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WE  EIRA A LS F SN 5% B 28 B (extravillous trophoblasts, EVTSs) & N\ #H & F 5 8t B4 4. 4R T, B4k 9% 2
ZRAFLEALENEIILAIFEEANLTNARZEEEN 2 EHFELEE. FREE RGN E B EREIL
B pETH R EFEZRERE, BFEFRMIN RS E R A URSERINIER. T E L% H AR~ (recur-
rent spontaneous abortion, RSA). FJH Bl #(preeclampsia, PE)f1 R & & 4 R R IR & BN K 5, AR RHEX
S5H#EFOAEMAELAEZTER. AERAZTENA T HRFHF R T AEMINE, LEE L8 ENK
(decidua NK cell, dNK) 48 i 79 7 86 AR, B4k, 446 TRSA, PEF LR AT, # A0 2R MARKE, LEZ

dNK4 R, *IERE REm. BELER#E— SN REFAMREERIE TN FIERE REHIETN,

A YRR R IR T 52 B R R .

KR B R\ A MR, SUENKY M, £ & ERRS, TR, Ry

RIS R IR S 3 1 N R AR A, R
UREAIE S 2 B RT3 2 TR G R T 1 P M 4
I3 AR K (B P 3 5 4 P b, diE AL IR RN A
PEAN IR, T2 A LSl Fik A 75 58 m A Ak . A2
NEH, JEUEgR T 5 N BRAE A H & B I & 48 30
2325 KA WA i A 7EE TR
s, BE MBS EZ R, T,
/I BSR4 D0 AR 2 RS AR . RSN GE R B S
PE N 5205 T s BEAAOG -2 RASE R LI e e HEF
I8 % SR RO I R A e B R LR S, G 4
ORI 140%. Horb, NKAHMIZ) b G2 40 i
(K170%, EMEAHARFITNE 5 10%~30%". 7E/N R,

CD49a Eomes 41 24 51 B NK 2 o 78 I 4R 5 01T 4R =
B4R v S0 A B e . PR 2 0 i A G
NK A HFR AW IENK (decidua NK cell, dNK)4Hffl. 4F
YR AL, JCHOEANKYNE, T 4R R
% AR AR (R PNE KRR E
BREE, KREIRMIE | HFRILCD27MCD11bE X
PR ANK A MO A REA, A4 T ANKH
JAE A FE PR 22 B 1) 1) oK AR BRI e,

REfG S G PO 5% SR A 3 BORRAA TG V250 IR i 4
FEOIEmN 52 M S R R B, Mgl EA R IEYREE R,
R 2 (SR B, BEAG ST 0% 7 2 T ERSA
DL PESE I E B R K 2 —. hAh, 7E5m ARG
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N, B A G B B AR FH S BT A e it
PRINUEYR. AN SO0 ANK A 7E_E I8 7 3 U GRS 0 T 3R
R IhREAACHEAT T e,

1 BRI BRI B Y 2

BEAf G TH] G0 28 T 55 3 B2 bl B At R 4 928 441 i A
FESRANNE, UK GG TR 2 40 T 2E . it A 20 23 4= 22
P R A . I N R A . R b R A A ey
ALY, GEURFH, e AU AR 1 40%.
W, NKAHAE AT (570%, EWE4H A (macrophages, M®) 5
EE10%~20%, THHM 5 EE10% 4. iDCYI, B
FINK T & LR 0,

1.1 ANKZUBERSIE. 4 RAThhE

dNKZH i 2 0 0 B0 e 2 22 1) e e Al A, AR IR
PRI AR PR R R IR, OC T ANK4H i 1)t
PH AT EEA =M A ANKIA AT LK IZCD122
H# 5 K FE4BP4ICD34 & bk B A4 AR (IX 4 T
CD34" M4 N B2 4Ry /A T sk, t mr DA 5 f 28
ZHF B NK (tissue resident NK, trNK)ZH AL 4RI 25
f\JdNK (pregnancy treated decidual NK, PTANK)Z ffi 1
B A AR B Al A KR T (transforming growth fac-
tor beta, TGF-B)fH T M#7kE IfNK(peripheral blood
NK, pNK)ZH it 240 ffa e 1 plest B RENK 40 ™.

