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T LUV R ERIEEREIIO W TIE 1911 F
2 Noon (2 & 2 RMOIHED D U, LIk, —#ZHE
ELTHATENTWA " ELBIICEH S 1
ATV Y7 F o (EETLVVSF Yy xR)
i, EEFEREET Y ML TREDPEL S
728, AL LETH S 270 7 1) A ERE
T, TUVTF VBB T ULV F—BEDOREN
FIRRERICESEfTDbNTWAED, EEuy b
THE LY 72 RREr in vitro FRER (BIFE(L L 72 Z#ET
LVE Y X ANDEE T — VILEF IgE O
BT HHERURCHEDT LS VOEED
HEICL o THRESNS T, BT, #HdH
EEEOHNEES EHWTEE s, g%
FHMEOBMIZ L > THliRRENEY. HET
i, HAERT7 LV F—%4 (JSA) BAFEHRT LIV
TFrIrF v OBEEEITo 2O, JSA R m
AFEMIFZDOT UG ¥ DGR N RS B
KXo THESH, FETULVS YOV EDTH
5 Cryjl Oo&ERED JSA BEZ DD R FTE
¥ 2 DMl % RET B 720 ORE in vitro
Bl LTRAZINL TV S,

EHES = (house dust mite ; LT iz BIZ¥ =
LR W LAF-HRE WE, BEE T
FE—HERAE VST LVF—EBIIBITS
TVVE Yy OERRBEHETHS Y. LarLi
A5, HEAAOMES ¥ RN IgE BiEZ OR
BRICHEOW ¥ o7 LV VBRI TY
v, AHEIZJSADOTLILVE Y - GERERE
LOBBLIYV =T UL EENY RS 7 4+ —
AW X o TR E N, RBFFEIZBWTY X7
T4 —AlE, [SABERY—IFA2EEL, H
RAND T BB DOREARIGHABRICE D ZDT L
VA v Fiffi% JAU (Japanese allergy unit) AL T
WETHELDBIE, BREIBIAY=TL VT~
FEHALIZE L 728 invitro REEZ R E L 72
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i 2Eoy=, $hbbYrarey=(Der-
matophagoides pteronyssinus : DP) L I+ kav ke y=
(Dermatophagoides farinae : DF) (ZHR$ 5 ¥ 2D
EhBrREALTRELL. 7AY PARERERESE
& J& (Food and Drug Administration : FDA)Z i#
I¥ 2 Tdh 5 E11-DP (10000AU/ml) B & U E10-DF
(10000AU/ml) 1%, FDA @ Laboratory of Immunobio-
chemistry, Division of Bacterial, Parasitic and Aller-
genic Products, Office of Vaccines Research and Re-
view, Center for Biologics Evaluation and Research
(YR BEI IR E£ >~ ¥ —  CBER) L D AFL
7o, ETHFREREROTREA (DP : lot#B
3117094 B X U DF : lot#F21G6279, 10000AU/ml) i
Hollister-Stier L (Spokane. WA, USA) X hEAL
. 7TIVT7 7Ry MR L5 fEEEO T+ X (Extracts
A-E) iZ ALK-Abello AS #t (Horsholm, Denmark) ¥
7213 Stallergenes SA # (Antony, France) % 532
%% YA 74— A LBRUADOTF X% JSA
DRy T FRE L TERLZ, 56Dy =TF R
DIN—=T1TVVTF v EBOREB L P IgE A
FHXF 74 0 ) % 1L AR B B (Laboratory 1) 8 X UK
#i K2 (Laboratory 2) D 2 DORFRE Tirbhi:. 7
V=727 VLY vEEEOREIL Laboratory 1 T
DHEFTH T
2) WRE

RFFEON R OMAANIEREE, ImmunoCAP HEX
(ThermoFisher Scientific ¥, Uppsala, Sweden) iZ#
WTILER @ DP £ 7213 DF 4 B2 69 IgE JUE 255 1
T070kUa/L (75 2 2) PE&RL7A20 L L 50
BUTOHRABRATHSLZ & &L DT 2ERAE
HE L7z (a) BARISHARE EHET 2 aibiEkic e
RBIEELSZDLIEBERZETHE
(b) RNISHEBEMBBARICUTOEAZEHL TY
5% (1) MESML~O/EF (1 HUA), (2) BOHK
A3 B o RIBEE, BROB M, WA
UADIARA T a4 FEF T/ EREIHE (78
PARY), (3) e A% I v EM % S OZBRHL) 0%
72T = 2 F TV U REUEMEE (14 BEW), (4) FEE
Ry BEWTEE (21 HUW), (5) £ HREIHIE (30
HEAA), (6) PLkIE (90 HEAA) 5 (c) REAEMH I
BLTWAREFGHIRL T AW REEDH 5%
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(d) BMAEEGIC Y =¥ AT ENTI AT A ¥
ADEEFELZF 2B 5E (o) BEMBD
.0 TRV T ABBUEOBEDD B
% (@) BRIRTFFEDERI T 5 X9 %D, I,
B, MR BROATHER S OICESEERH T 5 L)
Wransaz s (h) BIZEEREIC L o THRIE~DOZ
IR R IR A

B2 PRGBS & OV RIS, FRERF KRB E
SERFFERE SR, - BSAERIERE, HAERKRER
SBIEMERE, B EEBIRFFERSENR, LIEKRERER
[E % TR AT B SuEERl - S RN B
T, BHEHRORAEEEROABERTEmSIN. B
bo THEBEERANPOELICLHRAELES &I,
HWHREBEODEDEXNEFEETHCTES L #
L.
3) BHARSHEER

TP ISAEER Y I FAOBERL L LI AR
BEL, ThEHCTEARGRREEGL 72 5
IF 2% 0005% BEAY) V=80 WML %
BWHT7T LV VERIE ARERN) 4 (BEE
kR Ett, W)X DARL, 3BHAFRII O
A B L7z, BAEER 374 (2187 £5) ~3" 5 (1.162 x
10°68) # R L7, BT VIVY VBT 3 AR
WU A ZRBRENEE LAV
BEICEHBREINFEICE > THEAREREY &
ML 72", FEs, B e 2 % B Tl FDA
FRICEDTWTw S, DTFICHEBEIZES. Y~y
YEYY Y (ml) 2 VT, B OEEED S IE
ICE IR & RTRBEER 20p B R NS L7, BIEH
BRBOHEEE -2, Thbb, #5155
RS- EAL O BB 9mm Bk F 72 i3 F AR 20mm 2
LaRBHEHEL, WO THENEL 2o 2mEE
* BERARERE Lz

FLVE Y HOBREIZOWTIE, FT3REET
LHERREEONBLRELED, EREFIZBT
HBMEDFHEE KD, #LT, AFEHF2E
B DL E LRI, FOMEAT9 DL 11 R 11
P E 13K, 13U EI5RMTHNIE, 20OLF 2D
i % 224 1000JAU/ml, 10000JAU/ml, 100000
JAU/ml EBRETADDE L. ZOFETIE, 7L
VY A ERKRT 3 (O BRAEBTF AN

