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What is multiple sclerosis?

* Chronic, immune mediated demyelinating
disease of central nervous system
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Myelin

» The myelin sheath is a greatly extended and
modified plasma membrane wrapped around
the nerve axon in a spiral fashion

» The myelin membranes originate from and
are a part of the Schwann cells in the
peripheral nervous system (PNS) and the
oligodendroglial cells in the central nervous
system (CNS)
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Content of myelin:
— Water 40%
— Lipid (70 to 85% of dry mass)
— Protein (15 to 30% of dry mass)

* Cerebroside, also known as galactosylceramide, is
the most typical lipid of myelin

* Myelin/Oligodendrocyte glycoprotein (MOG),
myelin basic protein (MBP) ,myelin associated
glycoprotein (MAG) and proteolipid proteins
(PLP) are most important myelin proteins.
Antigenic targets.
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@ Antigens resident in neurons

o Proteins encoded by foreign DNA

Olcrodendiocyie ©A Antigens resident in oligodendrocytes




Myelin Function

Myelin;

* Increases the conduction
of impulses

* Protects axons from
Injury

e Contains growth factors
for axonal survive




Myelin
sheath
_of healthy
\ nerve

Central nervous system
(brain and spinal cord)

—Axon

In multiple sclerosis
the myelin sheath,
which is a covering that
wraps around the axon,
is destroyed with
inflammation
and scarring
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Multiple Sclerosis: Pathology

Inflammation
and
Eudema

Demyelination
and
Remyelination

Axonal Loss / Neurodegeneration

Multiple means its influence multiple areas in CNS
and sclerosis means scarring




Pathogenesis

HLA DR2 allel
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C. Pneumonia

Enviromental




Immun Myelin Damage
Mechanism in Multiple Sclerosis
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@ Antigens resident in neurons

Oligodendrocyte @ Antigens resident in oligodendrocytes
@ Proteins encoded by foreign DNA

» Proteins of the myelin sheath, oligodendrocytes and
neurons are possible targets of the immune response in
multiple sclerosis.
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Genetic and environmental
factors may facilitate
autoreactive T cells

Also up-regulate the expression
of endothelial adhesion
molecules, such as intercellular
adhesion molecule 1 (ICAM-1),
vascular-cell adhesion molecule
1 (VCAM-1), and E-selectin

MMP’s help penetration of T cells
into the central nervous system.
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Proinflammatory cytokines such as

Interferon y and tumor necrosis
factor 8 (TNF 8) released by activated
T cells

This cytokines up-regulate the
expression of cell-surface
molecules on neighboring
lymphocytes and antigen-
presenting cells.

Antigen-presenting cells make
complexes with antigens (myelin
proteins, MOG, MBP, MAG) and T
cell receptor

Enhanced cytokine response ->
Cytokine mediated injury
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Cytokines from T cells activate B
cell response and antibody
syntesis

Antibody mediated injury;
digestion of surface myelin
antigens by macrophages,
including binding of antibodies
against myelin and
oligodendrocytes (complement-
mediated injury)

Direct injury of oligodendrocytes
by CD4+ and CD8+ T cells




PATHOLOGY OF MULTIPLE SCLEROSIS

INFLAMMATION @ ﬂ‘ @
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DEMYELINATION o
PATTERN I PATTERN I1 PATTERN II1 PATTERN IV

Macrophage Antibody Distal Primary
mediated mediated oligodendro- oligodendroglia
demyelination demyelination gliopathy & degeneration
THNF-alpha anti-MOG apoptosis metabolic defect
ROI anti-GC ischemia / toxic
proteinases Others? virus induced

AXONAL
INJURY
Acute axonal injury during phase of active demyelination
Macrophage toxins: Proteases: NO-radicals, TINF-alpha
Cytotoxic T-cells

Chronic axonal injury in inactive demyelinated lesions
Lack of trophic support by oligodendrocytes



Pattern | Demyelination

Macrophage
mediated
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Pattern Il Demyelination

Antibody
mediated



Pattern Ill Demyelination

Distal
oligodendrogliopathy
& apoptosis
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Pattern IV Demyelination

