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5 E. ALBERITL R ATP HU A (mitochondrial ATP-sensitive K, MitoK ,p )i i X B i A flL < lIL{”lﬂ)VEﬂﬁ’t’!(alrway
smooth muscle cells, ASMCs)3 4 (1) 5% W7 J H#LHl . 36 2 Sprague-Dawley (SD) KR BEHL 74 i 2H(n=18) FlIEH
(n=18), W 2H K B B i 25 1 (ovalbumin, OVA)EM&A&&M’JT&%J%%%ﬁ?ﬂ, IEH R RIS A R K Ex
BHKBIMHL, 538 ASMCs #ATRIE, BFEARSD 6 4l AT T (1) IEH 4L (2)IEH + MitoK ,rp 3038 T H)
diazoxide 4 (diazoxide Zl); (3)1E# + MitoK ,rp i 1 BHIKT 5 5-HD 41(5-HD 41); (4)%#Hfi(asthma)4l; (5) asthma + diazoxide 41;
(6) asthma + 5-HD 41, #|H Z'FF#H(Rhodaminel123, R-123)%¢ )64 a . ¥ 3 5 A B 1 e A5 A0 il 4 A B A2 (AP )
DCFH-DA %t 42 (07K 0 41 B P9 375 1k 4 (reactive oxygen species, ROS) &, RT-PCR ¥l #% X 1 kB (nuclear factor-kB, NF-
«kB) mRNA [P, J 40 SR 40 8 TF MTT A 0040 s 5 1 ol 45 B7R: (1) Diazoxide 415 1E % 4lAH L,
R-123 98 JoRBEIBR, APm LMk, ROS K& NF-«xB [RIEM &, M2 . WA (P<0.05) 1M 5-HD 415 14
ML, ERIERBLEFEER, Q) SIEWAME, Asthma 4l R-123 Z86ME R, A¥m E#4k, ROS K NF-«B [
RIEWw, P2 . Wk (P<0.05); Asthma + diazoxide 415 Asthma Z{AH L, R-123 %A AYm LMtk
Hom, ROS M NF-xB Rik#m, g% . Mo (P<0.05);, Asthma + 5-HD 415 Asthma 4140, R-123 38
SRR AYm EMRNHGS, ROS K NF-xB FIEFEAC, 4iMukgiEm b, FTo8 2 (P<0.05); (3)# 41K ASMCs ) R-123 ¢
65, NF-xB mRNA FiEHR 5 ROS FREMLEIEMIE; MTT MBOLE {5 NF-kB mRNA Rik | 2 1IEMIE, W4y
535 NF-kB mRNA £i5 5 2 GG, BLESE RS, B nf 5 A L ASMCs (¥ MitoK xrp BB FFBU% APm E44k, A¥m
2 Ak e 3 ROS (MFRIE, ROS MHEME MRS 4 TR NF-xB Rk 80, #Eii{eidt ASMCs ¥4, S5 EEM.
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Regulation of rat airway smooth muscle cell proliferation by mitochondrial
ATP-sensitive K" channel in asthmic rats
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Abstract: The objective of this paper was to investigate the effect and mechanism of mitochondrial ATP-sensitive K™ (MitoK s1p)
channel on the proliferation of airway smooth muscle cells (ASMCs) in asthmic rats. Thirty-six Sprague-Dawley (SD) rats were
randomly assigned into 2 groups (18 in each): (1) Asthma group: the asthmic rat model was established by ovalbumin (OVA) sensiti-
zation and excitation; (2) Normal group: rats were subjected to inhalation of equal amount of normal saline. The rat ASMCs were
isolated from fresh lung tissues and cultured respectively as follows: (1) Control group: normal ASMCs were cultured under normoxia
for 24 h; (2) Diazoxide group: normal ASMCs were cultured under normoxia for 24 h with diazoxide (an opener of MitoK,rp channel);
(3) 5-HD group: normal ASMCs were cultured under normoxia for 24 h with 5-hydroxydecanoate (5-HD) (an antagonist of MitoK yrp
channel); (4) Asthma group: Asthmic ASMCs were cultured under normoxia for 24 h; (5) Asthma + diazoxide group: Asthmic ASMCs
were cultured under normoxia with diazoxide for 24 h; (6) Asthma + 5-HD group: Asthmic ASMCs were cultured under normoxia with

