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Keutinl MR A E, BIE, BRI, BN, ZRTaM, 2MFESHE

Xt ARG & B BB AR TR N2 RS G
DL R SR T AR A5 B A 2R S AR 2 8 BRI AR 1)
TEAS I A E PTG DY, IR R RS T
HARE A ARG & &4 T RS mE s/ Rk
AR, MBS T2 XTIl sh P e
GAEBENGEE, JFHEEXT ARG & T iR sFE S
Br, FRo#hE T X ARG & B RS 1. BRI
AR RIRHE AR R B LAY ASF, (HAEARS
TR b A RGO A A G IR TE S B3 22 57
NS BAEAFA A SMIE 2 (epiblast, EPT) EL4ZAHE Y
#E SN2 (trophectoderm, TE)—H#F=AMEZE, T
/N RAE AR A EPTX U B TE—RBE 2, TR MR 2
AJG/INER IR IR, 0 ARG IR R,
% SR NI FEAEA B A D RS BRI, X AZE

FUH NG ) 2 TR AT 7 2 B AL,

AR, FIHZ 68T 40 M AE AR SN AT LU A 28 i
A, ZBIRFN i IR A BP0k B Y = 4 (three
dimensions, 3D)45 4, 3X 3D K BEMS LUK 40 H1 5 B 1
w B R R G T H . IR S
N FEAZHE IR T LA K 48 7= 4 5 DR S 30 fE %
WIRIG & 7 S e o REASASTIE AT Y G
MR R B S, IFTEE YRR 4 T EH A AR
RS RS, FE ARG /0 A 3R
BRI T, AR A R 2R IS A
WRERNEIMNG LB BT TEN(E.

RPN ENGHE M T I ZHE B 254, HAET
SRR RGN L B R RN
ML (inner cell mass, ICM)LL N &K I HOERTE G54,
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BAZAGRIRI3 s &, BIEPL. JRas PIEJZ (pri-
mitive endoderm, PrE)FITE, HAEHH il #2 fh e 4Ll
SRR 2V R IR A AL AR B OB i
JUR SR X6F 7 524 S A AT EPTAY /1> BRUMRJIG 1200 it
(mouse embryonic stem cells, mESCs)FIX} i FTEAY/)N
M2 7% )2 T4 il (mouse trophoblast stem cells, mTSCs)
TE3DIE AR AR, B, 2Bl AR
KL HET A (pluripotent stem cells, PSCs)FIAS[Al{5
3 BT o RO R SRR R AR T 2R
PR AN R R R FTIERE |, HATHRE
ZRIET LRI SRR R, H2Kg R
(1375 SRCRAEH M E T Tl LA EE80%! 20,

ASCRAGE T F /N RUR R IR A5 PR R,
FEXT X SR RAEAT LUER, [FIRH 40 T ARk {2
AN AT AR I A 2 REVERRIE 1 /N BRI A 4
R A AL A MR IR S SR RINE R 0 1, &
TR T R B ST (AR 5.
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20184F, Rivron%/\méﬁ'\ﬁﬁwl\*@@Tﬁﬁ?&#’%ﬂ
HFOKTERMT/NRAZAE3.5 dIEEIRgEty, Bibkoh2k
PEIR. mESCsHImTSCsTE3DETE M FH3765 him, fig
ST 5 A W FINC M) LR 2 R R IRt by . RIS
PERFERLL IR, WG 4038 3 STAT FIMA PK A5 538 %
P TERBEFE A A T Hr, MBMP4. Nodal FIWNT/F
S TER) LR SR T, AR, /N RSRIR
TR C AU Z IR (R ), RN H &
JEBEE T HLR.

