type of basophil-activating substance, and it potentiates
the cellular activation profiles induced by IgE-cross-link-
age or other stimuli [9, 10]. Our present results revealed
a curious situation for regulation of basophil CD69 ex-
pression: IL-3 is a central inducer of CD69 expression,
while antigen is an enhancing factor acting on basophils
cooperatively with IL-3. Interestingly, very low doses of
antigen or CRA-1 mAb maximally enhanced basophil
CD69 expression in the presence of IL-3; such concentra-
tions of antigen or CRA-1 mAb correspond to threshold
or subthreshold doses for triggering degranulation of ba-
sophils.

The results of our present study bring to light a new
aspect of IgE and FceRI-dependent events occurring in
basophils. Recently, we demonstrated that similarly low
concentrations of CRA-1 mAb (1 ng/ml) significantly en-
hance basophil migration towards eotaxin [11]. And a
previous study by Bochner et al. [12] demonstrated that
threshold doses of IgE-cross-linking stimuli can enhance
CD11b expression on basophils. However, IgE-dependent
weak stimulation does not affect all events in basophils;
our preliminary experiments using pure basophils indi-
cate that threshold doses of CRA-1 mAb do not suppress

References

apoptosis or enhance the anti-apoptotic effect of IL-3
[13]. These results suggest that antigens may influence
some, if not all, basophil functions even when the levels
of the antigens are too low to provoke direct degranula-
tion (fig. 3). The findings of the present study and our
previous report collectively suggest that upregulated
CD69 expression on locally accumulated basophils in
bronchial asthma may be attributed at least in part to a
combination of local cytokines, especially IL-3, plus IgE-
cross-linking allergens. It thus may be important to elu-
cidate the delicate actions of low-dose allergens on baso-
phils, and probably on mast cells as well, in order to fully
understand the pathogenesis of chronic asthma associ-
ated with continual exposure to low levels of environ-
mental allergens.

Acknowledgements

We thank Dr. Koichi Hirai for helpful discussions, and Ms.
Chise Tamura for her excellent technical assistance. This work
was supported by grants-in-aid from the Ministry of Health, La-
bor and Welfare of Japan, and a Long-range Research Initiative
(LRI) grant from the Japan Chemical Industry Association.

Ishizaka T, Ishizaka K: Activation of mast
cells for mediator release through IgE recep-
tors. Prog Allergy 1984;34:188-235.
Koshino T, Teshima S, Fukushima N, Takai-
shi T, Hirai K, Miyamoto Y, Arai Y, Sano Y,
Ito K, Morita Y: Identification of basophils
by immunohistochemistry in the airways of
post-mortem cases of fatal asthma. Clin Exp
Allergy 1993;23:919-925.

Kepley CL, McFeeley PJ, Oliver JM, Lips-
comb MF: Immunohistochemical detection
of human basophils in postmortem cases of
fatal asthma. Am ] Respir Crit Care Med
2001;164:1053-1058.

Naclerio RM, Proud D, Togias AG, Adkinson
NF Jr, Meyers DA, Kagey-Sobotka A, Plaut
M, Norman PS, Lichtenstein LM: Inflamma-
tory mediators in late antigen-induced rhini-
tis. N Engl ] Med 1985;313:65-70.

IgE-Mediated Regulation of Basophil
CD69 Expression

=)}

~}

0

Charlesworth EN, Hood AF, Soter NA, 10 Yoshimura-Uchiyama C, YamaguchiM, Na-
Kagey-Sobotka A, Norman PS, Lichtenstein gase H, Fujisawa T, Ra C, Matsushima K,
LM: Cutaneous late-phase response to aller- Iwata T, Igarashi T, Yamamoto K, Hirai K:
gen: mediator release and inflammatory cell Comparative effects of basophil-directed
infiltration. J Clin Invest 1989;83:1519- growth factors. Biochem Biophys Res Com-
1526. mun 2003;302:201-206.
Bochner BS: Systemic activation of basophils 11 Suzukawa M, Hirai K, likura M, Nagase H,
and eosinophils: markers and consequences. Komiya A, Yoshimura-Uchiyama C, Yama-
] Allergy Clin Immunol 2000;106:5292- da H, Ra C, Ohta K, Yamamoto K, Yamagu-
$302. chi M: IgE- and FceRI-mediated migration
Yoshimura C, Yamaguchi M, likura M, Izu- of human basophils. Int Immunol 2005;17:
mi S, Kudo K, Nagase H, Ishii A, Walls AF, 1249-1255.
RaC, Iwata T, Igarashi T, Yamamoto K,Hirai 12 Bochner BS, Sterbinsky SA: Altered surface
K: Activation markers of human basophils: expression of CD11 and Leu 8 during human
CD69 expression is strongly and preferen- basophil degranulation. ] Immunol 1991;
tially induced by IL-3. ] Allergy Clin Immu- 146:2367-2373.
nol 2002;109:817-823. 13 YamaguchiM, HiraiK, Morita Y, Takaishi T,
Costa JJ, Weller PF, Galli SJ: The cells of the Ohta K, Suzuki S, Motoyoshi K, Kawanami
allergic response: mast cells, basophils, and O, Ito K: Hemopoietic growth factors regu-
eosinophils. JAMA 1997;278:1815-1822. late the survival of human basophils in vitro.
Hirai K, Miyamasu M, Takaishi T, Morita Y: - Int Arch Allergy Immunol 1992;97:322-
Regulation of the function of eosinophils 329.
and basophils. Crit Rev Immunol 1997;17:
325-352.

Int Arch Allergy Immunol 59

2007;143(suppl 1):56-59

— 102 -



Allergology International. 2007;56:241-247
DOI: 10.2332/allergolint.0-06-456

ORIGINAL ARTICLE s

Effect of Procaterol, a B. Selective
Adrenergic Receptor Agonist, on
Airway Inflammation and
Hyperresponsiveness
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Junichi Nakano!, Koichi Yamamura!, Tomoko Yano!, Hisanao Yoshihara! and Ken Ohta!

ABSTRACT

Background: B-agonists are frequently used as bronchodilators for asthma as not only a reliever but also a
controller, and their utility has increased with the development of long-acting B2 selective drugs. Although anti-
inflammatory effects of P2 selective-agonists have been reported in vitro, side effects on augmentation of air-
way hyperresponsiveness by chronic use of B2 selective-agonists have been described in several reports. In
this study, we investigated the effects of procaterol, a second-generation B2-agonist, on airway inflammation in
vivo using an antigen-specific murine model of asthma.

Methods: Mice immunized with ovalbumin (OVA) + alum and challenged with inhaled ovalbumin were orally
administered procaterol during the challenge. After inhalation, the mice were tracheostomized and placed in a
body box under controlled ventilation to measure airway resistance before and after acetylcholine inhalation.
Results: Administration of procaterol at a clinical dose equivalent did not augment airway hyperresponsive-
ness, inflammation of the airway wall, or subsequent airway wall thickening induced by OVA inhalation. BALF
cell analysis revealed that the eosinophil number in the BALF was significantly reduced in procaterol-treated
mice compared to untreated mice.

Conclusions: Oral administration of procaterol at a clinical dose did not augment airway responsiveness, but

did reduce eosinophil inflammation.

