TGF-g differentially regulates Ty2 cytokine-
induced eotaxin and eotaxin-3 release by human
airway smooth muscle cells
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Background: Human airway smooth muscle cells (HASMs) are
involved in the pathogenesis of asthma. By producing
chemokines, HASMs play a role in the inflammatory processes
observed in this disease. Eotaxin, eotaxin-2, and eotaxin-3 are
important chemoattractants for eosinophils, and these
chemokines are expressed during different phases of the
allergic reaction. Ty2 cytokines and TGF-f3 can be found in
increased levels in patients with asthma, and these cytokines
may be involved in the regulation of chemokine expression.
Objective: The aim of this study was to determine the effect of
Tx2 cytokines and TGF-3 on the regulation of expression of
eotaxin, eotaxin-2, and eotaxin-3 by HASMs.

Methods: HASMs were incubated for 24 hours with IL-4,
IL-13, TGF-$1, or combinations of these cytokines. Protein
and mRNA levels of eotaxin and eotaxin-3 were evaluated

by sandwich ELISA and reverse transcriptase-PCR.

Results: IL-4 and IL-13 induced mRNA and protein for both
eotaxin and eotaxin-3. Eotaxin-2 mRNA and protein were not
detected in HASMs. TGF-f alone did not induce expression of
the eotaxins. However, in combination with IL-4 or IL-13,
TGF- enhanced eotaxin production and inhibited Ty2
cytokine-induced eotaxin-3 production.

Conclusion: TGF-B differentially regulates Ty2 cytokine-
induced eotaxin and eotaxin-3 release. (J Allergy Clin Immunol
2004;114:791-8.)
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Human airway smooth muscle cells (HASMs) are
involved in the pathogenesis of asthma, because these
cells contribute to airway hyperresponsiveness and airway
obstruction. Furthermore, HASMs may play a role in the
inflammatory processes of this disease by producing
chemokines. This more recently recognized function of
HASMs, together with their involvement in the previously
mentioned features, implicates these cells as key players

From the Department of Pulmonology, Leiden University Medical Center.

Funded by The Netherlands Asthma Foundation (grant 00.17) and AstraZeneca
(Lund, Sweden).

Received for publication January 16, 2004; revised June 11, 2004; accepted for
publication June 15, 2004.

Auvailable online August 31, 2004.

Reprint requests: Suzanne Zuyderduyn, MSc, Department of Pulmonology,
C3-P, Leiden University Medical Center, PO Box 9600, 2300 RC Leiden,
The Netherlands. E-mail: s.zuyderduyn@lumec.nl.

0091-6749/$30.00

© 2004 American Academy of Allergy, Asthma and Immunology

doi:10.1016/j.jaci.2004.06.037

Abbreviations used
BAL: Bronchoalveolar lavage
CCL: CC chemokine ligand
HASM: Human airway smooth muscle cell
MCP: Monocyte chemoattractant protein
MMP: Matrix metalloproteinase

in asthma. Several chemokines are produced by HASMs
in vitro upon stimulation with cytokines, including
eotaxin, RANTES, monocyte chemoattractant protein
(MCP)-3, and MCP-4."2 These chemokines are involved
in the recruitment of inflammatory cells into the lung.
Eosinophilic inflammation is characteristic for atopic
asthma, and eosinophils are recruited into the lung by
eosinophil-selective chemokines such as the eotaxins.’

Eotaxin (CC chemokine ligand [CCL]11), an eosino-
phil-selective chemoattractant, was first identified in
bronchoalveolar lavage (BAL) fluid from guinea pigs
and was shown to be involved in eosinophil recruitment to
the lung.4 Later, 2 other CC chemokines with preferential
eosinophil-attracting activity were identified and named
eotaxin-2 (CCL24) and eotaxin-3 (CCL26), because they
share their function and receptor (CCR3) with eotaxin.>®
Studies in human subjects have shown that allergen
challenge induces eotaxin expression in bronchial tissue
and BAL from atopic patients with asthma and that the
production of eotaxin is associated with the early phase of
allergen-induced recruitment of eosinophils.” Other stud-
ies in atopic subjects have shown that eotaxin-2 and
eotaxin-3 may be more involved in late-phase eosinophil
recruitment.®® Injection of allergen into the skin of
sensitized atopic subjects showed early induction of
eotaxin and late induction of eotaxin-2 mRNA and
protein.® These data suggest that eotaxin-2 is involved in
late infiltration of eosinophils. In addition, another study
in atopic patients showed that eotaxin-3 mRNA levels
were increased after allergen challenge in patients with
asthma, whereas allergen challenge did not affect eotaxin
or eotaxin-2 levels, thus suggesting the involvement of
eotaxin-3 in late-phase eosinophil recruitment.’

