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Definicoes

Glicosilagcao —forma mais complexa de

modificacdo de proteinas e lipidos

Grupo de doencas derivadas da glicosilacao

anormal de proteinas, Lipidos , e/ou outros

glicoconjugados [ * - cook
| 2% dos genes estéo
Descrito em 1980 envolvidos na glicosilagéo

- Jaeken et al. 1980

 Gd maioria - hereditariedade AR

>100

glucosamine

Carbohydrate group

Glucose




Basic CDG Cell Biology

A Dolichol, Mannose-6-P and other
residues assemble on cytosolic /
membrane of ER |
B More mannose are added in
characteristic branchingchains, ‘ o
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Fig. 1. Diagram depicting basic glycosylation pathway as it progresses from cytoplasm through the Golgi where final products are released. [Color
figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

- Glicoproteinas, glicolipidos e outros glicoconjugados

->Papel fundamental no metabolismo, estrutura e funcao
das glicoproteinas e de :

‘Doencas multissistémicas




Defeitos Congénitos da Glicosilacao

- Defeitos da Glicosilacao de Proteinas

- N-glicosilacao

- O-glicolisacéao
- Defeitos da glicosilacao de lipidos e na
ancora de glicosilfosfatidilinositol (GPI)

- Defeitos em multiplas vias de glicosilacao
ou em outras vias




Glicoproteinas

- 50% das proteinas humanas

* maioria prot. extracelulares (transferrina, fat. coagulacdo, hormonas)
- maioria das prot. membranas (recetores)

- varias prot. intracelulares (enzimas lisossomais)
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» ligados ao grupo amina da asparagina
» Sintetizados e processados no citoplasma, RE e complexo de Golgi

= O-glicanos
» ligados ao grupo hidroxilo da hidroxilisina, hidroxiprolina, serina ou treonina
» “Construidos progressivamente” no Complexo de Golgi
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_ Y
1° Passo:

N-Glicosilaga |
I C OS l agao » Formacéao no citosol de agucares ligados a nucleotidos
GDP Manose® tb UDP-Glicose® e UDP-GIcNAc ¢
(3 passos) (GDP M _ )
* Ligacao GIcNAc e Manose ao Dolicol-P
* Inversao das estruturas oligossacarideas para o RE

Citoplasma
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N_Gl |COS | Ia a’o 2° Passo (“Assembly’):
g Adicao progressiva de residuos de glicose e
manose formando o percursor oligossacarideo
5 passos dolichol lipid-linked oligosaccharide (LLO)
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3° Passo:

N-Glicosilagdo
(3 passos)

Citoplasma
Man-6-P Man-1-P

6-6-P<— Fru-6-P

GDP-Man gpp
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* Transferéncia do percursor LLO para a proteina
» Processamento do glicano no Ap. de Golgi
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O-Glicosilacdo

- Ap. de Golgi

- “Assembly”

- Sem processamento

= O-xilosilglicanos

CHCH _ §
= I
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H MHC T H, <hamn
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=ypP [GalNAc BGIcNAc 4 Protein core

= O-manosilglicanos

= O-N-acetilgalactosaminoglicanos



Doengas congénitas da
N-Glicosilagao




Métodos de Rastreio N-Glicosilacao

Determinacao da transferrina deficiente em
carboidratos (CDT)

- Método quantitativo (% de transferrina deficiente)

- Identifica uma glicosilacdo anormal mas nao o defeito

- Falsos positivos (FQ, galactosemia, patologia hepatica, infeccdes)
- N&ao é um metodo apropriado para rastreio

- Tem valor se positivo




Métodos de Rastreio N-Glicosilacao

- Focagem isoelétrica (IEF) da transferrina sérica

= Método eletroforético

=Gel de agarose

=Detecta apenas um ndmero
limitado de CDGs envolvidos na
N-glicosilacao associados a
deficiéncia de acido sialico
=CDG tipo |
=CDG tipo I

=Risco de falsos negativos
PMM2-CDG

=Defeitos combinados da N e O




Transferrina

* Transferrina humana - uma unica cadeia
polipeptidica

« Cada antena termina com um residuo de
acido sialico carregado negativamente
contribuindo para a carga eléctrica total
da transferrina

« Grau de sializacao influencia
comportamento electroforético da
glicoproteina

* Maioria tetrasialotransferrinas

* Pequenas quantidades de mono-, di-, tri-,
penta- e hexasialotransferrinas
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— Defeitos no — Defeitos da sintese de N-
processamento no glicanos no citosol /RE

aparelho de Golgi




CDG
tipo |

Tipo
CDG

la

Sistemas/orgaos afectados

Sistema nervoso, tecido adiposo,

olhos, coracdo, rins, figado,

esqueleto, gbnadas, sistema imune

Intestino, figado

Sistema nervoso

Sistema nervoso
Sistema nervoso

Sistema nervoso, pele

Sistema nervoso

Intestino, figado

Sistema nervoso, olhos, figado

Sistema nervoso
Sistema nervoso

Sistema nervoso, figado

Sistema nervoso, pele, olhos

Sistema nervoso, figado

Defeito enzimatico ou
proteico

Fosfomanomutase 2 (PMM)

Fosfomanose isomerase (PMI)

Dol-P-Glc: Man9GIcNAc2-PP-dolicil
a-1,3-glucosiltransferase

Dol-P-Man:Man5GIcNAc2-PP-dolicil
a-1,3-manosiltransferase

Doll-P-Man sintase 1

Defeito 1 com utilizagdo da Dolicol-P-
Man

Dol-P-Man: Man7GIcNAc2-PP-dol
manosiltransferase

Glucosiltransferase Il Dol-P-Glc:
Glc1Man9GIcNAc2-PP-Dol
Glucosyltransferase

Manosiltransferase || GDP-
Man1GIcNAc2-PP-Dol
Manosiltransferase

UDP-GIcNAc: dolicolfodfato N-
acetilglucosamina 1- fosfato
transferase

Manosiltransferase | GDP-Man:
GIcNAc2-PP-Dol Manosiltransferase

Manosiltransferase Dol-P-Man: Man
6 e 8GIcNAc2-PP-Dol
Manosiltransferase

Dolichol kinase

RFT1

Gene

PMM2

Ml
ALG6

ALG3
DPM1
MPDU1

ALG12

ALGS8

ALG2

DPAGT1

ALG1

ALG9

TMEM15
RFT1

Ano

1995

1998
1999

1999
2000
2001

2001

2002

2002

2002

2003

2003

2007
2008




J Imherit Metab Dis (2008) 31:669-672
DOT 10.1007/510545-008-0983-x

RAPID COMMUNICATION

On the nomenclature of congenital disorders
of glycosylation (CDG)

