Fig. 1. Representative H-E-stained histological sections of nasal polyps obtained from ECRS (a), non-ECRS (b), and non-CRS (c) groups. In
the ECRS group, almost all of the infiltrating cells are eosinophils, whereas most of the infiltrating cells are lymphocytes in the non-ECRS
group and few inflammatory cells are infiltrating in the non-CRS group. Scale bar =100 um. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

genes (ACt sample, ACt control) were determined, a calibrated
ACt value (AACt, ACt sample — ACt control) was calculated, and
then the relative quantitation (RQ) values were calculated
using the following equation: RQ = 2744¢¢,

Cell Counting

To determine the degree of eosinophil infiltration in the
tissues, two of the authors (S.B., KENJI K.) independently
counted the number of infiltrated cells in five random fields
using H-E sections manually under light microscopy at high
magnification (X400) in a blinded manner. The number of mast
cells, T lymphocytes, and ST2-positive cells was counted in a
same manner using sections immunostained for mast cell tryp-
tase, CD3 and ST2, respectively.

Statistical Analyses

Statistical analyses were done using SPSS statistical soft-
ware (SPSS, Chicago, IL). All data are expressed as mean-
+standard error in each group. The significance of the
differences in cell number and mRNA expression between
groups was determined using the Mann-Whitney U test. The
significance of the differences in protein concentrations by
ELISA between groups was determined using a ¢ test. A differ-
ence was considered significant if P <.05.

RESULTS

The ECRS group included 10 patients (no females
and 10 males, age range 31-73 years, mean age 54.3
years), in which the average eosinophil count in the total
white cell count in peripheral blood was 9.0% (range
5.0%—23.0%) and the average of the number of eosino-
phils was 587.8/mm?® (range 308-1817/mm?®). Six patients
in this group had allergic rhinitis, three had asthma,
and one had aspirin sensitivity, while three reported no
additional complications. The non-ECRS group included
13 patients (4 females and 9 males, age range 40-72
years, mean age 55.8 years), in which the average eosin-
ophil count in the total white cell count in peripheral
blood was 2.1% (range 0.4-4.5%) and the average num-
ber of eosinophils was 140.0/mm® (40-329.4/mm?).
Twelve of these patients did not have any complications;
one patient had allergic rhinitis. No patients in the non-
ECRS group had asthma or aspirin sensitivity. There
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was no significant difference in age between the ECRS
and non-ECRS groups, whereas the peripheral blood
eosinophil count was significantly greater (P <.001) in
the ECRS group compared with the non-ECRS group.

Histological observations of the nasal polyps showed
that, as expected, eosinophils were the predominant type
of infiltrating cells in the ECRS group (Fig. 1a). On the
other hand, most of the infiltrating cells were lympho-
cytes and the plasma cells in the non-ECRS group (Fig.
1b) and few inflammatory cells are infiltrating in the
non-CRS group (Fig. 1¢).

Immunohistochemical Analysis of Inflammatory
Cells in Nasal Tissues

We counted the number of cells positive for MBP
(eosinophils), mast cell tryptase (mast cells), VS38c
(plasma cells), and CD3 (T-cells) using immunohisto-
chemical staining in ECRS polyps, non-ECRS polyps,
and control mucosa. Typical immunohistochemical pic-
tures are shown in Figure 2. As illustrated in Figure 3,
the median (interquartile range [IQR]) counts for
eosinophils were significantly higher in ECRS polyps
(145.2; 53.2-368.8) compared with control mucosa (0;
0-3.8; P<.0001) and non-ECRS polyps (3.4; 0-47.8;
P <.0001). The median counts for plasma cells were
significantly higher in non-ECRS polyps (34.8; 16.8—
84.2) compared with control mucosa (6.1; 2.0-7.4; P
<.0001) and ECRS polyps (20.9; 2.4-30.8; P <.001). No
significant differences were observed in the median
counts for mast cells or T-cells among the groups
(P >.05).

Immunohistochemical Localization of ST2 and
IL-33

Representative microphotographs of ECRS polyps
immunostained for ST2 are shown in Figure 4. ST2
immunoreactivity was localized in epithelial cells, cap-
illary endothelial cells, and glandular cells in all three
groups (Fig. 4a, b), and was also pronounced in inflam-
matory cells in the subepithelial layer of the ECRS
group (Fig. 4c). The median counts for ST2-positive
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cells in the subepithelial layer were significantly
higher in the ECRS group (n=10, 46.2; 18.8-225.6)
compared with the control (n =6, 1.5; 0-5.2; P <.0001)
and non-ECRS groups (n=13, 10.2; 0.4-34; P <.0001)

Fig. 2. Photographs showing immunohisto-
chemical staining for MBP (eosinophils) (a),
mast cell tryptase (mast cells) (b), VS38c
(plasma cells) (c), and CD3 (T-cells) (d). Scale
bar =100 um. [Color figure can be viewed in
the online issue, which is available at
wileyonlinelibrary.com.]

