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Tissue remodeling induced by hypersecreted epidermal
growth factor and amphiregulin in the airway after an acute

asthma attack

Yukinori Enomoto, BSc,>® Kanami Orihara, PhD,° Tetsuya Takamasu, MD,® Akio Matsuda, PhD,® Yasuhiro Gon, MD,
PhD,* Hirohisa Saito, MD, PhD,® Chisei Ra, MD, PhD,” and Yoshimichi Okayama, MD, PhD® . Tokya and Kanagawa, Japan

Background: Epidermal growth fuctor receptur ligands, such as
epidermal growth factor (EGF) and amphiregulin, may play key
roles in tissue remodeling in asthma. However, the Kinetics of
EGF and amiphiregalin secretion in- the aieway after an acute
asthmiy attuck and the effect of protonged airway exposure to
these Hyaids on airway remodeling are unknowin

Objective: Tomeasure the EGF and amphiregulin concentrations
in sputa obtained from putients with asthma under various
conditions, and to examine the effects of EGF and amphiregulin
on the profiferation or differentiution of airway structural cells:
Methods: Epidermal growth factor and amphiregulin levels
were measured by ELISA in sputum specimens coltected from
14 hospitalized children with asthma during an acute asthma
aftack, 13 stable outputients with asthie, 8 healthy control
children, and 7 children with respiratory tract infections. The
effects of EGE and amphivegulin on the prolifération and/or
differentintion of normal human bronchial epithelial cells
(NHBE), branchiant smrooth muscie cells (BSMC), and normal
human fung fibroblasts (NHLF) were examined.

Results; The sputumlevels of EGF were significantly higher for
about # week abfer an acute asthna utback compared with the
fevels in stable subjects with asthmn and controf subjects.'In
contrast, upregulation of amphiregulin in the sputa of patients
with asthma was observed only during the acute attack, EGE
caused profiferation of NHBE, BSMC, and NHLE, whereas
amphiregulin induced profiferation of only NHBE. Prolonged
exposure of NHBE to EGF and amphiregulin induced mucous
cell metaplasia in an 1L-13~independent manner.
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Conclusion: Acute asthma attacks are associated with
hypersecretion of EGF and amphiregulin in the airway.
Recurrent acute aftacks muay aggravate airway remodeling,
(J ‘AHergy Clin Tmmunol 2009;124:913-20.}
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Bronchial asthma 18’ a complex inflammalory disease of the
fungs characierized by reversible airway obstruction, chronic
airway inflammation, and airway hyperrésponsiveness to spas-
mogenic: stimuli.” Airway remodeling is defined s structural
chunges in the arrways that may affect their functional proper-
ties: Such structural changes include increased airway smooth
miuscle mass, mucus gland hypertrophy, deposition of extracellu-
lar matrix. compenents, thickening of the reticular basement
meémbrane, and angiogenesis.” Patients with asthma show decels
erated Tass of lung function over time; and sone patients devefop
prowressue fixed airflow obstruction. These f‘ealureq may reflect
airway remodsling insevere and chromic asthina.* Airway remod-
eling is thought fo be aconsequence of repeated i mjurv aind persis-
tent inflammation,” although the remodeling process is thought to
begin in the early stage of development of asthmaand to aceur in
paralicl with the establishment of persistent inflammation.?

Epitheliat cell proliferation contributes to lhe thickened epi-
theliumn and lamina reticularis in severe asthma. A disease sever
ity-reldted; corticosteroid-insensitive increase in the expression
of epidermal grov;th factor receptor (EGFR: also called ErbB 1)
1ymsme Kinase in asthmatic bronchial epithelium has been re-
poried,” Bronchial epithelial cells produce several ligands for
EGER,; including epidermal growth factor (EGF) TGF-«, hepa-
rin-binding EGF-like growth factor (HB-EGE), and amphiregu-
1in® The effect of exogenous: EGE of acce[eraxmg airway
epithelial repair lias been demonstrated in vifro. 7% We previously
reported that amphiregulin was sccreted by human mast:cells
(MC) after aggregition of FeeRE Upregulation of amiphiregulin
expression has been observed in the MC of patients with asthma
buenot of normal controf subjects. Amphiregulin induces upregu-
tation of mRNA of mucin SAC (MUCSAC), which s the domi-
nant mucin gene expressed in goblet cells among a fotal of 12
mucin genes.” Funthermore, upregulation of amphxrwulm in
the MC was significantly correlated with the extent of goblet
cell hyperplasia i the miucosa in patients with bronchial asthmia,
However, the precise: thne points at which-each  of the EGFR
ligands is secreted in the asthmatic airway in the course of asth-
ma—{hat is. whether only during oc after an acute attack; or
also during: {he stable phase when the asthma s well contro-
Hled—are still unknown. Therefore, we measured: the EGE and
amphiregulin: concentrations: in sputum specimens . oblained
during an acute attack as welk as during the stable phase.
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Abbreviations used
ADAMIFTACE: A membrane dishuegrin and metallopeptidase
P TINF-alpha converting enzyme
AL Air-fiquid interface
BSMC: Bronchial smooth muscle celis
EGF: Epidermal growth factor
EGFR: Epidermal growih factor receptor
ERK: Extracellul: al-regulated kinase
HB-EGF: Heparin-binding epidermal growth factor-tike
growth factor
MC: Mast cells
MUCSAC: Mucin SAC
NHBE: Normal human Bronchial epithelial cells
NHLF: Noma! human lung fibroblusts

Epidermal growth facior has o proliferation-indacing effect on
normal human bronchial epithelial cells (NHBE)LY normal
human fung fibroblasts (NHLE! 1,'2 and bronchiat smooth muscle
cefls (BSMC).1? MUCSAC protein has also been shown 1o be
induced by EGF inmucoepidermoid NCI-H292 cells."* Amphir-
egulin has been reported to be involved in: the process of lung
branching morphugenesis in mice.”” However, the effect of
amphiregulin on airway rémodeling, except for its upregulation
of MUCSAC mRNA in NCI-H292 cells, 15 still unknown. Alse,
the effects of prolonged exposureof NHBE to high concentrations
of EGF and amphiregulin dre unknown. Therefore, we examined
the effects of EGF and amphiregulin on' the proliferation and/or
differentiation processes of airway siructural cells in virro.

METHODS
Study population

The study was approved by the Ethics Committes of Kanagawa Children’s
Medical Center and Nihon University Hospital and allsubjects provided written
informed comsent for participation, in accordance with the Helkinki Declamation
of the World Medical Associaton. Fourteen children with usthma hospitatized
for trestment of anacute ataks: 13 stable outpattens before and after therapy
with inhaled corticosteroids. 8 healthy controls. and 7 outpatients: with respi-
Tatody | tract infections: without asthma ‘were “enrolled. for: the study. The
demographic. characteristics. of the patients’ with asthma and control subjects
are shown in Table L Nome of the outpattents with asthma had iad an exacerba-
tion of the diseate within 3 months before entry into the study. One of the hos=
pitalized patients with asthma was being weated with oral corticosteroids, Sixof
the hospitalized paticnts with asthma had been receiving inhaled contichstoroid
treatment since before hospital admission. The percentage of eosinophils inthe
sputa obtained from the hospitulized patients with asthma reduced from 18.8%
durning the dcute phiase 10 3.3% during the reécovery phasel After ndmission for an
acute asthmaattack, inhaled B-agonists were ised inall patients, und intravenous
infusion of a steroid was started in 10 of the 14 patients: Oxygen therapy was
started in 12.of the' 14 patients: The mujority of our patients with asthmahad co-
morbid aflerpic rhinitis, See this article’s: Methods in the Online Repository at
www jacionlineorg for addidional information sbout the experiments and for de-
scriptions of the folfowing methods used in this study.

RESULTS

Comparison of the levels of EGF and amphiregulin

in the sputa of children with asthma collected

during an asthma exacerbation and after recovery
Initially, we measured the concentrations of EGE amphir=

egulin; TGF-e; and HB-EGF in- the sputum: samples of 6

patients with asthina collected during ‘an exacerbation and after
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recovery. The concentration: of HB-EGF in all the sputum
samples was under the detection lmit of the ELISA kit The
concentrations of TGF-« in the sputum samples’ were much
lower than those of EGF and amphiregulin, ‘The results are
shown in this article’s Tahle El in the Online Reposifory at
www.jacionline,org. Therefore, we focused on (he analysis of
EGF and amphiregulin in this study. Because sputum is loaded
with many destructive proteases. we confirmed the specificity
of the immunoassays for EGF and amphiregulin {see this arti-
cle’s Table E2 and resull section in the Online Repository at
www,jacionline.org) and their detection sensitivity. when exog-
enous ligand was added to the sputum (see this. article’s Table
E3 in the Online Repository at www.jacionline.org). The addi-
tion of sputuim o NCI-H292 cells increased MUCSAC mRNA
levels. and the increase was blocked by anti-EGE or anti-am-
phiregulin  blocking. antibodies (data- not shown}, thus . the
EGE, ligands_in the spufa  have  bioactivities. To. examine
whether: the EGE and amphiregulin levels were upregulated in
the bronchial mucosa: of patients with asthma during an. acute
asthina attack, we measured the EGF and amphiregulin levels
in the: spufa of patients with: asthma oblained during an acute
attack: and-during the - recovery phase after the: acute attack
(on the day of discharge from the: hospitaly, sputum specimens
were: aiso-obtainied. froin patients: with: stable, well cotitrolled
asthma; nommal healthy controls; and patients with’ respiratory
tract infections. Children with asthmi hospitalized: for treatment
of an acule atfack had significantly higher levels:of EGE from
the day.of hospitalization for ihe acute attack uniil the recovery
phase than stable outpatients with asthma, healthy controls, ot
children  with. respiratory tract infectons (Fig 1 A P < 001
or P <01 In contrast. the upregulation of amphiregulin in
the sputa of the hospitalized patients with asthina was transient,
lasting only through the duration of the acule attack (Fig 1. B).
Cysteinyl feukotrienes have been reported to play un important
role in airway remodeling.'® The atopic status of the patients is
an: important issue that must be considered in addition to the
factors triggering the asthma atfacks. To. see whether there
were any differenices m: the sputum levels of EGE and amphir-
egulin® between patient. groups with atopic ' and - nonatopic
asthma, between patient groups showing and nof showing ele-
vation: of the serum C-reactive protein during an exacerbation
as: & marker of infection riggering  the asthma attack, and be-
tween patient groups treated and not wreated with leukotriens
receptor antagonists, we compared: the concentrations of the 2
EGER ligands during an exacerbation and aftér recovery. We
found no significant differences in ihe levels of the 2 EGFR lig-
andls ‘between any of the groups (see this wtiele’s Fig El inthe
Online Repository at waww jaciontine.org). To elarify te kinetics
of the EGF and amphireeulin levels in sputum samples from
the siart of the dcute attack to the recovery stage, we measured
the Tevels ol EGF and amphiregulin every day after the onset of
the acute attack in sputum samples abtained from 8§ of the hospital-
ized children. As a marker of mediators released during the acute
attack, the levels of tryplase were also measured. The EGE Jevels
remained high from the day of hospitalization untif the day of recov-
ery from the gcute attack (Fig 2, A% In contrast, both the amphire-
gulin and tryptase levels tended to be high during U dcute attack
and to gradually decrease with recovery from the acute attack (Fig
2, Band Cy. There was a significant correlation between the amphir-
egulin and tryptase levels (Fig 2, £: P <001 2= (.735) bui not be-
tween the EGF and amphiregulinor typlase levels (Fig 2. D and Fy.
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TABLE |, Characteristics of the subjects with asthma and controls
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Asthma Respiratory tract

Acute Recovery Stable Healthy control infection
No. of subjects 4 13 13 8 7
Age {y) EAR{3 1] 94 (#1D 8.5 4-12) 9.2 (3-13} 580-123
M:F 410 9:4 94 35 34
Clinical history (mo) 64.8 £ 353 857 % 392 867 & 392 NA NA
Afopic 8 1 11 0 [1]
Nonuatopic [ 2 2 8 7
Atopic dermatitis 1 3 3 ¢ 1]
Allergic rhinitis 13 1t i G [
Oral coriicosteroids 1 0 1] G 1]
1CSs 6 ¢ 13 4] [
LABAs 2 0 ) 4] [
LTRAs 8 6 [ 4] [
Eosinophils (%) in sputa 18.8 =193 33 & 26 23734193 285206 ND WD
Neutrophils (%} in sputa 774 & 183 939 37 59.3% 220 83.7 % 189 ND, ND
Macrophages (%) in sputa 3624 34250 16.5 * 187 103 £ 163 ND ND
Lymphocytes (%) in sputa 8 = 12 06 = LI 03 = 08 12223 ND ND
F., Femate: (€8, inhaled corticosterad; TABA; Jong-acting B isty EYRA; feuh ptor ugonist; 4 mafe; NA, not applicable; ND, not determined.

Comparison of the proliferation-inducing effects of
EGF and amphiregulin on NHBE, BSMC, and NHLF

“To compare the proliferation-inducing effect between EGF and
amphiregulin on NHBE, BSMC, and NHLF, we conducted the
bromodeoxyuridine uptake assay for these celis after short exposure
{24 hours) to amphiregulin and EGF (Fig 3. A-C). EGF induced pro-
liferation of NHBE, NHLF, and BSMC. However, amphiregulin
had no proliferation-inducing effect on the NHLE Amphiregulin
exerfed a proliferation-inducing effect on the BSMC only at a
high concentration (100 ng/mL). Amphiregulin, however, in the
concentration range of 1 10 100 ng/mL, induced a concentration-
dependent 1ncrease of NHBE proliferation. At 10 ng/mL, amphire-
gulin induced a 2-fold increase of the NHBE proliferative activity
refative to that observed in the presence of medium alone, although
EGFinduced a similar degree of increase of the proliferative activity
at Fngfmb, ALUIOD ng/ml, bothamphiregulin and EGF induceda 3-
fold increase in the cetlular profiferative activity of NHBE. These
results were confirmed by the ] thymidine incorporation assay
{datanot shown). Toexamine the difference in the cellular signating
afier exposure of the NHBE and BSMC to EGFor amphiregulin, we
compared the (yrosine phosphorvlation fevel of EGER after expo-
sure of these cells to EGF or amphiregulin (Fig 3, D). EGEabun-
dantty stimulated EGER phosphorylation at Tyi992, Tyr1045, and
"Tyr1068, whereas amphiregutin did not stimulate phosphorylation
at Tyr992 ineither the NHBE or the BSMC. Amphiregulin induced
only manginal phosphorvlation of Tyr1043 in the BSMC; in addi-
tion, it induced. modest phosphorylation of Tyrl068 in both
NHBE and BSMC. We confirmed upregulaton of ¢-Fos mRNA
levels in parallel with the increase m the proliferative activities of
these cells (data not shown): The signaling pathways Jeading toex-
tracellular signat-regutated Xinase (ERK) activation by EGF und
amphiregulin in the NHBE and BSMC were also assessed (Fig 3,
Ey. Amphiregutin produced only a marginal increase in the phos-
phorylation level of ERK in the NHBE and BSMC.

