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f g TR E R, AT 2 DL A R S iRt s,
1 iPSHHRAREHIE

w1 Prosti=a, 2006 4 8 H, Yamanaka /)
K 24 Pt L DR HEF AL A NN BROSCET 4 40 g
I 2 8 B A1 4 M S D 41 B ——Octd
Sox2. c-Myc Hl K14 R ) K j 21 2 4H B 5 2 £ 4
iPS 4f B, 2007 %F 11~12 H, Yamanaka /N Al
Thomson /N1 56 Ji5 K A 1¥) 44 48 Jitd 5 2 F2 4 iPS 48
Jat2 8, 3X 7 J5 iPS 40 MBI ST RN O B S
K@D, HES 7T —esdmttidt e, gy T

PRITRE IO 1PS 42, 5 B e e - A 3 ) e
SR ik s £ T virus-free iPS 4 1S 4904 K B
DM PTERAS 1) iPS 4R i RS B G i A TR e sk 4]
TR AEM AR E N TS I DL
S/ AL RS N BIVA] AR 3R AT iPS 41,
X v il 2% TG AL AE A Y iPS A0 ML A T K
;J/I:[zo,zs, 24, 26,37, 39,40, 45~48] Jﬂiﬁl" %@ETﬁﬁ*ﬂﬁ% E(J
iPS A RS, HRBEREE AR 1, XERSUE
iPS 20 7 e PR 10 55 s I FEY SCORK foa 4t 17—
L, iPS Al BT SR N s AT SR 21 20 i 1
RIE 22 YA ot 2 —.

Table 1 The history of induced pluripotent stem cells (iPS cells)
*1 FSMZBEETHR (PS cell) XHQ

i} i) TR 22 ik
2006-08-25 Yamanaka /NALIFIH Oct4. Sox2. c-Myc Hl KIf4 4 Rt AL /N Bl 2T 4E 40 0% 5 iPS 40 [11]
2007-11-30 Yamanaka /NLFIH] Oct4. Sox2. c-Myc F K1f4 4 FhIL ALK A7 £ 440 fa 4 F 2 iPS il g (12]
2007-12-21 Thomson /N FIH] Oct4. Sox2. Nanog Fil Lin28 4 FiFEKIKs A {4441 i 544 iPS 41 g [13]
2007-12-21 Jaenisch /NALHT iPS 4H A KI5 B3 1l 5714 48 B D8 o7 SRR AT 4l M 35 10, X A BIIR RIS B oy AR RIsife - [14]

