
Background: Bradykinin, a potent inflammatory peptide, is
increased in the airways of allergic patients. Accompanying the
elevated bradykinin levels are increases in both eosinophils
and fibroblasts. Eotaxin, a potent eosinophil-specific chemotac-
tic factor, is released by fibroblasts and increased in the lower
respiratory tract of allergic patients.
Objective: We sought to test the hypothesis that lung fibro-
blasts release eotaxin in response to bradykinin.
Methods: The potential of bradykinin to induce the release of
eotaxin from the human lung fibroblast cell line HFL-1 was
tested by cell culture and evaluation of the culture supernatant
fluids and RNA for immunoreactive eotaxin and eotaxin mes-
senger RNA.
Results: HFL-1 cells released eotaxin constitutively without
stimulation, but bradykinin stimulated eotaxin release in a
dose- and time-dependent manner and resulted in augmented
expression of eotaxin messenger RNA. The release of eotaxin
was sensitive to the action of glucocorticoids. Eosinophil
chemotactic activity by HFL-1 supernatant fluids was inhibit-
ed by anti-human eotaxin-neutralizing antibody. Consistent
with these results, inhibitors of bradykinin B2 receptors, but
not bradykinin B1 receptors, inhibited bradykinin-induced
eotaxin release.
Conclusion: These data demonstrate that bradykinin may
stimulate lung fibroblasts to release eotaxin and suggest the
potential for this mechanism to be important in modulation of
lung inflammation. (J Allergy Clin Immunol 2000;106:117-23.)
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Bradykinin is a 9-amino-acid peptide that is generated
from its plasma protein precursor, kininogen, by the
action of plasma and tissue kallikreins. Bradykinin has a
number of properties appropriate to a mediator of asth-
ma.1 Increased levels of kinins are evident in the upper
airways of allergic patients after allergen challenge.2

Similarly, in allergic subjects with asthma, bronchoalve-
olar lavage fluid levels of immunoreactive kinins, as well
as kinin-generating enzymes, are significantly elevated
after inhalation of antigen.3 Furthermore, the administra-

tion of bradykinin receptor antagonists are reported to
inhibit the increase of several inflammatory mediators in
bronchoalveolar lavage fluid, airway hyperresponsive-
ness, and inflammation.4,5

The airways of asthmatic patients are infiltrated by a
large number of eosinophils. Several studies have suggest-
ed a strong association between eosinophil numbers and
the severity of asthma.6,7 The chemokines are a family of
potent protein chemotactic factors from inflammatory
cells.8 Although several members of the chemokine fami-
ly can induce eosinophil migration, eotaxin appears to be
the most selective for eosinophil recruitment in vivo.9-12

Eotaxin production is increased in some human disorders
characterized by eosinophilic inflammation, including
asthma.13,14 It is also increased in response to respiratory
allergen challenge in animals9,15 and human subjects.16,17

Previous reports have demonstrated the capacity of
fibroblasts for eotaxin production and messenger
(m)RNA expression.18,19 We postulated that bradykinin
would stimulate eotaxin expression by lung fibroblasts.
The results demonstrate bradykinin stimulation of lung
fibroblasts to release eotaxin secretion and suggest a role
for fibroblasts and eotaxin in eosinophil recruitment at
sites of tissue injury and inflammation.

METHODS

Cell culture

Human fetal lung fibroblasts (HFL-1, lung, diploid, human, pas-
sage 14 cell line) were purchased from the American Type Tissue
Culture Collection (Rockville, Md). These cells retain features of
human lung fibroblasts, including collagen and fibronectin produc-
tion.20,21 The HFL-1 cells were suspended at 1.0 × 106 cells/mL in
Ham’s F-12 supplemented penicillin (50 µg/mL, Gibco), strepto-
mycin (50 µg/mL, Gibco), and 10% heat-inactivated FBS. Cell sus-
pensions (3 mL) were added to 30-mm diameter tissue-culture dish-
es (Corning) and were cultured at 37°C in a 5% CO2 atmosphere.
After 2 to 3 days in culture, the cells had reached confluence, and
the culture medium was replaced with 2 mL of medium supple-
mented as above and incubated for 1 additional day.

