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A B S T R A C T   

Background: Glycogen storage disease type 0a (GSD 0a), caused by GYS2 mutations, has a broad phenotypic 
spectrum, mostly associated with hypoglycemia. This disease has been characterized by the inability to store 
glycogen in the liver, leading to no hepatomegaly. Although the prevention of hypoglycemia has been considered 
the first therapeutic goal, the long-term complications remain unclear. In addition, few studies summarized 
clinical or biochemical features or examined genotype-phenotype correlation. 
Case presentation: A 4-year-old Japanese boy was admitted to our hospital because of hypoglycemia. We sus-
pected GSD 0a based on recurrent irritability episodes before feeding, fasting ketotic hypoglycemia, postprandial 
hyperglycemia/hyperlactatemia, and no hepatomegaly. Mutation analyses revealed novel mutations (p.His610fs 
and deletion of exons 8–10) in the GYS2 gene. At 5 years old, his growth and development are normal. Fasting 
symptoms and hypoglycemia remain controlled by dietary management. 
Review of literature: We summarized the clinical and biochemical features of 33 patients with GSD 0a and 27 
different mutations in the GYS2 gene. Nonspecific fasting symptoms (lethargy, drowsiness, nausea, and irrita-
bility) were found in 39% of patients, whereas 41% were asymptomatic. All patients had a combination of fasting 
ketotic hypoglycemia and postprandial hyperglycemia/hyperlactatemia. Hepatomegaly and hepatic steatosis 
were observed in 12% and 73% of patients. There was no genotype-phenotype correlation in patients with GSD 
0a. 
Conclusion: This is a clinical report of a Japanese GSD 0a patient with novel GYS2 mutations and a review of 
cases. As secondary hepatic disorders may occur due to postprandial hyperglycemia, the treatment’s ultimate 
goal is to prevent both hypoglycemia and hyperglycemia.   

1. Introduction 

Glycogen storage disease type 0a (GSD 0a; OMIM #240600) is a rare 
autosomal recessive metabolic disorder caused by mutations in the GYS2 
gene (*138571), which is located on chromosome 12p12 and consists of 
16 exons [1]. The GYS2 gene encodes hepatic glycogen synthase (GS), a 
key enzyme in glycogenesis, and catalyzes the addition of α-1,4-linked 
glucose to the growing glycogen chain. Impaired activity of GS results in 
the reduction of glycogen storage in the liver [2]. So far, only 37 cases 
with GSD 0a have been reported. Previous studies have described the 
broad phenotypic spectrum of GSD 0a — morning drowsiness and 
lethargy, seizure, development delay, growth failure, no hepatomegaly, 

fasting ketotic hypoglycemia, and postprandial hyperglycemia with 
hyperlactatemia. Although GSD 0a has been considered to have a good 
prognosis, few studies summarized clinical, genetic, and biochemical 
features. The long-term complications and genotype-phenotype corre-
lation remain unclear. Here we report a Japanese case of GSD 0a caused 
by novel GYS2 mutations and present a review of the literature to clarify 
the clinical picture of GSD 0a. 

