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Table 1 Patient background factors.

Gender Male 2568 67.6%
Female 1230 32.4%
Body weight (kg) Mean +sg; 53.8+0.18 (range: 24.5-90.0)
Theophylline dose (mg) Mean +se; 3424 1.86 (range:100-900)
Age Mean +sg; 73.84+0.10 (range: 65-95)
65-74 2213 58.2%
75-84 1381 36.4%
85~ 204 5.4%
Diagnosis CB and/or emphysema 1999 52.6%
Bronchial asthma 1728 45.5%
Bronchial asthma and others 19 0.5%
Bronchiectasis 14 0.4%
Diffuse panbronchiolitis 8 0.2%
Pulmonary fibrosis 4 0.1%
Interstitial pneumonia 3 0.1%
Pneumoconiosis 3 0.1%
Others 14 3.7%
No description 1 0.03%
Severity of Subject disease™ Mild 1432 37.7%
Moderate 1896 49.9%
Severe 466 12.3%
No description 4 0.1%
Loncurrent disease Present 2720 71.6%
Circulatory disease 1284 33.8%
Hypertension 1273 33.5%
Cardiac disease 943 24.8%
Angina pectoris 345 9.1%
Arrhythmia 288 7.6%
Heart failure 209 5.5%
Gastrointestinal disease 837 22.0%
Gastric ulcer 226 6.0%
Gastritis 202 5.3%
Metabolic disease 830 21.8%
Diabetes mellitus 321 8.5%
Hyperlipidemia 274 7.2%
Hyperuricemia 207 5.5%
Pulmonary disease 477 12.6%
Central nervous disease 461 12.1%
Urinary disease 213 5.6%
Hepatic disease 184 4.8%
Absent 1067 28.1%
No description 11 0.3%
History of smoking Present 1788 47.0%
Absent 1525 40.2%
No description 485 12.8%

*Physician’s determination.
*Concurrent diseases observed in more than 200 patients are listed in the categories by organ. No complications, including
pulmonary disorders, were found in more than 200 patients.
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Incidence of adverse events

Among 3798 patients, 327 were reported to have
developed adverse events (Table 2), including 261
adverse events of theophylline in 179 patients
(4.71%).

Gastrointestinal disorders (110 episodes, 2.90%)
including nausea (40 episodes, 1.05%) were re-
ported most frequently, followed by metabolic
disorders (44 episodes, 1.16%) including hyperur-
icemia (16 episodes, 0.42%) and increased LDH (8
episodes, 0.21%). There were 15 episodes of
palpitation (0.39%). No convulsions were reported.

Factors which affect adverse events

Differences in the incidences of adverse events of
theophylline were analyzed according to demo-
graphic factors (Fig. 1). Patients with liver dis-
orders and patients with concomitant arrhythmia
more frequently showed adverse events of theo-
phylline, with odds ratios of 1:1.81 (P=0.005) and
1:1.88 (P=0.030), respectively.

There was no correlation between the incidence
of theophylline-related adverse events and the
severity of patient’s concurrent disease. Neither
was found a correlation between the dose of
theophylline and the severity of concurrent dis-
ease.

The effects of concurrent drugs were examined.
Consequently, no significant difference was found
in the risk ratio of theophylline-related adverse
events according to the presence or absence of
concurrent drugs. Furthermore, the effects of

concurrent drugs were examined according to their
categories, i.e., beta-receptor agonists, inhaled
steroids, anticholinergics, and antibiotics. Accord-
ingly, no significant difference was found in the risk
ratio of theophylline-related adverse events ac-
cording to the presence or absence of concurrent
drugs. In addition, beta-receptor agonists were
concurrently used by as many as 39% of patients.
Therefore, the odds ratios of theophylline-related
adverse events were compared between the beta-
receptor agonist combination group and the beta- :
receptor agonist noncombination group according
to the categories of adverse events (palpitation,
tachycardia, arrhythmia, headache, insomnia, cen-
tral nervous system (CNS) disorders and cardiovas-
cular system (CVS) disorders). Consequently, no. .
significant difference was found. ,

There is a report which has described changes in
theophylline clearance after smoking cessation.?®
Therefore, the incidences of theophylline-related
adverse events were compared among different
groups according to the period from the onset of
smoking cessation to the onset of the present study -
with respect to patients who had a past history of .
smoking (currently no smoking)”’ —which derived
from consideration that they ceased smoking prior
to the present study. Consequently, no significant
difference was found (Fig. 1).

Theophylline-related adverse events observed
showed no correlation with age (Table 3).

There was no correlation between the severity of
subject disease and the incidence of theophylline-
related adverse events. Neither was found a
correlation between the dose of theophylline
and the severity of subject disease (3-category

Table 2 Incidences of theophylline-related adverse events (n=3798).
Number of adverse (%)
reactions
Patients with adverse events 327
Patients with theophylline-related adverse events* 179 4.71
Number of episodes of theophylline-related adverse events® 261
Gastrointestinal disorders (nausea (40), loss of appetite (22)) 110 2.90
Metabolic nutritional disorders (hyperuricemia/elevated blood uric 44 1.16
acid level (16), increased Al-P (11))
Cardiovascular disorders (palpitation (15), tachycardia (3)) 28 0.74
Central nervous system disorders (insomnia (7), headache (5)) 28 0.74
Urinary disorders (proteinuria (7), increased BUN (2)) 14 0.37
Hepatic and biliary disorders (increased AST (7) and ALT levels (5)) 12 0.32
Hematologic disorders (leukocytopenia (3), erythrocytopenia (2)) 11 0.29
Others* (itching, thoracic discomfort/chest pain) 14 0.37

These diseases were categorized in accordance with Adverse Drug Reaction Terminology (supervised by Safety Division,
Pharmaceutical Affairs Bureau, Ministry of Health and Welfare, 1996).

*Physician’s determination.
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Figure 1 The risk ratios of concurrent disease for adverse events of theophylline are shown. The incidences of adverse
events of theophylline were significantly higher in patients with hepatic disease or arrhythmia. Smoking history 1:
patients who had ceased smcking within one year before the study onset. Smoking history 2: patients who had ceased

smoking within cne month before the study onset.

Table 3 Incidences of theophyiline-related ad-
verse events in patients categorized by age and by
daily dose.

N Incidence of 4 test
adverse
events (%)
Age (years)
65-74 2213 4.84 ns
7584 1381 4.49
85- 204 4.90
Daily dose™® (mg)
100-200 1097 4.28 ns
300-400 2467 5.07
500-600 205 3.41
700--800 27 0.00

Two patients received theophylline at 800mg/day or
higher doses, and theophylline-related adverse events
were observed in one of them.

*Adverse reactions ‘‘present”: daily dose at the time of
onset. Adverse reactions “absent”: the maximum daily
dose per patient.

criterion: (1) mild; (2) moderate; and (3) severe).
There was great bias as manifested by doses which
were found principally within a range of 200-
500 mg regardless of the severity of subject disease
(Table 4). No significant difference was found
according to severity.

Blood theophylline concentration

Blood theophylline concentrations were measured
in 736 patients at 1049 time points. The maximum
blood theophylline concentration in individual
patients was <15ug/ml in 641 patients (87.1%).
Although a positive correlation was observed
between daily dose and blood theophylline con-
centration, no correlation was observed between
blood drug concentration or daily dose and the
incidence of theophylline-related adverse events.
(Fig. 2, Table 3). Blood theophylline concentrations
did not increase in patients with concurrent liver
disease.

Serious adverse events

Six of 3798 patients (Table 5) reported serious
theophylline-related adverse events, 4 of which
were related to the cardiovascular system. One
serious adverse event, which was categorized to
“probably related” in causality, was ventricular
tachycardia which recovered in terms of outcome.

