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A case report of two Czech siblings with a congenital disorder of glycosylation caused 

by a novel mutation in ATP6AP1 gene 
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           The patient 1 (P1) was born with a normal weight and length, the only abnormality noted by 

the doctors was hypospadia (an inborn urogenital anomaly). There were no complications in the boy’s 

postnatal adaptation, however due to the persistent jaundice in the first week of life he had to undergo 

continuous phototherapy. The same problem led to his hospitalization at 3 weeks, when doctors also 

observed the symptom of a wrinkly skin (cutis laxa). The laboratory tests indicated impaired liver 

function as characterized by increased levels of bilirubin and liver enzymes, and the following 

rehospitalization at 6 weeks, moreover, showed high bile acids, cholesterol and affected coagulation. 

Unfortunately, his condition progressively worsened, and he passed away at the age of 3 months due 

to liver failure. The mother later gave birth to a healthy girl and two male twins, one of whom (P2), 

sadly, showed similar symptoms as his older brother (P1) and died at the age of 11 months.   

           One of the laboratory tests ordered by the doctors was a CDG screening test that revealed 

aberrant patterns of serum markers transferrin and apolipoprotein C-III in both P1 and P2, pointing to 

a combined defect in the biochemical pathways of N- and O-glycosylation. Skin biopsy was 

performed in P1, allowing for the cultivation of his fibroblasts (the cells of connective tissues), which 

could then be used for further analyses to characterize the abnormal cellular physiology in more detail 

and thus narrow down the possible molecular cause of the disease. This led to discovering that one of 

the cell’s specific subunits (organelles) called Golgi apparatus (GA) had abnormal structure and 

function, what had previously been described in a subset of different CDGs. Since GA is involved in 

the reactions of glycosylation, it helped to explain the observation of decreased glycosylation in 

serum and fibroblasts from the affected siblings. The boy (P1) and his parents were then referred for a 

DNA test using whole-exome sequencing (WES), a method that enables the analysis of a wide 

spectrum of genes (parts of DNA) at once. WES identified a number of mutations, i.e. altered DNA 

composition in different genes that could be potentially disease-causing, and after combining all the 

data including the patients’ clinical picture and biochemical findings in their serum and cells, the gene 

abbreviated as ATP6AP1 was pinpointed as the candidate gene most likely to underlie their disease. 

The same mutation was later detected in P2, confirming its causality. ATP6AP1 is localized on X-

chromosome, meaning that males carry only one copy, while females have two copies of the gene, 

what is the reason why the mother - who was found to carry one copy of the mutated ATP6AP1 - was 

healthy; the other copy was sufficient to execute its biological role. ATP6AP1 gene is important for 

the proper function of one molecular complex in GA that is responsible for maintaining its correct pH, 

and thus its dysfunction secondarily impairs GA’s structure and function. Compared to the other 13 

reported individuals with ATP6AP1-CDG [1-3], our patients had a new ATP6AP1 mutation, and 

showed a more severe clinical picture, even though they lacked the symptoms of neurological 

involvement and immunity problems that had been previously described as typical for this disorder. 

Broadening the knowledge on the clinical and biochemical aspects of different CDG types facilitates 

their faster diagnostics and, consequently, more efficient treatment, as well as potentially helps to 

better target new therapeutic approaches in the future.     

Supported by the grants AZV-16-31932A, RVO-VFN64165.  

 

[1] Jansen, EJR et. al., Nat Commun. 2016 7, 11600. 

[2] Witters, P et. al., Eur J Hum Genet. 2018 26, 618-621. 

[3] Dimitrov B et. al., Mol Genet Metab. 2018 123, 364-374. 
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Case Report of a 12-year-old Child Further Supports Association of SRD5A3-CDG with 

Early-Onset Retinal Dystrophy 
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ABSTRACT 

Background: Steroid 5α-reductase type 3 congenital disorder of glycosylation (SRD5A3-CDG) is a 

severe metabolic disease manifesting as muscle hypotonia, developmental delay, cerebellar ataxia and 

ocular symptoms; typically, nystagmus (involuntary eye movement) and optic disc pallor, 

microphthalmia (abnormally small eyeball), cataract (clouding of the eye len), chorioretinal coloboma, 

(inborn defect of the choroid and retina) and glaucoma (optic nerve damage due to high intraocular 

pressure) [1, 4, 5]. 

Case study: 12-year-old girl of Czech origin was followed for congenital nystagmus, muscle 

hypotonia, developmental delay and coagulopathy since the infancy. Ophtalmic involvement was 

substantial with bilateral optic neuropathy diagnosed as early as at 13 months of age.  She also 

experienced a mild stroke-like episode with complete resolution at 2.5 years. We suspected a CDG 

but the final diagnosis was not found until 7.5 years when targeted sequencing of the CDG-

related genes was performed. A novel homozygous mutation c.436G>A, p.(Glu146Lys) in 

SRD5A3 was indentified.  

Methods: At the age of 12 years, the girl underwent ocular examination that included spectral domain 

optical coherence tomography (imagining technique for obtaining sub-surface images at near-

microscopic resolution) and BluePeak blue laser fundus autofluorescence (imaging modality using the 

fluorescent properties of pigments in the retina) imaging.  

