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Table 1 Primer sequences for the Real time PCR

Gene Sense

Anti-sense

Endogenes
Oct4 (NM_002701)
Sox2 (NM_003106)
KIf4 (NM_004235)
c-Myc (NM_002467)

5" ACTCCTGCTTCGCCCTCA 3’

5" TCGCAGCCGCTTAGCCTCGT 3’
5" GACTCACCAAGCACCATC 3’

5" CCTCATCTTCTTGTTCCTCCT 3’

5" TCGGATTTCGCCTTCTCG 3’

5" AACAGCCCGGACCGCGTCAA 3’
5" CAGCCAGAAAGCACTACAA 3’
5" ACAGCGTCTGCT CCACCT 3’

Transgenous
Oct4 5" GAAGGATGTGGTCCGAG 3’ 5" CTTCGTGGCTCAGTTTG 3’
Sox2 5" GCTCCATGGGTTCGGTCAA 3’ 5" ATGGTTAGAAGACTTCCTCT 3’
Klf4 5" ATCCCGGCCCGATGGCTGTCAGC 3’ 5" ATAATTAGTACACTGGTAGC 3’
c-Myc 5" TGTTGAGAGCAACCCA 3’ 5" TCTCCCCGAAGGGAGAA 3’
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W, 10 nmol/L vitamin D HMXKF -DMEM 1
FE2 . M REAMES; . W 100 wg/L
activin-a [) DMEM 355 LN RE£E 5% 2 J, W52 3L
] P VR 4 2R 2 O A B
1.10 Zita R

SE B -PCR Kyl 45 A S B bl 22 (v 2 5)
N, JFEPIHUE R W . SEEHHE R
it 2E o Mk SPSS17.0 AR FE, LL p<0.05 K2
L E S '

2 & R

2.1 #EENEERETFRIRM ARG S ASCs

P& UL I Oct4/Sox2/Klf4/c-Myc & K 3 %1 L
T2A. P2A Fl E2A JufFiEATi%EH:, 4fi\ pIRES2 Jit
Rk, TERLL CMV A JH 31 (1 B — FF Ji ] 52
HE(K 1a). 2A JofFHATBIESS 75 B SR A 1k
HIRBIYIDRE, DRI, AL TR B A e S
BE, 4 ANBITAE 2A Jo it B BB D) SRS K
IR BN IOR R AR L 4 NIRRT H . PR



2013; 40 (5)

HEER, % IR FRIEREARN THEANES S ETHEA

-439-

PRIE AT 5 (IRES) /2 mRNA 43 I (17 AF 573 il 4
MR A shBl e — Mmoo, BAET
WP N FRIE M ThRE, Ab T FUF MR IE T GFP [
PR TT LT B S e H Bl (1 R R B R

W JIg 07T 40 AR AR 258 6 18R, %+ ASCs 41l g
AT ¥ g3, DU L R 1124 iPSCs W5 548 1
K. HAFT AN TE & D A K40k 1b)s FE 5
48 h Ji, EPEWAEE T (40 )WL 5 GFP Kiklh
WK 1b, ©), 2T 50% [0 M ¥ 4 55 AN [+ 1) 45
O, FU ORI Y AN M J5 JHEAT TR Rk, A
KB YR, AR SE 4 RGBT IR
P 2 RIGFRPAMI G, MRARKEFR, B s
k.

(2) (b)

© (d)

Fig. 1 Generation of a polycistronic plasmid

expression vector for ASCs transfection
(a) Schematic representation of plasmid vector and 2A-linked fusion
gene (OSKM). Four defined transcription factor (Oct4, Sox2, KIf4, and
c-Myc) were fused in-frame via 2A sequences. (b) Morphology of ASCs
in 6th passages. (¢) and (d) Comparative representation of GFP
expression in hASCs after transfection of OSKM-plasmid 48 h. Phase

contrast (c), GFP positive fluorescence (d).

2.2 iPSC HYIEII R H & e

LIS 3 AN G A M AT SR, ] Wk
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Fig. 2 Morphology of cell colonies

forming and GFP expression
(a) Morphological changes in forming cell clones after ASCs transfected
3 weeks. (b) Morphology of generated cell clone after ASCs transfected
4 weeks. (c) The morphology of ASCs derived cell clones in phase

contrast. (d) GFP positive colonies were observed.
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Fig. 3 Generated iPSCs expressed pluripotent markers

(a) Alkaline phosphatase staining of the ASCs indicated weak AP activity of these cells. (b) The AP straining of the early clones derived from

OSKM-induced iPSCs showed strong AP activity. (¢) Human ES cell-specific surface antigen staining of iPSCs. Immunofluorescent staining
demonstrated that the iPSCs were positive for OCT4, NANOG, SSEA-4, and TRA-1-60 (red), Hoechst (blue), and merger.
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Fig. 4 Generated iPSCs expressed pluripotent marker genes and did not contain plasmid vector integration

(a) RT-qPCR analyzed the expression levels of exogenous and endogenous defined factors in passage 2 iPSCs, relative to GAPDH (100%) expression.

