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Abstract. Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an X-linked recessive hemolytic ane-
mia caused by a mutation in the G6PD gene on Xq28. Herein, we describe a Korean boy with G6PD defi-
ciency resulting from a novel mutation in G6PD. A 20-month-old boy with hemolytic anemia was referred
for molecular diagnosis. He had no relevant family history. The G6PD activity was severely decreased at 0.2
U/g Hb (severe deficiency). Direct sequencing analyses on the G6PD gene revealed that he was hemizygous
for a novel missense variant, c.1187C>G (p.Pro396Arg), in exon 10 of G6PD. Family study involving his
parents revealed the de novo occurrence of the mutation. This is the first report of genetically confirmed
G6PD deficiency in Korea.
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Introduction

Glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency is the most common human enzyme defect,
affecting more than 400 million people worldwide
[1]. G6PD is the first enzyme in the pentose phos-
phate pathway and provides an intracellular reduc-
ing source in the form of nicotinamide adenine
dinucleotide phosphate (NADPH) [1]. Since
G6PD is the only NADPH-producing enzyme in
red blood cells, defense against oxidative damage is
strongly dependent on its activity [2]. G6PD defi-
ciency is an X-linked, hereditary genetic defect aris-
ing from mutations in the G6PD gene [1]. It is es-
timated that 7.5% of the global population carries
one or two G6PD mutant alleles, with 2.9% being
deficient for this enzyme [3]. In G6PD deficiency,
the NADPH concentrations cannot be maintained.
Oxidative damage then occurs, leading to an ab-
normal rupture of the cell wall with hemolytic ane-
mia. Although affected individuals with G6PD

deficiency are usually asymptomatic, this defect
may cause neonatal jaundice as well as mild hemo-
lytic anemia to chronic non-spherocytic hemolytic
anemia triggered by infections, specific foods, or
drugs [2]. Detecting G6PD-deficient individuals is
important so that they may avoid trigger factors for
hemolytic anemia and use a substitute medication
when necessary.

It is documented that G6PD deficiency is highly
prevalent in malaria-endemic countries, such as
Africa, the Middle East, South Asia, and the
Mediterranean region, conferring resistance against
malaria [1]. To the best of our knowledge, no case
of G6PD deficiency has been confirmed by molec-
ular genetic analysis in Korea. Herein, we report
the first genetically confirmed case of G6PD defi-
ciency in Korea from a novel de novo mutation.

Case report

The patient was a 20-month-old boy with a clinical his-
tory of chronic hemolysis and several episodes of acute
exacerbation. He is the first child born to a non-consan-
guineous marriage. There was no history of hematologi-
cal disorders in his family. At birth, he suffered from
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severe neonatal jaundice and
was treated with phototherapy.
At the age of two months, he
presented with anemia (hemo-
globin level of 7.7 g/dL).
Peripheral blood smear showed
normochromic normocytic
anemia, many nucleated RBCs,
and polychromasia. Both direct
and indirect antiglobulin tests
were negative. After receiving
transfusion, his condition im-
proved; however, intermittent
hemolytic crisis occurred con-
comitant with infection during
follow-up. At the time of mo-
lecular genetic investigation,
his hemoglobin level was 10.2
g/dL with a reticulocyte count
of 15.6%. On physical examination, his height and
weight were below the 10th percentile for age, possibly
due to chronic anemia. There was no hepatosplenomeg-
aly. The G6PD enzyme level in the red blood cells of the
patient was significantly decreased at 0.2 U/g Hb (refer-
ence range of 7.9-16.3 U/g Hb), which was confirmed
by repeated tests.

