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‘Multiple Sclerosis

o The etiology of multiple sclerosis {MS) is unknown, but
it appears to be autoimmune in nature. Currently there is
no cure.

6 MS is characterized by CNS demyelination and axonal
damage.

MS s classified by the nature of progression over time
into several categories, which have different clinical
presentations and responses to therapy.

5 0 Although studies do not support the general use of any of
the FDA-approved disease-modifying therapies {DMTs) in
patients with progressive forms of the illness, information
derived from multiple studies suggests younger patients
with progressive illness and those with either superimposed
acute relapses or enhancing lesions on magnetic resonance
g imaging (MRI) scans may benefit from some of the presently
A used DMTSs.

@ Diagnosis of MS requires evidence of dissemination

i of lesions over time and in multiple parts of the CNS

b and/or optic nerve, and is made primarily on the basis

of clinical symptoms and examination. Diagnostic criteria

. also allow for the use of MRI, spinal fluid evaluation, optical
i coherence tomography, and evoked potentials to aid in
the diagnosis.

9 Exacerbations or relapses of MS can be disabling.
When this is the case exacerbations and relapses
are treated with high-dose glucocorticoids, such as
methylprednisolone IV, with onset of clinical response
typically within 3 to 5 days.

| @ Treaiment of relapsing-remitting multiple sclerosis (RRMS)

' with the DMTs interferon-f3 (IFN-[3) (Avonex, Betaseron,
Rebif, Extavia), glatiramer acetate (Copaxone), natalizumab
(Tysabri), mitoxantrone (Novantrone), fingolimod (Gilenya),
teriflunomide (Aubagio), and dimethyl fumarate (Tecfidera)
can reduce annual relapse rate, lessen severity of relapses,
slow progression of changes on MRI scans, slow progression
of disability, and slow cognitive decline. In addition, they
have been shown to reduce the likelihood of developing a
second attack after a first clinically isolated syndrome (CIS)
consistent with MS.

O 1nmost cases, treatment with DMTs should begin
prompitly after the diagnosis of relapsing-remitting MS,
or after a CIS if the brain MRl is suggestive of high risk
of further attacks. Natalizumab and other choices that
have been associated with problematic adverse events
should be reserved for those patients who have failed
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@ The definition of treatment inadequacy for RRMS remains
unclear, and therapy changes after “treatment failure” should
be individualized.

@ Patients suffering with MS frequently have symptoms such
as spasticity, bladder dysfunction, fatigue, neuropathic pain,
cognitive dysfunction, and depression that can require
treatment. Patients must be counseled that therapies such as
IFN-ffand glatiramer acetate will not relieve these symptoms.
Depression is common in MS and can pose the risk of suicide.

Muliiple sclerosis (MS) is an inflammatory disease of the CNS that
affects approximately 1 in 200 women and fewer men in the United
States.' The term “multiple sclerosis™ refers to two characteristics
ol the disease: numerous affecied arcas of the brain and spinal cord
(CNS) producing multiple neurologic symptoms that accrue over
time. and the characteristic plagues or sclerosed areas that are the
hallmark of the disease.

o Although MS was lirst described almost 140 years ago. the
cause remitins a mystery. and a cure is still unavailable. Neverthe-

_less. many advances have been made in treating and managing the

disease complications and improving the quality-of-life of aftected
individuals.

EPIDEMIOLOGY

Epidemiologic aspects of MS have been reviewed in many publi-
cations."™ MS affects approximately 400.000 people in the United
States and 2.5 million people worldwide.® MS is usually diagnosed
between the ages of 15 and 45 years: peak incidence occurs in the
fourth decade. Approximately 10L000 new cases are diagnosed per
year in the United States. Women are afflicted more than men by
a ratio of 2:1. Men usually develop the first signs of MS at a later
dge than women, and are more likely to develop i progressive form
of the discase. The most important factors in determination of risk
for developing the disease are geography. age. environmental influ-

ences, and genctics. In general. discase prevalence is higher the
ereater the distance from the equator: within the United States the
prevalence of MS s higher in states above the 37th parallel. Recent
studies. however, suggest a waning latitude gradient as demon-
strated by a substantial increase in MS incidence in Mediterrancan
regions. Rising incidence of MS in females appears o be associated
with urbanization. As an example, recent reports suggest that MS
incidence markedly rose on Crete among female subjects residing
in urban settings or relocating at a younp ave from rural areas: this
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NS occurs more frequently in whites of Scandinavian ances-
try than in other ethnic groups. [n addition. an ioverse relation-
ship between MS risk and 25-hyvdroxyvitmin 1D levels has been

propased.

