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Inib FE4EE T HI 5l TLR4/MyD88 S BEME RS 1E
BRI B /NBK A B R 5 {0 B B 3

W R HEMR,T

X S

(b ERL 2R 5 T e KUB R rdb £ % FE 050000)

m =

R B VAT AELE e Sk T BEARE /S U /N ER A B2 A Bt 0 PP 996 P AT, LA 24 JATRG MRLTpr

/NEUEXS B MRL/MPJ BRUPE R SEBXT 4,6 8 H 16 il #& (1 MRL/MPJ /NAESA Control 2H ,24 H [H] JH] #% f1 MRL/
lpr /NEUBENL 9 LN 40 (LN + TAK £ LN + DMSO 41, %540 8 W, MEME#>F . LN + TAK 28 /) BUE I3 41 10 mg/
ke MOBGVOFEHE , — A BV ; LN + DMSO 2118 s i BT A5 10 1% DMSO %5 224525 8 w, T 24 JEREHT, kb oK/
L, WA I PR B2 B H AR AS . ELISA J7 W AG i Il SDC-1 7K | 375 56 Ht 485 W2 B /N B P B B8 | 70 28 2 4k 5 vk
B A PEDE I Y T =R /N BB /NER VCAM-1  TLR4  MyD88 (235 , 3 I 5 /N U i B i — B AL Bk g, [
Control ZHAH Lt , MRL/Ipr /> BRAE 75 15 /N Bk P Bz 240 MW 222 13 9% , 103 rp B 2420 25 1 SDC-1 7K1 & A, B
SDC-1 5% [ R/ F 2 1F A6 MRL/Ipr /b BV /NER VCAM-1 Rk B 718, B & i NO K E BT, B
MRL/1pr /N UE /R Y 20 i =5 %6 35 TLR4 \MyD88 ., % V> 4G 48 VA YT RE 8 il TLR4/MyD88 7E MRL/lpr /MU'
JINER DY B0 | BREARILSE SDC-1 /K T, i3 5 /INER P B2 B i 7% AR 15 /N Bk VCAM-1 19 3835 & 7 i NO 7K
-, MRL/lpr /N BRAEAE B /INER N B2 S AR A 4343 , L PR B W2 405 5 28 1 PR G, il VD 46 4 BB 8 3 5 410 1l TLR4/
MyD88 155 % 0t ' /N R P4 KW 5 9 L A B /NI A B A R P 95 0, A B T 9 7 AR W 0 A3t 0 I R %

KA
FE4ES R979.9

R GNELLBERAE s IR R 5
NERFREAD A

iU FE YRS — TP R R AT AE W), B S TLR4 HY4F
SR, R L — S A BRI O 58 20 X1 B R A
I TLR4 1A TC R GO R AR AR A S A 08, LA
ABTSEIER] , TLRA TEAR /N BUAY B /N Bk v e 2R 3k T B 20
FELE T LU HMGBI Firi75 5 09 ' I 2% JI58 4 J0 2F % 2 1
IR TR X T /BRI R 40 4 A A O
HGH , SCFE AT S AR 5 N 22 i AR s /) R
MRL/Ipr /)y SRAE I BIFFE RS 5, LAAR T B v E4E 7R RS R
B NER Y BRI G 2

1 M¥5FE

1.1 XA ESE

Fi VP FLHE ( Resatorvid,, TAK242) ) F 35 & MCE 2 A,
TLR4 .VCAM-1 MyD88 . 3g eI K CD31 /N H T e
Prik B A 3 H Abcam A ], /N F VCAM-1 & SDC-1
ELISA i &30 B g 8% £ YRS A R A |, NO &
MRA &AL B R RAEYHEARFRAR, HRER

Wokm H 1. 2022-12-16 & m H . 2023-02-17

225 NER N B2 40 Fi VD FE4E s TLR4/MyD88

XEHS 1005-8915(2023)03-0257-06
doi:10. 19526/j. cnki. 1005-8915. 20230307

8% (£ 1 Leica A #l), & H 3 Wi #R 4L (32 [ BioTek 7=
i), 5 A R E O AL (5 Eppendorf 2 H] )
1.2 4

