Original Article

Int Neurourol ] 2011;15:25-28

doi: 10.5213/inj.2011.15.1.25
PISSN 2093-4777 - eISSN 2093-6931

International Neurourology Journal

INJ

Sex- and Age-Related Changes in Connexin 43 Expression in

Normal Rat Bladder

Sung Ho Song, Hyun Taek Joo, Hyeon Wook Cho, Ha Wook Hwang, Ki Ho Lee', Dae Kyung Kim

Departments of Urology, and 'Biochemistry, Eulji University College of Medicine, Daejeon, Korea

Purpose: Gap junctions are intercellular channels to facilitate electrical and metabolic communication between adjacent cells.
Connexin 43 is the most predominant type of connexin expressed on rat detrusor muscle cells. We investigated the connexin 43
expressions in various age groups of either sex in normal rats.

Methods: Eighty Sprague-Dawley rats were used for analysis. Each group was quantified by 8 rats at 1 week, 2 weeks, 1 month, 3
months, and 6 months of age in either sex. In each animal, bladder was removed without any kind of intervention and fresh-fro-
zen in liquid nitrogen. Total RNA extraction was done with easy-BLUE total RNA extraction kit. Reverse transcription
polymerase chain reaction was done for connexin 43 and glyceraldehyde-3-phosphate dehydrogenase as an internal control us-
ing ImProm-II Reverse Transcription System.

Results: In female rats, no age-related change was detected in connexin 43 expressions. In male rats, connexin expression at 3
months of age showed significant decrease compared with 1 week, 2 weeks, and 6 months of age (P <0.05). When connexin ex-
pression at the same age in male and female were compared, only 3 months group in male showed significant decrease than the
same age group in female.

Conclusions: Our data suggest that the expressions of connexin 43 mRNA in normal detrusor muscle cell showed age-related
changes especially in male rats. Although it is difficult to interpret these findings at this stage, age should be considered as a pos-

sible compounding factor affecting connexin 43 expressions in male rats.
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INTRODUCTION

Gap junctions are intercellular channels that facilitate commu-
nication between the intracellular compartments of adjacent
cells and the exchange of electrical signals. Connexin 43 is the
predominant type of connexin expressed in rat bladder [1].
Many previous studies have reported that the expression of
connexin 43 is increased in cases of overactive bladder or par-
tial bladder outlet obstruction [2,3]. However, no sex- or age-
related changes in connexin 43 expression have yet been re-
ported. We investigated connexin 43 expression in various age
groups of normal rats of both sexes.

MATERIALS AND METHODS

Eighty Sprague-Dawley rats were used for analysis. A total of 8
rats in each group were studied at 1 week, 2 weeks, 1 month, 3
months, and 6 months of age in either sex. In each group, rats
were euthanized by CO,, and a midline abdominal incision was
made. The bladder was removed without any kind of interven-
tion. Immediately after resection, the bladder specimens were
fresh-frozen in liquid nitrogen and preserved at -80°C until
RNA extraction.

Total RNA extraction was done with the easy-BLUE total
RNA extraction kit (Intron Biotechnology, Seongnam, Korea).
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A mixed solution of 1 ug of extracted total RNA and 1 uL oligo
(dT) 15 primer and 3 pL nuclease-free distilled water was incu-
bated at 70°C for 5 minutes and thereafter stored on ice for 10
minutes. RNA purity was confirmed by using a ultraviolet spec-
trometer to check the absorbance ratio at 260 nm/280 nm.

cDNA was synthesized from extracted total RNA by use of
the ImProm-II Reverse Transcription System (Promega, Madi-
son, W1, USA). Twenty microliters of mixed solution with 3.8
uL 25 mM MgCl,, 4 L reaction buffer, 1 uL ANTP (10 mM
mixture of dATP, dCTP, dGTP, and dTTP), 1 puL RNase inhibi-
tor, 1 uL ImProm-II reverse transcriptase, and nuclease-free
distilled water was incubated at 25°C for 5 minutes and thereaf-
ter at 42°C for 90 minutes. To inactivate reverse-transcriptase,
the mixture was incubated at 70°C for 15 minutes and was then
stored at -20°C.

The sense and antisense primer sequences for connexin 43
and an internal control gene, glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH), are shown in Table 1. For connexin 43, 1
tL cDNA, 2.475 pL of 10x PCR bufter (20 mM Tris-HCI, pH
8.0, 100 mM KCl, 0.1 mM ethylenediaminetetraacetic acid, 1
mM dithiothreitol, 50% glycerol, 0.5% Tween 20, and 0.5%
Nonidet-P40), 0.5 pL ANTP (10 mM mixture of dATP, dCTP,
dGTP, and dTTP), 10 pM of each sense and antisense primer,
0.25 pL Taqg DNA polymerase (Promega), and nuclease-free
distilled water was added to make 25 uL of mixed fluid for poly-
merase chain reaction (PCR). PCR was done in a thermal cycler
(GeneAmp PCR System 9700, Applied Biosystems, Foster City,
CA, USA) with 5 minutes of preheating at 94°C and 35 repeat-
ed cycles of reactions at 94°C for 45 seconds, 52°C for 45 sec-
onds, and 72°C for 45 seconds. A final incubation was done at
72°C for 10 minutes, and the reaction was stopped at 4°C. For
GAPDH, 10 pM of sense and antisense primers were mixed
and PCR was carried out with 5 minutes of preheating at 94°C
and 30 repeated cycles of reactions at 94°C for 30 seconds, 70°C

