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[ ABSTRACT ] Aim  To investigate the effect and mechanism of angiotensin Il ( AngIl ) on ferroptosis in white adi-
pocytes. Methods The 3T3-L1 preadipocytes were differentiated into white adipocytes by inducer stimulation.  The
experiment was divided into control group, Angll group, Ang Il + Fer-1( ferroptosis inhibitor) group and Ang Il + PFT-a
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(p533 inhibitor) group. Ang Il was used to treat cells. RT-qPCR and Western blot were used to detect the expression
JC-1 kit was used to detect mitochondrial membrane potential (MMP) level.
Glutathione (GSH) kit was used to detect GSH content. ~ Fer-1

and Ang Il were added to treat cells to detect the the changes of ferroptosis level.

levels of ferroptosis factors and adipokines.
Iron ion kit was used to detect intracellular iron content.
The expression of p53 and spermidine/
spermine N1-acetyltransferase 1 (SAT1) protein was detected. ~ Subsequently, PFT-a and Ang Il were added to co-treat
cells to detect the changes of p53 and SAT1 protein expression, and to observe the effect of inhibiting p53 expression on the
Results 3T3-L1 cells were successfully differentiated into

RT-qPCR results

expression levels of ferroptosis factors and adipokines.
white adipocytes by stimulator-induced differentiation. ~ Ang Il induced ferroptosis in white adipocytes.
showed that compared with control group, the mRNA expression of anti-ferroptosis factor glutathione peroxidase 4 (GPX4) ,
solute carrier family 7 member 11 (SLC7A11) and iron regulatory protein 1 (IRP-1) was down-regulated in Ang Il group,
and the mRNA expression of pro-ferroptosis factor acyl-CoA synthetase of long-chain family member 4 ( ACSI4) was up-
regulated. ~ Western blot results showed that compared with control group, the protein expression of SLC7A11 and GPX4
was down-regulated in Ang Il group, and the protein expression of ACSI4 was up-regulated.  Ang Il treatment increased
the content of intracellular iron ions and decreased the levels of GSH and MMP.  Compared with Ang Il group, the mRNA
expression of IRP-1 and SLC7A11 was up-regulated in Ang Il +Fer-1 group.  Ang Il induced changes in the expression
profile of adipokines in white adipocytes. ~ Western blot results showed that compared with control group, the protein ex-
pression of pro-inflammatory adipokine leptin (LEP) , resistin (RETN) , interleukin-6 (1L-6) and tumor necrosis factor-a
(TNF-a) was up-regulated in Ang Il group, and the protein expression of anti-inflammatory adipokine adiponectin ( AD-
PN) and omentin 1 (ITLNI) was down-regulated.

In addition, Ang I increased the protein expression of p53 and

SATI.
ted with AngII.

Inhibition of p53 expression can improve the level of ferroptosis and adipokine expression in white adipocytes trea-

Western blot results showed that compared with Ang Il group, the protein expression of p53 and SATI1

was down-regulated in Ang Il + PFT-a group, the protein expression of SLC7A11 and GPX4 was up-regulated, and the

protein expression of ACSL4 was down-regulated.

group, and the protein expression of TNF-a, LEP and RETN was down-regulated.

The protein expression of ADPN was up-regulated in Ang Il + PFT-a

Conclusion Ang Il induces fer-

roptosis in white adipocytes through activating the p53/SAT1 signaling pathway.

[ KEY WORDS ] white adipose tissue;
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HEERBE T R BRI T e — S5 (RO i
BRI T EE HZ SO E] Ang Il CIRYSERUESS
FRAIL A XS M A5 114) 2 A RN 2 Jie 7 A 5

SR, Ang [ 25 1T LAE 5 WAT K AEERAE T 1
KA, HIL, R Angll 5 WAT BRAET-HI LR,
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DMEM 3 7= 2 IBMX 31 28 K AL | 75| %k 5% 3 fn =
BRI B & % (3,3, 5-triiodo-L-thyronine , T3 ) 1
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1 WL % % £ 38 (9K 5 125 wmol/L) +1 pL T3 (%
FEH1nmol/L) ], H&HE3 K, # b BFFFEE
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MMP & 7% fb, A 52 3638 3 97 X 28 A LA 1) MMP, JE
ST R B AR 3 H B SR A S AR R AR A B E A
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M4k 4 &= (N E OD E-% & OD i)/ (4 OD
-2 8 OD 18) x A7 & R B/ B AR B R E,
HEARA%ETEE,
1.7 RT-qgPCR

f# Fl TRIzol ik 7 A & & fig B 40 fa & 4= B &
RNA, % &, F HiFiScriPt ¢cDNA Synthesis Kit (B
H)# RNA K # K ¢DNA, 1 Go Taq® qPCR
Master Mix i 4T RT-qPCR, £ & ABI Step One Plus
Scit PCR 978 R 43847 24, GAPDH Al T AR vE (L
ACSIA IRP1 GPX4 71 SLCTAIl A, KA 274 441
HABE L, LT ENEET DT L L,

