
Running Arrhythmia Simulation Model 

This README document introduces the background of the simulation model that 
considered arrhythmic cardiotoxicity caused by Tyrosine kinase inhibitor (TKI) drugs in 
human cardiomyocytes derived from induced pluripotent stem cells (iPSC-CMs). The guide 
describes how to run the simulation model using the provided datasets and MATLAB 
scripts. 

Background of Simulation Model 
First, iPSCs are differentiated into enriched populations of iPSC cardiomyocytes (iPSC-CM) 
in the following workflow. 

• Differentiation of iPSC yields enriched populations of cardiomyocytes Human iPSCs 
were generated by reprogramming skin fibroblasts from two healthy donors. The cells 
were then differentiated into cardiomyocytes (CMs). 

• A lactate selection protocol, applied between days 20 and 30 of the differentiation 
phase, increased the percentage of CMs in the culture. 

• The differentiation protocol yielded iPSC-CMs that beat spontaneously and expressed 
canonical cardiac markers, including α-actinin, Connexin-43, Troponin T, and Myosin 
Light Chain 2v. The purified iPSC-CM cultures were then used for all experiments, 
including treatment with TKIs, quantification of gene expression using mRNA-seq, and 
optical measurements of action potentials (APs) and intracellular Ca2+ transients 
(CaTs). 

Then, iPSC-CMs were treated with 26 FDA-approved TKI drugs for 48 hours, after which 
bulk mRNAseq was performed to quantify the drug-induced changes in gene expression. 

The gene expression data acquired from the bulk mRNAseq assay was integrated with 
mathematical modeling to generate individual-specific and experimentally testable 
predictions of TKI-induced effects in the following steps: 

• From genome-wide transcriptomic measurements, a subset of genes was identified 
that corresponds with parameters in an integrated dynamical model of iPSC-CM 
electrophysiology and contraction. 

• For these selected genes, fold changes were calculated to quantify how much each TKI 
either increased or decreased each model parameter compared with vehicle-treated 
control iPSC-CMs. Therefore, the fold changes in gene expression corresponded to 
alterations in dynamical model parameters, specific to each cell line. This is termed the 
gene-model parameter relationship. These fold changes were calculated separately for 
the two cell lines, such that a drug could, in principle, cause a dramatic increase in 



expression in one cell line, but a milder increase, or even a decrease, in the other cell 
line.  

• Simulations were then performed to predict how these TKI-induced fold changes in 
gene expression affected action potentials, intracellular Ca2+ transients, and sarcomere 
length shortening, as induced by TKI drug treatments. The differences between two 
cell lines in TKI-induced gene expression produced differences in physiological 
predictions. 

Preparing Datasets and Codes 
Before running the simulation model, one needs to obtain the datasets and codes for the 
model and save them in corresponding folders. 

Creating Data Folders 

Create a folder named ArrhythmiaSimulation as the following: 

Windows 

md "%USERPROFILE%\ArrhythmiaSimulation" 

macOS/Linux 

mkdir "${HOME}/ArrhythmiaSimulation" 

Downloading Data Files 

There are four input data files for the simulation model: 

• plate6.csv: a table of the read counts for all reference genes and all drug-treated 
samples 

• MSN02-4_plate6_design.csv: a table of sample indices for cell line MSN02-4 under 
various drug treatments 

• MSN09-4_plate6_design.csv: a table of sample indices for cell line MSN09-4 under 
various drug treatments 

• InitialCondition_1Hz_Paci.mat: the initial conditions used by the simulation model 

All input data files are compressed into a ZIP file ArrhythmiaSimulationData.zip that 
needs to be extracted to the folder ArrhythmiaSimulation created above. 

Downloading MATLAB Codes 

The simulation model is implemented with three MATLAB scripts: 

• ExtractData_bothlines_MSSM.m: extracts the gene read counts for selected cell 
samples and drug treatments for each cell line. 



• ScaleFactors_bothlines_MSSM.m: calculates the fold changes of the expression level 
of selected genes under various drug treatments for each cell line. 

• paci_simulatedrugs_MSSM.m: simulates the action potential and Ca2+ transient with 
and without various drug treatments for each cell line by using the Paci model. 

All MATLAB code scripts are compressed into a ZIP file ArrhythmiaSimulationCodes.zip 
that needs be extracted to the folder ArrhythmiaSimulation created above. 

Running Simulation Model 
Now, one can launch MATLAB and run the simulation model by entering the following 
commands in the Command Window of MATLAB as shown below. 

Changing Working Directory 

Before starting to run any downloaded MATLAB scripts, one needs to change the current 
working directory of MATLAB to the folder ArrhythmiaSimulation created above using the 
following command: 

Windows 

cd([getenv('USERPROFILE') filesep 'ArrhythmiaSimulation']) 

macOS/Linux 

cd([getenv('HOME') filesep 'ArrhythmiaSimulation']) 

Extracting Read Counts 

Then, run the first MATLAB script ExtractData_bothlines_MSSM.m with the following 
command: 

ExtractData_bothlines_MSSM 

This script will generate the following two intermediate data files: 

• MSN02-4_readcounts_organized.csv: a table of the gene read counts for selected cell 
samples and drug treatments for cell line MSN02-4. 

• MSN09-4_readcounts_organized.csv: a table of the gene read counts for selected cell 
samples and drug treatments for cell line MSN09-4. 

Calculating Fold Changes 

Next, run the second MATLAB script ScaleFactors_bothlines_MSSM.m with the following 
command: 

ScaleFactors_bothlines_MSSM 

This script will generate the following two intermediate data files: 



• MSN02-4_foldchange.csv: a table of the fold changes of the expression level of 
selected genes under multiple specified drug treatments for cell line MSN02-4. 

• MSN09-4_foldchange.csv: a table of the fold changes of the expression level of 
selected genes under multiple specified drug treatments for cell line MSN09-4. 

Simulating Action Potentials and Ca2+ Transients 

Last, run the third MATLAB script paci_simulatedrugs_MSSM.m with the following 
command: 

paci_simulatedrugs_MSSM 

This script will generate the following four final output data files: 

• MSN02-4_Voltage.csv: a table of time-dependent action potential at the control 
condition and multiple drug-treated conditions for cell line MSN02-4. 

• MSN02-4_Calcium.csv: a table of time-dependent Ca2+ concentration at the control 
condition and multiple drug-treated conditions for cell line MSN02-4. 

• MSN09-4_Voltage.csv: a table of time-dependent action potential at the control 
condition and multiple drug-treated conditions for cell line MSN09-4. 

• MSN09-4_Calcium.csv: a table of time-dependent Ca2+ concentration at the control 
condition and multiple drug-treated conditions for cell line MSN09-4. 

 


	Background of Simulation Model
	Preparing Datasets and Codes
	Creating Data Folders
	Downloading Data Files
	Downloading MATLAB Codes

	Running Simulation Model
	Changing Working Directory
	Extracting Read Counts
	Calculating Fold Changes
	Simulating Action Potentials and Ca2+ Transients


