Cure

for multipl

sclerosis

e



. WHAT ISMULTIPLE SCLEROSIS?

1. CLINICAL DESCRIPTION 4
CAVEAT 4
DEMOGRAPHICS 5
SympTOMS 5
NATURAL HISTORY: WHAT COURSE CAN MSTAKE? 6
Benign
Relapsing-remitting
Primary Progressive
Sewmndary Progressive
The utility of MS classification

[.Il. PATHOLOGIC DESCRIPTION
PREVIEW OF THECELL TYPES 8
INTRODUCTION TO THE PLAQUE 9

ACTIVE PLAQUE 9
CHRONIC PLAQUE 10
SHADOW PLAQUE 10

BLOODBRAIN BARRIER 11
DISTRIBUTION 11

l.Il. PATHOPHY SIOLOGIC DESCRIPTION
WHAT CAUSESMS?
Clues from Genetics
Clues from Environment
Clues from Histopathology
Clues from Immunology
Clues from Experimental animal models
Controversies and consensus in the pathophysiology of MS

[.Iv. HISTORICAL NOTES ON DEFINING MS 18

. HOW ISMS DIAGNOSED?

II.I. CLINICAL CRITERIA 18
[I.11. CONTROVERSIES AND CONSENSUS IN M S DIAGNOSIS 20

. WHAT ELSE CAN LOOK LIKE MS(“DIFFERENTIAL DIAGNOSIS")? 21

V. HOW ISTHE DISEASE TREATED? 23

IV.l. ACUTE EPISODES

IV.1l. PREVENTION OF RELAPSES

IV.1Il. PREVENTION OF DISABILITY

IV.Iv. CONTROVERISIES AND CONSENSUSIN MS TREATMENT
When to start immune therapy

11

18



How to measure the effect of treatments

VI. HOW DO WE MONITOR DISEASE PROGRESSION AND/OR RESPONSE TO
TREATMENTS? 24

VI1.I. CLINICAL RATING SCALES
VI, IMAGING
VI.1. BLOOD MARKERS

VI. SUMM ARIESIN BRIEF 24

WHAT DO WE KNOW ABOUT M S?
WHAT DO WE STILL NEED TO DISCOVER ABOUT M S?

Vil. LEXICON OR GLOSSARY OF TERMS

26




l. What is Multiple Sclerosis?

There is no straight-forward answer to the question of how best to define Multiple
Sclerosis (MS). Several types of definition are possible and are arrently the focus of
different kinds of reseach:

Clinical Description
Pathologic Description
Pathophysiologic (Causal) Description

A clinical definition describes how the disease is experienced by an individual. A
good clinicd definition of any disease should include the following:

Who getsthe disease? (Sex, age, race
How does the disease manifest itself? (Symptoms)
What is the natural history of the disease? (Temporal progression and outcome)

Thiskind of description is made difficult by the clinical heterogeneity seenin MS, that is,
the great diff erences between patients in age of onset, initial manifestations, as well asthe
severity and frequency of “relapses’ and how quickly the disease produces permanent
impairments. The types of studies reseachers conduct to answer these questions have
included:

Case series (Retrospective and Prospedive, including imaging series)
Population-Based Natural History Studies (Prospective)

A pathologic definition detail s how the disease affects tissues and cells. A complete
pathologic description of any disease should answer the following:

Which cell or cell types are damaged?

Can we detect toxins, cells, or organisms responsible for the damage?
What is the sequential order of damage?

What is the body’ s response to the injury?

It isthiskind of definition which describes MS as a“demyelinating” disease of the
central (as opposed to peripheral) nervous system, charaderized by “plagues’ in the brain
and spinal cord where myelin has been lost and replaced by a specific kind of scar.
Pathologic study is limited to postmortem and biopsy aaquired specimens, focusing on
the following:

Identification of cells, cell structures and cell interadions by light microscopy
Identification of non-cellular or sub-cellular components by specialized
tedhniques



A pathophysiologic definition identifies the caise or etiology of adisease. This
kind of description should answer the following:

Are there genetic components?

Are there eavironmental components?

Are there metabolic (e.g., endocrine) components?

What predisposes to the disease?

What triggers the disease?

How is damage effeded in the disease process?

A complete pathophysiologic description also grounds an understanding of all of the
clinical and pethologic feaures of adisease & well as auggesting pdential pointsin the
disease processwhere medicines can alter or arrest the disease. To date, thereis no
universally agreed-upon etiologic definition of MS. It is possible, however, to encounter
statementsthat MSis “caused’ by e.g., an autoimmune readion of the body’s T-cdls
against itsown myelin. It isimportant to understand that whil e such statements are not
necessarily false, they are only part of a complete description that has yet to be worked
out. Thetypes of studies conducted to understand the pathophysiology of MS vary
widely:

Experimental animal models of MS

Human imaging studies using specialized techniques
Genetic screens of human genome

Treatment trials

Epidemiologic studies

Pathologic study of affeded brain material

I.i. Clinical description

Caveat

Much of what we hold to be true about clinical features of MS is based on time-
honored physician impressons rather than on rigorous population-based studies. There
are many reasons for this including the dsence of a definitive test for MS. This faa
alone impedes reliable “case ascertainment” which is an essential step in defining a
population to study. The observational studies performed to date have assumed a clinical
description of MS and focused rather on measuring disability, for example, as opposed to
caaoguing symptoms or noting when in the disease curse cetain symptoms might
ocaur.” Published clinical descriptions of MS tend to take the form of lists of symptoms
that may be seen either at the outset or during the murse of the disease rather than a
detail ed acoount of typical disease progression. In large part, the marked heterogeneity
of the disease prevents any simplifying summary acount and leaves us instead with
itemizations. Although there is consensus about the kinds of symptoms that occur in MS,
and even agreement that there ae several temporal patterns of occurance which likely
constitute discrete subtypes of M S, definition of these subtypes has been slow to develop.




Demographics

We believe that the disease typically begins in young adulthood, that is between
the ages of 20 and 4Q athough there have been case reports of MS beginning ealier than
6 yeas of age and later than 60. Mean age of onset has been reported to vary with
subtype, with amean of 30 yeas for relapsing-remitting and 37for primary progressive.?
Men as well aswomen are affeded by the disease, although rates vary regionally (see
epidemiology), with age, ® and may vary acrding to subtype. A compilation of 30
separate surveys of patients with MS calculated the relative female-to-male ratio at
1.8:1.0,% consistent with gender prediledions in several autoimmune diseases.”> One
population-based study of MS patients in Minnesota found that the disease lasted more
than 30 yeas, and that 74% of patients were alive after 25 yeas compared to 84% of
unaff ected controls, one third of the survivors were still working and two thirds were till
ambulatory.® In other words, this gudy suggests that MS impads the quality of life
rather than length of life in affected persons.

