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A Case of an 18—-month-old Boy with Type 3 Gaucher Disease
Presenting with Hepatosplenomegaly and Growth Retardation:
The Clinical Course after Enzyme Replacement Therapy
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Gaucher disease (GD) is an autosomal recessive lysosomal storage disorder caused by beta-glucosidase
deficiency, An 18 month-old male with hepatosplenomegaly, anemia, thrombocytopenia, and growth re-
tardation referred to our hospital, The patient showed neurological symptoms, such as supranuclear
gaze palsy and developmental delay, Bone marrow biopsy performed to rule out malignancy and the
results revealed no malignant cell; however, abnormal histiocytes suggesting storage disease was noted,
Based on hepatosplenomegaly, bicytopenia and unexplained neurologic manifestations, enzyme activity
and genetic analysis were conducted emergently with a strong suspicion of GD, Beta-glucosidase activity
in leukocyte was decreased, GBA sequencing to confirm the diagnosis revealed compound heterozygous
pathogenic variants (i.e., c.754T)A, ¢.887G)A), both previously reported as the cause of neuronopathic
GD. Under the diagnosis of type 3 GD, the patient immediately received enzyme replacement therapy
(ERT). After 17 months of ERT, the size of spleen decreased, and hemoglobin and platelet count re-
turned to normal, In addition, the activity of chitotriosidase and angiotensin converting enzyme decreased,
However, myoclonic movement and generalized seizure occurred at the age of 19 months and antiepi-
leptic drug was started, Other neurological deterioration including supranuclear gaze palsy and develop-
mental delay also persisted, A new therapy to overcome neurologic problems should be developed for
patients with type 3 GD,

Key words: Gaucher disease, Glucocerebrosidase, Hepatosplenomegaly, Growth retardation, Enzyme
replacement therapy
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order, is caused by a deficiency of the beta—glu-
cocerebrosidase enzyme (GBA), leading to the
accumulation of glucocerebroside within tissue
macrophages in multiple organs. GD is most pre-
valent in people of Ashkenazi Jewish ancestry
with the prevalence rate of 1 in 450 as compared
to 1 in 40,000—60,000 in non—Jewish populations
Y There are three subtypes of GD by the Knudsen
and Kaplan classification, classified as types 1, 2,
and 3, according to the presence of neurological
deterioration, age at identification, and progres-
sion rate”.

Type 1 GD is the most common subtype and
differentiated from type 2 and 3 GD by the ab-
sence of central nervous system (CNS) involve-
ment”. The manifestations of type 1 GD include
splenomegaly, hepatomegaly, anemia, thrombocyt-
openia, bone disease (i.e., bone marrow infiltra-
tion, Erlenmeyer flask deformity of the distal
femur, osteopenia, osteoporosis, infarction, avas-
cular necrosis, and pathologic fracture) and growth
retardation”. The patients with type 2 GD typic-
ally exhibit neurodegeneration and hepatospleno-
megaly before one year of age. Visceral symptoms
are extensive and severe, and cranial nerve in-
volvement deteriorates rapidly. Most type 2
patients die at birth or within 2—3 years of life”.
Type 3 GD is a chronically progressive form with
the onset of any neurological symptom at the age
of 1 and older. It is a highly heterogeneous sub-
type encompassing a variable degree of visceral
involvement combined with diverse neurological
signs. Three forms of type 3 GD are recognized,
although there is a marked overlap supporting
that this is a spectrum of disease manifestation” .
The patients with type 3a GD have mild hepatos-
plenomegaly and earlier development of neurologic
symptoms, including seizures, strabismus, and

supranuclear gaze palsy. Type 3b has extensive
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visceral and bone involvement with more slowly
progressive neurodegenerative symptoms. Type
3c is rare and characterized by supranuclear gaze
palsy, corneal opacity, and cardiovascular calcifi-
cation with little visceral and bone disease. Neu-
rologic involvement can begin late and progression
is variable”. In Jewish and non—Jewish Caucasian,
over 95% of patients are type 1 GD, while in East
Asia such as Japan, China and Korea, the percen-
tage of type 2 and 3 GD account for about 60%°.

