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Abstract Establishment of embryonic stem cell lines has been successful in mouse and human, but not

in farm animals. Development of induced reprogramming technology has tremendous potential applications in

regenerative medicine, animal breeding. It also offers an alternative approach for generation of pluripotent stem

cells in domesticated ungulates. Recently, although porcine, bovine, ovine, caprine and equine iPSCs were derived

from their somatic cells, compare to rodent and primate iPSCs, there were the gap in in vitro cultivation and cellular

characteristics of ungulates iPSCs. As theoretical supports for iPSCs research in future, the aim of this review was

to provide a systematic overview on iPSCs generation, substantial problems and solution in domesticated ungulates.
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Fig.1 Timeline of iPSCs generation in different animal species



FREE AERK W IE S 2 e TARGPSCs) Tt Ji

899

TR A e eV R, NS = R R IT 5 2
IK¥GAR, 2057 R RE. H AT, W44 Z5PSCsifs T
L2 ] LA SE AR IS T4 s R 7 A 2 I G 2, AR
WEE /NG TG ) 1R Kb B TR R 40 B o G 72 N
iPSCs!', {H &, 17 B S K #iPSCsIH i T ik 7 ZAK
JAIMIE e S DR IR v AR AR R S B, H i, Octd
Sox2. Klf4. c-MycH SR & A7 i 2 5K &iPSCs i T
AR D I R o AE—LEBEFT, Db TR EE
o R B SR AR AR 5 5 2 Be T 40 L, W9 ik
B ANanog(N). Lin28(L). SVA40KTHL R A Sifi i ik
JU3 5 5% i [Rl (human telomerase reverse transcriptase,
hTERT){iE 3t 9w FE(K 1). EstebanPHiE 52, A F /)N
BLOSKIM A% 55 [K] -1 41 45 #B BEKF 481 B 4T 4 4 B s 5 4
iPSCs, A~ [k 5 4% s K1~ 3R A3 IiPSCs TR TE & 2
REMESRE PRI RIA . ARAREAE A AT W X . i
WuE DB 59T 2o, A T-OSKMPY R 7, 4 A
Lin28FINanog 7, 3543 II#&1PSCsLt PU Al -1~ 3R 15 1) v
BE A Ar . ARARE Ko [RIFE, 764 ik 5, fif
FH N FH2F JEOSKMPY # 55 PR - b n] DL HE 24 72 2 B
£T4fE 40 1 iPSCs, {H 75 PR 1155 3 A-iPSCs #) 2 % 5E
e, HLRE T HE A AL AR, B S A AF S 0IE S, Nanog X
T 4PSCs i) i 5 28 OC T 2™, 7F 2EiPSCshF 51,
OSKMNL I [A] £ OSKM B A ) - 5 4t 2013, it
Ah, LEFE Y, WangZ5 I EOSKMIK 1 H& 4t b, Tl i 7%
B Tbx3(T-box 3) 1 Lrh-1(liver receptor homolog-1) %
AN SR AT, B R HPSCs 3k A, I HL
Lrh-17] L fiee-Myclfil 3k 15 ##51PSCs. i — 2 W 51
7R, Tox3MILrh-199 s K1 (12 5 W 2% 4l HIRHO-
ROCK-MLCIH 3%, i 2E 5 iPSCs I 5 41 )i 4% AX 55
FRU20 AEgE. 4B 2B SiPSCsil S, WFST N
K2 R UM J7 A8 1 1 LB A B 2 4 40 A Ay
T R PR U6 20 e, AR AT 5 3 ok P ) 7 o 4 i
AT E R . LA R, A )78 5 i i n DL g
FHE S IEPSCsI 5 T A%, o ik 2 e A 5 JE M
TR E &AM TS, 740 R s 5 2%
FRAC T BT 4 41 222, 20154F, Kawaguchi S5t
FUE R, A8 SE AN M AT DA RO AR AR R R AT
iPSCs(primed iPSCs), 4HIFH &% /N F AW 5 5=
PR RBEAT T 1 0] LR AR 4R S F1iPSCs(naive
iPSCs), I H N A Y] LK 246 R 2 1IiPSCs
ARG o