Among patients in whom blood theophylline
concentrations were measured and who developed
adverse events of theophylline, 8 showed drug
blood concentrations in excess of 20 pg/ml. Seven
and one of these 8 patients developed theophyl-
line-related adverse events which were related
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Table 4
categorized by severity of subject disease.

Incidences of theophylline-related adverse events and mean daily doses in patients who were

Severity n Incidence of ZZ test Mean daily dose ZZ test
adverse events (%) (mg)
BA
Severe 118 4.2 ns 382.1+87.2 ns
Moderate 796 4.6 370.3+85.3
Mild 812 4.4 331.3+99.6
Total 1728 4.5 — 352.7+94.6 —
COPD
Severe 339 3.2 ns 334.7+95.9 ns
Moderate 1062 4.4 335.74+91.3
Mild 596 6.5 316.2+108.7
Total 1999 4.9 — 329.7+109.9 —
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Figure 2 The daily dose correlated with blood theophylline concentrations. The circles represent blood drug
concentrations in patients who developed no adverse events of theophylline, and the squares represent blood drug
concentrations in patients who developed adverse events of theophylline. Blood theophylline concentrations were not
correlated with the incidence of adverse events when analyzed at each dose.

with the Gi system and increased atkaline phospha-
tase, respectively (Table 6).

Discussion

There are many randomized controlled trials which
show the efficacy of theophylline for the treatment
of asthma and COPD. Mechanisms of action of

theophylline include bronchodilation and anti-
inflammatory activity.'™ In the past, the therapeu-
tic blood level of theophylline was considered to be
5-20pg/ml at steady state. In recent vyears,
however, the target blood level of theophylline in
a more cautious regimen is considered to be 5-
15 ug/ml.> Bronchodilation is more intense when
blood theophylline concentrations exceed 10 ug/ml
as compared with lower ranges, whilst its anti-
inflammatory activity is observed from 5pug/ml. A
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Table 5 Listing of serious theophylline-related adverse events.

Patient’s Gender Age Body weight Dosage Adverse Causality with Outcome =~ Blood
initial (years) (kg) (mg) events theophylline theophylline
concentration
KM Female 71 73 200 b.i.d Ventricular Probably Recovered No data
tachycardia related
KS Male 73 51 200 b.i.d Atrial fibrillation Probably Recovered No data
[paroxysmal] unrelated
100 b.i.d. Atrial fibrillation Probably Recovered No data
[paroxysmall unrelated
™ Male 70 89 200 b.i.d Aggravation of  Probably Recovered No data
hypertension unrelated
YM Male 68 50 200 b.i.d Mallory-Weiss Probably Recovered No data
syndrome unrelated
SY Male 89 Unknown 100 t.i.d. Aggravation of  Undetermined Failure to 12.4mcg/ml
gastric ulcer follow-up
MH Male 78 50 300 t.i.d. Status Undetermined Death No data
asthmatics
Arrhythmia Undetermined No data
Serious adverse events were reported in 6 of 3798 patients (8 episodes).
Table 6 Theophyiline-related adverse events at concentrations over 20 mcg/mt.
Patient no. Daily dose Blood theophylline Adverse event
img) concentration (ug/ml)
1 400 20.09 Anorexia
2 6C0 20.20 Anorexia
3 400 20.70 Nausea, anorexia
4 400 21.00 Nausea
5 400 21.10 Diarrhea, abdominal distension,
insomnia
6 400 23.70 Increased Al-P
7 400 26.80 Nausea
8 4C0 32.10 Nausea

recent report® provided a good explanation about
the mechanism by which theophylline exerts its
anti-inflammatory activity, i.e., regulation of his-
tone deacetylase. Blood theophylline concentra-
tions in excess of 20mcg/ml may provoke serious
adverse events, and blood drug concentrations in
excess of 30ug/ml may even more frequently
provoke adverse events, e.g., arrhythmia and
convulsions.

Elderly patients may present decreased liver
function and have a higher incidence of adverse
events which are associated with pharmacotherapy.
Therefore, the safety of all drugs used in pharma-
cotherapy should be carefully studied in this
population. There is a report which has described
a correlation between theophylline-related ad-
verse events and age.?> However, there have been
few studies on the safety of theophylline which
focused on elderly patients. We conducted the

present prospective, large-scale study to examine
the safety of sustained-release theophytline in 3810
Japanese elderly patients with asthma and COPD.
The mean age of patients was 73.8 years, with
more than 40% being over age >75. More than 70%
of patients received concurrent drugs; 2200 of
them received concurrent drugs which were re-
lated to the cardiovascular system.

The recommended daily dose of theophylline in
the present study is 400 mg in accordance with the
approved dose in Japan and corresponds to
approximately 7.4mg/kg/day. Concurrent drugs,
e.g., anticholinergic drugs (18.7%), f;-receptor
agonists  (39.2%), and inhaled corticosteroids
(35.0%), were also employed. Although the efficacy
of these concurrent drugs was not assessed in the
present study, the rate of discontinuations due to
the causes other than improvement of symptoms
was only 3.5% (132/3798).
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In parallel with the present safety study, we
conducted a pharmacokinetic study of theophylline
between the elderly group {n=16, mean age: 68.9
years) and the young healthy volunteer group
(n=16, mean age: 26.6 years). The Cax and AUC
showed significant increases in the elderly; how-
ever, respective differences of 18% and 20%
between the two groups in terms of these pharma-
cokinetic parameters were not considered to be
clinically significant.?®

In the present large-scale study, the incidence of
the theophylline-related adverse events was less
than 5%. It is difficult to compare this incidence
with the values reported in other studies which
were conducted in general populations because the
present study is not designed as a double-blind
study. The conduct of a double-blind study with
reference drugs, e.g., theophylline, is considered
inappropriate in Japan. Serious theophylline-re-
lated adverse events were observed in 6 patients
(0.2%); one of them, tachycardia, was categorized
to “probably related” in causality, whilst the others
were categorized to either “probably unrelated” or
"undeterminable” in causality. No convulsions
were reported. The incidence of theophylline-
related adverse events which required hospitaliza-
tion has been reported to be 7.8 patients per
10,000 patients,?” whilst the result of the present
study indicated 6 patients per 3798 patients.

No significant difference was found in the
incidence of theophylline-related adverse events
according to the use of concurrent drugs, e.g.,
anticholinergic agents, f;-receptor agonists and
inhaled corticosteroids. Concurrent use of these
therapeutic drugs for asthma and COPD with
theophylline suggested not to affect risks of
developing theophylline-related adverse events.

There was no correlation between the severity of
subject disease and the incidence of theophylline-
related adverse events. Neither was found a
correlation between the dose of theophylline and
the severity of subject disease. One admissible
reason for no correlation between the severity of
subject disease and doses is that there are great
differences in theophylline clearance from one
patient to another. In consideration of this fact,
emphasis is given in maintaining blood theophylline
concentrations at doses which are appropriate for
individual patients.

The adverse events associated with theophylline
therapy that were observed in the present study
were not related to age. Higher blood theophylline
concentrations in the elderly had been reported.
Therefore, we predicted that the incidence of
theophylline-related adverse events would increase
with age. However, the results of the present study

were contrary to our prediction. The report that
blood theophylline concentrations are higher in the
elderly than in the young derived from studies
which incorporated 2 groups, i.e., one of the young
and another of the elderly. However, little study is:
available in which the elderly only was examined

like ours. A study which examined the relationship =

between age and clearance in -the Japanese: -
population has reported that drug clearance
decreases but gradually with age in the elderly
> 60 years of age (66-70 years: 38.5+12.2ml/kg/
h; 71-75 years: 35.6+12.4ml/kg/h; 76-80 years: .
35.7+10.3ml/kg/h; and 81 =vyears: 33.8+12.9ml/
kg/h).? Blood theophylline concentrations were
calculated based on these mean values, assuming
that theophylline 400 mg/kg/day is administered to
patients 50 kg of body weight in respective layer of .
age. Consequently, the following values were
calculated: 66-70 years, 8.66 ng/ml; 71-75 years, .
9.36 ug/ml; 76-80 years; 9.34ug/ml; 81>years,

9.86 pg/ml. These results lead us to conjecture that
changes in blood theophylline concentrations due -

to age-induced changes in clearance are generally
small in the case of using theophylline at a low dose- -
like the present study and to consider that such
small changes did not provoke differences in- the -
incidence of theophylline-related adverse events-
according to the layers of age. As indicated by the
results of comparison of theophylline pharmacoki-
netics between the elderly and the nonelderly in
another study which we conducted, furthermore,
we consider that differences in blood theophyllin'e
concentration according to age are not necessarily
large. However, furthér study is required’ to .
examine what is the extent of changes due to
aging in patients with the factors which modify.
theophylline clearance, e.g., hepatic disease.

