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Abstract

with the endometrium, closely mediate the maternal-fetus dialogue, regulate embryo implantation and gradually

During the establishment of human pregnancy, embryonic trophoblast cells are in direct contact

form the placenta, which is responsible for maintaining material exchange and nutrient supply throughout pregnan-
cy. A subset of trophoblast cells invade and migrate into the maternal decidual tissue, remodeling the uterine spiral
arteries, which is essential for placental formation and blood supply. Abnormalities in biological characteristics
such as trophoblast invasion, migration, proliferation, apoptosis, and acquisition of endothelial-like phenotype are
important causative factors in various placenta-derived pregnancy disorders, including embryo implantation fail-
ure, miscarriage, gestational trophoblastic diseases, PE (preeclampsia), and FGR (fetal growth restriction). Activin
A, a secreted protein belonging to the TGF-B superfamily, is abundantly present in the maternal circulation and at
the maternal-fetal interface during pregnancy, which plays key roles in regulating the biological characteristics of
trophoblasts and the establishment and maintenance of pregnancy. This paper reviews the molecular mechanisms

through which activin A regulates the biological characteristics of human trophoblasts and its dysregulation in pla-

centa-derived pregnancy disorders.
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Fig.1 Compositional structures of activin and inhibin family members
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Fig.2 Signaling pathways and regulatory mechanisms of activin A

R4 B 15 5 1 B mT LAY R 53 H1 SMADA F: 12
JR L ] s L S PRI S, DT 181 400 B A 2 e
WOE = A S HLE S 4, HES
S I IR TR T IR o0 A T 0 M A T 5 . 0 B B RN 41
JfL P P22 H T TR 2 12 OV 2R (follistatin,
FST) A1 2% (inhibin), — 35 #4275 4H i J A0 177
PEFR o i o2 TR AR IS 25 AR AU o 7] 2324, B
BT AR PREE R ARG AR,
BHIEBOE R AS 1. NRZREE G P, fiflZ= 1 ol
FEAH 8 7E T TGF-BAZ 7 (1] 3 3 52 {4 betaglycan)
b, HBWHE L ActRIL A, 5HIEER AT F AR N0L
Mo FUNIIHIR 5 ActRIIFZE & A HZE 2R, A
S DA R RIS 5, DRI 3 R WS R I 3R
GrPERE PR RO BT AR BRI, S R Chl
I 456 AcRITF ACtRIFEHLHIE 2 A2, A
BOSER CHISE A2 FEACRIBERR L, AEEJA S
SRLET, BAMBLE —MESEE F, BT 5EIE R
TR0 TUZ8Y 52 A 1) i T A S P S ISR P 1 s 211
SE G, CRIPTON TR I, &3 f A K7
[Cripto-1/FRL-1/Cryptic(EGF-CFC) 5 i i) 3 5244 | il
Tt BRI 2/ AtRITE & W48 S5 184 2 A (1) B8 70 41
BOS RA RIS SEE, BSRARE SRt AT
PLRATELIE N - 5 1 SMAD R A4 ] figii i 3
I I SMAD 77K 1753 A1 s L, 5 ActRUE %

B EWBH 1 SMAD2/3 % i Ak, AT FH B 8 AR i
TEEEE-Y, SMADYZ RIEHRESMURFH] LU#SMAD7
SRR A2 AR B T O R IR, BN
SMAD2 5 HUAPIAEAT = 180 S 1 15 v R 4 B A
H(E2).

2 HERAEEBRFEPRHRIE. EL
R IREN FEFPRESTH

R4, BOE R ALE T E NI L 3 H
22 J ST R SAVE A I B A . AE S B P
(1) INHBAZK-FAEHAIS; e H &I HARBr B, 1%
R IINHBAZK Py HARKFIEE, IAINHBAZK
VUVEE 53 WA ST G AN, T A WG S8 380 e KA 1)
35 N AR o A v KT RIS 3 ASR B0 3R
ATE T P EIR 125 52 1 DA GUSE VR A AL 1 A2 1)
— RN K EZA/EH P, FLORIO
& PIEhCGH WS T8 A N T (intrauterine
insemination, TUT) & 2 1) 5 I ELE M, R DI I 4t i
1 2 s E R R S R AR B3 v TR I
%2 (0.800 vs 0. 022 ng/mL, P<0.000 1). FOFHZAR
AN BB 52 TULR YT 5 R IG 2 75 B A6 IR
A BT TR BE A4,

SRR, BRSO 3R AR EZRIE DY, 3
TG B AT KT U R 30 [RS8 1, BEA 41 & i )



