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ABSTRACT — Diesel exhaust particles (DEP), a well-known air pollutant, exacerbate type I hyper-
sensitivity conditions, such as asthma and pollen allergy. In this study, we examined the effect of diesel
exhaust (DE) exposure on delayed-type hypersensitivity (DTH), a type IV hypersensitivity, induced with
methyl-bovine serum albumin (mBSA) in C57BL/6 mice. Mice were exposed to DE containing DEP at
a dose of 1.78 mg/m? in an inhalation chamber for 14 days. On Day 7, DTH mice and DE-exposed DTH
mice were injected s.c. with 200 ul of 1.25 mg/ml mBSA emulsified with CFA in the dorsal region as ini-
tial sensitization. On Day 14, mice were injected s.c. into one footpad with 20 ul of 10 mg/ml mBSA dis-
solved in PBS as challenge. On Day15, footpad thickness and spleen weight were measured. Significant
footpad swelling (%) was observed in DTH mice compared with normal control mice, and this swell-
ing was significantly augmented by DE exposure. The levels of pro-inflammatory cytokines, including
IFN-y, TNF-a, and IL-6, in DTH mice were significantly higher than in normal mice, and were also fur-
ther enhanced by DE exposure. DE exposure increased production of IL-17, which enhances local tis-
sue inflammation through up-regulation of pro-inflammatory cytokines, while production of IL-10, which
inhibits local tissue inflammation through suppression of immune cell proliferation, was unchanged. No
change was observed in the percentage of CD4*CD25*Foxp3* T regulatory (Treg) cells in splenic lym-
phocytes following DE exposure. IL-6 production was increased by DE, and this would facilitate the dif-
ferentiation of naive T cells to IL-17-producing Th17 cells, while concomitantly suppressing the compet-
ing differentiation pathway to IL-10-producing Treg cells. Our results indicate that DE inhalation may, in
part, exacerbate the pathological symptoms of DTH and induction of pro-inflammatory cytokines such as
IFN-y, TNF-a, IL-6 and IL-17.
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INTRODUCTION

It is well documented that air pollutants exacerbate
respiratory diseases, such as asthma (Brunekreef and
Holgate, 2002). Diesel exhaust particles (DEP), which are
major contributors to the level of airborne particles less
than 2.5 micrometers in acrodynamic diameter (PM2.5)
in urban areas, consist of a carbon core upon which are

absorbed various compounds, including polyaromatic
hydrocarbons (PAH), nitroaromatic hydrocarbons, het-
erocyclics, quinones, aldehydes, aliphatic hydrocarbons
and heavy metals (Vouk and Piver, 1983; Draper, 1986).
As diesel engines have been modified to obtain high-
er combustion efficiency, the size of the emitted parti-
cles has become smaller and the number of particles per
unit mass has become larger. Smaller particles have a
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greater surface area per unit mass and therefore can car-
ry more absorbed chemicals. The smallest particles (with
a diameter of < 100 nm) can infiltrate the body through
the lungs or nasal membrane, and reach the blood circu-
lation, subsequently appearing systemically (Peters ef al.,
2006). When inhaled, these particles can translocate into
liver (Oberdorster ef al., 2002), brain (Oberdérster et al.,
2004) and fetus (Sugamata et al., 2006). It has recently
been reported that DEP or organic DEP extracts induce
oxidative stress and adjuvant effects, leading to modula-
tion of cytokine production, in the respiratory tract and
these effects can be blocked by thiol-containing anti-
oxidants such as N-acetylcysteine (Sagai et al., 1993;
Whitekus ef al., 2002). DEP has been shown to exacer-
bate asthma, accompanied with increases of immunoglob-
ulin E (IgE) and several Th 2 cytokines (Takano et al.,
1997). Increase of Th 2 cytokines, such as IL-4, IL-5, IL-
6 and IL-10, suppresses Thl cells, while increase of Th
1 cytokines, such as IFN-y and TNF-, suppresses Th2
cells, and disturbance of the Th1/Th2 balance is associ-
ated with various immune-related diseases (Shirakawa
et al., 1997; Nishimura and Ohta, 1999). It has also been
shown that DEP facilitates production of IgE antibodies
(Diaz-Sanchez ef al., 1994; Tsien et al., 1997) and secre-
tion of Th2 cytokines (Diaz-Sanchez, 1997; Polosa ef al.,
2002). However, its effect on production of IFN-y is con-
troversial: in cellular studies DEP suppressed produc-
tion of IFN-y in vitro (Ohtani et al., 2005) and in vivo
(Finkelman ef al., 2004), but it was found to augment pro-
duction of IFN-y in collagen-induced arthritis (CIA) mice
(Yoshino and Sagai, 1999).

