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Table 1 Ion channel conductivities (% of original

value) in the presence of propafenone

GK{ G(‘aL
Low dose (1 pmol/L) 28.06% 69.60%
High dose (10 pwmol/L) 3.76% 37.50%
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Fig. 1 Simulation of APs in WT and N588K conditions, corresponding time course and amplitude of Iy,

(a, b) ENDO cells. (¢, d) MIDDLE cells. (e, f) EPI cells. - - -: WT; —: N588K.
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Fig. 2 Simulation of APs in the WT, Het, Hom and HomKCNElred conditions,
corresponding time course and amplitude of I,
(a, b) ENDO cells. (¢, d) MIDDLE cells. (e, f) EPI cells. - - -: WT; — : Het; —: Hom; : HomKCNE Ired.
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Fig. 3 Simulation of APs in the WT, WT-D172N and D172N conditions, corresponding time course and amplitude of Iy,
(a, b) ENDO cells. (¢, d) MIDDLE cells. (e, f) EPI cells. - - -: WT; — : WT-D172N; —: D172N.

Table 2 Cellular characteristics (including APA, APDy, and RP) of human ventricular ENDO, MIDDLE and EPI cells

SQTS Cell type APA/mV APDy/ms RP
SQT1:WT/N588K ENDO 43.7/43.6 331.9/204.1 _85.5/-85.8
MIDDLE 42.7/42.5 4722/237.9 -85.2/-85.7
EPI 42.6/42.5 333.9/210.7 -85.5/-85.7
SQT2: ENDO 43.6/43.6/43.6/43.6 309.4/237.0/197.9/147.3 ~85.4/-85.6/-85.7/-85.8
WT/Het/Hom/ MIDDLE 42.6/42.6/42.5/42.5 418.4/347.6/309.8/252.7 ~85.3/-85.4/-85.5/-85.6
HomKCNElIred EPI 42.5/42.6/42.6/42.6 310.8/239.0/201.0/153.0 -85.5/-85.7/-85.8/-85.9
SQT3: ENDO 43.2/43.4/43.3 302.8/273.4/261.8 ~85.2/-85.8/-86.2
WT/WT-D172N/ MIDDLE 42.1/42.5/42.4 406.0/357.4/341.4 -84.9/-85.7/-86.1

D172N EPL 42.1/42.4/42.3 304.0/274.5/262.8 -85.2/-85.8/-86.1
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Fig. 4 Simulation of APs in the SQT1, SQT2, and SQT3 conditions in the presence of low and high doses of propafenone

(a—c) ENDO cells. (d-f) MIDDLE cells. (g-i) EPI cells.

Table 3 Effects of different doses of propafenone on the cellular characteristics (including APA, APD,, and RP)

of human ventricular ENDO, MIDDLE and EPI cells

SQTS Cell type Concentrations/(umol - L) APA/mV APDy/ms RP
SQT1:N588K ENDO 1/10 43.6/43.9 248.6/287.7 -85.8/-85.9
MIDDLE 42.7/43.2 307.7/405.0 -85.7/-85.8
EPI 42.7/43.0 251.7/288.9 -85.8/-85.9
SQT2:Het ENDO 1/10 43.3/43.1 234.5/212.6 -85.7/-85.8
MIDDLE 42.4/42.2 353.2/318.3 -85.5/-85.6
EPI 42.4/42.3 236.1/209.7 -85.7/-85.8
SQT3:WT-D172N ENDO 1/10 43.1/42.8 263.5/222.2 -85.9/-86.0
MIDDLE 42.3/42.0 347.0/275.4 -85.8/-85.9
EPI 42.2/42.0 263.8/216.4 -85.9/-86.0
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Fig. 5 Space-time plot of action potential propagation along the transmural ventricular strand
and the pseudo-ECG and the reconstructed QT intervals
(a, b) Color mapping of membrane potential of cells along the one-dimensional strand from blue to red in the NS88K and low-dose propafenone
conditions, respectively. Space runs vertically from the ENDO end at the top to the EPI end at the bottom. Time runs horizontally (from left to right).
(c, d) Pseudo-ECGs and corresponding reconstructed QT intervals in the SQT1 and propafenone-in-action conditions. (e, f) Pseudo-ECGs and
corresponding reconstructed QT intervals in the SQT2 and propafenone-in-action conditions. (g, h) Pseudo-ECGs and corresponding reconstructed QT

intervals in the SQT3 and propafenone-in-action conditions.
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Fig. 6 Membrane voltage heterogeneity (6V) and the spatial gradient of APDy, across the 1D strand

(a—-d) Membrane voltage heterogeneity (5V) between single ENDO, MIDDLE, and EPI cells in the WT, N588K, low and high doses of propafenone
conditions, respectively. (¢) Maximal §V during repolarization process between ENDO-EPI cells. (f) Spatial distribution of APDy, across the 1D
transmural ventricular strand model. (g-i) The spatial gradient of APDy, across the 1D strand in the N588K, low and high doses of propafenone
conditions. (j) The maximal spatial gradient of APDy,.



