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Abstract: Cutaneous squamous cell carcinoma (cSCC), the second most common form of human cancer, is an 
epithelial skin tumor, which can result in metastasis with lethal consequences accounting for about 20% of all skin 
cancer-related deaths. The metastasis is the main reason for cSCC-related deaths with an overall 5-year survival 
rate < 30% in cases that spread systemically. The role of miRNAs has been involved in SCC of different origins. 
Recent data have revealed that the expression of miRNA-199a was changed in many human cancers. In this study, 
we found that miR-199a was significantly decreased in cSCC tissues, which had an inverse relationship with CD44. 
MiR-199a specifically regulated the expression of CD44 at mRNA and protein levels, and the interaction between 
CD44 and Ezrin in cSCC cells. Moreover, the suppressive role of miR-199a in cell migration in cSCC cells was also 
associated with the activity of MMP2 and MMP9. Taken together, our data indicated that increased expression of 
endogenous mature miR-199a might prevent the growth and migration of human cSCC via decreasing the expres-
sion of CD44 and regulating the interaction between CD44 and Ezrin, which may provide a potentially important 
therapeutic target for human cSCC.
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Introduction

Cutaneous squamous cell carcinoma (cSCC), 
the second most common form of human can-
cer, is an epithelial skin tumor [1], which can 
result in metastasis with lethal consequences 
accounting for about 20% of all skin cancer-
related deaths. Some locally invasive cSCCs 
show an aggressive progress [2]. The metasta-
sis is the main reason for cSCC-related deaths 
with an overall 5-year survival rate < 30% in 
cases that spread systemically.

MicroRNAs (miRNAs), short non-coding RNA 
molecules containing about 20 nucleotides 
(nt), can regulate gene expression at a post-
transcriptional level. They play an important 
role in a variety of physiologic cellular functions 
and diseases, including cutaneous squamous 
cell carcinoma. miRNA regulation, as tumor 
suppressors or oncogenes, affected approxi-
mately 30%-60% of all human genes with a 

gradually increasing. The role of miRNAs has 
been involved in SCC of different origins, such 
as cervical, oral and tongue tissue [3, 4]. The 
involvement of miRNA dysregulation in cSCC 
has just recently begun to be researched. It has 
reported an ectopic expression of miRNAs, 
including increased expression of hsamiR-21 
and hsa-miR-184, and the decreased expres-
sion of hsa-miR-203, in cSCC [5]. Yamane et al. 
showed that miR-124 and miR-214 were shown 
to be dramatically down-regulated in SCC, which 
miR-214 is the regulator of extracellular-signal- 
regulated kinase 1 (ERK1) and miR-124 and 
miR-214 are both regulators of ERK2 [6]. 

Recent data have revealed that the expression 
of miRNA-199a was changed in many human 
cancers [7, 8]. For example, the increased 
expression of miRNA-199a was observed in 
ovarian cancer cells, pancreatic adenocarcino-
mas, and cervical carcinomas [7, 9]. Meanwhile, 
the downregulated expression of miRNA-199a 
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was observed in liver, breast, and bladder can-
cer [10, 11]. Furthermore, miRNA-199a could 
decrease cell resistance to cytotoxic drugs [9]. 
Moreover, the miRNA-199a level was signifi-
cantly downregulated in human osteosarcoma 
cell lines and transfection of miRNA-199a 
mimic into those cells repressed cell prolifera-
tion and invasion [12]. MiRNA-199a was also 
involved in the progression of gastric cancer 
[13]. According these previous findings, we pro-
pose that miRNA-199a functions as a tumor 
suppressor gene and plays an important role in 
the clinical pathology of cSCC carcinogenesis. 
In the present study, therefore, we investigated 
the expression and mechanisms of miRNA-
199a in cSCC. We found that miRNA-199a 

expression was decreased in human cSCC can-
cer tissues, compared with normal matched 
tissues, and miRNA-199a inhibited the prolifer-
ation and migration of cSCC cells (A-431). 
Furthermore, we identified CD 44 as a direct 
target gene of miRNA-199a by luciferase 
reporter assay. Moreover, although miR-199a 
cannot directly regulate the expression of Ezrin 
by targeting 3’UTR, we found that miR-199a 
regulated the interaction between CD44 and 
Ezrin. Thus, our findings suggested that miRNA-
199a plays a critically suppressive role in cSCC 
by targeting CD44 and regulating the interac-
tion between CD44 and Ezrin and provided a 
candidate strategy for treatment of cutaneous 
squamous cell carcinoma.

