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CNS: Multiple sclerosis, prion disease and amyotrophic lateral sclerosis
Multiple sclerosis (MS)
-

-

-
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Introduction:
o MS is the most common demyelinating disease of the CNS. It is inflammatory and
presumed to be autoimmune in origin.
o MS is a heterogeneous disease with variable clinical presentations that reflect the
variable pathologic pathways of demyelination, inflammation and axonal
degeneration.
o It is characterized by its relapsing and remitting nature.
Epidemiology:
o Age: 15-50 years, with average age of 30 years
o Gender: females : males = 2:1
o Geography (latitude): prevalence increases from south to north. It has been
proposed that this reflects sunlight exposure and Vitamin D levels.
Pathophysiology:
o MS is thought to be autoimmune as there are myelin reactive T lymphocytes in the
plaques and CSF of patients. In addition, there are oligoclonal bands of
immunoglobulins in the CSF and other immune cell lines such as TH17 lymphocytes
are activated. Patients improve on immunomodulatory treatment.
o Pathology is characterized by patchy demyelination plaques with variable
inflammation and gliosis.
o Loss of myelin sheaths leads to the loss of saltatory conduction (for more
information, see CNS: Structure and function (microscopic architecture), cells of
the CNS, the neuron). There is an initial temporary conduction block followed by a
slower continuous propagation of the signal. An active plaque has lymphocytes
with lipid-laden macrophages and edema. Over time, there is progression to an
inactive plaque, which shows a loss of oligodendrocytes, astrocyte proliferation
and gliosis causing grossly firm areas (i.e. sclerosis).
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The oligodendrocyte in MS
The replacement of the lost oligodendrocyte in MS is not a lack of progenitor OPCs, but
their failure to differentiate into mature cells. For discussion of the oligodendrocyte,
see, “CNS: General Pathology (1) Cellular response to injury and cell death”.

OPC = oligodendrocyte precursor cell

-
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Presentation:
o Symptoms:
 Sensory abnormalities of the limbs (30%)
 Unilateral optic neuritis (eye pain with vision loss)
 Diplopia (internuclear ophthalmoplegia)
 Motor impairment
 Difficulty with gait and balance (brainstem, cerebellum)
 Fatigue
o Physical exam:
 Neurologic defect in affected nerves
 Upper motor neuron signs
o Testing:
 MS is a clinical diagnosis based on distinct episodes of focal neurologic
dysfunction with at least partial remission in a young adult (ages 15-50 years).
 MRI has high sensitivity (90%) and specificity (75%).
• Characteristic white matter lesions are found in deep regions such the
periventricular area, corpus callosum and cervical spine
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The MRI in MS
Typical pattern of involvement is
plaque formation in deep white
matter structures around the
ventricles and corpus callosum.

CSF has only an ancillary diagnostic role currently. CSF shows IgG oligoclonal
bands.
Natural history:
o There are 2 major clinical phenotypes of MS. The commonest is relapsing and
remitting (85%), Followed by primary progressive disease (10-15%).


-

o 30% of patients have a significant disability by 20 years
o Survival is related to the degree of disability
o Treatment:
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Acute attacks develop symptoms over hours. The diagnosis can be confirmed
by MRI enhancement with gadolinium, which is demonstrates edema.
• Acute attacks are treated with IV glucocorticoids.
Disease modifying treatments are used in relapsing-remitting disease to
decrease the number of attacks and the rate of plaque formation.
• Interferon-β: anti-inflammatory and promotion of nerve growth are
possible mechanisms of action
• Ocrelizumab: anti-CD20 activity leads to B-lymphocyte depletion. It is
not clear how this immune modulation affects the disease course.

Demyelination versus dysmyelination
Demyelination refers to a disease process that targets myelin, the lipid-rich insulator of
the nerve sheath. The model disease is MS.
Dysmyelination refers to a disease process that damages the nerve sheath. This may be
hereditary, such as the leukodystrophies or acquired, such as progressive multifocal
leukoencephalopathy (PML) in AIDS or osmotic demyelination syndrome (aka central
pontine myelinolysis) in too rapid a correction of hyponatremia.

