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Identification of ATP-sensitive K* Channel in an Uterine Leiomyoma Cell

Soon-Do Cha, M.D., Dae-Kyu Song, M.D.*, Chi-Heum Cho, M.D.
Department of Obstetrics and Gynecology, *Physiology, School of Medicine,
Keimyung University, Daegu, Korea

Objective : The purpose of this study was to identify the ATP-sensitive potassium (Karp) channel
subtypes in uterine leiomyoma and normal myometrial cells, and to compare the difference in its expression

between uterine leiomyoma and normal myometrial cells.

Methods : Fresh ten uterine leiomyomas and their adjacent normal myometrial tissues were obtained
from hysterectomies that were conducted on benign diseases. With the use of reverse transcription-polymerase
chain reaction (RT-PCR) and Western blot analysis, we analysed the expression of Karp channel subtypes in
tissues and primary cultured leiomyoma cells. To demonstrate the Karp channel activity in uterine leiomyoma

cells, whole cell patch-clamp recordings were made.

Results : The uterine leiomyoma and normal myometrial tissues contained Kir6.1/SUR2B and Kir6.2/
SUR2B mRNAs, although the expression of SUR1 and SUR2A mRNAs were not expressed in the uterine
leiomyoma and normal myometrial tissues. Primary cultured uterine leiomyoma and normal myometrial cells
demonstrated same patterns. To determine the expression levels of Kare channel subunits, high levels of Kir6.1,
Kir6.2, and SUR2B were detected by western-blot analysis in uterine leiomyoma compared with normal
myometrial tissues. Karp channel currents were increased by estrogen application in uterine leiomyoma cells.

Conclusion : These studies provide new knowledge concerning Karp channels in uterine leiomyoma and
normal myomtrial cells. we demonstrated uterine leiomyoma and normal myometrial tissues contained Kir6.1/
SUR2B and Kir6.2/SUR2B subunits and showed an increased expression in uterine leiomyoma compared with
normal myometrial tissues. These results suggest that Karp channels are important elements in growth of

uterine leiomyoma.
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1) RT-PCR

cDNAH/3-& #2¥ RNA
AFE-8Fe] 40 L SO0 2 FHA} (reverse transcription) S
Agatgich wheEgtd o] 242 RNA 2 yg, 5 mmol/L
MgCl,, 50 mmol/L KCl, 10 mmol/L Tris-HCl (pH 8.3), 1
mmol/L dATP, 1 mmol/L. dTTP, 1 mmol/L dCTP, 1 mmol/
L dGTP, 1 U/uL RNase inhibitor (Perkin-Elmer Co.), 2.5
UjuL MuLV reverse transcriptase (Perkin-Elmer Co.), 2.5
umol/L oligo d (T)sZ, JHs 2L 42C 1A3F 9T 5
£, 5C 58222 39t} PCRE 10 X reaction buffer (15
mmol/L MgCl,, 100 mmol/L Tris-HCI pH 8.3, 500 mmol/L
KCl) 5 4L9} 10 mmol/L dATP, dTTP, dCTP, dGTP 2} 1
LA, 12]30 30 ymol/L Karp T2 84 o} QIKir6.1
(5’-CGCATAAGAACATCCGTGAG-3’ ¥ 5-CAGGAAT
GTCCAGTTGGTGA-3’), Kir 6.2 (5-TGTGTCACCAGC
ATCCACTC-3> ¥ 5’-CCGTCCTCCTCAGCTACAAT-3’)
SUR1 (5-GCTGGAAGTCCGAATGGAGT-3* ¥ 5-TCTG
CAAGGCTGTCATCAC-3"), SUR2A (5’-TGCTGGAACTG
ACGGATACA-3’ ¥ 5°-AAGAGACACGGTGAGCCATT-
3’), SUR2B (5’-GTGCAGTGAAGAAGGTGAAC-3’ ¥
5-GTCTGCCGTCAGAATAGTGT-3), 77} 1 L& $&
mixture®]] 1 yLe] WH3-A]Z] cDNA reaction mixture$} 2.5
unit®] Taq polymerase (Perkin-Elmer Co)E ¥& & &
FE 50 uLE £ 531 30 yLo) mineral ol F
Sl & DNA thermal cycler (Perkin-Elmer Co.)E A3}
PCRS A&ttt $%%® PCR 4H&E 10 uLE 1
agarose geloll 7|95 § H&HTh

