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1 THE COMPLEX BIOLOGY 
OF MULTIPLE SCLEROSIS

The development of animal models of human dis-
eases has, in general, two main functions. The first func-
tion is to generate a greater level of understanding of the 
basic biology of the disease and the second is to use the 
models to guide the development of new therapeutic ap-
proaches for treatment of the disease. Research into mul-
tiple sclerosis (MS) and other demyelinating diseases of 
the central nervous system (CNS) has followed this path 
closely over the last 60 years since the first description of 
an animal model of MS (Rivers et al., 1933). Unfortunate-

ly, like many other disease conditions our understanding 
of the underlying biology of MS has remained quite lim-
ited and as a consequence the design of accurate animal 
models has been challenging and the most frequently 
utilized models have provided limited insights and ef-
fective therapeutics (Furlan et al., 2009).

MS was first described in the 1800s as a malaise that 
resulted in increasing functional disability. With the ad-
vent of histological techniques it became clear that MS 
was a disease of the CNS that affected regions of the 
brain and spinal cord. Until quite recently MS was con-
ceived as a white matter disease, largely as a result of 
the detection of multiple focal areas of demyelination 
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known as plaques in CNS white matter tracks. This con-
cept is changing with an increasing realization that there 
are also frequent areas of damage in gray matter sug-
gesting that MS is not simply a disease of white matter 
(Grothe et al., 2016). The pathology of MS plaques or le-
sions is characterized by areas of demyelination that of-
ten contain a blood vessel at their core and show damage 
to the myelin sheaths that insulate CNS axons, as well as 
the formation of an astrocytic response or gliosis contrib-
uting to scar formation (Fawcett and Asher, 1999).

The vertebrate CNS contains three major classes of 
neural cells, Neurons the cells that are electrically active 
and transmit information throughout the brain and spi-
nal cord extremely rapidly and with a high level of fidel-
ity (Fig. 37.1). Different subpopulations of neurons arise 

from distinct regions of the CNS and their characteristics 
such as neurotransmitter phenotype, morphology and 
connectivity reflect the interplay of both intrinsic factors 
and the environment in which the cells develop (erik-
ksson et al., 1998; Nornes and Das, 1974). The second 
major class of neural cells is astrocytes (eng, 1985; Hi-
rano and Goldman, 1988; Miller and Raff, 1984; Mont-
gomery, 1994). These cells, which constitute a heterog-
enous population of cells, are probably as numerous 
in the CNS as neurons and perform multiple functions 
that support both the development and maintenance of 
the brain and spinal cord (eng, 1985; Hirano and Gold-
man, 1988; Miller and Raff, 1984; Montgomery, 1994; 
eng and Ghirnikar, 1994). For example, during devel-
opment radially oriented astrocytes or their precursors 

