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Abstract. MicroRNAs (miRNAs) are small non-coding 
RNAs frequently dysregulated in human malignancies. Here, 
we profiled isolated cells from freshly resected tumors from 
oral squamous cell carcinoma (OSCC) patients and OSCC 
cell lines using a SYBR Green-based qPCR miRNA array 
to identify the expression change of the miRNAs. Based on 
the microarray data and clincopathological factor analysis 
of 50 OSCC patients related to these miRNAs, miR-27a-3p 
was selected as a putative miRNA which might play impor-
tant role in OSCC progression. By bioinformatics analysis 
and dual-luciferase reporter assay, we found that YAP1 
(Yes-associated protein-1) was a direct target gene of miR-
27a-3p. Intriguingly, increased expression of miR-27a-3p 
could significantly decrease the expression level of YAP1 as 
well as several epithelial to mesenchymal transition (EMT)-
related molecules in OSCC cell lines, including Twist and 
Snail. Then, follow-up studies revealed that miR-27a-3p 
expression was able to downregulate the EMT-related mole-
cules effectively, which might be involved in the regulation of 
Sox2 via the YAP1-OCT4-Sox2 signaling axis. In summary, 
this study found that miR-27a-3p could inhibit the YAP1 
directly by post-transcriptionally silencing and potentially 
suppress EMT process, suggesting that miR‑27a-3p might 
play pivotal roles in effectively manipulating the invasion 
and metastasis in oral squamous cell carcinoma cells through 
the EMT inhibition.

Introduction

Oral squamous cell carcinoma (OSCC) is the 6th most 
frequent malignant neoplasm and remains a lethal disease for 
more than 50% of the patients annually. OSCC patients die  

of tumor metastasis and recurrence due to its strong invasion 
potential (1). MicroRNAs (miRNAs) are small non-coding 
RNAs which are frequently dysregulated in human malignan-
cies  (2). Recently, miRNAs have emerged as fundamental 
regulators in gene expression through silencing gene expres-
sion at the post-transcriptional and translational levels. In this 
study, microarray analysis of miRNA expression change in the 
OSCC patient specimens and OSCC cell lines was firstly iden-
tified. Through the analysis of the multiple experimental data, 
miRNAs that displayed >3-fold changes in OSCC patients and 
cell lines were recorded. Then, miR-27a-3p was selected as the 
most potential gene which might be involved in the occurrence 
and development progress of OSCC when combined with 
the clinical prognosis and T stage in the statistical analysis. 
However, the underlying mechanism of OSCC related to 
miR‑27a-3p still remains largely unknown.

In this study, we aimed to reveal the biological func-
tion of miR-27a-3p related to OSCC, especially in the 
tumor invasion. Through Target prediction algorithms (3) 
and dual‑luciferase reporter assays, we found that YAP1 
(Yes-associated protein-1) was a direct target gene of miR-
27a-3p. Consistently, the expression of active YAP1 was 
negatively correlated with that of miR-27a-3p in OSCC cell 
lines. YAP1, a transcriptional co-activator, is the oncogenic 
component of the Hippo signaling pathway and contributes to 
cell self-renewal to modulate the pluripotency of embryonic 
stem cells in various organisms  (4). We found that YAP1 
mRNA and protein were expressed at a higher level in OSCC 
tumor specimens and related cell lines. Intriguingly, overex-
pression of miR-27a-3p in OSCC cell lines could significantly 
decrease the expression level of YAP1 but also, markedly 
decreased epithelial to mesenchymal transition (EMT)-
related factors simultaneously. Epithelial to mesenchymal 
transition (EMT) is a critical step in the dissemination of 
malignant diseases (5). In primary tumors, carcinoma cells 
lose cell-cell adhesion mediated by E-cadherin repression and 
break through the basement membrane with increased inva-
sive properties. Upregulated expression of EMT-activating 
transcription factors, including Snail, Twist families and ZEB, 
could promote tumor invasiveness in xenograft tumor models 
and cancer cell lines (6). Recently, several studies have shown 
that miRNAs could regulate invasiveness and metastasis 
by targeting the transcripts of numerous genes involved in 
EMT regulation in human cancers (7-9). However, intrinsic 
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relationship of OSCC progression related to EMT factors and 
miRNA  regulation still need further research.

