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FEEE: 2598 1) 0 Ik N 2K ether-a-go-go AH G 2E K] (human ether-a-go-go-related gene, hERG) & it (1) L3 ZE 12 B2 i
HIEIE 5 15 RS MK QT 2B 1E (acquired long QT syndrome, acLQTS), fif f 5 & 4 f& M AE Ay O R H o Pk
S 2t R IR (thioridazine, THIO) 7E Ifi S R B 72 25 5 K acLQT'S FCoJIF 25, WA 336 % I 4R 2% T g A ML B
NAFREE K. AFFRNHANGESZ 66 MEATA M 0ULAE (human induced pluripotent stem cell derived
cardiomyocytes, hiPSC-CMs) #E A4 | 25 & 43 i A [ 7)) (multi-electrode array, MEA)- 5 43 3% ¢ Y b il 5 R PEA 4% T
F}Z 1l 1A (tanshinone IIA, TANIIA). % 2% % /K (propranolol, Prop). 424/ ¥ (resveratrol, Res) X it Fl ik 168 5| #2 11 5
{EHL AL 2 (action potential duration, APD). 37y LA GE K (1385 52 4F H (BT 2400 SI2 56 35 42 HEMG IRV B2 R} R 2 30 ) 45
PEUE I FEAT 37153 B 05 /R R R R 2240 B S 0122 I E, (8315 -IRB3020622). 45 5L 5oR, FH2 0 fie s B 2 % mi k)
IRV ZE K1) APD,,~ APD,, J2 375 HLAT, T 387 2% v 2K R 1 2 7 g A 243 YA 390 2 it RIS 18R 5 81 APD A 37 o IR RE KA T
BT UL RS R, AW — PR RS S A R R L] S0 2. Western blot A 4 24 LS P 1R I 45 S
TESE, S0 A KR A W H1  hERG 5 1 B A W 2 R RE L, AL P 2 B LA 88 1 95 55 B R ik 9 3 i)
hERG # FI 5853 5 [ (calnexin) HIAH AR, ¥R 1 B A A G 5 A 1 hERG 38 18 5 1 97 & 54 12 kS, [7] I hERG A
WA EE N HE AT S 1A BE R98D T BRI Ik e B A B . 2% b, PES I A W] LU G iR hERG & 1 . hERG
AL S T R R, o 2000 B B R A W 175 Kk 19 acLQTS, A B BRI IR iR YT acLQTS M4 34259 .
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Abstract: Drug targeting of the human ether-a-go-go-related gene (hERG)-encoded rapid delayed rectifier
potassium channel induces acquired long QT syndrome (acLQTS), predisposing individuals to life-threatening
arrhythmias. Previous studies demonstrate that the antipsychotic agent thioridazine (THIO) triggers acLQTS. Our
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findings aimed to elucidate the underlying mechanisms of the therapeutic effects against drug-induced
cardiotoxicity. Using human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) integrated with
multi-electrode arrays (MEA) and optical mapping technology, we evaluated and compared the efficacy of
tanshinone ITA (TANIIA), propranolol (Prop) and resveratrol (Res) in reversing THIO-induced prolongation of
action potential duration (APD) and field potential duration (all animal experiments were conducted in accordance
with the Animal Care Guidelines of Harbin Medical University and were approved by the Ethics Committee of
Harbin Medical University, the approval number is IRB3020622). The results showed that TANIIA significantly
