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Recent progress in somatic cell reprogramming
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Abstract: Differentiated somatic cells can be reprogrammed to pluripotent state by several techniques, including
nuclear transfer, cell fusion, co-culture with pluripotent cell extracts and the recently discovered induced pluripotent
stem cell (iPSC) technology. iPSCs are highly valuable in regenerative medicine and the techniques in generating
iPSCs are evolving very fast. In this review, we summarize recent progress in the research of somatic cell
reprogramming and iPSCs.
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1), WA BEA SRR k.

RGN R B A Ret, AefE TR
MV IEFIRSNAZ . B T B R G B R 4
KR s — 8B R FEINRZ LR,  EATTE UG Sk
ML, e, NG KB N T RE R,
TRAE S RIHERL 12 5 55— 2 K4 20 A4
PN 21 i (4] (inner cell mass, ICM), ICM ) 48 ffd ik —
WA 3 AR, 3T TR G AS [F] 2% B R 2H 21
T O B AN . ICM I 28 i B 8 T 1 i A 1)
A i DL Ko A B 4 ) R 1 e SR 2 e, 1981
T, BFEZMICM H 7 Baife, s /NI
WRREF-4HM 2 (mouse embryonic stem cells, mESCs)"'.
mESCs A AN BRI —— HIREH M2 aetk.
TEHFE B3R 4 F R, mBESCs 1] PL— ELfa e 421X,
FEYERE NG T 40 RS FVRRE ( BIREHT ), TREF
FERRGE 5 Z4ERIE I B [r) 3 ASASE I JZ 40 5y
HIRE 7T (Z Rt ), TEHFE RIS 444 T ol BLE
1) 3 A AN [E RS TR 4

KREEFERZHFILFEHTT SR, AiiEk
FiEEh s o, B ER e, R, &
RO RA T RA 2R ). EEHBIRET,
KW AT AR R, A
ISR . ARG DL R SN e s R 5
B HRE C 4 10 A 4 13 e Sy B £ Re
BOE R4, X — 0 R SR
442 (somatic cell reprogramming). A4 il 5 4 £5
FEAR AT DS 24 B 40 i BT 3R1S 22 Rk, b g or
OB B T4 R el — P K B AL 4 H L
FERERIAME . A E R AL T HFERIK
&, BR TIRZ e LE KRR, ARLER¥ Ik
M g AR LR FETTENT, Mz AR
JEANE FLIAR AT /41

1 ERIZREE

1.1  ZHfE+%FZ#E(nuclear transfer)

1952 4F, Briggs M1 King™ ¥4 38 Vi 41 Jid 1) 20 i
R RIEGR, IRGLREH TEHESIAL 594
Ik, 1962 4F, Gurdon® FJ 48 4h R SRR IR AR 3 JTCHE (1)
RAZRESRANMAZ, SR K dRhiel - Rl 40 i f 4 e A v
N REIA R, 32 T KB 564 Ew 1R
s S0 A P A IR SRR T L8 43 ) R A 4T
L, X SIS YR T SE R AR AR R B BT R (BT
A LR EAFAET E b I A% 9, T ELIX e 3 ]
AT LA A0 B P A7 S S IR . S

PRI, 1963 4, FRERl Ay 5% B 5 J] SN A 1 i 1
PR 200 A o AL N M P 0 ) S AZ O A AR, 7 IR AR 3
T kg,

TEBEJE L], B 5K — BLAE 22 I 7L
AT TR . 1997 4E, Wilmut 25 © JRAE 2 )
FLIR A 73 B ARG, B 20 A% A% hE 21 2 A% 1 O B
ifE, RTF T — REUAE, W4 n ks
2R, WREEZRIMEEA, UF BH AL Sh AR 41 i
FZAERRE N BN BEGH B RE 7= A2 2R LT IR G T 40 B 1)
Wi, JIfiE— PR E YA

BEJE, Bl FAHMNHZEEEAREN T2
PRI LB, (HIX L6 50 B 2 )% i A7 7 R LR K
FoAh Iz, 2003 4, 20 R ™ Il B 2 SR A, T
T 6%, MFEMPFHEMEI2L., ALK,
WA 1% HIsalE/NR K 3% i va e 4= 7] PUIE # A K,
EAMUE N T R R, [, BBEEAN
REOD IR I A M k% T N A% 1 O BRI, X P
TEW KA, FEAEHT A, Bk, HA
e T NS AR R 7
1.2 #AAEREL & (cell fusion)

Y MR A 2 F8 AL 2 B AR W) 22 7 2 A E
2 PP 2R Y B A LT R — N A R R R . R R
26 SRR R G M 5 R RS AR BE L B A A B 4 i
HIRRR T Al ah A ', 15 30 A4 A IS Ag v T 41 i
A . NI VR G 40 Bt e 7E A M R 5 2 2 72
R Az U, EAIER S 25, DUERM Rtk
Refg Bl ST R 3l MRS — e 2 aett. (HiE,
T 41 AR R A %) 5 3245 1 11 EE G 0 B DU A A
S SEBR R AT DL £ M Hh 9 Bk A R AG F40 fe
gt fh U2, (HR 25K B4R AT A7 TE AR R S 11
BRI AT, PR T BRI R .

