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Abstract. The aim of the present study was to investigate the 
roles of microRNA (miR)‑138 and interferon‑stimulated gene 
15 (ISG15) in patients with oral squamous cell carcinoma 
(OSCC). miR‑138 and ISG15 expression in cancer tissues was 
detected, and the influence on proliferation, migration and 
invasion of OSCC cell lines was assessed. Reverse transcrip-
tion‑quantitative polymerase chain reaction was performed to 
analyze the expression of miR‑138 and ISG15 in resected cancer 
tissues and pericancerous tissues harvested from patients with 
OSCC. The protein level of ISG15 was determined via western 
blot analysis. The constructed pGCMV/EGFP/miR‑138 
plasmid was transfected into CAL27 and SCC‑15 OSCC cell 
lines via a liposome method to upregulate miR‑138 expression. 
The transfection efficiency was determined based on miR‑138 
expression levels, and changes in proliferation, migration and 
invasion were subsequently compared with those in untrans-
fected cells. The expression of ISG15 mRNA and protein was 
also detected in OSCC cells. miR‑138 was significantly down-
regulated (P<0.05) in cancer tissues compared with adjacent 
normal tissues in patients with OSCC, whereas ISG15 mRNA 
expression levels were significantly higher in pericancerous 
tissues (P<0.05). ISG15 protein levels were also significantly 
higher in pericancerous tissues (P<0.05). ISG15 protein and 
mRNA levels were significantly decreased in the transfected 
cells compared with the untransfected cells, which indicated 
that miR‑138 overexpression inhibited ISG15 expression. 
Additionally, the invasion, migration and proliferation abili-
ties of successfully transfected CAL27 and SCC‑15 cells were 
significantly decreased compared with the untransfected cells 
(P<0.05). The results of the present study suggest that miR‑138 
functions as a tumor‑suppressive miR and serves an important 
role in OSCC via regulating ISG15 expression. These findings 

suggest that miR‑138 is able to inhibit the proliferation, migra-
tion and invasion of OSCC cell lines.

Introduction

Oral cancer is the sixth most prevalent form of cancer, with 
oral squamous cell carcinomas (OSCC) having the highest 
morbidity of all head and neck cancers  (1). Patients with 
OSCC typically have a poor prognosis due to its invasion 
and migration capabilities, and the five‑year survival rate is 
<50% (1). The underlying mechanisms of OSCC develop-
ment were complex and dependent on regulation at the DNA, 
transcriptional, post‑transcriptional and protein levels (2). 
microRNAs (miRNAs or miRs) are a class of 20‑25 nucleo-
tide endogenous non‑coding RNAs (3). miRNAs are able to 
regulate various biological processes, such as metabolism, 
differentiation, proliferation and apoptosis  (4). Numerous 
studies have demonstrated that miRNAs are able to serve 
as oncogenes and tumor suppressors, and participate in the 
development of cancers via regulating tumor cell prolifera-
tion, differentiation, apoptosis and other biological processes 
by degrading mRNA or inhibiting translation of onco-
genes or tumor suppressor genes (5,6). miRNAs have been 
demonstrated to be associated with the development and 
progression of cancers, and they may have potential applica-
tions as biomarkers for the diagnosis of various cancers (7). 
miR‑138 has previously been demonstrated to serve as a 
tumor suppressor gene in nasopharyngeal cancer (8), liver 
cancer  (9) and ovarian cancer  (10); however, the roles of 
miR‑138 in the development and progression of OSCC 
remain to be elucidated.

