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Animal models suggest that a deficiency in myeloperoxidase (MPO; EC 1.11.1.7), a lysosomal hemoprotein
involved in host defense, may be associated with a decreased level of immunity. A nonsynonymous mutation,
resulting in an arginine to cysteine substitution (Arg499Cys or R499C), has been identified in the exon 9 genetic
coding region of a Japanese patient with complete MPO deficiency. Genetic analysis revealed that the mRNA
of the patient could be correctly transcribed then further translated into a peptide sequence. However, the Western
blot analysis confirmed the absence of MPO peptides. An initial screening assay of the patient’s blood exhibited
an abnormal hematograph, and no MPO activity was detected. To determine if this mutation might be associated
with MPO deficiency, DNA samples for 387 controls were examined. Genetic analysis was performed using
standard PCR techniques for amplification and sequencing. None of the control samples possessed the R499C
substitution. This mutation is in close proximity to a different mutation (G501S) previously found in another
Japanese MPO-deficient patient, and the amino acid, H502, which is strongly involved in heme binding, leading
to the speculation that heme binding may play a role in complete MPO deficiency.
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INTRODUCTION apoproMPO. Heme binding transforms this protein to
an active proMPO form and subsequently mature
MPO. It has been postulated that MPO deficiencyUpon comparison with the United States and Eu-

rope, complete myeloperoxidase deficiency [Mende- may be a result of its inability to undergo posttransla-
tional processing (11,12). Though the translationallian inheritance in Man (MIM) #254600] is consid-

ered a rare occurrence in the Japanese population process leaves a margin for the development of MPO
deficiency, genetic anomalies in the coding regionwith a prevalence of 1.75/100,000 (15). Located in

neutrophils and monocytes, myeloperoxidase (MPO) also contribute to the inability to produce this en-
zyme.plays a role in host defense against a wide range of

organisms. Mouse studies by Aratani et al. (1,2) sug- To date, there have been four allelic mutations re-
lated to MPO deficiency. These include: arginine togest a link between MPO deficiency and an increased

occurrence of infections. tryptophan substitution (R569W) (11,12), tyrosine to
cysteine conversion (Y173C) (4), methionine to thre-In the biosynthesis of MPO, the translational prod-

uct is first converted into the enzymatically inactive onine substitution (M251T) (14), and glycine to ser-

Address correspondence to Kazuo Suzuki, Chief, Department of Bioactive Molecules, National Institute of Infectious Diseases, 1-23-1
Toyama, Shinjuku-ku, Tokyo 162-8640, Japan. Tel: +81-3-5285-1111, ext. 2329; Fax: +81-3-5285-1160; E-mail: ksuzuki@nih.go.jp

67



68 PERSAD ET AL.

TABLE 1ine conversion (G501S) (13). In addition to nonsyn-
MPO AND SUPEROXIDE DISMUTASE ACTIVITY

onymous mutations, studies have found enzyme IN THE PATIENT AND HEALTHY CONTROL

deficiency due to alternative splicing and deletions in
Superoxidethe genetic sequence for MPO (6,14).

MPO Activity Anion Production
This study presents a novel nonsynonymous muta- (Units/106 Cells) (nmol/106 Cells)

tion found in a Japanese patient with complete MPO
Patient 0.9 10.5deficiency. This point mutation is in close proximity
Control 5.2 6.8to the G501S mutation, also identified in the Japanese

population, as well as the amino acid histidine, at po-
sition 502 (H502), that is involved in heme binding. sorbance at 550 nm in 1-min intervals using a micro-
DNA samples from the indigenous population were plate reader.
analyzed to determine the probable prevalence of the
mutation. Western Blot Analysis

Western blot analysis was performed on the patient
and the healthy control using the method describedMATERIALS AND METHODS
previously (13). Briefly, neutrophils were dissolved

Subjects in a loading buffer, consisting of 50 mM Tris-HCl,
pH 6.8, 10% glycerol, 1% sodium dodecyl sulfateA 28-year-old Japanese female presented with
(SDS), 0.3 M β-mercaptoethanol, and 0.01% bromo-complete MPO deficiency as identified by Bayer-
phenol blue, and incubated at 98°C for complete re-Technicon automated hematography (15). Blood
duction. The samples were fractionated by electro-from one healthy control was sampled along with the
phoresis on 8–12% SDS polyacrylamide gel andpatient for simultaneous measurement of enzymatic
transferred onto a PVDF membrane (Millipore, Bed-activity and superoxide anion production. DNA sam-
ford, MA, USA). Antibodies used for immunodetec-ples from 387 individuals were utilized in the genetic
tion included 1:2000 anti-human MPO rabbit anti-analysis. These genetic samples included rheumatoid
body (Dako, Glostrup, Denmark) at room temperaturearthritis patients (21%), hepatitis C patients (41%),
for 2 h, followed by an incubation with a 1:2000 al-and healthy volunteers (38%). No information on the
kaline phosphatase-conjugated anti-rabbit IgG goatactivity of MPO or superoxide dismutase was avail-

able for these donors. Informed consent was obtained
from all subjects. The low prevalence of both com-
plete and partial MPO deficiency was used to justify
the unlikelihood of these DNA samples being from
MPO-deficient donors.

