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AR > TR LRI 2 e MR dAE 2 Kol > WRRER 4 AEFL 7l (embryonic stem cells, ESCs) ~ B — R %E
HE 52 41 At (single blastomere-derived embryonic stem cells) ~ §& 4 At #% i & JF g3 41 iE (somatic cell nuclear transferred
embryonic stem cells) ~ I M 4= 58 BE 4 4H A (parthenogenetic embryonic stem cells) k% 55 28 14 2% & %4 4 ffg (induced
pluripotent stem cell, iPSCs) & - Hrf > SFEM:ZEERRAHREE 2006 F253= DURTE 10 R4 225 TR Z EA TN
PR~ ZEYER 5 S AR AR E TR AE IR B2 2 T B B 4HRE AR B P A B BB I 2 58 @ - iPSC Fiffi 2
R ARG R A2 L (reprogramming) ~ #H§E K- (transcription factors) Hy#FH BIRRERdfAfR B AL iy | - 22
SEFFE AR EL T iPSC AVEIEAE © ZRT » iPSC FEfiTiIESE EMI - A2 MBI E— P58 > 41iPSC EHTy
VS - ERACRIVERA R E MBS - RElE R a2 s iRy S R RAR - R E i
KA L IR E T R -

RESHEE © SRS RERPANNE - ARERANRE - BEEEY) -

4

A RHER AT 2006 fEEEA T —IHERIVZERYE - HARTTEIRERRY L T {f158 (Shinya Yamanaka) ZHSFIF Oct3/4
Sox2 ~ KIf4 B c-Myc %5 4 T ELRMEL THEY - B AT RFAGHHAR (somatic cells) HYRLR IR BL M LIBREFE I 210 & A AR R4
fifg (embryonic stem cells, ESCs) fYJ&Z 4k - FLANREAE ih 2t 2 RERe 4 (induced pluripotent stem cells, iPSCs) (Takahashi
and Yamanaka, 2006) - [ [fti2 4 (B g A T #a7# 5 Yamanaka factors « #5% 6 1% » 50 Ry LLIH IR EIZ N EH
Feffr > B 79 BRAVIEEI R 5 A VIR R LG S B (John Gurdon) » FE[E|50& 2012 AF5% H R A4 B B1BE E2HR TR 5% - iPSC
Feftrig 2 < 10 8R4 1 2006 L3RR - s [ 2 E2% 0 BALEESY) - SRy - sE8Y) > E2
NI > ALY 2 iPSC B 5 | LR BASCRR o AR B SR RIS B R R AT 9% > B TR Rl RE A S i —2 0 1Y
ZEt - A B 2 RE MR AR R 1l 2% e FEAR R AR [l e -

L iR L7ERE ST

FRAHRE S AT A AR 73 b (differentiation) 822K 3L (undifferentiation) 7 73 Bil{R ARG E SFHEHETT < 1k
AHAE R R e AR R N AT TR E AR B ThRE - WIHLAAHAE - R AHRREL &K 4HRESE © MR B4tRE
B AREHME » TN RRERBRGET » T CECR e 4 - B AR TR E A IIEERVEE ST - Bp4HREEE N &
S ACPEERAAR - S P T SR A TARE 2 A6 53 R e 4T (Sreenivas er al., 2011) o “R[EFEFHER4HAEE
SHAETBREINAE] - S BVBEE & 2R AT 43 8 Ry 3 (b2 BE 1 (totipotency) ~ s3{LZ0REM: (pluripotency) ~ 73 {EAERENE
(multipotency) ~ 77{LEAE M (oligopotency) B173 {LEAE 4 (unipotency) (& 1) - FR#E NIH (2001) ¥ 73L& REME
EFEL T IEE R RS LR RRS R AalEERTA SRR E 2 66T - HIb > & 2AE INBHLGETT
UNZ% > IR A 2 4 2 8 YA 2 AT - AR IEANAE (blastomere) ${RA BRIV {LBRE > IEIF—(ERREEAHAR
BIEFA 2 REME 2 BEE » b HRTE RSB ERE R 2 4R - Mo bR 2ds " Bl EAE 5 /ERk
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IR ~ F B ML g S5 = fERE g 2 (78 RE L 1 KLY ESC BLASC/4HRY iPSC RIE I B2 RE M~ 4
Al o SHEEREMEAIE LR I A B AR L AR /3 (L7 AE » BN BE624HAf (mesenchymal stem cells)
B3 4R (hematopoietic stem cells) B3 {LAERENE - Hop (LR ERVERAAE T LEEIAIR - (EREMLRK
DESRTEAIRE - B/ DR BE R E AR BN B Y BB RE T - S BB REME 2 B4R R sE I E — 7 m oL - B
AL AR AHRE R Y LB REME - SLVBE T EAR - {ERE 7B HLIA4HAR (NTH, 2001; Bellomo, 2006; Maron-Gutierrez
et al., 2009; Sreenivas et al., 2011) °
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Table 1. Classification of stem cell differentiation potential