2. Case report 

A 4-year-old boy was referred to our hospital because of hypogly-
cemia. He was the first child of non-consanguineous Japanese parents 
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and had no significant family history, including diabetes mellitus. He 
was born after an uneventful pregnancy of 40 weeks, weighing 2768 g, 
and had an uneventful postnatal course. However, he had recurrent 
episodes of irritability that improved with feeding. His baseline diet was 
high in carbohydrates, and he frequently consumed juice. He fed at night 
until he was 3-year-old. At age 4, fasting ketotic hypoglycemia (glucose, 
30–50 mg/dL; β-hydroxybutyrate 2.7–4.5 mmol/L) without hyperinsu-
linism was found during his hospitalization due to acute tonsillitis. His 
height and weight were 105.7 cm (+0.5 SD) and 17.6 kg (+0.5 SD), 
respectively. His developmental milestones and physical examination 
were normal, without hepatomegaly or neurological abnormalities. The 
laboratory data in the fasting state indicated normal levels of serum 
transaminases (AST 29 IU/L and ALT 15 IU/L), creatine phosphokinase 
(89 U/L), ammonia (55 μmol/L), hemoglobin A1c (4.8%), insulin-like 
growth factor-1 (96 ng/mL), without hyperlipidemia, hyperuricemia, 
or hypothyroidism. The acylcarnitine profile was normal. The amino 
acid analysis revealed a low plasma level of alanine (0.14 mmol/L) in 
the fasting state. Oral glucose tolerance test revealed an exaggerated and 
prolonged increase of blood lactate (0 min, 13 mg/dL; 60 min, 40 mg/ 
dL; 120 min, 49 mg/dL) and glucose (0 min, 53 mg/dL; 60 min, 163 mg/ 
dL; 120 min, 149 mg/dL). Glucagon stimulation test (0.03 mg/kg) on 
fasting yielded a poor response regarding blood glucose, with 49 mg/dL 
before, and 55 mg/dL 30 min after stimulation. A urine organic acid 
analysis revealed a massive lactate and pyruvate level after feeding, but 
was normal in the fasting state. Abdominal ultrasonography, echocar-
diography, and brain magnetic resonance imaging showed no abnormal 
findings. Psychological testing with the Wechsler Pre-School and Pri-
mary Scale of Intelligence Third Edition (WPPSI III) yielded a full-scale 
IQ score of 100. Although no liver biopsy was performed and GS activity 
was not measured, his clinical features and biochemical findings sug-
gested GSD 0a. He was given uncooked cornstarch in the evening to 
prevent fasting hypoglycemia. We adjusted the dose of uncooked corn-
starch to 30 g (1.7 g/kg) based on the results of continuous blood glucose 
monitoring. He was recommended to avoid skipping dinner, follow a 
low glycemic index carbohydrate and high protein diet, and have 
additional uncooked cornstarch before exercise. He was able to sleep 
through the night after beginning this dietary management. At 5 years 
old, his growth (height 113.1 cm, +0.6SD; weight 21.0 kg, +0.6SD) and 
physical examination were normal. Morning hypoglycemia and post-
prandial hyperglycemia were controlled with this regimen. 

3. Materials and methods 

3.1. Mutation analysis 

Written informed consent in accordance with the Declaration of 
Helsinki was obtained from the patient’s parents, in addition to consent 
for publication. Genomic DNA was extracted from the peripheral blood 
leukocytes of the patient. Mutation analysis was performed using the 
NextSeq Sequencing System (Illumina, San Diego, CA, USA) at the 
Kazusa DNA Research Institute based on a DNA panel consisting of 193 
genes used in a previous study [3]. Variants in protein-coding exonic 
regions and their 10-base flanking regions were detected by the method 
previously described [4]. To confirm whether a large deletion exists, a 
long PCR was performed to amplify exons 7, 8, 9, and 10 of the GYS2 
gene with the following primers: forward, 5′-TTGTTACTGTTGCTG-
TATTTCAT-3′; and reverse, 5′-AATGTTCCAAATTAGCACATTCC-3′. 
DNA electrophoresis in 1% agarose gel was performed to confirm the 
size of amplified fragments. A shorter DNA fragment than the control 
was analyzed by Sanger sequencing to detect the break point. 

3.2. Review of literature 

We collected medical history, clinical symptoms, biochemical data, 
pathological data, and GYS2 gene mutation data in patients with GSD 0a 
reported by December 2020. Nonspecific symptoms such as lethargy, 

drowsiness, nausea, and irritability that occurred in the fasting state and 
improved with diet were defined as nonspecific fasting symptoms. 

4. Results 

4.1. Mutation analysis 

Next-generation sequencing revealed a heterozygous novel mutation 
of GYS2, c.1827dupA (p.His610fs). In addition, a heterozygous deletion 
of exons 8–10 of GYS2 was suspected because the depth of sequencing 
coverage was low compared with a control (Fig. 1A). Depth of coverage 
for each nucleotide position implied not only a large deletion of exons 8 
and 9, but also that the 5′ part of exon 10 was deleted heterozygously 
(Fig. 1B). 

The long PCR amplified another short DNA fragment that was not 
amplified from the control sample, which is consistent with the suspi-
cion of a heterozygous large deletion (Fig. 2A). Subsequently, Sanger 
sequencing of the amplified shorter DNA fragment revealed the deletion, 
c.1063-591_1262del1947 (Fig. 2B). 