J. Jaeken - T. Hennet - H. H. Freeze - . Matthijs

Table 1 Defects in protein N-glycosylation

Defective gene

Defective protein

OMIM

PMM?2 (CDG-1a)
MPI (CDG-Ib)
ALG6 (CDG-Ic)
NOTS6L (CDG-Id)
ALG 12 (CDG-Ig)
ALG 8 (CDG-Ih)
ALG2 (CDG-Ii)
DPAGTI (CDG-Ij)
HMT1 (CDG-Tk)
DIBD1 (CDG-II)

RFT1 (CDG-In)
MGAT2 (CDG-Ila)
GLS1 (CDG-IIb)
TUSC3

Phosphomannomutase 2

Phosphomannose isomerase

Dol-P-GleMang-GleN Aca-P-P-Dol glucosyltransferase (glucosyltransferase 1)

Dol-P-Man:Mans-GleNAc,-P-P-Dol mannosyltransferase (mannosyltransferase 6)

Dol-P-Man:Man;-GleNAc,-P-P-Dol mannosyliransferase (mannosyliransferase 8)

Dol-P-Gle:Gle -Mang-GleN Ace-P-P-Dol glucosvltransferase (glucosyltransferase 2)

GDP-Man:Man;-GleN Acs-P-P-Dol mannosyltransferase (mannosyltransferase 2)

UDP-GleNAc:Dol-P-GleNAc-P transferase

GDP-Man:GleN Ac,-P-P-Dol mannosyltransferase (mannosyltransferase 1)

Dol-P-Man:Mang-and Mang-GleNA--P-P-Dol mannosyliransferase
{mannosyltransferase 7-9)

Flippase of MansGleNAc,-PP-Dol

N-acetylglucosaminvliransferase 2

Glucosidase 1

Oligosaccharyltransferase subunit

601785
602579
603147
601110
607143
608104
al7906
608093
608540
608776

611633
602616
606056
601385




Defeitos da N-Glicosilacao

B Table 42.1. Protein N-glycosylation disorders

Name

Main clinically affected organs and systems

Defective protein

PMM2-CDG (CDG-la)
MPI-CDG (CDG-1b)

ALG6-CDG (CDG-Ic)

Nervous system, fat tissue, other organs’

Intestine, liver

Nervous system, intestine

Phosphomannomutase 2
Phosphomannose isomerase

Glucosyltransferase |

o ALGS-CDG (DG )
ALG12-CDG (CDG-Ig)
ALG8-CDG (CDG-1h)
ALG2-CDG (CDG-i)

DPAGT1-CDG (CDG-l))

ALG1-CDG (CDG-Ik)
ALGY-CDG (CDG-IL)
ALG11-CDG

RFT1-CDG (CDG-In)

MGAT2-CDG (CDG-lla)

GCS1-CDG (CDG-IIb)
TUSC3-CDG

MAGT1-CDG

Nervous system

Nervous system

Intestine, liver

Nervous system, eyes, liver

Nervous system

Nervous system, liver
Nervous system, liver
Nervous system, hearing

Nervous system, hearing

Nervous system, skeleton, intestine, immune system,

dysmorphism

Nervous system, dysmorphism

Nervous system

Nervous system

'Eyes, heart, liver, kidneys, skeleton, gonads, immune system

Mannosyltransterase VI
Mannosyltransferase VIl
Glucosyltransferase Il
Mannosyltransferase Il

UDP-GlcNAc: Dol-P-GlcNAc-P
Transferase

Mannosyltransferase |
Mannosyltransferase VII/IX
Mannosyltransferase IV/V
Flippase of Man GlcNAc,-PP-Dol

N-Acetylglucosaminyltransferase Il

Glucosidase |
Oligosaccharyltransferase subunit

Oligosaccharyltransferase subunit




PMM2-CDG (Ia) - Deficiéncia de
Fosfomanomutase?2

- Mais frequente (>800 doentes identificados)
* |nicio precoce

« Doenca multissistémica:

= Envolvimento neurologico primordial moderado a
grave

Estrabismo interno, outros mov. oculares anormais
Hipotonia axial

ADPM (QI 40-60)

Ataxia

Retinite pigmentosa

Episodios tipo AVC

Epilepsia (ocasional)

= Dismorfismo +/- tipico
= Envolvimento variavel de diferentes orgaos



PMM2-CDG (Ia)
Clinica
1 Pré-natal:
= Hidropsia
= Anomalias SNC

Lactente: quadro multissistémico

= dificuldades alimentares

= ma progressao estaturo ponderal
= hipotonia axial

= ADPM
= microcefalia Pré e escolar:
= dismorfismos = ataxia
= estrabismo = ADPM
= insuficiéncia hepatica = retinite pigmentada
= ep. tipo AVC = deformidades articulares
= derrame pericardico = Cardiomiopaﬂa
Adolescéncia e idade adulia:

» défice intelectual
» atrofia distal Ml

= neuropatia periférica
= alt. esqueléticas

= hipogonadismo




PMM2-CDG (Ia)
Exame fisico

= orelhas hipoplasicas/displasicas
= ponte nasal alta
= prognatismo

= distribuicdo anormal do tecido
adiposo subcutaneo

= mamilos invertidos

= hepatomegalia leve a moderada
= limitacOes articulares

= anomalias do esqueleto

= hipogonadismo




PMM2-CDG (Ia)

RMN cerebral

« Alargamento cisterna magna
« Hipoplasia olivopontocerebelosa
« Hipoplasia do cerebelo, progressiva

« Hipoplasia cerebral por vezes com
guistos da substancia branca




PMM2-CDG (Ia)

p Man-1-P
@ |

GDP-Man gpp

X

?
[

O-d—mm

Aparelho
de Golgi

~

UDP-GIcNAC




PMM2-CDG (Ia)

