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	Yale College, New Haven, CT
	BA
	1982
	Mathematics/Economics

	Harvard University, Cambridge, MA
	PhD
	1990
	Biophysics

	Whitehead Institute/MIT, Cambridge, MA
	Student
	1985-91
	Cancer Biology

	Univ California, San Francisco
	Postdoc
	1991-93
	Biochemistry & Biophysics

	Harvard Medical School, Boston, MA
	Postdoc
	1994-95
	Cell Biology



A.	Personal Statement:  Since 1995, my laboratory has focused on defining biochemical factors and biochemical/biophysical mechanisms controlling cancer, the cell cycle, centrosome trafficking, mitosis, and most recently the primary cilium, ciliopathies, and tissue regeneration.  My lab established the role of cyclin/Cdk kinases and E3 ubiquitin ligases in DNA replication initiation, in the centrosome duplication cycle, and we discovered Emi1, a new inhibitor of the Anaphase Promoting Complex E3 ubiquitin ligase.  In 2007, we published the purification and proteomic and functional characterization of the BBSome, a complex composed of multiple disease proteins in Bardet-Biedl syndrome [Cell 2007], providing a consolidated explanation for the disease, explaining GPCR trafficking into cilia and ciliary assembly via the Rab11-Rab8 pathway [PNAS 2011].  To facilitate our proteomics, we created a Gateway recombination-based system for constructing shuttle vectors and engineering stable cell lines for high throughput proteomics, now used by labs worldwide.  Using this system, we published the first comprehensive analysis of the nephronophthisis/Joubert/ Meckel-Gruber disease cluster [Cell 2011], and connected this system to new trafficking pathways for myristoylated and farnesylated protein [G&D, 2013], Sonic Hedgehog signaling [Cell 2013] and tissue regeneration.  We discovered the mechanism explaining the Tubby/Tulp3 family of proteins, coupling GPCR trafficking into cilia to intraflagellar transport [G&D, 2011].  Our explanation of the Tubby and BBS pathways provided key criteria to discover new GPCRs trafficking to cilia, and the discovery of GPR161, a new GPCR regulating the Sonic Hedgehog pathway [Cell 2013] and GPCRs regulating satiety/obesity [Cell Reports 2013].  These studies on monogenic ciliopathy and obesity genes provided key insight and methods to understand and pursue understanding of more complex genetic mechanisms, including somatic mutations in cancer. I have continued to have strong focus on cancer signaling pathways leading back to my graduate work with David Baltimore on the Abl tyrosine kinase, my postdoctoral work with Marc Kirschner on cyclin regulation and cell cycle, and my own work at Stanford linking cancer to E3 ubiquitin ligase pathways.  At Genentech for eight years, I pursued the identification and validation of drug targets for cancer, including cell cycle programs, tumor metabolism, stress pathways, epigenetics and the KRAS pathway.  My group published the first KRAS chemical inhibitor (PNAS 2012) and we had a variety of papers on inhibitors of p97/VCP, Chk1, NAMPT, and LDHA targets.  I am now applying my network methods to mapping the complex drivers of cancer and to further connecting ciliopathies and poorly understood human genetic lesions to cell biological and biochemical pathways.
B.	Positions and Honors
Positions and Employment
1985-1991		Graduate Student, laboratory of David Baltimore.  Studies on the Abl tyrosine kinase.
1991-1995		Postdoctoral Fellow, laboratory of Marc Kirschner.  Studies in Cell Cycle & DNA replication.
1995-2000		Assistant Professor, Departments of Pathology and Microbiology & Immunology, Stanford University, Stanford, CA
2001-2005		Associate Professor, Stanford University School of Medicine, Stanford, CA
2005-2013		Staff Scientist & Director, Genentech, Inc. (on leave from Stanford until 2011)
2013		Professor, Stanford University
		Fellow, Stanford Cancer Center, Stanford Chemistry, Engineering and Medicine Institute
		Director of Proteomics, Stanford University and Stanford Cancer Center
Honors and Awards
1978-1982		National Merit Scholar, Yale College
1983		Luce Scholar Finalist
1991-1994		Merck Fellow of the Life Sciences Research Foundation
1996		Baxter Foundation Scholar Award
1996		Howard Hughes Medical Institute Junior Investigator Award
1997		Luetje-Stubbs Faculty Scholar Award
1998		Stanford Cancer Council Award
1999		W.T. Cohen Memorial Lecture, Dana-Farber Cancer Institute
1999		Hume Faculty Scholar Award
2002		Kirsch Scholar
2005		Elected Pluto Society (Research Pathology)
2007		Eppley Visiting Professor of Oncology, U. Nebraska Medical School
2008		Advisor, Cancer Prevention and Research Institute of Texas (CPRIT)
2009		Elected AAAS Fellow
2011		Founding Editor-in-Chief, Cilia, BioMed Central
Various prizes, editorships, invited and keynote lectures, consultancies, boards, organizing committees for ASCB, AACR, Keystone meetings.  Over 350 public lectures from 1995-2014.