Results: Examination by spectral-domain optical coherence tomography and fundus autofluorescence 

showed clear signs of retinal dystrophy (progressive disorder of photoreceptors with deteriorating 

visual function) not recognized until our investigation. Best corrected visual acuity was decreased to 

0.15 and 0.16 in the right and left eye, respectively, with myopic refractive error of −3.0 dioptre 

sphere (DS) / −2.5 dioptre cylinder (DC) in the right and −3.0 DS / −3.0 DC in the left eye. The 

proband also had optic head nerve drusen (globular, often calcified, hyaline bodies located within the 

optic nerve head).  

Discussion: Our case confirms recently reported observation that an early onset retinal dystrophy is 

an underrecognized feature of SRD5A3-CDG and can be now considered to be an obvious disease-

delineating feature [1, 2, 3]. It also report optic head nerve drusen in this syndrome, which to the best 

of our knowledge, has not been previously observed. 

 

This work was supported by grants from the AZV16-31932A, SVV260367, RVO – VFN64165. 

 

[1] Taylor, RL et al., JAMA Ophthalmol. 2017 135, 339-347. 

[2] Gupta, N et al., Indian J. Med. Res. 2018 147, 422-426.  

[3] Khan, AO, Ophthalmic Genet. 2018 39, 628-630. 

[4] Cantagrel, V et. al., Cell 2010 142, 203-217. 

[5] Morava, E. et al., Brain 2010 133, 3210-3220. 
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The PIGA gene mutation in a two-year-old boy with severe neurological 
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The phosphatidylinositol glycan anchor biosynthesis class A (PIGA) gene provides 

information (encodes) for production the catalytic subunit of protein involved in synthesis of the first 

glycosylphosphatidylinositol (GPI) precursor. GPI is a lipid anchor by which a cell membrane are 

linked to different surface proteins. The lack of GPI molecules in the cell membrane leads to a 

deficiency or complete lack of many proteins on the blood cells including CD59. The PIGA gene is 

located on the X chromosome (Xp22.2) and its function is essential for proper development of the 

body. More than 20 of PIGA gene pathogenic or likely pathogenic variants have been reported in a 

wide spectrum of clinical syndromes of PIGA deficiency, including multiple congenital anomalies 

hypotonia-seizures syndrome 2 (MCAHS2), West syndrome, X-linked intellectual disability (XLID), 

Ferro-Cerebro-Cutaneous syndrome (FCC), Simpson-Golabi-Behmel syndrome type 2 (SGBS2), 

early-onset epileptic encephalopathy etc. However, the PIGA gene mutation frequency in the world is 

very low, under 1:1000000.  

Here, we report a Polish male 2-year-old infant with the last diagnosis of epileptic 

encephalopathy, however, the epilepsy is mild and did not appear until the age of 19 months. Boy is 

significantly delayed overall in psychomotor development (he does not sit, does not keep his head, 

does not reach for things) and has reduced axial muscle tone. Brain magnetic resonance imaging 

(MRI) revealed changes in brain stem as well as delayed myelination – currently corresponds to 6-8 

month of life. Moreover, he is treated with euthyrox because of an elevated level of thyroid hormone 

(TSH).  

In order to make a diagnosis we performed the whole exome sequencing (WES). We 

identified germinal (in all cells of the body) mutation (c.56G>A) in the PIGA gene, which was not 

previously described in the literature and which leads to change of the amino acid arginie to glutamine 

in position 19 of the protein (p.Arg19Gln). The mutation was not found in other family members 

(parents of patient’s, his sister, his grandfather and mother’s brother), therefore it is classified as de 

novo mutation. We carried out also the funcional analysis using flow cytometry which shown the 

decreased expression of FLAER and CD59 markers on granulocytes. The clinical picture of our 

patient’s as well as the results of flow cytometry confirm glycosylphosphatidylinositol biosynthesis 

defect and the pathogenicity of detected PIGA gene mutation.  

Our case of a two-year-old boy with mutation p.Arg19Gln in the exon 1 of PIGA gene 

demonstrates mild treatable epilepsy and no facial dysmorphism but he has multiple central nervous 

system abnormalities, such as thin corpus callosum and delayed myelination, as well as hypotonia. 

Therefore, we identified an unusual coincidence of symptoms characteristic partly for the mild and 

partly for a severe form of the clinical manifestation of PIGA defect. 
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New homozygous mutation in ALG12 gene associated with the 

accumulation of serum GlcNAc2Man7 N-glycan resulted in CDG-I disorder 

in newborn patient 
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ALG12-CDG (CDG Ig; OMIM#607143) inherited rare metabolic disease, caused by defect in 

the function of alpha-mannosyltransferase 8, which is coded by ALG12 (22q13.33) gene. Up to this 

date, only 9 patients were reported worldwide. Here we present the eutrophic male, born in 34th 

gestational week as the second twin. During the gravidity period, polyhydramnion, gestational 

diabetes, hepatopathy and isthmocervical insufficiency were observed. The child was born with the 

signs of polystigmatism (low hairline, widely open fontanelles, broad nasal bridge, elongated philtrum, 

gothic palate, low-set earlobes, concave chest, micropenis, retention of the testes, limb deformities) 

and subcutaneous edema.  

