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Origin, Lineage Specification, and Molecular Regulatory Mechanisms

of the Primate Extraembryonic Mesoderm
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Abstract The EXM (extraembryonic mesoderm) is a key lineage in mammalian early embryonic develop-
ment that gives rise to extraembryonic structures such as the yolk sac, allantois, umbilical cord, and placenta, and is
involved in primitive hematopoiesis, vasculogenesis, and the establishment of the maternal-fetal interface. In mice,
EXM originates from the primitive streak, whereas in primate, EXM cells appear prior to primitive streak forma-
tion. Hypotheses regarding the origin of EXM in primate involve multiple sources, including the trophectoderm,
epiblast and hypoblast, but direct evidence remains lacking. This review focuses on the origin and specification of
EXM, systematically summarizing the controversies surrounding EXM origin in primate, lineage functional speci-
fication, and molecular regulation. Current studies indicate that EXM functions are conserved between rodent and
primate, but the timing of its emergence and the pathways of origin exhibit species differences. Future efforts are
needed to strengthen in vivo lineage tracing, heterogeneity analysis, and in vitro model validation of EXM in pri-
mate.
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MJE % B (embryonic development) & T 52 U
BLRENEA IR G AERES ST,
5 2 M (fertilization) UP %4 (cleavage)- I 273 (germ
layer differentiation). Jii iz 5)) (gastrulation) LA J #%
B K (organogenesis) S RN Bro ERAAAAR K
FHEBEEINS, FE. OPRPE, R, SREBME. T
i MR B S IR A G [R]85, IR AEE TR o A8
#e, AR MU DHRPT L R 4ERF BEG A AR E
SRR RIEREMEN . XA ARG K
B E P, T KRR IR KA MEF R E
ANTT R (A RS A0

1E 2 PR AN S T B R D e A i A v, iR
A JE JZ (extraembryonic mesoderm, EXM)) 72 2 5
Hor, FR5 RG0S A B B G 5T ) 4 57
FYIH R REEXMAE R K & v B A FH 2 A,
1B R A B FAS I LRI AR A IR . PR PR 3
ZORBE WA, — U7, RAKEXME - HILT
# PRIN H (peri-implantation period), 1Z M BURE AR
WAAE, BT AR i —J7i, FIReE R
FERBILE TG, B RIENEEZRRTA
SILEMIE T, = F TR A E 40 i 5 4 I fd AT 30
SRELEN S TR, BT EXMS G IRE
(embryonic mesoderm, EM) M &Rix I 7% RAETEZS
FRAE I 7 LA 73 0 T ARG EARAE —E LB,
L 233000 SR 2 B Bt DLtk DA 35 b 5 e 24

HHT, % T REKFBEXMBARIR . KB e & H
TR, Vi RETIRA AN [E57F
B, WA A R KR EXMAETE 57 2UR D AR
fE EIEATE RS W INRAE N ELBE Y K B HETT
iR LAY, AR EXMAH Fidfit | 2 %
il (HHAH DGR IF A RE e B AMEE R R KK i
ok, B MG R AN AE IR E5 TR R L FRGH R P 4
ARMFAHM A=K RE, B H SENMIEAN
RN S AR b ) 1 25 1 EXMEL IR SF
W JZ B4 P (extraembryonic mesoderm-like cells,
EXMCs)i 75 THHE. o, EXMCsiti i H T840
e S UURFAE AR 43 Dy e JZ 4230 R N EXMLE) 48 fifd
FEAR . IX LB 58 i — 0 AT EXMIT R AL 12 A
HE R EPILIRME 78IS,

TEARZER T, AT HESGEEXMEEN . Rt
TEHIR, FRGUA HE 4 HTOC T W6 2 R KK EXME
JE R AR oy RN B T e . (R ) &

HUAUESE, WHE EXMAE R & & id it TR

Rigifl . BRSNS AR R B AVE TR
SET T T RN OREAE M . e, AT AL A
FEN R KK EXMEE TR R RIFAERIMEIL EXM~AE &
R BT FURT SR AT R B

1 RSN BERRIENR
1.1 ESMNPREERE SR IEEMEX S

22 SR G 5 EXMUE SN AL T AR SR HAS
FLAE R AR R R, R 2S5 0P
P& PRIE IS BIA RS T e 5 2 AHRT,
EMAL TR S, O ME . WIAL. Fig & ZFhas
BRI B R YR Y SR IR E A 1 (R e A
R FARAE B R 2 S, ABAE R AR P AR
ik, H8 55 ias) e bR —[8] 5 4% 4K (epithelial-
mesenchymal transition, EMT)id #2 25 ) A 51822,

HOHHER Y, EXM5S EMTE K & 53] i 8 4L
EHLG TR, IFORE — E R fmis ay 224,
X—UgSER, R WRE IR TP I E 1 fr
A REIFAETE 20 B, R AE — EM BRAFE R & 1
12 BRI, B e AL B AT R 2T
RE 7 SR A DR R W R e N B AP 7E [a) AN [F] 1) firda 20 A0 7

N

=

VTAESK, 2 20 22T 50 RN T RE SL gt — B i 1
S RN, BN, SaykaliZe P45 40
PR AR AN S R B, EXMBE i ik v 1] 22 41
KRSy, TIEMSE m s sl B A OSSR,
EXM TR FE I AR Rho GTPases, H&7~iX R
Hh R 2 T B LA A A [ (1 40 R 2 4 g 5 20
TR EEA |, Nahaboo %5251 F £ 8 4R 5 /N R A& AL
HeTIE ARG — SRR, M E 87E EXMKIR T
PR R & r R R A i T o 1 48 40 AT A 26
RRELE M, R & SERAMEY K320 . X Lemf
TR, /N T, EXMAHFHAL 5 — 2 AR g 1)
1B ZE N B IR DG ART, H AT TR 540 i
B ZER R IR R I R E B TR,
ik = 7R R K 1 RGURAIE .

