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A.	Personal Statement

I have a broad background in cellular, molecular and developmental biology, and specific expertise in retina and retinoblastoma development. Following graduate studies of retrovirus replication and postdoctoral studies focusing on Rb-related proteins, my research has centered on the developmental and tumor suppressor functions of Rb and its relatives. Most recently, we focused on cell type-specific contextual signals that collaborate with Rb loss to enable retinoblastoma tumorigenesis. Our findings support a cone precursor origin of retinoblastoma and imply that a previously unrecognized and uniquely human cone precursor developmental state contributes to tumorigenesis. The key studies have been published in high impact journals as listed below. We now seek to define the differentiation states through which cone precursors progress and their contribution to retinoblastoma using epigenetic and single cell transcriptome analyses of cone precursor differentiation and tumor initiation using mouse, human and hESC-derived retina models. This work focuses on cone precursor signaling circuitry that confers retinoblastoma proclivity including: 1) how MDM2 drives expression of MYCN (common to several neural tumors yet previously reported only once); and 2) how a thyroid hormone receptor isoform (TRβ2) sensitizes to RB loss in human cones and mouse pituitary cells (demonstrating how shared circuitry can sensitize different cell types to the same oncogenic insult). A major new initiative seeks to define the step-by-step mechanism through which Rb-depleted cone precursors transition to malignant retinoblastoma cells via single cell transcriptome analyses. A second new initiative seeks to define transcriptome, exome and DNA copy number alterations in a series of retinoblastoma cell lines and RB-depleted cone precursors; the resulting lines will be disseminated to provide a resource for translational studies. Thus, our work has provided key insights into the cell type and circuitry underlying the origin of retinoblastoma and has broad cancer biology relevance.

1. Lee, T.C., Almeida, D., Claros, N., Abramson, D.H. & Cobrinik, D. (2006). Cell cycle-specific and cell type-specific expression of Rb in the developing human retina. Invest Ophthalmol Vis Sci, 47, 5590-5598.
2. Xu, X.L., Fang, Y., Lee, T.C., Forrest, D., Gregory-Evans, C., Almeida, D., Liu, A., Jhanwar, S.C., Abramson, D.H. & Cobrinik, D. (2009). Retinoblastoma has properties of a cone precursor tumor and depends upon cone-specific MDM2 signaling. Cell, 137, 1018-1031. PMCID: N/A
3. Wang, H., Bauzon, F., Ji, P., Xu, X., Sun, D., Locker, J., Sellers, R.S., Nakayama, K., Nakayama, K.I., Cobrinik, D. & Zhu, L. (2010). Skp2 is required for survival of aberrantly proliferating Rb1-deficient cells and for tumorigenesis in Rb1+/- mice. Nat Genet, 42, 83-88. PMCID: PMC2990528
4. Xu, X.L., Singh, H.P., Wang, L., Qi, D.L., Poulos, B.K., Abramson, D.H., Jhanwar, S.C. & Cobrinik, D. (2014). Rb suppresses human cone-precursor-derived retinoblastoma tumours. Nature, 514, 385-388. PMCID: PMC4232224

B.	Positions and Honors

Positions and Employment
1995-2003	Assistant Professor of Medicine, Division of Medical Oncology, Columbia University, New York, NY
2003-2008	Assistant Professor of Ophthalmology, Weill Cornell Medical College, New York, NY
2008-2010	Visiting Investigator, Sloan-Kettering Institute for Cancer Research, New York, NY
2010-2012	Senior Research Scientist, Sloan-Kettering Institute for Cancer Research, New York, NY
2012-	Associate Professor of Ophthalmology, Keck School of Medicine, USC, Los Angeles, CA
2012-	Principal Investigator, The Saban Research Institute, Children’s Hospital Los Angeles, Los Angeles, CA
2013-	Member, USC Norris Comprehensive Cancer Center, Keck School of Medicine, USC, Los Angeles, CA
2014-	Member, USC Eye Institute, Keck School of Medicine, USC, Los Angeles, CA
2014-	Associate Professor of Biochemistry and Molecular Biology, Keck School of Medicine, USC, Los Angeles, CA
2015-	Affiliate Principal Investigator, USC Stem Cell, Keck School of Medicine, USC, Los Angeles, CA