A variety of factors known to be involved in asthma
have been shown to increase eotaxin production iz vitro in
various cell types. These include growth factors, allergens,
proinflammatory cytokines, Ty2 cytokines, and rhinovi-
rus."71%13 In epithelial cells and macrophage cell lines,
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eotaxin is induced by proinflammatory cytokines, whereas
mast cells produce eotaxin upon stimulation with stem cell
factor.'® In fibroblasts and airway smooth muscle cells,
both proinflammatory and Tyx2 cytokines can induce
eotaxin release. The regulation of the expression of
eotaxin-2 and eotaxin-3 in the lungs is largely unknown.

The Ty2 cytokines IL-4 and IL-13 are increased in BAL
fluid and lung tissue from patients with asthma when
compared with nonatopic control subjects and have been
associated with eosinophilia.14 In addition to T2 cyto-
kines, TGF-@ is also associated with increased numbers of
airway eosinophils, and TGF-B levels are higher in
patients with asthma.'>'® This cytokine has been shown
to have multiple properties: it is a modulator of in-
flammation because it has both proinflammatory and
anti-inflammatory activities, and it can act as a growth
factor. Persistent TGF-B activity may lead to tissue
fibrosis and airway remodelling.'” Recently, it has been
shown that TGF-B and IL-13 synergistically increase
eotaxin expression in human airway fibroblasts.'?
Although HASMs have been reported to produce eotaxin,
not much is known about the regulation of eotaxin,
eotaxin-2, and eotaxin-3 in HASMs. Because in vivo
studies have indicated that the different eotaxins are
involved in different phases of the allergic reaction, it is
likely that the expression of these chemokines is differ-
entially regulated. Therefore, we hypothesized that TGF-3
is involved in differential regulation of eotaxins by
HASMs. To this end, we have explored the effects of
TGF-B and Ty2 cytokines on the expression of eotaxins
by cultured HASMs.

METHODS
HASM culture

HASMs from 2 donors were purchased from Stratagene (La Jolla,
Calif). Cells were characterized and stained positive for a-smooth
muscle actin. Cells were cultured in Dulbecco modified Eagle
medium/nutrient mixture F12 (1:1; Invitrogen, Carlsbad, Calif)
containing 25 mmol/L HEPES (Invitrogen), 10% (vol/vol) FCS
(Invitrogen) supplemented with 2.5 mmol/L L-glutamine (Cambrex,
East Rutherford, NJ), 1% (vol/vol) nonessential amino acids
(Invitrogen), 50 U/mL penicillin, and 50 pg/mL streptomycin
(Cambrex). Cells were seeded at 5000/cm?, and medium was
replaced every 72 hours. Confluent cells from passages 5 to 7 were
used for experiments.

Stimulation of HASMs

Confluent cells were washed with PBS and cultured in serum-free
Dulbecco modified Eagle medium/nutrient mixture F12 containing
1% (vol/vol) insulin, transferrin, and sodium selenite liquid media
supplement (stock: insulin 5 mg/mL, transferrin 0.5 mg/mL, and
sodium selenite 0.5 pg/mL; Sigma, St. Louis, Mo) for 24 hours. After
starvation, cells were stimulated with IL-4, IL-9, IL-13 (Peprotech,
Rocky Hill, NJ), or TGF-B1 (R&D Systems, Abingdon, United
Kingdom) in the same medium.

