4 {¢ HEREDITAS (Beijing) 2013 3 , 35(3): 262—268

ISSN 0253-9772 www.chinagene.cn 51‘-’

DOI: 10.3724/SP.J.1005.2013.00262

20 k1 42 0 5 = A 200 i B A2

ooRk, KW, I

100193

> 5

CRARMERBEREEER AL THE 2N RER T ERE R R Z RS RES U ARG XA A
fo. ENASAREARERBN T EERA: KERESE. EHRBE. FIHIETHE. ARHRNEFF.
HERMRNFSAREMERBRRRZAFRE N RE. AR NE, BRERELNTURGFE LR 04
Mo, MA7ERNEERBHRHERET, RREFBONG. XEMEMRFIREREREG T E, F
AR ARG SR E RN R,

WY, ERE; REREHE

Somatic cells reprogramming using cell extracts

FAN Zong-Xing, ZHU Hua-Bin, DU Wei-Hua

Embryo Biotechnology and Reproduction Laboratory, Institute of Animal Science, Chinese Academy of Agricultural Sciences, Beijing
100193, China

Abstract: The process of differentiated somatic cells to a pluripotent state or to another unrelated cell type is referred to
as cellular reprogramming. This can be achieved through somatic cell nuclear transfer, cell fusion, specific transcrip-
tion-factor transduction, and exposure to cell extracts. Cellular reprogramming using cell extracts has gained increasing
attention in recent years and has been applied to acquire the target cell types, recognize the functional factors, explore the
reprogramming mechanism. In this review, we described different methods of reprogramming somatic cells, which mainly

focused on the advances in cellular reprogramming using cell extracts.

Keywords: extracts; reprogramming; somatic cell nuclear transfer

%5 B #3: 2012-08-29; 1&[E HHA: 2012-10-09

HEE&WmAE: ( 2012BADI2B01) 2013 ( : 2013ywf-2d-2)
fEEE , s E-mail: fanzongxing1314@126.com
BiREH: , , , E-mail: dwh679@sohu.com

P 4% AR AT 18] 2013-1-29  9:22:47
URL: http://www.cnki.net/kcms/detail/11.1913.R.20130129.0922.001.html



3 263
1.3
2006 , Yamanaka Takahashi®™
’ (Induced pluripotent stem cells, iPS),
24 ,
1 4
—Oct4 Sox2 KIf4 c-Myc
11
) 4
, ) iPS o ips ,
1997 Dolly iPS
) B2009
’ Bl jps
ik}
’ , iPS
’ 2012 10 8 , iPS Yamanaka
, iPS
> iPS , )
12 Vierbuchen 19 3
Ascll Brn2 Mytll,
Marro 1%
1976 , Miller Ruddle!
(Mus musculus) (Embryonic
carcinoma cells, EC) , >
3 )
(Embryonic germ cells, EG) (Em- )

bryonic stem cells, ES)
[3.4]

ES EC EG



264 £ f# HEREDITAS (Beijing) 2013 35

A/C(Lamin A/C) ,

III(LaminlIIT) ,
2.1
2.3
; O(Streptolysin 3
0, SLO) (Digitonin) 231 fmiEL
Ca2+ . )
2.2 Miyamoto 14
) > B4
, LaminLIII , H3K9
, , 4d Oct4
2000 Sox2, “ 7,
, Kikyo HH (Xenopus laevis) Ganier 1!
M ,
, . TATA ) ,
(TATA bingding protein, TBP) iPS , iPS
, OCR2 45 Bian ¢ (salamandrae)
ISWI TBP DNA H3K9 ; H3K9
, ISWI , Oct4 ,
Hansis M2 2011, Alle-
239T , grucci MM
Oct4, , )
BRG1 , , ;
BRGI1

Alberio 1! , )



3 265
5-aza TSA s
2 2 PCR b b
b M 2
M 232 mppiEoaqe
Bui M GV ’ ’
H3KO Héakelien 2% T
H3K9 H3K14 R 2931 ’
GV R R 293T
ZINS-1E
Miyamoto 1% GV S
. , 4 B Pdx-1
1;3K9 TBP’ ’ insulin,  5%~30% Choi
[26]
S GV M ’
, 4 (
),
Taranger 2% NCCIT
293T , Octd  Sox2 233 FHFFaesi
Nanog , = & ,”
23 , ,
B Freberg 4 EC 293T ,
Oct4 Nanog , Qin 122
Oct4 Nanog S ,
Oct4 Nanog , ,
; Liu 28
Oct4  Nanog H3K4 H3K9
H3K27 H3K9 R
s Han 1291 R
23]
DNA “c 77 , K1/10



