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[ Abstract] Objective Congenital long QT syndrome type 3 (LQT3) ,which accounts for 5% ~10% ,is the third in frequency among
17 currently known forms of congenital long QT syndrome (LQTS). Although the number of patients with this type is not large, it has attracted
attention due to its severe symptoms and high risk of sudden death. This study aimed to explore the mutation-specific genotype-phenotype
correlations in Chinese patients with LQT3. Methods We enrolled six probands with a clinical diagnosis of LQT3 between 2001 and 2014.
Mutations in SCN5A were identified by direct sequencing and targeted next-generation/whole-exome sequencing. Phenotypes and genotypes of
the probands with certain mutations and their affected relatives were evaluated. Results  Five pathogenic mutations ( V411M, P1332L,
F1473S, R1644H and delD1790 ) were identified in SCN5A. Phenotype analysis showed that most probands had typical LQT3
electrocardiogram (ECG) patterns and could be protected by mexiletine therapy. The V411M mutation in two unrelated probands might be
associated with sinus tachycardia, which could not be suppressed by B-blockers. The proband carrying the P1332L, mutation showed an LQT2-
like ECG pattern and was sensitive to mexiletine. One patient carrying F1473S who had her first cardiac event in the first year of life, died at
the age of 2.5 years. Broad base inverted T waves were observed in the patient carrying the homozygous R1644H missense mutation that was
normalized by mexiletine. Additionally, the delD1790 mutation localized in the C-terminus confers a lower risk for life-threatening events.
Conclusion The risk of cardiac events in LQT3 patients varies according to the location of the mutations and symptoms in the first year of

life. This study broadens the genotype-phenotype spectra of LQT3 patients in China. These findings provide more evidences for further
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investigation of the genotype-phenotype relationships in Chinese LQT3 patients.

[ Key words] Long QT syndrome type 3 ; SCN5A gene mutation ; Genotype-phenotype correlation
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P2X3R 30 AESE KRR RZ R EM M EE LR R ENRE

REE M k4P EHL
(RXKFARER S AA KK E R O Emdit g &5 5% E, b KL 430060)

[HZE] BH WA Thaik 1485 Tl 3 24 (P2X3R) 5 # xS MR (M) 5 XA Z EMF LM EH AL TR
ST BB Yh, ik R SD XK RS A 3 4 (1) sham 285 (2) ML 48; (3) MI + A317491 (ML + A) 41, A F 53
B0 KRS JE A, BRI o R R e s i fe £ FARR AR R AT H LR EA(NE)RE,EXREARAG BB SR
R (HRV) , e b AR AM, AR EL CRRRRAINH (TH) fok K40 £ B G43(CAPA3) fARAY R M A T B E
Hy, AR B4 AL UL G ALAL S, B G R Pt k] P2X3R.TH GAP43 (o--F i MUILSh B G (A ik B G LA K B F-
Bl EF@RZAKT, BR 5 MILA04,A317491 TR HEMAL ML + A 214858 A 2 K P2X3R & 9 A% e iFfi 5 A2 K NE 3%
JEL RS TR B e Sy M b An 4 a1, & HRV Ao 2 SR F A S, RS UL 4efb, B Ak & TH F= GAP43 Fapkib
ZFFEV R TH 2 GAP43 B & £3% R P SIS, i A317491 THridid 4] P2X3R K& Ml B X BAY 2 T M A M EH,
BAp S RS AE, E—F AR ML G B S R 5 Bk

[XEIF] SMAE R ; B HCERT "SRRk 1428 T@E 3 2, AR TM ;2 MEH

[ DOI]10. 16806/j. cnki. issn. 1004-3934. 2023. 09. 021

Effect of P2X3R on Sympathetic Remodeling and Ventricular Arrhythmias
in Rats with Myocardial Infarction

BI Yingying, YANG Shuang,ZHANG Shuhong, TANG Yanhong
( Department of Cardiology ,Renmin Hospital of Wuhan University ; Cardiovascular Research Institute of Wuhan University ;
Hubei Key Laboratory of Cardiology , Wuhan 430060 , Hubei , China)

