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miR-199a-5p induces cell invasion by suppressing E-cadherin
expression in cutaneous squamous cell carcinoma
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Abstract. A growing quantity of evidence exists to suggest
that microRNAs are significant regulators of multiple cellular
processes. When expressed aberrantly in different types
of cancer, including cutaneous squamous cell carcinoma
(cSCQ), they play key roles in tumorigenesis and progres-
sion. The aberrant expression of miR-199a-5p has been
observed to contribute to carcinogenesis in various types of
cancer. However, the role of miR-199a-5p in the progression
of cSCC metastasis remains largely unknown. In this study,
we determined that miR-199a-5p was the upstream regulator
of CDHI (E-cadherin) and that it could suppress the expres-
sion of E-cadherin in ¢SCC cells. In addition, miR-199a-5p
mimics significantly induced cell invasion and the activity of
matrix metalloproteinase (MMP)2 and MMP9 in cSCC cells.
In conclusion, these results are likely to aid in elucidating the
molecular mechanisms of cSCC progression. In addition, the
findings provide a new theoretical basis to further investi-
gate miR-199a-5p as a potential biomarker and a promising
approach in cSCC treatment.

Introduction

Cutaneous squamous cell carcinoma (cSCC) is one of the most
common types of skin cancer, and is responsible for ~20% of
skin cancer-associated mortalities yearly (1,2). Although the
risk factors of cSCC are well characterized, the molecular
pathogenesis of this particular tumor type is still not well
understood. As increasing numbers of patients succumb to
¢SCC, it is an urgent requirement to clarify the molecular
mechanisms of this cancer and to develop novel and more
effective treatment strategies against the malignancy.
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microRNA (miRNA), a class of naturally occurring,
17-25 nucleotide small noncoding small RNA, regulates
the expression of genes through binding to the 3' untrans-
lated regions of target mRNAs. miRNAs have emerged
as key factors involved in several biological processes,
including development, differentiation, cell proliferation
and tumorigenesis (3,4). Several studies have demonstrated
that alterations in miRNA genes lead to tumor formation,
and several miRNAs that regulate either tumor suppression
or tumor formation have been identified (5-7). In previous
studies, a number of dysregulated miRNAs were observed
in ¢cSCC (8,9). Zhou et al demonstrated that miR-365 was
overexpressed in cells and clinical specimens of ¢cSCC (10).
miR-31 is overexpressed in ¢cSCC and regulates cancer-asso-
ciated phenotypes of cSCC (11). The decreased expression of
the miR-193b/365a cluster during tumor progression suggests
a tumor suppressor role of cSCC (12).

Previous studies have demonstrated that miR-199a-5p
expression is deregulated in various cancer types (7,13). For
example,downregulated miR-199a-5p expression was observed
in small-cell carcinoma and hepatocellular carcinoma (14,15).
Decreased expression of miR-199a-5p contributes to increased
cell invasion by functional deregulation of discoidin domain
receptor 1 activity (15). Forced expression of miR-199a-5p
promoted cisplatin-induced inhibition of cell proliferation by
targeting autophagy-associated gene 7 in hepatocellular carci-
noma (16). In addition, the increased expression of miR-199a-5p
was observed in gastric and colorectal cancer (17,18).
However, the roles and underlying molecular mechanisms of
miR-199a-5p in ¢SCC are not completely understood.

This study revealed that miR-199a-5p is an upstream regu-
lator of CDH1 (E-cadherin) which suppresses the expression
of E-cadherin in cSCC cells. To further analyze the oncogenic
role of miR-199a-5p in ¢SCC progression, we analyzed the
effect of miR-199a-5p on cell invasion and the activity of
matrix metalloproteinase (MMP)2 and MMP9 in ¢SCC cells.

