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Introduction

Volumetric muscle loss is the traumatic or surgical loss of skeletal muscle resulting in

decreased myogenic function. Current traditional and biomaterial approaches to volumetric

muscle loss have only been capable of treating simple injuries isolated to skeletal muscle

damage. In order to address volumetric muscle loss injuries affecting multiple tissues, Dr.

Steven Caliari and his lab have developed a collagen based scaffold for guiding complete

skeletal muscle regeneration. Seeded muscle derived cells and neuronal stem cells will be

promoted by the environment of the scaffold to produce innervated muscle tissue that can

attach to connective tissue and sustain long term function.

Previous literature has shown the benefits of stimulating myogenic cells with electrical or

mechanical stimulation to further encourage cell maturation and proliferation. Thus, my

Capstone team is developing a novel bioreactor capable of providing electromechanical

stimulation to the seeded collagen scaffold. The bioreactor will consist of a single device that

provides uniaxial tension along with pulses of electricity to the scaffold simultaneously under the

direction of an Arduino based program. Bioreactor conditioning will advance the scaffold

towards a model suited for in vivo experimentation.

In the spirit of targeted scientific advancement, my STS research paper will focus on the

use of race based categories in precision medicine. Raced based categories have recently been

called into question due to their use in personalized genomics research and treatment. It is my

intent to explore the origin of using this social construct in the name of increasing biomedical

diversity imagined by researchers, clinicians, and governmental health agencies. I will then

inquire about the increasing use of race as a genomic descriptor as a result of these

imaginaries. Finally, I will analyze the effect of race based treatment calculations and strategies

on patient health outcomes, specifically for minoritized groups. It is my goal to shed light on the

influence of racial stratification in precision medicine and how the social construct’s use can be

reevaluated going forward.
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Technical Topic

Volumetric muscle loss (VML) is a broad term used to describe permanent, large-scale

damage to muscle tissue that results in some form of decreased function (Grogan, Hsu, &

Consortium, 2011). It is extremely common in military settings, but also affects many civilian

populations (Corona, Rivera, Owens, Wenke, & Rathbone, 2015).  Traditional approaches to

treat VML have had limited success, as muscle grafts require large volumes of tissue which can

lead to donor site morbidity (Sarrafian, Bodine, Murphy, Grayson, & Stover, 2018). While

biomaterial strategies have been effective at treating simple injuries, most have neglected to

consider damage to nervous and connective tissue common in VML injuries. This has resulted

in a subpar innervation of muscle and a lack of connection at the musculotendinous junction

(MTJ) critical to long term function (Gilbert-Honick & Grayson, 2020).

To address these needs, our advisor Dr. Steven Caliari and his lab have developed a

new scaffold for regenerating skeletal muscle. The collagen-glycosaminoglycan polypyrrole

(CG-PPy) scaffold is 3D, anisotropically aligned, and electrically conductive (Basurto, Mora,

Gardner, Christ, & Caliari, 2021). The scaffold is specifically designed to encourage myogenic

and neural cells to mature and proliferate according to these spatial and environmental cues to

regenerate VML/MTJ injuries.

Many past studies have indicated the beneficial effects of mechanical or electrical

stimulation on myogenic tissue maturation and proliferation (Goldspink, 1999; Maleiner et al.,

2018). Thus, my Capstone team is designing and fabricating a bioreactor capable of

electromechanically stimulating myogenic cells seeded within the CG-PPy scaffold. Specifically,

our aim is to design a bioreactor system that can apply cyclic, uniaxial tension through a custom

clamping mechanism that is immediately preceded by electrical stimulation via a network of

electrodes. We are focused on creating a tunable stimulation protocol whereby the pulse

(electrical) and strain (mechanical) frequency and duration can be modified to optimize cell

viability.
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Our team has already taken several steps to begin this design process. We have

conducted a thorough literature review from which we have established both an electrical and

mechanical stimulation protocol (Donnelly et al., 2010; Moon, Christ, Stitzel, Atala, & Yoo,

2008). From the same exploration, we have constructed a circuit design sufficient to control the

electrodes within the system. A review of the mechanical properties of the CG-PPy scaffold

found by the Caliari as well as a physical evaluation of the cylindrical construct has allowed us

to begin designing a custom tensile clamp for the bioreactor (Basurto, Passipieri, et al., 2021).

