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Glycogen storage disease type la (GSDla, OMIM #232200) is an autosomal recessive metabolic disease
characterized by impaired glucose homeostasis and has a long-term complication of hepatocellular
adenoma/carcinoma. GSDla is caused by deleterious mutations in the glucose-6-phosphatase gene (G6PC).
Recent studies have suggested that early treatment by gene replacement therapy may be a good solution to
correct the glucose metabolism and prevent serious late complications. Early treatment of the disease
needs an early disease detection system. Thus, we aimed to develop a screening system for GSDla using
dried blood spots (DBS) to detect the ¢.648G>T mutation in G6PC, which is a frequent mutation in the
East Asian population. In this study, a total of 51 DBS samples (50 healthy controls and one patient with
€.648G>T) were tested by modified competitive oligonucleotide priming PCR (mCOP-PCR). In control
DBS samples, the c.648G allele was amplified at lower Cq (quantification cycle) values (<11), while the
€.648T allele was amplified at higher Cq values (>14). In the patient DBS sample, the ¢.648T allele was
amplified at a lower Cq value (<11), and the ¢.648G allele was amplified at a higher Cq value (>14). Based
on these findings, we concluded that our mCOP-PCR system clearly differentiated the wild-type and
mutant alleles, and may be applicable for screening for GSDla with the ¢.648G>T mutation in G6PC.

Glycogen storage disease type la (GSDIa), or von Gierke disease (OMIM #232200), is a glycogen metabolic
disorder with an autosomal recessive inheritance trait, caused by glucose-6-phosphatase (G6Pase) deficiency [1].
The incidence of GSDIa has been estimated to be about 1 in 100,000 births in the general population, although
its prevalence is higher (about 1 in 20,000 births) in the Ashkenazi Jewish population [2]. The incidence of the
disease has not yet been clarified in the Japanese population.

The gene responsible for the disease, G6PC, maps to chromosome 17921 [3], and more than 100 mutations
in G6PC have been reported to date [Human Gene Mutation Database: http://www.hgmd.cf.ac.uk]. The
€.648G>T mutation is a common mutation among GSDIla patients in East Asia, including Chinese, Japanese and
Korean populations, accounting for more than 85% of cases in the Japanese and Korean population [4-6]. This
may suggest a founder effect of the mutation in these countries. However, the mutation is not as frequent in other
ethnicities, such as Ashkenazi Jewish [2]. The mutation is termed ¢.648G>T based on nomenclature with
nucleotide numbering from the translation initiation site, although it has also been called “the G727T mutation”
in nomenclature with nucleotide numbering from the transcription initiation site.

The disease is characterized by hypoglycemia, lactic acidosis, hepatomegaly, dyslipidemia, and
hyperuricemia [1]. More specifically, patients present with various symptoms including hypoglycemic seizures
in infancy, short stature throughout life, polycystic ovaries in females, gout due to long-term hyperuricemia,
pancreatitis due to severe dyslipidemia, increased bleeding due to impaired platelet aggregation, frequent bone
fractures due to osteopenia, benign or malignant hepatic tumors, renal failure, and pulmonary hypertension [7].
In particular, malignant hepatic tumors, renal failure, and pulmonary hypertension are serious late complications
[8-10].
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A recent development in treatment demonstrated that adeno-associated virus vector-treated GSDIla mice
maintained glucose homeostasis, and that the treatment could potentially prevent hepatocellular carcinoma
[11,12]. These results led to the idea that early diagnosis and treatment could allow normal glycogen metabolism
to be maintained and prevent serious late complications.

These studies suggested that early treatment by gene therapy may be a good solution to correct the glucose
metabolism and prevent serious late complications. However, early treatment of the disease requires an early
disease detection system. Thus, we aimed to develop a screening system for GSDIla using dried blood spots
(DBS) to detect the ¢.648G>T mutation in G6PC, a frequent mutation in East Asian populations.

