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Connexin 43 in Distant Metastasis of Breast Cancer
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Background: MicroRNA-206 (miR-206) and connexin 43 (Cx43) are related with the distant metastasis of breast cancer. It remains
unclear whether the regulatory effect of miR-206 on Cx43 is involved in metastasis of breast cancer.

Methods: Using quantitative real-time polymerase chain reaction and Western blot, the expressions of miR-206 and Cx43 were
determined in breast cancer tissues, hepatic and pulmonary metastasis (PM), and cell lines (MCF-10A, MCF-7, and MDA-MB-231).
MCF-7/MDA-M-231 cells were transfected with lentivirus-shRNA vectors to enhance/inhibit miR-206, and then Cx43 expression was
observed. Cell counting kit-8 assay and Transwell method were used to detect their changes in proliferation, migration, and invasion
activity. The mutant plasmids of Cx43-3’ untranslated region (3’UTR) at position 478-484 and position 1609-1615 were constructed.
Luciferase reporter assay was performed to observe the effects of miR-206 on luciferase expression of different mutant plasmids and to
confirm the potential binding sites of Cx43.

Results: Cx43 protein expression in hepatic and PM was significantly higher than that in the primary tumor, while no significant difference
was showed in messenger RNA (mRNA) expression. MiR-206 mRNA expression in hepatic and PM was significantly lower than that in
the primary tumor. Cx43 mRNA and protein levels, as well as cell proliferation, migration, and invasion capabilities, were all significantly
improved in MDA-MB-231 cells after reducing miR-206 expression but decreased in MCF-7 cells after elevating miR-206 expression,
which demonstrated a significantly negative correlation between miR-206 and Cx43 expression (P = 0.03). MiR-206 can drastically
decrease Cx43 expression of MCF-7 cells but exerts no effects on Cx43 expression in 293 cells transfected with the Cx43 coding region
but the lack of Cx43-3’UTR, suggesting that Cx43-3’UTR may be the key in Cx43 regulated by miR-206. Luciferase expression showed
that the inhibition efficiency was reduced by 46.80% in position 478-484 mutant, 16.72% in position 1609-1615 mutant; the inhibition
was totally disappeared in double mutant (P = 0.02).

Conclusions: MiR-206 can regulate the expression of Cx43, the cytobiological activity, and the metastasis of breast cancer through
binding to the two binding sites in Cx43-3’UTR: position 478-484 and position 1609-1615.
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INTRODUCTION family of humans gene spectrum, which are named according
to relative molecular mass (Mr), for example, Cx43 refers
to a Cx with Mr = 43,000. Human breast tissues mainly
express Cx26 and Cx43.1 1t is observed that breast cancer
metastasis is accompanied by increasing Cx43 expression
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and intercellular exchange disorders.’” The expression
of Cx43 protein is regulated through two mechanisms:
transcriptional and posttranscriptional. There are lots of
regulatory factors in transcriptional level. Messenger
RNA (mRNA) must be translated into protein to exert its
function. The posttranscriptional regulation mechanism of
Cx43 has not been clarified yet. MicroRNA (miRNA) is
one of the largest groups of posttranscriptional regulatory
factors,® whose 2-8 bases at 5” end can bind to 3’
untranslated region (3’UTR) of target gene so as to regress
gene translation and reduce protein expression.”J miRNA
is involved in a series of biological processes including
cell cycle, growth, apoptosis, differentiation, and stress
reaction.'” The first discovered miRNA associated with
breast cancer is miR-206. A significant decline of miR-206 is
noticed in breast cancer tissues (CTs), and low miR-206 level
is closely associated with advanced clinical stage and shorter
overall survival.'! In our previous study, we compared Cx43
protein and miR-206 mRNA expression in the resected
primary lesion of human breast cancer and paired metastatic
axillary lymph node, and found that in metastatic axillary
lymph node, miR-206 expression was significantly reduced
while Cx43 protein expression was significantly increased,
and a negative correlation was observed between them.'!]
However, whether the posttranscriptional regulation of
Cx43 by miR-206 is involved in the distal metastasis
of breast cancer is still controversial. In this study, we
observed miR-206 and Cx43 expression in primary tumor,
hepatic, and pulmonary metastatic lesions of breast cancer,
then explored the effect of miR-206 on Cx43 expression
and biological characteristics of human breast cancer
cells (MCF-7 and MDA-MB-231). At last, we validated the
possible binding sites in Cx43-3’UTR by which miR-206
regulates the expression of Cx43. The aim of this research
was to provide references to the further mechanic study of
breast cancer metastasis and develop new therapeutic targets
in the treatment of breast cancer.

MeTtHoDS

Tissue collection

From October 1,2012, to July 1,2013, we enrolled 40 cases
of invasive ductal carcinoma, 10 hepatic metastases, and 10
pulmonary metastases (PMs) of breast cancer which were
pathologically diagnosed in the Breast Disease Center of
Southwest Hospital affiliated to the Third Military Medical
University and the Department of Breast, Thyroid and
Pancreas Surgery of the Second Affiliated Hospital of
Chongqing Medical University. All the patients were aged
from 32 to 67 years (median 53 years), females, with tumor
diameter of 1.5-4.7 ¢cm (2.8 cm on average). They did
not receive any neoadjuvant chemotherapy or endocrine
therapy preoperatively. Two kinds of specimens were
sterilely taken during modified radical mastectomy: normal
tissues (NTs, at 3 cm from the tumor margin) and CTs. 2-3
pieces of specimens from hepatic metastasis (HMs) and PMs
were obtained from metastatic patients during computed

tomography-guided biopsy. The specimens for quantitative
real-time polymerase chain reaction (QRT-PCR) were quickly
immersed into RNA inhibitor solution overnight at 4°C and
removed into the protective liquid, preserved at —80°C.

