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A.	Personal Statement

The research in our laboratory is aimed at the structural characterization of the molecular mechanisms underlying cell-cell interactions and signal transduction across the cell membrane. Specifically, we use X-ray crystallography and cryo-EM, combined with other biophysical and biochemical techniques, to study the interactions of cell-surface receptors with extracellular ligands and the subsequent initiation of downstream signaling.  The main focus of our studies has been on the Eph receptor kinases and their interactions with the ephrin ligands and regulatory proteins, including proteases. We have been, by far, the most successful structural/biophysical lab to study these molecules, generating about 2/3 of the published Eph-related structures and virtually all important, groundbreaking, or “first” structures/discoveries (first Eph receptor structure; first B-class Eph/ephrin complex structure; first A-class Eph/ephrin structure; first cross-class Eph/ephrin structure, first Eph full ectodomain structure, etc.). We also study the biological function and molecular mechanism of action of the ADAM family of cell surface metalloproteinases, which cleave Eph receptors and ephrins, among other proteins. Our ADAM10 structure, which was the first published structure containing the ADAM substrate-recognition region, defined a whole new functional aspect of ADAM metalloprotease-mediated ectodomain shedding. Recently, we have also been working towards the developing of novel ADAM and Eph inhibitors as anti-cancer agents. Of particular interest are conformation-specific (tumor-specific) monoclonal antibodies (mAbs) targeting the substrate-recognition regions of ADAMs or the ligand-binding domains of Eph receptors. We have published detailed in vitro and in vivo characterization of the inhibitory antibodies, including high-resolution structures of their complexes with the ADAM or Eph molecules they target. 
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2006 – present	Professor, Weill Medical College of Cornell University, New York, NY
2006 – present	Member, Sloan-Kettering Institute, Head of the Laboratory of Structural Biology and Neuroscience, Memorial Sloan-Kettering Cancer Center, New York, NY
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C.	Contributions to Science

1. Structural Studies of Eph Receptors.
Our studies on the Eph receptor tyrosine kinases and their ephrin ligands have led to groundbreaking discoveries on the activation and regulation mechanisms of the Eph-ephrin signaling complex. These studies have not only increased our understanding of the basic mechanistic aspects of tyrosine kinase receptor-ligand recognition and activation, but also have produced novel avenues for potential pharmacological interventions.
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c. Mason E, Goldgur Y, Robev D, Freywald A, Nikolov DB. (2021). Structure of the EphB6 receptor ectodomain. PLoS One, 16(3): e0247335. PMID: 33770085; PMCID: PMC7997048.
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2. Structural Studies of ADAM Proteases.
ADAM (‘A Disintegrin And Metalloprotease’) proteases catalyze the release of cell surface proteins implicated in Notch, erbB, cytokine, chemokine and adhesion receptor signaling, thereby activating key oncogenic pathways, and are recognized targets for therapeutic intervention. Our ADAM10 structural studies, including the first structure of an ADAM metalloprotease substrate-recognition region, defined a whole new functional aspect of ADAM metalloprotease-mediated ectodomain shedding. Recently, we have been working towards the developing of novel ADAM inhibitors as anti-cancer agents, particularly of conformation-specific monoclonal antibodies targeting the ADAM substrate-recognition region.
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c. Atapattu L, Saha N, Chheang C, Eissman MF, Xu K, Vail ME, Hii L, Llerena C, Liu Z, Horvay K, Abud HE, Kusebauch U, Moritz RL, Ding BS, Cao Z, Rafii S, Ernst M, Scott AM, Nikolov DB, Lackmann M, Janes PW. (2016). An activated form of ADAM10 is tumor selective and regulates cancer stem-like cells and tumor growth. J Exp Med., 213(9): 1741-57. PMID: 27503072. PMCID: PMC 4995075.
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3. Structural Studies of Viral Entry into Host Cells.
Hendra and Nipah are highly pathogenic and often lethal viral agents, against which there is currently no approved therapeutics. Our structural studies on the Henipaviruses in complex with their ephrin cell receptors have revealed significant new insights into how these viral particles attach on and enter into the human cells. Our findings are currently being used to develop new therapeutic strategies against emerging pathogens.
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4. Structural Studies of Angiopoietins and Ties.
Tie-receptor/angiopoietin interactions provide one of the two major receptor tyrosine kinase signaling pathways essential for the control of angiogenesis. Although a stream of studies had illuminated the role of this angiogenic pathway in the communication between support cells and endothelium, structural data was lacking. Therefore, our lab generated the first high-resolution structural information on these receptor tyrosine kinases, essential for the adult vasculature development and function. Our studies revealed the unique molecular characteristics of the Tie/angiopoietin signaling system and their functional implications
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5. Structural Studies of Axon Guidance Molecules.
Our lab has been involved for 15 years in the elucidation of detailed structural and functional features of various axon guidance molecules. How neurons build the intricate network of the central nervous system is still not well understood. Our studies have helped unravel the molecular mechanisms that underlie neuronal guidance. For example, we determined and reported the structural details of the interactions of the neuronal migration regulator Netrin in complex with its receptors, DCC and Neogenin. Our results provide critical understanding of the signaling outcomes from different axonal receptors and their interplay during neuronal development.
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