European Review for Medical and Pharmacological Sciences 2017; 21: 5587-5593

MiR-638 inhibits cervical cancer metastasis
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Abstract. - OBJECTIVE: MiR-638 has been
demonstrated to be correlated with several tu-
mor progressions. However, the exact role of
miRNA-638 in cervical cancer (CC) has not been
investigated. The aim of present study was to ex-
plore the prognostic value of miR-638 in patients
with CC and analyze molecular mechanisms of
miR-638 in CC progression.

PATIENTS AND METHODS: Real-time quanti-
tative RT-PCR was performed to measure miR-
638 expression level in 196 paired of CC and
matched normal tissues, CC cell lines. The cor-
relation of miR-638 with clinicopathological fea-
tures and prognosis was analyzed. Furthermore,
the effects of miR-638 on tumorigenicity of CC
cells were evaluated by functional assays. Final-
ly, Western blot was used to evaluate the activa-
tion of Wnt/B-catenin signaling pathway.

RESULTS: We found that miR-638 expression
was downregulated in CC tissues and cell lines
compared with the adjacent normal tissues and
normal cell lines. In addition, low expressions of
miR-638 were significantly associated with ad-
vanced FIGO stage (p =0.007), lymph node me-
tastasis (p = 0.018) and vascular invasion (p =
0.002). Moreover, the results of Kaplan-Meier
method showed that CC patients with lower miR-
638 expression had significantly poorer overall
survival (p = 0.0023) and progression-free sur-
vival (p = 0.0005). In a multivariate Cox model,
we found that miR-638 expression was an inde-
pendent prognostic factor for both overall sur-
vival and progression-free survival in patients
with CC (both p = 0.001). In vitro assay showed
that miR-638 overexpression suppressed cell
migration and invasion of HeLa cells. The results
of Western blot indicated that over-expression
of miR-638 inhibited the activation of Wnt/B-cat-
enin signaling pathway.

CONCLUSIONS: Our findings firstly showed
that miR-638 might serve as a tumor suppres-
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sor. In the future, miR-638 might be regarded as
a therapeutic target and a potential prognostic
factor in human CC.
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Introduction

Cervical cancer (CC) is the third most common
malignancy in women worldwide and responsi-
ble for over 20,000 deaths in China annually'?.
Although advances in chemotherapy and sur-
gery have been achieved, the prognosis remains
poor once cancer has developed®. FIGO stage and
lymph node metastasis are critical independent
prognostic factors, which lead to the failure of
surgery, chemotherapy or radiotherapy*. Thus, it
is extremely urgent to detect CC at an early sta-
ge and predict the outcome of CC. However, the
molecular mechanism of the pathogenesis of CC
remains unclear.

MicroRNAs (miRNA) are a class of non-co-
ding single-stranded RNA molecules, about 22
nucleotides in length, that serve as major impor-
tant regulators of gene expression at the post-tran-
scriptional level®. MiRNAs have been found to
be involved in the regulation of various cellular
processes, including proliferation, differentiation,
cell death, and cell mobility®’. Growing evidence
revealed that miRNAs can function as tumor sup-
pressors or oncogenes in development and pro-
gression of tumors, including CC?*!°. Of note, va-
rious underlying mechanisms have been revealed.
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For instance, Ye et al'! reported that overexpres-
sion of miR-486-3p suppressed cell growth and
metastasis by targeting ECM1. Cong et al'? found
that miR-634 inhibits migration and invasion
in CC cells by targeting mTOR signal pathway.
However, the underlying molecular mechanism of
CC has not been fully elucidated.

The biological function of miR-638 has been
reported in several tumors, such as hepatocellular
carcinoma'®, osteosarcoma'¥, and breast cancer®.
However, the role of miR-638 in the progression of
CC has not been investigated. In the present study,
we aimed to explore the prognostic value of miR-
638 in patients with CC and analyze molecular
mechanisms of miR-638 in CC progression. These
findings might be helpful in determining potential
therapeutic targets for gene therapy in CC.

