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[ Abstract] Protein lactylation modification mediated by lactate accumulation is a new type of epigenetic modification.
It is a protein modification method in which lactyl groups are covalently coupled to lysine residues of proteins to regulate
gene expression. Due to the physiological hypoxia in the placenta during early pregnancy, placental cells have developed a
series of hypoxia-response mechanisms. Different degrees of protein lactylation modification have been found to be involved
in these mechanisms. Protein lactylation modification mediates cellular energy flow, trophoblast cell function expression,
immune function, and inflammatory responses. When pathological hypoxia occurs in the placenta, it can lead to placental
dysfunction, abnormal trophoblast cell proliferation, and impaired invasion function. On this basis, pregnancy complications
such as preeclampsia (PE), gestational diabetes mellitus (GDM), and recurrent spontaneous abortion (RSA) may occur. High
levels of protein lactylation in patients with PE and GDM can cause placental dysfunction, reduce the migration and invasion
ability of trophoblast cells, and participate in the occurrence and development of the diseases. Protein lactylation
modification participates in the pathogenesis of RSA by regulating trophoblast cell apoptosis and the immune function at the
maternal—fetal interface. This review summarizes the research progress of protein lactylation modification in placental hypoxia
and pregnancy complications, aiming to provide new ideas for the prevention and treatment of placental-derived pregnancy
complications related to fetal hypoxia.

[ Keywords] Protein processing, post—translational; Placenta; Hypoxia; Pregnancy complications; Lactylation

(J Int Obstet Gynecol , 2025, 52:643-648 )

FLIRIL B i Qactylation ) RITAFHT A BB —FILL 2, 2B RT LA BRI (5 D] A 2 s

LI A 2 19 7k 22 DA JEe ) 1) S 1 T W 138 S A i 7

FETH HRE AR S (24JRRAS597) ;s Bl A AR E B BN
RHIFE 42 (23GSSYD-1)

PR BHE: 730000 M, H o B 2 2R S — e R S 2 e (£ %2, 3k
T Hlr s NRE BB INGEY , wiFBH )

TAEIE - PN, E—mail : 13919101217@163.com

AL

JEE Ay R G UG A B kR L D
R AE AR, SRINEIR. IR
RE WL A 7 R S0 U R 2 | A i A2 R I A
SRR o RS A SRR AR B I I X
SEIUIE 12 SR, 4 St 17 ML ] (P2 A e
S WETE A B, WAL AR IRSIG 21 1E 5 BE R St i 2L
FH AR GLH B FLRR AR 1 LR A K P e 2 T



<644« PR = Rl2E 24k 2025 4F 12 A5 52 %55 6 4 ] Int Obstet Gynecol , December 2025, Vol. 52,No. 6

1R, SR FUR AL B AR NG LB A —E PRI
1T H RTFLRR AL B Wi 5E 2 48 P AT | O AR

TRANRAE ST, FLER AU TE 1E I IR A 4 I
FAE PR BT R, L] 1 oA 5¢ 42 T ik
THHE . AEHAE A BRI 25 I M S
BLRALE MRS, BRI R LR i1 T
S AT (preeclampsia, PE ) A URIIHE JR K ( gestational
diabetes mellitus, GDM) Hl1 & & 14 i F= (recurrent
spontaneous abortion, RSA) ZE %9 H (1 /E FIBLH , &
TE R FLIRAB M 2 5 A BN I K A SR B AT IE
Wi, LA IR IR iR ) LR SEAH SCAE JR I A AE Y
F SRR Al AR Y TS AT BETT 1)

