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Obese mice are resistant to eosinophilic
airway inflammation induced by diesel
exhaust particles

Rie Yanagisawa®*, Eiko Koike?® Takamichi Ichinose® and Hirohisa Takano®

ABSTRACT: Particulate matter can exacerbate respiratory diseases such as asthma. Diesel exhaust particles are the substantial
portion of ambient particulate matter with a <2.5 um diameter in urban areas. Epidemiological data indicate increased respi-
ratory health effects of particulate matter in obese individuals; however, the association between obesity and diesel exhaust
particle-induced airway inflammation remains unclear. We aimed to investigate the differences in susceptibility to airway in-
flammation induced by exposure to diesel exhaust particles between obese mice (db/db) and lean mice (db/+m). Female db/
db and db/+m mice were intratracheally administered diesel exhaust particles or vehicle every 2 weeks for a total of seven
times. The cellular profile of bronchoalveolar lavage fluid and histological changes in the lungs were assessed and the lungs
and serum were analyzed for the generation of cytokines, chemokines and soluble intercellular adhesion molecule 1. Diesel
exhaust particle exposure-induced eosinophilic infiltration in db/+m mice accompanied by T-helper 2 cytokine, chemokine
and soluble intercellular adhesion molecule 1 expression in the lungs. In contrast, it induced mild neutrophilic airway inflam-
mation accompanied by elevated cytokines and chemokines in db/db mice. The lungs of db/db mice exhibited decreased ex-
pression of eosinophil activators/chemoattractants such as interleukin-5, interleukin-13 and eotaxin compared with those of
db/+m mice. In addition, serum eotaxin and monocyte chemotactic protein-1 levels were significantly higher in db/db mice
than in db/+m mice. In conclusion, obesity can affect susceptibility to diesel exhaust particle-induced airway inflammation,
which is possibly due to differences in local and systemic inflammatory responses between lean and obese individuals.
Copyright © 2013 John Wiley & Sons, Ltd.
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Epidemiological data indicate that the prevalence of obesity
in adults and children has dramatically increased worldwide
(McClean et al., 2008). Obesity is a known risk factor for type 2
diabetes mellitus, atherosclerosis, hypertension and some types
of cancer (Field et al., 2001). It also increases the prevalence and
incidence of asthma and worsens asthma control (Akerman
et al, 2004). Worldwide cross-sectional studies have indicated
that asthma prevalence is higher in obese than in lean individ-
uals. In addition, obesity may be a particularly important factor
influencing asthma severity because more than 75% of
asthmatic individuals visiting the emergency room are obese
or overweight (Thomson et al., 2003). In animal studies, inflam-
matory responses in the lung have been shown to influence
the production of the adipocytokines, leptin, cytokines, acute
phase proteins and other mediators produced by adipose tissue

Introduction

Over the past two decades, substantial evidence has suggested
that the effect of ambient particulate matter (PM) on the cardiopul-
monary system is a significant public health concern in developed
and developing countries (Pope et al, 2004; Miller et al., 2007;
Brook et al.,, 2010). Individuals with respiratory and cardiovascular
diseases are usually more sensitive to PM exposure. Several recent
studies have shown that individuals with diabetes may also be sus-
ceptible to the adverse effects of PM with a <2.5um diameter
(PM2.5) (Zanobetti and Schwartz, 2001; Zanobetti and Schwartz,
2002; Goldberg et al., 2006; O'Neill et al., 2007). Although biological
mechanisms underlying these associations remain unclear, Brook
et al. suggested that PM exposure affects cardiovascular disease
through systemic inflammation and/or oxidative stress activation

and may promote type 2 diabetes mellitus (Brook, 2008).
Experimental studies have demonstrated that PM2.5 exposure in-
duces insulin resistance and increases visceral inflammation and
adiposity in rodents (Sun et al, 2009; Xu et al, 2010; Yan et al.,
2011). Our previous study suggested that pulmonary exposure to
diesel exhaust particles (DEP), the substantial portion of ambient
PM2.5 in urban areas, enhances hepatic steatosis in obese mice
with type 2 diabetes through oxidative stress activation (Tomaru
et al.,, 2007). A recent epidemiologic study showed that PM con-
centrations are associated with respiratory symptoms and asthma
in obese children (Dong et al., 2013). Therefore, obese individuals
are probably vulnerable to PM such as DEP; however, supportive
evidence remains inconclusive.