B b
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Fl—DHfli & FE SN AWML H 5.
4) BZTNW—T1EETPLIF o E20HE
E ) ya—FVHEEHVEY Y F4 v F ELISA
I BF oz A0S Vv—7T17 V5 (Derp
1 BX U Derfl) &RMEX, DENCHE ShFE
Wt THro 7™, ELISAHA S ¥ ¥ — FHIE L L
T, 92Dp BLU 2D BT ONIF =T F 2
R ENERAWE. 92-Dp 5 & UV 92-Df 13834 DP
BLUODFOFy—mfEkrbZhEFnfElInizdbo
ThY), FOEET VMV Y EREFIEMNTH S O, &K
WERORLWZHETT 5 BT, holE, Tihb
% Indoor Biotechnologies Inc.#k (Charlottesville, VA,
USA) B U =F=FHERASH (ZF) »oBA
L7-ELISA v b2V Z V=17 LTV E
HEOWEEITo 72,
5) 5=JN—T2FXET7 LI EEOEE
Derp2 BL U Derf2 DEERAE L2 V—72
T LIV AR (Der 2) OMIEIXDENCHE Sz
FECHE > TiFo 72 7%, fi8IZFRT &, Der2 D%
FA v FELISAWC L BHiER, vHFKRY) 7u0—F
Wk E ELISA IR ¥ v ¥ — FHEE LTy =¥
A 92-Dp & 92-Df " DRAREH VT - 7.
6) IgE S AMOEE (CER L /- MmiF
ImmunoCAP #E (ThermoFisher #1) 28Tl
EH o DP % 721 DF $F 8 1) IgE HuR 2 B % T 175
kUa/L (7 9 A 4) DEERLZ194DBEEDH B &
DSy FACEIRLZ210 %50 20ml 28R L 72, 10
om0, MiE% 5EEEILL -80C IS TREL 72,
ZD10AGOMEEE=ERAL, TV IlE % FR
L7.
7) 1gE &5 A EORE
T UG CRERE [gE OBEATHERER L, DETICH
EENZFECHST, BAELISAICE o7z
PITFIzHBICE9. ELISA 7L — b2 JSAB#G ¥
ZxXFAF M ExtractC ZHwTa— LAz 7~
Vi (50 /R &, HEH L L COMBRT F 2B
PEFRRR & SHBILCTRA L (B miFAHREE 100
%), 0 FTHORRBEORIITL— PO 2 AR
MLz, 7 VNG VRSRY IgE O & T BERER L
N IgE HifkB L UBAEE I L o THRIE L7, &K%
FRE (ZF AR L) D50% HEREL 52 5T
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Fig. 1. Distribution of the threshold values
that induced positive reactions in the intrader-
mal testing of 51 Japanese adults with positive
serum specific IgE to house dust mite allergens.
Prepared dilution factors of the Japanese Society
of Allergology reference house dust mite extract
were from 37 (2187) to 319 (1.162x109). A total of
20 pl of each diluted extract was administered
intradermally into the forearm from low to high
concentrations. The diameters for wheal or ery-
thematous skin reaction were measured 15 min
after the injection. Threshold value: the expo-
nent of the maximum dilution factor that can in-
duce positive reaction in each subject.

FAFHEED, BB F 2 L JSAEERF =% X
LOBORE LT, BRILFZOMM iz EE L
7z,
8) MEEEMR

FET7 VIV VEE L IgE a0 3 8%
B8z, MEOHBEIZOWTET YV » OEBERNE
BHH L p<O05 DBEICHETNEEZRY LHE
L7

B R

1) JSAEERS Z_IX ADEE

BEARSREZIT) 2 ERTRETHY, »oH
AENTEREINSTENHAHIZF A%, JSA
EEREHTY AL LGERLL B0 X )1
COEMIFRAIED LT VNV Y IEB LUTE
EFLLVFVER (FV—TF1BI0TFV—72
FTULMEY) BRELTWE. £oT, ZOFBME
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IXA% JSABERSZIFALTEILER
E L7
2) JSAEEERA =TI X ADT LA > HEDHE

iE

52%DY ZHERNIEBEOBARARAN % K
NS RBEOR S & U, WIS 24 4, it
28 %, FEy(F¥H+£SD)Id 32965 %, EERIZ
42 % (807%) ASBEBT LVF—MHEBET, 20
I B S AIHEBDOAEE 4BICAFEREDAH
ROz FOM, WHEER 4%, ERE1EZT
ol 1 BIEBEDTHERDITE 2720, T
HERALL 72, 51 DA RIS D BRIED ERGA %
Fig 11”7, MEOHREEREOFEHME
(£SD) 131322 (£143) TH Y, Zhid 100000
JAU/ml ®7 LVA v Tz 484 L.
3) SSABERIIXADEETLIF B8

¥ =L ¥ 2A02Dpk & U'2DFIE, BE K
Laboratory 1 IZBWTHE I, ZOXET LIV
4"~ (Derpl,Derp2 Derfl, 8L Derf2) ®
ZEEVBRICREENT WS 99 Z0D92.Dp B
L U92-Df % ELISA FIA % v ¥ — FHE L L7
B FA4 v FELISAICLD, JSAEEERY =
FADTZITN—=T1BIEINV—-T2FET L
VrvEERHE L (Tablel). ZVv—717 L
W RMEIZE L, 2HETCRBOERIE O
7. JSAEEZRY 2 F XD Derpl,Derfl, B
FUmEOAEER (Derl) @, 2HERTHEON
7B DRATFIHIE F 2N 256ug/ml, 129ug/
ml, B X UF385ug/ml T & - 7z. Laboratory 1
TSNz Derp2 & Derf2 OFEH&E (Der2)
D1EIE 55.5ug/ml TH - 7=,
4) Derp1 8LV Derf1 EENRTEROZ LM

DIRFE

AMRIZBIT S Derpl BE U Derfl &Ml
EDELUMEZ, o ELISA R% AW THRIEL /-
(Table2). 2FEEDOHHR D ELISA ¥ v b2 Hw»
THRBOERE %1572, Indoor HHEOF v F 2 Hwn
7oA, R920% BRWlIEES B ON. ZoFy
FEEREALTWAELISARHASY ¥ — FHEIE
“universal” allergen standard (UAS) & £&4+iF 5
NTBY, BINESES D CREATE project IZL o T
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House dust mite major allergen content in the Japanese Society of

Allergology reference house dust mite extract.

Concentration (ug/mi)

Institute Group 1 allergens Group 2 allergens
Derpl Derfl Der 1 Der 2
Laboratory 1 28.2 14.1 42.3 55.5
Laboratory 2 232 118 35.0 N.D.
Geometric mean 256 129 385

Der p 1, Der f 1, and Der 2 were measured by sandwich ELISA in two insti-
tutes. Der 1, combined total of Der p 1 and Der f 1; Der 2, combined total of
Der p 2 and Der f 2; Laboratory 1, Sagamihara National Hospital; Laboratory
2, Azabu University; N.D,, not determined.

Table 2 Comparison of house dust mite group 1 allergen contents in the Jap-
anese Society of Allergology reference house dust mite extract determined
by sandwich ELISAs using different antibodies and standards.

) ELISA Concentration (Lg/ml)

Institute
Antibodies! Standard? Derpl Derfl Der 1

Labl Labl 92-Dp/92-Df 28.2 14.1 423
Labl UAS 221 9.69 318
Indoor 92-Dp/92-Df 274 146 420
Indoor UAS 22.3 117 34.0
Nichinichi Nichinichi 24.3 136 379

Lab2 Labl 92-Dp/92-Df 232 118 35.0
Indoor 92-Dp/92-Df 22.1 14.0 36.1

Der p 1 and Der f 1 were measured by sandwich ELISA in two institutes.
1Capture and detection antibodies used in ELISA. 2Standards with defined con-
centrations used in ELISA. Der 1, combined total of Der p 1 and Der f 1; Labl,
Sagamihara National Hospital; Lab2, Azabu University; UAS, universal allergen
standard; Indoor, Indoor Biotechnologies, Ltd., Nichinichi, Nichinichi Pharma-

ceuticals, Inc.

RHEINZZDLDOTH B O,

Indoor # 3 v b AT

i f& (Table 2, Indoor) @ % \» i Laboratory 1

TR I NP (Table 2, Labl) OWFh % fi
BLZEETDH, ELISAFHRAY V¥ —FHEE L
T UAS % (Table2, UAS) §5 & 92-Dp &
92-Df D FIF (Table 2, 92-Dp/92-Df) 12 T
WHIEERE SN, X oT, ZOREBD/NE
ZTNOERIZ, €/ 7 u—FVHEOEEEL:
EOBRMEOERIZE A D TIZ% L, ELISA
A% v — FHE & L TR 92-Dp/92-Df &
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UASDOBTDerpl BEU Derfl iBEEDEHEMD
BRblz0THrI LPRBRENS., TR0
B XY, Laboratory 1 IZBWTHZE X N7/ Derp
1 BLU Derfl FRBEROZ L HATRENT.
5 #WBRI_IXAOEET7LIFCEE
JSAEER Yo FAPNO THEEO V=
FRAOEETVVY v EEZWE L7 (Table 3).
5REDTF A (Extract A-E) (& ALK #F 7213
Stallergenes ¥t & 9, 27 O = F X 1 CBER/
FDA & Hollister-Stier #t X D AF L7223 D TH
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Table 3 House dust mite major allergen contents and in vitro total IgE binding potencies of the eight

house dust mite extracts determined in Laboratory 1.

