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A.	Personal Statement

My laboratory is focused on five related topics that are all centered around double-strand DNA breaks (DSBs) in human cells: 1) nonhomologous DNA end joining (NHEJ); 2) chromosomal translocations; 3) V(D)J recombination; 4) Ig class switch recombination; and 5) aging due to DNA damage, particularly from DSBs. Related to NHEJ, I am also conducting cancer chemotherapy drug development (ref. 1d in Section C below). Our work is summarized in the following four refereed reviews (ref. 1 to 4 immediately below) as well as the 20 publications listed in detail below in Section C.
In all of five of the cancer-related fields listed, my laboratory and I are well-known for creative insights, reliable data, and high integrity. My reliability and integrity are particularly important at a time when many exciting papers are published in the literature at large, but only a fraction of these are reproducible. I am very proud of the continuing high credibility of my laboratory. This is important for all aspects of research, but it is particularly important for our efforts to develop new cancer chemotherapies. Though my scientific career has been noted for insights into mechanisms of biochemical and biological processes up to this point, publications 2a to 2d in Section C are highly important to how clinicians view the etiology of human lymphoma, and publication 1d reports our first two chemical compounds in our high throughput effort to develop highly targeted cancer chemotherapy with little or no toxicity.

1. Lieber, M.R. (2010). The mechanism of double-strand DNA break repair by the nonhomologous DNA end-joining pathway. Annu Rev Biochem, 79, 181-211. PMCID: PMC3079308
2. Lieber, M.R. & Wilson, T.E. (2010). SnapShot: Nonhomologous DNA end joining (NHEJ). Cell, 142, 496-496.e491. PMCID: N/A
3. Lieber, M.R., Gu, J., Lu, H., Shimazaki, N. & Tsai, A.G. (2010). Nonhomologous DNA end joining (NHEJ) and chromosomal translocations in humans. Subcell Biochem, 50, 279-296. PMCID: PMC3079314
4. Pannunzio, N.R., Li, S., Watanabe, G. & Lieber, M.R. (2014). Non-homologous end joining often uses microhomology: implications for alternative end joining. DNA Repair (Amst), 17, 74-80. PMCID: PMC4440676

B.	Positions and Honors

Positions and Employment
1989-1994	Assistant Professor of Pathology, Stanford University, Stanford, CA
1989-1994	Director, Tumor Biology Postdoctoral Training Program, Stanford University, Stanford, CA
1994	Associate Professor with tenure, Department of Pathology, Stanford University, Stanford, CA
1994-1997	Associate Professor with tenure, Department of Pathology and Secondary in the Department of Biochemistry and Molecular Biophysics, Washington University School of Medicine, St. Louis, MO
1997-2005	Director, Training Program in Molecular Oncology, USC Norris Comprehensive Cancer Center, Los Angeles, CA
1997-	Professor of Pathology and Jointly in the Departments of Biochemistry & Molecular Biology, Molecular Microbiology & Immunology, and Biological Sciences, Keck School of Medicine USC, Los Angeles, CA
1997-	Molecular Genetics Program Leader, USC Norris Comprehensive Cancer Center, Los Angeles, CA

Honors
1983	Lamport Research Award, Best Dissertation, Biomedical Research, University of Chicago
1988-1994	Lucille P. Markey Scholar of the Markey Charitable Trust
1990	Cancer Research Institute Award (National)
1994	American Cancer Society Faculty Research Award
1994-1999	Leukemia Society of America Faculty Scholar Award
1995	American Society for Clinical Investigation
1998	Warner-Lambert/Parke-Davis Award, FASEB Am. Soc. Investigative Pathology
1999	Stohlman Scholar, Leukemia Society of America
2001	Rita and Edward Polusky Professorship, USC Norris Comprehensive Cancer Center
2004	Faculty Recognition Award, USC
2005-2015	NCI Merit Award
2009-2013	Ellison Medical Foundation Senior Scholar

