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Suppression of connexin 43 expression by
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Abstract. — OBJECTIVE: Connexin 43 (Cx43),
a vital gap junction protein is reported to be in-
volved in melanoma progression. The aim of
the study is to investigate the regulatory role of
Cx43 in melanoma.

MATERIALS AND METHODS: Western blot
assay was used to detect the protein expression
of Cx43 in melanoma cells and the human epi-
dermal melanocytes (HEMn). MTT cell prolifera-
tion and cell colony formation assays were used
to assess cell proliferation. Bioinformatics pre-
diction, luciferase reporter assay, Western blot
and gRT-PCR assays were applied to demon-
strate that Cx43 was a direct target of miR-106a
in melanoma cells.

RESULTS: Connexin 43 (Cx43) was lower ex-
pressed in melanoma cells compared with hu-
man epidermal melanocytes (HEMn). Cx43 over-
expression significantly inhibited melanoma cell
proliferation and colony formation ability in vi-
tro. However, knockdown of Cx43 had opposite
effects on cell proliferation and colony forma-
tion. Bioinformatics prediction and luciferase re-
porter assays demonstrated that miR-106a tar-
geted the 3’ untranslated region (3’'UTR) of Cx43
and regulated its mRNA and protein expression
levels in melanoma cells. MiR-106a was upregu-
lated in melanoma cells, and its overexpression
attenuated the effects caused by upregulating
Cx43 expression.

CONCLUSIONS: Thus, our results indicated that
Cx43 was downregulated in melanoma cells and
may be a potential target of melanoma treatment.
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Introduction

Melanoma is the most dangerous form of skin
cancer and accounts for more than 70% of skin
tumor-related deaths'. In 2016, approximately
76380 new melanoma cases are diagnosed?. Due

to tumor recurrence and metastasis, the overall
survival rate of melanoma patients is still poor.
Approximately 10,130 cases die from metastatic
melanoma every year*. Thus, the molecular me-
chanisms underlying melanoma process need to
be investigated.

Connexin 43 (Cx43) a vital gap junction pro-
tein in the tumor microenvironment (TME) and
its lower expression significantly associates with
increased malignancy in multiple cancers®. For
instance, miR-125b promotes glioma cell line
growth and clone formation by inhibiting con-
nexin43 expression®. MiR-20a inhibitor suppres-
ses the proliferation of human prostate cancer by
suppressing the Cx43 expression’. In melanoma,
Connexin 43 upregulation by dioscin inhibits
melanoma progression via suppressing mali-
gnancy and inducing M1 polarization®. Howe-
ver, the regulator role of Cx43 in melanoma is
still not well known.

In this study, we found that connexin 43 (Cx43)
was poor expressed in melanoma cells. Gain fun-
ction assays demonstrated that Cx43 overexpres-
sion significantly suppressed cell proliferation of
melanoma. Moreover, we demonstrated that miR-
106a targeted the 3’ untranslated region (3’'UTR)
of Cx43 and regulated its mRNA and protein
expression levels in melanoma cells. Thus, our re-
sults indicated that Cx43 may be a potential target
of melanoma treatment.

Materials and Methods

Cell Line Culture

Human malignant melanoma cell lines A375
and A2058 and the human epidermal mela-
nocytes (HEMn) were purchased from American
Type Culture Collection (Manassas, VA, USA).
Cells were cultured in Dulbecco’s modified Ea-
gle’s (DMEM) medium (Invitrogen, Carlsbad,
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CA, USA) with 10% fetal bovine serum (FBS)
(Invitrogen, Carlsbad, CA, USA) and maintained
at 37°C with 5% CO, in a humidified incubator.

Cell Transfection

The siRNA targeting Cx43 and pcDNA3.1-Cx43
plasmid were constructed and purchased from
Ribobio (Guangzhou, China). MiR-106a mimic
or miR-negative control was constructed and
purchased from Ribobio (Guangzhou, China).
The cells transfection was performed using Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol. Cel-
Is were harvested at 48 hours after transfection.
A plasmid designed to express full-length Cx43
mRNA sequence was subcloned from cDNA into
the Xba I and Kpn I sites within pcDNA3.1 (Ri-
bobio, Guangzhou, China).

Cell Proliferation Assay

A 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide (MTT) assay was performed
to detect the cell viability. The transfected A375
or A2058 cells (3000 cells/well) were plated into
96-well plates. After cell transfection at 0, 24 h,
48 h, and 72 h, the MTT solution (5 mg/ml MTT
in PBS; Sangon Biotech Co., Ltd., Shanghai,
China) was added to each well and cultured for
4 hours. Cells were detected using a microplate
reader (Bio Tek Instruments, Inc., Winooski, VT,
USA) and the absorbance was at 490 nm.

