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MicroRNA-346 functions as an oncogene in cutaneous squamous
cell carcinoma
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Abstract Cutaneous squamous cell carcinoma (cSCC) is an
epidermal keratinocyte-derived skin tumor, which is the sec-
ond most common skin cancer in the general population. Re-
cently, studies showed that microRNAs (miRNAs) played an
important role in the development of cancer. In our study, we
showed that the expression of SRCIN1 was lower in cSCC
tissues than in the matched normal tissues. Moreover, there
was significant inversed correlation between miR-346 and
SRCIN1 in cSCC tissues. The luciferase reporter assay data
showed that miR-346 can target the SRCIN1 message via the
3′-untranslated region (UTR) of SRCIN1. Overexpression of
miR-346 inhibited the messenger RNA (mRNA) and protein
expression of SRCIN1 in the A431 cells. In addition, ectopic
expression of miR-346 promoted the A431 cell proliferation
and migration. Meanwhile, SRCIN1 overexpression inhibited
the A431 cell proliferation and migration. Rescue experiment

has showed that SRCIN1 overexpression reduced the miR-
346-induced A431 cell proliferation and migration. Herein,
this study may provide miR-346 as a new therapeutic target
for cSCC.
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Introduction

Cutaneous squamous cell carcinoma (cSCC) is an epidermal
keratinocyte-derived skin tumor, which is the second most
common skin cancer in the general population [1–3]. The inci-
dence of cSCC was increased over the last decades [4–6]. The
risk factors of cSCC include endogenous genetic factors and
exogenous factors such as chemical carcinogens, sun exposure,
ionizing radiation, and other environmental factors [2, 7–9].
cSCC has a substantial risk of metastasis and was responsible
for approximately 20 % of skin cancer-related deaths [10–12].
Therefore, it is important to understand the molecular mecha-
nism of cSCC for the early diagnosis and treatment of cSCC.

Small noncoding microRNAs (miRNAs) are a class of 22-
nucleotide noncoding RNAs that silence protein expression
by either translational inhibition or messenger RNA
(mRNA) degradation [13–16]. More and more evidences
showed that miRNAs play pivotal roles in a wide array of
biological processes, including cell development, prolifera-
tion, differentiation, invasion, and apoptosis [17–20]. Emerg-
ing evidence strongly suggests that deregulated miRNA ex-
pression is a common and important feature of various cancers
including renal cell carcinoma, gastric cancer, breast cancer,
ovarian carcinoma, rhabdomyosarcoma, and uveal melanoma
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[21–27]. miRNAs can function as tumor suppressors or onco-
genes in these cancers [28–31]. So far, the functions of cSCC-
related miRNAs were still not clear.

Previous studies demonstrated that miR-346 played a cru-
cial role in anti-inflammatory pathways [32–34]. The expres-
sion of miR-346 was increased in rheumatoid inflammation
patients, exerting anti-inflammatory effects [35]. Xiao et al.
[36] showed that miR-346 was upregulated in podocytes and
participated in the epithelial–mesenchymal transition.
However, the role of miR-346 in cSCC was still unknown.
In this study, we demonstrated that the expression of miR-
346 was higher in cSCC tissues than in the matched normal
tissues. Ectopic expression of miR-346 promoted the cSCC
cell proliferation and migration through directly targeting
SRCIN1.

Materials and methods

Ethics statement

Our study was approved by the Ethical Review Committee of
Shanghai Ninth People’s Hospital. All patients have written
informed consent.

Clinical samples and cell culture transfections

cSCC tissues and adjacent normal tissues were collected from
cSCC patients in our hospital. The CSCC line (A431) was
obtained from the Cell Bank of the Chinese Academy of Sci-
ences (Shanghai, China) and cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with fetal bovine

Fig. 1 The expression of miR-
346 was upregulated and was
inversed with the expression of
SRCIN1 in cSCC. a The
expression of miR-346 was
higher in cSCC tissues than in the
matched normal tissues. b miR-
346 expression was increased in
77 % (23/30) of the patients with
cSCC tissues compared to the
matched normal tissues. c The
expression of SRCIN1 was
measured by qRT-PCR. d
SRCIN1 expression was
increased in 80 % (24/30) of the
patients with cSCC tissues
compared to the matched normal
tissues. e There was significant
correlation between miR-346 and
SRCIN1 in cSCC tissues
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serum. miR-364 mimic and scramble is synthesized from
GenePharma (Shanghai, China). Cell transfections were
transfected using Lipofectamine 2000 (Invitrogen) following
the manufacturer’s protocol.

