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What is Computational Biology/Medicine?

: Computer
Physiology Science

Computational
Biology/Medicine

Engineering

Interdisciplinary!

— “Computational Biology” —



What i1s a Model?

* Simplified representation of reality

v" not TOO detailed
v not TOO simple

...level of detail based on purpose

* What for?

v to learn/understand better what is going on

v to formulate and test new hypotheses

Image Credits: Stanwhit607, Nevit Dilmen, Tvanbr, Ekko
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What i1s a Model?

* Simplified representation of reality

v" not TOO detailed
v not TOO simple

...level of detail based on purpose

* What for?

v to learn/understand better what is going on

v to formulate and test new hypotheses

All MODELS are WRONG... but some of them are useful!

©
slido
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Image Credit: Fritz Jorn
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Why the Heart? The Heart Matters ¥

. * Top 10 leading causes of death
Heart diseases P 'ng cal

v" Data for US population 1980-2015

= Centre for Disease Control and Prevention
Cancer = https://www.cdc.gov

Respiratory disorders

Accidents

Influenza & Pneumonia
Kidney disorders

Suicide
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Computational Medicine for the Heart

Heterogeneous Multiscale

_ * What can we do?
Experimental Data\
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Image credits: Doregan (cardiac MRI), Coppini et al. Circ Res. 2013 (ion current recordings), Bassophile (ion channel structure), Dr P.Hales/BBSRC University of Oxford (heart fibres), Lohezic et al.
Prog Biophys Mol Biol. 2014 (cardiac DTI), Watkins et al. N Engl J Med 2011 (tissue images) , MoodyGroove (ECG), Zemzemi et al. British J Pharm. 2012

= Plan and test
possible treatments
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Why do we need a model?

* The underlying biology is very complex

* Experimental data in humans are extremely rare

v"very invasive!!!

v unhealthy hearts

Image Credit: G. Scott Segler

The majority of experiments are still performed on animals

oeEm I
°* A human being is very different from a mouse, loticep AWy She”
N\

a rabbit, a guinea pig, a dog, a goat...
v Not always the translation works!

Mational Centre

for the Replacement
Refinement & Reduction
of Animals in Research

Image Credit: H Schwadron for Reader’s Digest
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A Brief Introduction to the Heart

Superior
Vena Cava

Pulmonary

. Artery

Right
Atrium

Pulmonary \...
Valve ~

Tricuspid ="
Valve

Inferior Vena Cava

Image Credit: Wapcaplet
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®* The heart is a pump
v it pumps oxygen-rich blood into the
arteries to the tissues and organs

v it pumps blood that needs oxygen
to the lungs

®* The heart is a muscle

v it needs to contract for pumping
the blood around

v" the contraction is driven by the
electrical activity




What do we model?

* Cardiac Action Potential (AP)

* Torsade de Pointes (TdP)
Electrical signal of the heart at the single cell level

4_ 100 ms 4 _ currents

"'Na

"Ca,L
omv

Reactivation

------ é-------------------- OfL—IyDeCﬂ
current
__;_A_ IKr

50 mV

Intracellular
Ca2+ overload

05s
{J. Malmivuo and R. Plonsey 1995}

{U. Ravens and E. Cerbai Europace 2008}
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IN and OUT the cell: ilons and 1onic currents

NIVERSITY OF
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IN and OUT the cell: ilons and 1onic currents
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IN and OUT the cell: ilons and 1onic currents
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IN and OUT the cell: ilons and 1onic currents

Ca2+ Ca2+ : Ca2+ Ca2+ Ca2+
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IN and OUT the cell: ilons and 1onic currents

— “Computational Biology” —



IN and OUT the cell: ilons and 1onic currents
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Back to the Origin: Hodgkin & Huxley

