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Induced Pluripotent Stem Cells Generated from Reprogramming
Differentiated Cells by Defined Factors

Xiaoyu Xia, Jianxin Chu, and Xuejin Chen

Key Laboratory of Developmental Biology, Xinhua Hospital, Medical College of Shanghai Jiaotong University, Shanghai 200092, China

Abstract: Embryonic stem cell is promising for regenerative medicine. However, its application is hampered by the utilization of
eggs in most established methods. Recently, a new pluripotent stem cell establishing method was reported that, mouse and human
differentiated cells could be induced reprogrammed into a pluripotent state by expressing exogenetic stem factors such as Oct4, Sox2,
et al, through retroviral transduction. This approach avoiding egg use is a great breakthrough not only in stem cell technology but
also present theory hypothesis of reprogramming. Here these works were reviewed in this article. Both the mechanism of induced
reprogramming and the prospects of induced pluripotent stem cells were discussed.

Keywords: pluripotent stem cell, stem cell factor, induced reprogramming, induced pluripotent stem cells (iPS), retroviral
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TS 1 40 ) 2R I, BGAE Sk A S T an
Ja A, HE AT LAGE S A A i S 2k 200k . RIEE %
R T 19 B9 240 Pt 8 T 240 L P A7 A — GBI I,
SEMEACVER . HEUL, TE5r b A0 i b 3Rk X 4 4
SE T, BhAT AT BEAH 21k 20 it kA o 4 A i [l A2 3
Z R . X — R HLC R BLSE . 2006 4E LK, [H
AN 2 S8 w5 o AR /N BRI 28 8 B oAk 4 i vh
FIRAMEET A R A S KA TS ES iy
PE+ A5 T 2 A8 T A0 (PS i) R o A 0L
TR HEARE B A AT R R, T —
B Z R TAME R 5k, HAX— I ik i HLEE A
I TR S0 PAT S o

1 Oct4. KIf4. Sox2 fu Nanog % 4 F T
F Fbx15 i # 8/ & iPS 40 fg %

ES i Z ReM: i Re A 2 & X 4Rk
RS ARIGH, dife 2 ke, BARERNE
SYSRIE Y ES AN M AERR 2 B M LI N 58 42 AH W],
EX/NRATA ES 4415, Oct4, Sox2. Nanog %
[F] 0 B BB 0 — 2 T4 A [H ¥~ 2006 4, Yamanaka
AN R Fox 15U A i 4 L, 3 R SR
(Retrovirus)f#% 5, 5T &I =P E Kbl #
AVERIPL, e, /MR R R AT Fhx15PoeoPoe
e DR /I BRUVE i B ET 4 241 25 (MEFs) A/ B i
LR YRR (TTFS) o 7E & = MR G418 H BE Rk R b,
HAG RIS ik Fbx15 FHT s 2 bu ik i 40 i se b A4 g
7%, AT LIRSS L Fbx15 4 v B £ 3K 4 1]
BT 2Rtk & —FRINLE, AN EFF)E
3K, LAPrEn G418 1Y ES IR himEiAR, W
A REHE: S T Octd, KIf4, Sox2 i c-Myc H: A (452
B, BT HA ES 41T ARG F AL Y v b

/N2 R O SIS Al T i 45 O TIPS 4 (Induced
pluripotent stem cell); H1 Fbx15 fifi vk Hi i s ARl
Fbx15 iPS. Fbx15 iPS 4 fifi#ik ES dififitrEd,
Oct4, Nanog. E-Ras. Fgf4 . # Fbx15 iPS 4ififg
TSR, vT RO B 3 AN AR IR )2 i I R R o

fHJE, Fbx15 iPS #ifflJF AN H 45 ES A LAY 47
Fetke 1o, TEZAM R T, WM Octd. Sox2
BR P FRIKXICFERA R, HZ 4R ik T
HMEEE S T IRk R A . — S SCHR LN 4N Octd
B AR, @R —Fh /T mES 40fEF MEFs
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M Z (] A PR AS . LR, FEIRIE S LI R ok &
B Fbx15 iPS 4 il 2 5 MG A2 58 R (Germ line) i TE A
A JE /NS FERERIN S Fbx15 iPS RIS 40
Jitl . 15681 Fbx15 iPS il il 3F A B4 ES 4 i i) 4> i
L RE -