S | Concentration (ug/ml)! In vitro relative potency?
ampe Derpl | Derfl | Derl | Der2 | Der1+Der 2 | JSA coating | Extract C coating
JSA 28.2 141 42.3 555 978 1.00 1.00
CBER/FDA 16.7 16.3 330 19.6 52.6 0.56 051
Hollister-Stier 10.1 2.54 12.6 11.3 239 0.35 0.33
Extract A 80.0 54.2 134 254 388 489 485
Extract B 2.69 0.98 3.67 6.76 104 0.14 0.13
Extract C 309 52.7 836 458 129 1.83 254
Extract D 3.59 2.50 6.09 2.38 847 0.08 0.16
Extract E 2.27 545 772 3.28 11.0 0.15 0.26

Der p 1, Der £ 1, and Der 2 were measured by sandwich ELISA. 2In vitro total IgE binding potency rela-
tive to the Japanese Society of Allergology (JSA) reference house dust mite extract was determined on
the basis of the results of a competition ELISA that measures the inhibition of allergen-specific IgE bind-
ing to plates coated with the JSA reference house dust mite extract (JSA coating) or Extract C (Extract C
coating). Der 1, combined total of Der p 1 and Der f 1; Der 2, combined total of Der p 2 and Der f 2, JSA,
JSA reference house dust mite extract.

A, 2HlRICBVWTHEBOKERE2E 7 (Table3

Table 4 House dust mite group 1 allergen contents and in vitro total IgE binding poten-
cies of the eight house dust mite extracts determined in Laboratory 2.

S | Concentration (iLg/ml) In vivo relative potency
ampe Derpl Derfl Der 1 JSA coating! Extract C coating?

JSA 23.2 11.8 350 1.00 1.00
CBER/FDA 176 132 308 0.71 0.75
Hollister-Stier 9.25 1.79 110 0.34 0.34
Extract A 80.5 495 130 5.75 571
Extract B 2.28 0.93 3.21 0.14 0.14
Extract C 388 542 93.0 147 2.11
Extract D 340 408 748 0.11 0.16
Extract E 2.24 6.87 9.11 012 0.20

Der p 1, Der f 1, and Der 2 were measured by sandwich ELISA. 2In vitro total IgE binding
potency relative to the Japanese Society of Allergology (JSA) reference house dust mite ex-
tract was determined on the basis of the results of a competition ELISA that measures the
inhibition of allergen-specific IgE binding to plates coated with the JSA reference house
dust mite extract (JSA coating) or Extract C (Extract C coating). Der 1, combined total of
Der p 1 and Der f 1; Der 2, combined total of Der p 2 and Der f 2. JSA, JSA reference
house dust mite extract.

B L OF Table 4, Concentration).

Btk

6) EET7LISEEL IgE BE&EBHMDE

JSA E#ER & = & 2 ¥ /21 Extract C % EH
AL L7ZELISA 7LV — b7 VLT VRN

105

NII-Electronic Library Service



The Japanese Society of Allergology

wo R b 1235
A B
. 100 100 r=0.08*
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Fig. 2. Correlation between house dust mite major allergen contents
and in vitro total IgE binding potencies of the eight house dust mite ex-
tracts determined in Laboratory 1. The values in Table 3 were used for the
analysis. In vitro total IgE binding potency relative to the Japanese Society
of Allergology (JSA) reference house dust mite extract was determined
based on the results of the competition ELISA that measured the inhibition
of allergen-specific IgE binding to plates coated with the JSA reference
house dust mite extract (A) or Extract C (B). r: Pearson correlation coeffi-
cient. *: p<0.0L.

IgE HEDHES, BAELISAICE Y HEIEL . AWTT— ViliERERLER L. F=xF 2
ImmunoCAP RERICB W TIMEF O DP F 721 D IgE ¥A i O JSA EiE T & = T % 2 12%
DF %28 IgE MiiExHmET 175 kUa/L (7 5 T HAENEZ #E L7z (Table3 B X U Table 4,
HPULERLZI9BOBEDH B 10 ZDOME» In vitro relative potency). BEHAL L 722 F X 78
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Fig. 3. Correlation between house dust mite group 1 allergen contents
and in vitro total IgE binding potencies of the eight house dust mite extracts
determined in Laboratory 2. The values in Table 4 were used for the analy-
sis. In vitro total allergenic potency relative to the Japanese Society of Aller-
gology (JSA) reference house dust mite extract was determined based on
the results of the competition ELISA thet measured the inhibition of aller-
gen-specific IgE binding to plates coated with the JSA reference house dust
mite extract (A) or Extract C (B). r: Pearson correlation coefficient. *: p<0.01.

JSABERZ Y =X 2 THALYH L Extract C T
HAEGEL T, MROERVPB LN 2HHRICH
WCRBROR R & 1272,

FEFULVY &R L IgE AN Mo
B2t L2 25, IgE AN MM & Der
1(Fig.2 BXU'Fig.3), Der2, BIX U 2D &EE
& (Der 1+Der2) (Fig.2) LD X7V ¥ OHEAK
BIZHENEEZLZ L > TO9MEEEHR X,
W E b EVHEEIE L.

Z =

1990 RIS JSA R AFm 7T L VA v 2 F
Y OB EIT - 721, JSA REHER A FIRBT
¥ 21X 10000JAU/ml D7 Vv 7w fli kR L
72. JAU HLfZ i3 FDA 12 & % bioequivalent al-
lergy unit (BAU) B X UFallergy unit (AU)"##
LRABOEHRKISHERIC L > THREINSED, K
ISBE O EFHEIX JAU & BAU/AU OB T
BV, EFMATEI JAU TiE 20ul TH 5 DIx
L BAUBXUTAU TIE50ul TH 5. JSA i Cry
J1EEHE %L JSABEGIUNO A FEH =% 2
OFERNIMERET 5 720DORE: invitro RER E
LC#®%E L, Cryjll25ug/ml 7% 10000JAU/ml
WISt A EERLE 361, CryjlEEN
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125ug/ml &/l & L7z 358 M (7.3-21ug/
ml) T NiF 10000JAU/ml & HfiFERT B Z &
WTEDEPE L O RIFFECIE, JSA E# G
Foxx A% R EL, TOT VNI Hflik AF¥
TEMT VT BRI EF UHFEICE - TJAU
BUEHWCTHRELL. 8512, 3@y =&
A& HWT, IgE #&ME ELISA IZE0< invi-
tro Il TET ULV VEBOMOMEBMEE
fEAT L7,

RIFFEIC BT, 51 D5 4R IgE Bk
HARABEADOE NG HEBEOKRICEDT X, JSA
ZRGT I FAOBEHE L2 FADOT LAY
~ 7% 100000JAU/ml & REE N, OB
I X REEY T LV il (Fig.1) BLUE
EFLVFVEE (Table ) 2 HRFLTWA2DT,
INEJSAEES YA L TEELL. &
wEELT Y FPBRLLZIFADOHMRRD D
DRE invitro RERE, 7T VUNVEF—BHE 7 — VILE
HIgEDEER T LIVFY VT FZAANOKEEOMH
EEM TR TV VDI FVROBEDT L
N YDEBOWEIZL - TITH) T EHNTE S,
TAYBAERETIE, F2EHEIZODWTIEIgE
HEHERBRICL > THRESI NS IgEFHAMHX
iz, 7% 27 (short ragweed) & A IITDWn
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TREEOT7T VLMY v ER (FhFh Ambal
L Feldl) %, NFRICOWTIIEEREE (v 7
Va =y —B Lk Ak —¥) %, FDA 2ftE
nvitro REEE LTHBELTWA ., FETL VY
VEEL IGERAMMEESHE TS 2 L2
HELTOECEPBFAAET A P, 20 U Lo s
N—TDF=FVLVF v OHRT, Fh—T18Bk
TN —=T 2T VNFUVREET VLYV THAH
EEZONTWS (J272L, IhbiiEkiEhy
PHOF=—F7 LV FVIEELTIHEDL D
5)P0 KRGS BT IgE #AHN Il & & E
B LULSVEROMICEWHBBEFA®ZRD bR
72(Fig.2 BXUFig.3). ¥ =ERET7T L V5 v Ol
SEH IgE A AR Il 2 & R RS in vitro
REE LTHYTHAZ Lo

R invitro RBRE LTCOEET LAY V&R
HEix, WO EERD, FETLLF Y
EBRIIATETE R HENEE LTRET S L
PR THY, TOWBITIZEEI L o THIED
EETAMELLEE L. 2057 =ICHk
FTEINV—=F17VL V5 (Derpl & Derfl)
&, B/ 7 u—FVHEE W T Y = OfEERD
WCIEREICHIZE T 5 Z L ST RE R # B ELISA %
PEEICHEZL ENTBY, €0 L5 % ELISAR%
WS (] 8) LLTAFTHILLTE
5. LU, INVv—F27 L7 (Derp2 & Der
£2) ICDOWTIIESRMICHET 5 Z L 25 HER
ELISA RIEAF LT VR v, RAFZEIC
BT, Ky r7ua—Frfkz Hv7: ELISA 12
T oTHELDerp2 & Derf20 & E
(Der 2) I3APETH B, £oT, KF¥ AT 75—
At Derpl & Derfl O&&HEE (Der 1) OHlE
% invitro RERE L GEET A L L L7
JSABEZE Y X ADT LNV VEEB L O
Der 1 &&% 2121 100000JAU/ml B & U7 385
ng/ml LREL2A, & 512, BHEOZFHEHT
Vv v EEREALE FRRIC Y, Der 1 &&4%385
neg/ml Z & U7z 3 E#IEM (22.2-66.7ug/ml)
ThE, BEFEEIT 100000JAU/ml & AffiFRR
THIENTEDLEREL.