Symptoms

People with MS experiencetransient deficits in sensation, motor control, vision,
or balancethat develop over several days before stabilizing and then improving within
several weeks. These episodes represent either new demyelination in a previously
healthy areaof CNS or reaurrent disease adivity in an already affeded area The pattern
of deficit depends on the pathway involved (e.g., motor, sensory, coordination,
autonomic). Sexual dysfunction as well as constipation or urinary urgency or
incontinence @n also occur and regressduring the curse of the disease. Tremors,
coordination difficulty as well as muscle spasticity may develop and persist. Eventually,
certain symptoms will likely persist, although it is not possble to predict which ones.
Over time, people with MS may also experience aff ective disorders, commonly
depression, as well as cognitive dnanges. Although we ae just beginning to understand
the nature and frequency of the cognitive dhanges, a pattern of deaeased attention,
processing speed, short-term memory and conceptuali zation can occur in up to half of
patients tested . Fatigue is a significant symptom of unclea etiology in many and may
contribute to perceived cognitive changes.




Table 1.

Clinical Features Suggestiveof M S

Clinical Features Not Typical of MS

Onset between the ages of 20 and 40
Relapsing/remitting course

Optic neuritis

L hermitte's sign

Partial transverse myelits (sensory loss and
pyramidal weakness)

Internuclea ophthalmoplegia

Acute urinary retention

Depression, deaeased short-term memory,
deaeased concentration

Fatigue

Worsening symptoms with heat or exercise

Onset beforethe aye of 10 or after 55
Acute, fulminant or monophasic course
Visual field defed

Radicular pain

Extrapyramidal feaures or

Cortical sensory deficit (negled,
agraphesthesia)

I solated extra-ocular muscle palsy or palsy
asciated with proptosis

Hematuria

Early prominent dementia or dementia with
cortical feaures (aphasia, apraxia, agnosia)

Encephalopathy

Diurnal variation in we&kness

Natural History: What course an MS take?

Thetypical course of adisease is called its “natural history”. MSisaprotean
disease, which isto say that the murse of the disease can vary from individual to
individual, as well aswithin an individual’ s lifetime. Generally, it isthought that there
are adiscrete number of courses the disease takes, and these @nstitute the varieties or
“subtypes’ of MS (e.g., relapsing-remitting MS). These subtypes were defined originally
based on retrospedive studies of patients that looked at the frequency and duration of
attacks as well as the temporal course of disability.® One aiticism of this kind of
approad isthat biases are introduced, for example ahospital-based series, biased
towards svere caes of MS, may fail to pick up kenign cases of MS and thus may
produce misconceptions about the natural history of MS. The classificaion of MS
subtypes has undergone numerous iterations and revisions over time, however, there is no
universally agreed upon classification scheme and several schemes are still inuse. With
these aveds in mind, descriptions of the various courses MS may take ae detailed

below.

Several proposed classification schemes exist for MS. 1n 1994it became goparent
at aclinical trial designs workshop that MS physicians and researchers did not agreeon




the use of these classificaions.” Sincethat time, an effort has been made by the National
Multiple Sclerosis Society to standardize definitions of the different clinica courses that
MS might take. The descriptions included here reflect that effort which is based on a
survey of 125MS reseachers.*®

Benign

Frequency: Some studies of populations have found that 20-40% of patients
observed more than 10 years may have benign MS.*! Other studies support lower
numbers, 10-20%.

Course: Charaderized by few relapses and full neurologic functioning 15yeas
after disease onset.

Relapsing-remitting

Frequency: Found in geographically based population studies to account for 70%
of patients at least ealy in the disease @urse?. RR can develop into secondarily
progressive MS. One database study conducted in France found that 30% of patients
(4960f 1562 with RRMS went on to develop seandarily progressive MS, 299 without
superimposed relapses, 197 with superimposed relapses.*

Course: Charaderized by initial sensory disturbances, optic neuritis, internuclear
ophthalmoplegia, wedkness and ataxia a well as neurogenic bladder and bowel
symptoms. Patientstypically recver fully, returning to pre-attack baseline functioning
after 4-6 weeks. Thereisno insidious progression of disability between aaute attacks.

Primary progressve
Frequency: Acoounts for 20%" of patients in some series, 10% in others.
Course: Charaderized by progressive development of disability with occasional
plateaus and fluctuations but without distinct relapses, myelopathy causing leg wegness
with gradual worsening to paralysis of limbs, blindness cognitive decline, bowel and
bladder dysfunction.

Sewmndary progressve

Frequency: Seestudy above; perhaps 30% of patients with RR MS will develop
into SPMS. Other studies suggest 50-90% rate of progression.

Course: Initial RR form followed by gradual worsening with or without frank
attacs.




The utility of MS classfication

Proper classification of MS subtypes has sveral advantages. It is possible that
disease pathophysiology varies between subtypes and therefore identificaion of
therapeutic targets may be hampered by failing to understand pdential differences.
Correct parsing of disease subtypes may permit identification of significant differencesin
disease mechanism and thereby permit identification of novel therapeutic targets. Since
the FDA has approved agents for the treatment of MS, numerous treatment trials have
been undertaken. There ae serious concerns, however, about measuring the effect of
therapies if the natural history and speciation of MS subtypes is uncertain. Clarifying the
subtypes and the natural history of each subtype will furnish the gpropriate context for
meaningful trials of therapeutic agents.

Chedkpoint: We said at the outset of this section that a good clinicd description
of any disease should include esential information. Have we adieved these goalsin
defining MS?