E/NRZEENCD, B TmESCsht= % SIE I TER
fie 1, IR T BFmESCs MImTSCsHhd% 5541, S5
S AL BE Y PS Cs S o SR A5 /N RIS TR A 53 — Fh ok
. PRI EE R £ BE T4l il (expanded or extended plur-
ipotent stem cells, EPSCs)/&4H b TPSCs HAT ¥ =401k
TWRREMY T AL, REAS R 1k A R Y RSN E 2R 41
2, DR A T LA 5 S 2R S R A T T 4 2
Az —. PL1:2 44 mEPSCs 5 mTSCsifs 377 4 1
KR (EPS/TS-blastoids) TR &1 F WL R A
15.17%"". T mEPSCs 41l i S #8040, 7] L by 22
FEJR(EPS-blastoids), %E215%!"". EPS-blastoidsHl
EPS/TS-blastoids#B & A SRR 3 is &, JF5
ZRGRMEA M RIEA2ERRE, HRBIR 05 ST
FEE I T MAE AR R A b 2 T E,
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WS IR RITE MBS, eAh, RN
FMARSNIE K 15 57 5206 7 B T EPS-blastoids HA FEH A/
P E I a sh IR A G & B TERE. (i s Ah i,
RIS P8 ) 55 DX 78 2 L35 A% 11T [ EPS-blastoids,
A B FIASE Z IR & & o R 0L f R s 1%
EEM Ak, MinZE A IXTEPS-blastoidsta 8 i 2 iR
G AL (B 3 R) FITE R (G 5 X)W B i 2 S iR itk 47 2
PR 2R, BB 3 KA S RN B 1 3R 3A
HARPITZRE MG 0\ 40 B 2 AR RHE, EEs
REFEMMEARE SRR ER, XfER
A & T2 EPS-blastoidsilt = KA A 5 & B I RERY
JRHZ —. RS2 RS TR 25 7 3k B (s BB AE
eAghm i, HE—25 e A & BRI s FR 1
PRI ATRE O B TR, M AR B RS et R
2R I 2 0 0 YA P [ 7 R IR I I i,
S rfo AR AR O H AR TR IR fb 1 1 S R
WEWE R BV REZ FR AN SC 4. XTEPS-blastoids & [ 5 Fl
AR R B Sh SRR 0T, St T —2 ek
FRBRIR R R G,

PosfaiZ A\ 2%t B FmEPS Csifs 5 1925 38 IR st 401
SRR AR, BRI FE EIKE b, 2Fh
mEPSCsHa) # (1 2FE I 5 52 K5 58 IR (A S48 A — B,
HRETERG R LA KRES, [UH6.7%EPS-blas-
toids4H il RAETETEIS R Fitift. 7EEPS/TS-blastoidsH?,
[FAE A AL BImEPSCs S 5 TEIE ZRRIE AL, $ER1E
ZMEFE T, mEPSCsARELEHZ TSCsITEHL I M
FEWR) S T HFEPS-blastoids H TE R 28 41l ) B 52
Sk, K EPS-blastoidsiK H 25 F 45 1E 43 B ICMAITE, FF:
S AT B0 O S R A Y. S5,
ICMH R4S TEREAN MU S5 2 AP A IS A, T TEW] 32
B EPrERE R AN, (HJR A 40 2 A R L] i
SBFFE 45 AR N 220 P2 S5 2L B 2 B 2 R
M, EPS-blastoidsf 4 >k I8 AT i 4 SMIPrEAH 5G4
ML ZEICMHTE R I HE B R G Ry, (HJE B/ o)
REVETER IR A IER E L. i DURT AR M S B0 1
HEIBEETE4R MY, EPS-blastoidsBEMETE 52 5 ARG
SER IS AP R VAR, EEEREAS AR
KBMETEN, H2 ARG T L3 1 540
e 5 EPS-blastoids B AR W Toik 3R 15T/, A7
RIS T A THREM3DIESTES 5. XFPIhfE
PETEAN A #D 78 1 SR It AR 4L T A RA5 Dy B S AR 1% ]
B,
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AR5 5 mPSCsH R R MmTSCs & K I 52
R KiFRAEFGFAMBRIR £ WEI 2 i iR R rh 445
B R T HREH A EmTSCsH R T TR, &4
2 B R FTEAML . FRAMNMIR 2 4 i #1531k 1
TEAMAE AV AMAEAE, TTANREAR G- xT N 2E MR BL I TE
2, JoHRAE A RTINS B R TEZRA . o T 354
AT B TEZ R, Rivroni4] BAiE 13 43 EPLHITE
(BN B AE LEPI W — R G5 T N, e Ta&
FGF4. TGFpB1. Activin, IL11. BMP7. 8-Br-cAMP
FLPARY AR G R R FAL S R mTSCsIE FRTEIX — 14
R REGE AT ARSI E T FLs B B TR TR Y /N B 7R
AR T4 B (trophectoderm  stem  cells, TESCs)'.
TESCsZ B AR B 48w, H A F BBy
TESCs 5 mESCspRIPET 5. W ZAYE, KmESCs5
TESCs #4144 E (12 BE IR AH L FmESCs 5 mTSCsE 41
FIZRFEMCR T, FERIAESR TS SRR B %
Pem. R SZAERIE AL 15 R R Y
TEAf I 28 3R 55 D5 T

