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Objectives:

The student should:

Appreciate the critical role of myelin in maintaining the integrity of the CNS system.

Understand the pathogenesis and the clinic-pathological features of multiple sclerosis as the
classical and the commonest example of CNS demyelinating diseases.

Key principles to be discussed:

Myelin function
The differences between CNS and PNS Myelin
Primary Demyelinating disease classification

Multiple sclerosis: definition, epidemiology, pathogenesis and clinicopathological features;
with special emphasis on CSF analysis findings, morphology and distribution of MS plaques.

Take home messages:

In view of the critical role of myelin 1n nerve conduction; diseases of myelin can lead to
widespread and severe neurologic deficits.

Diseases of myelin can be grouped into demyelinating diseases (in which normal myelin 1s
broken down for mappropriate reasons-often by inflammatory processes), and dysmyelinating
diseases (which are metabolic disorders that include the leukodystrophies in which the
underlying structure of the myelin 1s abnormal or its turnover 1s abnormal).

Multiple sclerosis, an autormmune demyelinating disease, 1s the most common disorder of
myelin, affecting young adults often with a relapsing-remitting course and eventual progressive
accumulation of neurologic deficits.

Other less common forms of immune-mediated demyelination often follow infections and
are more acute 1llnesses.

References:
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MULTIPLE SCLEROSIS

PORTRAIT OF A PATIENT

VISION

Involuntary Eye Movement ‘ : ’
Vision Loss

Abnormal Eye Alignment

Double Vision

MUSCULAR
SYSTEM Y

* Muscle Atrophy

« Muscle Spasms

« Lack of Muscle
Coordination

SENSORY

SYSTEM v
* Heightened Pain

* Reduced Sense of Touch

+ Constant Sense of
Tingling and Burning

CENTRAL
NERVOUS SYSTEM
* Fatigue

* Cognitive Impairment

* Depression

* Unstable Mood
* Hearing Loss

THROAT
@ AND SPEECH

* Slurring
+ Stuttering
« Difficulty Swallowing

DIGESTION

* Incontinence
« Diarrhea

POSSIBLE CAUSES OF MS

IMMUNOLOGIC

MS causes damage to the protective fatty
coating that surrounds nerve cells
(Myelin), causing signals from the cells to
slow down or stop all together.

X*

INFECTIOUS

Exposure to measles, canine distemper,
epstein-barr, and pneumonia during
childhood are a common triggers for later
development of MS.

ENVIRONMENTAL

Being exposed to greater amounts of
sunlight year-round and higher levels
vitamin D help protect against
autoimmune diseases like MS.

Do

GENETIC

MS is not hereditary in a traditional sense,
however having a relative with MS
increases the risk of developing the
disease significantly.



Key Principle: Myelin Function:

Neurofibrils

Myelin sheath

Nucleus of Schwann cell

Node of

Ranvier Axon

membrane

Neurilemma

(sheath of Schwann cell)

* Myelin consists of multiple layers of the specialized plasma membrane of
oligodendrocytes (in the CNS), with most of the cytoplasm excluded.

* Mpyelinated axons are present in all areas of the brain, they are the dominant
component in the white matter; therefore, most diseases of myelin are primarily white
matter disorders.

* An oligodendrocyte extends processes toward many different axons and wraps a
segment of roughly a few hundred microns of axon.

« Each of these segments is called an internode, and the gaps between internodes are
known as nodes of Ranvier.

Doctor’s Question: What is the function of myelin?

The main purpose of a myelin layer (or sheath) is to increase the speed at which impulses propagate
along the myelinated fiber. Along unmyelinated fibers, impulses move continuously as waves, but, in
myelinated fibers, they "hop" or propagate by saltatory (jumping) conduction.

Key Principle: The differences between CNS and PNS Myelin:

CNS PNS

Myelinated by oligodendrocytes Myelinated by Schwann cells

Each cell myelinates many axons and | Each cell myelinates only one axon and
forms many internodes forms only one internode

Do not form neurilemma Forms neurilemma

Neurilemma is the cytoplasm and nuclei of the Schwann cells which lie outside the
myelin sheath. They are important in nerve regeneration, which is why CNS axons

have limited regeneration.



The myelin in peripheral nerves is similar to the myelin in the CNS but:

* The specialized proteins and lipids are also different.
* Most diseases of CNS myelin do not significantly involve the peripheral nerves, and
vice versa.