To achieve early detection of GSDIla, real-time polymerase chain reaction (PCR)-based technology is
preferable, for example, modified competitive oligonucleotide priming-PCR (mCOP-PCR). A nested PCR
system with mCOP-PCR technology has been previously established to clearly detect a difference of one
nucleotide [13,14]. Here, a total of 51 DBS samples (50 healthy controls and one patient with ¢.648G>T) were
tested by a nested PCR system with mCOP-PCR technology.

MATERIALS AND METHODS

1. Patient and control samples

One DBS sample from a patient with a ¢.648G>T G6PC gene mutation and 50 control DBS samples were
analyzed in this study. A total of 50ul whole blood was spotted onto the Flinders Technology Associates (FTA)
Elute Cards® (GE Healthcare, Boston, MA, USA) and was dried at room temperature for at least one hour. The
DBS was stored in a dark room at room temperature until used. The storage period of the DBS ranged from 1
week to 2 years. Prior to analysis, informed consent was obtained from all study participants. The study was
approved by the Ethics Committee of Kobe University Graduate School of Medicine (reference number 1210,
approved on August 10, 2014) and was conducted in accordance with the World Medical Association
Declaration of Helsinki.

The patient was a 50-year-old female. She presented in childhood with hypoglycemia, lactic acidosis,
hepatomegaly, and short stature, and she was clinically diagnosed as having GSDIa. She underwent resection of
an ovarian cyst at 31 years old, plasmapheresis at 44 years old, and liver transplantation at 45 years old. A
nucleotide sequencing analysis using DNA extracted from freshly-collected blood showed that she was
homozygous for a ¢.648G>T G6PC gene mutation.

2. Detection system for ¢.648G>T G6PC gene mutation using DBS
2.1. Outline of detection system for ¢.648G>T G6PC gene mutation

The two steps in our system were as follows: (1) the first PCR step with non-allele-specific amplification of
G6PC exon 5 using conventional PCR. A small, punched circle from the DBS was used directly for PCR,
without any DNA extraction or purification procedures from the DBS; and (2) the second PCR step with
allele-specific amplification of G6PC exon 5 using real-time mCOP-PCR. The two alleles, ¢.648G (wild type)
and ¢.648T (mutant), were differentially amplified in this step.

2.2. The first PCR: amplification of G6PC exon 5 using DBS

Amplification of the sequence containing G6PC exon 5 from the DBS was performed by conventional PCR
using the GeneAmp® PCR System 9700 (Applied Biosystems, Foster City, CA, USA). A punched circle, 2 mm
in diameter (equivalent to ~15 pL of whole blood), from the patient DBS sample or the control DBS samples,
was directly added to the reaction mixture with DNA polymerase KOD FX Neo (TOYOBO, Osaka, Japan). The
following primers were used to amplify the target sequence containing G6PC exon 5: Int4-forward
(5'-TATCTCTCACAGTCATGC-3’) and Ex5-reverse (5-TCCAGAGTCCACAGGAGGTC-3') [15].

The PCR conditions for the 50 pL reaction mixture were: (1) initial denaturation at 94°C for 2 min; (2) 30
cycles of denaturation at 94°C for 30 sec, annealing at 62°C for 30 sec, and extension at 72°C for 1 min; (3)
additional extension at 72°C for 7 min; and (4) hold at 10°C. The first PCR products were then subjected to
agarose gel electrophoresis.

2.3. The second PCR: allele-specific amplification of G6PC exon 5

Allele-specific amplification of G6PC exon 5 by real-time mCOP-PCR was performed using the
LightCycler® 96 system (Roche Applied Science, Mannheim, Germany). The PCR product from the first
reaction was diluted 100-fold, and then 2 pL was added to a final reaction mixture of 50 pL containing DNA
polymerase, FastStart Tag (Roche Diagnostics, Mannheim, Germany), and EvaGreen® Dye (Biotium, Hayward,
CA, USA). The primer set for c.648G detection consisted of Int4 forward primer and COP-G
(5'-CTGAACAGGAAG-3') reverse primer; the primer set for ¢.648T detection consisted of Int4-forward primer
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and COP-T (5'-CTGAAAAGGAAGA-3’) reverse primer. The wild-type and mutant allele detection were done
in separate tubes.

