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Fig. 1. Mechanism of nasal polyp formation. *Some commonly observed
pathological findings in nasal polyps.

We demonstrated an association between B cell antigen
receptor (BCR) and Syk and activation of Syk by cross-
linking [12]. The BCR is a complex between membrane Ig and
the Ig-o and Ig-B heterodimer. The cytoplasmic domains of
Tg-o and Ig-P each contain an ITAM. Cross-linking activates
Syk through I'TAMs and thereby induces vigorous signalling
reactions [24] (Fig. 2b). Specific IgE to S. aureus enterotoxing
is produced in nasal polyps through this signalling because
foreign antigens are recognized by BCR as an obligatory early
step in B cell activation.

Nasal fibroblasts

Fibroblasts, a rich source of chemokines, interact with
eosinophils and thereby play a key role in the pathogenesis
of airway disease. Human nasal fibroblasts cultured from
nasal polyp tissue express a variety of cytokines that induce
differentiation of human haemopoietic progenitor cells {25].
Figure 3a shows Syk expression in the cytosol of nasal polyp-
derived fibroblasts by immunohistochemical staining using
the traditional ABC technique [26].

High concentrations of regulated on activation, normal
T cell expressed and secreted (RANTES) have been demon-
strated in nasal polyp specimens [27], and cultured nasal
polyps have been shown to release RANTES spontaneously
[28]. Stimulation with lipopolysaccharide (LPS) induces
expression of RANTES mRNA in cultured nasal fibroblasts
and secretion of RANTES protein [29]. The level of Syk
expression is associated with RANTES production induced
by LPS stimulation in nasal fibroblasts [11]. Overexpression
of wild-type Syk increases RANTES production from human
nasal fibroblasts. However, fibroblasts transfected with
inactive Syk vector fail to produce high levels of RANTES.

© 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy Reviews,
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Fig. 2. Syk plays critical roles in intracellular signal transduction in human
mast cells (a) and B cells (b).

Pre-treatment of antisense oligodeoxynucleotides to Syk
inhibits RANTES production and activation of c-Jun
N-terminal kinase I (JNK1) stimulated with LPS.

IL-1 induces interaction of TNF receptor-associated factor
6 (TRAF6) with IL-!1 receptor-associated kinase that is
rapidly recruited to the IL-1 receptor after IL-1 induction. We
found that Syk plays an important role in IL-1-induced
chemokine production through a signalling complex invol-
ving Syk and TRAF6. Overexpression of wild-type Syk by
gene transfer enhanced RANTES production from nasal
fibroblasts stimulated with IL-1. Decrease of Syk expression
by administration of Syk-antisense inhibited RANTES
production in response to IL-1. Syk is required for the [L-
l-induced chemokine production with TRAFG6 in fibroblasts
of nasal polyps through INK and p38 phosphorylation [30]
(Fig. 3b).

Roles of Syk in various other cells

Table | shows some recently reported roles of Syk in other
cells located in nasal polyp tissues. In human eosinophils, Syk
is essential for the activation of the antiapoptotic pathway(s)
induced through the IL-3/TL-5/granulocyte-macrophage col-
ony-stimulating factor (GM-CSF) receptor B-subunit [15].
Furthermore, eosinophils derived from Syk (—/—), but not
wild-type mice, were incapable of generating reactive oxygen

_intermediates in response to Fcy receptor engagement,

although eosinophil differentiation and survival were not
affected [31].
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Fig. 3. Syk expressed in human nasal fibroblasts (a} and its signal
transduction (b).

We found that Syk plays an important role in LPS-induced
chemokine production from nasal fibroblasts. In neutrophils,
Syk associates with Toll-like receptor 4 (TLR4) following
LPS stimulation, and plays a pivotal role in the LPS-induced
signalling pathway and monocyte chemoattractant protein
(MCP)-1 cexpression [32]. Syk (—/—) neutrophils fail to
undergo respiratory burst, degranulation or spreading in
response to pro-inflammatory stimuli while adherent to
immobilized integrin ligands or when stimulated by direct
cross-linking of integrins [33). In response to Fcy receptor
engagement, Syk (~/-—) neutrophils were incapable of
generating reactive oxygen intermediates [34]. Syk (—/-)
macrophages were also defective in phagocytosis induced by
the Fcy receptor [34]. In monocytes, Syk is essential for B,
integrin signalling and cell spreading [35]. Collagen induces
tyrosine phosphorylation of Syk in platelet aggregation [36],
and Syk phosphorylation is required for dendritic cell
maturation induced by Fc¢ receptor-mediated antigen pre-
sentation [37].

While we have demonstrated the roles of Syk in nasal
fibroblasts, it has also been reported that Syk proteins are
expressed in othetr non-haematopoietic cells such as endothe-

Table 1. Roles of Syk in various cells

Cell Cellutar function or signal transduction References
Eosinophils Antiapoptotic pathway(s) through [15})
the IL-3/1L-5/GM-CSF-RB
Generating reactive oxygen [31]
mediators in response o FcyR
engagement
Neutrophils Association with TLR4 [32]
(LPS stimutation), MCP-1-expression
Degranulation or spreading [33]
(proinflammatory stimuli)
Generating reactive oxygen mediators [34]
in response to FcyR engagement
Platelets Collagen-induced signal transduction [36)
Macrophages Phagocytosis induced by FcyR engagement  [34]
Monocytes B2 integrin signalling and cell spreading (385}
Dendritic cells FcR-mediated antigen presentation [37]
and cell maturation
Endothelial cells  Proliferation and migration (28]
Epithelial celis TNF-induced NF-xB [39]

GM-CSF, granulocyte-macrophage colony-stimulating factor; TLR, Toll-like
receptor; LPS, lipopolysaccharide; MCP, monocyte chemoattractant protein;
NF-xB, nuclear factor-xB.

lial and epithelial cells. The proliferation and migration of
human umbilical vein endothelial cells are severely impaired
by adenovirus-mediated expression of Syk dominant-negative
mutants {38]. In Jurkat T cells, TINF activates Syk protein
tyrosine kinase, leading to TNF-induced mitogen-activated
protein kinase (MAPK) activation, nuclear factor-xB (NF-xB)
activation and apoptosis [39].