Patients and Methods

Patients and Specimens

A total of 196 CC tissues and matched adjacent
normal tissues were obtained from Linyi People’s
Hospital and Women and Children’s Health Care
Hospital of Linyi between July 2008 and January
2012. All specimens were immediately frozen in
liquid nitrogen and stored at -80°C until RNA
extraction. The diagnosis was confirmed by two
independent pathologists. Only patients without
radiotherapy and chemotherapy before operation

were collected for this study. A complete follow-up
was available for 5 years. The clinicopathological
data are summarized in Table I. The study was
approved by the Ethical Committee of Linyi Peo-
ple’s Hospital and Women and Children’s Health
Care Hospital of Linyi, and informed consent was
obtained from all patients.

Cell Culture and Transfection

CC cell lines (HeLa, SiHa, CasKi and C33A)
and HaCaT cells (an immortalized HPV-nega-
tive skin keratinocyte line) were brought from
Institute of Cell Biology of Chinese Academy of
Science (Pudong, Shanghai, China) and cultured
in Roswell Park Memorial Institute-1640 (RPMI-
1640) medium supplemented with 10% fetal bo-
vine serum (FBS) in a humidified atmosphere of
95% air and 5% CO? at 37°C.

The cells were transfected with miR-638 mi-
mic or the miRNA mimics negative control (miR-
Ctrl) (Sangon Biotech, Shanghai, Beijing, China)
using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA), according to the manufacturer’s in-
structions.

RNA Extraction and Quantitative
Real-time PCR

Total RNA from tissues and the cultured cells
was extracted using TRIzol (Invitrogen, Carlsbad,
CA, USA). cDNA was synthesized from 10 ng of
total RNA using TagManTM. Real-time PCR was

Table I. Correlation between tissue miR-638 expression level and clinicopathological characteristics.

MiR-638 expression
Parameters Total High Low p-value
Age 0.449
<45 91 41 50
>45 105 53 52
Tumor size (cm) 0.143
<4.0 63 35 28
>4.0 133 59 74
Histologic grade 0.416
Gl +G2 90 46 44
G3 106 48 58
FIGO stage 0.007
Ib-IIa 114 64 50
[Ib-111a 82 30 52
Lymph node metastasis 0.018
Yes 73 27 46
No 123 67 56
Vascular invasion 0.002
No 142 78 64
Yes 54 16 38
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carried out using an ABI 7900HT Fast Real-time
PCR system (Applied Biosystems, Foster City, CA,
USA). For normalization, U6 were used as the en-
dogenous controls. All reactions were performed in
triplicate, and the 2-*4“* method was used to quantify
the relative expression of miR-638. The primers used
for gRT-PCR in this study are as follows: miR-638
forward, 5~ATCCAGTGCGTG TCGTG-3’ and re-
verse, 5-TGCTAGGGATCGCGGGCGGGTG-3.
U6 forward, 5-CTCGCTTCGGCAGCACA-3’ and
reverse, 5’-AACGCTTCACGAATTTGCGT-3.

Cell Proliferation Assays

Cell proliferation was analyzed using MTT as-
say. The transfected cells were plated in the tran-
sfected cells were plated in 96-well plates (3,000
cells/well). Optical density at 490 nm was measu-
red using a microplate reader (Bio-Rad, Hercules,
CA, USA).

Migration and Invasion Assays

Migration and invasion assays were performed
using Transwell chambers. The exact procedure
was performed according to the Zeng et al'é.