1.3  ZEeMREIZENE(cell extracts)FEiZ o

Taranger 25 UV ({07 50 K L, 18 FH 22 A6 40 i 12
B 5k i 315 7%, 0 AT LS AR 41 B EE 4w AR
(BRI — VR KAR T BT M, AR RE o R4S 72
0
1.4 BS54 ZEETFMAE(induced pluripotent stem
cell, iPSC)——E 2K A9 L ]

2006 4F, Yamanaka SE58 25 K I T ARIE TR 4H
P EE SR FE A — I B R MY, AT TR S B
FE /N BRI T E 40 o 3 N Oct4 Sox2. KIf4 Al
c-Myc 55 4 Fh % 55 R 711 45 2 2 A K 2 1 40 f s
PERIZNAR, DR AT 440 iR i SR 13 1 T4 i
Jit LORE Hodim 44 85 5 2 g T 40 M (iPSCs). i} 5T
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N G AR T 24 A 5 G40 B A O 1 2 R A
NI SE R, DA Ss B N B R A K 7 50,
TR 2 FAS 5] R (1) 993 75 2% 4 /D BT 4 40 i
I DA RIE & 2 A0 . IRJIG T4 ks i R IR 36
1 DA K B B8 TR T RS AR ARAE v 5 5 1 2 e T4 i
ZREMEM S e FR AR W PR &N 24 MEIEFE A
I/ 3] Octd. Sox2. KIf4 Fll c-Myc 1X 4 N4 SR R
EIX R CES, RN GRINEE T BE =2
S HEAI WG IR, Ui B 201 4 L e ok 4 R B 3R
BT HEAREA RS (ZRetE ). X—
BN T4 MBI SO ATk, 7% 28 AN A iy Bl AUk AT
Wk T REA RIS . iPSC BAN T4 i &
FHLEI RO FC . T4IMAE 5 R 2 AT 78 B AR £ 9%
I3 IR R IR HLEI AR 7 T R IR K L, TR IR
W97 TR R E E K. EAVMERE TS
1% RS M Bl A P o SR T4l ) 7 50, e T
TR E B A B 2% ) 80 5 o HL, B Pl A T i 2 G
T2 AR 63 T T (5 P S T S 1 e HE R, (675 H
R ARG 5 T AT

fEM 2 J5, Takahashi 25 " F1 Yu 25 U b 43 5l
G N RET 4N RIR 1 iPSC. HET, BIERCOL
ALt g UL R fkam i UYL R IR g 1,
LR FR AN P, B B g BT Rk A P A
AT IPSC. X ELAH 7y HIA R 3 ANRERIFE 71k
g, 2 B AN [ 4 230k IR A4 41 i 4R B 3K 15
iPSC. fEIRREIRIT I, A Z A/ E
R B E A5 S 3815 iPSC, BRI ZE4iMEE
B RTEALAE (ALS)™), FFREME L4 (SMA)™,
MR P 25, XU g SR IR iPSC AT RN ZY
Wit PR R ST AR IR T A J1 TR
2 iPSCIESHAHE

VBN — T 2L I F R, iPSC H A FL AT Sluks
ML s, EABFAEARDE. AL T iPSCIES
Al DOE R IR, IR SRR T IRIA . K
5 S5 [R] P s ok SR A A B AL S b B S, R E
R FE I ML {H iPSC 5 S it #2486 A T KIf4 Al
c-Myc S5 JFE SE R, DR N7 20T RE 5L 4l A\
WA, FAAEARERE ; [FR, iPSC - FAREMIR
fi& (Yamanaka 55 7E 2006 4F i i [¥] iPS 75 T 20 KX
BHHZIL)e AT RIXEE R, B2 M TR
2SIk et

TEUk /D B DR 7 (8 FH 5 TH, 2010 SE L 2
ANEFE/NE T DA 540 (1) Oct4 Sox2 K14 Fil c-Myc

S5 4 AT b B BE SIS T Octd — Ffr B 5~ RITAT
IRAFREAE 7= A KA 1A /N BRI IPSCR . PG S 1
SPAGHRRATT E, BRI A I A SR i B
1@ Y SR AR, SRR R RIS
()75 REAT B R SN, L A FH s i A ke e
Bl LR TR S R AT IR B, o e
(VRGN il DB 2Rt BB - = Exp R A
[\ RNA. /N RNA et 2485 5 U £ 2k
. HEl, AERIEENFH AR IPSC T 3HKE .
REETT IR B B R LR T R e BRI
e, AEATS AT — PO 25 R i A2 445 21 iPSCo

3 INSFUEMLEIPSCHZ IR B

MAPSC HiARBEA L, VF 2 /Ny FAL & Wkt 42
HILLE iPSC AH G FE R 2 e IR LN T E
VIR RS R AR, ALk n] DL AR 7 —
AEEA T H, Ny TGS R R R SO XA I
fETHE. MERTTES, I H AR R S P i 7 I e
EEHBMIhRE, 76T RALHIHE A R