4.2. Review of literature 

We summarized 33 patients with GSD 0a from 27 different families 
(including our patient) (Table 1). Nonspecific fasting symptoms such as 
lethargy, drowsiness, nausea, and irritability were the most common 
(39%). Patients also presented with short stature (29%), seizures (22%), 
mental retardation (15%), and hepatomegaly (12%). Forty percent of 
the patients were asymptomatic and diagnosed from family history or 
laboratory tests during the differential diagnosis process. The age of 
onset for symptomatic patients ranged from 0 to 4 years old, with more 
than half around one year old, while the median age of diagnosis was 
five years old. Most of the symptomatic patients presented hypoglyce-
mia symptoms in the morning after the night feeding cessation. 

Fasting ketotic hypoglycemia and postprandial hyperglycemia/ 
hyperlactatemia were found in 100% of patients. Glucosuria and hepatic 
steatosis were identified in 67% and 73% of patients. Normal glycemic 
response to glucagon was observed in 31% (fasting state) and 89% (fed 
state). Liver biopsy showed a decrease in glycogen content (89%) and GS 
activity (100%). A summary of GYS2 gene mutations is presented in 
Fig. 3. 

5. Discussion 

This patient had recurrent episodes of irritability due to fasting hy-
poglycemia. GSD 0a was clinically diagnosed based on fasting ketotic 
hypoglycemia, postprandial hyperglycemia/hyperlactatemia, and no 
hepatomegaly. Genetic analyses revealed a heterozygous novel muta-
tion, c.1827dupA (p.His610fs), and a heterozygous deletion, c. 1063- 
591_1262del1947 (exons 8–10) in the GYS2 gene. We regarded these 
mutations as pathogenic because the former is a frameshift mutation 
whose downstream mutation (p.Asp668Asn) was reported to be patho-
genic [5]; the latter is a large deletion, including ADP-binding pocket [2] 
and a missense mutation p.Gly382Glu in exon 8 was pathogenic [6]. 

5.1. Clinical and biochemical features 

This review shows that symptoms of GSD 0a are variable and often 
nonspecific, and most of the symptomatic patients took several years 
from onset to diagnosis. These findings are consistent with previous 
reports of difficulty in diagnosing GSD 0a. However, we also found that 
symptoms of GSD 0a were likely to occur around the age of one year 
after the night feeding cessation. The late presentation and normal 
growth of our patient may have been contributed by frequent high- 
carbohydrate diets and nighttime feeding. Physicians should consider 
this diagnosis when a patient has hypoglycemic symptoms in the 
morning after stopping nighttime feeding. 
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Fig. 1. A. Representation of the next-generation sequencing data coverage depth using the Integrative Genomics Viewer. A suspected heterozygous deletion of GYS2 
exons 8–10 was detected. 
B. Representation of the depth of coverage for each nucleotide position in all exons of the GYS2 gene. The horizontal axis indicates where each nucleotide is located in 
the protein-coding exonic regions, as a percentile. The vertical axis shows how many folds the DOC (depth of coverage) for each nucleotide is compared to that for the 
control. The exons next to each other are painted in different colors to distinguish them. A heterozygous deletion of exons 8, 9, and the 5′ region of exon 10 
was suspected. 

Fig. 2. A. The DNA electrophoresis in 1% agarose gel. 
In the control case, only a single DNA fragment (approximately 4000 bp) was observed. On the contrary, a shorter DNA fragment (>2000 bp) was clearly observed in 
this patient. 
B. DNA sequencing data using the Sanger method. 
Sequencing analysis of the shorter DNA fragment (over 2000 bp) indicated breakpoints in the intron 7 (c.1063–592) and in the exon 10 (c.1263) in the GYS2 gene. 
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Table 1 
Summary of findings in patients with GSD 0a.  

