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Abstract. Oral squamous cell carcinoma (OSCC), with high 
potential for metastasis, is the most common malignant tumor 
of the head and neck. Cancer‑associated fibroblasts (CAFs) are 
the main stromal cells in the microenvironment and aggravate 
tumor progression. However, whether CAFs are associated with 
the progression of OSCC remains unknown and the underlying 
mechanism remains unclear. In the present study, the role of 
CAFs in mediating OSCC cell migration and invasion was 
investigated, and the participation of exosomal miR‑382‑5p 
in this process was elucidated. In this study, according to 
the α‑SMA staining with immunohistochemistry, 47 OSCC 
patients were divided into CAFs‑rich and CAFs poor groups, 
and association of CAF density and clinicopathologic features 
of the OSCC patients were analyzed with Pearson χ2  test. 
Transwell assay was used for evaluating cell migration and 
invasion ability of OSCC cells after being co‑cultured with NFs 
or CAFs, or after added exosomes. qPCR was used to detect the 
expression of miR‑382‑5p. Western blot analysis was used to 
measure the expression of migration and invasion‑associated 
proteins. In the present study, the CAF density in tumor tissues 

was found to be relevant to OSCC lymph node metastasis and 
TNM stage. Furthermore, we revealed that miR‑382‑5p was 
overexpressed in CAFs compared with that in fibroblasts of 
adjacent normal tissue and miR‑382‑5p overexpression was 
responsible for OSCC cell migration and invasion. Finally, 
we demonstrated that CAF‑derived exosomes transported 
miR‑382‑5p to OSCC cells. The present study confirmed a new 
mechanism of CAF‑facilitated OSCC progression and may be 
beneficial for identifying new cancer therapeutic targets.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common 
malignant tumor of the head and neck (1). Elucidation of the 
mechanisms related to OSCC development and progression 
could provide candidate diagnostic biomarkers and promising 
therapeutic targets for OSCC. Previous studies have mainly 
focused on the tumor cell itself, as several gene alterations 
have been demonstrated to be associated with OSCC develop-
ment and progression, such as inactivation of p53 (2), Notch 
mutation (3) and loss of NDRG2 expression (4). Actually, not 
tumor cells but the tumor microenvironment is associated 
with tumor metastasis (5,6). However, the mechanism of the 
tumor microenvironment in promoting OSCC progression still 
remains not fully understood.

Cancer‑associated fibroblasts (CAFs) are the main stromal 
cells in the microenvironment and are distinguishable from 
other cells by their spindle‑shape morphology and expression 
of α‑smooth muscle actin (α‑SMA) (7). As abnormally reac-
tive fibroblasts, CAFs play essential roles in several processes 
of cancer biology including tumor growth, tumor metastasis 
and drug resistance (8). Furthermore, CAFs are often consid-
ered to be associated with high‑grade malignancies and poor 
prognosis (9,10), and therefore are suggested to be a prognostic 
biomarker. CAFs promote tumor progression mainly through 
actively communicating with cancer cells (11‑13), and other 
cells in the tumor environment, including immunocytes (14) 
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and vascular endothelial cells  (15). The communications 
between CAFs and other cells are often mediated by several 
growth factors, hormones and cytokines  (16,17). Actually, 
CAFs also modify the tumor environment by transferring 
molecules to other cells by secreting exosomes (18). 

Exosomes are nano‑sized vesicles (~30‑150 nm) secreted 
by cells (19,20), and serve as mediators of cell‑to‑cell commu-
nication. They play important roles in many cell processes, 
including tumor growth, invasion, metastasis and chemoresis-
tance (21‑23). Exosomes deliver a great variety of bioactive 
molecules including signal peptides, microRNAs, lipids and 
DNA, from cell to cell  (24). MicroRNAs, a major class of 
small non‑coding RNAs that mediate post‑transcriptional gene 
silencing of target mRNAs and participate in various physi-
ological and pathological processes (25), are highly enriched 
in exosomes and are delivered from one cell to neighboring 
or distant cells (26). Compared with normal fibroblasts, one 
characteristic of abnormally inactive CAFs is the dysregula-
tion of miRNAs, which leads to the re‑modification of the 
tumor microenvironment and correspondingly induces drug 
resistance, cell migration and invasion, and tumor growth (18). 
Therefore, using miRNAs or miRNA inhibitors to restitute the 
abnormal expression of miRNAs in CAFs may be ‘a way out’ 
for tumor therapy.

