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Outline

1. Research group at CMEL

2. Past research activities on cardiovascular
modelling

e System modelling
o0 Hemodynamics
o Baroreflex regulation and heart rate variabilithgsis

o Cardiovascular response to hemodialysis-induced
hypovolemia

e Single Cell simulations
0 Sinoatrial node (application to hemodialysis)

e Single Channel modelling
o Deterministic Model of lon Channel Flipping
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3.

Present (In progress...) activities

Computational

0 Single Cell simulations

v" Ventricular cells (application to inherited dises)se
o lon current modelling

v' Markov model of Na current
o Single Channel modelling

v" Molecular dynamics and electrodiffusion modellirfg o
K channels
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« EXperimental

Gene expression studies

Expression studies in eterologous cell lines
Whole cell electrophysiology in cardiomyocites
Single channel recording in artificial bylayer
Cellular and molecular imaging

© O O O O

3. Examples of research projects

 Modulation of ventricular AP by hemodialysis-
iInduced NO overload

 Macrolides effects on CFTR and repolarization
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Past: System modelling

® Hemodynamics

—  Cavalcanti S Hemodynamics of an artery with milchetes.J Biomech 1995

—  Cavalcanti S et al Analysis by mathematical mofidla@modynamic data in
the failing Fontan circulatiorPhysiol Meas2001

- Tura A and Cavalcanti S Numerical simulation ofifloscillations in stenotic
arterial segment.omput Biol Med2001

® Baroreflex regulation and heart rate variability ggis

—  Cavalcanti S and Belardinelli E: Modeling of cardiovalac variability using a
differential delay equationEEE Trans Biomed End.996

—  Cavalcanti S Arterial baroreflex influence on heaté variability: a
mathematical model-based analysi®d Biol Eng Comput2000
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Past: System modelling

® Cardiovascular response to hemodialysis-induced hypovolemia

Right
Atrium

Pra, Vra

o . Arteries
Microcirculation

Pm, Vm ' Pa, Va

Increase of vascular resistangen(
Decrease of venous capacitiv(1)
Increase of stroke volum&\(sat)
Increase of heart ratel R)

— | DEIS Universita di Bologna
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patient during each session

Cavalcanti et al. Role of short-term regulatory haadsms on pressure response to hemodialysis-idduce

hypovolemiaKidney Int 2002
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Application: assessment of the differential cardsaular impact of
different hemodialysis technigues
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S Cavalcanti et al. Model-based study of the effetthe hemodialysis technique on the compensatory

response to hypovolemiKidney Internationgl2004

A Ciandrini et al. Effects of dialysis technique thie acute hypotension: a model-based study.
Cardiovascular Engineering2004.
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Past: Single Cell simulations

Sinoatrial node (application to hemodialysis)

I I ] 1

.
S

e Di Francesco-Noble model

e Time-varying input (recorded
during hemodialysis sessions)

K
—>
Na Sinoatrial Action
—> :
Ca Node Cell —»| Potential —> :Z?:
PH —p
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Past: Single Cell simulations

Sinoatrial node (application to hemodialysis)

o Effects of
hemodialysis-induced
changes in electrolytes
on sinusal heart rate

Severi S and Cavalcanti S: Electrolyte and pH de

Membrane Potential [V]
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0.014

-0.01+
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—0.05+
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— beginning
60 min
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Time [s]

peceleof heart rate during

hemodialysis: a computer model analygidjficial Organs 2000.

Severi S et al: Heart rate response to hemodiailydisced changes in potassium and
calcium levels Journal of Nephrology2001.

Severi S et al: Effect of electrolyte and pH change the sinus node pacemaking in
humans,Journal of Electrocardiology2002.
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Past: Single Channel modelling
Deterministic Model of lon Channel Flipping
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model flipping distribution

Cavalcanti S and Fontanazzi F: Deterministic modébofchannel flipping with fractal scaling of
kinetic ratesAnn Biomed Engl999



Present and Future
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Computational: Ion current modelling

Markov model of WT and mutant Na currents

* Nine states model
(mostly based on
Clancy-Rudy model)
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Computational: Ion current modelling
Markov model of Na current

« Validation on Action Potential clamp experiments performed at the
Molecular Cardiology Laboratory, Fondazione Salvatore Maugeri,
Pavia — Italy

Y1795H WT Y1795C

V.

S Vecchietti, | Rivolta, S Severi, C Napolitano, SG Rri® Cavalcanti. Computer Simulation of the Na+
Current in Wild-Type and Mutant Human Na+ Cardiac Chann#tsler revision irMed Biol Eng Comput
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Computational: Single Cell simulations

In silico assessment of SCN5A mutations causing Long QT and
Brugada syndromes

Teawr Inaca Ipca lcam  Tcap

 LRd model

 Markov model of Na
current

e Matlab Simulink as
simulation envirinment Faber GM and Rudy Biophys J2000

Cooperation with Molecular Cardiology Laboratory, Fondazione
Salvatore Maugeri, Pavia — Italy

Funded by Italian Health Ministry
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Computational: Single Cell simulations

Analysis of the effects of mutations on AP
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S Vecchietti, E Grandi, S Severi, | Rivolta, C NapaoldaSG Priori, S Cavalcanti In silico assessment of
SCN5A mutations. Implication for inherited arrhythmogenicdspmes. Submitted tGirculation Research
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Computational: Single Cell simulations

