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Abstract. – OBJECTIVE: The objective of this 
study is to explore the biological roles of mi-
croRNA-101-5p (miR-101-5p) in the growth and 
metastasis of cervical cancer. 

PATIENTS AND METHODS: The levels of 
miR-101-5p and chemokine (C-X-C motif) li-
gand 6 (CXCL6) in cervical cancer tissues and 
cells were detected using the quantitative Real 
Time-Polymerase Chain Reaction (qRT-PCR) as-
say. The proliferation, colony formation, migra-
tion, and invasion assays were conducted using 
miR-101-5p transfected cervical cancer cell. The 
expression of CXCL6 was measured by the im-
munoblotting assay. Xenograft model was con-
structed to reveal the precise roles of miR-101-
5p in the growth of cervical cancer cell in vivo. 

RESULTS: MiR-101-5p was down-regulated 
in cervical cancer tissues when compared to 
the normal controls. The levels of miR-101-5p 
were higher in cervical cancer cells (SiHa, Cas-
ki, C-4-I, C-33 A) than that in the human cervical 
surface epithelial cell line, HcerEpic. Over-reg-
ulation of miR-101-5p inhibited the aggressive-
ness phenotypes of a cervical cancer cell in vi-
tro. Furthermore, over-regulation of miR-101-5p 
reduced the tumor growth of cervical cancer cell 
in vivo. CXCL6 was the target protein of miR-101-
5p in cervical cancer as demonstrated by lucif-
erase reporter assay. The mRNA level of CXCL6 
was negatively associated with the miR-101-5p 
level in cervical cancer tissue. Finally, the res-
cue experiments suggested that the inhibitory 
role of miR-101-5p was mediated by regulating 
the expression of CXCL6 in cervical cancer. 

CONCLUSIONS: These findings indicated that 
the over-regulation of miR-101-5p suppressed 
the progression of cervical cancer by targeting 
CXCL6 and might function as a potential thera-
peutic target for cervical cancer.
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Introduction

Cervical cancer is one of the most common gy-
necological malignancies in women that affects 
female reproductive organs, including ovaries, 
fallopian tubes, uterus, cervix, vagina, and vul-
va1,2. The 5-year survival rate remains unsatisfac-
tory despite the significant improvements in the 
therapeutic strategies for cervical cancer during 
the past decade3,4. The underlying mechanisms 
that promote the progression of cervical cancer 
are not fully known. Therefore, elucidating novel 
mechanisms of cervical cancer initiation and pro-
gression is critical for improving the diagnostics 
and therapeutics. MicroRNAs (miRNAs) are a 
kind of small non-coding RNAs, which regulate 
the expression of a target gene through promo-
ting the degradation of target messenger RNA 
(mRNA) or inducing translational repression 
via incompletely binding with the 3’-untransla-
ted region (3’-UTR) of target protein5,6. Substan-
tial evidence demonstrates that dysregulation of 
miRNAs is associated with the development and 
metastasis of several cancers, and miRNAs might 
be the potential treatment targets in cancers7,8. For 
example, miR-661 serves as a suppressive miR-
NA in breast cancer and reduces the growth and 
invasion of cancer cell by regulating metastasis 
associated 1 (MTA1)9. MiR-490-3p regulates the 
proliferation and epithelial to mesenchymal tran-
sition (EMT) process of hepatocellular carcinoma 
(HCC) cell through regulating the expression of 
endoplasmic reticulum-Golgi intermediate com-
partment protein 3 (ERGIC3)10. Researches11,12 
also report that miR-101 is significantly up-re-
gulated in non-small cell lung cancer (NSCLC). 
Nevertheless, the potential roles of miR-101-5p 
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in regulating the growth and metastasis of cervi-
cal cancer cell remains not yet well investigated. 
Chemokines are a kind of small heparin binding 
cytokines, which regulate the migration of leu-
kocytes through binding with G protein-coupled 
receptors (GPCR)13,14. More than 20 chemokine 
receptors and 50 chemokines have been found, 
and they are divided into four kinds (C, CC, 
CX3C and CXC)15,16. Chemokine receptor system, 
which extends to various types of neoplastic cell, 
is proved to be altered in neoplastic tissues17. 
C-X-C motif chemokine ligand 6 (CXCL6) is first 
identified in osteosarcoma cell line and CXCL6 
participates into the progression of various types 
of cancers, including NSCLC, colon cancer and 
small cell lung cancer (SCLC)18-21. In a murine 
model of melanoma, down-regulation of CXCL6 
inhibits tumor cell growth, invasion and metasta-
sis22. In addition, the angiogenic role of CXCL6 
is associated with the intratumoral expression of 
matrix metallopeptidase 9 (MMP-9) and the de-
gradation of the extracellular matrix (ECM)23. 
Previous investigations have demonstrated the 
important role of CXCL6/C-X-C motif chemoki-
ne receptor 6 (CXCL6/CXCR6) in the metastasis 
of different cancers, including colorectal can-
cer and NSCLC18,19. These results indicate that 
CXCL6/CXCR6 interaction is important for the 
metastasis and progression of cancer. MiR-101-
5p is a cancer-related miRNA, which plays an 
oncogenic or tumor suppressive role in different 
cancers. However, its role in cervical cancer has 
remained elusive so far. Therefore, in this study, 
we investigated the role of miR-101-5p in the pro-
gression of cervical cancer.

