5519 % 6 1 B RIUH & Vol.19 No
2017 4F 6 A Chin J Contemp Pediatr Jun. 2017

doi: 10.7499/j.issn.1008-8830.2017.06.017

WH - LRI

M5 335 P T Uk W2 g /s Bl 7T 98 hi I
Th17/Treg V- ¥ 550

A ERE® FEAS

(1. T KR FEFER/EILE ERFRA, H AM 310003; 2. 30 F o BERILA, #db #10 4320005
3N EMKFEREE EILE ERSFRA, i BN 325027)

[(FMZE] BH ST s (VIP) XiemG/ N BUAGE RAERISEI , LS Th7 08 / 98154 T 248
it (Treg) LATMMEVER . Fix  # 30 B BALB/c /NGRBEHL /S B AT . B2mgal . vIP 41, fdl 10 2. FIH
BRI (OVA ) SUHURI & VR Zovk g /N U 5 X A 2H SICREORN 0% o B2 A A BEER /KRR OVA; VIP 4
BRI OVA ST, S6lL VIP R (20 pg/ml) Z5AEMA 30 min, B US4/ RS Bl e DR IR . Il 4045
A FIFSAKS — HLT e o WA SV BSR4k ;. ELISA VRGN A REVE W th Th17/Treg AHSCANMIA F/K -5
PELH Ak} Real-time PCR Al filiZH 23 rp Th17 40 M S 7% s IR F- RORyt M Treg ¢ M 5% 5 R Foxp3 FRIBIE L
SR REALUEE R EIR VIP 41/ B4 21VGE RAE R ENGALRE . ARG/ BALF Hh IL-17 ¥RJE &
FXFIELL (P<0.01) , VIP 41 1L-17 ¥R R EmG 2L FFAR (P<0.01) , {HA38 TXF B4 (P<0.01) o BG4 BALF
1 IL-10 Y BEAIR T X IRA (P<0.01) , VIP 40 IL-10 ¥R PEmG 2 5 ( P<0.01) , [HAMILTXIRZE (P<0.01)
W Wiy 21 /)5 U 2 23 RORyt mRNA N2 3 F1 325K 5 T % BZH (P<0.01) , Foxp3 mRNA K 2k [ & AR T X i 41

(P<0.01) 5 VIP 4Ifilig141 RORyt mRNA KR IR IBAKPAR TR (P<0.01) , Foxp3 mRNA KIEFIRKKF
T2 (P<0.05) o 2518 W/ N RUFATE Th17/Treg S 2R A, VIP WIIE ik 142 Th17/Treg Hiie 26 i 1M ol
W i/ N BT AR o [ HELRILRIZE, 2017, 19 (6) : 699-704 ]
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Effects of vasoactive intestinal peptide on airway inflammation and Th17/Treg
balance in asthmatic mice

KE Li-Qin, WANG Feng-Mei, LUO Yun-Chun. Department of Pulmonology, Children's Hospital, Zhejiang University
School of Medicine, Hangzhou 310003, China (Luo Y-C, Email: luoyunchun501@163.com)

Abstract: Objective To investigate the effects of vasoactive intestinal peptide (VIP) on the airway inflammation
and its regulatory effect on Th17/Treg imbalance in asthmatic mice. Methods A total of 30 BALB/c mice were equally
and randomly divided into three groups: control, asthma, and VIP. An acute asthmatic mouse model was established by
sensitization and challenge with ovalbumin (OVA). The control group received normal saline instead of OVA. Before
the challenge with OVA, the VIP group was administered VIP (20 pg/mL) by aerosol inhalation for 30 minutes. The
bronchoalveolar lavage fluid (BALF) and the lung tissue were collected from mice. The pathological changes in the
lung tissue were observed by hematoxylin and eosin staining. The levels of Th17/Treg-related cytokines in BALF were
measured by enzyme-linked immunosorbent assay. The expression of retinoid-related orphan receptor gamma t (RORyt)
and forkhead box P3 (Foxp3) were measured by real-time fluorescence quantitative PCR and immunohistochemistry.
Results  The histopathological results showed that the VIP group had milder symptoms of airway inflammation than
the asthma group. The level of IL-17 in BALF in the asthma group was significantly higher than that in the control group
and the VIP group (P<0.01), but the level of IL-17 in the control group was significantly lower than that in the VIP group
(P<0.01). The level of IL-10 in BALF in the asthma group was significantly lower than that in the control group and the
VIP group (P<0.01, but the level of IL-10 in the VIP group was significantly higher than that in the control group (P<0.01).

