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2ARMER K FAMEFRARFHE AR EHMT 221000)

[EEF] BREG 16A; FBHERAETFEE, HREARR;, ST, SPRFLmib, DA%

[ E] BHE AR BELZESIARL (AMI) G, H i 3d s LR 4 4 4 e+ 585 & 16A(TMEM16A) & &
B AAFAEG Hm, ik R ZRA(FeCly) #H K £ BARFRAT B 3 (LAD) et T x84 7 sk 3 2 AMI B2 A |
AMI RJG 4 h R B2 AR F S BN AMI AR, AMI G 24 h 5 B SR Fhmin, A TEHRALTE
PCR(qRT-PCR) B & At ] M2 TMEMI6A #9 R X A M W n R E T, BR SR AmFRaim,
AMI ZLAU45 3 & 1(cTnl) LB 8B F) TEE(CK-MB) A= L & & (MYO) % B0 B9t & ; £.6 F 4t 53 (LVEF) 2
Z T B[ (53.4+1.9)%,P<0.05] ; TMEM16A A B &35 2 %91 5[ (1.59+0.15) %, P<0.05] ; TMEM16A 7 5% 84 & % 3%
JEU B 3875 (P<0.05) , FIBLE E A +20,+40.+60,+80.+100 mV B, ¥ 7 3% E 5 5] 4 (1.58+0.67) pA/pF. (3.69+
1.26) pA/pF.(7.60+2.14) pA/pF.(12.94+2.38) pA/pF #2(22.19+2.61) pA/pF., it 12N B 38 MUK 4F %t 2m i
F &35 TMEM16A KB, e 77 L3 TMEMI16A A B &k, FB LI Hra S PR T LM PSR FAE Tilil
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Expression of TMEM16A and its significance in cardiac fibroblasts
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[ ABSTRACT] Aim To investigate the expression and function of transmembrane protein 16A (TMEM16A) after a-
cute myocardial infarction (AMI) in the left ventricular fibroblasts of minipig. Methods The AMI models were in-
duced by ferric chloride (FeCl,)-induced thrombosis in the left anterior descending coronary artery (LAD). Four hours
after AMI, the infarction models were evaluated by enzymology and echocardiography. And, twenty-four hours after AMI,
the TMEM16A mRNA level was measured by quantitative real-time PCR (qRT-PCR) in minipig ventricular fibroblasts; the
changes of current intensity were determined by patch-clamp. Results Compared with the sham groups, the concentra-
tion of cardiac troponin I (¢Tnl) , creatine kinase isoenzyme ( CK-MB) and myoglobin (MYO) were significantly increased
in the AMI model groups, and the left ventricular ejection fraction ( LVEF) had a significant decrease ( (53.4+1.9)%, P<
0.05). The gene expression level of TMEM16A was dramatically upregulated, and the current intensity was also signifi-
cantly enhanced (P<0.05). The amplitude of current was (1.58+0.67) pA/pF, (3.69+£1.26) pA/pF, (7.60+2.14)
pA/pF, (12.94+2.38) pA/pF, (22.19+2.61) pA/pF at stimulation voltages of +20, +40, +60, +80 and +100 mV, re-
spectively. Conclusions These results suggested that TMEM16A was expressed in ventricular fibroblast cells of minip-
ig.  Moreover, the TMEM16A expression level was up-regulated after AMI; and calcium-actived chloride current (/g ()

