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Effects of Diesel Exhaust Particles on Airway Responsiveness and Remodeling in a Murine Asthma Model

Hyun-Mi Song, An-Soo Jangl, Mi-Hyun Ahn, Young-Eun Kim, Ji-Hee Kwon, Shin-Hwa Lee, Tai-Youn Rhim, Young-Mok Lee'

and Choon-Sik Park'

Genome Research Center for Allergy and Respiratory Diseases, 'Department of Internal Medicine, Asthma and Allergy Research Group,

Soonchunhyang University, Bucheon Hospital, Bucheon, Korea

Background: Epidemiologic and clinical investigations
have suggested a strong link between particulate air
pollution and asthma. The purpose of this study was to
evaluate an effects of air pollutants on a murine asthma
model, focusing on diesel exhaust particles (DEP).

Method: The Balb/c mice were sensitized intra-perito-
neally (i.p.) with ovalbumin (OVA) at days O and 14 and
challenged intranasally with OVA at days 21, 22, and 23
(group I). The Balb/c mice were sensitized i.p. with OVA
at day 0, 14 and challenged with 6 mg/10 mL of DEP at
days 21, 22, and 23 (group II). Group III were sensitized
with OVA at days O and 14, together with 0.6 mg/50 uL
of DEP every other day for 14 days and challenged with
150 ug /100 uL OVA and 6 mg/10 mL of DEP at day 21,
22, and 23. Saline sensitized-challenged mice were served
as sham control. The mice were subjected to whole-body
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plethysmo-graphy and then killed for bronchoalveolar lavage
and histology. Cytokines were measured by ELISA. Ex-
pression of goblet cell hyperplasia and smooth muscle hyper-
plasia in the lung tissue was detected by immunohisto-
chemical staining.

Result: DEP and OVA sensitized-challenge group had a
significant increase in methacholine-induced AHR, compared
to sham group and group I. The levels of IL-4, IL-5, and
IFN-v tended to increase in the BAL fluid in group III.
Goblet cell hyperplasia and smooth muscle hypertrophy were
more observed in group III than those in sham group, groups
I and IL

Conclusion: This study demonstrates that DEP may aggra-
vate airway responsiveness and remodeling in a mouse
asthma model. (Korean J Asthma Allergy Clin Immunol
2006;26:70-77)
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AFFEL AF 20~30 go Balb/c mouse (Charles River
Laboratories Seoul, Korea)S AF£3}4 T 3 HFAZ2HY HAS
e 352 ool A9 AT AN &

AT AR T AN ST oy
At 3709 1502 ol A PSHATHEs. 1. Group 1&

F

HET 100 ug (OVA, grade IV, sigma)¥} aluminum hydroxide
20 mg phosphated buffered saline (PBS)el] 430] 200 uLS 25
WAoz 28 497 Exol 95 FAhael 2281 PBS

00 uLe]] 150 ug OVAE A}F3} ). Group IS OVA 7H3+
—8— group 19} A3} 343l 6 mg/m’el| 3D 3= DEPE 21,
22, 234 o) A5 T Group III= Balb/c miceol] A4 ]2
o] &2l DEP (0.6 mg/50 ul, from Hajime Takizawa, Tokyo
sjol @ W HGoT o5 &
W % 78 2Aea TH ovA 27 02 Paslgen
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Thiopental sodium 50 mghkgS A3 F oA 7
of B & ZutE S AURske] #H 9 7
ANZES 713 AERE-E 58 PE-20 Eolgd =
ato] A7, 4°Co] A Es 4 mL (1 mLA 43)E
7182 HEAHES AlPeAn FE AHY s 7]
233 vk 4°C, 1,500 rpm O Z 1087 YA EE] (VS-6000
CF, Vision, Korea)3}&] 2598 ELISA =4S 3 -70°Coll
AT Hob e AE GFZEA S A 05 mL
(pH 742 =9 T, o] 5 50ULE 3% acetic acid & 950
pLe} 440} A hemocytometer (Naubauer chamber)S A}-g&3}od
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3 A% & 400pLE WA 250 rpm O 2 387 cytpospin (CF-
120, SAKURA, Japan)dle] &£2}o|E5 WEQIT} o] AL Diff-
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Fig. 1. Schematic diagram of the experimental protocol. The Balb/c mice were intrapenitoneally (i.p.) sensitized with ovalbumin (OVA) at
day 0, 14 and were intranasally challenged with OVA (group 1). Group Il were sensitized i.p. with OVA at day 0, 14 and were challenged
intranasally with 6 mg/10 mL of DEP at day 21, 22, 23. Group Ill were sensitized with OVA at day 0, 14 and 0.6 mg/50 uL of DEP every
other day for 14 days and were challenged with 6 mg/10 mL of DEP and 150 ug/100 uL OVA using an ultrasonic nebulizer at day 21,
22, 23. Saline sensitized-challenged mice were serve as sham control. Airway responsiveness was measured 24 hr after the last challenge
in mice. Bronchoalveolar lavage fluid and lung tissue were obtained 24 hr after measurement of airway hyperresponsiveness.
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AO) EF}CI detection limit (pg/mL)yE TH-3} ZTHIL-4: 7.8 pg/
mL, IL-5: 7.8 pg/mL, IFN-y: 15.6 pg/mL, BD Biosciences, USA).

