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Abstract. Cutaneous squamous cell carcinoma (cSCC) is 
a malignancy of epidermal keratinocytes that is responsible 
for ~20% of annual skin cancer-associated mortalities. Accu-
mulating evidence demonstrates that the dysregulation of 
micro (mi)RNAs serves a significant role in the tumorigenesis 
and progression of human cSCC. MicroRNA-31 (miR-31) is 
upregulated in cSCC and is involved in cSCC development. 
However, the underlying mechanism remains unclear. The 
present study demonstrated that miR-31 is upregulated in the 
cSCC cell line, A-431, and that miR-31 expression contributes 
to the cell proliferation and invasion of cSCC. In addition, 
bioinformatics combined with dual luciferase reporter analysis 
was applied to determine that the tumor suppressor RhoTBT1 
was a direct target of miR-31. In addition, miR-31 mimics 
reduced RhoBTB1 expression in A-431 cells. The results of 
MTT and Transwell assays demonstrated that knockdown of 
RhoBTB1 by short interfering RNA induced cell prolifera-
tion and invasion in A-431 cells. These results indicated that 
suppression of RhoBTB1 may be involved in cSCC tumori-
genesis, which was directly affected by miR-31. In conclusion, 
the present study provides evidence that miR-31 acts as an 
oncogene through direct repression of RhoTBT1 expression in 
cSCC cancer, suggesting a potential application of miR-31 in 
prognosis prediction and its therapeutic application in cSCC.

Introduction

Cutaneous squamous cell carcinoma (cSCC) is one of the most 
common types of skin cancer leading to ~20% of annual skin 
cancer-associated mortalities (1,2). Although the risk of local 
recurrence and metastasis of cSCC are well characterized, the 

molecular pathogenesis of this particular tumor type remain 
unclear. As increasing numbers of mortalities occur due to 
cSCC, it is urgent to clarify the molecular mechanisms of this 
type of cancer and to develop novel and more effective treat-
ment strategies against this malignancy.

MicroRNA (miRNA), a class of naturally occurring, 
17-25 nucleotide small noncoding RNA, regulates the expres-
sion of genes through binding to the 3' untranslated regions 
(3'-UTR) of target mRNAs. MiRNAs have emerged as key 
factors involved in a number of biological processes, including 
development, differentiation, cell proliferation, and tumori-
genesis (3-5). Previous studies have shown that alterations 
in miRNA genes lead to tumor formation, and miRNAs that 
regulate either tumor suppression or tumor formation have been 
identified (6‑8). Previous studies have also identified a number 
of dysregulated miRNAs were observed in cSCC (9,10). 
Zhou et al (11) demonstrated that miR‑365 was overexpressed 
in both cells and clinical specimens of cSCC (11). The reduced 
expression of the miR-193b/365a cluster observed during tumor 
progression suggests a tumor suppressor role in cSCC (12). 
MiR-199a inhibits cSCC cell proliferation and migration by 
regulating CD44-Ezrin signaling (13).

Accumulating studies have shown that miR-31 expression 
is correlated with metastasis; however, the functional role of 
this miRNA is extremely complex as it may function as an 
oncogenic or a tumor-suppressive miRNA depending on 
the cellular contexts (14‑16). Previous studies have reported 
that miR-31 is upregulated in cervical cancer (15,17,18), and 
oesophageal squamous cell carcinoma (19), but downregulated 
in breast cancer (20,21), bladder cancer (16), malignant meso-
thelioma (22), gastric cancer (23) and pancreatic cancer (24). 
Another study has demonstrated that miR-31 is overexpressed 
in cSCC and that it regulates cancer-associated phenotypes of 
cSCC (25), but the mechanisms behind its potential involve-
ment on proliferation and tumor cell invasion remain unclear.

In the present study, the expression of miR-31 was inves-
tigated in cSCC, and the downstream targets of miR-31 were 
also explored. The role of miR-31 in cSCC was also analyzed 
in relation to tumorigenesis and invasiveness.

Materials and methods

Cell culture and transfection. A cSCC cell line (A-431) and 
a normal skin cell line (HaCaT) were obtained from the 
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American type culture collection (ATCC, Manassas, VA, 
USA) and cultivated in RPMI‑1640 medium with 10% fetal 
bovine serum (both Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). All cells were cultured in 95% air and 
5% CO2 at 37˚C.

A-431 cells were seeded and transfected at a density of 
5x105 cells with miR-31 mimics or inhibitors (Qiagen Operon, 
Alameda, CA, USA), RhoBTB1 siRNA and control siRNA 
using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scien-
tific, Inc.) according to the manufacturer's instructions. A total 
of 24 or 48 h later, the cells were collected and subjected to 
further analysis. 

