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Abstract

Preeclampsia is a pregnancy disease with a complex pathogenesis, which may involve multiple reg-
ulatory cell death modes such as apoptosis, autophagy, pyroptosis, ferroptosis, and copper death.
Linking preeclampsia with regulatory cell death can help to gain a more comprehensive and in-
depth understanding of the pathological process of preeclampsia, providing potential predictive in-
dicators and novel diagnostic and therapeutic methods for its occurrence. This article reviews the
research progress on regulatory cell death and preeclampsia in recent years.
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1. 5|8

TR HT B(Preeclampsia) /& & gk B A& (1 5 LR, 112 75 Z2 2 IA7E SRR 20 JE G BT & e I iE
R, BHAEA 2D —F ARSI ARREZ W, BREE ALK, K, JGRIDIRERE (1] & FWinHE g
B, iy B ISR EISR TR, TSWONEE PR FIRETHR R, RIE IR S8
34 J, A5y R R BRI R B3], AW FTUESE 1R B TR R R A A S A DG (4] RS
RIRFIRTTIA AR LN 2%~8% [5], FHFERBIE /NG AZAEM T TIRIL, 2PREREF R THE AN I
BEAIR v I B R 2R A iy, BRI AT S B R LSRR 15%. 0 HI 3 108 ERLRN A s L) v A Bl
W, WReSIEREKEARIIKBRIMERE, )L RS, BHAMRNEEL, %ZThaeme, WMiEEH# A
=N PSP

IEHCAER, B B AR R FIARAT e 5 iE e, 2 R0 4 M AR Ty X R IR R AT 52
RARSRE, ML TR] 40 N & A4l i JE T (accidental cell death, ACD)F1 5 440 il ET- (Regulated cell
death, RCD) [7] [8]o ACD FE /&t EALERAM FRAn G 51 AT, 40 p 51X Le e i i 5 & Dhae kA7 5,
SIRAZ WML IR, WATRCONEIIEIASE. RCD W& —Fh == 2 T 2 i g i se - -0, &
AT, AR e, ARET, BB BAETCAE . @ S AR g At T T 20, MUASEE T iERR
2R AL AR H R, 4R AR R EEAE (9], RCD &40 n] LA 45 Vi 45 D e i 4
W, WM 2R, WRESST & EFR@EMN, w3 R R A A S S RIE R 4o %

BRI 2 HUEHE R B, IR AT Ry — PV AL SR BB R S, AT eI I 1) 22 b 15 M 4 i
HET- 77 A [10]6 T T AR T IR A TE, A BTk — DI xs e BT o e R 0 B, IR
IR TSI AR AL o

2. T EMBRTE TS FRarie
2.1. JACE5FATH

MM T (apoptosis) & K I i, TR A, MRS BEET At TR TR, HTREsY
FRAE, BIEANMAARRRGE N R IR . Qe R A, AR AR 4 SR 11].

YA T A N IR RO R R TR AR, YT I 3o 22 2 4 M IR 7 1 SR 2 1 R
i RN, W ERRS, FAROEE, 5l KM T[12]. 40 MFR S J e I T
T W SR, BRI T E AP AR, HESI T AMARITE R, B0 caspase-3 F caspase-7 iX
AR TR “R1FF7 , SERNTERAA A T AR 13].

TR T (0 AR IR AR B AN R A MO SR I AR AL R BE T 2 A5 5 7 ORI 1 [14]. BB 24k
FAS 5 FAS fif(FasL)&5 &0, FAS 24 = FABUE, 8 Fas fHOGE TR (M RO AE AL, 151k
caspase-8 LATEIIET 15 M5 5 H A4 1LY caspase-8 tH 1] EL1:E caspase-3 Fl caspase-7 75 5 4l i A
T2, B0F BID 24/# N tBID, fil & A0 T-[15].

EMRIG R B R, WA PRI, —MRREWIRMN, PRI IR, P
FlME BRI AR R AEA R A FThEE . BB EE S S A G SRE/MNEFRM AR
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i

LL “ PR AAR” AR RE T, wT LA R AR RS R A R IE AR K, S5 BB IE SN K B A 16], LA
TRUEAGREMARL . DRI, TH A 30% 37 40 0 2008 R T B AR R R S AR, IR A BB IE W KB [17]. &R
HAPE TR SRR, ST E RSk E M, SRR A T HMSE R, R BUE SRR
R [18].