1 RRERENE B RIBLEIHER

B Jif ST A i AUV BT R IR R R h 2 K A
A, WEIRAY AT = F G SR 5T S B4R
RIS IR T MRS IR | R A iz 28
Wi A VK E 9 A OGP B S 9, 2019 SRR E T
PR AR B i 7, VR —Fh R s 1%
W, FLIR 2SI B A 5 BT AL 5 i 2
CEEE R (4 p300) e iz Al @ PR AR AL A4
IE R = RRFLIR Tk lysine lactylation, Kla &, It
I E R FLRRIB K S E S B FLRKE
A SR, WFFE R PR YR A A BE I G A % 37 A | 15
IS 40 e A P B PR AEOPR S T T e W TR A ™ A R Y L
TR, H AL, — A A AR H A 2 R IR o3
RS HYE AL, A5 S k15 S I T (hypoxia
inducible factor, HIF )33 IR ACH & A2 Sl b H
Wi S0, G S AN A5k . FLRR Y BB A 1 B
RRACIE A B AE T, 75 b3 4 i SR 4 v L]
(4 HIF BEREEME . A WSS ) 2 & B 5 1 8 i FL IR
et IFA S 1 I AR R R, 1024 i 2t B 2
PSR SRR LR 2% B80S 10 S A0 L A i 2 2
RS , AR TS FE RV E I B g R 3, 965 5
FHSIEIRIT AAE R R A K e

2 BARABUEHSREEEERSE

2.1 FABLKEIGES5IFES HIF R, AT HEEE
FRE TR AR R A A P R A S B IR Y
HERR, LRI o> fe dh2H 8 A LR fL e i, JFfe ot
HIF Lo 235, JETTE BUFLIR t—HIF 1o A S 157 ]
I SR it A T BRI IR R
TER S SRR HIF e 55 I8 1 ol 4 % 0 e iz 2
(glucose transporter, GLUT) (41 GLUT1 #1 GLUT3 )l

WA I e s 190, T LR AL A i SR M A T 5C
AIFMLIE 2 bR Ak, WA ™ ) TN BRI RR A T 4R 2 A
FA EORAE T 200 e TR A S TBE A T A, FLAR AN
STl A O T 0P 32 A RE R R 1A L o35
TR 2 A 1 LR A AR Tt A A 5 P i 2 R 11 e L
AR, FLRRH SN A 9L pIER T &
F AR RE A AT AR, RIVRE S U ) B A A 4R
BRI LU, fE—E R LRI Bt E
T 7P e e 7 LR AN & AT A A A6 4% B it 1)
FAOGLHEE R RE ST o RSB IR R , 007 5 240 M P
A SEURE I A 2 R AT 106 57 20 M 9 1 7% R 28 BB Y,
XAl e AR S R FLIR A FLIR LB i G . 4
B ST 4 2 1 S L R A A A R T A B AR S S AR
NRIRERAL, T REA T N IEB AL IR E
RN IR IZ AR,

22 FELENS SR T, B 8RR R
MBAWMEEYMEE 5N F EB(transcription
factor EB, TFEB )J2:i%4% F WA BE(A IR N R A%
OIETATEF, TFEB RRIA 25720 A Wi A O TE A
B AW AR TEEFRA RRIE T, R
F5 NlER T TFEB /S 0957 28 ML O
RIS, TFEB $2 i i 55 A 7 40 072 ORI
FreA iz R S TREB B4 (i ¢, Hai s A
Wi AH G AR 1 RE T 19344 % 20 IRl 5 AH G 28 1 Y /K-
T DA 5 WA AL, 9 anE/NBURERL T, [ D RE
S SRR MR, IR B F RRE
FEANMIR A M B AR R L, DRIEHCR 0 IE R
SRR BRI, FLIRIR G TFEB BZLAL Fe:
PERAIL -5 PR S A0 A ARG, FLIRIFS
F19 TFEB e8I 2R 91 (K1) S FLER fk ] £ 4
TFEB #.5%2 E3 12 3 i He i A 5 102 R AL FI R F il
ARG ARE AR 52D, L i) 0817 V8 A5 A D i )
T 2804 S A L [ g v B S A A, T B A FLIRR
7 A AE i TFEB i HAE 40 0 5 PR AL, I
PEHRAEAL, LAAERFIE R A WA TE R B A Y
AR AR X T RE S SERIFFE T ) o IEAh, FLIRE
TETERR IR ILRS 3 o fE (L A 3 R el i 28 1 4y
£ 34 (phosphatidylinositol 3-kinase catalytic subunit
type 3/vacuolar protein sorting—associated protein 34,
PIK3C3/VPS34)K356 Fl K781 {3 5 1) 7L AR Ak A& M 2
i VPS34 5 PIK3C3 & &) T A I A0 5 fy A1 44
JH, LA 58 VPS34 SR PEIF-0 HE A 06 P 9 i
iz ki, PIK3C3/VPS34 FLRR AL A W A IR SE A LA
B A VR WAE i T AL 7, 2022 4F Yang S5USHIE