Derpl BX U Derfl llERDE YUY %2 KL
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L7 (Table2). ¥ =x¥% X 92-Dp B & U 92-Df
DIN—=T1BLITNV—=T 2TV VT rOZER
&R, LAATIZ Laboratory 1 ICBWTHRE
SN0 2Dp BEIUTR2DfFOEET VIV Y
EREPRETLHEZICELISAHAY V¥ — FH
BELTHWEBRIIV-T1BLXUT V-T2
T LIV Y DYEEEL, 280 nm TOWRIEEIZHED W
THREINTWAS, UAS X S HFHOFH T L VA
> (Der pl,Derfl Derp2 Feld1, Canfl, Rat
nl,Musml BXUBlag2) oI, Fh
LOWRBEIXT I/ BONTICETHTRESRTY
% P Laboratory 1 TRISE X #L7- ELISA % L It
B L C Indoor Biotechnologies #t# ¥ v Mz X o
TV (20% 3R) 23513 5 117278 (Table 2),
NG ELISA AR Y v % — FHiE & LTHW
T VT Y DIt A OIRETREFEOMHENEET
Ehwnd, LHEEIN

WamE LT, A A7 74— AFEKHEIZB N
TTROFHDOERE 72ITRELIT- 7.

(1) JSABERFZY =3 A% BEL, ZOTL
WV Il % B RS BB & b g L7z

(2) ERAEIMEE FET VY Y EESHHE
T5ZEERL, Der lBEWNERX MDY =%
ADTIHEFERD 720 DRE in vitro RERE T 5 2
& (Der 14 & 385ug/ml 7% 100000JAU/ml {2 48
LT HEER) TPREL.

(3) By %13 Der 1 & 8 75 222-66.7ug/ml
THh5HY =ITFZXDHli% 100000JAU/ml & &
TRTHIENTEL GHEOHFER), LD

Der 1 8L, HIZITERPEICEHHL TS
Fv bHEI 2R 2HVAET YA v
ELISA 2 &0, @Y FEC L 5 REPHE SN
L. JSABERY - IXF G YT LV T
FUBEEEIZL S Derpl 8B L U Derfl
EBOMED-DDELISABAY v ¥ — FHE
ELTHHBETHD, JSAITJSAEEFT Y =% 2
DRE LB ELETEFTH 5.

B
RIS TR 25 5 IR A I H ST 2B
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(RIETVNF—EBEFH - BEMEEE RE7
LVF -0 8) (RARAHILR) B XU 24
EEARTLIF—ZSII B8 22T
fTo7., $-UTOBMBREAMICZESRT S CBER/
FDA (FDAE¥FR Y-z FAB LU FDAE# S =
TUNF—BEMEORMA), ALK-Abelld AS#H B X
UF Stallergenes SA#: (F=7 VL AVF 2 F ZAD3R
fit), BEREGEKEAESEB IO+ FREEEREH
(ALK #t3 & U Stallergenes £t & D E#&).

FUZEH R (conflict of interest) 2B AR @ RFEXD
Bfar oMo T 2 EMUAI, [HEEE ] (MAEE (BEE
i, IEEFEREIEE AIREES ) v, MSD, GSK, AR,
KABRAH (BEESR, GSK, MSD, MH=zEHEE /N
ERT¥E, MMEEXY V), kH EMSD, 7AI5¥
A7), HLUH (GSK, MSD, BREER)). [HEE - Bk
&% | lAEE (BRBRES, GSK), [ (GEh)
% (MAEZF(GSK), KAREH(GSK), B 14th (GSK))
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JAPANESE SOCIETY OF ALLERGOLOGY TASK FORCE REPORT ON STANDARDIZATION OF
HOUSE DUST MITE ALLERGEN VACCINES

Toshiro TakaiV?, Yoshitaka Okamoto?®, Kimihiro Okubo?¥,
Makoto Nagatal’®® Masahiro Sakaguchi’”, Yuma FukutomiV®),
Akemi Saito®, Hiroshi Yasueda?® and Keisuke Masuyama’?

YTask Force for House Dust Mite Allergen Standardization of the Committee for Allergens
and Immunotherapy of the Japanese Society of Allergology
2 Atpoy (Allergy) Research Center, Juntendo University Graduate School of Medicine
% Department of Otorhinolaryngology-Head and Neck Surgery, Graduate School of Medicine,
Chiba University
9 Department of Head & Neck Sensory Organ Science (Otolaryngology), Graduate School,
Nippon Medical School
8 Department of Respiratory Medicine, Saitama Medical University
5 Allergy Center, Saitama Medical University
7 Laboratory of Microbiology I, School of Veterinary Medicine, Azabu University
8 Clinical Research Center for Allergy and Rheumatology, Sagamihara National Hospital
9 Department of Otorhinolaryngology-Head and Neck Surgery, Interdisciplinary Graduate School of Medicine
and Engineering, University of Yamanashi

Background: In the 1990s, the Japanese Society of Allergology (JSA) standardized Japanese cedar
pollen allergen vaccines. In the present study, the task force for house dust mite (HDM) allergen
standardization of the Committee for Allergens and Immunotherapy of JSA reports the standardiza-
tion of HDM allergen vaccines in Japan.

Methods: In vivo allergenic potency was determined by intradermal testing of 51 Japanese adults
with positive serum specific IgE to HDM allergens. In vitro total IgE binding potency was analyzed
by the competitive ELISA using a pooled serum, with sera obtained from 10 allergic patients. Con-
centrations of HDM group 1 (Der 1) and group 2 major allergens in eight HDM allergen extracts
were measured by sandwich ELISAs. Correlation between the in vitro total IgE binding potency and
major allergen levels was analyzed.

Results: We selected a JSA reference HDM extract and determined its in vivo allergenic potency.
The in vitro total IgE binding potency significantly correlated with Der 1 content, group 2 allergen
content, and their combined amount, indicating that measurement of major allergen contents can be
used as a surrogate in vitro assay.

Conclusions: The task force determined the in vivo allergenic potency (100000JAU/ml) and Der 1
content (38.5ug/ml) of the JSA reference HDM extract, selected the measurement of Der 1 content
as the surrogate in vitro assay, and decided that manufacturers can label a HDM allergen extract as
having a titer of 100000J AU/ml if it contains 22.2-66.7ug/ml of Der 1.

©2014 Japanese Society of Allergology ~ Journal Web Site : http://jja.jsawebjp/
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Interleukin-25 and mucosal T cells in noneosinophilic and eosinophilic
chronic rhinosinusitis

8] Tomochisa Inum§~ MD, PhD 7‘ Yoshitaka Okamotg, MD, PhD "fezmgmf@ Yamamotg, MD, PhD;
;\ya%m Inamine-Sasakj, PhD ", ‘%’uj; Ohki MD ;] Toshioki Saku Iai MD, PhD *; Urara Funakoshi, MD*;
Ik Syuii Yomkurgi MD, PhD ,i.{}azju Sakurai, MD, PhD “ Kiyoshi Hiraharg, MD, PhD '; and
g (foshinori Nakayama, MD, PhD'
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' Department of Advanced Allergology of the Airway, Chiba University Graduate School of Medicine, Chiba, fapan
+Department of Immunology, Chiba University Graduate School of Medicine, Chiba, Japan