Patients Sex Mode of presentaiton Age at Nonspecific Seizure Mental Short statue 

symptoms onset diagnosis fasting symptoms retardation 

1 [9,14] Male Mental retardation 0.7 2.2 + + + +

2 [9,14] Male Seizure 0.6 2.2 + + + +

3 [9,14] Female Family history − 0.8 − − − NA 
4 [9,14] Male Family history − 3 − − − NA 
5 [1,10,19] Female Seizure 0–1 9 + + + +

6 [1,16] Male Family history 0–3 13 + − − −

7 [11] Male Morning lethargy 1.8 3.6 + − − NA 
8 [11] Male Family history − 2.8 − − − −

9 [1,12] Female Morning lethargy 3.5 4.4 + − − NA 
10 [1,12] Male Incidental findings 2 3.5 + − − −

11 [1,12] Male Family history − 4.7 − − − −

12 [1] Male Short statue 0–4 7 − − − +

13 [1] Female Incidental findings NA 5 − − + NA 
14 [1] Male Family history − 3 − − − NA 
15 [1] Female Family history − 1 − − − NA 
16 [13] Female Seizure 1.3 6 − + − −

17 [18] Male Incidental findings − 5 − − − −

18 [18] Female Incidental findings − 9 − − − −

19 [7] Female Incidental findings 3 7 + − − −

20 [15] Male Seizure 0.7 0.7 − + − NA 
21 [15] Female Incidental findings − 1.2 − − − NA 
22 [24] Female Morning lethargy 0.5 6 + − − −

23 [28] Male Seizure 2.5 5 − + − −

24 [25] Female Fasting irritability 1 7 + − − −

25 [17] Male Incidental findings − 7 − − − −

26 [6] Female Seizure 0–4 5 NA + − +

27 [6] Male Incidental findings − 1.8 − − − −

28 [6] Female Incidental findings − 6.5 − − − NA 
29 [29] NA NA NA 1–11 NA NA + NA 
30 [26] Male Incidental findings − 4 − − − NA 
31 [8] Female Short statue NA 5 − − − +

32 [30] Female Morning lethargy 1.1 1.1–2 + − − −

32 [*] Male Incidental findings 3 4.5 + − − −

Total 33 M: F:NA Symptomatic: 59% (onset age 0–4) median 5 (0.7–13) 39% (12/31) 22% (7/32) 15% (5/33) 29% (6/21)  
17:15:1 Asymptomatic: 41% Median 3 (0.8–9)     

-   

Patients Fasting state Postprandial state Glucosuria Glucagon response 

Hypoglycemia Ketonemia/Ketonuria Hypoalaninemia Hyperglycemia Hyperlactatemia Fasting Postprandial 

1 [9,14] + + NA + + + poor normal 
2 [9,14] + + NA + + NA poor normal 
3 [9,14] + NA NA + + NA normal normal 
4 [9,14] + NA NA + + NA normal normal 
5 [1,10,19] + + + + + + poor normal 
6 [1,16] + + + + + NA NA NA 
7 [11] + + + + + − poor normal 
8 [11] + + NA + + NA NA NA 
9 [1,12] + + + + + NA NA NA 
10 [1,12] + + + + + NA NA NA 
11 [1,12] + + + + + NA NA NA 
12 [1] + + − + + NA NA NA 
13 [1] + NA NA + NA NA NA NA 
14 [1] + NA NA + NA NA NA NA 
15 [1] + NA NA + NA NA NA NA 
16 [13] + + NA + + NA poor normal 
17 [18] + + NA + + + normal NA 
18 [18] + + NA + + + NA NA 
19 [7] + + + + + NA normal NA 
20 [15] + + NA + + NA poor normal 
21 [15] + NA NA + NA NA poor poor* 
22 [24] + + NA + + NA poor NA 
23 [28] + + NA + + NA NA NA 
24 [25] + + NA + + NA NA NA 
25 [17] + + + + + NA poor NA 
26 [6] + + NA + + NA NA NA 
27 [6] + + NA + + NA NA NA 
28 [6] + + NA + + NA NA NA 
29 [29] + + NA NA NA NA NA NA 
30 [26] + + NA + + NA poor NA 
31 [8] + + NA + + NA normal NA 
32 [30] + + NA + NA NA NA NA 

