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HCNI & 58 & F &k TiE/NREERE Cajal 85128k BK @i r)RIA K Ih#E

FhEE o BRFR LA O, BT, BN R K (400038 T Pk, 45 = 7% 5 4 VG 7 I Bt 4> 2
WA R AMEHIFSE T ;400037 TP, 45 = 7R RS BT EE B b BRANEL)

[(BE] HIY WL/ HCONT 38 18 56 A i 55 6 H B e Cajal 0] 57 20 Bfd ( interstitial cells of Cajal,
ICCs) " BK 318 18 AT RE AT SZ M0 , BRI IX AP 52 ) X s 4 A MR 00 B o Ttk (8 HEE i AR
FRIEF A= 1 CSTBL/6] /N BUFT HCONT 38 38 455 R BB i CSTBL/6J /NERAS 48 H (MEMERSF ) 43 i M 1E 5 41
LR 2 , [ 5% PCR(RT-PCR) (%G E 5t PCR(Q-PCR)  Western blot 142 % 't BUbz A il L 1% bt
ICCs v BK 38 38 45 W (1) ek 28 A, B9 0438 R UL A% S 34 i AL BK 3 18 BH i 77 IBTX 11 f5 WL A& W 4
FYAE Ak, O IE IR AR T T A4S A BK S T8 3 s 7] NS1619 (BH 1 IBTX /i f5 /)N ERUBS B ICCs
BERE AR L, G50 Q-PCR R ik R4/ BRUBE e BK GHIE o B1.B2. B3 B4 45 I Ik 32 ik P FEAIR
(P <0.01) ; Western blot 7% 5 PRI ZH /N FRUBE e BK G IE o \B1.B2.B3 B4 WEERIKIREAR (i o,
B3.p4:P <0.01;B1.B2: P <0.05) ; HyE 5 JE AR B ric ik R 2 /N RS BE ICCs h BK JiE o WAL A
FEAR (P <0.01) 3 B AE PR UIL A S2 80 17w A IBTX J5 ik 35 PR 41 F 1 5 20 JUL 28 e 4 s i 2 28 K (P <
0.01,P <0.05) , H a3k X 2 WA e 4 i B 0 28 AR /N T IE R 41 (P < 0. 05) 5 OB IL 3R £ i Al vl O
JIIA NS1619 J5 W2 ICCs NESZEEIREAL (P <0.05) (A IBTX J5 i ICCs PN E5 9 G138 (P <
0.01) , HA N A s) 7wl BH ¥ 590, m 3% P20 2577 J& 1CCs A5 28 6 i AR LB /N FIEH 4 (P <
0.01). &5 /NELHCNI 388 3 P m e 8 7 B bk 1CCs v BK 38 18 1Y 3R 18 K Yifig, X T 8 7] fig
JEXT HCONT 3 18 556 DR i 5% i 1 e MAc 4 ik 553 ) — AR %

[ KA | ICCs; ARG PIMZ IR 142 FH 2 3818 ; K SO B 5 /MR, SRRl s s bk
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Knockout of HCN1 channels down-regulates expression and function of BK channels

in interstitial cells of Cajal in mouse urinary bladder

Sun Bishao', Liu Qian’, Zhu Jingzhen', Long Zhou’, Feng Guangui’, Li Longkun®, Song Bo'('Institute of Urology,
Southwest Hospital , Third Military Medical University, Chongging, 400038 ; *Department of Urology, Xingiao Hospital ,
Third Military Medical University, Chongqing, 400037, China)

[ Abstract ]| Objective To determine the effects of the knockout of hyper-polarization-activated ,
cyclic nucleotide-gated cation channels (HCN1 channels) on the expression and function of large-conductance
calcium-activated potassium channels ( BK channels) in interstitial cells of Cajal (ICCs) in the mouse
bladder, and investigate the significance of these effects to the excitatory regulation of bladder. Methods
Forty-eight healthy clean adult wild-type C57BL/6) mice ( HCN1 WT) and 48 HCNI channels knockout
C57BL/6J mice (HCN1 KO) were employed in this study. The expression of BK channels and subunits in
ICCs at mRNA and protein levels was detected by RT-PCR, Q-PCR, Western blotting and
immunofluorescence staining. The inhibitor of BK channel, IBTX, was added in the isolated detrusor muscle
strips to observe the effect on muscle contraction. While, intracellular calcium concentration in ICCs were