Zhou ZER I, —LLFRIR RNA Wit miR-126-3p/BAK1 %l =5 T BT B4 F 400 T2[19]. A HF5E
WERH, OLFML3 A feidid PISK/AKT @ B4l UE TR 4B MO T2, AN 2% - i BA B & A2 [20] Bl ] TTARAE
NGB KGRI Z5), =& A0 I L ZIG R IETT 259, nIRTT NF-«B 45 2 /M5 5@ %, H55 sFlt-
1 7R SR N B A B D ae AR, SR i s (21

2.2. BESFHETHA

H B (Autophagy) T 1963 41 Christian 1R H, I ILRAT T8 NURAE LB B 22221 (23], H
WRAEAE VIR b RSy, S 5 YU SR R & g4, - sEZ st A m . 40 s,
XHAERFAN A AR AR EAE . BWF 0 NBL T =R 1) EEM: AR, SRk AR
Fr AR R F A TR R B WA, 85 BIRBRIASS & IR T W, 2) AR WA ERASKGEA
%, EVERRIRAN MR 3) /- TAHBN SRERE: KRN R R B 4G TR G B s 3E
BEAR N, AR B VA B ARG 3 AR AN AL, Sl B R R [24]

A SCHRARIE , TFEB J& i A AL i 2 2R R 7, B da AR (R EAIR B i AR TR 40 TFEB W &
FEAR, 3o PE B AR N B W T BE AT BE 52 2251 WA I TR W1l i 0 A8 E R 4 I rh T g A
T B E B AT R T A2 LTI AR LAMPL, LAMP2, CTSD %% (12K, nl S BURRG k458
B, JEHEEWRTHRESZA[26]. Gu SEWFFTIESE [ IR A AliEd B/ UG R B A EE BRI, )
A5 I 91/ B 0 BT SRR IEAR (27

2.3. AT 5 TR

FLTE 1992 4F, A W 708 A IILAR A0 v B s W 4 4 R AR R R O AR B AT T2 28], E— B AR X
R TR G B A AT T AN T A 08 T2 AR G caspase-3, T A& MKHH T caspase-1[29]. T-7&, iXFhgl
MORFER BB T 7 S fim 44 N AN £E T2 (Pyroptosis), X FRGHAE R MEIRTE[30]. 7R NI 2 Hh 4 B B L,
SR ERGZL, dHMib K, 4P BRI TL-18. TL-18 ZE4H i PR 1~ £ TBOR R 248 HE 0 S s [ S [3 1]

TIRHT I T B AR BE SN OY AN B, A IS REE A R R T 8RB, 58 ROS T R
R, BRRERIEF TR, NMIE TR E[32]. A3CEREY], HOXA9 mJLli#id CMKLR1/
AMPK/TXNIP/NLRP3 &, 5 FUFRMMEET:, ME TR 33]. AW RUESE, FRariifaaid
it HDAC2 Fiffl, 0% FOXO3 PERK, I HAERE IL-148. IL-18 A TSI 7 L, v S84
WA TS R AE[34]. Wu Z5E B 1T E44 % RNA LINC00240 3@ i3 4% miR-155/Nrf2 fil, 401240 S S 5
AT, BEEEATR 2 I ThRERN(EEE M2 ERESR M A A, 07 BT IR [35].

24. ST E5FHaTHA

BRIET (Ferroptosis) ¥ 3 BT A RHE N ZRLARAA AL AN BRLAR I il D BT 2% . 2R S B2 . 4
HIAZR/INIEE[36] [37]0 BRAET: (R BN /2 4 N 8GR SR AR A R, P R A HEH IRANZ e H
REIL S AL VI 4 (GPX4) K TR, SIS 78 ROS KFFhm, MRt s, SRR RELIK
BRAETZ(38]0 BB AT DUBAFE LR R B, 2RI IPICREZE =4 ATP ¥ [A)I 47 ROS. ROS HJ LA
HEmEE A EAER, MEAERiA T 2R N, M= AE 2 (1) ROS, IR SE A REBORIER SE T 1) K
A[39].
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WFFERI, ATz a g LA A A & B T IEw 208, 1X0] 562 B T2l 7w S 8004
TR AR A RBETI[40] 0 F-9 BT A5 A4 P 2 I B IR 2 AN IO H O S A s 1 BRI, RIE T 4
PR EWE B, SR IR AT A R BE AR TG 5[4 1], Yang S5 A LI UR A A) 5% 77 40 M 2k 2 1
(FLT)FEAR S R BFET, M 5] e 1 B R e sl ik E s, SECHWRITRN R E[42]. AUFFTIESE, 0]
Nox2 FRiA A iEIE STATI/GPX4 A HPTHETE MBI T, OB TR Th Re 79 BT BEIR [43]

