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PRIMARY CILIA 

PROGENITOR EXPRESSION 

ABSTRACT 

Primary cilia are hairlike, nonmotile organelles almost entirely universal in vertebrate cells. Primary cilia are required for 

neurogenesis and the expansion of certain neural progenitor populations in the brain. Cilia have not been identified in 

oligodendrocytes, the glial cells responsible for myelination of axons in the central nervous system. Although oligodendrocytes may 

be an exception to ciliated vertebrate cells, the presence of oligodendrocytes depends upon sonic hedgehog signaling (Shh) which 

does depend upon the presence of primary cilia. This signifies that primary cilia may in fact be present somewhere in the 

oligodendrocyte lineage. Research in our lab is showing that during development, oligodendrocyte progenitors frequently have cilia, 

but lose them early in differentiation into mature oligodendrocytes. Research has shown that a small number of adult 

oligodendrocyte progenitors have cilia.  

  

My research proposes to expand the study of ciliation among the oligodendrocyte lineage in the developing and adult brain.  
 

OLIGODENDROCYTE LINEAGE 

RESEARCH METHODOLOGY 

FUTURE IMPLICATIONS 
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Recent research has shown synaptic relationships between neurons 

and NG2+ cells indicating the ability for these cells to receive and 

quantify electric impulses generated by neurons. This opens the door 

to further research on the relationship between neurons and NG2 

cells in the brain as well as the possibility for NG2 differentiation into 

neurons.  

 

Cells in the oligodendrocyte lineage that have cilia may be targets for 

new strategies to replace oligodendrocytes lost in injury including 

stroke, hypoxia, ischemia, and trauma. Adult progenitors, which have 

been shown to occasionally have cilia, are fairly quiescent until brain 

injury initiates a burst of Shh dependent proliferation. I will test the 

hypothesis that injury induces ciliogenesis and the recruitment of 

additional progenitor cells. The Shh pathway is dependent on primary 

cilia suggesting that inducing proliferation in these cells may provide 

insight into treatments for demyelinating diseases including multiple 

sclerosis.  
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Both pictures from Nishiyama et. al 2009  

Primary cilia are universal in neurons of the mammalian 

brain. Cilia are specialized organelles originating from a 

basal body beneath the cell surface, a “backbone” called 

the axonome, and a ciliary membrane. Primary cilia are 

nonmotile and play crucial roles in signal transduction 

pathways including the Sonic hedgehog pathway involved 

in neurogenesis, proliferation, and differentiation of 

progenitor cells in the brain. This affected progenitor 

population may include oligodendrocyte progenitor cells. 

 

Oligodendrocyte progenitors 

express a proteoglycan 

called NG2. Cells 

immunopositive for NG2 ( 

NG2+) cells are identified as 

oligodendrocyte progenitors. 

Oligodendrocyte progenitor 

cells are named for their 

ability to give rise to progeny 

that become mature, 

myelinating oligodendrocytes 

in the white matter of the 

brain. These cells also 

express Olig2, a basic helix-

loop-helix transcription factor. 

. 
 

Methodology for this project includes immunohistochemistry 

techniques. I will identify different progenitor populations 

through the use of specific markers for cell types in the 

oligodendrocyte lineage.   
.   

  

 Oligodendrocytes are a type of mature glia cell responsible for myelinating the axons of neurons in the central nervous 

system. Oligodendrocytes produce a lipid rich membrane called myelin, essential for speeding up the conduction of electrical 

impulses in the brain. Oligodendrocytes originate from a population of cells called progenitors, which express NG2, Olig2, and 

have a PDGFα receptor. This progenitor population is derived from NG2-/PDGFα - cells located in the germinal zone of the 

brain. These cells acquire NG2-expression as they migrate towards their destination. When the progenitor cells reach their 

destination, they begin to differentiate. During differentiation, the progenitor cells increase the number and complexity of their 

processes, up-regulate myelin proteins, down-regulate NG2 and PDGF expression, and begin to wrap axons. There are two 

regions in the adult brain where sustained neurogenesis takes place. These are the subventricular zone (SVZ) and the 

subgranular zone (SGZ). Fate-mapping utilizes transgenic mouse lines that express the site-specific recombinase Cre driven 

by various promoters active in NG2 cells. When these mouse lines are crossed with Cre reporter mouse lines, the expression 

of the reporter gene is activated permanently in cells expressing Cre, allowing identification of the cells and their progeny. 

Immunohistochemistry can be used to stain cells with fluorescent antibodies by exploiting the differences in expression 

throughout the oligodendrocyte lineage. 
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