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Abstract

Objective—Exposure to particulate matter air pollution may be an independent risk factor for
cardiovascular morbidity and mortality; however, the biological mechanisms are unclear. We
hypothesize that exposure to diesel exhaust (DE), an important source of traffic-related particulate
air pollution, promotes changes of atherosclerotic plaque component that may lead to plaque
vulnerability.

Methods and results—30-week old ApoE knockout mice fed with regular chow inhaled DE (at
200 pg/m3 of particulate) or filtered-air (control) for 7 weeks (6 h/day, 5 days/week) (12 mice/
group). Total number of alveolar macrophages (p < 0.01) and alveolar macrophages positive for
particles (p < 0.0001) were more than 8-fold higher after DE inhalation than the control. DE
inhalation caused 1.5 to 3-fold increases in plaque lipid content (p<0.02), cellularity (p<0.02),
foam cell formation (p<0.04), and smooth muscle cell content (p<0.05). The expression of
oxidative stress markers, iNOS, CD36, and nitrotyrosine was significantly increased by 1.5 to 2-
fold in plaques, with enhanced systemic lipid and DNA oxidation (p<0.02). Increased foam cells
and the expression of iINOS (R? = 0.72, p = 0.0081) and CD36 (R? = 0.49, p = 0.015) in plaques
were positively correlated with the magnitude of DE exposure.

Conclusions—Exposure to DE promotes changes in atherosclerotic plaques characteristic of
unstable vulnerable plaques. Increased systemic and plaque oxidative stress markers suggest that
these changes in plaques could be due to DE-induced oxidative stress.
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1. Introduction

Epidemiological studies conducted over the past 20 years showed that exposure to ambient
particulate matter air pollution with aerodynamic diameter less than 2.5 um (PM, 5) may be
an independent risk factor for increased cardiovascular morbidity and mortality [1,2], and
recent studies suggest that reducing ambient particles resulted in declined cardiovascular
morbidity and deaths [3,4]. Evidence from other and our own laboratories suggested that
deposition of particles in the lung causes alveolar inflammation resulting in a systemic
inflammatory response that impacts the blood vessels [5-8], which could be responsible for
the downstream adverse cardiovascular effects [1]. This hypothesis is supported by several
animal studies [6-8] and human studies showing that elevations of 10ug/m3 and 20pg/m3 in
PM, 5 were associated with 5.9% and 12.1% increases in the development of
atherosclerosis, respectively [9].

Inflammation plays a central role in all stages of atherosclerosis development [10]. Exposure
to particulate matter air pollution results in excessive production of reactive oxidative
species (ROS) [11]. These ROS contribute to many cardiovascular complications via
exacerbating interactions with lipids, proteins, and DNA. An in vitro study showed that
diesel exhaust particle (DEP)-induced ROS exerted lipid peroxidation to produce oxidized
low-density-lipoprotein (oxLDL), which can serve as a stimulus for monocyte migration
into the sub-endothelial space representing an key step in atherogenesis [10,12]. These
monocyte-derived macrophages phagocytose oxL DL, contributing to foam cell formation,
and the development of fatty streaks, a hallmark of early atherosclerotic lesion [10].
Macrophage CD36 is the major scavenger receptor for oxLDL, hence promoting the
progression of atherosclerosis [13]. Active unstable atherosclerotic plaques are characterized
by increased lipid accumulation, foam cell formation, smooth muscle migration from the
sub-endothelial layer and a thin fibrous cap [14]. Plaque disruption and atherothrombosis are
the underlying causes of approximately 60—-80% of all sudden cardiac deaths [15].

Diesel exhaust particulate is a major component of urban PM> 5, accounting for up to 90%
of the fine particulate mass in ambient air of many major cities, such as London [16]. Diesel
Exhaust (DE) is a mixture of fine particles and gases, and represents a useful model of
traffic-related air pollutants. The particulate from DE consists of a central carbon core
nucleus onto which an estimated 18,000 combustion products are absorbed, including
organic chemicals, such as polycyclic aromatic hydrocarbons, and transition metals [17,18].