F 1 HHIH T H RT3 B a8 2 3k EYgmAR I/
FFUEY . WRIX LN GFERPLER, Loy
WAL A5 7 EMT-MET 35 770  AQ U 35 77
F AR i3k B gm A (R AL A D L S e B R E T AL S
WIAEJ LRI R THFRATHRE 23 0l DA AR
3.1 RABRFREAFEFSHNERE
3.0 RABAL AT

TEE P AR, SR ARTEARGH M b A T T ERR
A Z Rt ER G2, AR DU, X —it
R MBI EE R, Fik, BEEEATR
WAL NG A VIR T E AR R IR K. 1X
YNy FEAEH T AR A X LWLEE. DNA H
N NS R R s AT YA Y
3.1.1.1  HEH L WL (histone deacetylase,
HDAC)# ] 7

CL #1812 3t 5 4% 72 1) HDAC #1 #l) 7] 60 4%
VPA. TSA. SAHA 1T E4H 7Y, VPA o] LUK &
IR AR = 50 1% (= 75 ) 5 100 £ (1Y
HFi5S), e LAMETLWENEHE A S HEE
FER L R ek B i fE . VPA SIS HESh A A 2k
b, S0 2 R A ) B SR 1, 9 LR AR 1Y
HDAC 1| 71— #£ 1] LL{# MEF 41 jg B 5 A B
G aE L, AT 2 TAMER SR T4
3.1.1.2  DNAH EEFE RS Fg 4 5

TE 3 A 4 i, PR 1) 2 BE 1 R ] Oct4,
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=1 (RHEERENNTFHEY
SRR PR 1EH 22 R
VPA(HLTR) HDACHII57] $2EOSKM 5 3 40%, 7] 50ct4 [33]
FISox2175 FhiPS
TSA HDACHI15 FEFOSKM 5 5 i [34]
SAHA HDACHIH1I7) PEFOSKM S 2% [34]
NaB(T &) HDACHIH15] FEFOSKM 32 % [34]
5-AZA DNMT# 5 FEHOSKM 5 32 % [35]
BIX-01294 G9a HM Tase#1) 1 7 £3E NPC il MEF 5 4 £ [36]
Parnate LSD 117 AT 5Oct4 FIKIf41% ShiPS [37]
LiCl LSD1#1 GSK3 4|77 FEROSKM 5 320K, 1 50ct44 41 FhiPS [38]
Vitamin C HIRTetiG 1, (EiEDNAZ 54, FEHOSKM 5S4 % [39-40]
Anisomycin P38 MAPKIH JEOSKM 5 S 2% [41]
A83-01 ALK4/S/ 7471 et E 4TS, S5MEKMIRock #7714 &g i [42-43]
N AT 44T i 2 g A2
616452 (RepSox) ALKS 51175 Rt EgwAE, 0 E gt fE o £ 18Sox2 [44]
Apigenin E-cadherini# %77 PEFOSKM 5 5 4% [45]
luteolin E-cadherinifs &5 FEFHOSKM 5 2% [45]
Thiazovivin ROCK 31 i]71) SN e Ty [46]
PS48 PDK 1/PI3K/Akt {35 71 50ct44 4175 FhiPS [27]
2,4-dinitrophenol A TR A A B 71 5 Oct42H 4175 FhiPS [27]
(DNP)
Fructose 6-phosphate O ORI A 5Oct42l 5175 FhiPS [27]
Nicotinic acid O T HOct44 45 FhiPS [27]
Quercetin R HIFIE % 5Oct441 415 FhiPS [27]
CD437 RARENH IREOSKM 5 S 30% [47]
AMS580 RARBENF FEEOSKM 5 G20 [47]
Rapamycin mTOR K411 il 71 FEFEOSKM 5 FF (48]
PP242 mTOR K311 il 71 FEFOSKM 5 FRE (48]
LY294002 PI3KI1I51] FEHOSKM 175 208 [48]
PD0325901 MEK ] 7] PRt NS AT e e g AR, AR TA0M FFRBE R [43,49]
CHIR99021 GSK3 4] 51 FEmEOctd FIKIA 5 F00C%, FRFTAMRAIEH  [49]
BIO (6-Bromoindirubin  GSK3p#fi|7 TETCEFR 2 AN M B 45 F T 4341 B P 5E 0T [50]
-3’-oxime)
Y-27632 ROCK il 7] RE/NRA AT ETAAES, FoT4ERE  [51]
EEIEE]
Sunitinib RTKAH 1] 771 TE TG TR Z UM 2514 e RR/IN B 40 38 [52]
T, $RmEOctd s FR%
Forskolin R R A (b g S 7 PRESKMEE S0, 5HAML -GS CiPS [53]
DZNep ZH R ] A RS B 7] S Ak &5 S CiPS [53]
TTNPB o F RS2 AL 71 R CiPSiE SRR [53]

Nanog %5 Kl 4 i 8l - X 38 11 B 56 44 17 A T T BROR
A, ik, DNA R R B 77 Be 0% (2 ik A,
5 B 5k DNA H 240X — [ fig . Meissner SE45 5
i F] DNA FEER AL B0 7] AZA 4b P2 5 g i 7%
TGN, 4HH I Octd JE R 5 37 [X 45k DNA Fi 3k
e 2B, Octd PR HHrs .