GD is the first lysosomal storage disorder which
is treated with macrophage—targeted enzyme re-
placement therapy (ERT) and purified placental
glucocerebrosidase was approved by the FDA in
1991. The modified form of the acid beta—gluco-
sidase enzyme, imiglucerase, has been used com-
mercially as a standard treatment of GD since
1994”. With this background, early diagnosis and
prompt initiation of treatment when indicated is
crucial, but the patients with GD frequently ex-
perience a significant diagnostic delay that leads
to complications (i.e., avascular necrosis, severe
bleeding, chronic bone pain, life—threatening sepsis,
pathologic fractures, and growth failure)V. The
rarity of the disease and heterogeneous nature of
symptoms may impede the consideration of GD as
in the differential diagnosis of the patients with
hepatosplenomegaly and cytopenia. Increased awa-
reness of GD should reduce the rate of inaccurate
or delayed diagnosis, and enable an earlier initia-
tion of treatment.

Here, we describe an 18 month—old Korean
patient diagnosed with type 3 GD by genetic ana-
lysis of GBA. Even though typical Gaucher cell
was not found in bone marrow examination, a
strong clinical suspicion enabled reaching early

diagnosis and starting ERT immediately.
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Case Report

The patient was the first boy of non—consan-
guineous Korean parents and was born by a
Cesarean section at 39th week of gestation. His
birth height was 49 cm (75"—90" percentile),
birth weight was 3.2 kg (25"-50" percentile),
and head circumference was 35 cm (75"-90"
percentile). At the age of 18 months, he was
admitted to a hospital because of high fever and
cough. Vital sign were blood pressure of 108/56
mmHg, pulse of 120 bpm, respiratory rate of 28
per minute, body temperature of 36.5C. On phy-
sical examination, the spleen was palpated to 4
cm and the liver was extending to 7 cm under the
right costal margin. Coarse breath sounds with
bilateral crackles were checked. He did not show
remarkable dysmorphic facial features besides
low—set ears and flat nasal bridge. His height was
75.6 cm (—1.96 standard deviation score [SDS],
his weight was 9.4 kg (=2.01 SDS), and head
circumference was 47.2 cm (=0.55 SDS). On
neurologic examination, horizontal supranuclear
gaze palsy was noted. Deep tendon reflex was
normal; bilateral muscle tone was decreased
(grade 4/4) and slightly rigid. He was able to hold

his head while sitting at 5 months, sat without
support at 10 months, and walked with support at
15 months. However, at the age of 18 months, he
could not sit, walk, or speak at all and a global
developmental delay was noted on the Denver
developmental screening test. The laboratory
studies revealed hemoglobin level of 8.8 g/dL,
leukocytes count of 11,880/uL with normal dif-
ferential count, platelet count of 76,000/uL, Pro-
thrombin time (PT) INR of 1.53 (reference range,
0.9-1.2), and ferritin of 2,360.6 ng/mL (reference
range, 20—150 ng/mL). Chest X—ray showed pneu-
monic infiltration on the both perihilar regions. As
the patient continuously showed high fever and
respiratory symptoms over 1 month despite anti-
biotic therapy for pneumonia, he was transferred
to Samsung Medical Center. Based on hepatosple-
nomegaly, bicytopenia, persistent fever, and severe
growth retardation, bone marrow biopsy was per-
formed to rule out malignancy. Bone marrow exa-
mination showed no evidence of malignancy, but
abnormal histiocytes suggesting storage disease
were noted (Fig. 1A, B). We considered lysosomal
storage disease including types 1 and 2 Niemann—
Pick disease as differential diagnosis, but GD was

