inflammation.® LPS is frequently detected in the middle
ear of patients with otitis media with effusion and indu-
ces the expression of inflammatory cytokines and
mucosal inflammation in middle ear cavity.” The previ-
ous studies showed that LPS induced significant
production of cytokines in mouse middle ear, and the
maximum production of cytokines in middle ear cavity
was seen at 24 hours after transtympanic injection with
LPS.1° The purpose of this study was to clarify the
effects of GM-CSF in LPS-induced otitis media.

MATERIALS AND METHODS

Animals

C57BL/6 mice (6-12 weeks old) were used for this study.
Mice were housed under specific pathogen-free conditions in the
Department of Animal Resources at Okayama University. All
animal studies were performed in accordance with the animal
protection rules. All study procedures were approved by The
Animal Research Control Committee of Okayama University.
Otoscopic examination was performed for all mice before treat-
ment to ensure that the tympanic membranes were normal and
that no middle ear effusion was present. Mice were deeply anes-
thetized using intraperitoneal injection of both ketamine (100
mg/kg body weight) and xylazine (10 mg/kg body weight).

Expression of GM-CSF Induced by LPS

Experimental otitis media was induced by injection of LPS
into the bilateral middle ear, as reported previously. Mice were
randomly allocated to an experimental group (n = 6) and a control
group (n = 6) in each time point (3, 6, 12, and 24 hours). A total of
48 mice (96 ears) were used in this study. The experimental group
received LPS (1.0 mg/mL; Sigma-Aldrich, St Louis, MO) via trans-
tympanic injection using a 30-gauge needle. Phosphate-buffered
saline (PBS) at 0.01 M was injected into the middle ear of animals
in the control group. In either case, the middle ear and external
ear canal were filled with 20 uL of LPS or PBS. Mice were sacri-
ficed at 3, 6, 12, or 24 hours after injection of LPS or PBS. Middle
ears were then washed transtympanically with 200 uL of PBS.
The collected PBS from the middle ear wash was centrifuged. The
supernatant was transferred to 1.5-mL microcentrifuge tubes
(Treff AG, Degersheim, Switzerland) and stored at —30°C until
analysis. Concentrations of GM-CSF in PBS collected from the
middle ear wash were determined by enzyme-linked immunosor-
bent assay (ELISA) using a Mouse GM-CSF Quantikine ELISA
Kit according to the instructions from the manufacturer (MGMOO0;
R&D Systems, Minneapolis, MN).

Effect of Anti-GM-CSF in Experimental Otitis
Media

C57BL/6 mice (6-12 weeks old) received transtympanic
injection of 20 uL of LPS (1.0 mg/mL) or PBS. A total of 48 mice
were used in this study (n = 6 in each subgroup). Two hours
before transtympanic injection of LPS or PBS into the middle ear,
mice received intraperitoneal injection of GM-CSF-neutralizing
antibody (MAB415; R&D Systems) at different doses (30, 100, or
300 ug/animal) or control immunoglobulin (Ig) Gga (MABO006, 300
ug/animal; R&D Systems). Because the previous studies showed
that the maximum cytokine production was observed 24 hours af-
ter middle ear injection with LPS,'® mice were sacrificed at 24
hours after transtympanic injection of LPS or PBS. Middle ears
were washed with 500 L of PBS. The collected PBS from the
middle ear wash was centrifuged. The supernatant was stored at
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—30°C until analysis. Concentrations of macrophage inflamma-
tory protein (MIP)-2, keratinocyte chemoattractant (KC),
interleukin (IL)-18, and tumor necrosis factor (TNF)-« were meas-
ured by ELISA kits in accordance with the instructions from the
manufacturer (MIP-2, mouse CXCL2/MIP-2 DuoSet, R&D Sys-
tems; KC, Quantikine Mouse CXCL1/KC Immunoassay Set, R&D
Systems; IL-18, BD OptEIA Mouse IL-18 ELISA Set, BD Bio-
sciences Pharmingen, San Diego, CA; TNF-o, BD OptEIA Mouse
TNF (Mono/Mono) ELISA Set, BD Biosciences Pharmingen).

Histologic Examination

Temporal bones were removed immediately after sacrifice
and processed for histologic examination. Bone specimens were
placed in 4% paraformaldehyde for 48 hours and decalcified in
10% ethylenediaminetetraacetic acid for 3 weeks at 4°C. After
dehydration, specimens were embedded in paraffin and sec-
tioned at a thickness of 10 pum, then mounted on glass slides,
processed using hematoxylin-and-eosin staining, and evaluated
under light microscopy.

Statistical Analysis

Concentrations of GM-CSF, MIP-2, KC, IL-1f, and TNF-«
are given as mean * standard error of the mean. Statistical analy-
ses were performed using nonparametric Mann-Whitney U tests.
Significant differences were established at the level of P <.05.

RESULTS

Production of GM-CSF in the Middle Ear With
LPS

We first examined GM-CSF production following
LPS injection in experimental otitis media. Levels of
GM-CSF protein were quantified using ELISA. Signifi-
cant production of GM-CSF was detected 6 hours after
transtympanic injection with LPS as compared with
PBS (P = .004), followed by a decrease in its concentra-
tion at 24 hours (Fig. 1).

Role of GM-CSF in LPS-Induced Otitis Media
Because significant expression of GM-CSF was
observed in the middle ear in LPS-injected mice, we
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Fig. 1. Concentrations of granulocyte/macrophage colony-stimu-
lating factor (GM-CSF) in middle ear effusion at 3, 6, 12, and 24
hours after transtympanic injection of lipopolysaccharide (LPS)
(n = 6 [12 ears] in each time point) or phosphate-buffered saline
(PBS) (n=6 [12 ears] in each time point). *P <.05.
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Fig. 2. Concentrations of macrophage inflammatory protein (MIP)-2 (A), keratinocyte chemoattractant (KC) (B), interleukin (IL)-1p (C), and tu-
mor necrosis factor (TNF)-« (D) in middle ear effusion. Pretreatment with granulocyte/macrophage colony-stimulating factor (GM-CSF) neu-
tralizing antibody via intraperitoneal injection significantly reduced the production of inflammatory mediators induced by lipopolysaccharide
(LPS). Six mice (12 ears) were used in each group. Ig = immunoglobulin; n.s. = not significant; PBS = phosphate-buffered saline. *P <.05.

sought to determine the role of GM-CSF in middle ear
inflammation. To clarify the effects of GM-CSF, we
investigated whether neutralizing the bioactivity of en-
dogenous GM-CSF using neutralizing antibody would
affect levels of LPS-induced MIP-2, KC, IL-18, and
TNF-u secretion in the middle ear.

Figure 2A shows mean concentrations of MIP-2 in
middle ear effusions at 24 hours after transtympanic
administration of LPS or PBS. All mice were pretreated
with PBS, GM-CSF-neutralizing antibody, or control
IgGoa intraperitoneally 2 hours before middle ear injec-
tion of LPS or PBS. In mice pretreated with PBS
intraperitoneally, levels of MIP-2 in PBS-injected mice
were low, and mean concentrations of MIP-2 were signifi-
cantly higher in LPS-injected mice than in PBS-injected
mice (P <.001). Pretreatment with GM-CSF-neutralizing
antibody inhibited secretion of MIP-2 following middle
ear injection of LPS in a dose-dependent manner. In mice
pretreated with 300 ug per animal of GM-CSF-neutraliz-
ing antibody, no significant differences in levels of MIP-2
were identified between middle ear injection of LPS and
PBS. Mice pretreated with control IgGsa showed similar
findings to PBS-pretreated mice in terms of the levels of
MIP-2 following middle ear injection of LPS.
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Mean concentrations of KC induced by middle ear
injection of LPS or PBS are shown in Figure 2B. Middle
ear injection of LPS induced significant production of
KC as compared with middle ear injection of PBS. Intra-
peritoneal pretreatment with GM-CSF-neutralizing
antibody suppressed the significant KC production
induced by LPS in the mouse middle ear (30 ug/animal,
P = .011; 100 pg/animal, P < .001; 300 pg/animal, P <
.001). Mice pretreated with control IgGss showed similar
findings to PBS-pretreated mice in terms of KC levels
following middle ear injection of LPS or PBS.