C.	Contribution to Science.  A complete list of 132 publications is listed here:
http://www.ncbi.nlm.nih.gov/sites/myncbi/1NKKVe-Fm6iQF/bibliography/47841085/public/?sort=date&direction=ascending
[bookmark: _GoBack]The following narratives describe five investigative themes in my work and representative publications.

1.  Regulation of the Abl tyrosine kinase by SH2 and SH3 domains:  In 1987, tyrosine kinases were known to be important regulators of transformation, but little was known about their regulation or substrate selection.  In my first paper, I found that mutations in what I called the SH3 domain activated the Abl tyrosine kinase to become transforming.  Mutations in Src and other tyrosine kinases supported my model. I found that purified SH2 protein bound to phosphotyrosine (with Bruce Mayer), and that mutations in SH2, in the context of the Abl oncogene, showed both loss of phosphotyrosine binding and transforming activity. The work also established new cell biological properties of Abl, including nuclear shuttling and binding to G- and F-actin.  These four papers are among 13 papers I published as a student.

Jackson, P. and D. Baltimore (1989). N-terminal mutations activate the leukemogenic potential of the myristoylated form of c-abl.  EMBO J. 8: 449-456.
Van Etten, R.A., P. Jackson, and D. Baltimore (1989). The mouse type IV c-abl gene product is a nuclear protein, and activation of transforming ability is associated with cytoplasmic localization.  Cell 58: 669-676.
Mayer, B., P. Jackson, and D. Baltimore (1991). High-affinity binding of the non-catalytic SH2 segment of the abl tyrosine kinase to tyrosine-phosphorylated cellular proteins. PNAS 88: 627.	
Mayer, B. J., P. K. Jackson, et al and D. Baltimore (1992).  Point mutations in the abl SH2 domain coordinately impair phosphotyrosine binding in vitro and transforming activity in vivo.  Mol. Cell. Biol.12: 609-618.
 
2.  Discovery that cyclin E/Cdk2 drives initiation of DNA replication and centrosome cycle:  In 1992, the role of cyclin B in programming mitosis was established, but multiple other cyclins had recently been cloned.  During my postdoctoral work, I screened these cyclins for replication stimulating activity in Xenopus egg extracts and showed that cyclin E/Cdk2 kinase stimulates initiation of DNA replication and detailed how origin unwinding was the key step.  Realizing the similarity between the “once-and-only once replication” program of chromosomes, and centrosomes, I continued this work with Tim Stearns lab when I started at Stanford showing that Cdk2 can control centrosome duplication, using the Xenopus egg system, and also that SCF ubiquitin ligases play a key role, extending the generality between the control of the DNA replication and centrosome duplication cycles.  I studied cell cycle control of DNA replication as a postdoctoral fellow and for my first years as a professor at Stanford.

P. K. Jackson, S. Chevalier, M. Phillipe, and M. W. Kirschner (1995). Early events in DNA replication require cyclin E and are blocked by p21CIP1.  J. Cell Biol. 130: 755-769.	
Chen, J., P. K. Jackson, M. W. Kirschner, and A. Dutta (1995).  Inhibition of cdk2 kinase, but not PCNA, is essential for the growth suppression activity of p21.   Nature 374: 386-388.
Lacey, K., P. K. Jackson, and T. Stearns (1999).  Cyclin-dependent kinases direct centrosome duplication.  Proc. Natl. Acad. Sci. USA 96: 2817-2822. Collaborative study with another lab.
Freed, E., K, et al and P. K. Jackson (1999).  SCF components Skp1 and Cul1 localize to and direct the duplication of the centrosome.  Genes & Development 3: 2242-2257.