Delayed-type hypersensitivity (DTH) is induced not
via antibody-dependent immune response, but via cellular
memory immune response involving neutrophils, macro-
phages and T cells (Black, 1999; Kobayashi et al., 2001).
First, T cells sensitized with antigen generate memory T
cells. Second, the recall response of T cells is evoked by
challenge. IFN-y and IL-17, produced by antigen-specif-
ic CD4* T cells, play an important role in the develop-
ment of DTH response, which reaches a peak 24 to 48
hr after the challenge (Nakae ef al., 2002; Schulz et al.,
2008). Normalization of the Th1/Th2 balance might atten-
uate DTH. Th17 cells, which produce IL-17, have recent-
ly been identified as pro-inflammatory T helper cells dis-
tinct from both Thl and Th2 cells. These effector cells
constitute 1-2% of peripheral CD4* T cells and specifi-
cally express orphan nuclear receptor RORyt. This nucle-
ar receptor, which is a key transcriptional factor that reg-
ulates the differentiation of Th17, induces transcription
of the gene encoding IL-17 (Ivanov et al., 2006). IL-17
enhanced local tissue inflammation through the up-reg-
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ulation of pro-inflammatory and neutrophil-mobiliz-
ing cytokines and chemokines, thereby enabling activat-
ed T cells to penetrate the extracellular matrix (Qian et
al., 2007). On the other hand, regulatory T (Treg) cells,
which constitute 5-10% of peripheral CD4+ T cells (1-
2% of peripheral lymphocytes), play an important role
in the maintenance of peripheral immune tolerance and
prevention of immune-mediated diseases by suppressing
immune responses (Taylor ef al., 2001). Failure of Treg
cell function is associated with the development of vari-
ous autoimmune diseases, including experimental allergic
encephalomyelitis (EAE) and CIA (Kelchtermans et al.,
2005; Mimran and Cohen, 2005). These functional sup-
pressor cells express CD4, IL-2 receptor a-chain (CD25),
and the transcriptional factor Foxp3. Foxp3 is specifically
expressed in Treg cells, and this distinguishes Treg cells
from CD4*CD25+ T cells, which lack regulatory function
(Fontenot ef al., 2003). It was suggested that DEP blocks
the induction of oral tolerance in the DTH response
induced with hen egg lysozyme (Yoshino et al., 1998).
Oral tolerance is classically defined as the suppression of
immune response to an antigen that has been administered
previously via the oral route. Low-dose antigens favor
the induction of Th2 and Treg cell subsets that mediate
active suppression of antigen-specific T cells (Miller et
al., 1992), whereas high-dose antigens favor induction of
clonal anergy or deletion (Whitacre et al., 1991; Melamed
and Friedman, 1993). Oral tolerance is suppressed in sev-
eral animal models of autoimmune disease, including
arthritis (Thompson and Staines, 1986) and EAE (Higgins
and Weiner, 1988), as well as non-autoimmune diseases,
such as asthma (Nakao ef al., 1998) and DTH (Miller and
Hanson, 1979; Mowat ef al., 1982). The effects of DEP
on these processes remain to be fully established. In the
present study, we examined the effect of DE exposure on
the pathology symptoms and pro-inflammatory cytokine
profiles of DTH induced with methyl bovine serum albu-
min (mBSA) in C57BL/6 mice. The results indicate that
DE inhalation exacerbates the pathological symptoms of
DTH systematically through induction of pro-inflamma-
tory cytokines.

MATERIALS AND METHODS

Animals

Male C57BL/6 mice (6 weeks of age) were pur-
chased from Sankyo Labo Service (Tokyo, Japan), kept
for 1 week at animal facility and used at 7 weeks of age.
They were housed in wire-mesh cages at a temperature
of 22 + 2°C and relative humidity of 55 + 10% under a
12 hr light-dark cycle, and were allowed free access to
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tap water and experimental normal diet, Labo MR Stock
(Nosan Co., Kanagawa, Japan). Mice divided into a nor-
mal group, a DTH-disease control group, a DE exposured
normal group and a DE exposured DTH-disease group.
Each group consisted of 5 mice. They were treated and
handled according to the Guide Principles for the Care
and Use of Laboratory Animals of the Japanese Pharma-
cological Society and with the approval of Tokyo Univer-
sity of Science’s Institutional Animal Care and Use Com-
mittee.

Exposure of mice to DE

Mice were exposed to DE in an inhalation cham-
ber at the Nano-particles Health Science Research Cent-
er, Tokyo University of Science (Chiba, Japan) accord-
ing to the method described elsewhere Umezawa et al.,
(2008). A 2179-cc diesel engine (Isuzu Automobile, Inc.,
Tokyo, Japan) was operated at 1,580 rpm with commer-
cial diesel oil. The exhaust was introduced into a stainless
steel dilution tunnel and mixed with clean air that was
passed through a high-efficiency particulate air filter and
a charcoal filter. The diameter distributions of DEP in the
exhaust was analyzed using a scanning mobility particle
sizer (SMPS, model 3936, TSI Inc., St. Paul, MN, USA).
The SMPS apparatus comprised a condensation parti-
cle counter (CPC, model 3785) and a differential mobil-
ity analyzer (DMA, model 3081). Concentrations of DEP
in DE gas were adjusted to approximately 0.1 and 1.78
mg/m?3.

Experimental design for DE exposure and
immunization with mBSA (Yoshimoto et al., 2000)

As shown in Fig. 1, mice were divided into 4 groups
with or without DE exposure and with or without immu-
nization with mBSA to induce DTH. Normal mice and
DTH mice were exposed to DE (0.1 or 1.78 mg DEP/m?3;
8 hr/day) from Dayl to Day 14, or housed with clean air
as controls. On Day 7, DTH mice and DE-exposed DTH
mice were injected s.c. with 200 ul of 1.25 mg/ml mBSA
(Sigma) emulsified with CFA (Chondrex, Redmond, WA,
USA) in the dorsal region as initial sensitization. On Day
14, mice were injected s.c. into one footpad with 20 pl
of 10 mg/ml mBSA dissolved in PBS. An equal volume
of PBS was injected into another footpad as a control. At
24 hr after the challenge, footpad thickness was measured
with a digital caliper. DE exposures were conducted at
doses of 0.1 and 1.78 mg DEP/m?3 under the same exper-
imental protocol as shown in Fig. 1. In this report, only
data obtained at a dose of 1.78 mg DEP/m? are presented
in this study, since DEP at a dose of 0.1 mg/m?3 appeared
to have little effect.