2 Octd % 4 B 1% 38 Nanog 1 % # /) &
iPS 41y %

2.1 %M Nanog iPS 4R &

Fbx15 iPS {144 J5i 1] fi 52 31 i 12 1 K] Fbx15 1 5%
Wi, 78 PRSI LR |, Yamanaka /N K4 (058
11 (GFP) FIIE IS 25 22 Ptk & R 4 AHEPE /)N MEFs
4 Nanog &R 57 JEgm A X . P S sk 2
HAARTER ) MEFs H 33k Octd, Sox2. c-Myc FlI
KIf4, 765 EERS 7 R I B R IR R ik i 728 ES o2
REll, KX —KTERERR N Nanog iPS 41l

Nanog iPS Al fE A2 . HETEFEME . T4 b
YRR IR 5 WG B TS mES 4 i JC i 2
2 (EASE 4 IH]) . 15 Fbx15 iPS 4 g4 [A], Nanog
iPS 4t AN Octd 45 4 3 [N ) ik S A TR,
W i R A #h X 410 7y 43 B (Bisulphite  genomic
sequencing analysis)SZ ¥ iESE, 7£ Nanog iPS 4l i
MR 2 bR T Tz ny 25 AL - PR AR A,
AT T 2L ES i iy B ALK B % Ui, Nanog
iPS 4l e A B Ak E T HIEE X bW E R E
(Reprogramming)f) iPS 4 Jifd .

K1, Nanog iPS 4 Jifd 2 BEFF: i 445 A B T
T2 B PR R AR ek T 3 2k A IR R R Y
JA SRR SRR iR . TERIL TR, Nanog
iPS 2 Z AEME A ZE RS HE Fbx15 iPS 41 i S s e -
BN SRR ZR AR 0 1 I A ) R s A R 1Y
it mES 4 ffd—2 . # Nanog iPS ZH 357 A
et /N R, E /N, R EILENT
SRR IR Z R 8 E AR AT AR - Nanog iPS
VR AN . FFAE AP G A/ BRI R EE /D B
SR AR FL A F2 /NP S 5] T i — e s
2.2 it Nanog iPS 4 &

5 Yamanaka /)4 [A] B, BA B K 2 BE 2 B
Hochedlinger /N FIZEU A A EE T Octd 55 4
1% 5 . Nanog figknd iPS 4 R1%. %/ NDK
iR 4 LR EE SN2 Nanog-GFP 4 3 [ 1) i
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PE/NEL MEFs 41 i TTFs 40 e ik, 15 210 i e e
Nanog iPS 4l 5, 7RIS WAdetE . 0 F4EY
SRS )T I #S S Yamanaka /N Y 45 R — 28

Hochedlinger /]N4H 3 £ 22 Fh S50 7 PRS2, i
£ Nanog iPS 41 il 7 9 2 W 15 £% 2= Pk 5 % mES
YA — 2, S HErE mES 40 s/ R fk i it o8 4
AT . B, WO A R M Y BRI Y U
(Methylation-sensitive restriction enzyme)sZ4i 3R HH,
TEMEYE Nanog iPS Zfiffdrb, BEPKIZH Ay 1L A 7 91l Ak
FI Iz 9 AR S, ek, T A i v 2k i
9 X YL (o R 7EMEE Nanog iPS 20 it sk i . Bt
AT KGR SR B R, /N B TTRs SR
&% Nanog iPS 4 il 73 {6 % i 2 i 44 (Embryoid body)
BF, A4 X ek A LR T . ik 2L
Stk mES ARErEL &0 M ST IR S
4D A 240 6L P B s R 2o R TT LAY 30 5% it A 240 L v 1)
X Qe ARENE, JFEET AR A X e G R R 55
2, 7E 2 W8 % 2 (Epigenetics) )2 YK IE B T 0
Nanog iPS 4iiifi & 4 T K404k

Hochedlinger /N4 14 X} Nanog iPS 4 s Z 47 T
— R AN INRESLE: . fEMRSN, Nanog iPS 41l fitd n] #l i S
23K 1 I A0 L ZR RN R A I A0 i 3R AR B .
Nanog iPS 4iififi 5 MEFs 4l ffift &, 7lifs 5 )5 #5520
92K ES g 7e e, WERH Nanog iPS 4ilig LA 7] ES
2 25 AL 1) i G L b AR A4 L 1) R T o R VS A S
I UE S Nanog iPS AHIERT T 12 25 = IRZ /K
Ao A H A — FUR B A A M A A/ B R
£ 16 NOREEAfE, HhAa 4 4] kR M
Nanog iPS ZiM IR, I H, FOHERTE LI uE,
XIS 16 /AN R E 5 1 DN -RE 20 B T ] S Ph g 25 5% .