In this study, through the gene microarray data analysis 
and western blot assays, we found miR-27a-3p in OSCC 
cell lines suppressed its target gene YAP1 expression level 
and unpredictability decreased the expression level of 
major EMT-activating transcription factors. Conversely, 
miR-27a-3p inhibitor transfection reversed this process and 
promoted cancer invasion by stimulating EMT in OSCC cell 
lines. Mechanism study showed that miR-27a-3p inhibit EMT 
in OSCC cell lines and might be involved in the regulation 
of YAP1-OCT4/Sox2 signal axis. We report that miR-27a-3p 
acts as an important upstream regulator related to the EMT 
via the inhibition of YAP1 in OSCC, which might provide 
scientific foundation of clinical diagnostics and biomedical 
research.

Materials and methods

Cell lines and tissue specimens. Human OSCC cell lines 
Tca8113, CAL-27, SCC-4, SCC-9, SCC-25, HN-6 and human 
normal oral keratinocytes (hNOK) cell lines were purchased 
from the American Type Culture Collection (ATCC). All cell 
lines were cultured with the complete medium DMEM-F12 
medium (Invitrogen) with 10% heat-inactivated fetal bovine 
serum (FBS; Gibco), 100 U/ml of penicillin G sodium, and 
100 µg/ml streptomycin sulfate (Sigma) in a humidified atmo-
sphere containing 5% CO2 and 37˚C. Fifty paired samples of 
OSCC tissue and adjacent non-cancerous tissue were obtained 
from patients with oral squamous cell carcinoma in our depart-
ment. All the patients provided written informed consent. The 
histologic diagnosis of tumors was made and agreed upon by 
two senior pathologists based on World Health Organization 
(WHO) criteria. This study was approved by the Institutional 
Review Board and Human Ethics Committee of the Hospital. 
Tissue samples were flash frozen and stored in liquid nitrogen 
until used.

Quantitative real-time PCR analysis. Total RNA for quantita-
tive real-time PCR (qRT-PCR) analysis was extracted using 
74104 Rneasy Mini kit (Qiagen) and reverse-transcribed into 
cDNA with the Reverse Transcriptase MMLV (Takara) 
according to the manufacturer's protocol. Real-time PCR was 
performed using SYBR Green reagents on the iQ5 Real-Time 
PCR detection system (both from Bio-Rad). For analysis of 
miR-27a-3p expression by qRT-PCR, reverse transcription and 
PCR were carried out using Bulge-Loop miRNA qPCR Primer 
Set for hsa-miR-143 and U6 snRNA (both from RiboBio, 
China) according to the manufacturer's instructions. The rela-
tive expression level was normalized to that of internal control 
U6 by using 2-ΔΔCt cycle threshold method. Primer sequence 
miR‑27a-3p,  5'-ACACTCCAGCTGGGTTCACAGT 
GGCTAAG-3'; U6, 5'-CTCGCTTCGGCAGCACA-3'.

miRNA profiling. miRNA expression profiling was performed 
using total RNA with the Total miRNA qPCR array (System 
Biosciences, Mountain View, CA, USA). All miRNAs were 
registered with the Sanger miRBase database. Small nuclear 
U6 RNA was amplified as normalization control. qPCR was 
also performed using SYBR-Green as mentioned above. The 

analysis was performed using software provided by System 
Biosciences.

Luciferase reporter assay. The 3'-untranslated region (3'UTR) 
of the human YAP1 gene that was predicted to interact with 
miR-27a-3p (pMIR-REPORT-YAP1) was synthesized and 
inserted into pMIR-REPORT (Ambion Inc.). Mutations within 
potential binding sites were generated by nucleotide replace-
ment of wild-type sequence to inhibit the miR-27a-3p binding. 
hsa-miR-27a-3p mimic and the negative control were purchased 
from Ribobio® (miR10000084-1-5). Anti-hsa-miR-27a-3p 
miScript miRNA inhibitor and miScript inhibitor negative 
control purchased from Qiagen (MIN0000084). Tca8113 cells 
were plated into 96-well plates and were co-transfected with 
0.4 mg of the reporter construct, 0.2 mg of control vector, 
and miR-27a-3p negative controls (NC) after 24 h incubation. 
Luciferase values were determined using the Dual-Luciferase 
reporter assay system.

