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The effect of small-conductance Ca®*-activated K* channel 3 expression on relaxation of

rat colonic smooth muscle regulated by estrogen
Xiong Wenjie, Jiang Ya, Tang Yurong,Zheng Yongping, Yu Ting, Jiang Ling, Shen Xiaoxue, Lin Lin’
Department of Gastroenterology ,the First Affiliated Hospital of NMU , Nanjing 210029, China

[Abstract] Objective: The aim of the study was to explore the effect and possible mechanism of 17 B - estradiol (E2) on the
expression of small conductance Ca’ activated K* channel 3(SK3)in rat colonic smooth muscle. Method : 24 male Sprague-Dawley
(SD)rats were randomly divided into 4 groups. Silicone tubes containing different solution was subcutaneously implanted in different
groups of rats. Group C was filled with the solvent; Group EP was E2 in corn oil (0.3 mg/mL) which can keep serum levels of E2 at
physiological levels ; Group ES was E2 in corn 0il (0.9 mg/mL)which can keep serum levels of E2 at supraphysiologic levels ; Group EI
was ICI 182780 (estrogen receptor antagonist) plus E2 (0.3 mg/mL). The contraction of muscle strips and SK3 expression in colonic
smooth muscles were detected at 14 days after tube implanted. SK3 were overexpressed in SMCs and Ca’* concentration in cells were
detected by laser scanning confocal microscope. Results: The contraction of muscle strips of EP group and ES group is weaker than
other groups (P < 0.05)after Cch stimulating. And the SK3 expression was upregulated in EP and ES groups (P < 0.05). Ca’ decreased
in SMCs after Cch stimulating in SK3 overexpression group and E2 stimulating group compared with control group. Conclusion : These
findings indicate that E2 may suppress contraction of colonic smooth muscle by upregulating expression of SK3 and inhibiting Ca®*
influx in rats.

[Key words] estradiol ; small-conductance calcium-activated potassium channels ; myocytes , smooth muscle ; colon ; Ca™
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Figure 1 SK3 expression of rat smooth muscle
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Figure 2 Contraction of rat smooth muscle

2.4 E23F KR 48 SMC 453 |49 %

SMC £ 50 nmol/L E2 %5 24 h J5 , X} Cch %5 3]
PR S 0L I ST A B PR G 5 R R 1)L T
FAR TN R (1.085 + 0.68.2.021 + 0.384) , 2%
SAGITFE L (P<0.05,K3),

2.5 -
~DMSO

2.0 A

1.5 4

F/FO

1.0 4

0.5 1

0.0 T T T T T T T T T T T T
0 20 40 60 80 100 120 140160 180 200220 Time/s

DMSO: i 7 DMSO W% 5 24 h, E2: 50 nmol/l E2 55 24 h,
B3 E23t KRR SMC $53h REISE
Figure 3 Ca’* concentration after Cch stimulating regu-
lated

2.5 SK3id &k stk R4 M SMC 453 R 649 %ok

Western blot 25 3 B 7~ , 18 1A 41 SK3 Fik i g
T X IR 4 I as 4R 40 (1.478 £ 0.260 vs. 0.690 =+
0.140.1.070 + 0.149) , Z F A G it ¥ &H L (P <
0.05). CchHlF%J5 , i 3Rk 2H SMC M E5 1Y L i
B 5 2 IR T 0T AR 2 RN S 2R 4 (0.986 £ 0.042 ws.
1.226 + 0.119,1.226 + 0.074) , Z R A G128 L
(P<0.05,K4),

3 % i

B iz 3l 5 MEHCR DA oG, Z T FEIESE
R AT R RS ) ok | B RS IR AR A 45
- WL i (0 B R B i R € e WA . SK3
Z 5 Z R AR UL, anggs e R R SRR
SFREFHOE RS WS S KAE SR A H 4h
Jn P LA o SR TIIAE 173 -0 — i 1y 55 oF
LAY EF sk R, SK3 WM =G Z . AHF5
W 17R-ME I Al e 7 TE SMC 214 SK3,

A XPHRL] sk SRk SK3 4L
-

*

g
[«
|

*

—
W
1

=
1

I
W
i

Relative protein expression

o
o

B 1.3 —Li
Lipo
== Plasmid
1.2 4
== Vector
o 1.1 4
=
= 10+
0.9 1
0.8 T T T T T T T T T T

