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~~ll~l'l!~~I11'Wn1l\lVl'lJ'1l~l-J~'rl'UYl~¥1~'"llnl11'l!l'1l'W (human embryonic stem cells; hESCs) '"l:::il 

rJ ru~l-J~~~l'"llJ ~'1l~1l-J1dbl ltl~£J'Wbltlrl~1tl l'IJ'Wl'l!rl~{;h~l'lJ'1l~ f1~m£J '1l1'"l'"l:::~1l-J1 dblU1l-J1H"l'Wm dfn'rl'l~ll'l£J~ 

ilm'l:::l~'1ll-J'lJ'1l~l'l!rl~v;~'1l'1l1m:::{;h~11;;'l'W'1l'W1r1(?l lllii.;r'1l~l nVl~~l '"llJ'lJ'1l~ mdU1l'l!rl~I11'Wr11 l\lVlI11'l!l'1l'Wl-J1H ~'1l 
m dlii'1l 1111'Wb'l! ~~111'Wr11 l\lVl 111'l '11'1l'WLVl WI ij ~l-J n 'W'lJ'1l~ ej'1l'l £J lri'1l~'"ll n l '1! ~~111'Wr11 l\lVl 111'l!l!l'W hJ1111 ~ ~1~l-J1'"l1 n l '1!rl~ 

~ q ~ 

'lJ!l~ ~1l'l m!l~ 

1'W!l~(?l1Ji'ilr1'l1l-JYW1£J1l-J1'Wmdu1 LVI r1{lr1 m H'hm,hn{l'l Lr1~£J~ (nuclear transfer) l-J1 1-ill'Wmd~h~ 

L'l!~~I11'Wr11l{lVlI11'l'11!l'W LVlm'i1£J{l'lLr1~£J~'"llm'1!rl~f1~ m£J'lJ!l~~th£J ltl~l~ l11'lfu (recipient oocyte), m:::~'W1~~ 

mJ~I11'l'"l'W~~d:::£J:::Url1~L(?l;~, LL£Jnn~l-Jl'l!rlml'Wl'W'fJfl'l!rl~Lll-J~ (inner cell mass; ICM) lLrl:::l~£J~1'W"''fJ~tlDu1imd 
'"l'WL'"l1'llJ dJ'WL'1!rl~I11'Wr11 l{lVlI11'l!l'fJ'W ~fi-dlr1£JlMu r1'l1l-J~'W1 '"l'"l1 m1n~VI£J1 ~1~ (?lfi'l Lrl n d'll-J~~ r1 ru:::0~£J rA''l£J 

'fJrh~hn (?l1l-J Ji''l£J.;r!l~1 n Vl'll'1l~~1'W'l'W1-Ij~ 111!l~H' Url:::r1'l1 l-J£J1 nVl1~ Ji'l'WLVI r1{lr1 '"l'Wm:::i~~n~~£J'l!1'l ~~'W~'W~u 

~fimd~~1~L'l!rl~Ji''Wr11L{lVl'"llnn1nVlCmU1L'l!rl~11~n1£J 1"'n~ultlilrJru~l-J~r1~1£JnUL'l!rl~I11'Wr11L{lVlI11'l'11'fJ'W LVltl 

hl~l l'IJ'WI11!l~HlVl r1{lr1 mdthmh nl11'l!l'1l'W ~~v'h1"'~n;'j~tli'lLrl n 1'"r1'l1l-J~'W1'"l LLrl:::vl1~~£JVl1~Ji'l'W-dn'WdJ'W~l'W'l'W 

tld:;~Ur1'lll-J~l L~'"l1'Wn 1d~~1~ 111'l'11!l'Wd:;£J:::Url1~L(?l:n~ ~~hJ~ll-J1 dbl U£J n l 'l!rlml'Wb'W'1l fL 'l!rl~lLl-J~ llrl:::~h~ l'1!rl ~111'W 

n 1 l {lVl'"ll n 111'l'11!l'WrA''l£J LVI r1 \lr1 n 1 d~1t1t,h n {l'l Lr1 ~ tI ~M r1 ru:; ~~£J~~lJi'v11 mntl ~£J'WlLe,j'Wmd~1 l {l'W~1'W~~tI Lf?1 £J il 
~ 

"l Vl*Vll-J1t11'Wmd~~1~ l'l! ~ ~111'Wn1 l{lVl '"l1 n n 1dLVICmu 1 l 'l!rl~11~ n 1 £J Ji''ltl r1'l1l-J 1'll-JlJ!l n U"'!l~tlD~ m n '1!rl ~111'W 

r11l\lVl lL~::: l'l!rl~D1UVl r1ru:::U~VltI~l~(?lf "lrl1rl~nmrl-JVl1~VltI1~tI Llrl:::~bl1U'W~~tI RIKEN LlJ!l~LmU tld:;LVI~ 

~~'W r1 ru:::~~£Jtl d:::~U r1'l1l-J~1 l~'"l1'Wn 1d~~1~ l'l! rl~I11'Wr11 L{lVl'"ll n n 1 n VlCmu1 L 'l!rl~l~!l Vl'"ll n ~ 1£J~:::~!l Ji''ltl n 1d 

H Sendai virus lLrl:; episomal vectors ~~~'1l11L'1!rl~I11'Wr11L{lVl'"llnn1nVlCmU1~M'"lln~~~!l~~fidl'lJ'W l'l!rl~I11'W 
r11L{lVl'"llnmnVlCmU1~ilr1'l1l-Jtlrl!lVlJltlmd1:::dJ'W transgene-free lLrl:::LVll-J1:::~l-J1'WmdU1l-J11-ill'WVl1~r1~{lnlU'W 

!lrh~l-J1n 1'W'fJ'W1r1(?l 
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Derivation of human induced pluripotent stem cells from CD34+ cells derived from cord blood 

Abstract 

Although human embryonic stem cells (hESCs) has the ability to differentiate into several cell 

types of human body, and hESCs can possibly be used for cell replacement therapy in the future, but the 

major obstacle of using hESCs is immunorejection. 

There were several attempts to create human embryos by nuclear transfer (NT) technique. These 

NT-derived embryos were used for isolation of the inner cell mass (ICM) and subsequent derivation of 

hESCs. Due to the lack of donated oocytes and technical difficulty, researchers including us failed to 

generate hESCs by this technique. Until the discovery of Japanese researchers about generating the 

pluripotent stem cells by inducing somatic cells, these induced cells shows similar characteristic as 

hESCs. This finding caught the attention of researchers around the world. 

