
NG2-Glia (Polydendrocytes)



ii

One liner Chapter Title

The Colloquium Digital Library of  Life Sciences is an innovative information resource for researchers, 
instructors, and students in the biomedical life science community, including clinicians. Each PDF 
e-book available in the Colloquium Digital Library is an accessible overview of a fast-moving basic 
science research topic, authored by a prominent expert in the field. They are intended as time-saving  
pedagogical resources for scientists exploring new areas outside of their specialty. They are also 
excellent tools for keeping current with advances in related fields, as well as refreshing one’s under-
standing of core topics in biomedical science.

For the full list of available titles, please visit:
colloquium.morganclaypool.com 

Each book is available on our website as a PDF download. Access is free for readers at institutions 
that license the Colloquium Digital Library. 

Please e-mail info@morganclaypool.com for more information.

Colloquium  
Digital Library of  Life Sciences

ii

http://www.morganclaypool.com/page/LSindex
http://mailto:info@morganclaypool.com


iii

Editors
Alexei Verkhratsky, M.D., Ph.D., D.Sc., M.A.E., M.L., M.R.A.N.F.
The University of  Manchester, Manchester, U.K.; IKERBASQUE, Basque Foundation for Science, Bilbao,  
Spain; Department of Neurosciences, University of the Basque Country UPV/EHU, Leioa, Spain; Uni
versity of  Nizhny Novgorod, Nizhny Novgorod 603022, Russia

Vladimir Parpura, M.D., Ph.D., M.A.E.
Department of Neurobiology, Center for Glial Biology in Medicine, Atomic Force Microscopy & Nano
technology Laboratories, Civitan International Research Center, Evelyn F. McKnight Brain Institute, 
University of Alabama at Birmingham, Birmingham, AL, U.S.A.

This series of e-books is dedicated to physiology and pathophysiology of neuroglia. It will be 
valuable for the researchers and workers in the field of neurobiology and medicine in general.  
Illustrations provided will be suitable for professional presentations and instructional materials  
by researchers, physicians, teachers and members of the pharmaceutical industry. As the topic of 
neuroglia is generally overlooked in the majority of neuroscience curricula, this series could fill a 
need for materials to be used in courses and/or seminars aimed at exploring the role of glia in the 
brain in health and disease.

For published titles please see the website, www.morganclaypool.com/toc/ngl/1/1. 

Colloquium Series on  
Neuroglia in Biology and Medicine:  

From Physiology to Disease



Copyright © 2017 by Morgan & Claypool Life Sciences

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted in 
any form or by any means—electronic, mechanical, photocopy, recording, or any other except for brief quotations 
in printed reviews, without the prior permission of the publisher.

NG2-Glia (Polydendrocytes)
Arthur M. Butt
www.morganclaypool.com

ISBN: 9781615047307 paperback

ISBN: 9781615047314 ebook

DOI: 10.4199/C00143ED1V01Y201610NGL009

A Publication in the

COLLOQUIUM SERIES ON NEUROGLIA IN BIOLOGY AND MEDICINE: FROM PHYSIOLOGY  
TO DISEASE

Lecture #9

Series Editors: Alexei Verkhratsky, The University of Manchester, U.K.; IKERBASQUE, Basque Foundation 
for Science, Bilbao, Spain; Department of Neurosciences, University of the Basque Country UPV/EHU, 
Leioa, Spain and Vladimir Parpura, Department of Neurobiology, Center for Glial Biology in Medicine, 
Atomic Force Microscopy & Nanotechnology Laboratories, Civitan International Research Center, Evelyn  
F. McKnight Brain Institute, University of Alabama at Birmingham, Birmingham, U.S.A.

Series ISSN

ISSN 2375-9933 print

ISSN 2375-9917 online

www.morganclaypool.com


NG2-Glia (Polydendrocytes)
Arthur M. Butt
University of Portsmouth

COLLOQUIUM SERIES ON NEUROGLIA IN BIOLOGY AND MEDICINE:  
FROM PHYSIOLOGY TO DISEASE #9



ABSTRACT
Classically, the central nervous system (CNS) was considered to contain neurons and three main 
types of glial cells—astrocytes, oligodendrocytes, and microglia. Now, it has been clearly estab-
lished that NG2-glia are a fourth glial cell type that are identified and defined by their expression  
of the NG2 chondroitin sulfate proteoglycan (Cspg4). NG2-glia differentiate into oligodendro-
cytes, the myelin-forming cells of the CNS, under the control of multiple extacellular and intrinsic 
factors. Due to this, NG2-glia are often referred to in the literature as oligodendrocyte progenitor 
cells (OPCs). The name polydendrocytes has been suggested for NG2-glia (OPCs), to emphasize 
their nature as a fourth distinct glial cell type. NG2-glia respond rapidly to neurotransmission via 
their synaptic connections with neurons and their repertoire of neurotransmitter receptors and ion  
channels. Bidirectional interactions between NG2-glia and neurons are also important for synaptic  
function and neuronal integrity. NG2-glia respond to most neuropathologies by increased prolifera-
tion and differentiation into oligodendrocytes, which is critical for replacing damaged myelin after 
injury and in demyelinating diseases, such as multiple sclerosis. There is also evidence NG2-glia  
are capable of generating astrocytes and neurons under some circumstances. The full capacity  
of NG2-glia is not yet clear, but their key function is the lifelong generation of oligodendrocytes, 
which is absolutely critical for CNS function and integrity.