Cell invasion assay. Cell invasion assays were performed using 
millicell chambers (Millipore). The chamber was cultivated in 
5% CO2 for 24 h after the suspension cells (200 µl, 5x104 cells) 
added to the upper chamber. FBS medium (0.5%) with 10% 
FBS (600 µl) was added to the lower chamber. Attached cells 
in the lower section were stained with 0.1% crystal violet 24 h 
later. The invasion rate were quantified by counting the inva-
sion cells in six random fields under a light microscope.

Western blot analysis. Antibodies: YAP1 (CST8579); OCT4 
(CST2750); Sox2 (CST3579); and Snail (CST3879) (all 
from Cell Signaling Technology, USA); Twist (AV37997; 
Sigma); vimentin (CST5741); E-cadherin (CST5296); and 
β-actin (CST4970) (all from Cell Signaling Technology).
Cellular lysates were resolved on SDS-PAGE and electropho-
retically transferred to polyvinylidene difluoride membranes. 
Membranes were blocked with a buffer containing Tris 
(10 mmol/l, pH 7.4), NaCl (150 mmol/l), Tween-20 (0.1%) 
and bovine serum albumin (5%) and then incubated with the 
primary antibodies at 4˚C overnight. Subsequently, washed 
membranes was treated with appropriate secondary antibodies 
conjugated to horseradish peroxidase for 1 h. The immuno-
reactivities were visualized by enhanced chemiluminescence 
reagents (WBKLS0500; Millipore). β-actin was used as an 
internal control.

Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 software. The data are expressed as 
mean ± SD, and one-way ANOVA and an unpaired Student's 
t-test was used to determine the significant differences of all 
the results. The level of significance was set at p<0.05.

Results

miRNA profiling of OSCC tissues and cell lines. miRNAs are 
recognized as important regulators of post-transcriptional 
gene expression. In light of miRNA functions, we profiled 
isolated cells from freshly resected tumors of OSCC patients 
(n=5) and OSCC cell lines (n=2; Tca8113 and CAL-27) using a 
Total SYBR Green-based qPCR miRNA array (Fig. 1A). Then, 
we combined the two different data sets in a Venn diagram 
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and observed expression-altered miRNAs (Fig. 1B). miRNAs 
that displayed >3-fold changes in OSCC patients and common 
to cell lines were recorded (Table I). Analysis of clinical data 
and histopathological findings of 50 OSCC samples identified 

that lower expressions of miR-27a-3p was correlated with 
poorer outcome of metastatic in OSCC patients. Thus, miR-
27a-3p was selected as the most potential gene involved in the 
occurrence and development progress of OSCC for further 
investigation (Fig. 1C).

miR-27a-3p directly targets YAP1 in OSCC cell lines. To inves-
tigate the bio-function of miR-27a-3p in OSCC, Tca8113 cell 
lines transfected with miR-27a-3p mimics were successfully 
established (Fig. 2A). Then, SYBR Green-Based Gene expres-
sion array analysis of cancer related genes was employed to 
identify the related genes expression changes between the 
above cell groups (Fig. 2B). Through the data analysis and 
miRNA target prediction, YAP1 (Yes-associated protein-1) 
was finally identified as a new potential target of miR-
27a-3p (Fig. 2C). Results of dual-luciferase reporter assays 
confirmed that miR-27a-3p directly target YAP1 mRNA 
3'UTR region in OSCC cell lines (Fig. 2D). YAP1 is a potent 
oncogene, which is amplified in various human cancers. An 
inverse correlation was also observed between the expression 
levels of miR-27a-3p and YAP1 in both OSCC cell lines and 
tumor samples (Fig. 2E and F). However, intriguingly, SYBR 
Green-based gene expression array also showed that overex-
pression of miR-27a-3p in Tca8113 significantly decreased 
several epithelial to mesenchymal transition (EMT)-activating 

