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Smith-Lemli-Opitz Syndrome (SLOS)

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

1. Core Definition

Smith-Lemli-Opitz syndrome (SLOS) is a complex, inherited autosomal recessive metabolic

disorder characterized by a deficiency in the enzyme 7-dehydrocholesterol reductase (DHCR7).

This critical enzyme plays a pivotal role in the final step of the cholesterol biosynthesis pathway,

converting 7-dehydrocholesterol (7-DHC) into cholesterol. Consequently, individuals with SLOS

exhibit abnormally low levels of cholesterol and an accumulation of 7-DHC and other cholesterol

precursors in their tissues and bodily fluids.

The widespread impact of impaired cholesterol metabolism on fetal development and various

organ systems gives rise to a broad spectrum of clinical manifestations. Cholesterol is not merely a

component of cell membranes; it is also a precursor for steroid hormones, bile acids, and vitamin

D. Its deficiency, combined with the potential toxicity of accumulating precursors, leads to severe

developmental abnormalities affecting virtually every system in the body, particularly the central

nervous system, face, limbs, and internal organs. The severity of SLOS can vary significantly,

ranging from mild cases with moderate developmental delays to severe forms that can be life-

threatening.

2. Etymology and Historical Development

The syndrome derives its name from the pioneering work of three physicians who independently or

jointly described its distinct constellation of symptoms. David Weyhe Smith, an American

pediatrician, is widely recognized for his contributions to dysmorphology and the identification of

numerous genetic syndromes. Luc Lemli, a Belgian physician, and John Marius Opitz, a German-

American physician and geneticist, were also instrumental in characterizing the clinical features

that define this unique condition. Their collective efforts in the early to mid-20th century laid the

groundwork for understanding this previously unrecognized disorder, bringing attention to a pattern

of malformations and developmental delays that suggested an underlying genetic cause.

The initial descriptions, based purely on clinical observations of affected individuals, provided a

comprehensive phenotypic profile. However, the precise biochemical and genetic basis of the

syndrome remained elusive for several decades. It was not until 1993 that a defect in cholesterol

biosynthesis was implicated, and subsequently, in 1998, mutations in the DHCR7 gene were

identified as the genetic cause. This discovery marked a significant milestone, transforming SLOS

from a purely clinically defined entity into a well-understood metabolic disorder, paving the way for

biochemical diagnosis, genetic counseling, and targeted therapeutic strategies.
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3. Genetic Basis and Pathophysiology

The genetic underpinning of Smith-Lemli-Opitz syndrome lies in pathogenic variants within the

DHCR7 gene, located on chromosome 11q13.4. This gene encodes the enzyme 7-

dehydrocholesterol reductase, which catalyzes the final step in the Kandutsch-Russell pathway of

cholesterol synthesis. This pathway is crucial for converting 7-dehydrocholesterol (7-DHC) into

cholesterol. As an autosomal recessive disorder, an individual must inherit two copies of the

mutated DHCR7 gene, one from each parent, to be affected by SLOS. Parents who carry one copy

of the mutated gene are typically asymptomatic but have a 25% chance with each pregnancy of

having an affected child.

The pathophysiology of SLOS is complex, stemming from a dual insult to the body: a systemic

deficiency of cholesterol and the accumulation of toxic precursors, particularly 7-

dehydrocholesterol. Cholesterol is indispensable for numerous biological processes, including cell

membrane integrity, myelin formation, steroid hormone synthesis, and bile acid production. Its

deficiency disrupts these vital functions, especially during embryonic and fetal development when

cholesterol requirements are high. Concurrently, the elevated levels of 7-DHC are thought to exert

a teratogenic effect, interfering with normal organogenesis and contributing to the wide array of

congenital malformations observed in SLOS. The precise mechanisms by which 7-DHC

accumulation causes toxicity are still under investigation, but it is believed to involve oxidative

stress and interference with receptor signaling pathways.

4. Clinical Manifestations and Key Characteristics

The clinical presentation of SLOS is highly variable, ranging from mild to severe, but typically

involves a combination of distinctive facial features, neurological deficits, behavioral problems, and

various congenital anomalies. Common manifestations include prenatal and postnatal growth

restriction and microcephaly (small head size), reflecting early developmental disturbances.

Characteristic facial features often include ptosis (drooping eyelids), a long upper lip (philtrum),

anteverted nares (nostrils that appear to open forward), a small jaw (micrognathia), and large, low-

set ears.

Skeletal anomalies are frequent, notably postaxial polydactyly (extra fingers or toes), and

syndactyly of the second and third toes, which is a highly suggestive finding. Gastrointestinal

problems, such as feeding difficulties, pyloric stenosis, and malrotation, are common.