Who getsthe disease? (Sex, age, race
How does the disease manifest itself? (Symptoms)
What is the natural history of the disease? (Temporal progression and outcome)

|..ii. Pathologic description

Prevew of the Cell Types

There ae several adorsin the microscopic drama & hand so it may be useful to
begin by introducing them. Neurons are the functional cells of the nervous system; when
aneuron “fires’ something heppens, be it a muscle twitch in your toe or afeeling of
reaognition when you seethe face of afriend. In order for that “something’ to happen,
the neuronal firing, or more properly its impulse, hasto be caried away from the neuron
and towardsiits target-- which may be amuscle in the cae of your toe twitching or a
network of other neurons as in the cae of you reagnizing your friend. Neuronal
extensions called axons cary the impulses to their destinations. Distances in the body
between a neuron and itstarget can be grea and axonal transmisson can ke quite slow,
too slow to do just about anything you are cgable of doing at this moment. Thus, nature
has devised insulation for the acons which gredly speeds up transmisson; the insulation
is myelin, fatty stuff made by a specific kind of helper cell that lives only in the brain and
spinal cord, the oligodendrocyte. Other helper cells include astrocytes, which form scar
tissue in damaged areas and help form a barrier against blood-borne invaders in normal
tissue, and microglia which clea unwanted material from within the eentral nervous
system. Finally, there ae anumber of systemic immune clls—not typically residents of
the central nervous system—that play apart in MS pathology. These include
lymphocytes, T cdlsand B cdls, which patrol the body looking for invaders, tumors, or
diseased cells and reauit other immune cellsto help destroy them. To signal to one
another, mark the offending agent or cell and effect damage, immune cells use ahost of
mediator s including interferons, interleukins, antibodies and complement. If thereisa



strong inflammatory response, this usually credes quite alot of debris; macrophages
form the clean-up crew.

Neurons: functional cells of the nervous system, communicae via
Axons: neuronal extensions

Oligodendrocyte: helper cell, wrapsaxons in insulating myelin
Astrocyte: helper cell, makes blood-brain barrier, and scar tissue
Microglia: helper cell, resident garbage man of CNS

T cdls, B cdls: immune c&lls

Immune mediators: (e.g., interferons, tumor neaosis fadors,
interleukins, antibodies, complement) the way immune clls
communicae with one another, mark and/or destroy atarget

M acrophage: immune cll, garbarge man of body

Introduction to the Plague

The @ntral nervous system (brain and spinal cord) is conventionally divided into
grey and white matter. Grey matter is comprised of neurons, whereas white matter is
comprised of axons that are encased in myelin, an insulating sheah formed by
oligodendrocytes. Theterm “multiple sclerosis’ literally means “multiple scas’. Scas
form in areas of white matter where myelin and the myelin-producing oligodendrocytes
have been lost and replaced by another type of helper cell, aglial cell, or more
specificdly afibrillary astrocyte. Sincethe whitenessof white matter is conferred by
myelin, the demyelinated areahas a diff erent appeaeance than normal white matter.
Pathologists call demyelinated areas “plagues’. One may encounter this term frequently
since plagues are also visible by MRI. Plagues may be acive, chronic or “shadow”
plagues depending on the nature of the inflammatory cell s present, the state of the
residual myelin and the amount of scar that has formed.

Active Plaque

Around small blood vessels in an adive plague, there is a perimeter of
inflammatory cells dominated by maaophagesand T lymphocytes, but also including
plasma c&lls (B cellswhich are producing antibodies). The T lymphocytes are
distinguished by surfacemarking as either CD4 (helper) or CD8 (killer) cells, but the
relative numbers of each is controversial.** Within the plaque, oligodendrocytes are
reduced in number and maaophages filled with myelin debris can be seen. It isnot clea
whether the maaophages are primarily damaging the myelin or whether they are
secondarily cleaing away myelin that has already been damaged. Immune proteins,
including globulins (antibodies) and complement, have been found at the edges of adive
lesions.*®> Cell's that make up the blood vessels also become “adivated” by expressing
moleaules for immune cll adhesion, immune recgnition moleaules (MHC) and stress
proteins. Lymphocytes can be found in normal appeaing white matter outside the lesion.




The presence of myelin debris in maaophages is the most reliable finding within an
adive plague.*® Additionally, recent pathologic studies have found significant axonal
damage (transection) in adive plaques.’

Recently, reseachers have discerned four distinct patterns of pathology within
adively demyelinating plagues. *® Significantly, they also found that individuals with MS
have only one of the four patterns present in adive lesions. In patterns| and I,
perivenular sharp plagues are filled with maaophagesand T cells. Pattern |l is
distinguished by the presence of antibodies and complement. In both types,
oligodendrocytes are reduced especially along the plague elge, but there ae viable
oligodendrocytes in the central portions of the plague and significant remyelination
occurs smultaneously with the ongoing myelin destruction. Pattern Il1 isremarkable in
several ways. Myelin destruction is not centered around blood vesls. Oligodendrocyte
lossis ®vere and there is evidencethat the cell s are undergoing a specific form of
programmed cell deah, apoptosis, not seen in other patterns. Pattern IV issimilar to
Pattern | except that thereis no remyelination. Neither is there remyelination in Pattern
I1.

Chronic Plaque

In chronic lesions, the inflammatory cells are diminished in number and generally
are restricted to the rim of the lesion. Perivascular plasma cells may outnumber
lymphocytes. There ae very few oligodendrocytes while astrocytes, which form the glial
sca, areincreased in number as are oligodendrocyte preaursor cdls. A recent studly,
however, found no discernable remyelination in chronic lesions despite the presence of
oligodendrocyte preaursors and mature oli godendrocytes extending processs to neaby
stripped axons.*® In the central part of the plaque, axons are reduced in number and
remaining axons are stripped of myelin and appea dystrophic. There is also evidence of
axonal transedion hut less than in adive plagues.”

Shadow Plaque

In shadow plagues, axons have thin myelin sheaths which are thought to represent
new myelin rather than spared myelin.?® The remyelination is incomplete, tending to
occur only along the edges of the plaque and in proportion to the number of remaining
oligodendrocytes or their preaursor cells.®> Within alesion, new myelin can be formed
simultaneously with ongoing myelin lre&kdown as well as become atarget of




inflammatory breskdown.?* Shadow plagues can develop from adive plague patterns |
and II.

BloodBrain Barrier

We think that demyelination is preceded by a breakdown in the blood-brain
barrier (BBB) which permits inflammatory cell s and antibodies from the bloodstream to
enter the brain. Evidence for such a breskdown comes indiredly both from pathologic
studies and from MRI studies. Microscopicdly, demyelination first occurs around small
veins and expands outward from these small veins to form a maaoscopic plaque. Areas
of BBB disruption occur in adive and, to alesser degreeg in chronic plagues. It isnot
clea how the bregkdown is triggered or predsely how it is maintained although increased
level of adhesion moleaules (akin to foatholds for passing immune @lls) are seen in
blood vessels in patients with MS.?

