Accepted Manuscript

PROGRESS IN
Biophysics &
Molecular Biology

An integrative appraisal of mechano-electric feedback mechanisms in the heart

s
Denis Noble
Tom L. Blundell

Viviane Timmermann, Lars A. Dejgaard, Kristina H. Haugaa, Andrew G. Edwards, J.
Sundnes, Andrew D. McCulloch, Samuel T. Wall

Pll: S0079-6107(17)30047-0
DOI: 10.1016/j.pbiomolbio.2017.08.008
Reference: JPBM 1253

To appearin:  Progress in Biophysics and Molecular Biology

Received Date: 22 February 2017
Revised Date: 12 August 2017
Accepted Date: 18 August 2017

Please cite this article as: Timmermann, V., Dejgaard, L.A., Haugaa, K.H., Edwards, A.G., Sundnes, J.,
McCulloch, A.D., Wall, S.T., An integrative appraisal of mechano-electric feedback mechanisms in the
heart, Progress in Biophysics and Molecular Biology (2017), doi: 10.1016/j.pbiomolbio.2017.08.008.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.pbiomolbio.2017.08.008

An Integrative Appraisal of Mechano-Electric Feedback
Mechanisms in the Heart

Viviane Timmermann®%9, Lars A. Dejgaard®®, Kristina H. Haugaa®-°,
Andrew G. Edwards®?4, J. Sundnes®"4, Andrew D. McCulloch®, Samuel T.
Wall®P

¢ Simula Research Laboratory, Martin Linges vei 25, Fornebu, 1364, Norway
b Center for Cardiological Innovation, Songsvannsveien 9, Oslo, 0372, Norway
¢ University California San Diego, 9500 Gilman Drive, La Jolla, California, United States
4 Unsversity of Oslo, Gaustadallen 23 B, Oslo, 0373, Norway
¢Department of Cardiology, Oslo University Hospital, Norway

Abstract

Mechanically-induced alterations in cardiac electrophysiology are referred to as
mechano-electric feedback (MEF), and play an important role in electrical reg-
ulation of cardiac performance. The influence of mechanical stress and strain
on electrophysiology has been investigated at all levels, however the role of
MEF in arrhythmia remains poorly understood. During the normal contraction
of the heart, mechano-sensitive processes are an implicit component of car-
diac activity. Under abnormal mechanical events, stretch-activated mechanisms
may contribute to local or global changes in electrophysiology (EP). While such
mechanisms have been hypothesised to be involved in mechanically-initiated ar-
rhythmias, the details of these mechanisms and their importance remain elusive.

We assess the theoretical role of stretch mechanisms using coupled models of
cellular electrophysiology and sarcomere contraction dynamics. Using models
of single ventricular myocytes, we first investigated the potential MEF contri-
butions of stretch-activated currents (SAC), and stretch-induced myofilament
calcium release, to test how strain and fibrosis may alter cellular electrophys-
iology. For all models investigated, SACs were alone not sufficient to create

a pro-arrhythmic perturbation of the action potential with stretch. However,
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