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nmol/kg(0. 2 mL) ,16 nmol/kg(0. 8 mL) , IEH# % M40 K EAE X} RRZH 5T 0. 8 mL AR FHER/K | 22 10 d, MEEKRA
IR 0 s HE Y€ L 0 4 23 S AR 958 B 00725 5 3t = 400 R (SR I 2 28 CD4 * CD25 * Treg , Th17 4l i LE 48] ; ELISA 46
MGZHL R TGF-B1 IL-17A NP &87A8 Mk, R 5 EAE WAL HAL, VIP £ F48 B 16 41 K UL TR IR IR 4 K |
HERIAGE A R e W P 2 T BEBE ST 4 (NDS) A HE Y2 (5 7 1 o) B 20 K Ui 2 2 b ok 0 4% 40 i 3t 0
VIP 4% F B VA 20k BURZH 2 b 48 20 MO IR AR B 9 BAE 40 R [ 5 EAE R ZH [, VIP 4% 57 40 4 K U 4e
gl CD4 * CD25 * Treg 4 A IEHE FL AT 757, Th17 40 A3 LU R AIG , HL A5 A1) 77— A8 R AE 2R VIP 574l K
FURZH 2L TGF-B1 % H% EAE AW Th& , IL-17A & 5% EAE 20 W1 B A%, B4 4B A2 A — 2 R K &R
5t VIP i LR CD4 T CD25 * Treg 4IME LA, 4233 TGF-B1 R4, [RIAS 3% Th17 4IHE b6, #0 7] TL-17A
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The effect of vasoactive intestinal peptide ( VIP) on the regulation of
CD4 + CD25 + Treg/Th17 balance in the prevention and treatment of
experimental autoimmune cerebrospinal meningitis ( EAE)
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[ Abstract] Objective . To explore the effect of vasoactive intestinal peptide ( VIP) on the regulation of CD4*
CD25 * Treg/Th17 balance in the prevention and treatment of experimental autoimmune cerebrospinal meningitis ( EAE).
Methods 60 healthy female Wistar rats were randomly divided into normal control group, EAE control group, VIP low-
dose group and VIP high-dose group. Used of myelin basic protein (MBP) + completely adjuvant (CFA) to establish
EAE model. Since building on , the low and high-dose VIP groups were with intraperitoneal injection of every other day
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respectively VIP 4 nmol/kg (0.2 mL), 16 nmol/kg (0.8 mL) , normal control group and EAE group with 0. 8 mL saline,
10 days in a row. Record the incubation period, progression and the peak of neurological dysfunction score (NDS) changes
of rats; the pathological changes in brain at the morbidity peak of rats; the proportion of CD4* CD25 * Treg/Thl17 cells in
spleen tissues with Flow cytometry; the cytokine levels of TGF-B1 IL-17A in brain tissue. Results the incubation period
were extended, the progression and the peak nerve dysfunction score were shortened in VIP each dose group; In normal
control group, there was no inflammatory cell infiltration in the brain tissue. The degree of infiltration of inflammatory cells
in the VIP control groups were significantly lower than that in the EAE group; Compared with the EAE control group, the
proportion of CD4 " CD25 " Treg cells in the spleen tissue of VIP each dose group increased, the proportion of Th17 cells
decreased, and being a dose-response relationship ; The cytokine levels of TGF-B1 in brain tissue were increased and the
levels of IL-17A were reduced in VIP each dose group, being a dose-response relationship; Conclusion through up-
regulating of CD4 * CD25 * Treg cells, promoting the secretion of TGF-B1 factor and cut ting the proportion of Th17 cells,

inhibiting the expression of cytokines IL-17A | VIP reduced brain tissue inflammatory cell infiltration, and played a role in

prevention and treatment of EAE.
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Vasoactive intestinal peptide; Experimental autoimmune encephalomyelitis; CD4 " CD25 " Treg/

WK (JE et R E B ARG RA ) ;54
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ELISA \IL-17A ELISA %Rkl & () M A ta A Rk
FHERAR ), AL (3 E Beckman Coulter
o)) B IVEE IR KR AR HH. W21, 6008 (11
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1.2 EWHE

