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Abstract This study aims to investigate the func-
tion and mechanism of microRNA-106b-5p (miR-
106b-5p) in cervical cancer (CC). Quantitative
reverse transcription-polymerase chain reaction (qQRT-
PCR) was performed to determine miR-106b-5p
expression in CC tissues and normal gastric tissues.
Cell counting kit-8 (CCK-8) and colony formation
assays were used to analyze the regulatory effects
of miR-106b-5p on CC cells’ proliferative ability.
Wound healing and Transwell assays were conducted
to detect the effects of miR-106b-5p on cell migration
and invasion. Besides, TargetScan was used to predict
the potential target genes of miR-106b-5p. The inter-
action between miR-106b-5p and fibroblast growth
factor 4 (FGF4) was proved by qRT-PCR, Western
blot, and dual-luciferase reporter gene assay. MiR-
106b-5p expression was down-regulated in CC tissues
compared to non-tumorous tissues. The expression of
miR-106b-5p was associated with the lymphatic node
metastasis, FIGO stage and differentiation of CC.
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Functional assays revealed that miR-106b-5p overex-
pression suppressed CC cell proliferation, migration
and invasion while miR-106b-5p inhibitor had the
opposite effects. In addition, FGF4 was identified as a
target gene of miR-106b-5p, and FGF could be nega-
tively regulated by miR-106b-5p. MiR-106b-5p may
serve as a tumor suppressor in CC, which can inhibit
CC growth and metastasis by down-regulating FGF4
expression.
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Abbreviations

3'UTRs 3’ Untranslated regions
CC Cervical cancer

CCK-8 Cell counting kit-8

FGF4 Fibroblast growth factor 4
FGFs Fibroblast growth factors

MiR-106b-5p MicroRNA-106b-5p

miRs MicroRNAs

gRT-PCR Quantitative reverse transcription-
polymerase chain reaction

Introduction

Cervical cancer (CC) is one of the most common
malignancies. According to statistics, there are
approximately 570,000 new cases and more than
310,000 deaths around the world each year (Bray
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et al. 2018). Even though early screening and human
papillomavirus vaccination have greatly reduced the
burden of CC in developed countries, CC remains to
be a health care problem worldwide. Therefore, it is
extremely crucial to clarify the underlying molecular
mechanisms of CC and develop novel therapies.

MicroRNAs (miRs) are a group of non-coding,
single-stranded RNAs consisting of approximately
20 nucleotides, which can suppress the expres-
sion of target gene by binding to the 3’ untranslated
regions (3'UTRs) of messenger RNA (Aurora and
Slack 2006). Accumulating studies suggest that miR-
NAs are abnormally expressed in various tumors and
associated with carcinogenesis, cancer cell prolif-
eration and metastasis (Galasso et al. 2012; Acunzo
and Croce 2015; Nahand et al. 2020). For instance,
miR-34a/b/c can inhibit intestinal carcinogenesis
(Jiang and Hermeking 2017); miR-17-3p regulates
the proliferative ability and survival ability of colonic
cancer cells (Lu et al. 2018); and miR-532 promotes
the migration and invasion of gastric cancer cells
(Hu et al. 2017). Furthermore, there are a lot of miRs
playing a key role in CC (Nahand et al. 2019). For
example, miR-216b inhibits the proliferative ability of
CC cells, and its high expression is related to a better
prognosis of CC patients (He et al. 2017); suppressed
expression of miR-138-5p by long non-coding RNA
H19 in CC facilitates tumor growth (Ou et al. 2018).
MiR-106b-5p regulates the proliferation and metasta-
sis of a variety of tumors. It can inhibit the migration
and invasion of colorectal cancer cells by targeting
cathepsin A (Ni et al. 2018) and promote stem cell-
like properties of hepatocellular cancer cells by tar-
geting phosphatase and tensin homolog deleted on
chromosome ten via phosphatidylinositol-3 kinase/
Akt pathway (Shi et al. 2018). In renal cell carci-
noma, miR-106b-5p promotes its aggressiveness and
stem-cell-like phenotype by activating Wnt/B-catenin
signaling (Lu et al. 2017). However, there are few
reports focusing on the expression and function of
miR-106b-5p in CC.