oA E3L O]—OZ] v o 0]—93\13]-. Actin smooth muscle rabbit
antibody= 7| =B /|ES Gotr 7] f&f te3 2
o dhog dAEth x2dde] ugPH Slol=e
gxaddn JeRgs AX dAFA A ek FA (pri-
mary antibody; ZYMED, Cal, USA)9l| 4°Col| 4] overnight §+-3-3}
= TBSE A=t dAA A=S Hshd O]i}%}iﬂ (VEC-
TOR ABC kit, Cal, USA) | A 30&7F §H-3-A)7] & gF o
2 A3, WAA alkaline phosphataseS & A6} 7] $)5}e] TBS
o 1087 AF3it. HEA=
3t 3087 wke-5la, TAS 9J3le] DAB (ZYMED Liquid
H

avidin biotin complexE- ©]-&
substrate kit)ol] 20% W3l t) WhAlo] B & oz oA
£ hematoxylinS ©]-83}3L Crystal mount (Biomeda)2 %}
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Fig. 2. Airway responsiveness to aerosolized methacholine was
measured in unrestrained, conscious mice. Mice were placed in the
main chamber of a barometric plethysmograph and first nebulized
with saline and then with increasing doses (from 5 to 100 mg/mL)
of methacholine for 3 min for each nebulization. Readings of
breathing parameters were taken for 3 min after each nebulization,
during which time Penh values were determined. Data represent
mean=SD from six independent experiments. *P <0.01 compared
with sham group. "P<0.05 compared with Group |.
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Fig. 3. Effect of DEP on IL-4, IL-5, IFN-v levels in BAL fluids of
each group. Sampling was performed 24 hours after the challenge
in mice treated as described in Fig. 1 legend. Bars represent mean=
SD from six independent experiments.
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Fig. 4. The inflammatory cell infiltrations in the lungs of four study groups of mouse. Lung tissues from each group were stained with
hematoxylin-eosin. Inflammatory cells have infiltrated into the alveolar interstitium and the peribronchiolar area in the group |, II, Il
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Fig. 5. The expression of goblet cells in the lungs of four study
groups of mouse. Counts for goblet cells in the epithelium of
bronchioles in sham group and the other three groups. The results
are expressed as number of cells per millimeter of basement
membrane. Horizontal bars represent median values. *P <0.05

-- compared with sham group. "P<0.01 compared with sham and

OVA and DEP challenge group i and group ii.
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(group Dol BI3] HEFEH 20 mgT} 100 mgol| A 7] A it
AN A 7= A o] F9)3A] =% THsham vs. OVA vs.
OVA and DEP challenge vs. OVA and DEP sensitization and
challenge 0 mg: 0.75£0.11 vs. 0.72+0.02 vs. 0.72+0.08 vs.
0.82+0.10 Penh, 5 mg: 0.71£0.03 vs. 0.89+£0.02 vs. 1.08%
0.04 vs. 0.93+0.06 Penh, 20 mg: 1.20£0.02 vs. 1.63+0.02 vs.
3.69£0.07 vs. 3.91+0.30 Penh, 100 mg: 3.29+1.22 vs. 4.27+
1.50 vs. 5.04£1.95 vs. 5.04+2.20 Penh, Fig. 2).
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dERE A4 g AR AP A THgroup IDF FEFT

I AR A g A ‘?“]_Z];L(gfoup DAt ztell |l s
SAR7E FOsHAl EROH(P=0.004, P=0.02) TFT=
group I9| A T Z<to) Hl&] &=k (P=0.018) Group IIIo| A

