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Research advances in the function of T cells at the maternal-fetal interface
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Abstract: Immune tolerance at maternal-fetal interface is the basis for establishment and maintenance of successful pregnancy. T cells
are pivotal compositions of uterine decidual immune cells, which are required to mediate anti-infection immunity and protect embryos
from external antigens attack. T cells also participate in the complex immune regulation process of maternal acceptance of semi-allo-
geneic embryos, and play an important role in regulating embryo implantation and maintaining pregnancy. Its dysfunction may lead to
early pregnancy failures or mid-late pregnancy complications. This review summarizes the compositions, phenotypic characteristics
and functions of decidual T cells at the maternal-fetal interface in recent years, and further describes the regulation of decidual CD4"
and CD8" T cells in maternal-fetal immune tolerance as well as the molecular mechanisms of abnormal regulation leading to early
pregnancy failures. Through the in-depth understanding the mechanism of maternal-fetal immune regulation, it supplies a novel concept

on maternal-fetal immune tolerance and new clues for the immunotherapy of pregnancy-related diseases.
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R B YRR SR e ki 2 U Fse ks,
5 )L BHAH S A Bk, T2 A B -
fa S AT, KR E RE, i e g
T 4125 77 41 Y. (extravillous trophoblasts, EVTs) B %
b5 B A g 4 9% 240 B N R K 5T 40 B (decidual
stromal cells, DSCs) #1 H.AF H ; 3 — & 4k gk #2
Na A 1A 77 2 40 R B v it N BHATEIR, 45 BRA
RIZRGSME T EE MBI EDUR, #miES
IRREPURE R M T =4 B B TR S
FEC IR T 48 i B 28 I AN (7] T A8 40 3 s 1) e 2
2, M L—Fh R AR R 52 B i N . BRI
YR ORI R B g% R G0 R A2 2] 1, BEAKT AR
JLHR AL e OR AP (1) [ ) 1, L 28 HRPT A S 4 B B8 i
PGL e F B0 AR S B IS T 41 B ) 41
5¥E, T 2000 AE B - i Gy b 38 5 7R FH &
Hor w AR SR SRR IR ) 43 T L AT 2514 .

1 B-RRABETHARRMNA RS RIHE

- EARAEPIRD T 400, 4> B T 4
M52 44 (T cell receptor, TCR) af 1 v8, —fANT
& TCRop T 40 M 7 I g o 2 R on) v i 7 oA
H, B IIRE R. IEW IR, Wi ap T
S D 5 50 S b 2 4 L P 10%~20% ), AR % T4 JE I,
Wi i AR ) CD4 A CDS™ T 41 it B 451t B0 420 B, bA
CDS8" T 4l A ¥ (45%~75%) ", BEHE I IRINHE,
- BRI T AHARIERETIE 2, RIEIRM, T 40
JSC A A0 5 bk T 4 B A4, 24 o gt IR IR L 4 M )
60% Y, - 5 FL1E T 400 L CD45RO" 2B T 4
MRy, R CD8™ T 20 i35 B i B 434k 1)
RN 2% B (effector-memory, EM)(CD45RO'CD28)),
W DBONWIEE T 400 Y, thAh, Wi CDS' T i
AN IETE 8 14 s, [RIB I Rk 2 Fig 4k 4 1o
CD69. HLA-DR. CD38. CD25. CDI122 % P, |
WL 4> 7 PD-1. Tim-3. CTLA-4 fJ ik, X
BESE A 23 A6 AN B R R 2 K1 AL (unexplained
recurrent spontaneous abortion, URSA) 23 K H SRk
PRI R L CD4" T 41/l 5 CD8™ T 4ifiig b &
R AR B b R T R S A A LA
SERN T MR A B AN AR EERFER, T
YL fE 2 AR 324k 3 (CXCR3) RIS,
BRI 17% i CD4' T 4l i 715 CXCR3 ¥,
7E /N BB A 1, DSCs H CXCR3 [ it f& CXCL9.
CXCL10 H1 CXCL11 £ 32 gL 7K P-4 176 15 14 ot
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B, DRI R T VBRSPS R T 4 M TE B - iR
MM ESE, ERIAESEE T 40 EIE NEERE - ib
FEmEERE B,