(Fig. 3e). IL-33 was expressed in the nuclei of epithelial
cells and capillary endothelial cells in all groups, and
the staining pattern was similar among groups (Fig.
4d—41).
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Fig. 3. The number of eosinophils (H-E) (a), mast cells (b), plasma cells (c), T cells (d), and ST2-positive cells in the subepithelial layer (e)
per mm? in the polyps of ECRS and non-ECRS cases, as well as in the mucosa of non-CRS controls. Data in box-and-whisker plots repre-
sent the median, lower, and upper quartile and the minimum to maximum value. X = outliers (1P < 0.001, **P < 0.01, *P < 0.05). [Color fig-
ure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Fig. 4. Immunohistochemistry for ST2 (a—c) and IL-33 (d-f) in nasal polyps from ECRS and non-ECRS patients. (a-c) Expression of ST2 is
observed in the nasal epithelium, capillary endothelial cells (a), and glandular cells (b)—and also in inflammatory cells (c) in the subepithelial
layer of ECRS and non-ECRS polyps. Scale bar=100 um. (d-f) IL-33-immunoreactivity is observed in the nuclei of nasal epithelium (d),
capillary endothelial cells (e), and glandular cells (f) from patients with ECRS and non-ECRS. Scale bar =100 um. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Fig. 6. Double-immunohistochemical staining for ST2-MBP (a), ST2-mast cell tryptase (b), and ST2-CD3 (c) in nasal polyps from ECRS
patients. Immunoreactivity for ST-2 is visualized in red, and immunoreactivity for MBP, mast cell tryptase, and CD3 is visualized in brown.
Double-positive cells are colored in dark brown. (a) A number of double-positive cells for ST-2 and MBP are observed in the mucosa
(arrows). Scale bar =100 um. (b) Very few of the mast cell tryptase positive cells are positive for ST2 immunoreactivity in either the ECRS
group or the non-ECRS group. Scale bar= 100 um. (c) None of the CD3-positive cells were positive for ST2 immunoreactivity in either
group. Scale bar = 100 um. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Real-Time Quantitative PCR Analysis and
ELISA for IL-33 and ST2

Real-time quantitative PCR revealed that the ST2
mRNA expression level was significantly higher in
ECRS polyps compared with control mucosa (P <.0005)
but not significantly different between non- ECRS polyps
and control mucosa (Fig. 5a). The expression of IL-33
mRNA was not significantly different among the groups
(Fig. 5b). The concentration of ST2 protein in superna-
tants prepared from tissue homogenates examined by
ELISA was significantly higher in the ECRS polyps com-
pared with the control nasal mucosa (P <.05), but it was
not significantly different between non-ECRS polyps and
control mucosa (Fig. 5¢). The concentration of IL-33 pro-
tein was not significantly different among the groups
(Fig. 5d).

Identity of ST2-Positive Cells

The identity of ST2-positive cells in the subepithe-
lial layer was examined using double immunohistochem-
istry (Fig. 6). The fraction of double-positive cells for
ST2 and MBP in MBP-positive eosinophils ranged from
14.9% to 58.7% (median 38.3%, n="7) in ECRS polyps,
whereas the fraction of double-positive cells in non-

ECRS polyps was 0% to 10.3% (median 0%, n="17) (Fig.
7a). The fraction of double-positive cells for ST2 and
MBP in ST2-positive cells was 78.9% to 97.1% (median
89.8%, n="7) in ECRS polyps, whereas the fraction of
double-positive cells in non-ECRS polyps was 0% to
15.5% (median 0% n=7) (Fig. 7b). The fraction of
double-positive cells in MBP-positive cells and ST2-
positive cells was significantly higher in the ECRS group
compared with the non-ECRS group (P <.0005). There
were very few double-positive cells for mast cell tryptase
and ST2 in either ECRS polyps or non-ECRS polyps. Vir-
tually no double-positive cells for CD3 and ST2 were
observed in either group (data not shown).

DISCUSSION

The present study demonstrated that the concentra-
tion of IL-33 protein and the expression level of 11.-33
mRNA in both ECRS and non-ECRS polyps were not
significantly different from that in the control mucosa.
Shaw et al.'® have reported a similar result regarding
CRS, that no significant difference in the relative
expression of IL-33 mRNA was observed among the
inflamed ethmoid sinus mucosa from patients with
CRSwNP than from patients with CRSsNP and control

_1p<0005_

Fig. 7. The fraction of double positive cells for
MBP and ST2 in MBP- and ST2-positive
cells, respectively. In the non-ECRS group,
there were no ST2-positive eosinophils
except for one case. In contrast, ST2-positive
eosinophils were observed in all of the ECRS
cases. (a) The fraction of double positive cells
in MBP-positive cells (%). (b) The fraction of
double positive cells in ST2-positive cells (%)
X Data in box-and-whisker plots represent the
median, lower, and upper quartile, and the
minimum to maximum value. X = outliers
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mucosa. These contrast with the results of recent studies
showing that the expression of IL-33 is increased in the
respiratory mucosa of the Th2-type allergic inflamma-
tory diseases, such as allergic rhinitis®?® and
asthma.’®?%22 Qur results suggest that the amount of
IL-33 production may not be increased in the CRS pol-
yps, at least in the steady-state condition.

On the other hand, the protein concentration and
mRNA expression of ST2 was significantly greater in
ECRS polyps in comparison with the control mucosa.
Also, a significantly greater number of ST2-positive
eosinophils were observed in the ECRS polyps compared
with controls and non-ECRS polyps. In the non-ECRS
group, the fraction of ST2-positive eosinophils out of
total eosinophils was 0% to 10.3%, while in ECRS polyps
this fraction was 78.9% to 97.1%. This suggests that in
ECRS, ST2 expression is upregulated in eosinophils. A
similar increase in expression of ST2 has been reported
in other allergic diseases, such as allergic rhinitis,?
atopic dermatitis,?® and CRSwNP. *® Since the present
study did not show colocalization of ST2 and CD3, this
would suggest that I1.-33 does not act directly on T cells,
at least in the sinus mucosa.

A finding that is difficult to interpret is that the
upregulation in ST2 expression in ECRS eosinophils is
not reflected as a significant increase in ST2 protein
expression in ECRS polyps compared with non-ECRS
polyps (Fig. 5). It may be due to the ubiquitous expres-
sion of ST2 in polyp glandular cells (Fig. 4b). This may
have masked the significant difference in ST2 protein
expression in eosinophils.