ANK A i ) 2 TR A g 5 pNK 4 S 7). CD56™ ™
CD16-CD49a"4ii ffd 5 A\ ZEdNK A0 M (1 K £ %, i
CD56"™CD 16'CD49a” pNK4H il j2 = % [\ pNK ZH ff1 37
T, RGN P8 R FE 2 AR (lectin-like receptors, KLR)
FKIRHUANKG2A, NKG2CHINKG2E, Fl7 1 41 i %
BRER AL AR (killer cell immunoglobulin-like receptors,
KIR) % i AKIR2DL1, KIR2DL2/3FIKIR2DLATE
ANKAHf bk, ax Semfi] 1t 52 A4 40 i ONK 48 g %
e [F R ARG LR A EEYE. A, INKERAEZRIANK
Y BB 32 A NK p46, NKp30FINKp44. R A NKp46[H)
TE A BE S T ANK A i i Rz RN S 5 5% i TR K.
NKp30FINKp447E ANK A g FIpNK 40 A = e A [ (1) 3Y
AR kIR, ANKZH L ANKp30FINKp40 i #1i] T 52
AR s A, INK4R
WUKL ¥ Il 25 (antimicrobial peptide granulysin,
GNLY). WikiEfFA(granzyme A, GZMA)FERLESB
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(granzyme B, GZMB) & HLpNKAH M - B =F & . SR,
ANK4H B 0 20 i B 1 (% TpNK4H . dNK4H i B A
X ) T pNKZH A R R R BURRAE, X 5 AR MR 22 2
R h R pIk Y,

FET-CD11bFICD27 ()33 7] DA% 18 T e M i 74
TR B G L N 0 114 93/ 4 0 2,
f45CD11b-CD27-, CD27 MCD11b'CD27 dNK4H
At A 2960% FINKZH il 9CD11b™CD27 4
A, 1AM E MNK 240 290% A _ENCD11b"CD27 44
W E U B g B, CD27 G T R S v 4 e R T
fRIRE F7 8o, A DAIE 23 WATEN =y 1] 48 5 E Th1 748 A
WAkl CD11b CD27 4H M B A A5 Thae, WHF Rl
T A X AT @ T A miRNA-483 b i &=
Fe4 K K F1(insulin-like growth factor-1, IGF-1)f]43
W, FEL LR A e Y. B, HERICD1L
CD27 dNK#H i 7T 5838 1 43 WALGF-1 % BB Jif A4 Jak e
4. CD11b”CD27 1 i i v 3= 2 FNK 4 ffd
B, RIVHABAMRRE, 2 & 1 AR 510
EAE X AN A CD49a EOMES trNK 41 i [ %
RIFNDRERFAE, BEUE A WA K 7 1 Thae e
BERERG R B, X7 NK ) AE 4 2 440
Vento-Tormo%5 A"Vl it 26 40 FE RN A W /5744 22 5. 4
ANKAH R 438 = F E I EE(INK T, dNK2FIANK3).
dANK 141 g 1% ¥ =5 7K P U KIR(KIR2DS 1, KIR2DS4,
KIR2DL1, KIR2DL2FIKIR2DL3), HHIEVTSs4l iz
HRIE N AP (human  leukocyte antigen,
HLA)-CZ 4. [FIA, dNK1Z0 At = 380k (A 40 i e % BR
B A 52 4AB1(leukocyte immunoglobulin-like receptor
subfamily B member 1, LILRB1, S#5 AILT2), AJ L5
EVTSZH R [ FRIEHLA-G FAHEAER. Kk, dNK1
A RERE (L B EE TR 22 28 M, I 25 98 AN 5 G 2 it
. ANK2FIANK 13 [F] 208 25 10 41 i st 4R 3R A 52 44
NKG2A, NKG2CFINKG2E. It4h, dNK24H it %k
K X -C 7 Ak R 7 Fe AR 1(X-C - Motif Chemo-
kine Ligand 1, XCL1). it 5X-CHJ7 B K T2 44
XCR1HAE, dNK2{EHFEVTSHIR FORANHIcDC1 52 4E.
ANK34A A EL A, 2o itk R FiARS(C-C  che-
mokine ligand 5, CCLS) iR iA. C-CE 7L 32
A& 1(C-C chemokine receptor type 1, CCR1, CCL5/%
AYHEVTSs#F k. IX & B INK3 41 il B A5 I FEVTSsi?
2 e
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1.2 dAMOAIHERIRE . 4 HAThRE

