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ABSTRACT

Background: The role of Th2 type cytokines in the
persistence of chronic rhinosinusitis, especially that
induced by non-infectious inflammatory causes, has
been noted. However, the original cause of sinus eosi-
nophilia remains unclear and whether the presence of
allergic rhinitis (AR) may be a risk factor has been an
issue of debate. In the present study, we examined
cytokine expression and the distribution of CD4-
positive cell subsets in the paranasal sinus mucosa of
patients with chronic sinusitis.

Methods: A total of 133 sinusitis patients was exam-
ined. Patients were subdivided into four groups based
on the presence of AR and the degree of local eosi-
nophil infiltration. The expression of granulocyte-
macrophage colony stimulating factor (GM-CSF),
interleukin (IL)-5, IL-8, IL-16, eotaxin and interferon
(IFN)-y mRNA was detected by reverse transcription—
polymerase chain reaction. Immunohistochemical
localization of CD4-, CXCR3- and CCR4-positive cells
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in the same specimens was quantitatively analyzed
using a laser scanning confocal microscope.

Results: The group of non-AR patients with low
eosinophilia (the AR(-)Eo(-) group) only showed an
increase in IFN-y mRNA expression. In contrast, the
other three groups showed similar cytokine profiles,
with high expression levels for GM-CSF, IL-5 and
eotaxin mMRNA. The total number of CD4* cells was
also increased in these three groups. The density of
CCR4-positive CD4* cells was significantly higher in
groups with high eosinophilia, irrespective of the pres-
ence of AR. As a result, the CXCR3+/CCR4* cell ratio
in the AR(-)Eo(-) group was significantly increased
compared with the other three groups.

Conclusions: These results indicate that high expression
of Th2-type cytokines concomitant with the infiltiration of
a predominant number of CD4* cells and their Th2
subsets play a role in the pathogenesis of eosinophil
inflammation in sinus mucosa. In addition, the finding
that some of the non-atopic patients also shared Th-2
type immune responses provides support for the concept
of chronic sinusitis as a Th2-mediated disease process.

Key words: allergic rhinitis, CCR4, CD4, chronic
sinusitis, CXCR3, cytokines, eosinophils.

INTRODUCTION

The overall pathological view of paranasal sinus infec-
tion has profoundly changed and evolved in recent
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decades. In addition, a great deal of knowledge about
the immunopathology of chronic sinusitis has accumu-
lated. The importance of sinonasal anatomic variants in
creating a predisposition to sinus disease through block-
age of the ostiomeatal complex has become a subject of
controversy. Contrary to common belief, recent studies
have failed to present a significant association between
the recurrence of chronic sinusitis and most of these
anatomic variants.! However, a close correlation has
been noted between systemic or local eosinophil recruit-
ment and the extent of sinus disease, as evaluated by
computed tomography.? Eosinophils are considered to
play a major role in the pathogenesis of chronic sinusitis
through the release of noxious secretary granules.®
Several reports have debated the role of nasal allergen
sensitization, as well as the increased incidence of an
atopic population.*? However, the original cause of
eosinophil recruitment in chronic sinusitis remains con-
troversial and several authors have claimed that atopic
status does not affect eosinophil infiltration in the sinus
mucosa.'%12

In the present study, we performed a molecular and
immunohistologic analysis of paranasal sinus mucosa
in patients with chronic sinusitis. Patients were sub-
divided into four groups based on the presence of aller-
gic rhinitis (AR) and the degree of local eosinophil
infiltration. We examined local expression of a panel of
cytokine mRNA and quantitatively analyzed the propor-
tion of CD4-, CXCR3- and CCR4-positive cell subsets
using the same specimens. The presence of CD4*
lymphocytes within the sinus mucosa has attracted
considerable attention because these cells are capable
of promoting antigen-specific inflammatory responses
through the secretion of specific cytokines and chemo-
kines, leading to the promotion of inappropriate inflam-
matory cell infiltration.'® The respiratory epithelium has
also been shown to be an essential target of inflamma-
tory attack by activated T cells and eosinophils.'* Recent
studies have shown that the cells capable of producing
Th2 cytokines are restricted to the CCR4-expressing
population within memory CD4* T cells, whereas
interferon (IFN)-y-producing cells reside exclusively in
CXCR3-expressing CD4+ T cells.!5-1?

Allergic status is now considered as a disorder of the
whole respiratory tract, not limited to a specific target
organ. In this sense, the pathophysiological features of
chronic sinusitis in allergic subjects can be considered to
be dependent on the effects of Th2 cytokines.?-22 Very
limited information is available thus far on the expression

and function of these specific chemokine receptors
during the inflammatory response in paranasal sinuses.
We consider the present study to be a valuable one in
assessing the relative weight and role of allergies
involved in eosinophil infiltration into the sinus mucosa,
compared with other possible mechanisms, among the
Japanese population.

