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PEREERE H 1(NEGRL): KR TR A A AL E 51677 3L H# LA
TR PR #E2 KA1 B3 a1 skEH1

1 HiREARER 7R, 20, 730000; 2 HifE AREREYRMLTEEE, 20,
730000
FESEE: R714.24 (GEUREA S I L% )

(%] FIHATE (preeclampsia, PE) & —F/™ EIERA S MEERK, &5 HE&eke G
PRSI E BRI 2 —, HARILHIE - #EK% % H 1 (Neuronal Adhesion Molecule
1, NEGR1) fEN—Fh S SRR 2 T A KR E BN EESS € = 1, Hal 28R E+
T R ATk, E A T AT DO BE M BT o SO 7RI, NEGRL E R AUH R RS B2
TEREARELLES 3 - s / & H¥8E B(Phosphatidylinositol 3-Kinase/Protein Kinase
B, PI3K/AKT){E 5k, #HMiEd T iaaaltiiq S m ERAAE M M2 RARA, HARRT IL-10
FIRERAL, X— &I N PE BRI ZRILEISR 0t T 28 mim -

(R5#IR) FRRBi; HEMEER 1, BRI -

THATHA (Preeclampsia, PE) & iElR 20 A/E#H A m L% ~ 2 BRI OFER R R IR &
fE, iER Bk ERE ) AT EERE 2 —, IWRA AR SRR 3%-5%[1-3] © %%
TR AR T2, 2NN “FINE” LR VAR INEF ARG, ST B
PIkEHFE ~ HASRME[4]; FEIRE DI FH FFE0E AR SE % N, % &
B, BEAES/NIEEEN OFEENA[5] - BEl PEFRERERIGA TS FIH, =SS

IR D RERERT 5 SRR AR R R R AR R ©

KR H 1(Neuronal Adhesion Molecule 1,NEGR1)/ &H A EkaE HBF % IgLON FiH
7 GPI e UAHRURL I o 1, HEREM TRAMAK 1p31.1, €F 10 MINEF[6] c 9 F&F

RIMTIAR, FENSHETHNSESES, FEmERm K ~ o8 J 22 [m] B AL

[7] e NEGRL SR ESF| A MZITLL B FRH ~ tLC e, HFAREL TR ~ MECE ~ B =S
EL MR YR [8-9] o ITFEMFIULE, NEGRL NMUEATHERL, BHEAETHE ~
FEEEEMAN[10-11], BrREEBFLHEYSIhEE, EHMIEE S ~ SRR FRER 2 AL
FP BRI, o
EHEEEAILES 3 - 185 /%5 14 B(Phosphatidylinositol 3-Kinase/Protein Kinase
B, PI3K/AKT ) & A AL ar i shiik OE 5%, |25 SHIETE ~ #95E - Rl o8 ie
[12] ° BANEKEF ~ HiEET4E 506 PI3K, =4 % —(F6# PIP3, PIP3 H&EI IS
ANMIAE F A AKT, TEILAY AKT Bt BERR 1V mTOR ~ GSK-3B % Tl E H, A& ~ o1
TS 2Ty B [13] o
1 NEGR1 jiEjd PI3K/AKT il EE
NEGR1 {EN—Fh GPI # € EH S LK (WA 4RI A K KT & FGFRL) FIRLF 4 T AL
&Y, MHEFRMRZ S E R, R LT/ SRSk, B2 (G S5 SR i
TR [14] o SRR, NEGRL FUBREl i, SMFREN PISKUMIEIER, BAME,
NEGR1 Al BB PR ES Bifs E F L E 5B &Y, RE T PI3KFIFE G o M4 NEGRL HREHRT, X
FRIIHIVE R SRR, SEPISKHAREGE, HAMEIERELI PIP3, PIPIIENE [EMH, ¥
AKT Z5 B I IR LIS, &5 A — RS NI [15] °
HE—IRTHEERRIFERHRT, EPEE¥EIITER NEGRLIKERES BERESEFTEE
FHK, GSEA EHENMIESLLE BT S PISK/AKT EMIMIE ) REL o 2 5l R yhsEgs
FHARE NEGRL 7] (22 Ff MC38 “Eipidliffid p-PI3K Hll p-AKT AUBEER LK, T PI3K F
FEHEIIHIF] LY294002 BEHFE X —HUERIN,, $E7R NEGRL XT PI3K/AKT 18 B HY £ [m] V44 1E
[16] ° tHAFTEH . NEGRL iEiT PI3K/AKT/BCL2 5 Sl & IEMZ R ThEE, H NEGRL A G
AIf# AKT BERR (VKT8 3.8 1%, Joilid i BCL2 AR ST, Vi v B I P 16145
[17] ° FEPT/RIIEFEOFEAL R . NEGRL /1540 PI3K/AKT 3B 1S AT 1K tau & A BEIR LK,
MEEINFNTHEERERS [18] » ZEAF4HAERE S+, NEGR1 i#T circRNA/miRNA Hii#E PI3K/AKT & ¥,
{2 EMT FIRREREE [19] » SR, 7EREBYE S, NEGR1 FikHA S E PISK/AKT i@ I 7 8 HUH
Him-3- BRI S 1 £ H (Glycerol-3-Phosphate Dehydrogenase 1-Like
Protein, GPD1L ) /EHE TN i AN e £ K [20] °
2 PI3K/AKT /5 RIE K 77

