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@ E: BB Y nuocyte il KA Orail # 1 MIZE AR IIAE. ik I & H (ovalbumin,
OVA) G /)N FRAE R 5 % (allergic rhinitis , AR) 857, THEC AR /INEUIG ST BEHE BRSLUCHEL, 73 85 AR AT IRSME IR AR
71N BB A 56 Ik B 4H 2 ( nasal-associated lymphoid tissue , NALT) H1[4 nuocyte ZH R, 86471 1 58 A2 10 300 2 TEAG T
AN Orail FH B9, LL ELISA L FISEH 50 5E & RT-PCR 3% 73 51 % A Z 40 i Orail 2 H &L mRNA )
kg, B/ BUE 4] (recombinant,, rm ) [4 47 % (interleukin, IL) =33 Jill A nuocyte 40 i &5 57 3 , #6900 Hoep 1L-5 F1 IL-13
H ML mRNA B9 AL, SR )5 FRKE Orail 3 EBUAINA nuocyte 2 g 5 57 5k , FROCK I IL-5 A IL-13 3 9 J
mRNA &R, B8R /DR AR BB T RIEE S YO OE H /D U E 1 2, OVA 55 NALT R JEAY /N nuocyte
i1 % 5 CD3CDACDSCDI9CDT 1bCD11cFesR]1 (lineage) — 1COS + , %A1 F2 i 2 3% Orail % 11, Fo2E 11 I mR-
NA & B HEIEH /DR T, rmIL-33 JILA nuocyte 405 F5 35, IL-5 F1 1L-13 2 S H mRNA f 9 5 24 9] g,
W2 mimA Orail HEAGUASS KBTI FE . 8518 nuocyte I3k Orail #1118 AT AN H] nuocyte
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The influence of intervention of Orail protein on the
function of nuocytes in vitro

LIN Lin, CHEN Zheng, DAI Fei, WEI Jin-jin, TANG Xin-yue
( Department of Otorhinolaryngology-Head and Neck Surgery, Huashan Hospital Affiliated to Fudan University, Shanghai
200040, China)

Abstract: Objective To investigate the expression of Orail protein and its function in nuocytes. Methods Mice
allergic rhinitis (AR) models were established using ovalbumin (OVA), and numbers of sneezing and nasal rubbing were
counted. Then nuocytes were sorted and purified from the mouse nasal-associated lymphoid tissue ( NALT), and the AR
mice nuocytes were cultured in vitro. Qualitative examination of Orail protein was performed using confocal laser scanning
microscopy, and quantitative examinations of this protein and its mRNA through enzyme-linked immunosorbent assay
(ELISA) and real-time reverse transcription-polymerase chain reaction (RT-PCR). After that, mouse recombinant (rm)
interleukin (IL)-33 was administered into nuocytes cultures, and the proteins and mRNAs of IL-5 and IL-13 were
detected. Finally, Orail antibody was applied into the cultures, and the two cytokines proteins and their mRNAs were re-
evaluated. Results Numbers of sneezing and nasal rubbing were increased in mice AR models. Nuocytes were identified
as CD3CD4CD8CDI9CD11bCD11cFeeR1 (lineage) "ICOS™ , and Orail protein was expressed in these cells. Its protein
and mRNA were enhanced in AR mice compared to normal ones. After administration of rmIL-33, IL-5 and IL-13 proteins
and mRNAs were elevated significantly in nuocytes cultures. However, their expressions were all reduced after application
of Orail antibody. Conclusion The intervention of Orail protein in nuocytes inhibits their cellular function in vitro.
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AR B 5% (allergic rhinitis, AR ) Jg 78 i 53
K RRE B (immunoglobulin, Ig) -E 4§ A Th2
RGP 0L, H AL L Th2 20 A B A0 R i 1)
Th2 % 94 & (interleukin, IL) IL-5 F1 IL-13 Z£ {2 %
FERFEMMEA o BB FTIEsE, Joie i id i
oI SR [ s, HRTE AR () kA VRSB RR TR A
FMIHIVER

ik & B nuocyte 41 Ja T+ 11 B[] A ik AT
ZMfifi (type-2 innate lymphoid cells, ILC2s) , 7E/]N FR 2F
Az B v R A AR T, X R A i A2 B B EE 4H
(recombinant,rm) IL-33 {535 7] DATE M 2 IR E2
SEFIIIE b OB HE B8, O 7 AR R Th2 5 40 ffg [A]
TUNTL-S A TL-13, JEHUE TL-13 ) I 5 A4 ™8
HERR B o nuocyte 41 HIASS AT LLAE I 11 7 5%
il S R & HEAE WIS UE S 12 40 it mT AR /N B
AT R B 9 A 2 s R HESOR AL
SRR RO i TL-13 G5 1 S R I Y 728 g 1
RAER I FTEL