T

A Western blot 51l SK3 i %15 5 B: 4521 SMC il N Ca* ¥} 5
‘P<0.05,
B4 SK3idRiEX KR LR SMC $53h 52 I R200
Figure 4 Ca’* concentration after Cch stimulating regu-
lated by SK3

Fe3K SK3 W15 LAR LB A= B RN SK 3 J6 PRI R Bl i)
WL 2% W 4 B 20855 , 45 T SK3 BHIWT 57 apamin /& , AL
Ak TR . AR AT AT ST R SEAE
YA K- B2 AT AE 3 45 i oF- i LA AfL SK3 &3k .
AR B S 45 SRR N 2 18 ) AT 0 A K L
WL , itk SK3 ik . I HoR A= Bk BF E2 3l
WUE LA ss B e 2 . AR PRI B B2 S 45
WA L5% SK3 Feik AN (H2E R Iege 243 X
A fiE 5 HEPE SD K BRUMENER 32 B0 B 52 IR BURR A
I, A e 0 E2 IR Al fi ik o A5 0%
PR IE (BK) 235, &7 5 SK 2L [R] 52 w71 Lk
ik it — e



38455 610
20184F6 H

RESCHE, 25 W, 1A 4%, 25, SK3 R IATEME — A5 A0 K BLAS I~ 1 WL 4 b A [T,
B ERR AR (H ARBL2ERR) , 2018,38(6) : 753-757, 815 - 757 -

20 M Ca™ Vi B2 S - 8 LS A 1 il o A4

I M PBE DR A UM Ca e 3 T Mo Ca™

P, I ] ISR BT R Y ryanodine 52 145-Ca™ 8 15 |

P Ca™ BETIC LN Ca™ YR EEIE NN Ca™ S 851 85

G545 V- WU 25 1 A AR B I AR AR

EABFTE =N, AR W] Al R L AL e T

5 Ca™ 1A , B 1E M Ah Ca™ W . T BOF- i WLET 5K o

ARG IR SMC 28 E2 075 24 h )=, %] Ceh £52) 5 )

B B [, Ceh HIRUS LN Ca™ MR EE Y _E T i

8 AR TR0 R, W E2 l ] Ca™ AR, AN

R MU, 55 AFERIF 2 A ] M SK3 S — Fif Ca™

MR Y KT8 T8, 388 1 5 KA (o 40 5 A

ZHRALECSMC %A PERRAR , 100700 240 M s i o2 %

T, BELAG AR B I 5 A o o 33k SK3 =, SMC L Y

Ca™ By L THI 32 5 25 R AIG, 29 SK3 55 1 SMC K

Ca™Wiite KA ESSHHR  E2 VR T45 1 SMC, il

fiE ik SK3 31k, Ui Ca™ WL, A0 SMC A Ca™ R

S, TS AT . 259K, SK3E RS R N 5

W Ca™ BERGE AT FFAIFFT
MR AR IS 2% , NAR A MESOCR B AR 1 A OR

SEARWTARAL , BRI A L 22 5 A 2

W, ANFI B BOERGR AR R AN At — BT

(&% 3k ]

[1] Schmidt FM, Santos VL. Prevalence of constipation in the
general adult population: an integrative review [J]. Jour-
nal of Wound, Ostomy, and Continence Nursing: official
publication of The Wound, Ostomy and Continence Nurs-
es Society,2014,41(1):70-76

[2] Zhao YF, Ma XQ, Wang R, et al. Epidemiology of func-
tional constipation and comparison with constipation-pre-
dominant irritable bowel syndrome : the Systematic Investi-
gation of Gastrointestinal Diseases in China (SILC) [J].
Alimentary Pharmacology & Therapeutics, 2011, 34(8) :
1020-1029

[3] Arora G,Mannalithara A, Mithal A, et al. Concurrent con-
ditions in patients with chronic constipation: a population-
based study[ J]. PloS One. 2012,7(10) : 42910

(4] Longo SA , Moore RC, Canzoneri BJ, et al. Gastrointestinal
conditions during pregnancy [J]. Clin Colon Rectal Surg,
2010,23(2):80-89