PI3K/AKT {5 5B MAET IL-10 ERER TR EFMES KSR LEE SBIER - IL-10
VER—ME BRI B R AME -, 8 VAT S L ROR 4Ry RRE AR T BTN P o IR FEIESE
PI3K/AKT {5 5Bk H IE W A (R sk BRI AE, R e A RN R AR R IrEE — 1 E 2
BE “WmET" A OmE, BRI EVRITR R T IL-10 BRI, HEERIGHEND
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il Z MR R FRIEL21] ©

BRI A T PI3K/AKT I8 B FBUE N T ERE4HREAN T 4HREERE 2 b
(Lipopolysaccharide, LPS) SiEMAAE/FURIET IL-10 FAE BN, 0@ E TGS
CAMP I NTH4E A4 H ( cAMP Response Element-Binding Protein, CREB) %55k [H
FIHMHIEF-kB (Inhibition of Nuclear Factor-kB,NF-kB) SELIE{ER, MR
IL-10 AU ARAIN [22] ° MBI IR H AKT A EEREER (L H 8IS mTORCL E A&, JELAY
mTORC1 AEiE T A T SR K FROBIRE S, EREEF IL-10 ZREFXE, KshHERE
iA[23] ° b4k, FEVETME T4 ( Regulatory T Cell,Treg) ¥, AKT 155 H&EEIIHIWIE
BT Treg MRS EMEAH W IL-10 BIRE ), XBER TZBEAEAAEIZIR[24] ©
BB IL-10 RUIEM R EEZFERE FEENES. £ OESREFSIOERIIR SR 4,
TEMALAEY) AntcinK B TS PISK/AKT i@ B3 L IL-10 /KF, #M#iH IL-6 ~ IL-1B
FRRATFRE, WERIARKIESIE, HX—2N A4 PISK IR S 5 H R o AKT #IH5
W [25]; RO FEEESAR F, IR A2B A0l S ROk IR %/ B4R B RS
PI3K/AKT i@, Ll IL-10 FAH(Edt EREHME M M2 JTARERIERL, 15 d ik 4 REIRIE LA &
ORI ER [26] ©

S5IbFEIR, PA3K/AKT JEEEA AT TNF-o ~ IL-6 A1 IL-1B SR LK TR E A B/ faEEE
F o AKT Al IS SRR F NF-kB, {HEFFEENSHE SRR RSAT 9F, W IkBa f1 A20, X
L6 5> F-Be G PR NF - kB FUFF G (L AME R BRI B 3RIA [27] © AKT/mTOR 1A 7] LLE T BRI E
WEAHRERO A (e bEREfg) | R ERERE, MENZERE TR SEUCIEE M, K
RRMEFR=E[28] °

3BT ERAREREA K IL-10 AYJREHLE

IEFEHIRT E RS RS T Rl LA 2 e L, FRME— M ERRZEEIE - IL-10/Eh—
FhZ R TR 1, AR IR R P R IS OER [29] o — Tt X - i A
H5IL-10 ZXMREOERESIAI, IL-10 BT 2 SH S FRei 5 B MEx, RE
B R RIZE R B 2R [30] °

