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Long-chain acyl-CoA synthetase 4 promotes vascular calcification

through activation of ferroptosis”
CHEN Yang -MA Xingyu ,LUO Wenjian ,ZHAO Junyong s TIAN Tingting ,LIU Chuan sQIN Zhexue”
(Department of Cardiology ,Second Affiliated Hospital of Army
Medical University ,Chongqing 400037 ,China)

[Abstract] Objective To investigate the regulatory role of long-chain acyl-CoA synthetase 4 (ACSL4)
in vascular calcification and its molecular mechanisms. Methods High phosphate stimulation was used to
stimulate rat vascular smooth muscle cells (VSMCs) in vitro to simulate the pathological process of vascular
calcification. A vitamin D3 (VD;)-induced mouse calcification model was established. The expression changes
of ACSL4 in cellular and animal models were analyzed through Western blot and immunofluorescence. The
regulatory role of ACSL4 in vascular calcification was further investigated by administering the ACSL4 inhibi-
tor Prgl493 in vivo and overexpressing ACSL4 in vitro. The molecular mechanism by which ACSL4 regulates
vascular calcification was explored by detected intracellular lipid peroxidation levels,ferrous ion (Fe*" ) levels,
GPX4 expression,and applied the ferroptosis inhibitor Ferrostatin-1. Results During vascular calcification,
ACSL4 expression significantly increased (P <C0. 05). In vivo Prgl493 intervention significantly reduced
RUNX2 and OPN expression levels,elevated SM22a expression level (P<C 0. 05),and decreased calcium salt
deposition. In vitro overexpression of ACSL4 significantly increased RUNX2 and OPN expression levels,low-
ered SM22a expression level (P<C 0. 05),and promoted calcium salt deposition. Overexpression of ACSL4 in-
creased intracellular lipid peroxidation levels and Fe’™ levels (P<C 0. 05) ,while Ferrostatin-1 intervention re-
versed the regulatory effects of ACSL4 on vascular calcification. Conclusion ACSL4 aggravates vascular calci-
fication by promoting ferroptosis.
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phatidylethanolamine, PE) fl AdA-PE™*, j% #& /) 1
A g% LOX 840 i (5 %R P450 38 R B A4 AA/AdA-
PE-OOH"™ , 4 GPX4/GSH #i % 1L il §% o) 6 A &
i, PE-OOH 5288 5 SIS 45 44 452 475 I d5c 2% fgh & 40 g 5
T BRFET-7E.O WL L0 WLk 1" Kz 3 ik ok A A
AR 20 i A e Th R R T B AR L E R B
ACSLA Bl i e T-2 5 & 851k, A5 &
B ik ACSLA 2 T & 4 M 7 g o 2o 4 Ak 7K F-
Fe' " K, [k GPX4 ik, R AL T K F T+ 55
Ferrostatin-1 ZbFR A] 36 5 ACSL4 5 28 35 Xt 1 48 45 16
MO EVE T, Xk se2h R ACSLA 38 i e gk 4k A6 T
T e i A5 4k

ACSLA 1}y 8k 58 1~ i 0 5 %8 3 % 1) O B 1 i
it} , 1 33 45 PUFA-PE JiE 9 JE B9 T 18 ok 72 40 i % i
St SR ALY B S L R U R A I R T AR . Sl
TR TS AR A 6] ACSLA J& T 5 Sk Ja 457 S s
AT 38 3 9/ ] AR A B 5 R JES 9, AR AR I i i 2k B
THH G B B0 10 0 AR . AR B 5T R WD ACSLA 410 4l 51
Xif IS 85 Ak A IR T MR X 5 ACSLA 3l 371 78 H Ath
Z R A — 2 X o I R AT RS A SR T
WIAMRAE . 55— T B 46 3R % 1R B RN
SEPEAR T AR . LA S ) ACSL4 5 W& 1f) i PR 57
Al . AT AR L L A0 o B i A A Ak 0
H ACSLA T B AL FLAA P9 52 56 A6 0 7 4 i 5510
KR ACSLA H5 52w bk /N B 0 DL o8 2 HEBR 25 9
F14) Jod SRR o S B2 06 B i — 2 BT LA 5T 3 %
ISR R .
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&% ik

[1] COZZOLINO M, CICERI P, GALASSI A, et al.
The key role of phosphate on vascular calcification
[J]. Toxins (Basel),2019,11(4).213.

