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A. Personal Statement
I am a physician scientist trained in pathology and cancer biology. We have made a series of seminal discoveries that have identified a central role for ecDNA (extrachromosomal DNA) in cancer development, progression, accelerated tumor evolution and drug resistance. These findings have provided a new understanding of the fundamental mechanisms of oncogene amplification and the spatial organization of altered tumor genomes, launching a new area of cancer research that links circular architecture with tumor pathogenesis. We have developed and applied a set of state of the art genetic, biochemical, computational, and advanced cell imaging tools to decipher the structure of circular ecDNA in cancer to a well-curated, large set of deeply characterized, ecDNA+ cancer models, revealing enhanced chromatin accessibility and the physical formation of new cis-regulatory interactions that lead to massive oncogene transcription and tumor progression. My lab has also uncovered metabolic co-dependencies that are downstream consequences of oncogene amplification. These include a central role for altered biochemical mechanisms that regulate oncogene copy number and function. These discoveries have resulted in new understandings of some of the fundamental processes by which oncogene amplification drives cancer progression and drug resistance in the changing environments within which tumors develop.  


Current NIH funding:

NCI/CRUK – Cancer Grand Challenge – (Mischel, PI)		07/01/2022 – 06/30/2027
eDyNAmiC (extrachromosomal DNA in Cancer) - Understanding the biology of ecDNA generation and action, and developing new ways to target these mechanisms in cancer
Mischel is PI of eDYNAMIC team tacking the ecDNA Cancer Grand Challenge

R01CA23824901A1 (Mischel and Cravatt, Multi-PI R01)	04/01/2021 – 03/31/2026
Integrated ligand and target discovery by chemical proteomics for glioblastoma
Treatment 

R01 NS112482-01 (Lairson, PI) 					06/01/2019 – 03/31/2021                     
NIH      										
A RIPK2-Targeting Apoptosis-Inducing Small Molecule for the Treatment of Glioblastoma

U24CA264379 (Bafna, PI)						09/01/2021 – 08/31/2026                     
Software and algorithms for elucidating the structure, function, and evolution of
extrachromosomal DNA

Current Foundation Grants: 
[bookmark: OLE_LINK2]National Brain Tumor Society (Mischel, PI)			07/01/2021 – 06/30/2023
Targeting metabolic co-dependency pathways in glioblastoma

[bookmark: OLE_LINK1]United States-Israel Binational Science Foundation (Mayo-PI, Mischel Co-I)	12/1/2021 – 11/30/2025
Targeting LXR-cholsterol axis in glioblastoma associated microglia


Prior NIH funding (many foundation grants as well): 

K08 NS 043147 (Mischel, PI)					09/20/01-8/31/06	
NIH/NINDS
Trk receptor mediated apoptosis of medulloblastoma cells

R01 NS 050051 (Mischel, PI)					12/01/04-11/30/09
NIH/NINDS
Glioblastoma: Molecular analysis for clinical trials 

RO1 CA 108633 (Mischel and Chakarvati, Co-PIs)		03/31/05-03/31/11 
NIH/NCI
Signal transduction pathways in glioblastoma

U54 CA 151819 (Heath PI, Mischel, PI of project 4)		09/01/08-07/01/13
NIH/NCI
Heterogeneity of Glioblastoma


B.	Positions and Honors
Positions and Employment
2021- pres		Professor and Vice Chair for Research, Department of Pathology, Stanford University
2021- pres		Institute Scholar, Sarafin ChEM-H, Stanford University
2018-2021		Distinguished Professor of Pathology, University of California, San Diego
2012-2018		Professor of Pathology, University of California, San Diego
2012-2020		Member, Ludwig Institute
2008-2012		Lya and Harrison Latta Professor of Pathology
2006-2012		Professor, Department of Pathology and Laboratory Medicine, UCLA School of Medicine
2006-2012		Professor, Dept. of Molecular and Medical Pharmacology, UCLA School of Medicine
2005-2012		Co-Director, Cancer Stem Cell Program Area, UCLA Institute for Stem Cell Biology & Medicine
2004-2006		Associate Professor, Department of Pathology & Lab. Medicine, UCLA School of Medicine
1998-2004		Assistant Professor, Department of Pathology & Lab. Medicine, UCLA School of Medicine

Honors and Awards
2022	Member, National Academy of Medicine (NAM)
2015	Elected Fellow, American Association for the Advancement of Science (AAAS)
2012	Inducted into the American Association of Physicians (AAP)
2010-11	President, American Society for Clinical Investigation (ASCI)
2008	Profiled in Journal of Cell Biology, People and Ideas Section, June, 2008
2007	Farber Award for Excellence in Brain Tumor Research (top brain cancer research award presented jointly by the American Association of Neurological Surgeons and the Society for NeuroOncology)
2007	Inducted into the American Society for Clinical Investigation (ASCI)
2006-2021	America’s Top Doctors for Cancer
2006-2021	America’s Top Doctors for Pathology
2004			The Johnny Mercer Foundation Research Award
2001			STOP Cancer Next Generation Award
1996			Pfizer New Faculty Award (one in Neuroscience in U.S.A.)
1991			Alpha Omega Alpha, Cornell University Medical College