Figure 1. Expression of CD44, Ezrin and miR-199a in 
cutaneous squamous cell carcinoma tissues. A. The 
CD44 protein levels were detected by western blot. 
B. Quantification of CD44 protein in cSCC tissues. 
C. The Ezrin protein levels were detected by western 
blot. D. Quantification of Ezrin protein in cSCC tis-
sues. E. The expression of miR-199a was detected 
by qPCR.
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Figure 3. MiR-199a regulates the interaction of CD44 and Ezrin. A. Interaction of CD44 with Ezrin by IP assays. B. 
Quantification of CD44-Ezrin protein. C. Interaction of CD44 with Ezrin by immunofluorescence. Magnification, 400 
×. Data present as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 VS scramble.

Figure 2. miR-199a directly targets CD44. A. The expression of miR-199a after transfecting with miR-199a mimics 
or inhibitors. B. The expression of CD44 mRNA after transfecting with miR-199a mimics or inhibitors. C. The expres-
sion of Ezrin mRNA after transfecting with miR-199a mimics or inhibitors. D. The luciferase activity was repressed 
by miR-199a mimics, and induced by miR-199a inhibitors. E, G. The CD44 protein levels were detected by western 
blot. Quantification of CD44 protein after transfection. F, H. The Ezrin protein levels were detected by western blot. 
Quantification of Ezrin protein after transfection. Data present as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 
VS scramble.
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Materials and methods

Tissue samples 

All patients signed an informed consent, appro- 
ved by the Independent Ethical Committee of 
Central South University. The skin scale cancer 
and the matched adjacent normal tissues used 
in the study were collected from 10 patients 
between 2011 and 2014 in our hospital. All 
samples were stored at -80°C until tissue 
analysis.

Cells culture and treatment

SCC cell line, A-431 cells, was obtained from 
American type culture collection (ATCC) and cul-
tivated in RPMI-1640 medium with a final con-

centration of 10% fetal bovine serum. All cells 
cultured in the conditions: 95% air and 5% car-
bon dioxide (CO2) at 37°C.

Ectopic expression of miR-199a in cells was 
achieved by transfection with miR-199a mimics 
or inhibitors using Lipofectamine 2000 (Invitro- 
gen, USA). Cells were plated in 24-well plates 
and transfected for 24 hours or 48 hours. Total 
RNA or protein was extracted from the indicat-
ed cells for analysis.

Reagents 

Rabbit polyclonal antibody of β-actin was pur-
chased from Assay Biotech (Assay Biotech, 
USA). Rabbit monoclonal antibody of CD44 was 
purchased from Biorbyt (Biorbyt, USA). Mouse 

Figure 4. Effects of miR-199a on cell proliferation and migration. (A) Cell proliferation was measured by MTT after 
transfection. (B) Activation of MMP2/9 was evaluated by gelatin zymography. (C) Cell migration was measured by 
transwell after transfection. (D) Cell counts of (C). Magnification, 400 ×. Data present as mean ± SD. *P < 0.05, 
**P < 0.01, ***P < 0.001 VS scramble.
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monoclonal antibody of Ezrin was purchased 
from Santa Cruze.

Quantitative PCR (qPCR) assay

Total RNA was extracted from the indicated 
cells, according to the manufacturer’s instruc-
tions using Qiagen RNeasy Kit. Expression of 
CD44 and Ezrin mRNA was detected by SYBR 
green qPCR assay (BioRad, USA). Expression of 
β-actin was used as an endogenous control. 
The specific primers are as follow: CD44, F: 
agcaaccaagaggcaagaaa, R: gtgtggttgaaatggt-
gctg; Ezrin, F: ggctgcaggactatgaggag, R: tggca- 
gtgtattctgcaagc; β-actin, F: cattaaggagaagctgt-
gct, R: gttgaaggtagtttcgtgga. MiScript Reverse 
Transcription kit was used to reverse transcribe 
RNA into cDNA and MiScript SYBR-Green PCR 
Kit was used for real time PCR to detect the 
expression of miR-199a. The specific primers 
sets for miRNA-199a and U6 were purchased 
from GeneCopoeia. Expression of U6 was used 
as an endogenous control. Data were analyzed 
through 2-ΔΔCT method.