3.  Discovery of Emi1/Emi2, pseudosubstrate inhibitors of the Anaphase Promoting Complex, and determination of the role of these proteins in cell cycle regulation cancer, and meiosis II.  Following biochemical purification of a complex of proteins associated with cyclin E/Cdk2 from Xenopus eggs, I discovered a new associated protein, called Skp1, which proved to be a key protein binding to components of what is now known as the SCF family of E3 ubiquitin ligases.  To understand how Skp1 controlled the cell cycle, my lab conducted a yeast two-hybrid screen and in 1999 we identified a series of “F-box proteins”, adaptors for substrate selection by E3 ligases.  We screened these in Xenopus embryos and found that one protein, Emi1, would arrest cells in mitosis.  We then showed the protein blocked mitosis by binding and inhibiting the Anaphase Promoting Complex, the E3 ligase that destroys cyclin B.  We went on to show that Emi1 itself was destroyed in a cell cycle specific fashion, that this was triggered by the polo-like kinase Plk1, and was critical for stabilizing cyclin A to drive S phase.  We found the Emi2 homolog works specifically to hold eggs in Meiosis II before fertilization.  We also linked Emi1 to cancer in a series of papers.  We published a total of 29 papers on Emi1/Emi2, including these: 

Reimann, J. D. R., et. al, and P. K. Jackson (2001).  Emi1 is a mitotic regulator that interacts with Cdc20 and inhibits the anaphase promoting complex. Cell 105: 645-55 
Hsu, J. Y., et. al, and P. K. Jackson (2002).  The E2F-dependent accumulation of hEmi1 regulates S phase entry by inhibiting APCCdh1.  Nature Cell Biology 4: 358-366
Margottin-Goguet, F., J. Y. Hsu, A. Loktev, H-M. Hsieh, J. D. R. Reimann, and P. K. Jackson (2003).  Destruction of Emi1 in late prophase requires the SCFbetaTrCP/Slimb ubiquitin ligase and triggers activation of the Anaphase Promoting Complex to allow progression beyond prometaphase.   Developmental Cell 4: 813-26
Miller, J. J., M. K. Summers, D. V. Hansen, M. V. Nachury, N. L. Lehman, A. Loktev, and P. K. Jackson. (2006).  Emi1 stably binds and inhibits the anaphase-promoting complex/cyclosome as a pseudosubstrate inhibitor. Genes & Development 20:2410-20.

4.  Discovery of the BBSome and Tubby GPCR trafficking pathways, critical for ciliary trafficking of receptors, and their role in retinal degeneration and obesity
Earlier work in the lab had focused on mitotic exit control by the Cdc14 phosphatase.  A yeast two-hybrid screen identified that Cdc14 interacted with multiple components of the primary cilium including components like to obesity syndromes like Bardet-Biedl syndrome (BBS).  Tagging of the BBS proteins for tandem affinity purification led to the identification of a highly conserved complex, which we called the BBSome and an explanation of Bardet-Biedl syndrome via GPCR trafficking to cilia.  We continued using the tagging AP/MS approach with all known monogenic obesity genes, and found that the Tubby family of proteins, linked to obesity and morphogen pathways in mice, bound to components of the IFT-A ciliary intraflagellar transport complex and to the ciliary membrane, providing a link that we found was also critical for trafficking GPCRs into cilia.  Our discovery of these key genetic mechanisms for GPCR trafficking led us to screen for BBS- and Tubby/TULP-dependent GPCRs involved in obesity, the Sonic Hedgehog pathway, and more recently adipogenesis and mesenchymal stem cell function.  The BBSome paper, the discovery of the Tubby-IFT-A link, and the discovery of the NPY family of ciliary GPCRs explaining obesity in BBS patients and the new regulator of Shh signaling, GPR161, are reported in these papers: 

Nachury, M.V., et. al and P. K. Jackson (2007). A core complex of conserved BBS proteins links phosphoinositide signaling to primary cilium biogenesis. Cell 129, 1201-13.
Mukhopadhyay, S., X. Wen, B. Chih, C. D. Nelson, W. S. Lane, S. J. Scales, and P. K. Jackson (2010). TULP3 bridges the IFT-A complex and the membrane phosphoinositides to promote trafficking of G protein-coupled receptors into primary cilia.  Genes & Development. 24:2180-93.
Mukhopadhyay, S., et. al, P. K. Jackson (2013). The ciliary G-protein-coupled receptor Gpr161 negatively regulates the Sonic hedgehog pathway via cAMP signaling.  Cell 152:  210-23.
A. V. Loktev and P. K. Jackson (2013).  Neuropeptide Y family receptors signal via neuronal primary cilia. Cell Reports 12:  5:1316-29. 
  
