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Introduction
Multiple sclerosis (MS) has been recognized as a
disease entity for over 150 years, having first been
described pathologically as a ‘peculiar diseased state
of the spinal cord and pons Varolii’ by Carswell in
1838.1 In its typical relapsing and remitting form, MS
is a characteristic clinical syndrome that, despite
protean symptoms reflecting varying sites of the central
nervous system (CNS) affected by inflammatory
demyelination, is rarely misdiagnosed by the
experienced neurologist. The advent of magnetic
resonance imaging (MRI), and its incorporation into
current criteria for the diagnosis of MS, also permits an
accurate diagnosis in a majority of patients with a first
clinical demyelinating event.2 Although largely
supplanted by MRI as a diagnostic tool, evidence of
The International MS Journal 2009; 16: 57–65

intrathecal synthesis of oligoclonal immunoglobulin is a
characteristic and stable laboratory finding, present in
over 90% of all MS patients, that is unaffected by
immunomodulatory, immunosuppressive or other
therapies.3,4
Whilst the relatively stereotyped clinical, imaging
and laboratory features of relapsing MS suggest a
uniform pathophysiology, there is a substantial variation
in disease severity and response to immunomodulatory
therapies; and a number of less classic variants are
recognized, including primary progressive MS (PPMS),
fulminant MS (Marburg variant) and the
neuropathological entity, Balo’s concentric sclerosis.
Neuromyelitis optica (NMO), also traditionally
considered an MS variant, is differentiated by: unique
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Key Points
• Relapsing MS presents with an array of
relatively stereotyped clinical, radiological and
laboratory features

lesion stage, measured in minutes to days, may affect
the complexity and therefore interpretation of a lesion
that has necessarily been sampled at a specific point in
time. Genetic, and possibly environmental, factors are
also likely to modulate the development of MS lesions
in a given individual. In this review, the nature of acute

• Lesional heterogeneity is present both within and
between individuals with MS, and likely reflects
the evolution of a single pathophysiological
process rather than heterogenous disease
aetiologies

lesion heterogeneity, and its implications for the
pathogenesis and treatment of conventional relapsing

• Inflammatory demyelination, the pathological
hallmark of active MS, is a ‘late’ event in the
newly forming lesion, and is preceded by a
uniform pre-phagocytic pathology that suggests
early oligodendrocyte injury or loss

The Conventional MS Paradigm:
Th1-lymphocyte-mediated
Autoimmunity

• Traditional animal models of MS inadequately
reflect the early neuropathological features of the
disease
• Therapies that target only the recruitment of a
systemic immune response are likely to be
partially effective, and neuroprotective strategies
are also required

imaging, cerebrospinal fluid (CSF) findings and
neuropathology; a relatively strong association with
autoimmune disease; and a favourable response to
plasma exchange. The recent discovery of antibodies to
aquaporin-4, a protein enriched in glial limiting
membranes, in sera from most patients with relapsing
NMO and few with conventional MS, has served to
further distinguish the two entities.5,6
The delineation of significantly different disease
pathomechanisms amongst MS patients with
conventional disease and overlapping clinical
phenotypes would have important therapeutic
implications, particularly for the development of novel,
targeted treatments. In the early relapsing phase of the
disease, neuropathological examination of MS tissue
shows a spectrum of lesion pathologies. While active
lesions are defined pathologically by the presence of
partially myelinated axons in tissue infiltrated by
numerous myelin-laden macrophages,7 the
morphological features of an individual plaque are
often complex, and may additionally comprise zones of
oligodendrocyte apoptosis or loss, myelin pallor or
vacuolation, normal or aberrant remyelination,
microglial activation and reactive astrocytosis. Both
disease duration, measured in months to years, and
58

and remitting MS, will be explored.

