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Advancement on the Differentiation and Formation of Mouse
Trophectoderm Lineage and Trophoblast Stem Cells

GU Zhaolei", JIANG Nianfeng®, ZHANG Jian'?, GUO Wei'*, GAO Yake'*
(‘Center for Life Sciences, School of Life Sciences, Yunnan University, Kunming 650500, China,

*Center for Animal Research and Resources, Yunnan University, Kunming 650500, China)

Abstract In mammals, the trophectoderm plays a crucial role in mediating embryo implantation and placenta
formation, which are vital for facilitating nutrient and gas exchanges between the mother and fetus, guiding vascular
remodeling, and protecting the fetus from maternal immune rejection. While trophectoderm cells do not directly con-
tribute to embryonic development, they are indispensable for maintaining normal fetal growth. Moreover, research
on trophoblast stem cells lags significantly compared to mouse embryonic stem cells. Trophoblast stem cells are an
important in vitro model for studying embryonic lineage differentiation and reconstructing blastoids. They also hold
significant implications in unraveling the molecular mechanisms underlying human embryo implantation failure and

early abortion. Based on these, this review systematically summarizes advancements in trophectoderm differentiation and
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trophoblast stem cell research in mice. Moreover, this review proposes future directions of trophoblast stem cells to pro-
vide novel insights into enhancing their functionality and achieving effective implantation of reconstructed blastoids.
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The different colors indicate the gradual differentiation of the embryonic cells into the three lineages of the preimplantation embryo. From the zygote to

Mural TE

the early 8-cell stage, the blastomere initiates polarization and lineage differentiation, followed by morula and blastocyst formation. ICM is located at
the embryonic pole at the blastocyst stage, corresponding to polar trophectoderm. The end away from the ICM is the abembryonic pole, corresponding
to the mural trophectoderm. Chartreuse cells are trophectoderm, corresponding to trophectoderm stem cells. Blue cells are epiblast, corresponding to
embryonic stem cells. Green cells are primitive endoderm, corresponding to primitive endoderm stem cells.
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Fig.1 Lineage differentiation of mouse preimplantation embryos and stem cells of the corresponding lineage
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H ¥ C(atypical protein kinase C, aPKC). #iE M)
YR58 1 -9 28 [ (ezrin-radixin-moesin,
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HA R EZYIE ADIL R, ADIR W] RE 21 it
P DR 45 & 1) s AL 1P Ak, A 090 R,
ADSEZFR - 7E 41 i 11641 i 2 241 ik AR AA, IHAE
1641 H [ B HBr 426 B2, TEi8 U 41 2 52 AD R %
EAEBENLR L, FRRG A P /AR RN AR 1 /A R 44 41 A
(1 £ B A — 8 R B I A] AR P8 AR e A )
A 75 B A YR PE BRI A ADZL S HEAT SER AR I8
B

T SN B B IS 1A, B L3Rk 2 38 i +H B 7] (1) B2
fl AR, (R EAR -, —A bR LS R 46
AN 4 B e DA X 73 (R ER A, 1% I A 4 A
NEEAL S, RS SR AR, AR T4 I
P AMERERELER (1) 5 A, DA RIE D BoR 4l il dr iz
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In the outer cells, HIPPO signaling is inhibited, and YAP enters the nucleus and binds to the transcriptional activator TEAD4 to initiate the expression

of TE lineage genes, such as Cdx2 and Gata3. In inner cells, HIPPO signaling is activated, and phosphorylated YAP sequesters into the cytoplasm, initi-

ating the expression of ICM lineage genes such as Oct4 and Sox2.

E2 NRBEREA. INMIEFRHIPPOESHEFMEHIE

Fig.2 Differential activation of HIPPO signaling in inner and outer cells of the mouse morula

R I 188 1o 4 i ) %) 4 b ke A 1 W i 7, (B H ATIX —
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1.2 HIPPOESHIERMHE

