Regulation of GROa and ENA-T8 by ML-1 (IL-17F) 1217

(A) NS
| |
g 5000
@
(&
s g
2 |
M N
2500 4 N
A
o N
N
N Fig, 4. Effect of PD98059, U0126, and Rafl ki-
g R nase inhibitor I on GRO« and ENA-78 expres-
sion in NHBEs. NHBEs were preincubated with
1 to 50 uM PD98059 (PD), 1 to 10 M U0126,
(B) 0.01 to 10 nM of Rafl kinase inhibitor I (Raf D), 1
to 10 uM 58202120, or a combination of 10 pM
NS PD and 1 nM Raf I for 1 h, followed by stimula-
5000 1 o tion with 100 ng/ml ML-1 for 24 h. The results

= ! are cxpressed as the mean = B.D. (n = 4 exper-

iments). *, p < 0.05 was considered significant

versus ML-1-stimulated cells.
1 51050 1510 0.010.11 10 PD (10u0M)+

%
88  ppga UMMM ReI(M ReC1(18M)  gpo02190 ()

AN

ENA-78 (pg/10° cells)
5
o 8
*
E3

DMBO+ML-1

(&) NS
w T 1
& 5000
8
=
o)
2
g 2500 4
¢!
]
O
0 - Fig. 8. Effect of PD98059, U0126, and Raf1 ki-
nase inhibitor I on GROa and ENA-78 expres-
sion in HUVECs. The cells were preincubated
(B) with various inhibitors same as described in Fig.
4 legend, followed by stimulation with 100 ng/ml
ML-1 for 24 h. The results are expressed as the
5000 N.S.
g — | mean * S.D. (n = 4 experiments). ¥, p < 0.05 was
@ considered significant versus ML-J-stimulated
o cells.
e q
® N =
B 2500 \\\ =
2 N =
\ N =
& \ :
2 :
N =
X =
o & = e ]

1 51090 1 510 001011 10 FD(10p0)+ 1 5 10
Refl (1aM) oo
PD () 0126 (pM)  RafI(nM) §B202190 (B

-1
sontrol )

DMBO+ML-1

ited the production of these two chemokines in NHBEs and such as PKC and PISK, are involved in upstream signaling
HUVECs. pathway of the C-X-C chemokine expression. The results
We also investigated whether other signaling molecules, showed that no significant inhibitory effect on ML-1-induced
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chemokine expression in NHBEs and HUVECs was found
when a selective PKC inhibitor, Ro-31-7549 (0.01-0.5 uM),
or a PI3K inhibitor, LY294002 (0.1--20 M), was used (Fig. 8,
A and B, respectively).

Discussion

GROaq has been shown to be a potent neutrophil chemoat-
tractant and activator in vitro, and this chemotactic activity
1s equivalent to that of IL-8 (Balentien et al., 1990). Simi-
larly, ENA-78 is as equally potent as IL-8 in inducing neu-
trophil chemotaxis; however, it is consistently less active in
inducing the release of granules from neutrophils (Walz et
al,, 1991). Besides eosinophils, it is reported that neutrophils
are also involved in the features of bronchial asthma, airway
hyper-reactivity, airway hypersecretion, and airway wall re-
modeling (Molet et al., 2001). In addition, pulmonary neutro-
philia has also been found in severe asthmatic airways, and
at sites of allergen challenge in asthmatic subjects (Ordonez
et al,, 2000). Several inflammatory stimuli such as tumor
necrosis factor o, lipopolysaccharide, diesel exhaust €Xpo-
sure, and respiratory syneytial virus infection can induce
GROa and/or ENA-78 (Lukacs et al., 1995; Matsukawa et al.,
1999; Salvi et al., 2000; Nasu et al., 2001; Zhang et al., 2001).
The expression of GROa and ENA-78 has been found in
several inflammatory models and diseases (Luster, 1998),
strongly implicating its role in the pathogenesis of inflamma-
tion.

