Running Hypertrophy Simulation Model

This README document introduces the background of the simulation model that
considered hypertrophic cardiomyopathy 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.

o 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).

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

e The differentiation protocol yielded iPSC-CMs that beat spontaneously and expressed
canonical cardiac markers, including a-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 Ca%* 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:

e From genome-wide transcriptomic measurements, a subset of genes was identified
that corresponds with parameters in a model of intracellular signaling pathways that
can contribute to cardiomyocyte hypertrophy. Species in the model include receptors
in the cell membrane that bind to circulating ligands, intracellular enzymes activated
by these receptors, such as kinases and phosphatases, and transcription factors that
ultimately cause changes in cellular gene expression.

e  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.

e Simulations were then performed to predict how these TKI-induced fold changes in
gene expression affected markers of cellular hypertrophy, such as cell area and brain
natriuretic peptide, a biomarker that is commonly measured clinically. 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 HypertrophySimulation and a sub-folder data as the following:
Windows

md "%USERPROFILE%\HypertrophySimulation"

md "%USERPROFILE%\HypertrophySimulation\data"

macOS/Linux

mkdir "${HOME}/HypertrophySimulation"

mkdir "${HOME}/HypertrophySimulation/data"
Downloading Data Files

There are two input data files for the simulation model:

e plate.csv: a table of the gene expression read counts for all reference genes and all
drug-treated samples

e plate_design.csv: atable of drug treatments used for samples.

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

Downloading MATLAB Codes
The simulation model is implemented with five MATLAB scripts:

e Simulate_drug_effects_MSSM.m: is the main script to start the hypertrophy simulation
model.



e load_gene_expression_data_MSSM.m: reads in the gene expression read counts
together with targeted genes from input data files.

e calculate_gene_expression_foldchange MSSM.m: compares the expression levels of
selected genes under various drug treatments.

e ODEfun_hypertrophy MSSM.m: defines a set of differential equations that describe the
dynamics of genetic regulatory network used in the hypertrophy model.

e plot_foldchangematrix_MSSM.m: generates a heatmap of the fold changes of gene
expressions for a set of the selected genes under various drug treatments.

All MATLAB code scripts are compressed into a ZIP file HypertrophySimulationCodes.zip
that needs be extracted to the folder HypertrophySimulation 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 HypertrophySimulation created above using
the following command:

Windows

cd([getenv('USERPROFILE") filesep 'HypertrophySimulation'])
macOS/Linux

cd([getenv('HOME"') filesep 'HypertrophySimulation'])
Simulating Hypertrophy Model

Then, start simulating the model by running the MATLAB script Simulate_drug_effects.m
with the following command:

Simulate_drug_effects
This script will generate the following result plots in the Figures folder:

A heatmap of the fold changes of gene expressions for a set of the selected genes under
various drug treatments.

e The dynamic time course of the normalized activity of brain natriuretic peptide (BNP)
under various drug treatments.

e The steady states of the normalized activities of eight genes at the control condition
and the drug-treated condition for various drugs.



The changes of the normalized activities of eight genes before and after Isoproterenol
stimulation under various drug treatments.
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