2.5. A5 FMETEA

2022 4, Tsvetkov 51 KR T HI5E T (Cuprotosis) IR T HIBET: ARSI HI[44]. HFET- SR
H— RIVERFRHE, QRRERARI LS . APRBARERL . N 0T AR 1 DA R e i A 2R, R ARIX e
FHAE ST FEARAL, (HRAENLHIAS F T H e P8 O SR R PR IR T2 [45]. 0T & i T4 & 73
8, SRR, 33 ROS AL Z, il AN, (23 DLAT RN, BIR T2 % - EAMKR
i, SIESMRE IEIE TR, TIRARARIEREIFR, &4 FEAMBEILTI[44].

Z SR, R BT A B R AR ] Re 5 40 I A A4 A 2R B AR A S OK[46]-[48]. Tang 5518
o B - BT G B 2 2 R AR AE T AR DR BRI BEAT AT, 0k B AN 5 i R B AR ATL ) DDA 5 Y
K, 55 NFE2L2. PDHAI1. PDHB. DLD Fl GLS, i NFE2L2 5 f i 4 ifi 5 A% i ofiL a7 8 52 47 A
K[49]. WAFARERN, TIATHEEREHSN AR AT, nI365R S 742 R 0B [ SLC31A1
(eI, AT D2 M PN A 25 &, B FRAIC AL mT Re A B T 4 20 T2 00 R A S T Aa T 7 -1 T 501
HHT, 46T 5 1 T AR AR SURALHI AR ORI 78 ik, 7R ZdE— B IR A 55

3. REE

T TSI D9 R FE A B AR < —, TR E B ERE M R Rk, Dy T AR B A
FEFRRETH, TR BT AR LR BT T AR OO B . (0, AN R R T A T s ] 5%
oy CLES TR AT AR LI VEARIE T, U0 f5 RN BT -

&5k

[1] Jung, E., Romero, R., Yeo, L., Gomez-Lopez, N., Chaemsaithong, P., Jaovisidha, A., et al. (2022) The Etiology of
Preeclampsia. American Journal of Obstetrics and Gynecology, 226, S844-S866.
https://doi.org/10.1016/j.aj02.2021.11.1356

[2] HHAREZES RS 2 T R OB AR AL SRR S IR R 2 A 48 R (2020) [J]. AR RN K,
2020, 55(4): 227-238.
[31 Wu,Q, Ying, X, Yu, W, Li, H., Wei, W., Lin, X., ef al. (2024) Comparison of Immune-Related Gene Signatures and

Immune Infiltration Features in Early- and Late-Onset Preeclampsia. The Journal of Gene Medicine, 26, €3676.
https://doi.org/10.1002/jgm.3676

[4] Abalos, E., Cuesta, C., Carroli, G., Qureshi, Z., Widmer, M., Vogel, J., et al. (2014) Pre-Eclampsia, Eclampsia and
Adverse Maternal and Perinatal Outcomes: A Secondary Analysis of the World Health Organization Multicountry Sur-
vey on Maternal and Newborn Health. BJOG: An International Journal of Obstetrics & Gynaecology, 121, 14-24.
https://doi.org/10.1111/1471-0528.12629

[5] Brown, M.A., Magee, L.A., Kenny, L.C., Karumanchi, S.A., McCarthy, F.P., Saito, S., et al. (2018) Hypertensive Dis-
orders of Pregnancy. Hypertension, 72, 24-43. https://doi.org/10.1161/hypertensionaha.117.10803

[6] Ali, M., Ahmed, M., Memon, M., Chandio, F., Shaikh, Q., Parveen, A., et al. (2024) Preeclampsia: A Comprehensive
Review. Clinica Chimica Acta, 563, Article ID: 119922. https://doi.org/10.1016/j.cca.2024.119922

[7] Galluzzi, L., Vitale, 1., Aaronson, S.A., ef al. (2018) Molecular Mechanisms of Cell Death: Recommendations of the
Nomenclature Committee on Cell Death 2018. Cell Death and Differentiation, 25, 486-541.