Approximately half of affected individuals also present with congenital heart defects, including

ventricular septal defects (VSDs) and atrioventricular canal defects. Genitourinary anomalies,

particularly undervirilization in males (e.g., hypospadias, cryptorchidism, or ambiguous genitalia),

are also a prominent feature. Additionally, many individuals exhibit increased sensitivity to light

(photosensitivity).
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Neurological and developmental impairments are central to SLOS. Most individuals experience

some degree of intellectual disability, ranging from mild learning difficulties to severe cognitive

impairment. Hypotonia (poor muscle tone) is common in infancy, contributing to feeding difficulties

and delayed motor milestones. Seizures can occur, and behavioral problems, including features

resembling autism spectrum disorder, hyperactivity, and self-injurious behaviors, are frequently

reported, posing significant challenges for families and caregivers. These diverse symptoms

underscore the systemic impact of disrupted cholesterol metabolism on multiple organ systems

and developmental processes.

5. Diagnosis

Diagnosis of Smith-Lemli-Opitz syndrome typically begins with clinical suspicion based on the

presence of characteristic physical features and developmental delays in an infant or child. Given

the wide phenotypic variability, however, mild cases may go undiagnosed or be misdiagnosed

initially. The definitive diagnosis relies on biochemical and genetic testing. The hallmark

biochemical finding in SLOS is elevated levels of 7-dehydrocholesterol (7-DHC) in plasma, serum,

or tissues, often accompanied by low or normal cholesterol levels. The ratio of 7-DHC to

cholesterol is particularly informative and serves as a primary diagnostic marker. This can be

measured using gas chromatography-mass spectrometry (GC-MS) or other analytical techniques.

Genetic testing provides confirmation by identifying pathogenic variants in the DHCR7 gene. DNA

sequencing can detect known mutations or identify novel ones, offering a precise molecular

diagnosis. Prenatal diagnosis is also available for at-risk pregnancies, typically through

amniocentesis or chorionic villus sampling (CVS). These procedures allow for the measurement of

7-DHC levels in amniotic fluid or genetic analysis of fetal cells. Early and accurate diagnosis is

crucial for initiating appropriate management strategies and providing genetic counseling to

affected families, helping them understand the inheritance pattern and recurrence risks for future

pregnancies.

6. Management and Treatment

The management of Smith-Lemli-Opitz syndrome is complex and requires a comprehensive,

multidisciplinary approach tailored to the individual needs of each patient. Given the diverse range

of symptoms affecting multiple organ systems, a team of specialists including pediatricians,

geneticists, neurologists, cardiologists, gastroenterologists, endocrinologists, and developmental

therapists is typically involved. The primary therapeutic strategy focuses on addressing the

underlying metabolic defect and managing the various clinical manifestations.

One of the cornerstone treatments involves cholesterol supplementation, typically administered

orally. The goal of this therapy is to provide exogenous cholesterol to mitigate the systemic
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deficiency, thereby improving growth, neurological function, and potentially reducing the toxic

effects of accumulated 7-DHC. While cholesterol supplementation does not correct the genetic

defect, it can lead to improvements in some clinical outcomes, particularly in growth and behavior,

although its impact on intellectual disability is more variable. Dietary modifications, such as

avoiding foods rich in 7-DHC precursors, may also be recommended, though the primary focus

remains on cholesterol intake.

Beyond metabolic therapy, symptomatic treatment is vital for managing the specific congenital

anomalies and developmental challenges. Surgeries may be required to correct structural defects

such as cleft palate, congenital heart defects, or polydactyly. Anti-epileptic medications are used to

control seizures. Physical therapy, occupational therapy, and speech therapy are crucial for

addressing developmental delays, improving motor skills, and enhancing communication abilities.

Behavioral interventions and educational support are also essential to help individuals reach their

maximal developmental potential and improve their quality of life. Management also includes

addressing feeding difficulties, gastrointestinal issues, and providing precautions against

photosensitivity, such as protective clothing and sunscreen. Regular monitoring of growth,

development, and cholesterol/7-DHC levels is paramount to adjust treatment as needed and to

assess its effectiveness.

7. Prognosis and Future Directions

The prognosis for individuals with Smith-Lemli-Opitz syndrome is highly variable, largely depending

on the severity of the specific genetic mutations and the extent of the resulting biochemical and

clinical manifestations. In its most severe forms, SLOS can be life-threatening, particularly in

infancy, due to severe organ malformations and profound metabolic disturbances. However, with

early diagnosis and comprehensive multidisciplinary management, including cholesterol

supplementation and aggressive symptomatic treatment, the lifespan and quality of life for many

individuals have significantly improved. Those with milder forms may live into adulthood, albeit with

varying degrees of developmental and intellectual challenges, and require ongoing medical and

therapeutic support.

Research efforts continue to advance the understanding and treatment of SLOS. Scientists are

exploring novel therapeutic approaches beyond cholesterol supplementation, including strategies

to enhance the activity of the deficient DHCR7 enzyme or to reduce the burden of accumulating 7-

DHC. Advances in gene therapy hold promise for potentially correcting the underlying genetic

defect, although these remain in experimental stages. Further research is also focused on

understanding the precise mechanisms by which 7-DHC exerts its toxic effects and how

cholesterol deficiency contributes to the diverse phenotype. The long-term outcomes of current

treatments, particularly regarding neurological development and behavioral issues, are areas of

ongoing investigation. The ultimate goal is to develop more effective therapies that can prevent or
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reverse the developmental abnormalities and significantly improve the health and functional

abilities of individuals affected by this complex rare disease.
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