Western blotting

Total protein (60 μg) extracted from indicated 
cells was separated on SDS-polyacrylamide 
gels for CD44, Ezrin and β-actin detection. 
β-actin was used as loading control. The pro-
tein in gels was transferred to nitrocellulose 
membranes, and then incubated with the indi-
cated antibodies in recommended dilution for 
overnight at 4°C. Then membranes were 
washed with 0.1 M PBST and incubated with 
HRP-conjugated secondary antibody. Signals 
were visualized using ECL Substrates and quan-
tified using Optiquant software. 

Dual luciferase reporter assay

The indicated cells were seeded in 96-well 
plates the day before transfection. Then, cells 
were cotransfected with 25 ng pmiR-report 
3’UTR CD44 target gene and 10 ng pRL-TK 
(Renilla plasmid), and 15 nM miR-199a mimics 
or miR-199a inhibitors using Lipofectamine 
2000. Cells were transfected for 48 hours with 
Dual-Luciferase-Reporter Assay System and 
luminescence was detected using a luminome-
ter (Promega). The luciferase activity was nor-
malized to the Renilla activity.

CCK-8 cell proliferation assay

Cell Counting Kit-8 (CCK-8) (Sigma, USA) was 
used to measure cell proliferation rates. 0.5 × 
104 cells transfected with the indicated miRNA 
were seeded in each 96-well plate for 24 h, and 
further incubated for oh, 24 h, 48 h, 72 h, 
respectively. 1 h before ending of incubation, 
10 μl CCK-8 reagents was added to each well. 
OD 490 nm value in each well was determined 
by an enzyme immunoassay analyzer. 

Transwell assay

A-431 cells were transfected with miR-199a 
mimics, miR-199a inhibitors or scramble and 
starved in serum-free medium for 24 h, then 
resuspended in serum-free medium. The cells 
were added to the upper chamber, while the 
lower chamber was filled with completed medi-
um containing 10% FBS. Incubation for 24 
hours later, cells attached to the bottom were 
fixed with 95% alcohol for 15 min and stained 
with hematoxylin for 20 min. The redundant 
hematoxylin was washed by water, and dried in 
air. Then, the stained cells were photographed 
and counted in the inverted microscope.

Immunoprecipitation

The indicated cells were added 300 μl cell 
lysate and shaking for 1 h, and centrifuged at 
10000 g for 15 min. The concentration of pro-
tein extracts was measured by the BCA protein 
Assay Kit (Merck Millipore). Protein extracts 
were incubated with 50 μl of normal rabbit IgG 
for 1 h, and precleared with proteinA-agarose 
beads (Bio-Rad, Germany) at 4°C for 30 min, 
then centrifuged at 12000 g for 10 min at 4°C. 
The total 60 μl of the supernatant were incu-
bated with 2 μg of CD44 antibody at 4°C over-
night, washed in lysis buffer and centrifugated 
at 2500 g for 5 min at 4°C. The precipitates 
were then detected by Western blot with the 
Ezrin antibody.

Immunofluorescence staining

The cell slices were washed with PBS for three 
times and fixed with 4% paraformaldehyde for 
20 min. The slices were then washed with 
PBST, and blocked with 5% normal goat serum 
for 60 min. The first primary antibody was rab-
bit against CD44 antibody (1:200). After over-
night incubation at 4°C, the slices were washed 
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with PBST and incubated with Alexa Fluor 
488-conjugated goat anti-rabbit antibody for 
40 min at 37°C. Then the slices were washed 
with PBST and incubated with another primary 
antibody mouse against Ezrin antibody (1:200) 
for 1 h at 37°C. After incubation, the slices 
were washed with PBST and incubated with 
Alexa Fluor 555-conjugated goat anti-mouse 
antibody for 40 min at 37°C. The slices were 
washed and counterstained with DAPI (1:1000) 
for 30 min. The samples were visualized under 
a microscope (Nikon) through the program DP2- 
BSW.

