Journal of life Science 2007 Vol. 17, No. 3. 396~401

®JLS/ISSN 1225-9918

CIREE 2 DMIZ2I0] MA|0rPAC HEXMAM ICAM-12t VCAM-19]

2eiol DIkl=
2l dF - 0| - HY
AZEL 5ol s

Received December 21, 2006 /Accepted January 22, 2007

. Ay

) OI‘XD-i S o

o

- ey

O

=
HE

Ofok

2
fok

M

0158 - 2

=¥
=~y

B

i
=

—

The Effects of Diesel Exhaust Particulates and Particnlate Matters on the ICAM-1 and VCAM-1
Expression in the Lung of Asthma-incuced Mouse. Tianzhu Li, Soojin Lee, Yangho Jang, Jeonghak
Lee, Sejong Park, Junhong Park, Byungjoon Chang, Jonghwan Lee and Nonghoon Choe*. College of
Veterinary Medicine, Konkuk University, Seoul, Korea — This research investigated whether exposure of
diesel exhaust particulate (DEP) and particulate metter (PM) effect on intercellular adhesion mole-
cule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) expression in asthma-induced
Balb/c and IL-10 knock out (KO) mouse. Mouse was sensitized with intraperitoneal injection with
ovalbumin, followed by challenges with intranasal ovalbumin. After induction of asthma mouse
placed in the inhalation chamber and exposed to DEP and PM (10 mg/m’). The evidences of pulmo-
nary inflammation were assessed by immunohistochemical stain and westen blot against ICAM-1
and VCAM-1 in the lung tissue. In the immunohistochemical stain, positive reactions for ICAM-1
and VCAM-1 were much stronger in asthma-induced groups and asthma-induced group with DEP
or PM than control groups. Although mild positive reactions were appeared in asthma-induced IL-10
KO mice groups, positive reactions were very strong in the asthma-induced group with DEP or PM.
In Western blot, expression of VCAM-1 was increased in asthma-induced group with DEP or PM
than asthma-induced groups. In the IL-10 KO mouse, ICAM-1 and VCAM-1 expression were in-
creased in asthma-induced group with DEP or PM than asthma-induced groups. DEP and PM ex-
posure have additive effects on the aggravation of inflammatory signs in the asthma-induced murine
model. These results suggest that inhalation of DEP and PM in asthmatic patients may aggravate

clinical symptoms.
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7124 AR T 10% 22 3 miE FYste] 14T
¥ ot 558 953 5 md ZUE AR 56T in-
cubatordl] 302 Hzjsle Fe}AE £ & xyleneoE A A
sk 2AHA S SutetAd F 100%, 90%, 80%, 70% &
2o 9AYE AX 2531 F5ABE AR F 239 Y
4 peroxidase 843-& A A7) 93l 03% H,0,2 1583t
]2 8}53t}. Phosphate buffered saline (PBS)2.Z sAg &
g o] v 5ol AFE AA Y] el 3% bovine serum al-
buming- 3¢ PBSE o] 83t 1AZE F¢ #h-gAIFTh 9
% anti-mouse [CAM-17} VCAM-1 (abCAM, UK)< 2tz} 20
ue/mie) SEZ 34510} 4Tl s124 A2 sch DAKO
LSBA 2 kit2 o]a}aHA| ¢} streptavidin-conjugated peroxidase
(DAKO, Carpinteria, CA)E A& A|Ath ¢4L 3, F-dia-
minobenzidine (DAB, Sigma, USA)E A}£-8}$l1 Harris's
hematoxylin (Sigma, USA)2Z t=E A& HAIS .

Western blot

7t AR vp¢20) A H 23S HEF § PRO-PREP
for Cell/ Tissue protein extraction solutiong 2]l 7}3}
I homogenizerg ]85t 22 43It B4 23
£ 47 12,000 rpmel| X 3083 A4 &5t DAL §
3} 11, Bradford methodsE o] &3l A& 4ct Ead
ol A o 15% SDS- PAGE gel& A28l A7 %S A4
341, nitrocellulose transfer membrane®. 2 &7 & 5%
skim milk2 H] Eo]ut-3-8 AA57] 9314 blockingS A
Aet4 o). Anti-mouse ICAM-13} VCAM-1S 7}2} 1:10002
2 3] 43} nitrocellulose transfer membraned]] 3154 A g
3 & washing buffer2 A ¥ A3 A3 %, horse-
radish peroxidases} 22} @47} 2¢E $9o02 Ay
3, ECL detection system2- o]-&3}of w2l o] band & #<]
ok #golg @A bande laser densitometer (Model
PD 1211; Molecular Dynarmics, Sunnyvale, CA, USA)E ©] &
she] density® Z4sHct