Classification Differentiation potential Examples

Totipotency Embryo and placenta Oocytes, zygotes

Pluripotency Three germ layers ESC, iPSC

Multipotency Cell types of their original tissue sites Mesenchymal stem cells, hematopoietic stem cells
Oligopotency Few cells Lymphoid stem cells, myeloid stem cells
Unipotency One single cell type Type II pneumocytes, muscle stem cells

(Maron-Gutierrez et al., 2009; Sreenivas et al., 2011)

ERIUSARRIE  SRAHAE AT 53 B ESC BpBBHHANAE (adult stem cells) A + R 2 KA1 2 Frs -
ESC 5 £ YR (blastocyst) Y PS4 (inner cell mass) » 5302 SE HEBRARAR » o753 (L6348 220 HEAHAE - (B
[ By 53 (L B BARATN - PRI » RV S (L2 M 2 JBFAE - AU ESC (40 ARE » DRI (A b — BT
S EHATE IS ARSI - IhA) - ESC MR RE G I E IR MR FHS: - IR L —ABER - 1
2 ESC » BB S AHAIR S B & T » AR - BB %% ~ S5 ~ LA - S - L B - R -
FFFA DL E RSN SR S AR B P PRIRISEL + 50 8 A S A R @S (b - AT P Ee
BOBCEATD  ELSYb (L R B TR PR USRS - F4SC DNA ISR E - B i
BB AT DNA %2 B ARG - 122 + OSE AN BUS: ESC 55 » (MBS FRETT - FATRiE -
WOR S - DRI - 5 1A P 5 B B MR T BT 92 2 (1% (Maron-Gutierrez et al., 2009;

Sreenivas et al., 2011) o

* 2. IREPUIRREBL ARG R Z R

Table 2. Characteristics of embryonic stem cells and adult stem cells

Items Embryonic stem cells Adult stem cells
Source Embryo Adult tissue

Potency Pluripotency Limited differentiation
Cell culture Easy Hard

Transplant rejection Yet to know Less likely

Usage Ethical concern Patient consent

(Maron-Gutierrez et al., 2009)

1L Z et AR e L R

PR FEE A AR ig A BT 20 > H i w) 5 BERE 2 A 41 BB 22 07 ESC 2 £y (Evans and Kaufman,
1981; Thomson ez al., 1998) » £, %[ H1 7] 15 B2 ESC MH Ll 2 RE MR AHRERC AT » 40 B — PR ZERR ER4H AR (single
blastomere-derived embryonic stem cells) (Chung et al., 2006) ~ #5 41 ff #% 3 F HE % 41 H (somatic cell nuclear
transferred embryonic stem cells, SCNT ESCs) (Wakayama et al., 2001) ~ Il I 4E 58 HE % 41 B (parthenogenetic
embryonic stem cells) (Revazova et al., 2007) B iPSC (Takahashi and Yamanaka, 2006) 25502 GEEE40RE (& 1) -
DUR 1 & Ta R i i i 5 =~ /48 -
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A. Normal embryonic stem cell derivation

0-® -

Ferilization 8-cell stage Blastocyst Embryonic stem cell

B. Single blastomere embryonic stem cell derivation

)~ @ — -

Ferilization Biopsy Blastomere culture  Embryonic stem cell

C. Somatic cell nuclear transfer embryonic stem cell derivation

Muclear transfer 8-cell stage Blastocyst Embryonic stem cell

D. Parthenogenetic embryonic stem cell derivation

o-@ -

R
Parthenogenetic 8-cell stage Blastocyst Embryonic stem cell
activation
E. Induced pluripotent stem cell
- "
ae —_—
S g -5 W ARy
Somatic cells Gene transfection Induced pluripotent stem cell

ZREMEEAINAY 1L T3 (80 > 2011; Kao er al., 2008)

Fig. 1. The methods to establish pluripotent stem cells ( /7EZZ] > 2011; Kao et al., 2008).

