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Introduction
The glycogen storage diseases (GSDs) are a group of inherited metabolic 
disorders that result from a defect in any one of several enzymes required 
for either glycogen synthesis or glycogen degradation



Classification of GSDs
The GSDs can be classified on the basis of organ affected and the 
enzyme deficiency involved. On the basis of target organ involved 
GSDs are comprised of three broad groups including; hepatic type of 
GSDs, muscles type of GSDs and the group affecting both liver and 
muscles. Each group has several different types; caused by defect of 
a different enzyme or a transporter, which is encoded by a different 
gene





Clinical Diagnosis of GSDs
From a clinician’s perspective the hepatic group of GSDs often 
has an easily recognizable clinical phenotype usually apparent 
as doll-like facies, failure to thrive/short stature, hepatomegaly 
and the biochemical features of fasting ketotic hypoglycemia, 
lactic academia, raised alanine transaminase with or without 
hypertriglyceridemia and hyper-uricemia.

The muscular group on the other end presents with 
neuromuscular symptoms, weakness and cardiomyopathy.





Diagnostic Approach
In Iran, the conventional diagnostic approach towards hepatic types of GSDs 
includes recognition of clinical symptoms followed by biochemical work up 
and ultimately the more invasive liver biopsy to reveal features consistent 
with fatty change, nuclear hyper-glycogenation and fibrosis. 

Additional electron microscopy and enzyme studies on the liver tissue are 
required to specify the type of GSDs. Neither the electron microscopy nor 
the enzyme assays for GSDs are locally available, which compromises the 
diagnostic yield of liver biopsy for diagnosing GSD in local setting.











Limitations of liver biopsy
Controversial diagnostic accuracy for GSDs with lack of specificity based on light microscopy only.

• The procedure is invasive with serious complications including pain, hemorrhage, bile peritonitis, penetration of 
abdominal viscera, pneumothorax, and even death.

• The high cost including multiple clinic visits, anesthesia reviews and procedure cost.

• Usually 30–40 mg of tissue or four cores of hepatic tissue including about 15 mg of snap-frozen hepatic tissue in 
liquid nitrogen is required for all the studies necessary including light microscopy, electron microscopy and enzymes 
analysis to make a definitive diagnosis.

• Specialized laboratories offering enzyme studies for hepatic GSDs are not available in Iran thus liver tissues are 
needed to be out-sourced to overseas laboratories in completely frozen condition with very vigilant temperature 
control, which is extremely challenging and chances of losing the precious hepatic tissue collected after an invasive 
procedure are very high.

• Electron microscopy on the hepatic tissue, which is required for the diagnosis of GSDs is not readily available at most 
diagnostic centers in the country owing to its high cost.

• The treatment is aimed at specific type of GSDs, which is not possible based on only histo-pathological findings of 
hepatic tissue on light microscopy without the enzyme testing, which is not available in Iran.
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GSD type IV



GSD type IV



GSD (Muscle)



Molecular Tests
❑Non-invasive compared to the liver biopsy.

❑High diagnostic accuracy as molecular methods minimize false positive test results by targeting the specific gene of 
interest.

❑Molecular testing clearly differentiates between different types of GSDs allowing physicians to initiate specific type-
based treatment of GSDs and organizing the specific type-based surveillance plan, which varies significantly for 
various GSDs.

❑Ease of sample transportation to the laboratory without vigilant temperature control.

❑Automated analyzers are available, and a single trained pathologist can report numerous samples.

❑Short turnaround times, which is 48 hours.

❑Cost-effective, as the cost of next-generation sequencing (NGS) allowing analysis of multiple genes It is roughly half 
the cost of a liver biopsy procedure followed by light microscopy, electron microscopy and enzyme testing.

❑Provision of reliable prenatal diagnosis and carrier testing by offering targeted familial variant testing to at-risk 
couples and carrier testing for family members



Diagnosis and Treatment
❑Early diagnosis of GSDs is imperative for initiation of appropriate 
treatment and achieving better prognosis. 