Patients and Methods

Clinical Samples
Fifty pairs of cancer and adjacent normal tis-

sues were obtained from patients with cervical 
cancer that underwent surgical resection at Ma-
ternal and Child Health Care Hospital of Laiwu 
City. The tissues were snap-frozen and stored 
in liquid nitrogen for further investigation. We 
excluded patients that received immunotherapy, 
chemotherapy or radiotherapy before surgical tre-
atment. Ethical approval was obtained from the 
Ethics Committee of the Maternal and Child He-
alth Care Hospital of Laiwu City. The study con-
forms to the Code of Ethics of the World Medical 
Association (Declaration of Helsinki) printed in 
the British Medical Journal (18 July 1964). Infor-

med consent forms were signed by all patients be-
fore surgery. 

Cell Lines and Cell Culture
The four human cervical cancer cell lines (SiHa, 

Caski C-4-I, C-33 A) and the human cervical surfa-
ce epithelial cell line, HcerEpic were obtained from 
the Chinese Academy of Sciences (Shanghai, Chi-
na). 293T cell was purchased from the GuangZhou 
Jennio Biotech Co., Ltd (GuangZhou, GuangDong, 
China). Cervical cancer cell lines and HcerEpic 
were grown in RPMI-1640 medium (Gibco-BRL, 
Gaithersburg, MD, USA) supplemented with 10% 
fetal bovine serum (FBS) (HyClone, South-Logan, 
UT, USA) and 1% penicillin/streptomycin at 37°C 
and 5% CO2. 293T cell was grown in Dulbecco’s 
Modified Eagle’s Medium (DMEM; Gibco-BRL, 
Gaithersburg, MD, USA) supplemented with 10% 
fetal bovine serum (FBS) (HyClone, South-Logan, 
UT, USA) and 1% penicillin/streptomycin at 37°C 
and 5% CO2.