W58 JI5% 5 % (decidual macrophage, dM®)ZH ffd /& BEfiG
FHIH 5 — P E A G R A, T AR M LRIM2 7
T PEE LT ORIERE, dMOZH I 5 2 IR A A
b, HETR T AMORISRIE M ICE 18, N 5T g i
AR AT R EKI67 A W0 30 AT g AL i A7 A
{17 5 P B A R B A, 5 SRR S £
Y RIE LR T CCL2, $RndMO ] GE AL 15
ARG PSR, BRI RN, fERRRAE R T T
Wi B R A 2 EERPUCAMIY, SRR R A TS
WIS, LR 4R AR AL M /M2 TR & GH LR, IR R &
TG B4 1 AM2 AR (5 4 3 Sy MM S
Wi P ) 0 A ST 8 o) T 1 0 e AR P A S R e R 28 00
B, PSR IEIG RN BEIR S G i 52 ) £ S A
YekF. WBIESIKERS . WFRMBEANRER . T4
o5, CD11b B WEGH XS T4 RE 5P S ) 5 4
(B I 3 VA S8 AR B S A R LA MR 2 ) SR L T I, IR R
# (diphtheria toxin, DT)4HECD11b-DTR/) i LATE R
E WA i T 3R A N R, B b 78 B A T DA 3
OB H P, G L 3 ) T2 AN K 4 £
T BERE G ST S e 2. W40 B R S e 4
2%, INEAYEA & 10(interleukin 10, TL-10). 15| Bkfz%
2,3 X% B (indoleamine-2,3-dioxygenase, 1DO).
TGF-BAIR 51 I ZE2(prostaglandin E2, PGE2)Z™!, 41
il LA 4 B 0 1 A RS A, 3T S e 52 U
Pk F I AMO K IEBT R AL 4> 7 B7-H1MIB7-DC,
5 AT 3k [F 2 AR PD- 1 45 4 H T 4 v 1.
M2 7 W 40 i 38 i 72 A2 TGF-Bi% S ANK 1 i 0 1 N
AAGERPE/N . 0 WA AR DR A8 7 SR NK A A, 4
R e 520, Sl A & K REEMMP-7R1-9,
WG 240 5 30 AT P T JULARH A 2 2 ) 56 5 7 PR R R Ry
s, ASEESNKER . IR R RO &Y. d R
SIE), SR AP T, BRI S ) R4 i R %
R TR 38 o T P R R T R
W 0 A B K &2 AR RV B, BHEIL-1B, IL-6,
TNF-a, MMPFINO®* ™, #8740t ke 5. BRIk, 4
URIARREM /M2 AL E AN R Bh A5 P, 5T it pk
THUEHR AT A BhAh, #IBCD11cRIAF K, CD14
dAMO# 48 ACD11c ™V FICD1 1" W A AR, o,

CD11c" " dMOYH L 5 5 B 40 19 67% 22 4, T
CD11c" " dMOZHN 5 HL2933%. CD11c MO il 7
IECD206F1CD2097K 151, F BRIFEEFE RS FIE
A KRB TIRE. TCD11c" dMd4H I 145 CD206 1
CD2097KFHAR%, #Hulsn T EiEm™. RyECccr2
FICD11cFKIEAKF, dMd X4 FCCR2™CD11c VAl
CCR2'CD11c"™"HICCR2 CD11c"® =ANERE, 435Kk
PEHUE s (R AF R AEREY

1.3 dTHUfE 64 R FnLhRE

B R (TR H5CD4T T4HHIAICDS” T4
. Hrp, CD4" T4ARER 469 Th, Th2AITh174H
F R 5 PE T4 (regulatory T cells, Treg#fffa)"". 7&
TR FE T, CD4"CD25" FoxP3" TregdH i i & K &4
A ST RERG S Tt B2 R ERT. 9F HUR B Treg 4
TEEARF = SRR R R = NS i i
o AR LA S LR 3 R AR Y. — AN, RHIR R
A Th1/Th24H ¥4 17 Th2k#%, Th17/Treg i1
6 T Treg”™ . WEURMIMThIAITh2, Thl7F1 Treg (i
SRR TR S BT IR ROEDY. 5 ANK YA L,
BiECD8" T(decidual CD8" T, CD8" dT)ZH i (L i i i
Yo M L) B /. {HCDS” T4 M2 R 5 1R )
A N JE AR K G ) S B AT M 2 — . A EE T AR I
CD8" T#iMi(peripheral blood CD8 T, CD8" pT),
CDS8"  dT4H it b A Bl A1 %5 FL 2% 328 /KT 2 3% PR,
THMRNAZCPA SR B, M S5 & i HL A v e R
i 7 CD8" dTH 4 i fid 7 T E AR, FR,
CD8" dT4Hfi%iAPD1, CTLA4MILAG3&E 34071
KV HE. CD8" dTRR AN N, A BT 4ERFRE At
& JLITI 5%, Adrian Erlebacherift @i 2H iF 50 & 31, i
% 325 J5i3 40 Af HH I | T4 B %) 9 A i 1 DR - 255 DRI 7 3 0
AL UTER G R TN AN e AR SR AE /N R Py . it
I 55 I 4 %o T A0 T 48 i 62 P R 05 1T R 0 Y BEAR
LT G E R 52 B3 ST A ZE R, SR, CDS” dTAE fR4h
T BEME IR . B95E . PR AETFN-y I TNF-o A 41
MOvA RS 1. PItk, CD8™ dTASRIREE TR K e 71, I
JEAK AL T G RSN 25 1, TaH M S s
i 52 FIAEA S RV O SO L, e R ) o
LU S AN I i 2502 5 R iR 3 R SR U B I 7P S A R
BAT B AR,
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TN A SRR R G T G RO 5 A YR AH DS