[F PRt r=flep 2l 2025 4F 12 55 52 %% 6 1] J Int Obstet Gynecol,, December 2025, Vol. 52, No. 6 <645

SEFLRIA S T NI H3K 18 FLIR AL LA 4k 5 Ak ik
JRRSFRET A, A Bh T 5 B 28 LA ORI
A o

23 B 5SERMMERL, IR EThEE
RARTERRL ) FH A A P R ) i 1) A A 75
WESE, FRRMERY M1 T8 [0 20 i 3 2o £ 3 =1 S A 1)
B ANER AR, S LR =, AR R HA A
A Kla(H3K18la) A3l M1 AU Wi 24 e S5k
Hhn, IR M1 RA A R, HAHEF Kla 76
M1 I E AR iR AL 5 1005 S 3k 1k M2 REEEIR D I
PRHOE B RS IE R A Rk, XA & AL b A
S M1 B M2 (5L PR Rk sl R AV AL AT fig 5 AN [
AR AT 58 5 5 Wt 20 B e AL AR A I . ARG IR
W, AL Tk A A S AR AL AL M1 T
WA A, ZEUTUR 6~8 Jil , T8 AL L L 45 E
RS I S WA A R 3, (H M1 BB A A 20
20%, KEFEEMEE R E N LIHR AT A
I, WA B WA PR R e A TR A i MUM2 3, JF
FREL R GER A, XAMERA IR AR B A i 2
ST EIKE RGN 17 B MR RAT ST
FELTORME S iR 38 B 58 iU, W0 R 1 s 4 L 3 vy
e M2 FRAY, XA B TREAXT R R R ARG L
BREMT 37, R G LA B 2, b ELR
AAB T AT fi 38 ik VR4 RAA G 4% SR B8 1) L et 2
RUSL DI RERE W G T RE FI9E & E . FLIR LBl
A 36 o 240 L34 ) A D Tl i S A A Y
FLER KT, 38 b LR M P 1 40 ) e % B2 4
Titie , NI RAE RN & AP WF5EIA i ZLIR Ak
B s A 2R AR S5 ) S 8 R R, R0 M
RUE WA MR BN A OB RE R, JT LR A s 2R
H T FL R PR LAt 25, LA ZLAR (B 7E RAE
FIRE N S SUE B B AL AR, S FLR k>
iF, L e 4 ) 2 1 LR Ak, T AT R e
RN, bl FLIR AR 2R FLER AL B rT fig -5 i A
BRI M1 3] M2 R A G (HELIR B TE
gt B 5 I 4 o e g EL AR A BT i AR R AR 47 R P
AN AR E

24 IBUBGSSEERBRHNEFSREERR
KGR PG 2 A P R AR B R R S 3
K FRE B B A I i i s S S M Re i & . FLRfb
B2 SR IEE & T R gt fE v, 2L
PR A i 2o e 22 DR i 4 2 1 LR AL T e . S AR L
R, FLERAS R REAE HEIE G R 2T 2 40 i 5 2 7 M 175
FHEZRET UM, IEROE Z Re I R A, FLRR

il H3K18la 7EFD R AN AIED Y FRE, b7
FLIRER AT 3G D 22 ARG 43 2R DG HE D i 24 1 3L
AL AGR BERG SESEAR DI 3 2 5 IR G 43 R
AR IR H3K 18la i1 3 F s S5 40
ZURE SRR G A AR AR IC R, SRR TE
BAE B, I, AR Kla ERIRIE & & B
AT AR, R R AE R ARG S B A B

