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HE

1 #MRIERE

1.1 S Ek

¥ ML P9 B2 41l (porcine aortic endothelial cell,
PAEC) 2 JFUAR 20 25 40 g, R 475 Beijnum 251 12
M 30 H % B A7 56 F sh bk b 40 25 . PAEC {4 i
10% Jif 4= 1 v HOAS & o 2B R 19 M199 85 57 35 T
37°C.5% COZM NHATANMIIE IR . RIFEE AT &
SHO165 1k N2 BT EF 98 E0RAF , 76 TSA 55538 h
529, PR TE VR B A 5% 4 LT A 1%NAD K
TSB #5773 H1 200 r/min 41z 3% 55 72 33 % 2 ODgog =
0.6, TR W W 4E & 2.0 v, 12 000 r/min & .0 10
min, PBS &% 3 ¥ JE H TR 4 il .

1.2  Western blot#&il]

5 40 K & 80 fll A i E 4T SIRNA % e 5
HPS J& 4% . &= 7% /) HPS B # HPS-SHO0165 (10°
CFU/mL) Jg&JY A W B[] J5 YSORE o siRNA %% 4% 24 h
J5 4k 2L HPS B e 12 h g i BE o BA M X B 4
(CON) 8 siRNA X} 18 £ (NC) il A %5 & F1 PBS &b
B LiC1(20 mmol/L) 1 & Wnt/B-catenin i 8% #i%

f AP X BR . TWR-1-endo (10 pmol /1) &b ¥4 Sk 41
il Wnt/ B-catenin i [ TG 19 X B, PBS Pk 4% 41 i
3 BFALINA 200 plL A 2200 A0 A . WA 4t e 284
fift W5 2X SDS-PAGE LR mrifiR 2, Bl /K ¥ 10
min, 12 000 r/min &> 10 min J5 B FiE FAE. 400
FEE 3T A% 2 3 B R AR A N & T A A .
SDS-PAGE & i 25 1 50 4% Bl 2 PVDF [, 596 i
A=W 3t P 1 h s AR 8 150 B 5 7 RS — BT i —
PUBR P E 2 h A1 he PR 3 IR A 2 iR 1YL
% . LiCl W B Sigma /A # . (3 -catenin $T 1& N
SantaCruz 28 7 7= i o BEHR L B-catenin HLIAIE F Cell
Signaling Technology 73 F] . B-actin Ht A BRAR i 4
Ak W i A 10 Y 2E T %R TeG I H 38 = KA W 8 R
5T .
1.3 EmWEE=RT-PCR(gRT-PCR)# M & #
MRNA 7k 3

A8 U8 B P50 FH Omega 2 ] ) 40 il RNA 42 5
TR 8 e S B sie st 6 e A i S RINA I S e 5k
i cDNA, #% it SYBR Green Real-time PCR Mix
A PRGN 200 A P A7 I 6 ) mRNA 7K #8278 : 94 °C
T 44 10 min; 94 “CAEM: 155,60 °CiB k 30 s, 72 “CHE
130 5,40 MEFR . mRNA AHXF 1k K 19 2 2R
FHCALS Cti SR i3 i &, BE R AH X mRNA %
k7K Vi GAPDH SRAREAL o 2 kil =5 | 4
JPHIL L,

x1 AHRFAANEREESIWFT
Table 1 The sequences of primers used in this study for qRT-PCR

A Gene EM 514 (5'-3") Forward (5" to 3)) W54 (5'-3") Reverse (5" to 3)
VE-cadherin ACCACGAGATGTGAAGTTCAA GTGATGTTGGCCGTGTTATCG
Collagen Il GCATTCCTTCGACTTCTCTCTAG TTCCATGTACGCAATGCTATT
Fibronectin GAACCAGCAACCGAGTACACAA CCCGATCAGAGGCTCACTCT

VEGF GCTCTCTTGGGTGCATTGGA GCAGCCTGGGACCACTTG
PAI-1 TGCCGCCCCCTACGA TGAGCTGAGCGTCCAGAATG
GAPDH CCCCAACGTGTCGGTTGT CCTGCTTCACCACCTTCTTGA

