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Abstract

Congenital disorders of glycosylation (CDG) are inherited metabolic diseases affecting N-linked glycosylation pathways with 
variable clinical presentations characterized by psychomotor retardation, seizures, ataxia and hypotonia. CDG-Ic is caused by 
mutation in the ALG6 gene encoding alpha-1,3-glucosyltransferase. We present a 9-year-old girl diagnosed as having CDG-Ic.
She developed severe psychomotor retardation, epileptic seizures, muscle hypotonia, strabismus and some dysmorphic features with- 
out inverted nipples or fat pads. She showed a fluctuating serum transaminase level with or without some infection, and a charac- 
teristically low level of antithrombin III. MR imaging of the brain at age 2 years demonstrated the lower limit of normal 
myelination, mild atrophy of the cerebrum, and mild hypoplasia of the brainstem and cerebellum. The patient exhibited a CDG 
type I pattern of serum transferrin on isoelectric focusing and mass spectrometric profiling. Sequence analysis of the ALG6 gene 
showed two heterozygous mutations, c.998C>T (A333V) and c.1061C>T (P354L). The patient was diagnosed as having CDG-Ic 
with a novel mutation, making her the first Japanese case. It was suggested that the severe psychomotor retardation in the patient 
was due to the existence of multiple mutant ALG6 alleles.
� 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduct ion 

Congeni tal disorde rs of glycos ylation (CDG), previ- 
ously call ed the carbohyd rate-deficient glycopr otein syn- 
drome, are inheri ted au tosom al recess ive disorde rs 
caused by defects in the pathw ays of N- an d O-linked 
glycos ylat ion [1]. The CD G type I group en compass es 
defect s that affect the biosynt hesis of the lipi d-linked oli- 
gosacch aride (LLO) precu rsor for N-link ed glycos yla- 
tion, whi le type II defect s distu rb process ing of the 

oligos acchari de ch ains alrea dy trans ferred to a pro tein.
Over the last decad e, 500–1000 CDG patien ts have been 
diagn osed wi th a disorde r of dolichol -link ed oligos ac- 
charide assem bly. Cl inically, the patie nts suffer from 
ps ychomot or retar dation, dysmor phic features, coagu la- 
tion ab normal ities and dy sfunction of many organs.
Fur therm ore, the spectr um of sympto ms an d degree of 
severi ty may be high ly variable even within the same 
group [2]. The defective glycos ylation is usuall y recog- 
nized on isoelectr ic focusin g (IEF) of serum glycopr o- 
teins such as trans ferr in. Norm al serum trans ferrin 
contains two diasialo- biante nnary N-gl ycans, and then 
mainl y composed of tetr asialotr ansferrin. In CDG type 
I, a subpopu lation of transferr in carri es eithe r only one 
N-gl ycan or none. In type II, truncation of one bran ch 

0387-7604/$ - see front matter � 2012 The Japanese Society of Child Neurology. Publish ed by Elsevier B.V. All rights reserved.

http://dx.do i.org/10.1016/ j.braindev.20 12.09.003 

⇑ Correspon ding author. Address: Odawara Municipal Hospital, 46 
Kuno, Odawara -shi, Kanagawa-k en 250-8558, Japan. Tel.: +81 465 34 
3175; fax: +81 465 35 9733.

E-mail address: k-ichi@sky.p lala.or.jp (K. Ichikawa).

www.elsevier.c om/locate/ braindev 

Brain & Developmen t 35 (2013) 586–589

http://dx.doi.org/10.1016/j.braindev.2012.09.003
mailto:k-ichi@sky.plala.or.jp
http://dx.doi.org/10.1016/j.braindev.2012.09.003


of the bianten nary N-glycans of transferr in occurs.
CDG type I is ch aracterize d by an increa se of di- and 
asialo transferr in and a dec rease of tetrasi alotran sferrin,
wher e as type II patte rn sho ws ad ditional tri- and 
mono sialotra nsferrin involv ement . CD G-Ia, caused by 
a deficiency of phos phomann omutas e (PMM) activit y,
is fou nd in 80% of CDG type I patients. It was de scribed 
in 2003 that at least 10 CDG-I a pa tients had been iden- 
tified in Japan.

CDG-I c is caused by de fects in the ALG6 gene 
encod ing Do l-P-Glc:M an9GlcNA c2-P-P- Dol alpha- 
1,3-gluco syltransf erase [3]. The clinical manifest ations 
of CDG-Ic are report ed to be milder than those of 
CDG-I a. To date mo re than 30 patie nts worldw ide hav e
been diagn osed as having CDG-I c. Ther e have only 
been a small num ber of reports on CDG-I c. We describe 
a case of CDG-I c, the first report ed Japan ese ca se, and 
discus s the clinical feat ures an d gen otypes.

2. Cas e report 

A Jap anese girl age d 9 yea rs was refer red for evalua- 
tion of psychomot or retar dation an d hy potonia. She 
was born at 40 weeks gestation afte r a normal preg- 
nancy an d delivery with a birth wei ght of 2752 g. She 
was the secon d child of he althy nonc onsangu inous par- 
ents. There was no family histo ry of neurologi cal disor- 
ders. She exhibi ted prematu re ventricu lar contraction 
withou t any abno rmality on cardia c echograph y in early 
infanc y. At 6 months of age, she deve loped comp lex par- 
tial epile ptic seizures, and thus was treat ed with some 
antie pileptic drugs. On physica l examinati on, the patie nt 
showe d severe developm en tal delay, being unable to sit 
alone, nonve rbal an d completely dep endent on the fam- 
ily for care. She had exter nal stra bismus, a low na sal 
bridge, a high-a rched pa late, wi de set nipp les, tapere d

fingers, and small feet (Fig. 1). She had no invert ed nip- 
ples or fat pad s, or an abn ormal distribut ion of subcuta- 
ne ous fat tissue. She exhibited mu scle hy potonia and 
de creased deep tendon reflexes. She showe d mild sco lio- 
sis wi th age. Retinal degenerat ion was not observed.
Hema tologi cal exami nation reveal ed normal blood cell 
co unts, elect rolytes an d renal functio n. The serum trans -
amina se level s wer e fluctuated between normal and 
ne arly double the normal with or without infection.
The serum lact ate, pyruvat e, glucose an d ammoni a lev- 
els wer e normal . Coagulati on tests consis tently sho wed a
pro thromb in time of 12.7–17.8 s, an active partial 
throm boplast in time of 40.3–82.6 s, and an antithrom- 
bin III level of 13–49%. The protein S an d protei n C
acti vities were 31% an d 42%, respectivel y. The clott ing 
fact or XI level was not known. Serum amino acid and 

Fig. 1. The patient showed external strabismus, a low nasal bridge, tapered fingers and wide set nipples.

Fig. 2. Isoelectric focusing of serum transferrin from the patient (lane
1), a normal control (lane 2), and a CDG type I patient (lane 3). The 
patient showed a CDG type I pattern with increased frequencies of di- 
and asialotransfe rrin.
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