Etiology

Hois thought thit genetically susceptible individuals €15 years of
age who have hived ina high-risk wrea for at feast 2 vears and were
exposed o a crucial environmental agent are at risk for develop-
ing MS. Tnterestingly. an individual who migrates from a low- to
high-risk area prior o the age of 15 vears acquires the sume chance
ol developing MS as those who Hive inoa high-risk arca all their
lives

S the move ix made from a high- o o low-nisk area. the
individual retains the high risk it the move is made after the age
of 13 vears. but acquires the lower risk it the move is made prior

to this age.” Smoking cigareties has been associated with bath an
increased risk of developing MS and with more severe progression
of disubitine™

Viral or bacterial infections may be an important environmen-
l cause of MS. Although no clear association has been identified.
certain infections might participate in the pathogenesis o MS by ini-
tating or activiting autorcactive inmune cells in geneticall ¥ suscep-
tihle individuals, leading to subsequent demvelination. Evidence 10
support a viral etiology includes tnereased immunoglobulin G (g
synthesis in the CNSL increased antibody titers 1o certain viruses,
and epidemiologic studies that indicate a childhood exposure factor.
suggesting that “viral” infections may precipitate exacerbations. In
addition. viruses have been shown o cause diseases with prolonged
incubation periods, myelin destuction. and o relapsing-remitting
course in both humans and experimental animal models '

Although numerous viruses have a proposed association with
MS. the greatest evidence supports Epstein—Barr virus (EBV). Links
of EBV infection 1o MS pathology are vet largely hypothetical.
Autorcactive T-cells could be activiated by EBV through molecular
mimicry, whereby sequence similarities between EBV and self-pep-
tides are sufficicnt to result i the cross-activation of attoreactive
T- or B-cells. Othier potential mechanisms of demyelination include
enhanced breakdown and presentation of self-uantigens., expression
w0
Epstein—Barr nuclear antigen (EBNA)Y compiex are higher in MS

of viral superantigens. or bystander activation.'’ Antibody titers

patients versus controls, especially it blood is collected 23 vears

hetore onset. These titers inerease over time in MS patients (controls
are unchanged). and o tourfold increase in EBNA titers over time
results in o threetold tncreased risk of developing MS Gilmost an
age 200" Inter-
estingly. one paper notes individuals positive Tor HIA DRBI*1501
have a 24-1old increased risk of developing MS when they also have

18-told increase in those with first sumples before

antibodics 1o certain epitopes within EBNA-T compared with oth-
ers.™ This is consistent with o genetic-envirommental interaction.
In addition. anti-EBNA tters have been associated with relaps-
ing-remitling multiple sclerosis (RRMS). conversion of clinmcally
isolated svadrome (CISY o clinically detinite multiple sclerosis
(CDMS. confirmed diagnosis of MS). and with magncetic resonance
imaging (MRD measures such as gadolinium-enhancing lesions,
change in T, lesion volume (¢ = 0.27: £ = 0.044). and E
Disability Status Scale (EDSS) score (- = 0.3: = 0.035),
et al. also found anti-EBNA and anti-vascular cell adhesion (VCA)

xpanded
ivadinov

titers associated with gray mater atrophy in MS.Y While Serafini
et al have claimed 1o idenily evidence of abortive infection in a

' others have not been able o

significant number of MS patients.
replicate these findings."™ The migjority of data would fead 10 a con-
clusion that exposure to EBY is somehow associated with develop-
ing MS. but does not support the concept of an active or aborting
s e o

RO S SO e

A

R M

The taimibial recorrence rate of MY s approximately 3000 with
siblings being the most commonly reported relationship. und a con-
cordanee rate among monozygotic twins of approximately 236,
This is consistent with the idea that an environmental agent is impor-
tant in the ctivlogy of MS. but also suggests i role Tor ane or more
genes. Genes that lie within the magor histocompanbility complex
(MHC) which is Jocated on the sixth chromosome in humans, have
been linked to MS Recent data show wosignificant associatan of
risk with mutations in the interleukin-2¢ (IL-2en and interleakin-

Ta -7 receptor genes.t M ATrican Americans are signiticantly
less likely 1o be diagnosed with MS compired with whites. although
there is emerging evidence that they are more likely to have o severe
discase course™ and respond less well o interferon ¢[FN) therapy
A locus oif chromuosome 1 may be associimed with increased suscep-
tibility in African Americans.

PATHOPHYSIOLOGY

e The hasic physiologic derangement in MS 1 siripping of the
mvelin sheath surrounding CNS axons. This activity is associiied

with an inflammatory, perivenular inhiltrate consisting of T and B
Iymphocvies, macrophages. antibodies. and complement.™ Dems-
clination renders axons susceptible o damage, which becomes
irreversible when they are severed. lireversible asonal damage cor-
rehates with disabiliny and cin be visualized as hypointense fesions,
or “black holes.” on T -weighted MR

It is well accepred that MS lestons are heterogencous. which
may be due in part to differences in the stage of evolution af the
lesions over time. differences in underlving immunopathogeness.
or a combination. Brietly stated. acute lesions show demyelination
and axonal destruction with [vmphocvtic activity consistent with an
inflammatory stite. In contrast. more chronie lesions display less
inlammatory Ivmphocvies with active remyelinaiion.™ Alihough
traditional descriptions have focused on white nudier as the <ol
location of MS lesions, more recent studies have clearly idemitied
cartical and subcortical gray maiter lesions both pathologically®
and radiographically.™ In addition. a subset of patients with pro-
gressive MS are noted to have abnormaldities consistent with B-cell
follicles in the meninges.”