resulting in involved immune responses of the lung (Mancuso,
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2009). These findings suggest that obesity can play an important
role in the exacerbation of respiratory disorders; however, it has
not been established. Thus, it remains unclear whether obesity
affects susceptibility to airway inflammation induced by PM, in-
cluding DEP. This study aimed to investigate the differences in
DEP-induced airway inflammation between obese (db/db) and
lean mice (db/+m) and assess changes in systemic inflammation
in both groups to identify pathological factors that may attribute
to susceptibility to DEP.

Material and Methods

Animals

Five-week-old female mice (BKS.Cg—+ Lepr®®/+ Lepr®/Jcl
[db/db] and BKS.Cg-m+/+ Lepr®®/Jcl [db/+m]) purchased from
Japan Clea Co. (Tokyo, Japan) and were used for the experi-
ments. Animals were fed a commercial diet (CE-2; Japan Clea
Co.) and water ad libitum and housed in an animal facility
maintained at 22-26°C and 40-69% humidity under a 12h
light/dark cycle. All mice were treated humanely and every effort
to alleviate suffering was made in accordance with guidelines
established for animal experiments by the National Institute for
Environmental Studies. The institutional review board approved
all protocols involving the animals.

Collection of Diesel Exhaust Particles

A 4JB1-type, light duty, four-cylinder, 2.741, Isuzu diesel engine
(Isuzu Automobile Company, Tokyo, Japan) under computer
control was connected to a dynamometer (Meiden-sha, Tokyo,
Japan). The methods of engine operation and collection of DEP
were identical to those previously reported (Sagai et al., 1996).
The mass median aerodynamic diameter of the DEP, as
determined by an Anderson Air Sampler (Shibata Science
Technology, Tokyo, Japan), was 0.4 um. Most particles were
globular in shape.

Study Protocol

db/db and db/+m mice were randomized into two
experimental groups. The vehicle group received phosphate-
buffered saline (pH, 7.4; Life Technologies Corp., Carlsbad, CA,
USA) containing 0.025% Tween 80 (Nacalai Tesque, Kyoto, Ja-
pan). The DEP group received 100 pg of suspended DEP in
the same vehicle. The DEP suspensions were sonicated for
2min with an ultrasonic disruptor (UD-201; Tomy Seiko,
Tokyo, Japan). Mice were anesthetized with 4% halothane
(Takeda Chemical Industries, Ltd., Osaka, Japan), and
intratracheally instilled with 100 pl aliquots of aqueous solution
every 2 weeks for a total of seven times.

Blood Retrieval and Bronchoalveolar Lavage

All mice were killed under diethyl ether anesthesia 24 h after the
final intratracheal instillation. The chest and abdominal walls
were opened, and blood was retrieved by cardiac puncture.
The lungs were lavaged with 1 ml of sterile saline at 37 °C three
times by syringe. The lavaged fluid was harvested by gentle as-
piration. The average volume was 90% of the amount instilled
(3 ml). The lavage fluid was centrifuged at 300g for 10 min at
4°C to recover alveolar free cells. The total cell count was

determined on a fresh fluid specimen using a hemocytometer.
Differential cell counts were prepared using the Autosmear
(Sakura Seiki Co. Tokyo, Japan) and stained with Diff-Quik
(International Reagents Co., Kobe, Japan). A total of 500 cells
were counted under a microscope (AX80; Olympus, Tokyo,
Japan). The lungs were retrieved immediately after bronchoalve-
olar lavage (BAL). The serum and lungs were stored at — 80 °C
until further use.

