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CST1 13 S FFMAMEZE M2 & D CCL11 O3B % FE L 72,
CCL11 ® RANTES D X 9) 27 B4 A v O, iFHEsk
IZ58BLL T % CCR3 % 4 L CHFERER % 57E 9 %, CCLI1
FRFNICBU 2RI EICHERZICEEL T2,
WY =7 =2 Hw7-5H O RNA-seq 2 BT 5
transcriptome f#AT ClE, CCL11 OFEIHUI M ERERIZE = 159
BETLEAMEINICH S, CSTI I, #MEFMIZA S cCL1l
REASEDL LT, RENTONFERKEEYFET 5,

RNA-seq & AW 72fFFTIZ B\ T, periostin 13 55 THiw
TEHWEBHZR L TV 5, periostin i3, FIZHMESF ML T
FEHE &5 extracellular matrix protein T 5" Th2 #4E |2
MbLEZENTTHY, kRO 7 > 7 & —Fag% i
SELIERR AT 272, FERERMERISES, S ME,
T M- E AR Y Th RIEL TR L T 2R TIEm
i periostin (RS LA L TBY, HENNAA~—A—L L



264 I SEE A GFERERER S

BT 5 CST1 DFEH & BEREMIIRAT

ECRS ,
, \ 4
oz DGR Ne A
[ [[est ]| v
I:"I . o “I/ :; / /ﬂ

K =R
-4____0 = Thszmﬂﬂ |

' -@-

\\ 4 k... ¢

amﬁmft ,ﬂ{ﬂ: -

®®e®0 i

BT 5 CST1L OBHl, SCHLk37 & 1) 5,

2 ECRS ®&IF|C

THE SN TV, ECRS O HF 2 6 K L 724 iE 3
ML % CST1 THIBLS % &, periostin D FEIAFHE S 7z,
DF Y, CSTI X B HHEF AL 2> & @ periostin FEAE % 7
#4252 LT, BECRS DIRREIZES-T 5,

ECRS FH 2R 0 83 7 & K58 L 72 b Bl <o A 2F i i %
FAW72FEERIZ X D, CSTHIZ ERZAI D TSLP % 1L-33, %
7o MRAEZF M O CCL11 % periostin & DM AAEH % /- L C

B POIFREGZE R Th 2EIC b B 2 EAVRENT,

BbWI

ECRS D53 LRI Clx, CSTIAESEH L T b, FF
IZ severe ECRS 12381} 5 CST D 3BULIEHR 1250 <, CST1
X RHE OB, HGME L AHRE L Tw b, TSLP X 1L-33
I ERHIBNTOCSTI Oz FET 4, FEI N
CST1 1 ERZIZB VT, dsRNA R IL-4 & 17 L, TSLP
DOFB RS ELEHEZ A LT\ %, B 37z TSLP
1%, mDC % 4 L 72 Th2 I DG ML %2 ILC2s Dl & (2
N, IL-5RIL-13 & Wo 7228 4 A A &R S5,

2 &Y, HEEEEREEE, AT v OREEDSTIET S, TS
CST1 &, #Mifash s v TREMESFMIIE IC/EM L, CCL11
periostin ORI 2 FH5E T 5, T b F72, Thy kF ki
RIEVEDLEELZNTTH S, CSTLIFHREHNIZHBWT
p®l7&Xﬁ A T Th2/ IFEEERTE 95 r&wamL

Ho@EmE, #intk BEICEbS (M2)7 ECRSIC
b b LR MY L CSTI & DORREBIZHEN T2 &
1%, ECRS DIREER RIS 572012, FEHICEHTH %,

ECRS I O TS, BE OB EHERE 3 2 EH)
W, HEREREOM GBI L C29I1Z, CSTL %
target & L 72{GHEHEIEDSE 20 d Lt v,

R L OFEFIXE 36 [0 H A H SR G E 7 L L ¥ —
F4 (20184F2 H, FRAT) 2B WT, JEGHE IS IEH A
ELTHEEL,

AR LT, B S RN BUIRRB 1A AE L 72

X 78

1) Fokkens WJ, Lund VJ, et al. European position paper on rhino-
sinusitis and nasal polyps 2012. Rhinology. 2012; 50: 1-12.

2) Haruna S, Nakanishi M, et al. Histopathological features of nasal
polyps with asthma association: an immunohistochemical study.
Am J Rhinol. 2004; 18: 165-72.

3) Tokunaga T, Sakashita M, et al. Novel scoring system and algo-
rithm for classifying chronic rhinosinusitis: The JESREC Study.
Allergy. 2015; 70: 995-1003.