miR‑382‑5p is a primary miRNA species of miR‑382 and 
functions as an onco‑miRNA in several tumors, including 
breast cancer  (27), liver cancer  (28), acute promyelocytic 
leukemia  (29) and glioma  (30). By regulating target gene 
expression, miR‑382‑5p plays important roles in tumor 
progression. miR‑382‑5p was found to target circ‑DICER1 
and correspondingly regulate angiogenesis in glioma (30). 
In liver cancer, miR‑382‑5p was reported to promote tumor 
metastasis by efficiently suppressing DLC‑1 expression (28). 
Bhome et al detected the distinguishable miRNAs in CAFs 
and normal fibroblasts (NFs), and the expression of several 
miRNAs, including miR‑382‑5p, was significantly higher in 
CAFs than in NFs (31). In OSCC, it has been reported that 
a newly identified circRNA, hsa‑circ‑0008309, could sponge 
miR‑382‑5p and regulate ATXN1 expression (32); however, 
the function of miR‑382‑5p in OSCC migration and invasion 
remains unknown.

In the present study, the role of CAFs in mediating OSCC 
cell migration and invasion was investigated, and the partici-
pation of exosomal miR‑382‑5p in this process was elucidated.

Materials and methods

Patients and tissue samples. Forty‑seven OSCC patients, 
27 male and 20 females, ranged from 39  to 72 years old, 
who underwent tumor resection at the Department of Oral 
Maxillofacial Surgery of Liaocheng People's Hospital from 
1 January 2014 to 31 December 2017 were enrolled in this 
study. Patient, clinical and pathologic characteristics were 
retrieved from the Medical Records Room. All patients signed 
informed consent prior to participating in this study, and this 
study was approved by the Ethics Committee of Shandong 
University (Shandong, China).

Antibodies and reagents. Anti‑α‑SMA (cat.  no.  19245), 
anti‑MMP‑3 (cat. no. 14351), anti‑MMP‑9 (cat. no. 13667), 

anti‑β‑catenin (cat.  no.  8480) and anti‑N‑cadherin 
(cat. no. 13116) were purchased from Cell Signaling Technology, 
Inc. (Danvers, MA, USA), and anti‑β‑actin (SC‑70319) was 
purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA). GW4869 was purchased from Selleck Chemicals 
(Houston, TX, USA).

Cell culture. Tongue squamous cell carcinoma CAL‑27 cells 
were purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA) and incubated in Gibco DMEM 
(Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum 
(FBS) (Thermo Fisher Scientific, Inc.) at 37˚C in a 5% CO2 
incubator.

Isolation of fibroblasts. Fibroblasts were isolated according to 
a previous study (33). Briefly, fibroblasts were isolated from 
freshly resected OSCC tissue and adjacent normal tissue from 
the OSCC patients treated at the Department of Stomatology, 
Liaocheng People's Hospital. The adjacent normal tissues 
were excised at least >3 cm distant from the margin of the 
tumor, and were verified by two senior pathologists. Tissues 
were minced into small pieces of about 1 mm3 and seeded onto 
10‑cm dishes in DMEM with 10% FBS at 37˚C in a 5% CO2 
incubator. Approximately 10 days later, homogeneous groups 
of fibroblasts formatted around the pieces in the dishes. The 
fibroblasts were passaged for more than 10 times and were 
then used for subsequent experiments.

Co‑culture of the OSCC cells with CAFs or NFs. To eluci-
date the biological function of CAFs in OSCC metastasis, we 
employed a co‑culture system (Corning Inc., Corning, NY, 
USA)  (Fig. 3A). Briefly, CAFs or NFs were seeded in the 
upper chamber of the system, and the OSCC cells in the lower 
chamber. The upper chamber and lower chamber were sepa-
rated with a semipermeable membrane with pores ~0.4‑µm, 
which allowed the passage of exosomes and cytokines but 
prevented the shuttle of cells.

Immunohistochemistry (IHC). OSCC tissue samples were 
first formalin‑fixed and paraffin‑embedded, and then dewaxed 
in xylene, rehydrated with gradient ethanol and treated in 
0.01 mM citrate buffer (pH 6.0) for antigen retrieval. Then 
samples were stained with rabbit anti‑α‑SMA monoclonal 
antibody at 4˚C overnight, followed by incubation in secondary 
biotinylated anti‑rabbit antibody for 30  min at  37˚C, and 
finally visualized with DAB solution and counterstained with 
haematoxylin. Based on the density of the CAF staining, the 47 
OSCC patients were divided into two groups according to the 
standard reported in a previous study (34). Dense overlapping 
of CAFs distributed throughout the tumor were grouped as 
CAFs‑rich, correspondingly, CAFs not distributed throughout 
the entire tumor were grouped as CAFs‑poor (Fig. 1). Each 
stained sample was evaluated by two senior pathologists 
unaware of the clinical information, with conflicting cases 
adjudicated by a third pathologist.

