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% /N EUE A T 48 i (embryonic stem cell, ESC) i /N B 3 AR By 19 28 i 1A (R 4033 Fr 3K 45 /I SROAE A6 T 48 e T 50 ik 2
FIE R B3N R 2, BB Z 0 R AR AN AL R B Ak 7, TR, /N BRORR G T 40 MBI O BL A % 86 M (pluripotent), T A% 42 66 1
(totipotent). 1A fFE B &, NRMME T @i+ &8 D BT 8RN T1%), 2 FEFRAER L 002-20 80 25 fg,
X — 2K 4 MR Ky 2- 40 L HA AR Be R 40 . (2-cell embryo like cell, 2C-like cell). 72 3& % #4835 3 44 T, /N BUAR Be T 40
H A% 5 % # M F 40 8 (induced pluripotent stem cell, iPSC) ¥ #14 B & 7= 4 /b & #92C-like 4 i, 2C-like 4t i B4 4
B PR R B K F AR M, kAR SE B0 WA LR [R] B BT Rk 2 AR IS Fe AR AN 4, 1 ik 2C-like 48 AL FT DAAE RSN R
ARET 4N EAEA K SUR2C-likeZT R 0 KA. 2 FREANH . J& FURAE. BE 5wk DR 5 1R 40 L 47

2 Bl B X R EHAT R,

Rplie  EAL Y, AR, & FEEARE, KT 40, 2C-like i

2 HEME (totipotency) 248 M it & & -1 i BE i 2
M, BA e A i R eae Y Zaetk
(pluripotency e 48 A ML ML MG I3 IRZE, TAS
RESMEIE AN ZL R RE J). SR, TE4-4H A 5l 8-2t
B, Mar BRSO AR AR 2Rk, ATEZ
B B2 3] 1) B B ko0 it SR Ah 1% 3R 1 Dk LA
PR R, AR A AR R AR
H S HA KB RGeS, fE R, HA%
5 B FI2-Z T B0 Sk AT A REPE. KLk, X4
REPE BRI R LR AR — R R B AR
G E R E R, RO, SRtk RAAET
RE G By oAk eh, MR LN, oG
FEINRIR G T Al T AR, R8G5
TR I T AR A AR R, R e
FABAAS RS 5 2- A IR B . A8 Y

S, TESIMTE R AT, NIRRT s s £
AET 4 rp B A S AR N T 1%), IRk —
BEHA NG FE DR ZH NG I A e SR N, WMervI. Dux
M Zscan4<5. TR Ry /7)N BRI G 226 IR 2H 3850 % A= A2 -2 g
ARG, BT DL S 20 At gl Bk Sk 2- 4 3 VR A R 200
(2-cell embryo like cell, 2C-like cell)"”.

2C-like 4 il 5 2- 20 O A R B 19 3 SR Al A — 2 1Y
AR, AMAT AR GE A SE K 4130 (zygote genome
activation, ZGA)¥ A%, 1 HEAG 52-40 i ARG AR
fF AL RE ) S ARSI R, /R
JAR TG T 20 r 45 2.C-like 40 it AT ] i 5 ik 20 AR s AR
S, BEI2C-like ML EA 4 fetE, JFH 52-4iffl
WIRIRA L, 2C-like MU TE 722 5 3B (3 1). AT, 2C-
like 20 )8 R 5 UL A AR SMTF 9 6 35 DR 201 354005 A 4
P P AR AR,
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Table 1 Comparison of mouse 2C embryo, blastocyst, ESC and 2C-like cell