ARTICLE INFO ABSTRACT

Background: Chronic rhinosinusitis with nasal polyps (CRSWNP) is a heterogeneous disease of uncertain
pathogenesis. Memory T cells acquire additional functions during the secondary response and play impor-
tant roles in chronic inflammation.
Objective: To investigate characteristics of tissue memory CD4" T cells obtained from patients with non-
eosinophilic CRSWNP(NECRS) and eosinophilic CRSWNP (ECRS) by focusing on the influence of interleukin (IL)-25.
Methods: Pro-allergic cytokines in tissue homogenates were measured using enzyme-linked immunosor-
bent assays. NP mononuclear cells and CD4™ T cells were isolated from NPs from patients with CRSWNP.
Cytokine expression and CD4™ T-cell subpopulations were analyzed using enzyme-linked immunosorbent
assay, flow cytometry, and real-time polymerase chain reaction.
Results: The IL-25 level in NPs increased in patients with ECRS. 1L-5 and [L-9 mRNA levels expressed by
tissue CD4* T cells were significantly elevated in patients with ECRS. Most infiltrating CD4" T cells in ECRS
and NECRS expressed CD45R0; however, regardless of the atopic status, high IL-17RB levels were detected in
CD4™ T cells from patients with ECRS. IL-17RB mRNA levels expressed by tissue CD4" T cells significantly
correlated with the number of eosinophils in NPs, Elevation of IL-5 and IL-9 production was found in NP
mononuclear cells from patients with ECRS, but not in those from patients with NECRS, by stimulation with
1L-25 under T-cell receptor stimulation.
Conclusion: Interleukin-25 and a subpopulation of tissue T-helper type 2 and 9 cells that express increased
IL-17RB levels could contribute to infiltration of eosinophils in NPs and could have produced the pathologic
difference between NECRS and ECRS.

@ 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. Al rights reserved.
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studies."” The prognosis is generally satisfactory. In contrast, CRS
with NPs (CRSWNP) is characterized by Ty2-skewed inflammation.
Surgery is often required to treat NPs and relapse is expected.
However, recent studies have described a type of CRSWNP in East
Asia that is not characterized by eosinophilic inflammation and
exhibits Tyl-skewed inflammation in NPs.*~> Noneosinophilic
CRSwWNP (NECRS) differs from eosinophilic CRSwNP (ECRS) in the
comorbidity rate of asthma and postoperative recurrence.>7 In

Introduction

Chronic rhinosinusitis (CRS) is a heterogeneous, commonly
occurring, chronic inflammatory disease of the sinus. Clinically, CRS
is classified into 2 types based on the presence of nasal polyps
(NPs). CRS without NPs (CRSsNP) involves T-helper cell type (Ty)
1-skewed inflammation based on histologic and immunologic
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Western countries, approximately 80% of NPs are eosinophilic, but
the mechanism underlying eosinophilic inflammation remains
unclear.*® Therefore, comparing these types of CRSWNP in East Asia
could be useful for determining the pathogenesis of CRSWNP.
Various types of T cells play important roles in the regulation of
chronic inflammation. CD4* T-cell lineages, such as Ty1, Ty2, and
Tn17, and induced regulatory T cells, are defined by their cytokine

1081-1206/© 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved,
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production patterns.® Although immunclogic analyses of T-helper
cytokines present in NPs have been performed, detailed analyses of
tissue CD4" T-cell populations in patients with ECRS or NECRS are
lacking. Interleukin (IL)-9—producing CD4" T cells represent a
distinct T-helper subset that has not been extensively studied in
CRS.'9" The authors previously published data showing an in-
crease in Ty2 cells in NPs obtained from patients with ECRS
compared with NPs from those with NECRS but did not study Ty9.2
Ty9 cells might increase eosinophilic, allergic inflammation. These
cells express the transcription factor PU.1, a factor required for Ty9
development, and mouse models have demonstrated that IL-9
enhances allergic airway inflammation and remodeling.!!

Memory T cells are localized in peripheral tissues and are acti-
vated in an antigen-specific manner, but memory Ty2 cells also
contribute to innate immunity in allergy."” 1L-25 is an epithelium-
derived cytokine that causes eosinophilic inflammation by Ty2 or
Tu9 cells by its receptor IL-17RB.1*~7 IL-25 production by airway
epithelial cells is induced in response to various antigens and
pathogens, and it causes Ty2-skewed inflammation in a Tu2-
specific, antigen-independent manner. In nasal disease, allergic
rhinitis is induced by specific allergen exposure and IgE-mediated
inflammation. Local allergic reaction might be involved in the
pathogenesis of allergic rhinitis and CRSwNP, but the putative
allergen, if it exists, has not been discovered in most CRS cases,
excluding superantigens or allergic fungal rhinosinusitis.>'8'° [n
patients with asthma and those with eosinophilic granulomatosis
with polyangiitis, IL-25 levels are elevated in the respiratory tract
and peripheral blood, respectively.>2! However, the role of IL-25 in
CRS has not been established.

Thus, to investigate the mechanisms of eosinophilic inflamma-
tion in CRSwWNP, the present study examined IL-25 expression and
the characteristics of NP tissue CD4™ T cells including TyS.

Methods
Patients

Patients with CRSWNP were recruited from Chiba University
Hospital, Kimitsu Chuo Hospital, and the Chiba Otolaryngology
Surgical Center (Chiba, Japan). All patients met the criteria for
CRSWNP defined by the European position paper on rhinosinusitis
and NPs.! Patients’ characteristics are presented in Table 1. All pa-
tients signed informed consent forms, and the study was approved
by the ethics committees of the Chiba University Graduate School
of Medicine and each of the participating hospitals.

All patients underwent computed tomographic (CT) scanning to
confirm the diagnosis of CRS and were assigned scores according to

Table 1
Characteristics of patients®

T. linuma et al. / Ann Allergy Asthma Immunol xxx (2015) 1-10

the CT scoring system of Lund and Mackay.** NP tissues were ob-
tained during endoscopic sinus surgery. Inferior nasal turbinates
for use as controls were obtained during turbinectomy from pa-
tients with no sinusitis based on CT scan. The diagnosis of asthma
was based on a history of wheezing responsive to bronchodilator
and confirmatory spirometry demonstrating reversibility. Aspirin-
exacerbated respiratory disease was based on a history of respira-
tory symptoms after ingestion of aspirin or other nonsteroidal
anti-inflammatory drugs. Patients were not administered systemic
corticosteroids for at least 4 weeks before surgery. Atopic status
was evaluated based on clinical history and the presence of IgE
specific for house dust mite, Japanese cedar pollen, orchard
grass pollen, ragweed pollen, and Candida, Aspergillus, Alternaria,
Penicillium, and Cladosporium species detected using the Immu-
noCAP method (Phadia AB, Uppsala, Sweden). CRSWNP was clas-
sified as ECRS when the tissue eosinophil count was higher than
70 per high-power field (HPF), with reference to the results of
Nakayama et al.® The number of tissue eosinophils in an HPF x400
was counted in a blinded manner by 2 observers.

Immunohistochemistry

Formaldehyde-fixed NPs and control samples were embedded
in paraffin. Sections were rehydrated, and antigen retrieval was
performed using protease digestion for 5 minutes. The sections
were treated with 0.3% H0,, blocked, and then incubated over-
night with an anti-IgE antibody diluted to 1:50 (Santa Cruz
Biotechnology, Inc, Santa Cruz, California) or controls. This was
followed by incubation with a secondary antibody, an antimouse
immunoglobulin conjugated to a peroxidase-labeled polymer (En
Vision; Dako, Carpinteria, California) for 30 minutes, visualization
with 3,3’-diaminobenzidine tetrahydrochloride for 5 minutes, and
counterstaining with hematoxylin. The number of tissue IgE™* cells
per HPF was counted in a blinded manner and is presented as the
sum of 10 HPFs. For immunofluorescence, samples were fixed in 4%
paraformaldehyde and equilibrated in a final concentration of 20%
sucrose in phosphate buffered saline. Frozen sections were boiled
in Histo VT One (Nacalai Tesque, Kyoto, Japan) for antigen retrieval
and blocked by 3% bovine serum albumin and human FcR Blocking
Reagent (Miltenyi Biotec, Bergisch Gladbach, Germany). The sec-
tions were incubated overnight with anti—IL-25 (1:200; Lifespan
Biosciences, Seattle, Washington), anti—IL-17RB (1:200; Lifespan
Biosciences), anti-CD3 (1:100; Abcam, Cambridge, Massachusetts),
anti—mast cell tryptase (1:200; Abcam), anti—eosinophil cationic
protein (ECP; 1:100; Santa Cruz Biotechnology), or anti—platelet

endothelial cell adhesion molecule-1 (PECAM-1; 1:100; Santa Cruz‘gls

Control CRSWNP (n = 63)

Nonatopic vs atopic Noneosinophilic vs eosinophilic

Nonatopic Atopic Pyalue NECRS ECRS P value
Patients, n 16 24 45 33 36
Age (y), median 37 G0 52 54 53
Menfwomen, n 11/5 1311 33/12 22111 2412
Asthma (early onset, age <16 y), n 2 1 4 65 2 3 1.0
Asthma (late onset, age 216 y), n 1 7 11 78 3 15 .0025
Aspirin intolerance, n 0 2 4 1.0 0 6 026
Atopic status, n 14 0 45 20 25 .46
Blood total IgE level, IU/mL 160 267 516 .020 302 548 12
Tissue [gE* cell count/10 HPFs 35 27 41 A4 7 83 <.001
Blood eosinophil count/mm?® 327 331 398 25 222 514 <.001
Tissue eosinophil count/HPF 11 110 105 67 14 186 <.001

Abbreviations: CRSWNP, chronic rhinosinusitis with nasal polyps; ECRS, eosinophilic chronic rhinosinusitis with nasal polyps; HPF, high~power field; NECRS, noneosinophilic

chronic rhinosinusitis with nasal polyps.

