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Introduction

Approximately every 39 seconds an American will have a heart attack, costing $12.1

billion USD in the U.S. alone (Heart Disease and Stroke Statistics—2021 Update, 2021). In the

heart, cardiomyocytes are the cells responsible for contracting the myocardium and generating

cardiac output (Woodcock & Matkovich, 2005). After a heart attack, or myocardial infarction

(MI), there is a progressive death of cardiomyocytes without a counteracting force of sufficient

renewal. A pressing issue in the field of cardiology is to identify strategies that enhance adult

cardiomyocyte renewal. That is why therapeutic strategies that can target cardiac regeneration

are considered the holy grail for cardiologists and pharmaceutical companies.

The field has now identified a number of cell signaling pathways and genes that could

stimulate cardiac regeneration. However, these studies by themselves do not provide a

framework for prioritization of one pathway or gene over the other. As a result, computational

modeling methods are needed to unravel the interplays between various regulators of

cardiomyocyte renewal. By knocking down or overexpressing certain genes, proteins, and

molecules in the cardiac model, the downstream significance on other nodes can be revealed.

Further experimentation that replicates the simulated conditions can provide novel insight into

adult cardiomyocyte behavior. The goal of this Capstone project is to develop a computational

model that visualizes signaling pathways or complexes to allow researchers to predict targets for

cardiomyocyte regeneration.

The STS topic that will be explored in this prospectus surrounds the body mass index

(BMI), and how it is a flawed metric that remains in use by both physicians and researchers
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today. Although it can lead to misinterpretations of an individual's fatness, the BMI remains the

single most cost-effective tool for measuring the obesity levels of a population. However,

without knowing the context of the BMI—including but not limited to the history of its

invention, popularization, and misconceptions—there can be adverse personal and societal

implications.

Any MI patient treated within the U.S. healthcare system could be informed of their BMI.

With the continued use of this metric, physicians are contributing to a trend of increased

medicalization and over-measurement that has overtaken the traditional physician-patient

interaction and led to reduced quality of care (Reilly, 2003). By working towards novel

computational modeling tools to improve MI treatment as well as exploring the ways in which

data contextualization can challenge the societal narratives surrounding BMI, we can move

towards engineering better therapies and solutions for our society.

Technical Report

After myocardial infarction (MI), colloquially known as a heart attack, both necrosis and

apoptosis contribute to loss of cardiomyocytes in the myocardium (Orogo & Gustafsson, 2013).

This can lead to decreased heart function, since less than half of cardiomyocytes undergo

regeneration throughout a person's lifetime (Bergmann et al., 2009). This limited capacity for

regeneration and proliferation by adult cardiomyocytes cannot compensate for the significant

loss of cardiomyocytes in a single heart attack (Cui et al., 2018). Within the past few years, the

dimerization partner, retinoblastoma-like, E2F, and MuvB (DREAM) complex has shown

tremendous promise in adult cardiomyocyte regeneration. The DREAM complex plays an
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important role in the cell cycle by linking together p130, p107, E2F, BMYB, and FOXM1,

coordinating gene repression during G0 and periodic gene expression, especially during G1/S

and G2/M transitions. Experiments related to the DREAM complex have found that previously

quiescent cardiomyocyte conditions can be shifted towards proliferation, contributing to

increased mitotic gene expression levels (Sadasivam & DeCaprio, 2013).

It is known that neonatal cardiomyocytes can undergo regeneration, but recently the field

of cardiology has found that adult cardiomyocytes have regenerative capabilities as well, albeit a

lot more slowly. Thus, the DREAM complex holds great therapeutic potential post-MI. For this

Capstone project, the species and reactions involved in the DREAM Complex will form a

computational model in order to provide a framework to unravel the interplays between various

regulators of cardiomyocyte renewal. The specific aims of this project are enumerated below:

Aim 1: Create a computational model that helps explain the dynamics of cardiomyocyte

proliferation through the DREAM Complex that may lead to cardiac regeneration

A. Define all molecular interactions in the pathway and visualize the network of the model

using Netflux, a software for developing dynamic computational models of biological

networks using logic-based ordinary differential equations (ODEs)

B. Examine network dynamics by manipulating regulators or nodes through gene

knockdown and overexpression

Aim 2: Validate the computational model through comparisons with experimental data in

literature
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A. Review literature in the fields of cardiology, pharmacology, and systems biology with

experimental data

B. Perform sensitivity analysis to examine the model’s robustness by comparing knockdown

regulators with interconnected regulators in the same pathway

C. Utilize model-driven experimental design to facilitate further cardiac systems

pharmacology research

Aim 3: Transition the existing Netflux workflow from MATLAB to Python

A. Recreate the current Netflux framework such that one can import data, simulate the

model, and export ODEs for further manipulation and visualization entirely through

Python

Currently, the Cardiac Systems Pharmacology Group led by Jeffrey Saucerman, PhD, has

created several computational models using Netflux that model cardiomyocyte hypertrophy and

death, extracellular matrix remodeling by fibroblasts and macrophages, and cardiomyocyte

proliferation. This project is related to the lab's third area of research, cardiomyocyte

proliferation. Pre-existing models created by current and former graduate students will serve as

examples of the final model for this project. Additionally, this model will be incorporated into a

current model of the cardiomyocyte cell cycle that a current graduate student is working on. The

final goal for this project is for both models to be published together in Spring 2022.

