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Fig. 1 Transcription factor-induced pluripotency®
E1 #HREFESZEMUS
MAARSAT BN BT YN, RS e 22 SN 4 MR F, hOctd. hSox2. hKIf4 Fil he-Mye, %5 7/E hiPS 4 i, £id'5 hES 4

P P AT, T %5 iPS 4l i A& 75 Bk 5 4> T A A

32 REEREMARNRESN
TR S R R 1 “—2ikiES iPS”

FO IR BPEHEN TETE, TR, AEFTURY
M A E R 24 g, wate Jombisat. H



2012; 39 (11)

ik, % MOERE: EEESHROE R
U g 2012 F A NURE IS S B S R A 2 B

* 1063 -

BT H 2 DA 1 B 2 A A st g vk E B AR A
WHEAK, mRNA Heg, DLREA R LS. 2009
L, AT AR (B I & (Science) R R,
F) ] —Ff 5] 54 17) oriP/EBNA1 (Epstein-Barr nuclear
antigen-1) 4y JE il 1 = 22 55 7 B A5 44 244 (episomal
vectors) ¥ 4t J7 ik K A5 T N K iPS 4 L,
oriP/EBNAI # k5K [ EB W%, L% &S T1EN
A ST S PN R ADNE N i1 O = NS S e g
FORITG 7w dF et e e 4, JF Hobh T3 20t
Wk, frEEgRid b R R bk, 78 LR A A
Je, JXEPS A1 H K T BT 4Rk DNA (1) iPS
S, MR T R Bed AR IR ) Y. mRNA 4 4L
B2 B AT 3% s D7 1 mRNA, 80 ) 2
microRNA SEHLT- 41 ffd F 4w %, James Eberwine %5
FIH mRNA HE g fE A0 M, n] B0k AT 4R 4 i
IR T IR ST 40 e 53 A6 R Co LA R0, I S 5T A
SONIRPRIGTT $EALSEA, WE— P80 T H YL
BURL. A& B K 2% 40 RIS rh O B RIF SN 5 1 IO
Dy b ¥ N AR B 2T 4 40 o &2 4 A~ 41 85 1 (Oct4,
Sox2, Kif4 Fl c-Myc) LA S fid ik 3 41 5 1 %7 325 40 g
] Z JIK (cell-penetrating peptide, CPP) 1% 5 #% 1k ik
iPS 4iifite. 7r CPP #FHN N, HZH T AR AR 4E
APy, e RGN MO FE ALK iPS 4 iRt JTi, Hrdd
R 5 2t (AT 9 N D3 48 7S 00 2 S5 B e 2 I I8
T AN 4 WA G £ P 0 TF 1A 5l R toll-like
receptor 3 (TLR3) 1M {4 41l Ay E5 4 F2,  [i) e ok 75 32
— PP RE AL TR BRI ALY TN o3 T TR BOR
ZAE, RXFEANREEESER, A HER
Y1, DRI AS 05 AT ART 5 5 15 |2 1) 4 3 36 DR 4 4
e, Har, ML iPS FiR, EHEAHS
iPS J2& I fid e KU S IR IR B . ) FH 48 2o
S IRV v N 7Y v 1y S I E A B <
REAE R AR YT A iPS 4 .
3.3 ReERENE

iPS 4 Jf S ) 1R 75 B A R ARG, 32 i DR
T B A SR RAF ) 4 ANDH 7 3R 0A 1) 48 i LG,
BR T 4 Bl @ I sk K140, iPS 4i il ] g il 75 2
— Tl L R 208 g 30 e SR - N A R
2008 4F, b 5 R XS S L ATE S 21 1 R 0 i e g
FIHHI ] p53 & 115 iPS 40 1 AF Bl AR R i
Ko BB T pS3 AR A i g (1) BELAS 1 FH S,
2010 4, 1 E O 50N A KB, 8 E i Brgl.
Baf155 il Inil, 1ERJOREBESYnT DL &8
AR B A A 2 Be T A L RS B TR AR

