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Altered Expressions of Calcium-Activated Potassium
Channel and Connexin in Bladder Mucosae of Stress
Urinary Incontinence Patients with Overactive Bladder
Symptoms
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Purpose: The aim of this study was to examine how the mRNA and
protein levels of calcium activated K* channel (Kc.) and connexin (Cx)
change in association with overactive bladder in the bladder mucosae of
stress urinary incontinence (SUI) patients.

Materials and Methods: Twenty SUI patients were included in our study.
Bladder mucosae were obtained, with using cold cup biopsy forceps, from
the patients suffering with genuine stress urinary incontinence (group 1,
n=7), from the patients suffering with SUI along with urgency and fre-
quency (group 2, n=6), and from the patients suffering with mixed incon-
tinence (group 3, n=7).

Results: The mRNA transcripts of type 2 (SK2) and type 3 (SK3) small
conductance Kca, Cx26, and Cx43 were highly expressed in the bladder
mucosa. The message of large conductance Kc. (BK) was significantly
decreased in group 3 compared with that in the controls. The SK2 and
Cx26 messages in group 3 were also lower than those in groups 1 and
2. In the presence of urge incontinence, the BK and SK2 protein levels
were decreased and the Cx26 protein expression was significantly in-
creased in the bladder mucosa of the SUI patients. In contrast, there were
no significant differences in the mRNA and protein levels of Kc.s and
Cxs between groups 1 and group 2.

Conclusions: Downregulation of both BK and SK2 and upregulation of
Cx26 in the bladder mucosa of MI patients may contribute to the altera-
tions of urothelial instability, and this correlate with the symptom severity
of bladder instability in SUI patients. (Korean J Urol 2006;47:722-728)

Key Words: Overactive bladder, Urinary stress incontinence, Urothelium,
Calcium-activated potassium channel, Connexins
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transcriptase-polymerase chain reaction)

St A2HHEE (reverse

ngtﬂ- A 4_]1—

% -70°Coll R B3} T} Trizol reagent (Invitrogen Carlsbad,
USA)E AME-3to] W3 xZ 02 HE F RNAS 3ha,
UV/visible spectrophotometer (Pharmacia Biotech. Mllwaukee,
USA)Z 260nm 2 280nmol A 2] §FEE =73} RNAY
£Eo FEE AN 2923 Ke, ©F8 59 mRNA
e S =43} 314} DNA thermal cycler (MJ research, Water-
town, USA)E AM&ato] T3] oA G /AL
Aur-3-S A33FTh & RNA 20ugS oligo (dT) primer
9} M-MLYV reverse transcriptase (Promega, Madison, USA)Z
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Table 1. Primer sequences for the polymerase chain reaction (PCR)

Gene Primer sequence (5°—3’) j;gdal;;t)
BK 5’-GCGGTTAGTGGAAGAAAGCA-3*  215bp
5’-TGTGGATTGAGGACGGAAC-3’

IK 5’-CCATCGTGTGTCTGTGTGTG-3’ 221bp
5’-CTGGCTCTGGGACTTTTGCT-3’

SK1 5’-CTCGTGGTGGCTGTGGTG-3’ 223bp
5’-CCTGATGGATGGCTTGGA-3’

SK2 5’-GCACAACTCCAACAACC-3’ 231bp
5’-ATGACCACGATGCGAAC-3’

SK3 5’-CTAATGCCACCCACAACCA-3’ 201bp
5’-GCTCGGTCTCTATCACCATAACA-3’

Cx26 5’-CTGCAGCTGATCTTCGTGTC-3’ 308bp
5’-AAGCAGTCCACAGTGTTG-3’

Cx32 5’-CTGCTCTACCCTGGCTATGC-3’ 380bp
5’-GAGCAGCGGTCGCTCTT-3’

Cx43 5’-CTCAGCAACCTGGTTGTGAA-3’ 709bp
5’-TCGCCAGTAACCAGCTTGTA-3

Cx45 5’-GAGGAGGACAACGAAGAGGA-3*  234bp
5’-CACATAAAACGGGTGGACTTG-3’

18StIRNA  5’-GTGGAGCGATTTGTCTGGTT-3’ 201bp

5’-ACGCTGAGCCAGTCAGTGTA-3’
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HAAA A AL cDNA F3 2 Table 12] primere} g7 W
3 (94°C, 2%8), B9 (primerel] e} 56-60°C, 1), 18] 3 ¢
2 (72°C, 28)3HE B L primerol] Wl 25-353] &k
HZEH O Z 72°CAl A 53t Fol FEFEAT SFHE HE
S 1% agarose 2 Aol A A 719 %3 F ethidium bromide 2
HAAA polaroid filmS.Z AFH-E & 0] gel documentation
system (Biorad, Hercules, USA)2. 2 34} £} T}, Primer
A Zo & primer3 software* S A& T