Analysis of the effects of antiarrhythmic drugs
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S Vecchietti, E Grandi, S Severi, | Rivolta, C NapaoldaSG Priori, S Cavalcanti In silico assessment of
SCN5A mutations. Implication for inherited arrhythmogenicdspmes. Submitted tGirculation Research
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Computational: Single channel modeling

Thanks to x-ray
crystallographic experimental
data it is now possible to
develop channel models based
on the protein atomic structure

The high number of atoms
limits the temporal scale of
Molecular Dynamic
simulations

KcsA Potassium Channel

To compute channel currents a simplified mathematical model of
lon conduction is neede& Poisson-Nernst-Planck Theory
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Computational: Single channel modeling

Continuum — Stationary theory to model ion conduction

* Numerical algorithm to solve the PNP differengguation set in 3D with
space dependent diffusion coefficients has beenlaleyed

* Molecular Dynamic simulations were performed tonpaite diffusion
coefficients inside the channel

Experimental Data
-2~ Simulated Data - Experimental diffusion coefficients
- Simulated Data - Diffusion coefficients from molecular dynamics

*The model will be
applied to the
analysis of the

1 | effects of mutations
loms 870 . on channel currents

100 200 300 400 500 600 700 800
lon Concentration [mM]

30F

20+

Current [pA]

Furini S et al: Application of the Poisson-Nersiifd theory with space-dependent
Diffusion coefficients to the KcsA potassium chan&ibmitted tdiophysical Journal
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Research Projects integrating
computational and
experimental approaches:

 Modulation of ventricular AP by
hemodialysis-induced NO overload

 Macrolides effects on CFTR and
repolarization



Wo9°ysepnoop Mmm//:diy :: palelsibaiun JadMsep Aq peonpold Uswnaod

Modulation of ventricular AP by
hemodialysis-induced NO overload

® Macroscopic clinical observation: Different trenfd®T interval
durations in patients when treated with differestnodialysis technique

6 .
] -m AFB

4 @ BD
X 2 - I I
g 0
S 2 S
- 1
o 6

® HP: dif|fferences at cellular level because of d#ifik NO overload
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Modulation of ventricular AP by
hemodialysis-induced NO overload

® Simulation: single cell electrical activity withftRrent NO-
iInduced effects

~__control
< o __NO
20 - ’
® | Rd model
® Currents modulation £ N
by NO (mainly ICa) 100 | | \

Result: NO reduces APD
and Ca transient

[Ca?*]; [umol/1]

0 100 200 300 400 500 600
Tempo [ms]

E. Grandi et alEffects ofs-adrenergic stimulation on the ventricular action potential: a simulation
study. In Modelling in Medicine and Biology VI , WIT press, Southampton, 2005
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® Expression study of the INOs gene

Modulation of ventricular AP by
hemodialysis-induced NO overload

In rat cardiomyocites treated with
differrent bath solutions:

Result: BD induces INOS expression,

Cardiomyocite extraction
8 hours in the dialysis bath
RNA extraction

PCR to amplify the gene of
Interest

Electrophoresis to detect the
expression of the gene

hence NO sinthesis in the cell

INOS (100 bp)

GAPDH (450 bp)

control
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Whole cell electrophysiology In
cardiomyocytes

® Do bath solutions also influence APD?

Work in progress...

Our first AP recordings:

100"77777777777777777‘77777777“777777777"777777777"777777777"

Membrane Potential [mV]
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Calcium imaging
® Can the different intracellular calcium kinetic &@gerimentally confirmed?

Work in progress...

Goal: dynamical recording of intracellular calcitinnough a fluorescent marker

Fluorescence microscopy images of cardiomyocitéh avfluorescent marker for
troponin
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Macrolides effects on CFTR and
repolarization

Objectives

® To evaluate the potential effect of macrolide antibiotics
on cystic fibrosis transmenbrane conductance regulator
(CFTR) chloride channel.

® The working hypothesis is to test if

® macrolide antibiotics can alter cardiomyocyte action
potential (as suggested by Milberg 02)

® CFTR chloride currents may participate in the
anticipated proarrhythmic profile (AP prolongation)

Funded by the Italian Cystic Fibrosis Foundation
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Macrolides effects on CFTR and
repolarization

Project description

a) Action potential recordings in WT and mutant
cardiomyocytes using a selective blocker of CFTR current.
A set of macrolide antibiotics will be tested

b) WT and mutant CFTR single channel will be studied in
vitro using:

patch clamp analysis of an heterologous expression
system (293 HEK cells);

current recordings from channels incorporated into a
planar lipid bilayer formed into a Warner® workstation.

c) In silico modelling will be used to infer the effect of wt and
mut chloride currents on the pathophysiology of the
cardiac muscle cell.
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Macrolides effects on CFTR and
repolarization

® Single channel recording in artificial bilayer -;-_

Work in progress...
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Summary

Good experience in system and single
cell/single channel modelling (not in tissue,
propagation, reentry...)

Strong interest for clinical applications and
collaborations

Great experience in the study of cardiac
response to hemodialysis therapy (hemodialysis
as in vivo “experimental setup” in humans)

Great effort towards integration of
computational and experimental approaches

Interdisciplinary staff