Effect of EGF and amphiregulin on MUCBAC mRNA
expression in NCI-H292 cells

We confirmed that EGF and amphiregulin significantly upre-
gulated MUCSAC mRNA expression in the NCI-H292 cells in 2
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concentration-dependent and: time-dependent manuner, however,
the degree to which the level was upregulated was not signifi-
cantly different between EGFE and amphiregulin (see this article’s
Fig B2 in' the Online Repository at www jacionline.org).

Effect of long-term exposure of NHBE to EGF and
amphiregulin on mucous cell metaplasia in the air-
liquid interface {ALl} culture

Patients with severe asthma have frequent asthma atacks. To
examine the effectof prolonged exposure of the airway to EGFand
amphiregutin, we examined mucous cell metaplasia inan ALI
culture of NHBE cells weated with EGE or amphiregulin.. To
examine whether EGE and amphiregulin iniduced changes: in the
phenotype of the differentated NHBE growing in the AL culture,
expression of MUCSAC mRNA and protein was assessed by real-
fime RT-PCR and ELISA; respectively: In additon, an antibody to
MUCSAC was used for the immunofiuorescence assay. as de-
seribed in the Methods section. When NHBE were miaintained in
mediam supplemested with | to 100 ng/ml. EGE or amphiregulin
for 14 days, the expressions of MUCSAC mRNA and profein were
upregulated in a concentration-dependent manner, even in the ab-
sence of addition of any other molecules such as [L-13 (Fig 4, A
and B). There were many mucus-containing goblet cells that
stained positively with the MUCSAC-specific antibody in NHBE
cultured in the presence: of 1K) ng/mL EGFE or amphiregulin, In
conirast, there were no mucus-containing celis in NHBE coltured
in:the absence of EGE or amiphiregulin (Fig 4, €y

DISCUSSION

Int this study, we measured; for the first time, the concentrations
of BGF and amphiregalin in sputum samples from patients with
asthma obtained during an acute attack and also during the
recovery phase. We found that the sputum EGF Revels in these
patients with asthma increased during the acule attack’ and
remained: elévated during the recovery phase after the acute
attack. In contrast, the sputum concentrations of amphiregulin
and (ryptase were only transientfy elevated during the acute attack
(Figs 1 and 2). EGF induced proliferation and differentiation of
NHBE and: also profiferation of BSMC and NHLF,. whereas
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FIG 1. Concentrations of EGF (A} and amphiregulin {AREG}{B} in the sputa of patients with asthma after an
asthma attack {acute), during the recovery phase (recovery), and duting the stable phase {stable}, sputs of
normal healthy controls; and sputs of patients with respiratory tract infection {**P.< .01, **** P < 001}. The
number of donors is indicated under the figure. Because of the small volume of the sputum samples; the

experiments could not be conducted in some cases

amphiregulin only stimulated celi proliferation of the epithelial
cells among the lung structural cells examined (Fig 3) Prolonged
exposure of NHBE to EGF or amphiregulin induced changes in
the phenotype of the differentiated NHBE grown inALI culiure
(Fig 4. These dataindicate that EGF and amphiregulin are hyper-
secreted in the airway of subjects with acute severe asthma both
during and after an acute asthma aitack. Although EGF and am-
phiregulin are both EGFR ligands, each of the ligands appears
to have a distinet role in airway repair or remodeling.

it is ‘not clear whether the hypersecretion of EGF and
amphiregulin: after an acute asthma aitack is intended for the
purpose of airway repair or remodeling. In regard to the role for
endogenous ligands released by damaged or adjacent epithelium,
mechanical injury of confluent airway epithelial cell monolayers
has been reported o induce expression and release of EGE in
coordination with repair.!” Tt has been thought that the induction
of excessive or prolonged release of EGF inan attempt {0 effeci
repair would have additional adveru effects on both epithelial
and subepithelial cells and struciures. '’ Although the sputum cons
centrations of EGF and amphiregulin were transiently increased
after an deute attack in our hospitalized patients with asthma,
the patients were appropriately treated  and discharged by 7
days after the dcute attack. In:the absence of appropriafe treat-
ment, the attacks might recur, and recurrent acute attacks may
be expecied to be associated with excessive production and pro-
fonged exposure of the airway fo EGF and amphiregulin, and con-
sequently, airway remodeling. Of course; it is assumed that the
effects of these EGFR ligands. on normal cells can be
extrapolated o the comesponding cells in asthmatic airways.
Evidence 1s presented 1o suggest that the airway epifhelium in
asthing - is. fundamentally. abnormal and . shows: increased

stisceptibility to environmental injiry and impaired repair associ-
ated with activation of the epithelial-mesenchymal trophic unit, '
In addiiion to.conversion to an activated phenotype, the barrier
function of the epithelium s impaired throvgh defective tight
junction formation, thereby facifitating penetration of potentially
toxic or damaging environmental insults. Thus, {urther studies
will be required to ctarify the effects of EGF and amphiregulin
on the epithelium of asthmatic airways,

In:a variety of cultured cell model systems, different EGE
family. ligands  that bind te the ‘same receplor can  vield
divergent biological outcomes. For example, in MCFIOA hu-
man mammary epithelial cells; amphiregulin was shown (o be
a more potent stimulant of motility and invasiveness than
EGE ™ Amphiregulin, but not EGF, was shawn to stimulate nu-
clear factor-kB signaling and IL-I secretion in MCF10A iin-
morlalized cells. These findings appear o account for the
divergent stimulation of motility and invasiveness by amphire-
gulin snd EGE?” 1r has been shown that EGE, but not amphir
egulin, “can suppress - alcohol-induced: apopiosis in human
placental cytotropheblast cells.?! Some reasons are proposed
why amphiregulin at lower concentrations Jess effectively in-
duced proliferation of NHBE. First, dmphlreguim exhibits 1
fower: affinity for the EGE receplor than EGE>2 The mature
forin of amphiregulin is truncated at the C (érminus and lacks
the conserved leucine residue i\nown ta be essential for hfgh -af-
finity. hinding of EGE to EGER.® Second, differences in the
sites of Hgand-induced EGFR tyrosine phosphorylation may un-
derlie the divergent ligand-induced EGFR coupling to signaling
effectors and biofogical responses. EGF abundandy stimmulated
EGER phosphorylation at Tyr10435, whereas amphiregulin did
not, which is in dgreement with the observations of Gilmare
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FIG 2. Time-course of changes in the sputum concentrations of EGF (A}, amphiregulin { AREG}{B), snd tryp-
1ase [T} in chifdren with asthma hospitalized for treatment of an acute asthma attack during the scute phase
and during the recovery phase after traatment {n = 8 donorsl. Each symbol indicates an individuat doner.
Correlation betwean the sputum concentrations of EGF and AREG {D), between those of ABEG and tryptese
{E}, and between those of EGF and tryptase {F}. Evan if the asterisked point was omitted, there was a signif-
icant correlation betweei the sputuni concentrations of AREG and fryptase (E, P < .01, r = 0.416}. NS, Not

significant

etal® Phosphorylation of Tyr 1045 ereates a canonical binding
site for the E3 ubiquitin ligase ¢-cbl, Teading to EGFR ubiqui-
tination and degradation by the 268 proica&ome.""‘ Algo in
our experiments;, whereas: EGF abundantly: stimulated  EGFR
phosphiorylation at. Tyr992: in’ NHBEs, amphiregulin did not
In contrast, amphiregulin . has  been: reported - 1o stimulate
EGFR phosphoryfation abundantly, mcluding Tyr992. in the hu»
man breast cancer coll ine Al and the epithelial cell fine S1.Y

The phosphioryiated Tyr992 residue has been reported to bind
phospholipase Cv, leading to increused phospholipase Cy activ+
ity and activation of the mu()é,enﬁacuvaled protein kinase path-
way. However, why amphiregulin has only a marginal effect on
the proliferation of BSMC and NHLF despite ErbB1 being the
recepior for both amphiregulin and EGF is not clear. EGF fam-
ily ligands “hind to and activate the ErbB family receptors,
which consist of 4 related subtypes—ErbBI/EGFR, ErbB2,

ErbH3, and ErbB4° —-bv mduung the formation of homo-
dimers and heterodimers, resuffing’ in autophosephorylation of
specific: tyrosine residues. Our preliminary: experiments using
quantitative real-time PCR of the ExbB family genes showed
that ErbBI/EGEFR was the most highly expressed gene among
the ErbB family receptors in the all airway siructural cells ex-
amined (NHBE, BSMC, and NHLF: data not shown). Indeed;
amphiregulin-indiced proliferation dlld ¢-Fos mRNA expres-
sion in NHBE were completely inhibited by simultaneous ireat-
ment with an anti-EGFR  nieunralizing antibody (data’ not
shown), suggesiing the indispensability of ExbBUEGER for
amphiregulin-mediated responses of (he NHBE. We also found
only modest expression of ErbB2 mRNA and no expression of
ErbB4 mRNA in the NHBE. BSMC, and NHLF. Interestingly.
ErbB3 mRNA and profein were preferentially expressed in
NHBE but not in'the BSMC or NHLF (data not shown}, 'We
confirmed the expression of ErbB3 protein in NHBE by West-
em blot analysis (data not shown). ‘Because ErbB3 requires
ErbBI-ErbB3 and/or ErbB2-ErbB3 heterodimer formation (o

45

initiate signaling.” we hypothesized that ErbB1-EtbB3 and/or
ErbB2-ErbB3 heterodimers were critically involved in the am-
phirégulin-mediated responses, To confirm our hypothesis, we
knocked down ErbB3 i the NHBE by using the small intérfer-
ing RNA-silencing technique and: compared the amphiregulin-
imduced profiferative actvity of ErbB3-knocked down NHBE
and conrol NHBE. However, we did not observe any differ-
ences - in . amphiregulin-mediated  responses.” between - the
ErbB3-knocked down NHBE and control NHBE. Further stud-
ies are clearly needed to elucidate ‘the functional relevance of
ErbB3 in amphiregulin-médiated responses. Alternatively, vari-
ous factors may contribite to ligand specificity, including dif-
ferenices in the tming of the tigand expression, tissue-specific
patterns of Hgand expression, and  differences in postiransla-
tional cleavage and processing. Accessory molecules and core+
ceplors, such as heparan sulfate profeogiycans, may  also
contribute to ligand specificity by sequestering high concenira-
tions of these growth factors Tocally or by coniroliing their bi-
oavailability, théreby selectively modulating the duration and/or
strength of signating stimulation by members of the EGF fam-
ity that bind to these molecules”

In this study, high concentrations of EGF or amphiregulin atone
induced mucous cell meiaplasia in an AL culture of humin
epithelial cells, without any transdifferentistion signals induced
by 11-13 or neutrophil elastase, Two ALL culture methods have
been reported; culture in the presence of a high concentration of
relitoic acid (50 ninol/Ey*77% and that n the presence of a low
concerntration of retinoic acid (0.33 nmol/LyY; we used the fore
mer method. Wheit (.33 nimol/L retinoie acid was used for the
ALI culterel MUCSAC mRNA, whose upregutation has been
shiown 1o be correlated with mucous cell metaplasia in the air-
ways,'? was not induced by EGF or amphiregulin alone under
our expertmental conditions {datanot shown). Mucous cell met-
aplasia requires nentrophil elastase-induced  transdifferentiation
signals under the ALI culture condition of @ low conceniration
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FIG 3. EGF and amphiregulin fARE G} induced distinct patterns of cell proliferation: Bromodeoxyuridine up-
take in NHBE {A), BSMC {B}; and NHLF {C} induced by EGF {filled circles) ar AREG {open circles). Data are
expressed: as means * SEMs of 3 independent experiments using different dotiors. *P < .05, **FP < .01,
*¥ES 005, and **¥* P < 001 compared with cells nottreated with recombinant human EGF or recombinant
human AREG. D, EGFR tyrosine phosphotylation in NHBE and BSMC by EGF and AREG. This experiment
was repeated 3 times. E, Phosphorylation of **“ERK in NHBE and BSMC by EGF or AREG! Fold induction
of phasphorylation ¢f pa2 ERK was determined by densitometry and normalized 1o the respective protein.
Onie representative of 3 individuat experiments is shown. Abs, Absorbarnces.

of retingic acid.*" Retinoi¢ acid receptors mediate transcription of
different sets of genesinvolved in cell differentiation, thus the ef-
fect of retinoic acid also depends on the target cells: It is known
thatvifamin A is essential for mamzenanc& of the mucociliarv ep-
itheliurm in the conducting aitways.>2 Our data suggest that EGF
or amphiregulin alone may be capable of inducing mucous ceil
metaplasia in a non—I1L-13=dependent manner in microenviron-
ments with a high concentration of retinoic acid,

