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Multiple Sulfatase Deficiency
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Introduction

Multiple Sulfatase Deficiency (MSD), also known as Austin disease, is a lysosomal storage disorder caused by
the decreased or absent activity of two or more sulfatases. This condition is considered to be ultra-rare, with fewer
than 150 cases of MSD reported in the literature as of 20207. This severe, progressive disease is associated with
intellectual disability and neurological deterioration. This condition was first described in 1964 by Austin et al., who
believed it to be a severe form of metachromatic leukodystrophy (MLD). More recently, a meta analysis of 143
individuals with MSD across 73 publications identified 11 key clusters of signs, the most common of which affect
the nervous, skeletal and integumentary systems7. This study also found that patients most commonly present
with developmental delay, and almost all patients present with neurological complications?.

Clinical Features
The presentation and severity of multiple sulfatase deficiency is widely variable, with symptoms that may develop
at infancy or in early childhood. The symptoms of MSD are progressive and may affect multiple organ systems.
Common symptoms of MSD include neurological deterioration, organomegaly, skin changes, dysmorphism, and
skeletal abnormalities9.
There are three clinical forms of MSD: Neonatal MSD, Infantile MSD, and Juvenile MSD. Clinical diagnosis is
based on age of onset, rate of progression and disease severity8. The neonatal form of MSD is considered the
most severe, with symptoms appearing at or soon after birth. The juvenile form, by contrast, is the least severe,
with symptoms appearing during late childhood5.
Clinical Features of MSD include:

Developmental Delay

Leukodystrophy

Skeletal abnormalities

Developmental delay or regression

Seizures

Ichthyosis (dry, scaly skin)

Hearing loss

Facial Features

Coarse facial features

Microcephaly or macrocephaly

Eye abnormalities

Glaucoma

Corneal clouding

Retinal Degeneration

Molecular Etiology

Sulfatases are enzymes in the human body that break down sulfates and other substrates, including
glycosaminoglycans (GAGs) and sulfolipids3. Sulfatases are activated by an enzyme known as formylglycine
generating enzyme (FGE) by post-translational modification of Cysteine to FGlycine in the endoplasmic
reticulum6. Patients with multiple sulfatase deficiency have a pathogenic mutation in the SUMF1 gene, which is
located on chromosome 7g11 and controls the formation of FGE2,6. It is well-known that FGE is integral to the
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catalytic function of sulfatases, thus, sulfatase activity in patients with MSD is reduced or may be absent entirely
2,9.

Multiple sulfatase deficiency is a heterogenous disorder, with different phenotypes depending on which sulfatases
are reduced>5. Less severe phenotypes are associated with mutations that affect either the catalytic activity or
stability of FGE, while more severe phenotypes involve mutations that affect both catalytic activity and stability of
FGES.

Genetic Testing and Screening

Multiple sulfatase deficiency may be diagnosed when a patient has low activity levels of at least two sulfatases in
leukocytes or fibroblasts 1. In many cases, the diagnosis is confirmed by molecular genetic testing identifying a
biallelic pathogenic mutation in the SUMF1 gene. Due to the possibility of false negatives, it is recommended that
both biochemical and molecular testing is performed 1.

Management

At this time, there is no cure for multiple sulfatase deficiency. A multidisciplinary approach to alleviate symptoms
combined with palliative care can help to restore and maintain quality of life for affected individuals. There is no
standard management plan for individuals with this condition, and management may depend on the presentation
and specific features. Referrals to specialists may be needed. Affected individuals may already be following with
many of the recommended specialists before diagnosis; however, it is important for these patients to be evaluated
by specialists they have not yet seen. These specialists include:

. Cardiology

. Dermatology

. Gastroenterology

. Ophthalmology
Otolaryngology

Physical Therapy

Pulmonology

Speech Therapy

Reference: Ahrens-Nicklas, et al., 2018

Musculoskeletal Issues

One of the most common and debilitating features of MSD is abnormalities of the musculoskeletal system1.
Individuals with MSD are at risk of hypertonicity, hypotonicity, and spasticity due to changes in muscle tone. They
are also at higher risk of contractures due to storage materials, including GAGs, being deposited in joints. These
concerns may be managed through stretching and physical therapy1.