266 £ f# HEREDITAS (Beijing) 2013 35

K19 ,
[30]
CD31 CD34 CD144 eNOS
Labovsky BH
) DNA
5-aza
3
10
Liu P2
, 3
133 Miyamoto

Rathbone [

8] Tang [36]

[34]

Oct4 s

BT Betthauser 8

(Nucleoplasmin)
200
, Nucleoplasmin 2 500 ng/pL
s Nucleoplasmin
DJ-1
[391
4
25]
% 2% 3 ik (References):

[1] Wilmut I, Schnieke AE, McWhir J, Kind AJ, Campbell
KHS. Viable offspring derived from fetal and adult mam-



267

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

malian cells. Nature, 1997, 385(6619): 810-813. DOIL
Miller RA, Ruddle FH. Pluripotent teratocarcinoma-thymus
somatic cell hybrids. Cell, 1976, 9(1): 45-55. DOI
Tada M, Tada T, Lefebvre L, Barton SC, Surani MA. Em-
bryonic germ cells induce epigenetic reprogramming of
somatic nucleus in hybrid cells. EMBO J, 1997, 16(21):
6510-6520. DOI
Tada M, Takahama Y, Abe K, Nakatsuji N, Tada T. Nuclear
reprogramming of somatic cells by in vitro hybridization with
ES cells. Curr Biol, 2001, 11(19): 1553-1558. DOI
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. DOIL
Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T,
Tomoda K, Yamanaka S. Induction of pluripotent stem
cells from adult human fibroblasts by defined factors. Cell,
2007, 131(5): 861-872. DOIL

) . iPS . s
2010, 32(12): 1205-1214. DOI
Zhao XY, Li W, Lv Z, Liu L, Tong M, Hai T, Hao J, Guo
CL, Ma QW, Wang L, Zeng FY, Zhou Q. iPS cells pro-
duce viable mice through tetraploid complementation.
Nature, 2009, 461(7260): 86—90. DOI
Vierbuchen T, Ostermeier A, Pang ZP, Kokubu Y, Siidhof
TC, Wernig M. Direct conversion of fibroblasts to func-
tional neurons by defined factors. Nature, 2010, 463(7284):
1035-1041. DOI
Marro S, Pang ZP, Yang N, Tsai MC, Qu K, Chang HY,
Stidhof TC, Werning M. Direct lineage conversion of termi-
nally differentiated hepatocytes to functional neurons. Cell
Stem Cell, 2011, 9(4): 374-382. DOI
Kikyo N, Wade PA, Guschin D, Ge H, Wolffe AP. Active
remodeling of somatic nuclei in egg cytoplasm by the nu-
cleosomal ATPase ISWI. Science, 2000, 289(5488):
2360-2362. DOI
Hansis C, Barreto G, Maltry N, Niehrs C. Nuclear repro-
gramming of human somatic cells by Xenopus egg extract
requires BRG1. Curr Biol, 2004, 14(16): 1475-1480. DOI
Alberio R, Johnson AD, Stick R, Campbell KHS. Differ-
ential nuclear remodeling of mammalian somatic cells by
Xenopus laevis oocyte and egg cytoplasm. Exp Cell Res,
2005, 307(1): 131-141. DOI
Miyamoto K, Furusawa T, Ohnuki M, Goel S, Tokunaga T,
Minami N, Yamada M, Ohsumi K, Imai H. Reprogramming
events of mammalian somatic cells induced by Xenopus laevis
egg extracts. Mol Reprod Dev, 2007, 74(10): 1268— 1277. DOL
Ganier O, Bocquet S, Peiffer I, Brochard V, Arnaud P, Puy
A, Jouneau A, Feil R, Renard JP, Méchali M. Synergic re-

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

programming of mammalian cells by combined exposure
to mitotic Xenopus egg extracts andtranscription factors. Proc
Natl Acad Sci USA, 2011, 108(42): 17331-17336. DOI

Bian YH, Alberio R, Allegrucci C, Campbell KHS, John-
son AD. Epigenetic marks in somatic chromatin are remo-
delled to resemble pluripotent nuclei by amphibian oocyte
extracts. Epigenetics, 2009, 4(3): 194-202. DOL
Allegrucci C, Rushton MD, Dixon JE, Sottile V, Shah M,
Kumari R, Watson S, Alberio R, Johnson AD. Epigenetic
reprogramming of breast cancer cells with oocyte extracts.
Mol Cancer, 2011, 10(1): 7. DOIL

Bui HT, Wakayama S, Kishigami S, Kim JH, van Thuan N,
Wakayama T. The cytoplasm of mouse germinal vesicle
stage oocytes can enhance somatic cell nuclear repro-
gramming. Development, 2008, 135(23): 3935-3945. DOL
Miyamoto K, Tsukiyama T, Yang Y, Li N, Minami N,
Yamada M, Imai H. Cell-free extracts from mammalian
oocytes partially induce nuclear reprogramming in somatic
cells. Biol Repro, 2009, 80(5): 935-943. DOI