3013 HEP IR, 2 H R R 7]
G9a 2H 1K 1 H B A% 411 71) BIX-02194 fig
F OK P [Rl 175 3 1+ 42 T A2 4 i B 9 A2 006 3
B 8% Y, A RIE, G9a 4E A AL RS g AT LA
TE 53 i) R3] Oct4, 4 7] LA %% Nanog. Dnmt31
2R vE RN BY, Hk, G9a AT RER Z R4
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DNA FH 3 A0 R S 4] 1) o 238 35 73 3. BIX J#
EAH] G9a HEB H YmAE, XU AR E AL 4 B
FIE (40 BIX TRt ) H3K9me2) X 8 4 F2 1)
FEA o E BRI

LSD-1 (lysine-specific demethylase) f{Iffil|7!] Parnate
Re 8 A1 HAlAL A 46 F 58 i OK R IR 115 5 I N i
AR AR E AR D AR 7 R B, GSK3
(glycogen synthase kinase 3) H#Ii157) LiCl w] DR &
Rl FAE, s H Ak &Y 58 Octd — A
TS ENLHIEF 7T &K B, LiCl 4 A DL il
LSD-1"", LSD-1 & 2004 £ & HiL i) 4 2 R 5 7 4.
HE T, A8 Itk 2 IR B G
H3K4me3™, i H3K4me3 1F & I i 40 g v et
IEVER R AR IS 707, PR, 4] LSD-1 tx)
HIIEAHESNER -
3014 AR AL I 5 5

BA AN PrE M Vitamin C X A
/NE IPSC 5 S #8AA B W R BEE A, XM
FE N H3K36 1) 25 F Ak Sk s B0 22 fg 2k [
frZeis i B [EIRF, Vitamin C 0] i ZE 1958 DNA
FEAL T Tet S840 5- F o s g () 9 e, 1T A2 i
DNA % HIACER B AREA IR, &
B AR AT DUBOE P38, PR 20 % {4 (1) DNA FH
K, Rk gm AR o I E AR A RS
Anisomycin tH 1] LL#EE P38, $REE SRR B,
3.2 [A)- b R A T 7

iPSC 5 55 FH B 40 M & 4T 4E A A, =2 9 A%
o R 2 KR AR - b 2 %% 4K (mesenchymal-to-
epithelial transition, MET). MET i £ t 45 1) 2 4
N ol R, BA SRS T 40N Rk
S M T A DD AR (0 B ORUE, AHE R B R A
S I i O AN O Y 1T Ot B e s ap sl I
TGFB (transforming growth factor B) {5 5 1@ & MET
BT 75 A5 58 % . TGFB {5 518 B 1A #0111 71 A-83-
01 Af LAHES) EMT, {2t intEgmfE ™ H—4
TGFp 15 ‘5 #4175 616452 (Repsox) A LALE 5 4
T2 i B 4L Sox2™ ; apigenin #11 luteolin 7] DA 7E H %
T B R R A 57 BE [K] E-cadherin i 1 B 4
¥ B AP, ROCK #ii5] Thiazovivin AJ
LA I $2 5y E-cadherin A2 5E VN S 240 Ha () AH FLAE
5 HAh 254 & F et E gm e B,
3.1.3 AU T

L 73 A0 1R 4 i e 2 T R T Sk oy (1) 284k
WRER AL, T 40 M A i 2 R VR T b AR B R,

EAM R E RS T, — & b E RS i
A%, TAEENIX — A /N 7Tk o] B AR i L gm AR . 3-
T R LA v 2 (1 88 L(PDKCL) PRI/ 43 1 B 71
PS48 i it I iE PI3K/AKt 15 Sl %, 1 e bl 2 i AH
KIEH I FIL, A5 Oct4 58 i A iPSC %S 7,
28R A R AR IR AL & W) 2,4-dinitro-phenol (DNP) 8 7]
DABH AR s AR BT s RO T A 1) SRR -6 Tk
% (fructose 6-phosphate). 4 (nicotinic acid) &5
A ARBLE T BT 5 T % HIF 38 ¥4 ) Quercetin A
DA pERE MR, S EemAE s
3.1.4 AR E IR FE /N T

