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Abstract MicroRNAs (miRNAs) are a class of small non-
coding RNAs that play important roles in tumorigenesis and
tumor progression through regulation of gene expression. Ear-
lier, miR-142-3p was shown to decreased in cervical cancer
cells; here; we explore the biological functional role of miR-
142-3p and underlying mechanism in cervical cancer cells.
We first detected the expression of miR-142-3p in six human
cervical cancer cell lines and chose HeLa and SiHa cells for
functional studies. By gain and loss of function experiments,
we showed that overexpression of miR142-3p resulted in
downregulation of Frizzled7 receptor (FZD7) and inhibited
proliferation and invasion in HelLa and SiHa cells, whereas
miR142-3p inhibitor-transfected cells showed reduced FZD7
expression and increased invasion capacity. In addition, we
demonstrated that FZD7 was a direct target of miR-142-3p
by dual luciferase assay and Western blot analysis. Overex-
pression of FZD7 expression was able to reverse the inhibitory
effects induced by miR-142-3p. Taken together, miR-142-3p
functions tumor suppressive effects in cell proliferation and
invasion in cervical cancer cells, suggesting a potential thera-
peutic approach for cervical cancer.
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Introduction

Cervical cancer is the second most common malignancy in
women worldwide, with an estimated incidence of 530,000
new cases and 270,000 deaths per year [1]. It has been reported
that more than 80 % of cervical cancers occur in developing
countries, where widespread cervical screening is unavailable
[2, 3]. Current treatment approaches for cervical cancer mainly
include surgery, radiotherapy, and chemotherapy [4]. However,
these treatments still have limitations; tumor recurrence and
metastasis frequently occur in patients with advanced cancer
[5]. Therefore, exploring molecules involved in the intricate
process and identification of new and effective therapy targets
for new treatment strategies are of great significance.

It has been known that aberrant activation of WNT signals
frequently occur in malignancies [6, 7]. The canonical WNT
pathway is implication in cell proliferation and differentiation,
while the noncanonical WNT pathway is crucial for cellular
motility, invasion, and epithelial-mesenchymal transition
(EMT), which aggravate malignancy [8, 9]. The Frizzled7
receptor (FZD7), a member of WNT receptors, has been re-
ported indispensably for activation of both canonical and non-
canonical WNT pathways [10, 11]. Evidence is accumulating
that high FZD7 expression existed in various cancers [12—14].
King et al. [15] reported that overexpression of FZD7 promot-
ed tumor cell invasion and metastasis. Asad et al. [11] showed
that FZD7 drives in vitro aggressiveness in ovarian cancer
cells. Yang et al. demonstrated that FZD7 was critical for cell
proliferation in triple negative breast cancer, indicating an on-
cogenic role of FZD7 in cancer, and several therapeutic strat-
egies targeting this molecule have been described [16].
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MicroRNAs (miRNAs) are conserved, small noncoding
RNAs that regulate gene expression by targeting 3-UTR of
target mRNA, resulting in post-transcription repression or
mRNA degradation [17-19]. Increasing evidence indicates
that miRNAs are important regulators in diverse processes
such as proliferation, differentiation, apoptosis, and cell mo-
bility [20, 21], as well as carcinogenesis [22]; they exert reg-
ulatory roles by altering the targeted oncogenes or tumor sup-
pressor expression. In a recent study, Tang et al. [23] showed
that the expression level of miR-142-3p was significantly low-
er than the normal cervical epithelium cells, indicating a reg-
ulatory impact of miR-142-3p in cervical cancer. Through
prediction with online software Target Scan (http:/www.
targetscan.org/) and microRNA.org (http://www.microrna.
org/), we found that FZD7 was a potential target of miR-
142-3p, and so far, limited information was found about the
relationship between miR-142-3p and FZD?7. In this study, we
investigated the role of miR-142-3p in cell proliferation, mi-
gration, and invasion of cervical cancer cell lines. Concurrent-
ly, FZD7 was identified as a new potential target of miR-142-

3p.