Figure 1. miRNA profiling of OSCC tissues and cell lines. (A) miRNA microarray of deregulated miRNA expression in OSCC paired sample and OSCC 
cell line (AN, normal adjacent tissues. OSCC, oral squamous cell carcinoma). (B) Analyses of the up and downregulated miRNAs in patient‑derived OSCC 
samples (left; n=5 analyzed tumors) and in OSCC cell lines Tca8113 and CAL-27 (right) are shown. (C) miR-27a-3p expression of fifty pairs of OSCC tissues 
and adjacent normal tissues from patients were assessed by qRT-PCR analysis (low level expression, 46/50). miR-27a-3p expressions correlated with TNM 
classification (T1-T4) in OSCC patients were also recorded. The values are standardized to the U6 expression level and represent the mean ± standard deviation 
of triplicates. miR-27a-3p also displayed a substantial correlation with T stage in OSCC patients (*P<0.05, **P<0.01).

Table I. Dysregulated miRNAs in OSCC patients and OSCC 
cell lines. 

	 Fold change
	 ---------------------------------------------------------------
miRNAs	 (Clinical)	 Tca8113	 CAL-27

High expression >3-fold
  miRNA-21	 11.13	 3.53	 4.03
  miRNA-31	 6.35	 4.21	 5.37
  miRNA-153	 6.16	 3.04	 3.25
  miRNA-155	 5.53	 3.48	 4.13
  miRNA-10a	 4.82	 4.42	 3.54
Low expression <0.3-fold
  miRNA-27a-3p	 0.108	 0.133	 0.201
  miRNA-375	 0.193	 0.178	 0.227
  miRNA-183	 0.236	 0.288	 0.112
  let-7e	 0.293	 0.211	 0.172
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transcription factors, including Sox2, vimentin (10), Snail (11) 
and Twist  (12). Therefore, Further studies were needed to 
reveal the regulatory network between miR-27a-3p and EMT 
in human OSCC cells.

miR-27a-3p inhibits EMT-activating transcription factors 
through the YAP1-OCT4-Sox2 signal axis. Recent studies 
have shown YAP1 could regulate OCT4 activity and Sox2 
expression to facilitate self-renewal in lung cancer stem-like 

cells (13) and Sox2 promoted tumor metastasis by stimulating 
epithelial-to-mesenchymal transition (EMT)-transcription 
factors in various tumor tissues  (14), which provide some 
clues as to how miR-27a-3p acts on EMT process in OSCC 
cells. To verify the interaction between YAP1 and OCT4 in 
Tca8113, GST-pull down assay was used in this study. Results 
confirmed that YAP1 could bind to OCT4 directly in Tca8113 
cells (Fig. 3A). Then, we detected the mRNA expression level 
of YAP1 and OCT4 by the real-time qPCR in the presence or 

Figure 2. miR-27a-3p directly targets YAP1 in OSCC cell lines. (A) Tca8113 cells transfected with miR-27a-3p mimics (herein after referred to as miR‑27a-3p) 
or negative control (NC) was established and the relative expression of miR-27a-3p was detected by qRT-PCR in 24 h (**P<0.01). (B) SYBR Green-Based 
Gene expression array and related gene expression changes between the above two groups. Data in gene chip were analyzed by statistical software SPSS15.0 
(data not shown). (C) miR-27a-3p/YAP1 alignment by miRanda analysis and the schematic diagram of the pMIR-YAP1/pMIR‑YAP1mut paired sequences for 
miR-27a-3p. (D) Dual normalized luciferase activity of pMIR-YAP1/pMIR-YAP1mut reporter in Tca8113 cells transfected with miR-27a-3p (mimics), negative 
control mimics (NC) or miR-27a-3p inhibitor (inhibitor) or inhibitor negative control (i-NC). All transfection experiments were performed in triplicate and 
reproduced three times. (E) miR-27a-3p relative expression in OSCC cells lines and YAP1 mRNA relative expression in OSCC cells lines. (F) Pearson's 
correlation scatter plot of the fold change of miR-27a-3p and YAP1 protein/mRNA.
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absence of miR-27a-3p or miR-27a-3p inhibitor transfection. 
As the results show in Fig. 3B, miR-27a-3p decreased the 
YAP1 mRNA level significantly, while the transfection of miR-
27a-3p inhibitor derepressed YAP1 mRNA level reversely. The 
OCT4 expression level was not affected in either treatment 
group. Subsequently, co-immunoprecipitation and western 
blot assays were both employed to reveal the inner relationship 
of miR-27a-3p, YAP1 and transcription factors of EMT. In the 
EMT process, loss of the epithelial marker E-cadherin, and 
increased expression of mesenchymal markers vimentin are 
regarded as markers of EMT activation. Additionally, Snail1/2 
and Twist1/2 are also the main upstream inducers of EMT. As 
shown in Fig. 3C and D, miR‑27a-3p was able to decrease the 
YAP1 expression and influence EMT-related inducers Snail 
and Twist. miR-27a-3p transfection also induced morpholog-
ical changes from an extended, fibroblast-like morphology to 