Immunocytochemistry. Fibroblasts were fixed at room 
temperature for 10 min in 4% paraformaldehyde, and then 
cells were permeabilized in 0.5% Triton X‑100 followed by a 
15‑min block in 5% normal goat serum (ZSGB‑BIO, Beijing, 
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China). The cells were then incubated with α‑SMA antibody 
overnight at 4˚C. Then the cells were washed three times 
in PBS and further incubated with s secondary biotinylated 
anti‑rabbit antibody for 30 min at room temperature. Cells 
were observed under a light microscope at x400 magnification 
(Nikon, Tokyo, Japan).

Exosome extraction. Exosomes were isolated from condi-
tioned media collected from CAFs using a Hieff™ Quick 
Exosome Isolation Kit (for Cell Culture Media) (Yeasen, 
Shanghai, China) according to the manufacturer's instructions. 
Briefly, the conditioned medium was firstly cleared of cellular 
debris and the dead cells with two sequential centrifugation 
steps at 2,500 x g for 10 min at 4˚C. Then 10 ml conditioned 
medium was collected into a centrifuge tube and 2.5  ml 
extraction reagent was added, followed by mixing and a 2 h of 
standing. After that, the conditioned medium was centrifuged 
at 10,000 x g at 4˚C for 1 h. The precipitates were collected 
and re‑suspended in 100 µl PBS buffer. After re‑suspension, 
the solution was transferred into an EP tube and centrifuged 
at  12,000  x  g at  4˚C for 2  min. Finally, the supernatant 
containing the exosomes was collected.

Western blot analysis. Cells were lysed with RIPA lysis buffer 
(Applygen, Beijing, China). Protein concentrations were 
detected using the BCA Protein Quantitation kit (Thermo 
Fisher Scientific, Inc.). Thirty microliters of proteins were 
subjected to 10% sodium dodecyl sulfate (SDS)‑polyacrylamide 
gel electrophoresis (PAGE) and transferred onto a nitrocel-
lulose membrane (EMD Millipore, Billerica MA, USA). The 
membrane was blocked with 5% goat serum in TBS‑T for 
1 h, and then was incubated with primary antibodies diluted 
1:1,000 in TBS‑T containing 1% goat serum overnight at 4˚C. 
Subsequently, the membrane was washed three times in TBS‑T 
and then incubated with a HRP‑conjugated secondary anti-
body for 1 h at room temperature. Finally, the membrane was 
visualized with Enhanced Chemiluminescence Plus reagents 
(Thermo Fisher Scientific, Inc.).

Transfection. miR‑382‑5p mimics, negative control (miR‑NC), 
miR‑382‑5p inhibitor and negative control for miR‑382‑5p 
inhibitor were purchased from Shanghai GenePharma Co., 
Ltd. (Shanghai, China). The sequences are listed as follows: 
miR‑382‑5p mimics: Forward, 5'‑GAA​GUU​GUU​CGU​GGU​
GGA​UUG​G‑3' and reverse, 5'‑AAU​CCA​CCA​CGA​ACA​
ACU​UCU​U‑3'; miR‑NC: Forward, 5'‑CTC​GCT​TCG​GCA​
GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​
GT‑3'; miR‑382‑5p inhibitor, 5'‑CGA​AUC​CAC​CAC​GAA​
CAA​CUU​C‑3'; negative control for inhibitor, 5'‑CAG​UAC​
UUU​UGU​GUA​GUA​CAA‑3'. Transfection was performed 
using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) following the manufacturer's instructions. 
Briefly, cells were seeded in a 6‑well plate at 1x106 cells/well, 
and when the cells proliferated to a 70‑90% confluence, 
the cells were transfected with oligonucleotides at a final 
concentration of 100 nM.

