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Piga in the Brain: Offering Gene Therapy Opportunities

ABSTRACT AUTHOR(S)

Watts, J. and Stottmann, R.

DEPARTMENT / INSTITUTION / AFFILIATION

Institute For Genomic Medicine at Nationwide Children's Hospital
LAY LANGUAGE ABSTRACT SUMMARY

Patients with PIGA-CGD exhibit several brain malformations and infant death, revealing a need for therapies
for this condition. We therefore conducted a preclinical trial of a gene-replacement strategy to assess its
effectiveness using a mouse model. Our results show that the newly developed therapy restores Piga’s function
and has the potential to be a breakthrough treatment for PIGA-CDG patients.

ABSTRACT BODY

Congenital disorders of glycosylation (CDG) can cause a wide range of neurological disorders and lead to devastating
health outcomes. PIGA-CDG is caused by pathogenic variants in the PIGA gene and is associated with several brain-
related pathologies, including developmental delay, reduced myelination, small cerebella, and even infant death.
These findings have motivated the desire to develop therapeutics for individuals with PIGA-CDG. The PIGA enzyme is
important because it initiates the production of glycosylphosphatidylinositol (GPI) anchors. These anchors bind to a
number of other proteins to both stabilize them and direct them to specific cellular compartments. Using advanced
mouse genetics, we deleted Piga in the mouse brain, resulting in early postnatal death and severe brain
malformations similar to those seen in human PIGA-related conditions. We used this model to test a newly developed
gene therapy strategy. This approach replaces the gene in cells via adeno-associated virus (AAV9)-delivery to
potentially restore Piga function. We tested the therapeutic's effectiveness by directly injecting AAV9-PIGA gene
therapy into the brain of the Piga mouse model. We found that treated animals survived substantially longer and
developed fewer brain malformations than untreated animals. We then sought to understand how Piga activity is
restored in the brain through gene therapy. we quantified the levels of GPI-anchored proteins in treated Piga animals
compared to untreated animals using mass spectrometry. We found that levels of GPI-anchored protein largely
returned to normal in treated animals, indicating restored Piga activity. To further our studies, we plan to determine
which genes are regulated by Piga function in specific brain tissues using single-cell sequencing. Overall, we
developed a robust PIGA treatment strategy, bringing the field closer to an effective therapy for those with PIGA-CDG.

FUNDING DISCLOSURES
Funded by AWRI Postdoc Fellowship to JW, NCH Recruitment to RWS, and CDG Care Foundation Support.
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Understanding Ataxia and Gross Motor Function in PMM2-CDG:
Insights from Patients, Caregivers, and Clinicians

ABSTRACT AUTHOR(S)

R Marinol, ] Flynn2, K Moricil, E Scouler2, O Moore2, H Jamal2, R Malonil, O Popsecul, R Arbuckle2
DEPARTMENT / INSTITUTION / AFFILIATION

1Glycomine Inc, San Carlos, CA, USA; 2Adelphi Values Patient-Centered Outcomes, Cheshire, UK

LAY LANGUAGE ABSTRACT SUMMARY

PMM2-CDG is a rare genetic condition where people experience difficulties with coordination, balance, and
movements affecting abilities such as sitting, standing, and walking. This interview study asked individuals
with PMM2-CDG, caregivers, and expert clinicians about the experience of these difficulties and whether two
measurement tools, ICARS and SARA, reflect those experiences. The findings show that movement,
coordination, and balance difficulties are central to understanding PMMZ2-CDG, both measurement tools are
appropriate and relevant, and even small improvements would be meaningful and important to people with the
condition.

ABSTRACT BODY

Background: Phosphomannomutase 2-congenital disorder of glycosylation (PMM2-CDG) is a rare genetic condition.
Individuals with PMM2-CDG often experience ataxia (difficulties with coordination/balance) and gross motor function
impairments impacted by ataxia (like walking or climbing the stairs). This can substantially impact quality of life, yet
there is limited research into the lived experience of these difficulties in PMM2-CDG. This interview study aimed to
better understand these experiences and to explore the relevance of two Clinician-Reported Outcome (ClinRO)
measures for use in PMM2-CDG: the International Cooperative Ataxia Rating Scale (ICARS) and Scale for the
Assessment and Rating of Ataxia (SARA).

Methods: Qualitative interviews were conducted with 4 patients, 40 caregivers, and 10 expert clinicians (54
participants in total), in English, from 13 countries across North America and Europe. The study followed best practice
guidelines and regulatory guidance for qualitative research. Interviews with patients and caregivers started with
open-ended questions about the symptoms and impacts of PMM2-CDG, followed by more specific questions to ensure
all topics of interest were covered. Clinician interviews additionally included discussion of ICARS and SARA to
understand their clinical relevance in PMM2-CDG. Interviews were audio-recorded and analyzed to identify common
themes.

Results: The interviews showed that difficulties with ataxia and gross motor function are common and impactful in
PMM2-CDG, including all abilities assessed in ICARS and SARA. The concepts included difficulties with walking and
standing, which were reported most frequently, followed by difficulties with speech, sitting, and vision-related
challenges, among others. These difficulties were consistent across age groups (4-75 years) and substantially impacted
physical activities, emotional well-being, and everyday tasks. All participants identified a range of priorities for a new
therapy, most commonly improvements in walking, communication, and coordination/balance. Patients and
caregivers frequently reported that small improvements or even stability would be meaningful across concepts
related to ataxia and gross motor function, reflecting the unmet need in this population.

Clinicians reported that ICARS is relevant and comprehensive for PMM2-CDG. SARA was also considered appropriate
and relevant, although a limitation noted was that it does not assess vision. Clinicians also suggested that even a small
improvement on ICARS or SARA would be meaningful to patients, providing support for both measures as clinically
relevant endpoints in PMM2-CDG.

Conclusions: This study provides detailed insights into the experience of ataxia and gross motor functioning in PMM2-
CDG, and supports the use of ICARS and SARA in future studies in PMM2-CDG.
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FUNDING DISCLOSURES

This study was funded by Glycomine. RoM, KM, RaM, and OP are Glycomine employees. JF, ES, OM, and RA are
Adelphi Values employees. H] was an employee of Adelphi Values when the study was conducted. Adelphi
Values was commissioned by Glycomine to conduct this research.

Page 5



CDG CARE | 2026 Scientific & Family Conference
Poster 3

Potential of Xuriden (Uridine Triacetate) for Therapeutic Intervention
in Multiple Congenital Disorders of Glycosylation

ABSTRACT AUTHOR(S)

Wallace L, Spicer AJ, Thomas E, Rajah V

DEPARTMENT / INSTITUTION / AFFILIATION

BTG International, Inc., a SERB Pharmaceuticals Company
LAY LANGUAGE ABSTRACT SUMMARY

Xuriden is a highly bioavailable formulation of uridine that could favorably impact clinical outcomes
associated with several CDGs. We propose assessing the feasibility of future clinical studies to determine the
optimal use of Xuriden in CAD deficient patients.

ABSTRACT BODY

Introduction: There are over 200 recognized types of Congenital Disorders of Glycosylation (CDGs), rare inherited
metabolic conditions affecting glycosylation. The number of identified subtypes is rapidly increasing, with more than
157 genes already linked to these often multisystemic diseases.

Several CDG subtypes involve disruptions early in key metabolic pathways, leading to severe anemia, recurrent
infections, developmental delays, failure to thrive, neurological manifestations such as epilepsy, congenital
malformations ranging from mild facial dysmorphism to skeletal anomalies, and in some cases ultimately death.
These symptoms can be mitigated by dietary uridine supplementation, a highly effective and potentially life-saving
intervention. Uridine therapy has been trialed in at least five disorders (CAD, SLC35A2, SLC39A8, PGM1, and PGM3),
showing positive outcomes.

Xuriden, an acetylated form of uridine, offers higher bioavailability, predictable systemic uridine levels, and clinically
effective dosing, making it superior to standard uridine supplements. Xuriden is FDA-approved in the United States for
hereditary orotic aciduria (HOA), a condition caused by uridine monophosphate synthase deficiency, where standard
uridine supplementation is often insufficient to correct the metabolic defect.

Methods: We propose exploring the feasibility of future clinical trials evaluating the safety and efficacy of Xuriden in
patients with selected CDG subtypes. Such trials could include dose evaluation (informed by HOA data and clinician
experience), biomarker monitoring (including glycosylation profiles), and functional outcome measures to assess
clinical benefit.

Results: Translational evidence from HOA indicates that Xuriden achieves superior systemic uridine levels compared
to standard supplementation, suggesting potential therapeutic efficacy in CDGs. Literature across multiple CDG
subtypes supports uridine’s effectiveness in symptom control and metabolic correction, particularly in CAD
deficiency. Expected outcomes in proposed trials include improvement in clinically meaningful clinical features
unique to each genetic disorder as well as surrogate biomarkers (where available). Given the rarity of CDG conditions,
retrospective data collection represents the most feasible and ethical approach to evaluating clinical outcomes. As
such, an independent adjudication committee of clinical experts should be utilized to review anonymized patient data
and evaluate evidence of clinical benefit. Using a predefined criteria to assess outcomes would ensure consistency and
minimize bias in assessments.

Conclusion: Xuriden represents a promising candidate for targeted therapy in multiple CDGs, warranting rigorous
clinical investigation aligned with regulatory guidance. Flexibly designed trials are necessary to establish safety,
optimal dosing, and therapeutic potential across heterogeneous CDG subtypes. Feasibility must be balanced against
small patient populations and phenotypic variability, highlighting the importance of collaborative, multicenter
approaches.
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FUNDING DISCLOSURES

This abstract was supported by SERB Pharmaceuticals, the manufacturer of Xuriden (uridine triacetate). No
external funding was received for the preparation of this abstract. All authors are employees of BTG
International, Inc, or another SERB Pharmaceuticals affiliate.
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A Systematic Review of Uridine Therapy in CAD Deficiency;
Demonstrating Significant Improvements in Seizure Control and
Survival.

ABSTRACT AUTHORC(S)

Spicer, A. J., Thomas, E., Rajah, V.
DEPARTMENT / INSTITUTION / AFFILIATION
SERB Pharmaceuticals

LAY LANGUAGE ABSTRACT SUMMARY

CAD deficiency is a rare inherited condition causing severe seizures, developmental delay, and early death. This
review found that uridine treatment greatly improved seizures and survival. Most treated patients showed
clear benefits, while untreated patients had poorer outcomes. Uridine may be an effective therapy, though
further research is needed to confirm optimal treatment approaches.

