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PELIZAEUS-MERZBACHER DISEASE

PELIZAEUS-MERZBACHER DISEASE

Primary Disciplinary Field(s): Neurology, Genetics, Pediatrics

1. Core Definition

Pelizaeus-Merzbacher Disease (PMD) is a rare, inherited, progressive degenerative disorder
affecting the central nervous system (CNS). Classified clinically as a form of leukodystrophy, PMD

primarily targets the white matter, resulting from the fundamental inability of the body to produce or
maintain sufficient amounts of myelin, the fatty sheath essential for insulating nerve fibers and
ensuring rapid, efficient communication between neurons. This condition is progressive, meaning
symptoms worsen over time, leading to significant neurological impairment that impacts motor
function, coordination, and sometimes cognitive development. The severity of the disorder exists
along a wide spectrum, ranging from the most severe connatal form, presenting in infancy with
rapid decline, to the milder Spastic Paraplegia Type 2 (SPG2), which may not manifest until
adulthood.

The core consequence of PMD is hypomyelination--a deficit in the formation of myelin during
development. This process leads to the characteristic symptoms observed in affected individuals:
non-deliberate, swift eye motions (nystagmus), profound muscular incoordination (ataxia), and
increased muscle tone (spasticity). The disease was named after German neurologist Friedrich
Pelizaeus, who first described the condition in 1885, and his student, Ludwig Merzbacher, who
contributed further pathological analysis in 1910. The recognition of PMD as a distinct genetic
entity has allowed for focused research into myelin biology and X-linked genetic disorders.

2. Genetic Basis and Etiology

PMD is fundamentally a genetic disorder caused by mutations in the Proteolipid Protein 1 (PLP1)
gene. This gene is located on the X chromosome (Xq22) and provides instructions for making the
PLP1 protein, which is the most abundant protein component of myelin in the CNS. Because the
gene is X-linked, PMD primarily affects males, who possess only one X chromosome. Females,
having two X chromosomes, are typically asymptomatic carriers, although they may occasionally
display mild symptoms due to unfavorable X-chromosome inactivation (lyonization).

The specific type of mutation in the PLP1 gene dictates the resulting clinical phenotype and
severity. The most common cause, accounting for roughly 60-70% of PMD cases, is gene
duplication, where an extra copy of the entire PLP1 gene is present. This results in an
overexpression of the otherwise normal protein, which is toxic to the myelin-producing cells, known
as oligodendrocytes. Other mutations include missense mutations (altering a single amino acid)
or null mutations (preventing protein production altogether). Generally, the overexpression
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mutations tend to result in the classic or connatal forms, while certain point mutations may lead to
the milder SPG2 phenotype.

3. Clinical Manifestations and Phenotypes

The clinical presentation of Pelizaeus-Merzbacher Disease spans a broad continuum of severity,
categorized into several distinct phenotypes primarily determined by the age of onset and the rate
of progression. This spectrum is crucial for prognosis and management planning.

The most severe form is Connatal PMD, which presents in infancy, often within the first few
months of life. Infants with this form exhibit significant global developmental delay, profound
hypotonia (low muscle tone), feeding difficulties, and early-onset nystagmus. As the disease
progresses rapidly, hypotonia is often replaced by severe spasticity, and affected children typically
fail to acquire most motor milestones, seldom surviving beyond formative childhood years due to
complications such as respiratory failure.

The intermediate form is Classic PMD. Onset usually occurs slightly later, in the first or second
year of life. While development is delayed, children may achieve some motor milestones, such as
independent sitting, and possibly limited, supported ambulation. Symptoms include moderate to
severe ataxia, nystagmus, mild cognitive impairment, and spastic gait. Individuals with the classic
form often survive into adulthood, though they require significant supportive care throughout their
lives.

At the mildest end of the spectrum is Spastic Paraplegia Type 2 (SPG2). This condition is also
caused by PLP1 mutations but typically presents with subtle hypomyelination. Symptoms often
begin in late childhood or adulthood, characterized primarily by spasticity and weakness
predominantly affecting the lower limbs (paraplegia). General cognition is typically preserved, and
affected individuals usually have a normal lifespan, though mobility becomes increasingly
challenging.

4. Pathophysiology: The Role of Myelin

The pathogenesis of PMD centers entirely on the dysfunction or deficiency of oligodendrocytes,
the glial cells responsible for synthesizing myelin in the CNS. The PLP1 protein is vital for the
structure, stability, and integrity of the myelin sheath. When the PLP1 gene is mutated, the
resulting protein is either improperly folded, produced in excessive amounts, or entirely absent.

