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A.	Personal Statement

I am a practicing pathologist funded for research in human cancer and mouse models of cancer. I have focused on the molecular genetics of colorectal cancer with an emphasis on understanding the significance of intratumoral heterogeneity. I have a long-standing interest in applying quantitative methods to cancer genomic data, in particular using “molecular clocks” to reconstruct the pasts of human tumors. I have worked closely with many current cancer center members. Initially we used microsatellite loci, and then DNA passenger methylation as molecular clocks because their error rates are high enough to record time (mitotic age) for human tissues. However, advances in sequencing have now made it possible to use somatic point mutations as molecular clocks. Advances in epigenetics should also make it possible to reconstruct the “phenotype” of a first tumor cell. Information on what a first tumor cell looks like and what happens during early tumorigenesis is likely to improve efforts to prevent, detect, and kill small human tumors, a phase during which they are most vulnerable compared to advanced tumors that are essentially incurable.  
B.	Positions and Honors

1983-1984	Pediatric Internship, University of California, San Diego
1984-1989	Pathology Residency, University of Southern California, Los Angeles
1989-1995	Assistant Professor of Pathology, University of Southern California
1995-2002	Associate Professor Pathology, University of Southern California
2002-		Professor of Pathology, University of Southern California
Other Experience and Professional Memberships
1985		California Medical License
1986-		Member, American Association of Science
1988		Board Certified, American Board of Pathology (anatomic and clinical)
1994-		Member, American Association of Cancer Research
1996-2000	Associate Editor, American Journal of Pathology
2001-      	Editorial Board, American Journal of Pathology
2006-              Editorial Board, BMC Cancer 
2008-              Editorial Board, Journal of Pathology
2010-		Member, NCI BSC (Board of Scientific Counselors---Clinical Sciences and Epidemiology) 
2014-		The Centre for Evolution and Cancer, ICR, London, external adviser
C.	Contribution to Science

1. KRAS mutations are common in pancreatic cancer: Major contributions were the then new ability to use PCR to amplify DNA from fixed tissues and also to use microdissection to enrich for tumor cells. These practices are essential and now standard in modern cancer research. 
	a. Shibata D, Arnheim N, Martin WJ. Detection of human papilloma virus in paraffin-embedded tissue using the polymerase chain reaction. J  Exp Med 1988;167:225-30.
	b. Almoguera C, Shibata D, Forrester K, Martin WJ, Arnheim N, Perucho  M. Most human carcinomas of the exocrine pancreas contain mutant c- K-ras genes. Cell 1988;53:549-54.

2. Discovery of DNA mismatch repair deficient colorectal cancers and the use of microsatellite loci (MS) as human somatic molecular clocks: A contribution was the ability to microdissect tumor cells for the initial demonstration that MS loci in DNA mismatch repair tumors (MSI+) accumulate many somatic deletions/insertions. In MSI+ tumors, the MS mutation rate is high enough to use MS loci as somatic cell molecular clocks. Our group was the first to publish ancestral reconstructions of human cancers. The Nature Medicine paper was the beginning of ongoing collaborations with mathematically oriented co-investigators leading to the present grant application. 
	a. Ionov Y, Peinado MA, Malkhosyan S, Shibata D, Perucho M. Ubiquitous somatic mutations in simple repeat sequences reveals a new mechanism for colorectal carcinogenesis. Nature 1993;363:558-61
	b. Shibata D, Peinado MA, Ionov Y, Malkhosyan S, Perucho M. Genomic instability in simple repeat sequences is a very early somatic event in colorectal tumorigenesis that persists after transformation. Nature Genetics 1994;6:273-81
	c. Shibata D, Navidi W, Salovaara R, Li ZH, Aaltonen LA. Somatic microsatellite mutations as molecular tumor clocks. Nature Medicine 1996;2:676-81

3. DNA passenger methylation can be used as human somatic molecular clocks: Unfortunately MS loci do not mutate frequently enough to serve as somatic cell molecular clocks in MSI- tumors or normal tissues. What we realized with the MS clock studies was that most somatic mutations actually accumulate in normal tissues because the visible tumor phase is limited to the last few years. However, very little is known about how normal human tissues change with aging. We therefore developed CpG DNA methylation as somatic cell clocks because age-related methylation was commonly observed in many normal tissues. We hypothesized that age-related changes in DNA methylation were random replication errors and therefore could serve as mitotic clocks. We developed and currently use a small number of loci that show essentially random changes in DNA methylation patterns that correlate with mitotic age. Comparisons of DNA methylation patterns sampled from multiple regions of the same tumor or tissue can be used to reconstruct ancestries of both normal and neoplastic human tissues. Using these DNA methylation clocks, we were able to infer that human colon crypts contain multiple mitotic stem cells that randomly turn over through “neutral drift”, a finding later demonstrated experimentally in mice. These DNA methylation clock studies allowed us to develop algorithms and methods (such as isolation of tumor glands) essential for human tumor ancestral reconstruction. 
	a Yatabe Y, Tavaré S, Shibata D. Investigating stem cells in human colon by using methylation patterns. Proc Natl Acad Sci USA 2001;98:10839-10844.
	b Siegmund KD, Marjoram P, Woo YJ, Tavaré S, Shibata D. Inferring Clonal Expansion And Cancer Stem Cell Dynamics From DNA Methylation Patterns In Colorectal Cancers. Proc Natl Acad Sci U S A. 2009; 106:4828-33. PMCID: PMC2651202
	c. Siegmund KD, Marjoram P, Tavaré S, Shibata D. High DNA methylation pattern intratumoral diversity implies weak selection in many human colorectal cancers. PLoS One. 2011;6:e21657.
	d. Kreso A, O'Brien CA, van Galen P, Gan OI, Notta F, Brown AM, Ng K, Ma J, Wienholds E, Dunant C, Pollett A, Gallinger S, McPherson J, Mullighan CG, Shibata D, Dick JE. Variable clonal repopulation dynamics influence chemotherapy response in colorectal cancer. Science. 2013;339:543-8. PMID: 23239622.


