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Objectives: Dysregulation of microRNAs (miRNAs) has been recognized as a crucial
biological event in the development of cervical cancer (CC). miR-139-5p was identified as
a significant tumor suppressor in multiple human cancers, leaving its roles and mechanisms
in CC absolutely unclear. We aimed to investigate the implication of miR-139-5p in CC
progression.

Methods: miR-139-5p expression in 40 paired CC tissues and several cell lines was
determined by qRT-PCR firstly. The implications of miR-139-5p in CC cell proliferation
and migration were revealed by CCK-8, EdU and transwell assays, respectively. The
mechanism underlying the tumor-suppressing roles of miR-139-5p in CC was investigated
sequentially by dual luciferase, qRT-PCR, and Western blot analysis. The expression of
transcription factor 4 (TCF4), the validated target of miR-139-5p from our experiments, was
finally detected by qRT-PCR and immunohistochemistry in CC tissues, and its expression
correlates with miR-139-5p was explored.

Results: We found that miR-139-5p expression was frequently decreased in CC tissues and
cell lines, and its lower level was associated with positive lymph node metastasis. Cellular
assays proved the significant tumor-suppressing roles of miR-139-5p by inhibiting CC cell
proliferation and migration, and markedly blocking Wnt/B-catenin signaling. Since bioinfor-
matics analysis indicated TCF4 as a novel target of miR-139-5p, our mechanistic studies
validated this, and confirmed that TCF4 restoration could attenuate the tumor inhibitory
activities of miR-139-5p in CC progression, and recover the normal Wnt/B-catenin signaling.
Conclusion: Our data collectively demonstrated that miR-139-5p was a vital tumor sup-
pressor in CC pathogenesis via targeting TCF4 thereby inhibiting Wnt/B-catenin signaling.
The miR-139-5p/TCF4 axis may serve as a promising target for CC therapy.
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Introduction

Cervical cancer (CC) now represents one of the most frequent gynecological malig-
nancies in females all over the world, with increasing incidence and mortality every
year especially in the developing countries, including in China.' It is well accepted
that persistent infection of high-risk human papillomavirus (HPV) is the main but not
the only factor leading to the initial cervical carcinogenesis,*> whereas the precise
mechanisms governing CC pathogenesis remain largely unclear. Current options for
CC treatment include surgery, chemo- and radio-therapy. However, these strategies
show finite interventions when CC patients are in the advanced stages, leaving their
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adverse 5-year survival rate at 30-50%.° Actually, metasta-
sis and recurrence are the two most alarming causes leading
to the poor outcomes of CC patients.” Thus, keeping to
explore more about the molecular mechanisms underlying
is urgently needed to develop attractive targets for treating
this disease.

MicroRNAs (miRNAs) are a group of short (~22
nucleotides in length) RNA molecules with no protein-
coding capacity. They are well known for their negative
roles in regulating gene expression via post-transcription
manners.® Through base-pairing to the specific target sites
among the 3'-untranslated region (3’-UTR) of certain
genes, miRNAs effectively reduce the stability or inhibit
the translation of these genes in either physiological or
pathological conditions.”'° Due to the wide distribution of
these target genes, miRNAs serve as critical modulators in
tumorigenesis by affecting key processes like cell prolif-
eration, apoptosis, differentiation, angiogenesis, and
metastasis.'""'? According to distinct cancer types or cel-
lular context, the same miRNA might possess opposite
biological functions, either as an oncogene or as a tumor
suppressor.'® In cervical carcinogenesis, various miRNAs
are aberrantly expressed and their dysregulation have been
reported to have potential diagnostic and prognostic values
in the clinic."*

MiR-139-5p, differing from miR-139-3p, is another
mature miRNA form processed from the same miR-139
precursor. Although the tumor-suppressing roles of miR-
139-3p in CC have recently been demonstrated by

1516 the functions and mechanisms of miR-139-

scholars,
5p in CC remain unknown. Considering the common down-
regulation of miR-139-5p and tumor-suppressing effects in

. - 17419
several other malignancies,'’

we hypothesized that miR-
139-5p also exert tumor inhibitory activities in CC.