[5] Hogan AM, Kennelly R, Collins D, et al. Oestrogen inhib-
its human colonic motility by a non - genomic cell mem-
brane receptor - dependent mechanism [J]. The British
Journal of Surgery,2009,96(7) :817-822

[6] Gual O, Bozkurt A, Deniz M, et al. Effect of sex steroids

on colonic distension -induced delay of gastric emptying

in rats [J]. Journal of Gastroenterology and Hepatology,
2004,19(9):975-981

[7] Ro S, Hatton W], Koh SD, et al. Molecular properties of
small-conductance Ca**-activated K* channels expressed
in murine colonic smooth muscle[J]. American Journal of
Physiology Gastrointestinal and Liver Physiology, 2001,
281(4):964-973

[8] Pierce SL, England SK. SK3 channel expression during
pregnancy is regulated through estrogen and Sp factor-me-
diated transcriptional control of the KCNN3 gene [J].
American Journal of Physiology Endocrinology and Metab-
olism,2010,299(4) : 640-646

(9] Kroigaard C, Dalsgaard T, Nielsen G, et al. Activation of
endothelial and epithelial K(Ca)2.3 calcium-activated po-
tassium channels by NS309 relaxes human small pulmo-
nary arteries and bronchioles [J]. British Journal of Phar-
macology,2012,167(1 ):37-47

[10] Parajuli SP, Soder RP, Hristov KL, et al. Pharmacological
activation of small conductance calcium-activated potassi-
um channels with naphtho[l, Z-d]thiazol-Z-ylamine de-
creases guinea pig detrusor smooth muscle excitability
and contraclility[] 1. The Journal of Pharmacology and Ex-
perimental Therapeutics,2012, 340(1):114-123

[11] Kroigaard C, Kudryavtseva O, Dalsgaard T, et al. K(Ca)
3.1 channel downregulation and impaired endothelium-de-
rived hyperpolarization-type relaxation in pulmonary arter-
ies from chronically hypoxic rats [J]. Experimental Physi-
ology,2013,98(4):957-969

L12] B B ER, £ 55 a2 — s X K
SR 445 M 1 JUL A M SK3 Ik 2 i [ ). rh AR B 2
i,2013,93(30):2367-2371

[13] Tang YR, Yang WW, Wang Y, et al. Estrogen regulates
the expression of small - conductance Ca - activated K +
channels in colonic smooth muscle cells [J]. Digestion,
2015,91(3):187-196

[14] Lin CL, Shih HC, Dumont AS, et al. The effect of 17beta-
estradiol in attenuating experimental subarachnoid hemor-
rhage -induced cerebral vasospasm [J]. Journal of Neuro-
surgery, 2006, 104(2) :298-304

[15] Kao CH, Chang CZ,Su YF, et al. 17beta-Estradiol attenu-
ates secondary injury through activation of Akt signaling
via estrogen receptor alpha in rat brain following sub-
arachnoid hemorrhage [J]. The Journal of Surgical Re-
search,2013,183(1):23-30

[16] Holm A, Hellstrand P, Olde B, et al. The G protein-cou-
pled estrogen receptor 1(GPER1/GPR30)agonist G-1 reg-
ulates vascular smooth muscle cell Ca* handling[] 1. Jour-
nal of Vascular Research,2013,50(5) :421-429

(T4 8157)



H3gE el R
201846

i FRE

Y2 AR RF0 H EUR [RIFE BRAE T 3 T 28 e O 2 R VRS S P AL LT .
B BRI R AR (B SRR ) , 2018, 38(6) :812-815

- 815 -

FE B2 L i B KR AR 5% — 25 B0 IE
UeAh, HETR 2400 B B8 bR HAERIWT OTVA 1 42
A= AR 1 N BE T R IR BB A 2 AT Al b SORS B
A7, A A B ERAE U L [ 437 v e IR 22 e 3 T
F OTVA EAARAEIFERAL 1) 4251

(&% xiHk]

(1]

(2]

(3]

(4]

(5]

Yamada T, Yoshida N, Murakami Y, et al. Electrocardio-
graphic characteristics of ventricular arrhythmias originat-
ing from the junction of the left and right coronary sinuses
of Valsalva in the aorta: the activation pattern as a ratio-
nale for the electrocardiographic characteristics [J]. Heart
Rhythm,2008,5(2) : 184-192

