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Case Report
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A B S T R A C T

Gaucher disease (GD) is one of the commonest lysosomal storage diseases that is inherited in an autosomal recessive manner and affects 1 in 50,000 to 100,000
people in the general population. The frequency is much higher (1 in 500 to 1000) in people of Ashkenazi Jewish heritage due to a founder effect. GD is caused by
decreased or absent activity of β-glucosidase with subsequent accumulation of the substrate glucosylceramide in macrophages due to genetic alterations in the GBA
gene. These often accumulate in the spleen, liver and bone marrow. Three types exist, with type 1 being the most common, also referred to as non-neuronopathic GD.
A broad clinical spectrum exists; patients of any age may manifest with hepatosplenomegaly, anaemia, thrombocytopenia, lung disease, bone abnormalities or may
remain asymptomatic throughout their lifespan. Multi-generational disease does not usually occur because the risk of disease with each pregnancy, presuming both
parents are carriers of the condition, is 25%. Herein, we report an Ashkenazi Jewish family with multi-generational GD type 1 and multigenerational colon cancer in
the same three individuals, and reinforce the importance of cascade screening in families with genetic conditions.

1. Background

Gaucher disease (GD) is one of the commonest lysosomal storage
diseases that is inherited in an autosomal recessive manner and affects 1
in 50,000 to 100,000 people in the general population. The frequency is
much higher (1 in 500 to 1000) in people of Ashkenazi Jewish heritage
due to a founder effect. Thus, we sought to report on this finding to
reinforce the importance of cascade screening in families with genetic
conditions.

2. Case presentation

A 66-year-old female from an Ashkenazi Jewish family with three
successive generations of GD type 1 (Fig. 1) presented for evaluation of
GD. Her past medical history was notable for osteopenia and gallstones.
One of her two sons had both colon cancer and GD discovered in his 30s
after evaluation of easy bruising, thrombocytopenia and splenomegaly.
Her father had colon cancer, which was successfully resected; he was
diagnosed with GD in his 30s after evaluation of thrombocytopenia and
splenomegaly, requiring splenectomy. In her 50s, she had colon cancer
that was resected with pathology showing Gaucher cells. She was
otherwise asymptomatic with no significant medical or social history.
She denied bone pains, bone fractures, easy bruising, bleeding, fatigue
and weight loss. The family was tested for familial forms of colon
cancer, such as Lynch syndrome, which was noncontributory. On

examination, her pulse rate was regular but low at 42 beats per minute.
There was no evidence of hepatosplenomegaly or purpura. There was
evidence of mild cervical dystonia, with her neck ratcheting to the left
with several movements.
Her complete blood count was within reference range. Testing for β-

glucosidase activity showed reduced levels (2 nmol/h/mg, normal
8–16), confirming the suspicion for GD. A direct gene analysis for the
common 9 pathogenic variants in the GBA gene was performed; a
homozygous pathogenic variant in GBA (N370S/N370S) was detected,
confirming GD. Biomarker analyses of GD that reflect excess lipid sto-
rage revealed elevated activity levels of angiotensin converting enzyme
(ACE; 66, 9–63 U/L), chitotriosidase (CHITO; 1603, 4–120 nmoles/h/
ml) and glucosylsphingosine (lyso-Gb1; 164,< 10 ng/mL). Whole
exome sequencing had been done previously on this family by the la-
boratory of Dr. Steven Gallinger (personal communication), and no
disease-causing variants relating to colon cancer were found.
ECG revealed a left bundle branch block and bradycardia. MRI of

the lumbar spine demonstrated marrow infiltration, with a bone
marrow burden score of 6/16. MRI of the abdomen revealed a normal
liver volume of 1300mL and mild splenomegaly of 262mL (normal
volume for her weight would be ~150mL). Confounding diagnoses that
may present with similar clinical and biochemical features include
hematologic malignancies such as lymphomas and leukaemias, which
must be ruled out.
Successful treatments exist for GD type 1 and include enzyme
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replacement therapy (ERT) and glucosylceramide synthase inhibitors.
Therapy is indicated for patients with type 1 GD who exhibit clinical
signs and symptoms of the disease, including anaemia, thrombocyto-
penia, skeletal disease, or visceromegaly. Our patient did not meet
criteria for therapy. Presymptomatic treatment remains controversial.
To date, the patient remains asymptomatic with no clinical or radio-
graphic evidence of worsening hepatosplenomegaly, anaemia, throm-
bocytopenia, lung disease, or major bone abnormalities.

3. Discussion

Gaucher disease (GD) is a multisystemic inherited metabolic disease
that results from genetic alterations in the GBA gene leading to de-
creased β-glucosidase activity and subsequent accumulation of the
substrate glucosylceramide in macrophages (known as Gaucher cells)
[1]. This accumulation occurs in a variety of organs, including the
spleen, liver and bone marrow leading to hepatosplenomegaly,
anaemia, thrombocytopenia, lung disease, and bone abnormalities [1].
Herein, we describe a multi-generational Ashkenazi Jewish family with
GD type 1.
GD is one of the commonest lysosomal storage diseases, inherited in

an autosomal recessive manner and affects 1 in 50,000 to 100,000
people in the general population [2,3]. The frequency is much higher (1
in 500 to 1000) in people of Ashkenazi Jewish heritage [4,5]. The
pathogenic variant N370S of GBA is particularly frequent in the Ash-
kenazi Jewish population (q approximately 0.03), while 84GG insertion
(q approximately 0.003) occurs exclusively in this population [6].
Multi-generational disease does not usually occur because the risk of
disease with each pregnancy, presuming both parents are carriers of the
condition, is 25%. However, multi-generational disease should be sus-
pected in founder populations, such as the Ashkenazi Jewish [4,5], and
cascade screening of family members offered irrespective of age or
symptoms.
As demonstrated in this case, the signs and symptoms of GD may go

unnoticed for several decades or may remain unidentified across a
patient's lifespan. Contrary to previous reports that patients of