Methods

Cell culture

Six human cervical cancer cell lines (ME-180, Hela, CaSki,
MS751, SiHa, C-33A) were obtained from the Cell Bank of
Chinese Academy of Sciences (Shanghai, China). ME-180
cells were cultured in McCoy’s 5A medium (Sigma-Aldrich,

St. Louis, MO, USA) supplemented with 10 % fetal bovine

Fig. 1 MiR-142-3p and FZD7
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serum (FBS; Hyclone, Logan, UT, USA). CaSki cells were
cultured in RPMI-1640 (Gibco, Grand Island, NY, USA),
while other cell lines were cultured in DMEM (Gibco) con-
taining 10 % FBS. The cells maintained t at 37 °C in a humid-
ified atmosphere of 5 % CO,.

Transfection

Pre-MiR-142-3p, miR-142-3p inhibitor, and the scrambled
control oligonucleotides (control) were purchased from
GenePharma (Shanghai, China). In brief, 100 pmol of synthe-
sized oligonucleotide were transiently transfected into cells
using Lipofectamine 2000 reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions. To
obtain FZD7 overexpressed cells, the pEGFP-N1 plasmids
containing FZD7-coding sequences or empty pEGFP-N1
plasmids were transfected into cells using Lipofectamine
2000 reagent (Invitrogen).

MTT assay

Cell proliferation was determined by 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay.
Transfected/nontransfected HeLLa and SiHa cells were seeded
in 96-well microplate at a density of 5% 10* cells/well. MTT
solution (0.2 mg/ml) was added to each well at different time
point (12, 24, 48, or 72 h). After incubation at 37 °C for 4 h,
the cell-free supernatant was removed and the resulting
formazan crystals were dissolved in 200 pul DMSO. The opti-
cal density (OD) at 490 nm was determined with a microplate
reader (BioTek, Vermont, USA).
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Real-time PCR

Total RNA was extracted from cultured cells using RNA sim-
ple Total RNA Kit (TIANGEN Co., Beijing, China); RNA
was converted into complementary DNA (cDNA) using Su-
per MMLYV Reverse Transcriptase (BioTeke, Beijing, China).
Expression of miR-142-3p was measured using a TapMan
miRNA assay (Applied Biosystems) according to the manu-
facturer’s instructions. The expression of miR-142-3p was
normalized to U6 small nuclear RNA. Expression of FZD7
was detected using Exicycler™ 96 real-time (RT) PCR ma-
chine (Bioneer, Dacjeon, Korea), with the specific primers as
follows: FZD7, 5'-GCCTCGACGCTCTTTACCG-3'
(forward) and 5'-GCAGCCCTCCTTCTTGGTG-3' (reverse)
and (-actin, 5'-CTTAGTTGCGTTACACCCTTTCTTG-3'
(forward) and 5-CTGTCACCTTCACCGTTCCAGTTT-3'
(reverse). The PCR reaction was performed for 10 min at
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95 °C followed by 40 cycles of 95 °C for 10 s, 60 °C for
20 s, and 72 °C for 30 s.

Western blot analysis

Total proteins from the cultured cells were extracted using NP-
40 lysis buffer (Beyotime Institute of Biotechnology, Haimen,
China); the protein concentration was measured by
bicinchoninic acid (BCA) kits. A total amount of 40 ng pro-
teins from each group were separated by SDS-PAGE and
electro-transferred to a PVDF membrane (Millipore, Bedford,
MA, USA). The membrane was blocked with 5 % non-fat
milk room temperature for 1 h and incubated with a specific
primary antibody (anti-FZD7, 1:500, anti-vimentin, 1:1000,
Bioss, Beijing, China; anti-snail, 1:200, Santa Cruz, CA,
USA; anti-E-cadherin and anti-3-actin, 1:1000, Boster, Wu-
han, China) overnight at 4 °C. After washing with TBST three