1
F2 4FE Bt HET9 = Aol7h I thE A

sham vs. OVA vs. OVA and DEP challenge vs. OVA and DEP
sensitization and challenge; 0.0i0.0><104/mL vs. 5.1i2.1><104/
mL vs. 2.0£0.7x10"/mL vs. 4.7+1.7x10%/mL; &37"; sham
vs. OVA vs. OVA and DEP challenge vs. OVA and DEP sensi-
tization and challenge; 0.240.05x10"/mL vs. 0.8+0.3x10"/mL
vs. 0.7£0.257x10%mL vs. 2.5+2.1x10"/mL).
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Fig. 6. The expression of smooth muscle cells in the lungs of four study groups of mouse using actin
smooth muscle rabbit antibody. Lung tissues from four group mice were stained with monoclonal
antibodies directed against smooth muscle specific actin protein. Inflammatory cells have infiltrated into
the peribronchiolar area in the group I, II, Il mice. In contrast, there was no inflammatory findings or
no immunoreactivity for the smooth muscle specific actin proteins in the lung tissues of sham-treated

mice.



Bkl

AR THgroup HDI| A thZol] Hls) H 22 o)A AZAE
o) 2717} AATKE. 4. LT 24 B Fgroup
DY} SRRy AR AR Fgroup 1), FEFT T
OAEZ 7H2F 2 A 2] (group MDAt Z2<tol] HIS) 1)
A EY F717F BEH AL group I A group 13} group
1ol w3l ol atA wiFAES F717F BEE AThEg. ).
2] 3 actin-smooth muscle antibody®l] 2] g+ T &3} A of
A RN gAY 2] P (group 1), FEFRI T
AREZ 72 9 AR A FHgroup MDAt 272 G571
B2 F7HE g9s

27} A -F A (group DETE 7% }
S Th(Fig. 6).
i) &

i 71e.de] H2Ae] Qe AfeA ofH JFE wA A
A tigt AFE Skt oy Ty AT ofF
2 Aeolth wetA AR S 7|2 dEAQ gAREz
S AAETE B0 =3AA tAEZ o] HARYP D
A 71ERRAES STHA7IE 7 A8 E 2dste As

Askol 25k SolAM wEEHE Ttae HAY, dda
% el 27] Adg] St dojsiy HA
Q= YAEZ Z9| polyaromatic hydrocarbons,
quinines, aldehydes 5'°7 Q170 2L FFSSY 1w
= AeE &HA Aok

MEZF ¢} IL-5 knockout F RdA] TjAEZo] 7%
W47 71 EdZel BelFe] deiA 9a, ! AR
AYHoRE FY3 5 “’E@oﬂﬁ Xﬂx} e @v‘i—ﬂ%

) 557

Fabar, &k T M8 #e] ICAM- 10114 VCAM-1, ﬁg
THEZEAC] LFA-10] #ofgro] HuHYTh™

< =EA 7Y 71 BAFH EA H o
A AN E, 34, 5T 2 HEFY Ut STk,
E3| 1gG10] Z7}8}9 IL-2, IL4, IL-5, GM-CSF, IL-6, IL-10,
RANTES, eotaxin 59| A}o]| E7}Q13} IL-13 mRNAS] ¥ o]
ZF7Fste] Th2 @7 Alo]E7}Rlo] &gt o] HaEg]
o7 B ARNE 7| HA A EA H A M T, B

. HAlS2 oM ClEERo| 7| EotalM Dl Jisol ojxlE 52 75

T ol YARA =%
g 5 e azi R

Wo AT B OARS F75ha
TgERE-S o] %7}%@.2‘” E3 FU3} ARAE o] 71

IgE S7HE opvz} IL-49)

o

=
rJ
Hﬂ el
o

23 EHZ]E% s
o] @alﬂ e ™ o &7}0}%}3” LA Rl
T 71U e A gAY wd Foll A7), 2 EHEC]
Z7k8kal 5ol anti-OVA-IgGS} anti-OVA-IgE7} 2718l
o5 whab 71Ee) el e Aol trlede] H
o F74 otgtol *J%‘ HE vehd Aoz Bojx gAE
A g2 =Ed o3 Feans gotrr] g3 £
ATE NPt or dEw AP wdd vlg F71
2 HAEIE =247 ToA ZI=FHRgo] folstA 5

7behe F9st gt ol¥d 23 E TR & A
2 2] O@}oﬂ 04% 21%% AW—B‘% 2702 AT

EAH S

T3l E%Péiﬂr ¢ 1 2} XPOW} ‘th A0
Ao wEhd AL FAB Rl gt o
& AT FF 28T AR qAAIG
O BAE RN A2F 7
Rl

Mg
oz o

2 o o H -

bl
il
= rpy
0%

o
2

2, o

ofh Y
o &

&
N o
il
&

o M o x

ol
——
=

2 e

T
k)
©
[

_'q
i:op

A%
1=
lo,
o
et N
o
K
iy
B
o

o
)
<
&

Mo
T 1%
R

41

N

olX

~

=
g0 B A ¥ ZZo|Me =4

olX
N
Ll
oy Q@
ro
o
3R
(o
=)
=
ox
=
K

PoofN o X M

[o M1 1> > 1o Ho

o] ¥

it

tlo

o

¥

3194

32

P

o

Y

Ko o to

O
N
N
rr
A
in}
G
bt
N

[
1!