Fibroblast growth factors (FGFs) are a group of
paracrine/autocrine proteins that bind to tyrosine
kinase fibroblast growth factor receptors (FGFRs),
triggering an endocellular signaling cascade that reg-
ulates cellular biological activities. FGFs are involved
in a variety of biological processes including embry-
onic development, cell growth and metastasis (Presta
et al. 2017). Fibroblast growth factor 4 (FGF4) is a
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member of FGFs, and its expression is up-regulated
in various kinds of human tumors. For example,
FGF4 can promote the metastasis of breast cancer
cells and hepatocellular carcinoma cancer cells (Arao
et al. 2013; Shi et al. 2016). Moreover, FGF4 evokes
epithelial-mesenchymal transition by inducing store-
operated calcium entry in lung adenocarcinoma cells
(Qi et al. 2016).

This study was performed to clarify the role of
miR-106b-5p in regulating the malignant phenotypes
of CC cells and substantiate its regulatory function on
FGF4, which was predicted as a potential target gene
of miR-106b-5p by bioinformatics analysis.

Methods and materials
Tissue specimens and cell lines

This research was approved by the Ethical Committee
of the Second Hospital of Dalian Medical University.
CC tissues and adjacent tissues were obtained dur-
ing surgery from 80 patients in the Second Hospital
of Dalian Medical University. The inclusion crite-
ria were: (1) The patients were diagnosed as CC by
two experienced pathologists; (2) none of them had
received any neoadjuvant anti-cancer treatment of
CC. The exclusion criteria were: (1) patients with
other chronic diseases; (2) patients with other malig-
nancies. Of the collected cases, 71 were squamous
cell carcinomas (SCC), 5 were adenocarcinomas and
4 were adenosquamous carcinomas. Written informed
consent was obtained from all patients. All patients
with CC were histopathologically confirmed, and the
clinical information of the patients was summarized
in Table 1.

Human CC cell lines (SiHa, C-33A, ME-180,
MS-751, HCC-94 and HeLa) and HEK-293 T cell
line were purchased from the Cell Bank of Type
Culture Collection of Chinese Academy of Sciences
(Shanghai, China). Human normal cervical epithe-
lial cell line H8 was obtained from American Type
Culture Collection (ATCC, MD, USA). All cell lines
were cultured in Dulbecco’s modified Eagle medium
(DMEM; Invitrogen, Shanghai, China) supplemented
with 10% fetal bovine serum (FBS, Gibco, Rockville,
MD), 100U/ml penicillin and 100 pg/ml streptomycin
(Invitrogen, Shanghai, China) in a humidified atmos-
phere at 37 °C in 5% CO,. MiR-106b-5p mimics,
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Table 1 Correlation

. Pathological parameters Number miR-106b-5p expres- Chi-Square p-value
between miR-106b-5p sion
expression and pathological
parameters of cervical Low High
cancer patients
Age 0.823 0.364
<55 32 21 11
>55 48 36 12
Histology 0.211 0.646
ScC 71 50 21
Others 9 7 2
FIGO stage 8.14 0.004
III 67 52 15
I+1I 13 5 8
Differentiation 5.73 0.016
Poorly 57 45 12
Moderately-well 23 12 11
Lymphatic metastasis 4.216 0.040
Yes 61 47 14
No 19 10 9

miR-106b-5p inhibitors (miR-106b-5p-in), FGF4
small interfering RNA (siRNA) (Invitrogen, Shang-
hai, China) and their controls were transfected into
the cells using Lipofectamine™ 2000 (Invitrogen,
Shanghai, China) according to the manufacturer’s
instruction.