Br()ndnal epithelial cells produce both EGE and amphiregu-
1in.S Members of the EGF family are generated by a membrane
disiniegrin: and mdal!opqmd*mc 17 (ADAMIZYINF-o con-
verting ‘enzyme (TACE) through cleavage of ‘a: membrane-
bound hgand rather -than by secretion  from  intracellular
stores.”” We measured the concentrations of ADAMIZ/TACE
in the sputum of 6 patients with: asthma during exacerbation
and after recovery (Table E1). ADAMIZ/TACE was detected
in the sputa of 3 of the 6 donors with asthma during an eXae:
erbation, suggesting that. ADAMI/TACE plays an important
role in the upregulation of EGF ligands during an asthmatic ex-
acerbation. The kinetics of spulum EGFE and amphiregulin in
patients: with:asthma after an acute asthma attack were differ-
ent, and there was a significant correlation between the concens
frations of iryptase and amphiregulin, even if the highest value
poinit was. omitted, but’ not between  the concentrations of
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tryptase -or amphiregutin and. EGE, suggesting  that some of
ihe: amphiregulin in the sputum of pagents with acute asthma
with elevated amphiregulin levels might be produced by MC.
The concentration of amphiregulin in the airways was signifi-
cantly increased during the acute atlack in our patients.:In the
event of recurrent acule attacks, the airway epithelial cells
may: be expected to be exposed. for longer durations fo high
concentrations of amphiregubin.- Our - findings suggested: that
amphiregulin may. play an important role in:the pathophysiol-
ogy of not only acute severe asthma, in which it induces mucus
hiypersecretion, but also i the aggravation of mucous cell met-
aplasia and airway remodeling in patients with recurrent acute
asthma: attacks: The prolonged hypersecrétion of EGFE after an
acute attack may also play a major role in airway remodeling
by inc¢reasing the airway smooth muscle mass and inducing mu-
cus gland hypertrophy, deposition of extracel lular mafrix com-
ponents. and: thickening of the reficular basement membrane,
Qur data lend support to the notion that activited and repatning
epithelial-mesenchymal tophic. units generate. a’ range  of
growth factors that are involved in the early-life origin of this
discase as well as its progression in: the form: of mucous: meta-
plasia and airway: wall rémodeling.'® Our findings suggest that
the airway remodeling . process: progresses: with every acute
attack.
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FIG 4. Long-termi exposure of NHBES 1o EGF anid amphiregulin {ARE GFiesulls in mucous cell metaplasia in
the ALE culture. After NHBE were cultured inthe ALl culture for 2 weeks in the presence of recambinant hu-
man EGF or recormbinant human AREG, the medium was replenished, and the cells were incubated in the
presence or absence of recombi h EGFor bi R AREG for 24 hours {hatched bars}
and 48 hours culture (filled or open bars}ior analysis of MUCSAC gene expression (A} and for. 72 hours for
snalysis of MUCE AC pratein praduction (B} and iImmunocytochemistry (€], Data are expressed as means '
SEMs (ni= 3% €, Mucins were measured in the cell iysate and in the tupernatants. 7, Without second anti-
body. i, Non-AREG-reated or EGF-treated cells. /i, 100 ngmb s bi i EGF- dgells. v,
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Dexamethasone and FK506 Inhibit Expression of Distinct
Subsets of Chemokines in Human Mast Cells'

Atsushi Kato,*" Regina T. Chustz,* Takahisa Ogasawamf Marianna Kulka,* Hirohisa Saito,”

Robert P. Schleimer,* and Kenji Matsumoto™

Mast cells produce a large amount of several chemokines after cross-linking of EceRI and participate in the pathogenesis of
allergic diseases. The objective of this study was to comprehensively investigate Fee RE-medinted chemokine induection in homan
must cells and the effect of a corticosteroid (dexamethasone) and @ calcinenrin inhibitor (FK3061% Human peripheral bluod-derived
mast cells were stimulated with anti-IgE Ab in the presence of dexamethasone or FK306. Gene expression profiles were evaluuted
using GeneChip and confirmed by real-time PCR, and chemokine concentrations were measured by cyfometric head arrays and
ELISA. Expression of cight chemokines was significantly induced in mast cells by anti-IgE stimulation, Induction of CCL2, CCL7,
CXCLY, and CXCLS by anti-IgE was signiticantly inhibited by dexamethasone buf was enhanced by FK506. In contrast, induction
of CCL1, CCL3, CClL4, and CCLIB was significantly inhibited by FK306 but. with the exception of CCL1, was enbaneed hy
dexamethasone. Combination of dexamethasone and FK306 suppressed production of all chemokines by anti-IgE stimulation.
Studies using protease inhibitors indicate thut mast cell protenses miay degrade several of the chemokines. These results suggest
that corticosteroids and calcineurin inhibiters inhibit expression of distinct subsets of chemokines, and a combination of these
drugs almost completely suppresses the induction of all chemokine genes in human mast cells in response to FeeRI-dependent
stimulation. This implies that a combination of & corticosteroid und a calcineurin inhibitor may be more effective than each single
agent for the treatirens of allergic diseases in which mast cell-derived chemokines play a major vole.  The Journal of Inmunelogy,

2009, 182: 7233-7243.,

ast cells are well known to play a central role in the

formation of allergic inflammation and contribute to

the pathogenesis of allergic diseases, including bron-
chial asthma and atopic dermatitis (1, 2} Afier activation by cross-
linking of the vell surface high-affinity IgE receptor, FeeRL mast
cells exert a wide variety of biological effects by releasing several
mediators. including histamine, prostaglandins (PGs).” leukorri-
enes (LTs), proteases. cytokines, and chemokines (1. 2). Among
these mediators. the chemokines mainly participate in the selective
recruitment of inflammatory cells into tissue sites {3): Chemokines
are a large superfamily of low molecular mass, secreted. and he-
parin-binding molecules that can be classified into several groups
based on their molecular structures: (4) More than 45 human che-
mokines have been discovered (4}, and a comprehensive transerip-

*Drvision of Allergy and Immunalogy, Eepartnient of Medicine, Nosthwestern Uai-
versity Feinberg Schoof of Maditine, Chicage, 1L 6061 1 and "Department of Allorey
and Immusology. National Resedrch: Institute: foe Child. Health and Bevelopment.
‘Tokye, Japan

Received for publication Aprif 29; 2008, Accepled for publication March 4, 2000:

The costs of publication of this adicle wore defrayed 10 part by the payment of page
charges. This article’ must therafore be herehy midied advertisesens in gecordance
with 1€ U.S.C. Section 1734 solely to indicate ihis fact

¥ This work was Supported in part by grants frons the Nationat Instituee of Biomedical
Ernovation (ID05-24 and 1D05-31}, the Japan Health Science Foundation (KHY HM6)
and the Nagonal Institoies of Health (ROt HLOS8546).

= Address cormesy o and feprint s to D¢ Kenji Matsumata. Deparintent
of Allergy and Immuniology, National Research Institate: for Child: Health and De-
velppment, 2-10-1 Okoza, Setagaya-ki '{57-8335, Tokyo. Japan. E-mail address:
Kmasumsto@nch.gogp

* Abbeeviations vsed in this papes: PGy fanding CBAL G fo:bead drray;
DEX; & h FR306. acrolimus: GR.: glicoconicold: recaptor; GRE. giv-
cororticoid resp e < LT levkotricne: PIC, p inhibitor cocktail; SCR
stem celf Tactor.

Copynpht © 2009 by The Ankrican Association of Tmmuasiofogists, Inc. (022- 17870075200

www. fimmunol6rglez¥deif 10 4049 immuncl 0861375

48

tome: analysis has shown that human mast cells produce and re-
Tease 1-309 (CCL1). MCP-1 (CCL2), MIP-1o ¢CCL3), MIP-18
(CCLA), MCP-3 (CCLN, TARC(CCLIT), LARC (CCL20Y, MDC
(CCL2Y). and H-8 (CXCLS) upon stimulation of FceRI (5, 6).
Thus, mast cells not only trigger immediate allergic reactions but
also orchestrate cellular allergic inflammatory responses through
release of these chemokines (1, 7).

Allergic diseases are: one of the most commion chronic inflam-
matory diseases worldwide (8, 93 Significantly elevated total IgE
fevels are found in the serum of most patients with asthma and
atopic_dermatitis, and the Ag-specific IgE fevel is also usually
increased {10, 11y, Allergen exposure triggers and exacerbates al-
Tergic inflammation and ¢linical symploms in most patients with
allergic diseascs.

Increased numbers of mast cells and infilerating inflammatory
cells, including cosinophils, lymphocytes. and macrophages, have
been: reported in'the asthmatic lungs and atopic dermatitis lesions
(11=13} At the same time, several chemokines, including CCL2,
CCL3, CCLA4, RANTES (CCLS5}, eotaxin (CCL1D). MCP-4
(CCL13). CCLI7, and CCL22. which pr bly attract these in-
fammatory. cells, have also been reported fo be elevated i the
serum or in asthmatic lungs and atopic dermatitis lesions (7, 14~
20} Some . of these chemokines are thought fo be involved in the
selective recruitment of CCR3” cells {cosinophils and Th2 cells)
(17) or CCR4" cells (Th2 cellsy (18) and 1o participate in the
chronic stages of allergic inflammation. Additionally, recent stud-
fes  have indicated that CCL1 ‘and PARC (CCL18) are also in-
creased in asthmatic Jungs and atopic dermatitis Iesions, and may
initiate and amplify allergic inflammation: (1923},

Administration of anti-IgE mAb in paticnts with asthma not
only reduced the mean: maximal fall in FEVI during the carly
response: after Ag- challenge, but also: significantly reduced the
mean maxinal fall in FEV daring the Jate response (24); This fact
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clearly indicates that mediators, presumably including chemokines
released from mast cells upon stimulation with FeeRI, play critical
roles in the recruitment of inflammatory cells into allergic tissue
sites. It is noteworthy that most of the chemokines whose level is
locally or systentically elevated in allergic patients are also known
to be released by mast cells upon cross:linking of cell surface IgE
receptors (5. 6). Thus, it is highly possible that mast cells paric-
ipate in the pathogenesis of allergic inflammation through release
of these chemokines.

Topical corticosteroids have been the mainstay of antiinflam-
matory therapy and have been effective in the control of both acute
and chronic inflammatory reactions in allergic diseases (25, 26).
Corticosteroids act on several resident and infiltrating cells and
reduce inflammation, primarily through suppression of inflamma-
tory genc expression via diverse molecular mechanisms (27).
However, some patients with bronchial asthma or atopic dermatitis
do not respond to corticosteroid therapy because they do not ad-
here to the treatment regimen (28, 29 because of acquired sicroid
resistance {30-32), or because the induction of inflammation-
causing genes itself is insensitive to the treatment by corticoste-
roids (33, 34).

The ' topical. calcineurin . inhibitors. tacrolimus: (FK306): and
pimecrolimus have recently been approved for the treatment of
atopic: dermatitis (26, 35).. Clinically, FK306: exhibits' potency
against atopic dermatitis that is almost equivalent to that of *mild
to potent” corticosteroid ointment {35). However. the mechanisms
of action of the calcineurin inhibitors dre distinet from those of
corficosteroids (29, 36). For instance, FK506 efficiently sippresses
lymphocyte proliferation after stimulation: with bacterial superan-
tigens, whereas corticosteroids do not (32). Additionally. cyclo-
sporin. another calcineurin inhibitor, has been shown to improve
Tung function in patients. with severe asthima in multiple clinical
trials (37).

Although conticosteroids do not inhibit the release of histamine
in hiuman mast cells (38, 39). they are known to reduce the ex-
pression of some, but not all, cytokines in human mast cells (33}
In contrast, calcineurin inhibitors have been found to suppress the
release of histamine, tryptase. B-hexasaminidase; and some che-
mokines from mast cells (40-42% However, the effect of either of
these drugs on the chemokine preduction profile in mast cells upon
stimulation of FceRlE has not vet been'investigated (42}

In the present study; we comprehensively investigated FeeRL-
mediated chemokine induction in human peripheral blood-derived
mast cells and the effect of a corticosteroid (dexamethasone, DEX)
and & calchearin inhibitor (FK3506) on the response. Additionally,
we found that DEX and FKS06 clearly blocked the intracellular
transtocation of NF:xB and NF-AT! respectively, in mast cells
activated via FeeRE We think that these results will provide valu-
able information concerning the pathogenesis of steroid-resistant
asthma or atopic dermatitis and may also provide o rationale for
the potential use of these two topical therapeutic agents to treat
these allergic diseases.

Materials and Methods
Reagents

Recombinant human stem cell factor (SCF), IL=3, and 11.-6 were pur-
chased from: PeproTech. FK5306 and human myefoma IgE were pur-
chiised fron: Calbiochem. DEX. DMSO, protease inhibitor: cocktail
(PIC; containing 4-¢2-aminoethylib Hfonyl fluoride, pepstatin
A E-64. bestatin leupeptin, and aprotinin) and BSA were purchased
frony Sigma-Aldrich.

Must celt culture and stHmulation

All iuman subjects: in; this study pravided written informicd ‘consent that
was npproved by the Ethical Review Board at the National Center for Child
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Health and Development, Tokyo, fapan. Human peripheral blood-derived
mast cells were obtained as described previously (43, 44). Briefly. lincage-
nepative mononclear cells ware separated from human PBMC by wsing an
autoMACS system (DEPLETES 0.3 program; Miltenyi Biotec) and a mix-
fure of magnetic microbead-conjugated Abs against CD4, CD8. CD1ib,
CDI4, CD16, and CD19 (Milienyi Biotee) according to the manufacturer’s
instructions, The cells were suspended in scrumfree Iscove’s methyleel
lulose medium (MethoCelt SFBIT H4236; StemCell Technologies) con-
taining 200 ng/ml. SCF, 1L-6, 3 ng/mb 1L-3; 100 Wmi penicillin, and 100
pg/mi streplomycin, and then fncubated at 37°C in 3% CO,. Afier 2 wkof
culture, fresh methykeellulose: mediom & ining 200 ng/ml SCF, 50
ng/mi [L-6, § ng/mi 1L-3, 100 U/ml penicillin, and 100 pe/ml streptomycin
was lavered over the methyleelfulose cultures. At 4 wk. a 1-mi aliguot of
IMDM (Invitrogen} supplemented with: 200 ngfmi SCF. 50 ng/mi 1L-6,
insulin-transferrin-selenium (Invitrogeny. 35 uM 2-ME (Invitrogen), 100
U/ml penicillin, and 100 pg/mi streptomycin was layered over the meth-
vicelulose cultures. At 6 wk; all cells were roirioved afier dissolving the
methylcetlufose medium with: PBS. The cells were then suspended and
cultured in IMDM supplemented with 100 ng/mi SCF, 50 ng/mel 116, 0.1%
BSA, insulin-transferrin-sefeniom; 35 pM Z-ME, 100 U/mi penicillia, and
100 pgiml streptomycin, and the culture ‘medium was changed a week
tater: After an additional week of cullire; the culture medium was switched
to IMDM supplemented with 100 ng/ml: SCE,.50 ng/md IL-6, 5% FBS
¢Invitrogen), 35 pM 2-ME, 100 U/m! penicillin, and 100 ggfml strepto-
mycin The culi Jrum was changed weekly th fter, amd 'the cells
were incubaled for an additional 5-7 wk. The final purity of the mast cells
always exceeded 98%: The niast cells were then sensitized with I pg/ml
human myeloma IgE (Calbiochemy at 37°C for 48 h and, after washing; the
mast cells were preincubated with DEX, FK306, or DMSO for 1 K and then
stimulated with, 1.3 gg/ml anti-IgE Ab (Dako}) for 6 k. The cultured mast
cells derived from atopic donors and those frons noimal 1gE donors have
been reported o equally express FeeRI and refease histamine vpon stim-
ulation with FeeRE ¢45). Supernatants were harvested and assayed as de-
seribed helow:.