3 EARIABKEIGSHEEREEREEXITR
TR, 06 2 B B Sl Sl af s 25 1
RS H G SR AN M B AT G S T RE R A, ] 53K PE.
LA K B2 B GDM T RSA 25070 78 53 6 3 % i
e AR E A ELR LB A, JFS 5%
W R R R
31 EHRIBLENS PE W5 ki SR
IREAALL, PE BF IS AAE B S, H PE 51E%
ORI S R LRI KA 3 22 5, X8t
LR FIRMFLRRCE 1 B 5 LR AR RS R IE PR
MR EIA &, MEXw T 2 IR IEm
AL XA S FE PE M FEAT IR A iR AL ZH 2] 2
M2ES Kla &4, RN 7E PE BR80T 211
BRI SR LR L, R T e
R BT LR A 8 i 2 57 5 | B 1 2 L B B 0 2 D T
A2 R EU UG IR B DI RERE IS A PE & JR (1) —F L
152 B LR A A i Ao o) W R S i 2
IS TE , 25 PE &9 IF 5% & AN 1 40T e
F 53557 2154 5, HnT U S 9 i R i M2 7Y
(pyruvate kinase M2,PKM2) FJ 5 H %% 5 1 #1104l
PKM2 K305 #REEM LRI, I-4F PE B LB
WS G B IR A MG 5 2 h I R A AR, F3L
PKM2 41 S AUBERE A /K- T 38 5 Rl PE A i B
PKM2 K305 (FLERfk A XT b Rk — 5 S 35l 175
R, Lm0k 55 =155 e 1 T IS 5 PE
IR IR, WF5E 22, Grhl2/SLC31AT Bl F4 M 1Y
FLRRAAEN 23 IR 72 /2 DI Re Fe i, IF4r 3 PE A
AR, IEAh  PE BE IR B AR BR TR B AR, 5%
FEANMLAE SR O FLRR AR N T A B AL
FRAL L V8 T A 4EfRAHICHE D FNT Fl SERPINE] 5%
Ik AR TSR A I RS FURZRRE ) 7R T R
eI A A AR AR E, S 5EESR
MAETHRERIAT, FIAHIFERN], PE B35 1 e iRiEs)
ok EE 98 R B SR AR, WIS A, (T LR AR
2 gkt 7E GADDASA B 3 TS H3K18la