Our group had tried but failed to generate human embryos by using NT technique. Thus, we 

couldn't generate NT-derived hESCs as proposed. We changed the plan and focused on generating of 

hiPSCs with the collaboration with the researchers from the laboratory of stem cell and cell therapy, 

Faculty of Medicine, Chulalongkorn University and RIKEN institute, Kobe, JAPAN. We successfully 

generated hiPSCs from cord blood cells by using temperature sensitive Sendai virus and episomal 

vectors. These hiPSCs are considered as the transgene-free hiPSCs which is suitable for using in clinical 

trial or therapeutic purposes in the future. 
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'itlYl w ~n1;'ru::;'lJ'tl~ b'll'i'lft~'Wnlb'W(;1Yldl(;1"llnn1nVI'Wm'\,:nL'lI'i'lft CD34+ ~(lrJ Sendai virus 
'" 

" '1'1~ 5 ~ltJ~'Wtf 13PFX1, 13PFX2, 13PFX3, 13PFX4 bV1'l::; 13PFX5 
q . -----_ •• • -----.-.--- - - ----- - -- -- - ------- ­

bb'i'l::; elec troporation ______________ __ .___ ._.____ ____._. _. _.______ ._. _._. ________ . ___ ._._. _. __ __._. _. _._. ____ ._... _.. ______ _ 

'iuYl ct. ~n1;'ru::;'lJ'tl\lb'll'i'lft~'WnlL'W(;1"llnn1n~\1m'l11L'lI'i'lft CD34+ ~'lU episomal vector 
'" 

LL'i'l::; electroporation __._. _.____ __._. _. _. ______ ._. _._. _.______ ._. _. _. _. _.______ ._._. _. ________ ._. _. _... ____ __._._._. ____ _. 

'itlYl & n1nb~(;1\l'tl'tln'lJ'tl\l Sendai viral genes, pluripotent genes LL'i'l::; house keeping gene 
'" 

'lJ'tl\lb'll'i'lft CD34+ ____ _.... _._._ .. .. _._ .. . _._._. _____ ._.. _._. _____ .____ ._._. _____ ._ .. _._ ... _.____ . .. .. _.... ___ .. _..... ____ . 

:uYl ~ nI'Hb~(;1~'tl'tln'lJ'tl~ pluripotent markers ~hu::jfin1~tr'tll_.l~Yll\l~l_.l~l'W______ ._._._._. __ . ___. _._._ ... __ ._._._._. O)~ 

'iuv1w n1ntl~tJ'WLLtl'i'l\l'lJ'tl\l surface markers 'lJ'tl\l 13PFX1 b~'tl~nL~tim'l111~\n(;1n1~ O)~
'" ~ 

Ltl~U'WLLtl'i'l\l LiJ'W hematopoietic lineage. _. ________ ._._. _____ .... _. _. _. _..... ... _._. _. _... _.... _._. _. _.... _. _. _. _._ 

:uYl ~ ~n1;'ru::;lrl~ll_.ll'l!l_.l'lJ'tlWll'i'lft~'Wnlb'W(;1~ltJ~'Wf 13PFX1_._._. _.. ___ .___._._._.. ___ __._. _._._ .. _______ ._._ . __ ._._ _ ~o 
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bFGF 
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OM EM 

OMSO 

EB 
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hESCs 

HFF 

IMOM 

iPSCs 

PBS 

PFA 

RT-PCR 

SeV 

SSEA-4 

TRA-1-60 

TRA-1-81 

basic fibroblast growth factor 

bovine serum albumin 

Dulbecco's Modified Eagle Medium 

dimethyl sulphoxide 

embryoid body 

fetal bovine serum 

human embryonic stem cells 

human foreskin fibroblast 

Iscove's Modified Oulbecco's Medium 

induced pluripotent stem cells 

phosphase buffer saline 

paraformaldehyde 

real time polymerase chain reaction 

Sendai Virus 

stage specific embryonic antigen-4 

tumor recognition antigen-1-60 

tumor recognition antigen-1-81 
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U"l'1lI1.J b'll'C'l~rXWl1LQ~ (Stem Cells) dJ1.Jn~m'll'C'l~~1!if¥'lJr1'l11-1~1.Jb"l"l1mbYi'Ylcl" un';)~tJ Un';)'YltJI~1Mlf 