❑Owing to the nonspecific clinical presentation of GSDs and the lack of 
specific biomarkers to differentiate various types of GSD, NGS has 
become the first line diagnostic tool for the evaluation of GSD.

❑ NGS depends on massive molecular parallelization and allows analyzing 
multiple genes at the same time in a single DNA sample, it is a rapid and 
a much cost-effective way of not only diagnosing GSD but also 
differentiate different types of GSDs in absence of the invasive procedure 
of liver biopsy



Next Generation Sequencing
❑In context of NGS instrumentation availability, a wide variety exists e.g.
MiniSeq and Miseq from Illumina, Ion Torrent from Life Technologies Thermo
Fischer Scientific and MinION from Oxford Nanopore etc. 

❑These differ primarily in terms of cost, capacity, principal chemistry and read 
length, DNA library preparation and run time. 

❑On the basis of feasibility, the Illumina MiSeq is the most popular sequencer 
due to its relatively low cost, significantly low error rate and capacity to deliver 
the moderate throughput required by most centers.



NGS advantages
❑From a local perspective, measurement of enzyme activity suffers from logistic issues and is 
technically more challenging alongside a dearth of laboratory expertise. 

❑Furthermore, enzyme analysis is usually not reliable in detecting heterozygous carriers of a 
disease. 

❑These testing modalities are often very laborious, time consuming and require a pre-selection 
by clinical phenotype for targeting the specific enzyme.

❑ On the contrary, NGS has now become the gold standard to confirm a suspected diagnosis of 
GSD owing to its comparatively low cost, rapid analysis time and availability of less technically 
demanding automated platforms. 

❑Enzyme analysis on hepatic tissue is only needed in certain cases when there are unclear 
molecular results like variants of uncertain significance found on gene testing



NGS
❑NGS has been applied in clinical diagnostics for a diversity of symptoms to characterize the 
inherent genetic cause of diseases. Although single-gene testing and gene panels for specific 
disorders are still being used, NGS is progressively being utilized in diagnostic evaluation, 
especially for disorders that are genetically heterogeneous, such as GSDs .

❑Currently, targeted gene sequencing (TGS) panels have gained popularity for heterogeneous 
genetic anomalies in monogenic disorders (MDs) because of their time- and cost-effectiveness 
as well as their ability in simultaneous detection of common and rare genetic variations



❑In line with the best practices, the undertaking of molecular testing 
for suspected cases with GSDs, by outsourcing the samples abroad 
to accredited laboratories has been a standard practice. 

❑For this purpose, the extracted DNA samples from peripheral 
(whole) blood specimen is outsourced for NGS based GSDs panels, 
with ease of transportation at room temperature





According to our results, TGS analysis can considered as the first-line diagnostic method with valuable 
results and ES can be used to diagnose be complex cases of GSD with liver involvement. Overall, these 
molecular methods are considered as accurate diagnostic tools, which expedite correct diagnosis and 
treatment with significant cost-effectiveness by reducing unnecessary and inaccurate tests





Our Experience with molecular testing
❑A total of the 14 pediatric patients were admitted to our hospital and referred for molecular

❑Genetic testing using TGS. Seven genes namely SLC37A4, AGL, GBE1, PYGL, PHKB, PGAM2, and

❑PRKAG2 were detected to be responsible for the onset of the clinical symptoms. 

❑A total number of 15 variants were identified i.e. mostly loss-of-function (LoF) variants, of which 10 
variants were novel. 

❑Finally, diagnosis of GSD types Ib, III, IV, VI, IXb, IXc, X, and GSD of the heart, lethal congenital was made in 
13 out of the 14 patients. 

❑Notably, GSD-IX and GSD of the heart-lethal congenital (i.e. PRKAG2 deficiency) patients have been 
reported in Iran for the first time which shown the development of liver cirrhosis with novel variants. 

❑These results showed that TGS, in combination with clinical, biochemical, and pathological hallmarks, 
could provide accurate and high-throughput results for diagnosing and sub-typing GSD and related diseases