In this study, we started from the expression detection,
and then conducted cellular assays and further mechanistic
studies to characterize the biological roles and mechan-
isms of miR-139-5p in CC. Our convinced data illustrated
that miR-139-5p could be developed as a novel diagnostic

biomarker and therapeutic target for treating CC.

Materials and methods

Patients and tissues

A total of 40 cases of cervical cancer tissues used in this
study were collected at the Baotou Steel Hospital, Baotou,
Inner Mongolia 014010, P.R. China between January 2015
and December 2018. Cervical cancer tissues and matched

non-cancerous tissues were not received any chemother-
apy or radiotherapy therapy before surgery. All tissue
samples were frozen in liquid nitrogen immediately and
stored at —80°C for further analysis. All patients provided
written informed consents in this study. This study was
approved by the Ethical Committee of Baotou Steel
Hospital, Baotou, Inner Mongolia 014010, P.R. China.

Cell culture

Four cervical cancer cell lines (CaSki, SiHa, Hela and C-
33A) and one normal human cervix epithelial cell line
(Ectl/E6E7) were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). Cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium (DMEM,
Life Technology, Thermo Fisher Scientific, Waltham, MA,
USA) containing 10% fetal bovine serum (FBS, Hyclone,
Logan, UT, USA), 100 U/mL penicillin (Life Technology,
Thermo Fisher Scientific, Waltham, MA, USA), and 100
pg/mL streptomycin (Life Technology, Thermo Fisher
Scientific, Waltham, MA, USA). Cell cultures were main-
tained in a humidified incubator at 37°C supplied with
5% CO,.

miRNA mimics and transfections
MiR-139-5p mimics (Mimics) and microRNA negative
controls (Con) were purchased by GenePharma Company
(Shanghai, P.R. China). Transfections were performed by
using Lipofectamine™ 2000 Transfection Reagent (Life
Technology, Thermo Fisher Scientific, Waltham, MA,
USA) according to the manufacturer’s instructions.

qRT-PCR (quantitative real-time

polymerase chain reaction)

Total RNA was extracted from cells using TRIzol® reagent
(Life Technology, Thermo Fisher Scientific, Waltham,
MA, USA), according to the manufacturer’s instructions.
Total RNA was reverse transcribed into microRNA
cDNAs with reverse Transcriptase M-MLV (RNase H-)
(TaKaRa,
(Ribobio, Guangzhou, P.R. China) according to the manu-

Tokyo, Japan) by wusing specific primers
facturer’s instructions. The cDNAs of gene were synthe-
sized with M-MLV Reverse Transcriptase (Promega
Corporation, Madison, WI, USA) according to the manu-
facturer’s instructions. qRT-PCR was subsequently per-
formed using the SYBR® Premix Ex Taq™ II kit (Takara

Bio, Inc., Otsu, Japan). The relative expression levels were
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quantified using the 24" method. U6 or GAPDH were
used to do normalization as the internal reference gene.

CCK-8 (cell counting kit-8) assay
Twenty-four hours after transfection, cells were resus-
pended and seeded into 96-well plates at a density of
2x10% cells/well. Cell proliferation ability was detected
by conducting a CCK-8 assay (Dojindo, Kumamoto,
Japan) at three time points: 1, 2, and 3 Day after incuba-
tion. A total of 10 uL. CCK-8 reagent was added to each
well and incubated at 37°C with 5% CO, for another 2 hrs.
Finally, the optical density of each well was measured at a
wavelength of 450 nm using a microplate reader
(Molecular Device, San Jose, CA, USA).

EdU assays

A 5-ethynyl-2'-deoxyuridine (EdU) incorporation assay
was performed with a Cell-Light™ EdU Apollo® 567 In
Vitro Imaging kit (RiboBio, Guangzhou, China) according
to the manufacturer’s instructions. Twenty-four hours after
transfection, cells were resuspended and seeded into 96-
well plates at a density of 2x10° cells/well. Cells were
incubated with 50 uM EdU for 2 hrs. The cells were then
fixed in 4% formaldehyde solution and stained with Apollo
and Hoechst 33,342. Cells in four randomly selected micro-
scopic fields were photographed and counted by a fluores-
cence microscope (Olympus Corporation, Tokyo, Japan).