1.2 MRS IEERRIR

1.2.1 RA&E#mEREZBABER  HARFEIAA,
R EXM = ZL T )5 2% (primitive streak, PS), B I
IR JZ (epiblast, EPT). £ LT i S LS FIE 2R 40 BT K
I, TEE6.52 E7.0M B, PSJ& Uity 1] 72 4= T* (brachyury)
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HHEZ AT AR . X BRI EE ) EMTG , )ik v &
RSN T7 ERS, BEEHEN DN SR BE . JRIEEIX I, =5
Z R IR AN EE R T P30, 5 AR, PSR A
(1 57— 3 A R VR 2 T 32 e IR AT RS

WAL 2 5 D REAIE FUaE — D SCHF T IR — R IR
%o TERESMHT TR, PSS G EPI4N L GERS STk T %
A RANER, Ho o AR 5 EXM R 5 3 [ 2 A
— (24293032341 By S PSTY R i i 45 AL BT
) 35 [R5 1 AT AR T4 EMURT EXMIF =246 i,
Nr5a2 55 n] [F) I BE BT 288 o IR 2 1 AR e B3, IX 4
/N BRI P /AR IR 2 BRI AR PSR AR, LSS
S iy I8 A A 52 B 23 (A1 A7 B R SR A A B 1 S [
SR . BRI R R, X EPLRR SRS Lpr 1/1tpr2
A 5| JRFER R B SCERE , Hil— D FFEXM S
EPLZ [AfFE LMK BER R, LEE A IR, /)
BUEXM 2 Bk 5 T EPIZ PS o i 77 A g A= Th IR 2,
TR MR I B2 & UL

T AF R B M 23 B i — 2D 3R B, EXME PS5 i
I B3 R O R B B — B AR k. PSIXIET
BRI E N C I —E MRS R i, KA
H 0y AH i FE 42 FOXF 148 5 IR A v iz M % 1 23
T, EE I BL, EXMS EMAE 5 382 1H 11 4 558
Pk — DR, T SN (= R Hand1. Bmp4.
Thx3% WRAI R B A S IR JE PR 2337381 J b gk BLEROR |
RN EXMAE SRR B A2 _E AR S, (H Ly 32
FRURE (I8 70 SCPT Re 7 TR G35 2 BT e 43 W (1S
[] 5
122 HABHLAEL B BRPSHKIEAL, DEH 5T
P /N IR IR JZ (primitive endoderm, PrE) I 4F
5E X I AT B X EXMIE BAZTE SR i DTk« i 508 BR
g LTI, WHIEWIEJZ (visceral endoderm, VE)H 5
PSAHE i R X BE W] & 42 EMT, JE78 J5 8 9 PR 58 K i
B BN IK I R G HE L5 o Al SRR, X — ik FR A
b Hedgehog s 5 145 LA S T3 1) PSIEAH P40, A
i, X TSR H T 2 3R PrEFE R X 4k 2
5 EXMIE BB G Z5 /R AL, T A 2 DA /N B
EXM 3 ERE T PS5 Uity 1X — 28 S AR A

AR, /N REXMAT 3 B R IE T PS & i = A=
(BT A IR 2, (RTE R 8 fif ] X 3, VE T fig DL
M7 & 5 RS H R B, 2T —#
1E R B R RO, BB BT = 78 4003
A i — B IRAIE .

1.3 REKEEIMNPIEERIER

/N EXMEZDRIE T PS/a AN H, REH
EXM S 1) fE N R A . F A 212400t FE 4l
TENFE AR N R MG AR 1 55 28 SBY B (Carnegie
stage 5, CS5)EI AT M < B EXMAH i, LA PS A
B, B BTN B EXMI H BT 7 B 1), 1X—
i TV RFAE RS, /N BR XM TR J e 20 A 7 B oM
2 RKIE, HAMCRIE A A it — DR, ET
RIS M EE, R KBEXMYEZ 8L TEPL.
£ )2 (hypoblast, HYP)5#;7% 4N 2 (trophectoderm,
TE)AZ At X35k (B 1), DAt B Al =5 B = Ok TR
PL(E2), BITERIE . EPERIFEFIHY PR JEHES,
1.3.1 G#EARINEERRBILALIEE AR B
WEFT e, TEW E A%, 77 )2 (cytotrophoblast,
CTB)A[ G2 5 EXMZ R P4, aX — Wi o 2 B2 T AE
B U1 o v I G s T Ao A A0 DL K R S
FEL A . JFEEMA T RKIL, CTBY
EXMZH i 2 [AAFAE RN e B B A B, Rk
R R R AN i e R E R P e R B, |
T Z SR TEE 0T T EXMIVIESE &5 4104
X—BULLE B AT RS T R AR IR B A
Bo And, AR, EXMFEZH S TER
R A AT P FLFEAH AN AR, AT 1 TEA SR IR 2%
BFRIR B HKE,
132 TFTREERRBHAAL LHFiEE  HMoHHA
SWFOR I, HYPHTAR FIBE N L2 (parietal endo-
derm, PE)TEFRFE X 3] WAy Z IS, D241
RNEEFR)Z S PEZ AR BR U4, Bl S , X BN
BBy, JE 5 PEYIMIE S HES TR 0 B HE Y
K, S LS PERMERMX /. FIANFE
AR e S Bof 35 77 IR i 1 B A i 7 i 2H o3 BT B, By
EXMYH il %15 GATA4. GATA6ZE HYPHI KArEY,
MANFRIE A EMAREY) T. TEREY CDX2LL K
EPIFREW) OCT4, $7~ EXMEH AR AR DK 3 IA R
S HYPREA AT U, B TR0 i 5848 (3 &
BRI T A HY PRI AR B4R AL 1 SR,

