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Abstract. MicroRNA‑375 (miR‑375) serves an important 
role in cancer development and growth. However, little is 
known about the role of miR‑375 in the regulation of oral 
squamous cell carcinoma (OSCC) metastasis and invasion. 
The present study measured the expression levels of miR‑375 
in Tca8113, UM2, UM1 and CAL‑27 cell lines, using reverse 
transcription‑quantitative polymerase chain reaction. The 
results demonstrated that miR‑375 expression levels were 
significantly reduced in UM1 and CAL‑27 (highly metastatic) 
compared with Tca8113 and UM2 (less aggressive) OSCC 
cell lines. Furthermore, it was revealed that overexpression of 
miR‑375 suppressed the migration and invasion of UM1 cells. 
Based on a luciferase reporter assay, platelet‑derived growth 
factor‑A (PDGF‑A) was identified as a direct target gene of 
miR‑375. Additionally, overexpression of PDGF‑A signifi-
cantly reversed the effect of miR‑375 on cell migration and 
invasion in UM1 cells. These data demonstrated that miR‑375 
suppressed OSCC cell migration and invasion by targeting 
PDGF‑A, which may be a potential therapeutic target for the 
treatment of OSCC.

Introduction

Oral squamous cell cancer (OSCC), characterized by the 
development of malignant tumors in the mouth, is the eighth 
most common type of cancer worldwide (1). In China, the 
incidence of oral cancer is ~3‑6/100,000 individuals; however, 
this number is increasing every year. Smoking, alcohol abuse 
and betel quid‑chewing serve important roles in the etiology of 
oral cancer. At present, although have been certain advances 

in surgery, radiotherapy and chemotherapy for oral cancer, 
the mortality rate remains high (2). Tumor metastasis is the 
primary cause of mortality in patients with oral cancer (3). 
Therefore, an increased understanding of the mechanisms 
underlying oral cancer metastasis is required to develop novel 
therapeutic strategies.

microRNAs (miRNAs) suppress gene expression levels via 
direct binding to the 3' untranslated region (UTR) of target 
mRNA, thereby regulating the expression levels of various 
oncogenes and tumor suppressors involved in metastasis and 
tumor progression  (4‑6). miRNA (miR)‑375 may function 
as a tumor suppressor, and there is increasing evidence to 
suggest that it may be useful as a diagnostic biomarker and 
a therapeutic target for cancer treatment. Winther et al (7) 
demonstrated that miR‑375 served as a prognostic biomarker in 
patients with primary esophageal squamous cell carcinomas. 
In laryngeal squamous cell carcinoma, the miR‑21/miR‑375 
ratio was revealed as an independent prognostic marker (8). 
In colorectal carcinoma, Mao  et  al  (9) demonstrated that 
miR‑375 was a potential therapeutic target for the treatment 
of colorectal cancer, which reduces the proliferation of condi-
tionally reprogrammed cells via regulating the expression 
levels of the Kruppel‑like factor (KLF)4 protein. In tongue 
squamous cell carcinoma, overexpression of miR‑375 inhib-
ited specificity protein 1 expression levels, which resulted 
in subsequent downregulation of cyclin D1. The same study 
suggested that miR‑375 may inhibit cell growth in tongue 
squamous cell carcinoma (10). Song et al (11) revealed that 
miR‑375 modulated the radiosensitivity of high‑risk human 
papilloma virus‑positive cervical cancer cells by targeting 
ubiquitin‑protein ligase E3A via the tumor suppressor p53 
signaling pathway. In OSCC, although miR‑375 was demon-
strated to be a potentially significant early‑stage biomarker 
and therapeutic target (12), its exact functions and underlying 
mechanisms associated with cancer metastasis and invasion 
remain unclear.

The present study investigated the role of miR‑375 in the 
regulation of OSCC cell migration and invasion. These data 
demonstrated that miR‑375 was downregulated in highly 
metastatic OSCC cell lines, and that its overexpression 
suppressed OSCC cell migration and invasion. Mechanistic 
studies revealed that miR‑375 may directly bind to the 3'‑UTR 
of platelet‑derived growth factor subunit A (PDGF‑A) and 
downregulate its expression levels, which may suppress OSCC 
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cell migration and invasion. The present study provides impor-
tant insight into miR‑375‑mediated regulation of OSCC cell 
migration and metastasis.