* The approach is the same used —C, de E‘“"'T“"”'a’
by Hodgkin & Huxley:
e | Ina L% I
v" Model of the squid giant axon
v Nobel Prize in 1963 c,—— e . kv
Va1 Y% T VYo T
The total current is the sum of all the single ionic currents in
the cell, each one with its specific formulation
Intraceiiular
INa — ' m3 - hi (Vm — ENa) By varying between 0 and 1, the
gating variables regulate the

maximal conductance driving force . . .
opening/closing of che ion channels

gating variables
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Hands-on Part 1: the Hodgkin & Huxley Model

* Go to: https://octave-online.net/ :

© R El
and sign-in PEE]|  ® crom -
* Click on the “Bucket” link provided 360 Sign nwith Emal
for Exercise 1
Render New Plots Inline
Wrap Long Lines in Console
tctave Command Prompt
Type expressions here and press enter.
To use script files: Sign In
O g 0 q = L]
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https://octave-online.net/

Hands-on Part 1: the Hodgkin & Huxley Model

* Go to: https://octave-online.net/

and sign-in

* Click on the “Bucket” link provided

for Exercise 1

* “Fork” the Bucket by clicking on the

name:

3\ UNIVERSITY OF

> OXFORD

Octave O X ‘

ORLLC S B OctaveOr X Octave On X

cC O & octave-online.net/bucket~WJmvJVySa97JFCEKtciLFf

Links w Argos B RSCDS M W Me BEN Re

o Octave Online Bucket vwum

Octave O X

Bl week 4, 26 June: C.

Octave On X ‘

B sc

Octave Or X | § Weekd,20 X |

[c

QOctave Or X‘ +

(-]
* GRAA*»Q

R R [@ D < COVIDTEST POINT.. » | [E] Reading list

MENU

Files = MainFile_modHH.m
MainFile_modHH.m S \BEB

RUN b
[1x4] CI

modHH.m 1 tlose all; % to close all open figures
2 clear to ¢l all variab and

6 %% Main
7 global inp
8 % model_name

11 X ODE setting

12 ODEstep = ©.1; % integration step in ms

ft,y'

% Computed

odel5s(mod, [@ t_sim],CI,options);
Variables: 4 ionic current

— “Computational Biology” —

1@ t_sim = 580; % lenght of the simulation in ms

13 options=odeset('MaxStep',ODEstep);

[5355x4] CVs
# ODEstep

#)

# 1CVs

@ mod

[[] options
[5355x1] t
#t_sim
[5355x4] y

Vars

{1x1] input_args

Membrane Potential (mV) Membrane Pol

~

Ia activation - m

Z

-

100 200
K

400
time fme\

0

Do your part:
support Free
Software by
contributing
USS$3/mo.

08 —

06 —
04 —

02 —

o L
-100 -50

Membrane Pote

@ 16°C Partlysunny A~ = )z ENG ,",'



https://octave-online.net/

Hands-on Part 1: the Hodgkin & Huxley Model

Go to: https://octave-online.net/

and sign-in
Click on the “Bucket” link provided

for Exercise 1

“Fork” the Bucket by clicking on the
name: this will create your own

project that you can modify

From the main page, you can see

and access to all your projects

If this works, you can go to slide 26

c 0D @ octave-online.net/bucket~WJmvJVySa97JFCEKtcil Ff g (\n ﬁ, » e :

w Argos B RSCDS M 8w Me BEN R @ [ weks26unec. BEoc @ @M. R R [ D ww COVIDTESTPOINT.. » Reading list

Bucket WJmv

Click below to make your own copy of this bucket or project.

Fork This Bucket

Forked From: Project SCD8 Do your part:

Created at: 25/06/2021, 17:37:52 support Free

Software by

contributing
Us$3/mo.

