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A.	Personal Statement

I am a geneticist with 30 years of experience in the field of molecular cytogenetics of cancer. While at The Children’s Hospital of Philadelphia I led a research program focused on the genetics of pediatric solid tumors, and was the director of the Clinical Cancer Cytogenetics Laboratory. We identified the tumor suppressor gene SMARCB1 as the gene involved in the development of rhabdoid tumors of the brain, and characterization of the alterations of this gene in a variety of rhabdoid and related tumors continues to be a major focus of my laboratory. We also identified the KIAA1549-BRAF fusion, which is the most common alteration in juvenile pilocytic astrocytoma. I have been involved in the Children’s Oncology Group for almost 25 years, as a contributing cytogeneticist and as a steering member of the CNS Disease committee. In my new role as director of the Center for Personalized Medicine at Children’s Hospital Los Angeles (CHLA), we have developed a variety of next-generation sequencing (NGS)-based assays for both constitutional and acquired (cancer) disorders, including OncoKids, a DNA and RNA-based next generation sequencing panel for somatic alterations in pediatric leukemia and solid tumors. This experience will be invaluable to this program as I bring a depth of expertise in both constitutional disorders and pediatric oncology in a CAP/CLIA laboratory that is unique amongst most major institutions. 

1. Biegel, J.A., Zhou, J-Y., Rorke, L.B., Stenstrom, C.,  Wainwright, L.M. and Fogelgren, B. Germline and acquired mutations of INI1 in atypical teratoid and rhabdoid tumors. Cancer Res  59:74-79, 1999. PMID:9892189.
2. Lee, R.S., Stewart, C., Carter, S.L., Ambrogio, L., Cibulskis, K., Sougnez, C., Lawrence, M.S., Auclair, D., Mora, J., Golub, T.R., Biegel, J.A., Getz. G. and Roberts, C.W.M. A remarkably simple genome underlies highly malignant pediatric rhabdoid cancers. J. Clinical Investigation, 122:2983-3988, 2012. PMCID: PMC3408754. 
3. Triska, P*., Kaneva*, K, Merkurjev, D., Sohail, N., Falk, M.J., Triche, T.J. Jr., Biegel, J.A. and Gai, X. Pan-cancer analyses of germline and somatic mitochondrial mutations in pediatric malignancies, Cancer Research, DOI: 10.1158/0008-5472.CAN-18-2220.
4. Sweet-Cordero, E.A.J. and Biegel, J.A. The genomic landscape of pediatric cancers and implications for precision medicine. Science, 363:1170-1175, 2019. PMID 30872516


B.	Positions and Honors

Positions and Employment

Academic Appointments
1984-1986			Medical Research Associate, Department of Pathology, Duke University, Durham, NC, 
1986-1990 	Research Associate, Division of Human Genetics and Molecular Biology, The Children’s Hospital of Philadelphia, Philadelphia, PA 
1990-1996 	Research Assistant Professor, Department of Pediatrics, University of Pennsylvania School of Medicine, Philadelphia, PA 
1996-2000 	Research Associate Professor, Department of Pediatrics, University of Pennsylvania School of Medicine, Philadelphia, PA 
2000-2004 	Associate Professor of Pediatrics at The Children’s Hospital of Philadelphia, University of Pennsylvania School of Medicine, Philadelphia, PA 
2004-2015 	Professor of Pediatrics at The Children’s Hospital of Philadelphia, University of Pennsylvania School of Medicine, Philadelphia, PA 
2015-present	Professor of Clinical Pathology (Clinical Scholar), Keck School of Medicine, University of Southern California, Los Angeles, CA 

Clinical Administrative Appointments
1984-1986	Assistant Director, Laboratory of Cytogenetics, Department of Pathology, Duke University Medical Center, Durham, NC
1998-2015 	Director, Cancer Cytogenetics Laboratory, Department of Pathology and Laboratory Medicine, The Children's Hospital of Philadelphia, Philadelphia, PA 
[bookmark: _Hlk528069184]2015-present	Director, Center for Personalized Medicine, and Chief of the Division of Genomic Medicine, Department of Pathology and Laboratory Medicine, Children’s Hospital Los Angeles, Los Angeles, CA

Other Experience and Professional Memberships
1988-present 		American Society of Human Genetics 
1991-present		Founding Fellow, American College of Medical Genetics 
1987-present 		Children’s Oncology Group 
1996-present 		Society of Neuro-Oncology 
2004-present 		American Cytogenetics Conference 
2011-present		Cancer Genomics Consortium 
2015-present 		Association for Molecular Pathology 
2015-present		American Association for Cancer Research

Honors
1991	Research Achievement Award, Department of Pediatrics, The Children’s Hospital of Philadelphia, Philadelphia, PA 
1998	Pediatric Brain Tumor Foundation, Basic Laboratory Pediatric Brain Tumor Research Award of Excellence 
2003				14th Annual W.W. Sutow Award, M.D. Anderson Cancer Center 
2005				Adam Balinsky Lecturer, Hospital for Sick Children, Toronto, CA

