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Abstract; Objective To investigate the role and mechanism of action of pertussis toxin (PTx) in the mouse model of experimental autoim-
mune encephalomyelitis (EAE). Methods CS57BL/6 mice were randomly divided into normal control group, EAE group, and PTx treatment
group, with 12 mice in each group. In the EAE group and PTx treatment group, EAE model was established using MOG 35 -55, and the
mice in the PTx treatment group were given 1000 ng intraperitoneally injected PTx at 7 days after modeling. The clinical symptoms were ob-
served in these two groups. Histological staining was used to evaluate inflammatory response and changes in demyelination and observe vascu-
lar endothelial growth factor (VEGF) and angiogenesis. Western blot was used to measure the levels of VEGF and collagen TV. PTx was used
to stimulate primary cultured neurons in vitro to assess the in vitro effect of PTx on VEGF expression in neurons. Results PTx alleviated the
inflammatory response and demyelination in EAE model, and in the brain, PTx treatment reduced the inflammation score from 3.4 +£0.55 to
1.2 +0.45 (P <0.01) and the demyelination score from 3.6 +0.55 to 1.4 +0.55 (P <0.01). In the spinal cord, PTx treatment reduced the
inflammation score from 3.6 £0.55 to 1.0 £0.71 (P <0.01) and the demyelination score from 4.2 +0.84 to 1.4 +0.55 (P <0.01). The re-
sults of Western blot showed that compared with the normal control group, the EAE group showed a 49.0% reduction in VEGF (P <0.01)
and a 36.0% reduction in Collagen IV (P <0.01) ; compared with the EAE group, the PTx treatment group showed a 59.5% increase in
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VEGF (P <0.01) and a 45.0% increase in collagen IV (P <0.01). The in vitro experiment showed that at 24 hours after PTx treatment,

the expression of VEGF in neurons was upregulated; compared with the normal control group, the 100 ng/ml group showed a 34.6% increase

in the expression of VEGF, and the 400 ng/ml group showed a 76.9% increase. Conclusions PTx can upregulate endogenous VEGF in neu-

rons and angiogenesis, and thus exerts a protective effect in EAE model.
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% & P i 1k ( multiple sclerosis, MS) J& —ff &
A T R B 28 AR G Y S8 AE P B B O o S I
B B e i PE A 8 2 45 B8 ( experimental autoimmune
encephalomyelitis , EAE ) J& iJf 7% 1% % Jj 11 Jk A 5 AL
SC R G R ATT A ) AR R B, RGR) T R
2 ( pertussis toxin, PTx) 0] Ji{ 4% EAE % 5 5 Il IR 5E
AR HEARBL R R 58 AT A

W 52 3¢ W] L 45 P9 B 40 i A2 I I 7 (vascular en-
dothelial growth factor, VEGF ) M Ifil. 4 7 4 ( angiogene-
sis ) W AEAE EAE Al MS 195 B AR B 7 op A 4 AR
Mo ARMRIESRR , 76 EAE BLRLh VEGF Hl I 4 37
GsE I | I T =01 N R A R = I
VEGF F1 1fi % ¥ 4= 75 EAE & % HL ] b i 7E F K TH
AN . Lu %85 HGE PTx Al DUAE (A i B i 5 g
B AN & AR T A L BT AE S . IS A
UEHE K WY, VEGF B A7 # & 42 97 4E 1T, & BE I 3 b
ZotE R MAERE T Sk, IRATH R, PTx
RE I VEGF 114 3 3k 1 1M 5 S 1l A8 7 26 7 A=, [R] b
X —AE X EAE A -4 4E .
MRS E

LW EAE R IFS

P MEPE ) C57BL/6 /N (6 ~8 J&, Taconic La-
boratory , New York, USA) B#Lr 4 3 40 : 1 Xf B
4 EAE 40 PTx JA 7 2, iR 12 H o