ABSTRACT BODY

Background: CAD deficiency is a rare autosomal recessive congenital disorder of glycosylation caused by pathogenic
variants in the CAD gene. This condition disrupts the de novo biosynthesis of uridine monophosphate (UMP); however,
UMP can alternatively be generated from uridine via the salvage pathway.

Clinically, CAD deficiency is characterized by epileptic encephalopathy, global developmental delay, normocytic
anemia, and anisopoikilocytosis (a blood condition marked by significant variation in both the size and shape).
Affected individuals often exhibit loss of previously acquired skills in early childhood, and the natural disease course
may be fatal during this period.

The first case of CAD deficiency was reported in 2015. Since then, approximately 50 cases have been described
worldwide, with the disorder consistently associated with seizures, global developmental delay, and high mortality.
The estimated incidence is less than 1 in 1,000,000.

Methods: A literature review was conducted to identify all published cases describing the use of uridine (including
uridine monophosphate and uridine triacetate) in the treatment of CAD deficiency. Studies published between 2015
and 2025 were included. Outcomes of interest included seizure cessation, reduction, or clinical improvement.

Results: A total of 56 published cases were identified. Of these, 28 patients (50%) received uridine-based therapy: 2
received uridine triacetate, 11 received uridine monophosphate, and 14 received uridine (formulation unspecified).

Among patients treated with uridine, 93% (n=26) demonstrated seizure cessation, reduction, or symptomatic
improvement, compared with none of the untreated patients (0/13). Mortality was markedly lower in the treated
group, with 2 deaths (7%) compared to 8 deaths (62%) in the untreated group (n=13).

Conclusions: Uridine therapy is associated with significant improvement in seizure control and reduced mortality in
patients with CAD deficiency. Further research is required to clarify the comparative efficacy of different uridine
formulations (e.g., uridine triacetate versus uridine monophosphate) and to determine the influence of specific genetic
variants on treatment response.

FUNDING DISCLOSURES

This abstract was supported by SERB Pharmaceuticals, the manufacturer of Xuriden (uridine triacetate). No
external funding was received for the preparation of this abstract. All authors are employees of SERB
Pharmaceuticals.
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Using fruit fly models to identify potential therapeutic strategies for
multiple Congenital Disorders of Glycosylation

ABSTRACT AUTHOR(S)

Beebe K, Hope K, Aziz M, Thorpe H, Coelho E, Evans H, Massey C, Young N, Dalton H, Chow C
DEPARTMENT / INSTITUTION / AFFILIATION

Clement Chow Lab, Department of Human Genetics

LAY LANGUAGE ABSTRACT SUMMARY

In the Chow Laboratory at the University of Utah, we use fruit fly genetic models of several congenital
disorders of glycosylation (CDGs) to search for possible treatments. We screened more than 1,500 medicines
that are already approved for use in people to see whether any improve disease-related traits in these models.
This poster focuses on comparing results across multiple CDG models to look for shared drug responses and
biological pathways that may be relevant across different CDGs.

ABSTRACT BODY

Congenital disorders of glycosylation (CDGs) and deglycosylation are rare pediatric diseases caused by defects in
cellular pathways that attach or process glycans on proteins. Although individual CDGs have distinct genetic causes,
many share overlapping clinical features and currently lack effective treatments. Identifying new therapeutic
strategies remains a major need for patients and families.

Many genes involved in glycosylation are highly conserved across evolution. Drosophila melanogaster (the fruit fly)
provides a powerful genetic model system in which these conserved pathways can be studied and used for rapid, cost-
effective drug screening. We used a drug repurposing strategy to identify candidate therapeutics that are already
approved by the U.S. Food and Drug Administration (FDA) or European Medicines Agency (EMA), which could
accelerate translation to patients.

The Chow Laboratory at the University of Utah screened a library of 1,520 approved drugs across nine Drosophila
models representing different CDG-associated genes. Three models represent defects in GPI-anchor biosynthesis genes
(PIGA, PIGQ, and PIGV), and six represent defects in N-linked and related glycosylation genes (MAN1B1, ALG2, ALGS,
DPAGT1, GMPPA, and NGLY1).

This poster describes our screening platform and presents results from these large-scale repurposing screens,
including analysis of drug responses within individual models and exploration of shared patterns across models.
While most drug effects appear to be gene-specific, some classes of compounds show overlapping responses in
multiple models. These findings highlight candidate compounds for further study and provide insight into biological
pathways that may be relevant across different CDGs.

FUNDING DISCLOSURES

None
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A drug repurposing screen reveals dopamine signaling as a candidate
therapeutic pathway for PIGA-CDG

ABSTRACT AUTHORC(S)

Aziz, MC, Wilson, J, Chow, CY

DEPARTMENT / INSTITUTION / AFFILIATION

Human Genetics / University of Utah / Graduate Student
LAY LANGUAGE ABSTRACT SUMMARY

To study PIGA-CDG and identify new potential therapeutic options, we developed a fruit fly model of PIGA-CDG
that has a reduced eye size. We performed a drug repurposing screen using FDA- or EMA- approved drugs and
found that drugs targeting dopamine signaling improved the eye model. Using pharmacological and genetic
tools, we further validate that modifying dopamine signaling and abundance impacts the PIGA eye model, and
this effect extends to PIGA fruit fly models with neurological symptoms.

ABSTRACT BODY

PIGA-CDG is a rare disorder caused by loss-of-function variants in the Phosphatidylinositol glycan class A (PIGA) gene.
PIGA-CDG typically presents with seizures, developmental delays, and hypotonia. PIGA encodes an essential enzyme
for the first step of glycosylphosphatidylinositol (GPI) anchor biosynthesis. This process generates over 150
functionally diverse GPI-anchored proteins (GPI-APs), and it is difficult to determine how the loss of GPI-APs
contributes to PIGA-CDG phenotypes. To investigate the pathophysiology of PIGA-CDG, we performed a drug
repurposing screen on a Drosophila eye model of PIGA-CDG using a library consisting of 98% 1,520 FDA- or EMA-
approved drugs. Dopamine (DA), tubulin, adrenergic, anti-inflammatory, and steroid targeting drug classes were
enriched, collectively making up ~30% of the suppressor hits. I prioritized compounds targeting the DA pathway
because patients primarily display neurological symptoms. All the DA targeting drugs from the primary drug screen
are dopamine 2 receptor (D2R) antagonists, suggesting inhibition of D2R is a candidate therapeutic mechanism for
PIGA-CDG. Using pharmacological and genetic tools, I show that modifying DA receptor signaling and synthesis alters
the outcome of the PIGA model. In flies and mammals, D2R activation inhibits cAMP signaling, while dopamine
receptor D1 (D1R) activation stimulates downstream cAMP signaling. Inhibition of D2R improved the PIGA model,
while inhibition of D1R worsened it. These results are consistent with the biology of DA receptor signaling and
opposing effects on cCAMP signaling. Genetically inhibiting the conversion of tyrosine to L-DOPA by targeting tyrosine
hydroxylase enhanced the eye phenotype, while supplementing with L-DOPA rescued the eye phenotype, suggesting
that increasing DA synthesis improves PIGA phenotypes. Also, genetic inhibition of dopamine active transporter (DAT)
improved the eye model, further suggesting increasing dopamine abundance is beneficial for PIGA phenotypes. D2R
signaling may be overactive in PIGA-CDG, making it a promising target for therapeutic development. Furthermore, L-
DOPA is an FDA approved drug for Parkinson’s Disease and can be quickly taken from bench to bedside. Focusing on
manipulations that improved the PIGA eye model, I also demonstrate that genetic inhibition of D2R and DAT improves
PIGA neurological models that recapitulate patient symptoms, including seizures and neuromuscular defects, giving
insight into mechanisms underlying clinical phenotypes. This work advances the understanding of PIGA
pathophysiology and paves the way for developing innovative treatments for patients.

FUNDING DISCLOSURES

n/a
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Leaving no stone unturned: Uncovering novel pathogenic mechanism
for dilated cardiomyopathy in an advanced mouse model of PGM1-CDG

ABSTRACT AUTHOR(S)

Balakrishnan B, Bellagamba O, Senthilkumar S, Kozicz T, Boudina S, Morava E, Lai K
DEPARTMENT / INSTITUTION / AFFILIATION

Pediatrics, Medical Genetics

LAY LANGUAGE ABSTRACT SUMMARY

More than half of the patients with PGM1 deficiency develop serious heart problems, but doctors still do not
fully understand why this happens or how best to treat it. In this study, we used a new research model to show
that PGM1 deficiency affects how the heart makes and uses energy and disrupts communication between the
heart and other organs, such as the liver and kidneys. These widespread changes may help explain why heart
disease in PGM1 deficiency can be severe and difficult to treat with current therapies.

ABSTRACT BODY

Background and significance: Over 50% of the patients with inherited Phosphoglucomutase 1 deficiency (PGM1-CDG)
develop severe heart disease, often dilated cardiomyopathy (DCM), in which the heart becomes enlarged and weak.
Despite the clear clinical burden, the cause of heart failure in PGM1-CDG remains poorly understood, limiting the
development of effective therapies. While oral D-galactose supplementation improves some symptoms, it fails to
prevent or reverse the heart failure, underscoring a critical unmet need. To address this gap, we recently developed a
heart-specific Pgm1 knockout mouse that develops DCM and identified early metabolic defects and impaired
processing of a heart muscle protein called Laminin-211, as early contributors for the heart failure. However, this
model does not fully capture the whole-body metabolic abnormalities seen in patients. Here, we use a whole-body
Pgm1-knockout mouse model (Pgm1-WBKO) that mirrors the patient condition to identify additional drivers of heart
failure and advance therapeutic strategies.

Methods: We used a combined approach that examines both gene activity and metabolism on heart tissues from
Pgm1-WBKO mice four weeks after gene deletion and from age- and sex-matched control mice to identify additional
pathogenic factors.

Results: Whole body Pgm1 gene deletion resulted in severe impairment in metabolism and gene regulation in the
heart. Pgm1-WBKO hearts exhibited a block in the sugar metabolism and impaired breakdown of stored glycogen for
energy source, indicating failure of core heart energy-support pathways. Notably, we observed elevated creatinine
levels in the heart. Gene expression analysis showed disrupted fat cell development and function, altered responses to
low oxygen, and reduced levels of insulin-like growth factor (IGF) binding proteins, which are essential for regulating
IGF-1 transport and uptake. In addition, loss of Pgm1 caused disruption of many essential processes, including growth
and nutrient signaling, mitochondrial energy production, fat breakdown, interactions between heart muscle and their
surrounding support structure, and activation of stress-related inflammatory pathways.