TEBREITIRT, BHRR 5L A0 E VAR - B R 6F /R4 (Hofbauer Cell,HBC) JE# 23 M2 A
FRPRFR, @ IL-10 FHME AR SINEEERS, mPEEEREFE
MEAHAE SR T M1 B AR ER, SEUIER NG - TR LZILIL-10 81515 5K ST
J&IKF 3 (signal Transducer and Activator of Transcription 3,STAT3) @R,
HIVHIZE IR & F RN EEZ (A% H 3 (Nucleotide-Binding Oligomerization
Domain-Like Receptor Protein 3,NLRP3) RMEMARENE, &3t ENEAALm M2 B, MM
RIEPIRIEA[31] ©

Xk BA AR BRA PEARYHBC & Ll TGF-B FHARE MR A LR, HEEE
TLR4 ~ HLA-DR % M1 FRAEY) ) T iiF NF-kBEBSEGE, 20 “M1 BEmERY M2 R . BX
Al PE 1) HBC | [Xl CD209 FAFFMSE IL-10 /D, WIIRIER BT [32]  FH X
B, WEHENIKE BE Bl E RS R ENEAAE A 7E 2 E] Galectin-9/CD44 3B HGE f5 T 4a M
B IL-1B ~ TNF-a, NS EEHESHSFMMET, M IL-10 PR REERELR
IR EEEE[33] °

IL-10 E&BBITAThEE, wlIEIE R R R ~ [HM SOERBR AR, [FIRHLUAFRE NF-kB /1
SRRIBENE,, M BRAEN MR R, SEESEFERIENE SHABE « £FRET,
FRERIIEIE NF-kB B SEMRIERFRINY, BE/E NF-kB H3h IL-10 #3%, IL-10 kA
il NF-kB p65 i, TRERES, BALERERGNE ~ JREER, HEFREIRZE
& \EHEBEBEE 5K

FIRATHE (PE) FZWMAERSZUTTES: AR A MRS BEEE NF-kB, REFESHE
GETUHE, NIRRT HISS IL-10 BRS5 5, IL-10 #I%H NF-kB BIH BN K
WEEZEV o — 7T NF-kB FF4ZIKZh K& TNF-a -~ IL-6 AR &5 MENELIF, B—HH
IL-10 MARBEEANE, TELNEIERIERN, RIESEBEFEOIRASE, MEIKRERER
EHRIERN N EMEREARSE PE ZODRERHE[34], O TR B i o A6 5w 1) 50 %
W EEEESEME -

EREERE, IL-10 (AFHET AKT-mTORCL B VAE ENGAI EARIE, XA 7
TEATBEHIES IL-10 X M2 MLHESIER, #H—2MERRBEAEE[35] X — G LAt
FIZREL, RZGES FEBRESIKEZEANR ~ NG PE JHELAEE o

4 NEGR1-PI3K/AKT % ERE4HE K IL-10 AUVEEIEA

PE {E N —M ™ ERIEIRIFAE, HARILHYE MG R TIRERERS ~ Bk 4 5 I AIE I B AT S
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TR o SRS WIS TR R, BERG I B REIN A2 @ N TR K E
F[36-37] o ITEMFTA I, NEGR1EH ~ PI3K-AKT f55iEH ~ M2 BN LA TL-10 B
ZIEITERL T A RERRIM LS, S5 PERIAELRE -

PI3K/AKT 15 5B I fEAMBEIETE ~ 7715 ~ B FNINE &l A % OER, PISK/AKT 5 5381
S BB RO N 5 TR BT R E A A K [38] - AR IR B E KA FEEER
2 (insulin-like growth factor binding protein 2, IGFBP2) it PI3K/AKT {55
BTSRRI BE RN bR - SRR, FE TR BT R R EE ZEAEA [39] < LXK

3 (Death Receptor 3,DR3) iEid 4k PISK/AKT BIS 5 T, HmiZE 0 il 6L S 50%
TRITHIRTEE S [40] o HUGAK Bt 323880 TLR7 Al@E#IH| PI3K-AKt (5 5B 3 I B &
ERE[41], Apelin/APJ RGNS BT IS PI3K/AKL 55 B BRI iR L7 Z 4 5 52 A
FIERVEMRIL, BB AT e PR AT A 2 [42] ©