(b) RT-qPCR analysis of the expression level of the exogenous and endogenous TFs in passage 5 iPSCs, relative to GAPDH (100%) expression. B :
q Y p j i passag p

Endo; [: Exo. (c) Karyotype of generated iPSCs was normal 46 XX. (d) Southern blot analysis of plasmid integration in iPSC lines genomics. ASCs

(as control) and iPSCs DNA was digested with BamH | . Hybridization of the same molecular mass fragment using Sox2 and kIf4 probes indicated the

absence of plasmid sequence insertion.
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Fig. 5 ASCs-derived-iPSCs exhibit pluripotency

in vitro and in vivo

(a) Phase-contrast images of embryoid bodys (EBs) generated from iPSC
clones in suspension culture. EB was formed in suspension culture 3
days. (b) Immunofluorescence staining of differentiated cells derived
from iPSCs with antibodies specific for lineage-specific markers: GFAP
(ectoderm marker), (¢c) BMP2 (mesoderm marker) and (d) AFP
(endoderm marker). (e)lmages of teratoma formation in nude mice. (f)
HE staining of the teratoma formed by iPSCs. Teratoma formed all three
embryonic germ layers including ectoderm tissues (stratified squamous
epithelial), (g) Mesoderm tissue (muscle), and (h) endoderm tissue
(gland).

M5 b Z RN 5 EHFEIA MM, c. 4
IR e AN A0 AL SR I, 5341, AE 5 3] DNA
BTN, B R IRANNE, 75 32 B AP U
SUERAE, ANEEAEAIRKN. Brel, Prizdiig
oA RIFEr T AL AL UL by TN e
QEBAT TG FR R AP 22,

ASCs HATZ 0 1b il e, bR T Rkl iR
R PE 2 Ah, bk KLF4 4. KLF4 42\ h
5 QL R TR B R, i e O A I A
21 0 171 22 £ 40 PR FC) G R R 110 PR 1 TR 222,
A, ASCs B Z K 4k 40 i o 2 WL 1ot A4 1 4%
TR E AR, 5 S K iPSCIT. IR
FURI, ASCs 1] 3h Z P AR K K7, AMEA,
15 M N A K I (VEGF). 88 £ K W7
(TGFB). fibronectin-1. vitronectin, i fig 77 Wb 4E £
KR A FEEL Y 2 AR 7 bFGF fil LIF 2,
ASCs [MIXEeHEME, AR 770 LR Z A MRS T
BT G FE.

AL 25 BRI #8547 B DY (Octd/Sox2/
Klfd/c-Mye) 1) 2 i Jz ¥ kL 84 4% 4% ASCs, W] 7E
JC SR A M 4k A T L AR b iPSC,  H 4R
AN 0.006%~0.01%. iPSCs H. A KA ES 4
MUEPE, FERWANE L = IR 2 gl RE S, IF
H, TR TFIEN /4 iPS JER A F, 17
B N SRR Gz HE R A HE A, R A RS A
VRIT BN BE T S A

2 % x M

[11 Zou J Z, Sweeney C L, Chou B K, et al. Oxidase-deficient
neutrophils from X-linked chronic granulomatous disease iPS cells:
functional correction by zinc finger nuclease-mediated safe harbor
targeting. Blood, 2011, 117(21): 5561-5572

[2] Zhang F, Citra F, Wang D. Prospects of induced pluripotent stem
cell technology in regenerative medicine.Tissue Engineering Part
B: Reviews, 2011, 17(2): 115-124

[3] Zhang D H, Jiang W, Liu M, et al. Highly efficient differentiation of
human ES cells and iPS cells into mature pancreatic insulin-
producing cells. Cell Research, 2009, 19(4): 429-438

[4] Shao L J, Feng W, Sun Y, et al. Generation of iPS cells using
defined factors linked via the self-cleaving 2A sequences in a single
open reading frame. Cell Research, 2009, 19(3): 296-306

[5] Stadtdeld M, Nagaya M, Utikal J, et al. Induced pluripotent stem
cells generated withour viral integration. Science, 2008, 322(5903):
945-949

[6] 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

[71 Marion R M, Strati K, Li H, et al. A p53-mediated DNA damage
response limits reprogramming to ensure iPS cell genomic
integrity. Nature, 2009, 460(7259): 1149-U1119

[8] Kim J B, Zaehres H, Wu G, et al. Pluripotent stem cells induced
from adult neural stem cells by reprogramming with two factors.
Nature, 2008, 454(7204): 646-U54

[9] Huangfu D, Osafune K, Maehr R, et al. Induction of pluripotent



2013; 40 (5)

HEE, & ZIRFREERREZE AR THBRAES

AET4HAm o443

stem cells from primary human fibroblasts with only Oct4 and
Sox2. Nature Biotechnology, 2008, 26(11): 1269-1275

[10] Liu T, Wang Y J, Tai G P, et al. Could co-transplantation of iPS
cells derived hepatocytes and MSCs cure end-stage liver disease?.
Cell Biology International, 2009, 33(11): 1180-1183

