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Abstract

BACKGROUND

Gaucher disease (GD) is caused by a GBA1 gene mutation that leads to decreased acid
B-glucosidase activity [glucocerebrosidase (GCase)]. This study aimed to identify and

characterise compound heterozygous mutations in GBA1 in a patient with type 1 GD.

CASE SUMMARY

Here, we report a rare adult-onset type 1 GD in a 46-year-old female patient with
clinical manifestations of giant spleen, thrombocytopenia, and bone pain, diagnosed by
enzymatic and genetic testing. Enzymology and whole exome sequencing revealed
heterozygous missense mutations in exon 10 ¢.1448T>C (p.L483P) and exon 7 c.928A>G
(p-S310G) of GBAIl. The latter was first reported in patients with GD. Structural
modelling showed that p.5310G and p.L483P were distant from the GCase active site.
The p.S310G mutation in domain 1 may decrease stability between the a2 and a3 helices
of GBA1. The p.LA483P mutation in domain 2 reduced the van der Waals force of the side
chain and disrupted the C-terminal p-sheet. The patient was treated with imiglucerase

replacement therapy, and her condition was stable.

CONCLUSION
The p.L483P/p.S310G novel compound heterozygous mutation underlies type 1 GD
and likely affects GCase protein function. This is the first description of p.S310G being

associated with mild type 1 GD in the context of a coinherited p.L483P mutation.
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Core Tip: We report a rare adult-onset type 1 GD patient in a 46-year-old female with
clinical manifestations of giant spleen, thrombocytopenia, and bone pain, diagnosed by
enzymatic and genetic testina Using enzymology and whole exome sequencing, it is
indicated that heterozygous missense mutations in exon 10 ¢.1448T>C (p.LﬁBP) and
exon 7 c.928A>G (p.S310G) of GBA1. The latter was first reported in GD. Structural
modeling showed that p.S310G and p.L483P are far away from the glucocerebrosidase
active site. The p.S310G mutation in domain 1 could cause decreased stability between
the a2 and a3 helices of GBA1. The p.L483P mutation in domain 2 could reduce the van
der Waals force of the side chain and disrupt the C-terminal-sheet. The patient was

treated with imiglucerase replacement therapy, and her condition was basically stable.

TRODUCTION

Gaucher disease (GD) is a rare autosomal recessive hereditary lysosgmal storage
disease with a global incidence of approximately 0.4/100000-5.8 /1000000 It arises from
GBAl1 gene mutations, resulting in the accumulation of glucosylceramide in the
reticuloendothelial system, leading to anaemia, low platelet counts, and damage to the
liver and spleen. GBA1 (RefSeq: NG_009783.1) located at chromosome 1g21, spans 7.6
kb with 11 exons. There are 459 reported GBA1 mutations, including point mutations,
splicing, insertions and deletions, frameshift mutations, and recombination alleles;
however, not all are pathogenicl?l. GD is heterogeneous and is classified into three types
based on neurological severityP®4l. In type 1, neuronal features are not observed, and
patients can be asymptomatic and present at any agel5.. Both type 2 and 3 GD have
neurological involvement and are present in infancy, but only type 2 GD results in early
death.

Surprisingly, in vitro expression experiments have demonstrated that these GBAI
mutations are relatively stable and activel®”l. In vivo, glucocerebrosidase (GCase) is
synthesised in the rough endoplasmic reticulum (ER) and then transported to the

lysosome. GBA1 mutations cause GCase to exit the ER and are destroyed by the
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ubiquitin-proteasome systemlsl. Thus, GD patients have reduced amounts of acid f-
glucosidase (GCase) in their lysosomes.

The current study examined the aetiology of type 1 GD in an adult female patient and
found double heterozygosity for c.1448T>C (p.L483P) and c.928A>G (p.S310G)
mutations in GBAI1. The p.L483P mutation is common in Asian populations, and
homozygous p.L483P mutations result in a severe GD phenotype with neurological
manifestations and early deathl’]. The patient with the heterozygous mutation
p.L483P/p.S310G had a milder phenotype and did not have clinical GD symptoms until
adulthood. The p.S310G mutation has only been reported in Parkinson’s disease (PD)I01.
However, its molecular pathogenesis remains unclear. In the current study, the effects
of p.L483P/ p.S310G on the clinical manifestations of GCase and GD were preliminarily

explored through gene diagnosis and protein structure analysis.

CASE PRESENTATION

Chief complaints
A 46-year-old Chinese woman was admitted to the hospital in December 2019 because
of progressive enlargement of the spleen for more than 3 years and a progressive

decrease in platelet count for more than 9 mo.

Histﬁ‘y of present illness

The patient presented with asymptomaticnc:plenomegaly (ultrasound: Spleen length, 154
mm; width, 41 mm) in December 2016. In December 2018, the patient complained of
persistent right hip joint pain without mobility problems. Radiographic studies did not
reveal significant hip joint or femoral abnormalities. In March 2019, a review ultrasound
revealed an enlarged spleen (length, 153 mm; width, 57 mm) and thrombocytopenia (52
x 10°/L). In November 2019, another ultrasound showed continuous spleen
enlargement (length, 249 mm; width, approximately 66 mm) and further decreased

platelet count (40 x 10?/L).
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History of past illness

She was hepatitis B surface antigen-positive in December 2016.