M2 ERRZERIR AR R EEOE ERRIAE, TR RN ~ BRBEMG O @E h K EIEM - M2 ERZ
A IL-10 (VFEZE = EEZ —, T IL-10 BYBEUT R X AR M2 BRI [43], X
FOE RS EI R e et 2 h B R EE o BRI rh-IL-10 G {E3F M2 ERRAARIIL, FF
HiXFER S STAT3 5 S@BEHVBIE A %, T4 IL-10R HUANIGENHI M2 b [44] © TEILAY
AKT WEERAC T 8 i ] LUEE M2 BUAERARAEY) (41 CD206 ~ Argl) HIFik, ZEWRMALER St
RAMIEF (40 IL-10) AIREAUA X [45], H IL-10 CHOIESSEEE TS M2 BRIkt

[46] o A& AR REMIASE S, M2 EVRAHME T FE PISK-AKT JE B IE MR I BRI L
BL[47] o A 2EE RS HAEHATT AT LLE o e 2 e A B SR R S MMA ) miR - 616 - 3p, T
PTEN/PI3K/AKT {55l ps, (&t B4 M2 11 [48], XLEERGRIA T PI3K/AKT Jf B 1E E 4l
BB AL FE R SR B RS E A ©

EEVEAIIEF, NEGRL HURIFRIEIE SCRENS PR ELXT PISK VETERIAMH], AT 155 AKT FIBEER (L
K-, TEE) PISK/AKT {5 Sl E N RN NE S, GEEHE EiA M2 BUME R SR 7%
P, HEIEZIREG - 1 A H B2 RS M2 BN RIE, &I s BRI M2 FLaR R AL,
TEALH AKT 0 [EIVETT IL-10 AUE SR 5 [49-50] -

NEGR1 IEH A4S A FGFR2 #HIZ A T IFBEIR LB AL, (HEERIBRAE /mIE 2R bR
FGFR2 FFEHE(ITIAZE PI3K ZAAMEME, (B PIP3 R, BFITI p-PI3K ~ p-AKT EHKF,
& PI3K/AKT BB B2 o 3 BIIER AKT #F— S BEIR (L NI 7, (e iRty ~ 722
5 M2 B EREAMBEM AL, (5 PI3K AMHIF LY294002 T3 Es NEGR1 BRG] A& LA, FSLHE
PR S EHACERN, T E LR —R X T BB BRI E R, $ERE{S NEGR /5,
MC38 4+ PI3K 5 AKT HIBERR (LoK-F T2 T, T PI3K M7 LY294002 F] &R 4% X — ik
FRACIEIE RN, UESE NEGRL A PI3K/AKT JEEEHI M M VAHEEM [51] © 25, %% 3UEE TIMER
BAREE AT — bR, SEEALS T NEGRL Fir 5 M1 EMHALE EAHR, 5 M2 b2
FAER, FHAEZ 5 R SEES 45 tH NEGRL A{RAH AT ERG4HAR M2 BIAT7E) CD206 ~ ARG FKIA L
= i, M1 BFREY) ANOS ~ CD86 Fikf#(K; LiEH IL-10 K FBAES &, M TNF-a~ IL-1P
FRREFLEELN - FHik, NEGRL MBRIEL RS PISK/AKT dEEHY “RZE" /EM, BT
— R AR BT T I 52 BAE Sk -

5 BG5S RE

G BRI, M2 EREARAEAAL ~ TL-10 AIREEUR PI3K -AKT B AUIMIE £ B EAER A Y2t 72 -
IL-10 %S M2 ERRARR AL, T PISK-AKT @B X — RIS R R KBRS S %12, 18
PE i, XEEEBEAIRIAT BESBURRRE, #F—PIBIERI A £ LR o ARIVIFFRIR AR
NEGR1 5 g KB 5T HUAMH AR FRAT, IR AEEARIX SOHLHIR A Bh T-JF & $r i e B2 e /G
fjiﬂéﬁ;ﬂ%ﬁ‘lﬁﬁ%ﬁiﬁﬂﬁﬁ °

Z i

[1]4F5E, FLAb4e, BOE - @Rk (M), 9 ft e b ARIVAE Mk, 2018.

[2]Rana S, Lemonie E, Granger J P, et al. Preeclampsia: pathophysiology,
challenges, and

perspectives[J]. Circ Res, 2019, 124(7): 1094-1112.

[B1FE#E, XIRWE, @I - FEANBEFRATARENIRRERER T[] . EHEEY
JuE . 2019, 28 (04): 336-341.

