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Study on influence of OVA specific immunotherapy on IL-23/Th17 axis of a mouse asthma model and its mech-
anism

ZHONG Shi-min, FAN Wen-ting, HU Qi,ZENG Jing, CHEN Zhi-giang, SHAO Hui,HU Ying, WANG Jin-yu, LIAO Wei
[ Department of Pediatrics,First Affiliated Hospital of Army Medical University ( Thrid Military Medical University) ,Chongqing 400038 , China ]

Abstract: Objective To establish a mouse model of immune treatment of asthma through subcutaneous injection with high dose of
ovalbumin( OVA) in the abdomen and investigate the role of IL-23/Th17 axis response in its mechanism. Methods With a random number
table method, 18 female BALB/ ¢ mice were divided into 3 groups( normal control group,asthma group and asthmatic immune tolerance model
group ) ,with 6 mice in each group. The mice in the asthmatic immune tolerance model group were sensitized with 10 pg OVA by intraperito-
neal injection in the abdomen on day 0 and day 7. The mice in the model group induced immune tolerance with 1 mg OVA by subcutaneous
injection in the abdomen every day for a week ( day 21 to day 27). Both the model group and asthma control group were challenged with 1%
OVA on day 35 to day 41. The mice in the normal control group were challenged with the equal amount of saline. On the 50th day,each group
were sforzando challenged once with 10% OVA. The airway reactivity was detected at 24 after the last challenge. The enhanced pause( Penh)
was measured to evaluate the airway responsiveness with a lung functional instrument. Bronchoalveolar lavage fluid( BALF) was collected to
count the total cells and eosinophils, and the cytological studies were conducted. The OVA-specific IgE in peripheral blood,and the IL-5,IFN-
vIL-23 ,1L-10 in BALF were detected by enzyme-linked immunosorbent assay (ELISA). The lung tissue was obtained to perform histological
analysis by HE staining. The percentagea of Treg and Th17 cells in spleen and lung tissue were calculated by the flow cytometry( FCM) . Then
the expression of transcription factors was detected by q-PCR. Results For the asthmatic immune tolerance model group, the airway respon-
siveness , the cell count of eosinophilic granulocytes in BALF , the levels of IL-23 and OVA-specific IgE in the serum were significantly lower
than the asthma group and the difference is of statistical significance (P <0.05) ,while the difference in the IFN-ylevel in BALF compared
with the asthma group is of no statistical significance (P <0.05). The transcription factor of lung tissue detected with q-PCR showed Foxp3 in

the asthmatic immune tolerance model group was significantly higher than the asthma group,while RORyt was significantly lower than the
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asthma group( P >0.05) and the differences were of statistical significance( P <0.05). Conclusion Large dose of OVA specific immuno-

therapy can alleviate the chronic inflammatory response of asthmatic mice, and the decrease of Th17 cells associated with the expression of

IL-23 was decreased. The mechanism may be related to the correction of the lung 11-23 /Th17 axis.

Keywords: ovalbumin;mouse model; bronchial asthma;immune tolerance ;IL-23 ;Th17 ; TGF-B1
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SR A BIME T 40 M (Th) SV RE Dl B8 2R AT, 3 AR e R
Th17 400 S8 35 T 40 M8 (regulatory T cell, Treg ) 7F
SR W R P A A o A W o SR A
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B GG TBE ) SIT 37 Al LAk 728 s S 5 o g
fFEE Iz —" 0 BT, SIT BEmg A7 i) £ 2
HLTRI AT BB 75 DL S S Bt L A S Pk S e it 52 ) T
B o Th7 40 e 022 W 1 I 1R T8 48 56 P 2% 2 35 L
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1.1 S2Weshl 18 HiETE9% BALB/c Pk /)
B,6 ~8 JElli%, JFidt 16 ~20 g, it atte B AE Y RHY
AR IR, R AIBEHLE 200 3 21 - b S e i
F72H P R R a5 O REZH 3 4L A 6 H