®1. FENEESIWIIE

Table 1. List of primers for each target gene

EIL/EA 51975

GPX4 E¥#  5'-ATACGCTGAGTGTGGTTTGC-3'
T 5'-CTTCATCCACTCCACAGCG-3'
SLC7TAIl  FiF  5'-TGGAACGAGGAGGTGGAGAA-3'
T 5'-TGTGCTTTTTCCTTCACAGCG-3'
IRP-1 ¥ 5'-GAGACTCTCTTCCAGCCATCTT-3'
T 5'-TGATCTCCTTCTGCATCCTGTC-3'
ACSLA E¥f 5'-CTTCCTCTTAAGGCCGGGAC-3
T 5'-TGCCATAGCGTTTTTCTTAGATTT-3'
GAPDH k¥ 5'-GCTGCCCAGAACATCATCCCT-3'
T 5'-TGAAGTCGCAGGAGACAACC-3'

1.8 Western blot

4 # PMSF ty RIPA MR #REE &,
HHEABCAEAZERMNERMNEAE ARE,
% 8 % 10% SDS-PAGE % & w. % J& % #% £ PVDF
o 5% MRyt £ IRE A 2 h, Aln N T — 4
ATHUARZR 2, TBST 35 3 K, %K 10 min, H AN 5 —
FoXT LR B R VR B — 40 H 2 h, TBST %3 K, H XK
10 min, R A2 A UFRANXRESNAALH,
Image J 3 #3440 & B AT F 3T F 24T,
1.9 HAETHIEEIRE

M FerrDb V2 ( http://www. zhounan. org/ferrdb/
current/ ) BT EF TR S AT W3 BT, % 5 A
J| STRING # #& J& (https://cn. string-db. org) # 2
T AT 4k 3L T B & A A B AE A M % ( protein-
protein interaction network , PPI) .
1.10 itZ=5Hh

BT 4% K A Graphpad Prism 10. 4. 1 2 3
TR AT F B, 4L b R F ST AR AR ¢ A

45 (Student’s ¢ test) , = 41 KX VL b = [6] 8 41 [ Hb 5% oK
JH B H & J = 247 (one-way ANOVA) . SZ30 #4534
PLats Fn, W P<0.05 A ZFHSGITFEE L,

2 # B

2.1 AnglFEBEEERMBEKIET

SRR 1IN/ R7 S A I N U1 e T I o
3T3-L1 40Af 175 5 401k LA i 68 108 1D 40 i (&
1A) . N THfE Ang I Ab B P €415 17 403 0 e FE 4%
P AR SE T S R AT T Ve B A R () A S
TEH R 5236 T RT-qPCR SZI0 45 5 iR Ang 1T
SRR BEARE 9 7 IR SE T AR DG 7 1 mRNA
IV AR EE N 1 wmol/L I | 3X — 8 Al fc oy
F M, ST IR A, Ang IT 41 ACSIA ) mRNA
JKE-HE I 26.74% (P <0.05), SLCTALL , GPX4 F
IRP-1 1) mRNA 7KF- 73 51 T B 15. 84% ,46. 14% Fil
66.64% (P<0.01, 1B ~1E), 7E Western blot 3£
g AR EAR 2] T AR S5 2R, Ang 11 A0 BT £k 5E
T ARG R I 2R 7K 22 vk AR 1 A2 Ak, X ik
1 pmol/L B}, ACSIA 1 8 17K F- 34 Jin 57. 85%
(P<0.01) ,SLC7TA11 #1 GPX4 By k00 F K&
58.76% #125.58% (P<0.01,E 1F ~11), Tk
B0 A RS I A S S I 7 A R T 4R re-
active oxygen species, ROS) , M fE HEZR B T- 1) &
Ao B ASBIFFEAG I T € B U A0 B P k1Y
SR, 45 R WK, Ang T 2 000087 20 O 9 2k 2
THIE, YW E N 1 wmol/L, 8k 5 11 & B 34 hin
T 72.40% (P<0.01,K1G),

FEAE TR [R5 B2 5255 ) Western blot 45 5 7R
HEig T 40 b GPX4 Fl SLC7TALL M H KRB E
i [ 1 %, X — AR AL R A R AR 7E 48 h, AT,
555t BRZH AR LG, P B AR 1 KOF 43 ) R B 36. 15%
M157.10% (P<0. 01,8 1K ~ IN) . M —HB4s0
AR AR SHESE 1 pmol/L 48 h /E2h Ang I
b 38 €2 i 7 240 B ) il A

BRBPET 3 FRLERES GSH & FFEH MMP (4
I, N S B R AR AR A R A, Sy T — IR S
Ang [155 U EUE D5 4 MUK E T, ARSI T GSH
I MMP (9728 1k, &5 5 8w, 5 XA EE, Ang 1T 41
) GSH & & F [ 47.50% (P<0.01), MMP F [&
26.62% (P<0.05,E 2A F12B), BLAh, ARAFFE LM
ZX T USINERFE T ] 59 ( Fer-1) % Ang Il J ) 52
Wi, RT-qPCR SEH 25 s Fer-1 25 1 Ang I 3%
THERAET:, 5 Ang I ZHAH L, Ang 1T +Fer-1 41 Ay
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IRP-1 1 SLC7A11 1 mRNA 7K 43917 124. 1% DL ESEESE RAESE Ang A5 T 1 (415 15 20 0
F135.36% (P<0.01,[%2C Ff12D) AT,
A j