Western Blotting

All proteins were extracted from tissues or cul-
tured cells using radioimmunoprecipitation assay
(RIPA) buffer containing phenylmethylsulfonyl
fluoride (PMSF). Equal amounts of protein were
electrophoresed on 10% sodium dodecyl sulpha-
te-polyacrylamide gel electrophoresis (SDS-PA-
GE), then transferred to polyvinylidene difluoride
(PVDF) membrane. Then, the membrane was in-
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cubated with antibodies against -catenin, cyclin
DI, c-myc and GAPDH overnight at 4°C, followed
by horseradish peroxidase (HRP)-conjugated se-
condary antibody. Detection was performed using
a Super Signal Enhanced Chemiluminescence
(ECL) kit (NIH, Bethesda, MD, USA). GAPDH
was used as a loading control for normalization.

Statistical Analysis

All data were processed with SPSS 10.0
software (SPSS Inc., Chicago, 1L, USA). All
images were made by GraphPad prism 6 (La
Jolla, CA, USA). All data were presented as
means + SD. Each experiment was repeated at
least three times. Comparisons between two in-
dependent groups were analyzed by Student’s
t-test. Categorical data were evaluated using x°
test. The survival curves were calculated by the
Kaplan-Meier method and the difference by the
log-rank test. To determine independent pro-
gnostic factor, the Cox multivariate regression
analysis was used. p < 0.05 was considered as
statistically significance.

Results

miR-638 is Downreqgulated in CC Cell
Lines and Tissues

We firstly determined the expression levels of
miR-638 in CC tissues, matched adjacent normal
tissues and CC cell lines by RT-PCR. As shown
in Figure 1A, miR-638 level of CC tissues was
lower than in normal tissues (p < 0.01). Similarly,
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Figure 1. Expression of miR-638 in human CC tissues and cell lines. (4) Relative miR-638 expression levels in human CC
tissues and the adjacent non-cancerous tissues were detected by PCR analysis. (B) qRT-PCR analysis of miR-638 expression
level in CC cells (HeLa, SiHa, C-33A, and Caski) and HaCaT cells (an immortalized HPV-negative skin keratinocyte line). *p

<0.05, **p < 0.01.
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we also found that miR-638 expression was signi-
ficantly decreased in four CC cell lines compared
with HaCaT cells (Figure 1B).

Next, we divided CC patients into two groups
(High miR-638 expression group and Low miR-
638 expression group) according to mean value
of miR-638 levels. Statistical assay showed that
low expressions of miR-638 were significantly as-
sociated with advanced FIGO stage (p = 0.007),
lymph node metastasis (p = 0.018) and vascular
invasion (p = 0.002). However, there were no si-
gnificant associations between miR-638 expres-
sion and other clinical features (all p > 0.05).

Low-Expression Level of miR-638
Predicts Poor Prognosis in CC Patients

To explore the prognostic value of miR-638 in
CC patients, we performed Kaplan-Meier analy-
sis. As shown in Figure 2A and 2B, our results
showed that patients with low expression of miR-
638 had significantly shorter overall survival
(OS) and progression-free survival (PFS) than
the high expression group (p = 0.0023 and p =
0.0005). Furthermore, in multivariate Cox model,
our results indicated that miR-638 expression was
an independent prognostic indicator for OS (p =
0.001) and PFS (p = 0.001) in patients with CC
(Table II).

Up-regulation of miR-638 Suppressed CC
Cell Proliferation and Metastasis in vitro
Considering the obvious down-regulation of
miR-638 in CC tissues and cells, we wondered
whether miR-638 served as a tumor suppressor
in CC progression. Then, HeLa cells were tran-
sfected with miR-638 mimic or miR-Ctrl with
high. The results of RT-PCR showed that miR-
638 expression was upregulated in Hela cells (p
< 0.01, Figure 3A). MTT showed that knockdown

of miR-638 expression significantly inhibited cell
proliferation in HeLa cell lines compared with the
control cells (Figure 3B). Then, we further per-
formed transwell assay to explore the effects of
miR-638 on migration and invasion of CC cell li-
nes. As shown in Figure 3C and 3D, we found that
miR-638 could suppress cancer cell migration and
invasion. Taken together, our findings confirmed
that miR-638 served as a tumor suppressor in the
progression of CC.