measured with laser confocal microscopy after the treatment of IBTX and the agonist of BK channels, NS1619,
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respectively. Results  Q-PCR and Western blot results indicated that the expression of 5 BK channels’
subunits, o, Bl, B2, B3 and B4 were significantly lower at mRNA level (P <0.01) and at protein level
(a, B3, p4: P<0.01; Bl, B2: P <0.05) in the bladder of HCN1 KO mice than HCN1 WT mice. Double-
labeling immunofluorescence staining revealed that the expression of o subunit was also lower in ICCs of HCN1
KO mice than HCN1 WT mice (P <0.05). IBTX increased the amplitudes of detrusor contraction in the
detrusor strip of HCN1 KO and WT mice (P <0.01, P <0.05), but the KO mice detrusor had a lower
sensitivity to IBTX (P < 0.05). NS1619 decreased while IBTX increased the intracellular calcium
concentration of ICCs in both WT and KO mice (P <0.05, P <0.01), but the actions of NS1619 and IBTX
on KO mice were lower than WT mice (P <0.01). Conclusion Knockout of HCN1 channels decreases the
expression and function of BK channels in ICCs, and it might be a compensational mechanism of the decreased

contractility induced by the knockout of HCN1 channels.
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P W PRI A S 2 e PR AL B JB e D e
WA, 2 22 b % 1DE g 72 0 JB% D 2o 2 455 B iE (overactive
bladder, OAB) W PR 14 5% IE | #4 28 5L 1 % I <5 A 3
[ L 2 — 2 XTI e 2 e R 4 ) o 5
T TR A P 2 S UL R R A 0, B I v B A
FHI) BE 1Y) Cajal [H] 5T 40 il ( interstitial cells of Cajal,
ICCs) {9 & BUEAS WL E U0 H 25 2 FIFS  WLg
P U R AT X B T RE R 4R T S 5 I AT
B MBS PR R 1145 BH 25 -3 2 (hyperpo-
larization-activated cyclic nucleotide-gated channels ) EfI
HCN 3838, 45 1 ~4 WA e O RERI s 2ot h 5] &
AL, PR O IE AN 2T R A BT R,
KRG ICCs H HON1 ~4 W AU # A %1k, A
RS L HONT S 3=, HON S 38 75 55 e v AR ol RE4RAT %
AR MY, ICCs BN RMES LG E
VST B LSS A 5 | ST UL A %4, Ca® ™ M G T 11y
Z 52X K i s —FR, R T O R
(large-conductance Calcium-activated potassium channels )
B BKG#IE, oo B(1 ~4) WEAG I, |z Rk THE
LR ST L, ek NS1619 (IBTX 5 5 b
POEANFEYE L AR UL, R S AL S 4T Ca
WSETH mln] LUK G , 51 S Es 7 A, S BUB
PR E WAL FIEGAL , DX A M Ah Ca® ™ P 3L A — Fif
B WRTE I BT v LR 1CCs sh R4 BK il
ERYFRIK,BKEIES 5 T B D aq e a4, HR
VB E TS50 OAB s bk T fE A5 S e
HCN 3838 A1 BK 38 18 75 5 e 1CCs 2% 1 A ] 42 v 47
KA T HEANN, BB TRERIIUR R, HAR S
Ca®" X —H B AR A5 Ml B UIAROC (RO T —H M B

MR AT v D WARGE . ABTSE B AEWF5E /N B HCN]
H 3 5 DA A5 ok FE B e 1CCs b BKC 3 38 35 35 F1 D) fiE
FRISZ ] , 200 20 R 1 52 M XI5 I M o PR 2 ) 2 L

1 RS

1.1 kiR

2 W B R U A R A 8 CSTBL/6) /INBR (A i
16 ~20 g) W4 [ 55 = 72 B K 2m K B Be B 6 AR 52
Bz i syt BUR 24T Re ik Ab B AY 48 H (M
B AE X A, 12 IE R 4 fd RS i i HCN1
1 T FE DR R BR A CSTBL/6) /N B (G M 3 5 58 M 4l
T) W B SEEA O S %, MRS FAL AL, A K 2=
2 i (AR 16 ~20 g) B AfdH , B 48 H (el
B VE RS A, i S A . B B 4 e
B TE
1.2 2R A AE