[11] Ryan D, Watts C, Liu P. Human induced pluripotent stem (Ips) cell
derived neural stem cells in malignant glioma. An autologous trojan
horse in therapeutics delivery. Neuro-Oncology, 2011, 13: 10

[12] Gruber H E, Somayaji S, Riley F, et al. Human adipose-derived
mesenchymal stem cells:serial passaging, doubling time and cell
senescence. Biotechnic & Histochemistry, 2012, 87(4): 303-311

[13] Mizuno H, Tobita M, Uysal A. Concise review: adipose-derived
stem cells as a novel tool for future regenerative medicine. Stem
Cells, 2012, 30(5): 804-810

[14] Qu C Q, Zhang G H, Zhang L J, et al. Osteogenic and adipogenic
potential of porcine adipose mesenchymal stem cells. In Vitro Cell
Dev Biol Anim, 2007, 43(2): 95-100

[15] Chou B K, Mali P, Huang X S, et al. Efficient human iPS cell
derivation by a non-integrating plasmid from blood cells with
unique epigenetic and gene expression signatures. Cell Research,
2011, 21(3): 518-529

[16] Sun N, Panetta N J, M.Gupta D, et al. Feeder-free derivation of
induced pluripotent stem cells from adult human adipose stem
cells. Proc Natl Acad Sci USA, 2009, 106(37): 15720-15725

[17] Sugii S, Kida Y, Kawamura T, et «/l. Human and mouse
adipose-derived cells support feeder-independent induction of
pluripotent stem cells. Proc Natl Acad Sci USA, 2009, 107 (8):
3558-3563

[18] Okita K, Matsumura Y, Sato Y, et al. A more efficient method to

generate integration-free human iPS cells. Nature Methods, 2011,
8(5): 409-U452

[19] Huang J J, Wang F, Okuka M, e al. Association of telomere length
with authentic pluripotency of ES/iPS cells. Cell Research, 2011,
21(5): 779-792

[20] Pei D Q. The magic continues for the iPS strategy. Cell Res, 2008,
18(2): 221-223

[21] BREHE, W, phET e, 45 BRE P -5 5 R 2% R 2T 4 4 0 2 2
PN Z RETEA B, Lt 5 AW Bt R, 2010, 37(6):
607-612
Yin H Q, Cao H G, Sun X P, et al. Prog Biochem Biophys, 2010,
37(6): 607-612

[22] Cui C, Rao L J, Cheng L Z, et al. Generation and application of
human iPS cells. Chin Sci Bull, 2009, 54(1): 9-13

[23] Schuetz A, Nana D, Rose C, et al. The structure of the Kif4
DNA-binding domain links to self-renewal and macrophage
differentiation. Cellular and Molecular Life Sciences, 2011, 68(18):
3121-3131

[24] Tang Y, Lin C J, Tian X C. Functionality and transduction
condition evaluation of recombinant KIf4 for improved
reprogramming of iPS cells. Cellular Reprogramming, 2011, 13(2):
99-112

[25] Jeffreu M G, Mark E N. Adipose-derived stromal/stem cells (ASC)
in regenerative medicine: pharmaceutical applications. Current
Pharmaceutical Design, 2011, 17(4): 332-339

[26] Marconi S, Castiglione G, Turano E, et o/. Human adipose-derived
mesenchymal stem cells systemically injected promote peripheral
nerve regeneration in the mouse model of sciatic crush. Tissue Eng

Part A, 2012, 18(11-12): 1264-1272



*444- EYUESEYYIRHRE Prog. Biochem. Biophys. 2013; 40 (5)

Reprogramming of Human Adipose Mesenchymal Stem Cells to Induced
Pluripotent Stem Cells Using a Polycistronic Plasmid"

QU Xin-Jian, LIU Tian-Qing"”, SONG Ke-Dong, LI Xiang-Qin, GE Dan, GUAN Shui
(Dalian R&D Center for Stem Cell and Tissue Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract In order to establish a polycistronic plasmid delivery system that reprogram human adipose stem cells
(ASCs) into induced pluripotency stem cells (iPSCs), a polycistronic plasmid vector was constructed in which
defined factors were fused in-frame into a single open reading frame via self-cleaving 2A sequences. The iPSCs
were generated at 3~ 4 weeks after ASCs have been transiently transfected with the polycistronic plasmid. Then,
the iPSCs were identified subsequently »ia the morphological observation, immunofluorescence with specific
antigen, embryoid body formation in witro and teratoma formation in wvivo. The results demonstrated that the
characteristics of these generated iPSCs resembled embryonic stem cells (ESCs) in terms of the expression of
pluripotent markers, and the ability to differentiate into the three embryonic germ layers in vitro by embryoid body
generation together with in vivo by teratoma formation after injection into immunodeficient mice. Remarkably,
Southern bolt revealed that the human iPSCs were not integrated with plasmid DNA sequence. Therefore, hASCs
derived iPSCs has the pluripotency using polycistronic plasmid method, which provides a useful platform for the
further study of hereditary or degenerative disease therapies with the potential to bypass both the insertional

mutagenesis and immune rejection barriers.
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