Overexpression of miR-638 Decreased
Wnt/3-catenin Signaling Pathway
in CC Cells

To explore the mechanism by which miR-638
suppressed CC proliferation and metastasis, we
focused on the association between miR-638
and Wnt/B-catenin. As shown in Figure 4, our
results showed that the B-catenin, c-myc, and
cyclin D1 were decreased when miR-638 was
overexpressed. Our data indicated that miR-
638 served as a tumor suppressor in CC by in-
fluencing the activity of Wnt/B-catenin signa-
ling pathway.

Discussion

The human miR-638 is located in the 19p13.2
region. Previous studies have indicated that
miR-638 plays an important role in several
tumors. For instance, Xia et al' reported that
miR-638 suppressed invasion and proliferation
in non-small cell lung cancer by modulating
SOX2 and EMT. Zhang et al'® showed that ecto-
pic expression of miR-638 inhibited gastric can-
cer cell growth in vitro by targeting phospholi-
pase D1. Wang et al'* found that high miR-638
was associated with favorable prognosis and

Table Il. Multivariate analysis of the associations of prognosis with various clinicopathologic parameters and miR-638

expression in cervical cancer patients.

Overall survival Progression-free survival
Variable HR 95% ClI p-value HR 95% ClI p-value
Age 1.311 0.723-1.877 0.316 1.116 0.562-1.644 0.278
Tumor size (cm) 1.893 0.823-3.411 0.178 1.466 0.633-2.921 0.113
Histologic grade 2213 0.663-4.194 0.217 1.894 0.782-3.361 0.167
FIGO stage 3.674 1.643-6.783 0.002 3.127 1.893-7.722 0.001
Lymph node metastasis 3.423 1.452-5.558 0.011 3.893 1.673-4.953 0.008
Vascular invasion 2783 1.135-5.429 0.006 2.933 1.562-5.982 0.004
MiR-638 expression 2.931 1.673-7.783 0.001 3.342 1.972-8.994 0.001
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Figure 2. Down-regulation of miR-638 predicts an unfavorable prognosis. (4). Kaplan-Meier survival analysis of OS in 196
patients based on miR-638 expression status. (B) Kaplan-Meier survival analysis of PFS in 196 patients based on miR-638

expression status.

suppressed cell proliferation by targeting sup-
press PIM1 expression in patients with osteo-
sarcoma. Those findings revealed that miR-638
served as a tumor suppressor in above tumors.
However, Animesh et al'® showed that miR-638
expression was significantly high in melanoma
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tissues. Functional assay indicated that miR-
638 functioned as a tumor promoter in the pro-
gression of melanoma. Thus, miR-638 may ser-
ve as oncogenes or anti-oncogenes according to
the kind of tumors. Recently, Xu et al** showed
that miR-638 expression was down-regulated
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Figure 3. Up-regulation of miR-638 suppressed CC cell growth and metastasis. (4) The expression level of miR-638 was
significantly upregulated after transfection in HeLa cells, determined by RT-PCR. (B) MTT assay was performed to examine
HeLa cell proliferation. (C) Transwell assay was conducted to analyze the migration of HeLa cells. (D) Transwell assay was
conducted to analyze the invasion of HeLa cells. *p < 0.05, **p < 0.01.
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Figure 4. Over-expression of miR-638 inhibits the activa-
tion of Wnt/B-catenin signaling pathway in CC cells.

in CC tissues by microarray analysis. However,
the exact function of miR-638 in CC remains
unknown.

In the present study, we found that the
expression levels of miR-638 were significantly
down-regulated in CC tissues compared with
normal cervical tissues. The statistical assay
showed that low expressions of miR-638 were
significantly associated with advanced FIGO
stage, lymph node metastasis, and vascular
invasion. Furthermore, Kaplan-Meier analy-
sis showed that CC patients with low miR-638
expression tend to have shorter OS and PFS.
Further assay by multivariate Cox hazard re-
gression analysis confirmed that miR-638 was
an independent prognostic indicator for both
OS and PFS. To our best knowledge, this is the
first study to explore the prognostic value of
miR-638 in CC.

