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BE BRI P EVRE T

h % ST HGEmM S8R
(R R b R BE,  Fifg 200092)

WE  ZHET- 90 (pluripotent stem cell, PSC)f&—Z&HAG H I E B AL I AL LI RERI AN IR, HoAA )T 2 M AR N FH Al =
75502 D8 T 41 e (induced pluripotent stem cell, iPS cell) (13545, fift ¥ T 4% 40 77 3 I 40 M Sk SRR AS B 2 55 ) g, MBS
BRI A b S2 B T A0 TP 0 TS, B R AL 2AW0RE . ARG IEBE . AH Ra T R T AR e A
ST ANE TS RINLS, NI TFE T2 86 TN ARG, iPS R AR 2 8 AR B, LHEHET TN
B3 TR 5 T, 3K AR 2 T A 20 T 4 A AU 5 g A i G e e S 32U 38 A 1) T 4 R A DA DAy i AR R R 1 A 1) R 2

. ACHEBAINBITE, T2 - T RO B LI DT RE, TR REEEACRII T LS B S

IIMTIR E A

X§ER IPS T, AEAB, DNA B, Rk E gt

FRSES Q7L

A4 a7 4 A5 (somatic cell reprogramming) 2 1§
K FRE R 7 1R 2 A IR AR 40 30 37 18] 21 22 fig
PEEA BRI L. TCI8 A S UK 1) 4 4 i A%
B, Al AHA, & RITEAEF N iPS 5 S
HOAR,  HURAT ) HUE S T 2o A 4 SRR A 1 w28
PE, JFUE Tk o REA AT A
2012 4, 25« OGP SR A7 B 5K At
AT A% 240 i B o A S Al e A8 ) R T 6 52 1 94 DK
AR Horh, ROEAE 1962 AR N i B
R Az N LA, 193] T 504 i HE i) aR st
BRI T A L B R, TR T e BESh A
SEIT . ARG, R SEE A AE L, AR AR
W HAT WA R 22 e 41 R e 0 AR A2 R N
2006 F, HAEE Gl SRR T T ) 5 3
ANR]IESL SR T B S B T AR AN g A, 505
H el T IXA L Al I, R AN UK 2k
i ek 3R 08 — 41 % ) K7 OSKM (Oct4 Sox2.
KIf4. c-Myc)sli & LASEHL 2 RetE i BB skes, Jie
Bl —Fp 56 2 G4 M B 40 B, Atboke L
fir 4 4% 5 £ fE T 41 d (induced pluripotent stem
cells, iPSCs). iPS iR, W FH#EER R, TR
JE i, MHEE TR RO TP IR SR A (1A B )
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A, AR FNEE ARG TN, JFHESh T
g PR U AR T 2530 10 AF TP R R AR UK B

TIF 5 1A 40 It B 4 B8 (0 LR AT 2 BRI
M. U7, iPS A AL R P % . BRI HLI LA
LIRS AR AT AR R R R N A 5% ] 2
HuARAG = T 22 A iPS 4 IE SR EA ST
HZELL W G R R AL U A AR T AR R DX
AL 53Ty, T LA IR0 B g A T BOR BT
A dris pEHLE], A BHEA] TR R E R
(Y L.

XS 1 5 3 AR RE LR T S A AE 2 A
Ji Tl BURE ST AR i g R Y AN T, iR
RNAI RN [ A5 T ik, SR A7
oA B 2 R A (B IR S /N . AT BT
M ES 40 M A% o R LI LK A4l 5 ES 41 i
(] B BN TS, TOUII AT REXS T 4 R A 5 ) ) 22
PP, AR TUIR ], BRAT TS = R B Al
Rk Octd AT LUSCHLEA R Z T AL G A2, 3edi
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SRVRIF T ZE RIS 2 LRI U 2E B i 20 ol . T et B
[ Octd 1L R IE M Iy 115 NSRRI 0 5 57 54T
ST N R B A 240 L R 0 A 1 7 vk XS L AE 9T
AAE AL Octd PR 1 15 5 3 4 A5 11 6 Al I
BE— IR T e M INTr 1 15 3 S B ET 4R
N E g AE S iPS AU Tk, X —IT kAR TR
ek T AR, RS T S EHAE R 18
RITTHRIREST.  JEHH AT BES AR L 5
AR, ARG A AT SR A
AR, G i35 i ) (16 ~21 R). R # R AIK
(0.2%) HCH T30 22 REPE PR 1 N R IA AR, /)
I35 P AL IR iPS 4 A I R A ) Y
At 7500 22 4 IRk

Iy B OG5 5 FE R R T 5 WU R 5t A
T EYE UL RO PS5 5o, 7 i B g R
PR ZrTHL. JLr, b S EE g R A v A 2%
FPARA, UL HLIAIT 27 S0 T I 0 e L. AR T4
WOR AR B g A g, A0 AR A 5
iPS 4L, AR ) HARRCR L. W5k
B, Hek T R, IR FSRPIG 4
DARF S 44, #ORERT IPS 40 B (1 15 5 R R
IR TR AR Y AR PR L Dk T G 7SR R 4 A\ B
BLIE T R 1) 5% 0, 58 J) %% 2% (doxycycline, Dox) 4%
MRk BAARH] T iPS AL . DA Ok Rl
WFFEN G2 AT DA 2 — %0 H g Rl BT s 4T
A, K EGE R TR A rTA BRI B 5L
o, R DU £ A 2 R EL AN R B R B BT S ) 4
AR, R SR AT 55 ARG Y. IR
FE R GE AT LB 22 Pl AN [F)R US4 46 40 1 1) B i 12 5
T ENEENE, RG-S EMAELRE TR
FRREEAN, JFOREE TARXS 38— R4 i 44, Pl
AT E « nTE R I E g ROR MG 1%,
K IG5 X715 A A4 40 ) B 2 A2 L 3 )
TAHE,