ARG RS NERNBERE, 2HES
S 5H A, GRS L@ I /N ot R
etiE ge e e gk B 4w A2, 40 RAR Bi3h77 CD437
AMS580™", mTOR 1] 7 55 i 25 2 (Rapamycin) 1
PP242"1 PI3K 1]l il 7] LY2940021* 45, ix iy, &
YR, BTN A T IR 2 5 E Y AEAH G
EaniEsh, AR HESD T HLHIT 7T
3.1.5 AFRFAREHINED

iPSC if5 Fid B 0] Lo A IR, E a2 H
BRI HE S R AR B ) T A LA, SRS R R
RAFHIPSC M EH R EFEE ), Bk, HHT 41
Ji o R 5 BRCE B R D b AR E AR
o ¥, WMAGTAIMTEARIMNE RN, 7EIRIEE
FRZMM b, BRI E A IS A Ge4E R ES 1)
HREH N, G RV R R, W3R E
JE I 434 LIF (leukemia inhibitor factor) SR 4E 5 T4
A R B, i I i o 9 BMP4 (bone morphoge-
netic protein 4) th5 4ERF [ W E B AE S P HEFE
8B B 6 1 DR R G PR 3G F R 0 1) 43 16 R 7 T
LIF ¥ 7% STAT3 {5 5 i8 % 5 3 40 3% 58, 1
BMP4 jdi it SMAD i B4 7 AR KA - IkAk,
bFGF' | TGFp/activin A/, wnt* &5 5 1 5
FNGS A AT G Iy %t e 4RO A B FRE T O, TR
R 8 1 e B LA B 1R /) 4 T TR 4R R R R AR
J7 TR AE AR 2 A HRiE, a0 MEK {5 5 #0115
PD0325901 1 GSK3 15 *5 i# i #17 ffil] 771 CHIR99021
BB T LA o4k ), iz A BT Al R R A
iPSC 5 5 # 5 GSK3p 147 71 BIO nJ LAYE o i 77
A A N R T 40 9 3R H B s ROCK 411
il 75 Y-27632 w] L) T4 P T, dEREEIRE
B P AR R BB R 257 JE B B (Sunitinib)
I VEGE 5244 T A 8B 1k WG 40 M 1 B3 &
o3, FFAETG LIF FEETR = 40 M 00 46 A7 R R a4
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7%

MR EH, &) e mnr LIEidtE Octd — K11
SHIRYN i E g fE B
32 EUEMEEFSIPSC

£ 2010 7, AR FE R L Octd — K1 3
ANAE WD 2H A 5 v LALE /N BN () 2 4t b s B R
gw F PP X6 7 i sz a6 % Fl VPAL CHIR99021,
6616452, S AR I (Tranylcypromine) 5 Oct4 —
K715 3] 7 /N BB iPSCP T i S2 56 5 i) NaB.
PS48. A-83-01 F PD0325901 45 4 ML &415 Octd
— B3R T A iPSC™, Octd — (T 51k &9
HAERINE T IPSC, 4 TR FEMASIUEMIHT
iPSC &, W NI E I TR &M
SHEE.

201347 H, A=k, (XEH 7
AT FAGE P2 G Tl DLSE R/ BRAA 4 Y B 4
2, XEETS B iPSC #FAR NI &% S L2 RE T4
fa, fFkA CiPSCH ;s fEE—D a7, L&Y
DAL 44, BB SFMESPE TR, (H2
hRETS B H A ZREMER T4 . X822 ek s a6 = Ak
117NN TALE YD VPA. CHIR99021. 6616452,
Tranylcypromine. Forskolin. DZNep #lI TTNPB.,
VPA. CHIR99021. 6616452 F Tranylcypromine 5
Oct4 — A 1414 7] DL S B & 4w F% *7, 17 Forskolin
5 Sox2. Kif4 fil c-Myc 2H & 1 7] DL 58 1% & 9 2,
X5 AMMEE YIS 4 & S AL 657 DZNep A
Yt W R 2 K AN ) TINPB 4 &, A% T
CiPSC 1155 5. CiPSC T %A 4MJE L K T 7,
WS F SR SR BB . TR RCR AT L &
RS, R AT DA B AR RS B0 iPSC 1)
Zafa, X iPSC HIFA TIRKRRE L EK.

4 ok

B O 15 A2 70 4 i R [B] 3 4 e 4 i ) 40 i
A, Re—A “WET R, Rk, B
Fomid G NFRE R T GBS T,
B oA B AR 4l B AR Ty — A A, X i
W 52 A% 434 (trans-differentiation). %% 734k M
FiAR T T 3 9 B4 534K (direct trans-differentiation)
A 21 2 %41k (indirect lineage conversion, ILC).
IRk, BEAE EMEMN KR, ot g g
TR BPIRE M2 &7 R iPSC,
Bh X WAE AW R A e s R 1 s B 7 i/ 43
T, ER2NEWE U5 WIRTE & FA )
HANEL O

41 EEESML

44 RS, B AR AR AR A B Y B
F—M gl B R A — . BEE R DA TE K
T 2R Ak, G0 Teda 25 Y BN BLG I Ry
JFB A 1) AT 4 A M 4 B oy A R 5 S PR L4
(induced cardiomyocytes, iCMs) ; Huang & 4 /)
SR VE I S 2T 24 4 i B /)N B R 9 G 4 4 B e A oy R
H I RE )75 S T AE 4 i (induced hepatocyte-like
cell, iHep) ; Cheng %5 ' F| /N 93 FAL & W4 & 45
/N BRUTR R AT 4E A0 5% 3 A O ph 2 T 41D (NPC)
2014 47, Bl 50 IR N R 44 i i A8 9 1)
Re Tk R R A i, AR B R TR
R RN MR SR T A T,

