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EDN release was measured by ELISA.  Results:    Treatment with 
HGF suppressed interleukin-5-induced upregulation of 
CD69 expression, ROS production and EDN release from hu-
man eosinophils.  Conclusion:    Taken together, these data 
suggest that in asthma, HGF attenuates allergic airway in-
flammation and AHR through at least the suppression of ROS 
production and EDN release from eosinophils. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction  

 Asthma is a complex chronic airway disorder charac-
terized by allergen-induced airway inflammation, elevat-
ed serum IgE and airway hyperresponsiveness (AHR). 
Eosinophils play an important role in the mechanism of 
allergic airway inflammation  [1] . The activation of eo-
sinophils, in particular, is a critical event in allergic in-
flammatory response  [1] . Eosinophils activated by vari-
ous cytokines such as interleukin-5 (IL-5) produce reac-
tive oxygen species (ROS)  [1, 2] . Previous studies have 
reported that ROS such as hydrogen peroxide (H 2 O 2 ) is 
elevated in exhaled breath of asthmatic patients  [3, 4] . 
Moreover, ROS secreted from eosinophils results in tis-
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 Abstract 

  Background:    Reactive oxygen species (ROS) and eosinophil-
ic granule proteins such as eosinophil-derived neurotoxin 
(EDN) are known to damage bronchial tissue and cause air-
way hyperresponsiveness (AHR) in asthma. Hepatocyte 
growth factor (HGF) regulates various biological activities 
and is known to be a multifunctional factor. In our previous 
study, we found that HGF suppressed allergic airway inflam-
mation and AHR in a murine model of asthma. However, 
there have been few reports regarding the detailed mecha-
nism of the anti-allergic effect of HGF in asthma. In this study, 
we investigated the potential of recombinant HGF to regu-
late the production of ROS and the release of EDN from hu-
man eosinophils.  Methods:    Eosinophils were isolated from 
subjects with mild eosinophilia by modified CD16-negative 
selection. We investigated the expression of CD69, an activa-
tion marker of eosinophils, on eosinophils, using flow cy-
tometry. Further, ROS production from eosinophils was ana-
lyzed using luminol-dependent chemiluminescence, and 
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sue damage at inflamed sites, vasodilation and AHR  [5, 
6] . Thus, ROS is recognized as one of the most important 
events in the pathogenesis of allergic inflammation. On 
the other hand, activated eosinophils also release cyto-
toxic granular proteins including eosinophil-derived 
neurotoxin (EDN)  [1, 7, 8] , which plays an important role 
in allergic inflammation  [1] , and causes expression of 
CD69, which is an activation marker of eosinophils  [9, 
10] . Therefore, some studies have previously reported 
that the degree of activation markers such as EDN release 
and CD69 expression is strongly correlated with the se-
verity of allergic disease including asthma and allergic 
rhinitis  [1, 11] . 

  Hepatocyte growth factor (HGF) was originally iden-
tified and cloned as a potent mitogen for mature hepato-
cytes and has a variety of cellular functions  [12–14] . There 
is now evidence that HGF plays an essential part in pa-
renchymal repair and protection in various organs. Thus, 
HGF is widely recognized as a multifunctional cytokine 
and a humoral mediator  [13] . For example, in lungs, HGF 
prevented the onset and progression of lung fibrosis in 
vivo    [15]  and induced the apoptosis of myofibroblasts in 
lung fibrosis in vitro    [16] . Previously, we found that in a 
murine model of asthma, HGF attenuated AHR and al-
lergen-induced airway remodeling and inflammation, 
involving eosinophils and lymphocytes  [17] . Moreover, 
we reported that HGF directly inhibited the factor-in-
duced chemotaxis of human eosinophils in the absence 
of Th2 cytokines or granulocyte macrophage colony-
stimulating factor  [18] . However, as far as we know, the 
functional role of HGF in the activation of eosinophils, 
including the production of ROS and the release of gran-
ule proteins from eosinophils, has not been studied previ-
ously. 

  In this study, to define the direct effect of HGF in reg-
ulating the activation of eosinophils, we examined wheth-
er HGF modulates CD69 expression on human eosino-
phils, and further, whether it has an effect on the produc-
tion of ROS and the release of EDN from human 
eosinophils. 

  Methods  

 Eosinophil Purification  
 Peripheral blood was obtained from subjects with mild eo-

sinophilia including nonatopic asthma, allergic rhinitis and 
healthy donors. All subjects gave informed consent. Eosinophils 
were isolated by sedimentation with 6% dextran followed by cen-
trifugation on 1.088 Percoll (Pharmacia, Uppsala, Sweden) den-
sity gradients, modified from the method of Hansel et al.  [19, 20] . 