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from transfected A-431 cells using TRIzol reagent (Invitrogen, 
ThermoFisher Scientific, Inc.) and then reverse‑transcribed 
into cDNA. RT-qPCR was performed using the SYBR Green 
qPCR Master Mix (Tiangen Biotech Co., Ltd., Beijing, China) 
on an ABI 7300 PCR machine (Applied Biosystems, Inc., 
Foster, CA, USA). The sequences of the primers used to detect 
miR‑31 and U6 were as follows: miR‑31, forward 5'‑GGA GAG 
GCA AGA TGC TGG CA‑3'; U6, forward 5'‑CGC AAG GAT 
GAC ACG CAA ATTC-3'; and a universal downstream reverse 
primer, 5'-GTG CAG GGT CCG AGGT-3'. The primers used 
for detection of RhoBTB1 were as follows: forward 5'-GGA 
GTG AAG GAG CCT GTG AG-3'; and reverse 5'-TGC CAA 
TGA ACC CCT TAC TC-3'. qPCR cycling conditions were as 
follows: 95˚C for 10 min, and then 95˚C for 15 sec and 50˚C for 
2 min, for 40 cycles, followed by 60˚C for 1 min. The melting 
curve was 65‑95˚C. The relative mRNA expression levels were 
calculated as 2‑∆∆Cq and were normalized against U6.

Luciferase reporter assays. A-431 cells were seeded into a 
24-well plate at a density of 2.5-3x104 cells/well), after 24 h 
the cells were co-transfected with Renilla luciferase and 
luciferase reporter plasmids containing miR-31 or vector 
control and the wild-type or mutated target gene 3'-UTR using 
Lipofectamine 2000 (Invitrogen, ThermoFisher Scientific, 
Inc.). A total of 48 h after transfection, the luciferase activities 
were measured using a dual-luciferase reporter assay system 
(Promega Corporation, Madison, WI, USA). Firefly luciferase 
activities were normalized to Renilla luciferase activity.

Western blotting. The cells were washed with phosphate-buff-
ered saline (PBS), and lysed with ice-cold RIPA (Sigma-Aldrich, 
St. Louis, MO, USA). Total protein (60 μg) was extracted from 
transfected A-431 cells and separated on 10% SDS-polyacryl-
amide gels for RhoBTB1 and β-actin detection. Anti-RhoBTB1 
(catalog no. AV41883; 1:1,000 dilution) and anti-β-actin 
(catalog no. SAB2100037; 1:1,000 dilution) antibodies were 
purchased from Sigma-Aldrich. β-actin was used as loading 
control. The protein in the gels was transferred to nitrocel-
lulose membranes, blocking was performed using 5% milk, 
and then the membranes were incubated with the indicated 
antibodies in recommended dilution overnight at 4˚C. Then the 
membranes were washed with 0.1 M PBST and incubated with 
HRP-conjugated secondary antibody (goat anti-rabbit IgG, 
(H+L) HRP conjugate; catalog no. A0545; Sigma-Aldrich). The 
signals were visualized using ECL Substrates (GE Healthcare 

Life Sciences, Chalfont, UK), and quantified using Optiquant 
software (Packard Instrument Corporation, Meriden, CT, 
USA).

Cell viability assay. A cell viability assay was performed to 
investigate the effect of miR-31 or RhoBTB1 expression on 
the proliferation of A-431 cells. Following transfection as 
above, 6,000 cells of each treatment group were plated in 
96‑well plates in triplicate, and cell proliferation was assayed 
every 24 h using MTT (Beyotime Institute of Biotechnology, 
Haimen, China) according to the manufacturer's instructions.

Invasion assay. A-431 cells were cultivated to 80% confluence 
in 12-well plates. Then, we observed the procedures of cellular 
growth at 24 h. Cells were seeded in the Transwell migra-
tion chamber (Corning Inc., Corning, NY, USA) at a density 
of 2x106 cells and used to evaluate cell invasion. Then the 
cells that invaded across the Matrigel-coated membrane were 
counted under a light microscope (Olympus, Tokyo, Japan). 
All the experiments were repeated in triplicate. 

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation and analyzed by Student's t-test. Statistical 
analysis was performed using SPSS 18.0 software (SPSS, 
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑31 expression is upregulated in cSCC. A previous study 
revealed that miR-31 was dysregulated in cSCC tissues (25), 
therefore the present study examined miR-31 expression level 
in the cSCC cell line A-431 by using RT-qPCR. As shown 
in Fig. 1, RT-qPCR results demonstrated that compared with 
the HaCaT cell, miR‑31 was significantly increased in A‑431 
cells (P<0.01), which was in accordance with the previous 
study (25). These results indicate that miR-31 may be involved 
in cSCC tumor progression.

