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Summary There are few reports of congenital disor-
ders of glycosylation (CDGs) in the Asian population,
although they have been reported worldwide. We
identified a Malaysian infant female at 2 days of life
with CDG type Ia. The diagnosis was suspected on the
basis of inverted nipples and abnormal fat distribution.
She had cerebellar hypoplasia and developed coagul-
opathy, hypothyroidism and severe pericardial effusion
and died at 7 months of life. The diagnosis was sup-
ported by abnormal serum transferrin isoform pattern
that showed elevated levels of the disialotransferrin
isoform and trace levels of the asialotransferrin iso-
form. Enzyme testing of peripheral leukocytes showed
decreased level of phosphomannomutase (PMM)
activity (0.6 nmol/min per mg protein, normal range
1.6-6.2) and a normal level of phosphomannose isom-
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erase activity (19 nmol/min per mg protein, normal
range 12-25), indicating a diagnosis of CDG type Ia.
Mutation study of the PMM2 gene showed the patient
was heterozygous for both the common p.R141H
(c.422T>A) mutation and a novel sequence change
in exon 7, c.618C>A. The latter change is predicted
to result in the replacement of the highly conserved
phenylalanine residue at position 206 with a leucine
residue (p.F206L) and occurs in the same codon as the
previously reported p.F206S mutation. Analysis of 100
control chromosomes has shown that the p.F206L
sequence change is not present, making it highly likely
that this change is functionally important. To the best
of our knowledge, this is the first report of CDG in the
Malay population. Prenatal diagnosis was successfully
performed in a subsequent pregnancy for this family.

Abbreviations
CDG congenital disorder of glycosylation
PMM phosphomannomutase

Introduction

Congenital disorders of glycosylation (CDGs) are
multisystem disorders caused by defects in the syn-
thesis of the glycan moiety of glycoproteins or other
glycoconjugates (Jacken 2003). CDG type I is caused
by defects of N-glycan assembly, whereas CDG type 11
is caused by defects of N-glycan processing. The list of
disease-causing defects is increasing, with the most
common defect being due to the deficiency of phos-
phomannomutase (PMM) leading to CDG Ia (OMIM
#212065). CDG is a multisystem disease with a wide
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range of clinical presentation. The phenotype can
range from very mild to very severe with two broad
groups of presentation: those with neurological disease
and those with multivisceral disease. There is consid-
erable overlap between these groups and the clinical
diagnosis of CDG during the neonatal period requires
a high index of suspicion. While CDG has been
reported in patients world-wide, there are few reports
of this condition in the Asian population (Enns et al
2002; Kondo et al 1999; Newell et al 2003; Westphal
et al 2001).

Case report

The patient was a 1-day-old Malay baby girl who was
referred for dysmorphic features. The parents were
second cousins and there was no significant family
history of note. The antenatal period was uneventful
and the baby was delivered at term via lower-segment
Caesarean section with a birth weight of 3.6 kg, length
of 46 cm and head circumference of 38 cm. During the
postnatal examination, she was noted to have bilateral
inverted nipples, and abnormal fat distribution over
her thighs, buttocks and suprapubic regions. A flat
nasal bridge and prominent nares were also noted
(Figs. 1, 2, 3). The rest of the examination, including
neurological findings, was unremarkable. CDG type I
was suspected.

Cerebellar hypoplasia was noted on cranial mag-
netic resonance imaging. Chest radiography showed
cardiomegaly and echocardiography showed pericardi-

Fig. 1 Dysmorphic features
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Fig. 2 Bilateral inverted nipples

al effusion. Serum transferrin isoform analysis showed
significantly elevated levels of the disialotransferrin
isoform and trace levels of the asialotransferrin iso-
form. This pattern is typical for CDG type L

Enzyme testing of peripheral leukocytes showed a
markedly decreased level of PMM activity (0.6 nmol/
min per mg protein, normal range 1.6-6.2) and a normal
level of phosphomannose isomerase activity (19 nmol/
min per mg protein, normal range 12-25), indicating a
diagnosis of CDG type la. Mutation study of the PMM?2
gene (accession no. NM_000303.1) was performed and
showed that the patient was heterozygous for both the
common p.R141H (c.422T>A) mutation and a novel
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Fig. 3 Abnormal fat distribution
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ISFDVFPDGWDKRYCLRHVENDGYKTIY[FFGDKTMPGGNDHEIFTDPR-TMGYSVTAPED 236
ISFDVFPDGWDKRYCLRHVENDGYKTIY[FFGDKTMPGGNDHEIFTDPR-TVGYSVTAPED 236

Human (Homo sapiens)
Crab eating macaque (Macaca fascicularis)

ISFDVFPDGWDKRYCLGHVEKDGYKTIY[FFGDKTMPGGNDHEIFTDPR-TVGYTVAAPED 236 Cow (Bos taurus)