was enhanced by influencing calcium-activated chloride channels ( CaCC).
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Z M0 LA BE (acute myocardial infarction,
AMI) R E E B EOE O A R 22—, M B
W NSt I H AR 3R [ Ak LRESE
(5 R ABE T R BB AT R Sk
T8, O WURE AL A it 25 e 2 B8 0 J A, T 94 9 5 s 114
KRBT ETEAN T R A A SR O U SE
BT, BRTIR AR i Wi,
F5E AMI (9 2 SR AL 5508 i o 1 #0 bR B 2
B, RN R IS IR 16A (transmembrane
protein 16A, TMEM16A ) 2 fi% 1) 2 38 i %} T 20 it N
HNES T R G 32 | i 5 40 M T 1 e 1k B B
TEFIYT, TMEMIGA J7Z 404 T2 PP AL SV R 38
TN IE - 57 25 40 M B R0 58 | W5 0 U Y
ML S B VE A R W A 2 b AR P R 2 D) A
X, TMEM16A 1 A #7 it & B /03 38 26 1 &% % %
VEL L BFSE R, TMEMI6A 76 /) B 28 L 40 i
Ak, S 200 WUsk i vT 75 & 1 sh 7 L T
WA 7 A SO IR A, T Gk 4N i AE
CVFESE G O ILEF AR RO 0 & A Fn g i R vp
EEFEEIEMS . T TMEMI16A 7£/NEE O LS AF
e b RS B s IR M R RGE . AR5
RIT TMEM16A 7E/NEDSE O AL 2 2 410 i v 1) 22 35
i X, VAR e % TMEM16A A FIENRERYRENH

1 MEITE

L1 WM 55AE

NERE 8 R E THEAg, METR, KRE
25~30 kg, ¥ 8 RANA B A2 R AL, BF A4
3R AMI 45 A,

1.2 i

Trizol ( Invitrogen ) ; qRT- PCR 4 | A X 7] & %
JET TaKaRa;DMEM 355 3 & & 8 e R Bl B
T Sigma Aldrich;Eé‘ﬁFJﬁlFﬁim@ B Gibco,

1.3 AMI RBIHEH)

ARATR A 3% % Bt Z 40 (5T 4 3 3 oK) FRBE
TR AFRAFARTEEN, EFRE, TNERE
B A I EEERE L F (A E 0.5 mg/kg)
RN TR ATREHEE, AL BN PR
BB, MBNAEHETE, DB FBNKES
W78 EWMAEHEE, RIFNABMWEML, KR EH
THNN 20 em, W HE X, DB KRB AF
Fop FTOREN, RATAE®ROE,STREY,
TN B 00 B BT, 8 B
o0 ik BT & 3 (left anterior descending artery, LAD) .

HELAD & — M AXEMNLELRT, o F—ER
M A 509% = 4.1k 4k (ferric chloride , FeCl, ) ¥ 7 Y j&
%K, 45 min &, = B R M FeCl, & i 8y 78 481,
BF AR 4 RICE A BRAE GBI 0.9% A4 A
HORRE E T RE, FeCl AR ET A&
KW E, R ST #5 , fF ST £ 446 % 30 min,
X W BB
1.4 OAEgE

INE R REE, R B Y, B SR AT,
RN R RAERE J5 , T B %o N\ # ik ¥
BA(AEEZ:200) A TRMAMAFLY, 25 FTA
AT 30 min 5 50%FeCl, % K & % T % £ W 4 h, A
4 E kI S mL Y K fL, F 4 °CF 3 000 t/
min # % 10 min, R EEMFE A TNS E A 1
(cardiac troponin I, ¢Tnl) | AL 2T & & ( myoglobin,
MYO) 70 AL B 3% B [ T B ( creatine kinase isoenzyme,
CK-MB) & & A&
1.5 #BEOEhEE

NABFRHRBERE ATAEHEE AL TORR
P RE/DA A M EN, 5% 0w PR R AR
&AW FAER 2R T AR 30 min, K5 24 h #ATH F
W, RABHENS S S EERMNAEE & W7
A M A E G, KRB AN EK
HOCEASEEMAORAE DEVE, %%
% |A] [ (interventricular septum,IVS) | Z & F 47 7K H
H 0 E B EE (left ventricular anterior wall,LVAW) &
B (left ventricular posterior wall, LVPW) # J& & % 45
Fro EEENE T, BAESECREANMN(FEAEQ
W), & W &2 F W 4% H K AR (left ventricular
end-systolic volume , LVESV) | 7 & % 47 7K ] K &
(left ventricular end-diastolic volume, LVEDV) , it &
SV(SV=LVEDV-LVESV), & #§ LVEDV
LVESV, 5% A Simpson 3% Ml & Z & % 4t 1 2 %k (left
ventricular ejection fraction, LVEF) | 3 32, 3¢ Ml & &y
HAE,
1.6 DAL T4 H

