Undergraduate Summer Research Program
Symposium
August 7th, 2020
2:00pm - 4:30pm PT
Zoom Link
Please join us to celebrate the scientific accomplishments of our
2020 cohort of CVI Summer Undergraduate Research students.
Session 1
2:00pm PT

Obadiah Issachar Kirk - Lab of Vinicio de Jesus Perez, MD
Courtney Obasohan - Lab of Alison Marsden, PhD
Carissa Lee - Lab of Sean Wu, MD, PhD
Sam Churovich - Lab of Michael Fischbein, MD, PhD
Darlene Ferrer - Lab of Ronglih Liao, PhD

2:30pm PT

Anson Seow - Lab of Kristy Red-Horse, PhD
Aaron Panduro - Lab of Alison Marsden, PhD
Lauryn Taylor - Lab of Michael Ma, MD
Lauren D’Amico - Lab of Dan Bernstein, MD
Junmin Hua - Lab of Phillip Yang, MD

3:00pm PT

Eries Jay Moreno - Lab of Michael Ma, MD
Coral Torres Sánchez - Lab of Yasuhiro Shudo, MD
Nickeisha Cuthbert - Lab of Katrin Svensson, PhD
Thalia Le - Lab of Vivek Bhalla, MD
Samuel Wisecarver - Lab of Elsie Ross, MD

3:30pm PT

Shila Deljookorani - Lab of Joseph Wu, MD, PhD
Neil Wary - Lab of Marlene Rabinovitch, MD
Gerardo Gamino - Lab or Fatima Rodriguez, MD
Amy Lam - Lab of Edda Spiekerkoetter, MD
Robert Hickman - Lab of Patricia Nguyen, MD
Stefan Veizades - Lab of Patricia Nguyen, MD

4:05pm PT

Student Acknowledgements

4:15pm PT

Closing Speech by Dr. Joseph Wu, Director of the Stanford
Cardiovascular Institute

Session 2

Session 3

Session 4

Session 1

Lung pericytes in pulmonary vascular physiology and pathophysiology
Obadiah Issachar Kirk - Lab of Vinicio de Jesus Perez, MD
An exploration of algorithm-based principles applied to cardiovascular
disease
Courtney Obasohan - Lab of Alison Marsden, PhD
Mapping embryonic development of the heart with single-cell RNA
sequencing analysis
Carissa Lee - Lab of Sean Wu, MD, PhD
The past, present, and future of induced pluripotent stem cell-based
modeling of smooth muscle cell-related diseases: A literature review
Sam Churovich - Lab of Michael Fischbein, MD, PhD
The functional role of exosomes in the pathogenesis of cardiac AL
amyloidosis
Darlene Ferrer - Lab of Ronglih Liao, PhD

Lung pericytes in pulmonary vascular physiology
and pathophysiology
Obadiah Issachar Kirk - Lab of Vinicio de Jesus Perez,
MD

Pericytes are mesenchymal derived mural cells that wrap
around the endothelial capillaries throughout the entire
vasculature in the body. D
 ue to its controversy and lack of
unique cellular markers, pericytes are largely ignored and under investigation.
However, its presence is required for vessel stabilization, maturation, and
homeostasis. Under some pathological circumstances, loss of its coverage
initiates and facilitates the disease progression. In this review, we will examine
molecular and cellular mechanisms, murine genetic models to show the key role
of pericytes in contributing to the pathogenesis of different lung diseases. Lastly,
we give perspectives on potential pericyte-based therapeutic opportunities.
We conclude with lessons learned and future directions with emphasis on
technological advances to study pericytes in the living tissues and address key
unanswered questions.

An exploration of algorithm-based principles
applied to cardiovascular disease
Courtney Obasohan - Lab of Alison Marsden, PhD
Pulmonary Hypertension (PH) is a type of high blood
pressure that affects the arteries in the lungs and heart.
The blood vessels that carry blood from one’s heart to their
lungs (the pulmonary artery) become hard and narrow.
Echocardiography may be utilized to estimate pulmonary artery pressure (PAP).
With a PAP of 35-40 mmHg or above, a diagnosis of PH may be made. Can
algorithm based principles be successfully applied to enhancing the detection of
PH? The method was as follows: 1) Analyze echocardiogram scans from patients
suffering from PH. 2) Utilize Semi-automated waveform detection to trace the outer