Eosinophils have been identified as one of the tar-
get cells of IL-33 signaling,®* 2% but the mode of ST2
expression by eosinophils remains under debate. For
example, Wong et al. showed by means of Western blot
analysis that ST2 protein is constitutively expressed by
eosinophﬂs.27 On the other hand, Cherry et al.'*
reported that freshly isolated eosinophils in the periph-
eral blood do not express ST2 protein, although they
constitutively express ST2 mRNA. Eosinophils express
ST2 protein on their surface after being cultured, and
this expression increases upon incubation with granulo-
cyte macrophage colony-stimulating factor.* This dis-
crepancy between studies may suggest that the amount
of ST2 protein expression by eosinophils changes consid-
erably depending on the surrounding environment; and
as yet unspecified signals in ECRS patients may
increase the expression of ST2 by eosinophils. The dis-
crepancy may also be due to differences in the sensitiv-
ity of the detection system used in each study. In our
study, it is possible that the eosionphils in non-ECRS
polyps express ST2 but at a very low level that was not
detected by our immunohistochemical methodology.

I1-33 enhances adhesion and survival of eosino-
phils,® as well as the production of proinflammatory
cytokines by eosinophils.? It has also been reported that
11-33 and ST2 on eosinophils are important for traffick-
ing eosinophils in the allergic lung.?® The eosinophils
could be one of the targets of IL-33 in the inflammatory
cell population of nasal polyps in ECRS patients. A
recent report by Shaw et al.’® also suggests that innate
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lymphoid cells and IL-33 may play a key role in the
pathophysiology of CRSwNP. They demonstrated that
innate lymphoid cells in the inflamed sinonasal mucosa
produce IL-13 in response to stimulation with recombi-
nant IL-2 and IL-33,'® which could promote mucous pro-
duction and tissue eosinophilia.

In the present study, we compared polyps in CRS
patients with uncinate mucosa from non-CRS patients.
In this study, we were unable to examine tissues from
different sinonasal regions within the same group, or tis-
sues from the same sinonasal regions in different
groups, due to the availability of such tissue samples.
We intend to address these issues in the future.

Another limitation of our study is that it did not
test the possibility that the release of IL-33 is changed
in CRS polyps. An experimental mouse model of allergic
rhinitis’® and a human study regarding allergic rhini-
tis?® have demonstrated that the release of IL-33 from
the mucosa increases in response to stimulation by aller-
gens. It remains unclear whether IL-33 release is
increased or not in CRS polyps. Further study is neces-
sary to address this issue by examining IL-33 levels in
the nasal lavage of the CRS patients.

CONCLUSION

The present study demonstrates that the number of
ST2-positive inflammatory cells in the subepithelial
layer is significantly higher in the ECRS group than
other groups. Double-immunostaining showed that the
majority of such ST2-positive cells were eosinophils. The
expression of ST2 mRNA and the concentration of ST2
protein in polyps of the ECRS group were also signifi-
cantly increased compared with controls. In contrast, the
expression level of IL-33 mRNA and the concentration of
11.-33 were not different among the groups. These find-
ings suggest that IL-33 and its receptor ST2 may play
important roles in the pathogenesis of chronic rhinosinu-
sitis, especially in ECRS, through the increased expres-
sion of ST2 in eosinophils.

Acknowledgements
We thank Sayaka Igarashi, Yukari Kurasawa, Atsuko
Tsuyuzaki, and Kimiko Miwa for technical assistance.

BIBLIOGRAPHY

1. Fokkens W, Lund V, Mullol J. EP30S 2007: European position paper on
rhinosinusitis and nasal polyps 2007. A summary for otorhinolaryngolo-
gists. Rhinology 2007;45:97-101.

2. Ishitoya J, Sakuma Y, Tsukuda M. Eosinophilic chronic rhinosinusitis in
Japan. Allergol Int 2010;59:239-245.

3. Kimura N, Nishioka K, Nishizaki K, Ogawa T, Naitou Y, Masuda Y. Clini-
cal effect of low-dose, long-term roxithromycin chemotherapy in patients
with chronic sinusitis. Acta Med Okayama 1997;51:33-37.

4. Van Bruaene N, Perez-Novo CA, Basinski TM, et al. T-cell regulation in
chronic paranasal sinus disease. J Allergy Clin Immunol 2008;121:
1435-1441, 1441.e1-3. doi: 10.1016/j.jaci.2008.02.018.

5. Bachert C, Zhang N, Patou J, van Zele T, Gevaert P. Role of staphylococcal
superantigens in upper airway disease. Curr Opin Allergy Clin Immunol
2008;8:34-38.

6. Schmitz J, Owyang A, Oldham E, et al. IL-33, an interleukin-1-like cyto-
kine that signals via the IL-1 receptor-related protein ST2 and induces
T helper type 2-associated cytokines. Immunity 2005;23:479-490.

7. Arend WP, Palmer G, Gabay C. IL-1, IL-18, and IL-33 families of cyto-
kines. Immunol Rev 2008;223:20-38.

Baba et al.: IL-33 and ST2 in Chronic Rhinosinusitis
E121

— 425 —



10.

1L

13.

14.

15.
16.

1.

18.

. Moro K, Yamada T, Tanabe M, et al, Innate production of T(H)2 cytokines

by adipose tissue-associated o Kit{+)8ea-10+) lymphoid cells. Nafure
2010:463:540-544,

. Neill DR, Wong SH, Bellosi A, et al. Nuocytes represent a new innate

effector leukocyte that mediates type-2 immunity. Nature 2010;464:
1367-1370.

Price AE, Liang HE, Sullivan BM, et al. Systemically dispersed innate 1L~
13-expressing cells in type 2 immunity. Proc Natl Acad Sei USA 2010,
107:11489-11494.

Ali S, Huber M, Kollewe C, Bischoff' SC, Falk W, Martin MU, I1-1 receptor
accessory protein is essential for 1L-33-induced activation of T lympho-
cytes and mast cells. Proe Natl Acad Sei USA 2007,104:18660-18665.