C.	Contributions to Science (publications selected from 233, total; H-index =105, >37,900 citations)

1. Role of ecDNA in cancer pathogenesis. We made the paradigm-shifting discovery that oncogene amplification on circular extrachromosomal DNA is a major driver of cancer pathogenesis, accelerating tumor evolution, driving genetic heterogeneity, promoting drug resistance, and profoundly altering the nucleosome architecture in human cancer. Previously, extrachromosomal DNA was thought to very rare event (1.4% of cancers) of unknown significance. Integrating whole genome sequencing, cytogenetics, structural modelling and the development of new computational tools to enable quantification of extrachromosomal DNA in heterogeneous tumors, we demonstrated that many of the most aggressive human cancers possess amplified oncogenes on circular extrachromosomal DNA and we demonstrated that this unique mechanism potently accelerates tumor evolution and contributes to therapeutic resistance. This line of research overturns current dogma and opens an entirely new field in cancer research that begins to explain why many cancers appear not to be following classical Mendelian genetics, reaching super high oncogene copy number while maintaining intratumor genetic heterogeneity, and rapidly changing their genomes in changing conditions. We have gone on to show that the circular ecDNA is amongst the most accessible chromatin in the genome, generating new cis-regulatory interactions created by its circular shape, altering the epigenome and driving massive oncogene transcription. We have further gone on to identify that ecDNA can arise pre-cancer and be involved in tumor progression; that is heavily selected; that it drives therapeutic resistance through accelerated tumor evolution, and that it is associated with shorter survival of cancer patients. Based on this work, our team which I lead, eDyNAmiC, received one of four, $25M awards from the Cancer Grand Challenges Program, jointly funded by Cancer Research UK and the National Cancer Institute. 

a. Luebeck J, Ng AWT, Galipeu PC, ……Fitzgerald RC, Paulsen TG, Chang HY, Wu S, Bafna V, Mischel PS. Extrachromosomal DNA in the cancerous transformation of Barrett’s oesophagus (Article). Nature. 2023, In Press.

b. Hung K., Yost KE, Xie L, …. Bafna V, Henssen A, Mischel, PS., Liu Z, Chang HY. (2021) ecDNA hubs drive cooperative intermolecular oncogene expression (Article). Nature, 2021, Dec; 600(7890):731-736. doi: 10.1038/s41586-021-04116-8. Epub 2021 Nov 24. PMID: 34819668

c. Wu S, Turner KM, Wu S, Nguyen N, Raviram R, Erb M, Santini J, Luebeck J, Rajkumar U, Diao Y, Li B, Zhang W, Jameson N, Corces R, Granja JM, Chen X, Coruh C, Abnousi A, Houston J, Ye Z, Hu R, Yu M, Kim H, Law J, Verhaak R, Hu M, Furnari FB, Chang HY, Ren B, Bafna V, Mischel PS. Circular extrachromosomal DNA promotes accessible chromatin and high oncogene expression. (Article) Nature. 2019, November: 575(7784):699-703.  DOI:10.1038/s41586-019-1763-5. PMID: 317487743. 

d. Turner KM, Deshpande V, Beyter D, Koga T, Rusert J, Lee C, Li B, Arden K, Ren B, Nathanson D, Kornblum HI, Taylor MD, Kausal S, Cavenee WK, Wechsler-Rena R, Funari FB, Vandenberg S, Rao PN, Wahl GM, Bafna V, Mischel PS. Extrachromosomal Oncogene Amplification Drives Tumor Evolution and Genetic Heterogeneity. Nature, 2017, February 8. Doi:10.1038/nature21356. PMID:28178237.


2. ecDNA in cancer evolution and drug resistance. We have identified a central role for ecDNA in accelerated tumor evolution, driving rapid drug resistance. This is largely driven by their non-chromosomal mechanism of inheritance. 
a. Lange JT., Rose J., Chen CY., …. Bafna V, Henssen A, Werner B, Mischel PS. The evolutionary dynamics of extrachromosomal DNA (ecDNA) in human cancers. Nature Genetics, 2022, Oct;54(10):1527-1533,  doi: 10.1038/s41588-022-01177-x. Epub 2022 Sep 19.PMID: 36123406

b. Bergstrom EN, Luebeck J, Petljak M, Khandekar A, Barnes, M, ZhangT, Steele CD, Pillay N, Landi MT, Bafna V, Mischel PS, Harris RS, Alexandrov LB. Comprehensive analysis of clustered mutations in cancer reveals recurrent APOBECC3 mutagenesis of ecDNA. Nature, 2022 Feb;602(7897):510-517. doi: 10.1038/s41586-022-04398-6. Epub 2022 Feb 9. PMID: 35140399

c. Nathanson DA, Gini B, Mottahedeh J, Visnyei K, Koga T, Gomez G, Eskin A, Hwang K, Wang J, Masui K, Paucar A, Yang H, Ohashi M, Zhu S, Wykosky J, Reed R, Nelson  SF, Cloughesy TF, James CD, Rao PN, Kornblum HI, Heath JR, Cavenee WK, Furnari FB, Mischel PS. Targeted therapy resistance mediated by dynamic regulation of extrachromosomal mutant EGFR DNA. Science. 2014 Jan 3;343(6166):72-6. doi: 10.1126/sci. 

