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MicroRNA-200c suppresses tumor metastasis
in oral squamous carcinoma by inhibiting
epithelial-mesenchymal transition
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Abstract. — OBJECTIVE: To examine the po-
tential mechanisms implicating miR-200c and
epithelial-mesenchymal transition (EMT) in oral
squamous carcinoma (OSC).

MATERIALS AND METHODS: 32 pairs of OSC
tissue samples and matched para-carcinoma
normal tissue from patients undergoing routine
surgery in the Xuzhou Stomatological Hospital
from 2014-2016. HOC313 cells were cultured and
transfected with miR-200c mimics and scram-
bled mimics. Cell migration, invasion assays,
Luciferase reporter assay, and Western blot as-
say were conducted.

RESULTS: miR-200c was downregulated in
OSC tissues compared with adjacent normal
tissues (n=32). miR-200c knockdown in the hu-
man oral cancer cell line HOC313 significantly
suppressed cell invasion and migration, indicat-
ing the ability to inhibit tumor progression. Lu-
ciferase reporter assay indicated that miR-200c
directly bound to the 3‘-untranslated regions
(3-UTR) of Zinc finger E-box-binding homeobox
(ZEB1) directly. Moreover, miR-200c significant-
ly inhibited HOC313 cell EMT via negatively reg-
ulating ZEB1 protein expression.

CONCLUSIONS: MiR-200c plays a pivotal role
in controlling OSC metastasis via inhibiting
EMT, which provides potential therapeutic tar-
gets for OSC.
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Introduction

Oral squamous carcinoma (OSC) is the most
frequent type of malignant tumor of the oral and
maxillofacial region. It has a high degree of ma-
lignancy, high likelihood of lymphatic metastasis,
and poor prognosis'. OSC originate primarily in

Corresponding Author: Zhi Chen, MD; e-mail: chen_zhil1212@163.com

situ, but can be transferred from a distant origin,
or caused by infringement of adjacent tissue
lesions?. Despite recent advances in diagnosis
and treatment of OSC, the mortality remains
high, with a 5-year survival rate less than 50%>.
Therefore, further understanding of the molecu-
lar mechanisms of OSC progression and devel-
opment will support the identification of new
therapeutic targets for OSC.

MicroRNA (miRs) are small non-coding RNA
transcripts of 18 to 25 nucleotides in length®.
MiRs suppress gene expression through binding
and promoting degradation of specific mRNA
and play a fundamental role in most biological
processes’. Among other functions, miRs play an
important role in various cellular states, including
cancerous transformation®. Therefore, the study
of miRs may be of great value in explaining the
occurrence and development of tumors.

MiR-200c is a member of the microRNA-200
family that is downregulated and plays an an-
ti-oncogene role in several kinds of cancer, such
as non-small cell lung cancer (NSCLC)®, glio-
blastoma multiforme (GBM)’, and colorectal can-
cer (CRC)8. Previous evidence has demonstrated
that the levels of miR-200c are decreased in
OSC°. However, the mechanism of miR-200c¢ in
progression and development of OSC remains
unknown.

Epithelial-mesenchymal transitions (EMT) is
the cellular process by which epithelial tumor
cells lose polarity and transforms into mesenchy-
mal phenotypes'®. One characteristic of EMT is
the downregulation of epithelial biomarkers like
E-cadherin and the upregulation of mesenchy-
mal biomarkers like N-cadherin'. Studies have
revealed that EMT is involved in cell growth and
metastasis in several types of tumors, including
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OSC". Various oncogenes are known to partici-
pate in EMT, including Zinc finger E-box-binding
homeobox 1 and 2 (ZEB1 and ZEB2)’. The main
objective of this work was to examine the poten-
tial mechanisms implicating miR-200c and EMT
in OSC.

Materials and Methods

Clinical Samples

We collected 32 pairs of OSC tissue samples
and matched para-carcinoma normal tissue from
patients undergoing routine surgery in the Xu-
zhou Stomatological Hospital from 2014-2016.
All surgical specimens were frozen immediately
in liquid nitrogen after collection. The tumors
were diagnosed and confirmed by pathological
examination. This study was approved by the
Ethics Committee of the Xuzhou Stomatological
Hospital. All participants read and signed in-
formed consent.