more epithelial-like cells in Tca8113 (Fig. 3E). Taken together, 
our findings demonstrated miR-27a-3p acted as one of the vital 
upstream molecules that mediate the EMT via interruption 
of YAP1-OCT4/Sox2 signal axis through targeting YAP1 in 
OSCC cells.

miR-27a-3p transfection effectively decreases the invasive 
ability of OSCC cell lines. Description of small aggregates of 
tumor cells extending from the tumor mass into the adjacent 
stroma provided morphological evidence of EMT at invasive 
fronts of human tumors  (15). Through prior experimental 
results and data analysis, we identified miR-27a-3p as one 
of vital upstream molecules that mediate the EMT in OSCC 
cell lines. Cell matrix adhesion assay was used to explore the 
cell invasive ability in the presence or absence of miR-27a-3p 
transfection in the OSCC cell lines Tca8113 and CAL-27. As 

Figure 3. miR-27a-3p inhibits EMT-activating transcription factors through the YAP1-OCT4-Sox2 signal axis. (A) Relative mRNA level of YAP1 and OCT4 in 
Tca8113 cell line was detected by qRT-PCR after transfected with miR-27a-3p mimics or miR-27a-3p inhibitor in 24 h. (Anti-hsa-miR‑27a-3p miScript miRNA 
inhibitor and miScript inhibitor negative control, MIN0000084; Qiagen). (B) YAP1-OCT4 interaction in vivo in Tca8113. (C) YAP1-OCT4 interaction under 
the transfection with miR-27a-3p inhibitor or inhibitor negative control (i-NC) in 24 h. (D) YAP1-OCT4 interaction under the transfection with miR-27a-3p 
or negative control (NC) in 24 h. WCL, whole-cell lysate. IB, immunoblotting; IP, immunoprecipitation. (E) miR-27a-3p transfection induced morphological 
changes from an extended, fibroblast-like morphology to more epithelial-like cells in 24 h.
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shown in Fig. 4A, miR-27a-3p decreased the invasive ability 
of OSCC cell lines significantly, in contrast, the presence of 
miR‑27a-3p inhibitor reversed miR-27a-3p-induced inhibition 
of cell invasive ability. Furthermore, recombinant plasmid 
pVAX-YAP1 (referred as YAP1 vector) was constructed and 
used in the subsequent experiments. As shown in the Fig. 4B, 
increased expression of YAP1 could promote the invasive 
ability of OSCC cell lines. However, miR-27a-3p expression 
inhibited the invasive effect of YAP1 while miR-27a-3p inhib-
itor enhanced the invasive effect of YAP1 significantly. Then, 
western blot assays also confirmed that miR-27a-3p could 
decrease the expression level of EMT-transcription factors in 
OSCC cell lines Tca8113 and CAL-27 (as shown in Fig. 4C), 
suggesting that miR-27a-3p might play pivotal roles in effec-
tively manipulating invasion through the inhibition of EMT 
in OSCC cells. To better understand the miR-27a-3p function 

Figure 4. miR-27a-3p transfection effectively decreases the invasive ability of OSCC cell lines. (A) Cell invasion assay by Transwell methods was used to 
explore the potential function of miR-27a-3p on cell invasiveness in Tca8113 after cells were transfected with miR-27a-3p mimics or miR-27a-3p inhibitor in 
24 h. (B) Cell invasion assay by Transwell methods was used to explore cell invasiveness in Tca8113 after cells were transfected with miR-27a-3p or YAP1 
vector (PVAX-YAP1 recombinant plasmid) in 24 h. Data are shown as the mean ± SD and are representative of three independent experiments. (*P<0.05). 
(C) Western blot analysis of Sox2, vimentin, Snail and Twist expression from lysates of Tca8113 cells treated with miR-27a-3p or YAP1 for 24 h. β-actin was 
used as the internal control.