Exposure of HFL-1 cells to bradykinin

The culture medium was removed from the cells by washing
twice with serum-free medium, and cells were incubated in the pres-

Bradykinin stimulates eotaxin production
by a human lung fibroblast cell line

Etsuro Sato, MD,a Dan K. Nelson, BS,a Sekiya Koyama, MD,b Jeffrey C. Hoyt, PhD,a

and Richard A. Robbins, MDa Tucson, Ariz, and Matsumoto, Japan

117

From aResearch Service, Southern Arizona Veterans Health Care System, and
the Department of Medicine, University of Arizona, Tucson; and bthe First
Department of Internal Medicine, Shinshu University, School of Medicine,
Matsumoto.

Received for publication Dec 6, 1999; revised Mar 17, 2000; accepted for
publication Mar 17, 2000.

Reprint requests: Richard A. Robbins, MD, Chief, Research Service Line,
Southern Arizona Veterans Health Care System, 3601 S 6th Ave, Tucson,
AZ 85723.

Copyright © 2000 by Mosby, Inc.
0091-6749/2000 $12.00 + 0 1/1/107400
doi:10.1067/mai.2000.107400

Abbreviations used
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase

PIPES: Piperazine-N, N´-bis[2-ethanesulfonic acid]



118 Sato et al J ALLERGY CLIN IMMUNOL

JULY 2000

ence and absence of bradykinin. To determine the dose-dependent
release of eotaxin, the cultures were incubated with various concen-
trations of bradykinin (0, 0.1, 1, 10, and 100 µg, Sigma) at 37°C in
a humidified 5% CO2 atmosphere for 48 hours. TNF-α (10 ng/mL,
Sigma) or IL-1β (1 ng/mL, Sigma) were used as positive con-
trols.22,23 The time-dependent release of chemotactic activity was

evaluated by incubating HFL-1 cells for 6 to 48 hours in the presence
and absence of bradykinin (100 µmol/L) because this concentration
produced the maximal eotaxin stimulation of the doses tested. To test
the capacity of glucocorticoids to inhibit bradykinin-induced eotax-
in release, the cell cultures were incubated with bradykinin (100
µmol/L) and dexamethasone (0.1-1 µmol/L). Cell injury was evalu-
ated by means of microscopy (cell shape and detachment from tissue
culture dish) and trypan blue exclusion. The supernatant fluids were
then harvested and stored at –80°C until assayed.

Measurement of eotaxin in the supernatant

fluids

The concentrations of eotaxin were measured in the cell super-
natant fluids from HFL-1 cells by using a commercially available
ELISA (R&D Systems) according to the manufacturer’s instructions.
The minimum concentration detected by this method was 15.6 pg/mL.

Evaluation of eotaxin mRNA expression

Eotaxin mRNA was analyzed by using RT-PCR. Total cellular
RNA was extracted from adherent cells by using a modification of
the methods of Chomczynski and Sacchi.24 The RNA was reverse
transcribed by using a commercially available kit (Promega). One
microgram of the reverse-transcribed DNA was then mixed with
Ready to Go PCR Beads (Pharmacia), and the front and back
primers were added at a final concentration of 0.2 µmol/L. PCR was
performed in a Perkin-Elmer model 480 thermal cycler at 94°C for
2 minutes and 32 cycles consisting of 94°C for 45 seconds, 61°C for
45 seconds, 72°C for 2 minutes, and 72°C for an additional 7 min-
utes. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as a housekeeping gene with PCR. The DNA was subjected to
agarose gel, and the intensity of the bands was quantitated by using
densitometry. The results were expressed as the ratio of intensity to
the GAPDH. Sequences of the primers were as follows: eotaxin (F):
5´-ACATGAAGGTCTCCGCAGCACTTC-3´; eotaxin (R): 5´-
TTGGCCAGGTTAAAGCAGVAGGTG-3´; GAPDH (F): 5´-
ACCACAGTCCATGCCATCA-3´; and GAPDH (R): 5´-TCCAC-
CACCCTGTTGCTGTA-3´.

Measurement of IL-1β and effect of IL-1β
antibody on the release of eotaxin

It was reported that bradykinin stimulates lung fibroblasts to
release IL-1β,25 which then might stimulate the fibroblasts to
release eotaxin. To test for this possibility, the monoclonal mouse
anti-human IL-1β antibody (10, 100, and 1000 ng/mL; Gnezyme)
was used. Thirty minutes before the addition of bradykinin (100
µmol/L), anti-human IL-1β antibody was added to the cultures. We
measured the concentrations of IL-1β in the cell supernatant fluids
from HFL-1 cells by using a commercially available ELISA (R&D
Systems) according to the manufacturer’s instructions.

