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Investigation of the Regulatory Effect and Molecular Mechanism of
a Wnt Signaling Agonistic Protein R-spondinon Blood-Brain Barrier
Function and Post-Stroke Brain Injury
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Abstract Ischemic stroke is an acute cerebrovascular disease. Currently, it is treated mainly by timely
thrombolysis or mechanical thrombectomy to achieve vascular recanalization, but this process causes serious
reperfusion injury to cerebrovasculature, damages the structure and function of the blood-brain barrier (BBB),
and increases the risk of cerebral hemorrhage. Studies have shown that the Wnt/f-catenin signaling pathway
plays a critical role in regulating the function of BBB, but whether the R-spondin, an agonistic protein of the
Wnt/ff-catenin signaling pathway, plays a role in regulation of BBB and cerebral injury is unclear. In this study,
using mouse recombinant R-spondin-1 protein prepared in vitro, we determined the activation of Wnt/f-catenin
signaling pathway induced by combined treatment of the R-spondin-1 protein and Wnt3a protein in mouse
primary cerebrovascular endothelial cells, and found that R-spondinl significantly changed the expression levels
of BBB function related genes Cldn3 and Plvap. In a mouse cerebral ischemia/reperfusion model, intravenous
injection of recombinant R-spondin-1 protein was inclined to reduce the cerebral infarction and increase mouse
survival but did not reach statistical significance compared to phosphate buffer solution controls. Our study
reported the molecular mechanisms of BBB function regulation by R-spondin protein, and preliminarily identified
its therapeutic effect on cerebral injury following stroke and potential for clinical use.

Keywords ischemic stroke; blood-brain barrier; ischemia/reperfusion injury; signal transduction; Wnt

signaling

il

1 3]

o A5 e SURR ARG T L AN, 2R EE
G 0L/ 95 e p T A 0 00 A 9 A B 2 B 3R
I A B IR0 N K 17 5 P 4 R 44 1 — 2
P, AR BRI A AR Y Hedh, R
PR AR T R R R T i AR, AR
11 60%~70%. F&EEFH KA F12) 270 1
N, BUVESFEE 9% s Bt RRERER
B S — BORU M BRI K 7 H R I PR L A i 2R
FEIT FBCE IR, 2 DL — TR A g T

R A TR T Sk G A
1259 2 A V5 i 25 (1 rt-PA (recombinant tissue
Plasminogen Activator) , SR & A 2504 F 1 [A]
WA 3.5~4.5 he GURAIFIMEE, W6)TE
WARERHIE 6 he X FHECT AL 5% HEH
Nt I L 45 2 32 v e s VR T I 417
RIS B B 2, W i I e AR A, Sk
R, AT KRS s AE TR, Bk,
A If i o e ) R T ML, B R O I o i 1) ¥
SYR 2, B IR 2 E .

I 1% 5% F& (Blood-Brain Barrier) #& {57 5



HRSE, &

Wt 15 53 B0 25 1 R-spondin X IfiLfix 57 fa T E A

6 A F i i 0 ) VR YA A Gy 1AL T 7 41

WX 4 28 22 G5 1 30 1% R0 OE A HE O BE A 4G
K, B AT DA IV R B A e R b N i
SR . L3R B R L A B 41 (endothelial
cell) A& [ 1) L5574 (pericyte) AR o i
(extracellular basement membrane) LA & B 1 % i
4 ffl (astrocyte) S5 3 [F]F4 i o 1 6 24 Jf 11 2 o —
FEHE PR N I 570 (neurovascular unit) » 34
R LA i A T R AR I, B S SR LB TR PR RE G
TR A VAR I /& UARIR T, #2xf fif I ofi A5 R 26
S O™ H IR P REVE T, A N (oxidative
stress) FIHH 28 X 55 5 1% (excitotoxicity) &5, 1X4E
&S EHESEM LA R, A,
H 51 4 )@ 55 A ¥ (matrix metalloproteinase) ] K
ORI B N R A i TR Y R R R ER A
i A T PR P A R o M, O RO I A R 4 i A
BTV IR o 4 5 7 R A B ) B, B0t e R
(=R NN G U o | P 1) R ey A R
Z AL o H RITRIT R A B I G 2 R
I, FEONHE BEEFERA . S E T E
EAEHR . WK KPR AGPEE LR XEIRYT
2 W) AE B ) S v R 0 LA M O AR JE IR K
i, AR K R 2 SORE S, {E R 2D ) A R
37 L 5 B XDV T 24590