The ubiquitin proteasome pathway (UPP) is an important 
mechanism underlying intracellular protein degradation (11). 
Following ubiquitination, the modified proteins will be 
degraded by proteasome  (11). Interferon‑stimulated gene 
15 (ISG15) is a small protein with a low molecular weight 
induced by the expression of type I interferon, which is an 
upstream regulator in the UPP pathway. A previous study 
revealed that UPP participates widely in cell cycle regulation 
and apoptosis  (12). Desai et al  (13) demonstrated that the 
overexpression of ISG15 in cancer cells is able to negatively 
regulate ubiquitin‑26S UPP via inhibiting the poly‑ubiqui-
tination of target proteins. ISG15 was also demonstrated to 
be upregulated in breast cancer, ovarian cancer and prostate 
cancer cells, whereas the corresponding ubiquitinated proteins 
were downregulated  (13). ISG15 was also upregulated in 
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cancer tissues from patients with pancreatic, endometrial 
and bladder cancer compared with pericancerous tissues (14). 
Andersen  et  al  (15) demonstrated that ISG15 was highly 
expressed in bladder cancer tissues and that expression levels 
were significantly associated with the malignant grading. In 
the present study the expression and roles of miR‑138 and 
ISG15 were investigated in patients with OSCC along with 
bioinformatic predictions.

Materials and methods

Collection of cancer tissues. The present study included a total 
of 20 patients with OSCC who underwent surgical resection at 
the Affiliated Hospital of Luzhou Medical College (Luzhou, 
China) between December 2013 and December 2014. Patients 
had an average age of 56 years, and there were 12 males and 
8 females. Prior to surgery, all patients were diagnosed with 
OSCC by pathologists. Patients received no radiotherapy, 
chemotherapy or other adjuvant therapies. Cancer tissues 
and pericancerous tissues were frozen with liquid nitrogen 
and stored at ‑80˚C within 10 min of being harvested. Prior 
written and informed consent was obtained from all patients 
and the study was approved by the Ethics Review Board of the 
Affiliated Hospital of Luzhou Medical College.

Bioinformatics prediction. Targetscan (www.targetscan.org) 
was used to analyze the miRNA binding sites in the ISG15 
mRNA 3'‑untranslated region (UTR). The candidate miRNAs 
were listed based on the scores assigned by Targetscan. 
Combined with the results of a literature review, miR‑138 was 
selected for use in the present study.

Cell culture and transfection. Two OSCC cell lines, CAL27 and 
SCC‑15 (American Type Culture Collection, Manassas, VA, 
USA), were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Hyclone; GE Healthcare Life Sciences, Logan, UT, 
USA) containing L‑glucose (Hyclone; GE Healthcare Life 
Sciences) and 10% fetal bovine serum (Beyotime Institute of 
Biotechnology, Haimen, China) (FBS). Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) was used to transfect CAL27 and SCC‑15 cells according 
to the manufacture's protocol. At 24 h prior to transfection, 
2x105 log‑growth cells were seeded in 24‑well plates. Cells were 
divided into three groups based on their transfection status: 
i) miR‑138 group (transfected with pGCMV/EGFP/miR‑138 
vector); ii) Neg‑miR‑138 group (Mock); and iii) control group 
(Blank). Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used for transfection according to the manu-
facturer's protocol. A total of 2 µg pGCMV/EGFP/miR‑138 
vector and 1 µl Lipofectamine 2000 was added into Eppendorf 
tubes containing 50 µl Opti Memi medium. The tube was 
left to stand for 5 min at room temperature, mixed together 
and subsequently left to stand for a further 20 min at room 
temperature. When cell density reached ~60%, cells were 
added to 24‑well plates. The H‑DMEM containing 10% FBS 
was replaced 6 h post‑transfection and cells were harvested 
at 48 h post‑transfection. Reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) was used to detect the 
expression of miR‑138 in the collected cells to determine the 
transfection efficiency.