Cell Culture

The human oral cancer cell line HOC313
was purchased from Shanghai Model Cell Bank
(Shanghai, China). HOC313 cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM)
containing 10% fetal bovine serum (FBS), 100 U/
ml penicillin and 100 pg/ml streptomycin at 37°C
in 5% CO,,.

Cell Transfection

miR-200c mimics and scrambled mimics were
obtained from RiboBio (Guangzhou, China) and
were transfected into the cells by using Lipofect-
amine 3000 Reagent (Invitrogen, Carlsbad, MA,
USA) according to the manufacturer’s protocols.

RNA Extraction

Total RNA was extracted from the frozen tis-
sue samples and cultured cells using the TRIzol
reagent (Invitrogen, Carlsbad, MA, USA) follow-
ing the manufacturer’s protocols. The PrimeS-
cript RT reagent kit (TaKaRa, Dalian, China) was
used to synthesize cDNAs. The stem-loop primer
for miR-200c was 5’-GTC GTA TTC GCG TGT
CGT GAA GGC ACT TTC ACT GGA TAC
AGT CCA TC-3". U6 was used for normalization.
Then, we performed Polymerase Chain Reaction
(PCR) reactions using the following primers:
miR-200¢c, Fw, 5’-GGC CTA ATA CCG GGT
AAT-3’ and Rv, 5-CAG TAC TGG TGG GAT-
3’; U6, Fw, 5’-CCT GCT TAG GCA GAA CA-
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3’ and Rv, 5-AGC GCT TTA CGA CTT TGC
GT-3". ZEB1 mRNA level was quantified by
SYBR Green Real-Time PCR and normalized to
GAPDH using the following primers: ZEB1, Fw,
5’-CTC GAG CAT TTA GAC ACA AGC G-3
and Rv, 5-TGG CCC TTC CTT TCC TGT GT-
3’; GAPDH, Fw, 5°-CGG AGT TGT TCG TAT
TCG G-3’ and Rv, 5°-TAC TGG ACG ATG ATG
GCA TT-3". QRT-PCR was performed with the
ABI 7500 Fast Real-Time PCR system (Applied
Biosystems, Foster City, MA, USA).

Cell Migration and Invasion Assays

The wound-healing assay was used to measure
cell migration. Cells were cultured in six-well
plates marked by a horizontal line on the back
and transfected with the miR-200c¢ mimics or
scrambled mimics. The cells were scratched by a
pipette tip across the confluent cell layer, washed
gently, and continued to culture in serum-free
medium for 24-48 h. Wound closure was docu-
mented with a light microscope (DFC500, Wet-
zlar, Germany). The transwell assay was per-
formed to measure cell invasion. Cells were
cultured in the upper invasion chamber (BD
Biosciences, Franklin Lakes, NJ, USA) coated
with Matrigel. Serum-free medium was added
into the upper chamber, and 10% FBS medium
supplemented was added to the lower chamber.
After 48 h, the cells cultured above the filter,
which did not invade through the chamber, were
removed. Then, the lower chamber was fixed in
100% precooled methanol, stained with 0.05%
crystal violet, and inspected under the micro-
scope (Olympus, Tokyo, Japan). The values for
the invasion cells were measured by counting five
fields per membrane.

Analysis of miR-200c Targets

TargetScan (http:/www.targetscan.org/vert 71/)
was utilized to predict the target genes. As shown
in the database, ZEB1 was the candidate gene
that we chose. The result of bioinformatics soft-
ware indicated that miR-200c binds the 3’-UTR
of ZEBI.

Luciferase Reporter Assay

We purchased the ZEB1 3-UTR vector for
luciferase reporter from Genechem (Shanghai,
China). We co-transfected miR-200¢ mimics or
scrambled mimics and pmiR-ZEBI or pmiR-con-
trol into HOC313 cells for 48 h. We used Renilla
luciferase (pRL-TK Vector) as control. The Duo-
Glo luciferase assay kit (Promega, Madison, WI,
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USA) was used to detect the luciferase signal
following the manufacturer’s instructions.

