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1) Motivation and goals 4) Parameters estimation: drug dose |D| example

Human induced pluripotent stem cell-derived cardiomyocytes (hIPSC-CMs) are a
promising tool in regenerative medicine (repair damaged areas) because of pluripotency
and ability to differentiate [1]. Computational modeling and simulation is a powerful

« From given synthetical field potential measurements U,I,fws where a drug is blocking

one ionic channel, find the dose [D];;.s which allowed to obtain these

data, knowing the concerned drug and its targeted channel.

tool to investigate [2]: = Define a cost function [(|D]) minimizing the distance between the simulated and

- drug eflects and their side effects the synthetical field potential measurements:

- disease in cardiac electrophysiological activity. J([D)) = 1y || RiI k (ID]) — LIk IE (3)
2~k el Nl mes T=([0,T])

where [ é‘l([D]) is solution of the tissue model ((1) + (2)). Our goal is to find [D

Our goal is to perform in silico simulations (quantify and predict affinities and effects
of drugs on hIPSC-CMs) to be used in early stage of the development of new com-

pounds. Here we provide an approach allowing to fit the drug model parameters to the minimizing (3).
experimental data. - For this, define an adjoint problem associated to the tissue model:
. (dq |
2) Tissue model — +(9ug (Vi,w, [D]))a ~ Ant' @wlion(Var,w, [D]))pas = 0 in Q
Modeling a layer of hIPSC-CMs: bidomain model (terms in blue) solved in the 2D P M |
computational domain € of Fig. 1, to compute the membrane potential Vs and the Am | CuMm Y Wy lion(Va,w, [D]) | pm + div (01Vpm)
extracellular potential u,. , ,
o P e ) +div (0;Vpe) + '(dv,,g (Vam,w,[D]))q=0in Q (4)
E—g(VM,W):OinQ Cer 1 dAF
5’VM | | | div (((71 -+ GE)Vpe) -+ div (GIVPM) = Zek . | , | dt )(ek in )
4 AM (CM Ot | Iion) — div (G[VVM) — div (GEVue) — AMIstim in () (1) d/\k /\k | k
Ik ; = P¥ — Ri(R;I*, - U}) in e, fork=0,..,8
_div (o7 + 0)Vit,) — div (a;V V) = Yo —L e in O L at T Zthick
\ Zthick €kl

with P(’f = ﬁ o Pe and with q, pm, pe and AK states adjoint associated respectively
= Jonic current I;,, computed with:

= model proposed by Paci et al. |3] in the case of pacemaker cells
- modified Paci model (with adult version of In,) in the case of non-pacemaker cells. » The cost function gradient is given by:

. Sou.rce term added to model a 60-6well MicroElectrode Array MEA (terms in red): ) ([D]) = fQ foT (9 ipig (Var,w, [D]))q — fQ foT A piLion(Vat, w, [DDpm (5)
device used to measure the field potential generated from multiple cells. The

electrodes are described using the circuit in Fig. 1, by computing the measured

to states w, V), u, and Ié‘l and solution of (4).

« We use an optimization procedure based and gradient descent method.

Curfeﬂt lk : . Convergeni_ce of [D]_i to [D] __ with iterations i 0 Minimization of J([D].) with iterations i
el — |
240 |- ——[D] =86.5, U __ without noise . 05k
dlé(l Ié(l Cel d uk k 1 E 520 _—-—[D]0=259.5, U'rfnes without noise ] ”
r, U YT Wﬂwl:ET Ue, for k=0,..,8, (2) | ey o !l
k e —_ - .15F
k — a sl )
. . . . 9 180 5 2
where T = (R; + R,;)C,;, R; is the inner resistance, R,; and C,; are the resistance 9 100 E
. . . © Q -25F
and the capacitance of the electrode. The measured field potential is then o o [t =65, U wiout nie
5 120 7 —-—[D]0=259.5, U'rfneS without noise
uz;,les —= RZI?Z 200l ) 3.5 [D],=259.5, uEneS with 5% nois.e
. . . . . . [D]0=259.5, Umes with 10% noise
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Figure 1: Left: domain () for the MEA model and equivalent circuit for the electrodes. Right: propagation 0 a L ‘
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

of the depolarization front in the case of non-pacemaker cells stimulated in the left-bottom corner.

3) Drug action: Mexiletine example 5) Discussion and future work

We presented a proot of concept of an optimization approach able to estimate the drug
dose of a compound when the characteristics of the drug are known. The robustness of
] a1 the method was tested on drugs targeting I Na channel using in silico experiments: with
| - ( D] ) with 71 = 1 10 % of gaussian noise on the observed field potential, the accuracy of the estimated
i ICs ’ drug dose is higher than 99%. Future developments would include estimating model

where [D] is the drug concentration and the ICs value is the dose able to block 50% of parameters of drugs like Mexelitine or Dofetilide, drugs with several targeted channels
and fitting of other parameters as ICy, etc.

Pore block model: use of a conductance-block formulation |2]. In the ionic model,
the conductance of a targeted channel s is reduced by a scaling factor:

8blocked,s = control,s

the channel activity.

« Mexiletine: action on Iy, (smaller depolarization phase)

Experiments Simulations
05 ' Electrqdeo ' Electrode 1 Electrode . ' Electrode0 = 5 ' Elec't rrrrrr
c _1\/_._ s s . 5| s : [1] K. Takahashi, S. Yamanaka.
s s s 3 o o | = contro - - - ; ;
Sos {5 £, | S OuM Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors.
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[2] N. Zemzemi, M. Bernabeu, J. Saiz, J. Cooper, P. Pathmanathan, G. Mirams, J. Pitt-Francis, B. Rodriguez.
Computational assessment of drug-induced effects on the electrocardiogram: from ion channel to body surface potentials.
British journal of pharmacology (2013).
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