5-HD for 24 h. The mitochondrial membrane potential (A¥m) was detected using Rhodamine 123 (R-123). The level of reactive oxygen
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species (ROS) was detected by DCF fluorescence. The expression of nuclear factor-kappa B (NF-kB) mRNA was examined by RT-
PCR. The proliferation and apoptosis of rat ASMCs were examined respectively by MTT colorimetric assay and cell cycle analysis.
The results were as follows. (1) After exposure to diazoxide for 24 h, the R-123 fluorescence intensity, the ROS level, NF-kB mRNA
expression and the MTT absorbance value (A value) in normal ASMCs were significantly increased, and the apoptosis of rat ASMCs
was significantly decreased compared to the control group (P<0.05). However, there was no significant changes in those indices after
the normal ASMCs had been exposed to 5-HD for 24 h. (2) In Asthma and Asthma + diazoxide groups, the R-123 fluorescence
intensity, ROS level and the MTT A value were markedly increased, and the apoptosis was markedly decreased compared to control
group (P<0.05). These changes were more obvious in Asthma + diazoxide group than those in Asthma group (P<0.05). 5-HD partly
weakened the effect of asthma on the R-123 fluorescence intensity, ROS level and the MTT A value and the apoptosis of rat ASMCs
(P<0.05). R-123 fluorescence intensity and NF-kB mRNA expression were positively correlated with ROS level. NF-kB mRNA
expression was positively correlated with the MTT A value and negatively correlated with the apoptosis of rat ASMCs. All the results
suggest that the opening of MitoK ,rp channel followed by a depolarization of A¥m contributes to the increase in ROS level and NF-xB
mRNA expression in rat ASMCs and to the unbalance between cell proliferation and apoptosis of ASMCs induced by asthma. This
might be a mechanism of the development of airway remodeling in asthma.

Key words: asthma; mitochondrial membrane potential; mitochondrial ATP-sensitive K channel; reactive oxygen species; nuclear

factor-kB; smooth muscle
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1.1 EEHRMMNIE  FE¥(diazoxide). 5-F2
ZPR(5-hydroxydecanoate, 5-HD). DY FF Al R M 5
(MTT). %]} 123 (Rhodamine123, R-123). —H
WA(DMSO). LA EE(PD) . 2,7- A & %t
W LRWI(DCFH-DA) T Sigma Awl; mibl
DMEM #7354 M 3406 T Hyclone A w5 /)
R PTVLEN R A (a-actin) PRI T A w]; SABC
S AR A& . Taqg DNA 4. dNTPs. il
ek BE(M-MLV). BEHLS]¥)(random primer). 3/l
BT AL A2 A v PCR SIH). WZ -

actin 5|3t LA TAEMIEOR A wl A e L4k
FB) A = oyl ORISR £ BB (Leica SP-1,
USA). FEECAREZERIMAL . FACSort 793 = 41 e 4%
(L BD A7) E1Z 5 HT{X (HPIAS-1000 2Y). PCR
{%(M1J Research Co.). MUVB-20 &¢/5 8545 5381 248
(Ultralum). WD-9403C A8 4MNE N . DDY-
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1.2.1 XEHEFBmEDR T ¥
Sprague-Dawley (SD) K 36 H, 1A% 200~250 g,
H AR R RS R B B 22 B s i s i ek, Bl
BUo it 4L RIS L, 2 18 W BEmG Al §%
SCHRU5 v R U B . 5 1 RO P
JZ R 5 1% 9R37 2% (A (ovalbumin, OVA) LR 1 mL
(¥ OVA 10 mg FIE AL S 200 me) B, TR I s
TSRS B HEF B 1 mL (29 6x10° SR
JVER, ER 8 RESZEUH 1 X, 15 RIFIHHEKR,
R RUCE TR AL N, H 402 BG83
BN 2% OVA AP K 50 mL, &% 30 min, %
KB, #E14 d, KRECHIUBUEE . .,
WP IR N PR R 450 2 5% 2 4 W Wiy R AT R A WO e )
YRR DUAE R A B AR KA OVA dE 4, BRI
A 50 mL ZEHEER K 2 4.

