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biology, neurobiology, and sensorineural research, and is known to
show a low susceptibility to developing atherosclerotic aortic
lesions following 14 weeks on an atherogenic diet. It is of note that
the mechanism of CAWS-induced arteritis might not be related to
those of atherosclerosis. Thus we planned to analyze the reactivity
of DBA/2 mice to fungal glycans and found that DBA/2 contained
anti-β-glucan antibody in sera without any active immunization
with fungi. In addition, spleen cells of DBA/2 mice strongly reacted
with fungal β-glucans to release various cytokines such as IFN-γ,
TNF-α, GM-CSF, and IL-12, and the key cytokine was GM-CSF.
Characterization of DBA/2 mice for fungal glycan reactivity is still
going to concrete the unique property.

CONCLUSIONS

We have discussed the structure and activity of CAWS. Although
this research initially started out by focusing on its significance as a
means for diagnosing deep mycoses in animal models, since CAWS
exhibits various activities in human and mouse, it is clearly a com-
ponent that provides several extremely interesting topics for future
research, such as shock model, endogenous septicemia model and
arteritis model. These models are valuable for use as animal models
for the treatment of refractory diseases.

CAWS is a compound consisting of mannoprotein, β-1,6-glucan,
and β-1,3-glucan portions. In the body, it is metabolized after
expressing its activity by means of multiple receptors, such as
mannose receptor, mannan-binding protein, complement compo-
nents, complement receptors, and dectin-1. We previously reported
that there are no enzymes in the body that selectively metabolize
β-glucans, and that β-glucans are microbial cell components that
tend to accumulate in the body. Thus, their basic kinetics in the body
differs from that of cellular components having a decomposition
system, such as chitin and peptidoglycans. CAWS was found to be
mainly deposited in liver. Further analysis must be conducted to
determine what types of receptors are used and how CAWS is elimi-
nated from the body.

Study of CAWS is still on the first stage. It is hoped that CAWS
will be able to contribute to the elucidation of KD and related
diseases, and to develop new therapeutic strategies.
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SUMMARY: Hereditary myeloperoxidase (MPO) deficiency is the most common neutrophil biochemical defect characterized
by the lack of peroxidase activity. In order to extend the epidemiological studies on hereditary MPO deficiency in Italy,
approximately 40,000 individuals were analyzed and 7 partial and 8 total MPO deficient subjects were identified. The
genetic characterization of the subjects showed the presence of 3 already-known mutations (c.752T>C, c.1705C>T and
c.1566_1579del14) and 6 novel mutations: four missense mutations (c.995C>T, c.1112A>G, c.1715T>G and c.1927T>C),
then a deletion of an adenine within exon 3 (c.325delA) and a mutation within the 3’ splice site of intron 11 (c.2031–2A>C).
The novel missense mutations cause the substitution of residues the p.A332V, p.D371G, p.L572W and p.W643R, respectively,
and can cause potential structural changes. The c.325delA deletion causes a shift of the reading frame with the occurrence of a
premature stop codon within the pro-peptide. An eukaryotic expression system was set up to investigate how the c.2031–2A>C
mutation alters the MPO pre-mRNA splicing. The activation of a cryptic 3’ splice site located 109nt upstream of the authentic
3’ splice site was observed. The 109nt-insertion might cause the rapid degradation of the MPO mRNA or, alternatively, might
lead to the generation of an abnormal  MPO precursor lacking the enzymatic activity.
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Hereditary myeloperoxidase (MPO) deficiency is the most
common neutrophil biochemical defect characterized by the lack of
peroxidase activity. MPO deficiency is not geographically restricted
and an estimated prevalence of 1 in 2,000 - 4,000 individuals has
been reported in the United States and Italy. This defect has been

associated with higher susceptibility to infection and higher inci-
dence of neoplasm. Previous studies have found that multiple geno-
types likely underline human MPO deficiency. Four missense
mutations within the MPO coding sequence (1: c.1705C>T;
g.7906C>T; p.R569W. 2: c.518A>G; g.1215A>G; p.Y173C. 3:
c.752T>C; g.1626T>C; p.M251T. 4: c.1501G>A; g.7208G>A;
G501S) and one 14 base pairs deletion (Δ14; c.1566_1579del14;
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g.6801_7272del14) within MPO exon 9 were identified as respon-
sible for the defect (1-5). These studies indicated that MPO defi-
ciency is an autosomal recessive disease and that most patients are
compound heterozygotes, which means that they have a different
mutation on each allele of the MPO gene.