EREMERREFTRERT, RAEHERIMN
EXMCsZ FL4H Ml 7 53 4 5 85 9N HY PAH SGIERE
R HARE S HYPHE R A K. J4b, fEnaive A%
AeVE T4 Bl (pluripotent stem cells, PSCs)5id &1k
GATAG6[f] primed PSCsHLF A b | [F] 1 1] LA 52
FIEXMCsIITE R, HIXSeqn i Refig it — 24 AW
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This figure depicts the structural morphology and spatial distribution of cell types after implantation of mouse, monkey and human embryos. A: anterior; P:
posterior; D: dorsal; V: ventral; Pro.: proximal; Dist.: distal.
Bl MR IRFARIAL B2 KR MMEAE S R AR B (IR FES 5 3Rk (4,61 204%)
Fig.1 Schematic diagram of key cell types and embryonic structures during early development of mouse, monkey,
and human (adapted from references [4,6])

B 40 B f i i AL AR L, AT D9 T N S B B 2 IR 4
18 M AR AR A MR Y e,

CRERE, HYPRIEER UL AR SR8 7R ES:
P T HR EVAHIT T DL AR A P R AR 1S R0 R 5%
Z 77 HEE S . R X e g AN AN RE SR [R] T4
W E S RO ER, (HAEILMY Bt 7t b, HY PoRIER
Ui B A BRI T .
133 EREERRBHAL LFEHE  FPHHN
ST R S PSS i AH S X A 9 R KR EXM
fg e >R 2 —, FFHEMFEPSTEAS I 2 |, WEFEAH B
X AT e D& il — € 12 18] Tl X B 5 Tk
8373 EPIAA I SRS EXMAH K Amig>o47, Al iIX—
M5 RK K EXMAE PSTEA HILHT C K EAAAER
PG AHYE, DRI FL AR YO T 52 31— s PR 1

I AR M FE O EXMEE VR T EPTHE it
THMEEL R, naive PSCsTE# S RFE X
RAENFTRIGH B, EBOE Wnt 40 #4164
K [X-F -B(transforming growth factor-B, TGF-B) % 4
HAECWACEER AT, W35 S X 5 EXMCs,

Hixsegn s 5 R K 2k 5 EXMER I H AH AL 1) %
SEHFAIE 248530, primed PSCsIU XS W AE N 5 1) _E R
2, 75 [F I 05 BMP A Watf5 5 (92 04F K, [AEAER]
DA S B EXMCs459), Ak | Nius O3 ST )
CB(CHIR+BMP4)/CBA(CHIR+BMP4+Activin-A)¥%
FEAR 0] = 0K naive fl primed R Z f A\ PSCsif &
NEXMCs, 3 7R M5 R KKREXM A E#IT. 18
WMEnaive PSCsH, iff 75 3% AR R & 1 7R 46140 N 3R18
T EXMCs™, i ezt BALEER M, ARK BB B
EPI4H 34 B & B EXMCs T BE , AT N EXMEE
JETEPLPIUL s it 1 B A SNt 9 S FF o
Bribz At , fE4E N RAK SR HP GE I 85 7% 1
] W %2 31| /b B EXMCs, $UL 7743 B dg s H T gk
JET EPIVY., i &R SEI0 it — 0 B, W3 A7 A
—#f COL6A1"/OCT4 AU SH AR, IRl , 7F naive A
PSCs 5 ¥i7% )= T 4B LG I T i L e fk T, [RIFE
A =42 EXMCs, X 2645 BIHR EXMT] e 5 ik
JEREAR U AW TR, Gl I EE A naive
PSCsH ) Wnt. JAK/STAT3. BMP /2 mTORiHE i 3k
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Origin Key signaling pathways
Rodent - ~ Early stage
(mouse) BMP T mAvmEes

o ——————— y (key signaling for induction)
- Origin from primitive ~ =

streak p
................................................... Wnt
(signaling for coordination
L and maintenance) )
. e =
Primate Nodal

(human or monkey)

(signaling for maintaining
balance of embryonic and
\_extraembryonic mesoderm) )

Late stage

Hedgehog
(candidate signaling for
L local regulation) )

_____ Human or monkey (based on in vitro models, single-cell gene expression features or correlation analysis)

PP BERE T EXMIB E U OCHE S IBB . OCHE P SR IR T S LI R Z (AT ¥ 6 e /N BREXM A BRI T S5 2% S v, RS IREXM AT fig
L BIRJZ TR RN IR AR E AR SR IR . BMP. Wnt, NodalfllHedgehog % {5 5 2 SEXMATI& 3 5 #%, HHBMPH BHI % 0% F
55, Wit BRI RN 4ERE 1 T, Nodal i [ 1 5332 57115, Hedgehog H AT S 2 RN %I 5 i 12 (5 %5 . EOMES/T5SHANDI/FOXF14%
ek Rl geZ SR E RN IEA/IESN . EXM S 3 13 K I Re Rt i .