This study was approved by the Ethics Committee of
Southwest Hospital affiliated to the Third Military Medical
University and Second Affiliated Hospital of Chongqing
Medical University. All patient-derived tissues were obtained
with written informed consent.

Cell lines and culture conditions

Human breast cancer cell lines MCF-7 and MDA-MB-231
were purchased from the Shanghai Cell Bank of Chinese
Academy of Sciences. The normal breast cell line
MCF-10A was preserved in our laboratory. The cells were
cultured in high-glucose Dulbecco’s modified Eagle’s
medium (DMEM) (Hyclone, USA) containing 10% fetal
bovine serum (Gibco, USA) in 5% CO, incubator at 37°C,
digested with 0.25% trypsin and passaged in vitro. Cells
used in the experiment were in the logarithmic growth
phase.

MicroRNA-206 and connexin 43 expressions in tissues
and cells

Messenger RNA expression of microRNA-206 and connexin
43 by quantitative real-time polymerase chain reaction
Total RNA was extracted from tissues or cells with TRIzol
reagent (Invitrogen, USA). For gPCR, RNA was reversely
transcribed to cDNA from 1 mg of total RNA using a
Reverse Transcription Kit (Takara, Japan). qRT-PCR
was conducted with SYBR® premix Ex Taq™ II (perfect
real-time) (Takara). All protocols were performed according
to the manufacturer’s instructions. Results were normalized
to the expression of U6/glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and then expressed as a relative
expression compared with related control samples. The
primer sequences were listed in Table 1.

Protein expression of connexin 43 by Western blotting assay
Total proteins were extracted with cell lysis solution, and
the concentration was determined by Bradford method.
About 50 ug protein was separated in 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
electrotransferred to PCDF membrane, and incubated with
rabbit anti-human Cx43 antibody (1:1000, Santa, USA) at
37°C for 4 h, with anti-rabbit secondary antibody (1:2500,
Sigma, USA) at 37°C for 2 h. Protein bands were quantified
from film by densitometry using Adobe Photoshop V7.01
imaging system.

Altering microRNA-206 level in breast cancer cell lines
The cells in logarithmic growth phase were seeded
in 6-well plates at the density of 105/well and grown
for 12 h, then switched to fresh DMEM medium. In
order to improve the expression of miR-206, 20 ul
6 x 10® TU/ml (multiplicity of infection [MOI] = 20)
LV-hsa-miR-206 (1569-11) virus (lentivirus-shRNA vectors,
Genechem, China) was added into MCF-7 cells (low
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Table 1: Primer sequence and reaction condition of miR-206 and Cx43 by qRT-PCR

Primer Sequence (5°-3’) Reaction condition of qRT-PCR
Cx43 F: GGTGGAGAGGGAGGGGATAAGAG 95°C 1: 30—(95°C, 5 s—62.5°C, 30 s) x
R: CCACCCGCTCATTCACATACAC 40—65°C, 1s
GAPDH F: AGAGGCAGGGATGATGTTCTG 95°C 1: 30—(95°C 5 s—62.5°C 30 s) x
R: GACTCATGACCACAGTCCATGC 40—65°C 1s
miR-206 Reverse-transcribed primer: F: GGCCGCTGGAATGTAAGGAAG 95°C 1: 30—(95°C, 5 s—60°C, 30 s) x
GTCGTATCCAGTGCAGGGTCCG R: GTGCAGGGTCCGAGGT 40—65°C, 1 s

AGGTATTCGCACTGGATACGACCCACACA
U6 Reverse-transcribed primer:

AAAATATGGA

ACGCTTCACGAATTTG

F: CTCGCTTCGGCAGCACATATACT
R: GTAACGCTTCACGAATTTGCGTGTC

95°C 1: 30 —(95°C 5 s—60°C 30 s) x
40—65°C 1s

Cx43: Connexin 43; qRT-PCR: Quantitative real-time polymerase chain reaction; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;

miR-206: MicroRNA-206.

expression of miR-206). 10 ul 6 x 108 TU/ml (MOI = 10)
LV-hsa-miR-206-inhibition (lentivirus-shRNA vectors,
Genechem, China) was added into MDA-MB-231 (with high
expression of miR-206) to inhibit the expression of miR-206.
After 12 h, the cells were switched to fresh medium and
harvested after 96 h for subsequent experiments.

Connexin 43 expressions after altering microRNA-206
Cx43 mRNA and protein expression of MCF-7/
MDA-MB-231 transfected by LV-hsa-miR-206 (1569-11)
virus/LV-hsa-miR-206-inhibition were checked by gqRT-PCR
and Western blot as previously described.

