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i Tt PR IS DUy B, e B A AL 2 A D B 7R, Octd

Nanog. SSEA-1 H[IFRIANMHME, TANBENE A0 S =/ NIRIZ BRI 4 FAIE S 70 B9 B R N 40 0 s b 7 5 2 etk
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2006 4=, Takahashi 55U ik 5 N A5 M PR
A7 Octd. Sox2. c-Myc. KIf4 /N Rz P sl 4T 4
I 1 J Dy B A Sk FL AT IR IR T 48 2 (embryonic stem
cell, ES AHMDFFPEMIZ Get: T4, NHiFEF2
fe Pk T 41 i (induced pluripotent stem cells, iPS il
ML), DUAE R G B AR UESE T /N B iPS 4 [F) 1E
() ES 4l —AF B AT e e, s, AW ARl
K BRVEE 7 TH AR [ iPS 4 i 5 S 0 AH 4k SR A A
My AEZXE iPS A IEIE S U510, 2009 £, Esteban
VO A AN PR P = R
iPS 41 Jfu . o Y 25 4, 5% 6 85 [ (enhanced green
fluorescent protein, EGFP) & %¢ Yt & 1 Kk + ' H
R, SOCRA R R ENE, X T AME R
71 4 0 B i Rt o R R HEAE FH LRI R, SRR
PR e X7 F1 EGFP 20 4t ¥ il £ 11 8 8 7 30t R
W I8 ERAN R S PR e R R A AR TGRS 22
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1.1 RERBFERESREHAEIEE

H4E NCBI %% Sox2(NM 001123197). c-Myc
(NM 001005154). KIf4 (NM 001031782) 3& [A ¥
mRNA 74, wit& s b NS, 5175
. pSox2 Liff, 5" TTTAAGCTTGCCACCAT-
GTACAACATGATGGAGAC 3', Fiif, 5 AAAG-
GATCCGGCATGTGAGAGAGAGGCAGTGTAC 3';
pKif4 [3iF, 5" TATAAGCTTGCCACCATGGCTG-
TCAGCGACGCAC 3', ~iff, 5 GGCGGATCCG-
GAAAATGCCTCTTCATGTGTAAGGC 3'; pc-Myc
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¥, 5" GCCAAGCTTGCCACCCTGGATTTCCT-
TCGGATAG 3', Fif, 5 AAAGGATCCGC -
TGGGCAAGAGTTCCGTAGCTG 3’; hOct4 L7,
5" AATGTCGACGCCACCATGGCGGGACACCTG-
GCTTC 3, Fiff, 5 CGCGGATCCGCTCAGTTT-
GAATGCATGGGAGAGC 3'; #4AdE 514 i,
5" AAAGGGCCCGCGGGACTCTGGGGTTCGTAA-
TA3’, F¥f, 5 GCGCAATTGTTACTTGTACAG-
CTCGTCC 3’

MG HE A TR B ELE RNA, 4 RT-PCR 9714 !
YR EIE cDNA, A Oct4 [ DNA JF81 B A
Octd JEPH 44 sk iy, 2R GIMEN VIRERE D), S5
WO SR EE 8K pLEGFP-N1 M358, My 8 H 300 s 3%
o EERL S B R IA A, A IR I e SR E
R ARIEFEAAPY I CMV 5 3h 1 3% A PR s 3L A
J% EGFP &P, [] i 38 it il 1) A\ pLL3.7 Bk %
Bx U6 JH 81 CMV Ja 31 GFP J¥41, HEit
AT S B AR B I 1 R B R PR e B R
HEAFI SR G pLL3.7 BHATELL, M
19 1 PR o KL DA i 1 EE A R AR (B 1).

S'LTR  Psi FLAPBy, Pow GFF~ WRE 3'SIN-LTR
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Paw +defined  3'LTR
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Fig. 1 The schematic diagram of modified pLL-3.7
for reprogramming experiments
(a) Vector map of pLL3.7, which was modified by removing the U6
promoter, CMV promoter and GFP. (b) Vector map of pLEGFP-NI
cloned to reprogramming factors. (¢) Vector map of modified pLL3.7 for

the reprogramming.

