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A. Personal Statement

My interest in cancer biology grew out of personal experiences and the exciting diversity of biologic

mechanisms that impact upon the processes of cancer initiation, spread and treatment. In 1993, with

Stuart Schreiber, we developed the first Chemical Inducers of Proximity, CIPs (Spencer et al. Science 1993) and later used them to understand the role of induced proximity in biology.  These studies led to the realization that one could regulate many biologic processes with induced proximity based on the statistical mechanical form of the inversed square law. These processes included receptor activation, post translational protein modifications, protein degradation and protein stabilization as well as cellular localization. We also showed that induced proximity could regulate many steps in epigenetic suppression and epigenetic activation by histone modification enzymes (Hathaway, N. et al Cell 2012) and ATP-dependent chromatin remodelers (Stanton, B. et al Nature Genetics 2017). Our studies defining the roles of induced proximity in transcription (Ho, S. et al Nature 1996) and in programmed cell death (Spencer, D.M. et al Current Biology 1996) led us to the possibility of rewiring mutated oncogenes to directly activate programmed cell death pathways and thereby specifically killing the cancer cell with its driver.  
One of the great gifts of my career is my good fortune to be able to work every day with students.  The daily excitement of discussing problems with students and postdoctoral fellows and to at least occassionally solve problems with them has been a continuing source of fullfillment.   The students and postdoctoral fellows in our laboratories and our classrooms will shape the face of science and medicine in the  comng years.  Therefore, I take effort to attract students and to be a good mentor for them once they are in my laboratory.  As part of the Developmental Biology Program and the Pathology Department, I try to provide opportunities for all students regardless of background and to be inclusive of all minorities and disabilities.  I provide a safe laboratory environment and  begin every lab meeting with health and safety issues.  I try to be there for students that are having difficulty with their personal lives and to be available to discuss and to provide advice, if asked.   I am very proud to say that in 2008 the students elected me Stanford Mentor of the Year.  I am also proud that my postdocs have taken faculty positions at excellent universities including Stanford (7) Harvard (2), Yale (1), UCSF (2), Salk (1), University of Chicago (1), Baylor (3), NIH (2), Washington University (1), U of North Carolina (1) and started several highly sucessful companies.

B. Positions and Honors. 

1982 - 1984
Senior Investigator:  National Institutes of Health

1985 - 1990
Associate Professor of Pathology:  Stanford University School of Medicine

1987 - 1994
Associate Investigator:  Howard Hughes Medical Institute

1990 - pres
Professor of Pathology and Developmental Biology: Stanford University School of Medicine

1994 - 2021
Investigator: Howard Hughes Medical Institute
Honors:  

1984 NIH Director’s Award
2008 David Packard Lecturer
1986 Warner Lambert Park Davis Award



2008 Munck Award
1997 Elected to the National Academy of Sciences
2008 Stanford Mentor of the Year
2002 Capcure Award 2007 NIH Merit Award
2008 David Korn Professorship
2003 Christopher Reeve Foundation
2013 Javits Neuroscience Investigator Award
2004 Outstanding Inventor, Stanford Univ.
2015 American Association for the 
2006 Thomson Scientific Laureate in Chemistry
         Advancement of Science Fellow
          with S. Schreiber

C. Contribution to Science:
https://www.ncbi.nlm.nih.gov/myncbi/gerald.crabtree.1/bibliography/public/
Development of Chemical Inducers of Proximity (1993 to present)

In 1993, I developed bifunctional synthetic ligands to regulate biologic processes by induced proximity(CIPs).  We used these to define the role of induced proximity in biology (a). These molecules bound to their ligands without allosteric changes and hence we were able to use them to examine the role of induced proximity without complicating allosteric actions. The work allowed us to conclude that chemically induced proximity was a fundamental regulatory mechanism.  The first of these ligands was used to activate receptors showing that simple dimerization of the intracellular domain of a receptor was all that was necessary to activate signaling.  We later found that these dimeric small molecules could activate death receptors, exchange factors, protein degradation, transcription and many other biologic processes (b) (c) (d). Other groups have used them to investigate processes as diverse as initiating protein degradation (Protacs and degraders), chromosomal segregation, protein localization within the cell (the Anchors Away system). We have used this approach to develop a method to investigate mechanisms of chromatin regulation in vivo (the CiA systems) (b). The discovery that endogenous genes could be activated by CIP (c)(d) was the fundamental discovery leading to the development of TCIPs in this proposal. Presently, nearly every major pharmaceutical company has an induced proximity group and the concepts we discovered and published have been used to found at least a dozen induced proximity companies.

(a)
Spencer DM, Wandless TJ, Schreiber SL, Crabtree GR. Controlling signal transduction with synthetic ligands. Science. 1993 Nov 12;262(5136):1019-24.   PMID: 7694365

(b)
Hathaway, N.A., Oliver Bell, Courtney Hodges, Erik L. Miller, Dana S. Neel, Gerald R. Crabtree.  Dynamics and Memory Heterochromatin in Living Cells  Cell, 2012 Jun 22;149(7):1447-60. PMCID: PMC3422694.  