5.  Discovery of renal human disease network, ciliary trafficking, and establishing protein network building as a key approach to understanding human disease mechanism
To better understand ciliary signaling pathways and ciliopathy diseases, in 2007 we began to systematically tag proteins mutated in human ciliopathies or mouse models.  In the case of the linked pediatric renal diseases nephronophthisis, Joubert, and Meckel-Gruber syndromes.  We tagged all eight known genes in 2007, and rapidly discovered these proteins copurified in four modules localized to distinct structures in the ciliary centriole, ciliary transition zone, and cilium, defining a transport pathway for trafficking of non-GPCR components, including G protein and adenylate cyclase into cilia.  We screened these new genes in human NPHP patients and identified new disease genes including the Tectonic 2 human mutation.  We continue to mine this highly detailed network of disease proteins.  When we started there were eight total disease genes known, and now there are over thirty, several of we helped discover.  Representative new pathways are detailed in the G&D and PNAS papers listed below.  Using this approach, we continue to look for proteins linked to human genetic diseases and in specific cancers, including NSCLC, breast cancer, and Kras-driven tumors.  

Sang, L., J. J. Miller, et. al, and P. K. Jackson (2011). Mapping the NPHP-JBTS-MKS Protein Network Reveals Ciliopathy Disease Genes and Pathways. Cell 145: 513-28. 
Wright, K. J.,  et. el al, and P. K. Jackson (2011).  An ARL3-UNC119-RP2 GTPase cycle delivers myristoylated NPHP3 to the primary cilium.  Genes & Development 15: 2347-60.
Westlake, C. J., et.al, R. H. Scheller, P. K. Jackson (2011).  The Rab11-recycling endosome compartment directs primary cilium assembly through a Rab8 activation cascade.  Proc. Natl. Acad. Sci. USA 108: 2759-64

D.	Research Support
CSTA 1 UL1 TR001085 01	Greenberg (PI)  04/01/11–3/30/16.  Protein Interaction Networks
The goal of this project is to utilize protein tagging technology (AP/MS) to generate protein networks
describing 1) BRCA1 in breast cancer and 2) Herpes and rotavirus genomes. There is no overlap
with the current application.

1R01GM114276	Jackson (PI)  04/01/15–02/28/19. $250K/yr.  Centriolar-ciliary signaling mechanisms in tissue regeneration and differentiation.  The goal of this project is to define mechanisms of ciliary insulin/IGF1 via the Ags3/IRS2 pathway and to validate the importance of the mechanism in the mouse models of tissue regeneration.

1U01CA199216	7/1/15-6/30/19	1.0 calendar	$499K/yr. (1/3 to Jackson Lab)
“Target discovery for KRAS-driven cancers using protein interaction networks and combinatorial genetic interaction screens”.  The major goals of this project are:  Aim 1. Assemble a High confidence Protein Interaction (HCPI) Network for oncogenic KRAS in NSCLC.  Aim 2. Systematic identification of Ras druggable synthetic lethal interactions using double sgRNA libraries and CRISPR/Cas9.  Aim 3. Validating KRAS Targets in spheroid, patient-derived xenograft, and drug combination models.

1R01GM121565-01 (Jackson (PI))  09/01/2016 - 08/31/2021	2.4 calendar NIH	$264,921 directs to Jackson lab (four year grant)  “Ciliary trafficking mechanisms underlying the human genetics of obesity” Major goals:1. Determine the mechanism of regulation of IFT-B-dependent ciliary trafficking by the Cep19- Cep350-FOP-Rabl2B complex. 2. Characterize the Cep89-Cep164-Ankrd26 DA protein network.3. Link cAMP, calcium and obesity signaling via the AC3/6 and Cep89-Ncs1 modules. 4. Connect ciliary cell biology to obesity signaling in mouse models and patient population. 
