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From diagnosis to treatment of mucopolysaccharidosis
type VI: A case report with a novel variant, c.1157C>T
(p-Ser386Phe), in ARSB gene

Sukdong Yoo", Jun Lee"™, Minji Kim"”, Ju Young Yoon", and Chong Kun Cheon*
Division of Medical Genetics and Metabolism, Department of Pediatrics, Pusan National University Children’s Hospital, Yangsan, Korea

Mucopolysaccharidosis type VI (MPS VI) is an autosomal recessive lysosomal disorder caused by the deficiency of arylsul-
fatase B due to mutations in the ARSB gene. Here, we report the case of a Korean female with a novel variant of MPS VI.
A Korean female aged 5 years and 8 months, who is the only child of a healthy non-consanguineous Korean couple, pre-
sented at our hospital for severe short stature. She had a medical history of umbilical hernia and recurrent otitis media. Her
symptoms included snoring and mouth breathing. Subtle dysmorphic features, including mild coarse face, joint contracture,
hepatomegaly, and limited range of joint motion, were identified. Radiography revealed deformities, suggesting skeletal dys-
plasia. Growth hormone (GH) provocation tests revealed complete GH deficiency. Targeted exome sequencing revealed
compound heterozygous mutations in the ARSB genes c.512G>A (p.Gly171Asp; a pathogenic variant inherited from her
father) and c.1157C>T (p.Ser386Phe; a novel variant inherited from her mother in familial genetic testing). Quantitative tests
revealed increased urine glycosaminoglycan (GAG) levels and decreased enzyme activity of arylsulfatase B. While on en-
zyme replacement therapy and GH therapy, her height increased drastically; her coarse face, joint contracture, snoring, and
obstructive sleep apnea improved; urine GAG decreased; and left ventricular mass index was remarkably decreased. We
report a novel variant—c.1157C>T (p.Ser386Phe)—of the ARSB gene in a patient with MPS VI; these findings will expand our
knowledge of its clinical spectrum and molecular mechanisms.
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Introduction

Mucopolysaccharidosis type VI (MPS V1), also known as Ma-
roteaux-Lamy syndrome (OMIM #253200), is a rare lysosomal
storage disorder caused by deficient activity of V-acetylgalac-
tosamine-4-sulfatase or arylsulfatase B [1]. Mutations in the
ARSB gene, located on chromosome 5q13-14, cause reduced or
absent enzymatic activity, leading to progressive accumulation
of glycosaminoglycans, mainly dermatan sulfate and chon-

droitin 4-sulfate, in multiple organs and tissues [1]. MPS VI is
progressive, multisystemic disorder characterized by coarse fa-
cial features, dysostosis multiplex, short stature, cardiovascular
and respiratory impairment, ocular abnormalities, and dermal
thickening [1]. Rate of disease progression is widely varied from
the rapidly progressing phenotype with the early onset usually
before the age of 2 years to the slowly progressing phenotype
with a slower clinical course and fewer systemic involvements
[1].In 2011, the estimated incidence of MPS VI ranged from 0.36
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to 1.30 per 100,000 live births [2]. In Korea, a unique case report
of three patients with MPS VI has been documented [3].

In this study, we report a case of MPS VI with a novel variant in
a Korean patient.

Case

A Korean female aged 5 years and 8 months, who is the only
child of a healthy, non-consanguineous Korean couple, visited
our hospital because of her severe short stature (-2.66 of height
z-score). Her developmental milestones and intelligence level
were normal. She had a medical history of umbilical hernia
and recurrent otitis media. Her parents complained about her
snoring, mouth breathing, and intermittent sleep apnea. Subtle
dysmorphic features, such as mild coarse face, joint contracture,
hepatomegaly (one finger breadths), and limited range of joint
motion, were observed. Radiographic images showed deformi-
ties, which was suggestive of skeletal dysplasia include the fol-
lowing: metaphyseal fraying and widening of multiple bones;
short, broad, irregular shaped metacarpal and metatarsal bones;
genu valgum; deformed configurations in distal radius and ulna;
poorly developed acetabulum and femoral head deformity;
and malformation of thoracolumbar vertebral body (Fig. 1A-F).