El Kadri M, Yokokawa M, Labounty T, et al. Effect of abla-
tion of frequent premature ventricular complexes on left
ventricular function in patients with nonischemic cardio-
myopathy[]] Heart Rhythm,2014,12(4):706-712
Heeger CH, Kuck KH, Ouyang F, et al. Catheter ablation
of pulmonary sinus cusp-derived ventricular arrhythmias
by the reversed U-curve technique[ﬂ. J Cardiovasc Elec-
trophysiol ,2017,28(7) :776-777

Yokokawa M, Good E, Crawford T, et al. Reasons for failed
ablation for idiopathic right ventricular outflow tract-like
ventricular arrhythmias [J]. Heart Rhythm, 2013, 10 (8):
1101-1108

Ouyang F', Mathew S, Wu S, et al. Ventricular arrhythmias
arising from the left ventricular outflow tract below the aor-

tic sinus cusps: Mapping and catheter ablation via trans-

(6]

[10]

[11]

septal approach and electrocardiographic characteristics
[J]. Cire Arrhythm Electrophysiol , 2014, 7(5):445-455
Yoshida N, Inden Y. Novel transitional zone index allows
more accurate differentiation between idiopathic right ven-
tricular outflow tract and aortic sinus cusp ventricular ar-
rhythmias[,]]. Heart Rhythm, 2011, 8( 3):349-356

Dixit S, Gerstenfeld EP, Callans DJ, et al. Electrocardio-
graphic patterns of superior right ventricular outflow tract
tachycardias: distinguishing septal and free - wall sites of
origin[,] 1. J Cardiovasc Electrophysiol ,2003,14(1) : 1-7
Hachiya H, Aonuma K, Yamauchi Y, et al. Electrocardio-
graphic characteristics of left ventricular outflow tract
tachycardia [J]. Pacing Clin Electrophysiol, 2000, 23
(11): 1930-1934

R, E AR, SRS, 55 B IR L E = O R R
O L EE ALk I B[], S R 22 2%k, 2015, 31
(22):3720-3723

Betensky BP, Park RE, Marchlinski FE, et al. The V2 tran-
sition ratio: A new electrocardiographic criterion for distin-
guishing left from right ventricular outflow tract tachycar-
dia origin [J].J Am Coll Cardiol, 2011, 57(22) : 2255-
2262

Yoshida N, Yamada T, Mcelderry T, et al. A novel electro-
cardiographic criterion for differentiating a left from right
ventricular outflow tract tachycardia origin: The V2S/
V3R index|J]. J Cardiovasc Electrophysiol , 2014, 25(7):
747-753

[WFsHE] 2017-10-30

B S S L S e S A e e S B A e L a  me

(EBEHET5TR)

[17]

(18]

[19]

Kurahashi M, Zheng H, Dwyer L, et al. A functional role
for the “fibroblast - like cells” in gastrointestinal smooth
muscles [J]. The Journal of Physiology, 2011, 589 (3):
697-710

Pierce SL, Kresowik JD, Lamping KG, et al. Overexpres-
sion of SK3 channels dampens uterine contractility to pre-
vent preterm labor in mice [J]. Biology of Reproduction,
2008,78(6) :1058-1063

Provence A, Hristov KL, Parajuli SP, et al. Regulation of
Guinea Pig Detrusor Smooth Muscle Excitability by 17beta
- Estradiol : The Role of the Large Conductance Voltage -
and Ca*-Activated K* Channels[]J]. PloS One, 2015, 10
(11):e0141950

[20]

[21]

[22]

Li XT, Qiu XY. 17beta-Estradiol Upregulated Expression
of alpha and beta Subunits of Larger-Conductance Calci-
um-Activated K (+)Channels (BK) via Estrogen Receptor
beta[ J]. MN,2015,56(4) : 799-807

Young SH, Ennes HS, McRoberts JA, et al. Calcium waves
in colonic myocytes produced by mechanical and receptor-
mediated stimulation[J]. The American Journal of Physi-
ology,1999,276(5 Pt 1):1204-1212

Chevalier P, Lamotte M, Joseph A, et al. In-hospital costs
associated with chronic constipation in Belgium: a retro-
spective database study [J]. Neurogastroenterology and
Motility : the official journal of the European Gastrointesti-
nal Motility Society,2014,26(3):368-376

[YimBHEI] 2017-07-19



