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The Change of Cell Distribution in the lung and the Expression Pattern of IL-4 and IL-10 in Asthma
Induced Mouse. Soojin Lee, Sejong Park, Tianzhu Li, Yangho Jang and Nonghoon Choe*. Konkuk
University College of Veterinary Medicine, Seoul ~ Asthma is a chronic inflammatory disorder of the air-
ways, which characterized by bronchial hyperresponsiveness, reversible airflow limitation and respira-
tory symptoms. Internationally, the prevalence of asthma has been increased over last 3 decades.
Recently, several studies of asthma have been reported with gradually increasing importance. To tesi-
fy the hypothesis that interleukin (IL)-4 and IL-10 may be an important determinant of the severity
of airway inflammation, their éxpression was studied in mouse model of asthma. BALB/c mouse, IL-4
Knockout (KO) mouse and IL-10 KO mouse were sensitized with intraperitoneal injection of ovalbu-
min adsorbed to aluminum potassium sulfate, followed by challenges with intranasal ovalbumin on
3 consecutive days. The severity of pulmonary inflammation was assessed by eosinophilia in BAL flu-
id, number of total BAL cells, histopathological changes in lung tissues, and immunohistochemical
staining against IL4 and IL-10. In BAL fluid, the number of total cells was significantly increased in
asthma induced mouse compare to the control. In asthma induced mouse, eosinophil was increased
to 56% and neutrophil was 0.2%. In H & E stains, eosinophilic infiltration and epithelium hyperplasia
were clearly noticed in asthma induced mouse. In immunohistochemical staining for IL-4 and IL-10,
there was no positive reaction in control group. However, very strong reactions were appeared in
asthma induced group. In this research, IL-4 and [L-10, which seem to play a central role in allergic
asthma, KO mouse was utilized to test the causative relationship between airway inflammation and
role of specific cytokine. Asthma induced IL4 and [L-10 KO mice showed much decreased in-
flammatory reactions in the number of total BAL cells, in eosinophilic infiltration, and in im-
munohistochemical stains against diverse inflammatory proteins. These results suggest that IL4 and
IL-10 increase the asthmatic reactions in vive mice model.
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Fig. 1. Experimental protocol.
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Table 1. Cellular distribution in Bronchoalveolar lavage fluid
(BALF) at 24 hours after final nebulization w/
BALB/c¢ mouse

No treatment mice Asthma induced

(n=6) mice (n=6)
Total cells (x10%) 0.30£0.10 1.80+1.00
Macrophages (%) 99.900.20 35.20£10.10°
Neutrophils (%) 0.10+0.20 0.20+0.40
Lymphocytes (%) 0 7.70+1.30
Eosinophils (%) 0 56.90+11.20

* P<0.01 versus control.

Table 2. Cellular distribution in BALF at 24 hours after final
nebulization w/ IL-4 KO mouse

IL-4 KO mice Asthma induced
(n=6) IL-4 KO mice (n=6)
Total cells (x10%) 0.13+0.06 0.39:0.12
Macrophages (%) 89.10+1.80 59.30+15.10
Neutrophils (%) 3.30+2.80 20.90+10.40"
Lymphocytes (%) 7.60+2.60 12.5045.50
Eosinophils (%) 0 7.20£6.70"

** P<0.01 versus control.

Table 3. Cellular distribution in BALF at 24 hours after final
nebulization w/ IL-10 KO mouse

IL-10 KO mice Asthma induced

(n=6) IL-10 KO mice (n=6)
Total cells (x10%) 0.08+0.06 049+017"
Macrophages (%) 92.40+2.60 72.50+8.20
Neutrophils (%) 0.10:0.10 13.40+4.70"
Lymphocytes (%) 7.40+2.50 8.70+3.00
Eosinophils (%) 0 5.405.20"