530 L IR R

Prog. Biochem. Biophys. 2017; 44 (6)

SQT1 N588K A= i 7 i 6t v [k 5 i 4 sy, ik
A A0 FL ) T AR IR 3E . 4 (5 5 2 i
ZJa, BEREES M SY BRI, S ECGH T
WIRMERAR. B 6 BoR T APDy, 25 8] 43 A F1 i B 15
BB . SQT1 NS88K ZEAZ M fil T APD,, 5 BE & i
FE. RSP B2 J5, APD.y, #5EE B LR A,
B S EC ECG 1 T B R IE PR,

3 % 1

A SO THENUT AR T AL = A AN
ZUGYE AR, FIRNZERY, @7 7 52 i i
FF SQTS i F2 HF W AP 251k 5 % W ECG 2 1]
IBER, MR, 4. HA=ADRE, BT
SQTS N K% Z i ia 2501 FH i A%, I 1 254
JTRK.

W A RE K T AE SQT1 N i) APD A4 EL»
HL ] QT (a1, {HJ&46% T 7 SQT2 F1 SQT3 R 1)
APD FIF B QT M. MRFRAEDFEME,
T3 TS 5 A R 245 47 T S A A (A] RS H e A
APD 7S [A] B HUE (1) A8 4k, 5 40 AT 8 2 T B A1
SQT1 FHI T WIRMWEHIE K. &2, 5F SQT1,
ARG R, % SQT2 M1 SQT3, % i % £ ik
BRI . B4 T LU B iR
M FIRERIGIT SQTS Rt M it &%,

Biff  SQT1~3 LAY J2 2% W, W 28 hix Pt 5% (hittp://

www.pibb.ac.cn).
Z % x #

[1] Gussak I, Brugada P, Brugada J, et al. Idiopathic short QT interval:
anew clinical syndrome? Cardiology, 2000, 94(2): 99-102

[2] Schimpf R, Wolpert C, Bianchi F, et al. Congenital short QT
syndrome and implantable cardioverter defibrillator treatment:
inherent risk for inappropriate shock delivery. J Cardiovasc
Electrophysiol, 2003, 14(12): 1273-1277

[3] Gaita F, Giustetto C, Bianchi F, et al. Short QT Syndrome: a
familial cause of sudden death.Circulation, 2003, 108(8): 965-970

[4] Algra A, Tijssen J G, Roelandt J R, et al. QT interval variables
from 24 hour electrocardiography and the two year risk of sudden
death. Br Heart J, 1993, 70(1): 43-48

[5] Brugada R, Hong K, Dumaine R, et al. Sudden death associated
with short-QT syndrome linked to mutations in HERG. Circulation,
2004, 109(1): 30-35

[6] Bellocq C, Van Ginneken A C, Bezzina C R, et al. Mutation in the
KCNQI gene leading to the short QT-interval syndrome.
Circulation, 2004, 109(20): 2394-2397

[7] Priori S G, Pandit S V, Rivolta I, et al. A novel form of short QT
syndrome (SQT3) is caused by a mutation in the KCNJ2 gene. Circ
Res, 2005, 96(7): 800-807

[8] Bijerregaard P, Gussak I. Short QT syndrome: mechanisms,
diagnosis and treatment. Nat Clin Pract Cardiovasc Med, 2005,
2(2): 84-87

[9] Giustetto C, Di Monte F, Wolpert C, et al. Short QT syndrome:
clinical findings and diagnostic-therapeutic implications. Eur Heart
J,2006, 27(20): 2440-2447

[10] Schimpf R, Bauersfeld U, Gaita F, et al. Short QT syndrome:
successful prevention of sudden cardiac death in an adolescent by
implantable cardioverter-defibrillator treatment for primary
prophylaxis. Heart Rhythm, 2005, 2(4): 416-417

[11] Villafane J, Atallah J, Gollob M H, et al. Long-term follow-up of a
pediatric cohort with short QT syndrome. J Am Coll Cardiol, 2013,
61(11): 1183-1191

[12] Yuan Y, Bai X, Luo C, et al. The virtual heart as a platform for
screening drug cardiotoxicity. Br J Pharmacol, 2015, 172 (23):
5531-5547

