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Abstract: Objective: To study the effect of the transfected Breast cancer metastasis suppressor 1 (BRMS1) gene on 
the migration of breast cancer cells and the possible mechanisms involved. Methods: MDA-MB-231HM cells which 
have a high propensity of metastasize to lung was sieved from MDA-MB-231 and its derivative cells stable trans-
fected with BRMS1 were used to study in vitro. Cell migratory ability was observed. The cellular cyclic adenylic acid 
(cAMP) concentration was tested by radioimmunoassay (RIA). The activity of adenylate cyclase (AC), phosphodiester-
ase (PDE) and protein kinase A (PKA) were measured by enzyme immunoassay (EIA) and (γ-32P) ATP incorporation. 
The effect of BRMS1 on connexins (Cx) expression was analyzed by by RT-PCR and Western blot. Results: Overex-
pression of BRMS1 significantly inhibited cell migration in MDA-MB-231HM cells in vitro. However, BRMS1’s effect 
on cell migration could be eliminated after pretreating with pertussis toxin (PTX). BRMS1 overexpression increased 
cellular cAMP and PKA activity by activating the activity of AC. Furthermore, BRMS1 overexpression up-regulated 
Cx26 expression, whereas Cx32, Cx43 expressions did not changed. Conclusion: The present study indicated G-pro-
tein-coupled cAMP signaling pathway was involved in BRMS1 related MDA-MB-231HM cells migration, and BRMS1 
could change connexins (Cx) expression profiles through increasing expression of Cx26 in cells. 
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Introduction

Metastasis suppressor genes are a class of 
genes that reduces the metastatic propensity 
of cancer cells in vivo without blocking these 
neoplastic cells growth at orthotopic or subcu-
taneous sites [1]. Breast cancer metastasis 
suppressor 1 (BRMS1) is a gene that was 
mapped to chromosome 11q13 and was origi-
nally identified as a metastasis suppressor 
gene [2]. BRMS1 mRNA expression has been 
shown to be markedly reduced in melanoma, 
breast cancer, ovarian cancer and non-small 
cell lung cancer (NSCLC) cell line, and stable 
over expression of BRMS1 in these cell lines 
significantly inhibited their metastatic potential 
[3-5]. Hedley BD et al. found BRMS1 expres-
sion significantly reduced the numbers of soli-
tary single cells that survive after initial arrest 
within the lung microvasculature, and also 
inhibited the initiation of growth subsequent to 
arrest; in vitro, BRMS1 expression decreased 

cancer cell survival under stress conditions 
(hypoxia), increased anoikis, and decreased the 
ability of cancer cells to adhere [6]. However, 
Samant RS et al. reported there is no evidence 
that BRMS1 regulates metastatic movement 
through alterations in matrix metalloproteinase 
levels, cellular adhesion profiles, or alterations 
in tumor cell invasion [7]. Thus, the BRMS1 
mechanisms of action remain unknown largely 
in breast cancer.

Maintenance of homeostasis is a leading role 
for tissue function and its disorder usually 
causes development of organ diseases includ-
ing cancers. Gap junctional intercellular com-
munication (GJIC) contributes to tissue homeo-
stasis, is mediated largely by gap junction. Gap 
junctions are clusters of channels formed by 
proteins called connexins (Cx). They allow small 
signaling molecules and ions less than 1000Da, 
such as Ca2+ and cyclic adenylic acid (cAMP), to 
pass directly between the adjacent cells. cAMP 
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is an important second messenger within cell 
which can have numerous effects. Many stud-
ies have so far proved that down-regulation of 
the GJ is involved in carcinogenic pathways and 
that connexin proteins can function as tumor-
suppressors [8, 9].

Given that metastasis involves a multitude of 
signaling changes in steps of the metastatic 
cascade. In the present study, we systemati-
cally up-regulated the expression of BRMS1 to 
explore the roles of BRMS1 on migration in 
breast cancer cells and tried to elucidate the 
mechanism. We therefore addressed in the 
present study the question of the ability of 
BRMS1 to regulate second messenger cAMP, in 
turn, could affect cell migration. Then we tried 
to determine whether BRMS1 regulate Cx 
expression including Cx26, Cx32, and Cx43 
which mediate gap junction communication.

