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Fig. 1 The growth and EGFP expression of PFBs and the formation and morphology of cell clones after lentivirus infection
(a) The growth and morphology of PFBs on day 2 after 1 round of lentivirus infection. (b) PFBs showed round morphology on day 4 after 2 rounds of

lentivirus infection. (¢) Morphology of cell colonies on mouse embryonic fibroblast feeder layer cells on day 2 after the 10th generations.
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Fig. 2 AP-positive staining of the 6th generation cell colonies and the normal karyotype of the 4th generation cell colonies

(a) AP-positive staining of the 6th generation cell colonies on mouse embryonic fibroblast feeder layer cells. (b) The normal karyotype of the 4th

generation cell colonies.
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Fig. 3 Expression of stem cell markers in the 9th generation cell colonies

(a) Growth morphology of the 9th generation cell colonies for Oct4 protein assay. (b) The morphology of the 9th generation cell colonies for Nanog

protein assay. (c) The morphology of the 9th generation cell colonies for SSEA1 protein assay.
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Table 1 The effects of different donor cells on in vitro development of embryos reconstructed from nuclear transfer

No. of Reconstructed

Treatment group No. of cleavage (%)

Total cell number of

No. of morula (%) No. of blastocyst (%)

embryos blastocysts
PFB-lentivirus 144 75(52.33+5.18)" 13(9.03£1.68)" 3(2.07£1.13) 26.5(26.5+6.4)*
PFB-non-lentivirus 155 105(67.57+3.78) 30(22.25£2.35)° 12(7.73+0.97)° 38.5(38.5+£11.0)°

Different letters in the same column represented a significant difference (P < 0.05).
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Fig. 4 In vitro development and in vivo differentiation of cell colonies

(a) Cell morphology on day 1 (A1) and day 18 (A2) after cell colonies developed into EBs. (b) Cell morphology on day 20 after cell colonies developed

into EBs. (c¢) Formation of teratoma in BALB/C nude mice 6 weeks after subcutaneous injection of cell colonies in dorsal abdomen (B1, B2), and

formation of endodermal intestine cavity-like tissue structures(B3), mesodermal muscle-like tissue structures and mesodermal bone-like tissue structures

(B4, BS5), ectodermal neural-like tissue structures(B6) in tumor tissues. (c) In vitro development of hatched blastocysts constructed by nuclear transfer

from cell colonies and H33258 staining of hatched blastocysts.

3 it it

RS, W S s
PRI A, TEARMETCH, 120N 3% EGFP fig

filo 70 SR LR ET i 40 B A e A AR s . =

s, IR TG M IR L AT 4 40 A TE 2
B DA 3 i R0 AR A Ty AR T i S I AR AE PR AR A
Hacein-Bey-Abina 45U/ 7E &b 2 7% 5 4 92 Bl B (severe
combined immunodeficiency-X1, SCID-X1) 195 A B
RIN, SRR T IR e NS 3 20 M



. 62 - L SRR

Prog. Biochem. Biophys. 2013; 40 (1)

B RE DN OS ,  T00 o0p 1 ale  BE B AT 5 b
PR BEN LA G 2015 40 Mo LR AL,  IX PR 3
fensh S U e S E R P E e NP SR INTES £ &
MR A B, R AR R A R ) o34 R
FIRA, MfEERK T, TEERIERIE R R IA S
77 T IURFAE PR AR A 10,