Due to the clinical and biochemical abnormalities of the newborn Slovak patient, isoelectric 

focusing of transferrin was performed as the first approach. Significant hypoglycosylation pattern, 

typical for CDG I, was observed. Further MALDI TOF/TOF analysis of permethylated serum N-

glycans revealed the increased signals of GlcNAc2Man5-7, along with decreased signals of 

GlcNAc2Man8-9, that indicated the suspicion of ALG12 defect. Genetic analysis of corresponding 

ALG12 coding region from patient´s sample found yet unidentified homozygous substitutional variant 

in the exone 10, while this variant was heterozygous in the samples of both parents and asymptomatic 

twin. Such comprehensive genomic and glycomic approach led to the potential discovery of new 

mutation in ALG12 gene, responsible for the clinical manifestation of this disorder. 
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SLC35A2-CDG as a Differential Diagnosis of Mabry Syndrome:  

Report of Two Brazilian Patients in an Diagnostic Journey  
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INTRODUCTION 
SLC35A2‐ CDG is caused by mutations in the X‐ linked SLC35A2 gene encoding the 

UDP‐ galactose transporter, leading to hypogalactosylation of N‐ glycans. It is characterized by 

early onset and refractory seizures, developmental delay and  abnormal brain imaging findings. 

Mabry syndrome comprises a triad of seizures, hyperphosphatasia (increased alkaline 

phosphatase)  and intellectual disability due to defects in the glycosyl phosphatidylinositol 

(GPI) biosynthetic pathway. It usually manifests in first year of life with severe developmental 

delay and tonic-clonic seizures. In both disorders, skeletal manifestations can also occur along 

some dysmorphic features.  

 

METHODS 

Retrospective clinical, neuroimaging and laboratory data review 

 

RESULTS 

Both patients were female and showed global developmental delay with hypotonia. Seizures 

started in the first months of life. Abnormal electroencephalograms were seen in both patients,  

showing features of hypsarrhythmia; seizures were refractory to antiepileptic drugs. Clinical 

evaluation showed dysmorphic features: prominent forehead, widely spaced inverted nipples,  

strabismus, small hands with apparent proximal shortening of arms. Metabolic testing included 

normal lactate, pyruvate, free carnitine, CK, acylcarnitine profile, folate, vitamin B12, plasma 

amino acids, and very long chain fatty acids, chromosomal microarray was normal as well. 

Isoeletric transferrin phocusing isoforms and mass spectrometry for CDG were normal 

(repeated in more than one occasion). Increased alkaline phosphatase (ALP) were constant in 

both patients, although with a trend towards normalization. Brain magnetic resonance imaging 

findings included cerebral and cerebellar atrophy, thinning of the corpus callosum, and 

increased cerebral ventriculae. Gene panel for Mabry syndrome was normal. Whole Exome 

Sequencing (WES) showed “de novo” mutations in the SLC35A2 gene in both patients.  

 

CONCLUSIONS 

The elevated ALP in Mabry syndrome is due to  defects in GPI biogenesis since they affect the 

expression of the anchored proteins, such as ALP. SLC35A2 is X‐ linked and most affected 

individuals are females with wide range of clinical manifestations , maybe influenced by X-

chromosome inactivation. Since many affected individuals with SLC35A2‐ CDG do not show 

an abnormal transferrin or abnormal total serum N‐  or O‐ glycan profile, diagnosis can be 

delayed and relying on next generation sequencing. Increased ALP , although not specific, can 

be a clue to SLC35A2‐ CDG diagnosis, specially in the absence of other biochemical findings. 

Furthermore, patients with clinical diagnosis of Mabry syndrome, but no mutation found in the 

GPI genes, should be screened for SLC35A2‐ CDG. 
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INTRODUCTION 
Phosphomannomutase deficiency (PMM2-CDG) or CDG-Ia is the most common type of 

congenital disorders of glycosylation (CDG), caused by mutations in PMM2 gene whose 

estimated incidence of up to 1/20,000. Major clinical features of disease include neurologic 

involvement, including cerebellar hypotrophy, hypotonia, strabismus, epilepsy, failure to thrive, 

feeding difficulties and developmental delay. Physical exam can be notable for abnormal fat 

distribution with suprapubic or buttock fat pads and nipple inversion. Infections and fevers may 

trigger stroke-like episodes. Isoelectric focusing (IEF) of serum transferrin is the standard test 

for diagnosing CDG due to N-glycosylation with PMM2-CDG showing type I CDG pattern.  

