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Abstract: Objective To investigate the expression of orphan nuclear receptor 4A1 (NR4A1) in human umbilical vein
endothelial cells (HUVECs) induced by hydrogen peroxide (H,O,) oxidative stress, and its effects and mechanism in
cell apoptosis. Methods After HUVECs were treated with different concentrations and exposure times of H,O,, cell
activity, apoptosis and protein expressions of Bcl-2, Bax and NR4A1 were detected with CCK-8, TUNEL and Western
blotting, respectively. siRNA was transfected into HUVECS to obtain the knocked down NR4A1 cells (si-NR4A1) and
control (si-NC). After H,O, treatment, the levels of cell apoptosis, and the Bax/Bcl-2 ratio were detected. Lentivirus
transfection was used to establish stably overexpressed NR4A1 HUVECs, which were treated with H,O, and divided in-
to empty vector control group (NC), NR4Al overexpressed group (OV), NC+H,O, group, and OV+H,0O, group.
The cell apoptosis was determined with TUNEL, and the protein expressions of NR4A1, Bcl-2, Bax, total IkBa, and
Af-

ter the cells were treated with 200 pmol/L H, O, for 6 hours, the vitality of HUVEC:s significantly decreased, the rate of

the nuclear/cytoplasmic localization of P65 protein in each group were determined with Western blotting. Results

apoptosis significantly increased, the Bax/Bcl-2 ratio increased ( P<0.001), and the protein expression of NR4Al in-
creased. Compared with the si-NC group, the si-NR4A1 group had decreased Bax/Bcl-2 ratio and cell apoptosis after
H,O, treatment ( P<0.001). Compared with the NC+H, O, group, the OV+H,0, group had significantly decreased cell
apoptosis rate and Bax/Bcl-2 ratio ( P<0.05). Compared with the NC+ H,0, group, the OV+ H,O, group had signifi-
cantly decreased P65 protein expression in the nucleus ( P<0.05), but significantly increased expression in the cyto-
plasm (P<0.001). Compared with the NC+ H,0, group, the OV+ H,0, group had significantly upregulated total IkBo
expression (P<0.001). Conclusion H,O, induces apoptosis in HUVECs; NR4A1 inhibits cell apoptosis by regulating
the expression of IkBa and inhibiting the nuclear translocation of NF-kB in HUVECs.

Key words: Orphan nuclear receptor NR4A1; Human umbilical vein endothelial cells; IkBa protein; NF-kB nuclear

62 %: 3 1

translocation; Apoptosis

& 2021 4F, 3k = B IR 9% ( diabetes mellitus,
DM) ## A A 1.4 12, 2RI & BB
26.2%"" . DM KIMAF I K RE AL 45 e Lo 0 ULIR |
ORI AR i LS RN R Sl ks , H:
HAC LA 5 2 DML BB SE T A9 £ R of
N B D) RE B AT B K & DM R IS I & E K R
MEERED ) KRG RPN A Z R T R
7,5y T SO AU 2 L IR NI e S 211 O v/ e
SRR BT ARAE | A Pl B AR B2 TR AT
PN Rz A0 M Zh RE T A R

BZR W ZK % 4 A 4L 51 1 (nuclear receptor
subfamily 4 group A member 1, NR4A1) & —Fp H
AL R M RS RAS TECR Y 324, S 5 AR5 5
PHT SO0 I 25 A R B AR NR4AL 7]
Ha 0N Bz 4 — AL R A IEER A, T H Claudin-5 1
VE-Cadherin 554 Jifl % 422 85 1 775 10055 38 2 1, OF
68/ 448 0] 285 6 73— 1 R 7657 40 B 2 B PR -1 7Y
3 AT 1) 4 M 5 0 S 1N, 8 5 000 A5 A R A4 M
g, NF-«B i s th 2 5 4 9 e g g =177
W5 NR4AL i i Z F 7 0 # IkBa/NF-kB
%, NRAAL GREE/NEFIE T NF-«B 4 A1
Jn,i%5 Cyclin B1/D1/E1 Cdk4/2 #ik, S 5T