Histopathological Examination

The lungs (n=5 in each group) were fixed in 10% phosphate-
buffered formalin (pH 7.4) 24 h after the final intratracheal instil-
lation. After separation of the lobe, 3 mm thick blocks were
taken for paraffin embedding and cut into 3 um sections.
Histological specimens were then stained with hematoxylin
and eosin. Pathological analysis was performed using an
Olympus AX80 microscope (Olympus Corp.). The degree of in-
flammation was quantified by the percentage of airways and
blood vessels surrounded by inflammatory cells (0, not present;
1, < 10%; 2, 10-20%; 3, 20-40%; 4, 40-60%; 5, > 60%).

Enzyme-linked Immunosorbent Assay

The lungs (n=13-17 in each group) removed after BAL were
homogenized with 10mm potassium phosphate buffer
(pH7.4) containing 0.1 mm ethylenediaminetetraacetic acid
(Sigma-Aldrich Co., St. Louis, MO, USA), 0.1 mm phenylmethane-
sulfonyl fluoride (Nacalai Tesque, Inc., Kyoto, Japan), 1um
pepstatin (Peptide Institute, Inc, Osaka, Japan) and 2um
leupeptin (Peptide Institute). The homogenates were then
centrifuged at 105,000g for 1h at 4°C. The supernatants
were dispensed and stored at - 80°C. Enzyme-linked
immunosorbent assay for chemokine (C-C motif) ligand 2/
monocyte chemotactic protein 1 (CCL2/MCP-1; R&D Systems
Inc, Minneapolis, MN), chemokine (C-C motif) ligand 3/
macrophage inflammatory protein 1o (CCL3/ MIP-To; R&D
Systems), chemokine (C-X-C motif) ligand 1/keratinocyte
chemoattractant (CXCL1/KC; R&D Systems), chemokine (C-C
motif) ligand 5/regulated and normal T-cell expressed and
secreted (CCL5/RANTES; R&D Systems), chemokine (C-C motif)
ligand 11 (CCL11)/eotaxin (R&D Systems), interleukin (IL)-13
(R&D Systems), IL-5 (Thermo Fisher Scientific Inc.,, Waltham,
MA, USA), IL-6 (Life Technologies), and tumor necrosis factor-a
(TNF-0; Thermo Fisher Scientific) in the lung tissue supernatants
and CCL11/eotaxin, CCL2/MCP-1 (R&D Systems) and soluble
intercellular adhesion molecule 1 (ICAM-1; Thermo Fisher
Scientific) in the serum (n=18-22 in each group) was
conducted according to the manufacturer’s instructions.

Statistical Analysis

Data are expressed as mean + SEM. The significance of variation
among different groups was determined by one-way ANOVA or
Kruskal-Wallis analysis. Differences between groups and was de-
termined Tukey or Steel-Dwass multiple comparison tests using
the Excel Statistics 2010 statistical software (Social Survey Re-
search Information Co., Ltd., Tokyo, Japan). P < 0.05 was consid-
ered statistically significant.
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Results P <0.01 for MIP-1a, P < 0.05 for IL-6, P<0.01 for IL-1B; Fig. 3);

however, these increases were significantly lesser in db/db mice
Cellular Profiles of Bronchoalveolar Lavage Fluid and Histo- than in db/+m mice. Lung TNF-a and RANTES expression was
logical Findings in The Lungs after Diesel Exhaust Particles lower in db/db mice than in db/+m mice and showed no signif-
Exposure icant differences in the presence and absence of DEP. To assess

the local expression of ICAM-1, which contributes to eosinophil re-
cruitment in the lungs (Kokuludag et al., 2002), soluble ICAM-1 was
measured in the lung supernatant (Fig. 3K). DEP exposure elevated
soluble ICAM-1 levels in the lungs of db/+m and db/db mice
compared with vehicle exposure; however, soluble ICAM-1
expression was lower in db/db mice than in db/+m mice.

