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PROJECT SUMMARY 

Project summary Sudden cardiac death (SCD) is a leading cause of mortality 
claiming over 6 million lives annually worldwide. And yet we 
have no truly effective ways to prevent it, mainly because we 
do not understand it. Arrhythmogenic cardiomyopathy (ACM) 
and Brugada syndrome (BrS) are two major causes of SCD. 
Heretofore, they were regarded as separate diseases. Recent 
evidence, however, indicates significant clinical, pathological 
and genetic overlap between them. This project will 
investigate the molecular similarities and differences of these 
two SCD entities.  
 
We have created sophisticated cellular experimental disease 
models. We will use whole-cell patch clamping to investigate 
changes in ion currents and action potential parameters in the 
presence of mutations underlying ACM or BrS. We will use 
cutting edge technology to measure conduction velocity and 
calcium handling in cellular syncytia. Immunofluorescence 
and confocal microscopy will establish the distribution of key 
proteins, previously implicated in disease pathogenesis. And 
we will perform whole transcriptome analysis of cardiac tissue 
samples obtained from ACM/BrS-driven SCD victims to 
establish each disease’s RNA molecular signature. These 
studies will provide much-needed insights into the 
mechanisms of disease pathogenesis, improve accurate 
diagnosis and suggest novel, mechanistic therapeutic targets. 
 

Project key words Sudden cardiac death  
In vitro disease modelling  
Cellular electrophysiology 
Whole transcriptome analysis  
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Molecular mechanisms of disease 
 

MRC LID themes Translational and Implementation Research 
 

MRC Core Skills developed 
through this project 

Interdisciplinary skills 
Quantitative skills 
Whole organism physiology 
 

Skills we expect a student 
to develop/acquire whilst 
pursuing this project 

The project will equip the student with a range of versatile 
skills including: 
Cell culture 
Whole-cell patch-clamping 
Multi-electrode platform use 
Calcium fluorescence imaging 
Immunocytochemistry 
Confocal microscopy 
TUNEL assays 
Tissue RNA extraction 
Whole transcriptome analysis 
 

Is this project available for 
students applying for the 
1+4 route? 
And possible Master’s 
options identified by 
supervisory team 

Route 1+4 = Yes       
+4 = Yes 

Suitable 
Master’s 
programmes 
 

SGUL - MSc Translational Medicine 
SGUL - MSc Sports Cardiology 
SGUL - MSc Genomic Medicine 

Particular prior educational 
requirements for a student 
undertaking this project 

Applicants must have obtained, or be about to obtain, an 
MSc/MRes or BSc (2i and above) in biology, molecular 
biology, genetics, biochemistry or a related life sciences field.  
Prior experience in basic laboratory skills is essential. 
Applicants should have an interest in molecular biology, 
cellular electrophysiology, and bioinformatics.   
 

PROJECT IN MORE DETAIL 

Scientific description of this 
research project 

BACKGROUND  
Sudden cardiac death (SCD) kills 100,000 British citizens 
every year. Yet, the pathogenetic mechanisms of the 
conditions underlying it remain elusive. This project will 
investigate the molecular similarities and differences of two 
major SCD entities: arrhythmogenic cardiomyopathy (ACM) 
and Brugada syndrome (BrS). ACM, classified as a primary 
cardiomyopathy, is characterized by the gradual replacement 
of cardiac myocytes by fibrofatty tissue. It is primarily caused 
by mutations in genes encoding desmosomal proteins, the 
most common being plakophilin-2 (PKP2). BrS, classified as 
a cardiac channelopathy, was heretofore associated solely 
with electrical abnormalities. The commonest BrS-associated 
gene is SCN5A, coding for the major subunit of the cardiac 
sodium channel. Previously regarded as separate entities, 
BrS and ACM in fact overlap significantly in clinical 
presentation, histology and genetics with SCN5A mutations 
linked to ACM, and PKP2 mutations underlying BrS. A 
systematic investigation of the ‘molecular signatures’ of the 
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two diseases is now urgently required to improve accurate 
diagnosis and appropriately guide patient management.  
 
OBJECTIVES 
1. Compare and contrast the cellular electrophysiology and 
key protein distribution profiles of BrS and ACM.  
2. Perform and analyze whole-transcriptome sequencing in 
myocardial samples obtained from SCD victims due to BrS 
and ACM.  
 
TECHNIQUES 
(Obj1): HL-1 cells will be transfected with adenoviral 
constructs expressing variants of SCN5A and PKP2 shown to 
underlie ACM or BrS in patients. Whole-cell patch-clamp will 
be used to measure the effects of the variants on the Na+ 
current and action potential parameters (duration, peak 
amplitude, resting membrane potential, upstroke velocity, 
threshold stimulation current). HL-1 syncytia will be cultured 
on 2D multi-electrode arrays (Multichannel systems, 
Reutlingen) to measure the response to programmed 
electrical stimulation of effective refractory period and 
conduction velocity.  Calcium fluorescence imaging will 
examine variant effects on calcium handling via calcium 
transient analysis. Immunocytochemistry and confocal 
microscopy will examine the distribution of key proteins 
previously implicated in the pathogenesis of the two diseases. 
Apoptotic rates will be measured by TUNEL assays. 
 
(Obj2): Whole-RNA will be extracted from formalin-fixed 
paraffin-embedded (FFPE) myocardial samples obtained 
from patients with ACM/BrS with PKP2 or SCN5A variants 
respectively and subjected to whole-transcriptome 
sequencing. Data analysis will provide the ‘RNA signature’ 
unique to each disease and offer novel candidate therapeutic 
targets.  
 
DATA AVAILABILITY 
Patient myocardial samples with post-mortem genetic testing 
results (N=1000) are available in-house in collaboration with 
Professor Mary Sheppard as are the adenoviral constructs 
and patch clamping rigs. Transcriptome sequencing will be 
performed by Novogene via a pre-paid account. 
  
RISK MITIGATION 
A potential risk could be functional heterogeneity of HL-1 
cells. If faced with this, homogeneous cultures will be grown 
from selected synchronously-contracting low-density colonies 
prior to any electrophysiological measurements. To increase 
extracted RNA quality, we will only include samples with a 
short interval between time of death and FFPE preservation. 
We have piloted this approach successfully already (under 
review; Circulation). All techniques have been previously 
optimized and implemented.  
 
ENVIRONMENT  
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The project brings together a molecular pathology, a cellular 
electrophysiology and a senior genetics expert in an 
environment providing all necessary equipment, 
collaborations and support for timely project completion. 
 

Further reading 
(Relevant preprints and/or 
open access articles) 

https://doi.org/10.3390/genes11050571 
 

https://doi.org/10.1016/j.febslet.2014.02.008 
 

Additional information from 
the supervisory team 

The supervisory team has provided a recording for 
prospective applicants who are interested in their project. 
This recording should be watched before any discussions 
begin with the supervisory team. To access the recording 
please see MRC LID Project – Asimaki & Behr & Specterman 
 

 
 

https://doi.org/10.3390/genes11050571
https://doi.org/10.1016/j.febslet.2014.02.008
https://www.youtube.com/watch?v=Mkuze5MRmQI