Gelatin zymography

MMP zymography assay kit (for MMP-2 and 
MMP-9) (Applygen Technologie, China) was 
used to detect the activity of MMP2 and MMP9. 
Protein extracts and positive mixture were 
mixed with an equal volume of 2 × SDS-PAGE 
non-reducing buffer, and electrophoresed on 
8% SDS polyacrylamide gels containing 2 mg/
ml of gelatin. Gels were then washed twice for 
30 min in buffer A at room temperature, and 
incubated for 4 hours at room temperature in 
incubation buffer B. Gels were then stained for 
2 hour with 0.25% Coomassie brilliant blue and 
then destained in destaining buffer (10% acetic 
acid and 20% methanol) for 60 min.

Statistical analysis

Data are expressed as mean ± SD and ana-
lyzed by Student’s t-test. Compared with respe- 
ctive controls, P values of < 0.05 were consid-
ered statistically significant.

Results

Expression of miR-199a, CD44 and Ezrin in 
cSCC tissues 

Western blot was used to analyze the expres-
sion of CD44 and Ezrin in SCC tissues. As the 
results shown in Figure 1A and 1B, we found 
that CD44 was significantly increased in SCC 
tissues when compared with that in the normal 
tissues (P = 0.0181). However, we found that 
Ezrin was slightly, but not significantly, increa- 
sed in SCC tissues when compared with that in 
the normal tissues (P = 0.49) (Figure 1C and 
1D). In addition, we detected the expression of 
miR-199a using qPCR. It was showed a notable 
down-regulation of miR-199a (P < 0.0001) 
(Figure 1E). 

MiR-199a directly targeted CD44 

QPCR was used to detect the expression of 
miR-199a after miR-199a mimics or inhibitor 
treatment. The results showed that miR-199a 
mimics induced efficiently the expression of 
miR199a, and miR-199a inhibitor downregulat-
ed dramatically the expression of miR199a 
(Figure 2A). Furthermore, miR-199a mimics 
reduced efficiently the expression of CD44 
mRNA, and miR-199a inhibitor upregulated 
dramatically the expression of CD44 mRNA 
(Figure 2B). However, there were no significant 
changes of Ezrin mRNA after miR-199a mimics 
or inhibitor treatment (Figure 2C). To investi-
gate if miR-199a directly targeted to 3’UTR of 
CD44, we cloned the 3’UTR of CD44 down-
stream to a luciferase reporter gene (CD44). 
CD44 vectors were co-transfected with miR-
199a mimics or inhibitor into A-431 cells. The 
luciferase activity of miR-199a mimics trans-
fected cells was significantly decreased com-
pared with inhibitor and scramble control cells 
(Figure 2D). These results suggested miR-199a 
could inhibit CD44 expression at transcription-
al level. Moreover, we further analyzed the pro-
tein expression of CD44 and Ezrin in cells 
transfected with miR-199a mimics or inhibitor. 
Similarly, the expression of CD44 was 
decreased or induced by miR-199a mimics or 
inhibitor, respectively (Figure 2E, 2G). There 
were also no significant changes of Ezrin pro-
tein after miR-199a mimics or inhibitor treat-
ment (Figure 2F, 2H). 

MiR-199a regulated the interaction of CD44 
with Ezrin

According above results, we found that the 
CD44 was significantly higher after miR-199a 
mimics treatment, which was abolished by miR-
199a inhibitor treatment, whereas the expres-
sion of Ezrin showed no significant change with 
treatment of miR-199a mimics or inhibitor. 
Thus, we investigated the interaction between 
CD44 and Ezrin using immunoprecipitation and 
immunofluorescence. As shown in Figure 3C, 
interaction of CD44 and Ezrin was decreased in 
the group receiving miR-199a mimics treat-
ment as compared to the scramble and control 
group, whereas miR-199a inhibitor treatment 
induced the interaction of CD44 and Ezrin. 
Immunoprecipitation analysis result was con-
firmed by the Immunofluorescence result. The 
results showed that the CD44 co-immunopre-
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cipitated with Ezrin and the binding affinity was 
decreased significantly by miR-199a mimic 
treatment, which was increased by miR-199a 
inhibitor transfection (Figure 3A, 3B). 