Measurement of chemokine release

Eotaxin, eotaxin-2, and eotaxin-3 protein levels were measured in
supernatants from HASMs stimulated with IL-4, IL-9, IL-13, or TGF-
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3 by using sandwich ELISAs from R&D Systems. The detection limit
of the eotaxin and eotaxin-2 ELISA was 20 pg/mL, whereas the
detection limit for eotaxin-3 was 50 pg/mL.

Flow cytometric analysis

The expression of eotaxin in HASMs was evaluated by flow
cytometric analysis. HASMs were cultured until confluence and
serum-deprived for 24 hours before stimulation. Cells were stimulated
with IL-4, and 1 pg/mL brefeldin A (Sigma) was added in the last 4
hours of the stimulation period to accumulate proteins in the Golgi
apparatus. Cells were harvested and fixed with 4% paraformaldehyde
(Merck, Darmstadt, Germany). After fixation, cells were permeabi-
lized for 10 minutes with 0.1% (wt/vol) saponin (Riedel de Haén,
Seelze, Germany) to allow detection of intracellular antigens. All
subsequent staining steps were performed in the presence of 0.1%
saponin. After permeabilization, cells were incubated for 30 minutes
at 4°C with 50 pL of monoclonal anti-eotaxin antibody (clone
43911.11; R&D Systems) or a monoclonal anti—eotaxin-3 antibody
(clone 115002; R&D Systems). After incubation, cells were washed
with wash buffer (PBS/0.5% [wt/vol] BSA/0.2% [wt/vol] sodium
azide/0.1% [wt/vol] saponin) and incubated with fluorescein iso-
thiocyanate—conjugated goat anti-mouse IgG antibody (Southern
Biotechnology Associates, Birmingham, Ala) for 30 minutes at
4°C. Cells were washed and resuspended in wash buffer. In each
experiment, parallel stainings with an isotype-matched control
antibody (mouse IgG1, Dako, Glostrup, Denmark) were performed
as a control for nonspecific Ig binding. Cells were analyzed with
a FACScalibur (Becton Dickinson, Franklin Lakes, NJ) by using
Cellquest Pro software.

Isolation of RNA and PCR

After stimulation, RNA was isolated by using the Qiagen RNeasy
Minikit (Qiagen, Valencia, Calif). The RNA concentration and purity
were assessed with optical density measurements. Reverse transcrip-
tase-PCR was performed to detect eotaxin or eotaxin-3 mRNA
expression in cultured HASMs. Reverse transcription of 2 pg of total
RNA was performed by using 200 U of Moloney murine leukemia
virus reverse transcriptase (Invitrogen); 1.25 mmol/L of deoxyade-
nosine triphosphate, deoxycytidine triphosphate, deoxyguanosine
triphosphate, and deoxythymidine triphosphate (Invitrogen); 0.5 pg
of oligo(dT);,.1g primer (Invitrogen); 10 mmol/L dithiothreitol; 50
mmol/L Tris-HCI (pH 8.3); 75 mmol/L KCI; and 3.0 mmol/L MgCl,
in a total volume of 20 wL. The mix was incubated at 37°C for 1 hour.
PCR was performed with 2 pmol of forward and reverse primers
(Invitrogen); deoxyadenosine triphosphate, deoxycytidine triphos-
phate, deoxyguanosine triphosphate, and deoxythymidine triphos-
phate at a final concentration of 0.2 mmol/L; 1 U of Taq polymerase
(Promega, Madison, Wis); 50 mmol/L KCI; 10 mmol/L Tris-HCI (pH
9.0 at 25°C); 0.1% (vol/vol) Triton X-100; and 2 or 2.5 mmol/L
MgCl, in a final volume of 25 pL. Primers for eotaxin, eotaxin-3, and
B-actin are specified in Table I. Amplification of -actin was used as
a reference.

PCR was performed at 95°C for an initial 10 minutes followed by
30 (eotaxin) or 25 (eotaxin-3 and -actin) cycles of denaturation at
95°C for 45 seconds, annealing at 57°C for 45 seconds, and extension
at 72°C for 60 seconds. Final extension was performed at 72°C for 10
minutes. PCR products were visualized by electrophoresis on a 1.5%
agarose gel containing ethidium bromide as a fluorescent dye and
subsequent ultraviolet luminescence.