T-lymphocytes are invariably detected within active MS
lesions, both within perivascular cuffs and in lesser
numbers infiltrating the parenchyma. However, the
dominant cell type in such lesions is the myelin-laden
macrophage, which derives predominantly from the
local microglial population and outnumbers
lymphocytes by at least 10:1.8,9 Consistent with these
neuropathological findings, macrophage-mediated
destruction of normal CNS myelin has been proposed
as the chief effector mechanism in MS. In this
paradigm, loss of self-tolerance to an undetermined
myelin or myelin-like antigen in the periphery drives the
production of a Th1 cell clone capable of infiltrating the
CNS and initiating selective cytokine- or macrophagemediated myelin injury. Indirect support for such a
process in MS includes the presence of Th1-type
cytokines in the CSF of patients with active disease;10 a
pattern of chemokine receptor expression in circulating
and lesion-derived T-cells compatible with a Th-1 driven
process;11,12 and immunopathological similarities with
experimental allergic encephalomyelitis (EAE), an
animal model in which disease is induced by active
immunization with myelin proteins or by adoptive
transfer of autoreactive Th1 cells.
This conventional paradigm has, in recent years,
been acknowledged as a simplification of the
pathogenic cascade which culminates in myelin
destruction in the active MS lesion; and the role of the
humoral immune system has been re-emphasized. Polar
capping of immunoglobulin G (IgG) on macrophages
engaged in active myelin phagocytosis;13 the presence
of large numbers of plasma cells in subacute plaques;
the identification of immunoglobulin and complement
products on degenerating myelin sheaths in acute
The International MS Journal 2009; 16: 57–65
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lesions;14,15 and, most recently, evidence of dramatic
clinical and radiological efficacy of the monoclonal anti-

The paradigm of Th1-lymphocyte-mediated
autoimmunity is therefore at best a simplification of

CD20 antibody, rituximab, in relapsing MS16 support
the notion that humoral factors play an important role in

pathophysiological events that take place in the newly
forming MS plaque. The neuropathological

the immunogenesis of the disease. There is also
growing scepticism that T-lymphocyte-mediated EAE

interpretation of an individual active lesion is further
complicated by the superimposition of inflammatory

constitutes a valid animal model for furthering the
understanding of MS pathogenesis: whilst macrophage

activity on previously demyelinated or remyelinated
tissue, a phenomenon that increases with disease

and lymphocyte infiltration characterize the lesions of
both conditions, the inflammatory response in classical
EAE is largely restricted to the subpial and perivascular
regions, and the confluent zones of demyelination that
typify MS are conspicuously absent. EAE models in
which there is synergy between T- and B-cell responses,
such as active myelin oligodendrocyte glycoprotein
(MOG)-peptide EAE in the rat or marmoset, more
faithfully, but still inadequately, reproduce the spectrum
of pathological changes described in MS.17
Immunopathological interrogation of the active MS
lesion discloses other features that cast doubt on the
prevailing view of MS as a purely CD4+ Th1-celldirected, macrophage-mediated process. Inflammatory
cuffs are frequently observed in normal white matter
contiguous with, or distant from, MS plaques of all
ages; conversely, lymphocytes may be absent in
some zones of early MS lesions with extensive
demyelination;7,18 and, contrary to the findings in EAE,
major histocompatibility complex (MHC) Class Irestricted, clonally expanded CD8+ T-cells comprise the
bulk of the lymphocytic infiltrate in MS.19,20 CD8+ Tcells are concentrated in the recently demyelinated core
of active MS lesions, appear in small clusters, and
express granzyme B in their cytotoxic granules, features
that suggest an antigen-driven, cytotoxic process
(unpublished data). Finally, a constant, but often
overlooked, feature of the active MS lesion is a
variable, but often dramatic reduction in the number of
oligodendrocytes,7 whose extended plasma membranes
constitute the myelin sheath. Consistent with recent
pathological studies of newly forming MS lesions, in
which widespread oligodendrocyte death was
identified in the absence of immediate phagocytic
activity or lymphocytic infiltration,18 these features
suggest that a pre-phagocytic insult to the
oligodendrocyte/myelin complex may underpin
macrophage activity and the subsequent recruitment of
a systemic immune response.