Growth hormone (GH) provocation tests revealed a complete
GH deficiency. Initially, targeted exome sequencing (TES) was
performed because skeletal abnormalities, such as MPS, were

suspected, and the result revealed a compound heterozygous
mutation of the ARSB gene, ¢.512G>A (p.Gly171Asp), which
was a pathogenic variant reported previously [3] inherited
from the father, and c.1157C>T (p.Ser386Phe), which was a
novel variant inherited from the mother. The ¢.1157C>T variant
was predicted to be damaging and disease-causing by Poly-
phen-2 (score 0.989) (http://genetics.bwh.harvard.edu/pph2)
and mutationTaster (score 0.999) (http://www.mutationtaster.
org). Urine glycosaminoglycan (GAG) was elevated at 55.8 mg/
mmol Cr (reference range: <8.0 mg/mmol Cr), as revealed by the
quantitative test. Liquid chromatography with tandem mass
spectrometry (LC-MS/MS) assay for MPS through a dried blood
spot revealed decreased arylsulfatase B activity (0.06 uM/h;
reference, >3.45 uM/h). The functional independence measure
showed a decreased score of 105/126, and minimal to maximal
assistance was required when she tried to dress and bath. Hand
movements, such as opening a cap or bag, were particularly
challenging. Range of motion of the upper extremities was
mildly limited in the shoulders, elbows, forearms, wrists, and
fingers. Echocardiography revealed trivial mitral regurgitation
and increased left ventricular mass index (LVMI). Volume of the
liver and spleen was not increased in abdominal computed to-
mography (CT). Brain CT revealed diffuse cortical bone thicken-
ing, abnormal J-shaped sella turcica, and craniocervical junction
narrowing, which was compatible with dysostosis multiplex (Fig.
1G). Ophthalmologic examination revealed corneal opacities.

Fig. 1. Radiologic images of patient. Me-
taphyseal fraying and widening of meta-
carpal and metatarsal bones, distal ulnar
metaphysis, distal femur, and proximal
tibia (yellow arrow). (A, B) Short, broad, ir-
regular metacarpal and metatarsal bones.
(C) Genu valgum was noted in both knees.
(D) deformed configurations in distal radius
and ulna (red arrowhead). (E) Hip dysplasia
including poorly developed acetabulum
(dashed arrow) and deformity of both
femoral head (black arrowhead). (F) Mal-
formation of thoracolumbar vertebral body.
(G) Brain computed tomography showed
diffuse cortical bone thickening, abnormal
J-shaped sella turcica (*), and narrowing
of craniocervical junction (blue arrow).
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Fig. 2. Height progression of patient. Growth charts for the rapid
progressing mucopolysaccharidosis (MPS) VI was used. The black
and green lines are growth curves for the slowly progressing MPS VI
population and Centers for Disease Control and Prevention reference
curves for normal population, respectively. Red dots show our patient’s
growth curve. ERT, enzyme replacement therapy; GHT, growth hor-
mone therapy. Adapted from the article of Quartel A et al. (JIMD Rep
2015;18:1-11) [15].

Polysomnography showed severe obstructive sleep apnea, and
tonsillar adenoidectomy was recommended by an otolaryngol-
ogist. GH therapy began first at the age of 6 years, and enzyme
replacement therapy (ERT) with 1 mg/kg/week of galsulfase was
commenced at the age of 6 years and 8 months. While on ERT
and GH therapy for 1 year, her height z-score increased drasti-
cally from -2.41 to -1.93 (Fig. 2); her coarse face, joint contrac-
ture, snoring, and obstructive sleep apnea improved; urine GAG
decreased: and LVMI decreased remarkably (Table 1) [4-6]. At the
age of 7 years and 9 months, she complained of intermittent
episodes of tingling sensation in her hand, and a nerve conduc-
tion study revealed lesions in both median nerves, suggesting
carpal tunnel syndrome. She underwent a carpal tunnel release
operation at the age of 7 years and 10 months. Although genu
valgum is under follow-up, surgery was not required yet. She
continued to receive ERT and GH therapy.