Prion disease (Creutzfeldt-Jakob disease)
-

-
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Introduction:
o These are a group of neurodegenerative diseases caused by the spread of
misfolded protein between neurons.
o Disease can be spontaneous, genetic or iatrogenic (e.g. tissue grafts, corneal
transplants).
Pathophysiology of sporadic disease
o A normal cell surface glycoprotein, PrPC, is converted from an α-helix conformation
to a β-pleated isoform called PrPSc (the “S” comes from scrapie, a prion disease in
sheep).
 The function of PrPC is not well understood
o PrPSc builds up in the neuron, inducing the conformational change in other PrPC
and forming aggregates which are thought to be toxic to the neuron.
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Is prion disease an infection?
The prion’s form of “self-replication” is particularly fascinating, as it appears to defy
the central dogma of biology that genetic material is necessary for reproduction. In
this, it differs from all other pathogenic mechanisms. It is notable that some prions can
act as transmissible infectious agents, similar to viruses.
The word “prion” derives from proteinaceous infectious product.

-
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o Pathology: the pattern of injury is spongiform encephalopathy with accumulation
of the fibrillar prion protein, degeneration of neurons, microglial proliferation and
vacuolization. It is noteworthy that there is no inflammation.
Presentation:
o Symptoms: rapid progressive dementia over months.
o Physical exam: is not central to the diagnosis
o Testing:
 Brain biopsy is the gold standard, showing spongiform encephalopathy and
PrPSc.
 Real-time quaking-induced conversion (RT-QuIC): this is the routine
diagnostic test for prion disease. CSF is spiked with PrPc and a fluorescent tag.
If the CSF has PrPSc, it converts the PrPc to a β-pleated isoform that starts
fluorescence.
 Imaging: MRI shows a high signal in affected areas of the cortical gray matter.
Natural history:
o Prognosis: uniformly fatal with death in <1 year.
o Treatment: none

Amyotrophic lateral sclerosis (ALS)
-

-
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Introduction:
o A progressive neurologic disorder with loss of upper motor neurons in the cerebral
cortex and lower motor neurons in the brain stem and spinal cord.
Pathophysiology:
o 95% are sporadic.
 The commonest protein accumulation is TDP-43.
• 15% of ALS patients develop frank frontotemporal dementia (FTD)
 The 5-10% genetic cases commonly have accumulation of SOD-1 protein
aggregates
o The only known risk factor is age, with peak incidence at age 74 years.
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o The protein aggregates may have a “gain of function toxicity” and/or cause
misfolded protein induced apoptosis.
o Pathology: injured neurons have retrograde axonal loss and disappear. There is
surrounding gliosis, which gives hard areas of “sclerosis”.
Presentation:
o Symptoms:
 The hallmark of ALS is weakness, without loss of sensation.
• Limb: commonest presenting symptom (75%), arm and legs are equal
in incidence
• Bulbar: involvement of brain stem neurons (e.g. dysarthria, dysphagia
in the pharyngeal phase).
o Bulbar presentation is an indicator of poor prognosis.
• There is sparing of extraocular muscles, bowel and bladder function.
o Physical exam
 The hallmark of ALS is the presence of both upper motor neuron (UMN) and
lower motor neuron (LMN) dysfunction.

Sign
Weakness
Atrophy
Fasciculations
Reflexes
Muscle tone
Babinski reflex
Clasp-knife
spasticity

UMN1
Present
Absent (disuse)
Absent
Increased
Increased
Present
Present

LMN2
Present
Present
Present
Decreased
Decreased
Absent
Absent

1. Upper motor neuron, 2. Lower motor neuron
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o Testing:
 Nerve conduction studies: normal sensory and motor conduction rules out
peripheral neuropathy
 Electromyography (EMG): denervation pattern
 Infections: rule out Lyme disease and HIV infection
Natural history:
o ALS follows a relentless linear progression
o Prognosis: median survival is 3-5 years
o Treatment
 No treatment alters disease progression
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Commonest causes of death are
• Respiratory failure (treat with intubation and ventilation)
• Aspiration (treat with gastric feeding tube and oral fluid control)

Baclofen and pain from spasticity
Spasticity is a pathologic tightness of muscles usually due to loss of upper motor
neurons. It is believed that the increased muscle tone is from increased firing of the
alpha motor neurons due to loss of GABA inhibition from the upper motor neuron.
Baclofen is a GABA agonist that is used in treatment. Diseases with loss of UMN
inhibition include:
- Amyotrophic lateral sclerosis
- Cerebral palsy
- Paraplegia
- Stroke
- Multiple sclerosis

7

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
CNS: Multiple sclerosis, prion disease and amyotrophic lateral sclerosis
Do You Know It?

1. How is a diagnosis of multiple sclerosis (MS) established?

2. Describe the treatment of MS

3. How can Creutzfeldt-Jakob disease be differentiated clinically from other dementias?

4. What are the key symptoms and signs of amyotrophic lateral sclerosis?
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