11,2 FE0 ik & H1JE [ Sigma 24 7] $ 4t
N 25 H ; Mouse Th2 Cell Multi-Color Flow Cytometry
Kit S &8 L [ Al(OH), ] i1 £ E R&D /A #] Catalog
Number; FMC012 #2 fit; Flow XTM Mouse Regulatory

TCell Multi-Color Flow Cytometry Kit 3£ E R&D 4\ ]
Catalog Number: FMCO022 ; {% [ 4 % Pari-Master 2% 1k,
i, AT LASS AL UR BAR /N 0.5 ~ 0.5 wm s [ 54
8wl B ERERR A s ZEARIZ W i A FR A W Y B 3
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1.2 Fik

1201 gy /N AR REIR PR BN B AR
PERSRUEE N F5 SCHR [ 10 ] HEAT (I 1) o RSBy T2l
1£0.7 d ¥ T 100 pL JCEAEFEEK A OVA 10 pg +
AL(OH), 2.25 mg {5 W, T 7 5 11 4 2 BALB/ ¢
/NER, TR B OVA (Y 20) B2 R EES & 1 mg OVA +
AI(OH); 2 mg A4 BER 7K 200 plL]21 ~27 d $F&k
7 d (i PSR /MY 1 mg OVA Al 58 43} 32 , o™
HELBIEPE S B b & A R 1 mg OVA A7 52 T 4
FEIRYT) s4E 35 ~41 d K] 1% OVA bk . 10%
OVA 1£ 50 d s & 1 . 78 0.7 d T B i) i ZH
OVA 10 pg +AI(OH); 2.25 mg ¥ F 100 L TG MEA
BEER AR A W, R O I 1 56 Bl BALB/e /) B,
21 ~27 A% T 5 i A B K R 4,35 ~41 d T
1% OVA ZALi# ,50 d T 10% OVA flagifik 1 K.
25 N R 7 4 AR AR K AR BRER K 254k 3 &
SRR o A SIITE AR UGB e W TR AR B e < I
St 24 b JEFET 50 d ARSE i

1.2.2 KAGER M KRB & /NG R
I 24 ACTE SOREE RS/ B S R /) B T
AR RIBUATRRE AR, S8 IG5 R I i) /) B LA 1 o
Y (3. 125,125 .50 ng/mL) #Y ZBEAHA (Ach) 25
A& 3 min, SRJEPREL 2 min, ELECRBLEL S min FEHRS
B Y E, A i SOV K-S LUAH I Ach k&
PR B4 55 I (5] K ( enhanced pause, Penh ) fE2K fz
i, Penh ; PEP/PIP x pause

1.2.3  BALF 4t 8O A H %500 Rk
WORA AN 24 b )5 BRIER TR S 1. 5% TR EL HE
T AR A 2/ BRSSO R 13 , AR AFAE - 80 C
Frforo SRIEIMEL AL AL B , SR J5 22 i ST , 4 A it ik B2
BEIF B A/NRAE, A 1 mL PBS EH#EVEX, &
JG RZHEVE S YT, Tl 25 21 /DN BRI S 048 I e o vk
& (bronchoalveolar lavage fluid, BALF) & — £ A B .0
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BT (g AR TE 80% Ry E %) ,4 °C .1 500 1/min
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VAN M F B A PR I . R AR A TR A, HE
et M0 BT T HEAT 45 P A I 0 R 2 K i
SR/ BT e i fili 4 2B 4% 22 28 e

LR LK A BB DR, HE e 0, SR AT 2 e
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E SV LA B A JRAE i J] R4 2SR AE B B
Fimio

i it WK IG5

I [ / b B ! } 72 2 s ! .
AL 0 7d 21d 274 354 41d 50d
ey s W s v G KRS AR ZEAC IS R
G =popiskiil IR ER K AEFR AR K B ER K B ER K
7 Mty %o 42 OVA/Alum AEFRER K OVA/Alum OVA/Alum
TREVEIT 40 OVA/Alum OVA/Alum OVA/Alum OVA/Alum
E1 EmeEiarEilgEsr
1.2.4 ELISA 1l OVA Rtk ek #:i); BALF A7 meabilization and Wash Buffer &40 2 1K, XG5 & &

