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Cell Lineage Modulation

Neural stem/precursor cells may be cells-of-origin for brain disorders. Brain tumor formed by induced 
mouse glioma-initiating cell, NSCL61, shows a phenocopy of human GBM (A and B). Neural stem 
cells (C, green: Musashi1) and oligodendrocyte precursor cells (D, green: NG2) in the aged mouse 
brain are positive for a new senescence marker, Ecrg4 (red). 
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Mankind has long wondered whether it might be possible to regenerate body 

tissues and structures that have been lost. Recent research has shown that even 

the adult body contains a diverse range of tissue-specific somatic stem cells that 

serve to maintain the function and integrity of tissues, opening a promising av-

enue toward possible applications in regenerative medicine. But the limits on the 

number of somatic stem cells present in any individual, coupled with the limited 

availability of donors, have heightened interest in the development of new, alter-

native means of generating stem cells.

Research in our lab seeks to develop a better understanding of the molecular 

mechanisms involved in the reacquisition of “stemness” (stem cell characteris-

tics) using the dedifferentiation of oligodendrocyte progenitor cells (OPCs), which 

are abundantly present in the central nervous system, into neural stem-like cells, 

knowledge which it is hoped may lead to new techniques for the generation of 

neural stem cells. We are also interested in two other related subjects: one is the 

characterization of stem cell-like cancer cells (sometimes called “cancer stem 

cells” or “cancer initiating cells”), found in malignant glioma, and to find markers 

and targets for them, potentially leading to the development of novel anti-cancer 

therapies. The other is to develop a better understanding of the molecular mech-

anisms of cellular senescence, which are involved in both the defects of tissue-

specific stem cells and the suppression of tumorigenesis.
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By studying the evolutionary designs of diverse animal species, I hope to gain a 

deeper insight into the secrets behind the fabrication of morphological designs. 

Integrating the fields of evolutionary morphology and molecular genetics, our 

lab seeks to expand the understanding of the relationship between genome and 

morphology (or body plan) through investigating the evolutionary changes in de-

velopmental processes, and also the process of evolution in which phenotypic 

selection shapes developmental programs. Our recent studies have focused 

on novel traits found in the vertebrates, such as the jaw, the turtle shell, and the 

mammalian middle ear. By analyzing the history of developmental patterns, I 

hope to open new avenues toward answering as-yet unresolved questions about 

phenotypic evolution in vertebrates at the level of body plans.

Through the study of evolutionarily novel structures, our lab has identified 

changes in developmental mechanisms that have obliterated the structural ho-

mologies between organisms as evidenced in such novel structures as the jaw in 

gnathostomes (jawed vertebrates) and the turtle shell. Developmental studies of 

the cranial region of the lamprey are intended to shed light on the true origins of 

the vertebrate head and neck, as lampreys lack a number of important features, 

including jaws, true tongues, and trapezius muscles, that are possessed only 

by gnathostomes. We aim to resolve the question of what primary factors have 

changed during evolution by comparing the developmental patterns that yield 

such innovations, and by the experimental construction of phenocopies in one 

animal that mimic structures in another. 

The turtle’s shelled body pattern appears suddenly in the fossil record. Our lab’s 

research into turtle carapace development addresses the developmental chang-

es that resulted in this abrupt and dramatic morphological change, and is aimed 

at identifying genes that function differently in turtle and other amniotes, which it 

is hoped will provide a key to discovering the true targets of natural selection in 

the acquisition of a shell.
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