Conclusion

Fibroblasts are a rich source of chemokines, cytokines and
other inflammatory mediators, and as such are known to play
a major role in the pathogenesis of airway diseases including
bronchial asthma, cystic fibrosis and rhinosinusitis with
polyps. Nasal fibroblasts produce RANTES [9, 10], eotaxin
40}, MCP-1 and GM-CSF [41]. On LPS stimulation,
RANTES expression leads to eosinephilic recruitment and
activation {28, 42, 43]. Syk is required for this process [11].
LPS also increases IL-4-induced production of eotaxin, which
is a potent mediator in the development of tissue eosinophilia
[44], and significantly induces gene expression and production
of GM-CSF and IL-8 in nasal tissue-derived fibroblasts [45].
‘We have demonstrated that IL-8 may be an important aspect
of the effect of treatment on nasal polyps [46].

LPS induces tyrosine phosphorylation of Syk and activates
JNK1 in nasal fibroblast lines. The Syk-generated signal
cooperates to enhance JNK activation in T lymphocytes [47],
and MAPK activation has been shown to be corapromised in
the macrophages of Syk (—/—) mice after Fey receptor
stimulation {35). Syk is an important component leading to
activation of. NF-xB in human monocytic cell lines [48].
Decreased Syk expression has been shown to attenuate INK1
activation in nasal fibroblast lines in the same way that
oxidative stress-induced JNK activation is significantly

© 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy Reviews,
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decreased in B cells that do not express Syk [49]. Experiments
on the roles of src homology 2 (SH2) domains of Syk have
revealed that the C-terminal SH2 domain of Syk is required
for induction of JNK activation in oxidative stress [50].
Recently, TLR has been implicated in the recognition of
various bacterial cell wall components including LPS [51].
Syk associates with TLR4 upon LPS stimulation [32].
TRAF6 mediates both IL-1- and-LPS-induced signalling.
We found a signalling complex involving Syk and TRAF6
after IL-1 induction, leading to chemokine production and
subsequent eosinophil infiltration [30].

An Syk-negative variant of rat basophilic Jeukemia-2H3
cells failed to release histamine by FceRI aggregation,
whereas reconstituted cells with stable expression of Syk
could release histamine [52). Syk-deficient mast cells failed to
degranulate, synthesize leukotrienes and secrete cytokines
[53]. Furthermore, Syk may be critical in cell survival after
damage in inflammatory diseases, as antiapoptotic pathways
involve Syk-dependent signalling [15, 49].

Syk expression affects chemokine production in airway
diseases. Syk antisense oligodeoxynucleotides delivered by
aerosol to the lungs in vive depressed Syk expression and
pulmonary inflammation [54]. Syk is associated with Fc
receptors and the B cell receptor involved in allergic diseases,
antibody-mediated autoimmune diseases and nasal polyps.
Syk inhibition might control the levels and function of specific
IgB to S. aureus enterotoxins in nasal polyps. Because the role
of Syk in regulating vascular homeostasis and other house-
keeping functions is minimal or masked by redundant Syk-
independent pathways, targeting Syk may be an optimal
approach to the effective treatment of a multitude of chronic
inflammatory diseases without undue toxicity [55]. In
conclusion, manipulation of Syk expression may prove to
be a useful strategy in the treatment of airway diseases such as
asthma and nasal polyposis.
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Abstract

Objective: Numerous signalings are involved in allergic inflammation. The non-receptor protein tyrosine kinase, Syk, is widely expressed in
immune-potentiated cells and plays critical xoles in initiating signal transduction in response to the activation of cytokiri€, chemokine and
other types of receptors, It has beeh hypdthesized that Syk expression in allergic nasdl miicosa and polyps. with'allergy is différent from non-
allergic mucosa, and that changes in Syk expression contribute to the activation of allergic reactions. '

Methods: We examined whether the expression of Syk is found in allergic nasal mucosa and polyps. We investigated the expression of Sykin

46 nasal mucosa and polyps (14 samplés from patients with allerg

immunohistochemical technique.

ic rhinitis and 32 samples with non-allexgic chironic siriusitis) using an-

Resulis: Allergic polyps had more Syk positive cells than non-allergic polyps. Syk positive cells were determined to mainly be eosindphils.

There was no difference in Syk expression in the lamina propria and nasdl gland between allerg‘i_c rucosa and non-allergic mucosa.
Conclusion: Eosinophils in allergic polyps receive an intracellular signal, alttiough the signal is not able to determine the function in the

present state. Syk appears to be a promising target molécule for anti-allergic inflammation in allergic rhinitis.

© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Nésal polyp; Syk; Eosinophil; Mast cell; Nasal allergy

1. Introduction

Nasal polyps are recurrent protrusions of the nasal sinus
mucosa that prolapses irito the nasal cavity. The origin of
nasal polyps can be divided into two categories: aflergic
thinitis (AR) and non-allergic chronic sinusitis (NACS). In
AR, exposure to the allergen promotes the cross-linking of
IgE molecule on mast cells and mast cells release histamine
and other proinflammatory mediators within minutes. The
released chemical miediators induce many signals in-the cells
of the nose and the sum of signals causes allergic
inflaiimation. Chemoattractants play a dual role by
triggering  integrin activation and directing leukocyte

* Corresponding anthor. Tel.: +81 52 853 8256; fax: +81 52 851'5300.
E-mail address: hamajima@med.nagoya-cu.ac.jp (Y. Hamajima).

migration. Some chemokines and cytokines (RANTES,
Eotaxin, IL-5, etc.) have been shown to attact and activate
eosinophils in vitro and to recruit eosinophils into " the
inflammatory region in the nasal mucosa. The addition of
several factors (ex. edema, a change in architecture of the

- epithelium, a large influx of water, an alteration of the

structure of gland) to the AR contributes to the development
of nasal polyp [1].

NACS may originate from or be perpetudtéd by local or ..
systemic factors that predispose onme to sinus ostial .
obistruction and infection [2]. Japariese NACS is different
from Western NACS, and has a chiracteristic that
neutrophils are the predominant infiltrating cells in nasal’
mucosa [3]. A high 1ével of [L-8 concentration in the nasal
lavage from patients with nasal polyps is typical in J apanese
NACS [3-5]. Persistent inflammation due to bacterial

0385-8146/$ — see front matter © 2006 Elsevier Freland Ltd. All rights reserved.
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Fig. 1. Immunohistchemical staining of Syk in the nasal mucosae, intestinum of lamina propria (a: Syk score = 29.5), the nasal grand (b: Syk score = 46.5),
nasal polyp {¢: Syk score = 57.5), the tonsil was for the positive staining of Syk (d: Syk score = 48.8) nasal polyp (e: negative control) {magnification 200x).

infection and sequential cytokine secretion (IL-1f, TNFe, hyperplasia of epithelial cells and nasal glands for the
1L.-8, TGFa and TGFB) induced many signals in inflam- pathogenesis of nasal polyps in NACS {8,9].

matory cells, fibroblasts and epithelial cells [6,7]. The The complicated activation in cells through cytokine and
activation of epidermal growth factor receptor kinase and chemokine receptors is associated with protein tyrosine
platelet-derived growth factor receptor kinase leads to kinase. Protein tyrosine kinases can be divided into two

143



Y. Hamajima et al./Auris Nasus Larynx 34 (2007) 49-56

<0.08 0.05 <001
Syk score - b }——wz—-—-—*ﬂ" I
%} P
- $ i1
ar g e
i P ol [
° o
0w : 2 } {
L. ’g’
20~ *» } . o
200
¥ by X2
AR NACS AR NACS AR NACS
Laminz propein Nasal grand Nasal polyp

Fig. 2. The number of Syk positive cells. The Syk score determined the
number of Syk positive celis in all cells. The Syk score in the nasal polyp
with allergic rhinitis (AR) was higher than those with non-allergic chronic
sinusitis (NACS).

families: receptor tyrosine kinases and non-receptor tyrosine
kinases. Syk has non-receptor protein tyrosine kinases
function as critical components in signaling cascades from
membrane receptors lacking intrinsic tyrosine kinase
activity, and is widely expressed on hematopoietic cells:
B cells [10,11], mast cells [12], eosinophils [13], T cells
[14], neutrophils [15] and other cells. Recently, it has been
shown that Syk is also expressed in non-hematopoietic cells;
human nasal fibroblasts [16,17], breast epithelium [18] and
human hepatocytes [19]. The level of Syk expression in
pasal polyp-derived fibroblasts was correlated with
RANTES production by LPS [16].

In this study, we investigated the Syk expression on nasal
polyps between AR and NACS using an immunohisto-
chemical technique, since there are few reports about the
expression of signal molecules in nasal polyps.

2. Materials and methods
2.1. Patients and sample collections

We studied the inferior turbinate mucosa and nasal polyps
of 14 patients (10 males and 4 females) with perennial AR
caused by Dermatophagoides Pteronyssinus (DP), and 32
control subjects (20 males and 12 females) with NACS. All of
the patients underwent endoscopic sinus surgery, because all
conservative treatments had no effect on their nasal
congestion, We obtained informed consent from all patients.
Both the inferior turbinate mucosa and the nasal polyps were
excised during surgery. All of the patients with AR had ahigh
titer of anti-DP-specific IgE without Japanese Cider and
Ragweed in the serum. All patients with NACS had negative
evidence for these allergies. No patients in either group had
histories of aspirin-induced asthma. There were no significant
differences in the background of the patients in AR and NACS
groups except for nasal allergy. The operation was performed
under local anesthesia by injection with 0.5% lidocaine with
1:100,000 adrenalin and 10% cocaine.
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2.2. Immunohistochemical staining

Specimens were immediately fixed in 4% paraformalde-
hyde for over 48 h. After fixation, samples were embedded
in paraffin and sectioned at 2—4 pm thickness. They were
deparaffinated and treated with ethanol, then rinsed with
pH7.4 phosphate-buffered saline (PBS). Immunohistchemi-
cal staining was performed using the avidin-biotin-complex
technique [20].