Materials and methods

Cell lines and culture. The CAL‑27, Tca8113, UM1 and UM2 
OSCC cell lines (China Center for Type Culture Collection, 
Wuhan, China) were cultured in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS), 100  U/ml penicillin and 100  µg/ml streptomycin 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
All cells were incubated at 37˚C in 5% CO2.

Transfection with miR‑375 mimic and PDGF‑A. miR‑negative 
control (miR‑NC, 5'‑UCA​CAA​CCU​CCU​AGA​AAG​AGU​
AGA‑3') and miR‑375 mimic (5'‑UUU​GUU​CGU​UCG​GCU​
CGC​GUG​A‑3') were purchased from GenePharma Co., Ltd. 
(Shanghai, China). The full‑length PDGF‑A (NM_002607.5) 
was cloned and inserted into the pcDNA3.1 expression plasmid 
(Promega Corporation, Madison, WI, USA). Cells were plated 
at 50% confluence and transfected with 300 nM miR‑NC, 
miR‑375 mimic and/or 10 µM PDGF‑A or pcDNA3.1 empty 
vector using the Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufactur-
er's protocol. Cells were harvested 24 or 48 h after transfection 
and subjected to further analysis.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. Total RNA 
was extracted from cultured cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. miR‑375 expression levels were 
analyzed using the TaqMan Advanced miRNA assay (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) and U6 served 
as an internal control. To evaluate PDGF‑A mRNA expres-
sion levels, RT‑qPCR was performed using the PrimeScript 
RT Reagent kit and SYBR® Premix Ex Taq reagent (Takara 
Biotechnology Co., Ltd., Dalian, China) according to the 
manufacturer's protocol. GAPDH served as an internal 
control. RT‑qPCR was performed on an Applied Biosystems 
7500 system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The PDGF‑A and GAPDH primer sequences used for 
RT‑qPCR are presented in Table I. Gene expression levels were 
measured in triplicate, quantified using the 2‑ΔΔCq method, and 
normalized to the control (13). The qPCR was conducted using 
the following conditions: 95˚C for 5 min followed by 40 cycles 
of 95˚C for 15 sec and 60˚C for 60 sec.

Transwell migration and invasion assays. Cell migration and 
invasion were assessed using a Transwell migration assay. 
For this, UM1 cells were harvested, and 5x104 cells in 200 µl 
DMEM containing 0.1% FBS were placed into the upper 
chamber of an insert (8‑µm pore size; BD Biosciences, San 
Jose, CA, USA). The lower chamber was filled with 600 µl 
DMEM containing 10% FBS. Migrating cells were imaged 
using a Leica light microscope (Leica Microsystems GmbH, 
Wetzlar, Germany; magnification, x200) in five randomly 
selected fields per well, and the mean count was calculated. 
For the invasion assays, 5x104 cells were seeded into the 

upper chamber, which had been precoated with Matrigel (BD 
Biosciences) and incubated for 24 h. Following the removal 
of cells from the upper chamber with a cotton swab, the cells 
in the lower chamber were fixed with 4% paraformaldehyde, 
stained with 0.1% crystal violet solution in 20% ethanol, 
and counted in five randomly‑selected fields, using a phase 
contrast light microscope at a magnification x200 (Olympus 
Corporation, Tokyo, Japan), following which the mean count 
was calculated. The assays were performed in triplicate.

