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Chronic granulomatous disease (CGD) is a rare immunodeficiency disease, which is characterized by the lack of a functional nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase in phagocytes. The disease presents leukocytosis, anemia, hypergammaglobulinemia, and granuloma for-
mation of the skin, lung, or lymph nodes. The mutation of the CYBB gene encoding gp91phox, located on chromosome Xp21.1 is one of the causes
of CGD. We report a patient with X-linked CGD who carried a novel mutation, a ¢.1133A> G (paAsp378Gly) missense mutation, in the CYBB gene.
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INTRODUCTION

Chronic granulomatous disease (CGD) is a rare genetic dis-
ease with a prevalence of 1/200,000-250,000 characterized by
recurrent life-threatening bacterial or fungal infection and
granuloma formation." The pathophysiology of CGD is the in-
activation or a defect of the nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase (phox) complex and a failure of
production of superoxide anions. These genetic defects lead to
the inability of phagocytes to destroy certain microbes, and
present leukocytosis, anemia, hypergammaglobulinemia, and
granuloma formation of the skin, lung, or lymph nodes.?

NADPH oxidase can produce hydrogen peroxide and super-
oxide which are needed in the bactericidal action of phagocytes.*
NADPH oxidase is composed of 2 plasma membrane subunits,
gp91-phox and p22-phox, which comprise the cytochrome b558
complex.*® P47-phox, p67-phox, p40-phox and rac-2 are also
important cytosolic oxidase components.”®* NADPH oxidase
has been identified with a variety of molecular mutations, and
two thirds of these mutations are X-linked forms located in the
CYBB gene (encoding gp91-phox) on chromosome Xp21.1. Some
patients of CGD have an autosomal recessive trait, showing de-
fects of other enzymes involved in the formation of peroxide
compounds. The prevalence rates of CGD are almost similar
across ethnic and racial groups, with about one-third of X-linked
mutations occurring de novo.®
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We describe here a patient with X-linked CGD who carried a
novel mutation, a c.1133A>G (p.Asp378Gly) missense mutation
in the CYBB gene.

CASE REPORT

A 3-year-old boy was transferred to our hospital due to recur-
rent and persistent pneumonia. He was born at 41 weeks of
gestation without perinatal problems. His birth weight was 3.4
kg. His parents were not consanguineous, and did not have any
medical history. He had been vaccinated as scheduled. He had
a history of 3 hospitalizations because of viral pneumonia at 12,
18, and 27 months of age.

One month before admission, he showed symptoms including
cough, sputum and fever. He was hospitalized with a diagnosis
of pneumonia and was treated with antibiotics at another hospi-
tal. Although ceftriaxone and azithromycin were administrated
for 15 days, he showed sustained fever and progression of pneu-
monic infiltration with pleural effusion. The antibiotics were
changed to meropenem, amikacin and azithromycin, but he did
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Fig. 1. (A) Chest X-ray showed patchy consolidation in the right middle lobe and
increased peribronchial opacity in the bilateral lower lung fields. (B) Chest CT
showed air bronchogram and consolidation in the left lower lobe and atelecta-
sis with pleural effusion in the right lower lobe.

not show response. He was then transferred to our hospital.

At admission, his body temperature was 39.5°C, pulse rate 129/
min, respiration rate 28/min, and blood pressure 95/55 mmHg.
On physical examination, his body weight was 15.3 kg (50-75
percentile) and height was 96.5 cm (50-75 percentile). Two ul-
cers of 3 mm in size were observed in the uvula. Fine crackles
were heard on both lung fields. In his abdomen, the liver was
palpable 1 finger-breadth below the right costal margin and the
tip of the spleen was detected. Neurologic examination was
normal.

Laboratory tests revealed a leukocyte count of 3,380/mm?®
(neutrophil 70.1%, lymphocyte 22.2%, monocyte 7.4%) in pe-
ripheral blood. The total bilirubin was 1.2 mg/dL with an ele-
vated level of AST (165 U/L) and ALT (435 U/L). The C-reactive
protein level was 12.05 mg/dL. Chest radiography and comput-
ed tomography (CT) showed pneumonic consolidation and at-
electasis in both the lower lobes and pleural effusion in the right
lower lungs (Fig. 1). Respiratory syncytial virus was detected in
the nasopharyngeal aspirates by multiplex polymerase chain
reaction analysis. Candida parapsilosis was isolated from the
blood culture. Granuloma formation in the liver parenchyma
was found by liver biopsy. The patient’s convoluted clinical course
of illness and candidemia prompted us to evaluate the patient
for immunological test. The results of immunological tests, in-
cluding serum immunoglobulin level, lymphocyte subset anal-
yses, and complement levels, were all normal. However, the
neutrophil dihydrorhodamine (DHR) test revealed the near ab-
sence of fluorescence on granulocyte stimulation. The stimula-
tion index (SI) was 1.5, which was compatible with X-linked CGD.
The SI of his mother and that of a normal subject was 25.0 and
127.9, respectively (Fig. 2). Since CGD was strongly suspected
further work-up was performed to evaluate the disease extent.
Abdomen ultrasonography demonstrated hepatosplenomega-
ly, gallbladder edema, ascites, and enlargement of paraaortic
and mesenteric lymph nodes. In addition, a bone scan showed
a focal radiouptake in the proximal diaphysis of the right femur,
suggesting osteomyelitis.Written informed consent was obtained
for molecular genetic studies for CYBB gene mutations. We ex-
amined the genomic DNA sequence of the patient and his moth-
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Fig. 2. Histograms of the dihydrorhodamine (DHR) assay of granulocytes from
the patient, his mother and a normal subject. DHR assay of the patient’s granu-
locyte (A) revealed the near absence of fluorescence upon granulocyte stimula-
tion. The stimulation index (SI) was 1.4 which was compatible with X-CGD. The
DHR assay of granulocytes from the patient’s mother (B) and a normal subject
(C) showed a histogram with SI 25 and 127.9, respectively.
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Fig. 3. Analysis of a CYBB gene exon of the patient (A), his mother (B) and a
normal subject (C). Chromatogram of a CYBB exon of the patient showed a nov-
el complex mutation, ¢.1133A>G (p.Asp378Gly).
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er for the detection of CYBB gene mutations. Thirteen CYBB ex-
ons and exon/intron boundaries were sequenced. The sequence
analysis of our patient revealed, in exon 9, a novel mutation A
to G (base pairs 1133) (Fig. 3). When his CYBB gene was trans-
lated, aspartic acid at 378 was replaced by glycine, which is a
novel mutation. The patient’s mother was a carrier showing a
normal CYBB gene in another allele.

