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HWE. By R AR PE(RIV) 3 A RAK S IS & & (Ox — LDL) i 589 ABF# 0k 79 i 2 i (HUVEC) #h 46 845 0 % wa 3R AR
TR, Ry AT G RA(A L, FMIERE),0x - LDL 28(B 28,100 g / mL Ox — LDL #3537% ),0x — LDL + RIV125 2
(C, 41,100 pg/ mL Ox — LDL #= 125 ng / mL RIV #3& %% ),0x — LDL + RIV250 28.(C,#8,100 pg/ mL Ox — LDL #= 250 ng / mL RIV #)
¥ 4)ik ) A= Ox — LDL + RIV500 #8.(C, 28,100 wg/ mL Ox — LDL #= 500 ng / mLRIV #4935 Jki% ), &40 4m it 3y 4 22 48 ho R A CCK - 8 %
M) B4 oL A T ARl AL SRR R R g I AR AR ) 2 LR T L, SRR BRI o R IR 3R (ELISA ) A2 & dm ie A& 18(IL - 18) . & %m
fon-% 6(1L - 6) P3RS B F — a(TNF — o) /K-F, 5K A S92 ¥7 i (Western blot) 45 ) 20 JL A% B T — kB(NF — kB) Fo fRigt B A 47 2
B RMERF 2 (uPAR) F G KA KPR 5 B, C A .C A C,AmAERTEEAZH(P<0.05), KA = %4 uPAR
FAERKFH R FBEAL(P <0.05);C, 4 IL - 1B, TNF — o, IL - 6 K -FFo p — NF — kB p65 K ik K-F 2 FBHAK(P <0.05) 45 RIV &
RFWE mieE N Y e A =Fd Ox — LDL 314269 £ MRS, 7T fkidid NF — kB A= uPAR #9835 @ X 4E4E A .
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Effect of Rivaroxaban on the Function of Human Umbilical Vein Endothelial Cells Induced

XEHS 1006 — 4931(2024)07 - 0031 — 06

by Oxidized Low — Density Lipoprotein
YUAN Yuan',LIU Chi',LI Guanghui',ZHANG Xiaodan',WANG Liping' ,HUANG Zhongyi',WANG Bin'*

(1. Jing'an District Center Hospital,Shanghai,China 200040; 2. Huashan Hospital of Fudan University ,Shanghai,China 200040)
Abstract: Objective To investigate the effect of rivaroxaban (RIV) on oxidative low — density lipoprotein (Ox — LDL) - induced
functional impairment of human umbilical vein endothelial cells (HUVEC). Methods According to different treatments, cells were
divided into the blank control group(group A, conventional culture medium),Ox — LDL group (group B,culture medium containing
100 pg / mL Ox — LDL),Ox — LDL + RIVI125 group (group C,,culture medium containing 100 pg / mL. Ox — LDL and 125 ng / mL
RIV),Ox - LDL + RIV250 group (group C,,culture medium containing 100 wg / mL Ox — LDL and 250 ng / mL RIV) and
Ox — LDL + RIV500 group (group C,,culture medium containing 100 pg / mL Ox — LDL and 500 ng / mL RIV). Cells in all

groups were treated for 48 h. CCK - 8 method was used to detect the changes in cell survival in different groups,flow cytometry

was used to detect apoptosis,enzyme — linked immunosorbent assay (ELISA) was used to detect the levels of interleukin (IL) - 1B,
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IL = 6 and tumor necrosis factor — a (TNF - «),and Western blot was used to determine the expression levels of nuclear

factor — kB (NF — kB) and urokinase — type plasminogen activator receptor (uPAR) proteins. Results Compared with those in
group B,the cell survival rates in groups C,,C,,and C, significantly increased (P < 0.05),while the cell apoptosis rates and the
expression level of uPAR in groups C,,C,,and C, significantly reduced (P < 0.05);the levels of IL - 18,TNF - «,IL — 6,and
the expression level of p — NF — kB p65 in the group C, significantly reduced (P < 0.05). Conclusion RIV can significantly
restore cell viability,reduce cell apoptosis,and induce inflammatory reactions induced by Ox — LDL,which may play a role through
the regulation of NF — kB and uPAR.