B AY 5 1 B 28 BR 2 AH G T JUR i o il AN 6 Bk 43
2, DIAE 164 M B B 2 7 A= B AN [ B4 79 1 400 i
T - A0 B2 AR A 1 (polar), #13% THIR = 241 A 4%
il FE 4k K T AD; T PSS A AR 1 (apolar), 5
Je BBl ) A A7 A i o X o 4 B AR P ABE 22 T R
T HIPPOAE 5 18 B35 11 1) 242 B8, W Fik i,
A AR P 2 4] A5 4 B 1K) LATS 358 (large tumor
suppressor kinase)Vd P, 1M LAT SIS 14 5% XA
BT 4E R SN A B I AR IR A, PR Al B LATS
T 1 P DA 4 B I B MRS I DR AR A
MOIEAE BN EB B X — 1 HALH AT A 5 4 AR |
S MR PR A M S A AN R B 5K 7 1R 2 e A OB
I, TEAMARAR A, LATSHlE T #5558 Bhigos A+
YAPIWERRAGAE I 52 240, YAPHEAN AL N ; T
TE NS, BEER AL I YA P K5 23 21 20 g i A 522
(K12). #t—Dth, fEAMNHAILF , YAP ARG 5% 5%

WS T TEADA4S &, A 3 TEAN IS R 3E K 1 Cdx2
M Gata3 )7L P, M, FENFBAMH, YAPASRE
5 TEADAZ: 4, WIS 3 ICMEZH it 2 35 R (U1 Oct4 A1
Sox2) F 35 I TELH M 28 FE DA (1) 238 (42)P 4,
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ICM/TEAH AL 22 534 AT UG SR BN R 26 U el i S
I ZNAS G T B R T IX —id R, 7 16~3241
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AN ARA R4 L 57 H YA P AZ A E A
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() 40 B e A, 3T 52 e AR TE AT P9 38 TICM4H A 3k
R, B TR, I RHOME Sl s L
L AT St v 4 5 1T BHL T #1350 240 i B YAP 4% N 7
A7, FIETEAR EPRIEC™, (E3 UL 12, X
HIPPO(E 5 1) 22 5 A0 S 2 Y5 T~ LAT S WU i 14 1)
WY, A2 BT YAPKT 4R IR /1 (IC4d /8 k) B
B, AT Rt o B AR B YAPRTAE N 4H B AL
W15 5 B S48, 10 N A IR LAT ST 1)
WOE T RESR AL 7 — DNEIM )RR e A L], AN



e A N BRI AMIE 2 ) o AT IS 57 2 T AR RO T ek Fe 1129
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Fl Gata3 ) 5K 2 ), = TEADARI RGBS
1B TE, HASREYERF TERS S5 PR3 S R Cdx 211 32
LM AN, Cdx23215 B I0E 22 5 2 ICMAT =
8 3 K F Oct4 1 Nanogf) N ¥, AN HE , i R ik
LATS 1 /2406 £k 4 40 i h CDX2 /23 , Thidl
il LATS 1/2 50l I VR G 2= £ N 41 i %6k CDX2, 1
T ICMAE S 1 2 TR g ik Uo7 R, G 9
AN AR 2 S AL T HIPPO/E 5 /2 TEAIICMAH M 1 3 75
BB IR B R 2 (2)
1.3 EBEMERRIMEIETFRINE R

TE/N BN 5, Rk 5 1) TERE L 5 1ICM
(R B B B A A A RS TR 2 ([T 1), Fer
5 ICME HHEAlR150 73 AV TE(polar trophectoderm,
PTE); /N5 ICM B4 firk - [ G 3 JIR Jis (1) 350 23 A e
4 TE(mural trophectoderm, MTE). /)N EAGHELNES ,
E4.SHEHATEIR (1) MTES Bt T BHA T 5 W IE 5 3
VWi s RS, RN I, MTEZH A HIDNATTT %
s b2, I B2 A5 AR 103477 2 41 (tropho-
blast giant cell, TGC)**", FIAK TGCRAA mER
ZeVER 20, JE 2w R R R R N R BRI B
TR L, FEARAN, F2F5 Activin A/Nodal ll FGF44: &
FTSCHRE MR 10T, (R TSCHRA A
TGC, XA —EFEE F3CRF TR N FGF. Activinfll
Nodal{& 5 )k = £ SEMTE4H M5 1 LB FE I E 010 N
TGCHIM & B2, AS[E]F MTE, 'B48 ICMF PTE4H Y
ATCAGRERIAE , B e IR I BT A R0 S 40
TERERITE e (A PTE /2 7 A4 B IR 5 37 A
()34 7% 240 M AEL 4 U2

BARNCEH KRENF T T HENGMRIGPTE
FIMTER R B RE, BN BT 354 40 i 3 &R
2 ER A A BHEFCRE, ER N SR
M HAFE AR, CDX27E MTE F () 358 7 T, 1
KRT187E MTEH [ IE %7 11, X FhRiAA8 b v]
AE5Z YAP/TEADIE ¥ 1) Y 2 1200 1 76 K Y5 T4 41
BE IR0 e B R SR B CDX2 I RIA TN, &
HH 5 Py Y5 DR - [ -1 I (B-estradiol) | &2 15 3
MTEH CDX2[3RIE R P, HEHHFEAE PTEFIMTE
Y L 2 TR A A A 2 R AR IB R R PO GO(Gene
Ontology) 7 #T & B, PTE4IM & 48 1 5 F 2243 3441