edges of the Right Ventricular Systolic Pressure (RVSP) curve. 3) Create code that
analyzes flipped RVSP curves and reduces it to wave only. 4) Compute pressure
from the velocity using the simplified Bernoulli equation. 5) Obtain Right Ventricular
pressure curves using the estimated Right Atrial pressure. 6) Calculate first and
second derivatives of the velocity curve. 7) Calculate first and second derivatives
of the pressure curve. 8) Analyze produced images. After analysis of the data
curves, the conclusion that the middle portion of the graph follows a parabolic
shape was supported. The first derivative produced an almost linear graph with a
negative slope and the middle portion of the second derivative yielded a graph with
a positive constant. These results imply that physicians may be able to estimate
the RVSP curve with parabolic functions. This has the potential to drastically
decrease the amount of over- and under- estimates that lead to misdiagnosis in
the field of cardiac medicine.

Mapping embryonic development of the heart with
single-cell RNA sequencing analysis
Carissa Lee - Lab of Sean Wu, MD, PhD

Congenital heart defects (CHDs) constitute the most
common types of birth defects, affecting an estimated 1
million children and 2.4 million adults in the United States
as of 2010 (Gilboa et al. 2016). In considering the origins of
defects such as Hypoplastic Left Heart Syndrome (HLHS), an understanding of
the genetic mechanisms governing cardiac development is requisite. Thus, my
research project with the Sean Wu Lab aims to identify early patterns of gene
expression that distinguish each chamber of the human heart. To achieve these
goals, our team, led by Dr. Francisco Galdos, is utilizing a bioinformatics-based
approach. Currently, we are in the process of preparing and analyzing single-cell
RNA (scRNA) sequencing data from a human embryonic heart. Importantly, this
data collected recently by Cui et al. in 2019 represents the earliest single-cell
RNA data from the human heart, tracking between weeks 5 to 25 of gestation.
Upon completion of our results, we hope to train a machine learning algorithm to
automatically process gene expression information and use it to predict where
a given heart cell originated from. Designing such an algorithm would have
additional clinical implications, including the identification of potential markers for
CHDs that may enable early detection. In summary, our team seeks to genetically
map human embryonic development of the cardiac chambers through R-based
scRNA analysis in order to provide further insight into related complications.

The past, present, and future of induced
pluripotent stem cell-based modeling of smooth
muscle cell-related diseases: A literature review
Samantha Churovich - Lab of Michael Fischbein, MD,
PhD

Compared to its predecessors, induced pluripotent stem cell
(iPSC)-based modeling has key advantages. By providing
complex genetic signatures of animal or human tissue, iPSC-based disease
modeling is a resource for exploring the mechanisms underlying pathology
development and treatment. Within the last two decades, iPSC-based modeling

has gained significant traction in cardiovascular research and studies into smooth
muscle cell (SMC)-related diseases, in particular. The latter includes Marfan
syndrome, Loeys-Dietz syndrome, Williams-Beuren syndrome, and hyperplasia,
to name a few. For that reason, my project aims to explore and congregate past
knowledge, current progress, and future challenges in iPSC-based disease
modeling of SMC related diseases, culminating in a literature review. This narrowed
topic of interest lends itself to a review of sixteen sources* ranging in publication
date from 2012 – 2020. In that, this research sought to appreciate subjects such as
challenges surrounding iPSC maturation and differentiation, iPSCs as a platform
for precision medicine, analytical methods (i.e. microscopy, immunocytochemistry,
etc.) and group-specific research strategies. Ultimately, iPSC-based modeling of
SMC diseases is a complex, intricate, and diverse field of study that spans specific
gene mutation, SMC phenotype and signal changes, iPSC resource, pluripotency
markers, gene therapy, and more. By being so multi-faceted, iPSC-based modeling
of SMC related diseases is advancing the means by and ways in which modern
medicine understands disease.
*This article is still in development and the number of sources used is subject to
change.

