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Abstract. MicroRNAs are deregulated in numerous types of 
human cancers and have crucial roles in the carcinogenesis 
and progression of human cancers. MicroRNA‑10b (miR‑10b) 
has been studied in several types of human cancer. However, 
the expression and roles of miR‑10b in cervical cancer remain 
unknown. In the present study, the expression, functions 
and molecular mechanisms of miR‑10b were explored in 
cervical cancer. The present data revealed that miR‑10b 
was significantly downregulated in cervical cancer tissues 
and cell lines. In addition, miR‑10b overexpression inhibited 
the proliferation, migration and invasion of cervical cancer 
cells, while miR‑10b under‑expression had the opposite 
effect. Based on bioinformatics analysis, a luciferase reporter 
assay and western blot analysis, insulin‑like growth factor‑1 
receptor (IGF‑1R) was identified as a direct target of miR‑10b 
in cervical cancer. In addition, IGF‑1R small interfering 
RNA‑mediated knockdown of IGF‑1R also inhibited 
the proliferation, migration and invasion of the cervical 
cancer cells. In conclusion, the present study demonstrated 
that miR‑10b serves an important role in cervical cancer 
progression by targeting IGF‑1R.

Introduction

Cervical cancer is the third most commonly diagnosed 
malignancy and the fourth leading cause of cancer‑associated 
mortality in women worldwide, with ~530,000 new cases and 
275,100 cervical cancer‑associated mortalities occurring in 
females in 2008 (1). The initiation and progression of cervical 

cancer is a multi‑step process, involving multiple factors 
and the transformation of normal cervical epithelium into 
cervical intraepithelial neoplasia, which subsequently trans-
forms into invasive cervical cancer (2,3). A number of studies 
have demonstrated that persistent infection with high‑risk 
human papillomavirus (HPV) serves an important role in the 
initiation and progression of cervical cancer (4‑6). However, 
previous studies have shown that HPV infection alone is insuf-
ficient to induce malignant changes and that other factors must 
contribute to cervical carcinogenesis and progression (7,8). 
Accumulated studies reported that abnormal expression or 
activity of specific genes is responsible for the pathogenesis 
of cervical cancers (9‑11). Currently, surgery, radiotherapy and 
chemotherapy are the main therapies for patients with cervical 
cancer (12). However, subsequent to these treatments, ~30% of 
patients developed cancer recurrence, lymph node recurrence 
or distant metastasis and eventually obtained an unfavorable 
prognosis (13). Therefore, it is of great significance to fully 
understand the molecular mechanisms underlying the biology, 
genetics, causes and cellular origin of cervical cancer, which 
are important for developing novel therapeutic strategies for 
patients with cervical cancer.

MicroRNAs (miRNAs) are a sizable group of endogenous, 
non‑protein‑coding and short RNAs of 21‑23 nucleotides, 
which negatively regulate their target mRNAs through binding 
the 3' untranslated regions (3'UTRs) of mRNAs, causing 
mRNA degradation or inhibiting translation (14,15). miRNAs 
regulate the activity of >30% of human genes, and therefore 
perform important roles in a variety of physiological and 
pathological processes, including cell proliferation, apoptosis, 
metastasis, glucose and lipid metabolism, and infection and 
immune responses (16‑20). Previous studies have demonstrated 
that miRNAs are deregulated in numerous types of human 
cancers, and are associated with tumorigenesis and develop-
ment by regulation of oncogenes or tumor suppressors (21‑23). 
These previous findings indicated the important functions of 
miRNAs in the initiation and progression of human cancers, 
and demonstrate the potential of miRNAs as efficient thera-
peutic targets for cancer treatment.

In the present study, miR‑10b was identified as a tumor 
suppressor miRNA in cervical cancer. The present data 
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revealed that miR‑10b was significantly downregulated in 
cervical cancer tissues and cell lines. It was also revealed 
that miR‑10b overexpression inhibited cervical cancer 
cell proliferation, migration and invasion, while miR‑10b 
under‑expression had the opposite effect. Furthermore, the 
present study demonstrated that insulin‑like growth factor‑1 
receptor (IGF‑1R) was directly regulated by miR‑10b in 
cervical cancer, and subsequent downregulation of IGF‑1R 
mimicked the inhibitory effects of miR‑10b on cervical cancer.