Primary
oligodendrogliopathy
degeneration

21



Multiple sclerosis:
a two-stage disease

eg TNF-
IFN-7, IL-12,
Osteopontin

and IL-6
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Multiple Sclerosis: Pathology

Inflammation
and
Eudema

Demyelination
and
Remyelination

Axonal Loss / Neurodegeneration



Multiple Sclerosis: Pathology

Inflammatory cells and myelin loss in plaques



A-B: Axonal damage
C: Remyelination

C NAWM



Epidemiology

»Common between 15-45 ages

»Symptom initiation age;
»70% between 20-40 yo
» 10% <20y, 20% >40y

»F:M=2:1

»The prevalence of multiple sclerosis varies
considerably around the world

>»Common in Northern countries



Prevalence of Multiple sclerosis (per 100 000)
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Main symptoms of
Multiple sclerosis




Symptoms and Clinical Findings

Malliphe Sclerasis; Clinscal Manifestations
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Sign and Symptoms

* Lhermitte’s sign: Trunk and limb paresthesias
evoked by neck flexion

* Uhthoff’s phenomenon : Worsening with
increases in body temperature



Expanded Disability Status Scale (EDSS)

The EDSS measures the physical, especially the
ambulatory, disability of patients with MS, and is the
most frequently used disability scale in MS

1o I, o,
o I
- I Gedridden

7 -, Bilateral assistance
6 - Unilateral assistance

EDSS

O L N W b O
1

Walk 500 m unaided

Mild disability

“ Normal



Disease course

Relapsing-remitting

|
s

Secondary progressive

nn_~
N~

Primary progressive

_—
‘/

Progressive-relapsing

T
_—




Relapsing-Remitting MS
» 80- 85% of patients have RRMS type course initially

» Complete/nearly complete recovery after acute
attact

»No progression between attacts

» Progression to SPMS ; %25 in 10, %90 in 25 years

Primary Progressive MS

»10- 15% of patients
»Progression from onset



Other Forms

Benign Form
20% of patients
Subtype of RRMS

Minor disability (EDSS<3)after 10 years from onset

Malignant/Fulminant MS

Progression to severe disability or death within few
months from onset.



Magnetic Resonans Imaging

Dawson’s Fingers

 Perivenulear
inflammation




Spinal plaque

Cerebellar plaque



Immune Sytem and CNS
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Initial lesions arise around small veins. This is
reflected by the perivenous orientation of
demyelinated lesions in multiple sclerosis.

Common lesion areas : Lateral ve 4. ventricle
neighborhood, corpus callosum, optic nerve,,
corticomedullary junction, brain stem subpial
part , spinal cord dorsal column






Evaluation

Multiple Sclerosis: Diagnostic Tests—Spinal Fluid

Cerebrospinal fluid electrophoresis
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CSF

CSF

CSF

CSF

CSF

6.5

9.0

Type 1
Type 2
Type 3
Type 4

Type 5



2010 Revised McDonald Diagnostic Criteria for MS

Diagnosis of MS requires elimination of more likely diagnoses and
demonstration of dissemination of lesions in space and time

CLINICAL LESIONS ADDITIONAL CRITERIA TO MAKE DX

(ATTACKS)

2 or more Objective clinical evidence MNone. Clinical evidence alone will suffice; additional
of 2 or more lesions or evidence desirable but must be consistent with MS
objective clinical evidence
of 1 lesion with reasonable
historical evidence of a prior
attack

2 or more Objective clinical evidence | Dissemination in space, demonstrated by

of 1 lesion

# > 1T2 lesion in at least two MS typical CNS regions
(periventricular, juxtacortical, infratorial, spinal cord); OR
#  Await further clinical attack implicating a different
CINS site




2010 Revised McDonald Diagnostic Criteria for MS

Diagnosis of MS requires elimination of more likely diagnoses and
demonstration of dissemination of lesions in space and time

1 Objective clinical evidence
of 2 or more lesions

Dissemination in time, demonstrated by

~ Simultaneous asymptomatic contrast-enhancing and
non-enhancing lesions at any time ; OR

» A new T2 and/or contrast-enhancing lesions(s) on
follow-up MRI, irrespective of its iming; OR

