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 Sedna is a 2 years old girl
 She was born from a second cousin parents by C/S

without any problem during perinatal and neonatal
period

 Her Birth Wt was 3.200 kg and birth Hc was 36 cm
 She suffers from NDD, Hypotonia, ataxia, and seizure
 Her Wt , Ht, and Hc were 11 kg ( 25%) 87 cm (75%) and

49 cm (75%) respectively. 
 Physical examination was normal
 She had strabismus and mild dysmorphism
 Eye exam and retina was normal



 In MRI abnormal white matter signal, cerebellar
hypoplasia with diffused delayed myelination and
atrophy especially in frontotemporal lobes were reported

 EEG showed mild abnormal waves
 VEP also was delayed. Auditory test was normal
 All routine and metabolic screen tests were normal
 She was on B6- Liskantin- Italept and DHA for seizure
 Due to undiagnosed case WES was requested for the

patient









 SLC39A8-CDG is caused by
mutations in the gene encoding
manganese uptake transporter

 Due to the reliance of several
transferases on Mn2+ as a
cofactor, mutations in SLC39A8
resulting in intracellular
manganese depletion

 This cofactor impairs the function
of galactosyltransferases (GalT).
cause secondary glycosylation
defects corresponding to a type II
CDG pattern

ACS Chem Biol. 2022 November 18; 17(11): 2962–2971 
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 Clinically, it is characterized by NDD, short stature, severe
seizures, cerebellar atrophy, cranial synostoses, as well as visual
and auditory impairment

 In addition, Leigh like mitochondrial disease, possibly due to
impaired function of manganese-dependent SOD2 (super oxide
dismutase 2)

 A dose of 15-20 mg of MnSO4/kg/day was given to two SLC39A8-
CDG individuals and showed some improvement in glycosylation
and had a considerable impact on clinical parameters by near
normalization of EEG patterns and cessation of seizures

 Galactose with dose of up to 3.75 g/kg/day (five equal doses) led
to near complete normalization transferrin glycosylation in 2
weeks

Frontiers in Genetics September 2021 | Volume 12 | Article 735348
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 Narmila was a 1.5 years old girl who was referred to clinic
because of NDD , hypotonia and abnormal LFT

 She was born from first cousin parents by C/S
 She was a preterm (29 w) and VLBW (900 g) neonate who

admitted for 2 months in NICU
 In her FH her grandfather passed away due to sever liver

involvement without any defined Dx
 Her parents also complained she has no tear
 PE:
 Wt= 8.9 kg (5%) Ht= 72 (10%) Hc=45 (25%)
 The liver was in 2 cm below costal margin with firm texture



 Lab tests ;
 AST=227 ALT=450 ALP= 723 AFP=2655 GGT=40
 Lactate= 59 NH3=167 Vit D=110
 Other routine lab tests and PT, PTT were in normal range
 All metabolic screen tests were normal
 In sonography the size of liver and spleen reported normal

with high echogenicity
 Liver biopsy showed severe steatosis and fibrosis
 She was on levothyroxine therapy since neonatal period and

Orso , livergol , vitamin E , DHA , Mitochondrial cocktail started
 WES was requested



 In the next examination at 2.5-year-old of age the LFT
decreased significantly ; AST=90 ALT=71 ALP=441
AFP=12 PT=14.8 PTT=38

 Ammonia and lactate became normal
 In WES two homozygote mutations were found ;
 A VUS mutation for MTRR gene (Methionine synthase

reductase) and a pathogenic mutation for NLGY1 gene
(CDDG)

 NLGY1 mutation corresponded with her symptoms; liver
involvement, NDD, hypotonia, and alacrimia



 In NGLY1 deficiency, the mutations in the NGLY1 gene result in
reduced or absent N-glycanase 1 activity.

 This leads to the accumulation of abnormal glycoproteins within the
ER, disrupting the normal protein quality control mechanisms.  

 As a result, the misfolded proteins can not be properly degraded
and cleared from the cells. 

Journal of Rare Diseases (2023) 2:20 doi.org/10.1007/s44162-023-00024-9



 This ultra-rare AR disorder with approximately 100 patients
identified worldwide to date.

