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Gaucher disease, the most prevalent lysosomal storage disorder, 
is a panethnic disorder [1]. Classically, three clinical forms have 
been delineated, based on the absence (type I) or presence 
(types II and III) of neurological signs [2]. Type I (“adult”), the 
non-neuronopathic form, is the most common, with an ethnic 
predilection among Ashkenazi Jews. The presence of the single 
most common mutation, N370S (1226G), on one allele appears to 
be protective of development of a classic neuronopathic form, and 
indeed the genotype N370S/N370S is the most common among 
type I patients and especially among Ashkenazi Jewish patients in 
whom disease manifestations are consequently milder [3]. Type II 
(“infantile”) disease is panethnic; presentation is more acute and 
typically more uniform, with onset of both visceral signs and neu-
rological involvement, including hypertonic posturing, strabismus, 
trismus and retroflexion of the head, during the first 6 months 
of life [4]. Most patients die before the age of 2 years. Type III 
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(“juvenile”) disease is also panethnic and includes all patients who 
present some features in childhood and who evince at least one 
neurological sign [5]. Early cases were recognized in Norbottnia, 
Sweden. Symptoms include severe visceral enlargement including 
lung involvement and bone disease as well as central nervous 
system findings of spasticity, seizures and horizontal supranuclear 
gaze palsy. Homozygosity for the L444P (1448) mutation is the 
most prevalent genotype for this type. 

The current classification designates patients with more than 
one neurological sign and mild organ involvement as type IIIa; 
whereas patients with only supranuclear horizontal gaze palsy 
but aggressive visceral involvement are designated type IIIb [6]. 
Although cardiac involvement was considered a rare manifestation 
in Gaucher disease, a unique variant of the neuronopathic forms, 
now known as type IIIc, has been described in Arab, Japanese 
and Spanish patients homozygous for the D409H (1342) genotype. 
These patients generally present with very mild visceral signs, with 
only supranuclear horizontal gaze palsy as a sign of neurological 
involvement, but have progressive calcification of the aortic and/or 
mitral heart valves that has proven to be fatal during the teenage 
years [7]. Valve replacements do not dramatically improve quality 
of life nor appreciably lengthen it. 

With regard to ethnic predilections for Gaucher disease, there 
are apparently no at-risk groups other than those mentioned 
above. It may be posited that founder effects exist [8] among non-
Jewish populations and/or that consanguinity impacts predicted 
incidence particularly when intermarriage is sanctioned over many 
generations [9]. In general, the Arab population is considered to 
be diverse but because of consanguinity, frequency of recessive 
disorders is increased [10]. 

Since it is conceivable that ethnicity modifies phenotypic 
expression and because descriptions in the literature of Arab 
patients with Gaucher disease have been limited to case reports 
and speculation about private mutations [11], the following study 
was undertaken to describe the phenotype-genotype correlation 
among Arab patients with Gaucher disease seen in a large referral 
clinic in Israel. 

Subjects and Methods
Patient records from a large referral clinic for Gaucher disease 
were reviewed. All patients with Arab ethnicity regardless of birth 
place were included in this retrospective study going back 15 years. 
Demographic and clinical data were gleaned from patient records.
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Gaucher phenotype. 

Methods: We reviewed the records of all Arab patients in a 
referral clinic of 586 patients in Israel. 

Results: There were 46 patients (7.8%) of Arab ethnicity: 23 
(50%) had type I disease, 16 (34.8%) had type IIIc disease, 4 
(8.7%) had type IIIb disease, and 3 (6.5%) had type II disease. 
Type IIIc disease was characterized by genotype-phenotype 
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Conclusions: For all genotypes, disease severity among 
Arab patients was relatively similar to that reported among other 
Caucasian patients. Apparently Arab ethnicity does not impact 
phenotypic expression in Gaucher disease in a unique manner. The 
predilection for type IIIc may be a result of consanguinity. 
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Results
Of a patient population of 586 adults and children, 46 Arabs 
(7.8% of the clinic population) including 5 Bedouin were identified 
(10.9% of all Arab patients). The demographic characteristics of this 
population are shown in Table 1. Except for two patients who were 
diagnosed at ages 23 and 37 years, respectively, all the patients 
are currently less than 33 years old and all were diagnosed before 
age 23. 