The cells were further purified by negative selection using anti-
CD16 immunomagnetic beads and a MACS system (Miltenyi Bio-
tec, Bergisch Gladbach, Germany). Eosinophils ( 1 99% purity) 
were then suspended in Hank’s balanced salt solution (Life Tech-
nologies, Grand Island, N.Y., USA) with 1% fetal calf serum. 

  CD69 Surface Expression  
 After incubation of purified eosinophils (1  !  10 6  cells) with 

human recombinant HGF (hrHGF, 2.0, 20, 200 ng/ml; R&D Sys-
tems, Minneapolis, Minn., USA) or medium in RPMI-1640 for
1 h, the eosinophils were further cultured with or without 10 ng/
ml IL-5 (R&D Systems) in 24-well tissue culture plates for 24 h in 
37   °   C humidified air with 5% CO 2 . After washing once, the cells 
were incubated with CD69/FITC (mouse IgG1; Dako, Glostrup, 
Denmark). An FITC-conjugated IgG1 isotype-matched control 
monoclonal antibody (mAb; Dako) was applied to assess the de-
gree of nonspecificity. The percentage of eosinophils expressing a 
specific marker was determined relative to the expression level on 
the isotype-matched control, and mean fluorescent intensities 
were analyzed as an index for the expression of CD69 using a 
FACScan flow cytometer (Becton-Dickinson, San Jose, Calif., 
USA) according to a previous study  [21] . 

  Luminol-Dependent Chemiluminescence  
 ROS production from eosinophils was examined by luminol-

dependent chemiluminescence according to previous reports  [22, 
23] . Purified eosinophils (1  !  10 6  cells/ml) cultured in RPMI-
1640 (Gibco, Grand Island, N.Y., USA) were incubated with or 
without hrHGF (2.0, 20, 200 ng/ml) for 1 h at 37   °   C. Then, ROS 
production was evoked by adding 50  � l of calcium ionophore 
A23187 (Sigma, St. Louis, Mo., USA; final concentration 1  ! 
10 5   M ) to 100  � l of eosinophil suspension (5  !  10 4  cells) contain-
ing 0.25 m M  luminol (Futaba Medical, Tokyo, Japan). Maximal 
and integral intensity chemiluminescence was determined for 60 
min using an Argus-50/2D luminometer (Hamamatsu Photonics, 
Hamamatsu, Japan). 

  EDN Release  
 EDN release from eosinophils was examined by EDN ELISA 

kit (MBL Co., Ltd., Nagoya, Japan) according to previous reports 
 [21, 24, 25] . Purified eosinophils (1  !  10 6  cells) cultured in RPMI-
1640 with 0.1% HSA were preincubated with or without hrHGF 
(2.0, 20, 200 ng/ml) for 1 h at 37   °   C. These cells were further cul-
tured with or without 10 ng/ml of IL-5 for 4 h under the same 
conditions. The supernatants were separated by centrifugation, 
and the concentration of EDN was measured by ELISA. 

  Adhesion Molecule Surface Expression  
 After incubation of purified eosinophils (1  !  10 6  cells) with 

200 ng/ml of hrHGF or medium in RPMI-1640, the eosinophils 
were further cultured with or without 10 ng/ml of IL-5 in 24-well 
tissue culture plates for 16 h in 37   °   C humidified air with 5% CO 2  
according to a previous report  [26] . After washing once, the eo-
sinophils were reacted with an mAb against CD11b (Nichirei,
Tokyo, Japan), CD11a (Dako), CD18 (Dako) and CD49d (Immu-
notech, Marseille, France) for 30 min at 4   °   C and stained by FITC-
conjugated secondary antibodies (Biosource International, Ca-
marillo, Mass., USA) under the same condition for 30 min. After 
washing the cells, the stained cells were analyzed using a FACS-
can flow cytometer  [27] . 
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  Western Blot Analysis  
 Purified eosinophils (1  !  10 6  cells) were treated with or with-

out hrHGF (200 ng/ml) for 1 h at 37   °   C followed by stimulation 
with or without 10 ng/ml of human IL-5 for 5 min. The reaction 
was terminated by the addition of 15 volumes of ice-cold Hank’s 
balanced salt solution containing 1 m M  Na 3 VO 4 . The cells were 
pelleted by centrifugation and lysed in lysis buffer (50 m M  Tris-
HCl, pH 7.4, 150 m M  NaCl, 1 m M  Na 3 VO 4 , 1 m M  NaF, 1 m M  
EDTA, 1 m M  EGTA, 1 m M  PMSF, 1% Triton X-100, 10% glycerol, 
and 1  � g/ml aprotinin, leupeptin and pepstatin). After 20 min on 
ice, detergent-insoluble materials were removed by centrifugation 
at 4   °   C at 15,000  g.  The supernatants were mixed with SDS sample 
buffer and boiled for 4 min. SDS-polyacrylamide (10%) gels 
(Ready Gel J) were obtained from Bio-Rad (Tokyo, Japan). The 
electrophoresed gel was blotted onto Hybond ECL membranes 
(Amersham, Arlington Heights, Ill., USA). 