The functional role of exosomes in the pathogenesis
of cardiac AL amyloidosis
Darlene Ferrer - Lab of Ronglih Liao, PhD

Amyloid Light chain (AL) amyloidosis is characterized by
development of abnormal immunoglobin light chains (LC)
that assemble into amyloid fibrils and subsequently deposit
into multiple organs including heart, lung, and kidney.
AL deposition into the heart leads to high morbidity and
mortality. Without treatment, AL-cardiac (ALc) amyloid patient survives <6 months.
The factors determining tissue tropism are currently unknown. Exosomes, the
membrane-bound extracellular vesicles, are critical in determining metastasis
in cancer. AL amyloidosis is closely related to multiple myeloma (MM), a cancer
caused by increased production of immunoglobin LCs. Therefore, we hypothesize
that exosomes may influence tissue tropism and impact function and survival of
cardiomyocytes. The goal of my study is to define the role of plasma derived ALc
exosomes in cardiomyocytes function and survival. To understand the exosome
function, we used microscopy, videography, and TUNEL assay for in vitro and
in vivo experiments. In vitro, stimulation of human iPSC-derived cardiomyocytes
with ALc-exosomes induced apoptosis. In vivo localization of ALc-exosomes
in zebrafish embryo hearts after 24h of exosome injection was determined by
fluorescence microscopy. Cardiac functions such as cardiac output, stroke volume,
and heartbeat of zebrafish embryo were measured by video-images analysis.
Cardiac AL-exosomes localized in the heart, induced apoptosis in cardiomyocytes,
and led to reduced cardiac function. Future in vivo study will focus on cardiac
homing of AL exosomes upon intravenous injection. If our hypothesis is proven,
our research will help to predict the organ involvement in AL amyloidosis and allow
the early diagnosis and treatment of the disease.
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Studying collaterals in a mouse heart subjected to
an experimental myocardial infarction
Anson Seow - Lab of Kristy Red-Horse, PhD

Coronary artery disease is the main reason to cause heart
attack. It often leads to a stenosis or a blockage of coronary
blood vessel. Due to the loss of blood flow, the tissue downstream of the stenosis becomes ischemic and may induce
myocardial cell death. However, collateral arteries are blood vessels that, instead
of branching directly into capillaries, connect two coronary arteries so that they
become active and act as a bypass to blood flow. Because of the therapeutic potential, we study collateral arteries using a mouse model to understand blood flow
restoration after myocardial infarction. We hypothesize adult mice do not have as
many or as effective collateral arteries as postnatal have in response to an occlusion of a main artery. To address the hypothesis, we are using light-sheet imaging
to visualize collaterals and Fiji to quantify them. We found 5 collaterals of 10.57um
in diameter on average in the adult mice 3 weeks after the left coronary artery was
occluded. On the other hand, postnatal mice had an average of 14 collaterals with
a diameter of 23.71um. The results suggest that postnatal have better collateralization that could significantly improve blood flow restoration compared to adult
mice. Ultimately, we could target therapeutically for sufficient blood flow recovery
after myocardial infarction based on the understanding of collateral arteries.

Analyzing the effects of opioid use on the
cardiovascular system using computational
modeling
Aaron Panduro - Lab of Alison Marsden, PhD

Since the start of the twenty-first century, the amount of deaths
resulting from the misuse of opioids has been increasing. In
2014 alone, over 28,000 people nationwide died as a result
of opioid overdose. One year later, that amount increased to

over 33,000.These numerous fatalities have contributed to the awareness that
there is an ongoing opioid epidemic occurring in the United States. Now, roughly
2000 adults die a day in the U.S. from cardiovascular diseases and another 115
deaths are caused by opioid usage.Previous studies have shown that opioid use
affects the cardiovascular system. Within those effects, opioid usage has been
known to cause a lower heart rate, syncope, QT prolongation, atrial fibrillation,
and arrhythmias. Cases that involve opioid usage disorder can lead to severe and
life threatening consequences such as cardiovascular disease as well as stroke.
To investigate the precise effects of opioid use on the cardiovascular system, we
developed a computational, closed-loop lumped-parameter model (CL-LPN). To
our knowledge there is no existing work that has assessed the effects of opioid use
through said model on the cardiovascular system. This mode of scientific inquiry
enables researchers and clinicians to non-invasively examine global changes to
patient-specific hemodynamic patterns resulting from opioid use. In this project,
we model the changes caused by the analgesic opioid drug Remifentanil in our
CL-LPN to assess how accurately our CL-LPN model can predict cardiovascular
effects of opioid intake. If expanded, this model could increase awareness of the
effects of opioid use and facilitate future advances in modeling of opioid and drug
use.