Cell Colony Formation Assay

For cell colony formation assay, the transfected
A375 or A2058 cells (300 cells/well) were seeded
into a 3 cm culture dish (BD Biosciences, Fran-
klin Lakes, NJ, USA). Cells were cultured for 7
days at 37°C with 5% CO, in a humidified incu-
bator. Next, cells were fixed with 100% methanol,
stained with 1% crystal violet and were counted.

Quantitative Real-Time PCR (ORT-PCR)
Total RNA was extracted by using TRIzol Re-
agent (TaKaRa, Dalian, China) according to the
manufacturer’s instructions. A 500 ng RNA was
reverse to cDNA using PrimeScript RT reagent Kit
(TaKaRa, Dalian, China) according to the manu-
facturer’s instruction. For mRNA analysis, SYBR
Premix ExTaq kit (TaKaRa, Dalian, China) was
used to detect the miR-106a and Cx43 expression
on ABI 7500 Thermocycler (Applied Biosystems;
Thermo Fisher Scientific, Inc., Waltham, MA,
USA). GAPDH or U6 gene was used as internal
reference. The relative expression was analyzed

by the 2724 method. The primer sequences were
as follow: Cx43-forward: 5-GGCGTGACT-
TCACTACTTTTAAGCA-3’, and Cx43-reverse:
5’-CAGTTGAGTAGGCTTGAACCTTGTC-3".
GAPDH-forward, 5-AGCCACATCGCTCAGA-
CAC-3’, and GAPDH-reverse, 5-GCCCAATAC-
GACCAAATCC-3.

Western Blot Analysis

Cells were lysed using Radio Immuno Preci-
pitation Assay Buffer (Cell Signaling Technolo-
gy, Inc., Danvers, MA, USA). The concentration
of protein was detected by using a Bicinchoni-
nic Protein Assay kit (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Equal proteins were
separated in 10-12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PA-
GE) gels and then transferred to polyvinylidene
membranes. The membranes were blocked with
5% skim milk for 1 h and were incubated with
primary antibodies against Cx43 (1:1000, Cell
Signaling Technology, Danvers, MA, USA)
or GAPDH (1:1000, Cell Signaling Technolo-
gy, Danvers, MA, USA) at 4°C overnight. The
membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies
(1:1000, Cell Signaling Technology, Danvers,
MA, USA) at room temperature for 1 h. The
blots were detected using enhanced chemilumi-
nescence (ECL) reagents (Pierce, Rockford, IL,
USA). GAPDH was used as an internal control.

Luciferase Reporter Assays

The wild and mutant sequence of the 3’-UTR
of Cx43 was cloned downstream of the firefly lu-
ciferase gene in the pmirGLO Vector (Promega,
Madison, WI, USA). HEK293 T cells were co-
transfected with 15 pmol of the miR-106a mimic,
miR-186 control or wild and mutant sequence of
the 3°’-UTR of Cx43 and 5 ng pRL-TK TKRenilla
plasmid (Promega, Madison, WI, USA) using Li-
pofectamine 2000 reagent (Invitrogen, Carlsbad,
CA, USA). The luciferase activity was assessed
at 48 h following transfection by using the dual
luciferase assay kit (Beyotime Biotechnology In-
stitute of Biotechnology, Inc.) according to the
manufacturer’s instructions.

Statistical Analysis

All statistical analyses were analyzed using
SPSS 19.0 (IBM, Armonk, NY, USA). The Stu-
dent’s #-test was applied to assess the significance
of the differences between groups. A p<0.05 was
considered as statistically significant.
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Results

Cx43 Overexpression Inhibits Cell
Proliferation and Cell Colony Formation
of Melanoma

We detected the expression of Cx43 in human
malignant melanoma cell lines A375 or A2058
and the human epidermal melanocytes (HEMn).
The Western blot analysis results demonstrated
that Cx43 expression in melanoma cell was si-
gnificantly downregulated compared to HEMn
cells (Figure 1A). To investigate the role of Cx43
expression in melanoma development, we perfor-
med the gain-and-loss function assays in A375
and A2058 cells using pcDNA3.1-Cx43 or siR-
NA-Cx43 (Figure 1B). The MTT assays results
demonstrated that increased Cx43 expression in
A375 cells significantly suppressed cell growth,
but Cx43 knockdown dramatically promoted cell
growth in A2058 cells (Figure 1C-1D). Meanwhi-
le, cell colony formation assays results revealed
that cell colony formed number was reduced after
Cx43 was overexpressed in A375 cells. However,
cell colony formed number was increased after
Cx43 was knocked down in A2058 cells (Figu-
re 1E-1F). Thus, these results indicated that Cx43
overexpression inhibited cell proliferation and
cell colony formation of melanoma.