Table 1. Primer sequences used for polymerase chain reaction

Primer Size (bp)

Connexin 43 1,275
Sense TGGGGGAAAGGCGTGAG
Antisense CTGCTGGCTCTGCTGGAAGGT

GAPDH 983
Sense TGAAGGTCGGTGTGAACGGATTTGGC

CATGTAGGCCATGAGGTCCACCAC

Sequence 5> 3’

Antisense

GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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for 30 seconds, and 72°C for 60 seconds. The final incubation
was done at 72°C for 10 minutes, and the reaction was stopped
at 4°C. Electrophoresis of 9 uL of each PCR product and a 100-
bp ladder (Seegene Inc., Seoul, Korea) was done on agarose gels
with ethidium bromide. The results of electrophoresis were saved
by a digital camera connected to a computer, and the signal
densities of the gels were analyzed by use of National Institutes
of Health image software.

For statistical analysis, the SPSS ver. 11.5 (SPSS Inc., Chicago,
IL, USA) was used. To compare age groups in each sex, the
Kruskal-Wallis test and Tukey test were used. To compare sex
groups at a specific age, the Wilcoxon signed-rank test was used.

RESULTS

In the quantitative analysis of connexin 43 expression by reverse
transcription-PCR, the male 1-week group, 2-week group, and
6-month group showed significant increases in expression com-
pared with the male 3-month group (P <0.05, Fig.1). However,
among female rats, no age-related changes in connexin 43 ex-
pression were found. When we compared connexin 43 expres-
sion in both sexes at the same age, no statistically significant
differences were found at 1 week, 2 weeks, 1 month, or 6 months
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Fig. 1. Quantitative determination of the polymerase chain re-
action (PCR) bands for connexin 43 in normal rats. With quan-
titative analysis of connexin 43 expression by reverse transcrip-
tion-PCR, male 1 week-group (a), 2 week-group (b), 6 month-
group (c) showed significant increase compared with male 3
month-group (P<0.05). Also, female 3 month-group (d)
showed significant increase than male 3 month-group (P<0.05).
M, marker; 1 wk, 1 week-group; 2 wk, 2 week-group; 1 mo, 1
month-group; 3 mo, 3 month-group; 6 mo, 6 month-group;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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of age. In the 3-month age group, however, connexin 43 expres-
sion was significantly less in male rats than in female rats
(P<0.05).

DISCUSSION

The myogenic theory is regarded as one of the pathophysiologic
mechanisms that lead to overactive bladder syndrome. In the
myogenic theory, changes in the intercellular gap junction,
which is the pathway of electrical coupling between smooth
muscle cells, have been widely investigated [4]. The gap junc-
tion is a special conjugation between the cell membranes of two
cells. Gap junctions make a pathway with relatively reduced
electrical resistance and create communication channels for
various chemical substances. If an electrical signal is generated
in one cell, the change is rapidly spread to nearby cells in a very
short time. This type of electrical signal transmission has an ad-
vantage over neurons in the respect of signal transmission in
that it does not require any kind of special neurotransmitters.
Therefore, this type of rapid electrical signal transmission plays
an important role in the function of smooth muscles, which re-
quire synchronized contraction. Gap junctions exist in cell
membranes of smooth muscle in bladder and help to coordi-
nate contraction and effective voiding [5]. However, if the gap
junction is activated excessively, the electrical coupling of cells
of bladder smooth muscle increases and uninhibited detrusor
contractions can be generated with a lower threshold than the
usual contraction. This phenomenon may present as symptoms
such as urgency, which is the key symptom of overactive blad-
der syndrome [6].

Gap junction protein is expressed as uniform hexagonal par-
ticles of 6-8 nm called connexin. Among the many types of
connexin, connexin 43 has been reported as a key structural
protein of gap junctions in bladder smooth muscle [4]. Hae-
fliger et al. [1] reported the mRNA expression of connexin 43
and connexin 26 in obstructed rat bladder. Christ et al. [7] dem-
onstrated that the longer the time of bladder outlet obstruction,
the greater the expression of connexin 43 in experimental rats.
Also, in human bladder, the expression of connexin 43 in blad-
der from patients with overactive bladder was significantly in-
creased compared with the expression in normal controls [2,8].

Gap junctions show differences in expression pattern related
to development in individuals, and it has been reported that
this phenomenon exists in aortic endothelium [9], brain [10,11],
cochlear cells [12], and heart [13]. It has also been reported that
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age- and gender-related changes in voiding function exist. Chun
et al. [14] reported that sexually mature bladders show a greater
sensitivity to bethanechol administration than do immature
bladders. Szigeti et al. [15] reported that the spontaneous con-
tractile activity of rat bladder had age-dependency; it was high
in neonate bladder, low in adults, and reemerges in old ages. In
experimental partial bladder outlet obstruction model with rat,
the increased spontaneous activity of rat bladder is associated
with the increased expression of connexin 43 mRNA [7]. These
findings may suggest that there are differences in the gap junc-
tions of bladder smooth muscle according to age and gender.
However, sex- or age-related changes in connexin expression
have not previously been reported in bladder.

Our data suggest that the expression of connexin 43 mRNA
in normal detrusor muscle cells shows age-related changes, es-
pecially in male rats. Although it is difficult to interpret these
findings at this stage, age may be considered as a possible con-
founding factor affecting connexin 43 expression in male rats.
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