20:50
o : A ) 7 E N6
‘ 16°C Partly sunny m 4) 7z [EE ene 25/06/2021 E
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Hands-on Part 1: the Hodgkin & Huxley Model

ALTERNATIVE OPTION: L Maiatt . e : e el
* Download the files from the PEEE | ® e -
Masterclass page ¥ signinvit Enai
* Go to: https://octave-online.net/
and sign-in
Render New Plots Inline
Wrap Long Lines in Console
tctave Command Prompt
Type expressions here and press enter.
O 0 E= L]

\ UNIVERSITY OF
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https://octave-online.net/

Hands-on Part 1: the Hodgkin & Huxley Model

ALTERNATIVE OPTION: €50 4 camemimm G @

Links w Argos B RSCDS M ®w Me TN die Eoe @ @M RrR @0 EG6 M MapesofMilpot 34 ¢ [Bf ¢ oa caa » Reading list

* Download the files from the Tips & Tricks

The files you make on Octave Online will be saved for the Free as in Freedom
next time you visit. They will be deleted after 6 months of

Masterclass page

Keyboard Shortcuts

Common shortcuts:

* Go to: https://octave-online.net/

to-completion menu
[cmd/ctr + 5]
. . —Save the file
and sign-in
B
the prompt

* Drag and drop the files in your

Octave folder

Octave Command
Prompt

Type expressions here and press enter.

— “Computational Biology” —
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Hands-on Part 1: the Hodgkin & Huxley Model

ALTERNATIVE OPTION:

* Download the files from the

Masterclass page

* Go to: https://octave-online.net/

[ B Octave Online
< CcC O

Links W

MainFile_modHH_full.m

and sign-in
* Drag and drop the files in your

Octave folder

* Open the file MainFile_modHH

and Run it

UNIVERSITY OF

"OXFORD

@ octave-online.net

RSCDS M ®wW Me TN die Eoe @rFs

tlose all; % to close all open figure
clear; clc; % to clear all variable
workspace

%% Main File to run the Hodgkin Neuron
Model

e S5k a6 6 256 T KR 65K
global input_args
%% Main Settings:
% model_name:
mod = @EmodHH;
% ODE settings
t_sim = 50@; % lenght of the simulation in ms
ODEstep = @.1; % integration step in ms
options=odeset('MaxStep',0DEstep);
PSSR S R S ES S SRR S SRR SR E SRS S SRR S S
[o———————

%% Initial Conditions (one for each of the state
variables)

% [V_e, mo, h e, n_o

CI = [-6@, 0.5, 9.5, 9.5];

R 5Kk et 6 236 a6 KR 5K
%% stimulus options (see model file for details)
input_args ={};
% input_args{1} 1; % flag_ode: 1 when solving
ODEs, @ when computing variables
input_args{2} = [1,80,8.5,180]; % Periodic
stimulus
input_arg: = [2,80]; % Constant stimulus
input_args{2} = [3,80,t _sim]; % Ramp Stimulus
PSR Y ES SRS SRS AR S S SR S SRR S S SR SRS S SR kY
[ ——

%% Simulations

[t,y] = odelSs(mod,[® t_sim],CI,options);

% Computed variables

input_args{1}=8;

1cVs=size(feval(mod,t(1),y(1,:)),1);

CVs = zeros(length(t),1Cvs);

for j=1:size(y,1)
cvs(j,:)=Feval(mod, t(3),y(i,:));

end

— “Computational Biology” —

W BEc M MapesofMilport 3 C

* RO

C CA C&A » Reading list

Connection lost. Attempting to
reconnect. ..

NOTICE: Due to inactivity, your session
will expire in five minutes.

Octave Exited. Message: Session Timeout

Click Here to Reconnect

Mostly sunny E @ 9
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Hands-on Part 1: the Hodgkin & Huxley Model

l. Octave Online x NOREEY

ALTERNATIVE OPTION: € 2 C 0 & cdawoninens

Links w Argos B RSCDS M @wW M@ ITN e Eo @rm @M RR @D El6 M MapesofMilpot 3 C

* Download the files from the

close all; % to close all open figures
clear; clc; % to clear all variabless and

Masterclass page

MainFile_modHH_full.m %% Main File to run the Hodgkin-Huxley
Neuron Model
55 orse

ararararsray

* Go to: https://octave-online.net/ e

mod = @modHH;

% ODE settings

t_sim = 500; % lenght of the simulation in

H 1 ms
a n d SI n_l n ODEstep = @.1; % integration step in ms

options=odeset('MaxStep',ODEstep);