(continued on next page) 
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Biochemical findings can help diagnose GSD 0a (Table 1). Impaired 
GS in the liver causes insufficient glycogen accumulation, leading to 
inadequate glycogenolysis, resulting in fasting hypoglycemia. Ketone-
mia and ketonuria also develop with fasting because fatty acid oxidation 
is intact. Postprandial hyperglycemia results from excess glucose as a 
consequence of the inability to store glucose as glycogen. Hyperglyce-
mia leads to overloading of the glycolytic pathway and can cause 
hyperlactatemia and hyperlipidemia. The combination of fasting ketotic 
hypoglycemia and postprandial hyperglycemia/hyperlactatemia 
strongly suggests this diagnosis. Glycemic response to glucagon in the 
fasting state was often poor, but normal in some cases. Previous studies 
have presumed that glycogen stores were not completely depleted 
despite the decrease in GS activity, and pharmacological amounts of 
glucagon were able to stimulate their breakdown [7,8]. A small amount 
of glycogen was observed in liver biopsy [1,7,9–13], and there was also 
a case with normal glycogen content [1]. In the fed state, response to 
glucagon was almost normal [9–11,13–15]. Although only one case 
showed a poor response after a meal [15], this was probably due to her 
high blood glucose level of 215 mg/dL before glucagon administration. 

5.2. Long-term management and treatment 

In our review, most symptoms (nonspecific fasting symptoms, short 
stature, seizures, and mental retardation) were related to hypoglycemia. 
Previous reports have shown that the goal of treatment is to prevent 
hypoglycemia by dietary management [5,6,8,16,17]. In addition, it has 

been recognized that the management of GSD 0a is straightforward. 
Some reports assumed that patients with GSD 0a suffer relatively little 
brain damage even when exposed to severe hypoglycemia and usually 
have normal intellectual outcomes [5,7,12,18]. Seizures and mental 
retardation have been described in only 20% and 13% of patients in our 
review. Even in our case, although severe hypoglycemia (30–40 mg/dL) 
was common in the morning before treatment, his intelligence was 
normal without seizures or mental retardation. Increased plasma ke-
tones formed from fatty acid oxidation provide alternative energy 
sources and may offer some protection to the brain during hypoglyce-
mia. It is also known that tolerance to fasting improves with age in GSD 
0a patients [7,8,19]. 

However, we propose that clinicians manage patients with GSD 0a 
for hypoglycemia and glucose toxicity due to hyperglycemia. It is 
generally accepted that impaired glucose tolerance has a high risk of 
type 2 diabetes mellitus, cardiovascular disease, neuropathies, and 
collateral damage to other organs [20,21]. Patients with GSD 0a 
instinctively or as a treatment tend to compensate for their hypoglyce-
mia with frequent meals, resulting in excessive postprandial blood- 
glucose exposure. When pancreatic β-cells are chronically exposed to 
hyperglycemia, their insulin secretory function gradually declines [22]. 
In the only adult patient, circulating insulin levels were suppressed even 
during pregnancy, particularly during hyperglycemia [19]. In addition, 
genome-wide association study of 26,676 diabetic cases and 132,532 
controls suggested that the single nucleotide variant rs10841855 at the 
GYS2 locus was associated with type 2 diabetes mellitus [23]. 

Table 1 (continued ) 

Patients Fasting state Postprandial state Glucosuria Glucagon response 

Hypoglycemia Ketonemia/Ketonuria Hypoalaninemia Hyperglycemia Hyperlactatemia Fasting Postprandial 

32 [*] + + + + + − poor NA 
Total 33 100% (33/33) 100% (27/27) 90% (9/10) 100% (32/32) 100% (27/27) 67% (4/6) 69% (11/16) 11% (1/9)   

Patients Hepatomegaly Hepatic transaminase Hyperlipidemia Hepatic steatosis Liver biopsy 