ANz
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27 upe2o] Ae FAukgo] Ao BEHA 4 WY,
ovalbuming o] €3 A4 fRAF LM 7= FH9 7
A 7147 1‘%144 AL} 248 e RoA B
B LS #28 4 AA AR + DEP =249
# 2 A4HL + PM =238 7oA e A718A 9 71AS
Bolol A7RA F9 2N AAFRAPTHRG o}F
2% AUt wad & 9IglchFig 1). IL-10 KO &7
oo 20 A9 ICAM-19] ¥do] A3 #FHA ke,
IL10 KO A4 A3 7o 75 29 2 83 39 23
A wlobstA HEPS B2 $ A%k IL-10 KO 4 {2
+DEP =2438% 2 [L-10 KO A48 + PM =24 d 7

dME 72 F9 2 8# F99 dFAREAM IL-10 KO
A48z d o 2 F4eS 32 & A}
(Fig 3).

e

Fig. 1. M1croscop1c ﬁgures of ICAM-1 expression by im-
munohistochemical stain in lung tissue from the asth-
ma-induced Balb/c mice and asthma-induced Balb/c
mice after exposure with DEP or PM. A.B: Control
mice, CD: Asthma-induced mice, EF: Asthma-in-
duced mice after exposure with DEP, GH: Asthma-in-
duced mice after exposure with PM. A,.CEG: %100,
B,DFH: x400.

2 VCAMAS] Wz A5 ste
VCAM-1o] B8 BezA5844 Azt Balb/c B2
mhol A PSS A9 BT & YUou, ANF

2AYFINE 1S B 8B 39 299 IZAE} 24
8 Sl RN BaA 2RYS BB & 990 AN

u + DEP =243 7 2 442 + PM =243 TN
M71BAY 71 AT B9e B F9 2HqA AR
HAZRY o 28 FANSS B YthFig 2). IL-10 KO Bz
# vpg20 AL VCAM-19] @do] A9 HolA #%T
IL-10 KO zw f H‘éﬁé%—e— 7= F9 229 @FHEE
A vk B3 s IL-10 KO #2442 + DEP %4
4% 9 IL10KO F4 72 + PM 22T /IE 2 g
#3909 AFANEEAA ofF 23 IR #ET

A A HFig 4).

Fig. 2. Microscopic figures of VCAMl expression by im-
munohistochemical stain in lung tissue from the asth-
ma-induced Balb/c mice and asthma-induced Balb/c
mice after exposure with DEP or PM. A,B: Control
mice, CD: Asthma-induced mice, EF: Asthma-in-
duced mice after exposure with DEP, G,H: Asthma-in-
duced mice after exposure with PM. A,CEG: x100,
B,D,F,H: x400.
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Fig. 3. Microscopic flgures of ICAM-1 expression by im-
munohistochemical stain in lung tissue from the asth-
ma-induced IL-10 KO mice and asthma-induced IL-10
KO mice after exposure with DEP or PM. A,B: IL-10
KO mice, CD: Asthma-induced IL-10 KO mice, E,F:
Asthma- induced IL-10 KO mice after exposure with
DEP, G,H: Asthma-induced IL-10 KO mice after ex-
posure with PM. A,CEG: x100, B,D,F,H: x400.

Western blot

HAHEM-& 53 adhesion moleculese] FAPTE ¢l
A9 FHA FEAXN 2E37] 93] western blotg AA]
3} laser densitometer2 densityS &3 8 23} Balb/c 3
A5k ope 2ol A ICAM-19] A9 A48 + PM =24
BEL D44 4929 13 BRe) F9A 3714 2

S BEY F AU VCAM-19] 2H L glzFd Hs 2
T AYTIA 28 95 3719S BRE 5 AR

nm{

W 538 A4 F2dy el vis) 44% + DEP Y PM =

YT Lol folshd Frhstsith(Table 1, Fig 5).
IL-10 KO #2452 v}-9-29] 79 ICAM-13} VCAM-1 25
oA IL-10 KO AA4 234324 w8 IL-10 KO xqqom