The author's first role for this project is to perform a literature search to determine the

species and reactions of the DREAM complex, as discussed in Aim 1. This information will be
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populated into an Excel spreadsheet, imported into Netflux, and exported as ODE code files for

graphical visualizations of the reactants over time and the whole model. Aim 1 will be complete

by the end of the Fall 2021 semester. As for Aim 2, a more thorough process of model validation

will occur in the Spring 2022 semester, and will be a group effort. Finally, for Aim 3, the author

has also taken on the responsibility of converting the existing Netflux files from MATLAB to

Python. This is because Python is a more universal language than MATLAB for sharing

computational models, and the field of computational biology has shifted towards it. Once the

code is in Python, more researchers will be able to utilize the Netflux tool. By the end of Fall

2021, the author will have completely converted all existing Netflux code in MATLAB to

Python, and others in the Saucerman Lab should be able to start using the new code for their own

models by Spring 2022.

STS Topic

The body mass index (BMI) is used to define anthropometric height and weight

characteristics in adults and categorize populations into groups. Since its popularization in the

1970s, this metric has formed the basis of collective knowledge about the epidemiology of

obesity in the U.S. and abroad. However, on an individual level, BMI is a poor indicator of one’s

body fat percentage. In particular, BMI does not distinguish between the mass of fat at different

locations on the body (Nuttall, 2015). An individual can have a high BMI without having a high

percentage of body fat, but for many people – especially women and those of racial and ethnic

minorities– having an above average BMI can very easily lead to negative body image and

mental health. Despite its drawbacks, such as misdiagnosis of comorbidities, BMI has largely
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remained in use for 50 years by many medical professionals, health researchers, and

governmental agencies, likely because it is the most simple and cost-effective metric for tracking

obesity at the population level (Gutin, 2018).

Thus, when presenting an individual’s BMI, the individual should also learn the context

surrounding this metric, such as its limitations and the context in which the data was collected.

According to D'Ignazio and Klein, the data feminism framework asserts that "data are not neutral

or objective. They are the products of unequal social relations, and this context is essential for

conducting accurate, ethical analysis." In today's age when data can be found virtually

everywhere, D'Ignazio and Klein describe taking a feminist approach: Data must be examined

alongside its context to realize the differentials of power and the misaligned collection incentives

that are almost always built into data, but not often taken into account (D’Ignazio & Klein,

2020). BMI is one notable example of this, since it is still used by doctors today despite its

questionable origin and tendency to be presented without context. In this paper, the data

feminism framework will be applied to explore the personal and social implications that our

society faces as a result of the mainstream use of the BMI in medical practice. Then, this paper

will explore how doctors and patients alike can work together to challenge the use of BMI data

sans contextualization and ensure that it is always presented alongside its context so it is not

misunderstood.

Physicians have used BMI as a risk factor for the onset of several health-related issues,

such as Type II diabetes, hypertension, and even asthma (Pantalone et al., 2017; Scott et al.,

2012). Researchers have used BMI for population studies due to its wide acceptance of defining
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categories of body mass as a health issue. While the BMI's usefulness on a population level has

been established, its limitations on a doctor-to-patient level can be explored further. The

diagnostic characteristics attached to BMI are the result of BMI as a measure becoming

confounded with ‘healthy weight’ as a societal ideal. Since the evidence-based medicine

movement that began in the 1960s, the desire to quantify a patient's body and locate numbers on

a chart can lead to simple diagnoses and new developments being overlooked, while tests,

consultations, and procedures that might not be needed are ordered. This reflects the increased

medicalization and over-measurement that has slowly overcome the traditional physician-patient

interaction and led to reduced quality of care (Reilly, 2003).

This is not to mention that the BMI was invented by the white, male Belgian statistician

Lambert Adolphe Jacque Quetelet at the turn of the 19th century, who used it as a statistic that

could be applied towards populations, not individuals. Quetelet hoped to determine the ‘average’

man, and formulated the Quetelet formula, which is now known as the BMI. Even more, the

statistician cited this metric as a measure of one's fitness to parent, and thus a scientific

justification for eugenics (Humphreys, 2010).

Research into the necessary context of the BMI in contemporary medical practice through

a data feminism lens is an important area of research for groups that the BMI was not designed

for, and continues to fail to take into account. Thus, such a glib understanding of BMI can be

harmful to the health of a significant proportion of patients in the U.S. healthcare system. Both

literature-based and empirical evidence will be used to develop strategies to challenge the use of

BMI, including ways in which the provider can alter the clinical environment to bypass negative
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social stigmas surrounding high BMI as well as how the patient can be empowered in

discouraging situations to attain high-quality health care.

Next Steps

The specific aims are enumerated in the Technical Report above. Aims 1 and 3, which

relate to creating the model itself and converting the Netflux software from MATLAB to Python,

respectively, will be completed before the end of the Fall 2021 semester. Aim 2, which involves

validation of the computational model, will be an involved process that involves in-depth

literature review and potentially wet-lab experiments for which there is insufficient literature

online related to cardiomyocytes specifically (as opposed to evidence for cancer cells instead).

Additionally, this model will be published alongside a model for the cardiomyocyte cell cycle

that a current graduate student is working on. The DREAM complex model for this project will

be incorporated into the larger model, and both will be published together.

Finally, the rightmost column details the STS-related deliverables and due dates, with the

items for STS 4600 in the Spring 2022 semester still to be determined. Further exploration of the

themes presented in the prospectus will be determined, and evidence from epigenomic case

studies and case studies that link the use of BMI and mental health will be explored.
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Date Capstone STS

End of Fall 2021
Semester

•   Complete Aims 1 and 3 •   Complete Draft Prospectus
•   Peer Review of Two Draft

Prospecti
•   Complete Final Prospectus
•   Present STS Research Project

End of Spring 2022
Semester

•   Complete Aim 2
•   Publish model alongside

cell cycle model

•   TBD
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