[4]Lee P L, Gudino P, Umana C D, et al. Updates on preeclampsia:
pathogenesis, biomarkers, diagnosis, and management[J]. Cardiology
Reviews, 2025, 10: 1097.

[5]Jimenez AGE, Trujill OM, Pirron TA, et al. Actualidades en el
abordaje diagnéstico y tratamiento de preeclampsia[Z]. 2024-08-23.



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202607.00004
BETREN A CREFATIFE ) FEB A Z SRR, biomedRx i vl K ALRAEAL o ATAT NARE RVFAFE R .

10.12201/bmr.202607.00004V1

https://www.who.int/es/news-room/fact-sheets/detail/pre-eclampsia
[6]Maigoro A Y, Kim J, Cho S, et al. Peripheral gene dysregulation in
Negrl-deficient mice: insights into possible links with affective
behavior [J]. Front Mol Neurosci, 2025, 18: 1602201.

[7]zhang Y Q, Zhang Q, Yang Y, et al. Elevated NEGR1 in brain induces
anxiety or depression-like phenotypes and synaptic dysfunction [J]. Mol
Psychiatry, 2025, 30: 4627-4640.

[8]Hwang H G, Park J W, Lee H J, et al. Akkermansia muciniphila reverses
neuronal atrophy in Negrl knockout mice with depression-like
phenotypes[J]. Gut Microbes, 2025, 17(1): 2508424.

[9]Pischedda F, Szczurkpwska J, Pinto B, et al. The IgLON Family Member
Negrl Promotes Neuronal Arborization Acting as Soluble Factor via
FGFR2[J]. Cells, 2025, 14(15): 1872.

[10]wang X, Li Y, Zhang Y, et al. Neuregulin 1 signaling attenuates
tumor necrosis factor a-induced female rat luteal cell death[J]. Front
Endocrinol, 2025, 16: 1315710.

[11]zhang Y, Liu X, Li Y, et al. The acceleration of reproductive aging
in Nrgl;Cypl19-Cre female mice[J]. Aging Cell, 2025, 24(5): e13318.
[12]zhang L, Wang H, Liu Y, et al. FMDV VP3 induces IL-10 secretion in
porcine macrophages through activating PI3K/AKT-mTOR signaling[J].
Journal of Immunology Research, 2026, 2026: 41600831.

[13]He K M, Fang X H, Wang J, et al. Spatial organization of
PI3K-PI(3,4,5)P3-AKT signaling by focal adhesions[J]. Molecular Cell,
2024, 84(22): 4187-4202.e5.

[14]Chen F, Song Q, Wang P. NGR1 reduces neuronal apoptosis through
regulation of ITGA11 following subarachnoid hemorrhage[J]. J
Neuroinflamm, 2025, 22(1): 1-13.

[15]Yoo A, Joo Y, Chon Y, et al. Neuronal growth regulator 1 promotes
adipocyte lipid trafficking via interaction with CD36[J]. Journal of
Lipid Research, 2022, 63(6): 100221.

[16]wang Y, Liu H, Zhao L, et al. NEGR1 modulates macrophage
inflammatory phenotype and M2 polarization via inhibiting PI3K/AKT
signaling[J]. Cellular Immunology, 2023, 389: 104867.

[17]Cai J, Zhang Z, Chen L, et al. LncRNA 93358 aggravates the apoptosis
of myocardial cells after ischemia-reperfusion by mediating the
PI3K/AKT/mTOR pathway[J]. Journal of Biochemical and Molecular
Toxicology, 2024, 38(12): e70085.

[18]Medina-vera D, Lopea-gamebro A J, Verheul J, et al. Therapeutic
efficacy of

the inositol D-pinitol as a multi-faceted disease modifier in the 5xFAD
humanized mouse model of Alzheimer’s amyloidosis[J]. Nutrients, 2024,
16(23): 4186.

[19]Guo Z, Li Z, Guo J, et al. A N7-methylguanosine modified circular
RNA, circIPP2A2, promotes malignant behaviors in hepatocellular
carcinoma by serving as a scaffold in modulating the
Hornerin/PI3K/AKT/GSK3p axis[J]. Cell Death & Disease, 2024, 15(11):
[20]Gan L, Zhou L, Chu A I, et al. GPD1L may inhibit the development of
esophageal squamous cell carcinoma through the PI3K/AKT signaling
pathway: bioinformatics analysis and experimental exploration[J].
Journal of Surgical Oncology, 2024, 119(12): 2218-2230.