Oligonucleotide microarray

A comprehensive microatray snalysis was performed as desenbed provi-
ously (46}, Exacily the same experiments were performed with miast cells
from four indistdual donors; and mRNAs were mixed and hybridized with
a single set of microarrays. Gene expression was measured with GeneChip
Human Genome U133 Plus 2.0 probe: arrays (Affvmetrix}. Data anafysis
wis: performed with GeneSpring software version 7.2 (Agilent Technola-
gies). To normalize the varfations in staining intensity aimong chips. the
“average difference” values for all genes on ' given chip were divided by
the median: value for expression. of all penes on the chip. To eliminate
genes containing only a background signall genes were selected only if the
raw values of the average difference were 2200, and expression of the penie
wis judged to be Vpresent” by the GeneChip Operating Software version
1.4 (Affvmeirix}, A hterarchical-clustering analysis was performed using a
minimom distance: value of G.001, & scparation ratio of 0.5, und the stan-
dard definition of the carrelation distance.

Real-time PCR

Primer sets for the following nine genes were synthesized at Qiagen: CCLT
sense, 5-CCTGCGCCTIGGACACAGT-2; antisense, 3'-CAGAGCCE
ACAATOGAAAGAAA-3), CCL2 (sense, S-TCAGCCAGATGCAATC
AATGC-Y: antisense; §'-GOACACTIGCTGCTGGTGATIC-3'). CCLY
{sense. $-CAGCTACACCTCCCGGCA s antisense, §-TCGCTIGGTT
AGGAAGATGACAC-3'Y, CCLA (sense, 5T-CGTGTATGACCTGGAACT
GAACTG-Y; antisense, 5 TCCCTGAAGACTTCCIGTCTCTGAY).
MCP=3 (CCLZ; sense. $-GCCATGACTIGAGAAACAAATAATTIG-3,
antisense. S -AATCTCAGAACCACTCTGAGAAAGGA- Yy CCLIB
Gense, -ATGGCCCTCTGCICCTGTG-  antisense, 3 -GGTATAGA
COAGGCAGCAGAGETRY), GRO3 (CXCL3: sense, §-GCAGGGAATT
CACCTCAAGA-Y: antisense, 5"-GGTGCTCCCCTIGITCAGTA-3
L8 (CXCLS; sense, 57 TCTGCAGCTCTGTGTGAAGGTG-3 mti-
sense, S-AATTICTGTGTIGGCGCAGTG-Y ), and GAPDH (sense, §'-
GAAGGTGAAGGTCGGAGTC 3 Vantisease, S-GAAGATGGTGATGG
GATTTC-3'). Total RNA was extracted with RNeasv: (Qiagen) and
digested with DNase I{Qiagent according to the manufacturer’s instriie-
tions; Single-strand cDNA was synthesized with SuperScript Hreverse
transeriptase (Invitrogen) and oligo(dT) priiners. Quantitative real-time
PCR was performed by’ using o double-stranded DNA:binding dye,
SYBR Green Land wnApplied Biosystems 7700 Sequence Detection
System; as previously reported (471 To determine the exact copy num-
ber of the target genes, quantified aliguats of purified PCR fragmentsiof
the target genes were serially diluted and used as standards in cach
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FIGURE ‘1. - FeeREmediated chemokinic expression in human nist cefls, Hunian mast cofls were sensitized with T pg/mi humuan myeloma IgE for 48 b, After washing
e oells, they were samulated with 1.5 pg/mi anti-IgE Ab for 6 h. A, Genie expression was analyzed with the GeneChip Humas Genome U123 Plus 2.0 probe amiys. Data

were dnalyzed by applying a hicruchical tee algonthm to the nom. intensities. As indicated tny the accompnying color b, stongly expressed genes are represented

by shades of wed, aind weakly exg J genes are Tep } by shades of blue

1y the same experiments were perlommed with rust cells from four individoal donors

and mRNA were mixed and hybridized with s single set of micreamays B, The mRNA levels of the chemokines were determined by realime PCR. The resalts are shown
as the means = SEM of four independent experiments with independent donors. *, p < (.05,

experiment. Aliquots of ¢DNA equivalent to § ng of tal RNA were
used for real-time PCR, The mRNA expression levels were normalized
o the median expression fevel of a housékeeping gene (GAPDHL

Cyiomeiric bead arrav {CBA)

The concentrations of CCL2, €CLY, CCLA. CXCLS, and GM-CSF in
Geli-fre¢ supernntants were measured using'a CBA human Flex Set for
CCL2.CCLA. CCLA, CXCLS and GM-CSF (BD Biosciences): In bricf,
40 pl of the mixed capture beads and 30 ph of culture supernatants were
incubated for 1 b at room emperatore. and after sdding 40 plof the
mixed PE detection reagent to the mixture, it was incubated for 2 hiat
room temperature. The beads were then washed with the wash buffer
and analyzed with a FACSArry bivanalyzor (BD Biosciences) The
CBA data were analyzed with FCAP Array 'saftware version 1O (BD
Bioseiences).

ELISA and enzyme immunoassay

The concentrations of CCLE and CCLTE in'cell-free supernatants were
measared with specific ELISA kits (R&D: Systems): The mimmal ded
tection fimit for both kits was 7.8 pg/mb The concentrations of PGD; in
the cell-free supernatints: were measured with a specific enzyme im=
munoassay kit {Cayman Chemical) that has s minimal detection limit of
78 pefml.

Imnumofiuorescenice staining

1 a

ing was ised 1o visualize the translocation of
NF-&B and NFCAT. The miast cells:were sensitized with 1 ga/mb human
myefoma IeE for 48 hiand, afler washing, the mast cells were pretn-
cubated with either T oM DEX, 100 nM FR506, 0.01% DMSO ot a
combination of DEX {1 uMy and FRI06.0100. 0Mj for | h and then
stimulated with 1.3 pgfml wnti-IgE Ab for 30 minc Afier making cyto-
centrifugation preparations: by Cyiospin (Shandon), wells were fixed
with:3.7% formaldehyde (Fisher: Bioteeh} in PBS for 20 min and were
permeabilized by (:3% Tween 20 (Sigma-Aldrichy 1n PBS for 10 min.
Cells:were: then: blocked! by blocking’ buffer €3% normali goat serum
{Santit Cruz Biotechnologyyi 1% normal human AB serum {MP Bio-
meditals) 10% Fo blocking reagent {Miltényi Biolec), 0.3% Tween 20
in PBS) for 2 hat room’ temperature; After bloeking: celly were! incu-
bated with 2.5 ggfmb mouse ant-NF-«B p63 mAb (1sG 1 clonc 20: BD
Biosciences) and 2 gg/mi rabbit anti-NF-ATed polyclonal Ab (Santa
Cruz:Biotechnologyy se8321) in blacking buffer or: 2.5 pg/mi mouse
control: 1gG 1 iclone: P3; eBioscience) and 2. pg/mi rabbit control I5G
{Santa’ Cruz: Biotechnology: $c20271 in’ blocking buffer ot 7C over-

aight: After washing with PBS. cells were mcubated with 4 pg/ml Al-
exia Floor: 488-conjupated goat anti-mouse: IgG (Invitrogen) and: 4
pgfmb Alexa Floor 647-conjugated goat anii-rabbit IgG: (Invitrogen) for
I b at room emperatire. in’ the dark.. After: final washing. with PBS,
coverslips were mounted onto slides using SlowFade Gold untifade ve-
agent with' 4°.6-dinmidmo: 2-phenylindolé (Javitrogen) and the slides
were stored in the dark at 4°C, Tmages from immuncflaorescence slides
were: obtainéd with an: Olympus IX71 fnverted resdarch: microscope
using ¥40 objective lens and images were collected by using SlideBook
software. €Obympus). Five pictures were randomly | taken: from: each
shide. The average percentages of mastcells with the noclear rinsfo-
cation” of - NF-xBor  NF-AT weres calcvlated by tvor Independeit
researchivrs,

Stetistical analysis
All data tce reported ay’ thé. mean: = SEM vnless otherwise voted, Differ-

ences betwoen groups were analvzed using the paired Student’s ¢ test and
considered to be significant for a p. valug <005

Resnlts
tdentification of FeeREmediated chemokine induciion

Increasing evidence. indicates: that several mediators, including
chemokiiies, are involved in the pathogenesis of allergic discases.
including bronchial asthima and atopic dermatitis (7, 14015, 48,
493, To test mast cells for a possible role inthe selective recruit-
ment.of inflammatory cells into sites of allergic inflammation, we
nieasured the expression of mRNA for chemokines: in unstimu-
lated mast cells and: IeEfanti-IgE-activated mast cells with.a mi-
croatray system and by realtime PCR. Al microarray data have
been submitted to Gene Expréssion Omnibus-as GSE15174 OThe
effect of a dexamethasone and a FKSU6 on' the induction of che-
mokines in: human mast cells”™ wwwinebiLolmnih.gov/geo/). The
accession numbers for “Control”; “Amtizigh + DMSO”, "AntiIgk +
DEXT, "Anti-IgE -+ FK3067, and "Ant-IgE + DEX + FK506™
are GSM378803. GSM3I78R07, GSM378808, GSM378809, and
GSM378810. respectively.

The results showed that 12 of 42:chemokines contained on the
GeneChip UL33 Plus 2.0 array were expressed in unstimulated or
activated mast cells {Fig: 14 and Table 1), Importantly. nine genes
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Table I FeeRl-mediated chemokine expression in human mast cells”

Conteol Anti-IpE

Lotk Lot 2 Letl Lot 2
Probe 1D Symbol Alleraate Cenlank” Norm (Raw Bl Mo Raw B Nem  Raw  F Nom Raw B
207532 _at CCLi I-309 NM_(X2981  0.01 “A 001 2 A 360 382 P 200 2006 P
216398_s_at  CCL2 MCP-1 569738 044 4852 P 0663 2181 P 1.37 11637 P 172 6311 P
205114 s ot CCL3 MiP-la NM_002983 001 6 P 002 43 P 211 9456 P 198 3821 P
204103 _at CCL4 MIP-18 NM_002984 . 0.02 168 . A 001 20 A 198 12603 P 225 6169 P
1555739_aat  CCLS RANTES AF043341 Q89 15 A Ll 8 A 4468 62 A 059 I A
1405 ¢ at CCLS RANTES M212 0.99 5 A 091 2 A o4y %A 039 I A
2353100, at CCLS RANTES BG435745 2.63 33 A u? 6 A 049 5 A 083 4 A
204655 _at CCLS RANTES NM_2002985 - 0.38 15 A 154 25 A 44 46 A 056 8 A
1561006 _at €CLY RANTES AF147386 [ 9 A 079 4 A 143 10: A 259 18 A
208075 _s_at . CCL7 MCP3 NM_ (06273 0.01 5 A 011 22 A 1.8 709 P 293 474 P
214038 at CCL8 MCP-2 ATY84986G .13 § A 108 25 A 1.34 33.A 092 8 A
210133 CCLI Eotaxin 49372 119 49 - A0 081 14 A 252 8 A 030 4 A
206407 s_at  CCLI3 MCP-4 NM_003408 - 0.20 A 1M 24 -A 056 8 A 234 0 A
216714 _at CCLi3 MCP-4 Z77651 0.83 A LIS 4.4 080 5 A 138 4 A
205392 s st CCLI4 HCC-1 NM_004166. 1.13 100 A 013 S.0A 1.67 114 A 087 2% A
210390.s_at  CCLIS HCC-2 AFO3E587 0.91 2% A 083 ¢ A 1.09 26 A L5 16 A
207354 _at CCLI6 LEC NM_004590  2.56 49 A 045 4 A 1060 5 A 100 6 A
207900 _at CCL{7  TARC NM_002987  L13 % A Lo 0 A 063 33 A 09 20 A
209924 CCLi8 PAREC ABOOO221 0.66 {10 A 016 1A 250 325 0P 134 I5.A
32128m CCLIB . PARC 4864840 _RC - .13 10 A 040 1304 . 506 1P LAD 4t P
210072 at CCLIG - MIP-3B U832 6.92 3§ A LIl 24 A 087 36 A L21 LA
205476 _mt CCL2G LARC NM_(04391 - 0.67 & A 1D% 4 A 0% TOA LIS 3 A
304606_at CCL2t SLCECL NM_002989 ~ 0.76 YA R0 6 A 138 {34080 30A
207861 at CCL22: - MDC NML02990 .90 1A 098 So0A 137 130800102 4.0 A
210548 at CCL2Y MPIF-1 U58913 1.80. 503 P 050 168 P 1.56 3P 035 97 P
2105495 at. . CCL2Y o MPIE:1 Us3913 147, 1348 P 058 215D 131 932.P 089 211 P
221463 at CCL24 . Eotasin-2 NM 002991 146 3204083 S A 0% 16°A 106 8 A
206988 at CCL23 . TECK NM_005624 7 1.01 4 7A L0 9 AT 099 1078 7094 A
223710 at CCLG - Eotaxin-3 AF096296 092 8 AV LO8 4R 66 19 A 052 2A
207955 ar CCL27: ' CTACK RNM_ 006664 . 0.91 81 A LO% 39:0A 084 5700A 0130 A
Z3002T . CCL27 . CTACK ALZD3673 054 100 A 5106 460 A 012 1004 L 40 A
224240 s at - CCL2R  MEC AF266504 0.89 94 P 072 K120 11t 9t P T3 400A
224027 at CCEZR T MEC AFTH0384 096 63 P 088 24 A 113 59 AL 23 A
204470 at CXCL1  GROY NM_001311. Q38 3. A L 6. A 09 2% A L3 15 A
209774 x at  CXCL2  GRO2 M57731 8.20 ¢ A o 4 A 2 290 P 180 82 P
230101 at CXCL2 GRO2 AVER4TY 1.08 65 A LIg 2784 050 3 A 092 19 A
§369203 at CXCL2 - GROZ BCGOS276 0:37 2080 078 08 053 2 A 084 I A
20785G at CXCL3 . GRO3 NM_002090 - 0.12 S4A - G166 30 0A. 283 1058 P 184000288 P
206398 x:at. - CXCL4: - PF4 NML002619 . 3000 124 A 049 § AL 046 5 A 15 A
07813 m CXCL4 . PR4 NM_002620. © .76 6 A 124 40RO 1 A 1va G P
215101 siat . CXCLS © ENATS BGIseTOS 0.24 4 0A 205 134 0 3 A 172 9.A
214974 % at - CXCLS  ENA-?8 AKO26346 .81 2204 119 13 A 081 [N S 6 P
207832 at CXCL3 " ENA-T8 NM (02994 Q.17 £oA 107 2 A 1Y) 40045 i A
206336 at CXCLG - GCP-2 NM (02993 089 23 0A 049 6 A 1.3l 25 0A 128 124
214146 s at . CXCL7:  PPBP Ro4130 £.63 50A 1S 4 A 147 9o AT 20A
202839 x at’ TCXCLS - IL-8 NM_000584 10,02 1336p 002 740M K98 11837 P24 8312 P
E CXCLB IR AFR43337 0.01 35004001 2304 199 12539 P 209 5665 P
CXCLY - MIG NMo02416 . L1 77 A R 3RAC 030 480 A 04D 10 A
CXCLIO 1P NMLO01565..0.96 A LN 3047006 6 CAT LS 33 A
CXCLIL ETAC AFO30314 .86 6 A 085 2 A 208 ireA L 3 A
211122 5 at - CXCLIL -TAC AFO02985 0.39 304 036 A 161 QA7 6 A
25666 at CXCLA2 SDE-1 NM_(0609 7 112 164 P 096 5T0P 104 HIP 6735 31 P
209687 at CXCL2 SDF-1 V19495 13 457N 082 18 A i3 48 a0 L6 3 A
205243 at CXCLIZ T BLC NMo006419 042 3OOA 105 A XiH 6 A 095 2 A
218002 s at’  CXCLI4 BMAC KM 004887 0.38 I UALLH 30040 089 SOUATL9T 5 A
237038 at CXCEI4 . BMAC AI927990 EI2 MooA 043 AL GR0 § AL LID 4.4
320484 s at . CXCLI4. BMAC AFI44103 i} SUA AR 300A 00899 4 A0 097 2048
222454 ar CXCLI6  SR-PSOX AF2IS260 1293837 0P L19 HM200°P 0.81 1858 0P G722 712 P
203687 av CX3CLY Fractalkine NM_002996  1.20 17 0A 22 7oA 080 @A 073 4 A
823 at CX3CEL ¢ Fractalkine Ug4487 674 52.A 109 I A 1O 56 P 098 2300
206366 x at. T XCLE Lympheuictin-cc  U2Z3772 10z 1400 A3 oA 1.87 2004 098 404
206365 at XCLi Lymphotactin-ce - NM.002995° - 0,94 100400106 40A 350 2BOUAT 085 IA
214567 s at - XCL2 Lymphetactin-8 - NMUOOJTS (.42 3 0A 104 A 132 6N 096 20A