(c) Gourisankar,S. Krokhotin,A. Wenzhi J, Xiaofan L, Chang,CY,  Kim,SH Zhengnian L, Wenderski,W, Simanauskaite,J.M. Yang,H., Vogel, H. Zhang,T. Michael R. Green,MR,  Nathanael S. Gray and Gerald R. Crabtree. Nature 2023 Aug;620(7973):417-425. doi: 10.1038/s41586-023-06348-2. Epub 2023 Jul 26. PMID: 37495688


  (d) Roman Sarott, Sai Gourisankar, Basel Karim, Sabin Nettles, Haopeng Yang, Brendan G.               



 Dwyer, Juste M. Simanauskaite, Jason Tse1, Hind Abuzaid, Andrey Krokhotin, Tinghu Zhang, 




 Stephen M. Hinshaw, Michael R. Green, Gerald R. Crabtree, and Nathanael S. Gray

Re-localizing Transcriptional Kinases to Activate Apoptosis. Science. 2024 Oct 4;386(6717):eadl5361. doi: 10.1126/science.adl5361. Epub 2024 Oct 4.PMID: 39361741
Early genomic discoveries including alterative splicing producing new proteins (1981-1985)

Shortly after establishing my own laboratory, I was one of the first people to report that genes could be spliced to produce alternative functional proteins (a).   In this specific case, I showed that RNA from the gamma fibrinogen gene could be spliced to produce a protein that causes platelet aggregation and to another protein that is the structural basis of a blood clot.  Prior to this discovery, genes were thought to have invariant splice forms or to have functionally identical splice forms.  A similar discovery was made by two other groups in the same year, but with different genes.  This work contributed to the understanding that the function of the genome is more diversified than previously thought. 


Later, I used early bioinformatics methods to detect the remnants of transpositions in the human genome (b) and to identify regulatory sequences that we then used to identify HNF1 (b) (c) (d).  This work involved developing early bioinformatics approaches.  This was one of the first indications that one could detect historical features of non-coding DNA by sequence analysis (b).

(a)
Crabtree GR, Kant JA. Alternative Splicing produces the a and b chains of fibrinogen Cell. 1982 Nov;31(1):159-66.   PMID: 6897622. 
(b)
Fornace AJ Jr, Cummings DE, Comeau CM, Kant JA, Crabtree GR. Single-copy inverted repeats associated with regional genetic duplications in gamma fibrinogen and immunoglobulin genes. Science. 1984 Apr 13;224(4645):161-4.   PMID: 6322310

(c)
Courtois G, Morgan JG, Campbell LA, Fourel G, Crabtree GR. Interaction of a  liver-specific nuclear factor with the fibrinogen and alpha 1-antitrypsin promoters. Science. 1987 Oct 30;238(4827):688-92.   PMID: 3499668

(d)
Fowlkes DM, Mullis NT, Comeau CM, Crabtree GR. Potential basis for regulation of the coordinately expressed fibrinogen genes: homology in the 5' flanking regions. Proc Natl Acad Sci U S A. 1984 Apr;81(8):2313-6.  PMCID: PMC345049

Discovery of the Ca2+-Calcineurin-NFAT signaling Pathway (1988 to 1997)

In the 1980’s I identified the Ca2+, calcineurin, NFAT signaling pathway and with Stuart Schreiber showed that this pathway was the target of the drugs FK506 and cyclosporin.  I accomplished this by first identifying sequence elements that responded to T Cell Receptor signals at the cell membrane(a).  I then demonstrated that these elements bound a transcription complex that consisted of cytoplasmic and nuclear subunits by biochemical reconstitution (a,b).  I found that the drugs cyclosporine A and FK506 blocked the nuclear import of the cytoplasmic form within minutes (b).  In collaboration with Stuart Schreiber, I found that calcineurin dephosphorylated the cytoplasmic subunits of NFAT transcription complexes allowing them to expose their nuclear localization sequence and move into the nucleus (c)  This provided a direct biochemical mechanism by which signals initiated with Ca2+ moved into the nucleus.  Finally, we identified the Ca2+ channels necessary for Calcineurin activation as L-type channels in neurons (d).  These studies demonstrated how signals at the cell membrane are conveyed to the nucleus and was one of the first membrane-to-nucleus signaling pathways discovered.  By making null mutations in the subunits of these complexes we have found that the signaling pathway is essential for heart valve development, vascular development, axonal outgrowth and pancreatic beta cell development.