Overexpression of miR-199a repressed prolif-
eration and migration in A-431 cells

To further explore the function of miR-199a in 
SCC cells, we evaluated the cell proliferation 
and migration by CCK-8 and transwell after 
miR-199a mimics or inhibitor transfection. As 
the data shown, we observed that overexpres-
sion of miR-199a significantly decreased cell 
proliferation, and inhibition of miR-199a signifi-
cantly increased cell growth (Figure 4A). 
Inhibition of cell migration ability in A-431 cells 
was observed in the cells treated with miR-
199a mimics, whereas miR-199a inhibitor 
increased the cell migration ability compared to 
scramble control cells (Figure 4C, 4D). Besides, 
we observed that the activity of MMP2 and 
MMP9 was induced significantly by downregu-
lation of miR-199a, and reduced by upregula-
tion of miR-199a compared to scramble control 
(Figure 4B). It suggested that up-regulation of 
miR-199a inhibited the proliferation and inva-
sion of SCC cells.

Discussion

Overall, the morbility of cSCC have been 
increasing in the world over the past 10 years. 
5-year overall survival (OS) for patients with 
metastatic cSCC was less approximately 50% 
than patients with regional or localized disease 
respectively [14]. A better understanding of the 
gene or molecular alterations involved in cSCC 
progression, particularly from localized tumors 
to metastasis, will be helpful in early detection 
and future targeted treatment strategies. 
Recently, multiple studies have revealed that 
microRNA expression have been shown to be 
important regulators of cSCC progression [15-
16]. In this study, we found that miR-199a was 
significantly downregulated in cSCC tissues 
compared with the matched normal tissues. 
Moreover, upregulated CD44 expression was 
observed in cSCC tissues. There was an inverse 
relationship between miR-199a and CD44. 
Using luciferase reporter assay, we found that 
miR-199a regulated the expression of CD44 by 
targeting its 3’URT. Interesting, the expression 
of Ezrin had no significant alterations in cSCC 
tissues, and could not be regulated by miR-

199a, but there was an interaction between 
CD44 and Ezrin, regulating by miR-199a. It was 
confirmed by immunoprecipitation and immu- 
nofluorescence.

According the previous study, the downregulat-
ed expression of miRNA-199a was observed in 
liver, breast, and bladder cancer [10]. It was 
reported that induced the expression of miRNA-
199a was capability of decreasing the prolifera-
tion of gastric cancer cells by targeting the 
mTOR signaling pathway [17]. The abundant 
expression of miR-199a was observed in liver 
tissue and in epithelial as well as non epithelial 
tissues [18]. In HCC cell lines, a recent study 
showed that miR-199a targeted the hyaluronic 
acid (HA) receptor CD44, and overexpression of 
the miR-199a reduced the proliferation of HCC 
cells [19]. Similarly, another recent investiga-
tion found that miR-199a specifically regulated 
CD44, and that upregulation of miR-199a 
repressed the proliferation of ovarian cancer-
initiating cells in vitro and in vivo [20]. 
Consistence with the previous data, we found 
that miR-199a specifically regulated the expres-
sion of CD44 and the interaction between 
CD44 and Ezrin in cSCC cells, indicating that 
increased expression of endogenous mature 
miR-199a might prevent the growth of human 
cSCC via increasing the expression of CD44, 
which may provide a potentially important ther-
apeutic target for human cSCC.

CD44, a transmembrane glycoprotein widely 
expressed in cell surface, was highly conserved 
in mammalian species. CD44 was involved in 
cell-matrix and cell-cell interactions through 
interactions with its major ligand and other 
extracellular factors, such as Ezrin [21]. 
Moreover, CD44 was very important on cellular 
adhesion, migration, tumorigenesis, and 
metastasis [22]. CD44, as a single marker or 
combined with other markers, has been widely 
used to investigate many cancers including 
skin cancer [23]. In animal model, it has dem-
onstrated that blocking CD44 with antibodies 
or antisense oligonucleotides reduced the 
malignant activities of the tumor [24]. Ezrin 
belongs to the ezrin-moesin-radixin (ERM) fam-
ily. The ERM proteins formed a bridge between 
CD44 and the actin cytoskeleton, mediating 
cell morphology changes that were important 
for cell migration. Ezrin interacted with CD44 
through its conserved N-terminal band four-
point-one, ezrin, radixin, moesin domain and 
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C-terminal ERM Association Domain domain 
[25]. Ezrin was involved in diverse cellular pro-
cesses including cell adhesion, polarization 
and morphogenesis [26]. And more important-
ly, it has been identified as a potent regulator of 
tumor cell invasion and metastasis [27]. A posi-
tive correlation between Ezrin expression and 
cervical lymph node metastasis and clinical 
staging has been found in various tumors [28].