KEY WORDS

airway hyperresponsiveness, allergic inflammation, eosinophil, murine model, B2 adrenergic receptor agonist

INTRODUCTION

Currently, the main target of asthma therapies is
chronic airway inflammation.13 The steroid inhaler
has become a basic long-term therapy for manage-
ment of chronic airway inflammation.4 For combina-
tion therapy, steroid inhalers have been supple-
mented with long-acting Bz agonists, theophylline, or
leukotriene receptor agonists.5? Clinically, it has
been observed that addition of B2 selective-agonists is
more effective than doubling the dose of steroid in-
haler.4810

Studies in wvitro have demonstrated that B2

selective-agonists possess anti-inflammatory effects.
B2 selective-agonists increase cyclic AMP levels,
which in turn inhibit mast cell and eosinophil de-
granulation, induction of apoptosis, and cytokine pro-
duction.11-16 In contrast, human studies as well as in
vivo studies have shown that chronic use of B2 ago-
nists worsen airway hyperresponsiveness.171? The
anti-inflamma-tory effects of salmeterol, a new long-
acting B2 agonist, have been intensively studied.11.2¢-
22 Salmeterol shows superior anti-inflammatory activi-
ties over salbutamol,23 and in addition it possesses
synergistic effects with steroids.2426 However, there
are contradictory data regarding the anti-
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inflammatory effects and the synergistic effects of sal-
meterol.27-29 In this study, we investigated the in vivo
effects of a clinical dose of procaterol on airway in-
flammation as well as on airway hyperresponsive-
ness. Procaterol is Bz-selective full agonist that is
used as a rescue from asthmatic attack when inhaled
and as a controller when taken orally. We found that
a clinical oral dose of procaterol did not augment air-
way responsiveness. Rather, procaterol exhibited a
tendency to reduce eosinophil infiltration.

METHODS

MEASUREMENT OF SERUM PROCATEROL
CONCENTRATIONS

All mice were orally administered procaterol (Otsuka
Pharmaceutical Co. Ltd, Tokyo, Japan) dissolved in
distilled water at doses of 0.1, 1, or 10 mg/kg in a vol-
ume of 10 mL/kg. At 1 hour and 6 hours after admini-
stration, a venous blood sample was collected from
the large abdominal vein of mice anesthetized with
ether. The blood was transferred to a sample tube
and centrifuged at 3000 rpm for 30 minutes, and the
serum was frozen until analysis by liquid
chromatography-tandem mass spectrometry. Each
sample comprised sera obtained from 5 mice.

TREATMENT OF MICE

Specific pathogen-free male A/J mice (10-12 weeks
old) with native airway hyperresponsiveness to ace-
tylcholine (ACh)30.3t were purchased from SLC (Shi-
zuoka, Japan). Mice were bred in the animal facilities
of Teikyo University School of Medicine under Spe-
cific Pathogen-Free (SPF) conditions. Care and use of
the animals followed the guidelines of the “Principles
of Laboratory Animal Care” formulated by the Na-
tional Society for Medical Research.

The mice were initially immunized four times with
10 nyg OVA + 2 mg alum on days 0, 28, 35, and 49.
ELISA titers of OVA-specific IgE were significantly
elevated after the immunizations as previously re-
ported.32 After immunization, the mice were divided
into four groups for administration of inhaled chal-
lenge from day 49 to day 63 (inhalation of 20 mg/ml
OVA for 10 minutes every other day, total 7 times):
(1) 09 M NaCl, 2) OVA, 3) OVA + procaterol
(orally) (4) OVA + dexamethasone (1 mg/kg, intrape-
ritoneally). Procaterol in distilled water and dex-
amethasone was dissolved in saline and saline only
was administered as a control. Procaterol and dex-
amethasone were administered once a day, at 1 hour
before each OVA inhalation. Four to six mice were
used in each group for one experiment.

ASSESSMENT OF AIRWAY RESPONSIVENESS

Twenty-four hours after the final OVA inhalation, air-
way responsiveness was analyzed. The mice were
anesthetized with pentobarbital and were tra-
cheostomized. The animals were connected to a Har-
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vard ventilator with 0.25 ml tidal volume and a respi-
ratory frequency of 120/minute, as previously re-
ported,33 after which they were given an injection of
pancuronium bromide. Airway resistance (Raw) was
measured using a whole-body plethysmograph
(Buxco Electronics, Inc., Troy, NY). ACh was admin-
istered by ultra-nebulization for 3 minutes. Data were
expressed as [(Raw after inhalation of ACh/Raw be-
fore inhalation) x100 (%) ].

BALF CELL ANALYSIS AND HISTOLLOGICAL EX-
AMINATION

BALF was obtained from selected mice by intubating
and washing the lungs with 1 ml of saline until the
recovered fluid reached 5 ml. BALF was centrifuged
at 1500 rpm for 10 minutes at 4°C. Pellets were dis-
solved in 1 ml PBS and the number of the cells was
counted. Cytospin specimen was obtained by rotating
at 640 rpm for 2 minutes. Then, the cells were stained
with Diff Quik (International Reagents Corporation)
and the cell differentiation counts were examined by
microscope.

The lungs were fully inflated using 10 cm H20
pressure and fixed with 20% formaldehyde for
hematoxylin-eosin (HE) and elastica van Gieson
(EVG) staining.

ANALYSIS OF MRNA EXPRESSION

Lungs of mice were frozen in liquid nitrogen immedi-
ately after harvest and were used for RNA extraction.
Each lung tissue was moved quickly into 1 ml ISO-
GEN (Nippon Gene Co., Ltd., Tokyo, Japan). Lung
tissue was homogenized and total RNA was ex-
tracted, using a modified acid guanidium-phenol-
chloroform method. To synthesize cDNA, 5 pg of to-
tal RNA was incubated with 5 mM MgCl2, 1 mM
dNTP mixture, 0.25 U reverse transcriptase, 1 U RNase
inhibitor, and 0.125 uM oligo (dT) (Takara Biochemi-
cals, Tokyo, Japan). Amplification cycles were 42C
for 15 minutes, 99C for 5 minutes, and then 5C for 5
minutes using a GeneAmp PCR system 9700 (Applied
Biosystems, Foster City, CA, USA).

The mRNA levels of cytokines were quantified by
real-time polymerase chain reaction (PCR) using the
Light Cycler-Fast Start DNA Master SYBR Green 1
kit (Roche Diagnostics, Mannheim, Germany) for
amplification of cDNA. The reaction was undertaken
in 20 ul, containing 3 mM MgCI2, 1 uM primers,
FastStart Taq DNA polymerase, dNTP mix and SYBR
Green I (Light Cycler-Fast Start DNA Master SYBR
Greenl kit, Roche Diagnostics). Quantification was
performed with a standard curve obtained using 5 di-
lutions of cDNA. Results are shown as ratios of the
level of mRNAs standardized to the level of B-actin
mRNA. The primers used were as follows: B-actin 5-
CCTGTATGCCTCTGGTCGTA-3' 5-CCATCTCCTG-
CTCGAAGTCT-3’ 260bp, IL-13 5-GAGGAGCTGAG-
CAACATCAC-3 5-GCAATATCCTCTGGGTCCTG-3’
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Table 1 Serum Procaterol Concentrations in A/J Strain
Mice

Serum Concentrations of Procaterol

Dose of (ng/mL)
Procaterol 1 hour after 6 hours after
administration administration
0.1 mg/kg 0.212 0.032
1 mg/kg 3.272 0.557
10 mg/kg 23.861 4.098

Each value is the mean of 2 samples. Each sample com-
prised serum obtained from 5 animals.

157bp, eotaxin 5“TCCCCAACACACTACTGAAG-3’ 5~
AGGCTCTGGGTTAGTGTCAA-3’ 217bp, TGF-B1 5™
AACAACGCCATCTATGAG-3, 5-ATTCCGTCTCCT-
TGGTT-3’ 294bp.