  Blots were incubated in blocking buffer containing 5% bovine 
serum albumin in TBS-T buffer (20 m M  Tris-HCl, 137 m M  NaCl 
and 0.05% Tween-20, pH 7.6) for 30 min followed by incubation 
in the primary 0.1  � g/ml of Ab [mouse mAb against phospho-p38 
from Cell Signaling Technology, Beverly, Mass., USA, and mouse 
mAb against phospho-extracelluar signal-regulated kinases 
(ERKs) from Santa Cruz Biotechnology, Santa Cruz, Calif., USA] 
for the phosphorylation state of signaling proteins with gentle ag-
itation overnight at 4   °   C. After washing 3 times in TBS-T buffer, 
blots were incubated for 30 min with horseradish peroxidase-con-
jugated secondary 0.04  � g/ml of Ab directed against the primary 
Ab. The blots were developed with the ECL substrate according 
to the manufacturer’s instructions. Blots were subsequently re-
probed with another Ab (rabbit polyclonal anti-p38 and anti-
ERK2; Santa Cruz Biotechnology) for the non-phosphorylation 
state of signaling proteins after stripping in a buffer of 62.5 n M  

Tris-HCl (pH 6.7), 100 m M  2-ME and 2% SDS at 56   °   C for 30 min. 
Horseradish peroxidase-conjugated goat anti-mouse and anti-
rabbit Abs were obtained from Santa Cruz Biotechnology. 

  Statistical Analysis  
 Two groups of data were compared using Student’s t test. The 

p value for significance was set at p  !  0.05. All results were ex-
pressed as the mean  8  SEM. 

  Results  

 Treatment with HGF Suppresses IL-5-Induced 
Upregulation of Eosinophil CD69 Expression  
 The effect of HGF on CD69 surface expression of eo-

sinophils was investigated. Compared with eosinophils 
incubated with only the vehicle, IL-5 increased CD69 ex-
pression of purified human eosinophils (control;  fig. 1 ). 
hrHGF significantly inhibited the IL-5-induced upregu-
lation of CD69 expression, which is an activation marker 
of eosinophils ( fig. 1 ). 

  Treatment with HGF Suppresses the Production of 
ROS from Eosinophils  
 To determine the effects of HGF on the production of 

ROS from eosinophils, purified human eosinophils were 
treated with hrHGF, and ROS evoked with calcium iono-
phore (A23187) was measured using a luminometer. 
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  Fig. 1.  Effect of HGF on IL-5-induced CD69 expression of eosinophils. Purified eosinophils with or without 
HGF. The assay of CD69 expression was performed using fluorescence-activated cell-sorting analysis (FACS). 
Cells stained with isotype-matched mouse IgG were used for negative control staining.  a  Representative histo-
gram.  b  Bar graph data show the mean of 4 experiments. Data are expressed as the mean  8  SEM.  *  p  !  0.05, 
versus without HGF.  
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Compared with eosinophils incubated with only the ve-
hicle, A23187 increased ROS production of purified hu-
man eosinophils (control;  fig. 2 ). Preincubation of eosin-
ophils with hrHGF significantly prevented the produc-
tion of ROS in a dose-dependent manner ( fig. 2 ). On the 
other hand, HGF itself did not induce ROS from eosino-
phils. 

  Treatment with HGF Suppresses Eosinophil EDN 
Release Stimulated by IL-5  
 Next, we investigated whether HGF affected IL-5-in-

duced EDN release from eosinophils. EDN release from 
purified human eosinophils was induced by IL-5. Prein-
cubation of eosinophils with hrHGF significantly pre-
vented the release of EDN ( fig. 3 ). 

  Treatment with HGF Has No Effect on Surface 
Adhesion Molecule Expression on Eosinophils  
 The signal from adhesion molecules plays a critical 

role in activation, degranulation and ROS production 
from eosinophils  [28, 29] . Therefore, we also examined 
whether HGF modulates the surface expression of CD11a, 
CD11b, CD18 and CD49d on eosinophils. In agreement 
with a foregoing report  [26] , IL-5 induced CD11b and 
CD18 expression. However, a flow-cytometric study re-
vealed that HGF had no effect on the surface expression 
of adhesion molecules (data not shown). Thus, these data 
may suggest that the inhibitory effects of HGF on degran-

ulation and ROS production were caused independent of 
adhesion molecules. 