C.	Contributions to Science

1. 	Identification of tumor-associated genomic alterations in pediatric cancer and the CHLA Center for Personalized Medicine

The identification of the Philadelphia chromosome in chronic myeloid leukemia and loss of chromosome 22 in meningioma of the brain opened up a new area of research for me as a clinical fellow in genetics, and as a lab director in cancer genetics. I have identified or contributed to the identification of numerous genomic alterations in leukemia, bone marrow failure syndromes, pediatric brain tumors and most notably, rhabdoid tumors. Molecular genetic subgrouping of tumors is increasingly being used as an aid in diagnosis and prognosis across all cancer types. Although several institutions have centers for precision medicine, we have strengths across pathology, genetics and clinical oncology at CHLA that have allowed us to build a unique Center for Personalized Medicine focused on pediatric disease. We provide a variety of NGS-based assays for constitutional disorders and cancer, coupled with a biorepository for tumor specimens, and state of the art imaging and spectroscopy.

a. Roth, J.J.,Santi, M, Rorke-Adams, L.B., Harding, B.N., Busse, T.M, Tooke, L.S. and Biegel, J.A. Diagnostic application of high resolution single nucleotide array analysis for children with brain tumors. Cancer Genet, 107:111-123, 2014. PMID:24767714. PMCID: PMC4161453.
b. Busse, T.M., Roth, J.J.* Wilmoth, D., Wainwright, L., Tooke, L. and Biegel, J.A. Copy number alterations determined by single nucleotide polymorphism array testing in the clinical laboratory are indicative of gene fusions in pediatric cancer patients. Genes, Chromosomes and Cancer, DOI: 10.1002/gcc.22477. PMID: 28597942.
c.  Ji. J, Shen, L., Bootwalla, M., Quindipan, C., Tatarinova, T., Maglinte, D.T., Buckley, J., Raca, G., Saitta, S.C., Biegel, J.A., Gai, X., Whole exome sequencing in the pediatric setting: A semi-automated and phenotype-driven workflow leads to high diagnostic yield, Cold Spring Harb Mol Case Stud. 2019 Feb 12. pii: mcs.a003756. doi: 10.1101/mcs.a003756.
d. Hiemenz, M.C., Ostrow, D.G., Busse, T.M., Buckley, J., Maglinte, D.T., Bootwalla, M., Done, J. Ji, J., Raca, G., Ryutov,A.. Xu, X., Zhen, C.J., Conroy, J.M., Hazard, F.K., Deignan, J.L., Rogers, B., Treece, A.L., Parham, D.M., Gai, X., Judkins, A.R., Triche, T.J., Biegel, J.A.: OncoKidsSM: A comprehensive next-generation sequencing panel for pediatric malignancies. J Mol Diagn. 2018 Nov;20(6):765-776. doi: 10.1016/j.jmoldx.2018.06.009. Epub 2018 Aug 20.PMID:30138724

5. Cytogenomic and sequencing assays form the basis for the identification of tumor specific alterations in pediatric brain tumors

I have used a variety of molecular and cytogenetic assays to characterize the genomic alterations across the spectrum of pediatric brain tumors. We identified a recurrent gain of a region of chromosome 7 by high-resolution microarray analysis in a series of low-grade gliomas, and subsequently demonstrated that a tandem duplication in 7q34 results in a dominant activating KIAA1549-BRAF fusion. We have recently shown that trisomy 7, with or without a KIAA1549-BRAF fusion, is associated with a 4-5 fold increased risk of recurrence for patients with pilocytic astrocytoma.  Findings such as these contributed to a new classification of brain tumors by the World Health Organization (WHO) that incorporates molecular genetic findings into the subtyping of a variety of brain tumor types. Novel therapeutic strategies are being developed based on the molecular genetic findings in brain tumors. The risk for family members and recurrence risk for patients are impacted by the identification of mutations or deletions in genes associated with cancer predisposition.

a. Sievert, A.J., Jackson, E.M., Gai, X., Hakonarson, H., Judkins, A.R., Resnick, A.C., Sutton, L.N., Storm, P.B., Shaikh, T.H. and Biegel, J.A. Duplication of 7q34 in pediatric low-grade astrocytomas detected by high-density single nucleotide polymorphism-based genotype arrays results in a novel BRAF fusion gene. Brain Pathology, 19:449-458, 2009. PMCID: PMC2850204.
b. Dougherty, M.J., Santi, M., Brose, M.S., Ma, C., Resnick, A.C., Sievert, A.J., Storm, P.B. and Biegel, J.A. Activating mutations in BRAF characterize a spectrum of pediatric low-grade gliomas. Neuro-Oncology 12:621-630, 2010. PMCID: PMC2940652. 	
c. Roth, J.R., Santi,M., Pollock, A.N., Harding, B.N., Rorke-Adams, L.B., Tooke, L.S. and Biegel, J.A. Chromosome band 7q34 deletions resulting in KIAA1549-BRAF and FAM131B-BRAF fusions in pediatric low grade gliomas. Brain Pathol, 2014 Jul 4. doi: 10.1111/bpa.12167. [Epub ahead of print]. PMID:25040262. PMCID: PMC4282976.
d. Cotter, J.A., Karimov, C., Boghossian, L., Margol, A., Dhall, D., Tamrazi, B., Kiyabu, M., Varaprasathan, G.I., Parham, D., Judkins, A.R. and Biegel, J.A. Transmission of a TP53 germline mutation from unaffected male carrier associated with pediatric glioblastoma in his child and gestational choriocarcinoma in his female partner [Epub ahead of print] March, 2018, doi: 10.1101/mcs.a002576 Cold Spring Harbor Mol Case Stud 4: a002576. PMCID: PMC5880265.