[ i HIWH ] 2017-01-01; [ #23ZH M | 2017-04-06
[fE& R ] W, &, Mt fEReEEI,
LHfEES ] Bk, B, FEE,

699 -



ERCEGE- N
2017 4F 6 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.19 No.6
Jun. 2017

The asthma group showed significantly higher expression levels of RORyt mRNA and protein in the lung tissue and
significantly lower expression levels of Foxp3 mRNA and protein than the control group (P<0.01). The VIP group had
significantly lower expression levels of RORyt mRNA and protein in the lung tissue and significantly higher expression

levels of Foxp3 mRNA and protein than the asthma group (P<0.05). Conclusions

The Th17/Treg imbalance may be

closely related to the airway inflammation in asthmatic mice. VIP can improve airway inflammation by regulating the

Th17/Treg imbalance in asthmatic mice.

[Chin J Contemp Pediatr, 2017, 19(6): 699-704]
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R, SCRE R R LI R RS I I 5
IRRAF ARG, BOFARERT S Th1/Th2 2
DR AR . Th17 GUARATETTHE T 4088 ( Treg) |
DS HARZE VAN 1 TL-17 . TL-10 25 58 &%
FEAEE IR R, B B AHEE,
BAERE DAHERSBT, IR AL TPk 4 i
AR RS . L4 T Th17/Treg 3%
AR A Y T B L 2 —

A B b 3R A AR R B RE 4 ) P A 2 0 A
— Sk A& ORI AE 06 P 4 BK (vasoactive intestinal
peptide, VIP) 45, AIf-SHiR . ¥k LAE L
PEIMHI AR o TERFIR R G, VIP RIS 5K 145,
X BT H A R E A AT S A e 2E, R EY sk
SEMERY; FERZERG T, VIP REREIH T Fk
ARGk RAEPVIEPE R VE T, BB T e 4
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1.1 L8z
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i 14~18 g, T LS S sh WA R TTAE A
Al SRR RS SPF L gm st
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XN H (OVA, EE Sigma A H] ), VIP(3E
[ Sigma ZA#] ) , /NEIL-17. TL-10 ELISA X5 &

( [ R&D 2 H] ) , TRIzol ( FE[H Invitrogen A H] ) ,
RT-PCR 553050 & (INEEK Fementas AH] )
SYBR Premix Ex Taq™" Il ( Perfect Real-Time ) &+
15 & ( HZA TaKaRa 227)) , PCRF5#PE5 19
FE R A M EORA PR RIS AL, At B TP R
AH PR AZ% Z 44K vt (retinoid-related orphan receptor
gamma t, RORyt ) F13CARSK 7 30 i bR i & % DRI -+
3 (forkhead/winged helix transcription factor, Foxp3 )
ik (Pe[E Abcam A H] ) o Roche Light Cycler 480
SeifsE i PCRAX (H L2 [RHEHT) , LKB-2088 £l
TR AL (it LKB 5] ) .
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W 30 FUEYE BALB/e /)N BUBEAIL 3 %t B4
WENG AL, VIP AL, A4l 10 H. AL E 2 RS
kT ORI PR R, BRI (1) BB
W R TSI T AR RS 1 KA 13 RIS
0.1 mL % 0.01%0VA f AI(OH), B, 45 11Kk,
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WO, BRI AL A (8] 29 30 min, 1220
K8 do X HRZH BURUFIEUA W B LAA: B K AU
OVA; VIP AR OVA BT, JE LA VIPEE (20 pe/
mL) ZEAEIA 30 min,
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BE . ik, QB VIR 5 —Efor gl 44
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W1 mL o3 3 KGN A i, Wi S A I v
Yed (BALF ) , 3000 r/min #5.0> 15 min, HUEIEWR,
T 80 CUKRH RAF 15K o
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I A R AT IR AR - L e, BB T
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17, TIL-10 7K, FHBEARYAE 450 nm ZEINWE S RE PR BAMEFB AL B H R B IR

(OD) fH, HHEFEME OD B HIRE .
1.7 Real-time PCR #&illl i 26 28 ROR-yt. Foxp3
mRNA B RE

