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Alnter-species differences in cardiac electrophysiology
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Cardiomyocyte electrophysiology
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AP regulation & arrhythmias

A Impaired AP regulation facilitates both development & maintenance of arrhythmias

Vulnerable substrate Ectopic activity

A |nherited Conditions Cardiotoxicity screening of novel compoundgre-clinical trials)

(long QTBrugadaetc.)

A Acquired conditions

(heart failure, atrial fibrillation, etc.)

A Druginduced

(Torsade de Pointes, bradyrthyhmias etc. )



Animal models in arrhythmia research
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I’F.ellul.'arI models

* Patients

* Clinical trials
* [mproved
~,  patient care

» Pig models

“o Validation of identified
(drug) targets

p
* Evaluation of ion

Mouse models

Il .
Evaluation of cellular
and molecular
mechanisms
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Advantages

Disadvantages

p
* |dentification of

(drug) targets
* Cenetic
investigations

* Availability

* Transgenic mice

* Housing and breeding
at most institutions

* Low costs

* High societal
acceptance

= Cardiovascular
anatomy

* Electrophysiology

* Not every model
or experiment is
possible

* Rabbit models s
! ~ = Preclinical

(interventional) studies
* |n the future: genetic
investigations?

channel function

* Drug safety

* (Re-entrant) ventricular
arrhythmias

* Ex vivo investigations

* Availability
* Housing and breeding
at most institutions
* Relatively low costs
* Vetricular electrophysiology
* Ideal for ex vivo studies
* High societal acceptance

* Availability

* Cardiovascular anatomy

* Electrophysiology

* Instrumentation (regular
electrophysiology study is possible
and human equipment can be used)

* Growing number of transgenic pigs

* Relatively high societal acceptance

* Only a few transgenic
rabbits

* Atrial electrophysiology

* Not every model
or experiment is
possible

* Housing and breeding possible
only at a few institutions
* High costs
* Time-consuming and labour-intensive



Inter-species differences in cardiac electrophysiology
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Inter-species differences in ventricular electrophysiology
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FIGURE 1 Failures in Translational Research: Preclinical and Clinical Trials
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We must systematically characterize
speciesdifferences in the regulation of
cardiomyocyte electrophysiology




Speciedlifferences in response to-adrenergic stimulation
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Wang et al.,) PhysioR019

Consequences of SNS In rabbit vs. mouse
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AP-clamp simulations reveal intespecies differences
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2015, Bartos et al.,
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Morotti et al., 2014,
Surdo et al., 2017
(Mouse)



AP-clamp simulations reveal intespecies differences
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How can we use our computational models
to improve the prediction of human physiology
from experiments in animals?




Existing computational approaches

A Comparing simulations performed in different species
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Existing computational approaches

A Crossspecies translation based on estimation of drug effects from animal experiment:

and execution of new simulations with human model

Assessment of drumpduced

from animal data (i.e.,

A
lul,

&=  effect in animal experiments
Estimation of drug effects

refitting the animal modél

Ol

C Inclusion of drug effects in
&l human model & execution
IT of forward simulations

Tveitoet al.,Sci Rep2020
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Goal: to develop ammmediate crossspecies translator
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Assessment of drumduced
effect in animal experiments
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A previously developeadmmediatetranslator

ARTICLE OPEN
Population-based mechanistic modeling allows for quantitative
predictions of drug responses across cell types

Jingqi Q. X. Gong' and Eric A. Sobie’
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Methods. building populations of models

—_ G N ) B_ased o Scaling
— A T Grandi et al., 2010, factors
) @ Moreno et al., 2013 )
(Human); el
Shannon et al., 2004,
Soltis & Saucerman, n, Parameters
22, NETTn) i 6L Baseline model Population of models (n, = 1000)
i ‘ 2015, Bartos et al.,
Myofilaments £ 4 2017 Ra.lbeD; 50 1Hz 50 e
AT (. Morotti et al., 2014, s =,
Sarcolemma anse e Surdo et al., 2017 E £ "
Multi-species framework for ha o leta oy @ PKAependent phosphorylation (Mouse) WE 0 & 0 e
ventricular myocyte simulations rabbit only @ caMKil-dependent phosphorylation -100 -100 v..a e =
— APD,, (ms)
— 600 = 600 g
= S c
£ 400 £ 400 5 150
A Baseline models B Population of models —_ —_— C
s 200 8 200 50
50 1-Hz 501 Mouse 20 Rabbit = = 0 , -
= 0 100 200 300 400 0 100 200 300 400 o e
E 0 0 Time (ms) Time (ms)
w’ -50 -50
-100 -100
200 ms 200 ms
— Mouse
600 — Rabbit