Materials and methods

Tumor specimens. The present study was approved by the 
Ethics Committee of the Affiliated Hospital of Guilin Medical 
University (Guangxi, China). A total of 46 cases of cervical 
cancer tissues and adjacent normal cervical epithelial tissues 
were collected from patients who were newly diagnosed with 
cervical cancer between March 2012 and August 2014 in the 
Affiliated Hospital of Guilin Medical University. No radio-
therapy or chemotherapy was performed in any patients prior 
to surgery. Fresh tissues were stored in liquid nitrogen prior to 
RNA extraction.

Cell culture and transfection. A total of 5 human cervical 
cancer cell lines (HeLa, CaSki, HT‑3, C‑33A and SiHa), a 
normal human cervix epithelial cell line (Ect1/E6E7) and the 
HEK293T cell line were all purchased from American Type 
Culture Collection (Manassas, VA, USA). All cell lines were 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 
10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) 
and 1% antibiotic/antimycotic (Thermo Fisher Scientific, Inc.) 
in a humidified air atmosphere of 5% CO2 at 37˚C.

The miR‑10b mimics, corresponding negative controls (NC), 
miR‑10b inhibitor, NC inhibitor and luciferase report vectors 
[pGL3‑IGF‑1R‑3'UTR wild type (Wt) and pGL3‑IGF‑1R‑3'UTR 
mutant (Mut)] were obtained from GenePharma (Shanghai, 
China). IGF‑1R small interfering RNA (siRNA) and NC 
siRNA were chemically synthesized by Guangzhou RiboBio 
Co., Ltd. (Guangzhou, China). Transfection of mimics, inhibi-
tors, siRNAs and luciferase report vectors was performed using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol.

RNA extraction and reverse transcription‑polymerase chain 
reaction (RT‑PCR). Total RNA was isolated from tissues 
and cells using the mirVana miRNA isolation kit (Ambion; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Reverse transcription was performed with 
the PrimeScript™ RT reagent kit (Takara Biotechnology Co., 
Ltd., Dalian, China), followed by RT‑PCR conducted using 
SYBR® Premix Ex Taq™ II (Takara Biotechnology Co., Ltd.). 
The expression level of miR‑10b was normalized to the expres-
sion level of U6 small nuclear RNA. U6 small nuclear RNA 
was used as a loading control. All reactions were performed on 
the Applied Biosystems 7500 real‑time PCR system (Thermo 
Fisher Scientific, Inc.) and run in triplicate.

Cell proliferation assay. Cervical cancer cells (3x103 cells/100 µl) 
were seeded onto 96‑well plates. Following incubation for 

6‑8 h, cells were transfected with mimics, inhibitor or siRNAs 
and cultured at 37˚C for 24, 48, 72 and 96 h. Cellular prolifera-
tion was measured using MTT assay (Sigma Chemical Co., St 
Louis, MO, USA). Briefly, 20 µl MTT solution (5 mg/ml) was 
added to each well and incubated at 37˚C for an additional 4 h. 
Culture medium was then removed and formazan crystals were 
dissolved in dimethyl sulfoxide. The optical density (OD) at 
490 nm was detected with an enzyme linked immunosorbent 
assay reader (Dasit Group S.p.A, Milan, Italy).

