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The role of eosinophils in asthmatic airway remodeling
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Fig. 1. The pathogenesis of airway responses in bronchial asthma.
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Fig. 2. Bronchoscopical findings of mucosal inflammation in asthmatic airways.
Showed are representative pictures of the first carina (a, ¢) and the right second carina (b, d) of
asthmatics with (a, b) or without (c, d) airway narrowing evaluated with a peak expiratory flow meter.

Note that redness and edema are apparent in bronchi showing airway narrowing (a,b).

Fig. 3. Cells in sputum from patients with chronic airway inflarnmation.
Eosinophils are rich in sputum from patients with bronchial asthma (b), while neutrophils in sputum

from those with chronic bronchitis (a). (eosinostain, X400)

Contraction

Fig. 4. Pathophysiological features of eosinophilic airway inflammation in asthma.
After extravasation from microvessels (V), eosinophils (*) migrate from airway wall to airway lumen.
During the migration, those cells release a variety of inflammatory mediators such as reactive oxygen
species, toxic granule proteins, leukotrienes, prostaglandins and platelet-activating factors. These factors
cause contraction of airway smooth muscle (ASM), permeability edema, mucous secretion (sputum)
from goblet cells (G) and submucosal glands (SMG), and desquamation of epithelial cells (Epi). Epi
BM: epithelial basement membrane '
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Fig. 5. Tissue remodeling in lung autopsy tissues from asthmatics.
G: goblet cell hyperplasia in epithelium, BM: thickening of eplthehal basement membrane, SM:
hypertrophy/hyperplasia of bronchial smooth muscle cells. Note that airway lumen is nearly occupied
with sputum (Sp ina) secreted from goblet cells. (Elastica-Masson, a;X100, b;X200)
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(Table 1). I 5 OERFIFEREICHBEREEM

Table 1. The expression of cytokines and growth factors by airway eosinophils in asthmatics

cytokines/growth factors Ref. No. biological activities relevant to tissue remodeling in asthma
1IL-4 8 proliferation and collagen synthesis by fibroblasts, phenotypical change
to myofibroblasts, TGFB production by bronchial epithelial cells
IL-11 9 airway fibrosis and hyperplasia of airway smooth muscle cells in IL-11
gene-transferred mice
IL-17 10 IL-1, TNF, IL-6 and IL-11 production by fibroblasts and macrophages
GM-CSF 11 proliferation of fibroblasts, phenotypical change to myofibroblasts,
airway fibrosis in GM-CSF gene-transferred mice
TGFp1 12, 13,14  proliferation of and collagen synthesis by fibroblasts, phenotypical
change to myofibroblasts, inhibition of MMP synthesis and induction of
TIMP synthesis, collagen synthesis by bronchial epithelial cells, airway
fibrosis in TGFB1 gene-transferred mice
PDGF 15 proliferation of and collagen synthesis by fibroblasts, proliferation of
airway smooth muscle cells
VEGF 16 angiogenesis

IL: interleukin, GM-CSF" granulocyte/macrophage colony-stimulating factor, TGFf1: transforming growth factorsl,
PDGF: platelet-derived growth factor, VEGF: vascular endothelial cell growth factor

Fig. 6. Localization of immunoreactive TGFS1 in
asthmatic airways.
TGFpB1 protein was detected in bronchial
biopsy tissues from asthmatics with anti-
TGFp1 antibody (b) but not with control
antibody (a). Immunoractive TGF31 was
localized in both cells and extracellular
matrix in submucosa (c). epi: epithelial
cells. (a, b;X200, ¢;X400)
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HIEHALEFIERIITHEOMEINS.
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Frl) OBELRE (GH) SEEIZET
5. v M)y 7 ABBOBWIEIEASHEESR
EFDREWEEDT VNG Y ANLEL, &
DT VNGV AEBEREOT N v 7 AYFE
T T EDHEPRENTWS, Y ) v 7
AEBTHBEZEOOLE DI matrix
metalloproteinase (MMP) #%#% 4. MMP (3%
WU TEY)EBAF Y (ESAF AN
PULAG YY) REHTH Y, BAET T 23
ENTWAE, FNEFNICHEEREE ICHFHETD
D, IR BRSO D b EAESNS,
MMP OFEBRIIZEBEBECHRE SN TNS 1) ¥
A MIA4 VL BEE LNV TORBFAL, 2)
BIBRMR & L T & NA-ATEHR] MMP 2 5 1%
HEINDOIEHIZEE, 3) NREHEWE TH 5
tissue inhibitor of metalloproteinase (TIMP) 2
£ B EHEEIS]. MMP 32 ERR R~ MY v 7 A
FEEEFE, ABIER R EOERIRE 2 25,
BRAERHE, ) ET) VRS B SRR
B (B v F L) RETIIRBBRICL
2 TW5H 3, &L 72EEREEL, v~ ) v
ABBEEPD TE L, AL RIEREA Y 5F
HDHVIITEHALT A Z LIV IREERRICHES
LT B ENREENTWD, M B8 %
T, MMP-1, -2, -3 BX -9 & TIMP-1 ®%
BHHE SN TV 289, MMP-9 D72 5R%H
MR IZIFEEERCH Y (Fig. 7), FEEERDH 30 %