Recent studies have shown an association between the progression of atherosclerosis and
people living near major roads, and traffic-related air pollution exposure and acute coronary
events [19]. The association between DE exposure and cardiovascular diseases is
compelling; however, the impact of DE exposure on atherogenesis is poorly understood. In
this study we exposed ApoE knockout mice to DE via whole-body inhalation for 7 weeks,
and measured morphological alteration of atherosclerotic lesion to test the hypothesis that
DE exposure causes changes in atherosclerotic plaque characteristic of unstable plaque or
plaque vulnerable to cause acute vascular events. We also explored the impact of the
magnitude of DE exposure and downstream oxidative stress on the changes in plaque
morphology.
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2. Material and methods

2.1. Exposure protocol and experimental animals

Characteristics of the exposure system have been described elsewhere in detail [20] (See
online supplementary “Material and methods” for more details).

Male ApoE knockout mice fed with regular chow, at the age of 30-week, were exposed for 7
weeks (5 days/week, 6 h/day) to DE controlled at the concentration of 200 w/m3 PM2.5.
Mice exposed to filtered air were the control (12mice/group). Animal procedures were
approved by the Animal Care and Use Committee of the University of Washington.

2.2. Sample processing and image acquisition

After exposure, sodium pentobarbital (100mg/kg, Abbott Laboratories) and heparin sulfate
(500U/kg) were administered intraperitoneally. Plasma, thoracic aorta, aortic root, lung and
urine were collected and kept in appropriate conditions until assay. For morphometric
analysis, images were captured by a spot digital camera (Microspot, Nikon), coded and
analyzed using Image Pro Plus software. 10-12 fields per view of each animal were
randomly chosen.

2.3. Plasma cholesterol and triglyceride

Plasma cholesterol and triglyceride levels were measured using commercially available kits
(Cayman Chemical).

2.4. Lung tissue analysis

Lungs were inflated and fixed with 10% neutral formalin for 24 h, cut into 4 pieces
longitudinal slices, embedded in paraffin blocks, sectioned at 10 um and stained with
hematoxylin and eosin (H and E). Random images were captured to represent the whole
lung and analyzed using point counting to determine the volume fraction (V/v%) of alveolar
macrophages. The V/v% of alveolar macrophages positive for particulate matter was
measured as an indicator for the magnitude of lung exposure.

2.5. Histo- and immunohistochemical analysis of atherosclerotic plague

Aortic root was used to quantify the changes in plaque. Aortic root tissues were fixed with
10% neutral formalin for 24 h, embedded in paraffin, sectioned at 5 um and stained for
Movat pentachrome. Point counting was used to determine the V/v% of plaques, total cell
counts (plaque cellularity) and foam cells. The nuclei of cells in each lesion were
enumerated and normalized to the plaque size.

Picro-sirius red (Sigma) staining was used to identify collagen content and collagen was
quantified (V/v%) in plaque tissues.

The expression of iINOS, CD36, nitrotyrosine and a-actin was quantified after
immunohistochemical staining for aortic root tissues. Sections were incubated with
antibodies F4/80, a maker for mature macrophages (1:50, AbD Serotec); inducible nitric
oxide synthase (iNOS) (1:100); CD36 (1:50); nitrotyrosine (NT) (1:400), and a-actin
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(1:600) at 4°C overnight. Subsequently, sections were incubated with biotinylated goat anti
rabbit 1gG (1:800, Vector Laboratories), followed by avidin- biotin conjugated alkaline
phosphatase and Vector red (Vector Laboratories) to detect the antigen-antibody complexes.
The area of positive staining was recognized, and the volume fraction (V/v%) of iNOS,
CD36 and NT was determined.

2.6. Lipids in plaque

Frozen aortic root was embedded in OCT (Sakura Finetek), sectioned at 5 um, stained with
Oil-Red-O and V/v% of positive staining was determined.

2.7. Systemic oxidative stress

Urine samples were purified using 8-isoprostane affinity sorbent, and 15-Fo-isoprostane
(15-F»-1soP), a marker of lipid oxidation, was measured using a 8-1soprostane EIA kit
(Cayman Chemical). As a marker of DNA oxidation, 8-hydroxy-2-deoxy guanosine (8-OH-
dG) concentration was measured using a 8-OH-dG kit (Cayman Chemical). Creatinine
levels were measured by a creatinine assay kit (Cayman Chemical). The plasma
myeloperoxidase (MPO) levels were also measured using an ELISA kit (Invitrogen).