W 1 JFR 240 L P2 e il NR4AT # IkB-a/
IKK-B/NF-«B il [ i 16, B0 8% 5 40 f o 1k
NR4AT ] HH25 p6s 454, sl i sUsH Y IkBa
IR A WA AR SR O AR LA P R 4

NRAAT XA 075 5 1045 PN R 240 L 08 1~ 1
ARSI b N o L I B e N 7 R B U PO =)
L& (H,0,) 4 HUVECs H ~7 480 4k I3 15 20 it A
Al HR5E NRAAL BFRIBN L) S NRAAT 2 7538 i
¥ NF-B 3 [ 1 9 % 1k N7 380 ) HUVECS
i

1 #REFE

1.1 ##y
1.1.1  4ijE

ST 200t N K PN B2 40 Bt ( haman umbilical
vein endothelial cells, HUVECs) J Ll 45 K2 41 fifg A
Pt oE it
1.1.2 FEEH S5GR

JG AR s A B S AR IR A F &
TR R R UM (100%) | JBR i 240 At 9 16 W L SDS-
PAGE & H PR K (5%)  Western — P05 BV .
Western —HUi B | F0 92 UL (5588 03 i WK | e e



F TG, %5 NR4AL il 3T IkBo/NF-kB il &R 10 S840 Q05 5B K P 5 40 3 08 T~ B L 13

00 11 52 VA0 A% B 1 S A R R R R & —
-7 TUNEL 40 S8 TRl & (20 28h) i [
PR RRAEMHEARAGRAF,H,0, EREER,
Tris[ = (FH 3% ) & 5 B bt ] | Tris-HCL , H & & |
SDS \Tween-20 M [ dt 3¢ % 3¢ 5 Bl £ A B A A,
SIRNA W [ ) M 8 18 A4 4 45 AR A B ] f 1
SDS-PAGE 75 P 475 Bk e A% (o0 358 I Rk il #8170
W A - AR A FRA R B 2% vh R
(1xPBS) 4 [ 3& [ 5 f 52 40 % /4 H] ,DMEM/ Ham'’s
F-12(1:1) medium %5373 (1x) NR4A1 185K 8 &
BT NRAAL(1:500) ) [ A= T A TRE(_EI) B A TR
/A7), Anti-IkB alpha 14 (1:20 000) . Anti-IkB alpha
(phospho S36) HL 1A F 3L 4T ( Fifg) R A RA
H), —HIL A (DMSO) 1 H 9 [ Sigma 23 F, Blbt
GAPDH(1:10 000) . El#i B-ACTIN (1:10000) .
Pt NF-kBP65 (1:1000) | LI2EHT/NR 1eG £ 5L
TR (AR T A EEARIE ) (1:1000) | 1L2EHT % 1eG
Z i REPUIR (BAR S LW I ARiC ) (1:1 000) 14 H
R =8 AEYHARABR A A, WYL 5T PageRuler
Wy A 35 E PR BRI RBHE A A, ARG FRAE I T H
AP T H B P R A | 7 D A i e s S T
VTS A BRA B B AR 43 B4 (RT6 000) 1
FUHINE A ARE B BR A A, SOt &
PCR AT M REAYRIHEARAR, 2A5)
b BN EG  E R G T Ll REERHE A R 2
Al FUKAN  HLUKAE G BRAE 20 TA SR A e ™
i () ARRAE]
12 7%
1.2.1 Ak

HUVECs £ 7% 10% I 4 L35 1% 7 5 2 -4 B
ZWHLEE W (100%) ) DMEM/Ham’s F-12(1:1)
(DF-12) medium }5 % 31, F 37.0 C 5% CO, ¥4
FAATTEESE
1.2.2  ffidkrt ik NR4A1 () HUVECs