The figure summarizes the relationships among the potential origin of EXM, key signaling pathways, key transcription factors, and their functional spe-
cialization. In mice, EXM mainly originates from the posterior primitive streak, whereas in primate, EXM may involve hypotheses related to epiblast,
hypoblast and trophoblast origins. Signals such as BMP, Wnt, Nodal, and Hedgehog participate in the establishment and regulation of EXM fate. Among
them, BMP acts more as a core inductive signal; Wnt primarily exerts synergistic and maintenance effects; Nodal tends to regulate lineage boundaries; and
Hedgehog currently appears more as a candidate local regulatory signal. Transcription factors including EOMES/T and HAND1/FOXF1 may be involved
in mesoderm entry, embryonic/extraembryonic segregation, EXM identity establishment, and functional specialization.

E2 EXM#ArIZEST SIEEFHLR 5 TR E

Fig.2 Molecular regulatory model of EXM fate establishment and functional specialization
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RUGE AR o X g R B/ DR, EPLA &7
EXMCs[{) & B igfie, FUILIE B EPIIE Ny R K 2%
EXMMIEERIE L —

1.4 RIFREFENEYMELE

M AEE, REKES/NEEXMI KGR
A — AT He i, B BARTE Bk A% 32 20 MR e
KB WL 2 e, DR S B0 HS B S i) 22 e (1)

P 1 EXM e 24 ) 7R AR SCHE IR A L i 3 f
B R R 4618 1 % 2 5 BE G 5 1 ST AR D)
fie, BT SO FE R 5 IR JZ A CRE P . EMTiE
2UL R RSN RS S & UG At , fE Bk A

PP AIR IR B 12 b, B A —8 /N EXMH
W5 PSIE R FE A2, B R A o BRI T
PS/G ¥, RAKIFFEXMM & 0] W PSTE L wlr, F
KIEESAEER RSN .. HHEF, 5 F EXME
Y5 R RIE FEAEHE LE P SR b P B AR IR A AR ], /)
BRUAH DGO TR 32 B3 N7 A 18 % 2 AN T e S e Bkt 1
RERME LKA MER . FER =500 DL
A AR HE KT, DRI I — 38 76 UE 4 9 B A ffRE S ]
FEEHEZER.

g b, RKBEXMMEAERE S/ DNRIFATAE
HE . BB, e sgoul AH AL 14 0 25 DR 26 )22 T 1) a6 A%
TSR AN L DL E ol ok, EPL. HYPS TEAH
KRB B RK IS EXMIE B ) HAR TRk, 153k
Z HAETA JIIEYE .

2 RSNFRRERIERFE S TIRE
EXMIHUR, I 215 8 T4 — IR, 1
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SEAEA RN 55 W~ — 2o 2 A DiRe
FRRE, 500, JR¥E. RENRGIEELLEN.
R K LR B AR AN A e Sy o252 N T i
A, EXMIHE REFCERE: XSS K
AN AR I, 25 BRI 51T N R 25 e Re
2 REURT Ji 46 A BE 41 B (primordial germ cells, PGCs)[)
Rtk , IZNMAMNE R 405 BEiG 7 1 F8 e e it S 48
JEAfy U R, EXMAER AR & o BE 2 MR A5
A (1% B 20 R SRR, 2 R S A B AN R ELAE
RS 5%,

2.1 BPEEMESLZESINEERL

Wik R B R P s 2, HOF R B A
WSS, TR BN E RIS R 5 RSB
BRI FEAE R, L RIA B BERG ) ot 52 4 fhk 2 14971
RELBEHA Fr AR, H IR W) 2 50 55 3¢, B
JE E R A1 i 2 B 00 I R e O R BN B B EUAR, T X
— 5 EXMIIIE AN e B U1AR OC 199, R
RENVHIHRAETS RAERE LHAEHEER,
HEXMBE#EZS S [ I AL, 6 fE4E
et A EEAEH .

B3 F 2 T LA A S5 G g IR L AR 1)
BT, BEA TR, EXMATA 40 T 78 e
RS, FEiE— 2 A P R A TR DG Rl 43P 6+6%T,
7E/NEHE, VEGFR2' [ EXM4H ffd w1 2 4% 3T 4 ik
JEHEHEI VEGF(E 5, AT SCRFF I L W 2% i
MR JEE) N, 5 b[RIY, Fikl. Tie2 S5 5L 16k
IV UM BT RS, H AR R R I A A
7] o FlkIfR 2R 58300 B N B AR e ) BRI, 1
Tie 2 5% D) 58 g [ 0L/ s A RTS8 0 I B ) 52 437 10098
EPORHH 3 1% 75 i 4 21 240 i (1) 4 4 388 4 5 73 A ik
T B ThRe e, BMPAR2E 98745 nf S EEXMI />
FERR B I 5 B 70, [, i PR A AE [ S AT
EXM5 VER& R A Befa e TR R, 1X 3R B IR S Z 11
TE RN M T EXMI P EIAE R 77, Tall (3558
FAEEXM St AL f s AR T — 2, k204
AN RIRIE I EXM B B A B P E T, X
B 7% RO, EXMATA 40 M it N3 ifi /1 7 B
Kl R J5, G 80T Re 2 BIA R = 90 1 v 428

REFEG/NR YR s — PR, 78
TER R AR BT, REFTHIARR T /N
RaIBE R A RME R RAMEE T, xuegh R
UL, GP B FEAH OC EXMAE A [F] P Ff v AR 0 1A 0

I SCRFINRE , EIL P AN A AR B I B A
Ao IX— 2 PR, EXMAEAN R E] ] feda A
M DhRe s i, HIEIE A e A R R B ARSI
2.2 Bs A EBXREPIIEXMZTEL