TR AR 444

acarerar

%% Initial Conditions (one for each of the
state variables)
% [v_e, me, h_e, n_8];

* Drag and drop the files in your

Syarniarocy

%% Stimulus options (see model file for
details)
input_args ={}; time (ms})
Octave folder % input_args{1} = 1; % flag_ode: 1 when
solving ODEs, @ when computing
variables
input_args{2} = [1,80,0.5,180]; %
Periodic stimulus
input_args{2} = [2,8@]; % Constant

* Open the file MainFile_modHH

Rl % i

%% Simulations
[t,y] = odel5s(mod,[® t_sim],CI,options);

. % Computed Variables
and Run it: look at the results ©
1Cvs=size(feval(mod,t(1),y(1,:)),1);
= zeros(length(t),1Cvs);
j=1:size(y,1)

Mostly sunny

UNIVERSITY OF
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https://octave-online.net/

Hands-on Part 1: IMPORTANT

* When a file takes more than 10
seconds to run, you need to
add computing time, by

clicking on “Add 15 seconds”

* This might be needed a few

times if the simulation is long

UNIVERSITY OF

OXFORD

MainFile_modHH.m

close all; % to close all open figures
clear; clc; % to clear all va bless and workspace

D s e L e U AKAUAKAK%

/90, ¢

%% Main File to run the Hodgkin-Huxley Neuron Model

9/0/6/9/0/0/0/6/8/0/0/0/5/0/0/0/0/0/0/9/0/0/0/5/0/0/ 6/0/ 0 070/ 0/0/ 0/ 0/ 0/ 0/0/0/ 0/0/9/ 570/ 0/0/ 9/ 079/ 0/0/ 9/ 070/ 070/ / 0/ 0/0/ 0/ 0/ 0/ /9
676 7.7 7 6.7 70,2 7 0.7 704 710,170 0.7 70,1 76,76 Jo 1 7016 6 701 7070 6 T 1o 206 76 70 1 706,76 7.6 7016 2o Jo .6 206 0 06 Jo 66

%% Main Settings:
global input_args
% model_name:
mod = @modHH;
t_sim = 500; % lenght of the simulation in ms
% ODE settings
ODEstep = ©.1; % integration step in ms
options=odeset('MaxStep',ODEstep);
o/0/0/0/9/9/0/6/ 670707070y

67076 7 7676 /0. 10 10,0 7070, 10,6 10 16,6 1046 701076 10107010 0 7010 7010 .70 0.7 7010 1016, 7010 70160 Jo 10 101016 7610 1610 .10 1o o 1010 40 100

%% Initial Conditions (one for each of the state variables)
% values for [V_©, m_©, h_©, n_0];
CI = [-60, ©.5, 0.5, @.5];
0/0//0//9/9/0/8///9,

76767076700, 16,76 70,6 16,166,102 /0.6 10,16 o 10,0 70,610 1040 706 70,1040 76,6 10,00 10,6 10,640 16,6 106 10 700 /0.0 10 1010 /676 10,6 10 16 0 1o 0

RRBIKKKHIK

%% Model Optional Inputs (see model file for details)

input_args = {};

% Examples of how to use the different Model Optional Inputs
> you can uncomment what you need

% input_args{1} = 1; % flag_ode: 1 when solving ODEs, © when
computing variables
input_args{2} = [1,80,0.5,100]; % Periodic stimulus
input_args{2} = [2,80]; % Constant stimulus
input_args{2} = [3,80,t_sim]; % Ascending Ramp Stimulus
input_args{2} = [4,80,t_sim]; % Descending Ramp Stimulus

990/0/0/9//00/0/0/0/0/0/0/0 e 0/0/0/0/0/0 0 0 0 0 0 0/ /0 0 0 0 0 /00 0 0 0 0/ /0 00 0 0 0 0 /000 0/0 0 /00 0/0 00/