EAE 1915 )7k 5% SCik R Y, % EAE 41 /0
PTx Y67 4L /N B4 T BT T 200 pg B 5 20 58 I8
S ZH fifd B 2§ [ ( myelin oligodendrocyte glycoprotein ,
MOG35-55; M-E-V-G-W-Y-R-S-P-F-S-R-V-V-H-
L-Y-R-N-G-K, Bio-synthesis Inc. Lewisville, TX ) ,
MOG35-55 % i T 50 wl 58 4 96 [ Ak 70 L, 1% 5L
JBE3 & 0.5 mg A KT (Y 45 A% Sy BRI ( CFA,
Difco Laboratories , Detroit, MI) . 7F # i i 5 24 K M
FEE 48 /NI, 43 B B8 i 132 5 PTx 200 ng ( List Biologi-
cal laboratories Inc. ) , 7TERIEIHEFIGH 7 K, 44 PTx
TR YT A/ PR A A IR 33 551000 ng PTx
1.2 #METHEEHK N

P2 T REAG I S 6 ph S M A TE XU S O T
%y FUNBRIEAT PR o SRS 43 15 bn o 55 4 Rt R X
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EAE # 8 JE A7 I IR 23 RF 430 43 = ALK 1 7 =
Fe L ERE ;2 43 = BN IS TG U1 53 43 = AN 58 4 XU
e TR e A A B 23 /i B TE 154 43 = 58 42 Ja I
I A5 4 AT B IE 755 4% = AR A EsE Y
XF 3 /N U R AT A A I RER I, I sk fE .
1.3 HAFHEM

HERLEE 19 K, B/ BUH B8 AR M . ] H&E 3
{4, F1 Luxol fast blue/ periodic acid Schiff reagent ( LFB/
PAS) 3 331 K PF i R Ml AT B 1 58 A S B AT B B
WA R A AU G A Il VEGE K& Collagen TV

ekt
1.3.1 ¥ 2 ZRAAFNMNKXKEFAAERAOLERR
Fo JBEL RS B R

K FZH R 2 4T 43 2 58 1 & 40 0F f K i A i
8 & RE B 1oy 6 56 B 502 i AR B . TR T B B
2 A B e N B0 5 AE A R BTEAN R RE BN Y AR E
s E A A Axoplan 2 48 55 ( Zeiss, Thornwood , NY )
KA WIS ULEF B OK 400 £, fE H&E B @ 5%
i 41 i 3 0 95 i 1 7 R R AR R R A AR v R AT
G720y = TR RN 1 43 = JAE 40 LA 5 45 %
LA % i JEE T BB 52 3 = S8 AE 40 i % 2 38 0B ) S o
A (B XL ~ 10 DI ) 33 47 = RAE 41
RS O B 52 RCER o (B X 1T ~ 100 S 4
) 54 73 = RAE 40 M 5 S B LR 4 (B IX
KT 100 400 o
1.3.2 A Luxol fast blue # &, 3% xt Jbii. 44 ¥ #2 & 3t
AT+ A

i Luxol fast blue H¢ (% i) 75 12: % 2 5 Y % [&] &
o B AR B U) R R AT S, O A XUE AR F T AR 4
T % KT A R AT VR 10 4 = TR
oy =RIER B AR 2 0 = 20 860 B 8 3
g3 =LA B B I A8 T ] B AR I s 4 o) =
R R f18y 1 A7 T L AT MO £ 4 21 0 R R
RS2 BT N A RAE AN IR IE B % S 4y = T iz il
A T B AR 60 4 R ORI S BN A
RIEMMIRIE B E . N 2D R 6 ML,
1.3.3 AL a7 k4 m VEGE #= Collagen IV

Yo H 2L 1Y J7 ¥ K VEGF (NG1651636,
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Millipore Corporation , Billerica, MA ) #1 Collagen IV
(ab19808, Abcam Inc. , Cambridge, MA ) 7F 4% 4H /)
B R A 11 2 31 DL o A 8 U Ol X A T
VEGF 74 22 5T | (19 KA 15 &L, A NeuN ( MAB377,
Millipore Corporation , Billerica, MA ) $i & 3 #5 ic ## &
TG 5L B X BECRTBH M X BE, DL HEBR B i R
e i Fe o 3 00 AR BH P Bl B A o
1.4 Waestern blot EHE= 97