[8] \Vitale, L., ef al. (2023) Apoptotic Cell Death in Disease—Current Understanding of the NCCD 2023. Cell Death and
Differentiation, 30, 1097-1154.

[91 Newton, K., Strasser, A., Kayagaki, N. and Dixit, V.M. (2024) Cell Death. Cell, 187, 235-256.

DOI: 10.12677/acm.2025.1541145 1986 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1541145
https://doi.org/10.1016/j.ajog.2021.11.1356
https://doi.org/10.1002/jgm.3676
https://doi.org/10.1111/1471-0528.12629
https://doi.org/10.1161/hypertensionaha.117.10803
https://doi.org/10.1016/j.cca.2024.119922

i

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

https://doi.org/10.1016/j.cell.2023.11.044

Lokeswara, A.W., Hiksas, R., Irwinda, R. and Wibowo, N. (2021) Preeclampsia: From Cellular Wellness to Inappropri-
ate Cell Death, and the Roles of Nutrition. Frontiers in Cell and Developmental Biology, 9, Article ID: 726513.
https://doi.org/10.3389/fcell.2021.726513

Kerr, J.F.R., Wyllie, A.H. and Currie, A.R. (1972) Apoptosis: A Basic Biological Phenomenon with Wide-Ranging
Implications in Tissue Kinetics. British Journal of Cancer, 26, 239-257. https://doi.org/10.1038/bjc.1972.33

Liu, L., Zhou, L., Wang, L., Zheng, P., Zhang, F., Mao, Z., et al. (2023) Programmed Cell Death in Asthma: Apoptosis,
Autophagy, Pyroptosis, Ferroptosis, and Necroptosis. Journal of Inflammation Research, 16, 2727-2754.
https://doi.org/10.2147/jir.s417801

Hojo, T., Skarzynski, D.J. and Okuda, K. (2022) Apoptosis, Autophagic Cell Death, and Necroptosis: Different Types
of Programmed Cell Death in Bovine Corpus Luteum Regression. Journal of Reproduction and Development, 68, 355-
360. https://doi.org/10.1262/jrd.2022-097

Heydarnezhad Asl, M., Pasban Khelejani, F., Bahojb Mahdavi, S.Z., Emrahi, L., Jebelli, A. and Mokhtarzadeh, A. (2022)
The Various Regulatory Functions of Long Noncoding RNAs in Apoptosis, Cell Cycle, and Cellular Senescence. Journal
of Cellular Biochemistry, 123, 995-1024. https://doi.org/10.1002/jcb.30221

Ames, E.G. and Thoene, J.G. (2022) Programmed Cell Death in Cystinosis. Cells, 11, Article No. 670.
https://doi.org/10.3390/cells11040670

Bakrania, B.A., George, E.M. and Granger, J.P. (2022) Animal Models of Preeclampsia: Investigating Pathophysiology
and Therapeutic Targets. American Journal of Obstetrics and Gynecology, 226, S973-S987.
https://doi.org/10.1016/j.aj0g.2020.10.025

Redman, C. (2014) The Six Stages of Pre-Eclampsia. Pregnancy Hypertension: An International Journal of Women’s
Cardiovascular Health, 4, Article No. 246. https://doi.org/10.1016/j.preghy.2014.04.020

Redman, C.W.G. and Sargent, I.L. (2009) Placental Stress and Pre-Eclampsia: A Revised View. Placenta, 30, 38-42.
https://doi.org/10.1016/j.placenta.2008.11.021

Zhou, J., Zhao, Y., An, P., Zhao, H., Li, X. and Xiong, Y. (2023) Hsa_circ_0002348 Regulates Trophoblast Proliferation
and Apoptosis through miR-126-3p/BAK1 Axis in Preeclampsia. Journal of Translational Medicine, 21, Article No.
509. https://doi.org/10.1186/s12967-023-04240-1