Cellular infiltration into BALF and histological changes in the
lungs were confirmed to assess the differences between db/
+m mice and db/db mice following DEP exposure. Administra-
tion of DEP increased the number of leukocytes compared with
vehicle administration in both db/+m and db/db mice (Fig. 1).
Increases in the number of eosinophils and lymphocytes were
more prominent in db/+m mice than in db/db mice (eosinophils;
P <0.01, and lymphocytes; P < 0.01, respectively; Fig. 1C,D). In Systemic Expression of Chemokines
contrast, an increase in the number of neutrophils was slightly
greater in db/db mice than in db/+m mice following exposure
to DEP (Fig. 1E).

Next, a histopathological analysis of hematoxylin and eosin-
stained lung sections was performed 24h after the final
intratracheal instillation. No pathological alterations were ob-
served in the vehicle-exposed lungs of either db/+m or db/db
mice (Fig. 2A,CE). A significant accumulation of eosinophils, neu-
trophils and mononuclear cells was observed in the
peribronchial and perivascular regions of db/+m mice exposed
to DEP (Fig. 2B,D,E). On the other hand, DEP-exposed db/db mice
showed a mild increase in inflammatory cells such as neutrophils
and mononuclear cells in the lung (Fig. 2D).

Obesity is associated with chronic low-grade systemic inflamma-
tion characterized by increases in serum cytokine, chemokine,
acute-phase protein and inflammatory cell levels. To assess
systemic inflammation in obese mice in the presence and
absence of DEP exposure, the protein expression of eotaxin
and MCP-1 in the serum was measured. Eotaxin and MCP-1
levels were much higher in db/db mice than in db/+m mice in
the absence of DEP exposure (Fig. 4). DEP exposure tended to
increase eotaxin and MCP-1 levels in both db/+m and db/db
mice compared with vehicle exposure, whereas there were no
significant alterations.

Discussion

This and a previous study (Sagai et al., 1993) demonstrated that
intratracheal exposure to DEP results in prominent eosinophilic
airway inflammation in lean (db/+m) mice. These results were
We investigated the effect of DEP on protein levels of paralleled by the expression of proinflammatory molecules such

Cytokine, Chemokine and Soluble Intercellular Adhesion
Molecule-1 Expression in the Lung

proinflammatory molecules in the lungs 24 h after final instilla- as T-helper 2 (Th2) cytokines, chemokines and soluble ICAM-1 in
tion. Compared with vehicle treatment, DEP treatment in the lungs. In contrast, DEP exposure attenuated eosinophilic in-
db/+m mice caused a significant increase in the protein expres- flammation in obese (db/db) mice but caused mild neutrophilic
sion of MCP-1, KC, MIP-1q, IL-6, IL-1B, IL-5, IL-13 and eotaxin in inflammation and elevation in cytokine and chemokine levels
the lungs. In db/db mice, DEP administration resulted in a signif- compared with vehicle exposure.

icant increase in MCP-1, KC, MIP-1q, IL-6 and IL-1B compared Numerous epidemiological studies have reported associations