IL-5 IFN-y IL-10 ) (R0 2 BEORGR] & B 34 T) o

1.2.5 it A I E ARAG I 8L il 2H 2 Treg \Th17 2 Jifd
F A1 AR SCHR [ 11 ], T B/ UM, #8 0, T
40 wms g W U8, WCAR 20 i FH v RPMI-1640 Y& % 41
JHL 2 O, A ZL AR SR, 90> 500 g 2 min, 2 ¥
W, & 10% FBS # RPMI-1640 3535 0R 4], 7837 C |
5%CO, FE:FEW 12 h )5, BO0ER B, IMAS 10%
FBS ) RPMI-1640 i %5 , #efd FHULHA A FITC 4R
ICAIHT/NEL CD4 HTiA, SRS 1 5E A TALR], 235
A Foxp3-PE Fl RORyt-PE 104, K5 I FACS A0,
U T WL s 2H 2R 2 A 0 ) 3000 2% Mk k2 21, LA
A 3 mgU/mL i Ji B ( collagenase D)37 °C,iH1k 2 h,
FEF AL It ZH 2R RPMI 1640 K52 ik 2, 11 70 um
Je e U A s 2 RS P 21 40 A 2 A W B 21 40 A,
37 C 5% CO, WPREEHPIE IR 12 h )5, B0 )5 2 B
WP IS 10% FBS |1t RPMI-1640 15333 M FITC
PRICJE PN L CD4 FUik SR 5 [ A TFLR, 23
BIMA PE FRICHT B Foxp3 HiiA &% PE FRICAHT A IL-
17 HLik, Z )5 HI FACS #& . fi PBMC 1 x 10° 4,
2 mL Flow Cytometry Staining Buffer ¥t 4l i 1 &, 7&
blocking TgG eG4 CHER 10 min 5 FELIT4H M, /-4 40
fdHim A 10 wL. CD4-FITC |10 wL CD25-APC antibodies
B[R] BRI A0 00 L D' 4 “CIBE R 30 ming SR FH S
B 1 x PBS BEIEAAN 2 ¥R, 7E 1 x FoxP3 Fixation Buffer
AR 4 CHEH 30 min, RAFIL M1 x FoxP3 Per-

MM A 10 wL FoxP3 antibody &Y, rabbit IgG-PE isotype
4 CHEE 30 min, AL 1 x FoxP3 Permeabilization
and wash Buffer 2 ¥ 40 A 2 ¢, fieJ5 T i 2 40 i
ARG
1.2.6  q-PCR Al fif 2 21 %% S A 5 M q-PCR $¢
ARSI A% il 41 21 Foxp3 \RORyt Rk /KF-o R Al
RNAzol {7 Trizol ¥E4&BUIIZ 215 RNA , AR 41050 &
URH A5 3 5% 5% & B cDNA, Jz % 5% fifi FHl using oligo
(dT18) 5|#y, q-PCR ] Quanti Fast SYBR Green PCR
Kit ( QIAGEN, Germany ) , ABI Step One Plus System
( Applied Biosystems, USA) , Jz Jij 4 14::95 °C il 2% P4
55,95 CAFE 10 5,60 CiB K 10 5,72 CHEM 10 s, 3"
1 40 MEFF ;95 CALNE S 5,65 C LA 60 s,97 CHEE
[H] K 340 CHEI10 s, Bl 2722550 Hr 3k R 2%
SKHIATSE Bt B Boactin 764 1 2B I Y08 P
BHNZREWERR. 5I1F5 T Foxp3 57 -
GGCCCTTCTCCAGGACAGA-3’ ;5° -GGCATGGGCATC-
CACAGT-3" RORvyt 5’ -TGCGACTGGAGGACCTTCTA-
375 -TCACCTCCTCCCGTGAAAAG-3’ B-actin 5’ -
GGCTGTATTCCCCTCCATCG-3 " ; 5’ -CCAGTTGGTAA-
CAATGCCATGT-3’
1.3 it ¥ 547