LR oA S B AR IR 155 (050 R 4 2 i i i iR A
AR, GO WL ORI RS AR B R AR,
4 AT 220 0 55 R B o A R D LA s T4
R4, MIMEEmG. 2008 4, FlIEF I3
PRI~ /N BT UR A 4 20 0 200 PR 2 73 Ak Dl ] 7 A iR
SR i Y, BN DI T X —
o AEEATKRER, AR RE TR, H2
2RER, WG FIERIENES, BRNIERE
UGSV N
4.2 [EERIEREL

2012 4, Kurian 25 K Sox2. Octd. Klf4,
MYCLI1. LIN28 % shP53 £ 6 [ 15 A Bk 41
e, 1F iPSC Gk R GFE, fEfAiRiL 3]
—FhEEEEANFRE S TR R, MR TAEA
SR P R 24 R L A S UL L ) R 0 1) CD34°
YA . X FPEE A AL, SRS o R e A
J 1) % Ak B R FR A (] 32 1% & 5% 16 (indirect lineage
conversion, ILC). X P4 AR 8 6 TR 18l 56 B % 1L,
FEH MRS, RELS T EER 5 S %
-, BRAT TR RS & P AR E R4, R EATT
] FRT . FH T 5%

5 NEERE

Zr b, N A2 i g AR BOR AR oA ) 4
WL PR FT AR, 8 2 ABFE — Bl AOIRAS AT
HeZh 4 9 — RN S AR, 2 HFRAE H
RN AR I EA NI C i e i O Y s s N
filf “ZRAM” X —ME&, S T A A AR
BAHE KRB E S HNME. 2012 418 DURAE
P27 Bl PR 2 A4 1 R 4 G A A8 ) R 7 )
K« o5 B 8 M K & 4% 5 B 5T B 19 John Bertrand
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Gurdon A1 H 2% 5T #8 K 27 - 42 B BLE 7T T Y Shinya
Yamanaka, XAMGEXTAIEFER R, W)
AR O A R TR . BET, R T
H AR A BT L7 AR, IF BA W S B

fh 3k
iPSC

J&. 2014 59 A, HAI 4G 1 i 5 F 6] 5 H
Ml RWETT o BEE 5K — 2 E VPR

SR R R AN 5 iPSC, SR JE K I BT e 175 5

N

W E 2K B A, A% 1) 52 4 R 1Y R Ak o

ARG H XS BEHEWEE 1~3 5, DU E ST RN % 2k
MG AR A KPR T, X EARL
FEAE IR R F IR Z T IRRETT, 9N

Rl

[10]

[11]

[12]

[13]

H BTk

(& % X #

Thomson JA, Itskovitz-Eldor J, Shapiro SS, et al.
Embryonic stem cell lines derived from human
blastocysts. Science, 1998, 282(5391): 1145-7

Rossant J. Stem cells from the mammalian blastocyst.
Stem Cells, 2001, 19(6): 477-82

Evans MJ, Kaufman MH. Establishment in culture of
pluripotential cells from mouse embryos. Nature, 1981,
292(5819): 154-6

Briggs R, King TJ. Transplantation of living nuclei from
blastula cells into enucleated frogs' eggs. Proc Natl Acad
Sci USA, 1952, 38(5): 455-63

Gurdon JB. Adult frogs derived from the nuclei of single
somatic cells. Dev Biol, 1962, 4: 256-73

Wilmut I, Schnieke AE, McWhir J, et al. Viable offspring
derived from fetal and adult mammalian cells. Nature,
1997, 385(6619): 810-3

Gurdon JB. From nuclear transfer to nuclear
reprogramming: the reversal of cell differentiation. Annu
Rev Cell Dev Biol, 2006, 22: 1-22

Solter D. From teratocarcinomas to embryonic stem cells
and beyond: a history of embryonic stem cell research.
Nat Rev Genet, 2006, 7(4): 319-27

Zwaka TP, Thomson JA. A germ cell origin of embryonic
stem cells? Development, 2005, 132(2): 227-33

Cowan CA, Atienza J, Melton DA, et al. Nuclear
reprogramming of somatic cells after fusion with human
embryonic stem cells. Science, 2005, 309(5739): 1369-73
Yu J, Vodyanik MA, He P, et al. Human embryonic stem
cells reprogram myeloid precursors following cell-cell
fusion. Stem Cells, 2006, 24(1): 168-76

Matsumura H, Tada M, Otsuji T, et al. Targeted
chromosome elimination from ES-somatic hybrid cells.
Nat Methods, 2007, 4(1): 23-5