Quantitative reverse transcription-polymerase chain
reaction (QRT-PCR)

TRIzol reagent (Invitrogen, Shanghai, China) was
used to extract total RNA from tissues and cells
according to the supplier’s instructions. RNA was
reversely transcribed into ¢cDNA using a Prime-
Script RT reagent kit (Takara Bio Inc, Dalian,
China). The quantitative amplification reactions for
miR-106b-5p and for FGF4 were conducted by a
TapMan MicroRNA Assays Real-time PCR kit (Inv-
itrogen, Shanghai, China) and a SYBR Green Mas-
ter Mixture kit (Roche, Basel, Switzerland), respec-
tively, on ABI Prism 7300 System (Thermo Fisher
Scientific, Waltham, MA, USA). The expressions
of miR-106b-5p and FGF4 mRNA were calculated
using the 2(-22 method. U6 served as the internal
control for miR-106b-5p, and GAPDH acted as the
internal reference for FGF4. The primer sequences
are as follows: miR-106b-5p: 5-GCGTAAAGT
GCTGACAGTGCAGAT-3"; U6: 5-CAAATTCGT

GAAGCGTTCCATAT-3"; FGF4: 5'- CTCGCCCTT
CTTCACCGATG-3' (forward); 5'- GTAGGACTC
GTAGGCGTTGTA-3' (reverse); GAPDH: 5'- GGA
GCGAGATCCCTCCAAAAT-3' (forward), and 5'-
GGCTGTTGTCATACTTCTCATGG-3' (reverse).

Cell proliferation assay

After 24 h of transfection, the proliferation of
transfected cells was detected using the cell count-
ing kit-8 (CCK-8; Dojindo, Kumamoto, Japan). In
brief, the cells were seeded in the 96-well plates
(1x10? cells/well) and cultured in 100 pl of culture
medium. After 24 h, the cells were incubated with
10 pl of CCK-8 solution for 1 h. After the termina-
tion of the culture, the 96-well plate was placed in a
microplate reader, and the absorbance of each well
at a wavelength of 450 nm was measured.

Colony formation assay
After transfection, HeLa cells were seeded in 6-well
culture plates at a density of 1x 10° cells per well.

The cells were cultured for 2 weeks before the colo-
nies were fixed with 4% paraformaldehyde solution
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and stained with 0.1% crystal violet. Then, the num-
ber of colonies was counted and recorded.

Wound healing assay

In brief, the transfected cells were seeded in 6-well
plates and cultured until the cells covered the bottom
of the wells, and subsequently a scratch was created
with a pipette tip, and then the cells were cultured
with serum-free medium. Then, the images of the
scratches were captured at 0 h, 24 h and 48 h using a
light microscope. After that, the migration capability
of the cells was measured.

Transwell assay

Transwell assay was performed to measure the migra-
tion ability and invasion ability of cells with Tran-
swell chambers (8 um pore size; Corning, Beijing,
China). For migration assay, cells were resuspended
in serum-free medium, and the density was adjusted
to 1x10° cells/ml. Then, 200 pl of cell suspension
was added into the upper chamber, and 500 pl of
medium containing 10% FBS was added to the lower
chamber. Then the cells were cultured in an incubator
at 37 °C for 24 h, and the cells on the underside of the
membrane were fixed with 4% paraformaldehyde for
10 min and then stained with 0.1% crystal violet for
10 min, and their number was counted under a micro-
scope. For invasion assay, Matrigel was pre-coated on
the Transwell membrane, and the other experimental
procedures were the same as in the migration assay.

Luciferase reporter assay

The sequence of FGF4 3'UTR carrying the binding
site for miR-106b-5p was amplified by PCR, and
subcloned into pGL3 vector (Promega, Madison,
WI, USA) to construct the luciferase reporter vector.
Then, the recombinant vectors and miRNA mimics
were transfected into HEK-293 T cells. 48 h after the
transfection, the luciferase activity of the cells was
measured using the Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA).