Expressions of IL-1f induced by middle ear injection
of LPS or PBS are shown in Figure 2C. In PBS-pretreated
mice, LPS induced significant IL-15 secretion in the mid-
dle ear (P < .001). Concentrations of IL-15 induced by LPS
in GM-CSF-neutralizing antibody-pretreated mice were
significantly decreased as compared with levels in PBS-
pretreated mice (30 ug/animal, P = .007; 100 pg/animal,
P <.001; 300 ug/animal, P < .001). GM-CSF-neutralizing
antibody pretreated mice (300 ug/animal) showed a signifi-
cant difference between concentrations of IL-1f following
middle ear injection of LPS or PBS (P = .016). Unlike
MIP-2, IL-18 was not completely suppressed by GM-CSF-
neutralizing antibody at 300 pg/animal.
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Figure 2D shows the mean level of TNF-o. In mice
pretreated intraperitoneally with PBS, concentrations of
TNF-« were significantly higher following middle ear
injection of LPS than after injection of PBS (P < .001).
GM-CSF-neutralizing antibody inhibited LPS-induced
secretion of TNF-¢ in the mouse middle ear (30 ug/ani-
mal, P = .006; 100 pg/animal, P < .001; 300 ug/animal,
P = .004). In mice pretreated with 300 ug/animal of GM-
CSF-neutralizing antibody, no significant difference was
seen between TNF-« levels with LPS or PBS injection.

Histologic Findings

Histologic examination revealed that LPS induced
severe infiltration of numerous inflammatory cells in the
middle ear epithelium, and mucosal thickening was
observed in the middle ear of mice inoculated with LPS
into the middle ear (n = 6) (Fig. 3A). Middle ear effusion
with neutrophils and monocytes/macrophages was
observed in LPS-injected mice (Fig. 3A). In contrast,
GM-CSF-neutralizing antibody pretreated mice showed
reduced infiltration of inflammatory cells following
middle ear injection of LPS (n = 6) (Fig. 3B). GM-CSF-
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neutralizing antibody pretreated mice had small amount
of middle ear effusions with inflammatory cells. No mid-
dle ear effusion or mucosal inflammation was detected
following middle ear injection of PBS in both PBS-pre-
treated mice (n = 6) (Fig. 3C) and mice pretreated with
300 ug/animal of neutralizing antibody (n = 6) (Fig. 3D).

DISCUSSION

The principle aim of the present study was to
characterize the role of GM-CSF in otitis media with
effusion. We used a mouse model of otitis media with
effusion in this study. Administration of LPS alone into
the middle ear cavity can induce otitis media with effu-
sion in experimental animals.'®*® Our findings in this
study clearly showed that neutralization of endogenous
GM-CSF by the neutralizing antibody significantly
reduced infiltration of inflammatory cells and cytokine
production in the middle ear of LPS-challenged mice.

Experimental animal studies have reported the
therapeutic potential of neutralizing antibody for GM-
CSF in lung inflammation.*® Vlahos et al. showed
that anti-GM-CSF treatment blocked cigarette smoke—

2ot e 3 : X pG G

Fig. 3. Histologic findings in phosphate buffered saline (PBS)-pretreated mice (A) and granulocyte/macrophage colony-stimulating factor
(GM-CSF) neutralizing antibody pretreated mice (B) with middle ear injection of lipopolysaccharide. Neutralization of GM-CSF was associ-
ated with reduced infiltration of inflammatory cells. In mice with middle ear injection of PBS, no evidence of inflammatory cell infiltration
was observed in either PBS-pretreated mice (C) or GM-CSF-neutralizing antibody pretreated mice (D).
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induced neutrophilia and macrophage accumulation in
bronchoalveolar lavage fluid from mice.’® Puljic et al.
reported that pretreatment with GM-CSF neutralizing
antibody inhibited the accumulation of neutrophils in a
dose-dependent manner and reduced TNF-¢ and MIP-2
protein levels in bronchoalveolar lavage fluid from LPS-
induced lung inflammation in mice.** This study showed
that the production of IL-15 and KC, as well as TNF-«
and MIP-2, following exposure to LPS was significantly
suppressed by intraperitoneal injection of GM-CSF-
neutralizing antibody.

Histologic examination in this study showed that
LPS induced predominant infiltration of inflammatory
cells, including neutrophils and monocytes/macrophages,
into the middle ear epithelium of mice. We also showed
that neutralization of GM-CSF dramatically reduced
this mucosal inflammation induced by LPS. Pretreat-
ment with intraperitoneal injection of control antibody
(IgGop) had no significant effect. As both MIP-2 and KC
are powerful chemokines capable of recruiting neutro-
phils in mice, the inhibition of neutrophil infiltration
after treatment with anti-GM-CSF antibody may be a
consequence of the reduced levels of MIP-2 and KC.

GM-CSF boosts IL-1f production by LPS in bone
marrow—derived monocyte/macrophages and dendritic
cells in mice.'” The injection of GM-CSF in subcutaneous
tissue enhances production of LPS-induced cytokines
(TNF and IL-6) in mice.’® The present study showed
that LPS-induced IL-18 and TNF-o expressions were
reduced, but not as dramatically suppressed as levels of
MIP-2, by pretreatment with GM-CSF-neutralizing anti-
body. These findings suggest that the productions of IL-
18 and TNF-¢ by LPS in the mouse middle ear are not
solely dependent on the GM-CSF pathway.

Recombinant human TNF stimulates significant
production of both messenger RNA and protein levels of
GM-CSF in normal human lung fibroblasts.'® The inter-
action between GM-CSF from airway epithelium and
Th17 cells is important in promoting and sustaining
neutrophilic inflammation, as observed in severe asthma
and chronic obstructive pulmonary disease.?’ In addi-
tion, the significance of GM-CSF in the Th1/Th2/Th17
immune system has also been reported in autoimmune
diseases.??2  Several antibody-based pharmacologic
treatments using anti-CD20, anti-CD25, anti-IgE and
anti-TNF antibodies are under development for malig-
nant tumor, allergic disease, and rheumatoid arthritis.
Anti-GM-CSF therapy might be a promising option for
pulmonary inflammation induced by LPS.'* The present
study showed that treatment with GM-CSF-neutralizing
antibody exerts significant effects on LPS-induced otitis
media.
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CONCLUSION

Systemic injection of GM-CSF-neutralizing anti-
body inhibits the middle ear inflammation induced by
LPS in mice. Our findings suggest that GM-CSF may
offer a novel therapeutic target for the management of
intractable otitis media.
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ABSTRACT