Diagnostico:

Focagem isoelectrica transferrina

Tetrasialotransferrina

Mono-, Di-, Tri-, Penta-
Hexasialotransferrina

£&
-E:ﬂ_

|

Tetra-, Penta-,
Hexasialotransferrina

Disialo-,
Asialotransferrina

Quantificacao da transferrina deficiente em CH (cromatografia) 1

Biopsia hepatica: fibrose e esteatose

Medicdo da actividade PPM2 nos leucdcitos/fibroblastos

Estudo molecular PPM2




PMM2-CDG (Ia)

Tratamento e Prognadstico:
= Nao ha tratamento disponivel
= AAS bx dose — eficaz na prevencéao de AVCs

=  Aumento da mortalidade nos primeiros anos de vida devido a
infecc&o grave ou envolvimento de orgaos vitais (figado,

coracao ou rim)
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fructose-6-phosphate ——— | glycolysis

H phosphomannose isomerase (MPI)

mannose-6-phosphate

44*1'-.'& phosphomannomutase 2 (PMM2)

mannose-1-phosphate

GDP-mannose — dolichol-phosp | at

dolichol-linked oligosaccharide biosynthesis

Very recent results in a hypomorphic mouse model for
Fig. 3 Therapeutic approc ~ PMM2-CDG might give hope for a future therapy for women
tase 2 (PMM2) catalyzes U gt rigk for a PMM2-CDG child. After feeding pregnant dams

mannose- | -phosphate in th . X
ity (indicated by a yellow |~ With mannose, the lethality of compound-heterozygous em-

30:3'C}*l“’l"ll?hlfgghﬂl‘_ﬂ'ma“’: bryos was overcome and normal life was possible thereafter,
olichol-linked oligosacch: A - . .
the allocation of full-len;  1Ndicating that mannose treatment in the patients might have

approaches are envisaged. been started too late [58]
distinct residual PMM2 ac.

er with mannose po-
s the synthesis of lipid-
f mannose already dur-
organ development and

e oa A L —

Therapies and therapeutic approaches in Congenital
Disorders of Glycosylation

Christian Thiel - Christian Kérner




PMM2-CDG (Ia)

Genética:

Incidéncia 1:20 000 - 40 000
AR
gene PMM2, 16p13 (>80 mutacoes missense identificadas)

Diagnostico pré-natal em familias com deficiéncia PMM e
mutacdes no gene PMM?2

IEF e CDT no feto e nas primeiras semanas de vida é

geralmente inconclusivo — NAO deve ser utilizado



MPI-CDG (Ib )

- Deficiencia Fosfomanose-isomerase

* Inicio entre 1-11 Meses
« Envolvimento neuroldégico minimo/ausente

- Doenca Hepato-intestinal sem dismorfismos
= VOomitos recorrentes
=  Dor abdominal
= Enteropatia perdedora de proteinas
=  Tromboses recorrentes
= Hemorragias Gl

= Hipoglicemia



CDG Ib - Deficiencia Fosfomanose-isomerase

T

Citoplasma ﬁ CDG Ib
G-6-P<— Fru-6-P Man-6-P «—— -1-P
Mo - D
%%h GDREMan ¢pp
UDP-Glic ,Y°P
‘\ ><! %
) N iy iy UDP-GIcNACc
N I [ I B ] g
T T TR
. h S UMP

Aparelho
de Golgi




MPI-CDG (Ib )

- Deficiencia Fosfomanose-isomerase

Diagnastico:
— Focagem isoeléctrica da transferrina sérica
(padrao tipo 1, indistinguivel do CDG la)

— Diminuicao da actividade da PMI em leucocitos
e/ou fibroblastos

— Estudo molecular do gene PMI



MPI-CDG (Ib )
- Deficiencia Fosfomanose-isomerase

Tratamento e Prognaostico:

= UNICA forma de CDG com tratamento especifico até ao momento

Frutose-6-Fosfato < \ >Manose-6-Fosfato

=  Os sintomas clinicos habitualmente desaparecem rapidamente

=  Manose: Administracédo de 1g/Kg/dia

= O padrao de IEF da transferrina pode demorar varios meses a

normalizar

= Alguns doentes morrem (disturbios da coagulacéo, hipoproteinemia, ...)



CDG Ic Deficiencia - Glicosiltransferase I

« 2°defeito da N-Glicosilacao mais comum

* Envolvimento neurologico

Hipotonia

Estrabismo

Convulsbes
Subdiagnesticado?
ADPM leve

e < dismorfismos e ADPM + leve que no CGD la

* Enteropatia perdedora de proteinas



CDG Ic Deficiencia - Glicosiltransferase I

"o
Citoplasma

G-6-P<— Fru-6-P <—— Man-6-P <— Man-1-P

%o GDP-Man gpp

UDP-Glic ,YPP ><
N . >< .
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CDG Ic Deficiencia - Glicosiltransferase I

Testes Diagnosticos:

= Focagem Isoeléctrica da transferrina sérica (padrao tipo 1)

= Analise da actividade dos oligossacaridos ligados ao dolicol
em fibroblastos:

- se nao existirem residuos de glicose‘;
= Actividade da glicosiltransferase em fibroblastos

= Estudo molecular gene hALG6, 1p22.3 (AR)



CDG Ic Deficiencia - Glicosiltransferase I

* Tratamento e Prognastico:

— Nao ha tratamento eficaz disponivel

— Prognostico a longo prazo desconhecido




CDT 1 |IEF transferrina: padrao tipo |

Bidpsia de pele para
cultura de fibroblastos

Actividade enzimatica Actividade enzimatica
CDG PMI PMM2

tipo Ib G S

Estudo molecular Andlise dos oligossacarideos Estudo molecular
PMI ligados ao dolicol PMI

(fibroblastos)

