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Congenital defects of glycosylation (CDG), formerly called carbohydrate de-
ficient glycoprotein syndromes, are genetic diseases due to deficient glyco-
sylation of glycoconjugates, particularly glycoproteins. The glycans on pro-
teins are either N-linked or O-linked. The large majority of known CDG in
man are N-glycosylation defects. This chapter is entirely devoted to pri-
mary N-glycosylation defects excluding disorders of phosphate and sul-
phate modifications of N-glycans. The N-glycosylation pathway embraces
three cellular compartments: the cytosol, the endoplasmatic reticulum (ER)
and the Golgi. It starts in the cytosol with the formation of the mannose
donor GDP-mannose from fructose 6-phosphate, an intermediate of the gly-
colytic pathway. In the ER, the dolichol-linked oligosaccharide GlcNAc2-
Man9Glc3 is assembled and transferred to selected asparagines of the nas-
cent proteins. Still in the ER this glycan starts to be processed by trimming
off the three glucoses. This processing is continued in the Golgi by trim-
ming off six mannoses and replacing them by two residues each of N-acet-
ylglucosamine, galactose and finally sialic acid.

Most CDG are multisystem diseases comprising more or less severe
brain involvement [1]. The first patients with a disease subsequently shown
to be a CDG were reported in 1980 [2]. Seven disorders in N-glycan synthe-
sis are known: five in the N-glycan assembly (phosphomannomutase
[PMM2] deficiency (CDG-Ia), phosphomannose isomerase [PMI] deficiency
(CDG-Ib), glucosyltransferase I [GT I] deficiency (CDG-Ic), mannosyltrans-
ferase VI [MT VI] deficiency (CDG-Id), and dolichol-phosphate-mannose
[DPM] synthase-1 deficiency (CDG-Ie), and two in the glycan processing
(N-acetylglucosaminyltransferase II [GnT II] deficiency (CDG-IIa), and glu-
cosidase I [G I] deficiency (CDG-IIb).

CDG-Ia patients (some 300 known worldwide) show mild to severe neu-
rological disease and variable involvement of many organs. Dysmorphy
ranges from mild and aspecific to a characteristic abnormal subcutaneous
adipose tissue distribution with fat pads and nipple retraction. Mortality is
about 20% in the first years of life [3–5].
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CDG-Ib has been reported in at least 16 patients. It is a hepatic-intes-
tinal disease with liver fibrosis and protein-losing enteropathy and can be
associated with coagulation disturbances, hyperinsulinemic hypoglycemia
and/or prolonged episodic vomiting [6–8].

CDG-Ic is mainly a neurological disease but milder than CDG-Ia. Some
30 patients are known to the authors [9, 10].

CDG-Id has only been reported in 1 patient with an extremely severe
encephalopathy and structural eye and brain abnormalities [11].

CDG-Ie was identified in 4 children with pronounced encephalopathy,
failure to thrive and mild dysmorphy [12, 13].

CDG-IIa has been reported in 3 patients with severe mental retardation
and a characteristic, mainly facial dysmorphy [14, 15].

CDG-IIb was identified in a neonate with dysmorphy, hypotonia, sei-
zures and fatal outcome at 2.5 months [16].

The most widely used diagnostic test for CDG is isoelectrofocusing
of serum sialotransferrins. Patients with CDG-I show a type 1 pattern
(cathodal shift with increase of di- and asialotransferrin) while patients
with CDG-IIa show a type 2 pattern (increase of tri- and monosialotrans-
ferrin). The patient with CDG-IIb showed a normal pattern. This test is
also normal in those CDG not accompanied by a deficiency of sialic acid.
An efficient treatment, oral mannose, is available only for CDG-Ib [6].
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No. Disorder Tissue
distribution