Chen, H., Li, R., Bian, J., Li, X., Su, C., Wang, Y., et al. (2024) OLFML3 Suppresses Trophoblast Apoptosis via the
PI3K/AKT Pathway: A Possible Therapeutic Target in Preeclampsia. Placenta, 147, 1-11.
https://doi.org/10.1016/j.placenta.2024.01.008

Zuo, Q., Zou, Y., Huang, S., Wang, T., Xu, Y., Zhang, T., et al. (2021) Aspirin Reduces Sflt-1-Mediated Apoptosis of

Trophoblast Cells in Preeclampsia. Molecular Human Reproduction, 27, gaaa089.
https://doi.org/10.1093/molehr/gaaa089

de Duve, C. and Wattiaux, R. (1966) Functions of Lysosomes. Annual Review of Physiology, 28, 435-492.
https://doi.org/10.1146/annurev.ph.28.030166.002251

Kawamata, T., Kamada, Y., Kabeya, Y., Sekito, T. and Ohsumi, Y. (2008) Organization of the Pre-Autophagosomal
Structure Responsible for Autophagosome Formation. Molecular Biology of the Cell, 19, 2039-2050.
https://doi.org/10.1091/mbe.e07-10-1048

Yoshii, S.R. and Mizushima, N. (2017) Monitoring and Measuring Autophagy. International Journal of Molecular Sci-
ences, 18, Article No. 1865. https://doi.org/10.3390/ijms18091865

Nakashima, A., Shima, T., Aoki, A., Kawaguchi, M., Yasuda, I., Tsuda, S., et al. (2020) Placental Autophagy Failure:
A Risk Factor for Preeclampsia. Journal of Obstetrics and Gynaecology Research, 46, 2497-2504.
https://doi.org/10.1111/jog.14489

Nakashima, A., Cheng, S., Ikawa, M., Yoshimori, T., Huber, W.J., Menon, R., ef al. (2019) Evidence for Lysosomal
Biogenesis Proteome Defect and Impaired Autophagy in Preeclampsia. Autophagy, 16, 1771-1785.
https://doi.org/10.1080/15548627.2019.1707494

Gu, S., Zhou, C., Pei, J., Wu, Y., Wan, S., Zhao, X., et al. (2022) Esomeprazole Inhibits Hypoxia/Endothelial Dysfunc-
tion-Induced Autophagy in Preeclampsia. Cell and Tissue Research, 388, 181-194.
https://doi.org/10.1007/s00441-022-03587-z

Zychlinsky, A., Prevost, M.C. and Sansonetti, P.J. (1992) Shigella Flexneri Induces Apoptosis in Infected Macrophages.
Nature, 358, 167-169. https://doi.org/10.1038/358167a0

Cookson, B.T. and Brennan, M.A. (2001) Pro-Inflammatory Programmed Cell Death. Trends in Microbiology, 9, 113-
114. https://doi.org/10.1016/s0966-842x(00)01936-3

Monack, D.M., Navarre, W.W. and Falkow, S. (2001) Salmonella-Induced Macrophage Death: The Role of Caspase-1

DOI: 10.12677/acm.2025.1541145 1987 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1541145
https://doi.org/10.1016/j.cell.2023.11.044
https://doi.org/10.3389/fcell.2021.726513
https://doi.org/10.1038/bjc.1972.33
https://doi.org/10.2147/jir.s417801
https://doi.org/10.1262/jrd.2022-097
https://doi.org/10.1002/jcb.30221
https://doi.org/10.3390/cells11040670
https://doi.org/10.1016/j.ajog.2020.10.025
https://doi.org/10.1016/j.preghy.2014.04.020
https://doi.org/10.1016/j.placenta.2008.11.021
https://doi.org/10.1186/s12967-023-04240-1
https://doi.org/10.1016/j.placenta.2024.01.008
https://doi.org/10.1093/molehr/gaaa089
https://doi.org/10.1146/annurev.ph.28.030166.002251
https://doi.org/10.1091/mbc.e07-10-1048
https://doi.org/10.3390/ijms18091865
https://doi.org/10.1111/jog.14489
https://doi.org/10.1080/15548627.2019.1707494
https://doi.org/10.1007/s00441-022-03587-z
https://doi.org/10.1038/358167a0
https://doi.org/10.1016/s0966-842x(00)01936-3