AR B IG & B A AR T —A
FRE5, Fa TR T 40 A g R A R R A A 52 5
). 3K SEIERE IR AT VR A SEAR A TS A5 AR )2 [l R 1Y)
TR, JE AT 5 R AR IR AH B M BB, e
XFF i BEAIL ] O BRAE. BEAh, /MRS IRAL v] L
Ve FERL, HEshHAFLY, JUIR AR
RIS .

2 ANFREMMUEE

FF /NSRBI LA, AR
SR NI, Z ARSI A FHAS [F] 22 RE PR 21 i
Bya] ARG AR NR, A5 R A A (naive) . H 4
BMAIRAY . NP R Ren £ 68 T 40 (human
EPSCs, hEPSCs)%:(#£2).

YuZe NUSVRI I S1/L/ ARG 5P (L FEMEK |
GSK3. BRAF. ROCK. SRCIHMHIF, F sl P
F(LIF)flActivin AMYZH4)345 Anaive PSCs, I3
ONEINENESE 37 XN S SN P il (O e
Rigedt, BIFIN2B2785 723 FIFGF2. Activin AFIWnt/
B-cateninZ ML 4 7R 41 AR Y PrE T 22 41 i /Tl 45 7
FE(HDM) LA S AR TSCsE IR FEFISI/L/AREFRFELIL: 1 E
B A ARAT 1 32 2 A0 53 AL 35 37 35 (TDM). KK
HDMHITDME{ TDMHIHDMZH & 4L 3 A naive PSCs,
UG HE4H 204k M PrEj R AN TE S Z 4™,
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LARIAETEA . AIECRNE R0 5 A2 Rk
AR BERR. TR BEMIE B R, B IR C YRR
SE A TG RAE T R E MY (H R ds i 5oy 25k
BB EIRBCRATE, FIBZ MG R R I
rh ) ZS 4 A L IR 5. Yanagida 1 A3 3 PXGL 7
%3545 Anaive PSCs, Jeib 7Y TERANIEAYIA S,
F i NS HIZRBERR, S VD 2 R IR TG 1 s
LR Polo A BN N T 4 AT 4 A M i T £ ik
T2 1 K5 R A BT A A, Hoh & T EPIAEAN
i, TEFEAHIEAIPEREANN, R RI3DIEHR RS, B
T ARSI (iBlastoids). (H2AHIFINA, iBlas-
toids Y TEREAN A =7 2 T8 B R SR JE I, 3 Hoxd
IO T2 BRI S 2 ELAE A TE S 2 41 P,

hEPSCstiL i T4 8 A2 i 2B IR (hEPSCs-blas-
toids), HH5H AE 1 AN PR AN MAATE R AT, HAEA 250
HHhEPSCs ] LLZM b NI FIR P21, Fane A1)
& TR B 28 AR 25 5 NI SRR 1,
FEE W HABMP4iA ShEPSCs N TEFEAIIE, 5
hEPSCsdtli 5%, 45 IR, SH6K, H53.5% MR
H TERA I 25 58 A7 A ICMAE(OCT4 ) I TERE(CK S ) 4 i,
HAEA: 1% R AR 52328 R4 i A S 4
FRAE 5 T 5 AN AR R
hEPSCs-blastoidsiff 1 7 AR SMIER K5 IR REAL == 2501 45
A G IRRR 254, SR AR R R IR A G B R
RS A R A AT AT, TEREAR AR SR 5
TGP TEAN A AL, ELAH HEF Anaive PSCs
RIS TERE AN AR R TP S5, TEAHSEEE Fakk
SR RO S T A G EFhEPS Cs-blastoids 4 5T
Ang N S e A KR T R IR B A K PR AT Lk
F#hEPSCs[nl TEi R /Ui i i, 42 ShEPSCs-blastoids
TR, Wb A S0 BERO SR, SozenZE AP
BLAZAhEPSCsHy A S IR, XA EIFREE IS
2 T R RN A S S ALK SR B S IR
KB —RE, MEK R FRAAESHE AR R A G Wi
ShkE. (RS TE— S SCHE A T AR R W 1 R KO A
fiv fF5iEig b, R I AZR RE A — i 2
5t. FIHIhEPSCsHIE ()R BEMR YA JE T fE S hEPSCs A
FRAY iR 2. A FmEPSCs 5 mTSCsAt 8% 55 n]
DU IE /N R B i — e ! hTSCsShEPSCshY
SRR HBA R E s R Y XA R
hTSCs# A AN B FAEA G & BARAS, HRUTHE
HL 3 2 A Ha Y T mTSCsI & A — 3843 20 i Xof 1o T
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TEARPIRAS, 7T Lkt /N RSB RR g .