To explore the biological function of miR-638
in CC, we firstly performed in vitro experiment
and found that over-expression of miR-638 signi-
ficantly suppressed proliferation and metastasis
in CC. To further explore the potential mechani-
sm by which miR-638 inhibited the progression
of CC, we focused on Wnt/B-catenin signaling.
The Wnt/B-catenin signaling is an important tar-
get for the development of novel therapeutics for
various tumors®' . Previous works have shown
that Wnt/B-catenin pathway activation can pro-
mote cell proliferation and suppress cell apoptosis
in CC*%, Thus, we wondered whether miR-638
could serve as a tumor suppressor by modula-
ting Wnt/B-catenin signaling. Indeed, the results
of Western blot indicated that over-expression of
miR-638 inhibited the activation of Wnt/B-caten-
in signaling pathway.

Conclusions

We demonstrated, for the first time, that miR-
638 may act as an indicator of poor survival rate
for CC patients. We also exhibited that miR-638
may be a potential inducement to the prolifera-
tion of CC cells via modulation of Wnt/B-catenin
signaling pathway. Taken together, our study sug-
gested that miR-638 is a critical molecule in CC
progression and prognosis.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) Siecer R, NaisHAabHAM D, JEmaL A. Cancer statistics,
2012. CA Cancer J Clin 2012; 62: 10-29.

2) KHencHoucHE A, Sabouki N, BoupricHe A, Houau K,
GraABA A, Ooka T, BouGuermouH A. Human papil-
lomavirus and Epstein-Barr virus co-infection in
cervical carcinoma in Algerian women. Virol J
2013; 10: 340.

3) Dueras-GonzaLez A, CETINA L, MARiscAL |, DE LA GARzA J.
Modern management of locally advanced cervical
carcinoma. Cancer Treat Rev 2003; 29: 389-399.

4) Dasarl S, Wupavagiri R, Vatluru L. Cervical can-
cer: Biomarkers for diagnosis and treatment. Clin
Chim Acta 2015; 445: 7-11.

5) Di Leva G, Croce CM. MiRNA profiling of cancer.
Curr Opin Genet Dev 2013; 23: 3-11.

6) Bartee DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116: 281-
297.

7) Li B, YanG XX, WanG D, Ji HK. MicroRNA-138 inhi-
bits proliferation of cervical cancer cells by targe-
ting c-Met. Eur Rev Med Pharmacol Sci 2016; 20:
1109-1114.

8) CHen XF, L Y. MicroRNA-744 inhibited cervical
cancer growth and progression through apopto-
sis induction by regulating Bcl-2. Biomed Phar-
macother 2016; 81: 379-387.

9) Song X, SHI B, HuanG K, ZHang W. miR-133a inhi-
bits cervical cancer growth by targeting EGFR.
Oncol Rep 2015; 34: 1573-1580.

10) Znou C, Tan DM, CHen L, Xu XY, Sun CC, Zong
LJ, Han S, Znang YZ. Effect of miR-212 targe-
ting TCF7L2 on the proliferation and metastasis
of cervical cancer. Eur Rev Med Pharmacol Sci
2017; 21: 219-226.

11) YeH, Yu X, Xia J, TanG X, Tang L, CHen F. MiR-486-
3p targeting ECM1 represses cell proliferation
and metastasis in cervical cancer. Biomed Phar-
macother 2016; 80: 109-114.

12) Cong J, Liu R, WANG X, JianG H, ZHanG Y. MiR-634
decreases cell proliferation and induces apopto-



miR-638 and cervical cancer

13)

14)

15)

16)

17)

18)

19)

sis by targeting mTOR signaling pathway in cervi-
cal cancer cells. Artif Cells Nanomed Biotechnol.
2016; 44: 1694-1701.