In addition, reports that the incidence of
theophylline-related adverse events increases -
dose-dependently are prevailing. However, the
present study revealed no correlation between
blood theophylline concentrations and the inci-
dence of theophylline-related adverse events. One
admissible explanation for this result is that blood
theophylline concentrations were concentratedly
found at relatively low levels. Blood theophylline
concentrations which were successfully measured
in the present study were in the nontoxic range,
i.e., <15pug/mi, in the majority (87.1%) of
patients. Conventional reports on the correlation
between blood theophylline concentration and its
adverse events have described wide ranges of blood
drug concentrations and have included many
patients whose blood theophylline concentrations
exceeded 15 ug/ml. In a study which includes many
patients whose blood theophylline concentrations
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are in the nontoxic range like the present study, it
is admissible to consider that a definite correlation
between blood theophylline concentrations and its
adverse events is not necessarily found. Adverse
reactions-—which are not correlated with blood
theophylline concentrations despite they are in the
therapeutic range—developed, and these adverse
reactions are termed caffeine-like adverse reac-
tions.?®7%% In that case, mild adverse reactions in
the gastrointestinal system, e.g., nausea, and in
the psychiatric and nervous systems, headache and
insomnia, are considered to form the mainstay. The
majority of theophylline-related adverse events
which were observed in the present study were
similar to the abovementioned ones and are there-
fore considered to be caffeine-like adverse events
which are correlated with blood theophylline
concentrations.

Theophylline-related adverse events were fre-
quently observed in patients with hepatic disease
and arrhythmia, suggesting the need for a cautious
approach in these patients. This result is consistent
with the reports that theophylline clearance
decreases due to hepatic disease.'*'®

In conclusion, low-dose sustained-release theo-
phylline can be used with acceptable safety in most
elderly patients with asthma and COPD.
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Abstract

We have previously found that bronchial epithelial cells express CCR3 whose signaling elicits mitogen-activated protein (MAP)
kinase activation and cytokine production. Several investigators have focused on the signaling crosstalk between G protein-coupled
receptors (GPCRs) and epidermal growth factor receptor (EGFR) in cancer cells. In this study, we investigated the role of EGFR in
CCR3 signaling in the bronchial epithelial cell line NCI-Hag,. Eotaxin (1-100 nM) induced dose-dependent tyrosine phosphorylation
of EGFR in NCI-Hag, cells. Pretreatment of the cells with the EGFR inhibitor (AG1478) significantly inhibited the MAP kinase
phosphorylation induced by eotaxin. Eotaxin stimulated IL-8 production, which was inhibited by AG1478. The transactivation of
EGFR through CCR3 is a critical pathway that elicits MAP kinase activation and cytokine production in bronchial epithelial cells.
The delineation of the signaling pathway of chemokines will help to develop a new therapeutic strategy to allergic diseases including

bronchial asthma.
© 2004 Published by Elsevier Inc.

Keywords: Asthma; Bronchial epithelial cell; CC chemokine receptor 3; Eotaxin; Epidermal growth factor receptor; Interleukin-8; Mitogen-activated

protein kinase; Signal transduction

One characteristic feature of bronchial asthma is an
allergic airway inflammation elicited by activated
eosinophils {1]. During an allergic response, eosinophils
migrate out of the bloodstream into tissue and degran-
ulate readily, releasing cytotoxic products such as
granule proteins and reactive oxygen species. The
products cause epithelial damage, resulting in enhanced
bronchial hyperresponsiveness and airway obstruction.
Eotaxin, a CC chemokine, stimulates eosinophil mi-
gration through its specific receptor CCR3 [2]. Although
bronchial epithelial cells are major source of eotaxin,
they also express CCR3 and respond to eotaxin [3]. In
NCI-Hj, cells, eotaxin activates extracellular-regulated
kinase 1/2 (ERK1/2) and p38 mitogen-activated protein
(MAP) kinase that are critical for cytokine production
such as IL-8 and GM-CSF [4].

" Corresponding author. Fax: +81-3-3964-1291.
E-mail address: tadachi@med.teikyo-u.ac.jp (T. Adachi).

0006-291X/$ - see front matter © 2004 Published by Elsevier Inc.
doi1:10.1016/5.bbrc.2004.05.172

Epidermal growth factor (EGF) is involved in epi-
thelial remodeling which is another important feature
for progress of asthma [5]. Bronchial epithelial cells
express EGF receptor (EGFR) that is essential for the
cell growth and proliferation. The EGFR is a family of
receptor tyrosine kinases (RTKs) propagating signals
via the Ras-Raf-MAP kinase pathway. It has been
found that the activation of G protein-coupled receptors
(GPCRs) can stimulate the signaling activity of RTKs.
This phenomenon was termed as RTK transactivation
by Ullrich et al. [6] who discovered that the GPCR ag-
onists such as endothelin-1, lysophosphatidic acid, and
thrombin have a stimulatory effect on EGFR. Specific
inhibition of EGFR tyrosine kinase activity by the se-
lective tyrphostin AG1478 suppressed MAP kinase ac-
tivation and the downstream function that were
mediated by the GPCR agonists. Later on, several
groups have shown that the EGFR transactivation by
GPCRs is a more common phenomenon which is
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observed in many cell types through different GPCR
stimuli [7-10]. In ovarian cancer cells, chemokine re-
ceptors CXCR1/2 activate MAP kinase through EGFR
[11]. However, the role of EGFR transactivation in
bronchial epithelium is not clarified yet.

In the present study, we investigated the crosstalk
between CCR3 and EGFR 1n bronchial epithelial cells.
We found that eotaxin activates EGFR that subse-
quently transduces signal leading to MAP kinases. In
addition, the EGFR activation has a critical role in TL-8
production induced by eotaxin.

Materials and methods

Reazenes, The human bronchal epithelial cell line (NCI-Fay:) was
irom American Type Culture Collection (Rockville, MD).
otantn and the ELISA kit for I1.-8 weve purchased from R&D
S‘\um Nnncapolis. MN)C The mouse monoclonal anti-phospho-
ERK anishody tdet pY 204 of ERKI and 1dentical to corre-
sponding LRK2 sequ 1. rabbit polyelenal anti-ERK2 (detecting
ERK2 und. to o fesser exient. ERK) anti-p38 and anti-EGFR anti-
bodies. HRP-co od gu;z\ anti-mouse. and ant-rabbit IgG anti-
bodies were pur J o Santa Cruz Biotechnology (Santa Cruz.,
CA). The source of mouse mon.mloml anti-phospho-EGFR antibody
was Upstate Biowechn ~(Charlotiesviile. VA). The polvclonal an-
tibody agamst phospno- p& tdetecnng pTI8Y/pY 182) was purchased
from Cell Signaling Technelogy (Beverly. MA)Y. The source of AG1478
wits CalBiochem (Lo Jolla. '), Enhanced chemiluminescence detec-
tion system and Hybond ECT nnroceliulose membrane were obtained
from Amersham (Artington Hoighis, TL).