Glygogen content Glycogen synthase activity 

1 [9,14] − NA NA + Reduced Reduced 
2 [9,14] + NA NA NA NA NA 
3 [9,14] − NA NA NA NA NA 
4 [9,14] − NA NA NA NA NA 
5 [1,10,19] + NA NA NA Reduced Reduced 
6 [1,16] − NA NA NA NA NA 
7 [11] + Mild elevation − + Reduced Reduced 
8 [11] − NA NA NA NA NA 
9 [1,12] − NA NA + Reduced Reduced 
10 [1,12] − NA NA + Reduced Reduced 
11 [1,12] − NA NA NA NA NA 
12 [1] NA NA NA NA Normal Reduced 
13 [1] NA NA NA NA Reduced NA 
14 [1] NA NA NA NA NA NA 
15 [1] NA NA NA NA NA NA 
16 [13] − NA NA − Reduced Reduced 
17 [18] − NA NA NA NA NA 
18 [18] − NA NA NA NA NA 
19 [7] − NA + + Reduced Reduced 
20 [15] − NA NA NA NA NA 
21 [15] − NA NA NA NA NA 
22 [24] − NA NA NA NA NA 
23 [28] – NA + – NA NA 
24 [25] − NA NA NA NA NA 
25 [17] NA normal − NA NA NA 
26 [6] − normal + + NA NA 
27 [6] − normal + + NA NA 
28 [6] − normal + + NA NA 
29 [29] NA NA NA NA NA NA 
30 [26] − NA NA NA NA NA 
31 [8] − NA − NA NA NA 
32 [30] NA Mild elevation + NA NA NA 
32 [*] − normal − − NA NA 
Total 12% (3/26) 29% (2/7) 60% (6/10) 73% (8/11) 89% (8/9) 100% (8/8) 

NA, not available. The mutations identified in our patient are indicated by an asterisk. References are denoted in parentheses. 
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We also need to be aware of fatty liver in these patients. Our review 
showed that 73% of patients had hepatic steatosis, and 60% had 
hyperlipidemia. In addition, although the absence of hepatomegaly is 
characteristic of GSD type 0, we noted hepatomegaly in 12% of patients 
(patients 2, 5, 7). Patient 7 had moderate hepatomegaly (2.5 cm below 
the right costal margin) and a mild elevation of serum transaminases 
(AST 90–145 IU/L and ALT 60–134 IU/L). A liver biopsy of this patient 
revealed hepatic steatosis with the accumulation of hepatocellular lipid 
droplets. 

There are few reports of adolescent and adult patients with GSD0a, 
and there is little evidence that mutations in the GYS2 gene cause dia-
betes or fatty liver in the future. However, they cannot convert excess 
glucose after a meal into glycogen, and the surplus causes hyperglyce-
mia, glucosuria, and hypertriglyceridemia, which theoretically lead to 
diabetes mellitus and fatty liver. 

5.3. Genotype-phenotype correlation 

Thus far, although 27 different mutations have been identified, 
including our case, there were no genotype-phenotype relationship an-
alyses. We reviewed disease-associated mutations hitherto reported 
(Fig. 3), and propose that there is no genotype-phenotype correlation in 
patients with GSD 0a. There were asymptomatic patients with obvious 
loss-of-function mutations, and patients with the same mutations had 
different symptoms. For example, one patient (patient 17 in Table 1) 
with compound heterozygous nonsense mutations (p.Arg5Ter in exon 1 
and p.Gln183Ter in exon 4) had diagnosed GSD 0a at 5 years old, pre-
senting with glucosuria. He was asymptomatic and had neither mental 
retardation nor seizures [18]. The other three patients (12, 26, and 27) 
with the same homozygous mutation (p.Arg246Ter in exon 5) had 
different phenotypes. Only patient 26 had recurrent hypoglycemic 
convulsive seizures, and the other two were asymptomatic [1,6]. In 
siblings (patients 5 and 6), the younger sister had mental retardation and 
repeated morning convulsions from 7 years old to 9 years old when she 

started dietary treatment; her older brother became less responsive and 
drowsy in the morning until the first meal of the day, his symptoms 
occurred in early childhood and improved by 3 years old without any 
intervention [1,10,16]. It is crucial to screen a patient’s siblings even if 
they are asymptomatic because patients with the same mutations have 
different phenotypes. 