BRI = bR HE2% (i ) 2o,
SPSS 13. 0 ZEi AT 0o 22 4LIA] A REAS 15K 2R
KR 7 22004, PR IR REA LU AR T ¢ K3, P <0..05
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AE B R

150 d RIS 24 h AN I I 3 B Bk, 26
T BRI 5 45 4L/ R IE R Penh (i, Bl 2 R AR
Ach WREEHUR , 3 L SR AE BT v B o 3. 125 (12,5,
25 ng/mLEf X} [ i) Penh {H, 8 J5 %5 fk 3 min, {R &,
2 min, L0 S min, K TR 20 B0 BULF- (6
B R/ RBEN A Ach ¥k BE WS 0, 45 B 1S
TE S A 72 M 1 e, (B 45 2H 03 S PR B v
FELLAAHTA], Ach B9 ¥ FE A 3. 125 ng/mL JFIG T+ &
25 ng/mL, B ik B ZH 58 I Wiy B 98 3 7 2 1) A<l R
PRI RS, 2R BAGHHE (P <0.05) WK 2,

CO AR A
157 m RN R 2
22 it A -
10+
o\o
=
5
(=W

W
1

il

*
0.00 3.125 625 1250 25.00

Base line

L NRBRISE (ng/mL)
x5 AL AR P <0.05
B2 FHENRBNARERE Z BB FERE &R

a: % &St b e 3t

2.2 KA Z KT OVA SCIT "2v% %52 8 75 B R AiE
Kl OVA SCIT S {67 R BALF Hh 48 i 4
Mi%, 50 d AR &AL S /N BRI BALF, B0y, H1 B4
JEL, TR S N HE e 3R i sy 2K 8. 5
I W o R 2] B, 25 P 6 B 2 40 i 50 B g T A 4
MR B 2, 22 A 5112 L (P <0.05) ; fu
IGYT L BALF A 40 S8k, MR T 4 (EC) Stk
YA (LC) %5 2% Wiy X BEZH R AR, 22 A i 22 X
(P <0.05) ; HP R 4 i 3 2504 02 g of HR2H 22 S A 4
E -
®1 #A/NF BALF hi i 28 % K M8 (n =6,

x10°ng/mL )
2151 AIESEL  VERRMERIZEM NN bR
SSENTIEL]  75.83 £8.21% 26.00+£5.22* 35.67 4.41* 5.67+1.97*

BT HRZ 207.33 +15.63 69.17 +11.02 106.17 +7.31  32.33 +3.61
BRERITAL 128.17 £11.48% 40.00 £3.90" 55.67 +5.24* 11.50 +1.87*
;g ekeg 3 AL AR P <0.05

FINEET OVA Ge 167 Il il 241 2 98 0 2
B o AHEAS O IR, 1 /)y BRAH DLl 20 2145 30
BT, I R S B A RE RO it e e PN A it ]
Jon] DUIE R AL AR I , 2R B TN R LA B
e, AT DA 2 R MR AN M IR, I A8 BE K b FE ., b B2
JHE Y S B3 s VR 5 02 Wi/ B S 8 16 7 A A M o I 2L
AR IEAE SN ] % (18 3) o B 2R3, SIT IR 7 5 RS
v BE R BLBIVA T, AT DAk S i R I R R, T
H Az GEE