Chromosomal
localisation

MIM

20.1 PMM2 deficiency (CDG-Ia) WBC, FB 16p13 212065
601785

20.2 PMI deficiency (CDG-Ib) WBC, FB 15q22 154550
602579

20.3 GT I deficiency (CDG-Ic) FB 1p22.3 603147
604566

20.4 MT VI deficiency (CDG-Id) FB – –
20.5 DPM synthase-1 deficiency

(CDG-Ie)
FB 20q13 603503

20.6 GnT II deficiency (CDG-IIa) LYM, FB 14q21 212066
602616

20.7 G I deficiency (CDG-IIb) FB 2p2–13 601336

For abbreviations see legend to Fig. 20.1.
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Metabolic Pathway 413

Fig. 20.1. Abbreviated scheme of the synthesis of a diantennary N-glycan. Fucose modi-
fication has been omitted. 20.1, Phosphomannomutase 2 (PMM2); 20.2, phosphoman-
nose isomerase (PMI); 20.3, glucosyltransferase I (GT I); 20.4, mannosyltransferase VI
(MT VI); 20.5, dolichol phosphate-mannose synthase-1 (DPM synthase-1); 20.6, N-acet-
ylglucosaminyltransferase II (GnT II); 20.7, glucosidase I (G I); GDP, guanosine diphos-
phate; Man, mannose; GlcNAc, N-acetylglucosamine; Dol, dolichol; P, phosphate; Glc,
glucose; Gal, galactose; Sia, sialic acid. Dotted arrow indicates multiple steps
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Table 20.1. Phosphomannomutase 2 deficiency (CDG-Ia)

System Symptoms/markers Neonatal Infancy Childhood Adolescence Adulthood

Characteristic
clinical findings

Abnormal subcutaneous fat
distribution

++ ++ ++ + +

Routine laboratory Thyroxin-binding globulin
(S)

� � � � �

Antithrombin (B) � � � � �
Other glycoproteins (S, B) �, n or � �, n or � �, n or � �, n or � �, n or �

Special laboratory Sialotransferrins (S) cathod-
al shift (type 1 pattern)

++ ++ ++ + –/+

CNS Cerebellar atrophy + + + + +
Psychomotor retardation ++ ++ ++ ++ ++
Hypotonia ++ ++ ++ + +
Squint + + + + +
Strokes ± ± + + ±
Convulsions ± ± ± ± ±

Peripheral ner-
vous system

Hypomyelination + + + + +
Hyporeflexia ± + + + +

Eyes Retinitis pigmentosa ± + + + +
GI Hepatomegaly + + – – –

Anorexia ± ± – – –
Vomiting ± ± – – –
Diarrhea ± ± – – –

Skeletal system Osteopenia ± ± + ++ ++
Thorax and ± ± + +/++ +/++
vertebral
column abnormalities

Genitourinary Enlarged kidneys ± ± ± ± ±
Proteinuria + + + + +

Gonads Hypogonadism in females + +
Cardiovascular
system

Cardiomyopathy ± ± – – –
Pericardial effusion ± ± ± –/+ –
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Table 20.2. Phosphomannose isomerase deficiency (CDG-Ib)

System Symptoms/markers Neonatal Infancy Childhood

Characteristic clinical findings Protein-losing enteropathy – +/++ +/++
Hepatic fibrosis – + +

Routine laboratory Thyroxin-binding globulin (S) � � �
Antithrombin (B) � � �
Other glycoproteins (S, B) �, n or � �, n or � �, n or �

Special laboratory Sialotransferrins (S) cathodal
shift (type 1 pattern)

+ + +

CNS Psychomotor retardation ± ± ±
Hypotonia ± ± ±
Thromboses – + +

GI See under “Characteristic
clinical findings”

Table 20.3. Glucosyltransferase I deficiency (CDG-Ic)

System Symptoms/markers Neonatal Infancy Childhood

Characteristic clinical findings Axial hypotonia ++ ++ +
Epilepsy + ++ +

Routine laboratory Transaminases (S) (during infection) + + +
Cholesterol (S) �/�� �/�� �/��
Factor XI (B) �� �� ��
Other glycoproteins (S, B) �, n or � �, n or � �, n or �

Special laboratory Sialotransferrins (S) cathodal shift
(type 1 pattern)

+ + +

Lipid-linked Man9GlcNAc2 (FB) � � �
CNS Psychomotor retardation +/++ +/++ +/++

Strabismus ++ ++ ++
Ataxia –/+ –/+ –/+

Table 20.4. Mannosyltransferase VI deficiency (CDG-Id)

System Symptoms/markers Neonatal Infancy

Characteristic clinical findings Iris coloboma + +
Optic atrophy + +
Corpus callosum atrophy + +

Routine laboratory Antithrombin (B) � �
Apolipoprotein B (S) � �

Special laboratory Lipid-linked Man5GlcNAc2 (FB) � �
Sialotransferrins (S) cathodal shift
(type 1 pattern but no increased asialotransferrin)

+ +

CNS Psychomotor retardation +++ +++
Hypsarrhythmia +++ +++
Postnatal microcephaly + +
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Table 20.5. Dolichol phosphate-mannose synthase-1 deficiency (CDG-Ie)

System Symptoms/markers Neonatal Infancy Childhood

Characteristic clinical findings Epilepsy – ++ ++
Hypotonia – ++ ++

Routine laboratory Transaminases (S) +/++ +/++ +/++
Creatine kinase (S) +/++ +/++ +/++
Factor XI (B) �� �� ��
Other glycoproteins (S, B) �, n or � �, n or � �, n or �

Special laboratory Sialotransferrins (S) cathodal shift
(type 1 pattern)

+ + +

Lipid-linked Man9GlcNAc2 (FB) � � �
CNS Microcephaly –/+ –/+ –/+

Psychomotor retardation +++ +++ +++
Skeletal system Dysmorphy +/++ +/++ +/++

Table 20.6. N-Acetylglucosaminyltransferase II deficiency (CDG-IIa)

System Symptoms/markers Neonatal Infancy Childhood Adolescence

Characteristic clini-
cal findings

Facial dysmorphy ++ ++ ++ ++

Routine laboratory AST (S) � � � �
Factor XI (B) �� �� �� ��
Other glycoproteins (S, B) �, n or � �, n or � �, n or � �, n or �

Special laboratory Sialotransferrins (S) cathodal
shift (type 2 pattern)

++ ++ ++ ++

CNS Psychomotor retardation ++ ++ ++ ++
Epilepsy –/++ –/++ –/++ –/++
Abnormal behaviour –/+ –/+ –/+ –/+

GI Volvulus of the stomach –/+ –/+ –/+ –/+
Chronic diarrhoea –/+ –/+ –/+ –/+

Cardiovascular
system

Ventricular septal defect –/+ –/+ –/+ –/+

Skeletal system Short neck –/+ –/+ –/+ –/+
Kyphoscoliosis –/+ –/+ –/+ –/+
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� Serum Sialotransferrins (isoelectrofocusing) (centile values: P3–P97,
n=96; all ages)

Monosialotransferrins 0.0–3.7
Disialotransferrins 2.0–6.1
Trisialotransferrins 5.5–15.1
Tetrasialotransferrins 48.5–65.3
Pentasialotransferrins 14.9–28.7
Hexasialotransferrins 2.3–8.1

� Enzyme Analyses

Phosphomannomutase (mU/mg protein)
Leukocytes 1.8–3.2 (range); 2.2 (median)
Fibroblasts 3.8±0.9 (mean±1 SD)
Phosphomannose isomerase (mU/mg protein)
Leukocytes 860–1800 (nmol/h/mg protein; range)
Fibroblasts 6.8±2.4 (mean±1 SD)
N-Acetylglucosaminyltransferase II (nmol/mg protein/h)
Fibroblasts 2.2±1.0 (mean±1 SD)