BEA BORFRE D — s 31 & AL, BT
NG T iPS 40 AR R, ARl RIE A
20 P P BE DRI vl A L 4 i P U A AR A A
MATR ARG T E A, L — R yIpg™
A Y 2 B0 o TRDIR A, o 36 S BT 58 40 5 [ 4b
WFFEN G RAIE T BT 4R 40 f 21 iPS 41 i 3 4 15
SO SN <o T/ 7 T [ I -2 = e A =0 s S O Y
(mesenchymal-to-epithelial transition, MET), X —
AR T4 MR TS A A« A0 i 1 B R R
SSEAL # 1314 LA K o [ A 1 40 i SR A 4 A A7

PR B2 T AR, S B AR I R
W, ARE— RS AR A RS S, ik
JRE 5 () Thyl (92 3% R il SSEAL L K& Oct4 Fl
Nanog (1) H 4% 315 558,

BARBEFURSHAR, HIRHEASESA
JRZE e, JCIEAR (12 5 I R BRI AR T2 51
TR AR 0 B 1 6 W T A% TR A . B AL TIBIE 5 1R R
N TR AL TR FRLE R, BT
SEGFEHF I AZ L ) . Jaenisch fF 5T 4L i
1 WAE G I pre-B 40 i g ik 5, R I
AR PRECR IEAIE BT E Y2 R T4 A1 200
IR AATT I A IR 7 T SR R 5 1 L
TR R A BEHLEE, RIS 7, A o A S ) 2 00
BHEAEM, BEHASFIRRE] T EWFEN A& 2E. Hanna Bf
P I AR UE S, RS S E 2 Mbd3
T RN BN, K B b 5 T g 7 1R 2K
R, FRE RS Y R Bl A R,

FMIRALAZAL S5 DNA FEFIA K A AR 1%
LT FE R R AR R AR ) PTIEAR AR T AABZ RS B E
AR R B SRR UL, A0 L ) 35 A% ) 52 A )
(07, AERAN AL SRR T 22 7 50, T A W s
h 2T AL 27 n] DL i WS AR ) SO 46 21 AN A4 e 2
A R R, fEar K B, Qe BER
MIRALASE 2 AH% . DNA [, HEAB
iy A%/ MATE R RGP A5 h . X B R M st 1%
B AR TS AR, JF HAHEOCHE,
L5 90 P P 1) A 53 DR 5 S ) A 5 A P R R 1) A
Sy N b BoE—RAINARL. AR
ok, TER R T R A BEAZRS U I 4R 40k
ORI LRGN M, 32 R0 B g P N 22 i
T4 Mo A e M A% LRk, AAa i B g R R 1%
O IERRMIBAEMEE. S Eg b iR WL
BHER, AN TS TR R4
i ) 2 WA A ViR A5 R 7. ES 40 L S 1 e WL
Biitads. w2, KIRZ A E OB
AHICHT DNA & 1 AH G IR 2L IR B %) iPS 5 57 2k
RN

e A T 40 i DA R R g e A o S N EUK
B 973, 863 tFRILL R E K AARRI# &4 H
FR AT RIS S A A (1 2 T 457 T4l
FRAIF 5T 2 N KR S0 H % Sy, s T F
W . R, e AN ER B 5 e oA i A
% DNA &M DL X Gt R s S5 7T, 4545 3
TISER S WA USRI R 3 B AR
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R AR ML I Rt e
1 FSEREDHAERTK

/M Gt TP FEAR L AT, 4 Fhal R
1 H2A. H2B. H3. H4 1))\ AR R i LefE I
[ DNA 2%, #0418 it R b A7 e A H 2
by OB, iRtk ZFE . Kz F1ik. ADP
W REIEAL S22 Fh RN PR S5 B 1A A, X B T LA
I 52 DNAS A% /MRS A F G ala P01 8 R
WK S SIS SRR, R “4lE A gniy”
(histone code)t®(% 1). X T HE4mfeid R A= 1E
WA BT, BEERA =R PFAS [ 1)
Heg: a. R RIR SR ALE (B R, W I
F AL s b A AT TB, AN
A B MR AT G (5 57 G % SL DT TE (ChIP-seq), 73
Mt AL DR A K P B SR AE (1) 23 A AR A L.

KRR 3 2 DX 32 A AR W0 T ¥ H3K4me3
FA0 I (1) H3K27me3 31X 5 Fi 41 4 11 /1 BE 1k 15
M. 2011 4F, Koche FUUFIH CFSE ek, T
SR IRPS BRI I(T2 h ), 4 T AR
FARBI AL, AT T B, A T
TR 3 R4 M R I 4H B ) H3K4 R H3K27 F
1. DNA FBEAL DL R s i) A8 4. AT 3R
EEGMFE R, FENA Lz HELT H3K4me2 ()
PAF, AKX LB (1) 3R A3 5 5 ek FE vh ES 40
% Ak X gk H3KAme3 R A7 A — B K R, XL
B SR TR0 M b SR S R o] DL
A% DNA FEEAL & BEAE A 1Y X J5k, 1T H3K4me2
e IR I SRAT A RE 8 B4 L BE DR R e s /K
A, H3K27me3 11 4 MR S AR Wl 381 ik 2% (1)
A, 0 W I A A T AT R A S R ) I A R
AR, 2012 45, Konrad BF 5% 40 78 3 i X
AR EmAE G, WER TS5 mRNA 424k
— S PP H3KAme3/H3K27me3 251k, 43 5 & 4
FETE G FE I VIRIRG 0], (E02, 6 RG240 i gy
H RS H3K4me3 X H A5 H3K27me3 {55 1 X1
#r J5 51 (bivalent promoter) [t 73 BT 7~ , 3RS FE A
(40 H A g B R h GRS BT, B 1
(bivalency) 2 & & @ L™, fEdE e, 5
H3K4me3 {i5 5 i 2 L Al H3K27me3 15 5 (1) [i) i B
B 35— BUR AR IR AR Al Ry e R TR
Z IR, BRI R £ e I H3K4me3
5 TSR RS, XER T EgmfEid i W
I 2 e OS2 — BN I AL S — A