Effect of eotaxin antibody on eosinophil

chemotactic activity by HFL-1 supernatant

fluids

Eosinophils were isolated by using a modification of the method
of Hansel et al26 with a magnetic cell-separation system (Becton
Dickinson). Briefly, venous blood anticoagulated with 130 mmol/L
trisodium citrate was obtained from normal human volunteers and
diluted with PBS in a 1:1 ratio. Diluted blood was overlaid on an
isotonic Percoll solution (density, 1.082 g/mL; Sigma) and then
centrifuged at 1000g for 30 minutes at 4°C. The supernatant and
mononuclear cells at the interface were carefully removed, and red
blood cells in the sediment were lysed with two cycles of hypoton-
ic lysis (0.1% KHCO3 and 0.83% NH4Cl). Isolated granulocytes
were washed two times with piperazine-N, N´-bis[2-ethanesulfonic

FIG 1. A, The dose-dependent release of eotaxin from HFL-1 cells
in response to bradykinin after 48 hours’ incubation (n = 5). TNF-
α (10 ng/mL) and IL-1β (1 ng/mL) were incubated with HFL-1 cells
to be compared with bradykinin’s effect. Eotaxin concentration is
on the ordinate, and bradykinin concentration is on the abscissa.
Values are expressed as means ± SEM. *P < .05 compared with
supernatant fluids without bradykinin. B, The dose-dependent
effect of bradykinin on eotaxin mRNA expression. Representative
results with RT-PCR for eotaxin and GAPDH are shown. C, Den-
sitometry data with eotaxin expressed as ratio of eotaxin mRNA
to GAPDH mRNA (eotaxin mRNA/GAPDH mRNA). The ratio of
eotaxin mRNA to GAPDH mRNA is on the ordinate, and
bradykinin concentration is on the abscissa (n = 3). *P < .05 com-
pared with cells without bradykinin.
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acid] (PIPES) buffer (25 mmol/L PIPES, 50 mmol/L NaCl, 5
mmol/L KCl, 25 mmol/L NaOH, and 5.4 mmol/L glucose, pH 7.4)
containing 1% defined calf serum (Hyclone Laboratories), and an
approximately equal volume of anti-CD16 antibody conjugated
with magnetic particles (Miltenyi Biotec) was added to the cell pel-
let. After 60 minutes on ice, 5 mL of PIPES buffer with 1% defined
calf serum (DCS) was added to the cell-antibody mixture. The
resuspended cells were loaded onto the separation column posi-
tioned in the magnetic cell separation system with a strong magnet-
ic field. The cells were eluted 3 times with 5 mL of PIPES buffer
with 1% DCS. Purity of the eosinophils counted by using Ran-
dolph’s stain was greater than 94%, and viability was greater than
98%. The eosinophils were resuspended in Gey’s solution at 2.0 ×
106 cells/mL and used for the chemotaxis assay.

Eosinophil chemotactic activity was assayed in 48-well
microchemotaxis chambers (Neuroprobe, Inc), as previously
described.27 The bottom wells of the chamber were filled with 25
µL of the bradykinin-stimulated HFL-1 supernatant fluids, which
were incubated with anti-human eotaxin-neutralizing antibody
(R&D systems, 0.1-10 µg/mL) or normal goat IgG (R&D systems)
for 1 hour before chemotactic assay. A 10-µm thick polyvinyl-
pyrrolidone-free polycarbonate filter with a pore size of 5 µm was
placed over the samples. The silicon gasket and the upper pieces of
the chamber were applied, and 50 µL of the cell suspension was
placed into the upper wells. The chambers were incubated in
humidified air in 5% CO2 at 37°C for 90 minutes. Nonmigrated
cells were wiped away from the filter. The filter was immersed in
methanol for 5 minutes, stained with a modified Wright’s stain, and
mounted on a glass slide. Cells that had completely migrated
through the filter were counted by means of light microscopy.
Eosinophil chemotactic activity was expressed as the mean number
of migrated cells per high-powered field from duplicate wells.

Effect of receptor determinants on the

release of eotaxin

To determine the receptor responsible for the release of eotaxin,
the bradykinin B1 receptor antagonist Des Arg9-[Leu8]-bradykinin
(Sigma) and the bradykinin B2 receptor antagonist D-Arg-
[Hyp3Thi5,8, D-Phe7]-bradykinin (Sigma) were evaluated to deter-
mine the responsible bradykinin receptor.28 Thirty minutes before the
addition of bradykinin (10 µmol/L), HFL-1 cells were treated with
the bradykinin B1 or bradykinin B2 receptor antagonist (100 µg/mL).