� Lipid-linked Oligosaccharides in Fibroblasts (HPLC)

Man5GlcNAc2 Not detectable
Man9GlcNAc2 Not detectable

Reference Values 417

Table 20.7. Glucosidase I deficiency (CDG-IIb)

System Symptoms/markers Neonatal Infancy

Characteristic clinical findings Craniofacial dysmorphy ++ ++
Routine laboratory AST (S) � �

Thin-layer chromatography ++ ++
oligosaccharides (U)

Special laboratory Hexosaminidase –/+ –/+
Isoelectrofocusing
Cathodal shift (S)
Tetrasaccharide (U) + +

CNS Psychomotor retardation ++ ++
Hypotonia ++ ++
Epilepsy ++ ++

PNS Demyelinating polyneuropathy + +
Skeletal system Thoracic scoliosis + +
Respiratory system Respiratory insufficiency + +
GU Hypoplastic genitalia + +
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Disease Sialotransferrins (S) Lipid-linked oligosaccharides
(FB)

20.1 CDG-Ia Asialotransferrin �/�� Normal pattern
Monosialotransferrin n
Disialotransferrin ��
Trisialotransferrin n
Tetrasialotransferrin �
Pentasialotransferrin �
Hexasialotransferrin �

20.2 CDG-Ib Same as CDG-Ia Normal pattern
20.3 CDG-Ic Same as CDG-Ia but asialo-

transferrin usually less in-
creased

Man9GlcNAc2 �

20.4 CDG-Id Same as CDG-Ia Man5GlcNAc2 �
20.5 CDG-Ie Same as CDG-Ia except that

asialotransferrin is not in-
creased

Man5GlcNAc2 �

20.6 CDG-IIa Asialotransferrin n Normal pattern
Monosialotransferrin �
Disialotransferrin ��
Trisialotransferrin ��
Tetrasialotransferrin ��
Pentasialotransferrin ��
Hexasialotransferrin ��

20.7 CDG-IIb Normal pattern ?

���( )	�
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No acute loading tests are performed in these disorders.
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Diagnostic Flow Chart 419

Fig. 20.2
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Test Precondition Material Handling Pitfalls

Sialotransferrins S Frozen (–20 �C) No EDTA plasma
Lipid-linked oligo-
saccharides

FB Frozen (–20 �C)

PMM WBC, FB Frozen (–20 �C)
PMI WBC, FB Frozen (–20 �C)
GT I FB Frozen (–20 �C)
MT VI FB Frozen (–20 �C)
DPM synthase-1 FB Frozen (–20 �C)
Gn T II Lym, FB Frozen (–20 �C)
G I FB Frozen (–20 �C)
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Disorder Material Timing, trimester

20.1 CDG-Ia CV sampling cultured AFC I, II
20.2 CDG-Ib CV sampling cultured AFC I, II
20.3 CDG-Ic CV sampling cultured AFC I, II
20.4 CDG-Id CV sampling cultured AFC I, II
20.5 CDG-Ie CV sampling cultured AFC I, II
20.6 CDG-IIa CV sampling cultured AFC I, II
20.7 CDG-IIb CV sampling cultured AFC I, II
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Disorder Material Methodology

20.1 CDG-Ia F, WBC direct sequencing of genomic DNA; SSCP; D-HPLC
direct sequencing of genomic DNA

20.2 CDG-Ib F, WBC direct sequencing of genomic DNA
20.3 CDG-Ic F, WBC direct sequencing of genomic DNA
20.4 CDG-Id F, WBC direct sequencing of genomic DNA
20.5 CDG-Ie F, WBC direct sequencing of genomic DNA
20.6 CDG-IIa F, WBC direct sequencing of genomic DNA
20.7 CDG-IIb F, WBC direct sequencing of genomic DNA

SSCP, single-stranded conformational polymorphism analysis; D-HPLC, denaturing
HPLC analysis.
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The only CDG responsive to treatment is CDG-Ib. Mannose circumvents
the defective step (phosphomannose isomerase) because it can be directly
converted to mannose 6-phosphate by hexokinases.