Cell cidmres. The NCLEH cultured in SABM suppiemented
with 7.3 meg/ml bovine pnntery extract. 8.5mg/ml hydrocortisone,
ml human recombin epidermal growth factor, 0.5mg/ml

g e Smg/ml msuling 0.1 pg/ml retinoic
emne. and 0.5 mg/mi gentamicin sulfate with
i mphau. -8 (Clonetics, Walkersville, MDY at 37°C in a humidified
S0 CO; aunosphere The eolls were then ransferred into a 24-well
tissue culiure plate (Becton - Dickinson Labware. Franklin Lakes. NJ)
and grown until subconiluence. The culture medium was replaced with
SABM depleting all supplements 24 h before each experiment.

Preparation of eviosolic cell exirucrs and mmmunoprecipitation. The
NCT-Has: was incubated with and without AG1478 at 37 °C followed
by stimulation with 10 nM eotaxin. The reaction was terminated by the
addition of 9 volumes of ice-cold HBSS containing 1 mM Na;VO,.
The cells were lysed in a lysis buffer (50 mM Tris-HCl. pH 7.4, 150 mM
NaCl. I mM Na-VO,. I mM NaF. I mM EDTA, | mM EGTA, 1 mM
PMSF, 1% Triton X-100. 10%% glycerol, and I pg/ml of aprotinin,
leupeptin, and pepstatin). After 20min on ice, detergent-insoluble
materials were removed by 12,060g centrifugation at 4°C. The whole
cell Iysates were boiled in 2x Laemmli reducing buffer for 4 min.

Gel clectrophoresis and Western blotting. SDS-PAGE was per-
formed using Ready Gels J (Bio-Rad. Hercules, CA). The concentra-
tion of polyacrylamide was 7-10% depending on the molecular weight
of the protein in which we were interested. Gels were blotted onto
Hybond membranes for Western blotting using the enhanced chemi-
luminescence system. Blots were incubated in a blocking buffer con-
taining 10% BSA in TBST buffer (20 mM Tris-HC], 137 mM NaCl, pH
7.6. and 0.05% Tween 20) for 1 h followed by incubation in the primary
antibody (0.1 ug/ml) for 1-2h. After washing three times in TBST
buffer, blots were incubated for 30 min with a horseradish peroxidase-
conjugated secondary antibody (0.04pg/mi) directed against the
primary antibody. The blots were developed with the enhanced
chemiluminescence substrate according to the manufacturer’s instruc-

e

tions. In some experiments blots were reprobed with another antibody
after stripping in a buffer of 62.5mM Tris-HC! (pH 6.7), 100mM
2-mercaptoethanol, and 2% SDS at 50°C for 30 min.

Measurement of IL-8. The NCI-H,g; cells were suspended in SABM.
After treatment with or without the inhibitors for indicated times at
37°C, the cells were stimulated with 100 nM eotaxin. The supernatants
were separated by centrifugation, and the concentration of IL-8 was
measured by enzyme-linked immunosorbent assay (ELISA).

Statistical analysis. Results were expressed as means 4 SD. Data
were analyzed for statistical significance using ANOVA.

Results
Phosphorylation of EGFR by eotaxin

Several investigators have shown that the stimulation
with GPCR agonists causes EGFR activation by RTK
transactivation mechanism [6-11]. We have previously
found that CCR3 is expressed on bronchial epithelial
cells, and that the signal through CCR3 leads to MAP
kinase activation [4]. The role of EGFR in CCR3 sig-
naling of the cells is not clarified so far. Thus, we ex-
amined the phosphorylation of EGFR by eotaxin. The
NCI-H»g cells were stimulated with and without various
concentrations of eotaxin for 3min. The cytosolic ex-
tracts were subjected to electrophoresis and Western
blotting with the anti-phospho-EGFR antibody. Eo-
taxin (1-10nM) induced tyrosine phosphorylation of
EGFR in NCI-Hjg, cells in a dose-dependent manner
(Fig. 1). No further increase of EGFR phosphorylation
was observed in the case of 100 nM eotaxin stimulation.
This result indicates the crosstalk between CCR3 and
EGFR in bronchial epithelial cells.

Effect of AG1478 on M AP kinase phosphorylation

To investigate the role of EGFR in eotaxin signaling,
we studied the MAP kinase phosphorylation in

WSt e e -EGFR

WB : Anti-p-EGFR \
LY
WB:Ant-EGFR D “ _ ~ -EGFR
Eotaxin (nM) 0 1 10 100

Fig. 1. Phosphorylation of EGFR by eotaxin. NCI-Hjg, cells were
stimulated with eotaxin (1-100nM) for 3min. The cell lysates were
subjected to electrophoresis and Western blotting with the anti-phos-
pho-EGFR antibody. Eotaxin-induced tyrosine phosphorylation of
EGFR. Reprobing the membranes with the anti-EGFR antibody
showed that the same amount of protein was loaded on the gels.

— 166 —



294 T. Adachi et al. | Biochemical and Biophysical Research Communications 320 (2004) 292-296

WB : Antp-ERK i & == -~
WB : Anti-ERK2 e

WB : Anti-p-p38
WB : Anti-p38

Eotaxin (nM) 0 10 10 10 10
AG1478 (nM) 0 0 10 100 1000

Fig. 2. The effect of AG1478 on eotaxin-induced phosphorylation of
ERK1/2 and p38 MAP kinase. The NCI-Ha, cells were incubated with
AGI1478 for 30min at 37°C followed by stimulation with eotaxin for
Smin. The cell lysates were subjected to electrophoresis and Western
blotting with the anti-phospho-ERK or anti-phospho-p38 antibody.
We have detected two forms of ERK, namely ERK (upper band) and
ERK2 (lower band). The eotaxin-induced phosphorylation of ERK 1/2
and p38 MAP kinase was inhibited by AG1478. Reprobing the
membranes with the anti-ERK2 (detecting both ERK 1 and ERK2) or
the anti-p38 antibody showed that the same amount of protein was
loaded on the gels.

NCI-Hag, cells. After pretreatment with the EGFR in-
hibitor AG1478 for 30 min, the cells were stimulated
with cotaxin for Smin followed by Western blotting
with the anti-phospho-ERK or the anti-phospho-p38
antibody. Although some phosphorylation of MAP ki-
nases was seen even at the unstimulated condition, eo-
taxin clearly upregulates the phosphorylation levels
(Fig. 2). Pretreatment of AG1478 abrogated the eotaxin-
induced phosphorylation of both ERK and p38 MAP
kinase (Fig. 2). We observed the phosphorylated ERK
and p38 even at the steady state that was downregulated
by AG1478 at the lower degree than that of steady state.
The reason for this phenomenon is the following. The
cells were continuously cultured in the presence of nu-
tritional supplements including EGF until the previous
day before the experiments. Thus, it is possible that the
effect of EGF on MAP kinase phosphorylation re-
mained even after 24h starvation of EGF, and that
AG1478 blocked both EGF- and eotaxin-induced acti-
vation of EGFR. We could not extend the time of cell
starvation beyond 24 h because of the loss of cell via-
bility.