2 ANK4HrIhae
2.1 ANKZRE(R 2E 52 e 2h ik 2 28

WERE 2 ik 2 BN T ORI ) LAE BE AN PR 22 S 1R 3R 15 2
RV FRAE ST BB B NERVNR A #EO SR
IRES K E R, (HEATEESEAR. fEANEMNL
IR, SRENESN K E B A B, BB B T
YRS, LR e /N B Bk A g A
KPR, 268 B BUREVTSsIR 28R A 8% 77
RS AR Py Bz . AR/ B rh I e W
FIEVTSsBACMLAE N R 4. N IRTE 30 Ik = S 4] 465
fiE A2 I P35 WL 4H Jfd (vascular  smooth muscle cells,
VSMCs)fK . 4 g #h 3 i (extracellular matrix, ECM)
Pl . VSMCs 2 204k LL K 43 I N 52 240 i
VSMCsH T, 58 [ BEEVTSs MZ 1L B AL VSMCs
IS P B B 3T e 2617, AT HERG B A Bk
ORGSR, B 703K B ANK 24 i Al dM 48 il 5
10 SR £ 1 ot B I A R I, S o R B Kk A K
>k B dANK 41 j 1) 26 14 5% 7% 3£ (conditioned medium,
CM) ] /D ECM 1 iR Ji 2 11 TV A 2 &% 2 1 R
BTENZEFHHVSMCZEa 5. MHZERESREEA
Fi(matrix metalloproteinases, MMP)Iill 77| b 2 0] yi4 B
AR, U AN K L3 1o 23 9 MM Ps I 2 e
KA EECM A FEAE. R B ANKZH R K CM ] 4 55
VSMCHHIEL 2 HIHR M 2 046, 7 5% BLANK 40 i FI CM
A% S B R B ik (chorionic plate arteries, CPA)H
VSMCHI 704k, HiIZ— i FEAK R ANK ZH 73 34 14 11
&1 % (angiopoietin, Ang)-18{Ang-2"". It4h, A
ANK 2 368 3ot 53 96 L8 9 e A A IR F- (vascular  en-
dothelial growth factor, VEGF)Afifi £ 4= K [XF-(placen-
tal growth factor, PLGF)JRAZHE M A . sz, A
dANK 403 it /0 MMPs, Ang-1, Ang-2H1VEGF-oK
R E NIk E 2R, 1. £E/0N B dNK 20 i
3o 2 A TEN -y {12 33F I 65 4 Rl A2 e 5l ik 287,

22 dANKZEEHEVTSHERIR R

78N Z A A], 38 4 EV TS IR 1 W2 fiE 2 ik
FEEUAR ML P Bz 4 % T R R gR 43 OC B 2L, EVTSH]
AR ZBA R ] FEIC TR FEUG LA K2R, 1M
EVTSY (R 281 2 v S8R &l FERE AR 1377 f5
d ™ A NKAH AT INEV TS A2 22, 5 4]
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EVTSZH iy i BEAZ 2%, W1 s,

EVTSAIf Rk & i 1 XEEHALMBEMELE &
fA(class I major histocompatibility complex, MHC-I),
WHLA-C, FAEL#MHC-1 251, SHHLA-EA
HLA-G, 1fijdNK4HiERIEIRHHLA-C, HLA-ERTHLA-
GIF Sk, ANKZH M2 A0 ] 4 52 A KIR2D L1 A& 4k
PEZKIKIR2DS1/S4, AR GIHLA-C2, LA K Al
ZARKIR2DL2/L3 A& M 52 AR FIKIR2DS2,  F K 5
HLA-C1™. NK4Hj F KIRFIEVTSAHE b HLA-C
Z AN AR ELAE R HIEVTSIR 22, (R AN Py 12 281K 56
R, dNKAUAEERIEFN 403 A 40 5/ 2 (IL)-8(C-X-C
motif chemokine ligand 8, CXCLS), T HEFFEH
(interferon-inducible protein, IP)-10(C-X-C motif che-
mokine ligand 10, CXCL10){2 #tHLA-G#% 5% 2 [l dNK
MR, A, RIMEVTSYIEEIAHLA-GS
dNK 4 b KIR2DLA%, &, BOGIL-8f 74P [
B, 9T 2R B ANKAH ik v] DL i TFN-y A TNF-od8 i
EVTSHH T AT PR FIEVTSY 22,