Key words: rivaroxaban; human umbilical vein endothelial cells; oxidized low - density lipoprotein; urokinase — type plasminogen

activator receptor;nuclear factor — kB

S ko A e A 2 o i A 14 190 L R ML
FRAE R RS 20 M 8 25 L B JoT 3R FRURI AR i 2
JEE AN Ay A WEIE B, B IR S & N P e
P10 12 Bl IOk oS 5B A 1) s B A 1 2 AR AR AR % B e
M (Ox — LDL) Al ik s /D 458 e E 8 T F0 5 | & 9 5 1M
5 | P Bz A T e R AR B R VPBE(RIV) )2 R4 R K
FEPUH T IRPLEE R (NOAC) BYAR 25414 AN AT 1 By
e SENE T AL 38 AT A LGS S ek st bk A A T
I AEEI MR FERE AN Bl Ik oA FEAE Ak 1S - 61 B3R 5T 4T
RIV 1] GEELA 980 N B D RESU AT i — B i AT 1
I9IE, A IR RIV AT I8/ IR 224 (LPS) ([ 4 — ((Z 2k k2
B A ) FH 2 ) A TR TR IR B L N R el A B e i
1) 5 P DR sl R T AR A A5 - 100 SR ke, AR PR
W7 RIV X Ox — LDLJIFLT P K2 200 it 1) B B s 1) 52 i)
JAT bl ARGE A .

1 #MRl57E%®
1.1 EBIRG5HM

AL #E  Forma3111 Y 40 il 3% 32 48 ( 35 [ Thermo 2
A]) ; EPOCH B 542 (32 [# BioTek 28 ] ) ; BSC — 1600
A2 BIA ) % i (M LR R EARAER AR ;
FACSClibur % 37t A ML A (3 BD 23 7] ) 52500 A5 I
WARAL (K AEZS F) ) ; Mini — PROTEAN %13 1 Hi, Uk
% (£ E BioRad A ) o

B2 RIV (1 B) 8 35 8 R A BRA &)L L5 o8
P1263035, 214 99. 9%) ; O0x — LDL(J N ZE 549 T
FEATE] L 55 9 YB - 002) ; DMEM 15 359 (35 [E Hyclone
o Al S o AF29585038) 5 i A I W (HE S A
42F6590K) , ik il (L5 Rtk = 04054) , #4104 FH 2€ [ Gibeo
Thermo /A7) ; H 8 £ (100 U/ mL) - 55 % (100 pg / mL)
W (LA REYERAGRAFE, #5H
080420200826 ; 4fi i1+ %077 £ (CCK - 8, b 5 == A
RHEA R T L5 71011500) 5 BRI 1 - 266K
SERRERR TS / ML TN BE Annexin V = FITC / PTI T34
& (Jit5 0 A20843) , IR IR B F — a(TNF - ) , fif§
I B 28 W B U0 (ELISA ) i) & (4L 50 A18211134),
40/ % 6(IL - 6) ELISA i 7 & (#t 5 &

32

A10610732) , 3404 A T INBRBHA: P RHE AT R B 5 140
A2 18 (IL — 18) ELISA 37 & (i DU 3 dm B A= 4
R e A7 BR S 7], 5 VCSIKL2PYR) ; -+ ke 3 mi
PR M — SR PN M IO i € Jie ik (SDS — PAGE) i il Jie (L
1 RBERHE A BRA AL 54 072220100803) ; Jo & 1
Pk B AW ( B RER AE YR AR A E L S
03551200) ; e FR G TR 2175 il 503 6 Rl 732 442 (uPAR)
Pk (I =AY HEARA A w45 4 00082384)
T - kB(NF - kB) p65 Ptk (L5 416) ,p - NF - B
p65 Bk (54 17) , ¥4 [ 218 Cell Signaling Tech-
nology 24 7l 5 8 — WLBl & 1 (B — actin) L4k (HL 5 Ny
T0002) , th FHi A e e sk 11 G(1gG, it - 56j9958) ,
B R MR R A B A IR AL 5 LU E 4T R LG ik
(5[ Jackson 23w, #t50 140586) .