# Await a second clinical attack

1 Objective clinical evidence
of 1 lesion

Dissemunation in space, demonstrated by

» = 1T2 lesion in at least two MS typical CNS regions
(periventricular, juxtacortical, infratentorial, spinal cord);
OR

~ Await further clinical attack implicating a different
CNS site AND

Dissemination in time, demonstrated by

» Simultaneous asymptomatic contrast-enhancing and
non-enhancing lesions at any time; OR

» A new T2 and/or contrast-enhancing lesions(s) on
follow-up MIR, irrespective of its iming; OR

~ Await a second climical attack




2010 Revised McDonald Diagnostic Criteria for MS

Diagnosis of MS requires elimination of more likely diagnoses and
demonstration of dissemination of lesions in space and time

0 (progression

One year of disease progression (retrospective or
from onset)

prospective) AIND at least 2 out of 3 critena:

» Dissemination in space in the brain based on =1 T2
lesion in periventricular, juxtacortical or infratentorial
regions;

» Dissemination in space in the spinal cord based on =2
T2 lesions; OR

» Positive CSF




Further Information on Diagnosing MS

What Is An Attack?
Neurological disturbance of kind seen in MS
Subjective report or objective observation
At least 24 hours duration in absence of fever or infection

Excludes pseudoattacks, single paroxysmal symptoms (multiple episodes of
paroxysmal symptoms occurring over 24 hours or more are acceptable as
ﬂ-’idence}

Some listorical events with symptoms and pattern typical for MS can provide reasonable evidence of
previous demyelinating event(s), even in the absence of objective findings

Determining Time Between Attacks

30 days between onset of event 1 and onset of event 2




Further Information on Diagnosing MS

What Provides Evidence for Dissemination in Space?”
= 1 T2 lesion in at least two out of four areas of the CNS: periventricular, juxtacortical, infratentorial, or
spinal cord

* Gadolimum enhancement of lesions 1s not requured for DIS

* Ifa subject has a brainstem or spinal cord syndrome, the symptomatic lesions are excluded and do
not contribute to lesion count

What Provides MRI Evidence of Dissemination in Time?

¢ A new T2 and/or gadolinium-enhancing lesion(s) on follow-up MRI, with reference to a baseline
scan, irrespective of the timing of the baseline MRI OR

* Simultaneous presence of asymptomatic gadolinium-enhancing and non-enhancing lesions at any time

What 1s Positive CSF?
Oligoclonal IgG bands in CSF (and not serum) or elevated IgG index




Good and Bad Prognostic Features

-+ -

*Low lesion number in MRI *Progressive course from the
onset

*Short period between first

* Long first remission period two attact

*Frequent relapses in the first
two years

* Presenting with motor or

* Predominantly sensory cerebellar findings

symptoms and optic neuritis *Spinal cord involvement

*Male sex




Tase 1. DisssrENTIAL Diacwnsis oF MuLTirle SCLEROS=IS.

Memabaolic disorders

Dhsordors of By; moabolism®

[.cukodysirophacs

Anrodimmane diseases

E]I:-E,:rcn‘:- syndrome, sysiemac lupus orythemannsus, Bohoeor's discase, sar

coadosis, chronic inflammaiory demyelinaring, polyradsculoparhy assodar-

cd with contral nervous sysem demyelinanon, amphospholipid -ams-
body syndrome

Infecrionst

HIV-assooared myvelopaby® and HTLY-1-associarcd mypdloparhy,® Lyme
discase, mermngovasoular syphilis, Eales” descase

Vasoolar disorders

Spimal dural areeriovenous fistula®

Cavernous hemangiomsaia

Cerral norvous symicm vasculi, induding rovmnocochlcar cerebral
vasculivis

Cerchral aurnsomal domenane arnocnopathy with subcormical infarces and
keukoencophalopachy