ML-1 is derived from activated CD4™ T cells, basophils,
and mast cells, which are important regulatory cells for the
inflammation (Kawaguchi et al,, 2001). It is thus a strong

HUVECs

possibility that ML-1-induced GROa and ENA-78 are in-
volved in neutrophilic inflammation. It is of interest to note
that ML-1 induces C-X-C chemokines, but not C-C chemo-
kines, such as eotaxin and regulated on activation normal T
cell expressed and secreted, which are potent chemoattrac-
tants for eosinophil (data not shown), suggesting a selective
role of ML-1 in neutrophil recruitment and activation. As a
corollary, a recent study has suggested an in vivo role of
human IL17F in recruiting neutrophils into the pulmonary
mucosa in mice after adenoviral gene transfer (Hurst et al.,
2002), further suggesting a potential role of ML-1 in the
pathogenesis of neutrophilic inflammation.

Raf-1 is a MAP kinase kinase kinase (MAP3K), which
functions downstream of the Ras family of membrane asso-
ciated GTPases, and is able to activate the dual specificity
protein kinases MEK] and MEK2, which in turn activate the
serine/threonine-specific protein kinases ERK1 and ERK2
(English and Cobb, 2002). Our previous and current data
demonstrated that ML-1-induced IL-8, GRO«, and ENA-78
production is dependent on the activation of ERK1/2, but not
p38 and JNK in the MAPK signaling pathway (Kawaguchi et
al,, 2002). ERK1/2 is known to be involved in the regulation
of cell proliferation and apoptosis. In this study, the inhibi-
tors used did not affect both the cell number and viability
(data not shown), suggesting an effect on gene and protein
expression.

Finally, we used inhibitors for other signal molecules, such
as PKC and PI3K, because several studies have demon-
strated both PKC and PISK are linked to MAP kinase path-
way. PKC is a key activator of the Rafl/MAP kinase cascade
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at multiple steps. It is known that PKC can regulate Rafl
signaling through phosphorylation of Raf kinase inhibitory
protein (Corbit et al., 2003) and also phosphorylates Rafl at
serine 499 (Kolch et al., 1993). On the other hand, Ras is
likely to act through additional proteins besides Rafl. PI3K
is & candidate Ras effector (Rodriguez-Viciana et al., 1997).
Activation of PISK by a variety of extracellular stimuli leads
to the accumulation of the second messenger phosphatidyl-
inositol 8,4,5-trisphosphate. Its final target is the serine/
threonine kinase Akt/PKB. Activated Ras promotes cell sur-
vival in epithelial cell through activation of PI3K and Akt/
PKB because at high dose, 20 puM, LY294002 induces
apoptosis (Khwaja et al, 1997). In our study, however,
1,Y294002 did not show any effect on the cell number and
viability (data not shown). This is likely due to different
stimuli and cell types used.

To date little is known about the upstream signaling path-
way of GRO« and ENA-78 expression. However, the results
of current study suggest that Raf is predominantly associ-
ated with the activation of MEK-ERK1/2 pathway. There-
fore, we concluded that the Raf-MEK-ERK1/2 pathway is a
central upstream pathway of ML-1 induced GROa and
ENA-78 expression in NHBEs and HUVECs. In fact, MAP
kinases are important molecules in the airway epithelial
activation in response to various stimuli such as tumor ne-
crosis factor-a, 1L-1, diesel exhaust particles, and influenza
virus infection (Griego et al,, 2000; Hashimoto et al., 2000a,b;
Reibman et al.,, 2000). Also, MAP kinases, including ERK1/2,
are involved in cytokine signaling in HUVECs (May et al.,
1998; Goebeler et al., 1999; Surapisitchat et al,, 2001). On the
other hand, the downstream signaling pathway is currently
unclear. 1L-17 is known to activate transcription factor nu-
clear factor-xB in chondroeytes and intestinal epithelial cells
(Shalo-Barak et al., 1998, Awane et al., 1999). Because of
high homology between IL-17 and ML-1, it is possible that
ML-1 is able to activate nuclear factor-xB in the downstream
signaling pathway.

