
Abstract. – OBJECTIVE: Hsa-miR-206, a mi-
croRNA, was found to be able to switch sub-
types by targeting ER-αα in breast cancer. How-
ever, there are few studies addressing the role
of miR-206 in triple-negative breast cancer
(TNBC). The purpose of this study was to evalu-
ate the metastatic-regulatory ability of miR-206
in TNBC. 

MATERIALS AND METHODS: We treated two
TNBC lines (MDA-MB-231 and MDA-MB-436)
with miR-206 mimics, inhibitors and paired con-
trols and examined the in vitro and in vivo func-
tions of miR-206 via the degradation of Connex-
in43 (Cx43). A luciferase reporter assay was
used to identify the binding site of GJA1 (gap
junctional intercellular communication) (Cx43)
and miR-206. Furthermore, quantitative RT-PCR
was used to evaluate miR-206 expression in 77
breast cancer samples to determine the associ-
ation with lymph node status and Cx43 expres-
sion.

RESULTS: Up-regulation of miR-206 in TNBC
contributed to a decreasing metastatic poten-
tial, as demonstrated by a reduction of cell via-
bility and proliferation, decreased cell migration
and invasion, lower expression levels of matrix
metalloproteinase (MMP)-2, MMP-9 and a higher
expression level of breast cancer metastatic
suppressor (BRMS)-1. In vitro dual luciferase
assays showed GJA1 (Cx43) is a target of miR-
206. Quantitative RT-PCR was conducted to
evaluate miR-206 expression in 77 breast can-
cer samples to determine the associations be-
tween miR-206 levels and both lymph node sta-
tus and Cx43 expression. Restoring Cx43 ex-
pression positively regulated cell adhesion and
GJA1, which may facilitate metastasis. MiR-206
significantly attenuated the proliferation and
metastatic potential of cancer cells but did not
inhibit tumor onset in a mouse xenograft model
because of the dual function of Cx43. 

CONCLUSIONS: Our results suggest hsa-
miR-206 may repress the tumor proliferation
and invasion in breast cancer by targeting
Cx43.
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Introduction

Breast cancer has become the leading cause of
malignant tumors in women. Although the 5 year
survival rate for breast cancer has improved, there
is still no targeted therapy available for triple-neg-
ative breast cancer (TNBC), defined histologically
as invasive carcinoma of the breast that lacks
staining for the estrogen receptor, progesterone re-
ceptor and human epidermal growth factor recep-
tor-2. This type of breast cancer exhibits higher
probabilities of recurrence and metastasis1.

A class of small non-coding cellular RNAs
termed microRNAs (miRNAs), which are approx-
imately 22 nucleotides long, can repress their tar-
get genes by interfering with post-transcription
pathways through cleaving mRNA molecules or
inhibiting their translation2. In recent years, some
miRNAs have been reported to be involved in can-
cer, playing important roles in many solid cancers,
including breast cancer, pancreatic cancer, ovarian
cancer and lung cancer3,4. There is substantial evi-
dence indicating that some miRNAs can function
as either oncogenes or tumor suppressors. For in-
stance, miR-10b and miR-125b act as oncogenes,
whereas miR-126 and miR-335 act as suppressors
in breast cancer5-8.

Hsa-miR-206 (miR-206) was the first microR-
NA found in breast cancer, and it plays an impor-
tant role in cell apoptosis. This microRNA is re-
garded as a suppressor in many other cancers9-12.
In breast cancer studies, a miR-206-binding site
has been found within the 3’-untranslated region
of ER-α, and this microRNA is present at higher
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Agent Sequences

miR-206 mimics 5’-UGGAAUGUAAGGAAGUGUGUGG-3’
5’-ACACACUUCCUUACAUUCCAUU-3’

microRNA N.C 5’-UUCU CCGAAC GUGUCACGUTT-3’
5’-ACGUGACACGUUCGGAGAATT-3’

miR-206 inhibitors 5’-CCACACACUUCCUUACAUUCCA-3’
microRNA I.N.C 5’-CAGUACUUUUGUGUAGUACAA-3’
Cx43 siRNA 5’-GGCCUUGAAUAUCAUUGAATT-3’

5’-UUCAAUGAUAUUCAAGGCCTT-3’
siRNA N.C 5’-UUCUCCGAACGUGUCACGUTT-3’

5’-ACGUGACACGUUCGGAGAATT-3’

Table I. Sequences of transfection agents.
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levels in MDA-MB-231 cells (ER-α negative)
than in MCF-7 cells (ER-α positive)13,14. Howev-
er, there are few studies addressing the role of
miR-206 in TNBC. Thus, the aim of the present
study was to evaluate the effect of miR-206 on
the metastasis of TNBC. 