bb'C'l:;t1:r:;'lI1'l11.JvY'l hhU1.J'el £h'l 1-1 1 n ~'1dbYi:r1:;b'll'C'l~rXW11 bQ~ilrJ ru~1-I1I~~~1 r1C1J~'el n1mu'Ir?l'l1~b1'eltJ1 t-I1'el hiil 

~~~1n~ b1.JM1'l:;~ bt-lm:;~1-I bb'C'l:;Un';)~tJ~11-11nllt-ItitJ'lU1b~b'll'C'l~rXw11bQ~ btl~tJ1.Jbbtl'C'l'llt1 bU1.Jb'll'C'l~~Vl1t-1~1~ 

~1bYi1:; b'1i1.J b'll'C'l~t1:r:;~1'Yl b'll'C'l~m\11-1bdmX'lb"l t-I1'el b'll'C'l~~~~1'1b'll'C'l~Lij~~b1.Ji1.Jb:r~1.J1~'el'l1il1 bU1.JrX1.J (Lu and 

Yang, 2011; Torrez et aI., 2012; Kuroda et aI., 2012) !if'ltJ5mj-ru:;-Wb~'jj'r?l'ln'Ch'l Vl1b~ilr1'l11-1r11~t-I-)'1b1.Jm:r~ 

"l:;Ul b 'll'C'l~rX1.Jnl bQ~1-IlH11.Jnl :rfn'jj'lt:rr1~ di ~"l1 n~J11'l :;b~'el1-l~'el'l'el-)tJ'l:;~1'11 hh1"l:;dJ1.Jhr1~ bn ~ r1'l11-1'IJ nYii'el'l 

'll'el'l:r:;'IJ'lJb~'el~ hr1~b~tJ'l n'IJr1'llm~tJt-IltJt-I1'el b~'el1-l~'el'lb'll'C'l'C'l11.J:r:;'IJ'lJtI:r:;~I'Yl 'eltll'1hnlill1-1b1.JU"l'11I1.J il bVitJ'lm:r 

¥n'jj'lhr1b1.J:r:;'IJ'IJ b~'el~t~ tJ boilb'll 'C'l~rX1.Jnl bij~~ bbtJ n1~"l1 n1~ m:;~ n~t1:r:;~'lJr1'l11-1~1 b~"l bb'C'l:;l~f'IJ n 1:rtJ'el1-1 f'IJ b1.J'Yll'1 
~ 

" i1.JIil'el1.J'll'el'lm:r~n'jj'lbb'C'l:;';)~tJ (Aggarwal et aI., 2012) 

t~tJvY'l1t1bb~'lb'll'C'l~rX1.Jn1 bij~~1.Jilt-l'C'lltJ'lIij~ ;1.J1)~ n'IJ bbt-l~'1~ bbtJ m'll'C'l~rX1.Jnlbij~'el'el n1-l11!if b'll1.J b'll'C'l~rX1.J 
nlbij~"llnl~m:;~n (Aggarwal et aI., 2012) b'll'C'l~rX1.Jnlbij~"llmd'elb~1)'ll1)'11il1i1.J limbus (Zhang et aI., 2011) 

t-I1'el b'll'C'l~rX1.Jnlbij~"l1md'elb~'el'll'el'ltYiNtI:r:;~I'YlYl1.J (Huang et aI., 2009) ~'1b'll'C'l~rX1.Jn1bij~bt-l~ldbbtJn1-ll"lln 

bd'el b~'el'll1l'l'el-)tJ'l:;~l~f'IJ m:r~WJ1.Jl b~1-I~ bb~'l n l:rbbU'I r?l'l'll1l'l b'll 'C'l ~rX1.Jnl bQ~ b~'elU11-11 b~tJ'Ib1.J~'el'l'Yl ~ 'C'l1)'1 ri'el1.Jm:r 

t1'C'l n ~1 tJ n5'IJ b;h~ ~thtJil~ ~~1n~ bb'C'l:;il r1'l11-1~11-11 :rrJb1.Jnl:rrJ n mtitJ'lUlb~bU1.Jb'll 'C'l~~Vllt-1~1~~1 bYi 1:;l~~'eltJ n':l1 
~ ~~ ~ 

b'l!'C'l~rX1.Jn1bij~~bbtJn l!if"l1 nr?l'l'ei'el1.Jb1.J:r:;tJ:;ri'el1.Jm:rt1'1r?l'l t-I1'el~ L~tJn':ll b'll'C'l~rX1.Jnl bij~ r?l'l'ei'el1.J (embryonic stem 

cells; ESCs) b'l!'C'l~rX1.Jnlbij~"llnr?l'l'ei'el1.Jd bU1.Jb'll'C'l~~il~ru~1-I'IJ~mn'eln':llb'll'C'l~rX1.Jn1bij~ "llmm~'1~1.J1 bYin:; 

~lm:rrJrJnmtitJ'lU1b~btl~tJ1.Jbbtl'C'l'l1t1bU1.Jb'll'C'l'C'l'1~'Yln'llij~~'el'lb'll'C'l'C'l11.Jil'1mtJ1-11.J~ (Thomson et aI., 1998) (9)'1~1.J
~ . . 

un';)~tJ~'1Yi tJI tJl1-I~ n'jj'l ~'1r1'l11-1 d'J1.Jlt11!if11.Jm:rul b'll'C'l~rX1.Jnl bij~"l1 n r?l'l'ei1l1.J1-I1Hb1.Jm:r¥n'jj'l~thtJ 'eltll'1hn 1il11-1 

~'el~1 n~~~1 r1C1J~1)'1t1:r:;m:r'll1)'1 m:rUI b'll'C'l~rX1.Jn 1 b ij~"l1 n r?l'l'ei1)1.Jmboif11.J'Yll'1 r1~ijn n ~1) n 1:r~~1'1 b'll 'C'l~rX1.Jn 1 b ij~ 

"l1nr?l'l'tl1)1.J ~1bU1.JrX'el'lbbtJ nn~1-I b'll'C'l~'el'eln1-ll"lln r?l'l'ei'el1.J ~'1b1.Jmr1~'1r11-1 b~lb"l':l1 bU1.Jm:rVll'C'lltJr?l'l'ei'el1.J bb'C'l:;b'll'C'l~ 

rX1.Jn1 bij~"llnr?l'l'ei1l1.Jd "l:;il5n'jj'ru:;'Yl1'1~1.Jfinn1-lhi IilN n'IJ ~th tJt-I1'el~~"l:;l!if¥'IJ m:rtl'C'ln ~1 tJ b'l!'C'l~rX1.Jn1 bij~ (9)'1~1.J
, '1..1 '" \J 

"l1nr1'l11-1~lb~"lb1.Jm:r';)r.rtJ~1)'1Un1~ml'l~~1.Jb1.JiI M. 2007 ~~11-11:i'C1~~1'1 b'll'C'l~~il ~ru~1-I'IJ~r1~ltJn'IJ 

b'll'C'l~rXWllbij~"l1 nr?l'l'tl'el1.J t~tJHb'll'C'l~~'lt-lU'l~'el'l r11.J L~tJm'll'C'l~rX1.J nl bij~'lIij~d':ll b'll'C'l~rX1.Jn1bij~~ bn ~"l1n nl:r 

bt-ltitJ'lUI (induced pluripotent stem cells; iPSCs) (Takahashi et aI., 2007) ~'elbU1.Jm:rr11.JYi'IJ~'1~t1:r:;nltJb~ 

bbYi'Ylcl" un';)'YltJI ~1Mlf bb'C'l:;un1r.rtJvY'l t'C'l nil r1'l11-1t-1-)'1b1.Jnl:rtl:r:;rJ n 1il1oi1 b'll'C'l~rX1.Jn1 bij~b1.Jnl :rfn'jj'l hr11?l1'11~ bn ~ 

"l1 nM1'l:; b~'el1-l'll'el'l b'l!'C'l'C'l11.Jil'1 mtJ'll'el'l m~'jj'tT ~'1d bYi n:; b'll'C'l ~rX1.Jn 1 b ij~'llij~dlJJ rX1)'1Vll'C'lltJ r?l'l 'ei'el1.J bb'C'l:;~lm:rrJ 
~h'l;1.Jm1~"l1 n b'l! 'C'l'C'l11.Ji1'1 mtJ ~1)'1 ~th tJ b'el'l (9)'1~1.J UC1Jt-I 1 n1 :rl?l'el rX 11.Jb'l!'C'l~rX1.Jn 1 b ij~'lI ij~dt~m:;'IJ'IJ JJil ~1-1 n1.J 