4) Wang Q, Lu Q, et al. A review of study designs and statistical
methods for genomic epidemiology studies using next generation
sequencing. Front Genet. 2015; 6: 149.

5) Isemura S, Saitoh E, et al. Characterization of a new cysteine pro-
teinase inhibitor of human saliva, cystatin SN, which is immuno-
logically related to cystatin S. FEBS Lett. 1986; 198: 145-9.

6) Dickinson DP, Thiesse M, et al. Expression of type 2 cystatin genes
CST1-CSTS5 in adult human tissues and the developing subman-
dibular gland. DNA Cell Biol. 2002; 21: 47-65.



7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

HHfkE7 L)Ly — (JJIAO) 2018:36(4)

Ochieng J, Chaudhuri G. Cystatin superfamily. J Health Care Poor
Underserved. 2010; 21: 51-70.

Magister S, Kos J. Cystatins in immune system. J Cancer. 2013;
4(1): 45-56.

Werle B, Sauckel K, et al. Cystatins C, E/M and F in human pleural
fluids of patients with neoplastic and inflammatory lung disorders.
Biol Chem. 2003; 384(2): 281-7.

Dickinson DP. Salivary (SD-type) cystatins: over one billion years
in the making—but to what purpose? Crit Rev Oral Biol Med.
2002; 13: 485-508.

Cao X, LiY, et al. Expression of Cystatin SN significantly corre-
lates with recurrence, metastasis, and survival duration in surgically
resected non-small cell lung cancer patients. Sci Rep. 2015; 5:
8230.

Yoneda K, lida H, et al. Identification of Cystatin SN as a novel
tumor marker for colorectal cancer. Int J Oncol. 2009; 35: 33-40.
Kouzaki H, Matsumoto K, et al. Endogenous protease inhibitors in
airway epithelial cells contribute to eosinophilic chronic rhino-
sinusitis. Am J Respir Crit Care Med. 2017; 195: 737-47.

Kim JT, Lee SJ, et al. Cystatin SN neutralizes the inhibitory effect
of cystatin C on cathepsin B activity. Cell Death Dis. 2013; 4: €974.
Muslimovic A, Tulumovic D, et al. Serum cystatin C — marker of
inflammation and cardiovascular morbidity in chronic kidney disease
stages 1-4. Mater Sociomed. 2015; 27: 75-8.

Giovannini-Chami L, Marcet B, et al. Distinct epithelial gene
expression phenotypes in childhood respiratory allergy. Eur Respir
J.2012; 39: 1197-205.

Imoto Y, Tokunaga T, et al. Cystatin SN upregulation in patients
with seasonal allergic rhinitis. PLoS One. 2013; 8: ¢67057.

Liu YJ. Thymic stromal lymphopoietin and OX40 ligand pathway
in the initiation of dendritic cell-mediated allergic inflammation.
J Allergy Clin Immunol. 2007; 120: 238-44.

Smith DE. IL-33: A tissue derived cytokine pathway involved in
allergic inflammation and asthma. Clin Exp Allergy. 2010; 40: 200--8.
Divekar R, Kita H. Recent advances in epithelium-derived cyto-
kines (IL-33, IL-25, and thymic stromal lymphopoietin) and allergic
inflammation. Curr Opin Allergy Clin Immunol. 2015; 15: 98-103.
Licona-Limén P, Kim LK, et al. TH2, allergy and group 2 innate
lymphoid cells. Nat Immunol. 2013; 14: 536-42.

Wang YH, Liu YJ. Thymic stromal lymphopoietin, 0X40-ligand,
and interleukin-25 in allergic responses. Clin Exp Allergy. 2009;
39: 798-806.

Oboki K, Nakae S, et al. IL-33 and airway inflammation. Allergy,

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

265

Asthma Immunol Res. 2011; 3: 81-8.

Nagarkar DR, Poposki JA, et al. Thymic stromal lymphopoietin
activity is increased in nasal polyps of patients with chronic rhino-
sinusitis. J Allergy Clin Immunol. 2013; 132: 593-600.

Reh DD, Wang Y, et al. Treatment-recalcitrant chronic rhinosinusitis
with polyps is associated with altered epithelial cell expression of
interleukin-33. Am J Rhinol Allergy. 2010; 24: 105-9.

Kato A, Favoreto S, et al. TLR3- and Th2 cytokine-dependent pro-
duction of thymic stromal lymphopoietin in human airway epithelial
cells. J Immunol. 2007; 179: 1080-7.