most strongly suspected considering the patient's

Fig. 1. (A) Bone marrow biopsy showed nodular aggregates of large storage histiocytes (arrow) among hema-
topoietic cells (hematoxylin—eosin, original magnification X400). (B) Bone marrow abnormal histiocytes
(arrow) with a very low N/C ratio abundant pale blue cytoplasm were observed, but subtle striations,
characteristic of Gaucher cells, were not definite (hematoxylin—eosin, original magnification *<1,000).
(C) The mottled bone lesions with cortical thinning were observed in the metadiaphysis of the both

femur and generalized osteopenia.
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clinical features, specifically, supranuclear gaze
palsy. Although Gaucher cell was not detected in
bone marrow examination, we decided to carry
out beta—glucosidase activity assay emergently
and direct sequencing of GBA gene with approval
of the Institutional Review Board (IRB) of Samsung
Medical Center (IRB number, PHO017001) under
prompt clinical impression of GD. The beta—gluco-
sidase activity of peripheral blood leukocytes de-
ceased to 3.5 nmol/hr/mg protein (reference range,
5.1—11.3 nmol/hr/mg protein). Compound hetero-
zygous pathogenic variants, ¢.754T>A (F213D),
c.887G>A (R257Q), in the GBA gene were found
and the parents were heterozygous carriers of
each variant (Fig. 2). These two mutations have
been reported previously in neuronopathic GD.
The skeletal survey revealed generalized oste-
openia with cortical thinning and mottled bone
lesions suggesting impaired remodeling process
in the metadiaphysis of the both femurs (Fig. 10).
Brainstem—evoked response audiometry test re-
vealed bilateral abnormal auditory thresholds (90
dBnHL/100 dBnHL), suggesting profound senso-
rineural hearing loss. Echocardiogram was normal.

As confirmed by GD, the patient immediately started

GBA ¢.754T>A

GGCCAGATACTTTGTGAAGT Reference

[\[\/\/\ ‘ \ \ /\/ [N\ L /\ Forward

lmaifalia

GBA ¢.754T>A
GGCCAGATACTTTGTGAAGT Reference

iy

GBA ¢.754T

Patient
C.754T>A (Het)

Father

754T>A (Het) Ao T Forwaid

N/
A, /\"

GGCCAGATACTTTGTGAAGT Reference

/\ AVAVAVAY.
/| A\ ‘j"l \y\’r/\ /

Mother

L7S4T (H 3
€.754T (Homo) /\ N Forward

il

Reverse

1748 A 2%, pp55~62, 2017 —

ERT with imiglucerase, recombinant human GBA
with the dose of 60 U/kg every 2 weeks. Since
then, the size of spleen was decreased (Fig. 3)
and blood transfusion was not necessary with
improved anemia and thrombocytopenia after a
month of treatment. Irritability possibly caused by
bone pain was alleviated. However, myoclonic
movement and generalized seizure occurred at
the age of 19 months. Brain magnetic resonance
imaging (MRI) revealed non—specific multiple hy-
perintense lesions in both frontal white matter

and an electroencephalography (EEG) showed

right or left central regional sharp wave and spike.

Fig. 3. (A) Hepatosplenomegaly showed in coronal T1
MRI of the abdomen at diagnosis. (B) The spleen
length at the hilum decreased from 16 cm to 12
cm after four months of enzyme replacement
therapy.
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Fig. 2. Genotype analysis revealed compound heterozygous pathogenic variants (c.754T>A, ¢.887G>A) in the GBA gene.
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This EEG is suggestive of focal seizure disorder
arising from right temporal or left fronto—central
area. He started taking antiepileptic drug (levetira-
cetam). The patient underwent gastrostomy and
fundoplication because of frequent vomiting and
swallowing difficulty at the age of 22 months.
Tracheostomy was done because of severe oral
secretion and respiratory difficulty at the age of
24 months. At the last follow—up, 39 month—old,
the patient was slowly growing except for head
circumference. Body measurements at the last
follow—up were as follows: height 94 cm (-0.386
SDS), weight 13.8 kg (—0.674 SDS), head circum-

