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SUMMARY

Chronic granulomatous disease (CGD) is a clinical syndrome of recurrent bacterial and fungal infections

caused by a rare disorder of phagocytic cells. In CGD, the phagocytes are unable to generate oxygen

radicals after stimulation of these cells, due to a defect in the NADPH oxidase system. This NADPH

oxidase is a multicomponent enzyme of at least four subunits, of which the b -subunit of cytochrome

b558, gp91-phox, is encoded by an X-linked gene (called CYBB). We report here five patients from two

families; in each family we found a different mutation in the promoter region of CYBB. Both mutations

prevented the expression of gp91-phox in the patients' neutrophils and thus caused inability of these cells

to generate oxygen radicals. However, the mutations left the gp91-phox expression and the function of

the NADPH oxidase in the patients' eosinophils intact. The relatively mild course of the CGD in these

patients can probably be attributed to the fact that the eosinophils have retained their oxidative capacity.

Furthermore, our results indicate that neutrophils and eosinophils differ in their regulation of gp91-phox

expression.
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INTRODUCTION

Chronic granulomatous disease (CGD) is a rare congenital syn-

drome (prevalence 1:250 000) characterized by recurrent, some-

times life-threatening bacterial and fungal infections, with

granuloma formation in the urogenital and gastro-intestinal tract

as well as in the airways (reviewed in [1]). These symptoms are

caused by the inability of the phagocytic leucocytes (neutrophils,

eosinophils, monocytes, macrophages) to kill ingested micro-

organisms, due to a defective NADPH oxidase enzyme [1±3].

This enzyme system reduces oxygen to superoxide, which is

subsequently converted to other reactive oxygen species used for

the killing of microbes [4]. NADPH oxidase is a multicomponent

enzyme system, consisting of the plasma membrane-bound

cytochrome b558 as well as the cytosolic components p47-phox,

p67-phox and p40-phox. Cytochrome b558 is composed of a large

b -subunit (gp91-phox) and a smaller a -subunit (p22-phox) [5,6].

Gp91-phox is the actual enzymatic unit of the NADPH oxidase

enzyme. It accepts electrons from NADPH at the cytosolic side of

the plasma membrane and transmits these via a FAD and two

haem groups to molecular oxygen at the extracellular (or

intraphagosomal) side of the membrane [7].

Upon stimulation of the neutrophils (e.g. through binding of

opsonized microorganisms to cell surface receptors) the cytosolic

components translocate to cytochrome b558, together with a

GTP-binding rac protein (rac-1 in macrophages, rac-2 in

neutrophils), thus forming an activated NADPH oxidase that

binds NADPH and generates superoxide [8±10].

Defects in either gp91-phox, p22-phox, p47-phox or p67-phox

have been described to lead to CGD [1,11]. The disease is

inherited either in an X-linked way (with absent or non-functional

gp91-phox) or autosomal recessive way (with absent or non-

functional p22-phox, p47-phox or p67-phox). Although it has been

described that the autosomal recessive form of CGD runs a

somewhat milder course than the X-linked form [12], probably

because of a very small rest activity of the NADPH oxidase [13],

it has proved impossible to correlate the genotype of the CGD

patients with the phenotype of their phagocytes or the clinical

expression of their disease. We describe here for the first time the

clinical course of five patients from two families with mutations in

the promoter region of the CYBB gene, clearly linked to a mild

form of CGD.
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CASE REPORTS

Family A

Patient 1 (III-4, Fig. 1) was born in 1994 after an uneventful

pregnancy. He was admitted to the Hospital in 1995, for a pharyngitis.

After oral treatment with erythromycin (40 mg/kg body weight per

24 h) he developed a running left ear with spiking fever. After 5 days

he had a parotitis left, which developed into an abscess. This abscess

was drained, and the antibiotic treatment was changed to i.v.

augmentin (100/25 mg amoxi/clavulamic acid/kg body weight per

24 h). Auscultation of heart and lungs revealed no abnormalities.