METHODS
Subijects

The primary method of the present investigation was
immunohistologic and molecular analysis of sinus
mucosa specimens from patients with chronic sinusitis
stratified by allergic status and local eosinophil infil-
tration. We defined a patient whose sinus specimen
showed more than 300 eosinophils/mm? as exhibiting
high eosinophil infiltiration. A total of 133 sinusitis
patients were divided into four groups, as follows:
(i) non-AR patients with low eosinophil infiltration
(AR(-)Eo(-); n = 62); (ii) non-AR patients with high
eosinophil infiltration (AR(-)Eo(+); n = 15); (iii) AR
patients with low eosinophil infiltration (AR(+)Eo(-);
n = 41); and (iv) AR patients with high eosinophil
infiltration (AR(+)Eo(+); n = 15). Chronic sinusitis
was diagnosed by nasal endoscopies and computed
tomography. All patients had shown the presence of
persistent sinus-related symptoms for more than
3 months. None of the patients had received topical
or systemic steroids for at least 4 weeks before
surgery. Allergic rhinitis was diagnosed by clinical and
laboratory findings. All patients had a score of 2 or
more on a CAP-RAST test to at least one of the
common inhaled allergens. Most showed positive
scores against house dust extracts or Dermatopha-
goides farinae.

Sinus mucosa specimens were obtained from the most
inflamed region of the maxillary sinus or ethmoid cells at
the time of sinus surgery. In each case, specimens were
divided and either fixed in fresh 4% paraformaldehyde for
immunohistochemistry or, alternatively, immersed in RNA
later™ solution (Ambion, Austin, TX, USA) for reverse
transcription—polymerase chain reaction (RT-PCR). The
study protocols were reviewed and approved by the local
ethics committee at the University Hospital, Hiroshima.
All subjects provided written informed consent to partici-
pate in the study.



Analysis of cytokine mRNA expression

Total cellular RNA was extracted by ice-cold Trizol
reagent (Gibco BRL, Rockville, MD, USA) according to
the instructions supplied by the manufacturer. Contami-
nating DNA was removed using deoxyribonuclease |
(amplification grade; Gibco BRL). Five micrograms of
the RNA was then reverse-transcribed to cDNA using the
Superscript First-Strand  Synthesis System (Gibco BRL).
The reaction was performed in a mixture of RT buffer,
4 ul of 100 mmol/L dithiothreitol, 2 uL of 10 mmol/L
dNTP mix, 80 units RNAse inhibitor, 1 ug oligo(dT)
primers and 100 units Superscript || RT to a total volume
of 40 uL. The RT mixture was incubated for 5 min at
65°C for initial annealing, followed by 50 min at 42°C
for RT and 15 min at 70°C for termination.

An RT-PCR procedure was performed to determine
relative quantities of mRNA for the human granulocyte—
macrophage colony stimulating factor (GM-CSF), inter-
leukin (IL)-5, IL-8, IL-16, eotaxin and IFN-y genes using
an adaptation of methods described elsewhere.?® Briefly,
an aliquot of the RT product was subjected to PCR ampli-
fication in the presence of a mixture containing PCR
buffer, MgCl,, dNTP mix, rTaqg polymerase and paired
primers to a total volume of 30 uL. The PCR conditions
and the oligonucleotide primers for GM-CSF, IL-5, IL-8,
IL-16 and eotaxin have been described previously.? The
primer pairs specific for human IFN-y were customarily
prepared based on the sequences described elsewhere.?*
To verify that equal amounts of cDNA were added to
each PCR amplification, primers for the housekeeping
gene B-actin were also used in each experiment. The
number of PCR cycles was 30 for B-actin and 35 for
the others, using an MJ Research PTC-100 thermal cycler
(Watertown, MA, USA). The PCR products (10 ul) were
analyzed in 1.5% agarose gels containing ethidium
bromide. They were verified using molecular weight
markers (Bio Laboratories, Beverly, MA, USA) and the
luminescence infensity was measured with a charge-
coupled device image analyzer (AE-6915; Atto, Tokyo,
Japan). The level of cytokine expression was described as
the ratio relative to the intensity of B-actin in the same

cDNA.

Fluorescence immunohistochemistry

Antihuman CD4 mouse monoclonal antibody (MT310)
was from Dako (Glostrup, Denmark); antihuman
CXCR-3 goat polyclonal antibody (C-20) and anti-
human CCR-4 rabbit polyclonal antibody (H-48) were
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from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
All Alexa Fluor-conjugated secondary antibodies for
immunofluorescence were from Molecular Probes
(Eugene, OR, USA).