ISIDVFPEGWDKRYCLRHLEHAGYKTIY[FFGDKTMPGGNDHEIFTDPR-TVGYTVTAPED 232
ISFDVFPEGWDKRYCLGLVEKDSYQTIHFFGDKTKPGGNDHEIYADPR-TIGHEVTCPED 238
ISFDVFPEGWDKRYCLGIVEKDSYQHIHFFGDKTMPGGNDYEIFVDPR-TIGHEVKSPED 239
ISFDVFPIGWDKTYCLRHLPEDEFKTLY[FFGDKTFLGGNDYEIANHPRITQSFTVKSPAN 237

Mouse (Mus musculus)

Atlantic salmon (Salmo salar)
Zebrafish (Danio rerio)

Slime mold (Dictyostelium discoideum)

Fig. 4 Cross-species comparison of the PMM protein sequence shows that the phenylalanine residue is conserved from slime mould

to primates

sequence change in exon 7, c.618C>A, which is pre-
dicted to result in the amino acid change p.F206L.
Analysis of 100 control chromosomes has shown that
the p.F206L change is not present. Further, a cross-
species comparison of the PMM protein sequence has
shown that this phenylalanine residue is conserved from
slime mould to primates (Fig. 4) and is, therefore, likely
to be functionally important. Analysis of parental
DNA samples indicated that p.R141H was maternally
inherited, while p.F206L was paternally inherited.

Further investigations showed impaired coagulation
with prolonged prothrombin time and partial thrombo-
plastin time, hypothyroidism and persistent hypoalbu-
minaemia. The patient was treated with anti-cardiac
failure therapy, L-thyroxine and intravenous albumin
infusion. She presented with recurrent episodes of acute
respiratory distress as a result of the severe pericardial
effusion. She was transfused with fresh frozen plasma
before pericardiocentesis could be performed. The peri-
cardial fluid was sterile. She succumbed to her illness at
the age of 7 months.

The couple had prenatal diagnosis performed for the
second pregnancy. Chorionic villus sampling (CVS) was
performed at 11 weeks’ gestation. PMMZ2 mutation
study on the CVS showed the presence of the
p-R141H mutation only, indicating that the fetus was a
carrier for CDG type Ia. A healthy baby was delivered
at term. Postnatal study confirmed the findings of
the prenatal diagnosis. Peripheral blood leukocytes of
the newborn baby’s cord blood showed a level of
PMM activity at the lower end of the normal range
(1.6 nmol/min per mg protein, normal 1.6-6.2), which is
consistent with the carrier status determined by pre-
natal testing. Postnatal reviews of the child at 6 and
at 12 months of life showed normal developmental
milestones.

Discussion

Reports of CDG are uncommon in Asian patients. To
the best of our knowledge, this is the first report of
CDG in the Malay population. It is possible that this
condition may be underdiagnosed owing to the low

awareness of this disorder among healthcare staff. To
achieve an early clinical diagnosis, a high index of sus-
picion based on recognition of the diverse clinical fea-
tures is required. Early investigations such as the use
of serum transferrin isoform analysis are helpful in
achieving the diagnosis. The diagnosis of CDG type la
can then be confirmed by measurement of PMM acti-
vity in either peripheral blood leukocytes or cultured
skin fibroblasts. Further investigations such as cranial
magnetic resonance imaging and echocardiography can
assist in detecting the structural abnormalities often
seen in CDG type la. Other major complications such
as coagulopathy and endocrine deficiencies should be
sought, as these are treatable.

The diagnosis of CDG type Ia assisted in the process
of genetic counselling. While there is no definitive cura-
tive therapy for this disorder at the moment, other sup-
portive care options were available. Mutation studies
of the PMM?2 gene in our patient identified a com-
mon mutation p.R141H and a novel mutation p.F206L.
The p.R141H is a known severe mutation and is re-
ported to account for 40% of disease alleles in CDG
Ia patients (Marquardt and Denecke 2003). Patients
homozygous for the p.R141H mutation have not been
detected, indicating that this genotype leads to fetal
death in utero. Although p.F206L has not been reported
previously, a second change at this codon (p.F206S) has
been reported to be pathogenic (Schollen et al 2002).
In addition, the phenylalanine residue at position 206
is highly conserved across a broad range of species,
indicating that it is likely that this residue is functionally
important. Analysis of unaffected control individuals
has shown that the p.F206L change does not occur at
high levels within the normal population. We therefore
believe it highly likely that p.F206L is the second causa-
tive mutation in this patient. The severe clinical features
in this patient indicate that p.F206L is a relatively
severe mutation. Further studies would be required in
order to determine the frequency of both the p.R141H
and p.F206L mutations in the Asian population. With
the availability of information on the molecular genet-
ics, prenatal diagnosis using chorionic villus sampling
at 11 weeks’ gestation was successfully carried out for
this family.
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