AN TA BT E AUESE , nuocyte 21 iU 7E IIYE & H
(ovalbumin,OVA ) if5 T 437 (1 AR /) BURBE Y 1) 554
FIR B 2H 2 (nasal-associated lymphoid tissue , NALT)
AT DA B R Y B, O B AR AP R SR 1
OVA 755 NALT KUK nuocyte £ i i 4855 7% 45 /N
BUR , T AT AR /I BB 6 B Sy i 10y A AR JEE
{HIZIRFEAR AT nuocyte 4 A< B B RHIE2F— 4R
VI A SR FEWFSE nuocyte Al 63k Orail 8 (A 1 1H
UL L% AR D RE

1 #RIFE

1.1 SEEsh¥)

fat R BEME BALB/ ¢ /NFR(SPF 2%)12 H,6 ~8 Ji
i, 0 B ARG b SR s oL, /0 Bk i BORE
BB SR R TR . IR B
REESER S PIRL i S YR A RIS B N A HE (£
HES:201808001Z) o SEH Mo 09 2 4, 5340 6 H.
BRI 1T 4% BRI I/ N L AR g
1.2 NALT A9k

BT AL FE/ N B, FAs T S AT LA
HH BB 5~ BB i 2 L) Al A1 Sk /N0 AR NALT 4 41,
FERZALURABIN T 10% Jii 4 1L %5 (fetal bovine
serum, FBS) i) % #7 35 /R 2 Bl 42 & WF 58 i (roswell
park memorial institute, PRMI) 1640 3% 32 £ v, SR )5
$ HSE o 70 wm Faleon 40 a5 € o, I FH = H

FAF K e - A8 %% wh ik (tris-buffered ammonium
chloride solution:0.83% NH4Cl and 20 mM Tris/Cl)
SURLT N
1.3  nuocyte 2 Jifg 1Y 3R EL

NALT il S A 4°C I EEH1 200 g .0/ K
B0 10 min 5317 A0 AR I 36 T 2 A
KMFFEFTUESE ) nuocyte 4 iR 2 T 43 5~ 2R 3K 1)y
AR CD3CD4CD8CD19CD11bCD11cFeeR1 (lineage )
—1COS + FEATHITH, 40 F 200 Wl 37 3 40 i 9
[ 1% 25 I35 1 86 AR 0. 1% S B ACSTE TR
2% &k ( phosphate buffer saline, PBS) 17 ] £ %, If
S 3 76 8 F 68595 5 min LU Fey, S8R5 1T
FET A VB e % 3 UK, H4 AH M R B 1 % 10°
A/ml, 35T S0 wl 455 T 96 R i SRR —
BH¥E — 3L (Pr CD3, CD4, CD8 ., CD19, CD11b,
CD1lc . FeeR1 BYHi4A) ( 25 E MyBioSource B 3
BioLegend ) 7F 4°C 1B & T 4eft, 30 min, i f5 FHE &
TELAEAR B EEDUA (BT 1COS HTiR) (£
MyBioSource ) PR, SR S5 IR TR, T 5456 T Y
EM 50 pl bt/ MR =40 1gG L3R, Bl 5 A
50 pl 454 THERE R AR I BELL AR 1 (122 Dako)
XA B S IR BUIARB 0) — e IS
£ 7 ACSDIVA # {4 % 4t ( 3% [E BD Biosciences ) 1]
LSR 1T %37 240 oA 3E 47 43 87, I FH FlowJo version
10 A7 dhi it
1.4 nuocyte BRSNS

nuocyte A5 25 FLALF K 6 x 107 A~/ ml ¥
FEIFTE & A 10% FBS (1% H 75 /55 % % .0. 1%
B—?éfﬁ% £ 10 ng/ml /) B rmIL-7 ( & MyBio-
Source) F1 10 ng/ml /)N i rmIL-33 ( 3 [ MyBio-
Source ) [) RPMI K72 BLh A TR SN E 57 6 d
1.5 SEgSui