20 Ak« AT DK YR e Ak (HUVEC) t &2 5K
B 5 A A2 2R B I
1.2 Fi&

o0 H 55 5% - IR TP B HUVEC 4 M #k 1 S2 47
YR 75, i FH & A 10% JiR 45 10355 FN 1% 75 4 5 2% 1
DMEM 5532, % & 75 J5 i) HUVEC 40 %% T T25 40 i 1%
FEH B AN E 5% CO,.37 CHUBEFRAA T 595 24 h
i S AT 0 1 U A B I A A K (Rl
2974 80% ) I} HEAT AL AR B Rl At A 114

YA A 20 S AR B S5 B SR 24 h s AR [R) T TI
TE K HUVEC 20 8 25 O REAL (A 4, W FLRE 3290
Ox — LDLZ(B4H, % 100 wg/ mL Ox — LDL B35 5590 ,
Ox - LDL + RIVI254H(C, 4, 7% 100 pg/ mL Ox — LDL
#1125 ng/ mL RIV B 5552 ) , Ox — LDL + RIV250 41
(C,4H, %% 100 pg / mL Ox — LDL F1250 ng / mL RIV (144
FEW ) A1 Ox — LDL + RIV500 2H (C5 2H , £ 100 g/ mL
Ox — LDL 1500 ng / mL RIV AR5 727 . FI RTV 20 mg / d
7 a2 B R AU I Tk B 0 Ry 249 (184 ~
343)ng / mL, &5 JE F44(12 ~ 137)ng / mL1" 10 mg / d
o 20 mg / d B IA T # K AR B AR R K I 2R R
A 101(7 ~273)ng / mL 5, 215(22 ~ 535 ) ng / mL, FAIK Ifil
VR K 14(4 ~ 51)ng / mL 5 32(6 ~ 239)ng / mL!12)
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S, C 2 (G4 (G #4545 T 125,250,500 ng / mL
J i B RIV .

CCK — 8 VA 4 A7 75 5« OGBS0 A: 1 4t LA
1000 / FLAHe BERERN S 96 FLAR , FL 200 wL 1 550K
BRI SR 24 h, 3R RIEW T AL A P R
WONEAL, AREE TR 48 h, 35 L IEFR, BALINA 100 pL
FEFR WA 10 pL CCK - 8 VWK, REGHFZEHE 97 1.5 ho
FHE AR AL T 450 nm 4 40 132 BOW G BE , 5 3 1K LA
A AT 5K 100% , 11545 4 A0 A7 T %

T X200 SRS T 200 A O T < OB K b A
PL2.5 x 104> / FLI R BE 4P 22 12 LR , B4l 1 mL 35
FW, BR324 h, B B, PEAT 402 AL
PR 3R AL, Ak ek 48 h IAE S 4140, B
1.5 mL 08 H 8 04 10 0 B B R +h 22 v (PBS)
BOUEY  HFH Annexin V = FITC / PLIE TR &, 41
MU ETF 500 wl 1 x 85 G &b IR TP ImAS pL
Annexin V — FITC 1 10 pL PI, R CHE F 5 min. F
JH it =2 200 6L ASCRS: 1000 4 L P 20 51 L, 2R H FlowJo V10
AT o A Annexin V — FITC J 8 FHA4: F P YL 68 [ 44
ofg BEPE P A T 53 L35 4 U R s 0 ) R o

ELISA I 2 24 A 5 P PR 7K - 2 BOGE B804 K 30 4
M, LA1. 0 x 1054 / FLEERh 22 6 fLAR , AL 2 mL 3557,
BRI 24 W3k RIS, T o LA 3
B3N AL IR SR 7 48 h, AR H A s 35 I W,
B0 (B0 10 1000 )20 min, 33— 4 25 2% 5 F 40 i
e R, B35 W o 72 ELISA 38057 & 136 B I 52 1L - 18,
IL - 6,TNF - a 7K,