Fig. 2 Overexpression of miR-142-3p reduces FZD7 expression and
inhibits proliferation and invasion in HeLa and SiHa cells. Real-time
PCR detected the expression of a miR-142-3p and b FZD7 after
transfection with pre-miR-142-3p. ¢, d Western blot analysis of the
FZD7 expression in HeLa and SiHa cells, with (3-actin an internal
reference. € The MTT assay was used to measure cell proliferation
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capacity in HeLa and SiHa cells treated with NC or pre-miR-142-3p. f
A transwell invasion assay was performed to detect the invasive capacity
of HeLa and SiHa cells. The invaded cells were counted under the
microscope after 24-h incubation. Data are expressed as the mean+SD
of triplicate experiments. Compared with the NC group, *p<0.05;
**p<0.01
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times, the membrane was incubated with corresponding
horseradish peroxidase (HRP)-conjugated secondary antibod-
ies (Beyotime) for 1 h. Targeted proteins were visualized
using electrochemiluminescence (ECL) reagents (7Sea Bio-
tech, Shanghai, China); the scanned images were analyzed
with Gel-Pro-Analyzer software.

Matrigel invasion assay

The invasion capacities of HeLa and SiHa cells were assessed
using Transwell membrane filter inserts (8-pm pore size,
Corning, NY, USA) coated with Matrigel (BD Biosciences,
San Jose, CA, USA). Briefly, cells were re-suspended with
serum-free medium and then added into the upper chambers
(2x10* cells); the bottom chambers of the Transwell were
filled with cell growth medium containing 20 % FBS. After
24-h incubation, noninvasive cells in the upper chamber were
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Fig. 3 Downregulation of miR-142-3p increases FZD7 expression and
invasion in HeLa and SiHa cells. Real-time PCR detected the expression
level of a miR-142-3p and b FZD7 after transfection with miR-142-3p
inhibitor. ¢, d Western blot analysis of FZD7 expression in HeLa and
SiHa cells, with {3-actin an internal reference. e The MTT assay was
used to measure cell proliferation capacity in HeLa and SiHa cells
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miR-142-3p inhibitor

removed and the invasive cells on the lower surface were fixed
and stained, and photographed. The mean number of invaded
cells in ten different microscopic fields per membrane was
counted in triplicate.

Luciferase reporter assay

Luciferase reporter assay was used to test whether the miR-
142-3p bound directly to the 3-UTR region of FZD7. The 3'-
UTR of FZD7 with a miR-142-3p targeting sequence was
cloned into the pmirGLO luciferase reporter vector. The se-
quences used to amplify FZD7 3’-UTR were 5'-ACAGCTAG
CGAGGCGATCAGCAGATACCA-3' (forward) and 5'-
CCTCGGTCGACACAGTACCCTCTATGATTGGC-3' (re-
verse). The sequences used to amplify FZD7 3'-UTR mutant
were 5'-CTTTGAGTGAACCCTCCAATCTT-3' (forward)
and 5-AGGGTTCACTCAAAGGTGGGAT-3' (reverse).
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treated with NC or miR-142-3p inhibitor. f A transwell invasion assay
was performed to detect the invasive capacity of HeLa and SiHa cells.
The invaded cells were counted under the microscope after 24-h
incubation. Data are expressed as the mean+SD of triplicate
experiments. Compared with the NC group, *p<0.05; **p<0.01
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Fig. 4 MiR-142-3p upregulates
E-cadherin expression and
downregulates snail expression in
HeLa and SiHa cells. a HeLa and
b SiHa cells were transfected with
pre-miR-142-3p or NC; the
expression of E-cadherin,
vimentin, and snail was
determined by Western blot
analysis. 3-actin was used as an
internal reference. Data are
expressed as the mean+SD of
triplicate experiments. Compared
with the NC group, **p<0.01

a HelLa

HeLa and SiHa cells were cotransfected with the pmirGLO
vectors containing FZD7 3'-UTR with wild-type (WT) or mu-
tant (Mut) sequences and miR-142-3p precursor, or negative
control (NC) using Lipofectamine 2000 (Invitrogen). Lucifer-
ase activity was measured 48 h after transfection using the
Dual-Luciferase Reporter Assay System (Promega). All ex-
periments were performed in triplicate.