Materials and methods

Plasmid construction

The human BRMS1 full-length coding sequence 
was amplified by polymerase chain reaction 
(PCR) using the primers containing EcoRI and 
HindIII restriction sites. The sense primer of 
BRMS1 is 5’-ATCGAAGCTTACTATGCCTGTCCAG- 
CCTCCAAGC-3’ and the antisense primer is 
5’-ATGCGAATTCTCAAGGTCCATCCGATTTTC-3’, 
the restriction sites are underlined. The PCR 
product was sub cloned into the pcDNA3.1 (+) 
vector (Invitrogen, Carlsbad, CA) that contains 
neomycin resistant gene. The recombinant 
plasmid construct, pcDNA3.1/BRMS1 was con-
firmed by EcoRI/HindIII digestion (New England 
Biolabs, Beverly, MA) and DNA sequencing 
(Invitrogen, Carlsbad, CA).

Cell culture and stable cell line generation

The MDA-MB-231 human breast cancer cell 
line was obtained from the American Type 
Culture Collection (Manassas, VA). The cells 
were cultured in DMEM supplemented with 1% 
penicillin/streptomycin (P/S) and 10% fetal 
bovine serum (FBS) at 37°C in a humidified 5% 
CO2 incubator. MDA-MB-231HM with a high pro-
pensity of metastasize to lung was generated 
from wide-type MDA-MB-231 by in vivo screen-
ing method; mainly, at 28 days after inocula-
tion, pulmonary metastasis was occurred in 

100% mice orthotopic inoculated with the cells 
[10]. Stable BRMS1 expressing MDA-MB-
231HM cells were generated by transfection of 
a pcDNA3.1/BRMS1 expression vector con-
taining the human BRMS1 cDNA. Transfection 
was carried out using Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s 
protocol. Briefly, 1×105 cells in 1 ml of DMEM 
containing 10% FBS were seeded in 60-mm 
dishes and grew to 80%-85% confluence. 
pcDNA3.1/BRMS1 (8 μg) and Lipofectamine 
2000 were added respectively in tubes each 
containing 500 μl of DMEM, mixed well and 
allowed to stand for 5 min at room tempera-
ture. These two mixtures were then combined 
together and incubated for 20 min at room tem-
perature. One milliliter of medium containing 
Lipofectamine packaged plasmid DNA was 
added to the 60-mm dish and mixed gently by 
rocking the plate back and forth. The medium 
was refreshed after 6 h of transfection and 
cells were incubated at 37°C with 5% CO2 in a 
humidified atmosphere for 24 h. Then cells 
were passaged at 1:10 into fresh DMEM sup-
plemented with 10% FBS. Stable clones were 
obtained by G418 selection (800 μg/ml) (In- 
vitrogen, Carlsbad, CA) for 2-3 weeks. Individual 
clones were isolated and cultured further in the 
presence of 400 μg/ml G418. For the control, 
empty vector pcDNA3.1 was transfected and 
cells were harvested after selection.

Cell migration assay

A three-dimensional cell migration assay was 
performed with the Transwell system, which 
allows cells to migrate through an 8-μm pore 
size polycarbonate membrane (Costar, Cam- 
bridge, USA). Briefly, the lower compartment 
was filled with 600 μl DMEM medium with 10% 
fetal bovine serum. Cells were harvested by 
trypsinization and resuspended in DMEM medi-
um without fetal calf serum (1×106 cells/ml). A 
total of 100 ul of the cell suspension, 1×106 
cells/ml, treated with pertussis toxin (PTX) (100 
ng/ml) or untreated, was added to the upper 
compartment and then the chambers were 
incubated at 37°C in 5% CO2 for 18 h. Cells on 
the upper side of the filter were removed 
mechanically. Cells which had migrated to the 
lower side were fixed on the filter with metha-
nol, stained with hematoxylin-eosin and 5 ran-
dom fields were counted at 200-fold magnifica-
tion. Migration was evaluated by the number of 
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cells penetrating through the membrane per 
field.

Measurement of cAMP 

Determination of intracellular cAMP was pre-
formed according to the instructions of the 
manufacture by a cAMP RIA kit (China Institute 
of Atomic Energy). Briefly, the cells were grown 
to confluence in 60-mm-diameter cell culture 
dishes. Assay buffer was 50-mM sodium ace-
tate buffer with 0.1% sodium azide (pH 4.75). 
All samples and standards were acetylated 
with 10 µl of a 2:1 solution of triethylamine: 
acetic anhydride. Each assay tube contained 5 
µl of each sample, 95 µl of buffer, 100 µl of 
anti-cAMP antibody and 100 μl of 125I –cAMP, 
total assay volume was 310 µl. Tubes were vor-
texed and stored at 4°C overnight. Antibody-
bound radioactivity was then separated by the 
addition of 25 µl of goat anti-rabbit IgG, fol-
lowed by vortexing and further incubation at 
4°C for 1 h. To these samples, 1 ml of 12% 
polyethylene glycol, 50 mM sodium acetate 
buffer (pH 6.75) was added, and all tubes were 
centrifuged at 1700 g for 15 min. Supernatants 
were aspirated, and radioactivity in the result-
ing pellet was determined using a gamma coun-
ter. cAMP content was normalized to protein 
content of each cell, which was determined by 
the Bradford assay with BSA as a standard.