FrEBEFRI B nuocyte 4 L)€ H- 48 h, ] PBS
WIEYE 2 W, R G DL 4% 2 R W (e %0 [8 €
5 min, &G 0.2% Triton X-100 [ PBS % # ( PBS-
T) Vet 3 UC,3% A= 1ML 3F 48 B 30 min, PR
a5 —Ht Orail 2 HEREDUA (£ [E Sigma) 7E =
TR L, PBS WBE R 3 K, 4L 15 min, K5
5454 T FITC () ZHfe iR T REHIEE 1 h, 5
FFEH T PBS-T Ytk 2 WK, 5 LA EE S 10 mg/ml 1
4,6 — kI -2 - FEFLIE| U (47, 6-diamidino-2-phe-
nylindole, DAPT) 7£ % i T AT 40 MIAZ YL A 5 min, Ff
JH PBS-T %1k 3 ¥, F PBS I 2 ¥, e Ja B
PEICVEIGAEL R, 47 BRI AR R 06 1 H 3 3R 4 126l
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Bi (B4 . TCS SPS) ({1 [H Leica A #]) , & v 43 M
LCS Lite A5,
1.6 nuocyte I ifi%F rmIL-33 F1 Orail HiAnY v

W gk B 7 JE R nuocyte 40 MY, F BT A
100 ng/ml/)s ff, rmIL-33 ( 3¢ [E MyBioSource ) , 1% 3¢
3 d, fH B A R W B 52 56 (enzyme-linked immu-
nosorbent assay, ELISA ) F15E 1} %¢ Y% 52 £ RT-PCR
R s 32 B vp TL-5 F0 IL-13 25 R mRNA (9
J 5 BfFS#F 100 wg Orail 25 B EREHTIAR (L[ Sig-
ma) ARG TR LI F5, 24 b J5 FEOCR I 35 77 Jk o
IL-5 1 TL-13 25 [ F1H mRNA 986
1.7 ELISA #:ll

% ELISA %} nuocyte 40 g 55 32 2 o Orail |
IL-5 F1 TL-13 25 v B2 b AT R I, B A D7 125 00 il %
HE/INER, Orail ( 32 [F MyBioSource ) \IL-5 ( 3€ [E MyBio-
Source ) F1 IL-13 ELISA 7] & ( 32 B MyBioSource )
BT RLE A0 BRI AT
1.8 SEMFFEsE i RT-PCR A

K SE I 52 96 2 B RT-PCR 32 %) nuocyte 4 Jif
F1 Orail mRNA IL-5 mRNA F1 IL-13 mRNA & &
FrRa, /NBR Orail 151992k H]_E 375149 :5'-TTTGC-
CCTCATGATCAGCAC-3', & #f 35l #1. 5'-TTG-
GCGACGATGACTGATTC-3";/NRR TL-5 i 51 4% A
% 51 9. 5'-TCAGCTGTGTCTGGGCCACT-3", T Jif 5l
¥). 5'-TTATGAGTAGGGACAGGAAGCCTCA-3', /)N &,
IL-13 {5 |92k ) L7519 . 5'-TGCTTGCCTTGGTG-
GTCTC-3', T % 51 #: 5'-CAGGTCCACACTCCAT-
ACC-3" SEHa i B S 5 ' g it RT-PCR 57 &3 FF
FUE AL BRIEAT , S IS 4iels L ACT k3R .
1.9 it it

KM GraphPad Prism 6 ¢ i1 %4 73 #r BT 15 44
I, REE 24 50 52 A oA, AR AR B AU, Fi
DAZH N 22 57 19 B AR ¢ R 6, 4 ) 22 5 ) 3R
77 2000 AR E th B & 5 oK, AP <0.05
h2EREAGIERE L,
2 HR
2.1 /PELAR BRI ST
ANBRR L O, LAWK BE O 0.5 mg/ml
i) OVA (3£ [F Sigma) Fi1 20 mg/ml [t A1I(OH)3 A3l
FRIKIE WAL 0.2 ml S0/ )N AT I v S S8, St
3T (1.8 F1 15 K, R )G HMRE K
40 mg/mlff) OVA A= FEE /K7 0. 02 ml i A/ R

