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Research advances of natural killer cells at the maternal-fetal interface
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Abstract: Natural killer (NK) cells are the main immune cells at the maternal-fetal interface and accumulate in the uterine decidua in
early pregnancy. Many studies have shown that NK cells at the maternal-fetal interface have unique phenotypes and play critical roles
in various processes, including immune tolerance during pregnancy, decidualization, invasion of trophoblasts, remodeling of the uterine
spiral artery, formation of the placenta and growth of embryo. However, specific functions of NK cells and their mechanism remain to
be fully elucidated. This review summarizes the research progress of NK cells at the maternal-fetal interface and their roles in the
pregnancy-related disorders in recent years. The aims of this review are to gain deep insight of the function of NK cells at the maternal-
fetal interface and provide new ideas for intervention of pregnancy-related diseases.
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JRAARAR T B BRI S S B 5 S NK 20
EWEAAE. YRR BSR4,
B bk B2 0 45 A A 1 e NK 4 7 S 45 5 L
NP IR P R R R KRB, BE S TE
WML 70%, RUEIRF I EZE SRR, BN
FESE RIS RE P LR AR LR 2R T B IR e s ik
AR AL T B J5 TR FER AR A . T NK 4h i 2%
T SRR RAEIRES /R, R KRG %k
TR EAAEKZIR, A BT BER
i NK 40 A 1) B Ak T e A4 B L) v >R A0 e 1) 1
ARLR R GE T BER F 1 NK 20 i D fig DL LA
SEURAR S TR BT FURE R, 15 AE XS BER S
NK 4 AT REA S8 4T ) 1, PN EEIRAH R
T SOm BT TR IR TR AU I B .

1 BHR A ENKLA

1.1 SR FENKZEKIR

NK 2 5 e R itk 41 (innate lymphoid cells,
ILCs) ZKIGRM 12—, FHEFHAD ILCs [4F 7] 2 A7
THEBERMRAGRE V. T NK 4R A A
Ly fie B A 5 HHs O 38 43 ok B M it v rh A0 P )
NK 28 1, H A% N H i NK (conventional NK, cNK)
Y1 Bl #1 FE 1f. NK (peripheral blood NK, pNK) 4 Jifd,
TE 4 G S A3 0 A, B o ik B i 2%~3%",
Meah, Rtk HAER 7 E S H A e A H R 5
NK (tissue-resident NK, trNK) 401 . 4R 87
YERFFN I3 — A RAES R, DRI AR 4R BEAG 510 %
P A 52 B w5 B ORTE . AR GR I TE] K & NK 41 g H 2R
TEREB ST, IXE8 NK A fE AL R Rk . R AT
BESE 2 AN S oNK. pNK Al trNK 4l g A [=]
BT WA P R R R AE AR I NK 4H e, R
NTE BRFA (uterine NK, uNK) 2 fitg i i 5t (5 4%
A1 (decidual NK, dNK) 40 i, —# & XAHFE, %
FRAT LA 4 11

TEMEGRF I, uNK 482 & 515 S 40 70%
DA E, uNK 20 B RJ5 — B 52 290 5 35 B OGTE,
HEr E2G LA H—, uNK i th 7=
trNK A+ 5 R =4, B8 S &RMER 4
DRI A DR B B v 184 5 T 7 A 1) — 28 NKC 48
fafE. Sojka &5 U W AU 4 AR IX — WS HR AL T S2 56
XHE, ABATRA A, B R /1) NK 41
4 5 A L TR/ B (Ner ' x Rosa™ ™ 3 B8 /)N
B ) SRIE B U 4R 3 1A) uNK 20 (AR B ks, #E T

5 5 FEAN 5 ILZ R AR R 1 oNKORT aeNK 41 fild
A teNK 40 tH B8 5E, B IGAT e 2 7R oNK 41
MRAETH ; RN, HRLELERER, HED
UNK 2 2 19 58 ) oNK 40P, X SBSE SRR, 7
T B N A AR A, B 5E Y trNK 40 2 uNK
2 (1) AR o H T, uNK R IR 1 A1 NK 4 AT,
XU i R R T R, EREAG ALE
R MR B S uNK gl R A AT RE U,
Chiossone %5 " B 70 o, B NK 40 i 54
T B W R T b, T R R T R R SR
NK A /440 g 7] uNK 482534k, . Cerdeira 25 ' jiF sz
pNK 4 fiig 7 [r] uNK #2844k, Horb BEAG 5 1
RIS Sk 4 R uNK 1R B L AR