Cytobiological changes after changing microRNA-206
Cell proliferation assay by cell counting kit-8

The proliferation of MCF-7/MDA-MB-231 transfected by
LV-hsa-miR-206 (1569-11) virus/LV-hsa-miR-206-inhibition
was checked by cell counting kit-8 (CCK-8) (Yiyuan, China).
According to the instruction, five wells in each group were for
the experiment, another five wells were to add DMEM medium
and CCK-8 solution as a control. At 12, 24, 48,72, and 96 h
after cell seeding, CCK-8 cell proliferation experiment was
performed. The optical density at 450 nm wavelength (D[450])
was determined by Thermo Varioskan Multifunction
Reader (Thermo Scientific, USA). Cell proliferation curve
was drawn with Time as X-axis, D (450) as Y-axis.

Transwell migration assay

Serum-free DMEM containing 0.1% bovine serum albumin
was used to suspend and dilute the cells to a concentration of
1 x 10%/ml. About 200 ul of cell suspension was sucked to
the upper chamber of Transwell (PC membrane with 8.0 um
pore size, BD, USA), high-glucose DMEM containing
10% fasting blood sugar (FBS) to the lower chamber. The
cells were cultured in a 37°C incubator at 5% CO, for 12 h.
The upper chamber was removed, air-dried, fixed with
paraformaldehyde for 15 min, rinsed with phosphate-buffered
saline (PBS) for 2 min, and stained with 0.1% crystal violet.
Under a microscope (200%), randomly selected 5 view fields
to count cells and averaged the numbers.

Transwell invasion assay
Before the experiment, precooled serum-free DMEM was
mixed with matrigel (BD, USA) at the ratio of 2:1, and

then 30 ul of mixture per well was drawn into Transwell
upper chamber and solidified at 37°C for 1 h. Add 200 ul
suspension at the cell concentration of 1 x 10%/ml into the
upper chamber, high-glucose DMEM medium containing
10% FBS into the lower chamber. The cells were cultured
in a 37°C incubator at 5% CO, for 12 h. The upper chamber
was removed, air-dried, fixed with paraformaldehyde for
15 min, rinsed with PBS for 2 min, and stained with 0.1%
crystal violet. Under a microscope (%200), randomly selected
5 view fields to count cells and averaged the numbers.

Studying on binding sites of connexin 43 for
microRNA-206

MicroRNA-206 may regulate connexin 43 protein
expression via connexin 43-3’ untranslated region

Human keratinocytes cell line HaCaT cells in the logarithmic
phase were lysated using RNAiso Reagent. Total cellular RNA
was extracted. According to the instructions of PrimeScript
1% strand cDNA Synthesis Kit (TaKaRa, Japan), transverse
transcription was performed to prepare the corresponding
cDNA, which was used as a template for PCR amplification
of the coding region of Cx43. The primer sequence: Cx43
F: 5°-CCCAAGCTTATGGGTGACTGGAGCGCCTT-3’
(designed Hind 11l restriction enzyme
cutting sites were underlined), Cx43 R:
5’-CTAGTCTAGACTAGATCTCCAGGTCATCAG-3’
(designed Xba 1 restriction enzyme cutting sites were
underlined). The 1.0% agarose gel electrophoresis was
conducted to observe the amplified fragments 293 and
MCEF-7 cells were seeded in a 6-well plate 24 h earlier.
According to the instructions of Lipofectamine 2000 (Life
Tech, USA), pcDNA3.1-Cx43 eukaryotic expression
plasmid (2.5 pg/well) and 60 nmol of pre-miR negative
control or pre-miR has-miR-206 (Ambion, USA) were
premixed, and then the mixture was used to transfect
293 cells. The MCF-7 cells were only transfected by 60 nmol
of pre-miR negative control or pre-miR has-miR-206. After
6 h, changed the medium and cultured for another 48 h, and
then harvested the protein. The protein was separated by 12%
SDS-PAGE gel electrophoresis, transferred to a membrane,
incubated with antibodies (Cx43: 1:250; GAPDH: 1:1000),
and finally visualized.
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The target straps (1149 bp) became purer and more
abundant as the annealing temperature increased. We set
the annealing temperature at 65°C, when the abundance
of target strap was the highest. Plasmid pcDNA3.1 and
purified PCR amplifying products of Cx43 underwent
Hind 111/Xba 1 double enzyme digestion. The products were
connected after the secondary purification and preserved
at 16°C overnight. The ligation product was dealt with
Escherichia coli DH50., then painted in Amp+ plate and
cultured overnight. Monoclonal bacteria were selected and
identified by PCR. The plasmid with correct sequence was
named as pcDNA3.1-Cx43.