672696262 %0963
%% Simulations
[t,y] = ode1l5s(mod,[@ t_sim],CI,options);
% Computed Variables: 4 ionic currents
input_args{1}=0;
=size(feval(mod,t(1),y(1,:)),1);
zeros(length(t),1Cvs);
:size(y,1)
CVs(j,:)=feval(mod,t(j),y(3,:));
end

o/0/8/0/0/9/0/0/8/

767076 .6 206,670 J031.6 6 JoJo 6.1 Jo o o 6 Jo o o

e e e L 2 o % % 5

sl X Seconds Remaining

:2.44

Add 15 Seconds / Upgrade
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EXERCISE 1: Changes of Amplitude
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EXERCISE 2: Changes of Frequency

Istim (uA/uF)

Membrane Potential (mV)
o © H 0N N B O &
o0 S ° ° °© c" cl’ clb oS S ) S o

=
=
—
(2
w
U14
o
r__=—
=
B
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EXERCISE 3

Constant Stimulus

o Equilibrium Points
-100

5
-200 [~

2
K 5 pAluF

.‘E; 300 =10 pAluF

- 100 }l,A//lF;

-400 w50 [I,AI/[F‘
~—500 pAIpF
-500 L L ! L
0 50 100 150 200 250 300 350 400 450 500
time (ms)

100

o
o

] ‘, W

NINEIN TN ,A_*vhu

'
o
o

V4V avava

VAR VA VA V4

Membrane Potential (mV)
o

-
=)
=]

Illl

||

vV ViV

A0, ) )0 0,0 ) 0 b " ' e

o

50 100 150 200 250 300

time (ms)

* OFF/ON Threshold: |

NIVERSITY OF

.- approx. 7 pA/pF

350 400 450 500

/ 5 pAlpF
/ 500 pA/uF
0 ‘ L 1
-100 -50 0 50
Membrane Potential (mV)

100
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EXERCISE 4: Bifurcation (1

{uA/uF)

stim

-100
0 500 1000 1500 2000 2500 3000
time (ms)
—_ 90—
>
E
©
e 0f
2
o
o
2
E -50 —
s} f
£
2
100 | | | | | |
0 500 1000 1500 2000 2500 3000

time (ms)

VERSITY OF
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EXERCISE 4: Bifurcation (2

NIVERSITY OF

Membrane Potential (mV)
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From H&H to the first Models of Cardiac Cells

W
ARRRRN
N MR
A\

Denis Noble (Nature, 1960)

v’ First Cardiac Action Potential model, f;f‘wr peo
based on the Hodgkin-Huxley equations \{-‘;
v It was a Rabbit Purkinje model N

The MUSIC
of LIFE

{

The first human cardiac

models have been . \ .

developed in the late 90s  _——

Noble D. J Physiol. 2007

Dr Elisa Passini — “Computational Biology” — Royal Institute Masterclasses in Computer Science 2021


http://upload.wikimedia.org/wikipedia/commons/f/f3/Denis_Noble.jpg

A Human Ventricular Action Potential Model

* Tomek et al. Human Ventricular Action Potential Model (2019)

v Based on the gold standard by O’Hara et al. (2011:

NaK NaCa IKs | o 3 H E‘cf;l:Dn:F:re: ) Co:::nrtﬁfx - - b & = [2] Run Sect
Kb Nevw O[fn Savve gpmtpv et g I—i; e Erealfm\nh; Run Runﬂa:and ARﬂu:l:nn‘g |5 Advance
I : FILE EDIT /|G, RUN
(Ca)CI 0= = ONAT U U T ey
CaMKII \ InaL 1 ke : ap=(1.0 l
*pA
|NaCa % 5 to
iﬁ; ’ I — —
Jrel ,l NSR pCa tml=tm;
< 0 ! Jtr 0 . g 7
ICaL RyR eE- Viain CytO*S‘OJ IIC I ‘ dml= (mLss-mL) / tmL;
o ISR ol Clb
\ pl()Ow
SS SERCA
' . | <t 4 \ ,
L Jige — ’
R%& s v MATLAB

/7 sk S

-ﬂ. o w— P 'ldiff H CalL %

%

IVERSITY OF

XFORD
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Human In SI|ICO Drug Trials