TRIzol (& RNA #2157 ) . Tubulin #7455 14 H
R REYVFARMFEI . RT-PCR % %874 & A
H 7k TaKaRa /3 ], Q-PCR %5644k} SYBR GREEN iy
H H 4% TOYOBO 7\ @], Anti-KCNMA1 . Anti-KCNMB
1 ~4 2 —Hi 4P E Abcam A A, Anti-c-kit — 3
(1ICCs R PEFRICHUIAR) W B 3£ B Santa Cruz 23 A,
S E IR RS — M RO A% 5 g R JZ)01
FIRLIA 3K 7 B fiE 28 . RM-6240C #1 £ 3 i 4= Hl {5 5 %
SEANFR RGN A AR o AN 1l JBR T 477 11
R 8 e M B (DTT ) | I e it 2 1 il 0 36 [
Sigma ], G4 M7 (FBS) \DMEM/F-12 15 5% 501
HE[E Gibco A W], 55 T2 R EF Fluod-AM I H
H A [ A== 58 r o
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1.3 R #:3% PCR(RT-PCR)#=% % % % PCR(Q-PCR)

WS AL FE /N R, BRI B S BUBS IbE , PBS PR v Uk
Jo R A T TS H 20 K B F TRIzol 1,
TRIzol i B - J5 7 42 BUBS B 41 21 5 RNA, Thermo %8
AN FECBE TN e i R 20 i , O B 3 B 4 A A
1 RNA $% TaKaRa 7] & 7 26 H S 5l ¢DNAs,
B ¢DNAs F#ik , 4% TaKaRa i3] & SYBR GREEN 7%
e g PCR JrikEC e AR & , H] Step One Plus A
DGR f: PCR {SCR A X o 5 vA o e & PCR g
) 35 PR 20 /0 BB I v BKC 3 38 4% W 36 38 55 A ] A
b, INZH B-actin, 453 F& 5 PN 38 3k LA X 263k i
(AHFEE/ NSRIERE)KRFR, PCREYHA I
W TN ) P9 S =K LR 1,

®1 BKEERTEERFEASERMNSIMFIIS~HKE

FE
e S19)¥5) ¥ (bp)
KCNMAI  |Ji#:5'-GCCCTGTTAGATGGTCCCTTTG-3' 110
F#%:5-AGCCGGTAAATTCCAAAACAAAGC-3'
KCNMB1  |§i#:5'-CCCCTGGGCTTCTGATCTAATG-3' 257

T :5-GGGGCAGAGCAGGAAAATAGAC-3’

KCNMB2  |i%:5'-AGCCAGCAACTTTTCTTTCATCAC-3' 177
% :5'-CATGCCTACCAACACCCAGTC-3’
KCNMB3  [-}}f#:5'-CGACGACGAGGCCATCAGG-3’ 156
T :5'-AAGGGGCCATCGGGACTGTAG-3’
KCNMB4  |Jji%:5'-GGCGTTTGTGGTGGGTGTTCTC-3’ 202
N f#:5'-CGGCCCCTTCCATCTCCTG-3’
B-actin i :5'-GTCCCTCACCCTCCCAAAAG-3’ 266

Nf#:5'-GCTGCCTCAACACCTCAACCC-3’