KEy WORDS
NG2-Glia, oligodendrocyte precursor cell, polydendrocyte, synapse, glutamate, potassium,  
neuron-glial signalling, remyelination
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C H A P T E R  1

Introduction

NG2-glia are a fourth major glial cell type in the central nervous system (CNS), alongside astro-
cytes, oligodendrocytes and microglia (Butt et al., 2002). NG2-glia are a ubiquitous population 
throughout adult white and grey matter (Figure 1) and have a number of defining features: (1) they 
are identified and defined by their expression of the NG2 chondroitin sulfate proteoglycan (Cspg4) 
and coexpression of platelet derived growth factor alpha-receptors (Pdgfra) (Nishiyama et al.,  
1996b, Nishiyama et al., 1996a); (2) they are continuously in cell cycle (Young et al., 2013); and  
(3) their processes form specific associations with neurons, at nodes of Ranvier in white matter (Butt 
et al., 1999), and synapses in grey matter (Bergles et al., 2000). These characteristics enable them 
to fulfil their primary function of the lifelong generation of oligodendrocytes, the myelinating cells  
of the CNS (Zuo and Nishiyama, 2013). Hence, NG2-glia are often referred to as oligodendrocyte  
progenitor cells (OPCs). However, NG2-glia fulfil other roles in the neural network (Hill and 
Nishiyama, 2014, Sakry and Trotter, 2016). Therefore, Akiko Nishiyama has proposed the name 
polydendrocytes, from the Greek for “cell with many branches,” to distinguish that NG2-glia are a 
distinct multifunctional glial cell type in the CNS (Nishiyama et al., 2009). This book describes  
the cellular identity, functions, physiological properties, and pathological responses of NG2-glia or 
“polydendrocytes.”

•  •  •  •



FIGuRE 1: Distribution of NG2-glia in the adult brain. Sagittal section of adult rat brain immunola-
belled with anti-NG2 antibody. (A) Low magnification illustrates that NG2 immunostaining highlights 
the architecture of the brain and distinguishes the neuronal layers. This is illustrated further in the hip-
pocampus (B) and cortex (C), where NG2-glia form a “mosaic” covering the entire area. An intriguing 
feature of NG2-glia is that they densely populate and contact neuronal synapses in grey matter regions, 
where there is little myelination.

•  •  •  •
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C H A P T E R  2

Identification and Lineage  
of  NG2-Glia (Polydendrocytes)

NG2-glia were discovered by Stallcup and colleagues after their development of the antibody NG2 
(neuron-glia antigen 2), which is now known to identify the chondroitin sulphate proteoglycan 
Cspg4 (Stallcup and Beasley, 1987, Levine and Card, 1987, Stallcup, 1981). Nishiyama went on to 
demonstrate an almost complete overlap of immunolabelling for NG2 and Pdgfra (Nishiyama et al.,  
1996b, Nishiyama et al., 1996a). Studies in transgenic mouse lines confirmed unequivocally that 
NG2 and Pdgfra expression identifies the same population (Zhu et al., 2008b).  Pdgfra mediate the 
effects of platelet-derived growth factor (PDGF), which is a potent mitogen for NG2-glia in the 
adult and developing CNS, particularly in white matter (Hill et al., 2013, Woodruff et al., 2004). 
Interactions between the NG2 proteoglycan and growth factors, such as PDGF and fibroblast 
growth factor 2 (FGF2), are important for regulating polydendrocyte proliferation and myelination 
(Kucharova and Stallcup, 2010). When NG2-glia differentiate into oligodendrocytes, they lose 
NG2 and Pdgfra, and pass through an intermediate phase in which they specifically express the 
G-protein-coupled receptor 17 (GPR17), before gaining myelin-related markers as they mature  
into myelinating oligodendrocytes (Boda et al., 2011). Outside of the neurogenic niches, NG2-glia  
are the major proliferating cell population of the adult CNS (Dawson et al., 2003). Although dif-
ferences in techniques used to measure cell proliferation and differentiation provide some variation 
in results, a distinguishing characteristic of NG2-glia is that they are in continuous cell cycle and 
generate oligodendrocytes throughout life (Young et al., 2013).

2.1  MORPHOLOGy AND DISTRIBuTION OF NG2-GLIA 

NG2-glia are ubiquitously distributed throughout the CNS (Figure 1A), comprising 2–3% of cells in  
gray matter and 8–9% of cells in white matter (Hill and Nishiyama, 2014), forming a “mosaic” cover-
ing the entire area, such as the hippocampus (Figure 1B) and cerebral cortex (Figure 1C) (Butt et al., 
2002). NG2-glia have a multiprocessed morphology and their process domains or territories over-
lap slightly at their edges (Figure 2A) (Leoni et al., 2009, Wigley and Butt, 2009, Xu et al., 2014).  
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FIGuRE 2: NG2-glial cell domains. Confocal microscopic images of sections of the adult mouse brain. 
(A) Immunolabelling illustrates the multiprocessed morphology of NG2-glia, with process domains or  
territories that overlap slightly at their edges (yellow circles). (B) NG2-glia (red) and astrocytes (green) 
often have somata that are directly apposed and overlapping process domains, with processes that inter-
digitate extensively. (C) NG2-glial cell body (red) inserted into that of a neuron (blue). (D) Astrocyte 
(green) and NG2-glia cell (red) often serve the same neuron (blue).