STATISTICAL ANALYSIS

Data were statistically analyzed by Student’s ttest
and ANOVA. Statistical significance was accepted at p
< 0.05.

RESULTS

INFLUENCE OF PROCATEROL ON AIRWAY HY-
PERRESPONSIVENESS

First, we tried to set the concentration of procaterol
at a clinical dose. A single clinical dose of procaterol
in humans reaches 0.2 ng/mL of serum level.3435 We
found that oral administration of 0.1 mg/kg pro-
caterol reached the human effective serum concen-
tration (Table 1). Next, we examined whether con-
tinuous treatment with procaterol (0.1 mg/kg) aug-
ments airway responsiveness. The dose response
curve was examined using three different mice in
each group as shown in Figure 1A. OVA inhalation
significantly increased airway responsiveness after
2.5 mg and 5 mg ACh inhalation (¢ < 0.05). Treat-
ment with procaterol before OVA inhalation did not
augment airway responsiveness under these condi-
tions (Figs. 1A, B). Because we examined airway hy-
perresponsiveness 25 hours after the final procaterol
administration, the direct effect of bronchodilation by
procaterol was negligible. We hypothesize that the
slight decrease in airway response by procaterol is at-
tributable to its influence on airway inflammation.

EFFECT OF PROCATEROL ON AIRWAY IN-
FLAMMATION

Next, we examined the influence of procaterol on air-
way inflammation. BALF cell analysis was performed
24 hours after the final inhalation of OVA. The total
number of cells in BALF was significantly increased
in OVA-treated groups compared with the non-
treated groups (p < 0.01). Macrophages were domi-
nant in non-treated groups. In contrast, an increase in
eosinophils was prominent in OVA-treated groups (p

Allergology International Vol 56, No3, 2007 www.jsaweb.jp/
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Fig. 1 Airway Responsiveness. Bronchoconstriction in-
duced with ACh inhalation. ACh 1.25, 2.5 5 mg/ml were in-
haled for 3 minutes. Raw was measured using whole body
plethysmographs as described in the Methods. ACh-evoked
changes in Raw are expressed as a percentage of Raw ob-
served before ACh inhalation (100%). Data shown are the
mean + SEM. (A) Dose response curve. O OVA ¥ OVA +
procaterol @ control mice (B) Airway responsiveness at 2.5
mg/ml Ach.

< 0.01) (Fig. 2). A significant decrease in eosinophil
number was observed in OVA inhalation group (¢ <
0.05) (Fig. 2). We also performed histological exami-
nation with HE staining and EVG staining. Histologi-
cal analysis confirmed deceased infiltration of eosino-
phils in the submucosal area in procaterol-treated
mice (Fig. 3A). EVG staining showed that subepithe-
lial fibrosis, which represents airway remodelling, did
not worsen after procaterol treatment (Fig. 3B).
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Fig. 2 BALF Cell Analysis. Lungs were subjected to
lavage through intubations until 5 ml of BALF was obtained.
Cells present in the BALF were pelleted, resuspended in 1
mL of saline and placed on glass slides, where they were
counted and fixed by Cytospin. Slides were then stained
with Diff Quik, and cell differentiation was assessed
microscopically. Each bar indicates means + SEM of seven
mice. [ Total cells [ macrophage IR eosinophils []
lymphocytes. Similar experiments were undertaken at
least three times.
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EFFECT OF PROCATEROL ON CYTOKINE
mRNA AND PROTEIN SYNTHESIS

B2 agonists have been reported to suppress cytokine
production #n vitro. Next, we examined the effect of
procaterol on cytokine mRNA synthesis iz vivo. Fig-
ure 4 shows that procaterol itself did not significantly
reduce IL-13 and eotaxin mRNA, the products of
which mediate eosinophil-associated inflammation.
TGF-B, which is involved in airway remodelling, also
exhibited no change after procaterol administration.

DISCUSSION

B2 selective agonists function as bronchiodilators and
are used as relievers and controllers.3435 Recently, in-
haled steroids have been recognized as the most ef-
fective anti-inflammatory drugs and are the most
common choice for controlling asthma.36 A combined
therapy comprising inhaled steroids and a long acting
B2 selective agonist is recommended for controlling
asthma.25 Synergistic effects have been reported, and
in fact, the combined therapy is more effective than
doubling the dose of inhaled steroids.4810 Thus new
aspects of the usefulness in B2 selective agonists are
considered. However, the adverse effects of chronic

OA + procaterol

Fig. 3 Histological Analysis. Hematoxylin eosin (A) and Elastica van Gie-
son staining (B) were performed on paraffin-embedded sections. Lungs
were extracted and fixed overnight with intra-tracheal infusion of 10% for-
malin maintaining the airway pressure at 10 cm Hz0 lung.
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Fig. 4 Effect of Procaterol on IL-13, Eotaxin and TGF-B Gene Expression. RNA was
extracted from whole lung of OVA treated mice and mRNA expression for various
genes was determined by real-time PCR. Data are mean £ SEM of three different mice.

use by inhalation, including increases in airway hy-
perresponsiveness, have been reported.1737.38 The
short acting Bz selective agonist, salubutamol, has
been shown to worsen the airway hyperresponsive-
ness in animal model and in human studies.17-19.37-39
While the anti-inflammatory activities of salmeterol, a
long acting P2 selective agonist have been re-
ported,111323 some reports deny the effects.27.28 In
this study, we investigated the effect of procaterol, a
B2 selective full agonist, which is commonly used as
controller by oral tablet administration. We found
that clinical dose of oral procaterol did not augment
airway responsiveness and airway remodelling.
Rather, procaterol significantly reduced eosinophil in-
filtration.

Mast cells, eosinophils, and smooth muscle cells at
the site of asthmatic inflammation possess 2 recep-
tors,40 and B2 agonists have been reported to block
mast cell and eosinophil degranulation.13.14 B2 ago-
nists function by increasing the concentration of in-
tracellular cAMP,41 which result in inhibition of cy-
tokine synthesis and induction of apoptosis on
eosinophils i vitro.42 However, a report which stud-
ied spontaneous apoptosis showed that B2 agonists
and cAMP increasing reagents decrease apoptosis of
eosinophils.3 In contrast to spontaneous apoptosis, it
has been shown that cytokine mediated survival of
eosinophils is inhibited by the increase of cAMP,
through accelerated induction of apoptosis.1644 Theo-
phylline, another cAMP increasing drug, has been
shown to reduce cytokine mediated eosinophil sur-
vival, which is relevant to the iz vivo condition.4547
We can hypothesize that the iz vive effects of a de-
crease in eosinophils occurred via induction of apop-
tosis. Another possible mechanism of a decrease in
airway inflammation by procaterol is down-regulation
of adhesion. Procaterol has been proven to reduce ad-
hesion molecules in vitro studies.16:48 It was also re-

Allergology International Vol 56, No3, 2007 www.jsaweb.jp/

ported that systemic administration of tulobuterol, a
B2 selective agonist, attenuates eosinophil adhesion
to endothelial cells, which results in reduction of
eosinophil inflammation.4® Systemic but not inhala-
tional administration can modulate endothelial cells.4?
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Abstract