Transwell assay

Twenty-four hours after transfection, SiHa or Hela cells
were collected and suspended in serum-free medium.
Subsequently, 3x10° cells were added to the upper cham-
ber of 24-well Transwell chambers (Corning Incorporated,
Corning, NY, USA) with a pore size of 8.0 um. The lower
chamber was filled with 500 uL. medium containing 10%
FBS. Following incubation at 37°C for 24 hrs, cells below
the membrane were fixed with 4% formaldehyde solution
and stained with 0.25% crystal violet solution for 30 mins
at room temperature. After that, the cells were washed
with PBS twice, air-dried and observed under an inverted
microscope (Olympus Corporation, Tokyo, Japan).
Number of migrated cells was counted in four randomly

selected microscopic fields.

Western blot analysis

The protein was extracted by using radioimmunoprecipita-
tion lysis buffer (RIPA buffer, Beyotime, Beijing, P.R.
China) according to the manufacturer’s instructions. An

equal amount (30 pg) samples were separated on 10%
sodium dodecyl sulfatepolyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to nitrocellulose (NC) mem-
brane (Millipore, Billerica, MA). The membrane was
blocked by 5% skim milk for 1 hr at room temperature.
The membranes were incubated with the specific antibo-
dies with TCF4, GAPDH, c-myc, cyclin D1, MMP9, and
B-catenin (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) overnight at 4°C. After incubation with secondary
antibodies (Beyotime, Beijing, P.R. China) for 1 hr at
room temperature, the blots were detected using an
enhanced chemiluminescence detection system (Pierce,
Billerica, MA). GAPDH was used as an internal control.

Plasmid construction

The wild type fragment of TCF4 3’-UTR (WT) containing
the miR-139-5p predicted binding site or mutant fragment
of TCF4 3'-UTR (MT) was synthesized by BGI Tech
(Beijing, P.R. China). The two fragments were sub-cloned
into pmirGLO vector (Promega Corporation, Madison,
WI, USA). The coding sequence of TCF4 mRNA was
amplified by PCR using KOD-plus-Ver.2 kit (KOD-211,
TOYOBO, Osaka, Japan) and subcloned into pcDNA3.1
expression vector.

Luciferase reporter assay

For TOP Flash assay: SiHa or Hela cells were seeded in 24
well plates and co-transfected with TOP Flash firefly luci-
ferase plasmid, renilla luciferase plasmid, and miR-139-5p
mimics (Mimics) or controls (Con). 48 hrs later, luciferase
activity was determined using the Dual-Luciferase®
Reporter Assay System (Promega Corporation, Madison,
WI, USA) according to the manufacturer’s instructions,
and relative Wnt/B-catenin activity was calculated. For
TCF4 3'-UTR assay: SiHa or Hela cells were co-trans-
fected with miR-139-5p mimics (Mimics) or controls
(Con) and luciferase reporter vectors containing the wild
type (WT) of mutant (MT) TCF4 3’-UTR sequences of the
miR-139-5p binding sites. 48 hrs later, luciferase activity
was detected using Dual-Luciferase® Reporter Assay
System (Promega Corporation, Madison, WI, USA)
according to the manufacturer’s instructions.

Target prediction

Targets of miR-139-5p were searched on Targetscan Release
7.2 (http://www.targetscan.org/vert_72/), and the results sug-
gesting that TCF4 is a potential target of miR-139-5p. To
further confirm that TCF4 is a direct target of miR-139-5p,
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we obtained more information about the 3’-UTR of TCF4
mRNAs on Targetscan Release 7.2.

Statistical analysis

Statistical analyses were performed by GraphPad Prism 6
software (GraphPad Software, Inc., La Jolla, USA).
Statistical significance of difference between groups was
determined by a two-tailed paired or grouped Student’s ¢-
test. The correlation between miR-139-5p and TCF4
expressions was analyzed by Spearman’s correlation ana-
lysis. Data were expressed as mean + SD from at least
three independent experiments. A P-value of less than 0.05
was considered to indicate statistical significance.

