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Regulatory mechanism of embryo implantation

GUO Bin’
College of Veterinary Medicine, Jilin University, Changchun 130062, China

Abstract: Embryo implantation is crucial for the establishment and maintenance of successful pregnancy and requires the synchroni-
zation between implantation-competent blastocyst and receptive uterus. In assisted reproductive technologies, recognition of uterine
receptivity is the limiting factor for improving pregnancy rate. It has been previously reported that embryo implantation involves the
activation and inactivation of numerous signaling molecules which may influence the proliferation and differentiation of uterine
epithelial cells, epithelial polarity, luminal closure, embryo orientation, epithelial-stromal interactions, gland development, etc. Here
we summarize the function of estrogen, progesterone, leukemia inhibitory factor (LIF), microRNA (miRNA), channel protein and
signaling pathways in embryo implantation and explore their regulatory network to provide theoretical basis for the treatment of infer-
tility and development of safe and efficient contraceptives.
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MV 2R RN 2 B A TR R R AN B OB R, AT
M EERT, EKET. BxRET, @iEEE.
microRNA (miRNA) } Wnt. Notch A1 IHH {5 5 i #%
SERIOE A T G o AU B N 23 5 LA
JE L8 E— 2Rk

1 MERE

MECER T2 2 e O B 5 R, FE /DN BRAEIR SR 4 R (3%
), MEEER KRR, AR R R EEER T
SEA T E RS2 AT Y, T e ) R MEER ) AT o
RS 1, R R R 7 e 3 R A 3 4%
WK ES, BB KL, mEESIA
BT E s, AR Y, fE 2RO LE A AE N R
B, T A MEBCR K T T
A RERN BT 5 o Pl R —Fh IRV v /N 7
Wil 2R T LR o O A M R EE N N, S MERR
24K (estrogen receptor, ER) £54, ER 7] 43 ERa I
ERB. ERo fEFANRTIEG A, 11 ERP AN RIAAE
SARFIFERR ¢ FEVEAG IR H P f# ERo U 2 3
BURBRRE R M E/N BT 5 252 WA,
ERa m & IA T 75 i bR Bz, T ERB X AE
T E R ERRE MR ERo T SBTEKE
A4, TMAE ERa i FRA RN, T b
M T ARG I, AR RE AL S E0R D 5 @ik ERP
G, T B bR A R GRS P, BRARSr IE £
AR 72 AR, oo MEBCR O BSURPE S I, (EIRNG
AR EH kA Y, BB RBoR, MR
Al i G A OB 1 (early growth response 1,
EGR1) 7£ 7 8 JIiE bR f3%3%, sk 2k ERa A] FH
B i — oz U B, 7 R b LT R R B EGR1
AT 0 55368 375 A ok 53 1 £k s A A7 R B0k 0 1

NCOAG6 (nuclear receptor coactivator-6) & ERa
(1 BOE R 7, T 5 ERa N 3 A9 LXXLL 35 45
. BEMHE5E ERo FSRIETE . #iER NCOAG 1]
Rk O B 7 W T R BUR RS /£
B b R RN R PR NCOAG J, b i 4 it 35 452 1
B, B MERGR BRI N, MEISCER FE AR R 3R
B, B SEA AN R, DR R
7, NCOAG6 FJ {2 it ERa [¥132 3 14 I sk H % fi,
A % 2 AR A B0 PRl F SRC3 (steroid receptor
coactivator-3) 7E ¥ & Ji£ b 7 R ik, #lJk SRC3
A R SN R RIS, 3 A R B RS . R BR
NCOAG6 Ji5 7] fiff ERo HEARFE4H /I, 781 ER $5 471

71 ICT182780 1] & f NCOA6 wih 2K it A ) JIE JIf FEL N
g

REA (repressor of estrogen receptor activity) /&
ER H5HBhIE PR IR ER AT Se 4P| ER %
UG, REA S5 A1 R 40 & /) B U B D RE IE %
(ELH T 5 PA S 2 I B A L O R
DNA &l 52 it KR R R B, TERE 2,
BETT -3 BN /N BRANEL  TAEA S /DR, MEBGR
AR, 78 L R A RS, R N A
WS N, A AR U

