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Introduction  

Cancer is a terrible disorder facing human today and 
unfortunately, lack of deep knowledge about cancer 
biology causes perfect treatment failing. However, 
several strategies have been developed upon recent 
findings in molecular biology. One of these approaches 
appears to be valuable because of inhibiting inter-
cellular gap junction communication (GJIC) between 
cells. As a rule, lack of gap junctions was commonly 
observed in carcinogenesis (Leithe et al. 2006). Some 
critical small biomolecules like cAMP and Ca2+ as well 
as several small sized amino acids could pass through 
this communicative channel. Cellular apoptosis pathway, 
Akt signaling pathway, EGF pathway, p53 pathway, 
inhibition of matrix metalloproteinases (MMPs) and 
VEGF family ligands and receptors are the most 
important biomolecules and ways in cancer biology 
which could be affected by these small agents. As 

mentioned, EGF pathway and its obedience 
biomolecules has vital role in carcinogenesis of 
epithelial derived carcinomas like breast and lung 
cancers (Cameron et al. 2003). This cell-surface tyrosine 
kinase receptor is a member of the ErbB family of 
receptors and mutations which could result in some 
epithelial derived carcinomas including breast cancer 
through affecting its expression or activity. EGFR over 
expression was reported in 20% - 50% of breast cancer 
(Agelaki et al. 2009). EGFR is activated by binding its 
specific ligands, including epidermal growth factor 
(EGF) and transforming growth factor α (TGFα). Due to 
activation by its ligands, EGFR switches from an 
inactive monomeric form to an active homodimer (Dong 
J and Wiley HS 2000). Several signal transduction 
cascades was initiated by downstream signaling proteins, 
principally the mitogen-activated protein kinase 
(MAPK), phosphatidylinositol-3-kinase (PI-3K/Akt), 
and finally signal transducer and activator of 
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Introduction: Gap junctions play an important role in the cell proliferation in mammalian 
cells as well as carcinogenesis. However, there are controversial issues about their role in 
cancer pathogenesis. This study was designed to evaluate genotoxicity and cytotoxicity of 
Carbenoxolone (CBX) as a prototype of inter-cellular gap junction blocker in MCF7 and 
BT20 human breast cancer cells. Methods: The MCF7and BT20 human breast cancer cell 
lines were cultivated, and treated at designated confluency with different doses of CBX. 
Cellular cytotoxicity was examined using standard colorimetric assay associated with cell 
viability tests. Gene expression evaluation was carried out using real time polymerase 
chain reaction (PCR). Results: MCF7 and BT20 cells were significantly affected by CBX 
in a dose dependent manner in cell viability assays. Despite varying expression of genes, 
down regulation of pro- and anti-apoptotic genes was observed in these 
cells.  Conclusion: Based upon this investigation, it can be concluded that CBX could 
affect both low and high proliferative types of breast cancer cell lines and disproportionate 
down regulation of both pre- and anti-apoptotic genes may be related to interacting 
biomolecules, perhaps via gap junctions.  
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death cell numbers. 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 
(Olympus optical Co., 

                                                                                     

BCL2 (B
Forward and reverse oligonucleotide primers were 
provided from MWG

SYBR Green PCR Master Mix 
Applied 
pyrocarbonate (DEPC) treated 
Penicillin G 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 
(dNTPs) and M
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

Cell culture
The MCF7and BT20 human breast cancer 
seeded 
cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37
media consist
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
concentrations 

M and finally 1000
lay open to 
expression profiling using real time RT

viability 
The cultured
at 40–50% confluency were subjected to MTT assay in 
the 96-well plates. The 
CBX concentrations
24 and 48 hours at 37
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 
fresh media and then 50 
PBS) was added to each well. After a 4 hr incubation 
with MTT at 37
were exposed to 200 
buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37
crystals dissolving
measured at 570 nm
reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

ability
hemocytomete
death cell numbers. 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 
(Olympus optical Co., 
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BCL2 (B-cell lymphoma 2)
Forward and reverse oligonucleotide primers were 
provided from MWG

SYBR Green PCR Master Mix 
Applied Biosystems, Foster City, USA. 

rbonate (DEPC) treated 
in G 

Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 
(dNTPs) and M
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

Cell culture
The MCF7and BT20 human breast cancer 

 on 6
cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37
media consist
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
concentrations 