= Nortin 6 pormalized date. Raw is raw data {average difference valud) of micicdmay. FLis fag, which is judged 1o be “P iPresent), M Maczinald or A {Absent)” by the
GeneChip operating software version: L4
5 GenBank socession ros. (wwwachiatminibgovh,
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encoding CCLE, CCL2, CCL3, CCE4, CCL7. CCL18,; CXCLZ:
CXCL3; and CXCLE were up-regulated by FeeRl-mediated acti-
vation (Fig. 14 and Table I}. We used a real-time PCR msthod te
confirm the GeneChip data, and the results showed that eight of the
nine genes were significantly up-regulated by anti-IgE stimulation
(Fig.. 1B8). The magnitude of the increase in mRNA for CCLI,
CCL2, CCL3, CCL4, CCL7, CCL18, CXCL3, and CXCL8 by
FeeRI-mediated activation was 156-.7+, 199, 223+, 1521 6=, 60-,
and 324-fold. respectively (Figl 1B} We also. used ELISA and
CBA 1o measure chemokine production: by anti-IgE-stimulated
st cells, and significant levels of CCLY {12.6 = 5.6 pg/10° cells,
n =15y CCL2 (3.2 = L3 ng/10%cells, n = 53 CCLI (1.1 £ 0.3
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ngf10% cellsin=-3), CCL4 (9.4 % 2.5 ng/10% cells, 1 ='5), and
CXCL8 {(22.2 £ 6.1 ng/10% cells; n = 53 were detected in the
supematant after stimulation with anti-IgE (Fig. 24); no €CCLIS
was detected.

The results of recent studies huve suggested that cytokines and
chemokines are degraded by purificd mast celt proteases, such as
tryptase, chymase, and cathepsin (50, 51} Fo determine whether
the CCL18 produced by mast cells 1s degraded by proteases; mast
cells were exposed to the PIC or DMSO (vehicle control) for 1 h,
and then stimulated with anti-1gE ‘Ab for 48 h. High concenirations
of CCELAS were detected only i the PIC-treated cells. after stim-
ulation’ with anti-IgE Ab (Fig: 28). Interestingly. higher levels of
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FIGURE X, Effect of FK506 and DEX on the up-regulation of chemokings |

prem\ubak,é with T #M DEX, 100 nM FKS506, or 0.01% DMSO for 1 h dnd then stimulated with: 1.5 pg/m! anti-IgE Ab for 6 kA, The gone expressio

profile was analyzed with the GeneChip Human Genome U133 Plus 2.0 probe
code, B, The chemokine mRNA levels were determined by real-time PCR. Th
with independent donors. =, p <005

in human mast cells by anti-Iek Ab, IgBisensitized human: must cells were
n
arrays, See Fig. 1 for information regarding the data analysis and the color
o results are shown as the means = SEM of four independent experiments
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DEX AND FK306 INHIBIT DISTINCT CHEMOKINES IN MAST CELLS

Table 1. Effect of FK306 and DEX on the up-regulation of chemokines in lsunan mast cells by FeeRl-mediated stimulaiion®

Anti-IRE + Dex +

Contol Anti-1gE Ang-lgE + DEX Anti-IgE + FK306 FES06

Probe 1D Symbol Alternaie Nom Raw F Nerm  Raw B Nomm Raw T Nomm Raw F1 Nom Raw &
207333 _at CCLt 1-30¢ 0.03 14 A 2478 8382 P 2035006423 P 10D 21 013 4 A
216398 s at  CCL2 MCP-1 050 48%2 P 154 11,637 P 1007001 P 166 1199 P QI8 1266 P
205145 at  £CL3 MIP-1x 0.03 60 P 593 9456 P 61379054 P 057 86 P 1OC {514 P
204103 _at CCL4 MIP-1p8 0.03 168 A 335 12603 P 36912843 P 062 2214 P 100 3573 P
1555759 _a_at CCLS RANTES 0.64 1S A 337 62 A 17t 20 A 0t 12 A LOO 8 A
1405_i_at CCLS RANTES 0.99 5 A 1047 38 A 499 17 A 082 3 A 05 2 A
2353100 at CCLS RANTES 245 34 A 045 3 A 35t 33 A LD 10 A 0672 7 A
204655 _at CCLS RANTES .27 15 A 105 46 A 212 8 A 040 17 A 1.00 41 A
§561006_at  CCL3 RANTES 073 9 A 102 0 A L75 16 A 096 9 A 1.00 9 A
208075 s at  CCLY MCP-3 0.02 S A 36l ™P L0 182 P 996 1,8% P 0499 91 P
214038 _at CCLS MCP-2 014 8 A 147 39 A 070 2% A 100 3 A L02 39 A
210133 _at CCL1L . Eotaxin G.59 49 A 125 80 A L0 60 A LI 68 A 0353 33 A
206407 s at. CCLIZ MCP4 G.17 8 A 048 18 A 100 34 A L4d 510 A el 57 A
216714 _at CCLI3.. MCP4 095 7 A, 089 5 A 100 5 A E27 T A 145 g A
205392_s_at  CCLI4  HCC-L 100 0 A 147 114 A 153 110 AL 810 7 A 079 58 A
210390_s_at CCLIS  HCC2 .90 28 A 17 26 A 059 13 A 138 37 oPoL 23 A
207354 at CCLi6  LEC 231 49 A 09 15 A L09 {5 A 095 15 A9348 54 A
267900 at CCLEY  TARC 1.78 76 A 1.00 33 A 067 21 A 086 27 A 193 61 A
209924 _at CCLI8  PARC 030 10 A 190 325 p 343 344 P 0356 9 A 100 163 P
32128 _at CCLI8  PARC .11 10 A 418 m P o834 589 P 0.36 25 A L0 68 P
210072_at CCLIG Mip3g .83 38 A LOO 3 A 045 15 A E42 48 A L92 68 A
203476 at CCLI  LARC 1ot 6 A 146 7 A 1 4 A 098 4 A 056 2 A
204606_at CCL2t SLC ECL 0.94 9 ACLT3 3 A 058 4 A 252 8 A 10O 7A
207861 at CCL22 - MDC 0.66 oA 10O 13 A 131 16 A LI9 155 A 050 1A
2310548 at CCL23 - MPIF-{ £20: 1303 P 100 973 P 109 9%4 P 094 863 P 093 862 . P
210549 ¢ at - €CL23 - MPIF-] 1121348 P 1L0G 932 P 104 895 P 084 7840P 091 80P
DRI ar CCLM . Eotaxin-2 150 32UA 056 16 A 1 16 A L6 26 A 069 ITA
206988 al CCL2S TECK 4.66 147°A 065 10 A 247 36 A 1LOS 6 A 1.00 15 0A
223710 at CCLE267 - Fotaxin-3 1.00 RA29] 19 A 078 5 A 041 LA LI3 T 0A
207955, at CCL27 . CTACK 107 81 A 098 57 A 10D 544 061 HoA 102 57 A
230327 at CCLNz - CTACK 1000 1000 A L G2 10 A 097 59 P Lls 85 A 104 76 A
224240 s at. CCL28  MEC 0.80 a4 P o100 91 P LO8 91 P04 63 PLI6 00 P
224027 at CCL28 MEC 100 65 P LT 39 A 162 75 P 089 42 A: 097 46 A
204470 at CXCLY OROL 1.00 300AT 122 29 A 083 18 A CR27 28 A 045 10 A
097740 x at . CXCL2 - GRO2 G614 0.4 1L77 290 P 100 132 P L70 264 POUOI5 Iy P
230101 at CXEL2 0 GRO2 .83 68 A 039 23 A 119 65 P 100 56 P 114 & A
1369203 4t CXCEZ - GROZ 047 2040053 2AT063 2UARO9 4oA 067 ZiA
207850 at {XNCL3 - GRO3 0.06 5404 L3R LOSLOP0AD /6P N2E 3,799 P 10O 7P
206390, x_at - CXCL4' PF4 LRGP A 623 150400168 99 A 100 61 A 097 56 A
207815 at CXCL4 PRE 1.00 [T Gt ] ToA 200 oA D72 3oAE2T 6 A
21510k suat  CXCLS - ENALTR 078 40 A GB9 3oA 872 2oA 0 1A 10D A
234074 5w CXCES - ENACTS 0.85 224085 17.P L3S 24P 10O 190 P 1S3 3000P
2067852 at CXCL3 ENA-TS a.15 FOA 100 48033 £UATR2S SUALSA4 22 A
206336 at CXCLG6: . GCP-2 .80 25A 100 24A LIS 279040 11 A 133 LA
214146 s at CXCLT PPBP 043 5UAVROG 9 A 212 18 A 065 &AL 24 A
202859 x av CXCLE -8 o0 136 P 097 L8370 P U102 11482 P R06 12238 P 100 TRED0 P
211506 s at CXCE8 18 [6X43] I50AL 139012539 P 100 8353 P R63 . 13942 P 074 6367 P
203915 at CXCLe - MIG 0.92 F1oA 073 48 A R28 75 A 100 62 A 109 67 A
204533 at CXCLID 1P-10 214 79 A 05T 16:A 063 124 10D 2T A 34T 95 A
210163 at CXCLIT L-TAC 0.65 6 A5G 1A 072 SCA L LOD 7oA 202 oA
211122 s a0 CXCLEIE ETAC 063 3N 262 9 A OIS 1A 708 24040 062 2A
203666 at CXCLIZ SDF-¢ FO0 0164 P 092 117 P 030 94 P URLY 43P LY 430
209687 at CXCLIZSDE-1 0.87 45A 0 E19 48 A 087 32 A UR32 SOUAHO00 A
205242 at CXCLI3 BLC G50 3 A12Y 6 A 123 3A 071 3CA 100 4 A
218002 s at CXCLI4 BMAC 043 A 100 AOTT 4 A58 oA 2T GoUA
237038 at CXCE147BMAC 1.06 M4oA Q80 SN 1A 099 100 A 208 2EA
222484 s at. - CXCLI4 BMAC .02 NELRS ALY 408068 20A 089 3A 02 400N
223434 ;at CXCLI6: 5R-PSOX 134 3837 P 684 LBSRIP . LO8 2221 P O88 1855 P LB IO P
203687 at CXICLE Fractalkine 1.26 1708083 9 A 048 S A 100 10 A 112 iVA
823 at CX3CLT Fracualkine .81 3204 L1 36.p 104 47 A7 068 33ARO0 48 A
206366 x at - XCLI Lymphotactine . 0.54 1404100 20047069 1274238 48 AL 200
206368 at XCLd Lymphotactin-e - 0.27 00A L0 28N 122 320080 047 120040008 4700 A
214567 s at  XCE2 Liymphotacting. .34 304 LT0 6o AL 404 065 20A097 30A

& Normi is nofmatized dats. Raw is taw data (average difference valiey of microarmy. Fl is Nag, which is judged to'be P (Presentl, M (Marginal)y or A (Absent)” by the
GeéneChip operating sofiware version 14

other CC chemokines (e, CCLT, CCL2, CCLY, and CCL4) were DMSO:treated mast cells: (Fig. 28). In: contrast, high concentra-
also detected in the supernatant of the PIC-treated mast cells after tions of CXCLS8 protein were detected in both DMSO- and PIC-
stimulation’ with anti-IgE Ab’compared with the supernatant of - treated mast cells. These results suggest that the CC chemokines
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FIGURE 4. Effect of FK306 and DEX bn the production of chemokines
and other medintors in human mast cellx in response to anti-IgE Ab; 1gE-
sensitized human mast cells weére preincubated with | DEXO 100 nM
FKS06, or 0.01% DMSO for 1 b and then stimulated with 1.3 pg/ml anti-
IgE Ab for 6 h. Concentrations of the chemokines, GM-CSF, and PGD; in
the culture superpatant were measured by CBA, ELISA, and enzyme fm-
munoassay, The results aie shown as the means = SEM of five indepen-
dent experiments: with independent donors, = p <2 0.05,

CCLL, CCL2, CCL3, CCL4L and CCL18 may be sensitive to mast
cell proteasts.

