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A.	Personal Statement

I have extensive experience in the research field of the mammalian stress response and, in particular, the function and regulation of GRP78/BiP, which is a master molecular chaperone in the endoplasmic reticulum (ER) and a key regulator of ER homeostasis. My lab was the first to clone the mammalian Grp78 gene and elucidate its transcriptional induction by ER stress. Using mouse models genetically targeting GRP78, we uncovered its essential function in mammalian development, cancer, cell metabolism and neuroprotection. My research on ER stress and GRP78 has been recognized by a MERIT award from the National Cancer Institute in 1988. In studying the atypical forms of GRP78 in the cytosol and at the cell surface, we expanded the role of GRP78 as a potent anti-apoptotic agent beyond the ER compartment. We further discovered that cell surface GRP78 has a novel regulatory role on PI3K/AKT signaling pathway critical for cancer proliferation, survival and invasion. This coupled with the observation that cell surface GRP78 is present on the surface of tumor cells but not in normal tissues, opens up a new therapeutic opportunity. Our lab also performed parallel studies and created conditional knockout models on another glucose regulated protein, GRP94, and revealed its novel function in regulation of stem cell proliferation and cancer. We are investigating the basic mechanisms for GRP translocation to the cell surface and developing therapeutics targeting the GRPs for application in cancer and other human diseases. The most relevant examples of our publications for this grant application are:

1. Zhang, Y., Liu, R., Ni, M., Gill, P. & Lee, A.S. (2010). Cell surface relocalization of the endoplasmic reticulum chaperone and unfolded protein response regulator GRP78/BiP. J Biol Chem, 285, 15065-15075. PMCID: PMC2865300
2. Zhang, Y., Tseng, C.C., Tsai, Y.L., Fu, X., Schiff, R. & Lee, A.S. (2013). Cancer cells resistant to therapy promote cell surface relocalization of GRP78 which complexes with PI3K and enhances PI(3,4,5)P3 production. PLoS One, 8, e80071. PMCID: PMC3823711
3. Lee, A.S. (2014). Glucose-regulated proteins in cancer: molecular mechanisms and therapeutic potential. Nat Rev Cancer, 14, 263-276. PMCID: PMC4158750
4. Tsai, Y.L., Zhang, Y., Tseng, C.C., Stanciauskas, R., Pinaud, F. & Lee, A.S. (2015). Characterization and mechanism of stress-induced translocation of 78-kilodalton glucose-regulated protein (GRP78) to the cell surface. J Biol Chem, 290, 8049-8064. PMCID: PMC4375463 (featured on the March 27, 2015 cover, and one of the most viewed JBC articles published in March and April of this year)
[bookmark: _GoBack]
B.	Positions and Honors

Positions and Employment
1977-1979	Senior Research Fellow, Division of Biology, California Institute of Technology, Pasadena, CA
1980-1983	Assistant Professor of Biochemistry, University of Southern California (USC) Keck School of Medicine, Los Angeles, CA
1984-1987	Associate Professor of Biochemistry, USC School of Medicine, Los Angeles, CA
1987-1997	Leader, Gene Regulation Program, USC Norris Comprehensive Cancer Center, Los Angeles, CA
1988-	Professor of Biochemistry & Molecular Biology, USC Keck School of Medicine, Los Angeles, CA
1996-	Associate Director for Basic Research, USC Norris Comprehensive Cancer Center, Los Angeles, CA

Other Experience and Professional Memberships
1981-1992	NIH Biological Sciences Study Section, Member
1983	NIH Mammalian Genetics Study Section, Ad hoc Member
1984-1988	NIH Biological Sciences Study Section, Member
1989	NIH Cell Biology Study Section, Ad hoc Member
1990-1993	American Cancer Society, Scientific Advisory Committee on Institutional Research Grants, Member
1990-1994	NIH Biological Sciences Study Section, Member
1995	NIH, NCI Cancer Center Institute Initial Review Group Subcommittee, Ad hoc Member
1996	NIH, Lung and Blood Institute, Program Project Review Committee, Ad hoc Member
1996-2000	NIH, NCI, Program Project Review Committee C, Basic and Preclinical Sciences, Member
2001-2003	NIH Neuroscience & Disorders Study Section, Ad hoc Member
2009	NIH, NCI Scientific Review Panel, Cell and Tissue Biology P01 Special Emphasis Panel, Ad hoc Member
2010	NIH Cell and Molecular Endocrinology Study Section, Ad hoc Member
2011	NIH, NCI, Cellular and Tissue Oncology P01 Special Emphasis Panel, Ad hoc Member
2012	NIH, NCI, P01 Special Emphasis Panel, Ad hoc Member
2012	NIH, NCI, ZRG1-BMCT (09) Study Section, Ad hoc Member
2013	NIH, NCI, P01 Special Emphasis Panel, Ad hoc Member
2014	NIH, NCI, P01 Special Emphasis Panel, Ad hoc Member