Specimens were washed in distilled water, and rinsed
with pH 7.4 PBS, and incubated in 0.3% H,0, solution
dissolved in absolute methanol at room temperature for
15min to inhibit endogenous peroxidase activity. After
washing, specimens that would be stained for Syk were
treated by microwave irradiation for 10 min in distilled
water. They were rinsed with PBS and incubated with rabbit
anti-human Syk polyclonal antibodies diluted at 1:200 at
4 °C for 24 h. After rinsing with PBS, all specimens were
treated with polymerized peroxidase anti rabbit-IgG
(DAKO, Glostrup, Denmark) for 1 h at room temperature.
After rinsing with PBS, peroxidase color visualization was
carried out with 15 mg of 3-3'-diaminobenzidine tetrahy-
drochroride (WAKO, Tokyo, Japan) dissolved in 100 ml
PBS with 8 ul of 30% H,0, for 10 min. Nuclear counter
staining was carried out with Mayer’s haematoxylin for
2 min before mounting. For positive controls, we used the
tissue of the tonsil, which was already known to be positive
for Syk. For the negative control, we used rabbit apti-human
IgG for the first antibody.

2.3. Double immunofluorescence techniques

The standard double immunofluorescence technique was
employed. Mouse anti-human EG2 monoclonal antibody
(mAD) as a marker of eosinophils, anti-CD30 mAb for T
cells, anti-CD14 mAb for macrophages, anti-elastase mAb
for neutrophils, anti-tryptase for mast cells, and anti-CD20
mADb for B cells were used. After being incubated with anti-
human Syk antibody, rinsing with tris buffered saline (TBS),
we applied swine FITC conjugated anti rabbit immunoglo-
blins for 2 h at room tempesature. After rinsing with TBS,
we applied the second antibody (for example: CD20) at 4 °C
for 24 h. After rinsing with TBS, we treated rabbit RPE
conjugated anti-mouse immunoglobulin for 2h at room
temperature. After washing with TBS, nuclear counter
staining was carried out with Mayer’s haematoxylin for
2 min before mounting. Then, we counted the positive cells
with fluorescence microscopy. In this experiment, 7 NACS
samples were randomly selected.

2.4. Evaluation of Syk expression

For microscopic analysis, we randomly selected five
images of strongly stained sections of Syk in each specimen.
The mean number of Syk positive cells per field, that had
infiltrated the intestinum of the lamina propria, goblet cell,
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Fig. 3. Double immunohistchemical staining. (A) EG2 positive cells (red); (B) Syk positive cells (green); (C) merged view Syk score is 0.44 in this section
(magnification 200x); (D) mast cell positive cells (red); (E) Syk positive cells (green); (F) merged view Syk score is 0.16 in this section (magnification 200x)
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.).

epithelial layer were counted. We counted at least 1000 cells,
including Syk positive cells, and estimated the positive cells
as the Syk score [20].

For fluorescence analysis, we used a microscope
(BX51-33-FL-3, Olympus, Tokyo, Japan). We randomly
selected three images of strongly stained sections of Syk.
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The mean number of Syk and other per field that had
infiltrated the nasal polyp were counted. These analyse
were performed at a magnification of 400x (Syk positive
cells). Macintosh computers (Stat view software; Abacus
Concepts Inc., Berkeley, CA) were used for all statistical
analysis.
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3. Results
3.1. Syk expression in the nasal mucosa and polyp

Syk positive cells were observed in the lamina propria,
nasal gland and nasal polyp. Syk staining was positive in the
cells that had infiltrated the lamina propria and the nasal
gland (Fig. 1A and B). The usual pattern of positive staining
for Syk involved the cytoplasm. The mean Syk positive cells
per field (Syk score) in the intestinum of lamina propria from
all 46 patients was 15.9 &= 11.4 (mean = S.D.), that in the
nasal gland was 32.2 & 22.4, and that in nasal polyp was
38.0 + 19.0. In the AR group, the mean Syk score in the
intestinum of lamina propria was 18.0 & 11.7, that in the
nasal gland was 25.8 = 21.1, that in the nasal polyp was
50.9 4 17.9. Syk score in the nasal polyp was higher than
that in the lamina propria and nasal gland (p <0.05,
p < 0.05). In the NACS group, the mean of the Syk score in
the intestinum of the lamina propria was 14.8 £ 11.2, that in
the nasal grand was 35.3 =+ 22.6, that in the nasal polyp was
30.2 £+ 15.2 (no difference among the NACS group). In the
AR group, the Syk score in the nasal polyp was significantly
higher than that in the NACS group (50.9 + 17.9 versus
30.2 £ 15.2, p < 0.01, Fig. 2). Few Syk positive ccﬂs were
detected in the epithelial layer (data not shown).

3.2. Double staining

To clarify which cells expressed Syk in the nasal polyp
from patients with AR, double immunostaining was
performed. EG2 and Syk double positive cells were malnly
observed in the allergic polyp (Fig. 3). In the AR group, the
mean percentage of double positive staining for Syk and
EG2 was higher than the NACS group (29.4 £ 21 4% versus
11.5 3 8.7%, p < 0.05, Fig. 4). Since the Syk score of the
nasal polyp in AR was higher than that in the NACS group,
the absolute number of double positive nasal polyp cells in
‘AR was also higher than that in NACS. Double positive cells
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Fig. 4. The mean percentages of EG2 and Syk doubic positive cells. The
double positive cells in AR weres higher than those in NACS (p < 0.05).
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Fig, 5. The correlation with serum IgE titer and Syk score in AR. Total IgE
in the serum was correlated with Syk score of nasal polyp from AR patients.

for Syk with each CD30 or elastase or CD14 were only
minimally detected in both the AR and NACS group (data
not shown). Although CD20 positive cells were stained in
AR, the mean percentage of double positive cells in the
CD20 cells was 1.1 & 0.9%. And the mean percentage of
double positive cells in the tryptase positive cells was
10.92 £ 16.85%.

