Supplementary Table 1 - Overview of the ongoing clinical trials (CTs), available CDG in vitro and in vivo models and biomarkers and dietary supplementation

strategies, being tested and used in these disorders. NA — Not available.

knockdown) [98]

Rudimentary mutant
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o . ALG6-CDG ALG13-CDG Accessory subunit . ) . .
Chitobiosyldiphospho- protein Coiled-coil domain-
dolichol B a-1,3- UDP-GleNAc of the vacuolar (V)- (ATase, CPSase Containing protein
glucosyltransferase transferase ATPase protein ! ! §p
mannosyltransferase um ATCase and 115
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S. cerevisiae strains:
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ATP6AP1-CDG CAD-CDG
ALG1-CDG ALG6-CDG ALG13-CDG Accessorv subunit Tri-functional CCDC115-CDG
Chitobiosyldiphospho- 013 UDP-GlecNAc of the Va?lllolar V) protein Coiled-coil domain-
dolichol B- ’ . (ATase, CPSase, Containing protein
mannosyltransferase glucosyltransferase transferase ATPase protein ATCase and 115
pump DHOase)
Zebrafish Perplexed
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ST
2 2 NA NA NA (w/ Atp6u;?1 reduced Zebrafish Transgenic NA
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AD-CD
ATP6AP1-CDG C C. N
ALG1-CDG . Tri-functional CCDC115-CDG
o s ] ALG6-CDG ALG13-CDG Accessory subunit . ) . .
Chitobiosyldiphospho- protein Coiled-coil domain-
: a-1,3- UDP-GIcNAc of the vacuolar (V)- .. .
dolichol §- lucosyltransferase transferase ATPase protein (ATase, CPSase, Containing protein
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pump DHOase)
>
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<
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2 g NA NA NA NA NA NA
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<
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DOLK-CDG UDP-GIcNAc 2- . ntha‘;e PR Masmesium Mannose-6- CMP-N-
Dolichol kinase epimerase/ y ontaini : & orter 1 phosphate acetylneuraminic
ManNAc kinase con am-mg ransportet isomerase acid synthetase
protein
Interventional SA trial approved but
) NCT02346461 discontinued due
E
o NA NCT01634750 NA NA NA unfavorable results in
NCT01517880 GNE-CDG
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DOLK-CDG
Dolichol kinase

GNE-CDG
UDP-GIcNACc 2-
epimerase/
ManNAc kinase

ISPD-CDG
Isoprenoid
synthase domain-
containing
protein

MAGT1-CDG
Magnesium
transporter 1

MPI-CDG
Mannose-6-
phosphate
isomerase

NANS-CDG
CMP-N-
acetylneuraminic
acid synthetase

CTs

Interventional
NCT01830972
NCT02377921
NCT02736188
NCT02731690
NCT01359319
NCT00195637
NCT01236898
NCT02196909

Observational
NCT01784679
NCT01902940
NCT01417533

In vitro models

S. cerevisiae Sec59 mutant

[18,29]

CHO Gne-deficient Lec3
mutant
[19,26,28,107,108]

HEK293 (D176V-Grne,
V572L-Gne and Gne
knockdown) [39,109]

BJA-B K20 (D176V-Gne and
M712L-Gne)
[110,111,206,207]

HEK293 Ispd knockout
[68]

S. cerevisiae Alr1A
strain [90]

HL60-I [110,111]

Sf9 M712T-Gne
[40]

Gne’ mice ESC
[74,112,113,115]

HAP1 Ispd knockout
[150]

HEK293 Magt1 knock
down [90]

HT-29 Mpi knockdown
[59]