Figure 1. Quantification of the expression of miR-31 by reverse transcrip-
tion-quantitative polymerase chain reaction assays in A-431 cells vs. HaCaT 
cells. miR-31 expression is upregulated in cutaneous squamous cell carcinoma 
cell lines. Error bars indicate standard deviation. *P<0.01. miR-31, microRNA-31.
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miR‑31 affects human cSCC cell viability and invasion. To 
further reveal the role of miR-31 in cSCC development, 
miR-31 mimics or inhibitors were transfected into A-431 cells 

to overexpress or silence miR-31 expression. As demonstrated 
in Fig. 2A, following transfection with miR-31 mimics, miR-31 
expression was effectively upregulated (P<0.01), and miR-31 

Figure 2. miR-31 affects cutaneous squamous cell carcinoma cell viability and invasion. (A) Reverse transcription-quantitative polymerase chain reaction  
analysis of miR-31 expression in A-431 cells. A-431 cells were transfected with miR-31 mimics, con-mimics, miR-31 inhibitors or con-inhibitors as indicated. 
(B) Cell viability was detected at the indicated time-points post-transfection using MTT assays. (C) Cell invasion was detected by Transwell assay. Error bars 
indicate standard deviation. *P<0.01 vs. control. miR-31, microRNA-31.

Figure 3. RhoBTB1 is a direct target of miR-31. (A) Sequence alignment of miR-31 and 3'-UTR of RhoBTB1. Luciferase reporter assay with co-transfection 
of wild-type or mutant RhoBTB1 and miR-31 mimics or miR-31 inhibitor or mimics-control or inhibitor-control or blank control in A-431 cells. (B) Reverse 
transcription-quantitative polymerase chain reaction analyses were performed to examine the effects of miR-31 on expression of RhoBTB1. (C) Western 
blotting was performed to determine RhoBTB1 protein levels in A-431 cells. Error bars represent ± standard deviation and *P<0.01 vs. control. miR-31, 
microRNA-31; 3'-UTR, 3'-untranslated region.

Figure 4. RhoBTB1 affects  cutaneous squamous cell carcinoma cell viability and invasion. (A) Reverse transcription-quantitative polymerase chain reaction 
analysis of RhoBTB1 expression in A-431 cells. A-431 cells were transfected with RhoBTB1 siRNA as indicated. (B) Cell viability was detected at the indicated 
time-points post-transfection using MTT assays. (C) Cell invasion was detected by Transwell analysis. Error bars indicate standard deviation. *P<0.01 vs. control. 
miR-31, microRNA-31; siRNA, small interfering.RNA.
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expression was downregulated in A-431 cells after tranfection 
with miR31 inhibitors (P<0.01). An MTT assay demonstrated 
that overexpression of miR-31 significantly increased cell 
viability and inhibition of miR-31 reduced viability of A-431 
cells (Fig. 2B), which indicated that miR-31 contributed to 
cSCC tumorigenesis.

To verify the involvement of miR-31 in cSCC tumorigen-
esis, a Transwell assay was performed to identify the effect 
of miR-31 on cSCC cell invasion. The results demonstrated 
that the invasion capabilities of A-431 cells was markedly 
increased in the miR-31 mimics group (P<0.01) and reduced 
in the miR-31 inhibitor group (P<0.01), indicating that miR-31 
may induce A-431 cell invasion (Fig. 3C). In conclusion, the 
results demonstrated that miR-31 contributed to cSCC cell 
viability and invasion, which further indicated that miR-31 
may be involved cSCC development.

RhoBTB1 is a direct target of miR‑31 in cSCC. In order to eluci-
date the underlying molecular mechanism of miR-31 action, 
a bioinformatic analysis was performed using mirco-RNA.
org (http://www.microrna.org/microrna/home.do) to predict 
the possible target genes of miR-31. It was demonstrated that 
RhoBTB1 contained two theoretical miR-31 binding sites in 
its 3' UTR (Fig. 3A). To demonstrate whether RhoBTB1 was 
directly targeted by miR-31, a luciferase reporter gene assay was 
performed in A-431 cells. As presented in Fig. 3B, co-transfec-
tion of miR-31 suppressed the luciferase activity of the reporter 
containing the wild-type RhoBTB1 3'-UTR sequence, but failed 
to inhibit that of mutated RhoBTB1 by dual-luciferase reporter 
assay. These data indicated that miR-31 could directly target the 
3'-UTR sequences of RhoBTB1. Additionally, in A-431 cells, 
the expression of RhoBTB1 was suppressed by miR-31 mimics 
transfection (Fig. 3B; P<0.01), while RhoBTB1 expression was 
enhanced by miR‑133a inhibitor, which was also confirmed 
by western blot analysis (Fig. 3C; P<0.01). These results 
demonstrated that endogenous RhoBTB1 expression is directly 
targeted and regulated by miR-31 and suggested that miR-31 
upregulation in cSCC may reduce the expression of RhoBTB1.