Results
Decreased expression of miR-139-5p in
CC and its association with lymph node

metastasis of CC patients

To explore the exact role of miR-139-5p in CC, we firstly
analyzed its expression status in collected cervical cancer
tissues paired with adjacent non-cancerous tissues. qRT-
PCR results clearly showed that miR-139-5p expression
was frequently decreased in these 40 cases of CC tissues
when compared with the matched non-cancerous tissues,
and the difference was of significance (Figure 1A,
P<0.05). Notably, miR-139-5p was downregulated in CC
tissues with lymph node metastasis than those without
(Figure 1B, P<0.05). Namely, the lower miR-139-5p was
expressed, the more positive metastasis was observed in
CC patients. Meanwhile, we also determined miR-139-5p
expression in four CC cell lines (CaSki, SiHa, Hela, and
C-33A) and one normal cervix epithelial cell line (Ectl/
E6E7). MiR-139-5p was also downregulated in these CC

cell lines compared to the normal one (Figure 1C). Hence,
the expression status detection verified the common
decrease of miR-139-5p level in CC tissues and cell
lines. These findings collectively suggested that decreased
miR-139-5p expression might be tightly connected with
CC progression.

Mir-139-5p inhibits CC cell proliferation
and migration in vitro and blocks the
Wnt/B-catenin signaling

Since SiHa and Hela, the two CC cell lines contained rela-
tively lower levels of miR-139-5p (Figure 1C), they were
further used in the subsequent cellular experiments. Gain-of-
function assays were performed by transfecting SiHa and
Hela cells with miR-139-5p mimics (Mimics). gqRT-PCR
validated the effective overexpression of miR-139-5p in the
two cell lines (Figure 2A). Then, cell proliferation was mon-
itored by CCK-8 and EdU assays. The results showed that
SiHa and Hela cells with miR-139-5p overexpression (by
transfecting miR-139-5p mimics) exhibited markedly growth
suppression than those transfected with microRNA negative
controls (Con) (Figure 2B and C). These results indicated
that miR-139-5p itself was a strong inhibitor on CC cell
proliferation. Considering the above correlation of lower
miR-139-5p expression with positive lymph node metastasis,
we suspected that it also impacted on CC cell migration.
Transwell assay revealed that SiHa and Hela cells with
miR-139-5p overexpression showed obvious migration inhi-
bition than the control groups (Figure 2D). Therefore, our in
vitro experiments demonstrated that ectopic miR-139-5p
expression inhibited CC cell proliferation and migration. In
other words, miR-139-5p exerts tumor-suppressing roles in
CC progression.
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Figure | Decreased expression of miR-139-5p in cervical cancer tissues and cell lines. (A) qRT-PCR analysis was performed to detect miR-139-5p expression in 40 pairs of
cervical cancer tissues and matched non-cancerous tissues. N: normal, T: tumor. (B) qRT-PCR analysis was performed to detect miR-139-5p expression in lymph node
metastatic CC tissues (n=13) compared with non-metastatic CC tissues (n=27). LN: lymph node. (C) qRT-PCR analysis was performed to detect miR-139-5p expression in
four cervical cancer cell lines (CaSki, SiHa, Hela, and C-33A) and one normal human cervix epithelial cell line (Ectl/E6E7). *P<0.05, **P<0.01, ***P<0.001.
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Figure 2 miR-139-5p inhibits CC cell proliferation and migration in vitro. (A) SiHa or Hela cells were transfected with miR-139-5p mimics (Mimics) or controls (Con). 24
hrs later, relative miR-139-5p expression was examined by qRT-PCR, respectively. (B) SiHa or Hela cells were transfected with miR-139-5p mimics (Mimics) or controls
(Con). At 24, 48, and 72 hrs after transfection, CCK-8 assay was performed to detect the cell proliferation ability, respectively. (C) SiHa or Hela cells were transfected with
miR-139-5p mimics (Mimics) or controls (Con). 24 hrs later; EJU assay was performed to detect the cell proliferation ability, respectively. (D) SiHa or Hela cells were
transfected with miR-139-5p mimics (Mimics) or controls (Con). 24 hrs later, transwell assay was performed to detect the cell migration ability, respectively. Scale bar: 200

pm. *¥P<0.05, *¥P<0.01, **P<0.001.