'll'el'l~thtJ"l:;lJJbn~;1.J t-I5'1"llnm:rtl~n~1tJb~l~il'1n1tJ'l11l'l~thtJ 
b1.JtI~~'ll1)'1 tr1N n 1:r1r.r tJr1 ru:;efl~tJl~~1 bij1.Jn1 :r';)~tJ t~tJ'Yl ~~1)'IJ ~ ru~1-I'IJ~ 1?l1'11~'el'l~ltJ~1.Jfb'll'C'l~rX1.J 

n1bij~~~~1'11~vT'I~~ltJ~1.Jf l~bbri Chula2.hES, Chula3 .hES, Chula4.hES bb'C'l:; Chula5.hES b~~"lb~tJ'IJ~1lmb'C'l:; 

1~¥'lJnl:rIil'el'IJ¥'lJnl:r~-W1-l'lf~'C'l'l11.J1~tJb1.J'lI:r~I:r Bioresearch open access bU1.J~b~tJ'IJ~1ltJ (Pruksananonda et 

http:n1bij~~~~1'11~vT'I~~ltJ~1.Jf
http:ij~"llnr?l'l'ei1l1.Jd
http:r?l'l'ei1)1.Jm
http:ll'C'l~rX1.Jn
http:llmm~'1~1.J1
http:b'l!'C'l~rX1.Jnlbij~"llnr?l'l'ei'el1.Jd
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transfer) LL~:;vl lnl J'nd:;~uhi ~ eJ lUni J'llD~ufi LL(9] hi il nI J'mj'l [!]'l ~'l tJ ~lH1'I il L~ '1l LUUni J'~¥l'l [!]'ltl'1lU1UJ':;tJ:; 

U~l~LI11~~ ~l'-1~UH'LLtJn L'1i~~iXW"h d"lV1 LL(9]e.J~nlJ'YlV1~'1l'lhi Luul111111l-J-r111~1lJ':;~'lr1 Lri'1l'l"ll n hi~'1l'llu~lMunlJ' 

tJltJ eJl ni"l'l Lfl ~tJ~'lI'1l'l L'1i~~lyJLu J'U~l ~hJ Ln V1 nlJ'LLlj'l [!]'l LL~:;"ll n nl J'YlV1~'1l'l nJ':;~ul'Il~ eJlunlJ'llD~ufi LL(9]hiil nl J' 

LLlj'l[!]'l ~'ltJ~lJ'Lfl)j ~U~l[!]'ltl'1lu~l~~unlmJ':;~u ~1l-J1J'm"l1t11"lu~'lJ':;tJ:; compact-morula LL(9]hi~lmJ'm"l1t11 

~'l J':;tJ:;U~l ~LI11~ ~1~ rK'l ~Ufl ru:;m ~tJ~'lhi ~ll-J1 J' fl~¥l'l L'1i ~~iXUrll L i"lV1"l1 n [!]'ltl'1lU~ l-Jl"ll n L Yl fli"l1'l nl J'tJl tJ eJl n 
~ 

i"l'lLfl~tJ~l~ 

lUtI~'lXl ;'l LUUU~ V1Yll tJ'lI'1l'l L1'IJ''l nlJ'1~tJ flru:;m~tJl~vll nlJ'Lll~tJULLe.JUnlJ'~l Li"lU'llU1~tJ LMil, ~ 

'1V1*'-1mtJlunlJ'~~1'lL'll~~iXUrllLi"lV1"llnnlJ'L'-1timtJ1L'1i~Ml'lnltJ ~'ltJ1'I'l1l-Ji'll-Jil'1lnu~'1l'lllDU~nlJ'L'1i~~iXu 
rllLi"lV1 LL~:; L'1i~~thuV1 flru:;LLWVltJP!l~l11f '1'v'h~'lndrul-J'-111YltJl~tJ LL~:;~fllUU1~tJ RIKEN Lil'1l'lLmU llJ':;LYlP! 

ctitlu 1'Iru:;m~tJllJ':;~lJfl'l1l-J~1 L~"llUnlJ'~¥l'l L'1i~~iXUrll Li"lV1"l1 n nlJ'L'-1timtJl L'1i~~L~'1l V1"l1 n~ltJ~:;~'1l ~'ltJnlJ'
~ ~, 

loU Sendai virus LL~:; episomal vectors LML'll~~iXUrll Li"lV1"ll nnlJ'L'-1timtJl~l~"ll nvT'l~'1l'l1fi~~'1l~1 LUU 

transgene free human iPSCs ~'l~V1~lLUUL'1i~~iXUrllLi"lV1"llnnlJ'L'-1timtJl~)jfl'lll-JL'-1l-Jl:;~l-JlunlJ'tJlmloU 

lu'Vll'l1'l~i"ln LUU'1lih'll-Jl n 1U'1lUl fll11 

i1"l'1UULYl1'lLUL~UnlJ'~~1'lL'1i~~iXurllLi"lV1"llnnlJ'L'-1timtJl L~mil'1l'lnuiul11'1lUnlJ'loU\b~~Ul'l~ltJ~U~ 
LUU~l'-1:;tJlUU~ L~mil'1l'l Lill ~~LUl-J'lI'1l'l L<l ~ ~'l vlll'IXilfl'lll-J L~tJ'l~~LUl-J'-1~'1l~'lU'lI'1l'l 1'l~~"l:;e.JU'l nd'll-J Lill nU~LUl-J 

~ 

'lI'1l'lL<l~'-1~'l"llneJluiul11'1lunlJ'mtimtJl (Takahashi and Yamanaka, 2006; Takahashi et ai, 2007) rK'l~UL~'1l 
nlJ'L~'1lnl.jj'"b~~ ~ltJ~u~~hhUU'f1UI11J'ltJ LL~:;~LUl-J'lI'1l'll'l~~hje.Ju'lmillnU~LUl-J'lI'1l'lL<l~ L'liU Sendai virus (Ban 

et ai, 2011; Nishishita et aI., 2012; Macarthur et aI., 2012) U'1ln"lln~U1finlJ'loU episomal vectors ~iluu~ 
L~mil'1l'lnu pluripotency i'll-J nU1fi electroporation n~'1l LUU1fi~1l~'1lV1nmL~:;1~~u nlJ'J'ltJ.,:jlU~'l1'l'l1l-J~1 L~"llu 

, ~ 

nlJ'~~l'l~ltJ~UifL'1i~~iXunlLi"lV1"llnnlJ'L'-1i1mtJl (Yu et aI., 2009; Hu et aI., 2011) U'1ln"llnUU nlJ'~~l'lL'1i~~, 

iXunlLi"lV1"ll nnln'-1timtJl~U ~1l-J1J'fl loU L'1i~~(9]1'l1"l1 nil'l nltJ LV1m'il~l:;L'1i~~n'l'-1U'l LL(9]il'1l ~'1ltJ~'1l iX'1l'l H'nlJ' 

eJl[!]V1'-11-'1l~~tJnnl-JL~n L~J'l:;'iI:;~U '-11n~lmJ'fl~¥1'lL'1i~~iXunl Li"lV1"l1 nnlJ'L'-1timtJlLV1tJH' L'l!~~"llnJ':;uu L~'1lV1 

\..\l"l:;vlll'IX~V1iUI11'1lUnl nrlu[!]'l'1lih'l~un'l'-1U'l LL~:;vlll~~l tJ n~l 

rK'l~uluJ'ltJ'llU'iluun"l:;l~'1lfiu 1 tJ ~'l nlJ'~l Li"lunlJ'1~tJ LL~:;e.J~~l L~"l'll'1l'l nlJ'~¥l'l~ltJ~U~L'l!~~iXu 

rll Li"lV1"ll n nl J'L'-1timtJl L'1i~~L~'1l V1~ LrlU1~"l1 n ~l tJ~:;~'1l 

oQI Ifd .& . 
Ill." m'iLIi1'itJ3.JL'll~~fWL~tJ'I (Preparation of feeder cells) 