2 ug< oligo dT (16 mer)E
%

2, o\

N
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2) Western blot analysis

B3 2ol A Lysis Buffer (10 mM Tris-Cl (pH 7.4),
5 mM EDTA (pH 8.0), 130 mM NaCl, 1% TritonX-100),
0.2 M phenyl-methyl-sulfonyl fluoride, proteinase inhibitor
cocktail & W Fol| 3087 T F YA FFds
%3} Biorad protein assay kit (Bio-Rad Laboratories Inc.,
USA)Z ol§3te] Bulde 223 ¥ 23R =A Ou”
650, Beckman Coulter Inc., USA)9] 595 nmol| A &3
2743t Bde 3P gk Yol By ¥
7217199 3}aL Nitrocellulose paper (Immobilon, Milipore
Co., USA)E A 7]0]F (electrotransfer)S A 8§ 3} t}.
A7) o]F @ =S blockingEW (5% skim dry milk in
TBS-T buffer)ol] ¥ ] cold chambert§ ol 4 12A]7} shaking
39t} Blocking &S A A8t Y214 (Santa Cruze
Biotecnology Inc., USA)$! Kir6.1, Kir6.2, SUR1Z} SUR2
2 1:1,0002.2 3|43 blocking £ (A-&)dl 3A 7 F
Qb ¥H3AIZ1 ¥ 1 X TBS-T 9 (20 mmol/L Tris, 137
mmol/L Nacl, 0.5% Tween 20)°.Z nitrocellulose 2= ¥
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31087 33 AFsA. 283 o]ZF FAQ goat
polyclonal IgG (santa Cruze Biotecnology Inc., USA)E
1;1,0002.2 843} blocking & 9| nitrocellulose ¥-& %
I 247 ERF HREAIA FAE ZFAIZT | X TBS-T
£ 0 2 pitrocellulose TS 10E7F 31 A2 5te] nH]E 0]
Ao 2 A de FAE AA AT A F o
o}l TBS-TE A|A3F3L ECL Western Blotting Detction
Reagent (Amersham Bioscience, USA)Z Z&3¥Th

[¢]

B A B2 2R Ay 2F XS FE F
8l 22 Hank’s balanced salt solution
(HBSS) ol A ZA Aetet & 15 ml twbedll &7 1000
rpmol| A 37 LT st S AL A AT A
3} tissued] HEPES (25 mmol/L), penicillin (200 UfmL),
streptomycin (200 ug/mL), collagenase type IV (1.5 mg/ml),
DNase (0.2 mg/m))E HBSSell W11 37C F2elA] 3441t
wj ettt 83 4stE 228 93ls o83 3}
Al EeiA TG AER L2 F 2000 rpmol A 523
AL F54S AASI o3 THA] Phospate-
buffered saline (PBS) 2.2 oA YAE] 3l A5 A&
A AT RolA A EE 10% fetal bovine serum©] &
Dulbecco’s modified eagle’s medium/Nutrient mixture F-12
ham HiFH A F-FAIZ) F 37T, 5% CO, L7191 A wh
FeHAL, 2448413t 5 gAY S wBGIT

BN

4 A7 A3

Karr 329 #7130 SHYEE 4317 93l
patch clamp 713 ] whole-cell modeS AH&3}3th Al
o A&sl= FElA=2 borosilicate 2] A|E (TW120-
4, World Precision Instrument inc., USA)|lom =¥
puller (PP-83, Narishige Co., Japan)E ©]-8-3}¢] 3-5 Q<)
AES 7MAER g G 71 (MF-83, Narishige Co.,
Japan)3te] AF o A&t dth HHY 1A FH7|=
Axopatch 200 A amplifier (Axon Instrument Inc., USA)S
Ao, SE 8 ARE analog-digital HE71E A
A AFE ) AA3H L, pClamp 8.1 (Axon Instrument
Inc, USA) Z2 O3S ALEste] B4stqr.