[2] ZHANG T T,ZHU M M, MA ] L,et al. Mo-
scatilin inhibits vascular calcification by activa-
ting IL13RA2-dependent inhibition of STAT3
and attenuating the WNT3/B-catenin signalling
pathway[J].] Adv Res,2025,68:445-457.

[3] YANG S Q,ZENG Z L,YUAN Q,et al. Vascu-
lar calcification: from the perspective of crosstalk
[T]. Mol Biomed,2023,4(1) :35.

[4] LIU W,ZHANG Y.,YU C M,et al. Current un-
derstanding of coronary artery calcification[ ] ].
J Geriatr Cardiol,2015,12(6) :668-675.

[5] LIN X,XIANG Q Y.LI S,et al. BMF-AS1/BMF
promotes diabetic vascular calcification and ag-
ing both in vitro and in vivo[]]. Aging Dis,
2023,14(1) :170-183.

[6] BOSTROM K,WATSON K E,HORN S, et al.
Bone morphogenetic protein expression in hu-
man atherosclerotic lesions[J]. J Clin Invest,
1993,91(4) :1800-1809.

[7] WATSON K E,BOSTROM K,RAVINDRANA -
TH R,et al. TGF-beta 1 and 25-hydroxycholester-
ol stimulate osteoblast-like vascular cells to calcify
[J].] Clin Invest,1994,93(5) :2106-2113.

[8] ZHOU X,ZHAO R,LV M F,et al. ACSL4
promotes microglia-mediated neuroinflamma-
tion by regulating lipid metabolism and
VGLL4 expression[ J]. Brain Behav Immun,
2023,109.:331-343.

[9] KUWATA H, NAKATANI E, SHIMBARA-
MATSUBAYASHI S, et al. Long-chain acyl-
CoA synthetase 4 participates in the formation
of highly unsaturated fatty acid-containing
phospholipids in murine macrophages[ J]. Bio-
chim Biophys Acta Mol Cell Biol Lipids, 2019,
1864(11):1606-1618.

[10] mvE. 25 XU ACSLA A SR FE T K 7
B ok ok A R A PO il 4 TP R E LT L v
440 TS . 2025,29(6) 1 1239-1247.

[11] GUY L,LI Y Z,WANG J X,et al. Targeting
ferroptosis: paving new roads for drug design
and discovery[ J ]. Eur ] Med Chem,2023,247



762

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

FREF 2026 55 55 B% 4 4

Chongqing Med J,2026, Vol. 55,No. 4

115015,

STOCKWELL B R, FRIEDMANN ANGELI J
P,BAYIR H,et al. Ferroptosis:a regulated cell
death nexus linking metabolism,redox biology,
and disease[J]. Cell,2017,171(2) :273-285.
CHEN X, LI J B,KANG R,et al. Ferroptosis: ma-
chinery and regulation [ J]. Autophagy, 2021, 17
(9):2054-2081.

YE Y Z,CHEN A, LI L,et al. Repression of
the antiporter SLLC7A11/glutathione/glutathi-
one peroxidase 4 axis drives ferroptosis of vas-
cular smooth muscle cells to facilitate vascular
calcification [ J ]. Kidney Int, 2022, 102 (6):
1259-1275.

ZHOU Y Q,ZHOU H X,HUA L,et al. Verifi-
cation of ferroptosis and pyroptosis and identi-
fication of PTGS2 as the hub gene in human
coronary artery atherosclerosis[J]. Free Radic
Biol Med,2021,171:55-68.

SUN W X, WU X, YU P, et al. LncAABR-
07025387. 1 enhances myocardial ischemia/
reperfusion injury via miR-205/ACSL4-media-
ted ferroptosis[ ] ]. Front Cell Dev Biol, 2022,
10:672391.

SHI L,SONG Z X,L1 Y Z,et al. MiR-20a-5p
alleviates kidney ischemia/reperfusion injury
by targeting ACSL4-dependent ferroptosis[]J].
Am ] Transplant,2023,23(1):11-25.