nlJ'YlV1~'1l'lnL'l!~~lyJLUJ'U~l ~~ LLtJn 1~"l1 n'-1U'l~l-J'1l'l fl'l!l~ (foreskin fibroblast) ~'l~'1l"'l1 nu-;-';Yl ~e.J~111 
American Type Cell Collection (ATCC) llJ':;LYlp!~'-1~~'1lLl-J1nl L'l!~~"'l:;~m~tJ'l~'ltJ~ltJlL~tJ'lLL~:;1finlJ'(9]1'l1 
1111l-J~U1';Yl ~ e.J ~ 111 LL U:;tJl L~'1l"'l:; loU L'l!~~lyJLum~ l~ LUUL'1i~~~ L~tJ'l L'1i~ ~"l:; fl nuuJ'l nl HLU'l [!]'l ~'l tJ nlJ'L~l-J 

~ ~ 

mitomycin C 1'I'l1l-JLill-Jilu 1 0 ll-JLflm~l-J (9]'1l l-J~. ~'llU"llUL~l:;L~tJ'lL'l!~~ LL~:; L~tJ'llu~u~u'ilru'-1JJi1~ 37 '1l'lP!1 

L'1i~L;tJ~ U1U 2-3 -B''lLl-J'l "'lln~UvllnlnLtJm'1i~~'1l'1ln"'lln"llUL~l:;L~tJ.,:jL'1i~~~'ltJnlJ'loU 0.05 % trypsin-EOTA 
t.o , I " .. 1 .:::,j ...""" c:Y 'J.I <) 0 .,..:::01..."j .. I 

LL~:; seed L'1i~~~'l U"llUL~l:;L~tJ'lL'l!~~YlLfl~'1lUV1'ltJ 0.1% gelatin .V1tJ"llU'lU'lI'1l'lL'1i~~~L~tJ.,:juJ':;l-Jlru 50,000 

L'1i~~ (9]'1lI11J'.'l!l-J. 
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~ltJ1~1'lfb~u-:]l'jjfl6~l~u ,nJJ':;n'f1'1JV),)u (IMDM, 10% FBS, 1 % Glulamax, 1 % penicillin-streptomycin) 

l'jjfl6~l~U-:]"l:;bI n 1ifmu1'W 5-7 rJ'W ",ft-:]"llnrJ'W~li?11m,J ~ltJ1 l~U-:]l'jjfl6~l~U-:]"l:;bI mu~u'Wdj'W~ltJ1~1if~l",¥umJ'
~ ~ 

l~U-:] l'llfl6~'Wrhu!?I"llnnlJ'l",iimUl 'flti1-:]U'flU 3-5 i') t),J-:] r)'fl'W1if l']jfl6~ l~U-:] l~m~u-:]1')),J nUl'llfl6~'WrlllU!?I"l1 n 

mn",umul 

GIl .Q. .d' a' '" 4

1n.1n nl'Hfl'a'fl'Ur.I'l'll'fl-l"'l1'WbYi1::b'atJ-lb'll'a'a (;l'ltJ Matrigel VI'i'fl Pronectin 

fl:;fllU Matrigel (BD Bioscience) U'W~llb'~'l ~'ilnmJJ)J 4 'fl'lPlll']jfll;U~ l~'fl"l1'l1'W~ltJ1l~ml']jfl6 
DMEM ~')U dilution factor 250-300 1),Jtf'lJ'~i?1J' If'l~'flU Matrigel ~l~'fl"ll'lll~'l U'W"l1'WlYn:;l~U'll'ilfl6~'Wl!?1V~'W 
~l'WPI'WtJnfll-:] 35 )Jfl~l),Ji?1J' ~'lH~'Plnml1)J 4 'fl'lPlll']jfll;U~ -iil),J~'W ~1"'fu1ifl~U'll']jfl6 Ul"l1'WlYn:;l~U-:]l'jjfl6~

~ ~ ~ 

If'l~'flUV),)U Matrigel H~~tJ'Wl'Yn:;l~U-:]l']jfl6uJ':;),JlbI.J 10-15 'Wll1 r)'fl'W1ifnw 

nlnf'l~'flU&J,)"ll'WlYil:;l~m l'ilfl6v)'lU Pronectin "l:;Yilf'l~lU1nUn1J'1if Matrigel J'lUfl:;l~U!?I~'fl'l mJ' 

If'l~'flUV)'lU Pronectin r;)''l~1MumJ''flfiU1U''llmJfl'l1'W'lJ'fl-:] Nishishita llfl:;f'lbI.J:; 2012 

In .''' nl'ibbfm endothelial b'll'a~ "'I1m~'fl(;l"'l1n?l1tJ?l::~'fl 

nlJ''Yl !?Ifl'fl-:] 1'Wi'Wi?1'flU~r{l~u1V)~1 luun lJ'~~'fl-:]UD~ nlJ'~'fl'l~mu'W'l~U Foundation of biomedical 

and innovation (FBRI) lij'fl'ltmu UJ':;l'YlPl~~'W iUi?1'fl'W~'l"'),J!?I~lUn1J'fm'fl-:]"llnf'lbI.J:;nn),JnlJ'''l1ufiJ'J'),Ji?11),J 
J':;lUUU'lI'fl-:]UJ':;l'Yl PI ~~'W 

di'Ul~'fl!?l"lln~lU~:;~'fl'Yllm~i1~'lJmYi~ YilmnbUm'llfl6~i1U'llf'l~U~l~m t!?lu1-li\'Ylf'lUf'l Lympholyle-H 

density gradient llfl:;diUb'ilfl6~1~i:Jflu')nl?1'fl CD34 V),)Un1J'11f immunomagnetic separation 

" ..t
In .a:' n1'i?l'i1-l bb'a:: b'atJ-l Sendai viral vector 

Sendai virus vector ~H"l'WnlJ''l~U~ llj'W RNA 1')f~~i:J~i?1t!?luu1~'Yl DNAVEC lij'fl-:]Sendai UJ':;l'YlPl 

~~'W tM"l:;~~l-:] open reading frames (ORFs) 'lJ'fl'l human Oct 3/4 "lln NCCIT cDNA llfl:; ORFs ~'fl'l 

human Sox2, Klf4 llfl:; c-Myc l~),Jm),Jlb1.J'lJ'fl'l~ut!?lU Jucket cell cDNA v)'lUm:;U'l'WnlJ' RT-PCR l~),J~lU,)U 

~'fl-:]~'W~-:]~V),)U Not I-tagged gene specific forward primer llfl:; Not I-tagged gene specific reverse primer ~ 
i1'i'h'WuJ':;n'flU~'fl-:] SeV-specific transcriptional regulatory signal sequences ~'W'i.'h'W~u~~m~),J~lU,)'Wbl~,)"l:; 

~n1~1u F-deficient SeV vector ~lmhn template ~'fl-:] pSeV/!J.F ~i1~'Wbll?1fl:;!il'l llfl:;lll?1fl:; pCAGGS-plasmid 

~i1 T7 RNA polymerase, NP, P, F5R llfl:; L gene l-iil~l']jfl6 293T "llmr'Wl~ml']jfl6 293T 1U~ltJ1l~U'l DMEM 

~l~),J 10% heat-inactivated fetal bovine serum llfl:;l~U'lI?1'fllii'fl'lwct-:] ~-:] ~l),JrJ'W l~'fl~h:J seed SeV/!J.F 

vector "llmrUl~),Jm),Jlru vector t!?lumJ'1if LLC-MK2/F7/A ~'l"l:;dju Sendai virus F ~i1mm~!?I'l'fl'fln~'fl'l LLC­

