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Generation of A Human Induced Pluripotent Stem (iPS) Cells Line
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Abstract: To master the technology of reprogramming human somatic cells to iPS cells and set up a techni-
cal platform to reprogram human cancer cells into iPS cells. Under human embryonic stem cell (hES cell)
culture conditions, human skin fibroblasts (CCD-1079SK) cells infected by lentivirus mixture harboring Oc4,
Sox2, c-Myc and Klf4 genes were induced into hES cell-like colonies, following characterization were done
by comparatively analyzing hES cells markers: colony morphology, alkaline phosphatase (AP) activity, the
expression profile of ES cell-marker genes, karyotype and embryoid body (EB)-mediated in viiro differentia-
tion of CCD-1079SK cell-derived hES cell-like colonies. The results showed that human iPS cell line (iPSC-
1) was generated from CCD-1079SK cells by introducing four genes, Oct4, Sox2, c-Myc and K{f4, under hES

cell culture conditions. iPSC was similar to hES cells in morphology, proliferation, hES cell-specific surface
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anti-gens and gene expression. Additionally, iPSC could be cultured in suspension to form embryoid bodies

(EBs) and differentiate into cell types of the three germ layers in vitro, in addition, human iPS cell line is

successfully established, which will lay a solid foundation for performing cancer cell reprogramming by us-

ing iPS cell technology.
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) AP,
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48 , EBs 0.1% 12
iPS hES d, .
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3) RT-PCR CCD-10795K 5.18 d RNA,
iPS RT-PCR N
CCD-1079SK iPS.hES. 2.
CCD-1079SK RNA, RT-PCR
1 RT-PCR
Table 1 The primer for RT-PCR detection of gene expression
Gene Primer sequence Annealing temperature/°C Product of PCR/bp
Oct4 (Total) P1: AGAAGGATGTGGTCCGAGTGTG 55 400
P2: CCACCCTTTGTGTTCCCAATTCC
Sox2 (Total) P1: CGCCCCCAGCAGACTTCACA 55 170
P2: CTCCTCTTTTGCACCCCTCCCATTT
Kif4 (Total) P1: GCGGGAAGGGAGAAGACA 55 384
P2: CCGGATCGGATAGGTGAA
c-Myc (Total) P1: AGTTTCATCTGCGACCCG 55 439
P2: CCTCATCTTCTTGTTCCTCCT
Oct4 (Endogenous) P1: GGGAGGAGCTAGGGAAAGAAAACCT 55 142
P2: GAACTTCACCTTCCCTCCAACCAGT
Sox2 (Endogenous) P1: TTAGAGCTAGTCTCCAAGCGACGA 55 289
P2: CCACAGAGATGGTTCGCCAG
Kif4 (Endogenous) P1: GCAAAACCTACACAAAGAGT 55 346
P2: GACCATGATTGTAGTGCTTT
¢-Myc (Endogenous) P1: GGAACAAGA AGATGAGGAAG 55 610
P2: TGATTGCTCAGGACATTTC
Nanog P1: ATGGAGGGTGGAGTATGGTTGG 55 206
P2: AGGCTGAGGCAGGAGAATGG
Lin28 P1: GGGCATCTGTAAGTGGTT 55 483
P2: GTAGGGCTGTGGATTTCT
REX1 P1: CCTAAACAGCTCGCAGAA 55 353
P2: CAGCCTTGAAAGGGACAC
Sall4 P1: TGATGGGAGACCAGGAGT 55 488
P2: GCGGGCTGAGTTATTGTT
GAPDH P1: GCACCGTCAAGGCTGAGAAC 55 138

P2: TGGTGAAGACGCCAGTGGA
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2 RT-PCR
Table 2 The primer for RT-PCR detection of gene expression

Germ laye Gene Primer sequence Annealing temperature/°C Product of PCR/bp
AFP P1: AGAACCTGTCACAAGCTGTG 55 676
Endoderm P2: GACAGCAAGCTGAGGATGTC
Amylase P1: 55 492
P2: GACGACAATCTCTGACCTGAGTAGC
cACT P1: TCTATGAGGGCTACGCTTTG 55 630
Mesoderm P2: CCTGACTGGAAGGTAGATGG
Cardiac-actin P1: TGACTTCAAGTCGCCTGATGATCCC 55 490
P2: TGCGTCCAGCAAAGATTGCCTTGTC
NFH P1: TGAACACAGACGCTATGCGCTCAG 55 398
P2: CACCTTTATGTGAGTGGACACAGAG
Ectoderm Sox1 P1: ATGAAGGACAAAGACCAGGGCAG 60 268
P2: CGGTTAGCAACTTGCATCCCAG
GAPDH P1: GCACCGTCAAGGCTGAGAAC 55 138

P2: TGGTGAAGACGCCAGTGGA
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Fig.1 The reprogramming procedure of human skin fibroblasts (CCD-1079SK) cells

