
S21

Jpn. J. Infect. Dis., 57, 2004

resistance to hydrogen peroxide-mediated toxicity (4). However
deletion/replacement of the dps gene did not affect EC1 survival in
neutrophils (Fig. 1).

When the three mutant strains (10% each) were mixed with wild-
type and incubated with neutrophils for 60 min, the overall mixture
experienced a 99% decline in viability. Among the survivors, the
araB and dps genotypes were slightly over-represented while the
oxyR genotype was significantly under-represented as determined
by QPCR analysis (Fig. 2). The QPCR analysis achieved the same
result in a single experiment with three replicate samples as was
observed in 4 -9 experiments employing traditional methods.  Based
on the 10% abundance of each mutant in the INPUT mixture, we
estimate that QPCR analysis could easily detect differences within
a mixture of 10 different strains and perhaps many more. We would
suggest that QPCR analysis could serve as an effective screening
method to select promising candidates for further study from among
many mutants.

Preliminary studies have indicated that single gene mutations
are insufficient to render EC1 hypersusceptible to neutrophil
microbicidal systems but that double and triple mutations acquire
a significant phenotype (unpublished). We propose to use QPCR
analysis to further screen additional mutants of EC1, examining the
contribution of key genes of the oxyR regulon individually and in
combination.
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The Role of Myeloperoxidase in the Pathogenesis of Coronary Artery Disease
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SUMMARY: A growing body of evidence continues to emerge implicating the role of myeloperoxidase (MPO) and its
oxidant products in the promotion of atherogenesis. A major mechanism by which MPO impacts the arterial wall is through
its modification of net cellular cholesterol flux. MPO promotes lipid peroxidation and conversion of LDL to an atherogenic
form, where it is taken up by macrophages, a critical step in foam cell formation. Emerging evidence suggests that HDL can
also be modified by MPO derived oxidants, resulting in an impairment of cholesterol efflux. In addition, modified HDL
appears to be a strong predictor of clinical risk. These features highlight MPO and its products as potential predictive markers
and targets in atheroprotection.
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It has become increasingly recognized that atherosclerosis is a
chronic inflammatory process, characterized by the accumulation
of lipid, inflammatory cells and necrotic material within the arterial
wall. As a result, there is great interest to identify the key factors
promoting this process. A substantial body of evidence has emerged
to implicate the role of the leukocyte derived enzyme myeloper-
oxidase (MPO) in atherogenesis. In particular, recent studies have
highlighted the potential role that MPO plays in the regulation of
cholesterol flux into the arterial wall.

Association between MPO and atherosclerosis: MPO, a mem-
ber of the heme peroxidase superfamily, generates reactive oxygen
species and diffusible radical species. It performs a physiological
role as part of the innate immune system. However, MPO also can
apparently exert a deleterious impact on the arterial wall. Immuno-
histochemical studies demonstrate the presence of MPO, its oxidant
products, and their colocalization with macrophages, in human
atheroma. Genetic studies support a protective role of MPO deficien-
cy. MPO-deficient individuals have less coronary artery disease
(CAD). In addition, a functional polymorphism in the promoter of
the MPO gene, resulting in decreased enzyme expression, was
associated with a decreased risk of CAD. Furthermore, systemic

levels of MPO and its oxidant products are associated with the preva-
lence of atherosclerotic disease. Systemic levels of MPO predict
the presence and extent of angiographic disease (1). Moreover,
levels predict the risk of clinical events in both subjects presenting
with chest pain (2) or acute coronary syndromes (3).

MPO promotes atherogenesis via a range of mechanisms: It
appears that MPO, through the generation of nitric oxide (NO)-
derived oxidants, promotes numerous pathological events in
the atherogenic cascade. In addition to generating potentially
proatherogenic species, MPO utilises the atheroprotective NO as a
substrate. These factors have been implicated in the development of
endothelial dysfunction, accumulation of foam cells in the arterial
wall and the promotion of plaque vulnerability (4). In particular,
substantial evidence suggests that MPO derived oxidants influence
the net flux of cellular cholesterol, via both an increase in its cellular
uptake and a reduction in its removal.