HEREEE 19 K, WA v FrA 8 41 4, fifi ] BCA 2R
P e 2 0 R &, AT S v B o JBOAH ] R
it 4 [ JE AT Western blot, HL Uk M 6 JBE, 43 3l fim A —
$iL VEGF FI Collagen 1V ,4°C Z 18 % sh W & ik 6.
A B i S AL Y B (HRP) FRiC B9 — 5T (7074, Cell
signaling technology ; Danvers, MA) , EJ8 T & 1 h
Ja o, 45 R 5 N2 B-actin(sc-47778, Santa Cruz
, Santa Cruz, CA) gEAT WL AL, 45
RUA S HRIE R R
1.5 {Rk5pREe

B g% IR P 22 e A D < JBOKT AR 2R — RNV, T
WA PR R A BB R O, B U B i, B
F #1490 15 37 3 ((Invitrogen Corporation, CA ) H, ¥
e ¢ 41 409 B, Papain W 6 i ( Worthington . Bio-
chemical , Lakewood ) ,37°C 4 4k 20 min, 5 4 72 %
(150 rpm ) , Jl A 10% FBS % ( Sigma, St. Louis,
MO ) (AL R, 70 wm 3 g8 4 B o R P AR
B3 min, 23 1500 rpm, 57 EIE K. HEA
0.5% /g 4+ & R ( L-glutamine ) F1 2% JG Ifi. 5 B27
( Invitrogen Corporation, CA) [ #f & 0 B 52 5L,
T A0 M & W o K 20 g A B Poly-D-lysine T AL
PO R R IR, JCE T 37°C ,5% CO, B B; 5% 46 4k
Cii SR, B3 ~4 d iR SR

M E TR A 7 K, PTx 1R 97 4 s AU M 4 o0 4
M7 PTx 4b B, B H B 5 5 25 100 ng/ml A0
400 ng/ml, 3577 24 h J5, JH 4% Z 5 W A € 40
fitt . FH VEGF ( NG1651636,
Billerica, MA ) il Map2 (3 - 1103, Gainesville, FL)
PR bR IC VEGF Fl#f 2 50, K Il VEGF 7 #ft 28 5T
EfFiE . Al VisionWorks ® LS & 15 3k ORI 73 #r %K
fF ( Tmage Acquisition and Analysis Software, UVP,
LLC, CA) I & Jf i1 58 VEGF ik iy -F 2 % 5, 1
i VEGF 1) 3% 1k & E ATl L
1.6 ZUHZESHRERLE

Bdn il 3¢ AL HR s A I RG24 A

Biotechnology , Inc.

Millipore Corporation ,

Fil Microsoft Excel 2007 . SPSS13. 0 %k 4 ¥k 17 &b B
T ROR DL R £ R dE 22 (v £5) B FRR, i
BRI AT 4 A, RO U B i
FEARB BB XS ¢ R g s AE /XS « K38, P <0. 05
WA ZEFGIFEE L BB B RR A Adobe Photo-
shop CS (Adobe, Inc. ) 343 A7 G 5 AL 2L,

2 BR

2.1 PTx 447 BB %2 EAE & ) 5 Il Ik # 22 T
R RERMMGEIEH T

#EN7 EAE BV SS  /NERAE 12 d Z245 R 46 0 B
PRAEIR , FERIN AR D RE i, H B2 Wn & . 78
55 19 RIS, IR IESr Ky (3.83 £0.39) 43, 1Ml PTx i
S EAE /N RIS AR WA I ARIER (B T A) .

Y1412 K I 4 R, 7E EAE 41 (1 3 86 1 B, T
LR R 0 400 M 7 I A8 R BELRD S BR N IR I B iE , HL
JI5d 6 8 B WY S T P AT 2H A8 RE 0 AR B RN G
TEEE O W (B 1 BRI C) .

TE RN PTx 4 RAE 73 (3.4 £0.55) 43 %
F(1.2+0.45)4,P<0.01; [BiBE8TES M (3.6
+0.55) /%% (1.4£0.55)%,P<0.01, 1E%4
AT F B A L IR T R, PTx g R E P43 A
(3.6 +0.55)4FE(1.0£0.71)4,P<0.01;
i BEWSIE AT N (4.2 £0.84) 4% (1.4 £0.55)
A P<0.01(F£1).