1.4 Western blot 23>

FEFTIARTT AL AL/ BUBURE DG , VR AT i 4 2H 4L
WA E T Wl i) RIPA + PMSF IR &3, vk is 24 i
30 min,4 °C T 12 000 x g B.0> 15 min J5 /N0 ER_EE
TRRN B S . ST BRI BCA Bl 2 v B, e iR kL
4: 1A SDS-PAGE HEH LG vinf)n T 97 ClElE 4
JEEAL EINAA 7 min JFHUH, - 80 C o RAERF H .
fdi [ SDS-PAGE #E ¢ HL UK 43 5 28 11 (1H 2 ok 46 1
80 V,40 min, /3B 120 V,50 ~70 min) , &FykiE AR
R 50 pg SR, FUKZEHUS 250 mA fHFEE 70 min,
5% BSA FEIRZEREIA] 2 h, #2285 H Marker $875 7 & U)K
H i1y 4547, TBST 3k J5 , anti-KCNMA1 (1:1 000) , anti-
KCNMBI (1:500) , anti-KCNMB2 (1:1 000 ) , anti-KC-
NMB3 (1:1 000), anti-KCNMB4 ( 1:1 000 ) , Tubulin
(1:1000) %5—Hipiik 4 CRIRMF IR, TBST FEik
3, BFR 10 min, BAR FEARIC L SE P A LA P/ R
IeG PR EIRIFE 2 h, R TBST #9k 3 ¥k, ECL 1k
SRS BER R R G IR AE IR . 455

Quantity One R {FAbH | 4537 JE 8 H 2638 DIAR X K A
( B KB WS40 I ) /R .
1.5 JEBICCs R miny B

LA D-Hanks WM, B 25 1 ARJNE A BE
(0.5 mg/mL) | 1T 8 i JR 25 (1% (0. 5 mg/mL)  DTT
(1 mg/mL) \BSA(1 mg/mL) (BRG] (1 mg/mL)
A w10 I 7Y e Il 25 i (1 mg/mL)  DTT
(1 mg/mL) BSA (1 mg/mL) , 4% Hij ik J5 ¥k 258708 B
Wgs e, 57 BVE T Y% 1Y) D-Hanks &4, U1F B B, 7
DA BRIEREFURRSEZ , 7E 53 B 1 ol 2 2087 Bk P g
¥E,37 CiEAL 5 min,1 000 x g BS.00 1.5 min, L% i
W, Ay B I AE 37 °C R 4k 4k, [R] B BUH T '
Tl FRES . T N LS B S A S BRI LA 1000 x g
203 min K L, FEWEREIMAGE RS 10% FBS
) DMEM/F-12 $55%3& 4T 30 ()5 A 200 H 4 it i
U8 RS2 2R B A B, ICCs T 2 KK
W, B4 MU
1.6 %92 K X ARE I

W 1.5 rh Fr 15 20 B B i # 2= NEST 3% IS 15 5%
I, A AGE 5 7 10% FBS () DMEM/F-12 $# 353 7%
37 C.95% O, +5% CO, H57AF v 55 37 (1 20 Jfa I B
SR R U B A L B PBS YT UE 3 K, IR S min (R
[[), H 4% 2 R W W E & 20 min, PBS W& ¥
3 ¥K,1% BSA 7EZEiH T 3414 30 min, EE & PBS WISk
3, A Anti-c-kit 1 Anti-KCNMA1 — ¥, it A B
&4 Cild, PBS WIEVE 3 G #OLIE & 26 R
WP, ZERTFME 2 he BE/EME DAPI( %)
10 min, PBS 3§ V% 3 U5 i Inde 2 e i K 3 R 7,
SRIGHE TCS SP5 OGS A iR N 8k, T3 1CCs
A [R) SR A AR & e 45 o s 18—t
W2 AE R B XS R
1.7 BARERIILE E I

AR E R RGO, A 15 mL g fif
Be & Y Krebs ¥, 38 AfHIE 95% O, +5% CO, IREGA,
FEFE IR K AE , BB IR 37 CHIFN 5 min, FZ AT
IR FE/ NI I , BT 4 °C Krebs WH, /N0 51 B
RS2 TS 2T A% 2 mm x2 mm x 6 mm (L
2% B WLA— i[5 8 TV R0, — o H 22405 12
TR — AR IR 25 0 LA 5K 7 3 ge 4, (LA Ak
TR MRS H IR A Krebs i H . HEH L
A PSRN PR R G, ek =X, IR R B
7075 g, FHMGHE 10 s/d, FEFAT 10 min J5, 5757
— Y B R AR R 1S A R LA K S T2 0.3 g,
FELA B A At eds B, WS 0 S B[] -5k 0 A%
fEi 25,10 min J5 /i A BK 38 8 BH 7 77 IBTX (284 &
100 nmol/L) , MEZAR (L I 5% 10 min, Krebs J& & 4
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i, RS2 IEEIE S 10 min, U 5 FFR AT 2 min #F
ARSI, s FH 22 38 38 A B 5 R A2 A0 H1 R g
Ab B
1.8 HObLEREBRE TR KL