iR IT B8 LAl
2008-01-00 Yamanaka /N1 Jaenisch /NHFIH] Octd. Sox2 F1 KIf4 3 FhEERIEE AN 2T 440 i 2 A2 S 52245 ) iPS 41 fid [15, 16]
2008-01-10 Daley /NALIZ FH 4 Rk 6 Fhbe 121 45K 22 b A A4l BCAS RIS U BRAL T A AR 1 W B S 4 f b iPS 48 o [17]
2008-04-15 Jaenisch /NLIFSE R iPS 41 M SRIH 2 CLUKREAN 2 TR AR REMG G805 K R Py, WA S i LR e AT [18]
S, UL iPS hf 53 A% VA 7 i ml RE
2008-04-18 Jaenisch /NLIE ] Oct4. Sox2. c-Myc. KIf4 Fl C-EBPo #4411 S B 4i i 4 5 iPS 41 iy [19]
2008-06-05 Ding /MIFIF Octd Fl KIf4 5 G9a 4175 (1 I ILEF B EEHIHIF] BIX-01294 (BIX)AL A ST Al fu s iR Eemfs [20]
2y iPS 4 iy
2008-06-24 Hochedlinger NIFIH Oct4. Sox2. c-Myc Fl KIf4 4 Fi3E KK FUBENR B 40 U E el iPS 4 [21]
2008-06-31 Scheler /NHFIH] Octd Al KIf4 2 FhEEFIH BANZE 140 M T g b iPS 40 i [22]
2008-07-03  Meissner /NHIFSE 5'-azacytidine 77 23 =) Octds Sox2+ c-Myc Ml KIf4 4 FiA-FH ki fuEgnfe Jy iPS 4UMufizix [23]
2008-07-00 Melton /NALAIE L8 (4 25 Z WAL EEIN157 valproic acid (VPA)RE KHE = A4 i 4 Fi b iPS 41 3x [24]
2008-08-01 Yamanaka /NIFIH Octd. Sox2. c-Myc F K14 FE KUK /N B84 T4 e AN B 41 o T4 B 4 iPSEH Y [25]
2008-08-07 Jaenisch /NLiIF5: Wnt3a A 2442 5 Octd. Sox2. c-Myc Fl KIf4 4 Fft AT 7R 40 i 4w R A iPS 40 i (1 3% % [26]
2008-08-28 FJFH miRNA-302s #4 A Jiei 41 o 254w £ 4 iPS 41 i [27]
2008-08-29  H1 ALS 7 A A4t Ha il 4 BP0 Re 57 1Y) iPS 4l LE AR AL A 58 1755 T 404k g B4 7t [28]
2008-09-05 Daley /NLIh A — R AN SRR N iPS 41l R [29]
2008-02-07 Jaenisch /N1 1 Hochedlinger /N2 Ay 58 i My AT 5 44 40 i 7 4R R by iPS 4l M ML IR S T 29l 5 S IR B8, 1% [30~33]
2008-03-06  FRGLE—FPHTII . W AN E A M AT R TOT &
2008-09-11
2008-09-25 Hochedlinger /N AT Yamanaka /N I 905 152 74(Oct4. Sox2. c-Myc Al KIf4 4 NIEH B Octd. Sox2 Al KIf4 3 [34, 35]
2008-10-09 MFEPR A& T[] B4k 1) h i % virus-free adeno-iPS Zifid, IE WK A4 i T 4 FE  iPS 4N G 75 5 %5 2 R e &
1 FFEH A
2008-10-02 Melton /NI H Ngn3. Pdx1 Fil Mafa 3 Flik s PR -7 /N UK P4 K AT SR IR A 23 b 40 i B P2 b W SR 32 1) [36]
B i fiu
2008-10-12 Melton /NALIESE Oct4 F1 Sox2 5 VPA 215128 F ks N S 4F 4 41 i S 4w R 2 iPS 4 iy [37]
2008-10-17 Belmonte /NHIE T Octd. Sox2. c-Myc Fl K14 15 A\ £ J5HZ i 40 I vas 25 im Bk 55 4w Ry iPS 40 i [38]
2008-10-21 Smith /MNILIF5E Octd F1 KIf4 15 PD0325901 A1 CHIR99021 41432 Fl I 5 20k AR 40 B T4 A2 0 iPS 4i it [39]
2008-11-06 Ding /NFIH Oct4 Al Kif4 57873 F BIX Fl BayK8644 4415 /IN Sl 7 4 40 1 v 0K B4 L hy iPS 40 i [40]
2008-12-04 Deng /NHE S T4 iPS 4IMI R, Xiao /NI Ding /N2 5l 7 T KR iPS I &R K B iPS 4 Ml R A7 [41~43]
2009-01-09  Sr3EHFIH iPS 4 M F AR R b g 37 A A0 (%) 1V 40 B 44 ff R
2009-01-20 Ma /NI iPS 4t HIZ5 T SR A P9 Bz Al 4 240 M R P B2 2 M R D Va o7 LG A, IE BB RS B o NSRBI R [44]
BHLWIRTT BT T Sl
2009-03-01 Nagy /NLFN Kaji /N 41R FH % FE 2B 3541 5 10 55 DR B0k 5 125 s R 1l 46 17 virus-free B iPSHRA, [H]RT3R  [45, 46]
73 iPS M S5, NI SERET TN B S SR RN iPS A A R
2009-03-06 Jaenisch NUKE L BRAMEEE R HIN iPS 41 HKT) 5 T2 CUEAIEATT, ZMR A NI SR FOE VR T7 i SRAs [47]
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T FEETE XS 4% iPS 40 B ) — M R A L% e
T BEA A IA, IEAEE S . Ak, Takahashi
SR Park SECOSR AR T £/ BRI iPS 40 i
VEAN TR, AHS N E 5 iPS 40 5B it
X —SE S D BRAEA T I CA VR,
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Fig. 1 A combined genetic and chemical approach for generating iPS cells from somatic cells
B1 BKEEREEMIEERNAEREAREREN iPS A
VPA: TR (valproic acid); TSA: i #l % & A(Trichostatin A); 5-AZA: 5- & 41 (5-aza-cytidine); BIX: BIX-01294; Bay: 4% i#f J5h 7

BayK8644.

