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Mucolipidosis Il (ML 1) or inclusion cell disease (I-cell disease) is a rarely
occurring autosomal recessive lysosomal enzyme-targeting disease.
This disease is usually found to occur in individuals aged between 6
and 12 months, with a clinical phenotype resembling that of Hurler
syndrome and radiological findings resembling those of dysostosis
multiplex. However, we encountered a rare case of an infant with ML
[l who presented with prenatal skeletal dysplasia and typical clinical
features of severe secondary hyperparathyroidism at birth. A female
infant was born at 37" weeks of gestation with a birth weight of
1,690 g (<3rd percentile). Prenatal ultrasonographic findings revealed
intrauterine growth retardation and skeletal dysplasia. At birth, the
patient had characteristic features of ML II, and skeletal radiographs
revealed dysostosis multiplex, similar to rickets. In addition, the patient
had high levels of alkaline phosphatase and parathyroid hormone,
consistent with severe secondary neonatal hyperparathyroidism. The
activities of B-D-hexosaminidase and a-N-acetylglucosaminidase were
moderately decreased in the leukocytes but were 5- to 10-fold higher
in the plasma. Examination of a placental biopsy specimen showed
foamy vacuolar changes in trophoblasts and syncytiotrophoblasts. The
diagnosis of ML Il was confirmed via GNPTAB genetic testing, which
revealed compound heterozygosity of c.3091C>T (p.Arg1031X) and
€.3456_3459dupCAAC (p.lle1154CInfsX3), the latter being a novel
mutation. The infant was treated with vitamin D supplements but
expired because of asphyxia at the age of 2 months.
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Introduction

Mucolipidosis II (ML II), which is also called inclusion cell

disease (I-cell disease), is an autosomal recessive disorder due to
deficiency of uridine diphosphate-N-acetylglucosamine: lysosomal

enzyme N-acetylglucosamine-1-phosphotransferase (GlcNAc-1-
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phosphotransfer-ase)”. This enzyme is involved in the first step of
synthesis of the mannose 6-phosphate signal, which allows specific
targeting of lysosomal acid hydrolase from the trans-Golgi network
to lysosomes™ . The lack of this enzyme precludes the generation of
the common phosphomannosyl recognition marker of lysosomal
enzymes"”"”. Consequently, newly synthesized lysosomal enzymes
are secreted into the extracellular space rather than targeted to the
lysosomes. Thus, affected lysosomes are secondarily deficient in most
acid hydrolases' and are unable to degrade some macromolecules.
In contrast, plasma levels of lysosomal hydrolases are high'”. The
resulting lysosomal storage, which was first reported in cultured
fibroblasts™'?, is seen as cytoplasmic inclusion bodies, particularly in
mesenchymal cells, hence the term I-cell discase'>"”

ML II was first recognized as a distinct entity in 1967 and was
described as a Hurler-like disorder”. However, it has a more severe
phenotype than that of Hurler disease with marked skeletal dysplasia,
significant psychomotor retardation, and death within the first decade
of life""”. The diagnosis is established by detection of markedly
elevated activities of lysosomal enzymes in the serum and/or low
activities of lysosomal enzymes in fibroblasts. Characteristic inclusions
can be observed in cultured fibroblasts under light microscopy”'®.
This disease is caused by GlcNAc-phosphotransferase a/3-subunits
precursor gene (GNPTAB) mutations'”, which are associated with
complete loss of GIcNAc-1-phosphotransferase activity™”.

ML II usually presents between 6 and 12 months of age with a
clinical phenotype resembling that of Hutler syndrome and a radiolo-
gical picture of dysostosis multiplex'**"*?. However, we recently
encountered a rare case of ML I in which the patient exhibited intrau-
terine skeletal abnormalities and typical clinical features with severe

secondary hyperparathyroidism at birth.