Scoliosis, osteopenia, and hip dislocation are also common in patients with neurodegenerative disorders, such as
MSD1. Supplementation with vitamin D is often necessary. Bone density and vitamin D levels should be
measured at least annually1,8 and referrals to endocrinologists and orthopedic surgeons may be helpful for
complex patients1.

Neurological Issues

All patients with MSD have some degree of neurologic delay and regression, although the age of onset and rate
of progression are widely variable 1. Speech therapy and adaptive language devices can help maximize
communication in patients with speech difficulties. Other neurological issues common in MSD include seizures
and peripheral neuropathy1. Referral to a neurologist may be necessary to diagnose and treat seizures.
Respiratory and Airway Complications

Potential pulmonary concerns for patients with multiple sulfatase deficiency include upper and lower airway
obstruction, restrictive lung disease, and apneal. Obstructive sleep apnea, which is seen in 70-80% of MSD
patients, may be treated with ventilator support or with surgery, such as adenoidectomy or tonsillectomy. Since
airway obstruction and cervical spine instability are common in individuals with MPS disorders, precautions may
be needed to ensure proper airway maintenance during anesthesia. Neck hyperextension during intubation and
foods that are choking hazards should be avoided in patients with MSD (Schlotawa, et al. 2019). Depending on
the patient’s symptoms, serial brain/spine imaging should be completed before procedures involving neck
extension8.

Genetic Counseling

Multiple sulfatase deficiency is caused by a pathogenic variation in the gene that encodes formylglycine
generating enzyme (FGE), known as the sulfatase modifying factor 1 (SUMF1) gene. This condition is inherited in
an autosomal recessive condition8. Families with children with multiple sulfatase deficiency should be counseled
that the recurrence risk for future children is 25%. For individuals who are at risk, carrier testing and prenatal
screening are available.



Resources

Though multiple sulfatase deficiency is an ultra-rare condition, there is a thriving network of advocacy and support
specific to MSD.

The United MSD Foundation is a nonprofit 501(C)(3) organization created to advocate for individuals with MSD
and their families. Their aim is to raise awareness of the condition, fund research toward a treatment and cure,
and to support families and healthcare providers. Currently, the United MSD Foundation is making an effort to add
Multiple Sulfatase Deficiency to the Recommended Uniform Screening Panel, which makes recommendations for
state newborn screening guidelines. For families with children affected by MSD, this foundation offers a private
Facebook group, mentorship, and family support meetings. More information may be found online at
https://curemsd.org.
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About the RCPU:

The Raymond C. Philips Research and Education Unit began in 1978 when the legislature established section
393.20, F.S., of what is now known as the "prevention” legislation. It is named after Raymond C. Philips, who was
the Superintendent of Gainesville's Tacachale (formerly Sunland) Center for 38 years, and was an acknowledged
state and national leader in services for mentally retarded persons. The Unit is located on the Tacachale campus
and is funded through a contract with the Department of Children and Families and the Department of Health.

The purpose of the R.C.P.U. is to treat, prevent, and/or ameliorate disorders of intellectual disability through
medical evaluations, education and research. The unit provides direct evaluations and counseling to families and
promotes service, education, and prevention projects. Some of the conditions currently under study at the RCPU
involve Angelman, Velo-Cardio-Facial, Prader-Willi, Fragile X, Williams and Smith-Lemli-Opitz syndromes.

The R.C. Philips Unit is a resource for all Floridians interested in the diagnosis, treatment and prevention of
mental retardation. Staff members are available for consultation and for educational programs for health.

Acknowledgments:
The RCPU Newsletter is funded by the Raymond C. Philips Research and Education contract with the
Department of Health, Children’s Medical Services.