Rationale: We examined the mechanisms used by eosino-
phils to accumulate on I1-13- or TNF-a-stimulated human
umbilical vein endothelial cells (HUVECs) under flow condi-
tions. Methods: HUVECs were treated for 1,3,6,18 and 24 h
with IL-13 or TNF-a (1-100 ng/mli). Human eosinophils were
infused at physiologic flow rates (0.5 dyn/cm?) for 10 min,
and attached eosinophils were counted. Results: Under
these flow conditions, eosinophils accumulated efficiently
on IL-13-stimulated (109 * 18 cells/field) or TNF-a-stimulat-
ed (96 * 27 cells/field) HUVECs in a concentration-depen-
dent manner. Eosinophil accumulation on IL-13-activated
HUVECs was first observed at 3 h and reached a maximum
at 24 h. On the other hand, the levels of eosinophils accumu-
lating on TNF-a-activated HUVECs were the same at all time
points (1, 3, 6, 18 and 24 h). Anti-a4 integrin mAb inhibited
eosinophil accumulation on both IL-13- and TNF-a-activated
HUVECs. Conclusions: Eosinophil accumulation on HUVECs
under physiologic flow conditions is differentially requlated

by IL-13 and TNF-a. Copyright @ 2007 5. Karger AG, Basel

Introduction

Eosinophil recruitment during allergic inflammation
is a complex process initiated by the interaction of leuko-
cyte adhesion molecules with counterligands on vascular
endothelial cells [1]. A variety of in vitro assays have been
developed to study the key steps involved in leukocyte
recruitment. These include parallel-plate adhesion assays
performed under conditions that mimic blood flow con-
ditions, as well as those that examine leukocyte-endothe-
lial adhesion, transendothelial migration and chemotaxis
[2-4]. We examined the mechanisms used by eosinophils
to accumulate on IL-13- or TNF-a-stimulated human
umbilical vein endothelial cells (HUVECs) under flow
conditions.

Materials and Methods

Human eosinophils were isolated from EDTA-anticoagulated
venous blood of donors with mild allergic rhinitis or asthma by
Percoll density gradient centrifugation at room temperature and
removal of CD16-positive cells using immunomagnetic micro-
beads (Militenyi Biotec, Inc.) as previously described [4]. Eosino-
phil purity (based on examination of Diff-Quik-stained cytocen-
trifugation preparations) was >98% and viability (trypan blue
stain) was >99%.
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Fig. 1. Eosinophil accumulation on IL-13- or TNF-a-activated HUVECs. HUVECs were treated for 24 h with
IL-13 (a) or TNF-a (b). Human eosinophils were infused at physiologic flow rates (0.5 dyn/cm?) for 10 min and
attached eosinophils were counted (n = 4, mean * SEM).

First passage HUVECs were isolated as described [5] and
maintained in M199 with 20% fetal calf serum. For all experi-
ments, HUVECs were used 2 days after confluence. HUVECs
were incubated with 1L-13 (1-100 ng/ml, TECHNE corporation,
USA) or TNF-« (1-100 ng/ml, Incitrogen TECH-Line, USA) for
1-24 h.

The assembled parallel plate flow assay system consisted of (1)
a Plexiglas flow chamber (Glylotech, Rockville, Md., USA) with
inlet/outlet ports, a vacuum line, and silicone gasket; (2) an Olym-
pus inverted phase contrast microscope with video capacity
{Olympus, Tokyo, Japan); (3) a high-resolution CCD camera
(Olympus); (4) a black-and-white high-resolution monitor and
videocassette recorder (Sony Corp., Tokyo, Japan); (5) an infuse/
withdrawal syringe pump (Nihon Kohden, Tokyo, Japan). Before
assemblage, the flow chamber was filled with media and all air
removed from the system. The flow chamber was inserted with
the gasket in place and media placed on the flow path. A 35-mm
tissue culture plate on to which HUVECs were grown to conflu-
ence was then placed on top of the chamber and avacuum created.
Once assembled, the chamber and plate were placed on the mi-
croscope stage and flow of cells was initiated by the syringe pump
attached to the outlet port, so that cells were drawn rather than
pushed through the chamber. Eosinophils (2 x 10° cells/ml in
RPM11640 containing 1% BSA) were drawn at a constant flow of
0.5 dyn/cm? for 10 min, conditions previously shown to be opti-
mal for integrin-mediated rolling [6]. Throughout the infusion,
cells were kept at 37°C. In some experiments, eosinophils were
pre-incubated with saturating concentrations of mAb against
CD162 (PL-1, Immunotech, France), CD49d (HP2/1, Immuno-
tech), CD62L (Dreg 56, Immunotech), CD18 (7E4, Immunotech)
or an isotype control mAb for 15 min before perfusion. Interac-

34 Int Arch Allergy Immunol
2007;143(suppl 1):33-37

Fig. 2. The kinetics of eosinophil accumulation on IL-13- or TNF-
w-activated HUVECs. HUVECs were treated for 1, 3, 6, 18 and
24 h with 11-13 (100 ng/ml) or TNF-a (100 ng/ml). Human eo-
sinophils were infused and counted as in figure 1 (n =4, mean %

SEM).
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Fig. 3. Kinetics of E-selectin, P-selectin, ICAM-1 and VCAM-1 expression on IL-13- or TNF-a-activated HU-
VECs. HUVECs treated for 1,3, 6, 18 and 24 h with 100 ng/ml11-13 (a, b) or TNE-T (e, d). Expression of E-se-
lectin (@), P-selectin (O), ICAM-1 (A) and VCAM-1 (M) was examined by flow cytometry (n = 7, mean +

SEM).

tion between eosinophils and HUVECs were visualized in real
time with video microscopy. Images were digitized from the vid-
eotape recorder and the number of adherent cells that accumu-
lated for 20 s at 2-min intervals was determined by visual counts
of the videotapes.

Expression of adhesion molecules on HUVECs was tested by
indirect immunofluoresence and flow cytometry as previously
reported [7]. The first passages of HUVECs were incubated with
I1-13 (100 ng/ml) or TNF-« (100 ng/ml) for 1,3, 6, 18 and 24 h at
37°C. HUVECs were washed with PBS and incubated 0.05% tryp-
sin-EDTA-PBS for 5 min and loosened cells dislodged using cell
scraper (BD Falcon, USA). Then HUVECs were incubated for 30

1L-13 or TNF-« Induce Eosinophil
Adhesion

min at 4°C in PBS solution containing 0.2% BSA (Sigma) and
4 mg/ml human IgG1 (Sigma) with saturating concentrations of
mAb against P-selectin, E-selectin, ICAM-1, VCAM-1 or equiva-
lent concentration of irrelevant IgG control mAb. Cells were
washed and incubated with PE-conjugated F(ab’)2 goat anti-
mouse IgG Ab (Biosource, Camarillo, Calif,, USA) for another 30
min at 4°C. After fixation in 1% paraformaldehyde in PBS, 5,000
cells were evaluated using a FACScalibur flow cytometer (Becton
Dickinson, San Jose, Calif,, USA).

wn
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Fig. 4. Eosinophil accumulation on IL-13- or TNF-a-activated HUVECs was inhibited by anti-a4 integrin
mAb. HUVECs stimulated with 100 ng/ml of 1L-13 (a) or TNF-« (b) for 24 h. Human eosinophils were pre-
treated with indicated monoclonal antibodies. Eosinophils were infused and counted as in figure 1 (n = 5, mean

+ SEM).