FIGURE 37.1 Organization of the myelinated axons in the vertebrate CNS. Myelination, the fatty insulation surrounding axons in the 
central and peripheral nervous system, facilitates rapid conduction of electrical signals. (A) Neurons are polarized cells that as a general rule 
receive information onto their dendrites that is processed through the cell body and transmitted to their target along their axons. While most 
neurons have multiple dendrites they have only a single axon, which is wrapped in myelin. The myelin sheath is composed of spiral wraps of 
plasma membrane organized into internodes separated by Nodes of Ranvier where the axonal surface is exposed. (B) During the transmission of 
an action potential along an axon the presence of myelin enhances the velocity of transmission since the signal “jumps” from node to node (see top 
to bottom). The threshold activity required to fire an action potential is also reduced because the extent of the exposed axon membrane is reduced 
and the ion channels are more concentrated. During the firing of the action potential sodium flows into the axons resulting in depolarization and 
the resting potential is subsequently restored through outward transport of potassium channels. (C) Myelin in the CNS is synthesized by oligo-
dendrocytes. one oligodendrocyte can myelinate multiple internodes on multiple different axons. As a result, loss of a relatively small number of 
oligodendrocytes can have a significant effect on the functioning of multiple axons.
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are important as guides for the migration of neuronal 
cell bodies from their germinal zones to their final des-
tination (Rakic, 1971, 1972). likewise, astrocytes act as 
identifiable substrates for the growth of axons toward 
their appropriate targets (Smith et al., 1986). in the adult 
CNS, astrocytes play multiple supportive roles includ-
ing removal of excess neurotransmitters, maintenance 
of the ionic environment of the CNS and stabilization of 
the blood–brain barrier (eng and Ghirnikar, 1994) and 
potentially promoting regeneration (Miller, 2006). one 
relatively poorly understood function of astrocytes is 
the generation of a glial scar in response to CNS injuries 
(Fitch et al., 1999; Fitch and Silver, 2008; Silver and Mill-
er, 2004). For example, penetrating insults to the brain 
and spinal cord result in breakdown of the blood brain 
barrier and provoke hypertrophy and proliferation of 
astrocytes in the vicinity of the insult (Fitch et al., 1999; 
Fitch and Silver, 2008; Silver and Miller, 2004). This re-
sults in a dense glial scar or gliosis comprised of astro-
cyte processes and extracellular matrix that is thought 
to inhibit axonal regeneration (Fitch et al., 1999; Fitch 
and Silver, 2008; Silver and Miller, 2004). A similar ro-
bust glial scar is formed around chronic demyelinating 
lesions in the absence of a penetrating insult and by anal-
ogy has been suggested to block myelin repair (Fuller 
et al., 2007). The third major class of neural cells in the 
adult CNS is oligodendrocytes (Miller, 2002) (Fig. 37.1). 
These cells are derived from progenitors that arise in 
distinct regions of the CNS and subsequently disperse 
throughout the CNS (Miller, 2002; ono et al., 1997; Prin-
gle and Richardson, 1993; Rowitch, 2004). oligodendro-
cytes are the primary source of myelin in the adult CNS 

(Bunge et al., 1962; Bunge, 1968; Miller, 2002; Raine, 1977). 
Myelin is a specialized plasma membrane that wraps ax-
ons and forms a fatty insulation that promotes the rap-
id conduction of electrical impulses (Raine, 1977). one 
primary function of myelin is to provide insulation and 
protection to axons within the CNS (Morell et al., 1990) 
and it is composed of multiple layers of modified plasma 
membrane that acts to increase the conduction velocity 
of action potential along the axon as well as reduce the 
threshold for firing axonal action potentials. The bases of 
this improved conductivity are the nature of the myelin 
sheath (Fig. 37.1). Myelin sheaths are discontinuous, and 
the space between adjacent myelin segments is known 
as the Node of Ranvier. The Node of Ranvier is a highly 
specialized region comprised of a wide range of unique 
proteins in both the oligodendrocytes and the axonal 
membrane including high concentrations of ion chan-
nels that are essential for conduction of electrical impuls-
es. This structure is particularly sensitive to damage and 
disruption of the node results in perturbation of axonal 
conduction (Fig. 37.2). The composition of the intermo-
dal myelin has been extensively studies. The develop-
ment of biochemical isolation procedures (larocca and 
Norton, 2007; Norton and Poduslo, 1973) identified a 
number of myelin specific proteins including myelin ba-
sic protein that constitutes more than 50% of the myelin 
sheath, proteolipid protein (PlP) a second major com-
ponent of CNS myelin and other smaller components 
such as myelin—associated glycoprotein (MAG), myelin 
oligodendrocyte protein (MoG), myelin-associated oli-
godendrocyte basic protein (MoBP) and 2′3′ cyclic nu-
cleotide 3′phosphdiesterase (CNP) (Campagnoni, 1988). 

FIGURE 37.2 Demyelination results in a loss of functional conduction and may result in axonal damage and synapse loss. Under normal 
conditions the axon is myelinated along the majority of its length and information flows from one neuronal cell body to the other through action 
potentials and synapses between the myelinated axon and its target dendrites. As a result of demyelination the myelin covering is destroyed, 
conduction along the axon is compromised and synaptic connections are lost.
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