CD4" T 4 f WA ELFE i Bh T 40 (help T cells,
Th) A1 15 1 T 40 f9 (regulatory T cells, Treg), I
i Th 40 il X 7] 43y Thl, Th2 A1 Th17 ", A
T 43 WA AN [ A T B TR TR T LA S, ERE - R
TP 2 REE S EHARNER . AR5
i3 JEE J=) 345 5 71 8 Thl, Th2. Th17 % Treg 2 F ¢
SEATSCE, A Thl, Thl7 b, mis2fE Th.
Treg L] T B¢ 55 Zhfg ik i U B 70 % B3 Thl 40
L AT gR W CD4" T 40 B8 (1 5%~30%, 1 Th2
A1 Th17 40 M0 53 I 5 25 5% F12) 2% 717, Treg
AP AT o B AR R T T 41 B (natural regulatory T
cells, nTreg) Al SR 14 T 40 (induced regulatory
T cells, iTreg), IE# WEURE - i FL 1 Treg 40 f 5. 2%
T T AN IR AR R i R U, R
W« WA Treg 41 A A2 M A1 J I A s i 4k R 7
CCL19, CXCL12 kA&t + 3244k CCR5. CCR7
A CXCR4 ffE FIE P LA 26 - i i 20 7p
A WL 7R W S Treg 2 Mo /& H1 H H CD4'CD45RA™
WItE T 4534k sk B9, Tilburgs &5 it 26 8 1 Ty
REM TR I CD4” Treg 4H st —25 %143~ CD25"-
FOXP3".PD-1"IL-10" #1 TIGIT'FOXP3"™ =fh A,
EATE B AR T gip s B RE S B

2 B-fa A ETHEATEE
2.1 Th1/Th24Rpa

Th1/Th2 40 g /> 3 00 G 2 V-7 2 4E 5 B - IR 4
RET 52 1 EEHLH 2 —. Thl 40 AEEE e R IA R
KR T T-bet 515 5 ¥ 5 A% S 0% R 1 4 (signal
transducer and activator of transcription 4, STAT4),
I W 14 i Ay 2 2 (interleukin 2, IL-2). y- T30 &
(interferon-y, IFN-y). HJEEIAFEA T o (tumor necrosis
factor o, TNF-a)) A1 B (TNF-B) 254 %8 £ 40 ffo K] -1,
A A0 1 PN 9 JER AR B BT 4 i . Th2 4 i A % s Al
T GATA-3 A1 STAT6, 43 h IL-4. 1L-5. IL-6, IL-10
F#EAk A= KR B (transforming growth factor-B, TGF-B)
ST, B B 4B A ik, a4 R
RO R BRI G . AR IEHAEIRTE OL T, Thl/Th2
g 1) Th2 2 /N R YR B B - i 5L T 2 0 gt
T (¥ Th2 B Gu e 3h, — BLIXPh Th2 B G 1 #4%
0, HARFAHREREZER I ® . ARIRER
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TNF-o. fl IFN-y 2% Th1 Y40 fifg K] 7 %6 48 4 7= 2 R A
o, EMBMERERYESS 8 S EE
T P9, 3 B ek 0 Th Y40 it [R5 4 189 gt st =5
B9 RN, ) G 7R 2 Al AR R R T
TEA E AR A4 (natural killer cells, NK), 15
JEE R AR g T, AT HPHIR G, FERZ I IR
faA K P, Th2 BAGHA IR 7 BEGE I 2888, /b4l
U, R EA A KRR ZE, WinTE
wEE P,