2.8. Statistical analysis

3. Results

Data are shown as mean £ SEM. The statistical significance was evaluated using the
unpaired Student’s t-test for simple comparison between two values. Linear regression
modeling was used to assess the relationship between exposure markers (alveolar
macrophages with particles) and changes in plaques and oxidative stress markers. In all
experiments, n equals the number of mice from which samples were obtained. p < 0.05 was
considered to be significant.

3.1. Alveolar macrophages in lung tissue

DE exposure significantly increased the number of alveolar macrophages positive for
particles (3.5 £1.2% in Filtered air vs. 85.7 £ 1.7% in DE; p < 0.0001) (Fig. 1A). The total
number of alveolar macrophages was also increased in DE exposure group, compared with
filtered air exposure (1.3+0.2% vs. 10.2+1.1%; Filtered air vs. DE; p <0.01) (Fig. 1B).

3.2. No changes in plasma cholesterol and triglyceride

To determine whether DE increased circulating lipids and thereby lipids in atherosclerotic
plaques, we measured plasma cholesterol and triglyceride levels. Exposure to DE did not
affect plasma lipid levels (Supplementary Table 1).

3.3. Changes in atherosclerotic plaque composition

Fig. 2A, C and E shows different morphological features of plagues on Movat stains. There
was no difference in the volume fraction of the size of atherosclerotic lesions between DE
and filtered air exposed mice (Fig. 2A and B). Histological characterization of plaque
morphology reveals that DE exposure increased plaque cellularity (70.0+4.0 vs. 100.0+9.8
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cells/100 um of lesion area; Filtered air vs. DE; p < 0.02) (Fig. 2C and D), foam cell
formation (12.2+1.7% vs. 27.3+5.4%); Filtered air vs. DE; p < 0.04) (Fig. 2E and F),
increased lipid accumulation (16.1+£2.1% vs. 31.9+4.7%; Filtered air vs. DE; p < 0.02) (Fig.
3A-C), and smooth muscle cell content (7.5£2.0% vs. 25.5+9.1%; Filtered air vs. DE; p <
0.05) (Fig. 3D-F). We observed a non-significant decrease in collagen content of plaques
(90.2+9.6% vs. 69.4+9.1%; Filtered air vs. DE; p > 0.05) (Fig. 3G-I). The proteoglycan
content of plaques was similar between DE and Filtered air exposure groups (data not
shown).

3.4. Increased oxidative stress in atherosclerotic plaque

The expression of oxidative stress markers: iINOS, CD36, and nitrotyrosine in plaques was
increased after DE exposure; iNOS (18.7+5.5% vs. 50.8+£12.2%); Filtered air vs. DE;p
<0.05) (Fig. 4A-C), CD36 (36.1+5.6% vs. 66.3+6.9%; Filtered air vs. DE; p < 0.005) (Fig.
4D-F), and nitrotyrosine (43.4+8.9% vs. 75.6+8.6%; Filtered air vs. DE; p < 0.02) (Fig. 4G-
1), respectively. To further examine the relationship between the magnitude of DE exposure
and down stream effect, we examined the association between the number of alveolar
macrophages positive for particles and the numberoffoam cells, the expression of CD36 and
iNOS in plaque, respectively. The number of alveolar macrophages positive for particles in
filtered air group was significantly lower than that in DE exposure group (3.5+£1.2% in
Filtered air vs. 85.7+£1.7% in DE); therefore, we used data from just DE exposure animals.
We found that there were positive correlations between alveolar macrophages positive for
particles and plaque foam cell formation (R% = 0.35,p <0.027), CD36 expression (RZ = 0.49,
p =0.015) and iNOS expression (R% = 0.72, p = 0.0081), respectively (Fig. 5).

3.5. Systemic oxidative stress

The urine levels of both 15-F,-isoprostane (11.7£3.4 vs. 27.7+4.1 ng/creatinine(mmol);
Filtered air vs. DE; p < 0.02) and 8-hydroxy-2-deoxy guanosine (1422+106 vs. 5110+1452
ng/creatinine(mmol); Filtered air vs. DE; p < 0.02) were increased by DE exposure
(Supplementary Fig. 1). The plasma MPO levels were similar between DE and filtered air
exposure groups (Supplementary Fig. 2).