Quantitative real-time PCR

Quantitative real-time PCR was performed on an iCycler PCR
machine (Bio-Rad, Hercules, Calif) by using SYBR Green I
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TABLE I. PCR primer sequences
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Name Sequence Product size (base pairs) MgCl, (mmol/L)
Eotaxin F: 5'-CCTTCAGCGACTAGAGAGC-3’ 209 2
R: 5'-ACACTCAGGCTCTGGTTTGG-3'
Eotaxin-3 F: 5'-GCCTGATTTGCAGCATCATGATGG-3’ 290 2.5
R: 5'-CGGATGACAATTCAGCTGAGTCAC-3’
B-Actin F: 5'-CTACAATGAGCTGCGTGTGG-3’ 528 2
5

"-AAGGAAGGCTGGAAGAGTGC-3’

F, Forward primer; R, reverse primer

TABLE Il. Primer sequences for quantitative real-time PCR

Name Sequence Product size (base pairs) MgCl, (mmol/L)
Eotaxin F: 5'-GAAACCACCACCTCTCACG-3’ 190 3
R: 5'-GCTCTCTAGTCGCTGAAGGG-3’
Eotaxin-3 F: 5'-ATATCCAAGACCTGCTGCTTC-3’ 152 3
R: 5'-TTTTTCCTTGGATGGGTACAG-3’
B-Actin F: 5'-TGCGTGACATTAAGGAGAAG-3' 213 3
R: 5'-TGAAGGTAGTTTCGTGGATG-3’

F, Forward primer; R, reverse primer.

chemistry and the primers specified in Table II. Samples were
analyzed in triplicate, and threshold cycles were calculated by using
iCycler version 3.0a analysis software (Bio-Rad). Threshold cycles
were used to calculate arbitrary mRNA concentrations by using the
relative standard curve method. The standard curve was constructed
by using serial dilutions of cDNA containing message for eotaxin
and eotaxin-3. Relative mRNA concentrations for eotaxin, eotaxin-3,
B-actin, and glyceraldehyde phosphate dehydrogenase (GAPDH)
were determined and used to calculate the expression ratios.

Statistical analysis

Statistical analysis was performed with a paired-samples ¢ test.
Differences were considered significant when P values were smaller
than .05.

RESULTS

Cytokine-induced eotaxin and eotaxin-3
release

To study the effect of T2 cytokines on the release of
eotaxins by HASMs, serum-starved confluent monolayers
were incubated with IL-4, IL-13, and IL-9 in serum-free
medium. The Ty2 cytokines IL-4 and IL-13 induced
eotaxin and eotaxin-3 release by HASMs in a dose-
dependent manner (Fig 1, A and B). IL-4 induced eotaxin
release at low concentrations, whereas IL-13 was less
potent in inducing eotaxin release. Eotaxin-3 release,
however, was induced at low concentrations of both IL-4
and IL-13. Control-treated cells did not release eotaxin or
eotaxin-3. In contrast to IL-4 and IL-13, the other Ty2
cytokine, IL-9, did not induce eotaxin or eotaxin-3 release
from HASMs. Eotaxin-2 was not released by HASMs.
Flow cytometric analysis revealed one population of
cells expressing eotaxin and eotaxin-3, indicating that
the production of eotaxin and eotaxin-3 was not the

result of contaminating fibroblasts in the HASM culture
(Fig 1, C).

Cytokine-induced eotaxin and eotaxin-3
mRNA

IL-4 (20 ng/mL) and IL-13 (20 ng/mL) induced eotaxin
and eotaxin-3 mRNA expression in HASMs (Fig 2). In
line with the protein data, IL-9 did not induce eotaxin or
eotaxin-3 mRNA expression.