Objective: The Lund-Mackay system (L-M system) is widely used for computed tomography (CT)
evaluation of chronic rhinosinusitis (CRS). However, a major drawback of the L-M system is its
insufficiency of gradation. To avoid this deficiency, a new staging system proposed by American societies
and the Zinreich system were reported as modifications of the L-M system. The aim of this study was to
investigate the efficiency of gradation and the accuracy of the visual quantification of these modified
staging systems.
Methods: Preoperative CT scanning was performed on 20 adult patients with CRS. A computer
workstation was used to measure the volume of each sinus and the volume of inflammatory disease in
each sinus. Then the soft tissue density rate (STDR) and objective scores, which were adapted to each
system, were calculated. Visual evaluation of the CT images was performed using these systems. The
visual score with each staging system and STDR value were evaluated for a correlation, and the rate of
agreement was determined between the visual and objective scores obtained with each staging system.
Results: The correlation between the visual scores and the STDR values was shown with all staging
system including L~M system. The coefficients of correlation between the visual scores and the STDR
values with these modified systems were higher than with the L-M system. While the agreement rates
with these modified systems were significantly lower than with the L-M system, differences of 2 or
greater between the subjective and objective scores were rare.
Conclusion: We cannot conclude that one of these three staging systems is superior to the other. With
this study, the simple grading system such L-M staging score was considered easy and accurate method
to use the clinical level. The modified staging systems showed more efficient ability to gradate in
evaluating rhinosinusitis inflammation compared with the L-M system and also showed acceptable
accuracy.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

simple staging (Table 1). When rhinosinusitis inflammation
occupies 0% of the CT image, a score of 0 is assigned, while a

Computed tomography (CT) is being used to assess the volume
of inflammatory load within the paranasal sinuses in chronic
rhinosinusitis ( CRS) and also as an aid in diagnosing and deciding
the treatment of CRS [1-3]. CT is also a useful tool for objectively
evaluating the degree of improvement in CRS before and after drug
therapy or surgery [2].

The Lund-Mackay system [4] (L-M system) is widely used for
CT evaluation of CRS. The familiarity of L-M system is owing to its

* Corresponding author at: Department of Otorhinolaryngology, Jikei University
School of Medicine, 3-25-8 Nishishinbashi, Minato-ku, Tokyo 105-8461, Japan.
Tel.: +81 3 3433 1111x3601.

E-mail address: t-okushi@jikei.ac.jp (T. Okushi).

0385-8146/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.anl.2013.04.010

score of 2 is assigned when the inflammation occupies 100% of the
image. All other degrees of inflammation are scored as 1. However,
it is often pointed out that this system seems to lack sufficient
levels of gradation for tracking progression or reduction of the
disease volume [5]. Two more detailed staging systems have been
reported in recent years as modifications of the L-M system, aimed
at resolving those deficiencies.

One is a staging system proposed by an expert panel formed by
five American societies [5]: The American Academy of Allergy,
Asthma and Immunology; The American Academy of Otolaryngic
Allergy; The American Academy of Otolaryngology Head and Neck
Surgery; The American College of Allergy, Asthma and Immunolo-
gy; and the American Rhinologic Society. This proposed rhinosi-
nusitis staging system (Proposed system) is shown in Table 2. It
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Table 1 Table 3

Lund-Mackey system. Zinreich system.
Sinus Right sinus Left sinus Sinus Right sinus Left sinus
Frontal 0-2 0-2 Frontal 0-5 0-5
Anterior ethmoids 0-2 0-2 Anterior ethmoids 0-5 0-5
Posterior ethmoids 0-2 0-2 Posterior ethmoids 0-5 0-5
Maxillary 0-2 0-2 Maxillary 0-5 0-5
Sphenoid 0-2 0-2 Sphenoid 0-5 0-5
Ostiomeatal complex Oor2 Oor2

For the sinuses: 0=no inflammation; 1= partial inflammation; 2 = 100% inflamma-
tion.

For the ostiomeatal complex: 0=not occluded; 2 =occluded.

Maximum total score: 24.

classifies the volume of inflammatory disease in each sinus into
four strata using intervals of 33% and evaluates the inflammation
score using a 4-point system.

The second staging system is the Zinreich system, shown in
Table 3 [6]. This system divides the rhinosinusitis inflammation on
CT images into four strata using intervals of 25% and evaluates the
inflammation score using a 5-point system. The Zinreich system
does not evaluate the ostiomeatal complex (OMC).

Although these modifications of the L-M staging system have
the possibility to present more sufficient level of inflammatory
gradation compared with the L-M system, there were few reports
evaluating the actual advantage of these systems. Furthermore, in
clinical practice, most of ENT doctors evaluate the inflammatory
volume visually using these systems. As a result, it can be thought
that the evaluation of the accuracy of the visual quantification with
these systems is needed. We thus compared the efficiency of
gradation and the accuracy of the visual quantification of these
staging systems with the L-M system.

2. Subjects and methods
2.1. Subjects

Between April 2007 and March 2008, 552 patients who
underwent endoscopic sinus surgery (ESS) for CRS in the
Department of Otorhinolaryngology of the Jikei University School
of Medicine satisfied the inclusion/exclusion criteria described
below. For inclusion, a patient had to be an adult with CRS who
underwent ESS based on the criteria reported by Meltzer et al. [5]
CRS was diagnosed on the basis of the symptoms, endoscopic
findings, CT imaging and allergy test results. Surgery was indicated
for patients who did not respond to 3 or more months of
conservative treatment.

The exclusion criteria consisted of unilateral CRS, presence of a
sinus defect, a history of sinus surgery, presence of a systemic
disease that would affect the nose, presence of a sinus bone lesion
(e.g., Wegener’s granulomatosis, cystic fibrosis, Kartagener's
syndrome, sarcoidosis, etc.) and a history of facial trauma.

Table 2

Proposed system.
Sinus Right sinus Left sinus
Frontal 0-4 0-4
Anterior ethmoids 0-4 0-4
Posterior ethmoids 0-4 0-4
Maxillary 0-4 0-4
Sphenoid 0-4 0-4
Ostiomeatal complex Oor2 Oor2

For the sinuses: 0=0% inflammation; 1=1-33% inflammation; 2=34-66%
inflammation; 3=67-99% inflammation; 4=100% inflammation.

For the OMC: 0=not occluded; 2 =occluded.

Maximum total score: 44.

For the sinuses: 0=0% inflammation; 1=1-25% inflammation; 2=26-50%
inflammation; 3=51-75% inflammation; 4=76-99% inflammation; 5=100%
inflammation.

Maximum total score: 50.

For the present study, twenty patients (40 nasal sides) were
selected from the 552 patients. To prevent imbalance in the
severity of inflammatory disease, 552 patients were divided into
four strata based on L-M staging score except for OMC score using
intervals of 5 (strata 1: L-M staging score = 0-5, strata 2: L-M
staging score = 6-10, strata 3: L-M staging score = 11-15, strata 4:
L-M staging score = 16-20). L-M staging score was referred from
clinical records. Each number of four strata was 154 in stratal, 228
in strata 2, 112 in strata 3, 58 in strata4, respectively. A random
sample from each stratum was taken in a number proportional to
the stratum’s size (6 samples from stratal, 8 samples from strata 2,
4 samples from strata 3, 2 samples from strata 4). The study was
approved by the Ethics Committee of Jikei University School of
Medicine.

Because the OMC is not included in the evaluations performed
by the Zinreich system, the OMC was also not evaluated by the L-M
system or the Proposed system in this study. Therefore, in this
study, the maximum possible total score was 20 with the L-M
system and 40 with the Proposed system.