Zx FRTR, uNK 4 BRI AR 56 4 B . uNK
YA AT e — B A NKORIEL #8978 aNK
RVR ) 7 R . (E AR FLUE B 40 & pNK 41 il 1)
WHEHE AL 2T 5 oNK 95, X5 uNK 405
R A SRR RIS RE, AT 4ERRE R TR .
1.2 SR ENKAEER

EANZEH, NK i i RSR AL CD3 CD56", R
i CD56 3k 7K F, pNK 4f i 7] 43 CD56"™ i CD-
56°" KA, CDS56™" NK i & £ 5 pNK 40 1)
90%, IXLLYNfE S PUORIEE. WikAE R F LR,
BAmaRsEE; ik, RAEZ 10% pNK 40 2
CD56™ " NK i/, #\ WA 2 g R 14
&, MRS MY, IEREGRIIE, KE uNK
P BRGNS, RPN CDS6™ NK 41
MRRA, e R A 1Y Lu & 1
W RoR, WREAERIER CXCLI2 A 3T E N
CDS56™" NK 4l it & 4, I H 3 581X B NK 41 i
ol i JIE 35 J5 4 . (decidual stromal cell, DSC) f%H M
77 uNK ZHAE BRI UR i R A5 SRR E R, T 22 T
TFF 53 B RE iR ST J=) S 00 58 2 18 T IX 4% uNK 4
M, HZ5ER R 2. B, S
JESBKE XA Bk ) LA KA YR IC 12 25 T 7Y
ANF 2B T g U2

2 NKYRE7E 38 7 mEYThEE

21 S5RRKREENZYE

UL YR LR R A0 M AH 25 T2 (R R 574, NK 41
HRERL IR A SE A, PRZA2 301 1A] uNK 41 )2 524k
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VE 22 78 4R S 7 2 Fhom R A 5 4% uNK 41
RPN T, TR AN S, R e
%, Qi & PIAEAE R/ R IR i 7 bR R SR
SR ¥ BT T2 5915 S5 (TWEAK) K H 52 4R sl 21 4
AR A KR 755 22 7 (Fnl4) %F uNK 40 i 75 1
FIFE L, 45 5 &7 uNK 40 i 1 TWEAK f) R {8 A
Fnl4 3241 b 7T 038 uNK 40 i 20 i 251, A
MBS, RASBURILEHF, #RT1E
uNK 41 i TWEAK-Fn14 %2 5 45 ¥5 5 o 4F 4% e
W T WAL %2 . Huang 25 ™) 56F L R PR P2 B
ANEH 2, RIS R MER T B35 uNK 4 miR-30e
T, ZEFLE 1 (perforin-1, PRF1) 34 i, i miR-30e
f i #% PRF1 SE B[R [ 3Rk, SR AMB A8 & 314
miR-30e i, uNK 4fiffiH 141 % 4 (interleukin 4,
IL-4) F1IL-10 3% Eid, 43 v (interferon vy, IFN-y)
FI i 88 SR BE IR 7 o (tumor necrosis factor o, TNF-a)
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Fig. 1. Crosstalk between uterine NK (uNK) cells and other cells mediates maternal-fetal interface immune tolerance. Trophoblasts

and decidual stromal cells (DSC) produce collagen to participate in the regulation of uNK cytotoxic activity. Trophoblasts secrete

