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Obesity causes chronic systemic inflammation that is the main driver of its myriad comorbidities, such 
as cardiovascular diseases. Weight loss leads to resolution of obesity-related inflammation and 
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“Mitochondrial Protein Quality Control and Calcium Signaling in 
Myocardial Ischemia-Reperfusion Injury” 
 
Dhanendra Tomar, Ph.D. – 2023 Awardee  
Wake Forest University Health Sciences 

 
The root cause of heart failure and cardiac diseases is abnormal metabolism and death in 
cardiomyocytes. Cardiomyocytes rely on mitochondria for energy needs. Abnormal mitochondria 
induce death and are linked with many heart diseases. In a failing heart, mitochondrial abnormalities 
are usually characterized by anomalous calcium flux. Dysregulated mitochondrial calcium signaling is 
known to elicit multiple cardiac stress conditions, including bioenergetic crisis, reactive oxygen 
species generation, mitochondrial permeability transition pore opening, leakage of apoptogens, and 
loss of mitochondrial membrane p9 (t)0.5 (o)-1.5 (i)-4593oT. r pg.5 ( pg.5 (1.229 Td Td
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“Mechanisms of Coronary Microvascular Disease in Atrial Fibrillation” 
 
Cevher Ozcan, M.D. – 2022 Awardee  
University of Chicago 

 
Coronary microvascular disease (CMD) is a new frontier in cardiovascular disease and contributes 
substantially to ischemic heart disease. It is associated with an increased risk of morbidity and 
mortality.  Recently we found that CMD is highly prevalent in patients with atrial fibrillation (AF). Also, 
our examination of human heart autopsy samples showed CMD in patients with COVID-19, which was 
more common with concomitant COVID-19 and AF. Yet, the molecular mechanism of the cause-and-
effect relationship between CMD and AF is unknown. AF is the most common sustained arrhythmia 
with a high risk of all-cause mortality. Both AF and CMD have major implications for cardiovascular 
health, and therefore understanding of the molecular mechanisms of CMD in AF is critical for 
developing an effective preventive strategy and the risk stratification.  
 
The proposed project aims to determine 1) pathogenesis of the cause-and-effect relationship 
between CMD and AF, 2) role of mitochondrial complexes-mediated oxidative and metabolic stress in 
molecular mechanisms of CMD in AF, and 3) novel therapies and markers to prevent CMD in AF by 
targeting mitochondrial reactive oxygen species (mROS) and complex II (succinate dehydrogenase; 
SDH). SDH is essential in metabolism and mROS generation. We propose that excessive mROS 
generation cause CMD in AF by triggering structural-functional microvascular remodeling (SFMR).  
Our central hypothesis is that SDH-mediated mROS and associated energy-metabolic dysregulation 
is a molecular mechanism of CMD in AF through SFMR. Therefore, the SDH/mROS axis can serve as a 
novel therapeutic target for the prevention of CMD in AF, and thereby provide relief to COVID-19 
patients. We will determine the role of mROS/SDH axis is genesis of SFMR. Dysregulated proteins in 
plasma and myocardial tissue during the initiation and progression of SFMR/CMD in AF will be 
discovered as potential biomarkers. Moreover, we will test the efficacy of mROS/SDH modulators in 
prevention of SFMR/CMD in AF.  
 
Our preliminary studies showed significant SFMR with abnormal coronary flow reserve, perivascular 
inflammation and fibrosis, reduced microvascular density, and heterogeneous vascular distribution in 
myocardium with AF. These changes were associated with mitochondrial dysfunction, metabolic 
dysregulation, energy deficit, increased mROS and inflammation linked to SDH/ROS homeostasis. 
Proteomics showed dysregulated proteins in association with inflammation, metabolic/oxidative 
stress and matrix remodeling.  
 
Our specific aims are to determine 1)  whether AF causes CMD through SFMR, 2) the mitochondrial 
mechanisms of CMD in AF, and 3) the therapeutic efficacy of SDH/mROS modulators in prevention 
CMD in AF. We will probe mitochondrial complexes with particular focus on SDH and mROS in 
molecular mechanisms of CMD in AF. Functional relationship and downstream pathways of 
SDH/mROS will examined.  
 
Our hypothesis will be tested in mouse and swine models of AF. We will use an integrative multi-
parametric approach including proteomics, molecular analysis, histopathology and 
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“The Impact of Macrophage IL-1β Expression on SARS-CoV-2 Virulence 
in the Setting of Experimental CAD” 
 
Alan Morrison, M.D., Ph.D. – 2021 Awardee  
Brown University 

 
COVID-19 is an emerging respiratory and systemic illness caused by the virus, SARS-CoV-2. SARS-
CoV-2 is a novel coronavirus first identified as being transmitted from animals to humans in Huanan 
seafood market in the city of Wuhan, China. Reports indicate that coronary artery disease (CAD) from 
atherosclerosis and atherosclerotic risk factors like advanced age, diabetes mellitus (DM), and 
hypertension place patients at higher risk for more severe disease and increased mortality. CAD and 
associated risk factors are associated with increased systemic inflammation. Our proposal seeks to 
define inflammatory mechanisms that increase virulence in COVID-19 for patients with CAD. We have 
developed the world’s first experimental mouse model of macrophage conditional deletion of the 
potent inflammatory cytokine, interleukin-1beta (IL-1beta). We have studied the impact of 
inflammatory macrophage IL-1beta on worsening outcomes in atherosclerotic vascular disease and 
during injury-mediated angiogenesis. There is emerging data in the literature to suggest 
macrophages may play an important role in COVID-19 pathology. Preliminary data demonstrate that 
mice with CAD risk factors of aging and DM demonstrate elevated serum IL-1beta levels. Moreover, 
macrophages from aged or DM mice expressed increased expression of ACE2, the primary receptor 
for the SARS-CoV-2 virus. Finally, macrophage conditional IL-1beta-deletion led to reduced 
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“The Dynamic Angiogenic Network Underpinning Coronary Artery 
Disease” 
 
Casey Romanoski, Ph.D. – 2021 Awardee  
University of Arizona College of Medicine - 