Generic syndromees

Heroditary aransas and herodivary paraplegias®

L.eber’s optic ammophy and other minodhondmal cywparbees

Lesions of the posterior fossa and spinal cord

Arnold -Chiari malformarion, nonhorediiary araxias

Spondylonc and oubor mycloparbees®

Psychiamric disorders

Convordon rcaction, malingering

Neoplastic dissases

Spimal cord mumors,* comral nervows sysem hmphoma

Parancoplasic disorders

Varianes of multiple sclerosist

Opaic neuninis;, isolacd brain-seom syndrmomes;, transverse myelicis; aome
dissominared encephalomyelios, Marburng discase; newmompdins oprica




Treatment

* Acute attact treatment

— Steroids

* Administered intravenously on a daily basis for 3to 5
daysatadoseoflg

— Plasmapheresis
* Disease-modifying treatments
— Immunomodulatory treatments

— Immunosuppressive treatments

Targets: Blood-brain barrier, myelin proteins,
inflamatory cytokins, T and B cells



TaABLE 2. CURRENT TEEATMENTS FOR MULTIPLE SCLEROSIS.

Twre oF MuLTIPLE

SCLEROSIS OR
RELAPSE AGENT Dose
Relapsing - Interferon beta-1b 8 million I'T subcwea-
FeTTILEINg { Beraseron) neously every other
day
Interferon beta-1a 30 pg intramuscularly
{Avonex) once weekly

High-dose interfer- 22 or 44 pg suboutane-
on beta-la (Rebif)*  ously every other

day
Glatiramer acetate 20 pg subcutaneously
{ Copaxone ) daily

Immune globulin 0.15-0.2 g/kg of
body weight intra-
venously monthly

for 2 yr

Known or PossieLE BENEFTS
OF TREATMENT

Reduces rate of clinical relapse

Reduces the development of new
lesions on MR

Delays the increase in the volome

of lesions on MREI

Reduces rate of clinical relapse

May delay progression of disabilicy

Reduces the development of new
lesions on MEI

Delays the increase in the volome
of lesions on MBI

Possible dose-related benefit in pa-
tients with more severe disabilities

Reduces mte of clinical relapse
Moderately reduces the develop-

ment of new lesions on MBI

Reduces rate of clinical relapse
May delay progression of disabilicy

Unknoww i EFFECTS OB ASPECTS OF TREATMENT

Ability to delay progression of disability

Duration and chnical significance of benefit

Mechanism of acdon

Muost effective dose and route of
administranon

Frequency and clinical significance of the forma-
ton of neutralizing antbodies

Whether the effect on disability is clinically mean-
ingful and sustained

Duraton and chnical significance of benefit

Mechamisms of action

Most effectve dose and route of administration

Frequency and clinical significance of the forma-
tion of nentralizing antibodies

Effect on the progression of disability

Dration and clinical significance of benefit

Mechanism of acoon

Most effecove dose and route of administration

Whether progression of disability is actually de-
layed, as measured by a second evaluation in
3 mo

Effect on the nomber and volume of lesions, as
assessed by MRI

Dration and clinical significance of benefit

Mechamism of acoon

Most effecove dose and route of administration



TaBLE 2. CUREENT TEEATMENTS FOR MULTIPLE SCLERDSIS.

Secondary

progressive

Interferon beta-1b 8 million U subcuta- Reduces rate of clinical relapse

{ Betaferon)

neously every other  May reduce progression of dis-
day ability regardless of relapse

STATUS | NECemnt OT F]'l:]'l'[:T

Delays the increase in the volume

of lestons on MRI

Mitoxanmmone 5 or 12 mg/m? of Reduces rate of clinical relapse

hydrochlonde

Natalizumab

Cyclophosphamide

Rituximab

body-surface area Dielays progre ssion of disabiliry
intravenously every  Reduces activity evident on MRI
3 mo for 2 yr

Humanized monoclonal antibody
that is specific for alpha-4
integrin, an adhesion molecule
expressed on activated T
lymphocytes and other immune
cells.

Whether prcwn.mtm of disability is actually de-
layed, and if so, for how long and to what effect

Mechanism of acton

Most effectove dose and route of administration

Frequency and clinical significance of the forma-
tion of neutralizing antibodies

Dmiranion of benefit

Muost effecove dose

Dhose-dependent nisk of cardiac tomcity

Progressive  multifocal
leukoencephaolpathy
(PML)

due to an CNS infection
with JC virus



TaBLE 2. CUREENT TEEATMENTS FOR MULTIPLE SCLERDSIS.