To further inform bioreactor design, we have consulted with the Christ Lab who have previously

developed mechanical systems for skeletal muscle conditioning (World Intellectual Property

Organization Patent No. WO2006113382A2, 2006). A primary takeaway from these discussions

was the importance of creating a sealed off, sterile internal stimulation chamber to ensure cell

viability.

Going forward, we intend to begin the process of developing a physical prototype of the

bioreactor using additive and subtractive manufacturing techniques. This is being done under

the consideration that the bioreactor must fit and function inside an incubator necessary for the

maintenance of cells. A sound tensile straining system including a stepper motor as well as a

properly aligned electrode network must be further designed and implemented to achieve this

goal. We also plan to further source materials that are non-corrosive, easily sterilizable, and

non-toxic that will ensure an uncontaminated environment within the bioreactor chamber. My

personal responsibilities include designing and simulating the mechanical actuation system as

well as developing structural components of the bioreactor. If a successful model is produced,

we will begin experimenting on the effect of electromechanical stimulation on seeded myogenic

and neuronal cell metabolic activity. This will be compared to fold increases in metabolic activity

without bioreactor preconditioning already studied by the Caliari Lab (Basurto, Mora, et al.,

2021).
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If a tunable bioreactor is produced, the mature tissue construct may guide the repair of

clinically relevant VML/MTJ injuries. Overall, this novel biomaterials approach could be

significant to restoring muscle function and improving the lifestyle of thousands of civilians and

military personnel suffering from VML.

STS Topic

Since the completion of the Human Genome Project, clinicians and researchers have

predicted a future of “precision medicine” (PM) in which data intensive biological methodologies

and predictive analytics could provide personalized treatment approaches to various diseases.

PM relies on large databases that curate a relationship between genetic/molecular features and

diseases. However, most early genome-wide association studies from which these databases

are established have been dominated by caucasions and lacked genetic diversity. In a push for

inclusion, clinicians and government agencies have adopted racial and ethnic categories to

guide research and treatment efforts. However, the use of these social constructs in genomics

research and clinical treatment is widely questioned due to its legitimacy as a genomic

descriptor. Thus, this research paper will explore how the imaginary of objective medicine

through genomics differs from its intent by introducing a counter imaginary of negative health

outcomes among minoritized groups.

Sociotechnical Imaginaries and the Attempt to Objectify Precision Medicine

Popularized by Jasanoff and Kim, sociotechnical imaginaries emphasize how national

actors legitimize scientific and technological development and implementation by combining

policy action with imagined forms of social life (Jasanoff & Kim, 2009). Jasanoff and Kim’s

framework around sociotechnical imaginaries is demonstrated in this paper through the

introduction of race and ethnicity in PM research and clinical use.

To realize the vision of race categories in genomics research, the initial push for

inclusion at the advent of PM must be understood. It is well established that minoritized racial
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groups within the US, including African Americans and Hispanics, have been notably

underrepresented in genomics research. This has mainly stemmed from a limited engagement

in clinical trials due to biomedical mistrust, stigma, and competing demands (Cuccaro,

Manrique, Quintero, Martinez, & McCauley, 2020). Emphasized by a 2009 study, over 95% of

participants in completed worldwide genome wide association studies were of European

descent (Anna Need & David Goldstein, 2009). In the era of PM, this has prevented the

identification of gene variants more common to different ancestral populations, limiting the

knowledge of biological disease pathways that manifest differently between different genetic

lineages.