Statistical analysis

All experiments were performed independently at least
three times. Data were expressed as the mean+standard
deviation (SD). Statistical analysis was performed using
one-way ANOVA or Student’s ¢ test. Values of p<0.05
were considered significant. GraphPad Prism 5.0 software
(GraphPad Software Inc., La Jolla, CA) was used for all
data analysis.

Results

Expression level of FZD7 correlates inversely
with miR-142-3p expression in cervical cancer cell lines

To investigate the role of miR-142-3p and its correlation with
FZD7 in CC, we first examined the expression levels of miR-
142-3p in six cervical cancer cell lines; as shown in Fig. 1a,
HeLa and SiHa cells appear to have low levels of miR-142-3p
among the cell lines tested and ME-180 cells with high ex-
pression of miR-143-3p as determined by miRNA-RT-PCR
(Fig. 1a). Interestingly, the expression of FZD7 inversely
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correlated with miR-142-3p, as indicated by high expression
of FZD7 in HeLa and SiHa cells while low levels in ME-180
cells at both mRNA and protein levels (Fig. 1b, c). These
initial results indicate that miR-142-3p expression negatively
correlates with FZD7 in cervical cancer cells.

MiR-142-3p downregulates FZD7 expression, inhibits
proliferation, and invasion in HeLLa and SiHa cells

To further explore the functional role of miR-142-3p in
cervical cancer and its correlation with FZD7, the pre-
miR-142-3p and miR-142-3p inhibitor were used to in-
crease or reduce miR-142-3p expression, respectively. In
gain of function experiment, the expression level of miR-
142-3p was increased by three times of the NC cells as
determined by RT-PCR (p<0.01, Fig. 2a). Interestingly,
overexpression of miR-142-3p resulted in significant de-
crease in FZD7 mRNA and protein levels (p<0.05 or
p<0.01, Fig. 2b—d), as well as suppressed proliferation
and invasion of HeLa and SiHa cells as compared with
NC cells (p<0.05 or p<0.01, Fig. 2e, f). In loss of func-
tion experiment, the miR-142-3p expression level de-
creased to 56 and 63 %, respectively, in miR-142-3p-
transfected HeLa and SiHa cells compared with the NC
cells (p<0.01, Fig. 3a). Inversely, decreased miR-142-3p
expression led to upregulation of FZD7 and invasive ca-
pacity of HeLa and SiHa cells (p<0.01, Fig. 3b—f). In
summary, these data suggest that miR-142-3p inversely
correlates with FZD7 expression and inhibits proliferation
and invasion in cervical cancer cells.
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MiR-142-3p upregulates E-cadherin expression
and downregulates snail expression in HeLa and SiHa
cells

Epithelial-mesenchymal transition (EMT) is an essential step
for malignancy [24]. The EMT process is characterized by
loss of epithelial markers like E-cadherin, attended by in-
creased mesenchymal markers such as vimentin and snail
[25]. We previously showed that downregulation of FZD7
increased epithelial marker E-cadherin expression in HelLa
and SiHa cells [26]. In this experiment, Western blot results
showed that E-cadherin expression in pre-miR-142-3p-

Hela

60kDa FZD7

43kDa B-actin

Relative FZD7 protein level

C
FZD7 WT 5 UUUAUCCCACCUUUGACACUACC 3’
Hsa-miR-142-3p 3’ AGGUAUUUCAUCCUUUGUGAUGU 5’
FZD7 MUT 5 UUUAUCCCACCUUUGAGUGAACC 3’
Control
o 1.0+ miR-142-3p
=
£ 0.8
©
[
8 0.6
£
S 0.4 s
-
2 =
":-‘ 0.2 2
2 e
0.0- s
Fzo7wt  * * - -
FZD7-Mut - - + *

Fig. 5 The 3’-UTR region of FZD7 is a target for miR-142-3p. a, b
Western blot analysis of FZD7 expression in HeLa and SiHa cells
cotransfected with pmirGLO reporter containing wild or mutated
binding site of FZD7, and pre-miR-142-3p or NC; the expression level
of FZD7 was normalized to 3-actin. ¢ The sequences of miR-142-3p
binding sites within the 3'-UTR of FZD7 and the mutated binding site
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transfected HeLa and SiHa cells was significantly increased
compared to the control (p<0.01, Fig. 4a, b), while the expres-
sion levels of mesenchymal markers vimentin and snail were
downregulated after pre-miR-142-3p transfection. The results
indicate that miR-142-3p negatively regulates the EMT pro-
cess in cervical cancer cells.