The PCR conditions for both detection reactions were: (1) initial denaturation at 94°C for 7 min; and (2) 15
cycles of denaturation at 94°C for 1 min, annealing at 50°C for 1 min, and extension at 72°C for 1 min. Melting
curve analysis was performed after PCR amplification, with 10 s of denaturation at 95°C, 1 min of renaturation at
65°C, and then continuous fluorescence reading from 65°C to 97°C at the rate of five data acquisitions per °C.
Post PCR analysis was done using LightCycler® 96 software version 1.1.0.1320 (Roche Applied Science,
Mannheim, Germany).

3. Nucleotide Sequencing

The first PCR products were purified using NucleoSpin® Gel and PCR Clean-up (Takara Biomedical, Tokyo,
Japan) and were submitted for sequencing. All sequencing analyses were conducted by Fasmac Co., Ltd. (Atsugi
City, Kanagawa, Japan).

4, Statistical analysis

To compare the PCR amplification efficiency between the c¢.648G-specific primer (COP-G) and the
€.648T-specific primer (COP-T), Student’s t-test was used. For these analyses, we used Microsoft Excel with the
add-in software Statcel 3 (The Publisher OMS Ltd., Tokyo, Japan). A p-value less than 0.05 was considered to
be statistically significant.

RESULTS

1. The first PCR: amplification of G6PC exon 5 using DBS

DBS samples from 50 control individuals and one GSDIla patient were analyzed. The first PCR directly
amplified DNA from one punch of the DBS using Int4-forward and Ex5-reverse primers (Figure 1A).

Both control and patient DBS samples showed a single band of 191 bp in the agarose gel electrophoresis,
because the primers targeted a common region of G6PC (Figure 1B).

We sequenced the PCR product to confirm the genotype of the samples (Figure 1C). Control DBS samples
carried the wild-type sequence of G6PC (c.648G), while the patient DBS sample carried a ¢.648G>T point
mutation.

(A) (B)

Int4-forward Exb-reverse Marker Control Patient
500
WildHype GEPC st | G | GOPCer0n5 |

Int4-forward Ex5-
nt4-forwar X5-Teverse 200

—_—
Mutant G6PC ——| | T | G6PCex0n5‘ 100

CCTTCTTCCTGTTCAGCTTTCG

o /\[\A/\A/\/\/\/\/\/M/\/V\MAA/\/\

CCTTCTTCCTTTTC CAGCTTCG

ol ol

Figure 1. Molecular genetic analysis. (A) Primer locations used in this study. Arrows indicate direction of the primer. The
location of wild-type (black letter) and mutant (red letter) nucleotides are indicated in the box. (B) Agarose gel
electrophoresis indicates a single band (191 bp) for the first PCR product. (C) G6PC exon 5 sequence electropherogram
shows the wild-type sequence (blue letter) in healthy controls and the point mutation (red letter) in the patient.

E73



YO.S. WIJAYA et al.

2. The second PCR: allele-specific amplification of G6PC exon 5

The first PCR product was used as the template DNA for the second PCR experiments using two different
primer sets, Int4-forward and COP-G, or Int4-forward and COP-T. The products of the second PCR were all 123
bp in size.

Figure 2 shows the amplification curves of the COP-G and COP-T primers. All control DBS samples showed
amplification with the COP-G primer at a lower cycle number (Figure 2A) and amplification with the COP-T
primer at a higher cycle number (Figure 2B). The mean quantification cycle (Cq) values of the control DBS
sample were 9.63 + 1.03 (mean = SD) and 14.89 + 0.28 (mean %= SD) for the COP-G and COP-T primers,
respectively (Table I). The high Cq value difference between the COP-G and COP-T primers was statistically
significant (p < 0.05), suggesting clear differentiation of the wild-type and mutant sequences (Table I).

Conversely, the patient DBS displayed the opposite result to the control DBS, with amplification with
COP-G at a higher cycle number (Figure 2A) and amplification with COP-T at a lower cycle number (Figure
2B). The mean Cq values for the patient DBS were 14.46 (assay 1, 13.83; assay 2, 15.08) and 10.04 (assay 1,
8.97; assay 2, 11.1) for the COP-G and COP-T primers, respectively (Table I).