S LU TR, A8 I BFR T IR(5522~29 K,
R AR /N EUCEEL 1), 6 B2 R A R K (IR
) AT B . FT IR AN B B DO B Je —
WA ARG 10 min FEATIHEL, A8 AR 2]
UCHCS IR L E A, AR BRI Sl 3 TR /N R (2 =
54.44,P <0.0001) (& 2A) , AR #7048 B YK Y] 2
H I IE /N (1=33.75,P <0.0001) (& 2B) , %%
UL, AR /NSRS )

V

Y"""Y

| |
22 29

00 e — ]
o—t——

BFE (d) o
| =
K

i

¢l

B 1 AR /DU A

>
vs]

o
=3
2 ® 9
S O o

FTIEERE (/10 min)
5

#E (/10 min)
8

20 Seskedee Fekedk

n
S

o
o
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B2 /NEAR BRI A/ AR BERUR F] I

UKL B/ AR BRI 5 SR (777 P <0.0001)

2.2 nuocyte i) E
ARSERG R FRATRELL ] OVA K H AR vy /1
BAR B AR5 T R A B TR, J3 ik 48
4fi NALT F nuocyte Zifif1"*’ . nuocyte 21 il % & H
CD3CD4CD8CD19CD11bCD11cFeeR1 ( lineage ) -
ICOS + (&1 3) o %405 HABZR R ) TLC2s B4R W]
J& T8 AHE PN R IR TRALANA] , B ) 20
TSN {1 e i (10 N i NP N3 s = N T I S 0
HESE nuocyte ALY T E RS H L AR RN EH
Barlow 25 #1001 5 B F1 7 FE o 12 T AF 5% 2 A
OVA 75 S 37 1 /) B 728 by e 12 Wi A5 751 174 fit 2 21
RIZIE AN, AR ] — < | W] — % E T Y 3
B TRATIRL R T IS T
2.3 nuocyte I A Orail & HAYFEIA

BT UESE Orail 8 H J& 5 7€ nuocyte 2 fifg 1 77
T, FATHIOE 4 M 3R 48 B PR TN AR /)y
FAIZ AN P Orail 25 I RIBE O, 45 R K I, %
HHRIET nuocyte I (&I 4A) s B 5 FRATIRE
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/N AR BRI NALT o nuocyte 4i A AN IEAL BT Aw 1EH /B nuocyte 41 TR A 4L A7 5 B: AR /L

nuocyte 4l AR A AHEAL ST HT o P3 DXI N 2 467 43 1 Y nuocyte 4

20 H ELISA (L RISERT 96 € f RT-PCR 15435 E
TR Z A M Orail 2 (4 M H: mRNA 63k 7, 45
REMAR A5 ERAK, L2 HEATE
(t+=10.13,P <0.0001) (K 4B) ir & H mRNA & &
(1=12.12,P <0.0001) ([ 4C) , AR /s ELER 5. 2%
AL IEHE /N U] nuocyte 4 i 78 A8 I M 4 5E RS
AL TGS ARAS, H Orail 25 1 1Y 3 I8 E R B
FEAWRES S T2 —LYi6E

4 /MR AR R NALT 2RUF ) nuocyte ZHAEH Orail 25
HZRIBIEO A Orail 5 HIBOGCH IR R BIEE 5
s B:Orail % {0 ELISA EH4MT; C:Orail mRNA ffSZht
¥ & RT-PCR & &0 . SEIOGFRIR Orail H A Y
o, 5 {02 53 R DAPT Z g (e """ P <0.0001

2.4 nuocyte ARSI rmI1-33 F1 Orail HiAw R M
nuocyte Zi i (¥4 452 A5 BURURE IC T 750 248 iy

T IL-5 A IL-13, JUHOR 5 &, A0 25 4 dUA
R R, PEAR M RAE KA R R AR e Tk
HEEMEH. A TR OVA 55 NALT K1Y
nuocyte 4Hi & 75 HAT HAHR T A