Adenylate cyclase (AC) assay

Membrane preparations isolated from cells 
were tested for AC activity. Plasma membrane 
preparations were isolated by differential cen-
trifugation. Briefly, cells were homogenized with 
a Dounce homogenizer in 20 mM HEPES, 0.25 
M sucrose, 1 mM EDTA, 5 mM benzamidine, 

supernatant of the samples was determined 
with an EIA assay kit.

cAMP-specific phosphodiesterase (PDE) assay

The cells were scraped into lysis buffer [20 mM 
HEPES (pH 7.4), 1 mM EDTA, 1 mM dithiothrei-
tol, and 1:500 protease inhibitor cocktail], 
Dounce homogenized, and then sonicated for 
30 sec on ice. Cells lysates were centrifuged 
(14,000x g for 5 min at 4°C), and 30 µgprotein 
of cell lysates was incubated in reaction buffer 
[20 mM HEPES (pH 7.4), 90 mM KCl, 5 mM 
MgCl2, 0.75 mM CaCl2, and 100 nM cAMP] for 
30 min at 30°C. The reaction was terminated 
by the addition of 0.1 N HCl and centrifuged. 
The cAMP remaining in the supernatants was 
measured by an EIA kit. The PDE activity was 
determined as the amount of cAMP hydrolyzed 
during the reaction time.

PKA activity

Cell extracts were prepared and lysed in three 
volumes of 0.25 M mannitol, 100 mM Tris-HCl 
buffer, pH 7.4, at 4°C, containing 50 mM NaF, 2 
mM NaPPi, 1 mM EDTA, 1 mM benzamidine, 
0.2 mM PMSF, 1 µg/mL soya bean trypsin 
inhibitor (SBTI), and 1 mM isobutyl methylxan-
thine (IBMX). The lysates were then centrifuged 
at 14,000 rpm for 10 min. For the PKA assays, 
supernatants were diluted 1:20 in 100 mM 
Tris-HCl buffer, pH 7.4, containing 50 mM NaF, 
100 mM NaCl, 1 mM EDTA, 1 mM IBMX, 1 mM 
DTT, 1 mM benzamidine, 1 µg/mL SBTI, and 1 
mg/mL BSA. Assay incubation (50 µL, 50 µg 
protein lysate) was carried out at 37°C in the 
buffer containing 0.2 mM kemptide (a peptide 
substrate for PKA) (Sigma), 4 mM MgCl2, and 
0.2 mM 32P-ATP (specific activity 200,000-

Table 1. Information of PCR primers
Gene Primer Length of product
BRMS1 sense cagcctccaagcaaagaca 160bp

antisense ggcgtcgctcatagtcctcat
Cx26 sense gctgcaagaacgtgtgctac 196bp

antisense tgggttttgatctcctcgat
Cx32 sense accaattcttccccatctcc 250bp

antisense aagacggcctcaaacaacag
Cx43 sense aggagttcaatcacttggcg 168bp

antisense gcaggattcggaaaatgaaa
GAPDH sense agaaggctggggctcatttg 258bp

antisense aggggccatccacagtcttc

and a protease inhibitor cocktail 
(1:500). Membranes were collected 
by two steps of differential centrifu-
gation (1,000x g for 5 min at 4°C and 
40,000x g for 20 min at 4°C). The 
protein concentrations in the sam-
ples were determined. For AC assay, 
30 µgof membrane protein was 
added to reaction buffer [50 mM Tris-
HCl (pH 7.4), 5.0 mM MgCl2, 0.5 mM 
EDTA, 1 mM ATP, 0.1 µM GTP, 0.2 IU 
pyruvate kinase, 0.1 U myokinase, 
and 2.5 mM phosphoenolpyruvate] 
and incubated for 15 min at 37 C. 
The converted cAMP from ATP in the 
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400,000 cpm/nmol phosphate). Aliquots (20 
µL) were removed at 4 and 8 min of incubation 
and spotted onto P81 phosphocellulose paper 
squares that were then washed extensively in 
three changes of 77 mM phosphoric acid 
before being transferred to scintillation vials for 
determination of 32P incorporation into kemp-
tide. PKA activity was taken as the 32P incorpo-
rated into kemptide.