Western Blot Assay

To investigate the expression level of ZEBI,
E-cadherin, and N-cadherin, we homogenized
HOC313 cells using lysis buffer. Then, we mea-
sured protein concentration using the protein as-
say kit from Beyotime (Nanjing, China). 20 pg of
protein extract was denatured and chilled on ice.
10% sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) was used to separate
the proteins and transferred to PVDF membranes
(Millipore, Billerica, MA, USA). 5% fat-free milk
was used to block non-specific protein interactions
in TBST buffer containing Tris-HCI (50 mM), Na-
CI (150 mM) and Tween 20 (0.05%) at 4°C for 1 h.
The membranes were incubated at 4°C in fat-free
milk overnight with the following primary anti-
bodies: polyclonal rabbit anti-human E-cadherin
(1:1,000), polyclonal rabbit anti-human N-cadherin
(1:1,000), and polyclonal rabbit anti-human ZEB1
(1:2,000). TBST buffer was used to wash the un-
bound antibody (10 min each, three times). The
membranes were then incubated at room tem-
perature with secondary antibody conjugated with
horseradish peroxide for 1 h. After washing the
membranes three times in TBST, we developed
them using ECL (Millipore, Billerica, MA, USA)
following the manufacturer’s instructions.

Statistical Analysis

SPSS 20.0 software (IBM SPSS, Statistics for
Windows, Armonk, NY, USA) was used for sta-
tistical analysis. Quantitative data were expressed
as mean + SD; statistical data were presented with
Graph PAD prism software (GraphPad Software,
La Jolla, CA, USA). In the current study, the
independent sample #-test was used to compare
samples. Regression and correlation analyses
were done using the Spearman chi-squared test.
The relative mRNA expression was calculated by
using the 2-*4°T method. Results were considered
statistically significant at p < 0.05.

Results

miR-200c Expression is Downregulated
in OSC Tissue and HOC313 Cells

To determine the role of miR-200c in oral
cancer, we first measured the expression level
of miR-200c in the 32 pairs of OSC tissues and
adjacent tissues by qRT-PCR. We found that the
expression level of miR-200c was significant-
ly lower in samples than paraneoplastic tissue
(Figure 1A). This is consistent with the role of
aberrant miR-200c¢ expression in OSC progres-
sion and development. Then, we examined the
expression of miR-200c of in HOC313 transfected
with miR-200c mimics and scrambled mimics.
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Figure 1. Expression of miR-200c in OSC tissue and cell lines. A, Analysis of miR-200c expression level in para-carcinoma
tissues (P) and tumor tissues (T). MiR-200c is significantly decreased in OSC tissue compared with the para-carcinoma
tissue. B, Transfection of miR-200c mimics and scrambled mimics in HOC313. MiR-200c expression was elevated by mimics
compared with scrambled and mock control. GAPDH was used as internal control. Data are presented as the mean + SD of

three independent experiments. **p < 0.01
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The expression of miR-200c was elevated in
HOC313 transfected with miR-200¢ mimics com-
pared with scrambled mimics and empty controls
(Figure 1B).

miR-200c Inhibits OSC Cell Migration
and Invasion

Since miR-200c was downregulated in OSC,
we next explored the role of miR-200c¢c in
the tumorous properties of HOC313 cells. As
shown in the wound-healing assay, overex-
pression of miR-200¢ inhibited HOC313 cell
migration when compared with the scrambled
group (Figure 2A). Then, we examinined the
effect of miR-200c overexpression on cell in-
vasion by using the transwell assay. MiR-200c
overexpression inhibited HOC313 cell invasion

(Figure 2B). These results suggest that miR-
200c is critical for the migration and invasion
properties of HOC313 cells.