[21]zhang L, Wang Y, Li M, et al.Role of the phosphatidylinositol 3
kinase-Akt pathway in the regulation of IL-10 and IL-12 by Porphyromonas
gingivalis lipopolysaccharide[J]. Arch Oral Biol, 2024, 162: 106892
[22]Zzhao Y, Sun H, Liu J, et al.Integrin ITGP8 activates PI3K/AKT/IRF9
axis to promote M2-TAMs polarization and IL-10 secretion in lung
adenocarcinoma[J]. Adv Sci, 2025, 12(3): e2408761

[23]L1 X, Wang H, Zhang Q, et al.PI3K/AKT/mTOR and STAT3 pathway in



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202607.00004
BETREN A CREFATIFE ) FEB A Z SRR, biomedRx i vl K ALRAEAL o ATAT NARE RVFAFE R .

10.12201/bmr.202607.00004V1

IL-10 antagonizing scar fibrosis[J]. J Cell Physiol, 2023, 238(12):
8945-8958

[24]Wu X, Li M, Zhang Y, et al.Adenomatous polyposis coli sustains
dendritic cell tolerance through B-catenin/IL-10 axis regulating Treg
differentiation[J]. J Immunol, 2023, 210(6): 1389-1398.

[25]Lin C, Chen Y, Wang L, et al. Antcin K inhibits synovial fibroblast
TNF-a, IL-1B, IL-8 expression and ameliorates cartilage degradation via
FAK/PI3K/AKT/NF-kB pathway[J]. Front Immunol, 2022, 13: 892145

[26]L1 Y, wWang H, Chen J, et al. Blocking the A2B adenosine receptor
alleviates myocardial damage by inhibiting spleen-derived MDSC
mobilisation after acute myocardial infarction[J]. J Int Med Res, 2022,
50(6): 03000605221084153.

[27]Saleh M, Elsheikh M, Elmarakby A.A20 inhibits B-cell apoptosis by
multiple mechanisms and predicts residual B-cell function in type 1
diabetes[J]. Front Endocrinol, 2022, 13: 845678

[28]Lee S, Choi Y, Han J, et al.mTORC2/Akt/IKKa cascade mediates
systemic inflammation through NF-kB signaling in inflammatory injury
model[J]. International Journal of Molecular Sciences, 2026, 27(5):
2914.

[29]williams S, Taylor L, Martinez R, et al. Associations between IL-10
gene polymorphism, serum IL-10 levels and risk of preeclampsia in obese
pregnant women[J]. Journal of Obstetrics and Gynaecology, 2026, 46(3):
452-458.

[30]Che G L, Liu F, Chang L, et al. Association of IL-10 -819C/T,
-592A/C polymorphisms with the risk of preeclampsia: An updated
meta-analysis[J]. Medicine, 2021, 100(44): e27437.

[31]Nie Z, Fan Q, Jiang W, et al. Placental mesenchymal stem cells
suppress inflammation and promote M2-1like macrophage polarization
through the IL-10/STAT3/NLRP3 axis in acute lung injury[J].
International Journal of Molecular Sciences, 2024, 25(22): 12345.
[32]Ding J, Zhang Y, Cai X, et al.Crosstalk between trophoblast and
macrophage at the maternal-fetal interface: current status and future
perspectives[J]. Frontiers in Immunology, 2021, 12: 756218.

[33]wang H, Wang L L, Zhao S J, et al.IL-10: a bridge between immune
cells and

metabolism during pregnancy[J]. Journal of Reproductive Immunology,
2022, 152: 103689.

[34]Martinez B, Silva R, Lima A, et al.IL-10 orchestrates alternative
macrophage activation to restrain excessive inflammatory cascades[J].
European Journal of Immunology, 2024, 54(9): 2102-2114.

[35]Yun L, Zhang T, Wu Y, et al.Sustained long-term IL-10 stimulation
programs stable anti-inflammatory macrophage phenotype via metabolic
reprogramming[J]. Journal of Leukocyte Biology, 2026, 119(2): 345-358.
[36]Luo F, Yue J, Li L, et al.Narrative review of the relationship
between the maternal-fetal interface immune tolerance and the onset of
preeclampsia[J]. Ann Transl Med, 2022, 10(12): 713.