Jiti 20 21 F TRIzol ik 7 42 HU & RNA,
i B8 A Sf i ) & U B S 4R AR 2D R A o)
A ¢DNA, Z J5 # 17 I & B-actin, ROR-yt,
Foxp3 W14 M. 519 ¥ 51: B-actin: 1 4
5'-GGAGATTACTGCCCTGGCTCCTA-3', Jz X %k
5'-GTCGTTCGTCCTCATGCTACTCAG-3'; ROR-yt:
1E 4% 5'-GAACTTGGGGAACCAGAACAG-3', JZ X
4% 5'-CTTGGCAAACTCCACCACATA-3"; Foxp3: IF
X 4% 5'-AGTTCCTTCCCAGAGTTCTTCCA-3', Jz X
5 5'-GCTCAGGTTGTGGCGGATG-3', PCR [ i 14
AT 20 pL, BIF5 SYBR Premix Ex TaqTM (2x)
10.0 uL, PCR L {51 % (10 uM ) 0.4 ul., PCR T
WES# (10 uM ) 0.4 pl, ¢DNA #4z 2.0 pL, dH,0
7.2 uLo PCR JZ B £5 12 95 °C Wi AL ¥ 30 s; 95°C
P 10s, 60°CIB K 20s, 40 DMEM; iR £
95°C 1s, 40°C 1s, 70°C 1s., MW SYBR Green |
4T Real-Time PCR JZ i, B PMEEAREE 31K,
SN 5E R Y R i £, AL 2700
2% mRNA KA AR E i, Hodr A A C=Cr (£
i) —Ct (B .
1.8 %% A SP i #& M Al 45 2} & ROR1t,
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1B, G5 T ES, FHM: R 45 5 0 40 it i A% sl i
N BA A R, B N U ZH 2UbR AR Bl L
VRN 10 Y], Bk U0 BEHLE RS 5 A m il
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K HH SPSS 17.0 SeiH R A v B -1 1 4124 4
Bro THETRIDIIE = fniEE (xxs) FoRm, £
ZH 8] U R O 2208, ZHIBI W e 3R SNK-¢
s AR A AH DG FE R H Pearson AHOC A3 HTE:S
P<0.05 H2EFAGE X

2 R

21 FBHNRIBMEEHEIEFRILE
WM /N RS BUS TR IO B B, SR
AT 2 B D3, 575, AiBdAE,
SLTH RS, FEREIOIZR IR, B AR T A5 2 iy
SPEWIREL. XHRATC BRI, VIP 4R L
AR, (AR RN R
22 FBANPMRMALFEETL

X HRZH /NSRRI AL 2R 2 F e e, SR It
TR, FERE LR 564k, LRGN >
ORI, SRR TR B i A ) LA L 5 1 A
i WERGA /NS L e P B e L B
W2 RYEAMIRNE, B As, OB LR,
Jite ) JO 0 S A s PR AT DL R M IS LR R e
AT BRI L4 VIP ZH T ZH 2248 1 200 B 3
S PRU B I A%, (ERSE 4T . LA 1,
2.3 &4H/IR BALF 1 IL-17, IL-10 iKRERZEL

% Wi 2 /N B BALF o TL-17 ¥ B 5 T % R 4
(P<0.01) , VIP 4 T1-17 ¥e J3F 5 w22 i 20 [ 1%,
(P<0.01) , {HAETXIEL (P<0.01) , BERGL

BALF A TL-10 ¥ J& Ik T %} B8 4 ( P<0.01) , VIP
2H 1L-10 ¥R EEA G 2 i (P<0.01) , {EAIMIKTF
ST (P<0.01) o WFE 1,

% 100 ) W2l SO L

X BRLELAR UL AT AT AL 5

TP S A R G AR RAEAMARIR s VIP dLJRAE U B s 14
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F®1 FENRBALF #IL-17, IL-10 KF LR
(x+s, pg/mL)

K2 REANRAMALLD RORt, Foxp3 mRNA gyRiA L

(x£s)

4151 n IL-17 IL-10 25 n RORyt mRNA  Foxp3 mRNA
X 2 10 18+3 170 +27 X 2 10 1 1
% i 2 10 48 + 3° 60 + 15" 2 iy 2 10 12.05+0.08"  0.22+0.05
VIP 41 10 32+ 5" 96 + 25" VIP £ 10 223+0.11"  0.53+0.07"
F1{H 62.64 25.59 F1i 98.561 52.332
P1{H <0.01 <0.01 P1H <0.01 <0.01