B 1PS ALK 75 2 = AT 52, iSF1 $597 48
ATLLUR Octd R K14 44 Mg H5 41 it 5 4 72y iPS 4
J, R P 3 R o i v AR 4 (KOS R) AR ity 24 1.
T, DASCIE I 0 N TR 42 20 M AR 20 2 S A R /)
O3 TR o g R R 0T, S i TR 9 4L R A
P KA R AR AR AR B 4 7 AR K R T R
(ROS)H S, 1M T3040 i &4k, X AT §E AL 3 BK iPS
I M AR AR R SR DAL DR A AT T B R 36 LS o
PUAATREE m RN AR, A RINYEE
# C Al LUK K mEm g AL SeR!. d— PRk
W, #E4% C 2B Jhdmla/1b i S H3K36me2/3
it PR AR AR EE g # . 4fE A2 3 C RT Thdm1b
I [R)VE FH R 8 30 40 B S i, 00 40 g 32 2220, iPS
SN MBS R RE T R I I S U RE R R, I
HIPANIIE /NG 53 SR P8 F BT R TR AT /N IR
iPS 4 BT 05 7%, UEBH T [ A4 35 0 AN A2 o o 2
LB, BIFR R ERES T 2T M2
iPS LTRSS, AR T iPS Ak, i H
HWrT iPS 43 FAE FHLRIT TR,
34 EREHNHAR

FEOR SR S5 s B e i DN 3 N2 A A i
L G R IR 7 V5 O 2 AU 1) 52 56 45 R PTE
S AHE S A KA G FE 1 7 T AL IR
WL, e S Egm A e R E S TR
Y0 it DR A 1) SR AR, Al A 21 22 R4t
LR 7K, 3 5 BT B BT B okl 2012
£ 9 H, Rudolf Jaenisch 45T [T 5 417E (40 M) A%
B (Cell) AR, AATIAAE T A2 iPSCs 1) HE g 1
BB 2 Ay, IFFU AL SR — R T e 4 % A% A
Z RERA LR AN AN i . Tl R R
JVR I B T A 40 i S g R AR 0 A LSRRI B,
A8 A CANELE PR 2 5 £ fe 1 58 R Rk K
S, N 4 iPSC 40 M . A 7= A iPSC 1)
0 R S A A 4 T G R 1 A0 B 1) 35 PR Rk i ik A T
bbi. % 4 AMJE, Estrby Utfl. Lin28 Al
Dppa2, {EH gL RNV B—— KA7EFA
FFEEER G 6 R, IR RIES, X 4 KL
BG5S 2 REME I JLA IS R 1) FE S, Fgm TR
MU 5 AEAR A — B[] P #1822 T g P 0L P 11
FE) R, ARELSE A s B YR AR ML AT BRI AT 1R
K 2.

4 HREMRXMIRER
iPS 41 B AL R AR PR B 7 1 AR, H



. 1064 EMEEEYYEHR

Prog. Biochem. Biophys. 2012; 39 (11)

