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General Research Problem: Improving Personalized Medicines 

How may the quality of and access to personalized medicines be improved? 

 Personalized medicines have become increasingly important in health care. Emerging 

research has identified an individual’s genetic profile to be instrumental in disease prognosis. 

Certain biomarkers (genetic indicators of disease) have therefore become targets for tailored 

therapies. However, technical obstacles have impeded the development of effective gene-based, 

personalized treatments for cancers such as leukemias. 

 The equitable distribution of personalized medicines is also essential to their therapeutic 

efficacy. In the United States, access to these and other medicines is fraught with racial 

disparities at provider and institutional levels (Hoffman et al., 2016). Advocacies are striving to 

achieve more equitable access to medicine. 

  

Nanotechnology for a Cure: A Novel Treatment for Acute Myeloid Leukemia 

How can researchers decrease the production of proteins which propagate the development of 

leukemia?  

Acute myeloid leukemia (AML) is a cancer originating in the bone marrow characterized 

by a rapid accumulation of diseased blood cells (Rushworth et al., 2012). The time and 

magnitude of this uncontrolled growth is characterized by a five-year survival rate of 26% 

(Vakiti & Mewawalla, 2021; ACS, 2021). Patients with AML are conventionally treated with 

chemotherapies which rely on an oxidative stress pathway to induce cell death. However, 

researchers have discovered AML propagation occurs through a cascade of genetic malfunctions 

which inhibits this pathway (Liu et al., 2021). New proposed therapies target upstream 

progenitors which regulate these diseased gene networks. This project aims to reduce the 
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production of the pathologically manipulated transcription factor NF-E2–related factor 2 (Nrf2) 

in AML cells. Knockdown of Nrf2 is hypothesized to decrease signaling of pathways responsible 

for this “chemoresistance” and increase chemotherapeutic efficiency. An effective treatment 

must therefore lead to significant knockdown in Nrf2 protein, increased cell death when used in 

combination with standard chemotherapeutic agents, and offer scalable manufacturing potential. 

This technical problem will be addressed as a solo capstone research project under 

advisement from Dr. Anuradha Illendula of the Department of Pharmacology. The proposed 

project intends to intersect emergent technologies in lipid-based nanoparticles (LNPs) and 

ribonucleic acid interference (RNAi). LNP vectors demonstrate high encapsulation of nucleic 

acids due to favorable charge-charge interactions which improves the delivery of therapies in 

vivo (Carrasco et al., 2021). RNAi therapies lead to tunable decreases in Nrf2 protein levels and 

do not rely on an immune response which is desirable for treatment of an autoimmune disease 

such as AML. A combination of these platforms recently received FDA approval as a treatment 

for amyloidosis which emphasizes the potential for clinical translation in a similar therapy 

(Alnylam Pharmaceuticals, 2018). 

 Production of LNPs will concur with previous high-throughput research using 

microfluidics (Meel et al., 2020). Design of effective RNAi constructs will require consultation 

of my advisors and previous studies (Roces et al., 2020; Rushworth et al., 2012). Testing of the 

final combinatorial therapy will utilize cell culturing/microbiology techniques along with lipid 

and drug resources acquired by the lab. Each step of the design process will be paired with 

appropriate methods of characterization including particle analysis and cell viability assays to 

promote step-wise optimization.  
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A successful therapy will provide a novel treatment option for patients with AML. 

Furthermore, the design process will provide further insight into the development and 

implementation of nucleic acid-based nanomedicines for treatment of genetic based diseases. 

 

How Advocacy Groups Fight Racism in U.S. Healthcare 

In the U.S., how do advocates of equitable healthcare strive to reduce racial inequities in 

medicine? 

Racism has existed in the U.S. healthcare system for centuries. Medical researchers have 

examined the case of Dr. Sims who conducted gynecological experiments on black American 

women in the 19th century (Wall, 2006). Similarly, from the 1930s to the 1970s, syphilitic black 

men were deceived into serving as experimental subjects. Researchers told them they were 

receiving free treatment in return for their participation, and instructed them to seek no other 

treatment. In fact, the researchers had lied. They were studying the effects of untreated syphilis, 

and the men received no treatment (Tuskegee University). Racial inequalities in treatment 

recommendations and pain assessments continue to pervade modern medicine (Hoffman et al., 

2016). Racial equity advocacies publicize such injustices, past and present, and fight biases in 

medicine. 

Participants include patient support groups, racial equity advocacies, professional 

societies representing caregivers, and hospitals. Many black patients have publicized inequities 

in medicine. Patients who contend that they have experienced deficient care, such as Malaika 

Pedzayi-Ferguson (CBS News, 2020), are advocates for fairer healthcare. Some medical 

professionals hold implicit racial biases that impair their caregiving (Hoffman et al., 2016). Some 

healthcare professionals believe, for example, that “black people’s skin is thicker than white 
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people’s skin,” and black patients are less sensitive to pain (Hoffman et al., 2016). Physicians are 

represented by the American Medical Association (AMA) and by other professional societies. 

The AMA’s Equity Strategy Plan condemns racism in medicine (AMA, 2020). White Coats for 

Black Lives (WC4BL) is an advocacy of medical students and professionals committed to 

fighting racial biases in medicine. It is a coalition of chapters at university hospitals that seek to 

“dismantle racism and accompanying systems of oppression in health” (WC4BL, 2021). WC4BL 

organizes demonstrations and publicizes racial inequities in medicine.  

In a study of racial biases in physicians’ recommendations for heart patients, Schulman et 

al. (1999) found a discrepancy in the recommendation for cardiac catheterization among patients 

of different race. Hoffman et al. (2016) found that many physicians suppose black people are less 

sensitive to pain than white people, impairing the care they offer black patients.  
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