Western blot

RIPA lysis buffer (Beyotime, Shanghai, China)
was used to extract the protein from cells, and
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polyacrylamide gel electrophoresis was used to sepa-
rate protein samples. Then, the proteins were trans-
ferred onto polyvinylidene difluoride membranes
(Millipore, Boston, MA, USA). After that, the mem-
branes were incubated with anti-FGF4 polyclonal
antibody (ab65974, 1:2000; Abcam, Cambridge, UK)
and anti-GAPDH antibody (ab9485, 1:1000; Abcam,
Cambridge, UK) at 4 °C for 12 h, followed by the
incubation with HRP labeled goat anti-rabbit second-
ary antibody (ab150077, 1:6000; Abcam, Cambridge,
UK) at room temperature for 1 h. Next, the mem-
branes were rinsed with tris buffered saline Tween for
3 times. Subsequently, the signals were detected by a
chemiluminescence phototope-HRP kit (Pierce Bio-
technology, Rockford, USA).

Statistical analysis

Each experiment was repeated 3 times, and all data
were expressed as “mean =+ standard deviation” and
statistically analyzed using SPSS version 20.0 (SPSS,
Chicago, IL, USA). Data in different groups were
compared using Student’s z-test or one-way ANOVA.
The relationship between miR-106b-5p expres-
sion and clinicopathologic features was analyzed by
Chi-square test. P<0.05 was considered statistically
significant.

Results

MiR-106b-5p expression was down-regulated in CC
tissues and cell lines

To determine whether the expression of miR-106b-5p
was dysregulated in CC, we performed qRT-PCR to
detect miR-106b-5p expression in 80 cases of CC
tissues and 80 cases of normal tissues. As shown,
miR-106b-5p expression was down-regulated in
CC tissues compared with that in normal tissues
(P<0.05, Fig. 1A). When 80 CC patients were clas-
sified based on TNM stage, miR-106b-5p expres-
sion was found to be negatively correlated with the
TNM stage (P<0.05, Fig. 1B). We then measured
the miR-106b-5p expression in 6 CC cell lines and a
normal cervical cell line by qRT-PCR. It was found
that in HeLa, C-33A, SiHa, ME-180 and MS-751
CC cell lines, miR-106b-5p expression was signifi-
cantly lower than that of HS cells (P <0.05, Fig. 1C).
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Fig. 1 MiR-106b-5p expression was down-regulated in CC
tissues and cells. A MiR-106b-5p expression in 80 paired CC
samples and normal cervical tissues was determined by qRT-
PCR. B qRT-PCR was performed to detect the expression
of miR-106b-5p in CC tissues with different clinical stage.

However, there was an exception that the expression
of miR-106b-5p in HCC-94 cells was higher than that
of H8 cells (P <0.05, Fig. 1C).

MiR-106b-5p suppressed cell proliferation of CC

We chose HeLa cell line for the subsequent experi-
ments because HeLa cells had moderate miR-
106b-5p expression. MiR-106b-5p mimic or miR-
106b-5p inhibitor was transfected into HeLa cells,
and then the transfection efficiency was confirmed

Stage Il Stage Il

C MiR-106b-5p expression in CC cell lines (SiHa, C33A,
ME-180, MS-751, HCC-94 and HeLa) and H8 cells were
detected by qRT-PCR. All of the experiments were performed
in triplicate. *P <0.05, **P <0.01 and ***P <0.001

by gRT-PCR (P<0.05, Fig. 2A). To explore
whether miR-106b-5p regulated the growth of CC
cells, CCK-8 and colony formation assays were
performed. CCK-8 assay showed that compared
with NC group, the proliferative ability of HeLa
cells transfected with miR-106b-5p mimics was
markedly suppressed (P <0.05 on 48 h and 72 h,
Fig. 2B). Colony formation assay revealed a signifi-
cant decrease of HeLa cell colonies on d 14 in miR-
106b-5p group compared with NC group (P <0.05,
Fig. 2C). Additionally, miR-106b-5p inhibition
induced a dramatic increase in cell proliferative
ability and colony number compared with the NC-in
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Fig. 2 MiR-106b-5p suppressed the proliferative ability of
HeLa cells. A qRT-PCR was performed to detect the impacts
of miR-106b-5p mimics and inhibitors on miR-106b-5p
expression in HeLa cells. B CCK-8 assay showed that the
transfection of miR-106b-5p mimics inhibited the prolifera-
tion of HeLa cells whereas miR-106b-5p inhibitors facilitated