12,1 fEhula i il &

Wriab e 10 HIKEUS , fEJC I 2510 T i 43 55
WA, A R E S A S AR, S E R
0°C A= #L 8 /KR & J5 WF B 1 50% 11 4 8 5 %
(WSCH) , #5249 IR 7 (CFA ) 5 WSCH 454k
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60 HUEME Wistar K RBEVL N 4 4 (15 H/
2H) IEH X IR EAE XF B4 VIP fIGH] & bR 4
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VIP I 390 22 7 3 20 K BROBUIN I i 2 2 12 F (0. 2
mL/100g) 47T E B s, IEH X R 45 T 45 i R Bl
K + CFA, AR HE, VIP AR &) & BhIE 4l
B — H 4 IR 5T VIP4 nmol/kg (0.2 mL) 16
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nmol/kg (0. 8 mL) , 1EH X BE4H } EAE XJ &4 45 7
M ESS 0. 8 mL NS, #4E 10 d,
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21, VIP #5004 R B, IE 5 X IR o o R Bl A
7% 8 R AbFE,, AbFEA5 4K UG B3 O IR 2 20 1
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(1) TETCHE &AM T #IF Wistar K BUE I 5 5%
TR | 2H 2R 3R R S8 B o 2

(2) BRI ERE LA A 5 mL PBS H55E 10
PR 3 A I R I FERY 400 H B L HRFL5Y
TH TR 7R UK b FH 35 1 5 48 N e R R i s 1 )
TG 240 MV, e P e 8 S T D) — TC R B AR LN

(3) F—B04 P AN 40 A B, 8 S5 AR
) A BRI EL 40 2 B VT A ) — B I, RS TR
TR AN R R R A BB DA R
A4

(4) 7F 24°C 24 F#5.0> (3000 r/min,30 min)
ST s N = R = N R W 1 =R AT
W IR 2 A

(5) PBS W ¥EYES 0> (1500 r/min,5 min) J5 ik
EL A0 3 YR

(6) HE 15% G4 1L iE ) RPMI-1640 1557 5
R AN, RATIR 215 B A RE F900, 1 1 5 By
WE B TR, PRAIETE Ik L 40 A A 3 95%

1.2.5.2
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(L5 NG 200 e B VMR B R Ry 2 x 10°/mL; (2) B
3 3 EP & AR O  FRAAE A @ X AR
A E WA AR A 1. 5 mL; (3) MNvKFR
¥ APC #xic bt Bl CD4 3 UL 1k (CD4-APC) |
FITC #3ic$t il CD25 3 zNPiiA ( CD25-FITC ) APC Fr
ICHUR TL-17 SRR (IL-17-APC) BUH K &2 25 1 5
(4) THAKEOF A 1.5 ul. CD4-APC 1.5
ul. CD25-FITC; FARAK M & @A 1.5 ul. 1L-
17-APC ; Z5 PR BRAE P A 55 o 200 i BV, 3 1)
REA] DA R BT 4C KA NI E 20 min;
(5) THEA EP NS 5UMA 1 mL PBS %, &0
(1500 t/min,8 min) J5 ¥ 2 IK; (6) THA EP 4
5N 300 nlL PBS ¥ E A&, ATIRAT; (7) %
A5 IE ] A G AME 5 38 A T ) B 5
BEAE R 40 B B, 7E 0 =X 4 A A A I D4
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1.2.6 kil i 41 2151 %% TGF-B1 | IL-17A F &
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SPSSI7. 0 AL 58 I GE 150 BT, P < 0. 05 B 41t
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1 EAE XL VIP &AL BUR i T ORIU) ik FRe ) R e Ve ) b 22 DT B i3 53 (NDS) RO AR (x5 )
Tab.1 The contrast on the incubation period, progress and the peak incidence neurological dysfunction

scores in EAE control group and VIP each dose treatment groups

5 WIW(K) HEJRI(K) MADIRERERG I
(groups) Incubation period ( day) Progress ( day) NDS( score )
EAE X} 2
TR 10.34 +2.13 7.85 +£1.65 4.16 +0.77
EAE control group
VIP 5] 4 p
ol il 1417 £1.67* 6.20 £1.97% 3.75 £0.98%
VIP low-dose group
vip %—%U%éﬂ * @ * O * @
VIP high-dose group 20.73 £1.98 3.99 +1.57 2.59 +£0.58
F 37.48 28. 54 18.95
P <0.01 <0.05 <0.01

T: 5 EAE X RALIER, * P <0.01,7P <0.05.* P>0.05; 55 VIP R 411LE, ® P <0.01,°P <0.05,
Note: Compared with the EAE control group, * P <0.01,%P <0.05.% P >0. 05 ;compared with the low dose group of VIP, 4P <0.01 ,©P <0. 05.

