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Enzyme replacement therapy in type 1 Gaucher
disease and a review of the literature

Tip 1 Gaucher hastaliginda enzim replasman tedavisi ve literatiiriin
gozden gecirilmesi
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Abstract

Gaucher disease (GD) is the most common lysosomal storage disorder. Deficiency of the lysosomal enzyme
glucocerebrosidase results in the intracellular accumulation of undegraded substrates in the spleen, liver and
bone marrow. Enzyme replacement therapy (ERT) is a standard approach for type 1 GD. Here, we present
an adult patient with hematological disorders due to type 1 GD, who markedly improved with ERT.

(Turk J Hermatol 2010; 27: 190-5)

Key words: Gaucher disease, glucosylceramidase, treatment

Received: May 4, 2009 Accepted: July 31, 2009

Ozet

Gaucher Hastahign (GH) en yaygin lizozomal depo hastahigidir. Lizozomal enzim, glukoserebrosidaz
eksikligi dalak, karaciger ve kemik iliginde yikilamayan maddelerin hiicre i¢i birikimi ile sonuclanir.
Enzim replasman tedavisi (ERT) tip 1 GH’de standart bir yaklasimdir. Burada, ERT ile belirgin olarak
diizelen tip bir GH nedeni ile hematolojik bozuklugu olan yetiskin bir hastayr sunmaktayiz.
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Introduction

Gaucher disease (GD) is an inherited lysosomal
storage disorder (LSD). Lysosomal enzyme activity
due to a mutation in the glucosylceramidase
(GluCer) gene is decreased or absent, resulting in
intracellular accumulation of undegraded sub-
strates. Approximately 300 mutations, mostly auto-
somal recessive, have been described, and are
usually seen in closed communities like in Ashkenazi
Jews [1]. Though the consanguinity rate is high in
the Turkish population, the disease has been
observed to have a low incidence, as 0.23/100,000
live births [2].

Gaucher disease has been divided into three
forms according to the clinical manifestations. Type
1 is the most common and mildest form of GD, and
is essentially a monocyte/macrophage system dis-
order, lacking primary central nervous system
involvement. It is characterized by varying degrees
of splenomegaly and hepatomegaly, anemia, throm-
bocytopenia, bone pain, and skeletal lesions. Types
2 and 3 are both rare, with acute and fulminating
(type 2), or heterogeneous and attenuated (type 3)
neurological involvement accompanying visceral
manifestations [3].

Quite effective treatment modalities for GD are
available today, and they have raised hopes regard-
ing the treatment of other LSDs. In this report, we
present a case having severe hematological findings
due to GD. The recent developments in the man-
agement of GD are also reviewed.

Case Report

A 30-year-old female patient with type 1 GD was
referred to our hematology clinic due to an increase
in her complaints and clinical findings. She had
been diagnosed with GD 10 years ago by pathologi-
cal examination of the bone marrow biopsy and
had been followed with supportive measurements.

She suffered from abdominal fullness, early sati-
ety and severe fatigue. On the physical examination,
she was pale in appearance and had a palpable
massive hepatosplenomegaly. She did not have any
symptoms or signs of abnormalities of the neuro-
logical or locomotor systems. Her laboratory results
on admission to our clinic are shown in Table 1.
Abdominal ultrasound examination revealed hepa-

tomegaly (vertical height was 20 ¢cm) and spleno-
megaly (100x144x230 mm), including multiple hyper-
echoic masses with central hypoechogenicity and
distinct borders. Bone mineral densitometry moni-
toring with dual-energy X-ray absorptiometry (DXA)
revealed total femur neck T and Z scores of -1.44
each and lumbar vertebrae T and Z scores of -2.20
and -2.19, respectively. Her bone marrow biopsy
revealed diffuse Gaucher cell infiltration (Figures 1a,
1b). Glucocerebrosidase enzyme level was mea-
sured as 1.6 nmol/s/mpgr (5-13.5 nmol/s/mpgr). She
was a heterozygous carrier for N370S and L444P
mutations according to genetic mutation screening.