/N R B R, PSSR = AE I EXM A 4k
XL 2, TR FE, RIARSRIEMNG 5 BHARATY)
5 A e (9 i AT AA 24300, #F E8.O~E8.5MY B, JRFE )
HPREMR S SR EERE, TR BEERAGE, brd
HRHBTEIR RGN T, WREIREE 5 R E
JERL S, EXMAE % 1 B G 57 1192 4 45 1) 1) B A 20
Hellii o

E PR FEREEWE RS RES, EXMIB 4T
VA 42 R P B 4 5 e 45 A0 AR T S I A D 4% R T
CUT&Tag/r W47, IslI7E EXM 5 PR JEFH 41 i %
K, IR FEURBEAE KRG, JRIES S E RS
Bt & iR M A 7w 0, RS R ELRE
BT AL ML 4R IS), ZFP36L U 2 ] EXMAH S 41
ZIHVEGF-AE 7= &, it 8 VEGF-A S HUEL IS A2 Bl
G5, WAL M LA KN R, SRR
RIS IEREZET: T, EPIHRE S 1R B Lepr 5 Ttpr2 5
HIUR BB RLGE S IRIGEOER AL, #E—P4e
7 EXVUG BEAG FTHI 6257 B DTk AS J5) BRI R 45 AR
5, ICARIAE R 8] B B A B S i R B X
Sert ST SL R LR, EXMAMY SR AL 3228, i idid
ML RS G SRS TR IR TR T RE A

fERKET, G E R R, HE )R
ROy FESRIE T EXMY, X — S5 Hy ) )N BLR FE
Thaehr &, 7Z&aRG LR IR M 5 06 B 2 (8] (AT
%o RAIS M EE I Tt — PRI, EXMAH G
RS MBA MR EAE BJLRIR P B 4 i LA
SR G WA B o AAAE B VTR &R, B R B /R4
s BR ) LoRIR P 52 40 B DA K 9% B 8] R (T 1, #RAK
8 EXMAYT A= BICH A DGO 858 (1) SCHE 1 AR T/
B, RKHEEEIG G B A S g i 2 2, Hgar
F1R28 77 AR EH A NWAEE R &, Kk EXMAE
R ] G ARHH T 0] B 85 505 5 AT
%o IXFPZEFHAE R EXMIEATIAE A MAS, 1
BT e S L[] — 1% R AEAS [ (5 SR

SRS, NVNRBIRKZE, EXMBIZ 5%
GE R G ST 5 RERG ST I R A R R 7R RR A (R R
B R R B & AR S 4R p R EEEEH .
B A SR AL 2, AN A A EXMI EAR DTk
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75 2B FT LA Ll 2R 00 R AR AE I 2 S R s —
AT o
2.3 FERFRK

5 B EPLR VR 1) 7 IR J2 5 EXM L [R] 44 A,
EXMJE B 57 2 s E R IE w2 . MY
REBAEBE RS EAE LA R 1D
5P U R TR 381, EXMLS AR AR AR J2 36 [ B
JE R RE AR, B2 G EERY U7, AER KK,
SR AR TR ANIE JZ (polar trophectoderm, pTE)—11I]
(W EPLY pTEIN] HBLAS B, 4 N 2E i B0, St
T A B 5 15 RE b Rk 13T 8, R RIS R
(1) B T ST,

BMP25: R E ¢ AR OC XS R 05 KT 8 ey,
S T BERE A 2 R ARG IR AN B B R E . F
JEAF 5% EXM ARG B Tie2 i JE Tiel 315, $22F
JEAH G 1) EXM ) -T-HRFAE 5 3043 17 /36 i AH 5G4 i
AN B, RS BN A DS AT o, EXMA g He
B R 5 ZAE A KA (insulin-like growth factor,
IGF) RIS A, TIPS X IRFIXIGF 2 4%, $27REXM
A Al I AR KPR AR DS S R PSIX S R I SRS
B SR RLAE , T2 5 il e s g 3 B8, 7
RIS R T, EXMAMY S 5 LR 1t R 45 44 fr 4
AT BRI RS S R A RS K AT
FRFRSUe8,

2.4 WIMNERES RBES

EXMAE FH AT RE A5 IR T I BT AR 454,
I S AR B A0 IT 1E R A SR 883 . /N PGCs
A E7.2576 47 HHBLLE PS G vy 3T X 3, 230 JR
FR B X, fEPGCsHF LI B, IRAM X IR 1A
BMP4. BMP8b% 1553 1, 2 VERKIEKIBMP2 )
A3 8. B I BMPAE 5 AT 75 3 4RI IR = 40 i e
ST RS SR AR P BT, BMP43E R 46 A Bk
2 FEMNGE Z PGCs, Ui IE4ME 5 7E PGCsTE B
HELA A TS0,

EXMA & J- A H 5 L N PGCs, {H B Il i 4ERF
3 DG S SRR AL, S PGCs2E il
PESCRE, R IR B 5 2 E ALY, 5 A
], BB PGCs BE A TGS I T 5 i w1130 2 = ot
gL, T A ZE PGCsHR B EIE I A 76 4 W Hh &, 1X
—Z RN, EXM S4BT R IK 6 RIEA R Pl
AIRE AR, AR F U7 200 40 (] 422 3 4 A2 [
PhIFl, AR — R R ST

NI R B, EXMAMY S 5 1L 5 A5
$U 107 A S AT B 24k, R B A i S FR i A of
AR AR EE . EXMRUR 4 1) 57 40 i 5 43
IR I ST A N 7 4 R 7 25 ) AR AR, Ik
HEAR 9 9 R AR RS AT SR 4L . TR 5 i
A7 TRIBT SO o [RIE OB B I I 28 R TR R AR
EXM5 W ZZ RIFAHEAER , ¥ % VEGF. FLKI,
TIE2. BMP K TALIZ5r T4, X L6l g 5 1 5
TERG PR i i s B a8 DA 56 500473, [A]
UEHEN, UF 3% 28 EXM AT Ae il S e i =2 48 . Ay
Je BB AN R R BIRAS DA R 9 I J2 SR U 1) 55 93 WS
5, (R IE M — I R AR AR, A X AT 7
FAIH S W RN B IhRE T FsL i — S5