4. Discussion

In this study, we demonstrate that DE exposure induced changes in atherosclerostic plaque
that are characteristic of unstable plaques associated with vascular events [14,15]. We show
that exposure to DE increased plaque lipids, plaque cellularity, foam cell formation and
smooth muscle cell migration into plaque (Figs. 2 and 3). The positive correlation between
the increased plaque foam cell formation and particle positive alveolar macrophages (Fig.
5A), links DE exposure to these morphological changes in atherosclerotic lesions. We also
show an increase in oxidative stress markers both in the circulation and in the plaques
themselves (Fig. 4 and Supplementary Fig. 1), and the positive association between particles
in the lung and increased expression of iNOS and CD36 in aortic root (Fig. 5B and C)
suggests that oxidative stress contributes to these DE-induced plague changes.
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With the rapid industrialization inboth developed and developing world, DE has become one
of the most important components of urban particulate matter [15]. This is the first study to
quantify the morphological changes in atherosclerotic plaque induced by exposure to DE
and linked these changes to oxidative stress.

In this study, we exposed ApoE knockout mice to DE for 7 weeks using a well-controlled
whole-body inhalation system that mimics real-world exposure near roadways. The average
calculated exposure throughout a 24-hour period in our study was less than 35 pg/m?3, which
is within the range of the National Ambient Air Quality Standard for PM, 5 [21].

We demonstrate that exposure to DE resulted in an increase in alveolar macrophages that
phagocytosed particles as well as the total number of alveolar macrophages (Fig. 1),
indicating lung inflammation. Alveolar macrophages are key in processing inhaled
particulate matter, and this study confirms previous findings from our laboratory using a
different exposure model (EHC93 instillation), that the majority of particulate in the lungs
were found in alveolar macrophages [8,22]. Alveolar macrophages are also powerful
producers of mediators (such as IL-1p, IL-6, IL-8, and GM-CSF) that fuel the systemic
inflammatory response when processing inhaled ambient particulate matter [8]. These pro-
inflammatory mediators are known to activate the endothelium and up-regulate VCAM-1,
ICAM-1, selectins, which are key steps for monocyte migration into the subendotheliumto
engorge lipid hence promoting atherogenesis [10]. We have recently shown that mediators
produced in the lung translocate to the circulating blood stream following instilled ambient
particulate [5] underscoring the importance of the lung inflammatory response induced by
PM exposure to the downstream vascular responses [1,10]. These findings support the
concept that thesystemic inflammatory response is responsible for the downstream adverse
vascular effects following exposure to particulate matter air pollution. The association
between lung alveolar macrophages phagocytosed particles and foam cell formation in
plaques (Fig. 5A) supports the link between the magnitude of exposure to PM and vascular
disease.

4.1. Morphological changes in atherosclerotic plagues

Instability and rupture of an atherosclerotic plaque are implicated in the majority of acute
ischemic syndromes, including myocardial infarction and stroke [15]. Histopathological
features of these vulnerable plaques in humans include a large necrotic core (=240% of
plaque area), increased inflammatory cells (including macrophages/foam cells) with less
smooth muscle cells and a thin fibrous cap (<65 pm) accompanied by reduced collagen and
proteoglycans [14]. Although the features of vulnerable plaque in animal models are
controversial [23], abundant evidence has suggested that the features in murine
atherosclerotic lesions, including a large lipid core, increased inflammatory cells (e.g.,
macrophages) can be considered as histological markers for plaque progression and
vulnerability [14].

Our study shows that exposure to DE promoted changes in plaques, such as an increase in
lipid accumulation, higher cellularity, more foam cell formation and smooth muscle cell
content (Figs. 2 and 3). Studies from other [7,8] and our own laboratories [6] have suggested
that exposure to ambient PM is associated with the development and progression of
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athereosclerosis. Using Watanabe heritable hyperlipidemic rabbits, and instillation of PM
into the lung,we previously demonstrated that exposure toPM collected over a major North
American city (EHC93) not only caused an increase in the extent of atherosclerosis [6], but
also induced changes in plaques (such as increase cellularity and lipid accumulation) similar
to what we found in this study using an inhalation model. In subsequent studies using the
rabbit model, we showed the increased adhesion molecule expression in the endothelium
overlying plaques, and an acceleration of monocyte migration into atherosclerotic lesions
[6]. Using a high fat diet mouse model, Sun and colleagues demonstrated that 6-month
inhalation exposure to concentrated ambient PM g particles enlarged plaque area and
increased lipid content of atherosclerosis [8]. Similar to the method of Sun’s study, we also
used ApoE knockout mice and inhalation exposure, but we fed these mice with regular chow
and our exposure period was shorter (7 weeks vs. 6 months). Albeit the shorter exposure
period, we found more extensive modifications of atherosclerotic lesions (Figs. 2 and 3), and
enhanced oxidative stress in plaques (Fig. 4), suggesting that DE may be more active in
modifying atherosclerotic plaques [24] and particle composition may play an important role
in PM-induced adverse cardiovascular effects [25].