W E B, Wnt/f-catenin 15 5 18 B % BAE /N
Bl K0 TG 5 P o e L AT SR R T /E T winy/
B-catenin 15 5 i@ B XY 22 1t Wnt {5 58S, &
REME7E X Fh 22 2R 40 K 7 T A2 453 40 3 =45 4
WG 5 A B EE R Y . FEVA Wnt A
TSRS T, KK NBERRILK p-catenin 5
Axin/APC/GSK-3/CK-la Z&# i 2 &W)iF il it iz
BT A E AR ARG EW . 2 Wnt EH
LM b )24k M & 8 (Frizzled, Fzd) FIIK
EENREASZARMECENR S A 6 (LDL-Receptor-
Related Protein 5/6, LRP5/6) 541}, p-catenin )
BB AT B BE I, AT AE IR AR &R, I
HENMAZ 5 8 sk K7 T 40 A7 (T Cell Factor/

Lymphoid Enhancer Factor, TCF/LEF) JE i{.4% 5%
2wy, mARTHRERRIEL.

AR, L E A B 4B Wt/
B-catenin {5518 % T B 1 B e e 1 52 e i . A
KB ML B BT, (H A 25 Hofh ZH 288 B
(I S 5 S T BE . BRI AR R AR IR IR Y
i, T2 B 2 A2 Ak (Lerd/5/6+ Znrf3/
Rnf43 Al Gpr124 %5) 17, Wnt &AM 44
Fzd Ml Lrp5/6 G440 F AWz =4 B Al 1 8 7
P, I E Wnt/B-catenin 15 5 18 B 1175 1 A
THBAE/KF . R-spondin (Rspo) A& —FHL A4 g P
VSR IE I 4 e . KV E /N T EEE (2 250
MNEEERR) , B RS H 24Kk Lgrd/5/6. Znrf3/
Rnf43 454, fRIRJG#H X Fzd F1 Lrp5/6 40
ER, M5 Wnt & AP [FEGE Wnt/B-catenin
fE 5", Hr, R-spondin & 144 PYA 7
(R-spondin-1-4) , H.INaeFIZE ML, SUEMEA
"7 A B, R-spondin T EATE/NE 41
DL R — e dn e b, 8L 5 Wt & H HE
E FH T 5 25 38 1 Wnt/B-catenin 5 5 @ BE G, {2
BEA R IGE . fEJE B4 R SiH, R-spondin-2
X W AR 22 B BRp 22 00 A FAT AR ] . (HAE
MXFRZE ZRGE b, AR Sl 2 of i TIL 6 A e 4 L 3 1
VERGE WA MR . ARBEIE E RRIE 7 HA
R-spondin-1 & A LAPH[E] Wnt3a 25, W51
5t /) RS I PN 52 40 e 1) Wnt/B-catenin {5
TAEEEIEE, AR/ BB pok R I i 26 vk
B —EHaITER .

2 MRTA

2.1 E%H R-spondin-1 ERMFESHHEK

faE Rk A MR (HA) F/N R g 2k ik
H GIgG) Fe i Bthr% 1)/ R-Spondin-1 £ H
NS R 4 s (HEK 293T) ok [ T35 E 5 45
K22 Calvin J. Kuo #IRSLI =W . 240