2- ARG PR 2C-like4ffifl N e il
@& el
ELS E3.5 VR 5 7 B B K{IELS KAIE3.5
il ZhEM: KEHRNY SfEt: Zher:
N kARG
B R et MCIRT 2 2
B = E‘E%ﬁﬂﬂi %ggﬁg}lﬁbfﬂéﬂ B =
- v REARENS H TR B - &
- ZREFLH (Octd Sox2- o
(L8 = Nanogﬁéi}_\‘[m] fie ™
. FEH N .
= fi Mle?l[‘\ D%ﬁggﬁ"w’ R fie
= fi% Yeta T e gt = fi&
i Ha DNA 1 S fp 7k Y {liS ERE
i [ BT i =]
i [ FeE 1% [

a) R P AEIL

1 WIS T-4iirb2C-likednians % 30

20074F, Falco® A" FIFIDNA Microarray %4 43

BT — IR K IR Zscan4 L H, (A A 2- 20 i B B 0 i
IRl T 33K, B2, Zscand{EMHR T
A7 2 I — AR A B USRS, B ER b
) v A A IR T AR5 Zscand, (BAEHE
JRE P 0B (inner  cell mass, TCM)H - A A 5
Zscandl) ik, b, WFFEAGHEN, Zscand V] BETE
ICMIRSMITA IR T4 i R 3 FHZAEH. Morgani%s
NPIREE R 24 MEK FIGSK3 33535 4 1F F (R
T A M 2B RS, AR Al rh SRk RS
W)EFR e Hex. T H, RN Hex PTG T
ML RIBIMNRZ LN, AR R R, Hex
B P20 i T (RIS Sk RS RSN L ™Y, 40, fi2-
AMIIICRA T, MuERV-L/MERVLIGA Bl 25 L -
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FEAE 3% mRNAPY ) MERVLH: 5 7oA 46 2- 40 i 1
RRarh ik i s, BEE2-A IR — Lk F,
HFRIRACT-ZBWREART. MacfarlanZs A" ORF5Y K& W,
MERVLFXFh AR5 1004 224 FI2CHF S 3L R
) ZRIR AR AR RL. 1 F SR U5 T 2- A L IR i b 3R
B SIS B A B FOT R bR IC IR IG T4, & Bk
AR I RG240 R 5 2 e T A AR AL B
S BAG 2C-like s SERFAE RO 2R M. 38 1 i A AKX
S C-like i 43 1E J5 A TR G AR KB, 2C-like4Hl
JL ELAT R SRR IG T 28 AR/ MH 21 B I & 1 T e

2 2C-likedfER) sy ¥

20174, 3MRIELH fENature  Genetics[RI} %% SCHR
B T /N Dux FNZE Dux 4% 5% 8 11 AT BE & 30 /D B
ZGAFI AR FEF 2H #4005 (embryonic  genome  activa-



tion, EGA) SRR 7" e migrie g i, 1etk
ANEEFE VLA 0B s IR G A, 33238 Dux/Dux4
SO — BT ZGAFEH, TS ARG T 4 i 2k Dux/
Dux4ffi5 F56748 M2 C-like MM AYRE 1. X — A A
HPZRHIERH, /N Dux NS Dux 452 4E2C-like i il H
PTG ZGAFER A 26 B2 R T

J T 878 Dux & B AR NG & B R h R AR
H, 385 CRIPSR-Cas9H ARTE /N FRL ARG B Dux
LR BRI T P R R, DuxIEAE/ N BUM G BL R 4 0%
TSN, B/ DRI R B i
P, (EIF AR RIS, B, & TN 41
16 F12C-like 20 B3 TG A0 IR A AL o) B HOAR B 56 2 fpat
— PSR, R 2C-like 4l MU 7E F WAL HHE A
— B ZGAREN 3K 52-AN IR IR ZEL,  (H AR Ah
SRR R SIRN LTI, AP EAAE—
SEM 2250, A IE i —4T. R, Duxte2-4niEih
JV I i PR 2H 50 v R B s A R e MR R
RABBEL, DuxWEiT R AFAE I Z G IR B A%, 11 Dux
FFEEFRR NG T B R IR B B AR . (U, TN
TR RANE DuxFEH, HAm A mRNA K R FFERIG &
B 1 A e bR i 1 A 1,