Transfection Studies
Lentiviral vector pGreenPuro (System Bio-

sciences, Palo Alto, CA USA) that containing 
miR-101-5p (miR-101-5p) or miR-negative control 
(miR-NC) was packaged into 293T cells using 
the lentiviral packaging kit (GeneCopoeia, Shan-
ghai, China) according to manufacturer’s ma-
nual. Stable cell lines were established using the 
infecting SiHa cells with lentiviruses encoding 
miR-101-5p or miR-NC followed by 2 mg/ml pu-
romycin selection. The stable cell line was cultu-
red in RPMI-1640 medium containing 10% FBS 
and puromycin (0.5 mg/ml) for colony formation 
assay and in vivo experiments. The miR-101-5p 
mimic and the corresponding negative control, 
miR-NC was brought from GenePharma (Shan-
ghai, China). The CXCL6 overexpression vector 
(pCDNA3.1-CXCL6) without 3’-UTR was con-
structed by GenePharma (Shanghai, China). MiR-
101-5p mimic, miR-NC, or pCDNA3.1-CXCL6 
plasmid were transfected into cell using the Lipo-
fectamine™ 3000 reagent (Invitrogen, Carlsbad, 
CA, USA) according to manufacturer’s protocol.

Quantitative Real-Time PCR
Total RNA was extracted from cervical cancer 

tissues and cultured cells with TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA) according to manu-
facturer’s manual. The relative level of miRNA-
101-5p was detected using a SYBR PrimeScript 
miRNA RT PCR kit (TaKaRa, Dalian, Liaoning, 
China) in accordance with the manufacturer’s 
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instructions. For detection of CXCL6 mRNA 
expression, the first-strand cDNA was synthesi-
zed using MMLV reverse transcriptase (Promega, 
Madison, WI, USA) according to the manufactu-
rer′s instructions. Real time PCR was conducted 
using SYBR Premix Ex Taq (TaKaRa, Dalian, 
Liaoning, China) in the ABI 7900 Fast system 
(Applied Biosystems, Foster City, CA, USA). 
The relative levels of miR-101-5p and CXCL6 
were normalized to U6 and GAPDH, respectively 
using the 2-ΔΔCT method. The primers were as 
follows: miR-101-5p (forward primer: 5’-GCCG-
GCAGCATTATGTCAAT-3’; reserve primer: 
5’-GCCAGCAGCTTGATGTCAAT-3’), CXCL6 
(forward primer: 5’-AGAGCTGCGTTGCACT-
TGTT-3’; reserve primer: 5’-GCAGTTTACCA-
ATCGTTTTGGGG-3’), U6 (forward primer: 
5’-AAAGCAAATCATCGGACGACC-3’; reverse 
primer: 5’-GTACAACACATTGTTTCCTCG-
GA-3’), GAPDH (forward primer: 5’-TGTGG-
GCATCAATGGATTTGG-3’; reverse primer: 
5’-ACACCATGTATTCCGGGTCAAT-3’). U6 
and GAPDH were the internal controls.

Cell Proliferation
We determined the proliferation of cervical can-

cer cell using the Cell Counting Kit-8 (CCK8) as-
say. Briefly, 2 × 103 transfected cells were seeded 
into 96-well plates and cultured at 5% CO2 and 
37°C for 24 h, 48 h or 72 h, respectively. At each 
time point, 10 μl of CCK-8 solution (Dojindo La-
boratories, Kumamoto, Japan) was added into 96 
well plate and the cells were further incubated for 
1 h. The absorbance was read at 450 nm was in a 
microplate reader (Bio-Tek Company, Winooski, 
VT, USA).

Colony Formation Assay
The miR-101-5p or miR-NC transfected cel-

ls (500 cells per well) were cultured in six-well 
plates for 14 days. Then, the colonies were fixed 
in 20% methanol and stained with 0.5 % crystal 
violet for 15 min. The number of colonies was 
counted using the ZEN 2011 imaging software on 
a Zeiss invert microscope (CarlZeiss, Hallbergno-
os, Germany).

Migration Assay
To determine the migration ability of cervical 

cancer cell, a wound healing assay was conducted. 
MiR-101-5p or miR-NC transfected cells (1×105/
well) were cultured in 6-well plates for 24 h. Sub-
sequently, the cells were scratched with a sterile 
plastic micropipette tip to generate a wound in 

the monolayer. The cells were washed with PBS 
and cultured under standard conditions for 48 h. 
Then, the wound was imaged at 0 h and 48 h un-
der an inverted Nikon Eclipse TS100 phase-con-
trast microscope (Nikon, Tokyo, Japan). Scratch 
healing rate = (0 h width of scratch-48 h width of 
scratch)/0 h width of scratch × 100%. 24.