Image Credit: Shutterstock

Possible drug Animal . . Drug approved
identified testing |::> Clinical trials === for sale

Prospective Retrospective Drug withdrawn

Validation Validation » from the market

— “Computational Biology” —



Human In SI|ICO Drug Trials

Image Credit: Shutterstock

Possible drug Animal . . Drug approved
identified testing |::> Clinical trials === for sale

Jl

Retm_Spe_Ctive » Drug withdrawn
Validation from the market

To build credibility
In the models
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In Silico Drug Trials: Design

INPUTSs OUTPUTs

Drug effects on Drug-induced

ion channels changes in AP

o APD 90 absal
o\ absolute
4 200.0 4
c B00.0 3
9_) FO0.o 3
S 000 3 .
@) 500.0
400.0 3
! 3000 4 _-I_ I =
ICs, ] ool —— o
Drug concentration R T .
g & 8 3
o = = bt
1 = % 5
Current % = TRy s s £
*(ieso) A
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Biomarkers and Drug-induced Abnormalities

* Action Potential Duration (APD)

v" When the APD is too prolonged,
Repolarisation Abnormalities are observed

0 200 400 600 800 1000
t(ms)

* Max Upstroke Velocity (dV/dt,,y)

v When the dV/dt,,, is decreased too much,
Depolarisation Abnormalities are observed

High dV/dt,a

3
é 1 1 1 1
0 200 400 600 800 1000

t (ms)
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Virtual Assay Software

* In Silico predictions of inter-subject variability in drug response
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In Silico Drug Trials: RESULTS

ORd Model
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Towards Replacement of Animal Experiments

“ ;
& frontiers pubishac 12 Soptomber 2017 TRU E + TRU E —

in Physiology doi: 10.3389/fphys.2017.00668

Human In Silico Drug Trials 26 23
Demonstrate Higher Accuracy than

Animal Models in Predicting Clinical _
Pro-Arrhythmic Cardiotoxicity FALSE + FALSE

Elisa Passini'*, Oliver J. Britton’, Hua Rong Lu?, Jutta Rohrbacher?, An N. Hermans?2, O 6
David J. Gallacher?, Robert J. H. Greig?, Alfonso Bueno-Orovio® and Blanca Rodriguez’

' Computational Cardiovascular Science Group, Department of Computer Science, University of Oxford, Oxford, United

Kingdom, * Global Safety, Pharmacology, Discavery Sciences, Janssen Research and Development, Janssen Pharmaceutica C o m p ute r m o d e I s

NV, Beerse, Belgium, ? Oxford Computer Consultants Ltd., Oxford, United Kingdom
Accuracy: 89 %
THE CONVERSATION
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Animal experiments

Why computer simulations should replace animal ACCU racy. 75-85 %
testing for heart drugs ‘

Passini et al. Front Physiol. 2017
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Outline

Royal Institution Masterclasses in Computer Science: Year 10, 2021
Computational Biology

Part |
1) 9.30-9.45: Introduction

Computational Biology and Computer Models of the Action Potential
1) 9.45-10.45: Hands-on

The Hodgkin & Huxley model

Break (15 mins)

Part Il
1) 11:00-11:15: Introduction

Computer Models of the Heart and Drug Safety Testing
1) | 11.15-11:45: Hands-on
Human in Silico Drug Trials

Summary and Conclusions

— “Computational Biology” —



EXERCISE 1: Lidocaine and Dofetilide

* Lidocaine * Dofetilide
v" Decreased dV/dt,,y v Increased APDy,
v" Depolarisation Abnormalities v" Repolarisation Abnormalities
at high concentrations at high concentrations
50 T T T T 50 T T T T
Control Control
Lidocaine 1 M Dofetilide 1 M
Lidocaine 10 uM Dofetilide 10 uM
Lidocaine 100 uM Dofetilide 100 uM
Lidocaine 1000 M Dofetilide 1000 M
- 0 n -
S S
E E
£ E
> =
. -50 | .
_100 1 1 1 1 _100 | 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000
t (ms) t (ms)
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EXERCISE 1: Diltiazem

and Flecainide

(mV)

