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Abstract Fabry disease is an inherited deficiency of the lysosomal hydrolase alpha-galactosidase A (aGalA) due to mutations in the Gal gene at Xq22. The result is intralysosomal accumulation of glycosphingolipids. In males who carry the mutation (1/40,000), severe multisystem disease develops in childhood or adolescence. Attacks of acute pain lasting a few minutes to a few days occur in the hands and feet, joints, muscles, and abdomen, sometimes with a fever. Highly suggestive skin lesions called angiokeratomas develop, as well as cornea verticillata characterized by corneal deposits without visual impairment. Stroke, seizures, heart disorders (conduction disturbances, valve disease, and left heart failure) and kidney disorders (proteinuria and chronic renal failure) develop in the third or fourth decade of life. Women who are heterozygous for the Gal gene can transmit the disease to their sons but are usually free of symptoms, although many have cornea verticillata. However, they may have moderate or severe disease related to uneven chromosome X inactivation. Late-onset variants with predominant neurological, cardiac, or renal manifestations have been described. The diagnosis is difficult when the family history is negative for Fabry disease. Tests on plasma and leukocytes show very low levels of aGalA activity in affected men, confirming the diagnosis. The Gal gene mutation should be looked for to detect heterozygous women. Symptomatic treatments include analgesics, antihypertensives, antiplatelet agents or anticoagulants to treat ischemic events, and hemodialysis or kidney transplantation to treat chronic renal failure. The recent introduction of enzyme replacement therapy with recombinant agalsidase a or b has been a major breakthrough in the treatment of Fabry disease. Enzyme replacement therapy relieves the pain and decreases the risk of complications. The safety profile is good. Given the high cost of agalsidase therapy (about Q160,000/year/patient) and the low incidence of Fabry disease, patients should be referred to highly specialized centers (see addresses on the France Orphanet web site). © 2003 Elsevier SAS. All rights reserved. Keywords: Fabry disease; Human recombinant enzyme; Lysosomal disease; Alpha-galactosidase A



1. Introduction Fabry [1–3] or Anderson–Fabry disease was identified over a century ago, in 1898. This inborn error of metabolism is characterized by a deficiency in the lysosomal hydrolase alpha-galactosidase A (aGalA), also known as ceramide trihexosidase, which is involved in the breakdown of glycosphingolipids. No ethnic group is exempt. Starting in childhood, neutral glycosphingolipids containing a terminal a-galactose accumulate in the tissues and plasma. These lipids are dihexoside ceramides and, above all, trihexoside ceramides including globotriaosylceramide, globotetraosylceramide, and blood group B substances in group B patients. The mutations responsible for Fabry disease are located in the seven-exon Gal gene on chromosome X, at Xq22. Fabry * Corresponding author. E-mail address: [email protected] (C. Masson). © 2003 Elsevier SAS. All rights reserved. doi:10.1016/j.jbspin.2003.10.015



disease is the only known X-linked sphingolipid storage disease. The gene has been cloned. More than 300 mutations have been identified, of which most are missense or nonsense point mutations or microdeletions. The rate of occurrence has been estimated at 1/40,000 or 1/60,000 men. Women heterozygous for a Gal gene mutation may develop moderate or severe symptoms as a result of uneven chromosome X inactivation. Sphingolipids accumulate gradually throughout the body, causing multisystem disease. Storage in the endothelial cells results in blood vessel occlusions and a prethrombotic state. Involvement of the renal cells, including the podocytes, manifests as proteinuria and renal failure. Cardiomyopathy and striated muscle dysfunction occur as a result of storage in muscle cells. Other affected cell types include the smooth muscle cells, sweat gland cells (abnormal sweat production), arrector pili muscle fibers, tissue macrophages, central neurons in some areas, gastrointestinal ganglionic neurons, as-
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trocytes, and meningeal cells. Involvement of autonomic nervous system ganglion cells may be among the causes of pain attacks in Fabry disease. The introduction of aGalA enzyme assays and tests for Gal gene mutations has benefited the early diagnosis of Fabry disease. This is a major advance, as enzyme replacement therapy is now available.