Cx43 is a Target of miR-106a
in Melanoma Cells

To explore the underlying mechanism that af-
fected cell proliferation induced by Cx43 in me-
lanoma. By searching online predicting softwa-
re miRanda and Targetscan, we found that Cx43
was a putative target of miR-106a (Figure 2A).
We then constructed the wild and mutant type
sequence of the 3’-UTR of Cx43 and cloned
downstream of the firefly luciferase gene in the
pmirGLO vectors. HEK 293T cells were cotran-
sfected with miR-106a mimic, miR-106a control
and wild-type (WT) and mutant type (MUT) se-
quences of the 3’-UTR of Cx43 and 5 ng pRL-
TK TKRenilla plasmids. The results showed that
miR-106a mimic significantly reduced the luci-
ferase activity of wild-type (WT) of 3’-UTR of
Cx43, but did not change the mutant type (MUT)
of 3’-UTR of Cx43 luciferase activity (Figure
2B). Thus, the results indicated that Cx43 was a
target of miR-106a. Moreover, we demonstrated
that overexpressed miR-106a mimic reduced the
mRNA and protein expression of Cx43 in A375
cells, but the mRNA and protein expression of
Cx43 were enhanced when miR-106a was down-

regulated in A2058 cells (Figure 2C-2F). Therefo-
re, these results indicated that Cx43 was a target
of miR-106a and was regulated by miR-106a in
melanoma cells.

Cx43 Overexpression Reverses
the Effects of miR-106a on Cell
Proliferation of Melanoma

We also detected the expression of miR-106a in
melanoma and HEMn cells. Results showed that
miR-106a was higher expressed in two melano-
ma cells compared to HEMn cell (Figure 3A). We
investigated whether Cx43 mediated the effects
of miR-106a on cell proliferation of melanoma.
The miR-106a was overexpressed by transfected
with miR-106a mimic in A375 cells (Figure 3B).
It was demonstrated that Cx43 overexpression
inhibited cell proliferation rate of melanoma
using MTT assay, but was reversed by cotran-
sfection of miR-106a mimic and pcDNA3.1-Cx43
plasmid in A375 cells (Figure 3C). Cell colony
formation assay showed that cell colony forma-
tion number was decreased when A375 cells were
treated with pcDNA3.1-Cx43 plasmid, but was re-
versed by cotransfection of miR-106a mimic and
pcDNA3.1-Cx43 plasmid in A375 cells (Figure
3D). Thus, these results indicated that Cx43 ove-
rexpression reversed the effects of miR-106a on
cell proliferation.

Discussion

In the previous studies, Cx43 was found to
function as a tumor suppressor. Such as, reduced
Connexin 43 expression is associated with ma-
lignant tumor behaviors and biochemical recur-
rence-free survival of prostate cancer’. Connexin
43 suppresses tumor angiogenesis by down-regu-
lation of vascular endothelial growth factor via
hypoxic-induced factor-1a'’. Connexin-43 can
delay early recurrence and metastasis in patients
with hepatitis B-related hepatocellular carcinoma
and low serum alpha-fetoprotein after radical he-
patectomy''. Overexpression of connexin 43 redu-
ces A549 lung adenocarcinoma cells proliferation
and metastatic capacity'?. In melanoma, specific
inhibition of Cx43 channel activity accelerated
melanoma cell proliferation, whereas overexpres-
sion of Cx43 increased GJ coupling and reduced
cell growth'. In our study, we demonstrated that
Cx43 was lower expressed in melanoma cells
compared to the human epidermal melanocytes
(HEMn). Overexpression of Cx43 significantly
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Figure 1. Cx43 overexpression inhibits cell proliferation and colony formation ability of melanoma. (4) Cx43 expression
was detected by using western blot analysis in A375 or A2058 cells and HEMn cells. GAPDH was used as the internal con-
trol. (B) Cx43 expression was detected by using western blot analysis after A375 cells transfected with pcDNA3.1-vector or
pcDNA3.1-Cx43 or in A2058 cells transfected with siRNA-NC or siRNA-Cx43. GAPDH was used as the internal control.
(C-D) MTT assay were used to assess cell proliferation after A375 cells transfected with pcDNA3.1-vector or pcDNA3.1-Cx43
plasmid or in A2058 cells transfected with siRNA-NC or siRNA-Cx43. (E-F) Cell colony formation assay were used to assess
cell proliferation after A375 cells transfected with pcDNA3.1-vector or pcDNA3.1-Cx43 or A2058 cells transfected with siR-
NA-NC or siRNA-Cx43. All of experiments were repeated at least three times, *p<0.05.

