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Cardiovascular diseases are the leading cause of death globally
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Chemicals represent additional modifiable factors affecting CVD risk
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How can (apparently simple) AOPs help us to navigate
highly complex toxicological scenarios?

System biologist Toxicologist  Risk assessor Risk manager
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Mapping cardiotoxicity pathways - Going beyond hERG
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Dr Luigi Margiotta-Casaluci — 2022

o
|

_.40 vl

Potential (mV)

ICl(Ca)

IKur

|
v
i -
On | — -
——

T Depolarizing current
= _Repolarizing current

Gintant et al. 2016
Nature Reviews Drug Discovery 15, 457—471

CaArbpiac CYCLE

Pressure (mmHg)

Volume (mL)

st
e

wan 3rd |

Aortic pressure

Atrial pressure
Ventricular pressure

/ Ventricular volume

TN—

Q|lig

Mw_%a— Phonocardiogram

Systole

Diastole

Systole




AOP development — MIE and AO

L-type calcium channels

(LTCCs) blockade hisanthailure
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Striessnig et al. 2014;
Wiley Interdiscip Rev Membr Transp Signal. 3(2): 15-38.
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* 920,000 adults are living with heart failure in the UK
(26 million people worldwide)

* 200,000 new diagnoses of heart failure every year

* Estimated cost - £2bn per year in England (2% of the
Dr Luigi Margiotta-Casaluci — 2022 total NHS budget) (NICE, 2018)



AOP development workflow
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AOP 261 - L-type calcium channel blockade leading to the disruption of cardiac electrophysiology

AOP 262 - L-type calcium channel blockade leading to heart failure via decrease in cardiac contractility

AOP 283 - L-type calcium channel blockade leading to hypotension




Literature review and data extraction
CCBs exposure studies

Drug Class Total no. of data points A{[:‘:Z::KI}TS:W()I*C) Species SE:::e
Nifedipine Dihydropyridine CCB 345 0.5 Rat ChEMBL
Amlodipine Dihydropyridine CCB 114 20 Rat ChEMBL
Felodipine Dihydropyridine CCB 14 0.053 Rat ChEMBL
Nisoldipine Dihydropyridine CCB 2 0.476 Rat ChEMBL
Nimodipine Dihydropyridine CCB 2 0.156 Rat ChEMBL
Nitrendipine Dihydropyridine CCB 1 0.246 Rat ChEMBL
Diltiazem Benzothiazepine CCB 123 16 nM Rat ChEMBL
Verapamil Phenylalkylamine CCB 272 12 nM Rat ChEMBL
Fendiline Phe”;'j'et‘i:\a/;n'cnceé non 17 - C157O?OK? v/a) Rat  ChEMBL
Mibefradil Non selective CCB a4 (**Iggan'\i/'n . Human  ChEMBL
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Most common model species in our database & endpoint classification
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Model species

Example of extracted data
Reference, Species, Model info, Drug, Details of genetic manipulation, Effect/No Effect concentration,
Dose-response concordance, Quantification method, Exposure duration
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AOP 261: Disruption of cardiac contractility
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AOP 262: Disruption of cardiac electrophysiology
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Effect direction and confidence assessment of KEs
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Responsiveness analysis of experimental parameters

KE: Calcium current, Decrease

ICa,L inhibition (M)

1~ .
ICa,L amplitude (H), | ) 'Peak ICaI\,/IL density
0758 (M)
| RS
\\\\ i §
Peak ICa.L (H)/ 05 § ' Pulse-end current
3 (M)
0.25 =/
_______ O* H202-induced
ICa,L (H) { ANVAY o Y YA cytosolic Ca2+...
Time-dependent “Jca,L decay kinetics
ICa,L (L) (L)
Rate of Ica, . Peak ICa,L
Gfﬂ’ no. of data points = 91 \ inactivation (L) amplitude (L)

Nifedipine: 37
Verapamil: 25
Diltiazem: 17
Fendiline: 6
Felodipine: 3
Amlodipine: 2

Semotiadil: 1 /

Dr Luigi Margiotta-Casaluci — 2022



Responsiveness analysis of experimental parameters

Total no. of data points = 65
Nifedipine: 43

Amlodipine: 12

Verapamil: 10

KE: Action potential, Disruption
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A more informative visualisation of AOPs

L-type calcium channel blockade
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Influence of disease state on the KEs
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Influence of disease state on the KEs

Calcium currents, Decrease
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Disease type

* Arrhythmia

* Brugada syndrome phenotype

* Cerebral ischemia

* Coronary artery ligation

* Endotoxemia

* Long QT syndrome type 4

* Myocardial infarction

* Multiple organ dysfunction syndrome
* Tachycardia

* Terminally failing human hearts

* Tetralogy of Fallot



Influence of disease state on the KEs

Blood pressure, Decrease
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Disease type