[ Abstract] Objective To explore the effect of purinergic ligand-gated ion channel 3 receptor (P2X3R) signaling on sympathetic
remodeling and structural remodeling and the susceptibility to ventricular arrhythmias after myocardial infarction ( MI). Methods Male
Sprague-Dawley (SD) rats were randomly divided into 3 groups: (1) sham;(2) MI;(3) MI + A317491 (MI + A). The heart function was
evaluated with echocardiography. The concentrations of norepinephrine ( NE) in the serum and the left ventricle were measured by ELISA.
Heart rate variability( HRV) and electrophysiological parameters were recorded. Sympathetic remodeling was analyzed by immunofluorescence
staining of tyrosine hydroxylase( TH) and growth associated protein-43 ( GAP-43) positive nerve fibers. The degree of myocardial fibrosis was
observed by Sirius red staining. The protein expression levels of P2X3R,TH, GAP43 , a-smooth muscle actin, fibronectin and transforming
growth factor-B1 were detected by Western blot. Results Compared with MI group,A317491 significantly reduced the expression of P2X3R
in the left ventricle and the NE concentration in the serum and left ventricle. In the terms of electrophysiology, A317491 prolonged the
effective refractory period and the action potential duration, improved HRV and ventricular arrhythmias inducibility rate, and decreased
myocardial fibrosis, ventricular TH and GAP-43 positive nerve densities and the expression of TH and GAP-43 which also protected the heart
function. Conclusion P2X3R antagonist A317491 may promote sympathetic remodeling and structural remodeling with protecting the heart
function and further reduce the incidence of ventricular arrhythmias after myocardial infarction.

[ Key words] Myocardial infarction; Ventricular arrhythmia; Purinergic ligand-gated ion channel 3 receptor; Sympathetic remodeling;

Structural remodeling

L JULEE BE ( myocardial infarction, MI) 23175 & 2Bl LAl MI J5 528t 8020 B T A ka2 =8 0 i
FHEOHEREMER O EAOEE ), X R TR RENRLE,
MI EAET R B W5 e sl 25 EERS RECAAR 145 &5 ¥ 38 1B 3 52 1K ( purinergic
JEBEOETE MI )G E DA E R Th R EE/EM, ligand-gated ion channel 3 receptor, P2X3R) /&M 87

ETE : HXK AR 4 (81370282)
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RFE B — 51 FEAT AS Il C M BLF4E I,
S ATP 455 5, 51 i B3 7 N, sUE R4
MM ISA TR, P2X3R B 5 53 A 22T sl B UIAH G
ZHTHBEFE FW], P2X3R 550 Al AR 3 Bk o |
LA B AN 2 TG Bl Xue 2517 % B I8 351 3 ki
P2X3R A jf o i 75 52 o 22 1% 2l ARG e I JE A AU R
MY o AR, O LS I B, 350 | pl 28795 P2X3R 9 |
o5 ARl 28 2L b S S A 06 . {H P2X3R
S A L I S SR 220 B AE MTJE 2 PO R R Y
KA RBEEA 2058 . R, AR B 7E
PRI P2X3R 55055 A317491 18 MI J5 == PR R WA
A Ve R o] BE R L]
1 FiESHH
L1 SKsh¥insa

AT 40 Hs AR ErE SD R L (45 180 ~
220 g) , BfEfRAETE R IER KR IR (24 C 2 C)
PRI FR &N PN SR 1 SRS, 6 SD K B AL
33 A (1) BT AR (Sham ) 4 (n = 12) 5 (2) MI 4
(n=14);(3)MI + A317491 (MI + A)dH (n=14), &
T AEFL A AR SR A MRS O H ] ST B 8 A
M Q Pt R R B R T, MT + A 20 I 5 0 4
A317491[0.5 mg/ (kg-d) ] ,Sham ZHF1 MI 2H K 543 5]
NP S A R AR R K, 2R 7 d
L2 mEMNEF GBS

MI G267 K, >R HITC R 3y i B I i 2R g I 2
KL o B R BCF I 3 i s (systolic
blood pressure , SBP) 147 7K J& ( diastolic blood pressure,
DBP) , ¥ iy [i] —#4E N SIAE R —35 N JEA7 00 o i
DN 45 0 i 1 M 1 S 8 2 LU 22 41 (30 mg/kg ) JRR i
B, A FH 28 M 75 0y P10 M7 3000 2% 2H R Bl
O NETIREFIAEFYARSC I HE AR, a0 Ze O = &F sk RN 42
(left ventricular end diastolic diameter, LVEDD) | Z£.0y=
45 K 8 N 42 (left ventricular end systolic diameter,
LVESD) . Z& .0 & 5§} 1l 43 ¢ (left ventricular ejection
fraction, LVEF) | 22 /0> & 44 %l 45 5 % (left ventricular
fractional shortening, LVFS) &
1.3 OREMOEESME