miR-200c Directly Targets ZEBI1 in
HOC313 Cells

To understand the mechanism mediating the
activity of miR-200c in HOC313 cells, we iden-
tified ZEBI as a putative downstream target of
miR-200c using the TargetScan database (Figure
3A). According to the database predictions, miR-
200c was co-transfected with a ZEB1 3’UTR
luciferase reporter gene into HOC313 cells. We
found that the luciferase activity from the ZEB1
reporter was lowered in HOC313 cells transfect-
ed with miR-200c mimics compared with cells
transfected with miR-200c scrambled mimics
(Figure 3B).
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Figure 2. Effects of miR-200c on OSC cell migration and invasion. A, Wound healing assay was performed to determine the
migration of HOC313 cells transfected with miR-200c mimics and scrambled mimics. B, Transwell assay was employed to
determine the invasion of HOC313 cells transfected with miR-200c mimics and scrambled mimics. Data are presented as the

mean + SD of three independent experiments. **p < 0.01.
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Figure 3. ZEBI1 was a direct target gene of miR-200c. A, ZEB1 has a miR-200c binding site (7-nt) in its 3’UTR. B, Relative
luciferase activity of ZEB1 3’-UTR in HOC313 cells normalized to pRL-TK vector luciferase activity. Data are presented as

the mean + SD of three independent experiments. *p < 0.05

miR-200c Downrequlates ZEB]
Expression in OSC Tissues and
Cell Lines

To further identify the functional interaction
between miR-200c and ZEBI1, we measured the
expression of ZEBI in OSC tissues and HOC313
cell (Figure 4A). The expression level of ZEB1
was negatively correlated with miR-200c expres-
sion level in OSC tissue (Figure 4B). Addition-
ally, qRT-PCR data also showed that miR-200c
significantly induced ZEB1 mRNA degradation
(Figure 4C). These results supported the negative
regulation of ZEB1 by miR-200c in OSC.

miR-200c Suppresses OSC Cell EMT

To demonstrate whether miR-200c affected
EMT in OSC, we employed Western blot to
verify the levels of molecular markers for EMT.

Results confirmed that the levels of E-cadherin
were elevated and the levels of N-cadherin were
decreased in HOC313 cells transfected with miR-
200c mimics (Figure 5A). As ZEBI contributes to
EMT, we next investigated ZEBI protein expres-
sion. We found that ZEBI1 level was decreased in
HOC313 cells transfected with miR-200¢ mimics
compared with the scrambled mimic (Figure 5B).
The results above indicated that miR-200c¢ atten-
uated EMT progress in part by targeting ZEB.

Discussion
Recent reports suggest that miRs play a cru-
cial role in carcinogenesis and cancer progres-

sion of various types of tumors’ MiR-200c
is involved in various biological processes of
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Figure 4. Expression of miR-200c and ZEB1 in OSC tissues and cell lines. A, Analysis of ZEBI expression level in para-
carcinoma tissues (P) and tumor tissues (T). ZEB1 was significantly elevated in OSC tumor tissues compared with the para-
carcinoma tissues. B, ZEBI expression level was negatively correlated with miR-200c expression level in OSC tissues. C,
Analysis of ZEB1 expression level in HOC313 cells transfected with miR-200c mimics and scrambled mimics. GAPDH was
used as an internal control. Data are presented as the mean + SD of three independent experiments. **p < 0.01.

different tumors, including proliferation, inva-
sion, metastasis, drug resistance'. MiR-200c
is expressed at low levels in some tumors, and
can regulate EMT and metastasis”. For exam-
ple, resveratrol inhibits apoptosis, invasion, and
switch EMT to MET phenotype through the
upregulation of miR-200c in colorectal cancer'.
Additionally, the increased serum levels of miR-
200c have diagnostic value for distinguishing
healthy controls and benign tumors from ep-
ithelial ovarian cancer'’. Moreover, miR-200c
functions as an oncogene in bladder cancer and
may provide a promising therapeutic strategy for
the treatment of bladder cancer'®. Finally, Peng
et al® uncovered that miR-200c could act as a
new therapeutic option for human lung cancer
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resistance. However, to date, there has been no
systematic study of relationship between miR-
200c¢ and oral squamous carcinoma.