2.1 RAREMEIEFENFIRAMESRIE A iPS
MARETEEFEESHEEN

2. R34 JE/R T IEA WA [ s A
TIALA BN, B BN IR 448 i
4 FE O iPS 4 M ¥ 5 &0 . Yamanaka /) 4
Octd. Sox2. c-Myc Hl Kif4 4 Fp#E LK 1 44 2%
Jii B /IS BRORITN T 2T 4 4 P e A4 41855 54 iPS 4l
Jfat 2, 3X 2 5 AN R R 5T A 3 3s FARABLR) 7 i
AR AR 7 A IESE TZ 5 amml4rdE, [H
IR I, 8300 1 A A S B TR P 4 e 2 2R
SRR B By, HonT BUE N A = IR R — IR
JEARUR AR, BE AT DAKIE TG 40 Ak m DA
TR AL N LA R Z R A IR A R GR 2.
3 MK 4), FUBRAEMZ SRR 1 4 f 5 A [ &
BB 40 i R R iPS 4 M A B AN AR

AN B R -G AN R BOR 8 B BT 75 I () AS [+
M. Jaenisch /NALME B FT I AL 25T 5 3 &
GERAE ST M B AR A iPS i, f5 R4S
W oa. A FIKP 1) g DA 2 mE A 4 i
P50 iPS Al il b. s i B P ) R Ak
N [] 5 g B2 AR EAA G s ¢ P2 ANF4L
ZURYSE I ARG B v B B s d. AFIZEAUA
J EE G 2 A iPS A ML PT 75 e sk K15 R KR AN ]
Rz, AT R (/N BN ) AR 40 A 3 i
XTI e S N g AR O iPS 4B, T A
(A4 B T 40 Mo Fn B 4 fu ) I U 4 o s Jik
JSCET 2 A0 LM 7 (58 B oRUR T2, WO N R 4
AR BRI (AR AR i, 38 Ty “AMARRE S
)7y “CRNERERR 7 B PRI iPS 4.
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Table 2 iPS cells generated from multiple tissues and cell types by the combinational use of defined factors
#2 ARRAFHERNRNARLEMEHIFESA iPS LA
A fifa Fip 2 iRy 22 3Lk
JSCAAR AT 4 4t Oct4, Sox2, KlIf4, c-Myc [11,51,52]
Oct4, Sox2, Kif4 (15, 16]
JVR i 2T 44 4 Oct4, Sox2, Klf4, c-Myc [11,51~54]
Oct4, Sox2, Kif4 [15]
Oct4, Sox2, Esrrb [55]
B b e Oct4, Sox2, Klf4, c-Myc [51]
5 4 i Oct4, Sox2, Kif4, c-Myc [51]
W4 Oct4, Sox2, Kif4, c-Myc [51]
Jifs BRI 4 i Oct4, Sox2, Kif4, c-Myc [34]
JH-41 e Oct4, Sox2, Kif4, c-Myc [25,34]
3t 1M 2R 40 Oct4, Sox2, KlIf4, c-Myc [51]
ERN Oct4, Sox2, Klif4, c-Myc [25]
7R & Oct4, Sox2, Klf4, c-Myc [51]
H Y 12 i Oct4, Sox2, Klif4, c-Myc [51]
B B ik L4 Oct4, Sox2, Kif4, c-Myc, C/EBPa [19]
i 4 g Oct4, Sox2, Kif4, c-Myc [56]
[¥) 78 J5 148 i Oct4, Sox2, Kif4, c-Myc [51]
2 AH.41 g Oct4, Sox2, KlIf4, c-Myc [51, 57]
Oct4, Kif4, c-Myc [57]
P41 Oct4, Sox2, Klf4, c-Myc [20, 58]
Oct4, Sox2, Kif4 [20]
Oct4, Kif4, c-Myc [58]
Oct4, Klf4 [20, 22]
Oct4 [59]
JERJI B 41 e Oct4, Sox2, Kif4, c-Myc [21]
Table 3 iPS cells derived from various human cell by defined factors