duration and in part may explain the prevalence of
failed remyelination in longstanding, secondary
progressive disease.
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Pathological Heterogeneity of MS
Lesions: Different Pathomechanisms in
Different Patients?
In an attempt to further dissect the pathogenetic events
that take place in the active MS lesion, Lucchinetti et al.
examined a large series of plaques from autopsy
(n=32) and biopsy (n=51) cases and defined two
distinct and mutually exclusive pathological patterns or
subtypes among 80% of the included cases.14,21 In the
majority of these (Pattern 2) cases, active lesions were
typically perivenous in location, characterized by the
precipitation of activated complement and IgG on
degenerating myelin sheaths and associated with the
presence of remyelinating shadow plaques elsewhere
in the CNS. By contrast, Pattern 3 lesions had illdefined borders, were not centred on vessels, lacked
IgG and complement deposition and in 8/22 cases
exhibited concentric bands of demyelinated and
myelinated tissue at the lesion edge. Variable
oligodendrocyte apoptosis was observed at the active
plaque edge in such cases, and remyelination was
conspicuously absent. This pattern has been equated
with that observed in Balo’s concentric sclerosis, a form
of acute MS characterized by concentric layering of
damaged and preserved myelin.22 Two further lesional
patterns were recorded among the remaining 20% of
cases studied: Pattern 1 lesions were morphologically
indistinguishable from Pattern 2 lesions, but lacked IgG
and complement deposition; and Pattern 4 lesions,
seen exclusively in patients with PPMS, were
distinguished by the presence of DNA condensation in
periplaque oligodendrocytes. The exclusivity of specific
patterns of active lesion pathology in individual
cases led the authors to suggest that pathological
heterogeneity reflected heterogenous disease
59
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aetiologies in patients with indistinguishable clinical
syndromes and therefore carries significant treatment
implications.23 Consistent, however, with the
conventional MS paradigm, the authors have further
suggested that the pathophysiological events in all four
lesion types are initiated by peripherally activated
T-lymphocytes; and that unknown mechanisms
subsequently result in pathogenetic divergence.24
Lesions that conform strictly to the Pattern 3
phenotype were described in some 30% of all cases
reported by Lucchinetti et al.21 Many of these cases
were atypical or based on biopsy data; in our
experience, lack of complement activation in active
lesions, or of remyelination elsewhere in individual
cases, is exceptional in autopsy cases of relapsing MS.
In a recent study, we identified activated complement
(C3d and C9neo) on fragmenting myelin sheaths within
58/58 active lesions derived from 20 patients with
relapsing MS;25 and in the outer actively demyelinating
bands of Balo-type lesions. The presence of activated
complement on lesional myelin was not restricted to
MS, being identified on disintegrating sheaths in
diverse conditions affecting white matter, including viral
and autoimmune encephalitides, NMO and ischaemic
infarcts. These findings are supported by results of a
study by Breij et al., in which only Pattern 2 pathology
could be defined in 33 actively demyelinating lesions
from 22 patients drawn from a large unselected pool of
MS material.26 While frequently cited as an indication
of pathogenic anti-myelin antibodies, IgG and
complement immunostaining of disrupted myelin in MS
lesions is therefore a non-specific feature that cannot be
interpreted as evidence of a distinct pathogenesis or
serve to define particular variants of the disease.
‘Partial’ Balo lesions, comprising small regions or
bands of preserved/demyelinated tissue, are quite
common in acute MS lesions that also exhibit otherwise
typical Pattern 2 features, including complement
deposition on degenerating myelin sheaths and
pronounced remyelination in contiguous and more
distant tissue. In our experience, many patients with
typical relapsing and remitting disease exhibit this
combination of pathological changes early in the
disease.18,25 Oligodendrocyte pyknosis and apoptosis,
features observed in Pattern 3 pathology,21 are present
in evolving lesions derived from patients whose brains
are examined shortly after or during an exacerbation of
60

MS. Such pre-phagocytic lesions, and nearby active
lesions derived from the same patients, also exhibit a
spectrum of pathological changes, including
complement deposition on lesional myelin, in individual
cases; and remyelinating shadow plaques, which were
notably absent in the Pattern 3 cases described by
Lucchinetti et al.,21 are frequently observed in such
cases. The sampling of evolving active lesions at specific
time-points, and the frequent superimposition of active
and established lesion pathologies, is therefore a more
likely explanation of pathological heterogeneity than
dichotomous, or indeed quadrichotomous, pathogenic
pathways among patients with typical relapsing MS.

Oligodendrocyte Death Underpins the
Pathology of Evolving MS Lesions
A variable and unexplained reduction in the number of
oligodendrocytes is present in most active MS lesions
that arise de novo in previously unaffected white matter.
Within weeks of onset of lesion-associated symptoms, a
brisk regenerative response results in the appearance of
oligodendrocyte precursors, chains of proliferating
CNPase positive oligodendrocytes and thin
remyelinating sheaths.9 Oligodendrocyte loss may
therefore be obscured by either florid inflammatory
demyelination or striking oligodendrocyte regeneration,
and has been largely overlooked as a potential
pathomechanism in MS.
In a study of autopsy MS tissue, we described
pathological changes that precede myelin phagocytosis
in intact white matter at sites correlating with the
symptoms of patients who had died during or shortly
after a clinical relapse.18 Such prephagocytic lesions
were defined by: a) fields of apoptotic
oligodendrocytes in the absence of a significant
macrophage infiltrate; b) pronounced local microglial
activation; and c) myelin pallor (on luxol fast bluestained sections), but no overt structural myelin
pathology. Parenchymal T-cells are almost absent in
prephagocytic zones, are present in only modest
numbers in regions of active phagocytosis and reach
maximum densities in recently demyelinated, postphagocytic tissue packed with lipid-laden macrophages
(Henderson et al., unpublished data). The observation
of oligodendrocyte loss prior to inflammatory
demyelination or lymphocyte infiltration in nascent MS
lesions suggests a novel pathogenesis, namely that
The International MS Journal 2009; 16: 57–65
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macrophage activity is largely scavenger in nature and
is directed toward dead, rather than normal, myelin