** P<0.01 versus control.
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Fig. 2. Diff-Quik® staining of BALF and H & E staining of
lung tissue from the BALB/c mouse. A: BALF from
normal mouse lung (x400). B: BALF from asthma
induced mouse lung (x400). C: Normal mouse lung
(x100). D: Asthma induced mouse lung (x100). E:
Normal mouse lung (x100). F: Asthma induced mouse
lung (x400). Arrows indicate eosinophil.
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Fig. 3. Diff-Quik® staining of BALF and H & E staining of
lung tissue from the IL-4 KO mouse. A: BALF from
IL-4 KO mouse lung (x400). B: BALF from asthma in-
duced IL-4 KO mouse lung (x400). C: IL-4 KO mouse
lung (x100). D: Asthma induced IL-4 KO mouse lung
(x100). E: IL-4 KO mouse lung (x400). F: Asthma in-
duced IL-4 KO mouse lung (x400). Arrows indicate
eosinophil.
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Fig. 4. Diff-Quik® staining of BALF and H & E stains of lung
tissue from the IL-10 KO mouse. A: BALF from IL-10
KO mouse lung (x400). B: BALF from asthma induced
IL-10 KO mouse lung (x400). C: IL-10 KO mouse lung
(x100). D: Asthma induced IL-10 KO mouse lung
(x100). E: IL-10 KO mouse lung (x400). F: Asthma in-
duced IL-10 KO mouse lung (x400). Arrows indicate
eosinophil.
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Fig. 5. Immunohistochemistry staining for IL4 in lung tissue
(x400). A: BALB/c mouse, B: Asthma induced BALB/c¢
mouse, C: IL-4 KO mouse, D: Asthma induced IL-4
KO mouse, E: IL-10 KO mouse, F: Asthma induced
IL-10 KO mouse.
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Fig. 6. Immunohistochemistry staining for IL-10 in lung tissue
(x400). A: BALB/c mouse, B: Asthma induced BALB/c
mouse, C: IL-4 KO mouse, D: Asthma induced IL4 KO
mouse, E: [L-10 KO mouse, F: Asthma induced IL-10 KO

& qept AEE ok £ gfioy, ANfe
F ARt 14
9 37, L4 F
25 QcHFig. 5). wHd,
AT 4+ IL4 KO
L4 A9 zAgstd A
£ AARNE GET PSS Hole AZ7} ofF FHol A
o gob2 & Qgith

L4 KO ¥ IL-10 KO v}h$-29] 2% [L-100] A7) #2%
Aol ZeHE FEE A9 ZolE ¢ gAY AF
o a3 AAE 78R FANM B FueS B2

F A THFig. 6).

ANFEHY FLF st Az F&ehe IL-109)
Rk “Wa““aﬂr ﬂ%é AMe 454 AXY AZA
of IL-100] th& F4e& AT 4 AU HAfa
ANE FsA L@ AL XY £ AU

&

kl

A B En Q02 AT AFEY P2 2713
T QE FACHIC] 49 BHE T4 1AL oby ¥
87 vk YrHI420L HEFEA A4S FUAI A3
Ae 9edoz A U o g5 27 W2 Y5
U 49 9902 gaA Qe A9A A=A o s



4 5¢ UFoR AR uF Uz =37 3y 5
AHEEATH3637]. $9F 2L Wloz HPFEAAM AL
2 3¢ =28 22 g3 3F7 AR A58 Bt
oz, AFFES WY FE 849 F2 v 7H5A
o] AUz 2EHAE F1 o|E4 AFLE 3FIAHY
EHad S §2F 5 AT 9] Ut o BN &
wAsy] daf v E9S 53 #4S 2% Zhang 5
1997)& A7|#x e #4 e e #AS &
%’iﬁ’iﬂb‘r_ E;o}ﬁt}[%] 02 44 dFAEY 93t 4
AT ES o] & g AARgo] MLHUA®, B H
AL VZ UE FYAA e /Ld ?“i:rL\_ A9 ¢l
o). o]A o2 B dF7AL BALB/c u} 29} IL4 KO
9.2 & I1-10 KO v}¢-2¢] 27 W& ovalbuming 73
2! ¥ nebulizerg ©] &3t AL EFE T3l AZFsA
. &, Aol Ad2d AHdAM 35& 3o A
dote AANY 4¥FE) £FE F8 ovalbumin
T UEF A & drolMe 439 ovalbu-
HANE FYAA o84 gz A% 387 &
F& AR, AVBAEEH 3ATY FE 2
sto] B g fradhed 4Fsd

AEFTES 0|83t AL F2F A9 14 f2 9%

g &l 71Ee 34T Sk 23 W 84 A4, W4
a8 AR 2 2 AV|EA H04Y Sk ATH3T] &

AT A+ BALB/c u}-$-29} IL4 KO w92 2 [L-10 KO
328 olgsld] HAL FUE F BAAL AHe0
249 H&E 94 5o 5479 3719 94 =8
Ae9n, BAZAHFGAL Fol A4BE AR @
A A< BASG. BALB/c ok
o148 A4 FEZAIAE BAL FAES7H 69) o 374544
T, BRTE % o4 F7hREon AU A4 2R
L4 2 IL100] A71BA 399 804 27olq Fyoz
LHslo] £ @FANE ovalbuming AFH 3ES FH
AT 43RS FAshgh