Other Experience and Professional Memberships
1996-	Member, American Association for Cancer Research
2004-	Member, Association for Research in Vision and Ophthalmology
2006-	Member, International Society for Ocular Oncology
2008	NSF, Molecular and Cellular Biosciences, Gene Expression Panel, ad hoc
2009	NIH, Special Emphasis Panel for Competing Revision Applications
2011	Department of Defense, CDMRP Peer Reviewed Medical Research Program, Neuroblastoma Therapy Panel
2011-	Member, American Cancer Society, Cell Cycle and Growth Committee (CCG)
2012	National Medical Research Council, Singapore, Individual Research Grant Proposals, ad hoc
2013-	Member, Ohio State University Comprehensive Cancer Center Basic Science Review Panel
2014	Children with Cancer UK, ad hoc
2014-	Scientific Review Panel Member, Concern Foundation (for cancer research)
2014-	Scientific Advisory Board Member, Knights Templar Eye Foundation
2014	Action Medical Research for Children (UK), ad hoc

Honors
1982	Magna Cum Laude, Amherst College
1982	Oscar E. Schotté Award for Biological Research, Amherst College
1983	American Cancer Society Joseph S. Silber Fellowship
1989-1992	American Cancer Society Postdoctoral Fellowship
1992-1995	Susan G. Komen Breast Cancer Foundation Fellowship
1995-1998	Michael Cohen Scholar in Breast Cancer Research
1996-1999	James S. McDonnell Foundation Scholar
2008	Visiting Professor of Surgery, Memorial Sloan-Kettering Cancer Center

C.	Contribution to Science

1.	My early publications characterized effects of inactivation of the Rb1-related p107 and p130 in mice. Since my postdoctoral studies had shown that p107 and p130 bind E2Fs and are more related to one another than to RB, we hypothesized that they could function as a 4-allele tumor suppressor ‘team.’ However, using p130 knockout mice that I produced during my postdoc, I found that concurrent p107 and p130 loss failed to elicit tumors, and thus disproved their role as stand-alone tumor suppressors in mice. I then examined the p107 and p130 developmental roles. I found that p107 is needed for cell cycle exit during mesenchyme condensation and chondrogenic differentiation whereas both p107 and p130 are needed for growth plate chondrocyte cell cycle withdrawal and terminal differentiation. In collaboration with C. Basilico, we also defined roles for p107 and p130 in FGF-induced cell cycle exit and chondrocyte differentiation in vitro. These studies were among the first to document roles for the Rb family in coordinating cell cycle exit with differentiation and highlighted the special importance of Rb, as opposed to the related p107 and p130, in tumor suppression.
a. Cobrinik, D., Lee, M.H., Hannon, G., Mulligan, G., Bronson, R.T., Dyson, N., Harlow, E., Beach, D., Weinberg, R.A. & Jacks, T. (1996). Shared role of the pRB-related p130 and p107 proteins in limb development. Genes Dev, 10, 1633-1644.
b. Rossi, F., MacLean, H.E., Yuan, W., Francis, R.O., Semenova, E., Lin, C.S., Kronenberg, H.M. & Cobrinik, D. (2002). p107 and p130 Coordinately regulate proliferation, Cbfa1 expression, and hypertrophic differentiation during endochondral bone development. Dev Biol, 247, 271-285.
c. Laplantine, E., Rossi, F., Sahni, M., Basilico, C. & Cobrinik, D. (2002). FGF signaling targets the pRb-related p107 and p130 proteins to induce chondrocyte growth arrest. J Cell Biol, 158, 741-750.

2.	Studies related to my division’s interest in alternative therapies explored the cellular effects of a nutrient suspected to have tumor suppressor capabilities. Specifically, we examined the mechanism by which the green tea polyphenol “EGCG” induces cell cycle exit in mammary epithelial cells. We found that EGCG mimicked effects of Rho G protein blockers by sustaining expression of a cell cycle inhibitor (p21) and suppressing that of a cell cycle activator (cyclin D1). These studies provided insight into the role of Rho signaling in the growth factor response of mammary epithelial cells and highlighted the importance of cell cycle analyses in defining mechanisms of action of potential anticancer agents. This work has been highly cited in literature describing tumor suppressor effects of polyphenolic compounds. Nevertheless, the studies demonstrated that the main EGCG effects occurred at levels that were not likely to be pharmacologically achieved, which dissuaded further pursuit of this direction.
a. Liberto, M. & Cobrinik, D. (2000). Growth factor-dependent induction of p21(CIP1) by the green tea polyphenol, epigallocatechin gallate. Cancer Lett, 154, 151-161.
b. Liberto, M., Cobrinik, D. & Minden, A. (2002). Rho regulates p21(CIP1), cyclin D1, and checkpoint control in mammary epithelial cells. Oncogene, 21, 1590-1599.