3.3. Correlation of Syk score and IgE in the serum

Serum total IgE values in AR range from 16 to 2400,
while those values in NACS range from 8 to 130. Total IgE in
the sera is significantly associated with the Syk score in the
nasal polyp (r=0.640, p < 0.01, Fig. 5). There is no
difference between the Syk score in the lamina propria and
serum IgE (data not shown). Nine NACS samples which has
IgE data were included.

4. Discussion

In this study, we demonstrated that Syk expression in
nasal polyps from AR patients was significantly higher than
that those from NACS patients. There was no difference in
the Syk expression between nasal mucosa from AR and that
from NACS. The Syk-positive cells are mainly eosinophils
in the nasal polyp. Syk was stained in the cytoplasm of
eosinophils. The mean percent of Syk positive cells in nasal
polyps were associated with serum total IgE.

Eosinophils are well known to be induced and activated
by several cytokines and chemokines. In allergic disease,
the up-regulation of Interleukin-5 (IL-5), granulocyte/
macrophage colony-stimulating factor (GM-CSF), eotaxin
and RANTES cause blood and tissue eosinophilia. Patients
with allergic nasal polyposis had significantly higher tissue
densities of IL-4, IL-5, GM-CSF and IL-3 compared with
those with non-allergic nasal polyposis [21,22]. Fan et al.
also reported that EG2 and IL-5 positive cells were
abundant in the submucosa of patients with allergic
sinusitis, especially in the superficial layer. About half of
the IL-5 producing cells were eosinophils and apoptotic
eosinophils were less numerous in the superficial layer [23].
Human eosinophils have IL-3/IL-5/GM-CSF receptor on
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the surface. IL.-5 receptor activation in eosinophils has been
shown to stimulate JAK2, STAT1, Lyn and Syk [24]. IL-5
and GM-CSF inhibited the apoptosis of eosinophils in vitro
and in vivo. Both Syk and Lyn are essential signal molecules
for the activation of the anti-apoptotic pathway(s) induced
by the IL-3/IL-5/GM-CSF receptor subunit in human
eosinophils [25]. Thus, one possibility is that Syk
expression in the nasal polyps of AR may indicate the
activation of Syk by IL-5 receptor to lead to the elongation
of eosinophil-survival.

Conversely, the analysis of Syk-knock out mice (Syk™")
demonstrated that the anti-apoptotic effect of IL-5 in cells
does not require Syk despite the activation of this tyrosine
kinase upon IL-5 receptor ligation [26]. However, Syk is
important in activation events (oxidative burst or phagocy-
tosis) induced by Feyreceptor (FcyR) stimulation [26].
FcyR is found on the surface of eosinophils and plays a
critical role in eosinophil activation in cooperation with Syk
phosphorylation. Among several FcyRs, allergen-specific
IgGl and IgG3 induces degranulation of eosinophils as
inflammatory reaction through FcyRII (CD32) [27]. Also,
FcyRII may pivotally regulate both the survival and death of
eosinophils, depending on the manner of receptor ligation
and B2 integrin involvement [28]. The integrin family of cell
adhesion receptors mediates both cell—cell and cell-matrix
interaction and plays critical roles in development,
inflammation, angiogenesis, migration, metastasis and other
important biological processes [29]. The binding of B2
integrin receptors to their ligands (ICAM-1) is critical for
firm attachment, spreading and the transendothelial migra-
tion of eosinophils [30]. Syk is essential to activate signal
transduction cascades initiated by the binding of B2 integrin
receptors to their ligands [31]. Thus, Syk expression might
suggest that signal transduction from B2 integrin receptors
in eosinophils was working to migrate into the nasal polyp.
As Syk is regulated by multiple classes of integrins, Syk is
deeply associated with the integrin family [32]. Addition-
ally, signaling by integrin and ICAM-1 prolong eosinophil
survival [33].

Agearegation of the high affinity IgE receptor (FceRI}) by
IgE binding results in the sequential activation of Syk and
Lyn on mast cells [34]. Local IgE class switchings and local
IgE syntheses were demonstrated in human allergic nasal
mucosa [35,36]. IgE itself up-regulates FcgRI, which
prevents protease digestion at the cell surface [37]. Recently,
nasal polyps have been characterized by a high concentra-
tion of IgE in the nasal polyp associated with presence of
Staphylococcus aureus enterotoxin-specific IgE [38]. These
data led us to speculate that Syk-dependent FceRI signaling
is working well in nasal polyps of AR. However, the positive
expression of Syk in mast cells was less than eosinophils in
this study (Fig. 3D~F). Although eosinophils express FceR1I,
most of the protein is confined to the cytoplasm [39]. Our
data showed that IgE in the serum was correlated with the
Syk score in nasal polyps in AR patients. However, there is
little evidence for IgE-dependent function in eosinophils.
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IgG appears to be more important for eosinophil activation
in allergic disease than IgE.