L] 0 7R <40 2 S AR R IS S K, 1T MTE
MM E S TS “HRIBAEAE " MR 2R A “4H ffu 5
T2 A SR RIS Tl g B, HRF LR, JUR TS4H
Jitl & 45 /) miRNAs(microRNAs), %1 miR-15b, GE%
7553 ESAN I 84k v B A MTESR B 119835557 /2 41 i
(trophoblast-like cell)*™. X485 TR YR ZEMTE4H
M A TGCHbR B3, H eI 5 B
ARG G REALTMTE. 4, MTER S E L
FEYIAAK (multivesicular bodies, MVBs), & H 71
1 3 5 P, 32 IR B A N I R i B T P IR AH
JOREFT BT L T B . BERF e T FGF4Hh &2 FBMTE
I EWETh e N %, £ FGF{E 512 5iH# TE4IM
FIThRE, T AMYA & X TELH I T PE iR, B2,
IXELH T 7N 1R N BTG TEAH M ) 7 5T 14, 48
/R TPTEMIMTEM B8 22 5

2 HARTHRBNEREFMAML

TANAKAZ: IFE 1998415 R M/ BRUFEJE A 3k
2T TSC, KRR e e +e A R H B, IFRA1E
RN S R BT G 57 J2 24 R 4 i P 75 e (11 3)
WEFE R I, TSCI H 588 712 kI T 1ICM 1)
FTAE DR 4ERE 1, X PP EASE AT DL I 78 B 7714 &
kN 78 FGF4. Heparin PA A /N 5ROV A RS2 45 241 o
(mouse embryonic fibroblast, MEF)TH 3% /Z K H I,
HAEME4EFE TSCHIZ RETE U257 /N RZEIE B BT
4, FGFAK 2R AR T ICM, 1 FGFR2 A1 #E TEZH ity
W RRF R ERIE PN, AL, Fefauk Fefr2ifali & 9848
SEMARTIRIAIET:, X 5ICME K B B A B,
R, HANEYE FGF4AL B IR 741 2 (extraembry-
onic ectoderm, ExE)R] DAZE 7% 7% 2 4H 40 A 1 1 5id
FRAIRZ , IXAEATA TSCHT 06 75 1269, [K
FGF4-FGFR2iEH 2 5 7 ICMAITE 2 [8] (M) ELAE
XU S R R Y TSCHLZN A 3 5 1 S i, B2
AN EILTSC H KR H ey EBAKYE . tbAh, i
W FGF4. TGE-P1AI Activin A )443 37 Rt ]
S TSCH) B AR T £ et 4Er , it —PIAE 1
FGF4. TGF-BE} Activin A&Z 54EF: TSCH 3 58 5
IR LAY 1Y, 24 FGF4 8 = 5 MEF4H i fil
)5, TSCBaNL /bR 2 P s = a0 A, fdE
W77 2 EL41 0 (trophoblast giant cell, TGC). BE 2%
3% 2 B0 (parietal TGC, P-TGC). k% FIRWEFE
= E 400 (sinusoidal TGC, S-TGC). 25 ik <k
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In vitro, TSCs can form polar placental organoids and differentiate into various placental terminal trophoblast cells, such as trophoblast giant cells,

Fetus Decidua

Labyrinth
SynT-11

In vivo v

Sinusoidal TGC

7 Reprogramming
] o 'a

Somatic cells

spongiotrophoblast, glycogen cells, and syncytiotrophoblasts. /n vivo, TSCs are specifically involved in developing chimeric placentas and can differen-

tiate into all placental terminal trophoblast cells. In addition to being derived from embryos, pluripotent stem cells or somatic cells can also be induced

into TSC-like cells by reprogramming techniques.

