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MAROTEAUX-LAMY SYNDROME

Primary Disciplinary Field(s): Genetics, Lysosomal Storage Disorders, Pediatrics

1. Core Definition

Maroteaux-Lamy Syndrome (MLS), scientifically designated as Mucopolysaccharidosis Type VI

(MPS VI), is an exceedingly rare, progressively debilitating, inherited metabolic disorder. It is

classified as an autosomal recessive lysosomal storage disease, meaning that an individual

must inherit a defective copy of the responsible gene from both parents to manifest the condition.

The fundamental biochemical defect involves the inability of cells to break down specific complex

carbohydrates known as glycosaminoglycans (GAGs), historically referred to as

mucopolysaccharides. This failure results in the pathological accumulation of these

macromolecules within the lysosomes of virtually every cell throughout the body, leading to

systemic dysfunction.

The systemic accumulation of undigested material, primarily dermatan sulfate, causes

widespread cellular and tissue damage. MLS particularly targets the skeletal system, connective

tissues, and various internal organs. Clinically, the syndrome presents with a severe and

characteristic form of skeletal dysplasia known as dysostosis multiplex, alongside connective

tissue involvement that impacts joints, heart valves, and the respiratory system. The severity and

progression of symptoms in MLS are highly variable, ranging from rapid, severe deterioration in

infancy to a more attenuated course allowing survival into adulthood, though all forms necessitate

complex medical management.

Unlike some other MPS types, a hallmark distinguishing feature of MLS is that patients typically

maintain normal cognitive function, although neurological complications related to spinal cord

compression or hydrocephalus may occur secondary to the underlying skeletal abnormalities. The

progressive nature of the disease, affecting structural integrity and organ function, underscores the

necessity of early diagnosis and specialized therapeutic intervention to mitigate the lifelong burden

of the syndrome and improve long-term quality of life.

2. Etymology and Historical Development

Maroteaux-Lamy Syndrome derives its name from the French pediatrician Pierre Maroteaux and

his colleague Maurice Lamy, who first characterized and described this distinct clinical entity in

1963. Their initial observations delineated a specific form of mucopolysaccharidosis that shared

some features with Hurler syndrome (MPS I) but crucially differed due to the preserved intelligence

of the affected individuals. This classification helped refine the growing understanding of the varied

clinical spectrum within the broader group of lysosomal storage disorders.
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Prior to the detailed genetic and enzymatic understanding achieved in the latter half of the 20th

century, the clinical classification of the mucopolysaccharidoses relied heavily on phenotypic

presentation and the specific GAGs excreted in the urine. The subsequent biochemical

identification revealed that MLS was caused by a specific deficiency in the enzyme N-

acetylgalactosamine-4-sulfatase, also known as arylsulfatase B (ARSB). This breakthrough

solidified its identity as MPS VI, separating it definitively from the other eight known types of

mucopolysaccharidosis, each linked to a deficiency in a different lysosomal enzyme.

The historical evolution of treating MLS reflects significant scientific progress. Initially, treatment

was purely supportive, focusing on managing orthopedic and cardiopulmonary complications.

However, the identification of the causative enzyme paved the way for modern therapeutic

approaches. The development and approval of Enzyme Replacement Therapy (ERT) in the 21st

century marked a pivotal shift, transforming MLS from an untreatable, rapidly fatal condition into a

manageable chronic disease, highlighting the critical link between foundational biochemical

research and clinical outcomes.

3. Underlying Pathophysiology

The direct pathophysiological cause of Maroteaux-Lamy Syndrome is a mutation in the ARSB

gene, located on chromosome 5. This gene provides instructions for making the enzyme N-

acetylgalactosamine-4-sulfatase. In healthy individuals, this enzyme is essential for the stepwise

degradation of dermatan sulfate, a major GAG component found predominantly in connective

tissues, skin, blood vessels, and heart valves. When the ARSB enzyme is deficient or functionally

absent, the catabolism of dermatan sulfate cannot proceed efficiently within the cell's lysosomes.

As a consequence of this enzymatic failure, partially degraded dermatan sulfate molecules

accumulate and swell the lysosomes, disrupting normal cellular function across multiple organ

systems. This lysosomal swelling and subsequent cellular toxicity are particularly detrimental in

cells with high turnover rates of connective tissue, such as chondrocytes (cartilage cells),

osteoblasts (bone-forming cells), and fibroblasts. The accumulation leads to the characteristic

structural abnormalities, including the development of coarse collagen fibers, impaired bone

growth, and deposition of GAGs in soft tissues.

The critical impact on the skeletal system explains the severe manifestation of dwarfism and the

development of abnormally shaped and sized limbs described in initial clinical observations.