Ashkenazi Jewish descent with the common homozygosity of patho-
genic variant N370S are asymptomatic throughout life and never come
to medical attention, recent evidence suggests that the majority present
with symptoms and disease progression in their lifespan [7]. Common
manifestations of GD include easy bruising, bleeding, bone pains,
splenomegaly, thrombocytopenia, anaemia, or chronic fatigue, with or
without a positive family history [8]. Hyperferritinaemia and gammo-
pathy are frequent biochemical abnormalities seen in GD [8].
The diagnosis of GD is established through demonstration of de-

creased enzymatic activity of β-glucosidase (also known as glucocer-
ebrosidase) and confirmed by the identification of bi-allelic disease-
causing variants in GBA (also referred to as GBA1) through whole-gene
sequencing [9]. Historically, bone marrow aspiration was used for di-
agnosis; however, this procedure should be reserved when other hae-
matological disorders must be ruled out [10]. After disease confirma-
tion, measurement of disease biomarkers that correlate with the extent
of glucocerebroside storage improves diagnosis, monitoring of disease
progression and optimizing therapy [9]. Such biomarkers include
chitotriosidase, glucosylsphingosine (Lyso-Gb1), and angiotensin con-
verting enzyme.
GD is associated with several systemic manifestations that influence

quality of life. Bone abnormalities include osteopenia, osteoporosis,
bone fractures and bone infarction, which may manifest clinically as
bone crises or osteonecrosis. Central nervous system manifestations are
associated with types 2 and 3 GD, although recent evidence suggests
that carriers of a disease-causing variant in GBA or patients with bi-
allelic disease-causing variants leading to type 1 are at an increased risk
of parkinsonism [11,12]. A recent study showed that one in three
Ashkenazi Jewish patients diagnosed with dementia with Lewy bodies
were carriers of a pathogenic variant in GBA [13]. The liver is one of
the major storage sites involved in GD pathogenesis, and various liver-
related complications have been reported including hepatocellular
carcinoma [14]. Other complications include growth failure in children,
interstitial lung disease, pulmonary hypertension and arrhythmias.
Colon cancer is not a known comorbidity of GD; interestingly, all three
members with GD in our report had early-stage colon cancer that was
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Colon cancer
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Fig. 1. Pedigree demonstrating multi-generational Gaucher disease and colon cancer from an Ashkenazi Jewish family. GD: Gaucher disease.
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cured following surgical resection. One may speculate a connection
between GD and colon cancer in these three persons, who are the only
ones in the pedigree with GD and the only ones with colon cancer. As
discussed above, whole exome sequencing had been done previously on
this family, and no disease-causing variants relating to colon cancer
were found. Further studies addressing the genetic underpinnings of
colon cancer in individuals with and without GD through a whole-
genome or GWAS approach might reveal new genetic backgrounds for
this rather common malignancy.
Several treatment options for patients with GD exist. Enzyme re-

placement therapy (ERT), which has been available since 1991 [15], is
a well-established treatment modality with known efficacy and minimal
toxicity [9]. ERT results in significant improvements in spleen volume,
platelet count, hemoglobin level, and liver volume [16]. Several ERT
options exist in the market. Oral substrate reduction therapy (e.g.,
miglustat, eliglustat) through the inhibition of glucosylceramide
synthesis is becoming popular in the management of some patients with
GD [9]. Common indications for therapy initiation include severe
anaemia, severe thrombocytopenia, episodes of splenic infarcts, acute
bone crises, radiographic evidence of joint destruction, chronic bone
pain, significant hepatosplenomegaly, progressive pulmonary disease
and growth restriction in children. Combined miglustat and ERT can be
tried [17]. Nowadays, symptomatic management rarely involves sple-
nectomy or allogeneic bone marrow transplantation [9]. Orthopaedic
surgery, including arthroplasties, could be required for management of
osteonecrosis [9]. Some patients may never require therapy; our pa-
tient's father, who had GD, died at age 96 without ever having received
treatment.
Multigenerational GD has been reported in two separate Lebanese

families [18,19], but in both families, there was a high degree of con-
sanguinity. Kolodny et al. [20] reported an Ashkenazi Jewish family
with three generations of GD; there was no mention of consanguinity,
but there was compound heterozygosity in three of the individuals.
There was also no mention of malignancy in any of the patients. In our
family, to the best of their knowledge there is no consanguinity.
In conclusion, we present a unique case report of multi-generational

GD in a family of Ashkenazi Jewish descent. Multi-generational disease
should be suspected in founder populations, such as the Ashkenazi
Jewish and cascade screening offered to all family members to avoid
missing a diagnosis.
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publication of this case report and any potentially-identifying in-
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