W oasn 5 XM B, P<0.01; b s 5 2 o aH L %,
P<0.01,

2.4 )RR Bl 4B R h 3 R B F RORyt #1 Foxp3
mRNA BZ5k

B i 2H /N U 2H 20 FF RORyt mRNA A5 %)
MR I s (P<0.01) ;5 VIP 41/ BUll 4148
RORyt mRNA RIS THERg 2 (P<0.01) , HY
X R LA 22 R RS i L (P>0.05) o Bl
ZH/NEUIZHZE P Foxp3 mRNA 2535 B K TX R4
(P<0.01) , VIP /MR Z Foxp3 mRNA ik
BN TR (P<0.01) , HA5X AR i zs 70
GiitFE X (P>0.05) o W2,

B2 FKHENRMAL RORyt EARIEER (LR, x200)

22 [RORyt | 4k H R AH IR Z AR yi; [Foxp3] SRk 748
BRI e S F 3, a R S XTHRLLLLAS, P<0.01; b /R-S5EEG4H
H#, P<0.01,

2.5 /INERBHAELA P EREF RORyt #1 Foxp3 &
ARIEER

Th17 #5 FPE5E 8T RORyt 635 T-20 i i
FAREALIN, Treg H¢ 5 1k 4% 5k A+ Foxp3 ik T
MY, B T S A SE A
R R ] S A A PR AR . LI 2~3

2 i 2H /)N BB 2 2 H RORyt 25 H S5 fHPE R
ik, HSXHRAMEESARI=E L (P<0.01) ;
VIP 2 RORyt 25 (AWM 2 TR REAIG, (BT 4

ARy
ki

X AL S E R A RORy 25 /i

Fh; WML T AN KR B S M ANEAT B RORye B 11305 VIP 410U b A0 e JA Bl R MR A RORyt £ 1146

IS L R o Sk R O RORy 4 F R K

Xif B4

B3 &EHE/NRMAL Foxp3 & B RIFEREdlfbyeta, x200)

2 Wi 2 VIP 21

Yo BEAL SRS T R A0 Foxp3 25 1 IE# Rik;

W Wi 2 SRS B A D e L 98 R I Foxp3 4 1 FRIABO0 HRA /D s VIP 1SR B R AN S R R A Foxp3 #EFI5R

IS WL I I . Sk FR O Foxp3 8 F TR L
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BR4] (P<0.01) . BEMGAIEERIT Foxp3 BEHEE 3 i

B FRALFEAIE (P<0.01) 5 VIP 4 Foxp3 & ik

ARG T, (AT X RRAL ( P<0.05 ) o L35 3. W i (4 HAAR A AIL T S R AR B2 0, L4t

*®3 BHANBMAL R RORyt, Foxp3 EARIELLE

(x+s)

20531 n  RORyt#E[  Foxp3 &1 RORyt/Foxp3
MR 10 0259+0.033 03560018 0.73+0.10
BENEZH 10 0.362£0.032"  0.234 +0.042"  1.54 +0.26"
VIPZ 10 0.304+0.011"" 0.289 +0.031* 1.06 0.13*"

F1iA 12.320 9.265 19.281

P <0.01 <0.01 <0.01

e [RORyt | 4 H R AH SC I AZ 2 vi; [Foxp3] SRk /##
BRI R T 30 a n SXTIRAL LA, P<0.01; b /R 5K
He#, P<0.01; ¢ nSmmad] b, P<0.05,

2.6 tHXMEDH

/BRI ZH 2R RORy/Foxp3 2K [ A 5 Thi7
4 Ji 43 D6 R S M A0 B DR T TL-17 vk R R OE R OC
(r=0.823, P<0.01) (& 4) ; 5 Treg /b4 5
P R TL-10 22 A OC (7=-0.714, P<0.01 ) ( &
5) .

60 Y=15.42X+18.29
r=0.823
P<0.01
E 40
2
=
- 20
=
0 T T T 1
0 0.5 1.0 1.5 2.0
RORyt/Foxp3 % [ HAH
B4 /INEREfZH4E 1 RORyt/Foxp3 & H LL1E S BALF

H L7 RERXES

250 Y=-106.68X+228.35

r=-0.714
200 P<0.01
2 150
=
[=%
~ 1004
=
= 504
0 T T T 1
0 0.5 1.0 1.5 2.0
RORyt/Foxp3 & [ HL(H
B 5 /NERAENZHEZ T RORyY Foxp3 EHLL{ES BALF