9 NEE =3 #@vE9d FAE BFY Fx2d
AAATAL, 202 bl F2o} FAe BF wd
de =2 ARAL G FYAF HEY) &4
o] 24 (F¥E= mmol/L)& KCI (110), KOH (30), MgCl,
(1), CaCl, (1), EGTA (10), HEPES (10), Na;ATP (2), ADP
0.1), GTP (0.5)°|™ KOHE o] &3l pH 728 243}
Ark. 2 &AL A E AHESAE sealS HAA]
71E @Al AR & &89 24 (Y= mmol/L)
© NaCl (134), KCI (6), MeCl, (1), CaCl, (0.1), HEPES

P

(10), glucose (10)°]™ NaOHZ o|&3}e] pH 74% =73
&3tk Whole-cell modeol M Kare 525 T3 ZF A
FE A 3] A8 AHEE 2 99 24 (BT
mmol/L) KCI (140), MgCl, (1), CaCl, (0.1), HEPES (10),
glucose (10)°]™ NaOHE o|&3}o] pH 742 ZA3}IS]
t}. 17p-estradiol¥} glibenclamide= 2& ¥ 10004}
2 gEolN A3 Ao 34 ate] ALE-3HTE. Whole-
cell model| ] BKc, 329 €48 AA} ] Hsto &
AT &l Z o] chelater?] EGTAE A3}
o} FAHde 60 mVE ARG eH, 7128 AFe
1 KHzol| A filtering®+ ¥ 5 KHz2| sampling rateZ 3
ste] 4o A&t

£

A 2FH B A 2xH oM RT-PCRE T
Karp channel®] ©}3 9] 7AAM A Kir6.1, Kir6.2, SUR 2B
AT 233 A4 A oM 2F @do) 9o
U, SURIF} SUR2AS] W& Holx] gty AEIE o
A w3 A ENME FU AAE BT Fig 1A).
Kir6.29] 4ol &8 Aol7t Q1o B2 & U
2 At AF 2FT Aol Lds RAFo
(Fig. 1B). ©uido] A o] W& }o]E H7] $)3] Western
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Fig. 1. RT-PCR analysis of KATP channels in Myocytes. A,
Analysis of mRNAs for the presence of Kir6.1, Kir6.2,
SUR1, SUR2A, and SUR2B in the uterine leiomyoma
(M), normal myometrial (N) tissues, primary cultured
myometrial, and leiomyoma cells. B, Expression
analysis of Kir6.2 mRNA in tissues and primary
cell cultures. Data were normalized to GAPDH
expression.
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Blot< Al#3te] Kir6.1, Kir6.2, SUR2E A4g ZE7} 4
4 Al 2ol B ko] 919, SURIY WEe ®
|7 %4t} (Fig. 2). SUR29] % o} o] FHEE ¢
A} A 7F glo], SUR2A9} 2B T+ & & §lI
(Fig. 2). Karp channel®] o}3<] W& o X+ SUR2,
Kir6.17} Kir625 A4g 2ENA AF 22AHT

g GAHS BT} (Fig. 2). AS 2204 wdd
chamnelo] A}g29] 7] 2 2o F23 J2EZ
o Bhesh=rHE 2] Y3l 7] AelstA Ad
AstgTh AlEe Agke ebget Ak (60 mV)L
A3 A AFE SHSAT HA AEe R 1
FE9 140 mM KCI& F9354 S ], whole-cell mode
oA K o]0 oplsle WA HF7F BEEAoH
(Fig. 3), o] 10 nM9] JZEZAS AT F LA
FFAZIE 2 WY K AFE 9SS KA
FZIA Kare channels 53+ ARE A3 A}, A4
2] Karp channel X+gHA|S1 glibenclamideS Fojshe] of

MM MM M M M HNMHN
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Fig. 2. Western blot analysis of SUR1, SUR2, Kir6.1, and
Kir6.2 in uterine leiomyoma (M) and corresponding
normal myometrium (N). A. Tissues, B. Primary
cultured cells. Beta tubulin was used as internl
control.