TGF-B and Ty2 cytokines

To study the effect of TGF-f on IL-4—induced and IL-
13-induced eotaxin and eotaxin-3 release, cells were
incubated with the Ty2 cytokines in combination with
TGF-B. A recent study by Wenzel et al'> showed that
a low concentration of TGF-3 (0.5 ng/mL) synergistically
enhanced IL-13-induced eotaxin release by primary
human airway fibroblasts, whereas TGF-3 alone did not
induce release of eotaxin. In our study, HASMs were
stimulated with 0.5 ng/mL TGF-1, 10 ng/mL IL-4, and
30 ng/mL IL-13 or combinations thereof for 24 hours.
Stimulation with the combination of TGF-3 and a Ty2
cytokine resulted in an enhanced release of eotaxin by
HASMs (Fig 3, A). Both IL-4—induced and IL-13-induced
eotaxin-3 release, however, was inhibited by TGF-f3
(Fig 3, B).

Eotaxin and eotaxin-3 mRNA expression by HASMs
from 2 donors was assessed by quantitative real-time PCR,
and results were normalized to 3-actin expression (Fig 4).
For comparison, mRNA expression normalized to
GAPDH showed the same results (data not shown). In
line with the protein data, IL-4—induced eotaxin mRNA
expression was enhanced by TGF-[3, whereas eotaxin-3
mRNA expression was inhibited. These effects were seen
only at 20 hours; at the earlier time points, mRNA
expression for eotaxin and eotaxin-3 was low.
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FIG 1. Effect of T2 cytokines on eotaxin (A) and eotaxin-3 (B) release by HASMs. HASMs were stimulated with
IL-4 or IL-13 for 24 hours. Results are mean + SEM of 4 separate experiments, each performed in triplicate,
with cells from 2 donors. *P < .05 compared with medium-treated cells. Flow cytometric analysis of HASMs
stimulated for 24 hours with medium or 20 ng/mL IL-4 in the presence of brefeldin A (C).
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FIG 2. A, Representative eotaxin and eotaxin-3 PCR from 1 donor of HASMs. HASMs were stimulated for 6
hours with medium alone or with 20 ng/mL of IL-4 or IL-13. B, Eotaxin and eotaxin-3 mRNA levels were
quantified by scanning densitometry and corrected for B-actin in the same samples. Similar results were
obtained in another experiment with cells from a different donor.

DISCUSSION

In this study we have shown that HASMs produce
eotaxin and eotaxin-3 upon stimulation with the Ty2
cytokines IL-4 and IL-13. HASMs did not release eotaxin-
2 protein upon stimulation with the Ty2 cytokines 1L-4
and IL-13. A low concentration (0.5 ng/mL) of TGF-33

increased IL-4—induced and IL-13—induced eotaxin re-
lease, whereas it decreased the release of eotaxin-3. At the
same concentration, TGF-3 alone altered neither eotaxin
nor eotaxin-3 release.

We have shown for the first time that IL-4 and IL-13
induce both mRNA expression and release of eotaxin-3 in
HASMs. Eotaxin-3 mRNA has been shown to be in-
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FIG 3. Modulation of T2 cytokine-induced eotaxin (A) and eotaxin-3 (B) release by TGF-g. HASMs from 2
donors were stimulated with IL-4 (10 ng/mL), IL-13 (30 ng/mL), TGF-31 (0.5 ng/mL), or combinations of these
cytokines for 24 hours. Data are mean = SEM of 6 separate experiments, each performed in triplicate, with
cells from 2 donors. *P < .05.
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FIG 4. Effect of TGF-B8 on IL-4-induced and IL-13-induced eotaxin and eotaxin-3 mRNA expression. HASMs
from 2 donors were stimulated for 3, 6, or 20 hours with medium alone, IL-4 (10 ng/mL), TGF-B1 (0.5 ng/mL), or
the combination of both cytokines, and quantitative real-time PCR was performed.

creased by IL-4 and IL-13 in in vitro studies with cell types previously.?>?! Eotaxin-2 protein was not detected in
other than HASMs, such as human dermal fibroblasts, supernatants of HASMs. Studies with bronchial biopsies
airway epithelial cells, and vascular endothelial have shown that patients with asthma have more eotaxin-2
cells.>'®'” The ability of IL-4 and IL-13 to increase mRNA-—positive cells in their mucosa and that epithelial
production of eotaxin by HASMs has been reported cells and CD68" macrophages are the main source of
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eotaxin-2.%*> To our knowledge, no reports on eotaxin-2
expression by HASMs have been published.