T

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

in Death and Inflammation. Microbes and Infection, 3, 1201-1212. https://doi.org/10.1016/s1286-4579(01)01480-0

Yu, P., Zhang, X., Liu, N., Tang, L., Peng, C. and Chen, X. (2021) Pyroptosis: Mechanisms and Diseases. Signal Trans-
duction and Targeted Therapy, 6, Article No. 128. https://doi.org/10.1038/s41392-021-00507-5

B4, 7, TR0, & ARETSARIERS RRXAVERED]. LRE —ERRZHOL KA E R )%
K, 2023, 44(1): 10-14.

Quan, X., Ye, J., Yang, X. and Xie, Y. (2021) Hoxa9-Induced Chemerin Signals through CMKLR1/AMPK/TXNIP/
NLRP3 Pathway to Induce Pyroptosis of Trophoblasts and Aggravate Preeclampsia. Experimental Cell Research, 408,
Atrticle ID: 112802. https://doi.org/10.1016/j.yexcr.2021.112802

Liu, J. and Yang, W. (2023) Mechanism of Histone Deacetylase HDAC2 in FOXO3-Mediated Trophoblast Pyroptosis
in Preeclampsia. Functional & Integrative Genomics, 23, Article No. 152. https://doi.org/10.1007/s10142-023-01077-1

Wu, H., liu, K. and Zhang, J. (2022) LINC00240/miR-155 Axis Regulates Function of Trophoblasts and M2 Macrophage
Polarization via Modulating Oxidative Stress-Induced Pyroptosis in Preeclampsia. Molecular Medicine, 28, Article No.
119. https://doi.org/10.1186/s10020-022-00531-3

Dixon, S.J., Lemberg, K.M., Lamprecht, M.R., Skouta, R., Zaitsev, E.M., Gleason, C.E., et al. (2012) Ferroptosis: An
Iron-Dependent Form of Nonapoptotic Cell Death. Cell, 149, 1060-1072. https://doi.org/10.1016/j.cell.2012.03.042

Stockwell, B.R., Friedmann Angeli, J.P., Bayir, H., Bush, A.I., Conrad, M., Dixon, S.J., et al. (2017) Ferroptosis: A
Regulated Cell Death Nexus Linking Metabolism, Redox Biology, and Disease. Cell, 171, 273-285.
https://doi.org/10.1016/j.cell.2017.09.021

Ingold, 1., Berndt, C., Schmitt, S., ef al. (2017) Selenium Utilization by GPX4 Is Required to Prevent Hydroperoxide-
Induced Ferroptosis. Cell, 172, 409-422.e21.

Gumilar, K.E., Priangga, B., Lu, C., Dachlan, E.G. and Tan, M. (2023) Iron Metabolism and Ferroptosis: A Pathway for
Understanding Preeclampsia. Biomedicine & Pharmacotherapy, 167, Article ID: 115565.
https://doi.org/10.1016/j.biopha.2023.115565

Ng, S., Norwitz, S.G. and Norwitz, E.R. (2019) The Impact of Iron Overload and Ferroptosis on Reproductive Disorders
in Humans: Implications for Preeclampsia. International Journal of Molecular Sciences, 20, Article No. 3283.
https://doi.org/10.3390/ijms20133283

Zhang, H., He, Y., Wang, J., Chen, M., Xu, J., Jiang, M., ef al. (2020) Mir-30-5p-Mediated Ferroptosis of Trophoblasts
Is Implicated in the Pathogenesis of Preeclampsia. Redox Biology, 29, Article ID: 101402.
https://doi.org/10.1016/j.redox.2019.101402

Yang, X., Ding, Y., Sun, L., Shi, M., Zhang, P., Huang, Z., et al. (2022) Ferritin Light Chain Deficiency-Induced Fer-
roptosis Is Involved in Preeclampsia Pathophysiology by Disturbing Uterine Spiral Artery Remodelling. Redox Biology,
58, Article ID: 102555. https://doi.org/10.1016/j.redox.2022.102555