Auséncia dos 3
Outras residuos de glicose

alteracoes
M Actividade de Actividade enzimatica
outras enzimas Glucosiltransferase |
Qutros tipos CDG

de CDG tipo |
Estudo molecular

hALG6




CDG
tipo |l

Tipo
CDG

lla

l1b
llc

lld

lle
IIf*

Ilg*

Ilh*

154

Sistemas/orgéaos
afectados

Sistema nervoso,
esqueleto,
intestino,
sistema imune,
dismorfismos

Sistema nervoso,
dismorfismos, figado

Sistema nervoso,
sistema imune,
dismorfismos,

Sistema nervoso,
musculo esquelético

Sistema nervoso,
figado,
esqueleto

Megatrombocitopenia,
neutropenia

Sistema nervoso,
figado, baco

Sistema nervoso,
sistema imune

Defeito enzimatico ou proteico

UDP-GIcNAc: a-6-D-manoside 3-1,2-
N-acetilglucosaminiltransferase Il

A-1,2-glucosidase |

Transportador da GDP-fucose

B -1,4-galactosiltransferase

Complexo Golgi Oligomérico
conservado da subunidade 7

CMP-Transportador do acido sialico

Complexo Golgi Oligomérico
conservado da subunidade 1

Complexo Golgi Oligomérico
conservado da subunidade 8

Gene

MGAT2

GCS1

SLC35C1
/[FUCT1

B4A4GALT1

COGY

SLC35A1

COG1

COG8

Ano

1994

2000

2001

2001

2001

2001

2006

2007

*defeitos combinados na N- e da O-glicosilacéo




Doengas congénitas da
O-6licosilagao




Doencas congeénitas da O-Glicosilacao

pl
Ser

5

, %

= Via metabdlica mais complexa }* uor-—Gan
= Metabolismo no aparelho de Golgi

o a
Ser — GalNAc
e

— UDP—GQGal

= Sem marcador bioquimico especifico? Jl
= Grupo crescente!

:
3 31,3

Ser— GalNAc222Gal

S

= O-xilosilglicanos Frow

= O-manosilglicanos

= O-N-acetilgalactosaminoglicanos KG

= O-fucosilglicanos
S s

Figure 15-32. Synthesis of an O-linked
i n.

oligosaccharide chai
Copynght 1999 John Wiley and Sons, Inc. All rights reserved




Clinical Chemistry 53:2 =
180-187 (2007)y Molecular Diagnostics
and Genetics

Transferrin and Apolipoprotein C-lll Isofocusing
Are Complementary in the Diagnosis of N- and
O-Glycan Biosynthesis Defects

SuzaN WOPEREIS,! STEPHANIE GRUNEWALD,? KARIN M.L.C. Huneen,! Eva Morava,?
RoseLLA MoLLICONE,* BazieL G.M. vaN ENGELEN,® Dirk J. LEFEBER,! and RoN A. WEVERS!

Fig. 1. Plasma apoC-lll isofocusing
and secondary mucintype core 1
Mcﬂl m.o'l"dim‘ .

Lane 1, control; fane 2, COG4ke; Iane 3,
CDGHIT, Iane 4, HUS; Isne 5, Hutchin-
son Gliford progeria; fane &, control
(age >1B years) with apoCA4ll; fraction
around the upper reference Interval
limit.

IEF da ApoC-Ill apenas rastreia alts dos O-glicanos “core 1 mucin type”




Doencas congeénitas da O-Glicosilacao

Nome Sistemas/orgaos Defeito enzimatico ou
afectados proteico

Defeitos da sintese de O-xilosilglicanos

Glucuroniltransferase/N-acetil-

Sind. de exostoses multiplas = Cartilagem [N B e
Variante progeroide do Envelhecimento
sind. de Ehlgrs-Danlos precoce Pt leeieylsssess ¢

Defeitos da sintese de O-manosilglicanos

Sind. de Walker-Warburg Sistema nervoso, O-manosiltransferase 1
olhos,

Sind. musculo-olho-cérebro musculos esqueléticos O-manosil-B-1,2-N-

acetilglucosaminiltransferase 1

Defeitos da sintese de O-N-acetilgalactosaminoglicanos

_ . Pele, tecido
Calcinose tumoral familiar SUbCUANEO, fins ppGaNTase-T3

Defeitos da sintese de O-fucosilglicanos

Disostose espondilo-costal O-fucose-specific B-1,3-N-

de tipo 3 Esqueleto axial acetylglucosaminyltransferase

Sistema nervoso, olho,
Sind. de Peters’ Plus craneo-face, baixa B1,3-glucosyltransferase
estatura, coracao

Gene

EXT1/
EXT2

B4A4GALTY7/

POMT1
POMGNT1

GALNT3

SCDO03

B3GALTL




0-GalNAc glycosylation

GALNT3 601756 Polypeptide GalNAc-transferase Familial tumoral calcinosis
GALNTIZ2 6510290 Polypeptide GalNAc-transferase Colorectal cancer susceptibility
COSMC 300611 Core 1 [31-3 Gal-transferase chaperone Tn syndrome
0-Man glycosylation
POMTI 607423 Protein O-Man-transferase Walker-Warburg syndrome
POMTZ 607439 Protein 0-Man-transferase Walker-Warburg syndrome
POMGNTI 06822 [31-2 GlcNAc-transferase Muscle-Eye-Brain disease
LARGE 603590 [31-3 GlcA-transferase/o1-3 Xyl-transferase MDC1D, limb-girdle muscular dystrophy
FKTN 607440 Unknown Fuluyama congenital muscular dystrophy
FKRP 606596 Unknown MDCIC, limb-girdle muscular dystrophy
0O-Fuc glycosylation
LFNG 602576 A1-3 GleNAc-transferase Spondylocostal dysostosis
B3GALTL 6510308 [31-3 Glc-transferase Peters-Plus syndrome
Glycosaminoglycan glycosylation
XGPT1 604327 Xyl 41-4 Gal-transferase Ehlers-Danlos syndrome (progeroid type)
B3GAT3 606374 [51-3 GlcA-transferase Multiple joint dislocations, short stature,

craniofacial dysmorphism, and congenital
heart defects

EXT1 608177 Heparan sulfate polymerase Multiple exostoses

EXT2 608210 Heparan sulfate polymerase Multiple exostoses

CHSY1 608183 Chondroitin synthase 1 Temtamy preaxial brachydactyly syndrome

CHST3 6503799 Chondroitin 6-sulfotransferase Spondyloepiphyseal dysplasia with joint
dislocations