Understanding heart valve dysfunction in patients
with single ventricle defects: Use of a bioreactor to
explore heart valve mechanobiology in response
to single ventricle physiology
Lauryn Taylor - Lab of Michael Ma, MD

Single ventricle defects are rare congenital disorders that affect one of the two ventricles of the heart, leading to one of
them being undersized, underdeveloped, or missing a valve. These defects are
fatal without surgical intervention, and surgeries typically need to be performed
soon after birth. Surgeries involve the rerouting of blood flow into the stages of
Single Ventricle Physiology (SVP), from Norwood, to Glenn, and ultimately, Fontan
circulation. Atrioventricular (AV) valve function is an important component of this
circulation. While many risk factors associated with SVP have been overcome,
clinical studies have shown increased morbidity and mortality associated with AV
valve insufficiency. The right AV (tricuspid) valve (TV) is believed to be more susceptible than the left AV (mitral) valve (MV) to pressure and volume overload due
to the low-resistance pulmonary circulation the TV valve is generally accustomed
to. To understand the negative effects of the TV in SVP, a flow-culture bioreactor
made of four components, a medium reservoir, a peristaltic roller pump, glass
chamber (ventricular surrogate), and an acrylic compliance chamber, will be developed to replicate a normal TV cycle and allow the fresh cadaveric tissue to stay
alive for a period of time, thus allowing us to analyze changes in the living tissue
at both macroscopic and microscopic levels. We will remove the TV from pigs at
the different surgical stages of SVP and transfer the tissue to a bioreactor. We can
then analyze the changes within these tissues to give us a better understanding of
heart valve dysfunction in patients with single ventricle defects. With this we may
be able to better optimize surgical repair strategies, as well as inform the design
of future therapeutics.

Understanding the cardioprotective to cardiotoxic
‘flip’ in the β2-AR
Lauren D’Amico - Lab of Dan Bernstein, MD

β-adrenergic receptors (β-ARs) play a central role in
regulation of cardiac function, with the two major subtypes
(β1 and β2) having differential cardioprotective/cardiotoxic
effects. Although β1-blockade is the mainstay of treatment for
patients with heart failure, the addition of a β2-AR agonist has demonstrated a
survival benefit in animal studies. The β2-AR has historically been thought to be
cardioprotective, however we have recently shown that signaling through the β2AR “switches” from cardioprotective to cardiotoxic when the cardiac stress changes
from acute to chronic. To better understand the mechanisms involved in this unique
temporal switch, we induced cardiotoxicity in β2 knockout (KO) and wild type (WT)
mice using the oxidative stressor doxorubicin (DOX). We then compared the
molecular signature using RNA-seq. β2-KO mice had a higher mortality after acute
DOX and a lower mortality after chronic DOX compared to WT. RNA-seq showed
upregulation of gene pathways related to compensatory metabolic pathways with
chronic stress vs. downregulation of these same pathways in acute stress. These
results suggest the addition of a β2-blocker to a β1-blocker would be beneficial
in patients with chronic oxidative cardiac stress (dilated cardiomyopathy or DOX
chemotherapy) vs. the addition of a β2-agonist in situations of acute oxidative
stress, such as during acute ischemia.

The cardioprotective role of AMPK and its
potential therapeutic potential for ischemiareperfusion injury and the consequent HFrEF
Junmin Hua - Lab of Phillip Yang, MD

Heart failure (HF) is one of the most prominent disease
globally, bringing about a socioeconomic burden of over
billions of euros annually. Patients suffering from heart failure
with reduced ejection fraction (HFrEF) experience substantial cardiomyocyte loss,
which results in systolic dysfunction and eventually an EF less than 40%. Ischemia
caused acute or chronic cardiomyocyte apoptosis and necrosis are the major
originators of HFrEF. Ischemia, derived from ἴσχαιμος, designates a lack of blood
supply to tissues. Such interruption of cellular access to oxygen and nutrients
hinders metabolism, and consequently ATP genesis. During reperfusion, with
the sudden entry of oxygen, more reactive oxidative species (ROS) is inevitably
manufactured. However, it can hardly be neutralized as the previous ischemia has
already curtailed the concentration of antioxidative species. Therefore, to prevent
ischemia-reperfusion injury, it is advantageous to ameliorate the cascade of side
effects from its origin – the lack of ATP. AMP-activated protein kinase (AMPK)
is critical for both the detection and restoration of myocardial energy level. It
perceives intracellular ATP/AMP ratio as well as calcium concentration shifts, and
activates respective cardioprotective downstream pathways to enhance myocardial
energetics, scavenge for ROS and execute mitophagy/autophagy. Therefore,
we hypothesize that the upregulation of AMPK during ischemia-reperfusion will
alleviate the injury by increasing the myocardial ATP level, and that AMPK is a
promising target enzyme for HFrEF therapies.
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Development of a quality assessment program
through analyses of congenital heart defect
operations
Eries Jay D. Moreno - Lab of Michael Ma, MD
Congenital heart defects (CHDs) are the most common birth
defects, and they are specifically associated with problems in
the proper development of a fetus’s heart during pregnancy.
Such abnormalities are commonly witnessed in about 9 out of every 1,000 babies
born in the United States (American Heart Association, 2018). CHDs can range
from the presence of a hole between the right and left chambers of the heart
to the appearance of complex underdeveloped structures on the left side of the
heart. Ultimately, these defects directly obstruct the normal flow of blood, which
can persist to be life-threatening in various cases. Because of the variation in
complexities, hospitals and health centers vary in the procedures that they select
to treat. Some centers opt to only conduct simple repairs associated with less
complex cardiac defects, whereas others take chances by performing high-risk,
intricate procedures. These differences directly impact the ratings and assessment
reports that health centers obtain. As a result, this study aimed to develop a quality
assessment program that provides an exclusion criterion for high-risk cases,
which will safeguard centers conducting such procedures and ultimately improve
the assessment system across centers in the United States. In this study, we
aggregated and analyzed data on previously published nationwide, multicenter
outcomes of 19 benchmark operations of CHDs. The results of our analyses were
used to propose a set of exclusion criteria for each operation, with an emphasis
on high-risk cases.