newly forming MS lesions are speculative, and have
been reviewed in detail elsewhere.34 There is

sheaths in response to the expression of phagocytic
ligands such as phosphatidylserine on their external

circumstantial evidence supporting the role of microgliaderived proinflammatory cytokines;35 and comparison
with the pathological changes observed in white matter

surface. In this paradigm, tissue injury is amplified by
the subsequent recruitment of a systemic Th1 immune
response to the CNS by either: a) self antigen(s)
unmasked during death of the oligodendrocyte/myelin
complex; or b) foreign antigen that also initiates the
apoptotic sequence.27 The presence of myeloid DC-like
cells expressing the chemokine receptor CCR7 in active
MS lesions,28 and of CD68+ cells containing myelin
degradation products in the cervical lymph nodes of
MS patients,29,30 indirectly support the notion that
antigen-presenting cells migrate from the evolving lesion
to the cervical lymph nodes, where they can regulate
the differentiation of naïve T-cells into effector and
central memory T-lymphocytes that are capable of
entering the CNS and amplifying tissue injury.
Favourable Phase II trials of fingolimod,32 a
sphingosine-1-phosphate receptor agonist that prevents
the egress of lymphocytes from secondary lymphoid
organs,33 are not inconsistent with this hypothesis.
While we have observed prephagocytic pathology
in available tissue blocks from only a proportion of
autopsy cases of early relapsing MS, patients rarely
succumb to acute relapse in MS and rapid shifts in
lesion pathology are likely to obscure transient cellular
changes such as apoptosis within hours to days.
Typical actively demyelinating lesions are present in
contiguous white matter and elsewhere in the neuraxis
in all cases exhibiting prephagocytic pathology
examined to date. We therefore propose that lesion
stage explains much of the pathological heterogeneity
observed in newly forming MS plaques; and that
death of the oligodendrocyte/myelin complex is the
first in a uniform sequence of events that underpins
active lesion pathology in typical relapsing disease.
This hypothesis is illustrated in Figure 1. An alternative
explanation for the proximity of active phagocytic and
prephagocytic pathologies is that the latter is a
secondary phenomenon. While consistent with the
conventional paradigm of MS pathogenesis, the low
prephagocytic/phagocytic lesion ratio in individual
patients with early relapsing MS weakens this
interpretation.
The factors that trigger oligodendrocyte apoptosis in
The International MS Journal 2009; 16: 57–65

ischaemia implicates oxidative stress and excitotoxicity
as potential patho-mechanisms.36 Whilst these factors
may constitute ‘pieces’ of the molecular puzzle, they
are also general accompaniments of
microglial/macrophage activity and do not constitute a
framework for the aetiology of MS. A foreign antigen
that induces both oligodendrocyte injury and
inflammatory cell recruitment would obviate the need to
identify an auto-antigen in MS and has re-emerged as
a serious aetiological candidate. The epidemiological
data supporting a specific viral cause of MS have been
recently reviewed by Lipton et al.37