MK2 m),Jlru'lJ'fl'l vector ",1'fl YilmJ'i?1J',)"lrJ!?IJ':;r;)'U'lJ'fl'l vector titers ~'lUn1J'ii'fl),J~'Yll'l~W;jtU t!?lu1if anti-SeV 

rabbit polyclonal serum 

.., 4 •0 

In .lt' nl'i?l'i1-l bb'a::bYi:IJ"'I1U'lU Episomal vector 

Episomal vectors ~11f1umJ''l~U~ 1MumJ''fl'l.ilf'lJ'1:;1X''lln~'fl'lUDu'1in1:i'b']jfl6~'Wrhu!?Illfl:;l'ilfl61hu!?l 

t!?lU i:JPI.'WYi.U~()d"lnr~~:i'b~'Wl episomal vectors ~H1V)llr) pCXLE-hOct3/4-shp53-F, pCXLE-hSK(Sox2-klf4) 

llfl:; pCXLE-hML (c-Myc-2A-Lin28) 



l'!lIl;Auri1IU"~'ltitlU 
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w.b .,> n1'iLi Sendai virus 

Sendai virus ~1-Dl'WnlTY1Vl~'il'HU'W Temperature sensitive strains ~-:! factors ~-:!~'llu'Vl1~LLri Oct 3/4 , 

Sox2, Klf4 LL~:; c-Myc "l:;QnihtJ~lmiil L'lI~~~ LLtJn1~r.:l1m'll~~'lI'il-:!Lft'ilVl"lln~ltJ~:;~'il ~')tJ";)fi~Lr1tJnml'WlJ1 

ri'il'W'I-lih1'WD M. 2006 tVltJ Yamanaka LL~:; riru:; tJm1'W1'WnlTY1Vl~'il-:!n "l:;1~"IhnlTH Sendai virus LLY1'WnITH 

retrovirus '1-11'illenti virus tVltJ"l:;H sendai virus ~ri,)I~L-iflJ-if'W 8 ng/ml polybrene 

w.b.w n1'iLi episomal vectors LL~::: electroporation 

L~mL"ll~~ CD34+ 1'W~ItJ1L~tJ-:!'Wl'W 2-5 r)'W ri'il'WVllnlT transfection L~'ilV11n1T transfection -W1L'lI~~1t1 
,J'WL'I-I~tl-:! LL~:; 'W'lJL'lI~~~iJ~";)(?)tVltJH trypan blue assay LL~:;1-ifL'lI~~~I'W,)'W 1x106 L'lI~~1'WnIT transfect ;'1 
episomal vectors ~H1~LLri pCXLE-hOct3/4-shp53-F, pCXLE-hSK(Sox2-klf4) LL~:; pCXLE-hML (c-Myc-2A­

Lin28) tVltlH CD34 Nucleofector kit (Lonza) LL~:;H Amaxa electroporation machine 'I-I~-:!"lln~L'lI~~eJl'W 

i'W(?)'il'WnIT transfect LL~,) L~tl-:! L'lI~~1'W~m'W LL'lI,)'W~'iltJ~'il1t1~ n 3-5 r)'Wri'il'W-Wll'll~~~-:! L~tl-:! n'\JL'lI~~~ l~tl-:!'I-I1'il 
"- , 

"l1'Wl'Wl:;L~tl-:!L'lI~~~Lri~'il'IJ~("lI'J Matrigel 

W.GII n1'iL~tl..:lL'lI~~ CD34+ vl~.h'Wn1'i~1mhnti'W 

VII nlnn'IJ l'll~~~eJl'Wm:;'IJ,)'Wn1n'il tl~1 nU'WLL~,) l~tJ~1'W"l1'WL'WT1:;l~m L'lI~~'lI'W1Vl 6-well plate 1'W 

~1tJ1~t1T:;n'il'IJ~')tJ cytokine ~1-:!1 l?1-:!n ~'ilIL-7 '1-11'il CSF, GM-CSF, IL-1 lL~:; IF-3 ~Vl(;]'iln'W 4 r)'W 1'Wr)'W~ 5 

tiltJ l'lI~~~'I L~tJ-:!1'W"lI'WL'W I:;L~ tl-:!~ iJ L'lI~ ~~ L~tJ-:!'ilti lL~:; L~m L"ll~ ~~'l tJ ~1 tl l~iJ 'i'h'WtI T:;n 'il'IJ'lI'il'I knockout 
~ 

DMEM, 20% Knockout serum replacement, 1 % penicillin-streptomycin, 1 % Glutamax, 1 % non essential 
"­

amino acid, 0.05 mM f),-mercaptoethanol LL~:; 8 ng/ml human recombinant FGF '1-11'ilL~tJ-:!L"ll~~'IJ'W"lI'W 
~ t ~ ~ I 

L'Wl:;l~tJ-:!l'll~~~Lri~'il'IJ~')tJ Matrigel L~tl-:!l']~~~')tJ-WltJ1 ReproFF '1-11'il ReproFF2 ~t.J~(?)"lln'IJ1~Y1 ReproCeLL 

t1T:;lM~'J'W 
L~tJ'IL'lI~~ CD34+ ~eJl'WnITtiltJ~lnU'W~Vl~'iln'W'Wl'W 25-40 r)'W '1-11'il"l'WnT:;-vi'-:!L~'Wtrit~n'll'il'IL'lI~~~iJ 

~m~ru:;ri~lm"ll~~~'WnlLu'Vli?l,)ll'il'W L"l1Ck!~'WlJl "llmr'WV11n1Ti?lVl LlD-:!Lri t~nl?1-:! mh')~')m-ll~L'IJ'ilf 23 ri'il'W~"l:;thtl 

Lri L~n'll'il-:!L'lI~~1t1 L~m'IJ'W"llm'WI:;L~tJ-:!L"ll~~1mJ ~'il1t1 
.¥ 4. 0 .,.... 0 Q d 0

w.d nI'iL~tl..:lLL~:::nI'iL'VnI~1'W,)'W L'lI~~ [Pl'WniL'W ~~1 n nI'iL~'Wtl'l'W1 

L~'ilLri L~n'll'il'I L'l!~~~'Wnllu'VliJ'lI'W1VltlT:;lJ lru 2000-3000 1lJ riT'il'W"l:;vll niT l ~~~I'W'l'W'lI'il-:! l'l!~~~'W 
nlLu,Vl ~')tJ";)fin1Ti?lVl~')tl glass pipette '1-11'il l-lllJ'lI'W1Vl 23G '1-11'il~')tJ";)finlTHl'il'W1'l!aS dissociation solution 

(ReproCeLL, JAPAN) nlTi?lVl~'ltl glass pipette '1-11'il l~lJ'lI'W1Vl 23G J'W LriL~n"l:;Qni?lVl'il'ilmU'W~'Wl'i\ntlT:;lJlru 

5-8 ~'W~'W'iltin'IJ'lI'W1Vl'll'il-:!LriL~n "llnJ'WLriL~n~'1n"'Vl"l:;[ln-Wl1t1L~m'IJ'WL'lI~~~ L~tJ-:!~L(?)1-tllJHrh-:!'I-liJl
~ ~ ~ 

"­

vllnln~lJ~I'W,)'Wl'l!~~~'Wnl LU,Vl ~'ltl";)fil?1-:!nrh')-ifl-:!~'W 'Vln1 5-7 r)'W '1-11'il;'W'il~nmJ(?)nnlTL"l1Ck!'lI'il-:! 

LriL~n lL~:;'lI'W1 Vl'll'il~LriL~n 

,g ...... OQ dow.'"' nI'iLL 'if LL'lJ..:IL'lI~~[Pl'W niL'U~~1n n1'iL~'Wtl'l'W1 