#3 TRETFAEHEANTELEEMPIFSH PS 4R
A a2 Py 2% R
BN JEk 2T 44 44 Oct4, Sox2, Kif4, c-Myc, TERT, SV40 large T [17]
Oct4, Sox2, Kif4, c-Myc (12,17, 28]
Oct4, Sox2, Kif4 [15]
B AR L B IR AT 4 4t Oct4, Sox2, Klf4, c-Myc, Nanog [60]
B VLR AT 4 4t Oct4, Sox2, Nanog, Lin28 [13]
Oct4, Sox2, Nanog, Lin28, Klf4, c-Myc [61]
Oct4, Sox2, Klf4, c-Myc, TERT, SV40 large T [17]
Oct4, Sox2, Kif4, c-Myc [32, 60]
Oct4, Sox2, Klf4, c-Myc, Nanog [32]
Tt L 4T 4 4 Oct4, Sox2, KlIf4, c-Myc [17,31]
Oct4, Sox2, Nanog, Lin28 [13]
Oct4, Sox2, Kif4 [31]
Oct4, Sox2, Klf4, c-Myc, SV40 large T [62]
Oct4, Sox2, Nanog, Lin28, SV40 large T
Oct4, Sox2, Nanog, SV40 large T
Oct4, Sox2, SV40 large T
Oct4, SV40 large T
Oct4, Sox2, c-Myc, SV40 large T
N ES 4 i 35 (1) 1 21 24 40 i Oct4, Sox2, Kif4, c-Myc, TERT, SV40 large T [17]
Oct4, Sox2, Klf4, c-Myc
Oct4, Sox2, Kif4
Oct4, Sox2, c-Myc
AT YRS I 4l Oct4, Sox2, Klif4, c-Myc [12]
FLAT 1) J5T R 24 (1) 440 i Oct4, Sox2, Nanog, Lin28 [13]
- T 1R Jre 4 i Oct4, Sox2, Kif4, c-Myc [29]
I¥) 78 5t 4 Oct4, Sox2, Kif4, c-Myc, TERT, SV40 large T [17]
NN E SRS e v A £ ) Oct4, Sox2, KlIf4, c-Myc [38]
Oct4, Sox2, Klf4, c-Myc, Nanog [32]
BN O 1A il Oct4, Sox2, KlIf4, c-Myc [38]
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Table 4 A combined genetic and chemical approach for generating iPS cells from mouse and human somatic cells

x4 BKAEZHBEEMFIEEZNTEENRIIANKMBEEREN IPS M2

FEPNINEE ] B 74Ul (R 77 i%) N T 22 R
/INERVRJIG 12T 4 4 i Oct4, Sox2, Kif4, c-Myc Wnt3a-CM [26]
Oct4, Sox2, Klf4 Wnt3a-CM [26]
Oct4, Sox2, KIf4, c-Myc VPA [24]
Oct4, Sox2, KIf4, c-Myc TSA [24]
Oct4, Sox2, KIf4, c-Myc 5-AZA [23, 24]
Oct4, Sox2, Klf4, c-Myc 5-AZA + Dex [24]
Oct4, Sox2, Klf4 VPA [24]
Oct4, Klf4 BIX + Bay [40]
FRUC B k40 Oct4, Sox2, Klif4, c-Myc 5-AZA [23]
B 21 0 Oct4, Klf4 PD0325901 + CHIR99021 [39]
Oct4, Klf4 BIX [20]
NN AR ] Oct4, Sox2, Klf4 VPA [37]
N JR P 4 44

Wnt3a-CM: & Wnt3a [ 4% 1 55 9% 5L ; VPA: A IR (valproic acid); TSA: i ity 3l 1 2 A(Trichostatin A); 5-AZA: 5- % 2% g
(5-aza-cytidine); BIX: BIX-01294; Bay: £l it )i7] BayK8644; Dex: Hi#£K#2A(Dexamethasone).