Case report

1. Prenatal history

A 29-year-old woman visited the obstetrics clinic at Seoul National
University Hospital for a prenatal screening ultrasound at 28" weeks
of gestation. The mother reported no specific history of medication
or illness except hypertension. Ultrasound findings indicated
intrauterine growth retardation and skeletal dysplasia. Oligohydram-
nios was not present. Amniocentesis was conducted at 31" weeks.
Chromosomal analysis revealed a 46, XX karyotype, and the result of

the achondroplasia gene study was negative.

2. Present illness
A female infant was born at 37" weeks of gestation by vaginal

delivery. At birth, she did not cry immediately, and her heart rate was

less than 100 beats/min. Her respiratory condition improved after positive
pressure ventilation for a few minutes, and she was transferred to the
Neonatal Intensive Care Unit without O, supplementation soon
thereafter. Apgar scores were 5 at 1 minute, 6 at 5 minutes, and 7 at

10 minutes after birth.

3. Physical examination

Atbirth, she was noted to be small for her gestational age with a birth
weight of 1.69 kg (<3rd percentile); birth length, 45 cm (3rd to 10th
percentile); and head circumference, 29 cm (<3rd percentile). She had
coarse facial features, such as a flat midface, broad and depressed nasal
bridge, long philtrum, prominent mouth, and gingival hypertrophy.
'The shallow orbits, thick skin, and full cheeks contributed to the ap-
pearance of deep infraorbital creases (Fig. 1). Skeletal abnormalities
such as claw hands, short upper extremities, arthrogryposis of both
wrists, contracture of both hip and knee joints, bowing of both tibiae,
and clubfeet were observed (Fig. 2). In addition, she had thickened
skin and thin, golden-colored hair.

4. Radiographic findings

The skeletal radiographs revealed dysostosis multiplex and were
similar to findings in rickets. A skull radiograph revealed under-ossifi-
cation of the calvarium, osteopenia of the mandible with loss of the
lamina dura, and premature synostosis of the metopic suture (Fig. 3).
Diffuse and severe osteopenia of the long bones; healed fractures at
both distal radii, ulnae, proximal femurs, distal tibiae, distal fibulae,
and proximal humeri; and stippling at the tali were found on the
infantogram (Fig. 4). A wrist radiograph revealed diffuse osteopenia

and diaphyseal cloaking at both humeri. In addition, the distal meta-

.

Fig. 1. Flat midface, broad and depressed nasal bridge, long philtrum,
prominent mouth, and gingival hypertrophy are evident. The shallow
orbits, thick skin, and full cheeks contribute to the appearance of deep
infraorbital creases.
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physes of the forearm bones showed cupping, which is similar to the

finding in rickets (Fig. 5).

Fig. 2. Skeletal abnormalities such as claw hands, short upper extremities,
arthrogryposis of both wrists, contracture of both hip and knee joints,
bowing of both tibiae, and clubfeet are evident.

5. Hospital course and laboratory findings

On the third day of life, total serum calcium (Ca) and phosphorus
(P) were within the normal ranges (9.5 mg/dL and 5.8 mg/dL, re-
spectively), but alkaline phosphatase (ALP) and parathyroid hormone
(PTH) were markedly elevated (663 IU/L and 1,076.1 pg/mL,
respectively). The serum 25-hydroxyvitamin D (250HD) level
was slightly low (5.5 mg/mL), while the 1,25-dihydroxyvitmin D
(1,25D) level was normal (25.9 pg/mL). The urinary Ca/creatinine
(C) ratio was 0.10 (reference range, 0.03 to 0.9), and the urinary P/
Cr ratio was 1.25 (reference range, 0.39 to 5.6). The following serum
parameters were normal in a maternal blood sample: total Ca (9.0
mg/dL), phosphate (4.1 mg/dL), ALP (125 TU/L), PTH (16 pg/mL),
250HD (10.1 ng/mL), and 1,25D (11.0 pg/mL). A secundum atrial
septal defect (2.8 mm), a small muscular ventricular septal defect (1.5
mm), and a patent ductus arteriosus (3.35 mm) were detected on an
echocardiogram. Significant valve abnormalities were not found.
Ophthalmologic examination did not reveal blue sclera or corneal
clouding, but stromal hypoplasia of both irises was discovered.