#4105 TS iR 5 2 NEST 37 iCHE 5= 1L,
IAGE R4 10% FBS Y DMEM/F-12 E53:3% 18 37 C |
95% 0, +5% CO, MYIEAE T RF S0 40 s BE . SR )5 H
Hanks JEPE 2 Y, A 1 wmol/L /Y fluo-4 AM %5 fft R
200 pL 25 55 MUKEDEHFE 30 min, F Hanks {IEVES
AKSETH N Hanks ¥ 200 WL 78 55 UGS, 7E30C LR A2 18
TR T WLEE ICCs N85 2¢O, Wk L K 456 nm,
iE ] Leica TIRF #4150 &% DL 12 #fi/min X
ICCs NESZEHEAT LR SEAZCR R o A BK i E
BN NS1619 (& ¥k B 30 wmol/L) 1 H #fi 7 IBTX
(e 200 nmol/L) Ji7 MEEIE 53 /N FRUBE Bt ICCs NS
DECHYARAL , g il 3 R AR E 2/ BRUBE e 1CCs 7Y
5 G AR XT NS1619 il IBTX (i U FR FE , LLIL P
fr 2 40/ ICCs v BK S8 A D e A8 b, %l R H
AT 5 B A7 90 5%, AH X 5 G B (RFT) = F1/
FO,F1 = BRI 98 650 B, FO = JL A 2¢ o J&
RN i i P390 . SR )5 2261 F1/FO X B[]
MR T 2k o
1.9 %it oM

FIrAF B L x £ s 3278, R SPSS 19. 0 #fF4tit,
AR [E) T R LA T ¢ KR5S

2 HR

2.1 Q-PCR #m BK i i& & I & 649 & ik T4k

2 RT-PCR ., Q-PCR £l & B, i 32 PR 241 /)N BUJB5 e
N BK 338 45 W FE AR X Rk IR T IE w41 (K 1) o
T UL, 7 mRNA 7K | fE R 4/ BRUBS bk BKC 38
T 457 4 FE TR B AIG, $2 78 HONT 38 18 32 A B T 9

T e BK 38 3L B 5k

1.4 O el MEPEREg

12+

1.0}
i 2
# 08I a a
=06 a
5_;_ a

04

02

o 1 1 1 1
o Bl B2 B3 B4
A FEIE 1

a:P<0.01,55 E4 ki
1 Q-PCR#&MmERMAMEFEARFEHF BK BEHR
TERRIEEN

2.2  Western blot #-| BK i@ i & I f ¢ & & T 10

Western blot 5t & #6122 4K, Ge 118K 1 IR AR K
JEARL, S R R R A (K) /s BRUBS e 5L 2R 1 v BK 3
ML AR AR TR AL (N) (K 2) o itk
AL UL FEAR UK, mChE R 2H /)N BRUBS IDE Fh BK 5 18 4% 7.
R FE KPR, 278 HONT 3 38 5 8 At g 3 1 B e
Hh BK i (9 R Gk

K1 K2 K3 N1 N2 N3

134><107*>_ |

et

K1 K2 K3 N1 N2 N3

MMM%
-

55x (5> — e —— — s <] [)11]in ®

K3

N1 : N3 K1 K2
o - rT L

55% 13— - <—Tubulin

NN

N3 K1 K2 K3
32x10— . . . ' . - B3

55x (7> —— — — . S e < ubulin

K2
-

55x107— S — S S — ' ]uin

)

24x10°—

1.4r O R MEEEA
1.2
1.0

ALl

B4

ARRT IR BEAE

B2

WP
ASARAAEF A o A KA ;B AR AFE
FU Bl T AR C AR B A A 4 B2 B A
SPre ;D sk R B 2 Ao 4L B3 A R KT E LA E
A Fe B 4E B4 A R GA AR F L & Bk A st & AR 4T
a:P<0.01,b:P<0.05,5 %tz
E 2 Western blot 55 £ [F 48 0 1F & 4Bt & BK &