Determination of footpad swelling and
splenomegaly

The magnitude of the DTH response was determined
as follows: [footpad swelling (mm)] = [footpad thickness
of mBSA-injected footpad (mm)] - [footpad thickness
of PBS-injected footpad (mm)], [footpad swelling (%)]
= ([footpad swelling (mm)]/[footpad thickness of PBS-
injected footpad (mm)]) x 100. Splenomegaly was deter-

Group Day 0 Dayl1 Day7 Day14 Day15
1  Normal
2 DTH “——  CleanAir -
3 DE
“——  DEexposure ~—
4 DE+DTH (0.10r1.78mg/m?, 8h/day)

mBSA + CFA

1

mBSA  Assay

[Initial sensitization] [Challenge]

Fig. 1.

Experimental design for exposure to DE and immunization with mBSA. Mice of groups 3 and 4 were exposed to DE (1.78

mg DEP/m?; § hr/day) for 14 days. Mice of groups 1 and 2 were housed in clean air as controls from Dayl to Day 14. On
Day 7, mice of groups 2 and 4 were injected s.c. with 200 pl of 1.25 mg/ml mBSA in CFA at the dorsal region for initial
sensitization and on Day14, they were further injected s.c. with 20 pl of 2.5 mg/ml mBSA into one foot-pad as the chal-
lenge. At 24 hr after the challenge, footpad thickness and spleen weight were measured.

Vol. 34 No. 5



486

M. Sakai et al.

mined as follows: [splenomegaly (%)] = [spleen weight
(g)] / [body weight (g)] x 100.

Reagents

Anti-mouse I[FN-y mAb (XMG1.2), biotin-conjugated
anti-mouse IFN-y mAb (R4-6A2), purified anti-mouse IL-
4 mAb (11B11), biotin-conjugated anti-mouse IL-10 mAb
(JES5-2A5), purified anti-mouse TNF-a mAB (1F3F3D4),
biotin-conjugated anti-mouse TNF-a mAb (MP6-XT22),
purified anti-mouse IL-6 mAb (MP5-20F3) and biotin-
conjugated anti-mouse IL-6 mAb (MP5-32C11) were pur-
chased from eBioscience (San Diego, CA, USA). Purified
anti-mouse IL-10 mAb (JES-16E3), purified anti-mouse
IL-17 mAb (TC11-18H10.1), biotin-conjugated anti-
mouse IL-17 mAb (TC11-8H4) and recombinant mouse
IL-17 were purchased from BioLegend (San Diego, CA,
USA). Recombinant mouse IFN-y, TNF-a IL-6 and IL-10
were purchased from eBioscience. Phycoerythrin (PE)-
conjugated anti-mouse CD3 mAb (17A2), which recog-
nizes T cell receptor-associated complex present on all
mature T cells; PE-Cy5-conjugated anti-mouse CD4 mAb
(H129.19), which recognizes protein on helper T cell;
FITC-conjugated anti-mouse CD8a mAb (53-6.7), which
recognizes protein on cytotoxic T cells; and FITC-con-
jugated anti-mouse CD19 mAb (1D3), which recognizes
protein on B cells, were purchased from BD Bioscienc-
es Pharmingen (San Diego, CA, USA). PE-Cy5-con-
jugated anti-mouse CD38 mAb (90), which recogniz-
es protein on plasma cells; FITC-conjugated anti-mouse
CD25 mAb (PC61.5), which recognizes protein on acti-
vated T cells; and PE-conjugated anti-mouse Foxp3 mAb
(FJK-16a), which recognize a transcriptional factor spe-
cifically expressed in Treg cells, were purchased from
eBioscience.

Phenotype of lymphocytes

Immunophenotyping of splenic lymphocytes was car-
ried out using a FACS-LSR flow cytometer (Becton
Dickinson, San Jose, CA, USA). Spleens were harvest-
ed from normal mice and DTH mice with or without DE
exposure on Day 15. Each spleen was minced with scis-
sors, and a single-cell suspension was prepared. Spleno-
cytes were purified by means of hemolysis, counted under
a microscope, and suspended in RPMI1640-based buffer
(containing 102 mM NaCl, 5 mM KCl, 0.4 mM CaCl,,
0.4 mM MgSO,, 23.8 mM NaHCO,, 5.6 mM Na,HPO,,
11.1 mM glucose and 10 mM HEPES-NaOH; pH 7.4)
at a concentration of 2 x 106 cells/ml for use as samples.
Cells were stained with fluorochrome-conjugated anti-
bodies for 30 min, and washed. Analysis of 10,000 lym-
phocyte events per tube was performed using Cell Quest
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software (Becton Dickinson). The percentages of T cells
(CD3%), helper T cells (CD3*CD4"), cytotoxic T cells
(CD3+CD8*), B cells (CD19%) and plasma cells (CD3-
CD19-CD38%) in splenocytes were calculated.

Analysis of Treg cells

Splenocytes were prepared from normal and DTH
mice with or without DE exposure on Day 15. Cells (5
x 10%) were stained with PE-Cy5-conjugated anti-CD4
and FITC-conjugated anti-CD25 antibodies for 30 min at
room temperature, washed with RPMI1640-based buffer,
fixed with 4% para-formaldehyde for 10 min on ice, and
then treated with 0.1% Triton X-100 for 5 min at 4°C.
After having been washed with RPMI11640-based buff-
er and blocked with 1% BSA/PBS(-) for 30 min at room
temperature, the splenocytes were stained with PE-conju-
gated anti-Foxp3 antibody for 1 hr at room temperature,
and washed with RPMI1640-based buffer for assay. Anal-
ysis of 10,000 lymphocyte events per tube was performed
using Cell Quest software (Becton Dickinson).