3. Tool development for ecDNA analysis from sequencing data. We have developed a suite of tools for ecDNA analysis that are being used widely by scientists across the world. 

a. Hung KL., Luebeck J., ….. Mischel PS., Bafna V, Chang HY. Targeted profiling of human extrachromosomal DNA by CRISPR-CATCH. Nature Genetics, 2022, In Press. 

b. Kim H, Nguyen N, Turner KM, Wu S, Gujar AD, Luebeck J, Liu J, Deshpande V, Rajkumar U, Namburi S, Amin SB, Yi E, Menghi F, Schulte JH, Henssen AG, Chang HY, Beck C, Mischel PS*, Bafna V*, Verhaak R* (*co-senior authors). Extrachromosomal DNA is associated with oncogene amplification and poor outcome across multiple cancers. Nature Genetics, 2020, September, 52(9):891-897. DOI: 10.1038/s41588-020-0678-2. Epub 2020 Aug 17.PMID: 32807987

c. Lubeck J, Coruh C, Dehkordi SR, Lange JT, Turner KM, Deshpande V, Pai DA, Zhang Cm Rajkumar U, Law JA, Mischel PS, Bafna V. Ampliconi Reconstructor: Integrated  analysis of NGS and optical mapping resolves the complex structure of focal amplifications in cancer. Nature Communications, 2020, September 1, 11(1):4374. doi: 10.1038/s41467-020-18099-z. PMID: PMID: 32873787.

d. Deshpande V, Luebeck J,  Bakhtiari M, Nguyen N, Turner KM, Schwab R, Carter H, Mischel PS, Bafna V. Exploring the landscape of focal amplifications in cancer using AmpliconArchitect. Nature Communications, 2019 Jan 23. 10(1):392. PMID: 30674876.

4. Dissecting actionable metabolic dependencies generated by oncogene amplification. We have discovered a series of metabolic co-dependencies that are downstream consequences of oncogene amplification that may be actionable drug targets. This work is highly relevant to the current proposal, because it utilizes many of the same experimental methodologies, including the CRISPR-based approaches and the indicuble RNA interference strategies in vivo, and because these studies also focused on ecDNA-driven cancers. These papers have been widely highlighted in the scientific press, including in Nature Reviews Cancer, Cell Chemical Biology, Nature Reviews Molecular and Cell Biology, and Science Translational Medicine. 
a. Bi J, Khan A, Tang J, Armando A, Wu S, Zhang W, Gimple RC, Reed A, Jings H, Koga T, Wong ITL, Tu Y, Shunichiro M, Yang H, Prager B, Curtis EJ, Wainwright DA, Furnari FB, Rich JN, Cloughesy TF, Kornblum IK, Quehenberger O, Rzhetsky A, Cravatt BF, Mischel PS. Targeting Glioblastoma Signaling and Metabolism with A Re-Purposed Brain-Penetrant Drug. Cell Reports, 2021, Nov 2;37(5):109957. doi: 10.1016/j.celrep.2021.109957.PMID: 34731610.

b. Chowdhry S, Rajkumar, U, Koga T, Diao Y, Raviram R, Liu F, Turner KM, Yang H, Brunk E, Furnari F, Bafna V, Ren B, Mischel PS. Tissue lineage determines NAD metabolic dependencies in cancer through gene amplification and enhancer remodeling. (Article). Nature, 2019, May;569(7757):570-575. doi: 10.1038/s41586-019-1150-2. PMID: 31019297.

c. Bi J, Ichu TA, Zanca C, Yang H, Zhang W, Gu Y, Chowdhry S, Reed A, Ikegami S, Turner KM, Zhang W, Villa GR, Wu S, Quehenberger O, Yong WH, Kornblum HI, Rich JN, Cloughesy TF, Cavenee WK, Furnari FB, Cravatt BF, Mischel PS. Cell Metab. 2019 Sep 3;30(3):525-538.e8. doi: 10.1016/j.cmet.2019.06.014. Epub 2019 Jul 11. PMID: 31303424.

d. Villa GR, Hulce JJ, Zanca C, Bi J, Ikegami S, Cahill GL, Gu Y, Lum KM, Masui K, Yang H, Rong X, Hong C, Turner K, Liu F, Hon G, Jenkins S, Martini M, Armando AM, Quehenberger O, Cloughesy TF, Furnari FB, Cavenee WK, Tontonoz P, Gahman TC, Shiau AK, Cravatt BF, Mischel PS. An LXR-Cholesterol Axis Creates a Metabolic Co-Dependency for Brain Cancers Cancer Cell, 2016, November 14; 30(5):683-93. PMID:27746144. 


Link to full 233 papers published or in press: http://www.ncbi.nlm.nih.gov/pubmed/?term=mischel+p 