It is noted that a delay between the synthesis and release
of both GRO« and ENA-78 chemokines was observed. For
example, the level of ML-1-induced GRO«a in cell lysate was
noted at the 6-h time point, whereas significant increase of
(RO« in the supernatants was seen at 24 h after stimula-
tion. The significance of this delay is at present unclear. Itis
noted, however, that a trend of increase for GROa secretion
is seen at the 12-h time point, although it did not reach
statistical significance. Additional time intervals between
the 12- and 24-h time points will be needed to identify its
release kinetics. Of interest, we have also found previously a
similar “delay” phenomenon for ML-1-induced IL-6 secretion
(Kawaguchi et al., 2002). The delay in protein expression
may be as a result of the required time frame for protein
modification and/or transport, or alternatively, but not mu-
tually exclusively, a faster synthesis/secretion kinetic re-
quires an additional factor induced by ML-1. It is also noted
that chemokine gene expression is induced by ML-1 at the 2-h
time point, suggesting a direct effect of ML-1 on de novo syn-
thesis of transcripts. However, until a ML-1-inducible factor, if
it exists, is found, a possible secondary (or perhaps additive)
effect of ML-1 on the induction of chemokine gene and protein
expression cannot be ruled out in the cwrrent study.

In conclusion, this study reports that ML-1 induces C-X-C
chemokines GRO« and ENA-78 via the activation of the
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Rafl-MEK-ERK1/2 pathway. These results suggest a poten-
tial role of ML-1 in the pathogenesis of the airway inflam-
matory diseases, such as chronic obstructive pulmonary dis-
ease, bronchial asthma, and bacterial pnenmonia, and the
Rafi-MEK-ERK1/2 pathway is a potential pharmacothera-
peutical target for inhibition of ML-1-induced neutrophil re-
eruitment and activation in the airway inflammatory dis-
eases.
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Abstract

Background: Signal transducer and activator of tran-
scription 6 (STAT6) is a key transcription factor involved
in both interleukin-4 {IL-4) and IL-13-mediated biological
responses, such as allergies. Recently, we reported that
the polymorphism of the STAT6 gene exon 1 was associ-
ated with allergic diseases, while another group studied
the G2964A variant of the STAT6 gene’s association with
atopic asthma. We undertook an association study be-
tween these variants of the STAT6 gene and allergic dis-
eases, including atopic dermatitis, bronchial asthma,
and food-related anaphylaxis in a Japanese population.
Methods: STAT6 gene polymorphisms were genotyped
by polymerase chain reaction (PCR) fragment length
polymorphism analysis, and PCR-SSCP analysis in 106
allergic and 66 control subjects. Results: The 2964A vari-

K.T. and M.S. contributed equally to this work.

ant was in significant linkage disequilibrium with the di-
nucleotide repeat polymorphism, the 13-GT repeat allele
of STAT6 exon 1{p < 0.0000000003). There was no asso-
ciation between the STAT6 2964A variant and allergic
subjects in a Japanese population {p = 0.2724). The
genotype of 13/15-GT repeat allele heterozygosity was
significantly associated with allergic subjects (p =
0.0006), as previously reported. In one major genotype
of the STATS6 exon 1 (15 GT repeat homozygosity), wild-
type 2964G allele homozygosity was significantly associ-
ated with allergic subjects (p = 0.0382). Conclusions: Our
findings indicate that in combination the dinucleotide
repeat polymorphism of the STAT6 exon 1 gene and the
2964A variant may be useful markers for predicting aller-

gic diseases in a Japanese population.
Copyright© 2003 S. Karger AG, Base!

introduction

Allergic diseases may be based on an inflammatory
mechanism involving T-helper type 2 (Th2) cytokines,.
such as IL-4 and IL-13, through their receptors [1, 2].
Upon release of IL-4 or IL-13, binding of the cytokine to
its receptor at the cell surface induces receptor dimeriza-
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Exonl

Exon23

G2964A

GT repeat

1 AGCCACTGCT TACACTGAAG AGGGAGGACG GGAGAGGAGT.
41 GTGTGTGIGT GTGIGTGTGT GTGTATGTAT ..ouveur.ns

poly (GT) repeat

Fig. 1. Exon-intron organization of the human STAT6 gene. Solid
black boxes represent exons and horizontal lines indicate introns.
The polymorphisms are shown. The nucleotide sequences of exon 1
of the human STATG6 gene and the GT repeat polymorphisms are
shown. The number of (GT)n repeats was determined by a DNA
sequencer.