Western blotting. The different experimental groups of 
UM1 cells were harvested and lysed using radioimmu-
noprecipitation assay buffer (Takara Biotechnology Co., 
Ltd.) and the total protein concentration was determined 
using the Bicinchoninic Acid Protein Assay kit (Beyotime 
Institute of Biotechnology, Nantong, China). Proteins (30 µg) 
were separated by 8% SDS‑PAGE and transferred onto 
polyvinylidene difluoride membranes. After blocked with 
5% non‑fat milk in Tris‑buffered saline containing 0.05% 
Tween‑20 (TBST) for 1 h at 37˚C, the membranes were incu-
bated with a polyclonal rabbit anti‑human PDGF‑A antibody 
(1:500; cat. no. ab125268; Abcam, Cambridge, MA, USA) or 
a monoclonal rabbit anti‑human β‑actin antibody (1:2,000; 
cat. no.  ab115777; Abcam) for 1  h at 37˚C. Membranes 
were incubated with a horseradish peroxidase‑conjugated 
goat anti‑rabbit IgG H&L secondary antibody (1:10,000; 
cat. no. ab97080; Abcam) for 40 min and proteins were visual-
ized using an Enhanced Chemiluminescence reagent (Pierce; 
Thermo Fisher Scientific, Inc.). The expression levels of the 
proteins of interest were normalized against the expression 
levels of β‑actin. Quantification was performed using ImageJ 
version 6.0 (National Institutes of Health, Bethesda, MD, 
USA).

Reporter vector construction and luciferase reporter assay. 
miR‑375 targets were predicted using the online miRNA 
target prediction software TargetScan (www.targetscan.org) 
and miRanda (www.microrna.org/microrna/home.do). To 
determine whether the 3'‑UTR of PDGF‑A mRNA was a 
direct target of miR‑375, the full‑length wild‑type 3'‑UTR of 
PDGF‑A and mutant 3'‑UTR of PDGF‑A were amplified and 
cloned into the psi‑CHECK‑2 vector (Promega Corporation, 
Madison, WI, USA). The primer sequences used for the 
construction of the reporter vector are presented in Table I. 
UM2 cells were co‑transfected with 100  ng plasmid and 
200 nmol/l miR‑375 mimic or miR‑NC in 24‑well plates. 
Cell lysates were harvested 48 h after transfection. The firefly 
and Renilla luciferase fluorescence intensities were measured 
using the Dual‑Luciferase Reporter assay system (Promega 
Corporation) and experiments were performed in triplicate.

Statistical analysis. All statistical analyses were performed 
using SPSS software version 19.0 (IBM SPSS, Armonk, NY, 
USA). Data are presented as the mean ± standard deviation. A 
one‑way analysis of variance was used to compare the differ-
ences between miR‑375 expression levels in different OSCC 
lines and followed by a least significant difference post hoc 
test. A Student's t‑test was used to compare the differences 
prior to and following treatment. P<0.05 was considered to 
indicate a statistically significant difference.
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Results

miR‑375 is downregulated in highly metastatic OSCC cell 
lines. To assess the role of miR‑375 in the regulation of OSCC 
cell migration and invasion, miR‑375 expression levels in 
UM2 and Tca8113 (less metastatic) and UM1 and CAL‑27 
(highly metastatic) OSCC cell lines were determined using 
RT‑qPCR. The results demonstrated that expression levels of 
miR‑375 were significantly decreased in UM1 compared with 
Tca8113 (P<0.001) and UM2 cell lines (P=0.003); however, 
no significant differences were identified in the CAL‑27 cell 
line (P=0.278; Fig. 1). The expression levels of miR‑375 were 
reduced in the highly metastatic OSCC cell lines, particu-
larly in UM1, compared with the less metastatic ones. Based 
on these results, the UM1 cell line was selected for further 
experiments.

Overexpression of miR‑375 suppresses migration and invasion 
of UM1 cells. To assess the role of miR‑375 in the regulation 
of OSCC cell migration and invasion, an miR‑375 mimic or 
an miR‑NC was transfected into UM1 cells. After 48 h of 
culture, UM1 cells were harvested for RT‑qPCR. The results 
demonstrated that transfection of UM1 cells with an miR‑375 
mimic significantly increased miR‑375 expression levels in 
UM1 cells (P=0.005) (Fig. 2A). Furthermore, following the 
transfection of cells with the miR‑375 mimic or miR‑NC 
for 48 h, Transwell assays were performed to measure UM1 
cell migration and invasion. The Transwell migration assay 
revealed that the ability of the cells to migrate through the 
membrane into the lower chamber was significantly inhib-
ited in the miR‑375 mimic‑transfected cells compared with 
miR‑NC‑transfected cells (P=0.002; Fig. 2B). The Transwell 
invasion assay demonstrated that the ability of the cells to pass 
through a Matrigel‑coated membrane into the lower chamber 

was significantly decreased in the miR‑375 mimic‑transfected 
cells compared with the miR‑NC‑transfected cells (P<0.001; 
Fig. 2C). Representative images of migrated and invaded cells 
are presented in Fig. 2D and E, respectively.