Results and Discussions

HUVECs were incubated with 1-100 ng/ml of IL-13 or
TNF-a or for 24 h and then placed into the parallel plate
flow chamber system. Eosinophils were infused at 0.5
dyn/cm? for 10 min. Under these physiological flow con-
ditions, eosinophils accumulated efficiently on IL-13-
stimulated (100 ng/ml: 109 * 18 cells/field) or TNF-a-
stimulated (100 ng/ml: 96 + 27 cells/field) HUVECs in
a concentration-dependent manner (fig. 1). Although
both cytokines have similar efficacy at 100 ng/ml stimu-
lation, IL-13 seems more potent than TNF-a at 1 ng/ml
stimulation. In the next experiments, we examined the
kinetics of the effect of IL-13 or TNF-a on eosinophil ac-
cumulation on activated HUVECs. Eosinophil accumu-
lation on IL-13-activated HUVECs was observed at 3 h

and reached a maximum at 24 h. On the other hand, 1- -

hour activation of HUVECs by TNF-a caused maximal
eosinophil accumulation (fig. 2), as the levels of eosino-
phil accumulating on TNF-a-stimulated HUVECs were
the same at all time points (1, 3, 6, 18 and 24 h). Thus, the
kinetics of eosinophils accumulation to HUVECs was
differently regulated by TNF-a and IL-13 under physio-
logical flow conditions.

To clarify the difference between IL-13 and TNF-ain
eosinophil accumulation under flow condition, we ex-

36 Int Arch Allergy Immunol
2007;143(suppl 1):33-37

amined the effect of IL-13 or TNF-a on the expression of
adhesion molecules on HUVECs. HUVECs were incu-
bated with 100 ng/ml of 1L-13 or TNF-a for 1, 3,6, 18 and
24 h. Expression of E-selectin, P-selectin, ICAM-1, and
VCAM-1 on HUVECs was analyzed by flow cytometry.
I1.-13 induced both P- and E-selectin on HUVECs. Al-
though induction of E-selectin expression was observed
after 3-6 h, levels of E-selectin were weak (fig. 3a). Induc-
tions of P-selectin expressions were observed from 18 h
after IL-13 stimulation (fig. 3a). TNF-« induced E-selec-
tin but not P-selectin on HUVEC:s (fig. 3¢). Expression of
E-selectin on HUVECs was observed at 1 h after the
stimulation, reached maximum expression at 6 h and de-
clined by 24 h of stimulation (fig. 3c). These data were
consistent with previous reports in mouse and human
models [8]. ICAM-1 but not VCAM-1 was expressed on
resting HUVECs [7]. 1L-13 induced both ICAM-1 and
VCAM-1 on HUVEC (fig. 3b). TNF-a induced both
ICAM-1 and VCAM-1 on HUVEC: (fig. 3d). The levels
of induction of ICAM-1 and VCAM -1 by IL-13 were less
than the levels of induction of ICAM-1 and VCAM-1 by
TNF-a.

To clarify which adhesion molecules on eosinophil
were important in this attachment assay, we examined
the effect of monaclonal antibodies (mAb) on eosinophil
accumulation on activated HUVECs. HUVECs were in-
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cubated with IL-13 or TNF-a (100 ng/ml) for 24 h. Eo-
sinophils were pretreated with mAb against PSGL-1
(CD162), L-selectin (CD62L), B2 integrin (CD18), a4 in-
tegrin (CD49d) or control. Eosinophils were infused at
0.5 dyn/cm? for 10 min and attached eosinophils were
counted. As shown in figure 4, anti-CD49d mAb effec-
tively inhibited eosinophil accumulation on both IL-13
and TNF-n-activated HUV ECs. These data indicate that
interaction between VCAM-1 on endothelial cells and
VIL.A-4 on eosinophils play an important role in eosino-
phil recruitment on HUVECs stimulated with 1L-13 or
TNF-a for 24 h. On the other hand, much eosinophil ac-

cumulation was observed at 1 h stimulation with TNF-a.
HUVECs expressed E-selectin and ICAM-1 but not P-se-
lectin and VCAM-1 at 1 h after TNF-« stimulation. Re-
cently it has been reported that VCAM-1 but not ICAM-1
supported eosinophil rolling under conditions of shear
flow [9, 10]. Taken together, eosinophil accumulation at
1 h after TNF-«a stimulation may mediated by E-selec-
tin.

These results indicate that eosinophil accumulation
on HUVECs under these physiological flow conditions is
differently regulated by TNE-a and IL-13.

»1
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Summary

We recently demonstrated that CCR3-active chemokines promote rapid detachment of
eosinophils bound to vascular cell adhesion molecule-1 (VCAM-1) in vitro. Eosinophils
adhered well to immobilized human recombinant VCAM-1 primarily via a,p, integrin.
Eotaxin-2, a CCR3-specific chemokine, induced eosinophil de-adhesion from VCAM-1. In
contrast, very few eosinophils spontaneously adhered to bovine serum albumin (BSA), and
eosinophil adhesion to BSA was enhanced by eotaxin-2 over a similar nv range of
concentrations. This enhancement of BSA adhesion was dependent on B, integrins.
Eosinophil a,B, integrins can mediate rolling on VCAM-1 under physiological flow
conditions. Although we observed a reduction of eosinophil accumulation on immobilized
VCAM-1 in response to eotaxin-2 under physiological flow conditions, this reduction of
adhesion was not observed when VCAM-1 and intercellular adhesion molecule-1 {(ICAM-1)
were co-immobilized. Based on antibody-blocking studies, this appears to be caused by a
chemokine-induced shift in integrin usage away from $, integrin-dominated interactions
with VCAM-1 towards B, integrin-dominated interactions with ICAM-1. Our results confirm
the important role of integrins and chemokines in selective eosinophil migration processes.
CCR3-active chemokines may be necessary to facilitate de-adhesion from luminal VCAM-1
and to facilitate the process of diapedesis by shifting integrin usage in eosinophils away from
B, integrin-dominated interactions with VCAM-1 towards B, integrin-dominated interactions
with ICAM-1. The critical importance of integrins and chemokines in eosinophilic
inflammation lends support for targeting these molecules with novel therapeutic agents.

The authors have declared no conflicts
of interest.

Keywords human, eosinophils, cell trafficking, chemokines, adhesion molecules

Introduction

Eosinophils selectively accumulate at allergic inflamma-
tion sites. Numerous studies have been performed to
clarify the mechanisms of selective eosinophil accumula-
tion during allergic inflammation. Adhesion molecules
and chemokines play important roles in selective eosino-
phil accumulation [1]. For example, eosinophils but not
neutrophils express of, integrins, one of the ligands for
vascular cell adhesion molecule-1 (VCAM-1). Among
chemokine receptors, eosinophils express CCR3. Like o4f3,
integrins, CCR3 is not expressed on neutrophils and so its
activation effectively and selectively induces eosinophil
chemotaxis. Eosinophil infiltration into inflammatory
sites is regulated by the expression of adhesion molecules
and chemokines; yet, the role of these proteins in shear-
dependent adhesion and transmigration is poorly under-

stood. In this review, we discuss the regulation of eosino-
phil integrin function by CCR3-active chemokines.