Assays of INF-y, TNF-a, IL-6 , IL-17 and IL-10

Splenocytes were suspended in RPMI1640 medium
containing 10% FBS at a concentration of 7 x 10¢ cells/
ml and cultured with mBSA (20 mg/ml) in a 6-well plate.
After incubation at 37°C under an atmosphere of 5% CO,
for 96 hr, the culture supernatant was harvested for assays
of IFN-y, IL-10, TNF-a, IL-6 and IL-17. The concen-
trations of these cytokines were measured by ELISA as
described below. A 96-well plate was coated with purified
anti-mouse [FN-y (XMG1.2) (1:500), IL-10 (JES-16E3)
(1:250), TNF-a (1F3F3D4) (1:500), IL-6 (MP5-20F3)
(1:500), or IL-17 (TC11-18H10.1) (1:250) mAb. Nonspe-
cific binding was blocked with 1% bovine serum albumin.
Culture supernatant was added for 2 hr at room temper-
ature. The plate was washed and anti-mouse biotin-con-
jugated IFN-y (XMG1.2) (1:500), IL-10 (JES5-2A5)
(1:500), TNF-a (1F3F3D4) (1:1000), IL-6 (MP5-20F3)
(1:500), or IL-17 (TC11-8H4) (1:500) mAb was added.
The plate was then washed, and avidin-horseradish per-
oxidase (Sigma, Saint Louis, MO, USA) was added. The
plate was washed again, and 3,3°,5,5-tetramethylbenzi-
dine was added and left for a few min. The reaction was
stopped by adding 2.5 M H,SO,, and the absorbance at
450 nm was measured with an Immuno Reader NJ-2000
(Nihon Inter Med, Tokyo, Japan). These antibodies were
purchased from eBioscience. The assay sensitivities were
16-1,000 pg/ml (IFN-y system), 2-125 pg/ml (TNF-a sys-
tem), 8-2,000 pg/ml (IL-6 system), 63-4,000 pg/ml (IL-
17 system) and 63-4,000 pg/ml (IL-10 system). Values
are the average = S.E.M. of three independent assays.
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Statistics

Each value is given as the mean = S.D. Comparison
between two values was performed by using the unpaired
Student’s t-test. Multiple groups were compared using
ANOVA followed by pairwise comparisons with Bonfer-
roni’s post hoc analysis. Calculations were done with the
Instat version 3.0 statistical package (GraphPad Software,
San Diego, CA, USA). The criterion of significance was
P <0.05.

RESULTS

The particle diameter distribution of the DEP in the
DE gas was shown in Fig. 2. The mean diameter of DEP
was 104 nm. Though chemicals and gaseous compo-
nents included in DE were not examined in this study,
they would be almost similar to those which were already
reported by our research group (Ono et al., 2008). DE
exposures were conducted at doses of 0.1 and 1.78 mg
DEP/m3 according to the protocol as shown in Fig. 1.
Since DE exposure at the dose of 0.1 mg DEP/m? had lit-
tle effect, only data obtained at the dose of 1.78 mg/m?
are presented in this section.

Footpad swelling and splenomegaly in normal and
DTH mice with or without DE exposure were investi-
gated in order to determine the effect of DE on mBSA-
induced DTH. Significant footpad swelling was observed
in DTH mice, compared with normal control mice. The
footpad swelling in DTH mice was further augmented by
DE exposure (Fig. 3A). No significant splenomegaly was
observed in any of the groups (Fig. 3B).

Pro-inflammatory cytokines involved in the patholo-
gy of DTH were assayed. The levels of IFN-y and TNF-
o in DTH mice were both significantly increased in com-
parison with those in normal control mice. DE exposure
significantly increased the level of TNF-a, but not that of
IFN-y in normal control mice (Figs. 4A and B). However,
these values in DE-exposed DTH mice were significantly
higher than those in DTH mice. The level of IL-6, which
induces activation of B cells and antibody production,
was also significantly increased in DTH mice compared
with that in normal control mice , and further enhanced
by DE exposure (Fig. 4C). Moreover, we examined the
effect of DE exposure on the production of IL-17 by Th17
cells. The level of IL-17 in DTH mice was much high-
er than that in normal control mice, and the level was fur-
ther significantly augmented by DE exposure (Fig. SA). It
is likely that augmented production of these pro-inflam-
matory cytokines is involved in the exacerbation of DTH
pathology induced by DE exposure. Next, anti-inflamma-
tory cytokine IL-10 was assayed. As shown in Fig. 5B,

the level of IL-10 was higher in DTH mice than in normal
control mice, but there was no difference in IL-10 pro-
duction between DTH mice and DE-exposed DTH mice.

To elucidate the involvement of Treg in the DE-
induced exacerbation of DTH, changes in the popu-
lation of Treg cells in CD4+ T cells were examined.
CD4+CD25*Foxp3* T cells were considered as Treg cells
in this study. The percentage of CD25Foxp3+T cells in
CD4+ T cells of DTH mice was slightly, but not signifi-
cantly, higher than that of normal control mice, and DE
exposure had no effect on the value in DTH mice (Fig.
6A). The percentages of helper T cells (CD3+CD4+), cyto-
toxic T cells (CD3*CDS8¥), B cells (CD19+) and plasma
cells (CD3-CD19-CD38") in splenocytes in all groups
were analyzed. No significant differences were found
(Fig. 6B).