HMEE SR WO RAWIE SRR A A ARV 0 20 3 DU S 5 IR SR SR AR 2% AR W et e 749

Uterine lumen

Mucus

% I ]

P 1 Q- \\ —— iEVT

) Y
4 AN
> ~
N W
Maternal arteriole < Sy
Q) AN O S
R ~—— eEVT A
Decidua R RLN s

................................................. - ---\<i‘---------------------------\---------------

. X &
Myometrium ”\\-“’FMatemal blood

\9

—Cell columpy @ (S
QYO N@eN [\ ..5:/,'\*\,\ N D & &
| Migration and invasion via

| interstitial and endovascular routes |

a A D ——— = — =
Acquisiton of endothelial-like phenotype
= - Y —
o —Endovascular EVT

I _ (—Interstitial EVT
Endothelial cell ¥~
Maternal blood R
@& Natural killer call

g ,— Macrophage 2 Gland

Spiral artery : ~ Decidua

@— Giantg;\}l

Y%

Myometrium

7

Uterine lumen: & JI¥; mucus: %4if; endometrial epithelial cell: P4 L 57 4 fiY; cytotrophoblast: 4H i i%; 7740 ig; syncytiotrophoblast: #5434 77 4H iy ;
ectoderm: 7= 7ML 2 lacunae: % [A]F; interstitial extravillous trophoblast: [A]Jii 488 7% 7= 41 fid; endovascular extravillous trophoblast: Ifil 5 P4 45,
FEAHME TN maternal arteriole: FEA/NB)fK; maternal blood: FHA I ; endothelial cell: P % 4 AE; decidua: Wif%; myometrium: J1JZ; fetal capil-
lary: it JLB4011L7%F; chorionic villi: ZXEMR48E; cell column: 4l f#E; migration and invasion via interstitial and endovascular routes: £t [A]jiig& 15 Al
1A IR ARIE # A2 28; acquisition of endothelial-like phenotype: P 7714 3545 ; natural killer cell: 442 1541M; macrophage: ELWEAHE; gland:

A4 spiral artery: #BREshfik; giant cell: EL4NAR.

E3 (HRFHASRFAAELT EORSERMAEMm T

Fig.3 Morphologic structure and cellular classification of the chorionic trophoblast

at the maternal-fetal interface in early pregnancy
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Table 1 Expression of activin A, receptors and SMAD molecules at the maternal-fetal interface in early pregnancy

Hoh FA/ZARISMAD S T 9/ 2H 2E Rk K 77 i EEPEN
Activin A/receptors/SMAD molecules Cell/tissue localization Expression Detection method References
Activin A STB Protein IHC [41]
CTB Protein IHC [41]
Protein Two-site ELISA [42]
EVT mRNA RT-qPCR [43]
Decidua Protein IHC [44]
Protein Two-site ELISA [45]
Type I receptors
ACVRIB (ALK4) EVT mRNA RT-gPCR [46]
Type II receptors
ACVR2A (ActRIIA) EVT mRNA RT-gPCR [43]
ACVR2B (ActRIIB) EVT mRNA RT-qPCR [43]
SMAD molecules
SMAD2 STB Protein IHC [47-48]
IF [49]
CTB Protein IHC [47-48]
IF [49-50]
WB [50]
mRNA RT-gPCR [50]
EVT Protein IF [49-50]
WB [43,50-51]
SMAD3 STB Protein IHC [47]
CTB Protein IHC [47]
IF/WB [50]
mRNA RT-gPCR [50]
EVT Protein IF [50]
WB [43,50-51]
mRNA RT-gPCR [50]
SMAD4 STB Protein IHC [47]
CTB Protein IHC [50]
WB [47]
mRNA qPCR [50]
EVT Protein WB [46,50]
mRNA RT-qPCR [46,50]

STB: A REEFR4ANL; CTB: 4HRLFR4M; EVT: SRTEANEIRAN; THC: s 44402, RT-qPCR: 355 53k i B SEnt SR A BESE UM TF: s oe e,

WB: G,

STB: syncytiotrophoblast; CTB: cytotrophoblast; EVT: extravillous trophoblast; IHC: immunohistochemistry; RT-qPCR: reverse transcription quantita-

tive real-time polymerase chain reaction; IF: immunofluorescence; WB: Western blot.
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Fig.4 The regulatory mechanism of activin A on the biological characteristics of trophoblast cells
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Fig.5 Dysregulated activin A levels in placenta-derived pregnancy disorders
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