 The disorder is characterized by five core features: 
 (1) global developmental delay and/or intellectual disability 
 (2) a primarily hyperkinetic movement disorder  
 (3) transient elevation of liver transaminases  
 (4) hypo- or alacrima 
 (5) peripheral neuropathy  
 Additionally, acquired microcephaly, hypotonia, EEG

abnormalities with or without overt seizures, brain imaging
abnormalities, GI disturbances, and a history of IUGR 



 At present, the condition is diagnosed via genetic testing.  
 However, screening for the recently described NGLY1

Deficiency biomarker, GlcNAc-Asn, may help identify
patients and increase the rate of diagnosis 

 Treatment options are presently limited to supportive 
care.  

 However, a gene therapy is currently under development. 
 Thus, it is increasingly important to identify affected

families to participate in patient registries

Journal of Rare Diseases (2023) 2:20 doi.org/10.1007/s44162-023-00024-9



• 1) Enzyme replacement therapy: A
potential treatment option that is
currently in the pre-clinical stages

• 2)ENGase inhibitors: A potential
treatment option in the pre-clinical
stages  

• Endo-β-N-acetylglucosaminidase
(ENGase) is a key enzyme involved in
the processing of free
oligosaccharides in the cytosol.  

• ENGase inhibitors are molecules that
stop the activity ENGASE enzyme.

• 3)Gene therapy: A promising
treatment option that involves
replacing the NGLY1 gene (GS-100
gene therapy) JCI Insight. 2024;9(19):e183189.



 Congenital disorders of glycosylation (CDG) are a varied
group of rare genetic diseases characterized by protein
and lipid hypoglycosylation

 CDGs are categorized into groups based on their defects
 1) N-glycosylation defects
 2) O-glycosylation defects
 3) lipid and GPI (glycosylphosphatidylinositol)

glycosylation defects
 4) multiple glycosylation pathways
 5)Additionally, deglycosylation defects (CDDG) like NGLY1-

CDG have also been identified

Journal of Child 2023;23(3):31-40

Orphanet Journal of Rare Diseases (2023) 18:329







 The total incidence and prevalence for all CDG types is
not known;

 however, cases have been documented worldwide,
encompassing many ethnic backgrounds with both sexes
affected.

 The prevalence of CDG in European populations has been
estimated to range from 1/10,000 (for PMM2-CDG; the most
common type) to 0.1–0.5/100,000

 With the current estimated prevalence ranging from
1/20,000 in Dutch populations to 1/77,000 in Estonia (as
per isolated reports) to 1/286,726 in Turkey

J Genet Couns. 2024;00:1–7.
Frontiers in Pediatrics · September 2021 Volume 9 | Article 715151



 Over 190 known CDG encompass 220 different
phenotypes or diseases

 Most of these disorders have been discovered in the past two
decades ago especially after in recent years by WES

Orphanet Journal of Rare Diseases (2023) 18:329

Frontiers in Pediatrics · September 2021 Volume 9 | Article 715151



 N-linked glycosylation (n = 43) are
caused by variants in 33 genes;

 the 53 O-linked glycosylation are
caused by defects in 44 genes;

 GPI biosynthesis defects (n = 25)
are due to variants affecting 24
genes,

 while variants in 3 genes cause the
3 lipid glycosylation defects.

 The 69 disorders affecting other
(including multiple) glycosylation
pathways described are caused by
defects in 59 genes

Orphanet Journal of Rare Diseases (2023) 18:329

Frontiers in Pediatrics · September 2021 Volume 9 | Article 715151



 The majority (80%) of CDG have an AR inheritance pattern (n = 161)
 AD patterns have been described in N-linked (n = 6), O-linked (n = 5),

and other (including multiple) glycosylation pathway defects (n = 4).
(n=15)

 X-linked defects (n = 12), both of dominant (XLD) and recessive (XLR)
inheritance, have been described in all glycosylation pathways
except for lipid glycosylation defects.

 7% of the clinical presentations have an autosomal dominant (AD)
transmission, and 6% are X-linked (XL).



Orphanet Journal of Rare Diseases (2023) 18:329



 Overall, CDGs are usually multi-systematic and often present
with NDD, FTT, hypotonia, neurologic abnormalities, as well as
varying abnormalities of the endocrinologic, hepatic,
ophthalmologic, dermatologic, gastrologic, immunologic,
skeletal, and coagulation systems.  