Thl B 5 Th2 RIGH M PE 1 7E 1 & Ja) &6 45 € A
AT R [RIA R 1 W R S 2 B R X 4, TR
MURFIR Th2 BURFS, 4EFeRE - R emt 2 RE. H
rh 5L I i 77 2 R AE B - i S I Th2 B AL 3T
B R A B AR, AT M 4 i i R 2R R vk
20 M A5 A Z (thymic stromal lymphopoietin, TSLP),
S CD1a" #28R4H I (dendritic cells, DCs) =
A /KT IL-10 A1 Th2 74 441 i # 4k K] 7 (CCL17),
SEEEFNE PR Th2 B H o4k, FEt—B40
HIAE 2 40 B X1 TNF-o0 (1) 33 P90, 546, wF 5
5 on BE - G BT AL Th 59 40 i ) #4107 (i
CXCL9, CXCL10, CXCL11 f1 CCL5) 7 & M it 1%
KP EAE B HOYCBR, AT S0 Thl AU T 48 fE
WA L B A 2 R S TR R AR G g Y
Stk RS R TR, R R 2 Fh
L4047 7 Tim-3. PD-1 8 CTLA-4 ) fii JliE CD4"
T 40 B A S m R Ig e /), JF A mK-F Th2 Y
PR T, AR TEE - a2 ™ kA E ik
M BEWT L IHE 5 )5, CD4' T 40pThae =aL, i
Thl AR 7B B3 2, B - IR S 52 RS9
FIH, /N AG 2 R3GI0 ImIR TR M2 2 3 2R3~
SR W) AR IA AN 7 1) CDAT T 41 A EL
BN, HpA AR g R T RE ) 3 A B
Wi CD4™ T 4 = Bl i 59477 40 i I HLA-C 4y
- DAY i B e £ 7 sk B 4 U DSCs
REIf I 7k CCL2 1Y it JIE5 sk B 41 B % 5% GATA-3,
PR TL-4 F1 TL-10 45 Th2 BYZR R 7 172 A4, R
/D T-bet (S, F] Thl BLEm AR 143 17,
SEPRE, EREGEHC R IE L 7 CD80/CDS6,
s N+ T 38 & 8 95 B F 5 (interferon regulatory
factor 5, IRF-5) Z& 414 Thl i& 4k, 8 HL Gz 307
PER P2, v T 4l th 2 568 - fis St JA 5B 4e 4 / i
RV, DA EIR, WORE 8 T 4 i 5 K ik TGF-B
IL-10 55 G e #0 ) A B R -, 95 BF - iR S Ab

13

T Th2 B4R, [FIESHERR v T 4R IE ) IL-10 B8
148 58 0% 5% 41 P 184 RN AR 2%, o) E  BY
Thl ) Th2 %4 40 fifg X 7 () %% A2 7] 52 4 2% 0 45 2
H —— 35 R B 75 5 1) G % BH W7 R T (progesterone
induced blocking factor, PIBF) Fl 2= F|, ## /&t 45 & -1
(galectin-1) $%5#1] P>, PIBF = v5 T 4HJfuF1 CD8”
T 253, 5 CD4™ T 4iff bz iRss &5, B
i JAK/STAT i&4%, ¥5-5 Th2 R4 A 177 4 B9,
2.2 Th17/TregZHff

W& & B S0 N, Th1/Th2 P45 A & DL AR R 4T
YR B it 5%, Th17/Treg #& [ Th1/Th2 #hAH X Al 37
[ 58 — 2040 IR 7 X 4% . Th17 A iTreg 5 B 9] 46
CDA4" T #tiffl DL TGF-B ¥ B AR i 14 11 77 oA oK
R E TGF-B SR 3414k CD4™ T 41 il 5 1k N iTreg,
U FE U 1) Th17 4346 B, Th17 40 B A o] 581,
TE— 52 % FRERE AL Thl 5% Treg 41 B>,