50% B=9 WY K™ AF7F 744 BFsd o
ROZ AZTFA 2EZA =

oﬂ /{-“_:‘I_E']—g] KATP channel% %‘?} @
e AS ¢ F At

140 mh KCI
[ & 10 puhd
: Glibenciamide
. 10nM
Y Estrogen .

) zec

Fig. 3. Effect of estrogen on Karp channel current. Estrogen
(10 nM) was applied in the bath solution containing
140 mM KCI during the period of the bar indicated.
Membrane potential was held at -60 mV, and the
current elicited by the channel openings was shown
as the downward deflection. The dotted line
represents a level of zero current.

al

1]

£ AFE AS7AA AS 2F ] Karp channel o} o]
T3 A7t §lol, AT 2FelY B A FellAe
Karp channel®] & 9&& gejet $28 o=
AZdd. AREL Ag 22A4H 2w FAAY
Kare channel o}& 9] EAE E1stx, T3k YA} v
ANEE 53l 9d Az 2F AEAA 19 EAE 9
atarat skgl.

g BELe] F5o #ofshs K channel 2+ Ca”™-
sensitive K* channel®} Karp channelo] ¥-ZHt} o] F
channelo] B3| AFg4EY e HMEE ol 1, vhf
2 o] chamnelE°] €9 FEo| AW 555 Wl
T FobA Ay & F5o] FiEshe 27359 A&
o]l Karp channel opener’} AHE= 1 Jth® 22Ut Karp
channel> 7 ZZA "tk 1 o}Fo] & 4 St} o]
channel-& octamer®2A] 22 4712 FAHE 22579 of
ol inwardly rectifying K™ channel (Kir6.x)¥} sulfonylurea
receptor (SUR) subunit®.2 TAE T’ Kir 0}8-L pore S
#4381, SUR o}FEL 24 Zgo] #HARL" Kapp
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channel> ATP-binding cassette superfamily®] 3}= Al
X o|2E2 2 A 7|[EFHOZ A¥XY ATPY ADPZ
£ nucleotideol] 3] EAo] ZHHE vf AEW AL
o Az #7134 SAEE Adsied F8§ o]
522 2484 Atk Kap channel& F=HAlo] X3
AZ AHE-EE sulfonylureadl] ]3] I EAo] A H
™, benzopyrans (cromakalim, levcromakalim, pinacidil),
cyanoguanidines, thiogormamides, pyrimidines (minoxidil)
712] 3 benzothiadiazines (diazoxide) 5ol 93] 43t
th'M? ole ol E (Kir6.1, Kir6.2; SURI, SUR2) 247
02 xog oy 2ASA teksiA Exd.
2 HER ZAXE Kir62/SURICE TAE, g%
53 =714 channel BAlo] £0]50] Ca™ FYS 2
& Qeds EuAg 242 4 *c!%*ﬂ“ﬂl/\i%
0] 0.2 Kir6.2/SUR2A type2] channelo] Tt} T2
Y B A2 Karp channel e Kir6.13 Kir6.27} %3]
oioh o2 A £E8H o] mE 1 2AVHE FEE)
e da a2 H e EH7H b Mk A%
0}“:1 ol A Qi %l 014}—” Ca"™" channel < 1- Ca”™