CHST14 608429 Dermatan-4-sulfotransferase-1 Ehlers-Danlos syndrome

(musculocontractural type)

CHSTE 605294 Keratan GlcMAc-6-0-sulfotransferase Macular corneal dystrophy




Defeitos da sintese de O-manosilglicanos

Seminars in
gk Pediatric
sl Neurolo
ELSEVIER sy

The Dystroglycanopathies:
The New Disorders of O-Linked Glycosylation

Paul T. Martin

It has become clear in the past half decade that a number of forms of congenital muscular
dystrophy are in fact congenital disorders of glycosylation. Genes for Walker Warburg
syndrome. muscle-eye-brain disease, Fukuyama congenital muscular dystrophy, congeni-
tal musecular dystrophy 1C and 1D, and limb girdle muscular dystrophy 21 have been
identified, and gene mutations resulting in these diseases all cause the underglycosylation
of o dystroglycan with O-linked carbohydrates. Unlike congenital disorders of glycosyla-
tion involving the N-linked pathway, these O-linked disorders possess distinctive muscle,
eye, and brain phenotypes. Studies using mice and patient tissues strongly suggest that
underglycosylation of dystroglycan inhibits the binding extracellular matrix proteins, effec-
tively divorcing this important cell adhesion molecule from its extracellular environment.
Moreover, defects in dystroglycan alone can account for most, if not all, cellular pathology.
Thus, these disorders are now collectively referred to as dystroglycanopathies.

Semin Pediatr Neurol 152:152-158 © 2005 Elsevier Inc. All rights reserved.




Defeitos da sintese de O-manosilglicanos

R.D. Cohn / Neuromuscular Disorders 15 (2005) 207-217

Extracellular matrix_—_

—_— o
,,"‘ 3o I~

= S
- -"f

POMT1
POMGnT1 POMT2

b

NeuAco2,3Galfi1,4GIcNAcf1,2Mana-O-Serine/Threonine / laminin a2

?

f

fukutin

FKRP
LARGE

Cytosol

Destroglicano — proteina transmembranar que liga a matriz ao
citoesqueleto



Fukuyama CMD
(FCMD)

Muscle-eye-brain
disease (MEB)

Walker-Warburg
syndrome (WWS)

CMD type 1D
(MDC1D)

Main Findings

=“Cobblestone complex"

="Cobblestone complex"

=Eye malformations without congenital
cataracts

=Hydrocephalus

=\White matter changes present in infancy
and early childhoo

«Elevated CPK

="Cobblestone complex"
=Eye malformations

=Flat pons

=Dandy-Walker malformation
=Cerebellar hypoplasia
=Hydrocephalus

=\White matter changes

=Global developmental delay

=Moderate muscle hypertrophy

=Mild facial weakness

=Proximal weakness > distal weakness
=Extensive white matter changes on MRI

Proteic defect

Fukutin

Protein O-mannoside
beta-1,2-N-acetylgluco-
saminyltransferase 1

Protein O-mannosyl-
transferase 1

Protein O-mannosyl-
transferase 2

Glycosyltransferase-
like protein LARGE

Gene

FCMD

POMGNT1

POMT1
POMT2 1

LARGE




0-GalNAc glycosylation
GALNT3
GALNT12
COSMC
0-Man glycosylation
POMTT
POMTZ
POMGNTI
LARGE
FKTN
FKRP
0O-Fuc glycosylation

EXT1
EXT2

B3GAT3
XGPT1

S

Heparan sulfate

LFNG 602576
B3CGALTL 510308
Glycosaminoglycan glycosylation
XGPT1 604327
B3CAT3 606374
EXT1 608177
EXT2 608210
CHSYT 608183
CHST3 603799
CHST14 608429

CHSTe

505294

GalNAc-transferase Familial tumoral calcinosis
e GalMAc-transferase Colorectal cancer susceptibility
- 3 Gal-transferase chaperone Tn syndrome
an-transferase Walker-Warburg syndrome
an-transferase Walker-Warburg syndrome
-transferase Muscle-Eye-Brain disease
S transferase/o1-3 Xyl-transferase MDC1D, limb-girdle muscular dystrophy
Chondroitin sulfate Fukuyama congenital muscular dystrophy
Dermatan sulfate MDCIC, limb-girdle muscular dystrophy
[41-3 GlcMAc-transferase Spondylocostal dysostosis
[31-3 Glc-transferase Peters-Plus syndrome
Xyl 41-4 Gal-transferase Ehlers-Danlos syndrome (progeroid type)
[51-3 GlcA-transferase Multiple joint dislocations, short stature,

craniofacial dysmorphism, and congenital
heart defects

Heparan sulfate polymerase Multiple exostoses

Heparan sulfate polymerase Multiple exostoses

Chondroitin synthase 1 Temtamy preaxial brachydactyly syndrome

Chondroitin 6-sulfotransferase Spondyloepiphyseal dysplasia with joint
dislocations

Dermatan-4-sulfotransferase-1 Ehlers-Danlos syndrome

(musculocontractural type)
Macular corneal dystrophy

WAC-H-(]-

Osteocondrodisplasias

Exostoses multiplas

Luxacdoes multiplas




Sindrome de Exostoses Mdltiplas

AD

Genes EXT1/EXT2

Complexo proteico do ap. Golgi
gue adiciona ac. D-glucoronico e
GIcNAc ao sulfato de heparano

Defeito na producéo de um
glicosaminoglicano com funcéao
supressora tumoral

Vigilancia adequada

Sind Langer Gideon (TRPS 2)
del 8924




MINIREVIEW

Human Genetic Disorders Caused
by Mutations in Genes Encoding
Biosynthetic Enzymes for

Sulfated Glycosaminoglycans™

Published, JBC Papers in Press, March 1, 2013, DOl 10.1074/jbcR11 2 43?4}38

Shuji Mizumoto’, Shiro IkF_-g.at.e'.ra§ and Kaz

From the *Laboratory of Proteoglycan Signaling
Graduate School of Life Science, Hokkaido Unive
and the *Laboratory for Bone and Joint Disease:
Medicine, RIKEN, Tokyo 108-8639, Japan

+1

GAG-repeating
disaccharide region

.