3 Octd % 4 F T 5t Octd i 2 /) B,
iPS 4 %

5Z[FIEF, 32 Jaenisch /NHTE/NR MEFs Al
TTFs 4R Octd A Nanog2 A H 43l A gty
R ZPUERIFS, P Octd 55 4 LN S A&
HIAAL R rhRik . 28 R L7 5453 3] Oct4 iPS
1 Nanog iPS 4fi i & 21,

XA RS, SNEIE B UTRR . i/l
AT T AR S AR JE D AL 7 B S 0 . FR LAk
TG Dnmtl FPHI LI A 2 (AR i G 00, Jef

JoT G e DT UE L I R SEH E it PCR S, R R AR
it AR SEES, £ H MR M BEIER] T, Octd iPS FiI
Nanog iPS 2t Jifd 75 5 [ 41 HY S A 3 2 | 28 r s 2.
A Bl AT WO 1A 5 mES A — BN R

¥ Oct4 iPS Fl Nanog iPS il 75 A 4 f5 k%
i, 25 IR R T 48R Oct4 iPS 5 Nanog iPS #ii il
KR A A % P e R B (AL iPS embryos), X &
6 36 200 i 22 R M 1) 0 AR 1 S IR AR o T, 58 40 E B
T iPS il BA b A RETE

4 Octd, Sox2 o KIf4 % 3 HF % St/ &
iPS 411 %

1E Yamanaka /N ) Nanog iPS 40 i s34
20%1 F1 LR IR, JEAE IR gh 24 Aa il 2] 1 Ak
Ui c-Myc 3Rk, lRE b EUEE R . Bk, i%/Nd1kE
A2 AT e-Mye S HETFAEHS/NR IPS
RN, B2 WhTrE ik & A AE 3 FhANEIE R
QG 14 Kt #4 iPS 4 M v FETE B (IE 1
c-Myc™ iPS Z ). 4 B A8 i e B A 24 W ok
PEB, W55 T c-Myc™ iPS il TERE ., c-Myc iPS
4 v R Y AR A AL REVE 5 mES i e 4 1555
[ iPS 4 —%, SLIRIER, Oct4, Sox2 il KIf4 45 3
71755 c-Myc™ iPS 21 it 5 Y 5 BETE 038R T 4 5
PEAR S o

PUEA & c-Mye 19 4 IRFAHEHEFFE0 iPS
YR J R, BEFT c-Myc iPS i 0% IR T S 525,
A B B A R AR A E H BET 500 R c-Myc”
iPS ZHfIZH: 0%; & iPS 4iiE4H: 16.22%(¥93E Tk
i) IEBHATT c-Myc 1Y iPS 4t S Caf S vl LA
2 BRI IPS 20 L5 A i g (7 00) K AR

5 AXIPSHfthEZ

5.1 Yamanaka /BRI TAE

TEZ BT TAEREERE |, Yamanaka /N F Oct4 .
Sox2. c-Myc il KIf4 55 A 3 B[] B9 &Rk 40
MR, &5MREREREFR25d UL, 15 THRESH
ANZKIPS i ok, M2 IR ML 2%, 2 0lic
human iPS(hDF) . human iPS(HFLS) #1 human
iPS(BJ)1),

SCIEHT, human iPS(hDF) 4l R TR A% . 1
FEFRE . BEFRELMERE . MR AR R BRI
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sk G M . AR MBS 2 O I ER R 5 A
25 ES(hES)4H L — S Rk o i Jk 5 20 Y A e
LR FEIEN S h ES A SE MR . 1SN,
human iPS(hDF)4i i A] 2855 S 175 5 40 Ak ol 22 4
LRI TRE O R AR AL, 23K 4% A 19 5T Re R AR
Y/ Y NN Y e B A R S e L e ) T
SHETE R =R Z .

