BARIVIESHO BN EE O EAABITIEEF Cx40 FTIERIF

FiB A TR AT ARERCA X, W = 4540005 255 K258 — R E RO MU AL, KM 450052)

WE:BH  FiTH R =38 5 33 (atrial fibrillation, AF) & w5 5 L 4w 647 38 38 f= 4% 7 % 4 & & 40(Connexin 40, Cx40)
REW®rh, BiE BRIV AF EHFAFTFAAN L, SEFRYZIAIMETF R EEECFELR. KRR EHES S
RIRBEANAS B, Fo By R 4 48 R, AKF] = 410 umol L~ B Ay 32y, F & 430 umol - L' # &
W 39) e 2 5 & 22(100 pmol- L' # K ¥ 32) . K Al CCK-8 kA M) %4803 B WL 4w I % 77 ; QRT-PCR A& M) 47 i 38 48 % 2 B Kir2.1.
Kir3.4. Kv4.3. Kvl.5 % Cx40 mRNA % i /K-F; Western blotting M Kir2.1. Kir3.4. Kv4.3. Kvl.5. Cx40 & & & & H
o ER  Hatmaat, HRIVEAEFNELSEMNMILEEE, Kird.4. Kv43, Kvl.5 mRNA B& Q4B KFH L
FH B (P<0.05), HHREAEES TP, KA FLP<0.05); MM T Kir2. 1. Cx40 mRNA A& Ok kKPR EH%
1&(P<0.05), H&fl&a 2HF KT P, IKFIZH(P<0.05), Hif H AT ALY B mXARNELRTIRASE
Mzmft Cx40 & L #t m B AF &% S 5 EH,

KA SHEWA; BARDIE, frilil; BREEEG 40
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Effects of Telmisartan on Expressions of Potassium Channel and Cx40 in Atrial Myocytes of Patients
with Atrial Fibrillation

YIN Yudong', HE Fei2(I.Department of Medicine, Jiaozuo People’s Hospital, Jiaozuo 454000, China; 2.Department of
Medicine, First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China)

ABSTRACT: OBJECTIVE To investigate the effects of telmisartan on the expression of potassium channel and Connexin
40(Cx40) in atrial myocytes of patients with atrial fibrillation(AF). METHODS  Eleven patients with AF were selected as the
study subjects, cardiopulmonary bypass was established during cardiac surgery and the right atrial appendage tissues were
excised. Acute enzymatic isolation was used to obtain single atrial myocytes, atrial myocytes were divided into four groups:
control group(untreated), low dose group(10 pmol-L~! telmisartan), medium dose group(30 pmol-L~! telmisartan), and high dose
group(100 pmol-L~! telmisartan). CCK-8 method was used to detect the viability of atrial myocytes in each group; qRT-PCR was
used to detect the expressions of potassium channels related genes Kir2.1, Kir3.4, Kv4.3, Kvl.5, and Cx40 mRNA; the
expressions of Kir2.1, Kir3.4, Kv4.3, Kv1.5 and Cx40 proteins were detected by Western blotting. RESULTS Compared with
the control group, the survival rate of atrial myocytes, Kir3.4, Kv4.3, and Kv1.5 mRNAs and proteins expression levels in
different doses of telmisartan were significantly increased(P<0.05), the high dose group was significantly higher than the middle
and low dose groups(P<0.05); the expression levels of Kir2.1 and Cx40 mRNAs and proteins in atrial myocytes were
significantly decreased(P<0.05), the high dose group was significantly lower than the middle and low dose groups(P<0.05).
CONCLUSION Telmisartan may antagonize atrial remodeling in AF patients by affecting the expression of potassium
channel-related genes and down-regulating the expression of Cx40 in atrial myocytes.