The diagnosis of type 1 GD was confirmed and
recombinant human GluCer (Cerezyme®) replace-
ment therapy was initiated once every three weeks
intravenously at a dose of 400 IU, in addition to par-
enteral vitamin B12 supplementation and calcium
and vitamin D treatments. After enzyme replace-
ment therapy (ERT), her symptoms and clinical and
laboratory findings significantly improved. Gaucher
cells were apparently decreased in the bone mar-
row biopsy within one year (Figures 2a, 2b).

Oral informed consent was obtained from the
patient.

Table 1. Laboratory findings on admission to the clinic

Test Result Normal
Range

Complete blood count

Hemoglobin (g/dl) 9.4 11.7-15.0

Hematocrit (%) 28.1 35-45

Leukocyte count (x10e9/L) 3.9 4.5-11.0

Absolute neutrophil count (x10e9/L)

Platelet count (x10e9/L) 87.0 150-400

Others

Direct & indirect antiglobulin test Negative

Serum IgG level (g/L) 19.4 7.0-16.0

Serum IgM level (g/L) 3.11 0.4-2.3

Serum IgA level (g/L) 3.38 0.7-4.0

Gamma globulin level in serum 23 (polyclonal) 10.5-19.5

protein electrophoresis (%)

Serum immune-fixation test Negative

Serum ferritin level (ng/ml) 263 11.0-306.8

Vitamin B12 level (pg/ml) 166 166-970

Folic acid level (ng/ml) 3.7 1.5-16.9

Abnormal values are shown in bold text
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Figure 2. The normal bone marrow cells became the dominant cellular components of the marrow areas after therapy. The decrease in
infiltrative cells was examined either on biopsy sections (a) or smear preparations (b)

Discussion

Clinically, GD has been divided into three major
subtypes, namely types 1, 2 and 3, although recently
there is a trend to consider GD as a continuum of
disease states [3]. Despite genotype-phenotype cor-
relations being poor, certain mutations predispose
to certain disease forms, for example, homozygosity
for L444P mutations results almost invariably in
neuronopathic disease [4], whereas the presence
of even one mutant allele for N370S normally pre-
vents neurological and pulmonary involvement [4],
as in our case. N370S is the most frequent mutation
accounting for 70% of mutant alleles in Ashkenazi
Jews and 25% of non-Jewish patients [5].

The clinical spectrum may range from the asymp-
tomatic form in type 1 GD to the acute neuronopath-
ic form in type 2 GD, characterized with brainstem
and visceral involvement and eventually death in the
first 2-3 years of life [6]. Type 1 GD manifests itself
with organomegaly, blood cytopenias, and osteope-
nia, as seen in our patient, and also lytic lesions,
pathologic fractures and acute bone crisis episodes,
and interstitial lung disease, which are more serious
clinical findings [7]. Previous splenectomy history,
because of the impact of the overwhelming infec-
tions, is an important risk factor for deterioration of
lung functions in lung involvement [7].

The most common initial clinical appearance, as
seen in our patient, is hematological symptoms and
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findings related to anemia and/or thrombocytope-
nia [8,9]. Cytopenia(s) is related to hypersplenism
and/or infiltration of bone marrow with Gaucher
cells. Leukopenia is less frequent and is usually due
to hypersplenism. Though neutrophil function is
defective in many patients, tendency to infection is
not common because the neutrophil count is
usually in normal range. Splenomegaly is almost
invariably more prominent than hepatomegaly; in
case of hepatomegaly being the more prominent,
other common causes of hepatomegaly must be
ruled out.

Other causes of anemia should be sought in a
more acute decrease in blood hemoglobin level,
especially due to iron and vitamin B12 deficiency,
autoimmune hemolytic anemia or associated
hematological malignancies. In Gaucher disease,
ferritin levels are generally elevated without other
biochemical evidence of iron overload, consistent
with anemia of chronic disease, whereas typical
iron deficiency anemia is characterized by low
serum iron, low transferrin saturation and low fer-
ritin levels [9]. In a study among Ashkenazi Jews, it
was reported that vitamin B12 levels tended to be
lower in the diseased population and decreased
in the course of ERT [10]. We gave the patient par-
enteral vitamin B12 supplementation due to the low
level.