Justas the Tull dimensions of the neuropathology are uncer-
tuin. so s the pathogenesis of the MS fesion. Substantal evi-
dence suggests it s an autoimmune process directed against
mvelin and oligodendrocyvies. the cells that make myvelin®
(Fiey 39 1), A new coneept of T-celt entry into the ONS suggests
that the initial lymphocyte invasion in MS may proceed through
along o CCL 20 gradi-

ent that attracts activated Th17 cells.” The actual mediator of

the ventricles. toward the choroid plext

myelin and axonal destruction has not been established. but may
reflect a combination of macrophages. antibodics. destructive
evtokines, dnd reactive oxvaen intermediates, The exact wrig-
ger tor activation of T-cells in the periphery remains unclear,
but the T-cells in MS paticats recognize myvelin basic proiein
(MBP). proteolipid protein, myelin oligodendrocyie giyeopro-
ein, and myelin-associated glveoprotein. T-helper subivpes can
be either pathogenic ur protective in MS. Furthermore. theory
holds that certain T-cell subsets are not werminally ditferentiated.
but instead engender o level of plasticity that alfows for their
conversion from pathogenic to protective and vice versa under
certain conditions (Fia #2237 In paticnis with stable or mild
discase. increased numbers of cells are found that express mes-
senger RNA (mRNA) for transforming growth factor-§ (TGF-f)
and interfeakin-10 (H.-10) compared with patients with severe

discase. Conversely, u reduction in the number of T-regulatory
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FIGURE ;7 Autoimmune theory of the pathogenesis of multiple sclerosis (MS). In MS, the immunogenic cells tend to be more
myelin-reactive, and these T-cells produce cytokines mimicking a Th1-mediated proinflammatory reaction. T-helper cells (CD4+) appear
to be key initiators of myelin destruction in MS. These autoreactive CD4+ cells, especially of the T-helper cell type 1 (Th1) subtype,

are activated in the periphery, perhaps following a viral infection. The activation of T- and B-celis requires two signals. The first signal
is the interaction between MHC and APC (macrophage, dendritic cell, B-cell). The second signal consists of the binding between B7
onthe APC and CD28 on the T-cell for T-cell activation. Similarly, CD40 expressed on APCs and CD40L expressed on T-cells interact

1o signal the proliferation of B-cells within the blood-brain barrier following the entry to T-cells. The T-cells in the periphery express
adhesion molecules on their surfaces that allow them to attach and roll along the endothelial cells that constitute the blood-brain
barrier. The activated T-cells also produce MMP that help to create openings in the blood-brain barrier, allowing entry of the activated
T-cells past the blood-brain barrier and into the CNS. Once inside the CNS, the T-cells produce proinflammatory cytokines, especially
interleukins (ILs) 1, 2, 12, 17, and 23, tumor necrosis factor-a (TNF-c), and interferon-y(INF- ), which further create openings in the
blood-brain barrier, allowing entry of B-cells, complement, macrophages, and antibodies. The T-cells also interact within the CNS with
the resident microglia, astrocytes, and macrophages, further enhancing production of proinflammatory cytokines and other potential
mediators of CNS damage, including reactive oxygen intermediates and nitric oxide. The role of modulating, or downregulating,
cytokines such as IL-4, IL-5, IL-10, and transforming growth factor-3(TGF-f) also has been described. These cytokines are the products
of CD4+, CD8+, and Th1-cells."® New pathogenic mechanisms involve, but are not limited to, receptor-ligand mediated T-cell entry via
choroid plexus (CCR6-CCL20 axis),”® coupling of key receptor-ligands for inhibition of myelination/demyelination (LINGO-1/NOG066/
p75 or TROY complex, Jagged-Notch signaling).(Ag, antigens; APC, antigen presenting cell; DC, dendrite cell; IgG, immunoglobulin G;
M®, macrophage; Na+, sodium ion; MMP, matrix metalloproteinases; MHC, major histocompatibility complex; OPC, oligodendrocyte
precursor cell; VLA, very late antigen; VCAM, vascular cell adhesion molecule.)

active MS and can be found in patients with progressive dis- of MS. the intrathecal synthesis of muliiple clones of immuno-
ease, It should be noted. however. that Treg ratios do not always globulins. remains unclear. The antigen(s) against which these
correlate with disease activity. Of note. experimental evidence immunoglobulins are directed remain unknown. but do not
assoviates high 25-hvdroxyvitamin D levels with improved Treg appear to include common CNS myelin antigens.*' The complex
function favaring tha Th) ahenatuna in the Th1/Th) halanes 3 intarnlav af o vnariane Al salle _antihadiae and auralinaee cansaine
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