Anferior turbinates were used as control tissue. Statistical analysis was performed by the Mann-Whitney U test and the Fisher exact test,
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Table 2

Polymerase chain reaction primers used

T. linuma et al. / Ann Allergy Asthma Immunol xxx (2015) 1-10 3

Primer set - Sense primer, 5'—3' Antisense primer, 5'—3'

[EN=-y GAGTGTCGAGACCATCAAGGAAG  TGCTTTGCGTIGGACATICAAGTC
IL-5 AGCTGCCTACGTGTATGCCA GCAGTCGCCAAGGTCTCTTTCA
IL-9 GACCAGTTGTCTCTGTTTGGGC TITCACCCGACTGAAAATCAGTGG
IL-10 TCTCCOAGATGCCTTCAGCAGA TCAGACAAGGCTTGGCAACCCA
L-17 CGCACTGTGATGGTCAACCTGA GAGCATTGATCGCAGCCCAAGTTC
T-bet ATTGCCGTGACTGCCTACCAGA GGAATTGACAGTTGGGTCCAGG
GATA-3 GCGLGCTCTATCACAAAATGA GCICTCCTGGCTGCAGACAGC
PUI GACACGGATCTATACCAACGCC CCGTCGAAGTTGTTCTCGGCGAA
Foxp3 GCCCTICGACAAGGACCCGATG CATITGCCAGCAGTCGGTAGGA
RORC TTTICCCAGGATGAGATTCC CTTTCCACATGCTGGCTACA
1L-17RB ACAAACGCCGAGCTTCAGTGGTG ATGCAGTCGCTGCCACAAGTAG

Abbreviations: IFN-y, interferon-y; 1L, interleukin,

Biotechnology). This was followed by incubation with Alexa Fluor
488- or 555-labeled secondary antibodies. The same concentra-
tions of isotype controls were used. Nuclei were counterstained
with TOPRO3 iodide (Invitrogen, Carlsbad, California). Analyses
were conducted using a confocal laser microscope (LSM710; Carl
Zeiss, Inc, Oberkochen, Germany).

Preparation of Nasal Polyp Mononuclear Cells and Tissue
Homogenates

Nasal polyp mononuclear cells (NPMCs) were obtained as
previously describect.'” In brief, freshly obtained NPs were

immediately minced and incubated in RPMI-1640 medium that
contained 1 mg/mL of collagenase, 0.5 mg/mL of hyaluronidase, and
0.2 mg/ml of DNasel (Sigma-Aldrich, St Louis, Missouri). After incu-
bation, NPMCs were separated using a Ficoll-Hypaque technique.
Peripheral blood mononuclear cells (PBMCs) were purified from
whole blood.

Nasal polyp tissues from patients with NECRS (n = 18) and ECRS
(n = 22) and inferior turbinates from control subjects (n = 16) were
weighed and minced. For every 100 mg of tissue, 1 mL of phosphate
buffered saline supplemented with aprotinin and leupeptin (Roche,
Mannheim, Germany) was added. Tissues were homogenized on
ice and centrifuged. The supernatants were stored at -20°C.

Cytokine Assays

Cytokine levels in tissue homogenates and culture supernatants
were measured using an enzyme-linked immunosorbent assay.
[L-5, 1L-13, and interferon-y (IFN-y) levels were measured as
described previously.”? IL-9 and IL-25 levels were measured using
an enzyme-linked immunosorbent assay development kit (Pepro-
tech, Rocky Hill, New Jersey).

Isolation of CD4™ T Cells

The NECRS (nonatopic, n = 7; atopic, n = 6) and ECRS (nonatopic,
n =7; atopic, n = 13) samples from which sufficient NPMCs could be
obtained (>2 x 107) were used for cell sorting, CD3TCD4" T cells
were sorted using a FACSAria II (BD, Franklin Lakes, New Jersey),
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Figure 1. (A) Measurement of cytokines in tissue homegenates of inferior turbinates from controls and nasal polyps from patients with noneosinophilic (NECRS) and
eosinophilic (ECRS) chronic rhinosinusitis with nasal polyps. (B) Correlation of expression levels of interleukin (IL)-25 with IL-5 and IL-9 in nasal polyps. (C) Correlation of
expression levels of IL-25 in nasal polyps with the number of eosinophils and the Lund-Mackay computed tomographic score. "P < .05, "P < .001 IFN-y, interferon- .
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Figure 2. Immunofluorescence analysis of interleukin (IL)-25 expression in nasal polyps. (A, B) [L-25 and eosinophil cationic protein (ECP) staining of nasal polyps (original
magnification x40). Scale bar = 20 um. 1L-25 and (C) ECP, (D) tryptase, (E) CD3, and (F) platelet endothelial cell adhesion molecule-1 (PECAM-1) (original magnification x160).
Scale bar = 5 um. ECRS, eosinophilic chronic rhinosinusitis with nasal polyps: NECRS, noneosinophilic chronic rhinosinusitis with nasal polyps.

Real-Time Polymerase Chain Reaction

Total RNA was isolated from sorted fresh CD47 T cells (Figures 3,
5A) and cultured NPMCs (Figure 6A) using TRIzol reagent (Invi-
trogen). The cDNA was synthesized using a High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Faster City, Califor-
nia). Semiquantitative real-time polymerase chain reaction was
performed using the SYBR Green method. The mRNA levels

encoding IFN-y, IL-5, IL-9, IL-10, [L-17, T-bet, GATA-3, PU.1, FOXP3,
RORC, and IL-17RB were determined, and relative gene expression
was calculated using the comparative CT method. The mRNA iso-
lated from CD4" T cells of sinus mucosal tissues from a CRSsNP
sample and NPMCs stimulated with CD3—CD28 and without 1L-25
were used for calibration. The mRNA levels for §-actin (ACTB) were
used to normalize the mRNA levels of the other transcripts. Primer
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Figure 3. Levels of mRNAs encoding the cytokine and transcription factor in tissue CD4™ T cells isolated from nasal polyps.
; NECRS, noneosinophilic chronic rhinasinusitis with nasal polyps,

with nasal polyps; IFN-y, interferon- y

and probe sets (Table 2) were purchased from Eurofins Operon
MWG (Ebersberg, Germany).

Flow Cytometry

Samples were incubated with human FcR Blocking: Reagent
{Miitenyi Biotec) for 30 minutes and stained on ice for 30 minutes.
Forintracellular staining, cells were fixed with 4% paraformaldehyde
for 10 minutes, made permeable for 10 minutes, and blocked with 3%
hovine serum albuntin for 30 minutes. Samples were stained with a
combination using antibodies as follows: fluorescein isothiocyanate
and anti-CD3 (UCHT1; BD); phycoerythrin and anti-CD45RO
(UCHL1; BD); anti~IL-9 (MHSD1; eBioscience, San Diego, Califor-
nia); peridinin chlorophyll protein complex, cyanine 5.5, and anti-
CD4 (RPA-T4; BioLegend, San Diego, California); antxgen-presentmg
cell and anti-CD3 (UCHT1; BD); anti-CDG39 (FN50; eBioscience);
anti—IFN-y (45.B3; Biolegend); and anti—IL-5 (TRFKS; BioLegend).
Staining with these antibodies was performed according to the
manufacturers' protocols. For IL-17RB staining, NPMCs were stained
with anti—~IL-17RB (97C691; Lifespan Biosciences; final concentra-
tion 5 pg/mL) or isotype control, followed by a secondary phycoer-
ythrin and antimouse 1gG1 antibody. Flow cytometry was performed
using a FACScalibur flow cytometer (BD) and data were analyzed
using FlowJo software (Tree Star, San Carlos, California).