Effect of AGI478 on IL-8 production from bronchial
epithelial cells

Next, we tested the functional relevance of EGFR in
cytokine production induced by eotaxin. The NCI-Hg,
cells were premcubated with AG1478 for 30min and
stimulated with eotaxin for an additional 24 h. The cy-
tokine concentration in the cultured supernatant was
determined by ELISA. The IL-8 concentrations in the
sample without and with eotaxin stimulation were
66+ 50 and 1498 = 61 pg/ml, respectively. AG1478 sig-

1600 «
14004 +
1200
IL-8 production 1000
(ng/ml)  eood
€004
400 = .
2004

Eotaxin (nM) 0 10 10 10 10
AG1478 (nM) 0 0 10 100 1000

Fig. 3. The effect of AG1478 on IL-8 production. After incubating
NCI-Ha; cells with and without the inhibitor for 30 min, the cells were
stimulated with or without 100nM eotaxin for 24h. The IL-8 con-
centration in the supernatant was measured by ELISA. AGI1478
significantly inhibited IL-8 production from NCI-Hag, cells in a dose-.
dependent manner (n=4). Data are expressed as means=SD.
*P < 0.05 versus without the inhibitor (ANOVA). i

nificantly inhibited IL-8 production from NCI-Hjg, cells
in a concentration-dependent manner (Fig. 3).

Discussion .

In the present study, we studied the involvement of
EGFER in eotaxin signaling of bronchial epithelial cells.
EGFR was activated through CCR3 in NCI-Hy, cells
stimulated with eotaxin. We found that EGFR is in-
dispensable for the MAP kinase activation and IL-§
production. This is the first report that showed the.
transactivation of EGFR by GPCR (i.e.,, CCR3) in
bronchial epithelial cells. )

The GPCRs are seven-transmembrane receptor acti-
vated by numerous agonistic stimuli in various cell types.
It is well known that GPCRs can activate the MAP kinase
cascade and induce several cellular functions such as
proliferation, survival, locomotion, and so on. Although
the signaling pathway between GPCRs and the MAP ki-
nase cascade remains to be elucidated, recent studies in-
dicate that RTK transactivation is an important pathway -
that links GPCRs and MAP kinases. The first discovery
was accomplished by Daub et al. [6] who showed that
the EGFR was rapidly tyrosine-phosphorylated upon
stimulation of Rat-1 cells with the GPCR agonists endo-
thelin-1, lysophosphatidic acid, and thrombin. Similar
phenomenon was subsequently observed in many cell
types through different GPCR species [7-11]. This trans-
activation mechanism appears to play a crucial role in
several diseases including cardiac hypertrophy and can-
cer. We showed the transactivation of EGFR through
CCR3 in bronchial epithelial cells, which was a key path-
way to regulate MAP kinase activation and IL-8 produc-
tion. This mechanism may have an important implication
in the pathogenesis of asthma, especially in remodeling.

The EGFR transactivation by GPCR agonists occurs
in an EGF-independent fashion. One model of this
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phenomenon is so-called ‘triple-membrane-passing-sig-
naling’ mechanism [12-14]. This model involves three
signaling steps: (1) activation of several intracellular
mediators after GPCR ligation (outside-in), (2) mem-
brane metalloproteinase activation by the mediators
(inside-out), and (3) release of membrane-bound hepa-
rin-binding EGF by metalloproteinase followed by ac-
tivation of EGFR (outside-in). In bronchial epithelial
cells. several stimuli such as cytokine and nonphysio-
logical agents induce the release of heparin-binding
FGF with subsequent EGFR activation [15-17]. An-
other model of EGFR activation does not involve the
metalloproteinase-induced  heparin-binding EGF  re-
lease. For example, tyrosine kinases Src and Pyk2 have
been shown to intermediate the transactivation of
EGER by GPCR [9.18.19]. Indeed. Tyr845 residue in
the catalvtuic domain of EGFR is directly phosphory-
lated in the presence of ¢-Sre [18]. An alternative path-
way in the transactvation through GPCR may involve
the protein complex of coated vesicles. Receptor phos-
phorslation, j-ariestin recruitment. and clathrin-medi-
ated endocytosis occur i the signaling ot some GPCRs
[20]. Pierce et al. have suggested an important role of the
aforementioned senies of recepror internalization in the
GPCR-mediated MAP kinase activation via EGFR [21].
A possible additional mechanism that accounts for the
EGFR transactivation is deactivation of protein tyro-
sine phosphatases tightly associated with EGFR. Oxi-
dants have been shown to abrogate the phosphatase
activity, which 1 tuin induces the tyrosine phosphory-
lation of FGFR {22]. In the signaling through GPCR,
eencration of fvactive oxygen species 1s important for
FGEFR and MAP kinase activation in the lysophos-
phatidic acid- and angiotensin H-stimulated cells [23,24].
Taken together, the issue that which mechanism is in-
volved in the transactivation of EGFR depends on cell
tvres and GPCR stimull,

In conclusion. we have defined the transactivation of
FGER in eotaxin signaling and its essential role in cy-
tokine production from bronchial epithelial cells. Tar-
veting EGFR has been a therapeutic modality in the
field of respiratory medicine. A good example is gefitinib
that 15 approved for the treatment of patients with non-
small cell lung cancer [25]. This strategy may be applied
for the management of asthma because EGFR plays an
important role in airway remodeling. Further studies are
necessary to elucidate the detailed mechanism of the
EGFR transactivation in bronchial epithelial cells.
leading to the development of new molecular-targeting
therapy.
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Functional Polymorphisms in the Promoter Region of
Macrophage Migration Inhibitory Factor and Atopy
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Macrophage migration inhibitory factor (MIF) is a pleiotrophic lym-
phocyte and macrophage cytokine; it is likely to play an important
role in innate immunity. Genome-wide search for atopy susceptibil-
ity genes recently identified human chromosome 22q11, where the
gene encoding MIF resides, as a region of interest for atopic traits.
Both the - 173G/C and ~794 [CATT];, repeat polymorphisms in
the MIF promoter region are associated with altered levels of MIF
gene transcription in vitro. We, therefore, hypothesized that these
potentiaily functional polymorphisms may influence susceptibility
to atopy and asthma. A case-control analysis examined the genetic
influence of these promoter polymorphisms on the development
of atopy and astiuna in a Japanese population (n - 584). Evidence
for significant association between the ~173G/C and ~794
[CATTL, . repeat polymorphisms and atopy was found; odds ratio
for homozygotesof 173C allele was 3.67 {compared with homozy-
gotes of 173G sllele, 95% confidence interval = 1.43-9.46, p
0 01), and odds ratio far noncarriers of the - 794 [5-CATT] allele was
3.51 (compared with 5-CATT repeat homozygotes, 95% confidence
interval 1.82-6.78, p - 0.0005). No associations with asthma
were detected. These resutts indicate that promoter polymorphisms
in the MIF promoter region are risk factors toy atopy and implicate
MIF in the pathogenesis of atepy in a Japanese population,

Keywords: candidate gone, cawo-conimn anayss, speatic igk
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We previousiy demenstrated expression of MIF protein in
serum and induced sputum of patients with asthma (9). Bron-
choulveolar lavage fluid obtained from patients with asthma
having atopyv also coniains significantly elevated levels of MIF.
compared with volunteers not having atopy (10). Furthermore,
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increased levels of MIF protein are associated with atopic derma-
titis (11).

A recent linkage study has found that human chromosome
22q11. where the gene encoding MIF is located. shows evidence
of linkage with atopy-related phenotypes (12). Polymorphisms
with potential functional relevance have also been identified in
the MIF promoter: a single nucleotide polymorphism at position
—173 (G to €) (13) and a tetranucleotide CATT repeat begin-
ning at nucleotide position =794 (14) have been {found to be
associated with altered levels of MTF gene transcription in vitro.
Further evidence of the functional importance of these variants
mcludes findings of significant association with several immune-
mediated inflammatory diseases including juvenile idiopathic
arthritis (13). sarcoidosis (15). and rheumatoid arthritis (14).
Given the role of MIF in innate immunc responscs against mictro-
bial pathogens and regulation of inflammatory responses. we
hypothesized that common allelic variations in these potentially
functional polvmorphisms may be involved in the genetic—
environmental interaction underlying the pathophysiology of
atopy and asthma. In a case—control association study using 584
unrelated Japanese subjects. we investigated whether the above
two polymorphisms in the MJ/F promoter region contribute to
the risk of development of atopy and asthma.