Discussion

This case report discusses the fourth MPS VI patient in Ko-
rea, wherein a novel variant was identified in the patient. The
disorder is transmitted in an autosomal recessive manner and

Table 1. Comparison of clinical findings before and after enzyme re-
placement therapy (ERT)

Variable Before ERT 1 year after ERT
Age (y) 6.6 7.6
Height z-score —2.41 -1.93
Weight z-score —-0.66 -1.13
Body mass index z-score 0.88 —-0.16
Urine GAG (mg/mmolCr) 55.8 154
Joint contracture Yes Improved
6-minute walking test (m) 450 524
Pulmonary function test (%)
FVC 111 98
FEV1 101 87
FEV1/FVC 78 79
FEF25-75 57 56
Heart
Valvular heart disease Trivial MR Trivial MR and mild
No AR Thickening of posterior
leaflet of mitral valve,
trivial AR
LVM (g)* 62.1 (36.9-72.1) 42 (36.9-72.1)

LVMI (g/height?"y*
Volume of organ”

Liver (mL)° 477 (507.2-686.4) 624 (568.3-734.2)

Spleen (mL)° 83 (100-168) 93 (96-174)

Values are presented as number only or number (reference range).
*Reference range (10th-95th percentile) of LVM and LYMI was cited from
article of Khoury et al. [4].

*The volume of liver and spleen was measured by computed tomography
scan.

‘Reference ranges of volume of liver and spleen were cited from articles of
Yang et al. [5] and Prassopoulos and Cavouras [6].

GAG, glycosaminoglycan; FVC, forced vital capacity; FEV1, forced expira-
tory volume in one second; FEF25-75, forced expiratory flow at 25-75% of
the pulmonary volume; MR, mitral regurgitation; AR, aortic regurgitation;
LVM, left ventricular mass; LVMI, LVM index.

52.4(23.2-435) 291 (23.2-43.5)

is caused by mutations in the ARSB gene, which is located on
chromosome 5q13-14, contains 8 exons, and spans approxi-
mately 206 kb [7]. Since the ARSB gene was first identified, 197
different mutations have been described in patients with MPS
VI (the Human Gene Mutation Database Professional, QIAGEN,
Redwood City, CA, USA) 2021.2 [http://www.hgmd.org]), which
include 147 missense/nonsense mutations, 24 small deletion
mutations, 11 splicing mutations, 7 gross deletion mutations, 6
small insertion mutations, and 2 small indel mutations. Although
phenotype-genotype correlations are yet to be elucidated in
MPS VI [7], a previous study showed that clinical severity ranged
from slow to rapid progression associated with mutations [1].
In addition, a few mutations are known to be related to specific
features such as osteoarticular phenotype in Y210C mutation
and cardiac phenotype in R152W mutation [1]. In the present
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Table 2. Genotype and clinical manifestations of mucopolysaccharidosis VI in Korea

Our case P1? p2* P3*
Sex Female Male Female Female
Chief complaint at initial Short stature Corneal opacity Coarse face, joint stiffness, ~ Short stature, coarse face,
presentation kyphosis, growth retardation corneal opacity,
multiple joint stiffness
Age at diagnosis (yr) 6.5 4 2 24
Age at start of ERT (yr) 6.7 6 15.8 27

0.1 (RR: 12-39 pmol/
min mg protein)

8.1 (RR: 1.5-21 pmol/
min mg protein)

28 (RR: 115-226 nmol/

Enzyme activity
hr mg protein)

0.06 (RR>3.4 uM/hr)

Mutation ¢.512G>A (p.Gly171Asp) ¢.200T>G (p.lle67Ser) ¢.571C>T (p.Arg191%) ¢.512G>A (p.Gly171Asp)
c1157C>T (p.Ser386Phe)  ¢.982G>A (p.Gly328Arg)  ¢.1054G>A (p.Asp352Asn) (homozygous)
Urine GAG level at start of ERT 55.8 (RR<8) 375.9 (RR<175) 92.2 (RR<85) 83.7 (RR<85)
(mg/mmol Cr) (CPC unit/g Cr) (CPC unit/g Cr) (CPC unit/g Cr)
6-12 Minutes of walking 6 min 12 min 12 min
Baseline (m) 450 436 425 ND
Follow-up (m) 524 1él 725 ND
Limitation of ROM + + + +
Orthopedic surgery + + - -
Ophthalmology surgery - - + -
Clinical phenotype
Coarse face + + + +
Short stature + + + +
Corneal opacity + + + +
Edematous optic disc - - - +
Hearing impairment - - + +
Valvular heart disease MR, AR AS, AR, MS, MR, TR AR, MS, MR, TR, PR AS, MR
Restrictive lung disease - + + +
Hepatomegaly + - - +
Dysostosis multiplex + + + +
Kyphoscoliosis - + + +
Joint contracture + Elbow, hip, knee Hip, knee Elbow, wrist, knee
Genu valgum + - - -
Carpal tunnel syndrome + + + +
Spinal cord compression - + + +
Treatment ERT ERT BMT, ERT ERT