Honors
1970	Valedictorian, UC Berkeley, Department of Bacteriology and Immunology
1980-1983	American Cancer Society Junior Faculty Research Award
1983	University Scholar, University of Southern California
1983-1988	American Cancer Society Faculty Research Award
1988-1996	NIH/NCI Merit Award (R37) for “Coordinated Gene Expression in Mammalian Cells”
1997	Judy and Larry Freeman Chair for Cancer Research
1998	Robert Chandler Courage Award, USC Norris Comprehensive Cancer Center
2006	Fellow, American Association for the Advancement of Science (AAAS)
2008	Chinese American Faculty Association of Southern California Achievement Award
2011	Chair, Major Symposium on the Unfolded Protein Response and Cancer, AACR Annual Meeting, Orlando, FL
2012	USC Mellon Mentoring Award for Faculty Mentoring Faculty
2015	Phi Kappa Phi Faculty Recognition Award


C.	Contribution to Science

1. My early work on the cloning of the mammalian genes encoding for GRP78 and GRP94, and the discovery that they are transcriptionally activated by glucose starvation and other stress conditions targeting the endoplasmic reticulum (ER) contributed to the discovery of the universal cellular pathway referred to as the unfolded protein response (UPR). This discovery is cited in the 2014 Albert Lasker Basic Medical Research Award (http://www.laskerfoundation.org/awards/2014_b_description.htm). The UPR is an intracellular quality control system that senses harmful malfolded protein accumulating in the ER and triggers transcription in the nucleus leading to activation of adaptive pathways. We published the first amino acid sequence of GRP78 allowing it to be matched with the immunoglobulin binding protein (BiP) and identified as an ER localized member of the heat shock protein family with chaperone activities. My lab subsequently deciphered the ER stress response element (ERSE) that allowed tracing of the pathways that activate the UPR. We also created a transgenic mouse model using the rat Grp78 promoter for the monitoring induction of ER stress in vivo.
a. Lee, A.S., Delegeane, A. & Scharff, D. (1981). Highly conserved glucose-regulated protein in hamster and chicken cells: preliminary characterization of its cDNA clone. Proc Natl Acad Sci USA, 78, 4922-4925.
b. Attenello, J.W. & Lee, A.S. (1984). Regulation of a hybrid gene by glucose and temperature in hamster fibroblasts. Science, 226, 187-190.
c. Roy, B. & Lee, A.S. (1999). The mammalian endoplasmic reticulum stress response element consists of an evolutionarily conserved tripartite structure and interacts with a novel stress-inducible complex. Nucleic Acids Res, 27, 1437-1443.
d. Mao, C., Dong, D., Little, E., Luo, S. & Lee, A.S. (2004). Transgenic mouse model for monitoring endoplasmic reticulum stress in vivo. Nat Med, 10, 1013-1014.

2. After uncovering the basic mechanisms of UPR induction of the Grp genes, my lab focused on the prosurvival role of GRP78 in cancer. Our lab was the first to demonstrate that knockdown of GRP78 potently blunted ability of tumor growth in mice. This provides the first link of UPR to cancer. We subsequently established that GRP78 is an anti-apoptotic protein able to suppress multiple apoptotic pathways initiating from the ER. GRP78 is also required for structural integrity of the ER and stress-induced autophagy.
a. Jamora, C., Dennert, G. & Lee, A.S. (1996). Inhibition of tumor progression by suppression of stress protein GRP78/BiP induction in fibrosarcoma B/C10ME. Proc Natl Acad Sci USA, 93, 7690-7694.
b. Reddy, R.K., Mao, C., Baumeister, P., Austin, R.C., Kaufman, R.J. & Lee, A.S. (2003). Endoplasmic reticulum chaperone protein GRP78 protects cells from apoptosis induced by topoisomerase inhibitors: role of ATP binding site in suppression of caspase-7 activation. J Biol Chem, 278, 20915-20924.
c. Wang, M., Ye, R., Barron, E., Baumeister, P., Mao, C., Luo, S., Fu, Y., Luo, B., Dubeau, L., Hinton, D.R. & Lee, A.S. (2010). Essential role of the unfolded protein response regulator GRP78/BiP in protection from neuronal apoptosis. Cell Death Differ, 17, 488-498. PMCID: PMC2822118
d. Zhou, H., Zhang, Y., Fu, Y., Chan, L. & Lee, A.S. (2011). Novel mechanism of anti-apoptotic function of 78-kDa glucose-regulated protein (GRP78): endocrine resistance factor in breast cancer, through release of B-cell lymphoma 2 (BCL-2) from BCL-2-interacting killer (BIK). J Biol Chem, 286, 25687-25696. PMCID: PMC3138298