Distinct: inhibition of FeeREmediated chemokine induction by
FK306 and DEX

We. initially used the GeneChip system toexamine the effect of a
corticosteroid (DEX) and a calcineurin inhibitor (FK306) on che-
mokine expression in human mast cells. Hierarchical clustering
analysis of ‘the gene expression: profiles-of the ' 11 chemokines
found to be presént in unstimulated or stimulated mast cells with
the GeneChip system reveiled three distinct gene clusters (Fig. 34
and Table If). The first gene cluster contained the gencs for four
CC chemokines; CCLY. CCL3, CCL4, and CCLIS; cxpression of
these genes was inhibited by FK306 and not by DEX (Fig: 343 In
contrast, the second gene cluster contained the genes for two CC
chemokines, ' CCL2 and  CCL7. and: three: CXC. chemokines,
CXCL2, CXCL3, and CXCLS: expression of these genes was in-
hibited by. DEX and not by FK306 (Fig: 34). The third gene cluster
contained the genes for two. chemokines, CCL23 and CXCLI16,
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FIGURE 5. Efect of FK306 and DEX ‘on the degranulation of human
mast cells by anti-IgE Ab. lgE-sensitized human mast cells were preincu-
baied with | uM DEX, 100 nM FKS66, or 0.,01% DMSO for | b and then
stimulated with 1.5 gg/ml anti-IgE Ab for 6 h. Concentrations of histiimine
in the cubtare superntant were measured by ELISA. The results are shown
as the means = SEM of five independent experiments with independent
donors, +, p < (.03,

which were unaffected by anti-IgE or by cither of the drugs tested
{Fig. 34).

We. further confirmed the cffects of DEX ‘and FK306: on the
expression of chemokines in mast cells by real:time PCR. Induc-
tionr of CCL1, CCL3, CCL4 and CCLIS by anti-1gE Ab was sig-
nificantly ‘and: dose-dependently: inhibited by FK306 and not by
DEX (Fig. 3B, topy, whereas induction of CCL2, CCL7, TXCL3
and: CXCL8 by ami-IgE Ab wus: significantly and- dosedepen-
dently inhibited by DEX and not by FK506 (Fig. 3B, boiton).
Surpisingly, the induction of CCL3, CCL4. and CCL18 by anti-
IsE Ab was significantly up-regulated by DEX (Fig. 3B). Addi-
tionally, the induction of CCL7, CXCL3, aud CXCLS8 by anti<IgE
Ab was significantly’ up-regulated: by FK506 (Fig.. 38). The up-
regulation of these chemokines by each of these two drugs was
completely: abrogated-when both DEX and FK306 were used in
combination (Fig. 3B). These results were further confiemed by
measuring the concentration of the chemokine proteins in the cul-
ture supernatant. Production of CCLI, CCL3. and CCL4 in re-
sponse {0 anti-IgE . Ab' was - significantly inhibited: by FK506,
whereas the production of CCL3 and CCL4 in response to ami-IgE
Ab was significantly enhanced by DEX {Fig. 44). In contrast, pro-
duction of CCL2 and CXCLS in response toanti-IgE Ab was sig-
nificantly inhibited by DEX but enhanced by FK506 (Fig. 4B). In
conlrast 1o the expression profiles of the chemokines, induction of
the proinflanunatory eytokines M-CSF, GM-CSF, IL-3, and 1L-§
and the eicosanoid metabolites PG, and ETC4 by FeeRi-depen-
dent stimulation was significantly inhibited by DEX alone or by
FK506 alone (Fig. 4C and data not shown). Additionally, hista-
mine refease was only inhibited by FK306 but not affected by DEX
{Fig. 5y, as previously reported (52).

Effcct-of DEX and EK506 on the: intraceliar transtocation of
NFE-&B and NF-AT in-mast cells

To clarify the molecular mechanisms by which DEX and FKS06
inhibit release of distinct subsets of chemokines frony. mast cells,
we analyzed the intracellular translocation of two transcription fac-
tors, NF-xB'and NF-AT, after activation via FceR1 in the presence
or absence of these immunosuppressants, Using u confocal fluo-
rescence microscope,. we found that both NF-xB and NF-AT were
located in the cvtoplasm of mast cells before stimulation or treate
ment with vehicle control (Fig: 64, upper panel. top row); however.
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DAPL

OMSO

DMSO

FIGURE 6. Effect of FK506 and DEX on the trans-
location of NF-xB and NF-AT by anti-IgE treatment in
human mast cells, IgE-seasitized human mast cells were
preincubated with either | pM DEX, 100 sM FK306. or
0.01% DMSO for 1 h and then stimulated with 1.5
pgdml anti-IgE Ab for 30 min. A, Immunofisorescence
images were showing the distribution of NF-xB and NF-
AT. Mast cells were treated with mouse anti-NF-xB p65
and rabbit ant-NF-ATc2 for localization of endogenous
NF-«B (green fluorescence) and NF-AT (red fluores-
cence). Nuclet were counterstained with 4',6-diamidino-
2-phenylindole (DAPY) (blue fluorescence), The images
are representative of four independent preparations: B.
Summary. of. the: percentage of mast: celfs in: which
NF-kB p65 (upper panel) and NF-ATc3 lower panel}
has Tocalized within the nuclei. The results are shown as
the means * SEM of four independent experiments. #,

Dex

anti-igk

3D min after stimulation” with anti-IgE, both NF-xB-and NF-AT
transiocated into the nuclet of the mast cells {(Fig. 64, fower panel,
fop row). Treatment with DEX or FK506 significantly reduced the
number of mast cells with nuclear transfocation of NF-xB or NF-
AT, respectively (Fig: 6B). ‘Additionally, a combination of DEX
and FK506 reduced the number of mast cells with nuclear wrans-
[ocation of both NF-kB and NF:AT (Fig. 6.

Discussion

Chemokines play an important role in the selective recruitment of
inflammatory cells and regulate immunce responses. Despite the
importance of mast cell-derived chemokines in allergic. discases,
no studies have comprehensively investigated the effect of corti-
costerotds and calcineurin inhibitors on the production of FceRI-
mediated chemokines in human mast cells (42). In the present
study, we used human: peripheral blood progenitor cell-derived
cultured mast cells (44) that have been known to express a higher
amount of FeeRI and to release higher amotnts of histamine and
cytokines than do cord blood-derived mast cells upon stimulation
of FeeRI (43 and we deiermined their chemoking expression pro-
files after cross-linking of celt surface IgE receptors in the pres-
ence or absence of DEX or FK306.

In the first series of experiments, the chemokine expression pro-
files of human mast cells’ before and after cross-linking of cell-
surface IgE receptors were determined with o microarray system,
Among the 42 genes. for human chemokines measurable by the
GeneChip. systent, 12 genes (14 probes) were found fo be ex-
pressed in human mast cells (Fig. 14), and mRNA expression of

bb
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nine chemokines was found ta be up-regulated after stimulation.
Some of these results are consistent'with those of previous studies
(5.°6). Significant induction of mRNA expression of cight gencs
was confirmed by realtime PCR (Fig.- 15). and the mRNA data
were vonfirmed by measuring chemokine proteins in the superna-
tant of cultured mast cells (Fig. 24); The protein levels of all che-
mokines measurad; except CCL 8, correlated well with the mRNA
Tevels (Figs. 15 and 24). Production of CCL18 is discussed below.

In the next series of experiments we assessed the éffect of DEX
alone and FK506 alone on chemokine mRNA expression by mast
cells: A hicrarchical clustering analvsis of the expression profiles
of the genes encoding 11 chemokines revealed three distinet gene
clusters based on differences in susceptibility to DEX and FK506
{Fig. 3A and Table ). Expression of the chemokines in the first
claster’ was: inhibited by FK3506 and not' by DEX. whereas the
expression of chemokines in the second cluster was inhibited by
DEX and not by FK306. Expression of the chemokines in the third
cluster was unaffected by any of the stimuli or drugs tested (Fig.
3A4). We then confirmed the GeneChip data by real-time PCR and
discovered significant up-regulation of several chemokine genes
by these drugs (Fig. 3B8). We further confirmed the mRNA data by
measuring chemokine proteins in the supematant of mast cells by
ELISA or CBA'(Fiz. 45, Thus, DEX and FK506 inhibited the
expression of some specific chemokines in mast cells after stim-
ulation with anti-IgE Ab.

Unexpectedly, induction of CCL3, CCL4, and CCLIS by anti-
IsE Ab was enhanced by DEX, and induction of CCL7, CXCL3,
and CXCLS was enhanced by FKS06 (Figs, 3 and 41, The failure
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Takle 1L, Numther of putative NF-AT, NF-kB, and GRE binding sites within proximal 2000 bp of the
prometer region and the fiest intron, and the effect of FKS06 and DEX

No.of Ponative: Binding Sites

Effcct on FeeRI Signat®

Gene Name Ref. Seq? NEATS NE:xBe GRE# FK306 DEX
CeLz NM_002982 S +2) 4 1 l
CCL7 NM. 006273 843} 3 2 1 i
CXCE2 NM_002000 T4 20 9 1 H
CXCLS NM. Q00584 45 25 3 1 }
CCLI NM_002981 3chy Sth 7 | No effect
CCL3 NM.002983 802y 0.0 2 | 1
CCL4 NM_002984 10y 6143 4 | 1
CCL18 NM_ 002988 631 a3 23 1 H

 GenBank accossion number of the reference sequences twwsnicbinim.nih.gov/Genbank/indes. htmi.
® Effect of the drups on the chemakine: mRNA ¢xpression. after stimulation via FeeRIL
< Number of putative NE-AT a6d NF-xB binding sites within proximial 2000 bp tand withia 500 bp} of the promoler region

is shown.

< Numbes of putative GRE binding sitas i the: fiest intron of the penes is shown,

of these drugs to inhibit, and tendency to enhance, the release of
certain chemokines From mast cells may underlic the pathogenesis
of drug-resistant forms of allergic discases observed clinically
(28-32). The clinical phienotypes caused by the unresponsiveness
ot the overexpression’ of these chemokines is worthy of future
investigation (33).

Several different signal transduction pathways in mast cells are
known t6 be activated upon stimulation of cell-surface FeeRI (34,
55). Cross-linking of FeeRI triggers phosphorylation of several
kinases and other signaling molecules, which in turn leads fo re-

genes with very few exceptions (Table HI} The presence or ab-
sence of these transcription factor binding' sites; however, could
not explain clearly the increasing or decreasing effects of FKS06
and DEX on chemokine expression found in our study.
Therefore. to clarify the molecular mechanisms by which DEX
and FK506 inhibit release of distinet subsets of chemokines: from
miast cells. we analyzed the translocation of two transcription fac-
fors, NF-kB and NF-AT, after activation via FeaRl1in the presence
or absence of these immunosuppressants. Using a confocal fluo-
rescence microscope and specific Abs against NF-xkB and NF-AT.

lease of prestored proteins, synthesis of arachidonic acid metabo-
lites, and induction of genes encoding ¢ytokines and chemokines,
However, it is still unknown which chemokines are regulated by
shich individual signal transduction pathway(s) or transcription
factor(s} in mast cells.

On the other hand, the mechanisms of the antiinflammatory ef
fects of corticosteroids and: calcineurin inhibitors have been well
docimented. Upon binding by glucocorticoids. the cytoplasmic
glucocorticoid receptor (GR) transiocates. into. the nucleus: affer
dissociation of accessory, proteins. GR inferacts with, and/or in-
hibits activation of. transcription factors such: as NE-«kB and AP-1
and thereby represses expression of genes regulated by these tran-
seription factors: GR can also diminish expression of inflammatory
genes by accelerating the decay of gene-specific mRNA (36}, Ad-
ditionally, the activated GR: forms homodimers, binds to glicocer-
ticoid response elements (GRE), and then activates transcription of
several genes that can regulate inflammation, including phospha-
tases that inhibit signal transduction and I«B (27, 36. 57-59). In
sharp contrast, calcifieurin inhibitors act by binding to the 12-kDa
macrophilin and inhibit the phosphatase activity of ‘calcineurin,
thereby blocking transiocation: of the transcription factor NE-AT
into the nucleus. Thus, calcincurin inhibitors mainly repress NE-
AT-regulated genes (60, 61).

Our: results suggest that the suppression and induction of the
chemokines by FK306 or DEX in mast cells is at least in part
transcriptional because. mRNA levels of these chemokines were
significantly altered by these drugs (Fig. 3B). We thus investigated
the NE-AT. NF-kB binding sites in the proxinial promoter region
{up to 2000 bp upsiream of the transcription starting point) and
GRE in the first intron of the chemokine genes using s directed
software (TRANSFAC professional version: 8.1; BIOBASE Bio-
fogical Databases) (62} As a result, multiple NF-AT and NE-«B
binding sites. were found in the promoter regions of most chemo-
kine genes: with very fow exceptions (Table 1), Additionally,
multiple GRE were also found in the first intron of the chemoking

56

we found that treatment with DEX or FK306 significantly inhib-
ited the nuclear translocation of NF-kB or NF-AT, rcspectively
(Fig. 6). Additionally, a combination of DEX and FK3506 inhibited
nuclear translocation of both NF-kB and NF-AT. Thus, we con-
cluded that the inhibitory effect of DEX and FK306 is caused at
least in-part by the inhibition of intracellular signal transduction
pathways involving NF-xB and NF-AT, respectively.

Emportantly, the combination of a corticosteroid and calcineurin
inhibitor almost completely abolished the induction of chemokine
gene expression in mast cells by FeeRI cross-linking, even though
expression of some of them: were up-regulated: by one of these
drugsalone (Figs. 30 A and B, and 4. A and B). Additionally. the
conbination of DEX and FK506 additively suppressed expression
of ‘other inflammatory mediators: including PGD5; and GM:-CSF,
which are critical to the pathogenesis of inflammatory’ discases
(Fig. 4C}). These findings strongly suggest the superiority of a com-
bination therapy of a corticosteroid and a calcineurin inhibitor over
monotherapy (353} or sequential therapy with these drugs (63}

Mast cell granular proteins have recently been shown to exhibit
strong protease activity that is capable of cleaving several cyto-
kincs (31 and chemokines, including: CCLS (RANTES) and
CCL1E (eotaxin); but not CXCLS (50). This finding suggests that
mast cell profeases may also cleave other chemokines. Our data
showed high levels of mRNA for CCLIS (Fig. 1.4 and B).
whereas the concentration of CCL1§ protein in the culture super-
natant was aimost below the detection limit(Fig. 2B). In the pres-
ence of the protease inhibitor cocktail, mast cells: were demon-
strated to produce and release CCLI 8. suggesting that CCLI8 may
ordinarily be degraded by endogenous proteases:

Our data clearly showed: that scveral other. CC chemokines,
CCL1, CCL2. €CL3 and CCLA, in addition to CCL18, were also
likely to be cleaved by mast cell protease (Fig. 2B}, In the presence
of & protease imhibitor cocktail. we observed w 9- to. 85-fold in-
crease in the concentration of these CC chemokines in the mast
cell supernatant, This finding indicates that 'mast cell proteases
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may regulate inflammatory cell recruitment by limiting local levels
of some chemokines. Upon stimulation with Th2 cytokines. bron-
chial epithelial cells have been reporied to produce a farge amount
of serine protease inhibitors (64) that are capable of inhibiting the
protease activity of a major mite allergen, Der p 1 (65} If such
protease inhibitors from epithelial cells are also capable of inhib-
iting mast cell proteases, the concentrations of these €C chemo-
kines in tissue would dramatically increase; and these chemokines
may play a critical role in the pathogenesis of allergic diseases.
Pang et al. found that purified human tryptase and chymase failed
to degrade CCL2, suggesting that other protease(s). released by
mast cells may be involvéd in the cleavage of CCL2 (50%. Further
study is needed to identify the proteases involved in'the degrada-
tion of mast cell-derived CC chemokines. In sharp conteast (0 CC
cheniekines, the protein levels of CXCLS were elevated by stim-
ulation via FczRY and were unchanged by the presence of PIC (Fig.
28y, This observation confirmed a previous study (50, but it re-
mains unknéwn: whether other CXC chemokines are resistant to
the mast cell proteases or not.