Since activated Wnt/B-catenin signaling is closely
related to tumorigenesis of multiple cancers, including
CC,%° we then measured the luciferase activities of the
TOP Flash reporter in miR-139-5p overexpressed CC
cells. Surprisingly, the TOP Flash reporter activities were
significantly inhibited by miR-139-5p overexpression in
the two CC cell lines (Figure 3A). Moreover, this pathway
inhibition was accompanied by decrease of c-myc, cyclin
D1, and MMP9 mRNAs and proteins, whereas minor
alternation on P-catenin expression (Figure 3B and C).
These results indicated that the tumor-suppressing roles
of miR-139-5p were to some extent associated with its
blocking effect on the Wnt/B-catenin signaling, despite in
a B-catenin-independent manner.

TCF4 is a direct target of miR-139-5p in
CC

To further explore the molecular mechanism of miR-139-5p
in CC, especially to understand its connection with the Wnt/
B-catenin signaling, we then conducted bioinformatics ana-
lysis by utilizing Targetscan Release 7.2 (http://www.targets

can.org/vert_72/) to search the putative targets of miR-139-
5p. Interestingly, we observed a highly conserved potential
binding site in the 3’-UTR of transcription factor 4 (TCF4)
mRNA (Figure 4A). As is known, TCF4 is a crucial tran-
scription factor collaborating with B-catenin to initiate the
transcription of target genes in response to Wnt activation.”’
We then selected TCF4 for further investigation according to
the above tumor-suppressing roles of miR-139-5p and its
negative impact on the Wnt/B-catenin signaling. A wild
type TCF4-3'-UTR luciferase reporter (WT) containing the
putative binding site of miR-139-5p was first constructed.
We found that miR-139-5p overexpression led to a marked
reduction of the luciferase activity of this wild type reporter
(Figure 4B). However, when the binding site of miR-139-5p
was deleted in this reporter (MT), miR-139-5p overexpres-
sion failed to exert the inhibitory effect in the two CC cell
lines (Figure 4B). In addition, our qRT-PCR and Western blot
assays also verified that TCF4 expression was suppressed in
the miR-139-5p-overexpressing cells (Figure 4C and D).
Therefore, the target verification experiments confirmed
TCF4 as a novel target of miR-139-5p in CC cells.
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Figure 3 MiR-139-5p inhibits Wnt/B-catenin signaling in CC. (A) SiHa or Hela cells were co-transfected with TOP Flash firefly luciferase plasmid, renilla luciferase plasmid,
and miR-139-5p mimics (Mimics) or controls (Con). 48 hrs later, luciferase activity was determined, and relative Wnt/B-catenin activity was calculated. (B) SiHa or Hela cells
were transfected with miR-139-5p mimics (Mimics) or controls (Con). 24 hrs later; gRT-PCR was performed to detect the mRNA expressions of Whnt target genes, as well
as P-catenin. (C) SiHa or Hela cells were transfected with miR-139-5p mimics (Mimics) or controls (Con). 24 hrs later, Western blot analysis was performed to detect the

protein expressions of Wnt target genes, as well as B-catenin. **P<0.01, ***P<0.001.

Restoration of TCF4 attenuates the
suppressing roles of miR-139-5p in CC
progression and recovers the Wnt/[B-catenin
signaling

To affirm whether miR-139-5p inhibited CC cell prolifera-
tion and migration via targeting TCF4, we performed rescue
experiments. Briefly, TCF4 expression plasmid was trans-
fected as a control group or co-transfected with miR-139-5p
mimics to establish the restoration group in SiHa cells
(Figure 5A and B). Quite in agreement with our hypothesis,
TCF4 could significantly promote cell proliferation and
migration, while restoration of TCF4 in miR-139-5p-over-
expressing cells resulted in cell proliferation and migration
recovery to the levels of the control group (Con, co-trans-
fected with the blank vector plasmid and microRNA negative
controls; Figure 5C and D). Detections of the Wnt/B-catenin
signaling, including the luciferase activity of the TOP Flash
reporter, the mRNA levels, and the protein expressions of c-
myc, cyclin D1, and MMP9, further verified that TCF4

restoration recovered the activities of the Wnt/B-catenin sig-
naling (Figure SE-G). These results clearly demonstrated
that miR-139-5p inhibits CC progression at least partially
via downregulating TCF4.

