fixed, stained with hema-
toxylin, and counted for 10 random 100× fields 
per well. Cell counts are expressed as the mean 
number of cells per field of view. All experi-
ments were performed in triplicate.
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Statistical analysis 

SPSS17.0 statistical software package (SPSS, 
Chicago, USA) was used for statistical analysis. 
Each experiment was repeated independently 
at least three times, and the results are 
expressed as mean ± SD. For comparison of 
differences, student’s t test or analysis of vari-
ance (ANOVA) was used. P<0.05 was consid-
ered to be statistically significant.

Results

MiR-451a is significantly up-regulated in cervi-
cal cancer tissues and cell lines

To further confirm the altered expression of 
miR-451a in cervical cancer, we detected its 
expression in 30 pairs of cervical cancer tis-
sues and adjacent normal cervical tissues 
using qPCR. Consistent with our speculation, 

Figure 1. MiR-451a is significantly up-regulated in cervical cancer tissues and cell lines. A. qPCR analysis of the rela-
tive expression of miR-451a in cervical cancer tissues (T) and adjacent normal cervical tissues (N). B. The relative 
expression level of miR-451a was detected by qPCR in cervical cancer cell lines (HeLa, Caski, SiHa and C33A) and 
normal cervical epithelial cell (End1/E6E7). Data were expressed as the mean ± SD (n=3). Each experiment was 
performed in triplicate for three independent times. *P<0.05.

Figure 2. Up-regulated of miR-451a promotes cell proliferation in cervical cancer. A. The growth of SiHa and C33A 
cell after transfection of miR-451a inhibitor or negative control. B. The proliferation of C33A cell after transfection of 
miR-451a inhibitor or negative control. Data are presented as the mean ± standard deviation (n=3). All experiments 
were performed in triplicate. *P<0.05.
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the expression level of miR-451a was signifi-
cantly up-regulated in human cervical cancers 
than adjacent normal cervical tissues (Figure 
1A). Furthermore, as showed in Figure 1B, miR-
451a expression was also increased in cervical 
cancer cell lines (HeLa, Caski, SiHa and C33A) 
compared with that of normal cervical epitheli-
al cell (End1/E6E7).

Up-regulated of miR-451a promotes cell prolif-
eration in cervical cancer 

Considering a significantly increase of miR-
451a expression in cervical cancer tissues and 
cell lines, we hypothesized that a high level of 
miR-451a might be involved in cancer cell 
growth. To explore the proliferation of miR-
451a in cervical cancer, miR-451a inhibitor or 

a negative control was transfected into SiHa 
and C33A cell lines for MTT assays. MTT assay 
revealed that transfection with miR-451a inhib-
itor markedly reduced cell growth compared to 
the control of SiHa and C33A cells (Figure 2). 
These data indicates that increase of miR-451a 
promotes cell proliferation in cervical cancer.

Up-regulated of miR-451a increases cell mi-
gration in cervical cancer 

Migration scratch assay was performed to 
observe the function of miR-451a in cell migra-
tion, images of the scratches were captured at 
0 and 12 h after transfection. The results dem-
onstrated that the migration of SiHa and C33A 
cells treated with miR-451a inhibitor group 
were significantly reduced as compared with 

Figure 3. Up-regulated of miR-451a increases cell migration in cervical cancer. SiHa and C33A cells were trans-
fected with a miR-451a inhibitor or negative control and subjected to migration scratch assay. A. Representative 
photomicrographs of migrating cell of SiHa. B. Representative photomicrographs of migrating C33A cell. Data were 
expressed as the mean ± SD (n=3). Values were expressed as the mean ± SD (n=3). We repeated each experiment 
three times with independent individuals. *P<0.05.
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the negative control group (Figure 3). These 
result hints that increased of miR-451a in- 
creases cell migration in cervical cancer.

Up-regulated of miR-451a accelerates cell in-
vasion in cervical cancer 

Finally, we sought to investigate the effect of 
miR-451a on the invasion ability in SiHa and 
C33A cells. As shown in Figure 4, the invasion 
ability of miR-451a inhibitor group (SiHa: 96.77 
± 9.84; C33A: 86.43 ± 12.05) was significantly 
decreased compared with the negative control 
group (SiHa: 189.25 ± 18.36; C33A: 201.21 ± 
21.08). All of these results suggest that miR-
451a may function as an oncogene in cervical 
cancer.

Discussion

Cervical cancer is one of the most common 
cancers and a leading cause of mortality in 
women worldwide [1, 2]. Despite remarkable 
advances in diagnostics and treatments, the 
prognosis of patients with cervical cancer has 
not improved significantly over the past 
decades. Therefore, it is imperative to investi-
gate the molecular mechanisms involved in 
cervical cancer pathogenesis and develop 
novel potential therapeutic strategy. In the cur-
rent study, we examined the miR-451a expres-
sion and found that miR-451a function as an 
oncogene in cervical cancer.

MiRNAs function as classical oncogenes or 
tumor suppressor genes have been identified 

Figure 4. Up-regulated of miR-451a accelerates cell invasion in cervical cancer. A. MiR-451a inhibitor or negative 
control-treated SiHa cell was subjected to transwell assays. B. MiR-451a inhibitor or negative control-treated C33A 
cell was subjected to transwell assays. Data are presented as the mean of three measurements and the bars pres-
ent the standard deviation of the mean (*P<0.05).
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in many cancers [14-17]. MiR-451a is located 
on the 17q11.2 chromosome in human 
genome. MiR-451a has been reported to be 
up-regulated in colon cancer [18] and lung can-
cer [19], while down-regulated in osteosarcoma 
[20] and hepatocellular carcinoma [21]. These 
dates suggest that miR-451a can function as 
either a tumor suppressor or an oncogene, 
which mainly be dependent on the cancer type. 
However, the expression and function of miR-
451a in cervical cancer is still unknown. An 
understanding of the role of miR-451a in cervi-
cal cancer development may provide new 
insights into the underlying value of diagnosis 
and therapy for patients in the future.

In this study, qPCR was used to detect the rela-
tive expression levels of miR-451a in cervical 
cancer tissues and cell lines. We found that 
miR-451a is remarkably up-regulated in cervi-
cal cancer tissues and cell lines, which were 
consistent with previous miRNA microarray 
chip analysis in cervical cancer [13]. 
Furthermore, the functions of miR-451a on cell 
proliferation, migration and invasion were ana-
lyzed by using miR-451a inhibitor or negative 
control into SiHa and C33A cells. The results 
demonstrated that knock-down of miR-451a 
expression could inhibit cell proliferation, 
migration and invasion in cervical cancer. To 
the best of our knowledge, the results of the 
present study provide a novel insight into the 
role of miR-451a in the occurrence and devel-
opment of cervical cancer.

In summary, our present study suggested that 
miR-451a was up-regulated in cervical cancer. 
Moreover, down-regulation of miR-451a could 
inhibit cell proliferation, migration and invasion 
in cervical cancer. These finds may provide the 
therapeutic potential of miR-451a in the treat-
ment of cervical cancer. Further research 
should be devoted to illustrate the target genes 
of miR-451a in cervical cancer.
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