2.2. Soft tissue density rate

To quantify the volume of inflammatory opacification, the soft
tissue density rate (STDR; %) was assessed with a computer
workstation. Axial images were acquired preoperatively with
Multi-slice CT helical scanning using a Siemens SOMATOM
Sensation 16 (Siemens, Berlin, Germany) (parameters: 120 kV,
500 mA, and 2-s scan time). A computer workstation (Synapse ver.
3.1.1; Fujifilm Medical Systems, CT, USA) was used to measure the
area of each nasal sinus and the area of soft tissue density for each
slice in the CT axial sections of the patients (Fig. 1). Then the
approximate values for the volume of each sinus and the volume of
soft tissue density in each sinus were calculated by adding the
respective areas for each slice and multiplying by the slice width.
The CT axial section slice width ranged from 3 to 5 mm, with a
mean of 4.1 mm. STDR was calculated by dividing the volume of
soft tissue density in each sinus by the volume of each sinus
(STDR = volume of soft tissue density in each sinus/volume of each
sinus x 100%).

2.3. Objective score

To evaluate the exact scores for each sinus, the STDR value for
each sinus was compared with the scores assigned in accordance
with the L-M system, the Proposed system and the Zinreich
system, and then the objective scores generated with each staging
system were calculated for each sinus (example: STDR = 61% — L-
M score = 1, Proposed score = 2, Zinreich score = 3).

2.4. Visual score

Three rhinologists, specializing in sinus diseases and having
undergone training in evaluation of the volume of soft tissue
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Fig. 1. Assessment of soft tissue density rate. The area of each nasal sinus and the
area of soft tissue density were measured for each slice in the preoperative CT
horizontal sections. Then the approximate values for the volume of each sinus and
the volume of soft tissue density in each sinus were calculated by adding the
respective areas for each slice and multiplying by the slice width. STDR was
calculated by dividing the volume of inflammatory disease in each sinus by the
volume of each sinus (STDR = volume of soft tissue density in each sinus/volume of
each sinus x100%).

density by CT scanning, independently performed visual evalua-
tion of the CT images for each of the 20 patients in a blind fashion
by application of the L-M system, the Proposed system and the
Zinreich system.

2.5. Data analysis

The visual scores were compared with the STDR values and
objective scores. The visual score and STDR value with each staging
system were evaluated for a correlation using Pearson’s correlation
coefficient. Then the rate of agreement was determined between
the visual score and objective score obtained with each staging
system.

In addition, each sinus whose visual and objective scores were
not in accord was investigated regarding its location and the extent
of disagreement.

3. Results
3.1. Distribution of STDR in each sinus

Fig. 2 shows the STDR values for each sinus that were generated
from the CT images for the 40 nasal sides of the 20 patients. For the
frontal sinuses, there were no data in the vicinity of STDR = 75%,
whereas the 0% and 100% groups were predominant. For the
anterior ethmoids, the most common STDR was >50%, while there
were no STDR = 0% cases. For the other sinuses, the STDR values
were distributed nearly evenly from 0% through 100%.

3.2. Correlations between visual scores and STDR values and
agreement rates between the visual and objective scores with each
staging system

Fig. 3 shows the data for the coefficients of correlation between
the visual scores and the STDR values with each of the three staging
systems. The coefficient of correlation between the visual scores
and the STDR values with the L-M system was 0.699 (P < 0.001).
With the Proposed system and the Zinreich system, the respective

Soft tissue density rate

&
100 & % & & =
o (o]
o (5]
&8 o &% g o
° ° S g
75 < 8 ©
& ° o
I %8 ° P
. ¢ 5 ¢
50 £ 5 - % <
00 o o]
o ® ° o ©
SN SEN S
g o & o 5
o (o]
o =)
o]
0 S o 2 i% &
= X
%, R b4 8
% 2% =) < <
OOfe ’ 9’)6,. ('@o_ 47 /{9 6@00 )
CYNE o N
% 5, B %%,%, %, ¥
T % o, % %0, % %,
Oé/ "Oé/ &

Fig. 2. Distribution of STDR in each sinus. For the frontal sinus, there were no data in
the vicinity of STDR = 75%. For the anterior ethmoid sinus, the most common STDR
was >50%. For the other sinuses, the STDR values were distributed nearly evenly
from 0% through 100%.

coefficients of correlation were 0.883 (P < 0.001) and 0.917
(P<0.001), which were higher than with the L-M system.
Inflammatory gradations with modified L-M system seemed
sufficient level to some extent.

The P values and the rates of agreement between the objective
and visual scores with each of the three staging systems were
shown in Table 4. The agreement rate data was the mean rates for
the 3 physicians who performed the evaluations, together with
the lowest and highest values.

The mean agreement rate between the objective and visual
scores with the L-M system was 97.0% (96.5-97.5%). The mean
rates with the Proposed and Zinreich systems were significantly
lower than with the L-M system: 74.3% (73.5-74.5%) and 70.5%
(66.5-73.0%), respectively (P < 0.01). The difference between the
Proposed and Zinreich systems was not statistically significant
(P=0.27).

Fig. 4 shows the data for the percent and extent of disagreement
between the visual and objective scores with each staging system.
The percentage of the total nasal sides that showed a [visual
score — objective score] of +1 was 3.0% with the L-M system, 23.7%
with the Proposed system and 24.0% with the Zinreich system.
Similarly, the percentage of the total nasal sides that showed a [visual
score-objective score] of >2 or <-2 was 2.0% with the Proposed
system and 5.5% with the Zinreich system. With the L-M system,
there were no cases of a [visual score — objective score] of >2.

3.3. The incidences of disagreement between the subjective and
objective scores for each sinus

Fig. 5 presents the results for the incidences of disagreement
between the visual and objective scores for each sinus with each
staging system. With the L-M system, more than 80% of the cases
of disagreement occurred in the ethmoids. The percentages were
almost the same for the anterior and posterior ethmoids. In
comparison, the incidences were lower for the frontal and
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Fig. 3. Correlations between visual score and STDR values with each staging system. Each visual score in this figure represented independent score of three authorized
rhinologists. The coefficient of correlation between the visual scores and the STDR values with the L-M system was 0.699 (P < 0.001). With the Proposed system and the
Zinreich system, the respective coefficients of correlation were 0.883 (P < 0.001) and 0.917 (P < 0.001), which were higher than with the L-M system.

maxillary sinuses, while no cases of disagreement were observed
for the sphenoids. With the Proposed and Zinreich systems, the
incidences of disagreement between the visual and objective
scores were in the range of 20-30% for the anterior/posterior
ethmoids and the maxillary sinuses. The percentage was lowest for
the frontal sinuses, followed by the sphenoids.

4. Discussion

CT plays two main roles in regard to CRS. One is to elucidate
the anatomy of the nasal sinuses prior to ESS, thereby providing the
surgeon information that will enable a safe and sufficient approach
to the sinuses. The second is to assess the extent and severity of
lesions in CRS and aid in diagnosing and deciding the treatment
of the disease [7].

Recent years have seen various attempts to classify the stages of
inflammatory disease in the sinuses of CRS patients based on the
CT image findings [2,4,6,8]. The staging system most commonly
applied around the world is the L-M system [4], and it is
extensively used to evaluate the extent and prognosis of lesions in
the sinuses [9-13]. However, the L-M system is suggested to
include its insufficient levels of gradation for tracking progression
or reduction of the disease volume [5,8]. With the aim of resolving
this issue, more detailed staging systems have been developed by
modifying the L-M system [5,6]. The modified staging systems aim
at more refined evaluation and classification of the extent of sinus
inflammation between 0% and 100% compared with the L-M
system.