Invasion Assay
Cell invasiveness was determined using Tran-

swell assay. Briefly, 2×105 cells were seeded into 
the upper chamber that was pre-coated with Ma-
trigel (Shanghai, China). In the lower chamber, 
600 μl RPMI 1640 medium with 20% fetal bovine 
serum (FBS) was added. After 24 h, the non-in-
vading cells were gently removed with a cotton 
swab, whereas the cells that invaded the lower 
surface of the filter were fixed with 70% ethanol 
for 30 min and stained with 0.1% crystal violet for 
10 min. The cells were photographed with an in-
verted light microscope (CarlZeiss, Hallbergno-
os, Germany) and the cell numbers were counted 
in five random fields of view25.

Dual-Luciferase Reporter Assay
The 3′-untranslated region (3’-UTR) of CXCL6 

that containing the binding sites of miR-101-
5p was PCR amplified and sub-cloned into psi-
CHECK2 vector (Promega, Madison, WI, USA). 
It is referred to as wt-CXCL6-3’UTR. The mu-
tant 3’-UTR of CXCL6 was constructed with 
QuikChange XL Site-Directed Mutagenesis Kit 
(Agilent Technologies; Santa Clara, CA, USA) 
and sub-cloned into psiCHECK2 vector. It is re-
ferred to as mut-CXCL6-3’UTR. In the luciferase 
reporter assay, SiHa cells were grown to 70-80% 
confluence and transfected with miR-101-5p mi-
mic or miR-NC in combination with wt-CXCL6-
3’-UTR or mut-CXCL6-3’-UTR. The firefly and 
renilla luciferase activities were determined using 
the Dual-Luciferase Reporter Assay System (Pro-
mega, Madison, WI, USA). 

Western Blotting
Briefly, cervical cancer cells or tissues were 

lysed using RIPA buffer (Beyotime, Najing, 
Jiangsu, China. The protein concentration was 
detected using a BCA protein assay kit (Pierce, 
Bonn, Germany). Protein samples were fractio-
nated by 10% SDS-PAGE, then the proteins were 
blotted onto PVDF membrane (Amersham Bio-
Sciences, Buckinghamshire, UK). The membra-
nes were immunoblotted with antibodies against 
CXCL6 (Santa Cruz Biotechnology, Santa Cruz, 
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CA, USA) or GAPDH (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA), followed by HRP-linked 
secondary antibodies (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). The protein bands were 
detected by SuperSignal West Pico Chemilumi-
nescent Substrate kit (Pierce, Rockford, IL, USA). 
GAPDH was used as a control.

Immunohistochemistry (IHC)
Formalin-fixed and paraffin-embedded tumor 

tissues were cut into 4 μm sections. Then, pa-
raffin sections were deparaffined in xylene and 
dehydrated in graded ethanol. Heat-induced anti-
gen retrieval were performed using Citrate buffer 
(Invitrogen, Carlsbad, CA, USA). Then, sections 
were incubated with the primary anti-CXCL6 
antibody (1:400, Santa Cruz Biotechnology, CA, 
USA) for overnight at 4°C. The following day, 
the slides were incubated with horseradish pe-
roxidase-conjugated secondary antibody (ZSGB 
BIO, Beijing, China) for 90 min at room tempe-
rature, and a peroxidase-labeled polymer for 10 
min at room temperature. The slides were deve-
loped with freshly prepared DAB solution for 5 
min followed by hematoxylin counterstain. Then, 
after dehydration and mounting, they were photo-
graphed under a light microscope. 