Treg 4 M () A7 (E 5 538 2 BE - Jig S it 52 1) 2
BLHLH, nTreg 4 i 38 i 40 Jig [ (1) B B2 £ fi 410 1
CD4" F1 CD8" T 4 G AL 385 5 iTreg 20l 53 ik
2 H IR 7 IL-10 1 TGF-B R AE Sz i1 fE A %41,
GEGRIA TR, B - G SR Treg 41 i 50 2 3 i,
Treg 4 M 25 E A /& B D) REFRAG 2 5| 6 A JA R G 1) 4t
[FHRFE 2 —, Treg 40 RIIE = n] SN RIE G A
RGP SR NIRRT, RN R TS
P Treg 4i il 50 &= B & 15 WA/ R 2 . Treg 41l i
DAIE E P e S PR 0 07 S5 5 B - Bz 52, B
IEUEUR I 75 IEH AR g/ BRAR A A, AR Bt 5
sV Treg M2 7677 JG FFEEAFAE, JFAE IR R
IR Y G, AT Treg 40 I3 Br £/ B, XA
R S T (48 5 PR T 2 BRI R AR R ) R -
& BT A7 = Ff Treg WAL . CD25"FOXP3", PD-1"-
IL-10" A1 TIGIT'FOXP3", &% K [A] % AL f#) Treg
AN REAN ] CD4” 208 T U395, {2 PD-1"-
IL-10" Treg #1 TIGIT FOXP3“"Treg A G B4 fik CDS"
RN T 40 B () 1 5, 1Y CD25"FOXP3 Treg 4H ffl &
FIH] CD8" &4 M. T 40 BRI GE 5 B T #2408 T 48
Jf 38 58 4, CD25™ FI PD-1" Treg 4H Jifd 1 it 8 42 2%
N2 T 240 i 20 i TR 10 7= A 00 (B o7 2 U e I
CD4'CD25  FOXP3' Treg A LIk E R R % N H
KA )[R e S5 A4k EL 4T S B, AH e, CD4'CD25-
FOXP3" Treg 4ii il 7] fit 2 BH 15 iy 45 41 23 p o 25 1) 3
B B3040 AR AL AT AT R R, B2 EVTs
i TSLP Il S Wi DCs 433 TGF-B1, it CD4'-
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CD25" T 4l ] CD4"CD25"FOXP3 " Treg 41 /34,
TR EE - B LT Treg 4NfRd k% /=5 P4 *Y, URSA &
H B - G L1 TSLP [f3R3AF0 Treg 40 i £ 3 10 3%
Wb BYS AN, EVT fE AR T H A0 T HLA-G
ff1%i%, HLA-G" EVT # — itk 7 CD4'CD25"-
FOXP3'CD45RA" #: /& Treg 40 it ) 184 by, g Ji&t |5
Wk 4t i B4 3 FOXP3 338 ™, PEoE4m
7 e A Treg 4 M ml Je /E ) T4 a7 4t i, 1A
HLA-G )Rk IRk AR 2888 71, 5346, 4 Treg
Y I 140 77 40 B A B i b A 1) NKC 20 P R A5
WEME, FEE S AR Th2 BUAH MR P, AhE I
Tim-3" NK 47> W TGF-B1 MIfifieidk iTreg 4H i
g U SRBREANIEIRAN . NK 1A, A%
R ELIE 20 B R 43 A Ra| W -2,3- XN 4 (indoleamine
2,3-dioxygenase, IDO), IDO Refit it R IR Z R 15 s »
B BE0S 75 F 524K (aryl hydrocarbon receptor, AhR),
75 FOXP3" Treg 41 () 534k 7+,

Th17 4 Rk bR 752 44 CCR6 FI¥% 3 [F ¥
RORyt, HESUE40A IL-17, NN T R0
B B B R O I R B R, HIREZ
FOXP3" Treg 4l ffa fR il V>, Th17 4ifilw ol 76 & - fif
o g LB R R IERAE A, AEERIE IL-17 5
Treg 41 i i [ 2 BE AR ANM AR %, [ B 0 )32 5%
AR TS U0, L2 DSCs 599 57 40 i 3t [ 4 15
T B RE Th17 a7, 577 40 L %2 HTR8/SVneo
REfEE Th17 4f R A48, FIHFETREMRIR
%, {H I R 5w 4 i 4 46 Y, DSCs i i CCR2-
CCL2 3 #MJE Th17 (a1 BF - fa LI 5546, AR
Fr 4 E 1 W T 47 R I DSCs B 7 1)
ik O, Wi CD56™ " CD27" NK 41 75 BEG FLif
M IFN-y i PE iR 42 3 #) Th17 fis e @, ek
AFFS OERE BN, NK 40 A 78 4 /T w40 e, B4
K E S %% T AMAHEAL (45 Th17 4 )™,