() AR E AR AR R i

B WL ESC Z Rl Se RS- 2ERR - 1R N AR B B 022 8 g 4HIAf (trophectoderm) 7% #ETTHEE - DARK
{BJETT ESC( [E 1A) - &S NAHAEEE 7 ESC 2 J77AA (1) REIMEZE (immunosurgery method) © /8 B
YRR I EE% & (pronase) /&R ZENR 2 1AWITE (zona pellucida) - FFIHIHUZEBAME 2 2 ED U 2%
EREEH (polyvalent immunoglobulins) E2K™ B A% (guinea pig complement) » AFRFEILSNE 2 22 &G4 -
S NATREEEfTESE 2 77 ESC (PBREE » 1991a » 1991b; Solter and Knowles, 1975; Chen et al., 1999) - (2)
By IEEE A (partial-embryo culture method) * 35 48 5 45 BRI FH SRR M E R T UIBR R E 70 026 g 4
A% o fEEE T S E R ERY AN ATRR E A TR M 1L ESC (Kim et al., 2005) < (3) ©ffH%# % (whole-embryo
culture method) : {54/ & NAHAE > ZEiE - FIHEQBERSMIER 2 EHTE a7 EmET
ESC (Evans and Kaufman, 1981; Martin, 1981; Chen et al., 1999) -
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Iv.