i, R Bs BT iPS 4R AR U HoB A 5+, 2

AU ) 7K 1E 73 21 [ B o SOk 8 2 (R mT . i
SRSk b EAE T4 M AR BN R, EOR
(PPN SRRt 1 A e F— i A A (1 ]
VA X — S A SR A T SR BCRP. jrse
223 ) Tk R 2 5 AE iPS 40 ORI 5T A — 46 3
J&, G, ERRERL M A 2 5 g B I
I FT LI 78 T T iPSCs 1 T 4 P 1L P2 1) )
LEMLH]. AT R I 4 A YL T octd/sox2/k1f4/
myc PpFEFER, 7RI 4 5 ST 4 40 A 11 DG B
#5 A Snail Al Tgfb {5 5% 5 1A [R] GG 73R
B A0 MR L R TA S B 78 5T - 2% 5 40 e 46
REFE(MET), MFT F T 38 [0 2 68140 Ml 1138 %,
MET 2 1 41 i 5 4 F b 22 fig T 40 i 1 0 75 3o
. XKML TS 2 Re T4 AL 5
WPERE R, o RE UG T £ ATl B ARSI
TR AR YRS, rp BB BE S RS R BT 5T
S8 o A DR - 5 VS SR U 11 52 R S R A
i 2 B g B O A0 2 SR 5T 48 T 48 i (iNSCs)
I % 3R 1 INSCs HL AT H 3T 3 A4 16 4 i
ZIGINRE ST, ESEIUE B INSCs K4 ok —Fh
TIRPR VAT 2R ARA T V006 FH 240 975 146 1) 440 B %
PEe. T, R BT UOR F SE M A 1R /N B
A I T 4 1 8 A R S T e R RN B,
BFF B PE IS AL L DR () BRARBE AL, b5t A dy B2 0T
ST i A RWTSLALA FH iPS AR 17 g41/42 4li
B P IMER A R4 R T 3k A T LR B b
B IMAE iPS 40 M, FEK5 A4 1) iPS 4H i 2 A0
FEDAE 5211 iPS 41 M AR 43 il HEAT AR A0 S ) g 1l 4y
b, EESNL T AR HRLIG SCID /N RUEAY, 3R 35 T4F
A IRZFIH iPS HiARIA & B M BT I A AL Mk
WABEE T LA, o [E R B AR Yy B
UL 1 IR GG 2 e T4 LRI R 4 0 e A8 i
RIE7R T W4 ARAE T4 bl w2 bR i & A4
MIRATPERNAS . X —FFURER e W, Tl SRy
A AR B T T RV R A R ),

5 iPS 4RI R =

NATTRIE S AR B 2 R ) e 28 1R, o LS T,
ARBEW A NIRIARRENR S5, DI B G R AR 1 i R
BB S AR R IO TR L. iPSCs AE AR B2
L TR A7 AT AE M B B, iPSCs 1
BUEAHI N SR T A0S RAS O T RE, H A

S 1 IPSCs 3 AT 1 AR S P i 1A 240 L AT S 24
MR N AEA S B AR HDATT . 299
GRS IR NT, ARG S50 737 WL (KO 9 5%
Z 7M. iPS 4L IAIFFT BRI i I A Y JH 30 75 2
[ ASMHIC L KRS . 555N, T AT
R AR TR L A BN PR FIUYI A5 5 T
PRk, BOREER . BERIIT ST AR RIAR SC I
PRI A AR I — R R s B AT IR R E 3K
[, A AR RIRE A (T 4 B e AT 57 4 B 2 7250 A
T4t BRI RE A B 02, SR — e
Fe [ T4 ey K IAR AT I PR 16 AN S
HESH T T8 55 P AR B 2 O A R e

2 % x M

[1] Gurdon J B, Elsdale T R, Fischberg M. Sexually mature individuals
of Xenopus laevis from the transplantation of single somatic nuclei.
Nature, 1958, 182(4627): 64-65

[2] 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

[3] Briggs R, King T J. Transplantation of living nuclei from blastula
cells into enucleated frogs' eggs. Proc Natl Acad Sci USA, 1952,
38(5): 455-463

[4] Tong D Z, Wu S Q, Ye Y F, et al. Nuclear transfer in fishes. Sci
Bull, 1963, 7: 60-61

[5] Wilmut I, Schnieke A E, McWhir J, et al.Viable offspring derived
from fetal and adult mammalian cells. Nature, 1997, 385 (6619):
810-813

[6] YulY, Vodyanik M A, Smuga-Otto K, et al. Induced pluripotent
stem cell lines derived from human somatic cells. Science, 2007,
318(5858): 1917-1920

[71 Zhao XY, Li W, Lii Z, et al. iPS cells produce viable mice through
tetraploid complementationnear-final version. Nature, 2009,
461(7260): 86-90