It can be given orally or intravenously in a dose of 150 mg/kg/d (in 4 to
6 divided doses). Response to treatment takes weeks to months.
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Congenital disorders of glycosylation (CDG) are a rapidly growing group of
genetic diseases due to defects in the synthesis of glycans. Seven disorders
have been well characterized in N-glycan assembly and processing: two in
the cytosol, four in the ER and one in the Golgi. Except for CDG-Ib all af-
fect the brain besides many other organs. A CDG should be considered in
any unexplained clinical disorder. A valuable screening test is isoelectrofo-
cusing of serum transferrins but a normal result does not exclude a CDG.
Only for one CDG (CDG-Ib) an efficient treatment is available namely D-
mannose. The number of patients with an unexplained CDG (CDG-x) is
rapidly growing. Glycan structure analysis, yeast genetics and knock-out
animals are important tools in the elucidation of these CDG [17].

$���������

1. Jaeken J, Matthijs G, Carchon H, Van Schaftingen E. Defects of N-glycan synthesis.
In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The metabolic and molecular
bases of inherited disease. McGraw-Hill, 2000; 1601–1622.

2. Jaeken J, Vanderschueren-Lodeweyckx M, Casaer P, et al. Familial psychomotor re-
tardation with markedly fluctuating serum proteins, FSH and GH levels, partial
TBG-deficiency, increased serum arylsulphatase A and increased CSF protein: a new
syndrome? Pediatr Res 1980; 14: 179.

3. Van Schaftingen E, Jaeken J. Phosphomannomutase deficiency is a cause of carbo-
hydrate-deficient glycoprotein syndrome type I. FEBS Lett 1995; 377:318–20.

4. Carchon H, Van Schaftingen E, Matthijs G, Jaeken J. Carbohydrate-deficient glyco-
protein syndrome type 1A (phosphomannomutase deficiency). Biochim Biophys
Acta 1999; 1455: 155–165.

5. Matthijs G, Schollen E, Bjursell C, et al. Mutations update: Mutations in PMM2 that
cause congenital disorders of glycosylation, type Ia (CDG-Ia). Hum Mutat 2000; 16:
386–394.

6. Niehues R. Hasilik M, Alton G, et al. Carbohydrate-deficient glycoprotein syndrome
type Ib: Phosphomannose isomerase deficiency and mannose therapy. J Clin Invest
1998; 101: 1414–1420.

7. de Koning TJ, Dorland L, van Diggelen OP, et al. A novel disorder of N-glycosyla-
tion due to phosphomannose isomerase deficiency. Biochem Biophys Res Commun
1998; 245: 38–42.

References 421



8. Jaeken J, Matthijs G, Saudubray JM, et al. Phosphomannose isomerase deficiency: A
carbohydrate-deficient glycoprotein syndrome with hepatic-intestinal presentation.
Am J Hum Genet 1998; 62: 1535–1539.

9. Burda P, Borsig L, de Rijk – van Andel J, et al. A novel carbohydrate-deficient glyco-
protein syndrome characterized by a deficiency in glucosylation of the dolichol-
linked oligosaccharide. J Clin Invest 1998; 102: 647–652.

10. Grünewald S, Imbach T, Huijben K, et al. Clinical and biochemical characteristics of
congenital disorder of glycosylation type Ic, the first recognized endoplasmic reticu-
lum defect in N-glycan synthesis. Ann Neurol 2000; 47: 776–781.

11. Körner C, Knauer R, Stephani U, et al. Carbohydrate deficient glycoprotein syn-
drome type IV: deficiency of dolichyl-P-Man: Man5GlcNAc2-PP-dolichyl mannosyl-
transferase. EMBO J 1999; 18: 6816–6822.