EETEMNRIEETL
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DAPI c-kit

LR

— —
H
i)
b
20 pm 20 wm
n 20 pm
20 pm 20 ;Lm
—

FFIPE T e

il [ 15

B3 RETOEMAREIE N AL E E HF0IE & H/NREER ICCs f BK-a TEFRIZTH

2.3 RIERAMAREIAM ICCs P BK i@ iE o A

ik TAL

B AT, e-kit FHMERY ICCs A% K, Yt BT 531, 2
BRFERE, LE/NRIBEME ICCs o WEED R
FEFED 2H (570. 40 £41.02) 5 1E % 20 (1 018. 00 +
64.44) I} FREAR (P <0.01, & 3) . U B g 2k R 4
ICCs N BK 3@ 18 o 73R IA PR, #2718 HONI i 18 JE
PRI R R 3 1 I e 1CCs b BK S a8 (Y R ek
2.4 BAREFIUILE 5B Hn BK 38 i o e T AL

B AE PR LV A% S 5646 0 i A BK 38 18 B ¥ 71
IBTX fifJg LA U 4A 284k (B 4) o In A IBTX J& , @
LR 20 L 4% Whe 46 5 B2 Hy (0. 083 + 0. 034 ) 3 Jin 3|
(0.091 £0.037) (P <0.01) ; 1F % 2 {2 Wi 4 s 7 /e
(0.130 +0.020) ¥4 (0. 151 £0.031) (P <0.05)
i — 25 LRI 24717 I LSS WS40 R R ) 28 ARl PR i
L (0.008 £0.005) 5 K F1E 4 41(0. 021 £0.014)
(P<0.05), Hittnl e PR g/ BRLA G IBTX (1 J2

AR T IE 20, $2 75 R DA /DN BRUBS DG i BKC 3 38 A 2

REREAR
IBIX
LR 4 MW
113"1‘)(
e

10s
B4 BEFERAMANEIIEMAN IBTX giEA &K ERTK

2.5 BOLAREZME T AN mA BK i@ 38 3 3 A
R L AT )5 ICCs P45 % 8 T AL
HOCHR BB LA 7 A NS1619 i, i
PIZA[ (123.38 +1.00)ws(114.98 £10.86) ,P <0.05]
FITEHF4L[ (133,37 £8.97) 55 (101. 55 £ 10. 86, P <

0. 01 JICCs PNESHIEII AR , LA ES 5 e A9 AR AL fE Chm
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NHT - 2505 ) , MEED 2H (13,88 +7.35) B K T 1E
W2 (49.31 £21.12) (P <0.01), M A IBTX J5, At
4] (97.28 +8.32)ws(110.85 £8.22) ,P <0.01 ] I
EH L[ (75.20 +2.48) vs (142. 20 +26.56), P <
0.01] ICCs NG9 438 &y, bb #5485 29 ' 1) 28 A (E
(255 - INEynn) , ML R 24 (24. 10 5. 07 ) B 1%
TIEH 4 (72.35 £24.94) (P <0.01) . #4552 1%,
F1/F0 XF it [E] A2 b th & an sl 5o AN A sh 7 5%
BELYE 7] , RS LN 25 )5 1CCs PS¢ G B A8 AL 7
PUNTIEH A, Ul 2 JB5 e ICCs NS 26 AR
Axs BK 38 38 33 20 790 | BH i 550 1) SOsR AR B A T IE R
A, PEREEER/ N ICCs H BK 3838 1Y D) RERE Ik

1.21 NS1619
1.1 l
2 1.01
= 0.91
0.81 ®
0.7 : ; : v y .
0 20 40 60 80 100 120
A1) Ce/s)
1.57 NS1619
OI’O.\l\/
=
= 0.51
o 0®
0 20 40 60 80 100 120
A 18] (e/s)
IBTX
1.47
o 1.21
&
=107
0.8 - . . . T . ©
0 40 80 120 160 200 240
Ff 8] (efs )
2.5+ IBTX
2.01 l
g 151
& 1.04
0.51 ®
0