SHP2 (Src homology 2 domain containing protein
tyrosine phosphatase) & [ 1% % R Tk R I8l 5 ik H 1)
— 5, AlERE SH2 F5 45 ERa AH ELAE R (2 it
ERa ¥ scimite. AN 72, SHP2 &
RIET 7B LR R4, TERR
YRR SHP2 J&5, W FHWMERGR{E 5, BTk
ER O SRR RE G £, b B NI o 4 Y B
S, ERMAZME, diSBURIRREA R T,

2 Zjf

xS AR LR e B o E B, ARG
N, IS 2B KT R, ARG T2 W
JEE A AL g 7 WA, D TR ZA R AT BGE LR T E N
P2, R AR REA & B W IRE,
R FR) I — A BB ACRS - 27 i 32 44 (progesterone
receptor, PR)!"", PR 1 4>y PRA Il PRB, ¥ PRB
MR SR, METE/N R AT IEFAEH, Mk PRA A
JUR RN R T 2 SOME A /N RS2 5 W50 PR $ T
7 RUA486 J&, RN 7B A 2 PR 1M B
]\%M [5,19, 20]0

CYP11A1 (cytochrome P450 family 11 subfamily
A member 1) 222 & B — A KR, @fr CY-
PLIAL J&, /BRI S B R & OB AS T 7 A JS
FET, TAERFERE FKIE CYPLAT MR, JIRJIG
REIEH, HHTRBEAZE, EIREM T4
RERD, HIEFE R RL CYPIIAL LRGN
WKL L 73 A SR A, 22 B 5 oS B 1 StAR
(steroidogenic acute regulatory protein) A1 HSD3BI
(hydroxy-6-5-steroid dehydrogenase, 3p- and steroid
-isomerase 1) ik, MHEEERIH 2GS, @&
TR R TR Ab R E IR E IR IR
s 21,

FKBP52 (immunophilin FK506-binding protein 52)
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R B R A% 2 R AR E SR, £ PR
W POk B R . FKBPS2 BhAK/NRR T B 5%
AR PREIEERAL, M SEBURIEEA K
W, Hh TS 2R AT SRR — B P2 BB
7~, MAGE-AI1l (melanoma antigen-A11) 7] 5 PRB
HIE A A Sk #a52 PRB/FKBPS £44) *. 5k FIE,
£ FKBP52 6l 2k /N R 5 1, P 6 2 2 PRDX6
(peroxiredoxin-6) F ik i 3 Jik /b ¢ 7E H AL 5 3
AR T, 22 A Re PR KR FKBPS2 6k
MR BUG IR RARI, T #b 78 5T A AR AT 2 g iX
— i P, $EoR FKBPS2 5 M S840 N i S (0
FENAA5 -

SRC2 J& PR 5 — & MILPFIE 731, 7l 5 PR AH
HAEH IR HIhRE, Bk SRC2 iR KB AR
MR ILERKIBSE, T 5% MR SRC2 {42
M Th e BB 1T S B0 A R M P K19 (Kruppel-like
factor 9) 2 PR L& K+, £ 5 L 2HH
HAl 5 PR AH BAE 0 o H Sd vE . mcBR K19
Ja . PRKIF13 (9 024 A1 FH T A 45 VR i R N A R 4
W, R N IS G 4 5 T e A PRI EE Rl R IA

Estogen.
| ™~

AQP5/8
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ZEL P Xin 23— B R I, BMIL (B cell-
specific Mo-MLV integration site 1) #JJ# 1T B3 2 R i&
P2l E6AP Xf PR HEATIZ SR ALAB M I 5 W L e s il
P, GG BMIL A] BT 75 0 220 (5 5 R, PR
Heamthkss, 7B BERIhReEEL, S EURG
TR MEYE /N BRAN AR« b 78 2 i W 50 IR TG A
ANE, K PR IIZ 24P,