In “conclusion. mast cells produce several chemokines upon
stimulation of the cell surface IgE receptor and putative mast cell
proteases were found to diminish the levels of some chemokines.
The chemokines produced by mast cells can be classified into three

groups based ‘on' differences in transcriptional regulation (NF-xB -

and NF:-AT) and susceptibility to DEX and FK506,

Acknowledgments

We thank Noriko Hashimoto and. Yirt Nakamura {(National Rescarch In-
Stitute’ for Child Health und Developnient) Tor their skillful technical as-
sistance, We also. thank Dr, Joan Cook-Mills (Northwestern University

'

=

2
=

22

. Carrofl, N. G., §. Muavdzic. and A. L. James,

. Fujsawa, T R F

< Pivaresy;

Brightling. C. E., P. Bradding, F. A. Symon, 5. T. Holgate. A. J. Wardlaw, and
1 13 Pavord, 2002, Masi-cel! mfiltration of adeway smocth muscle in ssthoa,
N Engl I Med. 35 16891703,

2. Distsibution and degrany-
lation of airway mast cells in normal and asthmatic subjects. Eur. Respir. J. 19
$TI9- 885,

. Smit, L 4, and N, W, Lukacs. 2006, A closer look at chemokines and their role

in asthatic responses. Eve. J. Pharmacel, 333 277-288,

. Medina-Tato, 13 A, M. L. Waisen, and S, G. Ward. 2006. Levkacyte naveanon

mechanisms as targets in airway diseases. Drag Piscov. Today 11 866 $79,

. Kahuragi. Y. Y. Shimada. T, Nagaoka. M. Hascgawa. K. Takehara, and 8. Sato.

001, Enhanced production of CC-chemokines (RANTES. MCP-1, MiP-la.
MIP-1§, and colasin? in paiients with afopic dermatitis. Arch. Dermatol Res.
293 350255,

. Taha R A E. M Minshall, DU Y: Leung, M. Bogenidwivz, A Luster: 8. Muro,

M. Toda, and Q. A: Hamid. 2000, Evidence for increased: expression of eofaxin
and monacyle chemotactic proleiti-4 in atopic dermalitis. J. Alfergy Clin. humi-
rok: 15 HER-1007,

fisawa, Y. Kato, T. NaKayamg, A: Morita; Ho Katsumata,
H. Nishimaoni, K. Iguchi, H. Kamiya, P. W. Gray, et ok 2002. Presence of high
vantents of thymus and activation-regulated chemokine in platefels and clevated
plasma levels of thyinus 2nd sctivalion-regilated chemokine and macrophage-
derived chemokine in paticnts with atopic deravatitis. L Allergy Clin Bumnel,
$100 139146

. Nomura, L, B. Gao, M. Boguniewicn. M. A: Darst; - Jo: Bo-Travers; and

D: Y Leung. 2003, Distinet patteins of gene cxpmmon in the skin fosions of
atopic dermatilts dnd psoriasisT & gene micsoarvay analysis. L Allergy Clin. Is-
nuerel: P20 HRS1202,

21 Goinbert: M., MUC Dicu-Nosjean: ¥, Winterberp, E: Busenann, R € Kubitza,

L. Da Cenhao A Hahitela S: Lehtimaks; A Mutfer, L Ricker, et al 2005 CCLE
CCRS interactions: an axis modiating the recroitmient of T cells and Langerhans-
type dendrific: celfs” 1o sites: of stopie: skin: toflammation. £ Truunol 174
50823091

ALML Gombert; M. CU7 Dicu-Nosjean, " Al Lacenna, 'R. Kubiiza,
S. Melfer, § Ricker, Ao Matier. L. Dz Cunha, A, Haahtela, 1 ali 2084 CC
chenwokine hgand 18, an‘alopic dermatitis-associaed and: dendritic oell-decived
chemaking, is reguifalid by staphylococcal products and alfergen exposures . Im-
ol Y73 SRIG:5817:

Zow: 3581 Young: Fi Zhu F.: Gheyas, 8. Skeans, Y. \‘«umL Wang, W, Ding,
M. Bitiah, T McClanahiar ot al. 2002, Microarray profite of differentialty ox-
préssed genes: int & fonkey' mogel: off ﬁtic(gic asthma Genome Biok X

Feinberg School of Medicine} for helpful advice in'i eHice
starning.

Disclosures
The authors have no financial conflicts of interest,

References

£ Galli, S, 5. L Kalesnikoff, M.~ A Grimbaldesion. A, M. Piliponsky,
C. M. Wilfiams. and M. Tsai 2005, Mast cells as “tunabie” effector and immu-
norepuiatory cells: recent advances. Annie Rev. fmmimol; 23 TAG-TR6.

2. Kawakatud, T and §. F Galli. 2002, Ré sgutation of mast-coll und basophit func-
tion and survival by IgB Net Rew. el 2 713786,

3. One, § 2.1 Nakamerz, D, Mivazaki, M. Olbayashi, M. Dawsen, and M. Tods
2603, Ciemokines: rofes in Je ocvie development, trafficking, and effcctor funcs
vion. 4, Allergy Clind Tnmanof; YIS 1185-1109,

4 Zlowsic Al and O Yoshie, 2000 Chemokines: & mow classification sysiem énd
their tole in tmnwinily. resnine 120121127

3. Wakahars, 8., Y. Fujit, T, Nukao, K Tsuritans, T: Hara, H. Saito, and C. Ra,
2001, Gend expression profiles for FeeRE cyiokinies and chemokines upon FeeRl
sctivation it b colired mast cells dedved from peripheral blomd, Cytokine
167 14318

6. Nakajima, T.. N. Inagaks, H. ‘Tanaka, A, Tanaka, M. Yoshikawa, M. Tamad,

K. Hasegawa, K. Matsomoto, H. Tachimote, M. Ebisawd, ¢t 8l 2002, Marked

incredse i CC chemokine gene expression in both human and mouse mast oot

transcriptomes followisg Rr receptor 1 cross-Hinking an inferspecies compari-

son, Blood 100: 3861 -3868,

. Homey. B, M. Steinhoff, T. Ruzicka; and D Y. Leung. 2006 Cytokines and
chemokines orchiastrate atopec skin inflammation. J: Affergy Ciir: Inviusol, 118t
178189

. 1998, Worldwide variation in prevalence of symptoms of asthma, aflergic chi-
noconjusctivitis, and atopic eczema: ISAAC. The Intematfonal Study of Asthma
and - Alfergies i Childhood " {ISAACY Sweering . Commiitiee. Lancet 354
£225-1232,

9. Peiie, NI it-Kaafed, R Beasliy, I Matiol U0 Keih, B Michell; and

ad

e

[
1

]
o

w

- Fahy 1OV HD EC Flemiag: B Ho Wong 'k

: Rhes; T, and XA Cidlowskis 2005 Antinf}

rus»argh(’(ﬁﬂ

. Guathier, € € Bello-Fermandez, ' T Kogp, 5" Kund, . No Carballido-Perrig,

S: Hinteregger, § Fasst) Ci Schwarzler, G Eametschwandingr, GU Stingh of al.
2005, CCLIR is expressad i atopic’ dermatitis’ and micdiates ‘skin: homing of
human memory T oeliso L Inmurinl 1740 17231728

Vb Q0 Su B Reimann,
R: B. Fik; Jr. and Ho AL Boushey, 197 nw Lﬁcd of an ann‘)gE nmmck!nal
antibody on (he arly- and late-phiase fesponses 1o allerge fom in asth
subjects. Ant J. Respir. Ceit. Cﬂfe Med 155: 18281834,

. Busse, W, W, 2007, National Asthma Edveatiog and Provention Program Expent

Panel Report 3 Guidelines for the Disgaosis and M
miey Repod 2007, & Alfecgy Clin) Irsanol: 120: 804-S 138,

of Asthma, Sum-

26, Ellis. C.. T. Luger, D2/ Abeck. R Allen; R A: Grakam-Brown, Y. De Prost,

L. F. Bithenfield; C: Ferandiz, A. Gi i, b Haridfin, et al. 2003, International
Consensss Conferdnee on Atopic Dermatitis 11 AICCAR 1D clinical uptate and
coment treatment siratogies: Br. J Dennatal, 148(Supph 631 316

y action of plticos
e mechanisms {or ofd dmg& NEspE ) Med 3530 {THITEN
Homid, R 2006 Comp dherence. and. concordaiice: implications for
asthena treatment. Chest 130: 655-728.

e

2 Boguniewiez, Mo L F Ehenfteld: 3nd T, Hokisch 2003, Curcent management of

atopic deematits dnd intérruption of the atopic march. J. Alfergy Clin. huminol.
$12: SHO-S1S0:

L Tio: Ko K. FD Chong: dad E M: Adeock. 2006. Update o glococonicoid action

and resistance. Jo Allergy Clin: Immanol 117; 522-543,

. Clayton, M HUL DU Y. Leung, W1 Surs, and S, 1 Szeffer. 1995, Altered glucacor-

ticond feceptor binding: in atopic dermatitiss. Jo Aflergy Clir Inasol. Y6:
321-423;

. Hauk, P 1., Q. A Hamid, G: P. Chrousox, aid D. Y. Letng. 2000, Induction of

vofticosteroid | insersitivity in. human’ PBMCs. by microbial superantipens.
L Alfergy Clin. himunol. 1052 T82-78%.

. Okunwwa, S H. Sagara, T, Fukudx, H. Saifo. and Y. Okavama. 2005 FeeRE

mediated amphireguliﬂ productivn by hitman: mast celis incréases: micin geoe
expression in epithelial colis. L Allergy Clin. Imptienol. 113 272-279.

N,
C. Robortson. 2007, Worldwide trends in e g ¢ of asthma s

. Matinda, Al §) Fukuda, K. Matsumoto, ard H. Safto. 2007. ThI/Th2 Cytokines

pliase: T of 'the International; Study ' of Asthing dind Alfergies in Chﬁdhmd
(SAACY. Thoriz 62: 758-766;

10, Weinmayr, G 8 K. Weiland, B. Bjorksten,” B.: Brunckreef, G, Buchele,
W.0: thnn. L. GarcirMarcos, M. Godea, C. Gratziou, M. var Hage. efal:
A7 Ampa seasitization and Be inforaional vadation of asthma symptom
peevalence in childen, Am . Respir. Crit. Care Med, 1760 565-574.

1. Leong; D Yoo Ro Habeok PUiBina, R Reiser, B Yang. DAL Noeds,
3. M Hanifie and H. A; Sampson. 1993 Presence of IgE antibadios o staphy-
fococeal ekotoxing on the skin of paticals with atopie dermatitis: evidence for a
new group of aifergens, L Clin Invest, 92: 13741380

57

“w
n

36,

37 Nives, A §,

o3

feciprocally regulate in vitco pulmonary, angiogencsis via CXC chemokine syn-
thiesis. Ao S Remn Cell Mol Biol, 3%: 168-175,

$: Ashcroft, I3 M, P Dinnnock; R Garside, Ko Stein, and H: O Williams, 2005.

and tacrolimus in the tresiment
Hod irdals, Bri Med. J.

Efficacy and tolerability of topical pi i
of awpic d itist meta-analysis of randomised
2330 516!

Prat; W, B.; and D. 0L Toft, 1997, Siérold receptor interactions with heat shock:
protein and immuncphifin chaperones. Endocr. Reyy 18: 306-360.

L. and G Asgyros: J083 Allernate treatments in asthma, Chest 123

§254-1265.



The Journal of Immunology

38

s
=

44

EIR

$an
ey

3

46,

47

L

49.
Rl

5L

. Smith, S. J. A, M. Piliponsky, F. Rosephead, U

“n

.

Schicimer. R. P, E S Schulman, D. W, MacGlashan, Je, 5. P Peiers,
E.C. Hayes, G, K. Adams. 3rd. L. M. Lichtenstein, and N, E Adkmsen, Jr. 1983
Effects of dexamethasone on mediator release from human lung frogments and
purified huosan lung mast cells. 4 Clin, favest 710 18301825,

Eichadal. A, Nagler. and
F. Levi-Schaffer. 2002, Dexamethasone inhibils maturation, cytokine pasduction
and FeeRI expression of hunan cozd blood-derived mast celis. Clin. Exp. Allergy
32 W6-913,

de Paulis, A., T Steliato. R. Cirille. A. Ciecarelli, A. Oriente. and G. Matoac,
1992, Anti-inflammatory effect of FK-30% on human skin mast cells. J. favest.
Dermaiol, 99: T23-728.

Zuberbier, T.; 8. U. Chionz: K. Grunow: S, Guhil. P. Welker. M. Grassherger, and
B. M. Henz, 2001, The ascomyein macrolectam pimecrolimus (Elidel SDZ ASM
9813 is 3 potent inhibitor of mediator release from human dermiad mast celis and
peripheval- blood basophils. Lo Allergy Clins bumancl 108 275-280.