A4 U9 4= Th2 AZ3& drAste FagliAte]
o, IL-10& A7) #3] wzmon Bolsle F83 AAE U
A Ath20]. 53] IL-109] A% A7|BAEEE F952 9
&S gt dHA UAAH20] H2 2381 A#AEF
& dAde 15 A[1L16] & FtdAMe FH &
dho] 228 9L 3= 49 1102 A AF L4 KO v}
229} IL-10 KO 225 o] &3] A& F28 A5, o
2734 vy @ SHTY 57 2R Y watFdd
0 xE 933 AfR gt L4 KO vp9-29) IL-10 KO n}
F2E 0|83 %—I%HE-E«I 3 BALB/c ul-§-2& o &%
HAFETRYG s34 F71 Axrt vefetA AFHA
T, Az W EFARY JF AET L A6
AR 49} [L-109] A2 A GH AAo Mz G

Journal of Life Science 2006, Vol. 16. No. 5 785

ol A9 vehdA] gsict. B A7 A3, IL-100] 1149 2
o] A3 st g g% S-S T/ 9
% dte ZLoE 4449

£ A77& BALB/c np¢-2E ol &3l £ W= oval-
buming 733t &, A&l ovalbuming] AEF¢ 358
ot AL fsed AEdAd L4 KO w92
IL-10 KO v}-2& o] &3t H4& {24172 BALB/c v}
T2 AFET A AR vl mg vl [L49) TL-100] H
A3 FEG AZHA EFE I3E £ AS S FURS
o o] IL4¢ IL-109 28 S QAT A5 A3 A-S
A718A A5 MAAE F AE 9Yvl3i, 149 IL-10
of dig FA Qo] A XF 2Y 7H54E Al

2 o

£ A77& 932 BALB/C pl$-25 o] 43td ggdo
2 ovalbuming AM&3ste] A4S Fsto ¥ W Y244
o SlAL 9HE e A9l oo FEoIA H4EY
o vimare] AFEGIA o3 2 M FA) FaF 4TS
e Aog &z 149 IL-10 knock out (KO) o} $-A 5
ol &8t} AARA G T334 AAJAAE 71 AA A g
BT AAFAEAR7E AFE MA AN Y w9 Aol &
AHERT A9 e A48 197 20 pg ovalbumin©.
2 AFANZ 3 AY 1499 ARFE AFHY. 1 T nebu-
lizerE o] 83} nasal inhalationg 28, 299, 30 o] A
dte] A S FEAAT FA Ly UL J)HAHE A
He2 AT A W MEYE o]&3td & AXF 2 EF
Axe F7tst A Ul AEe} A2 dAS Z5) EX &
sosact. 249 WY FP A IgE B FUB S
Eohe 48t T AT 7158 SAgdn 297 1L
o At d g 53 o1 HAARE 47‘4’%‘1

BALB/c v}-§-29) A4l fatitel 739 A4 54U 4
AEY F7ket 7Y Frteh A7EA F9 d5HAEY
A8 2% VIS A9 NSE DAL 5 AR B 2 A
Ul $68 IAGY WL AT 444 B
7t 43A0z +99982 FAs.

IL4 ¢ IL-10 KO U}%é‘é o] &3 HAREFY HE
BALB/c 51928 0|83 A4F 22T 5479 37} 3

2 4y o

ofN

7 mjoFetA FEHJL, H2F W) 45AEY A As
= 7259t FARAAA 49} L1098 B3}

St AT N E FHukgol Ag iAok 2
7 A, IL-100] IL49} Zo] A3 B 47 BA
Z 988 FAIE 982 Aos A7y,

R R

[o3e)
iES-S

Al 2

re
ok

g AT BRHEAFAT AADSATHAR DAY



786

BBUTIX| 2006, Vol. 16. No. 5

(2003-003-E00245) A 922 FHHAUS

10.

11.

12.

13.

14.

15.

ok
Ho
ree

a

Avtandilov, G. G. and Y. D. Batsura. 1974. Morphometric
study of the lungs of experimental animals. Bull. Exp.
Biol. Med. 144, 4651-4656.