the proliferation. C Colony formation assay showed that, miR-
106b-5p overexpression markedly repressed the colony for-
mation ability of HeLa cells whereas miR-106b-5p inhibitors
enhanced the colony formation ability. The number of colonies
containing > 50 cells was counted. All of the experiments were
performed in triplicate. **P <0.01 and ***P <0.001
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group (P<0.05, Fig. 2B-C). These results sug-
gested that miR-106b-5p could modulate the prolif-
erative ability of CC cells.

MiR-106b-5p inhibited the migration and invasion of
CC cells

To investigate whether miR-106b-5p was associated
with tumor metastasis in CC, we detected the migra-
tion and invasion ability of CC cells by wound heal-
ing assay and Transwell assay. The result of wound
healing assay showed that the overexpression of
miR-106b-5p could inhibit the migration of HeLa
cells; on the contrary, the inhibition of miR-106b-5p
significantly promoted the migration of HeLa cells
(P<0.05, Fig. 3A), and Transwell assay showed con-
sistent results (P <0.05, Fig. 3B-C). Collectively,
these data indicated that miR-106b-5p suppressed the
migration and invasion abilities of CC cells.

FGF4 expression was negatively regulated by
miR-106b-5p in CC

We searched TargetScan database and found that
miR-106b-5p could potentially directly regulate
FGF4 expression by binding to its 3'UTR (Fig. 4A).
We then detected FGF4 expression in H8 cells
and different CC cell lines including SiHa, C-33A,
ME-180, MS-751, HCC-94 and HeLa cells by qRT-
PCR. It was found that in SiHa, C-33A, ME-180,
MS-751 and HeLa cells, FGF4 expression was

markedly higher than that in H8 cells (P <0.05,
Fig. 4B). Then, we randomly selected 20 tumor sam-
ples from 80 CC patients to verify the relationship
between miR-106b-5p expression and FGF4 expres-
sion, and the results showed that the expressions of
miR-106b-5p and FGF4 mRNA were negatively cor-
related (Fig. 4C). Accordingly, to determine whether
miR-106b-5p could regulate FGF4’s expression via
binding to its 3’-UTR, we constructed pGL3 lucif-
erase reporter vector containing FGF4 3'-UTR. It was
confirmed that miR-106b-5p markedly suppressed
the luciferase activity of the FGF4 3'UTR-luciferase
reporter compared to the NC group (P <0.05); inhib-
iting miR-106b-5p expression remarkably increased
the luciferase activity of FGF4 3'UTR-luciferase
reporter (P <0.05); in contrast, miR-106b-5p mimics
with mutated sequence had no significant effect on
the luciferase activity of the FGF4 3'UTR-luciferase
reporter (Fig. 4D). Western blot showed that the
transfection of miR-106b-5p mimics into HeLa cells
decreased the expression of FGF4 while miR-106b-5p
inhibitors increased FGF4 expression (Fig. 4E-F).
Collectively, it was concluded that FGF4 was a direct
target of miR-106b-5p.

MiR-106b-5p inhibited the cell proliferation and
metastatic potential of CC cells by repressing FGF4
expression

To verify that miR-106b-5p inhibited cell pro-
liferation, migration and invasion of CC cells

A m N\C k=] B ok K] C i
S 300~ 5] —
1507 =3 miR-106b-5p = * — £ 150
= . H =
= B NC-in g F— —_ 5 * -
€ | =8 miR-106b-5p-in P Y A
T 100 g 2001 — T 100- _
=] * = c
9 2 S
: x s 2
2 50 2100+ > 50
s £ E
g Fkk g g
(1]
0 = § 0- . . g o _ _
0 24 48 (@) Q & & ] R & &
N o & v & Y K
N & N &
& & & &