A0 M AR 2 /N L P (20 A R F Kk H % A
40% ~ 50% , ffi Fil NR4A1-siRNA , NC-siRNA %% Jt
HUVECs 6 h,6 h J5 B4 58 e 35 5 5L a7 . $2 K
YL HUVECSs & RNA , qPCR 6 i 56 E 54 YL 3R
B4 NR4AL siRNA ) HUVECs FRic A si-NR4A1
YA, #+ Yt NC siRNA ) HUVECs FriC N si-NC
i,
1.2.3  fifipkid ik NR4A1 i) HUVECs kk

il FHAE A RS 3 R LA SRE R 1) NR4AL 1 £ ik

P 15 I 25 30 75 43l e HUVECS 48 h, fifi %%
6 BRI, B W U T 2O 8 70% LA B
TS A 6 wg/mL BRI AR R 1Y 40 I 35 77 HEE 17 45
I o BEHURRYL IS 6 75 09 41 i 5 B 11 L EA T Western
blotting AN, LARIS MG R GLAIOR , Bk adt 3R
ik NR4A1 ) HUVECs #ric i OV 4i il K 2% e Xt
WG (1) HUVECs Aric A NC Zififd,
1.2.4 20520 Ak 3

¥ HUVECs # 50T 96 L, % 58 0,100,
200,400 pmol/L ¥ & Jin A Xt W (&< FL H,0, AL 6,
12 .24 h, Y B4 IS () 490 B 42 B 4 f 6 25
Western blotting 7461 NR4A1 AYFRIANE I ; Q5L 5
A 3 A AR X BB 2H (si-NC ) | NR4ATD i fik 21
(si-NR4A1) ,200 wmol/L H,0, 43 6 h J W 5 41
He,$EHL mRNA 5 & A, 175 22 PCR 5 Western
blotting A ; B3 58 43k X B EE 4L (NC 41) L3
FE4L(OV 4) #1200 wmol/L H,O, ALFH 6 h il %}
MR 41 (NC+H,0, 41) &t F k4l (OV +H,0,
H) i, UEE bR H AN R 4T )5 48 TUNEL 52
55 K Western blotting 25 1R
1.2.5 TUNEL %40 EE T

VoAb B 1 A B 2 PR R R, 1 PBS PRV 1
UK, FH G G €0 [ 52 40 i 30 min, ff FH PBS %% 1~
2 K, A Y 5% )l B = IR S min, fif
H1 PBS PE¥ 2 Wk, B4 12 FLACH 20 A 50 L 46
DUV, G E T35 7847 B E 60 min, PBS VLU 3
WAL A 50 L Bi %Y DAPL, W&
5 min,PBS V¥ 3 WK, PLOOGEE I B Fr o Al ] 9¢
6 BT M AR AT A AR I 4 KR T
AR AT TER, A T = I T 21t A0 A El
Y Ex100%
1.2.6 ¢PCR %Kil mRNA £k

FEOT S A0 5 A RNase-free dd H,O ¥ fift
RNA JUHE, 706G BT e ok B R 4, F 4R L
J5 1) RNA BLilhE 20 wL & R 5 10057 5% 3545 cDNA |
A IFECH 20 pL PCR JZ b 1K & : 2 x UltraSYBR
mixture (10 wL) ,cDNA AR (1~2 pL), 5% F.R
(% 0.4mL), AFEK (6.8 pL) . P14 I &4
T:95C 30s 28,95 C 10s 1B %k ,60 C 30s ZE{H,
40 MG, 3B FEN CT {6, L) GAPDH N2 3
DM bR o, SR 2722 M vk 3 B g 2R
mRNA 1 A X KI5 &, 51 %7 5 5. NR4AL-F,
CCCTGAAGTTGTTCCCCTCAC; NR4A1-R. GCC-



14 e ROR 2% % W (B % R 62 4 3 M1

CTCAAGGTGTGGAGAAG ; GAPDH-F: TGTGGGC- K LB Wi 37 41 () Y (B, 2 A REAR 1) EL 38R FH
ATCAATGGATTTGG ; GAPDH-R : ACACCATGTA- R 2507, Tukey Ku 6 47 W PR 22 3 L3S X