reversed the THIO-induced prolongation of APD,, APD,, and field potential, whereas neither Prop nor Res
counteracted this effect. Building on these results, we further explored the mechanistic basis and molecular targets
underlying TANIIA's reversal effects. Western blot and whole-cell patch-clamp demonstrated that TANIIA restored
hERG protein expression downregulated by THIO and rescued its channel trafficking defects and rescued channel
trafficking defects. Mechanistically, TANIIA attenuated THIO-induced aberrant interactions between hERG and the
calnexin, thereby rectifying impaired channel folding and trafficking. Concurrently, TANIIA substantially reduced
THIO-induced L-type calcium current. In conclusion, TANIIA ameliorates THIO-induced acLQTS by up
regulating hERG current expression and down regulating L-type calcium current. These findings highlight its
therapeutic potential of drug-induced acLQTS for clinical.
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($%%5: PO013). i & 1§ (C0201).SDS-PAGE % [1 I
BEGE PR (5%) (5852 PO015) T H 2 = RAEME AR A
w2014 PBS 22 M (175 : BL345SA)JF & (185
BL1370A) I [ F & 4 4); G418 (175 : G274348) W H
R T AR AR IR A A R R A R T E S
IRIEE R Z5L; P2 A (525 : Y0001560). 3 25 7%
R ($2%5: 00881-25MG) H 2 7 i ($2°5: Y0001194).
NaCl (% 5: S5886).KCl (1% 5: P5405) . HEPES (1% 5:
H4034). MgCl,-6H,0 (%% 5 : PHR2486). CaCl, (% 5 :
C4901)-#i &1 H (T2 5 : D9434) . NaOH (175 : 415413).
Mg-ATP ($2°5: A9187). £ - BEX(2-& & L k) VU 2
% (185 324628) GTP (5 10106399001).KOH (1%
5 757551). Tris-Cl (% 5 : T5941). CsCl (1% 5 :
289329). CsOH (% 5: 516988). K [1 X &K (175
A6558) ¥ Il H 3 [H Sigma 2 7 ; GS967 (% T :
HY-12593) 4 5 5% [E MCE A #]; AN Z 661418 75
BRFRAE (NGO LGE B Al Ah B 75 B L0 LA i 4k 5 85 57
BN LA 2 b 5 3R 2 0 B A6 s 28 DU EOR
FR 5] RH237 (525 : S1109) 4 H 3¢ [ Thermo Fisher
4y 7] ; Blebbistatin ( 5% 5 : S7099) 1 H SelleckChem
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SLIGENA  SPF UK SR (EVE, 200 + 20 g) 1 T3L
TRAEVEHA R A F (LRI & HUE T SCXK
(32) 2020-0001], 7£ %I 23 + 2 °C JRJE 55% + 5% HIbxR
HESY = NI . B R4 T8 & i KR 405 KR
BYERFRL, 12 h R E ORI ARSIV KA s
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& i 75 .0 /5 F NanoDrop 2000c¢ (3£ [E Thermo 2
F]) 43 J6 0 BRI B B R B, ARUE R = — B
100 °C 4 J& ¥ (K Je 2% 0 s 536 A 248 A R 2 &) 4
8 min {¥ & 4 48 1% J5 i 17 SDS-PAGE %% Ji§ H1 3k (32
BIO-RAD A ). fH 70 V HLjk 30 min J&, 1% % 15
JE 110V, HZEE [ 440 BE BRI 45 R k. AR
1 min % F[1 1 kDa B [A] ffy 58 for I 2 0 0 2 M B (] o 3%
JIE5 5 B NC RN X B (1) — i S #i B R T 4 °CHRE IR
(L75  I0 1 B Se B A 8 ) W & - 25 =K, PBST