ERARAIE, H3K27 LN PRC2 R
H3K27me3/2 '§ 7 11 1) 25 FRL Il Utk i fIG A1 23 1%
K iPS T RR, X H3K27me3 [/ 5 2Bk
DI BT O e o

703 R 3 5 X8, 3 22 F 4595 H3K4mel
DL s M 1¥) H3K27ac {5 5. Koche SEMIFIHFFT
W, SN EFXALL, HE50T XIS E Y]
WAL TE o B35, X5 2 AW %2 2 (1 AN [7]
YN R i 0 22 e e TR B T IS 5
e, R, R RIS RR T, R T
SR RS H3K4 RS MLLA Fi H3K4 2
JLMF LSDY M figfy K2 5 1h il FEAH AL,
70 8 g FE L B, AN [R) 36 R 349 58 1 A 7 DT ER
(inactive). 15 ¥ (poised) 1 ik 7% (active) 25 AN [A] [ IR
Arhid, Kk, wDAHERT MLL4 5 LSD1 tn] g
XA A LR, A& L/t nr i
UGS E I IE A, AE AL E5 AR L, DRItk ad
WP AL A bR &, H3K27ac & L
BRI R R . FRATI LI = R R R B
W R0, (65w 2 1L FE b 2 e JE R g 4 0 1 b
H3K27ac (1) 3755 40 i 22 REVE IR W 3R AT 2 i JE —
. tbAh, EFESREFREN I A2 LWL
Fit 30461 751 4] 1% 12 (valproic acid, VPA)EE# T 12 &
(butyrate) th #5 BE % £ i T g FE AL He 2020,

R B H3K9me3 J& e e i i br s, 3
7t ES 4l i H3K9me3 Fricd X AN (5 ~ 4%, 1ifE:
PR ATk~ 120680, AFFTE BT, H3K9me3 /258
S EIFL S 2 B2, 2013 48, [ 25 i i
RMKET Nature Genetics W TAERIN, {ERTES
HEYFEN pre-iPS 4l farf, JLH Octd R IL KPR
m AR RRSS & 21V 2 IR IG T4 MUk S 1 45
P b, SEIZ REMEM S ST, DI
AT A I H3KOme3 I — il P 114 3 W 35 A4 A& 1 v]
AE AL Octd 78X 2Ly o b 45 A PR RS . Al AT 4
SIRNA [FAIC H3K9 HIJL L # iy Setdbl [k, &5
AT DL s pre-iPS 41 i E6AE Ky iPS i, X
TEBH H3KOme3 Fififf Ao H 2h it 16 1] 1) o 2B A2,

Ubah, Feum ATt At R I, BERE AR KR
EYFERCR /N> 744 % C LU 5 H3K36me2/3
2 LR Jhdmla/lb th [AIFE I, 4% H3K36 HT 2k
K, (Edbgn Mo is, F0HI40 g2, i et
A i F g P29,

HoAb DA T AR R P+ EE AR
P& R B3 H3KT79 HJE (LRI H2AK119 2 &= 4k
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Zpen i H3K79 L #5 A5 I Dotll 1) R ik &,
B NNy T EPZ004777 K4 Dotll B i vk,
AT LAIE E R X — DR UE B S
TE G A LI A0 WL o) 78 0 ) b R e A B (MET)
ARSI, iy PRCY E A #4153 Bmil ik W nl LA
AR SKM, X5 Octd — i 580 il £F 4 41 fa 1) iPS
750,

BT W) H2A. H2B. H3. H4 414& A4,
YN N IEAEAEAE Z PR AR AR, IR BRI A A
METE BT S5 KR R85 7 (k% MR A4, FEREA
AL e R N CEA e 5 S o E AN
R, HEAREEARNERET RS TR
W EEMAEHE. HARBAL T IE R IR FL 3
VIR OE REGH I T4 2 515 S ARG T 40 L 7 1
(52 8 b R B, H2AMH2B 1Y 4 3R 11 R A8 4k
TH2A/TH2B A LK iPSC 40 i % 5 20K $2 oy
I 20 fi5. (EE it FEh TH2A/TH2B = 21 4R
15X Getafk b, eI A me i ok 4 5 11
FERCRENE, SEGFEN U EEM, (24 R E
G FEPS. 3 —A~ H2A “Z 4K macroH2A T #% 1A 2 2
g FE R ) R pE R B T, AR
WAL BT TAE AR B, AE Em i FE b H2A.
XY T 8 A T A4 M T 8 A T g AT o B
H2AX 1) 58 A7 A7 S5 T LL#E B AT 40 W iPSC 1) )it
B e . IRIG T A L & A A T Al
MBI P EL R IE S, 2 Pl 4 B AR 4k H2AZ,
H3.3. H3.2. CenH3. macroH2A UL & & AIT%F M [F]
R ARG TR RE . BRI A E 241
SEmen, Rk, BATHBEBME, 418 AR K
21 o o P o R o 1 2 SR A A RN B A AR AR T 2
REVE R SRAT IS 14> L.