Materials and Methods

Cell culture and Transfections
Human breast cancer cells were obtained from

the Shanghai Fudan Breast Cancer Institute and
were grown according to the culture conditions
recommended by the ATCC. The MDA-MB-231
and MDA-MB-436 cells were transfected in 6-,
24- or 96- well plates with a hsa-miR-206 mimic
(206m), inhibitor (206i) and paired negative con-
trols (N.C. and I.N.C.) or with Cx43-siRNA, its
paired N.C. (GenePharma, Shanghai, China,
Table I) and the Cx43 plasmid, which was pro-
vided by the Department of Pathology and Cell
Regulation of Kyoto Prefectural University of
Medicine15. Transfection was performed with
LipofectamineTM 2000 (Invitrogen, Carlsbad,
CA, USA), and then cells were cultured for 48
hours in a humidified 95% air/5% CO2 atmos-
phere. Each group was divided into six types:
wild-type, 206m-type, 206i-type and their paired
negative controls (N.C. and I.N.C.).

Cell Viability Assay 
Cells (2,000 cells/well) were plated in 96-well

plates and prepared for transfection with 206m,
206i and their negative controls. After 48 hours,
cell growth was evaluated via the Wst-8 assay us-
ing the Cell Counting Kit-8 (Dojindo, Kumamo-
to, Japan). The optical density (OD) at a wave-
length of 450 nm was measured. 

Quantitative Real-time PCR Analysis 
of miR-206

Quantitative analysis of miR-206 expression
was performed using the Hairpin-it miRNAs
qPCR Quantitation Kit (GenePharma, Shanghai,
China) according to the manufacturer’s instruc-
tions. The hsa-miR-206 and U6 snRNA primers
employed for amplification are listed in Table II.
U6 snRNA was used for normalization. The rela-
tive expression level of hsa-miR-206 was calcu-
lated as 2-∆∆Ct, where ∆Ct = Ct (miR-206)-Ct (U6
snRNA).

Quantitative Real-time PCR Analysis 
of mRNAs and Immunoblotting

The levels of mRNA and protein expression of
matrix metalloproteinase (MMP)-2, MMP-9,
breast cancer metastatic suppressor (BRMS)-1,
Connexin43 (Cx43) were determined by qPCR
and immunoblotting. Glyceraldheyde 3-phos-
phate dehydrogenase (GAPDH) was employed
for normalization. The primers used for amplifi-
cation in qPCR are listed in Table II. The relative
expression levels of mRNAs were calculated as
2-∆Ct. In immunoblotting, specific antibodies
against MMP-2 (1:200, Abcam, Cambridge, MA,
USA), MMP-9 (1:500, Abcam, Cambridge, MA,
USA), BRMS-1 (1:1,000, Abcam), Cx43
(1:8,000, Abcam) and GAPDH (1:2,000, Aogma,
Shanghai, China) were used according to stan-
dard protocols, and the resultant signals were de-
tected using Image Lab 4.0 and Bio-Rad (Her-
cules, CA, USA) gel imaging system.

Cell Adhesion Assay
A 96-well plate was coated with 2 µg of 0.04

µg/µl Matrigel (BD Biosciences, Franklin
LaKes, NJ, USA), after which 20 µl of medium
containing 3% BSA (bovine serum albumin) was
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Genes Primers

Hsa-miR-206 Forward: 5’- CAGATCCGATTGGAATGTAAGG-3’
Reverse: 5’- TATGCTTGTTCTCGTCTCTGTGTC-3’

U6-snRNA Forward: 5’- ATTGGAACGATACAGAGAAGATT-3’
Reverse: 5’- GGAACGCTTCACGAATTTG-3’

Cx43 Forward: 5’-GGTGGACTGTTTCCTCTCTCG -3’
Reverse: 5’-GGAGCAGCCATTGAAATAAGC -3’

MMP-2 Forward: 5’-GATACCCCTTTGACGGTAAGGA-3’
Reverse: 5’-CCTTCTCCCAAGGTCCATAGC-3’