Common GAG-protein
linkage region
AL

~ ™~ ~
< 0 ‘ < , ’ [N Core
n v protein
A
CSIbS s GalNACT-l GICATI  GalNACT
epimerase (CS-polymerase) '
DSE, DSEL CHSY{-3, CHPF  CSGALNACT1,2 |
Bipolar disorder Temtamy pre-axial Neuropathy ‘Q_O_O*Ser
Piaphragmatic hernia  brachydactyly syndrome K
;“ GlcAT-l GalT-ll GalT-l Xyt \
HS/Hep /  B3GAT3 B3GALTE B4GALT7 XYLT12
W ’ Larsen-like Ehlers-Danlos
syndrome syndrome
n B3GAT3 type progeroid type

GICNAcT-Il  HS GIcNACT-Il GIcAT-l  GlcNAcT-I
epimerase (HS-polymerase)
EXTL1, EXTL3 HSGLCE EXT1, EXT2 EXTL2, EXTL3
Hereditary multiple
axostoses
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Am J Hum Genet 2006,79562'566 The American Journal of

" Human Genetics

REPORT

Peters Plus Syndrome Is Caused by Mutations in B3GALTL,
a Putative Glycosyltransferase

Saskia A. J. Lesnik Oberstein, Marjolein Kriek, Stefan ]. White, Margot E. Kalf, Karoly Szuhai,
Johan T. den Dunnen, Martijn H. Breuning, and Raoul C. M. Hennekam

= Olho: anomalia de Peters; outras anomalias da camara anterior
= Baixa estatura desproporcionada

= Fenda labiopalatina

= Atraso do desenvolvimento psicomotor

= Menos freq: cardlopatla anomalias renais..
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Sindrome de Peters Plus

‘ | = Gene B3GALTL, 13g12.3
¥ = AR




Defeitos combinados da
N- e da O-6Glicosilagao



Defeitos combinados da N e O-Glicosilacao

= Defeitos para além do processo de glicosilacao

= Marcadores bioquimicos combinados:
= |EF da transferrina: CDG tipo Il
= |EF da Apolipoproteina C-lll: padréo alterado

= COG1-CDG

1 paciente descrito (Coimbra)

= COG4-CDG
= COG5-CDG
= COG6-CDG
= COG7-CDG
= COGS8-CDG
= Cutis Laxa tipo 2 (AR)




Doencas congénitas da N e da O-Glicosilacao

Nome

Hereditary inclusion
body myopathy

Sistema nervoso,
CDG-lle/COG7 figado,
esqueleto

Deficiéncia tranportador =~ Megatrombocitopenia,
de CMP-acido sidlico  neutropenia

Sistema nervoso,

CDG-llg/ICOG1 figado, baco

Sistema nervoso,

CDG-1Ih/COG8 sistema imune

Sistema nervoso, pele,
Cutis Laxa AR tipo Il tecido celular
subcutaneo

Defeito enzimatico ou
proteico

UDP-GIcNAc epimerase/kinase

Conserved oligomeric Golgi
complex subunit 7

CMP-sialic acid transporter

Conserved oligomeric Golgi
complex subunit 1

Complexo Golgi Oligomérico
conservado da subunidade 8

a2 subunit V-type H+ ATPase

Gene

GNE

COGY7Y

SLC35A1

COG1

COG8

ATPG6VOA2




Lobe A Lobe B

Conserved oligomeric Golgi (COG) complex




R. Zeevaert et al. | Molecular Genetics and Metabolism 93 (2008) 15-21

COGT —
deficiency COGS
deficiency

moderate to severe
psvchomotor retardation,
polyneuropathy,
strabism,
ataxia, lethargy,
encephalopathy,
oculomotor apraxia

lethal disorder
hyperthermia

wrinkled skin,
ventricular/atrial
septum defect.
cholestatic liver
disease, pseudo-
intestinal
obstruction,
obstructive
uropathy

growth retardation. failure to thrive,
microcephaly, dysmorphic features,
hypotonia, cerebral atrophy, feeding
problems

hepatospleno-
megaly

mild psychomotor retardation, left ventricular
hypertrophy

CoOG1
deficiency

Fig. 1. Clinical features in different COG deficiencies.




Conserved oligomeric Golgi complex subunit 1
deficiency reveals a previously uncharacterized
congenital disorder of glycosylation type Il

Frangois Foulquier*, Eliza Vasilet, Els Schollen*, Nico Callewaert?, Tim Raemaekers$, Dulce Quelhas"l Jaak Jaekenl,
Philippa Mills**, Bryan Winchester**, Monty Krieger®, Wim Annaert®'*** and Gert Matthijs****

primeiro doente
CDGIIg/COG1
descrito

Proc Natl Acad Sci U S A. 2006 March 7; 103(10): 3764—-3769.
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Eurcpean Journal of Human Genetics (2005) 13, 414-421
i 2005 MNature Publishing Croup  All rights reserved 1018-4813/05 330.00

wiwnw. nature.com/ejhg

Defective protein glycosylation in patients with cutis
laxa syndrome

Eva Morava*'°, Suzan Wopereis™®, Paul Coucke®, Gabrielle Gillessen-Kaesbach?,
Thomas Voit®, Jan Smeitink!, Ron Wevers® and Stephanie Griinewald?®

' Department of Pediatrics, University Medical Centre Nijmegen, Nijmeg
and Neurology, University Medical Centre Nijmegen, Nijmegen, The Ne
(rhent University Hospital, Ghent, Belgium; *nstitut fur Humangenetik |
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Table 3 Differential diagnosis of automnf&icessive cutis
laxa

ARCL- | / ARCL-H\ ARCL-III

Facial dysmorphism i o +++

Hernias B H+ T

Joint laxity + -+ P

Hypotonia + e ~a TIEF ApoC-IIIEF
Congenital hip dislocation + ++ - T :

Significant CV abnormalities s + -

Bladder diverticula ++ - —~ ApoC-III,
Emphysema HH - -

IU?aR o devel - HHE et

De motor development - b it

Men¥al retardation g - ++ ++ ApoC-III,
Eye anomalies - -t .

Large anterior fontanel — . -

Microcephaly - - 7

Seizures - ++ ? ApoC-1II,
Intracranial anomaly ~ ++ ?