2.3 ANKZMYERERERR A e 52

BER G 4B ARG )L R R A A MEV TS i 78
REAS LA ELARA, 257 S b A . N AR A
HAREAR ST 2070% 10 e 2 40 B 2 dNK AR, XX T4
Fr ot 22 E o0 E B, WE 1 Fis.

dANK 403814 52 fAKIR2DLAFIILT2, EA15EVTS
MR ETHLA-G4Z5 & DLAERFI 32 M. fEARIAHLA-T
1) 721.22140 0 & 3 RIEAHLA-GH] BAFFIRNK 41 i
FORIANKZH o S 20 B P A0 B 2 1 A, 292.5%
ANK4HERMAHLA-G, MRMHLA-G™ ANKHFEH
WAL BFTHLA-G. 5 F 41 i R 7 Ak B 505 255 72 0 i
ANKZH M 5 3 AL THL A -G W 25 40 i 25 7 16 1
519 2 B ANK 4H i I M EV TS 40 3 3 1 O HLA-G 3R
BRI TR VE AN LE BRI 52, UbAh, KZHINKAEE
IETAN M S 2 BR 8 A 34 3(T-cell immunoglobulin and
mucin domain containing 3, Tim-3), T X 22 £ JEFE 5
4 L RN % 57 /2 28 T8 Tim-3 T A4 - FLE R 4R 25 9(galectin
9, Gal-9)*". 718 F S A HIRN A -seq 23 BT 46 B [ = A
BRI ENK I B, Tim-37EdNK I RE B & R
B FE FIPMA R T4 RO, A BT Tim-
37dNK, Tim-3"dNKZHER 4 5 2 [TL-4 50 5 A )
TNE-af1 L&, ELPSAF R, Si7RZ R 7711
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R RIRhERIBK 55 g5

MEFBNAREDH
HRRINE PR MEHRL
& . A
- L : N
$ \ aTAn 112 /’ &
&, \ JAnV2 - [NEGFPIGE <
MMPs * - Z.
VEGFA/IFNG B o A
W RERIRIEE — IL-8/IP-10 \
: ; AR
,',’.Lb . '& N\ KIR-HLAC ( ) :ﬁi
M - I’}/ ‘\" 4+—> \\_\__ y m‘“
PTANK { dNK ‘} » EVT m
\ Bt [e,
o \\ ‘,/f QQDLsZ/Q IFN-WTNF -
00$ & ® \\%_ J = 72\/\/
< \ @ §— ‘a3, 44\6
e . s &
AL e, e e N
a v @
¥ VEGFC W

Bl 1 SRR HHANK 40 D fe.

: l IFN =y \
g
/A/ Ak

S :

ANKZREAE 1EH G YRt 12 b A3 TR AR BT R

IL-4/1L-10

>Th1

S
@E%%a‘%%

ANK 4 i if 2 Fh 75 2 A 305 8 e 30 fk =8 4

ANKAH L BEEVTSs A% AN #0051 2 42 2% ANK AR A Bl T-4ERFRHIG 1 S 2 32, dNKCER M 7 A= A 1 TR (i R iy

RE; AL YR ZR 1) INK A1 i 3 R4 77 10 L f IR,

A K #iBioRender.com | &

Figure 1 Function of dNK cells during pregnancy. dNK cells carry out five functions during normal pregnancy. dNK cells promote spiral artery
remodeling in a variety of ways; dNK cells promote the invasion of EVTSs while inhibiting excessive invasion; dNK cells contribute to maintain
immune tolerance at the maternal-fetal interface; dNK cells promote embryonic development through the secretion of growth-promoting factors;
“Memory” PTdNK cells support repeat pregnancy in post-parting women. The diagram was created with BioRender.com

ANKZH ] — 3507 A= 55 %2 FIL-4 81 56 /D [ TNF -0, 1X 262§
JSE RS A6 Tim-3 (5 Fp AL AR B BELIBT Y. B4, Gal-
9/Tim-3#1H|CD107as 3 AR, B dNK 2 i x) i44
F% J2 41 0 22 HTR -8 P9 240 i 75 124 0F 170 4 2 S s g 520
(Al 0k, it N dNKAH R K 1 Tim-3 1R HIEVTS4H i -
11Gal-9f B T4 5 o i 2 M. 59— I TAE R,
dANK4H 53 I VEGFCTMi 4E VEGFo 1] # il ‘B X HTR-
SAN N i ok P9 B2 41 g (human  umbilical vein endothe-
lial cells, HUVECs)HI4H 514 VEGFCHIZH i {74
Al RE S EAN I TAP-13835 . MHC 1282035 15 5 Al

HLA-Ei# S %k A kM. X mky], AZKdNK
Hl 3 A VEGFC LA X EV TS0 i i 40 B B 4.

