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BETA-GLUCURONIDASE DEFICIENCY

Primary Disciplinary Field(s): Clinical Genetics, Metabolic Medicine, Biochemistry

1. Core Definition

Beta-Glucuronidase Deficiency, formally known as Mucopolysaccharidosis Type VII (MPS VII) or
Sly Syndrome, is a severe, rare, inherited metabolic disorder characterized by a marked

insufficiency of the lysosomal enzyme Beta-D-glucuronidase (GUSB). This enzyme is crucial for
the sequential degradation of complex carbohydrates known as glycosaminoglycans (GAGSs), or
mucopolysaccharides, within the cellular lysosomes. When GUSB is deficient or non-functional, the
catabolic pathway for GAGs--specifically dermatan sulfate, heparan sulfate, and chondroitin
sulfate--is interrupted, leading to the progressive accumulation of these partially degraded
macromolecules within the lysosomes of virtually every cell type throughout the body. The resulting
cellular dysfunction and subsequent tissue and organ enlargement lead to a wide spectrum of
clinical signs, ranging from hydrops fetalis in the most severe cases to milder forms presenting
later in life with skeletal and neurological complications. The chronic, debilitating nature of this
storage disorder underscores its designation as a lysosomal storage disease, requiring timely
diagnosis and highly specialized medical intervention.

The condition is classified as an autosomal recessive disorder, meaning an individual must inherit

two copies of the defective gene--one from each parent--to be affected. The severity and specific
array of symptoms exhibited by patients with Beta-Glucuronidase Deficiency are highly variable,
reflecting the diverse impact that GAG accumulation has on different bodily systems, particularly
the skeletal system, central nervous system (CNS), and visceral organs. The accumulation is
particularly damaging in tissues that are rich in matrix components, such as cartilage, bone, and
connective tissues. Consequently, symptoms often include skeletal abnormalities (dysostosis
multiplex), coarse facial features, corneal clouding, and progressive neurological decline. The
primary metabolic failure hinges entirely on the inability to break down these complex
polysaccharides, turning the cell's own waste disposal system (the lysosome) into a pathogenic
storage site.

The clinical phenotype associated with Beta-Glucuronidase Deficiency is often referenced directly
as Sly Syndrome, named after Dr. William S. Sly, who first described the condition in the 1970s.
This metabolic dysfunction prevents the complete metabolic breakdown of complex carbohydrates,
resulting in the overwhelming buildup of these mucopolysaccharides, hence the older
nomenclature of mucoplysaccharidosis. While the biochemical defect--the lack of functional GUSB-
-is uniform across all patients, the residual enzyme activity can vary significantly, which directly
correlates with the age of onset and the rate of disease progression. Those with virtually no
functional enzyme exhibit the most profound and rapidly progressing multisystemic disease,
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whereas those with minimal but detectable enzyme activity may present with a milder, attenuated
form characterized primarily by skeletal and connective tissue involvement with minimal
neurological impact.

2. Pathophysiology and Genetics

The root cause of Beta-Glucuronidase Deficiency is a defective gene responsible for coding the
Beta-D-glucuronidase enzyme. This specific gene, known as GUSB, is located on the short arm of

chromosome 7 (7p21.1). The GUSB gene provides the instructions for making the GUSB enzyme,
which normally resides in the lysosomes. Structurally, the enzyme functions as a tetramer and acts
as the final hydrolase in the sequential degradation of the three major GAGs. When mutations
occur in the GUSB gene, the resulting enzyme is either synthesized incorrectly, rapidly degraded,
or folded improperly, leading to minimal or entirely absent catalytic activity within the lysosome.
This genetic defect is an example of a loss-of-function mutation, where the absence of the correctly
functioning protein results in systemic pathology.