Quantitative real-time PCR

Total RNA of tissues or cells was extracted using a TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). Real-time PCRwas
performed using the SYBRGreen (TaKaRa, Dalian, China) in
the ABI 7900HT thermocycler (Applied Biosystems). The
primer sequences used were as follows: SRCIN1
(forward: AGCCCCGACAAAAGCAAAC; reverse:
CCAAAGGAAGTCAATACAGGGATAG) and GAPDH
(forward: TTGCCATCAATGACCCCTTCA; reverse:
CGCCCCACTTGATTTTGGA). U6 and GAADH were used
as an internal control.

Migration and proliferation assay

Wound healing assay was used to measure cell migration.
A wound was done using a 1000-ll micropipette tip when
cell confluence. Photographs were obtained immediately
after 36 or 48 h. CCK-8 (Dojin Laboratories, Japan) was
carried out to measure the cell proliferation at 0, 24, 48,

and 72 h after transfection. Absorbance was performed at
450 nm.

Luciferase reporter assays

Using Lipofectamine 2000 (Invitrogen), the cell was
transfected with pGL3-SRCIN1-3′-untranslated region
(UTR)-MUTor pGL3-SRCIN1-3′-UTR-WTconstructs along
with miR-346 mimic or scramble and pRL-TK vector
(Promega). The luciferase activity was done using the Dual-
Luciferase Reporter kit (Promega, Madison, WI, USA) after
48 h. Renilla luciferase was done for endogenous
normalization.

Western blot

BCA protein kit was used to extract protein from cell or tis-
sues. Protein was separated by 12 % SDS–PAGE and then
transferred to membranes (PVDF; Millipore, Danvers, MA,
USA). Then, membranes were blocked with non-fat milk
and were incubated with antibody SRCIN1 (Cell Signaling
Technology) or GAPDH (Santa Cruz, CA, USA). The en-
hanced chemiluminescence system (ECL) (Millipore, USA)
was used to measure the band.

Fig. 2 miR-346 directly targets SRCIN1. a The 3′-UTR of SRCIN1
mRNA contains a putative site partially complementary to miR-346. b
qRT-PCR analysis demonstrated the successful overexpression of miR-
346 by transfected miR-346 mimic in UT-SCC-7 cells. c Overexpression

ofmiR-346 inhibited the luciferase activity of the wt reporter plasmid, but
not the mut reporter plasmid. d Upregulation of miR-346 inhibited the
mRNA and protein expression of SRCIN1. eThe protein of SRCIN1 after
treated by miR-346 mimics was measured by western blot
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Statistical analysis

Data are shown as the mean±SD. Mann–Whitney U test
or Student’s t test was used to determine the statistical
significance. The relationship expression between
SRCIN1 and miR-346 was measured by Spearman’s
correlation.

Result

The expression of miR-346 was upregulated and was
inversed with the expression of SRCIN1 in cSCC

The expression of miR-346 was higher in cSCC tissues
than in the matched normal tissues (Fig. 1a). miR-346

Fig. 4 miR-346 promoted cSCC cell migration through targeting
SRCIN1. a Upregulation of miR-346 promoted the UT-SCC-7 cell
migration. b SRCIN1 overexpression inhibited the UT-SCC-7 cell

migration. c When miR-346 and pcDNA-SRCIN1 were cotransfected
into UT-SCC-7 cells, SRCIN1 overexpression reduced the miR-346-
induced UT-SCC-7 cell migration

Fig. 3 miR-346 promoted cSCC cell proliferation through targeting
SRCIN1. a Cell proliferation was measured by CCK-8 analysis. b
Overexpression of SRCIN1 inhibited the UT-SCC-7 cell proliferation. c

When miR-346 and pcDNA-SRCIN1 were cotransfected into UT-SCC-7
cells, SRCIN1 overexpression reduced the miR-346-induced UT-SCC-7
cell proliferation
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expression was increased in 77 % (23/30) of the patients
with cSCC tissues compared to the matched normal tis-
sues (Fig. 1b). In contrast, the expression of SRCIN1 was
lower in cSCC tissues than in the matched normal tissues
(Fig. 1c). SRCIN1 expression was increased in 80 % (24/
30) of the patients with cSCC tissues compared to the
matched normal tissues (Fig. 1d). Interestingly, there
was significant inversed correlation between miR-346
and SRCIN1 in cSCC tissues (Fig. 1e).