MPEIEE IS, EXMX2EE, UITE%E. PGCs
T A AR 1 2R PR 5 0 B A ) T A B S R
HE, MAZEEEIGEER . WIS FE . R
AL BIIER TS Z AR RS , EXMIE R
FELIRE R —BR12, M &7ES TE. HYP. EPLIER
FTAEVIMRRSL BAE S, XA RGOSR iy, 1525
SE R RERFAL 1004 [, B EXMAR M S 5 43
T TR R ) R RO, ik — DR AR T R
IR .

3 #IGEIRE FINEEFF LAY 7 B H

/IN B PR I8 % R0 T 8 23 B D EXIMIRTATL i) 30 428 1)
fEdr R ft T EE SR, ML, HAl R KFEEXM
EIRIE Z EAR R 1S RIB IR . IR E
BSTAE TS SEE . bRERE T R
AR RAEWT . S A I o AT DA S AR SN R R (3R
1)%6}': ?_E%EEHZJ: [9-10,13,16,45-46,48,54-57,95-102] . i‘z‘[ﬁ]:fllf/j—‘—\‘
ANFAE il g T EXM iz 1 5 B B m 2 ek,
T A SRR A AE — 8 R R B IR M IR 3R 1) A 2
(E2).
31 BIMESIEE
3.1.1 BMPfZ5: EXMifF5riE & 7 0947 w18 3%
BMP{E T2 R MG K & CHiEg e —, 25
HIl 5 4 (anterior-posterior axis, AP)# . HILZE 15
T R AME SRR AL BT AN R s shid FE
BMP43&IE TPSJ5 i M EXMAR KX 38k, J-2 HEM Y
EXM izl FH e 57,

FEEXMIT 7T H, BMPAE 52 iE4k i 9 78731 i
g2 —. fE/NRH, BMPALE PSJa 3 AT A MHE G IX
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Table 1 Overview of major in vitro models for extraembryonic mesoderm
BRG]/ B AR it MRS T3k
Types of model/specific model Species Ground state of cell line Method
2D model Mouse EpiLCs Direct induction'!
Mouse EpiSCs Direct induction!®®
Human primed PSCs Direct induction!'®>*>597)
Human naive PSCs Generation during conversion
from naive hPSCs to hTSCs*¥!
Human naive PSCs Direct induction!'”)
Non-human primate  naive PSCs Direct induction!>®
Embryo-like assembloids Mouse PSCs Derivatives of stem cell-derived
Mouse PSCs, TSCs, embryo models™
Gatad-expressing PSCs Derivative of embryo-like assem-
bloids!"***!
Human naive PSCs, EXMCs, hypoSCs, Derivative of embryo-like assem-
TSCs bloids!"*#=7)
Embryoid bodies Mouse naive PSCs, Derivative of embryoid bodies!""”
induced PSCs
Human primed PSCs Direct induction!"""
Inducible embryoid bodies Human PSCs, iPSCs, Derivative of inducible embryoid
GATA6-SOX17 inducible cells, bodies! 1%
GATA3-AP2y inducible cells,
GATAG6-overexpressed PSCs
Chimera Human EPSCs Derivative of human-primate

Long-term in vitro culture Non-human primate

Cynomolgus monkey embryos

chimeric embryos!'®

Long-term in vitro culture!”

EpiLCs: 2 FE41M; EpiSCs: L JIRJZT4HA; PSCs: £ fgtET4A; TSCs: #3972 T-41ML; EPSCs: ¥ £ AEMET-41fid; EXMCs: R4 b IR 2 K

F2L; hypoSCs: N JIRJZT-4iJil; iPSCs: 5 £ REME T4 .

EpiLCs: epiblast-like cells; EpiSCs: epiblast stem cells; PSCs: pluripotent stem cells; TSCs: trophoblast stem cells; EPSCs: extended pluripotent stem

cells; EXMCs: extraembryonic mesoderm-like cells; hypoSCs: hypoblast stem cells; iPSCs: induced pluripotent stem cells.

IR IR, H R i S EPS G E S R - EXMIE/D
M RAZ R, DL JRIERT PGCsH ISR 708781, i
VLA BMPAMY 5 EXMIE A 5%, ths2m 3 f5 82 1) 68
et RAMIFFE R, 7ENPSCs/r btk &, BMP4
AL AT = 0 T EXMCsTE ), FR7ES Watfs 5 P [F]
TERE s — iR s S 10, LAk E , BMP
TE/NRA R KR EXM AR ) 4b T Haviz i S 1 L
A, (BRI Z 2R 5740 HALGE 55
TP S 3L E R

3.1.2 Wntfz 5: iz 445 Wntf5 58 HE R T
farh 2 5YNuIb s . At S R IR 2 i G o108
7E EXMI#EH , WntfE/N B PS5 i 5 o VR 2 7= 2R 2%
PIFOE, 75 NEXMCstA 2 H ] Ul El 5 BMPAE [A] 12
1 EXM 5 S 1013100 55 4BoR Wt 7] Rk — 45 1
SRR Z R AT 1A B g e, E IR AR s e
EXMis.