1~fin1nL'liLL'li-:!L'l!~~~'Wnllu'Vli?l'l1l'il'W ~')tJ";)fi~-:!l~~ (conventional method) vll1~VltJ "'VlLlD-:!LriL~n 
'il'ilndJ'Wn~lJL"ll~~t1T:;lJlru 500-5,000 L'l!~~ Ll~'l1~n~lJl'l!~~1'W~ItJ1LL'lilL"ih m~I(?)T 1 lJ~.~'il~I1'W cryotube, , -.; 

~1tJ1LL'liLl~-:!iJ~,)'WllT:;n'il'IJ~'il Knockout serum replacement (KSR) 90% lL~:; DMSO 1 0% 1'Wn~'il-:!~I'1-1f'IJlL'li 



l'll\ft~uri'1LUI'li'i'l~t!U 
Embryonic Slem Cell 

bb.]'l (freezing container; Mr Frosty; Nalgene, USA) bnuH~'tlru'i1.QlJ~u 80 '1l'l~lb'll~b~tJ'Z1'Wl'W 12-24 -ft''lL:W'l 

bb~'lbnU cryotube 1n'W1'WLf?ln"l'Wb'i1~'l 

4'" -....::.. 6'''' .Q, d .., dod'0 

hi .,>0 n1'iW~~'Wfl N'iUJ'UUI'll'a~L'lI'a'aUl'Wn1L'WUI'VI'i'I'n~~lnn1'ibVI'lJm'IJ1L'lI'a'a C034+ 

l!J. (0) 0 (0) n'mJfl3Ji9:n3J3;fTu (/mmunostaining) 

, ~ 

Fix colonies vl'ltJ 4% paraformaldehyde (PFA) Vl'1lruWllJ,x'1l'l 'Wl'W 10-15 'W1Vl "lln'W'W"l:;Vlln1~ block, ~ 

colonies vl'ltJ blocking buffer ;'l'Lh:;n'1lUvl'ltJ phosphase buffer saline (PBS), 0.5% bovine serum albumin 

.d co. q '" ~ '" II
(BSA) bb~:; 0.1 % Triton-X V1~ru'i1.Q:W 4 '1l'l~lb'll~L'lltJ'Z1 'lJl:WI'l'W (overnight) bb~'l incubate colonies (;)'ltJ primary 

antibodies ~(1nb~'1l"lI'lvl'ltJ PBS+0.5% BSA ~'1lru'i1!llJ,x'1l'l'Wl'W 2 -ft''lL:W'l ~1'lvl'ltJ PBS 3 I'l}'l bb~'l incubate vl'ltJ 
~ ~, 

secondary antibodies ~b~'1l"lI'lvl"ltJ PBS+0.5% BSA 'Wl'W 2 -ft''lL:W'l Lb~:;~I'lvl"ltJ PBS ~n 2 I'l}'l "llmr'W'Y11n1~ 
conterstaining vl'ltJ Hoechst 33342 l'l'lI:WL-ii:w-ii'W 1 :wn./:w~. f?l~'l"l~~nl~V1(;)'Z1'1lU immunostaining vl'ltJn~'1l'l 

'1~V1n~l1~i1~:;uuf'l~ UV 

Primary antibodies ~H'''l:;i1I'l'lI:W~Ib'Y'n:;~'1l Oct-4, Nanog, TRA-1 -60, TRA-1-81, SSEA-4, C010 

(Santa Cruz Biotechnology, Santa Cruz, CA, USA) 

Secondary antibody ~H'~'1l Goat anti-mouse Vl1'1l Goat anti-rabbit conjugated-FITC Vl1'1l Cy3 

(Jackson Immunoresearch Laboratories, West Grove, PA, USA) 

l!J. (0) o.l!J WI :i"VlfiI~mJn, ~U~fiI-Jflfln'llfl-JiJuYfu'-J:ffi1-J~CI1U::WI:i'LiJtJ!'I1rl!f~url'LUI1I'~'nn,:i'LudmU,P)') v:'Jf1 

reverse-transcription polymerase reaction (RT-PCR) 

'Z1n(;) total RNA "lIn undifferentiated hiPSCs vl'ltJn1~bojf Trizol reagent (Invitrogen) f?l1:Wlfi~:Wlm~I'W 

'Y11n1~~'lbl'l~I:;~ cDNA "lIn 1 mg 'lJ'1l'l total RNA L(;)I'.Jnl~H' superscript reverse transcriptase (Invitrogen) Vll 

n1~ amplify PCR L(;)tJH' primers ~1'i1fu pluripotent markes f?l~'l"lViI PCR products L(;)tJn1~tJ'1l:Wvl'll'.J ethidium 

bromide bb~:; 2% agarose gel 

l!J.IO)O.Q1 WI~m')"'IU, markers UUL'IlrlriIrUrlILUfilTfilV Flow cytometer 

FACS antibodies ~H1.vlLbri SSEA-4 APC, CD34 APC bb~:; CD43 FITC "llnu1';V1 BD Biosciences 

b'll~~~nl'.J'1lmtl'Wb'll~~b~m1tihtJ 0.05% Trypsin-EDTA (Invitrogen), ~1'lvl'll'.J 5% FBS b'W PBS tJ'1l:Wvl'ltJ primary 

antibodies 'Wl'IJ 20 'W1Vl ~1'l primary antibodies vl'ltJ 5% FBS b'W PBS bb~:;tJ'1l:W~'1lvl'ltJ secondary antibodies 

~bVI:Wl::~:wnu primary antibodies 'Wl'W 20 'W1Vl "llnJ'W~I'l primary antibodies vl'ltJ 5% FBS b'W PBS bb~:;,j'W 
bVl~tJ'l ~(;) supernantant ~'lbb~:; resuspend f?l:;n'1l'W'lJ'1l'lb'l1~~vl'ltJ 5% FBS b'W PBS ~1'W'l'W 500 1:WLmftf?l~ bb~:; 
,jl1tjf?l~'l"lvl'll'.J Flow cytometer 

l!JIO)O.<r WI~m,)"'IrMr3JT'I13JP)')v:'Jf1 Karyotyping 

'Y11n1~bVltim,jl1,xb'll~~b-iil~~m'l:; metaphase vl'lI'.Jn1~H' colcemid solution 'Y11nl~~~ll'.lb~'1l~:W 

iml'lftl'.J~'lJ'1l'lb'll~~vl'ltJ hypotonic solution bb~:;bojfbV1I'lUI'l G-banding b~'1lm'l"l~~m~ru:;'lJ'1NLI'l~L:WL'll:W'lJ'1l'lb'l1~~ 
" .Id .I!:'I ~do "do " d o""!:il !'\

hi. '> '> nl 'in'i!: "l'IJ n1 'iL lJ'a tI'IJ LL lJ 'a~ L lJ'IJ L 'lI'a 'a 'VI 'VII VI 'lJl'V1~1 b Wl!:UI"l tI n 1 'iL VI'IJ tI'l 'lJl LVI L lJ'IJ b'llMl L 'IJ 

'i!:'U1JL~'aUl (hematopoeitic differentiation) 

http:l!J.IO)O.Q1


("111\;~uri1(11",y~~tlu 
Embryonic Stem Cell 