Migration and invasion assay. Migration and invasion assays 
were performed using Transwell chambers (pore size, 8 µm; 
Costar; Corning Incorporated, Corning, NY, USA). For the 
migration assay, 5x104 cells in 100 µl of FBS‑free culture 
medium were added to the upper chambers, and 500 µl of 
DMEM medium supplemented with 20% FBS was added to 
the lower chambers as a chemoattractant. Following incuba-
tion at 37˚C for 24 h, cells remaining on the upper membrane 
of the Transwell chamber were removed using a cotton swab. 
The migrated cells were fixed, stained at room temperature 
with 0.1% crystal violet, washed and then dried in air. For 
the invasion assay, 5x104 cells in 100 µl of FBS‑free culture 
medium were added to the upper chambers, which were 
pre‑coated with Matrigel (BD Biosciences, San Jose, CA, 
USA). The subsequent steps were similar to the migration 
assay, but the Transwell chambers were incubated at 37˚C for 
48 h. Images of five randomly selected fields of the migrated/
invaded cells were captured and the cells were counted, 
under an inverted microscope (magnification, x200; CKX41; 
Olympus Corporation, Tokyo, Japan).

Bioinformatics analysis and luciferase report assay. To predict 
the potential targets of miR‑10b, bioinformatics analysis was 
conducted using microRNA.org (http://www.microrna.org/
microrna/) and TargetScan (http://www.targetscan.org/).

HEK293T cells were seeded onto 24‑well plates, and 
were co‑transfected with pGL3‑IGF‑1R‑3'UTR Wt or 
pGL3‑IGF‑1R‑3'UTR Mut, and miR‑10b mimics or NC. The 
transfected cells were cultured for 48 h, and luciferase activi-
ties were detected using the Dual‑Luciferase® reporter assay 
system (Promega Corporation, Madison, WI, USA), according 
to the manufacturer's protocol. Renilla luciferase activity was 
normalized to Firefly luciferase activity. Results were obtained 
from three independent experiments.

Western blot analysis. Cells were washed twice with cold PBS 
(Thermo Fisher Scientific, Inc.) and lysed with radioimmuno-
precipitation assay lysis buffer. Equal amounts of protein were 
dissolved in 10% SDS‑PAGE and blotted onto polyvinylidene 
difluoride membranes (EMD Millipore, Billerica, MA, USA). 
The membranes were then blocked with 5% non‑fat milk in 
TBS with Tween‑20 (TBST), followed by incubation with the 
following primary antibodies: Mouse anti‑human monoclonal 
IGF‑1R (dilution, 1:1,000; catalog no. sc‑81464; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) and mouse anti‑human 
monoclonal GADPH (dilution, 1:1,000; catalog no. sc‑59540; 
Santa Cruz Biotechnology, Inc.). Following incubation over-
night at 4˚C, the membranes were washed three times with 
TBST, incubated with goat anti‑mouse horseradish perox-
idase‑conjugated secondary antibodies (dilution, 1:3,000; 
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catalog no.  sc‑2005; Santa Cruz Biotechnology, Inc.) and 
visualized by enhanced chemiluminescence (EMD Millipore), 
according to the manufacturers protocol. GADPH was used as 
a loading control.

Statistical analysis. All values were presented as the 
mean  ±  standard deviation. Differences between groups 
were assessed using SPSS version 13.0 software (SPSS, Inc., 
Chicago, IL, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑10b is downregulated in cervical cancer. As first step of 
the present study, the expression levels of miR‑10b in cervical 
cancer tissues and adjacent normal cervical epithelial tissues 
were measured. The results revealed that miR‑10b expression 
was significantly lower in cervical cancer tissues compared 
with adjacent normal cervical epithelial tissues, indicating 
that miR‑10b may act as a tumor suppressor in cervical cancer 
(P<0.05; Fig. 1A).

The expression of miR‑10b was then examined in five 
human cervical cancer cell lines (HeLa, CaSki, HT‑3, C‑33A 
and SiHa). The results revealed that miR‑106 was lower in all 
five examined cell lines, compared with the normal human 
cervix epithelial Ect1/E6E7 cell line (P<0.05; Fig. 1B).

miR‑10b negatively regulates the proliferation, migration and 
invasion of cervical cancer cells. The expression of miR‑10b 
in HeLa cells was the highest in the five cell lines, while SiHa 
had the lowest miR‑10b expression levels. Considering the 
present results, HeLa and SiHa cells were selected for subse-
quent experiments. SiHa cells were transfected with miR‑10b 
mimics or NC, and HeLa cells were transfected with miR‑10b 
inhibitor or NC inhibitor. At 48 h following transfection, the 
transfection efficiency was measured by RT‑PCR. The results 
revealed that the miR‑10b mimic significantly upregulated 
expression levels in SiHa cells, and the miR‑10b inhibitor 
downregulated miR‑10b expression in HeLa cells (P<0.05; 
Fig. 2A).