Bellofiore, S. and ].G. Martin. 1994. Antigen challenge of
sensitized brown Norway rats. Am. |. Respir. Crit. Care.
Med. 150, 218-226.

Borish, L. 1998. IL-10: evolving concepts. ]. Allergy Clin.
Immunol. 101, 293-297.

Cibulas, W. 1988. Toluene diisocyanate induced airway
hyperreactivity in_guinea pigs depleted of granulocytes. J.
Appl. Physiol. 64, 1773

Daser, A, N. Meissner, U. Herz and H. Renz. 1995. Role
and modulation of T-cell cytokines in allergy. Curr. Opin.
Immunol. 7, 762-770.

Derksen, F. J., N. E. Robinson, R. F. Slocombe, T. W.
Riebold and D. B. Brunson. 1982. Pulmonary function
tests in standing ponies : reproducibility and effect of va-
gal blockade. Am. ]. Vet. Res. 43, 598-602.

Dye, J. A. 1992. Feline bronchopulmonary disease. Vet.
Clin. N. Am. 22, 1187-1201.

Fahy, J. V., H. Wong, J. Liu and H. A. Boushey. 1995.
Comparison of samples collected by sputum induction
and bronchoscopy from asthmatic and healthy subjects.
Am. ]. Respir. Care. Crit. Med. 152, 53-58.

Fels, A. O. and Z. A. Cohn. 1986. The alveolar macrophages.
] Appl Physiol. 60, 355-369.

Fiorentino, D. F., M. W. Bond and T. R. Mosmann. 1989.
Two types of mouse T helper cell. IV. Th2 clones secrete
a factor that inhibits cytokine production by Thl clones.
J. Exp. Med. 170, 2081-2095.

Fu, C L, Y. L. Ye, Y. L. Lee and B. L. Chiang. 2006.
Effects of overexpression- of- IL-10, IL-12, TGF-beta and IL4
on allergen induced change in bronchial responsiveness.
Respir. Res. 7, 72.

Griinig, G., M. Warnock, A. E. Wakil, R. Venkayya, F.
Brombacher, D. M. Rennick, D. Sheppard, M. Mohrs, D.
D. Donaldson, R. M. Locksley and D. B. Corry. 1998.
Requirement for IL-13 Independently of IL-4 in Experi-
mental Asthma. Science 282, 2261-2263.

Hamelmann, E., A. Oshiba, J. Schwarze, K. Bradley, J.
Loader, G. L. Larsen and E. W. Gelfand. 1997. Allergen
specific IgE and IL-5 are essential for the development of
airway hyperresponsiveness. Am. ]. Respir. Cell. Mol. Biol.
16, 674-682.

Herrick, C. A, L. Xu, A. V. Wisnewski, J. Das, C. A.
Redlich and K. Bottomly. 2002. A novel mouse model of
diisocyanate-induced asthma showing allergic type in-
flammation in the lung after inhaled antigen challenge. .
Allergy. Clin. Immunol. 109, 873-878.

Kagan, E., Y. Oghiso and D. P. Hartmann. 1983. The ef-
fects of chrysotile and crocidolite asbestos on the lower

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

respiratory tract: analysis of bronchoalveolar lavage
constituents. Environ. Res. 32, 382-397.

Komai, M, H. Tanaka, T. Masuda, K. Nagao, M. Ishizaki,
M. Sawada and H. Nagai. 2003. Role of Th2 responses in
the development of allergen-induced airway remodelling
in a murine model of allergic asthma. Br. ]. Pharmacol.
138, 912-920.

Korea National Statistical Office(KNSO). News release :
Summary report of the cause of death statistics in 2003.
Available at : kosis.nso.go.kr/Magazine/YD/VD0002.xls
[accessed : 3 Jan 2005]

Larche, M., D. S. Robinson and A. B. Kay. 2003. The role
of T lymphocytes in the pathogenesis of asthma. ]. Allergy
Clin. Immunol. 111, 450-463.

Masoli, M., D. Fabian, S. Holt and R. Beasley. 2004.
Global Initiative for Asthma(GINA) Program. The global
burden of asthma : executive summary of the GINA
Dissemination Committee report. Allergy. 59, 469-478.
Mikeld, M. ], A. Kanehiro, L. Borish, A. Dakhama, J.
Loader, A. Joetham, Z. Xing, M. Jordana, G. L. Larsen
and E. W. Gelfand. 2000. IL-10 is necessary for the ex-
pression of airway hyperresponsivensee but not pulmo-
nary inflammation after allergic sensitization. P. N. A. S.
97, 6007-6012.