Immunofluorescent staining was performed on 8 um
cryostat sections from each specimen displaced in adja-
cent series on slides. At least three series were used for
each staining. Sections were fixed in cold 2% paraform-
aldehyde solution, followed by washing in phosphate-
buffered saline (PBS), and were treated with a solution of
20 mmol/L HEPES, 300 mmol/L sucrose and 0.5% Triton
X-100 for 30 min, as described previously.?? After block-
ing with 1% bovine serum albumin, sections were incu-
bated overnight at 4°C in the presence of the primary
antibodies. The slides were rinsed with PBS and incu-
bated with the Alexa Fluor-conjugated secondary anti-
bodies (Alexa Fluor 488 goat antirabbit IgG, Alexa Fluor
488 donkey antigoat IgG or Alexa Fluor 568 goat anti-
mouse IgG) for 1 h at room temperature. After washes in
PBS, slides were mounted with 90% glycerol/PBS. Double
labeling with primary antibodies from different host
species (CD4-CXCR3 and CD4-CCR4) was performed
in the present study. Negative controls were performed
omitting the primary antibody or using an isotype control
antibody from the same species. Consecutive sections
were stained with hematoxylin and eosin (HE) in order to
view the mucosal pathology.

For quantitative analysis, simultaneous two-color
fluorescence images were recorded using a laser scan-
ning confocal microscope (LSCM; Leica TCS-NT; Leica
Microsystems, Heidelberg, Germany) equipped with an
argon—krypton laser at wavelengths of 488 and 568 nm.
Five images of each section were obtained at x400 mag-
nification (0.0625 mm?/frame). Cell counts were per-
formed in each field from randomly selected sections with
the use of an image-analysis program (Scion Image;
Scion, Frederick, MA, USA) blind to the clinical diagnosis.

Data analysis

Categorical variables were analyzed with the Chi-
squared test. Group data were expressed as the
mean = SEM or as a median and inferquartile range
when appropriate. For multiple comparisons, screening
of data for differences was first performed using the
Kruskal-Wallis test. If the analysis gave a significant
result, further comparison of individual data was
undertaken by the Mann-Whitney U-test for between-
group analysis. Statistical analysis was performed with
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STATISTICA for Windows (StatSoft, Tulsa, OK, USA). Prob-
ability values of P < 0.05 were accepted as significant.

RESULTS
Patient characteristics

The present study aims to portray the histopathological
features of chronic sinusitis with emphasis on the differ-
ence in eosinophil infiltraion. Table 1 shows the back-
ground and histological characteristics of the study
population. We found that the overall distribution of
eosinophil density in all patients has shown a combina-
tion of two different standardized shapes. Therefore, we
set the density of 300 eosinophils/mm? as a value to
demarcate the two groups.?® In allergic patients, 15 of
56 patients (26.7%) had shown remarkable tissue eosi-
nophilia in their sinus mucosa, which was a higher
percentage than in non-allergic patients (19.4%),
although the proportion was not significantly different.
Patients in the AR(+)Eo(-) group were significantly
younger than in the other three groups. In this group,
there were also more men, with a respective male :
female sex ratio of 4.12, although the difference
was not significant. Patients in the AR(-)Eo(+) and
AR(+)Eo(+) groups showed significant increases in
peripheral blood eosinophils. We also screened the
density of neutrophils and mononuclear cells by examin-
ing the same HE staining specimen for each subject. The
degree of distribution of these cells did not differ
between the groups.

RT-PCR analysis of cytokine mRNA transcripts

Semiquantitative RT-PCR analysis showed that most of
the inflamed sinus specimens exhibited constitutive
expressions of GM-CSF, IL-5, IL-8, IL-16, eotaxin and

IFN-y mRNA in various degrees, with amplification
products seen at the predicted size. Expression levels of
B-actin mRNA from each sample were found to be
approximately the same. Figure 1 summarizes the
degree of calculated relative ratios of these cytokines in
the four groups categorized by the presence of AR and
eosinophil accumulation. Among the four groups, we
only found one group to be characteristic in terms of
its cytokine expression profile. More specifically, the
AR(-)Eo(-) group showed relative increases in IFN-y
mRNA expression and the difference was significant
compared with the AR(-)Eo(+) and AR(+)Eo(+) groups.
The AR(-)Eo(-) group also showed relatively low mRNA
levels for GM-CSF, IL-5 and eotaxin. However, the other
three groups appeared to show similar cytokine profiles,
with high expression levels for GM-CSF, IL-5 and
eotaxin mRNA and a low level of expression of IFN-y
mRNA. The expression levels for IL-8 and IL-16 mRNA
did not differ between the four groups.