Materials and methods

Cell culture and treatment. A-431 SCC cells were obtained
from the American Type Culture Collection (ATCC; Manassas,
VA, USA) and cultivated in RPMI-1640 medium with a final
concentration of 10% fetal bovine serum. Cells were cultured
in conditions of 95% air and 5% carbon dioxide at 37°C.
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Figure 1. miR-199a-5p regulates the expression levels of E-cadherin in A-431 cells. (A) Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) revealed the expression of miR-199a-5p. (B) qRT-PCR revealed the expression of E-cadherin. (C) Western blot analysis revealed the expression of
E-cadherin protein. A-431 cells were transfected with miR-199a-5p mimics and inhibitors, or cotransfected with miR-199a-5p mimics and E-cadherin. Error
bars represent the means + standard error. "P<0.01 vs. negative control group; “P<0.01 vs. miR-199a-5p mimics group.

Ectopic expression of miR-199a-5p was achieved in the
cells by transfection with miR-199a-5p mimics or inhibitors
using Lipofectamine 2000 (Invitrogen Life Technologies,
Carlsbad, CA, USA). Cells were plated in 24-well plates
and transfected for 24 h or 48 h. Total RNA or protein was
extracted from the indicated cells for analysis.

Quantitative polymerase chain reaction (qPCR) assay. Total
RNA was extracted from the indicated cells according to
the manufacturer's instructions using the Qiagen RNeasy kit
(Qiagen Nordic, Solna, Sweden). The expression of CD44
and Ezrin mRNA was assessed by SYBR-Green qPCR assay
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). B-actin
was used as an endogenous control. The specific primers
were as follows: E-cadherin: F, cgacccaacccaagaatcta; R,
aggctgtgecttectacaga; and P-actin: F, cattaaggagaagetgtget;
R, gttgaaggtagtttcgtgga. A miScript reverse transcription
kit was used to reverse transcribe RNA into cDNA and a
miScript SYBR-Green PCR kit (both Qiagen Nordic) was
used for qPCR to detect the expression of miR-199a-5p. The
specific primers were as follows: miRNA-199a: F, tcccagtgt
tcagactacc; R, tttggcactagcacatt; U6: F, ctcgcttcggecageaca;
R, aacgcttcacgaatttgegt. The expression of U6 was used as
an endogenous control. Data were analyzed using the 2-24¢T
method.

Western blot analysis. Total protein (60 pg) extracted from
the indicated cells was separated on SDS-polyacrylamide gels
for E-cadherin and GAPDH detection. GAPDH was used as a
loading control. The protein in gels was transferred to nitro-
cellulose membranes, and then incubated with the indicated
antibodies at the recommended dilutions overnight at 4°C.
Next, the membranes were washed with 0.1 M phosphate-buff-
ered saline with Tween-20 and incubated with horseradish
peroxidase-conjugated secondary antibody. Signals were
visualized using enhanced chemiluminescence substrates and
quantified using Optiquant 3.0 software (PerkinElmer, Inc.,
Waltham, MA, USA).

Invasion assay. Cells were cultivated to 80% confluence on
12-well plates. Then, cellular growth procedures were observed
at 24 h. All the experiments were repeated in triplicate. Tran-
swell invasion chambers were used to evaluate cell invasion.
Then cells invading across the membrane were counted under
a light microscope (YS100; Nikon Corporation, Tokyo, Japan).

Gelatin zymography. An MMP zymography assay kit
(Applygen Technologies, Inc., Beijing, China) was used to
assess the activity of MMP2 and MMP9. Protein extracts
and positive mixture were mixed with an equal volume of
2X sodium dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis non-reducing buffer, and electrophoresed on
8% SDS polyacrylamide gels containing 2 mg/ml gelatin.
Gels were then washed twice for 30 min in buffer A at room
temperature, and incubated for 4 h at room temperature in
incubation buffer B. Gels were then stained for 2 h with 0.25%
Coomassie brilliant blue and then destained in destaining
buffer (10% acetic acid and 20% methanol) for 60 min.