3. My lab created the first conventional and conditional knockout mouse models of GRP78 and GRP94 and established their critical roles in mammalian development and organ homeostasis. 
a. Luo, S., Mao, C., Lee, B. & Lee, A.S. (2006). GRP78/BiP is required for cell proliferation and protecting the inner cell mass from apoptosis during early mouse embryonic development. Mol Cell Biol, 26, 5688-5697.
b. Mao, C., Wang, M., Luo, B., Wey, S., Dong, D., Wesselschmidt, R., Rawlings, S. & Lee, A.S. (2010). Targeted mutation of the mouse Grp94 gene disrupts development and perturbs endoplasmic reticulum stress signaling. PLoS One, 5, e10852. PMCID: PMC2877114
c. Wey, S., Luo, B. & Lee, A.S. (2012). Acute inducible ablation of GRP78 reveals its role in hematopoietic stem cell survival, lymphogenesis and regulation of stress signaling. PLoS One, 7, e39047. PMCID: PMC3377598
d. Chen, W.T., Tseng, C.C., Pfaffenbach, K., Kanel, G., Luo, B., Stiles, B.L. & Lee, A.S. (2014). Liver-specific knockout of GRP94 in mice disrupts cell adhesion, activates liver progenitor cells, and accelerates liver tumorigenesis. Hepatology, 59, 947-957. PMCID: PMC4214272

4. My lab provided the first evidence that GRP78 haploinsufficiency impedes tumor development without affecting normal organ function. These studies also uncovered a novel regulatory role of GRP78 in suppressing PI3K/AKT signaling and PTEN-null driven tumorigenesis. However, in liver cancer, GRP78 deficiency could lead to progenitor cell hyperproliferation, liver steatosis and accelerate tumor progression, with re-expression of GRP78 in the tumor cells that escaped Cre-recombination. 
a. Fu, Y., Wey, S., Wang, M., Ye, R., Liao, C.P., Roy-Burman, P. & Lee, A.S. (2008). Pten null prostate tumorigenesis and AKT activation are blocked by targeted knockout of ER chaperone GRP78/BiP in prostate epithelium. Proc Natl Acad Sci USA, 105, 19444-19449. PMCID: PMC2614780
b. Dong, D., Stapleton, C., Luo, B., Xiong, S., Ye, W., Zhang, Y., Jhaveri, N., Zhu, G., Ye, R., Liu, Z., Bruhn, K.W., Craft, N., Groshen, S., Hofman, F.M. & Lee, A.S. (2011). A critical role for GRP78/BiP in the tumor microenvironment for neovascularization during tumor growth and metastasis. Cancer Res, 71, 2848-2857. PMCID: PMC307819
c. Wey, S., Luo, B., Tseng, C.C., Ni, M., Zhou, H., Fu, Y., Bhojwani, D., Carroll, W.L. & Lee, A.S. (2012). Inducible knockout of GRP78/BiP in the hematopoietic system suppresses Pten-null leukemogenesis and AKT oncogenic signaling. Blood, 119, 817-825. PMCID: PMC3265205
d. Chen, W.T., Zhu, G., Pfaffenbach, K., Kanel, G., Stiles, B. & Lee, A.S. (2015). GRP78 as a regulator of liver steatosis and cancer progression mediated by loss of the tumor suppressor PTEN. Oncogene 33, 4997-5005. PMCID: PMC3994182