The effect of scaffold-free bi-layer cell sheet
on inflammation following ischemic injury of
myocardium
Coral Torres Sánchez - Lab of Yasuhiro Shudo, MD

Cardiovascular disease is a major cause of morbidity
and mortality in the world. Particularly, ischemic heart
disease, which is characterized by the restriction of blood
flow to the heart muscle, can lead to irreversible damage to the myocardium,
further developing into heart failure. Despite vigorous cardiovascular research
in developing therapeutics to repair myocardial damage, such as biomimetic
scaffolds made of polymers or direct injection of cells, their limited immunecompatibility and bio- functionality are still in question. To solve this problem, the
Shudo Lab has engineered scaffold-free, stem cell-derived bi-layer cell sheets,
which proved to reduce fibrosis, attenuate ventricular remodeling, and improve
cardiac function in the model of ischemic cardiomyopathy. To further investigate
the immunological response after applying this bi- layer cell sheet therapy and
its effect on reverse cardiac remodeling, we have designed studies to evaluate
the following hypothesis: the scaffold-free, bi-layer cell sheet treatment will reduce
potential inflammatory response following an ischemic injury on myocardium after
myocardial infarction. We will assess longitudinal data of inflammatory markers
both locally and systemically and how these biomarkers play a role in improving
cardiac remodeling and function. This study will further support the therapeutic
efficacy of this non-scaffold, tissue-engineered construct, and its translation into
the clinical arena.

Circulating microRNA biomarkers for nonalcoholic fatty liver disease (NAFLD)
Nickeisha Cuthbert - Lab of Katrin Svensson, PhD

Hepatocellular carcinoma (HCC) is a malignant type of
liver cancer with no effective treatment, that is diagnosed
from an invasive biopsy procedure. HCC can result from
non-alcoholic steatohepatitis (NASH) which is a fatty liver
disease that develops from NAFLD. The objective of this project is to identify noninvasive biomarkers for NASH using liver-derived extracellular vesicles (EVs) from
soluble proteins in plasma. This project is significant because the identification of
biomarkers for NASH will remove the need for a biopsy to diagnose NASH-related
HCC and the biomarkers will facilitate the monitoring of NAFLD progression to
HCC. EVs from hepatocytes in normal/control and induced NASH conditions were
sequenced to focus on their RNA materials. MicroRNAs that were expressed >3
times more in NASH conditions than in normal phenotype were selected to be
analyzed. The specific aim was to reduce the list of 31 identified NASH-related
miRNAs to focus on effective ones for biomarker function. To achieve this, a
literature search was conducted to see if any of the NASH-HCC related miRNAs
were previously identified as biomarkers. Afterwhich, the bioinformatics tools,
miRDB and Panther were used to identify target genes and biological pathways
of the miRNAs, respectively. Data from the three different analyses were used to
highlight 4 theoretically effective miRNAs, miR-141-3p, miR-182-5p, miR-200a-3p
and miR-200c-3p as biomarkers for NAFLD/NASH. The future of the project will
involve the examination of human plasma to identify if these miRNAs are present
in human NASH conditions.