Doctor’s Question: What is “The natural history of a disease?”

The natural history of disease is the course a disease takes in individual people from its pathological
onset (inception) until its eventual resolution through complete recovery or death.

& gall
The natural history of demyelinating diseases is determined, in part, by the limited
capacity of the CNS to regenerate normal myelin and by the degree of secondary
damage to axons that occurs as the disease runs its course.
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Key Principle: Primary demyelinating disease general classification:

A Healthy peripheral neuron

Node of Ranvier Schwann cell

Axon
_terminal

| S————
Internode

B Inherited demyelinating neuropathy
| .\)‘. i 4 “L - Schwann cell defect leads to
\ \( Y \\ demyelination and subsequent
. \ "o axonal degeneration Demyelination




Two broad groups:

A. Demyelinating diseases of the CNS:
* Acquired conditions characterized by preferential damage to previously normal
myelin
¢ Commonly result from immune-mediated injury
* Also wviral infection of oligodendrocytes as in progressive multifocal
leukoencephalopathy.
* Drugs and other toxic agents.

B. Dysmyelinating diseases of the CNS:
* Mpyelin is not formed properly or has abnormal turnover kinetics!
» Associated with mutations affecting the proteins required for formation of normal
myelin or in mutations that affect the synthesis or degradation of myelin lipids.

* The other general term for these diseases is leukodystrophy.

Key Principle: Multiple sclerosis:

Degenerative disease that
attacks the central

nervous system

How MS attacks Neuron
# White blood cells

attack neurons H,,;a,'.'l':,y

> Affect fatty tissues (myelin)
around the nerve fibres in
brain, spinal cord /—‘; e Norve
/"’—\ Transmit nerve signals
p/ throughout brain, body
Destroyed or damaged

myelin leaves multiple
. | scarring called sclerosis

A .| Nerve signals are
v slowed or blocked

Causes MS
symptoms

I Formation and absorption.



Definition:

MS is an autoimmune demyelinating disorder characterized by distinct episodes of

neurologic deficits, separated in time (Cx 3 4 saia duwas <lisi ) attributable to white matter
lesions that are separated in space (Ailida GSlal (& Giaad (GlSally A guaia)

Epidemiology:

The most common demyelinating disorders (prevalence of 1 per 1000 persons in most
of the United States and Europe)

The disease becomes clinically apparent at any age, although onset in childhood or
after age 50 years is relatively rare

. But in women the prognosis is better than men
Women are affected twice as often as men prog

In most individuals with MS the illness shows relapsing (u24ll 3352) and remitting
(8lleall 3 58) episodes of neurologic deficits. The frequency of relapses tends to decrease
during the course of the illness, but there is a steady neurologic deterioration? in a
subset of patients.

Risk Factors:

The risk of developing MS is 15-fold higher when the disease is present in a first-
degree relative

The concordance rate for monozygotic twins is approximately 25%, with a much
lower rate for dizygotic twins

A significant fraction of the genetic risk for MS is attributable to HLA-DR variants,
the DR2 allele being the one that most significantly increases the risk for developing
MS

2 The process of becoming progressively worse.



Pathogenesis:

Like other autoimmune diseases, MS is believed to be caused by a combination of
environmental and genetic factors that result in a loss of tolerance to self-proteins —
Antigen presenting cell comes and activates T-helper (CD4) —

— T cell cross BBB — Type IV hypersensitivity — infiltrate of lymphocytes,

macrophages, B Cells and plasma cells produce antibody — demyelination, axonal loss

and sometimes even leading to neuronal death.

Experimental allergic encephalomyelitis:
It's an animal model of MS in which demyelination and inflammation occur after

immunization with myelin, myelin proteins, or certain peptides from myelin proteins.

In this model, the lesions are caused by a T cell-mediated delayed type hypersensitivity
reaction to myelin proteins, and the same immune mechanism is thought to be central to
the pathogenesis of MS.
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Morphology:

* MS is a white matter disease.

» Affected areas show multiple, well circumscribed, slightly depressed, glassy, gray-tan,
irregularly shaped lesions, termed plaques.

* They occur beside ventricles and they are frequent in the optic nerves and chiasm,

brain stem, ascending and descending fiber tracts, cerebellum and spinal cord.

* The lesions have sharply defined borders at the microscopic level. (We use Luxol Fast
Blue Stain to detect MS ).