Personal and family history

Except for her mother’s PD diagnosis, her family history was insignificant.

Physical examination
Megasplenomegaly was noted 18 cm below the ribs, the liver was not palpable under

the ribs, and the nervous system examination was normal.

Labomtoréexaminations

Complete blood counts showed white blood cells 3.59 x 10?/L [normal: (4-10) x 109/L],
haemoglobin 102 g/L (normal: 110-160 g/L), and platelets 34 x 10°/L [normal: (100-300)
x 10°/L]. Bone marrow cytomorpholggical examination revealed that Gaucher-like cells
accounted for 4.4% (Figure 1). The GCase activity of the peripheral blood leukocytes
was 3.8 nmol/(mg h) (reference range: 10-25 nmol/mg- h). The GBA1 gene test showed
heterozygous mutations c.1448T>C (p.L483P)/c.928A>G (p.S310G) (Figures 2 and 3).
The patient was diagnosed with GD (type 1). The father was a p.L483P heterozygous
carrier, and the mother was a p.S310G heterozygous carrier. The younger sister did not
harbor any mutations. Predictions made by PolyPhen-2, SIFT, and MutationTaster
suggested that the p.L483P and p.S310G mutations might be pathogenic. ﬁccord'mg to
the American College of Medical Genetics and Genomics guidelines!'!], p.L483P was

evaluated as a pathogenic variant, and p.S310G was probably a pathogenic variant.

aging examinations
Bone mineral density testing of the thoracolumbar and bilateral hip joints revealed
decreased bone mineral density; computed tomogrihy showed bilateral hip joint

changes; and magnetic resonance imaging showed an @bnormal signal in the medullary

5/10




cavity of the lower segment of the right femur, bone infarction, and abnormal signal in
the medullary cavity of the left lower femur.

1

Protein structure analysis

GCase belongs to the GH30 family of glycoside hydrolases. In contrast to the traditional
three-domain classification method, domains I and II were reclassified as domain 2, and
domain III was classified as domain 1112131, The GCase protein contains two domains, in
which the active sites, E274 and E379, are located in the B-folded plates 34 and 7 of
domain 1. The mutation point p.S310G was located in a-helix a4. However, it appears
to be closer to E274 in the secondary structure. In the three-dimensional structure,
p.S310G was located at the bottom of a4 and E274 at the top of p4. The distance between
the two was relatively large. The mutation point p.L483P was located at the (-pleated-
sheet Bs6 in domain 2, which was far away from the two active centres. Therefore, being
far away from the GCase active centres, the mutation points p.S310G and p.L483P were
predicted not to have a significant impact on the catalytic properties of the protein.

The p.S310G mutation is located in a-helix a4. In the wild type, the C-p atom of the
side chain of the Ser residue formed a van der Waals force with the C-y2 atom of the
Val253 side chain and the C atom of the Leu307 main chain. In addition, the N atom of
the Ser residue main chain formed a hydrogen bond with a length of 3.5 Aand 32 A
with the O atom of the Thr306 and Leu307 main chains, respectively; the O atom of the
main chain formed a hydrogen bond with a length of 3.3 A with the N atom of the
His313 main chain. After Ser310 was mutated to Gly310, the hydrogen bond of the main
chain remained, while the van der Waals force formed by the side chain and
surrounding residues disappeared. The p.S310G mutation weakened the force between
this point and Val253, which is located above the a helix a3, therefore might affect the
stability between a2 and a3 (Figure 4).

p.L483P was located in the loop region connecting 3s5 and Ps6 (near Ps6). In the wild
type, the side chain of Leu483 formed abundant van der Waals forces with the

surrounding residues. The C-81 atom of its side chain could form van der Waals forces
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with the C-62 atom of Leul04, C-yl atom of Val499, C-y1 atom of Val507, and C-62
atom of Leu509, and the C-62 atom could form van der Waals forces with C-y atom of
Asn501 and C-f3 atom of Ser523. Those van der Waals forces were formed because of the
interactions between the side chains. When Leu483 mutated into Pro483, the N-Ca
rotation of Pro was bound by the pyrrolidine ring in its structure, thereby having less
conformational freedom. This structure limited the diversity of its spatial conformation,
especially in the loop region. The existence of Proline could help stabilise the loop
region, which was originally more flexible. Therefore, theoretically, the p.L483P
mutation located in the loop region should have enhanced the stability of this region.
However, owing to side chain changes, the original 6 van der Waals forces were
reduced to 3, and the retained van der Waals forces were formed between C-y of Pro483
and C-02 of Leul104 and C-y1 of Val507 and one between C-f3 and C-y1 of Val499. Thus,
it can be seen that the introduction of Pro stabilised the conformation of the loop region,
but the reduced van der Waals forces of the side chain might also affect the function of

the protein structure (Figure 5).