KEYWORDS: atrial fibrillation; telmisartan; potassium channels; Connexin 40

> 75 i ) (atrial fibrillation, AF):2&—FM W BEERFREEMm A OAER, HEMTEER AF K
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38400 A e AP I A e A A PR RS T PRI T -4k %
EHREIRTT AF BATEEE . BORIIEE
I8 KGR R 11 32 PR35 557 2K 25, vl id o 32 i g
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1R T A I 7= BTV 1 N Y 7= ) (N EER VA
(action potential duration, APD). A 2 A N #H
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AP ES PR ATl 5 i R By, LR (]
A1 5] 438 & (transient out K* channels, fo)~ W 1] %%
U PESH IE 18 (inward rectifyimg potassium channel,
Ixir) ~ < Tk BE B6l 8 J8K % 8 3 18 (Acetylcholine —
sensitive K* channel, Ixacn)%f AF & 2EidFE A 256
RN, R AR RE S E T 40(connexin
40, Cx40)FE A5 kO R KIS Sk RIE
BARPL LT B KDY AF BIRCR & T gefE
FAMLHITE FEAR XD, A FEER T & KD IEXT AF
BHELOBNMMA K1 JEIE Kir2.1. KACh #I1E
Kir3.4. Tol i#iE Kv4.3. Kvl.5 & Cx40 FKiLHIF
Wi, AP PR B FH 24 32 1 PR AR S ¥
1 MR5R%
1.1 REX R

EHCEAE T N REBEWE R 11 ] AF A
WX R, FTE BFBFFG S EbRdES, 58
Bil, 4 3B, FEE N 44~55 %, FH1°8(50.16+4.32)
%, i AF BEIRES>1 4, B2
FAR, WRIEOIRESFZI AL HEBRARE: R
W S R PIE A AR
WEE, CENERARE. KHARLEE
Rl BEME AL ERRD.
1.2 ik
1.2.1 KFI SN BRI O T A 2 PR Bt
R4, #it5: H201502036; #A&: 40 mgx7 ),
TR I 4E K 1(0.5%): KB WL 5irhit 28
ZRHE AR AR ); -0 -2 MR R F
(5-Bromo-2’-deoxyuridine, 5-BrdU, i ¥ SEHHE
HAEMWRAF); DMEM Ki7e3:. a4 igE e 8 oK
HEECEMERGR AR 405 v 20l 7 &
8(CCKS8, MBIV AP ARAF, #H5:
PC0020); & [ 24 . BCA 57 & (3 5 : 2395266)
B B AL ZEFERHEA IR AR Kir2. 1, Kir3 4,
Kv4.3. Kv1.5. Cx40 Hifay e | E CST A= (3t
S5 PA5-37452, PA5-53594, PAS5-77583,
PA5-77650, 36-4900); Trizol. SYBR Green /%
s N &3 B R R R B (R ED AR A
{558 10296021, S-7567, 12574012). [
PA B B AR A T B SRR TR R R A
Fls SEEF PG E & PCR (3£ EH Bio-Rad A F]); {5
BRI (H AR AR .
1.2.2 REWRA  ARIMER T ARAEE AT UTICH O

Fp E BN 26524 2020 4E 3 45 37 B4 6 W)

HAHZ(100 mg), JHEE MR MR, BT 8
AV IR JE 45 Y (L 77 2 B CSCRR (8] PRIEIR N
37 C, 5~10 min PIENSEL = AT I 57
123 LHEUEMS S R SR Sk R
AL, FRBCG LS, BT, vt
Ja N & A 11 A i SR (150~200 U-mL-1) 4 I i
HEAKLHSR, WE 30min, &EN37 C, 3
FiE, RSB 10 mL & T %Y R B 1 78
A, 36.5 CIKIBHAN A 45 min, HHETIN
10 mL & 11 B 5 i g 11 5 6 I 3 o0 19 4k 82 0%
45 min, VHALEFEH ARG 10 min SRUEL T M40
PRI 5 24 H B0 507 T AR 40 B S I\ 10 mL
T 20% R S EE 7R, 2k R 200 H
AR E T A R A TE AR Y, BL 12 000 remin!
B0 Smin, FREMWE, 7B, ETLRSHET,
TN KB ¥EHE T 4 CUKAE PN ARAE, UEE L L
i fal®l,

1.2.4 05 VLM S R 22 N B L
5-BrdU 4ifk.C 5 ULAIRME, TN A 10%06 48 35
) DMEM #5725, B T CO, B 9246 (37 'C.5%CO02)
W IR, 40 h JF O TCMIERFRAE, dRalEs
7724 h, KFHYHML G S S O s LA P,
125 KEad Rk 4 H, MEAE:. K&
AEATT AL )0 P LA AR (RFRS2H: BoKVHE
T B A A B R Y 10 mmol L 1 Bk
W, BRI E N 10 pmol L~ # K vb 8 Fiab 7
OLEWANAE; A 29K N 30 umol L' #
KUDIAFRAL RO 5 LA Rl B2 29K N
100 pmol- L' oKy 3 TRAL #1005 LA o), 4k 3t
J& % AN M 4k 2 85 77 24 h AT JE S0

1.2.6 CCK-8 LRI S0 ENAEE 1 &
Hoo LA B AT 96 FLAR (1x10* mL-1), 4k 28
7% 24 h J54rm A CCK-8 ¥&Wi(FB:fL 10 pL), 4k
GrEgE 2 h, UNAE4HMI, N4 EBEEAR AT
450 nm ACAS I % FLAN MR OGR4 A7 26 (%)=
S ZH WA /0 BRZH RO < 100% . BN FE i
BI3INEE, LREE 3 K.