Liver and spleen were not palpable. C-reactive protein (CRP) was

elevated to 132 mg/l (normal , 5 mg/l) and on the x-ray picture of

his lungs multiple inflammatory lesions were seen on both sides. The

computed tomography (CT) scan of his ear and neck region showed

abscesses left cervical and parapharyngeal with pressure on the

oropharynx. The parapharyngeal and cervical abscesses were

drained. Nocardia farcinica was cultured from the pus. He was

discharged 1´5 months after admission, with oral augmentin (25/6´25

amoxi/clavulamic acid/kg body weight per 24 h). After the diagnosis

of chronic granulomatous disease had been confirmed by laboratory

investigations, treatment with interferon-gamma (IFN-g ; 50 mg/kg

body weight, three times per week, s.c.) was started and the

prophylactic antibiotics were changed to trimethoprim (5 mg/kg

body weight per 24 h). Since then he has been relatively well.

Patient 2 (II-2, Fig. 1) is a maternal uncle of patient 1. He was

born in 1961 and died in 1995, 5 weeks before the admission of

patient 1, from a Nocardia infection. During his life he suffered

from lupus erythematosus-like lesions, but he had no previous

serious infections. He could not be tested, but was diagnosed

posthumously by the fact that his daughter but not his wife proved

to be a carrier for CGD (see Results).

Patient 3 (II-1, Fig. 1) is another uncle of patient 1, born in

1959. He has no complaints and has been healthy until now. He

was diagnosed during the family investigations.

Family B

Patient 4 (III-4, Fig. 2) is a male born in 1980 after an uneventful

pregnancy. In 1989 he had a lymph node abscess right and left in

the neck region, which fistulated after incision by the general

physician and recurred several times. The diagnosis of CGD was

made in 1998. At that time, no bacteria or fungi could be cultured

from the pus. Infection with Epstein±Barr virus (EBV), cyto-

megalovirus (CMV) or Brucella, and cat-scratch disease were

ruled out serologically. The Ziehl±Nielsen `acid-fast' assay was

negative, as was the PPD skin reaction. Skin tests to non-

tuberculous mycobacteria showed negative responses to Myco-

bacterium kansasi and M. scrofulaceum, but a positive reaction to

M. avium (10 mm). This indicates infection with atypical

mycobacteria.

Patient 5 (III-5, Fig. 2) is the brother of patient 4. He was born

after an uneventful pregnancy in 1981. He suffered from multiple

aphtous lesions in the mouth and constipation e.c.i. from early

childhood. His clinical picture resembled that of his brother

because he, too, had persistent lymph node abscesses with fistula.

The pus was negative for the Ziehl±Nielsen acid-fast assay and

for bacterial cultures, except for Corynebacterium minutissimum.

He was diagnosed as a CGD patient at the same time as his

brother, late in 1998.

The mother of these two patients suffers from the discoid form

of lupus erythematodes.

METHODS

Granulocytes were isolated as described [14]. The cell prepara-

tions from healthy donors contained about 95% neutrophils and

2±5% eosinophils. Cell viability was always . 95%.

Double-colour FACS analysis

Granulocytes (1 � 106) were resuspended in 150 m l of PBS with

1% (v/v) bovine serum albumin (BSA) and 5 mm EDTA. After

addition of 7D5 MoAb against cytochrome b558 to a final

concentration of 10 mg/ml, the cells were incubated for 30 min on

ice, washed with PBS±BSA±EDTA and were subsequently

incubated with PE-conjugated goat anti-mouse immunoglobulin

I 1 2

II 1 2 3 4 5

III 1 2 3 4 5

Fig. 1. Pedigree of family A. Open symbols, no mutation at position 252 in CYBB; half-filled symbols, heterozygous C-52T mutation in

CYBB; filled symbols, males with C-52T in CYBB. Patient II-2 was not investigated, because he had died before the start of our study; his

mutation was deduced from the fact that his daughter but not his wife was heterozygous for the mutation.
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(CLB) for 30 min on ice. The cells were washed again with

PBS±BSA±EDTA and incubated with FITC-conjugated CD9

MoAb (4E1; CLB) for 30 min on ice. Finally, the cells were

washed, resuspended in PBS±BSA±EDTA and kept on ice until

analysis in a flow cytometer (FACScan; Becton Dickinson, San

Jose, CA).