Candidate signaling pathways to regulate sodiumglucose cotransport 2 expression by insulin
Thalia Le - Lab of Vivek Bhalla, MD
Ninety percent of glucose filtered in the kidney is reabsorbed
by sodium-glucose cotransporters 2 (SGLT2), which are
expressed mainly in segment 1(S1) of the proximal tubule
cells (PTC). Clinical studies show that selective inhibition of
SGLT2 effectively controls hyperglycemia and reduces heart failure hospitalization
in type 2 diabetic patients. Despite these profound benefits associated with SGLT2
inhibition, how SGLT2 proteins are regulated under normal and diabetic conditions
is not fully understood. As previous studies have shown a direct role of insulin
signaling in upregulating the expression level and function of SGLT2 in vivo, this
project seeks to elucidate this regulation mechanism in PTC by employing singlecell RNA sequencing and pathway analysis of three publicly available human
kidney databases. scRNA analysis confirms (1)a positive correlation between
INSR and SGLT2 but (2) a higher percentage of S1 cells expressing SGLT2 in
diabetic sample than in control. It also (3) shows a positive correlation between
INSR and PDZK1IP1, a possible activator of SGLT2 function, under SGLT2+
cells. Pathway analysis identifies candidate signaling nodes correlated to INSR
in regulating SGLT2 expression that are enriched in PDZK1IP1+ & SGLT2+ cells.
This high-throughput analysis offers insights into multiple mechanistic pathways
through which INSR can indirectly regulate SGLT2, which will be important to
understand the treatment of hyperglycemia, cardiovascular and renal diseases in
diabetic patients.

A UK Biobank study on menopause as a risk factor
for MI
Samuel Wisecarver - Lab of Elsie Ross, MD

It has been shown that estrogen in pre-menopausal women
can be cardioprotective, however, risk of myocardial infarction
(MI) rises with age, so it can be difficult to quantify the
increase in MI incidence specifically due to menopause. This
study looks at differences in MI incidence due to menopause.
Data were derived from the UK Biobank, a longitudinal study with over 500,000
participants. Variables were defined using International Classification of Disease
(ICD) 9/10 codes, self-report, Current Procedural Terminology (CPT) codes, and
medications. We used student t-tests to compare groups and cox proportional
hazards to evaluate differences in MI risk between sexes, while controlling for
cardiovascular comorbidities. Our dataset included 229,134 males and 273,402
females with respective, average ages of 56.7 and 56.4 years. 3.6% of men and
0.98% of women had an incident MI during follow-up. In a cox model controlling
for age, BMI, LDL, HDL, SBP, DBP, smoking and diabetes, menopause was not
statistically significantly associated with MI, whereas the other comorbidities were.
In this study we confirm LDL, HDL, blood-pressure, and smoking history are
significantly associated with risk of MI but menopause itself was not. This may be
due to menopausal changes – such as lipid count or blood pressure – having a
more significant effect on MI incidence. In future studies we will evaluate quantified
estrogen exposure rather than a binary menopause variable to further tease out
the relationship between estrogen and MI risk.
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Toward clinical applications of stem cell-based
therapies for cardiac tissue repair
Shila Deljookorani - Lab of Joseph Wu, MD, PhD

Stem cell therapies has emerged as a viable alternative to
promote diseased or damaged tissue repair through cell
replacement therapy. Despite their therapeutic potential,
the progress for clinical applications has been limited due to
several challenges. In particular, a lack of scalable manufacturing technologies to
generate therapeutic cells for tissue repair has been a technical roadblock for stem
cell therapy. For organs such as the heart, therapeutic strategies, or interventions
are limited due to lack of regenerative potential in adult cardiomyocytes and
difficulty in obtaining a donor heart for transplantation. Human induced pluripotent
stem cell-derived cardiomyocytes (iPSC-CMs) serve as a promising alternative
to augment tissue repair and function of the heart. However, phenotypic and
functional immaturity of iPSC- CMs is one of the major limitations in the application
of these cells. To address these significant issues, two projects were designed:
(i) large-scale expansion of iPSC-CMs; (ii) effect of extracellular matrix (ECM) on
the maturation of pluripotent iPSC-CMs. In the first project, the various methods
required to attain large quantities of iPSC-CMs has been investigated. Recent
studies demonstrate three-dimensional (3D) platforms for large-scale expansion
of iPSC-CMs can circumvent the limitations of 2D culture systems. In the second
project, the effect of different types of ECM on iPSC-CM maturity was studied. A
thorough literature review suggests types of ECM and elastic stiffness of culture
substrates play key roles in differentiation, maturation, and electrophysiology of
iPSC-CMs. The information obtained from these two topics will highlight how the
use of these next-generation stem cell therapies will help cardiovascular treatments
for translational research and clinical application.