&b
Be

%1 EAE A7 PTx i&77 BRI RIE TS B SIT Y LR

(xx5)

% g2 (H&E) 568 3 ( Fast Blue)
R A8 K R
EAE 41 3.4+0.55 3.6+0.55 3.6=0.55 4.2+0.84
PIx 4774 1.2:0.45 1.420.55 1.0£0.71 1.4+0.55
P 0. 0001 0.0002 0. 0002 0. 0002

2.2 PTx i&fr A LU N VEGF ik 0 & 3 4

TE EAE 4 vh A5 886 I 5T A K i B2 5T i VEGE il
Collagen IV % 35 % 1E % X BO41 N [, M PTx IR 7
J& , 73X 28 X, VEGF #1 Collagen TV K3k B @ | i
(E2 A E2B) ., RETE EAE 419 & IE 41 i B &
B8 A6 5 38 A7, VEGF [ 2% 35 A I 48 B A= 90 4 3%
fil . {H Western blot ¥l 25 £ & 75, 5 1F % X 18 2H
., VEGF TR 49% (P <0.01) , Collagen IV F
F36% (P <0.01), 1fi PTx J8¥7 )5, 5 EAE 414
., VEGF EJ+ 59.5% (P <0.01), Collagen IV |
FF45% (P <0.01) (E2C),
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& 3 —=—FAE 4
E 25 ——EAE+PTx 41 I {
K 2
E 15 {
1
0.5 {
1d 2d 3d 4d 5d 6d 7d 8d 9d 10d 11d12d 13d14d 15d 16d 17d 18d 19d
LR RAL
3 EAE+PTX 4 c EAE 4 EAE+PTx 4
Y. A =
'K &
bl
@I «
D
EAE EAE+PTx P&
HKAE(HEE)
PN 3.4+055 12+045 0.0001
i 3.6 +0.55 14£055 0.0002
BB ( Fast Blue)
PN/ 3.6+0.55 1.0+0.71 0.0002
i 42+0.84 14+055 0.0002

E1

PTx #8 % 22 EAE #2 A1 69 06 Rz K, K Fo B R 35 R B

o A: R MOG 35-55 i § EAE A 5, R A A &

PBWEHARENR, M PIx BT ETHEEMIAEKR(n=12), B:H&E £ & 2 7# F EAE A 5 X

TR EmMMEZE, @ PTx 56 97 T 8% X %t e 0% 4 (

n=5,x400), C:Luxol Peit ¥ 3 & 3% 7 % F EAE 4%

G BB RET, mPIx B F TEMMBHEZLET(n=5, x400),

R EEXRAE EAE 4 EAE+PTx £ €
256 ‘, it

/ / .

' 3 g EHATIRZH EAE 240 EAE+PTx 41
P | .
2 . VEGT e ~— .

B 20 b
N S Colen [V GENSR, e, Summ

5 PRST e s T
fgﬁ : e R et Bractin  eu— SR S—
“ APty TN s

147 VEGF 12, Collagen IV
*%k
B Exx®@A EAEA EAE+PTXH 12 1
x !

s V4

/ A oo A 4 1
P 0.8 .
v 0.8
N 0.6

50 pm 50 pm 50 pm 0.6 *

. \ A 0.4

b= 02 02
Fud 1. 0 0

St g \ 50 p AR EAEZ] EAE+PTX AL IERUHIEA] EAE 4] EAE+PTx 41

B 2 PTIx 4 EAE A 49 VEGF 2 fe s % #7 4 . A.PIx T3¢ 4 EAE B2 69 VEGF %3k (n=5, x400) ., B:Col-
lagen TV # ikt 32 & PTx T3 m EAE B A 4 h & # A (n =5, x400), C:Western blot £ = EAE £ & 4§
VEGF #= Collagen IV % & 32 T (n=4; « 5 EF 3t Bamki , P <0.05),m PIx 7T 3 4 EAE # & ¢ VEGF

Fa Collagen IV ¢4 £ 35 (n=4; * 55 EAE 213k 4 ,P <0

2.3 PTx igfr A LU 4 &2 5T VEGF K& H R D
MmETHET
KA VEGF I NeuN g {4 X5, ok i M #t 22 50
VEGF &Ik 0. 45 R B /R, % EAE J5, VEGF
FH P 119 ot 222 0 240 M 4 1 5 08 BRCZL A BT sk 20 HL 22 S
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.05; % x ;5 EAE 2481k 4 ,P <0.01),