Immunohistochemical localization of CD4+
cell subsets

Because chemokine receptor expression at the site of
inflammation can be a sensitive indicator of the type
of local immune response, we examined, by immuno-
fluorescence, CXCR3 and CCR4 expression on CD4*
cells infiltrating the sinus mucosa. Figure 2 shows a
representative image of the distribution of CXCR3- and
CCR4-positive cells in infiltrating CD4* cells by double-
immunofluorescent staining. This patient was from the
AR(+)Eo(+) group and image analysis indicated that
the mean density of eosinophils and CD4* cells was
450 and 753.4 cells/mm?, respectively. The CD4* cells
were scattered throughout the lamina propria and
tended to cluster around blood vessels, with occasional

Table 1  Clinical background and histological characteristics of the study population
Non-allergic patients (n = 77) Allergic patients (n = 56)
Low eosinophils High eosinophils Low eosinophils High eosinophils
(n = 62) (hn=15) (n=41) (n=15)
Age (years) 48.8+17 558+154 36.4+15.3* 46.8+20.4
Sex ratio (male/female) 1.48 2.75 4.12 2
Peripheral blood eosinophils (%) 3.54£2.9 6.84 £3.9* 3.69£2.9 7.2+£3.2%
Mean tissue cell density (cells/mm?)
Eosinophils 36.3 (0-267) 655.3 (316.5-1610) 53.1 (0-200) 871.4 (310-2583)
Neutrophils 186.9 (0-983) 425.7 (33-2300) 295.1 (0-3200) 195.4 (0-733)

1283.7 (16.7-6200) 1561.3 (217-3283)  2059.3 (50-7350)  1140.4 (242-4750)

Data are presented as either the mean + SEM or the mean with the range given in parentheses. *P < 0.05, **P < 0.01 compared with other
groups.

Mononuclear cells




cells detectable within the sinus epithelium. In this
subject, more than 70% of CD4* lymphocytes were
found to be double positive for CCR4. In contrast,
CXCR3-immunoreactive lymphocytes constituted less
than 40% of the CD4* cells. Hematoxylin and eosin
staining of the consecutive specimen demonstrates infil-
tration of numerous eosinophils in the same area
(Fig. 2e).

Figure 3 summarizes the density of CD4* T cells and
their subsets for each group analyzed by LSCM image
systems. The results are expressed as the number of
cells/mm?2. The total number of CD4* cells was least in
the AR(-)Eo(-) group (median 125.1 cells/mm?), with the
decrease being significant compared with the other three
groups (Fig. 3a). In both the allergic and non-allergic
population, the density of CD4* cells in the Eo(+) groups
was significantly increased compared with that in the
Eo(-) groups. In addition, baseline values of CCR4-
positive CD47 cells were significantly higher in the Eo(+)
groups than in the Eo(-) groups, irrespective of the pres-
ence of AR (Fig. 3¢). Interestingly, the absolute number of
CD4+ T cells expressing CXCR3 also tended to increase
in the Eo(+) groups. The density of CXCR3-positive cells
in the AR(+)Eo(+) group was significantly higher than
that in the AR(-)Eo(-) or AR(+)Eo(-) groups (Fig. 3b). As
a result, the CXCR3*/CCR4* cell ratio in the AR(-)Eo(-)
group was 1.28 and significantly increased compared
with the other three groups (Fig. 3d; AR(-)Eo(+), 0.53;
AR(+)Eo(-), 0.65; AR(+)Eo(+), 0.63).

DiscussioN

Various studies have implicated eosinophils as important
players in the inflammation occurring in non-infectious
chronic sinusitis.?2325 Whether or not the sinusitis is
associated with AR, eosinophil infiltration seems to be a
common parameter in the development of refractory
chronic sinusitis.?¢ In fact, recent reports have demon-
strated that the levels of eosinophil infiltration are similar

Fig. T Comparison of relative cytokine mRNA expression in
sinus mucosal tissues between the four groups. The mRNA levels
of (a) granulocyte-macrophage colony stimulating factor,
(b) interleukin (IL)-5, (c) IL-8, (d) IL-16, (e) eotaxin and (f)
interferon-y (f) are expressed as a ratio relative to the expression
of B-actin determined using reverse transcription—polymerase
chain reaction. Data are the mean + SEM of total specimens.
*P < 0.05, *P < 0.01. Eo(+), Eo(+), low and high eosi-
nophilia, respectively; AR(+), AR(-), patients with and without
allergic rhinitis, respectively.
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between allergic and non-allergic patients in chronic
sinusitis.!"27:28  Although several theories have been
postulated as causes of the sinus tissue eosinophilia, the
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CXCRS3 positive cells

38.4% positive

(cy* - CD4 positive cells

original cause of eosinophil recruitment is not clear,
especially in non-allergic subjects.