Finally, he was diagnosed with CGD accompanying Candida
parapsilosis septicemia and pneumonia. He received ampho-
tericin B dexoycholate for 4 weeks followed by oral itraconazole
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to treat pneumonia and suspected fungal osteomyelitis. He was
also placed on trimethoprim/sulfamethoxazole prophylaxis.
After this infection issues were stabilized, he received allogene-
ic hematopoetic stem cell transplantation by unrelated periph-
eral blood stem cell, 1 year later. After the transplantation, the
SIin the DHR test rose to 99.9. Although grade 1 skin rash from
acute graft-versus-host-disease occurred, it was well controlled
by immunosuppressant medications without infection. His
general condition is stable as of post-transplant day 120.

DISCUSSION

CGD is a primary phagocytic disorder involving defective su-
peroxide formation and intracellular microbe killing as a result
of the reduced NADPH oxidase complex.” CGD patients have
recurrent life-threatening bacterial and fungal infections, for-
mation of chronic granulomas, and poor wound healing.® As-
pergillus fumigatus is one of the most common fungal infec-
tions in patients with CGD, which can be locally invasive or dis-
seminated.’ In addition, these patients are susceptible to infec-
tions with catalase-positive bacteria, such as Staphylococcus
aureus, Serratia marcescens, Salmonella species, Klebsiella spe-
cies, Pseudomonas cepacia, and Norcadia."”"* The incidence
rate of CGD is reported as 1 case per 200,000-250,000 live births
without apparent racial or ethnic predilection in the Unites
States.” The life expectancy of patients with the X-linked form
of CGD is known to be from 20 to 40 years and that of AR-CGD
patients ranges from 38 to 50 years."*

A previous European report showed that X-linked CGD (gp91-
phox deficient) accounted for 67% of patients and autosomal
recessive inheritance for 33% of patients." In the genetic analy-
sis of Danish patients with CGD, 59% of patients had autosomal
recessive mutations located in either NCF1 or CYBA, and 40%
of patients demonstrated an X-linked mutation in the CYBB
gene." In a Korean study, 12 patients from 10 unrelated families
in Jeju-do underwent genetic analysis, and showed an identical
homozygous single-base substitution of C to T in exon 1 of the
CYBA gene."” In a genetic subtype analysis of 158 Japanese pa-
tients with CGD, 118 patients (75%) had gp91-phox deficiency,
17 (11%) had p22-phox deficiency, 11 (7%) had p47-phox defi-
ciency, and 12 (7.5%) had p67-phox deficiency.' The most
common mutations found in the CYBB gene were single nucle-
otide substitutions, followed by insertions, deletions and com-
binations of small deletions and insertions.” In a recent study,
however, nonsense or missense mutations represented 35% of
mutations, while splice site mutations, and deletions or inser-
tions comprised 18% and 43% of mutations, respectively.” An
international X-CGD database including over 300 CYBB muta-
tions'**" showed that most mutations were found throughout
the 13 exons or at exon/intron boundaries, and that almost 200
of these mutations were unique.”? However, no clear correlation
was found between genotype and phenotype for CGD with mild
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symptoms.”* The clinical severity of the disease is likely to be
related to the defects in specific NADPH oxidase proteins and
the extent of residual activity, but not with the type of mutations.?*

We reported a case of a patient with CGD who had fungal sep-
ticemia due to Candida parapsilosis. He had an unusual clini-
cal course of pneumonia, which was unresponsive to treatment
with conventional empirical antibiotics. Therefore, we suspect-
ed immunodeficiency based on his clinical history and labora-
tory features, and performed immunologic tests including DHR
flow cytometric assay, which is a rapid and sensitive screening
test for CGD.” In this test, nonfluorescent DHR 123 when phago-
cytosed by normal activated neutrophils is oxidized by hydro-
gen peroxide to fluorescent rhodamine 123. The Sl is calculated
by dividing the mean fluorescence intensity of stimulated neu-
trophils by that of the unstimulated neutrophils.** In addition,
he showed hepatosplenomegaly, and liver biopsy demonstrat-
ed granuloma formation. In our patient, the diagnosis of CGD
was confirmed by direct sequencing of the CYBB gene, which
showed a ¢.1133A>G (p.Asp378Gly) missense mutation. It is a
novel mutation which has not been reported in the literature,
although there were 2 previous Korean reports about the muta-
tions of the CYBB gene.*"*

In summary, we identified a novel CYBB gene mutation in a
boy with CGD. Further studies with more patients are needed
to examine the genotype of CGD and to elucidate correlations
between genotype and phenotype in patients with CGD.
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