Here, we demonstrated that the expression
level of miR-200c was significantly downregu-
lated in OSC tissue and cell lines, implying that
miR-200c may play a role in the progression
and development of OSC. Additionally, miR-
200c overexpression attenuated OSC cell inva-
sion and migration. These activities of miR-200c
could be directly mediated by ZEBI. ZEBI is an
E box-binding transcription factor involved in
tumorigenesis of certain kinds of malignancies,
including lung cancer, glioma, and OSC". ZEB1
is an oncogene that regulates tumorigenesis pri-
marily via promoting invasiveness, metastasis,
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Figure 5. MiR-200c expression inhibited EMT and ZEB1. A, The molecular marker protein levels of EMT were detected by
Western blot assay. B, The protein levels of ZEBI were detected by Western blot assay. Data are presented as the mean = SD

of three independent experiments. **p < 0.01.

and EMT of malignancies®. We found that ZEB1
expression level was negatively correlated with
miR-200c in OSC tissues and that miR-200c
overexpression suppressed ZEB1 expression at
the mRNA and protein levels. These results sug-
gested that miR-200c exerted a tumor suppressive
role by directly targeting ZEBI in OSC.

Conclusions

We showed that EMT is involved in cell mo-
tility in various types of cancer progression,
including OSC, and control or reversion of EMT
could significantly suppress tumor growth and
metastasis of OSC?. It is well documented that
ZEBI regulates EMT in several tumors and ZEBI
overexpression can enhance the invasiveness of
EMT?. Our investigation revealed that miR-
200c overexpression upregulated E-cadherin and
downregulated N-cadherin and ZEBI.

Overall, the present study demonstrated that
miR-200c exhibited tumor-suppression activity
on the progression and metastasis oral cancer
cells. Additionally, miR-200c suppressed EMT
by negatively regulating ZEBI. Our findings im-
ply that miR-200c can serve as a potential and
promising therapeutic target for OSC.

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

References

1) JaspHiN SS, Desal D, Panpir S, Gonsawves NM, Nav-
Ak PB, Iyre A. Immunohistochemical expression
of phosphatase and tensin homolog in histologic
gradings of oral squamous cell carcinoma. Con-
temp Clin Dent 2016; 7: 524-528.

2) Gowmes CC, pe Sousa SF, CauN GA, Gowmez RS. The
emerging role of long noncoding RNAs in oral

3421



N.-N. Xie, Z.-X. Liu, C. Wu, P.-L. Wang, G.-T. Song, Z. Chen

5)

6)

7)

10)

11)

12)

13)

cancer. Oral Surg Oral Med Oral Pathol Oral Ra-
diol 2017; 123: 235-241.

Yamamoto VN, THyLur DS, BAuscHARD M, ScHMALE |,
SinHA UK. Overcoming radioresistance in head
and neck squamous cell carcinoma. Oral Oncol
2016; 63: 44-51.

ZHUANG Y, Peng H, Mastes V, CHeNn W. MicroR-
NA regulation of endothelial junction proteins
and clinical consequence. Mediators inflam 2016;
2016: 5078627.

AbLakHA YK, SETH P. The expanding horizon of mi-
croRNAs in cellular reprogramming. progress in
neurobiology. Prog Neurobiol 2017; 148: 21-39.

Peng Y, ZHu X, Qu L. Electroneutral compos-
ite polymersomes self-assembled by amphiphilic
polyphosphazenes for effective miR-200c in vivo
delivery to inhibit drug resistant lung cancer. Bio-
materials 2016; 106: 1-12.

GustarsoN D, TyryshkiN K, Renwick N. microR-
NA-guided diagnostics in clinical samples. Best
Pract Res Cl Ob 2016; 30: 563-575.

WaNnG X, CHEN L, JiIn H, SM, ZHanG YJ, TanGg XQ,
TanG GL. Screening miRNAs for early diagnosis of
colorectal cancer by small RNA deep sequencing
and evaluation in a Chinese patient population.
Onco Targets Ther 2016; 9: 1159-1166.