[8] Zaehres H, Schoer H R. Induction of pluripotency: From mouse to
human. Cell, 2007, 131(5): 834-835

[9] Kaji K, Norrby K, Paca A, et al.Virus-free induction of pluripotency
and subsequent excision of reprogramming factors. Nature, 2009,
458(7239): 771-775

[10] Karow M, Sanchez R, Schichor C, et al. Reprogramming of
pericyte-derived cells of the adult human brain into induced
neuronal cells. Cell Stem Cell, 2012, 11(10): 471-476

[11] YuJ Y, Hu K J, Smuga-Otto K, et a/. Human induced pluripotent
stem cells free of vector and transgene sequences. Science, 2009,
324(5928): 797 - 801.

[12] Kim T K, Sul J, Peternko N B, et al. Transcriptome transfer
provides a model for understanding the phenotype of
cardiomyocytes. Proc Natl Acad Sci USA, 2011, 108(29):11918-
11923

[13] Kim D, Kim C H, Jung-Il Moon, et al. Generation of human



2012; 39 (11)

Tk, 2. MRERE. BEESHRNE AR
U 2012 i NURE S [ 2 A < B

* 1065 *

induced pluripotent stem cells by direct delivery of reprogramming
proteins. Cell Stem Cell, 2009, 4(6): 472-476

[14] Lee J, Sayed N, Hunter A, et al. Activation of innate immunity is
required for efficient nuclear reprogramming. Cell, 2012, 151 (3):
547-558

[15] Zhao Y, Yin X L, Qin H, et al. Two supporting factors greatly
improve the efficiency of human iPSC generation. Cell Stem Cell,
2008, 3(5): 475-479.

[16] Kim K, Doi A, Wen B, et al. Epigenetic memory in induced
pluripotent stem cells. Nature, 2010, 467(7313): 285-290

[17] Cai J, Li W, Su H, e al. Generation of human induced pluripotent
stem cells from umbilical cord matrix and amniotic membrane
mesenchymal cells. J Biological Chemistry, 2010, 285(15): 11227~
11234

[18] Zhao X Y, Li W, Lii Z, et al. Efficient and rapid generation of
induced pluripotent stem cells using alternative culture medium.
Cell Research, 2010, 20(3): 383-386

[19] Esteban M A, Pei D. Vitamin C improves the quality of somatic cell
reprogramming. Nat Genet, 2012, 44(4): 366-367

[20] 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

[21] Chen J, Pei D. Reprogramming in suspension. Nat Methods, 2012,
9(5): 449-451

[22] Buganim Y, Faddah D A, Cheng A W, et al. Single-cell gene
expression analyses of cellular reprogramming reveal a stochastic
early and hierarchic late phase. Cell, 2012, 150(6): 1209-1222

[23] Yuan W, Sipp D, Wang Z Z, et al. Stem cell science on the rise in
China. Cell Stem Cell, 2012, 10(6): 12-15

[24] 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

[25] Esteban M A, Bao X, Zhuang Q, et al. The mesenchymal-to-
epithelial transition in somatic cell reprogramming. Curr Opin
Genet Dev, 2012, 22(5): 423-428

[26] Sheng C, Zheng Q, Wu J, et al. Direct reprogramming of Sertoli
cells into multipotent neural stem cells by defined factors. Cell Res,
2012, 22(1): 208-218

[27] Li W, Shuai L, Wan H, et al. Androgenetic haploid embryonic stem
cells produce live transgenic mice. Nature, 2012, 490 (7420):
407-411

[28] Wang Y, Zheng C G, Jiang Y, et al. Genetic correction of
B-thalassemia patient-specific iPS cells and its use in improving
hemoglobin production in irradiated SCID mice. Cell Res, 2012,
22(4): 637-648

[29] Liu G H, Qu J, Suzuki K, et al. Progressive degeneration of human
neural stem cells caused by pathogenic LRRK2[J/OL]. Nature, 2012
[2012-10-17]. http://www.nature.com(DOI:10.1038/nature11557)