1.2.7 qRT-PCR &l Kir2.1.Kir3.4.Kv4.3.Kv1.5.
Cx40 mRNA K&K S H OB UM, R
F Trizol J:#RHU4H MR E RNA, RNA REEA
cDNA. & &EF IR 1, 5150 Higad
VIR ERAF S . S SYBR il &t
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1T qRT-PCR X, X NiAk %N 20 uL: SYBR Green
Premix 6 pL, ¢cDNA 1 pL, ddH,O 8 pL, - FiF5l
Y& 0.5uL, ddH,0 4 pL. RMNFEF: 95 C 60,
95 °C 105,60 C 30 s, 3t 40 YXAEIF . Kir2.1.Kir3.4.
Kv4.3. Kv1.5. Cx40 ¥LL GADPH AN ZH KA,
K 272 R LA SRR &

x1 A£EFHTIMFF

Tab.1 Sequence of each gene primer

A 5175

Ef GACCTGGAGACGGACGAC
K1/Kir2.1 -

KA AGCCTGGAGTCTGTCAAAGTC

1ER TTTTCCAACAACGCAGTCA
KAch/Kir3.4 )

J= I CACAACTTCAAACTCTTCC

1EM CTGCCCTTCTCAACCCCAAATACTC
Tol/Kv4.3 B

KA ACCGCTTCAAAACACCAGGACTC

1ER GGGGCAAGATCGTGGGTTC
Tol/Kv1.5

J I CCTGCTCCTCGTGGTCTGTCT
o iEm GCACACTGTGCGCATGCAGG
X

S Il TGCTGGCCTTACTAAGGCG

Ef CCCATCACCATCTTCCAGGAGCG
GADPH

J I GGCAGGGATGATGTTCTGGAGAGCC

1.2.8 Western blotting #& | Kir2.1.Kir3.4.Kv4.3+
Kvl.5. Cx40 HHHRIXGH IR & HO 55 L4
Jid, RIPA ZfFMIEEE H, BCA EE & EAWKE.
30 pg & EFE S INFE S ph0R & )5 AT
SDS-PAGE [k M4y #EH, %% PVDF JBE, Mt
e WKy (5%) = iR B A1 90 min, 43 5 I % Pt B
Kir2.1. Kir3.4. Kv4.3. Kvl.5. Cx40 ¥ ik
(FaReEE¥) N 11 300), 4 CiFEE %, TBST i&¥k,
IO B AR A B AR 1E 1 L E P e TeGRRE L
9113 000), ZEEFFE 90 min, TBST i ¥e/a it
1T ECL )%, N Quantity Oned.6.2 %t ik
Bt ZauiAT € 2o, EAMENREE=HN
BRI EEE/ NS RE TR .
1.3 Gtk

K Gt S84t SPSS 22.0 /3 Mk ik 2t , it
BERAMFEIESSMNETEY U Y £s Xox, 24
(A LR FH R 2 07 Z 500, PIPRELEBCRA ¢ ke
55, S ABAELILL P<0.05 NER BEA G245 L.
2 H#HR
2.1 OENAERS %S E

TR 24 h J5 B TE B BAEE N LA
B, GRERKESHEBERTE. ZHE, &
Ui, 48 h JFEZAE. —MAE. RIE, A
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T2 B D e B A2, SR BT SOUL a-actin HTAA%E
SEOHINM, S5 BRI MaiE N 95%, W
1.

Ay

s

1 HHRHE G RTINS E L% R(400x)

A-AIIEAS: BRI TR0 s LA I G e 5 B

Fig. 1 Cell morphology and the immunofluorescence
staining(400x)

A~—cell morphology; B-immunofluorescence staining of primary cultured
atrial myocytes.

2.2 REREEKIPHNT AF B 05 VLR AF
T R 15

BRI EA ., HREH. SHEHR
X HEEH O 5 LA BRLAT 3 25 93 30l 9 (55.47+8.49)%
(56.1249.36)%, (67.48+8.26)%, (35.49+5.92)%,
B Kb AN [R) 5 2 200 5 LA A7 3 R 35 B0 35
TATHEZH(P<0.05), mflEHEE ST 4. Kfl&E
41(P<0.05).