TEZA N BT ST 3R, Rivron[AT A
P NSRS IR RCR T LU E80%. % it
I3 25155 38 i (Hippoil % . ERKG [ I TGF i )
7S PXGLMY Anaive PSCsP2 I A HZEBENR. AT,
55 At 288 5% IR 5 45 RS AR A 3D RS SR AR A A,
Rivron1 AT % 7 HUBH AL, X Fh L 2 5k
B, AR TAMERLE, AT RFL A/ N AT LABR
RAERIER, BHUANIE, NI EReE. &k
EYNCNEE

WA R R, B 40T IR ACR MR A
KRR, ILREsE T, BRI S IRIMER BT
M, IRAGER BRI IG & & A HUR BRI 2
AR . Tue AP ARG % 25 (primed)PSCs
] Anaive PSCsftAsid i) rh RS AR S5 A
EPI. PrEFITE#E LA K primed hPSCs)IE WAL HE AR
KPR FCRAI40%) RS IR AN, B 2R BEARAE RS NE K
RiFRE14K, AT AER S S e NG R A S9N i s
JA IR ZEAGRAAE, 4G R AR U B R A M . TR
SERY TN TR Z RGN AL R K A A 25 F 5, S
BT WRIRTE A A A & 55 B BEORS TEAEL,  Xo i b A
ARG R B R A HEEE L. BRT4
HIRIMER K F KBS, AR 8 L RRIE 1 hPSCstl 2
RBEM I R AL 2= i S L N FE AL g i
13 FHEEE BT, ZhongZs AP FHIMEAR IR AYhESCs
IR T RIS, AR o Fhn& i
SEULFRIE ST 5 16 % T 405 S 0 2 iR, (H
FETEE R BE AR R v, OB A SE PR e R X e £
PRI 43 FARPAE A AL . T A 0 A 2 T e T
JRRG % B RN R R AL EE Y R A AE Wi, A B T
M AR Xt NG & 8 R BEAIL A 15 M)

RAERPEIRAERE T NI NG & B S50 b s
HE KRB R T1, ERAES 2 N Z T, 52
AW TR LA, BN, SRR IR CR A
P, DASARSNRG T BE AN E B2 e LS 4 A 0 =1 50
T BN RN, FRRE NSRS e e, B
AT, KT ARSI e bR UERR B L 3 R 2 T ek
WLIAL, 578 NBEECE MR E BAE. BN
AR KA A G B P HCG/AKE, AT LA B
FAEPXS T RIS & B F L. teAh, MG
AMNER B FRR REE G ISHR, tnT LIS R ALY 2
IR R FE. SRS, U8R AR R B AL
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557 5 LA s S B S A7 F (1 o R,

3 H TR AT (RS R SR 5 Tl

DL A28 AR g /0N BRI N IS 230 AR 11 400 A She YK
#RIEPSCs. PSCsHENS /1L i3/ IRJZ 1 T A 4l i S 7,
WALFEAFE AN, (FJRANTT LR R IR 2120 .
AR, fethd RS B R, Ret™
b B SO T8 B AN R 8 T8 AR 57 R AR W AR ) fE
RO S e A A RE RS I T A R N RIS 4
ML AR ).