Recently, it was reported that enhanced IFN-« signaling
and proinflammatory function were dependent on the
tyrosine kinase Syk and on adaptor proteins that activate
Syk through immunoreceptor tyrosine activation motifs
[40]. IFN-o inhibited IL-5 and GM-CSF genreration of
cord blood. IFN-a receptor was found on eosinophils
collected from patients with various eosinophilic disorders
and inhibited the release of eosinophil granule proteins,
such as eosinophil cationic protein, neurotoxin, or IL-5
[41]. The oromucosal administration of IFN-a reduced
allergen-specific IgE production and allergen-induced
eosinophil recruitment in the absence of detectable
toxicity for the treatment of allergic disease [42].
However, our previous study showed that IFN-o was
not detected in the nasal lavage from patients with AR and
nasal polyps [5] and in the supernatant of nasal polyp-
derived fibroblasts (data not shown). There might be the
possibility that Syk activation in eosinophils of allergic
rhinitis polyp induces suppressive signaling for allergic
disease, but this possibility was low.

The delivery of Syk antisense oligodeoxynucleotides
(ASO) by aerosol to rat lungs in vivo has the potential to
reduce Syk expression in infiltrated immune cells and to
suppress Ag-pulmonary inflammation [43]. Additionally,
the treatment of Syk ASO greatly inhibited the number of
eosinophils in the lung parenchyma [44]. They suggested
that Syk ASO may be a useful anti-inflammatory agent.
Intranasal application of Syk inhibitor R112 improved
allergic symptoms of seasonal allergy in a park setting [45].
They suggested that intranasal application of Syk inhibitor
become a new treatment of a seasonal allergy.

The degree of Syk expression is not equal to the activity
of Syk in cells, while no expression of Syk does not means
any activities of Syk in cells. The autophosphorylation and
activation of Syk (phosphorylation of adaptor molecule)
produce the signal pathway in eosinophils. Constitutive
phosphorylated Syk was detected in nasal polyps with a high
Syk expression from patients with AR by Western blotting in
this study (data not shown). Although further study is
necessary to investigate how Syk works in nasal polyps with
AR, Syk may be a target molecule for the treatment of nasal
polyps with allergy.
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regulated chemokine) 4 &D &1 >,
YA ALy, BRERTFEZELET S (K
10

Th2 #fife, HFEERK ERMEE»So

e A

0[O

0| 90]ojofolo]o

YA N ATEY

15
RERT
Bibx b
R RRIR
TG T

Th2

GATA-3 -
STAT-G, T4

RANTES
‘ Eotaxin

MCP-1
TARC
1L-8
IL-6

SCF
VEGF
PG

Fibronectin
Collagen
ICAM-1
YCAM-t

1 B4 ORIRIC £ 2RISR B RS BRORIG
RGBEDRRETERE, HE - OV YA hDHTY - AREE
DFET, TELAY YA b D1y  MERFEEET S,

TUIF— - B Voll3, No.l, 2006

151



PRE TENAYETLINF—

L4 IL-13 oW #E T, HiEFHE» S
Eotaxin® %> TARC M@ & h, HELSF
T % % ICAM-1 (intercellular adhesion
molecule-1), VCAM-1 (vascular cell adhe-
sion molecule-1) DFEEMBFAET 5, Fo-
taxin BB A R IFBRRMEEEEZH D
TARC {& CCR4 124 L Th2 )&z ﬁfﬂ%
¥ 5o MR, B, SGELEA SO IL-
1, BB o Bk & 3 TNF (tumor necro-
sis factor)a, LPS (lipopolysaccharide),
double-stranded RNA (dsRNA) THHEE
M SEARHESE IR A3 RANTES, 1L-8 #REH:
TR, BN SRS A S A
AhB7 47 0% 7 F v, SCF (stem
cell factor) 1%, IFHEAEEE, NOHGHIIE OHENE
WigE, AT, T VI F-HRE TR
It Bk ORI o IR RRL I & 2 B4R
&, Th2 HIBRIFEERRIE S DBEHIC & 518
FEMIMIETET 2 4, BRHEEFmiaE, FEE
Tk, msALlE, JFERERCER L, €hEhn

DFEEBALSE TS,

TGF B8 (transforming growth factor
B, IL-4 O T 25 —4 i3 ED ECM

DEEHEBREIN D, EEEFIRBIC & 0 HufE
FHE» S EEAE & 5 VEGF (vascular en-

dotherial growth factor) &, MEZAINRME
& BEMTEDIERNS B M, TEF N

oy UEEIEHE T O R OIEE T B, T
VIVF B TIIET VIVF—ICH~S
CEEBORE L MEFENE(E - T
WaZLEmS, VEFY VI EREUOENL
MR Sh, BEFMRIEERREER
LT3,

I. SIRAREEFMBESEET S
TENA DLE

RANTES, Eotaxin, MCP-1, IL-8 id, F
EERPIFERIICIER N S b, AMIEHR
MM ELETEITENA L THS
FE1) reElA VL, BRO2O2DVR
FA VvONBHAGRMPSADOY T T 7 3
Jy—& LT, CXC, CC, C CXLCIiHH
X 1 %, RANTES, Eotaxin, MCP-1i&
CCHEAAVT, ILBRCXCrehir
Thbo 7 VAF—EBEDNINIBEE LA
#eiEdicid, RANTES, Eotaxin, MCP-1
WBNT EMASNT D, CCR3IZF YN
vREET ARy ERA L ORT, Eotaxin i