Figure 5. MicroRNA-27a-3p regulates epithelial to mesenchymal transition 
via targeting YAP1 in oral squamous cell carcinoma cells.
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related to the EMT process, graphical illustration of this study 
is shown in Fig. 5.

Discussion

MicroRNAs (miRNAs) are endogenous small non-coding 
RNAs that play crucial roles in numerous biological 
processes (16-18). However, the role of miRNAs in OSCC has 
not been fully determined. In this study, we profiled isolated 
cells from freshly resected tumors from OSCC patients and 
OSCC cell lines using a SYBR-Green-based qPCR miRNA 
array to identify the expression change of miRNAs. Based 
on the databases and clinical analysis related to the clinco-
pathological factors in 50  OSCC cases, miR-27a-3p was 
identified as a potential oncogene in OSCC. Furthermore, 
SYBR-Green‑based gene expression array analysis was 
employed to identify the related gene expression changes 
after Tca8113 transfected with miR-27a-3p mimics or the 
miR-27a-3p negative control. Intriguingly, the status of 
expression of several epithelial to mesenchymal transition 
(EMT)-activating transcription factors, including Sox2, Snail 
and Twist, were significantly decreased in the miR-27a-3p 
group when compared with the NC group.

The epithelial-mesenchymal transition (EMT) is a process 
by which epithelial cells lose their cell polarity and cell-cell 
adhesion, which have been regarded as a key developmental 
program that is often activated during the initiation of 
metastasis for cancer progression. Many oncogenes have 
been reported to be involved in tumor growth and metastasis 
by inducing EMT in various cancers, including OSCC (19). 
Preliminary data indicate that the main EMT drivers, such as 
Snail and Twist, could repress the expression of the miR-200 
family, but whether miRNAs can also control their expres-
sion still need further investigation (20,21). In our study, we 
identified that YAP1 (Yes-associated protein-1) was the direct 
target gene of miR-27a-3p through dual-luciferase reporter 
assay. YAP1 is a oncogenic component of the Hippo signaling 
pathway that has become the new target  of antitumor 
therapy (22,23). Recently, it has already been reported that 
YAP1 might act as a transcriptional co-activator for Oct4 and 
the disruption of this interaction could abrogate the induc-
tion of Sox2 (13). Sox2 is a key upregulated factor in lung 
squamous cell carcinoma, directing many genes involved in 
tumor progression. Previous studies also proved that Sox2 
improves invasiveness of breast cancer cells by promoting 
EMT which is dependent on Twist1 and the status of Sox2 
transcription activity (24). To verify the interaction between 
miR-27a-3p and EMT process, GST-pull down in combination 
with co-immunoprecipitation and western blot assays were 
employed to verify our hypothesis. As expected, miR-27a-3p 
could decrease the YAP1 expression level and EMT-activating 
transcription factors, which might attribute to the interruption 
of YAP1-OCT4/Sox2 signal axis.

By prior experimental results and analysis, we identify 
miR-27a-3p as one of vital upstream molecules that could 
mediate the EMT-activating transcription factors through 
directly target 3'UTR region of YAP1 in OSCC cell lines. With 
the presence of miR-27a-3p transfection, YAP1 expression was 
inhibited and induction of Sox2 was also abrogated since the 
interaction of YAP1-OCT4 was disrupted. In conclusion, this 

study supports a possible new mechanism that miR-27a-3p 
could suppress tumor progression by inhibiting EMT through 
the YAP1-OCT4/Sox2 signal axis. Our results might provide 
scientific foundation of clinical diagnostics and biomedical 
research on miR-27a-3p and EMT factors in human cancers.
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