/DB S 22 R B0, R BU 0 I, 2 4 PBS o
VeJE  BUES 4L SRR AR 1 mmx 1 mm B4R B
HRENALKRT 37 C.EENKBERGEFESY.
B AL 10 min, B3 HE 120 K/ %, B 10
min AN 1 R H AT, B R EZE KN 0.1% 1
Al Jo SR B AR 0.125% fk B, R 2 B 0 A P A% 0 4
MR ER, BRWMNHR, EE T3 K, B1
HARBERTEMATAEEALNRR, BX
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Hraha R R, BeAR SN EEM(A
BN L) T £, W B E TR 4R
BRTHOEF, I NFE NI RIK(20%FBS
DMEM ¥ 5230 ; Bt £l EFE R, LR, BAHE
NFE B E R, KA R & R e N B 20% FBS #y
DMEM 3 7% 7 "k 4T, # F# 2| 5~ 4, T 37 C.5%
CO, R P ME | h 230 A & & 05 A o AL
AR T4 28 JEL, T A L 2 Y R TG BE Y e e B
W, B PBS %ok, N A 20% Bs F v By
DMEM ¥ 5, SR O NLR Ak @i, &2 X
Vel 1 K, B3ty B ARG BLR 4 4 49 B0 8 T oRT-
PCR Fn i i 4 5L 56,
1.7 ¢RT-PCR #&il

# 1t qRT-PCR % 4 M & AL K 4F 4 %8 f
TMEM16A mRNA #y 3k 3k , 3% B8 Trizol & 7 3t %1 4 42
B L AR 4F 4 40 B B RNA, % 4h 4 o8 S8 B AU &
OD f&, H 0.5 pg & RNA, f PrimeScript RTase
kB A k% — 4% cDNA #EATH 3, S5 pl cDNA
Fe | qRT-PCR R & , 4% 40 T 4 3£ 47 PCR L ;95
°C % P 10 min, 95 C & ¥ 5 5,60 °C & K ZE f# 30
s, A0 NG, FHEXREHERBEE L, A
AL B F R 4 A1 AMI 41 TMEM16A mRNA
By A X % & B, DL GAPDH £ 4 W %,
1.8 FER G

Jy WL R T By R R AR T IR 3 A 4 MR AT
k. 751000 ms B Foly 12 A E 5 W BiF & 1k,
=100~ +100 mV, 3 #FEHJE K 20 mV, % & EH
F|-100 mV, ¥ £ i8] 300 ms, KA FE 5 kHz,
HARE T 2~3 MQ, H#E W H>1 GO, HHH (3
~8 MQ) # i 5 #ME (60% ~80% ) , B g 2 Hf (4 3
mol/L KCI) £ 7 % b v 4, 5235 o 38, 3% 21 B JiE v Vi
7 DA B L Y WL R R R (pA/pF) . £ R
& ( mmol/L): 150 NaCl, 1 CaCl,, 1 MgCl,, 10
Glucose, 10 Sucrose, 10 HEPES(pH=7.4) ; %1 i N ik

R 2. DEBREKNER

Table 2. The results of myocardium echocardiography

(mmol/L) ;130 CsCl,10 EGTA,1 MgCl,, 10 HEPES,
1 ATP,7 CaCl,(pH=7.3)"""" [ £ 342 % 0.22 wm B
JE AT IR 4k T80 Couk A F 17,
1.9 SritFatE

J Jf| SigmaStat , Jandel Scientific , San Rafael 71
CA R R B 4E, T EEIE U xves T, KA
LA B A T v B 2 A E G 30 A Ok 248 5 P<0.05
RTERARITFEIN,

2 &% R

2.1 i ALEEEERE T

ARAT eTn I .CK-MB F1 MYO F)¥e & Y75 1E 34 10
Fil, AMI ARJ5 4 h,liliE S ¢Tn I ,CK-MB FI MYO [
VB W TR, IR R 2 A5 DL 2R
BA G L (P<0.05) 3 BT AR LH O WUBE e BE 458
ARETTEH B (P>0.05;4% 1)

% 1. Mm% ¢Tnl,CK-MB 1 MYO iR £
Table 1. Serum concentration of ¢Tnl, CK-MB and MYO