FERdAN 7|=HTA T}



76 TA A A2 M2BHE H1S

1) Gan WQ, Man SF, Senthilselvan A, Sin DD. Association between
chronic obstructive pulmonary disease and systemic inflammation:
a systemic review and a meta-analysis. Thorax 2004;59:574-80
2) Gong H Jr, Sioutas C, Linn WS. Controlled exposures of healthy
and asthmatic volunteers to concentrated ambient particles in
metropolitan Los Angeles. Respir Rep Health Eff Inst 2003;
118:1-36
Li XY, Gilmour PS, Donaldson K, MacNee W. Free radical
activity and pro-inflammatory effects of particulate air pollution
(PMyg) iz vivo and in wvitro. Thorax 1996;51:1216-22
Penard-Morand C, Charpin D, Raherison C, Kopferschmitt C,

Caillaud D, Lavaud F, Annesi-Maesano 1. Long-term exposure to

3

=

4

=

background air pollution related to respiratory and allergic health
in schoolchildren. Clin Exp Allergy 2005;35:1279-87
5) Salvi S, Blomberg A, Rudell B, Kelly F, Sandstrom T, Holgate
ST, et al. Acute inflammatory responses in the airways and
peripheral blood after short-term exposure to diesel exhaust in
healthy human volunteers. Am J Respir Crit Care Med 1999;159:
702-9
Folinsbee LJ. Human health effects of air pollution. Environ
Health Perspect 1993;100:45-56
Dockery DW, Pope CA III, Xu X, Spengler JD, Ware JH, Fay
ME, et al. An association between air pollution and mortality in
six US cities. NEJM 1993;329:1753-9
Dockery DW, Speizer FE, Stram DO, Ware JH, Spengler JD,
Ferris BG. Effects of inhalableparticles on respiratory health of
children. Am Rev Respir Dis 1989;139:587-94
9) Kaiser J. Showdown over clean air science. Sci 1997;277:466-9
10) Schwartz J. Air pollution and daily mortality. A review and meta
analysis. Environ Res 1994;64:36-52
11) Lewis TC, Robins TG, Dvonch JT, Keeler GJ, Yip FY, Mentz

GB, et al. Air pollution-associated changes in lung function

6

=

v

~

8

=

among asthmatic children in Detroit. Environ Health Perspect
2005;113:1068-75

12) Jang AS, Yeum CH, Son MH. Epidemiologic evidence of a
relationship between airwayhyperresponsiveness and exposure to
polluted air. Allergy 2003;58:585-8

13) Jang AS, Choi IS, Kim SW, Song BC, Yeum CH, Jung JY.
Airway obstruction after ozone exposure in BALB/c mice using
baramettic plethysmography. Kor J Int Med 2003;18:1-5

14) Kang CM, Jang AS, Ahn MH, Shin JA, Kim JH, Choi YS, et
al. Interleukin-25 and interleukin-13 production by alveolar
macrophages in response to particles. Am J Respir Cell Mol Biol
2005;33:290-6

15) Faiz A, Delarderel JA. Automotive air pollution in developing

countties, outlook and controlstrategies. Sci Environ 1993;134:

325-34

16) Draper W. Quantification of nitro and dinitropolycyclic aromatic
hydrocarbons in diesel exhaustparticulate matter. Chromosphere
1986;15:437-47

17) Scuetzle D, Lewtas J. Bioassy-directed chemical anslysis in envi-
ronmental reseach. Anal Chem1986;58:1060A-70A

18) McClellan RO. Health effects of exposure to diesel exhaust parti-
cles. Ann Rev Pharmacol Toxicol 1987;27:279-300

19) Ichinose T, Furuyama A, Sagai M. Biological effects of diesel
exhaust particles. 2. Acutetoxicity of DEP introduced into lung
by intratracheal instillation. Toxicol 1995;99:153-67

20) Salvi SS, Nordenhall C, Blomberg A, Rudell B, Pourazar J, Kelly
FJ, et al. Acute exposure to diesel exhaust increases IL-8 and
GRO-alphaproduction in healthy human airways. Am J Respir
Crit Care Med 2000;161:550-7

21) Hao M, Comier S, Wang M, Lee JJ, Nel A. Diesel exhaust

particles exert acute effects on airway inflammation and function

in murine allergen provocation models. J Allergy Clin Immunol

2003;112:905-14

Shin JA, Jang AS, Ahn MH, Song HM, Kim YE, Rhim TY.