Conclusion: This study shows that whole body PGM1 deficiency causes problems in heart metabolism and signaling,
making heart disease more severe. These changes link poor energy use, disrupted communication between organs,
and inflammation to heart dysfunction. High creatinine levels found in the heart suggest a disturbed heart-kidney
connection. Changes in IGF-1 signaling further indicate impaired communication between the liver and heart.
Together, these findings provide new insight into the heart disease in PGM1-CDG and highlight new opportunities for
treatments.

FUNDING DISCLOSURES

Primary Children's Hospital Foundation early career award
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Of mice and men: cross-species studies reveal novel drivers of skeletal
muscle pathology in PGM1-CDG

ABSTRACT AUTHOR(S)

Balakrishnan B, Bellagamba O, Preston G, Kozicz T, Boudina S, Drummond M, Morava, E and Lai, K
DEPARTMENT / INSTITUTION / AFFILIATION

Pediatrics, University of Utah

LAY LANGUAGE ABSTRACT SUMMARY

Patients with PGM1-CDG often develop serious muscle problems, but the causes have been unclear, and current
treatments do not improve muscle symptoms. By using patient-derived stem cells and a new mouse model, we
show that PGM1-deficiency directly disrupts muscle cell development, energy utilization and muscle structure,
providing a powerful new way to study the disease and test future treatments.

ABSTRACT BODY

Background: Phosphoglucomutase-1 deficiency (PGM1-CDG) is a rare inherited condition in which more than half of
affected people develop serious muscle problems. These can include dangerous episodes of severe muscle breakdown,
difficulty exercising, ongoing fatigue and pain, and gradual muscle weakness. However, the mechanisms driving
muscle disease remain largely unresolved. Although oral galactose supplementation offers partial improvement in
liver abnormalities, it does not improve the muscle disease, and there is currently no effective treatment for the
muscle complications. Thus, there is a critical need to better understand the disease, but progress has been limited by
the lack of physiologically relevant models. Patient-derived stem cell muscle cells and Pgm1-deficient mouse models
together provide powerful tools to study how this disease affects muscle and to test new treatment approaches.

Methods: We developed a new mouse model with widespread Pgm1-gene knockout (Pgm1-WBKO), closely mimicking
the human disease. We used advanced techniques to study small molecules produced during energy metabolism,
genes, and proteins in muscle tissue to understand how the disease affects muscle function at multiple levels. In
parallel we generated stem cells from skin samples taken from both a healthy individual and a patient with confirmed
PGM1-CDG who carries a known genetic mutation that severely reduces PGM1 enzyme activity. These stem cells were
then differentiated into muscle cells using a fee-based service from iXCells Biotechnologies (San Diego, CA) with their
standardized protocols. Muscle cell growth and health was assessed by proliferation, viability, and ability to form
functioning muscle fiber.

Results: In-depth analysis of thigh muscle from Pgm1-WBKO mice demonstrated that Pgm1-deficiency leads to a
widespread problem in muscle metabolism, muscle fiber structure and organization. Although patient derived
PGM1-deficient muscle cells demonstrated normal early muscle development but failed to mature into fully functional
muscle cells. These cells showed reduced survival and abnormal levels of important muscle proteins, including
MYOD1 and desmin.

Conclusion: Our findings show that PGM1-deficiency causes severe problems with muscle energy use and muscle
structure. Using both the mouse model and the first muscle cells grown from stem cells of a PGM1-CDG patient, we
were able to closely reproduce the muscle problems seen in patients. Together, these models provide a powerful and
realistic way to understand how PGM1 loss damages muscle and to develop more effective, targeted treatments for
people with PGM1-CDG.

FUNDING DISCLOSURES
Utah CTSI K12/Partner Scholar Award
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Mannosyl-oligosaccharide glucosidase (MOGS) deficiency enhances
microbially-mediated innate immune sensing in Drosophila

ABSTRACT AUTHORC(S)

Pandey A, Zhang M, Jafar-Nejad H

DEPARTMENT / INSTITUTION / AFFILIATION

Department of Molecular and Human Genetics, Baylor College of Medicine
LAY LANGUAGE ABSTRACT SUMMARY

Mutations in the MOGS, which promotes protein quality control, cause MOGS-CDG associated with
developmental and immune problems. Using a fruit fly model, we found that loss of the Drosophila homolog of
MOGS (GCS1) disrupts development and immune hyperactivation. Our results suggest that MOGS deficiency
may increase the sensitivity to gut microbes or bacterial signals, offering new insight into how immune
dysfunction may contribute to MOGS-CDG symptoms.

ABSTRACT BODY

Introduction/Background: Many proteins that are secreted or present on the cell surface undergo N-linked
glycosylation, a process in which sugar chains are added as the proteins fold in the endoplasmic reticulum. One key
enzyme in this pathway is mannosyl-oligosaccharide glucosidase (MOGS), which trims the terminal glucose residue
from newly formed sugar chains to promote protein folding quality control. Mutations in the MOGS gene cause a
Congenital Disorder of Glycosylation (MOGS-CDG), a multisystem disorder that includes developmental delays,
neurological symptoms, and immune abnormalities. However, the underlying mechanisms of MOGS-CDG phenotypes
remain unknown.

Methods: To investigate the molecular mechanisms underlying MOGS deficiency, we used a Drosophila (fruit fly)
model with mutations in the GCS1 gene, which encodes Glucosidase I, the fly homolog of human MOGS. We examined
GCS1-mutants for disease-relevant phenotypes and performed genetic and molecular experiments to identify tissues
and pathways contributing to the defects.

Results: Loss of GCS1 results in developmental delay and lethality, confirming the phenotype identified in a previous
genetic screen. One of the predominant phenotypes observed in GCS1-mutant larvae is a hyperactivation of immune
genes in the intestine and the fat body, a fly organ that helps fight infections and manage energy stores, similar in
some ways to the liver and fat tissue in humans. By expressing human MOGS or reducing GCS1 only in specific tissues,
we found that GCS1 plays a major role in the fat body to promote larval development. Genetically decreasing immune
signaling partially rescues the lethality in GCS1 mutants. Moreover, raising the GCS1 mutants in germ-free conditions
fully rescues developmental delay, partially rescues lethality, and normalizes the immune gene expression in the fat
body, suggesting that the gut microbiota contributes to the GCS1 mutant phenotypes. However, GCS1-mutant larvae do
not exhibit a leaky gut phenotype, suggesting that bacterial immunogens such as peptidoglycan might reach the fat
body through hemolymph and induce immune response in this tissue. Indeed, decreasing the gene dosage of a
peptidoglycan receptor protein partially suppresses the lethality in GCS1 mutants.

Conclusions: These findings indicate that loss of GCS1 leads to developmental and immune abnormalities through
mechanisms linking defective glycosylation with microbially-mediated immune sensing. The results suggest that when
glycosylation fails, tissues like the fat body become overly sensitive to bacterial signals. Understanding these
mechanisms and the modifiers of MOGS/GCS1 loss-of-function phenotypes will provide our understanding of the
pathophysiology of MOGS-CDG and may help identify potential therapeutic targets for glycosylation disorders.

FUNDING DISCLOSURES
National Institute of General Medical Sciences (R35GM130317)
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Determining the efficacy of gene replacement therapy in a mouse
model of SLC35A2 deficiency

ABSTRACT AUTHOR(S)

Shinagawa N, Anderson JJ, Wu K, Yoon ], Mashburn-Warren L, Bedrosian TA
DEPARTMENT / INSTITUTION / AFFILIATION

Institute for Genomic Medicine, The Research Institute at Nationwide Children’s Hospital
LAY LANGUAGE ABSTRACT SUMMARY

Variants in the SLC35A2 gene result in a spectrum of disorders, often characterized by developmental delay
and drug-resistant epilepsy. Our lab has developed a mouse model that allows us to study whether replacing
the SLC35A2 gene is an effective strategy in treating these disorders. So far, the studies show promising results,
as treated mice survive and grow better than untreated mice.

ABSTRACT BODY

The SLC35A2 gene encodes a sugar transporter that brings UDP-galactose into the endoplasmic reticulum and Golgi
body. UDP-galactose is necessary to modify proteins to make them fully functional in a process known as
glycosylation. Germline loss-of-function variants in this gene cause a rare form of congenital disorder of glycosylation
(CDG) known as SLC35A2-CDG, which is characterized by intellectual disability, developmental delay, hypotonia, and
drug-resistant epileptic encephalopathy. Recently, somatic variants in SLC35A2 have also been implicated as a
prominent cause of Mild Malformation of Cortical Development with Oligodendroglial Hyperplasia in Epilepsy
(MOGHE), a condition associated with a wide range of neurological presentations, including cognitive impairment and
drug-resistant epilepsy. Currently, there is no treatment available to address the underlying causes of disease.
Therefore, there is a critical need for an effective medical treatment to manage neurological symptoms caused by
SLC35A2 variants.

Our lab previously developed a novel mouse model in which the Slc35a2 gene is knocked out only in the brain,
mediated by Emx1-Cre. These conditional knockout (cKO) mice recapitulate neurological phenotypes seen in SLC35A2-
deficient patients including seizures, neuronal migration deficits, and oligodendroglial hyperplasia. We hypothesized
that gene replacement would be successful in rescuing these phenotypes.

We designed recombinant adeno-associated viral vectors (AAVs) containing a functional copy of Slc35a2expressed
under a strong chicken beta actin (CBA) promoter and packaged inside an AAV8 capsid. We injected these AAVs into
the lateral ventricles of postnatal day 0 mice. Efficient transduction of neurons and glia in the cerebral cortex was
confirmed in situ through immunofluorescence. Gene expression of Slc35a2 measured through RT-qPCR demonstrates
a significant rescue in treated mice. Treatment of male cKO mice with the therapeutic AAV results in a dose-dependent
rescue of survival and weight gain compared to littermates injected with the control vector. Additionally, gene
replacement significantly improves protein glycosylation, providing direct biochemical evidence of improved
SLC35A2 function. Preliminary analysis of electroencephalogram (EEG) recordings from treated male cKO mice
suggests a normalization of patterned brain activity.

Although much more work establishing the safety and efficacy of gene replacement therapies for disease caused by
SLC35A2 variants is currently ongoing, the data demonstrate the potential for Slc35a2 gene replacement to rescue
phenotypes in SLC35A2-deficient mice.

FUNDING DISCLOSURES
Shinagawa, N is funded by the American Epilepsy Society predoctoral fellowship.
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Understanding how tissue-specific effects and genetic background
impact PMM2-CDG outcomes

ABSTRACT AUTHORC(S)

McPherson JM., Chow C.

