
ORIGINAL PAPER

The carboxy-terminal domain of connexin 43 (CT-Cx43)
modulates the expression of p53 by altering miR-125b expression
in low-grade human breast cancers

Raihana Maqbool1 & Rabiya Rashid1
& Rehana Ismail1 & Saif Niaz1 &

Nisar Ahmad Chowdri2 & Mahboob Ul Hussain1

Accepted: 13 August 2015 /Published online: 3 September 2015
# International Society for Cellular Oncology 2015

Abstract
Purpose Connexin 43 (Cx43) is a widely expressed gap junc-
tion protein. It can also regulate various gap-junction indepen-
dent processes, including cellular proliferation. The latter reg-
ulatory functions have been attributed to its carboxy-terminal
domain, CT-Cx43. CT-Cx43 has been found to be expressed
independent of full-length Cx43 in various cell types. Its nu-
clear localization has additionally raised the possibility that it
may regulate the expression of particular genes, including
miRNAs, known play a role in the regulation of cellular pro-
liferation. Here, we set out to uncover the molecular mecha-
nism(s) underlying CT-Cx43 mediated gene (de-)regulation in
human breast cancer.
Methods Western blotting and quantitative real time PCR
were carried to assess the expression of CT-Cx43 and miR-
125b in a panel of 60 primary human breast cancer tissues and
its paired normal adjacent tissues. In addition, CT-Cx43 was
exogenously expressed in the breast cancer-derived cell line
MCF-7 and its effect on the expression of miR-125b and its
downstream target p53 were evaluated, as well as its effect on
cellular proliferation and death using MTT and LDH assays,
respectively.

Results We found that CT-Cx43, but not full-length Cx43,
was down-regulated in low grade human breast cancers. In
addition, we found that the tumor suppressor protein p53 ex-
hibited a decreased expression in the CT-Cx43 down-regulat-
ed samples. Interestingly, we found that miR-125b, a negative
regulator of p53, exhibited an inverse expression relationship
with CT-Cx43 in the breast cancer samples tested. This in-
verse relationship was confirmed by exogenous expression
of CT-Cx43 in MCF-7 cells. In addition, we found that CT-
Cx43 up-regulation and subsequent miR-125b down-regula-
tion resulted in a decreased proliferation of MCF-7 cells.
Conclusions Our data suggest a mechanism by which CT-
Cx43 may regulate cell proliferation. Targeting of CT-Cx43
and/or miR-125b may be instrumental for therapeutic inter-
vention in human breast cancer.
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1 Introduction

Intercellular communication, mediated by gap-junctions, al-
lows the exchange of small ions and messengers between cells
and, as such, plays an important role in tissue homeostasis [1,
2]. Gap junctions are composed of connexins and a large
family of these proteins is known to be expressed in different
cell types and tissues [3]. Connexin 43 (Cx43) is the most
widely expressed gap junction protein and, besides mediating
gap junctional communication, it is known to regulate various
processes, including cellular proliferation [4]. Specifically,
Cx43 is known to act as tumor suppressor [5] and its down-
regulation has been associated with a number of pathological
conditions, including cancer [6, 7]. Many of the gap-junction
independent functions of Cx43 have been attributed to its
carboxy-terminal domain, CT-Cx43 [8]. Interestingly, the
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expression of CT-Cx43 has been found to be independent of
that of full-length Cx43 in various cell types [9] and its nuclear
localization has raised the possibility that CT-Cx43 may di-
rectly regulate gene expression [10].

p53 is one of the most widely studied tumor suppressors
and, as such, it is known to regulate various cellular processes
[11], including proliferation [12–14]. Under normal condi-
tions, the activity of p53 is maintained at a basal level [15],
but this activity may increase in response to various stress
conditions [16], such as different types of DNA damage [17]
and oncogenic insults [18]. Deregulation of the p53 pathway
is considered to be a key event in tumorigenesis, and in most
human cancers p53 is either down-regulated or mutated
[19–21]. In addition, a group of small RNAs, i.e.,
microRNAs (miRNAs), has been shown to be able to regulate
the expression of genes implicated in various normal and path-
ological conditions, including cellular proliferation and cancer
[22–27]. Specifically, the expression of miR-125b, a con-
served homolog of the Caenorhabditis elegans miRNA lin-
4, has been found to be altered in various cancers [28].
Whereas miR-125b is up-regulated in some cancers, in other
cancers such as breast cancer miR-125b has been found to be
down-regulated. Therefore, it has occasionally been labeled as
a tumor suppressor.