Immunofluorescence 
Cells were fixed by pre-cold acetone and then 

rinsed three times with PBS. The cells were per-
meabilized in 0.1% Triton X-100 and incubated 
with 1% BSA/PBS to block nonspecific binding. 
Subsequently, the cells were immunostained 
by incubating with rabbit monoclonal antibody 
against CXCL6 (diluted 1:500, Epitomics, Burlin-
game, CA, USA) for overnight at 4°C. After being 
washed with PBS, cells were incubated with FI-
TC-conjugated goat anti-rabbit secondary antibo-
dy (diluted 1:60, Boster Biotechnology, Wuhan, 
Hubei, China). Nuclei were counterstained with 
DAPI (Beyotime Biotech, Haimen, Jiangsu, Chi-
na). Images were taken and analyzed using the 
ZEN 2011 imaging software on a Zeiss invert mi-
croscope (CarlZeiss, Hallbergnoos, Germany).

In vivo Xenograft Study
Animal study was approved by the Committee 

on the Use of Live Animals in Teaching and Re-
search of the Animal Research Committee of Ma-
ternal and Child Health Care Hospital of Laiwu 
City. Tumor xenograft model was established 
using 6-week old female BALB/c nu/nu mice by 
subcutaneously injecting with 2×106 SiHa cells 

that expressing miR-101-5p or miR-NC. Tumor 
growth was monitored every 3 days with a fine 
digital caliper by measuring tumor length (L) and 
width (W). Tumor volume was calculated as (L 
× W2)/2. After 20 days, all mice were sacrificed, 
and the tumors were harvested and weighed. The 
animal experiment was conducted in accordance 
with Institutional Guidelines and the Guide for 
the Care and Use of Laboratory Animals (NIH 
publication no. 85-23, revised 1996).

Statistical Analysis
Statistical Package of the Social Sciences 17.0 

for Windows (SPSS, Chicago, IL, USA) was used 
for statistical analyses. The data shown are pre-
sented as the mean ± SD (standard deviation) at 
least from three independent experiments. Diffe-
rences in the results of two groups were evaluated 
using either two-tailed Student’s t-test or one-way 
ANOVA followed by post-hoc Dunnett’s test. The 
relationship between miR-101-5p and CXCL6 
expression was assessed by Spearman’s correla-
tion analysis. p < 0.05 was considered statistically 
significant.

Results

MiR-101-5p is Down-regulated in 
Cervical Cancer Tissues and Cell Lines

Gene expression dataset (GSE19611) that was 
used for statistical analysis was acquired from the 
GEO database (https://www.ncbi.nlm.nih.gov/
gds/). The gene expression dataset (GSE19611) 
contains both the cervical cancer tissues and the 
matched normal tissues. As shown in Figure 1A, 
miR-101-5p was significantly down-expressed in 
cervical cancer tissues compared to normal tis-
sues. We then determined the levels of miR-101-
5p in 50 pairs of cervical cancer and adjacent 
normal tissues by qRT-PCR. As shown in Figure 
1B, miR-101-5p was down-regulated in cervical 
cancer tissues compared to the adjacent normal 
tissues. Next, we observed that the levels of miR-
101-5p were also significantly reduced in four cer-
vical cancer cell lines than that in the human cer-
vical surface epithelial cell line, HcerEpic (Figure 
1C). Finally, the Kaplan Meier analyses indicated 
that the low level of miR-101-5p was associated 
with the poor overall survival of patients (Figure 
1D). Thus, these findings demonstrate that miR-
101-5p is down-regulated in cervical cancer and is 
a potential prognostic biomarker for patients with 
cervical cancer. 
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Up-regulation of MiR-101-5p Suppresses 
Cervical Cancer Cell Proliferation 
and Xenograft Tumor Growth