tion and activation of the Janus tyrosine kinase (JAK) 3
and the transcription factor STAT6 [3-5]. Tyrosine phos-
phorylation of signal transducer and activator of tran-
scription 6 (STAT6) mediates homodimerization, trigger-
ing movement to the nucleus, and leading to its specific
binding to promoter sequences in the DNA [6, 7]. STAT6
DNA-binding sites have been identified in the promoter
regions of several [L-4-inducible genes. This can result in
transactivation of the target genes, which have central
roles in IgE synthesis and the development of bronchial
hyperresponsiveness [2, 8-10].

Th2 cytokines, such as IL-4 or IL-13, have been sug-
gested as candidate genes for atopy, and several groups
have studied the association of these genetic variants with
atopy/allergic diseases in western or Japanese populations
[11-18]. Recently, we reported the association between
the dinucleotide repeat polymorphism of the STAT6 exon
| and allergic subjects in a Japanese population [19].
Another group showed that the G2964A variant of the
STAT6 gene was associated with mild atopic asthma, also
in a Japanese population [18]. Since the study of genetic
association is difficult, and can be confounded by small
sample size, sample selection, and genetic admixture, it
would be worth examining the association of the polymor-
phism to other phenotypes in allergic diseases. Therefore,
we performed an association study between STAT6 gene
polymorphisms and allergic subjects, including those with
atopic dermatitis (AD), bronchial asthma (BA) and food-
related anaphylaxis (FA).

34 Int Arch Allergy Immunol 2003;131:33-38
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Material and Methods

Allergic and Control Subjects

Japanese children (n = 102) with a major allergic disease includ-
ing AD, BA, and/or FA, were studied. Among these allergic subjects,
71 children had AD, 47 had BA, and 14 had FA. A physical examina-
tion of each subject was carried out by a pediatrician. The serum IgE
levels were measured by enzyme-linked immunosorbent assays in
almost all subjects.

The diagnosis of AD was based on the appearance of an active
skin disease, the distribution of skin lesions, and the clinical course of
the disease according to the diagnostic criteria of Hanifin and Rajka
[20]. BA was diagnosed according to the criteria of the National Insti-
tutes of Health of the United States [21] with minor modifications.
Briefly, the diagnosis of BA was based on the appearance of the two
following characteristics: two or more episodes of wheezing and
shortness of breath during the past year, and reversibility of the
wheezing and dyspnea, either spontaneously or after treatment with
a bronchodilator. Since wheezing is often associated with viral respi-
ratory infections in young children, subjects more than 3 years old
were evaluated for the asthma phenotype [15]. The diagnosis of FA
was based on recognition of typical manifestations and the patient’s
history, with regard to the reproducibility of the reaction, the timing
of the reaction, and response to elimination of particular foods from
the diet. All FA patients had a positive RAST response to food to
which they were susceptible.

Control subjects were 66 individuals with no history of major
atopic disease. Informed consent was obtained from all subjects or
their parents, and the study was approved by the Committee of
Ethics at the Department of Pediatrics, University of Gunma. ’

Molecular Methods

DNA was extracted from peripheral blood leukoeytes. Genotyp-
ing of the dinucleotide repeat polymorphism of the first exon of the
STATG6 gene was done as previously described {19]. Genotyping of
the G2964A variant of the STAT6 gene was done by PCR-SSCP
analysis. All PCR primer sets were designed to amplify the fragment
containing each of the polymorphisms. The polymorphisms are
shown in figure 1.