(a)
Shaw JP, Utz PJ, Durand DB, Toole JJ, Emmel EA, Crabtree GR. Identification of a putative regulator of early T cell activation genes. Science. 1988 Jul 8;241(4862):202-5.   PMID: 3260404

(b)
Flanagan WM, Bram RJ, Crabtree GR. Nuclear association of a T-cell transcription factor blocked by FK-506 and cyclosporin A. Nature. 1991 Aug 29;352(6338):803-7.   PMID: 1715516

(c)
Clipstone NA, Crabtree GR. Identification of calcineurin as a key signaling enzyme in T-lymphocyte activation. Nature. 1992 Jun 25;357(6380):695-7.   PMID: 1377362

(d)
Graef IA, Mermelstein PG, Stankunas K, Neilson JR, Deisseroth K, Tsien RW, Crabtree GR. L-type calcium channels and GSK-3 regulate the activity of NF-ATc4 in hippocampal neurons. Nature. 1999 Oct 14;401(6754):703-8.   PMID: 10537109

Discovery of Neural Specific Epigenetic Mechanisms and Neural-specific ATP-dependent Chromatin Remodeling complexes (2002 to 2020)

In 2002 we discovered that neurons contain a specialized chromatin remodeling complex (a) which helps set the epigenetic landscape of neurons (b).  Later we demonstrated that this SWI/SNF like chromatin remodeling complex underwent subunit switching to generate a neural specific chromatin remodeling complex (nBAF) by a mechanism driven by two microRNAs (c).  In 2011 we showed that recreating the neural-specific epigenetic switch in human fibroblasts could convert them to neurons (d).  This approach to generating neurons is quite robust, allowing one to achieve a “ground state” neuron that can then be made into types of neurons for the development of specific disease models.
(a)
Olave I, Wang W, Xue Y, Kuo A, Crabtree GR. Identification of a polymorphic, neuron-specific chromatin remodeling complex. Genes Dev. 2002 Oct 1;16(19):2509-17.  PMCID: PMC187451

(b)
Yoo AS, Staahl B, Chen L, Crabtree GR  MicroRNA-Mediated Switching of Chromatin Remodeling Complexes in Neural Development, Nature 2009 Jul 30;460(7255):642-6 PMCID: PMC2921580
(c)
Yoo AS, Sun Alfred, Crabtree GR,  MicroRNA-Mediated Conversion of Human Fibroblasts to Neurons  Nature 2011 Jul 13;476(7359):228-31.  PMCID: PMC315581
(d) Sai Gourisankar, Sabin A. Nettles, Wendy Wenderski, Joao A. Paulo, Sam H. Kim, Kyra Roepke, Claire     Ellis, Hind Abuzaid, Steven P. Gygi, Gerald R. Crabtree   Synaptic Activity Causes Minute-scale Changes in BAF Complex Composition and Function  In press, Molecular Cell 2025
ATP-dependent Chromatin Remodeling in Human Cancer (1993 to present)

In 1993 we identified the first mammalian DNA-dependent chromatin remodeling complex by purification, Edman degradation and cloning of its subunits (a).  In 1994 we showed that the subunits of these complexes could be tumor suppressors (b).  This prediction has now been widely recognized and recently we showed that the subunits of this complex are mutated in over 20% of all human cancers and are among the top 5 human tumor suppressors.  We discovered that this complex is combinatorially assembled from 29 genes encoding its 15 subunits.  Following this discovery, other chromatin regulatory complexes such as the polycomb repressive complex 1 have been shown to be assembled by a similar combinatorial mechanism. Later, we showed that synovial sarcoma was caused by a translocation of the SSX gene to a gene encoding one subunit of the BAF complex (SS18) creating a fusion protein that entered the SWI/SNF or BAF complex and resulted in dramatic retargeting to loci driving the malignancy (c) and that the amplification and overexpression of BAF53a (ACTL6A) drives about 40% of squamous cell carcinoma(d). Thus, we demonstrated that this complex can be an oncogene as well as a tumor suppressor. Recently we have shown that the oncogenic function of these complexes is produced by direct polycomb eviction.
(a)
Khavari PA, Peterson CL, Tamkun JW, Mendel DB, Crabtree GR. BRG1 contains a conserved domain of the SWI2/SNF2 family necessary for normal mitotic growth and transcription. Nature. 1993 Nov 11;366(6451):170-4.   PMID: 8232556

(b)
Dunaief JL, Strober BE, Guha S, Khavari PA, Alin K, Luban J, Begemann M, Crabtree GR, Goff SP. The retinoblastoma protein and BRG1 form a complex and cooperate to induce cell cycle arrest. Cell. 1994 Oct 7;79(1):119-30. PMID:7923370
(c)
Kadoch C and Crabtree GR.  Reversible disruption of mSWI/SNF (BAF) complexes by the SS18-SSX oncogenic fusion in synovial sarcoma.  Cell. 2013 Mar 28;153(1):71-85. PMCID: PMC3655887

(d) Chang CY, Shipony Z, Lin SG, Kuo A, Xiong X, Loh KM, Greenleaf WJ, Crabtree GR. Increased ACTL6A occupancy within mSWI/SNF chromatin remodelers drives human squamous cell carcinoma. Mol Cell. 2021 Dec 16;81(24):4964-4978.e8. doi: 10.1016/j.molcel.2021.10.005. PMID: 34687603 
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