To investigate the biological function of miR-
101-5p in cervical cancer, we generated control 
or miR-101-5p overexpressing SiHa cells with 
lentiviruses that carrying miR-101-5p or miR-
NC (Figure 2A). The CCK-8 assay demonstra-
ted that overexpression of miR-101-5p inhibited 
the proliferation of SiHa and Caski cell (Figure 
2B). Moreover, up-regulation of miR-101-5p de-
creased the colony formation of cervical cancer 

in vitro (Figure 2C). To determine the signifi-
cance of these findings in vivo, SiHa cells that 
stably expressing miR-101-5p or miR-NC were 
subcutaneously injected into the flank region of 
nude mice. We observed that the tumor growth 
in the miR-101-5p group was inhibited than that 
in the miR-NC group (Figure 2D). Consistently, 
we also observed that the tumor size in miR-
101-5p group was decreased than in the miR-NC 
group (Figure 2E). These data demonstrate that 
miR-101-5p inhibits the growth of cervical can-
cer cell in vitro and in vivo.

MiR-101-5p Suppresses Cervical Cancer 
Cell Migration and Invasion

Next, we investigated the role of miR-101-5p in 
the migration and invasion of cervical cancer cell 
using the wound healing and Transwell invasion 
assay in vitro. As shown in Figure 3A-3B, over-re-
gulation of miR-101-5p significantly inhibited the 
migration and invasiveness of SiHa and Caski cell.

CXCL6 is a Target of MiR-101-5p in 
Cervical Cancer Cell

Next, the Targetscan (http://www.targetscan.org/
vert_72/) and miRanda (http://www.microrna.org/
microrna/) websites were applied to investigate the 
potential target gene of miR-101-5p. As shown in Fi-
gure 4A, we identified that CXCL6 was the potential 
target gene of miR-101-5p with a probable binding 
site at bases 317 to 324. We then performed dual 
luciferase reporter assays using miR-NC or miR-
101-5p overexpressing SiHa and Caski cell that was 
transfected with wild type (wt) or mutant type (mut) 
3’-UTR of CXCL6. As shown in Figure 4B, the lu-
ciferase activity of cell that was transfected with the 
wt 3’-UTR of CXCL6 was decreased by miR-101-5p 
transfection whereas the luciferase activity of cell 
that was transfected with mut 3’-UTR of CXCL6 
was not significantly inhibited by miR-101-5p. Mo-
reover, up-regulation of miR-101-5p decreased the 
mRNA level and protein expression CXCL6 in SiHa 
and Caski cell (Figure 4C-4D).

CXCL6 Mediates the Functional Effects of 
MiR-101-5p on Cervical Cancer Cell

To explore the role of miR-101-5p/CXCL6 in 
the progression of cervical cancer, SiHa cells 
were cotransfected with miR-101-5p mimics and 
CXCL6 overexpressing plasmid. As shown in Fi-
gure 5A-5B, the level of CXCL6 was significant-
ly increased in SiHa cell that was cotransfected 
with v compared to the cell that was transfected 
with miR-101-5p mimics alone Then, we found 

Figure 1. MiR-101-5p is under-regulated in cervical can-
cer. (A) Microarray analysis of miRNA in cervical cancer 
tissues and corresponding normal tissues; (B) The levels of 
miR-101-5p in cervical cancer and adjacent normal tissues 
were analyzed using qRT-PCR assay. **p < 0.01 compared 
to adjacent; (C) qRT-PCR analysis of miR-101-5p in four 
human cervical cancer cell lines, SiHa, Caski C-4-I, C-33 
A and the human cervical surface epithelial cell line, Hce-
rEpic. **p < 0.01 compared to HcerEpic; (D) Kaplan-Meier 
survival curve analysis demonstrated that the low level of 
miR-101-5p was associated with the poor prognosis of pa-
tients with cervical cancer. 
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that up-regulation of CXCL6 level restored the 
proliferation, colony formation, migration and 
invasion of SiHa cell that was inhibited by miR-
101-5p (Figure 5C-5F). These data demonstrate 
that miR-101-5p inhibits the growth and metasta-
sis of cervical cancer cell by decreasing CXCL6 
expression.