Lam K, Schleimer R, et al. The etiology and pathogenesis of chronic
rhinosinusitis: a review of current hypotheses. Curr Allergy Asthma
Rep. 2015; 15.

Carroll WW, O’Connell BP, et al. Fibroblast levels are increased in
chronic rhinosinusitis with nasal polyps and are associated with
worse subjective disease severity. Int Forum Allergy Rhinol. 2016;
6: 162-8.

Park SK, Jin YD, et al. IL-25-induced activation of nasal fibroblast
and its association with the remodeling of chronic rhinosinusitis
with nasal polyposis. PLoS One. 2017; 12: e0181806.

Hulse KE, Stevens WW, et al. Pathogenesis of nasal polyposis. Clin
Exp Allergy. 2015; 45: 328-46.

Jia G, Erickson RW, et al. Periostin is a systemic biomarker of
eosinophilic airway inflammation in asthmatic patients. J Allergy
Clin Immunol. 2012; 130: 647-54.

Kanemitsu Y, Matsumoto H, et al. Factors contributing to an accel-
erated decline in pulmonary function in asthma. Allergol Int. 2014;
63: 181-8.

Noguchi T, Nakagome K, et al. Periostin upregulates the effector
functions of eosinophils. J Allergy Clin Immunol. 2016; 138: 1449—
52.

Asano T, Kanemitsu Y, et al. Serum periostin as a biomarker for
comorbid chronic rhinosinusitis in patients with asthma. Ann Am
Thorac Soc. 2017; 14: 667-75.

Izuhara K, Matsumoto H, et al. Recent developments regarding
periostin in bronchial asthma. Allergol Int. 2015; 64 Suppl: S3-10.
Ninomiya T, Noguchi E, et al. Periostin as a novel biomarker for
postoperative recurrence of chronic rhinosinitis with nasal polyps.
Sci Rep. 2018; 30; 8(1): 11450.

Kato Y, Takabayashi T, et al. Expression and functional analysis of
CSTI in intractable nasal polyps. Am J Respir Cell Mol Biol. 2018;
59: 448-57.



266 T SEE b AFRRERVERISEZIC BT S CST1 O FEH L BERRIVAEAT

The expression and functional analysis of CST1 in intractable nasal polyps

Yukinori Kato', Tetsuji Takabayashi', Masafumi Sakashita', Yoshimasa Imoto', Takahiro Tokunaga',
Takahiro Ninomiya', Taiyo Morikawa', Kanako Yoshida', Emiko Noguchi’, Shigeharu Fujieda'

'Department of Otorhinolaryngology-Head and Neck Surgery, Faculty of Medical Science, University of Fukui
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Abstract

This study found Cystatin SN (CST1), a type 2 cystatin subfamily member, to be highly expressed in nasal polyps from patients with
intractable chronic rhinosinusitis with nasal polyps (CRSwNP), using a whole transcript analysis with next-generation sequencing.
Eosinophilic chronic rhinosinusitis (ECRS) involves nasal polyps that are refractory and recurrent immediately after endoscopic sinus
surgery (ESS). We hypothesized that CST1 may contribute to the pathogenesis of ECRS. The expression of CST1 in nasal polyps from
patients with ECRS was examined by mRNA expression levels, using real-time PCR and immunohistochemistry. CST1 was significantly
expressed in the epithelial cells of the nasal polyps from patients with ECRS, compared with patients who did not have ECRS (non-
ECRS). Particularly, CST1 showed very strong expression in patients with severe ECRS. The expression of CST1 may be correlated with
the recurring and refractory nature of ECRS. We examined the function of CST1 using nasal epithelial cells and nasal fibroblasts.
Stimulation by a combination of IL-4 plus dsRNA plus CST1 significantly elevated mRNA expression levels and protein levels of TSLP
in nasal epithelial cells. Stimulation by TSLP or IL-33 significantly elevated mRNA expression levels of CST1 in nasal epithelial cells.
Stimulation of CST1 significantly elevated mRNA expression levels of CCL11 and periostin in nasal fibroblasts. CST1 could amplify
eosinophilic infiltration and Th2 inflammation by interacting with epithelial-derived cytokines and fibroblasts on nasal polyps. CST1 may

be involved in the pathogenesis of ECRS, and may contribute to the severity and recurrence of CRSWNP after ESS.

Key words: CST1, eosinophilic chronic rhinosinusitis, nasal polyps, protease inhibitor, TSLP