1503 15 IR AL RS T BURE IR JLISGET 4L 40 I B s
iPS 4 ffi, #IA AP. Oct4. Nanog. SSEA1 %5T-4i
MIIFRIC, EARA TR g . sk, BHTR
L, LR A i E) ES iR W B ES, B
W, SERUARGE A M) iR — R R, Bk
W15 2234 SRS, XL 2 e i B A TR
A ES 4l AR 22 Be e, ZENUARSS B AN 412301
VFZ M e oA KRk, R ET2
R TG0 M 1 AP, BRSO IE, R R AR T
SIS R A B 2 0 A G B R VR I BT 40 PR B
B JEAREST, 18R R SRR 2 BU G )L
FSETHEL0 R A iPS 4, ATl h, {Ei80nEE
YRR R A AR M A A 2 o A G R T sl I, 7
T2 MBS TR PR 4 A T 1 40 P S T AR 1)
AR, g Rk Oct4 FIT Nanog %541 o b ic
V5T 1K L D] (1) JE 2)) 1 Bl 51 0 g B R M s AL
B PR 52 Wi 2y PR A AR FEE, A i i Ay ) I
ST E R R B IR A T 2, L
(RVREFE LR E T A4 L ) ) P s 21,

TEABETCH, K5 T35 4 AU iPS 415 % %
BRSNS R BE R, 25 R T i aEa 1E A
THENG ) LT 4 40 B I R A b () — S8 OCEIEI], ol
AR IKECFL DRI JF 31 B KT, — S OCBERE A 1)
FMBAE B ILA L L P B0 M B ) s, IX st
I A A A A FH T AR 20 M A% A HE R SR A IR
RE BTN, BoR T XA /e pE A IR
RE SRR — 2 R A EYfs.

BRI R F i 220 4 S BROE 155
G AFPRIE I iPS 4B, AR AT FH A i 5 e
Wy H S R0 ) LT 4E 4 T 1 iPS 40 i if TG 75
ERA -, Uil TIPS M A RIS X,
BH T 40 i A I R 1 B A R NS0 4 G A A
PR PE, DRS00 224 25 o — M AR ) S5
PREA TR T 20 o G A P R W A AS 01 55 7 TH
(RIS

2 % x M

[1] 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

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

[3] Takahashi K, Tanabe K, Ohnuki M, et al. Induction of pluripotent
stem cells from adult human fibroblasts by defined factors. Cell,
2007, 131(5): 861-872

[4] Esteban M A, Xu J, Yang J, et al. Generation of induced pluripotent
stem cell lines from Tibetan miniature pig. J Biol Chem, 2009,
284(26): 17634-17640

[5] Ezashi T, Telugu B P, Alexenko A P, et al. Derivation of induced
pluripotent stem cells from pig somatic cells. Proc Natl Acad Sci
USA, 2009, 106(27): 10993-10998

[6] Wu Z, Chen J, Ren J, et al. Generation of pig induced pluripotent
stem cells with a drug-inducible system. J Mol Cell Biol, 2009,
1(1): 46-54

[71 Hall V. Porcine embryonic stem cells: a possible source for cell
replacement therapy. Stem Cell Rev, 2008, 4(4): 275-282

[8] Brandl U, Michel S, Erhardt M, et al. Transgenic animals in
experimental  xenotransplantation models: orthotopic  heart
transplantation in the pig-to-baboon model. Transplant Proc, 2007,
39(2): 577-578

[91 Hacein-Bey-Abina S, Von Kalle C, Schmidt M, et al. LMO2-
associated clonal T cell proliferation in two patients after gene
therapy for SCID-X1. Science, 2003, 302(5644): 415-419

[10] Seifinejad A, Tabebordbar M, Baharvand H, et al. Progress and

=

promise towards safe induced pluripotent stem cells for therapy.
Stem Cell Rev, 2010, 6(2): 297-306

[11] Clark A T. The stem cell identity of testicular cancer. Stem Cell
Rev, 2007, 3(1): 49-59

[12] Al-Hajj M, Clarke M F. Self-renewal and solid tumor stem cells.
Oncogene, 2004, 23(43): 72747282

[13] Caussinus E, Gonzalez C. Induction of tumor growth by altered
stem-cell asymmetric division in Drosophila melanogaster. Nat
Genet, 2005, 37(10): 1125-1129

[14] Trosko J E. From adult stem cells to cancer stem cells: Oct-4 Gene,
cell-cell communication, and hormones during tumor promotion.
Ann N 'Y Acad Sci, 2006, 1089(1): 36-58