1.4 [EERERER ARG

R PAEC F40MIE R I, K5 5% 2 50%6~60%
fl G J5 HEAT SIRNA B e il 550 191 b 34 e 1 2 16 4 7
PR R . A A AR AL Ry AR 127 ik . HPS
(10° CFU/mL ) JB% 12 h 5 A v fifi FH 4 %6 22 58 B S A
0.5% TritonX-100 F % & #F 17 & & fim & . 5%
BSA M 1 hJg Rk fd H—Hr ot —Hi4 1 E 1 he
22 DAPI Y%, 15 min Ji5 1 50 % Hmd A, 4 oLt
B M MEE . Alexa Fluor K10 09 E40 % X EHT

R IgG I A 3= RAEYHARDIET
1.5 BN EBMENE

1 Transwell 5 38 R &2 19 b )2 /N = p 5
PAEC 21 g, 4% B30 B 5 1 1] EVOM2 % % i 22 1%
W TEER {8 B 2 8UE A2 2, 3 A HPS (10° CFU/
mL ) JER YL 5 7 22 I R /NE 4R TEER(H , id
REE,
1.6 /NF#ERNA(siRNA)

20 i 85 5% 28 8000 RlG Je , # MR B A il ) &
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Ul W] A5 0T 25 2 A A 53 0 AT SIRNA FE 3%  fLAIML 25 T4 FIBIPEXT B (negative control,NC)siRNA
i % 40 pmol /4 sIRNA . #3424 h )7 #EAT HPS (10°  fy B3 580 W3 i OF 91 36 2) , AR Ui Bl 43
CFU/mL) s . A AMMIAE BT IEASC 127 k. ZORBCH
x2 FARPAANTHETFFS
Table 2 The sequences of siRNA used in this study

e P51 (5-3) Bl ya(5'-3")
Gene Sense sequence (5' to 3') Anti-sense sequence (5 to 3')
sIVEGF-1 GCAGAUUAUGCGGAUCAAATT UUUGAUCCGCAUAAUCUGCTT
sIVEGF-2 GCGGAGAAAGCAUUUGUUUTT AAACAAAUGCUUUCUCCGCTT
siVEGF-3 GCGAGGCAGCUUGAGUUAATT UUAACUCAAGCUGCCUCGCTT
Negative control UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
1.7 FitEHH T, W2 1k B-catenin (p-B-catenin) 7K i 3 FEAIK , 3

FEAT I 36 R AT 3 Yo S B B A I, BOHE LISE Y B HPS B4 9 PAEC ' Wt/ B-catenin i 5 #% 4 1
8+ FpifETR 22 (SEM) R o B 7 22 (ANO- (K 1A) o 2 )6 &t PCR A il 45 2R W 7, HPS-
VA) BTG 2 BT . *Fon Gl E  SHO165 /&Y PAEC J5 , Wnt/B-catenin il #% F Ui 4 5
FEEF P<0.05;Fm HE MU ER B E LS S IR A 100 27 % & 1 (fibronectin) FE SR
P<<0.01, Geitsr el 4 Prism 8(GraphPad ) . B H I (collagen ) P Fe ik T K, I 2 20 LT

1) 2 375 1 L 0% 0 300 70 40 (PAT-1) % R R A s
2 BRI PN R 4t L e 1 I PN AR K R (VEGE ) 2 ]
2.1 HPS B PAEC Xf Wnt/B-catenin 15 S @ 8 k& W1 i, % W HPS L% PAEC H i
g R H TSR E E SR IA B R0 Wnt/ B-catenin 38 F& {2 {5 P K2 240 i 25 BE vk B AG  F2 30

