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A. Personal Statement 

I have the training, expertise, passion and an enduring work ethic necessary to successfully carry out the 
proposed research project in this COBRE, which is focused on cellular transport physiology in obesity 
related disorders. My research focus is in identifying the role of Na/K-ATPase signaling-mediated proximal 
tubule Na transport in obesity related hypertension. I have a broad background in clinical medicine 
(especially in cardiovascular diseases) and biomedical science, with specific training and expertise in the 
field of renal sodium (Na) handling and blood pressure regulation for this COBRE application. My 
experience as a physician together with my teaching experience provides me with a marvelous grasp of the 
underlying science as well as the clinical implications of my research work. I also realize the significance of 
translating from bench to bed. During my Ph.D. work at UT, I described: (1) impairment of Na/K-ATPase 
signaling contributes to salt-sensitive hypertension in experimental Dahl salt-sensitive rats; and (2) how 
reactive oxygen species are involved in Na/K-ATPase signaling-mediated renal proximal tubular Na 
transport. During Postdoctoral training at Marshall, I demonstrated that the mutation of Pro222 of α1 Na/K-
ATPase attenuates Na/K-ATPase signaling and prevents ouabain-inhibited sodium transport in renal 
proximal tubular cells. Now as an independent faculty member I have been extending the above project 
and building on adequate preliminary data for this proposal. In addition, I also laid the groundwork for the 
proposed research by developing the effective measures of oxidative stress, Na/K-ATPase signaling 
molecules, and other endosomal protein levels relevant to the renal Na handling, and by identifying (1) 
cardiotonic steroids as an amplifier for reactive oxygen species through Na/K-ATPase signaling, including 
c-Src and ERK1/2; and (2) adaptation to a high salt or high fat diet is associated with marked increases in 
the carbonylation of intracellular proteins, and more specifically, that cardiotonic steroids mediated 
signaling induces what appears to be widespread reversible carbonylation in proximal tubular cells. From 
2011 to now, I produced 17 peer-reviewed publications from the above work. The current application builds 
logically on my prior work. Moreover, we work closely with Dr. Zijian Xie’s group which has spearheaded 
the delineation of a signaling pool of Na/K-ATPase. Collaborating with Drs. Joseph I. Shapiro and Jiang 
Liu, we reported that the enzyme acts as an important signal transducer in renal epithelial cells, and that 
signal transduction through this system is important in proximal tubular Na handling. Therefore, an 



 

excellent scientific milieu has formed at Marshall specifically to study Na/K-ATPase signaling. In summary, 
I have demonstrated a record of accomplished and productive research projects in an area of high clinical 
relevance for obesity and hypertension patients, and my expertise and experience have prepared me to 
lead the proposed project. I believe I can successfully perform all the studies in this application under the 
guidance of my mentor Dr. Gary Rankin. The support of COBRE will shape my development as a critical 
investigator. 
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C. Contribution to Science 
 

1. My publications have described a novel regulating mechanism in which endogenous cardiotonic 
steroids through the Na/K-ATPase/Src/reactive oxygen species (ROS) cascades, induce the 
endocytosis of basolateral Na/K-ATPase and redistribution of apical sodium proton exchanger 3 
(NHE3, responsible for maintaining the balance of sodium and water) in the renal proximal tubule. 
These changes lead to decreases in transcellular Na transport and a net increase in urinary Na 



 

excretion. These publications document this regulating process is impaired in the Dahl salt-sensitive 
rat. This body of work will provide proof-of–principal for the notion that the Na/K-ATPase/Src/ROS 
signaling is not only responsible for renal Na handling and blood pressure regulation, but also can be 
manipulated with molecular or pharmacologic strategies, leading to new targets for interventions in 
hypertension. 
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2. In addition to the contributions described above, I am also active in collaborative research. Our 

laboratory has demonstrated that sustained increases in the circulating concentrations of cardiotonic 
steroids cause fibrosis of several organs, notably heart and kidney. Thus, it appears that there is a 
trade-off whereby increases in cardiotonic steroids allow one to maintain Na homeostasis on a high salt 
diet or in the presence of chronic kidney disease, but the sustained elevations appear to cause fibrosis 
of the heart and kidney. This body of work will address this pathway and could ultimately be translated 
into a clinical therapy. 
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The Role of Oxidative Signaling through Na/K-ATPase in Salt-Sensitive Hypertension 
The goal of this study is to identify oxidative modification (carbonylation) of Na/K-ATPase α1 subunit regulates 
Na/K-ATPase signaling and sodium handling in renal proximal tubules.   
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