B2 B3I (Western blot) 71 42 NF — kB A7 il %5
uPAR A BIFEIE O EA: K4, LA 1. 0 x 1054~/ fL
LR E 6 LA, Tl 2 mLIGFRW , BIEHRM G 24 h, B
TWEAES 72 LW, FH 0% 0 JC I PBS k%
23, FEFLAT AN 100 WL 2080 (55 1% H5 FH BE il 55
1% W FR B0 61 7)) F 0k b 2408 W40, T4 °C
B0 (B0 714 14 000 g) 5 min J5 B3 B B W, R
BCA VA 8 (o B3 MR AR Sk S — e W 1Y
PR MWRIRA 4 CIGEE O )R, SRR RS,
B E - 20 CURA AL ERE20 ng E A T HAE4% ~ 20%
[ SDS — PAGE " AT HL YK , 43 85 ) (1) 28 11 3 el Y v H
FEEE L B B AW IR 25 (PVDF) i F 140 F G 8 bkt
B HCE A 30 min J5 .4 CIR T T 5 —9ima S, &
15 WPAR (B 4 1:800) ,NF — kB p65 #lp — NF - kB
p6S (R BEH 0 1:1.000) , NS HE 11 8 — actin (Fi B
JE ok 1:5 000) . 9% & J5 PVDF JE & 0. 1% i3 20
(Tween — 20) FIZE MR 3 UK, AKX S min, 5 — P E 1R
FE 1. S hofd ARG R R fb 2 RO &, 3 e B I A5

R 0 AA M R Tmage J BRI AR 1K AL
1.3 FZitEaE

K H] GraphPad Prism 9 #/F X508 #1750 H7 o 1
TORLLX + s R, 2R ] Shapiro — Wilk K6 56 3 BUE % 43
A3, 41 1) 53 B R FH B R 3R 7 22939 (ANOVA) Fil Dunnett
ZE KR P <0.05 A ESAGIFE L.
2 H#R
2.1 XHEERRTFIERERT

5 A2 A, B A ANIAT IS R W E AR (P < 0..001) 5
H5BAK,CH . CH . CCHMMAERRREA
(P <0.05), HEFRAKBOCR TFE I 1,

MAEER % ——

150 = o
8 *
100 o p=-9
A
50 =
0 T T T T T 215

A B#H  cH cdH CH
E:P < 0.05,"P < 0.01,™P < 0.001,F = 9.484,
P =0.002 0,E3F,
E1 RIV3fOx - LDL#S# HUVEC i77E R A2
(n=3)
Note: P < 0.05, P < 0.01, "™P < 0.001, F = 9.484,
P =0.002 0 (for Fig. 1 and Fig.3).
Fig.1 Effect of rivaroxaban on the survival rate of HUVEC
cells induced by Ox — LDL (n = 3)

2.2 XTYHRA TR M
AR BAET- R R E TS (P <0.01);
5 BALHE, C 4L Cy 21 . Cy 4 40 i I T 5 48 3 3 AR
(P<0.05) 7 WE 1FIE 2,
%1 RIVX Ox - LDL#SH HUVEC 4 RE TR K3
(X+5,%,n=3)

Tab.1 Effect of rivaroxaban on apoptosis rate of HUVEC cells
induced by Ox - LDL (X = s5,%,n = 3)

20 3 B R 20 3 bR S
Al 4.46+2.95 C,2a 9.71+1.52
B4n 17.45 + 3. 39" F1a 8. 055
C,4 11.84 +2.53" PIE 0.003 6
C, 41 10. 65 + 3. 38"

E: 5 ALEP < 0.05,7P < 0.01;5 B4LILE,"P < 0. 05,
P < 0.0l K2R,

Note: Compared with those in group A,*P < 0.05,%P < 0.01;
Compared with those in group B, P < 0.05 and “P < 0.01 (for
Tab. 1 - 2).
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C, 41 C,4 C,4H
10 10% 10%
30 Q, 30,
2.39 6.63 2.40
1074 10°5
10% 102
1
10!+ : 101
0, i¥y 0, 0,
86.7 431 83.6
1094 0 e R My 100 2 i & - bk
10° 100 10! 10> 10° 10* 10° 10! 102100 10* 10" 10' 102 10° 10