M and finally 1000
lay open to 
expression profiling using real time RT

iability 
The cultured

50% confluency were subjected to MTT assay in 
well plates. The 

concentrations
48 hours at 37

group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 
fresh media and then 50 
PBS) was added to each well. After a 4 hr incubation 
with MTT at 37
were exposed to 200 
buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37
crystals dissolving
measured at 570 nm
reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

ability of cells to exclude trypan blue dye using a 
hemocytomete
death cell numbers. 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 
(Olympus optical Co., 
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cell lymphoma 2)
Forward and reverse oligonucleotide primers were 
provided from MWG

SYBR Green PCR Master Mix 
Biosystems, Foster City, USA. 

rbonate (DEPC) treated 
in G were obtained 

Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 
(dNTPs) and M
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

Cell culture 
The MCF7and BT20 human breast cancer 

on 6-well plates at a density of 4
cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37
media consisted
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
concentrations 

M and finally 1000
lay open to viability examinations as well as gene 
expression profiling using real time RT

iability asses
The cultured MCF7and BT20 human breast cancer 

50% confluency were subjected to MTT assay in 
well plates. The 

concentrations
48 hours at 37

group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 
fresh media and then 50 
PBS) was added to each well. After a 4 hr incubation 
with MTT at 37
were exposed to 200 
buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37
crystals dissolving
measured at 570 nm
reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

of cells to exclude trypan blue dye using a 
hemocytometer for obtaining vital cell numbers versus 
death cell numbers. 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 
(Olympus optical Co., 
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cell lymphoma 2)
Forward and reverse oligonucleotide primers were 
provided from MWG

SYBR Green PCR Master Mix 
Biosystems, Foster City, USA. 

rbonate (DEPC) treated 
were obtained 

Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 
(dNTPs) and MgCl2 were
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37

ed of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
concentrations of 50

M and finally 1000
viability examinations as well as gene 

expression profiling using real time RT

ssessment 
MCF7and BT20 human breast cancer 

50% confluency were subjected to MTT assay in 
well plates. The 

concentrations
48 hours at 37

group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 
fresh media and then 50 
PBS) was added to each well. After a 4 hr incubation 
with MTT at 37˚C, medium was removed and the cells 
were exposed to 200 
buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37
crystals dissolving
measured at 570 nm
reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

of cells to exclude trypan blue dye using a 
r for obtaining vital cell numbers versus 

death cell numbers. 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 
(Olympus optical Co., 
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cell lymphoma 2)
Forward and reverse oligonucleotide primers were 
provided from MWG-

SYBR Green PCR Master Mix 
Biosystems, Foster City, USA. 

rbonate (DEPC) treated 
were obtained 

Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

gCl2 were
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
of 50

M and finally 1000
viability examinations as well as gene 

expression profiling using real time RT

sment 
MCF7and BT20 human breast cancer 

50% confluency were subjected to MTT assay in 
well plates. The 

concentrations and 
48 hours at 37

group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 
fresh media and then 50 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
were exposed to 200 
buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37
crystals dissolving and then UV absorbance was 
measured at 570 nm 
reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

of cells to exclude trypan blue dye using a 
r for obtaining vital cell numbers versus 

death cell numbers. 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 
(Olympus optical Co., 
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cell lymphoma 2)
Forward and reverse oligonucleotide primers were 

-Europhin, (Ebersberg, Germany).
SYBR Green PCR Master Mix 

Biosystems, Foster City, USA. 
rbonate (DEPC) treated 

were obtained 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

gCl2 were
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
of 50M, 100

M and finally 1000
viability examinations as well as gene 

expression profiling using real time RT

sment  
MCF7and BT20 human breast cancer 

50% confluency were subjected to MTT assay in 
well plates. The cells were treated with a range of 

and each group were 
48 hours at 37˚C. After which, the cells of each 

group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 
fresh media and then 50 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l DMSO and 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37

and then UV absorbance was 
 using a spectrophotometric plate 

reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

of cells to exclude trypan blue dye using a 
r for obtaining vital cell numbers versus 

death cell numbers. Light microscopic examinations 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 
(Olympus optical Co., Ltd., Tokyo, Japan)
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cell lymphoma 2) and
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
SYBR Green PCR Master Mix 

Biosystems, Foster City, USA. 
rbonate (DEPC) treated 

were obtained 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

gCl2 were 
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 100
M (1Mm) 

viability examinations as well as gene 
expression profiling using real time RT

 
MCF7and BT20 human breast cancer 

50% confluency were subjected to MTT assay in 
cells were treated with a range of 

each group were 
. After which, the cells of each 

group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 
fresh media and then 50 l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l DMSO and 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37

and then UV absorbance was 
using a spectrophotometric plate 

reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

of cells to exclude trypan blue dye using a 
r for obtaining vital cell numbers versus 