Western blot £ 45 5/ 7% , HPS-SHO165 B4 M1 i, {45 P Bz 20 i 449 A 19 B I et o 2 Bk e 3R
Ji PAEC 1 B-catenin ) & (1 /K F 2 B [ AKf RS (R1B),
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1 HPS E#H PAEC 1 Wnt/B-catenin i@ B iE M (A R Tl SE E RIEKFE (B TN
Fig.1 Changes in Wnt/3-catenin pathway activity (A) and expression levels of
downstream target genes (B) in HPS-infected PAEC

2.2 HPS Xt PAEC H B-catenin | BAZ AL A /i, MUAR 11 B-catenin & fJal /b, 1M A o A A% 3~
FpA catenin 2 KPR E M (E 2A) o (A9

SR PAEC AR Z5 ) h B R, & IS5 R WA s, HPS-SHO165 313 PAEC J& |, il
i Western blot Kl & 81 , HPS-SHO165 H|# PAEC  Jii I #9 B-catenin 7% 5 Vi /) , B-catenin 5 4 F i i Jf:
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PAEC " Wnt/R-catenin 18 1 B4 46 500
2.3 Wnt/B-catenin if & X HPS Bt ) PAEC
T B % H2 45 4 % 4R R 5B 1 B B T

(] 2 B i 2 6 A I 45 2R W, HPS L 1Yy
PAEC 4 Jifd 7 B-catenin %% fii A #% , VE-cadherin &
IR K B AR, L A A bkélﬂﬂﬁl [F1] b B 322 42 45 4 1Y)

B-catenin/VE-cadherin & & ¥ > . 7£ i F§ Wnt/
B -catenin i P& ¢ 5 14 40 1 5 J IWR—l—endo VOB Y
A
i) Rt
Membrane Cytoplasm

VE-cadherin 2 i5 7K F J+ /& , B -catenin/ VE-cadherin
B e m B E (K 3A) . Transwell Kl 2%
R HPS UG  PAEC JE 1501 52 20 Jfd 5t b 38 375
PEBESE 78 F Wnt/R-catenin il #4550 1 751 TIWR-
1-endo AP 5 E E M W] W A2 (1 3B) o LA 455 3%
], Wnt/B-catenin i A5 T X HPS JEG% i P Bz 20

W 0 2 L AL B D L 14 20 M
I
B
N?Efus DAPI _  Merge

TWR+ | TWR+ IWR+
CON HPS ppg LiCl CONHPS ppg LiCl CONHPS ppg LiCl

lv“»-‘i
|
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Cavolin-1

| HPS-SHO165 §

GAPDH |

LiCl

pen| | |

B2 Western blot (A)F0E#E & % ¥ (B) &Ml HPS B Hy PAEC & B-catenin E’J#ﬂ%hxﬁl)’"
Fig.2 Western blot (A) and indirect immunofluorescence (B) detection of nuclear

translocation of 3-catenin in HPS-infected PAEC
B-catenin VE-cadherin DAPI

Me
S

A HPS-SHO0165

IWR-1-endo [§
+SHO165

B3 HPSEEH PAEC HZAM Z
Fig.3 Changes in the structure of adherens Junctlons (A) and cell permeability (B) of HPS-infected PAEC

2.4 VEGF3*t HPS B ##) PAEC H VE-caherin &
187K F B 82 0

76 2 B K 25 SR B R, HPS &L m L5 i
VEGF ) .3 R, ZE90 il Wnt/8-catenin 38 #%
W YEJS , VEGE (3R 35 & W W T B, & U] Wnt/
B -catenin il % ¥4 ¥ HPS & 4 5] #2 Y PAEC
VEGF 3 ) 3235 (L 4A) o i 3k 4 55 M U0 3R %
VEGF % K (1) siRNA #ill il PAEC o VEGF 3 A 1
FiK (I 4B) , 7 17 ([ 4C) M Western blot (8] 4
D) K & B, W] VEGF 63k 0] LA i 1% & HPS
Bt iy PAEC H VE-cadherin i 2635 K . L |45
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=
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# HPS-SHO165
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24 48

Hs}18)/h Time
A RMAREEE B HEWL

OU 12 36

3R B, HPS il 1 ¥ 1% Wnt/B -catenin i # | i
VEGF %1k & {#i PAEC /1 VE-cadherin it 2835 7K 3%
FEAI