The effect of TGF-f on eotaxin release has been studied
in primary human airway fibroblasts from the third- to
fifth-order subcarinas by Wenzel et al." In these cells, IL-
13—induced eotaxin release was synergistically enhanced
by TGF-B at both the protein and mRNA levels. The
authors suggest that the synergistic increase in mRNA
resulted from increased transcription or from increased
stabilization of the mRNA. Although we did not find
a synergistic increase in Ty2 cytokine-induced eotaxin
release, our findings on the modulation of Ty2 cytokine-
induced eotaxin release by TGF-3 are in concordance with
this study.

We have used well-characterized airway smooth mus-
cle cell cultures from a commercial source (Stratagene),
which stained positive for a-smooth muscle actin. Studies
with airway smooth muscle cells from other sources have
shown that these cells respond to IL-4 and IL-13 in the
same manner.”>?! In addition, we believe that we
excluded the possibility that our cell culture was contam-
inated with fibroblasts that would contribute to the
observed eotaxin release, because flow cytometry showed
that a single cell population was responsible for the
production of eotaxin and eotaxin-3.

The mechanism by which TGF-3 enhances eotaxin
expression and inhibits eotaxin-3 expression is unknown.
Eotaxin and eotaxin-3 are structurally different, and their
genes are located on different chromosomes. The gene
encoding for eotaxin lies on chromosome 17q11.2,
whereas the genes for eotaxin-2 and eotaxin-3 are located
on chromosome 7q11.2. The promotors for these genes
have been partially characterized. The eotaxin promotor
contains binding sites for many transcription factors,
including Sp1, NF-kB, AP-1, CEBP, and STAT6.>*%> A
binding site for STAT6 was also found in the eotaxin-3
promotor.19 Binding of IL-4 or IL-13 to the IL-4 receptor
leads to activation of STAT6, which can bind to specific
sequences in promotor regions of the eotaxin and eotaxin-
3 gene, thus explaining the observed stimulatory effect of
these T2 cytokines on expression of both eotaxin and
eotaxin-3. The differential effect of TGF-B on Ty2
cytokine-mediated eotaxin and eotaxin-3 expression
may be explained by a differential effect on the activity
of the eotaxin and eotaxin-3 promotor. In most promotors,
binding sites for coactivators and repressors can be found.
One possible explanation for our findings is that TGF-3
may induce a repressor that binds to the eotaxin-3
promotor and inhibits STAT6-induced transcription,
whereas this repressor does not bind to the eotaxin
promotor. We have found that both IL-4—induced eotaxin
protein and mRNA levels are enhanced by TGF-f3,
whereas eotaxin-3 protein and mRNA levels are inhibited.
Therefore, TGF- probably exerts at least part of its
modulating effect at the transcriptional level.