ZHANG Y, ZHANG D, JianG J, Dong L. Loss of miR-
638 promotes invasion and epithelial-mesenchy-
mal transition by targeting SOX2 in hepatocellular
carcinoma. Oncol Rep 2017; 37: 323-332.

WanG XX, Liu J, TanGg YM, Hong L, ZenG Z, TAN GH.
MicroRNA-638 inhibits cell proliferation by targe-
ting suppress PIM1 expression in human osteo-
sarcoma. Tumour Biol 2017 Jan 3. doi: 10.1007/s
13277-016-5379-1 [Epub ahead of print].

ZHao G, Li Y, Wanc T. Potentiation of docetaxel
sensitivity by miR-638 via regulation of STARD10
pathway in human breast cancer cells. Biochem
Biophys Res Commun 2017; 487: 255-261.

ZenG F, Xue M, Xiao T, Li'Y, Xiao S, JianG B, Ren C.
MiR-200b promotes the cell proliferation and me-
tastasis of cervical cancer by inhibiting FOXG1.
Biomed Pharmacother 2016; 79: 294-301.

XAY, Wu'Y, Liu B, WanG P, CHen Y. Downregulation
of miR-638 promotes invasion and proliferation
by regulating SOX2 and induces EMT in NSCLC.
FEBS Lett 2014; 588: 2238-2245.

ZHANG J, BiaN Z, ZHou J, SonGg M, Liu Z, FENG Y, ZHE
L, ZHANG B, YIN Y, Huang Z. MicroRNA-638 inhibits
cell proliferation by targeting phospholipase D1
in human gastric carcinoma. Protein Cell 2015; 6:
680-688.

BHATTACHARYA A, ScHMmITz U, RAATZ Y, SCHONHERR M,
KotTex T, ScHAUER M, FrRANZ S, SAALBACH A, ANDEREGG
U, WoLkeNHAUER O, ScHADENDORF D, SimoN JC, MAGIN

20)

21)

22)

23)

24)

25)

T, VEra J, Kunz M. miR-638 promotes melanoma
metastasis and protects melanoma cells from
apoptosis and autophagy. Oncotarget 2015; 6:
2966-2980.

Xu Z, ZHou Y, SHI F, Cao Y, DINH TLA, WAN J, ZHAO
M. Investigation of differentially-expressed mi-
croRNAs and genes in cervical cancer using an
integrated bioinformatics analysis. Oncol Lett
2017; 13: 2784-2790.

Cevers H, Nusse R. Wnt/B-catenin signaling and
disease. Cell 2012; 149: 1192-1205.

MANzo-MERrINO J, CONTRERAS-PAREDES Al, VVAzQuEz-ULL-
OA E, RocHA-ZAVALETA L, FUENTES-GONzALEZ AM, Liza-
No M. The role of signaling pathways in cervical
cancer and molecular therapeutic targets. Arch
Med Res 2014; 45: 525-539.

Liwv Z, Liu XW, Lu SA, Lv JJ, Fu Q. Clinical signi-
ficance of changes of expression of the Wn-
t/B-catenin signaling pathway in renal clear cell
carcinoma. Eur Rev Med Pharmacol Sci 2016; 20:
4840-4845.

Kwan HT, CHan DW, Cal PC, Mak CS, Yung MM,
Leung TH, Wong OG, CHeung AN, Nacan HY.
AMPK activators suppress cervical cancer cell
growth through inhibition of DVL3 mediated Wn-
t/B-catenin signaling activity. PLoS One 2013; 8:
e53597.

Xu R, Hu J, Zuang T, Jiang C, Wang HY. TRIM29
overexpression is associated with poor progno-
sis and promotes tumor progression by activating
Wnt/B-catenin pathway in cervical cancer. Onco-
target 2016; 7: 28579-28591.