1.2.2 HpaLEF K RRBH R, BOH RG24
20, e REE T, B AEPIILAZ, B
P B TR s R (1 mg/mL) . AR 1§
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(1 mg/mL)~ 10 mg/mL )4 1MLy [ & H (bovine serum
albumin, BSA) 1) D-Hanks #{+'7H4t, 37 °C. 15 min
J5 H & 20% JiG 25 3% i DMEM £ 14k, AT it
V&5 AN B BB Rl T 25 mL B 78, BT 37°C,
21% 0, 5% CO,. 95% WBE IR F-A T R 9% 4 d
JE ML, AR IE, 5~7 d JEITaR A&,
10~15d EHFEA, 2 “EMR” HES. 9
Rl JE T 0.25% MR iV A0 40 M R AT AR ARG 5 .
SR AR 3~6 ARAH L, SIHG IR 40 i 1 4T o) B
K.

1.2.3 ¥ E  HEFE DB T Wi,
0 M BRI IR 21 90% J5 BRI “UERIR T AR,
S-P ¥AF a-actin Jiik G 2l U2 g o o FHE, %
E N ASMCs'Y,

124 @RASAFAYTFM K ASMCs 734 6
4. EHEH: EH KR ASMCs, BIEw+H Hn
DMSO, KKEH0.1%; IEH + diazoxide 4l
(diazoxide 4): IE% Kl ASMCs, IR MA
diazoxide (MitoK ,p & [FERFEPETF IR, ZEKR A
100 umol/L, ‘E¥ T DMSO, DMSO 7£ DMEM £
TR AL R 0.1%); IEH + 5-HD 41(5-HD
4): IFEH KB ASMCs, BFEWRTMAS-HD
(MitoK ,p I ¥R BHWT ), 29K 500 pmol/
L, H#W T DMEM ); BEmwdl: B oK i
ASMCs, FFEHT I DMSO, ZKREEN 0.1%:;
Wi + diazoxide ZH: WM K f ASMCs, 578+
A diazoxide, #¥/%7% 100 pmol/L; WENf + 5-
HD 4. B0t kil ASMCs, B8+ A 5-HD,
ZUEE ] 500 pmol/L; BL EFTUE ¥R 5% 24 he
1.2.5 KB ASMCs £ {4 f% B {i (mitochondrial
membrane potential, Aym)BJ# KH % P
% F A (Rhodamine fluorescence)™. -2H 41 Jil 5
D-Hanks ¥R 720 oE T34, LG sg i 2 e
JE, 5 R-123 (ZHKFE 10 ng/mL) 37 °C @G H 30
min; H D-Hanks ¥R AR 40 B e () R-123 phet-
A, FEHOGIE R A BB MR R-123 986, 488
nm UK, 530 nm I EGI. R-123 %865 Aym 2
LMERR, B Aym Ak, R-123 5L
3. F D-Hanks %00 & (140 Mo flont e, 25 S H
HPIAS-1000 %4 44 53 B 7 7

