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Functional Molecules in Allergic Bronchial Asthma
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Bronchial asthma is considered to be a chronic airway inflammatory disease, characterized by airway obstruction,
airway eosinophilic inflammation, and airway hyperresponsiveness (AHR) to a variety of stimuli. AHR is thought to be
an important symptom, because the severity of the disease is generally correlated with the degree of AHR. Recent clini-
cal studies have demonstrated the involvement of airway inflammation in the development of allergen-induced AHR,
although, the mechanism of allergen-induced AHR has not been fully elucidated and remains controversial. In vivo
animal models might provide important information on this point. We have established a mouse model of allergic asth-
ma, which is characterized by airway eosinophilia, IgE production, T helper type 2 (Th2) cytokine production in the air-
way, and AHR, and investigated the role of inflammatory cells and functional molecules. Results from gene-knockout
and mutant mice demonstrated the involvement of T cells, mast cells, prostanoids, and Th2 cytokines including interleu-
kin (IL)—4 and IL-5 in the development of allergen-induced airway inflammation and AHR. In contrast, treatment with
anti-IL-4 monoclonal antibody (mAb) or anti-IL-5 mAb during allergen inhalation did not inhibit allergen-induced
AHR, although the combination of these mAbs clearly inhibited the enhanced responsiveness. These data indicate that it
is a better strategy for control of the disease to inhibit or suppress multifunctional molecules like corticosteroids rather
than to inhibit a single factor, because bronchial asthma is a multifactorial disease.
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Table 1. Role of Inflammatory Cells and Functional Molecules in the Development of Antigen-Induced Airway Inflammation and
Hyperresponsiveness in Mice
IgE Eosinophilia IL-5 AR Ref.
BALB/c ) i) () ™
athymic mice - - + 4
c-kit mutant W/WV T T + 6
DPKO i) T= t/- + 7
IL-4 KO - /- /- + 10
IL-5R « chain KO Tt /- 1 + 13
BALB/c during Ag inhalation
Cyclosporin A /- 1/ - + 4
FK-506 /= /= + 4
anti-allergic drugs 1 1 1 6
anti-IL-4 mAb /- 1 1 1 11, 16
anti-IL-5 mAb 1 /- Tt 6, 16
Soluble IL-5R /- T 1
Combination /- /- + 16

Ag: antigen, AR: airway responsiveness to acetylcholine, DP: prostaglandin D receptor, KO: gene knockout, mAb: monoclonal antibody, R: receptor.

t 1 : marked increase, T : moderate increase, *: not observed, —: not observed or detected. blank: not determined.
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Fig. 1.
Model of Allergic Asthma

Representative Data of Allergen-Induced Airway Inflammation and Hyperresponsiveness to Acetylcholine (Ach) in a Mouse

AUC: area under the curve (range 31.25-2000 ug/kg) , BALF: bronchoalveolar lavage fluid, Eos: eosinophils, IFN: interferon, Lymph: lymphocytes, Macro:
macrophages, OA: ovalbumin-inhaled, Pred: prednisolone (p.o. during antigen inhalation for 10 days), S: sensitized, Sal: Saline-inhaled. *p<(0.05, **p<(0.01,

*H%p<0.001 (vs S-OA).
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Fig. 2. A Proposal Schema for the Development of Allergen-Induced Airway Inflammation and Hyperresponsiveness in Allergic

Bronchial Asthma

ECP: eosinophil cationic protein, EPO: eosinophil peroxidase, IFN: interferon, LTs: leukotrienes, MBP: major basic protein, PAF: platelet activating factor,

PGD2: prostaglandin D2, Th: T helper, TXA2: thromboxane A2.



642

Vol. 122 (2002)

DIRBIRTNHEASNDGENELL<1E5 I ENTE
IND. TOBIE, BETHRESVD D2NWET 1
IWAHFIZ KD RIEITBT BB LT ORI % % H
Wz D A BB T IVIT BT BTN EE R TFIRIC
5D EEON, SBROMFAHRMHIFEINS.

BB ARBTHENA L ZERR AT, IR
REFHEHLZHRTITONZHDOTHD, KIHTHH
. THiREER D £ Uk BRI S
BERLET. £/, MEZEITTHIZHELD,
IL-5 BIETUEBMZREEN/ZZELEREK
FERHEIETT O @i BRI R W2 L £ T
I 512, DPEETREY T ZADHRMIE, HEKSF
REBGEELALR O JE B & O FFZED L
RTHY, ZITHEHEL BT ET. £/, AW
KBWTHKIRZHRE - THHIWEEEELEBED
ERRICODROEILHAL BT ET.

REFERENCES

1) Yamaguchi S., Nagai H., Tanaka H.,
Tsujimoto M., Tsuruoka N., Life Sci., 54,
PL471-475 (1994).

2) Abbas A. K., Murphy K. M., Sher A., Nature,
383, 787-793 (1996).

3) Robinson D. S., Br. Med. Bull., 56, 956-968
(2000) .

4) Nagai H., Yamaguchi S., Tanaka H., Inagaki
N., Int. Arch. Allergy Immunol., 108, 189—
195 (1995).

5) Galli S. J., New Engl. J. Med., 328, 257-265
(1993).

6) Nagai H., Yamaguchi S., Maeda Y., Tanaka
H., Clin. Exp. Allergy, 26, 642-647 (1996) .

7) Matsuoka T., Hirata M., Tanaka H., Taka-
hashi Y., Murata T., Kabashima K., Sugimoto

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Y., Kobayashi T., Ushikubi F., Aze Y.,
Eguchi N., Urade Y., Yoshida N., Kimura K.,
Mizoguchi A., Honda Y., Nagai H.,
Narumiya S., Science, 287, 2013-2017 (2000) .
Hirai K., Tanaka K., Yoshie O., Ogawa K.,
Kenmotsu K., Takamori Y., Ichimasa M.,
Sugamura K., Nakamura M., Takano S.,
Nagata K., J. Exp. Med., 193, 255-261
(2001) .

Brown M. A., Hural J., Crit. Rev. Immunol.,
17, 1-32 (1997).

Tanaka H., Kawada N., Yamada T., Kawada
K., Nagai H., Allergol. Int., 49, 253-261
(2000) .

Nagai H., Maeda Y., Tanaka H., Clin. Exp.
Allergy, 27, 218-224 (1997).

Greenfeder S., Umland S. P., Cuss F. M.,
Chapman R. W., Egan R. W., Respir. Med.,
2, 71-79 (2001).

Tanaka H., Kawada N., Yamada T., Kawada
K., Takatsu K., Nagai H., Clin. Exp. Allergy,
30, 874-881 (2000).

Leckie M. J., ten Brinke A., Khan J., Diamant
Z., O’Connor B. J., Walls C. M., Mathur A.
K., Cowley H. C., Chung K. F., Djukanovic
R., Hansel T. T., Holgate S. T., Sterk P. J.,
Barnes P. J., Lancet, 356, 2144-2148 (2000) .
Mathur M., Herrmann K., Li X., Qin Y.,
Weinstock J., Elliott D., Monahan J., Padrid
P., Am. J. Respir. Crit. Care Med., 159, 580—
587 (1999).

Tanaka H., Nagai H., Maeda Y., Life Sci., 62,
PL169-174 (1998).

Kobayashi T., Miura T., Haba T., Sato M.,
Serizawa 1., Nagai H., Ishizaka K., J. Im-
munol., 164, 3855-3861 (2000).

Williams C. M., Galli S. J., J. Exp. Med., 192,
455-462 (2000) .