(A) The schematic diagram of human skin fibroblasts (CCD-1079SK) cells reprogramming procedure; (B) The procedure of hu-
man skin fibroblasts (CCD-1079SK) cells transform into hES cell-like colonies; (C), (D) The morphology both human skin fibrob-
lasts (CCD-1079SK) cells and hES cell-like colonies; (E), (F) The different generation iPS cells derived from CCD-1079SK cells

(12 generations and 20 generations).
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B
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Fig.2 CCD -1079SK cell-derived iPS cells expressed typical pluripotency markers
(A) iPS cells AKP staining; (B) ICC detection of totipotentiality market gene expression.
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Fig.3 RT-PCR analysis of gene expression in CCD-1079SK cell-derived iPS cells
1: CCD-1079SK-iPSs; 2: hES cells; 3: CCD-1079SK cells.
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Fig.4 The karyotype of CCD-1079SK cell-derived iPS cells
(A) The karyotype of CCD-1079SK cells; (B) The karyotype of the iPS cells derived from CCD-1079SK cells.
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Fig.5 Embryoid body (EB)-mediated differentiation of CCD-1079SK cell-derived iPS cells
(A), (B) iPS cells suspension culture form EBs; (C) EBs adherence differentiation; (D) RT-PCR detect the specific gene expres-

sion of the EBs’ endoderm, mesoderm, ectoderm.



518

2011

, 4 CCD-
1079SK , hES ,
CCD-1079SK ; ,
AP , CCD-
1079SK hiPS
, hES ,
iPS ,
iPS
3
: 1) 791 2)
(Embryonic microenvironments) (
o] [10] i)
;3) hES
1ol 4) iPS
[12-15]
151 3
, iPS

[7-15]
iPS
) iPS
(References):

[1]  TAKAHASHI K, YAMANAKA S. Induction of pluripotent

stem cells from mouse embryonic and adult fibroblast cultures

2]

(3]

[4]

(3]

(7]

(8]

(9]

[15]

[16]

by defined factors[]J]. Cell, 2006, 126(4): 663-676.
TAKAHASHI K, TANABE K, OHNUKI M, et al. Induction of
pluripotent stem cells from adult human fibroblasts by defined
factors|J]. Cell, 2007, 131(5): 861-872.

YU J, VODYANIK M A, SMUGA-OTTO K, et al. Induced
pluripotent stem cell lines derived from human somatic cells[J].
Science, 2007, 318(5858): 1917-1920.

(iPS

s s s

cells) [J].
(SHEN Hong-fen, YAO Zhi-fang, XIAO Gao-fang, et al. In-
duced pluripotent stem cells (iPS cells): Current status and fu-
ture prospect[J]. Progress in Biochemistry and Biophysics),
2009, 36(8): 950-960.

LIAO J, WU Z, WANG Y, et al. Enhanced efficiency of gen-
erating induced pluripotent stem (iPS) cells from human so-
matic cells by a combination of six transcription factors [J].

Cell Rsearch, 2008, 18(5): 600-603.

s ’

[J]. (JTA Jun-shuang, SUN Yan,
XIAO Dong, et al. Establishment of lentivirus-mediated in vitro
gene delivery system [J]. Journal of Tropical Medicine), 2008, 8
(10): 1028-1029, 1037.
HOCHEDLINGER K, BLELLOCH R, BRENNAN C, et dl.
Reprogramming of a melanoma genome by nuclear transplanta-
tion[J]. Genes & Development, 2004, 18(15): 1875-1885.
[D].
(SHEN Xin-ming. Gene ex-
pression profiling of early embryos reconstructed by nuclear
transfer of cancer cells[D]. Guangzhou: Department of Patholo-
gy, First Military Medical University), 2003.
[D].
(DENG Xing. Effect of reprogramming on donor
nucleus of tumor cell nuclear transfer{D]. Guangzhou: First Mil-
itary Medical University), 2005.
HENDRIX M J SEFTOR E A, SEFTRO R E, et al. Repro-
gramming metastatic tumour cells with embryonic microenvi-
ronments|J]. Nature Reviews Cancer, 2007, 7(4): 246-255.
DURR M, HARDER F, MERKEL A, et al. Chimaerism and
erythroid marker expression after microinjection of human acute
myeloid leukaemia cells into murine blastocysts[]J]. Oncogene,
2003, 22(57): 9185-9191.
LIN S L, CHANG D C, CHANG-LIN S, et al. Mir-302 repro-
grams human skin cancer cells into a pluripotent ES-cell-like
state[J]. RNA, 2008, 14(10): 2115-2124.
UTIKAL J, MAHERALI N, KULALERT W, et al. Sox2 is dis-
pensable for the reprogramming of melanocytes and melanoma
cells into induced pluripotent stem cells|J]. Journal of Cell Sci-
ence, 2009, 122(19): 3502-3510.
CARETTE J E, PRUSZAK J, VARADARAJAN M, et al. Gen-
eration of iPSCs from cultured human malignant cells [J].
Blood, 2010, 115(20): 4039-4042.
MIYOSHI N, ISHII H, NAGAI K, et al. Defined factors in-
duce reprogramming of gastrointestinal cancer cells[]J]. Proceed-
ings of the National Academy of Sciences of USA, 2010, 107
(1): 40-45.