5 5 5
B2 15 C 915 D & 15
ST a 6% g~
) og 55
o 1.0 G)é 1.0 b b b w& 1.0 b b
25 =+ 22 °
£ 05 eZ 05 EX 05
22 29 20
i 3L k]
& 000101 1 10 T 000101 1 10 T 000101 1 10
Ang [l /( p mol/L) Ang [l /( p mol/L) Ang [l /( p mol/L)
E F G 5
c =
S 15 Ang Il / @ 20
2 (umoll) O 001 01 1 10 8 < b
£T : £2 15 b
2051.0 ACSL4 Im79 kDa =4
2% b 59 10 N
20 b SLC7A1] [wem s s e wm| 57 (D2 B
£~05 b b o8 05
o GPX4 [me S S —— ——|2a 22
= o
3 000101 1 10 GAPDH [se= s s o sl 36 kDa & 000101 1 10
o Ang Il /( 1 mol/L) Ang Il /( 1 mol/L)
§ §
H g_15 L8 s b4 b
I —
£ £ s LB
§<1.0 b da 10 °t
cO << b ca
T = 39 822
205 2 2Xos es |
29 & g8
52 o E g o
s 000101 1 10 © 000101 1 10 000101 1 10
Ang Il /( p mol/L) Ang Il /( p mol/L) Ang Il /( p mol/L)
151
K £ 5
Q
Oh 12h 24h 36h 48h 25810
QD
£e3 05
GAPDH [ s s s s s | 36 kD2 3 3o
c &
0
Oh 12h 24h36h48h
M N _1s5r
c I
Oh 12h 24h 36h 48h T
y o< 1.0
SLC7A11 [ B R B BN |57kDa 53 O
OO
Lor
GAPDH I‘— — A-A~|36 kDa & %;: 0.5F b
g 8
@

0h 12h 24h36h48h

B 1. AngliFSBE EEHMEMEKIE TR EMR B ESLE (n=3)
A CHIMAT O YR 3T3-L1 4UARIA S50k R A GG I AN, 22 A A S 400 3T3-LL 40, A7 PR 2 Ak s i 11 €2 1 40 i,
Bar=200 pm;B ~E 24 RT-qPCR Kzill Ang I NIV EEALEE T E (g i 20 Ml GPX4 \IRP-1 SLC7A11 #l ACSLA mRNA FikZE 1k ;
F ~1 2} Western blot %I Ang Tl /N [RIVR AR T (R4 ACSLA SLCTA11 Fl GPX4 B 183k KL RIb /T 45 3
T R B8 A 2 A B8 AE K ~ N 3 Western blot #l Ang TT Ak B [ isf ] 11 €6 1 5 48 i o
SLCTALL Fl GPX4 Y78 I RIA AL BB AL et R
a j P<0.05,b }y P<0.01, 5%} B4 (0 wmol/L Ang Il BY Ang I #b31 0 h) Fb%Z,

Figure 1. Concentration and time gradient experiment of Ang Il -induced ferroptosis in white adipocytes(n=3)
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B2 AnglliFESHEEHEMEKIET (n=3)
Al GSH & 244k B @i dnfih MMP 2546 ;C A1 D 25 RT-qPCR KM A Fer-1 J5
(005 105 248 i IRP-1 1 SLC7AL1 £ mRNA 357814k

Figure 2. Ang Il induces ferroptosis in white adipocytes(n=3)

2.2 Ang 1 BB BEMAMASIEFRIEE
B

WAT HAG EH LW N4 T fg, vl 43 ADPN |
LEP .RETN FI ITLN1 . TNF-o Fl 40/ Z 6 (inter-
leukin-6,11.-6 ) 2302 K 1, 76 9815 4 BRI B
S ZHEHURN 5 10 Bk A OC P AICE 2R 48 1 R vh k4
TER, SFIE, AR T Ang AL A €05
JU5 A0 L Y G 5 DR 1~ 26 IR A8 4K . Western blot 25 5 i

Control  Angll
ADPN 2.5
Q.
p— x
3
, & 1.0
A S 05
RETN 14 kDa 2 =
GAPDH 36 kDa 0

ADPN

N, SRR AT Ang I 4H O HT R G I I T ADPN
A ITLNT B85 38 3 5 T B 12.53% (P<0.05)
F125.51% (P<0.01) , {2 KRG W7 A ¥ IL-6 , TNF-o |
LEP Fl RETN Y% 4 23544 in 33. 82% ,104. 10% |
10. 20% #137.82% (P<0.05, % 3) , iX $&£/~R Ang Il
AT S Ry e O oS R S S s = g = RN )
15 40 M e AR R B T RT3 m L Bc R g i R 702>

P<0.01 B Control
. Hl Ang ll
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Figure 3. Angll affects the adipokine expression of white adipocytes(n=3)
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