PRI M G F2 4 iPS 4N BT 75 e S R T AL T
AR A 4 A 248 B HCAH W2 53¢ DR - R 7K ST B Ak
TN NG A I LA R L (K 2. 4 3 A
* 4). —f, Oct4. Sox2. c-Myc. KIf4 41 & ok
Oct4. Sox2. KIf4 217 B ) K44 4 fifd = 20 F5 2 iPS
g, SRS PG AR IR R MG
Z(F 2. R3IMK . “YEMH NG FHEDR,
CIDN R ) oy &S W= ¥ = P R |
AN Hgio 2242637 39.401 g8l B 53 DR A FH AN 40(Octd
Sox2. Nanog. Lin28. c-Myc Fl KIf4), 7] K
JoE i A R A0, Y Octd AT KIf4 2 Filt
R, 2 U Octd —ANJED, B mlHE 4 22140
BCAT AN %% AL A iPS A A, 31X 35 B T e iy
A5 G5 Sox2. c-Myc Fl KIf4 202391,y 24 7
BRI N T4 A1) BIX 8¢ PD0325901 5
CHIR99021, U nJ 4l 35 £ &y B 4 F2 A0 22 ). Oct4
HAUKIf4 2 B -5 87y A4 BIX A Bay 2045
BRI, 1) i R /N BRUSCET e 20 5 5 0 iPS 4l
Md, X BIX Fil Bay AJ LLyR M SR U5 Sox2 [k 2K,
TR T/ BRUSCET e 4 o S 4 B2 PS4l &2 /b 75
L Octd. Sox2 FIKIf4 3 FPPEFH. /N B 4l
Ml F SN Octd. Sox2. Klf4, c-Myc #1 C/EBPa
5 FhIE N A fe e AL R iPS 4 DY, iy 24 E B TR0
IO\ 5-AZA, Oct4. Sox2. Kif4 Fl c-Myc 4 Fl [A]
TINPRE A B 4 M5 5 o0 iPS i .

22 HERASAARX
HORT, 38 S #E00, M2 2L IR

BE PRI A s selfy G (1) T 0380 ] K 2 SR DR 156 Y
(R DAL AR L, 3 T L R g R PS4 .
i, Hochedlinger /N1 A1 Yamanaka />4 343 1ot
JII B A R A DR 7 R A s DAL 1 1R 2 R 3 N A
S, B i M P 25 A R PRI R AT SR AG 0 75 AR
LIPS 4. XIS DA SE R, K
A4t it T i O 1PS A0 i LR A s DR R R A A
JH A R I AKX B RTE B H W, e e s A RS
B E AR A, R TR A s 5 R
iPS 2 i (14 35 3 5000 e Sy 3 M g B PRI 220435,
e G 07 XK A M 4 B iPS 40 i HH g AR
fill s 7RI I e i s 3 107 OB R s DR 1
RS NRGH B T 3RAS 1 iPS 4i B _EAS IR B, ek
AT~ 4 5 D] 3R 2k 7K P R AR A M I i DR 58 4 e
BR, M PR A s DR R DS e S i A AR v Rk
IR, IXIN iPS 41 22 v e IR S N PR R s R TR
ORYERE, R, AN AR O A O
FR) Ay 1T AN A1,

B, A AT S R AR BN B R
e — N AR, SR S A R A
TR . SRR A TR R
“HEGRS” M55, WS 4 MelsE 2 57 ok
PR GG, B RAT 457 4 FhalE 2
DR -7 DR R B IR A ), s H B TR 5 ) I A 4
Mls ZRSRH ORI TR, RIJeA AT
MR R EE, ARSI I B LA
LER A o gy B bR 4 . 183 55 2E 7= HURER X
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“OHEIETRT TR, BT, IR T AT 3 R
e SR DAL R AL 1R 0 B AR (R PR 2 TR 2 J A
Y, 5 4 Pl s DR R DAL TR s 2 B A DA 1
TR RFRARS ), ORI B AR AR i e o
AfEHE. Ak, R 4 Rl AR Te T A 2
AR, NI T e RR B A,