[bookmark: _GoBack]C.	Contributions to Science

1.	Nonhomologous DNA End Joining (NHEJ) is important for cancer because the repair phase for the large majority of DSBs and chromosomal translocations relies on NHEJ. My lab’s work on human NHEJ has been of key importance because we identified the DNA ligase for the NHEJ in all eukaryotes (DNA ligase IV), which we showed forms a complex with XRCC4. My lab also discovered that Artemis forms a complex with DNA-PKcs to serve as the major nuclease of mammalian NHEJ (ref. 1b below). Moreover, we have also provided insight on several other aspects of human NHEJ: a) the XRCC4:DNA ligase IV complex can ligate across gaps and other duplex deviations; b) APLF can also serve as a nuclease for NHEJ; c) a single DNA-PKcs molecule can autophosphorylate itself (cis phosphorylation); d) DNA polymerases of NHEJ can add in a template-independent manner during the joining process; and e) the NHEJ process is distinctive for being flexible in the substrates upon which it acts and iterative in that it can carry out repeated steps in an effort to complete a joining event. We reconstituted the entire human NHEJ pathway using purified proteins.
a. Grawunder, U., Wilm, M., Wu, X., Kulesza, P., Wilson, T.E., Mann, M. & Lieber, M.R. (1997). Activity of DNA ligase IV stimulated by complex formation with XRCC4 protein in mammalian cells. Nature, 388, 492-495.
b. Ma, Y., Pannicke, U., Schwarz, K. & Lieber, M.R. (2002). Hairpin opening and overhang processing by an Artemis/DNA-dependent protein kinase complex in nonhomologous end joining and V(D)J recombination. Cell, 108, 781-794.
c. Ma, Y., Lu, H., Tippin, B., Goodman, M.F., Shimazaki, N., Koiwai, O., Hsieh, C.L., Schwarz, K. & Lieber, M.R. (2004). A biochemically defined system for mammalian nonhomologous DNA end joining. Mol Cell, 16, 701-713.
d. Li, S., Chang, H.H., Niewolik, D., Hedrick, M.P., Pinkerton, A.B., Hassig, C.A., Schwarz, K. & Lieber, M.R. (2014). Evidence that the DNA endonuclease ARTEMIS also has intrinsic 5'-exonuclease activity. J Biol Chem, 289, 7825-7834. PMCID: PMC3953294

2.	Human Chromosomal Translocations. My lab’s work on the mechanism of human chromosomal translocations is focused on how the DSBs arise – that is, the mechanism of DNA breakage, which is important for cancer because many mutations or losses of chromosomal regions arise due to DSBs. Our work on human chromosomal translocations has been outstanding, if not transformative for the field. The entire way that hematologists and hematopathologists think about the inception of human lymphomas has been impacted by our papers from 2004 to 2014, which unify the mechanism for a majority of human B-cell lymphomas. Specifically, our papers define the first DNA sequence motifs (CG and WGCW, where W = A or T) for most human B-cell translocations. Sequence-specific motifs were not identified in any of the mouse models of chromosomal translocation. Therefore, our work in this area provides a critical link of mechanism to actual human patient chromosomal translocations. In addition to our work above on human B-cell translocation mechanisms, we have also made key progress in understanding human pre-T ALL translocations, which use cryptic heptamer/nonamer variants at off-target locations by a V(D)J recombination mechanism.
a. Tsai, A.G., Lu, H., Raghavan, S.C., Muschen, M., Hsieh, C.L. & Lieber, M.R. (2008). Human chromosomal translocations at CpG sites and a theoretical basis for their lineage and stage specificity. Cell, 135, 1130-1142. PMCID: PMC2642632
b. Greisman, H.A., Lu, Z., Tsai, A.G., Greiner, T.C., Yi, H.S. & Lieber, M.R. (2012). IgH partner breakpoint sequences provide evidence that AID initiates t(11;14) and t(8;14) chromosomal breaks in mantle cell and Burkitt lymphomas. Blood, 120, 2864-2867. PMCID: PMC3466967
c. Lu, Z., Tsai, A.G., Akasaka, T., Ohno, H., Jiang, Y., Melnick, A.M., Greisman, H.A. & Lieber, M.R. (2013). BCL6 breaks occur at different AID sequence motifs in Ig-BCL6 and non-Ig-BCL6 rearrangements. Blood, 121, 4551-4554. PMCID: PMC3668488
d. Lu, Z., Lieber, M.R., Tsai, A.G., Pardo, C.E., Muschen, M., Kladde, M.P. & Hsieh, C.L. (2015). Human lymphoid translocation fragile zones are hypomethylated and have accessible chromatin. Mol Cell Biol, 35, 1209-1222. PMCID: PMC4355534