MMP-9 Forward: 5’-TGGGCTACGTGACCTATGACAT-3’
Reverse: 5’-GCCCAGCCCACCTCCACTCCTC-3’

BRMS-1 Forward: 5’-TGCTGTCTCCATCCCTGAGC-3’
Reverse: 5’- GGATGTGGCTTTGACTTCGG-3’

GAPDH Forward: 5’-GGGAGCCAAAAGGGTCATCATCTC-3’
Reverse: 5’-GGAGCAGCCATTGAAATAAGC -3’

Table II. Specific primers of genes.

added to each well. The procedure was carried
out according to the reference16. The optical den-
sity (OD) of the plate was measured at a wave-
length of 570 nm. The adhesion rate = (OD value
of the experimental group-OD value of the con-
trol group)/OD value of the control group×100%.
The wild-type subset of each group was used for
normalization.

Cell Migration and Invasion
Migration and invasion experiments were con-

ducted using transwell inserts (BD Biosciences,
San Jose, CA, USA) and procedure was carried
out according to reference17. Each well was incu-
bated at 37°C for 18 hours for migration and 24
hours for invasion. After the filters were subse-
quently fixed, stained, they were analyzed under
a light microscope at a magnification of 200×.
Four fields were counted for each sample, after
which the filters were washed with dimethyl sul-
foxide (DMSO), and the optical density (OD) of
the eluents was measured at a wavelength of 570
nm, with the wild-type subset of each group be-
ing used for normalization.

Scrape-Loading Dye Transfer Assay
The presence of functional gap junctions was

evaluated through a scrape-loading dye transfer
assay. Cells (2×105 cells/well) were co-transfect-
ed with a 206m or 206i and the Cx43 plasmid,
Cx43-siRNA or a paired negative control and
then plated in 6-well plates. The procedure was
carried out according to el-Fouly et al18. The dis-
tance traveled by the dye perpendicular to the
scrape was determined under an inverted fluores-
cence microscope. 

In vivo Analysis
Female athymic (nu/nu) BALB/c mice at 4-6

weeks of age were obtained from the Shanghai
Institute of Material Medica, Chinese Academy
of Sciences (Shanghai, China) and housed in
laminar flow cabinets under specific pathogen-
free conditions. All mouse experiments were
conducted in accordance with the NIH Guide
for the Care and Use of Laboratory Animals.
The study protocol was approved by the Animal
Research Center of Tongji University. The tu-
morigenicity and spontaneous proliferative abil-
ity of the cell lines were determined via the in-
jection of 1×106 cells in 0.1 ml of culture medi-
um into the mammary fat pad19. The animals
were divided into three groups: MDA-MB-
231/wild-type, MDA-MB-231/206m and MDA-
MB-231/206i. Each group contained six mice.
The animals were killed and autopsied 8 weeks
after inoculation. The tumor volume was calcu-
lated using the formula V=S×S×L/2 (S: the
short length in mm; L: the longest length in
mm). All tissues were prepared for hematoxylin
and eosin (H&E) staining and immunohisto-
chemistry using an anti-Cx43 antibody
(1:4,000, Abcam) or anti-Ki-67 antibody (1:200,
Dako, Glostrup, Denmark). All tissues were ob-
served under a microscope (100× and 200×).
The expression levels of Cx43 and Ki67 were
analyzed in 10 different tumor fields, and the
presence of these two proteins was assessed
based on a four-point scale: -: < 10%; +:
11%~25%; ++: 26%~49%; +++: ≥ 50%. MMP-
2, MMP-9 and BRMS-1 were detected via
qPCR and immunoblotting to determine the
metastatic potential of the cells.
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Characteristics Num. Percentage (%)

Age (years)
– Median 56
– Range 27~77
– <56 37 48.1
– ≥56 40 51.9 

Primary tumor size
– T1 16 20.78
– T2 52 68.83
– T3 9 10.39
– T4 0 0

Lymphnode metastasis
N0 39 50.65
N1-N3 38 49.35

Histological grade
I 6 7.79
II 31 40.3
III 40 51.91

Subtype
Luminal A 16 31.17
Luminal B 52 44.16
Her-2 overexpression 9 5.19
TNBC 0 19.48

Table III. Patient characteristics in 77 cases of breast cancer
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cers were divided into four subtypes according to
the highlights of 12th St. Gallen International Ex-
pert Consensus20. The patients’ characteristics are
shown in Table III. All samples were preserved at
–80°C.