Fig. 7. Identification of cells expressing MMP-9
mRNA in asthmatic airways.
Cells positive for MMP-9 mRNA by in situ
hybridization were identified as eosinophils
by the positive staining with chromotrope 2R
(arrow heads). (X1000)
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HMMP-9 mRNA #RH L Tw5 39, MMP-9 B
LU MMP-2 3 EEERTTHALINE IS -7
vHRFEEETHMMP THh. MMP-9 2Lk 5~
M)y 7 ABBADBEN—D2 & LT, IO
KGR T LAk O REAENOBB OB O L&
EEREE (Fig. 4 2R) »MB<Y Y AEFILT
MERENTWE 338, bbb, TIMP-2 REK

MMP FHER| OHEEGIZ LY, KEPIEND FHEM
faiz o S (Fig. 8), [EIEHICRAEMNEE
B EEERREESBERINATNL L
BAMa T —r s hEge (Fig 9) PEEED
BIEICCHER SNz, BRI OHEBEINS
elastase RETEME 0 MK 12 & % urokinase-

type plasminogen activator &4 3® b~ F1) v

Total cells Macrophages Eosinophils Lymphocytes Neutrophils

Fig. 8. The effect of TIMP-2 on cell migration to airway lumen in sensitized mice.
The numbers of total cells, macrophages, eosinophils, lymphocytes and neutrophils in lung lavage fluids
from saline-inhaled mice with the administration of saline (open colurans) and from allergen-inhaled
mice with the administration of saline (closed columns) or TIMP-2 (hatched columns) were counted
(n=4-6). *p<0.01 compared with saline inhalation group (open columns) and tp<0.01 compared with

allergen inhalation group (closed columns) .

Fig. 9. Immunohistochemical staining for type IV
collagen in tracheal tissues.
Shown are representative pictures of
tracheal tissues, which were immunostained
with anti-mouse collagen IV antibody, from
sensitized mice before inhalation (A), 3
days after the inhalation of saline with
intranasal administration of saline (B), and
3 days after the inhalation of specific allergen
with intranasal administration of saline (C)
or TIMP-2 (D). Note that the intensity of
collagen IV staining in subepithelial
basement membrane in allergen-inhaled
mice (C) is decreased compared with that
in saline-inhaled mice (B), while that in
allergen-inhaled mice simultaneously
administered with TIMP-2 (D) is similar to
that in saline-inhaled mice (B). (X200)
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Fig.10. Primary culture of human tracheal smooth
muscle cells.
Smooth muscle cells were isolated from
tracheal autopsy tissues of patients who died
of other diseases than respiratory diseases.
(X400)
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5. IFERIR & MR

5— 1 SE il

IFEREREEN EH D —>TH 5 eosinophil
cationic protein (ECP) (3% FEMlgoEE
5| &R 9HY, ECP DEUWE TH % poly-L-
arginine |2 & 253 M OB EIZ EEHE
6 OYEFEK T (basic fibroblast growth factor,
PDGF, insulin-like growth factor-1, TGFp2,
endothelin-1) DEAZF|EFK I 2. L4 (2
L% TGFRpEBIFE® L L iz, VET) V7
FIEZ BT B ERER & S0E LM & DAREE
M2 RIS,

5—2 #RHEFM

SFERER DS TGFRL % 4t L CHRMESE TR oo b il %
RAESF BN ORIk 2 FE T 2 2 & A3
HEENTWS W, 7o, WEERKER&E ORI
WY RHESFME DGE R 2 T — 7 v AR AR
HEIND ),

5—3 SETADHHE

TOBRIERFT OUFEEERIL, Table 1 D& <,
SOE R I OB FEFEE % A T 5 TGFAL
X PDGF % L - @B A, $72, KAMuFrg
KomHERSE IR MR EFEHAR
(Fig.10) 0¥ 4IRET 2 ERI RS TH
D (Fig.11) 49, SOE Mo JE I E£5E
U 72U BRER A S IEMALIC & ) C o s R+
WHEHIND Z EATREEINS.

Fig.11. The effect of eosinophil lysates on airway
smooth muscle cell proliferation.
Airway smooth muscle (ASM) cells isolated
as in Fig. 10 were cultured with (closed
circles) or without (open circles) 50% of
eosinophil lysates (n=5). The number of
ASM cells was counted on 2, 4 and 6 days
culture. *p<0.05 compared with the number
of ASM cells cultured without eosinophil
lysates.
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Fig.12. The possible roles of eosinophils in the pathogenesis of asthmatic airway remodeling. TGF: transforming
growth factor, IL: interleukin, PDGF: platelet-derived growth factor, bFGF: basic-fibroblast growth -
factor, IGF-1: insulin-like growth factor-1, ET-1: endothelin-1, VEGF: vascular endothelial cell growth
factor, GM-CSF: granulocyte/macrophage colony-stimulating: factor, MMP-9: matrix metalloproteinase-9,

LTs: leukotrienes.
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