N ANK It 7] BLigs S Treg A1 Th2 40 i 3 410 41
Th17F1ITh140 B R 4E RFifi 52, dNKZH A5 [R) Fb S A it
FBECD14" 40 M0 B AF 7] LA S Treg 0 i 7 4%, ANK4H
P A8 FEECD 14" 40 0 F) EL A A £ T 98 1 L IFN-y A
SR IFN-yfE B JEECD 14 41 i P IDOZE %, MM 555
TregZHfI™". A CD56°¢"CD27" ANK4H g 7 4= f{ITFN-y
PHIThI 7R R S, 5N, FIRP S 4R 300 )
TR NKCAH 5l 2K 5 S50 B Th 1 720 g )RR BB AN T2 11
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RS A S LE RS AN, INKERRE L
Th2 4 g [K FIL-4F1TL-105 S Th2 B i fb, %@
CD56™"" CXCR4 ANK I g & U 4R B 3 2 ~7. G 5 i 52
RS 5

M2, dNKZH i@ 3K 52 AKIR2DL4, ILT2A
Tim3 B i 73 W VEGFC KA %3 EV TS 4H i 1 4 g 75
PEVETTAEFRIR 2. BbAh,  dNKEH 38 i 20 vh 40 i [A] -1
IFN-y, IL-4F1IL-1037 5 T4 0 52

2.4  ANKAIFIRERIGRE

FEMZE T =AY A IR MR TR, 72 i 78 rhgt
EZH A AR (LR TR 7. Rk, dNK4HAERTRE= 51
HHILKE . NANKYH AR B R A (2 A K+
(pleiotrophin, PTN). ‘& H % & (osteoglycin, OGN)%§
TEFEERE 2 KT, CD49a Eomes' trNKZH 21X
AR AR R ORI, B AU ILEVTS40 i
FTHLA-GHIANK 401 _E ) 32 AARTLT2 35 5 AR KA ik R 1
fZk. 76/ RaNKAI R b B33 Eikgie, Nk~
NS A AN A EL, CD49a Eomes” trNK4T LA
J2 PTNATOGN FIA 7E VR4 1 1] B 52 AR, Nfil3™ /N
JRRE I AR LA K32 R, A4 3 B Sl g, B iR SR
KREWRER". CAME T INKAIM WA KA
[A-F(growth-promoting factors, GPFs)fJHL#. ZhouZs
NPV B S DR R B AR 13 L9 % 3 R 1 (pre-B-
cell leukemia transcription factor 1, PBX1)7E AR/ R
trNK I 3R, EVTS4iM EHLA-G 5 dNK4Y
M ERIILT245 &, B CAK TS EIHPBX %
5. PBX IS B 45 A A A1/ B ANK A 22 (R 40 A )
JE T RATHPTNAIOGNRI R IE™ . 1ENK A0 i 5
PEPbx 1R/ R, PTNFIOGNR LA, s JLAEK
P A, SO Du s A B 41 (human
hematopoietic stem cells, HSCs). Jif 7 MHSCsaipNK
MR T T A RIB R A T PTNHMIOGN Y 5 5 A
INKAH . 45175 - 240 0 v 381 e 228 S P RO PR 2 FINC G /s
BH, A IO TS N A i e A1 i /) BRUTR G i B Ak
EANK I, B6 )L E A BN, — K509 T
PEUE B 7 S 4R 5 ANK 4t i ] DLid s o0 i AR K R
UMK E, WL

2.5 GRIZHE”ANKANRREREA BY TSR A A
LA 5L, RAEE NAKZ IR (in-
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trauterine growth restriction, TUGR)FIH /= (smallfor
gestational age, SGA)SF “R“RIZREME AR B
Y, LRI S SR A0 2 0 2 2 A 1 5 A
S BRI, XL R S PTANKS A 5%, X HEE1Z
P dNK 3R [H 5 223k 3 28 545 41 J 2 % i 52 C(natural -
killer group 2-members C, NKG2C)32{&FIILT2.
PTANKSTEIFNGFIVEGFAKE A (¥ 35 J& ] G € 5 w]
LeEsgim, bR 324K 53 5] SHLA-EMHLA-GH HAE
I, FEIFN-yFIVEGFaf)™ AL A 3 i 5 n, 2 {2
fa A A 2E K, R

ZE L RTIR,  ANKAESE ORISR R 4% 28 50 B B AR
H, fe estiRiesh ik E %, EHIEVTISA AR, 4
RO 52, (REMIG R B AL AR IRACAZ .