0 40 80 120 160 200 240

Ff ] Ce/s)
A3 E 4N NSI619 77 & ICCs 145 3 k49 F1/F0 %
w2 ;B B 4 hm A NS1619 %75 ICCs 145 3 ko F1/
FO F At £, ;C. 32 B 4 m A IBTX 475 ICCs M 45 % %
# F1/F0 Ak &;D . E% A IBTX #7J5 1CCs R 45 %
Jt F1/F0 % 1 2%
ES st BEAESEK MmN NS1619 5 IBTX /5 ICCs
M5 KA T

[t ICCs S22 F B 4iE ICCs [ [a] 57 40 MY , #5
DI SRR ICY) o-kit TP 8 A S5 X 40 1CCs il
[ 0T LA e . AR H AT e A« I e Wi 4 1 2 1
B A KRS SRS R e E, ICCs 5
JI5% JBE V- T LA 53 A TG, PR 8 2 ) A7 7E K i ) S B
HEHE X AT BE R HAE SO B S SR

DA X Ji Jfe v 5 3 3 A Ak 9 KRR i L
Y, A ICCs RISk W5 FAHLEAE ICCs LA T
2P B -l AR AR SCEATTRE ICCs 24 M 1 PR 48
KRR ICCs A HCON 338 19 & BRAEAS HAE hy 24 A e i
A0M A RS AT T SRR B Bk Y. HCN i 2
Pacemaker 4ff fifd (1) HE, A= B 45 44 B Rl < & 70 B A AL P
fii Na* K" N5 & B ALY H 3 B0 ik, S8 Ca*”
W, 51 R SIWERAL . BEHAL Z AL , & V8 57 4 i A
FELASE [ (380 LA S0, X6 — IR sl H A2 1) s & i 2 1E
[ FRE I . HON 338 93X Fh B i Shb v T8
WA AT RESE: ICCs VB M AL P40 I A% 0 o FE/NERIR A
ot I L B 2 B 3 A 0 IV TR -HCNT 5, 85 X6 s Joe i 4
PR — RGN, WLAASERUESE, /N HCNI 3 8 3%
Rl BR I, FEUL SRR RE 10k 55 03X 1T BB 2 % Ay e 4
F D BT S B . T AR A8 PR AL BE S s L A R
HCN B pg 2k T S se R iR HON il o
24ty PR A AR

BKHiE M FL e b iz Rk, H o W
T HE LI PIE B3, 1 Bl ~4 P FE N 3= 247 57
SFHIIRERREE . BK 8 B A R BUE I Ca® " UK
XU R, RO M Al S AL P Ca®* ¥k JBE T e 1 Al LA
P O, 51 R B AN, S EUR L A 1 EAR AL R
Gofk, XA AN Ca’ " P — R i TR
Jit, BK 3 18 AT LA 2o 52 45 P 0 ] 1 i AL 40 B ) %
SV e e e

AW J BN B HONT 38 30 PR B T 9 1 Ho B
JiE ICCs rh BK i@iA YR FTEE . HCNI 38 18 5 A i
FJE T RE BT B B A 2, S BUBR I s
PRI . T 98 BK 38 38 ) 3238 M H D RE B ok b
BK 3 i X ICCs 24414 A9 1 S 15t , 44 H A P 1] 1E
] R o B0 T4 dep i 3L PR /)N U IDE B9 1 5% 2 B ) RE
EAFIE . X T LA MOR X HCNT 38 38 % A @
I3 i 05 e WA &4 0k 553 1) — b A A

WFoE W, e h B 1CCs 323k HON @',
1M BK 3 38 W 75 7 ¥ UL 40 B A ICCs b &R A ik,



537 A5 12 ) N U NI S
J Third Mil

2015 46 A 30 H

Vol. 37, No. 12

Med Univ Jun. 30 2015 1287

ICCs () HCNI 1838 2 R S BRBR T R R H B & BK il
TR K TBEAN, i T Bed X P s ma 4535 2] 1 85 e
W SE I LA . 1CCs 1E bR F iy, A AL &
AT 2R 0 Rk 5 S U LA B ] B S R e, A
4 1, 1CCs 55 3 JULZ0 M 2 R T —A> S 6 S5 1 A
X AT BE S 3K P 2 AL 32 1) AR BLES A FE Al . 1 O T /IR
HCNT 38 38 J R B R PR LB bk 1CCs v BK 38 38 14 %
ISR RE R BAAHLR A A 15 T 2k — - 0F 9T, vl ey AL
]G 408 T R A5 A 0 S I S [R] 3 1 9 4
PKC 2 1 3B 5 5 0 B 25 9 A 1 s, HCNI
3 32 35 DR Bt %ot i e 1C.Cs v BKC 5 325 1) 38 3% S T i
(19 F 8 /R T HCN Sl IEVE A 1CCs A REAL I A9 4%
AL, Ry JB5 4 A P R 8 B I 2 43 T T N 25