3. HEL=E] (immunoblot analysis)

223 W32 2L 150mM NaCl, 25mM Tris-HCI (pH
7.4), 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS,
1% Nonidet P-40, protease inhibitor (Roche, Basel, Swit-
zetland)E X g3 AF Yo 27} homogenizerZ vHaj g o}
<, 12,000rpm, 4°Col A 2083+ Y4182 3 & 45 AE 3

BK IK SK1 SK2 SK3

500bp —

200bp —

Fig. 1. Ethidium bromide-stained gel of the polymerase chain
reaction (PCR) products for the calcium activated potassium chan-
nel (Kc,) subfamilies in human bladder mucosae. BK, IK, and SK
denote the large-, intermediate- and small-conductance Kcss, re-

o

3o Bradford o2 & =5 SHAY. FE
el 40pgS 10% polyacrylamide geloll X 71953 F
polyvinylidene fluoride membrane®l| % % t}. Membrane- 3%
skim milkS- $H-f-3} tris buffered saline (50mM Tris (pH 7.4),
10mM NaC) o2 1A13F F3F A& (15-30°C)ell A RE-&-A
%, 1:500 =& 1:1,0000.2 323 large conductance K,
(BK)$} type 2 (SK2) ¥ type 3 small conductance K¢, (SK3)
(Alomone Labs, Jerusalem, Israel) € x}3}4), 18] 11 Cx263}
Cx43 (Zymed Laboratories, San Francisco, USA), Cx45 (Santa
Cruz Biotechnolog, Santa Cruz, USA)°ll tjst A=A 9} 4°C
N A 14-16A13F &< WHEA|ZH T ©] % membranes #4Fs}
B9t JHE GEE oA A S ¥-EA17] F ECL sys-
tem (Amersham Biosciences, Buckinghamshire, England)S. =
w9 ds Flstih

AP A= JFI EF L3} MeantSEM)E  JEFITH
o= EAHEAY (ANOVA)S A3,

al
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Fig. 2. Densitometric analyses of the polymerase chain reaction (PCR) products for BK, SK2 and SK3, corrected for the 18SrRNA value,
in each sample. The results are expressed as the fold changes in mRNA (means*SE). BK and SK represent the large- and small-conductance
calcium activated potassium channels, respectively. Groups 1, 2 and 3 denote bladder mucosae obtained from the patients suffering with
genuine stress urinary incontinence (SUI), SUI with urgency and frequency, and mixed incontinence, respectively. *: p<<0.05 vs. the control,

" p<0.05 vs. group 1, * p<0.05 vs. group 2.



N
N
o
o
[
]
0x
0%
ok
ot
0
2
a8
i
I
s}
0x
=]
>
oy
_|('J£
A
I
]|
2
o
1©
Y
I
E
_'\l_
z
Hel
m
mH
o
Hu
1o
kU
1=
>
io
nx
Tt
02
0z
<
[\*)
(9]

Group 1 Group 2 Group 3
BK i ! ‘ B e #1 i ‘
SK2 - - -
SK3 L T e ]

[B-actin | R —
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BK/B-actin (A.U.)
1

SK2/B-actin (A.U.)
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Fig. 3. Expressions of BK, SK2 and SK3 proteins, corrected for fB-actin, in each sample. Values are shown in arbitrary units (A.U.)
as the mean+SE of human bladder mucosae. BK and SK represent large- and small-conductance calcium activated potassium channels,
respectively. Groups 1, 2 and 3 denote bladder mucosae obtained from the patients suffering with genuine stress urinary incontinence
(SUI), SUI with urgency and frequency, and mixed incontinence, respectively. *: p<0.05 vs. group 1, " p<0.05 vs. group 2.

Cx26 Cx32 Cx43 Cx45 18SrRNA o gz 27 W S5 vt (Fig. 2). BK S}
s006 SK2 T 2HE o 3ol A 1 F 27 H T #A 8] Hgon,
p—> _ -

SK3 ©hi) E 2 7 Zhol] Aol S HolA] ¢FtTt (Fig. 3).