ML e fIR BT 4

3 BRENBRMARFETH(HE #8)

2.3 K 7% OVA SCIT %9 & 77 Ak fn & OVA 45 5%
P IgE ZA % BALF £ 55 B F 4 ik

50 d ZbBEAZH /N, BUREZH /N B BALE K251 JA i

PRz, #E 47 Kz BALF o IL-5  IFN-y  IL-10 J% Ifil i

OVA F¢5u 1 IgE W B (FeilF G ui AT ) o 458 5

TIN5 25 R R 8 ok B ZH AH LU, BALF ARy TL-10
WL TH R, T IL-5 Y EREAIR, LTS OVA ¢ 571 IgE ¥
JEREAR, 225 A e R (P <0.05) s el Xf A4 5
e s S 16T 4 UL BALF Hh TL-10 ¢ B2 A%, 1 11
17A IL-5 \IL-6 K 1M i OVA K§ 5% Ik W X T+,
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ZESAGETATE (P <0.05) o INF-ry £ B i Xof
SRR T A E R A G A B (P <0.05) , )L
F 2o AWFTARI IL-10 IL-17A BEPA U, ] Treg

e 21

AR R=

K] Foxp3 \RORyt Kk 7KF-. S5 R E W], 78 Th17 K
Treg 4 fitd KBRS s A 17K R B, S0 36 Y 2H Ml 2 21
CD4 + RORvyt + T Zffifs Jz CD4 + Foxp3 + T 4 Jifi 551 i Xof

Th17 25 SIT SREHLiil MR = A Geit 2 (P <0.05) L3k 3,
2 #FE/NMR BALF fAfEFRI1F OVA $5 514 IgE & *3 q-PCR &iUFH/NRMAL Thl7 F1 Treg HREFH
B(n=6) Fik(n=6)

25531 25 I R W i Xof B IR A 20 5] mRNA Foxp3 +/B-actin mRNA RORyt + /B-actin
IL-5 (pg/mL) 19.23 £3.27*  516.28 +21.18 74.71 +6.13* 75 A R 5.95+0.23" 0.46 £0.04*
INF-y(pg/mL)  98.55 +17.63* 202.33 £12.66 180.73 £28.98* I i Xof R L 2.18 +0.07 3.06 £0.09
IL-10(pg/mL)  155.17 +8.75*  80.67 £34.55 230.50 £9.44* BRI 3.18 £0.08" 1.75£0.14"
IgE( x10°ng/mL) 156.72 +11.14* 711.16 £33.95 422.00 +6.60 * %, ke bR A kig P <0.05
IL-17A(pg/mL)  20.37 £4.02°  95.10£2.90  35.02£5.00° 2.6 AAXMESH
1L-6 ( pg/mL) 8.92+1.80" 39.62 +£2.86 17.89 +1.88 " J]’]li%g 1L-23 %ﬂﬂ% B"J Thl7 ?H}H@ﬁﬁ’%%ﬂf*ﬁ?'&
1123 ( pg/mL) 1.920 £0.20 2.868 £0.12  2.618 +0.12

o ok ot AL PLAR P <0. 05

X 7 & OVA SCIT % J& 7% 77 5 & i 40 42 & A%

Th17 % Treg #m i rbs5)
50 d Abst/INEUE  HUHE 25 20 /)N BRI 2H 2 2 it 40 21
PEAT R A AU Treg i Th17 4 A A 203, K
235 R B i o 5T 20 Treg/ Th17 20 7 432 W] 12
i TR A R, 22 R B G2 L (P <0.05),
WK 4,
2.5 HUEEIT KA Z OVA AY A4 42 Thl7 F= Treg

2.4

HFR TRk
50 d AbBt/IN R, B /ISR AR il 4 4UbR AR q-PCR
=gl WZ I 0] HE A TR IRTT A
%0 vj 4545 1 10 253% 4%
[‘—I‘ .
E “
=
@
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&
e @
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@

AMAL (<10°L)

AL (<109L)