BEfs, S/NHHAE c-Mye 9 3 HFHA&HES
A2 iPS 40 2 AR a o
52 YuRHEREMIE

Yu J SEFEAR LS PRE NG LSET 4 40 i
% IMR90(IMROO0 fetal fibroblasts)Fi A 2374k JL AL Hz
WA 4E o4 R (Human
fibroblasts)ATCC v, i i 12 J4 B (Lentivirus) 7% &
Oct4 . Sox2 .Nanog Fl Lin-28 JL[N, & &k, 15
F T2 ES MM AZE iPS 4 silE, 2 alic h
human iPS(IMR90)F1 human iPS(foreskin)™®,

RIS FR T, XA AL iPS Hiff Ry
FaE R —Z5] h ES 4 pHPE: TB 28 A,
RUIE R A0 A AE b BTG 1 2R3K h ES 9%
bR SSEA-3. SSEA-4. Tra-1-60 il Tra-1-81.
IR B IR T B S B 22 B, X PRl A PS4
JiL 2 T AT B R )2

newborn foreskin

B2, Z/NAFRBI A IPS Y R B AFTE
ZFPBLRE . 7E human iPS(IMROO)ANAE &, /Al
WF SR Octd FE P KR IE . 7EFLE human iPS
(Foreskin) 4t fl &, 4 A 1] 1 22 R 58 40 A 1 B 1 %2
FIRRE, ATREE M TEARSME Oct4 Fl Nanog
R rE ik .

6 Wik
6.1 S0 iPSRERMEE

6.1.1 2 F- PRI

7£ Yamanaka /NH ISz 23500 5 x 104
o 5x 10° () hDFs 4l 4532 4 W T3 458, 5
5x 10" A HE, 7E 5 x 10° FILH TR A 41D v [ B
BT BT, TIPS A 5 R ) S EORT L ) T
W o (HT] B 4N EE &2 [ % 5256, 7E 5 10° il 5 x 10°
2l PS4 v PR T LR T0 B3 X . R R,
M A O S e I, R TR I A
LR PS4t e B TR R 2 Rl AE LA R G R
X — {15 1A T B 22 11 S S B LA IS A3 BT
6.1.2 Jrdkh i

ME AT BG4, iPS A R 3 2 A 0 e A
6]k 3 s 5 IR 41 A S5 TR 2R S (L 3%
1), Yamanaka /N Al Jaenisch /N ARIERH, 244

®1 IPSHBEEATELLR
Table 1 Comparison of approaches for iPS cell line establishment
Combination L .
. . - Selection timing after - iPS colony
iPS cell line of exogenetic - . Selection method - L Reference
induction factors retroviral transduction forming efficiency
Fbx15 iPS gocle CK_III::;/C 3d Neomycin resistance 0.01%-0.5% [5]
Nanog iPS-a" oo E_mc 7d Puromycin resistance ~ 0.001%-0.03% [6]
- « Oct4, Kif4, . .

Mouse Nanog iPS-b Sox2, c-Myc 6d Neomycin resistance 0.05% [12]
iPS . Oct4, Klf4, . .
cell Oct4 iPS-a Sox2. c-Myc 6d Neomycin resistance 0.08% [12]
line Oct4 iPS-b o L(-Irf/?ﬁfc / Morphology 0.5% [17]

c-Myc™ iPS-a" SOC;‘Z" KIf4, 21d Puromycin resistance 0.025%" [14]

c-Myc™ iPS-b” SOC;; KIf4, / Morphology 0.0045%" [14]

Human iPS ?g;‘z" L(-Irt/?ﬁfc / Morphology 0.0149%-0.034%" [15]
Human . Oct4, Sox2, -
iPS Human iPS(IMR90) Nanog, Lin-28 / Morphology 0.022% [16]
cell . . Oct4, Sox2, -
line Human iPS(foreskin) Nanog, Lin-28 / Morphology 0.0095% [16]

Human ¢-Myc iPS 800;‘2‘ KIf4, / morphology 0%-0.001%" [14]