Increased expression of TCF4 and its
inverse correlation with miR-139-5p
expression in CC

From the above findings, we have already identified the
effects of miR-139-5p/TCF4 axis in regulating Wnt/B-cate-
nin signaling and CC progression. We then examined the
expression of TCF4 in CC tissues to further evaluate the
relationship between miR-139-5p and TCF4. In the afore-
mentioned 40 pairs of CC tissues, we found that TCF4
mRNA was higher expressed in cervical cancer tissues than
that in the matched non-cancerous tissues (Figure 6A,
P<0.05). Consistently, TCF4 was upregulated in CC tissues
with lymph node metastasis than those without (Figure 6B,
P<0.05). The immunohistochemistry analyses from the
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Figure 4 TCF4 is a direct target of miR-139-5p in CC. (A) Sequence of the miR-139-5p binding site with wild type (WT) TCF4 3’-UTR (top) and the mutant (MT) TCF4 3'-
UTR sequence (bottom). (B) SiHa or Hela cells were co-transfected with miR-139-5p mimics (Mimics) or controls (Con) and luciferase reporter vectors containing the wild
type of mutant TCF4 3'-UTR sequences of the miR-139-5p binding sites. 48 hrs after transfection, luciferase activities were measured. (C) qRT-PCR analysis of TCF4 mRNA
expression after SiHa or Hela cells was transfected with miR-139-5p mimics (Mimics) or controls (Con). (D) Western blot analysis of TCF4 protein expression after SiHa or
Hela cells was transfected with miR-139-5p mimics (Mimics) or controls (Con). **P<0.01, ***P<0.001.

Abbreviation: NS, no significance.

human protein atlas (https://www.proteinatlas.org/) validated
its protein upregulation in CC tissues (Figure 6C). Moreover,
an inverse correlation was found between miR-139-5p and
TCF4 mRNA levels in the 40 cases of paired CC tissues
(Figure 6D). Collectively, we validated a negative correlation
of the two molecules, and confirmed the above targeting
relation (miR-139-5p directly targets TCF4) in the expres-
sion aspect. Our findings fully support that TCF4 is critical
factor in guiding CC progression.

Discussion
Cervical cancer (CC) is the most malignant cancer affect-
ing women, with still high morbidity and mortality in the

developing countries. Statistically, nearly a quarter of all
CC patients are in China.” Recently, although some pro-
gress has been achieved in the diagnostic veracity of
the
unsatisfactory.® MiRNAs have been found to be dysregu-

cervical lesions, clinical outcome remains
lated in the early stages of CC and they contribute to

cervical carcinogenesis by directly downregulating
tumor-associated genes thus impacting on multiple malig-
nant behaviors.”*** Studies focusing on the specific roles
and mechanisms of miRNAs in CC may aid in the effi-
ciency in diagnosis, treatment, and prognosis of this dis-
ease. In this study, we analyzed the expression, biological