  Treatment with HGF Inhibits IL-5-Induced Activation 
of Mitogen-Activated Protein Kinase Signaling 
Pathway in Eosinophils  
 Both p38 and ERK1/2 mitogen-activated protein 

(MAP) kinase also play an important role in eosinophil 
activation  [24, 25] . Thus, the MAP kinase signaling path-
way was studied to further explore the inhibition mecha-
nisms of HGF. To investigate the MAP kinase pathway 
activity, eosinophils were stimulated with IL-5 followed 
by electrophoresis and Western blotting with anti-p-ERK 
or anti-p-p38 Ab. Treatment with 200 ng/ml of HGF
partially inhibited eotaxin-induced phosphorylation of 
ERK1/2 as well as p38 ( fig. 4 ). 

  Discussion  

 The eosinophil is believed to be an important effector 
cell in allergic diseases such as asthma, and the produc-
tion of ROS and the release of cytotoxic granular proteins 
from activated eosinophils are essential for tissue damage 
in allergic inflammation  [1–8] . In the present study, we 
investigated the functional role of HGF in ROS produc-
tion, EDN release and activation of human eosinophils 
and found that HGF suppressed eosinophil activation in-
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  Fig. 2.  Effect of HGF on ROS production from eosinophils stimu-
lated by calcium ionophore A23187. Purified eosinophils were pre-
incubated with increasing concentrations of HGF for 1 h. The as-
say was performed using a luminometer. Data are expressed as the 
mean of 4 experiments  8  SEM.  *  p  !  0.05, versus without HGF.  

  Fig. 3.  Effect of HGF on EDN release from eosinophils stimulated 
by IL-5. Purified eosinophils were preincubated with increasing 
concentrations of HGF for 1 h. The assay was performed using 
ELISA. Data are expressed as the mean of 4 experiments  8  SEM. 
 *  p  !  0.05, versus without HGF.  
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duced by IL-5 and inhibited secretion of ROS and EDN. 
This is the first report to show the important role of HGF 
in the production of ROS and granule proteins from eo-
sinophils. 

  ROS, which is released by activated eosinophils at the 
site of allergic inflammation, injures epithelial cells and 
causes vasodilation and AHR in asthma  [5, 6] . Thus, ROS 
may play an important role in the pathogenesis of asth-
ma. Ichiki and coworkers  [30]  reported that thioredoxin, 
which has a protective function against the cellular dam-
age caused by ROS, suppressed AHR and allergic airway 
inflammation in a murine model of asthma. On the oth-
er hand, HGF is secreted by several cell types such as fi-
broblasts and macrophages in the lung and stimulates 
morphogenesis and organogenesis in a wide range of tis-
sues and organs  [13, 31] . Regarding oxidative stress, re-
cent studies have shown that HGF could suppress oxida-
tive stress-induced action as an antioxidant factor in var-
ious kinds of cells such as hepatocytes and airway 
epithelial cells  [32, 33] . Moreover, Li and coworkers  [34]  
reported that HGF protected rat mesangial cells from 
high-glucose-mediated oxidative stress by suppressing 
ROS production. Consistent with this study, in our pres-
ent study, we showed that HGF suppressed the produc-
tion of ROS from eosinophils activated by calcium iono-
phore ( fig. 2 ). Previously, we also found that HGF admin-
istration inhibited AHR in lung tissue of asthmatic mice 
 [17] . These findings may suggest that HGF attenuates 
AHR in asthma through the inhibition of ROS produc-
tion from eosinophils. 