In addition, we surmised haploinsufficiency for GYS2. There have 
been many reports of impaired glucose tolerance in the families of 
GSD0a patients. The original description by Lewis et al. demonstrated 
that the patient’s father was investigated for glucosuria when 8 years old 
and showed reduced glucose tolerance [9]. A parent who carried a 
heterozygous mutation c.941 + 1G > C developed hypoglycemia during 
prolonged fasting [1]. Another parent who carried a heterozygous mu-
tation 966_967 delGAinsC experienced some episodes of hypoglycemia 
(45–49 mg/dL) after moderate alcohol ingestion and was treated by 
glucose infusion during adolescence [24]. 

However, there is a limitation to our analysis of the genotype- 
phenotype relationship due to racial bias. Most of the GSD 0a patients 
have been reported from Europe and the United States; therefore, our 
Japanese case is valuable data on GSD 0a. Further studies are needed to 
confirm whether the regional bias in patients is due to racial differences. 

6. Conclusion 

We report a Japanese GSD 0a patient with novel GYS2 mutations. As 
hepatic steatosis and hepatomegaly may occur secondarily due to 
postprandial hyperglycemia, the treatment’s ultimate goal is to prevent 
both hypoglycemia and hyperglycemia. 
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Fig. 3. Organization of the GYS2 gene, and disease-associated mutations hitherto reported. 
The number above each box indicates the exon number. References are denoted in parentheses. The mutations identified in our patient are indicated by an 
asterisk [27]. 

H. Iijima et al.                                                                                                                                                                                                                                   



Molecular Genetics and Metabolism Reports 26 (2021) 100702

7

Acknowledgments 

We thank Dr. Hideo Sasai (Department of Pediatrics, Graduate 
School of Medicine, Gifu University), Mina Nakama (Clinical Genetics 
Center, Gifu University Hospital), and Dr. Osamu Ohara (Department of 
Applied Genomics Kazusa DNA Research Institute) for the interpretation 
of and comments about mutation analysis. 

This research was partially supported by the Practical Research 
Project for Rare/Intractable Diseases from the Japan Agency for Medical 
Research and Development, AMED (Grant Number JP19ek0109276/ 
JP20ek0109482). 

References 

[1] M. Orho, N.U. Bosshard, N.R. Buist, R. Gitzelmann, A. Aynsley-Green, P. Blümel, 
M.C. Gannon, F.Q. Nuttall, L.C. Groop, Mutations in the liver glycogen synthase 
gene in children with hypoglycemia due to glycogen storage disease type 0, J. Clin. 
Invest. 102 (1998) 507–515, https://doi.org/10.1172/JCI2890. 

[2] A. Buschiazzo, J.E. Ugalde, M.E. Guerin, W. Shepard, R.A. Ugalde, P.M. Alzari, 
Crystal structure of glycogen synthase: homologous enzymes catalyze glycogen 
synthesis and degradation, EMBO J. 23 (2004) 3196–3205, https://doi.org/ 
10.1038/sj.emboj.7600324. 

[3] Y. Ago, H. Otsuka, H. Sasai, E. Abdelkreem, M. Nakama, Y. Aoyama, 
H. Matsumoto, R. Fujiki, O. Ohara, K. Akiyama, K. Fukui, Y. Watanabe, 
Y. Nakajima, H. Ohnishi, T. Ito, T. Fukao, Japanese patients with mitochondrial 3- 
hydroxy-3-methylglutaryl-CoA synthase deficiency: in vitro functional analysis of 
five novel HMGCS2 mutations, Exp. Ther. Med. 20 (2020), https://doi.org/ 
10.3892/etm.2020.9166. 

[4] R. Fujiki, M. Ikeda, A. Yoshida, A. Maeda, Y. Yao, M. Nishimura, K. Matsushita, 
T. Ichikawa, T. Tanaka, H. Morisaki, T. Morisaki, O. Ohara, Assessing the accuracy 
of variant detection in cost-effective gene panel testing by next-generation 
sequencing, J. Mol. Diagn. 20 (2018) 572–582, https://doi.org/10.1016/j. 
jmoldx.2018.04.004. 

[5] D.A. Weinstein, C.E. Correia, A.C. Saunders, J.I. Wolfsdorf, Hepatic glycogen 
synthase deficiency: an infrequently recognized cause of ketotic hypoglycemia, 
Mol. Genet. Metab. 87 (2006) 284–288, https://doi.org/10.1016/j. 
ymgme.2005.10.006. 
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