Eosinophil depletion

Granulocytes were resuspended in HEPES medium containing

CD9 MoAb (4E1, 7´5 mg/ml) and incubated for 30 min on ice.

After this incubation the cells were washed once and incubated in

a head-over-head rotator for 45 min at 48C with goat anti-mouse

immunoglobulin-coated magnetic beads (ratio beads:cells 3:1;

Dynal A.S., Oslo, Norway). Beads with adhering eosinophils were

removed by a magnet. The eosinophil content of the cell

suspensions was determined before and after the procedure by

microscopic examination of cytocentrifuge preparations stained

with May±GruÈnwald±Giemsa. Chemotaxis and random migration

of purified granulocytes were measured in a modified Boyden

chamber [15].

Measurement of NADPH oxidase activity

Oxygen consumption of granulocyte suspensions incubated with

phorbol myristate acetate (PMA; 100 ng/ml) or serum-treated

zymosan (STZ; 1 mg/ml) was measured with an oxygen electrode

essentially as described [16]. Incubation of PMA-activated

granulocytes with nitroblue tetrazolium (NBT) and microscopic

scoring of the formazan reduction product in individual cells were

performed as described by Meerhof & Roos [17]. Dihydro-

rhodamine-1,2,3 (DHR) oxidation was measured essentially as

described [18]. In short, neutrophils (2´5 � 106/ml in HEPES

medium (132 mm NaCl, 6 mm KCl, 1 mm MgSO4, 1´2 mm

potassium phosphate, 20 mm HEPES, 5´5 mm glucose and 0´5%

w/v BSA, pH 7´4) 1 1 mm CaCl2) were incubated for 5 min at

378C in a shaking water bath before the addition of DHR (1 mm)

(Molecular Probes, Eugene, OR). Catalase (Boehringer, Mann-

heim, Germany) at a concentration of 0´2 mg/ml was added to

avoid carry-over of hydrogen peroxide from NADPH oxidase-

active cells to inactive cells. After another 5 min, the cells were

stimulated by the addition of 100 ng/ml PMA. The reaction was

stopped by the addition of 2 ml of ice-cold PBS containing 1%

(v/v) BSA. Samples were kept on ice until analysis in a flow

cytometer (FACScan; Becton Dickinson). Data were collected

from 5000 cells. Killing of Escherichia coli ML-35 (Dr A.

Kepes, Institut Pasteur, Paris, France) was measured by

following the kinetics of phagocytosis, perforation of the

bacterial cell envelope and inactivation of bacterial proteins by

human granulocytes [19].

Mutation analysis

Genomic DNA was isolated from circulating blood leucocytes

with the Puregene kit (Gentra Systems, Minneapolis, MN)

according to the manufacturer's instructions. The 13 exons of

CYBB with their adjacent intronic sequences (exon 1 1 promoter

region) were amplified with the appropriate primer combinations.