24 JAIY I fi E MRL/MPJ A1 [R) J&] % | [R]0 591 | {4 2 A1
VCRE B9 MRL/Tpr /N, W H S 1 Jackson 23 H] |, 38 W 1 IR 57
Lw AL, WFRREN IVC WFRE, B 5 J, XS E
(55+2)% (22 £2)C,
1.3 S EBAFRARLE

@t MRL/MPJ /NN Control 4 ,MRL/lpr /MR A LN
21,8 H 16 A& K MRL/MP] /N RAE A Control 41,24 H[F
JA#EHY) MRL/Tpr /NEUBEHL 73 LN 2H (LN + TAK 44 | LN +
DMSO 41,441 8 H, Mk 42, LN + TAK g4 R/ Bl 4
U T 51 10 mg/kg BB VDFELE, — J& P LN + DMSO
LG I T A Y 1% DMSO IR ; 45 41/ RS 84025
8 w, F/NE 24 A H  CE 24 h FRIEFRAS , N Itk Ik JA B
ML ALY, B8 R B 4L 20— o 4% 22 B WP R [ 2 17 e 8
ALY, — 8 TR AT, T ok R b #0521
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21 NO PSE , 55— 50 FF S 19 59 195 9 I /N U 2 0, 5
SRS B/ NBR N BB
1.4 &S B Bark ey HI1E

ARS8 S0k 4] 7k, /NRARSE TS FT i Jis , B9 - A
D 5 VSR A ZE DR BT B 3k, 2% fE IR %
WS mLEZFEALLE, WEEEERA, 57 I 2% 58
- R E S mL [RIRE D R SRR L mm® R
R S 2, T 2% i B -G S 1 7 I 2, 6 T T
/K, Epon812 1235 5 (3 MW HLIEAT VI A, I8 R 4l 22
FrEE R gL H-7500 5 ST BEIER TRAH
1.5 ELISA 7%

N I BRI 24 1 mL R R AT R POBEA, R
30 min,3 000 ©/min 5.0 5 min, UM, H % IR H) &
VLA B | HIEHRAE 0D, ALK IFRAS OD 4 R4E
VA B K B bR USR8 b v i 2R T3 15 Y S I e i A 26
FIVREE
1.6 SEMmpisie

B 2H 2 22 K Rk RS B = TR 5 min E AT TR
B8, i FALE 37 CHROLIFE ,20 min ZBEAIEPE E 1L
Yt ; L 2E Vs T 37 CWEH 60 min, JEMNHT TLR4 Hridk
MyD88 {4 \VCAM-1 Hiihk (#°h 1:200 i fE) ,4 CiTK;
ZHEIRIFE 30 min, ZHEEFF 30 min; DAB B0, 7%
TR Ze 1k b o I R AR AT 52 4 ) 1% PR TG 401k, &
KGRI TEORE R BE K, R 2REW PR e R, 9T A0
2 R TS AR
1.7 RERKEE

et B 22 OTC AL, vk VR U] 7 LY R S ¥4 7 T ]
10 min,PBS YR¥&J5 , IE# 1L 2E 35 &4 37 C I E 60 min,
FEILYE WML CD31 —HiLh Kbt SDC-1 —Ht (Fi ke &
Yo 1:200) AR & 4 CWF LR, 5 KT PBS &
TRET R , BG4 I TRITC- 1L 2541 % 1gG F FITC-111

FPU/INR 1gG ZHL(1 x PBS FiBehy 1:200) 885 37 CEH
60 min, FFIR PBS Pk 3 IR, Bioe ot Kt i MlE R, Ot
IR W T WEREE R,
1.8 NO4AEME

BUNRUE K B2 20 mg B T oK L, iInA RIPA 21215447
T IEFEDLIE BRI 5T, UK L 38 3 40, RSB A5 1 T T A 4
— AL S U B R
1.9 #HKEa

FIA HE ORI B + driE 22 (v 2 s) B FR, 4
(] bR A ST AR AR ¢ K556 201, AH C M 437 R H Pearson
AL AT, Image pro plus B e B L, SR
IBM SPSS Statistics 21 B 1T4801, P <0.05 ZF HA %
E-9"8
2 H#R