Fig. 3 MiR-106b-5p inhibited the migration and invasion of
HeLa cells. A Migration ability of HeLa cells transfected with
NC, miR-106b-5p, miR-106b-5p-in or NC-in was detected by
wound healing assay. B Transwell migration assay was used to
detect the migration ability of HeLa cells transfected with NC,
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NC-in, miR-106b-5p mimics or miR-106b-5p-in. C Transwell
invasion assay was used to detect the invasion ability of HeLa
cells after the transfection with NC, NC-in, miR-106b-5p mim-
ics or miR-106b-5p-in. All of the experiments were performed
in triplicate. *P <0.05 and **P <0.01
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Fig. 4 FGF4 expression was negatively regulated by miR-
106b-5p in CC. A Bioinformatics was performed to predict
the complementary binding sites between miR-106b-5p and
FGF4 3'UTR. B qRT-PCR was performed to detect the FGF4
expression in H8 cell line and CC cell lines (SiHa, C33A,
ME-180, MS-751, HCC-94 and HeLa). C The expression
levels of FGF4 mRNA and miR-106b-5p in tissues of 20 CC
patients were determined by qRT-PCR, and correlation analy-
sis confirmed the negative correlation between miR-106b-5p

through suppressing FGF4, we transfected FGF4
siRNA or co-transfected FGF4 siRNA and miR-
106b-5p inhibitor into HeLa cells. The result of
Western blot implied that FGF4 expression was
down-regulated in FGF4-siRNA group, and FGF4-
siRNA effectively blocked the enhancement of
FGF4 expression caused by miR-106b-5p inhibitor
(Fig. 5A-B). The results of CCK-8 assay showed
that FGF4 expression suppressed the prolifera-
tion of HeLa cells; meanwhile, in miR-106b-5p-in
group, cell proliferation was markedly enhanced
whereas FGF4-siRNA could reverse the effect of
miR-106b-5p-in on the proliferation of HeLa cells
(P<0.05, Fig. 5C). Consistently, Transwell and
wound healing assays also supported that inhibiting
miR-106b-5p expression could promote the migra-
tion and invasion of HeLa cells, and knocking
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and FGF4. D Dual-luciferase reporter assay was conducted
to verify the targeting relationship between miR-106b-5p and
FGF4. E-F Western blot was used to detect FGF4 expression
in HeLa cells transfected with miR-106b-5p mimics or miR-
106b-5p inhibitors, compared with corresponding control cells
(NC and NC-in). GAPDH served as an internal control. All of
the experiments were performed in triplicate. **P <0.01 and
%P <0.001

down endogenous FGF4 expression could reverse
this effect (P <0.05, Fig. 5D-F). To sum up, miR-
106b-5p suppressed CC cell proliferation and met-
astatic potential by repressing FGF4 expression.

Higher expression of miR-106b-5p was related to
better prognosis in CC patients

To expound whether miR-106b-5p expression was
correlated with clinical-pathological features of
CC patients, 80 CC patients were classified into
two groups according to the mean of miR-106b-5p
expression in tumor tissues: the high miR-106b-5p
group (n=57,>mean value) and the low miR-
106b-5p group (n=23,<mean value). Correlation
analysis confirmed that low miR-106b-5p expres-
sion was significantly related to advanced clinical
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Fig. 5 MiR-106b-5p suppressed the malignant phenotypes of
HeLa cells by inhibiting FGF4 expression. A-B HeLa cells
were transfected with FGF4-siRNA, miR-106b-5p-in or both,
and then FGF4 expression was measured by Western blot. C
CCK-8 assay was used to detect the proliferation ability of
HeLa cells after the transfection with FGF4-siRNA, miR-
106b-5p-in or both. D Transwell migration assay was used to
detect the migration ability of HeLa cells after the transfection

stage, poor differentiation of tumor tissues and lym-
phatic metastasis (Table 1). However, the expres-
sion of miR-106b-5p was not associated with other
clinical parameters, such as age and histological
subtypes. These results implied that the low expres-
sion of miR-106b-5p was associated with the worse
prognosis of CC patients.