METHODS
Complete details are provided in the online supplement.

Study Population
We recruited 384 unrelated Japanese subjects (Table 1). Total serum
Tgk levels (TU/mb) and specific TgE responses to 1) common inhaled
allergens were determined. An increase in specific [gls antibody levels
(TpE ImmunoCAP [Pharmacia & Upjohn Diagnostics] radioallergosor-
bent st 7 0.35 UAsml, or multiple radioaliergosorbent test = 1.6 lumi-
county was cousidered a positive response (163, We defined atopy as a
posttive response Lo at least 1 of the 10 allergens as described previous-
lv (17).

All subjects gave written informed consent for carollment in the
study and all associated procedures. The Ethies Committee of the
School of Medicine, Hokkaido University, approved the study.

ldentification of Polymorphisms

For each individual. we typed the —173G/C promoter polymorphisms
using the assay that combines kinetic (real-time quantitative) polymer-
asc chuin reactions with allele-specific amplification (18) in which prim-
crs were designed (Primer Express software; PE Applied Biosystems,
Foster City. CA) to specifically amplify either the —173G or —173C
allele in separate polymerase chain reactions. The polymerase chain
reaction products were detected using the ABI 7700 Sequence Detec-
tion System with the dsDNA-specific fluorescent dye SYBR Green |
(PE Applied Biosysiems). For typing of CATT tetranucleotide repeat
polymorphism beginning at —~794, DNA was amplificd by polymerase
chain reaction using a carboxyfluorescein-labeled reverse primer. The
polymerase chain reaction products were separated by electrophoresis
through a performance-optimized polymer-4 gel using an ABI 310 (PE
Applied Biosystems). For each individual. allele sizes were calculated
using the Genescan Analysis computer program (PE Applied Biosys-
tems).
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TABLE 1. GENOTYPE FREQUENCIES OF MIF PROMOTER POLYMORPHISMS IN 584

JAPANESE SUBJECTS

Subjects without Atopy (n = 235)

Subjects with Atopy (n = 349)

Subjects without Subjects with Subjects without Subjects with
Asthma Asthma Asthma Asthma
Characteristics (n=155) (n = 80) (n=152) (n=197) p Values’
Age, yr, median (range) 43.0 (18-72) 57.0 (27-81) 27.5 (19-69) 37.0 (16-78) < 0.0001
Sex, female/male 64/91 54/26 47/105 95/102 < 0.0001
Smoking, n, never/ex/current 103/2/50 52/17/11 114/7/31 108/43/46 < 0.0001
Total serum IgE, Jog IU/mi (SD) 1.52 (0.044) 1.92 (0.061) 2.15 (0.044) 2.61 (0.039) < 0.0001
Genotype, n
-173G/C

GG 91 49 94 106

GC 59 28 47 70

cC 5 3 11 21

~794 CATT repeat

55 25 20 24 29

5,6 45 31 51 64

57 26 9 16 25

58 1 0 0 1

6, 6 32 10 35 34

6,7 22 8 19 32

6,8 1 1 0 0

7,7 3 1 7 12

" One-way analysis of variance or x° test was used when appropriate.

Statistical Analysis

The x- test was used to compare qualitative risk factors (sex, smoking
status) among the lour groups (healthy control subjects without atopy.,
healthy control subjects with atopy, subjects with asthma not having
alopy, and subjects with asthma having atopy). One-way analysis of
variance was used to compare quantitative risk factors (age. serum IgE
levels). We used the Hardy-Weinberg equilibrium program (19) to
compare observed numbers ot genotypes with the numbers of genotypes
expected under Hardy-Weinberg cquilibrivm. An estimated haplotype
program was uscd to test for linkage disequilibrium between the two
polymorphisms (19).

The association of the MJF promoter polvmorphisms was measured
by odds ratio with 95% confidence intervals, as estimates of relative
risk for development of atopy and asthma. The - 794 [CATT]. | geno-
types were combined into three categories: 3, 3 genotype: 3, X geno-
types: and X. X genotypes (allele X represents any allele other than
five repeats of CATT). Odds ratios were adjusted for potentially con-
founding factors using a2 multivariate logistic regression model.

We estimated haplotype frequencics for —173G/C and —794
[GATT]:.s repeat polymorphisms using the estimated haplotvpe pro-
gram and tested the statistical association between the MIF promoter
haplotypes and atopy using the program Haplo.Score that provided a
global test for association, as well as haplotype-specific tests (20).

Luciferase Reporter Gene Assay

We constructed three plasmids (corresponding to the three most preva-
lent haplotypes: G/5-CATT. G/6-CATT. and C/7-CATT). A549 cells
(1 X 10°) were then transfected with 0.1 jg of one of the three constructs
and 0.1 pg of pRL-TK vector, an internal control for transfection
efficiency. After 24 hours, we measured luciferase activity using the
Dual-Luciferase Reporter Assay System (Promega. Tokyo Japan).

RESULTS

Characteristics of the 235 subjects without atopy (155 subjects
without asthma, 80 subjects with asthma) and 349 subjects with
atopy (152 subjects without asthma. 197 subjects with asthma)
are presented in Table 1. The mean age was highest for subjects
with asthma not having atopy, and females predominated in
this group. Subjects with atopy (both healthy control subjects
and subjects with asthma) had higher total serum IgE levels than

subjects without atopy (unpaired t-test, p < 0.001). In addition,
subjects with asthma (both subjects with atopy and subjects
without atopy) had higher total serum TgE levels than healthy
control subjects (unpaired t-test. p < 0.001). Alleles of the two
promoter polymorphisms were in Hardy-Weinberg equilibrium
in subjects without atopy. '

We found that both the —~173G/C and ~794[CATT);; repeat
promoter polymorphisms were significantly associated with
atopy (Table 2): odds ratio for CC homozygotes of the —173G/C’
polymorphism was 3.67 (compared with GG homozygotes. 95%
confidence interval = 1.43-9.46, p < 0.01), and odds ratio for
noncarriers of the S-CATT allele of the —794 [CATT];,, repeat
polymorphism was 3.51 (compared with 5-CATT homozygotes.
95% confidence interval = 1.82-6.78. p < 0.0005). In contrast,
there were no significant differences in genotype distribution of
these promoter polymorphisms between healthy control subjeets
and subjects with asthma (Table 2). Because we initially studied
two markers (—173G/Cand - 794 CATT polymorphisms) in two
phenotypes (atopy and asthma), we multiplied our significance
levels by 4 (two markers X two phenotypes). although these
statistical tests were not independent due to the linkage disequi-
librium between the two polymorphisms. Using this correction,
the association between the two promoter polymorphisms and
atopy was significant at p = 0.05.