2. Clinical expression [1–3] 2.1. Classic severe form in males The first symptoms occur during childhood or adolescence. They consist chiefly of attacks of pain, angiokeratomas, and cornea verticillata. Attacks of pain occur in 80% of patients. The pain is located in the hands and feet, joints, muscles, and abdomen. There may be a fever. A typical pattern is acroparesthesia or burning sensations in the palms of the hands or soles of the feet. Triggering factors include fever, warm or cold ambient temperatures, and physical exertion. Each attack may last a few minutes, a few hours, or a few days. Attacks of acroparesthesia may occur concomitantly with peripheral arthralgia, edema of the hands, a fever, and an acute-phase response [4], a combination that may suggest a periodic joint disease. Acroparesthesia may occur almost continuously. Angiokeratomas are small hyperkeratotic areas of dilated blood vessels that are dark red to purplish black in color and develop mainly in clusters between the waistline and the thighs (bathing trunk distribution). They increase in size and number over time and may arise on the mucous membranes and conjunctiva. Angiokeratomas are not specific of Fabry disease, as they occur also in other lipid storage diseases, and their absence does not rule out a diagnosis of Fabry disease. Histology shows foci of dilated dermal vessels, sometimes with thrombotic areas, overlaid by laminated keratinocytes. Accumulated fat is visible in the endothelial cells and smooth muscle cells of the abnormal blood vessels. Angiokeratomas are highly suggestive of Fabry disease, of which one of the early names was angiokeratoma corporis diffusum universale. Cloudy gray-brown corneal deposits in a radial arrangement are visible by slit lamp examination. This pattern of corneal deposits, known as cornea verticillata, does not impair vision. Aneurysmal dilations of the small eyelid and retinal venules may be present, as well as posterior subcapsular cataract. Other features include hypohidrosis or, more rarely, anhidrosis, gastrointestinal symptoms during the attacks of pain (abdominal pain, diarrhea, nausea, and vomiting), and obstructive airway disease. Without enzyme replacement therapy, the symptoms worsen relentlessly in this typical form in males. Neurological, cardiac, and renal complications develop in the third or fourth decade. Subclinical renal dysfunction is consistently



present by adolescence, and adults have severe renal failure and hypertension. Neurological impairment related to ischemia occurs in about one-third of patients, the most common pattern being hearing loss or vestibular dysfunction related to vertebrobasilar insufficiency. Thrombotic events may manifest as seizures, aphasia, or hemiplegia. Behavioral disorders may develop and must be distinguished from reactive depression related to the worsening symptoms. Cardiac complications include conduction disturbances, valve disease (mainly affecting the mitral valve), and left heart failure. Death usually occurs around 40 years of age as a result of renal failure, ischemic or hemorrhagic stroke, or myocardial infarction. Proteinuria may be followed by severe complex renal abnormalities responsible for chronic renal failure; in this situation, hemodialysis and kidney transplantation increase the life expectancy by about 10 years. 2.2. Fabry disease in females; renal, cardiac, and neurological variants Women who are heterozygous for Gal gene mutations can transmit the disease to their sons but usually remain free of symptoms throughout their life. Cornea verticillata is extremely common in these patients but is detected only if a slit lamp examination is performed. Angiokeratomas are less common. Mild late-onset disease or severe disease may occur in heterozygous women as a result of uneven inactivation of the chromosome X that does not carry the mutation. The severe form is identical to the classic form in males. Moderate forms have been reported in males. These patients remain free of symptoms until about 40 years of age, when they experience predominantly neurological, cardiac, or renal complications. Stroke is the most common neurological manifestation. Cardiac forms may manifest as conduction disturbances, left ventricular hypertrophy in the absence of hypertension, or hypertrophic cardiomyopathy, sometimes with coronary heart disease. Renal variants are responsible for proteinuria or progressive renal failure.