Posttranscriptional mechanisms may also play a role in
the differential regulation of eotaxin and eotaxin-3. TGF-
B has been shown to increase the stability of elastin
mRNA by pathways dependent on SMAD, p38, and
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protein kinase C.*° TGF-B was found to induce the
transcription of a product that binds to elastin mRNA
and stabilizes it. Studies on eotaxin gene expression have
shown that RNA-binding proteins, such as HuR, may
regulate the increased stabilization of eotaxin mRNA,
which contributes to the increase in eotaxin expression
seen in cytokine-treated airway epithelial cells.?” An
alternative posttranscriptional mechanism involved in
the observed TGF-B—mediated suppression of eotaxin-3
release is proteolytic degradation of eotaxin-3. Matrix
metalloproteinases (MMPs) have been shown to cleave
a variety of chemokines. MMP-2 (gelatinase A) has been
shown to cleave MCP-3, whereas MCP-1, MCP-2, and
MCP-4 are cleaved by MMP-1 (collagenase-1) and MMP-
3 (stromelysin).28 As eotaxin and eotaxin-3 differ struc-
turally, they may be susceptible to cleavage by different
MMPs. Because eotaxin is structurally more closely
related to the MCPs than to eotaxin-3, it may be cleaved
by the same enzymes that cleave MCPs: MMP-3 and
MMP-1. MMP-9 (gelatinase B) has been shown to be
present in the extracellular matrix of bronchial biopsy
samples from patients with asthma. This MMP can cleave
different matrix proteins, including collagens, fibronectin,
and laminin. In addition, MMP-9 can cleave the CXC
chemokines stromal cell-derived factor (SDF) and
growth-regulated oncogene o. Eotaxin-3 may be more
sensitive to MMP-9 than eotaxin, which would account
for the reduction in eotaxin-3 protein after stimulation
with T2 cytokines and TGF-B. Although both TGF-$
and IL-13 have been shown to induce MMP-9 production
in keratinocytes, it is unknown how the production of
MMPs by HASMs is regulated by these cytokines.?**
The reduction of eotaxin-3 levels after stimulation with
the combination of these cytokines may be caused by the
induction of MMP-9 or other MMPs and may lead to the
resolution of the eotaxin-3 gradient. This in turn may
result in less recruitment of new eosinophils into the lung
tissue and could result in resolution of chronic eosino-
philia. In addition, the reduction of the concentration of
stromal chemoattractant may lead to a gradient of chemo-
kine toward the epithelium, resulting in clearance of
inflammatory cells into the lumen.*!?

The differential regulation of eotaxin and eotaxin-3 by
TGF-B implies that the eotaxins may differ in function.
The receptor for the eotaxins, CCR3, is present on
inflammatory cells such as eosinophils, basophils, mast
cells, T cells, and dendritic cells.>**’ In addition, CCR3
can be found on airway resident cells such as epithelial
cells.*®* We have found expression of CCR3 on
HASMs.* The finding of CCR3 on airway resident cells
suggests that the ligands for CCR3 may not only function
as chemokines for inflammatory cells. Stimulation of
airway epithelial cells with eotaxin induced IL-8 and
GM-CSF production, which was inhibited by a CCR3
antagonist.41 We speculate that eotaxin may affect
HASMs in an autocrine manner by binding to CCR3.
The increase in T2 cytokine-induced eotaxin by TGF-f3
may result in direct effects on HASMs instead of leading
to a new influx of eosinophils.
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Although it has been shown that all eotaxins can
induce chemotaxis of eosinophils, contradictory results
have been found on the relative potency of the selected
eotaxins.>**** Their location on different chromo-
somes and low sequence homology, together with the
differential regulation of these chemokines in HASMs,
suggests that the eotaxins have different functions and
are not redundant.

The inflammatory process in asthma is an intricate
network of cytokines, growth factors, chemokines, and
inflammatory cells. T2 cytokines induce recruitment of
eosinophils by production of chemokines. It is interesting
to note that eosinophils themselves may regulate their
recruitment by altering the production of eotaxin and
eotaxin-3 as they release TGF-3. Regulatory T cells are
another important source of TGF-f3. These cells have been
shown to reduce airway inflammation and airway hyper-
responsiveness.** Our findings implicate TGF- as an
important cytokine for fine-tuning the inflammatory pro-
cess.

In summary, this study shows that HASMs produce
eotaxin and eotaxin-3 upon stimulation, whereas eotaxin-
2 is not induced. Furthermore, our study demonstrates that
Ty2 cytokine-induced eotaxin and eotaxin-3 expression
by HASMs is differentially regulated by TGF-3. TGF-f3
may dampen the inflammatory response by reducing
eotaxin-3 levels, thereby resolving chronic eosinophilia.
The increase of T2 cytokine-induced eotaxin expression
by TGF- may lead to an increased influx of eosinophils
but may also lead to effects on airway smooth muscle
itself. Our data support the dual function of TGF-f in
inflammation, because we have shown that TGF-f3 has
both anti-inflammatory and proinflammatory functions.
The finding of production of different eotaxins by HASMs
further implicates these cells as important regulators in the
pathogenesis of asthma.

We thank Wanda G. H. Han for excellent technical support and
Joost B. Vos for help with quantitative real-time PCR.
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