 
CXCL6 is Inversely Correlates with 
MiR-101-5p in Cervical Cancer Tissues

Finally, we investigated the relationship betwe-
en CXCL6 mRNA and miR-101-5p in 50 pairs of 
cervical cancer and corresponding adjacent nor-
mal tissues by qRT-PCR. As shown in Figure 6A, 
the mRNA levels CXCL6 were higher in the cer-

vical cancer tissues than those in the adjacent nor-
mal tissues. Consistently, the immunohistochemi-
cal analysis demonstrated the protein expression 
of CXCL6 was higher in cervical cancer tissues 
than that in the adjacent normal tissues (Figure 
6B). Moreover, the Spearman’s correlation analy-
sis demonstrated that the levels CXCL6 were in-
versely correlated with miR-101-5p levels in cer-
vical cancer tissues (Figure  6C). 

Discussion

Human cervical cancer is the fourth leading 
cause of cancer death in women worldwide and is 

Figure 2. MiR-101-5p inhibits the growth of cervical cancer cell in vitro and in vivo. (A) qRT-PCR analysis of miR-101-5p 
expression in miR-101-5p and miR-NC transfected SiHa and Caski cell; (B) The proliferation of miR-101-5p and miR-NC 
transfected SiHa and Caski cell was assessed by CCK-8 assay; (C) Colony formation assay. *p < 0.05, **p < 0.01 compa-
red to control; (D) Xenograft tumor volumes in nude mice injected with SiHa cells stable expressing miR-101-5p and miR-
NC; (E) Representative images of xenograft tumors that was formed by miR-101-5p or miR-NC transfected SiHa cells. *p < 
0.05, **p < 0.01 compared to miR-NC.
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one of the main causes of cancer-related death in 
the developing countries26. Therefore, it is impor-
tant to investigate the molecular mechanisms un-
derlying the progression of cervical cancer. MiR-
NAs are well known as a class of small regulatory 

RNA molecules that regulate gene expression in 
a sequence-specific manner27. Many researchers 
have reported that the expression and functions 
of miRNAs are cell and tissue specific28. Im-
portantly, the dysfunctions of miRNAs are also 

Figure 3. MiR-101-5p inhibits the migration and invasion of cervical cancer cell. (A) The migration of miR-NC or miR-101-5p 
transfected SiHa and Caski cell was determined using the wound healing assay; (B) The invasion ability of miR-NC or miR-
101-5p transfected SiHa and Caski cell was analyzed by transwell invasion assay. **p < 0.01 compared to control.
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commonly associated with the initial and deve-
lopmental stages of human cancers, including 
cellular proliferation, oncogenesis, invasion, and 
metastasis29-31. 

In this study, we investigated the role of miR-
101-5p in the growth, migration and invasion of 
cervical cancer cell. We found that miR-101-5p 
was significantly down-regulated in cervical 
cancer tissues and cell lines than normal cervi-
cal tissues and cell line, respectively. Moreover, 
the lower level of miR-101-5p was correlated with 
the poor prognosis of patient with cervical cancer. 
Moreover, overexpression of miR-101-5p inhibi-
ted the proliferation, colony formation, migration 
and invasion of cervical cancer cell in vitro. Me-
anwhile, up-regulation of miR-101-5p suppressed 
the growth of cervical cancer cell in vivo. 

The previous study11 proves that miR-101 exer-
ts tumor-suppressive effects in multiple mali-
gnancies, including NSCLC. Down-regulation of 
miR-101 promotes the epithelial to mesenchymal 
transition (EMT) of cisplatin-resistant NSCLC 
cell. Moreover, miR-101 inhibits the proliferation, 

invasion of tumor cell and enhances the paclita-
xel-induced apoptosis in NSCLC cell by directly 
targeting enhancer of zeste homolog 2 (EZH2)32,33. 
All these results demonstrate the important roles of 
miR-101 in cancers. However, the expression and 
role of miR-101-5p in the progression of cervical 
cancer is not known. Our study demonstrates the 
tumor suppressor function of miR-101-5p in cervi-
cal cancer. Bioinformatics analysis and luciferase 
reporter assay identified that CXCL6 was the di-
rectly target gene of miR-101-5p in cervical cancer. 
Our data also revealed that CXCL6 was up-regu-
lated in human cervical cancer tissues, which was 
consistent with the previous findings, in which 
CXCL6 was found to be highly expressed in hepa-
tocellular carcinoma (HCC) and NSCLC18,34. 