with vehicle administration (P < 0.05 for MCP-1, P < 0.01 for KC, between PM exposure and adverse cardiopulmonary health
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Figure 1. The number of inflammatory cells in BALF following exposure to DEP in db/+m and db/db mice. Twenty-four hours after the final
intratracheal administration of vehicle or DEP, BALF was harvested and centrifuged to recover inflammatory cells. (A) Total cells; (B) macrophages;
(C) eosinophils; (D) lymphocytes; and (E) neutrophils. White and black columns indicate vehicle- and DEP-exposed specimens, respectively. Data rep-
resent means + SEM of 13-17 animals per group. *P < 0.05 versus vehicle-exposed db/+m mice, **P < 0.01 versus vehicle-exposed db/+m mice, ##P
0.01 versus vehicle-exposed db/db mice, t1P < 0.01 versus DEP-exposed db/+m mice. BALF, bronchoalveolar lavage fluid; DEP, diesel exhaust particles.
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Figure 2. Histological findings in the lungs following exposure to DEP in db/+m and db/db mice. We evaluated the infiltration of inflammatory cells
into the lungs using hematoxylin and eosin staining 24 h after the last intratracheal instillation. (A) Vehicle-exposed db/+m mice; (B) DEP-exposed
db/+m mice; (C) vehicle-exposed db/db mice; (D) DEP-exposed db/db mice; and (E) inflammation score. Data represent means + SEM of five animals
per group. *P < 0.05 versus vehicle-exposed db/+m mice, **P < 0.01 versus vehicle-exposed db/+m mice, ##P < 0.01 versus vehicle-exposed db/db

mice, T1P < 0.01 versus DEP-exposed db/+m mice. DEP, diesel exhaust particles.
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Figure 3. Protein levels of cytokines, chemokines and sICAM-1 in the lungs following exposure to DEP. Twenty-four hours after final intratracheal instillation,
the supernatants of homogenized lungs were collected and measured using ELISA. (A) MCP-1; (B) KC; (C) MIP-1a; (D) IL-6; (E) IL-1B; (F) IL-5; (G) IL-13; (H) Eotaxin;
(I) TNF-0; (J) RANTES; (K) sSICAM-1. White and black columns indicate vehicle- and DEP-exposed specimens, respectively. Data represent means + SEM of 13-17
animals per group. *P < 0.05 versus vehicle-exposed db/+m mice, **P < 0.01 versus vehicle-exposed db/+m mice, #P < 0.05 versus vehicle-exposed db/db
mice, ##P < 0.01 versus vehicle-exposed db/db mice, tP < 0.05 versus DEP-exposed db/+m mice, 1P < 0.01 versus DEP-exposed db/+m mice. DEP, diesel
exhaust particles; IL, interleukin; KC, keratinocyte chemoattractant; MCP, monocyte chemotactic protein; MIP, macrophage inflammatory protein; RANTES,
regulated upon activation normal T cell expressed and secreted (chemokine); sICAM, soluble intercellular adhesion molecule; TNF, tumor necrosis factor.

effects. In addition, PM exposure may adversely affect individ-
uals with obesity, metabolic syndrome and/or type 2 diabetes.
Dubowsky et al. (2006) reported that individuals with systemic
inflammation, such as obesity, diabetes and hypertension, might

have increased susceptibility to air pollutants. Obesity is also
known to increase the risk of pulmonary diseases, including
asthma. Therefore, it is plausible that obese individuals have a
higher susceptibility to PM such as DEP, which may act to

_____________________________________________________________________________________________________________|]
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Figure 4. Levels of eotaxin and MCP-1 in the serum following exposure to DEP. Serum (A) eotaxin and (B) MCP-1 were measured 24 h after the last
intratracheal administration using ELISA. White and black columns indicate vehicle- and DEP-exposed specimens, respectively. Data represent means + SEM
of 18-22 animals per group. **P < 0.01 versus vehicle-exposed db/+m mice, t1P <0.01 versus DEP-exposed db/+m mice. DEP, diesel exhaust particles; MCP,

monocyte chemotactic protein.

exacerbate asthmatic responses via systemic inflammation;
however, this finding remains to be established. In this study, we
elucidated the association between obesity and airway inflamma-
tion induced by DEP exposure and investigated the changes in sys-
temic and local inflammation to clarify the pathological factors
that attribute to differences in susceptibility to DEP between
db/db and db/+m mice. The present results demonstrated that
DEP exposure resulted in marked eosinophilic airway inflamma-
tion in db/+m mice, while db/db mice demonstrated mild neutro-
philic inflammation accompanied by attenuated eosinophilic
inflammation (Fig. 1).