Taranger CK, Noer A, Serensen AL, Hakelien AM, Bo-
quest AC, Collas P. Induction of dedifferentiation, ge-
nomewide transcriptional programming, and epigenetic
reprogramming by extracts of carcinoma and embryonic-
stem cells. Mol Biol Cell, 2005, 16(12): 5719-5735. DOI
Neri T, Monti M, Rebuzzini P, Merico V, Garagna S, Redi
CA, Zuccotti M. Mouse fibroblasts are reprogrammed to
Oct-4 and Rex-1 gene expression and alkaline phosphatase
activity by embryonic stem cell extracts. Cloning Stem
Cells, 2007, 9(3): 394-406. DOL

Freberg CT, Dahl JA, Timoskainen S, Collas P. Epigenetic
reprogramming of OCT4 and NANOG regulatory regions
by embryonal carcinoma cell extract. Mol Biol Cell, 2007,
18(5): 1543-1553. DOI

Han J, Sachdev PS, Sidhu KS. A combined epigenetic and
non-genetic approach for reprogramming human somatic
cells. PL0S One, 2010, 5(8): ¢12297. DOI

Hékelien AM, Landsverk HB, Robl JM, Skélhegg BS,
Collas P. Reprogramming fibroblasts to express T-cell
functions using cell extracts. Nat Biotechnol, 2002, 20(5):
460-466. DOI

Hakelien AM, Gaustad KG, Collas P. Transient alteration
of cell fate using a nuclear and cytoplasmic extract of an
insulinoma cell line. Biochem Biophys Res Commun, 2004,
316(3): 834-841. DOL

Choi KS, Shin JS, Lee JJ, Kim YS, Kim SB, Kim CW. In
vitro trans-differentiation of rat mesenchymal cells into
insulin-producing cells by rat pancreatic extract. Biochem
Biophys Res Commun, 2005, 330(4): 1299-1305. DOI


http://dx.doi.org/10.1038/385810a0
http://dx.doi.org/10.1016/0092-8674(76)90051-9
http://dx.doi.org/10.1093/emboj/16.21.6510
http://www.ncbi.nlm.nih.gov/pubmed/11591326
http://dx.doi.org/10.1016/j.cell.2006.07.024
http://dx.doi.org/10.1016/j.cell.2007.11.019
http://d.wanfangdata.com.cn/periodical_yc201012002.aspx
http://dx.doi.org/10.1038/nature08267
http://dx.doi.org/10.1038/nature08797
http://dx.doi.org/10.1016/j.stem.2011.09.002
http://dx.doi.org/10.1126/science.289.5488.2360
http://www.ncbi.nlm.nih.gov/pubmed/15324664
http://dx.doi.org/10.1016/j.yexcr.2005.02.028
http://www.ncbi.nlm.nih.gov/pubmed/17474094
http://dx.doi.org/10.1073/pnas.1100733108
http://dx.doi.org/10.4161/epi.4.3.8787
http://www.ncbi.nlm.nih.gov/pubmed/21232089
http://dx.doi.org/10.1242/dev.023747
http://dx.doi.org/10.1095/biolreprod.108.073676
http://www.ncbi.nlm.nih.gov/pubmed/16195347.
http://online.liebertpub.com/doi/abs/10.1089/clo.2006.0011
http://www.ncbi.nlm.nih.gov/pubmed/17314394
http://dx.doi.org/10.1371/journal.pone.0012297
http://dx.doi.org/10.1038/nbt0502-460
http://dx.doi.org/10.1016/j.bbrc.2004.02.127
http://dx.doi.org/10.1016/j.bbrc.2005.03.111

268

£ f# HEREDITAS (Beijing) 2013 35

[27]

[28]

[29]

[30]

(31]

[32]

(33]

Qin MD, Tai GP, Collas P, Polak JM, Path FRC, Bishop
AE. Cell extract-derived differentiation of embryonic stem
cells. Stem Cells, 2005, 23(6): 712-718. DOL

