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Familial psychomotor retardation with
markedly fluctuating serum prolactin, FSH
and GH levels, partial TBG-deficiency,
increased serum arylsulphatase A and
increased CSF protein: a new syndrome?:
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J Jaeken, M Vanderschueren-Lodeweyckx, P Casaer, L Snoeck, L Corbeel, E Eggermont & R Eeckels

Pediatric Research 14,179 (1980)

CDGs originally described in
1980 in twin sister®

Xwho were subsequently found
to havehyposialylatiorof serum
and CSFKansferrin.

JaekenJet al. Sialicaciddeficient serum
and cerebrospinal fluid transferrin in a
newly recognized genetic syndront@lin
ChimActa 1984Dec 29;144(83):245%7
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Familial psychomotor retardation with markedly fluctuating serum
prolactin, FSH and GH levels, partial TBG-deficiency, increased
serum arylsulphatase A and increased CSF protein: a new syndrome?

Identical twin-sisters (born at 36 wks; birthweight 2.2 and

3.0 kg) presented at 2 years of age with marked psychomotor
retardation and bone-age of 1 year. Physical growth and phenotype
were normal. Repeated investigations revealed: markedly fluctua-
ting basal serum prolactin (778-5652 pU/m1; nl < 800), FSH
(17-55 mIU/ml; n1< 10) and GH (2-144 ng/ml; nl < 10}, but normal
LH; low TBG (1.1 and 1.2 mg/d1; nl1 1.6-2.4) also present in the
father, with otherwise normal thyroid function including TRH test,
arylsulphatase A moderately increased in serum (mean 293 and
272 nmol/ml1; n1 30-130) but not in leukocytes, without increase
of other lysosomal enzymes, and increasing CSF protein. Normal
results were found for GH response to i.m. glucagon, urinary
excretion of 17-keto and 17-hydroxysteroids, at funduscopy and
for lymphocyte karyotype (Giemsa banding), buffy coat of blood
leukocytes and electronmicroscopy of conjunctiva. Sella tursica
was normal on x-ray. Cortical and cerebellar hypotrophy was
evident on CAT-scan. Electromyography was normal but nerve
conduction velocity was delayed (30-31 m/sec; n1 50 + 1). A nerve
and muscle biopsy is planned. At this stage we have no satis-
factory explanation for these unusual findings.



Subsequent history

A 2 additional patients in 1987

Jaekenlet al. An apparent homozygouslXiked disorder with carbohydrate
deficient serum glycoproteins. Lancet. 1987 Dec 12;2(85398

A 7 morein Swederin 1989

KristianssorB et al. Disialotransferrindevelopmental deficiency syndromeArch
Dis Child. 1989 Jan;64(1)chL

A 26 patients presentethy Drs.Jaekerand Stibler
at 5 ICIEM Asilomay June 15, 199Q

I renamedcarbohydratedeficient glycoprotein
syndrome(CDGS)



New subtypes

A New variantdescribedn 1991

. Ramaekerd/T,StiblerH, KintJ,Jaeken). Anew variantof the carbohydrate
| type I I deficient glycoproteins syndrome. J Inhavietab Dis. 1991;14(3):38B

Jaeken], De Cock BtiblerH, VanGeetC,KintJ,Ramaeker¥, et al. Carbohydrate
deficient glycoprotein syndromigpe Il. J InheritMetab Dis. 1993;16(6)041

A Further subtypesidentified
I type Il

StiblerH, Westerberg Blanefeldr,HagberdgB. Carbohydrateleficient glycoprotein (CDG)
syndrome-a new variantfype lll. Neuropediatrics 1993 Feb;24(1):5P

I type IV

StiblerH et al.Carbohydratedeficient glycoprotein syndromea fourth subtype.
Neuropediatrics 1995 Oct;26(5):23%



Enzymatic and molecular identification

A Enzymeadeficiencyfor CDGS type Il identified

1 9 94 JaekenJet al. ArchDis Child. 1994 Aug;71(2):X23

I genein 1996

Tan X Jaekenl,SchachteH. Mutations in the MGAT@ene...Am J Hum Genet. 1996 Oct;59(4):810

A Type | enzyme identifieith 1995

VanSchaftingerk,Jaekenl FEB&ett. 1995 Dec 27;377(3):3¢80

I genein 1997

Matthijs G, X VeigaDaCunha M Jaeken],CassimadJVanSchaftingerE.Nat Genet. 1997 May;16(1):882

A Enzymeand gene deficiencies responsible for
type IVd eSC” bed n 1999 KornerC et alEMBO J. 1999 Dec 1,18(23):6815



New classification proposed

A Firstinternational Workshop on Carbohydrate
Deficient Glycoprotein Syndromes

I Leuven BelgiumNovemberl2-13, 1999

A Namedaccording taype of TIEF abnormality
followed byletter inthe order in which they were
described

I CDGS typeA CDGla
I CDGS type A CDGlla



Glycoconjugate Journal 16, 669671, 1999

LE-I—I-ER T 0 THE EDITOR ‘U i) 2000 Kluwer Academic Publishers. Manufactured in The Netherlands.
Carbohydrate-deficient glycoprotein syndromes
become congenital disorders of glycosylation:

An updated nomenclature for CDG

Table 1. Congenital Disorders of Glycosylation or CDG (as of 15,/11,/1999)

Group/type Defect and defective gene Acronym

Group | Defects in M-linked protein glycosylation due to deficiencies in the assembly of the CDG-I
dolichylpyrophosphate linked oligosaccharides and/or its transfer to asparagine
residues on the nascent polypeptides.