1.2.6 DCFH-DA WXL EEME ROSKFE  4i
JAE /S AU B BE 500 4 R 3005 S RTRT  AE AL 3
IR T A G, ALK 20 pmol/L DCFH-

DA ) PBS ¥, 37 °C &G H 30 min, HZGE
T BT ST % . DCFH-DA A 3E A 41 i py 7K
fits Ak, TERGEPZEH DCF, 4y ROS )
KRB . B, w40 ) DCF 1734758k
o T S LA i Y ROS ZKF-. DCF 1] % 4t
P, 4% HPIAS-1000 %Y B 45 50 M o #r o
1.2.7 RT-PCR #2|#% & F -«xB (nucleat factor-xB,
NF-kB) mRNA K W4E4 i, RH TRIzol —
SR S RNA, HUE RNA 1 g, LA Oligo(dT)
HJ51¥), HM-MLV WS/ 42 °C i35 ik
cDNA, DL cDNA AT PCRY Y. FTH 5 190751
H: NF-«B Ll 5~TCCCCAAGCCAGCACCCCAGC-
3', N 5'-GGCCCCCAAGTCTTCATCAGC-3',
PP K 335 bps B-actin AN Z, LiiFs'-
TGCTGTCCCTGTATGCCTCT-3', Fif5'-
GGTCTTTACGGATGTCAACG-3', § i = 4 K: 462
bp. NF-kB PCR [V 4&ff: 95 °C T4 5 min,
94 °CAxPE30s, 65°CIEK40s, 72 °CJEMH 1 min,
PEIN 32 K, PEEE S 72 °C ZE{H 10 min. B-actin
PCR i} 53 °CiB -k 30 s, fH¥ 30 &, RS
NF-«xB A, PCR F=#I7E 1% LENEWH B bk,
L B-actin K BHPE XTI, £ A% 43 AT 2 48 A4
Sy B EF, DA %5 5 I0D /10D e LE
E AT - 58 BT

1.2.8 MTT ;EH MRS 75 96 fL-T 4l
B FEMR At ASMCs iR FE 204 1x10° 4 /L, 4541200
pL, 7E37 °C. 5% CO, 554 FHEFE 24 he KK
J2 G TE M ) DMEM R 7= 56 A 254k 24 he 4341
5wy A ar. S48 6 fL, L i s AR
%200 pL, B THEFEM TSR TH4gR)G,
JIANMTT (5 mg/mL), #:4L20 uL. & T 754
H14 h J5MA DMSO JEi 150 uL/ L, #<%% 10 min
SE IR S DR S 2 A A B 490 nm
e 2L A RO BEARL (A )

1.2.9 RAHAEAEMNMEMRAT  HREHRS
IYUHERT . A 0.25% Bl 1k, B3
i, PBS PEE 2K, B 5 min. P TA
70% LFE2 mL [, Ak EHLETPBS Ut
[ & W, F 100 uL PBS IR M40 M Bk 5,
A 10 g/L RNA i1 100 g/L PI k44 (% 30 min. HX
1x10° 40 s AEFAC2-Sorti 240 i A% _E 34740 it 7
243 AT (CellQuest A1) o
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i AR ST D I O i R B S o/l % T
A . o-actin 4 G b 22 Y R BAYE . %52 %40
JL S LA B 1) o
2.2 Aym BIZE 4k

LI H X 41AEE, diazoxide fff ASMCs L
MitoK ,pp IE TFIK, KHA R-123 5265052 W] 2 1Y
5#(P<0.05); 5-HD X 1E 7 4f e 41 MitoK ,p 18 18 7
AR, R-123 98650 5 5 1F % A6 B 3% 7%=
S RGN 4+ diazoxide 4 EHS W 51 EIE AL
A0 R-123 58650 15 (P<0.05), HJ5# Ll
EHI B2 25 (P<0.05) MR + 5-HD 4l n] LL5 |k
MitoK ,pp T IE I A, 15 5310 8 27 i 48 5~ i JUL &4
R-123 96 HI/EH(P<0.05) (R 1. Kl 2).
2.3 MitoK,, BB X KR ASMCs # ROS RiEHY
A

EEH 4, diazoxide ZH41 i Y ROS ik B
B HE5R(P<0.05), 5-HD 41 ROS FKiAEA RN,
B2 2H 55 I 4A L, ROS ik B B8 55(P<0.05) ;
Ejeems s b, WENG + 5-HD 41 ROS Fik g B9
(P<0.05), BN + diazoxide 20 ROS iAW i 14 5%
(P<0.05) (3. £1) .
2.4 MitoK ., & ¥ X R ASMCs 1 NF-kB mRNA
E3ey=0k- A

100 um
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HIEREALE, diazoxide 204 My NF-kxB mRNA
FIEWR(P<0.05), 5-HD 4% H W B4k, B
Wi 20 5 1F B 41A b, NF-xB mRNA £k B (P<
0.05); HPEmisH LA, B + diazoxide ZH MY N
(P<0.05), H#Hfi + 5-HD %1 NF-xB mRNA FKiA I
59(P<0.05) (K4, %2).