DISCUSSION
In this study, we examined the effect of DE exposure

in a mouse model of DTH. The significant footpad swell-
ing observed in DTH mice compared with normal control
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Fig. 2. Particle diameter distribution of diesel exhaust parti-

cles in diesel exhaust gas.
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Effects of DE exposure on footpad swelling and splenomegaly in DTH mice. Mice were exposed to DE (1.78 mg DEP/m3;
8 hr/day) for 14 days. DTH was induced by s.c. injection with 200 pl of 1.25 mg/ml mBSA in CFA at the dorsal region for
initial sensitization on Day 7 and with 20 ul of 2.5 mg/ml mBSA into one foot-pad on Day 14 as the challenge. On Day15,
footpad thickness and spleen weight were measured to determine footpad swelling and splenomegaly as described in “Ma-
terials and Methods”. (A) Footpad swelling and (B) Splenomegaly. Each value represents the mean + S.D. for five mice.
##Statistically significant difference (p < 0.001) compared to the normal control group. ***Statistically significant difference
(p <0.001) compared to the DTH-disease control group.
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Effect of DE exposure on production of IFN-y, TNF-a and IL-6 by splenocytes. Mice were exposed to DE (1.78 mg DEP/
m?; 8 hr/day) for 14 days. DTH was induced by s.c. injection with 200 pl of 1.25 mg/ml mBSA in CFA at the dorsal region
for initial sensitization on Day 7 and with 20 pl of 2.5 mg/ml mBSA into one foot-pad on Day 14 as the challenge. On
day15, the spleen was harvested. Splenocytes (7 x 10°¢ cells/ml) were cultured with mBSA (10 mg/ml) for 96 hr in a CO,
incubator. The supernatants were subjected to assays of IFN-y, TNF-a and IL-6 by ELISA as described in “Materials and
Methods”. (A) IFN-y, (B) TNF-a, and (C) IL-6. Each value represents the mean + S.D. for four or five mice. ##Statistically
significant difference (P < 0.001) compared to the normal control group. **Statistically significant difference (p < 0.001)
compared to the DTH-disease control group.
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Effect of DE exposure on production of IL-17 and IL-10 by splenocytes. Mice were exposed to DE (1.78 mg DEP/m?; 8

hr/day) for 14 days. DTH was induced by s.c. injection with 200 pl of 1.25 mg/ml mBSA in CFA at the dorsal region for
initial sensitization on Day 7 and with 20 pl of 2.5 mg/ml mBSA into one foot-pad on Day 14 as the challenge. On day15,
the spleen was harvested. Splenocytes (7 x 106 cells/ml) were cultured with mBSA (10 mg/ml) for 96 hr in a CO, incubator.
The supernatants were subjected to assays of IL-17 and IL-6 by ELISA as described in “Materials and Methods”. (A) IL-17
and (C) IL-10. Each value represents the mean + S.D. for four or five mice. ##Statistically significant difference (P < 0.001)
compared to the normal control group. **Statistically significant difference (p < 0.001) compared to the DTH-disease con-

trol group.

mice was further increased by DE (Fig. 3A). Interestingly,
footpad swelling was also observed in DE-exposed nor-
mal control mice. These results indicate that DE activates
the immune system. The immune system should be acti-
vated in DTH-mice, and further augmented by DE expo-
sure, resulting in splenomegaly, although splenomegaly,
which would reflect activation of immune cells, unexpect-
edly was not observed in any of the groups (Fig. 2B). The
activation and the augmentation should have been eval-
uated by the assay of proliferation activity, such as a H-
thymide incorporation study, of splenic lymphocytes. Fur-
ther studies will be required for full elucidation of these
details.

The effect of DE exposure on the production of pro-
inflammatory cytokines, such as IFN-y, TNF-a and IL-6,
was also examined. These cytokines are involved in the
development of DTH. Increased productions of IFN-y,
TNF-o and IL-6 were observed in DTH mice, and were
further increased by DE exposure. It was reported that
DEP induces mRNAs of IL-6 and chemokines such as
monocyte chemoattractantprotein-1 (MCP-1) and kerati-
nocyte-derived chemokine (KC) in TNF-a deficient mice
(Saber et al., 2006). IL-6 is considered to play a more
important role in DEP-induced inflammation than TNF-a,
because it controls the initial steps of the T-cell activation

with enhancement of IL-2 responsiveness (Lotz et al.,
1988) and Th17 cell differentiation (Bettelli et al., 2006).
Naive T helper cells differentiate into Th17 cells and Treg
cells under the influence of 1L-6 and TGF-f and IL-2 and
TGF-p, respectively. Further, IL-6 suppresses the devel-
opment of Treg cells (Fong and Mosmann, 1989). That is
to say, IL-6 regulates the development of Th17 cells and
Treg cells. Though IFN-y plays an important role in the
development of DTH, as mentioned above, the pathol-
ogy of DTH is actually exacerbated in IFN-y knock-out
mice (Irmler ef al., 2007). A similar phenomenon has
been found in other Thl-dominant autoimmune diseases,
such as CIA, EAE and experimental autoimmune uveitis
(Caspi et al., 1994; Ferber et al., 1996; Jones et al., 1997).
In other words, IFN-y is indispensable in the development
of DTH and other immune-related diseases, but also has
a protective effect against them. This seems paradoxical
from the viewpoint of the Thl paradigm of DTH. How-
ever, the apparent paradox has been resolved by the dis-
covery of Th17 cells, a third subset of T helper cells that
secrete IL-17. It is reported that IL-17 and IFN-y are both
involved in the development of these cytokine-producing
cells during immune responses, and IL-17 plays a more
crucial role in DTH than IFN-y; IL-17 can induce the
expression of a variety of genes encoding many cytokines
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involved in the pathology of DTH (Schulz ef al., 2008).
In fact, Th17 cells and IL-17 production are known to be
increased in DTH mice, and blocking IL-17 can amelio-
rate DTH (Nakae ef al., 2002; Irmler ef al., 2007). We
found that DEP exposure significantly augmented the
production of IL-17 in DTH mice. This result may sug-
gest that increased production of IL-17 is a key mediator
of the adverse effect of DE.