Distribution

Demyelination in MS occurs in focal regions. In other words, a small amount of
white matter is gripped of its myelin while aljacent areas of white matter remain intad.
Any region of white matter within the aentral nervous system can be affected in MS.
Certain areas of the brain are thought to be more frequently involved, specifically white
matter in the optic nerves, spinal cord, brainstem, and cerebellum as well as aress
surrounding the ventricles. No quantitative pathologic study of post-mortem brains has
been done to confirm this distribution. Plaques frequently are cetered around a vein or
venule. Areas typicall y affected by lesions correspond to areas with arelatively high
concentration of post-capillary veins.®

Chedpoint: We identified specific feaures that a complete pathologic definition
should have & the outset. Have we been successful in creding such a definition with
MS?

Which cell or cell types are damaged?

Can we detect toxins, cells, or organisms responsible for the damage?
What is the sequential order of damage?

What is the body’ s response to the injury?

[.iii. Pathophysiologic description: What causes MS?

A full etiologic description of M S has yet to be worked out. The bare statement
of fad that the cause of MS is unknown means sveral things. First, it means that we
have not proven that the nature of the caise is, in the final analysis, genetic,
environmental, infectious, or some ordered combination of these. Second, we have not
completely charaderized the pathophysiology of MS, that is the medhanisms of damage




to the CNS or the predse way in which functions can be temporarily or permanently lost.
Significantly, we do not know the primary targets of injury (e.g., is myelin or the myelin-
producing cell the primary target) or the exad fates of the dfeded cells (e.g., the
oligodendrocyte).

Clues from Genetics

Genes Versus Environment

Compared with the general population risk for developing MS, identical siblings
of an affected person have an increased “relative risk” of 20-40%. 2 Non-identical full
siblings have ahigher risk than helf-sibs,?® and children of two affected perents have a
higher risk than those of asingle affeded parent.?* These findings siggest afamilial
aggregation but cannot distinguish whether the increased risk is due to a shared
environment or to heritable fadors. Two Canadian studies suggest that a shared
environment is not sufficient to explain the increased risk within families of an affeced
person. One study looked at half-siblings of affeded persons and found no difference
between the risk of half-sibs who had lived in the same environment as the affected
person and those who had never shared a awmmon environment. ?>  Another study
evaluated the frequency of MS within non-biologica adoptive families of persons with
MS who had been adopted before the age of one yea; no increased frequency of
developing MS was found among the non-biological family members. 2° Furthermore,
seoond and third degreerelatives of affeded persons have higher than population risk for
aaquiring M S despite that fad that they are unlikely to share a @mmon environment. 2’
These findings s1ggest that there is a genetic, or heritable, component of MS.

Characterizing the Genetic Contribution

There ae several waysto charaderize genetic contribution to dsease states. By
studying inheritancein family pedigress, it is clea that MS does not follow simple
Mendelian transmisgon patterns of stably inherited, autosomal or sex-linked
chromosomal single gene defects with complete penetrance  No abnormalities involving
entire diromosomes have been deteded, asisthe cae in Down’'s Syndrome. As
reviewed above, there is familial aggregation independent of shared environment but with
lessthan complete penetrance suggesting the requirement of an environmental fador.
Thisis most evident in monozygotic twin studies (twins with identical genetic material)
demonstrating a “concordance” rate of 25-30% for developing M S, significantly lessthan




would be expeded in a strictly genetically determined disease.?® The risk to half-sibs
does not change between half-sibs who share amother in common compared to those
who share a ®mmon father, suggesting that parental imprinting and mitochondrial
inheritance ae not likely to be fadtors in acquiring susceptibility to MS.?° The rapid
decline in familial risk from monozygotic twins (30%) to first degree(4%) and second
degreerelatives supportsthe hypothesis that inheritance of susceptibility involves
multiple genes and that there may be significant interadions between loci (epistasis). MS
istherefore dharaderized as a mmplex genetic trait with unknown environmental
determinants.

Regions of Interest Within the Genome

The seach for regions or “loci” of genetic susceptibil ity can be done by means of
linkage analysis or asciation studies with a hypothesis, as in the cae of candidate gene
studies, or without, asin the cae of genome screens and microarray studies. Linkage
analysis gives information about where arelevant gene might reside in the genome by
using “markers’ of known locaion which “co-segregate” with the disease. Importantly, a
genetic marker may co-segregate with a disease without being causative of the disease.
Also significant is the fad that linkage analysisis very effedive & detecting genes that
exert amajor influencein a disease state, but poor at deteding genes with minor
contributions. By contrast, association studies give information about the biologicd
significance of a gene by looking for small diff erences (polymorphisms) in the gene in
affeded compared to unaffeded people. A gene may either be necessary for a disease
state or may merely increase susceptibility to adisease. To date, no necessary genes have
been identified for MS. Several candidate genes have been proposed to acmunt for
genetic predisposition, however, no single gene has been found to fully account for
susceptibility to MS.

Candidate Genes

Intelli gent gueses guide the seledion of candidate genes. Inthe cae of MS, the
asumption that MSis an autoimmune processinvolving T cells, B cells,
immunoglobulins, antigenic components of myelin and spedfic recognition moleaules
called Human Leukocyte Antigens has provided the rationale for candidate gene
seledion. Only certain HLA polymorphisms have been consistently shown to be
asociated with susceptibility to MS. The aontribution, however, is modest, estimated to
acount for less than 10% of overall susceptibility to the disease.*® Other studies of
candidate genes have shown negative results or results which could not be confirmed in
follow up studies. These ae summarized in Table 2.




Table 2.

Negative Results Positive Results Continued Investigation

T cdl receptor apha HLA DR2 Myelin Basic Protein
IL-1 receptor T cdl receptor beta
IL-2 receptor

IL-5 receptor

IFN alpha

IFN beta

IFN gamma

|G constant region

C2,3 4

Mitochondrial genes

TNF

Adapted from Dyment, Sadovnich and Ebers, 1997

There is additional evidencethat other genes may determine the severity of the
disease without influencing susceptibility.** We lack a dea understanding of which
genes these might be, however.