Primary
progressive

Acute relapses

Azathioprine

Corcosteroids

Plasma exchange

Various doses (see text) Hastens clinical recovery
Transienty restores blood- brain
barrer on MRI

Seven exchanges of Enhances recovery of relapse-relat-
one plasma volume ed newrclogic deficits in patients
on alternate days with no response to high-dose

cortcoseroids

Dwranon and clinical significance of benefit

Effect on progression of disability

Mechanism of acdon

Muost effective agent, dose, and route of adminis-
tratiomn

Why responsiveness to corticosteroids declines
over ame

Effect on recurrent disease

Dwuration of effect

Mechanism of acton




New treatments & Investigations

* Humanized monoclonal antibodies
— Alemtuzumab
— Daclizumab

* Oral agents
— Fingolimod
— Cladribine
— Laquinimod
— Fumarate
— Teriflunamid



Treatment of Complications
Fatigue ;amantadine and energy-conservation
strategies.

Spasticity; Baclofen, Tizanidine

Paroxysmal events; Carbamazepine and phenytoin,
acetazolamide, gabapentin, and pergolide.

Tremor; Medical , surgical treament
Neurogenic bladder and bowel disturbances
Depression , mood and sleep disorders

Problems with gait, speech and swallowing
disorders;multidisciplinary approach with

specialists in physical medicine and rehabilitation.
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Natural Progression of MS

Subclinical Mono- Relapsing—Remitting Secondary Progressive
symptomatic

Initial
demyelinating Clinically Relapse
event definite MS (
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Level of disability Cognitive dysfunction
Accumulated MRI lesion burden smmun Brain volume
Acute (new and Gd+) MRI activity




Other Demyelinating Disorders

Acute Disseminated Encephalomyelitis (ADEM)
Neuromyelitis Optica (Devic’s Disease)
Marchiafava-Bignami Disease

Central Pontine Myelinolysis

Balo's Concentric Sclerosis

Demyelinisation in Connective Tissue Diseases
(SLE, Sjogren Disease, Neurobehcet Disease)

Ischemic demyelination

Progressive multifocal leukoencephalopathy
(PML)

Leukodystrophies



Acute Disseminated Encephalomyelitis (ADEM)

Nonvasculitic inflammatory demyelinating
condition

Usually occurs following a viral infection but
may appear following vaccination or other
infections. Within 6 days-6 weeks.

Typically a monophasic disease of prepubertal
children. Also observed in adults.

Multiple inflammatory lesions in the brain and
spinal cord, particularly in the white matter.

e Because of cross reaction of infectious
antigens and myelin antigens.



Acute Disseminated
Encephalomyelitis (ADEM)

~ \ »




ADEM
< 10 years < Age
Present <Encephn|0pulh}r
, Symptoms and
Polysymptomatic < signs
Bilateral < Optic neuritis

Cortical and deep < MR lesions®

grey matter lesions

Lymphocytosis < CSF

VNV NV VANV VNV

No new lesions <Fnllﬂw up MRI

MS

= 10 years

Absent

Monosym ptomatic

Unilateral

Periventricular/
callosal lesions

Intrathecal IgG

MNew lesions

Figure 3 Cinical and investigation differences between ADEM and MS

(rends only). *"MR lesions other than white matter.



Neuromyelitis Optica (Devic’s Disease )

* Optic nerves and spinal cord inflammation
 AQP4 antibodies in %60




Demyelinisation in Connective Tissue
Diseases




Marchiafava-Bignami Disease

» Cental focal demyelination of corpus
callosum

» Usually observed in vitamin B complex
deficiencies




Central Pontine Myelinolysis

e Common mecanism is fast correction of
hyponatremia /hypernatremia

IR-TSE/M

FH -44 feet




Balo's Concentric Sclerosis




Progressive multifocal
leukoencephalopathy (PML)

* Obseved in immunosuppressive patients

* Human papilloma virus JC virus infects
oligodendrocytes and causes demyelination




Leukodystrophies

Adrenoleukodystrophy




Canavan Disease Pelizaeus-Merzbacher