Athetoid movements - — +++ O

Comeal clouding = - ot

- Control Patient Control Patient
ARCL, autosomal recessive cutis laxa; CV, caMscular; IUGR,

intrauterine growth retardation.
+++, common finding; ++, several case reports f : +, 1-2 case
reports found; —, not present.

|EFtransierina = ApoeCll|

Sem défice de glicosilacao Com défice de glicosilagéo

Estudo molecular ATP6V0OA2




Doengas da Hiperglicosilagdo das Proteinas

(-)




Doengas da Hipoglicosilagdo dos Lipidos




Joanherit Metab s (ZU12) sl f1=1 /0
DOI 10.1007/510545-014-9752-1

COMPLEX LIPIDS

Human genetic disorders involving glycosylphosphatidylinositol
(GPI) anchors and glycosphingolipids (GSL)

Glycosylphosphatidylinositol disorders
X-linked GPl-anchor PiGA GleMNAe-P1 synthesis 00868
deficiency protein

Bobby G. Ng - Hudson H. Freeze

Paroxvsmal noctumal
— hemoglobinunia
(Samatic mutation) PiiA

GleMNAe-P1 synthesis 300818
protein
CHIME syndrome PIGL GleNAc-PI de-N- 2R0000

Principais caracteristicas clinicas
(nao especificas)

- Défice intelectual

- Hipotonia/atraso motor

- Epilepsia e outros problemas
neurologicos

Aunsomal recessive PIGM First a- 610293
GPl-anchor deficiency mannosyltransferase
in GPIl biosynthesis

GPI ethanolamine 614080
phosphate transferase

Aunsomal recessive PIGN
GPl-anchor deficiency

Gl ethanolamine 614749
phosphate transferase

Hyperphosphatasia mental  PIGO
retardation syndrome

Autosomal recessive PIGO GleNAc-Pl synthesis

o o oo GPlanchor deficienc -
- Dismorfismos faciais Aosomal e PIGT Ghlvanitise 615308
GPlanchor deficiency complex
613399 610272 1D, Hy, Sz, abnonmal

skeletal, endocrine,
ophthalmologic
ahnormalities and
hypophosphatasia

Second o- 239300
Mannosy ltransferase
in GPl biosynthesis

Hyperphosphatasia mental — PIGE
retardation syndrome

Importante

West syndrome and PiGw Acylates the inositol ring

biomarcador

hyperphesphatasia with
mental retardation

of phosphatidylinositol
in GPl-anchor

syndrome biosyithesis
Autosomal recessive PGAP] Lipid remaddeling steps of 615802
O S at aS e GPl-anchor deficiency GPl-anchor maturation
Hyperphosphatasia mental — PGAP2 Lipid remodeling steps of 614207
. retardation syndrome GPl-anchor maturation
aI C aI I n a Hyperphosphatasia mental — PGAF3 Lipid remodeling steps of 615716

retardation syndrome

GPl-anchor maturation

31770

31770

GO5547

G10273

GOGO9T

614730

605754

6l0274

610275

G11655

alsSIET

611801

Dysmorphism, Hy, Sz,
variable CNS, cardiac,
urinary systems, early
death

Complement-mediated
hemolysis

1D, colobomas, heart defect,
early-onset ichthyosiform
dermatosis, car anomalics
{conductive hearing loss)

Sz, portal vein thrombosis,
portal hypertension

Severe neurologic
impairment, Sz, lack of
development,
multiple congenital
anomalies, early death

Hyperphosphatasia with
mental retardation
syndrome 2 (HPMRS)

Severe DD, SZ, early death

Hypemphosphatasia with
mental retardation
syndrome | (HEMRES)

West syndroime,
hyperphosphatasia
with mental retardation
syndroime

1D with encephalopathy

Hyperphosphatasia with
mental retardation
syndrome 3 (HFMRES)

Hyperphosphatasia with
mental retardation
syndrome 4 (HPMRS)




Biosynthesis and attachment to proteins of GPI

ER cytoplasmatic side

-

Lumen

PIG-A
PIG-C
PIG-H
PIG-P
PIG-Q
PIG-Y

DPM2

B N-acetylglucosamine

N Glucosamine

@ Mannose

ER lumen side

@@ Ethanolamine phosphate
i+ Diacyl glycerol
1w Alkyl,acyl or diacyl

: ¢ Saturated chain
:+# Unsaturated chain

glycerol

Golgi Complex
/Plasma membrane

PIG-L||PIG-W

PIG-M
PIG-X PIG-V

PIG-
PIG-N piG.

PIG-B

@ (9

(10)

PIG-K\
F PIG-F GPAAT

OPIG-G p|Gg-s
PIG-T {

(11)

)




lll. Functions of GPI-Anchor proteins (GPI-AP)

Type Example

Cell surface receptors folate receptor, CD14
Cell adhesion molecules neural cell adhesion molecule (NCAM)
Cell surface hydrolases 5’-nucleotidase, acetylcholinesterase,
alkaline phosphatase
Complement regulatory proteins decay-accelerating factor (CD55)
\ J
|

All require GPI to be expressed at the cell surface and to function




IV. GPI deficiencies " ay zft?tt,f?

** Hyperphosphatemia

mannose

DIIIJ JJJJJ)\

ethanciamine phosphate

GFi-anchored substrate

%:&T"““ %:"‘"“‘ JJJJJ)J-)))J.)J)B a«»;f”??v- s
.« Wild type

Pluml membrane

f Late step mutants PHOSPHATASE ALCALINE

Low level
Doondmn<] — Secretion PIG-K
A Early step mutants ’IG-F PIG-F  gpaA1
& i ’IG OPIG-G p|G.S

PIG T

Doomdm<j Transamidase mutants

2y

: (10 (1)

Murakami et al., 2012



Defeitos da ancora de GPI

PIGO-CDG:

Hiperfosfatasia
Défice intelectual
Epilepsia intratave

Dismorfismos

REPORT

Mutations in PIGO, a Member of the
GPI-Anchor-Synthesis Pathway, Cause
Hyperphosphatasia with Mental Retardation

Peter M. Krawitz,1.23 Yoshiko Murakami,* Jochen Hecht,2-3 Ulrike Kriiger,! Susan E. Holder,s