ference 48.3 cm (=1.11 SDS). After 17 months
of ERT, chitotriosidase activity decreased from
9,810 nmol/h/mL to 3,813 nmol/h/mL (reference
range, 55.21+27.81 nmol/hr/mL), and angiotensin—
converting enzyme decreased from 150 U/L to 74
U/L (reference range, 12—78 U/L) (Table 1, Fig
4). A rhythmic sharp wave was still observed on
the EEG and intermittent background suppression
was also noted. This is suggestive of a severe
diffuse cerebral dysfunction. Even after 17 months
of ERT, despite taking multiple antiepileptic drugs,
the frequency of seizures has increased. He had

been treated with ambroxol (25 mg/kg/day) for 3

Table 1. Changes of the Gaucher Disease Biomarkers During ERT

ERT (months)

Biomarker
0 1 2 8 17
ACE (U/L) 150 150 114.9 117.2 74
Chitotriosidase (nmol/h/mL) 9,810 8,618 6,692 4,897 3,813
Ferritin (ng/mL) 2,682 1,274 683.1 80.4 28.4
Hemoglobin (g/dL) 7.2 11.5 13.6 11.5 11.1
Platelet (10°/uL) 27 85 149 187 159
Abbreviations: ERT: enzyme replacement therapy; ACE: angiotensin—converting enzyme.
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Fig. 4. Treatment with imiglucerase resulted in a gradual decrease of Gaucher disease biomarkers. (A) Angiotension—
converting enzyme; (B) Chitotriosidase; (C) Ferritin; (D) Hemoglobin; (E) Platelet.
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months at the age of 37 months, as one of the
GBA mutation (c.754T>A) is effective to cha-
perone therapy. However, the frequency of sei-

zures did not decrease and muscle rigidity persisted.
Discussion

GD is the first lysosomal storage disorder avail-
able for macrophage—targeted enzyme replace-
ment therapy, and early initiation of ERT may
contribute to a better treatment outcome. We an-
alyzed type 3 GD patient with a genetic back-
ground of neuronopathic GD (compound hetero-
zygous ¢.754T>A, ¢.887G>A mutations) and treated
him from an early age. Our results revealed that
ERT rapidly reverted the patient’s visceral symp-
toms and his quality of life improved, even though
neurological outcomes had a limited effect.

To date, over 200 different GBA mutations
have been reported in the Human Gene Mutation
Database at the Institute of Medical Genetics in
Cardiff (http://www.hgmd.cf.ac.uk/; August 2017).
The mutation varies according to ethnic groups®.
In the Korean patients, the prevalent GBA mutant
alleles are very different from those in the Jewish
and non—Jewish Caucasian, but similar to those
of the Japanese and Chinese groups’ . Particularly,
two mutant alleles found in our patient, c.754T>A
and c.887G>A, are included in the common GBA
mutant alleles in the Korean individual with GD .

According to previous reports on the Korean
GD patients, ¢.754T>A and c.887G>A alleles have
been known to be found in types 2 and 3 GD
patients, respectively. The patient with ¢.754T>A
mutation showed chronic progressive neurologic
symptoms including seizure, lateral gaze impair-
ment, cognitive deficit, and tremor, and most of
them were diagnosed with type 3 GD*”. On the
other hand, ¢.887G>A allele can lead to a more
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severe and acute form of neuronopathic GD. For
instance, Jeong et al. described homozygous c.
887G>A 5—month—old infant with severe clinical
phenotypes diagnosed with type 2 GD”. This
supports the relationship between genotypes and
clinical phenotype of GD. In general, making a
clear distinction between types 2 and 3 is difficult
due to the genetic heterogeneity and overlap of
the age at onset”. In this study, we classified our
patient with type 3 GD rather than type 2, because
the onset of neurological symptoms was the age
of 1 and older (mean age at onset of the type 2
patient was 7 months'?). Moreover, when con-
sidering early manifestation of neurological symp-
toms including supranuclear gaze palsy and gene-
ralized seizure, the patient was finally diagnosed
with type 3a GD.

