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BACKGROUND AND OBJECTIVES: Mucolipidosis Il (MLII) is characterized by severe global developmental
delay, coarse facial features, skeletal deformities, and other systemic involvement. It is caused by a deficiency in
N-acetylglucosamine-1 phosphotransferase.

DESIGN AND SETTINGS: This is a case series study conducted at King Abdulaziz Medical City in Riyadh, Saudi
Arabia, between 2008-2012.

PATIENTS AND METHODS: We described three unrelated Saudi children who presented with neonatal hy-
perparathyroidism, microcephaly, craniosynostosis, coarse facial features, cardiac involvement, and skeletal
deformities.

RESULTS: The MLII diagnosis was confirmed by assaying enzyme activities in fibroblasts, which showed a severe
reduction in hydrolyzed substrates compared to controls, and by identifying a pathogenic homozygous GNPTAB
gene mutation. One of the children died at 2 months of age due to severe pulmonary hypertension, and the other
two children were still alive at 12 months and 18 months of age, respectively. Both surviving children had severe
global developmental delay at 2 months of age.

CONCLUSION: Clinicians should investigate any child presenting with neonatal hyperparathyroidism, cranio-

synostosis, skeletal deformities, and coarse facial features for MLII.

ucolipidosis IT (MLII), also known as I-cell

disease (MIM#252500), is an autosomal

recessive inborn error of metabolism that
begins at birth. It has a grave prognosis in early child-
hood.!? Clinically, it is characterized by severe global
developmental delay, marked postnatal growth de-
lay and arrest, coarse facial features, skeletal deformi-
ties, and other systemic involvement."” Biochemically,
it is caused by a deficiency in the lysosomal enzyme
N-acetylglucosamine-1 phosphotransferase (GlcNAc-
phosphotransferase), which transfers phosphate to
function as a marker for the uptake and transport of
lysosomal enzymes. This is an essential step in hydro-
lases traflicking to lysosomes. Without this marker, the
hydrolases are instead secreted outside the cells, and
their activities are strikingly increased in the serum and
decreased in cultured fibroblasts.>® Furthermore, there
is the excessive secretion of oligosaccharides, the pres-
ence of several inclusion bodies in the cytoplasm of fi-
broblasts, and the absence of mucopolysacchariduria."?
The diagnosis is confirmed by DNA molecular testing

of the GNPTAB gene. GNPTAB gene defects can also
cause mucolipidosis IIT (MIM #252600), which is a
multisystem disorder that can be differentiated from
MLII by its later onset, milder symptoms, and slower
progressive course.>>”® MLII is a panethnic disease.
Natural history and radiological and molecular findings
have been reported in different ethnic groups, includ-
ing Indian, Portuguese, Japanese, Dutch, and Chinese
patients.>>”*1> Although, it is not uncommon to see
MLII patients in Saudi Arabia, there are no previous
studies regarding the natural history and radiological
and molecular findings in the Saudi population. In this
report, we describe the natural history and clinical, ra-
diological, and molecular findings in 3 unrelated Saudi
children with MLII. To the best of our knowledge, this
is the first report on MLII in Saudi patients.

PATIENTS AND METHODS

Patient 1
This gitl was born by cesarian section (C/S) at 40
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weeks of gestation to a healthy G1, 21-year-old mother
with an uneventful antenatal history. Her birth weight
was 1880 gm (<5th percentile), and the Apgar scores
were 6,7, and 10 at 1, 5, and 10 minutes, respectively.
Directly after birth, it was noticed that the newborn was
in respiratory distress. The baby was intubated, venti-
lated, and admitted to the neonatal intensive care unit.
She continued to be ventilator-dependent for 2 months
and failed extubation 3 times. She lost weight, and the
postnatal growth subsequently stopped. On examina-
tion at 2 months of age, her weight was 1.5 kg (<5th
percentile), and her length was 44 cm (<5th percentile).
She appeared dysmorphic, with coarse facial features,
including a flat face, depressed nasal bridge, microgna-
thia, fair hair, and gum hypertrophy. She was microce-
phalic, and her head circumference was 39.5 cm (<5th
percentile); neurologically, she had central hypotonia.
Additionally, she had a small chest, hepatomegaly, and
elbow and knee joint contractures bilaterally. The oph-
thalmological exam and hearing tests were normal. The
subsequent investigations showed the following com-
plete blood count profile: thrombocytopenia, parathy-
roid hormone (PTH) elevated to 140.1 pmol/L (1.60-
7.20 pmol/L), alkaline phosphatase (ALP) increased
to 1071 U/L (95-368 U/L), and serum calcium and
phosphorus were within normal ranges. The echocar-
diogram showed patent ductus arteriosus (PDA) and
severe pulmonary hypertension. The skeletal survey
showed a severe periosteal reaction, osteopenia, and
bowing of the long bones. The skull x-ray showed cra-
niosynostosis, and the abdominal ultrasound showed
hepatomegaly and cholesterol polyps in the gall bladder.
At 2.5 months of age, the baby continued to be intubat-
ed and ventilated, with reduced motor activity and re-
spiratory depression despite full support. Subsequently,
a decision was made to withdraw support, and the baby
died a few minutes after extubation.