2.5 MitoK,, BB KR ASMCs #5E & AT
Ip)

MTT it 4 AR A5 R B, SIEW A
%, diazoxide 2l A {H B #TH&, 1418 H 4k
362> (P<0.05); 5-HD 2H A {8 LA A8 T 40 it 7
b o2 Ak WEmE AL A E3 R, TITIAN M o)
Eb Uik (P<0.05). W0 + diazoxide 21 A {8 =12 i
A, PN oy > TG 2H (P<0.05); R +
5-HD 41 AEAR T BERG AL, 108 1240 i & 2 Lol 1
£ 2H (P<0.05) (£ 3).

4 1. Diazoxide. 5-HD #=% %3+ K K, ASMCs £k 45 .15
BN E R RSB Hh

Table 1. Effects of diazoxide, 5-HD and asthma on the mitochon-
drial membrane potential and ROS content in rat ASMCs

Group R-123 fluorescence DCEF fluorescence
Control 66.30+11.89 59.17+£10.59
5-HD 55.60+18.85 53.40+11.55
Diazoxide 149.70+26.86" 124.67+21.53"
Asthma 188.30+31.80" 161.05+30.04"

117.20+£22.917
230.40+15.13"

Asthma + 5-HD 116.50429.68"
Asthma + diazoxide 219.40+20.22"*

The mitochondrial membrane potential was detected using
Rhodamine 123 (R-123) fluorescence. The level of reactive oxy-
gen species (ROS) was detected by DCF fluorescence. mean+SD,
n=6. 'P<0.05 vs control group; “P<0.05 vs asthma group.

; B’ \ :-
T,
i
';{L‘__:‘ Y
L g 8 A“
g | ::..
- _;r'.
25 pm ey

Fig. 1. Appearance and identification of rat ASMCs. A: Typical ‘hill and valley’ appearance of ASMCs under phase contrast microscope.
Scale bar, 100 pm. B: Immunohistochemical staining of a-smooth muscle actin showed that the cultured cells were stained positively.

Scale bar, 25 pm.
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Fig. 2. Effect of mitochondrial ATP-sensitive K* channel on mitochondrial membrane potential reflected by R-123 fluorescence in rat
ASMCs. A: Control group. B: Diazoxide group. C: 5-HD group. D: Asthma group. E: Asthma + diazoxide group. F: Asthma + 5-HD

group. Scale bar, 50 um.
-
F .

Bl 3. Zohifk ATP U HIIEE X ASMCs 41 N ROS 52 (¥ 5% 1)
Fig. 3. Effects of mitochondrial ATP-sensitive K channel on the level of ROS reflected by DCF fluorescence in rat ASMCs. A: Control

group. B: Diazoxide group. C: 5-HD group. D: Asthma group. E: Asthma + diazoxide group. F: Asthma + 5-HD group. Scale bar, 50

pm.
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Kl 4. MitoK yrp JBIE X K Bl ASMCs ' NF-kB mRNA ik
S

Fig. 4. Effects of mitochondrial ATP-sensitive K™ channel on the
expression of NF-kB mRNA. 1: Diazoxide group; 2: 5-HD group;
3: Control group; 4: Asthma + diazoxide group; 5: Asthma + 5-
HD group; 6: Asthma group.

% 2. Diazoxide. 5-HD #=7%v# 3+ K & ASMCs 482, NF-«xB
mRNA £ & 698 f)

Table 2. Effects of diazoxide, 5-HD and asthma on the expression
of NF-kB mRNA in rat ASMCs

Group NF-xB mRNA
(I0Dy¢./10Dg 1)

Control 0.220+0.022
5-HD 0.210+0.036
Diazoxide 0.567+0.056"
Asthma 0.95240.080"
Asthma+5-HD 0.51340.090™
Asthma+diazoxide 1.279+0.042"

mean+SD. n=6. ‘P<0.05 vs control group; “P<0.05 vs asthma
group.