GReGORY PA, BErRT AG, PATERsON EL, BARrY SC, Tsy-
KIN A, FArRsHID G, VADAs MA, KHeEw-GOODALL Y,
GoopaLL GJ. The miR-200 family and miR-205
regulate epithelial to mesenchymal transition
by targeting ZEB1 and SIP1. Nat Cell Biol 2008;
10: 593-601.

Nieto MA, HuanGg RY, JacksoN RA, Tiery JP. EMT:
2016. Cell 2016; 166: 21-45.

YosHipA S, Kato T, Kato Y. EMT Involved in migra-
tion of stem/progenitor cells for pituitary develop-
ment and regeneration. J Clin Med 2016; 5. pii:
E43. doi: 10.3390/jcm5040043.

PateL S, SHAH K, Mirza S, DAGA A, RawaL R. Epigene-
tic regulators governing cancer stem cells and ep-
ithelial-mesenchymal transition in oral squamous
cell carcinoma. Curr Stem Cell Res Ther 2015;
10: 140-152

KosHizuka K, HAnAzAwA T, Fukumoto I, Kikkawa N,
Oxamorto Y, Sexi N. The microRNA signatures: ab-

3422

14)

15)

16)

17)

18)

19)

20)

21)

22)

errantly expressed microRNAs in head and neck
squamous cell carcinoma. J Hum Genet 2017; 62:
3-13.

SINGH GB, Raut SK, KHANNA S, KumAR A, SHARMA S,
PrasaD R, KHuLLar M. MicroRNA-200c modulates
DUSP-1 expression in diabetes-induced cardiac
hypertrophy. Mol Cell Biochem 2017; 424: 1-11.

SHAao Y, Geng Y, Gu W, Huana J, Pel H, JiAnG J.
Prognostic role of tissue and circulating microR-
NA-200c in malignant tumors: a systematic re-
view and meta-analysis. Cell Physiol Biochem
2015; 35: 1188-1200.

KArimI DErRMANI F, SAIDUAM M, AMINI R, MIAHDAVINEZHAD
A, Hevpari K, Nasari R. Resveratrol inhibits prolifer-
ation, invasion, and epithelial-mesenchymal tran-
sition by increasing mir-200c expression in HCT-
116 colorectal cancer cells. J Cell Biochem 2017,
118: 1547-1555.

MEeNG X, MULLER V, MiLDE-LANGOscH K, TRriLLscH F, PAN-
1eL K, ScHwarzensacH H. Circulating cell-free miR-
373, miR-200a, miR-200b and miR-200c in pa-
tients with epithelial ovarian cancer. Adv Exp Med
Biol 2016; 924: 3-8.

CHENG Y, ZHANG X, LI P, YAnG CD, TanGg JY, Deng XH,
YanG X, Tao J, Lu Q, Li PC. MiR-200c promotes
bladder cancer cell migration and invasion by di-
rectly targeting RECK. Onco Targets Ther 2016;
9: 5091-5099.

ScHMALHOFER O, BraBLETZ S, BrasLeTz T. E-cadherin,
beta-catenin, and ZEB1 in malignant progression
of cancer. Cancer Metastasis Rev 2009; 28: 151-
166.

Sona XF, CHANG H, Liang Q, Guo ZF, Wu JW. ZEBH1
promotes prostate cancer proliferation and inva-
sion through ERK1/2 signaling pathway. Eur Rev
Med Pharmacol Sci 2017; 21: 4032-4038

Lu Z, Guo H, LINY, SHen L, YiN C, Xie S. Effects of
PTEN gene silencing on invasion and EMT in oral
squamous carcinoma Tca8113 cells. J Oral Pathol
Med 2017; 46: 31-38.

Diaz-Lorez A, Diaz-MARTIN J, MoreNo-Bueno G, Cue-
vAs EP, SanTOs V, OLmeEDA D, PortiLLo F, PALacios J,
Cano A. Zeb1 and Snaill engage miR-200f tran-
scriptional and epigenetic regulation during EMT.
Int J Cancer 2015; 136: E62-73.