Genome Screens

Four screens of the entire human genome in caucasians have been completed. It
is understood that no linkages of statisticd significance have been reported from any of
the screens. Between 257 and 443microsatellite markers were employed with an average
spacing thought to be sufficient for identifying genes of major influence Analysis of
these screens found no linkages of statisticd significance, although regions which may
contribute modestly to susceptibility were identified.>* These regions included 6p 7p,
14q 17q 19gand Xp in the UK screen;*® 2p, 3p, 5p, 11q, Xp in the Canadian study**, and
6p, 79, 11p, 129 and 19qin the French-US study.® No regions of statisticaly significant
linkage were reported in the Finnish screen of “syntenic genes’ (i.e., genes believed to be
on the same drromosome due to their behavior during hybridization) in a putative mouse
model of MS (EAE). Of note, there was not significant overlap between regions of
interest in the genomic screens. This may reflect differences in statistical analytic
methods although it may constitute further evidence of heterogeneity in the genetic
determinants as well as the pathophysiology of MS. A meta-analysis combining results
from the American, British and Canadian screens found no strong linkages, but did report
modest linkage on chromosome 17q11as well asthe HLA region of chromosome 6p21




From these results, it appeasthat several genes of minor contribution, that is to say each
with small individual effed, must interad to produce susceptibility. Critics suggest that
each genome search was insufficiently powered to produce satistically significant results
particularly in light of suspeded dsease heterogeneity. Proposals for future study
include the use of more closely spaced markers to adchieve fine mapping of susceptibility
genes, restricting screensto isolated populations, amplifying small gene eff ects by
increasing the number of families reened, and refining clinical definitions of MS to
minimize the presumed eff ects of disease heterogeneity.

Clues from Environment

Although family studies clealy indicate that an individual’ s risk of acquiring M S
is geneticall y influenced, albeit in a complex fashion, there is equally compelling
evidence that a “population’s’ risk of acquiring MS is grongly influenced by
environment.*® It isnot clea, however, what fador the ewironment predsely
contributes to the development of the disease.

Incidenceand Prevalence

Two basic concepts in the “epidemiology” of disease ae incidence, or the rate of
new cases developing in a population, and prevalence the number of cases existing in the
population. Determining acairate numbers for either in MS has been challenging, to say
the least, primarily due to the lack of a definitive test for MS. Interestingly, the number
of cases ascertained worldwide has geadily increased.®” It is unclea whether there has
been an adual increase in incidence and prevalence or whether changes in physician
awareness improved clinicd criteria, and the alvent of MRI as a diagnostic tool has
improved case ascertainment.

It isclea that MSis not uniformly distributed over the globe. The first
epidemiologic study, donein 1922 reported a greaer prevalence of the disease among
Scandinavians immigrants than among other US groups.®® Further studies siggested that
there might be anorth-south gradient, with the number of cases increasing by latitude
above and below the eguator, presumably following nonrandom patterns of ethnic
migration or due to an unknown endemic infedious agent. The global gradient thesis
remains controversial and difficult to verify or disprove since direct comparison between
epidemiologic studies is vexed by diff erences over time in methodology and the clinical
criteria used for diagnosing MS.

Migration Studies

Several well done studies of immigration demonstrated that persons emigrating
from a high incidence ®untry to alow incidence @untry after puberty retain their native
risk of aqquiring MS, whereas those emigrating before puberty aaquire the lower risk of




their new region.®® Based on these studies, it appeasthat there is a aitical period prior
to puerty for “aaquiring” the disease. Furthermore, these observations support the idea
that an environmental fador interads with genetic factorsto cause the disease.

Clusters, Epidemics, and Infedions

Several putative epidemics have been reported, first in 1975in the Faroe I slands
and most receantly in 1985in Kenya and South Africa. Close scrutiny of these so-call ed
epidemics reveals that such reports were ather flawed in calculating the age of onset of
disease or in failing to take into consideration a greaer awarenessof the disease among
e.g. African neurologists.®® Currently, there is no strong evidence that MSiis or ever has
been an epidemic condition.

Allegations of MS epidemics combined with strong evidence for an
environmental contribution to MS has Purred investigation into possible endemic
infedious agents. Thelist of infedious agents reported to be associated with the disease
is quite long but no single ayent has been conclusively identified.*® Currently,
Chlamydia preumonia, Human Herpes Virus 6 (HHV-6) and the Epstein-Barr Virus
(EBV) are potential candidates under investigation, but results from different reseach
groups have been disappointingly inconsistent and inconclusive.

Ecologic Studies

In addition to radal distribution and endemic infectious agents, the geographic
variability of a disease may be due to local toxic fadors, climate, natura radiation, and so
forth. Ecologic studies of diseases attempt to identify such factors. Although dozens of
ewlogic studies have been completed on a wide range of potential environmental
contributors, no consistent associations have been found between MS and any single
fador with the possible exception of temperature.*! It is not clear, however, that lower
temperature has an emlogic, let alone a casal, rolein MS. It ispossible that a
temperature asciation is an artifad e.g., of Scandinavian immigration and settlement
patterns.

Clues from Histopahology

Two major insights have amme from careful histopathologic studies in the last
decale. Thefirst isthat acute MS lesions fall into four major subtypes and that,
therefore, several distinct pathophysiologic processes may producethe clinical syndrome
of MS. The seand insight has led to reconsideration of the role of axons, which
previously were mnsidered relatively spared in the disease, in the development of
chronic plague and the production of disability. It isnow clea that axons are damaged
both in aaute and chronic plagues. Significantly, the degreeof axonal damage gpeasto




correlate with the degreeof clinical disability.*> What causes damage to axons is not
known, but recent data suggest that once damaged, axons may not be cgpable of normal
interadions with myelin-producing oligodendrocytes and therefore may be the limiting
fador in remyelination and repair.*®

Cluesfrom Immunology and Experimental Animal Models

Certain of the body’simmune @&lls have been implicated in the destruction of
myelin in animal models of MS (i.e., EAE). Spedficdly, T cellsreading against myelin
basic protein (MBP) and proteolipid protein, proteins normally expressed by myelin, are
thought to be aitical in the development of plaques. So-cdled “autoreactive” T cells
have been isolated from blood and CSF in humanswith MS.** The T cdlsare
“activated” in the peripheral blood by unknown mechanisms, crossinto the CNS by
disruption of the blood-brain barrier, and invade brain tissues by seaeting agents that
brea&kdown the extracellular matrix surrounding neurons and glia, such as metallomatrix
proteinases. Onceinstalled, the T cells gimulate microglia and maaophages, but it is not
clea whether these “clean-up’ cell s primary damage myelin or are reauited to clea
away already damaged myelin. It is possible that the T cdls may diredly damage myelin
and/or oligodendrocytes but the pathways of myelin damage and cell deah are not
known. Additionally, B cellsthat produce antibodies may be acivated by T cells.
Antibodies direded against components of myelin have been isolated from patients with
MS. One component in particular, myelin oligodendrocyte glycoprotein (MOG), appeas
to have aclea role in exacebating demyelination in animal models.

Immunologic studies and animal models have provided awealth of insights into
immune processes, the cll types, cellular pathways, and specific molecules involved.
The mouse and marmoset models of demyelination may be imperfed analoguesto MS,
however, given the uniform pathology of EAE compared to the diverse pathology of MS.
Additionally, animal models have yielded disappointingly few pathophysiologic insights
leading to new therapeuticsin MS.

