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Abstract
G6PD deficiency is an important cause of hemolytic anemia worldwide. Severely affected patients
have chronic hemolysis with exacerbations following oxidative stress. Mutations causing severe
chronic non-spherocytic hemolytic anemia commonly cluster in Exon 10, a region important for
protein dimerization. An African-American male presented at age two weeks with pallor and
jaundice, and was found to have hemolytic anemia with G6PD deficiency. His severe clinical
course was inconsistent with the expected G6PD A- variant. DNA sequencing revealed two
common mutations (A-) and a third novel Exon 10 mutation. This inherited haplotype represents a
novel triple G6PD coding mutation causing chronic hemolysis.
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Introduction
The glucose-6-phosphate dehydrogenase (G6PD) enzyme is critically important for
protecting erythrocytes from oxidative stress and intravascular hemolysis.1 G6PD
deficiency is the most common erythrocyte enzymopathy, affecting over 400 million people
worldwide.2 G6PD variants are divided into five classes according to severity; the degree of
hemolysis is inversely related to residual enzymatic function.2,3,4

Mutations of the X-linked G6PD gene have been identified in >190 different nucleotides,
resulting in hundreds of biochemical and genetic variants.2 Over 60 mutations are described
as Class I variants, which comprise the most severe form of G6PD deficiency and lead to
chronic non-spherocytic hemolytic anemia (CNSHA).4 CNSHA is characterized by chronic
hemolytic anemia with intermittent exacerbations of acute intravascular hemolysis after
exposure to oxidant stress, and typically occurs with enzyme activity <10% of normal.
Rarely, a severe Class I variant will also result in a low G6PD level in circulating
neutrophils.3 Due to the short lifespan of these cells and their ability to generate new
enzyme, a low G6PD level in neutrophils is especially significant. Class II variants typically
have <10% residual enzyme activity, but CNSHA is not present. Class III and IV variants
(10–60% and 60–150% activity, respectively) result in milder phenotypes with hemolysis
only after extreme oxidative stress.5,6 While mutations leading to G6PD deficiency occur
throughout the entire coding region of the G6PD gene, most known mutations leading to
CNSHA are clustered in Exon 10 that encodes the presumptive dimerization site, although a
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few such mutations have been described in Exons 7 and 8.7,8,9,10 CNSHA can occur with
as much as 35% residual enzyme activity, therefore the mutation location may be the most
consistent feature among Class I variants.11

Approximately 10 percent of African-American males are affected with the Class III variant
G6PD A-,11 known to be a clinically mild form of G6PD deficiency that does not cause
chronic hemolysis. Enzyme activity levels of approximately 10% in erythrocytes and 100%
in neutrophils have been reported.3 We describe an African-American male infant who
presented at two weeks of age with pallor, jaundice, and non-spherocytic hemolytic anemia
and was found to have a low G6PD level. The patient had a subsequent severe clinical
course with recurrent episodes of symptomatic anemia and chronic hemolysis, and a low
G6PD level in both erythrocytes and granulocytes, indicating a severe phenotype
inconsistent with the expected G6PD A- variant. DNA sequencing revealed an inherited
novel third mutation in Exon 10, presumably explaining his severe clinical course and
CNSHA. This is the first known description of a triple coding mutation in G6PD deficiency.

Case Report
A first born African-American male infant born at term to healthy parents was evaluated at
age two weeks for pallor and jaundice. No splenomegaly was present on physical
examination. Laboratory investigation revealed severe anemia with a hemoglobin
concentration of 5.0 g/dL with 47% reticulocytes. His birth history was unremarkable. Both
mother and baby were blood group and type O negative and the infant had a negative DAT.
No spherocytes were identified on peripheral blood smear review. The infant received one
packed red blood cell transfusion and subsequent blood counts over the next several months
documented hemoglobin levels between 7 and 10 g/dL with elevated absolute reticulocyte
counts (ARC) ranging from 280–645 × 109/L.