In clinical practice, most of ENT doctors perform visual
evaluation of the inflammatory volume using these systems. Deeb
et al. attempted the three-dimensional volumetric measurements

Table 4
Agreement rates between the visual and objective scores with each staging system.

Mean agreement rate VS/OS (lowest-highest) %

T}

Lund-Mackey system 97.0 (96.5-97.5)

Proposal system 74.3 (73.5-74.5)

Zinreich system 70.5 (66.5-73.0)

VS: visual score; OS: objective score.
*P<0.01 Mann-Whitney U test.

of the maxillary sinus using an image analysis software [14]. This
measurement represent a new and unique way to evaluate CT
scans in patients with CRS. However, this method is too
cumbersome to evaluate the whole sinus in a large number of
patients. So it can be surmised that a disparity may manifest
between the actual extent of inflammation and the visual extent
assessed with a more detailed or refined staging system. To date,
this issue has not been addressed, which was the impetus for our
present study comparing the modified staging systems’ efficient
levels of gradation and their accuracy in visual evaluating
rhinosinusitis inflammation relative to the L-M system.

In this study, the correlation between the visual scores and the
STDR values was shown with all staging system including L-M
system. The coefficient of correlation between the visual score and
the STDR value was stronger with the Proposed system and the
Zinreich system than with the conventional L-M system. However,
the rate of agreement between the visual and objective scores was
significantly lower with the Proposed and the Zinreich systems
than with the L-M system. Thus, our results were conflicting: the
modified staging systems’ ability to subgrade rhinosinusitis
inflammation was increased, whereas their rate of visual/objective
score agreement was decreased. For that reason, we cannot
conclude that one of these three staging systems is superior to the
other.

With the Proposed system and the Zinreich system, a [visual
score — objective score] of 41 was seen at respective rates of 23.7%
and 24.0%. While a value of +1 can be tolerated in objective
evaluations of sinus inflammation, differences of 2 or greater between
the visual and objective scores were observed at rates of only 2.0% and
5.5% with the Proposed system and the Zinreich system, respectively.
As a result, it can be thought that clinical application of the Proposed
and Zinreich systems is feasible. No great differences were found
between the Proposed and Zinreich systems in terms of their efficient
levels of gradation or their accuracy.

The rate of disagreement between the visual and objective
scores was lowest for the frontal sinuses and sphenoids with each
staging system. The rates were about the same for the anterior and
posterior ethmoids with the L-M staging system, and for the
anterior and posterior ethmoids and the maxillary sinuses with
the Proposed and Zinreich systems. The three physicians who
independently evaluated the inflammation in each nasal sinus on
the basis of the CT image findings used mainly coronal sections for
the classification. When they used coronal sections to evaluate the
frontal sinuses, the average number of coronal slices to be checked
was 5.4, Conversely, when they evaluated the anterior/posterior
ethmoids, sphenoids and maxillary sinuses using coronal sections,
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3.0%

| Visual score = Objective score

B Visual score-objective score = 1
B Visual score-objective score >2 or <-2

Fig. 4. The incidences of agreement and disagreement between the subjective and objective scores with each staging system. The percentage of the total nasal sides that
showed a [subjective score — objective score] of +:1 was 3.0% with the L-M system, 23.7% with the Proposed system and 24.0% with the Zinreich system. The percentage of the total
nasal sides that showed a [subjective score — objective score} of >2 or <-2 was 2.0% with the Proposed system and 5.5% with the Zinreich system.

I Frontal
A. ethmoid
P. ethmoid

B Sphenoid

Fig. 5. The incidences of disagreement between the subjective and objective scores for each sinus with each staging system. With the L-M system, more than 80% of the cases
of disagreement occurred in the ethmoids. The percentages were low for the frontal sinus and the anterior ethmoid, and there were no cases of disagreement for the sphenoid.
With the proposed and Zinreich systems, the incidences of disagreement between the subjective and objective scores were in the range of 20-30% for the anterior/posterior
ethmoids and the maxillary sinus. The percentage was lowest for the frontal sinus, followed by the sphenoid sinus.

the average numbers of coronal slices to be checked were 8.1, 8.5
and 12.8, respectively. So it can be surmised that the evaluation of
the frontal sinus was not especially complicated since the number
of coronal slices was low.

The overall rate of disagreement was very low with the L-M
system, but it was high for the anterior and posterior ethmoids.
The ethmoids have complex anatomical structures, and there are
cases when it is difficult to distinguish the anterior and posterior
ethmoids on CT images. This can be thought to be the cause of
the high rates of disagreement for these sinuses with the L-M
system.

There are two concerns, which have possibility to affect the
outcome of this study. One is the small sample size, and another is
incomplete distribution of STDR. The STDR values for each sinus
that were generated from the CT images for the 40 nasal sides of 20
patients showed slight bias in the frontal sinuses and the anterior
ethmoids. For the other sinuses, the distribution of STDR values
was nearly uniform from 0% to 100%. There were few patients with
CRS who showed no inflammation in the ethmoid sinuses, and it
may be difficult to eliminate the bias seen for the anterior
ethmoids. Considering such difficulty, we performed the present
study to investigate the Proposed and Zinreich systems - which are
modifications of the L-M system - for their sufficient levels of
gradation and accuracy in evaluating rhinosinusitis inflammation.
Our findings show that these systems are successful in achieving a
certain level of evaluation.

In this study, relationship between CT staging and clinical
symptoms was not investigated. Zheng et al. reported the
significant but weak correlation between L-M system and clinical
symptoms [15]. Additional study of the correlations between
clinical symptoms and these modifications of the L-M system are
needed.

5. Conclusion

With this study, consequently, the simple grading system such
L-M staging score was considered easy and accurate method to use
the clinical level. The Proposed system and the Zinreich system
showed more efficient ability to gradate in evaluating rhinosinu-
sitis inflammation compared with the L-M system. If a value of +1
for [visual score — objective score] can be tolerated, then it can be
thought that the Proposed and Zinreich systems show acceptable
accuracy. No great differences were found between the Proposed and
Zinreich systems in terms of their sufficient levels of gradation or
their accuracy. It is hoped that these modified staging systems will be
further investigated in the clinical setting and their appropriateness
will be examined in various studies.
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Increased CXCL10 Expression in
Nasal Fibroblasts from Patients
with Refractory Chronic
Rhinosinusitis and Asthma

Mamoru Yoshikawa?, Kota Wada?, Tsuyoshi Yoshimura?, Daiya Asaka?2,
Naoko Okada?, Kenji Matsumoto3 and Hiroshi Moriyama?

ABSTRACT

Background: Chronic rhinosinusitis (CRS) is characterized by local inflammation of the sinonasal tissues.
CRS patients with nasal polyps and asthma often develop acute exacerbation of sinonasal symptoms after up-
per respiratory tract infections. However, the influence of concomitant asthma on the nasal immune response
to viral infection remains unclear.

Methods: Specimens of nasal polyp and mucosal tissues were obtained from 3 groups of CRS patients (n =
14 per group): 1) patients without asthma (CRS group), 2) patients with aspirin-tolerant asthma (ATA group),
and 3) patients with aspirin-intolerant asthma (AlIA group). Nasal fibroblasts isolated from the specimens were
stimulated with poly I:C. CXCL10 expression was analyzed by the quantitative real-time polymerase chain re-
action and enzyme-linked immunoadsorbent assay. Biopsy specimens from CRS patients without asthma were
subjected to immunohistochemistry for detection of T-bet and GATA-3 expression in CD3+ T cells by double la-
beling.