MIJ525 7 K, K H] PowerLab 28 410 5% R B 25
TR LB E g KA 10 min, I ]
LabChart 8.0 447530 H71, 1EEL 250 ~ 300 4~ J& 3
0378 F (heart rate variability, HRV) ™' HRV
SRS AER RR (A AR HEZE (standard deviation of
normal RR intervals, SDNN) Fl1AH4 RR [6] 1] 2 2 (1) 35
J7 M {H (the square root of the mean squared differences
of successive RR intervals, RMSSD) . H4b, R0 4 T 1]

DL 3 4 220 2l 1) 7 45,0 %8 (heart rate, HR) F1 7
A RR [a)# B4 18 ( the mean value of all normal RR
intervals ,mean RR)
1.4 FEFABEEERR

MIJ525 7 K, TIRRICARA T FTIF W s, #1772 )7
1k v A= B, 3l A HL A7 I R (action potential
duration, APD) : >R | S1S1 JIJJ4FE /7 ic 5% APD, 76 i 4
JE K (paced cycle length, PCL) 2}y 100 ms ‘{5 T & &
Hl 10 Yk o #RJ5 1 ] Labchart 8.0 $1%: 90% ) APD
SR ALETE (APDIO) , A %A B (effective refractory
period , ERP) : 3R [ S1S2 i #2715 ERP, 7E PCL =
100 ms [ O0 B EELLHEAT 8 W ST R, SR G IR FT 45 T
S2 il S1S2 [ 100 ms FFi5, LA 10 ms g AR
UGB, 2 S2 ANRE T A% 27 4RO Z I, A E—> a1 B L
2 ms I BEEB I A S2 ANBE T AL 3R R0 2 I, S1S2 [] 4]
RS0 % ERP, S PEOHR W5 K3 MR 50 Hz,
FRLEETE] 2 s (FEA 10 YA Burst HUFIIRONK vhiF5 & 5 1
OFRRH B ORI E X NIES2 s UL EA
G, | OFRR IR R = KABFRKEMEO
XS N V-5 PN ISY @
1.5 [EgEX 5% W E

AT RE ORI, #5181 h J5 L3 500 r/min [
R EE B0 R W UM BT - 80 “CUKAETRAE , IRl i 4R
AbELKEAA, FHRREPET ERR
(norepinephrine , NE ) i 15 %, 72 W B I 5 A6 0 18 77) &
(ELK biotechnology , ELK8956 ) A&l 1fil y75 A1 48 #E & 11 4.
ZUNE YR B, Rl 20 BRAKHE A2 7 T K Ul W 3347, NE
Ry G Ry 78. 13 ~5 000 pg/mlL,
1.6 XRIRELAFLBMERIKLEE

WA ) O MEZL 2 4% 22 5 F S [ 5 24 h, 8 [
FEMOIEHSA A WA PR RN 3 wm, KIRE
AR SR SR NN YR AR N S ) E B TR
iR EMGG ] Tmage J AT HAT 40T, SPEDILY
a0 JIE 5 BP0 43 9 AT P2X3R Hidk (10 150,
Immunoway ) , F&ZBRFLALES (tyrosine hydroxylase , TH)
PiiA (1 = 300, Servicebio ) FlA: K AH 5% 55 443 ( growth
associated protein43, GAP-43)$i{& (1 : 200, Novus) 7F
4 CukFImR TR HEEEXMEKM =i
( CoraLite488/CY3) L= IR N6 H 40 min, £ PBS
THVE 3 WE M DAPI(L : 1, Sigma) 6, 85 04T T
FrFnE o 2SO0 R MBI EIE , 3 Tmage J 3
AT
1.7 ZAREEZX

HE 5T BRI % (Western blot ) 42 IO JIE S8R
BCA 7| & 47 i & i 8 (138 i SDS-PAGE ¢
B4y 5 JF Lk 2 PVDF B |, 3R T 5% WG W 83
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I 2 h, PEME, 4 C KRS 5 E T P2X3R (1 ¢
1 000, Servicebio) \,TH(1 : 1 000, Servicebio) , GAP43
(1 : 500, Servicebio ) | ¥ 1k 4= & [H F-B1 ( transforming
growth factor-B1,TGF-B1) (1 : 10 000, Abcam) -
WL 3 2 1 ( a-smooth muscle actin, a-SMA ) (1 :
10 000, Abcam ) \£]- 4 j% 4% 25 1 (1 2 500, Abcam ) FIH
W OEE3-8E R B &S B ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH) (1 : 10 000, Abcam ) —3¢ TAE
WFE %, VRIS, & 0 T ORI S % —He (1 e
2 000) 8 1 h YEHE, N ECL 377 52 , i i Image
J AR R B R T 20 AT o
1.8 FEitoHh