HIARAG & F SR AL s R G & B i —A~
KEER) R B R, RAELE/N R I~ 240G RIS
A~SZH IR !0 SR, VR 40 3 A
Sfetk. i F2C-likedl g Hp A5 AR A F IR 4128
I, P2C-like 20 AT LIVE M ARSMIFIEZGA ST T84
PLi AR e 1,

IJUAE, T 2C-likedH il o UG T 38 AL,
H R 2504 18 A a0 3 5 Dux R N IR A 6.
H, Fu AP A AT R Dux B B IR R, [RI
55 PRI SN 7 H R (single  cell RNA  sequen-
cing, scRNA-seq), &7~ I ZHE T4l ] 2 REtkH2C-
likeZi i A it 72, BIZF AR IR E A B 5
— BRI REPER] P R AR VR B, R B
22 REPEAH JE I R (AN Sox 2FNKIf4) ) 23R 52 3], 45—
AP B A H ] 20 BIRZS 1) 42 REME2 C-like 40 IR 25 1)
EAR AP B2 C-like S (ANMERVL N Zsacn ) FF IR
TS, AE/NERVR G T 4R [ 2 C-like R A 1 5 AR B
e, BF9E A B F FHCRISPR-Cas94 - il 4 4L [ 40
T BEEE A, T H 2R 2 B ) R R 7. S5 K
M, MycBHAFZREEIL NS i Dnme 141 2C-like
PR AT

Eckersley-Maslin% A" BF5E & W, Dux ity 1l
A, BI&E LR H2/4(developmental  pluri-
potency-associated protein 2/4, DPPA2/4)%J2C-likek
B ZGAFIAFE AN G 55 HoA EEA IR EH]. A
F, AN TARER T 2C-like 4H 14 5% 725 1) 7% rh oA [) il 4
TZIEM B RERR, B T Dppa2/45 Dux3EH (/)5
T EE A Dux e R = 3k, IRl S 0T 2C-like i P 11
W Zscandc S 3L A, IEAN, De laco® APYHESE
KI, Dppa2/41EZGAZ iR ik, F+HAE/PNR
ZGAS R AI2C-like 4 i o i — 2500 DuxHE P Y ik
VIR HIEE S 74 1(long interspersed nuclear ele-
ments 1, LINE1), M IHEGE & FREI 4, H5r2C-
like IR

YangZ: N\ WO # T Zscan4-GFPHIMERVL-tdToma-
to XU B R 12 C-like AN JEAT I R 48, R BLAE S ih
RNA  miR-344 847153 AW HPE2C-like AL VERT; [
W, AT TR B2 C-like 40 Y 73T 42 %0, R Dux—-
miR-344-|Zmym2/Lsd1- MERVL.

AN, HuE NPWRe R B, BRI IR LN Nelfa
PERE/N ARG T 4 1 2C-like 4N A% Ak, MRk
P2 AL T LU IR JIG 20 M 1] 2C-like 20 ML 5% 4k, 17 HL
WA T 2C-like 4l it 5% 7% 3 B v Nelfa/ Dux/ Zscan 4
WEAEH. S3AMZFEERUER, 8/ N e
AT A R R AG T2 L 1) 2C-like AR M2 Ak, R4
W REVERY LRI AL 7Bk,

2C-likeYITE AR, e/ BURIG T 40 i 35 57
FAFTF AL KR E 2 etk sl Rit, Fus
NPt2C-likelR 25 1] 22 BE VAR S 16 A8 S R A T R G
PERFSE, JFEs HORE B AL . D 2C-liketRASIR H
IF, Z2RerEHE R A BB B AR AR, A& 2C-
likeRAS B Z RS, scRNA-seq/M T, 2C-
like R A HE A FR RG240 B 1Y) 22 Be PR AR S B 1B G
AEIEE S EAE. LN, DuxBImRNA R, 47 )i o
T XA FAImRNAF#f# (nonsense-mediated Dux mRNA
decay, NMD), 4K#} T 2C-likelRA& M. /NEURIG T
A AT REALAEZE AL, 7EmRNAZK P88 7K
VA FDux B AR, LA RN B R T A i % R rh
2C-likeR A HYA 505