DEPARTMENT / INSTITUTION / AFFILIATION
University of Utah

LAY LANGUAGE ABSTRACT SUMMARY

PMM2-CDG is a genetic condition that affects how the body adds sugars to proteins, often leading to
neurological symptoms that can vary widely from person to person—even among those with the same
mutation. In this study, we use fruit flies to better understand why this happens, focusing on how different cell
types in the nervous system and a person’s unique genetic background may influence symptoms like movement
problems and seizures. By identifying factors that make the condition better or worse, this work aims to
uncover new pathways that could lead to future treatments.

ABSTRACT BODY

Congenital Disorders of Glycosylation (CDGs) are inherited metabolic diseases caused by defects in glycosylation
pathways, frequently characterized by neurological dysfunction with highly variable severity. PMM2-CDG is the most
common CDG and results from pathogenic variants in Pmm2, which encodes phosphomannomutase 2, an enzyme
required for synthesis of GDP-mannose and N-glycan precursors. Although many disease alleles have been identified,
substantial phenotypic variability exists even among individuals carrying the same variant, suggesting that allele-
specific effects alone do not explain disease severity. The mechanisms underlying neurological dysfunction and inter-
individual variability remain poorly understood.

I hypothesize that phenotypic variability in PMM2-CDG arises from interactions between Pmm2-variant effects, tissue-
specific requirements for PMM2 function, and broader genetic background. To address this, I am establishing a
Drosophila model to dissect the cellular and genetic determinants of PMM2-CDG outcomes.

Although PMM?2 is expressed in all cells, neurological symptoms are among the most prominent and variable clinical
features. We reduced the levels of Pmm2 in two types of brain cells, neurons and glia, and assessed locomotor
function and seizure susceptibility. We found that reducing levels of Pmm2 in neurons and glia resulted in seizures in
~60% of males and a significant reduction in locomotor function compared to controls. These data reveal that loss of
Pmm?2 in the Drosophila central nervous system has significant effects on neurological function, like PMM2-CDG
symptoms in patients.

Additionally, to understand how one’s overall genetics might change how PMM2-CDG affects them, I am using fruit
flies to model the natural genetic variation seen in humans. I will reduce the activity of the PMM2 gene in many
different fly strains, each with its own unique genetic background, and then look for other genes that make the
condition better or worse. This approach helps us quickly find genes and bhiological pathways that can either protect
against or worsen PMM2-CDG symptoms, and those could become targets for future treatments. I first tested different
experimental conditions in the flies and found that reducing Pmmz2 in a specific group of cells involved in eye
development creates a clear and easy-to-measure change in the fly’s eye size. Based on these results, we are now
starting a pilot study using the fly eye to look for genetic factors that influence Pmm2 knockdown.

Together, this project will define how cell type-specific requirements and genetic background shape PMM2-CDG
phenotypes. Establishing this platform will provide mechanistic insight into glycosylation-dependent neurobiology
and lay the groundwork for future therapeutic discovery in PMM2-CDG.

FUNDING DISCLOSURES

n/a
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Hidden burden of mental health and behavioral challenges in
Congenital Disorders of Glycosylation: Patient and family reports
compared to evidence from the literature and natural history study

ABSTRACT AUTHORC(S)

Mulffels I, Tinker R, Cottingham N, Levy T, Kadziolka M, Brendel G, Shah R, Kozicz T, Morava E
DEPARTMENT / INSTITUTION / AFFILIATION
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LAY LANGUAGE ABSTRACT SUMMARY

We evaluated the burden of psychologic and behavioral conditions in CDG through 1) a comprehensive
literature review, 2) analysis of documented diagnoses in a single site of the CDG natural history study, and 3)
a caregiver-reported standardized survey. The caregiver-reported standardized survey revealed a significantly
higher burden of psychologic and behavioral conditions in CDG than diagnoses in the CDG natural history
study and published reports. These findings highlight under recognition of neuropsychiatric morbidity and
support routine, lifespan-oriented mental health screening and integrated care for individuals with CDG.

ABSTRACT BODY

Background: Congenital disorders of glycosylation (CDG) are chronic multisystem genetic conditions with prominent
neurological involvement and significant impact on quality of life. Neurologic involvement in CDG may include
psychologic and behavioral manifestations, referring to differences in behavior, mental health, and
neurodevelopment. However, the prevalence, spectrum, and developmental course of these manifestations are not
well understood. Existing knowledge comes largely from case-based reports in scientific literature, and clinical
registries like the CDG natural history study, raising concern that the burden of mental illness and behavioral
conditions in CDG may be substantially underrecognized, particularly across the lifespan.

Methods: We assessed psychologic and behavioral conditions in CDG by evaluating various data sources, integrating
(1) a systematic review of published scientific literature, (ii) data collected on established psychologic and behavioral
diagnoses in 103 individuals enrolled in a CDG natural history registry, and (iii) a survey completed by caregivers
including a standardized caregiver-reported assessment called the Aberrant Behavior Checklist (ABC), in 134
individuals with CDG. Results from these sources were analyzed based on gene, glycosylation pathway, and age group.

Results: Across traditional data sources, including published literature and CDG natural history data, psychologic and
behavioral diagnoses were infrequently documented, particularly in adults. Published literature (n = 1,530
individuals) and CDG natural history study data (n = 103 individuals) reported low overall prevalence. The most
commonly reported psychological and behavioral diagnoses were autism spectrum disorder (ASD) (5.3-9.7% of
individuals) and anxiety (0.6-10.7% of individuals), consistent with limited systematic assessment of these conditions
in patients, especially in adults. In contrast, caregiver-reported questionnaires (n = 134 respondents) revealed a
substantially higher burden across all domains. Survey data also suggested that age significantly impacts psychologic
and behavioral manifestations: children were predominantly affected by externalizing and neurodevelopmental
features (aggressive behavior 37.4%, ADHD 20.9%, ASD 19.8%), whereas depression was uncommon in childhood
(1.1%) but enriched in adults (25%; 9/36), consistent with a potential evolution toward internalizing symptoms across
the lifespan. Behavioral burden varied by gene and glycosylation pathway, with the highest levels reported in ALG13-,
OGT-, DHDDS-, and ST3GAL5-CDG, and prominent internalizing symptoms in N-linked CDG, including PMM2-CDG.

Conclusions: Caregiver-reported assessments uncovered a substantially greater and evolving psychologic and
behavioral burden across the lifespan, compared to that found based on diagnostic codes in our CDG natural history
cohort and reported in the literature. Even though the patient survey data is skewed towards affected individuals, our
findings suggest that behavioral differences and mental illness could be underrecognized, and underscore the need
for routine, lifespan-oriented mental health screening and integrated neuropsychiatric care in individuals with CDG.

Page 17



CDG CARE | 2026 Scientific & Family Conference

FUNDING DISCLOSURES
FCDGC

Page 18



CDG CARE | 2026 Scientific & Family Conference
Poster 13

Uncovering the Molecular Mechanisms Underlying Neurological
Dysfunction in ALG8-CDG

ABSTRACT AUTHORC(S)

Jetter H, Matsuguma A, Schneider K, Clark D, Ou Z, Kroll K, Ackerman S
DEPARTMENT / INSTITUTION / AFFILIATION

Washington University in St. Louis Department of Neuroscience

LAY LANGUAGE ABSTRACT SUMMARY

Crosstalk between neurons and specialized support cells called glia is essential for proper neural circuit
development and function. Neuron-glia communication is dependent on precise protein-protein interactions
that are regulated by post-translational modifications, including glycosylation. Here, we use zebrafish to
analyze neuron-glia interactions in ALG8-CDG, and have found changes in the number and shape of glial cells
in the brain.

ABSTRACT BODY

CDG patients often suffer from neurological symptoms, including insomnia, seizures, and autism; yet, the cellular and
molecular changes that cause these symptoms are poorly defined. To understand how changes in glycosylation impact
brain development, we focus on one CDG gene: ALG8. Like other CDGs, mutation of ALGS8 is associated with
neurological symptoms. We developed the first human, zebrafish, and fruit fly models of ALG8-CDG. Together, these
systems allow us to identify conserved mechanisms driving neurological deficits and behavioral changes in ALGS8-
CDG. Behaviorally, loss of alg8 leads to hyperactivity and seizure-like responses to light in zebrafish. Additionally, we
characterized brain development in our alg8 zebrafish mutants. The human brain is made up of billions of cells
including neurons and support cells called glia, which both develop from neural progenitors. To drive behavior,
neurons and glia, such as astrocytes, precisely interact and communicate, and this neuron-astrocyte crosstalk is
regulated by glycosylation. Thus far, we observed increased numbers of neural progenitor cells and of astroglia in the
brains of alg8 mutant zebrafish. We also found that alg8 mutant astrocytes are smaller and less complex than those in
WT siblings. To identify possible targets of Alg8-mediated glycosylation that drive changes in astrocyte shape and
complexity, we performed a screen targeting genes that are (1) known to impact astrocyte shape and (2) predicted to
be glycosylated. Disruption of nrcama/b worsened astrocyte defects in alg8 heterozygous mutant fish. Thus, alg8 and
nrcama/b may work together to regulate astrocyte shape and neuron-astrocyte crosstalk. This reveals nrcama/b as a
potential target of Alg8-mediated glycosylation. Critically, behavioral and cellular phenotypes are conserved across
our model systems. In developing flies, alg8/xit disruption caused hyperactivity and altered astrocyte shape; in adult
flies, alg8 mutation increased seizure activity. Moreover, our preliminary studies of human embryonic stem cell-
derived ALG8 mutant astrocytes show consistent changes in astrocyte development. Together, our mutant models
suggest that impaired glycosylation suppresses astrocyte development, and in turn, disrupts brain function. Finally,
mutation of many other glycosylation genes also causes neurological symptoms. To explore the impact of glycosylation
on brain development across CDGs, we used CRISPR/Cas9 technology to disrupt 16 different CDG-causing genes in
zebrafish. We then performed RNA-sequencing and behavioral assays to uncover conserved mechanisms underlying
neurological symptoms in diverse CDGs, which revealed shared and distinct changes across CDGs. Ultimately, our goal
is to find core cellular mechanisms that might be targeted to improve neurological function across distinct CDGs.

FUNDING DISCLOSURES

This project is supported by Project Grace, a pilot award from CDG Care, and F31NS143355 awarded to Haley
Jetter
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Delayed Recognition, Delayed Diagnosis: Dissecting the Diagnostic
Odyssey in Congenital Disorders of Glycosylation

ABSTRACT AUTHORC(S)
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DEPARTMENT / INSTITUTION / AFFILIATION
Mount Sinai

LAY LANGUAGE ABSTRACT SUMMARY

People with congenital disorders of glycosylation (CDG) often wait years for a diagnosis, even though many
have clear symptoms long before the disorder is recognized. In this study, we found that most of the delay
happened before referral to genetics, suggesting that earlier recognition of key clinical features and faster
referral could help shorten the diagnostic odyssey.