In the present study, patients were divided according
to their dominant pathological features of eosinophilia.
Although several studies have qualitatively and quantita-
tively provided data on the histopathologic features of
chronic sinusitis, there are no standard levels of eosi-
nophil density to define ‘eoshophilic sinusitis’. For exam-
ple, Berger etal. defined some sinusitis patients as
polypoid mucosa and eosinophilia (PME) according to
an arbitrary guideline based on gross microscopic

CXC4 positive cells
2 77.2% positive

Fig. 2 Immunohistochemical
detection of CXCR3 and CCR4
expression by CD4 + cells in the
paranasal sinus mucosa. Cryo-
stat sections of mucosal speci-
mens from a representative
subject in the AR(+)Eo(+) group
(allergic  rhinitis  with  high
eosinophilia). Double immuno-
fluorescent staining with anti-CD4
() and anti-CXCR3 (b) anti-
bodies in the same section
revealed that 38.4% of CD4+
cells were found to be positive
for CXCR3. In the consecutive
section, double immunofluores-
cent staining with anti-CD4
(c) and anti-CCR4 (d) antibodies
revealed that 77.2% of CD4+
cells were found to be positive
for CCR4. Arrowheads indicate
double-stained cells. Bar, 50 um.
(e) Hematoxylin and eosin (HE)
staining of the same specimen
showing infiltration of numerous
eosinophils in the same area
(arrowheads).

assessment.?> They observed a significant increase in the
number of eosinophils in the PME group compared with
sinusitis patients with grandular hyperplasia (median
value of 33.5 cells/mm?). In the present study, the dis-
tribution pattern of eosinophil density in all patients
appeared to be a combination of two different standard-
ized shapes, indicating the existence of two different sets
of the sinusitis population. We consider that such classifi-
cation constitutes a valuable contribution to the prevail-
ing data on the pathology of chronic sinusitis among the
Japanese population. Our findings also point towards
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separate pathogenetic pathways that induce prolonged
inflammatory responses and interference with normal
mucociliary clearance.

Atopic diathesis can be considered to be a disorder of
the whole respiratory tract, including sinus systems, with a
broad spectrum of clinical features resulting from Th2
cytokine predominance.?0-222930 Hamilos et al.?!' have
reported that allergic and non-allergic subgroups show
distinct cytokine profiles, with the most distinguishing
cytokines of the allergic subgroup being IL-4 and IL-5,
whereas those of the non-allergic subgroup are IFN-y.
Furthermore, patients with allergic sinusitis show an
increased density of CD3* T lymphocytes compared with
either controls or patients with non-allergic sinusitis.
Our findings also indicate that a Th2-dependent
response is more evident in allergic patients during a
chronic inflammatory event. The presence of both high
levels of GM-CSF, IL-5 and eotaxin mRNA and low levels
of IFN-y mRNA in the AR(+) groups is consistent with pre-
vious reports. Interferon-yis one of the Th1 cytokines and
its production is depressed in CD4-positive cells from
atopic subjects.?! Jyonouchi et al. analyzed the produc-
tion of proinflammatory cytokines by sinus lavage cells
and proposed that distinguished subsets of sinusitis
patients without nasal polyposis existed on the basis of
local IFN-y production.3?

Furthermore, we observed a similar pattern of cytokine
expression in non-allergic patients with high eosinophil
infiltration. This finding is consistent with recent data
obtained from both experimental animal models and
humans, suggesting that there may be at least some
pathophysiological consequences of allergic reactions
even in the absence of IgE and mast cell responses.’
Jankovski et al.’” examined the degree of eosinophil infil-
tration in a series of 263 adult patients with nasal poly-
posis. The number of eosinophils was increased in
patients with asthma, although atopic patients did not
have more eosinophils. These findings highlight evidence
of the effects of Th2 cytokines underlying the develop-
ment of chronic sinusitis with high eosinophil infiltration in
certain non-allergic patients. Eosinophil accumulation in
sinus tissue can also be attributable to an autostimulatory
loop of related cytokines that may promote eosinophil
survival regardless of atopic status.3

The presence of CD4-positive lymphocytes within
human airways appears to coordinate adaptive immune
responses against foreign bodies and to promote inap-
propriate inflammatory cell infiltration. Within the airways
of asthmatic subjects, CD4* cells are considered to be

the major cellular sources of IL-4 mRNA, which is pre-
sumed to be critical to the development of Th2-type
cells.?* In addition, recent studies demonstrate that
both activated T cells and eosinophils contribute to the
induction of epithelial cell apoptosis.' Activated effector
T cells secrete IFN-y and sensitize epithelial cells for
tumor necrosis factor (TNF)-a-mediated apoptosis. In the
present study, we found that a predominant number of
CD4* T cells and their subsets infilirates the sinus mucosa
concomitant with a high-density eosinophil infiltration,
especially in patients with atopic diathesis. The density of
CD4* cells was significantly decreased in non-allergic
patients with low eosinophilia. Furthermore, the density
was significantly increased in the Eo(+) groups com-
pared with the Eo(-) groups. These findings are consistent
with previous reports by Driscoll et al., who have found
the presence of significantly more CD4* cells in the sinus
mucosa of sinusitis patients than in normal sphenoid
sinus tissue, a finding that was not related to allergic
status.3 These data support the role of a CD4* lym-
phocyte and Th2 cytokine axis in the pathogenesis of
eosinophil inflammation and subsequent tissue damage
in the sinus mucosa.

