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Normal Myelin:

‑
formed by compaction of oligodendrocyte processes to produce a laminar structure.  Thus, the myelin sheath is essentially modified oligodendrocyte cell membrane.

A Classification of Demyelinating Diseases of the CNS
A.
Acquired Diseases of Myelin:
I
Inflammatory immune‑mediated:

1.
Multiple Sclerosis;

2.
Post‑infectious Encephalomyelitis;

3.
Acute Hemorrhagic Leukoencephalitis.

II
Toxic‑metabolic:

1.
Central Pontine Myelinolysis;

2.
Marchiafava‑Bignami Disease.

III
Infection (Virus)

1.
Progressive Multifocal Leukoencephalopathy.

2.
Subacute AIDS Encephalitis ("AIDS Dementia Complex").

3.
Vacuolar Myelopathy of AIDS.

4.
Tropical Spastic Paraparesis.

B.
Inherited Diseases of Myelin (Leukodystrophies):
1.
Adrenoleukodystrophy;

2.
Globoid cell (Krabbe's) Leukodystrophy;

3.
Pelizaeus‑Merzbacher Disease;

4.
Sudanophilic Leukodystrophy;

5.
Metachromatic Leukodystrophy;

6.
Alexander's Disease;

7.
Spongiform encephalopathy (Canavan's Disease).

MULTIPLE SCLEROSIS (MS), or Disseminated Sclerosis (DS):

Focal areas of inflammation and demyelination of the central nervous system separated in time and space, with exacerbations and remissions;  some cases may be progressive and non‑remitting.

Clinical:

-
Clinical symptoms and signs depend on location of the lesions, which may be anywhere in CNS myelin.  Of particular note:

‑
optic neuritis ‑ first symptom in 25% of cases;

‑
internuclear ophthalmoplegia (lesion in medial longitudinal fasciculus rostral to abducens nucleus) ‑ frequently seen in MS, but not specific for MS;

‑  
Lhermitte's sign ‑ flexion of neck  tingling in back and anterior thigh ‑ indicative of cervical cord lesion ‑ frequently seen in MS, but not specific for MS;

‑
Uhthoff's phenomenon ‑ symptoms and signs exacerbated or intensified upon exposure to heat.

Laboratory Investigations:
CSF 
‑ 
mononuclear cell count slightly increased

‑
protein slightly increased;

‑
gamma‑globulin increased ‑ oligoclonal IgG.

Visual Evoked Responses (VER)

Brain Stem Auditory Evoked Responses (BAER)

Computed Tomography (CT)

Magnetic Resonance Imaging (MRI)

Variants:
Acute MS;

Chronic progressive MS;

Neuromyelitis optica (Devic's Disease);

Balo's concentric sclerosis.

Treatment:
Many agents tried, including corticosteroids, immunosuppressants, transfer factor, interferons, myelin basic protein, peptides, plasmaphoresis, total lymphoid radiation, hyperbaric oxygen, etc.  To date, the most effective agent is interferon‑beta, which has been shown to be effective in relapsing‑remitting form of the disease.  ACTH has been shown to reduce the duration of an exacerbation.

Epidemiology:
High prevalence 45‑65N altitude;

Risk acquired some time before age 15;

Occasional epidemic in non‑endemic areas.

Etiology:
Three contenders:

Viral, Immunologic, Hereditary ‑ may well turn out to be all three are important.

Pathology:
Gross:
Focal areas of greying of white matter, known as plaques, seen particularly around ventricles, usually centered on veins.  Virtually anywhere in CNS white matter may be involved.

Microscopic:
Types of plaques:

‑
Acute:    
seen in acute MS, a rare disease;

‑
Chronic:  
seen in classic and progressive MS, two types:

‑
active ‑ ongoing demyelination;


‑
silent ‑ burned out.

Chronic active MS plaque:
Plaque of demyelinated axons, with numerous lipid laden macrophages and reactive astrocytes in center.  Axons usually intact.  At border, ongoing demyelination by macrophages and variable oligodendrocyte proliferation and remyelination.

Many inflammatory cells in chronic active MS plaques ‑ T lymphocytes greatly outnumber B lymphocytes.  Varying results on type of T cells that predominate ‑ some laboratories have shown helper/inducer, others suppressor/cytotoxic, but general consensus is that the helper‑inducer cell is the important cell in propagation of the disease.  MHC‑Class II (Ia) seen in macrophages, microglial cells and perivascular microglial cells ‑ thought to be important in antigen presentation during immune‑mediated attack on myelin.

Chronic silent MS plaque:
Many demyelinated axons and intensive gliosis.  Inflammatory infiltrate largely cleared, except for some plasma cells and occasional lipid laden macrophages.