At age 7 months, the patient developed upper respiratory symptoms, pallor, and icterus and
was hospitalized with severe anemia. No splenomegaly or other physical examination
abnormality was identified. His hemoglobin concentration was 5.2 g/dL with serum bilirubin
elevated at 5.5 mg/dL, and the DAT was negative. The G6PD enzyme level was markedly
reduced at 0.5 units/gram hemoglobin (normal 4.6–13.5). He was discharged without
transfusion in stable condition, with a presumed diagnosis of G6PD A- and unknown
oxidative triggering event. Evaluation one month later revealed ongoing hemolytic anemia
with a hemoglobin concentration of 10.7 g/dL and ARC of 282 × 109/L. During the first
year of life, he had continued chronic hemolytic anemia with reticulocytosis, unlike the
clinically mild course expected with G6PD A-. The child is now 3 years old with baseline
hemoglobin concentration of 10–11 g/dL, ARC of 200–300 × 109/L, and total bilirubin of
1.5–2.0 mg/dL. Repeat G6PD enzyme level remains very low at ~1 unit/gram hemoglobin.

Materials/Methods
G6PD DNA sequencing

Exons 2–13 containing all coding regions of the G6PD gene were amplified. Primer
sequences are included in a Supplemental Appendix. All 50uL PCR reactions were
performed using a Biometra-T Gradient DNA Thermocycler with 50 ng genomic DNA, 2
µM primers, Qiagen HotStar Taq polymerase with 5x Q solution, 10x PCR buffer with
MgCl2, and 2 U Taq DNA polymerase. PCR reactions were initially heated for 15 minutes at
95 C°. PCR was performed in the touch-down manner with 66 C° starting annealing
temperature. Temperature was reduced by 1 C° each cycle until 57 C°. After ten cycles, the
PCR profile was completed with 30 cycles of 30 seconds at 95 C°, 30 seconds at 58 C°
(Exons 6–8 at 65 C°), 45 seconds at 72 C°, then 5 minutes at 72 C. Amplicons were
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analyzed by 2.5% agarose electrophoresis before sequencing using BigDye terminator
chemistry (Applied Biosystems, Foster City CA) at the St. Jude DNA sequencing facility.

G6PD activity
Venous blood from the patient was collected in EDTA and centrifuged in lymphocyte
separation media. Peripheral blood mononuclear cells were removed after separation and
placed in genomic DNA lysing solution. Peripheral blood neutrophils were purified using
dextran agglutination as described.12 G6PD assays were performed using quantitative
ultraviolet kinetic determination with commercial reagents (Trinity Biotech, St. Louis MO).

Results and Discussion
DNA analysis revealed three distinct G6PD coding mutations in this patient (Figure 2). Two
previously described mutations were identified: A11978G (N126D) in Exon 5 leading to the
common A isoform, and G11253A (V68M) in Exon 4, one of three known mutations
leading to the A- variant.13,14,15 A novel third mutation was identified in Exon 10,
C14665G, changing leucine to valine at codon 422. This new L422V mutation localizes
within the domain involved in G6PD protein dimer formation5 near the NADP+ binding
cleft.16 Other nearby G6PD mutations such as Japan (G410N), Atlanta (Y428Stop) and
Anaheim (R393H) are also severe Class 1 variants.8,10,13,17 Current evidence suggests the
severity of the Class 1 variants results from enzyme instability due to ineffective protein
dimerization.4,5,18 The L422V mutation would be presumed, therefore, to have a
deleterious effect on G6PD enzyme function. This novel mutation helps explain the CNSHA
and reduced enzyme activity in erythrocytes and neutrophils found in our patient. The
mother was heterozygous for all three coding mutations, indicating germline transmission of
the abnormal haplotype.

There are significant implications to our findings. First, this case illustrates that G6PD
screening is typically semi-quantitative and not reliable for distinguishing mild from severe
variants. It is critical to follow a patient’s clinical course to determine if hemolysis is present
necessitating further evaluation. Second, not all African-American males with G6PD
deficiency will necessarily have the mild A- variant.19,20 Despite initial DNA sequencing
indicating the presence of two common mutations that lead to the A- variant, we performed
complete DNA sequencing because the infant’s clinical course suggested a severe enzyme
deficiency. In areas where G6PD deficiency occurs with routine DNA-based newborn
screening, 21 this case supports the need for careful clinical correlation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
G6PD level in the RBC (left) and neutrophis (right) of the patient compared to a normal
adult control.
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Figure 2.
A. Four primer sets allowed sequencing of all coding exons of the G6PD gene. B. The
mRNA and protein length are indicated, and the locations of the described mutations within
the protein are highlighted. C. Electropherograms illustrate the 3 distinct coding mutations
identified in an African-American male with congenital non-spherocytic hemolytic anemia.

McDade et al. Page 6

Pediatr Blood Cancer. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