. Allakhverdi Z, Smith DE, Comeau MR, Delespesse G. Cutting edge: The

ST2 ligand IL-33 potently activates and drives maturation of human
mast cells. J Immunol 2007;179:2051--2064.

Ho LH, Ohno T, Oboki K, et al. I1-83 induces IL-13 production by mouse
mast cells independently of IgE-FeepsilonRI signals, J Leukoc Biol 2007;
82:1481-1490.

Cherry WB, Yoon J, Bartemes KR, Ilijima K, Kita H. A novel IL-1 family
cytokine, IL-33, potently activates human eosinophils. J Allergy Clin
Immunol 2008;121:1484-1490.

Oboki K, Nakae S, Matsumoto K, Saito H. IL-33 and Airway Inflamma-
tion. Allergy Asthma Immunol Res 2011:3:81-88.

Haenuki Y, Matsushita K, Futatsugi-Yumikura S, et al. A critical role of
IL-33 in experimental allergic rhinitis. J Allergy Clin Immunol 2012;
130:184~194.e11. doi: 10.1016/j.jaci.2012.02.013. Epub 2012,

Reh DD, Wang Y, Ramanathan M Jr, Lane AP. Treatment-recalcitrant
chronic rhinosinusitis with polyps is associated with altered epithelial
cell expression of interleukin-33. Am J Rhinol Allergy 2010;24:105-109.

Shaw JL, Fakhri 8, Citardi MJ, et al. 11-33-Responsive innate lymphoid
cells are an important source of 1L-13 in chronic rhinosinusitis with
nasal polyps. Am J Respir Crit Care Med 2013;188:432-439.

Laryngoscope 124: April 2014
E122

— 426 —

20.

=

21,

22,

23.

24.

26,

27.

28,

29.

. Fokkens W, Lund V, Bachert C, et al, EAACI position paper on rhinosinu-

sitis and nasal polyps executive summary. Allergy 2005;60:583-601.

Kamekura R, Kojima T, Takano K, Go M, SBawada N, Himi T. The role of
11-33 and its receptor 8T2 in human nasal epithelium with allergic rhi-
nitis, Clin Exp Allergy 2012;42:218-228,

Kurowska-Stolarska M, Stolarski B, Kewin P, et al. 1L-33 amplifies the
polarization of alternatively activated maerophages that contribute to
airway inflammation. J Immunol 2009;185:6469-6477.

Kakkar R, Lee RT. The IL-33/8T2 pathway: therapeutic target and novel
biemarker. Nat Rev Drug Discov 2008;7:827-840.

Savinko T, Matikainen 8, Saarialho-Kere U, et al. IL-33 and 8T2 in atopic
dermatitis: expression profiles and modulation by triggering factors, J
Invest Dermatol 2012;132:1392--1400,

Stolarski B, Kurowska-Stolarska M, Kewin P, Xu D, Liew FY. IL-33 exac-
erbates eosinophil-mediated airway inflammation. o Immunol 2010;185:
34723480,

. Buzukawa M, Koketsu R, Tikura M, et al. Interleukin-33 enhances adhe-

sion, CD11b expression and survival in human eosinophils. Lab Invest
2008:88:1245-1253.

Pecarie-Petkovie T, Didichenko SA, Kaempfer S, Spiegl N, Dahinden CA.
Human basgophils and cosinophils are the direct target leukocytes of the
novel IL-1 family member 1L-33. Blood 2009;113:1526-1534.

Wong CK, Leung KM, Qin HN, Chow JY, Choi AO, Lam CW. Activation of
eosinophils interacting with dermal fibroblasts by pruritogenic cytokine
1L-31 and alarmin IL-33: implications in atopic dermatitis. PLoS One
2012;7:029815.

Wen T, Besse JA, Mingler MK, Fulkerson PC, Rothenberg ME. Eosinophil
adoptive transfer system to directly evaluate pulmonary eosinophil traf-
ficking in vivo. Proc Natl Acad Sci USA 2013;110:6067-6072.

Asaka D, Yoshikawa M, Nakayama T, Yoshimura T, Moriyama H, Otori N.
Elevated levels of interleukin-33 in the nasal secretions of patients with
allergic rhinitis. Int Arch Allergy Immunol 2012;158 Suppl 1:47-50.

Baba et al.: IL-33 and ST2 in Chronic Rhinosinusitis



A

@0 ERGEET LLE— (JA0) 32(1):1-6,2014

PFERIR MBI JMAE R O FMAEHIC & 1T 5 BRIRE

#mE B=', B HEA, BR KT RE R
' SRR AT SRR

20084E 6 A 205 20114E 8 B iC YR ABE L THIE ESS 247 o - IFERERIE R MAEE S (ECRS: eosinophilic chronic
thinosinusitis) FEFIDO T 1 LA LALBEE L, WEICBIRKECT, BEICOWTEHATE 2 I4EMZNSHE Lz,
BEHe B, Ltepl. FEPRMESARE 23~-74K), MEBREHEHEPREL22H (12~262H). ECRSD
PN, MARH OREEE, WHRE, BFBRIE M8 CT THENREEML T TNTRATHINEL
720 BB CTIX, Lund-Mackay system (388 U CRIBIES X U CHEM 24 A H L LC, REOHE (CTA
a7) kL7, BER, HEDIKBWT Y7 — b (SAOQ: self-administered odor questionnaire), VAS (visual analog
scale), FZEMERITBED P EAIRMAE CIFAM L 720 MPMREHARBRCHBHERORY — I REVRD S
Poize Mk CT bEHHEFORETRLS ., BEERIRI b olz. FHCT AT TR, H#iH 71% 2
HHTER 44% LB BITHE L 72 (p=0.0026, n=14), WHEIZ, ¥ SAOQ (p=0.0400), VAS (p=0.0159), FHFBHIR
fH (77R7 5.3, #7138, p=0.0077) XTI LIFRICEKE L2 REOWERIL 50% (714 51) T, RELHMIT
CTRA2T7DWTROBBRRES L RED BIFTHolz, SBILEFAZHER L ORERELRE L, REREH