Gaucher disease can be associated with hyper-
activity of the immune system, which manifests
with polyclonal hypergammaglobulinemia or mono-
clonal gammopathies [11]. We detected polyclonal
gammopathy in the sera of our patient as well.

Because of the variability in the clinical manifes-
tations, severity and progression, a comprehensive
initial assessment should be done in each patient
[12]. In addition, for the diagnosis and prior to treat-
ment, glucocerebrosidase activity should be mea-
sured. The main target in the treatment of GD is
elimination of or improvement in symptoms, pre-
vention of irreversible damage, and improvement in
the overall health and quality of life [13]. There are
many therapeutic approaches including ERT,
Substrate Reduction Therapy (SRT), Enzyme
Enhancement Therapy (EET), and Gene Therapy
(GT) (14-17). Currently, the first two modalities, ERT
and SRT, are available in the European and United
States markets.

The first ERT model among LSDs was recombi-
nant human GluCer (Cerezyme®), 30-120 U/kg/2-4
weeks intravenously, used in GD. Use of ERT has
dramatically improved the quality of life for many
patients with GD, by decreasing organ volumes,
improving hematological parameters and relieving
bone symptoms [16].

Enzyme replacement therapy increases the
hemoglobin concentration to almost normal levels
in 6-12 months. In all patients, peripheral blood
platelet count increases to sufficient levels in order
to prevent surgical or spontaneous bleeding in the
first year of the therapy. Except for life-threatening
hemorrhagic events due to severe thrombocytope-
nia, splenectomy should be avoided since it facili-
tates lung involvement and decreases pulmonary
function capacity [13]. ERT prevents and also reduc-
es enlargement of the liver and spleen within one
year after initiating the therapy.

No favorable effect of ERT on neural involvement
in types 2 and 3 has been shown, because of poor
penetration through the blood-brain barrier [17]. In
the case of lung involvement, ERT reverses hepato-
pulmonary syndrome and improves pulmonary
functional status, and thus reduces dependency on
oxygen [18].

In the follow-up of patients, monitoring of com-
plete blood count and serum levels of chitotriosi-
dase, angiotensin converting enzyme and tartrate-
resistant acid phosphatase, liver and spleen volu-
metric computerized tomography or magnetic reso-
nance imaging, direct X-ray of long bones, and DXA
examination of femur neck and lumbar vertebrae
have been suggested in the previous studies [6,19].
The cost of the treatment is one of the most impor-
tant issues yet to be solved.

For SRT, N-butyl deoxynojirimycin (Zavesca®) is
approved as an inhibitor of glucosylceramide syn-
theses enzyme. It is administered orally and there-
fore more convenient than ERT, with no intrave-
nous-related complications. Furthermore, it crosses
the blood-brain barrier and thus may be useful for
relieving symptoms and signs of neuronopathic GD.

Because SRT causes many adverse effects, it is
only indicated in patients in whom ERT is unsuit-
able or not a therapeutic option [16]. Chemical
chaperones (EET) are used to stabilize or reactivate
improperly formed GluCer. The preclinical studies
related to the use of EET in GD are continuing.
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Supportive medical treatments for maintaining
osteoporosis and pulmonary hypertension and
bone marrow transplantation for improving hema-
tological and neurological disturbances are sug-
gested as other approaches with or without ERT
[20]. Gene therapy is the major challenge in the
future of GD therapy.

Enzyme replacement therapy usually reduces
liver and spleen volumes and improves hematologi-
cal abnormalities within one year. In contrast,
decreased bone marrow glycolipid infiltration has
been reported to require up to 3-4 years of treat-
ment [21]. However, we observed a significant
decrease in Gaucher cells in the bone marrow after
the first year of ERT compared to the pretreatment
examination of bone marrow (Figures 2a, 2b).

In conclusion, we showed a marked improve-
ment in the clinical and pathological findings in our
adult patient severely affected by GD with ERT
within one year. However, evaluation and manage-
ment of patients with GD is continuously and
effectively changing. Novel therapeutic approaches
have produced exciting results in the clinical a
nd pre-clinical studies. In the near future, GD will
most probably be an initial success in the LSD
therapy era.
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