function, and possible mechanisms of miR-139-5p, a

OncoTargets and Therapy 2019:12

submit your manuscript

7745

Dove


https://www.proteinatlas.org/
http://www.dovepress.com
http://www.dovepress.com

Ji etal Dove
5 SiHa gl
(- §%3 o N
® Con Mimics Mimics + TCF4 TCF4
o >k
5 2 8%z
s 4 g EERS
b O S E+F ©
S -
P 21 TCF4 ®
o
2 ax
& Con  MimicsMimics + TCF4 TCF4
& 4 SiHa
D Mimics 8
— £ 150
e 'za o =1 ok
£ 120 ittt
] . 8 90 _—
£ % 5 60
7] 3] - e
¥ S 3
=N 2 1L
Con  MimicsMimics + TCF4 TCF4
E F " G SiHa
8 iHa
.‘E‘ SiHa 5 8 8+
£ s i ? « 3 Con 5 E ERS
_ =
< z o g MMPY — @8 Mimics 2.8 Sl
§ €4 X . @B Mimics + TCF4 MMP9  — - . '
3 o, e =8 TCF4
¢ cyclin D1 e )
% = 8 cyclin D1
T 2
=35 o e b
2 2 g ome m cmyc (SRS
= ©
(:B' 0 —_— < ° F T T J : =
&) Con MimicsMimics + TCF4 TCF4 [v4 0.0 0.5 1.0 1.5 GAPDH

Figure 5 Restoration of TCF4 attenuates the suppressive roles of miR-139-5p in CC progression and recovers the Wnt/B-catenin signaling activity. (A) SiHa cells were
transfected with miR-139-5p mimics (Mimics), miR-139-5p mimics plus TCF4 expression plasmids (Mimics+TCF4), TCF4 expression plasmids (TCF4) or controls (Con). 24
hrs later; qRT-PCR was performed to detect the mRNA expression of TCF4. (B) SiHa cells were transfected with miR-139-5p mimics (Mimics), miR-139-5p mimics plus
TCF4 expression plasmids (Mimics+TCF4), TCF4 expression plasmids (TCF4) or controls (Con). 24 hrs later, Western blot analysis was performed to detect the protein
expression of TCF4. (C) SiHa cells were transfected with miR-139-5p mimics (Mimics), miR-139-5p mimics plus TCF4 expression plasmids (Mimics+TCF4), TCF4
expression plasmids (TCF4) or controls (Con). 24 hrs later, EdU assay was performed to detect the cell proliferation ability. (D) SiHa cells were transfected with miR-
139-5p mimics (Mimics), miR-139-5p mimics plus TCF4 expression plasmids (Mimics+TCF4), TCF4 expression plasmids (TCF4) or controls (Con). 24 hrs later, transwell
assay was performed to detect the cell migration ability. (E) SiHa cells were co-transfected with TOP Flash firefly luciferase plasmid, renilla luciferase plasmid, miR-139-5p
mimics (Mimics) or miR-139-5p mimics plus TCF4 expression plasmids (Mimics+TCF4), TCF4 expression plasmids (TCF4) or controls (Con). 48 hrs later, luciferase activity
was determined, and relative Wnt/B-catenin activity was calculated. (F) SiHa cells were transfected with miR-139-5p mimics (Mimics), miR-139-5p mimics plus TCF4
expression plasmids (Mimics+TCF4), TCF4 expression plasmids (TCF4) or controls (Con). 24 hrs later, qRT-PCR was performed to detect the mRNA expressions of Wnt
target genes. (G) SiHa cells were transfected with miR-139-5p mimics (Mimics), miR-139-5p mimics plus TCF4 expression plasmids (Mimics+TCF4), TCF4 expression
plasmids (TCF4) or controls (Con). 24 hrs later, Western blot analysis was performed to detect the protein expressions of Wnt target genes. Scale bar: 200 pm. **P<0.01,
***P<0.001, compared with Con group. #P<0.05, ##P<0.01, ###P<0.001, compared with Mimics group.

poorly known tumor suppressor, in CC progression. Our  also confirmed in several CC cell lines. The decrease of

results supported that decreased miR-139-5p could be used
as a therapeutic target of CC.

Except miR-139-3p, miR-139-5p is another mature
miRNA product from the same miR-139 precursor.
Through reviewing literatures, we noticed that two groups
had illustrated the tumor-suppressing roles of miR-139-3p
in CC.">' They proved that miR-139-3p, downregulated
by host gene DNA methylation mediated by HPV-16, could
inhibit cervical oncogenesis by suppressing cell prolifera-
tion, migration, invasion and inducing apoptosis.'>'®
However, no report has characterized the role of miR-139-
Sp in CC. We designed a series of experiments, first found
that miR-139-5p was decreased in CC tissues, especially in
those with lymph node metastasis. Its downregulation was

miR-139-5p in CC met expectations, since it was processed
from the same miR-139 precursor with miR-139-3p. Much
less, mountains of evidences have reported the downregula-
tion of miR-139-5p in other types of malignancies.'”'® Our
expression detection, on the one hand, uncovered that miR-
139-5p was decreased in CC, on the other hand suggested
its connection with CC progression.