2.1 MRL/lpr A~ R A4 B 2k AR 20 R 64 4R 47

[ Control 414H Lk, LN 21 /N B B0 BH B 19 26 1R, L
F 1, B HEELE TR IR, Control ZH/N BB /INSK N i 40 3=
T B2 R4 5 HES B 5% T LN 26 B /NER P B 400 i 2 1
AR A B, LR 1A ELISA 2558 R LN 41
/BRI PR AL O 1 SDC-1 YK 48 Control 4B B 7
15, WLIE 1B; Ak, Pearson A G 43T R I 3K SDC-1 (7K
524 h JREAEEZIEAHR, ILE 1C, $#278 MRL/1pr /)
BUAATE B /INBR Y B BE 50% | HL S BRI 7= A K,

Tab 1  Level of 24-hour urinary protein in mice
Group 24 h Upro/(mg/24 h)
Control 7.83 +2. 64

LN 30+£7.40"

Compared to control, * P <0. 05

A :The glomerular endothelial glycocalyx was observed by transmission electron microscope( bar =1 pwm) ;B:The levels of plasma

SDC-1 were measured by ELISA;C:The correlation analysis between 24-hour proteinuria and plasma SDC-1 in mice

Fig 1 Glomerular endothelial cell injury in MRL/lpr mice

2.2 MRL/lpr ‘8B £ A K Ie4i45

GRE AL F Y 0 25 1 B R, VCAM-1 8 H FHPE R
FENTEAM A, LN 2/ BV /b sk b VCAM-1 K3k U] B 48
Control W FHimy , 25 I A A Geit24 28 3, WL 24 /DR

P2 AT NO 5 25 5 7, LN /N BUBF B2 NO 7K F- 55
Control BB F+ 5, WLIE 2B, DL L &5 R 3/R, MRL/ 1pr
JINERAE 24 JES 30 T BHLI A9 5 /NBR P R A i i 40
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A ;The expression of VCAM-1 was detected by immunohistochemistry in mice glomeruli (bar =50 pwm) ; B:The levels of NO in

mice cortex

Fig 2 The injury of glomerular endothelial cell in MRL/lpr mice

2.3 MRL/Ipr A &R A3 A £ TLR4/MyD88 13 5 i % #)
W

9 T REE B /NER Y 2 40 I TLR4  MyD88 | NF-kB/p65
BARIFRIE M N G 58 5 6 WU 45 A I P B 4T
ic¥) CD31(4#{6) \ TLR4 (£1{0) Jz MyD88 (4.0 ) , 45 i
7N, TLR4 25 M BHYEAR 5 2 0 A BRI | Control 4 ' /)
BRI/ & TLR4 5 CD31 & (3L 2 A, Wi 78 LN 45/

BRPY K A0 - TLR4 23k B @ 3 9%, UL /&1 3A; R AE 19,
MyD88 # [ BH M35 5E 7 T 43K , MyD88 2 [ 7% Control
LB /NER B LA TG S BH PR R Tk I TE LN 41Nk
MyD88 & ik T, 5 CD31 bRk & ULE 38; 4
PER LR Y L5 B, 6] Control 41/ AR EE, LN 271N
FUB/NER I NF-kB/p65 ik B 3G, HES - Az o, W
Kl 3C,

A, B:The co-localization of CD31 and TLR4 (green) and CD31 and MyD88 (B) was determined by immunofluorescence in glo-

merular endothelial cells of mice;C;The expression of NF-kB/p65 in mice glomeruli was detected by immunohistochemistry ( bar

=50 pm)
Fig3 TLR4/MyD88 signaling pathway was activated in the glomeruli of MRL/lpr mice

2.4 EHIVIYES T I TLRA/MyDSS 12 5 il %
HBEDE YL B ok 6] LN 2H/M UM G, LN + TAK
ZH/NRUB /BRI MyD88 5 CD31 (1 kA B Wi, I

(& 4 A T S e AL Qe 8 45 L R LN + TAK 4/ RV
JNERBY NF-kB/p65 FEiA%¢ LN 20 9 i ysk /b, H 278 g
WIE 4B,

A : The co-localization of CD31 and MyD88 was determined by immunofluorescence in mice glomerular endothelial cells after Resa-
torvid treatment (bar =25 pm) ;B:The expression of NF-kB/p65 was detected by immunohistochemistry in mice glomeruli ( bar =
50 pm)

Fig 4 Resatorvid treatment inhibited the TLR4/MyD88 signaling pathway in glomerular endothelial cells of MRL/lpr mice
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2.5 VIS I I E MRL lpr s OB R A R g e
it