Statistical analysis. Data were expressed as the means + stan-
dard deviation and analyzed by Student's t-test. P<0.05
compared with respective controls was considered to indicate
a statistically significant difference.

Results

miR-199a-5p regulates the expression levels of E-cadherin
in ¢SCC. E-cadherin is downregulated in ¢SCC tumors (19).
To investigate whether the downregulation of E-cadherin is
regulated by miR-199a-5p, miR-199a-5p mimics and inhibitors
were transfected into A-431 cells and E-cadherin expression
was assessed by qPCR and western blot analysis. gPCR was
used to measure the expression of miR-199a-5p following
treatment with miR-199a-5p mimics or inhibitor. The qPCR
results revealed that miR-199a-5p mimics efficiently induced
the expression of miR-199a, and miR-199a-5p inhibitor signifi-
cantly downregulated the expression of miR-199a (Fig. 1A).
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Figure 2. Transwell analysis revealed the effect of miR-199a-5p on cutaneous squamous cell carcinoma cell invasion. A-431 cells were transfected with
miR-199a-5p mimics alone or in combination with E-cadherin. Error bars represent the means * standard error. "P<0.01 vs. negative control group;

“P<0.01 vs. miR-199a-5p mimics group.
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Figure 3. Effect of miR-199a-5p on the activation of matrix metallopro-
teinase (MMP)2 and MMP 9. Activation of MMP2/9 was evaluated by
gelatin zymography. A-431 cells were transfected with miR-199a-5p alone or
in combination with E-cadherin.

gPCR and western blot analysis revealed that ectopic expres-
sion of miR-199a-5p by transfection of miR-199a-5p mimic led
to decreased expression of E-cadherin, and that knockdown
of miR-199a-5p by miR-199a-5p inhibitors upregulated
the expression of E-cadherin (Fig. 1B and C). Additionally,
E-cadherin and miR-199a-5p mimics were cotransfected into
A-431 cells. miR-199a-5p expression was not affected by
E-cadherin transfection. However, the miRNA and protein
expression of E-cadherin were greatly increased in the
miR-199a-5p mimics + E-cadherin group (A-431 cells cotrans-
fected with E-cadherin and miR-199a-5p mimics) compared
with that in the miR-199a-5p mimics group. Together, the above
results confirmed that E-cadherin is one of the downstream
genes of miR-199a-5p in cSCC cells, and that overexpression
of miR-199a-5p induces the repression and downregulates the
expression of E-cadherin.

Overexpression of miR-199a-5p represses cSCC cell invasion.
To further explore the function of miR-199a-5p in ¢cSCC cells,
we evaluated cell invasion by Transwell following transfection
with miR-199a-5p mimics alone or combined with E-cadherin.
As shown in Fig. 2, we observed that overexpression of
miR-199a-5p significantly increased cell invasion, which
was reversed by cotransfection with miR-199a-5p mimics
and E-cadherin. Together, the above results may indicate
that miR-199-5p performs an oncogenic role by suppressing
E-cadherin expression in cSCC.

Overexpression of miR-199a-5p affects activity of MMP2
and MMP9 in ¢SCC. In addition, we assessed the effects of
miR-199a-5p on the activity of MMP2 and MMP9. As shown
in Fig. 3, the activity of MMP2 and MMP9 was significantly
upregulated by miR-199a-5p mimics compared with the
scramble control, and this was reversed by cotransfection
with miR-199a-5p mimics and E-cadherin. This suggested
that upregulation of miR-199a-5p increased the activity of
MMP2 and MMP9 by regulating E-cadherin expression in
c¢SCC cells.

