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MANNOSIDOSIS

MANNOSIDOSIS

Primary Disciplinary Field(s): Medical Genetics, Biochemistry, Pediatrics, Metabolic Diseases

1. Core Definition and Classification

Mannosidosis, specifically Alpha-Mannosidosis (or a-Mannosidosis), is a rare, inherited
metabolic disorder belonging to the family of diseases known as lysosomal storage disorders
(LSDs). These disorders are characterized by the defective breakdown and subsequent
accumulation of complex macromolecules within the lysosomes of cells, leading to cellular damage
and system-wide dysfunction. In the case of Mannosidosis, the fundamental problem lies in the
body's inability to properly metabolize the sugar mannose. The condition results directly from a
severe deficiency or complete absence of the lysosomal enzyme alpha-mannosidase (MAN2B1),
which is crucially required to cleave terminal alpha-linked mannose residues from complex
oligosaccharides. This inability to process mannose-containing structures means that these
partially degraded materials accumulate in virtually every cell, particularly affecting the nervous
system, skeleton, and immune function, resulting in a progressive and debilitating clinical course.

The definition of Mannosidosis hinges on the biochemical mechanism: the enzyme alpha-
mannosidase acts as a critical component in the normal catabolic pathway of glycoproteins.
Glycoproteins are complex proteins with attached carbohydrate chains (glycans), many of which
terminate in mannose residues. Once glycoproteins are recycled, they enter the lysosome for
degradation, and alpha-mannosidase is responsible for the vital step of trimming the mannose
chain. When this enzyme is non-functional, the partially processed carbohydrate fragments--
specifically, mannose-rich oligosaccharides--are stored inside the lysosomes, causing them to
swell and impairing normal cellular function. This toxic accumulation ultimately leads to the varied
clinical manifestations, including immune compromise, skeletal deformities, and significant
neurocognitive impairment, which define the disorder.

Historically, Mannosidosis was categorized based on severity into two main types, though modern
understanding acknowledges a broad spectrum rather than distinct divisions. Type | (Mild/Adult
Onset) typically presents later in childhood or adolescence with slower progression, often
characterized by mild skeletal changes and relatively preserved cognitive function, sometimes
allowing individuals to reach adulthood. Type Il (Severe/lnfantile or Juvenile Onset) is
characterized by a rapid and aggressive course, presenting early in life with severe
immunodeficiency, significant neurodegeneration, prominent skeletal involvement (dysostosis
multiplex), and often results in death during childhood or early adolescence. A third, extremely rare
and severe congenital presentation (Type Ill) has also been noted, highlighting the wide clinical
heterogeneity stemming from different residual enzyme activities.
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2. Biochemical Mechanism and Pathophysiology

The pathophysiology of Mannosidosis begins at the molecular level within the lysosome, the
cellular recycling center. Normally, the alpha-mannosidase enzyme hydrolyzes the alpha-1,2-,
alpha-1,3-, and alpha-1,6-glycosidic linkages of mannose residues present on the N-linked
oligosaccharide chains of glycoproteins. This function is essential for the complete degradation of
these molecules. The deficiency of this enzyme interrupts this process, specifically preventing the
removal of mannose components from partially digested complex sugars. As a consequence, large
guantities of mannose-rich oligosaccharides accumulate within the lysosomes, leading to
lysosomal engorgement and cellular dysfunction, a characteristic feature of all LSDs.

The cellular pathology is widespread, but particularly devastating in highly metabolically active cells
and those reliant on efficient waste disposal. The accumulation of storage material is most
prominent in the central nervous system (CNS), affecting neurons and glial cells, which explains
the progressive intellectual disability, ataxia, and motor skill decline seen in patients. Similarly, the
pathology affects bone tissue, leading to dysostosis multiplex--a constellation of skeletal
abnormalities including thickened skull, short long bones, and vertebral changes. The storage
material also significantly impacts the function of the reticuloendothelial system, causing
hepatosplenomegaly (enlargement of the liver and spleen), and impairs immune cells, leading to
chronic infections and immunodeficiency, which are often major sources of morbidity.

The toxic effect of the accumulated oligosaccharides is not merely physical (swelling); it also
disrupts key cellular signaling pathways. The engorged lysosomes interfere with the process of
autophagy, the cell's mechanism for clearing damaged components. This leads to increased
cellular stress, inflammation, and ultimately, apoptotic cell death in critical tissues like the brain and
bone marrow. The severity of the disease correlates strongly with the residual activity of the alpha-
mannosidase enzyme: individuals with mutations that allow for minimal residual enzyme activity
tend to exhibit the milder Type | phenotype, while those with mutations causing near-total enzyme
absence develop the severe Type Il phenotype.