Implications for Therapy
Current immunomodulatory and immunosuppressive
therapies for relapsing MS are only partially effective.
They primarily target the adaptive immune response,
although undoubtedly also have downstream effects on
the cytokine milieu and local immunity within the CNS.
Convincing evidence that a Th1-mediated immune
response can affect tissue damage in MS has emerged
from recent clinical trials of natalizumab, a monoclonal
antibody which inhibits alpha-4 integrin-mediated
lymphocyte trafficking into the CNS, significantly
reducing clinical and radiological relapses.38–40 More
recently, Phase II trials of alemtuzumab, a monoclonal
anti-CD52 antibody that induces long-term T-cell
depletion, have shown dramatic improvements in
relapse rate and the risk of acquiring permanent
disability relative to standard therapy with
subcutaneous interferon beta 1-a.41 These data suggest
that amplification of tissue injury in early relapsing MS
is chiefly mediated by the recruitment of a systemic
immune response (Figure 1) and emphasize the
imperative to commence such therapies in the early
phases of the disease. Prephagocytic events are,
however, not likely to be targeted by such an
approach and the combination of
immunomodulatory/immunosuppressive therapies with
agents that promote oligodendrocyte integrity may be
a superior therapeutic strategy, particularly in early
relapsing disease when prephagocytic and active
61
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Figure 1. Temporal evolution of the newly forming MS lesion: a hypothesis. An as yet unidentified factor results in
oligodendrocyte apoptosis and direct or secondary microglial activation. Programmed cell death is accompanied by the
expression of phagocytic ligands on the abluminal surface of oligodendrocytes and their extended plasma membranes,
the myelin sheath. Macrophages, primarily derived from local microglia, phagocytose apoptotic oligodendrocytes and
degenerating myelin sheaths, a process that characterizes the classic active MS lesion and is usually complete within
2–3 weeks. A population of myeloid-like dendritic cells, possibly derived from CCR7+ microglia, migrates to the cervical
lymph nodes and activates naïve T-lymphocytes to a memory/effector phenotype. These Th1 lymphocytes re-enter the
central nervous system and are reactivated by antigen-presenting cells, possibly those located in Virchow-Robin spaces
within the lesion. The recruitment of additional systemic immune populations dramatically amplifies the inflammatory
process and local tissue injury. The antigen specificity of the T-lymphocyte response is unknown and may be directed
toward a constitutive autoantigen, an autoantigen liberated by the apoptotic process, or epitopes derived from the
unknown factor that also causes oligodendrocyte apoptosis

lesion load is maximal. Neuroprotection has already
been proposed as a potential mode of action for both
traditional therapies such as glatiramer acetate42 and
novel oral agents, such as fingolimod, that have shown
promising results in Phase II trials in relapsing MS.33
Enhancing oligodendrocyte survival with neurotrophic
cytokines such as leukaemia inhibitory factor43 and
ciliary neurotrophic factor44 has also been shown to
have a therapeutic effect in animal models for MS.
In the hypothesis presented in Figure 1, the
development of nascent MS lesions is uniform and the
application of vastly different therapies for specific
patient subgroups with clinically indistinguishable
relapsing syndromes is irrelevant. While we believe that
the evidence weighs in favour of this hypothesis, we
62

Figure 2. Upregulation of MHC 2 (green) in activated
microglia clustered around C3d+ material (red)
associated with a short segment of an axon in
periplaque MS tissue. This tissue alteration may
constitute a specific biomarker for MS which is not
observed in other inflammatory and non-inflammatory
white matter diseases

The International MS Journal 2009; 16: 57–65
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recognize that genetic factors are also likely to
modulate the development of MS lesions, and response

approach yielded several proteins unique to chronic
active MS plaques, including the molecules associated

to specific therapies, in a given individual. However,
research directed toward the determination of surrogate

with coagulation, tissue factor and protein C inhibitor.
Previously unsuspected in the pathogenesis of MS,

markers for MS pathological subtypes, as defined by
Lucchinetti et al.,21 may be based on flawed

dysregulation of coagulation was further explored by
administration of hirudin and recombinant activated

assumptions.

protein C to SJL/J mice with EAE, resulting in
amelioration of the disease. Whilst the nature of the

The MS Antigen: the ‘Holy Grail’ of
MS Research?

putative MS antigen was not established, this important
paper validates a new methodology utilizing human
tissue that may lead to the identification of candidate
proteins important to disease pathogenesis and the
discovery of targeted therapies. The directed application
of proteomics to prephagocytic tissue in nascent lesions
or periplaque white matter containing MS-specific
microglial nodules, rather than the contents of alreadyestablished plaques, is perhaps more likely to yield
information relevant to the pathogenesis of the disease,
but is limited by the availability of suitable tissue.