Discussion
The oncogenic or tumor-suppressive role of miR-
106b-5p has been reported in several studies. In

colorectal cancer, miR-106b-5p can enhance the
metastatic potential of tumor cells by targeting
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with FGF4-siRNA, miR-106b-5p-in or both. E Transwell inva-
sion assay was used to detect the invasion ability of HeLa cells
after the transfection with FGF4-siRNA, miR-106b-5p-in or
both. F Migration ability of HeLa cells transfected with FGF4-
siRNA, miR-106b-5p-in or both was detected by wound-heal-

ing assay. All of the experiments were performed in triplicate.
*P<0.05, **P<0.01 and ***P <0.001

metastasis-associated lung adenocarcinoma tran-
script 1 (Zhuang et al. 2019). MiR-106b-5p down-
regulates YT521-B homology domain family
2 expression and participates in breast cancer
development (Liu et al. 2018). In colonic cancer,
circ_005625 could facilitate cancer cells growth
via repressing miR-106b-5p (Zhang et al. 2019).
Decreased exosomal miR-106b-5p expression pro-
motes angiogenesis in endothelial cells by targeting
angiopoietin 2 (Li et al. 2018). Herein, our results
suggested that miR-106b-5p played a pivotal role
in the progression of CC. It was found that miR-
106b-5p expression was markedly down-regulated
in CC and was associated with lymphatic node
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metastasis, clinical stage and tumor tissue dif-
ferentiation status of the patients. We confirmed
that miR-106b-5p could regulate the proliferation,
migration and invasion of CC cells. To our best
knowledge, this is the first work to investigate the
function and clinical significance of miR-106-5p in
CC.

The expression of FGFs is closely associated with
the occurrence and development of multiple tumors,
and their roles vary depending on the type of tumor.
It is reported that tumor cell-derived FGFs promote
osteoclast activity and contribute to the develop-
ment of metastatic lesions in breast cancer (Aukes
et al. 2017). FGF1 and IGF1-conditioned 3D culture
system enhance the growth and cancer stemness of
lung cancer cells (Liu et al. 2017). FGF2 disrupts
mitotic stability in prostate cancer cells through
modulating the intracellular trafficking protein cen-
trosomal protein 57 (Cuevas et al. 2013). FGF-1/-3/
FGFR4 signaling in cancer-associated fibroblasts
facilitates colonic cancer progression through acti-
vating Erk signaling and increasing the expression of
matrix metalloproteinase 7 in cancer cells (Bai et al.
2015). Moreover, FGF4 expression is up-regulated
in several cancers, and it participates in regulating
the malignant biological behaviors of cancer cells.
For example, oncoprotein hepatitis B X-interacting
protein up-regulates FGF4 expression via activating
transcriptional factor Spl to enhance the migration of
breast cancer cells (Shi et al. 2016). Our research con-
firmed that FGF4 was a target gene of miR-106b-5p
in CC cells; additionally, miR-106b-5p inhibited the
malignant phenotypes of CC cells by regulating the
expression of FGF4. Our findings suggest that miR-
106b-5p/FGF4 axis may be an important mechanism
in the progression of CC.

This study has several limitations. First of all, in
this work, only in vitro models were constructed, and
in vivo experiments are essential to further verify our
findings in the following work. Secondly, the other
downstream target genes of miR-106b-5p remain to
be verified in the future, which will be helpful to fur-
ther clarify the mechanism of miR-106b-5p in CC.
Additionally, to further validate the prognostic value
of miR-106b-5p for CC patients, more patients should
be enrolled, and the relationship between the expres-
sion of miR-106b-5p and the survival time of the
patients should be analyzed.

In conclusion, our data show that miR-106b-5p
expression is reduced in CC, and its low expression
was associated with the unfavorable pathological
characteristics of CC patients. MiR-106b-5p regu-
lates CC cell proliferation and metastatic potential by
inhibiting FGF4 expression. Thus, miR-106b-5p may
serve as a potential biomarker for CC, and the restora-
tion of miR-106b-5p may be a therapeutic strategy for
the treatment of CC.
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