RNA extraction and quantitative real‑time PCR. RNA was 
extracted from the cells or exosomes using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). For miR‑382‑5p 

detection, small RNA was transcribed into cDNA using a 
RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher 
Scientific, Inc.) with specific RT primers. Quantitative real‑time 
PCR (qPCR) was performed using a FastStart Universal 
SYBR Green Master (Rox) kit (Roch, Basel, Switzerland) on 
an Applied Biosystems ABI 7500 real‑time PCR operating 
system (Thermo Fisher Scientific, Inc.). The primers for qPCR 
were as follows: miR‑382‑5p forward, 5'‑ATC​CGT​GAA​GTT​
GTT​CGT​GG‑3' and reverse, 5'‑TAT​GGT​TGT​AGA​GGA​CTC​
CTT​GAC‑3'; U6 forward, 5'‑CGC​TTC​ACG​AAT​TTG​CGT‑3' 
and reverse, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3'. All primers 
were synthesized at Sangon Biotech (Shanghai, China). 
Relative expression levels of microRNAs were calculated 
using the 2‑ΔΔCq method (35).

Transwell migration and invasion assays. Cell migration 
and invasion assays were performed in Transwell chambers 
(Corning Inc., Corning, NY, USA) with a polycarbonate 
membrane as described previously. For the Transwell cell 
migration assay, briefly, 1x105 cells were seeded in serum‑free 
DMEM in the upper chamber. The lower chamber contained 
the culture medium with 10% FBS. After incubation for 10 h, 
cells on the top surface of the membrane were wiped off. 
The membrane was then stained with crystal violet at 25˚C 
for 1 min. Cells on the bottom surface of the membrane 
were examined under a light microscope (Nikon) at x200 
magnification. Cells from 5 random fields were counted 
and averaged. The same procedure was performed for the 
Transwell invasion assay, except that the upper chambers were 
coated with 20 µg extracellular matrix gel (Sigma‑Aldrich; 
Merck KGaA).

Flow cytometry. The percentage of α‑SMA‑positive cells was 
assessed by flow cytometry. NF and CAF cell suspensions 
were harvested and washed in PBS for 5 min x thrice. The cells 
were incubated with anti‑human α‑SMA/FITC mAb (CST) in 
the dark for 1 h in FACS buffer (PBS containing 1% fetal calf 
serum). Then the cells were subjected to a BD flow cytometry 
(BD Biosciences) instrument to evaluate the percentage of 
α‑SMA‑positive cells.

Identif ication of candidate targets of miR‑382‑5p in 
Targetscan. Targetscan is a software program for searching 
for predicted microRNA targets  (36). After entering the 
website of Targetscan (http://www.targetscan.org/vert_71/), 
‘miR‑382‑5p’ was input into the ‘Enter a microRNA name’ 
box. Then, by searching for the presence of conserved 
8mer, 7mer, and 6mer sites that match the seed region of 
miR‑382‑5p, the predicted biological targets of miR‑382‑5p 
were listed.

Statistical analysis. Statistical analysis was performed using 
SPSS 11.5 for Windows (IBM Corp., Armonk, NY, USA). 
Experiments were repeated three times, and all data are 
presented as mean ± standard deviation (SD). Differences 
between groups were analyzed by one‑way ANOVA. Tukey's 
post hoc test was used following ANOVA. Pearson χ2 test was 
used to analyze the relationship between CAF density and 
clinicopathological characteristics. P<0.05 was considered as 
indicative of a statistically significant difference.
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Results

CAFs are associated with metastasis and the clinical stage 
of OSCC. Forty‑seven OSCC patients were included in this 
study. CAFs were stained with α‑SMA. According to the 
CAF density, tissues of OSCC patients were divided into two 
groups, CAFs‑rich and CAFs‑poor group (Fig. 1). We analyzed 
the relevance of CAF density and the clinicopathological char-
acteristics. As documented in Table I, lymph node metastasis, 
as well as TNM stage between the CAFs‑rich and CAFs‑poor 
groups exhibited significant differences.

Isolation of CAFs. To detect the functions and underlying 
mechanism of CAFs in OSCC metastasis, we isolated the fibro-
blasts in OSCC tissues and corresponding para‑tumor normal 
tissues. The fibroblasts in OSCC and adjacent normal tissues 
presented no difference in morphology (Fig. 2A). However, 
when the cells were labeled with α‑SMA antibodies; it was 
found that the fibroblasts in OSCC were α‑SMA‑positive, 
while the fibroblasts in the corresponding adjacent normal 
tissues were α‑SMA‑negative (Fig. 2B). The percentage of 
α‑SMA‑positive cells in isolated fibroblasts was also analyzed. 
As shown in Fig. 2C, the percentage of α‑SMA‑positive cells in 
fibroblasts isolated from adjacent normal tissues was ~1.91%, 
however, that in the fibroblasts isolated from OSCC tissues 
was ~98.92%. Furthermore, western blot analysis showed 
that α‑SMA was overexpressed in the fibroblasts of OSCC 
compared with the trace expression of α‑SMA in fibroblast 
of the corresponding adjacent normal tissue (Fig. 2D). These 
results indicate that the fibroblasts we separated from OSCC 
are CAFs.