1.2 JERRILR A4 ARRRTIE S

WU PRZ) 60 KA AL b - KA - KA 5=
TCAEHENR L, R AP FRE G L4t
MR, IR A 10%/64 3% (Hyclone 23
)[R DMEM(Hyclone /A 7). K T R4S V254
Y DU R ¥ JFORL PLL-hOCT4/pSOX2/pMY C/pKLF4 Fl
f,%% 41 4» pMDLg. pRSV REV 1 pVSVg #| 293T
M, 12~16 h JFHPTEFRE IR, WidE % 48 h

ST B, SRR SN N B iR J L A 4
BT TR, 4 BE O 1105 FL, BN
T &R 10 mg/L Polybrene(Sigma 2 7]) Al 10%Jifi
A M3 () R B DMEM, 9 83 L J5 28 3 R+
MO FRI, BRI A 1000 U/ml LIF (Chemicon
A7) 4 pg/L bFGF(Sigma 2 7)) & 15%]if 4 i3
(Hyclone 2 &) [¥] =14 DMEM(Hyclone A #]), 4ilfifd
ARG, Dispase I (Roche 2 Al )7 1L
Ja AR 12.5 KNG JLRCER 4 9n f i) 5% 2 |
I 40 PRS2 AE 37.5C « 5% CO, ANGEE F
B TR IR,

1.3 BiFESHENELEE

1.3.1 RT-PCR & ill. [ Trizol ik 7 (Invitrogen
AN EDARERSE iPS A M, SRS HEECAN LS RNA, §%
M cDNA 55— 854 kR & i W 5 1 cDNA. %
SEGIWY A N IE N, KIf4. c-Myce 514 5 41 [H
1.1 PN S @ LY, KRS
pOct4 L35, 5" TATAAGCTTGCCACCATG GC -
G GGACACCTGGCTT 3', Fiif, 5 AAAGGA-
TCCGCGTTTGAATGCATGGGGGAGCCC 3’ ;
pNanog 37, 5’ CTTCTCGAGGCCACCATGAGT-
GTGGATCCAGCTT 3', Fif, 5" GCGAAGCTT-
CATATCTTCAGGCTGTATGTTC 3’; GAPDH L
W, 5" TTGGTATCGTGGAAGGACTCTA 3',
W, 5" TGTCATATTTGGCAGGTT 3.

132 MW, 0.1 mg/L BKKAlZ (Sigma 2 7))4b
HA% iPS 4 2.5 h, JEREEVH A EE T 0.075 mol/L
KCl, 37°CWEHE 25 min, [ 5EW(TEE @ VKBS =
30 DIE 10 min, BOFEEES 3 K. BEkg i,
W h, Gimsa ett, T8, EHi. SAE U
BTN AR BRAT 53 B et AR BT X

133 RN, IS 4% % BB,
1%2F 113 1 2 F(BSA) E i 14 30 min, I—$t
H BT Octd(Abcam A H]).  LLI=EHT Nanog(R&D 2
7))~ BLPL SSEA-1(Chemicon /A ). FlHT SSEA-3
(R&D 7> 7). R i SSEA-4 (R&D 24 ). i
TRA-1-60 (Chemicon A # ). il $T TRA-1-81
(Chemicon 24 7)), % 1 : 200 Fi B 5 4°C W & i
. PBS ¥E3 W, CY3 ZL{05 kric 19 — Ptk
10200 ko = WLEDLIFE 1 h, PBS¥E3 X, H
1 mg/L [¥] DAPI(Roche /A 7))HEAT 4 M A% 44 {4 1 min
Ja 9 P MERE R

134 TRMEREERERAL (. 4% 2 I8 TR e 40 i,
N IR P % R 1 (alkaline phosphatase, AP)4% i i3F
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T, LU S (0 20 A% (0 ol o k0 S50RE Ay
FHPE.

1.3.5 RN LK. Dispase I i 465 iPS 40 i,
JC I3 DMEM & 40 M8 J5 v 5 31 Fe 5% 6k B iR
(BALB/C-nu) 5l B2 &, v 4T 8 JAJG AbSERR B, HY
JfRE A 2R 4% % SR FE ] o S AT I AR A4 Gt

2 &% R

2.1 ¥ iPS HRRAIE L

PR AT A0, 2B (R B 5 R 12 183 TR e I L
YA, fETaMMETRIGTR 6~7 Kn, A
JUSET e MRS THR R A8, DRSENR JL K
LT U0 M T2 KRR B AR i IR, AR AR
K. Dispase Il A (¥ 152 3R % 40 o 7140 77 2 4 g |
F4 1000 U/ml LIF F1 4 pg/L bFGF ()41 i 5 7%
WEFRAAE N, RIS E 15~ 16 K, U E
(AR AN T BT . s A eE N A4
DR DRSS TR 3 NN 9 e o 1 S =T
1 4RI DL T, 200 s ke R BERG 3~ 4 A%
PRk, RSV R KA AER e (8] 2). xiE =58
13 AR iPS A MLBEAT 2B 0 AT o, 4 iPS 4l
PR HOh 38, XY IEF LA 3).
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Fig. 2 Visible morphology change in the process
of cell reprogramming
(a) A phase contrast image of PEFs. (b) A phase contrast image of
visible morphology changed cells began to emerge 6 days after 2 rounds
viral infection. (c) A representative iPS colony after serial passage
resembling ESCs.
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Fig. 3 A representative metaphase spread of iPS cells