FINAL DIAGNOSIS
GD (type 1).

TREATMENT
In January 2020, imiglucerase was administered intravenously (45 U/Kg, once every 2

wk).

UTCOME AND FOLLOW-UP

1

The bone pain was relieved, the blood routine was rechecked several times, and the
platelet count was continuously lower than 30 x 10°/L. No significant improvement

was observed in the spleen size.

DISCUSSION
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GD is a rare inborn metabolic error secondary to GBAI gene mutations that leads to
reduced GCase activity. The substrate glucocerebroside (also known as glucose
ceramide) accumulates in the macrophage lysosomes to form Gaucher cells. Gaucher
cells accumulate widely in the liver, spleen, bones, lungs, brain, and other tissues and
organs, resulting in the progressive worsening of dysfunction. Based on different
clinical manifestations, GD can be divided into three types, of which type 1 (non-
neuropathic) is the most common, accounting for approximately 95% of casesll. GD can
occur at all ages with widely varying clinical manifestations. No primary central
nervous system involvement is found in type 1 GD, and enzyme replacement therapy is
the main treatment.

A previous study suggested that GBAI mutations are closely associated with PDI].
Carriers of GBAI gene mutations, such as p.N370S and p.L483P, were found to increase
the risk of PD disease by 2.16 times, with the characteristics of early-onset age and
declined cognitive ability. A possible pathogenic mechanism is that these mutations
increase a-synaptic nucleoprotein aggregationl!518l. The coexistence of p.L483P with
recombinant alleles, splice variants, or known severe missense alleles, such as p.D488H
and p.R159W, has been reported to commonly lead to neuronopathic GD. When
coexisting with mild mutations, such as p.N409S and p.P305A, it manifests as non-
neuronopathic GDPl, pl483P has long been considered a serious pathogenic
mutation; however, p.L483P has been reported to be associated with delayed onset of
neurological symptoms in type 3 patients with Japanese patients!?l, which may be
related to the possible genetic heterogeneity among different ethnic groups. Enzyme
replacement therapy can significantly improve haematological and other systemic
symptoms in patients with type I GD, but its efficacy in patients with type 3 GD
remains controversial. It has been reported in the literature that some type 3 patients
developed symptoms of nervous system involvement after a median treatment period
of 7.6 years[?ll. In this study, the patient was treated with imiglucerase for 2 years, the
platelet count continued to fail to recover, and the splenomegaly did not improve

significantly. The proband with type 3 GD is the most common pathogenic mutation,
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p.L483P, and her mother carries the p.S310G mutation, which has been confirmed to be
a patient with PD. Therefore, this proband is a high-risk patient for PD and should be
aware of the combination of neurological symptoms. The p.S310G mutation has only
been reported in PD, and to the best of our knowledge, this is the first report of this
mutation in patients with GD. However, its molecular mechanism of action and
significance in GD remain unclear. In our patient with type 1 GD, the p.L483P mutation
alone was not sufficient to result in the GD phenotype, suggesting that the p. S310G
mutation contributed to the manifestation of type 1 disease.

In this study, to further understand the significance of p.L483P/p.S310G compound
heterozygous mutations in GD, GCase protein structure analysis was conducted to
probe the pathogenic Cﬁaracteristics of p.L483P /p.S310G mutations at the protein level.
GCase belongs to the glycoside hydrolases GH30 family. The GH30 protein structure
was first defined in 20101"%. Based on the overall characteristics of GH30 family
proteins, this study digided the GCase protein into two domains. GBA1 mutations can
significantly influence the structure and function of the protein, including reducing the
stability of domgin III, premature termination of translation, and interference with
catalytic activityl2-24l. Protein structure simulation revealed that p.L483P and p.S310G
mutation points were far from the GCase active centre, suggesting that they should
have little effect on the catalytic properties of the GCase protein. This also conformed to
the patient’s late-onset age with a mild clinical phenotype. Located in domain 2, the
p.L483P mutation is believed to affect the structure and function of the protein by
reducing van der Waals forces of the side chain. Earlier studies have suggested that the
p.L483P mutation could lead to decreased enzymatic activity!®!], affect the catalytic
activity of GCasel?®, disrupt the hydrophobic core and domain folding!"”l, or alter
protein stability by reducing intramolecular hydrogen bonding[?. Our study is
different from the previous study, which further enriches the understanding of the
impact of the L483P mutation on the protein structure. In this study, we demonstrated

the first observed influence of the p.S310G mutation on the GCase protein. The p.S310G
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mutation in domain 1 could decrease the stability between a2 and a3 of the a-helix of

the GCase protein, thus affecting the function of the GCase protein.

CONCLUSION

The current study verified that the p.L483P/p.S310G novel compound heterozygous
mutation was the cause of GD. This mutation caused the disease probably by
interfering with the biological function of the GCase protein. A follow-up study will be

performed to assess the risk of developing PD in patients with the p. L483P variant.
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