COWTERZEBRTZZEAFRETH S,

¥—7— K FERREEREE, ARETRARAETN, WEEE W&
B&EE : ESS, endoscopic sinus surgery; ECRS, eosinophilic chronic rhinosinusitis; SAOQ, self-administered odor questionnaire;

VAS, visual analog scale

oI

4 B8 2R ¥ Bl B BE % (ECRS: eosinophilic chronic rhino-
sinusitis) ’ DIEHIE, PHREE T B MEEFH (ESS: endoscopic
sinus surgery) DB —BIRE BB A, itk BRFIE <
FHRARE ENBY, 4H, F4IHEERL 72 ECRS OFH
FEBIT 14ED EERRBIE L A RSB 5 BRRNFRS
FUMBRE, BRAECTHRCOVWTRE LAERZH
&350

HREFE

20084E6 25201148 I, ZRICARLTHE®
T ESS 217 - 72 A O T HIEER] BEERIL 155 D -
o TORTIEUERBHEL ZEMT, 2 (1)

20134£ 10 F 28 HEME, 20144 1 H 20 HEZHE
AR | HEE=

T663-8501 LR PEE T R AT 1-1
FEERREH RIEER

TEL: 0798-45-6493, FAX: 0798-41-8976

E-mail: kenzo@hyo-med.ac.jp

— 427 —

FRIRICBIRECTRER LU 2) FRRICRERERIT
WEHMET X2 D340 BH o7z EHICTHRDECRS D
BEFL L 4BENRE Lz, B, kel
ERMOTRMEITSAR 23~T48) . WERBEEHHO bRk
k12208 (12~26%H) THolzo € TOERFTHI &
FE CT HeAE & BRI F RIS S/ L 7o

ECRS O@HfiE, MRS TO&RG (i~iv) 23T
Fyor LY,

() FEIARA»ORERE

(i) FHIAE

(iii) BFMRIE (27%)

(iv) %787 CT CHIEREEN EEF/ LERX 27 :

EM H=1)?

KEE, EROEESF—DOTIFHL L WG, AP
Bod 24 WHEERN1FL EBETELr o8, Y
BICEIBARECT LEREOTE L 3 ICFHMAL TE 2o 7240
AL 72,

REFRIZ, WEIT VVE-BRE, HRFRR, WRRos
BIECT, WHIBROBRE, WHEROWREFRICOVT, L
PO ARZ F 4 TR L2

WETD 7 UV ¥ — MR, FHIMFBRRo®E (%)

©2014 Japan Society of Immunology & Allergology in Otolaryngology



2 A = A AFERRRYERI S O FRGER (= B 1) S BT

LI 1gB il (FEERE) (RIST) B & U REY 1gE (RAST:
NGRAFAD - ¥oreayed= - AF -/ F - HhEN
XSy Y HEX) ITONTWA, I IgE lic D
Vi, fluoroenzyme immunoassay (CAP RIST FEIA and CAP
RAST FEIA, Phadia K.K., Tokyo, Japan) = X ) B4 L, class
2PUEEREFOT UMY UL LY,

WAL T LAFHIESs~7 HM oA, HIWEK
Z7u4f F¥E (MUF, 2704 FL&rs 7L F=vory
5~20mg/H) BLUREE (FL/ ¥9 7 ¥ 400mg/H)
OROHEGEAT o 2%, FHT M, &HMKET ICHB
REEFH (VEDY 247 o 720 WBE DR — 7% micro-
debrider # AV THBR L A" ERMITKE <P L .
Brh R 2SRVl (10#1) IS IXRERS KO ES LU
PE LR ORRE NS, RFRFHERS L OTHT
B ARG T Y BRART 4T o 720

Wtg2 A, &TOEMTHE | ~2 AMEC 4P
THHSET CRINLE 2 To 72, D%, 3208, 6708,
148, 1H6m B, k2~6b AEDEMREZ T 72
B, RRBHATFOAL FE o4 o) n 254k
REHED L OHRERA ORD#ES33EE L TfTo e #F
#32 ARE L CHIRERBY AR ) — 7RTH B HAIT,
BOX70A FE (BVAFIVIE/H, 7V F=V5~
20mg/ HOMEIZ) 245 L72% £TOEMAT, Mk
CTH LURBERENOA 2L IAMBIBEORXT 0 A
FIEEEMER L 20 o720

wrONRSEN R (FHEE) 2UTo Ly icAa74k
LR L7z, &EIARER e O W PR ORI, o
B0 IEHR (normal), 145 @ PRHE (edema), 25X : RV —7
(polyp) & L7z REANAEBOMBIRIZ, 05 BEERL
(nome), 151 : W5 A5 M5 (mucous effusion), 2 FX:
W5 [ % BRI 2 BB e CHEPH 22 WEHE (viscous effusion) & L7z,
BB CHBA 27 OEH (0~4 ) EHBEA27H
SUEEARHEA 7L L (A1),

BB CT i, Lund-Mackay system' | # U C 45 Bl #h JE
BrUMBEORELY, REZL 05, B0 1K), %
RBIERE 25 & U CHAM L 2o Wifll 24 S e LT,
FHERDOREDEO2HE % CT AT (%) L L. &
MR 27 OEHE (0~45) 2ROTHRET L7z, &
HER, CTHIEHNCIZRN OB T > TV,

Wit PIBISRAT R, ESS CHIMR L 7= &R BEES X URRL
OBiR%E, BELZL 08, BHETL248E - X)) -7 -
FwEHY 1K), TEFECIVBERE Q5 2L
CREAMG L 72,