Light microscopic examinations 
were conducted for morphological assessments using 
Olympus invert microscope 
Olympus DP20 camera and 

Ltd., Tokyo, Japan)
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and 
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
SYBR Green PCR Master Mix 

Biosystems, Foster City, USA. 
rbonate (DEPC) treated water; streptomycin and 

were obtained from 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

 obtained
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 100

M (1Mm) 
viability examinations as well as gene 

expression profiling using real time RT

MCF7and BT20 human breast cancer 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
each group were 

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l DMSO and 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37

and then UV absorbance was 
using a spectrophotometric plate 

reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed 
assessment of CBX. Briefly, cells were counted based on

of cells to exclude trypan blue dye using a 
r for obtaining vital cell numbers versus 

Light microscopic examinations 
were conducted for morphological assessments using 
Olympus invert microscope CKX41 equipped with 
Olympus DP20 camera and 

Ltd., Tokyo, Japan)
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 CYCS (Cytochrome c)
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
SYBR Green PCR Master Mix 

Biosystems, Foster City, USA. 
water; streptomycin and 

from CinnaGen, (Tehran, 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

obtained
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 150

M (1Mm) 
viability examinations as well as gene 

expression profiling using real time RT

MCF7and BT20 human breast cancer 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
each group were 

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l DMSO and 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37

and then UV absorbance was 
using a spectrophotometric plate 

reader, ELx 800 (Biotek, CA, USA).
exclusion test was performed for growth inhibition 
assessment of CBX. Briefly, cells were counted based on

of cells to exclude trypan blue dye using a 
r for obtaining vital cell numbers versus 

Light microscopic examinations 
were conducted for morphological assessments using 

CKX41 equipped with 
Olympus DP20 camera and CellA 3.3 software 

Ltd., Tokyo, Japan)
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CYCS (Cytochrome c)
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
SYBR Green PCR Master Mix was obtained from 

Biosystems, Foster City, USA. 
water; streptomycin and 

CinnaGen, (Tehran, 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

obtained 
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 150

M (1Mm) and 
viability examinations as well as gene 

expression profiling using real time RT-PCR.

MCF7and BT20 human breast cancer 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
each group were 

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l DMSO and 25 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37

and then UV absorbance was 
using a spectrophotometric plate 

reader, ELx 800 (Biotek, CA, USA).
for growth inhibition 

assessment of CBX. Briefly, cells were counted based on
of cells to exclude trypan blue dye using a 

r for obtaining vital cell numbers versus 
Light microscopic examinations 

were conducted for morphological assessments using 
CKX41 equipped with 

CellA 3.3 software 
Ltd., Tokyo, Japan)
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CYCS (Cytochrome c)
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
was obtained from 

Biosystems, Foster City, USA. 
water; streptomycin and 

CinnaGen, (Tehran, 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

 from QIAGEN 
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
incubator (95% air and 5% CO2) at 37˚C. Cell culture 

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 150

and then 
viability examinations as well as gene 

PCR.

MCF7and BT20 human breast cancer 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
each group were incubated for

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
5 l of Sorenson 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
cultures were incubated for 30 min at 37˚C 

and then UV absorbance was 
using a spectrophotometric plate 

reader, ELx 800 (Biotek, CA, USA). Trypan blue 
for growth inhibition 

assessment of CBX. Briefly, cells were counted based on
of cells to exclude trypan blue dye using a 

r for obtaining vital cell numbers versus 
Light microscopic examinations 

were conducted for morphological assessments using 
CKX41 equipped with 

CellA 3.3 software 
Ltd., Tokyo, Japan). 
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CYCS (Cytochrome c)
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
was obtained from 

Biosystems, Foster City, USA. 
water; streptomycin and 

CinnaGen, (Tehran, 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

from QIAGEN 
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

The MCF7and BT20 human breast cancer cells were 
well plates at a density of 4

cells/cm2. These cells were saved in a humidified 
˚C. Cell culture 

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 300

then cells were 
viability examinations as well as gene 

PCR. 