In the present study, we provide evidence for a potential
interplay between CT-Cx43, miR-125b and p53 in pri-
mary human breast cancers and for its significance in
controlling the in vitro proliferation of MCF-7 breast
cancer-derived cells.

2 Materials and methods

2.1 Patient specimens

Human breast cancer tissues and paired normal adjacent tis-
sues were obtained from patients who underwent radical re-
section at the Department of General Surgery, Sheri-Kashmir
Institute of Medical Sciences (SKIMS), Srinagar, J&K, India,
from 2012 to 2014. In all cases, the clinical diagnosis was
confirmed through histological examination. All samples
were collected as per protocol approved by the Research
Ethical committee, SKIMS. In addition, written informed con-
sent was obtained from each patient. In each case, samples
from the primary tumor and the corresponding normal breast
tissue were collected for comparison. All samples were imme-
diately preserved in RNA later® (Qiagen) and stored at
−80 °C until use.

2.2 Primer designing and plasmid construction

The carboxy-terminal domain of connexin 43 (CT-Cx43) was
cloned in a pCDNA 3.1(−) vector (Invitrogen) using its

EcoR1 and BamH1 restriction sites. CT-Cx43 was amplified
from human genomic DNA using forward primer 5`-
GCCGAATTCAGCTGGTGGTGTCCTTGGTGTCTCTC-
3`), having an EcoRI restriction site, and reverse primer 5’-
GCAGGATCCTTAAATCTCCAGGTCATCAGGCCGAG-
G-3′, having a BamH1 restriction site. To construct a plasmid
expressing miR-125b, we amplified a 300 bp DNA fragment
encompassing miR-125b from human genomic DNA and
cloned it into pCDNA 3.1(−) using forward primer 5`-
GCGAATTCGTATGTGCGTGATTGTATATGCGC-3`, hav-
ing an EcoRI restriction site, and reverse primer 5`-
GCGGATCCTGCCACTCTCTGGTCACCTG-3`, having a
BamHI restriction site. All clones were confirmed by sequenc-
ing (Scigenom Ltd., Kerala, India).

2.3 Cell culture and transfection

The human breast cancer-derived cell line MCF-7 was obtain-
ed from the National Centre for Cell Science (NCCS, Pune)
and cultured in DMEM (Dulbellco’s modified essential medi-
um) containing 10 % fetal bovine serum (FBS, Sigma-
Aldrich). Transient transfections were carried out in MCF-7
cells using the Effectene reagent in accordance with the man-
ufacturer’s protocol (Qiagen).

2.4 RNA isolation and miRNA quantification

Total RNA from the primary human breast tissue samples and
from the MCF-7 cell line were isolated using TRIzol® reagent
(Invitrogen) in accordance with the manufacturer’s instruc-
tions. After DNase treatment, RNA was subjected to reverse
transcription using a standard protocol. The first cDNA strand
was synthesized using Superscript III (Invitrogen) and a two-
step qRT-PCR method was carried out using hairpin-looped
RT primers specific for miR-125b and miR-16. miR-16 was
used as an endogenous control. The RT-primers were de-
signed as per Chen et al. [29]. The miR-125b RT primer se-
q u e n c e u s e d w a s 5 ` - GTCGTATCCAGTGCA
GGGTCCGAGGTATTCGCACTGGATACGACTCACAA-
3` and the miR-16 RT primer sequence used was 5`-
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT-
GGATACGACCGCCAA-3`. First strand cDNAwas subject-
ed to qRT-PCR using a Real Time PCR 7500 machine
(Applied Biosystems) in conjunction with a maxima
Sybrgreen® mix (Thermo Scientific) in accordance with the
manufacturer’s protocol. The forward primer used for miR-
125b amplification was 5`-TCCCTGAGACCCTAAC-3` and
for miR-16 amplification 5`-GCGGCGGTAGCAG
CACGTAAATA-3`. The common reverse primer used was
5`-GTGCAGGGTCCGAGGT-3`. All the reactions were run
in triplicate.
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2.5 Protein extraction