2 RE MR ARG 3 Fr 2 [

(i) E—HREERR AR i
Z RPN EE ARG AR - F I IR R r IR BEAHRE R - (R iENEE 5 2 4 — 8 4fiflARy > 54
PREEA R A b rett - S E —REMMETRE - oI ESC > FEBR /B — R EEiR 4 At
H44fi (Chung et al., 2006) ( [&] 1B) «
(i) ASAHAIZ B AR R 4R fifr
EBLSEHEHT (Dolly) VI AR 38 B RS AHREAZ B B Rl > nT (A AR =L E O 2] b2 RE MRS EL (Wilmut
et al., 1997) - FIFIEF flr ol fE15 e R B R DAFR (L PO AHIREE] - 72 —20 17 ESC » JLEN A Re st B i e
4P i (Wakayama ef al., 2001) ([&] 1C) »
(iv) PIMEA: FE IR R AR AR filT
PO A= 58 fy— T AR FE 7 =X > BN RIS RIS S R e Bl - B E AT T LAY ELT A - /N
Bl L FE o SRTF - AREUEEE (marmoset) FY U RFAHAE IR BT 48 T ANMEUE (parthenogenetic activation) &5 5
FCEERR > ZRT RS2 G E S EIEL A (imprinting genes) &l > IR IRIG A IE R 355 HERS (Allen ef al., 1994;
Brevini and Gandolfi, 2008; Hsieh et al., 2010) - FI| IS0 G355 2 2t - BUSNANIUEEEE%1ES ESC »
BT R UM 2F FE AR R 4HAERL fiir (Revazova er al., 2007) (& 1D) -
(V) SHEMEZ RERRAHRE R iy
LR A 4 (18R E 2R Oct3/4 ~ Sox2 ~ KIf4 ¥l c-Myc #34 AE b2 fedft s » J&155{bRE
B3 ESC MR 2 REERPAHAE o HEIHERAHREAS R R AR i pk - HLE1 ESC [E@ b2 el: > BUHIES
V2 RER4HAM (Takahashi and Yamanaka, 2006) ( [& 1E) i8> VUSEFL AT {7 F HUNEF4HARE ~ FHARR 52
FE Rl » J5al 3817 ESC > Wik5e e WAk EE T » 2800 » iPSC AR HBARHITTIER: > o] 58 it iRt
BTLZ FiE -
ZHEVERR AR O RER
2 RE VR AHRE A B8 S MBI 5 38 42 B 88 1 731k (spontaneous differentiation) » 7 A4 5274 1E ¥R 41 AR T RE 2 4]
MR A A B2 Rl > RILEHIR i & B4 (feeder cells) B EF HURTRERSTEIR > RodERFRp AR B2 RENE
ZHEBETAE - ZEeMEirdiia 2 8N EES - W HE AR E P R LIRE R TR BT TMHE
B o RoOobZ LRI MNETZRE L EA LI 4 fEFFE
1. B AVARRERES « BEE THEEANAEAY SR EE D A ([E 2A) -
2. HHpEEE% B SR OHE - dHRERE S B e R 2 SR AR EHE ([El 2A) -
3.ECKAURZELE © BEA KA B D E0V4HRE (18] 2B) -
4. BHEEAIAZ(". (nucleoli) : BE{UERERZL T » o] B B BHEEIIZ L -
=2 Re R R A E 1 L BARHERR R A o WRHR BT B S - AHRETE IR B SO [ e
FEHRAEE (18 2C ~ 2D) « #HR457 b2 ZRE M RPAHREE E s P Al B v B E B o0 I > (R ARRR B T
BEEIRF & A R B E b2 B4R ([8] 2E) » FE4h - RIEYIRERT S RE MR AHRE ~ SR ES S e TR thaF 2 52
WEE R (NER ) SCEBE (58 ) B2 EE R AHRE RS o IR (flat-shaped) ([&] 2A) » M EHH ( KREEVINE)
HIZ HE MR AR AR Ry (Bl ik (dome-shaped) ( [& 2F) (Chen ez al., 1999; $% » 2008) -
ZREVE AR AR
ZHEMERR AR A IR B PR AR - 281 2006 52 H AR STEARER L FR iR 3830 > BRI BE AHRR IR il 4%
P LS T YRR IR 1 10 (B8 2 B2 BE PG BE > F A PE R (& T 71 A 4R Bl ol & 1555 A M 2 sE e 4
R o AOEHEARMERRFSE - iPSC BYRE il /537 FE Y RT ABVHZE R TS > sz B R iray AR A LU T 3 18 ¢
() AE4tFEERTFEERL
YIRS S B Y 1962 4F > SR B AT EMTERVRG 18 _ i SRRV AR IS B AR 2B O > Bl pREh
ZEF R (Gurdon, 1962) © 35 4£1% » SLEIEIEE SR 0 R EFI 2R (Tan Wilmut) B AFLIR B A 4HRERCTHHE
BUHHEFTFE (Wilmut ef al., 1997) < 226 CERESE > B0 BB & A ml ke 5 pk e B (R ny A R
HINFE&FH 2R AR E b2 Bz =L - Iboh W2 IREIR AR 3 E8Y ESC AETRAERF AT
T RS CRSAHAE - WA BLIR e A A ESC Az 2RS4 P2 20 EAYRCR (Tada er al., 2001) -
(i) EHFHAFHYEEIR
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g T Ry —MiA B DNA &5 & > MR EARNRRNESE - H U723 35 R (Drosophila) #Y
Antenna-pedia #8 5 X -1 1] {6 il 5 3% & Bl (Schneuwly e al., 1987) > {fif MyoD #5 §5 [N~ 7 {55 4 8 £ 411 e
(fibroblasts) EHEE LALLM (myocytes) (Davis et al., 1987) - FZELEEREUR - BEERIN T 0] LACELHALHAHTHIE F15¢
J& o I i R B4R S B2 R VA B 2 B8R A Oct3/4 ~ Sox2 ~ Kif4 ~ c-Myc ~ Nanog ~ Lin28 91 Glis] 55 -

(i) FRERAAERTE

LR A Y SR BT 4R S B BS - (Martin John Evans) BEZE[ER 2 R 4R {035 T (Gail Roberta Martin)
7 [N 1981 4E53 ik hE T/ g8, ESC (Evans and Kaufman, 1981; Martin, 1981) » B 1% 28 HH 4 S RE MR
SRR s 9 M7 %] (leukemia inhibitory factor, LIF) (Smith ef al., 1988) o A 17 1% » EF &G 4L 5
EWHTTEFELLA S A% (James Alexander Thomson) I 17 A8 ESC (Thomson et al., 1998) » JREEFR4ERFEL
2 REVEA R SRR - o i VR4 4 REAIRR 4= R X T (basic fibroblast growth factor, bFGF) ©

2. ZRMERHAERIVRE o ROCAVFESBIE L rirdliie - HAREEEE® () ~ BRPE (O EFH) (A) A2
AMAEAZE EER (FIA hematoxylin {22 ) (B) » E /0 LHVAERS EM: 2 RERPATIAN - HANAEEE & 5UEHH (
R ) (C) » A EFEHEBRA R (REFTHH) (D) - diesE T ol sERRHFAEARIME (EREE ) HESt
ZAHRE (RESR/EE ) R EAHRERY SRR TR - CorLAHRERY FRAR NS (B) - /AR ERAIRE AR 2 B A Fok
( HEEEA ) (F) °

