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General Research Problem             Word Count: 1321 

How can healthcare resources be more effectively allocated?  

In the United States, an estimated shortage of over 1,000,000 nurses and 120,000 

physicians by 2025 will exacerbate healthcare inaccessibility and overcrowding in emergency 

departments (Chaguturu & Vallabhaneni, 2005; AAMC,” 2017; Schappert & Burt, 2006). 

Resources are also misallocated: many popular but cost-ineffective interventions are overfunded 

while many cost-effective therapies are underfunded (Chinnery et al., 2018). Over 27 million 

nonelderly Americans were uninsured as of 2017, and over half of Americans delay receiving 

care due to its cost (Griffin, 2017; Kaiser Family Foundation, 2018). Because of limited 

resources, misallocation, and high costs, many patients go untreated. 

  

Gene Expression Preservation Between Preclinical Mice and Lupus Patients  

How can drugs be adapted to better treat humans with SLE (systemic lupus erythematosus)?  

Systemic lupus erythematosus (SLE) is a multi-system organ disease affecting over five 

million people worldwide (Gfk Roper, 2012). SLE causes significant morbidity and mortality, 

especially in women of child-bearing age. Only one new drug has been approved by the FDA in 60 

years for treatment of SLE. The heterogeneity of the disease induces varied symptoms and laboratory 

abnormalities that occur in different combinations and points in time (Fritzler, 2018)  

To assist SLE drug trial design, I will investigate how abnormal signaling pathways and 

cellular subsets are preserved between three strains of preclinical mice and human SLE patients. 

First, I will identify functional groups of differentially expressed genes in the mice and humans. 

Then I will seek the preserved functional groups between the preclinical mice and humans. 

Finally, I will design a predictive model to match the mice to subsets of lupus patients, as 
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defined by clinical characteristics. Another predictive model will be built to classify active and 

inactive SLE patients based on gene expression. Restrictions include lack of alternative preclinical 

mice and genetic expression from only two tissue types that may more aptly model particular subsets 

of lupus patients.  My advisor in this independent capstone project is Dr. Amrie C. Grammer 

PhD, AMPEL BioSolutions. 

Immunological characteristics including glomerulus nephritis, splenomegaly, increased 

antinuclear antibody expression, increased anti-dsDNA antibody expression and weakened IFN 

signature overlap in the three models (Andrews et al., 1978; Deane et al., 2007; Du, Sanam, Kate, & 

Mohan, 2015). Further, genetic associations have been made between the models and humans, such 

as Fas polymorphisms, syntenic parallels of Sle1 and Nba2 loci, and upregulation of TLR7 (Lee, 

Choi, Ji, & Song, 2016; Morel et al., 1997; Moudi, Salimi, Mashhadi, Sandoughi, & Zakeri, 2013; 

Santiago-Raber et al., 2008). Decisions in drug trial design use these relationships, and do not 

consider whole genome expression analysis. No methods in computational pharmacology highlight 

the similarities between murine models and human gene expression. Further, the field does not 

indicate ideal treatment for cohorts of lupus patients based on gene expression analysis. Kegerreis et 

al. employed generalized linear models and random forest classifiers on microarray data to predict 

active states of lupus with a peak of 81% accuracy (Kegerreis et al., 2019). 

Microarray and RNASeq data of spleen and whole blood samples for each of the three 

murine models and humans will be filtered for differential expression using a linear model for 

analysis of variance testing. Preserved modules between species will be identified using the 

differentially expressed genes using a preservation technique known as weighted gene correlation 

network analysis (WGCNA). A predictive model to match the murine models to subsets of SLE 

patients will be designed using an unsupervised learning method known as Gaussian Mixture 

modeling that includes Variational Auto-Encoder (GMVAE). Lastly, module enrichment scores 
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will be used to predict SLE activity state, using classifiers not yet applied such as Bayesian modeling 

and feedforward neural nets. The intention is to create a methodological pipeline that other 

researchers can apply to understand the best type and time of treatment for a cohort. Therefore, this 

project will help better treat those with lupus by improving drug trail design. 

 

Fighting Crime and Mental Illness: Allies of Healthcare Reform in the United States 

How are mental health advocates in the U.S. seeking to improve access to mental health care 

among populations at risk of incarceration? 

Scarce healthcare resources contributed to the deinstitutionalization from state psychiatric 

hospitals in the 1960’s  (Lamb, 1984). Displacement from hospitals, in conjunction with 

inadequate treatment and rehabilitative services, increased homelessness among the mentally ill. 

Today, of the nearly 60,000 homeless people in L.A county, 25 percent have a mental illness 

(Oreskes, 2019). Of the 10 U.S. states with the poorest access to mental health services, six have 

the country’s highest incarceration rates (MHA, 2017). In part because of the scarcity of such 

services and deinstitutionalization, prisons now hold more mentally ill persons than hospitals. 

About 10-25 percent of U.S. prisoners suffer from serious mental illnesses; such disorders 

contribute to 20 percent of violent reoffending in men and 40 percent in women (Travis et al., 

2014; Chang et al., 2015). As of 2017, 56.5 percent of U.S. adults with mental illness received no 

treatment (MHA, 2017). Advocacies and other social groups strive to reform treatment of the 

mentally ill and reduce incarceration (Fuller et al., 2010; Slate et al., 2013).  

Reformers call for enhanced clinician training, remodeled health care delivery, and better 

inmate access to mental health professionals (Griffin, 2017; KFF, 2018). In the early 2000s, 

advocacies and a federal health minister collaborated for reform (Hickie & Groom, 2002). Others 
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have helped by recasting mental health as an illness, not a personal failure (Tobin, And, & 

Leathley, 2002).  

 The American Psychiatric Association (APA) advocates for access to good care for all 

inmates and promotes psychiatric education within prisons. In 2018, the APA called for “a full 

range of…psychiatric services” for the incarcerated (Trestman et al., 2018). Some advocacies, 

such as Opportunities, Alternatives, and Resources (OAR), reintegrate ex-convicts by offering 

many services, including mental health counseling. OAR’s mission, to “advocate for and assist 

former inmates,” is motivated by their core values of empathy, integrity and belief that people 

can change (Montana, 2017).  

The American Correctional Association (ACA) trains staff to better handle mentally ill 

prisoners. The benefits ACA cites are specific to the prison and not the inmates, including 

“defense against litigation” and “enhanced public perception” of the prisons (ACA, 2019). In the 

city of Berkeley, California, officers such as Jeff Shannon, “want to train 100%” of officers to 

manage the mentally ill interactions by offering instructional programs (Shannon, 2019).  Several 

police departments have adopted an alternative program: Crisis Assistance Helping Out on the 

Streets (CAHOOTS). The Denver police department wants to relieve officers by responding with 

mental health professionals when necessary, thereby decriminalizing and improving the mental 

illness (Dawson, 2019).  

Some politicians use their public platform to incite reform. Some Democrats call 

Medicare for all a “moral priority” (Munoz, 2018). Directly grieved by the scarcity of resources 

for the mentally ill, Creigh Deeds argues all people should have access to mental health care 

relating the situation to an emergency room that “cannot turn away a person in cardiac arrest 

because the ER is full” (Deeds, 2014).  
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Homeful.LA, an online resource created by the Inner City Law Center, wants to end 

homelessness by providing resources and housing services to the homeless in L.A. To do so, it 

organizes volunteers and donators. To Homeful.LA, all people are “someone’s child” and should 

be cared for accordingly (Sentinel News Service, 2018). 
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