For exon 1 1 the adjacent 800 bp of the promoter region, the

sense primer was 5 0-GCT GGT TAG TTA AAA AGT TAT TTC

ACT GTG-3 0 and the antisense primer was 5 0-GAT AAC CCC

AGA AGT CAG AG-3 0. Genomic DNA (50±500 ng) was

amplified by means of the Rapid Cycler (Idaho Technology,

Idaho Falls, ID) with 50 cycles of 958C for 5 s, 608C for 30 s and

728C for 15 s and slope S9. The reaction mixture contained 15 m l

2 U of Taq DNA polymerase (Promega, Madison, WI), 2 U of

TaqStart antibody (Clontech Labs, Palo Alto, CA), 50 ng of each

primer, 200 mm of each of the dNTPs (Promega) and reaction

buffer (50 mm KCl, 1´5 mm MgCl2, 0´1% Triton X-100, 10 mm

Tris and 8% DMSO, pH 9 at 258C). The reaction took place in

10-m l glass capillaries (Idaho Technology). The polymerase chain

reaction (PCR) products were purified with the GFX PCR DNA

Gel Band Purification kit (Amersham Pharmacia Biotech,

Uppsala, Sweden) and cycle-sequenced by means of the Big

Dye Terminator Cycle Sequencing Ready Reaction kit (Perkin

Elmer Applied Biosystems, Warrington, UK) run on an ABI 377

XL Automated DNA Sequencer (Perkin Elmer). Sequence

analysis was performed by means of the Sequence Analysis,

Sequence Navigator and Auto Assembler software (Perkin Elmer).

RESULTS

The CGD diagnosis of patient 1, born in 1994 (III-4 in Fig. 1) was

first established by means of the NBT test with PMA (30 min), in

which only 20% formazan-positive (NADPH oxidase active) cells

were counted (Table 1). In his granulocyte preparation were 54%

neutrophils, 20% eosinophils and 20% lymphocytes. Formazan-

positive cells were no longer identifiable as neutrophils or

eosinophils. A granulocyte preparation from the mother of this

patient showed a mosaic of 62% formazan-positive cells and 38%

formazan-negative cells. Control cell preparations with . 95%

neutrophils showed . 97% formazan-positive cells.

The oxygen consumption of the granulocytes from patient

III-4 (Fig. 1) after stimulation with STZ was 2´5 nmol/106 cells

per min, while control cells consumed 10´6 nmol of oxygen/106

cells per min (normal range 6´1±11´7 nmol/106 cells per min).

Chemotaxis was normal. Perforation and breakdown of E. coli

I 1 2

II 1 2

III 1 2 3 4 5

Fig. 2. Pedigree of family B. Open symbols, no mutation at position 253

in CYBB; half-filled symbols, heterozygous C-53T mutation in CYBB;

filled symbols, males with C-53T in CYBB.
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Fig. 3. Surface expression of cytochrome b558 on neutrophils and eosinophils. Granulocytes from a healthy control (left panel) and from

patient III-4 in family A (right panel) were stained with anti-cytochrome b558 (MoAb 7D5) and PE-conjugated goat anti-mouse

immunoglobulin, and with FITC-conjugated anti-CD9, and the cells were then analysed with a flow cytometer. In the patient's cells, the

CD9-dull neutrophils lack cytochrome b558 expression, whereas the CD9-bright eosinophils show a normal cytochrome b558 expression (for

exact values see text). The control cell preparation did not contain an appreciable number of eosinophils.
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Fig. 4. Hydrogen peroxide production by the granulocytes from patient A III-4. Dihydrorhodamine (DHR)-loaded granulocytes from a

healthy control (left) and from patient III-4 in family A (right) were incubated for 10 min with PBS (rest) or with phorbol myristate acetate

(PMA), and the fluorescence of the H2O2-oxidized DHR was measured by flow cytometry. Each upper panel displays the NADPH oxidase

activities (abscissa) before depletion of eosinophils with CD9-coated beads (control cells, 5% eosinophils; patient cells, 20% eosinophils).

Each lower panel shows the activities after eosinophil depletion (control, 2% eosinophils; patient, 2% eosinophils). Events (cell numbers) are

indicated on the ordinate, with the highest peak given maximal size.
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Fig. 5. Hydrogen peroxide production by the granulocytes from members of family B. For experimental conditions, see legend of Fig. 4.

Left top, control cells (2% eosinophils) with and without phorbol myristate acetate (PMA); no eosinophil depletion was attempted. Left

bottom, cells from mother II-2 (3% eosinophils), no eosinophil depletion. Right, cells from patient III-5 (26% eosinophils) before (top) and

after (bottom) eosinophil depletion. The mother clearly shows one active and one inactive population of neutrophils.