Cell Culture

The NPMCs obtained from patients with NECRS (n = 8) and
those with ECRS (n = 10) were cultured (1 x 105 cells/mL) at 37°C
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“*P <.01. ECRS, eosinophilic chronic rhinosinusitis

for 60 hours. For cytokine production, cells were stimulated with or
without plate-bound anti-CD3 (OKT3; 2 pug/mL) plus anti-CD28
(CD28.2; 10 ug/mlL; eBioscience) antibodies in the presence or
absence of IL-25 (10 or 100 ng/mL; R&D Systems, Minneapolis,
Minnesota). For intracellular staining, cells were cultured with or
without stimulation with anti-CD3-CD28 antibody-coated plates
and re-stimulated with 25 ng/mL of phorbol-12-myristate-
13-acetate and 1 ug/mL of ionomycin in the presence of 2 pmol/L of
monensin for the final 4 hours. For IL-17RB staining, cells were first
cultured onan anti-CD3 antibody-coated plate for 48 hours.

Statistics

Values are shown in dot plots as the median or in bar charts as
mean -+ standard deviation. In box-and-whiskers plots, the central
line of the box represents the median. Minimum + maximum
{whisker) and 25th + 75th percentile (box) are presented. Statis-
‘tical analysis was performed using the Mann-Whitney U test and
the Fisher exact test for comparing data between groups and the
Wilcoxon signed-rank test for data within a group. Correlation
analysis was performed using the Spearman rank correlation co-
efficient. P values less than .05 were considered significant.

Results

Relations between Atopic Status and Tissue Eosinophil Infiltration in
Patients with CRSWNP

Patients with CRSWNP were divided into groups based on atopic
status and tissue eosinophil infiltration (Table 1). Total 1gE levels in
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Figure 4. Flaw cytometric analysis of interleukin (IL)-9—producing cells. (A) Intracellular staining of 1L-9 in nasal polyp mononuclear cells (NPMCs) from patients with
eosinophilic chronic rhinosinusitis with nasal polyps (ECRS). The percentage of positive cells is shown. (B) T-helper type 9 (Ty9) cells were defined as [FN-y™ 1L-57 IL-97 cells
after gating on CD3* CD4™ cells. (C) Proportion of Ty9 cells in CD4* T cells. P < .01. IFN-v, interferon- v; NECRS, naneosinophilic chranic rhinosinusitis with nasal polyps;

PBMC, peripheral blood mononuclear cell,

blood were higher in the atopic group than in the nonatopic group
(P =.02), whereas the number of local IgE-positive cells in NPs was
larger in patients with ECRS than in those with NECRS (P < .001).
Late-onset asthma and aspirin-intolerant asthma (aspirin-exacer-
bated respiratory disease) were more prevalent in patients with
ECRS compared with those with NECRS, whereas these comorbid-
ities occurred similarly in patients with CRSwNP and nonatopic and
atopic status.

Cytokine Levels in NP Tissue Homogenates

The IFN-y, IL-5, IL-13, IL-9, and IL-25 levels in NPs were
measured. The IFN-v level significantly decreased in NP tissue ho-
mogenates from patients with ECRS compared with controls
(P <.05; Fig 1A). In contrast, IL-5 and IL-13 levels were significantly
elevated in patients with ECRS compared with controls (P < .001,
P <.001) and NECRS (P <.001, P <.001), IL-9 levels were higher in
patients with ECRS than in those with NECRS, but the difference
was not significant (P = .07). IL-25 levels were significantly higher
in patients with ECRS than in controls (P < .05) and those with
NECRS (P < .05). IL-25 levels were significantly correlated with
levels of IL-5 (r = 0.460, P = .030) and [L-9 (r = 0.471, P = .027) in
ECRS samples (Fig 1B). IL-25 levels in NPs also were correlated
with the numbers of eosinophils (r = 0.384, P =.014) and CT scores
(r=0.353, P =.026; n = 40; Fig 1C).

Source of [L-25 in NPs

Nasal polyp tissues were doubly stained with antibodies against
1L-25 and ECP, mast cell tryptase, CD3, or PECAM-1. IL-25 was
moderately expressed in epithelial cells obtained from patients
with NECRS (Fig 2A) and those with ECRS (Fig 2B). There were a few
IL-257 tryptase™ cells, but most IL-257 cells were IL-25% ECP™ in the

submucosa (Fig 2B, C, D). 1L-25" CD37 and IL-257 PECAM-1"* cells
were not detected (Fig 2E, F). In these figures, the epithelium is
shown in the upper region. Representative results for 10 patients
are shown.

Characteristics of Tissue CD4+ T Cells

The levels of mRNAs encoding cytokines and major transcription
factors of tissue CD4™ T cells from patients with NECRS (n = 13) and
ECRS (n = 20) were determined using real-time polymerase chain
reaction (Fig 3). There was no significant difference among groups
in the expression levels of mRNAs encoding T-bet, PU.1, IL-10,
FOXP3, 1L-17, and RORC. IFNG mRNA was significantly upregulated
in patients with NECRS (P « .01). In contrast, IL5, GATA3, and IL9
mRNA levels were significantly upregulated in CD4™ T cells from
patients with ECRS (P < .01). These mRNAs levels did not differ
significantly between the atopic and nonatopic groups. The mRNA
levels in CD4* T cells isolated from inferior nasal turbinates could
not be determined because the surgical samples were smaller than
those for NPs and sufficient numbers of cells could not be obtained
for sorting.

T9 Cell Numbers in NPs

The authors previously reported that the numbers of Ty2 cells in
NPs were increased more in patients with ECRS than in patients
with NECRS'; thus, NPs were examined for the presence of Ty9
cells. By flow cytometric analysis, most [L-9—producing cells in
NPMCs expressed CD3 (Fig 4A). Tu9 cells are defined as IFN-y~IL-
571L-9% CD3*CD4 ™ cells and only a few Ty9 cells were detected in
PBMCs, whereas a significant number of Ty9 cells was observed in
NPMCs and their rate to CD4™ T cells was high (Fig 4B). Ty9 cells in
PBMCs from patients with NECRS (n = 5) or ECRS (n = 4) or NPMCs

FLA 5.2.0 DTD 8 ANAI1453_proof @ 10 February 2015 @ 6:05 pm & ce

117



prnt & web 4C/FPO

T. linuma et al. / Ann Allergy Asthma Immunol xxx (2015) 1-10 7

A ok ok B

IL-17RB mRNA
relative expression
Tissue eosinophils

r=0.703 r=0.519
" p <0.0001 30
220
o
b3
5o

Non Atopic Atopic Non Atopic Atopic
NECRS NECRS ECRS ECRS

NECRS

count

mmmn) [[-17RB

E CD45RO CDh6Y
NS

100 ! 100

<

- s 275

2 g

5 50 T 50

& a

4o K25

& o

o

[
NECRS ECRS NECRS ECRS
PBMCs PBMCs NPMCs NPMCs

NECRS

ECRS

NECRS ECRS NECRS ECRS
PBMCs PBMCs NPMCs NPMCs

>
3
=
=
4

Merged

Merged

Figure 5. Expression of interleukin (IL)-17RB in tissue CD4* T cells. (A) Real-time polymerase chain reaction analysis of JL-17RB expression in sorted tissue CD4" T cells. (B)
Correlation of the 1L-17 RB mRNA level in tissue CD4™ T cells with the number of tissue eosinophils and computed tomographic (CT) score. (C) Flow cytometric analysis of
1L-17RB expression, The figure presents the percentage of [L-17RB—expressing cells gated on CD3*CD4" cells. The gray histogram represents isotype control staining. (D)
Immunofluorescence analysis of [L-17RB. Scale bar = 5 pgm. The results of flow cytometry and immunofluorescence represent 4 to 6 patients. (E) Flow cytometric analysis
of CD45R0 and CD69 expression by CD37CD4™ T cells. P < .01, “P < .001. ECRS, eosinophilic chronic rhinosinusitis with nasal polyps; [FN-v, interferon- y; NECRS, non-
eosinophilic chronic rhinosinusitis with nasal palyps; NPMC, nasal polyp mononuclear cell; NS, not significant; PBMC, peripheral blood moenonuclear cell.

from patients with NECRS (n = 8) or ECRS (n = 9) were measured
(Fig 4C). The Ty9 proportion in CD4" T cells of NPMCs was signifi-
cantly higher in patients with ECRS than in those with NECRS
[P 01);

Tissue Memory CD4™" T Cells from Patients with ECRS Express
IL-17RB

The level of mRNA encoding IL-17RB was significantly higher in
patients without atopy (P <.01) and with atopy (P <.001) and ECRS
than in those with NECRS (Fig 5A). IL5 (r = 0.490, P = .004), GATA3
(r = 0.482, P = .005), and IL9 (r = 0.449, P = .009) mRNAs in tissue
CD4*" T cells significantly correlated with JLI7RB mRNA levels.
Moreover, IL17RB mRNA levels in tissue CD4" T cells were signifi-
cantly correlated with the number of eosinophils in NPs (r = 0.703,
P <.0001) and CT scores (r = 0.519, P = .002; Fig 5B). There was no
significant correlation with IL17RB levels and expression levels of
mRNAs encoding IFN-y, T-bet, PU.1, IL-10, FOXP3, IL-17, and RORC.