Expression of integrins on eosinophils

Eosinophil recruitment to sites of allergic inflammation is
probably the result of multiple interactions between
endothelial cells and eosinophils involving selective ad-
hesion and migration. Eosinophil migration from within
blood vessels into tissue requires several steps such as
rolling, tethering, firn adhesion, and transendothelial
migration. Rolling of eosinophils is believed to be
mediated primarily by selectins and their ligands. Rolling
of eosinophils on endothelial cells may be followed by the
induction of firm adhesion. Firm adhesion and transmi-
gration are mediated by integrins. Iniegrins have two
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Table 1. Integrins on eosinophils and their ligands

Table 2. Chemokine receptors on eosinophils and their ligands

[ntegrin Ligand Receptor Ligand

o4B4 VCAM-1, fibronectin CCR1 RANTES, MCP-3, MIP- 1«

oyBs VCAM-1, MAACAM-1, fibronectin CCR3 Eotaxin-1,2,3, MCP-2,3.4, RANTES
AN Laminin CCR6 MIP-3a, LARC, exodus

P, ICAM-1,2,3 CXCR4 SDF-1

auB2 ICAM-1, iC3b

axPs Fibrinogen, iC3b RANTES, regulated on activation normal T cell expressed and secreted;
apB, ICAM-3, VCAM-1 MCP, monocyte chemotactic protein; MIP, macrophage inflammatory

ICAM, intercelluar adhesion molecule-1; VCAM, vascular cell adhesion
molecule-1; MAACAM, mucosal addressin cell adhesion molecule-1.

components - o and B subunits. Eosinophils express B,
B2, and B, integrins [2] as shown in Table 1. For example,
eosinophil «,f, integrin binds to VCAM-1 on endothelial
cells, which plays an important role in selective eosinophil
accumulation to tissue. Interestingly, a4, integrin has
the ability not only to mediate firm adhesion but also to
participate in tethering on endothelial VCAM-1 under
shear conditions in vitro [3], a property shared by opB,
integrin [4, 5]. Another ligand of o4f, integrin, albeit of
lower affinity, is CS-1 peptide, a fragment of fibronectin
[6]. The only other B, on eosinophils is agB; integrin, a
ligand of laminin [7]. Eosinophils also express a,B,
integrins, which bind to the gut-expressed mucosal ad-
dressin cell adhesion molecule-1 (MAdCAM-1), fibronec-
tin, and VCAM-1 [8]. Eosinophils express all four B,
integrins (o By, omPa oxPs and opP,). Their ligands
include intercelluar adhesion molecule-1 (ICAM-1) (o B,,
omBa), ICAM-2 {0y B2}, ICAM-3 (o4 B, apP,), fibrinogen
(otmPB2), the complement fragment C3bi (ouf,, axB2), and
VCAM-1 (2p,) [9].

Expression of chemokine receptors on eosinophils

Eosinophil migration to sites of allergic inflammation is
influenced by the presence of chemoattractants. Much
effort has been devoted to the identification of selective
and potent chemoattractants for eosinophils. The growing
list of eosinophil-active chemoattractants includes LTB,,
LTD,, LTE,, PAF, C3a, and C5a. Although LTD, and LTE,
induce eosinophil but not neutrophil chemotaxis, many of
the other chemoattractants are not selective for eosino-
phils and several have at best only modest activity [10]. As
a result, numerous studies have focused on the chemotac-
tic cytokines termed chemokines and their receptors.
Among the numerous known chemokine receptors, eosi-
nophils express CCR1, CCR3, CCR6, and CXCR4 Table 2
[11, 12]. Perhaps most notable is the expression of CCR3,
which binds eotaxin, eotaxin-2, eotaxin-3, monocyte
chemotactic protein (MCP)-2, MCP-3, MCP-4, and regu-
lated on activation normal T cell expressed and secreted
(RANTES). Macrophage-derived chemokine (MDC), a
CCR4-active chemokine, also induces modest eosinophil

protein.

chemotaxis [13]. Eosinophils do not express CCR4, and so
the receptor for MDC on eosinophils remains unknown.

Regulation of eosinophil integrin function by CCR3-active
chemokines and other chemoattractants

Preferential eosinophil accumulation at sites of allergic
inflammation is the result of interactions involving adhe-
sion molecules, chemokines, and other molecules during
which selective adhesion and detachment events allow for
directed cellular migration. We recently demonstrated
that CCR3-active chemokines promote rapid detachment
of eosinophils bound to VCAM-1 in vitro [14-19]. Eosi-
nophils adhered well to immobilized human recombinant
VCAM-1 primarily via o4B, integrin. Fotaxin-2, a CCR3-
specific chemokine, induced eosinophil de-adhesion from
VCAM-1. In contrast, very few eosinophils spontaneously
adhered to bovine serum albumin (BSA), and eosinophil
adhesion to BSA was enhanced by eotaxin-2 over a
similar nm range of concentrations. This enhancement of
BSA adhesion was dependent on B, integrins. The effect of
eotaxin-2 on eosinophil adhesion to VCAM-1 and BSA
occurred within 3 min and was sustained for >60min.
Similar effects were seen with other chemoattrac-
tants such as RANTES and PAF. The reduction of
eosinophil adhesion to VCAM-1 and enhancement of
eosinophil adhesion to BSA by eotaxin-2 were prevented
by a CCR3-blocking mAb.

Integrins on eosinophils exist in high- and low-affinity
states [6, 17]. To explore the mechanism by which
chemokines affect adhesion, their effect on integrin ex-
pression was determined [15]. Levels of o, and B, integrin
expression on eosinophils were unchanged or slightly
decreased by eotaxin-2 treatment. More impressive was
the finding that levels of the activated B, integrin epitope
were remarkably decreased. It appears likely, therefore,
that the reduction. of eosinophil adhesion to VCAM-1 in
response to eotaxin-2 is primarily caused by changes of B,
integrin function rather than expression.

Eosinophil o,B, integrins can mediate rolling on
VCAM-1 under physiological flow conditions {3, 5].
Although we observed a reduction of eosinophil accumu-
lation on immobilized VCAM-1 in response to eotaxin-2
under physiological flow conditions, this reduction of
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Fig. 1. CCR3-active chemokines regulate integrin function on eosinophils. VCAM, vascular cell adhesion molecule-1; ICAM, interceltular adhesion

molecule-1

adhesion was not observed when both VCAM-1 and
ICAM-1 were co-immobilized [18]. Based on antibody-
blocking studies, this appears to be caused by a chemo-
kine-induced shift in integrin usage away from B,
integrin-dominated interactions with VCAM-1 towards
B, integrin-dominated interactions with ICAM-1. In some

ways, our results seem to differ from those of previous

reports. Our data showed that a CCR3-active chemokine
activated eosinophil B, integrin function, consistent with
the work of others {14, 16, 19]. However, it has been
reported that chemokines and C5a transiently activated
a,B, integrin, followed by subsequent inhibition [16, 20].
Other researchers have reported that maximally activated
adhesion, induced through B, integrins with a unique
integrin-activating mAb, actually inhibited eosinophil
transmigration by preventing cell movement [21].
Furthermore, eosinophil migration across human pul-
monary microvascular endothelial cells inversely corre-
lated with eosinophil adhesion and VCAM-1 expression
[22]. These data suggest that activation of B, integrins can
inhibit migration and that chemokines down-regulate §3,
integrin function during eosinophil migration.

Recently, Culvelier and Patel [23] reported that eotaxin-3,
a CCR3-active chemokine, is released by IL-4-activated
human umbilical vein endothelial cells and is displayed on
the surface of endothelial cells. They also demonstrated that
shear-dependent eosinophil transmigration is regulated in
association with chemokines on the surface of activated
endothelial cells. These data support our results, suggesting
that CCR3-active chemokines regulate eosinophil-integrin
function under flow conditions.

Conclusion

Our results confirm the important role of integrins and
chemokines in selective eosinophil migration processes.
CCR3-active chemokines may be necessary to facilitate

© 2007 The Authors

de-adhesion from luminal VCAM-1 and facilitate the
process of diapedesis by shifting integrin usage in eosino-
phils away from P, integrin-dominated interactions with
VCAM-1 towards B, integrin-dominated interactions with

~ ICAM-1 (Fig. 1). The critical importance of integrins and

chemokines in eosinophilic inflammation lends support
for targeting these molecules with novel therapeutic
agents.
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childhood atopic asthma

K. Hatsushika'*", T. Hirota', M. Harada’, M. Sakashita’, M. Kanzaki*, S. Takano*, S. Doi®, K. Fujita', T. Enomotoll, M. Ebisawa**,
S. Yoshihara'', H. Sagara'’, T. Fukuda®, K. Masuyama', R. Katoh$, K. Matsumoto, H. Saito, H. Ogawal, M. Tamari’ and A. Nakao*!l!