“aor b are used to distinguish cell lines obtained by different labs; ™ Data is not cited directly, but calculated from the context
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[Fi] — B 16 5 I, S R 5 5 o R O 3k =2 [ A e
[ BRAS,  Fir AR A5 (%) 240 JE v P Bk [ S £k . B4 5 ES 21
B4 PE . Fbx15 iPS Zi i 22 AN B R 4 AR A,
7] B 5 0 e B ] 3 AT o6

6.1.3 it ik

CEA A SCERI S ST AL 8 4 SRR E
55 3 RiFATHirEdiiE, FikNBEME Fox15 MWD
TP, Tk N EPE Oct4, Nanog FY v [ b R IE
B B R 24 b RIVAT RS H R B R il T 1
T LAY Octd 2 (1 ELEN4E 3 A Bt s id i
HARE R FIA T EREE N2 L] . fArent
PR R AR . ik, e R — 2 AR R,
TE 5 R A i 5 5 DRDRE 5 ) e R T R N v
G A Gk TP BUE FT N, Octd
Nanog F1 Fbx15 B il ™ & (1) (Stringent) £ R 14 i 1% [
T, X T AE T MR A R R A% O A FH AR T
g el

J3—J5 T, Jaenisch /INZH 4 18 1388 12 T8 A8 2 br o
e iPS A R vk, TR R4 T AR 4
FIFE R HERAE, T LA ERIE b B ARG T 35 R 2 A5 S5 1k
ALY F B, SHvEfmkgA L, B
i e 7 VNG IPS At M s TR R R = T 5~10 fi5 . 1E
PIZH AN iPS i R S0 TP B3R A T TR AR S i e
PR, AU — 7 vk IE AR R 9
6.1.4 SfIIE-FIA T HIEFE

c-Myc™ iPS 4iififlE R AT, WESAME c-Myc
FIRAIE IPS AR RSB, XA RERE B,
TEZ AR AL (MEFs) h fF7E—E K F-1Y c-Myc 1,
AR Octd . Sox2 il KIf4 78 MEFs il g h ik, K
M ABENER c-Mye EAS S5iES EHEE, I
PEHET TEE c-Myc Rk,

JfH., Yamanaka /N A KGN T HTSA 4 K9 [H]
& 1 (Family proteins)7e/N R iPS 4Af /5 5 51 g A2
TRER . SR LB, A mEHE R N
ATDVBERIA S FI/E . X 4 8 i & B0 a]
DA & FRATIXF T 240 B ol 19X 4 SR P 1 S

hES 5 mES 2 il A 2 BEVE IR 2 M 25 A S AH
U, i, AZK iPS 4NE R 1% S I TR T i
Eo Yu ) FRSEIUEN, MRS S E T, HA
Octd il Sox2 25T E M . LA iPS 4Hf s
W BT it O TO L HEAN IR RSB R, R I 2 E— A

7. A S EHEEAINERERAE .
6.2 FSERZHHIE

A2EHE NN, iPS 4R T REVE A SZ R4 & h
T77E /0 B Z2 B T 4 i t>20 e R 8 14 G i 1D A9
TIGHHE . IWILA Z5 R E, B FA
A, {2 iPS 4liffL 5 ES 40T 4r AL . 9\ X4tk SCRik,
FATAT LSS I R HES: (1) Octd, Sox2 &8st 2 F %
M ERFEDIRER T (2) TEMFRMZOEFHE Octd,
Nanog % 3k 5 i) 9 5P 22 38 0% o Fbx A5 iPS 4 it i)
BIF U, AR E PRSI S BRI
PR ME R M DE . (3) PTEME T AN PRy R ik —
FUSOE, o n] DAE 35 35 1 8 v RO 4 1 20 L 1) 2 g
PR, MR I R B UK o XU I AT 41 R
T RERREAREHBRELTN., B EmEL
— A2 . AR PR AL R

FANERE FAE R E R T RER, aTgE
LN UM R R A T 20 L 22 B A R P 1 DR R
ifo i, Oct4 il Sox2 £ ES 4ilitd £ REE4E 5 (1)
RO FH E R R B R U8 228 K4 %445 mES
247t 1 4 TR0 sk 444 o A El LA P, Yamanaka A
J, EEESEREPOEHTREA D KIE
Nanog®®*?®l: 5 c-Myc — [l 44 p53 5 p21°'P* il %
2 A P 28 R 4R 1 LA, e
Fik c-Myc 1) mES 4 i vl AR T 11 1t g 100 ] R 5
TR B FR B e I A Z REERY, c-Myc Bl B
AR S E G P, B R T RE T
Yot A G, i ILPGE AR ] 5 Octd . Sox2 45
AR,