2.3 AREKRFEEE KX AF 23505 UL 4
SGIBCERiNA]

B KV R [ ) L0 B UL R Kir2.1
mRNA K EHRIEKFYEZMLTXEA
(P<0.05), HEHEHAEZMRTH. KA Ed
(P<0.05); 1M Kir3.4. Kv4.3. Kvl.5 mRNA [ EH
FIEKT4 83 & T R AL (P<0.05), L3R 2~3 Al
K 2,
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F2 4EHE P Kir2.1. Kir3.4. Kv43, Kvl.5 mRNA %
HAFHE(XLS)

Tab. 2 Comparison of mRNA expression levels of Kir2.1,
Kir3.4, Kv4.3 and Kv1.5 in potassium channels(x £ s)

#1%)  Kir2.] mRNA Kir3.4 mRNA Kv4.3 mRNA Kv1.5 mRNA
il

fIRFEZH 0.86£0.34DY  1.08+£0.1392  1.01£0.1792  1.10£0.31D?

1.00+0.02 0.98+0.05 1.00+0.03 0.99+0.05

h 4L 0.7440.1892  1.15+0.28D2  1.27+0.36D2  1.144+0.38D2

BRI 0.62+0.21Y  1.22+0.23D  1.35£0.23D  1.53+0.26"

E: SXRAME, DP<0.05; SEARAME, 2P<0.05.
Note: Compared with the control group, "P<0.05; compared with the
high dose group, 2P<0.05.

—— - - Kir2.1
- - —— Kir3.4
- - T Kv43
- an S kV1.5

X AL fiRFr Al AL AL

2 A U473 P Kir2.1. Kir3.4, Kv43, Kvl.5 Z Bk
X

Fig. 2 Protein expression of Kir2.1, Kir3.4, Kv4.3 and
Kv1.5 proteins in potassium channels of each group

F3 HEE P Kir2.1. Kir3.4, Kv4.3, Kvl.5 & B &k &
FHE(xts)

Tab.3 Comparison of expression levels of Kir2.1, Kir3.4,
Kv4.3 and Kv1.5 proteins in potassium channels(x * 5)

2H 51 Kir2.1 Kir3.4 Kv4.3 Kvl.5
pogictiik
fIRFEZE 0.95£0.19D2  0.87+0.15D2  1.10£0.32DY  0.7620.13D?

1.42+0.47 0.47+0.16 0.67+0.22 0.55+0.09

h7 84l 0.86£0.29D2  1.14+£0.19Y92  1.18+0.39Y2  (.88+0.18"2

EAEA 0.3440.110  1.4240.23D  1.65+0.31)  1.29+0.22D

E SXHAAALL, DP<0.05; SEAEAMLE, 2P<0.05.
Note: Compared with the control group, VP<0.05; compared with the
high dose group, 2P<0.05.

2.4 ANFEIREBKWDHEXT AF BEO 5L
Cx40 Ik 1) 51

B oK Vb 5 A ) 57 & 400 s LR B o Cx40
mRNA K HE B K& KFYEFAM T KA
(P<0.05), HEflmA R BT HAEa. (K5 &
H(P<0.05), WKl 3 5K 4,
rh E BRI 242 2020 4F 3 H 5 37 55 6 11

-—— Cx40

S S S S G DPi
X I Sk A A
3 EHECHAAA Cx40 EERKER
Fig. 3 Cx40 protein expression in atrial myocytes of each
group

R4 AF BE 0B AL Cx40 mRNA B & G & ACF b
B(xts)

Tab.4 Comparison of Cx40 mRNA and protein expression
levels in atrial myocytes of patients with AF(X £ 5)

2H 51 Cx40 mRNA Cx40 A
Xof 20 1.00+0.06 1.25+0.21
=4 0.80+0.0812 1.02+0.10D?
A 0.75£0.0792 0.970.1212
a2 0.53+0.18D 0.41£0.07Y

e 5XIRAMLE, YP<0.05; HmAlEAMLt, 2P<0.05.
Note: Compared with the control group, DP<0.05; compared with the
high dose group, 2P<0.05.