Most of the Arab patients with type IIIc disease live in the Jenin 
area (Palestinian Authority), but other than siblings, few patients 
live in the same city/village as other patients. There were eight 
patients who traveled to Israel from neighboring countries. 

The genotypes for this population are shown in Table 2. The 
most common mutation was D409H (1342C) that was seen in ho-
mozygosity in 16 patients (34.8%); all of the patients homozygous 
for D409H had the type IIIc variant. Of these, six died because of 
complications secondary to heart valve calcifications: these were 
the oldest patients and all died between the ages of 17 and 23. 
Four of the above six patients had undergone valve replacement 
surgery, one of whom died after surgery (see below). 

All the Bedouin patients had at least one allele with the R48W 
(259T) mutation [12], and all had mild to moderate type I disease 
(possibly disease severity is determined by the non-R48W allele), 
only two of whom had massive hepatosplenomegaly with growth 
retardation in one patient and destructive bone disease (post-
splenectomy) in another. All of these patients complained of bone 
pain and suffer from osteopenia. All the children had failure to 

thrive and/or were below the10th percentile for height and weight 
in childhood.

Four patients had type IIIb disease and all were homozygous 
for L444P (1448C) mutation. Each patient presented with massive 
hepatosplenomegaly between the ages of 1 and 4 years. Two of 
these children developed a gibbus, one of whom has undergone 
corrective spinal surgery. This child had presented with massive 
hepatosplenomegaly and lung involvement at age 2 years, but 
the pulmonary component had not appreciably improved despite 
more than a decade of enzyme therapy. None has had pathological 
fractures or avascular necrosis of any joint. All of these children 
had failure to thrive and/or were below the 10th percentile for 
height and weight in childhood. There was no patient with type 
IIIa disease.

Altogether, 23 patients had putatively type I disease, including 
two siblings with RecNci1/R48W genotype. Ten patients had the 
N370S/N370S genotype: 7 of the patients belong to a single kin-
ship and live in the same village. Most of the patients with type I 
disease presented with mild hepatosplenomegaly. Only two patients 
had undergone splenectomy, both of whom are now 25 years old: 
one patient suffered avascular necrosis of both hips subsequent to 
splenectomy [13] and the other complains of exertional dyspnea 
and fatigue; both receive enzyme therapy. Two sisters with N370S/
N370S are married and have two and three children respectively. 
None of the other female patients have children.

There were three children with putatively type II disease (geno-
typing was not performed), all of whom died before 12 months of 
age with multiple system failure including a range of neurologi-
cal signs and symptoms. Two of these were first-degree cousins. 
Consanguinity is noted in the histories of all these patients, often 
both horizontally and longitudinally.

In all, 19 patients (41.3%) have been receiving enzyme replace-
ment therapy for 1–12 years, none of whom is currently older than 
32 years.

Discussion
Interestingly, other than one Bedouin man who was diagnosed 
at age 37 but is asymptomatic, and one young woman who was 
symptomatic but who was not diagnosed until age 23 (see above), 
all the Arab patients in this cohort were identified in childhood, 
invariably because of organomegaly in those patients who did 
not have the cardiac variant. This implies a reasonable index of 
suspicion in the medical community for the possibility of Gaucher 
disease in Arabs. 

In terms of the diversity of genotypes, the cardiac variant in this 
cohort is prominent with a further large group having non-cardiac 
but neuronopathic disease; thus, half the cohort presented with 
neurological involvement. This observation is similar to the larger 
number of patients with type III among the Egyptian patients with 
Gaucher disease [14]. Some of the remaining patients, other than 
those with one N370S mutation, have moderate disease expression. 
These results confirm that patients who do not have at least one 
N370S mutation are more likely to have combinations of “severe” 
and null mutations [15] and therefore exhibit more severe expres-
sion of Gaucher disease. 