Statistical Analysis
The statistical analyses were performed using

SPSS 17.0 (SPSS Inc., Chicago, IL, USA). All
cell culture data are presented as the mean±stan-
dard deviation (SD) and were evaluated using
Student’s t test. For nonparametric comparisons,
univariate analyses were performed using the
Mann Whitney-U test for two independent vari-
ables and the Kruskal-Wallis test for multi-inde-
pendent variables. p values < 0.05 were consid-
ered statistically significant. Each assay was per-
formed in triplicate.

Results

Hsa-miR-206 is Highly Expressed
in TNBC Lines

Among the examined breast cancer cell lines,
MDA-MB-468, MDA-MB-453, MDA-MB-436,
MDA-MB-231 and the derived lung and bone
metastasis lines (2m4, bo) are regarded as TNBC
lines21,22, whereas MCF-7, T47D and ZR-75-30
are regarded as luminal (ER-positive) breast can-
cer lines. By determining the expression level of
hsa-miR-206 in each breast cancer cell line, we
found it was higher in the TNBC cell lines than
in the luminal cell lines. Its expression in MCF-
10A cells was used for normalization (Figure 1 p
= 0.0000000011). For example, the level of hsa-
miR-206 was 6.64-fold higher in the MDA-MB-
231 line than in the MCF-7 line. Furthermore,
there were no differences among the TNBC lines
(MDA-MB-468, MDA-MB-453, MDA-MB-436
and MDA-MB-231) (p = 0.387). We chose two
TNBC lines (MDA-MB-231 and MDA-MB-436)
to explore the role of hsa-miR-206 in TNBC in
the present study.

Up-regulation of hsa-miR-206 
Reduces the Viability 
of Breast Cancer Cells

Following transfection, we employed qPCR of
hsa-miR-206. Compared to the levels in all of the
negative controls, the expression level of hsa-
miR-206 in MDA-MB-231/436 cells differed sig-
nificantly (Figure 2A). Transfection with 206m
resulted in reduced cell viability compared to

Luciferase Reporter Assay
To perform reporter assays, psiCHECK-2/hsa-

Cx43-3’UTR, psiCHECK-2/hsa-Cx43-mut-
3’UTR or the control psiCHECK-2/vector
(GenePharma, Paramount, CA, USA) was co-
transfected with a 206m or N.C. into MDA-MB-
231/436 cells in 96-well plates using Lipofecta-
mineTM 2000 (Invitrogen). The resultant firefly
and Renilla luciferase activities were measured
using a dual luciferase assay (Promega, Madison,
WI, USA) 48 hours after co-transfection. The
firefly luciferase values were normalized to Re-
nilla luciferase values.

Human Breast Cancer Sample Collection
A total of 77 patients with histologically con-

firmed invasive ductal carcinoma treated at
Shanghai First Maternity and Infant Hospital
from October 2011 to July 2012 were enrolled in
this study. Primary breast tumors, paired peritu-
mor tissue (breast tissue within 3 cm of the tu-
mor) and normal breast tissue (breast tissue more
than 3 cm from the tumor) were collected from
each patient. The protocol was approved by the
Human Research Ethics Committees of the hos-
pital, and all samples were used after obtaining
informed consent. All of the patients were under-
going surgery, displayed no distant metastases
and hadn’t received any therapy. The breast can-
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Figure 1. Hsa-miR-206 expression in breast cancer cell
lines. Expression was detected via real-time PCR. The ex-
pression level in MCF-10A cells was used for normalization. 

Figure 2. Up-regulation of hsa-miR-206 reduces the viability of breast cancer cells. (A) The relative expression levels of hsa-
miR-206 following transfection determined via qPCR. The wild-type subset of each group was used for normalization. (B) Cell
viability following transfection measured via CCK-8. *: p < 0.05; **: p < 0.01. 

A

B
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transfection with the N.C. (p: 0.037 vs. 0.011),
and transfection with 206i resulted in enhanced
cell viability compared with transfection with the
I.N.C. (p: 0.022 vs. 0.042) (Figure 2B).

