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Purpose : Airway dehydration and subsequent hyperosmolarity of periciliary fluid are considered
critical events in exercise-induced bronchoconstriction. The aim of this study was to establish if a
hyperosmolar challenge could induce activation of eosinophils.

Methods : Human eosinophilic leukaemic cell lines, EoL-1 cells were incubated with hyperosmolar
solutions for 15 minutes. Activation of EoL-1 cells was monitored by degranulation and superoxide
anion production. In addition, we examined surface expression of CD69 and ICAM-1.

Results : Hyperosmolar stimuli didn’t induce superoxide anion production and degranulation. In addi-
tion, EoL-1 cells cultured with hyperosmolar medium at 930 mOsm/kg H;O resulted in no significant
increment in fluorescent intensity of CD69 and ICAM-1 expression compared with results for cells

Conclusion : We found that hyperosmolar stimuli don’t cause activation of EoL-1 cells, but further
studies are required to determine the role of eosinophil in the mechanism of exercise-induced asth-
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major basic protein(MBP), eosinophil cationic protein(ECP),
S

eosinophil peroxidase(EPO), eosinophil protein X(EPX)

) w7l o g2 AztE o] %]
M- Al EF(human eosinophilic leu-
kaemic cell line, EoL-1 cells)oll A=3S o o8] AF w7
Aol #Hlof A Alxe] EA3 AEE 4 U= CDE9S
F2HEA Foll shQl  intracellular adhesion molecule-1
(ICAM-D 9] W 75 dolr 1z} st}

Chat 2

1. AT MZF B

34 AIZF EoL-1 AMX(Riken Cell Bank, Tsukuba
Science City, Japan)E L-glutamin, gentamycin sulfate, 10%
fetal bovine serum(FBS)e] #7F& RPMI 1640(Gibco BRL,
Grand Island, N.Y., USA) ®jgde] Fo] Ax wi¥r1(37TC,
5% COp)ell A Al wfgFatsict. vkl 3-49 FAo =7 o}
T}\)\q—

2. Superoxide anion?| =&

EoL-1 MX& AEF FE(250-930 mOsm/kg H,0)
o] W E & 15% Ft ASAFATh 242 EoL-1 AXE
A3 & 10 mM HEPES, 0.03% gelatin, 100 uM cyto-
chrome c7} ¥%% Hanks balanced salt solution(HBSS; pH
A7Vt 96-well 22 |F FHo]Ed EF313
t} 550 nme ¥l A microplate reader(Thermomax, Mo-
lecular Device, Sunnyvale, Calif., USA)E o] &3le] 30% 7+
Ao 4AIZF Bt FHEE SAIATE FHEE SHA @
S B9t 37T, 5% COzolA wjkslsict. buperox1de anion?]
A AwE F% A% (extinction coefficient : 21.1 10 M/em

o]-gsto] FAsA

oF3}

74) 9%

for reduced cytochrome c)&

3. EoL-1 MZ EHO| CD69 ¥ ICAM-1 W&o £X

EoL-1 A%(1x10%mL)E 930 mOsm/kg H,O 452 5%
o] wUE &3 295 mOsm/kg HO 72 s=° RPMI
1640 wiAlel 22 158 ¢ A=FAZ = ECP 4S5 9al wi
& AT AE 20T BAEATE FAE EoL-1 AXE 1%
fetal bovine serum(FBS)©] 3%FE phosphate-buffed saline
(PBS) &doz 2-33] M#3 T FITC-conjugated mouse
anti-human CD69 mAb(BD Bioscience, San Jose, Ca, USA)
9} FITC-conjugated mouse anti-human ICAM-1 mAb(R &
D systems Inc., Minneapolis, MN, USA)E ZZ H7lshe
4ColA 3087+ ®BAsFTE FITC-conjugated mouse IgGl
mAb(R & D systems Inc., Minneapolis, MN, USA)E iso-

type control antibody® AM&3FATE o] AMEE AHFS A,
0.5% paraformaldehyde®Z 3133 ¥ FACScan(BD Biosci-
ence, San Diego, Ca., USA)& ©¢]&3 CD69< ICAM-12]
S A8ty APe® Eol-1 AEE e
5 &9 4799 RPMI 1640 wiAel 242 1523 A=
1 & wiAE 58420 RPMI 164022 wH*e] 37T, 5%
COzel A M FstdTt, BAIZE &<k ulgFg 5 fjoll A A upet
o] EoL-1 AX ®We] CD69 E ICAM-19] #dS Z4313
=23

