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A B S T R A C T

Multiple sclerosis is one of the most common causes of chronic neurological disability beginning in early to

middle adult life. Multiple sclerosis is idiopathic in nature, yet increasing correlative evidence supports a

strong association between one’s genetic predisposition, the environment and the immune system.

Symptoms of multiple sclerosis have primarily been shown to result from a disruption in the integrity

of myelinated tracts within the white matter of the central nervous system. However, recent research

has also highlighted the hitherto underappreciated involvement of gray matter in multiple sclerosis

disease pathophysiology, which may be especially relevant when considering the accumulation of

irreversible damage and progressive disability.

This review aims at providing a comprehensive overview of the interplay between inflammation,

glial/neuronal damage and regeneration throughout the course of multiple sclerosis via the analysis of

both white and gray matter lesional pathology. Further, we describe the common pathological

mechanisms underlying both relapsing and progressive forms of multiple sclerosis, and analyze how

current (as well as future) treatments may interact and/or interfere with its pathology.

Understanding the putative mechanisms that drive disease pathogenesis will be key in helping to

develop effective therapeutic strategies to prevent, mitigate, and treat the diverse morbidities associated

with multiple sclerosis.

� 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating
disease of the human central nervous system (CNS) (Compston and
Coles, 2002, 2008). Recently, the International Advisory Committee
on clinical trials in MS refined the two different MS phenotypes (i.e.
relapsing and progressive) on the basis of both (i) disease activity
and (ii) disease progression (Lublin et al., 2014) (Table 1).

Clinical isolated syndrome (CIS), which was not included in the
initial clinical descriptors (Lublin and Reingold, 1996), is now
recognized as the inceptive clinical presentation of a disease that
displays the characteristics of an inflammatory demyelinating
disorder that has yet to fulfill the criteria necessary to diagnose MS
(Miller et al., 2005a,b). CIS may be either active or inactive [as
defined by the clinical assessment of relapse occurrence and/or
magnetic resonance imaging (MRI) activity] (Lublin et al., 2014)
and typically involves the optic nerve, brainstem/cerebellum,
spinal cord, or cerebral hemispheres (Polman et al., 2011). If CIS is
active and fulfills current MS diagnostic criteria, the syndrome
transitions to relapsing-remitting (RR) MS (Polman et al., 2011).

RR MS may also be active or inactive, and is characterized by
discrete episodes of acute neurological deficits and/or worsening
of a given neurological function (i.e. relapse), followed by a
complete or partial recovery (i.e. remission) (Lublin and Reingold,
1996). RR MS is the most common phenotype of MS (accounting for
�85% of total cases), it displays a clear association with sex (female
to male prevalence is between 2:1 and 3:1), and develops in young
adults between the ages of 20 and 30 years (Confavreux et al.,
1980).

Progressive MS includes secondary progressive (SP) and
primary progressive (PP) MS, both of which can be either active
or inactive (as per the above) and the disease course may develop
with or without progression (measured by clinical evaluation
which is assessed at a minimum annually) (Lublin et al., 2014).
Recent data estimate that within 5 and 15 years of an initial
diagnosis of MS, 25 and 75% of patients respectively, will go on to
develop SP MS (Scalfari et al., 2014). Thus the probability of disease
progression increases in accordance with time after initial disease
onset (Scalfari et al., 2014). Unfortunately, to date there are no
clinical, imaging, immunological or pathological criteria that

Table 1
Major characteristics of MS forms as classified by (Lublin et al., 2014).

Clinical form Disease course

Clinical isolated syndrome (CIS) Characterized by acute or sub acute onset of monophasic episode suggestive of MS, that has yet to fulfill the current MS

criteria. The episode lasts more than 24 h and usually affects the optic nerve, brain stem or spinal cord

Between 30% and 70% of patients with a CIS develop MS:

In patients with optic neuritis CIS conversion to MS varies between 10% and 85%

In patients with brainstem syndromes CIS conversion to MS varies between 50% and 60%

In patients with spinal cord CIS conversion to MS varies between 40% and 60%

Age of onset between 20 and 45 years

Female to male ratio between 2:1 and 5:1

Relapsing-remitting MS (RR MS) Characterized by relapses over days to weeks, followed by complete or partial remissions over months or years

�85% of cases

Age of onset between 20 and 30 years

Female to male ratio between 2:1 and 3:1

Progressive MS

Secondary Progressive MS (SP MS)

Primary Progressive MS (PP MS)

Characterized by progressive accumulation of disability after initial relapsing course of the disease

�75% of RR MS cases within 15 years of the initial diagnosis

Characterized by steady functional worsening from the onset of the disease

�15% of cases

Later onset than RR MS (�10 years)

Female to male ratio: 1:1
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