From the primary human breast tissues, protein was extracted
after disintegration of the tissues in 0.5 % trypsin-EDTA so-
lution (Sigma), followed by incubation at 37 °C for 5 min.
Cell lysis was carried out using a lysis buffer (20 mM Tris–
HCl pH 8.0, 137 mM NaCl, 10 % Glycerol, 1 % Triton-X-
100, and 2 mM EDTA). A protease inhibitor cocktail, PMSF
and phosphatase inhibitors (1 mM PMSF, 5-10 mM NaF)
(Sigma-Aldrich) were freshly added to the lysis buffer.
Finally, supernatants were collected and protein concentra-
tions were determined using the Bradfords assay.

2.6 Western blotting

Protein extracts, preheated at 100 °C for 5 min in reducing
SDS sample buffer containing 50mMTris–HCl (pH 6.8), 2 %
SDS, 10 % glycerol, 0.1 % bromophenol blue, 100 mM β-
mercaptoethanol, were run on 12 % SDS-polyacrylamide
gels. After electrophoresis, separated proteins were transferred
to PVDF membranes (Millipore) using a semi-dry transfer
method in accordance with the manufacturer’s instructions
(Hoefer). For immune-detection, the PVDF membranes were
processed using standard protocols in conjunction with rabbit
anti-Cx43 (1:2000) (Genescript Inc.) and rabbit anti-p53
(1:1000) (SantaCruz Biotechnologies) antibodies. As a load-
ing control, mouse anti-β-actin (1:7000) (Sigma-Aldrich) was
included. For protein detection secondary fluorescent anti-
mouse IRDye 680 (1:20,000) or anti-rabbit IRDye 800
(1:10,000) antibodies were used in conjunction with an
Odyssey infrared detection system (LI-COR).

2.7 Quantification of protein bands

The protein bands on the Western blots were quantified ac-
cording to the protocol provided by LI-COR. Briefly, a stan-
dard was prepared by adding different concentrations of fluo-
rescently labelled Licor secondary antibodies to the PVDF
membranes. The fluorescent spots on the membranes were
identified using a shape tool and the fluorescence emitted
was measured. Similarly, the fluorescence emitted by the
Western blot bands (Cx43, CT-Cx43 and p53) was measured
and the amount of protein was estimated using the standard.
Each protein band was normalized to ß-actin.

2.8 Cell proliferation assay

To perform cell proliferation analyses, ~104 cells were seeded
in 12-well plates including the necessary controls and incu-
bated overnight at 37 °C in a humidified 5 % CO2 atmo-
sphere. The next day, the cells were transfected with the re-
spective plasmids. All transfections were carried out at least in
triplicate and the assays were independently repeated three

times. 48 h post transfection, the culture mediumwas removed
completely followed by the addition of 300 μl MTT (MTT
Cell Growth Assay; Merck) solution (5 mg/ml in PBS). After
4 h of incubation at 37 °C, MTT was carefully removed and
300μl MTTsolvent was added (to dissolve formazan crystals)
at room temperature for 30 min in the dark. Next, the optical
density (OD) of the plate was read at 560 nm on an ELISA
Plate Reader (BioTek instruments inc.) within 10 min.

2.9 Lactate dehydrogenase leakage assay

To monitor cell damage and injury, the amount of lactate de-
hydrogenase (LDH) released in the culture medium was mea-
sured. Briefly, optimum numbers of cells were seeded in 24-
well plates and all the necessary controls were included. The
plates were incubated overnight at 37 °C in a CO2 incubator to
allow the cells to adhere and proliferate. The next day, the cells
were transfected with the respective plasmids. All transfec-
tions were carried out at least in triplicate and the assays were
independently repeated three times. After 48 h, the plates were
removed from the incubator and 100 μl medium from each
well was transferred to 96-well plates. Next, 100 μl LDH
substrate, prepared according to the manufacturer’s instruc-
tions (LDH activity assay kit, Sigma-Aldrich), was added to
each well. After a 20 min incubation period at room temper-
ature, the enzyme reaction was arrested by adding 50 μl stop
solution and the LDH activity was determined by measuring
the absorbance at 490 nm.