2.2 RT-PCR #&ill

RT-PCR Il B 52 DAl 1 il 2 115 5 10 iPS
M AH G 2 RevE BRI R G, 4 iPS 41 il Kk
Oct4. c-Myc. KIf4 Fil Nanog JE[H, AHIFI A A%
G )L AT 4E 40 i 26 JA Nanog 2EH, ANFRIA Octd.
c-Mye. Klf4 FEAHICIEH (K] 4).
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Fig. 4 RT-PCR analysis for expression
of pluripotency genes
1: PEFs; 2~ 3: Pig iPS cells; 4: Mouse ES cells.

2.3 AP 32

AP 75 R IR B 40 M b A R s Ak, T
UL 2 i b R BB A, B ARk, AP
(PR IA S —Fh ES 4 f S AH 5G40 B 1) B ZRFE 2
. AP Beti g5 B R B e R il B S S I
iPS i1 AP Z&ik P (& Sa).
2.4 ‘RAARIERAEN

0 0 G 2 B AT I o, 5 SRR iPS 4l
12215 Oct4. Nanog. SSEA-1 (/& 5b~d), Xf
T Octd R ATI, 4517 S5 PR e R 1 4
JLAEHEA 20 B v B Octd 25 11584 1L, EGFP
N SRFIE AN ML) Octd B (AN A 5 fHE, EGFP
RIS GG YUR 41 B Octd 5 [ R IE K7 23
—MEBHPE( Sc), #EAHTFESAE T, Nanog £ 1 113E
BTG B SEVR h I8 EGFP 5k AN3K A EGFP (1)
a2 18] ¥ A5 % 5. SSEA-3. SSEA-4. TRA-I-
60, TRA-1-81 S5 [ iR W3R IA.
2.5 ERBRIESKLE

PR e B 7l A R 5 IR iPS 4N i 7
BALB/C #F T 8 il JE B s i it Rg, HE (i
iR WoRTE M IR AL RN AR UL AR
B S =N Z R A R R 6).
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(b)

Fig. 5 Pig iPS cells express pluripotency markers

The pig iPS colonies stained positive for alkaline phosphatase (a). The immunofluorescence staining of pluripotent markers Nanog (b), Oct4 (c), and

SSEA-1 (d) in iPS colonies. Specific localization to nuclei was confirmed by staining with DAPI (blue).

Fig. 6 Pig iPS cells are pluripotent

Hematoxylin-eosin staining of teratomas showed it was composed of various types of tissues, including neural-like tissue (a, ectoderm), gut-like tissue

(b, endoderm), cartilage-like tissue (c, mesoderm).

3 it it

Oct4. Sox2. KIf4 Al Myc PUAN PR 5& A1+ H |
CA M-S H /AR A, KR, g e0sE
(1) iPS 4ii e, - HAE AR T/ BN R YA R
DRI 14, B 5 T Ath A7) Pl 1 400 B 4 22 i PS4 s 1o,
UESE T A TAN R A Z R PYAS B e PR~ HAT v B 1)

PRSFIE. AEAR YGRS A T ORI T A Octd 2
I, N5HE 0 Octd Ze DR P41 22 T4 90.2% 14 [
P, o = AR E B BRI T, DU RE R T
R I AL5 BENS BT T LB K iPS 40, M
MAESE T PUASPRGE 7 il 3R IR 7 PS5
SO RAT AT, MR SR A
ST BARAE R R D A i BAT 58 PREES ik
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RS e e S, H AT o — P R SE R
B TR 12 N 2 R N1 2 1 A 2 9
SR, AN A T B S B AN L R 5 N T
TG K41 DNA b, iSRRI B A 15
0 a1 53 2T R AR AR e RIA . FEARVGRE
FI 2% #N FAMNE R 2 R -5 EGFP [AfkG 5
B S HAE I iPS 4, TESKE T RkA AP
EGFP A5 mi A4 i S f i B2, Mmoo 57
Rl B B I AR A MR e PR 77 S A R R
R AENL IR A5 7 TP N B0 T kAl . 2009 4F
Zhou 5T Kim S502058 ik 5% FH 45 7 41 A 2 BT 17
ANJEPR e R T s 5 N RURIN TR iPS i, R
AR B A5 T A MIRE DR (1 B B AR e 2 B 2 SRV A
()20 Mg AL AR S5 A T, DRI AR 123 F A 3 R
P52 A7 EGFP fility 2 (1R a0 25 1, it s 4
i 25 BT A58 B s R P il B 11 FH 14 iPS 4l e
(15T, B2 A iPS 41 I 22 4 H B 5 S,