SE Lk

[1] Bragg R, Hebel D, Vouri S M, et al. Mirabegron; a Beta-3
agonist for overactive bladder [ J]. Consult Pharm, 2014, 29
(12) . 823 -837.

[2] Arrellano-Valdez F, Urrutia-Osorio M, Arroyo C, et al. A
comprehensive review of urologic complications in patients
with diabetes [J]. Springerplus, 2014, 3. 549.

[3] Sakakibara R, Tateno F, Kishi M, et al. Neurology and the
bladder: how to assess and manage neurogenic bladder dys-
function, with particular references to the neural control of
micturition [ J]. Brain Nerve, 2014, 66(5) : 527 —537.

[4] Juszezak K, Maciukiewicz P, Drewa T, et al. Cajal-like in-
terstitial cells as a novel target in detrusor overactivity treat-
ment; true or myth? [J]. Cent European J Urol, 2014, 66
(4): 413 -417.

[5] Brading A F, Brain K L. Ton channel modulators and urinary
tract function [ J]. Handb Exp Pharmacol, 2011 (202)
375 -393.

[6] Herrmann S, Schnorr S, Ludwig A. HCN channels--modula-
tors of cardiac and neuronal excitability[ J]. Int J Mol Sci,

2015, 16(1) : 1429 — 1447,

[7] He P, Deng J, Zhong X, et al. Identification of a hyperpolar-
ization-activated cyclic nucleotide-gated channel and its sub-
types in the urinary bladder of the rat [ J]. Urology, 2012,
79(6) : 1411. €7 —1411. el3.

[8] Xue L, Li Y, Han X, et al. Investigation of hyperpolariza-
tion-activated cyclic nucleotide-gated channels in interstitial
cells of Cajal of human bladder[ J]. Urology, 2012, 80(1) :
224. el3 -224. el8.

[9] Torres Y P, Granados S T, Latorre R. Pharmacological con-
sequences of the coexpression of BK channel alpha and auxil-
iary beta subunits [ J]. Front Physiol, 2014, 5. 383.

[10] Rothberg B S. The BK channel: a vital link between cellular

calcium and electrical signaling[ J]. Protein Cell, 2012, 3
(12) . 883 -892.

[11] Petkov G V. Central role of the BK channel in urinary blad-
der smooth muscle physiology and pathophysiology [J]. Am
J Physiol Regul Integr Comp Physiol, 2014, 307 (6):
R571 - R584.

[12] Rusu M C, Folescu R, Manoiu V S, et al. Suburothelial in-
terstitial cells [ J]. Cells Tissues Organs, 2014, 199 (1) .
59 -72.

[13] Deng T, Zhang Q, Wang Q, et al. Changes in hyperpolar-
ization-activated cyclic nucleotide-gated channel expression
and activity in bladder interstitial cells of Cajal from rats with
detrusor overactivity [ J]. Int Urogynecol J, 2015, [ Epub
ahead of print].

[14] Reetz O, Strauss U. Protein kinase C activation inhibits rat
and human hyperpolarization activated cyclic nucleotide gated
channel (HCN) 1
[J]. Cell Physiol Biochem, 2013, 31(4/5) ; 532 —541.

[15] Hristov K L, Smith A C, Parajuli S P, et al. Large-conduct-

mediated current in mammalian cells

ance voltage- and Ca’* -activated K* channel regulation by
protein kinase C in guinea pig urinary bladder smooth muscle
[J]. Am J Physiol Cell Physiol, 2014, 306(5) . C460 —
C470.

(Y#5:2015-01-25 ;& E] :2015-03-25)

(¥ £ &)