B b EEAET, COR3 DAL COR ic i

& U134, Eotaxin KM EE TIFEEER & IF

®1 w#&ﬂ%ﬁﬂﬂ%ﬁ%ﬁ%ﬁﬁ@ﬁﬁi@‘%?fh% > (DR
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I. HSRiER

1) S¥IRRIFEHSHIRRC BT D RANTES » Eotaxin il

EREFROBERZFEST 5, RANTES i3,
CCR1, CCR3, CCR4, CCRE %/ LT
BEER & IFIEBIR DR & IRk A T 5
fERMH Y, 72, BMBICHE IL4 &
CD40 ##ic & 3 1Ig (immunoglobulin) E
ElgCDELEEFTTEEESY, IL-8 HRE
HSIFRIRREMLMERFTH 54, ZEGEL
LTk CXCRI, CXCR2 2dh b, IFHEEDR
RILETT S A4 3 vy EhiFERicit
CXCR2DEHLTH Y, IL-8iTAEELE
TH#EEE D, MCP-1 &, CCR2 &4 LTI
EHERORENAFHEL L Ry I v OB
ERIT,

RNA 91

/ds RNA

T

II. SHEREFHEFRBED
RANTES B4 ICB4P 5 TLR3 &
TLR4 75 ORI N SRR E

WE, wANK, FTHEH, EWEENE
ARBALLBICEhZHERLEY ET S
FERICE, BRRECEERESSD,
EO BB LSO D IL> T %, BHAE
B, HEEETEDEERELIERT
IFEMEEDbN T E LN, BAREDH
B RIKTH % TLRs(Toll-like recep-
tors) MEREHh, ZhFhBERVLEIG
ARG O EMHII Uz, BREIE R SR iR kR
ffciz &, TLRs AFEHELTHB D, TLR2,

2 BHERRESHIRORANTES EE RN D TLR3 & TLR4 A B 0MIERis RimE
TLR3 « TLRAT S O MR AEIMIBEL E, TRIF « IRF3 - MyD88 « IRAK « NF- B » Syk « PI3K

JNK » p88MAPK I8 &5 85T B,
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TLRS, TLR4, TLRO 2538 5h, TLRY

& TLR4 OFHAE b, RANTES B
BIZME LT3, poly IC® LPS T,
TLR3 & TLRA W& (k4 5 & RANTES
DEHENTUET 5,

TLR3 & TLR4 @ Ml A RIZZ R,
TRIF, IRF3 (interferon regulatory fact-
or-3), MyD88, IRAK(IL-1 receptor asso-
ciated kinase), TRAF (tumor necrosis
factor receptor associated factor) 678 &
%4 LT, NF-kB (nuclear factor-«£B),
JNK (c-jun N-terminal kinase), p38
MAPK (mitogen activated protein kina-
se), PI3K (phosphoinositide 3-kinase) %
FEHLE S5 (B2), Fx i, IgEZEK
(FcsRI (Fcepsillon receptor D) D & 77+
WL HEELTBY T VVF -
B HORERBOBROFNSTLLT
bAEME & LT B 5N TU B Syk a5,
TLR4 IZf4 5 RANTES BEA i 275 0
Ex2LTEY, TRAFBKKLETHI &%
FEHE Lo Syk k57 v F L XP
mutant vector & AT LPS It X % RAN-
TES Bt 2 M3 5 & &R L

BRGNS SR AR MEEF NI & dsRNA THIBK
T3 &, JNK, p38 MAPK PIsbic AKT 28
Y vEg{bEh, FISPIRRIZEE 5 VN
WY UEBLT L1 THRFT 5 &, Rho,
Syk, Vav, c-Sre, TRAF6 O #5 ﬁfﬁﬁ%?t &
Niz, %7z, PISK BEH JNK HEHIC
& b dsRNA 55 RANTES BEEA AIHl &
hto

V. SX5BEfskIGHESFHED Eotaxin
BEEICEDbSIL4 ZEEEIL13
ZRED S DOHBERIBIREE

Th2 s & D IL-4 H(CD40L % BLyS

 OBETT) BMIEAEHE LS ES & IgE

75 ARA wFMEBID, BRI IgE %
BEEIRED, UERENIgER 7 VIV —
ORETHEH S, L4 ZFEROPTRDS
BELSYA AV THD, BN
MR BT, L4 & IL-13 i Eo-
taxin OEAZFFET 5, ILAZF K
(L-4 a R){3 IL-4 BEE L IL-13 REHD
HEZFEERTH S, L1831 IL-13%
BHEOVHFFTHBOILHL, IL4E
IL-AZEEE IL-13ZF/HERTS (B
3) IL4 BEFBHIEEST S L JAKL
JAK3 4 LT STAT (signal transducer
and activator of transcription) 6 % Y »~
it ¥, Eotaxin BEAIHEE 5, IL-13
ZRATH JAKL, JAK2, Tyk2, STATS6
oY VERESEC 5,