MicroRNA-206 can regulate connexin 43 by binding

specific sites of connexin 43-3’ untranslated region

Using EZNA Tissue DNA Kit (Omega, USA), genomic
DNA was extracted from human keratinocyte cell
line HaCaT cells in the logarithmic growth phase, and
stored at —20°C after determining the concentration.
Primers were designed based on the sequence of
Cx43-3’UTR in GeneBank as follows: C43-3’UTR F:
5’-GGACTAGTATACAGGCTTGAAAGCATCA-3’
(designed Spe I restriction enzyme cutting sites were
underlined); R: 5°’-CGACGCGTTATGTT
TATACTAAATTAAAA-3’ (designed Mul 1 restriction
enzyme cutting sites were underlined). With human
genomic DNA as template for amplification, firstly
Cx43 3’UTR (1751 bp) was amplified by gradient PCR,
then 1.0% agarose gel electrophoresis was performed. It
was found that the amplification effect was optimal when
the annealing temperature was 50°C. The fragment size was
nearly equal to the real value. The purified PCR amplification
product of Cx43 3’UTR, and plasmid pmiR-Luc underwent
Hind 111/Xba 1 double enzyme digestion. The products
were connected after the secondary purification and
preserved at 160C overnight. The ligation product was
dealt with E. coli DH5q., then painted in Amp+ plate and
cultured overnight. Monoclonal bacteria were selected
and identified by PCR. The plasmid with correct sequence
was named as pmiR-Luc-Cx43-3’UTR. The amplification
effect was optimal when the annealing temperature was
50°C. The fragment size was nearly equal to the real value.
Two bioinformatic predictive softwares TargetScan and
PicTar (http://www.targetscan.org/; http://pictar.mdc-berlin.
de/cgi-bin/PicTar_vertebrate.cgi) were used to screen the
3’UTR of Cx43-GJA1 (located on human chromosome
6q22-q23). There are two possible binding sites in
Cx43-3’UTR which are located in sites 478484 (ACAUUC)
and 1609-1615 (ACAUUC) and complementary to the 6
bases at position 58—63 of miR-206, i.e., TGTAAG. In order
to clarify whether both of them should bind to miR-206 and
regulate the cytobiological activity, we designed the plasmid
mutated at the two possible binding sites in Cx43-3’UTR. In
the median sites of Cx43-3’UTR: 480483 and 1611-1614,
AUUC was mutated to UAAG. So the primer sequences
were designed as follows: for the first binding site (478484,
BS1) F: 5'-ACTAAGCATTGTTAAAATTTGCACTT-3',
BS1 R: 5'-TTTAGCAGGGACTTAAGGACAATCCT-3".

For the second binding site (1609-1615, BS2) F:
5'-ACTAAGCATGTTAAACTACGGTCATG-3', BS2 R:
5'-CAAACAAATTAGTAATTTTCATTGTA-3'". According
to the instruction of KOD-Plus-Mutagenesis Kit (Toyobo,
Japan), the clones were sent for sequence detection. The
plasmid with correct mutation was reserved based on the
sequencing results.

Cells transfection was performed using Lipofectamine
2000 (Life Tech, USA) according to the instructions
of the manufacturer. The 6 purified luciferase reporter
plasmids (pmiR-Luc-con, wild-type Cx43-3’UTR,
Cx43-3’UTR BS-1 mut, Cx43-3’UTR BS-2 mut,
Cx43-3’UTR BS-1, 2 mut, and pmiR-f-gal) were
diluted to the same concentration. The former five
plasmids (150 ng/well) were mixed with pre-miR
negative control or pre-miR has-miR-206 (50 nmol,
Ambion, USA), respectively. pmiR-f-gal (200 ng/well)
was added as a control for transfection efficiency in
each group. 293 cells were co-transfected by the three
plasmids for 6 h and cultured for another 24 h after
changed the medium. The luciferase and B-galactosidase
expression were assayed using luciferase detection
kit and P-galactosidase detection kit (Beyotime,
China). The ratio of Luc/B-gal was expressed as a
mean =+ standard deviation (SD). With the value of control
group (pmiR-Luc-con) as the correction, luciferase
expression was calculated (x100%).

Statistical analysis

All experiments were done in duplicate and repeated three
times. Using SPSS 17.0 software package (SPSS Inc., USA),
the data were expressed as a mean + standard deviation
(SD). Statistical significance between groups was assessed
by one-way analysis of variances, followed by Tukey’s
multiple comparison tests. The values between two groups
were compared with #-test. The simple correlation analytical
method was used to analyze the dependability. A P value
of < 0.05 was considered to be statistically significant.

ResuLts

MicroRNA-206 and connexin 43 expressions in tissues
and cells

Messenger RNA expression

As shown in Table 2, miR-206 mRNA in CTs, HMs, and
PMs was significantly lower than that in NTs (P = 0.02),
while miR-206 mRNA in HMs and PMs was lower than
that in CTs (P = 0.015). Cx43 mRNA in CTs, HMs, PMs
was significantly lower than that in NTs (P = 0.023). There
was no statistical difference between primary tissues and
metastatic tissues (HMs, PMs) (P > 0. 05) [Table 2].

As shown in Figure la and 1b, when miR-206 expression
in MCF-7 cells was set at 1, miR-206 expression in
MCEF-10A (normal breast cell line) was 639.130 + 13.040,
significantly higher than that in breast cancer cell lines
MCEF-7 (1) and MDA-MB-231 (15.540 + 0.840), while that
in MDA-MB-231 was higher than that in MCF-7. Cx43
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Table 2: mBRNA expression of miR-206 and Cx43 in
breast cancer tissue

Tissue miR-206 Cx43
Ct value 2-natt Ct value 2-nact
(mean = SD) (mean + SD)
NTs 32.510 £ 1.420 1 29.490 + 0.790 1
CTs 19.550£0.940  0.045% 16.820+1.400  0.039*
HMs 15.030+0.830  0.022%"  18.900+0.890  0.042¢
PMs 16470 £0.910  0.029%"  17.370£0.930  0.032¢

*P<0.05, compared with miR-206 NTs subgroup; P<0.05, compared
with miR-206 CTs subgroup; *P<0.05, compared with Cx43 NTs
subgroup. miR-206 mRNA in CTs, HMs and PMs was significantly
lower than that in NTs (P<0.05), miR-206 mRNA in HMs and PMs
was lower than that in CTs (P<0.05). NTs: Normal tissues; CTs: Cancer
tissues; HMs: Hepatic metastasis; PMs: Pulmonary metastases;
SD: Standard deviation; Cx43: Connexin 43; miR-206: MicroRNA-206;
mRNA: Messenger RNA; SD: Standard deviation.

mRNA in MDA-MB-231 was significantly lower than that
in MCF-7 (7.190 + 0.640) (P = 0.031), [Figure 2c].