RNA extraction and RT. Total RNA was isolated from tissues 
using 1 ml TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) 
reagent per 100 mg, according to the manufacturer's protocol. For 
transfected CAL27 and SCC‑15 cells, 2x105 cells were treated 
with 1 ml TRIzol reagent. The phenol‑chloroform method 
was used to extract total RNA as described previously (16). 
RNA integrity was verified via gel electrophoresis using 2% 
agarose gel, and the purity of RNA was detected using a 
spectrophotometer. cDNA was synthesized from total RNA via 
reverse transcription with the Reverse Transcription System 
(Takara Biotechnology Co., Ltd., Dalian, China) and stored at 
‑20˚C. The reverse transcription system included: 6 µl miRNA 
template, 10 µl 2X miRNA Reaction Buffer Mix, 2 µl 0.1% 
bovine serum albumin (BSA) and 2 µl miRNA PrimeScript RT 
Enzyme Mixture (all Takara Biotechnology Co., Ltd.) to give 
a total reaction volume of 20 µl. The reaction was performed 
at 37˚C for 60 min with PolyA primer. A total of 100 µl RNase 
free H2O was subsequently added and 2 µl was removed and 
used for quantitative detection.

Detection of miR‑138 by RT‑qPCR. The Takara PrimeScript kit 
(Takara Biotechnology Co., Ltd.) was used for the RT‑qPCR, 
and miR‑138 was detected using SYBR green RT‑qPCR with 
U6 as an internal reference. The primers for miR‑138 were 
forward 5'‑GAC​CCA​GAT​TCC​ACC​ATA​T‑3' and reverse 
(Uni‑miR qPCR Primer) 5'‑CAG​TGC​AGG​GTC​CGA​GGT‑3'. 
The reaction system included 12.5 µl SYBR Premix Ex Taq 
(Takara Biotechnology Co., Ltd.), 1 µl PCR Forward Primer 
(Sangon Biotech Co., Ltd., Shanghai, China), 1 µl Uni‑miR 
qPCR Primer (Takara Biotechnology Co., Ltd.), 2 µl template 
and 8 µl double distilled (dd) H2O. Each sample had 3 repli-
cates. The cycle conditions were as follows: 95˚C for 30 sec, 
40 cycles at 95˚C for 5 sec and 60˚C for 20 sec. The relative 
expression of miR‑138 was calculated by the 2‑ΔΔCq method 
compared with U6 (17).

ISG15 detection by RT‑qPCR. The SYBR Green RT‑qPCR 
Kit (Kapa Biosystems, Inc., Wilmington, MA, USA) was used 
to detect the expression of ISG15 in different specimens with 
GAPDH as an internal reference. The primers for ISG15 were 
forward 5'‑GCG​CAG​ATC​ACC​CAG​AAG​AT‑3' and reverse 
5'‑GTT​CGT​CGC​ATT​TGT​CCA​CC‑3'. The reaction system 
included 10 µl SYBR EX Taq‑Mix, 0.5 µl forward primer, 
0.5 µl reverse primer, 1 µl cDNA template and 8 µl ddH2O. 
Each sample had 3 replicates. The cycling conditions were as 
follows: 95˚C for 10 min, 25 cycles at 95˚C for 1 min, 60˚C for 
40 sec, 72˚C for 30 sec and finally 72˚C for 1 min. The relative 
expression was calculated using the 2‑ΔΔCq method (17).