MCF7and BT20 human breast cancer 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
incubated for

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l of Sorenson 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
 for formazan 

and then UV absorbance was 
using a spectrophotometric plate 

Trypan blue 
for growth inhibition 

assessment of CBX. Briefly, cells were counted based on
of cells to exclude trypan blue dye using a 

r for obtaining vital cell numbers versus 
Light microscopic examinations 

were conducted for morphological assessments using 
CKX41 equipped with 

CellA 3.3 software 
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CYCS (Cytochrome c)
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
was obtained from 

Biosystems, Foster City, USA. Diethyl 
water; streptomycin and 

CinnaGen, (Tehran, 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

from QIAGEN 
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available.

cells were 
well plates at a density of 4.

cells/cm2. These cells were saved in a humidified 
˚C. Cell culture 

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 300

cells were 
viability examinations as well as gene 

MCF7and BT20 human breast cancer 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
incubated for

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l of Sorenson 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
for formazan 

and then UV absorbance was 
using a spectrophotometric plate 

Trypan blue 
for growth inhibition 

assessment of CBX. Briefly, cells were counted based on
of cells to exclude trypan blue dye using a 

r for obtaining vital cell numbers versus 
Light microscopic examinations 

were conducted for morphological assessments using 
CKX41 equipped with 

CellA 3.3 software 
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CYCS (Cytochrome c)
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany).
was obtained from 

Diethyl 
water; streptomycin and 

CinnaGen, (Tehran, 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

from QIAGEN 
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 
mentioned above were in the highest quality available. 

cells were 
.0×10

cells/cm2. These cells were saved in a humidified 
˚C. Cell culture 

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 300M, 

cells were 
viability examinations as well as gene 

MCF7and BT20 human breast cancer cells 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
incubated for

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l of Sorenson 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
for formazan 

and then UV absorbance was 
using a spectrophotometric plate 

Trypan blue 
for growth inhibition 

assessment of CBX. Briefly, cells were counted based on
of cells to exclude trypan blue dye using a 

r for obtaining vital cell numbers versus 
Light microscopic examinations 

were conducted for morphological assessments using 
CKX41 equipped with 

CellA 3.3 software 
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CYCS (Cytochrome c) 
Forward and reverse oligonucleotide primers were 

Europhin, (Ebersberg, Germany). 
was obtained from 

Diethyl 
water; streptomycin and 

CinnaGen, (Tehran, 
Iran). Taq DNA polymerase, polymerase chain reaction 
(PCR) reaction buffer, Random hexamer primers 
(pdN6), deoxynucleotide triphosphate monomers 

from QIAGEN 
(Crawley, UK). Carbenoxolone was obtained from 
Sigma Aldrich Co., (Poole, UK). All other chemicals not 

 

cells were 
0×104 

cells/cm2. These cells were saved in a humidified 
˚C. Cell culture 

of RPMI 1640 complemented with 10% 
FBS, penicillin G (200 U/ml) and streptomycin (200 

g/ml). CBX was solved in RPMI 1640 media at 
M, 

cells were 
viability examinations as well as gene 

cells 
50% confluency were subjected to MTT assay in 

cells were treated with a range of 
incubated for 

. After which, the cells of each 
group were washed once with phosphate buffered saline 
(PBS) and culture medium was replaced with 150 l 

l MTT reagent (2 mg/ml in 
PBS) was added to each well. After a 4 hr incubation 

C, medium was removed and the cells 
l of Sorenson 

buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5). The 
for formazan 

and then UV absorbance was 
using a spectrophotometric plate 

Trypan blue 
for growth inhibition 

assessment of CBX. Briefly, cells were counted based on 
of cells to exclude trypan blue dye using a 

r for obtaining vital cell numbers versus 
Light microscopic examinations 

were conducted for morphological assessments using 
CKX41 equipped with 

CellA 3.3 software 



Gap junctions in cancer cells
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Gene expression 
Cells were subjected to gene expression evaluation just
at 150
exposure 
TriReagent 
quality and 
respectively by electrophoresis and NanoDrop®
Spectrophotometer (Nano
Wilmington, DE, 
published Gene Bank 
5.01 
http://www.premierbiosoft.com) and listed in Table 1.
The reverse transcripti
11 
DTT, 2 
g of RN
(200 U) in a total volume of 20 
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Fig. 3. Photomicrographs of MCF7 and BT20 cells were taken by a light microscope at a magnification of 40×. MCF7 and BT20 cells were 
treated by 150 µM of CBX. The death cells are shown by black arrows. Panel A represent untreated MCF7 cells versus CBX treated MCF7 
cells in panels B and C at exposure times of 24h and 48h respectively. Panel D represent untreated BT20 cells versus CBX treated BT20 
cells in panels E and F at exposure times of 24h and 48h respectively.  