Furthermore, the deposition of GAGs in the dura mater surrounding the brain and spinal cord can

lead to thickening and stenosis, often resulting in cervical spinal cord compression, a life-

threatening complication requiring vigilant monitoring and surgical intervention. The progressive

damage extends to the heart, where GAG accumulation causes thickening and dysfunction of the

mitral and aortic valves, leading to significant cardiovascular morbidity.
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4. Key Clinical Characteristics and Manifestations

The clinical profile of MLS is characterized by a wide spectrum of progressive skeletal, ocular, and

visceral abnormalities, though generally excluding primary intellectual impairment. Symptoms often

become noticeable between ages one and three, progressing steadily thereafter. The skeletal

manifestations are particularly defining and are collectively known as dysostosis multiplex.

Key clinical manifestations that define Maroteaux-Lamy Syndrome include:

Skeletal Dysplasia and Dwarfism: Patients experience stunted skeletal development, leading to

proportional short stature (dwarfism). Spinal involvement often includes kyphosis and scoliosis,

contributing to chronic pain and mobility issues.

Joint and Mobility Issues: Progressive stiffness and limited range of motion in most joints

(contractures) due to GAG accumulation in the synovium and cartilage, profoundly affecting

mobility and fine motor skills.

Craniofacial Anomalies: Maldevelopment of various facial structures, including a typically large

head (macrocephaly), prominent forehead, flattened nasal bridge, and underdeveloped

cheekbones (malar hypoplasia), resulting in coarse facial features. Delayed closure of some

cranial sutures is also common.

Ocular Involvement: Progressive corneal clouding, which can severely impair vision if left

untreated, though cataracts and glaucoma may also occur.

Visceral and Cardiopulmonary Complications: Enlargement of the liver and spleen

(hepatosplenomegaly) and serious cardiovascular disease, predominantly restrictive

cardiomyopathy and valvular heart disease (aortic and mitral regurgitation), which are often the

primary cause of mortality.

Neurological Risks: Although intelligence is preserved, thickening of the meninges and skeletal

changes in the neck vertebrae increase the risk of cervical spinal cord compression and

hydrocephalus, requiring neurosurgical intervention.

5. Management and Treatment

The management of Maroteaux-Lamy Syndrome is multidisciplinary, focusing both on alleviating

symptoms and addressing the underlying enzymatic deficiency. Due to the systemic nature of the

disease, care involves collaboration among pediatricians, geneticists, orthopedic surgeons,

cardiologists, ophthalmologists, and neurologists.

The primary disease-modifying therapy available is Enzyme Replacement Therapy (ERT). The
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FDA-approved medication, galsulfase (marketed as Naglazyme), is a synthetic version of the

deficient ARSB enzyme. Galsulfase is administered intravenously, allowing the enzyme to enter

the bloodstream and be taken up by cells, where it enters the lysosomes to break down

accumulated dermatan sulfate. ERT has been shown to improve joint mobility, enhance walking

ability, reduce GAG excretion, and improve respiratory function, significantly altering the natural

history of the disease, especially when initiated early.

Another therapeutic option, particularly historically used for severe subtypes, is Hematopoietic

Stem Cell Transplantation (HSCT), also known as bone marrow transplantation. HSCT aims to

introduce enzyme-producing cells into the patient's body. While potentially curative for some

systemic symptoms, HSCT carries significant risks associated with the procedure, including

transplant rejection and mortality, and its efficacy relative to ERT varies depending on the specific

manifestations of the syndrome. Supportive care remains vital, involving routine surgical

procedures to address orthopedic issues (e.g., carpal tunnel syndrome release, hip replacement),

cardiac surveillance, and neurosurgical interventions for spinal cord compression.

6. Significance and Impact

Maroteaux-Lamy Syndrome holds significant academic importance as a model for understanding

lysosomal function and the progression of connective tissue disorders. The clarity of its genetic and

biochemical basis--a single enzyme deficiency leading to the storage of a specific GAG--has

allowed researchers to precisely track the disease's progression and measure the efficacy of

interventions. This research has contributed substantially to the broader field of rare disease

therapeutics.

The profound impact of MLS on the quality and duration of life for affected individuals and their

families underscores the necessity of newborn screening and early intervention programs. The

development of ERT for MLS marked a milestone in medical science, demonstrating that replacing

a defective lysosomal enzyme can effectively mitigate the systemic pathology of genetic storage

diseases. This success story has fueled research into similar treatments for other MPS disorders

and complex inherited conditions.

7. Further Reading

National Institutes of Health (NIH) - Genetic and Rare Diseases Information Center (GARD) on

MPS VI

Wikipedia - Mucopolysaccharidosis Type VI (Maroteaux-Lamy Syndrome)

GeneReviews - Mucopolysaccharidosis Type VI
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