In the study, we did not observe significant differences of body weight, food consumption
(data not shown) and lipid levels (Supplementary Table 1) between two groups. Using aortic
root as a representative of large vessel atherosclerosis, we show that the volume fraction of
atherosclerosis in aortic root was not different between DE and filtered air exposed mice
(Fig. 2A and B). The results support findings from a recently published study using an even
longer DE exposure model [25]. Studies in humans showed that the majority of acute
vascular events originate in active plaques with more lipid accumulation and inflammatory
cells (e.g., macrophages) [26] underlining the importanceof plaque composition rather than
plaque size as a risk for vascular events. We show that DE exposure caused increased foam
cell formation, cells originate from circulating monocytes [6], which differentiate into
macrophages that specialize in phagocytosis of modified LDLs via their scavenger
receptors, such as CD36, thereby transforming into foam cells [10]. Lipid uptake by
macrophages stimulates the release of various cytokines, which support foam cell formation
and smooth muscle recruitment from the media into the intima. Pro-inflammatory mediators,
such as IL-1, IL-6, MIP-1 and TNF, promote smooth muscle cell migration, whereby
contributing to the evolvement of smooth muscle cells from a “contractile” phenotype state
to active “synthetic” state. Synthetic smooth muscle cells synthesize pro-inflammatory
cytokines and release matrix metalloproteinases that can digest the components of
extracellular matrix (e.g., collagen and proteoglycan) leading to weakening the integrity or
stability of plaques [27]. Our findings of increased plaque lipid content, increased cellularity
with more foam cells and smooth muscle cells, support the notion that DE exposure causes a
persistent inflammatory milieu in plaques, all hallmarks of unstable vulnerable plaques. As
mentioned, human studies have shown that plaque activity reflected by plaque composition
rather than plaque size, is a stronger indicator for downstream vascular events [24]. We
postulate that DE-induced compositional changes in atherosclerotic plaque could explain
atleast part of the epidemiological associations between traffic pollution and cardiovascular
events [2,15].
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4.2. Oxidative stress and compositional changes in atherosclerotic plaque

Our results suggest that DE exposure induces oxidative stress that contributes to the
compositional changes observed in atherosclerotic plaque. This notion is supported by the
increased expression of iINOS, CD36 and nitrotyrosine in atheroslclerotic lesions (Fig. 4),
enhanced systemic lipid and DNA oxidation, and the association between alveolar
macrophages that phagocytosed particles (magnitude of exposure) and the increased
expression of oxidative stress markers (e.g., iINOS and CD36) (Fig. 5B and C). ROS
generation can arise directly from the surface of ambient particles, and soluble compounds
(e.g., transition metals and organic compounds) [22]. Airway alveolar macrophages are the
first cells to come in contact with inhaled particles. These cells release a large number ofpro-
inflammatory mediators upon DE stimulation, at the same time they produce ROS at the
sites of inflammation, wherebypromoting thelocaland systemicinflammatoryresponses [22].
Nitric oxide (NO) is an important biological mediator in living organisms that is synthesized
from L-arginine using NADPH and molecular oxygen. The overproduction of NO catalyzed
by iNOS is cytotoxic. iINOS is not expressed under physiology conditions, but up-regulated
by pro-inflammatory mediators. iNOS cannot only catalyze NO production, but also
generate superoxide in macrophages [28]. The concomitant NO production with increased
levels of superoxide leads to the generation of a strong NO-derived oxidant, peroxynitrite,
which is implicated in the pathogenesis of a number of cardiovascular diseases, including
atherosclerosis [29].

Oxidative modification of LDL accelerates lipoprotein-uptake by macrophages hence
promoting the formation of foam cells, which is the landmark of the development of
atherosclerosis. This oxLDL uptake is mainly mediated by a macrophage scavenger receptor
CD36, also known as oxLDL receptor [13]. CD36 is regulated by proatherogenic cytokines
and lipids. We suspect that the increased CD36 expression in plaques promotes the
increased foam cell formation and lipid accumulation as we observed (Figs. 2F and 3C).
Collectively, the increase in both systemic oxidative stress markers and the markers of
oxidative stress in plaque tissues support our hypothesis that exposure to DE induces ROS,
which promote the changes we observed in the atherosclerotic lesion.

