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A. Personal Statement

I am a trained molecular biologist. My expertise enables me to investigate biological processes at the molecular level. In the past decade, I have been associated with Dr. Boyer and studied molecular mechanisms of bile formation and cholestatic liver injury. While working with Dr. Boyer I have also gained a lot of knowledge on liver physiology. Specifically, findings from my recent studies challenges a currently favored hypothesis that bile acid injures liver by causing hepatocytes apoptosis. Rather, my research indicates that at pathophysiological conditions, bile acid causes liver injury by triggering inflammatory response, where hepatocytes but not non-parenchymal cells or cholangiocytes stimulated the expression of inflammatory chemokines when exposed to pathophysiological levels of species-specific endogenous bile acids. More detailed mechanism study indicates that Toll-like receptor 9 (Tlr9) plays an important role in this innate immune response. Because liver injury was reduced, but not eliminated in Tlr9-deficient mouse model of cholestasis, I am currently seeking the Tlr9-independent mechanisms in bile acid induced liver injury. My preliminary data indicate that the transcription factor NFAT is a key player in bile acid stimulated chemokine expression in hepatocytes, in which disrupted Ca2+ homeostasis resulted from ER stress and mitochondrial injury likely triggers the response. Continuing of this research will reveal novel mechanisms of how bile acid induces liver injury, points out new therapeutic targets for treating cholestasis, and test new treatment in cholestatic rodent models. 
B. Positions and Honors

Positions and Employment

1992–1994

Research Associate, Beijing Institute of Basic Medical Science, Beijing, China.

1994–1999

Postdoctoral Research Fellow, Yale University, New Haven, CT.

1999–2002

Associate Research Scientist, Yale University, New Haven, CT.

2002-2004

Senior Scientist, Xeotron Corporation, Houston, TX.

2004–2010

Associate Research Scientist, Yale University, New Haven, CT.

2010-2013

Research Scientist, Yale University, New Haven, CT.

2013-present
Senior Research Scientist, Yale University, New Haven, CT.
Other Experience and Professional Memberships

2004-present
Member of Mount Desert Island Biological Laboratory (MDIBL), Salisbury Cove, ME.

2013-present
Member of American Association for the Study of Liver Diseases, Alexandria, VA.
Honors

1992

  1% selected for an advance promotion, Beijing Institute of Basic Medical Science, China.

1993

  The second rank award in National Science and Technology Progressing, China.

2002 Award for outstanding performance in DARPA project, Xeotron Co., Houston, TX.

C. Contributions to Science

As a molecular biologist, I have identified and characterized the function of many genes in a variety of species (including humans, bacteria and early vertebrates) in my biomedical research career. I have also revealed the regulatory mechanisms of the expression of many genes. Publication of these findings have certainly advanced our knowledge in biology and medicine. Here I have summarized my research in liver physiology and cholestatic liver injury while associating with Dr. Boyer at the Yale Liver Center. 
1. Comparative genomic approaches to reveal: 1) structure/function relationship of bile salt transporters and nuclear receptor; 2) novel mechanisms of adaptive response to cholestasis. It is findings from this approach has lead us device new therapy for cholestasis. Selected publications are followings:
1) Cai S.Y., Wang L., Ballatori N., and Boyer J.L.  The bile salt export pump (BSEP) is highly conserved during vertebrate evolution and its expression is inhibited by PFIC type II mutations.  Amer. J. Physiol. 2001; 281:G316-G322.

2) Cai S.Y., Wang W., Soroka C., Ballatori N., and Boyer J.L. Molecular and functional characterization of an evolutionarily ancient organic anion-transporting polypeptide (Oatp) from skate liver.  Am  J  Physiol., Gastrointest Liver Physiol. 2002; 282:G702-10.

3) Cai S.Y., Soroka C., Ballatori N., Boyer J.L. Molecular characterization of a multidrug resistance-associated protein, Mrp2, from the little skate. Am J Physiol Regul Integr Comp Physiol. 2003; 284(1):R125-30.

4) Ballatori N, Henson JH, Seward DJ, Cai SY, Runnegar M, Fricker G, Miller DS, Boyer JL.Retention of structural and functional polarity in cultured skate hepatocytes undergoing in vitro morphogenesis. Comp Biochem Physiol B Biochem Mol Biol. 2006; 144:167-79.
5) Cai SY, Xiong L, Wray CG, Ballatori N, Boyer JL. The farnesoid X receptor FXRalpha/NR1H4 acquired ligand specificity for bile salts late in vertebrate evolution. Am J Physiol Regul Integr Comp Physiol. 2007; 293(3):R1400-9.
6) Lionarons DA, Boyer JL, Cai SY. Evolution of substrate specificity for the bile salt transporter ASBT (SLC10A2). J Lipid Res. 2012; 53(8):1535-42.
7) Cai SY, Lionarons DA, Hagey L, Soroka CJ, Mennone A, Boyer JL. Adult sea lamprey tolerates biliary atresia by altering bile salt composition and renal excretion. Hepatology. 2013; 57(6):2418-26.
8) Yu D, Zhang H, Lionarons DA, Boyer JL, Cai SY. The Na+-taurocholate cotransporting polypeptide (NTCP/SLC10A1) ortholog in the marine skate, Leucoraja erinacea is not a physiological bile salt transporter.  Am J Physiol Regul Integr Comp Physiol. 2017; in press.