In order to imagine a new course for PM, several governmental agencies have

encouraged the use of diversity in genomics research. Guidelines released by the National

Institutes of Health (NIH) in 2003 titled “NIH Policy and Guidelines on the Inclusion of Women

and Minorities as Subjects in Clinical Research” declared that members of minoritized groups

must be included in all NIH-funded clinical research without an exceptional rationale (Callier,

2019). In a similar fashion the Food and Drug Administration (FDA) released guidelines in 2005,

recently updated in 2016, that recommend “a standardized approach for collecting and reporting

race and ethnicity data in submissions for clinical trials for FDA-regulated medical products”

(Lynch & Cohen, 2015). This research paper will further attempt to understand the intent and

agenda of these diversity policies and clarify their vision for guiding PM research.

Raced Based Categories in Precision Medicine: A Counterimaginary

While intended to do social good, diversity programs for genomics research, in

combination with racial correlations with genetic variants, have also led researchers to use race

as a major descriptor to genetic variation and therefore disease. This has been done primarily

without the use of other potential classifications, including socioeconomic status and regionality

as determinants of disease. Overall, it has had the effect of clinicians considering race based

corrections factors in therapeutic approaches frequently resulting in health disparities among
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minoritized groups. This counterimaginary is evident when considering the use of race as a

variable in the calculation of Estimated Glomerular Filtration Rate (eGFR), a measure of overall

kidney function used to determine the need of transplantation. A fixed race correction value

recognized by most clinicians was added as a factor to eGFR after a 1999 clinical study

determined that African Americans had significantly higher natural levels of creatinine, a waste

product that indicates kidney malfunction (Levey et al., 1999). However, a recent investigation

has shown that including race has led to a median overestimation in eGFR of 3.2 mL/min/1.73

m2 for Black patients in comparison to their non-Black counterparts (Inker et al., 2021). Since

higher eGFR values indicate better kidney function, an overestimation has likely resulted in

fewer African American patients receiving a kidney transplant in a timely manner.

Race based treatment has also been directly reinforced by government health actors

attempting to provide clarity in response to research initiatives. For instance, the FDA has

issued race based guidelines on epileptic seizure drugs carbamazepine and oxcarbazepine

stating that these medications are of heightened risk for individuals across “broad areas of Asia”

(Goodman & Brett, 2021). Providing overly generalized guidelines for treatment could lead to

confusion in clinical recommendations and prevent essential drugs from being taken by groups

within broad broad racial categories that are not in reality at a high risk for significant side

effects. In a similar way to eGFR, this results in racial inequities in seizure outcomes among

Asian populations.

Under the framework of sociotechnical imaginaries, this research paper will further

explore how researchers, clinicians, and nation state actors perpetuate the use of raced based

categories in PM research on the foundation of increasing diversity and legitimizing race as a

genetic descriptor. Further, it will attempt to determine the impact of race based treatment on

health outcomes of minoritized populations.
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Next Steps

To complete the Capstone technical project and STS research project by May 2022, the

anticipated timetable of work is described below:

Date Capstone Objective(s) STS Objective(s)

November
2021

● Finalize design of electrical and
mechanical stimulation system

● Simulate static stress and
fatigue of scaffold using known
mechanical properties to refine
a strain protocol

● Submit Capstone proposal

● Submit Prospectus to STS
professor and Capstone
advisor

● Receive Prospectus sign-off
from STS professor and
Capstone advisor

● Prepare Prospectus
presentation

December
2021

● Begin prototyping of bioreactor
specifically by generating
components of the mechanical
system and outer framework in
CAD

● Start to use additive and
subtractive manufacturing
techniques to create and
assemble the physical
components of the bioreactor

● Submit fall progress update

● Submit post Prospectus
evaluation

● Continue literature review of
raced based categories in
precision medicine to further
understand the intention of
actors perpetuating this system

January -
February
2022

● Aid in the formulation of an
Arduino script that provides
specific instructions to the
bioreactor for cyclic
electromechanical stimulation.

● Complete experimentation of
bioreactor preconditioning on
myogenic cell metabolic activity

● Consult with members of
medical fields at UVA to hear
new perspectives of race in
research and clinical treatment

● Complete draft of research
paper

March -
May 2022

● Finalize conditioning protocol to
optimize cellular activity

● Submit technical report

● Submit thesis portfolio
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