[37]Mkhize P, Naidoo T.Interleukin-10 imbalance: key driver of
inflammatory dysfunction in preeclampsia[J]. International Journal of
Molecular Sciences, 2024, 25(17): 9434.

[38]Sun J, Corradini S, Azab F, et al.IL-10R inhibition reprograms
tumor-associated macrophages and reverses drug resistance in multiple
myeloma[J]. Leukemia, 2024, 38(11): 2355-2365

[39]Meng S, Qin Y, Lyu C, et al.IGFBP2 modulates trophoblast function
and epithelial?mesenchymal transition in preeclampsia via the PI3K/AKT
signaling pathway[J]. Current Issues in Molecular Biology, 2025, 47(7):
478.

[40]zhang H, Jiang W, Song T, et al. Lipid?polymer nanoparticles



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202607.00004
BETREN A CREFATIFE ) FEB A Z SRR, biomedRx i vl K ALRAEAL o ATAT NARE RVFAFE R .

10.12201/bmr.202607.00004V1

mediate compartmentalized delivery of Cas9 and sgRNA for glioblastoma
vasculature and immune reprogramming[J]. Advanced Science, 2024,
11(32): e2309314.

[41]Anonymous.Impaired IL?6?induced JAK?STAT signaling in CD4+ T cells
associates with longer treatment duration in giant cell arteritis[J].
Journal of Autoimmunity, 2024, 146: 103215.

[42]zhao X, Wang X, Xu Z, et al.PTPN2 dephosphorylates STAT3 to
ameliorate anesthesia?induced cognitive decline in aged rats by altering
the microglial phenotype and inhibiting inflammation[J]. Brain,
Behavior, and Immunity, 2024, 121: 4567465.

[43]Karadimitris G, Papadopoulos V, Liapis K.PI3K/Akt signalling
balances M1/M2 macrophage polarization in innate immune responses[J].
Seminars in Immunology, 2024, 72: 102146.

[44]Grassmann S A, Kim H, Friedrich C, et al. STAT3 operates as an
inflammation?dependent transcriptional switch[J]. Nature Immunology,
2025, 26(10): 1890?71901.

[45]Liu M, Zhang Y, Wang L, et al.IL?10 and M?CSF cooperatively drive
alternative polarization of human decidual macrophages at the maternal?
fetal interface[J]. Frontiers in Immunology, 2025, 16: 1610891.
[46]Chen X, Song Q L, Li Z H, et al. Deletion of ACLY disrupts histone
acetylation and IL?10 secretion in trophoblasts, which inhibits M2
polarization of macrophages: a possible role in recurrent spontaneous
abortion[J]. Oxidative Medicine and Cellular Longevity, 2022, 2022:
5216786.

[47]Zzhao H Y, Wen Q, Lyu Z S, et al.M2 macrophages, but not M1
macrophages, support megakaryopoiesis via up?regulating PI3K?AKT
pathway[J]. Signal Transduction and Targeted Therapy, 2021, 6(1): 234.
[48]Yang L, Zhang Z, Zhang Y, et al.Radiotherapy promotes M2
polarization of macrophages through the regulation of the PTEN/PI3K/AKT
signaling pathway through miR?616?3p in lung cancer cell?derived
exosomes[J]. International Journal of Molecular Sciences, 2025, 26(21):
11892.

[49]wang Y, Liu H, Zhao L, et al. Negrl modulates innate immune
responses by negatively

regulating PI3K signalling[J]. Cell Reports, 2023, 42(8): 112764.
[50]Li H, Zhou Y, Chen L, et al.PI3K/AKT activation is sufficient to
drive M2 macrophage polarization[J]. Journal of Immunology, 2022,
209(7): 1123-1132.

[51]wang X, Sun X, Li X, et al.miR-122/NEGR1 axis contributes colorectal
cancer liver metastasis by PI3K/AKT pathway and macrophage
modulation[J]. J Transl Med, 2024, 22(1): 621

FTA {3 75 B T i 1 5%

BEEE: FMEY, Email: 13919101217@163.com, Hifi: 0931-8281049
WEEE: HiEAREREESEM¥ESE (2565SYB-10) ; HIllE H AR EEE
(24JRRA597)