2 FEERBIEPEREARSREMY
Tk

% fie T4 M AT AR R ARTTAL B G € 5T = 2
gitt. 5O ean e, ES g b i R g ek
£E7% (heterochromatin foci) 5 A TE 31, Yo &5 1)
£ I1 (chromatin architectural proteins)5 DNA [f] &4
AR O BEBNAS R I ABE DR A 1 e s B Ay
TEEREL L R, EYRARE AR, ARG M T
AR T R A AR A, AN, WSROI, Gefh
JAT S AT LU ORI ThReS,  FROMFhHh 45
435k (topologicaldomains), R LA 52 B iz i 18 5 1 %
R DRt 3 P P R s B8], X S T IS IS s T

Tk R o e 10 0 ey 85 4 (R AR AR W] R T 4 3K B Ak 4
MR TN K A, 55T 2 Rt
S AT AFECR, KR T 4L 685 A 54 3k (chromosome
conformation capture, 3C)[IHFH B Y a4 B AERG
FRMGRN TR M A, A2 g AL T 5T s
% #® 7 M H . 4C-seq (circular chromosome
conformation capture sequencing) 2 — & X 41 7K °F
(1) 3C ATAEFEA, B A I e — 30k s 7 A A
B HARA B B HAAL AR, Sl R 2vr
WG AT, BB S T FRAT 40 ML A DNA “7 [1) 1)
MR S FIH 4C-seq Fl#% %K T ChIP-seq
de Wit SEUESE T 2 A 40 i v 2 DA 20 [ 25 22 e A
T Oct4 H1 Nanog JE H T 4 7k It 41 Jfu #% 3D 4544,
A Z ReN 145 O A s il 22 e 1 el
Mighofe—i, DUMEdt 2 aerkm4eRy. 2013 4,
Lu W53 24 A Konrad #F 5841 93 5 {E Cell Stem Cell
bRFRCE, AR 4C 7 RS E E AT A4 A8 B
AR T g B2k FE P Oct4 A Nanog 7 55 f1) 4= 3 [A]
HYgetn BRI, SCI A5 RAEN] T 2 Re A
(10 Mot =X E AR 9 4% 1) R L 22 R AR DR TR S e Ak
fRere, Horr, Lu AP A SO 7R T B AR T
KIf4 1 Octd A7 s 1) v 0 4% (0, 5 5 46 i STl B vp )
AR, iy Konrad F 9T 41 1) 3C 5 0 550 T
Mediator F1 cohesin #& [ 7E 4 4 5 i PR &2 3D &5
TE B () Dy e,

3 FSERETH DNA BT

AL B, DNA S 38 At 3 A
N EFRMEE E g B AR GR 1), RS0
FUI) DNA &1 3-8 AL A M. DNA [ 5:AL
1 DNA FILHE RS i (DNA methyltransferase, Dnmt)
A=k, YN 5- HEEHamE g (5mC)N. g
FLEIII DNA HEAL E 8K 4E7E CpG %1 IR
VB —Fh S R A2 1, DNA ISk n] A
FERKAMEIER YR T2 S SRR AR
YR (MBI S R, P S A AR e R4 kR
HA R fun sy,

TEARGN LT, 1R 22 22 BRIt AH G 14 35 R RN 81X
Ik R 4 H3KOmMe3 Il DNA [ JEA 56, DA4EdF
FERIDCERAS B M, ARG FT Ik AR ks S 3
DAL () B T BE F A 800, TR B 4L
146 M AR A0 R0 B 53 DR 1 & O i S AR AR B
DNA I JEA6FT H3KOme3 & T gt fit ok i Hh 0 25 4T Al
fFIBE 22, Jaenish WFST4LLE pre-iPS 2T & MW 57 th
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RIL, DNA ZHEAMNZS 5 T %08 5k K Octd.,
Nanog. Utfl 453 KI5 5 i W s .

SR B JLAE, DNA 25 U EEAL I m BEHL
HIA FF U B Tet 85 111 5% A DNA F2 HEE A 9T
) A J T S8 T 7 AT A K. Tet 8% (1 R A 45 Tetl
2. 3 =N, AT RURE FRRAY s e (SmC) S AL K
¥ H AL S g e (ShmC) I E 8, ik — 25 il it
k4 Mk BcaC. 5fC JFoh TDG Rl VI kR, Bl
B AID g, A2k ShmU JF 4% SMUGL V1[5, )
K% J5 1) DNA i &2 1 DNA 45515 2 (BER )5 5
W, B AN g T8 U ) M e e s I A2 B 2 O
fb. BT EshE WAL, 5hmC ] LUE R & G
BRI — 2 Bl (1 7 2QSE B AB M (1) 23 B2 %9, 41X
— WA, R ANRRE R DL R B AR A A
ARIE T AR EZER. AR R KRS
rp [ RL 2 B A AL, 4 AL AE R T ShmC
AR EAL T A AE I B BRI, IEEE
ioF 5hmC 7E M JiG140 e 55 700 & 2 R i R v (4
FA 7 T HAS T T R 9 R R 254,

[F] I 22 AN 9T A1 BA & E,  ShmC 7 e S8 41 i v
HATM R E HiArAE, JFrl ey T #s i,
IR ShmC g A S R S I —F.  H A AT
FONA, Tet KEE E(L 5mC 2] 5hmC [1)#14k,
Z 5 T RN 2R FEA PGC & 45 ik R 1 25 F ik
B AANTEAR N, KA SN 1) 2 ol E g B2 AR
CFRRA AT . ARG DR AR IR
HEgfert, Tet &2/ 3 5hmC, X§ T DNA %
IR 2 bR 2 BRI DR R St AN A B A2 A 1 0
%K + éj\ E: %{ [52, 57-61] .