3 BEJR ST SR A IR B AR A B R AH 5%
PRI
3.0 HRMEE AR B BRI R R R S
4k

2R H AR (recurrent  spontaneous  abortion,
RSA 52 SUNAEUTUR20~24 8 P 5 [F]—F-A8 & AR IR
UL BIG R AN B AR, B — L B
RSAK AR A, H AT A G RE o) BE RS 5 A
JE A S 2 DA BT dNK, dMO UL T4H
0 5 ST L A9 2K 167 R0 oy e 25 L 5 BRI ST A A
555 A AR FE RS RSA G E G A AR L, A HIdNK
Y1 P b9 RN 2 S AE AN R 9 P AR R I 45 8 IR A —
B, HE I A RS A B R IR I ANK 2 40 A 25 1 4
2510081 RSAUEYR % M ANK 40 i 4 42 5% B AR 12 4
CD49ai Mk, TZEfLER, BUKLAEBFIIFN-y ) &L 7K
B TR RS UL o e et B3 107, RSA 3% BEG 7L B
Y VEVE FHBICD16 ANKA R 22, HLX B4 i &
K 5 PE 2 A NK p46, NKp44MINKp30[H /K- 5
B0 — TR 9T 7R 20 60% ] ANK 41 75 35 Tim-3.
Tim-3"dNK H Tim-3~dNKZH 7 25 56 2 (1) Th2 %4 28 ity
[KF, BIANIL-4F0IL-10, 1A A2 Th1 B4 7, %140
TNF-ofI 5 7L 25, RSAHEH 5 IF% 0 4F LA L,
Tim-3"dNK4H A b 51 B S5 BAR, Th1/Th2 %2 40 g A 71
BEETHE, R SEURIA e EN 2 HELY. R AR
B RSA B AN E I AT 5 o Th 748 ffg EL 45 AT -
23(Th1 740 f A ¥ )ik 2 & 34 0, 110 Treg 2 it £ & ik



P EBNE: ARl 2024 E 0 543 1

/O = BN A S B e T S, SR T
B M Th1 7R ST 2 R AE, AT bR %
FEMZ L, DI RY], RSABE HH LI EMI/M2
T W 2 P ST 25 L, MR M o SO
M 1 74 [ 16 4 i i 5 432 miR - 146b-5p EL I TRAF6
ik, AN b Bz - 7] 78 5 AL (epithelial-mesenchymal
transition, EMT). iT#HELFEZEZE, NS E5RSA
LRI, HERR IR A Y ok R i 0, RSARH
FIEH R AR L, (2 R PRI FECD 11" dM D
E 5 B 2 T v, L A P 4 WATL - 100 7K ~F B 2 [
&7, CAICD45'CD14" dMO4H I i ik COX-2,
TIRSA £ 3 HE-1,6- BEER (fructose-1,6-bisphosphate,
FBP)/KFHHUE, SECOX-2" M2 H 40 i 70 AL AS 78
S RERE T AR, VA S Al R )T
FERIBCRE A Th e A2 v] B B T RSA B & U UR 45 R
TR AT,

3.2 FURETHA R BERG SH SE OR B A A
TRETH, SRR RMPE, KIEREEE LN
HERE 8 A T BE (R B AN TR E) A R 8 A A6 7 IR
TSNk, WRNES) K =2 i AN TR E R NAR T B A
JEREPERIF %0 R %0 S 4 1 2%
~8% KGR, S T R I AN AR 7 (R 0 0 e 5
Jik 2 RN E TR IE A M NAR T OCREAE F,  [K s NK 48
i T RE TS AT B2 TR AT R SR &Y. SR,
TG RARA B BRE],  H #75¢ T PR NKYH M D) g
ot AL e 2 P, T RS ) B R (e R
ANK AT BE) I AL ANTERE. K TPEEE tdNK4H
HEAHRTRA S5 B, T EINK
2 P 2 0] HSR R ES3E, HR T D e AR A BA T BE AT R L A
Fodon, MW RPERNIES & A TR, PEEA
ANK A fUNKp46 £ k7K 5 &, MIFN-y, IL-8F1
CD107a%ik N7, {E# & K BIPEH F i fECD3"
CD4 Foxp3', CD4 CD25 8{CD4 CD25 Foxp3 Treg4
i A5 R P2 AR TGE-B KT i T R RS B0y
PE 53 U 1) Treg 21 i 55 ANK 41 o St 85 97 5 SN 1
IRINTGF-B13 FHUFN-y, IL-8F1CD107a ik &K, IF
s A . PSR TARGEPE TR EA R LR
PRGBS h Treg 4 i EE 5% T B 18 750y
BE A KM RE A AN [F] 5 SUPE £ 3 Treg 41 i A2 K AE A [FIF
FAIRIEA . 5T Tregfl i i 4% oA S 2 40