<646+ [E PriarRleg g 2025 4F 12 55 52 245 6

J Int Obstet Gynecol, December 2025, Vol. 52,No. 6

KI5 GADDASA FE P FRIRIFH e dE B TR AN
S T LR AR 2H 2 B T LR i PE 1Y JIG
B RERA R ™,
32 EARIABRUEHS GDM B LB, 1 B
W BRI R8T IR B I AR P Ak 4 5 1) 4 A T
Wb, [ IR R iR 2 T BN SRR IR
W R AR e SN Dk D BESZ 40, [ 986 1B) B 403 TR T
e IR BT ; L K 5 4 o B ) MR sl kA b | MR
K E AT FEE R AR HARRERR S
K2 HESE R RIS T A0 iR B84, X
il A BEAWE PRI PR EE T 16 485 T BEAAEZE (0L PE
i SR 2 1 B LR AL B M . e A 9 o B
GDM F8 35 119 1 3 R i A% 2H 2 LR 2 B 1 LR
PRS- 3, 226 () H3K18la {7 A T iz H 193
[ 23k, Hoh €A CNA 2D1 HEiE S GDM &2k
LA A FLRRALIE MR R SCSERE ], TR 1T HTR-8/
SVneo #Hfifl i 57 GDM R MIREANIESE CACNA2DI fiE
R % 7 A L ) 0 9 RN AR 2 A PR R, A AR R
] GDM i 41 4 FLRR 1k nT e s e ik 7 i A 1K
FLIRE, HIC 7 ANl AR S A i s A
By RV TAHOC, BRI, SR A BRI B i iE S 5 T
GDM % (HH A H BRI LR IA K 2B 2 T3
P e B LA B3 PE L™ RSB R A A A
W AN AE A R — DT
33 EARABRKIENS RSA  ELEIRFI, BEIG
ST AL R AN o314 T e RS, SRR
DA T AL AR IR I, BEAFING JLAEAE AR
HHFR, A FBUR LG, 72 RSA BEiR FL 7
TERZATRRES & S5 K Il g 5 S IR o A2 7 9 A R
A Zh A0 17 A 3 ( nucleotide—binding domain leucine—
rich repeat and pyrin domain—containing receptor 3,
NLRP3) 5 e /MAA T 1 578 SAE , TEHELE RN
R 5 )2 2 M FT R 23 dd i NLRP3 58 PE/IMA S fin
SAED T RIFE AR, FRAR A0 15 M B0
BEVEP VR, B 28 T B G AEA JSMORT RSA 1Y
KA, Bt — IR R G LL BEIRIE (systemic lupus
erythematosus , SLE ) 22 A A AIFFE & B, Ho P47 40 i A
A75 3 ( neutrophil extracellular trap, NET) et T
R AN AR FE SR AN P NLRP3 K166 37 45,
MFLIRAL , o BEOE O R A LR AL B i e it 1
BEFRAMMIIET, JE48 NLRP3 K166 7 s i S i
ANRE KA LR A G M W) s /D i U 15 [ RES I A4
P8, S ARERZEEAR L, SLE PR R AR R AL Y 6E
AARFIAS BLAEYRES Ja B XU S, B 7™ PE

FERRILE K AZBRPY, AR %R T 4 15 RSA
FHOCHYZLIR AR DG HE A, b L R A A8 4 1 v 1 45
S100A 11 FEH W FRL, LZLERN-F1ACH] 5 g fidim
1f S1004 11 PR35 S e Fids 57 2 T Re , i i
RSA &9, A , 8 BTFLER Ak AT fig i i 52 0
FERR A T s R AT RE S 5 RSA k4. b
gh, A BELIR AT RE 5 AU E A AT RSA 6, &
H R FLRR AR A R Je 2 o 3, DAER Y5 PO
XTRIG 2 Z e SR IG BT & IR, A IR & IR
I S B0 7 1) s o,

4 HESRE

gi Linid, EAARMBIHNRS S EEREA
PRPESECT M IE B R, SR Bl A DG
UEORIT RAE I KA R VMG, ARl fE
vs K B YRR B e oK AR 2%, HET PE.
GDM Fll RSA 1 A& AL i A 5 A W, 35 1
PR Ak B X 6 45 D)) R AR A% 7 A4 L ) R 4 FH T B2
TWELER AL o ARATY R B8 2 I B 2 1 B 5L
PR AL A 7E 6 75 200 B o B 420 ) LA 53 % A 40
FHLHI, LI PE RSA SEAEORIF & AE Hh R 3L %
TR AL R T s AN 22 S 3ROk, R F AR
TP B ) A R 53 LR A 1 T i 1 Y6 7 T
J1 X AR R I A AE (A T S EANAY AR &
T EENE .

£ £ X M

[1] Zhang D, Tang Z, Huang H, et al. Metabolic regulation of gene
expression by histone lactylation[J]. Nature,2019,574(7779):575-
580. doi: 10.1038/s41586-019-1678-1.

[2] Zhao H,Wong RJ,Stevenson DK. The Impact of Hypoxia in Early
Pregnancy on Placental Cells [J]. Int ] Mol Sci,2021 ,22(18):9675.
doi: 10.3390/ijms22189675.

[3] Yang W, Wang P, Cao P, et al. Hypoxic in vitro culture reduces
histone lactylation and impairs pre — implantation embryonic
development in mice[J]. Epigenetics Chromatin,2021,14(1):57.
doi: 10.1186/s13072-021-00431-6.

[4] Il . 2R, B2 5F. AR A FLRILE e MG K & 7
LRGN P IODTTEHE R ()] LA B e, 2024, 33
(12):948-951. doi: 10.13283/j.cnki.xdfckjz.2024.12.014.