TCCGGGTCAAT. AN A T 255 B , R FHAE 280 Kruskal-Wallis
1.2.7 Western blotting 72451l 2 [ %1k K347 704, Dunn's ke 38 AT P 2 8 LLAS, P<

FHANM SRR IS A M B, BB R 0.05 MEFAGI¥FEL,
1.5 mLELO A T (A IS 519 RIPA 4 i 2445 0, 0K
%R 30 min, 7 4 T F, L 12 000 t/min B0 2 Z B
15 min, $ LIEWEH 25— 1.5 mL ELE T, L
BCA : 1l 2 & F1Mk B, A L RESE sh, & 2.1 #ERE H,0, &3 HUVEC Afa A [E i iE =

10 min 5 58 P9 4 B R I LK RG22 3R 5% It YR E M FE TR B A
Relmks =55 . K PS5 SR PVDE JE ] TBST 1A TR i AN [A] 46 ) H,0, 43 HUVECs A [} A]

Ve 3 K, 4 C—PWE LK, K H ZPHIRBFEE (612,24 h), i H,0, 4[] 2E K K Ak P vk
1 h, JJEMH ECL ZOGMAEIL= LR RS BRI, CCK-8 45 5 i 7n HUVECS {if M 1% i B I

TTHRE L (P<0.001) , TUNEL 255 7 40 i 1~ %34 . 3% 7t
1.3 Sit=saE o TE 200 wmol/L H,0, AbFRZHAE 6 h i 4 1=

KM GraphPad Prism 8 #4758 #T, 56 RN 5 (P<0.001) , % BUZ ¥ & 1 ] HUVECs
AT IESHRLR A IESSM L, x+s Fm, RAH 6 h HAMIHT A BGERI M, WK 1,

100 = #« 501
*k J-_
*ok . i 40F bk
o *k
& T - S 30f
% E  20f = . "
10 *
0 umol/L 0 umol/L
0 100 200 400 100 200 400 100 200 400 0 100 200 400 100 200 400 100 200 400
6h 12h 24 h 6h 12h 24 h

400/ (umol/L)

0 100 200 400 100 200 400 100 200
BB RER
AN
TR R

6h 12h 24 h

Bl 1 B H,0, 4B FEE S HUVECs A7 ML ( 'P<0.01, “*P<0.001 vs &5 0 h XFB4)
Figure 1  Survival of HUVECs after treatment with different concentrations of H,O, for different time periods ( "P<0.01, "P<
0.001 vs control group)
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Figure 3 Comparison of relative expressions of NR4A1 mRNA and protein in HUVECsS after transfection with siRNA-NR4A1
A: Downregulation of NR4A1 protein expression in HUVECs after transfection with siRNA-NR4A1; B.: Downregulation

of NR4A1 mRNA in HUVECs after transfection with siRNA-NR4A1 ( "P<0.05,

#P<0.001 vs si-NC group).
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Figure 4 Downregulating NR4A1 enhanced apoptosis of HUVECs after H,O, treatment
A'; Raio of the Bax/Bcl-2 increased in si-NR4Al cells; B: Apoptosis rate detected with TUNEL ( "P<0.001 vs si-NC
group; *P<0.001 vs si-NC+H,O, group).
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Figure 5 Overexpression of NR4A1 decreased the apoptosis rate induced by H,O, in HUVECs
A; The protein level of NR4A1 increased in HUVECSs with lentivirus-NR4A1 infection; B: The apoptosis rate detected with
TUNEL; C: The Bax/Bcl-2 ratio decreased in OV+H, 0, group ( "P<0.001 vs NC group; *P<0.001 vs NC+H,0, group).
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Figure 6 NR4A1 regulated IkBo/NF-kB pathway
A: Overexpression of NR4A1 inhibited the nuclear translocation of NF-kB; B: Overexpression of NR4A1 increased the
total protein level of IkBa ( "P<0.05, “"P<0.01 vs NC group; *P<0.05 vs NC+H,0O, group).
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