2.10 Statistical analysis

In this study, representative experiments from three indepen-
dent experiments are shown. Results for each experiment are
given as a mean of triplicates ± SE. Statistically significant
differences between sample groups were determined using the
Student’s t-test. A p-value of <0.05 was considered
significant.

3 Results

3.1 CT-Cx43 is down-regulated in primary human breast
cancers

In addition to the full-length Cx43, the carboxy-terminal do-
main of Cx43 (CT-Cx43) is known to be independently
expressed in various cells and tissues. In order to assess
Cx43 and CT-Cx43 expression in primary human breast can-
cers, we performed Western blotting using a rabbit anti-Cx43
antibody on pathologically confirmed human breast cancer
tissue samples and their adjacent normal control tissue sam-
ples. Out of the 60 samples tested, 23 samples showed a de-
creased expression of CT-Cx43 in the tumor tissues (T)
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compared to adjacent normal tissues (N), without an obvious
change in the expression of full-length Cx43 (Fig. 1a). After
quantification (see materials and methods) CT-Cx43 showed
a ~4 fold decrease in expression in the 23 tumor tissues com-
pared to the adjacent normal tissues, whereas full-length Cx43
showed no change (Fig. 1b). Interestingly, clinico-
pathological evaluation of the 23 samples with a decreased
CT-Cx43 expression indicated that all these samples were of
low tumor grade (grade I, II; Table 1).

3.2 CT-Cx43 expression is inversely relatedwithmiR-125b
expression in primary human breast cancers

To reveal the influence of CT-Cx43 on the expression of
miRNAs, we transfectedMCF-7 cells with a CT-Cx43 expres-
sion construct and assessed miRNA expression patterns using
end-point PCR. MCF-7 cells were chosen because they ex-
press wild-type p53 (see below) and are known to have
retained several features characteristic of mammary epitheli-
um. Our data (see supplementary Fig. 4) indicate that, next to
other miRNAs, miR-125b was significantly up-regulated in
CT-Cx43 transfected MCF-7 cells. This result prompted us
to explore a putative correlation between CT-Cx43 and miR-
125b expression in primary human breast cancers. For this
purpose, the primary breast cancer samples included above
were tested for the expression of miR-125b. To achieve this,
total RNA was isolated from the tumor and corresponding
normal tissues and subjected to qRT-PCR to quantify the
miR-125b expression levels in these tissues. As shown in
Fig. 2a, miR-125b expression was found to be ~4fold up-

regulated in the tumor (T) tissues compared to the normal
(N) tissues. This up-regulation correlated well with the previ-
ously observed down-regulation of CT-Cx43 in the same
breast tumor samples. In order to further ascertain the role of
CT-Cx43 in regulating the expression of miR-125b, we exog-
enously over-expressed CT-Cx43 in MCF-7 cells. The over-
expression of CT-Cx43 was confirmed by Western blotting
(Fig. 2b, compare the CT-Cx43 protein band in lane III with
those in lanes I and II). Interestingly, qRT-PCR of total RNA
extracted from the CT-Cx43 over-expressing MCF-7 cells re-
vealed a ~10 fold decrease in the expression of miR-125b as
compared to the un-transfected cells (Fig. 2c). These latter
results confirm an inverse relationship between CT-Cx43
and miR-125b expression.

3.3 CT-Cx43 regulates p53 expression in breast cancer
cells

Since, miR-125b is known to target p53 mRNA and, by doing
so, to down-regulate its expression, we hypothesized that
down-regulation of miR-125b by CT-Cx43 may influence
the expression of p53. To confirm this, we first investigated
the expression of p53 in the 23 primary human breast cancer
tissues with a low CT-Cx43 expression (see above) and their
adjacent normal tissues. For this purpose Western blotting,
using a rabbit anti-p53 antibody, was performed on proteins
extracted from the tumor and normal tissues. As shown in
Fig. 3a, the expression of full-length p53 was markedly de-
creased in the tumor (T) tissues compared to the adjacent
normal (N) tissues. As a loading control β-actin was used.