In cases of PLP1 duplication or specific toxic missense mutations, the cell attempts to synthesize
vast quantities of faulty or misfolded protein. This excessive or malformed PLP1 accumulates
within the endoplasmic reticulum of the oligodendrocyte, triggering a cellular stress response
known as the Unfolded Protein Response (UPR). This stress eventually leads to the death of the
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oligodendrocyte, preventing the formation of new myelin and exacerbating existing
hypomyelination.

The resulting lack of adequate insulation on CNS axons severely impedes signal conduction
velocity, leading to the widespread neurological deficits observed. Magnetic resonance imaging
(MRI) studies in PMD patients reveal characteristic diffuse abnormalities in the white matter, often
appearing uniformly bright (hyperintense) across the cerebral hemispheres, reflecting the failure of
normal myelination processes.

5. Diagnosis and Classification

Diagnosis of PMD is typically initiated based on the presentation of characteristic clinical
symptoms, particularly nystagmus and progressive motor delays in a young male patient. Due to
the wide phenotypic variability, clinical suspicion must be confirmed by specific diagnostic
procedures.

Diagnosis involves three primary components:

Neuroimaging: MRI of the brain is critical, revealing the hallmark sign of diffuse
hypomyelination, often described as a near-complete lack of normally myelinated white matter. In
some instances, a pattern known as the "tigroid pattern" (islands of spared myelin in a background
of demyelination) may be visible, particularly in the brainstem and cerebellum, though this is not
always present.

Neurophysiological Testing: Brainstem auditory evoked potentials (BAEPS) are often abnormal,
demonstrating delays in nerve conduction pathways, consistent with demyelination in the
brainstem.

Genetic Confirmation: Definitive diagnosis requires molecular genetic testing of the PLP1 gene.
This testing identifies duplications, missense mutations, or deletions, confirming the etiology and
often predicting the severity (phenotype) of the disease. Testing is also vital for carrier status
determination in family members.

6. Treatment and Management

Currently, there is no curative treatment for Pelizaeus-Merzbacher Disease. Management is
entirely supportive, focusing on alleviating symptoms, maximizing functional independence, and
improving the quality of life for the affected individual and their family. Given the complex nature of
the disorder, a multidisciplinary approach involving several specialists is essential.

Key therapeutic interventions include:
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Physical and Occupational Therapy: Essential for managing spasticity, preserving joint
mobility, and attempting to improve muscle strength and coordination (ataxia). Therapists utilize
specialized equipment, braces, and stretching techniques to prevent contractures.

Medication Management: Pharmacological agents are used to control specific symptoms. Muscle
relaxants, such as baclofen or tizanidine, are commonly prescribed to reduce painful spasticity.
Anti-epileptic drugs may be necessary if seizures occur, which is common in the more severe
phenotypes.

Nutritional and Respiratory Support: Especially in Connatal PMD, feeding difficulties and
aspiration risk are high. Gastrostomy tube feeding may be required to ensure adequate nutrition.
As the disease progresses, respiratory muscle weakness may necessitate assisted ventilation,
particularly during sleep or iliness.

Ophthalmological Care: Regular monitoring and intervention for nystagmus and other vision
issues are necessary, although treatment options for neurological nystagmus are limited.

7. Current Research and Future Directions

Research efforts into PMD are highly focused on developing targeted therapies that address the
underlying genetic and cellular defects. Given that PMD is a monogenic disorder (caused by a
single gene mutation), it is a compelling target for advanced genetic interventions.

One major avenue of investigation is gene therapy. Approaches involve introducing a functional
copy of the PLP1 gene into the CNS, often via adeno-associated virus (AAV) vectors, with the goal
of restoring normal myelin production by oligodendrocytes. Clinical trials are exploring the safety
and efficacy of these direct CNS infusions.

Another significant area is the use of oligodendrocyte replacement therapy. This involves
transplanting neural stem cells or oligodendrocyte progenitor cells (OPCs) into the affected CNS
regions. The hope is that these transplanted cells will mature, differentiate into healthy
oligodendrocytes, and successfully remyelinate the damaged axons. Furthermore, research is
ongoing into small molecule drugs that might mitigate the cellular stress caused by misfolded PLP1
protein accumulation, particularly for individuals with PLP1 duplication. These targeted therapies
represent the best hope for fundamentally altering the course of this devastating progressive
disorder.

Further Reading

Genetics Home Reference (NIH) - Pelizaeus-Merzbacher Disease
Wikipedia - Proteolipid Protein 1 (PLP1)
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National Organization for Rare Disorders (NORD) - Pelizaeus-Merzbacher Disease
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