IL-4 ®I1-13 {2 & % Eotaxin EEA T
i X 2ERTEOEERRE SN T
%o TL-4 3538 Eotaxin 25 LPS i CTHH¥E X
N5, b SRR (HFL-1) TR,
IL-13 12 & B LTC, (leukotriene CJ, LTD.
(leukotriene D) DZAEMHRTH 5 CysLTR
OFBMEIH L, LTC I &b IL4FH
Eotaxin B AR & 41, CysLTiR T
T & 5 pranlukast iZ & » Ml & R i,
Borly, BMEERREFEEEROTHE
BOEBETL, LTCK XD IL4FHHE
Eotaxin B A8tk &4, CysLTiR HEHEE
T 5 & EETER Uz, £72, dsRNA
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I. HEWEE 1) SHRORIEHESFHIZC 50D RANTES ¢ Eotaxin i

-4 IL-13

L4 BEE l \ l IL-13 Bk

l::k
F
l"

Eotaxin

§3 BUEGRSESI0IE0 Eoexin EECENS L4 SSke
IL13 BEES S OBEMNEREE

L4 ESHE I3

BIED S OMBABREE T, JAKT - JAK2 -

JAKS - Tyk2 « STATS BEDDFHRST .

&k D IL-4 ¥ Botaxin BEEAE bW L 2
Z &g, TLRS, TLR4, CysLTIR 5@
VI F NS ILARER L IL- 13 REEH
SYTFNVEBBUTHBEELSNS,

TLRS, TLRADO Y 7+ NVEE2TRLE
2, CysLTR» & @ ¥ 7"+ )%, phos-
pholipase C 8, IP:(inositoltriphosphate),
PKC (protein kinase C), p34 MAPK,

ERK (extracellular signal regulated ki-
nase) BHRESNTHEI NS EHASNT

WL, BHIIEZEEAT 2720 IL4
BKIBE T L0, SRR b SkARHE SR e

S Botaxin A T30 IL4 R EHE
THHHEND B, Eotaxin BEIBINT
i, IL-45® 4 &IL-13R X & H» 5,

JAK1, JAK3, STATS PIH® & 2 i

T~

PG LT B TREE DS S2IE, L4 5
kT, IRS-3, PISK, She, PLCy %
EDQ YT NGFrREINTO S,

T UNF BT, BRSNS E
BTEeFNa) vEERENBRHLEHTOS
WelRl, REBZEMAEETNE, LAH
D UHET 2SI ay L EEAKR CysLTR

&@%u7@&ﬁﬁﬁ@§§W?%b,ﬁ
WAIRPIREIC M1, FIBE RO M2

SRR IT M3, PRI M4 &
Mb BEEBR U T B, SRR HEE

JaTo Z ORFERDFEE % real time PCR
(polymerase chain reaction) T3 %
&, REMED O, M3 OREMR LN
<, M1, M2, M4, M5 IZH~T 10452
LTH ot BAEEBERMEENIRC T &
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Fray S EHEYRETHI AT U E
fRIA & €5 &, IL-4 554 Botaxin RH A1
i L 7eo

V. RE

IL-4 ¥ 7N Effl g 500 d 5
miapmy 7y vgF &l TR, SH2
domain-containing PTPase-1 (SHP-1),
SOCS (suppressor of cytokine signaling)
1, SOCS3, SOCS5 7z &%, #las o4+
&L LT, TGFA, IFN (nterferon) a,
IFN 7, CpG DNA 7§ EhstEf & UL TE
Sh B, BHEFHIE TEIERMNREL S
SR

RANTES & Eotaxin i IFBEEK « #7155
Bk - R ERT 5, ChooMlat
R U7 BERIASRL T 5 208, FRIBRE
TEBTUNF—IREELR2ICR LI,
I BEotaxin ¥4k, Eotaxin & RANTES /8
)H 2 RE&it s CCR3 kxtd 2, it
IL-5 Fifk, MIEHESFISXT B30 VIA4
(very late antigen 4) FLM78 S IXIFEEIRD
B OB REE AT S,

Il IgE ifkid, WHE, BERT LV F -
Mg, ERE, 7 Y-S

®2 GEAIK - BIREIR - MBI

K

UISsRERIF TED 7L L —EE
i

BEMEEBRESN TR VS, 5%
kg5 &IE [gEENERES & E/mMT
HBIEDOERAAECHBNS 2,

RANTES EAEIEELSHEZ LTS
Syk %, MR EHFEERN IgRIC L 518
IR EEmmgoRBR (EX5 1y, 7
o577 —+), IL4, IL-13, TNF a/% &0
¥4 bHA VEHE, LTC, LTD, LTE,
PGD, (prostaglandin D;) % EDORHICE
3 IgESBED v 7 I THIDRY S & %
LT %, Syk ioxtd 2 HEHR, TEME
233 % park study T, placebo ZEIZ i~
THEIROEREMHT S Lo
12,

IgG ZH/ETH 5 FerRllb (Fe gamma
receptor fl b) @ ITIM (immunoreceptor
tyrosine-based inhibition motif)id, Y ¥
Bt oo v CEREEER TH 5 SHP-
L&A v b= VIEERY v BLER
SHIP #&4& L, Syk & ZDTFHD ¥ 7
WHMHET 3, COROYFFIVERIBL
Fod A SGFBRT VIVF-RIREMAS T
LA A FHER LD P,

Z O, BOBRBRIERE, R7F FRE
#EE, CpG DNARFRIER &, #<DT V

"
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I. BE8REER 1) SEEORSHESBIEIC 50 S RANTES ¢ Eotaxin #ilf

=

=

W —HOYRMAETE B, HIBEOEE,
MBE O, MW, REEERL, frREsE
ERAFEEATIRLTH I ETTLILFE—
DEFF L HEHFEL TN EEZ SN B,
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