Controversies and consensusin the pathophysiology of MS

It isclea that the immune system plays a significant part in myelin and
oligodendrocyte injury. Whether the inflammatory readion is primary or secondary is
not known for certain. The relative importance of different constituents of the immune
system (i.e., the various cell s, antibodies, and ather elements such as complement
moleaules) has not been definitively worked out. In point of fact, it is not known what
triggers the immune readion and whether it is by nature “autoimmune”, post-infedious,
or toxin mediated. Although there is consensus that MS isa complex trait requiring the
interadion of several genes, these genes have yet to be identified and the relevant
interadion among them is unknown as is the important interadion with as yet
unidentified environmental fadors.




I.iv. Historical Note on Defining MS

Although MS is thought at present to be one of the most frequent neurologic
ilInesses the world over, it was not recognized as adisease & all until the 1800s. This
does not mean that MS arose in the 1800 s for the first time, rather it points to the faa
that our “medical gaze”was altered; before where we had seen no coherent pattern, we
were aleto discern adistinct clinical entity, adisease. How did this happen?

Credit for atering the medical gazeis generally granted to a French neurologist,
Jean Martin Charcot who saw a connedion between the clinica symptoms and the post-
mortem pathology in threepatients presented in the Salpetriere Hospital in Parisin 1866
Charcot named the condition sclerose en plaques diseeminess, la sclerose multil oculaire,
or la sclerose generali se, based on the pathologic lesions seen in the Salpetriere patients.
He claimed that ealier anatomicd drawings by Jean Cruvellhier (1835 and Robert
Carswell (1838 contained several depictions of plagues though the anatomists had not
yet recognized the underlying disease. Charcot strengthened the connection between the
clinical and pathologic in subsequent presentations (two in 1868and one in 1877) to the
most influential neurologic community of his day, the Salpetriere, and set off what some
have alled, “an epidemic of reagnition” of the newly described disease.*®

During his lifetime, he is thought to have mlleded 34 cases of MS from which he
formulated a distinct clinico-pathologic entity, describing a range of physical and
cognitive symptoms, providing an anatomic explanation for the clinica deficits, as well
as geaulating about the initial cause of the sclerosis.  In other words, he provided a
clinical, apathologic and an etiologic definition of the disorder based on the few cases he
saw. The remarkable feaure of Charcot’s discovery isthe order in which it occurred. A
disorder is generally clinicdly apparent well before its pathologic substrate is discerned;
Charcot, on the other hand, started with pathologic findings and inferred to the clinical
syndrome of MS.

. How is MS diagnosed?

As we have emphasized above, there is no definitive test to make the diagnosis of MS.
Instead, clinicians evaluate aperson’s history, physicd examination and ancillary tests
such as MRI. Lessfrequently, clinicians may also include evidence from evoked
potential studies or CSF evaluation by lumbar puncture in order to make the diagnosis.
Clinicians should also be @mncerned to rule out “mimickers’ of MS, which may vary
regionally or demographically (see What Else Can Look Like MS?).

Labaratory Diagnosis

MRI brain and cervical spine is routinely obtained to look for radiographic evidence of
both new and old plague formation. Although MRI has beame the most important




paraclinical marker for the disease, it is not specific for MS athough it may be quite
sensitive. Newer MR tedhniques guch as “ magnetization transfer” protocols may
eventually afford improved sensitivity by deteding abnormalities in normal appeaing
white matter. Currently, a gadolinium-enhanced MRI with standard so-cdled T1 and T2,
and on occasion FLAIR (Fluid Attenuated Inversion Reavery) protocols provide the
clinician with evidence of demyelination and aaute inflammation. MRI has become akey
component in formal diagnostic aiteria & well asin de fado clinical diagnosis of MS.

Evoked paential tests are dedrical diagnostic studies that can detect nerve conduction
slowing due to demyelination which may not be gparent by clinical examination. This
has largely been replaced by MRI but may be used in instances when imaging is
ambiguous.

Cerebrospinal fluid (CSF) istested for levels of immune proteins (oligoclonal bands),
the presence of myelin breakdown components (MBP), the presence of inflammeatory
cells and should be routinely cultured for infecion. CSF profilesin MS and neither
sensitive (a person with an aaute flare may have normal CSF) nor specific (a person with
adisease other than MS may have aCSF profile suggestive of MS) for the disease. Fluid
for testing isaaquired by puncturing lumbar (lower-badk) intervertebral spaces and
entering a CSF-filled sac  Because of the invasive nature of the test and itsrelatively
poor sensitivity, CSF analysis has fallen out of favor in many institutions and has largely
been supplanted by MRI.

Bloodtests are used primarily to rule out mimickers of MS, for example, infedions
caused by the Lyme spirochete or the HTLV-1 virus, collagen-vascular diseases, and
certain hereditary disorders. Currently, there is no blood test specificadly for MS.

I1.i Clinical criteria

Becaise MS ladks a definitive laboratory test, clinicians must rely on criteria sets
to help make a orrect diagnosis. Several attempts have been made to sandardize
criteria, most recently in a publicaion of consensus guidelines on recommended
diagnostic ariteria asembled by a sixteen-member panel of MS reseachers.*® In contrast
to prior recommendations, current criteriarely heavily on MRI findings consistent with
demyelinating lesions to make the diagnosis. CSF analysis and evoked potential studies
are recommended only when clinicd and radiographic findings are insufficient. The
recommendations provide for diagnoses of “MS’, “possible MS’, or “not MS” depending
on whether the aiteria ae met in full, in part or not at all.

Table 3.
Clinical Presentation Additiond Data Required for Diagnasis
2 or more atadks; objedive clinical None

evidence of 2 or more lesions
2 of more dtadks; objedive clinical Dissemination in space (MRI)




evidence of 1 lesion

1 attack; objedive clinical evidenceof 2 or
more lesions

1 attadk; objedive clinical evidenceof 1

lesion (one symptom at one time)

Insidious neurologic progression
suggestive of MS

or
2 or more lesions on MRI with positive
CSF (oligoclonal bands or elevated 1gG
index)

or

Await further attadks at different sites
Dissemination in time (MRI)

or

Seoond clinical attack

Dissemination in space (MRI)

or

2 or more lesions on MRI with positive
CSF andDissemination in time (MRI)

or

Seoond clinical attack

Positive CSF and

Dissemination in space (MRI)
demonstarted by 1) 9 or more T2 brain
lesions 2) 2 or more spinal cord lesions 3)
4-8 brain plus 1 spinal lesion

Or

Abnormal VEP with 4-8 brain, or 4 brain
and 1 spine lesion on MRI and
dissemination in time (MRI) or continued
progression for 1 yea

Adapted from McDonald et al., 2001

Because of the clinical heterogeniety of the disease, it may not be feasible to
devise a aiteria set which identifies every case, thus limiting the sensitivity of such
schemes. Until thereisa*gold standard” test for MS against which criteria sets can be
measured, the acairacy of our current criteria set, or any other criteria set for that matter,
isuncertain. Additionally, it remains to be seen whether the aurrent criteriawill be
widely accepted and utilized by practicing clinicians and reseachers.