5. Conclusion

In summary, we demonstrate that DE exposure results in specific changes in atherosclerotic
plaques that are associated with plaque activity and vulnerability. We also show a strong
association between these changes in plaques and the particle deposition in the lung. The
association between traffic related air pollution exposure and vascular events is increasingly
well established [1] and our study supports the notion that changes in atherosclerotic plaques
induced by traffic related pollutants (e.g., DE) contribute to these vascular events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

DE diesel exhaust
ELISA enzyme-linked immunosorbent assay
GM-CSF granulocyte-macrophage colony-stimulating factor
Hand E hematoxylin and eosin
HPRT1 hypoxanthine phosphoribosyltransferase-1
ICAM intercellular adhesion molecule
iNOS inducible nitric oxide synthase
IL-1 interleukin-1
MIP macrophage inflammatory protein
MPO myeloperoxidase
NF-xB nuclear factor-kappa B
NT nitrotyrosine
OxLDL oxidized low-density-lipoprotein
PMj g particulate matter air pollution with aerodynamic diameter less than 2.5 ym
RT-PCR reverse transcription polymerase chain reaction
ROS reactive oxidative species
TNF tumor necrosis factor
VCAM-1 vascular cell adhesion molecule-1
8-OH-dG 8-hydroxy-2-Deoxy guanosine
15-F»-1soP 15-F2t-isoprostane
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Fig. 1.
Exposure effects. (A) Exposure to DE increased the number of alveolar macrophages

positive for particles, n=10, “p < 0.0001; (B) Total alveolar macrophages were also
increased after DE exposure, n=6, “p < 0.01. Values are mean=SE.
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Fig. 2.

Movat staining analysis of atherosclerotic lesion size, cellularity and the number of foam
cells in aortic root. (A) Representative photomicrographs of Movat staining for plaque size
analysis (100x); (B) no changes in volume fraction of plaques were observed, n =10, p >
0.05; (C) movat stainingfor total cell count (200x); (D) the cellularity in atherosclerotic
lesion was significantly increased after DE exposure, n =9, "p < 0.02; (E) movat staining for
foam cell count (200x%); (F) DE exposure significantly increased foam cells formation, n =
12, *p < 0.04. Values are mean+SE.
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Fig. 3.
Histochemical analysis of the components of atherosclerotic plaque in aortic root. ((A) and

(B)) Representative photomicrographs of oil red O staining for lipid content (200x); (C)
Exposure to DE increased lipid content occupied in atherosclerotic lesion, n =6, “p < 0.02;
((D) and (E)) Staining of a-actin for smooth muscle cells (100x); (F)The smooth muscle cell
content was significantly increased after DE exposure, n =6, "p < 0.05; ((G) and (H)) picro-
sirius red staining for collagen content (100x); (1) DE exposure induced non-significant
reduction for collagen content, n =7, p > 0.05. Values are mean£SE.
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Immunohistochemical analysisofthe generationofoxidative stressinatherosclerotic
plaqueinaortic root. ((A) and (B)) Representative photomicrographsofimmuno-histochemical
staining for iINOS expressioninaortic root (100x); (C) exposuretoDEincreased iNOS
expression,n = 8, “p < 0.05; ((D) and (E)) immunohistochemical staining for CD36
expression(100x); (F) CD36 expression was significantly increased after DE exposure, n =
12, *p < 0.005; ((G) and (H)) immunohistochemical staining for nitrotyrosine (NT)
expression (100x); (1) DE exposure significantly enhanced nitrotyrosine expression, n =

9, "p < 0.04. Values are mean+SE.
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Fig. 5.

Agsociation forDE exposure, plaque foam cell formation and oxidative stress. (A) Positive
correlation between increased foam cell formation and alveolar macrophages positive for
particles (R2 = 0.35,p = 0.027); (B) positive correlation between enhanced CD36 expression
in atherosclerotic lesion in aortic root and alveolar macrophages positive for particles (R% =
0.49, p = 0.015); (C) positive correlation between iNOS expression in aortic root and
alveolar macrophages positive for particles (R2 = 0.72, p =0.0081).
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