BHE EE VK 2% () Doege Z5E9 9 5B IE T Tet2
(i 2R 2 5 2w FE L R R Nanog AT Esrrb L[
5hmC (13575, Piccolo S5BUVH] H 41 i ik &5 A~ 10 &
WG, LW Tetl M1 Tet2 20 A5 T Ew et
R v R AR AR B IC R DR RN 22 BRIk R DR ) 2 R
Jose 5 @ R4 A1FE, K Tetl L5
Nanog AHHAEF.  ABATTE e ph 2+ 4h i vh ik R0k
OKM SRAF B AR h R ES, i — P R ILH &5
R3S PEIY Tetl w] LU4H Bh#ME Nanog 55k = R
TR b )RS 0 40 i e A2 Oh iPS il . X R B
Tetl X1 iPS 5T i B v 22 BRI 4% (1) a7 v] fig
Gy BB JRAT S 5 I [ — N R R 1) AR
W], Tetl fE{L1¥ DNA J2 H A s b A2 HE ) 3 g 12
RAEWMEIZEZ ), nTULHEES S Y2 &
Octd 53 45 DX 311 25 H Ak R i BT . Tetd

By LA Octd SEILE 3 B, {E1XA> Tetl
SHIEMEAR RS, S5hmC /54— 2 &0 1
BB, 25 T 41 2 Retk SRR3R R WA &R
. EumWEE R SR E RFRAG1E, K
YerE 2 C LA Tetl MUMEALTEYE, s myfkgl
Mo g L R . R IR YRR C LT,
Tetl 2 2 5 i A4 f S g AR L A2 MET %%
el #, MIMBHAS A i Egm e MifEgEd % C
AR T A BEIR B 2 N B BL R, Tetl 1)
FHIE g ek, e (e gk Egm . 1R E R
WEGTLAE S — T 5T R R B, AESD Tet & (1 101
DU, CUBCER 4 4n i o i pii 1R 15 5 T 4 A
MET i FE¥ AR & A4, 1T Tet Al TDG 76 MET &
e () SR 1 FH A T 1 4 T4 R 7 199 microRNA )
Fe AR IR, X — g5 R SCRF T 3RAT AU A
DNA 2 AR /2 (1) DNA 25 FREEAG N %A
SURAE T EYFENE I, Mgt AR R T2 68
PEAF X 15k Y DNA 2 364k

4 FSERENT X REEFEREH
A

TENFI S G B FLah D, HETE e Akl
XY, HEVED XX, fEREPESIYI AL, 2 4& X
Pt fh G 1R EE RATIETE, XA ML)
Wz AR X G AR B A —FE, A X Qe tafk
IR R P, IXAN IR AR R 7
HEAMERN,. WFI0AA, AR AL ey AR
FLEN ) 1) P9 4 A 40 BT 1 0T, 2 4% X Gt Al
A TIRAGIRES, AERESS oA fi b, X g tadk
2K 3% (X chromosome inactivation, XCI) #L ] # i3
8. X R, JE4iS RNA Xist B 4Kk,
RIGEEAT X Jetafh b, 51K X Get bt 3L A
RREYTER, IR PR R AR id s, X
AR T HEg AT X GRS
J§ k5 T G R AL R T e AN v [ e 2 ] R,

DS A AN W1 = Y s 1 W SRR A |
MrP S RAT 2 S HAWEEN X Qe ik (Xa, Xa),
EALIE R, B Xist RIA KA X Jeta iR i bt
HLIIE(Xi, Xa). Kathrin WFST4L KB iPS 4 Jifd P [+
FESAT 2 20540 X et fk, DR BGTE 5 g
i, SRFTETEM X G R 7 B E O, X — i
B 5 X g o 4 b e g ik bR il (32 22
H3K27me3)Z: 4 LA K Xist Hk RV BR A B & AR89, /)
BLAM IR 22141 o (epiblast stem cells, EpiSCs)#: 1kl
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T fEh, AR ARG X et ik
0 75 EHEE. KL X Gt AR i TR S HOA
R/ B Z R A B B BOIRAS B B R R A
FATL 0 = g5 e L AR, R Xist JE DA
RIS T g FE 0 2 A ar s A1, i AE
pre-iPS 2| i & i L A REPEMI B BL,  Xist R IA BT
BR, X GO AR R IOE .

XFT NI PS40 A JIG 40 i R i 5 R B
X Gt HRS IR S %, A = AN () X
et poRaA. JErp PR T 2800 1 38) 0 248 T i
ES 41 g *IH1 EpiSC 41 1, {H 23X Wy 2840 i /e &2 ik
KR 985, 25 MBIl Xist Lk, M5k
XCI Z3PIRAS [ L (XiveSTXa, XeXa), XIE40 i
BEUE B T AR N A A fie 00 52 4001 B ik D R I 1
[T 7 N P T D = 797 VA2 < A N S E 3

&, HArZE XCl, Joikil i o oiohs 77 4 sk
NANIY T RS BIS e  R AE R EvEANMA, T
LR s Al M 5 5 T m FE AN iPS 4N il 4 FF
o, X AR IE RS IR E L FRATTSE50 % N
NI RBEFOEN, X AR ERATERE, R
HAFAE TR R IE T4, JF 5 ARG
T AL, EARAH L XCI 3241, By s
f— T, BATKIL, Wik OSKM K+~ 3 1)
Y FE UL S s B IR 4, w DUE A Xist 2
DA TR IO B, A0S TR X YL fa ik,
HAE TR Z AR N 20 RE g, LA A b i g A
. i A2 45 6 XCL AR AT DLl i ix — 7 kA&
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Table 1 Key epigenetic modifications involved in somatic cell reprogramming

F1 EREIEPLMHEZENRVEEZIE

T AEAE S5 WYL RS * FARI NG+ o T D 5 Z:2% 3k
H3K4me3 TrxG PHELUNEGHET  [12,20]
HELE, RN
b SR AL PN
H3K4mel MLL3/4; Parnate FH R A 0 T o B [19]
LsSD1
H3K27me3 PRC2; B A R T [12, 20-22]
SEE, HiRKER
PR DR UBR S D AH G
uTX1
H3K9me3 SETDB1. G9A 2SR5 BIX-01294 25 SRR SRt T G [71-72]
H3K27ac P300. CBP; % LBALEEIMEIF] VPAL. SAHA. TSA. Butyrate Z Bk {2t E 4L [26-29]
HDAC
H3K79me2/3 DOTI1L DOTILL [R5 EPZ004777 25 FAR (i T g [21]
TH2A. TH2B PRk G e [38]
macroH2A F g A [39]
H2A.X HERN IPSC Uit [41-42]
R
DNA %4k DNMT3A. DNMT3B. DNMTL DNA HIIEEFE B0 7] RG108; 5-AZA LRSS R [12,27,71]
DNA 72 Hi Ak TET1. TET2. TET3 FoO AL R LML [57-58]
Pt E Y e