2.5 VEGFXHPS B i) PAEC Hh & bf i 5 4514

s0EA
8] 42 H 8 9 SR I 45 3R o, il VEGE ] L
B 4% &2 HPS B L 1 PAEC M i kb VE-cadherin 1Y

K, (R A 3k 2D B-catenin B RS AV, B8 N g
JEAb B-catenin/ VE-cadherin & 5% & it , K 2 N B2 410
o 18] 785 B 3% 42 25 48 (& 5A) o R VEGF %} Wnt/
B-catenin & F I 51 2 1Y B-catenin B LA AE TR
RARJEATVER R EF HPS 38 VEGF 1T L 25 30 i
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& 2 E 0.5
2 2
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AbF Treatment EY
203 Group
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(5]
>
9] i B
ﬂg < 10 — CON ~ HPS Sl\fl?lgg !
NZ o
e ﬁgnéi VE-cadherin | W —
s ,; T 05 D —_—————————
i< acti
g Braclin |y S —
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= S
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9
&
AQ)
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#H31] Group

A A Wnt/B-catenin il BAM il G VEGF ik K F 784k B : siRNA X VEGF 235K T3 C, D 96642 5 PCR(C) Fll Western
blot (D)R:M N VEGFE 33k )5 VE-cadherin 357K, A: Changes of VEGF expression level after addition of Wnt/B-catenin pathway in-
hibitors; B: Interference of VEGF expression levels by siRNA; C, D: The expression level of VE-cadherin was detected by fluorescence
quantitative PCR (C) and Western blot (D).

B4 HPS R PAEC ff VEGF T Wnt/p-catenin i B & MBI TEIRE R
Fig.4 Regulatory effect of VEGF on the activity of Wnt/3-catenin pathway in PAECs infected with HPS

PAEC W VE-cadherin B 83K, Transwell i 4 4% iy PAEC %, VEGF 7] L3 13 % Wnt/B-catenin il
LRI VEGE (323517 LI 55 RRAE HPS Byt op BRI i I8 59 7 FH 12— 25 W IR P 5z 200 1 [ 285 BfF
JZPAEC B (F 5B) o A EA5 LI HPS B L4540 SN Bz R Y 5E 351

B catenin VE-cadherin  DAPI Merge

120
CON Fig
& 1008
m
= 80
5
A HPS-SHO165 B ’g 60 i
S 40| ®CON
) 4 HPS-SHO165
20 & siVEGF -1+HPS
SiVEGF-1 7 2
+SHO165 o
0 12 24 36 48
Hs 18] /h Time

B 5 F#t VEGFXtHPS Bk PAEC f1 VEGF S MR M #4544 (A) R 41 BiE B 14 (BO Y iE = 1E A
Fig.5 Regulation of VEGF-mediated adhesion structure (A) and cell permeability (B)
in PAEC with interference of VEGF in HPS infection

3 i i (tight junctions)"?' {HFEIZRF 5 h & PR, 84T 20
PN Bz 4 r 67 57 A4 R 2R B 3% 4 B9 VE-cadherin 2 1%

WIAR AN, 7 HPS BRI BOMER p syt s i, ACHFGC 57  HPS 7T LU

20 1 53 0 B AT 3R (resistin) W] LABCIR IS 9 B 40 5 Wnit/B -catenin i B £ 4 £ PAEC ' VE-cad-

[8] fH Claudin-5 £l Occludin 8 FF BB B3 E 12450 herin BYRIE , AN THEBT R BRI 1E
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8% 45 Wnt/B-catenin/ VEGF 38 B&7E BIVRE W8 AT 5 | 28 P4 K 20 B8 40 vh 9 4