Table 1. Nitroblue tetrazolium (NBT) tests of granulocyte preparations

Percent eosinophils

in cell preparation

Percent formazan-positive cells

NBT test

resting cells

NBT test

1 PMA DNA analysis

Normal controls # 5 , 1 . 97

Family A (Fig. 1)

Patient III-4 20 0 20 C-52T hemizygote

32 0 32

Patient II-1 13 0 13 C-52T hemizygote

Patient II-2 NT NT NT NT

I-2 NT NT NT C-52T heterozygote

II-5 4 0 62 (mosaic) C-52T heterozygote

III-2 4 0 36 (mosaic) C-52T heterozygote

Family B (Fig. 2)

Patient III-4 6 0 6 C-53T hemizygote

Patient III-5 11 0 11 C-53T hemizygote

II-2 8 0 26 (mosaic) C-53T heterozygote

2 0 30 (mosaic)

III-3 4 0 80 (mosaic) C-53T heterozygote

All other family members were normal.

NT, Not tested.
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ML-35 (see Methods) was strongly diminished. The rate constants

of perforation (k2) and degradation (k3) were 0´003 and 0´001,

respectively, versus controls k2 � 0´25±0´93 and k3 � 0´040±

0´160 (range, n � 25).

Surface expression of cytochrome b558, as indicated by 7D5

binding to granulocytes (Fig. 3), showed in the patient two cell

populations: one with CD9 low (MFI 93) (neutrophils) and 7D5

low (MFI 12) and another with CD9 high (MFI 376) (eosinophils)

and 7D5 high (MFI 1731). Thus, only his eosinophils (with high

expression of CD9) expressed cytochrome b558.

In the DHR oxidation assay (Fig. 4) this patient showed two

activity peaks after stimulation with PMA: one large negative

peak and one smaller positive peak. By treatment of the cell

preparation with CD9-coated beads, the percentage of eosinophils

was brought down from 20% to 2%. In the DHR assay only

the negative peak remained (Fig. 4), indicating that only the

eosinophils expressed NADPH oxidase activity.

The control granulocyte preparation, with about 5% eosino-

phils by morphological criteria, showed one cell population

(Fig. 3) with low CD9 binding (MFI 23) and high 7D5 binding

(MFI 1803). CD91 eosinophils were not detected in this

preparation. In the DHR assay (Fig. 4) this control granulocyte

preparation showed two activity peaks after PMA stimulation: one

small negative peak (presumably dead cells) and one large

positive peak. Depletion of CD91 cells induced a drop in the

percentage of eosinophils from 5% to 2% (morphologically) but

had hardly any effect on the oxidase activity peaks. This indicates

normal cytochrome b558 expression and oxidase activity in the

control neutrophils.

The granulocytes from the mother of patient 1 (93%

neutrophils, 7% eosinophils) had two peaks in the 7D5 binding

(not shown), one with high 7D5 binding (MFI: 1664) and one with

low 7D5 binding (MFI: 14), with a low, broad CD9 binding

distribution (MFI: 153 and 95, respectively). In the DHR assay her

cells had two peaks, one without and the other with DHR

oxidation, with about equal cell numbers (not shown). This cell

preparation was not treated with CD9-coated beads.