4. Modeling human tumor progression: The following papers reflect our efforts to use quantitative approaches to reconstruct how human cancers may arise. The theme is that one should be able to connect the smallest features of human cancer (individual cells, specifically the numbers of long-lived stem cell lineages and how often they divide) with the largest features of human cancer (cancer epidemiology, specifically the increase in cancer frequencies with aging). Our conclusion is that most human colorectal cancers can arise by “chance”, defined here as arising from normal cell division and mutation rates. This topic is controversial, but should be answerable if one could measure stem cell numbers and behaviors. Hence our abilities to measure human stem cells with the above methylation clocks have allowed us to model the role of “chance” in getting cancer. 
	a. Calabrese P, Tavaré S, Shibata D. Pre-tumor Progression: Clonal Evolution of Human Stem Cell Populations. Am J Pathol 2004;164: 1337-1346.
	b. Calabrese P, Mecklin JP, Järvinen HJ, Aaltonen LA, Tavaré S, Shibata D. Numbers of Mutations To Different Types of Colorectal Cancer. BMC Cancer 2005, 5:126 
	c. Woo YJ, Siegmund KD, Tavaré S, Shibata D. Older individuals appear to acquire mitotically older colorectal cancers. J Pathol. 2009;217:483-488
	d. Calabrese P, Shibata D. A simple algebraic cancer equation: calculating how cancers may arise with normal mutation rates. BMC Cancer. 2010;10:3.

5. Reconstruction of the first few human tumor cell divisions: Improvements in DNA sequencing now allow our group to use somatic mutations as molecular clocks, specifically to reconstruct the first few divisions of human colorectal tumors. As noted above, this ability is not a new development but rather a natural progression of our work over many years to develop and use molecular clocks to reconstruct ancestries of human cells.
	a. Shibata D. Cancer. Heterogeneity and tumor history. Science. 2012;336:304-5. PMID: 22517848
	b. Sottoriva A, Kang H, Ma Z, Graham TA, Salomon MP, Zhao J, Marjoram P, Siegmund K, Press MF, Shibata D, Curtis C. A Big Bang model of human colorectal tumor growth. Nat Genet. 2015 Feb 9. doi:  10.1038/ng.3214. [Epub ahead of print] PMID: 25665006

Complete List of Published Work in MyBibliography:
 http://www.ncbi.nlm.nih.gov/sites/myncbi/darryl.shibata.1/bibliography/41162765/public/?sort=date&direction=ascending

D.	Research Support

Active

1R21CA185016-01 (Shibata)		04/01/2014 - 03/31/2016     
NIH/NCI		
"Born to be Bad": Is Abnormal Cell Mobility Already Present At Initiation?

The major goal is to reconstruct from somatic alterations the early evolution and movements of the first cells shortly after tumor initiation.


5 R01 GM32741 (PI Liskay)			07/01/2010 – 06/30/2014 (no cost extension)    
NIH National Institute of General Medical Sciences      
Effects of stochastic gene alterations on intestinal tumorigenesis in the mouse
 
The major goals of this project:  Model colorectal cancer in mice using a novel system for stochastically mutating cancer genes in the mouse intestine.


1 R21 CA170814  (Shibata)                       	09/13/2012 – 08/31/2014   (no cost extension)                     
NIH/NCI   	 
How Do NSAIDs Prevent Colorectal Cancer

The major goal is to determine the effects of NSAIDs on stem cell survival in mouse intestinal crypts.
Completed Research Support

1 R21 CA149990-01 (Shibata)		04/01/2010 – 03/31/2012
NIH/NCI						
Tumor Diversity as A Biomarker For Colorectal Cancer	

The major goal is to examine if methylation pattern diversity correlates with clinical outcome for Stage III colorectal cancers


Role: Co-Investigator
1 R21 CA151139 (PI Siegmund)                  09/01/2010 – 08/31/2012          
NIH/NCI     				                                                               
Applying Molecular Phylogeny to Predict Clinical Outcomes in Cancer 

Our primary objective is to investigate the utility of cancer molecular phylogeny, an approach to measuring cancer age, to predict clinical outcomes.

