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A. Personal Statement
My scientific focus is studying the pathways of cell death pathways in hepatocytes using acute injury models. My initial work has uncovered a significant role for RIPK1 independent of RIPK3, MLKL and necroptosis in Acetaminophen (APAP) induced hepatotoxicity. RIPK1 is a multifaceted protein that depending on cell type and context can promote cell survival, apoptosis, or necroptosis. When caspases are inhibited, upon death receptor stimulation, RIPK1 and RIPK3 form a complex termed the necrosome. Subsequently MLKL is recruited to this complex and phospho-activated by RIPK3. Activated MLKL (pMLKL) which is a pseudokinase translocates to the cell membrane where is forms pores resulting in necroptosis. Despite recent interest in necroptotic cell death, it is important to note that RIPK1 is a multifunctional kinase involved in many cellular processes such as the initiation of the NFKB and Mitogen Activated Protein Kinase (MAPK) cascades downstream of TNF. In the APAP toxicity model, RIPK1 knockdown or hepatocyte specific knockout protects from cell death by abrogating JNK activation. However, the signaling events between RIPK1 and JNK have largely been unclear. Interestingly, although hepatocytes do not express RIPK3, and therefore do not undergo necroptosis, the protein is abundant in the non-parenchymal fraction especially the sinusoidal endothelial cells of the liver. Given that RIPK1 knockout in hepatocytes protects and RIPK3 knockout does not, we postulated that there is a non-necroptosis role for RIPK1. 
My interest lies in understanding these cell death pathways in hepatocytes in different liver injury models with relevance to human disease. My entry into experimental work has been non-traditional. I was primarily trained as a clinician and started bench research as a GI fellow in 2011 in the laboratory of Dr. Neil Kaplowitz. I have been working on the RIP kinases and studying their contribution to liver injury and cell death for the past 8 years. This project has been a vehicle for my scientific growth, my post-doctoral laboratory training after my fellowship, and was the basis of my Physician-Scientist Career Development Award (K08), which was awarded by the NIDDK in 2016. As I move towards independence I am currently continuing to study this pathway in other liver injury models.
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7/06-6/08
Internal Medicine Resident; Griffin Hospital, Derby, CT
7/09-6/10
Chief Resident; Griffin Hospital, Derby, CT
7/10-6/13
Fellowship in Gastroenterology; University of Southern California, Los Angeles, CA
7/13-6/16 
Advanced post-doctoral fellowship/Instructor in Clinical Medicine, University of Southern California, Los Angeles, CA   
7/16-       
Assistant Professor of Medicine, University of Southern California, Los Angeles, CA   
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Member, American Gastroenterology Association (AGA)
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Finalist, American College of Physicians Poster Competetion, Connecticut chapter 
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Intern of the year, Griffin Hospital, Derby, CT
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Resident of the year, Griffin Hospital, Derby, CT
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AASLD/ALF Resident Scholar Travel Award Recipient, Boston, MA
2011

AASLD presidential poster of distinction, The Liver Meeting San Francisco, 11/2011
2015

USC Research Center for Liver Disease Young Investigator Award
2018

AASLD/EASL Masterclass 
2019 

USC Research Center for Liver Disease Young Investigator Award
Service to AASLD
2018