MiR-142-3p downregulates FZD7 expression by targeting
the 3'-UTR region of FZD7

To investigate whether FZD7 is a direct target of miR-142-3p,
we cotransfected the pre-miR-142-3p or NC, and pmiriGLO-
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are presented. d, e Dual luciferase assays were performed in HeLa and
SiHa cells cotransfected with the wild or mutated reporter, and pre-miR-
142-3p or NC. Firefly luciferase activity was normalized to the Renilla
luciferase activity. Data are expressed as the mean+SD of triplicate ex-
periments. Compared with the NC+FZD7-WT group, **p<0.01
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FZD7-3'-UTR reporter or mutant into HeLa and SiHa cells.
Western blot results showed that the expression level of FZD
in cells cotransfected with pre-miR-142-3p and pmiriGLO-
FZD7-3'-UTR reporter significantly decreased compared with
the NC cells (Fig. 5a, b). Furthermore, relative luciferase ac-
tivity in cells cotransfected with pre-miR-142-3p and wild-
type FZD7 3'-UTR luciferase reporter decreased significantly
to 28.5+4.2 % in HeLa and 33.3+5 % in SiHa cells (»<0.01,
Fig. 5d, ). However, cotransfection with the pre-miR-142-3p
did not significantly alter mutant FZD7 3'-UTR reporter ac-
tivity in both cells (Fig. 5d, e). These results suggest that miR-
142-3p directly binds to the 3'-UTR of FZD7 mRNA; FZD7
acts as a direct target of miR-142-3p.

The inhibition of cell invasiveness by miR-142-3p is
rescued by overexpression of FZD7

To prove direct evidence that miR-142-3p inhibits the invasive
capacities of cervical cancer cells via targeting FZD7, we
cotransfected HeLa and SiHa cells with miR-142-3p, and
pEGFP-N1-FZD7, or pEGFP-N1-vector. Western blot results
(Fig. 6a, b) confirmed that FZD7 and miR-142-3p have been
conducted into the cells, as evidenced by low expression level
of FZD7 in miR-142-3p-transfected cells (p<0.05 vs vector

Fig. 6 Overexpression of FZD7 a Hela
reverses the effect of miR-142-3p
on the inhibition of cell
invasiveness. a, b Western blot
analysis of FZD7 expression in
HeLa and SiHa cells after
cotransfection, with (3-actin as the
internal reference. ¢ Transwell
invasion assay was performed to
detect the invasive capacity of
HeLa and SiHa cells. Data are
expressed as the mean+=SD of
triplicate experiments. Compared
with the vector group, *p<0.05;
**p<0.01. Compared with the
vector+miR-142-3p group,
#p<0.01
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group), but high expression in FZD7+miR-142-3p cells
(»<0.01 vs vector+miR-142-3p group). Transwell invasion
assay (Fig. 6¢) showed that miR-142-3p transfection inhibited
cell invasion in both cell types as compared with the vector
groups (p<0.01), while the number of invaded cells was ele-
vated in FZD7+miR-142-3p group compared with that in
miR-142-3p group (p<0.01). Data indicate that overexpres-
sion of FZD7 could effectively rescue the invasive capacity of
HeLa and SiHa cells treated with miR-142-3p.