FITC = Annexin V
B2 RIVXfOx - LDL %S4 HUVEC 48R T K 2200
Fig.2 Effect of rivaroxaban on apoptosis rate of HUVEC cells induced by Ox - LDL

JHRE /ngemL ! JEE R / ng-mL ! JE K E / ng-mlL !
200 = 40 = 80 = .
s * . * I L] 1
SR L —r 1

150 = 30 60 =
¥

100 20 T 1. 40

50 = |%| ‘ \ ‘ \ 10 - 20 =

0 T T T T T A1) 0 T T T T T 4151 0 T T T T T 415
A4l B4l Cc4l c4d4l c4 A4l B4l c4 ¢4 ¢4 A4l B4l c4l ¢4 ¢4
A B C

A IL - 1B(F = 6.742,P = 0.006 7) B.IL - 6(F = 12.68,P = 0.007) C.TNF - «(F = 3.59,P = 0.045 7)
El3 RIV3fOx - LDLFESHHUVECIL - 18,IL - 6, TNF - a 7K FHI 1
AIL - 1B(F = 6.742,P = 0.006 7) B.IL - 6(F = 12.68,P = 0.007) C.TNF - o(F = 3.59,P = 0.045 7)
Fig.3 Effect of rivaroxaban on IL - 13,IL - 6 and TNF - « levels of HUVEC cells induced by Ox - LDL

2.3 YTRBEAS MR N B2 (P<0.001); 5BA L%, C 40 .C, 4 .Co 4140 wPAR 2K

5 AL BAMMIL - 18,1L - 6, TNF - a KV 365k K BEREIL(P < 0. 05) BRI 2 FEl 4 B,
W EFE(P<0.05); 5 B4 b, C, 40 IL - 1B,
IL - 6, TNF — o /K1) B FT (P < 0. 05) ., BEWLE 3. poNF kB p65 | e A — — | 65 000
2.4 XHARE NF — kB p65 Rk RIS

5 A4, B A4 p — NF — kB p65 ik i & T+ prtn -*lmoo
F(P<0.05); 5B A, C, 4 p - NF - kB p65 Fik
BEPEE(P < 0.05) . B 2 FIFL4 AL e [ . . ..
2.5 Zf4AAE uPAR Rk B0

5 A4 A, BN uPAR 8 F13E5 K BE T

B-actin | W — D S S| 42 000

Adl B4l 4l G4l G4l

%2 RVI3 Ox - LDL##ES K HUVEC NF - kB p65 #1uPAR A
EAREKFELBE(X £5,n=3)
Tab.2 Comparison of NF — kB p65 and uPAR protein expre- uPAR | Se— WS emes amms s | 10000

ssion levels in HUVEC cells induced by Ox — LDL (X % s,n = 3)

2% p-NF-kBp65/ NF—kBp65  uPAR/B - actin B~ actin Im 42 000

A4 0.78+0. 12 0.75 +0.05 Al BAL 4 o4l o4l
B 1.38 £0.51* 0.98 +0.02* B
o 0.96 + 0.15 0.74 +0.15" A.NF - kB p65 B.uPAR
Cu 0.82+0.09 0.84 +0.07" El4 RIVXtOx - LDL#%S# HUVEC NF - kB p65 i #5#0
4 0.59+0.07" 0.43 +0.07" uPAR {5 2 E i R i
‘ﬁ A.NF - kB p65 B.uPAR
F1 4172 49.03 Fig.4 Immunoblot electropherograms of NF — kB p65 pathway
PAE <0.05 <0.001

and uPAR of HUVEC cells induced by Ox - LDL
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RIV J& — i ELAG A58 0 (8L Rl PR 02 H A7 5% 1 0 2
55 AR 47 55 . COMPASS 5815145 5 R BRIV 2.5 mg
H 2 Y0 AT AR P i A5 3 0 R0 3 1800 I SR
A AR, H™ AN R 5 0e) 5 — T LA 50 B 5
5 RRW], 5 B A] VCARAE L, RIV 5 mg &K 2 R AT
8 ke it F5 R 0L 980 W PR R PR R I, el
2 AUBE DRI B A PN R Dy g Ak