3.	We published several studies aimed at defining the basis for Rb’s unique tumor suppressor role, relative to the p107 and p130 relatives. First, we showed that Rb loss indirectly inactivates p130 through deregulation of cyclin E-CDK2, which likely undermines p130’s ability to ‘back-up’ Rb in Rb-deficient cells. Second, we identified potential tumor suppression features that set Rb apart from the related p107 and p130, and were likely E2F-independent. Using an osteosarcoma cell model, we found that Rb but not p107 or p130 induced production of sub-nuclear PML bodies, that this capability correlated with induction of a senescence phenotype, that the function mapped to the RB “B-box” and C-terminus and was retained in non-E2F binding RB mutants that retain substantial tumor suppression ability. We also showed for the first time that restoration of Rb suppresses retinoblastoma cell proliferation, and we identified an especially sensitive Rb target gene (Brn-2) that has an important proliferative role in retinal progenitor cells. While these studies hinted at key Rb tumor suppressor functions, they also brought to light a need to define and model the cellular context in which Rb suppresses tumorigenesis, wherein Rb’s tumor suppressor functions could be unambiguously evaluated. We further recognized that human retinoblastoma was not accurately modeled in mice. This prompted us to explore the context in which Rb suppresses retinoblastoma, within the developing human retina, as described in Contribution 4, below.
a. Cheng, L., Rossi, F., Fang, W., Mori, T. & Cobrinik, D. (2000). Cdk2-dependent phosphorylation and functional inactivation of the pRB-related p130 protein in pRB(-), p16INK4A(+) tumor cells. J Biol Chem, 275, 30317-30325.
b. Fang, W., Mori, T. & Cobrinik, D. (2002). Regulation of PML-dependent transcriptional repression by pRB and low penetrance pRB mutants. Oncogene, 21, 5557-5565.
c. Cobrinik, D., Francis, R.O., Abramson, D.H. & Lee, T.C. (2006). Rb induces a proliferative arrest and curtails Brn-2 expression in retinoblastoma cells. Mol Cancer, 5, 72.
d. Cobrinik, D. 2012. Learning about retinoblastoma from mouse models that missed. In: NeuroMethods: Animal Models of Brain Tumors. Murillo, R.M., Martinez, A. (eds). Springer, pp 141-151.

4.	We defined the retinoblastoma cell of origin and identified a rationale for this cell type’s sensitivity to Rb loss. As germline RB1 mutations predispose humans but not mice to retinoblastoma, we sought to identify human-specific as well as cell type-specific circuitry that collaborates with Rb loss to enable retinoblastoma tumorigenesis. Initial studies defined the spatiotemporal pattern of Rb expression in developing human retina, demonstrating especially prominent expression in maturing cone precursors. We then showed that retinoblastoma cells consistently express the best-established protein markers of cones but not other retinal cells, that post-mitotic human but not mouse cone precursors prominently express the MDM2 and N-Myc oncoprotein, that MDM2 and N-Myc are crucial to retinoblastoma cell proliferation and survival, and that cone-specific factors promote retinoblastoma cell MDM2 expression, proliferation and survival. These studies suggested that human-specific as well as cell type-specific circuitry drives cone precursor MDM2 and N-Myc expression and cooperates with RB1 mutations during retinoblastoma tumorigenesis. In related work, we showed that retinoblastoma cell survival requires Skp2, most likely to down-regulate p27 during aberrant S phase entry. We then showed that normally post-mitotic cone precursors require Rb to suppress cell cycle entry, proliferation and development of retinoblastoma-like tumors following orthotopic xenograft, and that cone circuitry collaborates with Rb loss to enable these responses. These findings provide direct support for a cone precursor retinoblastoma origin and imply that a previously unrecognized and uniquely human cone precursor differentiation state contributes to tumorigenesis.
a. Lee, T.C., Almeida, D., Claros, N., Abramson, D.H. & Cobrinik, D. (2006). Cell cycle-specific and cell type-specific expression of Rb in the developing human retina. Invest Ophthalmol Vis Sci, 47, 5590-5598.
b. Xu, X.L., Fang, Y., Lee, T.C., Forrest, D., Gregory-Evans, C., Almeida, D., Liu, A., Jhanwar, S.C., Abramson, D.H. & Cobrinik, D. (2009). Retinoblastoma has properties of a cone precursor tumor and depends upon cone-specific MDM2 signaling. Cell, 137, 1018-1031. PMCID: N/A
c. Wang, H., Bauzon, F., Ji, P., Xu, X., Sun, D., Locker, J., Sellers, R.S., Nakayama, K., Nakayama, K.I., Cobrinik, D. & Zhu, L. (2010). Skp2 is required for survival of aberrantly proliferating Rb1-deficient cells and for tumorigenesis in Rb1+/- mice. Nat Genet, 42, 83-88. PMCID: PMC2990528
d. Xu, X.L., Singh, H.P., Wang, L., Qi, D.L., Poulos, B.K., Abramson, D.H., Jhanwar, S.C. & Cobrinik, D. (2014). Rb suppresses human cone-precursor-derived retinoblastoma tumours. Nature, 514, 385-388. PMCID: PMC4232224