[5] 5B, SEE, X , 5. FLARIRA I AR 5E A 1 LRI IR 2k
JE[T). thAE ATl 5 k2 24k, 2025,45(2) : 212-216. doi: 10.3760/
cma.j.cn101441-20240918-00349.

[6] Burton GJ, Cindrova—Davies T, Yung HW , et al. HYPOXIA AND
REPRODUCTIVE HEALTH: Oxygen and development of the human
placenta[]]. Reproduction, 2021, 161(1):F53-F65. doi: 10.1530/
REP-20-0153.



BRI R 2475 2025 4 12 A 55 52 555 6 1

J Int Obstet Gynecol, December 2025, Vol. 52, No. 6

£647

(7]

(8]

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Ma LN, Huang XB, Muyayalo KP,et al. Lactic Acid: A Novel
Signaling Molecule in Early Pregnancy? [J]. Front Immunol,
2020, 11:279. doi: 10.3389/fimmu.2020.00279.

Zhao W, Wang Y, Liu J, et al. Progesterone Activates the Histone
Lactylation — Hifla — glycolysis Feedback Loop to Promote
Decidualization[J]. Endocrinology,2023,165 (1) :bgad169. doi: 10.
1210/endocr/bqad169.

Kierans SJ, Taylor CT. Regulation of glycolysis by the hypoxia-—
inducible factor (HIF): implications for cellular physiology [J]. J
Physiol ,2021,599(1):23-37. doi: 10.1113/JP280572.

Dai X, Lv X, Thompson EW , et al. Histone lactylation: epigenetic
mark of glycolytic switch[J]. Trends Genet,2022,38(2):124-127.
doi: 10.1016/j.tig.2021.09.009.

Liang X, Tang S,Song Y, et al. Effect of 2-deoxyglucose —mediated
inhibition of glycolysis on migration and invasion of HTR -8/SVneo
trophoblast cells[J]. J Reprod Immunol, 2023, 159:104123. doi: 10.
1016/}.jr1.2023.104123.

Settembre C,Di Malta C,Polito VA, et al. TFEB links autophagy to
lysosomal biogenesis[J]. Science,2011,332 (6036):1429-1433.
doi: 10.1126/science.1204592.

Zheng W ,Zhang Y ,Xu P, et al. TFEB safeguards trophoblast
syncytialization in humans and mice [J]. Proc Natl Acad Sci U S A,
2024,121(28):e2404062121. doi: 10.1073/pnas.2404062121.
Cesana M , Tufano G , Panariello F, et al. TFEB controls
syncytiotrophoblast formation and hormone production in placenta
[J]. Cell Death Differ,2024,31(11):1439-1451. doi: 10.1038/
s41418-024-01337-y.

Huang Y, Luo G, Peng K, et al. Lactylation stabilizes TFEB to elevate
autophagy and lysosomal activity [J]. J Cell Biol,2024,223 (11):
€202308099. doi: 10.1083/jcb.202308099.

JiaM,Yue X,Sun W, et al. ULK1-mediated metabolic reprogramming
regulates Vps34 lipid kinase activity by its lactylation [J]. Sci Adv,
2023,9(22) : eadg4993. doi: 10.1126/sciadv.adg4993.

Sun W,Jia M,Feng Y,et al. Lactate is a bridge linking glycolysis
and autophagy through lactylation[J]. Autophagy,2023,19(12):
3240-3241. doi: 10.1080/15548627.2023.2246356.

Yang Q, Liu J, Wang Y, et al. A proteomic atlas of ligand—receptor
interactions at the ovine maternal —fetal interface reveals the role of
histone lactylation in uterine remodeling [J]. J Biol Chem,2022,298
(1):101456. doi: 10.1016/j.jbc.2021.101456.

Jaiswal MK, Mallers TM, Larsen B,et al. V—ATPase upregulation
during early pregnancy: a possible link to establishment of an
inflammatory response during preimplantation period of pregnancy
[J]. Reproduction,2012,143(5):713-725. doi: 10.1530/REP-12~
0036.