Fig. 1 CT-Cx43 is down-
regulated in low grade human
breast cancers.A) Representative
Western blots showing full-length
(FL)-Cx43 and CT-Cx43
expression in the low grade
human breast cancer tissues (T)
and adjacent normal tissues (N)
using an anti-Cx43 antibody that
detects FL-Cx43 as well as
CT-Cx43. β-actin was used as
loading control. IDC: Infiltrating
ductal carcinoma. SC: Squamous
cell carcinoma. MU-C: Mucinous
carcinoma. DCIS: Ductal
carcinoma in situ. B) Quantitative
analysis of immunoblots of 23
breast cancer tissues and their
adjacent normal tissues
(*p < 0.05). Protein bands were
normalized to β- actin bands
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Table 1 Clinico-pathological
features of 23 breast tumor
samples and relative expression
of full-length (FL) Cx43,
CT-Cx43, miR-125b and p53

Patient No. Age Histological
type

Grade N stage at
diagnosis

FL-
Cx43

CT-
Cx43

miR-125b p53

1 50 IDC IIA N1 +++ + +++ ++

2 48 IDC IA N2a +++ + ++ +

3 35 IDC IIB N2a ++ − +++ +

4 36 SC IIA N1 +++ + ++ ++

5 46 IDC IB N3a +++ − +++ +

6 55 IDC IIB N2a +++ + ++ +

7 50 MU-C IIB N0 ++ + + +

8 46 IDC IIA N2a +++ + + +

9 26 IDC IIA N3a +++ + +++ +

10 50 IDC IIB N2a ++ − ++ −
11 40 IDC IIB N2a +++ − + ++

12 35 DCIS 0 N0 +++ + ++ +

13 55 SC IIA N0 ++ − ++ −
14 35 IDC IIA N2a +++ + +++ +

15 30 IDC IIA N0 +++ + +++ +

16 25 IDC IB N1 +++ + +++ −
17 32 IDC IIB N3a ++ − ++ +

18 55 IDC IIB N1 +++ + +++ +

19 48 MU-C IIA N2a ++ − ++ −
20 35 IDC IA N0 +++ + +++ ++

21 65 IDC IIA N2a +++ + + +

22 60 IDC IIB N2a ++ − ++ −
23 48 IDC IIA N2a +++ + ++ −

IDC Infiltrating ductal carcinoma. SC Squamous cell carcinoma. MU-C Mucinous Carcinoma. DCIS Ductal
carcinoma in situ

(+++) = Strong intensity

(++) = Moderate intensity

(+) = Low intensity

(−) = No signal

Fig. 2 CT-Cx43 and miR-125b expression are inversely related in human
breast cancers.A) qRT-PCR of miR-125b in human breast cancer tissues
(T) and adjacent normal tissues (N). Values are expressed as fold
expression of miR-125b in cancer tissue (T) relative to normal tissue
(N) (*p < 0.05). B) Western blot showing over-expression of CT-Cx43
in transiently transfected MCF-7 cells (lane III) compared to un-

transfected cells (lane I) and vehcile (plasmid only) transfected cells
(lane II). β-actin was used as a loading control. C) qRT-PCR of miR-
125b in CT-Cx43 transfected and control MCF-7 cells (n = 3). miR-125b
expression was normalized to miR-16 as an internal control. Data
are expressed as mean ± SEM
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Further quantification of the protein bands indicated that the
expression of p53 was ~3fold less in the tumor tissues com-
pared to the normal tissues (Fig. 3b). A comparison between
the expression levels of Cx43, CT-Cx43, p53 and miR-125b
and the pathological grades of the 23 breast tumor samples
tested is provided in Table 1.

To confirm the link between CT-Cx43 and p53 expression
regulation, we exogenously over-expressed CT-Cx43 in
MCF-cells. The effect of this over-expression on the expres-
sion of p53 was investigated byWestern blotting. As shown in
Fig. 3c, CT-Cx43 over-expression (middle panel, lane III)
resulted in an increased expression of p53 (top panel, lane
III) compared to un-transfected (lane I) and plasmid-only (lane
II) transfected MCF-7 cells. As a loading control β-actin was
used. Further quantification of the protein bands indicated that
full-length p53 showed a ~2.5 fold increase in expression in
the CT-Cx43 transfected cells compared to the un-transfected
and vehicle control transfected cells (Fig. 3d). Full-length
Cx43 showed no significant changes in expression between
the un-transfected, vehicle control and CT-Cx43 transfected
cells. Together, the above results indicate that CT-Cx43 regu-
lates the expression of p53 and that this regulation may be
mediated by miR-125b.