VRN

T it 2 = o i PTx YR 97 IS, B R K R X Y
VEGF FI NeuN X FH: 40 g A 64 + 11 4~/ mm® |- ] %]
188 +25 4~/mm’ (P <0.01), 7 i ] p\ 87 =15
A/mm” [ JEF] 408 +67 A~/mm’ (P <0.01) (& 3
A K 3B), R Caspase3 Fll NeuN Fi 1A X 4L 3k
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AT TGO, 25 R, IE % 41 Caspase3 Fll Ne-
uN WA AR 5 +5 A~/ mm’ , EAE 41 % 70 + 10
A/mm® , PTx {85740 21 =5 4~/ mm” , 55 EAE 20 4H 1

SHAAGIHFE (P <0.01) (&3 C.E3D),
2.4 {F4MEIE R IR PTx i /0 VEGF E# £t b
R T2 WS PTx g A5 7E 14 S 38 i b 28 0

EEXRA

EAE 48

>

PN

EEMBA EAE A

(]

EAE+PTx A

| VEGF ik, AT 5% 7 AU & oc i i, 72
ML B TR AR 7 K, H] 100 ng/ml F1400 ng/ ml 7 4>
WREGN Y PTx B AP & 50, 45 R IR, PTx 3G J7
24 h J5 VEGF fE# 40 I KB 10, 5 1E % X #d
HAHEL %, 100 ng/ml 20 -8 34.6% (P <0.01),
400 ng/ml 20 i 76.9% (P <0.01) (K 4),

E 40 I
%350 Ly
§ 300
i g
$ 150 o I
Z 100 I
o M fn
IEHAHIEA EAE4] EAE+PTx 41

EAE+PTx

D
90
Exo i
570 ]
- LT

IEFXTHEA] EAEZ] EAE+PTx 4]

PTx 4t b 3F EAE #: & 94 22 5T, VEGF #9 R A fe ik S 4P 2069 M =, A F= B:VEGF #= NeuN #thk R § 42 = PlIx

T3 e EAE A AP 22 7L VEGF 89 KA (n =5, x200) , ¥ T EH M E T AKX A A8, PTx 657 J5, K&
VEGF #¢ 2 T 653 Z3g Am(n=5; % = 55 EAE Z13t4,P <0.01), C #» D:Caspase3 #» NeuN o4k 2 % 32 & PTx
TR EAE A A Z 0B (n=5,x200), ¥ T 25 E7,%F EAE A SHZLATHMm(n=5; % *
5 EFBAE,P<0.01), M PIx BHFTRIVAWZLHAT(n=5;% *5 EAE 4k ,P<0.01),

2 EExEA

PTx 100 ng/ml 28

PTx 400 ng/ml 42

Merge #*

Merge

24 *%
s 2
g *
=215
B o1
=

0.5
04 T
LE X HE A PTx 100ng/ml 21 PTx 400ng/ml £

B4 PIx Z/RS4e3mAb 2 7 VEGF #9 £ 35, A:VEGF fo MAP2 34k s RAX 32 A4 2t i ( x200) , B: ¥
EENSHE T PTx T3 mik oAb 20 VEGF #9 R ik, BEfe R E M EM A (n=10; = 5 EF s ALk, P

<0.05; % = 55 PTx100 ng/ml 28}t ,P <0.05) ,
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TR BT I R, 24 /N BUR B S0 AL BUR T
56 42 90 B AR AR PR 75 3 EAE BRI, PTx Al LS fin
155780 9 By S5 A0 B T b 22 D RE AR M5 R L JE Ok
(B 58 27 PTx AR M IR I igi 5 B, By 1k B B OB T
20 B BT I A BT A S 3 A i ( APCs ), R Al
30 S 5 A B A S T BT X
S 75 JLER A A B PTx 3 B o5 3 EAE A5 ALY 7T BE AL
il o BT, FAT RN A A 5T A 45 R R, PTx X
EAE A6 7R, i B Rk R F b & 2 Z Ik
N L 2 2 AT SR T AR AR R R ks
B AR 1 IR RE TR AT SR Y, {EH R A AL
I A

N=
EHE.