  EDN, an eosinophil granule protein and a member of 
the eosinophil-associated ribonuclease family, has antivi-
ral activities against the respiratory syncytial virus  [35] , 
and EDN-derived peptide induces apoptosis of sarcoma 
cells  [36] . On the other hand, eosinophil degranulation is 
also a very important reaction in the pathophysiology of 
asthma. Granule proteins including EDN secreted from 
eosinophils have toxicity against respiratory epithelium, 
which is manifested by epithelial cell desquamation, 
damage to epithelial cells and alternations in ciliary beat-
ing, and they induce AHR  [1] . In this study, HGF treat-
ment suppressed the EDN release from eosinophils acti-
vated by IL-5 ( fig. 3 ) and inhibited the activation of hu-
man eosinophils, which is essential for degranulation as 
well as ROS production from eosinophils ( fig. 1 ). IL-5 is 
an important effector for degranulation and ROS pro-
duction of eosinophils  [1] . Moreover, a recent study 
showed that transforming growth factor- �  (TGF- � ) in-
duced ROS production  [37] . On the other hand, HGF is a 
strong suppressor of TGF- �   [38] , and further, in our pre-
vious study, treatment with HGF inhibited the elevation 
of TGF- �  as well as of IL-5 levels in bronchoalveolar la-
vage fluid of asthmatic mice  [17] . Therefore, these data 
may indicate that in asthma, HGF may not only attenuate 
the production of Th2 cytokines and growth factors such 
as TGF- �  but also suppress ROS production and degran-
ulation through the direct inhibition against eosinophil 
activation by remaining cytokines and growth factors. 
Recently, we reported that HGF negatively regulated al-
lergic airway inflammation by eosinophils not only 
through the suppression of Th2 cytokines but also 
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  Fig. 4.  Examination of the effect of the intracellular signaling pathway on the inhibitory effect of HGF. Purified 
eosinophils were incubated with or without 200 ng/ml of HGF for 1 h. After incubation, eosinophils were stim-
ulated with IL-5 (10 ng/ml) for 5 min. Phosphorylated ERK1/2 (p-ERK) and total ERK2 (ERK2), and phos-
phorylated p38 MAPK (p-p38) and total p38 MAPK (p38) were determined by Western blot (WB) analysis. HGF 
partially abrogated the eotaxin-induced phosphorylation of ERK ( a ) and p38 ( b ). The membranes were reprobed 
with anti-ERK2 or anti-p38 Ab incubated with the same amounts of proteins loaded on the gels. Experiments 
were repeated at least 3 times with a different cell preparation.       



 Ito et al.    Int Arch Allergy Immunol 2008;147:331–337336

 References 

  1 Gleich GJ: Mechanisms of eosinophil-asso-
ciated inflammation. J Allergy Clin Immu-
nol 2000;   105:   651–663. 

  2 Horie S, Gleich GJ, Kita H: Cytokines direct-
ly induce degranulation and superoxide pro-
duction from human eosinophils. J Allergy 
Clin Immunol 1996;   98:   371–381. 

  3 Emelyanov A, Fedoseev G, Abulimity A, Ru-
dinski K, Fedoulov A, Karabanov A, Barnes 
PJ: Elevated concentrations of exhaled hy-
drogen peroxide in asthmatic patients. Chest 
2001;   120:   1136–1139. 

  4 Loukides S, Bouros D, Papatheodorou G, 
Panagou P, Siafakas NM: The relationships 
among hydrogen peroxide in expired breath 
condensate, airway inflammation, and asth-
ma severity. Chest 2002;   121:   338–346. 

  5 Barnes PJ: Reactive oxygen species and air-
way inflammation. Free Radic Biol Med 
1990;   9:   235–243. 

  6 Flood-Page PT, Menzies-Gow AN, Kay AB, 
Robinson DS: Eosinophil’s role remains un-
certain as anti-interleukin-5 only partially 
depletes numbers in asthmatic airway. Am J 
Respir Crit Care Med 2003;   167:   199–204. 

  7 Kita H, Weiler DA, Abu-Ghazaleh R, Sand-
erson CJ, Gleich GJ: Release of granule pro-
teins from eosinophils cultured with IL-5. J 
Immunol 1992;   149:   629–635. 

  8 Chihara J, Plumas J, Gruart V, Tavernier J, 
Prin L, Capron A, Capron M: Characteriza-
tion of a receptor for interleukin 5 on human 
eosinophils: variable expression and induc-
tion by granulocyte/macrophage colony-
stimulating factor. J Exp Med 1990;   172:  
 1347–1351. 

  9 Nishikawa K, Morii T, Ako H, Hamada K, 
Saito S, Narita N: In vivo expression of CD69 
on lung eosinophils in eosinophilic pneumo-
nia: CD69 as a possible activation marker for 
eosinophils. J Allergy Clin Immunol 1992;  
 90:   169–174. 

 10 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:  
 860–866. 

 11 O’Sullivan S, Roquet A, Dahlen B, Dahlen S, 
Kumlin M: Urinary excretion of inflamma-
tory mediators during allergen-induced ear-
ly and late-phase asthmatic reactions. Clin 
Exp Allergy 1998;   28:   1332–1339. 

through direct action against eosinophil migration  [18] . 
Taken together, HGF may strongly modulate allergic in-
flammation and AHR by the double suppression includ-
ing both indirect and direct actions in vivo. 