[15] Gu G, Yuan J, Wills M, et al. Prostate cancer cells with stem cell
characteristics reconstitute the original human tumor in wvivo.
Cancer Res, 2007, 67(10): 4807-4815

[16] Hattori N, Nishino K, Ko Y G, et al. Epigenetic control of mouse
Oct-4 gene expression in embryonic stem cells and trophoblast
stem cells. J Biol Chem, 2004, 279(17): 17063-17069

[17] Yamazaki Y, Fujita T C, Low E W, et al. Gradual DNA
demethylation of the Oct4 promoter in cloned mouse embryos. Mol
Reprod Dev, 2006, 73(2): 180-188

[18] Simonsson S, Gurdon J. DNA demethylation is necessary for the
epigenetic reprogramming of somatic cell nuclei. Nat Cell Biol,
2004, 6(10): 984-990

[19] Cheng J C, Matsen C B, Gonzales F A, et al. Inhibition of DNA



2013; 40 (1) EBE, % SHRESEEESEMRE IPS BRI HEREREF 63

methylation and reactivation of silenced genes by zebularine. J Natl pluripotent stem cells by lentiviral transduction of reprogramming
Cancer Inst, 2003, 95(5): 399-409 factor fusion proteins. Int J Biol Sci, 2012, 8(4): 498-511
[20] Li L, Connelly M C, Wetmore C, et al. Mouse embryos cloned from [23] BREHE, W, PhET R, 45 BRE P -5 5 R 2% R 4T 4 4 0 2 g
brain tumors. Cancer Res, 2003, 63(11): 2733-2736 T2 e rEan . A 5 A IR, 2010, 37(6): 607-
[21] Blelloch R H, Hochedlinger K, Yamada Y, et al. Nuclear cloning of 612
embryonal carcinoma cells. Proc Natl Acad Sci USA, 2004, Yin H Q, Cao H G, Sun X P, et al. Prog Biochem Biophys, 2010,
101(39): 13985-13990 37(6): 607-612

[22] Cao H G, Yang P, Pu Y, et al. Characterization of bovine induced

Generation of Porcine iPS Cells From Fetal Fibroblasts
by Lentivirus Without Difined Factors

CAO Hong-Guo"?", CHEN Tao", YIN Hui-Qun", SUN Xue-Ping", PU Yong", YANG Pan", ZHANG Yun-Hai"?,
LIU Ya"?, LI Yun-Sheng"?, TAO Yong"?, ZHANG Xiao-Rong"?™
("College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China;
Local Animal Genetic Resources Conservation and Bio-Breeding Laboratory of Anhui Province, Hefei 230036, China)

Abstract To investigate the effects of lentivirus on the growth and development of porcine fetal fibroblasts
(PFBs), in this study PFBs were repeatedly infected by lentivirus. The results showed that lentivirus-mediated
enhanced green fluorescent protein (EGFP) had stable and efficient expression in PFBs. Under the condition with
leukemia inhibitory factor (LIF) and basic fibroblast growth factor (bFGF), some PFBs gradually changed their
fibrous growth pattern into round cell morphology. These round cells proliferated and formed cell clones with clear
edge boundary. Clones grew rapidly on feeder layers and passaged stably with normal karyotypes. These cells were
positive for alkaline phosphatase (AP) and expressed stem cell markers Oct4, Nanog, and SSEA1. In addition,
these cells formed embryoid bodies (EB) in vitro and three germ layers in vivo. After the cells were used as nuclear
donors, the cleavage rate of the cloned embryos was 53.33%, the morula rate 9.03%, the blastocyst rate 2.07%, and
the total cell number per hatched blastocyst was 26.5. Compared with embryos cloned from non- lentivirus PFBs,
the morula rate and blastocyst rate were lower and significantly different (P < 0.05). Lentivirus can result in the
generation of porcine iPS cells from PFBs, so it can be used as ideal material and tool for research such as
epigenetic modification and cell reprogramming.
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