Geert R. Mortier,® Barbara Delle Chiaie,” Elfride De Baere,” Miles D. Thompson,® Tony Roscioli,?10
Szymon Kielbasa,1! Taroh Kinoshita,4 Stefan Mundlos,.23 Peter N. Robinson,1.2.3.12,*

and Denise Hornl.12.*




Annu. Bev. Genomics Hum. Gener. 2007, 8:261-78

Congenital Disorders of
Glycosylation: A Rapidly
Expanding Disease Family

Jaak Jaeken' and Gert Matthijs®

! Department of Pediatrics, Center for Metabolic Disease, University of Leuven,
Leuven, Belgium B-3000; email: Jaak Jaeken@uz. kuleuven.ac.be

‘Center for Human Genetics, University of Leuven, Leuven, Belgium B-3000,
email: Gere.Macthijs@uz kaleuven.ac.be



Defeitos Congénitos da Glicosilacao

o Amplo espetro clinico

Doencas com acometimento multissistémico

=

Diagnostico etiologico dificil!




Atrofia ponto-

cerebelosa

Sistema Nervoso Central Dismorfismos faciais

Craneo-Face ' genda orofacial

Distribuicdo andmala

P B Tecido Adiposo Disostosis multiplex-like
Mamilos invertidos Baixa estatura ™ Alts segmentacao

: D N vertebral
. Tecido conjuntivo subcutaneo - Esqueleto —_—
Luxacoes
A

Osteocondromas
LimitacOes articulares

Coagu\opatia

Musculo Esquelético Intestino .
Enteropatia

. . ~ perdedora de proteinas
Distrofia muscular Coraco P

congenita . . —a_ Cardiomiopatia
[Derrame pericardicq




Insuf. hepatica
Figado

Intestino :
Enteropatia

perdedora de proteinas




«{\g‘aqéo Retinite Pigmentada

409
e‘e\"(?e\,\““\a\ Atrofia ponto-
cerebelosa

Sistema Nervoso Central
poPM!

Distribuicdo anémala

P B Tecido Adiposo
Mamilos invertidos

Tecido conjuntivo subcutaneo

Coracao

[Derrame pericardicq

Dismorfismos faciais

Craneo-Face

Esqueleto

Limitacdes articulares

Figado

Cardiomiopatia

Insuf. hepatica




Atrofia ponto-
cerebelosa

Sistema Nervoso Central Dismorfismos faciais

Craneo-Face

Distribuicdo anémala

PEes————  Tecido Adiposo
Mamilos invertidos

Tecido conjuntivo subcutaneo Esqueleto

Limitacdes articulares

Insuf. hepatic
Figado .

Coagu\opatia

Intestino _
Enteropatia

= erdedora de proteinas
Coracéao : p

-~ —=_ Cardiomiopatia
[Derrame pericardicq



REUMIENIGMENIAGE

Nireitel 9onlic-
Gereneiesa

Sistema Nervoso Central

Def. O-manosilglicanos

Muscle-Eye-Brain syndrome

Musculo Esquelético

[DISHETaNTIUSCHIET:
COENYENIA



Baixaiesiaiia

Esqueleto

Sind. Exostoses
Multiplas

OSIEECORUIMAS



Osigacoriclraclisalisiz

Esqueleto

_UXacees

Défices sintese
de GAGs
(O-glicosilacao)




Ao : : w
MWeL=" Sistema Nervoso Central DISTHONISIIOSHECIEIS

Craneo-Face

Aumento Fosfatase Alcalina Esqueleto

PIG...-CDG
Défices da ancora
GPI




REUMIENIGMENIAGE
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Nireitel 9onlic-

repelosa
_ 7
Hev2 Sistema Nervoso Central Distrorisines flelzls
I rlipotoni2 P\DPN\ Craneo-Face @S Eandaeroracial

Disirigiezio) zigjonpfelfe)

P B Tecido Adiposo
Vg OSHRVERIEES

.. Tecido conjuntivo subcutaneo

Cjifs Lhes, =

[DISESIOSISHNUILIRIEXAIKE
BAIXAIE STl U= [ SISEUTIENAGA0

Verenial
Esqueleto =
—

LLuxacoes (OSIELCOENUIOIIAS
NI COESIANUICHIZNES

Pele

(CLOSETIRE ISUF, figosiies

Figado
Coagu\opatia

Intestino

Musculo Esquelético

EReropaus
HENGEUOIANEENNOIEINES

Disirofiz rriusefeir Coracao
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Diagnostic dilemma’s

The congenital disorders of
glycosylation are clinical

chameleons

David | Coman

European journal of Human Genetics (2008) 16, 2—4;

doi:10.1038/sj.ejhg.5201962

he congenital disorders of glyco-

sylation (CDG) are a fascinating

and eclectic group of disorders
with a multisystem phenotype. The largest
impediment to diagnosing CDG is simply
considering them in the first instance,
which is no small task given their ‘clinical
mimicry’. Common clinical features asso-
ciated with CDG involve developmental
delay and intellectual impairment, ataxia,
seizures, retinopathy, hepatic dysfunction,
coagulopathies, failure to thrive, cardio-
myopathy and pericardial effusion, hydrops
fetalis, endocrine abnormalities, renal
dysfunction, skeletal defects, early leth-
ality, and dysmorphic features." While the

patients over 20 years ago, and in the
i more than 30 genetic glyvcosy-
' ainly encompassing the
protein glycosyla-
identified.” The
jto two groups:
there are 13
Im), and type
are 8 subtypes
). The CDG are a
¢ inborn errors of

metabolism.

An elegant example of the broadening
CDG phenotype is given by Morava etal,
on page XXX of this issue, who define a
phenotype of an autosomal recessive cutis




Defeitos Congénitos da Glicosilacao:
- Presente e futuro

» Diagndstico molecular por sequenciacao de nova
geracao (NGS)
- painéis de genes associados a CDG ou a grupos
fenotipicos (epilepsia; defice intelectual; etc) vs
- exoma/genoma total

» Estudos de espectrometria de massa (glicanos,
GAGsS, etc.)

Uma nova perspectiva para o diagnostico
etiologico e... biomarcardores, perspectivas

terapeuticas, etc
Muito obrigado pela vossa atencao!