BR IR s AR A R R

Iy P YA GFPSCs 15 Tt i EE A
Han %5006 55 72 MR AT D040 o, 0T AFHiPSCs 1) 5
%, DMEM%:DMEM/F12 5 3& & 1F A 2k il 5 9% K,
JF H. 1M 3% & 18 %) (KnockOut™ Serum Replacement,
KSR)# I 2 1.7 (fetal bovine serum, FBS) 5 A T
iPSCsff 15 3, 1M 7 4 “FiPSCs W 7T i R, Ki 9%
R INFBS B A R T-iPSCs i i A302, i 76 5 o,
%A HRE oK, FBSHIKSRAiPSCsf i F 17 75 &
F R o WM R ET 4 A A 4K PR (basic fibroblast
growth factor, bFGF) A1 [ IfiL. 55 41 #1] [X ¥ (leukemia
inhibitory factor, LIF)X} - 4 4 Wi A7 28 Al R K 26 IR
T A0S 3 T AR 2 e R R E . B
B K & PSR 92, LIFDE 74 1 2LPSCs i 72 24
[ FEOC B 298 J&iPSCsHs 77 T & ATLIF. bFGF.
BMP4(bone morphogenetic protein 4). LIF+SU5402.
bFGF+JAKI¥ 15 7% 148 h, 5 17bFGFIf 15 77 i i
% S HHPSCs 7y ALY, 20124F, Cheng52 0 57
7, HIAK/LIFSS 5 8 # )5, JEiPSCsIT4a 701k, H
il P4 % 12 ¥ (alkaline phosphatase, AKP)¥ P4 Fll £ fig
PEIEDN )RR A 2 P [, JAK/LIF( 53l
P (PR 15 5 4IPS Cs I 46, b, JE s 2
JEILIFXS T 4EREARAT 145 FiPSCs 2 REME it 2 (¢ 1F
PEHIR2,
ZRE T4 7 A AN IR, RIW) IR A 4G Kk
Ao AL FerESED7 I, FIRIRES T 40 R
A R TR 40 0 v B T A, HCRLIF (S 5 3 S A5 e 1
B .. FMHIMEK (methyl ethyl ketone) HIGSK3(glycogen
synthase kinase 3){5 ‘5 1 I BE 0% A0 4E 471X L8141 fiig
Ab TGS, WIAR AT 40 ML B AT Ab T3 ARSI P
FXYLAO T, BEMSTE ik G A, HIE D ik f xR 3K
AT A 4 B A A0 T R ROTRAS 40 i ) S T B
BEREAE K, HOMbFGE(S 5 M 4E 7 2 RETE, XU
S BERL IS, WAT B Bk &S AR IR BE )7 BRI 9T
RAFA B R K FIPSCs K 2 IR JORAB >, b
BN THEWAER G TR, 7E— 28y fhrhgi
13 7 BRAWIARAS IPSCs 2223, B R K &
i, JEIPSCsIRIFIUIE e dic N %, 20094, BIERAG T
U ICIRASIIFEPSCs™) . 20104, West32! LR IE 3k
15 T iPSCs AU R A A4, (H 2 24 HEWIIT
AR IE. 20124F, Cheng®F P 3k 43 T 2840/ BUIE i
T4 B A AR B AK/LIF (S 5 38 % [ 3%iPSCs. Bl
S, A B R RIS I N o A E Y, WA



900

AL -

v S GSK3i, MEKi{, Forskolin and DOX-inducible system

] 200 | 2000 | 2011
Primed iPSCs

LIF and FGF2 dependent

| 2012

mouse ESC-like
LIF-dependency

| 2013

Naive iPSCs
2 active X chromosomes
negative MHC class I

embryoid bodies embryoid bodies
teratomas teratomas LIF-dependency
chimeric blastocysts embryoid bodies
teratomas
chimeric fetal development
Bovine iPSCs
Naive status
y LIF-Dependency
[~ r 2 active X chromosomes
,. embryoid bodies
N W teratomas
v chimeric blastocysts
Qe (! chimeric fetal development
R )
@ | 200 | 202 | 208377
Primed iPSCs Equine iPSCs
LIF and FGF2 dependent Naive status ]
limited passage L[F—DC])CﬂdCﬂLy
. f 2 active X chromosomes
embryoid bodies ) .
teratomas embryoid bodies

teratomas

GSK3i, MEKi, TGFi, ALKRi
Forskolin or DOX-inducible system

B2 HHEAREBRAMVIBIREIPSCsHH Rt
Fig.2 Timeline of iPSC generation from primed to naive status in domesticated ungulates
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