To investigate the effect of miR‑10b on cervical cancer 
cell proliferation, cell proliferation assays (MTT assays) 
were performed. Compared with the control groups, 
miR‑10b mimics inhibited the proliferation of SiHa cells, 
while the miR‑10b inhibitor prompted proliferation of HeLa 
cells (P<0.05; Fig. 2B). Migration and invasion assays were 
performed to explore the effects of miR‑10b on metastasis of 
cervical cancer cells. As shown in Fig. 2C, the miR‑10b mimic 
reduced SiHa cell migration and invasion abilities (P<0.05). 
HeLa cell migration and invasion abilities were increased 
following transfection with miR‑10b inhibitor compared with 
that in cells transfected with NC inhibitor (P<0.05). These 
results indicated that miR‑10b may act as a tumor suppressor 
in cervical cancer.

IGF‑1R is a direct target of miR‑10b in cervical cancer. It 
is generally accepted that miRNAs exert their functions 
through binding to the 3'UTR of target mRNAs and regu-
lating their expression. Therefore, bioinformatics analysis 
was performed with microRNA.org and TargetScan. As 
shown in Fig. 3A, IGF‑1R was predicated to be a potential 
target of miR‑10b.

To investigate whether IGF‑1R was a genuine target 
of miR‑10b, luciferase report assay was conducted. 
pGL3‑IGF‑1R‑3'UTR Wt or pGL3‑IGF‑1R‑3'UTR Mut, 
along with miR‑10b mimics or NC, were co‑transfected into 
HEK293T cells. As shown in Fig. 3B, the luciferase activities of 
pGL3‑IGF‑1R‑3'UTR Wt were significantly suppressed when 
miR‑10b mimics were co‑transfected (P<0.05). By contrast, 
the luciferase activities of the pGL3‑IGF‑1R‑3'UTR Mut were 
unaffected by transfection of miR‑10b mimics (P>0.05). These 
results indicated that miR‑10b directly targeted the 3'UTR of 
IGF‑1R.

The effect of miR‑10b on the expression levels of IGF‑1R 
was also measured. The results revealed that miR‑10b 
mimics decreased IGF‑1R expression in SiHa cells, while 
miR‑10b inhibitor improved IGF‑1R levels in HeLa cells 
(P<0.05). IGF‑1R was a direct target of miR‑10b in cervical 
cancer.

IGF‑1R is involved in miR‑10b‑mediated proliferation, 
migration and invasion of cervical cancer cells. To evaluate 
whether IGF‑1R was involved in miR‑10b‑mediated prolifera-
tion, migration and invasion of cervical cancer cells, IGF‑1R 
siRNA was adopted to reduce IGF‑1R expression. At 72 h 
following transfection, western blot analysis was performed 
to assess its transfection efficiency. As shown in Fig. 4A, 

Figure 1. Low expression level of miR‑10b in cervical cancer. (A) miR‑10b 
expression levels in 46 paired cervical cancer tissues and adjacent normal 
cervical epithelial tissues. (B) miR‑10b expression levels in five cervical 
cancer cell lines and normal human cervix epithelial Ect1/E6E7 cell line. 
*P<0.05. miR‑10b, microRNA‑10b.
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IGF‑1R siRNA significantly decreased IGF‑1R expression 
in SiHa cells when compared with cells transfected with NC 
siRNA (P<0.05).