CXCL16 to induce the polarization of macrophages in decidua to M2 type, and M2 type macrophages serete less IL-15, which helps

to reduce toxic activity of uNK cells. Trophoblasts mediate uNK cells to produce Th2-type cytokines through the T cell immunoglobulin

and mucin domain-3 (Tim-3)/Gal-9 signaling pathway, while Th1-type cytokines production is decreased, thereby suppressing the

toxicity of uNK cells to trophoblast cells to maintain local tolerance.
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[, uNK 48 ffg 1) HLA-G 1§ ¥4 7] [7] i) 42 ff NK
i 52 VRIS 25 e e e . o — B EE B B o T
T A0 G e BREE 1 BORG BE H 45H380 0 7 3 (T cell
immunoglobulin and mucin domain-3, Tim-3), Li 2 #
R ILEEIE 60% 17 uNK 4ff ffg £ 1A Tim-3, 5 Tim-3
uNK 40 g A b, Tim-3" uNK 48 i 24E 5% ) Th2 B 2
BRI ( 4n TL-4) 7K~F4mr, 11 Thl 244+ (4
TNF-a M7 L3R ) KFEAR, LI Th2 KA, K
Y1 2 1 AN G B i 52 B REAE . T 75% 113G 2 A
FfL A 43 vk Tim-3 B 4K ) Gal-9” 41 g K5 pNK 41 i
5 Gal-9" #iFRA L EE 9%, pNK 4% 1k 5 B4
P& T 57 (¥ uNK 40 R A P, iX 55 Tripathi 2& ®
F 45 B A — 3, Tripathi 28 ® 8 50 & 75, Tim-3 [H
T/ B uNK 4 b 52 AR I8 R AR, uNK
YRR AR A0 B R b, 5 ECREG ST G ) A
e A AT, 5l W, Sun 5 PO BB
7, Tim-3 258 id Gal-9 Al PR NK 4 g 1) i b i
S 43 $ ) 0 g R B ) A B EE AR (B 1)
22 B5FERNEHREN

U R S0 B A, A2 48 1 P B Jo 40 i (TR B
YR ) FA T T S W P WE A, %40
R RE RN FG B R B B8 77 A0 G % i 52 1) Jik
Jif B AR AR YR I G — AN e A, B A
JE 2 B P AT UR I ROE AV AR TE R, WAL 2
Z P41 IR 7 A0 A K IR (K U R 5 BP0 Moffett
2 W) H AT AR B RS HE(E 200 i 25 PR 5 55 1 f 02
T RAMETENEPRE. PHRER, uNK
Y0 P s AR AL (1 R R R 1Y, T uNK 4 R B
B3 /N SR N AL A7 8 s e A SE IR PP, Zhang 2% BY
WF R, EBERRIBCN, 5 A R 5 40 o 4>
6 DSC, I E T 5 A MR EE 57 40 i 43 b TL-25,
H 5 uNK 4l 534 IL-25 BhlAfER, #3F—D et
DSC S5 A 5 P IR I 5 40 i () e ik, SRR )
FRIAE N HE S . Yang & PV BET R, RIEIR
DSC 5 NK 4 it 5 ¢35 IL-24, IL-24 i NK 41 i
CDI16 K&K, FEACHURLEG By 28 L2 1 IFN-y 43
WK, FEH i NK 4Ha #5244 ( 41 KIR2DL1
AT KIR3DL) L AR R B R IE, X2 uNK
M ) IR BRI L e TR B2 A0 40 A L A s A
TR A, TR A SR ik — e it 7
PN R Ryt P A S A, 5 B B AR N 0 5 S g A
Ye¥r. DL EWFFiLE SRR, 425 DSC Al uNK 4
Moz BAHEAER, w2y 2 Fhan iR 5, Mt