To recognize the biological roles of miR-139-5p in CC,
we performed gain-of-function assays in the two CC lines
(SiHa and Hela) harboring lower endogenous miR-139-5p
levels. Transfecting them with miR-139-5p mimics suc-
cessfully overexpressed this miRNA instantaneously.
Functional assays including CCK-8, EdU, and transwell
assays demonstrated that miR-139-5p strongly inhibited
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Figure 6 Increased expression of TCF4 and its inverse correlation with miR-139-5p expression in CC. (A) qRT-PCR analysis was performed to detect TCF4 expression in
40 pairs of cervical cancer tissues and matched non-cancerous tissues. N: normal, T: tumor. (B) qRT-PCR analysis was performed to detect TCF4 expression in lymph node
metastatic CC tissues (n=13) compared with non-metastatic CC tissues (n=27). LN: lymph node. (C) Immunohistochemistry analyses from the online tool human protein
atlas (https://www.proteinatlas.org/) validated TCF4 protein upregulation in CC tissues. Up panel: 100%, down panel: 200%. (D) Spearman’s correlation analysis was
performed to explore the negative correlation between miR-139-5p and TCF4 mRNA levels in paired CC tissues (n=40, P=0.0002). *P<0.05.

CC cell proliferation and migration in vitro. Hence,
together with the above downregulation of miR-139-5p
in CC, we verified that this miRNA could be developed
as a valuable therapeutic agent for CC patients.

Activation of the Wnt/B-catenin signaling is tightly
connected with cervical carcinogenesis,”” and several key
components of this signaling pathway have been identified
as oncogenic factors in CC.**® Surprisingly, our cellular
experiments found that miR-139-5p overexpression led to
the Wnt/B-catenin signaling blockage, as detected by the
TOP Flash reporter and downstream target gene expres-
sion of this pathway. Therefore, we suspected that the
tumor-suppressing roles of miR-139-5p were to some
extent associated with its inhibitory effect on the Wnt/fB-
catenin signaling.

During the screen and validation of the direct targets of
miR-139-5p, we observed that TCF4, the important tran-
scription factor collaborating with B-catenin to initiate the
transcription of target genes in response of Wnt
activation,?' was a putative target of miR-139-5p, since it
contained a highly conserved miR-139-5p binding site in
the 3-UTR. We then focused on TCF4 and conducted
several experiments to confirm whether its targeting by
miR-139-5p truly existed. The results came out that TCF4

was a real and direct target of miR-139-5p. Moreover,
subsequent TCF4 restoration in miR-139-5p-overexpres-
sing cells further supported that miR-139-5p inhibited CC
progression at least partially via downregulating TCF4,
since TCF4 restoration not only attenuated the suppressing
roles of miR-139-5p in CC progression, but also recovered
the Wnt/B-catenin signaling. Finally, qRT-PCR and THC
confirmed the upregulation of TCF4 in CC tissues, inver-
sely correlated with the downregulation of miR-139-5p.
These results once more verified that there was a targeting
relationship between TCF4 and miR-139-5p.

Taken together, our findings identified miR-139-5p as an
important tumor suppressor in CC by inhibiting cell prolifera-
tion and migration. The direct targeting of TCF4, the crucial
transcription factor of the Wnt/B-catenin signaling by miR-
139-5p finely explained its blocking effect on this signaling
pathway and tumor inhibitory activities in CC. However, the
valid in vivo evidences are still required to prove the tumor-
suppressing roles of miR-139-5p in CC. Nevertheless, our
data provide a strong foundation for the future application of
miR-139-5p as a novel target for CC therapy.
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