FATHWESE K B, 35 T/ Bl EAE BERL S, 72 /)
BRL A 8 R K 1 1 B X R A M Y A RE R N
JI5E i A8 R A, HL P S R VA T R R b
DX Y 9 AE B IO 0 JI5E 6 A ok o FR AT & BLAE EAE
AL ep, VEGF I A48 7 A= R & T Feny , i PTx jR
J7RE X B LR, I 35 T A R R R R i IX
By VEGF FUILAE 7 28 B4, H AR W85 #i 28 o0 /Y 4
T TEMAbSEE b, Fe AT A& B, PTx BE 4 i 5t 4
2ot VEGF gy ik, IF FGf i 52 iEAH OG . k3
i1 VEGF Filifil & B 4 B R 7E EAE 18 b2
PER 2 PTx 12 EAE #18 o ii f1 4 4F T A4 B )
Z—%

VEGF FlifiL 4 5 4= BL R AE EAE #5854 v i) A2 AL 4
EECRA — B, A B E $#3 , VEGE i 4 8 A=
PG N, A A h A T s HR A
— T R R B ARG vk R R 5 —
T, A TR IR AR A S & K 1 R 9. Tham
217 F Proescholdt 2™ %5 K LAY MBP K 7£ Lewis
KRB 55 EAE #5281, Tham 25 (9 45 2R 7R 76 15 46
R 5N R B B 5 K 4L 4L h VEGE /Y £ 3k 2 T [#
B, 1M Proescholdt 4% % ¥ VEGF #£ EAE K 4t #F v
CEH ) S0 i iy o 845 45 % 4R, 2 & il 4k
4 B AR H N B By A R L P I L A L 4R s A
Z R AL B OE X R G A R A B b FT e
AT R B s VEGF Fl I 48 87 4 B 4 #E EAE
AR FRAL (BT ) 24 Ay, E X A g 2 R i, S
HNE SN ARSI, I B AT e A2 VEGF A it 48 8 AE 31
RAE EAE #18 b SR A REAIG

Lu %5 B 5 25 50 G, 78 (R Ah PTx B S K M
T PR R 4 o O A B4, A AR A e B 7 I

EHRAEMS . AE BN, PTx G855 0 K 40 M ™
AR (NO) ™ o ifif NO A7 By T i 4 3 A B4
[y A IR BT I A R R, M PIx AT R
EAE 5L I PR AE IR 58 0 S 1oy 45 WY S ool i, 21 417
A6 0 . 75 A A B R R i B K B X, VEGE A1 If 87 8
AL ARG N, HL A 3R SUR I S A K P g
$&7R B VEGE A I 4 87 A= L4 J& PTx fR §* EAE
B B L 2 — o

WF5E B 7n VEGE H A7 #f 28 O 47 4 F 1 AE A0 3 ol
GOt AR R IR G AN o AR IS B R SR
H, M TR IR R 5 g T N IR TR Y VEGE Rk TR
AR S B0, G UL 38 45 M &R A {6 AE (amyotrophic lat-
eral sclerosis, ALS) #l1 Kennedy PoEE T e A E
s, B B M i 7 35 4 VEGE Ay Rk T il &= 7
oz s 2 OsB AT MU L A BB L, Smith
AU AR BAE B () 4 Bl R, RS AL B A
B A P 22 U AT I 2 40 T i i F bR, T BE 2 B AT
ek . CA IR RY], 78 EAE KA, o 28 50 40
MO A AT K B PTx GG T A L R
JC I VEGF By 33k, Jf H PTx JA Y7 RE B 1k EAE B A
HR SRR S5 IO R T AR Y R R o IR BB SRR
LA 2 ICH) VEGE 33k fE EAE K 7Y rp e fif 22 ff
PAERT

SVBE R, AT W5 5 R L B PTx G Y7 A B
JE PR 2 ST A IR M VEGE 2235 F I & 154 B 4, R Wl
B2 EAE BB [ 5 AE S N A B B Y ke, DL b o b
I T, R EAE KRR O 4 .
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