R2 EAE XHRLUA VIP %5 ik 2 HE P BT o (2 2 5)
Tab.2 The HE staining pathological scores in EAE control group and VIP each dose group

2151 HE Y2 3T 43 (43)
( Groups) " HE staining pathological scores( score)
EAE X} #8ZH EAE control group 15 2.75 0. 46
VIP IG5 41 VIP low-dose group 15 2.05+0.56*
VIP &4 VIP high-dose group 15 0.84+0.51*4
F 21.38
P <0.01

15 EAE STHRZL LA, * P <0.01 ;5 VIP IRFI 4 L, 4 P <0. 01,

Note: compared with the EAE control group, * P <0. 01 ; compared with the low dose group of VIP, 4P <0. 01

2. 2 BAARMALAMARREETN i g 2 20 A AR A I 45 4K B NE CD4
EH XTI R BRR &0, Ti5% 8 JGALSE,  CD25 " Treg Th17 4UMIN#E L BIASfk, T U414

HENHZT R W EAE JEA GBS ; EAE XHIRL]  JE 2255 K441 MIE CD4 * CD25 * Treg .\ Th17 4l

Fo VIP 251w AR BT & e Ao, 4 FOBR ISR 2R 07 22004, WLaR 3,

MAHZUIN I T ASFEFEEE R AR R 2.4 BHAKXBRBAL SRR TGF-B1,.IL-17A &

M TE /N LA ST R 3 0 DX B “ s 7 R, BT

i 1 5 AT D S A O A BRI AR (R 2 L 1) VIP 455 B 41 K BRI 41 20 TGF-B1 & B 4%
2.3 HAKFRIEA CD4*CD25 Treg . Thl17 41  EAE ZHUA W THE, IL-17A &8 EAE 41 W] BF#K,
P 8% bk i) HAARAAE—E R R R (£ 4),

R3  KFHREARBBAE CD4 * CD25 * Treg \Th17 4HLERELHBI( & + s, %)
Tab.3 The each group rats’ CD4 + CD25 + Treg,Thl7 ratio in spleen( ,% )

ZH 51 ( Groups) n CD4 * CD25 * Treg( % ) Th17(% )
X} IR
IER XA 15 7.49 £1.24 0.61 0. 14
Normal control group
EAE X} 1840
B 15 . 62* 5020, 12*
EAE control group 2.10 +0. 62 2.50 +0. 12
VIP {155 54 .
freml Al 15 4.50 £0.69%*° 1.75 £0.24%®
VIP low-dose group
VIP &l a4
15 . g reA ) 13*ea
VIP high-dose group 6.32 +0. 82 0.59 £0.13
F 53.29 173. 1
P <0.01 <0.01
S IEW XTI A, * P <0. 01, P <0. 05; 5 EAE XTHEA 042, ® P <0.01 O P <0. 05; 5 VIP {KHIR4 Lig, 4 P <0.01,

Note:; Compared with the normal control group, * P <0. 01 ,* P <0. 05 ; compared with the EAE control group, ® P <0.01 ., P <0. 05 ;compared with
the low dose group of VIP, 4P <0.01.
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.l EUEINNAS L e
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Note: (D brain tissues for normal control group rat; ) brain tissues for EAE control group rat;
@ brain tissue for VIP low dose group rats; @brain tissue for VIP high dose group rats.
Fig.1 The HE staining of brain tissue ( periventricular ) in each group rats( HE, x40)
T4 BAERRIKNHALHK A TCF-B1 IL-17A TR« +5)
Tab.4 The content of TGF-B1 .IL-17A in brain tissue of each group rats
215 ( Groups) n TGF-B1(pg/ml) IL-17A(pg/ml)
il
IE% X A 15 65. 66 £3.22 22.84 £3.51
normal control group
EAE X 4] * *
EAE control group 15 18.56 £4. 19 78.26 £5. 87
VIP {5 i 4 *e *e
VIP Tow-dose group 15 28.51 +3.14 57.49 +4.85
VIP #5720 @A *oa
VIP high-dose group 15 50.41 £2.98 30.01 £5.59
F 78.25 101. 99
P <0.01 <0.01

T SIEW ST RA A, * P <0.01,% P <0.05;5 EAE X IR M4,
Note : compared with the normal control group, * P <0.01,% P <0.05;
group of VIP, 4P <0.01,

3 itig

Treg 41 8 35 % 40 o 1 25 K AR B i 7
(nTregs) 5175 54 WU (iTregs) . YEN Tregs " fx
SR E B —E, PURIE ) CD4 * CD25 * Treg 41 Jifl
HANEZ G LA Z R T XS 5 0 2, O fil

® P <0.01; 5 VIP IR 41 HEE, 4 P <0.01,
compared with the EAE control group, ® P <0. 01 ;compared with the low dose

FHFIALE ) . CD4* CD25 * Treg 4 ifd i 52t 3 35 4 ify
FEME T 40 S B 1 CTLA4 #2255 25 11 ( Nip-
1) R TE AL 3 (LAG-3) S 3R i 4> T 53K
I RS A A A 8D S A 4 i
JE 391 S A0 A B A T 5 ) 43 A o 4 e TR
T1.CD4 + CD25 + Treg 4 Jfil 43 W) & /K SF TGF-



rpE AR PR 2R 2 R 2016 4F 11 A58 26 %55 11 3 Chin J Comp Med, November 2016, Vol. 26. No. 11 71