NA
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[184]
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. . . synthase domain- Magnesium ..
Dolichol kinase epimerase/ containin transporter 1 phosphate acetylneuraminic
ManNAc kinase protein 5 P isomerase acid synthetase
Mouse (Gne’ Gne*")
[74,116] Mouse (Ispdl7o"L7o") Mouse (Mpi¥255€/255C)
Mouse (GreM712Tm712T) [151] [72]
[76,81,117]
7‘: Mouse (Gne(")
S hGNED176V-Tg) [118,119] | Mouse (Knock-out) Zebrafish Mouse (Mpi*) Zebrafish model
& NA Mouse (GneV572L/V572L) [152] (Magt1 knock-out) [91] (nansa and nansb
S [76,81,117] [90] knockdown)
S NA [122]
RS Mouse (Transgenic FVBN-
GNR-R263L) [120] Zebrafish ( /ls(yZel:f)rafl.sh i)
Knock-out) 1153 w, b of mpi activi
Zebrafish (gne knock-out) (Knock-out) [153] [92]
[121]
N-tetrasaccharide
GM3 and GD3 (NeusAc_2,6Gal_1,4-
gangliosides GlcNAc_1,4GIcNAc
%) [181,182] [178]
13
4 AGA
<
S
A [116,183]
Thomsen-Friedenreich ICAM-I
(T)-antigen [174,175]
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GNE-lipoplex
[28,246-248]
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DOLK-CDG UDP-GIcNAC 2- . ntha};’e P Masmesium Mannose-6- CMP-N-
Dolichol kinase epimerase/ y containin trangs orter 1 phosphate acetylneuraminic
ManNAc kinase ) 8 P isomerase acid synthetase
protein
ManNAc suppl
[66,80-82,117]

a’ ManN suppl

£ [78,83]
S Ribitol suppl Mg? suppl Man suppl SA suppl
B NA SA suppl [78,82,83] [68,150] [63,215] [49,160-169] [122]
= 6’-sialyllactose suppl
@) [82,84]

AcasManNAc suppl [83,207]

§

."3 .. Liver transplantation

E Heart transplantation Hematopoietic cell (approved It)herapy in

= [252,253] NA NA transplantation Europe) NA

& ’ [215] P

g [171]

=

o AVVS

& [61,243]

) AVV-TS

=

.; NA [244] NA NA NA NA

=

o
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GNE-CDG ISPD-CDG MAGT1-CDG MPI-CDG NANS-CDG
DOLK-CDG UDP-GIcNAc 2- Isoprenoid synthase . Mannose-6- CMP-N-
. . . . . . Magnesium C e
Dolichol kinase epimerase/ domain-containing phosphate acetylneuraminic acid
. . transporter 1 .
ManNAc kinase protein isomerase synthetase
2 >
s
28 NA NA NA NA NA NA
R
<
(7]
%_‘) NA NA NA NA NA NA
2 NPCRS [255,256]
= NPCRS [255,256] NPCRS [255,256] GNEM-FAS [261] NPCRS [255,256] NPCRS [255,256] NPCRS [255,256]
@) REMUDY [262,263]
PIGA-CDG PIGM-CDG PIGO-CDG
PGM1-CDG PGM3-CDG Phosphatidvlinositol . PMM2-CDG
osphatidylinosito GPI a-1,4- GPI ethanolamine
Phosphogluco- Phosphogluco- . Phosphomannomutase
N-acetylglucosaminyl- | mannosyltransferase phosphate
mutase 1 mutase 3 . 2
transferase (subunit A) | transferase 3
Interventional
o Interventional NCT03250728
=~ o -
O NCT02955264 NA NA NA NA 2017 0008.10 44
Observational
NCT03173300
- Ramosj;é;iﬁi Pigm=1" CHO Pigo-deficient iPSC (hypomorphic
g hiPSC (h hi [148] 13571 N s d
= HeLa Pgm1 and LDB3 iPSC (hypomorphic PMM242G-A7C-A{PSC
2 two hybrid system [123] NA PIGAc1234C>T and Piga with additional
BS ybrid sy null [145] S. cerevisiae Gpild- HEK293 Pigo Kronkdomn
= deficient [149] knockout [35] 03]
P~y
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PGM1-CDG
Phosphogluco-
mutase 1

PGM3-CDG
Phosphogluco-
mutase 3

PIGA-CDG
Phosphatidylinositol
N-acetylglucosaminyl-

transferase (subunit A)

PIGM-CDG
GPI a-1,4-
mannosyltransferase
I

PIGO-CDG
GPI ethanolamine
phosphate
transferase 3

PMM2-CDG
Phosphomanno-
mutase 2

In vivo models

NA

Mouse (Pgm3miat)
[124]

Chimeric Mouse
(Piga-deficient)
[146]

Mouse (Pgm3st)
[124]

Mouse
(Partial exon2 excision)
[147]

NA

NA

Mouse (Knock-out)
[75]

Mouse (Pmm?2RI37H/RI37H)
[77]