MHE ISR W I R AR A G B, T 2 R T A
WiE 2R RN JE e 1t L R 2 A A, 9 IRIR AN L
Y (1 %85 B S 7 ARG T #E 4% o Rk PRA AT A1 24 i 45 1
WHE R 5 3 ) b e T L B R B R, 3 B
A BB R, B Hand2 (heart
and neural crest derivatives expressed 2) j& PR [ if#
SL[A, @i FGF/FGFR-ERK i # 1 #4 ERo 32 ifij #7
il b R4 g 5E (1B D), 7B R PER R Hand2
FECE R A R, T S O AR A N R B

3 BIniw#N#IEF(eukemia inhibitory factor,
LIF)

LIF 2 —ANRAT 2 MY 2 el 4 A 7

o
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Fig. 1. Molecular regulatory network of embryo implantation. Schematic diagram unravels the linear pathways involving estrogen,

progesterone, Notch, WntS5a and IHH signaling in embryo implantation, respectively. LIF, leukemia inhibitory factor; STAT3, signal

transducer and activator of transcription 3; EGR1, early growth response 1; AQP, aquaporin; CFTR, cystic fibrosis transmembrane

conductance regulator; ENaC, epithelial Na" channel; Hand2, heart and neural crest derivatives expressed 2; FGF, fibroblast growth

factor; IHH, Indian hedgehog; COUP-TFII, chicken ovalbumin upstream promoter transcription factor II; Racl, Ras-related C3

botulinum toxin substrate 1; Pakl, P21 activated kinase 1; ERM, Ezrin-Moesin-Radixin; Rbpj, recombination signal binding protein

for immunoglobulin k J region; MMP, matrix metalloproteinase; Smo, smoothened; Ptch: Patched.
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RIS TN R T B R B FE AN & W,
LIF 33k T 75 il v 3901 5 9 B Jls b g AN L 2, i
FEA ISR RIS/ e BV N R M 2o, LIF 3
IE K BRAR BP0 ST LIF By b /s BRI iR A
AL SH,  TAEE R N AT A5 LIF Bk <
FHEULIRZFIEAC s ¥ LIF @b )5, ADNREBAE IE
WHARBATE, BB AN T2,
R HE N IE B 5 3, AERE B AR R /) BRI A% A 3
LIF §k 75, MR RN, ##75 LIF 3 25
FERZE " RN R, TERR
HORASZBH, Thl ZYZH MR 1 FHE &K v (interferon-y,
IFNy) 735 2 3 386 0, LIF Rk 55, MR HE A %
M RZR B 29/, h78 LIF 520 8 1 v s e fig
ENE M, P — s oR, LIF wfi@id 8B4 %
B3 I BS KI5 R b e b bt Bz B

e R AEH T 7 5 IR b B2 ER J5 AT 2 iR 4 b
LIF 3 h3Gm, SHs b Bz 40 ff i 1 1) 52 4& LIFR 1
Gpl30 45 & J5, WOE ML A JAK B JF 0% iR 1L T il
STAT3 (signal transducer and activator of transcription
3) EH, TS R R AT SR AT SE O AR
SR8 M 1), LIFR EERIATUERE 4 R (4%
) N T EE BB, T Gpl130 g AT E iR
R, mBR Gp30 R E RO T e S
BT S EURIE B, ks STAT3 2 51 MG B i,
SHEAMNEIT: B, FERR MR Gpl130
B STAT3 J&, M @EIEIRES, B XHERM R R
Er o, bRz R ON K bR A oy A Sz A, IR iR
BN SR 2% P BBk LIFR W7 41 1) STAT3 %
W2 1t, #MF LIF o] ffix — 20 ™ FE s B
wix bR STAT3 W] 25 b Bz 440 i A M B I 50 B 1 o g,
BET S BB A RERE T 7 B ks B 0 g — 2Dt
Ft R, EGRI1 JE )T X 48 77 7F STAT3 45 & 7 54,
AR 9 E B 2 -LIF-STAT3 (¥ T i #1835 IR oK i 42 26
JIN4E 2 (cyclooxygenase-2, Cox-2). L& P i AEK
¥+ (vascular endothelial growth factor, VEGF), it
SEMARE AT 2 1 L @ i v