miR-346 directly targets SRCIN1

The 3′-untranslated region (UTR) of SRCIN1mRNA contains
a putative site partially complementary to miR-346 (Fig. 2a).
Quantitative real-time PCR (qRT-PCR) analysis demonstrated
the successful overexpression of miR-346 by transfected miR-
346 mimic in A431 cells (Fig. 2b). Overexpression of miR-
346 inhibited the luciferase activity of the wt reporter plasmid,
but not the mut reporter plasmid (Fig. 2c). Upregulation of
miR-346 inhibited the mRNA and protein expression of
SRCIN1 (Fig. 2d, e).

miR-346 promoted cSCC cell proliferation
through targeting SRCIN1

Upregulation of miR-346 promoted the A431 cell prolifera-
tion (Fig. 3a). SRCIN1 overexpression inhibited the A431 cell
proliferation (Fig. 3b). When miR-346 and pcDNA-SRCIN1
were cotransfected into A431 cells, SRCIN1 overexpression
reduced the miR-346-induced A431 cell proliferation
(Fig. 3c).

miR-346 promoted cSCC cell migration through targeting
SRCIN1

Upregulation of miR-346 promoted the A431 cell migra-
tion (Fig. 4a). SRCIN1 overexpression inhibited the A431
cell migration (Fig. 4b). When miR-346 and pcDNA-
SRCIN1 were cotransfected into A431 cells, SRCIN1
overexpression reduced the miR-346-induced A431 cell
migration (Fig. 4c).

Discussion

In this study, we identified miR-346 as a novel oncogene in
cSCC.We found that the expression of miR-346 was higher in
cSCC tissues than in the matched normal tissues. We deter-
mined that the expression of SRCIN1 was lower in cSCC
tissues than in the matched normal tissues. Moreover, there
was significant inversed correlation between miR-346 and
SRCIN1 in cSCC tissues. The luciferase reporter assay data
showed that miR-346 can target the SRCIN1 message via the

3′-UTR of SRCIN1. Overexpression of miR-346 inhibited the
mRNA and protein expression of SRCIN1 in the A431 cells.
In addition, ectopic expression of miR-346 promoted the
A431 cell proliferation and migration. Meanwhile, SRCIN1
overexpression inhibited the A431 cell proliferation and mi-
gration. Rescue experiment has showed that SRCIN1 overex-
pression reduced the miR-346-inducedA431 cell proliferation
and migration.

Previous studies demonstrated that miR-346 plays an im-
portant role in anti-inflammatory pathways [32–34]. The ex-
pression of miR-346 was upregulated in rheumatoid inflam-
mation patients, exerting anti-inflammatory effects [35]. Xiao
et al. [36] demonstrated that miR-346 was upregulated in
podocytes and participated in the epithelial–mesenchymal
transition. However, the role of miR-346 in cSCC was still
unknown. In our study, we found that the expression of miR-
346 was higher in cSCC tissues than in the matched normal
tissues. Moreover, ectopic expression of miR-346 promoted
the A431 cell proliferation and migration.

SRCIN1, also known as p140CAP, contains two amino
acids, two proline-rich regions, and two coiled-coil domains
[37–39]. SRCIN1 acts as a regulator protein and has played an
important role in cancer development [40]. Previous study
showed that SRCIN1 overexpression inhibited the cell spread-
ing, invasion, and migration in breast cancer [41]. Cao et al.
[42] showed that miR-150 promoted migration, proliferation,
and invasion through the inhibition of SRCIN1 expression in
lung cancer. Moreover, Xu et al. [43] demonstrated that miR-
374a increased the gastric cancer cell proliferation, migration,
and invasion by inhibiting SRCIN1 expression. In line with
these results, we also found that miR-346 promoted cSCC cell
proliferation and migration by regulating SRCIN1 expression.
Overexpression of SRCIN1 inhibited the cell proliferation and
migration. We also identified SRCIN1 as a direct target of
miR-346. These data suggest that SRCIN1 is a functional
regulator for miR-346a in cSCC.

In conclusion, we demonstrated that the expression of miR-
346 was higher in cSCC tissues than in the matched normal
tissues. Ectopic expression of miR-346 promoted the cSCC cell
proliferation and migration through directly targeting SRCIN1.
This study may provide a new therapeutic target for cSCC.
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