Table 1. Clinical characteristics of 46 Arab patients

No. of 
patients

Age (yrs) at  
presentation

Enzyme  
therapy

Follow-up 
(yrs)

Type I 23 (50.0%) 5–37 13 0.5–12

Type II 3 (6.5%) < 1 0 < 1 

Type IIIb 4 (8.7%) 2–4 4 5–13

Type IIIc 16 (34.8%) 2–18 2 2–13

Table 2. Genotypes among 46 Arab patients

Comments No. (%) Type Genotype

4 unrelated families: one kinship of 11 with 3, 4, and 

4 siblings whose parents are siblings or cousins;  

2 sets of 2 siblings; and a single patient 16 (34.8%) IIIc

D409H/D409H

5 unrelated families: 1 kinship of 4 siblings and  

2 first cousins; and a single patient

10 (21.7%)

I

N370S/N370S

1 (2.2%) I N370S/IVS2+1

1 (2.2%) I N370S/RecTL

1 (2.2%) I N370S/L444P

Unrelated 4 (8.7%) III L444P/L444P

Unrelated 2 (4.3%) I R48W/R48W

3 unrelated families: 2 sets of siblings,  

and a single patient 

5 (10.9%)

I

R48W/ RecNciI

1 (2.2%) I W393R/W393R

Unrelated 2 (4.3%) I No genotype 

Unrelated 3 (6.5%) II No genotype
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In Tunisia where 98% of the population is Arab, a series of 27 
patients was reported during an 18 year period: 20 patients with type 
I disease, 3 patients each with type II and type III disease, and 1 
patient whose genotype was not known [16]. The authors concluded 
that "Gaucher's disease is not exceptional in Tunisia," reflecting their 
finding of the natural course of Gaucher disease that was clinically 
comparable to that described in other non-Arab patients.

In the cohort described in the current study, there is consider-
able diversity in terms of phenotypic severity that can essentially 
be ascribed to the genotypes, but as suggested by the Tunisian 
retrospective, it does not appear that ethnicity per se is a fac-
tor in ascribing severity of Gaucher disease among Arabs. It may 
therefore be posited that as Caucasians, but unlike Asian or black 
populations, Arab patients do not suffer more severe phenotypic 
expression than other Caucasian patients. Japanese patients with 
Gaucher disease, on the other hand, have a different phenotypic 
expression than Caucasians with the same genotype [17].

Enzyme therapy was required by many of the patients and 
this may be reflective of more severe disease expression. Early 
signs and symptoms of the disease were indications for enzyme 
treatment in all cases except for those with type II disease. We 
continue to believe that enzyme therapy may be ethically problem-
atic in type II disease [18]. All the children with type IIIb disease 
received enzyme therapy from about the age of 2–4 years; the 
oldest is 16 years old today. Parents have mentioned a slow but 
progressive cognitive decline despite good quality of life.

Among patients with type IIIc disease, progressive heart valve 
calcification, regardless of surgical replacement, has resulted in 
death by early adulthood. The longest-lived patient is today 24 
years old with very poor quality of life: she has a gibbus formation 
and suffers from severe congestive heart failure. To date, only four 
children, two brother-sister sibling pairs, with type IIIc Gaucher dis-
ease have been treated with enzyme therapy. Despite treatment for 
nearly 10 years, the oldest of these patients died while undergoing 
heroic heart valve and aortic arch replacement surgery. This young 
man had evidence of a porcelain aorta with calcifications into 
the abdominal aorta at age 17 years, markedly worse than what 
had been seen in other patients with type IIIc who had not been 
treated. His younger sister, who had also received enzyme therapy 
for the same period and is today 16 years old, no longer wants 
medical follow-up and is poorly compliant with therapy.

In conclusion, it is our impression that Arab ethnicity does 
not impact phenotypic expression in Gaucher disease differently 
to other Caucasians. The putative predilection for type IIIc among 
Arabs in the circumscribed area around the city of Jenin may be 
the result of a founder effect and consanguinity.

Acknowledgement. Molecular analysis for many of the patients 
was performed by C. Ron Scott MD and S.H. Chen PhD at the 
Children's Hospital & Regional Medical Center (Seattle, WA, USA) 
through the ICGG registry supported by the Genzyme Corporation 
(Cambridge, MA). Genzyme, Israel helped defray the costs of rou-
tine outpatient visits for some of the patients including those who 
were not Israeli citizens.