WEIE, BEOIWICBWT ¥ — b (SAOQ, Self-adminis-
tered odor questionnaire) & olfactory VAS (Visual Analog Scale)
PO EHEERTFEML 2 TRTAN T 727 P A—F —
% - BRI RAE O FHRABEORK R, O, WERE
EOMEIL BE (12~24), F%5F 26~40), BE
(42~54), Bk (5.6~58) L9 L, EBRHEOHER,

With o T&T I REAIRAE A 5 AT D 4 B lo 3 L 2%,

(Y] © FHRARAMA 2.0 LTFICRo72d D

[HEH ] YEHRICIEE S 2, SERERBANRAE A 1.0 DLk
WHL=bD

[REAL] : PRAMA, 1.0 EBLLZb D

[(ARZE]: EROVWThOERL RS 2WVH O

[ & (B 28bET [t & L, SRR
WA TS OF TR L, BIRMEREREE, 7
) F 3 VESE® Qm) 2ERERBRY S 2082810 T
EHL, TUVFIVR (2v=7dbrvidt=tvR) %
B L 7o & R M 2 R0 22, T U I VRED AR
ERIEH, b2 RIFITESTEE L TRE L7z,

AR % 0 Ho B 1% Wilcoxon BRSE O FF 54 NEAZ AR5, B
@ Ho iE Mann-Whitney U #5€, 1B Spearman NEAZAH
B TR ICRE L (StatView version 5.0), p {i <0.05 T
H5DEERAFIICARE Lz, 77— 7 13 + ki
TERLIZ,

s R

1. MMMOT LIV — MBRE

KA MU RERR O WA DS, 7% B E 10% K H257% (8/14
Bl) T, 10% LL £ A%43% (6/14 ) B > 72. ¥ 1gE M fE
(RIST ®fl) 13 57% (8/1481) ISRz TTORRY
IGE SBRTETH o 2 DX 35% (5/14B1) B o /2o MM
FLVFY ONPAF AP - YHreavedys) CElT
HolzbDiEa3% (6/1461) Hole FMET LI VI
B tEBIIE 64% (9/1481) 2 h, WIRIEAF6H, v/ %
3B, AEAXYAH, TE V0B, FEF1HTHor
(Eﬁgﬁ‘)o

2. WiRERR (E1)

THIRRROFT R Td o 70 FHPRERELIL AT SR BRI R D
%<, RWCHERT, BHHEROMECE» o712 (H1A),
FEREORBEIX, WThOBMLDL R —TIHR b Eh o
7zo FHDOREA 27 Tik, RISHEHI3.6 LRLEL,
RIS 3.0, BUBEM 2.9, LW 24, WHE 23, BEE
f11ONEE o7z (E1B),

RN LFER S L CERERCS - (R10),
RIS U ERBR PR BFE S | AR & S 415 viscous effusion O
B BRI (14%, 2/1480) L¥EEER (7%, 1/71480) 12
B, BFEAABZA 2713, FEF 12) 2BLE L,
BUSEY 1.1, RIEPERE 1.1, BEW 09, il 08
DEE -7 (F1D),

3. BIREECT L UWMEBASRERRE (H2)
EEMAOFH CT A a7, MET71.1:18.2% » S H

— 428 —



FRFET VIVF— (JJIAQ) 2014:32(1)

(B)
Y Vg
4
3
" normal
™ edema
™ polyp
% 2 2
& @ & ‘*«g ¥
(D)
FERER&RATT
2
" none
™ mucos 1
™ viscous
¥ & 2 2
& & ,@‘ &

H1 WHFR: (A B) EIAKENE (C D) FEAETHE

(A)
* p =0.0026
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Clinical study on patients with eosinophilic chronic rhinosinusitis
undergoing endoscopic sinus surgery

Kenzo Tsuzuki', Yusuke Kojima', Yoriko Yukitatsu', Masafumi Sakagami'

"Department of Otolaryngology, Hyogo College of Medicine

ABSTRACT

Objective: To investigate postoperative course of eosinophilic chronic rhinosinusitis (ECRS).

Methods: Adult fourteen patients with ECRS, who underwent initial endoscopic sinus surgery (ESS) between 2008 and 2011 and were
followed-up for 12 months or more, were retrospectively analyzed. There were 8 men and 6 women with median age of 54 years (23-74).
Median value of following-up period was 12 months (12-26) after ESS. The ECRS was diagnosed when nasal congestion and olfactory
disorder, bilateral CRS with nasal polyps (CRSWNPs), eosinophila, and ethmoid sinus dominant opacification were completely fulfilled.
Both pre- and postoperative sinonasal computed tomography (CT) findings of each sinus and olfaction cleft (OC) were scored. The CT
score is the total score expressed as a percentage of the possible maximum score (24 points). Olfaction was evaluated using self-
administered odor questionnaire (SAOQ), visual analog scale (VAS), and T&T olfactometer.

Results: Anterior ethmoid sinus with polypous mucosa was observed as the most severe inflammatory sinus before, during, and after
ESS. Mean CT score significantly improved from 71% to 44% (p=0.0026, n=14) after ESS. On average, all olfaction tests, SAOQ
(p=0.0400), VAS (p=0.0159), and T&T recognition threshold (p=0.0077), significantly improved. [mprovement rate was 50% (7/14
patients). CT scores in the improvement group of olfaction were significantly better than those in the no-changed group.

Conclusion: A half of patients with ECRS showed benefit in postoperative course more than 12 months. This study demonstrated that
the better olfactory results tended to show the better CT findings after ESS.