Connexin 43 protein expression

Cx43 protein expression in CTs, HMs, and PMs was
significantly lower than that in NTs (P < 0. 05) [Figure 1c].
Cx43 protein expression in HMs and PMs was significantly
higher than that in CTs (P <0. 05) [Figure 1c], Cx43 protein
level in MCF-7 cells was significantly higher than that in
MDA-MB-231 cells (P < 0. 05) [Figure 3].

MicroRNA-206 expression after lentivirus transfection
Lentiviral transfection efficiency was >80% in all groups.
The change of miR-206 expression after lentivirus
transfection was shown in Figure 2, when miR-206
expression in nontransfected cells was set at 1, miR-206
in MCF-7 cells transfected by LV-hsa-miR-206 (1569-11)
was significantly increased to 120.331 = 1.801 (P = 0.042),
while no statistically significant difference was observed
in normal group and negative control group (P > 0.05).
miR-206 in MDA-MB-231 cells transfected by
LV-hsa-miR-206-inhibition was decreased from 1 to
0.342 £ 0.037 (P = 0.022), while no statistically significant
difference was observed in normal group and negative
control group (P > 0.05).

Connexin 43 expressions after changing microRNA-206
Lentiviral transfection efficiency was >80% in MCF-7.
Lentiviral transfection efficiency was >80% in
MDA-MB-231.

In mRNA level, qRT-PCR was used to detect the Cx43
mRNA after altering miR-206 expression. As shown
in Figure 2c after MCF-7 cells were transfected with
LV-hsa-mir-206 (1569-11), Cx43 mRNA was decreased
from 7.190 £ 0.640 to 2.580 + 0.340 (P = 0.018 < 0.05),
while no significant change in the negative control
group (P > 0.05). In MDA-MB-231 cells, Cx43 mRNA
was increased from 1 to 4.090 + 0.500 (P = 0.033), no
significant change was shown in the negative control
group (P > 0.05). In MDA-MB-231 cells, Cx43 mRNA
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Figure 1: The expression of MiR-206 and connexin 43 in breast
tissues and cells. (a): *P < 0.05, compared with MCF-7; *P < 0.05,
compared with MCF-10A. When miR-206 expression in MCF-7 cells
was set at 1, miR-206 expression in normal breast cell line MCF-10A
was 639.13+13.04, significantly higher than that in MCF-7 and
MDA-MB-231 (15.54+0.84), while miR-206 expression in MDA-
MB-231 was higher than that in MCF-7. (b): Western blotting image;
(c): Statistic graph of graph b. Lane 1: breast cancer tissues; lane
2: hepatic metastasis; lane 3: pulmonary metastasis; lane 4: normal
breast tissues; NTs: normal breast tissues; CTs: breast cancer tissues;
HMs: hepatic metastasis; PMs: Pulmonary metastasis; P < 0. 05,
compared with CTs group; $P < 0. 05, compared with NTs group; Cx43
protein expression in CTs, HMs and PMs was significantly lower than
thatin NTs (P < 0. 05). Cx43 protein expression in HMs and PMs was
significantly higher than that in CTs (P < 0. 05).

was increased from reference value 1 to 4.090 + 0.500 (P =
0.011), no significant change was showed in the negative
control group (P > 0.05).

In protein level, as shown in Figure 3, Cx43 protein
expression in MCF-7 cells was significantly higher than
that in MDA-MB-231 cells (P = 0.021) [Figure 3]. In
MCEF-7 cells, Cx43 protein expression in transfection
group was significantly lower than that in normal and
negative control group (P =0.024). In MDA-MB-231 cells,
Cx43 protein expression in transfection group was
significantly higher than that in normal and negative control
group (P =0.011), [Figure 3].

In correlation analysis of Cx43 and miR-206, the correlation
coefficients were as follow: »=—0.591, P=0.043 in mRNA
level; r=—-0.724, P = 0.008 in protein level, which showed
that miR-206 expression was negatively correlated with
Cx43 mRNA and protein expression.
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Figure 2: Connexin 43 expression after changing microRNA-206. (a) MCF-7 cells. When microRNA-206 expression in nontransfected cells was
set at 1, microRNA-206 in MCF-7 cells was significantly increased to 120.331 =+ 1.801 after transfected LV-has-microRNA-206 (1569-11)
(P < 0.05), while no statistically significant difference was observed in normal and negative control group (P > 0.05). (b) MDA-MB-231 cells.
MicroRNA-206 in MDA-MB-231 cells after LV-has-microRNA-206-inhibition transfection was decreased from 1 to 0.342 + 0.037 (P < 0.05),
while no statistically significant difference was observed in normal and negative control group (P > 0.05). *P < 0.05, compared with normal
MDA-MB-231 cells; TP <0.05, compared with normal MCF-7 cells. (c) Connexin 43 mRNA in MDA-MB-231 was significantly lower than that in
MCF-7 (7.190 + 0.640). After MCF-7 cells were transfected with LV-has-microRNA-206 (1569-11), connexin 43 mRNA was decreased from
7.190 + 0.640 to 2.580 + 0.340 (P < 0.05), while no significant change in the negative control group (P > 0.05). After MDA-MB-231 cells
transfected with LV-has-miR-206-inhibition, connexin 43 mRNA was increased from 1.012+0.035t0 4.256+0.095 (P < 0.05), while no significant
change in the negative control group (P > 0.05). *P < 0.05, compared with normal MCF-7 cells,*P < 0.05,compared with normal MDA-MB-231.