CAFs promote OSCC cell migration and invasion. The 
present study was designed to reveal the mechanism 
involved in the CAF‑induced OSCC migration and inva-
sion. Therefore, we choose the NFs and CAFs isolated from 
the patients with node metastasis and with CAFs‑rich. NFs 
and CAFs from these patients were used in the following 
experiments. We co‑cultured the CAL‑27 cells with CAFs 
or NFs for 24 h (Fig. 3A), and then detected several metas-
tasis‑related proteins, including MMP‑3, MMP‑9, N‑cadherin 
and β‑catenin. As shown in Fig. 3B, compared with CAL‑27 
cells co‑cultured with NFs, CAL‑27 cells co‑cultured with 
CAFs showed increased expression of MMP‑3, MMP‑9, 
N‑cadherin and β‑catenin, indicating that CAFs elevated 
the migration and invasion capacity of the CAL‑27 cells. 
To manifest this, we performed Transwell assays. CAL‑27 
cells were co‑cultured with CAFs or NFs for 24 h, and then 
CAL‑27 cells were subjected to Transwell migration and 
invasion assays. As shown in Fig. 3C, a higher number of 
migrated and invaded cells were observed in the CAL‑27 
cells co‑cultured with CAFs than those cells co‑cultured 
with NFs.

CAF‑derived exosomes promote OSCC cell migration and 
invasion. As it has been reported that exosomes play essential 
roles in the cell‑cell interaction in the tumor microenviron-
ment, we aimed to ascertain whether this is the mechanism 
involved in the CAF‑induced OSCC cell migration and inva-
sion. We extracted exosomes in NF or CAF cultured medium, 

and then added the exosomes into the CAL‑27 cell medium. 
Compared with the NF‑derived exosomes, the CAF‑derived 
exosomes exerted stronger effects on upregulating MMP‑3, 
MMP‑9, N‑cadherin and β‑catenin in CAL‑27 cells (Fig. 4A), 
and on the migration and invasion abilities of the CAL‑27 
cells (Fig. 4B).

miR‑382‑5p can be transferred from CAFs to OSCC cells 
through exosomes, inducing cell migration and invasion. We 
further aimed to ascertain whether miR‑382‑5p participates 
in the CAF‑induced CAL‑27 cell migration and invasion. 
We compared the miR‑382‑5p expression in CAFs and NFs. 
As shown in Fig. 5A, the expression of miR‑382‑5p in CAFs 
was significantly elevated ~3.83‑fold compared with that in 
NFs. We also co‑cultured CAFs or NFs with CAL‑27 cells, 
and measured the miR‑382‑5p in CAL‑27 cells. As shown in 
Fig. 5B, miR‑382‑5p in CAL‑27 cells co‑cultured with CAFs 
was ~2.15‑fold increased compared with that in CAL‑27 cells 
co‑cultured with NFs, indicating that even if the increasing 
fold was not in accordance, the increasing miR‑382‑5p in 
CAL‑27 cells was relevant to the increasing miR‑382‑5p in 
CAFs. Furthermore, after transfection with miR‑382‑5p inhibi-
tors, CAFs were co‑cultured with CAL‑27 cells. CAFs without 
miR‑382‑5p inhibitor transfection showed a higher potential 
in promoting CAL‑27 cell migration and invasion than CAFs 
with miR‑382‑5p inhibitor transfection (Fig. 5C). Then we 
aimed to ascertain whether iR‑382‑5p could be transported 
from CAFs to CAL‑27 cells through exosomes. We marked 
miR382‑5p mimics with FAM, and transfected the mimics 
in CAFs (Fig. 5D), and then cultured the CAFs with CAL‑27 
cells; 24 h later, miR‑382‑5p mimics labeled with FAM were 
transferred into CAL‑27 cells. Exosome inhibitor, GW4869, 
cut off the transportation of miR‑382‑5p (Fig. 5D). Finally, 
to identify the role of miR‑382‑5p in modulating OSCC cell 
migration and invasion, we directly transfected miR‑382‑5p 
mimics into CAL‑27 cells. As shown in Fig. 5E, miR‑382‑5p 
mimics promoted migration and invasion capacity of the 
CAL‑27 cells.