Mor G, Cardenas I, Abrahams Vet al. Inflammation and pregnancy:
the role of the immune system at the implantation site [J]. Ann N 'Y
Acad Sci,2011,1221(1):80-87. doi: 10.1111/j.1749-6632.2010.
05938.x.

Krop J, Tian X, van der Hoorn ML, et al. The Mac Is Back: The Role of
Macrophages in Human Healthy and Complicated Pregnancies[J]. Int

J Mol Sci,2023,24(6) : 5300. doi: 10.3390/ijms24065300.

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

[34]

[35]

Gardner DK. Lactate production by the mammalian blastocyst:
manipulating the microenvironment for uterine implantation and
invasion?[J]. Bioessays,2015,37(4):364-371. doi: 10.1002/bies.
201400155.

Irizarry—Caro RA, McDaniel MM, Overcast GR, et al. TLR signaling
adapter BCAP regulates inflammatory to reparatory macrophage
transition by promoting histone lactylation[J]. Proc Natl Acad Sci U S
A,2020,117 (48):30628 -30638. doi: 10.1073/pnas.2009778117.
Li L,Chen K,Wang T,et al. Glisl facilitates induction of pluripotency
via an epigenome—metabolome—epigenome signalling cascade[J]. Nat
Metab,2020,2(9) :882-892. doi: 10.1038/542255-020-0267-9.
Tian Q,Zhou LQ. Lactate Activates Germline and Cleavage Embryo
Genes in Mouse Embryonic Stem Cells [J]. Cells,2022,11(3):548.
doi: 10.3390/cells11030548.

Galle E, Wong CW, Ghosh A, et al. H3K18 lactylation marks tissue—
specific active enhancers[J]. Genome Biol ,2022,23 (1) :207. doi:
10.1186/s13059-022-02775-y.

Xu R,Huang Y,Xie W,et al. HLA -F regulates the proliferation of
trophoblast via PKM2 —dependent glycolysis in the pathogenesis of
preeclampsia[J]. Mol Med,2025,31(1):142. doi: 10.1186/s10020—
025-01201-w.

Zhu Y,Wu F,Hu J,et al. LDHA deficiency inhibits trophoblast
proliferation via the PI3K/AKT/FOXO1/CyclinD1 signaling pathway
in unexplained recurrent spontaneous abortion [J]. FASEB ],
2023,37(2):e22744. doi: 10.1096/(j.202201219RR.

Zhang XY, Qin XY, Shen HH, et al. IL-27 deficiency inhibits
proliferation and invasion of trophoblasts via the SFRP2/Wnt/f —
catenin pathway in fetal growth restriction[J]. Int J Med Sci, 2023,
20(3):392-405. doi: 10.7150/ijms.80684.

Kedziora SM, Obermayer B, Sugulle M, et al. Placental Transcriptome
Profiling in Subtypes of Diabetic Pregnancies Is Strongly Confounded
by Fetal Sex[J]. Int J Mol Sci,2022,23(23):15388. doi: 10.3390/
1jms232315388.

Feng Q,Yang P,Lyu J,et al. The overview of lactylation in the
placenta of preeclampsia [J]. Placenta,2025,160:135 -143. doi:
10.1016/j.placenta.2025.01.003.

Li X,Yang N,Wu Y,et al. Hypoxia regulates fibrosis—related genes via
histone lactylation in the placentas of patients with preeclampsia[J]. J
Hypertens,2022,40 (6):1189 -1198. doi: 10.1097/HJH.0000000
000003129.

Shen XY, Huang J, Chen LL,et al. Blocking lactate regulation of the
Grhl2/SLC31A1  axis inhibits trophoblast cuproptosis and
preeclampsia development [J]. J Assist Reprod Genet, 2024 ,41
(11):3201-3212. doi: 10.1007/s10815-024-03256-w.