ERT, hematopoietic stem cell transplantation,
substrate reduction therapy (SRT), and pharma-
cological chaperone therapy (PCT) are currently
being used to treat the patients with GD and the
potential of gene and stem cell therapies have
been investigatedufm. ERT reduces the size of
the liver and spleen, as well as increases hemo-
globin levels, platelet count, and bone mineral

11)

density in the patients with GD" . However, the

efficacy of ERT to improve neurologic symptoms

. 11
was not consistent )

. In our case, ERT rapidly
reverted patient’s visceral symptoms and de-
creased activity of biomarkers that reflected the
burden of disease, such as angiotensin—converting
enzyme (ACE), chitotriosidase, and ferritin. How-
ever, neurological symptoms, including horizontal
gaze palsy and generalized seizure, persisted.
Because tight junctions of the blood-brain barrier
(BBB) block the passage of the ERT drugs, im-
provement in the CNS involvement is limited. PCT
is hypothesized to offer a new strategy for treating

the neurological manifestations. Ambroxol, a com-
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monly used mucolytic agent, has been proposed
LIt

can increase lymphocyte glucocerebrosidase ac-

as a candidate pharmacological chaperonelg)

tivity, permeate the BBB, and decrease glucosyl-
sphingosine levels in the cerebrospinal fluid. The
combination of ERT and PCT should enhance the
effect of ERT, since PCT assists in trafficking of
the endogenous mutant beta—glucosidase out of
the endoplasmic reticulum to lysosomes where
they may have some residual activityw). As our
patient’s genotype (c.754T>A) is a known GBA
mutation in which the chaperone effects of am-
broxol were detected13>, he had been treated am-
broxol (25 mg/kg/day) for 3 months at the age of
37 months. In a study of five patients with neuro-
nopathic GD, Narita et al. reported that PCT with
high—dose oral ambroxol from 6 to 48 months
was well tolerated and effective in the treatment
of neurological manifestations, particularly in myo-
clonus and pupillary light reflex dysfunctionl"”.
However, in this study, there was no change in
neurological symptoms after the treatment of
ambroxol, and further analysis of the treatment
effect is needed.

The large variability in the treatment outcomes
of type 3 GD might arise from the differences in
age to start the treatment. In the literature, Tajima
et al. described 24 Japanese patients with type 3
GD starting ERT from median age of 1.8 years
Olle)

between onset of the disease and the initiation of

. The authors emphasized that the interval

the treatment might have affected disease prog-
nosis. More recently, Ni—Chung et al. reported 7
early—treated type 3 GD patients, and their median
', The

results revealed that early initiation of ERT de-

age at treatment initiation was 2.1 years14

creased somatic burden of the patients, such as
hematological impairment and hepatosplenomegaly.

This fact suggests that prompt initiation of ERT
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of type 3 GD patients is effective for the life—
threatening hematologic, visceral, and skeletal
symptoms of the disease and improves mortality
and modality. In our study, although neurological
outcomes showed a limited effect, the frequency
of transfusion significantly decreased, and irrit-
ability caused by bone pain was alleviated after
early initiation of ERT. Therefore, early diagnosis
and ERT should be recommended for type 3 GD
considering patient’s quality of life.

In conclusion, this study describes the clinical
course of type 3 GD patients who underwent prompt
initiation of ERT and emphasizes awareness of GD
for early diagnosis. Moreover, considering the high
proportion of the neuronopathic GD in the Korean
population, investigations into new therapeutic
strategies targeting the nervous system are re-

quired.
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