6. Inactivation of a key component of the SWI/SNF chromatin-remodeling complex, SMARCB1, leads to development of pediatric rhabdoid tumors

[bookmark: _GoBack]We initially described monosomy 22, and translocations involving chromosome band 22q11.2, as a recurrent chromosomal alteration in a series of highly malignant brain tumors in young infants. In collaboration with Dr. Lucy Rorke, we described a new entity, atypical teratoid/rhabdoid tumor (AT/RT), which is distinguished from other malignant brain tumors by its peak incidence in young infants, very aggressive clinical course, and complex histologic components. AT/RT, similar to rhabdoid tumors of the kidney and soft tissues, is now recognized by the WHO as a distinct embryonal tumor.  In my research laboratory, Dr. Alex Judkins developed an immunohistochemistry assay for SMARCB1, based on the loss of this protein in tumor nuclei, which is now used world-wide as the definitive pathologic diagnostic assay for rhabdoid tumors. I was the first investigator to demonstrate germline mutations in SMARCB1, also known as INI1/hSNF5/BAF47, in patients with rhabdoid tumors of the brain, kidney and soft tissues. We have shown that mutations or deletions of SMARCB1 characterize several other entities, including schwannomas and epithelioid sarcomas. Whole exome and whole genome sequencing studies of rhabdoid tumors were performed in collaboration with the Broad Institute, which demonstrated the lowest number of somatic mutations across a wide spectrum of pediatric and adult cancers. Thus, inactivation of SMARCB1 appears to be both necessary and sufficient for tumorigenesis. Continuing functional studies of SMARCB1 are in progress with several of our collaborators.

a. Biegel, J.A., Zhou, J-Y., Rorke, L.B., Stenstrom, C.,  Wainwright, L.M. and Fogelgren, B. Germline and acquired mutations of INI1 in atypical teratoid and rhabdoid tumors. Cancer Res 59:74-79, 1999. PMID:9892189. 
b. Eaton, K.W., Tooke, L.S., Wainwright, L.M., Judkins, A.R. and Biegel, J.A. Spectrum of SMARCB1/INI1 mutations in familial and sporadic rhabdoid tumors. Pediatric Blood &Cancer, 56:7-15, 2011. PMCID: PMC3086793.
c. Biegel, J.A., Busse, T.M. and Weissman, B.E. “SWI/SNF chromatin remodeling complexes and cancer”, Am J Med Genet - Part C, 28 Aug 2014 | DOI: 10.1002/ajmg.c.31410. PMID:25169151. PMCID: PMC4516040
d. Wang, X., Lee, R.S., Alver, B.H., Haswell, J.R., Mieczkowski, J., Drier, Y., Gillespie, S.M., Archer, T., Wu, J.N., Tzvetkow, E.P., Pomeroy, S., Biegel, J.A., Tolstorukov, M.Y., Bernstein, B.E., Park, P.J., Roberts, C.W.M. SMARCB1-mediated SWI/SNF complex function is essential for enhancer regulation. Nature Genetics, 49:289-295. doi: 10.1038/ng.3746. 2017 PMID:2794179. PMCID: PMC5285474.

D. Research Support 

Ongoing Research Support

HHSN261201500003I								Biegel (PI) 						  		08/01/17-09/30/21
Task Order # HHSN26100026
NIH/NCI
Subcontract with Leidos Biomedical Research Inc.   
Pediatric MATCH germline reporting  
Dr. Biegel provides interpretative reports for COG institutional oncologists who enroll pediatric patients on the APEC1621SC trial, based on the sequencing of blood samples by the MATCH laboratories. The goal of this aim of the study is to determine the incidence of predisposing germline mutations in 45 genes in relapsed patients with a variety of solid tumors.
Role: PI											




Completed Research Support

R24 DK103001							 		Olson (PI)							 		09/01/14-06/30/17
NIH
Towards Precision Medicine in Childhood Acquired Aplastic Anemia
The goal of this project was to study clonal hematopoiesis in acquired aplastic anemia and
identify genes involved in acquired bone marrow failure in children.
Role: Co-I

R01 CA46274	       								Biegel (PI)									01/01/97-05/31/15
NIH 	
Genetics of Pediatric Rhabdoid Tumors						
The aims of this grant were to identify genes involved in the pediatric rhabdoid tumors of the brain, kidney and soft tissues, and perform genotype-phenotype correlations.
Role: PI