3.0 /DRUVATREREMIRIN G 3y S AL EENRRIE TEHP T
Wi

1E20124F, Macfarlans AP % 81, ZEmESCsH 4 1R
ANEER AN B ARG RRAE,  FROM AN R 40
(2-cell like cells, 2CLCs), HHiX4e4ifageis Hw A 5%
FFRRNAG | P/ BN A 13055 579 3 55 F (murine
endogenous retrovirus with leucine tRNA primer,
MERVLYHATH: SEEIR . 2CLCsHYAHE £ 3 h £ hE
FEHFR T RetERERER LR, UKS 400
JAR AR AL B e Wit R AF, {2 2CLCsHR ST
FE, 431 R S5 mPSCsHHE 4. BIR2CLCHE At
RIRGE A REMETR LR C g ir 2k mi ) HR
2CLCsIRAME FEATR E HATIER il 29 L1 v .

0541 5 2 A T 1 R B mP S Cs % 7% S 4 RERE 20
BN R 4 BE P 24 BRFE 41 M (totipotent  blastomere like
cells, TBLCs), HiXFh4ifi & aefeiksMas ™. 5
EPSCsH12CLCs i3 AR, TBLCSTERS sRAKTF- S
RLF 490 i 0 O A B s B A R BR . FE B A R S
TBLCsH] A% 5ICM/EPI. TEMIPrEIS R IERL, JFH
RS ENC IR & B e I A NGRS, R 4 it 4= f
PEW R TR o 4 TBLCs s 5 4L BB HEA T 430407,
KIMZHTBLCS WK & L L Re L AR, b2
REMDIRAS, EA 1SRRI A A REPEARAE,

2 HEFET M (totipotent like stem cells, TLSCs)HJ
DL ik 2/ N FA1A (SGC0946. AS8351. A3665%)
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Due to sample and ethical limitations, many mysteries still exist in the study of early human embryonic development,
among which the first lineage specification, the interplay between inner cell mass and trophectoderm and the interaction of
uterine endometrium and blastocysts remain to be fully elucidated. The emergence of blastoids makes it possible to obtain
models that mimic embryonic development in vitro, especially regarding the preimplantation, implantation and early
postimplantation processes. Blastoids are organoid models of blastocysts derived from stem cells that resemble natural
blastocysts at the morphological and transcriptomic levels; that is, blastoids comprise an outer layer of trophectoderm-like
cells enclosing a cavity and a population of epiblast-like cells and primitive endoderm-like cells. Moreover, blastoids can
enable the recapitulation of key events in preimplantation development, such as compaction, polarization, cavitation and
cell lineage specification. Moreover, blastoids also partially exhibit postimplantation potential in vivo and in vitro.

However, the efficiency of the blastoid induction system has been relatively low, and there are some defects in blastoid
modelling blastocysts, which has inspired researchers to improve these systems. To date, various mouse and human
blastoids using different cell types and induction systems have been developed. The blastoid induction efficiency has
significantly increased, and these blastoids are more similar to natural blastocysts at the morphological and transcriptomic
levels. In addition to transcriptomic analysis, proteomic and posttranslational modification analyses have also been used to
explore the molecular mechanisms underlying blastoid formation and their similarities and differences to natural
blastocysts. Moreover, human parthenogenic embryonic stem cells have been employed to generate parthenogenic
blastoids and detect the impacts of parental genomes and genome imprinting on human embryonic development. In
addition to pluripotent stem cells, totipotent-like cells have been proposed as preferred cell resources to construct blastoids
for their greater developmental potential. In recent years, many kinds of mouse and human stable totipotent-like cells have
been generated that have shown totipotent features and exhibited greater developmental potential. Moreover, some
attempts to generate blastoids using totipotent-like cells have been made, and such blastoids have shown typical blastocyst
features. In addition, great progress has also been made in research on primate blastoids, which will augment the
knowledge regarding human embryonic development.

Here, we summarize recent advances in the blastoid research field and discuss future prospects for the involvement of
novel totipotent-like cells in blastoid formation. These findings have shown that blastoids have important research and
application potential in the elucidation of early embryo development mechanisms, the illumination of peri-implantation
embryo development events, the screening of new drug molecules for reproductive diseases and the assessment of the
reproductive toxicity of new drugs. However, there are still some unresolved issues and challenges in the development of
blastoids that are also discussed in this review.

embryonic development, blastocysts, blastoids, implantation, pluripotent stem cells, totipotent-like cells
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