Treatment with exogenous elastin shows the
potential to reverse Williams Syndrome in a model
of patient derived iPSCs
Neil Wary - Lab of Marlene Rabinovitch, MD

Individuals with Williams Syndrome (WS) are haploinsufficient
in the elastin (ELN) gene and have cardiovascular
abnormalities including stenotic lesions, aortic luminal
narrowing, and supravalvular aortic stenosis; however, the underlying mechanisms
of these processes are not completely known. Here, we examined the hypothesis
that adding back exogenous elastin into endothelial cells (ECs) and smooth
muscle cells (SMCs) derived from WS-patients might restore normal EC and SMC
phenotypes. Accordingly, we differentiated induced pluripotent stem cells (iPSCs),
obtained from WS patients with severe vascular stenoses and control subjects,
into induced-ECs (iECs) and -SMCs (iSMCs). We exposed iECs and iSMCs to
exogenous elastin in vitro for 24-72 hours and extracted mRNAs. Next, mRNAs
were subjected to RT-qPCR to examine differential expression of target genes
which might indicate normalization of EC and SMC phenotype. I have identified a
subset of up- and down-regulated genes in WS-iECs and WS-iSMCs in response
to exogenous elastin treatment. These data suggest that adding back elastin might
be a good strategy to reverse the WS-phenotype of these cells. In the future, I
plan to perform Western blot protein analysis and confocal microscopy to confirm
differential expression of target genes and perform functional assays to delineate
the regulatory mechanisms that these proteins control. This work might potentially
lay a firm foundation for screening small-molecule pharmacotherapies to treat WS
patients.

Racial and ethnic minority groups are underrepresented and under-reported in guidelineinforming heart failure clinical trials
Gerardo Gamino - Lab of Fatima Rodriguez, MD
Racial/ethnic diversity in clinical trials is essential to ensure that
our evidence base reflects the diversity of the population. We
assessed the extent of reporting and representation of race/
ethnicity in heart failure (HF) clinical trials referenced in the contemporary ACC/AHA
HF guidelines. All randomized clinic trials referenced in the 2013 ACC/AHA Heart
Failure Guidelines and the 2017 Focused Update were included. The prevalence
of reporting of race/ethnicity, the proportions of racial/ethnic subgroups enrolled
was evaluated. We reviewed 256 trials (545 233 subjects) published between
1950 and 2018. Among these, only 95 reported any race/ethnicity (37.1%), 94
reported white race (36.7%), 58 reported black race (22.7%), 16 reported Hispanic
ethnicity (6.3%), and 23 reported Asian race (9.0%). In trials reporting white, black,
Hispanic, and Asian race/ethnicity respectively, 76.4% (n = 299 153 of 299872) of
patients were white, 11.7% (n = 25 274 of 215 905) of patients were black, 11.2%
(n = of 8863 of 79 097) of patients were Hispanic, and 10.5% (n = 14925 of 141
504) of patients were Asian. Comparison of trial population proportions with US
Census population estimates for 2018 demonstrated overrepresentation of white
subjects (median 82.9%, Census proportion 72.2%), and under-representation of
Hispanic (median 7.1%, Census proportion 18.3%) and black subjects (median

9.0%, Census proportion 12.7%). Clinical trials that dictate clinical care of patients
with HF through informing contemporary ACC/AHA HF guidelines under-represent
black and Hispanic populations. Additionally, 2/3rds of trials fail to report any race/
ethnicity at all. There is a need for guideline and practice-informing clinical trials to
adequately represent all populations, and to provide clinicians the data they need
to assess the generalizability of this data.