Patient 2

This 18-month-old girl was born by C/S at 40 weeks
of gestation to a G2P1, 26-year-old mother. The preg-
nancy had been complicated by gestational diabetes
and polyhydramnios. At birth, the baby was noted to
be small for gestational age, with a birth weight of 2 kg
(<10th percentile), birth length of approximately 45
cm (<10th percentile), and a head circumference of 30
cm (<10th percentile). The Apgar scores were 9 and
9 at 1 and 5 minutes, respectively. She had moderate
respiratory distress requiring supplemental oxygen but
was not intubated. She was admitted to the special care
nursery because of being small for gestational age to
rule out sepsis. During her 5-day stay in the special care

Ann Saudi Med 2013 July-August www.annsaudimed.net

nursery, she developed jaundice, which responded to a
single phototherapy session. After sepsis was ruled out
and the jaundice was resolved, she was discharged home
in good condition. She was readmitted at 4 months of
age due to pneumonia and found to have coarse facial
features, poor growth, and global developmental delay;
therefore, she was referred to the biochemical genet-
ics clinic for further investigations. At the age of 14
months, her weight was 6.1 kg (<5th percentile), and
her length was 65 cm (<5th percentile). She appeared
dysmorphic with coarse facial features, including the
following: flat face, depressed nasal bridge, microgna-
thia, and gum hypertrophy (Figure 1). She was micro-
cephalic, with a head circumference of 40 cm (<5th
percentile), and had craniosynostosis; neurologically,
she had central hypotonia, diminished power, and in-
creased reflexes +3. Her postnatal growth ceased, and
her motor development was severely delayed. She could
not fix or follow or sit or roll over, and she lay in the bed

with a weak, hoarse cry. Additionally, she had a small

|
Figure 1. Coarse facial features. A) Patient 2: microcephaly,
craniocynostosis, flat face, round eyebrow, proptosis, depressed
nasal bridge, and micrognathia. B) Patient 3: same as patient 2
but have fair hair.
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Figure 2. Radiological findings. A) X-ray of lower limbs showed shortening of the limbs,
decreased bone density, and bowing of the legs. B) Bowing of ulna and radius bones.

C) Brachydactyly of the hands with periosteal reaction and tapering of distal phalanges.
D) Sagittal T2 brain MRI showed chiari | malformation with small posterior fossa. E) 3D
volume rendering of brain CT scan showed diffuse craniocynostosis.

chest, hepatomegaly, and brachydactyly of the hands
and feet. The ophthalmological exam and hearing tests
were normal. The subsequent investigations showed a
normal echocardiogram. The skeletal survey showed
decreased bone density in the lower limbs, with a thin
periosteal reaction of both femora (Figure 2). The brain
CT scan showed Chiari I malformation with general-
ized craniosynostosis. The brain MRI confirmed Chiari
I malformation associated with brain herniation, ven-
triculomegaly, and delayed myelination (Figure 2). The
abdominal ultrasound showed hepatomegaly.

Patient 3

This 1-year-old boy was born normally at 37 weeks of
gestation to a G1, healthy 24-year-old mother with no
significant antenatal history. At birth, the baby was not-
ed to be small for gestational age, with a birth weight of
1.8 kg (<10th percentile), birth length of 43 cm (<10th
percentile), and head circumference of 30 cm (<10th
percentile). The Apgar scores were 9 and 9 at 1 and 5
minutes, respectively. He had moderate respiratory
distress requiring supplemental oxygen but was not in-
tubated. He was admitted to the special care nursery
because of being small for gestational age to rule out
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sepsis. During his 1-week stay in the special care nurs-
ery, he was found to have jaundice, which was easily cor-
rected by a single phototherapy session. Additionally,
he had thrombocytopenia, skeletal dysplasia with os-
teopenia, hypospadias, and bilateral hydrocele; there-
fore, he was referred to a biochemical genetics clinic for
further investigations. On examination, he appeared
microcephalic and dysmorphic with coarse facial fea-
tures, including the following: flat face, depressed nasal
bridge, micrognathia and gum hypertrophy (Figure 1).
Neurologically, he had central hypotonia, diminished
power, and increased reflexes +3. After discharge, he
continued to be followed up in the biochemical genet-
ics clinics. At 16 months of age, his postnatal growth
ceased. His length was 61 cm (<5th percentile), weight
was 4.6 kg (<5th percentile), and head circumference
was 41 cm (<5th percentile). The ophthalmological
exam and hearing tests were normal. His PTH was el-
evated to 84.27 pmol/L (1.60-7.20 pmol/L), his ALP
was increased to 1126 U/L (95-368 U/L), and his se-
rum calcium and phosphorus were within normal rang-
es. The echocardiogram revealed left ventricular hyper-
trophy with moderate depressed function. The skeletal
survey showed a periosteal reaction with shortening of
the limbs, decreased bone density, and bowing of the
legs (Figure 2). Abdominal ultrasound showed renal
nephrocalcinosis with no organomegaly.