B1 . IL-10, ] —E FEEE LA Thl 20 L A--S 00 FeE
i, E— RS R B TGF-B1 55244 ( TGF-
BR) & 5 , i i B R Ak Ui 5% 5% 9 T Smad3, A
M5 Foxp3 FERFRik, [AI) TGF-B1 i #p i =
W Z A NK 20 A6 T 240 45 455 400 i 34 7 3% £k, 3
TR BRF 23T 25 2 TR 5 | IR g A0 3% 1 AN i
2 A I 1 By A0 ) s i, B[] FL At AT 4R TR - 4n IL-
10 ZAR SR "

Th17 AS[EF Thl  Th2 4 g, 3 2238 o 43—
FRIUER KT IL-17A IL-21 IL-17F %555 R gE it
R TL-17 A PR —FP LR 2 7F FH A% 22 0 41 it
Rl VR T 3 PR S = A 2 RO B R
SEAATL IR T4 5, B8 MHC-IT 505 4R 75 L3
PRIF B T 40 H o 38 97 fR A 95 1k T 4t
Peron,J. P /78 EAE /N BB RS % PR, 1 Th17
S AR WA TL-17 A TL-22 AT 10 J 5% b 8%
CNS S PRI M, 2 CNS 4 41 Mo 12 i K B 4 i 2k
EUUE [l Th17 20 KA R B, 5 GX-C
LN 45 & R LA &0, INEE CNS B RAE
P Ik EAE AOBERIIR O 1O KAk et

FT I, AT EAE £ WEL VIP B RETE
AR P38 3 PR 5 CD4* CD25 * Treg/Th17 411 i
ST K H A I B AR L P T ( TGF-B1 L TL-17A) K-
ZZff EAE M9 B0 S R

REARFSE BT, VIP 764K PN A0 AT 305 Treg
g1 T S N o A A 7 s /TR e IS
CTLA-4 IL-10 Fl TGF-B1 [J4EFH , R B 7E 41 ffd 7K S
345 Treg 41 BRI RR, dEFF e it 32, 7
IR EE RS SR Y 43 VIP ) CD4 T CD25 Y
Treg ZMMIEEHS 45 EAE /N, A 10 35 B0 %50 1Y
RIEVEFR, Yadav, M. Z" BFR RWATE 3 5 s
RAE S L, VIP A R 6] CD4 ™ T 4 A [m)
Th17 40 M2 534k, M IL-17A 894> W, Jimeno, R
P — LI BT T R VIP R 52
T (VPACP-1) 255 5 0 235 s A R0 M, 385
cAMP FIRAR , KHERT Th17 203 HI7E ]

R, FEAS LG A ) 38 5 ELISA 3246 10 122 B 25
YA 43 W Fie HAR 2R Pk B0 40 B R 7 ( TGF-BI , IL-
17A) , FIRHETT VIP 78 EAE S5 T W 72 th %%
AN TR, 458 5 EAE XFHR4] Ho 8%,
VIP 2 il 4K R AL U513 TGF-B1 & =37t
1o, EL D ) e e e B, B VIP R E Rt
5 CD4* CD25 * Treg 20 136 £k K2 431k, fE kBt 4 A
F TGF-B1 430, N1 035 EAE S5 kA2 s Wi 5

EAE X HE4L LU, VIP 450 i 4 R U 4L 4150 5 h
IL-17A &R A%, Hom Rl RO e W e, 3R
B VIP 7£ |# CD4 * CD25 * Treg 4 JfL 41 ] i ] isf 7]
FE Th17 40T RE , 30 20 K IL-17A 977
A I BHKT EAE At

ARSI R T RN VIP X A BN 2H 20 N G g5 1
il F TGF-B1 , RAE K F IL-17A (52 M A1, [ i
308 3 376 4 A S A A D T 4% 2 AR OB U 2 41
CD4 * CD25 * Treg Th17 4 ML EH#F L A7), 32F— 25 M 5%
VIP Xf CD4* CD25 * Treg/Th17 V- fiif & 5 49 5 Wi
RN . 5 EAE YR Hds, VIP 457 & 41K R
JEHE ZH 23 CD4 + CD25 + Treg 4 it He 491 B & 7
10, Th17 40 H BIREAG , B VIP &5 ] AR T el
Wi, 2 AR Wk, #F— 3R W] 78 EAE A
W, VIP Al it i CD4* CD25 * Treg i, F
Th17 e, 4E+F CD4 + CD25 + Treg/Th17 41 Jifg %
i, IR I TGF-B1 R &t BEAIK IL-17A A+
IRV WA S AE RN, AEFE X B A1 ] B g A7, DA
M2 EAE iRk AE Kl RRIN
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