IEHAEGRF I, B - B FEHE DL Treg 40 505,
CD4'CD25" Treg 4 i m] LA i ik 4 i 55 4H g 2 5] 1) BL
P2 2 fol 40 1) Th17 3 B2 3% 4k 5 sk 2D TL-17 1% 55k,
Treg 40 M % B AIKEL Th17 fh %2> 51 42 i BE 40 I
LRGN T ARG A 0 2R 4%, AT 51 S 2R
FERLF IR AT BN, /N BRI A R Hh gt i Th17 41
FOATIL-17 ¥ BT E, FESRCHTIE 4k Treg 4 il Bl
TESHTIL-17 Fiodk, wTRH RGP kA U, MR
FIEH W 4R, URSA &35 Th17 400 7 73 bb 5 25 1
CTLA-4'Tim-3"CD4" T 4l ffd 7= 4= ) IL-17 8 {5 35 Y

L E Acta Physiologica Sinica, February 25, 2020, 72(1): 11-19

U TR SR, fEARSM S HTR8/SVneo 2457
FiF, Th17 1 Treg 40 i fie N 1477 41 i Caspase-3
A MMP-9 7y 131k, i Ki67 ()3ik, #&~ Thl7
HN Treg 4H i BE b [7] 2 32 % 7% 40 () A= 4, {H F8
UEFRANML AR 28 7, 1K W] REAE TR Uk 41k 0 420 77 41
Jf ik i 42 28 b & AR R Y, Th17 A IL-17 78 6F -
Jig G R ) DhRE TS SR ANTE 2, Th17/Treg 2 i #£
U Y 2 R N 20 060 B AL R i R R a2
e,
2.3 CDS TZap

Wi CD8™ T AL IR IA RN iR R 1222
YERENT IR LI G g2 it 52 DA R Pk e S e 55 5 T ¥ K
HEEER "M, W RPN T E A CDS T
YA ThBE 540 A i CD8™ T 4 kH AL, EA TR K
2N BRI, 38 R A M B R 2 R A s TR
Thhe. FEUFORAA, WiFE CD8™ T 4H ¢ i 9 85 i 1tk
(T REFERS, =ik IFN-y, {31k % 7L 2 Ak
filg B 4%, BRI CDS™ T 4H i 2 5 ALK 40 it 75
PE, (HH LR B mRNA Rik/KF 537+
=, BB CD8™ T 4t i 1) 35 73 Th e 52 2% 5% Ja /K P
Pz B BB CDS” T 41t AT 34T CD4' T 4l
SRR, 0 IL-4 &, 251877 Th1/Th2 4ij
P >4 g dn i g L HLA-C/G i 7
e HE I CDS™ T 41 I CTLA-4 F1 Tim-3 4T
Fik, HLFiL Tim-3. CTLA-4 5§ PD-1 i CDS”
T 40 A g5 1, fe 7 oK & IL-4 AT IL-10 55
Th2 BYGH IR 7, X 4EFFBE - R 52 K AR AR 1R
F Ll B R B, R T CD4'CD25 Treg
Y4, BERG S HGEAFTE— B CD8' Treg 41, A
i A B g B AR BT

EVT 4l 76 20 B2 N5, Wi CDS8™ T 41
fnT LLE B2 EVT 41K I IR RR AT AR pi it B,
B - 5 5L £ B AR = KPR IR R 7
CD8' T 4=, it LR EHL AT S
A (major histocompatibility complex, MHC), (K% 4
UM PEPTR (minor histocompatibility antigen, mHag)
G R B GRS R . EVT E3Rikf HLA-C
NTHBEZEMN, EFES CDS T MK E UK
SR EER K. R T,
F gl HLA-C 5 I B AT 5] &2 45 57 4 CD8' T 40 il
W PSS  AHA H, CDS8” T 4 ot 7] B 314 ) EVT
ERIBLFR HLA-C (Bl 1), WFFRY, BHARNG
JLI) HLA-C [ 22 5 2 T 40 M i 5 AL AR P Bt
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Fig. 1. Models of antigen-specific immune-recognition of fetal extravillous trophoblast (EVT) cells by maternal CD8" T cells. A4:
CD8" T cells can directly bind and respond to paternal HLA-C molecules expressed by EVT cells. B: Pre-existing virus-specific CD8"
T cells may cross-react against foreign major histocompatibility complex (MHC) molecules such as paternal HLA-C. C: CD8" T cells
may recognize fetal minor histocompatibility antigens (mHag, e.g. HY antigens) presented on maternal HLA-C molecules expressed

on fetal EVT cells. D: HLA-C molecules expressed are able to present viral peptides to virus-specific CD8" T cells at maternal-fetal

interface.