Total RNA isolation and RT-PCR

Total RNA was extracted by using TRIzol reagent 
(Invitrogen) according to the manufacturer’s 
protocol. In brief, 106 cells were lysed with 1 ml 
of TRIzol, and the proteins were separated by 
chloroform. RNAs were precipitated with iso-
propanol, and cDNAs were synthesized by using 
a RevertAid First Strand cDNA Synthesis Kit 
(MBI Fermentas, Vilnius, Lithuania) according 
to the manufacturer’s protocol. Reverse tran-
scription was carried out at 42°C for 30 min fol-
lowing incubation at 95°C for 5 min.

A conventional PCR using GeneAmp PCR 
System from Perkin Elmer (Norwalk, CT, USA) 
was based on standard amplification condi-
tions: 30-35 cycles of denaturation at 94°C (45 
s), annealing at 58°C (30 s), and extension at 
72°C (45 s) followed by 5 min of final extension 
at 72°C. All data were normalized relative to 
the expression of GAPDH mRNA in respective 
samples.

The quantitative real-time PCR reaction mix-
tures were amplified with SYBR Green PCR 
Master Mix (Takara Shuzo, Japan) in the pres-

ence of 0.2 µmol/L each of the sense and anti-
sense primers, and 100 ng sample, by the fol-
lowing thermal cycling programs: stage 1, 95°C 
for 10 seconds; stage 2, 40 cycles of 94°C for 
5 seconds, 60°C for 20 seconds and 72°C for 
15 seconds; stage 3, 72°C for 5minutes. 
Fluorescence intensity was measured in real-
time during extension steps for a SYBR Green 
assay by using the Mini Opticon Real-Time PCR 
System (Bio-Rad). Relative expression levels of 
the target gene was normalized using GAPDH 
as an endogenous reference using the compar-
ative CT (threshold cycle) method. The amount 
of gene expression that was normalized to 
endogenous reference is given by: 2–ΔΔCT. The 
information of PCR primers were showed in 
Table 1.

Western blot

Cells were washed twice with ice-cold PBS and 
scarped into 1 ml of ice-cold NP40 lysis buffer 
(10 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1% 
(v/v) NP40, 1 mM EDTA (ethylene diaminetet-
raacetic acid, edetic acid), 50 mM NaF, 5 mM 
NaPPI, 1 mM phenylmethylsulfonyl fluoride, 1 
mg/ml leupeptin and 1 mg/ml pepstatin A).
Cells were then sonicated for 5 s at 5 W. 
Insoluble debris was removed by centrifugation 
at 1000 g for 15 min. Total proteins (50  
microgram) were analyzed by 10% SDS-PAGE  
(sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis). Western blot, using mouse 
anti-human monoclonal antibody against to 
BRMS1, rabbit anti-human polyclonal antibody 
against to Cx26 (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) was performed according 

Figure 1. Expression of BRMS1 in MDA-MB-231HM after transfection was detected by RT–PCR (A) and Western blot 
(B). The relative expression of BRMS1 mRNA and protein was shown in (C). Representative quantitation of three 
independent experiments. The error bars represent the SEM. For (A-C): lane 1, MDA-MB-231 HM; lane 2, MDA-
MB-231 HM-vector; lane 3, MDA-MB-231HM-BRMS1.
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to standard protocols. Normalization of protein 
loading was done with GAPDH. Blot quantifica-
tion was done with a Molecular Dynamics Laser 
Densitometer (Model PSD) and the Image 
Quant Version 1 software.

Statistical analysis

All data are expressed as mean ± SEM. 
Differences between groups were analyzed by 
Student’s t test or one-factor analysis of vari-
ance, as required. Differences were considered 
significant if P values were less than 0.05.

Results

Stable transfection of BRMS1cDNA in MDA-
MB-231HM cells

In order to investigate the effect of BRMS1 on 
cell migration, we transfected BRMS1 expres-

sion vector into MDA-MB-231HM cells and gen-
erated stable transfectant. BRMS1 expression 
in this clone was confirmed by reverse tran-
scription PCR and western blot (Figure 1A, 1B). 
Transfectant clones from MDA-MB-231HM 
cells with high expression levels of BRMS1 pro-
tein were named MDA-MB-231HM-BRMS1. The 
levels of BRMS1 mRNA and protein expression 
in MDA-MB-231HM-BRMS1 were significantly 
increased compared with MDA-MB-231HM and 
MDA-MB-231HM-vector (Figure 1C).