- . ¢Tnl CK-MB MYO
(pg/L) (ng/L) (ng/L)

NIl 8 0.02+0.01 1.23+0.57  259.48+167.49

AMI 41 5 2.69+1.13" 5.23+0.55" 1 082.24+246.73"

WFERLH 3 0.06+£0.03 2.30+£1.02  315.90+71.41
a Jy P<0.05,b i P<0.01, 5T &R T-ARH L,

22 BEOIHEKRNLER
ARA/NE O DIREX R IEHEE, K5 24
h, AMT 20 25 [i] B B2 700 28 i BE 38 sl 55, 220 2= UK
FRUIRENGR , LVEF B N, 2R HA SRR L
(P<0.05) ; I FARMHCIIHE 0% BE IR JE Sz 21
DUEARTT TG 0 A2 (P>0.05;3 2)

| n LVEDV (mL) LVESV(mL) LVEF(%) LVAW (cm) LVPW (cm) IVS(em)
A 8 37.6+2.4 10.8£1.5 71.5+2.2 1.1£0.1 1.10.1 1.220.1
AMI 4 5 37.1+2.7 17.3£1.3" 53.4x1.9" 0.7+0.1° 1.1£0.1 0.7+0.1°
T ARH 3 37.7+2.6 12.0+1.8 68.6+2.5 1.0£0.1 1.0£0.1 1.1£0.1

a K P<0.05, SARFT B F AR L,

2.3 TMEMI6A B mRNA K&
qRT-PCR 2558 % B0, 76 AMI 2H e ifiL 0 UL AR 2T 4

0 TMEM16A 1) mRNA AHXF FiA 8 A (1.59+
0.15) % , 7B TF- A LH U LRS- 4 20 B rh 4 FE X 26
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INE N (1.05+0.04) %, Beil=#orHrai LR, AMI
2R e 1O LR ET ZE 4R b TMEM16A ) mRNA ik
A 55 TR TR (P<0.05; 81 1)

2.0~

-
&)
T

Relative TMEM16A mRNA
expression level
_O —
[6)] o

0.0 AMIH

BFARE
E 1. AMI AR BFAREF TMEMI16A K mRNA FikkF
a }j P<0.05, ST AR LA
Figure 1. The mRNA expression of TMEM16A in AMI group

and Sham group

2.4 I, HE

MR F R 0 mV, 45T 1 000 ms F5420F
6], M EL R 20 mV, =100~ +100 mV [ FR 31 £
felik s, o5 s BBkt Aba) 1, (B 2)

// 200 ms

B 2. BFARA( L) F1AMI HA(T) RALEHAPPIERI I (,
Figure 2. The I, (, in fibroblast cells in sham group (above)

and AMI group ( below)

AMI AL BT AR AL B 1 00 80
(=100 mV) WEfEFLFE (+100 mV ) RJZEEHAL(O mV)

AR, 8 BT F 3 I, AMIT ZH A TR AR 2 8 H 37
PRI (B IG0R | B0% F R 7E+20 . +40 . +60 . +80 . +100 mV
Bk, AMI 2 A B 0 3 3 01 24 (1,58 £0.67) pA/pF .
(3.69£1.26) pA/pF.(7.60+2.14) pA/pF. (12.94+
2.38) pA/pF (22.19+2.61) pA/pF , TR K H 7
SREE 3N (0.48+0.22) pA/pF . (1.65+0.37) pA/pF .,
(3.55+0.60) pA/pF.(6.64+0.87) pA/pF.(14.25+
1.15) pA/pF, 5BFARALE, AMI 417E+20,+40
+60, +80,+ 100 mV 1% HL 3L 30 3 3 W (P <
0.05) , [H P LH ] () L AT 1 22 57 T i 351, 6 CaCC
B B B O UBCET AR B 3G i (& 3)