The development of more effective targeted therapy
has been hindered by the lack of a known MSspecific antigen, an incomplete understanding of the
pathogenic sequences that take place in evolving
and expanding MS lesions and inadequate animal
models. Attempts to delineate the location and
identity of the putative MS antigen have failed to
discover a consistent target of oligospecific CSF
immunglobulins, despite their remarkable temporal
and clonal invariance. Antibodies directed against
components of myelin also do not correspond with
the major electrophoretic oligoclonal bands with any
consistency, and are often of low affinity.45,46
Similarly, we have recently shown that binding of
immunoglobulin and complement to degenerating
myelin sheaths is not a specific feature of MS, but is
common to many diseases that affect white matter,
including ischaemic stroke.25 In this study, diseasespecific deposits of IgG or activated complement that
correlated with the known distribution of either
foreign antigen or autoantigen, were detected in
virus-infected cells in progressive multifocal
leucoencephalopathy, subacute sclerosing
panencephalitis and cytomegalovirus encephalitis; in
glial limiting membranes in neuromyelitis optica; and
in senile plaques in Alzheimer’s dementia. In MS,
specific immunostaining was restricted to short linear
deposits of activated complement (C3d) on partly
demyelinated axons located within unusual microglial
nodules in normal-appearing periplaque white matter
(Figure 2). These lesions may therefore indicate the
site of an MS-specific target of innate or acquired
immunity and therefore constitute a specific
biomarker of the disease with pathogenetic
significance.
In a recent study by Han et al.,47 molecular profiling
of MS and control tissue utilizing a proteomics
The International MS Journal 2009; 16: 57–65

Conclusions
MS presents with a readily identifiable clinical
syndrome and, in the vast majority of cases,
characteristic MR imaging and laboratory features. The
neuropathology of early relapsing MS is unmistakable
and variation in acute lesion pathology is largely
accounted for by lesion stage, rather than heterogenous
disease aetiologies amongst patients with
indistinguishable clinical syndromes. Examination of
newly forming, prephagocytic lesions suggests that
oligodendrocyte death underpins the subsequent events
that manifest pathologically as active demyelination;
and that macrophage activity, widely held to be driven
by a Th1 lymphocyte-mediated immune response
toward a myelin antigen, is largely a scavenger
response determined by the expression of phagocytic
ligands on the plasma membranes of dying
oligodendrocytes. While the events that occur within
newly forming plaque in a given individual may be
modulated by genetic or perhaps environmental factors,
we propose that the overall mechanism of lesion
formation is uniform in patients with relapsing MS.
Therapies that target only the recruitment of a systemic
immune response are therefore likely to be partially
effective, and neuroprotective strategies are also
required. Present animal models inadequately reflect
the pathogenesis of MS, and the application of
63
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emerging technologies such as proteomics to human
tissue is more likely to yield useful pathogenetic
information and lead to the discovery of targeted, more
effective therapies.
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Meeting Report

The 61st Annual Meeting of the
American Academy of Neurology
Seattle, USA, 25 April–2 May 2009
Multiple sclerosis (MS) and related disorders again
featured prominently at the Annual Meeting of the
American Academy of Neurology (AAN) in Seattle,
Washington, USA, with over 300 posters and
platform presentations and eight educational
courses on all aspects of the disease. There was
extensive involvement throughout the meeting by
registrants from Europe and other countries outside
North America.
The John Dystel prize for contributions to research in
MS was awarded to Professor David Miller, of the
National Hospital, Queen Square, London, UK.
Professor Miller’s group has published extensively on
all aspects of magnetic resonance (MR) scanning in
MS, particularly the application of MR to trials of
treatment and the early diagnosis of MS. His prize
address reviewed the place of MR, including the
mismatch between some of the MR and clinical
features that have caused difficulty in interpretation of
trials. The difficulty in confirming a close correlation
between MR measures and subsequent clinical
progress remains one of the main issues in the
application of MR scanning. Reports that composite
scores combining clinical and MR evidence of relapses
may be more useful in prediction will need validation.
The plenary session related to MS was presented by
The International MS Journal 2009; 16: 65–66

Dr Alberto Ascherio of the Harvard School of Public
Health on the possible role of relative vitamin D
deficiency in predisposing to MS in areas of high
prevalence. He also addressed the suggested place of
supplementation of vitamin D as treatment for
established MS, in view of increasing evidence in
animal models that it can modify immune responses. A
report from Canada indicated that large doses of
vitamin D (up to 40 000 IU per day) can be given
safely to patients over periods of several months and
affect T-cell reactivity. A complication is that there are
gender differences in the metabolism of vitamin D.
There are indications also that some of the genetic
factors influencing the risk of developing MS may
affect vitamin D metabolism.
A report on MS in children noted that a high
proportion had cognitive impairment, which was not
closely linked to disability as measured by the
Expanded Disability Status Scale (EDSS). In paediatric
MS of early onset, the pattern of cerebrospinal fluid
changes is different from that in older children and
adults, with increased neutrophils and infrequently
positive oligoclonal bands.
Several reports of long-term follow-up of patients on
standard disease-modifying therapy (DMT) – interferon
beta (IFNB) and glatiramer acetate – emphasized
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