Accumulation and subsequent activation of eosinophils in
bronchial tissues play a critical role in the pathogenesis of airway
inflammation. Eotaxin is an important inflammatory chemokine
in eosinophil chemotaxis and acts by inducing recruitment of
eosinophils into the lung. In addition, Th2 cytokines such as IL-5
and IL-13 play an important role in eosinophilic inflammation
into the airways (Ok et al., 2009). IL-5 is also the most important
cytokine in the mediation of eosinophil differentiation, matura-
tion, activation and survival (Sanderson, 1992). IL-13 also plays a
key role in airway inflammation and hyperresponsiveness
(Grunig et al, 1998; Wills Karp et al, 1998). In addition, an
in vivo study has shown that chronic exposure to DEP aggravates
airway inflammation in mice, which is accompanied by eosino-
phil infiltration, mucus secretion and respiratory resistance (Sagai
et al, 1996). In the present study, exposure to DEP in db/+m mice
resulted in airway eosinophilic inflammation, which was paralleled
by the generation of Th2 cytokines (IL-5, IL-6 and IL-13) and
chemokines (eotaxin and MCP-1), suggesting that DEP can
enhance airway eosinophilic inflammation via the expression of
inflammatory molecules. In contrast, db/db mice demonstrated at-
tenuated airway eosinophilic inflammation and showed slight
neutrophilic inflammation. Eotaxin, IL-13 and IL-5 levels in the
lungs remained at lower levels in db/db mice than in db/+m mice
following exposure to DEP. From these results, it is plausible that a
reduction in eotaxin led to the attenuation of eosinophil chemo-
taxis into the lung and a subsequent decrease in levels of IL-5
and IL-13 secreted by the eosinophils. In animal studies, a decrease
in allergen-induced airway eosinophilia and Th2 cytokine secretion
was observed in mice fed a high-fat diet as well as db/db mice
(Johnston et al., 2007; de Vries et al., 2009; Calixto et al.,, 2010). On
the other hand, recent epidemiologic studies showed that weight
loss in obese asthmatics is associated with improvements in lung

function and airway responsiveness (Maniscalco et al, 2008;
Haselkorn et al, 2009; Sideleva et al, 2012) without significant im-
provements in eosinophilic airway inflammation and cytokine ex-
pression (Juel et al, 2012; Sideleva et al, 2012), suggesting that
asthma in obesity is not associated with airway inflammation. The as-
sociation between obesity and respiratory disorders remains contro-
versial. Thus, further investigation is necessary to clarify the impact on
airway hyperresponsiveness following exposure to DEP in our model;
however, our data may partially support that obesity may not
enhance eosinophilic airway inflammation in asthmatic subjects.

Our current study found that DEP exposure in db/+m mice
caused a significant increase in eotaxin and MCP-1 levels in the
lungs compared to those in db/db mice, whereas vehicle exposure
had no significant effect in either db/+m and db/db mice (Figure 3A,
H). On the other hand, serum eotaxin and MCP-1 levels in db/db
mice were much higher in db/db mice than in db/+m mice, regard-
less of exposure to DEP (Figure 4). Johnston et al. (2007) have
suggested that differences in the production of eotaxin can contrib-
ute to the decreased influx of eosinophils in the lungs of db/db
mice. An epidemiological study reported that MCP-1 levels in the se-
rum of obese children are higher than in that of normal weight chil-
dren (Breslin et al., 2012). These studies suggest that the higher level
of circulating chemokines in obese individuals compared with that
in lean individuals gives rise to constitutive systemic inflammation
resulting remained eosinophils in the blood rather than migrating
to the airways. Furthermore, DEP exposure may play a potential role
in the enhancement of systemic inflammation in obese subjects.