Here, we determined a Cq value > 13 as the cut-off point for a negative result in both the COP-G and COP-T
amplifications. Thus, we concluded that we detected a positive COP-T amplification in the patient DBS sample,
but not in any of the 50 control DBS samples. Similarly, we detected COP-G amplification in the 50 control
DBS samples, but not in the patient DBS sample.

Our method with allele-specific amplification can detect heterozygous carriers as well. A heterozygous
carrier will be detected when the sample showed significant amplification with COP-G and COP-T primers,
because it means the presence of both wild-type sequence (c.648G) and mutant sequence (c.648T). To test this,
we created a carrier model sample by mixing DBS pieces from a control with only ¢.648G and a patient with
only c.648T. As expected, the carrier model was amplified with both COP-G and COP-T primers.
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Figure 2. The real-time mCOP-PCR detection of the wild-type allele with COP-G (A) and mutant allele with COP-T (B).
The annealing sites of the COP-G (black) and COP-T (red) primers are indicated. The COP-G amplified the target fragment
in the controls, but not in the patient (x symbol), while the COP-T amplified the target fragment in the patient, but not in the
controls (x symbol). The horizontal axis indicates the quantification cycle (Cq) value and the vertical axis indicates the
fluorescence amplitude.

Table 1. Cq values of real-time mCOP-PCR analysis

COP-G COP-T p
Control (n=50) 9.63+1.03 14.89 £ 0.28 <0.01
mean + SD
Patient (n=1) 14.46 10.04
(Results of Two assays) (13.83, 15.08) (8.97,11.1)

Student’s t-test with significant difference of p < 0.05.
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DISCUSSION

1. GSD diagnosis based on mutation detection

Accurate diagnosis is an important factor for proper treatment of a metabolic disease such as GSDla.
However, it remains challenging, because there are many GSD subtypes that share similar clinical presentations,
such as hepatomegaly, hypoglycemia, and hyperlipidemia [16]. The gold standard for GSDIla diagnosis still
relies on an invasive procedure, requiring an evaluation of liver enzyme deficiency and pathological findings on
liver biopsy [16,17].

Even so, invasive diagnostic procedures are being replaced by mutation detection in the GSD-causing genes.
Such mutation detection is directly linked to the diagnosis of GSD subtypes. Various methods for mutation
detection have been developed, ranging from simple conventional methods to more advanced methods. Each
method has advantages and disadvantages.

For instance, single-strand conformation polymorphism (SSCP) combined with heteroduplex analysis is a
simple method to screen for any unknown mutation [18]. However, the sensitivity is low and some mutations
may not be detected [19]. Another method, denaturing gradient gel electrophoresis (DGGE), has been developed
to identify any unknown mutation in GSD patients from a single nucleotide change, but it may be laborious
[19,20]. Alternatively, restriction fragment length polymorphism PCR (RFLP-PCR) is another example of a
simple method to accurately detect known mutations in GSDIa patients, but this requires a large amount of DNA
and is time-consuming [21]. Lastly, a more advanced method, allele-specific PCR combined with fluorescent
probes using real-time PCR apparatus, is being used to screen for known mutations [22,23]. Allele-specific
amplification to detect the ¢.648G>T point mutation in G6PC is favorable for the GSDIa screening system in the
Japanese population. Allele-specific amplification is rapid, reliable, and considered a high-throughput method.
However, fluorescent probes are not always inexpensive.

2. GSDla Screening system using DBS on filter paper

In this study, we established a GSDIla screening system using DBS on filter paper. Our system had four
features: easy handling of DBS on filter paper, no procedures of DNA extraction, robustness of nested PCR,
highly specific amplification of mCOP-PCR, and economical efficiency of the total system.