miR‑382‑5p is overexpressed and is associated with metastasis 
and clinical stage of OSCC. As miR‑382‑5p is transferred from 

Figure 1. Immunohistochemistry staining of CAFs in OSCC tissues. Dense 
overlapping of CAFs distributed throughout the tumor were considered as 
CAFs‑rich. Correspondingly, CAFs not distributed throughout the entire 
tumor were grouped as CAFs‑poor. CAFs, cancer‑associated fibroblasts; 
OSCC, oral squamous cell carcinoma.
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CAFs to OSCC cells and regulates cell migration and inva-
sion, we further confirmed the overexpression of miR‑382‑5p 
in patient samples and analyzed the correlation between 
miR‑382‑5p overexpression and the metastasis, clinical stage 
and the density of CAFs. We extracted RNA from OSCC 
samples and the corresponding adjacent normal tissues and 
detected the expression of miR‑382‑5p. We compared the 
expression of miR‑382‑5p. As shown in Fig. 6, miR‑382‑5p was 
higher in the OSCC samples than that in the corresponding 
adjacent normal tissues. We further analyzed the relationship 
of miR‑382‑5p with the metastasis, clinical stage and the 
density of CAFs. As shown in Table II, miR‑382‑5p overex-
pression showed a positive association with OSCC metastasis, 
clinical stage, but shows no relevance with CAFs density. To 
further confirm whether there is relationship of miR‑382‑5p 
expression with CAFs density, we transfected miR‑382‑5p 
mimics in CAFs and measured the cell proliferation of CAFs. 
As shown in Fig. S1, miR‑382‑5p mimic transfection did not 
alter the proliferation of CAFs, indicating that miR‑382‑5p 
may not be a regulator of CAF cell proliferation and therefore 
is not correlated with CAF density.

Discussion

In the present study, we showed that exosomes from CAFs can 
transfer miR‑382‑5p to OSCC cells and are correspondingly 
associated with OSCC cell migration and invasion. We firstly 
analyzed the relevance of CAF density in OSCC to the clinico-
pathological characteristics of patients. Next, we determined 
that CAF‑conditioned media boost OSCC cell migration 
and invasion compared with NF‑conditioned media. More 
importantly, we demonstrated that CAF prolifically expressed 
miR‑382‑5p can be transported from CAFs to OSCC cells 
through exosomes.

Figure 2. (A) Microphotographs of CAFs and NFs. (B) Immunochemistry 
staining of α‑SMA in CAFs and NFs. (C) Percentage of α‑SMA‑positive 
cells in CAFs and NFs. (D) Proteins of CAFs and NFs isolated from two 
patients were subjected to western blot analysis to detect the expression 
of α‑SMA. CAFs, cancer‑associated fibroblasts; NFs, normal fibroblasts; 
α‑SMA, α‑smooth muscle actin.

Table I. Association of CAF density and clinicopathologic features of the OSCC patients.

Characteristics	 Total (n=47)	 CAFs‑rich (n=19)	 CAFs‑poor (n=28)	 P‑value

Sex				    0.959
  Male	 27	 11	 16
  Female	 20	 8	 12
Age (years)				    0.759
  <60	 17	 6	 11
  ≥60	 30	 13	 17
Lymph node metastasis				    0.036a

  Yes	 21	 12	 9
  No	 26	 7	 19
TNM stage				    0.029a

  Ⅰ/Ⅱ	 17	 3	 14
  Ⅲ/Ⅳ	 30	 16	 14
Differentiation grade				    0.240
  Well	 12	 5	 7
  Moderate	 21	 6	 15
  Poor	 14	 8	 6

CAFs, cancer‑associated fibroblasts; OSCC, oral squamous cell carcinoma; TNM, Tumor‑Node‑Metastasis. aP<0.05 indicates statistical significance.
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Recently, multiple studies have shown that CAFs enhance 
the migration and invasion in several tumor types  (37), 
through either re‑modifying the tumor microenvironment or 
regulating the gene expression of the tumor cell itself. Here, 
we manifested that CAF density is related to OSCC metas-
tasis, and furthermore, demonstrated that CAFs can promote 
OSCC cell migration and invasion, indicating that CAFs are 

one of the motivators for OSCC metastasis. Our finding of 
CAFs being responsible for OSCC metastasis agrees with 
several previous reports. Wu et al reported that knockdown 
of galectin‑1 in CAFs inhibits oral squamous cell carcinoma 
metastasis by downregulating MCP‑1/CCL2 expression (38). 
Ohata et al showed that activated fibroblast‑secreted leukemia 
inhibitory factor participates in the invasiveness of OSCC (39). 