 

OBJECTIVE 

To present a cohort of Brazilian PMM2-CDG patients and their clinical manifestations 

 

METHODS 

Retrospective clinical data review 

 

RESULTS 

12 patients (10 males and two females) were identified.   Diagnosis of PMM2-CDG was made 

at a mean (SD) age of 5-6 years (range from 6 months to 37 years). The presenting signs were 

mostly neurological (hypotonia, intellectual disability, cerebellar ataxia) and observed in all the 

patients. All patients had severe global neurodevelopmental delay: only two patients were able 

to walk alone (curiously, the only two female patients). All non-ambulatory patients (but one) 

had features of demyelinating peripheral neuropathy as assessed by Nerve Conduction Velocity 

(NCV).  Two patients in our series died in the first months of  life after presenting with 

symptoms since neonatal period (pericardial effusion/pericarditis, protein-losing enteropathy, 

chronic diarrhea, feeding difficulties requiring nutritional, liver failure). Nevertheless, in the 

remaining patients – but one - neurological manifestations had an apparent static clinical course, 

dominated by mild-to-moderate intellectual disability and cerebellar dysfunction.  Acute stroke-

like episodes were seen in only one patient and seizures in three. Laboratory abnormalities 

mostly included elevated transaminases (in six patients) and abnormal coagulation parameters 

(in two patients). Only one patient showed homozygous missense mutation in PPM2 gene, 

remaining patients were all compound heterozygous. Cerebellar hypoplasia/atrophy was found 

by magnetic resonance imaging in 9 patients and olivopontocerebellar hypoplasia in one adult 

patient. 

 

CONCLUSIONS 

The clinical phenotype of PMM2-CDG is very suggestive, however is not recognized by most 

pediatricians and adult clinicians. Patients with more prominent visceral symptoms seem to 

have early demise, but were the ones with earlier dianosis. The cerebellum is nearly always 

affected in PMM2-CDG patients, being their main daily functional limitation. Better recognition 

and early management are essential in this disorder not only for therapeutic reasons but also for 

providing genetic counseling to affected families. 
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A clinical case with EXT1-CDG after in vitro fertilization 
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 Multiple osteochondroma (MO; EXT-CDG) is a genetic heterogeneous disorder characterized 

by bony outgrowths mainly located at the juxta-epiphyseal region of the long bones. At present two 

homologous genes (ЕXT1 on chromosome 8q24 and EXT2 on chromosome 11p11-p12) have been 

identified. The majority of patients harbour inactivating mutations, mostly located in EXT1 or the the 

first 8 exons of EXT2.  

The authors studied a 9-year old girl born after in vitro fertilization. The age of onset of MO 

was 7-month-old. The osteochondromas were localized at distal femur, proximal humerus, distal and 

proximal tibia and fibula, knee. The child had deformities (forearm with radial dislocation, shortening 

of forearm, genu valgum) and functional impairment (decreased range of forearm rotation and 

decreased range of knee flexion), delayed tooth growth.  

DNA analysis was performed by PCR based enrichment and SBS sequencing (Illumina) of all 

coding exons of the EXT1 and EXT2 gene. Sequence comparison and numbering were based on 

genbank file sequence NM-000127.2 (EXT1) and NM_207122.1 (EXT2) with A of start ATG 

position +1. EXT2 exon numbering according to Clines et al. [1]. Molecular analysis showed a novel 

heterozygous c.335 dupA(p.Asn112Lysfs77) mutation in the EXT1 gene. Genetic counseling was 

offered to the family.  

 

[1] Clines et. al., Genome Res 1997 7(4), 359-67. 
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Diagnosing Congenital Disorders Of Glycosylation In A Developing 

Country – A South African Perspective 
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 The diagnosis of rare diseases in a 3
rd

 world country setting remains challenging due to health 

resources dedicated to infectious and chronic disease. This is even more true in the case of congenital 

disorders of glycosylation (CDGs) due to limited experts in the field and diverse population groups 

found in South Africa (SA). Prevalent CDG subtypes in the Caucasian SA population have been 

identified including (severe and mild) ALG6 deficiency [1] as well as isolated mild PMM2 deficient 

cases. Unique mutations and clinical characteristics, emphasize the need for more resource allocation 

to investigate CDG subtypes and disease progression in our various, poorly investigated population 

groups. 

 Recently, new subtypes have been identified including ALG13- and SLC35A2 deficiency, the 

latter in a patient of Indian decent presenting with a type 2 isoelectric focusing (IEFt) pattern. The 

diagnoses were ultimately confirmed via CDG gene panel testing or whole exome sequencing (WES). 

In addition, galactosemia defined as a secondary CDG, has been establish as a prevalent metabolic 

disorder in the ethnic SA population [2]. Variation in clinical presentation (some galactosemia 

patients present with a primary neurological picture) and a positive IEFt result complicate and delay a 

differential diagnosis.  

 Based on our experience of diagnosing CDGs in the last 35 years in a developing country, the 

initial screen via IEFt remains relevant as a first line diagnostic tool. Academic institutions with 

medical schools in SA, do provide a similar diagnostic method for the diagnosis of multiple myeloma. 