Flow cytometric (Fig 5C) and immunofluorescence (Fig 5D) an-
alyses detected increased IL-17RB expression in patients with ECRS.
Approximately 95% of CD4™ T cells in NPMCs expressed CD45R0
(PBMCs: NECRS, n = 9; ECRS, n = 7; NPMCs: NECRS, n = 15; ECRS,
n = 13), and approximately 50% of CD4™ T cells expressed CD69
(Fig 5E). Neither of these expression levels significantly differed
between patients with ECRS and those with NECRS.

Influence of IL-25 on Cytokine Production by NPMCs

The levels of mRNAs encoding cytokines and major transcription
factors of NPMCs stimulated with CD3—CD28 in the presence or
absence of 1L-25 (100 ng/mL) were determined using real-time
polymerase chain reaction (NECRS, n = 6; ECRS, n = 8; Fig 6A).
IL5 and GATA3 mRNAs were significantly upregulated by [L-25
stimulation in patients with ECRS (P < .05 for the 2 comparisons)
but not in patients with NECRS.

CD3—CD28 stimulation of NPMCs induced significant IFN-y,
IL-5, and IL-9 protein levels in the 2 groups (NECRS, n = 8; ECRS,
n = 10); however, the IL-5 level was higher in NPMCs from patients
with ECRS than in those from patients with NECRS (P < .01; Fig 6B).
I1L-25 stimulation with anti-CD3—CD28 increased [L-5 (P < .01) and
IL-9 (P <.01) production dose-dependently in NPMCs from patients
with ECRS, but the same enhancement was not observed in NPMCs
from patients with NECRS. IL-25 stimulation (100 ng/mL) with anti-
CD3—CD28 increased IL-9 production in NPMCs from patients with
ECRS (P <.01), There was no significant difference in the proportion
of CD4™ T cells in NPMCs between patients with ECRS (11.4 = 3.1%)
and those with NECRS (10.5 + 3.6%).

Discussion

Most CD4™ T cells infiltrating NPs were memory T cells with
different features in CRSWNP disease types classified according to

FLA 5.2.0 DTD ® ANAI1453_proof M 10 February 2015 m 6:05 pm W ce

118



8 T. linuma et al. / Ann Allergy Asthma Immunol xxx (2015} 1—10
A TFN-p IL-5 Ir-9
60 5
= [ |
2
s 40
3
2 2
[
n-2s ~ + - + - k=
| [ : NECRs
T-het
2
BEE rcrs
3
5
i
2
0
25 — + — + - 4+ - - 4+ -
B ok 4 3¢
RO I, J— DT, .. o1 S—
NS ol
‘u—:—_—-ﬁ&a———ﬂu‘ o S,
NS NS NS ;
18 (r— r— I3 gom—————y
an 1 I I 5 4
i =
i W
Z 6 2 11
T ey | |
0 T 0
anti CDICD2 — — + 4 b — — — k= = R T S S
IL-25 (agmly  ~ 100 — [0 100 — 100 — 10 100 — (60 — 10 100 — 10O — 10 100 ~ 100 = 10 100 — 108 — 10 100

Figure 6. Influence of interteukin (IL)-25 on interferon-y (IFN-y), IL-5, and IL-9 production by nasal polyp mononuclear celis (NPMCs). (A) Expression levels of genes encoding
IFN-y, I1L-5, IL-9, T-bet, GATA-3 and PU.1 in NPMCs. (B) IFN-y, IL-5 and IL-9 protein levels in the supernatants. "P < 05, “'P < .01, “"P < .001. ECRS, eosinophilic chronic
rhinosinusitis with nasal polyps; ND, not detected; NECRS, noneosinophilic chronic thinosinusitis with nasal polyps; NS, not significant,

eosinophil infiltration. The IFNG mRNA level was elevated in CD4* T
cells obtained from tissues of patients with NECRS (Fig 3). In
contrast, IL5 and L9 mRNA levels were elevated in patients with
ECRS, which also were characterized by increased IL-17RB expres-
sion (Fig 5). Moreover, [L-17RB expression in tissue CD4* T cells
significantly correlated with the number of eosinophils in NPs and
(T score. IL-25 levels were increased in NPs obtained from patients
with ECRS (Figs 1, 2) and enhanced the production of Ty2- and
Tyu9-specific cytokines induced by T-cell receptor stimulation of
NPMCs obtained from patients with ECRS but not those from pa-
tients with NECRS (Fig 6). For tissue Ty2 and Ty9 cells, the functions
mediated through 1L-25 differed between cells obtained from pa-
tients with ECRS and those with NECRS. The present results indi-
cated that [L-25 in NPs and [L-17RB expressing tissue memnory CD4"
T cells were associated with eosinophil infiltration in CRSWNP.
The elevated IL5 and GATA3 mRNA levels in tissue CD4" T cells
and the IL-5 level in NPs of patients with ECRS indicate that T2
cells play important roles in infiltration of eosinophils in NPs.
Interestingly, the proportion of Ty9 cells detected in NPMCs (10%)
was larger than that in PBMCs (1%; Fig 4). Because some Ty9 cells
might be reprogrammed cells from Tu2 cells by transforming
growth factor-g for plasticity of the T-cell subset,?* this result
suggests that Tu9 cells were localized in the site as a consequence of
a secondary immune response. In addition, the population of Ty9
cells in patients with ECRS was larger than that in patients with
NECRS, which was consistent with the /L9 mRNA levels in (D41 T
cells, 1L-9 was first purified and characterized as a T-cell growth
factor and is a potent stimulus for mast cell development and its
FceRI upregulation.?*™%7 IL-9 induces goblet cell hyperplasia and
upregulates mucus expression in airway epithelial cells,?$%°

although further studies will be required to determine the role of
IL-9 in NPs.

In contrast, there was no difference in the numbers of regulatory
T cells and Ty17 cells in tissue CD4™ T cells between patients with
ECRS and those with NECRS (Fig 3). FOXP3.expression decreased in
patients with CRSWNP compared with the expression of factors
associated with regulatory T cells in patients with CRSSNP or
CRSWNP.*3? However, because the source of [L-10 or FOXP3 was not
addressed in those studies, a role for regulatory T cells was not
established. Moreover, there were no differences in the populations
of Ty17 cells in patients with NECRS or ECRS, which agrees with
another study by Jiang et al>! In contrast, an increased IFNG mRNA
level characterizes tissue CD4" Tcells in patients with NECRS. These
results indicate that NECRS involves Ty1-skewed inflammation and
that tissue Tu1—Tn2 balance is linked to the pathogenesis of the
CRSwNP subtype.

Memory T cells are localized in peripheral tissue and defend
against secondary infection.*>3* Memory CD4™* T cells also acquire
additional functions during the secondary response and are sub-
divided based on a homing function or expression of surface mol-
ecules in addition to subsets of cytokine production.’**® The
authors propose that Tu2 cells with such an additional functions
have pathogenic potential in eosinophilic inflammation.®® In a
study of mouse allergy models, [slam et al*’ proposed that IL-5
derived from IL-17RB- and CCR8-expressing Ty2 cells amplified
local secondary allergic immune responses. Endo et al*® showed
that IL-5 produced by CD62LYYCXCR3®Y Ty2 cells plays a critical
role in allergic disease. In the present study, tissue memory CD4* T
cells from patients with ECRS were characterized by high IL~17RB
expression levels. IL-5 and IL-9 production was observed in
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