3.	V(D)J recombination is the gene rearrangement process by which antigen receptors (immunoglobulins and T-cell receptors) generate their variable domain exons (the binding pocket). V(D)J recombination is important in cancer because many T-cell acute lymphoblastic lymphomas and leukemias have chromosomal deletions or translocations that activate the key oncogenes that initiate these malignancies. In most B-cell malignancies, one of the chromosome breaks in chromosomal translocations is created by the V(D)J recombination process. In 1993, my lab invented the primary cellular human V(D)J recombination assay used by most labs around the world. On the biochemical aspect, we are the first lab to reconstitute key aspects of V(D)J recombination using purified proteins and the first to generate highly active full-length RAG protein complexes. We showed that the RAG complex increases its catalytic activity when bound to active histone tails (H3K4me3), and we showed that the most common human T-cell malignancies. Our biochemical and kinetic studies have permitted us to determine key features about the timing and order of steps in the V(D)J recombination process, specifically that synapsis is nearly irreversible and that synapsis occurs prior to catalysis. We also showed that sequence-specific RAG binding and chromatin contacts are both essential to achieve site specificity.
a. Lu, H., Shimazaki, N., Raval, P., Gu, J., Watanabe, G., Schwarz, K., Swanson, P.C. & Lieber, M.R. (2008). A biochemically defined system for coding joint formation in V(D)J recombination. Mol Cell, 31, 485-497. PMCID: PMC2564285
b. Shimazaki, N., Tsai, A.G. & Lieber, M.R. (2009). H3K4me3 stimulates the V(D)J RAG complex for both nicking and hairpinning in trans in addition to tethering in cis: implications for translocations. Mol Cell, 34, 535-544. PMCID: PMC2920491
c. Shimazaki, N., Askary, A., Swanson, P.C. & Lieber, M.R. (2012). Mechanistic basis for RAG discrimination between recombination sites and the off-target sites of human lymphomas. Mol Cell Biol, 32, 365-375. PMCID: PMC3255787
d. Askary, A., Shimazaki, N., Bayat, N. & Lieber, M.R. (2014). Modeling of the RAG reaction mechanism. Cell Rep, 7, 307-315. PMCID: PMC4010234

4.	Immunoglobulin class switch recombination (CSR) is the gene rearrangement process by which antibodies change their heavy chain from IgM to IgG, IgA, or IgE. This process is important in cancer in many ways. First, this process occurs at repeat sequences that form R-loops. Our lab was the first to physically document long R-loops (kilobase length) in any eukaryotic genome. Our work has provided the foundation for this field, and we continue to be leaders in determining what factors control R-loop formation. Second, Ig CSR relies on an enzyme called Activation-Induced Deaminase (AID) to initiate the recombination process. This enzyme requires single-stranded DNA in order to deaminate C to generate U (or methyl C to generate T). The role of AID in human chromosomal translocations was documented by our work in the papers cited above under the chromosomal translocations section (topic 2). In additional work not listed below, we described the biochemical basis for how R-loops form, and the work in references 4c and 4d shows that this mechanism applies to R-loop formation in the mammalian chromosome in vivo.
a. Yu, K., Chedin, F., Hsieh, C.L., Wilson, T.E. & Lieber, M.R. (2003). R-loops at immunoglobulin class switch regions in the chromosomes of stimulated B cells. Nat Immunol, 4, 442-451.
b. Roy, D., Zhang, Z., Lu, Z., Hsieh, C.L. & Lieber, M.R. (2010). Competition between the RNA transcript and the nontemplate DNA strand during R-loop formation in vitro: a nick can serve as a strong R-loop initiation site. Mol Cell Biol, 30, 146-159. PMCID: PMC2798282
c. Zhang, Z.Z., Pannunzio, N.R., Han, L., Hsieh, C.L., Yu, K. & Lieber, M.R. (2014). The strength of an Ig switch region is determined by its ability to drive R loop formation and its number of WGCW sites. Cell Rep, 8, 557-569. PMCID: PMC4118936
d. Zhang, Z.Z., Pannunzio, N.R., Hsieh, C.L., Yu, K. & Lieber, M.R. (2014). The role of G-density in switch region repeats for immunoglobulin class switch recombination. Nucleic Acids Res, 42, 13186-13193. PMCID: PMC4245955