The balance between Th1 and Th2 responses is
thought to be important for the outcome of immune
reactions and disease courses. A series of recent in vifro
studies has demonstrated that Th1 and Th2 cells express
distinct sets of chemokine receptors that may regulate the
recruitment and localization of these cells to inflamma-
tory sites.'>'7 Cells expressing CXCR3 and CCR5 have
been associated with the Th1 cytokine profile,'® whereas
CCR3, CCR4 and CCR8 have been associated with the
Th2 phenotype.'? Previous reports largely indicate that
CCR4 and, to a lesser extent, CCR8 mark the majority of
T cells infiltrating the airways of atopic patients. For
example, Panina-Bordignon et al.*¢ have demonstrated
that the majority (>90%) of T cells infiltrating the bron-
chial biopsies of allergen-challenged asthmatics produce
IL-4 and express CCR4. In addition, Kurashima et al.?’
have measured CXCR3- and CCR4-expressing CD4*
T cells by flow cytometry in patients with asthma. They
found that, in the steroid-treated asthma group, there
was a decrease in CCR4* T cells and an increase in
the CXCR3+/CCR4™ ratio, suggesting that oral cortico-
steroids modulate the balances of CXCR3* and CCR4*
cells. In the present study, CCR4-expressing CD4™ cells
in the sinus mucosa were significantly higher in patients
with high eosinophilia, both in allergic and non-allergic
populations. The CXCR3*/CCR4* cell ratio in these



patients was significantly decreased compared with that
in non-allergic patients with low eosinophilia. These data
suggest that a shift to a more type 2-dominated response
may occur in the sinus mucosa of allergic patients and
some non-allergic patients when they are exposed to
unknown external stimuli. The contribution of selective
induction of CD4™ effector T cell subsets to the develop-
ment of different pathological conditions has also been
reported previously in patients with seasonal allergic
rhinitis.®8

The exact reason for a shift to a more type 2-dominated
response in the sinus mucosa of non-allergic patients with
high eosinophil infiltration is still unclear. However, it
seems that more than one mechanisms may contribute to
the Th2 dominance and persistent eosinophil infiltration
in the sinus mucosa. Terada ef al.3? mentioned that a
hypoxic state in paranasal sinuses activates endothelial
cells and fibloblasts to release inflammatory mediators,
leading to promotion of the adherence of inflammatory
cells to the endothelium. These reaction systems include
proinflammatory cytokines, such as TNF-o. and IFN-y,
as well as Th2 cytokines, including IL-4 and IL-13,
even in non-atopic subjects. Furthermore, we previously
observed constitutive activation of nuclear factor
(NF)-xB, a transcription factor deeply implicated in the
regulation of various inflammatory cytokines, in the nasal
polyp epithelium.?® A close correlation existed between
the degree of NF-kB activation and the levels of IL-8,
IL-16 and eotaxin mRNA expression. The increased
NF-xB activity in the epithelium can be considered to
reflect hypersensitivity to external stimuli and to be
responsible, in part, for the recruitment of eosinophils.

Until now, very limited information has been available
on the expression and function of specific chemokine
receptors during the inflammatory response in the sinus
mucosa. We do realize that cross-sectional analysis is
less powerful in revealing differences in cytokine or
chemokine receptor expression between atopic and non-
atopic subjects compared with prospective longitudinal
analysis. Relatively large interindividual differences in
cytokine mRNA and chemokine receptor expression for
each group may partly reflect variation in age, time of
surgery or the period for which the disease has been suf-
fered. However, the present study has, for the first time,
investigated the expression of CXCR3 and CCR4 in
sinusitis patients categorized by allergic status and eosi-
nophil infiltration. The finding that a repertoire of immune
responses similar to atopic patients can also be observed
in patients in the AR(-)Eo(+) group provides support for
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the concept of chronic sinusitis as a Th2-mediated
disease process. In addition, a mixture of Th1 and Th2
type lymphocytes seems to orchestrate the inflammatory
response that leads to various final pathologic profiles,
including intense eosinophil infiltration.