Up-regulation of hsa-miR-206 
Reduces the Metastatic Ability of Breast 
Cancer Cells in vitro

On the one hand, we analyzed several rele-
vant effector molecules, including MMP-2,
MMP-9 and BRMS-1. QPCR revealed 206m-
transfected cells expressed lower levels of
MMP-2 (p = 0.031 vs. p = 0.021) and MMP-9
(p = 0.020 vs. p = 0.007) and a higher level of
BRMS-1 (p = 0.044 vs. p = 0.009) compared to
N.C.-transfected cells, whereas opposite results
were found for 206i-transfected cells (MMP-2:
p = 0.031 vs. p = 0.006; MMP-9: p = 0.027 vs.
p = 0.034; BRMS-1: p = 0.042 vs. p = 0.001)



Figure 3. Up-regulation of has-miR-206 reduces the metastatic ability of breast cancer cells. (A) The relative expression levels
of mRNAs detected via qPCR. The wild-type subset of each group was used for normalization. *: p < 0.05; **: p < 0.01. (B) Ex-
pression of metastasis-related molecules via immunoblotting. 1. Wild-type; 2. 206m; 3. N.C.; 4. 206i; 5. I.N.C.; 6. Vector.

A

B

Figure 4. The migration and invasion of transfected breast cancer cells. The optical density (OD) 570 nm was measured, with the
wild-type subset of each group being used for normalization. *: p < 0.05; **: p < 0.01. 
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Hsa-miR-206 Inhibits Tumor Proliferation 
and Invasion in vivo

To address whether miR-206 inhibits
metastatic behavior in vivo, we implanted
206m/206i-transfected or wild-type MDA-MB-
231 cells into the mammary fat pads of mice
(Figure 5A). At 4 weeks post implantation, the
xenograft tumors in all groups were of compa-
rable size (Figure 5B), and the primary tumors
formed by the 206m-transfected cells were sta-
tistically significantly bigger than those formed
by wild-type cells eight weeks after orthotopic
transplantation (p = 0.028). To determine

compared to I.N.C.-transfected cells (Figure
3A). Similar results were obtained via im-
munoblotting (Figure 3B).

On the other hand, we performed migration
and invasion experiments using a classic Tran-
swell assay to detect the mobility. As shown in
Figure 4, 206m transfection resulted in a signifi-
cant decrease compared to N.C. transfection
(pmigration: 0.003 vs. 0.001; p invasion: 0.002 vs.
0.013), whereas opposite results were obtained
for 206i-transfected cells compared to I.N.C.-
transfected cells (pmigration: 0.001 vs. 0.005; pinvasion:
0.035 vs. 0.007).
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Restoring Cx43 Expression Positively 
Regulates cell Adhesion and gap 
Junctional Intercellular Communication 
(GJIC)

After confirming Cx43 is downstream of hsa-
miR-206, we co-transfected a Cx43 plasmid,
Cx43-siRNA or a paired negative control with a
206m or 206i into MDA-MB-231 cells to deter-
mine whether Cx43 is involved in tumor metasta-
sis. In adhesion assays (Figure 7A), we observed
the Cx43-siRNA-transfected cells displayed a
lower adhesion ability (p = 0.002), whereas the
Cx43 plasmid-transfected cells exhibited a higher
adhesion ability (p = 0.039). In the co-transfec-
tion experiments, we found regardless of the
miR-206 expression level in cells, restoring Cx43
expression also resulted a statistically higher ad-
hesion ability (p = 0.044 vs. p = 0.020). Further-
more, in cells overexpressing miR-206, knock-
down of Cx43 expression via Cx43-siRNA trans-
fection resulted in a decreased adhesion ability (p
= 0.024). In scrape-loading dye transfer assays,
GJIC was found to be decreased in the Cx43-siR-
NA-transfected cells and increased in the Cx43
plasmid-transfected cells, regardless of the level
of miR-206 expression (Figure 7B).

Hsa-miR-206 and Cx43 Expression 
Are Correlated With the Subtypes 
and Lymph Node Statuses of Breast 
Cancer Patients