ABSTRACT BODY

Background: Congenital disorders of glycosylation (CDG) are a group of rare inherited conditions that can affect many
parts of the body. Because symptoms can vary widely and may not immediately point to a single diagnosis, many
families experience a long journey before getting answers. Although diagnosis may be happening faster than in the
past, it is still not clear where the biggest delays occur.

Methods: We looked back at the medical records of people with CDG seen through the Mount Sinai CDG Program. We
examined how long it took to move through different stages of the diagnostic process: from first symptoms to concern
for a genetic condition, from that point to the final diagnosis, and overall from first symptoms to diagnosis. We also
looked for clinical features linked to longer delays.

Results: Among 137 people with CDG, 120 had enough information to estimate the full diagnostic timeline. On average,
it took a little over 6 years from first symptoms to a genetic diagnosis. However, this average was strongly influenced
by some individuals who had very long delays. For half of families, the time to diagnosis was about 1.5 years or less,
while for others it was much longer. Most of the delay happened before a genetics specialist became involved, rather
than after genetics evaluation had started. Diagnosis has become faster over time, but delays are still common.
Children with low muscle tone were more likely to be diagnosed sooner, while those with more hospitalizations
before diagnosis and those with DHDDS-related CDG were more likely to experience longer delays. Many individuals
had already undergone several genetic tests before the correct diagnosis was made.

Conclusions: Families often face significant delays before receiving a CDG diagnosis, and much of that delay happens
before referral to genetics. This suggests that improving diagnosis will require not only better access to genetic testing,
but also earlier recognition of warning signs and earlier referral to genetics and metabolism specialists. More broadly,
this study may help show where the diagnostic journey could be improved for families affected by rare genetic
diseases.

FUNDING DISCLOSURES
NIGMS
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The cellular traffic jam: using tiny worms to solve a rare disease
mystery

ABSTRACT AUTHORC(S)
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DEPARTMENT / INSTITUTION / AFFILIATION

Biology Department/University of Florida

LAY LANGUAGE ABSTRACT SUMMARY

This research uses microscopic worms to study PMM?2-CDG, a rare metabolic disease. By using gene-editing
technology called CRISPR/Cas9 to recreate human mutations in these worms, our team discovered that PMM2-
CDG also causes severe developmental defects in the tiny worms, as well as a massive "traffic jam" and a stress
response in the protein factory called ER. Because these worms grow quickly and share many human genes,
they serve as a powerful, low-cost platform for rapidly testing new drugs to clear these cellular blocks and find
potential treatments for PMM2-CDG.

ABSTRACT BODY

Every cell in our body operates like a complex biochemical society. To function correctly, this society requires
essential public services, much as a model city requires infrastructure. One of the most critical services is
glycosylation, think of it as a biological “UPS” or delivery system. This system attaches specific sugar molecules to
proteins, acting as a “zip code” that informs each protein of its destination and mission. When this delivery system
breaks down, as it does in metabolic diseases known as PMM2-CDG, the consequences are devastating. It causes
profound systemic failure, particularly in the neuromuscular tissues. Currently, we lack effective treatment because
we don’t fully understand how a single broken PMM2 enzyme disrupts the entire human body at the cellular level.

To solve this mystery, my research team turned to a microscopic, transparent soil worm called C. elegans. Despite
being only a millimeter long, these tiny worms share many of the same genes as humans, including a version of the
PMM2 gene. Leveraging the gene-editing technology CRISPR/Cas9, we precisely edited the worm’s DNA to recreate the
exact mutations found in human patients. We focused on two common patient mutations, R141H and E139K.
Mirroring what we found in the clinic, the worms with the R141H mutation were significantly sicker—showing severe
developmental delays—compared to those with the milder E139K mutation. This confirms that our worm system can
be used reliably to study CDG.

To understand where and how these mutations cause damage, we used a biological "on-off switch" called an Auxin-
Inducible Degradation system (AID) to destroy the PMM2 protein in specific parts of the worm's body, including the
gut and muscle, at any point in its life. We discovered that when this delivery system fails, it causes a massive buildup
in the cell’s "protein factory" (the Endoplasmic Reticulum). This jammed ER causes significant cellular stress,
triggering a "red alert” known as the Unfolded Protein Response, which we could visualize using a fluorescent
microscope.

By establishing this first worm model for PMM2-CDG, we have built a powerful platform to better understand PMM2
diseases at high speed and low cost. These worms grow in three days per generation and can be studied in large
numbers, millions at a time. Our ultimate goal is to find new therapies or chemical drugs that can clear this cellular
"traffic jam" in these tiny worms and provide long-awaited hope for families affected by this profound disorder.

FUNDING DISCLOSURES
UF startup
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When mRNA met DNA: The Growing Arsenal of Genetic Therapies to
cure PMM2-CDG
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LAY LANGUAGE ABSTRACT SUMMARY

Although AAV-mediated gene replacement, the most common FDA-approved gene replacement approach, has
shown promising results in animal and cultured cell models of PMM2-CDG, it may not be appropriate for some
patients with the disease. To develop alternative approaches, we have collaborated with scientists at Moderna
Inc to explore mRNA gene replacement. Our initial results revealed that mRNA therapy could reconstitute the
missing PMM?2 enzyme to the liver of a mouse model of PMM2-CDG, paving the way for further studies to
advance this therapy to the clinic.

ABSTRACT BODY

Introduction: Inherited phosphomannomutase 2 (PMM?2) deficiency, also known as PMM2-CDG, is the most common
congenital disorders of glycosylation (CDG), affecting approximately 1 in 20,000 individuals in certain populations.
Previously, we constructed a mouse model of the disease with widespread Pmm2 deletion that exhibited distinct
neurological abnormalities among other disease-relevant phenotypes. Treatment of the Pmm2-deficient animals with
an experimental AAV9-PMM2 gene replacement therapy rescued the neurological phenotypes (Zhong and Lai, 2025).
Although neurological deficits are common, nearly all patients exhibit abnormal liver phenotypes or function,
including hepatomegaly and elevated aminotransferases, often accompanied by life-threatening coagulopathies,
impaired immunoglobulin production, and liver failure that typically begins in the early infancy. Despite AAV9-PMM2
gene replacement therapy demonstrated great promise for PMM2-CDG, it might be inappropriate for patients who
have developed antibodies for previous natural AAV infections or severe liver diseases. An alternative or short-term
bridge therapy will be desirable in these cases.

Methods: In this pilot study, we developed a liver-specific Pmm2 knockout mouse model that exhibited distinct
coagulation phenotypes relevant to PMM2-CDG based upon abnormal thrombin-antithrombin complexes (TAT)
formation and Factor XI levels. This model was used to evaluate the efficacy and safety of human PMM2 mRNA
augmentation in vivo.

Results: A single tail vein injection of LNP1-encapsulated human PMM2 mRNA at 1mg/kg resulted in high level of
PMM2 enzyme expression (5 times the normal level) in the liver of the treated animals. Pharmacokinetic studies
revealed sustained production of human PMM2 with a half-life of expression estimated at more than 9 days. This level
of continued expression in Pmm?2 deficient liver cells is remarkable given that the estimated half-life of purified
recombinant human PMM2 enzyme is about 30 minutes (Pirard et al.,1999).

Conclusion: We are currently evaluating the efficacy and safety of such treatment, but the in vivo long expression half-
life and high expression level are encouraging, especially if the patient requires only a short-term treatment before
pursuing the AAV-PMM2 gene replacement therapy.

FUNDING DISCLOSURES

University of Utah and Moderna Inc
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Mass spectrometry approaches for site-specific glycoprotein and glycan
analysis to advance research in congenital disorders of glycosylation

ABSTRACT AUTHORC(S)
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DEPARTMENT / INSTITUTION / AFFILIATION

Spectrus

LAY LANGUAGE ABSTRACT SUMMARY

Congenital disorders of glycosylation (CDG) occur when the body cannot properly attach sugars to proteins,
which can affect how many biological processes function. In this work, we demonstrate two advanced
laboratory methods that allow scientists to study where these sugars are attached and what types of sugars
are present on proteins. These tools can help researchers better understand CDG and support the development
of improved diagnostics and treatments.

ABSTRACT BODY

Introduction: Congenital disorders of glycosylation (CDG) are rare genetic diseases caused by defects in the cellular
processes responsible for protein glycosylation. These disorders can affect multiple organ systems and often present
with complex clinical manifestations. Because glycosylation plays a critical role in protein structure and biological
function, characterization of glycosylation patterns is essential for understanding disease mechanisms and identifying
potential biomarkers. However, the structural complexity of glycans and the diversity of glycosylated proteins present
significant analytical challenges. Liquid chromatography-mass spectrometry (LC-MS)-based workflows provide
powerful tools to analyze glycosylation at both the glycan and glycopeptide level. Improving analytical tools to study
glycosylation is therefore an important step toward better understanding and ultimately treating CDG. This poster
presents two analytical case studies demonstrating complementary glycoproteomic and glycomic workflows using LC-
MS.

Methods: In the first study, proteins were digested with two enzymes—O-glycoprotease, which cuts proteins near sites
carrying O-linked sugars, and trypsin, which breaks proteins into smaller peptides. This approach allows the mass
spectrometer to identify both protein fragments and attached sugar structures, enabling site-specific analysis of N-
and O-glycosylation on the model glycoprotein bovine fetuin-A. In the second study, PNGase F, an enzyme that
releases N-linked glycans from proteins, was used to remove glycan structures so they could be analyzed
independently. The released glycans were labeled with InstantPC, a fluorescent tag that improves glycan detection,
and analyzed using LC—fluorescence and LC-MS to profile glycan compositions and evaluate automated data-analysis
approaches.

Results: Glycopeptide LC-MS analysis identified three N-glycosylation sites and multiple O-glycosylation sites on
bovine fetuin-A, allowing characterization of where sugar structures are attached to the protein. Many detected
glycans were highly sialylated, meaning they contained terminal sialic acid residues—sugar molecules that influence
protein stability, circulation in blood, and interactions with cells. Complementary N-glycan profiling using InstantPC
labeling enabled sensitive detection and quantitation of glycans released from protein and serum samples. The
analysis identified multiple glycan species and showed that automated and manual data-analysis approaches
produced consistent identification of major glycan structures across replicates.