* IREIHE WAL R0 BRI &R 1, O N L 25 B B i



+ 1060 - SN FESE IR THR

Prog. Biochem. Biophys. 2015; 42 (11)

5 MESRE

B EGFEA L, AU T A1 5T AL
AR AU R AL T R A L, R AN
2 TR AN LR o AT R R . Hr,
AL TA0M . phaedn i, Frani. Lo UL s —
RINAN, HPI AT LUE I OSKM 75 3 i
e sk A, 92N TSR, B L)
ARG EEACAT B, AR T e /A0 T 7 T B L aIE
FU» JCHIRAZ O 2R WG A 18 1 T B AL
H A FALL T2 1. eI, A 14y S Re i
S5 RN T i S U5k, B
WETT, SR 73 A7 25 A s RORT R I e 7 AL
Jiikuiit.

B T P AL AR T AR, DL
T ALASMTEHURIDT TR AWRN, B RR
B GE R S50 7 AT B AN REAR L M A 25 R
S LI AR D IR T AR g A AR AN
H A 7 AL IR AR 231 LT A it Rk L2 7 o H B
ISR 2% M, U S R GE TS T Bt AT 3
N AR BWE, IR ARG A 5 AW R AN
FOTFIEHG IR, MR, ™ R e i
APRIE. DB AR WA, JEHR M= R A
B AR US 2L (i I 52 BOR S, F5ulb K AE
ZA R R AR ], FERREHE S A R3¢
ARAE i PR3 T AR

2 % X W

[1] Wu T, Wang H, He J, et al. Reprogramming of trophoblast stem
cells into pluripotent stem cells by Oct4. Stem cells, 2011, 29(5):
755-763

[2] LiY, Zhang Q, Yin X, et al. Generation of iPSCs from mouse
fibroblasts with a single gene, Oct4, and small molecules. Cell Res,
2011, 21(1): 196-204

[3] Zhu S, Li W, Zhou H, et al. Reprogramming of human primary
somatic cells by OCT4 and chemical compounds. Cell Stem Cell,
2010, 7(6): 651-655

[4] Hou P, Li Y, Zhang X, et al. Pluripotent stem cells induced from
mouse somatic cells by small-molecule compounds. Science, 2013,
341(6146): 651-654

[5] Brambrink T, Foreman R, Welstead G G, e «l. Sequential
expression of pluripotency markers during direct reprogramming of
mouse somatic cells. Cell Stem Cell, 2008, 2(2): 151-159

[6] Carey B W, Markoulaki S, Hanna J H, et al. Reprogramming factor
stoichiometry influences the epigenetic state and biological
properties of induced pluripotent stem cells. Cell Stem Cell, 2011,
9(6): 588598

[7] Stadtfeld M, Apostolou E, Akutsu H, et al. Aberrant silencing of

imprinted genes on chromosome 12gF1 in mouse induced
pluripotent stem cells. Nature, 2010, 465(7295): 175-181

[8] Kang L, Wang J, Zhang Y, et al. iPS cells can support full-term
development of tetraploid blastocyst-complemented embryos. Cell
Stem Cell, 2009, 5(2): 135-138

[9] Plath K, Lowry W E. Progress in understanding reprogramming to
the induced pluripotent state. Nat Rev Genet, 2011, 12(4): 253-265

[10] Samavarchi-Tehrani P, Golipour A, David L, et «l. Functional
genomics reveals a BMP-driven mesenchymal-to-epithelial
transition in the initiation of somatic cell reprogramming. Cell Stem
Cell, 2010, 7(1): 64-77

[11] Papp B, Plath K. Epigenetics of reprogramming to induced
pluripotency. Cell, 2013, 152(6): 1324-1343

[12] Mikkelsen T S, Hanna J, Zhang X, et al. Dissecting direct
reprogramming through integrative genomic analysis. Nature, 2008,
454(7200): 49-55

[13] Li R, Liang J, Ni S, et al. A mesenchymal-to-epithelial transition
initiates and is required for the nuclear reprogramming of mouse
fibroblasts. Cell Stem Cell, 2010, 7(1): 51-63

[14] Smith Z D, Nachman 1, Regev A, et al. Dynamic single-cell
imaging of direct reprogramming reveals an early specifying event.
Nat Biotechnol, 2010, 28(5): 521-526

[15] Hanna J, Saha K, Pando B, et al. Direct cell reprogramming is a
stochastic process amenable to acceleration. Nature, 2009,
462(7273): 595-601

[16] Rais Y, Zviran A, Geula S, et al. Deterministic direct
reprogramming of somatic cells to pluripotency. Nature, 2013,
502(7469): 65-70

[17] Allis C D, Jenuwein T, Reinberg D. Epigenetics [M]. Cold Spring
Harbor, N.Y.: Cold Spring Harbor Laboratory Press, 2007

[18] Strahl B D, Allis C D. The language of covalent histone
modifications. Nature, 2000, 403(6765): 41-45

[19] Koche R, Smith Z, Adli M, e ol. Reprogramming factor expression
initiates widespread targeted chromatin remodeling. Cell Stem Cell,
2011, 8(1): 96-105

[20] Polo J, Anderssen E, Walsh R, et al. A molecular roadmap of
reprogramming somatic cells into iPS cells. Cell, 2012, 151 (7):
1617-1632