Western blot analysis. A total of 50 mg of each tissue was 
ground into a powder with liquid nitrogen, and lysed with 
radioimmunoprecipitation assay for 20 min at 4˚C (50 mM 
Tris‑base (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany), 1  mM EDTA, 150  mM NaCl, 0.1% SDS 
(Sigma‑Aldrich; Merck KGaA), 1% TritonX‑100, 1% Sodium 
deoxycholate lysis buffer (Sigma‑Aldrich; Merck KGaA). 
The lysate was centrifuged at 12,000 g/min for 5 min at 4˚C. 
Proteins from transfected cells were collected via trypsin 
digestion (Beyotime Institute of Biotechnology). The protein 
concentration was detected using a bicinchoninic acid assay kit 
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(Beyotime Institute of Biotechnology). A total of 50 µl protein 
was mixed with an equal volume of 2X SDS loading buffer and 
boiled at 100˚C for 5 min. The proteins (2 µg per lane) were 
separated by 10% SDS‑PAGE (100 V constant voltage) and 
transferred to polyvinylidene fluoride membranes (300 mA 
constant current at 4˚C). The membrane then was blocked 
with 5% non‑fat milk in TBS‑Tween 20 (TBST) buffer for 
1 h at room temperature. Then, the primary rabbit anti‑human 
ISG15 (ab92345; 1:1,000) and rabbit anti‑human GAPDH 
antibodies (ab204481; 1:2,000) were added and incubated 
overnight at 4˚C. Following washing with TBST 3 times, the 
secondary horseradish peroxidase‑conjugated goat anti‑rabbit 
antibody (ab6721; 1:1,000) was added and incubated for 1 h 
at room temperature. All the antibodies were supplied by 
Abcam (Cambridge, MA, USA). Finally, after washing with 
TBST for 3 times, the membrane was developed via enhanced 
chemiluminescence plus reagent (EMD Millipore, Billerca, 
MA, USA). The developed film was scanned and quantified 
using Image Lab 4.0 software (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). GAPDH was used as an internal control 
to calculate the relative expression of ISG15. The experiment 
was repeated three times.

Cell migration assay. Migration assays were performed using 
a Transwell chamber (Corning Incorporated, Corning, NY, 
USA). Transfected cells of the miR‑138, mock and control 
groups were collected using trypsin and re‑suspended in 
DMEM containing 0.1% BSA to give a concentration of 
5x105 cells/ml. A total of 200 µl cell medium, containing 
1x105 cells, was seeded into the upper chamber and the bottom 
chamber was incubated with 750 µl medium containing 20% 
FBS. Cells were cultured at 37˚C for 4 h and cells in the 
upper chamber were scratched with a cotton swab. The cells 
in the lower chamber were fixed with formaldehyde at 22˚C 
for 15 min and stained using 0.1% crystal violet at 22˚C for 
20 min. Cells were then counted under a light microscope, 
and 3 fields were observed in each group. At 24, 48 and 72 h 
post‑transfection, the three groups of CAL27 and SCC‑15 cells 
(control, miR‑138 and Neg‑miR‑138 groups) were mixed with 
20 µl MTT solution (Beyotime Institute of Biotechnology). 
Cells were incubated for 4 h at 37˚C and the culture super-
natant was subsequently discarded. A further 150 µl MTT 
solution was added and the absorbance of CAL27 and SCC‑15 
cells was measured at 492 nm. The experiment was repeated 
three times.

Cell invasion assay. The invasion of CAL27 and SCC‑15 
cell lines was analyzed using a Transwell chamber (BD 
Biosciences, Franklin Lakes, NJ, USA). In the Transwell 
chambers, 500 µl serum‑free DMEM was added and placed 
at room temperature for 1  h for matrigel hydration. The 
lower chamber was incubated with 750 µl DMEM containing 
20% FBS. The transfected cells of the miR‑138, mock and 
control groups were re‑suspended to give a concentration of 
4x105 cells/ml. A total of 500 µl cell suspension was added 
to each chamber and subsequently cultured for 18 h at 37˚C 
in an atmosphere containing 5% CO2. Cells in the upper 
chamber were scratched with a cotton swab and cells in the 
lower chamber were fixed with 100% formaldehyde for 5 min 
at 22˚C and stained with 0.1% crystal violet for 5 min at 22˚C. 

The number of cells was subsequently counted under a light 
microscope. The experiment was repeated three times.

Statistical analysis. Data were analyzed using SPSS, version 
16.0 (SPSS, Inc., Chicago, IL, USA). All data are expressed 
as the mean  ±  standard deviation, and differences were 
determined using two‑tailed Student's t‑tests. P<0.05 was 
considered to indicated a statistically significant difference.

Results

ISG15 expression in OSCC tissues. To investigate the role 
of ISG15 in OSCC tissues, RT‑qPCR was used to detect the 
expression of ISG15 mRNA. The results revealed that ISG15 
expression was significantly upregulated in OSCC tumor 
tissues compared with pericancerous tissues (P<0.05; Fig. 1A).