+ DEP ¥ PM % AT X9 W] o} 7}alA 27}
< #4E  ATHTable 2, Fig 6). 0|2} A7 ALY

Fig. 4. Microscopic f1gures of VCAM-1 expression by im-
munohistochemical stain in lung tissue from the asth-
ma-induced IL-10 KO mice and asthma-induced IL-10
KO mice after exposure with DEP or PM. A,B: IL-10
KO mice, CD: Asthma-induced IL-10 KO mice, EF:
Asthma- induced IL-10 KO mice after exposure with
DEP, G H: Asthma-induced IL-10 KO mice after ex-
posure with PM. A,CEG: x100, BD,F,H: x400.
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Table 1. The levels of ICAM-1 and VCAM-1 expression in the
asthma-induced Balb/c mice and asthma induced-
Balb/c mice after exposure with DEP or PM

Table 2. The levels of ICAM-1 and VCAM-1 expression in the
asthma-induced IL-10 KO mice and asthma-induced
IL-10 KO mice after exposure with DEP or PM

Control  Asthma Asthma+DEP Asthma+PM
ICAM-1 2.7+02 2401 29:02 31027
VCAM-1T  1.0:03  26:03"  31:02""  34:01™"

"P<0.016 versus control. 'P<0.05 versus asthma, "P<0.01
versus asthma. (each experiment’s n=3, Mean+SEM).

ICAM-1
VCAM-1

p—actin
Fig. 5. Expression of ICAM-1 and VCAM-1 by Western blot in
lung tissue from the asthma-induced Balb/c mice and
asthma-induced Balb/c mice after exposure with DEP

or PM. The level of B-actin was similar in all of the
tested samples.
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IL-10 KO IL-10 KO IL-10 KO IL-10 KO

mice asthma asthma+DEP asthma+PM

[CAM-1  05:02 11202  56:03™" 56204~
VCAM-1 09202  13:02°  33:02""  32:04™"

'P<0.05 versus control. “P<0.01 versus control. "P<0.01
versus asthma. (each experiment’s n=3, Mean+SEM).

ICAM-1
VCAM-1

p—actin
Fig. 6. Expression of ICAM-1 and VCAM-1 by Western blot in
lung tissue from the asthma-induced IL-10 KO mice
and asthma-induced IL-10 KO mice after exposure with
DEP or PM. The level of B-actin was similar in all of

the tested samples.
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Western blot& 4] 8to] ICAM-17} VCAM-19} A RE
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&8 3he, W49 290l e Abgo] AR Y HAR
A 5E FYY A5 A9 frdolut Azt Bojdte 43
FAE] wdo] Zylstd, Ay BAH A7AA 450l



89 4 98¢ Ao F9¢ Aty A,
A7) 73} Balb/c oh$-2 9} IL-10 KO v}A 8 o] &
4470 DEPS} PME =347 2% A28 3
3z0] fAEAY HE 3718 Bolo ogHE AL @
Qatger], A5 Wrlskash AskE wAE) T
AN A gl 014 AAT DAY AN BA
2 2342 £ Ae Roz 4Zu,

HkA

ofN o Jot

2 o

2ol -8 Balb/c wh$-29F FUF 2719 IL-10 KO
upg-2o] 29 fQ1o2 ¥e|Z DEPS} Adhd GuolA
A7 8 PM (10 »g/m’) inhalation chambero] Y3 &% 4
A FUAI F ABES AFH ICAM-1, VCAM-19]
BEE 29 WAE39 o3to] DEPg PMo] ojulg g3k
S uAeA A

¥ A9 23 d4o] f2d 4 Balb/c w29 9
o]Al&= DEPS} PM9) o] o}ste] ICAM-1 © VCAM-19)
o] A7|BA F9 2A5AA vdsA Frisidh 2
gt} IL-10 KO s}§-29] 79 DEPY} PME =& & 9
ICAM-1 3 VCAM-1¢] #do| o} RatA Frhstah w
A, & AFe IL-109] thg ]l aio] AAZAe] ¢h3lof
24 F e e e dAskY, dE AT wrstas
Aetd AR BB ofie A AAw BEF A7)
A9 45 S £ S S THAHE 9 A9

@ g otk

|

2Me 2
£ A7e @AY 54 7]2 dF(R01-2002-00571-0)
APz FHHAUL.
L |

1. Albelda, S. M., C. W. Smith and P. Ward. 1994. Adhesion
molecules and inflammatory injury, FASEB . 8, 504-512.

2. Alon, R, P. D. Kassner.,, M. Woldemar., E. B. Finger., M.
E. Hemler and T. A. Springer. 1995. The integrin VLA-4
supports tethering and rolling in flow on VCAM-1. ], Cell.
Biol. 128, 1243-1256.