Ay
o H:l ﬂ

o) %

1:‘! \_ =

= ii °‘E%7<4 q 19401 A ZAA Q] FA A

= Kir6.13} SURI®] F2 #FZH A, SUR2E st

B Bt I W 2oME 2 £3E9 W

TE Z243d0n ¢8A4 doy 2Ang gE o)

channel 58] 983 B3rlo] 1 7]He] thE Ze Hl3|

olasl7]7} ojfth. 1¥BRE 1 23 AA MY T4
o

o] o]FolxA] Fettd TE FHoAe AFHE JTS
FFE 4 flol, & AFIM e A7 BEZANAY Kare
channel o}& S AT A7 A7 & AT 2F 24
ZFolA Kir6.1, Kir6.29} SUR2BE Z4139921} SURL
7} SURAE HOJA] eiott). o3& MEE YA} ujj kst
A A E sEs 275 RAFAT (Fig. 1A).
Kir6.28] 4% T8 Aol7} oy oy AES ut
B Ad9gste 2do] EAste A& FASAT (Fig.
IB). o’¢e] A¥e $olA ﬂ%‘a’ FAYe b2 2
#4E Holu, 8% HETHe fAS 2HE E‘R‘Wr. @
WA o] wE T} A 7]"3]% 17] ]3] Western-Blot
S AFste, A ZEH R4 AT lfﬂrﬂ e xf
o] o}¥ 9l Kir6.1, Kir6.29} SUR2B EFo| A A& &
oA o Be Ui JEE i‘#—’?ﬂ’i‘:} o]& Karr
channelo] A3 2F9 TAT F2o Fag TS g
o= As gt stk o]z W@ zto|7t A
1}%54 A 2FAA AE *Wﬂr 5“01 5‘]'017]'
< & ddojgt & & WAt oA
AZ B ZF A K" channel ‘1]31- "éxohﬂr %’51
ZATGE R FEI uel Aotk dE 54,
receptor-coupled, H%}-2]E4, Ca”-9EA K channel°]
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SAEL

53 B AT= AZ7HA AF 25 Karp channel o} o] 8t AF7} glof, 2w oy A4 A4
2o A9 Kare channel®] EAj9} o}g o] FHE FQlsty, gk Ld| zfo]E FQlstaal st

AT B AT IFOE AT FEES AldskE 10499 $AE ez g 2EF A3 HA
Ag 2AE dol APy, T3 A AZuSE A ATy e S47] 599 #H]7] 542
stk 22 3 Axpuf %A Eol| A Karp channel o} ¢] RT-PCR, western-blot 418 3t2™, Kapp T2 A7)
A9l FNEE =43517] 915} patch clamp 71'H 2] whole-cell modeS A3t}

A3} : RT-PCRE 53 Karp channel?] o}& 2] 7L A Kir6.1, Kir6.2, SUR 2B Az 233 ZA 247
oA 2% @&o] il o), SURIT SUR2AY] 32 Holx] okokn AHEE Yz} wjuddt A EoM= 5Y
3 A2 BT} Western Blot H4]0| X Kir6.1, Kir6.2, SUR 2+ A3 233 A4 A5 Zo|A BT ddo
A3, SURLY] HHL Ho|A 949kt Karp channeld] o}&¢] &8 kit & SUR2, Kir6.13 Kir62E A&
22N AF 22ARY =& B8-S B Yt whole-cell moded]A] K* o]&0] ob7)eh= W34 AF7F B2y
RoH, diEZA =EA] 27| AEAD HEE] Karp channel S 53+ AF2 F71E S8

4E : B dFNAME Kare channel o}F & 543 A 2w 25 B A3 ZA Kir6.1/SUR2BS
Kir6.2/SUR2B7} EA5l= A& 3o, T3 27 &% HENA Karp channel®] T&o] F71ss 21519
th o] ARE o] g3l AT F AE FAY 2d 7|HE weled =g HElg A4H, FE Kaw
chamnel ©]& 52 24 QAE o] &3 A7 =F A7 o]&T 4 o} AlgdT

O:

génlE'LO{ . X]’%E‘%:, KATP Channel
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