Key words: eosinophilic chronic rhinosinusitis, endoscopic sinus surgery, olfactory disorder, postoperative course
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Therapeutic Effects of Endoscopic Sinus Surgery on Patients
with Olfactory Disorder Due to Chronic Rhinosinusitis

Kenzo Tsuzuki, Yusuke Kojima, Yoriko Yukitatsu, Hideki Oka,
Hironori Takebayashi, Masafumi Sakagami

Department of Otolaryngology, Hyogo College of Medicine

We retrospectively analyzed the postoperative olfactory changes in 109 adult patients with olfactory disorder
due to chronic rhinosinusitis who underwent endoscopic sinus surgery (ESS) between 2007 and 2013. There
were 60 men and 49 women. Median age was 50 years (20-79). Median follow-up period after ESS was 12
months (3-79). Olfaction was evaluated using T&T olfactometry and intravenous olfaction test. In the longitudinal
data analysis, the proportion with improvement was 66% (40/66) within 6 months, but this decreased as time

passed after surgery. The postoperative course of olfactory acuity could be classified into four courses: sustained
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improvement (50%, n=29); gradual improvement (7%, n=4); deterioration (14%, n=8); and no change (29%,
n=17). On average, the mean T&T recognition threshold significantly improved from 4.9+14 before ESS to
3.9+1.7 after it (n=109, p<0.0001), and the proportion with improvement was 52% (57/109) in total. The mean
T&T recognition threshold (2.6%1.3, n=57) in the improvement group was significantly better than in the
unchanged group (5.2+0.9, n=52, p<0.0001). The positive rates of preoperative intravenous offaction test
showed a significant difference between the improvement group (95%) and the unchanged group (79%, p=0.020).

Key words: chronic rhinosinusitis, postoperative course, endoscopic sinus surgery, T&T olfactometry,

intravenous olfaction test
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Objective: To propose a simple post-operative endoscopic scoring system for use after endoscopic sinus
surgery (ESS) in patients with chronic rhinosinusitis (CRS), and to demonstrate the usefulness of this
approach.
Methods: Subjects comprised 116 patients (84 men, 32 women; mean age, 54 years) with CRS who were
analyzed endoscopically and radiologically after ESS between 2006 and 2012. The study was designed as
a case series with planned data collection in the setting of university medical centers. Patients were
followed-up for >6 months after ESS (mean, 13.1 months). Both pre- and post-operative computed
tomography (CT) findings of each sinus and olfactory cleft (OC) were scored according to the Lund-
Mackay scoring system: 0, normal; 1, partially; or 2, completely occupied. CT score represents the total
score expressed as a percentage of the maximum possible score (12 points per side). Post-operative
endoscopic score (E score, %) was calculated as the maximum score according to physical findings on
each operated sinus and OC: 0, normal; 1, partially diseased; or 2, completely closed. Post-operative
course using E score was verified by comparison with the Lund-Kennedy (L-K) scoring system.
Results: E score was easily and quickly determined. Interclass correlation coefficient among 10
otolaryngologists indicated high-level inter-rater reliability (0.922). E score correlated strongly with
both CT score (n= 116, p < 0.0001, r;=0.755) and L-K score (n="79, p < 0.0001, ry=0.723).
Conclusion: Endoscopic evaluation using E score for sinuses and OCs after ESS is a useful method,
together with L-K score for the nasal cavity and radiological study.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

system has been widely employed [6]. However, in practice,
routine examination using computed tomography (CT) is some-

Medical treatment is the first choice for individuals with
rhinosinusitis [1], but surgical management is indicated for
chronic rhinosinusitis (CRS) that proves refractory to medical
therapy. Endoscopic sinus surgery (ESS) is a standard surgical
procedure for patients with CRS [2.3]. Post-operative outpatient
intranasal treatments, such as removal of clotting fibrin and/or
blood crusts under endoscopy and medication, are also very
important to prevent recurring exacerbation [4,5]. For post-
operative management, intranasal findings after ESS should be
evaluated radiologically, and the Lund-Mackay (L-M) scoring

* Corresponding author at: 1-1 Mukogawa, Nishinomiya, Hyogo 663-8501, Japan.
Tel.: +81 798 45 6493; fax: +81 798 41 8976.
E-mail address: kenzo®@hyo-med.ac.jp (K. Tsuzuki).

http://dx.doi.org/10.1016/j.anl.2014.05.004
0385-8146/© 2014 Elsevier Ireland Ltd. All rights reserved.

times difficult, due to issues such as radiation exposure and
financial burden. Methods for easy evaluation of intranasal
physical findings using endoscopy are therefore important [7-
9]. The Lund-Kennedy (L-K) scoring system [10] for endoscopic
evaluation of the ‘nasal cavity’ has been used for post-operative
evaluation in previous studies [11-13], but few reports have
described endoscopic findings of the “paranasal sinuses”. Systems
for scoring the condition of the paranasal sinuses currently vary
among institutions and have not been methodologically clarified
[14,15].

This study proposed a simple post-operative endoscopic score
(E score) for sinonasal findings after ESS. To assess the inter-rater
reliability and validity of this E score, we examined agreement on E
score between raters, and whether E score correlated closely with
previously reported radiological and endoscopic nasal scores.
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2. Methods
2.1. Patients

Between January 2006 and June 2012, we performed ESS on 607
patients with CRS. The present study analyzed only patients who
underwent both endoscopic and radiological examinations after
ESS. In total, 116 adult patients {84 men, 32 women) with CRS who
underwent primary bilateral ESS at Hyogo College of Medicine
(n=79; 72 men, 7 women) and Showa University (n=37; 12 men,
25 women) were enrolled. Mean age at the time of surgery was
54.2 years (range, 20-80 years). The study utilized a case series
design involving two university medical centers, and conformed to
the regulations of the ethics committee of Hyogo College of
Medicine (approval number 1512). Patients who had undergone
any sinus surgeries previously, who had associated sinonasal
tumorous diseases, or who did not undergo sinonasal CT after ESS
were excluded from the study.

