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Figure 1. Human peripheral blood mononuclear cells, from 4 vol-
unteers, were incubated for 24 h at 377C with endotoxin-free low-
density lipoprotein (LDL) with control medium (CM), sonicated C.
pneumoniae (104 ifu/mL), and lipopolysaccharide (LPS; 10 ng/mL).
LDL oxidation was assessed by measuring concentrations of thiobarbi-
turic acid–reactive substance (TBARS). * , Mann-Whitney U testP ! .01
( ).mean 1 SD
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Oxidation of Low-Density Lipoproteins by Acellular
Components of Chlamydia pneumoniae

To the Editor—We read with great interest about the work by
Kalayoglu et al. [1] on the capacity of Chlamydia pneumoniae
to promote oxidation of low-density lipoproteins (LDLs) [1].
Regarding the association between infection with C. pneumon-
iae and atherosclerosis [2], this study provides important new
insight on pathogenetic mechanisms through which C. pneu-
moniae may induce atherogenesis. Although the synergism be-
tween hyperlipoproteinemia and C. pneumoniae infection in the
induction of atherosclerosis in experimental models has indi-
rectly suggested a connection between these two atherogenic
risk factors [3], the study by Kalayoglu et al. [1] is the first to
show a link between the oxidative LDL modification and the
infectious hypothesis of atherogenesis.

In a recent study, we found that an acellular component(s)
of sonicated C. pneumoniae, in as little as 103–104 infection-
forming units (ifu)/mL, induces the proinflammatory cytokines
tumor necrosis factor (TNF)–a and interleukin (IL)–1b and the
chemokines IL-8, monocyte chemoattractant protein–1, and
macrophage inflammatory protein–1 [4]. This component did
not appear to be a lipopolysaccharide (LPS). Nevertheless, be-
cause proinflammatory cytokines may affect oxidative pro-
cesses, we subsequently investigated whether stimulation of hu-
man peripheral blood mononuclear cells (PBMC) by low
numbers of sonicated chlamydia can induce oxidation of freshly
isolated human LDL. The hypothesis of Kalayoglu et al. [1]
that oxidation of LDL by C. pneumoniae may be mediated
through intermediary production of proinflammatory cyto-
kines, such as TNF-a and IL-1b, is indirectly supported by the
relatively long interval (18–40 h) necessary for chlamydia
to induce significant LDL oxidation, suggesting mediation

through endogenous factors. When 104 ifu/mL of sonicated C.
pneumoniae were added to PBMC ( /mL) and incubated55 3 10
for 24 h in the presence of freshly isolated endotoxin-free LDL
(2 mmol/L), there was a significant increase in the oxidation of
LDL as determined by measuring concentrations of thiobar-
bituric acid–reactive substance (figure 1). Although the level of
oxidation was lower than that observed by Kalayoglu et al. [1],
likely owing to the fewer chlamydia used, our observation is
important because it suggests that low amounts of C. pneu-
moniae can induce LDL oxidation. Minimally oxidized LDL
has been suggested to have an important pathogenetic role in
atherogenesis [5]. Although a quantitative analysis of the num-
ber of chlamydial particles in atherosclerotic plaques has not
been done, it is unlikely that 105–106 ifu of organisms (as used
by Kalayoglu et al. [1]) are present in 1 plaque.

An interesting observation by Kalayoglu et al. [1] was that
oxidation of LDL by C. pneumoniae is independent of LPS.
This is consistent with our own data. We too found that in-
duction of cytokine synthesis by C. pneumoniae is largely in-
dependent of chlamydial LPS [4]. Moreover, sonicated and live
chlamydia were equally potent in our study, suggesting that an
acellular component(s), and not live bacteria, possesses the ac-
tivity [4]. This may be particularly important because recent
data suggest that, at late stages only, chlamydial antigens, and
not live bacteria, persist and maintain the chronic inflammation
in atherosclerosis [6]. In fact, induction of interferon-g pro-
duction suggested that the non-LPS component of C. pneu-
moniae that is responsible for the induction of cytokines has
the properties of a superantigen [4]. It may be that the chla-
mydial hsp60 reported by Kalayoglu et al. [1] as responsible
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for LDL oxidation also may be involved in cytokine and che-
mokine induction in human PBMC, as suggested by studies of
mouse macrophages [7].

Kalayoglu et al. [1] were surprised about the lack of involve-
ment of superoxide in the mediation of LDL oxidation by C.
pneumoniae. However, this may be less surprising if one con-
siders that monocytes are low producers of oxygen radicals but
major sources of nitrogen intermediates, which also are induced
by proinflammatory cytokines [8]. It is tempting to speculate
that this alternative mechanism may contribute to LDL oxi-
dation by chlamydial antigens.

The observation that chlamydial antigens are able to induce
LDL oxidation links the pathogenetic mechanisms through
which hyperlipoproteinemia and C. pneumoniae infection con-
tribute to the process of atherosclerosis and represents an im-
portant step forward in understanding the pathogenesis of this
important disease.
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Reply

To the Editor—We thank Netea et al. [1] for interest in our
work and for insight into how Chlamydia pneumoniae induce
mononuclear phagocyte oxidation of low-density lipoprotein
(LDL). We reported that C. pneumoniae induced macrophage
oxidation of LDL and identified chsp60 as one chlamydial pro-
tein involved in activation of lipoprotein oxidation [2]. Data
provided by Netea et al. [1] support this notion and suggest
that lipoprotein oxidation involves indirect mechanisms, per-
haps following induction of cytokines by macrophages [3]. One
hypothesis is that C. pneumoniae hsp60 induces macrophage
LDL oxidation by triggering cytokine release. Indeed, Kol and
colleagues [4, 5] have demonstrated the capacity of chsp60 to
induce inflammatory cytokine release by macrophages and by
other cell types present in the atheroma. They also postulate
that if a cytokine cascade is involved, then these inflammatory
mediators may induce the release of macrophage nitrogen in-
termediates that oxidize lipoproteins. These are intriguing hy-
potheses that can be investigated directly. For example, C. pneu-
moniae–induced LDL oxidation can be measured in the
presence or absence of neutralizing antibodies specific to the
cytokines implicated by Netea et al. [1], such as tumor necrosis
factor–a, interleukin (IL)–1b, and the chemokines IL-8, mono-
cyte chemoattractant protein–1, and macrophage inflammatory
protein–1.

We agree with Netea et al. [1] that the long interval (18–40
h) required to detect LDL oxidation suggests an indirect mech-
anism of lipoprotein modification, such as cytokine release.
Indeed, C. pneumoniae–induced LDL oxidation by macro-
phages is a relatively late event [2], when compared with C.
pneumoniae–induced LDL uptake and macrophage foam cell
formation [6–8]. However, it also is possible that LDL oxidation
begins immediately after macrophage exposure to C. pneumon-
iae but that oxidation byproducts accumulate to detectable lev-
els only after a long interval. Direct and highly sensitive assays
for lipoprotein oxidation are available [9] and may be used to
determine the interval between macrophage exposure to C.
pneumoniae and LDL oxidation.
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