PCR Primer Sequences
Primers for STAT6 exon 1
Forward: 5-GAGGGACCTGGGTAGAAGGA-3’
Reverse: S-CACCCCCATGCACTCATAG-3
Primers for STAT6 G2964A variant
Forward: 5-GGAGCCAATCCACTCCTTCC-3"
Reverse: 5-CAGACTCCTCCTATGCTCCC-3"

PCR Conditions

PCR were performed in a volume of 25 pl containing 50 ng of
genomic DNA, 125 pmol of each dNTP, 2 U of Tag polymerase, Tag
buffer, and 10 pmol of forward and reverse primer. For STAT6 exon
1, 6-FAM-labeled forward primer was used. Cycle conditions were
95°C for 5 min, and then 40 cycles at 95°C for 305, at 66°C (STAT6
exon 1) for 30 s or at 60°C (G2964A variant), and at 72°C for 30 s,
with a final extension step of 7 min at 72°C, in a GeneAmp 2400
thermocycler (Perkin Elmer, Calif., USA). After PCR, 1 pl of the
products plus 0.5 pl of Genescan 400HD molecular weight standard
(Applied Biosystems, Calif., USA) were denatured in 12 ul of for-
mamide, separated in an Applied Biosystems Prism Genetic Analyz-
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er (ABI PRISM™310) with POP6 polymer, and the fragment lengths
determined.

PCR-SSCP Analysis

The amplified products of the G2964A variant were fractionated
by electrophoresis on polyacrylamide gels, GeneGel Clean 15/24
(Amersham Pharmacia Biotech, Uppsala, Sweden), at 20°C for 2 h.
The gels were visualized by silver staining. Samples from two known
homozygotic individuals and one heterozygotic individual as con-
firmed by sequencing were included in each reaction. Sequencing
was performed using an automated sequencer (ABI PRISM™310).

Statistical Analysis
The data were analyzed by Fisher’s direct method. Significant
values were taken based on the numbers of tests.

Results

The distribution of the G2964A variant of the STAT6
gene is shown in table 1. There was no association be-
tween allergic subjects and this variant (p = 0.2724), nor
was any association seen with any allergic subgroups in a
Japanese population. There was no significant difference
in the levels of total serum IgE in allergic individuals,
comparing the 2964A variant and wild-type groups, as
shown in figure 2. We examined the association with the
dinucleotide repeat polymorphism of STATG6 exon 1, and
then polymorphic PCR products were classified into four
alleles (fig. 1): 13-, 14-, 15- and 16-GT repeat alleles.
There was a significant linkage disequilibrium between
the 2964A variant and the 13-GT repeat allele of the
STATS6 exon 1 (p = 0.0000000003) (table 2). The distribu-
tion of the GT repeat polymorphism of the STAT6 exon 1
in a Japanese population is shown in table 3. The 13/15-

100,000—1
@
. @
. e -
10,000 2
[ ]
- e
[ 2,636
kY f 1,724
=) 8
% 1,000
@
=
L
100 ® l
@
®
10
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n=61 (without A allele}
n=39

Fig. 2. Comparison of total IgE levels between the group of allergic
subjects that carried an 2964A allele and the group without 2964A
allele. The level of total IgE is plotted. Values are means + SE,n=61
and n =39.

Table 1. Association between 2964G/A

variant of STATS gene and allergic subjects Group - No. STAT6 2964G/A
in a Japanese population ' AA+GA GG
(without A allele)
Control subjects 66 44 22
Allergic subjects 102 62 40 0.2724
Atopic dermatitis 47 34 13 0.3327
Bronchial asthma 73 41 32 0.1369
Food-related anaphylaxis 14 . 10 4 0.4974

Significance was taken at the level of p < 0.0125, giving an overall significant level for the
four tests of 0.05. The G allele corresponds to 2964G and the A allele corresponds to 2964A.

GG denotes homozygosity for the wild-type allele, GA heterozygosity, and AA homozygo-
sity for the mutant allele.

STATS6 Gene Polymorphisms and Allergy
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Table 2. Linkage disequilibrium between STAT6 2964G/A and
STATS6 exon 1 (GT)n polymorphisms

Table 4. Association between 2964G/A variant of STAT6 gene and
allergic subjects in 15-GT repeat homozygosity of the STAT6 exon 1
in a Japanese population

Genotype of the STATG exon 1.~ STAT62964G/A = Group - - n STAT6 2964G/A
‘ _AA+GA GG ' GG AA+GA
L © 7 (without A allele) (without A allele)
With 13-GT repeat allele 65 8 Allergic subjects 29 21 8
Without 13-GT repeat allele 41 54 Control subjects 32 15 17

p = 0.0000000003. The G allele corresponds to 2964G and A
allele corresponds to 2964A.