Results: Nasal fibroblasts from the ATA and AlA groups showed significantly enhanced expression of CXCL
10 mRNA and protein after poly I:C stimulation compared with cells from the CRS group and the control group
(normal nasal mucosa). In addition to T helper (Th)2 cells, there was more abundant infiltration of Th1 cells into
tissues from the AIA and ATA groups.

Conclusions: Our findings suggest that CRS associated with asthma may become intractable through the
over-production of CXCL10 in response to viral infection.

KEY WORDS
asthma, CXCL10 chemokine, fibroblast, nasal polyps, rhinosinusitis

and prolapse into the nasal cavity, causing persistent

INTRODUCTION

Chronic rhinosinusitis (CRS) is a common chronic
disease worldwide that is treated with medication
(e.g., corticosteroids! or macrolides?) and by endo-
scopic sinus surgery.3 Although there has been a re-
cent increase in the cure of CRS following the intro-
duction of these treatments,*5 a substantial number
of patients still have a poor outcome. In CRS patients,
nasal polyps arise from the paranasal sinus mucosa

nasal obstruction. We have often found that CRS pa-
tients with nasal polyps and asthma show acute exac-
erbation of nasal symptoms after upper respiratory
tract infection. It has been reported that nasal polyps
and asthma are linked by shared inflammation of the
entire airway mucosa, and particularly by increased
infiltration of eosinophils.® In addition, mucosal
eosinophilia is frequently associated with more se-
vere disease and with recurrence of polyps after sur-
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Table 1 Clinical characteristics of the four groups

Control CRS ATA AlA
No. 7 14 14 14
Sex (F/M) 1/6 2/12 4/10 77
Age (yr), mean 26.75 + 9.29 44,14 + 16.08 43.75 + 14.42 47.17 £ 20.21
Age (yr), range 19-40 20-71 18-65 26-71
Allergic rhinitis 0 (0%) 5 (35.7%) 5 (35.7%) 2 (14.3%)
Total IgE (IU/ml) 96.5 + 58.48 100.25 +142.65 257.91 + 258.73 232.33 + 373.03
Peripheral blood eosinophils (%) 3.03+2.49 2.57 £ 1.26 8.33x4.44 13.5 +10.82

gery.” Furthermore, CRS patients with aspirin-
intolerant asthma often have particularly severe
asthma that is associated with rhinorrhea and recur-
rent nasal polyps.8? These findings suggest that con-
comitant asthma may contribute to the pathophysiol-
ogy of CRS.

Rhinoviruses are the most common cause of viral
upper respiratory tract infections, being responsible
for up to 50% of all episodes of the common cold.10 Vi-
ral infections have been shown to cause obstruction
of the osteomeatal complex, which is thought to be a
critical step in the development of CRS. Viral dsRNA
and its synthetic analogue (poly I:C) are recognized
by multiple pathways involving toll-like receptor 3
(TLR3), the protein kinase receptor, and two recently
described genes: cytosolic RNA helicases retinoic
acid-inducible gene-I (RIG-I) and melanoma differe-
ntiation-associated gene 5 (MDADS).1! Infection of air-
way epithelial cells leads to release of various pro-
inflammatory mediators, including interleukin (IL)-1,
11-6, IL-8, interferon-inducible protein of 10 kDa (IP-
10)/CXCL10, regulated on activation normal T-cell
expressed (RANTES), granulocyte macrophage-
colony stimulating factor, and eotaxin.12-14 These cy-
tokines and chemokines recruit inflammatory cells,
such as neutrophils, lymphocytes, and eosinophils, to
sites of inflammation, and contribute to the exacerba-
tion of acute and chronic inflammation.

Histologically, fibroblasts are abundant in the
stroma of nasal polyps and are thought to be involved
in the pathogenesis of CRS associated with polyps. Al-
though airway epithelial cells are the main target of
viral infection, several studies have detected rhinovi-
rus in the subepithelial layer by in situ hybridization15
and have shown that human airway fibroblasts are
susceptible to rhinovirus infection.l6 In addition, it
has been reported that fibroblasts produce type I in-
terferons (IFNs) and CXCL10 after stimulation with
dsRNA.17.18 CXCL10 targets CXC chemokine recep-
tor 3, leading to activation of natural killer cells and
activated T cells, especially T helper (Th)1l cells.
CXCL10 plays an important role in various Thl-
dominant diseases, such as viral and bacterial infec-
tions, autoimmune diseases, and transplant rejec-
tion.1921 Thus, fibroblasts may also contribute to the
pathogenesis of such diseases through an influence
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on the inflammatory response.??2 However, little is
known about the response of fibroblasts to viral infec-
tion in CRS patients with nasal polyps and concomi-
tant asthma.

In this study, we classified CRS patients with nasal
polyps based on the presence or absence of asthma
and investigated CXCL10 expression by nasal fibro-
blasts in response to stimulation by factors associated
with viral infection. In addition, biopsy specimens
from these patients were subjected to immunohisto-
chemistry with double labeling to detect the expres-
sion of T-bet (the master regulator of Th1 responses)
and its antagonist GATA-3 in CD3+ T cells.

METHODS
SUBJECTS

A specimen of nasal polyp mucosa was obtained dur-
ing surgery from 49 patients who had been referred
to Jikei University Hospital for endoscopic sinus sur-
gery (Table 1). Specimens were obtained from 3 dif-
ferent groups of CRS patients: 1) 14 CRS patients who
had nasal polyps without asthma (CRS group), 2) 14
patients who had polyps and aspirin-tolerant asthma
(ATA) (ATA group), and 3) 14 patients with polyps
and aspirin-intolerant asthma (ATA group). We ex-
cluded CRS patients without polyps because our aim
was to investigate the features of polyp tissues in this
disease.23 Specimens from 7 controls were also exam-
ined (middle turbinate mucosa was obtained from 5
patients with non-allergic rhinitis and middle meatus
mucosa was harvested from 2 patients with blowout
fractures). Written informed consent was obtained
from all of the patients prior to enrolment, and this
study was approved by the Ethics Committee of Jikei
University Hospital (reference number: 22-130 6307).
The clinical data of the subjects are summarized in
Table 1. Before endoscopic sinus surgery, each pa-
tient’s serum immunoglobulin E level and peripheral
eosinophil count were measured, and sinus CT scan-
ning was performed.

CLINICAL ASSESSMENT

The diagnosis of CRS was based on typical symptoms
(nasal congestion, dysosmia, etc.) documented in the
medical history, the presence of endoscopically vis-
ible nasal polyps arising from the middle meatus, and
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involvement of the ethmoidal and maxillary sinuses
on CT scans of the paranasal sinuses. The diagnosis
of asthma was made by physicians at the Department
of Pulmonology of Jikei University Hospital, based on
a history of typical symptoms, while AIA was diag-
nosed from a history of exacerbation of asthma, nasal
congestion, and/or rhinorrhea after intake of aspirin
or other nonsteroidal anti-inflammatory drugs.

CELL CULTURE

Nasal tissues obtained during endoscopic sinus sur-
gery were chopped into small pieces and fibroblasts
from each specimen were cultured at 37C in Dul-
becco’s modified Eagle’s medium/F12 (DMEM/F12;
Invitrogen, Carlsbad, CA, USA) with 10% fetal bovine
serum (JRH Biosciences, Lenexa, KS, USA), 100
units/m1 of penicillin, and 100 11g/ml of streptomycin
(Life Technologies, Grand Island, NY, USA) under an
atmosphere of 5% CO2 and humidified air. Nasal fibro-
blasts were used after 3 or 4 passages.