3 2C-likedNfiEMy et it e

38 3 H H ZGARE SRR IR s o e i s &
45 (B a0/ BRI IRVE 8 5 SRR BEMER VLB Zscan4) W] 3]
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VS IAIE T M 19 2C-like 40271 20124,
MacfarlanZ A"V 30, /N UG T 40 b 22 50 s sk
TEN PG X AP 2C-like R ZS, YA T 40 M 55T
HEA2C-likeRASET, BATRYLEBCRAS & AR B 2,
I RN 2- 4 L3 i 11 G 2L S A

AN, I 40 B A 2 C-like 20 i) P 52 P 2- 241 it 35
JARRG BRI, A4 2- 20 S0 VR B e S s
fF . ZREMEIER AR IRCS . et Bl e im0,
gute T Feue i Yt TR Ko MR A I LA B 4 3 R
ZIDNAIE P L fl 24,

Eckersley-MaslinZg AP 1o 4> 35 PRI 2 DNA 1 54k,
YL T M R, S IERA T 40 e 3 BIMERVL/
Zscand WRASHF, PEBEYL(Fa] e hn. T HERE
S SN DNMTEE (A B B, 76 3Ll
Y N S B DN AL S fb K. EEA R,
DNAH 34K Bl MMERVL' Zscand RSB H iR
2, (EJEFEH A ENMCR S A REVK A B 1EH K. Ak,
W H W E T DNAZ AL IEMERVL'  Zscand s 5 M)
2R BE 1 2 B R AEMERVL 1 Zscand B0 1Y R A
SchiileZ A" S BoR, 76/ BURG T 40 v,
GADD45% 1 (4= K FE# FIDNAF 317 545 11) S DNA
LR EAE Tet R AAH AR, 38 {2 5 A A o Sk
FH AR ANBI 1E K H AL R A 2 C-like RAS [ BT

B T DNAH L LAN, YIRHG T 40 it A2C-liketk
AR, HEABm RNl FERREERX
B, WP E A B ICH3K4me3 . H3K9ac.
H3K14acfIH3K27acl /K &8, JoHE
H3K27ac. 7E2C-likeRATIG AL, /NSRG4 Y
L TR S e £ R 28 g P P R A, P e R
TG T A0 B AE R 1 2C-like R AS IR ZE. Ab, 4]
P4 B AR iCH3K 2 Tme3 i # A 76 B IR G & A4
FI2C-likers A8 iod P rh e 3 A AR A K2,

HET, XF4aherEf2C-like i m EEHLE 4 A
WA A, ZETIPTE R, G9a. miR-344™.
PRC1.6. EP400-TIP60E A “. PIAS4 SUMO E3i%
FEmEYT . KAPI/TRIM28™Y Y@ i 20 45 Al 1 (chro-
matin assembly factor 1, CAF1)*", 217 1 2= /P AL i
LSD1/KDM1AM HILINE 1 2P 430 skl /N BUVE G40
FR2C-likeIRZS A IG. PRE, BT A\ B i ml R ol el
X LA L DR 38 218G 2C-like R 25 B Y. BbAh, Lu
2 \ P31 CRISPR/Cas9H AR 7= i Ter TKO(triple
knockout) /)N BUM G 20 it th 3 B 1 2 C-like 4 MU A A4
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.
4 2C-likeRAXMBIE Fng

T 7~ Z2 e T 40 A o] e 4 2 C-like 4H i L K W 46
TRz ik A R R VR AR AR SN 5 4 B 1 1 S A,
{B2C-likeHMIAENRNG T A0M b PR B A 2D, 4Efr
AP, AR BRGNS, KL, nfl A2t
T FLSh W) VR IG T 40 i FP2C-like 40 B 9 H Rt 1 24 4>
SRetE T AR P Z —.