TNF-a is a proinflammatory cytokine with many biological ef-
fects. It can directly induce the release of chemical mediators
(Horie et al., 1996) and mediate eosinophil recruitment into the
airways (Lukacs et al., 1995). Tsukahara et al. (1999) suggested
that TNF-a is associated with eosinophil survival and plays a crit-
ical role in the enhancement of eosinophilic inflammation.
RANTES, a member of the CC chemokine family, also possesses
selective chemotactic activity for eosinophils (Chiba et al.,
2005). In the present study, TNF-a. and RANTES levels in db/db
mouse lungs were lower than those in db/+m mouse lungs in
the absence and presence of DEP (Fig. 3I,J). Therefore, constitu-
tive depletion of TNF-a and RANTES in the lungs of db/db mice
may result in the attenuation of transmigration and survival of
eosinophils in our model.

Numerous in vitro and in vivo studies have demonstrated the
essential roles of cell adhesion molecules in eosinophil adhesion
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and transmigration. To evaluate the role of cell adhesion
molecules in eosinophil migration into the airways, we evalu-
ated soluble ICAM-1 expression in the lungs. DEP exposure par-
ticularly elevated soluble ICAM-1 levels, and to a greater extent
in db/+m mice than in db/db mice. The decrease in ICAM-1 in
the lungs of db/db mice may also contribute to the attenuation
of eosinophil transmigration into the airways.

In the present study, DEP exposure increased neutrophilic in-
filtration into db/db mouse lungs, which was paralleled by the
protein expression of MCP-1, KC, MIP-1q, IL-6 and IL-1f. KC,
MIP-1a (neutrophil chemoattractants), IL-6 and IL-1B (neutro-
philic cytokines) are known to be associated with neutrophilic
inflammation in animal models (Tsai et al., 1998; Yoshida et al.,
2001). Zhu et al. have reported that ozone-induced acute lung
injury is consistent with the increases in neutrophils and IL-6
and KC levels in BALF (Zhu et al.,, 2010). MCP-1 is critical for the
recruitment of monocytes and causes neutrophil recruitment di-
rectly (Balamayooran et al., 2011). Our previous report suggested
that intratracheal administration of DEP aggravates lipopolysac-
charide-related acute lung injury in mice, which is characterized
by neutrophil influx, interstitial edema and an increase in
proinflammatory molecules such as IL-18, MCP-1, KC and MIP-
Ta (Takano et al.,, 2002). These results suggest that DEP may re-
sult in neutrophilic airway inflammation via secretion of
chemoattractants rather than in eosinophilic inflammation in
obese individuals. On the other hand, a recent report has shown
that lipopolysaccharide-induced acute lung injury, such as the
early phase of neutrophil recruitment and neutrophil cytokine
responses, is attenuated in db/db or diet-induced obese mice
(Kordonowy et al., 2012). These paradoxical results may be due
to the differences between acute and chronic responses; how-
ever, further investigations are needed to define the mecha-
nisms of neutrophilic airway inflammation in obese subjects.

Obesity is generally found to be more consistently associated
with asthma in women than men (Boulet, 2013). Obese women
seem to have a higher risk of developing asthma suggesting a
possible influence of sex hormones on this relationship. Jensen
et al. (2013) reported that the prevalence of non-eosinophilic
asthma is higher in obese females than in obese males. Another
report described that obese females with asthma enhance neu-
trophilic airway inflammation (Scott et al,, 2011). These results
may help to interpret our current data observed in female db/db
mice. The association between obesity and asthma requires
further investigation, including sex differences.

Conclusion

This study demonstrated that DEP exposure results in eosinophilic
airway inflammation via generation of Th2 cytokines, chemokines
and soluble ICAM-1 in db/+m mice, whereas in db/db mice, there
was mild neutrophilic inflammation with attenuation of eosino-
philic infiltration in the lungs. These findings may be explained
by a decrease in Th2-type inflammation, local expression of soluble
ICAM-1 and an increase in serum chemokine levels. Therefore,
obesity can affect the susceptibility to DEP-related airway inflam-
mation, presumably because of differences in systemic and local
inflammatory responses between obese and lean individuals.
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