MA L L, LIANG L,ZHOU D, et al. Tumor
suppressor miR-424-5p abrogates ferroptosis
in ovarian cancer through targeting ACSL4
[J]. Neoplasma,2021,68(1):165-173.
ORLANDO U, COOKE M, CORNEJO MA-
CIEL F, et al. Characterization of the mouse
promoter region of the acyl-CoA synthetase 4
gene:role of Spl and CREB[]]. Mol Cell En-
docrinol,2013,369(1/2) :15-26.

ZHANG H L,HU B X,LI Z L,et al. PKCR Il
phosphorylates ACSL4 to amplify lipid peroxi-
dation to induce ferroptosis[J]. Nat Cell Biol,
2022,24(1) .88-98.

COOKE M,ORLANDO U,MALOBERTI P,et
al. Tyrosine phosphatase SHP2 regulates the
expression of acyl-CoA synthetase ACSL4[]J].]
Lipid Res,2011,52(11):1936-1948.

BI X K.WU X T,CHEN J Q.,et al. Character-
ization of ferroptosis-triggered pyroptotic sig-
naling in heart failure [J]. Signal Transduct
Target Ther,2024,9(1).:257.

MA Y J,ZHANG X H, ALSAIDAN O A,et
al. Long-chain Acyl-CoA synthetase 4-mediated

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

fatty acid metabolism sustains androgen recep-
tor pathway-independent prostate cancer[] ].
Mol Cancer Res,2021,19(1):124-135.

DUAN ] J, WANG Z,DUAN R, et al. Thera-
peutic targeting of hepatic ACSL4 ameliorates
NASH in mice[ J]. Hepatology, 2022, 75 (1) ;
140-153.

KR, S L B ED. GPXA IR 2l ok ofs A T
AR RH DG Y I 4 M Bk BB T n i R R SR [T ). R
PE2%,2025,54(12) :2915-2920.

ZHOU J J,SHI Y G,JIAN Y L,et al. Identifi-
cation of key ferroptosis genes in hepatocellular
carcinoma and type 2 diabetes mellitus through
bioinformatics analysis[ J]. Discov Oncol,2025,
16(1) . 916.

TANG D L,CHEN X,KANG R,et al. Ferrop-
tosis: molecular mechanisms and health impli-
cations[ J]. Cell Res,2021,31(2):107-125.

GE C,ZHANG S J,MU H W,et al. Emerging
mechanisms and disease implications of ferrop-
tosis: potential applications of natural products
[J]. Front Cell Dev Biol,2021,9:774957.
TIAN H Y,HUANG B Y,NIE H F,et al. The
interplay between mitochondrial dysfunction
and ferroptosis during ischemia-associated cen-
tral nervous system diseases [ J]. Brain Sci,
2023,13(10):1367.

JIN R,DAT Y,WANG Z,et al. Unraveling fer-
roptosis:a new f{rontier in combating renal fi-
brosis and CKD progression[ ] |. Biology (Ba-
sel),2024,14(1) :12.

WANG X,CHEN X X,ZHOU W Q,et al. Fer-
roptosis is essential for diabetic cardiomyopa-
thy and is prevented by sulforaphane via
AMPK/NRF2 pathways[]J]. Acta Pharm Sin
B,2022,12(2).708-722.

ZHANG C H,YAN Y J,LUO Q. The molecu-
lar mechanisms and potential drug targets of
ferroptosis in myocardial ischemia-reperfusion
injury[J]. Life Sci,2024,340:122439.

GUO Y,LU C J,HU K,et al. Ferroptosis in
cardiovascular diseases: current status, challen-
ges,and future perspectives[ ]J]. Biomolecules,
2022,12(3):390.

DING K Y,LIU C B, LI L,et al. Acyl-CoA syn-
thase ACSL4:an essential target in ferroptosis
and fatty acid metabolism[]J]. Chin Med J (En-
gl),2023,136(21):2521-2537.

(Wi B 1:2026-01-04 &[] H 11 :2026-03-01)

CHi 8 - TR U4