Abtrsact Review Committee

2018

Hepatotoxicity Special interest Group, Vice Chair

C. Contribution to Science 
1. Drug Induced Liver Injury and Cell Death
Hepatotoxicity from drugs and herbal products is widely recognized health problem in the U.S and worldwide. Drug induced liver injury (DILI) is a leading cause of acute liver failure. In addition, DILI is a common cause of regulatory actions against approved and new drugs. Acetaminophen (APAP), a traditional hepatotoxin, is the leading cause of DILI and acute liver failure in the US. In the absence of transplant, or without early administration of NAC, the mortality of APAP overdose is still a significant 40%. Therefore, understanding APAP induced hepatocyte death pathways is of compelling clinical relevance. Uncovering these mechanisms in the liver has applicable value to many diseases, since cell death is a common feature of all types of liver injury. As a physician scientist I have focused my research on understanding liver disease and in particular, drug induced liver injury (DILI) and liver cell death. As an intern during my Hepatology rotation under the supervision of Dr. Joseph Lim at Yale New Haven hospital, I reported two cases of herbal hepatotoxicity with Hydroxycut (a weight loss supplement) in two young patients. The report from our institution and others resulted in an FDA recall and the removal of this hepatotoxic weight loss supplement from the market. As a resident I initiated a clinical study focusing on identifying non-invasive biomarkers of fibrosis in patients on long term methotrexate (The AST to platelet ratio index or APRI). We found a positive correlation between the APRI and advanced fibrosis. I presented these results at the AASLD liver meeting in 2009. 
Given my intense interest in DILI, during fellowship I joined the laboratory of Neil Kaplowitz, a world-renowned leader in the field of hepatotoxicity. In Neil’s lab I continued to pursue my interests in hepatotoxicity and DILI. I focused on the murine acetaminophen hepatotoxicity model and acute liver failure. APAP is a unique toxin in that it is a clinically relevant problem, and the mouse model very closely resembles human disease making it an ideal model for in vivo studies with extraordinary translational potential. I became interested in regulated necrosis and examined the role of RIPK1 and RIPK3 in the liver. RIPK1 knockdown proved to be effective in abrogating liver injury upstream of JNK, however RIPK3-/- mice were not protected against APAP. We showed that knocking down RIPK1 significantly protected RIPK3-/- against mice indicating a role for RIPK1 in this model and not RIPK3. RIPK1 is ubiquitously expressed but RIPK3 was originally reported to be absent in the liver. There was much confusion in the literature regarding the role of RIPK3 in APAP toxicity and its possible induction and increase in response to APAP. I reviewed the literature and examined all commercially available antisera used in publications that address liver disease (all polyclonal) with positive and negative controls and found every RIPK3 antibody tested to be non-specific (recognizing the RIPK3-/- liver) and some even not detecting the positive control. We obtained a highly specific monoclonal antibody from Genentech and found no RIPK3 in isolated primary hepatocytes at baseline or after APAP. However, RIPK3 was abundant in the non-parenchymal cell (NPC) fraction, Kupffer Cells, Liver Sinusoidal Endothelial Cells, and liver WBC. This is an important contribution to the field as necroptosis in NPCs has not been looked at and this may contribute to the pathophysiology of many forms of liver disease. In other disease models and certain cells, the RIPK1-RIPK3 complex mediates necroptosis, which is executed by Mixed Lineage Kinase domain-Like protein (MLKL). There has been much speculation regarding the role of necroptosis in APAP induced liver toxicity. During necroptosis, MLKL translocates to the cell membrane where it oligomerizes and ruptures the cell wall. The gold standard for necroptosis is examining MLKL-/- mice. We obtained these mice and found no protection against APAP in MLKL-/- mice, effectively ruling out necroptosis in APAP hepatotoxicity and confirming a novel role for RIPK1 in this model. We proposed a new and independent role for RIPK1 in the APAP model upstream of JNK. Interestingly using the (-GalCer model of NKT cell activation we noted that RIPK1 knockdown worsened injury and predisposed to TNF mediated cell death. TNF inhibition or the use of caspase inhibitors abrogated the effect of RIPK1 knockdown indicating the mode of cell death was apoptosis. This work, for which I am co-first author, highlights the many roles of RIPK1 in cell death and survival. 
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2. Mitochondria and ER Stress in Liver Disease
The Kaplowitz lab focuses on the role of mitochdonria in liver disease. I have collaborated with colleagues on projects and learned a lot about mitchondrial pathobiology in the liver in the alcohol and APAP models. In particular as a hepatologist I have studied the relevance of mitochondria in drug induced liver toxicity. I recently co-authored a book chapter focusing on the mitochondria in DILI, and reviewed the known experimental evidence and translation literature on mitochondrial toxins such as salicylates, amiodarone, acetaminophen and valproate among many others. This book focuses on the role of mitochondria in the liver. While learning lab techniques my first project was examining the role of endoplasmic reticulum (ER) stress in APAP induced cell death. APAP’s toxic metabolite, NAPQI, is highly reactive and binds intracellular proteins inducing ER stress. In addition to depleting mitochondrial GSH, NAPQI covalently binds proteins and chaperones in the cell activating the Unfolded Protein Reponse, and promoting sustained ER stress. During my first year in the lab while learning experimental techniques I became very familiar with this topic and co-authored a review on the role of ER stress in liver disease with my mentor, Neil Kaplowitz. 
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D. Research Support 
a. USC Research Center for Liver Disease New Faculty Transition Award. 1/1/2016-6/30/2017.

Role: PI. This is a competitive award given by the University of Southern California through the RCLD to junior faculty and investigators transitioning to an independent career. 
b. NIDDK K08 Award 1K08DK109141-01 Dates 7/1/2016-6/30/20. Role: PI. Title: Role of RIPK1 and RIPK3 in Liver Injury. This grant explores the role of the RIPK proteins and cell death pathways in acute liver failure from acetaminophen and liver injury from ischemia-reperfusion.
c. USC Research Center for Liver Disease New Faculty Transition Award. 5/1/2019-12/31/2019.
Role: PI. This is a competitive award given by the University of Southern California through the RCLD to junior faculty and investigators transitioning to an independent career. 