Conclusions: These complementary LC-MS workflows provide detailed characterization of glycosylation at both the
glycopeptide and released glycan levels. Such approaches can support research into congenital disorders of
glycosylation by enabling detection of glycosylation changes, improving understanding of glycoprotein structure, and
facilitating biomarker discovery. Integrating multiple analytical strategies may help accelerate translational research
aimed at improving diagnosis and therapeutic development for CDG.
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Towards development of a mannose-1-phosphate prodrug to treat
PMM2-CDG
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LAY LANGUAGE ABSTRACT SUMMARY

PMM2-CDG is a rare genetic condition that disrupts how the body adds sugars to proteins, leading to problems
across many organs, including the brain. We developed a new type of experimental drug designed to bypass the
underlying enzyme defect and showed that it can restore key disease-related processes in patient cells, improve
signs of disease in animal models, and enter the central nervous system. While more work is needed to ensure
the drug reaches the right tissues at effective levels, the data provides strong support for the therapeutic
approach.

ABSTRACT BODY

Introduction/Background: Phosphomannomutase 2 deficiency (PMM2-CDG) is the most common congenital disorder
of glycosylation and results in impaired N-linked glycosylation, leading to multisystem disease including neurological
dysfunction. Current therapeutic options are limited. We sought to develop a cell-permeable, orally bioavailable
mannose-1-phosphate (M1P) prodrug designed to bypass deficient PMM2 enzymatic activity and restore glycosylation
across tissues.

Methods: Over 200 M1P prodrugs were designed, synthesized and evaluated using multiple cellular and in vivo
models. Intracellular GDP-mannose (GDP-M) levels were quantified in PMM2-deficient patient fibroblasts and PMM2
knockout cell lines. Restoration of protein glycosylation was assessed using Western blot analysis of clinically relevant
secreted glycoproteins, flow cytometry of cell-surface markers, and N-glycomics. Selected compounds were evaluated
in a zebrafish disease model for morphological and behavioral rescue, and pharmacokinetic/pharmacodynamic
(PK/PD) properties were assessed in rodent and canine studies.

Results: Lead prodrugs increased intracellular GDP-M levels in multiple PMM2-deficient cellular models and restored
glycosylation occupancy of key glycoproteins, including transferrin, ATIII, and ICAM-1, to levels observed in healthy
controls. Potency was improved by an order of magnitude over previously published M1P prodrugs assessed in
similar assays and models. GDP-M and glycosylation recovery was dose-dependent and reproducible across multiple
genotypes. In a zebrafish model, select prodrugs preliminarily improved morphological and behavioral phenotypes in
embryos, although biochemical readouts suggested complex in vivo effects. PK/PD studies in wild-type models yielded
measurable drug exposure in liver as well as brain and CSF, suggesting that some M1P prodrugs could cross the blood-
brain barrier. However, absolute levels of prodrug and derivative GDP-M in target tissues were low and dosing was
constrained by limited solubility and bioavailability.

Conclusions: M1P prodrugs can bypass PMM2 deficiency in vitro and restore glycosylation across multiple disease-
relevant models, supporting the therapeutic hypothesis. However, lack of context for observed rates of in vivo
conversion to GDP-M and challenges in achieving sufficient tissue exposure are potential barriers to clinical
translation. These findings underscore the importance of optimizing prodrug stability, delivery, and biomarker
strategies to enable effective systemic modulation of glycosylation in PMM2-CDG.

FUNDING DISCLOSURES
The research was funded by BridgeBio and GondolaBio.
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Neurologic spectrum and clinical outcomes in GPI-CDG: Observation
from the natural history study
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LAY LANGUAGE ABSTRACT SUMMARY

This study looked at children and adults with congenital disorders of glycosylation, a rare genetic condition
that affects brain development, and more often causes seizures.

All individuals had developmental delays, and most had epilepsy, ranging from mild and controllable to severe
and difficult to treat, with differences depending on the specific gene involved.

Understanding these shared and gene-specific features helps doctors recognize these disorders earlier and
guides care and future research.

ABSTRACT BODY

Background: Glycosylphosphatidylinositol-anchor related congenital disorders of glycosylation (GPI-CDG) are a group
of rare genetic conditions caused by pathogenic variants in genes involved in GPI-anchor biosynthesis and
remodeling. These disorders are associated with significant neurological involvement, particularly developmental
delay and epilepsy. Comprehensive descriptions of the neurodevelopmental features, epilepsy types, brain imaging
findings, and clinical outcomes remain limited.

Methods: We analyzed prospectively collected clinical data from individuals enrolled at Mayo Clinic in the Frontiers in
Congenital Disorders of Glycosylation Consortium (FCDGC) natural history study between 2018 and 2025. Data were
systematically reviewed to characterize neurodevelopmental profiles, seizure types and outcomes, EEG findings, and
brain MRI abnormalities across genetically defined GPI-CDG subgroups.

Results: A total of 31 individuals with pathogenic variants in GPI-anchor biosynthesis genes (PIGA, PIGG, PIGT, PIGS,
PIGN, PGAP1, GPAA1, PGAP3, PIGW, and PIGV) were identified, with ages at diagnosis ranging from infancy to
adulthood and follow-up extending up to 6.5 years. Global developmental delay was present in all individuals, ranging
from mild impairment to profound disability with minimal developmental milestone attainment. Epilepsy was
common (24/31), typically with early-infantile onset and a broad range of seizure types, including generalized
tonic-clonic, focal, myoclonic, atonic, atypical absence seizures, and epileptic spasms. Episodes of infection-associated
status epilepticus were observed in several individuals. EEG findings varied widely, from normal to multifocal
epileptiform discharges and severe encephalopathy patterns such as hypsarrhythmia and Lennox-Gastaut syndrome.
While a small subset achieved sustained seizure control with levetiracetam monotherapy or pyridoxine
supplementation, the majority experienced drug-resistant epilepsy despite multiple antiseizure medications,
ketogenic diet, or vagus nerve stimulation. Additional neurologic features included autistic features, ataxia, dystonia,
hearing loss, and structural congenital anomalies. Early mortality was observed in individuals with severe phenotypes
involving PIGO, PIGV, and PIGN variants. Brain imaging demonstrated progressive cerebellar atrophy in the PIGA and
PIGT subgroups, and one individual with PIGT-related disorder had a Blake pouch cyst with obstructive
hydrocephalus requiring shunt surgery. MRI from the PIGN cohort demonstrated progressive cerebral atrophy with
one MRI demonstrating diffusion restriction of white matter.

Conclusions: This multi-gene cohort highlights both shared and gene-specific neurological features of GPI-CDG. Despite
genetic heterogeneity, these disorders are consistently characterized by global developmental delay and a high
burden of epilepsy, EEG patterns, neuroimaging findings, and clinical outcomes. These findings expand the current
understanding of the neurophenotypic spectrum and provide an important clinical baseline to support future
research and the development of management recommendations.
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Loss of O-glycosylation via Neuronal Galnt2 Knock-Out in Mice
Recapitulates GALNT2-CDG Patient Seizure Phenotype
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LAY LANGUAGE ABSTRACT SUMMARY

We have developed a mouse model of a rare congenital disorder of glycosylation that disrupts GalNAc-type O-
glycosylation, GALNT2-CDG. The mouse exhibits defects in diverse neurological processes, including learning,
memory, and neurotransmission, and like the patients, has seizures. We are using this mouse model to
understand the roles of O-glycosylation in the brain.

ABSTRACT BODY

Congenital disorders of glycosylation (CDG) are a group of neurogenetic disorders that disrupt cellular glycosylation
machinery and exhibit multi-system dysfunction, including severe neurological deficits. These disorders emphasize
that glycosylation is an essential posttranslational modification, yet the pathophysiology of neurological dysfunction
in CDG remains unclear. Most CDG disrupt N-glycosylation, however, eight patients from five families with biallelic
loss-of-function mutations in GALNT2, which encodes a Golgi-localized glycosyltransferase that initiates mucin-type O-
glycosylation, confirms O-glycosylation is also critical to neurologic function. GALNT2-CDG patients exhibit global
developmental delay, epilepsy, autistic features, and white matter changes on brain MRI.

A mouse model of the neurological aspects of this neurogenetic disorder, GALNT2-CDG, using a floxed Galnt2 allele
and cell-type specific Cre drivers, exhibits spontaneous seizures and deficits across numerous behavioral and learning
domains. Time-locked video EEG recordings exhibit frequent abnormal electrographic spikes and identify seizures in
the majority of neuronal KO mice, which increase in prevalence as the mice age. Power analysis of background EEG
frequency composition demonstrates abnormalities across the major EEG frequency bands (delta 0.1-4.0 Hz, theta 4-8
Hz, alpha 8-13 Hz, beta 13-25 Hz, and gamma 25-50 Hz). Glycoproteomic analysis of synaptosomes isolated from
brain identify candidate glycoproteins and disrupted O-glycosites that likely underly these abnormalities. Genetic
dissection of the circuit suggests that molecular events in both excitatory and inhibitory neurons contribute to
development of spontaneous seizures. These findings demonstrate the key role of O-glycosylation in neurons initiated
by just one of 20 related enzymes and implicate a role of O-glycosylation in diverse neurological processes, including
learning, memory, and neurotransmission.
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Mouse model of PMM2-CDG demonstrates neurodevelopmental origin
of brain pathology
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LAY LANGUAGE ABSTRACT SUMMARY

We have developed a mouse model of PMM?2-CDG demonstrating key aspects of PMMZ2-CDG neurological
involvement, including ataxia and early mortality. The mouse model suggests that in utero loss of N-
glycosylation is an important contributor of neurological symptoms. This PMM2-CDG mouse model is a
powerful tool to study PMMZ2-CDG disease processes and to test new therapies.

ABSTRACT BODY

Congenital disorders of glycosylation (CDG) are a group of neurogenetic disorders that disrupt cellular glycosylation
machinery. The majority of CDG patients have biallelic mutations in PMM2. Affected PMM2-CDG individuals suffer
from multi-systemic symptoms and experience prominent neurological deficits, the most consistent being cerebellar
hypoplasia with resulting ataxia. Mouse models of PMM2-CDG have been paradoxically problematic due to either
excessive embryonic lethality or an apparent lack of phenotype. Even a recently described compound heterozygous
knock-in mouse model with the most common patient genotype has excessive embryonic lethality without apparent
brain pathology. To generate a neural knock-out model of Pmm2 while avoiding excessive embryonic lethality, we
utilized a mouse with conditional Pmm?2 allele and brain-specific Cre lines. Western analysis, PMM enzyme activity,
and glycomic analysis confirmed loss of PMM2. Different brain specific Cre lines resulted in drastically different
phenotypes, with lines expressing Cre in late embryonic/early postnatal timepoints and targeting post-mitotic neurons
resulting in mice without a neurologic phenotype assayed across numerous behavioral and learning domains.
However, lines expressing Cre during mid-embryonic stages and targeting neural precursors resulted in mice
recapitulating key aspects of PMM2-CDG neurological involvement, including ataxia and early mortality. Metabolic
profiling in affected mice localized the largest metabolic disruptions to cerebellum. Ongoing studies seek to identify
key cell-type specific disruptions due to PMM2 loss in the developing mouse brain and to identify glycoproteomic
disruptions. This conditional Pmm2 mouse allele is a powerful tool to enable study of organ-specific biological
functions of N-glycans and to study pathogenic mechanisms of PMM2-CDG while avoiding embryonic lethality.