4. &

o L} ECP =&

Ol

A B B2 g 35 WY ECP s%%E Pharmacia
CAP system(Pharmacia diagnostics, Uppsala, Sweden)2 ©]

€3} radioimmunoassay kito 2 =&}
5. 8H 24

=74 Agl= SPSS 11.0& o]-&38}o
stom, §94 HAELS P<0.05 A%
o7 dekegith

student’s t-test® A
BAAHoR fogt A

1. Superoxide anion &3

EoL-1 A%E 250-930 mOSm/kg H-0 é}Eé' = vy

7 9] e O“A’ir/} gt "]7}01] 2 superoxide anion "3
Aol wsts #FEE = glth(Fig. 1).

———— Mannitol 250 mOsm/kg H.O
Mannitol 366 mOsm/kg H.O

= Mannitol 482 mOsm/kg H.O
———o—— Mannitol 807 mOsm/kg H.O
H.O

H.O

H,0

-—-—-a-—- Mannitol 732 mOsm/kag
-——a—-- Mannitol 854 mOsm/kg
-—--+--—- Mannitol 930 mOsm/kg

Superoxide anion production
(nmol of cytochrome ¢ reduced/10° cells)

0 50 100 150 200 250
Time after incubation(min)

Fig. 1. Superoxide anion production induced by hyperosmolar
stimuli. Hyperosmolar stimuli didn’t induce superoxide anion
production and degranulation.

- 882 -



2. EoL-1 MZE EM9| CD69 %L ICAM-19|
fluorescent intensity &8

EoL-1 AXE 349930 mOsm/kg H20) THHE &7}
57474295 mOsm/kg HO) ®iX|ol Z+7} 1583 A5A121 &
CD699} ICAM-19] fluorescent intensityS =743+ th CD69
isotype control(10.3+1.3), %% € F9(12.0+0.7),
5 F479.7+10.4) Al +3F] mean fluorescent intensity
o] zol7} gilon ICAM-1 Zdol| 4ojAE isotype control
(10.3+1.3)e ¥l a3HFE &9 FoI74(138.0111.3) % 574
FoT(1456+6.1)0] frolet S7He Ao 13Fe &9 F

norlr

16 & Hyperosmolar for 15 min
[ ] Hyperosmolar for 15 min+isomolar for 5 hours
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Fig. 2. Effect of hyperosmolar stimuli on the expression of
surface CD69 on EoL-1 cells. EoL-1 cells cultured with hy-
perosmolar medium at 930 mOsm/kg H-O resulted in no sig-
nificant increment in fluorescent intensity of CD69 expression
compared with results for cells incubated with isomolar me-
dium. Data are presented as mean®=SD obtained from five
independent experiments.

180 & Hyperosmolar for 15 min
[ ] Hyperosmolar for 15 min+isomolar for 5 hours
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Fig. 3. Effect of hyperosmolar stimuli on the expression of
surface ICAM-1 on EoL-1 cells. EoL-1 cells cultured with
hyperosmolar medium at 930 mOsm/kg H;O resulted in no
significant increment in fluorescent intensity of ICAM-1 ex-
pression compared with results for cells incubated with iso-
molar medium. Data are presented as mean®=SD obtained
from five independent experiments.
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=
2 BoL-1 AZE aiHFtel vhiE &9 &
Ay A2 F X E S wiA = b)
Fro S5AIZE Fot kst ¥ CDE9 2 ICAM-19] fluorescent
=489k CDE9 ¥ ICAM-1 &l glojA] a4t
T & Foldd TN Tl ke SAEAHOR frofgh
ZFelE HolA ZYTHCDOY, 125+1.3 vs 10.5+10.5; ICAM-1,
125.4%15.0 vs 128.2%9.6)(Fig. 2, 3).
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EoL-1 AXE ASAIZHE Wl ECP Aoy CDe9 ¥
ICAM-19] &dd glo] 534 miAle =EIAAS 459 vl
sted zpelg Holx &t o] Aye AT A=E A
Aol uAFEY A5E AR Ue 588 #Ad =EAAS
Ae BT 22 295 YR Superoxide anion] A3/gel
AoME Thget AFEE Fro wE Xolg HolA gFgon
AlZke] A2 zlolE HolA gFort