Thus, the patient in this family appeared to suffer from an

NADPH oxidase deficiency in his neutrophils but not in his

eosinophils, correlating with lack of cytochrome b558 expression

on the former but normal expression on the latter cells. His mother

showed a normal oxidase activity in part of her granulocytes and

lack of oxidase activity in the other part. This last pattern is

reminiscent of an X-linked abnormality, and we therefore

analysed the nucleotide sequence of the exons and flanking intron

regions of the X-chromosome-localized CYBB gene, encoding the

b -subunit of cytochrome b558. Analysis of genomic DNA from

patient 1 (III-4, Fig. 1) revealed a mutation in the promoter region

of the CYBB gene: at position 252, cytosine was replaced by

thymine (C-52T). No other mutations were found. As indicated in

Fig. 1 and Table 1, family investigations showed that the mother

(II-5) of the patient was heterozygous for this mutation, as was the

maternal grandmother (I-2) of the patient. The patient's father II-4

and the maternal grandfather I-1 showed no abnormalities. One

maternal uncle (II-1) of the patient was found to be a hemizygote

of the mutation; genetically, he must therefore be regarded as a

CGD patient, although he never had any serious complaints about

his health. The other maternal uncle (II-2) had died at age 34 from

a Nocardia infection. His wife (II-3) did not carry the mutation,

but his daughter (III-2) was a heterozygote, which proves that this

uncle II-2 had also been a CGD patient.

Subsequent NBT testing of the leucocytes from the maternal

uncle II-1 showed that his neutrophils were completely deficient

in NBT reduction, whereas his eosinophils were normal in this

respect. We now used a 5-min incubation period with PMA, which

enabled us to identify the formazan-positive cells as eosinophils.

The same test applied to the mononuclear leucocyte fraction

showed that his monocytes had a weak NBT reducing capacity, in

contrast to normal monocytes, which showed a much stronger

formazan generation.

Figure 2 shows the pedigree of family B, a second family with

CGD. Two brothers in this family suffer from recurrent infections.

In the promoter region of CYBB we found a mutation next to the

previous one: cytidine at position 253 was replaced by thymidine

(C-53T). Both patients proved to be hemizygotes for this

mutation, and no other mutations were found. Their mother and

one of their sisters (III-3) were heterozygotes for this mutation;

the other family members, including both parents of the mother,

had a normal sequence.

Again, the NBT test performed with PMA-activated granulo-

cytes showed that only the patients' eosinophils reduced the dye.

The neutrophils in these preparations did not show any residual

staining. In the mononuclear leucocyte fractions, their monocytes

displayed very weak NBT reducing capacity. Their mother and

their sister (III-3, Fig. 2) showed a mosaic of formazan-positive

and -negative neutrophils, whereas their eosinophils were all

formazan-positive. The patients' mother had a mosaic of strongly

and weakly positive monocytes (their sister's monocytes were not

tested). The other family members had completely normal NBT

tests. These results are summarized in Table 1. As in the previous

family, the neutrophils of the patients bound MoAb 7D5 very

poorly (MFI 54 and 51, control 639), whereas their eosinophils

showed a normal to high binding (MFI 936 and 1413, control

640). Their mother and sister III-3 had two populations of

neutrophils, with low and normal 7D5 binding capacity,

respectively.

To confirm normal NADPH oxidase reactivity of the

eosinophils in these patients, we performed a DHR oxidation

assay before and after eosinophil depletion of granulocyte

preparations. The results (Fig. 5) show that the granulocytes of

patient III-5 in family B (morphologically 26% eosinophils)

contained 34% DHR-reactive cells before depletion and 2%

DHR-reactive cells after depletion (1% eosinophils). For patient

III-4 these numbers were 23% eosinophils and 16% DHR-reactive

cells before depletion, and 10% eosinophils and 6% DHR-reactive

cells after depletion. Their mother had only 3% eosinophils in her

granulocyte preparation, but her neutrophils proved to be a

mixture of DHR-reactive and DHR-non-reactive cells, in

accordance with the X-linked nature of the defect.

DISCUSSION

In two families five patients were diagnosed with a (partial) defect

in the NADPH oxidase activity according to the NBT test, oxygen

consumption and DHR activity. However, in the NBT test, some

cells with a strong oxidase activity were found. The percentage of

eosinophils in the cell preparations correlated with the percentage

of oxidase-positive cells in the NBT test. All neutrophils were

negative.

Treatment of the patients' cell suspensions with CD9-coated

beads brought down the percentages of eosinophils as well as the

DHR oxidase activity. Furthermore, the expression of cytochrome

CYBB gene point mutations lead to mild chronic granulomatous disease 415
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b558, as indicated by binding of MoAb 7D5, indicated that the

neutrophils from the patients were virtually devoid of cytochrome

b558, correlating with a total lack of oxidase activity (DHR assay),

whereas their eosinophils showed a normal cytochrome b558

expression and oxidase activity. The mothers of the patients

showed mosaics of oxidase-positive and -negative neutrophils.