FUNDING DISCLOSURES
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Study GLM101-003: A Randomized Placebo Control Study to Assess the
Efficacy and Safety of Weekly Doses of GLM101 in Participants with
PMM2-CDG
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LAY LANGUAGE ABSTRACT SUMMARY

PMM2-CDG is a rare genetic condition with no approved therapies. This study aims to evaluate the safety and
effectiveness for participants with PMM2-CDG, including children, adolescents, and adults. Researchers will
compare participants receiving GLM101 to those receiving a placebo to see if GLM101 improves symptoms of
PMM2-CDG.

ABSTRACT BODY

Background: Phosphomannomutase 2-congenital disorder of glycosylation (PMM2-CDG) is a rare genetic condition
with no approved therapies. PMM2-CDG is caused by a deficiency in the enzyme that converts mannose-6-phosphate
into mannose-1-phosphate (M1P). This enzymatic defect disrupts N-linked glycosylation, resulting in a range of clinical
manifestations. Individuals with PMM2-CDG often experience ataxia (difficulties with coordination/balance) and gross
motor function impairments (walking or climbing the stairs). GLM101 is an investigational therapy designed to deliver
M1P through weekly infusions. This Phase 2b study (Clinical trial registry number: NCT06892288) aims to evaluate the
effectiveness and safety of GLM101 for participants with PMM2-CDG.

Methods: The study includes participants ages 4 years and older with a confirmed molecular diagnosis of PMM2-CDG
and an International Co-operative Ataxia Rating Scale (ICARS) score ranging from 20 to 80, inclusive, across 15 sites in
the North America, Europe, and the United Kingdom.

The study includes two treatment parts: In Part A, participants are randomly assigned 1:1 to either receive weekly
intravenous infusions of GLM101 at 30 mg/kg or placebo for 24 weeks. The primary outcome, change from baseline in
ataxia, as measured by ICARS will compare participants receiving GLM101 to placebo. After Part A, participants will
transition into Part B, a 24-week open-label extension where all participants receive GLM101.

Secondary objectives include identifying changes from baseline in ataxia using the Scale for the Assessment and
Rating of Ataxia (SARA), gross motor function using the Neuromuscular Gross Motor Outcome (GRO), and evaluations
of participant improvement and changes in PMM2-CDG symptom severity as perceived by the participant, caregiver,
and clinician after 24 weeks of taking GLM101 compared to a placebo as well as during Part B.

Conclusion: Study GLM101-003 is a global clinical trial for participants with PMM2-CDG assessing ataxia and overall
clinical improvement. Enrollment in the study is complete, with a total of 43 adult, adolescent, and pediatric
participants. Results from Part A are expected in Quarter three of 2026.

FUNDING DISCLOSURES
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Pubertal trajectories in phosphomannomutase 2 - Congenital disorders
of glycosylation (PMM2-CDG): Ovarian failure in females and preserved
male gonadal function
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LAY LANGUAGE ABSTRACT SUMMARY

Pubertal analysis in adolescents with PMMZ2-CDG demonstrated and confirmed clear sex specific differences in
gonadal function. Females demonstrated features of primary ovarian insufficiency, whereas males showed
preserved pubertal development, supporting the need for target endocrine monitoring and management
particularly in females.

ABSTRACT BODY

Introduction: Hypergonadotrophic hypogonadism and pubertal abnormalities particularly in female patients is well
recognised in PMM2-CDG, however, clear management guidelines remain lacking. We analysed our cohort of
adolescents with an aim to define patterns of gonadal dysfunction and to establish a structured approach for
monitoring and management.

Methods: Both male and female patients underwent hormonal evaluation, females additionally had a pelvic
ultrasound and bone mineral density scan. Patients were followed up jointly in clinic by metabolic and endocrine
services.

Results: Eleven patients were included (5 females, 6 males), aged 11-24 years.

All females demonstrated a consistent pattern of hypergonadotropic hypogonadism. Follicle -stimulating hormone
(FSH) was markedly elevated in all cases (22.8-132 IU/L; reference 1.2-7.2 IU/L), with elevated luteinizing hormone
(LH) in the majority (17.5-200 IU/L; reference <12.7 IU/L). Just one patient had low oestradiol (<3; reference 45
-663pmol/l) with anti-Miillerian hormone (AMH) being consistently very low (<3 pmol/L), indicating severely reduced
ovarian reserve. Pelvic ultrasound findings were abnormal in most cases, including absent ovaries with
underdeveloped uterus, very small or poorly visualised ovaries, and unilateral adnexal absence. Only one patient had
normal pelvic anatomy. Four out of five females showed abnormal pubertal development, including absent or delayed
puberty, with one case of spontaneous pubertal onset at 13 years. Bone mineral density studies demonstrated values
below the expected range for the age in two females. For 4/5 females hormone replacement therapy has been
considered. In contrast, males showed preserved gonadal function. Five out of six had normal LH, FSH, and
testosterone levels, with appropriate pubertal development. One patient demonstrated low testosterone (0.6;
reference <2.9 nmol/l), suggesting possible mild dysfunction, although FSH remained normal.

Conclusion: PMM2-CDG demonstrates a clear sex difference in gonadal involvement. Females exhibit primary ovarian
insufficiency with biochemical and structural abnormalities, while males generally maintain normal pubertal
development and testicular function. These findings highlight the importance of early endocrine evaluation, fertility
counselling, early initiation and tailored long-term management, particularly in affected females.

FUNDING DISCLOSURES
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Disruption Of The Cadherin Switch Selectively Impairs Cerebellar
Neural Cell Development In PMM2-CDG
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LAY LANGUAGE ABSTRACT SUMMARY

We found that early loss of PMM?2 disrupts how brain cells grow, communicate, and mature—especially in the
cerebellum—by interfering with key cell adhesion and signaling pathways. Encouragingly, a drug that
stabilizes this signaling pathway was able to partially improve brain cell development and movement,
suggesting a possible path toward future treatments.

ABSTRACT BODY

Background: Congenital disorders of glycosylation (CDG) represent a clinically heterogeneous group of metabolic
diseases caused by defects in protein and lipid glycosylation. PMM2-CDG, which results from genetic variants in
phosphomannomutase 2 (PMM2), is one of the most prevalent CDG subtypes. PMM2-CDG is characterized by
neurological impairments that often include cerebellar hypoplasia. Despite its clinical significance, the cellular and
molecular mechanisms disrupting neural development are incompletely understood. Here, we used a zebrafish model
to investigate how pmm2-deficiency affects neural cell development.

Methods: We used deep phenotyping, biochemical analyses, and single cell transcriptomics to examine how cadherin-
mediated disruption of -catenin signaling affects key neural populations in pmm2 mutant larvae. Pharmacological
manipulation of Gsk313 was used to determine how modulating f-catenin stability impacts neural phenotypes and
swim behavior in pmm?2 mutants.

Results: Loss of Pmm2 activity was associated with loss of cerebellar Purkinje and granule neurons, matched with an
expansion of astrocytic Bergmann glia and their radial glial progenitors. All three cell types exhibited altered cellular
proliferation and abnormal cellular morphology. Single-nuclei RNA sequencing revealed a cell-restricted reduction in
N-cadherin expression, which was biochemically shown to correspond with altered E-cadherin processing. Increased
abundance of an N-terminal fragment of E-cadherin and inappropriate release of f3-catenin were found to disrupt N-
cadherin expression in a subset of neural cells. The transition from E- to N-cadherin expression is essential for the
continued expansion, migration and differentiation of cerebellar neurons and glia. This mechanism, which was most
evident in granule cells and Bergmann glia, was associated with altered B-catenin stability and signaling. Importantly,
pharmacological inhibition of Gsk3p stabilized f3-catenin, partially restoring neural phenotypes and improving swim
behavior in pmm2 mutant larvae.

Conclusions: These findings suggest early loss of PMM2 function disrupts the cadherin switch that regulates early
aspects of neural cell development. Impairing the transition from E- to N-cadherin expression perturbed B-catenin
signaling in a subset of cerebellar cells, namely the granule cells and Bergmann glia. While the link between defective
glycosylation and altered cadherin processing is not yet entirely clear, these data indicate a fundamental mechanism
known to regulate neural cell fate and morphogenesis may be altered in the PMM2-CDG brain. Importantly, the
findings that pharmacological inhibition of GSK3p activity improves these phenotypes provide evidence supporting its
therapeutic potential.
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Glycoproteomics for investigating congenital disorders of
glycosylation: from disease biology to biomarkers for diagnosis and
therapeutic monitoring
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LAY LANGUAGE ABSTRACT SUMMARY

Mass spectrometry analysis of glycopeptides is a promising method for identifying and monitoring
glycosylation changes in many proteins simultaneously. We have discovered many CDG-specific signatures and
are developing new blood tests for timely diagnosis of CDG and also for patient follow-up to assess response to
new therapies.

ABSTRACT BODY

Introduction: Although patients with congenital disorders of glycosylation (CDG) are usually affected early in life with
variable presentation, diagnosis is often delayed. The currently used clinical test for glycosylation measures the levels
of carbohydrate-deficient transferrin (CDT) at the level of the intact protein, but results can be variable and sometimes
normalize with age. Final genetic diagnosis can be delayed by detection of novel genetic variants and variants of
uncertain significance. Thus, there is a need for reliable biomarkers for diagnosis and monitoring of therapeutic
response in patients.

Methods: To identify protein site-specific N-glycosylation alterations in CDG, we have optimized discovery and
targeted glycoproteomics methods using liquid chromatography-tandem mass spectrometry (LC-MS/MS). Proteins
extracted from various sample types are studied by these methods by digestion followed by glycopeptide enrichment.
Mass spectrometry analysis is performed with or without multiplexing. LC-MS/MS is carried out using stepped higher-
energy collisional dissociation on Orbitrap instruments and data is searched using pGlyco. Finally, we have developed
targeted methods for glycopeptide analysis by serial reaction monitoring (SRM) assays.