Fig. 2. Morphology of pluripotent stem cells. The undifferentiated porcine iPSC show compact colonies () with intact
boundary (white arrows) (A) and high nucleus-to-cytoplasm ratio (by hematoxylin staining) (B). The differentiated
porcine iPSC show blurry boundary in colonies (black arrows) (C) and irregular growth (black arrows) (D). The
undifferentiated (right side of dashed line) and differentiated cells (left side of dashed line) might exist in the

same colony, and the boundaries of them are intact and blurry, respectively (E). The mouse ESC show dome-like
morphology (white arrows) (F).
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&Ry HHFR R IERD > ONFE0 ESC A& S 1ER T » Pl {HERS 4R A AZ A LIODARIREREFE B - BhAk - BRER4H
A B R EY T - (EEPARRRERF AR L REMIRAE - (B TE4E R Ky iPSC Rifln 2 5 260 T B0 (& 3)
(Yamanaka, 2012) = #2¢] » LI 5@ 2z i 58 BF5 & Ecatl ~ Dppa5 (Esgl) ~ Fbxol5 ~ Nanog ~ Eras ~ Dnmit31 ~
Ecat8 ~ Gdf3 ~ Sox15 ~ Dppa4 ~ Dppa2 ~ Fthil7 ~ Sall4 ~ Oct3/4 (Pou5f1) ~ Sox2 ~ RexI (Zfp42) ~ Utfl ~ Tcll ~ Dppa3
(Stella) ~ Kif4 ~ B-catenin ~ c-Myc ~ Stat3 ¥ Grb2 % 24 {5 [N 4K 57 ¥ 3% 5 5% (retrovirus) 8% A /)N B BA 7S 4 4 1)
4Rl (mouse embryonic fibroblasts) » f&E#5-84 ESC fH{IAVAHAREAE S - &K@ N B ER 22 BLER 58 - BIERR Ocr3/4 ~
Sox2 ~ KIf4 B c-Myc % 4 fEEEN » BlIA] /N ASAIRE[E{E 2 55 4R BE (Takahashi and Yamanaka, 2006) » fE4E - 1L
cf (e 5 B B S AR an R LUK S I AR I 28 B A 38 2 T A iPSC YA ZE R (Takahashi et al., 2007; Yu et
al., 2007) «

1962
Cloning in frog
Gurdorn

Gehring

1981
1997 :?;_8 Mouse ESCs
Clonging in sheep : Evans, Martin
Wilmut : -

uman ESCs
Thomson

Yamanaka

3. FHEMZ AR AR (Yamanaka, 2012) -
Fig. 3. The foundation of induced pluripotent stem cell development (Yamanaka, 2012).

SR S B B L @i 2 AU S0 R B RS AMAERE (D18 £ 2R IRAE > R 2012 4 [ERFFEAS3% H 7
ETHELELE o BEIR A 2014 4 > HAHYEIIE AT 5422 (RIKEN Center for Developmental Biology) i#5¢ A &
= (Masayo Takahashi) B 5@ 5% & 7F > TR IPSC I ARSHER - HREBRGRIK B B =B 5%
8% (macular degeneration) B FZHVFGAAE - 1L EEH B iPSC « &b ARG 2% L 7 (retinal pigment
epithelium) 72 FEHHE [0l B ZHRHG - U035 7 S BEEAEE - ZR1M0 > 1A 2015 FEETTEE RO BEEEaES » (L i 38
B BN iPSC IR ME AR AR A R S 4 88 - Fy T BB 2RI F 1EEES (Scudellari, 2016) ©

V. FREM SRR AN A

iPSC 3B E 5 E 10 8345 - EFIAVEIL AR MOoE - B 10 fE77A v pEhER Y iPSC - 2R
ifi o EESLT R AR R B T R4 0.001% — 1% 754 » RS 7 R Ee4RA AR 5 A A (51T 22 - seise fny
55 PR - L PR SR S 6 Oct3/4 ~ Sox2 ~ Kif4 ¥ c-Myc 55 4 & » 347 Nanog ~ Lin28 ¥ Glis] 55 3 fai o] L5 o
0] o FR E B R B RS ER s S Ry H AT A 72 o AR s fy S g
5 ~ 12957 (lentivirus) ~ B 3 (adenovirus) B[ ZZ95 55 (sendai virus) o H i K75 955 55 LM T A S S 7 iR
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A (integration) - 555 DNA & Eifs T+ DNA AH4E S 5 B sl 2 m s s @ I E Stk AR (non-integration) ©
ZAIM » R T RS L AT RE (78 £ 4Rt E A= BRI 35 1% (genotoxicity) » PRI 38 HIS B S MR G AV T =