4 BIEEH

1B M VAR R R RN RIS AT A D9 — AN A R AR
MIZIE BT BT, TR S IR R kb, 3K
A BT B S MR T 5 R e AL, i
TEE RS /R A,
PR PR R 20 1T 2 R DU 3 6 B AV A

(MRS e SRS 4 /N BR RS TR AR R B
PWIESAE B SR KR, BV 2 15 BUE B L
RO . BEURFR AL M,

JKIBJE (aquaporin, AQP) & hr - A L i | 1 —
P 5 KEIEH RS E H, AMBERE RN E R
WG Z B, 55 o AQPS Al AQP8 R IA Y 5,
ZA BT RS PUUL AN, B2k AQPS. AQPS H AQP5/8
CIRSES Q=Y M BT 3 RPN = - WA S 3 R S EE
22 ™, A, CFTR (cystic fibrosis transmembrane
conductance regulator) F1 ENaC (epithelial Na™ channel)
A RH EL A FH SRR 5 B ) 23 s S IR (1 1)
CFTR & —> cAMP B Y& 8 Il 18, TEELN
fET R, MEBER T 5 CFTR Rik, &
BORATEFE BB R M. fENR P, RIS
CFTR _L 18 Al G855 8 10 0 s R 2 AN e i M
ENaC 2@ fr T 1 5 I b R AR B R i TR, 22
Hi TR ENaC 38, 518 TR JE U Y iz %
& JIBRIE, BETIARHEAK 7 T R BRI . FEARSN NS (in
vitro fertilization, IVF) &b FRHT, KEMEN KW EHZF
B 7 ENaC Ik W 8 F#AIE ™. 447 5 o ENaC ik )5
FERRRLN R ™o b — BT JE 2R, Wil ENaC af
TR T IR, S b S Rl . A58 TE
Bl M R EE TR ek E T CREB BERR
b, S Cox-2 ik Bifl, BEJK L PGE,, Jf
PO R NG RN AH DG R 3 S8 A W il A T B ) 0 2
{2 & (peroxisome proliferators-activating receptor 5, PPARS)
H1RXR (retinoid X receptor)™*"*,

SGK1 (serum- and gulcocoticoid-induced protein
kinase 1) j& — R 22 &2 / 7R R IR EE FI 3N, nliEd
2 2K 1 3% B NEDD4-2 KA 3t ENaC &k, it
T F RN 7RI . SGKI fE 2 ¥ & s
bR RE R, MAEAN G 1 R I 5
FET 5 M b je v R B0% SGK, TR 3 Jis v i
EALM S BURIGEN R ; @ik SGK1 I Az ik
MR, (H SEE - af Fm i, Jis)LAEK
SZBR R BeT A

5 miRNA

miRNA g 21~24 % H R 1 JE 9 i5 RNA, A
3P S 00 1) B 128 I A mRINA SR 455 T e B i PR 1)
Fik. HEHEZTE Y, miR-101a 1 miR-199a* 15
FiL, WEHERGKT IR Cox-2 HIFKIL, FMH]
FURRER AR, B Gl BE I 2ORE JObE B0 SRR
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PR ARLE, N ERANGL AT 13 4 miRNA £i& E
W, 2/ miRNA [, H miR-21 7] @i Reck
SRR £ 8 S M 2/9 (matrix metalloproteinases
2/9, MMP2/9) 1335, A k4 i A1 3 f5 1 e e 2k 1
MmN T T AR ADE LT,
miR-21 ik Z HL Y. miR-181a/b 3L A i ik /)N
RIEMRE IER, HFEEIESRE, SEEEIKRM
MU /D, A 78 LIF H 4 8 [ ] 2% fif X — sk i s
miR-145 £ R SV N R MA 7 Evdm ks, 7]
T8 ok 0 ] IGFR Sk BH 5 I B6 26 B 7 8 s B
miR-200a 7] [ K PR %% 5% 3% M, b i R AR 3 B
2000-HSD {5k 3k 1 B 1B AR AE N 5 let-7a, miR-
30d. miR-181. miR-125b. miR-451. miR-429.
miR-661. miR-223-3p %5 miRNA 3 7F it iy #5 A i
T rpe B AR A B0