  Adhesion molecules have been considered to play an 
important role in allergic diseases. Previous studies have 
reported that an increase in ROS production from eo-
sinophils can be mediated by signaling through adhesion 
molecules and their ligands  [27, 39] . In this study, HGF 
had no effect on the expression of adhesion molecules 
such as  �  1  and  �  2  integrins on human eosinophils. On the 
other hand, Min and coworkers  [40]  reported that HGF 
suppressed vascular endothelial growth factor-induced 
expression of adhesion molecules on human vein endo-
thelial cells. This conflict between findings may also be 
related to different cell types or stimulation conditions. 
Thus, further studies are necessary to clarify the physi-
ologic role of HGF. In another study, ROS production re-
quired calcium influx  [41, 42] . We have shown that HGF 
inhibited ROS production from eosinophils stimulated 
by calcium ionophore. In our previous study, HGF sup-
pressed Ca 2+  influx induced by eotaxin in human eosin-
ophils. Therefore, the suppressive effect of HGF on ROS 
production may be caused by inhibition of Ca 2+  influx. 
Regarding EDN release, eosinophils activated by IL-5 or 
eotaxin release granule proteins such as EDN through 
activation of MAP kinase  [24, 25] . We previously found 
that in human eosinophils, HGF treatment suppressed 
activation of the MAP kinase pathway by eotaxin  [17] . 
Furthermore, in this study, HGF treatment inhibited the 
ERK1/2 and p38 MAP kinase pathways activated by IL-5 

in human eosinophils ( fig. 4 ). Therefore, these findings 
may suggest that HGF suppresses eosinophil degranula-
tion through the inhibition of factor-induced MAP ki-
nase activation.

  Although no study has reported the HGF levels in se-
rum or bronchoalveolar lavage fluid of asthmatics, in 
general, HGF levels in humans are altered by various dis-
eases. For example, serum HGF levels in fulminant hepa-
titis patients are significantly higher than those in healthy 
subjects (16.40  8  14.67 vs.   0.27  8  0.08 ng/ml)  [43] . Fur-
ther, serum HGF concentrations in patients with bacte-
rial pneumonia also increased to 0.96  8  0.27 ng/ml com-
pared with healthy subjects (0.30  8  0.02 ng/ml)  [44] . In 
this study, the higher level of hrHGF was used according 
to previous reports  [45, 46] , because a functional role of 
HGF in eosinophil activation was more clear. 

  In summary, we have defined an inhibitory function 
of HGF in eosinophil activation including ROS produc-
tion and degranulation of eosinophils, which play a piv-
otal role in allergic airway inflammation and AHR of 
asthma. However, the detailed mechanism of these nega-
tive actions of HGF remains unclear. Although HGF is 
also recognized as a homeostatic mediator that restores 
abnormal conditions in organisms, the biological poten-
tial of HGF is extremely obscure in allergic responses in 
particular. Therefore, it is necessary to clarify what kind 
of signal pathway plays an important role in the action of 
HGF against allergic response. Finally, this result may 
help to elucidate the mechanism of allergic diseases and 
suggests that HGF has potential in the treatment of aller-
gic disorders.
 



 HGF Suppresses ROS Production and 
EDN Release from Eosinophils 

Int Arch Allergy Immunol 2008;147:331–337 337

 12 Nakamura T, Nawa K, Ichihara A, Kaise N, 
Nishino T: Purification and subunit struc-
ture of hepatocyte growth factor from rat 
platelets. FEBS Lett 1987;   224:   311–316. 

 13 Matsumoto K, Nakamura T: Emerging mul-
tipotent aspects of hepatocyte growth factor. 
J Biochem (Tokyo) 1996;   119:   591–600. 

 14 Gohda E, Tsubouchi H, Nakayama H, Hi-
rono S, Sakiyama O, Takahashi K, Miyazaki 
H, Hashimoto S, Daikuhara Y: Purification 
and partial characterization of hepatocyte 
growth factor from plasma of a patient with 
fulminant hepatic failure. J Clin Invest 1988;  
 81:   414–419. 

 15 Yaekashiwa M, Nakayama S, Ohnuma K, 
Sakai T, Abe T, Satoh K, Matsumoto K, Naka-
mura T, Takahashi T, Nukiwa T: Simultane-
ous or delayed administration of hepatocyte 
growth factor equally represses the fibrotic 
changes in murine lung injury induced by 
bleomycin. A morphologic study. Am J Respir 
Crit Care Med 1997;   156:   1937–1944. 

 16 Mizuno S, Matsumoto K, Li MY, Nakamura 
T: HGF reduces advancing lung fibrosis in 
mice: a potential role for MMP-dependent 
myofibroblast apoptosis. FASEB J 2005;   19:  
 580–582. 