[21] Onder T T, Kara N, Cherry A, et al. Chromatin-modifying enzymes
as modulators of reprogramming. Nature, 2012, 483 (7391): 598-
602

[22] Mansour A A, Gafni O, Weinberger L, et al. The H3K27
demethylase Utx regulates somatic and germ cell epigenetic
reprogramming. Nature, 2012, 488(7411): 409-413

[23] Heintzman N D, Hon G C, Hawkins R D, et al. Histone
modifications at human enhancers reflect global cell-type-specific
gene expression. Nature, 2009, 459(7243): 108-112

[24] Lee J E, Wang C, Xu S, et al. H3K4 mono- and
di-methyltransferase MLL4 is required for enhancer activation
during cell differentiation. eLife, 2013, 2: e01503

[25] Whyte W A, Bilodeau S, Orlando D A, et al. Enhancer
decommissioning by LSD1 during embryonic stem cell



2015; 42 (11) FREE, &

BSEREEREFHRVWEEEE

+ 1061 -

differentiation. Nature, 2012, 482(7384): 221-225

[26] Huangfu D, Osafune K, Maehr R, et «l. Induction of pluripotent
stem cells from primary human fibroblasts with only Oct4 and
Sox2. Nat Biotechnol, 2008, 26(11): 1269-1275

[27] Huangfu D, Maehr R, Guo W, et al. Induction of pluripotent stem
cells by defined factors is greatly improved by small-molecule
compounds. Nat Biotechnol, 2008, 26(7): 795-797

[28] Mali P, Chou B K, Yen J, et al. Butyrate greatly enhances
derivation of human induced pluripotent stem cells by promoting
epigenetic remodeling and the expression of pluripotency-associated
genes. Stem cells, 2010, 28(4): 713-720

[29] Zhang Z H, Wu W S. Sodium butyrate promotes generation of
human induced pluripotent stem cells through induction of the
miR302/367 cluster. Stem Cells And Development, 2013, 22 (16):
2268-2277

[30] Liang G Y, Taranova O, Xia K, et al. Butyrate promotes induced
pluripotent stem cell generation. J Biol Chem, 2010, 285 (33):
25516-25521

[31] Gaspar-Maia A, Alajem A, Meshorer E, et ol. Open chromatin in
pluripotency and reprogramming. Nature Reviews Molecular Cell
Biology, 2011, 12(1): 36-47

[32] Chen J K, Liu H, Liu J, et al. H3K9 methylation is a barrier during
somatic cell reprogramming into iPSCs. Nat Genet, 2013, 45(1):
34-42

[33] Soufi A, Donahue G, Zaret K. Facilitators and impediments of the
pluripotency reprogramming factors' initial engagement with the
genome. Cell, 2012, 151(5): 994-1004

[34] Esteban M A, Wang T, Qin B, e; /. Vitamin C enhances the
generation of mouse and human induced pluripotent stem cells.
Cell Stem Cell, 2010, 6(1): 71-79

[35] Wang T, Chen K, Zeng X, et al. The histone demethylases
Jhdmla/lb enhance somatic cell reprogramming in a vitamin-C-
dependent manner. Cell Stem Cell, 2011, 9(6): 575-587

[36] Moon JH, Heo J S, Kim J S, et al. Reprogramming fibroblasts into
induced pluripotent stem cells with Bmil. Cell Research, 2011,
21(9): 1305-1315

[37] Skene P J, Henikoff S. Histone variants in pluripotency and disease.
Development, 2013, 140(12): 2513-2524

[38] Shinagawa T, Takagi T, Tsukamoto D, et al. Histone variants
enriched in oocytes enhance reprogramming to induced pluripotent
stem cells. Cell Stem Cell, 2014, 14(2): 217-227

[39] Gaspar-Maia A, Qadeer Z A, Hasson D, et al. MacroH2A histone
variants act as a barrier upon reprogramming towards pluripotency
(vol 4, 1565, 2013). Nature Communications, 2013, 4: 1565

[40] Gao Y, Gao S. Quality control: H2A.X links to better iPSCs. Cell
Stem Cell, 2014, 15(3): 259-260

[41] Buganim Y, Markoulaki S, Van Wietmarschen N, et al. The
developmental potential of iPSCs is greatly influenced by
reprogramming factor selection. Cell Stem Cell, 2014, 15(3): 295-
309

[42] Wu T, Liu Y, Wen D, et al. Histone variant H2A.X deposition
pattern serves as a functional epigenetic mark for distinguishing the

developmental potentials of iPSCs. Cell Stem Cell, 2014, 15 (3):
281-294

[43] Meshorer E, Yellajoshula D, George E, et al. Hyperdynamic
plasticity in pluripotent embryonic of chromatin proteins stem cells.
Developmental Cell, 2006, 10(1): 105-116

[44] Dixon J R, Selvaraj S, Yue F, et al. Topological domains in
mammalian genomes identified by analysis of chromatin
interactions. Nature, 2012, 485(7398): 376-380

[45] Chakalova L, Fraser P. Organization of transcription. Cold Spring
Harbor Perspectives In Biology, 2010, 2(9): a000729

[46] De Wit E, Bouwman B A M, Zhu Y, e al. The pluripotent genome
in three dimensions is shaped around pluripotency factors. Nature,
2013, 501(7466): 227-231

[47] Apostolou E, Ferrari F, Walsh R M, et al. Genome-wide chromatin
interactions of the Nanog locus in pluripotency, differentiation, and
reprogramming. Cell Stem Cell, 2013, 12(6): 699-712

[48] Wei Z, Gao F, Kim S, et al. KIf4 organizes long-range
chromosomal interactions with the oct4 locus in reprogramming
and pluripotency. Cell Stem Cell, 2013, 13(1): 36-47

[49] De Carvalho D D, You J S, Jones P A. DNA methylation and
cellular reprogramming. Trends Cell Biol, 2010, 20(10): 609-617