Although this laboratory test can be easily adapted for CDG diagnostics, government-sponsored 

healthcare, which serves the majority of our population, remains focused on infectious and chronic 

disease types prevalent in our country. In addition, access to genetic testing, confirming the CDG 

subtype, remains limited for the larger population, even though initial studies support CDG 

prevalence. Although decrease in cost for gene panel testing and WES has recently led to the 

identification of 2 new subtypes, this diagnostic strategy has not been applied/accepted as a diagnostic 

care option. Ironically, prenatal testing and preimplantation genetic diagnosis in affluent affected SA 

families have been applied with great success for ALG6 deficiency. This has however not been 

standard practice for all patients, despite showing benefits in limiting the emotional distress of a 

detrimental disease, specifically in the severe ALG6 subtype, observed in our population. 

 We conclude that developing country constraints in CDG diagnosis include restricted expertise 

and diagnostic centers as well as inequality in patient care, leading to ineffective diagnosis and 

subsequent therapeutic support/intervention. We recommend using prevalent rare disease types, such 

as galactosemia in our case, to create awareness of the value of basic metabolic testing which should 

include screening for CDGs, if the clinical picture correlates. Informing the medical community of 

unique CDG characteristics may prompt the use of gene panel testing/WES if no other diagnosis can 

be made.  

 

[1] Dercksen et al., JIMD Rep. 2013; 8, 17–23. 

[2] Henderson et al., BMC Pediatrics. 2002; 2:7 
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PIGA-CDG, A Disorder Of Glycosylphosphatidylinositol Anchors: Description Of 

Clinical And Genetic Findings in 35 Novel And 22 Previously Published Patients. 

Expansion Of The Clinical Characteristics And Description Of The Facial Gestalt. 
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d
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e
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Background: Glycosylphosphatidylinositol (GPI) is a subgroup of CDG disorders. GPI is made of fat 

and sugar. It is produced inside the cells and then placed on the cell surface. It has a very important 

role in the function of the cell and has effect on development of the unborn child, the function of the 

immune system and growth and function of the brain. Almost 30 genes are involved in the production 

of GPI inside the cells. Genetic changes in these genes may lead to neurological symptoms including 

epileptic seizures, intellectual disability and many congenital malformations of the body.  

GPI anchor disorders are very rare and only almost 200 patients are known. PIGA is one of the first 

genes in the pathway, and is the only gene in the pathway to be inherited from unaffected mothers. 

PIGA is the most commonly published gene, but has still only been published in 22 patients have so 

far. Our knowledge on this rare area is therefore still limited but growing. Many patients die in 

childhood. 

Aim: To identify and describe new PIGA patients and to expand our knowledge of PIGA. 

Methods: Using our network from epilepsy and genetic centers in Europe and the United States we 

identified new PIGA patients. The patients and their families underwent detailed clinical 

examinations. Medical files, MRIs, EEG, and genetic data were carefully reviewed.  

Results: We evaluated 35 new children from 29 unrelated families with a mutation in the PIGA-gene. 

We have also reviewed the available pictures of all previously published patients. This gives us in 

total 57 patients with PIGA-CDG. Based on these 57 patients we expand the symptoms of PIGA-

CDG, we try to show how different mutations give different severity of symptoms. We have 

identified a patient with PIGA-CDG that lived to 51 years making him the oldest known patient, 

giving hope to patients and families of patients with PIGA-CDG.  

Conclusion: We are able to expand our knowledge of the symptoms and genetics in a rare subgroup 

of CDG disorders called GPI. It´s important to raise awareness of rare disorders such as PIGA-CDG 

in order to provide knowledge to patients and families and also to identify potential personalized 

medicine.    
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Cerebellar Ataxia with Hypogonadism: Clinical Clues to Help the 

Neurologist to Diagnosis Adult PMM2-CDG Patients  
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BACKGROUND 

The association between cerebellar ataxia and hypogonadism was first described in four sibs by 

Holmes. Several syndromes with hypo/hypergonadotrophic hypogonadism and ataxia have been 

published, with remarkable clinical heterogeneity. Although the clinical pictures may share similar 

phenotype, the pathogenic mechanism involved in the two types of hypogonadism is probably 

different. PMM2-CDG patients, not diagnosed in childhood, may present to the neurologist and 

remain without a specific diagnosis since the knowledge about this group of diseases is not very 

common among adult neurologists. 

OBJECTIVE 

To present the clinical data and molecular/biochemical screening for CDG of nineteen adult Brazilian 

patients with cerebellar ataxia and hypogonadism. 

DESIGN/METHODS 

19 Brazilian patients with features of cerebellar ataxia and hypogonadism were evaluated in our 

Neurogenetics clinics. Brain MRI, neurophysiology studies, hormone and biochemical tests, screening 

for CDG (and other inborn errors of metabolismo), muscle biopsy with respiratory chain enzyme 

assays and measurement of coenzyme Q10, molecular tests for hereditary ataxias were performed in 

the course of the investigation. 

RESULTS 

All patients had cerebellar ataxia as the main reason for referral, but the age of the onset was variable. 

Optic atrophy and retinochoroidal degeneration were found in five patients. Cerebellar atrophy with 

pons or prominent vermis involvement was a constant feature in 16 patients; 3 patients had also 

leukodystrophy. Coenzyme Q10 deficiency was found in 3 patients. Congenital Disorder of 

Glycosylation type Ia (PMM2-CDG) was identified in one adult female patient. 