3.4 Down-regulation of miR-125b by CT-Cx43 results
in decreased cell proliferation

In order to ascertain the functional implications of CT-Cx43
and miR-125b expression regulation, we performed MTT cell
proliferation assays. For this purpose, 1 × 104 MCF-7 cells
were seeded in 12-well plates and after 24 h, the cells were
either separately transfected with CT-Cx43 or miR-125b ex-
pression constructs, or co-transfected with these constructs.
After 48 h, the MTT assay was performed as described in
the materials and methods section. As shown in Fig. 4a, ex-
ogenous over-expression of CT-Cx43 in the MCF-7 cells re-
sulted in a significant decrease of metabolically active cells
compared to the control (i.e., reagents plus cells only).
Moreover, exogenous over-expression of miR-125b re-
sulted in an increased number of metabolically active
cells compared to the control cells. Co-transfection of
miR-125b and CT-Cx43 revealed that miR-125b over-
expression counteracted the anti-proliferative effect of
CT-Cx43 on MCF-7 cells. From the above results we
conclude that miR-125b and CT-Cx43 have an inverse
relationship in terms of expression and physiological
function in MCF-7 cells.

Fig. 3 CT-Cx43 positively regulates p53 expression in human breast
cancers.A) Western blots showing the expression of p53 in
primary human breast cancer tissues (T) compared to adjacent normal
tissues (N). The same set of breast cancer tissues was used for CT-Cx43
and p53 expression analyses. β-actin was used as loading control. B)
Quantitative analysis of cancer tissues (T) and adjacent normal tissues
(N) (*p < 0.05). The fluorescence of p53 bands was normalized to that of
β-actin. C) Western blot showing over-expression of CT-Cx43 in MCF-7

cells (middle panel, compare un-transfected and vechile control cells, lane
I & II, with CT-Cx43 transfected cells, lane III) and its effect on p53
expression. β-actin was used as loading control (bottom panel). D) Bar
graph representing densitometeric analyses of FL-Cx43, CT-Cx43 and
p53 protein bands (n = 3) in un-transfected, vechile (plasmid only)
transfected and CT-Cx43 transfected MCF-7 cells. Data are expressed
as mean ± SEM
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Since the MTT assay is based on the presence of viable
cells, we wondered whether the over-expression of CT-Cx43
decreases cell proliferation or, alternatively, increases cell
death. To address this issue, we performed a lactate dehydro-
genase (LDH) leakage assay. For this purpose, 1 × 104MCF-7
cells were seeded in 12-well plates and after 24 h the cells
were either separately transfected with the CT-Cx43 or miR-
125b expression constructs, or co-transected with both these
constructs. After 48 h, the LDH leakage assay was performed
as described in the materials and methods section. As shown
in Fig. 4b, exogenous over-expression of CT-Cx43 did not
result in a significant change in the release of LDH compared
to the control cells (i.e., cells plus reagent only). Similarly,
exogenous over-expression of miR-125b alone or miR-125b
and CT-Cx43 combined did not result in a significant change
in the release of LDH compared to the control cells. From
these results we conclude that over-expression of CT-Cx43
does not increase cell death but, instead, decrease cell
proliferation.

4 Discussion

Here, we provide evidence for a potential role of the carboxy-
terminal domain of Cx43 (CT-Cx43) in controlling cellular
proliferation. Earlier studies have shown the independent ex-
pression of CT-Cx43 in various cells and tissues [8]. Insight
into the molecular mechanism underlying this expression was
recently provided by Hussain et al. [30]. Additionally, it has
been shown by many groups that, in addition to full length
Cx43, CT-Cx43 is equally responsible for controlling various
aspects of cellular growth and proliferation [10]. These obser-
vations prompted us to explore the expression status of Cx43
and CT-Cx43 in primary human breast cancer samples. Out of