FA 140 3 ELISA %152} 56 )6 & RT-PCR
TR FN KRG 37 B b 20 2 15 33k TL-5 0 1L-13
FIEE A mRNA, 855 & B, rmlL-33 F 15 (R SMKE
F% I nuocyte 4l K& A CRTUR L IL-5 A1 1L-13, 5
TG oA, IL-5 1) 2 11 S M mRNA YR B A
IR, TG BE T T Wi (¢ =26.07,P
<0. 0001, rmIL-13 F#ij5 vs R+ Hi;¢ = 15. 77,
P <0.0001,mmlIL-13 FHiJ5 vs £FH) (K 5A.C);
IL-13 Mk B EA WS 2257, THE B
FFWiR (¢ =22.62,P <0.0001 , rmIL-13 “FHiJ5 vs
FKTHi;e=19.98,P <0.0001,rmIL-13 FFi )5 vs K
F#i) (B 5B.D) o XIEH] OVA 755 7= 4: 1 nuocyte
A EA FIER AP YR8, A T 3 Orail 3
4T T 75 R % 52 1) nuocyte 200 JifL 14 6 BRI 435 2
fig, AT LA SN FHHT Orail 2 ALK 5% 40
FaEAT RS 3%, [RIAE 430 H ELISA 32 R SE i) 5t 8
1 RT-PCR A6 nuocyte 4 fifgH IL-5 1 1L-13 )45
FI 1 mRNA 36357481k, 45 &3, Orail A MHT
PR T 1A A1 55 37 11 nuocyte 20 i3 BRI I TL-5
HIL-13 vk B B>, 5T T A He e, T35
IL-5 (8 (M H mRNA ¥ o 25 F Bia0 (¢ =
7.22,P <0.0001 ,rmIL-13 )5 vs Orail ;2 =9.90,

.44 .



il bR, Orail 3 1 PRANF UG/ B nuocyte 4013 AEAY S

513

P <0.0001, mlL-13 FHJ5 vs Orail ) (& 5A.C)
IL-I3 W B W oE it 22 %, TR BE K
FFHiRi (¢ =13.26,P <0.0001 , rmlIL-13 FHJ5 vs
Orail ;¢ = 14. 60, P < 0.0001, rmIL-13 ¥l 5 vs
Orail ) (& 5B.D) , X Ui, nuocyte 20 fifd ' Orail &
(155 T 24 RO 1B A T 1L-5 i
IL-13 ByZhEE, %8 H R BH T 30T nuocyte 41 fifg
A AR X S 4 i PR (1 BE T R

FFH rmiL-33 Orait KFH miL-33 Orait

IL-5 3¢ Rix &
IL-13 H83 R %

KFH#

rmiL-33 Orait

Eani

rmlL-33 Orait

B5 nuocyte ZTAANAT miL-33 il Orail G 52 R A B
ASILS I35 B IL-13 2B F1RY K CLIL-5 mRNA (9%
;D 1L-13 mRNA 335" " P <0.0001
3 iig
Orail £ [1 FEERIE TP R G AR 1 ,
A AAEAE T HA 2R TR 40 B R 3k 2 — ol 240 i 5 o
PR PO 6 5 0 4 P 45 Tl A 1 A
T L 0 M R R b R R N 0
BB TUREE DM 2F 25 Fh AR BT RE 1 %35, L An 2
JHL B B 434 T PN ORE R LA % 0 i PR 1 A R
TR S Orail 2 1 ¥ A PIFP AR Orai2 Al
Orai3 , {H Orail [{)72% 57 1 5k 2 X 241 i 2y RE 179 52 W) fic
KU R A Orail 2K (9 0F 9T 5 o8 B B, {H Ok
nuocyte 2 il 75 FRIB % i A DUAH DG HiRE , 7oA
PR LT ART A 2 TR 5T 2", 32 H % 40 mT B
3k Orail #EH,1M H %8 H W] BEFZ MR nuocyte 2 Jifd
IR -
nuocyte )& T ILC2s, J5 # i G046 A SR 5 B
2l il ( natural helper cells) 1 [& 4 % By 40 i 11 A (in-
nate helper 2 cells) , B SR X SE A il Fp 2R A TR] , (H B AT