CONCLUSIONS 

Our study reinforces that the association between cerebellar ataxia and hypogonadism comprise 

hetereogenous entities. Clinical investigation of further cases with this association surely can 

enlighten the pathological basis of these fascinating neuroendocrinological syndromes and help the 

adult clinician to recognize CDGs (in particular, PMM2-CDG) as phenotype associated to this 

subgroup of hereditary cerebelar ataxia with endocrinological features. 
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Bioenergetic metabolism in patients with Congenital Disorders 

of Glycosylation 

Zdrazilova L, Krizova J, Ondruskova N, Honzik T, Zeman J, Hansikova H 

Department of Pediatrics and Adolescent Medicine, First Faculty of Medicine, Charles University and 

General University Hospital in Prague, Czech Republic 

 

Congenital disorders of glycosylation (CDG) are rare inherited diseases caused by abnormal protein 

and lipid glycosylation. Glycosylation is a process of adding oligosaccharide chains to proteins or 

lipids and defective biosynthesis can cause functional and structural abnormalities leading to CDG. 

Recent published and our preliminary data indicated possible interconnection between glycosylation 

defects and other metabolic pathways. 

Aim of study was to analyze mitochondrial respiration, which shows us creation of energy needed for 

many metabolic pathways localized in mitochondria (also called as a powerhouse of the cell) and 

glycolysis, which is most important pathway for saccharide metabolism. This study was performed 

in human skin fibroblasts from patients with 8 different types of CDG and compared with two 

controls. Afterwards we focused on fibroblasts from patients with most abundant CDG: PMM2-CDG.  

Measurements were performed by using Oxygraph-2k (Oroboros) and Seahorse Bioanalyzer (Agilent). 

Various disturbances of bioenergetics metabolism have been shown in CDG patient’s fibroblasts 

in comparison to controls. The defect intensity varied depending on the CDG type. More profound 

defects in respiration parameters were found in CDG types II associated with glycoproteins 

modification defects. Glycolytic function was decreased almost in all fibroblasts from CDG patients 

in comparison to the control cell lines. 

Our results indicate secondary functional abnormalities in mitochondria and glycolytic dysfunction 

due to a breakdown of the glycosylation pathway. The study of mitochondrial metabolism 

in congenital disorders of glycosylation may contribute to the elucidation of pathomechanisms 

in unclear metabolic diseases. 

Supported by research projects: GAUK110119, AZV 16-31932A, 8F 19002 EURO-GLYCAN-

OMICS, SVV 260367, RVO VFN64165/2012, COST action MitoEAGLE CA15203 
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A Novel Congenital Disorder of O-linked Glycosylation Caused by Loss of 

Function of GALNT2 
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Congenital disorders of glycosylation (CDGs) are a growing group of rare disorders caused by 

deficiency in genes affecting glycosylation. Here, we describe a novel CDG caused by biallelic loss of 

function mutations in the gene GALNT2, a member of a large family of 20 genes. The proteins 

encoded by these genes direct initiation of mucin-type protein O-glycosylation. We identified seven 

patients from four families with biallelic pathogenic variants in GALNT2. All patients showed loss of 

O-glycosylation of apolipoprotein C-III. GALNT2-CDG patients exhibit multi-system dysfunction 

characterized by global developmental delay, severe intellectual disability without language 

development, autistic features, behavioral abnormalities, epilepsy, white matter changes on brain MRI, 

dysmorphic features, short stature, constipation, and low levels of HDL-cholesterol. Rodent models of 

GALNT2-CDG recapitulate much of the human phenotype, including poor growth, 

neurodevelopmental abnormalities, and lipid abnormalities. GALNT2-CDG mice demonstrate 

cerebellar motor deficits, decreased social behavior, and impaired sensory integration and processing. 

GALNT2 is widely expressed and serves a major role in protein O-glycosylation. Although previous 

studies have identified some non-redundant glycosylation substrates of this enzyme, the multisystemic 

phenotypic manifestations in human patients and rodent genetic models of this novel congenital 

disorder of O-linked glycosylation suggest there are multiple non-redundant protein substrates of 

GALNT2 in a variety of organs, including brain, that are critical to normal growth and development. 

https://www.researchgate.net/institution/University_of_Leipzig/department/Institut_fuer_Humangenetik
https://www.researchgate.net/institution/University_of_Leipzig
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Defective Regulation of Insulin-Like Growth Factor System in Congenital Disorders of 

Glycosylation (CDG) 
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Congenital disorders of glycosylation (CDG) are rare genetic disorders that result from abnormal 

protein or lipid glycosylation or in the synthesis of sugar precursors. Patients with CDG suffer a range 

of severe multi-organ involvement. Postnatal growth failure is a recurrent feature in children with 

CDG [1] and recent evidence suggested that such phenotype might be related to the low level of the 

insulin-like growth factor-1 (IGF-1) system components including IGF-1 and its receptor (IGF-1R) 

and binding proteins (IGF1BPs) [2]. The molecular bases of IGF-1 deficiency observed in CDG 

patients are unknown. 