BRMS1 inhibited the migration of breast can-
cer cell in vitro

We examined the migration activities of BRMS1 
stable transfectant and the parental cells using 
the Boyden chamber. Migration was significant-
ly inhibited in BRMS1 stable transfectant 
(Figure 2A, 2B).

Figure 2. BRMS1 inhibited the migration of MDA-MB-231HM in vitro (A). Quantification of migration assay for the 
BRMS1-transfected cells and control cells. PTX eliminated the effect of BRMS1 on cell migration (B). Cells were 
counted in triplicate wells and in three identical experiments. *, P < 0.05. Columns, mean of three independent 
experiments; bars, SEM. HP, high-power objective. For (A, B): lane 1, MDA-MB-231 HM; lane 2, MDA-MB-231 HM-
vector; lane 3, MDA-MB-231HM-BRMS1.
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PTX eliminated the effect of BRMS1 on cell 
migration

We speculated that cAMP signaling pathway 
may involve in BRMS1 related cell migration. To 
investigate this possibility, we have use PTX to 
treat breast cancer cells before migration 
assay. The results showed that PTX inhibit the 
migration of BRMS1-transfected MDA-MB-
231HM cells, mock-transfected and wild-type 
cells. But, there is no significant difference 
among three groups after pretreating with PTX 
(Figure 2B).

BRMS1 activated cAMP signaling pathway

To future support for the idea that cAMP signal-
ing pathway involves in BRMS1 related cell 
migration. Firstly, we examined the effect of 
BRMS1 on the intracellular cAMP concentra-
tion and PKA activity in breast cancer cells. The 
results demonstrated that BRMS1-transfected 
MDA-MB-231HM cells increased intracellular 

cAMP and PKA activity than mock-transfected 
and wild-type cells (Figure 3A, 3B).

It is well known that cAMP is raised by increased 
synthesis via activation of AC and/or decreased 
degradation via inhibition of PDEs. Then, we 
investigated the activities of AC and PDE. We 
observed an increased activity of AC in BRMS1-
transfected MDA-MB-231HM cells compared to 
mock-transfected and wild-type cells (Figure 
4A). But there were no significant difference in 
activity of PDE among BRMS1-transfected 
MDA-MB-231HM cells, mock-transfected and 
wild-type cells (Figure 4B).

These data thus indicate that BRMS1 activated 
G-protein-coupled cAMP signaling pathway 
through activation of AC.

BRMS1 up-regulated Cx26 expression

In order to investigate whether BRMS1 overex-
pression could modulate the expression of con-

Figure 3. BRMS1 increased MDA-MB-231HM cells intracellular cAMP (A) and PKA activity (B). The experiment was 
repeated three times in triplicate, and data were expressed as means ± SEM. *, P < 0.05. For (A, B): lane 1, MDA-
MB-231 HM; lane 2, MDA-MB-231 HM-vector; lane 3, MDA-MB-231HM-BRMS1.

Figure 4. BRMS1 stimulated AC activity (A) and had no effect on PDE activity (B) in MDA-MB-231HM cells. The 
experiment was repeated three times and data were expressed as means ± SEM. *, P < 0.05. For (A, B): lane 1, 
MDA-MB-231 HM; lane 2, MDA-MB-231 HM-vector; lane 3, MDA-MB-231HM-BRMS1.



Metastasis suppressor gene BRMS1 and breast cancer

914	 Int J Clin Exp Med 2013;6(10):908-916

nexins, Cx26, Cx32, Cx43 expression of cells 
were examined by RT-PCR and western blot. We 
observed that BRMS1-transfected MDA-MB-
231HM cells expressed higher levels of Cx26 
mRNA and protein than mock-transfected and 
wild-type cells (Figure 5). We did not find any 
significant difference in Cx32, Cx43 mRNA 
expression among BRMS1-transfected MDA-
MB-231HM cells compared with control groups 
(Figure 5A).