» Alcohol dependence

* Balloon injury of the carotid artery
* Chronic atrioventricular block

* Heart failure

* High salt diet

* Hypertension

* Iron overload

* Ischemia

* Myocardial infarction

* Rapid atrial pacing

* Patients undergoing coronary
angiography with or without
percutaneous coronary
interventions

* SHR hydronephrotic model



Influence of disease state on the KEs

Blood pressure, Decrease
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Genetic manipulation studies and essentiality assessment
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Genetic manipulation studies (exposure to CCBs)
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CCB-induced effects + 146 data points describing the effects of genetic manipulations of various
component of the pathway:

e (Cavl.2, Cavl.3

* Calmodulin

*  Calmodulin kinase Il
 Cardiac Troponin T
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Cavl.2 variants/mutations and disease

CACNA1C

Relationship type

contributes to

Disease

Attention deficit hyperactivity disorder

contributes to

Autism spectrum disorder

contributes to

Bipolar disorder

has phenotype
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is marker for

Brugada syndrome 3

is marker for

Hypertension

is marker for

Hypoglycaemia

likely _pathogenic_for_condition

Idiopathic ventricular fibrillation, non Brugada
type

contributes to

Malignant exocrine pancreas neoplasm

contributes to

Schizophrenia

is marker for

Timothy syndrome

contributes to

Unipolar depression
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Consequences of genetic manipulation of Cav1.2
Silencing/Deletion/Inactivation

N

Authophagosome production, _
é Increas: Authophagic flux, Increase

Peak ICa,L density, Reduction
ICa,L activation, Disruption

Cell beating amplitude, Reduction

This data confirms the KE identified during the mining of empirical evidence



Consequences of genetic manipulation of Cav1.2
Overexpression of beta-subunits

Peak Ica,L density, Increase Peak lca,L, Increase

SRGa2 s conisal. Inoease Action potential duration, Increase

Eearly after depolarization during

ICa,L facilitation, Increase APD prolongation, Increase

LTCC opening propabbility, Increase Cell survival, Decrease

ECC gain, Decrease

ICa.L inactivation, Decrease

LTCC maximum gating charge ICa,L amplitude, Increase
(Qon), Increase

LTCC opening propabbility,
Decrease

All Beta subunits increased the native cardiac whole-cell L-type Ca2+ channel current density, but produced distinctive effects on
channel inactivation kinetics.
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Ejection faction = Heart failure

AOP 261: Disruption of cardiac contractility
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Figure 3: Distribution of Left Ventricular Ejection Fraction
in Heart Failure

Hospital-based sample (n=4,910)
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Bimodal distribution of left ventricular ejection fraction in Olmsted County heart failure
population. Source: Borlaug and Redfield, 2011.™ Reproduced with permission, © 2011
Wolters Kiuwer Health, Inc.

Savarese and Lund (2017) Cardiac Failure Review 2017;3(1):7—11.



In vitro phenotypic profiling of structural cardiotoxins

= Human embryonic stem cell-derived cardiomyocytes
= H9c2 cell line
= Canine cardiomyocytes

Membrane

Compound Contractility ATP depletion AWm Ca,, ER integrity acmakii)

Amiodarone HCI
Sunitinib Malate
Fluorouracil
Sorafenib Tosylate
Imatinib Mesylate
Mitoxantrone diHCl ! { a1

Lapatinib

Idarubicin HCI . £0.1x Cmax

Dasatinib ..‘ == <0.5 x Cmax
Doxorubicin HCI i & £1xCmax
Bortezomib ' < 5 x Cmax
Amphotericin B > 5 x Cmax

Clozapine *EC,

Isoproterencl HC
Cyclophosphamide
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LTCC-blockade-mediated AOP network
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Moving towards the development of a quantitative AOP network
In silico modelling of cardiac contractility
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Moving towards the development of a quantitative AOP network
In silico modelling of cardiac electrophysiology
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A few take home messages

v’ Data-driven AOP development can enhance the usability of AOPs across sub-disciplines

v The incorporation of quantitative information and KEs measurability considerations is essential
(even if the first version of our AOP is only qualitative) . This can pave the way for the
implementation of additional tailored & context-specific levels of complexity, if needed

v Network biology considerations can increase the relevance of AOPs for real-life scenarios

>

Quantitative AOP network

(multi-channel perturbation)

Quantitative AOP

(in silico modelling of electro-mechanical coupling)
AORP for cardiotoxicity

(LTCCs-blockade)

Complexity
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