Firstly, we detected the hsa-miR-206 expres-
sion levels in primary breast tumors, paired per-
itumor tissues and normal breast tissues. The
expression level in normal breast tissues was
used for normalization. By qPCR, we found the
expression of hsa-miR-206 was lower in paired
peritumor tissues and lowest in breast tumors.
Furthermore, the expression of hsa-miR-206
was significantly different among the subtypes
of primary breast tumors (p = 0.003), whereas
there were no differences detected among the
paired peritumor tissues (p = 0.172). But no dif-
ferences were observed between the two lumi-
nal subtypes (p = 0.690) or between the Her-2-
overexpressing and TNBC subtypes (p =
0.637). However, the expression levels recorded
in the Her-2-overexpressing subtype and the
TNBC subtype were significantly higher than
that in the luminal subtype (p luminal A-Her-2-

overexpressing: 0.034; pluminal B-Her-2-overexpressing: 0.001;
pluminal A-TNBC: 0.027; pluminal B-TNBC: 0.006). Thus,
the expression of hsa-miR-206 was correlated

whether miR-206 expression in primary tumors
also affects the proliferation and invasive po-
tential of cells, we analyzed the Ki-67 prolifer-
ation marker and Connexin43 (Cx43) via im-
munohistochemistry. We found although miR-
206 overexpression induced tumor growth, it
greatly reduced Cx43 expression and con-
tributed to decreasing the number of Ki-67+

cells and vice versa (Figure 5C). Furthermore,
we assessed MMP-2, MMP-9 and BRMS-1 via
qPCR and immunoblotting to determine the
metastatic potential of the cells. We found the
xenograft tumors formed by 206m-transfected
cells exhibited a lower expression levels of
MMP-2 (p = 0.006) and MMP-9 (p = 0.028)
and a higher expression level of BRMS-1 (p =
0.031) compared to wild-type tumors. The re-
sults for the 206i-transfected tumors showed
opposite trends, although only the MMP-9 ex-
pression level was significantly different (p =
0.013, Figure 5D). These results were consis-
tent with the immunoblotting results (Figure
5E), indicating that up-regulation of miR-206
results in decreases in proliferation and
metastatic potential, even though the tumors
were larger.

Cx43 is a Target of hsa-miR-206 
in Breast Cancer Cells

We used the TargetScan, PicTar and miRanda
databases to identify potential hsa-miR-206 tar-
get genes, and we identified GJA1
(NM_000165, Cx43) as a target of hsa-miR-
206. Through qPCR (Figure 6A), we found
206m transfection reduced Connexin43 expres-
sion (p = 0.009 vs. p = 0.031), whereas 206i-
transfected cells displayed enhanced Connex-
in43 expression (p = 0.043 vs. p = 0.032). We
obtained similar results for Cx43 via im-
munoblotting (Figure 6B).

To determine whether Cx43 is a direct target
of hsa-miR-206, luciferase reporters containing
the Cx43 3’-UTR or a Cx43 mut 3’-UTR were
constructed and co-transfected with miRNA
mimics or the negative control into MDA-MB-
231/436 cells (Figure 6C). Compared to the
control, the overexpression of hsa-miR-206 de-
creased the luciferase activity of the reporter
construct containing the Cx43 3’-UTR by ap-
proximately 57.34% in MDA-MB-231 cells (p
= 0.035) and by approximately 54.77% in
MDA-MB-436 cells (p = 0.026), indicating that
Cx43 is a direct target of hsa-miR-206.



A

C 

D

E

B

Y. Fu, Z.-M. Shao, Q.-Z. He, B.-Q. Jiang, Y. Wu, Z.-G. Zhuang

2098



Figure 5. Hsa-miR-206 inhibits tumor proliferation and invasion in vivo. (A) Mice and tumors formed by MDA-MB-231 cells
transfected with a hsa-miR-206 mimic or inhibitor 8 weeks after orthotopic transplantation. (B) Growth curves for xenograft
mammary tumors. (C) Hematoxylin and eosin (H&E)-, Cx43- and Ki-67-stained sections of xenograft mammary tumors. Mag-
nification: ×100 (upper-right corner of each panel: ×200). (D) The relative expression levels of MMP-2, MMP-9 and BRMS-1
were detected via quantitative real-time PCR. *: p < 0.05; **: p < 0.01. (E) The expression levels of MMP-2, MMP-9 and
BRMS-1 were detected via immunoblotting.

Figure 6. Cx43 is a target of hsa-miR-206 in breast
cancer cells. (A) The relative expression levels of Cx43
were detected via qPCR. *: p < 0.05; **: p < 0.01. (B)
Immunoblotting of Cx43 in two breast cancer cell lines.
(C) Dual luciferase assay was performed to calculate
the remaining luciferase activity by normalizing the
miR-206 expression values to the miR-control values
48 hours after co-transfection. *: p < 0.05; **: p < 0.01.