4 3. Diazoxide. 5-HD #a%% % X & ASMCs 20 /ie. 38 76 4= 7]
TR

Table 3. Effects of diazoxide, 5-HD and asthma on cell prolifera-
tion and apoptosis in rat ASMCs

Group Cell proliferation Apoptotic rate (%)
(MTT A value)
Control 0.151+0.010 16.91+1.42
5-HD 0.143+0.021 18.50+2.03
Diazoxide 0.213+0.420" 9.99+1.03"
Asthma 0.296+0.029" 7.68+0.56"
Asthma+5-HD 0.204+0.024™ 12.15+1.68™
Asthma+Diazoxide 0.377+0.0217* 4.59+0.51"

mean+SD. n=6. "P<0.05 vs control group; “P<0.05 vs asthma

group. A value, absorbance value.

2.6 IBFREXMES
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RIEFFIIMTT ) A {5 NF-kB mRNA £ik &
EIEM K (r=0.733, P<0.05), -4/ E Y
NF-kB mRNA ik i 2 7 AH K (r=-0.774, P<0.05).
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i Aym BT A ST A5 B BN, NG 41
diazoxide 41 K i ASMCs _E MitoK ., I8 T, Aym
oy EAl, P LR I (BERG + diazoxide 41) 3L
SRR S, O O B I A R T LA A
BEAE L, TS MitoK ,pp 1 18 FF
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fiat, s A h3Eo,). BEHhIE(OoH),
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£ ROS P 5 3. SEGERE R4k,
W W I, A R S A B T AR R K P R K
ROS, sl <iE bErHifh, ¥5'5 ASMCs H4:,
R 34 1 Wi 1) 2 e

A2 KB, BEFE MitoK ., M1 IT I,
I 15 4 A1 diazoxide 41 ROS f*/E %, NF-xB £
k%, ASMCs AN Z . TR, WL
1EH (B0 + diazoxide 1) AR E W 5-HD 1EN
MitoK pp 138 O FI ) ) 30055 L AN s H R-123 %1
S, NF-kB mRNA #iA#H ROS KA 2 IEAH
. Diazoxide 5/#2 ROS F=AEfMLEI, W RER T
MitoK , rp 338 T FEOAHE K PN L 170 3 S50 o A4 5 T R A
A, A AR S BN A AR A H I ) R e R
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Btb Ot B A, D R R AR AR )
JEUO S AT HEN, R 4 AT RS T ASMCs
B G I MitoK ,qp T8 38 TF SR BE T 0 P WL
ROS I3 IAHE 2 . ROS 21 NF-«xB [F KA £ ] fig
S L A TE S L AL El 2 — . ROS {2 ik
IxkBo WA 12 A IFAT LR AA, M0 NF-
KB 4 AT PE . NF-«B 2 41 i Py 2L A e sk s A
MM N, AdEm gt , NF-aB AL T4
MO, 5B & A 1kB 45440 T ARm IR &
2 B 57 B 22 34U SE AN RAT 5 R kBoup B 1 11
3G, A NF-«B #EAAI IR, Jflid 5 NF-«B 3
SRF KA B AR ELAE R SR R k. R
B, NF-wB 255 B K A8 FA, e dk B
ASMCs 5™, ARFFTHAE Lk, MTT (9 A {H
L NF-xB mRNA F£iA 5 2 IEMSE, FT-41eE 4t
5 NF-kB mRNA RiX&EEMAMKL. dbal i,
MitoK ,pp T [ TF 180 PT e 22 55 ASMCs IR 5 [ Y,
/e ASMCs B3 i v B2 E R, X Rl
AN R RIE T, P nE TR EM .

zi BRTIR, BENG K B ASMCs b MitoK ,p i34
FFI, Aym iR LAk, 3 ASMCs 1 ROS &
kW%, ROS Al NF-«B HI3H0E I H 2 ik 1
T, HEmG I ASMCs I £ . T, S
HAIEEM . b nT WL, 3P MitoK . 11
Y A B 5 it s R T A PR B AR B A it
FTIRE I o R AR S 630 e S T K R B AR TR T 9
W R AR L], H R WP BRI MitoK . 1 3E
ASMCs B I 2, i MitoK . 118 75 W Mty K 2 Kk
JeE b AR A Rl — IR
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