Western blot analysis was used to evaluate the ISG15 
protein expression in OSCC tissues and associated perican-
cerous tissues. Expression of ISG15 protein was significantly 
higher in OSCC tissues compared with pericancerous tissues 
(P<0.05; Fig. 1B), consistent with mRNA expression. These 
findings indicate that ISG15 expression is modulated during 
the development and progression of OSCC.

Bioinformatics prediction and miR‑138 expression in OSCC. 
TargetScan was used to predict potential miRNAs for comple-
mentary binding to the ISG15 3'UTR (Fig. 2A). Based on 
these results combined with a literature review, miR‑138 was 
selected for the present study.

To further investigate the mechanisms of miR‑138 in OSCC 
tissues, RT‑qPCR was used to detect miR‑138 expression, 
which was significantly downregulated in OSCC tumor tissues 
compared with pericancerous tissues (P<0.05; Fig. 2B). These 
results suggest that miR‑138 participated in the regulation of 
OSCC.

miR‑138 inhibits ISG15 expression. To investigate how 
miR‑138 regulates the expression of ISG15, a pGCMV/
EGFP/miR‑138 overexpression plasmid was constructed. The 
liposome method was used to transfect CAL27 and SCC‑15 
cell lines. At 48 h post‑transfection, transfection efficiency 
was determined by validating miR‑138 expression. miR‑138 
expression was significantly higher in the miR‑138 group 
compared with mock and control groups, in both cell lines 
(P<0.05; Fig. 3A). RT‑qPCR and western blot analysis were 
used to detect the expression of ISG15 mRNA and protein 
in transfected cells. The results demonstrated that miR‑138 
overexpression is able to significantly decrease the expression 
of IGS15 mRNA protein, compared with the mock and control 
groups, in both cell lines (P<0.05; Fig. 3B and C). These 
findings indicated that miR‑138 was able to inhibit the tran-
scription of ISG15 mRNA and translation of ISG15 protein.

miR‑138 inhibits invasion, migration and proliferation of 
CAL27 and SCC‑15 cells. Matrigel and Transwell chambers 
were used to investigate the invasion and migration of 
differently transfected cells. It was demonstrated that miR‑138 
overexpression significantly repressed the migration and 
invasion abilities of CAL27 and SCC‑15 cells compared with 
mock and control groups (P<0.05; Fig.  4A and B). These 
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findings indicate that miR‑138 was able to inhibition roles on 
OSCC cell movement.

MTT assay was used to detect the changes in proliferation 
of CAL27 and SCC‑15 cells. Proliferation activity was signifi-
cantly lower in the miR‑138 group than in mock and control 
groups (P<0.05; Fig. 4C), which indicates that miR‑138 is able 
to repress the proliferation of CAL27 and SCC‑15 cell lines.

Discussion

ISG15 is a small molecular weight protein whose expres-
sion is induced by interferon (18). It was first identified as 

an ubiquitin‑like modified protein and was named ubiquitin 
cross‑reactive protein as its structure was similar to ubiq-
uitin (18). Ubiquitin is a highly conserved small molecule that 
exists widely in eukaryotes and participates in protein degrada-
tion via protein modification in an enzyme cascade reaction (19). 
Similarly, ISG15 is involved in the regulation of various 
biological processes via binding to target proteins through a 
series of enzyme reactions to bind to the target protein (20,21). 
At present, >200 ISG15 target proteins have been identified in 
virus‑infected cells or tumor cells, which suggests that ISG15 
serves important roles in immune regulation and tumor devel-
opment (21,22). It has previously been demonstrated that ISG15 
is differentially expressed in different tumor cells and different 
cell lines from same histologic origin (15). In the present study, 
RT‑qPCR and western blot analysis were used to detect ISG15 
expression in OSCC tumor tissues and pericancerous tissues. 
The results demonstrated that that the expression of ISG15 
mRNA and protein was significantly higher in tumors than in 
adjacent control tissues. Using bioinformatics, it was predicted 
that miR‑138 was able to complementarily bind to the ISG15 
3'UTR. In the present study, it was demonstrated that miR‑138 
expression was significantly lower in cancer tissues than in 
adjacent tissues, which indicates that ISG15 expression is asso-
ciated with miR‑138 expression.