As it shows, the growth of treated BT20 cells was 
affected notably, but in the case of MCF7 cells, anti-
proliferative effect of CBX was lower than previous 
cells. However, CBX also showed statistically 
significant cytotoxicity in the MCF cells. Additionally, 
the treated and untreated cells displayed distinct 
morphologic differences in normal and death cells 
number and appearance upon light microscopic 
examinations   (Fig. 3). Regarding the obtained data 
from MTT experiment as a standard colorimetric cell 
viability assay, IC50 were calculated as 150 M in both 

cells (Fig 4), which is relatively similar to obtained IC50 
from data of growth inhibition evaluation via Trypan 
blue exclusion test in Fig. 2.  In the view of statistics 
(mean ±SE of at least five independent experiments), 
reduction in number of cells was observed after 
treatment by 150 µM of CBX as same as reduction in 
total amount of extracted RNA in both cells (data not 
shown). Despite mild exacerbation in CBX mediated 
cytotoxicity in a time dependent manner, it was not 
statistically significant even at exposure time of 72 hr in 
both cell lines (data not shown).  
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results, CBX inhibits MCF7 and BT20 cells growth and 
viability just in a dose dependent manner with 
IC50 values of 150 μM after 24 h of exposure. The anti-
ploriferative effects of CBX have been reported in other 
cancer cells (Kawashima et al. 2009). Apoptotic effects 
of CBX have been also reported in some types of cells 
(Pivato et al. 2006; Waddell et al. 2000). Among several 
mechanisms of action which have been proposed for 
pharmacological activity of CBX, induction of 
Mitochondrial Permeability Transition (MPT) and 
release of cytochrome c is prominent (Salvi et al. 2005; 
Pivato et al. 2006). Therefore, it can be considered as an 
apoptosis stimulating drug   (Isbrucker et al. 2006; Salvi 
et al. 2005). Due to structural similarity to 
glucocorticoids, CBX inhibits Hydroxysteroid 
dehydrogenases (HSD) in cancer cells and induces 
apoptosis via interaction with glucocorticoid and 
mineralocorticoid receptors (Greenstein et al. 2002; 
Voutsas et al. 2007). It seems that TP53 and CYCS genes 
as well as STAT1 gene down regulation are 
compensatory responses against anti-apoptotic genes 
down regulation which totally arise from stress oxidative 
effect of Carbenoxolone (Farczadi, Kaszas et al. 2002). 
AKT1 and BCL2 genes are anti-apoptotic down regulated 
genes with similar effect on cancer cells. Of these down 
regulated genes, the BCL2 gene encodes the bcl2 protein 
that involved in a wide variety of cellular activities such 
as homeostasis and tumorigenesis. The encoded protein 
is able to reduce the release of pro-apoptotic cytochrome 
c from mitochondria and block caspase activation. This 
suggests a cytoprotective and cell survival functionality 
for this gene as reported previously ( Karsan et al. 1996; 
Choi et al. 1995)  but as it mentioned, cytochrome c has 
been down regulated in CBX group, probably due to 
carbenoxolone stress oxidative effect (Salvi et al. 2005; 
Pivato et al. 2006) and BCL2  counter regulatory gene, 
was not able to be compensated. In the view of 
transcryptomics, it seems that Carbenoxolone affects 
cancer cell viability despite some ambiguous findings in 
cell viability and cytotoxicity assays.  Lewenstein and 
his co-workers provided the “Homologous Growth 
Control (HGC)”  theory approximately forty  years ago 
which talks about gap junctions' delirious role in 
carcinogenesis particularly in the case of gap junction 
intercellular communication(GJIC) between normal and 
cancer  cells (Cronier, Crespin et al. 2009) and CBX has 
confirmed inhibitory effects on gap junction-mediated 
intercellular communication (GJIC) particularly in 
attached cells as well (Winmill et al. 2003; Paraguassu-
Braga et al. 2003). Therefore we cannot establish a 
precise mechanism for CBX activity.  
 

Conclusion 

Breast cancer has emerged as a leading cause of cancer 
death in the world particularly in women. Unfortunately, 

the current therapeutic strategies are ineffective in some 
cases; hence, there exists an increasing demand for more 
effective therapies. We examined the CBX in this matter. 
In conclusion, based on the results obtained in this study, 
we suggest that CBX be favourable for in vivo 
applications; nevertheless further investigations are yet 
to be fulfilled to authenticate its in vivo usefulness. This 
obviously means that there is a novel relationship 
between cell-cell communications and inter-cellular 
cross talking, perhaps via gap junctions, at whom we 
propose that interestingly orchestrated biochemical 
machinery of cells may be related to some downstream 
cell signalling which may play a key role in development 
of cancer. On the other hand, the main question is 
remained: Are gap junctions friend or enemy? Therefore 
we propose evaluation of CBX effects on genetically 
modified cancer cell lines particularly in transcriptomics 
and functional genomics level using DNA chip 
technology.   
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