These results suggested the oncogenic role of 
CXCL6 in the progression of cervical cancer. In 
this study, overexpression of CXCL6 partially 
abrogated the inhibitory effect of miR-101-5p on 
the proliferation, colony formation, migration and 
invasion of cervical cancer cell. Moreover, the 
expression of CXCL6 was negatively associated 

Figure 4. CXCL6 is the target of miR-101-5p in cervical cancer cell. (A) The binding sites between miR-101-5p and the 3’-
UTR of CXCL6; (B) SiHa and Caski cell was cotransfected with miR-101-5p and wt 3’-UTR of CXCL6 or cotransfected with 
miR-101-5p and mut 3’-UTR of CXCL6. The luciferase activity was detected using the luciferase reporter assay. **p < 0.01 
compared to miR-NC + wt-CXCL6; (C) The mRNA level of CXCL6 in miR-NC or miR-101-5p transfected SiHa and Caski 
cell was detected using qRT-PCR assay. **p < 0.01 compared to miR-NC; (D) The protein expression of CXCL6 in miR-NC or 
miR-101-5p transfected SiHa and Caski cell was determined by Western blotting assay. 
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Figure 5. MiRMiR-101-5p inhibits the growth and metastasis of cervical cancer by targeting CXCL6. (A) SiHa cells were 
co-transfected with CXCL6 plasmid and miR-101-5p mimic or co-transfected with CXCL6 plasmid and miR-NC. The mRNA 
level of CXCL6 was detected using qRT-PCR. **p < 0.01 compared to miR-NC, ##p < 0.01 compared to miR-101-5p; (B) The 
expression of CXCL6 in SiHa cells that were co-transfected with CXCL6 plasmid and miR-101-5p mimic or co-transfected 
with CXCL6 plasmid and miR-NC was detected using western blotting assay; (C) The proliferation of SiHa cells that were 
co-transfected with CXCL6 plasmid and miR-101-5p mimic or co-transfected with CXCL6 plasmid and miR-NC was detected 
using CCK-8 assay. *p < 0.05 and **p < 0.01 compared to miR-NC, ##p < 0.01 compared to miR-101-5p; (D) Colony formation. 
(E) The migration of SiHa cell was determined using the wound healing assay.

Figure continued
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with the level of miR-101-5p in cervical cancer 
tissues. The main limitation of our study is that 
we only analyzed fewer cervical cancer tissues 
and cell lines. Therefore, more elaborate studies 
are necessary for further explore the potential 
therapeutic and prognostic role of miR-101-5p in 
the progression of cervical cancer. 

Conclusions

Our results demonstrate that miR-101-5p ser-
ves as a tumor suppressor in cervical cancer by 
targeting CXCL6 and represents a potential thera-
peutic target for cervical cancer treatment.

Figure 6. The expression of CXCL6 is inversely correlated with miR-101-5p level in cervical cancer tissue. (A) The mRNA 
levels of CXCL6 in 50 pairs of cervical cancer and adjacent normal tissues were detected using qRT-PCR assay. **p < 0.01 
compared to adjacent; (B) The protein expression of CXCL6 in cervical cancer tissues was detected using the immunohisto-
chemical staining. **p < 0.01 compared to normal; (C) Spearman’s correlation analysis of the association between the level of 
CXCL6 and miR-101-5p level in human cervical cancer tissues (n=50). 

Figure 5. (Continued). (F) The invasion ability of SiHa cell was analyzed using the Transwell invasion assay. **p < 0.01 
compared to miR-NC, ##p < 0.01 compared to miR-101-5p.
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