The result of a urine mucopolysaccharidosis screening test was
negative. The activities of 3-D-hexosaminidase and o-N-acetylgluco-
saminidase were moderately decreased in leukocytes but were 5- to
10-fold higher than that of the control in plasma (Table 1). Examina-
tion of a placental biopsy specimen showed foamy vacuolar changes
in trophoblasts and syncytiotrophoblasts (Fig. 6). Diagnosis of MLII
was confirmed by GNPTAB genetic testing, which revealed compound
heterozygosity of ¢.3091C5T (p.Argl031X) and ¢.3456_3459dupCA
AC(p.Ile1154GInfsX3) (Fig. 7).

During admission, the ductus arteriosus was closed by the use of
oral ibuprofen. Enteral tube feeding was started on the seventh day
of life because her sucking power was decreased and oral feeding was

impossible. Nasal flaring, subcostal retraction, and mild desaturation

o

e

Fig. 3. Skull radiographs showing underossification of the calvarium, osteopenia of the mandible with
loss of the lamina dura, and premature synostosis of the metopic suture.
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Fig. 4. An infantogram showing diffuse and severe osteopenia of the

long bones; healed fractures at both distal radii, ulnae, proximal femurs,
distal tibiae, distal fibulae, and proximal humeri; and stippling at the tali.

Fig. 5. A wrist radiograph showing diffuse osteopenia, diaphyseal
cloaking at both humeri, and cupping in the distal metaphyses of the
forearm bones.

(SpO,, 90 to 95% at room air) began on the eighth day of life, and
the respiratory viral study revealed positivity for human coronavirus
OC43/HKULI. Fortunately, this respiratory difficulty was not
aggravated, and the patient recovered spontaneously within a few

days.

Table 1. Lysosomal Enzyme Activities

Enzyme activities Patient  Control FEiErEr e Unit
value

[-D-Hexosaminidase

White blood cell 3806 779.7 6201000  nmol/hr/mg
protein

Plasma 6905.4 684.7 800-1600  nmol/hr/mL

a-N-Acetylglucosaminase

White blood cell 0.7 16 0.7-1.7 nmol/hr/mg
protein

Plasma 494 141 6-36 nmol/hr/mL

The patient was treated with vitamin D supplements (0.125 mcg
alfacalcidol, once daily) from the fifth day of life. However, the
alfacalcidol dose was raised to 0.25 meg once daily when the ALP
level further increased to 1,071 IU/L on the 12th day of life. She
was discharged at 22nd day of age. At that time, her weight was
1.92 kg (<3rd percentile); length, 45 cm (<3rd percentile); and head
circumference, 31 cm (<3rd percentile). She did not require supple-
mental oxygen or gastric tube feeding. After discharge, her ALP level
increased to 2,562 IU/L on the 40th day of life, so the alfacalcidol
dose was raised to 0.375 mcg once daily. Although the patient appeared
to be well, she died from asphyxia at 2 months of age.

Discussion

ML I is an autosomal recessive lysosomal enzyme-targeting disease.
Although the true prevalence of ML II is unknown, the disease
appears to be rare. Its prevalence has been estimated at 1/123,500
live births in Portugal™, 1/252,500 in Japan'®, and 1/625,500 in the
Netherlands™. In Korea, there are very few reports of mucolipidosis
) There were 3 cases of MLII, 3 cases of MLIII, and 1 case of ML
that was not classified. All cases of ML II were diagnosed after one year
of age (1.4 t0 2.3 years) and they had typical characteristics of MLI1I,
such as growth retardation, developmental delay, and severe skeletal
deformity. Unlike these cases, our case exhibited skeletal dysplasia
and intrauterine growth retardation before 30 weeks of gestation. The
characteristic clinical phenotype, the radiological feature of dysostosis
multiplex resembling rickets, and severe osteopenia were present at
birth. Our patient was diagnosed with ML II during the neonatal
period. To the best of our knowledge, this is the first case of ML 11
that manifested during the prenatal period and diagnosed neonatally
in Korea.