5 mES 40 A AEBLAR S, 7E hES 4l i S
HPIE c-Myc I FRFEE R T8 23 (i (5 40 L 1] IR A0 oA iR )23
WFAMEZ e, TR, Nanog I Lin-28 A2
TE RN iPS 4 v AT 7 Y. 76 hES 4iAE,
Nanog 5 Oct4.Sox2 Wh[FfEH, 45476 T iF 353
FhILH )G 81 7781 1. 7EH Oct4. Sox2 45 Nanog
KA T B IR 22 1 2 5 110 8 9 T I R, iR A X
SRR IR KT RS U Y R K N Y
AR AT, Lin-28 AT A i e E 1GF2 2K 11 i1 %
T B4 TR c-Myc 25 A 26k,

3 —J7' T, Octd &A1 5 445 ES 4l il £ RE 1k 1Y)
5 2 RAEE BRI R, HETAAIZ
£ iPS Yliffl s Rl A, SRS T Octd ¥ LR
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VAP SE I L7 15 Bl B 0 BN A AT 7 T A
BT, B /N BRI ES 41 22 RE 1 1
Pl 45 LT 58 AR U2 mT LI, /N A K
iPS 4L 3 4% A7 H R 1 22 RERE LR REHLR

PR AT 2 I 050 2 0 B R 2 Ak £ 1 P £
B8 (Niche), T 41 41 15 35 5 VR i 4 5 PR 7 (9
B R TRIR R . IPS ANMAY R AR IRAT, 1
2 e A R 2 3 A M A A S T K 0 R TR
Wy, AT LA SE 4 DL P BB X 4 45 39 A i 3
PR AN

Stanford /N RIE T —Fb R HHAR T 014G 565 240
T A 2 % L 7 9 45 4 A 40 1%, O E MES 4 3K
TR TE SO, SRy, AT A RETEAR A

1045 oA e B4l 22 ek R IR M 2 R D) BB IHL 1,

F 1% 7 4 2 1) SE B ML o
6.3 iPS ZHARIS K N A BRI =

iPS 4 i 78 1 A 7 2 T A M 4T A B R S A L 1
S, TERE TIPS AL T AN RERIRYT Z 0T, A K
AR iPS AR TR ARIAY T IR B (1) K
BER S S B AN IPS AR T 5 55, (2)
LI AR, 1B 5 IPS A M b i S KL BR B (3) 5 iPS
 RLAE AR ST T 4010 R BT T 1 A0 ISR (4) A [
BE AW, REWGRITEM . X — AR nae e, K
TR 40 R AL A ot A A HE e [R) 8, e B AT DLk
TR E I SRR BIRYT .

A X — L, Jaenisch /NH 1 e 1E AR PR Y
AN R AL AT T 220, A Btk 40 B o e
(Human sickle cell anemia)/)> B A A VA Y7 BUAS T #)
BB X G BB

HIE, X5 T iPS 4t Ml R T B 22 4, ATh i >4
AR AR, G A A A4 %) S5 DR 458 1 0 e Sy i
FHSME RS IR A 2R R, &
] 52 50 2 0 S i DX — () R T 8% 7 o B AN A i
D3R AT DR R 0 B i 2 A8 R A %2 . AN e-Myce
R FAHG R TAME c-Myc T 7EBURAE
FH . Jaenisch /N BB J, FESE YL 4 PR B [m] s J%
Yugtith Cre i 4H B (Cre-recombinase) i) i 15 25 4K,
MR SNIE c-Myc #5 D19, dngi Bk, S T41
MR+ RAEE g AR R R I B AT . R4, B
T 30 2ok W I Ak R GE— b R R KR SN IR LA, B
RHES AR 7 W) H A AR L, AN
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g R E w7

2 [ fif e M K 2F 14 Bickenbach /)N i B7,
TE/NEA b0 B — PR Ak AN Octd, 5 L
it 240 B g sk 101 52 (R 43 22 4 Ak g, LB Octd Bl
YEFIRIAT 5| % (— E B EE 1Y) E gt o PR, AT Pl A
AL TR, TAESME T4 N 1R iE
BT N, 38 3 S5 PR 5 3R AR R 15 5 01k 20 JfL 1)
44k (Transdifferentiation) . X X A FEA: 24 TFRE T —
OB B S R