Subsequently, cell proliferation, migration and invasion 
assays were performed to investigate the effects of IGF‑1R 
siRNA on cell proliferation, migration and invasion. The 
present data revealed that IGF‑1R significantly inhibited 
proliferation (P<0.05; Fig. 4B), migration (P<0.05; Fig. 4C) 
and invasion (P<0.05; Fig.  4C) of cervical cancer cells, 

indicating that IGF‑1R acted as a downstream effector in the 
miR‑10b‑mediated proliferation, migration and invasion of 
cervical cancer cells.

Discussion

The main factors affecting the clinical prognosis of metastatic 
and recurrent cervical cancer have not been fully investigated. 
It is important to explore the molecular mechanisms underlying 

Figure 2. Effects of miR‑10b on proliferation, migration and invasion of cervical cancer cells. (A) Expression levels of miR‑10b in SiHa cells transfected with 
miR‑10b mimics or NC, and HeLa cells transfected with miR‑10b inhibitor or NC inhibitor. (B) miR‑10b mimics inhibited proliferation of SiHa cells, and 
miR‑10b inhibitor prompted proliferation of HeLa cells. (C) Migration and invasion assays demonstrated that numbers of migrated and invaded SiHa cells 
transfected with miR‑10b mimic were lower compared with cells transfected with NC. Numbers of migrated and invaded HeLa cells transfected with miR‑10b 
inhibitor were higher than cells transfected with NC inhibitor (magnification, x200). *P<0.05. miR‑10b, microRNA‑10b; NC, negative control.
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the initiation and development of cervical cancer. A growing 
amount of evidence has demonstrated that miRNAs are impor-
tant regulators of various types of biological processes in cancers, 
including cell proliferation, cell cycle, apoptosis, invasion and 
migration (24‑26). Furthermore, the abnormal expression of 
miRNAs is associated with carcinogenesis and progression of 
cancer (27‑29). Therefore, investigating the expression and func-
tions of miRNAs in cervical cancer may benefit the development 
of improved strategies for refractory cervical cancer treatment.

The present data revealed that expression levels of miR‑10b 
were lower in cervical cancer tissues compared with adjacent 
normal cervical epithelial tissues. Consistently, five cervical 
cancer cell lines also expressed lower miR‑10b. In functional 
studies, miR‑10b overexpression significantly inhibited 
proliferation, migration and invasion of cervical cancer cells, 
while miR‑10b under‑expression had the opposite effects. To 
the best of our knowledge, it was demonstrated for the first 
time that IGF‑1R was a direct target of miR‑10b in cervical 

cancer. Thus, the present findings indicated that in cervical 
cancer, miR‑10b may act as a tumor suppressor miRNA that 
is commonly downregulated in cancer tissues, and its overex-
pression may inhibit cervical cancer growth and metastasis.

Previously, miR‑10b was revealed to be upregulated in 
numerous types of human cancers, including melanoma (30), 
gastric cancer (31), non‑small‑cell lung cancer (32), glioma (33), 
colorectal cancer (34), bladder cancer (35), breast cancer (36), 
nasopharyngeal carcinoma (37), pancreatic cancer (38) and 

Figure 3. IGF‑1R is a direct target of miR‑10b in cervical cancer. (A) Predicted 
miR‑10b target sequence in the 3'UTR of IGF‑1R and positions of mutated 
nucleotides in the 3'UTR of IGF‑1R. (B) HEK293T cells were transfected with 
luciferase report vectors, together with miR‑10b mimics or NC. Luciferase 
activities were measured at 48 h post‑transfection. (C) The protein expres-
sion levels of IGF‑1R were determined by western blot analysis. *P<0.05. 
IGF‑1R, insulin‑like growth factor‑1 receptor; miR‑10b, microRNA‑10b; 
UTR, untranslated region; Wt, wild type; mut, mutant; NC, negative control.