Discussion

In the present study, we observed that overex-
pression of the BRMS1 reduced MDA-MB-
231HM cell migration in vitro. The result is con-
sistent with prior study [3, 7]. Migration, 
invasion and avoidance of cell death or apopto-
sis are three separate steps required for cancer 
metastasis [11]. Migration is one of the key 
functional activities of cancer cells directly 

associated with their metastatic potential. 
Previous study have indicated that signaling 
through phosphoinositide in the regulation of 
breast cancer metastasis that can be sup-
pressed by BRMS1 [12]. Vaidya KS. et al. 
reported BRMS1 expression reduced epider-
mal growth factor receptor (EGFR) expression 
and downstream (Akt) signaling; but signaling 
through another receptor tyrosine kinase, 
hepatocyte growth factor receptor (c-Met) 
remains unchanged [13]. However, participa-
tion of other signaling molecules, including 
cAMP remains not to be explored.

In our experiment, migration of MDA-MB-
231HM-BRMS1 was markedly reduced com-
paring with MDA-MB-231HM, whereas cells 
migration were all decreased after pretreating 
with PTX. That indicated the inhibitory effect of 
BRMS1 on MDA-MB-231HM-BRMS1 cell migra-
tion could be abolished by PTX pretreatment. 

Figure 5. Expression of connexins in MDA-MB-231HM after transfection. Cx26 was detected by RT–PCR (A) and 
Western blot (B). The relative expression of Cx26 mRNA and protein was shown in (C). They are the means ± SEM 
of three separate experiments. For (A-C): lane 1, MDA-MB-231 HM; lane 2, MDA-MB-231 HM-vector; lane 3, MDA-
MB-231HM-BRMS1. *, P < 0.05.
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PTX specifically inactivates Gαi protein mediat-
ed signaling pathways. The results indicated 
that PTX-sensitive G-protein-coupled signaling 
may be involved in BRMS1 related cell migra-
tion. Further analysis showed that the intracel-
lular cAMP concentration of MDA-MB-231HM-
BRMS1 cells significantly increased. The acti- 
vity of PKA which is a serine kinase activated by 
cAMP also increased significantly, compared 
with MDA-MB-231HM cells. Intracellular cAMP 
concentration was determined by activities of 
AC and cAMP dependent PDE. The study 
showed that BRMS1 overexpression stimulated 
AC activity, but had no effect on PDE activity. 
Those results definitely suggested that BRMS1 
related cell migration involved in activated G 
protein coupled cAMP signaling pathway. To the 
best of our knowledge, our findings provide the 
first indication that the G-protein-coupled cAMP 
signaling pathway is involved in BRMS1 related 
cell migration. The effects of cAMP signaling on 
BRMS1 expression, cell migration and metas-
tasis are worth to be researched further.

In the present study, we also found that overex-
pression of BRMS1 significantly increase Cx26 
expression. Recently, increasing evidences 
have suggested that Cx26, Cx32, Cx43 could 
act as a suppressor gene against metastasis of 
cancer cell lines [14-18]. In almost all tumors, 
the function of the gap junction is down-regulat-
ed through one or more of a variety of mecha-
nisms, including no or reduced expression, 
aberrant localization, and aberrant phosphory-
lation or dephosphorylation of connexin pro-
tein. A earlier report showed that exogenous 
expression of BRMS1 in MDA-MB-435 cells can 
lead to up regulation of Cx43, downregulation 
of Cx32 and restoration of GJIC [19]. Inter- 
estingly, in our experiment we have demon-
strated that BRMS1 can up regulate of Cx26, 
but not change Cx32 and Cx43 in MDA-MB-
231HM cells. The disagreement with prior 
result may be due to that BRMS1 can regulate 
different connexins transcription in different 
cancer cell types.

Connexins have multifaceted functions in both 
normal mammary gland development and 
homeostasis, as well as in cancer metastasis 
[20]. However connexins have GJIC-dependent 
cellular effects through GJ channel activity, by 
the exchange of small molecules or current 
between cells on cancer cells metastasis 
including migration. However, extensive studies 

suggested that connexins also exert their func-
tions in a GJIC-independent manner. The notion 
was supported by the study on the role of Cx26, 
Cx43 in breast [21-23]. Take together with ear-
lier study, our results imply that BRMS1 might 
change connexins expression profile to affect 
metastasis in breast cancer cells.

Conclusion

Our results indicated that BRMS1 plays a nega-
tive regulatory role as a metastasis suppressor 
gene in human breast cancer. G-protein-
coupled cAMP signaling pathway is involved in 
BRMS1 related breast cancer cells migration. 
Furthermore, overexpression of BRMS1 can 
result in change of connexins expression profile 
in breast cancer cells. There findings may pro-
vide new sights into the BRMS1 mechanisms of 
action.
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