K] GraphPad Prism 8. 01 47347 Fl AL B M

LA S + ARifEZEFR , LI U BCR 7 220
Fr(ANOVA) o S EMEOAR HIF KBTI R
/N, HEHT Fisher K BRI HEAT 0471, P <0.05 A4

NES -9’8

2 #7

2.1 A317491 3t MI j5:»Ih g€ . I JE #7 P2X3R &%
A

W 1 iz, Ml §%¢ LVEF F1 LVFS [&{%, LVEDD
F1 LVESD 14111, A317491 1] ) gl 38 MI & By bR AR
fB(P <0.05) , [B)HZ M0 2 45 58 R 3 4Ll e (8] T
Giiter2z R (1), ML 4] P2X3R iy 4% Sham 4]
B EVE. S MIZHAHEG, MI + A 25 P2X3R Fik
/B (P<0.05) (1A ~D),

®1 3HAKRRBFLOHESHANMELS

2H 5 n LVEDD/mm LVESD/mm LVEF/% LVFS/% SBP/mm Hg DBP/mm Hg
Sham 6 7.33 £0.58 3.93 £0.34 82.49 +3.98 46.23 £4.42 108.2 6.5 81.3+7.3
MI 6 8.77 £0.74° 6.93 £0.61" 47.57 +3.35° 20.90 +1. 88" 107.9 +3.4 76.9 8.2
MI + A 6 7.70 +1.15" 5.35+1.24" 63.77 +9.66" 31.31 £6.93" 108.3 +8.9 76.2+5.0
" #R5 Sham UM, P <0.05," 3R 5 MT 4411, P <0.05,1 mm Hg=0.133 3 kPa,
A Sham MI+A

B
Sham Ml MI+A
PIX3R | T o —

GAPDH - - -

—
A%

kK *

=}

P2X3R /GAPDH ©
=}
n

0
Sham MI MI+A Sham MI MI+A

WA By ML7 d J5 3R 1 X P2X3R (16 9t (4, B [k Western blot £#7 (i 7 1 €&
X P2X3R EEHAFEL,C D E R P2X3R BHBE oG I ME A Rk b, B SUE Ll
WY £ bRUEZE A, Y n =6, %= F45 P<0.01, = F5 P<0.05,

1 MI7 d/5H%EHBK P2X3R fiRiE

2.2 A317491 Xt MI j5 HRYV #1 NE & £ /521

55 Sham ZH A7 kb, MI 20 K B HR 5 35 7, HiAh
HRV Z5& , £14% mean RR ,SDNN FI RMSSD 3 g 4
Ko 2 A317491 b HR )5, EiRFEAR A Pl 3% (P <
0.05) (&2 A~D), Behh, MI 21K BUALTE FIRESE ) i
X NE ¢ 2 B {2 = 1 Sham 40 K 5L, {H-5 MI 4040 H , MIT
+ A {WWFEL(P <0.01) (B2 E~F),
2.3 A317491 M EFERELX ZRMEEN

5 Sham ZHAH EL, MI 2H K B TH FBHP: 00 42 47 4 i
A, MM+ A ZHREL TH AP 2 2F 4R b, 5
TH Z5 540, MI + A 20K B GAP-43 [HP: i 28 21 4 2%

AL M ZH R B 28/ (P <0.05) (B 3A.C.D),
Y Sham 1At , MI Z{AH5E 5 11 X TH F1 GAP43 Z& [
FEIEH B RN, fHiF A317491 J5 , TH F1 GAP43 H
FikW (P <0.05) (EI3B.EF),
2.4 A317491 BB N X I EN

KA LTG0 5 7 MTZH K BRATE A8 JR] 30 X H K
LR 4E 1T ML+ A AR BE & 3 X I 2F 24 W 4 0
/(B 4 A), Western blot 5547 78 , #HEX T+ Sham 2,
MI 20 K B o-SMA £ 4E % #3851 TGF-B1 K3k T},
A317491 4b PR A MI K BRAH N 48 A5 R 3k 82> (P <
0.01)(E4B~E),
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A B C
600 ok ok 200 ok ok 251 i *
s L 150 F
E 400 g @
~ = =
= &~ 100 %
2 =
3 a
200 g Z
50
0 0
Sham MI  MI+A Sham MI  MI+A Sham MI  MI+A
D E F
201 ok * 20 %ok ok 6r1 Kk ok
» 3
1.5F P15+ o
1) X & a0 -
£ =P =
a L B L =
2 1.0 o 1&’( 10 %é
2 B Z 2t
05F Z 5r =
=
0 0 0
Sham MI MI+A Sham MI  MI+A Sham MI  MI+A

E:A ~D [y HR mean RR SDNN RMSSD 1§ HRV S%k, 4341 n = 12;E 1 F g RESE R 41 X
I NE WRBE 4 n =6, PIARBIEBLIIIE £ bRIEZEFOR , o+ FUR P <0.01, = FUR P <0.05,
El2 HRV 2% fEIEEAMRX K IME NE RE

DAPI TH GAP-43 5
Sham. v .‘:

B o ...