Several reports have described cases of ML II that expressed skeletal
dysplasia prenatally’**”. In Lachman’s study’”, the most common
disorders associated with fetal skeletal dysplasia were osteogenesis

imperfect (18%), thanatophoric dysplasia (14%), campomelic dysplasia
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Fig. 6. Electron microscopy of the placental biopsy specimen revealed foamy vacuolar
changes in trophoblasts and syncytiotrophoblasts.
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Fig. 7. The GNPTAB genetic testing revealed compound heterozygosity of ¢.3091C>T
(p.Arg1031X) (A) and ¢.3456_3459dupCAAC (p.lle1154GInfsX3) (B). The ¢.3091C>T mutation
was inherited from the father, and the ¢.3456_3459dupCAAC mutation was inherited from
the mother.
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(6%), and achondrogenesis type II (5%). In that report, 8 patients
were diagnosed with ML IL Their sonographic findings showed short
long bones, and 4 cases were detected during the second trimester. In
the present case, prenatal ultrasonographic findings included rhizomelia
in the upper extremities and micromelia in the lower extremities.

Our patient exhibited severe skeletal changes from multiple fractures,
diffuse diaphyseal cloaking in the long bones, marked osteopenia,
underossification of the calvarium, and resorption of the mandible
with loss of the lamina dura. The distal metaphyses of long tubular
bones showed irregular demineralization, which is seen in rickets.
These signs suggest the presence of hyperparathyroidism, which
was confirmed by the high levels of ALP and PTH. However, in
contrast to neonatal severe primary hyperparathyroidism, her total
Ca level was normal. These observations are consistent with severe
secondary neonatal hyperparathyroidism. The etiology of severe
secondary hyperparathyroidism in fetuses and newborns with ML
1T is uncertain. However, it is speculated that the enzyme-targeting
defect in ML II involves trophoblasts and syncytiotrophoblasts in
the placenta; this interferes with transplacental Ca transport and
leads to Ca starvation of the fetus and activation of the parathyroid
response to maintain extracellular Ca'"®. This hypothesis is supported
by the findings of foamy vacuolar changes in trophoblasts and
syncytiotrophoblasts in the present case.

GNPTAB, which is the only gene known to be associated with
MLII, was first identified by Tiede et al.”” in 2005. ML II correlates
with an almost total absence of phosphotransferase activity resulting
from homozygosity or compound heterozygosity due to frameshift or
nonsense mutations in the GNPTAB gene. However, the presence of
atleast 1 hypomorph (a missense or splicing site mutation) allele in the
GNPTAB mutant genotype results in a clinically milder form of ML
111 alpha/beta with a low level of phosphotransferase activity”. The
same result was reported in a Korean study””. We performed a genetic
study by direct sequencing of all coding exons and flanking intronic
regions of GNPTAB. We identified compound heterozygosity in the
GNPTAB gene: a combination of a nonsense mutation (¢.3091C5T
[p-Argl031X]) and a frameshift by a small insertion or duplication
(c.3456_3459dupCAAC [p.lle1154GlnfsX3]). We confirmed the
diagnosis as ML II because the hypomorph allele was not present. The
nonsense mutation was inherited from the father, and the frameshift
mutation was inherited from the mother. The ¢.3091C>T mutation
has been noted in the literature”, but the ¢.3456_3459dupCAAC
mutation is novel.

In conclusion, severe cases of MLII can present earlier as prenatal
skeletal dysplasia and neonatal severe secondary hyperparathyroidism,
as in the present case. Therefore, ML II must be considered if

the patient presents with intrauterine skeletal dysplasia or severe

osteopenia and rickets-like radiologic features at birth, and a prompt

evaluation should be conducted.
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