3 FmASURFREFM iPS 40AE A (a)

2008 4, Eggan /N M S5 L JULZE 47 14 i ]
RAGAGIE(ALS) & & ESRIOR kA0 i, R iPS
I MIHE A U BB R AR A0 M S g Bk “
RS N APS 40 M, BRSRAS T 8 A 40 M KI5 1
iPS ZHfi, UESEiZ iPS AIEAE v TEAS . 4i i 30
R PER MR RIS« 40 M A5 & ok 55 D 3Rk
EBs JEREE 5 N ES 4 fAHALL, FFiE—20 %
iPS 4 BUAEARSNE T ok g g & on, iz s
ZIURAE ALS B FH AN M, X Rk ]
Re N BH “EmG M Basst, TG
J7, X —MuErm & Hbr&: I kR
(/)7 iPS 4 Jfi A il % 38t A% 1A UG 0 1) £t e 4 i,
FEFH LA AR A, (HAER PP v 2 A T
MNAEZ AT, A VP2 BRaGHR Z k. 5 bF ),
i JERE SRR IR 1PS 40 ks 2 9T ALS FE I K AR
MU EBH 1 A2 TR T 2 I TR, 7K
ZHG LN, ALS St Ak 5 I N 3R R] 524 AH
ERIIEE R, XA A3 7 S0 = R FH 40 35 72 ok it 90
LR AR A AR R A, Tk B A B AR R (X L
A S AT A S e DR 4 A o 2 ) R BRI ) T
iPS 21 Ji PR e 485 415 25 AN A48 N\ v 5929500 11 DG 1)
“InZ” WAEE . CHEIX ISR AT ALS 2
G, RN RS ) N PS4l LR VAT 3K
PRI H AR XL T HE— .

2008 4F, Daley /NI — F 1 15t AP35 90 1R
NG FSRERE IR T 4 4 i B8 R 98 A 905 14 1) 78 I
S, S SRR R 2 1T 2 Octd Sox2.
Klf4. c-Myc 8% Oct4. Sox2. Kif4 8¢ Oct4. Sox2.
Klif4. c-Myc. Nanog ¥ sk K ¥ SN Fik 4y, Ak
DIBAS T — 5 “PIiks 07 N iPS 4 a2,

iPS 41 Ji B¢ A [ ] 2 N “ AN ARE 57 107
“ORNERRFRI 7 B CPRRE 7 N PS40 RS
AR 7 299253805 ADME/Tox P45
GE T RIS, [FI, AR B BRI
FEM” N APS 4t v DU SR FURE 5 (A
ALS) AL

4 FiREIEIHRY iPS s =R E

iPS AL AR KIS R B A md HIGIKMN
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Induced Pluripotent Stem Cells (iPS Cells):

Current Status and Future Prospect
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Abstract Over the past 28 months, the induced pluripotent stem cells (iPS cells, with characteristics identical to
those of embryonic stem cells (ES cells)) directly in vitro reprogrammed from nonembryonic cells and tissues have
captured great attentions in both scientific community and general public. Somatic reprogramming,
dedifferentiation and the resource of pluripotent stem cells become the research hot points of stem cells and
developmental biology. Person-, patient- and disease-specific iPS cells could be very useful in regenerative
medicine and drug discovery, etc. iPS cell history, the several key steps in generating iPS cells (including
approaches to gene delivery, combined uses of defined factors and small molecules to induce somatic cells into iPS
cells, and choice of somatic cell types), patient- and disease-specific iPS cells, in vivo and in vitro differentiation
of iPS cells, and the possibility of genetic modification-free iPS cells were discussed.

Key words somatic cell reprogramming, embryonic stem cells, induced pluripotent stem cells (iPS cells),
differentiation, stem cell-based cell therapy, genetic modification-free reprogramming, small molecules
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