5.	Accumulation of DNA Damage in Human Aging. Cancer is fundamentally a disease due to DNA mutation. All cells undergo mutation. The subset of mutations that increase the survival, proliferation or invasion of cells can cause cancer. The remaining mutations can be neutral or can degrade cell function. I believe that the accumulation of random mutations in the genome of each cell contributes to the loss of full function of that cell in the tissue or organ in which it is located. In this sense, DNA mutation accumulation over time may be central to both aging and cancer in humans. I have had a longstanding interest in mammalian aging and in the DNA damage due to oxidative free radicals arising from metabolism. Reference c is a refereed review describing our thinking about the relationship between DNA damage and aging. The first evidence documenting mutation accumulation within human cells (without the confounding effects of cells being maintained or selected in culture) is in our reference d, which demonstrates large scale genome changes that initiate at sites of double-strand DNA breaks.
a. Lieber, M. & Blumenthal, H.T. (1984). Lifespan changes in the index of cephalization. Exp Aging Res, 10, 127-135.
b. Karanjawala, Z.E., Murphy, N., Hinton, D.R., Hsieh, C.L. & Lieber, M.R. (2002). Oxygen metabolism causes chromosome breaks and is associated with the neuronal apoptosis observed in DNA double-strand break repair mutants. Curr Biol, 12, 397-402.
c. Lieber, M.R. & Karanjawala, Z.E. (2004). Ageing, repetitive genomes and DNA damage. Nat Rev Mol Cell Biol, 5, 69-75.
d. Hsieh, J.C., Van Den Berg, D., Kang, H., Hsieh, C.L. & Lieber, M.R. (2013). Large chromosome deletions, duplications, and gene conversion events accumulate with age in normal human colon crypts. Aging Cell, 12, 269-279. PMCID: N/A

Complete List of Published Work in MyBibliography:
http://www.ncbi.nlm.nih.gov/sites/myncbi/michael.lieber.1/bibliography/40735240/public/?sort=date&direction=ascending

D.	Research Support

Ongoing Research Support
R01 GM043236	Lieber (PI)	06/01/90-08/31/19
Normal and Mutant Lymphoid V(D)J Recombinase
The goal of this project is focused on understanding the mechanism of V(D)J recombination and how it fails in human SCID.
Role: PI

R01 GM056984	Lieber (PI)	09/01/98-08/31/16
Mechanism of R-Loop Formation in CSR and SHM
The goal of this project is to focus on the role of R-loops in Ig class switching and somatic hypermutation.
Role: PI



R01 CA100504	Lieber (PI)	08/01/03-07/31/16
Mechanism and Regulation of Nonhomologous DNA End Joining
The goal of this project is to understand the general DNA repair pathway, NHEJ, as it relates to pathologic DNA damage such as ionizing radiation.
Role: PI

R37 CA051105	Lieber (PI)	01/01/90-08/31/15
Mechanisms of Human Lymphoid Chromosomal Translocation
The goal of this project focused exclusively on the non-B DNA structure at the bcl-2 major breakpoint and its role in the t(14;18) translocation.
Role: PI

Completed Research Support
R03 MH095489	Lieber (PI)	02/06/12-12/31/14
Selective Inhibitors of the Artemis Endonuclease
The goal of this project was to provide a small amount of funds to the PI (25K x2) but provided funds for a CRO (Sanford Burnham) to carry out a 31,000 compound screen of inhibitors for Artemis.
Role: PI