Changes of biological activity after altering
microRNA-206

Proliferation capability

As shown in Figure 5 compared with untransfected cells,
2 days after LV-hsa-mir-206 (1569-11) transfection, an
obvious decline in proliferation capability was noticed in
MCF-7 cells, while a remarkable elevation was observed
in MDA-MB-231 cells (P < 0.05) [Figure 5].

Cell migration

Transwell migration assay showed that the cell count in
transfected MCF-7 group was 19.600 + 3.040 in each field
of view, significantly lower than 43.000 + 7.410 in normal
MCEF-7 group, suggesting that the migration capability was
significantly reduced (P <0.05). The cell count in the transfected
MDA-MB-231 group was 81.800 + 6.610 in each field of
view, significantly higher than 61.200 £ 5.260 in the normal
MDA-MB-231 group, suggesting that migration capability was
significantly enhanced (P < 0.05) [Figure 5c and 5h].

Cell invasion

As Figure 5i-5n shown, the number of cells passing
through Transwell chamber in the transfected MCF-7
group was 48.200 + 10.010, significantly lower than
88.400 + 7.230 in the normal MCF-7 group (P < 0.05),

indicating that the cells’ invasion activity was decreased
after enhancing miR-206 expression. The number
of cells passing through Transwell chamber in the
transfected MDA-MB-231 group was 123.000 + 4.690,
significantly higher than 99.000 + 6.240 in the normal
MDA-MB-231 group (P < 0.05), indicating that the cells’
invasion activity was increased after reducing miR-206
expression.

Possible binding sites of connexin 43 for microRNA-206
As shown in Figure 4a, Cx43 was not expressed in 293 cells.
Cx43 expression became strongly positive (P < 0.05) in
293 cells transfected by eukaryotic expression plasmid
pcDNA3.1-Cx43 (containing the Cx43 coding region and
lack of Cx43-3’UTR), while Cx43 remained the same
after transfected by miR-206. In MCF-7 cells (bearing
Cx43 3’UTR) [Figure 4b], Cx43 was highly expressed
but significantly decreased after transfected by
miR-206 (P < 0.05).

MiR-206 can regulate Cx43 by binding to specific sites of
Cx43 3°UTR [Figure 4].

As shown in Figure 4c-4f, for the wild-type Cx43-3’UTR
luciferase reporter plasmid, miR-206 can inhibit the
luciferase expression, which decreased to 19.090% of
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expression. (a) Western blotting image; (b) Statistic graph of graph a; Lane
1: MDA-MB-231; lane 2: MCF-7; lane 3: Transfected MDA-MB-231 group;
lane 4: Transfected MCF-7 group; lane 5; MDA-MB-231 negative control
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normal MCF-7 cells; TP < 0.05, compared with normal MDA-MB-231
cells. Connexin 43 protein level in MCF-7 cells was significantly higher than
thatin MDA-MB-231 cells. In MCF-7 cells, connexin 43 protein expression
in transfection group was significantly lower than that in normal group
and negative control group (P < 0.05). In MDA-MB-231 cells, connexin
43 protein expression in transfection group was significantly higher than
that in normal group and negative control group (P < 0.05).

the value in the control group [Figure 4c] (P < 0.05).
With position 480-483 mutant, luciferase expression
was increased to 65.890%, an increment of
46.800% [Figure 4b], (P <0.05). With position 1611-1613
mutant, luciferase expression was increased to 35.81%, an
increment of 16.72% [Figure 4c], (P <0.05); the inhibition
was disappeared with double mutant at positions 480—483
and 1611-1613 [Figure 4d].

Discussion

MiRNAs are the largest group of posttranscriptional
regulatory factor.'’! A variety of miRNA plays a role in
regulating cell proliferation, angiogenesis, invasion, and
metastasis of breast cancer via targeting genes.!'¥] For
example, miR-125 can inhibit metastasis of breast cancer by
ErBb2, miR-145 by RTNK.!I!214 miR-206 gene, located on
human chromosome 6p12.2, is the first discovered miRNA
associated with breast cancer. Breast CTs show a significant
decline of miR-206 and the low miR-206 level is closely
correlated with higher clinical stage and shorter overall
survival in breast cancer patients.[''] The patients with high
miR-206 expression have a remarkable delay of distant
metastases and longer metastasis-free survival compared
with those with low miR-206 expression.!'” miR-206
expression is obviously reduced in ERo -positive human
breast CT, and transfecting miR-206 into human breast cancer
cells MDA-MB-231 can inhibit the cells’ growth.['s! It has
been acknowledged that as a posttranscriptional regulatory
factor, miR-206 can regulate the progression and metastasis

of breast cancer, but its target gene is not clear yet. In our
previous study, metastatic axillary lymph node showed
decreased expression of miR-206 and increased expression
of Cx43 protein. According to the results of TargetScan and
PicTar, Cx43 has two possible binding sites for miR-206:
sites 478—484 and 1609-1615. Cx43 may be one of the target
genes of miR-206.1" This study focused on whether Cx43
is the target gene of miR-206, if so, what are their potential
binding sites.