3. Genetic Basis and Inheritance

Mannosidosis is caused by pathogenic variants (mutations) in the MAN2B1 gene, which is located
on chromosome 19 (19p13.1-q12). This gene provides the instructions for making the lysosomal
enzyme alpha-mannosidase. Hundreds of different mutations have been identified in the MAN2B1
gene, including missense, nonsense, frameshift, and splicing mutations. These genetic changes
result in a functionally deficient enzyme that is either not produced at all, is unstable, or cannot
properly fold to perform its hydrolytic function within the lysosome. The heterogeneity of these
mutations accounts for the wide clinical spectrum observed in patients, ranging from mild
musculoskeletal issues to severe neurocognitive decline and immunodeficiency.
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The disorder follows an autosomal recessive pattern of inheritance. This means that an affected
individual must inherit two copies of the non-functional MAN2B1 gene--one from each parent.
Parents who carry one normal copy and one mutated copy of the gene are typically asymptomatic
carriers and do not display the disease themselves. When two carriers conceive a child, there is a
25% chance in each pregnancy that the child will inherit two copies of the mutated gene and thus
be affected by Mannosidosis, a 50% chance of being an asymptomatic carrier, and a 25% chance
of inheriting two normal genes. This mode of inheritance makes genetic counseling a crucial
component of family planning for affected families.

Genetic diagnosis is essential, not only for confirming the condition but also for predicting
prognosis and guiding therapeutic choices. Specific genotypes often correlate highly with
phenotypic severity. For instance, mutations that lead to early termination of protein synthesis
(e.g., nonsense or frameshift mutations) often result in the complete absence of functional enzyme,
leading to the severe Type Il presentation. Conversely, missense mutations that merely reduce
enzyme stability or efficiency may result in the milder Type | disease. Advancements in next-
generation sequencing allow for rapid and precise identification of the causative MAN2B1
mutations, which is critical for early intervention and, increasingly, for determining eligibility for
emerging treatments like gene therapy.

4. Clinical Manifestations and Phenotypes

The clinical picture of Mannosidosis is highly variable but consistently involves three major organ
systems: the skeletal system, the central nervous system, and the immune system. Skeletal
abnormalities, collectively known as dysostosis multiplex, are common and include thickening of
the skull, short stature, gibbus deformity (hunchback), contractures in the joints, and mild to
moderate facial coarsening. These skeletal issues often cause mobility problems and chronic pain,
requiring orthopedic interventions throughout the patient's life. The severity of skeletal involvement
tends to be less pronounced than in some other LSDs, such as Hurler syndrome, but remains a
significant burden.

Neurocognitive decline is arguably the most debilitating aspect of the disease, particularly in Type
Il patients. Symptoms often start subtly in infancy or early childhood with developmental delay,
followed by progressive intellectual disability. Patients frequently develop speech impairment
(dysarthria), ataxia (poor coordination and unsteady gait), and behavioral issues, including
psychiatric symptoms in later stages. Hearing loss, typically sensorineural but sometimes mixed, is
nearly universal and often severe, necessitating early audiological intervention. Hydrocephalus
(excess fluid in the brain) can also occur due to impaired cerebrospinal fluid reabsorption, adding
another layer of neurological complexity.

A defining feature of Mannosidosis, especially the severe form, is profound immunodeficiency.
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The impaired function of immune cells, particularly lymphocytes, results from the lysosomal
storage of mannose-rich oligosaccharides within these cells. Patients suffer from recurrent and
chronic infections, especially of the respiratory tract (pneumonia) and ears (otitis media), often
requiring frequent hospitalization and aggressive antibiotic treatment. This chronic vulnerability to
infection significantly reduces quality of life and is a major cause of mortality, particularly in early
childhood for Type Il patients. Other common, but less life-threatening, clinical signs include
muscle weakness (myopathy), corneal clouding (though often mild compared to other LSDs), and
mild visceral enlargement (hepatosplenomegaly).

5. Diagnosis and Screening

Diagnosis of Mannosidosis typically involves a combination of biochemical screening, specific
enzyme activity assays, and genetic confirmation. The initial suspicion often arises in pediatric
settings when a child presents with a combination of developmental delay, characteristic skeletal
changes (dysostosis multiplex), and recurrent infections. The first step in biochemical screening
involves analyzing urine for the presence of abnormally high levels of mannose-rich
oligosaccharides. While the excretion of these sugars is highly suggestive of the disorder, it is not
conclusive, as other conditions can sometimes mimic this finding.

The definitive biochemical diagnosis relies on measuring the activity of the alpha-mannosidase
enzyme in white blood cells (leukocytes) or cultured skin fibroblasts. In patients with Mannosidosis,
the enzyme activity is drastically reduced, often to less than 10% of normal control levels. Since
alpha-mannosidase has both lysosomal (acidic) and cytosolic (neutral) forms, and only the
lysosomal form (encoded by MAN2B1) is deficient in the disease, assays must be carefully
performed at an acidic pH to accurately measure the defective lysosomal enzyme. This specific
enzyme assay provides the definitive confirmation of the metabolic defect.