References
Beutler E, Grabowski GA. Gaucher disease. In: Scriver CR, Valle 1. 
D, Beudet A, Sly WS, eds. The Metabolic and Molecular Bases 
of Inherited Diseases. New York: McGraw-Hill, 2001:3635–68. 
Knudson AG, Kaplan WD. Genetics of the sphingolipidoses. In: 2. 
Aronson SM, Volk BW, eds. Cerebral Sphingolipidoses. New York: 
Academic Press, 1962:395.
Grabowski GA. Gaucher disease: gene frequencies and genotype/3. 
phenotype correlations. Genet Test 1997;1:5–12.
Kolodny EH, Ullman MD, Mankin HJ, Raghavan SS, Topol J, 4. 
Sullivan JL. Phenotypic manifestations of Gaucher disease: 
Clinical features in 48 biochemically verified type I patients and 
comment on type II patients. In: Desnick RJ, Gatt S, Grabowski 
GA, eds. Gaucher Disease: A Century of Delineation and Res-
earch. New York: Alan R Liss, 1982:33–65. 
Svennerholm L, Dreborg S, Erikson A, et al. Gaucher disease of 5. 
the Norrbottnian type (type III). Phenotypic manifestations. Prog 
Clin Biol Res 1982;95:67–94.
Brady RO, Barton NW, Grabowski GA. The role of neurogenetics 6. 
in Gaucher disease. Arch Neurol 1993;50:1212–24.
Abrahamov A, Elstein D, Gross-Tsur V, et al. Gaucher's disease 7. 
variant characterised by progressive calcification of heart valves 
and unique genotype. Lancet 1995;346:1000–3. 
Lau EK, Tayebi N, Ingraham LJ, et al. Two novel polymorphic 8. 
sequences in the glucocerebrosidase gene region enhance mu-
tational screening and founder effect studies of patients with 
Gaucher disease. Hum Genet 1999;104:293–300.
Vardi-Saliternik R, Friedlander Y, Cohen T. Consanguinity in a 9. 
population sample of Israeli Muslim Arabs, Christian Arabs and 
Druze. Ann Hum Biol 2002;29:422–31.
Teebi AS, Teebi SA. Genetic diversity among the Arabs. 10. Commun 
Genet 2005;8:21–6. 
Shamseddine A, Taher A, Fakhani S, Zhang M, Scott CR, Habbal 11. 
MZ. Novel mutation, L371V, causing multigenerational Gaucher 
disease in a Lebanese family. Am J Med Genet A 2004;125:257–60. 
Rockah R, Narinsky R, Hatskelzon L, Frisch A. Type I Gaucher 12. 
disease due to homozygosity for the 259T mutation in a Bedouin 
patient. Am J Med Genet 1997;72:77–8. 
Rodrigue SW, Rosenthal DI, Barton NW, Zurakowski D, Mankin 13. 
HJ. Risk factors for osteonecrosis in patients with type 1 
Gaucher's disease. Clin Orthop Relat Res 1999;362:201–7.
El-Beshlawy A, Ragab L, Youssry I, et al. Enzyme replacement 14. 
therapy and bony changes in Egyptian paediatric Gaucher dis-
ease patients. J Inherit Metab Dis 2006;29:92–8.
Masuno M, Tomatsu S, Sukegawa K, Orii T. Non-existence of 15. 
a tight association between a 444leucine to proline mutation 
and phenotypes of Gaucher disease: high frequency of a NciI 
polymorphism in the non-neuronopathic form. Hum Genet 1990; 
84:203–6.
Chaabouni M, Aoulou H, Tebib N, et al. Gaucher's disease in 16. 
Tunisia (multicenter study). Rev Med Interne 2004;25:104–10.
Kawame H, Maekawa K, Eto Y. Molecular screening of Japanese 17. 
patients with Gaucher disease: phenotypic variability in the same 
genotypes. Hum Mutat 1993;2:362–7.
Elstein D, Abrahamov A, Zimran A. Ethical considerations for 18. 
enzyme replacement therapy in neuronopathic Gaucher disease. 
Clin Genet 1998;54:179–84. 

Correspondence: Dr. D. Elstein, Gaucher Clinic, Shaare Zedek 
Medical Center, P.O. Box 3235, Jerusalem 91031, Israel.
Phone: (972-2) 655-5093
Fax: (972-2) 651-7979
email: elstein@szmc.org.il

Original Articles