Discussion

miRNAs have been demonstrated to play important roles in
the development and progression of cancer [27, 28]. They can
act as oncogenes or tumor suppressors by regulating targeted
genes expression. Thereby, identification of cancer-specific
miRNAs and their targets is critical for understanding their
role in tumorigenesis and might be important for defining
novel therapeutic targets [22]. Previously, miR-142-3p has
been shown to function tumor suppressive effects in hepato-
cellular carcinoma [29] and pancreatic cancer [30], while it
served as oncogenic biomarker for esophageal squamous cell
carcinoma and T cell acute lymphoblastic leukemia [31, 32].

b SiHa

Relative FZD7 protein expression

2

8 80

°

-

§ 60

4

£

S 40

2

E 20

H

z

K
R, R,
100+ &2 %

. 25 25
3 80

°

2

§ 60

s

£

s 404

2

E 20

H

z

@ Springer



8072

Tumor Biol. (2015) 36:8065-8073

These data indicate that miR-142-3p may have distinct func-
tions in different cells or tissues that attribute to distinct tar-
gets. Here, we demonstrated that miR-142-3p inhibits cell
proliferation and invasion of cervical cancer cells, as well as
reversely correlated with FZD7 expression. We provide the
first evidence that miR-142-3p acts as a tumor suppressor in
cervical cancer cells by directly regulating FZD7 expression,
which may provide new insights about its role and value in
cervical carcinogenesis.

MiR-142-3p has been reported as being involved in tumor
cell proliferation and metastasis in many cancer types. For
example, forced miR-142-3p expression inhibited cell prolif-
eration in colon cancer [33], osteosarcoma cells [34], and pan-
creatic cancer [30]; miR-142-3p overexpression inhibited the
migratory and invasive capacities of hepatocellular carcinoma
cells [29]. In accordance with these findings, we found that
miR-142-3p exerted tumor suppressive effects in cervical can-
cer cells. Overexpression of miR-142-3p repressed cell prolif-
eration and invasive capacity of cervical cancer cells, whereas
downregulation of this molecule resulted in increased inva-
sion and proliferation. Moreover, we found that miR-142-3p
decreased EMT process, as indicated by downregulation of
mesenchymal markers including vimentin and snail while up-
regulation of epithelial protein E-cadherin. Our results were
consistent with a recent study, which reported decreased miR-
142-3p expression in cervical cancer cell lines and high levels
in normal cervical epithelium cells [23]. These results indicate
that miR-142-3p acts as a tumor suppressor in cervical cancer.

The Wnt signaling pathways have been demonstrated to
play critical roles in cancer processes, such as proliferation,
cell cycle, invasion, and EMT [35, 36]. Aberrant activation of
WNT signals frequently occur in malignancies [37]. Thus,
targeted regulation of WNT pathways could be potential ther-
apeutic interventions for cancer. Previously, miR-142-3p has
been reported to implicate in WNT pathway regulation. For
instance, Carraro G et al. [38] showed that miR-142-3p bal-
anced proliferation and differentiation in the embryonic lung
mesenchyme through modulating WNT signaling by directly
targeting Apc expression. Shen W et al. [33] demonstrated that
miR-142-3p inhibited colon cancer cell proliferation through
negative regulation of CD133, Lgr5, and ABCG2 expression,
in which Lgr5 was a part of the canonical WNT signaling
pathway. In the present study, we found that miR-142-3p not
only regulated cell proliferation but also affected invasive ca-
pacity of HeLa and SiHa cells. Furthermore, we demonstrated
that FZD7 was a direct target of miR-142-3p in cervical cancer
cells by online software prediction, luciferase reporter assay,
and Western blot analyses. Overexpression of miR-142-3p
repressed FZD7 expression at both mRNA and protein levels
and inhibited proliferation and invasion of HeLa and SiHa
cells. Whereas inhibition of miR-142-3p led to increased
FZD7 expression and enhanced invasion. More over, upregu-
lation of FZD7 could partially rescue the invasion inhibition
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induced by miR-142-3p in HeLa and SiHa cells. These results
were in line with our previous report that FZD7 enhanced
invasion, migration, and EMT in cervical cancer cells [26].
Taken together, our data indicate that miR-142-3p functions
as a tumor suppressor in cervical cancer partially through
targeting FZD7.

In summary, our data indicate that miR-142-3p inhibits
proliferation and invasion of cervical cells by directly regulat-
ing FZD7 expression. MiR-142-3p could be a potential ther-
apeutic target for cervical cancer.
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