Matheson, J. M., R. Lemus, R. W. Lange, M. H. Karol and
M, 1. Luster. 2002. Role of tumor necrosis factor in tol-
uene diisocyanate asthma. Am. J. Respir. Cell. Mol. Biol. 27,
396-405.

Moore, K. W,, A, O’ Garra, R. W. Malefyt, P. Vieira and
T. R. Mosmann. 1993. Interleukin-10. Annu. Rev. Immunol.
11, 165-190.

Nakajima, H., I. Iwamoto, S. Tomoe, R. Matsmura, H.
Tomioka, K. Takatsu and S. Yoshida. 1992. CD4+ T-lym-
phocates and [L-5 mediated antigen-induced eosinophil
infiltration into the mouse trachea. Am. Rev. Respir. Dis.
146, 374-377.

National Heart, Lung and Blood Institute, NIH. 1997.
Guideline for the diagnosis and management of asthma.
Expert panel report II.

Ninan, T. K. and G. Russell. 1992. Respiratory symptoms
and atopy in Aberdeen schoolchildren : evidences from
two survey 25 years apart. B. ] M. 304, 873-875.
Ohkawara, Y., X. F. Lei, M. R. Stampfli, ]. S. Marshall, Z.
Xing and M. Jordana. 1997. Cytokine and eosinophil re-
sponses in the lung, peripheral blood and bone marrow
compartments in a murine model of allergen-induced air-
ways inflammation. Am. | Respir. Cell. Mol. Biol. 15,
305-311.

Oshita, A., E. Hamelmann, A. Haczku, K. Takeda, D. H.
Conrad, H. Kikutani, E. and W. Gelfand. 1997. Modulation
of antigen-induced B and T cell responses by anti-
gen-specific IgE antibodies. |. Immunol. 159, 4056-4063.
Patterson, R. and J. F. Kelly. 1974. Animal models of the
asthmatic state. Annu. Rev. Med. 25, 53-68.

Prussin, C. and D. D. Metacalfe. 2006. IgE, mast cells, ba-
sophils, and eosinophils. ] Allergy Clin. Immunol. 117,



31.

32.

33.

5450-456.

Romagnami, S. 2001. T-cell responses in allergy and
asthma. Curr. Opin. allergy Clin. Immunol. 1, 73-78.
Sugita, M., K. Kuribayashi, T. Nakagomi, S. Miyata, T.
Matsuyama and O. Kitada. 2003. Allergic bronchial asth-
ma: airway inflammation and hyperresponsiveness.
Intern. Med. 42, 636-643.

Tanaka, S., N. Choe, D. R. Hemenway, S. Zhu, S. Matalon
and E. Kagan. 1998. Asbestos inhalation induces reactive
nitrogen species and nitrotyrosine formation in the lungs
and pleura of the rat. ]. Clin. Invest, 102, 445-54.
Upton, M. N., A, McConnachie, C. McSharry, C. L. Hart,
G. D. Smith, C. R Gillis and G. C. Watt. 2000.
Intergenerational 20 year trends in the prevalence of asth-
ma and hay fever in adults : the Midspan family study
surveys of parents and offspring. B. M. J. 321, 88-92.
Yunginger, ]. W., C. E. Reed, E. J. O’Conneli, L. J. II.

35.

36.

37.

Journol of life Science 2006, Yol. 16. No. 5 787

Melton, W. M. O'Fallon and M. D. Silverstein. 1992. A
community-based study of the epidemiology of asthma,
Incidence rates, 1964-1983. Am. Rev. Respir. Dis. 146,
888-894.

Zhang, Y., W. ]. Lamm, R. K. Albert, E. Y. Chi, W. R.
Henderson and D. B. Lewis. 1997. Influence of the route
of allergen administration and genetic background on the
murine allergic pulmonary response. Am. J. Respir, Crit.
Care. Med. 155, 661-669.

ATY, BAE, A5, 452 0159, 292, 48y, &
34, $84, 4%, A94. 2004 A =7 $E2A
N=ABE 7R A4 vhes Rl HY F gy n,
310-317.

°ol52. 2003. 9 of7] Ao GE vh42 Az AN
A INEEF R NERINL e Rol. 2olF =27 ¥ 5
£ 7] 13, 263-270.