5 S A4 A4 Bl Ee s Aol
£ F dedel o JE ) &E WAste FE a6 o
7% W AHESe] W) 7w £5E dosle Aew I
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Al 15 Atelel doju) oF 50% A E =5 F 3AZtA 13
AZE Atolo] dojube FU|wkeS @A £ QupY o)) g
F7] wmEe gkdt A5 wisiAet d5 AlEo o8] wAs=
7}4\9_; *ﬂ%‘ﬂﬂﬁﬁ}u 15-18)

AAAQ AEelA 71 W BulEe AFEE FEE 360
mOsm/kg HO A=W, &5 F 7]#A T Ee AR
FEE oF 900 mOsm/kg H0% Z7hacH®? olgjg wate
&t g0l oy MEe] mRE e i HHEWH A7 F
o HIWkA|Z+= AR B0 oJd] EdstEo] F2ERIE
Hlgte, 97195 1,050 mOsm/kg H00 AHFE FEodA,
HIREA| 25 700-750 mOsm/kg H,09 452 FXolA] 3| ~E
WS Aoz Euega? . 597 7e slae BEule gl
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eosinophilic leukaemic cell line?! EolL-1 A¥7} f-&35c
EoL-1 AlxE #xdd 37t @ f
9lel, ECP, CD95(Fas)E #&st¥, IL-3, IL-5 GM-CSFel
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1, Mac-1, integrin ad 53 2& §2Ex=2 zdd?
ICAM-1<2 LFA-13 A sto] sA+E
71E & 715 Ul 9457 #Hste] Fagh 93s ddsy, &
S G AS W ICAM-19] Tdo] F7lshs 13
B4 gt ®. cpege @AdstE T AE B AX
Sk Sl mEEY. M #Aded dHEA
u) tjZzto] vlE] WA FAtelA 21 FA| H A A N} Ty o)
U A AXe] CDE9el #dol F7ES #EE 5 U
B weld 320 W] ICAM-1 2 CD6
SAFel EA48E YEhEE & 5 Utk
AEAo R B AFqAE 5 F 7| U9 AR 34

930 mOsm/kg H,O A=9] 11

Ne)
e
o
Lo
of\
N
¢

FA F BT

&5

peroxide anion?] A}
(e}

&

5)

B

N
P
0
O

s} o1 CDBY, ICAM-19] o3&} su-
< BF A9 T AR AF3
@ x °—‘9&°fﬂ EoL-1 A%
T S

& sk its)o]

s

15

st

i

1o
iy}
_E

4

O

o
B
o
BN
N
29

i
>
nE
1o
(et
o,
Lot
il
g

R Ho ot

=+ off

~
o r
oX,
=
1>
%)
)
(%
o

e
to
ol
ol
i)
>
>
it
)
iu)

Jo
1A
H Ho
e
i)
4
S
(o]

L off
fo Lo gy
>

e

o,
o2
o\
o
=
N
=
2

sl

o} ol & AFtelA= duE R

Gabol AR AN F

BaAt &gk

T AEF EoL-1 AXel 7Z47te] ARd 5=

superoxide anion?] A& =
A A=H930 mOsm/kg Ho

i Rol §A 5A17 B2k MY & FAE

2 EWel CD699F ICAM-19] Hds

s, vk Sl ECP 555 54 0}»\‘4

2 1} : EoL-1 AlXo] 1587 159 =8 2

oo 12 N
o
el
] K
ol ne Flr 32
% &
o
_0|L
3 g
S H
o ~
o)
@] =
& e fo O fH
i ox % I

2 oft -
r$

>
K|
=2
—
Sy
olﬂ A =)