Liu YX, Ji L, Yue W, Yan ZF, Wang J, Xi JF, Zhang R,
Nan X, Bai CX, Chen L, Wang YF, Pei XT. Cellsextract
from fetal liver promotes the hematopoietic differentiation
of human embryonic stem cells. Cloning Stem Cells, 2009,
11(1): 51-60. DOIL

s s s

2011, 7(3): 129-132. DOI

, 2010, 16(3): 1-3. DOI
Labovsky V, Hofer EL, Feldman L, Fernandez Vallone V,
Garcia Rivello H, Bayes-Genis A, Hernando Insua A,
Levin MJ, Chasseing NA. Cardiomyogenic differentiation
of human bone marrow mesenchymal cells: Role of car-
diac extract from neonatal rat cardiomyocytes. Differen-
tiation, 2010, 79(2): 93-101. DOI
Liu Y, Ostrup O, LiJ, Vajta G, Lin L, Kragh PM, Purup S,
Hyttel P, Callesen H. Increased blastocyst formation of
cloned porcine embryos produced with donor cells pre-treated
with Xenopus egg extract and/or digitonin. Zygote, 2012,
20(1): 61-66. DOI
Liu Y, Ostrup O, Li J, Vajta G, Kragh PM, Purup S,
Callesen H. Cell colony formation induced by Xenopus
egg extract as a marker for improvement of cloned blas-
tocyst formation in the pig. Cell Reprogram, 2011, 13(6):
521-526. DOI

[34]

[35]

[36]

[37]

(38]

[39]

Miyamoto K, Ohnuki M, Minami N, Yamada M, Imai H.
Nuclear reprogramming of porcine cells and their use as
donor cell for nuclear transfer after treatment in Xenopus
egg extracts. Reprod Fertil Dev, 2006, 19(1): 150. DOI
Rathbone AJ, Fisher PA, Lee JH, Craigon J, Campbell KH.
Reprogramming of ovine somatic cells with Xenopus
laevis oocyte extract prior to SCNT improves live birth
rate. Cell Reprogram, 2010, 12(5): 609-616. DOI

Tang S, Wang Y, Zhang D, Gao Y, Ma Y, Yin B, Sun J,
Liu J, Zhang Y. Reprogramming donor cells with oocyte
extracts improves in vitro development of nuclear transfer
embryos. Anim Reprod Sci, 2009, 115(1-4): 1-9. DOI
Xiong XR, Wang LJ, Zi XD, Ma L, Xu WB, Wang YS, Li
J. Epigenetic reprogramming of Yak iSCNT embryos after
donor cell pre-treatment with oocyte extracts. Anim Re-
prod Sci, 2012, 133(3—4): 229-236. DOL

Betthauser JM, Pfister-Genskow M, Xu H, Golueke PJ,
Lacson JC, Koppang RW, Myers C, Liu B, Hoeschele I,
Eilertsen KJ, Leno GH. Nucleoplasmin facilitates repro-
gramming and in vivo development of bovine nuclear transfer
embryos. Mol Reprod Dev, 2006, 73(8): 977-986. DOIL
Miyamoto K, Nagai K, Kitamura N, Nishikawa T, Ikegami
H, Binh NT, Tsukamoto S, Matsumoto M, Tsukiyama T,
Minami N, Yamada M, Ariga H, Miyake M, Kawarasaki T,
Matsumoto K, Imai H. Identification and characterization
of an oocyte factor required for development of porcine
nuclear transfer embryos. Proc Natl Acad Sci USA, 2011,
108(17): 7040-7045. DOI


http://dx.doi.org/10.1634/stemcells.2004-0195
http://www.ncbi.nlm.nih.gov/pubmed/19220132
http://so.med.wanfangdata.com.cn/ViewHTML/PeriodicalPaper_zzgcycjwkzz201103002.aspx
http://lib.cqvip.com/qk/90953A/201003/32639433.html
http://dx.doi.org/10.1016/j.diff.2009.10.001
http://dx.doi.org/10.1017/S096719941000064X
http://www.ncbi.nlm.nih.gov/pubmed/22043808
http://www.publish.csiro.au/paper/RDv19n1Ab65.htm
http://dx.doi.org/10.1089/cell.2010.0015
http://www.ncbi.nlm.nih.gov/pubmed/19081212
http://www.ncbi.nlm.nih.gov/pubmed/22854438.
http://www.ncbi.nlm.nih.gov/pubmed/16604516
http://www.pnas.org/content/108/17/7040.abstract

	细胞抽提物诱导的体细胞重编程 
	范宗兴, 朱化彬, 杜卫华 
	关键词:  抽提物; 重编程; 体细胞核移植 
	Somatic cells reprogramming using cell extracts 
	FAN Zong-Xing, ZHU Hua-Bin, DU Wei-Hua 
	Keywords: extracts; reprogramming; somatic cell nuclear transfer 
	 
	1  诱导体细胞重编程的经典方法 
	1.1  体细胞核移植 
	1.2  细胞融合 
	1.3  特定转录因子转染 

	2  细胞抽提物诱导 
	2.1  抽提物诱导重编程的方法 
	2.2  抽提物诱导重编程的机制 
	2.3  抽提物诱导重编程的进展 

	3  抽提物诱导在动物克隆上的应用 
	4  问题与展望 
	参考文献(References):  