Genetic analysis for disease diagnosis usually requires a relatively large amount of DNA extracted from fresh
whole blood. Here, we used DBS on filter paper, which meant a very small amount of non-fresh DNA. Genetic
analysis using DBS also offers many other advantageous aspects for clinical practice. The patients (or caregivers
of the newborn patients) can collect blood samples by finger-prick (or heel-prick for newborn patients) and
easily ship the DBS under ambient temperature from remote areas to the analysis center. A DBS is easy to
handle and is stable for a long storage period. Some types of filter paper (FTA Elute card) can also deactivate
pathogenic microorganisms, making the handling of blood less hazardous [24].

For our PCR assay, the DNA extraction procedures were to be skipped, because DNA polymerase KOD FX
Neo was able to amplify crude DNA samples. We put a punched circle of DBS to the reaction mixture and
directly amplified a common region of G6PC in the first round, being followed by allele-specific amplification
with mCOP-PCR in the second round. Nested PCR, which was consisted of the first and second round
amplification, gives our system robustness; it helps to overcome the low quantity and quality of the DNA
template within the DBS [13]. In addition, nested PCR also enhances the sensitivity and specificity of real-time
PCR-based detection [25].

To detect a point mutation, we adopted the mCOP-PCR technology in the second round of the nested PCR.
The mCOP-PCR technology is also based on the principle of allele-specific amplification, where the short
primer contains a specific nucleotide in the middle of the primer that binds only to the target allele [26]. This
technology has been used extensively to differentiate SMN1 exon 7 from SMN2 exon 7 in SMA screening from
DBS [13,14]. This proved that allele-specific amplification using mCOP-PCR may reduce the cost but maintain
comparable results to fluorescence probe-based PCR method. Therefore, we adopted this method to detect a
point mutation in G6PC of GSDla patients.

3. Necessity of neonatal screening for GSDla

Gene replacement therapies are being developed for inborn errors of metabolism, including GSDIa, and are
showing promising results in maintaining blood glucose levels and preventing late complications, including the
development of hepatocellular carcinoma/adenoma [11,27-29]. In fact, a phase /1l clinical trial and long-term
study are currently underway for treatment of GSDIla (NCT03517085, NCT03970278) with adeno-associated
virus serotype 8-mediated G6PC gene transfer (AAV8G6PC) to evaluate dose-finding and safety in adult GSDla
patients. Although no results have yet been reported, we anticipate a promising result that would justify a
screening system.
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In gene replacement therapy, the introduced viral vector or target gene may produce “non-self”’ proteins in
the patients. To avoid a host-side immune response to these proteins, it is desirable that gene replacement
therapy be performed in early infancy (the neonatal period) when immune tolerance is induced [30,31].

In addition, the neutralizing antibody titer against the virus from which the viral vector is derived increases
with age [32]. Neutralizing antibodies to the virus can determine the success or failure of gene replacement
therapy [33]. Thus, gene replacement therapy should be done early in infancy.

Early diagnosis and early treatment of the disease are necessary, both to avoid the side effects (particularly
immune disorders) of gene replacement therapy for inborn errors of metabolism, and to maximize the therapeutic
effect. Considering the ongoing clinical trials, we believe that gene replacement therapy for the treatment of
GSDla will be available in the near future, and that implementation of our DBS screening method will therefore
be significant for successful treatment.

4. Conclusion

To our knowledge there has been limited use of DBS for GSDIa screening, although DBS screening for GSD
type 1l or Pompe disease has been extensively performed [reviewed in Sawada 2020] [34]. There is growing
research into GSDIa treatments, including gene therapy, which shows a better outcome when administered at an
early stage [11,12]. This supports the importance of a screening system for GSDIa. Considering the advantages
of DBS and robustness of mCOP-PCR, this study provides alternative options for GSDIa screening in the
Japanese population.

However, this method only covers GSDla patients who carry a ¢.648G>T mutation. Although GSDla is a
pan-ethnic disease, unique G6PC mutations have been identified in specific ethnic groups [16], making
allele-specific amplification-based detections only applicable for particular populations.

ACKNOWLEDGEMENTS

We are indebted to all the individuals who participated in this study. Our sincere gratitude goes to Chiyo
Hayashi for maintaining the DBS database. We thank Catherine Perfect, MA (Cantab), from Edanz
(https://jp.edanz.com/ac), for editing a draft of this manuscript.