AR, OA AL %58 2 AN [F] 0 T 2R /N B
T AR 1) 2C-like 4H A% Ak, N3 263K Dux 53R s
Cafl B 323555 )7 IR S AR iR T 40 1) 2 C - like 41 i 7%
202 ST A 2.C-like 20 5 B,

20204F, Hus NP2V R B, 2C-like 20 L r WS TR fif (gly-
colysis)ZKF-5 IR it 41 MR Lb B FEAR, E—20 {0
YT g 100 o1 5510 2- 5t 42 - D- 1 5 B (2-deoxy-D-glucose, 2-
DG)Ab /N EURIG T4n, A BLAT 25 42 i 2C-like 0
ML, SR SEIR IR IE, %15 S T BRI 2C-
like 2l ifd [7] sf ELA 57 RIC M 352 4R 2 (trophecto-
derm, TE)W AT RES), TES0 A A i nl & 42
e/ N BUVRJIG 200 1] 2C-like 40 R 2 1.

Ishiguro A 2175 25 B 1l /11 i35 490 1 PR
(Serum/LIF, S/L)WIGEFEFMT, sAlimAHEH L
kA b B I 5 P9 CBR (valproic acid, VPA)FIAI 25 R (re-
tinoic acid, RA)J&, AJE#E Zscandc /- 102C-like 4R LRy
TR

20214F, Shen%E AP HRAH T 85 B AHI AT LIS
/NERRG T A0\ 2 BE 2 RS AR, @
BYRERNHI B 5 N EEB(pladienolide B, PlaB), 3£
T e IR T Al IMEE R R, HFRZ A hE
SR ZLBRAE N (totipotent  blastomere-like cell, TBLC).
XA R AE 53K F L BAT 5240 M A4 40 i 5P ALk AH
OLRR e S ARAIE . BAZH IRNA-seq 20T & B, TBLCH 4>
REMEIE N A $E L2 C-like 2B 2, FIAK PR HL2C-
likeZf A . /NERUR G AT 4 2R B 7R, TBLCEA R R
IR IG A RE ) RIS NI 3% 22 404k g ™)

UERIHETIE, TR i I R B 77 5%
PR A K a2 B R 2C-like M A9RGB R D, it
TATWIIE I, AR AR RS R4 T, B IR A
Nelfaif & WG T4 rh2C-liketR 2, 5 xFFRZEAR L 2C-
likeZH A AY LR AT HE R 16485, ML B IR AL SRS M iR
JETaipuZaetE, Bi2C-like4t i nl Al 5T ERICM AN TE



o T LB o Nelfa o (92C-like R 25, 5 90k
AT AR R

5 2C-likedHfE S AL B 4L

2C-like4HMEFR T ZENRNIG T 4R 3% SR 1 # vt BLLA
AF, Zhao% NS EF /NS TA A5 WA A 40 0 o 24
h 22 RE T AN M(CiPSCs) A FE Hh & 3, MRS IR
JZ# (extraembryonic endoderm, XEN-like)4H i [q]
CiPSCsH, it Fi v, W AFAE 55 2- 20 ML BT VR i AR B A 40
fa#E, FAv44 NCi2C-like(chemically induced two-cell
embryo-like)4ifid, X M FUBAL F EUER] T Ci2C-like
5 2-A R RR AL, Tk B A Ci2C-like 4l AL 5
G4 2C-like IR T . B E RS2, Al Tl
UEH T Ci2C-liketH LK (W Zscand« TestvI)FECIPSCs
TR P A O VE Y. AR b, Ja i ek
NG IR T 2, (A 2 S AR
7 VPAR AL FE2CEE R A3, HE TN | 5 g Fd
i, Ak E TG A TR N40 diE Z= 16 d°.