Discussion

Overall, the morbidity of cSCC has been increasing world-
wide over the past 10 years. The 5-year overall survival rate
of patients with metastatic cSCC is ~50% lower than that of
patients with regional or localized disease (20). A better under-
standing of the genes or molecular alterations involved in cSCC
progression is likely to be useful in early detection and future
targeted treatment strategies. Previously, multiple studies have
revealed that miRNA expression is a crucial regulator of cSCC
progression (9,21,22). In this study, we demonstrated that
miR-199a-5p was an upstream regulator of E-cadherin, and
that it suppressed the expression of E-cadherin in ¢cSCC cells.
In addition, miR-199a-5p significantly decreased cell invasion
and the activity of MMP2 and MMP?9 in cSCC cells.
E-cadherin is a 120 kDa calcium-dependent transmem-
brane glycoprotein encoded by the CDHI1 gene. It is expressed
in the majority of epithelial cells. E-cadherin, as a crucial
protein-mediated cell-cell adhesion molecule, plays an
essential role in establishing cell polarity and in maintaining
normal tissue architecture. Loss of E-cadherin decreases
cellular adhesion, resulting in an increase in cellular
motility (23). Accumulating studies have demonstrated that
E-cadherin is closely associated with tumor invasion and
metastasis (24). E-cadherin is involved in the process of
epithelial-to-mesenchymal transition, which contributes to
intercellular adhesion, acquisition of a mesenchymal pheno-
type and enhanced migratory potential in tumors. It has been
reported that downregulation of E-cadherin in esophageal
carcinoma was associated with an increased invasive and
metastatic potential (25). A previous study has revealed that
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E-cadherin, as an epithelial marker, is downregulated in
¢SCC (26). As lower expression of E-cadherin in cSCC tumors
and cells has been confirmed in previous studies (19,27),
the direct upstream miRNAs of E-cadherin have become
increasing significant in understanding the mechanism of
E-cadherin-involved tumor progression. In a previous study,
the downregulated expression of miRNA-199a was observed
in liver, breast and bladder cancer (28). It was reported that
inducing the expression of miRNA-199a was responsible
for decreasing the proliferation of gastric cancer cells by
targeting the mTOR signaling pathway (29). The abundant
expression of miR-199a-5p has been observed in liver tissue,
and in epithelial as well as non-epithelial tissues (30). Inhi-
bition of miR-199a-5p impaired the metastatic potential
of gastric cancer cells, and E-cadherin was identified as a
direct and functional target of miR-199a-5p in gastric cancer
cells (31). In the present study, we confirmed that E-cadherin
was one of the downstream genes of miR-199a-5p in cSCC
cells, and that overexpression of miR-199a-5p induced the
repression and downregulated the expression of E-cadherin
in cSCC.

MMPs are considered to play an essential role in the metas-
tasis of tumor cells by decomposing the extracellular matrix
and destroying the basement membrane of blood vessels. The
dissolution of the basement membrane caused by MMP in
tumors is a notable process in the movement of tumor cells. A
significant correlation has been reported between the activation
of MMP and the migration and invasion of tumor cells (32,33).
The expression of MMP2 and MMP9 was observed to be
higher in patients with lymph node metastases compared with
patients without lymph node involvement in oropharyngeal
SCC (34). By gelatin zymography, we observed that transfec-
tion of miR-199a-5p mimic induced the activity of MMP2
and MMPO. Inversely, the activity of MMP2 and MMP9
was reduced by cotransfection with miR-199a-5p mimic and
E-cadherin. Thus, the oncogenic role of miR-199a-5p in cell
invasion in ¢SCC cells may be associated with the activity of
MMP2 and MMP9.

In conclusion, we demonstrated that miR-199a-5p specifi-
cally suppressed the expression of E-cadherin at the mRNA
and protein level in ¢SCC cells. Moreover, the oncogenic
role of miR-199a in cell invasion in ¢SCC cells was also
associated with the activity of MMP2 and MMP9. This
miR-199a-5p/E-cadherin/MMP pathway may therefore offer
a novel perspective for cSCC metastasis and may represent an
effective therapeutic target for cSCC treatment.
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