CONFLICT OF INTEREST STATEMENTS
The authors declare no competing interests.

FUNDING SOURCES

This research was supported by the Ministry of Education, Culture, Sports, Science and Technology, Japan,
Grant No. 20K08197.

REFERENCES

1. Cori, G.T., and Cori, C.F. 1952. Glucose-6-phosphatase of the liver in glycogen storage disease. J Biol
Chem 199(2): 661-667.

2. Ekstein, J., Rubin, B.Y., Anderson, S.L., Weinstein, D.A., Bach, G., Abeliovich, D., Webb, M., and
Risch, N. 2004. Mutation frequencies for glycogen storage disease la in the Ashkenazi Jewish
population. Am J Med Genet A 129A (2): 162-164.

3. Lei, K.J., Pan, C.J., Shelly, L.L., Liu, J.L., and Chou, J.Y. 1994. Identification of mutations in the gene
for glucose-6-phosphatase, the enzyme deficient in glycogen storage disease type la. J Clin Invest 93(5):
1994-1999.

4. Lam, C.W., But, W.M., Shek, C.C., Tong, S.F., Chan, Y.S., Choy, K.W., Tse, W.Y., Pang, C.P, and
Hjelm, N.M. 1998. Glucose-6-phosphatase gene (727G-->T) splicing mutation is prevalent in Hong Kong
Chinese patients with glycogen storage disease type la. Clin Genet 53: 184-90.

5. Akanuma, J., Nishigaki, T., Fujii, K., Matsubara, Y., Inui, K., Takahashi, K., Kure, S., Suzuki, Y.,
Ohura, T., Miyabayashi, S., Ogawa, E., linuma, K., Okada, S., and Narisawa, K. 2000. Glycogen
storage disease type la: molecular diagnosis of 51 Japanese patients and characterization of splicing
mutations by analysis of ectopically transcribed mRNA from lymphoblastoid cells. Am J Med Genet 91(2):
107-112.

6. Kim, Y.M., Choi, J.H., Lee, B.H., Kim, G.H., Kim, K.M., and Yoo, H.W. 2020. Predominance of the
¢.648G > T G6PC gene mutation and late complications in Korean patients with glycogen storage disease
type la. Orphanet J Rare Dis 15: 1-8.

7. Kishnani, P.S., Austin, S.L., Abdenur, J.E., Arn, P., Bali, D.S., Boney, A., Chung, W.K., Dagli, A.L.,
Dale, D., Koeberl, D., Somers, M.J., Wechsler, S.B., Weinstein, D.A., Wolfsdorf, J.I., Watson, M.S.,

E76



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25,

GSDIA SCREENING USING DBS

American College of Medical Genetics and Genomics. 2014. Diagnosis and management of glycogen
storage disease type I: A practice guideline of the American College of Medical Genetics and Genomics.
Genet Med 16: 1-29.

Kudo, M. 2001. Hepatocellular adenoma in type Ia glycogen storage disease. J Gastroenterol 36: 65—66.
Rake, J.P., Visser, G., Labrune, P., Leonard, J.V., Ullrich, K., and Smit, G.P. 2002. Glycogen storage
disease type I: diagnosis, management, clinical course and outcome. Results of the European Study on
Glycogen Storage Disease Type I (ESGSD I). Eur J Pediatr 161: S20-34.

Humbert, M., Labrune, P., and Simonneau, G. 2002. Severe pulmonary arterial hypertension in type 1
glycogen storage disease. Eur J Pediatr 161: S93-96.

Lee, Y.M., Jun, H.S., Pan, C.J., Lin, S.R., Wilson, L.H., Mansfield, B.C., and Chou, J.Y. 2012.
Prevention of Hepatocellular Adenoma and Correction of Metabolic Abnormalities in Murine Glycogen
Storage Disease Type la by Gene Therapy. Hepatology 56: 1719-1729.

Kim, G.Y., Lee, Y.M., Kwon, J.H., Cho, J.H., Pan, C.J., Starost, M.F., Mansfield, B.C., and Chou, J.Y.
2017. Glycogen storage disease type Ia mice with less than 2% of normal hepatic glucose-6-phosphatase-a
activity restored are at risk of developing hepatic tumors. Mol Genet Metab 120: 229-234.