Xu, X., Zhu, M., Zu, Y., Wang, G., Li, X. and Yan, J. (2024) Nox2 Inhibition Reduces Trophoblast Ferroptosis in
Preeclampsia via the STAT3/GPX4 Pathway. Life Sciences, 343, Article ID: 122555.
https://doi.org/10.1016/1.1fs.2024.122555

Tsvetkov, P., Coy, S., Petrova, B., Dreishpoon, M., Verma, A., Abdusamad, M., et al. (2022) Copper Induces Cell Death
by Targeting Lipoylated TCA Cycle Proteins. Science, 375, 1254-1261. https://doi.org/10.1126/science.abf0529

Zhao, G., Sun, H., Zhang, T. and Liu, J. (2020) Copper Induce Zebrafish Retinal Developmental Defects via Triggering
Stresses and Apoptosis. Cell Communication and Signaling, 18, Article No. 45.
https://doi.org/10.1186/s12964-020-00548-3

Sak, S., Barut, M., Celik, H., Incebiyik, A., Agacayak, E., Uyanikoglu, H., et al. (2018) Copper and Ceruloplasmin
Levels Are Closely Related to the Severity of Preeclampsia. The Journal of Maternal-Fetal & Neonatal Medicine, 33,
96-102. https://doi.org/10.1080/14767058.2018.1487934

Zhong, Z., Yang, Q., Sun, T. and Wang, Q. (2022) A Global Perspective of Correlation between Maternal Copper Levels
and Preeclampsia in the 21st Century: A Systematic Review and Meta-Analysis. Frontiers in Public Health, 10, Article
ID: 924103. https://doi.org/10.3389/fpubh.2022.924103

Song, X., Li, B., Li, Z., Wang, J. and Zhang, D. (2017) High Serum Copper Level Is Associated with an Increased Risk
of Preeclampsia in Asians: A Meta-Analysis. Nutrition Research, 39, 14-24. https://doi.org/10.1016/j.nutres.2017.01.004
Tang, X., Liu, Y. and Zhang, Y. (2024) Novel Cuproptosis-Related Prognostic Gene Profiles in Preeclampsia. BMC
Pregnancy and Childbirth, 24, Article No. 53. https://doi.org/10.1186/s12884-023-06215-y

Shen, X., Huang, J., Chen, L., Sha, M., Gao, J. and Xin, H. (2024) Blocking Lactate Regulation of the Grh12/SLC31A1

Axis Inhibits Trophoblast Cuproptosis and Preeclampsia Development. Journal of Assisted Reproduction and Genetics,
41, 3201-3212. https://doi.org/10.1007/s10815-024-03256-w

DOI: 10.12677/acm.2025.1541145 1988 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1541145
https://doi.org/10.1016/s1286-4579(01)01480-0
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.1016/j.yexcr.2021.112802
https://doi.org/10.1007/s10142-023-01077-1
https://doi.org/10.1186/s10020-022-00531-3
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1016/j.cell.2017.09.021
https://doi.org/10.1016/j.biopha.2023.115565
https://doi.org/10.3390/ijms20133283
https://doi.org/10.1016/j.redox.2019.101402
https://doi.org/10.1016/j.redox.2022.102555
https://doi.org/10.1016/j.lfs.2024.122555
https://doi.org/10.1126/science.abf0529
https://doi.org/10.1186/s12964-020-00548-3
https://doi.org/10.1080/14767058.2018.1487934
https://doi.org/10.3389/fpubh.2022.924103
https://doi.org/10.1016/j.nutres.2017.01.004
https://doi.org/10.1186/s12884-023-06215-y
https://doi.org/10.1007/s10815-024-03256-w

	调节性细胞死亡在子痫前期中的作用
	摘  要
	关键词
	The Role of Regulatory Cell Death in Preeclampsia
	Abstract
	Keywords
	1. 引言
	2. 调节性细胞死亡与子痫前期
	2.1. 凋亡与子痫前期
	2.2. 自噬与子痫前期
	2.3. 细胞焦亡与子痫前期
	2.4. 铁死亡与子痫前期
	2.5. 铜死亡与子痫前期

	3. 展望
	参考文献