X LEARHRHH, 7RI 45 4> miRNA RIAZ
Bl, For let-7 ZKEH 5 A miRNA 7E3E A0 IR &
LT, let-7a FERAFIRIGHIRRIE, HF let-Ta |
4 RNA 5\ 8 20 M IR i o, S 36 28 B S 2 93 55
R G HE N R BRAR, #7845 B3 EALE AW 5
X —% P, miR-29b AliE i+ DNMT3a/b 35 DNA
FH AL RSP T BELLE UM IR & B R FEIE, 1T miR-
34c A1 miR-135A DI AT 52 K5 Bp R g B>,

Dicer /& miRNA J¥ i 72 1 () — AN G g, 4%
Dicer & f5, MIEAFH + miRNA F£iLZFE, T
&k & EE D7.5 P4, FIH AMHR2 (anti-Mulle-
rian hormone type 2 receptor)-Cre % 4 4 22 ) 2 15 1t
Dicer fai 5 /5 R 9P 5L PRA BR v 38 22, HEOR AT F
WRERE i, e RIEENM, FERNGARE
HHEINE T B, R ARG FE A B 45 1
Dicer #2755 v, IR HE N JE3% 1E 3 3 PO,
FIFH PR-Cre ¥ Dicer 7E/N T & Wil 5, IMIEH
FACPIES, TEZEYE, B EEE, T 5
AR, THH FIZE 8t Wt {5538 8% 21 B,

6 Wnt{5S@E

B-catenin & £8 L Wnt {5 538 B H 1 Ui RN 25
1, RIETHEAFEAGF, $f] B-catenin {5 5 5,
WERR AT IE W R 8 BIFEME, (H DR ARV V& 1b 52 463 1 A i
FE R N R I B 00 Z R 1 R B B-catenin 5, FE
PR b B AN P A G B S, IR R B L%, b
F TR B A 5240, B - R ST AR, DRI O
B R B A AL IR RG 4 T 4 U0 2 1T 5 BOME 1 /N SR

109

AN U ol 1 2R RN ROV R B8 1 3 B-catenin 2%
INRTFE T, RIS ECE D

WntSa s JE £ Wt J8 2% H 1 —ANECAR, 018
T Rorl/2 SRR 540 Ma 10 5E 71 iz 3 Je de ik s 7
W R WatS J5, bR A B P 2 R R R Y
SR BIR/NEMENG S A0 K AR EL, i
AL BB, PR Y. Racl (Ras-related
C3 botulinum toxin substrate 1) /& Wnt5a {5 5 ] Fif
BEFEDR, ARSI/ BB N R b R R 5T 4 i
fFARIE, MRS Racl B 5 8 b B it K
SERAE R, BT S ET B AS AR A R
#t— P W5 R, Racl 7] @ it Pakl-ERM (Ezrin-
Moesin-Radixin) i #% >k 8 15+ 5 5 1 5 1 56 B 1%,
WE P38 MAPK (& 5 KA R4 IR /N Ab b B2 4 i)
BT SCE D,

Wntd A1 Wnt7a £ I 5 HE N o F2 b 6 B 224
M. ¥ Wntd 7£ 7 B PG, BAREHE D,
PRI R I P63 FHPE B ICAALE, b 4t
SR, WEECER AR AT A B T s I
WA IEE RN T FEE LR, HEEANTF 5
71 % 300 5 BUE SR HN KM R Wnt7a [R T
RN G0 R E S R B /N RN, T SR
PERER Wnt7a J5, 75 RS S, IRARKE N I 7,
£ Wnt7a 25/ B 5 1, Msx1 Rk B E D
e Msx1 B8R 5, BRI OS24, I
ARG, AN Bk, FEEEEm, AR
g b d— LR ER, Msx2 Al fE—EFEE L
M Msx1 IPER, G2k Msx1/2 W] 3 SR i HE
SEAT IR