In a healthy metabolic environment, GAGs, which include dermatans, heparans, and chondroitin
sulfates, are continuously synthesized and broken down as part of the normal turnover of
extracellular matrix components. The lysosome is the primary site of this degradation. Beta-D-
glucuronidase is responsible for cleaving glucuronic acid residues from the non-reducing ends of
these GAG chains. When this step is blocked due to enzyme deficiency, the partially processed
GAG molecules remain trapped within the lysosome. As the cell attempts to perform its normal
housekeeping duties, more and more GAG substrates are funneled into the deficient lysosomes,
causing them to swell and accumulate. This state of engorgement eventually disrupts normal
cellular function, leading to cellular damage and death, particularly in tissues with high metabolic
turnover or those heavily reliant on functional extracellular matrix remodeling, such as the liver,
spleen, bone marrow, and nervous system neurons.

The buildup of non-degraded GAGs causes a cascading effect throughout the body. The specific
storage pattern of GAGs--primarily chondroitin and dermatan sulfate--contributes to the
characteristic symptoms observed in MPS VII. The presence of these stored materials triggers
inflammatory and fibrotic responses in affected organs. For example, the accumulation in the
reticuloendothelial system leads to the enlargement of the liver and spleen (hepatosplenomegaly),
a hallmark symptom noted in the primary source description. Similarly, GAG storage within the
chondrocytes (cartilage cells) and osteoblasts (bone-forming cells) severely impairs normal bone
growth and remodeling, resulting in the complex skeletal malformations collectively known as
dysostosis multiplex. Understanding the exact molecular mechanism--the failure of the GUSB-
mediated cleavage--is critical for designing targeted therapeutic strategies, such as enzyme
replacement therapy (ERT), which aims to reintroduce the functional enzyme back into the
deficient lysosomes.
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3. Clinical Manifestations and Spectrum of Disease

The clinical presentation of Beta-Glucuronidase Deficiency is highly heterogeneous, spanning
three recognized phenotypic extremes: the non-immune hydrops fetalis (the most severe neonatal
form), the intermediate form, and the attenuated form. The severe neonatal presentation often
results in death shortly after birth due to massive fluid accumulation (hydrops) and generalized
organ failure. The intermediate form, which typically presents in infancy or early childhood, aligns
most closely with the classical description of Sly Syndrome and is characterized by a rapidly
progressing multisystemic disease state.

Key symptoms, as highlighted in academic literature and the source material, include significant
visceral involvement. The accumulation of GAGs in the reticuloendothelial system causes a
marked enlargement of the liver and spleen (hepatosplenomegaly), which can compromise
respiratory and digestive functions. Furthermore, patients frequently exhibit significant skeletal
abnormalities, collectively referred to as dysostosis multiplex. These malformations include

thickened long bones, short stature, vertebral irregularities leading to spinal curvature (kyphosis or
scoliosis), and joint contractures that limit mobility. The impact on the musculoskeletal system often
necessitates extensive orthopedic management throughout the patient's life.

Crucially, Beta-Glucuronidase Deficiency often involves the central nervous system, leading to
varying degrees of cognitive impairment and neurological deterioration. While the source notes
"mental retardation,” the spectrum can range from profound developmental delay in the severe
forms to near-normal intelligence in the mild, attenuated variants. CNS manifestations are often
compounded by hydrocephalus (fluid accumulation in the brain) and spinal cord compression
caused by bony abnormalities in the cervical spine. Other characteristic features include coarse
facial features, often becoming more pronounced with age; recurrent respiratory infections due to
structural airway narrowing; and cardiovascular problems, specifically valvular heart disease
resulting from GAG storage in the heart tissue. The variability in presentation means that diagnosis
requires a high index of suspicion, especially when a patient exhibits a combination of skeletal
dysplasia, organomegaly, and developmental regression.