DIbE i A= B2 | E ] (Kumar ef al., 2015)  {FI41EE4HEE [ (recombinant proteins) (Kim ez al., 2009) ~ [ %Y
#2 (episomal vectors) (Yu et al., 2009) ~ piggyBac transposon (Woltjen et al., 2009) ~/\43F- (small molecules) (Desponts
and Ding 2010) ~ % 8 DNA (minicircle DNA) (Jia ef al., 2010) ~ & £3 ik 58 (plasmid vector) (Okita et al., 2010)

mRNA (Warren et al., 2010) B Sleeping Beauty transposon (Kues et al., 2013) ZFiE2L 5, » HEEEE A e ohE 17
iPSC ( [E] 4) -

1
Factor delivery methods Auxiliary methods
| | [ 1
Viral I I on-viral |Sma|lmolecules][ Somatic stem cells |

Retrovirns | Episomal vectors ERK inhibitors Endogenous expression of
COMe reprogramming
Lentivirus 1 Minicircle DMA MEK inhibitors factors

Epigenetic modifiers

Sendai virus | Recombinant proteins

plasmid vector

piggyBac transposon
-| Sleeping Beauty transposon

|
1 |
1 |
Adenovirus | H RNAs |
i )
L |
L J
|

4. FHEMEZEERARERYETL ) 0 (Kumar ef al., 2015) ©
Fig. 4. Methods in establishment of induced pluripotent stem cells (Kumar ef al., 2015).

VI 5FE 2% e AR A AR A 51T
SFAl iPSC Ay J7 =0 ESC AH[E - PREFFEIZIPRRSN » T I 70+ 8 B3 (Las SR ER AL - 3+
72 B M AR 22 0 B2 oA B 2 REMEAERA 2 AREERY R IR » o0 {bRE T Bt 2 65 7] o0 (b Ry R AR - Ee (0
KE -~ /N BB R (MAB) /Y iPSC » HARREFREHUREARIE - Fl4 > /N iPSC Z AR EIHH 7T 1 stage-
specific embryonic antigens-1 (SSEA-1) FifS{=0] 5 iff AJH iPSC RIJF2IR SSEA-3 B SSEA-4 F1HPiE » MJE SSEA-
1o S LA TR 3R] 73 BB A MBS N 7L o BSA ML AT H R 35 28 SR RS TP 1 (embryoid body formation) 7€ [A]
731k (directed differentiation) » fg M2 A dHREERHARRVES Y M EER B IRGET - B &AL FRERSHAE - B8N
(LR AR AE A BIRe N LA LI - BIARZ e 4R MR AR I e i /) Bl (immuno-deficient mice) DA
HIPRERGT (teratoma) » ZA1% it B RETRE N AV AR 2 45 (b R BB 7 = HRJ& (three germ layers) 7 AR £ B¢
RFZ i AHRERS 1 A BERE BRI AR B YN E Rk & - SIS HEIR 2 T HYH G S (chimera) » fi HAGAIHY
WE - BB E GA % 5 B HE AR Z AR ($8 0 2008; Stadtfeld and Hochedlinger, 2010)
VIL 555 M % i 4Aan B 22 e
iPSC HYFlT (A= B8 22 ~ BEF A 9T BB ) A V)Rl ry S I e — 0 » FRER(FE T » iPSC BEE M7 BFy
FEE4RAE o RIEL > o] R sR A M EE Y 4R 351 - T B IR AREEYIAY(E IR - A AR NBUHEERGRSE - iPSC ¥
2 BURECEC IR W) 5048 B RERSERE RV BN VA TR RHYE B - 5 iPSC bRl TE0N+ - a3 inZ= s T~ —(RAvHE
(Kumar et al., 2015) = [FL51 » 456 iPSC WY LAE ST BASEYIER BERL 1l » A 2 s NBBIEHE « B0 - AT s 38
PERLAIZ4EIE (spinal muscular atrophy, SMA) &5 FHUGASHRRE - B EEH B/ iPSC » FRFHEFEE b RyE
B fH4ETT (motor neuron) < K| FL77H SMA GRFARVESN A TTAEITEEYEREE - 7 B R & BB HIEEY)
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DUR D S (58 F &0 T TG AR B0 « IhAL - IR eI AR TA2 75 =UE18 iPSC HY SMA i » FHRFIEH Y iPSC
BRI E AT - BB A0 B S A THREYEE (Stadtfeld and Hochedlinger, 2010) -
VIL 35814 2 fe e 4 AR S AR e 4R AT LR