B iPS 4u A m T ik, R 2 HiRGE, Bl
) S AR e B TR BT . e ST
TR ERAE B A MR, R IR 1T A M R
KIE. ERTLMCE ES 200 T80 b 55 FUBr 24
k. ATLATWL, A8 —H, ATEA RES 5E 40
i ——AC 24 i =2 ) ) AT o e A, R S B R R A
PEARE H T ARG T %8 76 21 e, T4y
15 PR 1z K 3600 > S BH iy 52

REFERENCES

[1] Hochedlinger K, Jaenisch R. Nuclear reprogramming and
pluripotency. Nature, 2006, 441(7097): 1061-1067.

[2] Egli D, Rosains J, Birkhoff G, et al. Developmental
reprogramming after chromosome transfer into mitotic
mouse zygotes. Nature, 2007, 447(7145): 679-685.

[3] Cowan CA, Atienza J, Melton DA, et al. Nuclear
reprogramming of somatic cells after fusion with human
embryonic stem cells. Science, 2005, 309(5739): 1369-1373.

[4] Tokuzawa Y, Kaiho E, Maruyama MT, et al. Fbx15 is a
novel target of Oct3/4 but is dispensable for embryonic
stem cell self-renewal and mouse development. Mol Cell
Biol, 2003, 23(8): 2699-2708.

[5] Takahashi K, Yamanaka S. Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures
by defined factors. Cell, 2006, 126(4): 663-676.

[6] Okita K, Ichisaka T, Yamanaka S. Generation of
germline-competent induced pluripotent stem cells. Nature,
2007, 448(7151): 313-317.

[7] Chen T, Ueda Y, Xie S, et al. A novel Dnmt3a isoform
produced from an alternative promoter localizes to
euchromatin and its expression correlates with active de novo
methylation. J Biol Chem, 2002, 277(41): 38746—-38754.

[8] Azuara V, Perry P, Sauer S, et al. Chromatin signatures of
pluripotent cell lines. Nat Cell Biol, 2006, 8(5): 532—-538.

[9] Zvetkova I, Apedaile A, Ramsahoye B, et al. Global
hypomethylation of the genome in XX embryonic stem
cells. Nat Genet, 2005, 37(11): 1274-1279.

[10] Silva J, Mak W, Zvetkova |, et al. Establishment of
histone h3 methylation on the inactive X chromosome



ENHAE: S A AL 2 E TR T 5 R i e O 2 BE T A

1127

[14]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[25]

requires transient recruitment of Eed-Enx1 polycomb
group complexes. Dev Cell, 2003, 4(4): 481-495.

Plath K, Fang J, Mlynarczyk-Evans SK, et al. Role of
histone H3 lysine 27 methylation in X inactivation.
Science, 2003, 300(5616): 131-135.

Wernig M, Meissner A, Foreman R, et al. In vitro
reprogramming of fibroblasts into a pluripotent
ES-cell-like state. Nature, 2007, 448(7151): 318-324.
Eggan K, Akutsu H, Loring J, et al. Hybrid vigor, fetal
overgrowth, and viability of mice derived by nuclear
cloning and tetraploid embryo complementation. Proc
Natl Acad Sci USA, 2001, 98(11): 6209-6214.

Nakagawa M, Koyanagi M, Tanabe K, et al. Generation of
induced pluripotent stem cells without Myc from mouse
and human fibroblasts. Nat Biotechnol, 2007, 26(1):
101-106.

Takahashi K, Tanabe K, Ohnuki M, et al. Induction of
pluripotent stem cells from adult human fibroblasts by
defined factors. Cell, 2007, 131(5): 861-872.

Yu J, Vodyanik MA, Smuga-Otto K, et al. Induced
pluripotent stem cell lines derived from human somatic
cells. Science, 2007, 318(5858): 1917-1920.

Meissner A, Wernig M, Jaenisch R. Direct reprogramming
of genetically unmodified fibroblasts into pluripotent stem
cells. Nat Biotechnol, 2007, 25(10): 1177-1181.