T Ik AR PR DR R R B BRI, AR RR
SE R TFAERE iPS 4 HIAEVE ok 2 5Ud T AR IR BRI
KVFRIE, DB T E R IR R, Ui T 4k
S i 554> T G B T % iPS 40 i 5 AR5 L R A
AN 58 4 T G P2 1) 7 4 0 4/ 5 35 DR AT Ak s R B R
A, Zhao I EGFP 1 Ky 2% Jebsic % 5 A1 iPS
i ffo b I, EGFP RIA YT /R4 iPS 41 fu i
SEAE R, BEGFP [f3RIA Bon iPS 41 kb T A
SEAE YA, Yu S0 R I DR AR I R R 5E 4
FERIN iPS 405 N ES 4i i Octd )85 KF—
F(. Maherali 509K H AN B & 7 16015 5 A i
UESE T/ APS 41 B Bos AN P 2 BT IR R IA A
7 iPS A AE K BT, ARZ IR R s T
iPS 41 T 1 J TG 11 P P 22 e SRR A2 DL A
TN E KR E, AMIEPERR & B 1E iPS i
A FUURCIRAS . Wu SR04 = A (18 iPS 41l fR e
JES R TARC RIS 7 5 N ES 41 fg3E 4 AH
L, #i% SSEA-3. SSEA-4. Tra-1-60 1 Tra-1-81
ST RRIC, AF ik SSEA-1. 1 Ezashi 514 37
1 %% iPS 41 il % 15 SSEA-1, /N ik SSEA-3 Fl
SSEA-4. FAT@E L F AN Octd. 4% Sox2. KIf4H!
c-Myc S5 WU E R 735 5 AR iPS 41, 5
Ezashi Z5PHRIE 1145 FAHLL, AIRIA SSEA-1, A%
15 SSEA-3 I SSEA-4. AN[A|/NALE S 7= A4 1 iPS
N MUAFIEAE A3, IX ] BES AR R 556 % R H 1)
PRI R AF S 1PS G G A R AN ) A7
5. Chin ZIBFFRIL, W LA FARELA iPS

SNMLFIN ES g RIS K, 45 R 2o EL
T iPS 4 (55 54~ 61 AL) ELACEUIK 1 iPS 4 fi
(B 5~9f0O)FEIE T ES 4ife. hskrr i, HSr~
AR APS A AR RS R TR R i A T REIE D 5
M. EIRATHI SIS RE T, HE iPS dh M)
TR e S R 2 5 10~ 13 AR iPS 4l i, =
FAREL LA 1) iPS 4L, AT BEA7AE 050 40
GFEATEAS. W T IERAFREF N T A
iPS 4 f R FAE 22 7 I B LRI ASTS 48, nTRE S A
A (19 iPS 411 2 (1) T G PR AN ) A7 K.

A5 FH AN B s DR 7~ Rl B 1 P B 3 A 8044 Rl
DIH T4 iPS 4 )i 5, IR IBERHE 48 SMIE R
S8 DR A0 g R I A v 1R R AR LIRS £ R RN
FURIFME iPS 4 M S5 AH O¢ TAE 555 T 34l
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Generation of Induced Pluripotent Stem Cells From Porcine Fibroblasts®

YIN Hui-Qun””, CAO Hong-Guo"?", SUN Xue-Ping?, XUE Yi-Jie", ZHANG Wei-Qin", HUANG Wei-Ling",
TAO Yong"?, LIU Ya"?, LI Yun-Sheng"?, ZHANG Yun-Hai" """, ZHANG Xiao-Rong"?™"
(" Anhui Agricultural University, College of Animal Science and Technology, Hefei 230036, China;

2 Local Animal Genetic Resources Conservation and Bio-Breeding Laboratory of Anhui Province, Hefei 230036, China)

Abstract In order to establish pig induced pluripotent stem cells (iPS) with defined factor fusion protein, four
defined factors genes Oct4, Sox2, c-Myc and Klf4 were delivered into porcine fetal fibroblasts by lentiviral
transfection. The porcine fetal fibroblasts expressed exogenous defined factor genes were sub-cultured, and the
clear-cut cell clones were gradually isolated. The cell colones grew at similar rates and stability, exhibited normal
karyotype, and expressed alkaline phosphatase, Oct4, Nanog and SSEA1. And these cells could differentiate into
various kinds of tissue in teratomas. The results confirmed that the isolated cell clones were iPS cells. This would
greatly facilitate the further improvement of the induction protocol and in-depth study and application of pig iPS
cells.
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