Results: We have discovered signature site-specific profiles of altered protein N-glycosylation in various CDG. Our
glycoproteomic workflow enables identification of 2,500-4,000 glycopeptides from serum/plasma/cells. By analyzing
serum samples from patients with PMM2-CDG, we reported several glycopeptides with significant hypoglycosylation
and validated them in a large cohort. Our analysis of other CDG including other type I CDG and type II CDG revealed
characteristic changes expected based on specific enzymatic defects in the pathway. Importantly, we have discovered
that albumin is a glycoprotein with two non-canonical N-glycosylation sites that are hypoglycosylated in CDG. We
have also deployed our methods to characterize altered glycosylation in patient-derived fibroblasts, tissues and
cortical organoids. Most recently, we have developed mouse and zebrafish models to investigate CDG disease biology
and test potential therapies. Glycopeptide analysis in patient serum samples allows us to monitor the efficacy of
therapeutic agents. Our recent studies have resulted in glycopeptide markers of response to galactose
supplementation therapy in the plasma of patients with PGM1-CDG and SLC35A2-CDG. Finally, as a novel diagnostic
approach, we are developing novel mass spectrometry-based targeted assays for glycopeptide-based biomarkers.

Conclusions: Glycoproteomics analysis has enabled identification of novel glycosylation signatures for diagnosis and
monitoring therapeutic response in CDG. Novel glycopeptide assays have the potential to complement current assays
for timely and accurate diagnosis of CDG and continued patient monitoring.
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Development of a new blood-based method to improve screening and
diagnosis of SRD5A3-congenital disorders of glycosylation
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LAY LANGUAGE ABSTRACT SUMMARY

We developed a blood-based method that can detect expected biochemical changes in SRD5A3-CDG-affected
individuals. This method has potential to screen/diagnose and monitor individuals with SRD5A3-CDG.

ABSTRACT BODY

Introduction: The gene SRD5A3 encodes an enzyme that catalyzes the conversion of polyprenols into dolichols, which
are lipid molecules that play a critical role in adding sugars to proteins. In SRD5A3-congenital disorders of
glycosylation (CDG), this conversion is impaired, leading to accumulation of polyprenols. As a result, an elevated ratio
of polyprenols-to-dolichols can serve as a biomarker for SRD5A3-CDG. Currently, there is no blood-based clinical test
available for use in routine clinical settings. We developed a new blood-based method to detect the ratio polyprenols-
to-dolichols using mass spectrometry to measure polyprenols and dolichols.

Methods: Using liquid chromatography-tandem mass spectrometry (LC-MS/MS), a targeted method was developed to
analyze polyprenols and dolichols within 15 minutes. Polyprenols and dolichols were extracted from serum and
fibroblasts (cells obtained from skin biopsy) from unaffected controls and individuals with SRD5A3-CDG. Dolichols
and profiles from serum and fibroblasts were profiled using developed method.

Results: Polyprenol levels were increased in individuals with SRD5A3-CDG compared to unaffected controls, consistent
with impaired conversion of polyprenols to dolichols. Accordingly, the polyprenol-to-dolichol ratio was elevated in
individuals with SRD5A3-CDG. Consistent with these findings, serum analysis using this assay also demonstrated an
increased polyprenol-to-dolichol ratio in affected individuals relative to controls.

Conclusions: We developed a targeted LC-MS/MS assay capable of detecting multiple species of polyprenols and
dolichols. As expected, individuals with pathogenic variants in SRD5A3 exhibited an increased polyprenol-to-dolichol
ratio in serum. This assay has potential utility for the screening, diagnosis, and monitoring of individuals with
SRD5A3-CDG.
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Galactose supplementation as a novel therapeutic approach in GFPT1-
CDG: a case report
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LAY LANGUAGE ABSTRACT SUMMARY

GFPT1-CDG is a congenital disorder of glycosylation that primarily affects communication between nerves and
muscles, causing a form of progressive muscle weakness known as congenital myasthenia. Based on promising
results in mice showing that the simple sugar galactose can restore proper protein glycosylation through an
alternative metabolic pathway, we treated a 17-year-old patient with oral galactose — the first known use of
this approach in a person with GFPT1-CDG. Early results show the treatment is well tolerated, with a possible
improvement in strength, and we are continuing to monitor his progress.

ABSTRACT BODY

Introduction/Background: GFPT1-CDG is a disorder of monosaccharide synthesis and interconversion that manifests
as a congenital myasthenic syndrome (CMS) with tubular aggregates. GFPT1 catalyzes the rate-limiting step of the
hexosamine biosynthetic pathway (HBP), generating UDP-N-acetylglucosamine (UDP-GIcNAc), essential for N- and O-
linked protein glycosylation. Biallelic pathogenic variants in GFPT1 are associated with abnormal muscle
glycosylation, reduced acetylcholine receptor cell-surface expression, and fatigable limb-girdle weakness with
myopathy. GFPT1-CDG clusters within the limb-girdle CMS phenotypic group and is frequently misdiagnosed. Over
100 individuals have been reported, with approximately 40% experiencing progressively worsening. Current
treatments — acetylcholinesterase inhibitors, beta-2 adrenergic agonists, and presynaptic potassium channel blockers
— offer variable and often diminishing symptomatic benefit, and no targeted therapy exists. Recent work has shown
that UDP-GIcNAc can also be generated via the Leloir pathway, wherein galactose is metabolized to UDP-GalNAc and
epimerized to UDP-GIcNAc by GALE, bypassing the deficient HBP. Oral D-galactose has demonstrated safety and
efficacy in other CDGs, most notably PGM1-CDG, and preclinical data showed that enteral galactose improved muscle
morphology, NMJ integrity, and strength in GFPT1-deficient mice.

Methods: We report a 17-year-old male with GFPT1-CDG due to a homozygous nonsense variant (c.686dupC, p.
(Arg230Ter)) affecting the muscle-specific exon 9 of GFPT1. His phenotype includes congenital-onset myasthenia,
ventilator dependence, functional quadriplegia, and gastrostomy tube dependence. He experienced progressive motor
decline through childhood, losing ambulation before adolescence. Supportive therapies have included pyridostigmine,
oral albuterol, and amifampridine with uncertain benefit. Based on murine data and the safety profile of galactose in
PGM1-CDG, we initiated oral D-galactose at 15 g twice daily (0.75 g/kg/day) via gastrostomy tube with planned
escalation to 25 g twice daily (1.25 g/kg/day). Outcome measures include Performance of Upper Limb (PUL)
assessment, weekly ventilator-free time logging, and monitoring of galactose-1-phosphate, urine galactitol, and
hemoglobin Alc.

Results: During the first week, the patient experienced transient energy surges and afternoon headaches, which
resolved spontaneously. No gastrointestinal, urinary, or biochemical adverse events occurred. The patient reports no
subjective change in strength or fatigue. However, an objective gain in gross motor strength is suggested by his
advancement from 1 to 2 pound hand weights in physical therapy after one year at the prior level. Formal PUL
reassessment and ventilator-free time data collection are ongoing.

Conclusions: To our knowledge, this represents the first use of galactose supplementation in a human with GFPT1-
CDG. The favorable safety profile and early functional signal support continued evaluation with longer-term outcome
data forthcoming.
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Driving GMPPB-CDG Research as a Parent: From Oral Mannose
Supplementation Review and Fibroblast Study Initiation to Patient
Organization and Innovation in Rare Disease Fundraising

ABSTRACT AUTHORC(S)

Janser, M.

DEPARTMENT / INSTITUTION / AFFILIATION
cure-gmppb.org

LAY LANGUAGE ABSTRACT SUMMARY

After our daughter was diagnosed with GMPPB-CDG, we initiated a parent-led effort to explore potential
treatment options. This poster outlines our work, including connecting with researchers, developing a draft
literature review and a draft treatment protocol on oral mannose therapy, contributing to a patient fibroblast
study, and founding a patient organization with a fundraising strategy and dedicated website that may be of
interest to other CDG / rare disease patient organizations. We are interested in feedback from and
collaboration with the CDG families and experts.

ABSTRACT BODY

Introduction: In 2021 our daughter Amelie was diagnosed with GMPPB-CDG. She suffers from progressive muscle
weakness, ataxia, non-verbality, cognitive and visual impairments, with no effective treatments to date. So, what could
we as parents do to accelerate therapeutic progress? Early discussions with researchers highlighted oral mannose
supplementation as a potential strategy. This led to a self-directed effort to understand the biology, conduct a
literature review, and draft a protocol for physician-led experimental treatment. In parallel, we contributed to
initiating a fibroblast study on oral mannose supplementation and other therapeutic strategies. The review also
identified additional therapeutic approaches, prompting the creation of a patient organization, a fundraising strategy,
and a supporting website. This poster summarizes the outcomes of these efforts.

Methods: Narrative literature review, family-researcher collaboration, web development.

Results: Literature Review: Oral mannose supplementation is effective with limited side effects in related CDGs (MPI-
CDG, PMM2-CDG) and, based on current theory on glycosylation pathways, is not excluded for GMPPB-CDG in the
presence of sufficient residual enzyme activity. However, GMPPB-specific evidence is scarce. A fibroblast study
suggested improved glycosylation in some variants, while animal studies showed no benefit, possibly due to
insufficient mannose delivery to the embryos studied. However, studies in MPI-CDG suggest a less encouraging
alternative explanation: only an insufficient fraction of supplemented mannose may reach relevant glycosylation
pathways, since more than 95% enter glycolysis. In terms of safety issues, mannose-1-phosphate accumulation cannot
be excluded. Since, based on current knowledge, the efficacy of oral mannose supplementation in GMPPB-CDG cannot
be ruled out, a draft treatment protocol (indication, dosing, monitoring, safety) was developed for expert revision. The
review also identified several other potential therapeutic approaches.

Fibroblast Study: A patient-derived fibroblast study will test compounds that may improve glycosylation (including
mannose), characterize molecular defects, and explore affected pathways.

Patient Organization, Fundraising Strategy and Website: A patient organization (cure-gmppb.org) was established to
advance treatment research and care standards. Together with researchers, promising therapeutic strategies and
projects are identified. The web platform enables global coordination and supports local teams of patients, families,
and friends to drive fundraising (“100 teams x 100 patrons x 100 USD = 1 million USD/year”).

Conclusion: A parent-driven approach can initiate tangible research activities but requires expert validation. Next
steps include global patient outreach and registry, prioritization of therapy development projects, fundraising,
completion of fibroblast study, expert revision of review and protocol for mannose supplementation, and natural
history study initiation.
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