Taranger CK, Noer A, Sorensen AL, et al. Induction of
dedifferentiation, genomewide transcriptional
programming, and epigenetic reprogramming by extracts
of carcinoma and embryonic stem cells. Mol Biol Cell,
2005, 16(12): 5719-35

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

Takahashi K, Yamanaka S. Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures
by defined factors. Cell, 2006, 126(4): 663-76

Takahashi K, Tanabe K, Ohnuki M, et al. Induction of
pluripotent stem cells from adult human fibroblasts by
defined factors. Cell, 2007, 131(5): 861-72

Yu J, Vodyanik MA, Smuga-Otto K, et al. Induced
pluripotent stem cell lines derived from human somatic
cells. Science, 2007, 318(5858): 1917-20

Eminli S, Utikal J, Arnold K, et al. Reprogramming of
neural progenitor cells into induced pluripotent stem cells
in the absence of exogenous Sox2 expression. Stem Cells,
2008, 26(10): 2467-74

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): 1920-3
Kossack N, Meneses J, Shefi S, et al. Isolation and
characterization of pluripotent human spermatogonial
stem cell-derived cells. Stem Cells, 2009, 27(1): 138-49
Aasen T, Raya A, Barrero MJ, et al. Efficient and rapid
generation of induced pluripotent stem cells from human
keratinocytes. Nat Biotechnol, 2008, 26(11): 1276-84
Stadtfeld M, Brennand K, Hochedlinger K.
Reprogramming of pancreatic B cells into induced
pluripotent stem cells. Curr Biol, 2008, 18(12): 890-4
Hanna J, Markoulaki S, Schorderet P, et al. Direct
reprogramming of terminally differentiated mature B
lymphocytes to pluripotency. Cell, 2008, 133(2): 250-64
Dimos JT, Rodolfa KT, Niakan KK, et al. Induced
pluripotent stem cells generated from patients with ALS
can be differentiated into motor neurons. Science, 2008,
321(5893): 1218-21

Ebert AD, Yu J, Rose FF Jr, et al. Induced pluripotent stem
cells from a spinal muscular atrophy patient. Nature, 2009,
457(7227): 277-80

Soldner F, Hockemeyer D, Beard C, et al. Parkinson's
disease patient-derived induced pluripotent stem cells free
of viral reprogramming factors. Cell, 2009, 136(5): 964-
77

Kim JB, Sebastiano V, Wu G, et al. Oct4-induced
pluripotency in adult neural stem cells. Cell, 2009, 136(3):
411-9

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): 651-5

Stadtfeld M, Nagaya M, Utikal J, et al. Induced
pluripotent stem cells generated without viral integration.
Science, 2008, 322(5903): 945-9

Okita K, Nakagawa M, Hyenjong H, et al. Generation of
mouse induced pluripotent stem cells without viral
vectors. Science, 2008, 322(5903): 949-53

Woltjen K, Michael IP, Mohseni P, et al. piggyBac
transposition reprograms fibroblasts to induced pluripotent
stem cells. Nature, 2009, 458(7239): 766-70

Yu J, Hu K, Smuga-Otto K, et al. Human induced
pluripotent stem cells free of vector and transgene
sequences. Science, 2009, 324(5928): 797-801



334

A LR R TR

7%

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

[43]

Warren L, Manos PD, Ahfeldt T, et al. Highly efficient
reprogramming to pluripotency and directed
differentiation of human cells with synthetic modified
mRNA. Cell Stem Cell, 2010, 7(5): 618-30

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): 795-7

Mali P, Chou BK, 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):
713-20

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

Shi'Y, Do JT, Desponts C, et al. A combined chemical and
genetic approach for the generation of induced pluripotent
stem cells. Cell Stem Cell, 2008, 2(6): 525-8

Li W, Zhou H, Abujarour R, et al. Generation of human-
induced pluripotent stem cells in the absence of exogenous
Sox2. Stem Cells, 2009, 27(12): 2992-3000

Wang Q, Xu X, Li J, et al. Lithium, an anti-psychotic
drug, greatly enhances the generation of induced
pluripotent stem cells. Cell Res, 2011, 21(10): 1424-35
Esteban MA, Wang T, Qin B, et al. Vitamin C enhances
the generation of mouse and human induced pluripotent
stem cells. Cell Stem Cell, 2010, 6(1): 71-9

Yin R, Mao SQ, Zhao B, et al. Ascorbic acid enhances
Tet-mediated 5-methylcytosine oxidation and promotes
DNA demethylation in mammals. ] Am Chem Soc, 2013,
135(28): 10396-403

Xu X, Wang Q, Long Y, et al. Stress-mediated p38
activation promotes somatic cell reprogramming. Cell
Res, 2013, 23(1): 131-41

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

Yuan X, Wan H, Zhao X, et al. Brief report: combined
chemical treatment enables Oct4-induced reprogramming
from mouse embryonic fibroblasts. Stem Cells, 2011,
29(3): 549-53