1E hy Bl Ik o8 FE B Ak 114 2k 57 XU P R, Ox — LDL g
BV I A5 PR B 06 P 0 IO O T R ™ A 4, Ak T
O AR T AIE AT E BEH, DL R B R 5 5 R A
PEFEAR B k25 5 4RS00 R, Ox — LDLAE S g 57 2
PeLA5 A5 455 780 11 D B 5 DR A0 0 A 24 BT 5 TP A )
Tz R RO AR R Ox — LDL 755 P4 2 40 g
FEA YN , AR RS T RIV 26 XS 40 B g 7 3
R TR DR 7430 )y T P R B 45 SR & B, RV ]
b B A LA R D AR B R T H L B> HUVEC
A fprp M IL - 1B, 1L - 6 , TNF — o B30 , P85
HUVEC 40 i 4 p — NF — kB p65 F1 uPAR )£ 1k, M
R K AR D) BE

A5 H R B R R (125,250, 500 ng / mlL) Y7
RIV AT W EE MG RN - 120 98 f% T Ox - LDLi# %
F 20 3% 71 R B, Hi 250 ng / mIL AT 500 ng / mLL J 2>
T YA, H 500 ng / mL RIV & A i —28/ 0 1L - 18,
IL = 6, TNF — o [ 5030, 378 RIV (9 N 52 D RE R4 76 H
A 2 R AR 1) o — A B A AR i A TR S v
RIV BE/D T R, AT AR 1 5 s b 1748
A REIE2 5y — TN BRUR P S0 25 SRR W], RIV 1B =)
DEAR AT ol 2D Ll i B /0 BRI et v 9 40 B g 22 5
W, JCi8J& 100 ng / mL 3% 500 ng / mL RIV, i /2 25 -
2 VL1, XoF P A ) T A P A AT AT s i 123 3
$&7R RIV XT84 T B9 5% e A] G 5 75 & 40 B 450 45 1 XL R
AKX

NF — kB i 42 (380 A B T2 58 X 1) 43 6 F 240
FRLURI T, DA 2 — 5 32 P B 448 1) 432 493 R 230 koo A
L2 AT RIV BB T Ox - LDLIFFHINF — B p65
BERRTL /K-, X 58 LPS FNET JE 25 JE (i iiF ot 45 SR 125
— B At #2785 RIV A GBS 40 ) NF - «B p65 1934
TG LADRAP N K2 DI fE o

PPARJE—Fh Z I REIH I 3244, 0 W A7 TE T S 4
JEL BT A4 4 0 22 A e 20 B e 1o, B A R A
Al GERS R SN A U AR G300 A R R
W, DIRESZ 400 A N K AR L P wWPAR R 3R0K 13, (W] I dite
I P A A A 1 i S D 2 R  E wPAR K
T B oS0y I A 2 W AN RS TR I R AT 22 A5, ] g

T AU PR A B wPAR 25 1 2R B O I A AR
PR3 OARBESE T & B, RIV X HUVEC 20 i1
wPAR {7 A4, 2T wWPAR PTHESE RIV R Y

B A0 LA 105 1 73 — AN #E A O BE T wPAR Y 22 H A BT

RE IR I8 wWPAR (19 RIV A] BEEA HLsE s i HoAth 24 2

THRE , Gt s Ve F o OB T 98 4 B, RIV 7E 171 Jis o fR 40

HagiE (0SCC) 4L ZR (h357 / HA00) H ) 8L BBy 412

FI2 =330 A IR T ST, {H RIV £ 2 HoAl NOACs 13t

1% 245 PRAE 1 TG B8 — R LI V8 ) AN (B 408K

Z¢ LT RIV A% Ox — LDL i % (1 HUVEC 4

RLAEE AT R R TG I S A R o S A, HL

FiFE I T REMH T NF — kB FI wPAR Y397 48 5 2

HE— 2D WS ANAE S WA A [ IR S AE  FE ITR A ) 1] £

AL ARG A RER RIV SCHAL NOACTE

Ox — LDL 7551 A K 20 i i e i v g 7 FH R H A
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