T B AR WA T AR
2.3 B FERERNKES

UF R BA (B B R e sh Ik 2R, B 1-E iR e /N3
KR A R v 7 s IRRH BRI, 3 2 B -
Jif ) L2 Ta) 7 e AR B TR A T i e
BRKOZ I BE 1 B2 4 MY (endothelial cell, EC)
R i) 1 A 7 408 ) 1L AP I LA (vascular smooth
muscle cell, VSMC) 4, + 5 B2 JiE 3 ik 3 28 i 2
() R B L W 77 = A T A% B S g e sh ik, iR A
T E eIk EU EC Al VSMCP . Z 10wt sk 1,
EVT HlJ& 31 5 i JE G 2 40 7 (32 %2 uNK 4Hf)
257 BB esh ik E R FE AT P B 2). Robson
SV R EOR, TR BEsh ik E S VSMCs [
eI, J5H A uNK 401 EVT B4R 4ME S
FAN, EIRURIIE], uNK 42 SE4ELE EVT
LA g sh kb ™, 1 EVT 5Bk 2 [F Rb A%,
75 uNK 40 g % E AT 32, 28 J5 uNK AT EVT
Z A EAEH, WY ESEsIkES, B4 uNK
AVEVT Z [a/AH BAEH ) BARLE]Z EFEE? Gong
2 B uNK 40 i i 5 55 4 WA 1 il 45 5 uNK 41
fodEFFRgn i dEtE . EVT iEBMIME E k. RE
7N, BVT Fik £ i) MHC 1 2% HLA-C 4y 7 FIHEZ
#f) MHC 12847 HLA-E. HLA-F 1 HLA-G ; uNK
2 i 3% 04 2 M 32 A& (40 Ly49. KIR F1 CD94/
NKG2 S5 = JAk ) MIBOE 52 44 (41 NKp30. NKp44
A NKp46)™. uNK 41l il % & () KIR %% & 5 EVT
FILH) HLA-C AHIC ; HLA-E /& uNK 32 {4 CD94/NK-
G2A (NK ] fitg 4111 1] 52 44 ) A1 CD94/NKG2C (NK 4H
JLOS SZ 44 ) LA ; HLA-G 4» 7l EVT %551
®ik, 57 E b KIR2DL4A™ NK 4 jd 2 7] 47 7E
XM, 25 NK it . MHC 1 284y
5 uNK g 2 [0 32 AR A4 ) 32 48 A0 BAE
VT NK 451, TS Gaieing 52 147, 4k,
X uNK-EVT (1 5 $t 340 e 38 5 R 55 248 i DX 1 1 2
W57 E g e sh ik E R MK 2). 2R
Z50UR R, uNK-EVT H 05 uNK ZHfigsl / AT EVT
A 53 2 A AR IA - [ 40 TFN=y. TNF-a. 9%
R F (colony stimulating factor, CSF). ff# A4 KA
“F (placenta growth factor, PLGF). #4k4 KK F B
(transforming growth factor B, TGF-B) 1 (4 4l /% 1.
A FRCR [ a1 CXC 7R (CXCL) Ail CC 2
FFECAA (CCL)] AL AR PR 7 [ G2 of 8 A B3R
A N 2 2E K [A-F (vascular endothelial growth factor,
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Fig. 2. Crosstalk between uterine NK (uNK) cells and other cells mediates remodeling of the maternal-fetal spiral artery. The trans-

forming growth factor-f1 (TGF-B1) and angiogenesis growth factor (AGF) secreted by uNK cells are involved in regulation of the

migration, dedifferentiation and apoptosis of maternal spiral artery vascular smooth muscle cells (VSMCs), and then the matrix metal-

loproteinases (MMPs) secreted by uNK cells and aggressive extravillous trophoblasts (EVTs) degrade endothelial cells in the spiral

artery wall and extracellular matrix (ECM) around these blood vessels. Once a gap is formed after degradation, through the combina-
tion of chemokines receptors and ligands (CXCL16/CXCR6, CXCL8/CCL14/CXCL6, CXCL12/CXCR4), EVTs and uNK cells are

recruited around the spiral artery, and then various cytokines secreted by uNK cells promote the regulation of the invasion/migration

function of EVTs, from the gap into the arterial surface. TNF-a, tumor necrosis factor a; INF-y, interferon y; VEGF, vascular endothelial

growth factor; HGF, hepatocyte growth factor.