3. Boulet, L. P., H. Turcotte.,, M. Laviolette.,, . Naud., M. C.
Bernier, S. Martel and J. Chakir. 2000. Airway hyper-
responsiveness, inflammation, and subepithelial collagen
deposition in recently diagnosed versus long-standing mild
asthma. Influence of inhaled corticosteroids. Am. ] Respir.
Crit, Care, Med. 162, 1308-1313.

4. Bradford, M. 1976. A rapid and sensitive method for the
quantifation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72, 248-254.

10.

11

12,

13.

14.

15.
16.

17.

18.

19.

20.

21.

22,

Journal of life Science 2007, Vol. 17. No. 3 401

. Bunn, W. B. I, P. A. Valberg, T. ]. Slavin and C. A.

Lapin. 2002. What is new in diesel. Inf. Arch. Occup.
Environ. Health. 75, 122-132.

. Busse, W. W and R. F. Jr. Lemanske. 2001. Asthma. N.

Engl. ]. Med. 344, 350-362.

. Canonica, G. W., G. Ciprandi,, G. P. Pesce., 5. Buscaglia.,

F. Paolieri and M. Bagnasco. 1995. ICAM-1 on epithelial
cells in allergic subjects: A hallmark of allergic
inflammation. Int. Arch. Allergy. Immunol. 107, 99-102.

. Christer, J., L. Dora, G. Maria,, H. B. Eythor,, H. Lena and

V. Per. 2005. Circulating adhesion molecules in allergic
and non-allergic asthma. Respir. Med. 99, 45-51.

. Ichinose, T., A. Furutama and M. Sagai. 1995. Biological

effects of diesel exhaust particles (DEP) 1. Acute toxicity
of DEP introduced into lung by intratracheal instillation.
Toxicology 99, 153-167.

Jones, D. A, L. V. Melntyre,, C. W. Smith and L. J. Picker.
1994. A two-step adhesion cascade for T cell/endothelial
cell interactions under flow conditions. J. Clin. Invest. 94,
2443-2456.

Kim, S. C. and S. H. Byun. 2005. The effects of old-
enlandiae diffusae herba extract on eosinophil, IgE and
IL4 in experimental asthma induced by ovalbumin. Kor. J.
Herbology 20, 35-42.

Lein, R. R. and C. Wegner. 1992. Role of intercellular ad-
hesion molecule-1 in the inflammatory response. Kidney
Int. 41, 617-619.

Peterson, B. 1996. Saxon. Global increases in allergic respi-
ratory disease: the possible role of diesel exhaust particles.
Ann. Allergy Asthma Immunol. 77, 263-270.

Pope, C. A. Ill, D. V. Bates and M. E. Raizenne. 1995.
Health effects of particulate air pollution: time for re-
assessment? Environ. Health Perspect. 103, 472-480.
Ruoslahti, E. 1991. Integrins. J. Clin. Invest. 87, 1-5.
Salma, I, M. Willy.,, Z. P. Eva and A. Gyula. 2001. Compr-
ehensive characteri sation of atmospheric aerosols in
Budapest, Hungary: physicochemical properties of in-
organic species. Afmos. Environ. 35, 4367-4378.

Schwartz, J. and D. W. Dockery. 1992. Increased mortality
in Philadelphia associated with daily air pollution
concentration. Am. Rev. Respir. Dis. 145, 600-604,
Schwartz, J,, D. W. Dockery and L. M. Neas. 1996. Is daily
mortality associated specifically with fine particles? J. Air.
Waste. Manag. Assoc. 46, 927-939.

Smith, C. H.,, ]. Barker and T. H. Lee, 1993. Adhesion mol-
ecules in allergic inflammation. An. Rev. Respir. Dis. 148,
75-78.

Springer, T. A. 1990. Adhesion receptors of the immune
system. Nature 346, 425-434.

Springer, T. A. 1994. Traffic signals for lymphocyte re-
circulation and leukocyte emigration: the multistep
paradigm. Cell 76, 301-314.

Wong, C. K, C. B. Wang, M. L. Li,, W. K. Ip., Y. P. Tian
and C. W. Lam. 2006. Induction of adhesion molecules
upon the interaction between eosinophils and bronchial
epithelial cell: involvement of p38 MAPK and NF-kappaB.
Int. Immunopharmacol. 6, 1859-1871.