ACKNOWLEDGMENTS

The authors thank Ms Kumiko Nakagumi and Ms Ai
Kashima for their technical assistance and KN Inter-
national for correcting the English. This study was
supported, in part, by Grants-in-Aid for Scientific
Research, administered by the Ministry of Education,
Science, Sports and Culture, Japan (no. 13671781, no.
14571620 and no. 15591816).

REFERENCES

1 Danese M, Duvoisin B, Agrifoglio A, Cherpillod J,
Krayenbuhl M. Influence of naso-sinusal anatomic vari-
anfs on recurrent, persistent or chronic sinusitis. X-ray
computed tomographic evaluation in 112 patients.
J. Radiol. 1997; 78: 651-7.

2 Hoover GE, Newman LJ, Platts-Mills TA, Phillips CD,
Gross CW, Wheatley LM. Chronic sinusitis: Risk factors for
extensive disease. J. Allergy Clin. Immunol. 1997; 100:
185-91.

3 Gleich GJ. Mechanisms of eosinophil-associated inflam-
mation. J. Allergy Clin. Immunol. 2000; 105: 651-63.

4 Benninger MS. Rhinitis, sinusitis and their relationships to
allergies. Am. J. Rhinol. 1992; 6: 37-43.

5 Kamil A, Graffer O, Lavigne F, Taha R, Renzi PM,
Hamid Q. Comparison of inflammatory cell profile and
Th2 cytokine expression in the ethmoid sinus, maxillary
sinus, and turbinate of atopic subjects with chronic
sinusitis. Otolaryngol. Head Neck Surg. 1998; 118:
804-9.

6 Ramadan HH, Fornelli R, Ortiz AO, Rodman S. Correla-
tion of allergy and severity of sinus disease. Am. J. Rhinol.
1999; 13: 345-7.

7 Emanuel IA, Shah SB. Chronic rhinosinusitis: Allergy and
sinus computed tomography relationships. Otolaryngol.
Head Neck Surg. 2000; 123: 687-91.

8 Passalacqua G, Canonica GW. Impact of rhinitis on
airway inflammation: Biological and therapeutic implica-
tions. Respir. Res. 2001; 2: 320-3.

9 Mucha SM, Baroody FM. Sinusitis update. Curr. Opin.
Allergy Clin. Immunol. 2003; 3: 33-8.

10 Romagnani S. Cytokines and chemoattractants in allergic
inflammation. Mol. Immunol. 2002; 38: 881-5.

11 Jankowski R, Bouchoua F, Coffinet L, Vignaud JM. Clini-
cal factors influencing the eosinophil infiltration of nasal
polyps. Rhinology 2002; 40: 173-8.



144

12

20

21

22

23

24

25

S TAKENO ET AL.

Elwany S, Bassyouni M, Morad F. Some risk factors for
refractory chronic sinusitis: An immunohistochemical and
electron microscopic study. J. Laryngol. Otol. 2002; 116:
112-15.

Campbell JD, Hayglass KT. T cell chemokine receptor
expression in human Th1- and Th2-associated diseases.
Arch. Immunol. Ther. Exp. 2000; 48: 451-6.

Trautmann A, Schmid-Grendelmeier P, Kruger K et al.
T cells and eosinophils cooperate in the induction of
bronchial epithelial cell apoptosis in asthma. J. Allergy
Clin. Immunol. 2002; 109: 329-37.

Bonecchi R, Bianchi G, Bordignon PP et al. Differential
expression of chemokine receptors and chemotactic
responsiveness of type 1 T helper cells (Th1s) and Th2s.
J. Exp. Med. 1998; 187: 129-34.

Sallusto F, Lenig D, Mackay CR, Lanzavecchia A. Flexible
programs of chemokine receptor expression on human
polarized T helper 1 and 2 lymphocytes. J. Exp. Med.
1998; 187: 875-83.

Gangur V, Simons ER, Hayglass KT. Human IP-10 selec-
tively promotes dominance of polyclonally activated and
environmental antigen-driven IFN-y over IL-4 responses.
FASEB J. 1998; 12: 705-13.

Qin S, Rottman JB, Myers P, Kassam N et al. The chem-
okine receptors CXCR3 and CCR5 mark subsets of T cells
associated with certain inflammatory reactions. J. Clin.
Invest. 1998; 101: 746-54.

Imai T, Nagira M, Takagi S et al. Selective recruitment of
CCR4-bearing Th2 cells toward antigen-presenting cells
by the CC chemokines thymus and activation-regulated
chemokine and macrophage-derived chemokine. Int.
Immunol. 1999; 11: 81-8.

Corrigan CJ, Kay AB. T cells and eosinophils in the
pathogenesis of asthma. Immunol. Today 1992; 13:
501-7.