II.ii Controversies and consensusin MSdiagnosis

Although it isclea that MS, asa dinicd diagnosis, requires a set of standardized
criteriathat patients must fulfill in order to warrant adiagnosis, it is not obvious which
feaures are esential to the diagnosis and therefore what exadly the aiteria should
include. MRI has assumed a prominent role in diagnosis in helping identify “lesions
separated in time and space” required for the diagnosis. Standards to gude correct
diagnosis have become more urgent sincethe advent of immune-modulatory drugs.
Sincethese drugs may be given soon after diagnosis and expose patients to significant
potential for adverse side effeds, correct diagnosis should be expeded.



. What else @an looklike MS (or what isthe “differential diagnosis’?)

Table 4.







IV. How isthe disease treated?

Acute eisodes

Acute flares of MS including optic neuritis are typicall y treated with pulsed
intravenous (1V) steroids, like methylprednisolone. Well designed controlled trials have
demonstrated improved reavery at four weeks from steroids, as compared to placebo, in
patient with MS. Thiswas true for both oral*’ aswell as1V*® administration, with the
notable exception of patients presenting with optic neuritis in whom oral steroids were
associated with a higher risk of reaurrence of optic symptoms at two yeas (the effed,
however, washed ot at threeyeas)*.

Prevention of relapses and dsahility

The American Academy of Neurology recently reviewed M S treatment trials and
pulished its consensus opinions on the quality of evidencefor various therapeutics
currently in clinca use.®® The following precis, except where noted, refleds the AAN
consensus.

Although, steroids shorten the course of aaute flares, they have no proven benefit
against long-term disability. Interferon beta and glatiramer acedate may delay the
development of disability in RRMS, but, to date, there is no datathat treatment impacts
the ultimate long-term outcome in MS. Methotrexate, cyclophosphamides, and
azdhioprine have not been shown to affed long-term disability.

Relapse rates, on the other hand, have been reduced in well-designed studies of
interferon beta (IFNB) and glatiramer aceate, using either clinicd rating scales or MRI




as primary outcome measures. An important exception to this observation is the subset
of patients treated with INFB-1b who develop neutralizing antibodies (NAB). Inthese
patients (38% at 24 months), the dinicd effect of INFB-1b islost.”> Small, incomplete
studies have claimed benefit from intravenous immunoglobulin (IVIG) administration on
the rate of relapse, without evidence that it delays the development of disability.

Agents guch as cyclosporines and mitoxantrone have possible eff ects on relapse
rates, but the side effeds of these drugs tends to outweigh clinical benefit and there is no
evidence to suggest that they alter long-term outcomes.

Sulfasalazine and plasma exchange show no therapeutic benefit in treament of
MS.

VI. How do we monitor disease progresson and response to treatment?

Clinical rating scales

To assesswhether, and to what degreg adrug impacts on a disease, valid and
relevant outcome measures neal to be seleded. In MS, the primary outcome
measurement historically has been changes in the expanded disability status scale
(EDSS), ultimately with a view to understanding drug effects on the development of
long-term disability. Although, disability in MS develops over many yeas, clinicd trial
periods tend to be relatively short (2-3 yeas). Inorder to predict adrug'sefficacy in
preventing or delaying long-term disability, clinicd reseachers have chosen short-term
changes inthe EDSSas a proxy measure. Fadors that influence short-term changesin
EDSSare different, however, than those implicated in long-term EDSSchanges.®® Thus,
other surrogate, or proxy, outcome measures for long-term disability are adively being
sought.

Imaging

At present, MRI is the most promising surrogate outcome measure and has
already been used to measure drug efficecy in several studies. Standard unenhanced
scans have apoor correlation with clinical disability, whereas newer protocols, such as
triple-dose gadoli nium enhancement, FLAIR, athin-section T2s have increased
sensitivity to deted lesions and may offer better correlation with clinical course.

Biological markers

Promising if inconclusive results have been obtained from blood, urine, and CSF
studies of certain adhesion moleaules, neopterin, cytokines, cell-deah regulators sich as
caspase-1 and immunologic co-stimulatory moleaules. No single biological marker,
however, has been definitively correlated with disease adivity. Thus, at present it is not
possible to use biological markers to monitor disease presence, progression and response
to therapeutics, but clealy these markers could play an important role in future
therapeutic trials and studies of disease pathophysiology.




VI. Summariesin Brief

What do we know abaut MS?

Clinical description: MSisadisease that affeds people during the productive
yeas of life, affecting women more than men, and the disease exhibits a preference for
cetain races likely based on genetic rather than environmental factors. The disease
manifests itself by means of a wide variety of symptoms, but the temporal progression of
deficits and long-term outcome is poorly understood primarily due to disease
heterogeneity and design constraints on the few observational studies that have been
performed.

Pathologic description: It is clear that myelin, oligodendrocytes, and axons are
damaged in MS. To date, no toxins or infectious organisms have been reliably deteded
in pathologic specimens. Certain cell types, suchas T cell, B cells, macrophages,
microglia, and endothelial cells are adivated in aaute plaques and it isclea that T cdls
play a aordinating role in the immune readion.

Pathophysiologic description: It is clea that the immune system plays a
significant part in myelin and oligodendrocyte injury. Although there is consensus that
MS isa complex trait requiring the interadion of several genes, these genes have yet to
be identified and the relevant interadion among them is unknown as is the important
interadion with as yet unidentified environmental factors.

Diagnosis. Until there is a definitive test for MS, such as a genetic test or
pathologically correlated serum marker, the neurologic community and petients will rely
on criteria sets that refled the strength of current technology. It has become clea that
MRI protocols may assist dramatically in the clinical ascertainment of the disease.