The —173G/C and —794 [CATT]s promoter polymorphisms
were in significant linkage disequilibrium, with the —173C allele
strongly associated with the 7-CATT repeat allele (p < 0.000001).
The three most frequent haplotypes common to both groups with
and without atopy were G/5-CATT, G/6-CATT, and C/7-CATT.
These three haplotypes constituted 89.9% of haplotypes in the
group with atopy and 90.1% of haplotypes in the group without
atopy (Table 3). The haplotype composed of these two promoter
polymorphisms was significantly associated with atopy, with a p
value of 0.009 from 10,000 simulations of a global score test, as
implemented in Haplo.Score (20). The haplotypes most strongly
associated with atopy, as judged by the haplotype-specific scores.
were G/5-CATT (p < 0.0001) and C/7-CATT (p = 0.0036), on
the basis of 10,000 simulations; the G/5-CATT haplotype was
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TABLE 2. IMPACT OF THE —173G/C AND 794 [CATT];; POLYMORPHISMS

ON ATOPY AND ASTHMA

=173 G/C OR (95% Cl) 794 [CATT];.s Repeat OR (95% Ci)
Adjustments -173G 5-CATT
Atopy
None i 1.0 (Reference) +/4 1.0 (Reference)
+/= 0.94 (0.66-1.34 - 1.19 (0.75-1.90)
=/~ 2.80 (1.25-6.26) —/= 1.51 (0.93-2.46)
Age, sex, smoking, total IgE levels,
and disease status (with
asthma or heaithy) ) 1.0 (Reference) -/+ 1.0 (Reference)
+/- 1.09 (0.69-1.73) -/= 2.22 (1.20-4.11Y
—/= 3.67 (1.43-9.46)" —/= 3.51 (1.82-6.78)*
Asthma
None v/ 1.0 (Reference) + /4 1.0 (Reference)
- 1.10 (0.55~1.56) -/= 0.94 (0.51-1.33)
/ 1.79 (0.92-3.49) = 0.82 (0.51-1.33)
Age, sex, smoking, alopic status e 1.0 (Reference) /4 1.0 (Reference)
+/— 1.07 (0.73-1.58) -/ 0.84 (0.50-1.40)
- f- 1.31 (0.62-2.80)

-/ 0.59 (0.35-1.0)

Definstion of abbreviations: Ci — confidence interval, OR ~ odds ratio.

Adjustment for matching factors and potential confounding factors was performed by unconditional logistic-regression analysis.
The analysis for atopy was adjusted for age, sex, smoking status (never, ex, or current), log-transformed total serum IgE levels,
and disease status (subjects with asthma or healthy control subjects).

The analysis for asthma was adjusted for age, sex, smoking status (never, ex, or current), and atopic status.

“p o~ 0.05.
‘p 601
P 6.0005.

associaled with a lower risk of atopy and the C/7-CATT haplotype
was associated with an increased risk of atopy (Table 3).

Transfection of the clone containing the C/7-CATT haplo-
type into A349 cells resulted in significantly reduced luciferase
activity, relative to cells conlaining the other two common hap-
lotypes (Figure 1).

DISCUSSION

In the present case-control study using a Japancse population,
we found significant association between atopy and two pro-
moter polymorphisms of the MIF gene. The G/5-CATT haplo-

TABLE 3. ESTIMATED HAPLOTYPE FREQUENCIES
REPEAT POLYMORPHISMS

Atopy (%) Nonatopy (%)
Haplotype (n = 349) (n = 235)
G/5-CATT 32.14 38.83
G/6-CATT 40.54 37.63
G/7-CATT 1.38 1.63
G/8-CATT 0.00 0.00
C/5-CATT 5.54 4.15
C/6-CATT 3.01 3.22
C/7-CATT 17.24 13.90
C/8-CATT 0.14 0.64

Total 100.00 100.00

type was associated with reduced risk {or development of atopy,
and the C/7-CATT haplotype was associated with increased risk
for development of atopy. In previous in vitro functional studies,
levels of MTF expression significantly differed among —173G/C
genotypes in a cell type-specific manner. Promoter sequence
analysis indicates that the —173C allele creates a potential activa-
tor protein 4 transcription factor-binding site (13). With the
CATT tetranucleotide polymorphism, the 5-CATT allele was
shown to be associated with lower basal and stimulated M/IF
promoter activity in vitro than the 6-, 7-, or 8-repeat alleles (14).
Using the AS549 epithelial cell line, we characterized in vitro

OF —173G/C AND -794 CATT

Haplotype-specific Score p Values (Empirical)

—3.54 < 0.0001
1.54 0.13
0.009 0.99

~0.57 0.57
0.1 0.92
2.89 0.0036

-0.74 0.47

There is significant evidence for linkage disequilibrium between the —173G/C and the —794 tetranucleotide repeat polymor-
phisms both in groups with atopy (x* = 260.95 [3 degrees of freedom (df}], p < 0.000001) and without atopy (x* = 132.11 [3

df], p < 0.000001).

Haplotype frequencies were estimated using the Estimating Haplotype-Frequencies program, as described elsewhere (19).
Frequencies of haplotypes composed of the MIF promoter polymorphisms differed significantly between subjects with atopy and
subjects without atopy, with a p value of 0.009 from 10,000 simulations of global score tests (global-stat = 17.2, df = 6), as
implemented in Haplo.Score (20). The analysis was adjusted for age, sex, smoking status (never, ex, or current), disease status
(subjects with asthma or healthy control subjects), and log-transformed total serum IgE levels.

Note that a globa! score does not give effect estimates, whereas negative haplotype-specific scores are associated with a
protective effect and positive haplotype-specific scores are associated with an increased risk.
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6[ . Figure 1. Transcriptional regulatory

activity affected by MIF promoter
haplotype. MIF promoter activity was
determined by dual luciferase assays,
with résults expressed as relative lucifer-
ase activity (luciferase activity divided
by renilla activity). The C/7-CATT hap-
lotype had lower promoter activity
than the G/5-CATT or G/6-CATT hap-
lotype (p = 0.0027 for comparison
among three haplotypes by Friedman
test).

Relative luciferase activity

function of the three most common haplotypes. The C/7-CATT
haplotype had lower promoter activity than the G/5-CATT and
G/6-CATT haplotypes. suggesting functional importance of the
MIF promoter haplotype in determining levels of MJF gene
transcription. There is, however, no clear and simple discernable
relationship between these polymorphisms and the differences
observed in transcription levels of the three haplotype constructs,
illustrating the complex nature of transcriptional regulation of
the MTF gene. Thus, the physiologic relevance of the functional
consequences of these promoter polymorphisms remains uncer-
tain, and we cannot exclude the possibility that they act as mark-
ers of another important genetic abnormality without themselves
being functionally relevant.

Recognition of endotoxin and Gram-negative bacteria by
the host requires cooperative interplay between the endotoxin-
binding protein (lipopolysaccharide-binding protein) (21), CD 14
(22), and toll-like receptor 4 (23). Microbial toxins are powerful
inducers of MIF reclease by immune cells, and, by upregulating
basal expression of toll-like receptor 4 in the macrophage. MIF
promotes recognition of endotoxin-containing particles and
Gram-negative bacteria by the innate immune system (4). Sev-
eral epidemiologic studies suggest that lack of exposure to endo-
toxin in early childhood is a risk factor for deveJopment of atopic
phenotypes (5-7). Furthermore. genetic variants in the genes
encoding endotoxin-signaling molecules such as CD14 (24) and
CARDI15 (25) have been described and found to be associated
with levels of total serum IgE or allergy, supporting the hypothe-
sis that exposure to endotoxin modulates IgE regulation by acti-
vating innate immune systems. We speculate that individuals car-
rying the C/7-CATT haplotype have lower expression of MIF in
response to inhaled endotoxin at the respiratory mucosa, lower
expression of toll-like receptor 4, and, consequently, lower endo-
toxin-inducible expression of interleukin-12 and interleukin-18,
resulting in enhanced Th2 differentiation.

MIF is involved in antigen-specific immune responses; neu-
tralizing anti-MIF antibodies inhibited T cell proliferation and
interleukin-2 production in vitro, suppressing antigen-driven T cell
activation and antibody production in vive (26). MIF has recently
been shown to be coded for by the same gene as glycosylation-
inhibiting factor (27); glycosylation-inhibiting factor has been de-
scribed as an immunosuppressive cytokine in a series of studies of
regulation of antigen-specific IgE responses (28). Glycosylation-
inhibiting factor is involved in antigen presentation involving B
and T cell receptors and regulates generation of Th effectors
from naive CD4 T cells (29), consequently regulating the balance
of Th1/Th2-type immune responses. The importance of regula-
tory roles of MIF/glycosylation-inhibiting factor in antigen-
specific immune responses is additional evidence that the MIF
gene is a promising candidate for atopy or antigen-specific IgE
responsiveness.