Complete List of Published Work in MyBibliography:   
http://www.ncbi.nlm.nih.gov/sites/myncbi/1le6s5704jlQp/bibliography/41375680/public/?sort=date&direction=ascending

D.	Research Support

Ongoing Research Support
	Cobrinik (PI) 	01/01/15-12/31/15
Margaret E. Early Medical Research Trust
Molecular Events in Tumor Initiation
The goal of this project is to define the distinct cone precursors states induced by RB1 knockdown leading to cone precursor cell cycle entry and proliferation during retinoblastoma tumorigenesis.
Role: PI

R01 CA137124	Cobrinik (PI)	03/01/11-02/28/16
Cellular Predisposition to Retinoblastoma Tumorigenesis
The goal of this project is to define cell type-specific circuitry that cooperates with RB1 mutation, focusing on: 1) circuitry that enables proliferation of Rb-depleted cone precursors; 2) ability of MDM2 to enable proliferation of Rb-deficient mouse cone precursors; 3) cone-specific TRβ2 regulation of SKP2 in retinoblastoma cells; and 4) role of TRβ2 in Rb-deficient mouse pituitary tumors. 
Role: PI

	Cobrinik (PI)	01/01/15-12/31/15
Nautica Triathlon Program
Retinoblastoma Cell Lines for Fundamental and Translational Research
The goal of this project is to define growth properties and genomic changes of retinoblastoma cell lines derived from retinoblastoma patients and from Rb-depleted human cone precursors, in order to enable tests of novel retinoblastoma therapeutic and preventive approaches across a range of genomic alterations and tumorigenesis stages.
Role: PI

	Cobrinik (PI)	03/01/13-02/28/16
Retinoblastoma International
Biomarkers of Secondary Cancers in Retinoblastoma Patients
The goal of this project is to identify circulating exosome RNA markers of high-frequency secondary cancers in retinoblastoma patients.
Role: PI

Completed Research Support
	Cobrinik (PI)	05/01/14-12/31/14
Nautica Triathlon Program
MDM2-mediated Regulation of MYCN in Pediatric Neural Cancers
The goal of this project was to extend our finding that MDM2 drives MYCN expression in retinoblastoma cells by investigating the mechanism and assessing whether MDM2 has a similar function in other pediatric neural cancers.
Role: PI

R43 CA165899	Pavco (PI)	09/25/12-02/28/15
[bookmark: _GoBack]Development sd-rxRNAs as Therapy for Retinoblastoma and Other Malignancies
The goal of this Phase 1 SBIR with RXi Pharmaceuticals aimed to: 1) evaluate the ability of self-delivering RNAi compounds (sd-rxRNA) to knockdown gene expression in retinoblastoma tumors in vivo; 2) model delivery via intra-ophthalmic artery injection; and 3) define therapeutic leads for sd-rxRNA against MYCN.  
Role: Co-PI

	Cobrinik (PI)	07/01/13-06/30/15
Neonatal Blindness Research Fund
Modeling Retinoblastoma Prevention in hESC-derived Retinas
The goal of this project was to identify compounds that prevent the human cone precursor proliferative response to Rb depletion, as a model for retinoblastoma prevention.
Role: PI