60 samples tested, 30 showed down-regulation of both full-
length Cx43 and CT-Cx43. In addition, 23 samples showed
down-regulation of CT-Cx43 compared to adjacent normal
tissue samples with no apparent change in full length Cx43
expression. Interestingly, all these 23 samples were well-
differentiated and, based on clinico-pathological characteris-
tics, classified as being at the primary stages of breast cancer
development (grade I and II). Additionally, we found that
exogenous over-expression of CT-Cx43 in MCF-7 breast
cancer-derived cells affected the expression of various
miRNAs, in particular miR-125b. These observations
prompted us to explore the effect of CT-Cx43 down-regula-
tion on the expression of miR-125b in the 23 primary breast
cancer tissues and their adjacent normal tissues.We found that
miR-125b was significantly up-regulated in the breast cancer
tissues compared to the normal tissues. Although these results
are in agreement with an oncogenic role of miR-125b [31],
other studies have indicated that miR-125b may acts as a
tumor suppressor in breast cancer [32]. A possible explanation
for this presumed contradiction may be the cellular heteroge-
neity of the tumors examined [33] and/or alterations in their
molecular make-up during disease progression (i.e., increas-
ing grade). Moreover, recent reports have shown that in breast
cancer stem cells [34] and in chemo-resistant breast cancers
[35] the expression of miR-125b is significantly up-regulated.
To further ascertain whether a link exists between CT-Cx43
and miR-125b expression, we exogenously (co-) expressed
CT-Cx43 and miR-125b inMCF-7 cells. We found that over-
expression of CT-Cx43 resulted in a significant decrease in the
expression of miR-125b. Although the mechanism underlying
this effect remains to be elucidated, it has been found that CT-
Cx43 can affect the expression of various genes, either direct-
ly or indirectly [36, 37]. Interestingly, the observed localiza-
tion of CT-Cx43 in the cell nucleus lends credence to the

Fig. 4 CT-Cx43 inhibits the proliferative activity of miR-125b onMCF-7
cells. MCF-7 cells were transfected with CT-Cx43 or miR-125b, or co-
transfected with CT-Cx43 and miR-125b. 48 h post transfection, cell
viability and cell death assays were performed. A) MTT cell viability
assay showing that CT-Cx43 decreases proliferation of MCF-7 cells
compared to control (reagent plus empty vector only) MCF-7 cells
(*p < 0.05), whereas miR-125b increases the proliferation of MCF-7
cells. CT-Cx43 seems to counteract the proliferative activity of miR-

125b after co-transfection (CT-Cx43 + miR-125b). B) LDH cell death
assay showing that, in comparison to the negative control (cont.: reagents
+ cells only), transfection with CT-Cx43 or miR-125b did not induce any
significant change in the death of MCF-7 cells. As a positive control (+ve
cont.) for cell death, MCF-7 cells were treated with tritonX-100 (2 % v/v).
The data shown represent three independent experiments performed in
triplicate. Data are expressed as mean ± SEM
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notion that CT-Cx43 may directly affect gene regulation [10].
To uncover the significance of CT-Cx43 and miR-125b ex-
pression on breast cancer development, we set out to investi-
gate the effect of miR-125b on the expression of one of its
known targets, p53. First, we assessed the expression of p53 in
primary breast cancer samples, and found that p53 was down-
regulated in samples that showed a lower expression of CT-
Cx43 compared to its adjacent normal tissues. p53 is known
for its tumor suppressive properties and mutations in p53 have
been reported in various cancers, including breast cancer [38,
39]. Our primary breast cancer data were confirmed through
over-expression of CT-Cx43 in MCF-7 cells, with a differen-
tial down-regulation of the miR-125b level and a concomitant
increase in the p53 level. The physiological significance of the
CT-Cx43/miR-125b regulatory network was established using
MTT proliferation and LDH leakage assays. From the com-
bined results we conclude that CT-Cx43 has a proliferation
inhibitory function, while miR-125b has a proliferation stim-
ulatory function. Interestingly, we found that the stimulatory
function of miR-125b can be counteracted by CT-Cx43. It has
been well-established that CT-Cx43 can regulate cellular
growth and proliferation independent from full length Cx43,
without the formation of gap-junctions [8]. Hence, our data
provide an interesting lead to understanding the molecular
network underlying breast epithelial cell proliferation and its
derailment during carcinogenesis.
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