[ S PESCIR & A E I 5 43l v A T VR k),
U R ANK I HE T KIR  AAFE R A (F R KER o B 4
HIELPEKIRS), 2577 E AR IAFJHLA-C2HH H
VE I 2 5 EANK A ik B2 3k, i A8 A pl S2 BRI
TSIk EAG B, RAMEPEXMEIM™ . IE %4
O it 2 A ANK G B T # i) P 32 AAKIR2D L4 5 77 2
Y FIEHLA-GHI AR, INKAHIAR SR/ 6952
Y. SR, PEREE TR FRIAHLA-G/K T F
T ZINKA M EAE R, SEPERI R A", 1 AFN
R, T G P A ) 12k 52 4 CD94/NK G2 A 24 & dNK 41 il 5 3
PERAY. i@ BExt IR L, PERZ BV AL 2k
W M1 BN fEPE R R 4. WA A B
BZ ek b L AR (R T R A b R ) SRSALE
URFAHAL, PEBE TAIM W Im) T2 2P Th1Al
Th1740 & R 22 Epmk, wE2BFR, PEAIRHL
i1l 5 o 7% 20 B T R S I AH K.

3.3 AR R SR LRI A BRI A T S
IR AL

ZAUA I JELAAR IR G AT R 3 EORFAR 4 B G2 SN )
WOE, BOABHIG A AR ES. Hhabh, — L8 5] Ll
GBI R L. DRI, S50 It S A R Gy mT R S
MARMIRE R, WRre. Fr=. seremid )Ltk
iE. ANKZH AT DA AT BRI L8 S5 44, ATy 1k
AN RAEIRES R, W E2CHTR.

(1) ZEHrRe R AH R I R, SR ORI Sk 4 i b
2R B R (Listeria  monocytogenes, Lm)EYLigE A
PR B AT BB G BRI, DL H R i i
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FERERBT 1EA RIEHRSS 7. oAb, BaH0E77 2 H R oy
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Figure 2 Subsets and functional changes of dNK cells during abnormal pregnancy. A: In patients with recurrent spontaneous abortion, dNK cells
show an altered the cell subpopulation, surface receptor expression, and secreted cytokine levels. And the bias of M1/M2 macrophages, Th1/Th2 cells
and Treg/Th17 cells was broken: B: In patients with preeclampsia, the number of Treg cells is decreased. dNK cells carry the KIR AA genotype allele,
which leads to strong inhibition of dNK cells and an increased risk of PE; C: dNK cells fight pathogen infection and promote successful pregnancy.
dNK cells release GNLY to kill intracellular Listeriamonocytogenes. dNK cells control HCMV infection with different target cell fates. dNK cells exert
cytotoxic effects to kill ZIKA-infected EVTSs. The diagram was created with BioRender.com
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Immune microenvironment at the maternal-fetal interface in early
pregnancy and pregnancy-related diseases

DING XiaoYu & WEI HaiMing

Institute of Immunology, Division of Life Sciences and Medicine, University of Science and Technology of China, Hefei 230027, China

Fetal extravillous trophoblasts invade maternal decidual tissue during pregnancy. However, the maternal immune system recognizes
the semi-allogeneic fetus and supports its growth and development in utero, which contradicts the classical theory of immune
rejection. The maternal immune system must establish tolerance to the allogeneic fetus while maintaining the ability to defend against
pathogens. Such tolerance requires the establishment of a well-coordinated maternal immune system to promote a successful
pregnancy. In contrast, a high risk of adverse pregnancy outcomes has been shown in patients suffering from recurrent spontaneous
abortion (RSA), preeclampsia (PE), or infection. This high risk of adverse pregnancy outcomes is closely related to immunological
imbalance at the maternal-fetal interface. In this review, we illustrate the immune microenvironment at the maternal-fetal interface in
early pregnancy, especially in understanding the function of decidual NK (dNK) cells. We also discuss the impact of an altered
immune microenvironment at the maternal-fetal interface on the pregnancy outcome in patients with RSA, PE, or infection, and the
effect of ANK cells is highlighted. The aim of this review is to: (i) summarize and understand the immune microenvironment at the
maternal-fetal interface during normal and abnormal pregnancies; (ii) provide a theoretical basis for the treatment of pregnancy-
related disorders.

immune microenvironment at the maternal-fetal interface, decidual NK cells, recurrent spontaneous abortion,
preeclampsia, infection
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