12. Kim S, Westphal V, Srikrishna G, et al. Dolichol phosphate mannose synthase
(DPM1) mutations define congenital disorder of glycosylation Ie (CDG-Ie). J Clin
Invest 2000; 105:191–198.

13. Imbach T, Schenk B, Schollen E, et al. Deficiency of dolichol-phosphate-mannose
synthase-1 causes congenital disorder of glycosylation type Ie. J Clin Invest 2000;
105: 233–239.

14. Jaeken J, Schachter H, Carchon H, De Cock P, Coddeville B, Spik G. Carbohydrate
deficient glycoprotein syndrome type II: A deficiency in Golgi localised N-acetyl-
glucosaminyltransferase II. Arch Dis Child 1994; 71: 123–127.

15. Comier-Daire V, Amiel J, Vuillaumier-Barrot S, et al. Congenital disorders of glyco-
sylation IIa cause growth retardation, mental retardation, and facial dysmorphism. J
Med Genet 2000; 37: 875–877.

16. De Praeter CM, Gerwig GJ, Bause E, et al. A novel disorder caused by defective bio-
synthesis of N-linked oligosaccharides due to glucosidase I deficiency. Am J Hum
Genet 2000; 66: 1744–1756.

17. Jaeken J, Matthijs G. Congenital disorders of glycosylation. Ann Rev Genomics Hum
Genet 2001; 2: 129–152.

422 Congenital Disorders of Glycosylation


	Back to Start-screen
	Help
	Search
	Imprint
	Foreword to 2nd Edition
	Foreword to 1st Edition
	Preface to 2nd Edition
	List of Contributors
	How to use this book
	Contents
	Abbreviations
	Part One: Approach to Diagnosis
	A Simple Tests in Urine and Blood
	B Amino Acid Analysis
	C Organic Acid Analysis
	D Miscellaneous Analyses
	E Tandem Mass Spectrometry in Clinical Diagnosis
	F Proton NMR Spectroscopy of Body Fluids

	Part Two: Disorders
	1 Disorders of Phenylalanine and Tetrahydrobiopterin Metabolism
	2 Disorders of Neurotransmitter Metabolism
	3 Disorders of GABA, Glycine, Serine and Proline
	4 Disorders of Tyrosine Degradation
	5 Disorders of Histidine Metabolism
	6 Disorders of Leucine Metabolism
	7 Disorders of Valine-Isoleucine Metabolism
	8 Various Organic Acidurias
	9 Disorders of the gamma-Glutamyl Cycle 
	10 Disorders of Sulfur Amino Acids
	11 Inherited Hyperammonemias
	12 Disorders of Ornithine, Lysine and Tryptophan
	13 Defective Transcellular Transport of Amino Acids
	14 Disorders of Mitochondrial Fatty Acid Oxidation and Ketone Body Handling
	15 Disorders of Carbohydrate and Glycogen Metabolism
	16 Disorders of Glucose Transport
	17 Disorders of Glycerol Metabolism
	18 The Mucopolysaccharidoses
	19 Oligosaccharidoses and Related Disorders
	20 Congenital Disorders of Glycosylation
	21 Cystinosis
	22 Other Storage Disorders
	23 Purine and Pyrimidine Disorders
	24 Disorders of Creatine Metabolism
	25 Peroxisomal Disorders
	26 Hyperoxaluria
	27 Mitochondrial Energy Metabolism
	28 Genetic Dyslipoproteinemias
	29 Disorders of Steroid Synthesis and Metabolism
	30 Inborn Errors of Cholesterol Biosynthesis
	31 The Porphyrias
	32 Disorders of Bile Acid Synthesis
	33 Disorders of Copper, Zinc and Iron Metabolism
	34 Leukotrienes
	35 Other Metabolic Disorders

	Part Three: Indices
	Disorders Index
	Signs and Symptoms Index
	Tests Index