42 £

BEoOR 2019 4

JAE TR e 1 92 3L (300 pg/mL Zeocin., 10% fa4:
Mi&F 90% DMEM il 77 4k) g% 5 K,
FraA MK =2 90% Wi 1 IS AL AU N = 2 35
TR R IR, IR R IR R R Oy SRR B IR
(4 mmol/L L-Glutamine. CD293 £53:%L), #E4E
R 10 Ko K5, WA iBan s oE Big, L
3 000 r/min 7£ 4 C 2.0 15 min L2 5% B A9 40
FAITRE A, O A I @R 0.22 pm i —
S M5 (PVDF) JEEE 38 . S Ja, AT IEE 1
M REFE L5 pH 214 7.4, Ff# F HitTrap Protein
A HP BRAEAifb A, BEnfEn: (DEHY
40 mL pH A 7.4 HIBEER Eh il (PBS) ik alifh,
s (2) LAY 2 mL/min (O EAE, BEM A
A 2 5 20 20 mL PBS kDL BRigER
FEM AR LS S Q) EA pH A 3.2 TFIERE
ZZ BRI, JEUSCER VR (4) B 5 3 i IR
X I P B AT A TR IR 4

22 TR EERER - 3R R s Bt B R B L ik (SDS-

PAGE)ZDHiRIELE

HET 10% & P05 9 % 5t 1 FR Uk 58 1% o
BJE, B ERIEAE 100 mL G (0.1%
Coomassie R-250. 40% ZBE. 10% LR 50% 2
B H, HERMBE AL 1| min 5, BT
BIR LIRS E 30 min, BEEYEM, JEHES
FAKGEERIE Ve — U AR5, KERET 100 mL
i 3 (10% 2. 7.5% LR 82.5% F:B517K)
H, ERP A 1 min 5, BB EER
FREMEL 1 h, EEROSEREURE T
T 5.

2.3 ZEHARENE X (Western Blotting)

i AR & BSR4 i B3 e B, I
UL N AR e, AR IEE SDS-ENM
Ik i i FRL vk o) B 7 & PVDF i b RS,
T BRI A A B AR IC ) Donkey Anti-Mouse
IgG (Jackson, #715-035-150) % iRHEE 1 h; &%
5, M ECL plus 456 U B & 52 10 7 3R EX

mRspo-1-Fe il &85 A EIC B s
2.4 TOP-Flash 3£

MK A K R OL R M (Firefly
Luciferase) ) TOP-Flash #4& DL A ¢ o
% % (Renilla Luciferase, W Z) #AKH 1595 5
(QIAGEN. #336891 Al #336851) [A] i} &4 4L 7 A%
P A B 20 P 48 h, A8 XU ' 3 g A o 2
DA R S8 .  Ja T dE AT 2240, B Hig R
2R B A 77 £ 150 8H (Promega, #E1910)
IIAAE Glomax AR _EREAT AL .
2.5 NRIFKKILE A K2R 5155

RIERIE/NBUS, H e L E M H
PBS Xf /N BT O MR, FFEHCH I 2N
4 Collagenase IV (400 U/mL) . Dispase (1.2 U/mL)
A1 DNase 1(32 U/mL) [f] DPBS/Ca*"/Mg” "% 1l
H, fE37 C itk 1 hy 25, TR RS
W (DPBS) G /- ML (FBS) £& 1k 46 )5 2 4k
1, gt 40 um 400, FEEF 20% 4+
IMif A& H (BSA) J&5 250 (1 000 r/miny 20 min,
37 C) EBpiERENG: /5, KESYET EGM-2
MV/5% FBS/Puromycin (4 pg/mL) 55373 Hh 1% 5%
3 K, HE N EGM-2 MV/5% FBS #5774,
R ¥, 7 RIGREATHHOCSER
2.6 /R BXERILFEEFE B A

AHIEFUAS FH 2 ik /N BRI 25 rh o, HoAR Ty
AR (D) /N R, EHEA
2% Fa S RS AT S R, IR
1.5% S obe 2SR & YERF R RACR , /N
REAEFAREFEYERE 37 °Cs () g54L34bsh ki
ol ESHPBNIKZT oI f) 4G A 1 RIEH L
M2k AL IR B R A A, #A2-162350) 5
(3) BY W aze O dig 50 N B K, K 2o VR 30 Bl ik
] — U R B kAR AN FELERE 1 hs (4) BIFA] S 4k
Ak, AILIIISINKIT O, GG K.
2.7 TTC(2,3,5- S =KEMFM)FE