V

50

-50 |

* Diltiazem

v Decreased APD,,

v" No abnormalities observed

Control

Diltiazem 1 uM
Diltiazem 10 M
Diltiazem 100 pM

Diltiazem 1000 p:M
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1000

* Flecainide

v" Decreased dV/dt,,,, and increased APD,,
v' Repolarisation Abnormalities

at high concentrations

50 |
Control
Flecainide 1 uM
Flecainide 10 uM
e = lecainide 100 M
Flecainide 1000 uM
0 L -

Vi, (mV)
e ——

-50 |

-100 '

600

800
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EXERCISE 2: Control vs Heart Failure

(mV)

\
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EXERCISE 2: Drug Effects with HF

* Lidocaine * Dofetilide
v No abnormalities observed v More repolarisation Abnormalities
50 | | | | 50

Control

Dofetilide 1 uM
Dofetilide 10 M
Dofetilide 100 M
Dofetilide 1000 M

Lidocaine 1 M
Lidocaine 10 M
s |_idoCaine 100 M
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EXERCISE 2: Drug Effects with HF

* Diltiazem * Flecainide

v No major differences observed v More repolarisation Abnormalities

50

Control
Diltiazem 1 uM
Diltiazem 10 M

Control
Flecainide 1 uM
Flecainide 10 uM

Diltiazem 100 M
Diltiazem 1000 p:M

e = lecainide 100 M
Flecainide 1000 uM
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0 200 400 600 800 1000 0 200 400 600 800 1000
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Outline

Royal Institution Masterclasses in Computer Science: Year 10, 2021
Computational Biology

Part |
1) 9.30-9.45: Introduction

Computational Biology and Computer Models of the Action Potential
1) 9.45-10.45: Hands-on

The Hodgkin & Huxley model

Break (15 mins)

Part Il
1) 11:00-11:15: Introduction

Computer Models of the Heart and Drug Safety Testing
1) 11.15-11:45: Hands-on

Human in Silico Drug Trials

Summary and Conclusions
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From the lon Channel to the ECG

Tissue/Organ Whole-Organ models

Single Cell Action potential models
lon Channel . . lonic current models
E 18 50 100
50 100 150 200

Time (ms)

Image credits: Doregan (cardiac MRI), Coppini et al. Circ Res. 2013, Carusi et al. AJP 2012
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Towards Personalised Heart Models

Clinical Images from Patients e High Performance Computing Simulations
Patient i
e b WLLL

Different Anatomical models :

. X
} / }
| | ]
{
\\ 174
Mincholé and Zac al. Front. Physiol. 2019
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Examples of 3D Simulations

4.0e+01 ©
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1 heart beat:
60 minutes PRACE

600 cores

3
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Barcelona
Supercomputing
Center

Ana Mincholé, Ernesto Zacur, Jenny Wang
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Why? Millions of elements and nodes...

* Each element in the 3D

structure represents one

cell, with its model

* All elements are

interconnected

v more equations
for the propagation of
the signal

* Small size elements to

capture fast phenomena

Mincholé and Zacur et al. Front. Physiol. 2019
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Virtual Humans

2 YouTube

LompBioliTled

) OXFORD — “Computational Biology” —




Acknowledgements Q«e&f/m&?

\
Computational Cardiovascular Science Group | = ’ ‘ o
http://www.cs.ox.ac.uk/ccs Janssen | =h| ReAdeﬂEth!,%

Blanca Rodriguez
Alfonso Bueno-Orovio E PS pf‘ | , )

Oliver Britton

AMGEN

* =
“:.'SERVIER@
SANOFI .7

Xin Zhou

Cristian Trovato

Jenny Waks

Ast®Zeneca

abbvie Lo,
welloome’frust

COMPUTER trans

GUh| SCIENCE | Compii gds

— “Computational Biology” —

National Centre

for the Replacement
Refinement & Reduction
of Animals in Research