* Department of Immunology, Faculty of Medicine, University of Yomanashi, Yomanashi, Japan, tDepartment of Otorhinolaryngology. Head and Neck Surgery,
Faculty of Medicine, University of Yamanashi, Yamanashi, Japan, tLaborotory for Genetics of Allergic Diseases, SNP Research Center, Riken, Kanagawa, Japan,

$ Osaka Prefectura Medical Center for Respiratory and Allergic Diseases, Osaka, Japan, %College of Nursing, University of Shiga, Shiga, Jopan, I pepartment of
Otorhinolaryngology, Japanese Red Cross Society, Wakayama Medical Center, Wakayama, Japan, **National Sagamihara Hospital, Clinical Research Center for
Allergy and Rheumatology, Kanagawa, Japan, " Department of Pediatrics, Dokkyo University School of Medicine, Tochigi, Japan, # Department of Pulmonary
Medicine and Clinical Immunology, Dokkyo University School of Medicine, Tochigi, Japan, 8 pepartment of Human Pathology, Faculty of Medicine, University of
Yamanashi, Yamanashi, Jopan, WDepartment of Allergy and Immunology, National Research Institute, for Child Health & Development, Tokyo, Japan and

W Atopy Research Center, Juntendo University School of Medicine, Tokyo, Japan

Clinical and Summary

. Background Transforming growth factor (TGF)-P plays an important role in the regulation of
Expe rimental airway inflammation and remodelling in asthma. Recent studies suggest that TGF-B, is a
Al I er predominant isoform expressed in severe asthma and it is also associated with airway
gy remodelling.
Objective To determine whether the polymorphisms in TGF-f, are associated with childhcod
atapic bronchial asthma in a Japanese population.
Methods We identified a total of eight polymorphisms and characterized the linkage
disequilibrium (LD) mapping of the gene. Three variants in the promoter and 3'UIR were
genotyped, and we conducted an association study of TGF-f, {childhood atopic asthma
n =297, normal controls n=555). An association analysis of these variants and an expression
and functional analysis were performed.
Results 3'UTR 94862T > Awas found to be significantly associated with the risk of childhood
atopic asthma {P=0.00041). The — 109 — ACAA ins promoter variant was also associated
with the risk of childhood atopic asthma {P = 0.0037). TGF-p, expression was observed in both
the normal and asthmatic bronchial epithelium, and both real-time PCR and an ELISA showed
a significant basal and TGF-B,-induced TGF-p, expression in the bronchial epithelial cell line
BEAS2B. Furthermore, the promoter variant — 109 — ACAA ins increased the TGF-B,
promoter-reporter activity in BEAS2B cells.
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Atsuhito Nakao, Department of Conclusions Our data suggest that TGF-, may therefore be involved in the development of
Immunology, Faculty of Medicine, childhood atopic asthma by means of functional genetic polymorphism. The polymorphisms
University of Yamanashi, 1110, in TGF-$, may become important information for asthma susceptibility in children.
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tion, and survival), affecting multiple biological processes
including immune responses and tissue repair [1-3]. There
Transforming growth factor-B (IGF-P) is a pleiotropic  are three isoforms of TGF-B: TGF-p,, TGF-,, and TGF-B,
cytokine that is involved in a variety of cellular programs  in mammals. Each isoform is encoded by a distinct gene
(proliferation, differentiation, extracellular matrix regula- and it is expressed in both a tissue-specific and a devel-

opmentally regulated fashion. The deletion of individual

isoforms in mice results in a different phenotype, thus
"Both the authors contributed equally to this work. suggesting their distinct roles in vivo [4].

Introduction
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The roles of TGF-B, in asthma have been intensively
studied. TGF-B, expression was significantly increased in
the bronchoalveolar (BAL) lavage fluids and lung tissue
obtained from asthmatic patients [5-9]. The expression of
TGF-B, in the asthmatic airways was predominantly detected
in eosinophils and fibroblasts [6, 7] and it was significantly
correlated with the severity of the disease, basement mem-
brane thickness, and submucosal fibroblast number [5-8],
thus suggesting that TGF-B, is involved in airway remodel-
ling in adult asthma. In addition, a C to T single-nucleotide
polymorphism (SNP) (— 509C/T) in the TGF-, gene pro-
moter was associated with the diagnosis of adult asthma in
Caucasian, Indian, and Chinese populations [10-15].

Recent studies have highlighted the roles of TGF-8, in
asthma. High levels of TGF-B, have also been reported in
the BAL fluid of asthmatics and the levels were observed
to increase after an allergen challenge [9]. Chu et al. [16]
reported the epithelial TGF-B, expression levels to be
higher than TGF-J,; in both asthmatics and normal sub-
jects, and TGF-, also increased in asthmatics in compar-
ison with normal subjects. Balzar et al. [17] recently
showed that TGF-f, is significantly up-regulated in severe
asthma, with eosinophils identified as a major cell source
of the protein in patients with persistent eosinophilic
inflammation. The TGF-B, production and release from
primary human bronchial epithelial cells (HBECs) were
induced by IL-4 and IL-13 [18, 19], which are key factors
contributing to the chronic inflammatory state character-
izing asthma [20]. These findings suggest that not only
TGF-B, but also TGF-B, plays an important role in the
pathophysiology of asthma.

Although genetic studies in asthma have been con-
ducted to clarify the polymorphisms in TGF-f3; genes, the
genetic influences of the polymorphisms of TGF-f, still
remain unclear. Hobbs et al. screened the promoter region
of TGF-f3, using the single-strand conformational poly-
morphism (SSCP) method, and thus found a variant in the
region. However, no association with either an allergy or
asthma-related phenotype was identified [10]. To elucidate
whether genetic variations of TGF-§, contribute to asth-
ma susceptibility or asthima-related phenotypes such as a
high eosinophil count, a high serum IgE level, and disease
severity, we first carried out linkage disequilibrium (LD)
mapping of the gene, and then conducted an association
study. We next investigated whether the expression and
secretion of TGF-B, are influenced by other cytokines in
bronchial epithelial cells. Furthermore, we also performed
functional analyses of the associated polymorphisms.