The epidemiological studies on hereditary MPO deficiency were
extended in the Italian Veneto region by performing a population
screening in collaboration with the Clinical Chemistry laboratory of
Borgo Roma Hospital in Verona. This was the first systematic genetic
screening carried out in Italy in order to find mutations in the MPO
gene responsible for MPO deficiency. We identified 7 partial and 8
total MPO deficient subjects out of approximately 40,000 individ-
uals analysed. The genetic characterization of the subjects showed
the presence of 3 known mutations (c.1705C>T, c.752T>C
and c.1566_1579del14) and 6 novel mutations associated with
MPO deficiency: four missense mutations in exons 7, 10 and 11
(1:c.995C>T; p.A332V. 2: c.1112A>G; p.D371G. 3: c.1715T>G;
p.L572W. 4: c.1927T>C; p.W643A), then the deletion of an
adenine within exon 3 (c.325delA; p.A108fs5) and a mutation within
the 3’ splice site of intron 11 (c.2031 –2A>C;IVS11 –2A->C) (5).
The study revealed the presence of 7 heterozygous, 3 homozygous
and 5 compound heterozygous subjects for the mutations within the
MPO gene. We observed that most of the amino acids involved in
the novel missense mutations were localized within the heme-binding
pocket of the MPO molecule. The novel mutations might cause a
local change in the MPO secondary structure thus altering the MPO
enzymatic activity. The genotypes of the MPO deficient subjects
are summarized in Table 1.

Two mutations, IVS11 –2A->C and Δ14 deletion, were present
in high frequency among the analysed MPO deficient subjects. Then,
we have characterized both in vivo and in vitro, how these mutations
cause the disruption of MPO pre-mRNA splicing.

Using a minigene expression system, we showed that the result
of the IVS11 –2A->C mutation is the activation of a cryptic 3’ splice
site located 109 nucleotides upstream of the authentic 3’ splice site
of intron 11 (Fig. 1). The 109nt insertion might cause the rapid
degradation of the MPO mRNA or, alternatively, might causes a
shift in the reading frame with the generation of a stop codon after
codon 749 that should be translated into a MPO precursor with a
completely subverted sequence of the 72 amino acids carboxy-
terminal tail downstream of the activated cryptic splice site.

Previous studies on neutrophil precursors showed that the Δ14
deletion can be considered an exonic regulatory element of pre-
mRNA processing since it affects exon 9 splicing causing the selec-

tion of a cryptic 5’ splice site (GGT 9935) located 77 nucleotides
upstream of the authentic 5’ splice site of MPO exon 9. In order to
evidence the possible trans-acting factors that interact specifically
with MPO exon 9 across the Δ14 region, we carried out both electro-
phoretic mobility shift (EMSA) and UV cross-linking assays. EMSA
experiment indicated that an RNA-protein(s) complex was formed
in presence of the wild type exon 9 sequence and was not formed in
presence of the Δ14 exon 9. In UV cross-linking assay, a 40 kDa
protein was then shown to specifically bind to the wild type exon 9
and not to the Δ14 one (Fig. 2).