MPO promotes cellular accumulation of cholesterol: Oxida-
tive modification of low density lipoprotein (LDL) is a key early
event in the promotion of atherogenesis. Modification of LDL to a
high uptake form allows for its internalisation by macrophages,
which undergo morphological changes to become foam cells, a major
cellular component of the developing plaque. Evidence suggests
that MPO-generated reactive nitrogen species convert LDL into
a high uptake form, which is readily internalised by macrophages
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by a scavenger receptor mediated process. In addition to protein
modification, MPO rapidly promotes the peroxidation of lipids.
These modified lipids become attractive targets for uptake
by macrophages and, in addition, promote the elaboration of
proinflammatory factors, including adhesion molecules and
chemokines. Furthermore, MPO-generated nitrating species promote
the synthesis of cholesteryl esters and lipid loading of macro-
phages, resulting in the microscopic appearance of foam cells.

MPO impairs cholesterol efflux role of high density lipo-
proteins: It also appears that MPO promotes the oxidative modifi-
cation of high density lipoproteins (HDL), influencing its ability to
promote cholesterol efflux. Apolipoprotein A-I (apo A-I) modified
by MPO-generated HOCl in vitro is less effective at promoting
cholesterol efflux and more readily degraded by macrophages (5).
It is possible that this chlorination impedes the interaction between
apo A-I and the scavenger receptor SR-BI, which promotes cellular
cholesterol flux (6). We recently identified apo A-I as a selective
target for MPO catalyzed nitration and halogenation in vivo, with
accom-panying functional impairment in vivo (7). MPO facilitated
modification of either HDL or apo A-I reduced their ability to
promote ABCA1 dependent cholesterol efflux from cholesterol-laden
macrophages. Serum Apo A-I demonstrated ~100-fold higher
levels of nitrotyrosine and chlorotyrosine compared to total serum
proteins, and apoA-I isolated from patients with CAD contained
increased levels of nitrotyrosine and chlorotyrosine compared to
healthy controls (7). The greatest content of these species was found
in apo A-I isolated from human atheroma, suggesting that this
oxidative modification occurs preferentially in the arterial wall. In
addition, MPO was found to directly associate with both intact HDL
and apo A-I, with a specific contact site on the lipoprotein for interac-
tion with MPO noted. These results provide a structural basis for
the colocalization noted between epitopes specific for proteins
exposed to HOCl and apo A-I within human atheroma (8).

CONCLUSION

In summary, substantial evidence supports the concept that MPO
and its oxidant products play a key role in the promotion of athero-
genesis. A major mechanistic link appears to involve its influence
on the net flux of cellular cholesterol. MPO promotes the conver-

sion of LDL and phospholipids to an atherogenic form, whilst at the
same time reduces the protective ability of HDL to promote choles-
terol efflux. These findings highlight the importance of MPO
derived oxidants as both markers for risk prediction and targets for
atheroprotection.
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SUMMARY: The members of the NOX family of enzymes are expressed in a variety of tissues and serve a number of functions.
There is a high level of conservation of primary protein sequence, as well as functional features, although specialized
responses are beginning to emerge. In this context, our data demonstrate that the NOX1 cytoplasmic domains interact
efficiently with the cytoplasmic subunits of the phagocyte NADPH oxidase and identify the second cytoplasmic loop of
NOX electron transporters as a crucial domain for enzyme function. Studies of cytosolic co-factors showed that the C-
terminal cytoplasmic domain of NOX1 was absolutely required for activation with NOXO1 and NOXA1 and that this activity
required interaction of the putative NADPH-binding region of this domain with NOXA1. Finally, we have provided the first
example of how alternative splicing of a NOX co-factor may be involved in the regulation of NADPH oxidase function.
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NOX family of NADPH oxidases: The NADPH oxidase (NOX)
gene family has been recently defined based on homology with the
phagocyte respiratory burst oxidase, a well known multi-component
enzyme system that plays a critical role in antimicrobial host
defenses (1). The essential components of the phagocyte oxidase
(designated phox) include a membrane-bound flavo-heme catalytic
subunit comprised of a gp91phox-p22phox heterodimer, as well as the
cytosolic co-factors p47phox, p67phox, and the small GTPase Rac 1 or
Rac 2. The gp91phox protein contains two heme groups associated

with transmembrane segments, and binding sites in its cytoplasmic
domains for FAD, NADPH, and the cytosolic co-factors. Stimulus-
dependent assembly of the complete oxidase complex leads to
catalyzed electron transport from cytosolic NADPH to molecular
oxygen, producing the free radical superoxide anion (O2

–.
) (2). Super-

oxide then serves as an intermediate for the formation of other
reactive oxygen species (ROS), such as hydrogen peroxide (H2O2)
and hydroxyl radical (OH

.
).

The NOX gene family has 5 members, all homologous to gp91phox,
which is also designated NOX2. Although the members of the
family exhibit structural similarity, they differ greatly in their range