=)
JIN’ F{E HN
o & X

N,

i
o
oo o
_(‘>£
_9..,
].01‘ o_>|:
>

¢

o
O

)
ot
J]Nr

;o i o

3k ECP %9 CD69 % ICAM-19] fluorescent mtensn;y
5473 wiAe =EZ2AFES A9 Hluste] AolE HolA] &
o ARG A= & A wlH e 5AIRE Bk vl S
o = §-o)st o) HOIX] okl Superoxide anion® A4
of JoAME thgg AFAE TR wWE XolE Holx| §gto
w, AJZEe] At E Apo]lE Holx| gt

1t
2Bl ATlNE £F F WA B 259 =
H H ks

7] WSk F7) gt pastel AR AT g% BT
o BHSE VAT £ o), FF AT U 2F
H AN BAY AT Ao U@ ge AW} A7} P
sstele ARE

References

1) Mahler DA. Exercise-induced asthma. Med Sci Sports Ex-
erc 1993;25:554-61.

2) Anderson SD, Daviskas E. The mechanism of exercise-
induced asthma is---. J Allergy Clin Immunol 2000;106:
453-9.

3) Anderson SD, Argyros GJ, Magnussen H, Holzer K. Prov-
ocation by eucapnic voluntary hyperpnoea to identify ex-
ercise induced bronchoconstriction. Br J Sports Med 2001;
35:344-7.



4) Storms WW. Review of exercise-induced asthma. Med Sci
Sports Exerc 2003;35:1464-70.

5) Deal EC Jr, McFadden ER Jr, Ingram RH ]Jr, Strauss RH,
Jaeger JJ. Role of respiratory heat exchange in production
of exercise-induced asthma. J Appl Physiol 1979;46:467-75.

6) McFadden ER Jr, Nelson JA, Skowronski ME, Lenner KA.
Thermally induced asthma and airway drying. Am ] Respir
Crit Care Med 1999;160:221-6.

7) Massie J. Exercise-induced asthma in children. Paediatr
Drugs 2002;4:267-78.

8) Sohn MH, Lee YA, Jeong KY, Sim SB, Kim KE, Yong
TS, Shin MH. German cockroach extract induces activation
of human eosinophils to release cytotoxic inflammatory me-
diators. Int Arch Allergy Immunol 2004;134:141-9.

9) Westerhof F, Timens W, van Oosten A, Zuidhof AB, Nau-
ta N, Schuiling M, et al. Inflammatory cell distribution in
guinea pig airways and its relationship to airway reac-
tivity. Mediators Inflamm 2001;10:143-54.

10) Walsh GM. Human eosinophils : their accumulation, activa-
tion and fate. Br J Haematol 1997;97:701-9.

11) Anderson SD, Schoeffel RE, Follet R, Perry CP, Daviskas

E, Kendall M. Sensitivity to heat and water loss at rest

and during exercise in asthmatic patients. Eur J Respir Dis

1982;63:459-71.

Freed AN. Models and mechanisms of exercise-induced

asthma. Eur Respir J 1995;8:1770-85.

Speelberg B, van den Berg NJ, Oosthoek CH, Verhoeff NP,

van den Brink WT. Immediate and late asthmatic re-

sponses induced by exercise in patients with reversible
airflow limitation. Eur Respir J 1989;2:402-8.

Chhabra SK, Ojha UC. Late asthmatic response in exer-

cise-induced asthma. Ann Allergy Asthma Immunol 1998;

80:323-7.

Crimi E, Balbo A, Milanese M, Miadonna A, Rossi GA,

Brusasco V. Airway inflammation and occurrence of de-

layed bronchoconstriction in exercise-induced asthma. Am

Rev Respir Dis 1992;146:507-12.

Freed AN, Adkinson NF Jr. Dry air-induced late phase

responses in the canine lung periphery. Eur Respir J 1990;

3:434-40.

17) Iikura Y, Inui H, Nagakura T, Lee TH. Factors predis-

posing to exercise-induced late asthmatic responses. J Al-

lergy Clin Immunol 1985;75:285-9.

Speelberg B, Verhoeff NP, van den Berg NJ, Oosthoek CH,

van Herwaarden CL, Bruijnzeel PL. Nedocromil sodium

inhibits the early and late asthmatic response to exercise.

Eur Respir J 1992;5:430-7.