miR‑375 regulates PDGF‑A expression levels via targeting 
of its 3'‑UTR. To further elucidate the mechanisms under-
lying miR‑375‑mediated suppression of UM1 cell migration 
and invasion, the targets of miR‑375 were identified using 
the prediction algorithms of TargetScan and miRanda. This 
analysis identified PDGF‑A as a potential target of miR‑375, 
based on the putative binding site at positions 163‑169 of the 
PDGF‑A 3'‑UTR (Fig. 3A). To demonstrate the association 
between miR‑375 and PDGF‑A, the protein expression levels 
of PDGF‑A in the UM1, CAL‑27, UM2 and Tca8113 cell lines 
were determined. The results confirmed that the UM1 and 
CAL‑27 (highly metastatic) cell lines had greater levels of 
PDGF‑A protein compared with the Tca8113 and UM2 (less 
metastatic) cell lines (P<0.001, Tca8113 and UM2 compared 
with UM1; P=0.003, P=0.009, respectively; Tca8113 and UM2 
compared with CAL‑27; Fig. 3B and C). Luciferase reporter 
vectors, co‑transfected into UM1 cells with miR‑375 mimic or 
miR‑NC, were used to further examine whether PDGF‑A was 
the target of miR‑375. These contained wild‑type PDGF‑A 
3'‑UTR or a mutant 3'UTR mutated at the predicted miR‑375 
binding site. A significant decrease in the luciferase activity 
of the reporter was observed for the wild‑type PDGF‑A 
3'‑UTR‑containing vector compared with miR‑NC (P<0.001), 
whereas this decrease did not occur when the target site was 
the mutated PDGF‑A 3'‑UTR (P=0.158; Fig.  3D). These 
results indicated that the sequence in the 163‑169 bp region 
of the PDGF‑A 3'‑UTR interacted with miR‑375, leading 
to the inhibition of PDGF‑A expression levels in UM1 
cells. Additionally, the effects of miR‑375 overexpression 
on PDGF‑A mRNA and protein levels were examined. As 
expected, overexpression of miR‑375 did not cause degrada-
tion of PDGF‑A mRNA (P=0.096) (Fig. 3E); however, it did 
result in a significant reduction in the protein expression levels 

Figure 1. miR‑375 is downregulated in highly metastatic OSCC cell lines. The 
miR‑375 expression levels in UM1 and CAL‑27 (highly metastatic) and UM2 
and Tca8113 (less metastatic) OSCC cell lines were detected using reverse 
transcription‑quantitative polymerase chain reaction. Data are presented as 
the mean ± standard deviation, *P<0.05. miR‑375, microRNA‑375; OSCC, 
oral squamous cell carcinoma.

Table I. Primer sequences.

Primer name	 Sequence (5'‑3')

PDGF‑A‑F	 CCCCTGCCCATTCGGAGGAAGAG
PDGF‑A‑R	 TTGGCCACCTTGACGCTGCGGTG
GAPDH‑F	 ACACCCACTCCTCCACCTTT
GAPDH‑R	 TTACTCCTTGGAGGCCATGT
psiCHECK2‑XhoI‑F	 CCGctcgagcgGAGGAAGAG
	 AAGCATCGAG
psiCHECK2‑NotI‑R	 ATAAGAATgcggccgcTAAGGCTCTC
	 AGGAAGGTTTCTGTA
psiCHECK2‑mut‑F	 TGTGTCCGAGAACACTCGGGATC
	 GTTCGGAGACAGTGCACATTTGT
	 TTAATGT
psiCHECK2‑mut‑R	 ACATTAAACAAATGTGCACTGTC
	 TCCGAACGATCCCGAGTGTTCTC
	 GGACACA 

F, forward; R, reverse; PDGF‑A, platelet‑derived growth factor 
subunit A; mut, mutant. Lowercase letters represent the restriction 
enzyme sites. Bold letters represent the mutation site.
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of PDGF‑A (P=0.008; Fig. 3F and G). These data indicated 
that miR‑375 directly targeted the 3'‑UTR of PDGF‑A.