Effects of diesel exhaust particles on airway inflmmation and

22

-

hyperresponsiveness in a murine model. Korean J Asthma Allergy
Clin Immunol 2005;25:117-22
Takano H, Yoshikawa T, Ichinose T, Miyabara Y, Imaoka K,

Sagai M. Diesel exhaustparticles enhance antigen-induced airway

23

=

inflammation and local cytokine expression inmice. Am J Respir
Crit Care Med 1997;156:36-42
Steerenberg PA, Zonnenberg JA, Dormans JA, Joon PN, Wouters

IM, van Bree L, et al. Diesel exhaust particles induced release

24

=

of interleukin 6 and 8 by (primed) human bronchial epithelial
cells (BEAS 2B) in vitro. Exp Lung Res 1998;24:85-100

25) Ohta K, Yamashita N, Tajima M, Miyasaka T, Nakano J, Naka-
jima M, et al. Diesel exhaust particulate induces airway hyper-
responsiveness in amurine model: essential role of GM-CSF. J
Allergy Clin Immunol 1999;104:1024-30

26) Fahy O, Hammad H, Senechal S, Pestel J, Tonnel AB, Wallaert
B, et al. Synergisticof diesel organic extracts and allergen Der p
1 on the release of chemokines byperipheral blood mononuclear
cells from allergic subjects: involvement of the map kinaseAm J
Respir Cell Mol Biol 2000;23:247-54

27) van Zijverden M, van der Pijl A, Bol M, van Pinxteren FA, de
Haar C, Penninks AH, et al. Diesel exhaust, carbon black, and
silica particles display distinctTh1/Th2 modulating activity. Toxi-
col Appl Pharmacol 2000;168:131-9

28) Kobayashi T. Exposure to diesel exhaust aggravates nasal allergic
reaction in guinea pigs. Am J Respir Crit Care Med 2000;
162:352-6

29) Muranaka M, Suzuki S, Koizumi K, Takafuji S, Miyamoto T,
Takafuji S, et al. Enhancing effect suspended particulate matter
on the IgE antibody production in mice. Int Arch Allergy Appl
Immunol 1989;90:1-7

30) Fujimaki H, Nohara O, Ichinse T, Watanabe N, Saito S. IL-4



&38|
production in mediastinal lymph node cells in mice intratracheally
instilled with diesel exhaust particulates and antigen. Toxicology
1994;92:261-8

31) Fujimaki H, Saneyoshi K, Shiraishi F, Imai T, Endo T. Inhalation
of disesel exhaust enhances antigen-specific IgE antibody pro-
duction in mice. Toxicology 1997;116:227-33

32) Diaz-Sanchez D, Tsien A, Fleming J, Saxon A. Combined diesel
exhaust particulate and ragweed allergen challenge markedly
enhances 7z vivo nasal ragweed specific IgE and shows cytokine
production to a TH2-type pattern. ] Immunol 1997;158:2406-13

33) Diaz-Sanchez D, Dotson AR, Takenaka H, Saxon A. Diesel
exhaust particles induce local IgE production in vivo and alter the

pattern of IgE messenger RNA isoforms. J Clin Invest 1994;94:

L HAS 2R A Clgezol 7T

(Al

aoldnt JHol olxle 22t 77

1417-25
34) van Zijverden M, van der Pijl A, Bol M, van Pinxteren FA, de
Haar C, Penninks AH, van Loveren H, Pieters R. Diesel exhaust,
catbon black, and silica particles display distinct Th1/Th2
modulating activity. Toxicol Appl Pharmacol 2000;168:131-9
35) Nagai A, Kakuta Y, Ozawa Y, Uno H, Yasui S, Konno K, et
al. Alveolar destruction in guinea pigs chronically exposed todiesel
engine exhaust - A light microscopic and electron microscopic
morphometry study. Am J Respir Crit Care Med 1996;153:
724-30
Barnhatt MI, Chen S, Salley SO, Puro H. Ultrastructure and

morphometry of guinea pigschronically exposed to diesel engine

36

NP

exhaust: Six months experience. J Appl Toxicol 1981;1:88-103