CRS was diagnosed when nasal respiratory symptoms
(including nasal obstruction, rhinorrhea, post-nasal drip, and
cough) were observed for more than 3 months, based on
guidance provided by the Japan Rhinologic Society, and referring
to previous reports from Europe [16] and the United States [17].
Surgical management in the form of ESS for patients with CRS
was indicated when nasal symptoms and physical findings did
not improve despite medical therapy for at least 3 months. ESS
was performed on all patients only after obtaining informed
consent in accordance with the guidelines of the ethics
committees of Hyogo College of Medicine and Showa University.
All patients underwent bilateral ESS in hospital under general
(n=113) or local anesthesia (n=3). Mean duration of post-
operative follow-up was 13.1 months (range, 6-60 months).
The 37 patients (24 men, 13 women; mean age, 50.7 years)
diagnosed with eosinophilic CRS (ECRS) all completely fulfilled
the following criteria: (i) symptoms of nasal congestion and
olfactory disorder; (ii) bilateral CRS with nasal polyps
(CRSwNPs), (iii) peripheral blood eosinophilia (>7.0%), and
(iv) ethmoid sinus-dominant opacification on preoperative CT
(i.e., ethmoid sinuses (E) were more bilaterally occupied than
the maxillary sinuses (M), E/M =>1) [18].

For post-operative management, intranasal topical treatment
was performed once every 1-2 weeks. Medical therapy with
antibiotics, mucinolytics, anti-allergic agents, and nasal or oral
corticosteroids, and nasal irrigation with saline was performed for
each patient until post-operative sinonasal mucosal condition
had stabilized. When these agents were not administered for at
least 1 month, post-operative intranasal conditions were evaluated
both endoscopically (E score) and radiologically (CT score).

2.2. CT score

Both pre- and post-operatively, CT findings of the maxillary,
frontal, anterior and posterior ethmoid and sphenoid sinuses, and
olfactory clefts (OC) were scored using the following scale in
accordance with the L-M scoring system: 0, no opacification; 1,
partial opacification; and 2, complete opacification [6]. Percentage
of the total score to the maximum possible score (12 points per
side) was taken as the CT score.

2.3. Post-operative E score (E score) ‘

E score was determined using the same 4-mm-diameter rigid
endoscopes (0° and 70°; Karl Storz Endoscopy, Tokyo, Japan)
applied for ESS. Post-operatively, endoscopic appearance of the
operated sinuses and OCs was scored as follows: 0, normal
condition; 1, sinus only partially observable due to occupation by

polyps, edematous mucosa, and/or discharge; and 2, unobservable
due to complete occupation by polyps and/or discharge (Fig. 1).
When the polyps occupied and prevented observation of the back
part of the sinuses, the back sinuses that were operated on were
counted as 2 points., The percentage of the total score to the
maximum possible score for operated sinuses was rated as the E
score. Sinuses that had not been operated on could be excluded
from scoring. However, all sinuses were bilaterally operated on in
all patients (1= 116), and the E score to the maximum possible
score (24 points) was rated in this study.

To assess inter-rater reliability and validity of the E score,
agreement between raters and correlations with L-K score and CT
score were analyzed. For the analysis of inter-rater reliability, six
patients were randomly selected and their E-scores rated by 10
otolaryngologists. The mean level of experience of the otolar-
yngologists was 8.4 years (range, 2-16 years). Otolaryngologists
determined E scores using endoscopic images captured during
post-operative treatment.

We then analyzed the differences between E score and CT score.
The absolute difference (Ascore) was calculated for each patient as
|Ascore| = |CT score — E score|. To analyze the effect of middle
meatus obstruction on E score, total bilateral scores for the anterior
ethmoid sinus were individually summed and evaluated as three
groups: normal appearance, 0 points (Group A); partial lesion, 1-2
points (Group B); and fully obstructed lesion, 3-4 points (Group C).

We also evaluated the endoscopic appearance of the ‘nasal
cavity’ using the previously reported L-K score [7] for comparison
with E score after ESS in this study. Condition of the nasal cavity,
including crusting, adhesion, polyps, edema, and discharge, was
endoscopically scored on the following scale: 0, normal; 1, mild;
and 2, severe. The percentage of the total score to the maximum
possible score (10 points per side) was used as the L~K score. In this
study, we were only able to collect data from 79 patients treated at
Hyogo College of Medicine for the comparison between L-K score
and E score.

2.4. Statistical analysis

Continuous variables are presented as mean + standard error
with ranges, and categorical variables are presented as frequencies
and percentages. Agreement in E score between raters was assessed
through inter-rater reliability with the use of the intraclass
correlation coefficient. Correlations of E score with post-operative
L-K and CT scores were assessed using Spearman’s correlation
coefficient.

For evaluation of post-operative course, differences between
pre- and post-operative CT scores were analyzed using the
Wilcoxon signed-rank test.

All p values are two-sided and values of p < 0.05 were
considered to indicate statistical significance. All statistical
analyses were performed using SPSS version 17.0 software (SPSS,
Tokyo, Japan).

3. Results
3.1. Inter-rater reliability of E score

The inter-rater reliability of E score was assessed using the
interclass correlation coefficient (Fig. 2). Mean E scores for Patients
A, B,C D, E, and F were 88.8% (range, 83.3-100%), 0%, 6.7% (range,
0-29.2%), 40.8% (range, 25.0-70.8%), 37.5% (range, 20.8-45.8%),
and 24.6% (range, 12.5-45.8%), respectively. CT scores for Patients
A, B, C, D, and F were 75.0%, 0%, 45.8%, 58.3%, and 16.7%,
respectively. The interclass correlation coefficient was 0.922, with
a two-sided 95% confidence interval of 0.801-0.986.
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