4. Mechanism of Mucopolysaccharide Storage

The core pathology of Beta-Glucuronidase Deficiency lies in the inability of the lysosomes to
efficiently process and clear specific glycosaminoglycans (GAGs). GAGs are long, unbranched
polysaccharides composed of repeating disaccharide units, which are highly negatively charged
and function primarily in maintaining the structure and hydration of the extracellular matrix and
connective tissues. In MPS VII, the specific GAGs that fail to be degraded are heparan sulfate,
dermatan sulfate, and to a lesser extent, chondroitin sulfate. These partially degraded GAG
fragments, often still retaining their highly charged structure, accumulate in the lysosomes.
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This overwhelming storage leads to the characteristic "ballooning" of the lysosomes, disrupting the
normal cellular architecture and signaling pathways. The accumulation is not merely passive; the
presence of large quantities of stored material triggers secondary cellular damage. This includes
the dysregulation of autophagy--the process by which cells clean out damaged components--and
the activation of inflammatory pathways. The chronic inflammatory state contributes significantly to
the long-term tissue damage observed in MPS VII, particularly the fibrosis of the liver and the
stiffening of joints. This cellular stress is what ultimately drives the multi-systemic pathology seen in
patients.

The differential storage of GAGs helps distinguish MPS VII from other forms of
mucopolysaccharidosis (e.g., MPS 1, Il, or Ill). Specifically, the predominance of dermatan and
chondroitin sulfates in the urine and tissues of MPS VII patients serves as a key diagnostic
biochemical marker. The severity of the disease is often proportional to the total amount of GAGs
stored and the specific cell types most heavily affected. For instance, the vulnerability of
chondrocytes to GAG accumulation explains the profound and debilitating skeletal deformities,
while accumulation in neuronal cells drives the neurological symptoms. The understanding of this
specific storage mechanism allows for precise biochemical diagnosis and monitoring of treatment
efficacy, as successful therapy should reduce the detectable levels of these stored GAGs in the
urine and plasma.

5. Diagnosis and Therapeutic Approaches

The diagnosis of Beta-Glucuronidase Deficiency is typically initiated based on clinical suspicion
arising from the presence of hallmark symptoms such as dysostosis multiplex,
hepatosplenomegaly, and developmental delay. The primary confirmatory step involves
biochemical testing: quantifying GAG levels in the urine. Elevated levels of specific GAGs,
particularly dermatan and chondroitin sulfates, suggest a mucopolysaccharidosis. The definitive
diagnosis, however, relies on enzyme assay, where the Beta-D-glucuronidase enzyme activity is
measured in cultured fibroblasts or peripheral blood leukocytes. A marked deficiency in GUSB
activity confirms the diagnosis of MPS VII.

Following biochemical confirmation, genetic testing is often employed to identify the specific
mutation in the GUSB gene located on chromosome 7. Genetic confirmation is vital for family
counseling and prenatal diagnosis for future pregnancies. Advances in newborn screening panels
are beginning to incorporate assays for lysosomal storage disorders, potentially allowing for pre-
symptomatic diagnosis and the initiation of treatment before irreversible damage occurs, thereby
significantly improving patient outcomes. Due to the high variability of the disease, diagnostic tools
must be sensitive enough to detect even low levels of residual enzyme activity to accurately
classify the patient's clinical subtype.
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Treatment for Beta-Glucuronidase Deficiency has advanced significantly beyond purely supportive

care. Current therapeutic strategies focus on replacing the missing enzyme. Enzyme Replacement
Therapy (ERT), using recombinant human GUSB (e.g., Mepsevii), is the standard treatment. ERT

involves regular intravenous infusions of the functional enzyme, aiming to clear the accumulated
GAGs from the lysosomes of affected organs. While ERT is highly effective for visceral and
skeletal symptoms, its effectiveness in treating neurological symptoms is often limited due to the
blood-brain barrier restricting enzyme entry into the CNS. For severe forms, particularly in younger
patients, Hematopoietic Stem Cell Transplantation (HSCT) has been used. HSCT aims to establish

a source of enzyme-producing cells (macrophages and microglia) that can cross the blood-brain
barrier, offering a potential advantage for stabilizing or improving neurological function, though it
carries substantial risks.

Further Reading

Sly Syndrome - Wikipedia Entry

Chromosome 7 - Genetics Home Reference (NIH)
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Mepsevii (Beta-Glucuronidase) - FDA Approval Information
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