Following biochemical confirmation, genetic testing is used to identify the specific mutations in the

MAN2B1 gene. This is crucial for precise diagnosis, genetic counseling, and occasionally for
prognosis, as discussed previously. Preimplantation and prenatal diagnosis are also available for
families with a known history of Mannosidosis, allowing for the detection of the disorder in the fetus
using chorionic villus sampling or amniocentesis followed by enzyme assay or genetic analysis.
Furthermore, due to the rarity of the disease, targeted screening of at-risk populations or newborn
screening programs incorporating LSD panels are being explored, though Mannosidosis is not yet
universally included in routine newborn screening protocols.

6. Management and Treatment Strategies

Historically, the management of Mannosidosis has been largely supportive and symptomatic,
focusing on mitigating the effects of neurocognitive decline, hearing loss, and recurrent infections.
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Symptomatic treatment includes aggressive management of chronic respiratory infections, often
involving prophylactic antibiotics and immunizations. Physical therapy, occupational therapy, and
speech therapy are essential for maximizing developmental potential and managing mobility issues
and ataxia. Hearing aids or cochlear implants are critical for addressing the profound hearing
impairment that characterizes the disorder. Orthopedic interventions are frequently required to
correct skeletal deformities and joint contractures associated with dysostosis multiplex.

In the realm of disease-modifying therapies, Hematopoietic Stem Cell Transplantation (HSCT)
has been attempted, primarily in Type | (milder) patients. HSCT aims to replace the patient's
defective hematopoietic cells with donor cells that produce functional alpha-mannosidase. While
HSCT can stabilize or improve some systemic aspects, such as visceral involvement and immune
function, its efficacy in reversing or halting the progression of neurological symptoms is variable,
largely due to the difficulty of getting the transplanted enzyme across the blood-brain barrier (BBB).
HSCT carries significant risks, and patient selection must be highly cautious, generally favoring
younger patients diagnosed early.

A major therapeutic breakthrough is the development and approval of Enzyme Replacement
Therapy (ERT), such as velmanase alfa (Lamzede). ERT involves the intravenous infusion of the
recombinant human alpha-mannosidase enzyme. The goal of ERT is to replenish the deficient
enzyme, allowing accumulated oligosaccharides to be broken down. Clinical trials have shown that
ERT can improve physical symptoms, reduce the size of the liver and spleen, improve immune
function, and stabilize some parameters of motor function, particularly in milder cases. However,
like HSCT, ERT faces limitations in effectively treating the CNS symptoms because of poor
penetration of the BBB, making the treatment of neurocognitive decline a continued challenge
requiring novel delivery methods or alternative strategies.

7. Significance and Research Outlook

Mannosidosis is an ultra-rare disorder, estimated to affect only about one in 500,000 to one million
individuals globally. Its significance lies not only in the severe burden it places on affected
individuals and their families but also as a model for studying complex lysosomal trafficking and
neurodegeneration within the larger group of LSDs. The high variability in presentation, coupled
with its rarity, presents challenges in both early diagnosis and clinical trial design. Increased
awareness among pediatricians and geneticists is paramount to ensure timely diagnosis, as early
intervention, particularly with therapies like ERT, offers the best chance to mitigate irreversible
damage.

The research outlook for Mannosidosis is currently focused heavily on achieving better
neurological outcomes. Because traditional ERT struggles to cross the blood-brain barrier (BBB),
intense research is directed toward therapies that can target the CNS. This includes innovative

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=62384
https://scales.arabpsychology.com
https://scales.arabpsychology.com

MANNOSIDOSIS

approaches such as intrathecal administration of ERT (direct injection into the cerebrospinal fluid),
which bypasses the BBB, and the development of carrier molecules that can shuttle the enzyme
across the BBB. These approaches hold the potential to stabilize or even improve the devastating
neurocognitive symptoms previously refractory to systemic treatment.

Furthermore, Gene Therapy represents the most promising long-term curative strategy. Gene
therapy aims to introduce a functional copy of the MAN2B1 gene into the patient's own cells,
allowing the body to produce the functional alpha-mannosidase enzyme continuously. Viral
vectors, often adeno-associated viruses (AAV), are being developed and tested to deliver the
correct gene sequence, targeting cells in the liver, bone marrow, or even directly into the CNS. If
successful, gene therapy could offer a one-time treatment that provides a permanent source of the
missing enzyme, potentially halting disease progression and offering a cure for this debilitating
lysosomal storage disorder.

Further Reading

Wikipedia: Mannosidosis
GeneReviews: Alpha-Mannosidosis (NIH/NCBI)
Genetic and Rare Diseases Information Center (GARD): Alpha-Mannosidosis (NIH)
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