Statistical analysis

In experiments in which multiple experiments were made, dif-
ferences between groups were tested for significance by using one-
way analysis of variance with the Fisher multiple range test applied
to data at specific time and dose points. In experiments in which a
single measurement was made, the differences between groups
were tested for significance by using the Student paired t test. In all
cases a P value of less than .05 was considered significant. Data in
figures and tables were expressed as mean values ± SEM.

RESULTS

Expression of eotaxin mRNA and release of

eotaxin from the HFL-1 cell line

HFL-1 cells released eotaxin spontaneously without
stimulation. However, HFL-1 cells released eotaxin in a
dose-dependent manner in response to bradykinin (P <
.05; Fig 1, A). The lowest dose of bradykinin to stimu-
late eotaxin release was 1.0 µmol/L. Increasing concen-
trations of bradykinin progressively increased the

release of eotaxin up to 100 µmol/L. Both TNF-α and
IL-1β also stimulated the release of eotaxin (Fig 1, A).
Bradykinin also increased eotaxin in a dose-dependent
manner, as demonstrated with RT-PCR (Fig 1, B and C).
Bradykinin treatment of HFL-1 cells also resulted in the
augmented release of eotaxin and expression of eotaxin
mRNA in a time-dependent manner (Fig 2). HFL-1
release of eotaxin in response to bradykinin in a time-
dependent manner was not significant compared with
that elicited by media alone until 48 hours (P < .05; Fig

A

C
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FIG 2. A, The time-related release of eotaxin in response to 100
µmol/L bradykinin from HFL-1 cells (n = 4). Open circles indicate
eotaxin release with bradykinin incubation, and closed circles
indicate eotaxin release without bradykinin from HFL-1 cells. The
amount of eotaxin released is on the ordinate, and time is shown
on the abscissa. Values are expressed as means ± SEM. *P < .05
compared with supernatant fluids without bradykinin. B, The
time-dependent effect of bradykinin on eotaxin mRNA expres-
sion. Representative results with RT-PCR for eotaxin and GAPDH
are shown. C, Densitometry data with eotaxin expressed as ratio
of eotaxin mRNA to GAPDH mRNA (eotaxin mRNA/GAPDH
mRNA). Eotaxin concentration is on the ordinate, and time is
shown on the abscissa (n = 3). *P < .05 compared with cells with-
out bradykinin.
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2, A). However, treatment of HFL-1 cells with
bradykinin (100 µmol/L) increased eotaxin mRNA
expression after 12 hours (Fig 2, B and C), with levels of
eotaxin mRNA remaining elevated for the duration of
the experiment (up to 48 hours). Increasing PCR cycles

gave increasing amounts of DNA through a fairly broad
range, with linearity obtained from approximately
cycles 24 to 32, beginning with 1 µg of RNA (r = 0.99
for eotaxin and GAPDH; P < .01 for both comparisons).
Similarly, different doses of starting material (10-1000
ng of RNA) produced different band intensitites of DNA
(r = 0.99 for eotaxin and GAPDH; P = .011 for eotaxin
and P < .01 for GAPDH).

Consistent with these results, we also stimulated the
lung epithelial cell lines BEAS 2B and A549 and anoth-
er lung fibroblast cell line, CCL-202, with bradykinin.
The eotaxin concentration by the epithelial cell lines was
below the lower detection limit of the assay (15.6
pg/mL). In contrast, CCL-202 released eotaxin in
response to bradykinin after 48 hours (media, 32.1 ± 4.1
pg/mL; 10 µmol/L bradykinin, 43.2 ± 5.3 pg/mL; 100
µmol/L bradykinin, 65.4 ± 7.3 pg/mL; n = 4; P < .05 for
10 and 100 µmol/L bradykinin compared with media
alone).

Bradykinin did not cause HFL-1 injury (no deformity
of cell shape, no detachment from tissue culture dish, and
greater than 95% of cells viable by means of trypan blue
exclusion) after 48 hours’ incubation with 100 µmol/L
bradykinin.