TR G 2B, SIRSNZAEIGHELL, 52
BEM AR IR S Rk R M %, LA T
S DR 2T AR S S DR AR S AT . R RS A B
18 L A R 1 25 SRR A 1 550 o 0 T 2 A(Trichosta-
tin A, TSA)® 5l DNA 2= F 31645 b )5 v 42 25
ERHRCR. i, MR R R T 2R H bR
1A% B B R P S AR 40 e A B M (somatic  cell nuclear
transfer, SCNT)RCR, IHRBFH3KOme3 554 2 FH L
KDM4D#{H3K27me3 % 71 2 I EFK DM6 A (1 12 36
R4 vang% N CVR B, H3K9ach T &1 X
SCNTHHR I AEH EEL, HHAYH3K9acl5 54 %
FRCH A PTG EIGE. 1 AT AR FE H il FH TS A4b #
WIESEA IE T SCNTI a7 19 S AR, DA
5 T SCNTHIZCK. (B2 TSATEH3K 9act& & (U AE 2
FIVHE AN A e 0 BRSSP BRI, 10 B ROV E 59K
AR, WFFEE KR, Duxifid Fik8 1] 2 1 A 5 1Y
SEHH3K 9ac& A, M IMTAf PR 2 CHE P 20 TF 5 P ke g =
SCNTHEHR . PRI, 2CHE PR 4 B0 o A 4 A A4 A
AR B e e T A PR AR .

WAk, WFFE R, 76 RLET 4k 40 M0 i ) 60k Zscand
TR RS 2 A8 T AN Ao Aok Hernandez2%
N N LR EF 4 40 i (mouse  embryonic  fibro-
blast, MEF)H 4ife i 2Lt TSRS, ¥

Dppa2fDppa4it #ik, HDppa2/4i@itDNAHUEE
SR AR IR R A B B TF AR RE, DA o sk B 2T 4 240
M E RS R, TFE2~4 AN MEF & e hif T 268
Tl pred, s — A BUL A 2CHIEIEN Y i
Fik, OO HAD2 C R BHIE P 030 45 5 ik, R4 ey
AL B A B 3 T 4 440 T S R R

H F2C-like 21 g ELAT 5 2- 40 L 0 AR JIG AR 400 A 2 1R
FIRFHE, 2C-like Il A4 X LERFAERE A AT e FH A
MM R A b, BN, $52C-like 4t HIE A% A A 1L
TR LR TR 20 B v R A 5 4

6 ieHER

DU EAFGTIESE, 2C-like 2 A AR G T 40 A =22 6] 77
E—E SRR, fE— 4 TP Z [ v B
AEES. FEA2C-likeIRZSXHIRAG T4 Z fe ki
A3 BAT — B RS BRI WG T4 2 C-likedk
AMPE AT B 2 LRI E I ZE R, AT
FEOTE LURRE SN, 0T e R, A
Yo [ OB B DA S A B LB M A58 5 2 C-like RS 1Y
PG A K. 2C-liketRE— B GHTE, 1EWMERVLA
ZscandcSFFENIG BIFeIR, IS S54RI T4 i
2C-likedlR 2%, TLINE1C\ /M 5 2= 2 Bk i
(nucleosome remodeling and histone deacetylase,
NuRD)FICAF 110145 35§ 2 C-like R 245 14 34037 B 21410 41
YEM.

BAR, HErN IEARZ T 2C-like L HiE, {H
SR T2C-like 4 AL A AE A IR P MLIIAT 75 2L TR AT — 20
BT, inEckersley-MaslinZE A" i#F5E R, Dppa2Fil
Dppa4Ff- AR HAE2C-like 4l b 323k, MEAERTA RIGT
Y538, (H R — D ZGAFH LR 7E2C-
likeZfi i 2ik; MRS T4 Ag2C-like HAEAE A+
DRI 2 T A A BB PR IR () 20T AL T 9 11 BRAEUR AR,
HEAT SR AR ZECS A MG, WA 85
TA2C-like MR SME TR R, 1 HATH WIH52C-like
M RE SRR MEFLER E R IR, LA, ST IRIR T4
1] 2C-likeRAFEA RS B PR AL AT 5 2 — 25 9%