/N BRURRIE J5 B A o, B4 s T~ —20 C



RS, % Wnt {5 5@ BEGE 8 H R-spondin X I fix bt B Dh e AN
6 34 RS i R 4 (R T AR PR 23 T RILE AT T 43

AUV . o, BB — JIER ATl 5 A8 SOE
b Al BB IS XA B =TI
WERAL: VY TIN5 et Bk 8], &
JEEEN 2 mm. JHZYIAAE 0.2% TTC K
T 37 C A 15min 5, #Ll4% ZERTPERE
20 min, P 530 PR OT) A RS A .

AR, S BRI Image T &b
BEIE Sy il vH AR TR A R ZE AR, PR AR
W R 1 mm, S 24 R B A i i 2E
AR LS R, A AR i ZE R AR . A
FEARAACAFT o5 K E BRI B 70 2k %R
2.8 HiEST

K SPSS 17.0 Geit#ft, #H47 S
5. B EERDCESE AR IR 2R IR, Wi IR
Ao A, A KK JT % 73 H (One-Way
ANOVA) : #7775, WM HECR F R/ B
7% 51 (Least Significant Difference, LSD); #7 /7
ZAFE, WERH Dunnett’s T3 f36. A& ERS
oA AR R A ER R i T gt . it E R
WEN*P<0.05. **P<<0.01 FfI***P<<0.001.

3 SEEEER

3.1 R-spondin-1 EAEHKIFTIES L

A 5286 K §2 2 %15 HA-R-Spondin-1-Fc ff]
HEK 293T A dhiTHE A RRE . & HR %
i, FIAPUNR 1gG PR R-spondin-1 &
HRESEFE 6~11 REASR. K1 &
TN, B ARIE R R TR (R K R W T e, SR
11 RA4HE i+ R-spondin-1 A& ELINGE
6 KM 1.92 f5. Pk, RARFE 10~11 R4
M FiEdH T E Ak, wE 1 (b) fios, fEEds
AERTJE, X PBS 3G WG LA R it WA S 1) 430
EESE QO MR AT T, AR ER,
B AR (B2) M M EA RS Efm. AT
BE— B IR 1 (b) Hh BB AR AN SR 7R )

R-spondin-1 & [, X E2 #4 WEWIEAT 10~
1280 f51MRE, 45 RTS8 E 4 R-spondin-1
EH.

kDa WB: anti-mIgG

mRspol-Fc

Lane: NC D6 D7 D8 D9 DI0 DIl
Value: 0 1 0.27 0.75 1.57 1.98 1.92

(a) R-spondinl 2 A FRIEEFEHEE 6~11 RFRIL AL
kDa CS FT W1 W2 El E2 E3 E4
135

75
63

48
35

mRspol-Fc¢

25

(b) Zitbid T rhdg— D BRI Al Rl
kDa 10 20 40 80 160 320 640 1 280

75— R 4 Rspol-F
63—t . - s e mRspol-Fc
48— ~ -
35 —» —-—

(c) H 22 ENE 248 5E R-spondinl 2 114l

H: NC X D6~DI1 A% 6~11 K: CS AfF2ifb gz L
H: FT AR AR 84y W1 W2 9 A PBS JHUEJ5 U HH 6
4rs E1~E4 3B Ron

1 /M R-spondin-1 EAERMFTIES 4L

Fig. 1 Expression and purification of recombinant mouse
R-spondin-1 protein
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Fig. 2 The activation effect of rRspol combined with Wnt3a protein on Wnt/f-catenin signaling pathway activity was

detected in (a) 293T cells and (b) primary mouse cerebrovascular endothelial cells by TOP-Flash
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Fig. 3 Effects of Wnt3a and R-spondin-1 recombinant protein on cerebrovascular blood-brain barrier function related gene
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Fig. 4 Therapeutic effect of intravenous injection of rRspol recombinant protein on mouse ischemic stroke
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