e 2 WEIS) TUA mRNA W B8 wal ois|
g uko] & Cx26, 32, 43, 2 45SmRNA7} 43 59l om
200bp —> E£3] Cx267} Cx43mRNA H& o] =91t} (Fig. 4). AL
AFH e 17 A 2T HlF] Cx26mRNA @& o] 3
7Vt O}, Cx32, Cx43 2 Cx45mRNA B8 S 273 &
Fig. 4. Ethidium bromide-stained gel of the polymerase chain reac- Ao Z gk 2ol 7k AT (Fig. 5). E3F, KemRNAM
tion (PCR) products for connexin (Cx)26, Cx32, Cx43 and Cx45 ol 1hE okAlbT) nizlrlA 2 Hle e} @ dule] Tuiulo 2
in human bladder mucosae. = 592 mRNA Wao] 3o Ho]x] 2k9tth (Fig. 5). ¥
mu 28Uk GRo) AU adT e BUE 3R AE
Aol Errste] Hwgrgg % d F Wmeh 284l 2l cxoemRNA WE0] 173 237 B8] Rekov} T
=2 K, SK2, SK3 mRNA%} T W3 o] o7t oM, Cxd3 SAAF WS 270 HF woko

=

ot sRgedEw gl 144 AolE HolAl B o} gzt 123} Aolsk YT (Fig. ). Cxd3 W

(Fig. 2, 3). 23y Wiy o4duts) o] A e de& o mRNA 23T e Bulg wa =)o) a9
8

[e}
FgaddFol e 3TelA= 2 3o A 1ol HlE)
o

4T YEW mo) g3 wa Wk, Cas ©
Z3%o] H]5) BK mRNA 2H&lo] &A3] wgrth wah, 370 oA =9kt (Fig. 6). Cx45 Tyl
Aol SK2 mRNA @& sk Aolvk idow 1w =gg4 eg.

3} 25t W3] QA (Fig. 2), 317049 SK3 mRNA 23
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Fig. 5. Densitometric analyses of the polymerase chain reaction (PCR) products for connexin (Cx)26, Cx32, Cx43 and Cx45, corrected
for the 18SrRNA value, in each sample. The results are expressed as the fold changes in mRNA (means+SE). Groups 1, 2 and 3 denote
bladder mucosae obtained from the patients suffering with genuine stress urinary incontinence (SUI), SUI with urgency and frequency,
and mixed incontinence, respectively. *: p<0.05 vs. control, " p<0.05 vs. group 1, ¥ p<0.05 vs. group 2.

Ko oFRE2 Zgo] dig 9=y g &4 o5,
il & o]& HEx, 1 o] 2B R }DHM ek S]]
2} BK, intermediate-conductance Kc, (IK), SKZ U} X,

AT Ay} B g AF o) Fuksle] Wkl @ dubut SKE THA] SK1, SK2, 18] 31 SK39] A 7}A] ¢o}3 oz B&
Fuket A -9-ole WFA =] connexin (Cx)Z 24 W74 HohP 2 A7 Ax gl BK9F SK EA4)7F Hal
T (K) B2 (Ke) °FE 59 mRNA @3} chid wb 27 v =23} 7ro] BKSF SK2 2 SK3 mRNA7ZE 245 ¢
o] g2y B4 84de w3 Aolrt flsled, T} BK 2ES JAS AP FENA FHA g S0
HA 8 AF 7R FHrE o] gy SAe] FEUh 4% s 0 sK37E A4 AR g HE S Q24
B985 T A= large conductance Kc, (BK)<} type 2 o] B¥3l1, SK3Z #E31A4 3 A7) transgenic miceS

small-conductance Kc, (SK2)2] mRNAS} THll wF& o] &3] A8 SK37F & AA 7] Bote] UElhE B49)F 9] v
st Cx269] mRNA e E3Heds TolA 334+ (non-voiding contraction) & o #AY 7H54ES A

EE e daT e Aeu Wikt aduket FukE Eet Al oh? 3, Nakamura 5°& #9 W3 BEI KA X
AeAds TR A3 Eon, cx26 O GHS HSF ol A ol e = g4 2 carbacholol] 93] = ¢3A
Aedait e A¢RY FootA =t webA, 59 F7} BK A9 iberiotoxin°ﬂ & A=, M2 thEA
Bedg oA Cx26mRNA Td e Tl 7} o SJsiM e A&H FAEE BEste, M3 584 2
W ojaty dFew B & Qo o gt v —’F—i‘r‘i}% of thgk M2 &4 A&
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Fig. 6. Expressions of connexin (Cx)26, Cx43, and Cx45 proteins, corrected for B-actin, in each sample. Values are shown in arbitrary
units (A.U.) as the mean=SE. Groups 1, 2 and 3 denote bladder mucosae obtained from the patients suffering with genuine stress urinary
incontinence (SUI), SUI with urgency and frequency, and mixed incontinence, respectively. *: p<0.05 vs. group 1.
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