STIMULATION OF NASAL FIBROBLASTS

Nasal fibroblasts were seeded in 6-well and 24-well
culture plates (Becton-Dickinson, Franklin Lakes, NJ,
USA). When the cells had reached 80% confluence,
the culture medium was replaced with DMEM/F12
(Life Technologies). Then cells were stimulated with
10 pg/ml of poly I:C (Life Technologies), 103 units of
IFN-B (PBL InterferonSource, Piscataway, NJ, USA),
10 ng/ml of IFN-y (R&D Systems, Minneapolis, MN,
USA), or 10 ng/ml of TNFo. (R&D Systems) for 3
hours before extraction of mRNA and for 24 or 48
hours before harvesting the culture supernatant.

QUANTITATIVE REAL-TIME POLYMERASE CHAIN
REACTION (qRT-PCR) FOR CXCL10 mRNA EX-
PRESSION IN NASAL FIBROBLASTS

Total RNA was isolated by using an RNeasy Mini Kit
that included DNase (Qiagen, Hilden, Germany) and
was transcribed to obtain cDNA by using superscript
II (Life "Technologies). Then the quantitative polym-
erase chain reaction (QRT-PCR) was performed with
an ABI/PRISM 7700 Sequence Detector System (Ap-
plied Biosystems, Foster City, CA, USA) and SYBR
green PCR master mix (Life Technologies). The
primers were as follows: CXCL10: 5 TGTCAGTGCT
GCTACTCCACCT-3’ (forward) and 5-CTGTGTATC
CAAGACAGCAGTCAA-3 (reverse), GAPDH,; 5-GAA
GGTGAAGGTCGGAGTC-3" (forward) and 5-GAAGA
TGGTGATGGGATTTC-3* (reverse). The level of
CXCL10 mRNA expression was normalized by the av-
erage expression of GAPDH.

ENZYME-LINKED IMMUNOSORBENT ASSAY
(ELISA) FOR CXCL10 PROTEIN

Briefly, 96-well plates (Nunc, Roskilde, Denmark)
were coated with 2.0 ug/ml of anti-human CXCL10
monoclonal antibody (R&D Systems) overnight at
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47C. Then the plates were washed and blocked with
blocking solution (Boehringer, Mannheim, Ger-
many). After adding a supernatant sample or stan-
dard to the wells, the plates were incubated overnight
at 4C. After washing with PBS containing 0.05%
Tween 20, 100 ng/ml of biotinylated polyclonal CXCL
10 antibody was added, and the plates were incubated
for 2 hours at room temperature. Further washing
was done and 100 pl of streptavidin-horseradish per-
oxidase (Life Technologies) was added, after which
the plates were let stand for 20 min at room tempera-
ture. Next, the wells were washed, and TMB (KPL,
Gaithersburg, MD, USA) was added. The reaction
was stopped with 2N H2SO4, and absorbance was
measured at 450 nm with a microtiter ELISA reader
(Model 550; Bio-Rad Laboratories, Hercules, CA,
USA). Data were analyzed with Microplate Manager
Software version 5.2.1 (Bio-Rad Laboratories), and
the CXCL10 concentration in each culture superna-
tant was calculated from standard titration curves by
linear regression analysis.

IMMUNOHISTOCHEMISTRY
Immunohistochemistry was performed with deparaf-
finized 4 pm sections cut from paraffin-embedded na-
sal tissue blocks. The paraffin-embedded sections
and slides were blocked by incubation with 5% diluted
normal donkey serum (Chemicon International, Te-
mecula, CA, USA) for 30 minutes at room tempera-
ture. Then sections were incubated with primary
mouse anti-T-bet polyclonal antibody (R&D Sys-
tems), mouse anti-GATA-3 polyclonal antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), and rab-
bit anti-CD3 polyclonal antibody (Abcam, Cambridge,
UK) overnight at 4C. The secondary antibodies were
Alexa 555-conjugated donkey anti-mouse IgG (Life
Technologies) and Alexa 488-conjugated donkey anti-
rabbit IgG (Life Technologies), and incubation was
done for 30 minutes. After washing with PBS, sec-
tions were incubated for 5 min with 4°,6-diamidino-2-
phenylindole dihydrochloride (Dojindo, Kumamoto,
Japan) and mounted with Permafluor (Beckman
Coulter, Miami, FL, USA). Then the sections were
viewed using a Biorevo BZ-9000 microscope (Key-
ence, Osaka, Japan).

STATISTICAL ANALYSIS

Analyses were performed using a statistical package
(SPSS version 19; IBM, Armonk, NY, USA). All analy-
ses were nonparametric. Between-group comparisons
were performed by the nonparametric Mann-
Whitney’s U-test with Bonferroni correction, and dif-
ferences were considered significant at P < 0.05.
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Fig. 1 CXCL70 mRNA expression in nasal fibroblasts after
poly I:C stimulation. (@) CXCL70 mRNA expression in nasal
fibroblasts assessed by gRT-PCR. Cultured fibroblasts were
stimulated by exposure to poly I:C (10 ug/ml) for 3 hours.
Copy numbers are expressed as the number of transcripts.
Results were normalized by the expression of glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). (b) CXCL10
concentrations in the culture supernatant. Cultured nasal fi-
broblasts were stimulated by exposure to poly I: C (10 pg/ml)
for 24 or 48 hours. Data are shown as the mean + SEM. *,
significant difference from medium alone (P < 0.05).

RESULTS

INCREASED CXCL10 EXPRESSION IN NASAL
FIBROBLASTS FROM THE AIA AND ATA
GROUPS

We measured CXCLI10 mRNA expression in nasal fi-
broblasts from 4 groups of subjects (CRS, ATA, AIA,
and control) by gRT-PCR and the results are shown
in Figure la. In the absence of stimulation, no CXCL
10 mRNA expression was found in any of the four
groups. In response to stimulation with poly I.C (10
png/ml), CXCL10 mRNA expression was increased in
nasal fibroblasts from all four groups. In particular,
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Fig. 2 CXCL70 mRNA expression in nasal fibroblasts stim-
ulated by cytokines. Cultured fibroblasts were stimulated by
exposure to IFN-f (108 units), IFN-y (10 ng/ml), or TNFa (10
ng/ml) for 3 hours. CXCL70 mRNA expression was assessed
by gRT-PCR. Data are shown as the mean = SEM. *, signifi-
cant differences from medium alone (P < 0.05). Copy num-
bers are expressed as the number of transcripts. Results
were normalized by the expression of GAPDH.

CXCL10 mRNA expression was significantly higher
in cells from the ATA group and the AIA group than
in cells from the control group or the CRS group,
while no significant difference was noted between the
ATA and AIA groups.

We also detected CXCL10 protein in the culture su-
pernatant of nasal fibroblasts (Fig. 1b). The concen-
tration of CXCL10 culture supernatant from the ATA
group and the AIA group was significantly higher
than in supernatant from the control group or the
CRS group, and the increase was time-dependent.
These findings were similar to those for CXCL10
mRNA expression.