Type la Phosphomannomutase PMM2 CDG-la

Type Ib Phosphomannose isomerase MPI CDG-Ib

Type lc Dolichyl-PP-Glc:Man9GlicNAc2-PP-dolichyl alpha 1,3-glucosyl- ALG6 CDG-lc
transferase

Type Id Dolichyl-PP-Man:Man5GIcNAc2-P P-dolichyl alphal,3-mannosyl- ALG3 CDG-Id
transferase

Type le Daolichol-P-Man synthase 1 DPM1 CDG-le

Group I Defects in the processing of N-glycans or addition of other glycans to proteins CDG-II

Type lla UDP-GIcMNAc:alpha-6-D-mannoside beta-1,2-N-acetylglucosaminyi- MGATZ CDG-lla

transferase Il (GnT II)
Type x Genetic basis unknown CDG-x




Issues with classification

A Some disordersf N-glycosylatiomot associatedvith TIEF
abnormalities

I CDGlb

A TIEFonly assesses-hlycosylation
I disregards defects O-glycosylation

A Disorders involving lipid glycosylation discovered
A Nobiological insight aboubasicprotein defect

A Soon wouldun out letters
T mutationsin NUS1 CDGaa



New homenclature

A Include offlc:lalgene symbol (not in italics)
FT2{f26CDR& 08 a

I CDGlaA PMM2-CDG

A Adopted in 2008
I ISssues noted earlier
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Classificatiorg Quovadis

A 105 CDGs

Table 1

Overview of CDG organ involvement and symptoms/signs Items before the semicolon are clinical symptoms and signs, and the items
after the semicolon are results of paraclinical investigations.

ALG1-CDG

Brain psychomotor disability, microcephaly, refractory epilepsy, hypotonia;
cerebral atrophy

Liver hepatosplenomegaly

Dysmorphic features large fontanel, hypertelorism, micrognathia

Other nonimmune foetal hydrops, hypogonadism

ALG2-CDG

Brain psychomotor disability, epilepsy; hypomyelination

Eyes bilateral iris coloboma, cataract

Liver hepatomegaly

PéanneR, delLonlayP,Foulquier KornakU, LefeberDJ, Morava E, Pérez B, Seta N, Thiel CS&aaftinger, Matthijs G,
Jaekenl. Congenital disorders of glycosylation (CDG):v@di? Eurd Med Genet. 2018 Nov;61(11):6883.



A 132 CDGs

Table 1

Disorder
N-linked pathway
DPAGT1-CDG

ALG1-CDG

ALG2-CDG
ALG2-CMS

Classificatiorg

Disorder Gene

Gene Function OMIM OMIM Main clinical features Year Reference
DPAGTI GIcNAc-1-P transferase 608093 191350 ID,Hy, Sz, M, infections, early death, 2003 PMID:
CMS 12872255
ALGI [1-4 mannosyltransferase 608540 605907 ID, Hy, Sz, M, infections, early death 2004 PMID:
14709599
PMID:
14973778
PMID:
14973782
ALG2 a1-3 mannosyltransferase 607906 607905 ID,Hy, Sz, infections, 2003 PMID:
hypomyelination, hepatomegaly, early 2013 12684507
death PMID:
CMS 23404334

https://www.ncbi.nlm.nih.qov/books/NBK453018/
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Ng BG, Freeze HH. Perspectives on Glycosylation and Its Congenital

DisordersTrendsGenet. 2018 Jun;34(6):46&6.
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Nosology of IEMs

A Redefinition of IEMs

I presence oMmetabolite identifiable by classicechniguesno
longer a prerequisite

I requiresonly that impairment obiochemical pathway be
Intrinsicto pathomechanism

Morava ERahmars, Peters V, Baumgartner MR, PattersorZbthockel. Quovadis the re-definition
of "inborn metabolic diseases". J Inhévietab Dis. 2015 Nov;38(6): 1063

Table 1 Criteria used for inclusion of an inborn error of metabolism in the current nosology

The disruption of a metabolic pathway is considered necessary and sufficient for inclusion
Regardless of laboratory abnormalities in standard biochemical tests

Regardless of assocation with dinical manifestations of disease (unless the defect is universal to all humans)
Severity alone is not considered sufficient for separation into different entries when a single gene product is involved

A different pathomechanism i considered necessary for separation into different entries when a single gene product is involved, regardless of the mode
of inheritance

The involvernent of different gene products is considered sufficient for separation into different entries, even if the phenotype is similar
The error must have been reported in more than a single family, and the involvement of the gene product must have been well characterized on an
enzymatic or molecular level

Ferreira CR, varRarnepeek_ DM, VocKieyd,BlauN. A proposed NOSoIogy INDOrNerrors or metapolism. Genet ved. 2U1Y
Jan;21(1):10206.
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