TEVENC IR, &K 10 min, 3£ 3 K. 5 885 MR 4 —Bu b
JE&WEGIE A U1 h, W F J5 PBST I8 ¥ NC JE, & X
10 min, £ 3% &5 ¥ H Odyssey % HF1H# R4t (32
LI-COR 7 &]) #&, Image Studio #F 47T 2 #r 13 2| H
) 2515 o

ERRGRLTVEERIER MZ24 hEn4
M BT UK b, S IR, N R, O AR
30 min & 20>, F NanoDrop 2000c 73 ¢ )% B 11 52 25
FR S, S R AR AU S . —$14 °CIE K .
WHIMAREER, 4 °)CIER . M4 PBST Jia, Bk
R, BO T BB, REHSEI R4 R EMANES EFE
22, IR EVE AT . 100 °C 42 J& ¥ N # 8 min, H #%
FE il

& Frfid SR

WAIE 7% © BN (g mmol-L) 4
Ji%: NaCl 136, KCI 5.4, HEPES 5, MgCl,-6H,0 1, CaCl,
1, & & FE10; { F NaOH ¥ pHIRH T 2 7.4, @
B T (I, s mmol-L) 2H B KCI 130, MgCl,-6H20 1,
HEPES 10, Mg-ATP 5, EGTA 5, GTP 0.1; 1# Jfl KOH ¥#
W pHI T2 7.3, @ HRINK (I, mmol-L) Ak
Tris-Cl 136, CsCl 5.4, CaCl, 2, MgCl, 1, HEPES 10, %]
i BE S; {8 H Tris-OH K pHIA T 2 7.4, @ HARA
W (Ie,., mmol-L) 41 ii: CsCl 20, CsOH 110, Mg-ATP
5, MgCl, 1, HEPES 10, EGTA 5, GS967 0.002 1, K[ 1%
R 110; {8 FH CsOH VA 0K pH A1 42 7.3
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T R 70 N FEL R PN R A N [ 7R S £ (35 ] Ason
Instrument 2 7 ) fii R Sk b, BERE A AR N S FEL
HIEHITE2~4 MQ N . 16 HBE T F A XS
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FE SR, 25 T 5 IR 5| A5 400 i 5 m A 2 s T i vy L
B (FHAA > 1 GQ), F Rk i i 4oh W 19 75 925 4T il &4 i st
R 5 A 200 L i S A X, M o O R PR RS HLRL S
BT AE H R AR 3 AT RO IE s o AR KI5 1 )
WORE i 5% P R I £ 5K 7 hERG L ER L AL 45
HLUAL, DR A7 10 53 100 LU B 9, 3R AT )5 2R 1 i Ad 22
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HEE SRR R AL AR P e RG],
BTG AR O M 2 R, R TRL 4~
6 mL-min™ [R5 FESE BN K . FEAE R & i
TN blebbistatin 48 0> T 45 11 Bk 5, JL 0] GE# il 00 i 32
AR . ONEFEIEBRBN R, ST Y, RH237 ekt 17
ety AR B 710 nm BOR Ykl K
W IE Sl 5 0 AR Bz ik, 4 F PowerLab 26T 3 SR ik
O F RIS S (5.6.7.8.10 Hz)o 5 5 0088 kL v 45
fifi ¥4 7 A5 35 M7, Optical mapping B8 & 4t (H 7 Brain-
vision A7) LAEERD 2 000 MisREL IR . JEIAR BN 1 kHz,
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A3 R F R o R — R LT B B A VX H B
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I, B2 LHEEEGT . A1 mLBREE N0k 4
BRI E AN 15 mL B O, B S R ZIk
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SRR . AR5 1B I 40 B 15 mL 25
OF, BTN LU EOR, RAERFAES s 13 (50 uL)
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FERG IR, W B AW IR S . 200 xg B O
5 min W FF FIEW, INNGE =B IR, BT AN T EL O
P [ Ax 10 A /FL 0T 35 FR AR AR R AT VR %, B A 2 Tt
YHHIEAN 81004 o Ko JULLH it 125 ok 1) AR AR, 25 b 4
FLAT, WR 23 AL HR 005 Bl e 00 JUL A PR TR T A 9, R
5 L 2 B /N O B B B FELAROAR b, R R R K 4
BRI 5] o AR AR 45 RS, K H AR 2 i
FEHA, 4~6 h 5 HUH W 22, 40 i O & TR AR G R )
AEFLAN 7800 ULH M 15 923 300 L, JBON 41 15 3% 46
B R, 2~3 R — IR BN 7 KIG, FACES R
O LA M ) A 5o 43 0 I N0 )k W T )k e+
e 2L IR R IE P S B TTA B R0 e+ 11 22 7 i
JURNZ, 24 h 5 W02 40 i {5 1Bk 3h, e 245, 4i i
WA BkAN G, FH MEA AR 51K 4R R4t (38 Al &
AEVACES (L) AR =] A I LR i B A 5, JF
P IEAE T

Gt FE S BE DO+ AR dER (SEM) &
7~o BdE 43T K GraphPad Prism5.0. 9 20 %4f b4
BI48 14 ¥ 07 15 student's r-test; 22 2H %045 Lb 5 B %e 11
G375 Turkey's test BUFR R R 77 2. 24 P < 0.059A
NE G

%R
1 SRR BRI A R IE K MR 2 1 B (B RR A
211

B R A W H1 hERG FLIA 807G L B 40538 0, fe &
HEK APD. AW FEAEAAR K FER T 3 Fh 254 2 75 6
FIE R ALK 1) APD B W AR . 1 508 25 Rk
JA B o Akt B BRI IA R (25 mg-kg!) 4 BRI IA R
(25 mg-kg!) + FF 2B TA (5 mgkg") 41 . i F] ik
(25 mg'kg") + M ZEWE /K (10 mg-kg") 4 AR A IL BE
(25 mg-kg") + A ZE B (90 mg-kg™) 4, K F HL R
TR Gk B F A7 G 2 b I B AR T K B o I 2R AT S5, 43
HLL5.0.6.7.8.0.10.0 Hz B 47T e 4 . 45 B BoR,
7E 200 ms o % ) IA B B 55 4E K KRR 0 JUE 19 APD,, Al
APD,, 3N EA — MW HRAEH, Kb R G125
i TIA W 2 4 %8 APD,, il APD, . 200 ms I, X {6 20 i
B0 JIE (1 APD,, F1 APD,, 43 7 2 80.00 £ 1.40 ms Al
2527 +3.05 ms, # H 7 H J5 B A ik 8 4 APD,, H
APD,, ZEK & 110.27 + 1.94 ms fl1 60.80 + 3.72 ms, J} £
Wi TIA 2 APD,, F1 APD,, 73 7l 4 % %2 87.47 + 5.13 All
40.48 + 1.99 ms (K 1),