3.1.3 Nodalfz 5: #Z#AFAFH  Nodal/ZTGF-B
HBHEERR , ERMEE S 54 PS. F5 =
JEIER, 355 IR A A AN SRR B g ar 1ol 7
EXMIf 5t , Nodalfg 5 BAZ — Ml R4 S 1545
/N RSB R B, Nodal i P 5 3 AN 161 5. BT EXM,
A2 JE I AR PSTE s Ja 3B AE 5 BIAE S HE N — R4k
I3 32T 1A R EXMUR AR U020 2R AR AR A
I ZH, 4 BMPAETERT, FUK Nodal i 4 5 - ik 1
i ), T 2 v Nodal v 14 JU) B8 451 [ra) #E 20 R s o i 2 4y
N, fE N EXMCsHERL | 58 264 N #1] Nodal
HEEAHOE mTOR. Watfll BMP, H BT EXMCs &
Ui Sr SRR, AR EGE BMPAI Wt(S 5@ B I, 4
1% Nodal{F 5 X AT 4] H 7] 3 JEAF 40 i (amnion-like
cells)r b, ¥ Hoarig 4 7 EXMU3481, [X] It | Nodal
AR 5 ) R R B IS S, T R E T R K
4 02 SEXMfriz g i .
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3.14 HAHBEARKSES Hedgehog 5 5 7EH #E
VI AG T EES ST E RS, AT E
I BB R B SRR, HA B R B IR
JE R 45 4 Ay R i DL ST AESR, % IE B
PHNEXMRFE I8 2 H

NERH SR BB e AR 7R, VEJR 38 X 3 n] k4R
Hedgehog{{#i i) EMT, Jf 5 £} i 7 1] 7 & 25 44 T8 1
RPN, Zfp568HH & TEAL W23 [F] I 5200 Thh 3R 1% Al
EXMEA KA, fERKET5H, AN
VERIE { Thh{5 5 7] G 5 EXMCsHrAL A O 181, 3%
sk PR BH | Hedgehogil % 31 4E 5 EXM = o< Bk,
IR B B I A4 A e i HEME =, A S S
BMP. Nodalkb-T [FIEHE JZ 2 (A% 038 1

RMARKE, W EXMATIE %05 5 i A7 1E
JZg K. BMPE 5 AT FiF, /£ EXME S AT
Gz @SR OAER , X — BRI AR AR
KRN 3 O IR . WntfF 5 EZ & )
[F AR e E R, T RedtE sl IR JZ 12 5 1m R 41 7 1w 4t
#to Nodalfs = W g [r) ¥ 535 Rk 5, Hg ARk
LM JR N 5 IR A0 o R 2 40 SR P4, B I MR B 52
BMP. Wntf& HAREE 7Rk R IL[FF 0. Hedgehog
&5 HUESE B BTARAG B, 546 T 5 5 EMTAH
Ko I, EXMfrisE £ 2 S ILFEEMN T
AR, mARR B gt oE . FEBHN
2, FIRMES RN RAR K2 ] REAFAE —
TERSF I, HoA R 2ok B R /ME SR R
B A B TR AE FOAR S PEHEWT , A P8 R R ISR 7
I (E2).
3.2 #ZDESRE TS

EXM iz @ 37 I F i — s 1 2 M Ok Bl
M A5 2 FH AN R 2 G IR 1 k8 S se i i #2356
53R 3 B TN A IR E A P A58 IR A0 43 3
WG i R B, 53— K7 3 £ 2 5 EXM
B0y 203 . AR S S SRR e
3.2.1 EOMESHET: ¥z & it N B F B 415 548
EOMESHH T2 #1 4= Hp 2 A (1) B B s R - (210,
gE G /N RAR N SR AMERLIEYS , EOMESXT 5 3% 3%
FH2 EXMIITE Al B W B i 1, (B PR B AR ¢
EXME St AR R0 7, X 7R A R EXMATAE 25
Ryt &) — PR 7 B AR R A7 AE 22 e 1) TRAR W]
BRARTE R B S AT RS, 1l EOMES 5 T i
2 D) AT . 22 FELBT B 1 58 5 PR 2t EXMUIR) RRAL 1

YT S IR TR, HB 5 EXMAT TR i 8 R 1A
TG 45 AHANDI. FOXFIFEXIRE, IRTS 5
TR E G LN P JE R T K SRR A 2y SO BRI
WIREFEAT ™), ROk E , EOMESHITE /N iR EXM
R IE M Th L TR, (B R KEEXMF
IR FAR S Z RGEE T
3.2.2 HANDI. FOXFI1: A9 pria ik 5 o e ok
WR Y EOMES 5 T 2 5 v ik J2 72 /7 18 )i 2 Al
A0, A8 HANDI1 A FOXF 1) 5 $£iF EXM &
Yy 8038 5 I RE AL B B . HANDIZE iR 4% 55 5 % 58
) Jof rh e ek, HiAE EXMT (1 I BE B 2k pl A 2
HAND1 5¢ 4= b 3050 1) B 2 J (R 2 — B81200 7E N
T4 f A o HAND 12 EXMCsH4k 1) 5 B8 % ]
+, B HAND 12 ¥ 20 B 5 40 ) 905 B3 7 04 57 )=
i 2 W, E/NR T, FOXF1Z 50 IR 2 M EXM
a3k, R I AR AR R R, LA Ok T S E g
WG REME REZH . L EIRIERA KM
JCERRFRIA ML 538 M bs B R 1212, fERK
AN AR, EXMEL EXMCsHF 57 %5 HANDI |
FOXFIAIER, $27R R K2 EXMAE R K R IE 2 1H
E/NREXMRFE—%(, fHHAND1. FOXF1{ER £
EXM R 15 I AR 2 75 BoA DR SF AT 75 SE 40
ﬂ%gﬁ iIE[16’48’96’98] R

MIEUEHEF , EXMAH 5 5% K 7 W 45 471
JZGPERITRE S T.(KE12). EOMESHITZS: 5 it 28
FER IR 2, R IR P 5 A o2 s e
HANDI1 M FOXF 1 5 531 EXM & 43 %83t . [8) Jii K
10 R A8 R AE A SR I RE I ERE I Bt o /N BRIBHL 22 R
IXUEPH T DRI AL T RO R FAEYE , R K IREXM
T M A R g e BRI IRE SR, HAl
AT I T R IEM SRR MR HE T | A5 45 i
O HER AR AT RE S IR — D IRAIE .