It is important to note that the significant association between
atopy and the two promoter polymorphisms could be due to

type I error or population stratification (30). However, as we
evaluated only two loci in an entirely Japanese population and
as the control group was in Hardy-Weinberg equilibrium for
the two polymorphisms, the usual problems associated with pop-
ulation stratification may be of limited importance in the present
study. As for type I error, none of the reported p values were
adjusted for multiple comparisons, because not all of the statisti-
cal tests were independent, due to the linkage disequilibrium.
between the two polymorphisms and the dependence between
genotype and haplotype. In addition, given strong prior evidence
for MIF as a candidate gene for atopy and evidence for function-
ality of MIF promoter polymorphisms, the present results appear
to significantly support the hypothesis that individuals carrying
certain genotypes of the present MIF promoter polymorphisms
are at increased risk of developing atopy under certain addifional
environmental and genetic conditions. Nevertheless, we ac-
knowledge that type I error and population stratification may
have influenced the present findings and that these findings are
preliminary and do not by themselves conclusively confirm an
etiologic relationship. Additional evidence is needed from stud-
ies of other groups of individuals with and without atopy, espe-
cially in cohorts well characterized in terms of levels of endotoxin
exposure in infancy. . .

In conclusion, MIF is an excellent positional and biologically
plausible candidate gene for atopy and may be involved in the
endotoxin-signaling pathway, contributing to the development
of atopy. However, given the great diversity of functions per-
formed by MIF, further functional studies of genetic variation
in the M/F promoter region are needed to clarify the pathophysi-
ologic mechanisms by which these polymorphisms affect devel-
opment of atopy.
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ER e EBEREGT RET LA o THELL.
L7235 T, SHOKRE T, BEE®ALTEENE
ELTERD4DEMBOBIIEEL L THWL.
HMERERI, REREBOERIREONSE ST,
AP ) PEMICHAS S LIBLUENIHIBL, MEH
Hichamse i 4 BEE3, RELMHOA /[ O
TS AT—HENFOSLULOEZMNRE L. T/,
BEMCEOE-IRABNEREA T FEEXED
BERPSIBEBEIBANBBEEAFO A FEMUS
OWBHBEBRL TITRAZIIS0N, BIUERROERE
222 ANTdH o,

data of study subjects

el I —
(n = 141) (n = 105)

Male ‘female 101/40 * 49/56
Mean age (years) (range) 24.1 * (18-35) 442 (16-82)
Presence of allergic rhinitis (%) 26.2 229
Presence of family history of asthma (%) - 99 * 29.0
FEVi/FVC (mean % SD) (%) 875 = 65 * 734 £ 117
Total IgE (mean * SD) (IU/ml) 210 + 332 * 813 = 2024
Positive specific IgE antibody (%) 748 75.0

* p < 0.01 compared to asthmatics.
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REREN v 567

B

7 2 N 75 7 TCK-6000CV® (Chest, Tokyo) *
W, 3Hz A ¥ L—va YEICTEEAYaY) v (K
fbtkAei) B AHRERAMNELLD. 7
APFI7EOUBIIMEEOBEREEROLD
12, MEEBOFY ) TL—varydEEfTo B
FETEERAYIY v 25me/ml BFREEAHRL
T 49ug/ml ¥ T 10 RBEBERINEEo 7o, EER
BCIIREE S TS % 1§ 5 72901 400mg/ml i # %
BAFRLTOIug/m FTOINEBBRERN%
Eolz, FREFNMRIEBEL Y 1 M3 DERRA
27220, BoNIFIIRHE L D, PRI
# (respiratory conductance : Grs), Grs D #HAE (res-
piratory conductance during controlled time . Grs
cont), FEIEARHL L BB S F CORMEHEE B (Dmin ©
XHaY ¥img/ml % 15EBRALLES THAE
4 5), Grs OFEE T 5 (slope of respiratory conduc-
tance : SGrs), 3B & U SGrs/Grs cont % 3R & 7. 141
A& B2 T# IgE {8 % radicimmunosorbent test
(RIST) T3k, 141 A 135 AMCDOWTHEFREDN
IgEfifk 14 (aFadedy =, NTZAFAbM %
Ok, ARERE, AATIHIY, ANVFY, T8
s, GEF, AF, )RV YT h, I FAR)Y
b, AT Y, TAMFVF)T, TARLVFILA) #
multiple antigen simultaneous test (MAST) Tl L
7z F 72 141 AR 135 A KA M GFRERR S W L 7.
141 AR 97T AICOoWTEENY F2RERBRTR
1L, ¥ =HE & (Dermatophagoides pteronyssinus, Der-
matophagoides farinae) % enzyme-linked immunosorb-
entassay (ELISA) Tl L7:.

B sBERVTHE L 2B BRI &
PRETHLPTHARL O, EERE,OCEES
B L7 AC2nT, BEHELEL 25mg/ml %
&4 FM L7z 49ug/ml T TOH 10 BREBERINCTT
AMTT7OREEERL 2.

U EOBEE, B RFREFXMAHEORAZER
KTOHELE - KREBTIT- 7.

FHERNEIERE TO Dmin O BERE (BT,
log (Dmin) & X3 OFH 2 ERTHEEXTFED
V22w T Kolmogorov-Smirnov B E THET L
7o p=082>005 ¢ %Y, ERGHEEXTTFELZ
otz HERED log (Dmin) O THRBEOHK
ERTV, p=062>005&%2Y, ERSHELEELTF

B Lol T0d, EEEENTOELOFR
HAFIC LB, tREXT BV, F80ERE
DI Pearson DHEHREE B WTRE L.
BIlDmin 2 RETLIEFLERIAT 501 log
(Dmin) # #BEHK B+ OFRRTYHRIERE LA
SERGSROH T 7.

w R

EEERPOEESMEB L 17T ACBERIFLE
LA 31 ¥ 25mg/ml %4 FRL - 49ug/ml $T
DIBERBERVTLTA NI 7CREL ST
bbolbklsn, REFLHEAIELNL (Fig 1A, 1
B). Z®17 AMz2WwT, LA 43 ¥ 400mg/mi
AL RN LB Y BV E %Y Dmind00, BB
ERUL 25mg/ml 24 FRMUBHEBOLER
% Dmin25 & L, B/hTfETH5 L,

log (Dmin25) = —0.064+0912xlog (Dmin400)
ODRPFELN. CORBERTIRELZTI L, v
YIH D 95% S I3 - 00640592 Th Y, BED
95% {EFAX ML 091220370 Th o7z, I THERE
BT LEEEBEOF— %, TOXRTHIELL
Dmin (BLF, #iF Dmin & §5) =Huw/-.

S EOERERICE, TLIF—HARCEE
LTV 2 ERHBORKEREATLE, Yo EOH
FUIHd 245 R IgE MEBREOBFIFE L2, Hx
LERELOEL 1 OOEFEREBIIEHIILORY
HERHTAHD, BEMN EREOHH LTV
135 A0H T, HRNGERBEETT LAY R
KOBBLHBOREE 2 w28 AL, HRENIgE
HABHETT LAF-HARICREL, WMBOREE
DHBHSANE T HBBEE LA, 5EDHIElog
(Dmin) 2099+042 (FIy+BEHREFEE) T, HBFQ
1155042 Th h, MEENFEELEDLHh o7
=0.44) (Fig. 2).

EEEBEMIACBVT, EHP 1%, RIgE
fEIZ VTR LHEIE log (Dmin) & ORICIIEE2HH
WA o 7. EEIITFRER B HE &2 135 AlZo
W log (KHIMIFERERE) & #1E log (Dmin) DO4EH
ERBEXRY FOYMERBZHETELZ 97 AK
BWT Y ZHERE & HIE log (Dmin) OB R
P, RIBEELHEBIIED o /.

F7o, EEFEIMIAT, TLUVF—AKORE
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