VEGF) PL K 35 4 J& 25 A (matrix metalloproteinase,
MMP)]“ 5,

W&, EC Al VSMC #1221k EVT il
WL, VSMC RRGATE, X3 VSMC %4>
Pt BN T BRI RS ok ™ (1B 2), uNK 4H
Ji 53 5 1) 240 i XL - 22 5 8 Y BE AR BRI B ik VSMIC
fThie, Wz AR sEl. KEEEmES RNAMEG3
S8 — b T R A IR TR A 4 T, Lin 5 Y
W7t 7R, F uNK 40 i) - is i sl s 0N R A
K [KF B1 (transforming growth factor-B1, TGF-B1) 4k
H VSMC ] {i¢ it 3 MEG3 fl MMP2 £ A DL J 4 4k
W B hEsh ik VSMC T FL 2, FE4H VSMC
H%E ;M AE MEG3 U B TS & ., TGF-B1 %f VSMC
HEE . ST AT R O B, 527 uNK 1
12533 TGF-B1 175 MEG3 S 1) VSMC JHT- AL .
Robson % ™ ] VEGF. uNK 4iiffi. EVT 5} uNK 41
il /EVT J: 8% 9% 1Y 2% 1 1 9% 3 (conditioned medium,
CM) i g%k B 2 H IG5 1 2B IR S KRR B JE 4
ORT B WS HIBRBESN Ik, A AL X Py b LB AR A
uNK 41 Jffi CM 75 5 VSMC % 24 I i JK 40 i &1 522
(extracellular matrix, ECM), i H. uNK 4 il 53 W4 19

4 R 7838 VSMC H A5 38 PE I 5] )k ECM # %
B ARATT SR T A [7) 40 A 28 280 if A A= Bl R 5 %o
VSMC f520, % Bl uNK 4 f 73 3 i) VEGF 4 &
T E SNk VSMC 234k B,

e B8 e 30 bk ik #E v, Bh ik EE P EC AN

& B ECM B A B f# . uNK 41 i 43 1 i) MMP
?Fu uNK 4 ffg 5l 8 EVT 43 W (1) MMP #¢ f§ EC Al
VSMC 74 [f) ECM & 43 B it (18 2), — B
ST E K E ECM JZ 4% % i A W T B IR B, 152
Ve EVT R TR] Btk A\ 2 ik i ( B 2). =281k
EVT iT# 2+ B 8 iesh ik i 2 BB i AR B T
AT /AR NBUBEIL T Y RE J, W FE2REH uNK 20
2535 BEVT 228, 205t R Y EVT £
U 4% L 93 i 4k T CXCL16/CXCR6. CXCLS/
CCL14/CXCL6. CXCL12/CXCR4 A H 1F Fi ¥ uNK
Y0 M S5 A B 7 R PO, X sk 2y B )i S
uNK 4 i 1 EVT 358 A7 T+ 5 g g sh ik i [, I
et —FFHEAER, uNK 4055 W 1) & Fh 40 o R 1
AR HE uNK 41 g 6 EVT Ih #8835 . Renaud
e O 7E JL-1577 KRR B A Blois 45 Y AE IL-107"
/NSRS I (9 F 7S $4000E B NK i i 5 = 7] 5] e i 4
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FRLERIA AL« Renaud 25 ) B 58 5%, NK 400
] EVT B4R 28 39838 EVT & [ 1Y 1 5 W8 he 5 ik
I ; ifij Blois %5 A 4 2 W uNK 4Hff &2 IL-10 1)
SCHESRIE, IL-107 /N AT YR AT LA IL-107
NBRTT A S TL-107 /I8 BRI NK 41 B ik 4k 5% 5% ok fig
e, b, ik IL-10 ) NK 4 i 7] 52 5 0 i 4R
/N BRI A B R AR B 7R NK 4 43
WK IL-10 J2 if 6 F ¥ ) 58 . De Oliveira 25 P fff
Fii~, uNK 4iff it EVT 228101 64
FH IL-8 /5, 1M IL-8 Ff R T A4 ] 35 43 ok 55 3X Fh i
uNK 40 #4012 28 . Liu 25 it 8oR, TRl
W IR A ULBPL (—Fh uNK 40 b 5 28 5% 4%
41 NKG2D 2R R R ) 05 i, AT )3 uNK
43i% TNF-o.. INF-y. TGF-8. IL-6 F11L-8, ¥t ULBPI
YR RE 7= IE AT N8B w7 Z 41 R (HTR-8/
SVneo) (1258 . SAATHIBEFAH—5L, Verma %
WA R, I gR I 18] 7 5 NK 20 j 2 94 1) INF-y
FI B 1 Hb 4% HTR-8/SVneo [11582%, 7524 EVT
222 (1 R 5 7). Ma 25 @14 A uNK 40, i
ik EC #1 EVT =# 538, &I uNK #[{£i# EVT
R FAME T A%, 33— 20 BPi A BH 7 5256 38 B uNK
Y1 it 38 oL 77 A TL-8 AT 40 g 4= K X7 (hepatocyte
growth factor, HGF) {i£i#f EVT 1228, Jfi#it VEGF-C
FHGF 5% EVT [ N 2R 80k DL ERFIT 4
F 0, uNK 40 43 96 1 M B 6 M DR Y BVT 12
2, 25 EVT B2RMIME 4K, M a4
. UE4h, Lash £ “ %t Eor, uNK Xt EVT {2
ANKPASTEF GRS AH G, R 8 %2 10 JH 1) uNK 4
P B3 VRO G A R B AMELR 1 BVT 42 28 T H,
MAEYR 12 2 14 J& () uNK 20 i _F 75 WRE L BEVT
(CE 3