Henry and his colleagues have showed that 
there was an inverse correlation between the 
expression of miR-199a and that of CD44 pro-
tein, not only in hepatocellular carcinoma spec-
imens, but also in hepatocellular carcinoma 
cell lines. Moreover, miR-199a was capability of 
killing the CD44+ hepatocellular carcinoma 
cells specially by regulating the expression of 
CD44 [29]. Recently, another study also dem-
onstrated that miR-199a targets the 3’-UTR of 
CD44, and confirmed that induced the expres-
sion of miR-199a by mimic transfection leads 
to reduced CD44 expression at mRNA and pro-
tein levels in cancer-initiating cells. Besides, 
MTT assays and the transwell migration inva-
sion assay showed that overexpression of miR-
199a inhibited the proliferation, migration and 
invasion of ovarian cancer-initiating cells, which 
leads to reduced expression of CD44 [30]. 

In accordance with the previous study, in our 
study we found that miR-199a targeted CD44 
to repress the proliferation, migration and inva-
sion of cSCC cells confirmed by CKK-8 and tran-
swell migration invasion assay. It has demon-
strated that knocking down Ezrin expression 
suppresses cell growth, invasion, tumor pro-
gression and metastasis by RNA interference in 
cancer cell lines [31]. In a 726 breast cancer 
cases study, it was demonstrated that the Ezrin 
protein was expressed at a higher level in CD44 
(+) breast cancer cells compared with that of in 
the control cells. Ezrin and CD44 co-expression 
was observed in 235 (32.37%) of the 726 cases 
examined, associating with a poorer prognosis 
may be as an independent prognostic factor of 
breast cancer [32]. Moreover, a recent study 
showed that overexpression of ezrin in the 
CD44 (+) subpopulation of SCC cells contribut-
ed to the metastatic behavior of malignant oral 
squamous cell carcinoma [33]. MiR-199a could 
not directly regulate the expression of Ezrin at 
mRNA and protein levels; however, we found 
that miR-199a regulated the interaction CD44 
with Ezrin evaluated by immunoprecipitation 
and immunofluorescence. It seems that miR-

199a regulated the functions of Ezrin through 
regulating the expression of CD44. 

MMP (metalloproteinase) is believed to play an 
important role in metastasis of tumor cells by 
decomposing extracellular matrix and destroy-
ing the basement membrane of blood vessels. 
The dissolution of basement membrane caused 
by MMP in tumors was an important process in 
the movement of tumor cells. It was reported 
that the activation of MMP was in a significant 
correlation with the migration and invasion of 
tumor cells [34, 35]. It was found that the 
expression of MMP2 and MMP9 were higher in 
patients with lymph node metastases compar-
ing patients without lymph node involvement in 
oropharyngeal squamous cell carcinoma [36]. 
By Gelatin zymography, we found that transfec-
tion of miR-199a mimic reduced the activity of 
MMP2 and MMP9. Inversely, the activity of 
MMP2 and MMP9 were activated by transfec-
tion of miR-199a inhibitor. Thus, the suppres-
sive role of miR-199a in cell migration in cSCC 
cells might be associated with the activity of 
MMP2 and MMP9.

In conclusion, we found that miR-199a specifi-
cally regulated the expression of CD44 at 
mRNA and protein levels, and the interaction 
between CD44 and Ezrin in cSCC cells. 
Moreover, the suppressive role of miR-199a in 
cell migration in cSCC cells was also associat-
ed with the activity of MMP2 and MMP9. Taken 
together, our data indicated that increased 
expression of endogenous mature miR-199a 
might prevent the growth and migration of 
human cSCC via decreasing the expression of 
CD44 and regulating the interaction between 
CD44 and Ezrin, which may provide a poten-
tially important therapeutic target for human 
cSCC.
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