2. Molecular and cellular studies to reveal the regulatory mechanisms of genes involved in bile formation and adaptive response to cholestasis in rodent models and patients. Understanding the pathophysiology of the cholestatic liver injury helps to guide us develop new treatment for cholestasis. Selected papers are listed below: 

1) Mennone A, Soroka CJ, Cai SY, Harry K, Adachi M, Hagey L, Schuetz JD, Boyer JL. Mrp4-/- mice have an impaired cytoprotective response in obstructive cholestasis. Hepatology. 2006 May;43(5):1013-21.
2) Chen W, Cai SY, Xu S, Denson LA, Soroka CJ, Boyer JL. Nuclear receptors RXRalpha:RARalpha are repressors for human MRP3 expression. Am J Physiol Gastrointest Liver Physiol. 2007; 292(5):G1221-7.

3) Cai SY, Gautam S, Nguyen T, Soroka CJ, Rahner C, Boyer JL. ATP8B1 deficiency disrupts the bile canalicular membrane bilayer structure in hepatocytes, but FXR expression and activity are maintained Gastro. 2009; 136:1060-9.
4) Weerachayaphorn J, Cai SY, Soroka CJ, Boyer JL. NF-E2- related-2 factor (Nrf2) is a positive regulator of human bile salt export pump (BSEP) expression. Hepatology, 2009; 50:1588-96.
5) Cai SY, He H, Nguyen T, Mennone A, Boyer JL. Retinoic acid represses CYP7A1 expression in human hepatocytes and HepG2 cells by FXR/RXR-dependent and independent mechanisms. J Lipid Res. 2010; 51(8):2265-74.
6) Xu S, Weerachayaphorn J, Cai SY, Soroka CJ, Boyer JL. The aryl hydrocarbon receptor (AhR) and NF-E2-related factor 2 (Nrf2) are key regulators of human MRP4 expression. Am J Physiol Gastrointest Liver Physiol. 2010; 299(1):G126-35.
7) Chai J, He Y, Cai SY, Jiang Z, Wang H, Li Q, Chen L, Peng Z, He X, Wu X, Xiao T, Wang R, BoyerJL, Chen W. Elevated hepatic multidrug resistance-associated protein 3/ATP-binding cassette subfamily C 3 expression in human obstructive cholestasis is mediated through tumor necrosis factor alpha and c-Jun NH2-terminal kinase/stress-activated protein kinase-signaling pathway. Hepatology. 2012; 55(5):1485-94.
8) Cai SY, Mennone A, Soroka CJ, Boyer JL. Altered expression and function of canalicular transporters during early development of cholestatic liver injury in Abcb4-deficient mice. Am J Physiol Gastrointest Liver Physiol. 2014 Apr 15;306(8):G670-6
9) Chai J, Cai SY, Liu X, Lian W, Chen S, Zhang L, Feng X, Cheng Y, He X, He Y, Chen L, Wang R, Wang H, Boyer JL, Chen W. Canalicular membrane MRP2/ABCC2 internalization is determined by Ezrin Thr567 phosphorylation in human obstructive cholestasis. J Hepatol. 2015 Dec;63(6):1440-8.
10) Cai SY, Ouyang X, Chen Y, Soroka CJ, Wang J, Mennone A, Wang Y, Mehal WZ, Dhanpat Jain D, Boyer JL. Bile acids initiate cholestatic liver injury by triggering a hepatic specific inflammatory response JCI Insight 2017 accepted
3.  New therapy to treat cholestasis in rodent models and patients. The comparative genomic approach and mechanistic studies of bile formation have lead us to develop a combination treatment for cholestasis, i.e. UDCA and all-trans retinoic acid because all-trans retinoic acid can effectively repress CYP7A1 (the rate limiting enzyme in bile acid synthesis) expression in hepatocytes and reduce bile acid pool size. Furthermore, because our ongoing study indicates that bile acid initiated inflammatory response plays an important role in cholestatic liver injury, we are also exploring another novel treatment for cholestasis in rodent models, i.e. CVC (a chemokine receptor antagonist for CCR2 and CCR5) in combination with retinoic acid. Related papers are:
11) Cai SY, Boyer JL FXR: a target for cholestatic syndromes? Expert Opin Ther Targets. 2006; 10:409-21.
12) He H, Mennone A, Boyer JL, Cai SY. Combination of retinoic acid and ursodeoxycholic acid attenuates liver injury in bile duct-ligated rats and human hepatic cells. Hepatology. 2011; 53(2):548-57. 
13) Cai SY, Mennone A, Soroka CJ, Boyer JL. All-trans-retinoic acid improves cholestasis in α-naphthylisothiocyanate-treated rats and Mdr2-/- mice. J Pharmacol Exp Ther. 2014 Apr;349(1):94-8.
14) Assis DN, Abdelghany O, Cai SY, Gossard AA, Eaton JE, Keach JC, Deng Y, Setchell KD, Ciarleglio M, Lindor KD, Boyer JL. Combination therapy of all-trans retinoic acid with ursodeoxycholic acid in patients with primary sclerosing cholangitis: a human pilot study. J Clin Gastroenterol. 2017 Feb;51(2):e11-e16. 
15) Yu D, Cai SY, Mennone A, Vig P, Boyer JL. Cenicriviroc (CVC) in combination with all-trans retinoic acid (atRA) has superior therapeutic effects in bile duct ligated (BDL) rats. Hepatology. 2016; AASLD abstract 
D. Research Support. 
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Mechanisms of Bile Secretion and Cholestasis
The major goals of this project are to determine the molecular mechanisms of cholestasis and the role of membrane transport systems in hepatocytes in the regulation of bile formation.
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Silvio O. Conte Digestive Diseases Research Core Centers

This grant supports core facilities and pilot feasibility applications for the study of liver structure and function.
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