Mouse (Pmm2F118L/F118L)
[77]

Mouse (Pmm?2RI37H/F118L)
[77]

Mouse (Pmm?2 RI37H/F115L)
[94]

Zebrafish (Knock-out)
[95]

Drosophila melanogaster
(pmm2-null)
[96]

D.melanogaster
(pmm2 knockdown)
[96]

Xenopus laevis
(Pmm2-null) [282]

Biomarkers

NA

NA

NA

NA

NA

N-tetrasaccharide
(NeusAc_2,6Gal_1,4-
GlcNAc_1,4GIcNAc)

[178]
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PGM1-CDG
Phosphogluco-

mutase 1

PGM3-CDG
Phosphogluco-

mutase 3

PIGA-CDG
Phosphatidylinositol
N-acetylglucosaminyl-
transferase (subunit A)

PIGM-CDG
GPI «-1,4-
mannosyltransferase
I

PIGO-CDG
GPI ethanolamine
phosphate

transferase 3

PMM2-CDG
Phosphomanno-

mutase 2

Biomarkers

NA

NA

NA

NA

NA

Band 3 and
glycophorin A
[185]

Glycosphingolipids (Gb3,
GM2, GD3 and GD1a)
[186]

AGA
[166]

ICAM-I
[174,175]

au-acid glycoprotein
[155,187]

Ceruloplasmin
[155,187]

au-antichymotrypsin
[155,187]

auB-glycoprotein
[155,187]

TSH and TFs [4,188]

[-trace protein [180,189]

Dietery therapy

Gal suppl
[65,208,209]

Uridine suppl
[209,210]

Glucose IV
administration
[211]

GlcNAc Suppl
[67]

Ketogenic diet
[216]

Sodium Phenylbutyrate
suppl [57]

Vitamine B6 suppl
[220]

Man (Man-1-P) suppl
http://glycomine.com/
[46,47,52,77,194,202]

Glc starvation
[194]
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PIGA-CDG
PIGM-CDG PIGO-CDG
PCMI-CDG PGM3-CDG Phosphatidylinositol GPI a-1,4- GPI ethanolamine PMM2-CDG
Phosphogluco- Phosphogluco- . mannosvltransferase hosphate Phosphomanno-
mutase 1 mutase 3 N-acetylglucosaminyl- y I tp fP 3 mutase 2
transferase (subunit A) ransterase
=]
S
<
= . Hematopoietic cell
<
& Heart tragssplﬂantatlon transplantation NA NA NA NA
7 [42]
g
H
>
v o
§ g NA NA NA NA NA NA
O =
8 >
S o -
'z © NA NA NA NA NA AMO (c.640-15479C>T)
2 & [239]
E £
<
- 1-(3-chlorophenyl)-3-3-
g NA NA NA NA NA bis(pyridine-2-yl)urea
[231]
Metformin
[200]
w
i . el
] NPCRS [255,256] MPI inhibitors
g TPCRS [260] NPCRS [255,256] NPCRS [255,256] NPCRS [255,256] NPCRS [255,256] (59,237]

NPCRS [255-258]
ICARS [257,258]
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SLC39A8-CDG

SLC35A1-CDG SLC35A2-CDG . ; SRD5A3-CDG TMEM165-CDG
s SLC35C1-CDG Solute carrier family .
CMP-sialic acid UDP-galactose . Steroid 5~ Transmembrane
GDP-fucose transporter 39 (zinc transporter), .
transporter transporter reductase type 3 protein 165
member 8
@ Interventional Interventional Interventional
= A A A T02955264
O N N N NC. $ 955. 6 NCT02955264 NCT02955264
Mn?* trial (registered)
CHO Lec 2 mutants S. cerevisiae Gdt1A
% [17,25,26,38,125] CHO Lec8 mutant [33] | CHO Slc35¢1 knockout [130] [30,141,142]
=]
g CHO MAR-11 mutant CHQ Sle35¢1 knockout S.cerevisiae HEK?293 TMEM165
N [126] derived from MAR-11 NA nglO—lOO knockout and
= mutants [128,129] [140] knockdown [36,142]
= CHO Lec8 mutant [33] HoLa TMEM165
s | HAPLS lc3[§c; knockout ESC Sle35¢1 knockout [131] knockdown
[142]
@ Mouse (SZC35C1'/') [132,133] Mouse (Slc39a8(neo/neo))
2z [138,139]
=t C. elegans Srf-1 .
g NA mitantsf Zebrafish (slytherin ) [135,136] Mouse (Srd5a364Ct) Zebrafish (tmem1657)
S 121 [140] [143]
g Zebrafish (Slc35c1 Mouse (Slc39a8+) [85]
= overexpression)
[137]
NA NA NA NA NA NA