Inhibition of RhoBTB1 is responsible for the tumor promoting 
effects of miR‑31. To further confirm that miR-31-induced 
cSCC progression is mediated by RhoBTB1, RhoBTB1 expres-
sion was knocked down in A-431 cells by siRNA. As shown 
in Fig. 4A, RhoBTB1 mRNA was effectively inhibited after 
RhoBTB1 siRNA were transfected, and the MTT assay results 
demonstrated that A-431 cell proliferation was induced with 
suppression of RhoBTB1. Transwell invasion assay results 
demonstrated that inhibition of RhoBTB1 promoted A-431 cell 
invasion (Fig. 4B). These data indicated that miR-31 promoted 
tumor development at least partly through suppressing tumor 
supressor RhoBTB1.

Discussion

Over the last decade, accumulating evidence has demonstrated 
that miRNAs are involved in the pathogenesis of a number of 
human diseases, including cancer. miR-31 may act as an onco-
genic or a tumour-suppressive miRNA and serves important 
roles in tumorigenesis and the progression of chemotherapy 
resistance (14,22,26). For example, downregulation of miR‑31 

confers resistance to chemotherapy-induced apoptosis in pros-
tate cancer cells (26), and it has been reported that miR‑31 acts 
as an oncogenic miRNA (oncomir) in lung cancer by targeting 
specific tumor suppressors LATS2 and PPP2R2A (14). 
MiRNA-31 functions as an oncogenic MicroRNA in human 
colorectal cancer by repressing RAS p21 GTPase activating 
protein 1 (RASA1), SATB2 and HIF-1α (FIH-1) (15,18,27). 
In the present study, it was demonstrated that miR-31 was 
significantly upregulated in cSCC. This result was consistent 
with the findings of previous studies that miR‑31 is overex-
pression in cSCC and induced cancer-associated phenotypes 
of cSCC (25). To examine the effect of miR-31 on cSCC 
proliferation and invasion, miR-31 mimics and inhibitors 
were transfected into A-431 cells to overexpress and knock-
down miR-31. MTT assay results showed that A-431 cell 
proliferation was increased after miR-31 mimics transfection 
and decreased after miR-31 inhibitor transfection (Fig. 2A). 
The ability of cell invasion was greatly increased by miR-31 
mimics and decreased by miR-31 inhibitor (Fig. 2B). These 
results suggest that miR-31 acts primarily as an oncogene in 
cSCC.

RhoTBT1 belongs to RhoBTB subfamily which are 
atypical members of the Rho family of small GTPases. 
The RhoBTB subfamily is composed of three members, 
RhoTBT1, RhoTBT2 and RhoTBT3 (28). RhoTBT2 may 
act as a tumor suppressor; it has been reported that lack of 
RHOBTB2 transcripts results in growth inhibition in breast 
cancer (28). Previous studies have also found high rates of loss 
of heterozygosity at the RHOTBT2 locus in gastric tumors 
and bladder tumors (29,30). Similarly to RhoTBT2, RhoTBT1 
was also recently reported to be a tumor supressor in a study 
on head and neck cancer and colon cancer (31,32). However, 
analysis of RhoTBT2 in cSCC has not yet been reported. In 
the present study, RhoTBT2 was also identified to be a direct 
target of miR-31 in cSCC and miR-31 upregulation in cSCC 
might suppress RhoBTB1 expression. To further examine 
whether the depressed RhoBTB1 was responsible for the 
tumor promoting effects of miR-31, RhoBTB1 was silenced 
by siRNA, as indicated in Fig. 4, suppression of RhoTBT1 in 
A-431 induced cell proliferation, which was consistent with 
the function of miR-31 mimics. The knockdown of RhoTBT1 
also promoted A-431 cells invasion.

In conclusion, the present study suggests high levels 
of miR-31 are involved in cSCC tumorigenesis, and tumor 
supressor RhoBTB1 was identified as a direct target of miR‑31. 
Overexpression of miR-31 promotes tumor proliferation 
through reducing the expression of RhoBTB1. These observa-
tions shed new light on mechanisms underlying development 
of cSCC and supply potential novel therapeutic targets in 
inhibiting cSCC tumorigenesis.
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