7 Notch{E=EIg

Notch & —FhidE At b i B2 AR <5 B B5 I S2 AR B
EHAAMX . 85 X AN P X =385 i di . 4 fA
55 R AR 40 A 2% 11 1) Noteh 2Kk 45 6 Ja i 2= 3 20 Mg
HNX A, B S y- 23 WARE S S DR T X S T
WAL S T D)), (AP X (Noteh intracellular
domain, NICD) BT, FFit— P 24
¥, #5875 KT Rbpj (recombination signal binding
protein for immunoglobulin « J region) I MAML (mas-
termind like transcriptional coactivator) ¥ i%4% Sk
SEY, @it 5K S )1 X8 ) DNA 73
g G A 95 T Ui DR R R SR, e T S e 4 P G
BE e KA T AR R B 1), Notchl &£
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TFER EEMERA R, 7555 W RAUEE
4, Notchl Fikykss ™. FErfeRERF Notchl
Jei, T W AR RN S E 5 1T S Notehl J8 % AT
WP EHmRERE. IAER PR AEH 4k, 3
M-S EMEME N R AZ T2, Notch2 FEEKIAT 78
WX, RIS E R Ak, R AT
el E B R T,

Rbpj miiAs TH 2 W7 B A 4 e b, i fE >
PRI = ot 7B KBTS, A AF B Rbpj,
WEREREN IE® Ja 3h, BNk AE 2/ T
fifi - FEfhe e ds . Fu LR MULE AR
JTHILER A A2 R 4 M K1 IFNy 20 ilb 38 hn, S8
SRR T AR AR SRR P . HE— 2B ST R, Rbpj
Al 5 ERa Z54, AT MEECER 2508 25 R A 13 1 i
7 5 s A9 SRR R A8 I e et 1 Y,

MMP2 Fl MMP9 J2& 5 Jifi 4 J& & 1 B 5305 119
T, AT S 5 A AME R I P f# . 7E Rbpj KT 5
MMP2 Fil MMP9 1A i # )i/, H Rbpj i[5 MMP2
BT IX 4 A, $E8 MMP2/9 /& Rbpj i L 3
PR, MMP2 ek /N ROAT IE# AR, 1 % MMP9
RIS EU TR AN A R NRE T MG B
A, RRGR B AR - IR N R, B RR L
AKIRZE, PAATHORD, R SR TRRRER T,

8 ITHHISSiE%

Hedgehog J& — g FE R 57 (1) /- b i e 1, W]
43~ THH (Indian hedgehog). SHH (Sonic Hedgehog)
1 DHH (Desert hedgehog). IHH ik #2175
i bR AR 1, T SHH R DHH £ 5 o ok L3
B U, THH 767 5 b e, IR REZ T
TERE LR, WREANRBCSEUNRAZ T, 3
— BTN, ZREA R R PR AR THH 3 8dE A
i, 5 H A0 R 2 4 Pteh (Patched) 45 & J5
H] fi#t % Ptch % Smo (Smoothened) F#11#I /E H, 7%
) Smo i3 — 5 0S4 4% % K 1 Gli (Glioma-
associated oncogene homolog), [ 5 Gli # N4l ft%,
T 5 SRR S 31 A R S oA S A TR T
WL R e % (B 1)e 2R AFPERFR Smo n] ZER IR
BN, (R BRI IS i ) s i RS20 Smo AT
7 EEARR, BB H MRS, F%
i FIE RS Ak B F 1T S 80U RANZR B,

COUP-TFII (chicken ovalbumin upstream promoter
transcription factor IT) & IHH {5 5 1) FIfFERE A, 3R

BT EREI A . FIH PR-Cre /) O HAE ¥
EbRE, MIREANRM, FEERA E R MsE
2 e M R IR oR . 3BT BOR,
COUP-TFII f] i it F i ERa Az H: 4 B #4005 ) 1
SRC1 i 2 Mg i B

M2, MIBEANRE— N Z RS R E R
AR, A TN T B2 AR
HWIHR . IVF IGRIEIRZE B3 . AN ZHE BA
IT LA ST R 2 A ke 2 25 55 A B

SEH
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