First, we researched the Cx43 expression in primary lesion,
HMs, and PM of breast cancer and found that Cx43 protein
expression was significantly lower than that in normal breast
tissue, and the value of HMs and PM was significantly
higher than that in primary breast cancer, whereas mRNA
expression presented no significant difference, which was
consistent with the results of Kanczuga-Koda et al.l'”
Besides the mechanic coupling, gap junction can mediate
intercellular transfer of electrical and chemical signals by
electrical coupling and chemical coupling, allowing the
passage of electrical signals and small molecules or ions
with milliroentgen <1000 or the diameter <1.0 nm, including
small molecule metabolites, hydrogen, second messengers
(Ca?, inositol triphosphate, cyclic nucleotides), etc.!'®]
When it is aroused by external or internal stimuli, the body
can adapt to this change by altering Cx expression. The
decreased Cx43 level which is positively correlated with
the permeability of gap junction') causes the reduction or
loss of intercellular gap junction exchange, leading to the
increased cell heterogeneity, which is typical of malignant
cancer cells.?”? On the contrary, Cx43 protein expression
in hepatic and PMs of breast cancer is significantly higher
than that in the primary tumor. Because in distant metastasis,
malignant cancer cells need to interact with the surrounding
stromal cells and vascular endothelial cells. The body
upregulates gap junctions such as Cx43 to increase the
information exchange and prepares for the metastasis.!”
Our further study showed that miR-206 mRNA expression
in the primary breast tumor was significantly lower than
that in NT, so was Cx43. The main role of miR-206 is to
suppress gene translation and reduce the protein expression
through its 2—8 bases at 5’ end binded to the 3°’UTR of
the target gene.”! It indicated that the role of miR-206 in
regulating Cx43 expression is not obvious in happen of
breast cancer. In the metastatic lesions of liver and lung,
miR-206 mRNA expression was significantly lower than
that in the primary tumor and Cx43 protein expression was
significantly higher than that in the primary tumor, thus
miR-206 mRNA expression showed the opposite tendency
compare with Cx43 protein expression in hepatic and PM,
indicating that miR-206 may play arole in regulating Cx43
expression during breast cancer metastasis.

‘We chosed normal breast cell line MCF-10A, breast cancer
cell lines MCF-7 and MDA-MB-231 as our study object,
and observed Cx43 expression and cytobiological changes
by interfering miR-206 expression. MDA-MB-231 is a
metastatic breast cancer cell line with ERa (-), PR (-),

430 Chinese Medical Journal | February 20,2016 | Volume 129 | Issue 4 A




-Cx4.
-NC pre-miR-206 4.5 *
F 4 %*
= s
5 3 [
= =]
Z
z2 =
Foas
<
2 2
o |
2 1
o ! i
normal pre-NC pre-miR-206
= 160
= 140
=
S 120 T
5 oo 1
ST REART Z  s0
. . § 60
3
2 40
— GAPDH £
=
o L— | SN
normal pre-NC pre-miR-206
el
120 120
= 100 | = 100 ¢ [ ! §
Z z
%0 o
£ g
: s § 03
2 a0 2 a0 |
= z
° 1 1 " | |
E pre-NC pre-miR-206 pre-NC pre-miR-206
120 ‘ 140
— 100 s 120 |
< | < | 1
¥ so § g 00 | < 1
-g 60 ! = 80 ’
z | 2 60 |
g~ 2 o
£ 20 . R
= [ £ 20 [*
0 ° 1 R ,
pre-NC pre-miR-206 pre-NC pre-miR-206
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control group; Pre-microRNA-206: MicroRNA-206 transfected group. (e-h) Results of luciferase activity assay. e: wild type of Cx43-3'UTR; f: mutated
at the first binding sites in Cx43-3'UTR (position 480-483); g: mutated at the second binding sites in Cx43-3'UTR (position 1611-1614); h: mutated
at the first and second binding sites in Cx43-3'UTR (position 480-483 and 1611-1614); pre-NC: negative control group; pre-miR-206: transfected by
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t0 65.89% or 35.81%, respectively (f-g, P <0.05). The inhibition disappeared with mutations at positions 480-483 and 1611-1613 (h, P > 0.05).