After written informed consent was given, the molecular
genetic test was performed by direct sequencing of the
G6PD gene to confirm G6PD deficiency. Genomic
DNA was extracted from peripheral blood leukocytes.
PCR and direct sequencing were performed by amplify-
ing all coding exons and their flanking intronic regions
of G6PD using primer pairs developed by the authors
(available upon request) on the ABI Prism 3730xl
Genetic Analyzer (Applied Biosystems, Foster City,
California, USA) using the BigDye Terminator Cycle
Sequencing Ready Reaction kit (Applied Biosystems).
The sequence chromatograms obtained were compared
withthereferencesequenceofG6PD,NM_001042351.1.
Identified variants were described following the recom-
mendations of the Human Genome Variation Society
(http://www.hgvs.org/mutnomen/). The patient was
found to be hemizygous for a missense variant of G6PD
(c.1187C>G; p.Pro396Arg) in exon 10. According to a
review of the literature and mutation database, the vari-
ant has not been described previously. The p.Pro396Arg
variant was absent in the single nucleotide polymor-
phism (SNP) database (dbSNP, http://www.ncbi.nlm.
nih.gov/snp/) and Exome Sequencing Project database
(http://evs.gs.washington.edu/EVS/). Bioinformatic
analyses revealed that the affected residue, Pro396, is
perfectly conserved from zebrafish to human (data not
shown) and predicted Pro396Arg to be deleterious by

Sorting Intolerant From Tolerant (SIFT, http://sift.bii.a-
star.edu.sg/index.html) and Polymorphism Phenotyping
v2 (PolyPhen-2, http://genetics.bwh.harvard.edu/pph2.
Population screening revealed that the variant was not
detected on screening of 100 control chromosomes.
Thus, we concluded that the variant was the causative
mutation in the patient. Family study was performed by
involving the parents of the proband; neither of his par-
ents carried the mutation (Figure 1). The p.Pro396Arg
is therefore a de novo mutation.

Discussion

In this report, we described a Korean boy who suf-
fered from hemolytic anemia caused by a novel de
novo mutation in the G6PD gene. The transversion
mutation in exon 10 replaced the Pro396 residue
with Arginine (c.1187C>G; p.Pro396Arg). The
G6PD gene is located on the chromosome band
Xq28 and consists of 13 exons spanning nearly 20
kb. To date, more than 180 different variants have
been reported to be associated with G6PD deficien-
cy [4]. Many variants of G6PD (mostly missense
mutations) are spread throughout the entire coding
region of the gene [4]. A wide range of enzyme ac-
tivity levels and associated clinical symptoms have
been described [4]. Several Korean cases of G6PD
deficiency have been reported but lack molecular
confirmation [5,6].

As for the genotype-phenotype correlations, the
World Health Organization (WHO) has catego-
rized G6PD mutations into five classes based on the

Figure 1. Sequencing analysis of the G6PD gene. The patient was hemizygous
for a novel missense mutation (c.1187C>G, p.Pro396Arg; arrow) of G6PD gene.
Neither of the patients had the mutation.
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residual enzymatic activity and clinical manifesta-
tions [3], with Class I encompassing the severely
deficient cases with chronic non-spherocytic hemo-
lytic anemia, as in our patient. Of note, the muta-
tions that cause the severe phenotype (Class I) are
most frequent in exon 10 (amino acids 351-429,
close to the dimer interface region) [4]. The inter-
face subunit affects important interactions includ-
ing hydrophobic and charge-to-charge or salt
bridges [1]. Therefore, mutations located in this
region have a significantly deleterious effect on the
enzyme activity by reducing its stability, leading to
a severe phenotype [1]. Pro396 in the region, mu-
tated in our patient, is a completely conserved resi-
due across species. A couple of mutations affecting
the Pro396 residue but with a different amino acid
changes, p.Pro396Ala and p.Pro396Leu, have been
previously described in two families of Indian and
Italian ethnic origins [7,8]. All affected individuals
of the families had chronic non-spherocytic hemo-
lytic anemia with very low (<1% of the normal
value) enzyme activity, as in our patient.

The genotype analyses targeting Pro396 in the par-
ents demonstrated that the mutation occurred de
novo in the patient. A review of the literature
showed a limited number of reports of de novo oc-
currence of G6PD deficiency [9-11]. A family
study including parents is important to deliver ac-
curate information in genetic counseling.

In conclusion, we identified a novel missense muta-
tion (c.1187C>G; p.Pro396Arg) of the G6PD gene
that causes a severe phenotype of disease. To the

best of our knowledge, this is the first genetically con-
firmed case of G6PD deficiency in the Korean
population.
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