4 BRESRE

CREIATTL, MGG SEEI R KIE, EXMII N
YEWAIR GRS IER, WA —. HASW
HpEE. MIIRRETNE, DR RKEBEXMP S Z
MEROE, S50 EBEER. 0556 )
B ERE MR K B R S, IR AL
AW AT S5 A A SRR AR 1 220, R 2
[i&, BMP. Nodal. Wnt%(5 5, LA EOMES. T.
HANDI1. FOXF14 5 [R 1, WAEW Rz al HAR
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Table 2 Multidimensional comparison of extraembryonic mesoderm between rodent and primate
B i 145 9% PESES
Dimension of comparison Rodent Primate

The first occurrence

origin

Contribution and function

Regulatory mechanism

Maturity of in vitro model

Accompanied by PS formation!'®2'243!

Posterior of PS2*2731

Involved in extraembryonic structure for-
mation; promotes blood island formation,
primitive hematopoiesis, and vasculogenesis;
modulates the formation of adjacent lineages,
including PGCs, via local signals and microen-

vironmental cues!2430:36:39-60.67.75-77.82-92]

The regulatory activities of signaling pathways
(e.g., BMP, Wnt, Nodal) and transcription fac-
tors (e.g., EOMES, T) have received support
from studies conducted at the embryonic sta
ge[23.38,70,87,89,107,lll—l12,119—122]
Genetic manipulation of embryos in vivo, live
imaging, 2D differentiation, embryoid bodies,
and stem cell-based embryo models are now
relatively mature, enabling a robust combina-
tion of in vivo phenotypes and mechanistic

Before PS formation; around CS556!

Controversy still exists, and no direct lineage-tracing evidence;
originate from epiblast, hypoblast or trophoblast have each been

put forward3-57-1441.44.48-56]

Involved in extraembryonic structure formation; promotes blood
island formation, primitive hematopoiesis, vasculogenesis, and
placental mesenchymal integration; exert a stronger coordinating
function in orchestrating the complex villous architecture and

the local microenvironment!##36!:74.93-94]

BMP, Wnt, and Nodal signaling are repeatedly validated in
EXMC in vitro induction systems and are closely linked to EXM fate
specification; HAND1 and FOXF1 are also found in EXM/EXMCs
in vivo. Nevertheless, most current data rely on in vitro systems,
single-cell expression, and correlations, leaving in vivo causal

evidence notably lacking!!®!3!16:43:48.54-58.101]

A range of models has been established, such as time-lapse
cultured embryos, naive/primed PSC-derived EXMCs, as-
sembloids, induced embryoid bodies, and human-monkey
chimeras. Although the repertoire of available models is now
more varied, the direct correspondence to in vivo EXM, lineage

inVeStigatiOnS[ 15,25,95-96,98-100]

fidelity, and functional integrity remain to be rigorously vali-
dated[Q—IUJS,16,45—46,48,54758,101—]02]

HMERI I, B EXMfi I e HL T A7 7R
€ (LR Gy T HESR 013238 BASTO8LI0L I U2 U HO-1201
A, B ATF s EXMIALEIRT 72 3 B 55 5
PR AR A R IT, R LA 2 1 A7 KR
SERFAT . (EAEANNECIRZ T, DhREAR R T 1 Of
SPHEIFARWRE E M AT NREXMEZE
BUAPS J s A P R [ IR A X I BC A 25 2R, 1M R
KREXMINEE R, AT REAr 72 3 R AR AR, R4t
AR PR A DR IR R BE 9 R A 2 40820123

H BTN IREXMIKIBEFT, /B E 22T AR A,
RSB RRTHIMER, RKKEXMAEAF SR
RUESfE 2 18] 15 AR OL W 5 T 1 R SR . /)N BREXM
(I T2 5 D RERr b A B (AR AT TS24
R Z A A NS R R AN = I 23 70 5 06
k. BUATEAY: . Hgi R MR g5 K LTy
BB RR EXMIRETR , /) BRI FE AN AT 58 4x
FEREF R, REBEXMKIR . 4007 B
PR B 2 2 BRI 25 G AT IRIE , A5 EXMCs
5 N EXMOXT IV 5 28 75 2320 S K04 3 B0 1 D xf

FR AT A A B v AR S R AR AR g — D T
EXM R HLE| FI3E. FR, SR A EXMCs A
[ FE ALK N IR AR AR () R A 22 IE Af 8 S 3R 116
LR (3R2).

EXM5 RS R E . M4 M. JR G 25T
FEH I , TEANFEAR EXMITERALE . ThRekstk
FAREA RN, TR N2 PR B TR SR L
TERIAITHE S, N RS AR T 3R A8 B B,
b4k, EXMI¥ DNAE S e 15 HAhiE RAAEE R,
XONERAY S R 5 5 DNAS B B m 34 7 5
WAL AR
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