PDGF‑A is involved in the miR‑375‑induced effects on migra‑
tion and invasion of UM1 cells. To determine whether miR‑375 
contributes to UM1 migration and invasion via PDGF‑A, UM1 
cells were transfected with a PDGF‑A expression vector for 
48 h. PDGF‑A protein expression levels were increased in 
cells co‑transfected with the PDGF‑A expression vector and 
miR‑375 mimic, compared with cells co‑transfected with 
the NC vector and miR‑375 mimic (P<0.001; Fig. 4A and B). 

Transwell migration and invasion assays were performed, and 
representative images are presented in Fig. 4C and D, respec-
tively. The Transwell migration assay demonstrated that the 
ability of these cells to migrate through the membrane into 
the lower chamber was significantly enhanced in miR‑375 
mimic‑ and PDGF‑A‑transfected cells compared with 
miR‑375 mimic‑ and NC‑transfected cells (P=0.001; Fig. 4E). 
Additionally, the Transwell invasion assays revealed that 
the ability of the cells to pass through the Matrigel‑coated 
membrane into the lower chamber was significantly increased 
in miR‑375 mimic‑ and PDGF‑A‑transfected cells compared 

Figure 2. miR‑375 overexpression suppresses the migration and invasion of UM1 cells. (A) The expression levels of miR‑375 were detected using reverse 
transcription‑quantitative polymerase chain reaction following transfection with a miR‑375 mimic or miR‑NC for 48 h. The number of (B) migrating and 
(C) invading cells per field in the miR‑NC and miR‑375 mimic groups were calculated following Transwell assays. Representative images of UM1 cell 
(D) migration and (E) invasion. Data are presented as the mean ± standard deviation. *P<0.05 vs. miR‑NC. miR‑375, microRNA‑375; miR‑NC, microRNA 
negative control.
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with miR‑375 mimic‑ and NC‑transfected cells (P<0.001; 
Fig. 4F). These results suggested that miR‑375 affected the 
migration and invasion of UM1 cells via regulation of its target 
gene, PDGF‑A, and that overexpression of PDGF‑A was able 
to reverse the suppressive effect of miR‑375 in UM1 cells.

Discussion

miRNAs have been reported to serve essential roles in the 
progression of oral cancer (14‑16). Therefore, miRNAs may 
be promising novel targets for the development of oral cancer 

Figure 3. PDGF‑A is a direct target of miR‑375. (A) A predicted duplex formation between the wild‑type PDGF‑A 3'‑UTR and miR‑375. The mutant PDGF‑A 
sequence is presented, mutated at the predicted binding site. (B) Western blot analysis demonstrated PDGF‑A protein expression levels in oral squamous cell 
carcinoma cell lines. (C) Western blots were quantified by normalization to β‑actin, which served as an internal loading control. *P<0.05. (D) Luciferase activity 
of wild‑type or mutant PDGF‑A 3'‑UTR‑containing reporters in UM1 cells transfected with miR‑375 mimic or miR‑NC. *P<0.05 vs. miR‑NC. (E) Reverse 
transcription‑quantitative polymerase chain reaction analysis of PDGF‑A mRNA expression levels in UM1 cells transfected with miR‑375 mimic or miR‑NC. 
Data were normalized to GAPDH mRNA. (F) Western blotting images of PDGF‑A in UM1 cells transfected with miR‑375 mimic or miR‑NC. (G) Western 
blots were quantified by normalization to β‑actin, which served as an internal loading control. *P<0.05 vs. miR‑NC. Data are presented as the mean ± standard 
deviation. miR‑375, microRNA‑375; miR‑NC, microRNA negative control; PDGF‑A, platelet‑derived growth factor-A; UTR, untranslated region.
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treatments. miR‑375, which is frequently downregulated in 
oral cancer, is a prognostic biomarker for early‑stage OSCC 
patients (17). Shi et al (12) demonstrated that miR‑375 was 

involved in the premalignant progression of OSCC, via inter-
actions with the transcription factor KLF5, which modulates 
the expression levels of genes contributing to proliferation 