IGF-1 is synthesised as prohormone (proIGF-1Ea) containing the mature IGF-1 sequence linked to a 

C-terminal extension named Ea-peptide. It is well established that proIGF-1Ea is the predominant 

form found inside the cells [3].  

We previously demonstrated that N-glycosylation of the Ea-peptide prevents proteasome-mediated 

degradation of proIGF-1Ea and plays an important role in the regulation of intracellular levels of 

proIGF-1Ea [4].  

Here we tested the hypothesis that CDG cause a defect in Ea-peptide glycosylation which results in 

low proIGF-1Ea production and IGF-1 secretion. We transiently transfected fibroblasts from control 

subjects and different CDG subtypes (ALG3, ALG8, GMPPB and PGAP2) with the plasmid construct 

containing sequence encoding proIGF-1Ea; cellular lysates were subjected to SDS-PAGE and 

immunoblotted with an anti-IGF-1 antibody. The supernatants of transfected fibroblasts were also 

used to treat the MCF-7 cells to evaluate IGF-1R activation. Immunoblot analysis showed that 

fibroblasts from ALG3, ALG8 and GMPPB patients showed a defect of proIGF-1Ea glycosylation 

compared to controls and PGAP2 fibroblasts. Cell culture media from IGF-1Ea-transfected ALG3 

fibroblasts also showed a significant decrease of IGF-1R phosphorylation, suggesting IGF-1-secretion 

deficit in this CDG subtype. 

IGF-1 plasma level was also quantified from some available patients. Low plasma IGF-1 was found in 

ALG-3 and ALG-8 patients (52ng/ml and 80 ng/ml, respectively; n.v. 95-312ng/ml), while normal 

level was observed in PGAP2 (116 ng/ml). Our results suggest deficiency of IGF-1 secretion due to 

defective proIGF-1Ea glycosylation at least in some CDG type. 

 

[1] Kjaergaard S. et al., Arch Dis Child. 2002 87, 324-7. 

[2] Miller B.S. et al., Clin Endocrinol. 2009 70, 892-7. 

[3] De Santi M. et al., Cell Oncol (Dordr). 2016 39, 149-9. 

[4] Annibalini G. et al., Sci Rep. 2018 8, 8919. 
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Biochemistry And Bioinformatics In The Service Of PMM2-CDG: Finding 

Pharmacological Chaperones And Modifier Genes 
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PMM2-CDG is the most common disorder of glycosylation, with more than 700 patients worldwide. 

At the present, no cure has been found to treat PMM2-CDG and therapies are only directed to side 

effects of the disease. A total lack of phosphomannomutase activity is considered incompatible with 

life; in fact, patients carry either one inactive and one unstable mutation or two unstable mutations. 

Most of the mutations so far identified in the PMM2 gene cause a destabilization of the enzyme; as a 

consequence of these mutations, the content of the mutated enzyme within the cell is lower than the 

physiological level. Preliminary studies by our group and others suggest that acting on protein 

stability could be a concrete therapeutic strategy [1,2,3]. 

Pharmacological chaperones are small drugs that bind mutant unstable proteins and stabilize them, 

restoring an adequate intracellular content. Therapy with pharmacological chaperones is a new 

approach for different diseases that allows oral administration, the low cost and the possibility for the 

drug to pass the blood-brain barrier. Also, drugs that act indirectly on the protein level enhancing its 

synthesis, inhibiting its degradation or favoring its folding, can represent another valuable approach, 

at least in principle. 

Another challenging issue in the field of CDGs, and especially of PMM2-CDG, is the influence of the 

genetic background of each patient and the need to decipher the effect of other genes that can act as 

modifiers, thus boosting or mitigating the effect of the mutation in the PMM2. In fact, the severity of 

the patients’ phenotypes is only in part related to the specific mutations. 

The activity of our research group is mainly focused on these two aspects, joining classical 

biochemistry techniques and new bioinformatics tools. In particular, we are looking for and studying 

drugs that mimic glucose-1,6-bisphosphate, a natural ligand of PMM2, in order to find a 

pharmacological chaperone. A potential candidate is currently under investigation. 

Moreover, we have already suggested that known variants in other genes causing different CDGs 

should be checked in PMM2-CDG patients, in order to assess if they modulate the severity of the 

phenotypes [4]. 

 

 

 

[1] Conformational response to ligand binding in phosphomannomutase2: insights into inborn 

glycosylation disorder, Andreotti G et al., J Biol Chem 2014 289(50). 

[2]   Biochemical phenotype of a common disease-causing mutation and a possible therapeutic 

approach for the phosphomannomutase 2-associated disorder of glycosylation, Andreotti G et al., Mol 

Genet Genomic Med 2013 1(1). 

[3]   Pharmacological Chaperoning: A Potential Treatment for PMM2-CDG, Yuste-Checa P et al., 

Hum Mutat 2017 38(2). 