Inhibition of oral tolerance has been reported in DEP-
administered DTH mice (Yoshino et al., 1998). It can be
hypothesized that DEP exposure inhibits Treg cells or
activates antigen-specific T cells to exacerbate inflamma-
tion in the DTH model. Thus, we measured the percent-
age of Treg cells in each group; however, no significant
difference was observed between DTH mice and DE-
exposed DTH mice (Fig. 6A). IL-10, produced by Th2
and Treg cells, is an anti-inflammatory cytokine known to
inhibit production of IL-1, IL-4, IL-5, IL-6, IL-8, TNF-
o and IFN-y (Del Prete et al., 1993; Wang et al., 1994).
We found no difference in IL-10 production between
DTH mice and DE-exposed DTH mice (Fig. 5B). These
results may imply that Treg cells are not involved in the
DE exposure-induced exacerbation of DTH. Further, we
found no significant difference in the percentages of oth-
er lymphocytes (CD3+, CD3*CD4+, CD3+*CD&", CD19,

Vol. 34 No. 5

CD38*) between DTH mice and DE-exposed DTH mice
(Fig. 6B).

In conclusion, it has been demonstrated that DEP inha-
lation may, in part, exacerbate the pathological symptoms
of DTH and induction of pro-inflammatory cytokines
such as IFN-y, TNF-q, IL-6, and IL-17.

ACKNOWLEDGMENTS

This work was supported in part by a Grant-in-Aid for
the private University Science Research Upgrade Promo-
tion Business Academic Frontier Project.

REFERENCES

Bettelli, E., Carrier, Y., Gao, W., Korn, T., Strom, T.B., Oukka, M.,
Weiner, H.L. and Kuchroo, V.K. (2006): Reciprocal develop-
mental pathways for the generation of pathogenic effector TH17
and regulatory T cells. Nature, 441, 235-238.

Black, C.A. (1999): Delayed type hypersensitivity: current theories
with an historic perspective. Dermatol. Online J., 5, 7.

Brunekreef, B. and Holgate, S.T. (2002): Air pollution and health.
Lancet, 360, 1233-1242.

Caspi, R.R., Chan, C.C., Grubbs, B.G., Silver, P.B., Wiggert, B.,
Parsa, C.F., Bahmanyar, S., Billiau, A. and Heremans, H. (1994):
Endogenous systemic [FN-gamma has a protective role against
ocular autoimmunity in mice. J. Immunol., 152, 890-899.



491

Diesel exhaust aggravates pathology of delayed-type hypersensitivity

Del Prete, G., De Carli, M., Almerigogna, F., Giudizi, M.G., Biagiotti,
R. and Romagnani, S. (1993): Human IL-10 is produced by both
type 1 helper (Th1) and type 2 helper (Th2) T cell clones and
inhibits their antigen-specific proliferation and cytokine produc-
tion. J. Immunol., 150, 353-360.

Diaz-Sanchez, D. (1997): The role of diesel exhaust particles and
their associated polyaromatic hydrocarbons in the induction of
allergic airway disease. Allergy, 52 (38 Suppl), 52-58.

Diaz-Sanchez, D., Dotson, A.R., Takenaka, H. and Saxon, A.
(1994): Diesel exhaust particles induce local IgE production in
vivo and alter the pattern of IgE messenger RNA isoforms. J.
Clin. Invest., 94, 1417-1425.

Draper, W.M. (1986): Quantitation of nitro- and dinitropolycy-
clic aromatic hydrocarbons in diesel exhaust particulate matter.
Chemosphere, 15, 437-447.

Ferber, I.A., Brocke, S., Taylor-Edwards, C., Ridgway, W., Dinisco,
C., Steinman, L., Dalton, D. and Fathman, C.G. (1996): Mice
with a disrupted IFN-gamma gene are susceptible to the induc-
tion of experimental autoimmune encephalomyelitis (EAE). J.
Immunol., 156, 5-7.

Finkelman, F.D., Yang, M., Orekhova, T., Clyne, E., Bernstein, J.,
Whitekus, M., Diaz-Sanchez, D. and Morris, S.C. (2004): Die-
sel exhaust particles suppress in vivo IFN-gamma production by
inhibiting cytokine effects on NK and NKT cells. J. Immunol.,
172, 3808-3813.

Fong, T.A. and Mosmann, T.R. (1989): The role of IFN-gamma in
delayed-typehypersensitivitymediatedby Th1 clones.J. Immunol.,
143, 2887-2893.

Fontenot, J.D., Gavin, M.A. and Rudensky, A.Y. (2003): Foxp3 pro-
grams the development and function of CD4+CD25+ regulatory
T cells. Nat. Immunol., 4, 330-336.