Niwa H, Miyazaki J, Smith AG. Quantitative expression of
Oct-3/4 defines differentiation, dedifferentiation or
self-renewal of ES cells. Nat Genet, 2000, 24(4): 372-376.
Rao M. Conserved and divergent paths that regulate
self-renewal in mouse and human embryonic stem cells.
Dev Biol, 2004, 275(2): 269-286.

Toma JG, Akhavan M, Fernandes KJ, et al. Isolation of
multipotent adult stem cells from the dermis of
mammalian skin. Nat Cell Biol, 2001, 3(9): 778-784.
Avilion AA, Nicolis SK, Pevny LH, et al. Multipotent cell
lineages in early mouse development depend on SOX2
function. Genes Dev, 2003, 17(1): 126-140.

Boyer LA, Lee TI, Cole MF, et al. Core transcriptional
regulatory circuitry in human embryonic stem cells. Cell,
2005, 122(6): 947-956.

Okumura-Nakanishi S, Saito M, Niwa H, et al. Oct-3/4
and Sox2 regulate Oct-3/4 gene in embryonic stem cells. J
Biol Chem, 2005, 280(7): 5307-5317.

Li Y, McClintick J, Zhong L, et al. Murine embryonic
stem cell differentiation is promoted by SOCS-3 and
inhibited by the zinc finger transcription factor KIf4.
Blood, 2005, 105(2): 635-637.

Lin T, Chao C, Saito S, et al. p53 induces differentiation

[26]

[27]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

of mouse embryonic stem cells by suppressing Nanog
expression. Nat Cell Biol, 2005, 7(2): 165-171.

Rowland BD, Bernards R, Peeper DS. The KLF4 tumour
suppressor is a transcriptional repressor of p53 that acts as
a context-dependent oncogene. Nat Cell Biol, 2005, 7(11):
1074-1082.

Seoane J, Le HV, Massague J. Myc suppression of the p21
(Cipl) Cdk inhibitor influences the outcome of the p53
response to DNA damage. Nature, 2002, 419(6908):
729-734.

Zhang W, Geiman DE, Shields JM, et al. The gut-enriched
Kruppel-like factor (Kruppel-like factor 4) mediates the
transactivating effect of p53 on the p21WAF1/Cipl
promoter. J Biol Chem, 2000, 275(24): 18391-18398.
Evans PM, Zhang W, Chen X, et al. Kruppel-like factor 4
is acetylated by p300 and regulates gene transcription via
modulation of histone acetylation. J Biol Chem, 2007,
282(47): 33994-34002.

Cartwright P, McLean C, Sheppard A, et al. LIF/STAT3
controls ES cell self-renewal and pluripotency by a
Myc-dependent mechanism. Development, 2005, 132(5):
885-896.

Fernandez PC, Frank SR, Wang L, et al. Genomic targets
of the human c-Myc protein. Genes Dev, 2003. 17(9):
1115-1129.

Sumi T, Tsuneyoshi N, Nakatsuji N, et al. Apoptosis and
differentiation of human embryonic stem cells induced by
sustained activation of c-Myc. Oncogene, 2007, 26(38):
5564-5576.

Polesskaya A, Cuvellier S, Naguibneva I, et al. Lin-28
binds IGF-2 mRNA and participates in skeletal
myogenesis by increasing translation efficiency. Genes Dev,
2007, 21(9): 1125-1138.

Hanna J, Wernig M, Markoulaki S, et al. Treatment of sickle
cell anemia mouse model with iPS cells generated from
autologous skin. Science, 2007, 318(5858): 1920-1923.
Maherali N, Sridharan R, Xie W, et al. Directly
reprogrammed  fibroblastsShow  global  epigenetic
remodelingand widespread tissue contribution. Cell Stem
Cell, 2007, 1: 55-70.

Walker E, Ohishi M, Davey RE, et al. Prediction and
testing of novel transcriptional networks regulating
embryonic stem cell self-renewal and commitment. Cell
Stem Cell, 2007, 1: 71-86.

Grinell KL, Yang B, Eckert RL, et al. De-differentiation
of mouse interfollicular keratinocytes by the embryonic
transcription factor Oct-4. J Invest Dermatol, 2007, 127:
372-380.

Journals.im.ac.cn