inhibited cell proliferation and colony formation proliferation of melanoma. Furthermore, we de-
ability. However, the reduced Cx43 had a promo- monstrated that miR-106a was higher expressed
ting role for melanoma cell proliferation. Thus, in melanoma cells compared to the human epider-
these results indicated that Cx43 could inhibit cell mal melanocytes (HEMn). The luciferase activity
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results showed that miR-106a mimic significantly type (MUT) of 3-UTR of Cx43, which suggested
reduced the luciferase activity of wild-type (WT) that miR-106a targeted the 3’UTR region of Cx43.
of 3’-UTR of Cx43, but did not change the mutant MiR-106a was identified as an oncogene in some
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Figure 2. Cx43 is a direct target of miR-106a. (4) By searching online predicting software miRanda and Targetscan, the
results showed that Cx43 was a putative target of miR-106a. The wild and mutant type sequence of the 3’-UTR of Cx43 and
cloned downstream of the firefly luciferase gene in the pmirGLO vectors. (B) MiR-106a mimic significantly reduced the luci-
ferase activity of wild type (WT) of 3’-UTR of Cx43, but did not change the mutant type (MUT) of 3°-UTR of Cx43 luciferase
activity. (C-D) The mRNA expression of Cx43 was detected using qRT-PCR analysis after A375 cells transfected with pcD-
NA3.1-vector or pcDNA3.1-Cx43 or in A2058 cells transfected with siRNA-NC or siRNA-Cx43.was detected using qRT-PCR
analysis after A375 cells transfected with pcDNA3.1-vector or pcDNA3.1-Cx43 or in A2058 cells transfected with siRNA-NC
or siRNA-Cx43. (E-F) The protein expression of Cx43 was detected using qRT-PCR analysis after A375 cells transfected with
pcDNA3.1-vector or pcDNA3.1-Cx43 or in A2058 cells transfected with sSiRNA-NC or siRNA-Cx43. All of experiments were
repeated at least three times, *p<0.05.
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Figure 3. Cx43 overexpression reverses the effects of miR-106a on cell proliferation of melanoma. (4) The relative miR-
106a expression was detected using qRT-PCR in A375 or A2058 cells and HEMn cells. (B) The relative miR-106a expression
was detected using qRT-PCR after A375 cells were transfected with miR-106a mimic or miR-negative control (NC). (C)
MTT assay were used to assess cell proliferation after A375 cells transfected with pcDNA3.1-vector, pcDNA3.1-Cx43 or
pcDNA3.1-Cx43+miR-106a mimic. (D) Cell colony formation assay were used to assess cell proliferation after A375 cells
transfected with pcDNA3.1-vector, pcDNA3.1-Cx43 or pcDNA3.1-Cx43+miR-106a mimic. All of experiments were repeated

at least three times, *p<0.05, #, not significance.

tumors. For instance, microRNA-106a functions
as an oncogene in human gastric cancer and con-
tributes to proliferation and metastasis in vitro
and in vivo™. MiR-106a promotes growth and me-
tastasis of non-small cell lung cancer by targeting
PTEN". Upregulated expression of miR-106a by
DNA hypomethylation plays an oncogenic role in
hepatocellular carcinoma'®. Oncogenic miR-106a
enhances the invasiveness of human glioma stem
cells by directly targeting TIMP-2". Here, we de-
monstrated that miR-106a regulated the expres-
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sion of Cx43. Cx43 overexpression could reverse
the effects of miR-106a on cell proliferation by
performing MTT cell proliferation and cell co-
lony formation.

Conclusions
We demonstrated that Cx43 suppressed cell

proliferation of melanoma. Cx43 was a direct tar-
get of miR-106a and mediated the effects indu-
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ced by miR-106a on cell proliferation. Thus, Cx43
may serve as a target of melanoma treatment.
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