HER-2(-),2Y commonly used in triple negative breast
cancer study.?>?* MCF-7 is a nonmetastatic breast
cancer cell line with ERa (+), HER-2 (+).21 Our study
showed that miR-206 expression in MDA-MB-231 or
MCF-7 was significantly lower than that in normal
breast cells, miR-206 expression in MDA-MB-231
was significantly higher than that in MCF-7, mRNA
and protein levels of Cx43 in MDA-MB-231 were
lower than those in MCF-7. We constructed lentivirus
LV-hsa-miR-206-inhibition and LV-hsa-miR-206 (1569—
11), and transfected them into MDA-MB-231 and
MCF-7 cells, respectively. Transfected by lentivirus
LV-hsa-miR-206-inhibition, miR-206 expression was
decreased from 1 to 0.342 + 0.037 in MDA-MB-231.
With lentivirus LV-hsa-miR-206 (1569-11), miR-206
expression was increased from 1 to 120.331 + 1.801
in MCF-7. Cx43 mRNA and protein, as well as
biological behaviors of cells, showed a concomitant
change with miR-206, i.e., in MDA-MB-231 cells,
miR-206 expression decreased, Cx43 mRNA and

protein expression, the proliferation, migration, and
invasion capability of cells significantly increased;
in MCF-7 cells, miR-206 expression increased, Cx43
expression, the proliferation, migration and invasion
capability of cells significantly decreased. Correlation
analysis showed a significantly negative correlation
between miR-206 and Cx43. We analyzed that under
normal conditions, 2—8 bases at 5’ end of miR-206 bind
to the target sites of Cx43 mRNA so as to inhibit Cx43
translation and induce degradation, thereby suppressing
the metastasis of cancer cells. With the down-regulation
of miR-206 mRNA, posttranscriptional regulation of
Cx43 mRNA could not be effectively inhibited, so Cx43
expression was upregulated, as well as cell proliferation,
migration, and invasion. Cx43 can mediate the adhesion
of cancer cells with vascular endothelial cells,?* change
cytoskeleton,??¢! increase cell movement,?”! thus
promoting distal metastasis of breast cancer. These
evidences suggest that miR-206 gene may regulate
proliferation, invasion and migration of breast cancer
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Figure 5: Changes of biological activity after altering microRNA-206 expression. (a-b): Cell proliferation after altering miR-206 expression. a:
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Normal MDA-MB-231 cells. d: Transfected MDA-MB-231 cells. e: Negative control MDA-MB-231 cells. (i-n): Cell invasion after altering miR-206
expression (crystal violet staining, original magnificationx200). i : Normal MCF-7 cells. j: Transfected MCF-7 cells. k: Negative control MCF-7
cells. I: Normal MDA-MB-231 cells. m: Transfected MDA-MB-231 cells. n: Negative control MDA-MB-231 cells.

cells through negative regulation of Cx43, so as to play
a regulatory role in metastasis of breast cancer.

MiRNAs are a new class of small noncoding RNAs that
posttranscriptionally regulate the expression of target
mRNA transcripts. Basic research has proved that miRNAs
play a regulatory role mainly in two aspects: affecting
target mRNA cleavage or inhibiting gene translation. It is
believed that if miRNAs are perfectly complementary to
the noncoding area at 3’ end of mRNA, miRNAs direct

specific mRNA cleavage and degradation; if there is
less complementarity, miRNAs direct the inhibition of
translation, i.e., they only affect protein expression without
changing mRNA stability.?® In this study, changes of
miR-206 expression affect both mRNA and protein levels
of Cx43 in cell lines, indicating that both of regulation
mechanisms exist in the cell lines. However, no Cx43
mRNA change was found in breast cancer specimens,
suggesting that the actual regulation of Cx43 protein may
be achieved through the latter mechanism.
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To further clarify the interaction between miR-206 and
Cx43, we constructed eukaryotic expression plasmid
pcDNA3.1-Cx43 (containing the coding region of Cx43 and
lack of Cx43-3"UTR) and transfected it into 293 cells (not
expressing Cx43) to highly express Cx43. Then, we
transfected pre-miR-206 into normal MCF-7 cells and
293 cells transfected by pcDNA3.1-Cx43 to observe the
Cx43 expression. The results demonstrated that miR-206
can significantly decrease Cx43 expression in MCF-7 cells
but take no effect on 293 cells. The difference between 293
cell transfected by pcDNA3.1-Cx43 and normal MCF-7
is a lack of Cx43-3’UTR in 293 cells. It suggested that
Cx43-3’UTR may play a key role in miR-206 regulating
on Cx43. The bioinformatics analysis further showed
that Cx43-3’UTR contains two potential sites binding to
miR-206:478-484 and 1609-1615. Therefore, based on
pMIR-REPORT Luciferase, using serial PCR clone and
mutation techniques, we constructed 4 plasmids (wild type
of Cx43-3’UTR, Cx43-3’UTR BS-1 mut, Cx43-3’UTR
BS-2 mut, and Cx43-3’UTR BS-1, 2 mut) to determine the
influence of mutants of different binding sites on luciferase
expression. The results showed that the inhibition rate was
reduced by 46.80% with position 478484 mutant, 16.72%
with position 1609-1615 mutant, completely disappeared
with double mutant at the positions 478—484 and 1609—1615.
These results indicated that the negative regulation of Cx43
by miR-206 is realized via two specific sites of Cx43-3’UTR,
in which position 478484 contributes more than position
1609-1615 does.

In summary, we have shown that miR-206 is dramatically
down-regulated in breast CT compared with normal breast
tissues and lower expression of miR-206 in breast cancer
metastatic tissues is associated with higher expression of
Cx43 and a more advanced activity of breast cancer cell.
Moreover, up-regulation of miR-206 suppresses breast
cancer cell proliferation and metastasis by blocking the
expression of Cx43. MiR-206 may take effect through
positions 478484 and 1609—-1615 of Cx43-3’UTR, in
which position 478—484 is more responsible than position
1609-1615. Our experimental data may provide a strategy
for targeting miR-206/Cx43 interaction in a novel
therapeutic application to treat breast cancer patients.
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