Eggleston PA, Kagey-Sobotka A, Schleimer RP, Lichten-

stein LM. Interaction between hyperosmolar and IgE-medi-

ated histamine release from basophils and mast cells. Am

Rev Respir Dis 1984;130:86-91.

Anderson SD, Daviskas E. The airway microvasculature

and exercise induced asthma. Thorax 1992;47:748-52.

Findlay SR, Dvorak AM, Kagey-Sobotka A, Lichtenstein

LM. Hyperosmolar triggering of histamine release from

12

=

13

N

14

=

15

N

16

N

18

N

19

=

20

=

21

—

Korean ] Pediatr : Al 48 ¥ #| 8 & 20054

human basophils. J Clin Invest 1981;67:1604-13.

Eggleston PA, Kagey-Sobotka A, Proud D, Adkinson NF

Jr, Lichtenstein LM. Disassociation of the release of his-

tamine and arachidonic acid metabolites from osmotically

activated basophils and human lung mast cells. Am Rev

Respir Dis 1990;141:960-4.

Eggleston PA, Kagey-Sobotka A, Lichtenstein LM. A com-

parison of the osmotic activation of basophils and human

lung mast cells. Am Rev Respir Dis 1987;135:1043-8.

Hashimoto S, Matsumoto K, Gon Y, Nakayama T, Take-

shita I, Horie T. Hyperosmolarity-induced interleukin-8 ex-

pression in human bronchial epithelial cells through p38
mitogen—-activated protein kinase. Am ] Respir Crit Care

Med 1999;159:634-40.

Otani K, Kanazawa H, Fujiwara H, Hirata K, Fujimoto S,

Yoshikawa J. Determinants of the severity of exercise-

induced bronchoconstriction in patients with asthma. J

Asthma 2004;41:271-8.

Yoshikawa T, Shoji S, Fujii T, Kanazawa H, Kudoh S,

Hirata K, et al. Severity of exercise-induced bronchocon-

striction is related to airway eosinophilic inflammation in

patients with asthma. Eur Respir J 1998;12:879-84.

Koh YI, Choi S. Blood eosinophil counts for the prediction

of the severity of exercise-induced bronchospasm in asth-

ma. Respir Med 2002;96:120-5.

Gauvreau GM, Ronnen GM, Watson RM, O’Byrne PM.

Exercise-induced bronchoconstriction does not cause eosi-

nophilic airway inflammation or airway hyperresponsive-

ness in subjects with asthma. Am J Respir Crit Care Med
2000;162:1302-7.

Wong CK, Ho CY, Lam CW, Zhang JP, Hjelm NM. Dif-

ferentiation of a human eosinophilic leukemic cell line,

EoL-1 : characterization by the expression of cytokine re-

ceptors, adhesion molecules, CD95 and eosinophilic cationic

protein(ECP). Immunol Lett 1999;68:317-23.

30) Mayumi M. EoL-1, a human eosinophilic cell line. Leuk
Lymphoma 1992;7:243-50.

31) Tang ML, Fiscus LC. Important roles for L-selectin and

ICAM-1 in the development of allergic airway inflamma-

tion in asthma. Pulm Pharmacol Ther 2001;14:203-10.

Czech W, Krutmann J, Budnik A, Schopf E, Kapp A. In-

duction of intercellular adhesion molecule 1(ICAM-1) ex-

pression in normal human eosinophils by inflammatory cy-
tokines. ] Invest Dermatol 1993;100:417-23.

Hartnell A, Robinson DS, Kay AB, Wardlaw AJ. CD69 is

expressed by human eosinophils activated in vivo in asth-

ma and in vitro by cytokines. Immunology 1993;80:281-6.

Matsumoto K, Appiah-Pippim J, Schleimer RP, Bickel CA,

Beck LA, Bochner BS. CD44 and CD69 represent different

types of cell-surface activation markers for human eosin-

ophils. Am J Respir Cell Mol Biol 1998;18:860-6.

35) Julius P, Luttmann W, Knoechel B, Kroegel C, Matthys H,
Virchow JC Jr. CD69 surface expression on human lung
eosinophils after segmental allergen provocation. Eur Respir
J 1999;13:1253-9.

22

=

23

N

24

z

25

N

26

N

27

-

28

N

29

=

32

=

33

N

34

=

- 885 -