(n=18,r=0.908,P <0.05) ; Ifi.i& IL-23 Flfili Th17 41
M AR T A (n =18,r=0.922,P <0.05), K
i OVA Geitdr 52 A9 Thl7 405 T B LR 1L-23
FARMIBEAR . 31X 5 78 3B BRIy 1Y) S8 A L ] ) e
FEH R B TL-23/Th17 i 55 B4 FH A AH G 58
FH—3, T I RATFEIESE , WA B 1) =048 B iy S5
B it 6 T VR P T BN Y R R, Th7 4 i B He
HEL LT~ 2400 e, DA K2 Th7 20 B kit S IL-17 A Y
FER K5 0 U 8 g S R g ) 1 R A I
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10+ 5=
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# 2!
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. 2
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S lt------ o -
NIRE 2
| & R
0
0 o o % 1
s 7/ 7 2 s
&ﬁ‘%’é @yyf‘z% $,§‘}§}é b f%‘@ %’@&
Yz gy % \7‘?;4 f’%’i@ fv,r}t%

a: IR X AU M 245 R ;b R Treg #= Th17 48 i 4k ;c: % Treg/Th17 YeAh ; d; MR X 2a U4 ] 45 3R ;e AF Treg #= Th17 #m fo 4%

{: B Treg/Th17 rbfd

s o Ly odug 3t BB 20 Treg 2m B LA, P <0.05;#: 5 2% =% 20 Th17 m a4k rb4k, P <0.05
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B4 mXgm o &8/ R R BAER Treg K Th17 4k L)

3 g

TRE RS BITE T 4 (T helper cell, Th
cell) 5 1Y T 18 M A AE B2 , Thl/Th2 1) 2 A 5
BNy R e (1) A HL A o H EITA R, B Thl/Th2
SRATAI , AR Fo e~ D S firp R 44 ) 0 Wy % 3k 017
S HAT B A A, ol i A R R 5
PUARE S e it 52 T2 B AIL ], 3 A S 2 L 7T R
JE SCUE W RR SR SIT S8 ia 7 1 LU B SEHL ] 2
— (BB AHALHAR 58 2

Horp CD4 + 387350 T (Th) 20 i 7222 g b 4735 45 2
SR, Th7 2 BE 7 CD4 + T(Th) 40/ h iy
— AN R B AE, Th17 40 3= 250 0 TL-17A , J8 i
IPECIE b R 200 M0 58 R 240 L, S SOPLAARE Tl 2% 48
FEAY B 5 15 30 A8 e I A3 A S L e A
FEH I, A 8 ) SR 9 Wi S A S0 A ALV R Y
BN, Th17 A S H3Z 14 CCR6 Hii 47 B ik
ThEs, TL-23 G T Se 0 RS 19 Th17 41 i A
AR S A I s AR SRR N EE S, ©IESE, Thi?
Y2 5 A T STE P PR I JE 1L R I 2 P
TR A OC, A 55 18 Wiy 1Y) W TR 1 R 40 i 85 D) A
KRN ARSI RAE R o C AR B E S 11T R
5 T 1 RS 32 30T A B R E

TL-23 & TL-12 i B G20 1) — A8 o, TL-23
ASIwihs T 40 7346, o2& Th17 40 i 3 5 #11
Dk EERE 1123 EEiE S ThiT 46
ff g3 TL-17A 1 IL-17F (¥ b 7 15 B00IE R 9
L IL-23 Y EAE ThlT 4 A RS b Fl
VEFE, TR 32255 5 5 Th17 40009 b ks 4 i e S
I SRAE , TR AT AR A Th2 40 it S 32 () 8 R Mk 41 i
IPIAE JRE > o ARTTEAE S R R R
TL-23 5%f Th17 40 Y& 1k DL A it Thl7 4i iy
PRI 2 8 A 2 A S
B Wt A H B 57 S48 122 I ( severe bronchial asthma,SBA)
o ThI7 40 e i35 L LA )% TL-23/Th17 25 T 5 1)
RAFNRE

A FE B B /N BRIV v 1023 (TL-17A R B 3
o TR /N BRGCETR T 4, X 5 [ Y AMIE 9T 45 SR AR
H—2, TIIMEWEIE &I, W Wiy 2B 1LY e TL-23 K
TR O e S IR T AT RE S A ] TL-23/Th17
B K Th17 20 B 3 A i 38 245 1 SO e . AR
DR e PRGERE I, 127 i o S R S B2 36 9 19 32 ZE ML)
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