—&— AMIZH 251

—O—BFRE

pA/pF

151

1 1 1 1
-1Q00 - - D 20 40 60 80 100
-5r mV

B 3. AMI AR EBFARAS I, BiR-BEHZE
0.05, SIEF AL LE.
Figure 3. The I-V curves of I, ., in AMI and Sham group

a b P<

3 %W it

ARG, R FeCl, i & 22 e R o0 ok mir R =2 1.
T I 7 i ST AMT A | 3 ok i 75 it 27 R 7
OB IE T A7 i) £ D1, qRT-PCR 45 3R R
FE AMI AH G il O WU EF AE 40 i o TMEM16A 1 mR-
NA ANk & Tt 58 R #H 4l SRS I 20 7E AMT 41
B O WUS AT 4E 40 il rh TMEM16A JE )5 1) FL 37k 58 5
A ok 38

TMEM16A (HFR1E ANO1) 25 IEE [ 16 K G
) — B ME N CaCC ol I8 & 5 T 5 00 98 3 1
FHUO  TMEM16A 5200 A FRUPS SR i b 4 SR 38 2R 4y
AT A N e 40 B TMEM16A A9 263k, ] [&
FRIA 200 JfL 1y 38 i RN A2 28 L e =LA
TMEMI16A REFE A DI fE M) CaCC, HFH R IL W
ANERC BET T OF B A BFFTIESE TMEMI6A 76 A
O T AN R Rk HATE A 1, o, SR, 78
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ANEURE O WUBLEF AE 4L A TMEM16A J2& 15 A 3Rk
K H T RE ¥ A I, Ry e TR AT 2 AR WF 5T LA
TMEMI16A 1 2 /N B 8% 0 LA 8 4 20 i P9 O
CaCC T K45 M B ZAEH ., FRATR M FeCl, {1 2
LAD B i B B 7 i il 4 AMI BEAS, 36 1
ATLUE ARG 4 b, SARFTFERFARAAH L, AMI 41
H1 ¢Tnl ,CK-MB MYO ¥ 3 BH 5 5 5 .00 06 75 45
B8 LVEF B3 R, LVEF T B2 th 200 % 0k 45 2
R 3 T B T B, hi 0 = AT Ik D RE TC B AR 1
LAD #2155 & (1) AMI, 5 B0 2 1 BE X % 0] B 22
WL BBl S DR AR IR AR AR NG O DL
L1 e A AR ARG XT 4, W qRT-PCR A 51 /N7
3O UL 440 TMEM16A 76 mRNA 7KFEFa5E %
IR 5 I HL3E S R B S 58 A /DN ARV O LB 2T 4 240
S B RIS A1 ) f) H AR P L3R X L A
LI Ty o FRAED) T A BRI 4 O L B 2T 248 40 i
IO SR B Y H AR R (A R 5, R, FRATTIACA /N
RGO WUSCER 4 40 i rh % TMEM16A 7] fE & CaCC
i0F5 e S i

A5 LU T 4518 . (1) TMEM16A B 7E/)N
TURAE O WL SCET 2 40 M R 2238 5 (2) O LBk I
PO UL 4E 40 TMEM16A B mRNA K38
R FTHL AR MR B 9 . X AT RE S AMI J& , B AE X0
LS £F 4t 40 M ) 3% 1k, 35 55 AH ¢, AMI 5
TMEM16A BRIk I 1, 3G ARERS K CaCC Y]
REAIFE LA K e i A 0 JUE 95 AL A 19 2F — 25 T i 44 it
BT S AT T 1)

RAFFERIAR DR TMEM16A 75/ NEURE O UL 2T
e R RN OB S N o N I S I = I 1 i oA N L 3 )
TMEMI16A UK, 78 568 3F CaCC 23k i), Jo ik k47
Western blot oo 55T A W)- 528, Ibabh, 78
FeCl, 175 A& 2l DK IR T2 B, BEAUL P K B4 30 AMI B
B 1Y FeCly 00 I A57 J8 1.0 LA 256 L 1, %oF
BRI R = A — R, N — 250 R R 1
PRI BT B FeCl, AR RS B, Ak
S AE N K75 K A g AMI, %0 145 %
W, CaCC JB T R & 259 il 5 07 e il 541
FE REAEE S TT & 22 b i AE X 25 44k 6 7
T IRATAT L TMEM16A M58 H AR, A BRI TR 4]
IRIT W A RO WU BE J5 27 A R A R AR
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