2 THIO FifsE 2545t hiPSC-CMs ZAREI7 B LAY SZ R

CRA AN UL K E VY (CIPA) A H 480 JIE %2
A MEVEAL (JICSA) £ 2 4 HIE B hiPSC-CMs/MEA 1]
F TG 25 1 BOS R TR BE . ACHIE T8 B iZ 40
A N FH 22 F B B 31 4 AR LG 25 P %6 T hiPSC-CMs
AN FAL B, 25 ORI, FH 2B DA 15 1 i A
K0 5| 1) 37 H AT RR LRI (R RE K (P < 0.05); HoAR P ZH
TgitEE L (F2).

3 ASE A XTEFIABEAIE 89 hERG & B B R K
ER

SCEGE B DA B 3 Fhg g 25 R, P2 B TTA 7 DAAK
SRR Rk e T B B FEA B3 FRAL I RE G, TR AR
SCAR SRR T T FF S A X B R GK 8 5] acLQTS
BLH o 23 73 I 3 pmol- L™ i A 7AW 3 pumol- L i F] 14
B + 10 pmol-L"' P+ Z i TIA. 3 pmol-L™ i F| 1& & +
30 umol-L™" £+ 2 fiil I1A /£ F T- hERG-HEK293 4 Jitl §%
B 4 25 24 h, @ 1 Western blot J7 ¥ & M A 24
(155 kDa) hERG & H Rk 1E 0L (Bl 3). 45K BoR
3 pmol L i M & B2 A H Ji5 A8 s #4 1) 155 kDa hERG &
7K T 55 25 PR, 24 3 umol- L AR AIA S + 10 pmol- L
FF& 0 NAE G 4% 80 T hERG 2 [ (13 73 R I8, K5
KON 44.75% + 8.90% (P < 0.05). 43 umol-L il Flik
% + 30 umol-L' J} il IIA {F F J5 % hERG & A i1 3%
1K TG B SRRV F, X 10 B P 2 TIA % hERG R
IR ROAS AT BEAR M
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Figure 1  Effects of reversal drugs on THIO-prolonged APD in mice heart. A: APD,;, and APD, representative maps; B: Statistical analysis
of APD,, and APD, of optical mapping. n =5, x £ SEM. "P < 0.05 vs Ctrl; "P < 0.05 vs THIO. THIO: Thioridazine; APD: Action potential
duration; Prop: Propranolol; TANIIA: Tanshinone IIA; Res: Resveratrol
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Figure 2  Effects of THIO and reversal drugs on the field potential of hiPSC-CMs. A-F: Representative field potentials of hiPSC-CMs
under the following respective drug administration conditions: Ctrl group (A), 3 pmol-L" THIO group (B), 3 pmol-L" THIO + 10 umol-L"
TANIIA group (C), 3 umol-L" THIO + 10 umol-L" Prop group (D), and 3 umol-L" THIO + 10 pmol-L" Res group (E). n = 3, x £ SEM.
P < 0.05 vs Ctrl; *P < 0.05 vs THIO. hiPSC-CMs: Human induced pluripotent stem cell-derived cardiomyocytes; FPDc: Field potential

duration correction
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Figure 3 Rescue effect of TANIIA on THIO-inhibited hERG

protein. Western blot results (A) and statistics (B) for hERG
expression (incubation for 24 h). THIO significantly reduced
155 kDa of the hERG channel. TANIIA rescues hERG protein
inhibited by THIO. n = 5, x + SEM. "P < 0.05 vs Ctrl; “P < 0.05 vs
THIO
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[ hERG L, 4 IE sk HL AR R 2 1 O D sE M ¥ hERG
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Figure 4 Rescue effect of TANIIA on THIO-inhibited hERG
channel currents. A: Protocol and examples on the hERG current
under Ctrl, THIO-treated and drug-treated conditions; B: I-V curve
of the hERG current. THIO reduced the hERG current. TANIIA
rescues THIO-inhibited hERG currents. n =11, x = SEM. "P < 0.05
vs Ctrl; *P < 0.05 vs THIO
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