5. A major focus of our current research is to apply GRP78 basic discoveries to therapeutic applications. A paradigm shift in GRP78 biology is the discovery that it is preferentially expressed on the surface of cancer but not normal cells. Cell surface GRP78 acts as a co-receptor/adaptor and regulates multiple signaling pathways, and we focus on the PI3K/AKT pathway. In collaboration with USC colleague (Dr. P. Gill), a monoclonal antibody against cell surface GRP78 was isolated at USC and this has shown great therapeutic potential in cancer and is currently jointly developed by USC and Pfizer Pharmaceuticals.
a. Ni, M., Zhang, Y. & Lee, A.S. (2011). Beyond the endoplasmic reticulum: atypical GRP78 in cell viability, signaling and therapeutic targeting. Biochem J, 434, 181-188. PMCID: PMC3353658
b. Zhang, Y., Tseng, C.C., Tsai, Y.L., Fu, X., Schiff, R. & Lee, A.S. (2013). Cancer cells resistant to therapy promote cell surface relocalization of GRP78 which complexes with PI3K and enhances PI(3,4,5)P3 production. PLoS One, 8, e80071. PMCID: PMC3823711
c. Liu, R., Li, X., Gao, W., Zhou, Y., Wey, S., Mitra, S., Krasnoperov, V., Dong, D., Liu, S., Li, D., Zhu, G., Louie, S., Conti, P.S., Li, Z., Lee, A.S. & Gill, P.S. (2013). Monoclonal antibody against cell surface GRP78 as a novel agent in suppressing PI3K/AKT signaling, tumor growth and metastasis. Clin Cancer Res, 19, 6802-6811. PMCID: PMC4151476
d. Tsai, Y.L., Zhang, Y., Tseng, C.C., Stanciauskas, R., Pinaud, F. & Lee, A.S. (2015). Characterization and mechanism of stress-induced translocation of 78-kilodalton glucose-regulated protein (GRP78) to the cell surface. J Biol Chem, 290, 8049-8064. PMCID: PMC4375463 

Complete List of Published Work in MyBibliography:
http://www.ncbi.nlm.nih.gov/sites/myncbi/amy.lee.1/bibliography/40695395/public/?sort=date&direction=ascending

D.	Research Support

Ongoing Research Support
R01 CA027607	Lee (PI)	04/01/80-03/31/17
Stress Induction of Glucose Regulated Protein GRP78/BiP
The goals of this project are to: 1) determine the functional domains of GRP78 required for cell surface localization, dynamics of GRP78 surface expression and endocytosis; 2) determine how GRP78 regulates the P13K/AKT pathway and testing the efficacy and safety of a monoclonal antibody against GRP78 in cancer mouse models for tumor progression; and 3) determine recurrence and therapeutic resistance. There is no overlap with the current application.
Role: PI

R01 CA027607-34S1	Lee (PI)	06/01/13-03/31/16
Stress Induction of Glucose Regulated Protein GRP78/BiP (Administrative Supplement to Promote Diversity)
The goal of this project is to study the role of cell surface GRP78 in lung cancer.
Role: PI

R21 CA179273	Lee (PI)	06/01/14-05/31/16
Targeting Cell Surface GRP78 as a Novel Therapy for Pancreatic Cancer
The goal of this project is to examine cell surface GRP78 expression and its targeting by monoclonal antibody therapy in mouse pancreatic cancer models. There is no overlap with the current application.
Role: PI

P01 AG034906	Longo (PI)	03/15/11-02/29/16
Dietary Restriction, GH/IGF-I and Mechanisms of Differential Cellular Protection. The Role of the Glucose Regulated Protein GRP78/BiP in Stress Resistance and Aging (Project 3 PI: Lee)
The goal of this project is to identify dietary interventions and molecular pathways that can protect normal cells and organs on age-dependent oxidative DNA and protein damage and life span. There is no overlap with the current application.
Role: PI, Project 3

P30 CA014089	Gruber (PI)	12/01/96-11/30/15
USC Norris Comprehensive Cancer Center (Core) Support
This grant provides 25% of my salary in my role as Associate Director of the USC Norris Comprehensive Cancer Center.
Role: Associate Director

R01 HL114959	Zhou (PI)	08/01/13-06/30/18
Epithelial Abnormalities in IPF: Role of ER Stress and GRP78/BiP
The goal of this project is to study how ER stress and GRP78 contribute to lung fibrosis. There is no overlap with the current application.
Role: Co-Investigator

Completed Research Support
W81XWH-11-1-0430	Neamati (PI)	09/01/11-08/31/13
U.S. Army Medical Research BCRP Idea Award
Design of GRP78 Inhibitors as Novel Therapeutics for Breast Cancer
The goal of this project was to identify small molecule inhibitors for GRP78 using a combination of computer modeling and assays for componds that will block the ATPase activity of GRP78.
Role: Co-Investigator

Whittier Foundation	Lee (PI)	08/13/12-06/30/14
Clinical Development of a Therapeutic Antibody Targeting Cell Surface GRP78
The goal of this project was to produce pre-clinical grade of the antibody against GRP78 for testing in cancer models.
Role: PI

5 R01 EY 012155-17	Chen (PI)	03/01/98-04/30/15
Phototransduction in Dark Adaptation and Retinal Degeneration
The goals of this collaborating project focused on creating conditional knockout mouse models of GRP78 in the photoreceptor cells and studied the role of GRP78 in retinal homeostasis.
Role: Co-Investigator