5 -
m | i
g dx
=l b
& g
Hgaf BEg
= =u T E
z ! &

0 O 0

Sham MI MI+A Sham MI MI+A

—_
W
1

TH/GAPDH
S

GAP-43/GAPDH ™
5

¥
*
*
*

0.5 0.5

Sham MI MI+A 0 Sham MI MI+A
A BRI S s 9 R B, F DAPT Jeh (i €5) (TH TR (48 €5) (GAP43 ik (£1() Yo
( x 4005 KAEEL, iR :20 wm) ;B &y Western blot £(#f& & /8 TH 1 GAP43 [ 7&K [143k;C F1 D E
TH F1 GAP-43 [ FRYE f 40T E F1 F By TH #1 GAP43 (k. IrAEUEYIVIIE + bR 5 FoR,
B n=6,%x FR P<0.01, * F5K P<0.05,
3 BRALRZBHEEN
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blot £t W RFIFEA X o-SMA (L4534 2 1 TGF-B1 M 3Rk, A FUE S LIYE + frifk

ZEFIR B n =6, = FIRX P<0.01,

B4 EIEFBXEREN

2.5 A317491 X FiA RO ER BRI

5A F1F 5D 2 APD A1 Burst [ 8178 138005 %
& SB #1K 5C s Sham 2 K BUM HG, MI 40 K B
APD90 Fi1 ERP g Z F&AK, 1 A317491 4525 )5 APD90
M ERP P FIER (P <0.01), Sham 5L HKH
RN 8.3% (1/12) ML 41k 75% (9/12) ,MI + A
2H K 33% (4/12) (Sham 2 vs MI 4, P <0. 01 ;MI £
vs M+ A 4,P <0.05;F 5E) , H MI HE O AR H
FRLEI (B3¢ Sham 204G, i ] A317491 J5, PO HR
HRRSE (A Y 45 % (P <0.05) (& 5F),
3 TrRFER

MI A] 300 S vl FLO R W 55— R YT L,
FEE U AR . G O R R MT RS
R INBIER) FZRH Z—

MI 2 S50 LA MR PE | 0 %8 FE 38 L) R H T A
TEE O JURIAR BE J& 120 IX 4% 55 % AT IR 35, PR it M
BE G RIEEMOEEH SO 25 O
IR AT S 8000 I v A% SR 3E L, 348 0 v A B 1
PG MG g w0 58 B 28 7] A 20 2%
ML & B A o O UL 4 AT i v A PR
LSS A 35 B 0 S (A 1 3 T A
FHE) A G SRR EY K, Wang 217
S R 22 58 22 AT L3 3o U > TGF-B % A (5 5
B B B, e M R B2 0 2 AR A AR IX 3 0 UL
HFYifl . ASSCEZAST P2X3R HPii55] A317491 X} M1
JE S A 2 TG O RS R T M L R O R
AN

TEABTFEH, MLALR R AL A 1 X P2X3R 3%
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ik BIE LMD+ A 41K B P2X3R FA T, X 5HT
NTE 57 I Hs 4 PR R0 UL i 43 2 958 78 K B rp e R
BT B A B2 | P2X3R 33K B Y B 5T —
O BeAh, Wang 251 L B0 LBk AR AR K
BUCIE P2X3R Fih E1#, A317491 A] &4k P2X3R #
ik A, 28 S R A 25 A0 E D BB AH G FE A &
P, MI 26 LVEF .LVFS, LVEDD 1 LVESD #8#5 24 #%
Sham 1A %Ak, 60 ML K ARG C JUF 20 il 3% 331, 1
MI + A 4 LVEF .LVFS .LVEDD HI LVESD #8434 MI
ATk 3 4R A317491 A R k% MI K BLEY
OHESIRE . S UL, A317491 B B AT MI K RURE
FEJE 1 X2 AE AL KT, 2l HRV, R I I A A
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A317491 kb BE 41 K B AH 56 & A0 8 b, 31 OR
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SR 2T . M Ji O LR A B A e, J2
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C N ERP, A4 n =12;D BN Burst R R ERME L EEB &/ E FEAEMOEREIE LR, 4
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