Methods

Study subjects

All subjects with asthma were diagnosed according to the
criteria of the National Institutes of Health (National

Heart, Lung, and Blood Institute) [21] and demonstrated
at least a 12% improvement in their forced expiratory
volume in 1s measurement after B,-agonist inhalation.
Peripheral blood samples were obtained from each of 297
paediatric atopic asthma outpatients at the Osaka Prefec-
tural Habikino Hospital and National Sagamihara Hospital
[mean age 9.6, 3-15 years; male : female ratio= 1.63 : 1.0;
mean serum IgE level, 490 U/mL; Dermatophagiodes pter-
onyssinus (Derp) or Dermatophagiodes farinae (Derf)
RAST positive 80.0%), and the asthmatic profiles of these
patients have been provided in our recent report {22]. The
mean of log[total IgE (tIgE) (IU/mL)] of patients with
childhood atopic BA was 2.69 [ =1o0g,,(490 IU/mL)]. In this
study, ‘high IgE’ levels were defined as those values in the
75th percentile or higher for total IgE. The 75th percentile
value of log,, (tIgE) in patients with childhood atopic BA
was 3.04 [=1log0(1106 IU/mL)]. The severity of asthma
was defined according to the degree of therapy required to
control symptoms at the time of entry into the study. The
grades were as follows: grade 1, B stimulants only; grade
2, sodium cromoglycate and/or theophylline; grade 3,
inhaled beclomethasone, 400 pg/day or less; and grade 4,
inhaled beclomethasone of more than 400 ug/day. Pa-
tients classified as having grades 3 and 4 were treated
with inhaled steroids and they accounted for 46% of all
patients. A total of 555 healthy individuals who had
neither respiratory symptoms nor a history of asthma-
related diseases (mean age 45, 18-75 years; male : female
ratio = 2.44 : 1.0} were recruited after being interviewed by
physicians regarding whether or not they had been
diagnosed with asthma, atopic dermatitis, or nasal aller-
gies. As there was a large age difference between the cases
and controls, correlation between age and genotype
frequencies of genotyped SNPs were analysed using
Spearman'’s correlation coefficient by a rank test. Rs (rank
correlation coefficient) of all SNPs were < 0.1 (P > 0.05),
and so there was no evidence of a correlation between age
and allele frequencies. No smoking data are available for
284 control subjects. Other control subjects were 110
smokers, 52 ex-smokers, and 109 non-smokers. No lung
function or serum IgE data were available for this popuia-
tion. All individuals were Japanese and gave their written
informed consent to participate in the study (or, for
individuals less than 16 years old, their parents gave
consent), according to the rules of the process committee
at the SNP Research Center, The Institute of Physical and
Chemical Research (RIKEN).

Screening for polymorphisms and genotyping

To identify polymorphisms in the human TGF-§, gene, we
sequenced all seven exons, including a minimum of 100
bases of the flanking intronic sequence and 3 kb of the 5’
flanking region from 24 asthmatic subjects. Eleven primer
sets were designed on the basis of the TGF-f8, genomic

© 2007 The Authors

Journal compilation ® 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 1165-1174

— 120 —



TGF-B, polymorphisms in childhood asthma 1167

sequence from the GenBank database (accession number
AC096638.2; see Table 1). The sequences were analysed
_and polymorphisms were identified using the SEQUENCH-
ER program (Gene Codes Corporation, Ann Arbor, Ml,
USA). The selected three polymorphisms were genotyped
by the TagMan™ allele-specific amplification (TagMan-
ASA) method (Applied Biosystems, Foster City, CA, USA).

Quantitative real-time polymer chain reaction
of multi-tissues panel

The tissue expression of mRNAs of the three TGF-§
isoforms was quantitatively evaluated using quantitative
real-time PCR. Total RNAs of human multi-tissues were
purchased from Clontech Laboratories Inc. (Mountain
View, CA, USA). cDNAs were prepared from 5 pg of total
RNA and synthesized using SuperScriptlll reverse tran-
scriptase (Invitrogen, Carlsbad, CA, USA}. We quantified
mRNA using SYBR® Premix Ex Taq™ (TAKARA Bio Inc.,
Chuo-ku, Tokyo, Japan) and an ABI Prism 7900 sequence
detector (Applied Biosystems) according to the manufac-
turers’ instructions. The primers were: for TGF-§,, 5'-AGC
GACTCGCCAGAGTGGTTA-3’ and 5'-GCAGTGTGTTATCC
CCTGCTGTCA-3', for TGF-$,, 5’-GCTTTGGATGCGGCCTA
TTG-3’ and 5'-TTCGTGTATCCATTTCCACCCTAGA-3’, and
for TGF-B; 5'-GGGTCCATGAACCTAAGGGCTACTA-3
and 5-GATGCTTCAGGGTTCAGAGTGTTG-3'. The data
were analysed using relative real-time PCR quantification
based on the delta delta Ct method {23]. The endogenous
reference gene was GAPDH, and the control organ was the
small intestine. :

Immunostaining of transforming growth factor-f,

Lung biopsy specimens were obtained from two normal
adult subjects and three adult patients with moderate
asthma as defined by the criteria of the Japanese Society
of Allergology [24] as described previously [25]. In addi-
tion, these patients were not treated with systemic steroids
within 4 weeks before the lung biopsy. The investigation

Table 1. Primers used in screening for polymorphisms in TGF-f§,

was approved by the Ethics Committee of Dokkyo Uni-
versity School of Medicine, and all subjects gave their
written informed consent. Each biopsy specimen was
immediately placed in OCT compound, snap-frozen in
liquid nitrogen, and stored at — 80 °C until cryosectioned.
The sections were stained with an anti-TGF-f, antibody
{Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA)
using peroxidase-based VECTASTAIN ABC kits with a
DAB substrate (Vector Laboratories, Burlingame, CA, USA).

Cell culture

The simian virus 40 (SV-40)-transformed human bron-
chial epithelial cell line, BEAS-2B {26}, was obtained from
the American Type Culture Collection (Rockville, MD,
USA). These cells were cultured in bronchial epithelial
basal medium (BEBM™} (Cambrex, Fast Rutherford, NJ,
USA) supplemented with 50 ug/mL bovine pituitary ex-
tract, 0.5 pg/mL hydrocortisone, 0.5 ng/mL human epider-
mal growth factor, 0.5pg/mL epinephrine, 10ug/mL
transferrin, 5pg/mL insulin, 0.1ng/mL retinoic acid,
6.5ng/mL triiodothyronine, 50 pg/mL gentamicin, and
50 ng/mL amphotericin-B (all materials from Cambrex).

Transforming growth factor-8,; and -8, mRNA expression
in BEAS2B cells

For conventional RT-PCR, total RNA was extracted from
BEAS2B cells {1-2 x 10°%) using Isogen solution -(Nippon
Gene, Toyama, Japan) according to the manufacturer’s
instructions. ¢cDNA was then synthesized from 2ug of
total RNA using a Reverse Transcriptase System (Applied
Biosystems). PCR amplification (TGF-$,, TGF-B,, and
Histone 3.3; 94 °C for 15s, 55°C for 30s, and 72 °C for
30s; 35 cycles) was then performed in a DNA engine
cycler (MJ Research Inc., Waltham, MA, USA). The PCR
products were separated by 2.0% agarose gel electro-
phoresis and stained with 0.5 pug/mL ethidium bromide.
The specific primers were purchased from RE&D Inc.

Forward primer Reverse primer
F1 CTGAACCTGTATCCTCAGCA R1 TCAGATGTTCCTGAGTTCAGA
F2 CTGGGACCATTGTTTCTCAGA R2 GATACCTTAGCAGGTTGCCAT
F3 AAGAAGTGGCTTAGGCAGCA R3 TGTCAGGAGCTTCTGGAGCT
F4 CTTCTGACTGTAATCCTAGCA R4 CTTGGTTACTCCACGTTGCT
F5 GCAAGGGCTGCCGTTGTGAT R5 GAACCCTGACTTIGGCGAGT
F6 GGAGGAGCCGAGTTCAGAT R6 GGCCTCAAGCATACAACTGA
F7 GCTACTCCTGTAACTAAATGCA R7 CTCCTGCAGTCCCATTGACT
F8 TGAGATGACAATGCATGGCTA R8 ATCCAACCATATCACTGTCCA
F9 TCACGTGGGTTAGTCGTAGT R9 TCACTGCTAAAGACCTGATGA
F10 TAAGGGCAAGTAGTCCAGCA R10 | GTTTGTAACCGATCAGTGTCA
F11 GGTCACATATCAGTTTGACTG R11 AGGGTGCCTATTGCATAGCA
© 2007 The Authors
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