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A. Personal Statement

This multi-investigator application arises from our discovery of a method to produce neural crest-derived
craniofacial cartilage from human stem cells (1). We initiated the project to derive neural crest stem cells
(NCSCs) from human embryonic stem cells (hRESCs) because of an interest in how cells differentiate. We
initially wanted to test the hypothesis that NCSC differentiation employs similar mechanisms that we elucidated
in neuroblastoma cells (2, 3). The study of cell signaling mechanisms in cancer is highly relevant to
mechanisms that drive cell differentiation. Cancer arises by various mechanisms as cells break out of their
normal differentiated state in multicellular organisms, and neuroblastoma begins with an early failure in neural
crest differentiation during development. To study cell signaling mechanisms, we have developed
computational approaches to analyze large data sets of proteins and protein post-translational modifications
(3-6) Our techniques employ machine learning to help recognize patterns from statistical relationships in data,
and combine that information with protein-protein interactions to visualize data structure as networks at
different levels (3, 5, 6). Recently, we have added another level to these network models of data structure that
elucidates interactions among cell signaling pathways (4). We are now able to examine differentiation using
single nucleotide RNA sequencing to complement these approaches (manuscript submitted). We have also
used cell biological approaches to study cell signaling and membrane traffic in a study that directly addresses
mechanisms of cell differentiation (2). We fractionated neuroblastoma cells to examine the location of signaling
proteins in different membranes and organelles and learned that the scaffold protein, PAG1, which was known
to control SRC-family kinase (SFK) activity in lipid rafts, was one of the most highly phosphorylated proteins in
neuroblastoma endosomes (3). This led to discovery of a novel cell signaling mechanism that distinguishes
receptor tyrosine kinase (RTK) promotion of neuronal differentiation vs. proliferation: PAG1 influences SFK
sequestration in multivesicular bodies and is required for differentiation but not proliferation (2). In addition, we
transplanted neuroblastoma cells into developing chick embryos and showed that neuroblastoma cells were
multipotent, capable of migrating and differentiating into many cell types expected of normal neural crest cells
(3). These studies demonstrate that we are capable of mechanistic analysis of chondrocyte differentiation from
neural crest. We will use this information to design of conditions for seeding cells into biological scaffolds for
three-dimensional printing to provide the correct microenvironment for chondrocytes to build craniofacial
cartilage. Note that these studies also demonstrate the ability to work together in teams from different
institutions.
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embryonic stem cells via a neural crest cell intermediate. bioRxiv. 10.1101/2021.05.31.446459.
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Underpinning these studies are several papers that demonstrate our innovative approaches to studying the
compartmentalization of signal transduction. We developed high-resolution organelle fractionation methods
based on mass and density to resolve endosomes from other organelles, and different signaling endosomes
from one another (7-10). We showed that the nerve growth factor (NGF) receptors, TrkA (NTRK1) and p75NTR,
(NGFR) partition into membrane rafts by different mechanisms, and that the fraction of TrkA that associates
with lipid rafts is internalized but does not directly form signaling endosomes (11). Rather, by attracting
microtubules to lipid rafts, TrkA may mediate other processes such as axon guidance. We resolved two
independent NGF-regulated signaling particles with an estimated size of 60-75 S, one containing ERK1 and
MEK1 and the other containing B-Raf, which we hypothesize control the temporal and spatial regulation of
kinase activity inside cells (12).
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transduction. Mol Cell Biol 26, 8928-8941. 10.1128/MCB.00228-06.
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regulates alpha 5 beta 1 integrin endocytosis. Scientific Reports 11. ARTN 19830 10.1038/
s41598-021-99348-z.
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Analyzing mass spectrometry data on a large scale required acquiring new skills. With help from collaborators
from the fields of pattern recognition and computational bioinformatics, we developed new, effective methods
to cluster proteins based on statistical relationships obtained from sparse data (3-6). In addition, the papers
below are collaborative contributions to the computational and systems biology fields. The combination of
sophisticated data analysis techniques and high-resolution cell fractionation methods puts my laboratory in a



unique position to make valuable contributions towards understanding signaling networks that control cell fate
decisions.
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C. Contributions to Science

1. In my graduate work with Dr. Ed Herbert, | cloned chromogranin A, a major component of neuroendocrine
dense core secretory granules. An interest in secretion led me to Dr. Regis Kelly and work in which sorting of
regulated and constitutive secretory granules was reconstituted in vitro. Interest in nerve growth factor
signaling mechanisms led me to Dr. William Mobley, in whose laboratory an organelle fractionation approach
was employed to define signaling endosomes containing activated TrkA/NTRK1, the NGF receptor tyrosine
kinase. This work is has been highly cited, and is still cited in recent reviews.
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N.W., and Mobley, W.C. (1996). Endocytosis of Activated TrkA: Evidence that Nerve Growth Factor Induces
Formation of Signaling Endosomes. The Journal of Neuroscience 16, 7950-7964.
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pnas.94.18.9909.
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Zhou, J., Valletta, J.S., Grimes, M.L., and Mobley, W.C. (1995). Multiple levels for regulation of TrkA in
PC12 cells by nerve growth factor. Journal of Neurochemistry 65, 1146 1156.

2. This work fueled further studies on the compartmentalization of signal transduction described above (3, 4).
In addition, we have published several papers elucidating mechanisms activated during neural cell apoptosis.
We have shown that AKT and CREB are cleaved by caspases during apoptosis, and that populations of cells
at different stages of apoptosis can be isolated. In addition, we have contributed to several collaborative

studies.

g. Francois, F., Godinho, M.J., and Grimes, M.L. (2000). CREB is cleaved by caspases during neural cell
apoptosis. FEBS Letters 486, 281 284.
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mcne.2001.1035.
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m. Blythe, T.J., Grimes, M.L., and Kitson, K.E. (1999). The role of retinoid metabolism by alcohol and aldehyde
dehydrogenases in differentiation of cultured neuronal cells. Advances in experimental medicine and
biology 463, 199 204.
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