B IL-10 IR ERXES

PR TA ALY Th2 28 0 247 3555 F ) Th1/Th2
A T ) e A e B AR P
PR AIF T 2 BHLIEE W 114 — 4 512 565 01 PR g 384 B
ZIEABEIT A F L) Th1/Th2 K Ar2= ik, CDA'T
W ELAR A 5 — W RE—Th17 400, HoMb . iz
He b et 5 7 RORyt K& K 363k /K il i 4 1
Th17 20 M 352 LM I TIL-17 MARAE, 2 5HUAR
— RINVGIER N, AR, G s P R
A S TL-17 AT LAGESESE R i . P
JULAH B 2T 2 B A i 6 Ak, B R RRE R
W IL-6. IL-8 55, HEAE 7 b kb 40 A 16 Fn %
b, E—nE A TE SE O ", Treg & CD4'T
PH EEL 40 6 7% BB AR, e P 40 i PR T
10, TGF-B EZ a4+, LIFEIHTTHLARA Gz
A K AR DI RE . Foxp3 S22 #F Treg 431k i 24
() Ui S, BERESIERINTE Treg b, 3R
B —ERREE E T DA e Treg A2 A1)
RETEE P

MG S IR, W Wi 2H 0] FEZH it 2H 20 RORyt
mRNA KB/ B TR, FEREE Th17 Fe5 4
MIPE 7 1L-17 A3 8 1 Foxp3 mRNA FIRRFIK,
PEFE Treg A1 IL-10 (9 15 FF%; H RORyw/
Foxp3 I FLIEHG &, /RN &2 A4 i mT REAIL ] 5
Th17/Treg Hy%E M4 o

VIP & BAT WG TR B /N e ik, 2Ty
B AR R GEAERRGRAE D M P 2B I, 2 H AT
R IR R IR SRR, AR A R
N A VR B B S iy, R A ELISA i
SE BALF K24 VIP & 2 B 3 AL . Szema
R, VIP EEH RRR /N BB A BB RE 245 ) f5
BT R R N, AGE AL BALF PR 4
KRR F I RESE N, @ EsNA T VIP 1T
TRE NS W55 R RN o FlT AR 22 () BiF 9 36
VIP i fE5HE 1 202 Th17 ZH M0 FN Treg B8R K I BE
S50 RN . ShP SRS, TR R &
PRI S AR AR A R /N BB v VIP it ek
A% Th17 40 /Treg 140t K D) RE AL 4T R I ey
PR BY, B, HACEFE @S VIP i+
T OVA Sz /N, 250 /R T 14l BALF,
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M7 B0 2R P A A B S M, VP R
B R 283 TR N A I e e TR T K, HAA T
A2 DIRE, BN IRIRTT H B e B
SiE PRI S LTS AR 22—, BRI R vIP
K LA HE e B VAR N T R T IR KT RE
340 VIP RETSAA A T 2P 22w/ )N B E 41 B Y =y
FR? JEAREN G ARG A Th17 41 /Treg £ 7
H i N A O DG s i . A58 3 55 1k
WA VIP T TRz /N B, 45 5 s il 2 403l R
SEN] B ZEAR, BALF 1 Th17 40 IL-17 &5
/NI BREAR, 17 Treg A0MIP T 1L-10 ZKSF-T455
] i VIP A BEIN 1 il 20 20 RORyt JE K il 3 3k,
IREFE R Foxp3 FERFRIEKT; $RFMA VIP
XoJ B2 i 7N BRI JRRE HLAT — 2 AR VR, T

REHLAZ: (1) VIP BAT B 5K /N B CE
eI (2) VIP Sl sz R4 &, st/ BTN

B 57 RORyt Ml Foxp3 R Y3k, W54 1A
T Z M [a] Th17 40 M 531k, (145 Th17 48 7 W 4%
JEN T TL-17 370, Treg 3 I04F 5 BIDTR 4H L A 5
IL-10 2, AEFFRERG /N B N Th17/Treg G528 F
HRRAS

i BTk, AWFSEES R B R Th17/Treg %%
2 5 W SO RAE D, AR AL fig
S SR SR F RORyt. Foxp3 2R354 6.,
Jihbh, 2rERENG /N RS AN VIP AT 3 5o 0
i S PERL S RORyt/Foxp3 WS #ik, ARGY
W] Th17/Treg GeERAT, X ATHESE VIP 20 B K/
UATE RAE IVE LY —
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