[50] Cedar H, Bergman Y. Programming of DNA methylation patterns.
Annu Rev Biochem, 2012, 81: 97-117

[51] Cedar H, Bergman Y. Linking DNA methylation and histone
modification: patterns and paradigms. Nat Rev Genet, 2009, 10(5):
295-304

[52] Pastor W A, Aravind L, Rao A. TETonic shift: biological roles of
TET proteins in DNA demethylation and transcription. Nat Rev
Mol Cell Biol, 2013, 14(6): 341-356

[53] Wu H, Zhang Y. Mechanisms and functions of Tet protein-mediated
5-methylcytosine oxidation. Genes Dev, 2011, 25(23): 2436-2452

[54] Gu T P, Guo F, Yang H, et al. The role of Tet3 DNA dioxygenase
in epigenetic reprogramming by oocytes. Nature, 2011, 477(7366):
606-610

[55] Hackett J A, Sengupta R, Zylicz J J, et ol. Germline DNA
demethylation
5-hydroxymethylcytosine. Science, 2013, 339(6118): 448-452

[56] Vincent J J, Huang Y, Chen P Y, et al. Stage-specific roles for tetl

dynamics and imprint  erasure  through

and tet2 in DNA demethylation in primordial germ cells. Cell Stem
Cell, 2013, 12(4): 470-478

[57] Costa Y, Ding J, Theunissen T W, et al. NANOG-dependent
function of TET1 and TET2 in establishment of pluripotency.
Nature, 2013, 495(7441): 370-374

[58] Gao Y, Chen J, Li K, et al. Replacement of Oct4 by Tetl during
iPSC induction reveals an important role of DNA methylation and
hydroxymethylation in reprogramming. Cell Stem Cell, 2013,
12(4): 453-469

[59] Piccolo F M, Bagci H, Brown K E, et al. Different roles for Tetl
and Tet2 proteins in reprogramming-mediated erasure of imprints
induced by EGC fusion. Mol Cell, 2013, 49(6): 1023-1033

[60] Hu X, Zhang L, Mao S Q, et al. Tet and TDG mediate DNA
demethylation essential for mesenchymal-to-epithelial transition in



+ 1062 - SN FESE IR THR

Prog. Biochem. Biophys. 2015; 42 (11)

somatic cell reprogramming. Cell Stem Cell, 2014, 14(4): 512-522

[61] Doege C A, Inoue K, Yamashita T, e al. Early-stage epigenetic
modification during somatic cell reprogramming by Parpl and
Tet2. Nature, 2012, 488(7413): 652-655

[62] Jackson S A, Sridharan R. The nexus of Tetl and the pluripotency
network. Cell Stem Cell, 2013, 12(4): 387-388

[63] Chen J, Guo L, Zhang L, et al. Vitamin C modulates TET1 function
during somatic cell reprogramming. Nat Genet, 2013, 45 (12):
1504-1509

[64] Maherali N, Sridharan R, Xie W, et al. Directly reprogrammed
fibroblasts show global epigenetic remodeling and widespread
tissue contribution. Cell Stem Cell, 2007, 1(1): 55-70

[65] Nichols J, Smith A. Naive and primed pluripotent states. Cell Stem
Cell, 2009, 4(6): 487-492

[66] Chen Q, Gao S, He W, et al. Xist repression shows time-dependent
effects on the reprogramming of female somatic cells to induced
pluripotent stem cells. Stem cells, 2014, 32(10): 2642-2656

[67] Mekhoubad S, Bock C, De Boer A S, et al. Erosion of dosage

compensation impacts human iPSC disease modeling. Cell Stem
Cell, 2012, 10(5): 595-609

[68] Tomoda K, Takahashi K, Leung K, e; «l. Derivation conditions
impact X-inactivation status in female human induced pluripotent
stem cells. Cell Stem Cell, 2012, 11(1): 91-99

[69] Anguera M C, Sadreyev R, Zhang Z, e: ol. Molecular signatures of
human induced pluripotent stem cells highlight sex differences and
cancer genes. Cell Stem Cell, 2012, 11(1): 75-90

[70] Jiang Y, Kou Z, Wu T, et al. Xist deficiency and disorders of
X-inactivation in rabbit embryonic stem cells can be rescued by
transcription-factor-mediated conversion. Stem Cells Dev, 2014,
23(19): 2283-2296

[71] Shi Y, Desponts C, Do J T, et al. Induction of pluripotent stem cells
from mouse embryonic fibroblasts by Oct4 and KIf4 with
small-molecule compounds. Cell Stem Cell, 2008, 3(5): 568-574

[72] Shi Y, Do J T, Desponts C, et al. A combined chemical and genetic
approach for the generation of induced pluripotent stem cells. Cell
Stem Cell, 2008, 2(6): 525-528

Remodeling of Epigenetic Landscape During Induced
Somatic Cell Reprogramming

CHEN Jun, GAO Ya-Wei, CHEN Jia-Yu, GAO Shao-Rong"
(School of Life Science and Techology, Tongji University, Shanghai 200092, China)

Abstract

Pluripotent stem cells are capable of differentiation into different cell types, and therefore have great

potential in clinical applications. The achievement of transcription-factor-induced pluripotent stem cells (iPS cell)
avoids ethical issues and offers an invaluable source of patient-specific pluripotent stem cells for disease modeling,
drug screening, toxicology tests, personalized medicine selection, cell therapy and regenerative medicine. As a
milestone, iPS technology initiates a new era of pluripotent stem cells. However, even untill now many problems
especially the key molecular mechanism of epigenetic reprogramming during this process, are little understood.
Uncovering the molecular mechanism of this unique platform would shed light on improving the reprogramming
efficiency and iPSC quality, ultimately advancing their therapeutic applications. In this paper we will briefly
introduce the significant progress in this field and attach importance to combining high-throughput sequencing

technique and systematic biology in future research.
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