In-situ RNA profiling with automated image
quantification improves insight to pulmonary
canonical BMPR2 signaling in pulmonary arterial
hypertension
Amy Lam - Lab of Edda Spiekerkoetter, MD
Bone morphogenetic protein receptor 2 (BMPR2) signaling
impairment plays a key role in pulmonary arterial hypertension
(PAH) pathogenesis. Mutations in the BMPR2 gene are the most common cause
of hereditary PAH, and studies on non-hereditary forms of PAH show evidence for
decreased BMPR2 expression. However, since these expression studies measure
BMPR2 immunostaining, it is unclear if canonical BMPR2 signaling is truly reduced
or which lung cell type is most affected. Understanding the spatial localization of
BMPR2 signaling in human lung would better inform ongoing efforts to augment
BMPR2 signaling to treat PAH. To address this, we developed a protocol for
multiplexed, single molecule RNA fluorescent in-situ hybridization (smFISH) with
immunostaining that simultaneously images cell-type markers (Acta2-antibody for
smooth muscle cells, Cldn5 mRNA probe for endothelial cells) alongside BMPR2
and the BMPR2-responsive transcription factor Inhibitor of Differentiation-1 (Id1)
in human lung. In this project, we developed: (1) a cell profiling algorithm to count
imaged cells and quantify signal expression from multi-channel confocal image
data, and (2) a downstream pipeline for statistical analysis using MATLAB and
R. We analyzed 3 samples from patients with WHO-Group-1 PAH. Cell type was
assigned based on the expression of Acta2 and Cldn5. Cldn5+ endothelial cells
exhibited significantly higher expression than Acta2+ cells for BMPR2 (0.393 vs.
0.138 AU, 1-Way Anova p=0.00021, 1 image) and Id1 (0.165 vs. 0.0796 AU, 1-Way
Anova p=0.00195, 2 images). This proof of concept method will form the base for
future comparative studies between healthy and diseased patients.

T Cell receptor analysis
Robert Hickman - Lab of Patricia Nguyen, MD
Coronary artery disease is caused by atherosclerosis of the
main arteries located inside the heart. There is a large number
of macrophages and T cells that are located in the plaque
from atherosclerosis. Previous research has shown that the
receptors on T cells called TCRs exhibit cross reactivity and
can be stimulated using a variety of different antigens. When a TCR is stimulated
by an antigen, the T cell mounts an immune response and begins to clone itself.
The type of immune response will depend on the type of T cell. There are three
different types of T cells in the human body. Only two of them, CD8 and CD4 T cells
are relevant to this research. There has been many experiments done on TCRs
that have complied the results into public databases. The information from these

databases were curated so that an algorithm can be used to extrapolate TCR data
with certain parameters. In our lab, TCR data has been collected from patients
in their blood, plasma and arterial sections of the heart. The collected TCR data
was used as parameters to select for, when going through the public databases
in order to see what TCRs exhibit cross reactivity and what can stimulate the
collected TCRs. The results have indicated that there are more colonial CD8 T
cells (cytotoxic T cells) found in the blood and heart than CD4 T cells (helper
T cells) and that TCRs do exhibit antigen specificity with viruses. This important
because studies have been associating the flu with heart attacks and the results
support that there is an association between viral infections and atherosclerosis.
The results are preliminary due to the fact that all of the data comes from only 19
patients, however the experiment opens up doors for further research.

Inspecting the role of T cells in the pathogenesis
of coronary atherosclerosis
Stefan Veizades - Lab of Patricia Nguyen, MD
Ischemic heart disease is the leading cause of death
worldwide. Patients with the disease are at risk of
developing heart attack and stroke, which may result in
death. While previous murine studies have revealed how
immune response regulation in T cells may play a crucial role in the promoting
development of atherosclerosis, studies in humans are limited. To perform single
cell transcriptomics in T cells isolated from human coronary atherosclerotic plaque
in order to analyze the cellular mechanisms by which T cells contribute to plaque
development. Blood and plaque samples from patients with coronary artery
disease were digested into single cell suspension. CD45+ cells from blood and
plaque were submitted for 10x transcriptomic analysis. CD4+ and CD8+ T cells
were then clustered using the Leiden clustering algorithm. Significant differentially
expressed genes between T cells in blood and plaque were then ranked based on
their median centered average log fold change and significant pathways enriched
in plaque T cells were extracted using Toppgene gene list enrichment analysis.
Pathways significantly enriched in plaque T cells compared to blood including IL17, toll-like receptor, NF-kappa B, TNF, and apoptosis. These pathways support
that T cells in plaque are pro-inflammatory and pro-apoptotic. Interestingly, genes
involved in influenza A infection were also up-regulated, which may provide a
potential mechanism by which flu virus increases risk for myocardial infarction, as
observed in epidemiological studies. Our data suggests T cells contribute to the
development of atherosclerotic plaque. This contribution suggests the possibility
of future immune targeted therapies to treat atherosclerosis.
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