B3 rETaEmRnS B R EERERRNTEE

Fig.3 Schematic diagram of the differentiation potential of TSC and their sources of reprogramming

537 |2 EL4H i (spiral associated TGC, SpA-TGC). &
IR 7% )2 B4 TGC(canal TGC, C-TGC). 471
7% 2 4H i (spongiotrophoblast). 178 & 14324 77 /2 41 ffl
(syncytiotrophoblast layer 1, SynT-T)Fl [T & 144 77
JZ 4 U (syncytiotrophoblast layer II, SynT-ID*%!, H
BT, W70/ B TSCR B T RE Y & B SMERY J2 2 T
2DSEAT NI A AY | AZ AR ARY B T A A 4 2 T
) 22 SR T vy FEE A ) T SR e 2 1 R A Ak . il
MAOZE S JE | —Fl/IN B TSCH) 3D A 73 fr s A
(EI3), W3 1 /N BRETR 8 B L 4ERFAI )
R IR % . FETHE4ERPIRS T /N R TRE 8
A B O TSCHANERF, M EHERESHYS
KN E9.5~E14.5 0843857 2 AR L) - A 05 57 =
I L A

BN 2 G F7 564 0] LLSCRF TSCH H R BT,
AF BRI ML 10 B AS B DA R AN (R X L7 B 23 B

WK, 25 TSCHI T 7T 45 I T A0 2
PE. BfiJE , KUBACZKASE IR T — M T Zi N
A7 EL RS WA Ml (9 8 75 S, SRR 22 0 I B A i s
JR_ AR TSCHIE R FE . WFREH , 253K 2 A
AXAT PLSCRF TSCHY HAREHT, IL4ERF T TSCHIHE R
IETEFIDNAF AL RESS, oAb, iZ4k &R A TSCH ]
DATEAR N FIAR 71 5340 2 PG B 48 R TG 77 A 1)
Bt Ji, OHINATASE Mk T —Fhpl o BRI TSC S
IR, FERIH M E3 STEMEAI B6.SHE N Ja MG ) ExEH
IR T RasE B IR FEHITSC. EiZm e, Whst A
RIFGF2. Activin A, XAV939H1Y276325% T A4
SRFAE I TSCARE LR, %1776 R R I TSCR#
15 Eomes. Elf5. Cdx2. Tcfap2e. CdhIFEsrrb%5TSC
BN, RN EAZ 5RE 06K & REee. &
i, SEONGH Pl S 7 — M EPL T 712 &, v LA
TEAMIIRARE . = BB/ N TESC. 1%
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WEFURIL, AT TSCOM B FEI 35 AR 3 TE), TESCZRAL
R EM BRI IME R (I TE), BA &1
RETERL, AN, TESCHIHA a1 H I
RE SISt . B2, AT TSC, TESC
5 ESCERA 5 Al L &2l = A4 2R FE IR (blastoids), H.
AT DABE A 5O N 5 5 | i e,

3 ERIERIREREGTE T 4R

SR G B I A R B — FE A N A2
AR FE R . AR, YAMANAKAZE ©83E iof 44
21 it B 2t AR 5 AR IE S 26 AR 234 ) A 240 P A e 0% B
FENZ IR T AN, X N7 AN 2 T4 (1 3k
PHRAE T B2 (& 3). BRI, 76 ESCHit
FIK Cdx 28 Esrrb v LA T 77 £ I TSCHEH i, R I
H 5 TSCHILIK 43 7 HRFAF AR R AL 45700, 159 3E
RIS, S EISH Tead47E N ) ESCH = H JEAL 1
B DR BETE B 43 A8 4 Tk A2 A ACLT- 4 ol o 2 A 71
DRt R ESCEA i B 1w B, (H/DH0E X A
(gatekeeper gene)HHRF 7 14 i HH A=A 7K~ FEAIC T ESC
] TSCE Ya FE AR Y, 2Bl , TSCHRR 7 P 3L 4]
() DNA F L ALRZS W F#AIK T TSCIn) ESCHY H 2 FE &
R B, RHEESE V2E I 5 N TSCHE - PE 4%
ST Cdx2. Arid3af Gata3 W 70 CAHE B 9w FE
ESCHI TSCdh 2 5 1) 5% 1 15 LA LA K G €2 )53 v] %
PEARK . ZHF 7R Y, ESCEITSCHIAR e —ANiES:
(1. PG 40 M E gm AR AL, B S TS A7 7R
(1) ESCAH M AH I R IR 27 2 J5 , Pl id TEAH K
DR P B0E TSCHRR S PR R R (1 3R TA T fdlt, GAOZEHT
T IR /N3 F LAT SEEE 0 1 77047 2 # ESCHE
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Jfd(induced trophoblast stem cell, iTSC)F1i% L4
1 Z T4} (induced extraembryonic endoderm stem
cells, iXENs), HiTSCR kIS5 T AN R & Ha
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