Higgins, P.J. and Weiner, H.L. (1988): Suppression of experimental
autoimmune encephalomyelitis by oral administration of myelin
basic protein and its fragments. J.Immunol., 140, 440-445.

Irmler, .M., Gajda, M. and Briuer, R. (2007): Exacerbation of anti-
gen-induced arthritis in IFN-gamma-deficient mice as a result of
unrestricted IL-17 response. J. Immunol., 179, 6228-6236.

Ivanov, I.I., McKenzie, B.S., Zhou, L., Tadokoro, C.E., Lepelley, A.,
Lafaille, J.J., Cua, D.J. and Littman, D.R. (2006): The orphan
nuclear receptor RORgammat directs the differentiation program
of proinflammatory IL-17+ T helper cells. Cell, 126, 1121-1133.

Jones, L.S, Rizzo, L.V, Agarwal, R.K., Tarrant, T.K., Chan, C.C.,
Wiggert, B. and Caspi, R.R. (1997): IFN-gamma-deficient mice
develop experimental autoimmune uveitis in the context of a
deviant effector response. J. Immunol., 158, 5997-6005.

Kelchtermans, H., De Klerck, B., Mitera, T., Van Balen, M., Bullens,
D., Billiau, A., Leclercq, G. and Matthys, P. (2005): Defective
CD4+CD25+ regulatory T cell functioning in collagen-induced
arthritis: an important factor in pathogenesis, counter-regulated
by endogenous IFN-gamma. Arthritis Res. Ther., 7, R402-415.

Kobayashi, K., Kaneda, K. and Kasama, T. (2001): Immunopatho-
genesis of delayed-type hypersensitivity. Microsc. Res. Tech.,
53,241-245.

Lotz, M., Jirik, F., Kabouridis, P., Tsoukas, C., Hirano, T., Kishimoto,
T. and Carson, D.A. (1988): B cell stimulating factor 2/inter-
leukin 6 is a costimulant for human thymocytes and T lym-
phocytes. J.LExp. Med., 167, 1253-1258.

Melamed, D. and Friedman, A. (1993): Direct evidence for anergy
in T lymphocytes tolerized by oral administration of ovalbumin.
Eur. J. Immunol., 23, 935-942.

Miller, A., Lider ,O., Roberts, A.B., Sporn, M.B. and Weiner, H.L.
(1992): Suppressor T cells generated by oral tolerization to mye-

lin basic protein suppress both in vitro and in vivo immune
responses by the release of transforming growth factor beta after
antigen-specific triggering. PNAS, 89, 421-425.

Miller, S.D. and Hanson, D.G. (1979): Inhibition of specific immune
responses by feeding protein antigens. IV. Evidence for toler-
ance and specific active suppression of cell-mediated immune
responses to ovalbumin. J. Immunol., 123, 2344-2350.

Mimran, A. and Cohen, [.R. (2005): Regulatory T cells in autoim-
mune diseases: anti-ergotypic T cells. Int. Rev.Immunol., 24,
159-179.

Mowat, A.M., Strobel, S., Drummond, H.E. and Ferguson, A.
(1982): Immunological responses to fed protein antigens in
mice. I. Reversal of oral tolerance to ovalbumin by cyclophos-
phamide. Immunology, 45, 105-113.

Nakae, S., Komiyama, Y., Nambu, A., Sudo, K., Iwase, M., Homma,
I., Sekikawa, K., Asano, M. and Iwakura, Y. (2002): Antigen-
specific T cell sensitization is impaired in IL-17-deficient mice,
causing suppression of allergic cellular and humoral responses.
Immunity, 17, 375-387.

Nakao, A., Kasai, M., Kumano, K., Nakajima, H., Kurasawa, K.
and Iwamoto, 1. (1998): High-dose oral tolerance prevents anti-
gen-induced eosinophil recruitment into the mouse airways. Int.
Immunol., 10, 387-394.

Nishimura, T. and Ohta, A. (1999): A critical role for antigen-spe-
cific Thl cells in acute liver injury in mice. J. Immunol., 162,
6503-6509.

Oberdorster, G., Sharp, Z., Atudorei, V., Elder, A., Gelein, R.,
Kreyling, W. and Cox, C. (2004): Translocation of inhaled
ultrafine particles to the brain. Inhal. Toxicol., 16, 437-445.

Oberddrster, G., Sharp, Z., Atudorei, V., Elder, A., Gelein, R., Lunts,
A., Kreyling, W. and Cox, C. (2002): Extrapulmonary transloca-
tion of ultrafine carbon particles following whole-body inhala-
tion exposure of rats. J. Toxicol. Environ. Health A, 65, 1531-
1543.

Ohtani, T., Nakagawa, S., Kurosawa, M., Mizuashi, M., Ozawa, M.
and Aiba, S. (2005): Cellular basis of the role of diesel exhaust
particles in inducing Th2-dominant response. J. Immunol., 174,
2412-2419.

Ono, N., Oshio, S., Niwata, Y., Yoshida, S., Tsukue, N., Sugawara,
1., Takano, H. and Takeda, K. (2008): Detrimental effects of pre-
natal exposure to filtered diesel exhaust on mouse spermatogen-
esis. Arch. Toxicol., 82, 851-859.

Peters, A., Veronesi, B., Calderon-Garcidueiias, L., Gehr, P., Chen,
L.C., Geiser, M., Reed, W., Rothen-Rutishauser, B., Schiirch, S.
and Schulz, H. (2006): Translocation and potential neurological
effects of fine and ultrafine particles a critical update. Part. Fibre.
Toxicol., 3, 13.