CXCL10 mRNA EXPRESSION BY NASAL FIBRO-
BLASTS SUBJECTED TO VARIOUS STIMULI

There are two proximal NF-xB recognition sites and
the proximal interferon-stimulated response element
(ISRE) within the promoter region of CXCL10.24 Af-
ter poly I:C stimulation of nasal fibroblasts, TLR-3 and
RIG-I signaling activates two cellular kinases known
as TANK-binding kinase-1 and IkappaB kinase-s,
leading to the activation of IFN regulatory factor-3
(IRF-3) and NF-xB.2530 IRF-3 can also bind directly to
several DNA-binding motifs, including the ISRE, lead-
ing to the direct induction of interferon-stimulated
genes, such as those for IFN-o and IFN-(.2431,32
Therefore, we assessed CXCLI0O mRNA expression
by nasal fibroblasts after stimulation with IFN-8, IFN-
v, or TNFo. As shown in Figure 2, CXCLI0 mRNA
expression was induced by all three cytokines. In the
control group, CXCL10 mRNA expression was more
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strongly induced by IFN-B, which activates the ISRE
pathway, than by IFN-y or TNFa. In the ATA group,
CXCLI10 mRNA expression showed a significantly
greater increase in response to TNFa, which acti-
vates the NF-xB pathway, than in the control group
or the CRS group. On the other hand, in the AIA
group, CXCLI0 mRNA expression was significantly
higher than in the CRS group after stimulation with
either TNFo or IFN-B.

ANALYSIS OF CELLS EXPRESSING TRAN-
SCRIPTION FACTORS IN NASAL POLYP TIS-
SUES

T-bet and GATA-3 are known to be the principal tran-
scription factors involved in the differentiation of
type-1 (Thl) and type-2 (Th2) helper T cells, respec-
tively. In order to determine whether Thl or Th2
cells were increased in nasal polyp tissues, we de-
tected T-bet or GATA-3 and CD3 by double im-
munofluorescence staining. CD3+ cells were re-
stricted to the perivascular and subepithelial regions
of nasal biopsy specimens. Representative double-
stained images of T-bet+CD3+ cells (Thl cells) and
GATA-3+CD3+ cells (Th2 cells) in nasal biopsy speci-
mens are shown in Figure 3a, b. CD3+ cells were de-
tected in all specimens, but the number of CD3+ cells
was significantly higher in the ATA and AIA groups
than in the control and CRS groups (Fig. 3¢). In addi-
tion, the number of T-bet+CD3+ cells and GATA-3+
CD3+ cells was significantly higher in the AIA group
than in the control or CRS groups (Fig. 3d, e). In the
ATA group, the number of T-bet+CD3+ cells and
GATA-3+CD3+ cells was slightly higher than in the
control group or the CRS group (Fig. 3d, e), but there
were no significant differences. Thus, Thl and Th2
cells were significantly increased in nasal polyp tis-
sues from the AIA group compared with the control,
CRS, and ATA groups.

DISCUSSION

CRS is a heterogeneous and multifactorial disease of
unknown etiology. In CRS patients, inflammation of
the upper and lower airways is well documented, and
epidemiological and pathophysiological links be-
tween CRS with or without nasal polyps, asthma,
and/or eosinophilic inflammation have been estab-
lished by recent investigations. It has been shown
that viral infection increases the production of a vari-
ety of proinflammatory cytokines and chemokines by
epithelial cells and fibroblasts, which probably con-
tribute to the exacerbation of airway inflamma-
tion.33:34 In this study, we focused on the susceptibil-
ity to viral infection-related factors of fibroblasts from
CRS patients with asthma (ATA and AIA). We found
that the expression of CXCL10 mRNA by nasal fibro-
blasts from CRS patients with asthma (ATA and AIA)
was significantly upregulated in response to poly L:C
compared with fibroblasts from CRS patients without

Allergology International Vol 62, No4, 2013 www.jsaweb.jp/

asthma or controls. We also observed that both Thl
and Th2 cells were abundant in the nasal polyp tis-
sues from CRS patients with asthma (ATA and AIA).

A previous study revealed that poly I.C significantly
increases the expression of mRNAs for CXCLIO0,
CCL5, CXCLS8, and IL-6 by airway epithelial cells
through TLR3 signaling that is dependent on NF-xB
and/or interferon regulatory factor (IRF)-3.35 Poly I.C
has also been shown to dose-dependently induce the
production of CXCL10 by human fibroblasts derived
from diploid skin-muscle.3¢6 However, this is the first
report about upregulation of CXCL10 mRNA and pro-
tein expression in nasal fibroblasts by poly I:C stimu-
lation, and we also showed that the response was sig-
nificantly greater in the ATA and AIA groups. It has
been reported that fibroblasts from different individu-
als display distinctive characteristics that are main-
tained even after prolonged culture, suggesting that
fibroblasts may have a highly stable imprinted pheno-
type.37.38 Our results suggested that viral infection
might initiate an intense inflammatory response with
massive release of CXCL10 from nasal fibroblasts
that are susceptible to viral infection-related factors,
such as the fibroblasts isolated from the ATA and AIA
groups.

We also examined the response of CXCL10 mRNA
expression to IFN-B, IFN-y, and TNFq, in order to
find key differences from poly I.C signaling, since
poly I.:C was reported to activate both the IRF-3 and
NF-xB pathways via TLR-3 or RIG-1.2530 We showed
that CXCLI1I0 mRNA expression was enhanced by
TNFa in the ATA group, whereas it was significantly
enhanced by both IFN-B and TNFo in the AIA group.
Activation of NF-xB in nasal polyps could be impor-
tant because NF-xB induces the transcription of cy-
tokines, chemokines, and adhesion molecules that
play a major role in the inflammatory process.3? It
was recently reported that IL-1f and TNF-o induce
CXCL10 mRNA expression more rapidly in asthmatic
than nonasthmatic airway smooth muscle cells, with
this response being mediated by the activation of NF-
kB and JNK.40 It has also been reported that TLR3
and MDAS5 signaling through a common downstream
intermediate (IRF3) is required for maximal sensing
of rhinovirus dsRNA and is involved in CXCL10 ex-
pression.4! More studies are needed to elucidate the
role of alterations in IRF signaling.

The present study showed that Thl and Th2 cell in-
filtration of nasal polyp tissues was significantly in-
creased in the AIA group compared with the control,
CRS, and ATA groups. These findings suggested that
migration of Th1 cells into nasal polyps might be in-
duced when CXCL10 is produced by fibroblasts in re-
sponse to viral infection, leading to an excessive Thl-
type response in CRS patients with ATA and ATA. Al-
though there was no significant difference of Thl and
Th2 cell infiltration between the ATA group and the
CRS group, CXCL10 expression was significantly
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Fig. 3 Results of double immunostaining. (a) Representative double immunostaining of T-bet+CD3+ cells in
nasal biopsy specimens. Cells were stained with DAPI (blue nuclei), CD3 (green), and T-bet (red). White ar-
rows indicate T-bet+CD3+ cells in the merged image. Inset shows double-labeled T-bet+CD3+ cells marked
by a square in the merged image. (b) Representative double immunostaining of GATA-3+CD3+ cells in nasal
biopsy specimens. Cells were stained with DAPI (blue nuclei), CD3 (green), and GATA-3 (red). White arrows
indicate GATA-3+CD3+ cells in the merged image. (¢) CD3+ cells: The number of CD3+ cells was significantly
higher in the ATA and AIA groups than in the control and CRS groups. (d) T-bet+CD3+ cells: The number of
T-bet+CD3+ cells was significantly higher in the AIA group than in the control and CRS groups. In the ATA
group, the number of T-bet+CD3+ cells was also higher than in the control and CRS groups, but the difference
was not significant. () GATA-3+CD3+ cells: The number of GATA-3+CD3+ cells was significantly higher in
the AIA group than in the control and CRS groups. In the ATA group, the number of GATA-3+CD3+ cells was
also higher than in the control and CRS groups, but the difference was not significant.
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