IL-1β release and effect of IL-1β antibody on

the release of eotaxin by bradykinin

stimulation

IL-1β was not detected in HFL-1 supernatant fluids
after bradykinin stimulation. IL-1β antibody (10, 100,
and 1000 ng/mL) also had no effect on eotaxin release
caused by bradykinin stimulation (P > .05; Fig 3, A).

Effect of dexamethasone on eotaxin

secretion

In cell cultures stimulated with bradykinin, dexa-
methasone pretreatment significantly inhibited eotaxin
release (P < .05; Fig 3, B). Dexamethasone had no sig-
nificant effect on eotaxin release from unstimulated cells.

Effect of bradykinin receptor antagonists on

the release of eotaxin from HFL-1 cells

Bradykinin-induced eotaxin release was suppressed
by pretreatment with D-Arg-[Hyp3Thi5,8, D-Phe7]-
bradykinin, a selective bradykinin B2 receptor antagonist
(Fig 3, C). Des Arg9-[Leu8]-bradykinin, a bradykinin B1
receptor antagonist had no significant effect on eotaxin
release. Higher concentrations of the bradykinin receptor
antagonist (>100 µmol/L) had an apparent direct effect
on eosinophil chemotactic activity.

Inhibition of eosinophil chemotactic activity

by polyclonal antibody to eotaxin

HFL-1 cells released eotaxin spontaneously, and
bradykinin stimulated the release of eotaxin. Therefore
we evaluated the effect of anti-eotaxin antibody on
eosinophil chemotactic activity released into the super-
natant fluids by bradykinin-stimulated HFL-1 cells. The

FIG 3. A, The effect of IL-1β antibody on eotaxin release from HFL-
1 cells stimulated by bradykinin (BK; n = 4). B, The effect of dexa-
methasone (DEX) on eotaxin release from HFL-1 cells (n = 4). C,

The effect of bradykinin receptor antagonists Des Arg9-[Leu8]-
bradykinin or D-Arg-[Hyp3Thi5,8, D-Phe7]-bradykinin (100 µmol/L)
on eotaxin release from HFL-1 cells in response to bradykinin (10
µmol/L, n = 4). In the panels eotaxin concentration is shown on the
ordinate, and the experimental groups are listed on the abscissa.
Values are expressed as means ± SEM. *P < .05 compared with
bradykinin-treated supernatant fluids.
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anti-eotaxin antibody inhibited eosinophil chemotactic
activity induced by the release of bradykinin (100
µmol/L) by about 40% (P < .05, Fig 4), but a control
antibody did not (P > .05, Fig 4). The anti-eotaxin anti-
body also reduced the eosinophil chemotactic activity of
recombinant eotaxin (10 ng/mL, R&D Systems) to base-
line values (P > .05 compared with media alone, Fig 4).

DISCUSSION

The present study demonstrated the spontaneous
release of eotaxin by HFL-1 cells. However, eotaxin
release was significantly augmented in response to
bradykinin in a dose- and time-dependent manner. Con-
sistent with these results, bradykinin treatment of HFL-1
cells also resulted in the augmented expression of eotax-
in mRNA. Eotaxin release by bradykinin-stimulated
HFL-1 cells was sensitive to the action of glucocorti-
coids, and eosinophil chemotactic activity by HFL-1
supernatant fluids was inhibited by an anti-eotaxin anti-
body. The receptor responsible for the release of eotaxin
appears to be the bradykinin B2 receptor because the
bradykinin B2 receptor antagonist, D-Arg-[Hyp3Thi5,8,
D-Phe7]-bradykinin, inhibited the release of eotaxin.
These data suggest that bradykinin may play a role in
eosinophil recruitment to the airways by stimulating
eotaxin release from lung fibroblasts.

In clinical studies elevated levels of kinin and tissue
kallikreins have been found in the bronchoalveolar
lavage fluid of asthmatic subjects after antigen chal-
lenge.3 Consistent with the concept of bradykinin stimu-
lating an influx of eosinophils into the airways, a signif-

icant correlation has been found between airway respon-
siveness to bradykinin and eosinophil count in bron-
choalveolar lavage fluid, bronchial biopsy specimens,
and sputum.29,30