B2, 2C-likel I 7F— € KL AT HERSAC2-4H a0
RRG, JERIMIFFE 4 e AN A3 DR AL Y B AR
AL MUGTEARAIRER, AT 2C-like UMM T ff 258
T, xR LR 00 BR A E AR, 2C-like 2l gt
RUAE SRR gk 5 45— 22 .
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Review on 2C-like state of mouse embryonic stem cells
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Mouse embryonic stem cells (ESCs) are derived from the inner cell mass of mouse blastocysts. Mouse ESCs are pluripotent
and contribute widely to the formation of the three embryonic germ layers in chimeric mice but not to that of the extra-
embryonic trophectoderm. A small population of transient cells (less than 1%) has been identified occasionally in the
culture of mouse ESCs, which has been shown to exhibit a gene expression profile similar to that of cells in 2-cell stage
embryos (2C-like cells). 2C-like cells were found to be generated spontaneously from mouse ESCs and induced pluripotent
stem cells (iPSCs) when they were cultured in the serum-supplemented with leukemia inhibitory factor (LIF) on feeder
cells in vitro. 2C-like cells have been considered to be totipotent. There is evidence suggesting that 2C-like cells can
effectively generate both embryonic and extra-embryonic tissues, and therefore, 2C-like cells can be potentially used as a
model for in vitro totipotent stem cell research. However, only a small population of ESCs could transit to 2C-like state in
the serum-containing culture medium. There are several 2C specific genes that express when ESCs enter 2C-like state, such
as Zscan4, Mervl, Dux, Nelfa, Tdpoz1/2/4 and Testvi/3. Notably, 2C-like cells exhibit highly relaxed chromatin
architecture, which is similar to that observed in 2-cell stage embryos. Genome-wide demethylation occurs upon transition
of mouse ESCs into 2C-like state, including gene bodies, promoters, and repeat elements. The dynamics of the
reprogramming process from ESCs to 2C-like cells are still unclear, which have certainly uncovered an intricate regulatory
mechanism mediated by specific genes, proteins, as well as some metabolites and non-coding RNAs.

Additionally, one of the important features of totipotency is that a single cell can form an entire organism. Therefore,
totipotent stem cells form a valuable tool to study the early developmental processes in vitro and prove to be beneficial for
regenerative medicine applications. For instance, the embryonic stem cells have been used to generate embryo-like
structures. The artificial embryo-like structures not only facilitate the studies on the key events in early embryonic
development, but also serve as a model for investigating the early developmental defects occurring in humans. Several
previous studies revealed that ESCs at different totipotent states can arise in in vitro cultures, and they focused on
identifying culture conditions that induce 2C-like states. For example, knockout serum replacement (KOSR) media
promotes the induction of 2C-like cells from ESCs in in vitro culture, as indicated by the increased levels of ZSCAN4-
positive cells. Additionally, the suppression of glycolysis mediated by 2-deoxy-d-glucose (2-DG) in serum plus LIF
condition induces the 2C transcriptional programming in ESCs. Interestingly, the most recent research indicates that the
spliceosomal repression in mouse ESCs drives the pluripotent-to-totipotent state transition. Using the splicing inhibitor
pladienolide B, they achieved stable in vitro culture of totipotent ESCs comparable at the molecular levels with 2- and 4-
cell blastomeres. In our recent study, we also demonstrated that retinoic acid induces NELFA-mediated 2C-like state of
mouse embryonic stem cells, which is associated with epigenetic modifications and metabolic processes in chemically
defined media. Here, we review the discovery, molecular regulatory mechanism, chromatin characteristics, activation
strategies, and the relationship of 2C-like cells with somatic reprogramming.

mammal, totipotency, zygote genome activation, embryonic stem cells, 2C-like cells
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