P1, P2, and P3 were referred from the article of Wichajarn K et al. (J Korean Soc Inherit Metab Dis 2016;16:24-33) [3].
+, presented in case; —, not presented in case. ERT, enzyme replacement therapy; RR, reference range; GAG, glycosaminoglycan; ND, not done; ROM,
range of motion; MR, mitral regurgitation; AR, aortic regurgitation; AS, aortic stenosis; MS, mitral stenosis; TR, tricuspid regurgitation; PR, pulmonaryr re-

gurgitation; BMT, bone marrow transplantation.

study, a novel variant—c.1157C>T (p.Ser386Phe)—was identified
using TES.

This variant was neither found in EXAC nor 1000G databases.
The p.Ser386 residue is completely conserved across multiple
species and is close to the glycosylation site (location 366). An-
other variant, c.512G>A (p.Gly171Asp), identified in the patient,
was previously reported in the case of P3 (Table 2) with homo-
zygote allele carriers who presented with short stature, coarse
face, corneal opacity, and stiffness in multiple joints.

Despite the effectiveness of ERT in MPS VI patients, unmet
needs still exist. Horovitz et al. [8] reported that early initiation
of ERT may not fully prevent poor outcomes, including hearing
loss, corneal clouding, skeletal, cardiologic, and nervous symp-
toms. In the present study, clinical symptoms including coarse
face, joint contracture, snoring, and obstructive sleep apnea
were improved after ERT; and urine GAG was decreased. In ad-
dition, one year of ERT did not prevent the progression of carpal
tunnel syndrome and genu valgum in the patient.
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In our patient, LVMI was remarkably decreased, but heart valve
regurgitation did not improve despite ERT, which was similar to
the cases of P1, P2, and P3 (Table 2). In a retrospective study of
cardiac involvement of MPS VI in 44 patients aged from 0 to 42
years (mean 6.7 years) [9], the prevalence of LV hypertrophy was
reported 53.3% in male and 27.3% in female. In the same study,
LV remodeling was improved in three out of eight and LV hyper-
trophy was improved in four out of eleven after a mean follow-
up of 5.9 years on ERT.

Interestingly, our patient was diagnosed with GH deficiency
and MPS VI. To date, only one patient with MPS VI and GH de-
ficiency has been reported [10]. Whether GAG accumulation
in the brain interferes with GH releasing hormone secretion
from the hypothalamus is not known [10]. In general, the short
stature in MPS VI patients is due to abnormal GAG deposition,
resulting in impaired cellular function in skeletal development.
Growth plates are particularly sensitive to the accumulation of
partially degraded GAGs such as dermatan sulfate and chon-
droitin sulfate, which subsequently leads to short bones and
growth plate disorganization [11]. Regarding the effectiveness
of ERT on height in patients with MPS VI, several studies have
shown partially positive results. Horovitz et al. [8] reported an
average height gain of 3.1+1.2 cm/yr after early ERT. Decker et
al. [12] reported that in a study of 56 MPS VI patients (age, 5-29
years), the mean height increased by 2.9 cm and 4.3 cm after 48
and 96 weeks of ERT, respectively. However, the long-term effect
of GH treatments on growth is unknown, and only limited cases
of GH therapy in MPS VI have been reported to date [13,14].
Cattoni et al. [13] reported an average increase in height veloc-
ity z-score of +4.23+2.9 and +4.55+0.96 after 6 and 12 months
of GH treatment, respectively. Polgreen and Miller [14] reported
that growth velocity increased from 2.3 cm/yr to 5.9 cm/yr after
1 year of GH treatment. In the present study, she gained a height
of 7.5 em/yr with combined ERT and GH therapy, a height veloc-
ity faster than that of healthy children (Fig. 2) [15]. In this regard,
the efficacy of the combination of ERT and GH therapy needs to
be investigated in well-organized studies.

We describe a Korean patient with an MPS VI diagnosis and a
novel missense mutation, ¢.1157C>T (p.Ser386Phe), in the ARSB
gene. This finding will provide more information for genetic
counseling and expand our understanding of the clinical spec-
trum and development of MPS V.
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