Therefore, we conclude that in these patients the granulocyte

oxidase activities were not derived from the neutrophils, but can

be ascribed to the eosinophils. Although the percentage of

eosinophils in the granulocyte preparations from the patients

was often elevated in comparison with that seen in healthy

controls, this is a phenomenon not understood but often observed

in CGD patients. Perhaps this constitutes some compensatory

mechanism for the neutrophil defect in the patients described in

the present study.

In the DNA analysis we found in both families a mutation in

the promoter region of the CYBB gene. In family A substitution of

C to T at position 52 (C-52T) had taken place, while in family B

the same substitution was found at position 53 (C-53T). In the

mothers the same mutations were found on one allele. Further-

more, these mutations were also found in family A in individuals

I-2 and III-2, and in family B in individual III-3.

In 1995 Kuribayashi et al. [20] described a Japanese CGD

patient with a lack of 7D5 binding to peripheral neutrophils, weak

binding to monocytes and normal binding to eosinophils. This

patient showed a normal NADPH oxidase activity in his

eosinophils, but no activity in his neutrophils or monocytes. The

mRNA for gp91-phox in the mononuclear cells had a normal size

but the level was strongly depressed. Later, Suzuki et al. [21]

showed that this patient had a C-53T mutation in the CYBB

promoter region. This mutation is in a binding site for the

transcription factor PU.1, and the authors showed that mutations at

positions 250 to 253 strongly inhibited the binding of PU.1 to,

and the promoter activity of, a gp91-phox promoter construct

(positions 2102 to 1 12). Thus, the mutations identified in our

patients inhibit binding of PU.1 to the CYBB promoter region,

leading to suppression of CYBB transcription. Apparently, PU.1 is

an essential activator for the expression of gp91-phox in

neutrophils but not in eosinophils. The compensatory mechanism

in eosinophils is not known.

In family A, patient II-2 died from Nocardia infection at the

age of 34 years, before the diagnosis of CGD was made. Until

then he had no serious infections. The indicator patient III-4 was

well until he too, acquired at the age of 1 year a Nocardia

infection with the same sensitivity for antibiotics as in his uncle.

Nocardia infections seldom occur in CGD [1], and infections with

N. farcinica are extremely rare [22]. The third patient (II-1) in this

family was diagnosed by chance at the age of 40 years by routine

family analysis. He has no complaints at all and was surprised to

hear the diagnosis. In family B, the two brothers III-4 and III-5

were well until they acquired at a relatively late age their first

infection with an atypical M. avium. Also this microorganism is

usually not the microorganism that causes infection in CGD

patients. Nevertheless, these two cases show that CGD can be the

cause of this infection.

Treatment of patient III-4 from family A with IFN-g for

2 months had hardly any effect on the capacity of his neutrophils

to reduce NBT (not shown). Thus, IFN-g is apparently incapable

of enhancing CYBB transcription in the absence of PU.1 binding

to the promoter region. Nevertheless, this treatment may be

beneficial, because it also ameliorates the clinical course of

classical CGD patients without enhancing NADPH oxidase

activity [23].

In conclusion, we found a relatively mild clinical course in

five patients with CGD. The findings of a mutation in the

promoter region of CYBB and NADPH oxidase-deficient neutro-

phils but normally functioning eosinophils indicate that eosino-

phils have a different mechanism to express gp91-phox. Most

probably, the normal oxidase activity of the eosinophils is the

reason for the milder clinical course in these patients than in most

CGD patients, who lack NADPH oxidase activity in all phago-

cytic leucocytes. Although neutrophils form the first line of

defence against microorganisms, normal functioning eosinophils

are apparently able to compensate to a certain extent for

non-functioning neutrophils.
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