A

B

C
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Figure 7. Cx43 positively regulates cell adhesion and gap
junctional intercellular communication (GJIC). (A) The adhe-
sion assay was used to identify the adhesion ability of different
level of Cx43. *: p < 0.05; **: p < 0.01. (B) GJIC was detected
by a scrap-loading dye transfer assay in different level of Cx43.

A

B
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Discussion

Metastasis is a complex, multi-step process in-
volving adhesion, enzymatic degradation, move-
ment and proliferation from microscopic foci into
macroscopic secondary tumors. There are a grow-
ing number of studies addressing miRNAs, some
of which classified as oncogenes or tumor-sup-
pressor genes in different types of tumors. In the
present study, we chose MDA-MB-231 and
MDA-MB-436 cells as models to analyze cell pro-
liferation, adhesion, migration and invasion in re-
sponse to different levels of miR-206 because they
are ER-α(-)/PgR(-), do not express Her-2 and are
capable of metastasizing. Finally, we found up-
regulation of hsa-miR-206 reduced cell viability
and proliferation and inhibited cell migration and
invasion in Transwell assays, while down-regula-
tion of hsa-miR-206 had the opposite effect. 

Many genes are involved in the cascade reac-
tion, including metastasis promoter genes and
suppressor genes. MMPs, a group of zinc-con-
taining enzymes that are responsible for the
degradation of extracellular matrix components,

with ER status, being lower in ER-positive
breast cancer than in ER-negative breast cancer.

When analyzing lymph node status, we found
the expression of hsa-miR-206 was statistically
higher in the lymph node-negative group than in
the lymph node-positive group (p = 0.036, Fig-
ure 8A).

Secondly, as shown in Figure 8B, we sought to
assess the expression of Cx43 in breast tumors.
QPCR analysis revealed there was a statistically
significant difference in Cx43 expression among
subtypes (p = 0.003). In this analysis, the expres-
sion level in the luminal subtypes was used for nor-
malization. Cx43 expression was lower in the Her-
2-overexpressing subtype (p = 0.002) and TNBC
subtype (p = 0.002) than in the luminal subtypes,
but there was no difference between the Her-2-
overexpressing and TNBC subtypes (p = 0.749). In
addition, the Cx43 expression level was significant-
ly different between patients with different lymph
node statuses (p = 0.00025). The expression of
Cx43 in the lymph node-negative group was used
for normalization. Thirdly, similar results via im-
munoblotting was shown in Figure 8C.
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Figure 8. hsa-miR-206 and Cx43 expression levels are correlated with the subtype and lymph node status of breast cancer
samples. (A) The expression of hsa-miR-206 was qPCR to analyze the correlation with ER status and lymph node status. *: p <
0.05; **: p < 0.01. (B) The expression of Cx43 was detected via qPCR to analyze the relationship with subtypes and lymph
nodes status. *: p < 0.05; **: p < 0.01. (C) Immunoblotting of breast tumors. 1, 2, 3: lymph node negative; 4, 5, 6, 7, 8: lymph
node positive; 1, 5, 7: luminal subtype; 2, 6: Her-2-overexpressing subtype; 3, 4, 8: TNBC subtype. 
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targets of miR-206 have been identified thus far.
In human mesenchymal stem cell-derived neu-
ronal cells, researchers found miR-206 regulates
the synthesis of the neurotransmitter substance P
by targeting Tac123. MET is directly targeted by
miR-206 as a biomarker for early diagnosis of
papillary thyroid carcinoma24. MiR-206 may
function as a tumor suppressor by targeting
notch3 in HeLa cells, resulting in activation of
apoptosis and inhibition of tumor cell
migration25. In a study addressing breast cancer,
miRNA-206 was shown to target ER-α, the ex-
pression of which was strongly inhibited by

play pivotal roles in tumor growth, invasion and
metastasis. BRMS-1, one kind of metastasis sup-
pressors, exhibits low expression levels in
melanoma, breast cancer and ovarian cancer,
blocking the ability of cancer cells to metastasize
but unblocking the formation of orthotopic tu-
mors22. In the present study, we found up-regula-
tion of hsa-miR-206 reduced the expression of
MMP-2 and MMP-9 and increased the level of
BRMS-1, indicating that hsa-miR-206 might de-
crease the metastatic potential.

