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A. Personal Statement 
My laboratory has been focusing on signaling mechanisms regulating the growth and death of cardiomyocytes 
in order to elucidate the underlying mechanisms of heart failure and aging. We are particularly interested in the 
signaling mechanisms of oxidative stress, mitochondria/metabolism, and autophagy/mitophagy and how they 
affect the survival and death of cardiomyocytes, protein quality control and mitochondrial function during heart 
failure, myocardial ischemia and aging. We use both in vitro molecular biology approaches, using cultured 
cardiomyocytes, including primary cultures of adult mouse cardiomyocytes, and state-of-the-art in vivo mouse 
physiology analyses. We also use proteomic analyses to evaluate how posttranslational protein modifications 
participate in cardiac hypertrophy and heart failure, acting as signaling mechanisms. Our laboratory has 
contributed significantly to a better understanding of the role of oxidative stress in the heart during heart failure 
and myocardial ischemia. Using genetically altered mouse models, we have demonstrated that thioredoxin 1 
(Trx1) and NADPH oxidase 4 (Nox4) play important roles in the heart during pressure overload and myocardial 
ischemia. The mouse lines that we generated serve as unique tools to elucidate the roles of endogenous Trx1 
and Nox4 and to identify the binding partners of Trx1 (Cell 2008; PNAS 2010; Cell Metabolism 2014; JCI 
2016). Our goal is to understand how oxidative stress modulates the structures of signaling molecules, which, 
in turn, affect growth, death, gene expression, metabolism and other functions in the heart and the 
cardiomyocytes therein. In particular, oxidative modifications of cysteine residues affect subcellular localization, 
protein-protein interaction, protein stability and other functions in key signaling proteins in the heart. Our recent 
study elucidated the molecular mechanism through which Trx1 transfers NO to Atg7, an E1 like protein, 
thereby promoting autophagy and protection of the heart against ischemia (JCI in press). 
 
Ongoing research support that I would like to highlight include: 
NIH/NHLBI 1R01HL091469-13       01/15/2008 –02/28/2023  
Cardioprotective Effects of Thioredoxin 1 
Role:  Principal Investigator  
The goal of this project is to further delineate the molecular mechanisms by which Trx1 exerts its 
cardioprotective effects, including anti-hypertrophic and anti-apoptotic effects and the enhancement of 
mitochondrial function. 
NIH/NHLBI 1R01 HL138720-04       07/01/2017-05/31/2025 
Removal of damaged mitochondria by alternative autophagy  
Role: Principal Investigator 



The goal of this project is to elucidate the molecular mechanism of mitophagy and its functional significance in 
the heart during myocardial stress. 
NIH/NHLBI 1R01HL112330-11       02/15/2012-1/31/2025  
Regulation of Myocardial Growth and Death by the Hippo Pathway  
Role: Principal Investigator 
The overall goal of this project is to elucidate the role of the Hippo signaling pathway in mediating apoptosis 
and suppression of physiological hypertrophy.  
NIH/NHLBI 1R01HL144626-02       07/01/2019-06/30/2023   
FoxO1 protects the heart against ischemia 
Role: Principal Investigator 
The overall goal of this project is to elucidate the function of FoxO1 as a scaffold to stimulate C/EBP-b and 
protect the heart during ischemia and reperfusion. 
Fondation Leducq Transatlantic Network of Excellence  01/01/2016-12/31/2022 (NCE) 
Modulating Autophagy to Treat Cardiovascular Disease 
Role: North American Coordinator 
The overall goal is to conduct a transatlantic collaborative study on the functional role of autophagy and identify 
lead compounds to treat cardiovascular disease by modulating the activity of autophagy. 
NIH/NHLBI 1R01HL150881-02       12/01/2019-11/30/2023  
PPARa induces IL-6 to trigger diabetic cardiomyopathy 
Role: Principal Investigator 
The overall goal in this project is to elucidate the role of PPARa in mediating the inflammatory responses in the 
heart during the early phase of diabetes induced by high fat diet consumption. 
AHA Merit Award  20MERIT35120374     01/01/2020-12/31/2024 
Prevention of myocardial injury by inhibition of autosis 
Role: Principal Investigator 
The overall goal of this project is to elucidate the role of autosis in mediating myocardial injury in response to 
stress and the underlying mechanisms.  
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C. Contributions to Science 
1. Regulation of Cell Signaling by Oxidative Stress in the Heart We have been focusing on how oxidative 
stress directly modulates the function of signaling molecules in the heart. Thioredoxin 1 (Trx1) is a 12-kD 
protein which has conserved cysteine residues that reduce (oxidized) proteins with disulfide bonds through a 
thiol-disulfide exchange reaction. Noxs are transmembrane proteins whose function is dedicated to generating 
either O2

- or H2O2. We were the first to generate genetically altered mouse models to investigate the function of 
oxidative posttranslational modification of signaling molecules in the heart. We have identified HDAC4, AMPK, 
and mTOR as the main targets of Trx1 in the heart. 
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2. Signaling Mechanisms of Cardiac Hypertrophy 
I started my career by studying the molecular mechanism of stretch-induced cardiac hypertrophy and identified 
autocrine secretion of angiotensin II and activation of Gaq-mediated signaling mechanisms as playing an 
important role in mediating cardiac hypertrophy. I have been focusing on the signaling mechanism by which 
pathological hypertrophy is induced and heart failure develops, using genetically altered mouse models and 
state-of-the-art -omics approaches. 
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3. The Hippo Signaling Pathway in the Heart 
Signaling mechanisms controlling cell survival and death play an important role in mediating the progression of 
heart failure. We found that mammalian sterile 20-like kinase 1 (Mst1) is strongly activated when 
cardiomyocytes undergo apoptosis and that Mst1 plays an important role in mediating apoptosis and 
suppressing autophagy in the heart. Mst1 is the main component of the Hippo signaling pathway (Yamamoto 
et al JCI 2002). Our group was the first to investigate the role of the Hippo signaling pathway in heart failure. 
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4. Autophagy and Mitophagy in the Heart 
We are one of the first groups in the field to report the functional significance of autophagy during stress in the 
heart (Yan et al PNAS 2005). We are focusing on the signaling mechanism by which autophagy is regulated in 
the heart. Thus far, we have discovered, thus far, that autophagy is stimulated by FoxO, whereas it is inhibited 
by the mTOR-Rheb pathway and Mst1. We also demonstrated the importance of mitophagy, mediated through 
both conventional and alternative mechanisms, as a critical mechanism of mitochondrial quality control during 
myocardial ischemia and heart failure. In addition, we have shown that excessive autophagy induces cell death 
with unique morphological and biochemical features, called autosis, in cardiomyocytes.   
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5. Regulation of Aging and Metabolism by Sirtuins and PPARa in the Heart 
The incidence of heart disease is dramatically increased by aging. My laboratory is interested in investigating 
the molecular mechanisms promoting and counteracting aging in the heart. According to the hormesis 
hypothesis, aging may be controlled by accumulation of stress resistance activated by low levels of stress, 
such as caloric restriction. Sirtuin family proteins are important in mediating lifespan extension in response to 
caloric restriction. My laboratory was the first to describe the function of Sirt1 in the heart by generating 
genetically altered mouse models of Sirt1. We found that Sirt1 is activated by fasting and other stresses and 
promotes cardiomyocyte survival. Sirt1 inhibits PPARa-mediated transcription by inducing downregulation of 
ERR target genes in cardiomyocytes. This work is one of the first to show the molecular link between Sirt1 and 
metabolism. 
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