All3 children had an unremarkable acylcarnitine pro-
file, organic acids in the urine, mucopolysaccharides in
the urine, and chromosomal analysis. Oligosaccharides
in the urine were excessive in the second patient but
normal in the others. After getting informed consent,
a skin biopsy was performed in all 3 children, and the
enzyme activities in fibroblasts showed a drastic reduc-
tion in hydrolyzed substrates compared to controls. In
Patient 2, an assay of enzymes in the serum showed very
high activities of all lysosomal enzymes.

After obtaining informed consent from the parents,
the GNPTAP gene was analyzed by polymerase chain
reaction and sequencing of both the DNA strand of
the entire coding region and the highly conserved exon-
intron splice junctions. The diagnosis of MLII was con-
firmed in all 3 children after a homozygous nonsense
mutation was identified in exon 02 of the GNPTAB
gene, ¢.136C>T (p.R46X).> The parents were tested

and found to be carriers for this mutation.

DISCUSSION

This is the first report from Saudi Arabia about mu-
colipidosis II. The probands were clinically comparable
to other patients described in the published reports.
All were small for gestational age, had severe global

Ann Saudi Med 2013 July-August www.annsaudimed.net



MLIIIN SAUDI ARABIA

developmental delay, had postnatal growth arrest, were
microcephalic, and had striking coarse facial features,
including a flat face, full round cheeks, round eyebrows,
slight proptosis of the eyes, depressed nasal bridge,
micrognathia, fair hair, and gum hypertrophy (Figure
1). All had characteristic skeletal deformities with a
characteristic periosteal reaction, also called periosteal
cloaking, which was reminiscent of rickets, osteope-
nia, bowing of the long bones, and joint contractures.
Interestingly but not surprisingly, two of the presented
children had increased serum PTH and ALP activities
but normal serum calcium concentrations. The pre-
sentation of MLII with neonatal hyperparathyroid-
ism has been reported previously.”'* The mechanism
is unknown, but it has been hypothesized that it is
due to a targeting defect in MLII that would result in
the impairment of transplacental calcium transport to
the fetus, which would lead to the stimulation of the
parathyroid response to maintain normal concentra-
tions of extracellular calcium.'* Two of the 3 children
had cardiac involvement, including PDA and left ven-
tricular hypertrophy with moderately depressed func-
tion. Cardiac manifestations reported in the published
reports include cardiomyopathy, right and generalized
ventricular hypertrophy, valvular thickening, and re-
gurgitation, with the mitral valve, and, less commonly,
the aortic valve being the most frequent findings.**'?
Two out of the 3 patients had craniosynostosis. The as-
sociation of craniosynostosis and MLII has been well
described in the published reports.**” It was thought
to be a sign of a primary skeletal disorder rather than
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due to microcephaly.'” Other systemic involvements
included hepatomegaly, rarely splenomegaly, inguinal
and umbilical hernia, corneal haziness, recurrent otitis
media, and pulmonary hypertension,'? which was one
of the characteristics observed in one of the presented
patients.

All 3 children carried the same pathogenic missense
mutation in the GNPTAB gene, c.136C>T (p.R46X).
This mutation appears to have a poor outcome, as
one of the probands died at 2 months of age, and the
other two had severe global developmental delay at 2
months of age. Cathey et al (2010) reported 51 differ-
ent GNPTAB pathogenic mutations in the largest co-
hort published so far describing clinical and molecular
findings in 61 mucolipidosis cases.3 The most common
mutation was the frameshift mutation ¢.3503delTC.
The mutation c.136C>T (p.R46X) was reported in 1
patient in a heterozygous state,’ but in our cohort, it
was found in the homozygous state.

In conclusion, our report highlights the natural
history, clinical findings and molecular mutations in 3
unrelated Saudi children with MLII. Clinicians should
investigate any child presenting with neonatal hyper-
parathyroidism, craniosynostosis, skeletal deformities,
and coarse facial features for MLII,
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