It is well established that miRNAs function via
the repression of target gene translation. Several
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negative correlation was observed, exactly mim-
icking the relationship between Cx43 and hsa-
miR-206 in clinical samples. Furthermore, we
found at any level of miR-206, restoring Cx43
expression enhanced cell adhesion and GJIC via
scrape-loading dye transfer assays. In cells
overexpressing miR-206, the knockdown of
Cx43 expression via transfection with Cx43
siRNA resulted in the lowest observed adhesion
ability and strongly reduced GJIC. In our in vi-
vo analysis, although higher expression of miR-
206 was associated with larger xenografts, it at-
tenuated the proliferation and metastatic poten-
tial of the tumors, which was consistent with the
in vitro findings. This result might be due to the
dual function of Cx43. During tumor onset,
when Cx43 is down-regulated, gap junctions
may not be assembled, thus, reducing or elimi-
nating homotypic interactions. The exchange of
small molecules decreases, which may activate
abnormal signaling pathways that promote pro-
liferation. However, as the disease advances and
tumor cells enter the vasculature, the restoration
of connexins results in gap junction opening, es-
pecially in heterotypic interactions, to facilitate
invasion, intravasation, extravasation and metas-
tasis.

TNBC is associated with high rates of prolifer-
ation and metastasis, early recurrence and poor
survival rates, and the clinical treatments avail-
able for this type of cancer are limited. There-
fore, targeting miRNAs and connexins could be
considered a potential therapeutic strategy as part
of a multi-gene treatment approach. Our data
suggest enhanced expression of miR-206 in
breast cancer cells represses the invasive and
metastatic potential of the cells by targeting
Cx43, which positively regulates GJIC and facili-
tates late-stage disease progression.

Conclusions

Although further work is required to fully un-
derstand the mechanism of GJIC, the in vitro and
in vivo functions of miR-206 has been identified
via degradation of Cx43. Our results showed up-
regulation of miR-206 in TNBC contributed to a
decreasing metastatic potential, and restoring
Cx43 expression positively regulated cell adhe-
sion and GJIC, which may facilitate metastasis.
This finding may lead to the development of an
effective treatment strategy for TNBC.

ERαagonists13, contributed to switching from a
luminal-A phenotype to a basal-like phenotype27.
In the present study, we analyzed the expression
of miR-206 in primary breast tumor samples and
found it was higher in the Her-2-overexpressing
and TNBC subtypes than in luminal subtypes at
both the mRNA and protein levels. These results
suggest the expression of this microRNA is cor-
related with ER-α status, similar to the findings
of the studies mentioned above13,27.

By utilizing multiple target prediction tools,
combining bioinformatics and experimental ap-
proaches, we determined Cx43 expression is reg-
ulated by miR-206 in breast cancer cells through
a target site in the 3’-UTR. 

Cx43, a member of the connexin family of
proteins, is abundant in breast tissues and helps
regulate gap junctional intercellular communica-
tion (GJIC). GJIC is defined as a process in
which small molecules (< 1,000 Da), such as
ions and secondary messengers, can be trans-
ferred between adjoining cells through physical
channels composed of connexons located in the
plasma membrane. Connexins appear to regulate
several genes involved in tumor onset, progres-
sion and metastasis28. GJIC is a complex process
that is capable of inhibiting or promoting the mi-
gratory and invasive qualities of cancer cells be-
cause tumor cells can display homotypic (tumor
cell-tumor cell) or heterotypic (tumor cell-host
cell) interactions29. 

In view of their roles, connexins and GJIC are
regarded as paradoxical in the process of tumori-
genesis and metastasis. Restoration of GJIC
through the expression of connexins in some
models decreases tumorigenesis, but emerging
evidence suggests gap junctions act as tumor
suppressors in the initial stages of this process,
whereas the re-expression of connexins in mi-
grating tumor cells might facilitate invasion, in-
travasation, extravasation and metastasis in late-
stage disease30,31.

In the present study, we firstly analyzed the
expression of miR-206 in different human
breast cancer cells. We found microRNA-206 is
highly expressed in TNBC cells compared to lu-
minal breast cancer cells. This result is in accor-
dance with the expression levels of miR-206 de-
tected in clinical samples, which might arise
from the regulation of ER by miR-20613,14. Our
research was focused on the function of miR-
206 in TNBC.

We, further, assessed the expression of hsa-
miR-206 under different levels of Cx43, and a
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