3

[
o
o

[Ca%*]. (nM)

Morotti et al.,Sci Adv2021

o



Sub-Sarcolemma

Myofilaments

Methods. performing sensitivity analysis

Sarcolemma

Multi-species framework for
ventricular myocyte simulations
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Myofilaments
Sub-Sarcolemma

Methods. constructing the translators

Based on
Grandi et al., 2010,
Moreno et al., 2013

(Human);

Shannon et al., 2004,
Soltis & Saucerman,
2012, Negroni et al.,
‘ 2015, Bartos et al.,
""" K > 2017 Rabbib;
Morotti et al., 2014,

Sarcolemma

mouse only

Multi-species framework for
ventricular myocyte simulations

A Baseline models

50 1-Hz
=
E 0
w® 50
-100
200 ms
— Mouse
600 — Rabbit

3

[Ca%*]. (nM)
N
S

Morotti et al.,Sci Adv2021

o

Surdo et al., 2017

[ lerr cica) (@ PKA-dependent phosphorylation (Mouse)
rabbit only e CaMKIl-dependent phosphorylation

B Population of models
507 Mouse 50 Rabbit
0
-50
-100

200 ms

Scaling Factors

Simulations

\ Features

ig
L=

:
ie

| .- n_parameters
—al N § | P
< (- -
; -
animal S| o - - Multivariable human
mm - linear regression
n, features
* ~
2 2 g . = 3
oo, = animal cross human (el a)
aalg o alg
<< § << §
N VY] o
VAAY
\WAYAY
cross
Animal to Human .
Actualf . < 5 5 Predicted f,
anima * APDS0->APDY0 APDS0->APDS0 APD90->CaTamp uman
- - - bAPDSD-,-APD?U bAPDSD-NAPDSU bAPDSU-)CaTamp = I ] [ I I ]
CaT; ->APDY0 CaT: ->APDS0 CaT: ->CaT:
APDgo APD50 CaTamp aTamp: alamp alamp aTamp / APD90 APDSD CaTamp
APDQO‘human = funCtlon (APDQD.anImaI' APDSD‘ animal’ CaTamp, animal” bAPUQD->APDQ()‘ bAPDSU-)APD?U’ b(aTamp-)APDg())



CaT

tau
CaTt50
APD,

APD

90

Human

APD,

APD,,

Development of crosspecies translators

APD,,
CaTl ©

Mouse
2
< U

Rabbit

tau

CaT

tau

CaT

Morotti et al.,Sci Adv2021

0.8

0.4

Mouse to Human (control, 1-Hz, n = 4)

R?=0.233
350

/
/

300

250

Predicted APD,,

2004 —
200 300

Actual APD,

R = 0.286
2300 3
e =
<C W]
3 260 3
= =
T 220949 ks
o © o

200 250 300

Actual APD,,

Rabbit to Human (control, 1-Hz, n,= 4)

R?=0.886
30, L,
o /s
0 O

300

250

Predicted APD,,

)
/

200 ———
200 300

Actual APD,,

R? = 0.871
2300, ° %
Q0

<]
o ©

260

220

Predicted APD

200 250 300
Actual APD,,

180

'S
o

—
o
(=]

R?=0.795
/ 3
b =
o =
/ o]
5 |
O ~gh Q o]
A o g
HOSE =
5
Q
L.
o

80 120 160

Actual CaT,,

R?=0.955
/
3160 v 3
e S
U e U
go] go]
Q Q
T 120 O
T T
g g
a a
ov
100 150

Actual CaT,,

N
N
o

—
(0]
o

R?=0.805

oy

—
n
O

220

—
0]
o

S
o

160 240
Actual CaT,,

R?=0.964
%

of

“150 200
Actual caT,,

= ragoos.

Q0 ¢ O &

P= b resd

0 = b resd




Development of crosspecies translators
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Validation against simulated data

A Control
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Validation against simulated data

A Selective ion channel block

|-, block

Morotti et al.,Sci Adv2021
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Validation against simulated data
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Validation against simulated data
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Experimental validation
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the relative changesn the measured AP & CaT properties T ————
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