191

16 HPS By i #2 51, Wt/ B-catenin {5 5 18 # 1Y
VYEMFAE—E I et . DL B R 4 A S HPS J8%
et B 5¢ b & B, HPS 0 Wnit/B-catenin {5 5
T S5, T LA - Bz 4i i R E-cadherin B9 3k, [F]
FF AR 1 1) S5 40 A A s P 6 P N-cadherin (2635 , 2 fiff
e R 240 i AR ) 1] S5 A0 L2 A B A AR R - T B
#5% (epithelial-mesenchymal transition, EMT) , A
WO b Bz 240 o o ) i M O 0 400 1 1o 1 4
Byt fE g d A R, Wnt/B-catenin i 4 1
1 W N iE TCE/LEF %% 5% K (41 Snail A1 Slug) 5
E-cadherin & K5 8h 1 X3 45 A, BRI T E-
cadherin F & 1K"1100 S SR, F AT 1 A A AT 5 E B
Wnt/B-catenin il #% 7 LA B2 )8 45 VE-cadherin [1) 32
K AR AR R fF HPS IRt &, Wnt/B-
catenin i 8 if [ 8 VEGF £ ik, &K PAEC
VE-cadherin ) 3¢ 15 7K, #1 il VE-cadherin 7£ 41 il
[ JE RGBT 4% . A WS RW, VEGE Xt VE-cad-
herin (48 #2578 145 5 50 55 A8 B NS B SR 0 Y s 3L
PR G 7K T B 55 A 2R g Bk R p R 2L A AR
FHNTIS) 3 AR S (0 45 AR A

2 bk A5 IR B Wit/ B-catenin 38 ##% /-
HPS JEY% 0085 P e 40 v 248 B 3 4 25 Al i T 28, 2
T N B 20 L 254 A2 400 L A B M . [, HPS
J& Y | JH Wnt/B-catenin il i T §FH K VEGF 1Y
Fik, VEGF il id 1E SCBE TR HPS SR G 51 Y
Wnt/B-catenin 3 ¥ 09 #0320, IF 90 %l PAEC h
VE-cadherin i3k . ARBFFRAMET T HPS JB gLt 72
H Wit/ 3-catenin il #XF P B2 40 I 45 4 6 B M 1 3 T
YEHT, BT T VEGE 1€ HPS 513 N K¢ 5t B4t 05 11 1o
TR o T R A 04 TE SRR
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Role of Wnt/3-catenin/VEGF pathway in endothelial cell damage
caused by Haemophilus parasuis in pigs

HUA Kexin', PENG Yuna', SUN Yu',ZHANG Liwen',ZHANG Sihua*, WAN Yun®, JIN Hui'
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Abstract To investigate the changes of vascular endothelial barrier during exudative inflammation
caused by Haemophilus parasuis (HPS) in pigs, primary pig vascular endothelial cells were infected with
HPS.The effects on the expression of the Wnt/f-catenin pathway and its downstream target genes were de-
tected by Western blot and fluorescence quantitative PCR, and the alterations in the structure of intercellu-
lar adhesion junctions were detected by indirect immunofluorescence and transendothelial electrical resis-
tance assay. The results showed that HPS infection activated Wnt/-catenin pathway in porcine endothelial
cells, and induced nuclear translocation of B-catenin protein in the cytoplasm, resulting in the destruction of
the adhesive junction structure composed of 8 -catenin and VE-cadherin at the cell membrane and the in-
crease of cell permeability. Moreover, inhibition of the expression of VEGF gene downstream of Wnt/3 -
catenin pathway significantly suppressed the nuclear translocation of $-catenin and markedly restored the in-
tercellular adherens junctions composed of B-catenin and VE-cadherin, which benefits the recovery of endo-
thelial cell permeability. These results suggested that HPS infection disrupted intercellular adherens junc-
tions and increased endothelial cell permeability by activating the Wnt/ g -catenin pathway in porcine endo-
thelial cells; meanwhile, the VEGF gene downstream of the Wnt/(-catenin pathway amplifies the Wnt/j3-
catenin pathway activity and cell damage induced by HPS infection through a positive feedback.

Keywords  Haemophilus parasuis; Wnt/ B -catenin signaling pathway ; vascular endothelial growth
factor (VEGF ) ; adherens junction; cell permeability
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