Previous reports have shown that various cytokines
modulate eotaxin mRNA expression and release in sev-
eral cell types, including lung epithelial cells and fibro-
blasts.23 Recently, Teran et al18 reported that the amount
of immunoreactive eotaxin induced by IL-4 and TNF-α
from lung fibroblasts was 3800 to 20,000 times greater
than that released by cytokine-stimulated A549 epithelial
cells. Consistent with these results, we also stimulated
the lung epithelial cell lines BEAS 2B and A549 and
another lung fibroblast cell line, CCL-202, with
bradykinin. The eotaxin concentrations in the super-
natant fluid of epithelial cell lines were below the lower
detection limit of the assay (15.6 pg/mL, data not
shown), but the CCL-202 human fibroblast cell line
could also be stimulated to release eotaxin in response to
bradykinin. These observations are consistent with the
concept that fibroblasts may be a major source of eotax-
in in the lungs and a major source of eosinophil chemo-
tactic activity in allergic airway disorders by releasing
eotaxin in response to bradykinin.

IL-1β is found at increased levels in lung lavage fluid
from patients with asthma, and its spontaneous release is
augmented in alveolar macrophages from adult patients
with asthma and wheezy infants.31,32 Recently,
bradykinin has been reported to stimulate IL-1β release
from the human lung fibroblast cell line WI-38.25 There-
fore one explanation for our findings is that bradykinin
stimulation of fibroblasts releases IL-1β, which in turn

FIG 4. The inhibition of eosinophil chemotactic activity by anti-eotaxin antibody (1 µg/mL, n = 4). Eosinophil
chemotactic activity is shown on the ordinate, and the experimental groups are listed on the abscissa. Val-
ues are expressed as means ± SEM. Media, Ham’s F12 medium alone; BK, bradykinin. *P < .05 compared
with bradykinin-treated supernatant fluids.
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stimulates the fibroblasts to release eotaxin. However,
IL-1β antibodies had no effect on bradykinin-induced
eotaxin release, and IL-1β was not detected in the super-
natant fluids after bradykinin stimulation. These data
suggest that bradykinin stimulation is not related to an
IL-1β effect in our experiments.

Eosinophil chemotactic activity by the HFL-1 cell line
is probably not entirely caused by eotaxin because an
anti-eotaxin antibody inhibited only about 40% of the
eosinophil chemotactic activity released by bradykinin-
stimulated HFL-1 cells. Nevertheless, eotaxin is still
likely an important eosinophil chemotactic factor. Recent
studies have demonstrated that fibroblasts are important
participants in the orchestration of inflammation by
virtue of their release various chemoattractants. We have
previously reported that HFL-1 cells constitutively
release GM-CSF and leukotriene B433 as monocyte
chemoattractants, and their concentrations are sufficient
to function as chemotactic factors. These cytokines can
also serve as eosinophil chemotactic factors and may
explain some of the eosinophil chemotactic activity not
inhibited by eotaxin antibodies.

The use of glucocorticoids is now a well-established
treatment for asthma. Because glucocorticoids downreg-
ulate the production of numerous cytokines and are
potent inhibitors of the eosinophil infiltrate seen in
chronic allergic diseases,34 we investigated the effect of
dexamethasone on the secretion of eotaxin. Our results
indicate that the release of eotaxin from lung fibroblasts
is sensitive to the action of glucocorticoids. The inhibito-
ry effect of glucocorticoids on eotaxin release may be
relevant to their anti-inflammatory properties and their
clinical efficacy in controlling airway inflammation.

Although it is reported that bradykinin B1 receptors
have been shown to be induced in inflammation or after tis-
sue injury,28 the presence of bradykinin B1 receptor–bind-
ing sites in guinea pig trachea and lung tissue has not been
observed in healthy animals.35 However, the bradykinin B2
receptor is normally expressed in a large number of tissues,
including lung tissue.36 In this study bradykinin-induced
eotaxin release was suppressed by pretreatment with D-
Arg-[Hyp3Thi5,8, D-Phe7]-bradykinin, a selective brady-
kinin B2 receptor antagonist, but not with Des Arg9-[Leu8]-
bradykinin, a bradykinin B1 receptor antagonist.28 These
results suggest that bradykinin induces eotaxin release
from lung fibroblasts through stimulation of bradykinin B2
receptors. Consistent with these observations, previous
studies have reported that bradykinin B2 receptors are
expressed on lung fibroblasts.37,38

In conclusion, bradykinin stimulated HFL-1 cells to
release eotaxin, and the secretion is inhibited by dexa-
methasone. These findings lead to the hypothesis that
lung fibroblast–derived eotaxin may in part be responsi-
ble for the eosinophil infiltration observed in allergic dis-
ease of the airways.
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