Figure 4. CAF‑derived exosomes promote OSCC cell migration and invasion. (A) After CAF‑ or NF‑derived exosomes were added to the CAL‑27 culturing 
medium for 24 h, MMP‑3, MMP‑9, N‑cadherin and β‑catenin in CAL‑27 cells were detected with Western blot analysis. (B) After CAF‑ or NF‑derived 
exosomes were added to CAL‑27 culturing medium for 24 h, CAL‑27 cells were subjected to Transwell migration and invasion assays. Microphotographs of 
the migrated and invaded cells (left panel). Cell counting of migrated and invaded cells from 5 separated fields (right panel). *P<0.05. CAFs, cancer‑associated 
fibroblasts; OSCC, oral squamous cell carcinoma; NFs, normal fibroblasts; MMP, matrix metalloproteinase.

Figure 3. CAFs are associated with OSCC cell migration and invasion. (A) CAL‑27 cells were co‑cultured with CAFs or NFs. (B) CAL‑27 cells were 
co‑cultured with CAFs or NFs. Protein of CAL‑27 cells was extracted and subjected to western blot analysis to detect the expression of MMP‑3, MMP‑9, 
N‑cadherin and β‑catenin. (C) CAL‑27 cells were co‑cultured with NFs or CAFs, and subjected to Transwell migration and invasion assays. Microphotographs 
of migrated and invaded cells (left panel). Cell counting of migrated and invaded cells from 5 separated fields (right panel). *P<0.05. CAFs, cancer‑associated 
fibroblasts; NFs, normal fibroblasts; OSCC, oral squamous cell carcinoma; MMP, matrix metalloproteinase; CAFs‑Co, CAL‑27 cells co‑cultured with CAFs; 
NFs‑Co, CAL‑27 cells co‑cultured with NFs.
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Therefore, CAFs may be a promising target for OSCC therapy, 
as well as a candidate biomarker for OSCC prognosis. 

Dysregulation of miRNAs in cancer cells has been 
widely reported to be involved in cancer growth and progres-
sion (40,41); however, the dysregulation and dysfunction of 
miRNAs in CAFs is ambiguous. As the most abundant stromal 
cells in the tumor microenvironment, CAFs play essential 
roles in cell‑cell communication and in the facilitation of more 
aggressive behaviors of tumor cells  (42). Dysregulation of 

miRNAs in CAFs is increasingly recognized to be important 
elements for tumor proliferation, invasion, and metastasis in 
many types of solid tumors (42). The present study showed 
that miR‑382‑5p is upregulated in CAFs of OSCC compared 
with NFs. miR‑382‑5p aggravates ther progression of several 
types of cancer via multiple mechanisms. It has been found 
that miR‑382‑5p promoted breast cancer cell proliferation, 
migration and invasion through the RERG/Ras/ERK signaling 
axis (27). Through targeting ZIC4, miR‑382‑5p was found to 

Figure 5. miR‑382‑5p is transferred from CAFs to OSCC cells through exosomes and induces cell migration and invasion. (A) Expression of miR‑382‑5p in 
NFs and CAFs. *P<0.05. (B) The miR‑382‑5p level in CAL‑27 cells co‑cultured with CAFs or NFs. (C) CAFs transfected with the miR‑382‑5p inhibitor or 
negative control were co‑cultured with CAL‑27 cells. Microphotographs of the migrated and invaded CAL‑27 cells (left panel). Cell counting of migrated and 
invaded cells from 5 separated fields (right panel). (miR‑382‑5p In, miR‑382‑5p inhibitor). *P<0.05. (D) miR‑382‑5p was transported from CAFs to CAL‑27 
cells through exosomes. (a) Fluorescent microphotographs of CAFs transfected with FAM‑labelled miR‑382‑5p mimics. (b) Fluorescent microphotographs of 
CAL‑27 cells co‑cultured with CAFs. (c) Fluorescent microphotographs of CAL‑27 cells co‑cultured with CAFs under GW4869 treatment. (E) miR‑382‑5p 
promoted CAL‑27 cell migration and invasion. Microphotographs of migrated and invaded CAL‑27 cells with miR‑382‑5p mimics or negative control trans-
fection (left panel). Cell counting of migrated and invaded cells from 5 separated fields (right panel). *P<0.05. CAFs, cancer‑associated fibroblasts; OSCC, oral 
squamous cell carcinoma; NFs, normal fibroblasts.
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promote angiogenesis in glioma (29). As distinguished from 
other studies of miR‑382‑5p functioning in tumor cells, our 
study focused on the function of miR‑382‑5p in assisting 
CAFs to regulate OSCC, indicating that targeting miR‑382‑5p 
or blocking its transport from CAFs to OSCC cells could be 
a possible strategy for OSCC treatment. However, there is 
one ambiguous point that we have not elucidated. Although 
we verified that miR‑382‑5p plays important roles in the 