B T AR AE TR R LN /N BUE /INBR P R 2 A
— L DAY 20 TEOWE B K, T2 S YD SR AR IR ST /N BUE
JINBR P BB ) SRR LN A e AR, DL S A s 44k

SRR, SIVLLUEIRIT R /N EUE /NERY VCAM-1 A
FRH LN W 8 F B, WK SB; ELISA 45 2 /R, LN +
TAK 2/ B i 3 v SDC-1 # 7K 8¢ LN 41 8] & B A%, I
El 5C; ZEnPFE4ERTT IS, /BB B2 T NO 7K W] B A1
ILE 5D,

A ; Glomerular endothelial glycocalyx was observed by transmission electron microscope (bar =1 wm) ;B:The changes of VCAM-1

expression in mice glomeruli were observed by immunohistochemistry after Resatorvid treatment ( bar =50 wm) ;C;Plasma SDC-1

was determined by ELISA after Resatorvid treatment ;D : Detection of NO content in mouse renal cortex

Fig 5 Resatorvid treatment improved the injury of MRL/Ipr mice glomerular endothelial cells

3 Whg

TRHE S R (Lupus nephritis, LN) J& R 4t 1 41 BE R #5
(Systemic lupus erythematosus, SLE ) i 75 %2 I & , FHARME
RRPER AT LL K R IR, s &6 W BAMA
PG B MM T AR ARG L AR R IR B R
e LAY PRI R R I 22— | A J2 4 BT S 5 s 45 3 4 LA BT
SRR o B U B /MR UE 2 B B ( Glomeru-
lar filtration barrier, GFB) f45 45

B/ NBRIN Bz 40 J2 ( Glomerular endothelial cells, GEC) i
TH /IR B R R AMZ | S H LR R — 2 (Glyco-
calyx) ,SER I BE M AL 45 T IR W M REM N,
Syndecan-1 ( SDC-1) #2& PN 5 4 i 2 T 0% =28 194 %0 4 1 20
FAy, TERE IR MERRE A BURAS R, AN A i i
SDC-1 KF-Thim , $en it 7% , kit BN Se i s, 1
HIBFFE A5 R @75, MRL Ipr /N BB ZINBR 1A B2 200 i 2 T 1)
R RE U AR, FLif 3K H SDC-1 /K458 Control 21 B & 7t
o PR TERIE B AR A A B /NIRRT I A

fuZE > T ( Vascular cell adhesion molecule, VCAM-1) LA K
—4 LA (Nitric oxide,NO) ¥ T UF SEFESRIE B 28 1) ] 37 1ML
T T LS P R e B g 4
LB, MRL/ 1pr /NI B VCAM-1 ik AT, B
JEEH 2 NO 7Kt BH G TH i, B 7R AR B R AT B/ NER N
Bz A 505

DITERORFSY 28] TLR2 H1 TLR4 7] LI 5 /8 1655 5
R BRI A P R 2 RE R B B R T e 2R AL OF LS
UM AH L, B L 4 P Rz 40 i 5L A B 5 B 1) 5% R R,
TLR4 3R/ H g X e 2 SRR TLR A3 78 4
Je AR R P 2 AR . 365 TP R ZE (Resatorvid ) 1E
SRR Toll £E3Z 4K 4 (TLR4) i34 %), fE % 5 TLR4
YA ZE R 3k TIR 45 &, B 1k TLR4 15 5 75 41 i 9 19 1%
ST B TTT R BE PR Sl AR AL A R Bk i 4 e R
635 TLR4 1A, 406 N B2 1Y TLR4 2 31K BE A% I A2 /K i 8
FE WM BT

VEFHIBEFE 45 H 87 , MRL lpr /N BUEF/NK P Rz 40
) TLR4 &5 (A B S48, 4275 7R /N BRUAY B /K oN B 4
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MUFFAE TLRA I 0E o FEARAE /]S BRI I T 56 I b 46 48 )
FCB/INER A R W 1 JE A P S, I TP A R
SDC-1 7K F- W 5 TR, L3 VCAM-1 K B NO 197K
WY R SRR B b FR4E AR T 0 i TLR4 5 R iiF0Y (55
T R 45 AT IS5 /IR DAY 200 L P 48 5