uNK 4 A3 LA 3 ik 1 5 BEAR S 1 0 S SR
Sk 8] 2 75 EVT 12 A Bt J1. Wallace 2 7 7F 3%,
10% 1 21% = ASAS RSB T 85 98 AR A
A3 B uNK i, 25 528 uNK 40 i 2 2R 43 ik
732 8 AR E R, HAEARKREZERA 2GR
uNK 4 s CM X} EVT iz 3l % 8i& 0t 1 7E FH 2 =
M 72 753 EVT {2 28 1t S8 f L& FE 40k. 7E 10%
AR IE T RE IR0 uNK 408 CM 2361 EVT FE4H
ffl % SGHPL-4 4 fu¥1{Z 22 e JJ R N e i«
WZEIRE /] XSS SR, 5 IR A R AR AL,
RS FEART EVT {2 N\ Chakraborty £ ' jf
FilioN, NK ey 53 VEGF £k &3 T

RELET EWRTRANNK R B, AR 3 N4 10 77 4
JfL T 2 0 2 A0 EE R E R B APESR AL, $R7R NK 4
0 36 ek P A A 5 R SR 1) 77 2 B & 44k
KA P KI5 FIME W EVT 2 288 1 5 12 E 30 ik
HI,

AL, uNK 4 - A 5 9% 20 A 1 28 B A 3
[F] S S L 2 (& 2), Meyer %5 ' BT R,
uNKs F1-7 5 Al K 48 ff. (uterine mast cells, uMCs)
Gz /N R T E RS Ik E I B2, RILKE
RSg, mHrh—Maifsh = Ko SREUECNM, 1
7 uNKs Fll uMCs 7E BEA - 512 g 2 ik = 28 b 11
FAAH H 4. Spaans 25 " W 5T HoR, ATP %S 1
I T B K B A BEORE 1Y) TRAPT EL WG 40 i 3 m, 5 H
HuNK e & — 8, Z2RRBEPRZE=/AF
RN 15 2 R T 5 W e B0 ik EE kD ; Co %5 1Y
BTN, B R B R @ TGF-B A 1)
B H0 ] uNK 48 pf 545 EVT, &~ NK 4S5 E
MR f P2 5 s I AR .
2.4 {RikBa)LEK

T uNK IIAIAG ) LA REMBR, €115
KRB IL-1077 AN R A 0 A 3 3 YR
A F- (interleukin 3 regulated transcription factor, NFIL3)
R (NFIL3™) /N B L 9 3% W1 uNK 4H i 5
T EIBESKEEA L. BikEZmmle ) LAEK
ZRRAHOG, $E~ uNK g0 T2 it JLAEKR KB -
I A 2 W R T uNK gl e 3t i ) LAE KK
BUREMIALE]. Fu s PR RO, EANFFNR
FRAEALE —Fh 3 74y CD49a Eomes™ uNK 41 it IV 7,
i I AR AR KA HE R (growth-promoting factor, GPF)
et fa AR E 3 Zhou 25 " B 5L R, CD49a’-PBX
homebox 1 (PBX1)" uNK 4 ffil V. #f il i | i PBX1
(2R R AN 2 v B LR B R e sk, 4R 4 ih
GPF, {e#tfa)LINKE, #— Bk | iXF{Edtia
JLAEK K E T IIREM uNK 40 H A7 7E
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