.. Holmu M., Ho Kvistgaard; C. Dahl, Ho Bo Andersen; T K. Hansen, P. O: Schiotz,

and 8. Jusker. 2006, Medulation of chemokiae gene expression in CD33 cord
blowd-derived human mast cells: by cyclosporin A-and dezamethasone. Scand,
K Immianni 640 371579

2 fida, MU Ko Matsumote, He Tomits; T.: Nokajima, A Akasawa, N0 Y. Obtant,

N L. Yoshida: Ko Matsui, A Nakoda,. Yo Sugita; ot abi 2001, Sefective down-
regufation of high-affinity IgE receptor (FeeRly a-chain miessenger RNA among
ranscriptame ia cord blbod-derved versus adfult peripheral blood-gerived cul-
tured umman mast cells; Blood 97101621022

- Safto, Hiy A Kot Ko Matsumioto, and Y Okavama. 2006, Cirlture of human mast

cedls from peripheral dlood progenitors: Nat. Protocol. 10 21782183,
Nomera, L. T, Katsunuma; K. Matsumoto, M. Hda H. Tomita: M Tomikawa,
H: Kawahara: Ac ARasawa,: Ri Pawaakar, and Ho Saitg. 2001 Humen mast celf
progeattors in periphidral blond from alopic subjects with high 1K levels. Ciin.
Exp Alfergy 311824 431

Kato: Ax T Hommu J- Bawchelor, N Hashimole, S0 Imat, He: Wakigoehi,
H. Saito; and K. M, s 2003 Inte I8 reeepivr Hated sefective
induction of & gope cluster by CpG oixgadecxymklmtde 2006 BMC Immrnol.
48

Katoo AL T Opasawara. T Homma; B Saitoc and Ko Matsumote. 2084 Lipopo-
ysaccharide-binding | protein | enttically . segulates’ lipopolysacchiride induced
£ sipnaling pathway in human dwnocytes) F Fianol 172 61856194,
Willianis: H: C. 2005 Chinical practice: stlopic decmatitis N Evighi . Med 332
2314234,

Leung: D, Y Mo Bogoniewicz, Mi D: Howell, I Nomura, and Q. A: Hamid.
2004, New insights into atopic dermalitis, J Chin Javest 1130651=637,

Pang LM Nie! B Corhet: A Sutelifley dad A 1o Koo, 2006, Mas ol
A-tryprase selectively cleavas eolaxin asd RANTES anif abnogates their eosino-
phil chemoiaciic activities: J fmmiaol: 1767 3788 -3795.

Zhao; W., Co Ay Oskerioian: Ao L Porzox; and Lo B. Schwarcr 2005 Cytokine
production: by skin-derived mast cellst endogenons profeases are wsponasthie for
degradation of cytokincs: L fommunol. 17326352642,

58

P
&

6}

62

63

ﬁ

65,

CYuyania, N

7243

Seagoku, T., 8. Kishi, 8. Sakuma, Y. Obikubo, and T. Goto, 2000 FR306 ishi-
bition of histamine release and eytokine peoduction by mast eells and basophils.
ims. & lovsunopharmace). 2 =201,

8 3 . M. Terranova, W. Volpi. E. del Bianco,
A A, ;md P Fabbei. 2007, The comparative effects of lacrolimus and
h\drmomswnc in adalt stopic dermatitis) an mmunohistochemizal study,
fr. k. Bermaml 1567 312-319.

Sirapanian, R. P. 2003, Mast coll signat wansduction frons the high-affinity IgE
receptor. Carr, Opin, Inmnol. 13 639-646.

. Bivera L. R. Cordera, Y. Fersmiote, C. Lwciane-Montalvo. €. Gonzaler-Es-

. Kovarova, §. Odosy, and V. Parravicing, 2002, Macromalecular pro-
tein signaling complexos i mast cell respinses: a vidw of the organization of
IgE-dependent mast coll sighaling. Mol Innenol 3% 1253-1258,

Seeltato. - C, 80 Masvkusa: A Eal I White,: L. -A. -Beck,. D Proud, and
R. P. Schieimer. 1993, Differents fon of epithelial-erived C-C chemo-
Kife exprcssion by k-4 and the giuncxoﬂumd buddsonide, . hmminnol. 163
S624583%

¥E E’mn, M }% Lig and '\i B. “Taubman. 1999 Identification of & nove} desam-
RN,

} bilizing. segion on rat monocyte chemoatiractant
protein mR\V& Mol Cet Biel, 19: 647126478,
Pobler, AL R Meter, M Scitz, B Dowild, M. Baggioling; and ML F
Glucocodicoids downrepufate gene exprossivn ol GM-CSF N/
IL-6, bot a0t of M-CSF in human fibroblasts: Blood 790 45-31

uﬁ;w
$.-and

. Scheinman, R. L, I.C. Copswell, A. Ko Lofquist, and A. 5. Baldwin, Jr, 1995,

Rofe of vanscriptionad activation of B alpha in mediation of ivmundsuppres-
sion by eltcoconticofds: Sefence 2707 283288,

Rao. A C Loy and PGy Hogan: 1997 Transcrption factos of the NFAT
fanily: repulation and fumction, Anie Revy tovsunol. 15 HIP-HT
Martinez-Martiaez: S, and J. M. Redendo:: 2004: {nhibitors of the caki
NFAT pathway. Care, Med Chem' 11: 997-1097,

Kel, AL N. Voss; R Javregui, 0. Kel-Margouliss and E: Wingeader, 2006, Be-
yord microarmays: finding kcx ranscription factors controlling signal transdue-
tion pathways, BMC Biofiformatics. FeSuppl. 2681

Nakahara; 1. &e}vs S [«akzwzm H. Uchizand M. Furue: 2004 lnweimittent
topical cortico g xhu‘zn’ impraves Hichenification and
chranic pupules more elficiently than intesmitient foprcal certicosteroidiemollient
wqucmi:ﬁ xhcmg\‘ in'patients with atopic deamatitic S Derialol 317 34528
- DB E: Davies! Mo Akaiwal Ko Matsui, Yo Hamasaki, Y. Suminani,
NL ‘wsmdt. M. Maeda, A Pandit. J; L. Lordan, ef 3k 2002, Analysi€ of novel
diseast-refated genes in bronchial ssthma: Cyfcking 19: 287-206,

Sskata. Y. Ko Adma T0 Tabar, W Sakorai, K. Masumoton No Yuyama,
Y. Suminami, F. Kishi. T: Yamashita, T Kate, et ab. 2004 The squarmious celt
carcinoma antigen 2 inhibits the cysteing proteinase activity of & majdr mite
allergen, Dcrpi J Biol, Chems, 779: 50815087

Qs




612 LETTERS TO THE £DITOR

Froa *the Jobus Hopiies Valvaan Schox of Mabcus, Holoawre M, e Mouse
Saa Gdwol of Medmige, New Yook, MY, ad “dhe Duke {abverssy Malual Cedqen
Inhate MU Faal wnsel € e ale, peeodid fus aly

Sippomed fy te Jubes, Hopit o Schnd edMatic metione & Chaicd Resuch Ceoe aad
the Regach Thaauy @ Yolank Alegyandlowinclogy. gradios STI2AITNT

Dudesu e of paental oot of mress B U M racaves e x i sugpat fnas
gie Nagal Bsmedes of Hadth A, W Bk 2 g onaaduar foe Ado(ieadX N
T sfipek. MeNal Nun oo, sd New@a s oe the alysey boand £ Dasaca e
Prodaagas, o the eRpaTpanet i Mo b euonny soniboida i Al e al
MasrCeil Taz, oot ovf 4 QI suppat fieas te Moo mal hissures of Heddy die Fovd
Ay wd Acplylans Netwod, ast me Wafae Hessmh Raaliceg, b
posvatal legd CABSUIANGIPET WSS WInawaY R cues laed © Sud degy,
oo the sabc d boadof Ay o B e Food Alergy sad Amphd o Nt &
a darerioge @ gy conanT es sy of Asuricas Coll gt of Alltegy, Asthea
jmensaiogy. ik & smly sedia sembe of dit Naoocad lorinies of Hedth
Hypememstnily, Amasmosry and basgwe Matand D Sudy Ssoos,
and 3 oniie ativedd boad B e Jomed BA Woedisa speaiiey B Mok S e
e adweny bl S 20X tawives gt ppod S Geemalh, aad & 28 the
advinry beand ¥ the Food Megy aad Amplaiaxia Meswoik. They ez o che audhwes
have deciaied dux they luse o ol of@eria

REFERENCES

1. Buchama AT Gesss TD, Joaes SM. Scudoek AM. Chutste I, Alduag KA o0 d

By vedl meanctenmpy & scamaphylacie dilde with e alegy 1 Miayps
Cua Ixeung 2007182 292205,
Eaiquée £ Fush B Ma& T Batm L Buwagasa M Tefa B eral Sullagd
iamscderaey St bazxhg food aliegy. 1 vedosizal dodiebiod plache
warcdial sty Wb 4 Todrdnd hamiair exme § Alegy Ol Jemues
RIG REL R L S

. Longe G Bags B Bat 1 Meseghem B Pamibs A, Roatiell. etal Specdo ved
wderance mducneis childies wih sery sewe ovw's iliasduced marois AL
gy Cha bt ANGEEIT 34

4 Megto P Hawae B Fasteuaa M, Aatio B Gaspoge JG. A proswsl i el

Ao s naatae @ chiilme with - awdamwt Cow's @i Bierpy Aligy 200897
WA T,

3. Motset M. Mot Vauats DA Cusiard L Ouny JM. Freeo P Hoahet R0 s
O deaaninranos @ duilig with 90 wid &2 SRR ADREALRICRY B 2 0g-
aifeant propoios of ams a adomaed saly @ G0 e Wb e 2 8-
iy wd chddme wubh ey alirgy Bu A Allagy Cie bnsased 200 39
2%

: Panufca(i. Nueem B Polwmst ¥ Rozcaiio O 1 Pugua T, loxtumto Coetd
vk specsdn desgmmnrion o focd-alerg e dulitoss. I D S WOFI2IHL T

7. Smades 11 Hedumex-Wasisghas O, Brewe B, Waba 1l Mggemaos B Bever K Spe-

e oint rd s satudne e ol Bleigy s chides eSoary md dhacd pat

wyas of i, Alzigy 00762 IR0

Serguk JM. Nah S Rowstey H Brecwa NH (h % Hasboe R0 & 2 A ae-

domiged, dudie bl Rardocomcied sady of 0Ok ord imsunodepy for

oy R oul diagy ) Allegy (s bosugns p.ESTRBBRSSEN Y

[

w

-

o

Avaiahie oshos Agus 10, 2008

ey 302 306 A s TR

Ty2 cytokines potently induce an appetite-

stimulating peptide, melanin-concentrating
hormone, in human vascular endothelialcalls

T the Editor:

Recent epidemiologie studies have demonstrated a relationship
batween obesity and asthma, and several hypothesss have heen
propasad o explain that association. However, the precise
mechanistio links hotween them have not been established 1o
date. Here, we unex poctedly found that the gene foran orexigenic
{appetitfe-stimulating) peptide. mclanin-mnoentraing homone
{MCH), was the most markedly induced pene in the human vas-
cular endothelial coll tanseripome in response 10 stimulation
with T2 cytokines, and we confimned that ohservation hy using
a quantitative PCR method. We further confimed the secration of
MCH peptide from T2 oyokine-stimulated human vascular en-
dothelial cells.

Melinin-concentrating hommone is a cyelie, 19%-amino acid
polypepide that was oniginally isolated from the pituitary of

J BAERGY CUNIMAUNGL
SEPTEMSER JXi4

telecat fish and plays an important wle in skin pigmentation in
fish. In mammals, MCH is expressed predominantly in newmons of
the Jateral hypothalamus and is an imponant regolaor of energy
homeostass and fond intake.” However, the phwlo]omml roles
and major sources of MCH in the periphery remain largely
unknown.

Bronchial asthma is a chronic allergic inflammatory dscase of
the airways, and the inflammatory process in asthma is charac-
terized by increased cosinophils, mast cells, and Ty cells. Air-
way micrwvessck are known 1o be critically involved in the
pathopenesis of asthma, and our recent study demonstratod that
both 1L+, a T2 eytokine, and TNF-, an inflammatory oytokine,
play cnicial oles in regulating the microvascular alterations scen
in fhe asthmatic airway.”

Therefore, 10 ex plare new pathways andfor factors invalved in
the pathogenesis of asthma, we developod a gene expression
profile of human microvascslar endothelial cells from normal
Iung Blosd vessels (HMVEC-LEL Lonza, Walkersville, Md)
stimulaed with 3 combinaion of 11-4 and TNFew The pene
cxpression pmfile of HMVEC-LBI was @ssessed by using
micrmaray ichnology with the Affymetrin (Santa Clara, Calify
CeneChip Homan Genome U 133A Armys, and data analysis was
performed with GeneSpring software wmm 7.2{Agiknt, Santa
Clara, Calify as previously describad} The concentration of all
cviokines wsed in this study was 10 ng/ml unless othenwise indi-
cated. HMVEC-LBI cells ware seaded into f-well plates at
1 % 107 cells/well and cultured for 24 hows. The cells were
then treated for 72 hours with a combination of [L-4 and TNF-
aor a combinatian of TFN-+ and TNF-w. To explore the genes in-
volved in alkergic inflammation, we sclectad genes acoording o
the following criteria: {1} upregulted more than 2-fold by
TRF-a + IL-4 comparsd with TWF-x + [FN-y {520 gencsy,
and {21 among those genes, spregelated more than 104ald by
INF-a + [1-4 comparcd with the unstimulaed contml. As
shown in this amicle’s Tahle El in e Online Repository at
www jacionline.org, 19 genes were significantly upregulaed at
the mRENA level. showing more than a 10-fold change after
HMVEC-LE] had been treaed with a combination of -4 and
TNF-a {more deailed information reganding the GeneChip data
zan he found at ewr web site: httpdiwwwnch.gojpimal/
ConeChipgMCH. mi. Notahly, pro-MCH (PMCH), which en-
codes MCH, and its related mnlecule, PMCH-like |, were the
meat highly upepulated penss in response © the combination
of TL-1 and TWF-a.

In order to confirm the GeneChip data and verify which
cytokine was involhved in the PMCH upregulaion. we examined
expression. of PMCH mRNA in HMVEC-LE] by quantitgive
redl-time FCR. Primer sets for PMCH {sense, 3'- CCCAGKCT
GAGAATGGAGTTCA-Y : antisense, 5'- TTGCCAACAAGGT
COGOTAGA-3) were synthesized at Fasmac (Kanagawa, Jspan)
and real-ime PCR was performed as previously described.” As
shown in Fig 1, A deft praph; apen bars), PMUH mENA was spe-
cifically inducad hy IL-4 slone., but not by TNF-a alone, whereas
TRF-a synergistically enhanead the [L-1-induced expression of
PMCH mRNA. L4 stimulation of cells leads 1o fie axtivation
of multiple signaling pathways, one of which invelves signal
transducer and activator of transeription & (STAT6). Therefore,
1o examine the mwle of STATH on IL-4-induced expression of
PMCH mRNA, we depleed STAT6 mRNA by wsing specific
small inteference RNA (siRNA) for STAT6 {5F2661905:
QIAGEN, Valencia, Calif). siRNA for STAT6 or nonnrgeting
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