Treatment: Steroids, both oral and 1V, are useful in shortening the length of aaute
flares. INFB-1b/areduces relapse rates by one third, glatiramir acdate and IVIG less 9,
but no agent has been proven efficacious in altering the long-term outcome of patients
with MS. Additionally, certain patients fail to respond to IFNB after developing NAB,
and another subset of patients does not respond at all to interferon therapy.

Monitoring disease progression and response to treatment: Disability scaes have
been used, perhaps incorrectly, as short-term surrogate outcome measures of drug
efficacy on long-term disability. Recently, there has been a move among clinical
reseachersto look for other surrogate outcome measures of long-term disabil ity,
including MRI parameters and hiological markers. For the moment, MRI appeasto be
the most promising option.

What dowe still need to discover abaut MS?

Clinical description: An understanding of clinical MS will be vastly improved by
acarate description of the natural history, specifically temporal progression and
outcome, of various MS subtypes. Sex, age, and raceprediledions should be verified
epidemiologically and, ultimately, should be explainable by a full understanding of
disease pathophysiology.

Pathologic description: In aaute plaques, it is not clea whether the
oligodendrocyte or the myelin it produces is the primary target of the immune response.
Furthermore, it is not clea whether the immune response is primary or secondary, which



isto say, whether it isinitiating damage to cdls and cell components or rather reacing to
damage which has already been initiated. Although no toxins or infedious organisms
have been deteded in pathologic specimens, geographical distribution of MS combined
with the similarity between certain myelin proteins (MOG) and super stimulatory
immune proteins would seem to favor such exogenous fadors in the immunopathology of
MS. While wumbersome and tedhnicdly difficult, it will be important to continue to try
to identify organisms and discover the mechanisms whereby these ayents may cause
disease. Whileclealy T cells, B cells, maaophages, microglia, and endothelial cells are
adive in demyelination in MS, the sequential order of damage is not known.
Furthermore, it is important to understand how peripheral T cells as well as cerebrospinal
endothelial cells become adivated prior to active demyelination. Additionally, it is
important to know whether or not the immune response is primarily harmful or
inadvertently so by way of the body’s attempt at repair of already damaged myelin.

Pathophysiologic description: Whether the inflammatory readion seen in MS
lesionsis primary or secondary is not known for certain. The relative importance of
different constituents of the immune system (i.e., the various cell s, antibodies, and ather
elements such as complement moleaules) has not been definitively worked out. In point
of fad, it is not known what triggers the immune rea¢ion and whether it is by nature
“autoimmune”, post-infedious, or toxin mediated.

Diagnosis. A valid and relevant biologic marker or adefinitive test is needed for
the diagnosis of MS as well as differentiation of its subtypes.

Treatment: Long-term studies, or studies with valid short-term surrogate outcome
measures, should be conducted to assessthe long-term effect of any MS therapy, but
urgently so for the interferons which are already in wide clinicd use. We should discover
whether there is a mode of preventing the development of NABs, and also try to
understand why up to athird of patients will producethese antibodies.

Monitoring disease progression and response to treatment: Clinical trials of
therapeutic interventions will be much more meaningful if response to treament can be
monitored by means of biological markers. Similarly, acarate natural histories of the
various MS subtypes would allow for comparison between treated and untreated petients,
given the wide availability of putatively eff ective immune modulating agents, such
natural history studies would be unethicd.

VII. Lexicon or Glossary of Terms

Agnosia: The inability to recognize shapes, body parts, objeds.

Agraphesthesia: the inability to discriminate letters drawn on the pams, typical of
cortical damage & opposed to white-matter disease.

Aphasia: Impaired production or comprehension of language.

Apraxia: Impaired puposeful motor sequences.

Astrocyte: helper cell, makes blood-brain barrier, and scar tissue.

Autoimmune Process Immune reacions direded improperly against components of
one's own tissues or organs.

Axons. neuronal extensions which transmit impulses to ather neurons or to organs.



Case Series. atype of published study which examines aspeds of a disease by studying a
small number of affeded individuals. Contrast with population studies which examine
large numbers of individuals.

Demographics. the study of age, sex, and individual charaderistics of a populations
affeded by adisease.

Demyelinating: any processwhich disrupts the myelin of the CNS or PNS.

Differential Diagnosis. alist of diseases which may have similar or overlapping traits.
Disease Marker: atest which ideally is gecific for asingle disease or which can be used
to follow disease adivity or progression.

Encephalopathy: Confusion.

Epidemiology. Incidence and prevalencerates of a disease in a population (e.g., North
America).

Etiology: the caise of a disease.

Extrapyramidal System: Fine motor control added by deep structures of the brain.
Histopathology: the study of tissue affeded by diseese.

Immune mediators: (e.g., interferons, tumor neaosis fadors, interleukins, antibodies,
complement) the way immune clls communicae with one another, mark and/or destroy
atarget.

Imprinting: specific effeds of maternal versus paternal contribution of genes.
Internuclear ophthalmoplegia: disruption of brainstem nucleus which control conjugate
lateral gaze resulting in disconjugate eye movements and nystagmus.

L’ hermitte s Sign: uncomfortable eledric-shock feding over spine on forward flexion fo
the hea.

M acrophage: immune @ll, garbarge man of body.

MHC: Magjor Histocompatibility Complex, an important moleaule used by the immune
system to mark and reaognize self from other.

Microglia: helper cell, resident garbage man of CNS.

Myelin: Insulating material which wraps axons and is produced by oligodendrocytes.
Myelopathy: Disease of the spinal cord.

Natural History Studies: Prospedive studies which follow individuals over time to
understand the untreaed course of a disease.

Neurogenic: adeficit due to disruption of the neural inpu to an organ rather than
dysfunction of the organ itself.

Neurons:. functional cells of the nervous system.

Oligoclonal Bands: protein produced by adivated B cells, detedable in the CSF by gel
eledrophoresis as “bands’ of specific proteins.

Oligodendrocyte: helper cell, wrapsaxons in insulating myelin.

Optic Neuritis: inflammation of the optic nerves or tracts, positively associated with the
development of MS.

Pathophysiology. the processwhereby a disease is effeded.

Plaques. a @ntinuous sedion of white-matter which has lost its myelin.

Prospedive Studies: human studies that identify affected individuals and follow them
forward over time.

Radicular pain: nerveroat pain typical of mechanica compresson of spinal roots.
Relapse (bout, flare, attack): the state of clinically apparent disease adivity in MS,
typically manifested in new or reaurrent deficits.



Retrospedive Studies. human studies which identify affeded individuals and review
previously obtained information about them.

T cdls, B cdls immune clls.
Tranverse myelitis: inflammation aff ecting white matter tracts of the spinal cord.