[4]   The Analysis of Variants in the General Population Reveals That, Citro V et al., Int J Mol Sci 

2018 19(8). 
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NGLY1-Related Congenital Disorder of Deglycosylation 

 (NGLY1-CDDG): Expanding the Phenotype 
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INTRODUCTION  

NGLY1-related disorder is a newly described autosomal recessive condition characterized by 

multisystemic involvement, affecting mainly central and peripheral nervous system, but also showing 

other features as increased transaminases, alacrimia and some dysmorphic findings. It is caused by 

mutations in NGLY1, which encodes an enzyme, N-glycanase 1, involved in deglycosylation of 

misfolded N-glycosylated proteins in the cytoplasm prior to their proteasome-mediated degradation. 

CASE REPORT   

Male patient, 14 years old, born to healthy and non-consanguineous parents,  showing early onset 

hypotonia and global developmental delay was referred for evaluation of progressive liver periportal 

fibrosis and macronodular steatosis. Patient showed also complex neurological phenotype with 

movement disorder (severe neck dystonia, dyskinesias/involuntary movements), motor incordination 

(ataxia), arreflexia, ptosis, atrophy of lower limbs and hands, vertical supranuclear gaze palsy and  

apparent pain insensitivity. Nerve studies were compatible with peripheral neuropathy (demyelinating 

type). Comprehensive metabolic testing (including muscle and liver biopsy, filiping staining for 

Niemann-Pick type C disease, screening for CDG in sérum by IEF and MS/MS, amino acids and 

organic acids chromatography) was normal. Whole Exome Sequencing (WES) was performed in two 

pathogenic mutations were found in NGLY1 gene.  

DISCUSSION  

NGLY1- CDDG is a complex neurodevelopmental disorder in which individuals most commonly 

exhibit a tetrad of developmental delay / intellectual disability, hyperkinetic movement disorder, 

hypolacrima, and elevated transaminases during early childhood. So far liver involvement has been 

characterized as elevated transaminases (which might be transiente in some patients) and some degree 

of hepatic cellular damage ( micronodular steatosis, periportal fibrosis). Macronodular steatosis was 

not reported as a previous findings in NGLY1-CDDG patients. Hypolacrima is the main 

ophtalmological finding , but ptosis, strabismus are also reported; nevertheless vertical supranuclear 

gaze palsy has not been reported in those patients, but it can be an overlooked feature. 

CONCLUSION 

In summary, we present an additional patient with NGLY1‐ related disorder with compound 

heterozygous mutations detected through whole exome sequencing. Our data suggest that 

macronodular steatosis and vertical supranuclear gaze palsy may be part of NGLY1-CDDG spectrum, 

expanding its clinical phenotype. NGLY1‐ related disorder should be considered in patients 

presenting with hyperkinetic movement disorder in combination with  ophthalmological abnormalities  

and hepatic dysfunction.  
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TMEM165, a Golgi protein involved in a CDG type II, state of the art 2019 
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 CDG-II TMEM165 subtype, CDG-IIk, has been discovered in our lab in 2012 [1]. Patients with 

TMEM165 mutations have particular symptoms with major skeletal problems: dwarphism, spine 

curvature, osteoporosis together with a psychomotor retardation]. 

 Clinical diagnosis can turn out to be complex. Any unexplained neurological signs, especially 

when others organs are affected can be suspected to be a CDG syndrome. Diagnosis of CDG lies in 

laboratory medicine, the first test classically used in French laboratory (in Lille for example) is iso-

electrofocalisation (IEF) of patient’s transferrin present in their blood. This method separate 

transferrin regarding its glycosylation status, which is the mirror of patients’ glycosylation status. The 

diagnosis is confirm by a genetic analysis to identify the incriminated mutated gene.  

TMEM165 protein is a member of the UPF0016 family which means “Uncharacterized Protein 

Family”. Nothing was known about this new discovered protein before 2012. Now, several teams are 

working together to learn more about TMEM165 which is thought to be a transporter of ions and we 

have shown that manganese was able to rescue the glycosylation defect [2].  

 Due to its toxicity manganese can’t be used as a treatment. We also showed that galactose is 

also able to rescue the glycosylation defect too and a clinical trial has been set up. Two patients with 

TMEM165-CDG received D-galactose in a daily dose of 1 g/kg. Galactose supplementation improved 

biochemical and clinical parameters. This is the first report of successful dietary treatment in 

TMEM165 deficiency [3]. 

 

 

[1] Foulquier F, Amyere M, Jaeken J, Zeevaert R, Schollen E, Race V, et al. TMEM165 Deficiency 

Causes a Congenital Disorder of Glycosylation. Am J Hum Genet. 2012 Jul;91(1):15–26.  

[2] Potelle S, Dulary E, Climer L, Duvet S, Morelle W, Vicogne D, et al. Manganese-induced 

turnover of TMEM165. Biochem J. 2017 Apr 19;474(9):1481–93.  

[3] Morelle W, Potelle S, Witters P, Wong S, Climer L, Lupashin V, et al. Galactose Supplementation 

in Patients With TMEM165-CDG Rescues the Glycosylation Defects. J Clin Endocrinol Metab. 2017 

Apr 1;102(4):1375–86. 
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