Polosa, R., Salvi, S. and Di Maria G.U. (2002): Allergic suscepti-
bility associated with diesel exhaust particle exposure: clear as
mud. Arch. Environ. Health, 57, 188-193.

Qian, Y., Liu, C., Hartupee, J., Altuntas, C.Z., Gulen, M.F., Jane-
Wit, D., Xiao, J., Lu, Y., Giltiay, N., Liu, J., Kordula, T., Zhang,
Q.W., Vallance, B., Swaidani, S., Aronica, M., Tuohy, V.K.,
Hamilton, T. and Li, X. (2007): The adaptor Actl is required for
interleukin 17-dependent signaling associated with autoimmune
and inflammatory disease. Nat. Immunol., 8, 247-256.

Saber, A.T., Jacobsen, N.R., Bornholdt, J., Kjaer, S.L., Dybdahl, M.,
Risom, L., Loft, S., Vogel, U. and Wallin, H. (2006): Cytokine
expression in mice exposed to diesel exhaust particles by inhala-
tion. Role of tumor necrosis factor. Part Fibre Toxicol., 3, 4.

Sagai, M., Saito, H., Ichinose, T., Kodama, M. and Mori, Y. (1993):
Biological effects of diesel exhaust particles. 1. In vitro produc-

Vol. 34 No. 5



492

M. Sakai et al.

tion of superoxide and in vivo toxicity in mouse. Free Radic.
Biol. Med., 14, 37-47.

Schulz, S.M., Kéhler, G., Holscher, C., Iwakura, Y. and Alber, G.
(2008): IL-17A is produced by Th17, gammadelta T cells and
other CD4- lymphocytes during infection with Salmonella enter-
ica serovar enteritidis and has a mild effect in bacterial clear-
ance. Int. Immunol., 20, 1129-1138.

Shirakawa, T., Enomoto, T., Shimazu, S. and Hopkin, J.M. (1997):
The inverse association between tuberculin responses and atopic
disorder. Science, 275, 77-79.

Sugamata, M., Thara, T., Takano, H., Oshio, S. and Takeda, K.
(2006): Maternal diesel exhaust exposure damages newborn
murine brains. J. Health Sci., 52, 82-84.

Takano, H., Yoshikawa, T., Ichinose, T., Miyabara, Y., Imaoka, K.
and Sagai, M. (1997): Diesel exhaust particles enhance antigen-
induced airway inflammation and local cytokine expression in
mice. Am. J. Respir. Crit. Care Med., 156, 36-42.

Taylor, P.A., Noelle, R.J. and Blazar, B.R. (2001): CD4(+)CD25(+)
immune regulatory cells are required for induction of tolerance
to alloantigen via costimulatory blockade. J. Exp. Med., 193,
1311-1318.

Thompson, H.S. and Staines, N.A. (1986): Gastric administration
of type II collagen delays the onset and severity of collagen-
induced arthritis in rats. Clin. Exp. Immunol., 64, 581-586.

Tsien, A., Diaz-Sanchez, D., Ma, J. and Saxon, A. (1997): The
organic component of diesel exhaust particles and phenanthrene,
a major polyaromatic hydrocarbon constituent, enhances IgE
production by IgE-secreting EBV-transformed human B cells in
vitro. Toxicol. Appl. Pharmacol., 142, 256-263.

Vol. 34 No. 5

Umezawa, M., Sakata, C., Tabata, M., Tanaka, N., Kudo, S., Takeda,
K., Thara, T. and Sugamata, M. (2008): Diesel exhaust expo-
sure enhances the persistence of endometriosis model in rats. J.
Health Sci., 54, 503-507.

Vouk, V.B. and Piver, W.T. (1983): Metallic elements in fossil fuel
combustion products: amounts and form of emissions and eval-
uation of carcinogenicity and mutagenicity. Environ. Health
Perspect., 47, 201-225.

Wang, P., Wu, P., Anthes, J.C., Siegel, M.I., Egan, R.W. and Billah,
M.M. (1994): Interleukin-10 inhibits interleukin-8 production in
human neutrophils. Blood, 83, 2678-2683.

Whitacre, C.C., Gienapp, L.E., Orosz, C.G. and Bitar, D.M. (1991):
Oral tolerance in experimental autoimmune encephalomyelitis.
II1. Evidence for clonal anergy. J. Immunol., 147, 2155-2163.

Whitekus, M.J., Li, N., Zhang, M., Wang, M., Horwitz, M.A.,
Nelson, S.K., Horwitzm, L.D., Brechun, N., Diaz-Sanchez, D.
and Nel, A.E. (2002): Thiol antioxidants inhibit the adjuvant
effects of aerosolized diesel exhaust particles in a murine model
for ovalbumin sensitization. J. Immunol., 168, 2560-2567.

Yoshimoto, T., Wang, C.R., Yoneto, T., Matsuzawa, A., Cruikshank,
W.W. and Nariuchi, H. (2000): Role of IL-16 in delayed-type
hypersensitivity reaction. Blood, 95, 2869-2874.

Yoshino, S., Ohsawa, M. and Sagai, M. (1998): Diesel exhaust par-
ticles block induction of oral tolerance in mice. J. Pharmacol.
Exp. Ther., 287, 679-683.

Yoshino, S. and Sagai, M. (1999): Enhancement of collagen-induced
arthritis in mice by diesel exhaust particles. J. Pharmacol. Exp.
Ther., 290, 524-529.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