Ar Rochmah M., Harahap, N.L.F., Niba, E.T.E., Nakanishi, K., Awano, H., Morioka, 1., lijima, K.,
Saito, T., Saito, K., Lai, P.S., Takeshima, Y., Takeuchi, A., Bouike, Y., Okamoto, M., Nishio, H., and
Shinohara, M. 2017. Genetic screening of spinal muscular atrophy using a real-time modified COP-PCR
technique with dried blood-spot DNA. Brain Dev 39: 774-782.

Shinohara, M., Niba, E.T.E., Wijaya, Y.O.S., Takayama, 1., Mitsuishi, C., Kumasaka, S., Kondo, Y.,
Takatera, A., Hokuto, 1., Morioka, 1., Ogiwara, K., Tobita, K., Takeuchi, A., Nishio, H., SMA-NBS
PILOT STUDY GROUP. 2019. A Novel System for Spinal Muscular Atrophy Screening in Newborns:
Japanese Pilot Study. Int J Neonatal Screen S: 1-13.

Kajihara, S., Matsuhashi, S., Yamamoto, K., Kido, K., Tsuji, K., Tanae, A., Fujiyama, S., Itoh, T.,
Tanigawa, K., and Uchida, M. 1995. Exon Redefinition by a Point Mutation within Exon 5 of the
Glucose-6-Phosphatase Gene Is the Major Cause of Glycogen Storage Disease Type I a in Japan. Am J
Hum Genet 57: 549-555.

Beyzaei Z, and Geramizadeh B. 2019. Molecular diagnosis of glycogen storage disease type I: a review.
EXCLI J 18: 30-46.

Matern, D., Seydewitz, H.H., Bali, D., Lang, C., and Chen, Y.T. 2002. Glycogen storage disease type I:
diagnosis and phenotype/genotype correlation. Eur J Pediatr 161: S10-19.

Veiga-da-Cunha, M., Gerin, 1., Chen, Y.T., Lee, P.J., Leonard, J.V., Maire, 1., Wendel, U., Vikkula, M.,
and Van Schaftingen, E. 1999. The putative glucose 6-phosphate translocase gene is mutated in essentially
all cases of glycogen storage disease type I non-a. Eur ] Hum Genet 7: 717-723.

Kakavas, V.K., Plageras, P., Vlachos, T.A., Papaioannou, A., and Noulas, V.A. 2008. PCR-SSCP: A
Method for the Molecular Analysis of Genetic Diseases. Mol Biotechnol 38: 155-163.

Kozak, L., Francova, H., Hrabincova, E., Stastna, S., Peskova, K., and Elleder, M. 2000. Identification
of Mutations in the Glucose-6- Phosphatase Gene in Czech and Slovak Patients with Glycogen Storage
Disease Type Ia, Including Novel Mutations K76N, V166A and 540del5. Hum Mutat 16

Barkaoui, E., Cherif, W., Tebib, N., Charfeddine, C., Ben Rhouma, F., Azzouz, H., Ben Chehida, A.,
Monastiri, K., Chemli, J., Amri, F., Ben Turkia, H., Abdelmoula, M. S., Kaabachi, N., Abdelhak, S.,
and Ben Dridi, M.F. 2007. Mutation spectrum of glycogen storage disease type la in Tunisia: implication
for molecular diagnosis. J Inherit Metab Dis 30: 989.

Fujii, K., Matsubara, Y., Akanuma, J., Takahashi, K., Kure, S., Suzuki, Y., Imaizumi, M., linuma, K.,
Sakatsume, O., Rinaldo, P., and Narisawa, K. 2000. Mutation Detection by TagMan-Allele Specific
Amplification: Application to Molecular Diagnosis of Glycogen Storage Disease Type la and Medium-
Chain Acyl-CoA Dehydrogenase Deficiency. Hum Mutat 15: 189-196.