FEEE /L K T 88 ( Myeloid differentiation 88, MyD88 ) Ji
TLR {553 % R n %k 7+, HATE %0 MyD88 25
JIATBR (TLR3) SMIT A BUAF 5455, BF5T & 30 TLR4 A4 H:
BCARTE 3 S MyD88 i 5 5 i sl Ak e 5 5
T, e A IR S A B (AL AR A R R T R AL R ) 1y
AR AE MyD8S R AR T, MyD8S SE4E 1 4l i A R
1 32 /K A 5 3 B ( Interleukin 1 receptor-associated kinase,
IRAK) , i 8BG-5 155 42 25 1 VR SR SE IR 7 32 AR RH DG R 1 6
(‘Tumor necrosis factor-receptor-associated factor 6, TRAF6) A
HAER, S0 F NF-«B S0 FEF AR 25 5 i
AR ERSFEAERTT W W R T /N BB /INBR P R 40 L MyD88
B ARFER WD T B /NER NF-kB (A%, S8R 56 VD64
] R 0 ) TLR4/MyD88 {5 3 B (4 3800 8 43 3 1
MRL/1pr /INEURY ' /INBR PR B 35473

£ b MRL/Ipr /NAATE B /N BRI B i I 5 0, EL Y
B 5 8RR O, I Vb AR 4 AR A% S8 L 0 1 TLR4/
MyD88 {5 538 S0 1 /NER A B E0J5E v LAJR% BE /IN R A
YRR A, R A TR B AR SR T I R R %

St AWFFE Y By P i 56 8 T b R R A s B o PR
A BRI A R B T 5 0, SR X R B X T AR
R 5%,
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Resatorvid Improve Permeability of Glomerular Endothelial Cells in

MRL/Ipr Mice by Inhibiting TLR4/MyD88 Pathway

TIAN Yu,YANG Yu-shu,DING Meng, HAN Yu-xiang, GUO Hui-fang *
( Department of Rheumatology and Immunology, The Second Hospital of Hebei Medical University , Shijiazhuang
050000 , China)

Abstract To investigate the therapeutic effect of Resatorvid on glomerular endothelial cell injury in mice with systemic lupus ery-
thematosus (SLE) ,24-week-old MRL/lpr mice and MRL/MP]J mice were used as experimental subjects. Eight 16-week-old MRL/
MPJ mice were used as control group,and 24 MRL/lpr mice of the same week were randomly divided into LN group, LN + TAK
group and LN + DMSO group,with 8 mice in each group and half male and half female. LN + TAK group was intraperitoneally injected
with 10 mg/kg Resatovir twice a week. LN + DMSO group was intraperitoneally injected with 1% DMSO solution. After continuous
administration for 8 weeks, mice were sacrificed, blood and urine samples were collected at 24 weeks of age. The level of plasma
SDC-1 was detected by ELISA, and the glomerular endothelial glycocalyx was observed by transmission electron microscope. The
expressions of VCAM-1,TLR4 and MyD88 in mice glomeruli were detected by immunohistochemical method and immunofluorescence
double staining method ,and the concentration of nitric oxide (NO) in mice renal cortex was determined. Compared with control
group, glomerular endothelial cell glycocalyx shedding in MRL/Ipr mice, the level of glycocalyx core protein SDC-1 in plasma was
significantly increased ,and positively correlated with the proteinuria level ; The expression of VCAM-1 in the glomerulus of mice was
significantly increased,the level of NO in renal cortex was significantly increased, and the glomerular endothelial cells of MRL/Ipr
mice highly expressed TLR4 and MyD88. Resatorvid treatment inhibit the activation of TLR4/MyD88 in the glomeruli of MRL/lpr
mice ,reduce the level of plasma SDC-1,relieve the glomerular endothelial glycocalyx shedding and reduce the expression of glomerular
VCAM-1 and renal cortex NO level. Glomerular endothelial cells injury exist in MRL/lpr mice and the shedding of glomerular
endothelial glycocalyx is related to proteinuria. Resatorvid improve the loss of endothelial glycocalyx and the damage of glomerular
endothelial cells by inhibiting TLR4/MyD88 signaling pathway , which provides a clinical idea for targeted therapy of lupus nephritis.
Key words Systemic lupus erythematosus, Lupus nephritis, Glycocalyx , Glomerular endothelial cell, Resatorvid,, TLR4/MyD88