 The severity of clinical expression extends from perinatal
death (and probably even miscarriage) to mild adult
involvement

 The heterogeneity can result in multiple clinical presentations
depending on the involved variant.

 For this reason, CDGs should routinely be on the differential,
especially for individuals with a multi-systemic disease of an
unknown etiology with neurologic abnormalities or
developmental delay

J Genet Couns. 2024;00:1–7.
Orphanet Journal of Rare Diseases (2023) 18:329



 The most affected system across the majority of CDG is the central
nervous system

 After the CNS, the skeleton is the most commonly affected organ in
all CDG groups, except for lipid glycosylation defects.

 Among the other glycosylation pathway defects, the eyes, GI system,
and the liver are the most affected systems.

 The skeletal muscle and the eyes are commonly affected organs
among O-linked glycosylation defects.

 A few mono-organ or pauci-organ CDG have been reported, such as ;
 DHDDS-CDG (MIM: 613861), with one phenotype only associated

with a form of familial retinitis pigmentosa
 GNE-CDG (MIM: 605820) that manifests as a progressive myopathy
 GANAB-CDG presenting as a polycystic kidney or liver diseases

(MIM: 600666).

Orphanet Journal of Rare Diseases (2023) 18:329



Orphanet Journal of Rare Diseases (2023) 18:329



 Contrary to other IMD, CDGs are due to defects occurring in
several cell organelles, mainly the cytosol, the endoplasmic
reticulum (ER), the Golgi, and the sarcolemmal membrane
which causes difficult diagnosis

 Glycosylation of serum glycoproteins, such as transferrin (TF) or
apolipoprotein C-III, can be used as a diagnostic biomarkers for
N and O glycosylation defects respectively.

 Several other laboratory techniques have been used for the
separation and quantification of serum Tf isoforms, including
high-performance liquid chromatography (HPLC), capillary zone
electrophoresis (CZE), and mass spectrometry (MS)

 Every diagnostic method has its own limitations.

ACS Chem Biol. 2022 November 18; 17(11): 2962–2971 

Orphanet Journal of Rare Diseases (2023) 18:329



 1-Tf-IEF:
 Normal human serum contains tetra-sialo-TRF, (usually 75–80%

of total TRF) with two bisialylated biantennary glycans.  
 The penta-sialo, hexasialo and tri-sialo glycoforms can also be

found in healthy subjects

Frontiers in Genetics September 2021 | Volume 12 | Article 735348
Advances in Clinical Chemistry 
https://doi.org/10.1016/bs.acc.2024.03.001



 2-CZE
 The normal

pattern of IEF and
CZE (A)

 CDG type 1 pattern
(B , C)

 CDG type II pattern
(D)

Frontiers in Genetics September 2021 | Volume 12 | Article 735348



3-HPLC
(A) normal glycosylation
profile (pentasialo-transferrin
4.97%, tetrasialo-transferrin
92.44%, trisialo-transferrin
1.94%, and disialo-transferrin
0.65%).
B) Impaired transferrin
glycosylation in a PMM2-CDG
patient, type I CDG pattern.
(C) In a COG6-CDG patient,
type II pattern.  

Frontiers in Genetics September 2021 | Volume 12 | Article 735348



 In addition, a more sensitive and specific method was
developed using flow injection-electrospray ionization-
quadrupole time-of-flight mass spectrometry (ESI-QTOF-
MS/MS) for serum N-glycan profiling allowing the
identification of novel characteristics of polymannose
changes in CDG

 Whole Exome Sequencing and Whole Genome
Sequencing techniques are the only and powerful tools to
diagnose CDG without known biomarkers

Orphanet Journal of Rare Diseases (2023) 18:329
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Clin Chem Lab Med 2021; 59(1): 165–171



Advances in Clinical Chemistry 
https://doi.org/10.1016/bs.acc.2024.03.001

MALDI-TOF and two-dimensional electrophoresis of
apolipoprotein C-III glycoforms



 New Biomarkers
 1-Apolipoprotein C-III (ApoC-III); used as a marker for mucin type 1