 17 Ito W, Kanehiro A, Matsumoto K, Hirano A, 
Ono K, Maruyama H, Kataoka M, Nakamu-
ra T, Gelfand EW, Tanimoto M: Hepatocyte 
growth factor attenuates airway hyperre-
sponsiveness, inflammation, and remodel-
ing. Am J Respir Cell Mol Biol 2005;   32:   268–
280. 

 18 Ito W, Chiba T, Kanehiro A, Kato H, Yama-
guchi K, Ueki S, Kayaba H, Chihara J: Hepa-
tocyte growth factor attenuates eotaxin and 
PGD 2 -induced chemotaxis of human eosin-
ophils. Allergy 2007;   62:   415–422. 

 19 Chihara J, Kurachi D, Yamamoto T, Yamada 
H, Wada T, Yasukawa A, Nakajima S: A com-
parative study of eosinophil isolation by dif-
ferent procedures of CD16-negative deple-
tion. Allergy 1995;   50:   11–14. 

 20 Hansel TT, De Vries IJ, Iff T, Rihs S, Wan-
dzilak M, Betz S, Blaser K, Walker C: An im-
proved immunomagnetic procedure for the 
isolation of highly purified human blood eo-
sinophils. J Immunol Methods 1991;   145:  
 105–110. 

 21 Matsuwaki Y, Ueki S, Adachi T, Oyamada H, 
Kamada Y, Yamaguchi K, Kanda A, Hamada 
K, Kayaba H, Chihara J: The synthetic PPAR-
gamma agonist troglitazone inhibits IL-5-
induced CD69 upregulation and eosinophil-
derived neurotoxin release from eosinophils. 
Pharmacology 2005;   74:   169–173. 

 22 Honda K, Chihara J: Eosinophil activation 
by eotaxin – eotaxin primes the production 
of reactive oxygen species from eosinophils. 
Allergy 1999;   54:   1262–1269. 

 23 Sannohe S, Adachi T, Hamada K, Honda K, 
Yamada Y, Saito N, Cui CH, Kayaba H, Ishi-
kawa K, Chihara J: Upregulated response to 
chemokines in oxidative metabolism of eo-
sinophils in asthma and allergic rhinitis. Eur 
Respir J 2003;   21:   925–931. 

 24 Adachi T, Choudhury BK, Stafford S, Sur S, 
Alam R: The differential role of extracellular 
signal-regulated kinases and p38 mitogen-
activated protein kinase in eosinophil func-
tions. J Immunol 2000;   165:   2198–2204. 

 25 Kampen GT, Stafford S, Adachi T, Jinquan T, 
Quan S, Grant JA, Skov PS, Poulsen LK, 
Alam R: Eotaxin induces degranulation and 
chemotaxis of eosinophils through the acti-
vation of ERK2 and p38 mitogen-activated 
protein kinases. Blood 2000;   95:   1911–1917. 

 26 Chun KW, Wai KI, Christopher WK: Inter-
leukin-3, -5, and granulocyte macrophage 
colony-stimulating factor-induced adhesion 
molecule expression on eosinophils by p38 
mitogen-activated protein kinase and nucle-
ar factor- � B. Am J Respir Cell Mol Biol 2003;  
 29:   133–147. 

 27 Saito N, Yamada Y, Sannohe S, Honda K, 
Adachi T, Kayaba H, Chihara J: Possible in-
volvement of C-C chemokines in functional 
augmentation of adhesion molecules in asth-
matic patients. Lung 2002;   180:   251–263. 

 28 Chihara J, Kakazu T, Higashimoto I, Yama-
moto T, Kurachi D, Nakajima S: Increased 
eosinophil oxidative metabolism by treat-
ment with soluble intercellular adhesion 
molecule-1. Int Arch Allergy Immunol 1995;  
 108(suppl 1):45–47. 

 29 Chihara J, Kakazu T, Higashimoto I, Saito N, 
Honda K, Sannohe S, Kayaba H, Urayama O: 
Signaling through the beta2 integrin pro-
longs eosinophil survival. J Allergy Clin Im-
munol 2000;   106:S99–S103. 

 30 Ichiki H, Hoshino T, Kinoshita T, Imaoka H, 
Kato S, Inoue H, Nakamura H, Yodoi J, 
Young HA, Aizawa H: Thioredoxin sup-
presses airway hyperresponsiveness and air-
way inflammation in asthma. Biochem Bio-
phys Res Commun 2005;   334:   1141–1148. 

 31 Weidner KM, Sachs M, Birchmeier W: The 
Met receptor tyrosine kinase transduces mo-
tility, proliferation, and morphogenic sig-
nals of scatter factor/hepatocyte growth fac-
tor in epithelial cells. J Cell Biol 1993;   121:  
 145–154. 