TS EA KRR E R B N BRI RE AT A
BERRL 1 ML 23 & iR L mHag Bt 56 = 0 T 24
Ji O, [EIRE, ATLE 30%~50% 4 5 Lok A R 1
ORI B Y GRS T 4, Hh K2R
CCR7 CD45RA”™ Z M 4lfitu Al CCR7 CD45RA CD28'CD27"
BRI Z CD8™ T 4, X 84y 5Pk T 20 M R 76 B
AL MAFAE 24, BARKIMM e 7, &
A FEBE P AR A RN ARG R T e ARt R A
gl thae 7 2 HY R 5P CD8™ AU T 4H g, {2
S AR I T AR 1EF P OVA ik Bt s = 1
TCR #E PR /N BT 2 37, mHag 5 5k [F) b S 44
N, UESE T A2 % mHag £ IR RE G55 5 CD4™ T
Yffu A CD8" T 4iiffi, 5 AR CD8" T 4Hfg ] LAr=
AEEX HY $05 B0 v T 4 st 31— (& 1).

TEJ I8 AH ST 5 R R B R IR T A AR R 4T
(tumor infiltrating lymphocytes, TILs) H f7 7£ — 2 5%
M CD8" T 4, HFZ RN 2
FhRAr, RIH EB W EE. A B0 0% 75 A3 B

TR L AR ENIEBR R A T — R
W CD8 T 4H M, BFA&SZ 2 28 B4 1 2% 4L 5
7S AR Sk CD8 T 4B AT U 55 4 g ) i
FE/IN BB RS rhr, gk T2 200 i ik 285 A Jii S 8 975 2 (Lym-
phocytic choriomeningitis virus, LCMV) J& L% i )5,
RerEfR B P RF R H 2 0, JF BB - BR S HNR
T2 KB R S 2 E CDS™ T 41/, {H LCMV 4%
St CDS' T 4 vk dm e e B, X s s N e
INERBE - G ST R B 55 W CD8™ T 4 i £ 2k
HLA-A A1 HLA-B [R#|%E, 1 EVT $t = HLA-A il
HLA-B 581k . HARH TR0 7R B 55 M # CD8”
T AR UER = A o, AH 2 T 58 X BE Y
FRATHERI 2 2R, A ReHERR B - i St A7
TEHE S PE T 48 A HLA-C & A2 58 YO 8 1 7T R
T A W7t BLEE - Ji6 S 1H 0 55 45 7 £ 1 HLA-A
A1 HLA-B [ CD8" T 4 fu v ZEME R A R 5
HLA-C KA W s thah, R4 HLA-C
PR CDS™ T 4i /1 5 EVT | HLA-C K458 X
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Fig. 2. Model for crosstalk between embryo trophoblasts and decidual immune cells inducing differentiation of T cell phenotypes
at the maternal-fetal interface in human first-trimester pregnancy. Human trophoblasts secret thymic stromal lymphopoietin (TSLP)
to specifically stimulated dendritic cells (DCs) to highly produce interleukin-10 (IL-10) and Th2-attracting chemokine CCL-17 and
induce generation of decidual CD4'CD25'FOXP3" Tregs and Th2 differentiation. Tregs in turn increase invasiveness and HLA-G
expression in trophoblasts. Trophoblasts also contribute to augmented expression of PD-1, Tim-3 or CTLA-4 on CD4" T and CD8" T
cells in an HLA-C dependent way, which presents an effector/memory phenotype with high proliferative ability and predominant
production of Th2-type cytokines, contributing to maintenance of normal pregnancy. TSLPR: TSLP receptor; Tro: trophoblast.
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