Ichida JK, Blanchard J, Lam K, et al. A small-molecule
inhibitor of Tgf-p signaling replaces Sox2 in reprogramming
by inducing Nanog. Cell Stem Cell, 2009, 5(5): 491-503
Chen T, Yuan D, Wei B, et al. E-cadherin-mediated cell-
cell contact is critical for induced pluripotent stem cell
generation. Stem Cells, 2010, 28(8): 1315-25

Lin T, Ambasudhan R, Yuan X, et al. A chemical platform
for improved induction of human iPSCs. Nat Methods,
2009, 6(11): 805-8

Wang W, Yang J, Liu H, et al. Rapid and efficient
reprogramming of somatic cells to induced pluripotent
stem cells by retinoic acid receptor gamma and liver
receptor homolog 1. Proc Natl Acad Sci USA, 2011,
108(45): 18283-8

[48]

[49]

[50]

[53]

[54]

[55]

[56]

[57]

[62]

[64]

Chen T, Shen L, Yu J, et al. Rapamycin and other
longevity-promoting compounds enhance the generation
of mouse induced pluripotent stem cells. Aging Cell, 2011,
10(5): 908-11

Ying QL, Wray J, Nichols J, et al. The ground state of
embryonic stem cell self-renewal. Nature, 2008,
453(7194): 519-23

Sato N, Meijer L, Skaltsounis L, et al. Maintenance of
pluripotency in human and mouse embryonic stem cells
through activation of Wnt signaling by a pharmacological
GSK-3-specific inhibitor. Nat Med, 2004, 10(1): 55-63
Watanabe K, Ueno M, Kamiya D, et al. A ROCK inhibitor
permits survival of dissociated human embryonic stem
cells. Nat Biotechnol, 2007, 25(6): 681-6

Chen G, Xu X, Zhang L, et al. Blocking autocrine VEGF
signaling by sunitinib, an anti-cancer drug, promotes
embryonic stem cell self-renewal and somatic cell
reprogramming. Cell Res, 2014, 24(9): 1121-36

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

Feldman N, Gerson A, Fang J, et al. G9a-mediated
irreversible epigenetic inactivation of Oct-3/4 during early
embryogenesis. Nat Cell Biol, 2006, 8(2): 188-94

Shi Y, Lan F, Matson C, et al. Histone demethylation
mediated by the nuclear amine oxidase homolog LSDI.
Cell, 2004, 119(7): 941-53

Varum S, Rodrigues AS, Moura MB, et al. Energy
metabolism in human pluripotent stem cells and their
differentiated counterparts. PLoS One, 2011, 6(6): €20914
Martin GR. Isolation of a pluripotent cell line from early
mouse embryos cultured in medium conditioned by
teratocarcinoma stem cells. Proc Natl Acad Sci USA,
1981, 78(12): 7634-8

Williams RL, Hilton DJ, Pease S, et al. Myeloid leukaemia
inhibitory factor maintains the developmental potential of
embryonic stem cells. Nature, 1988, 336(6200): 684-7
Ying QL, Nichols J, Chambers I, et al. BMP induction of
Id proteins suppresses differentiation and sustains
embryonic stem cell self-renewal in collaboration with
STAT3. Cell, 2003, 115(3): 281-92

Ludwig TE, Levenstein ME, Jones JM, et al. Derivation of
human embryonic stem cells in defined conditions. Nat
Biotechnol, 2006, 24(2): 185-7

Xu RH, Peck RM, Li DS, et al. Basic FGF and
suppression of BMP signaling sustain undifferentiated
proliferation of human ES cells. Nat Methods, 2005, 2(3):
185-90

Vallier L, Reynolds D, Pedersen RA. Nodal inhibits
differentiation of human embryonic stem cells along the
neuroectodermal default pathway. Dev Biol, 2004, 275(2):
403-21

Beattie GM, Lopez AD, Bucay N, et al. Activin A
maintains pluripotency of human embryonic stem cells in
the absence of feeder layers. Stem Cells, 2005, 23(4): 489-
95

Ieda M, Fu JD, Delgado-Olguin P, et al. Direct



3

etk S BURANML G IS R E gL

335

[65]

[66]

reprogramming of fibroblasts into functional
cardiomyocytes by defined factors. Cell, 2010, 142(3):
375-86

Huang P, He Z, Ji S, et al. Induction of functional
hepatocyte-like cells from mouse fibroblasts by defined
factors. Nature, 2011, 475(7356): 386-9

Cheng L, Hu W, Qiu B, et al. Generation of neural
progenitor cells by chemical cocktails and hypoxia. Cell
Res, 2014, 24(6): 665-79

[67]

[68]

[69]

Yang R, Zheng Y, Li L, et al. Direct conversion of mouse
and human fibroblasts to functional melanocytes by
defined factors. Nat Commun, 2014, 5: 5807

Zhou Q, Brown J, Kanarek A, et al. In vivo reprogramming
of adult pancreatic exocrine cells to B-cells. Nature, 2008,
455(7213): 627-32

Kurian L, Sancho-Martinez I, Nivet E, et al. Conversion
of human fibroblasts to angioblast-like progenitor cells.
Nat Methods, 2013, 10(1): 77-83