MPO Activity and Superoxide Production

MPO release and superoxide anion production from
neutrophils were assayed as described previously (8).
Briefly, neutrophils were prewarmed at 37°C then
transferred onto plates containing cytochalsin B (CB)
and fMet-Leu-Phe (FMLP) for 10 min. The cell sus-
pension was then centrifuged at 400 × g for 5 min.
MPO activities in the supernatant and in the homoge-
nate of the cell pellet were measured spectrophoto-
metrically using 3,3′,5,5′-tetramethylbenzidine as a
substrate (16,17). For elucidating superoxide anion
production, neutrophils were mixed with ferricyto-
chrome C for 2 min at 37°C prior to the addition of
CB and FMLP. Total MPO activity was calculated as
the sum of the enzyme activity in supernatants and
cell pellet homogenates after treatment with CB and
FMLP. MPO release was expressed as the percentage Figure 1. Western blot analysis. Proteins in neutrophils of the pa-

tient, normal control, and purified MPO protein were fractionatedof total enzyme activity (MPO activity in supernatant
on 8–12% polyacrylamide gel, transferred on PVDF membrane,÷ total enzyme activity). Superoxide anion produc- and detected by rabbit anti-human MPO antibody. MPO polypep-
tides are indicated on the right.tion was determined by measuring the increase in ab-
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antibody (Organon Teknika, Durham, NC, USA) for using Genetyx-win software (Software Development
Co., Ltd., Tokyo, Japan).2 h. The PVDF membrane was visualized using an

AP conjugate substrate kit (Bio-Rad, Hercules, CA,
USA). RESULTS

MPO Activity of Neutrophils
cDNA and Genomic DNA Analysis

Diminished levels of MPO activity were detected
MPO cDNA was acquired from the mRNA of mo- in the patient (i.e., 0.9 units/106 cells), which is a

nonuclear cells (MNC) by polymerase chain reaction level approximately one sixth that observed in the
(PCR) after reverse transcription (RT) reaction with healthy control (Table 1). The patient’s elevated su-
AMV reverse transcriptase, using the specific primer peroxide dismutase activity, compared to the healthy
pairs for MPO mRNA as described in Ohashi et al. control, was reflective of MPO deficiency.
(13). Genomic fragments were also amplified by

Western Blot AnalysisPCR. The obtained RT-PCR products were compared
with a normal MPO cDNA sequence (7,9,18). Western blot analysis of the neutrophils from the

patient and the healthy control was performed along-DNA segments obtained were purified with the
QIAquick PCR purification system (Qiagen, Hilden, side purified MPO, using anti-human MPO antibody.

While the healthy control and purified MPO clearlyGermany) and served as templates in a PRISM Ready
Reaction Dye Terminator Cycle Sequencing proce- showed 59 kDa of heavy chain and 14 kDa of light

subunit, MPO peptides could not be confirmed in thedure utilizing an automatic sequencer (Applied Bio-
systems, CA, USA). Sequences were then analyzed patient (Fig. 1).

Figure 2. Sequence histogram around the mutation point of cDNA and genomic DNA of the patient. Top panel shows a histogram of the
same region from normal control. In the middle and bottom are histograms of cDNA and genomic DNA from the patient. Arrowheads
indicate the mutation position 1495.
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Figure 3. Schematic diagram of the amino acid residues around histidine 502. R499C substitution causes a similar effect on mature MPO
construction with G501S.

Mutational Analysis gous patients may serve as a sentinel in identifying
clusters with the same mutation. The biosynthesis of

No alternative splice variations were found in the
MPO includes N-linked glycosylation, heme inser-

complementary DNA (cDNA) of the MPO mRNA,
tion, proteolytic processing, and dimerization (5).

obtained from the patient’s monocytes. Notably, this
Our findings reveal another mutation in the MPO

observation was also recorded by Ohashi et al. (13).
gene that may be responsible for MPO deficiency.

The sequenced cDNA fragment lengths were found
Both the R499C mutation and the previously pub-

to be the appropriate length for each region. This
lished G501S mutation found in MPO-deficient Japa-

finding shows that the MPO gene in the patient was
nese individuals are proximal to the histidine in posi-

normally transcribed without any alternative tran-
tion 502 (H502) in the myeloperoxidase structure

scription. Both the genomic and cDNA revealed a
(3,19). This amino acid is strongly involved with

point mutation in the patient sample (Fig. 2): a non-
heme binding and thus a mutation near this area

synonymous homozygous mutation in the coding re-
might interfere with subsequent development of ma-

gion of exon 9 with thymine (T) being substituted for
ture MPO (Fig. 3). Our findings also support the hy-

cytosine (C) at the 1495th position from the adenine
pothesis that immature peptides are disrupted, as the

of the first AUG codon. This C to T substitution re-
Western blot analysis did not reveal any peptides

sulted in an arginine to cysteine substitution (R499C).
with the same antigenic determinants of MPO. Las-

None of the 387 DNA samples were found to possess
tly, among the almost 400 Japanese individuals tested

the novel R499C mutation identified in the patient.
no nonsynonymous mutations in exon 9 genetic cod-
ing region were identified.

DISCUSSION

Complete deficiency of MPO, originating from a
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