Active plaques

Inactive plaques

(During the episode)
* There is evidence of ongoing myelin
breakdown with abundant macrophages

containing myelin debris * When plaques become quiescent?, the
« Lymphocytes and monocytes are present, ~ inflammation  mostly  disappears,

mostly as perivascular cuffs. Jdsa LA pax leaving behind a little to no myelin.

A sadll 4o oY) » Instead, astrocytic proliferation and
* Axons are relatively preserved, although gliosis are prominent

they may be reduced in number.

3 In a state or period of inactivity or dormancy.



Clinical features:

The course of MS is variable. MS lesions can occur anywhere in the CNS = may

induce a wide range of clinical manifestations.

Commonly there are multiple episodes of new symptoms (relapses) followed by
episodes of recovery (remissions); typically, the recovery is not complete.

The consequence of this pattern of relapsing-remitting disease is the gradual, often

stepwise, accumulation of increasing neurologic deficits. The patient dies from pneumonia

Certain patterns of neurologic symptoms and signs are commonly observed:

occurring over the course of a few days is a frequent
initial manifestation of MS (due to involvement of the optic nerve

When this occurs as the first event, only a minority (10% to 50%) go on to develop
full-blown MS

Involvement of the produces signs and , and can

disrupt conjugate eye movements

Spinal cord lesions give rise to motor and sensory impairment of trunk and limbs,

spasticity, and difficulties with the voluntary control of bladder function.

Changes in cognitive? function can be present, but are often much milder than the
other findings.

In any individual patient it is hard to predict when the next relapse will occur; most
current treatments aim at decreasing the rate and severity of relapses rather than

recovering lost function.
Charcot classic triad of MS is a SIN:
Scanning speech
Intention tremor

Nystagmus
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Main symptoms of

Multiple sclerosis

Central:

- Fatigue Visual:

- Cognitive - Nystagmus
impairment - Optic neuritis

- Depression - Diplopia

- Unstable mood Speech:

- Dysarthria
Throat:
- Dysphagia

Musculoskeletal:
- Weakness

- Spasms

- Ataxia

Sensation:
- Pain

- Hypoesthesias
- Paraesthesias

Bowel:
- Incontinence
- Diarrhea or

constipation

Urinary:

- Incontinence
- Frequency or
|_retention

CSF findings:
* It shows mildly elevated protein level with an increased proportion of y-globulin

* In one-third of cases there is moderate pleocytosis. (Increased WBC count in CSF, in
the blood it’s called Leukocytosis)

* When the immunoglobulin is examined further, most MS patients show oligoclonal
bands, representing antibodies directed against a variety of antigenic targets.
(Oligoclonal bands are proteins called immunoglobulins. Their presence indicates

inflammation of the CNS. They may be a sign of MS) Radiological findings:

* These antibodies constitute a marker for disease activity. 1- Corpus callosum will be
thinner
2- Periventricular calcification

Treatment: (Extra)

Slow progression with disease-modifying therapies (e.g., p-interferon, natalizumab).
Treat acute ares with IV steroids. Symptomatic treatment for neurogenic bladder
(catheterization, muscarinic antagonists), spasticity (baclofen, GABAR receptor agonists),

pain (opioids).



T or F:
1- Most diseases of CNS myelin do not significantly involve the peripheral nerves.

2- In people who have a Dysmyelinating disease, there was a time when they had
normal Myelin.

3- Under the microscope we use special stain for MS: Luxol fast blue (LFB).

4- CSF findings will show mildly elevated protein level and decreased proportion of
v-globulin.

5- MS is strongly associated with HLA-DR2.

6- In inactive plaques there is Astrocytic proliferation with inflammation.

MCQs:

1- Dysmyelinating Characterized by preferential damage to myelin:
A- Not properly formed
B- Previously normal
C- Abnormal turnover kinetics
D- A&C
2- CSF findings in MS:
A-moderate pleocytosis
B- oligoclonal bands
C- elevated protein level
D- All of them
3- There is ongoing myelin breakdown in?
A- Active plaque
B- Inactive plaque
C- Both
4- MS symptoms may be caused by:
A-Damage to myelin (the sheath covering the nerve fibers)

B- Damage to axons (the nerve fibers themselves)
C-Both A & B



Contact us: Pathology435@gmail.com

Team Members:
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