Hamilos D, Leung D, Wood R etal. Evidence for
distinct cytokine expression in allergic vs. nonallergic
chronic sinusitis. J. Allergy Clin. Immunol. 1995; 96:
537-44.

Christodoulopoulos P, Cameron L, Durham S, Hamid Q.
Molecular pathology of allergic disease. II. Upper airway
disease. J. Allergy Clin. Immunol. 2000; 105: 211-23.
Takeno S, Hirakawa K, Ueda T, Furukido K, Osada R,
Yajin K. Nuclear factor-kappa B activation in the nasal
polyp epithelium: Relationship to local cytokine gene
expression. Laryngoscope 2002; 112: 53-8.

Loercher AE, Nash MA, Kavanagh JJ, Platsoucas CD,
Freedman RS. Identification of an IL-10-producing HLA-
DR-negative monocyte subset in the malignant ascites of
patients with ovarian carcinoma that inhibits cytokine
protein expression and proliferation of autologous T cells.
J. Immunol. 1999; 163: 6251-60.

Berger G, Kattan A, Bernheim J, Ophir D. Polypoid
mucosa with eosinophilia and glandular hyperplasia in
chronic sinusitis: A histopathological and immunohisto-
chemical study. Laryngoscope 2002; 112: 738-45.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Harlin SL, Ansel DG, Lane SR, Myers J, Kephart GM,
Gleich GJ. A clinical and pathologic study of chronic
sinusitis: The role of the eosinophil. J. Allergy Clin. Immu-
nol. 1988; 81: 867-75.

Demoly P, Crampette L, Mondain M et al. Assessment of
inflammation in noninfectious chronic maxillary sinusitis.
J. Allergy Clin. Immunol. 1994; 94: 95-108.

Hamilos DL. Chronic sinusitis. J. Allergy Clin. Immunol.
2000; 106: 213-27.

al Ghamdi K, Ghaffar O, Small P, Frenkiel S, Hamid Q.
IL-4 and IL-13 expression in chronic sinusitis: Relationship
with cellular infilirate and effect of topical corticosteroid
treatment. J. Otolaryngol. 1997; 26: 160-6.

Riccio AM, Tosca MA, Cosentino C et al. Cytokine pattern
in allergic and non-allergic chronic rhinosinusitis in
asthmatic children. Clin. Exp. Allergy 2002; 32: 422-6.
Fernandez-Botran R, Sanders VM, Mosmann TR,
Vitetta ES. Lymphokine-mediated regulation of the prolif-
erative response of clones of T helper 1 and T helper 2
cells. J. Exp. Med. 1988; 168: 543-58.

Jyonouchi H, Sun S, Kelly A, Rimell FL. Effects of exo-
genous interferon gamma on patients with treatment-
resistant chronic rhinosinusitis and dysregulated inferferon
gamma production: A pilot study. Arch. Otolaryngol.
Head Neck Surg. 2003; 129: 563-9.

Hamilos DL, Leung DY, Wood R et al. Chronic hyper-
plastic sinusitis: Association of tissue eosinophilia with
mRNA expression of granulocyte-macrophage colony-
stimulating factor and interleukin-3. J. Allergy Clin. Immu-
nol. 1993; 92: 39-48.

Himmelrich H, Parra-Lopez C, Tacchini-Coftier F,
Louis JA, Launois P. The IL-4 rapidly produced in BALB/c
mice after infection with Leishmania major down-regulates
IL-12 receptor beta 2-chain expression on CD4+ T cells
resulting in a state of unresponsiveness to IL-12. J. Immu-
nol. 1998; 161: 6156-63.

Driscoll PV, Naclerio RM, Baroody FM. CD4+ lym-
phocytes are increased in the sinus mucosa of children
with chronic sinusitis. Arch. Otolaryngol. Head Neck Surg.
1996; 122: 1071-6.

Panina-Bordignon P, Papi A, Mariani M et al. The C-C
chemokine receptors CCR4 and CCR8 identify airway
T cells of allergen-challenged atopic asthmatics. J. Clin.
Invest. 2001; 107: 1357-64.

Kurashima K, Fujimura M, Myou S et al. Effects of oral
steroids on blood CXCR3+ and CCR4+ T cells in patients
with bronchial asthma. Am. J. Respir. Crit. Care Med.
2001; 164: 754-8.

Campbell JD, Stinson MJ, Simons FE, Hayglass KT.
Systemic chemokine and chemokine receptor responses
are divergent in allergic versus non-allergic humans.
Int. Immunol. 2002; 14: 1255-62.

Terada N, Gorai S, Jeong KW, Nomura T, Numata T,
Konno A. Mechanisms of eosinophilic inflammation in the
mucosa of the nasal cavity and paranasal sinus. Allergol.
Int. 2001; 50: 171-7.