The protein was purified by setting up an RNA-affinity purifica-
tion protocol. Microsequencing by mass spectrometry identified the
isolated protein as the heterogeneous ribonuclear protein E2 (hnRNP
E2). Recombinant hnRNP E2 was expressed in E. coli and was used
to confirm the specificity of interaction with the MPO exon 9 as
well as to explore its sequence binding requirements. Then, func-
tional experiments showed that the cryptic GGT 9935 5’ splice site
of MPO exon 9 can be effectively selected by the splicing machinery
in particular conditions. All together these results would suggest
that hnRNP E2 might regulate the selection of the authentic MPO
exon 9 5’ splice site blocking sterically the access to the GGT 9935

Table 1.  Genetic characterization of the group of 15 MPO deficient subjects

Patient
Sex

MPO
Genotype Effects of Mutations

Number Status

1 F T [c.2031–2A>C] + [c.2031–2A>C] [r.2031-190_2031-2ins; r.2031–2A>C] +

[r.2031-109_2031-2ins; r.2031–2A>C]

2 F T [c.1566_1579del14] + [c.1705C>T] [r.1545_1622del] +[p.R569W]

3 F P [c.752T>C] + [WT] [p.M251T] + [WT]

4 F T [c.1566_1579del14] + [c.1566_1579del14] [r.1545_1622del] + [r.1545_1622del]

5 M P [c.995C>T] + [WT] [p.A332V] + [WT]

6 F P [c.352delA] + [WT] [p.A108fs5] + [WT]

7 F T [c2031–2A>C] + [[c.2031–2A>C] [r.2031-109_2031-2ins; r.2031–2A>C] +

[r.2031-109_2031-2ins; r.2031–2A>C]

8 M T [c.1705C>T] + [c.752T>C] [p.R569W] + [p.M251T]

9 M P [c.752T>C] + [WT] [p.M251T] + [WT]

10 M T [c.995C>T] + c.1715T>G [p.a332V] + [p.L572W]

11 M P [c.1566_1579del14] + [WT] [r.1545_1622del] + [WT[

12 F P [c.752T>C] + [WT] [p.M51T] + [WT]

13 F T [c.1566_1579del14] + [c.2031–2A>C] [r.1545_1622del] + [r.2031-109_2031-2ins; r.2031–2A>C]

14 F P [c.1112A>G] + [WT] [p.D371G] + [WT]

15 F T [c.1566_1579del14[ + [c.1927T>C] [r.1545_1622del] + [p.W643A]

MPO status: T: complete deficiency. P: partial deficiency. WT: wild-type allele. The genotype of each patient (fifth colum) and the effects
of mutations (sixth column) at RNA (plain text) or at protein level (bold text) are shown.

Fig. 1.  Effects of the mutation IVS11 –2A->C on MPO intron 11 splicing.
RT-PCR assay performed on transfection experiments of Hep3B cell
line using the WT MPO construct or the IVS11 –2A->C construct.
The RT-PCR products are resolved on 2% agarose gel electrophoresis.
Sample 1 (MPO IVS11 WT): 650bp RT-PCR fragment corresponding
to exon 10 +11+12 mRNA. Sample 2 (MPO IVS11 –2A-> C): 759bp
RT-PCR fragment corresponding to exon 10 +11+12 mRNA plus the
inclusion of 109nt of intron 11. Sample 3: RT-PCR negative control.
M: molecular weight marker.
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splice site by its interaction with the wild type MPO exon 9. In the
presence of the Δ14 deletion hnRNP E2 cannot bind to MPO exon
9 and the cryptic 5’ splice site might be selected. Moreover, other