Figure 4. Effects of PDGF‑A overexpression on UM1 cell migration and invasion following transfection with miR‑375. (A) PDGF‑A protein expression levels 
48 h after transfection with PDGF‑A or NC and miR‑375 mimic were detected by western blotting. (B) Western blots were quantified by normalization to 
β‑actin, which served as an internal loading control. (C) Representative images of UM1 cell (C) migration and (D) invasion, as detected by Transwell assays, 
48 h after transfection with miR‑375 mimic plus NC or PDGF‑A. The average number of (E) migrating or (F) invading cells per field in the miR‑375 plus NC 
and miR‑375 plus PDGF‑A groups. Data are presented as the mean ± standard deviation. *P<0.05 vs. miR‑375 plus NC. miR‑375, microRNA‑375; NC, negative 
control; PDGF‑A, platelet‑derived growth factor-A.
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and apoptosis. The present study aimed to investigate the 
regulatory role of miR‑375 in OSCC cell migration and inva-
sion. The results revealed that miR‑375 was downregulated in 
highly metastatic, compared with less metastatic, OSCC cell 
lines. Additionally, overexpression of miR‑375 suppressed the 
migration and invasion of UM1 cells. These results indicated 
that reduced expression levels of miR‑375 may induce more 
aggressive tumor behavior during oral cancer progression. 
These results are similar to those reported by Siow et al (18), 
who demonstrated that low miR‑375 expression levels were 
significantly associated with late‑stage disease, larger tumor 
size and a non‑cohesive pattern of invasion in OSCC.

To investigate the underlying mechanisms by which miR‑375 
contributes to UM1 migration and invasion, software tools were 
used to predict the target genes of miR‑375. PDGF‑A was of 
particular interest due to its role in the migration and invasion of 
cells during cancer development. PDGF was originally isolated 
from blood platelets as a growth factor for cells of mesenchymal 
origin, but the PDGF gene is additionally expressed by a variety 
of cell types throughout development and in adult vertebrates. 
PDGF‑A serves a key role in the regulation of multiple biological 
functions, including vascularization, cell migration and invasion, 
and tumor development. Emerging evidence implicates PDGF‑A 
as a potential prognostic marker, independent of the traditional 
pathologic parameters (19,20). The promoter of this gene is a 
potential target for an efficient and selective antineoplastic 
gene therapy in multiple cancer types, including breast cancer 
and osteosarcoma (21,22); however, the biological functions of 
PDGF‑A in OSCC remain to be determined. Identifying the 
association between miR‑375 and PDGF‑A, which is essential 
for tumor progression, may provide novel therapeutic targets. As 
demonstrated in the present study, the protein expression levels 
of PDGF‑A in the highly metastatic cell lines was significantly 
greater compared with less metastatic cell lines. The results 
revealed that the expression levels of PDGF‑A were negatively 
associated with the expression levels of miR‑375. Furthermore, 
these data indicated that miR‑375 directly bound to the 3'‑UTR 
of PDGF‑A mRNA and affected PDGF‑A expression levels in 
UM1 cells. Overexpression of PDGF‑A significantly reversed 
the suppressive effect of miR‑375 on OSCC migration and inva-
sion. The reversal effect was full, as the migration and invasion 
ability of miR‑375 mimic‑ and PDGF‑A‑transfected cells was 
similar to that of NC‑transfected only cells. These results indi-
cated that PDGF‑A is a potential tumor promoter that induces 
increased migration and invasion in the UM1 OSCC cell line, 
consistent with the previously described functions of this protein 
in other types of cancer (22).

In conclusion, the present study demonstrated that the 
expression levels of miR‑375 were significantly reduced in 
highly metastatic compared with less metastatic OSCC cell 
lines, and that miR‑375 inhibited cell migration and inva-
sion by targeting the tumor promoter PDGF‑A in UM1 cells. 
Therefore, miR‑375 may be a promising therapeutic target for 
the treatment of oral cancer.
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