GG denotes homozygosity for the wild-type allele, GA heterozy-
gosity, and AA homozygosity for the mutant allele.

p=0.0382. The G allele corresponds to 2964G and A allele corre-
sponds to 2964A.

GG denotes homozygosity for the wild-type allele, GA heterozy-
gosity, and AA homozygosity for the mutant allele.

Table 3. Frequencies of the GT dinucleotide repeat polymorphisms in Japanese populations

with allergic disease and controls

STAT6 exon 1.genotype . n-.- Allergic subjects . Control subjects - . p value!

13GT/13GT 10 6 (0.0588) 4 (0.0606) 0.6545
/15GT 53 42(0.4118) 11(0.1667) 0.0006
/16GT 10 5(0.0490) 5(0.0758) 0.3455

14GT/15GT 3 2 (0.0196) 1(0.0152) 0.6592

I5GT/15GT 61 29 (0.2843) 32 (0.4848) 0.0068
/16GT 27 16 (0.1569) 11 (0.1667) 0.6525

16GT/16GT 4 2 (0.0196) 2(0.0303) 0.5134

n=102 n =66

! Significance value was taken at the level of p<0.007, giving an overall significant level for

the seven tests of 0.05.

GT repeat allele heterozygosity was significantly associat-
ed with allergic subjects (p = 0.0006).

In one major genotype of the GT repeat polymorphism
(15-GT repeat allele homozygosity), the 2964G wild-type
allele homozygosity was significantly associated with al-
lergic subjects (odds ratio = 2.98, 95% confidence interval
1.02-8.68, p = 0.0382) (table 4).

Discussion

We showed a strong linkage disequilibrium between
the 2964A variant allele and the 13-GT repeat allele of the
. STAT6 gene. Both the genotype of the 13/15-GT repeat

allele heterozygosity, and the genotype of the 15-GT

36 Int Arch Allergy Immunol 2003;131:33-38

repeat allele homozygosity without the 2964A variant
were significantly associated with allergic subjects in our
Japanese population.

STATG is a key transcription factor involved in IL-4-
and IL-13-mediated biological responses. The human
STAT6 gene, approximately 19 kb in length, is located at
12q13.3-q14.1 and consists of 23 exons interrupted by 22
introns. The AUG translation initiation codon encoding
the first amino acid is located within exon 3 [22]. Ge-
nome-wide linkage studies have shown several candidate
loci linked to atopy and asthma [23]. Strong evidence for
linkage of atopic asthma to chromosomal region 12q13-
24 was found in ethnically diverse populations [24-26]. A
number of candidate genes for the atopic and asthmatic
phenotypes have been mapped to this chromosomal re-
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gion, including interferon-y and STATG6 [22]. Association
studies between the polymorphism of the STAT6 gene
and atopy/allergic diseases have recently been reported
[18, 19]. In the present study, there was a significant asso-
ciation between the 13/15-GT repeat allele heterozygosity
and allergic subjects, confirming our previous finding
[19]. Gao et al. [18] studied G2964A polymorphism in
Japanese asthmatics and found an association with mild
atopic asthma. We tried to extend the association study to
confirm the role of this variant in the development of any
allergic diseases, including atopic/nonatopic BA, AD and
FA. However, in the present study, we could not confirm
a significant association between the 2964A variant and
any other allergic subjects. It remains a possibility that the
allergic phenotypes in our study are different from the
phenotypes reported by Gao et al. [18]. Furthermore, we
could not undertake an association study between the
2964A variant and mild asthma, since the sample size was
too small to classify the severity of asthma. However, our
results might be partly confirmed by the recent study of
Duetsch et al. [27] which showed no linkage/association
to asthma in a Caucasian sib-pair study.

In the association study with the GT repeat polymor-
phism of the STAT6 exon 1, we showed significant link-
age disequilibrium between the 2964A variant and the
genotype with the 13-GT repeat allele of the STAT6 exon
1. Moreover, in one major genotype of the GT repeat
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