BEZR iPSC FE#L )70 ESC A [F » Wi & fEmalpiz R ~ o IEst R e bre 7w - Al IRV -
INMBEZ TSR ETHESD - 1A 2000 1% - 512 SRRFRMA RS B IV £ » BIF0AJH iPSC B ESC IVERFIA
FETERYZESE (Chin ef al., 2009) » AJH iPSC {372 F A HLEE4HHAR (donor cells) AYELR (Marchetto ef al., 2009; Ghosh
et al., 2010) » DLk DNA FHELAL (methylation) F2[SHY7E % (Deng et al., 2009) - [E{% - TR AJH iPSC V1% 4218
HECHE (epigenetic memory) 352 - BIIZCIRAS A AV AT AR E AR A iPSC > {53 B 2 [ IR Al T R Ay
FEfE4HE © (Kim et al., 2011; Lister et al., 2011; Ohi et al., 2011) - fHZHY > FVERIFTRE SRR - FEfBRIE TN 22
] DI 2R o 585 [EIAVEE S a s E (R > BlI{E & iPSC 81 ESC YR N EABE - JANTE RS L E A
(Guenther et al., 2010; Newman and Cooper, 2010) » H {1 & s B KRR e DNA HEVBRERE » fHER By EL
RS 2 FEHGEELIT S - BEELIYERIAZ 5 (Bock et al., 2011) » [fEAh » BEZAHIEE 0 LaERETR AJH ESC A 90% HY57
{EREST > TTHEHR 10 — 50% HY NS iPSC B p T3 b R4S 4R (Hu et al., 2010) » R > 55— TAWREUR » W&
o b Ry BN G T HYRE ) R 722 2 (Boulting ef al., 2011) o AR [EIHYFEEH R B R0 B G S FHIEE R -
i iPSC ZE#LBAZEL ESC A Z AR » NILME RS S AHENZERIVE F3HE - AL SRRMEAZRNSL
ko HAAZE R PR VAR E - B RE R R R R RS SRR AT SR R AHREE H (5% 3) (Yamanaka, 2012) -
Nt > BEEEEMN IPSC IWEZREK > hHEEE PRSI ENELR -

3. SR EAEME L R R A B AR Er AR R &
Table 3. Number of iPSC and ESC clones analyzed in published articles

Clone Numbers

Items References
iPSC ESC
68 23 Newman and Cooper, 2010
Difficult to distinguish 54 36 Guenther et al., 2010
12 20 Bock et al., 2011
5 3 Chin et al., 2009
2 2 Marchetto et al., 2009
4 3 Deng et al., 2009
Notable differences 4 6 Gh?Sh et al., 2010
9 3 Doi et al., 2009
9 3 Ohi et al., 2011
12 6 Kim et al., 2011
5 2 Lister et al., 2011

(Yamanaka, 2012)

IX. BRI B & FE Y
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Table 4. Achievements of induced pluripotent stem cells from rodents, farm animals and humans
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Abstract

Recently, various techniques for establishment of pluripotent stem cells has been developed, such as embryonic stem
cells (ESCs), single blastomere-derived embryonic stem cells, somatic cell nuclear transferred embryonic stem cells,
parthenogenetic embryonic stem cells, and induced pluripotent stem cells (iPSCs). Among these techniques, the success
of iPSC technology in 2006 was more than a decade which had been widely used for biomedical research, such as disease
modeling, drug screening, and cell therapy. This technique had opened an avenue for stem cell technology and regenerative
medicine. Thanks to the previous studies that verified the mechanism for reprogramming somatic cells, discovered
transcription factors, and optimized culture conditions of ESCs, foundations established from these basic researches promote
the development of iPSCs. However, many issues, such as production efficiency, and quality of iPSCs, should be improved.
In this review, we discussed in detail and looked back the history of pluripotent stem cells, stem cell development in farm

animals, and the future perspectives for better understanding of this new technology.
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