3 iTig

AF ] 51 K0 ) 3w 55 I RO, H™ PR AIK R
FAETE R, G PR R S 509 R AR &5 5 B kO
FEEE), HETFRER. K55 EKEEFR
T Z A B 7RO WA BB AL = R
AR E B Ry Kvl.s SREE e, 8
Wr Kv1.5 #iE n] 28 K0 b5 LA M 3 1 H A i 72
J ERP, AIAERO s Biahia T 4 s, EoRKvb R
A3 ) 98 1 DR S5 R TR a3 0 JUL 4 R 4 3
REBCZ B AR O gl il 6T & Kb AF
KB R TE IO AH SCHIT FUAR TR D DR A A 38
RHFEARKE IR AF B O 55 WA I8 o Hr B oK
VoI AT IE K Cx40 (520, R B R R LT RE
1E AL o

B oKV o] A 20E 97 i O A 9 IR R
H, IR T GE R IE A B T RE S 1 B S A
T A AR 13T, 5 Ky HEU AT 3 o 44 ) v 2% R 4R
AR B M B 52 A1 R R SRR 1o Ik ik
T A O LR 2T 4 240 o 38 5, (7] B ks T g ot 38
I ERK 15 5 18 i3k 1 30 i O UL AR JE L4150, A
SRR, BRIV AR F A R A O 5 LR A S
R R EHTANEA, sREHdEESTH. K
FEA, YA PRV AT A RS AF B3 0L
S0 A H 2B AR . (BT — 50 HaT g
T A R 3 T R A o Kir2.1 A2 B/ 3B AL
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R, WFREP Kir2.] mRNA £k K FTF s ml e
fit AF BE OB ha/lkie FIRBETIZSE AF BB
ERP st fEUS), AW RER, BKDEA
B & 20 5 LA Kir2.1 mRNA 85 (3R IE
AKPE R EMRTXRA, HEmEd s g TP,
AL, W E K IHAE BRK Kir2.1 RIE
H 2SR, 188 Kb n g i AR
Kir2.1 ik ML ERP B FE. Ikach & H Kir3.4
GADEEIE AN T, FEERMEC B EE T Kid4
RIEIKT B2 PR S 200 B4 APD. ERP 4
T N T T e NS E I N Polh =2 RNy
LA Kir3.4 mRNA S8 AR IEK 85
TxEA, Hemmedi s Ta. Kasd,
YLRH B KPP R 1 Kir3.4 KiK. $#REK
YO ATREIE A B Kir3.4 3 ZE K APD. ERP.
AF B Lo B0 EE R Kv4.3. Kvls v, R
o~ AF B3 Lo BB FFELH0E F 2 Kv4.3. Kvl.5
FLRIFRIA PR IF S ERP Sk S5 A ¢, i
T8 FHA G YT J5 T A K APD. ERPUSYL, K
WFF LS R B, B Ky A [F] 77 & 400 55 L4 g
i Kv4.3. Kv1.5 mRNA K& HRIEKFEEE S
FxiiEA, HEmAeEdeEas T, KA 24,
U Ky 2% Ef Kv4.3. Kvl.5 &ik, H
BRI h s S AN N < NS E I s 1B G Bl o |
Kv4.3, Kvl.5 RiLIFRM AF H& O 55 LM
APD. ERP ZE-K M 220 b5 i) .

O LR 5 E R Cx40 A] % B AR,
H 2T B AR AME R LS R 58 45 1 B0, Cx40 J2
O 3 LA B S B % B b B i o, T 5
Nav1.3 JEIE 3 [F PO 5 L RAE 5 1% S R,
Cx40 JE J 1 41 i 8] BREE B2, A3 R T i AE 5 1A% %,
Cx40 KIE T P Re it RO WAL S8, Rk TH
i AT BE 2 I8 O LR D Ay, AF B 0 L Cx40
wAREEWIN, 1M AF 2FH.O0FEN Cx40 2E
i, o BT R AT B8 A I 2H SR AL A R S BULER
BARFE AR 2225, R A R OR, BKY
A 5O B4 Cx40 mRNA & HRIE
BEMTRA, 2EAKHME. KD
ARG B LA Cx40 RIE, $E7R & KD R
HAPWT AF B#H.0 5 ERPIER.

R BERTR, EOKYbHEE RS T Kir2.1 &
i59F B Kir3.4. Kv4.3. Kvl.5 F£ik, [T
Cx40 Fih, HE 1 b B 0 0 RF 2 0E 51 & 0 5
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HLEH, AR NI R TR S 6T s B i PEAe 2
fifle ABFFALAE—EAE, KT EKIDIERT AF BE
O b3 LA S S R LA LA A AR A I
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