Li X,Wang Q,Fei J,et al. Lactate promotes premature aging of
preeclampsia placentas through histone
GADD45A []]. Placenta,2025,161:39-51. doi: 10.1016/j.placenta.
2025.01.010.

lactylation — regulated

Hoch D, Gauster M, Hauguel —de Mouzon S, et al. Diabesity —
associated oxidative and inflammatory stress signalling in the early
human placental[J]. Mol Aspects Med,2019,66:21-30. doi: 10.1016/
j.mam.2018.11.002.



-648-

[36]

[37]

[38]

[E PriarRleg g 2025 4F 12 55 52 245 6

J Int Obstet Gynecol, December 2025, Vol. 52, No. 6

Huang X, Yip K,Nie H, et al. ChIP-seq and RNA-seq Reveal the
Involvement of Histone Lactylation Modification in Gestational
Diabetes Mellitus[J]. J Proteome Res,2024,23(6):1937-1947. doi:
10.1021/acs.jproteome.3c¢00727.

Gao P,Zha Y,Gong X, et al. The role of maternal —foetal interface
inflammation mediated by NLRP3 inflammasome in the pathogenesis of
recurrent spontaneous abortion [J]. Placenta,2020,101:221 -229.
doi: 10.1016/j.placenta.2020.09.067.

Hu H,Peng Y, Wang CC,et al. Neutrophil extracellular traps
induce trophoblasts pyroptosis via enhancing NLRP3 lactylation in
SLE pregnancies[J]. J Autoimmun,2025,153:103411. doi: 10.
1016/j.jaut.2025.103411.

[39] Yan X, Wang X,Sun X,et al. Discovery of protein lactylation—

associated biomarkers and their potential pathogenic mechanisms in
recurrent spontaneous abortion [J]. Int J Biol Macromol, 2025,

321(Pt 4):146004. doi: 10.1016/j.ijbiomac.2025.146004.

[40] Foflfl AR, 2 T2, % EHREFREME R RR R

PG TR VR AR R iR (B2 ), 2024,49(9) : 1495~
1502. doi: 10.11817/j.issn.1672-7347.2024.240365.

[41] JBfE £ S, 2R, 4. L A FLR T IR R B RS

ZR A2 R B R (D). P B gk, 2023,59(11):
48-53. doi: 10.19556/.0258-7033.20221206-07.

(ki H 39 :2025-07-02)

A Z2IR]

( 4% p633)

[34]

[35]

[36]

WL, BT, RFEH L SE I FURR A B B HPY R
IRIT R Al . — TR G S Meta 3 HTHTSY[J].
SRR Zr M L2875, 2024, 11(17) : 39-42.

Chen R, Li R, Qing W, et al. Probiotics are a good choice for the
treatment of bacterial vaginosis: a meta —analysis of randomized
controlled trial[J]. Reprod Health,2022,19(1):137. doi: 10.1186/
$12978-022-01449—z.

Kong Y, Liu Z, Xiao Q, et al. Protective Effects of Engineered
Lactobacillus crispatus on Intrauterine Adhesions in Mice via
Delivering CXCL12[J]. Front Immunol, 2022, 13:905876. doi: 10.
3389/fimmu.2022.905876.

[37] Wu F,Kong Y, Chen W,et al. Improvement of vaginal probiotics

Lactobacillus crispatus on intrauterine adhesion in mice model and
in clinical practice[J]. BMC Microbiol ,2023,23(1):78. doi: 10.
1186/512866-023-02823-y.

[38] Liu S, Zhang Y ,Ma X, et al. Protective effects of engineered

Lactobacillus  crispatus ~strains expressing G — CSF on  thin
endometrium of mice[J]. Hum Reprod,2024,39(10):2305-2319.
doi: 10.1093/humrep/deae190.

[39] Qi F,Fan S,Fang C,et al. Orally administrated Lactobacillus gasseri

TM13 and Lactobacillus crispatus LG55 can restore the vaginal

health of patients recovering from bacterial vaginosis [J]. Front
Immunol,, 2023, 14:1125239. doi: 10.3389/fimmu.2023.1125239.

(ks F 491:2025-06-27)

AR ZRIA]