[13] O'hara T, Rudy Y. Quantitative comparison of cardiac ventricular
myocyte electrophysiology and response to drugs in human and
nonhuman species. Am J Physiol Heart Circ Physiol, 2012, 302(5):
H1023-1030

[14] O'hara T, Rudy Y. Arrhythmia formation in subclinical ("silent")
long QT syndrome requires multiple insults: quantitative
mechanistic study using the KCNQI1 mutation Q357R as example.
Heart Rhythm, 2012, 9(2): 275-282

[15] O'hara T, Virag L, Varro A, et al. Simulation of the undiseased
human cardiac ventricular action potential: model formulation and
experimental validation. PLoS Comput Biol, 2011, 7(5): 1002061

[16] Hong K, Bjerregaard P, Gussak I, et al. Short QT syndrome and
atrial fibrillation caused by mutation in KCNH2. J Cardiovasc
Electrophysiol, 2005, 16(4): 394-396

[17] Ten Tusscher K H, Panfilov A V. Alternans and spiral breakup in a
human ventricular tissue model. Am J Physiol Heart Circ Physiol,
2006, 291(3): H1088-1100

[18] Rush S, Larsen H. A practical algorithm for solving dynamic
membrane equations. IEEE Trans Biomed Eng, 1978, 25 (4):
389-392

[19] Drouin E, Charpentier F, Gauthier C, et al. Electrophysiologic
characteristics of cells spanning the left ventricular wall of human
heart: evidence for presence of M cells. ] Am Coll Cardiol, 1995,
26(1): 185-192

[20] Adeniran I, El Harchi A, Hancox J C, et al. Proarrhythmia in
KCNJ2-linked short QT syndrome: insights from modelling.
Cardiovasc Res, 2012, 94(1): 66-76

[21] Adeniran I, Mcpate M J, Witchel H J, et al. Increased vulnerability
of human ventricle to re-entrant excitation in hERG-linked variant
1 short QT syndrome. PLoS Comput Biol, 2011, 7(12): ¢1002313

[22] Zhang H, Kharche S, Holden A V, et al. Repolarisation and
vulnerability to re-entry in the human heart with short QT
syndrome arising from KCNQI1 mutation--a simulation study. Prog
Biophys Mol Biol, 2008, 96(1-3): 112-131


http://www.pibb.ac.cn)

2017; 44 (6) FHEE, % WEE QI £ THMAYMEREESHENR *533e

[23] Gima K, Rudy Y. Ionic current basis of electrocardiographic Pharmacol, 2008, 155(6): 957-966
waveforms: a model study. Circ Res, 2002, 90(8): 889-896 [25] Delgado C, Tamargo J, Henzel D, et al. Effects of propafenone on
[24] Mcpate M J, Duncan R S, Hancox J C, et al. Pharmacology of the calcium current in guinea-pig ventricular myocytes. Br J
short QT syndrome N588K-hERG K' channel mutation: differential Pharmacol, 1993, 108(3): 721-727

impact on selected class I and class Il antiarrhythmic drugs. Br J

A Modelling and Simulation Study of Drug Effects on Short QT Syndrome’
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Abstract Short QT syndrome (SQTS), a new genetic channelopathy, is characterized by the abbreviated QT
interval on ECG and abbreviated effective refractory period (ERP) of ventricles and atrium, associated with
syncope and a higher risk of sudden cardiac death (SCD) due to malignant arrhythmias. To our knowledge,
pro-arrhythmogenic effects of SQTS have been extensively characterized, but less is known about the
pharmacology of SQTS. Therefore, we built a drug-blocking model to predict the effects of propafenone on SQTS.
The biophysically detailed model of the human ventricular action potential (AP) was modified to incorporate the
drug-blocking model and the potassium current formulations including SQT1, SQT2, and SQT3. The modified
ventricular cell model was then integrated into one-dimensional strand tissue with transmural heterogeneities.
Effects of propafenone on ventricular activities and pseudo-ECGs were simulated and quantified. The results
showed that propafenone prolonged the action potential duration (APD) and QT interval in SQT1, and decreased
the T-wave amplitude. However, it shortened the APD and QT interval in SQT2 and SQT3. Propafenone in SQT1
decreased the maximal transmural voltage heterogeneity and transmural heterogeneity of APD across the strand
tissue, which contributed to the decreased T-wave amplitude. These findings provide new evidence of
anti-arrhythmic effects of propafenone on SQT1 and pro-arrhythmic effects on SQT2 and SQT3.
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