regulation of OSCC by CAFs, whether miR‑382‑5p is the only 
or the most upregulated miRNA in CAFs in OSCC remains 
unknown. Huge individual difference between OSCC patients 
must be taken into account. Multicenter, large‑scale trials may 
be needed to shed light on this point.

miR‑382‑5p may be a driver of CAF function but does not 
determine the CAF density in OSCC. miR‑382‑5p is overex-
pressed in CAFs and can be transferred to OSCC cells to induce 
cell migration and invasion, indicating that miR‑382‑5p at least 
is one of the mediators participating in CAF‑OSCC cell commu-
nications. Yet, miR‑382‑5p overexpression shows no correlation 
with CAF density, indicating that even if miR‑382‑5p regulates 
CAF function, it does not determine the amount of CAFs in 
OSCC tissues. The in vitro result showing that miR‑382‑5p 
does not alter CAF proliferation can be an explanation of why 
miR‑382‑5p is not correlate with CAF density. 

Actually, there are still several ambiguous points 
requiring further study, including whether downregulation of 
miR‑382‑5p could reverse CAFs to NFs and how miR‑382‑5p 
induces cell migration and invasion when transported to 
OSCC cells. Although we verified that miR‑382‑5p can be 
transported from CAFs to OSCC cells, the target genes or 
signaling pathways participating in the miR‑382‑5p‑mediated 
regulation of cell migration and invasion remain unknown. It 
has been reported that DLC‑1 and RERG/Ras/ERK signaling 
axis are downstream targets of miR‑382‑5p and are responsible 
for miR‑382‑5p‑induced breast cancer or liver cancer migra-
tion and invasion (27,28). In addition, Targetscan (http://www.
targetscan.org/vert_71/), which is a software program for 

Table II. Association of miR‑382‑5p overexpression and clinicopathologic features of the OSCC patients.

	 miR‑382‑5p overexpression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Total (n=47)	 + (n=31)	‑  (n=16)	 P‑value

Sex				  
  Male	 27	 18	 9	 0.574
  Female	 20	 13	 7	
Age (years)				  
  <60	 17	 11	 6	 0.569
  ≥60	 30	 20	 10	
Lymph node metastasis				  
  Yes	 21	 18	 3	 0.011a

  No	 26	 13	 13	
TNM stage				  
  Ⅰ/Ⅱ	 17	 8	 9	 0.042a

  Ⅲ/Ⅳ	 30	 23	 7	
Differentiation grade				  
  Well	 12	 6	 6	 0.139
  Moderate	 21	 13	 8	
  Poor	 14	 12	 2	
CAF density				  
  Rich	 19	 14	 5	 0.274
  Poor	 28	 17	 11	

OSCC, oral squamous cell carcinoma; TNM, Tumor‑Node‑Metastasis; CAF, cancer‑associated fibroblast. aP<0.05 indicates statistical significance.

Figure 6. Relative miR‑382‑5p expression in OSCC tissue and paired 
adjacent normal tissue. The data of miR‑382‑5p is presented as 
2‑(Cq(miR‑382‑5p)‑Cq(U6)). miR‑382‑5p expression data for adjacent normal 
tissue and paired tumour tissue are linked with dashed lines. Differences 
between groups were determined using the paired Student's t‑test. OSCC, oral 
squamous cell carcinoma; N, adjacent normal tissue; T, OSCC tissue. *P<0.05.
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searching for predicted microRNA targets, predicted that 
PTEN, YBX1, RUNX1, STC1, JAM2 and MMP16 were candi-
date target genes of miR‑382‑5p. The targets and downstream 
pathways involved in the mediation of OSCC migration and 
invasion by miR‑382‑5p warrant further investigation. 

In conclusion, we elucidated a new mechanism of 
CAF‑induced OSCC progression. CAF‑derived exosomes 
transport miR‑382‑5p to OSCC cells and contributed to OSCC 
cell migration and invasion. Our finding may be beneficial for 
discovering novel cancer therapeutic targets.
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