Kojima, K., Kure, S., Kamada, F., Hao, K., Ichinohe, A., Sato, K., Aoki, Y., Yoichi, S., Kubota, M.,
Horikawa, R., Utsumi, A., Miura, M., Ogawa, S., Kanazawa, M., Kohno, Y., Inokuchi, M., Hasegawa,
T., Narisawa, K., and Matsubara, Y. 2004. Genetic testing of glycogen storage disease type Ib in Japan:
Five novel G6PT1 mutations and a rapid detection method for a prevalent mutation W118R. Mol Genet
Metab 81: 343-346.

Cardona-Ospina, J.A., Villalba-Miranda, M.F., Palechor-Ocampo, L.A., Mancilla, L.I., and
Sepilveda-Arias, J.C. 2019. A systematic review of FTA cards® as a tool for viral RNA preservation in
fieldwork: Are they safe and effective. Prev Vet Med 172: 1-11.

Tran, T.M., Aghili, A., Li, S., Ongoiba, A., Kayentao, K., Doumbo, S., Traore, B., and Crompton, P.D.
2014. A nested real-time PCR assay for the quantification of Plasmodium falciparum DNA extracted from
dried blood spots. Malar J 13: 1-8.

E77



26.

27.

28.

29.

30.

31.

32.

33.

34.

E78

YO.S. WIJAYA et al.

Gibbs, R.A., Nguyen, P.N., and Caskey, C.T. 1989. Detection of single DNA base differences by
competitive oligonucleotide priming. Nucleic Acid Res 17: 2437-2448.

Koeberl, D.D., Pinto, C., Sun, B., Li, S., Kozink, D.M., Benjamin, D.K., Jr, Demaster, A.K., Kruse,
M.A., Vaughn, V., Hillman, S., Bird, A., Jackson, M., Brown, T., Kishnani, P.S., and Chen, Y.T. 2008.
AAV vector-mediated reversal of hypoglycemia in canine and murine glycogen storage disease type la. Mol
Ther 16: 665-672.

Kang, H.R., Waskowicz, L., Seifts, A.M., Landau, D.J., Young, S.P., and Koeberl, D.D. 2019.
Bezafibrate Enhances AAV Vector-Mediated Genome Editing in Glycogen Storage Disease Type la. Mol
Ther - Methods Clin Dev 13: 265-273.

Zhang, L., Lee, C., Arnaoutova, 1., Anduaga, J., Starost, M.F., Mansfield, B. C., and Chou, J.Y. 2020.
Gene therapy using a novel G6PC-S298C variant enhances the long-term efficacy for treating glycogen
storage disease type la. Biochem Biophys Res Commun 527(3): 824-830.

Hinderer, C., Bell, P., Louboutin, J.P., Zhu, Y., Yu, H., Lin, G., Choa, R., Gurda, B.L., Bagel, J.,
O'Donnell, P., Sikora, T., Ruane, T., Wang, P., Tarantal, A.F., Casal, M.L., Haskins, M.E., and Wilson,
J.M. 2015. Neonatal Systemic AAV Induces Tolerance to CNS Gene Therapy in MPS i Dogs and
Nonhuman Primates. Mol Ther 23: 1298-1307.

Miyake, K., Miyake, N., and Shimada, T. 2018. Neonatal Gene Therapy for Inherited Disorders. Intech,
191-199.

Li, C., Narkbunnam, N., Samulski, R. J., Asokan, A., Hu, G., Jacobson, L.J., Manco-Johnson, M.J.,
Monahan, P.E., Joint Outcome Study Investigators. 2012. Neutralizing antibodies against
adeno-associated virus examined prospectively in pediatric patients with hemophilia. Gene Ther 19: 288—
294.

Lotfinia, M., Abdollahpour-Alitappeh, M., Hatami, B., Zali, M.R., and Karimipoor, M. 2019.
Adeno-associated virus as a gene therapy vector: strategies to neutralize the neutralizing antibodies. Clin
Exp Med 19: 289-298

Sawada, T., Kido, J., and Nakamura, K. 2020. Newborn Screening for Pompe Disease. Int J Neonatal
Screen 6: 1-16.