Figure 4. IGF‑1R siRNA inhibited proliferation, migration and invasion of 
cervical cancer cells. (A) Western blot analysis was performed to detect 
IGF‑1R expression. (B) IGF‑1R siRNA inhibited proliferation of SiHa cells. 
(C) IGF‑1R siRNA inhibited migration and invasion of SiHa cells (magnifi-
cation, x200). *P<0.05. IGF‑1R, insulin‑like growth factor‑1 receptor; siRNA, 
small interfering RNA; NC, negative control.
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hepatocellular carcinoma (39). In addition, miR‑10b expression 
levels were revealed to be associated with clinicopathological 
factors. In gastric cancer, miR‑10b expression levels were 
associated with the size of tumor, Lauren classification, depth 
of invasion, lymph node and distant metastasis, TNM stage 
and prognosis (40). Zhang et al (41) reported that the relative 
expression levels of miR‑10b in non‑small‑cell lung cancer 
were significantly positively associated with TNM stage and 
regional lymph node involvement. Kaplan‑Meier analysis 
revealed that patients with increased levels of miR‑10b had 
significantly poorer survival rate than those with lower expres-
sion of miR‑10b. Nishida et al (42) revealed that high level 
miR‑10b were associated with high incidence of lymphatic 
invasion and poor prognosis in patients with colorectal cancer. 
These studies indicated that miR‑10b may be a prognostic 
target for cancers.

Functionally, miR‑10b was validated as an oncogene (31,32). 
Previous studies demonstrated that ectopic miR‑10b expression 
improved migration and invasion abilities of bladder cancer, 
nasopharyngeal carcinoma and gastric cancer cells (31,35,37). 
Liao et al revealed that restoration of miR‑10b expression 
enhanced proliferation, migration and invasion of hepatocel-
lular carcinoma (39,43). In non‑small‑cell lung cancer, miR‑10b 
overexpression prompted cell proliferation and invasion, and 
inhibited apoptosis (32,44). However, the expression and func-
tions of miRNAs are tissue specific. miR‑10b was reported to 
be downregulated in clear‑cell renal cell carcinoma (45) and 
was associated with metastasis and progression of clear‑cell 
renal cell carcinoma (46). Increased miR‑10b expression inhib-
ited cell proliferation, migration and invasion of clear‑cell renal 
cell carcinoma (45). In the present study, it was verified that 
miR‑10b was downregulated in cervical cancer, and acted as a 
tumor suppressor. These contradictory results may be explained 
by the imperfect complementarity of the interactions between 
miRNAs and target genes (47).

Different cancers have different target genes of miR‑10b, 
including Hoxd10 (31) in gastric cancer, E‑cadherin (41) and 
Krüppel‑like factor 4 (44) in non‑small‑cell lung cancer, ras 
homolog family member C (RhoC) (34) in colorectal cancer 
and RhoC, urokinase‑type plasminogen activator receptor 
matrix metalloproteinases (39) and cell adhesion molecule 
1  (43) in hepatocellular carcinoma. In the present study, 
IGF‑1R was identified as a novel target gene of miR‑10b 
in cervical cancer. Of numerous potential target genes for 
miR‑10b, predicted by bioinformatics analysis, IGF‑1R was 
selected for the present study. IGF‑1R was previously revealed 
to be upregulated in cervical cancer (48). Luciferase report 
assay results indicated that miR‑10b may directly target the 
3'UTR of IGF‑1R. In vitro miR‑10b overexpression signifi-
cantly decreased IGF‑1R expression, whereas inhibition of 
miR‑10b resulted in increased IGF‑1R. In addition, IGF‑1R 
siRNA may mimic the effects of miR‑10b overexpression on 
proliferation, migration and invasion of cervical cancer cells. 
Thus, the present results suggested that miR‑10b acted as a 
tumor suppressor in cervical cancer, at least in part, through 
negative regulation of IGF‑1R.

In conclusion, to the best of our knowledge, this is the first 
study to demonstrate that miR‑10b is downregulated in cervical 
cancer. miR‑10b acted as a tumor suppressor in cervical 
cancer by inhibiting cell proliferation, migration and invasion, 

and directly regulating IGF‑1R expression via binding to its 
3'UTR. This provides new insights into the mechanisms of 
initiation and progression of cervical cancer.
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