3. Confirming the diagnosis A positive family history immediately suggests Fabry disease. When there are no other affected family members, however, diagnostic wanderings are common. In particular, the attacks of pain may be mistaken for a somatoform disorder. Table 1 lists the diagnoses most likely to be considered in this situation. In affected males, aGalA assays consistently show severely diminished activity in the plasma and leukocytes. Activity of the enzyme can be studied also in cultured skin fibroblast and in renal cells. In asymptomatic heterozygous females, plasma aGalA activity may be nearly normal. Tests for Gal gene mutations confirm the diagnosis. Light microscopy shows the accumulation of sphingolipids as PAS-positive Sudan-positive intralysosomal inclusions



C. Masson et al. / Joint Bone Spine 71 (2004) 381–383 Table 1 Mistaken diagnoses commonly made in children and adolescents with Fabry disease and a negative family history (1) Growing pains (2) Neurosis, psychological pain (3) Malingering (4) Erythromelalgia (5) Raynaud’s phenomenon (6) Petechiae (7) Periodic joint syndromes such as familial Mediterranean fever, TRAPS, hyper-IgD syndrome, and palindromic rheumatism (8) Systemic lupus erythematosus (9) Multiple sclerosis (10) Polyneuropathy (11) Acute appendicitis
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neurological complications. In older patients, the treatment is used to halt the relentless accumulation of sphingolipids in the kidneys, heart, and nervous system. Research on gene therapy for Fabry disease is encountering major challenges [12]. 4.3. Genetic counseling Antenatal testing should be performed if one of the parents carries a Gal gene mutation. In a male fetus, aGalA deficiency in cultured amniotic cells or chorionic villus samples establishes the diagnosis of Fabry disease.



5. Conclusion that are birefringent when viewed under polarized light. These inclusions may be seen in biopsy specimens from the skin, kidney, or conjunctiva. Under the electron microscope, the lipid storage may seem more diffuse than by light microscopy in some cell types.



4. Management 4.1. Symptomatic treatment The painful attacks are not responsive to standard analgesics or nonsteroidal antiinflammatory drugs. A variable degree of relief may be obtained with diphenylhydantoin, carbamazepine, or gabapentine. Antiplatelet or anticoagulant therapy may be in order in patients with a history of stroke. Angiotensin-converting inhibitor therapy is recommended when gradually worsening proteinuria occurs. Hypertension requires effective treatment to reduce the risk of damage to target organs, most notably to the kidney. The development of end-stage renal disease requires hemodialysis. Kidney transplantation should be performed whenever possible, particularly as the transplant is protected by its aGalA, which, however, fails to protect other organs. 4.2. Enzyme replacement therapy [5–11] Two enzymes are available, agalsidase-a (Replagal®) and agalsidase-b (Fabrazyme®), which are given once every 2 weeks in dosages of 0.2 and 1 mg/kg, respectively. Phase I, I/II, II, and III studies showed that both compounds relieved the pain and improved the quality of life of patients with Fabry disease. In addition, increases were found in the percentage of patients with little or no globotriaosylceramide deposits in the endothelial cells lining the renal capillaries, skin capillaries, or heart capillaries. Over 100 patients have been treated to date. Antibodies against the enzyme may develop but do not diminish the therapeutic effects. The cost of treatment is about Q160,000 per patient per year, with variations according to the patient’s weight. The current strategy consists in starting enzyme replacement therapy very early to prevent the development of renal cardiac, and



The small number of cases of Fabry disease, the need for lifelong treatment, and the high cost of enzyme replacement therapy require that patients with suspected Fabry disease be referred to highly specialized centers for confirmation of the diagnosis and subsequent management and follow-up. In France, the Orphanet web site can be used to identify Fabry disease centers. References [1]
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