FL[E] AR s AR R 08 1125 Z4A& (IL-17BR) 1 1L-33
AR (T1/ST2) ,HFA] LATE 1L-25 I 1L-33 (7RI T 7
H RIEA TG TL-S 1 TL-13"0 ) A P R AR AT,
IL-25 1 1L-33 3y S AR b e A=k |
SREANE TSR 4 B B K % (B A B AT iRk
LR A S RE 2 o HERIE ST 2 I, T3 74 ol 40 i PR
Yyap Dhigs S 10 B e )y, Y IL-25 Fil/8) 1L-33
FiG , CHSE e T , 257 A K 1 R R 5
01 IL-5 0 L1380 AR R A B As = 2
HB4 nuocyte 4ffL ) A T B8 & 32 A1 4 i 8 5 5 H
FYRPEDE? FRATERBIZH R 1, Orail 25 11 S H 5 0 1Y)
38 3B AT BESZSZ M nuocyte 21 LA BRI TIL-5 F IL-
13 19 =2 HLH

AW IR, /N AR B ST 2 E R AT
IS EE RN S U B S SO T B 3 &2, e
FYREA G E (P <0.05) , ULHIZ/NEL AR B
RGN, . BEFRATTA/INEL NALT 202 v 43 5 31
FE4fi ) nuocyte I, FfX5 AR /)N B Hp i SIS 4 i i
T e gy, OG0 R A8 W s e A0
£%, K I nuocyte A 323k Orail 1 ;85 FKAT]
ST ELISA FISEIF 9256 7t RT-PCR il iZ 8 H M
H mRNA )&, K3 AR /NRIA B & T IEH /DR,
ULHIFEAR W APE RAEARAS T, %8 FIAE nuocyte 4fi g
ARk, XL B R A B AT RE X i 40 M B Th g
AL

RS b, AT rmIL-33 Jm A AR /)N R
NALT 20 ZLrp 3R B nuocyte 20 15 37 b, LAAG: 25
AN IR AN E, 45 R R, T BRI T S
nuocyte 4 il G B AR 1T 760 4 Jfd R 9 vk B 25 5%
HASG 53 X (P <0.05) ,rmlIL-33 #§ili#%)5 IL-5 F1
IL-13 (2 R mRNA 5 5300 5 7w, 10 3 3% 4t i
REIEHR o FATIEESE AR /NE NALT 1 nuocyte 4
JL, 2 R R ARAEARAS T I AL T35 RS, AT A
FLAEAT/INER AR B & AR, T 1E 5 /N B nuo-
cyte ZHMIAR HA BLINRES o Bl G FoA] AR %05 55 2
A Orail F AP IEAT 2L G 57, LWL 2 21
L) R 15 52 B, 45 R R B, BriRAE S L nuo-
cyte 20 LA BATRE L IT 7R 40 it R 1 1 ok B 2 St L
At L (P <0.05) ,IL-5 F1 IL-13 [ 25 1 #l
mRNA 8308 2 FEAC, Wi & A 0y Tl 1
nuocyte ZHJiI AT EE , #eA)15 1L, nuocyte 40 Jifl | Orail
A I BELA F5 2 100 122 4 R 2 72 107 1 A 1) T RE
AL AT BB ISR H B T B2 18 B 32 52 138
TERTIRE, THER2m 1 40/ 5 1 NI, 5T
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T 2 5 2 A T R AT, L it L R - TL-5
TL-13 (st /b , T ELRARR B i 2 515 30 52 i) 381) 240 i
HREF 23 WA AT RE , PR T R T3 6 240 i P - 1) i ) e
REARR, 76 F R WA PR 2R ) S [ 52 M T, nuocyte 4 i
FRAE RS T RV IR e ) T B, SRIEAE LR
SEgm RGN LR T R R

PRI, FATAT LA X nuocyte 241 ifd 5 Ath
Yo fE R GEANMI AN T 40 B 41 | JIE I 4 e 25 290 e
1= Orail 5 [ A 4 7 M BEL ¥ 70, 0T DA (] B A [ A
Y2 I I A A TR B AUE AR PSR AE

BZ ARWESE K B nuocyte U FE 15 Orail
iz IR LA nuocyte 40 A LIHE
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