POST‑INFECTIOUS ENCEPHALOMYELITIS:
‑
Occurs after exanthematous viral illness, such as measles, chickenpox or smallpox.  Can also occur after vaccination for rabies or smallpox;

‑
Thought to be immune mediated;

‑
Pathology:
multiple small perivascular lesions of demyelination and prominent perivascular inflammation.

ACUTE HEMORRHAGIC LEUKOENCEPHALITIS:
‑
Multiple small hemorrhages in white matter, thought to be a hyperacute form of post‑infectious encephalomyelitis.

CENTRAL PONTINE MYELINOLYSIS:
‑
Demyelination of central portion of pons, seen in metabolic derangements, especially alcoholics. 

‑
Particular association with rapid correction of hyponatremia.

MARCHIAFAVA‑BIGNAMI DISEASE:
‑
Destruction of white matter (usually axons and myelin) in corpus callosum;  initially reported in consumers of cheaper brands of Italian red wines, but subsequently reported with other alcoholic beverages.  A rare disease.

PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY:
‑
Due to infection of oligodendrocytes by papova virus.

‑
In patients with defect in cell mediated immunity (e.g. lymphoma, immunosuppression, AIDS).

‑
Multiple areas of demyelination with tendency to confluence.

‑
Bizarre astrocytes;  viral inclusions in oligodendrocyte nuclei.

SUBACUTE AIDS ENCEPHALITIS ("AIDS DEMENTIA COMPLEX")
‑
Various behavioral and cognitive abnormalities associated with infection of brain with HIV virus.  So far the only cells shown, with any consistency, to be infected with the virus are the macrophages and giant cells seen in the brain in this condition.  How, or even if, primary neuronal or glial cells are infected is not clear.

‑
Pathology consists of regions of myelin pallor, with perivascular and parenchymal infiltrate of macrophages and multinucleated giant cells.  The multinucleated giant cells are characteristic.

‑
Pathogenesis uncertain and probably not purely "demyelinative".  Recently, neuronal loss shown as well.

VACUOLAR MYELOPATHY OF AIDS
‑
Often associated with subacute AIDS encephalitis, but not necessarily so.  Clinically, may be responsible for the corticospinal signs and urinary incontinence seen in some AIDS patients.

‑
Pathology shows vacuolation of the spinal cord white matter, particularly the lateral columns and particularly the thoracic spinal cord.

‑
Pathogenesis uncertain and axon probably involved in addition to myelin sheath.

TROPICAL SPASTIC PARAPARESIS
‑
Progressive spastic paraparesis seen in certain tropical locations, associated with (and most likely due to) HTLV‑1 virus infection.

‑
Large areas of white matter degeneration, especially in thoracic spinal cord.  Involvement of axon as well as myelin sheath.  Remyelination appears to be a significant component of the lesions.

LEUKODYSTROPHIES:
‑
inborn errors of metabolism (usually inherited) of myelin, which eventually results in breakdown of myelin.  In some, the enzymatic defect is known, in others it is not.

‑
diffuse demyelination, usually sparing subcortical U‑fibers.

‑
onset usually in childhood.

‑
some types can have characteristic deposits, seen on electron microscopy.  Diagnosis may also be achieved by assay of the defective enzyme.
Examples of leukodystrophies:
-
Adrenoleukodystrophy ‑ accumulation of long‑chain fatty acids, usually x‑linked.  The concomitant atrophy of adrenal cortex can lead to Addison's Disease.

-
Globoid cell (Krabbe's) leukodystrophy ‑ accumulation of galacto‑cerebroside, due to deficiency of beta galactosidase.  Characteristic "globoid cells" ‑ giant cells with stored material.

-
Pelizaeus‑Merzbacher Disease ‑ a rare disease, where incomplete demyelination leads to a "tigroid" appearance of the white matter.

‑
Sudanophilic leukodystrophy ‑ The white matter of many leukodystrophies, including the three above, contains sudanophilic (i.e. "neutral") lipids.  The term sudanophilic leukodystrophy has more recently come to be used for unclassified leukodystrophies in which sudanophilic lipid is present.  It is thus a "grab‑bag" designation.

-
Metachromatic leukodystrophy ‑ accumulation of sulfatides due to deficiency of arylsulfatase.  Stored material is metachromatic when stained with certain dyes.  The material changes (hence "meta") the stain from its usual blue to a lavender or red color.

‑
Alexander's Disease ‑ a leukodystrophy associated with accumulation of eosinophilic deposits known as "Rosenthal fibers" in perivascular and subpial astrocytes in white as well as grey matter.

-
Spongiform encephalopathy ‑ (Canavan's Disease) ‑ CNS has a "spongy" appearance under light microscope.  Involves grey and white matter, but mainly white.  Astrocytes show bizarre mitochondria.  Thought to be a disorder of the mitochondrion.
1

