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Tox IVIVE - inter-individual variability matters!

human left ventricular cardiomyocyte models

Sebastian Polak

ey

Unit of Pharmacoepidemiology and
Pharmacoeconomics
TOX PO [TC]| neT Jagiellonian University Medical College
y prediction for dru




cardiotoxicity prediction

(" ) 4 ™

. dicti
predlctlon> prediction >
in silico in vitro <
< P
verification verification
\_ y, \_ ,
in vitro In vivo

population

drug

B B S -

induced
¢ ¢ ¢ arrythmias

in vivo
individual



‘ , ~ proarrythmic potency assessment

~invitro — in vivo extrapolation




proarrythmic potency assessment

in vitro — in vivo extrapolation

? Sarcoglycan
M Plasma Na* complex

a
membrane ;
D= L
- L
K* K

Extracellular
space

in vive
individual

Mitochondrion

' Cytoplasm
Na'/Ca?' Na* K+ é
Na* exchanger channel  channels »
Na* — 3
Na* ( g .
. Ca?* *g‘ ’ K*
Junctin-triadin . Cytoskeleton g Connexin
complex . . ; channel

Sarcoplasmic
reticulum

5%

o
o)

Na*/K*

pump

Ca?*

L-type Ca?*
channel

Ryanodine
(Ca?*-release)
channel

% i
* Troponin Y
complex

L

T tubule

Desmosome

Sarcomere (myosin, actin, troponin and titin)



[ J
in vivo
individual .
40 Jost 1998 native
Jost 2005 native
Methods . Magyar 2000 native
* non-failing human i o5t 1998 suM E-4031
. —— Jost 2005 50nM Dofetilid
ventricular myocytes ¥ ost 2005 50nM Dotetilide
E-zo Magyar 2000 8nM ET-1
. 2 40
* drug triggered APD g
. -6
changes studied °
-80 #

-100

0 100 200 300 400 500 600
time [ms]

Jost 1998 CardiovRes; Jost 2005 Circulation; Magyar 2000 Pflugers Arch - EurJPhys



proarrythmic potency assessment

in vitro — in vivo extrapolation

human virtual myocytes

5

o computational models of cardiac electrophysiology
In VIivo
individual

Ca't Ca

R
K
k k Ca
;C&\I 3 k| kCa, I,y s, b his, ca I ca
20
i}
m
LA

C2 C3 0 I
BJ
O I o T ULy BRI L g SRREEAA R g L BLCHERCL, S, UL CRRAO, N U S Ny e
3N K K*
o oy 5 b= e ly | [ haa | b

*
Cl

Ten Tusscher and Panfilov (2006), Fink et al. (2008); source cellml.org
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* Hodgkin—-Huxley formalism

* ionic currents reproduced -> M-M formalism for the channels

* based on the (human) experimental data

* transmural heterogeneities of ion channel densities for three different
ventricular cell types (endocardial, midmyocardial, epicardial cells)

e 0D/1D simulations
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* based on the (human) experimental data

Niederer 2009 ExpPhys
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Figure 1. Phylogenetic schematic for the ten Tusscher et al. (2004; A) and the lyer et al. (2004; B) cell
models (B), showing the links between modelling (trapeziums) and experimental studies (ellipses)
Modelling studies are broken up into components (boxes), with connections (arrows) between components and
published studies. * Luo & Rudy (1994) model; and + Jafri et al. (1998) model.

Niederer 2009 ExpPhys
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* cardiomyocytes physiology

cell volume - heart wall thickness
cell membrane area - electrical capacitance - stimulus diffusion coefficient

sarcoplasmic reticulum volume
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ToxComp.net

more information can be found at the

www.tox-portal.net
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