trans-acting factors specific of some stages of neutrophil matura-
tion could be recruited, even through hnRNP E2, to regulate the
selection of the MPO exon 9 5’ splice site. Our study represents the
first demonstration that hnRNP E2 is able to bind to an intraexonic
sequence and supports the hypothesis that such a protein might be
relevant for the pre-mRNA processing in the leukocite precursors.
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Fig. 2.  UV cross-linking to WT and Δ14 RNA. UV cross-linking assay
were carried out using HeLa nuclear extract with uniformly labeled
WT (lane 1) and Δ14 RNA (lane 6). The arrow shows the position
of the 48 kDa complex that is detected only in the presence of  WT-
RNA and not in the presence of Δ14-RNA. Competition analysis
confirmed the binding specificity of the 48 KDa complex following
addition of increasing amounts of cold WT and Δ14 RNAs to labeled
WT (lane 2 - 3, 4 - 5) and to labeled Δ14 (lane 7 - 8, 9 - 10) in the
presence of HeLa nuclear extract. The molar ratios of cold/labelled
RNA were 3 and 6. The competition analysis shows that the 48 kDa
band is competed away from the labeled WT-RNA only when cold
WT-RNA (and not Δ14) is used.
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SUMMARY: Myeloperoxidase (MPO; EC 1.11.1.7) is a lysosomal hemeprotein that plays an important role in the host
defense mechanism against microbial diseases. This neutrophil disorder, characterized by the lack of MPO, may result in a
weakened defense activity. Complete MPO deficiency has been postulated to be to originate from genomic mutation. Recently,
two Japanese patients were reported with MPO deficiency. Both had base substitutions in the exon 9 region of the MPO gene;
a region in close proximity functionally important residue, His502. Genomic DNA from 387 Japanese individuals was
examined to determine the prevalence of these recently discovered base substitutions. None of these DNA samples possessed
the mutations found in the MPO deficient cases, though two synonymous and one non-synonymous mutation were found.
The frequency of mutation in the exon 9 coding region was estimated to be one heterozygote in 129, thus the homozygote of
such mutations would be revealed one in 16,000 in the Japanese population.

*Corresponding author: E-mail: ykameoka@nih.go.jp

Myeloperoxidase (MPO) is a lysosomal hemeprotein located in
azurophilic granules of neutrophils and monocytes. MPO is part of
the host defense system and is responsible for microbicidal activity
against a wide range of organisms. A deficiency in MPO is specu-
lated to be associated with a decreased level of immunity (4). Aratani
et al. (1) has described the association with this deficiency and
continuous infection of Candida albicans in MPO knock-out mice.

In the human population, the prevalence of complete MPO
deficiency in Japan is estimated to be 1.75/100,000, a value 14- to
28-fold lower than that of the United States and Europe, respec-
tively (8). Three allelic mutations related to MPO deficiency have
been previously reported: R569W (5), Y173C (3), and M251T (7).
MPO research is now making headway with the genetic analysis
of patients with complete and partial MPO deficiency.

Research conducted over the past year entailed identifying muta-
tions found in cases afflicted with MPO deficiency and estimating
the prevalence of these mutations in a control cohort. Two novel non-
synonymous mutations were researched during this time period; a
glycine to serine substitution (G501S) and an arginine to cysteine
substitution (R499C), both found on the exon 9 region of the MPO
gene. The G501S mutation, first reported in the Japanese popula-
tion, (6) was found originally in a patient with complete MPO defi-
ciency. Neutrophil function analysis revealed that MPO activity was
significantly diminished with slightly elevated superoxide produc-

tion.
Another patient was later identified with complete MPO defi-

ciency. As with the first case, MPO activity was diminished with
increased superoxide production. In this case, a new mutation was
also found in the region responsible for coding MPO: a point muta-
tion in exon 9 region that resulted in an arginine to cysteine substi-
tution (R499C) (Persad, in preparation). Primer sets used in the
recognition of mutations found in both patients are described in (6).

A total of 387 DNA samples served as a comparison cohort in the
investigation of a possible link between these identified mutations
and the presence of MPO deficiency. Due to difficulties in obtaining
samples from a large number of healthy individuals, the control group
used consisted of DNA from rheumatoid arthritis samples (21%),
hepatitis C samples (41%) and healthy blood donors (38%), none of
which had information on levels of MPO activity or superoxide
production. Among these samples, three isolated point mutations
were found in exon 9, all of which were heterozygous, with two of
the mutations being synonymous in nature (1434 G/A, 1478 C/A;
the numbers indicate the base position from Adenine of first ATG in
mRNA). The third isolated mutation (1464 T/C) would result in an
amino acid substitution from isoleucine to threonine. This mutation
has not been confirm nor is MPO activity available for this DNA
sample. All 387 samples did not possess the non-synonymous
mutations found in the MPO deficient cases, thus drawing a more
defined postulation that G501S and R499C may be associated with
complete MPO deficiency.