 32 Kannan R, Jin M, Gamulescu MA, Hinton 
DR: Ceramide-induced apoptosis: role of 
catalase and hepatocyte growth factor. Free 
Radic Biol Med 2004;   37:   166–175. 

 33 Okada M, Sugita K, Inukai T, Goi K, Kagami 
K, Kawasaki K, Nakazawa S: Hepatocyte 
growth factor protects small airway epithe-
lial cells from apoptosis induced by tumor 
necrosis factor-alpha or oxidative stress. Pe-
diatr Res 2004;   56:   336–344. 

 34 Li H, Jiang T, Lin Y, Zhao Z, Zhang N: HGF 
protects rat mesangial cells from high-glu-
cose-mediated oxidative stress. Am J Nephrol 
2006;   26:   519–530. 

 35 Domachowske JB, Dyer KD, Bonville CA, 
Rosenberg HF: Recombinant human eosino-
phil-derived neurotoxin/RNase 2 functions 
as an effective antiviral agent against respi-
ratory syncytial virus. J Infect Dis 1998;   177:  
 1458–1464. 

 36 Dricu A, Sergiu-Bogdan C, Brismar K, Bib-
erfeld P, Andersson LC: A synthetic peptide 
derived from the human eosinophil-derived 
neurotoxin induces apoptosis in Kaposi’s 
sarcoma cells. Anticancer Res 2004;   24:   1427–
1432. 

 37 Proell V, Carmona-Cuenca I, Murillo MM, 
Huber H, Fabregat I, Mikulits W: TGF-beta 
dependent regulation of oxygen radicals 
during transdifferentiation of activated he-
patic stellate cells to myofibroblastoid cells. 
Comp Hepatol 2007;   6:   1. 

 38 Ueki T, Kaneda Y, Tsutsui H, Nakanishi K, 
Sawa Y, Morishita R, Matsumoto K, Naka-
mura T, Takahashi H, Okamoto E, Fujimoto 
J: Hepatocyte growth factor gene therapy of 
liver cirrhosis in rats. Nat Med 1999;   5:   226–
230. 

 39 Chihara J, Yamamoto T, Kayaba H, Kakazu 
T, Kurachi D, Yamamoto J, Iwasa S, Iida K, 
Urayama O, Kobayashi Y: Degranulation of 
eosinophils mediated by intercellular adhe-
sion molecule-1 and its ligands is involved in 
adhesion molecule expression on endotheli-
al cells – selective induction of VCAM-1. J 
Allergy Clin Immunol 1999;   103:S452–S456. 

 40 Min JK, Lee YM, Kim JH, Kim YM, Kim SW, 
Lee SY, Gho YS, Oh GT, Kwon YG: Hepato-
cyte growth factor suppresses vascular endo-
thelial growth factor-induced expression of 
endothelial ICAM-1 and VCAM-1 by inhib-
iting the nuclear factor-kappaB pathway. 
Circ Res 2005;   96:   300–307. 

 41 Christophe B, Jose B, Nadia C, Claudine O, 
Maryse B, Christophe G, Laurent A, Jean V, 
Bernald P: Nonstructural 3 protein of hepa-
titis C virus triggers an oxidative burst in hu-
man monocytes via activation of NADPH 
oxidase. J Biol Chem 2001;   276:   23077–
23083. 

 42 Supinski G, Nethery D, Stofan D, DiMarco 
A: Extracellular calcium modulates genera-
tion of reactive oxygen species by the con-
tracting diaphragm. J Appl Physiol 1999;   87:  
 2177–2185. 

 43 Funakoshi H, Nakamura T: Hepatocyte 
growth factor: from diagnosis to clinical ap-
plications. Clin Chim Acta 2003;   327:   1–23. 

 44 Maeda J, Ueki N, Hada T, Higashino K: Ele-
vated serum hepatocyte growth factor/scat-
ter factor levels in inflammatory lung dis-
ease. Am J Respir Crit Care Med 1995;   152:  
 1587–1591. 

 45 Gong R, Rifai A, Dworkin LD: Anti-inflam-
matory effect of hepatocyte growth factor in 
chronic kidney disease: targeting the in-
flamed vascular endothelium. J Am Soc 
Nephrol 2006;   17:   2464–2473. 

 46 Birukova AA, Alekseeva E, Mikaelyan A, Bi-
rukov KG: HGF attenuates thrombin-in-
duced endothelial permeability by Tiam1-
mediated activation of the Rac pathway and 
by Tiam1/Rac-dependent inhibition of the 
Rho pathway. FASEB J 2007;   21:   2776–2786. 

  