miRNA broadly participates in the regulation of protein 
translation and mRNA stability (23). In order to investigate 
this further, a vector was constructed to induce miR‑138 
overexpression in cells. The CAL27 and SCC‑15 cells were 
chosen for the present study and successfully transfected with 
the vector. It was demonstrated that miR‑138 overexpres-
sion was able to repress ISG15 mRNA and protein levels, 
which indicates that miR‑138 may regulate ISG15 expression 
via directly binding to the 3'UTR of ISG15. Proliferation, 

Figure 1. Expression of ISG15 in OSCC tissues. (A) ISG15 mRNA was increased in OSCC tumor tissues compared with pericancerous tissues by reverse 
transcription‑quantitative polymerase chain reaction. (B) ISG15 protein was increased in OSCC tumor tissues compared with pericancerous tissues by western 
blot analysis. *P<0.05 vs. pericancerous tissues. ISG15, interferon‑stimulated gene 15; OSCC, oral squamous cell carcinoma.

Figure 2. ISG15 is a direct target gene of miR‑138. (A)  miR‑138 seed 
sequence and the binding sites on ISG15 3'‑untranslated region. (B) miR‑138 
was decreased in OSCC tumor tissues compared with pericancerous tissues. 
*P<0.05 vs. pericancerous tissues. ISG15, interferon‑stimulated gene 15; 
miR, microRNA; OSCC, oral squamous cell carcinoma.
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migration and invasion of CAL27 and SCC‑15 miR‑138 
overexpression cells were assessed using MTT and Transwell 
assays. The results demonstrated that miR‑138 decreased 
invasion and migration capability in CAL27 and SCC‑15 cell 
lines and also induced a decrease in proliferation. Previous 
results have indicated that overexpression of ISG15 decreases 
the expression of poly‑ubiquitinated proteins, which nega-
tively regulates the ubiquitin pathway and poly‑ubiquitin 

protein level (13). The level of poly‑ubiquitination is a key 
factor to degrade target protein by proteasome (24). ISG15 is 
able to regulate the invasion and migration of tumor through 
ubiquitin induced protein modification (25). In conclusion, the 
results of the present study suggest that miR‑138 may be able 
to regulate the biological processes of OSCC via repressing 
ISG15 expression. MiR‑138 may serve a role by regulating 
the upstream factors in the ubiquitin‑proteasome pathway. 

Figure 3. miR‑138 inhibits ISG15 expression. (A) RT‑qPCR to detect miR‑138 expression in miR‑138 group, mock group and control group following transfec-
tion of miR‑138. (B) Western blot analysis was performed to detect ISG15 protein expression following transfection of miR‑138. (C) RT‑qPCR analysis was 
performed to detect ISG15 mRNA expression following transfection of miR‑138. *P<0.05 vs. mock group, #P<0.05 vs. control group. miR, microRNA; ISG15, 
interferon‑stimulated gene 15; RT‑qPCR; reverse transcription‑quantitative polymerase chain reaction.

Figure 4. miR‑138 inhibits the invasion and migration of CAL27 and SCC‑15 cell lines. (A) Matrigel invasion chambers were used to analyze the migration of 
CAL27 and SCC‑15 cell lines. (B) Transwell assay to analyze the invasion of CAL27 and SCC‑15 cell lines. (C) The MTT method was applied to detect the 
proliferation of CAL27 and SCC‑15 cell lines. *P<0.05 vs. mock group, #P<0.05 vs. control group. miR, microRNA.
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miR‑138 may have potential applications as a novel biomarker 
for the early diagnosis and prognosis of OSCC.
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