Biomarkers
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SLC39A8-CDG
SLC35A1-CDG SLC35A2-CDG . . SRD5A3-CDG TMEM165-CDG
s SLC35C1-CDG Solute carrier family .
CMP-sialic acid UDP-galactose . Steroid 5~ Transmembrane
GDP-fucose transporter 39 (zinc transporter), .
transporter transporter reductase type 3 protein 165
member 8§
o Mn? suppl
% SA, ManNAc or the [226,228] Mn?*suppl
g fetuin suppl -1 [70,142]
= PP*. Gal suppl Fuc suppl Uridine suppl
(all w/o beneficial 226,227 NA
B [33,221] [23,27,50,51,53,132,136,222] [226,227]
9 effects) Gal suppl
é [71] Gal suppl [70]
[226,227]
=
2
=
=]
= NA NA NA NA NA NA
]
g
=
>
£ g
0 NA NA NA NA NA NA
O =
@ >
5 o
3 8 NA NA NA NA NA AMO (c.792+182G>A)
= [238]
E S
<
Q NA NA NA NA NA NA
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SLC39A8-CDG

SLC35A1-CDG SLC35A2-CDG SLC35CL-CDG . . SRD5A3-CDG TMEM165-CDG
CMP-sialic acid UDP-galactose Solute carrier family Steroid 5a- Transmembrane
GDP-fucose transporter . )
transporter transporter 39 (zinc transporter), reductase type 3 protein 165
member 8
2]
E) NPCRS NPCRS NPCRS NPCRS NPCRS NPCRS
g [255,256] [255,256] [255,256] [255,256] [255,256] [255,256]
Supplementary Table 14 — continued.
TMEM199-CDG
Transmembrane protein 199
(% g >
» § E 5 %‘ %)
B NA 82 NA 2 & NA ¢ NA
= = “":' =
~ < e
DJY62/DJY102 g .
(pep4-3 vmal2 B 2 "
- A:LEU2) E NA = NA 5 | NPCRS
2 DJYe3 B £ = | [255256]
S | (vmal2A:LELD) | £ =
s [105,144] =
T~
'E HelLa cell line
= >l >
RS (TMEM199 v & E’ Bl 1ron supp
knowdown by 0 H NA "é 5 (106]
CRISPR/Cas9) | © & A<
[106]
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DISCOVERY AND DEVELOPMENT /ALG1-0DG, ALG13-CDG, GAD-CDG,
(COMPOUND IDENTIFICATION AND POTENTIAL BENEFITS) GNE-CDG, ISPD-CDG, MAGT1-CDG,
NANS-CDG, PIGA-CDG, PIGM-CDG,
PIGO-CDG, PGM1-CDG, PGM3-CDG,
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PRECLINICAL RESEARCH
(LABORATORY AND ANIMAL TESTING T0 ASSESS
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CLINICAL RESEARCH ) e
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(EXAMINATION OF ALL
THE DATA SUBMITTED) EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

$§3004Hd LNIWdOT3IAIA DNHA
i |
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POST-MARKET AND SAFETY MONITORING
(OBSERVATION OF SAFETY ONCE THE PRODUCT IS AVAILABLE FOR THE PUBLIC)

Figure S1 - Drug development process overview.
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diphosphate o
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TI\era!)elltlc Biomarkers Acetazolamide | Phosphoric acid
options PIGA PIGA-CDG PIGO PIGO-CDG

Figure S2 - List of all keywords used for this systematic literature review.



A total of 4421 articles found
using the keyword combination

——— > 1748articles duplicated

2673 articles for
further
selection

/ 36 articles with no abstract

available, orrelated to
CDGs thatneeded further
analysis .

2101 articles eliminated (did
notmetinclusion criteria) 534 articles selected for
furtherreading and selection

Y

249 manuscripts (from which 11 were reviews) included

Figure S3 — Diagram of the inclusion/elimination process used for manuscript selection.