O-glycan biosynthesis defects, for Golgi-apparatus impairment
(e.g.,COG-CDG, ATP6VOA2-CDG, CCDC115-CDG and GALNT2-CDG)

 it was analyzed in a group of glycogen storage diseases (GSD; types
0, Ia, non-Ia, III and IX), Significantly reduced was found in GSD
types III and IX

 2-Haptoglobulin ;Two-dimensional electrophoresis of haptoglobin β
glycoforms was found to be a good additional biomarker for
combined CDG (CDG-I and CDG-II)

 3-Bikunin; is a plasma proteinase inhibitor primarily known for its
role as a key inhibitor of the trypsin family of serine proteases.

 Bikunin analysis by western blot enabled distinction of some
linkeropathies (O-xylose glycosaminoglycan defects in bikunin for
GAGs biosynthesis defects, namely the mutations in B4GALT7,
B3GALT6 and B3GAT3)

BBA - General Subjects 1865 (2021) 129751

Orphanet Journal of Rare Diseases (2024) 19:407



 Although the number of known CDG is rapidly growing,
an effective treatment is known only for a small part of
them.

 Effective therapy for 12 out of the 190 CDG (7 by
monosaccharide substitution and 5 by other treatment
modalities)

 Organ transplantation and other treatment modalities are
known to ameliorate certain clinical aspects of 13 other
CDG.

 In vitro experiments are testing other options.

BBA - General Subjects 1865 (2021) 129751



 I-Substrate (Precursor) Supplementation
 Supplement substrates of the affected enzymes with the aim to shift

the reaction equilibrium toward the favoured product.
 In cases where the direct substrate is either not available, the

enzymatic defect was bypassed, utilizing alternative pathways
 II-Cofactor Supplementation
 In several CDG subtypes, supplementation of the affected enzyme with

essential cofactors has been employed as a means to improve
glycosylation

 III-Pharmacological Chaperones
 While frameshift and non-sense mutations frequently lead to a total

loss of protein function, missense mutations can result in impaired
protein folding.

 Pharmacological chaperones are small molecules bind to the altered
structure of mutated proteins and facilitating correct folding 

Frontiers in Genetics September 2021 | Volume 12 | Article 735348
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 Enzyme replacement therapy
 Although enzyme therapy is theoretically possible in

PMM2-CDG, several difficulties limit the application of
enzyme replacement as a feasible treatment in CDG.

 Of these, cell compartmental targeting, low levels of
replaced enzyme, cellular uptake of the supplemented
enzyme, and delivery across the BBB remain most
problematic.

 Even if an enzyme crosses the blood–brain barrier, and
gets into the right cells, it would only affect current
glycosylation-dependent cell functions and may or may
not affect developmental problems

Genet Med. 2020 February ; 22(2): 268–279 



 Gene therapy
 Gene therapy restore the wild-type sequence of the

mutated gene through transgene introduction
 Non-viral transgene delivery methods include zinc-finger

nucleases, TALENs, and CRISPR/Cas9 technology.
 Adeno-associated viral vector serotype 9 (AAV9) therapy;

AAV9 gene encoding N-glycanase 1 (NGLY1) is the first
human open-label gene therapy for CDG (GS-100 gene
therapy) by intracerebroventricular infusion of GS-100 in
patients aged 2 to 18 years old.

 Gene therapy is being considered for several types of CDG,
including: PMM2-CDG, GNE-CDG, and PIGA-CDG

Genet Med. 2020 February ; 22(2): 268–279 

•. 2024 Oct 8;9(19):e183189

JCI Insight. 2024;9(19):e183189.



 AI has boosted both diagnosis and classification as therapeutic
developments in rare diseases .

 Over 6,000 rare diseases have been identified, affecting 8–10%
of the world’s population

 According to the Orphan Drug Act, a rare disease is a disease
or condition that impacts fewer than 200,000 people in the US

 European Union considers as rare a disease affecting fewer
than 5 people in 10,000

 Recently in CDG, AI has been used to elucidate basic disease
mechanisms and facilitate diagnosis, classification, and new
modalities for effective treament.

Orphanet Journal of Rare Diseases (2022) 17:303
Orphanet Journal of Rare Diseases (2023) 18:247
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