1~fin1m~:;i'W~1l',m1dL~timu11~L'll~~~1 tJ~'Wf 13PFX 1 LtJ~tJ'WLil'WL'll~~1'W:i':;'IJ'IJ L~ll (?) ~ntJ'l1'Wnll'W 
~i.hL(?)tJ Salvagiotto LL~:;flru:;(2011) l'11n1:i'£JlltJn~lJL'll~~1~dJ'Wn~~H~n1~1TlL'll~~L~m1 L(?)tJn1)'H 

dissociation solution LL~':nitJ'l n~W'll~~L~ n1'lJTl'l b 'll~~!?l'Wn1 bU(?) 1 'W"l1'WLvn:;bitJ'l L'll~~~bfl ~1l'IJ i?'l':m human 

recombinant collagen IV (Chemicon) 1'W~1m IMDM ~L~lJ BIT (bovine serum albumin, human recombinant 

insulin, human transferring; Stem Cell Technologies), 450 IJM monothioglycerol, 0,1 mM non essential 

amino acid, 2 mM L-glutamine, recombinant human BMP4 (50 ng/ml, R&D), recombinant human VEGF 
" ," 

(50 ng/ml , Invitrogen) and recombinant bFGF (50 ng/ml) b~tJ'l~(?)t?iTlrl'W'W1'W 61'W Vi~Lvn:;b~tJ'lL'll~~ 37 Tl'l1"l1 

b'll~b'litJ~ bb~:;bitJ'l1'W~.rn~~ih:;ci1'IJ'lJ1l'l O2 ~ 5% ~~'l"l1n1'W~ 6 bL~:; 9 l'11n1:i'm,)"l~1l'IJ~1n1dLL~(?)'l1l1ln'lJTl'l 

markers ~ti'l~~'l n1dLtJ~tJ'WbbtJ~'lltJ dJ'WL'll~~1'Wn~lJ b'll~~1'W:i':;'IJ'IJ L~Tl (?)L(?)tJl'11 n1:i'm')"l n1 dLb~ (?)'llllln'lJTl'l SSEA-4 

~'lLil'W pluripotent markers, CD34 bb~:; CD43 ~'lbil'W hematopoietic markers i?'l,)~.Jn1:i'H Flow cytometer 

"1. Wllnl'31itl 

GU) nl'3~.n'lb'll~~IPi''Un1bUWILWltlnl'3L",i1mU1b'l!~~ CD34+ ~'Jtl 8endai virus T87 

6
flru:;r{j4'tJlt1i'l'11n1:i' infect b'll~~ CD34+ r.l1'W,)'W 1x10 L'll~~ tIi',)tJ 20 MOl 'lJ1l'l Sendai virus TS7 

~~'l"l1n~e,h'Wn1:i' infect LL~,) l'11n1dLimL'll~~ CD34+ 1'W~1mbL~:;1'W~J1TVm'lJ,)'W~TltJ t?i't'HCTl'lrl'W 51'W (~tJ~ 1 A 

bb~:; 1B) 1'W'li,)'lYf1tJ'lJ1l'ln1nitJ'lLb'IJ'lJbL'lJ,)'W~TltJ"l:;~'IJ~1b'll~~Ln1:;n~lJrl'W (~tJ~ 'I B) ci1'l,r'W~'ltli'll'l1i1tJLtJ~l'11n1:i' 

~(?) LL~:;btl1 L'll~~L'\J11 nTl'W'l111tJ LitJ'l'IJ'W"l1'Wb~1:;bitJ'l L'll~~~ Lfl ~1l'IJ tIi'')tJ Matrigel ~11l Pronectin 

b~TlLitJ'l b 'll~~~Qn b ~tim'l11'IJ'W"l1'Wb~1:;bimb'11 ~~ "l :;~'IJ~1 b '11 ~~'IJ 1'1~,)'Wbn1:;~'W~,)"l1'WLY\ 1:;b~tJ'l L'll ~~ 
bL~:;b"l1C1.JbiJ'Wn~lJL'll~~ (~tJ~ 1 C Lb~:; 1D) ~'lL'll~~~b"l1C1.JLiJ'Wn~lJd il~'lb'll~~~il~n'liru:;hib~ijTl'WL'll~~r;l'WfhLU(?) 
(:i'tJ~ 1 C) bb~:;b'll~~~~~n'liru:;fl~1m'll~~r;l'WrhbU(?) ()'tJ~ 10). . 



L'IIftfl~uri1Lil"il''l~flU 
Embryonic Stem Cell 

'3uvi G) m'3~f1'1L'l!~~LVi''lJri1LUj;J~'lf.Jm'3L".dmu1L'1I~~ CD34+ ~'nJ Sendai virus TS7.. 
L'IIflgl C034'~LitN!'!JlTWI X-vivo 10 iiL~'-J 50 nglml inter/eukin-6, 50 nglml soluble interleukin-6 receptor, 50 

nglml stem cell faclor, 10 nglml Ihrombopoeilin LLfI:: 20 nglml Flil 314 ligand rifJUJ'hnt~ infection r!i'JEI Sendai 

virus (A). L'IIflgl C034 , ~Qnmiiml;' Lud'lW'IIflglr!JUrilli1(iJr!J'JElnt~H SeV ~i1 transcription factors, Oct-4, Klf4 

LLfI:: c-Myc ,iEl"d'lw'Jfll 6 fUlu~mw suspension culture dwnl::nwuuM'i'-J (B) Utl""IlnLiEl"L'fIflgl~Qn 
miimWIr!J'JEI SeV lJU"IIWWI::LiEl"L'fIfigliiLfJRfWr!i'JEI Pronectin v/miitJ" 20 fu "I::WlJL'fIflgl~L"I~n.lL~lJr{i)LUUnI'i'-J 
(C, 0) ~"n~w'flflfl1Ulti 0 t1itJ'-J1L"Ifn.lLi'Ju~lmVlJjfL'fIflglr!JWl1Li1(iJ~IE1WlJjf 13PFX1 

virus 

~'W Oct-4, Sox2, Klf4 LL~:; c-Myc ~'l~'W 5 1.'11tJ~'Wf (~tJ~ 2) 1.'11tJ~'WfL'll~~~'WnlLUi?1~1.'1~1'l1~ Ll1.'1i?1'lfJru1.'1~~ 
~'Wtjl'W'll'fl'l nlntl'WL'll~~~'WnlLUi?1 Li?1t1L"'l1ru dj'Wn'Ci~ L'll~~ LLI'i~:;L'll~~iJ'll'Wli?1 L'~ n mtJl'WL'll~~L~'WU,) LA ~tJ1.'11~n i 

6.9 0,.0 " .. ~ 

~l'W,)'WLL~:;Wri LL 1i'l1~ ~')tJ:jfim~ :i'jl'WL~tJ') n'Wn1J:jfi~l-n'Wnl n ~~~ 1'W,)'W LL~:; LL'1i LL1i'l L 'll~~~'Wfll LUi?1~ LLtJ n"'ll n (9]') 

'tl'fl'W 



L'IIft;~\.Iri1LUI\A'ltitl\.l 
Embryonic Stem Cell 

..~tJY1liJ ~ntiN~"'il~ L'li~ir;l'Un1Lll61v1Ln61'Ctl1nn1~LVlil!J1111L-zI~~ CD34+ ~1tJ 
:; ~ .. 

Sendai virus 'VI'! 5 ?llU~lJ~13PFX1, 13PFX2, 13PFX3, 13PFX4 ua~ 13PFX5 

L'I1f1i[liuih LWtil'~ Inn1:tLudf.1'l111i" 5 !'l1f.J~'!J1fiL!'l{1J"fin ~ru::LtfJ"liuFl if1f.J rllJ L'I1fY rfIiWl1LW{1J ;iuf.Jn M 

"llnl'l,]fJ'fJU ~fJi1n1rL"l rCj,l d'/wn ty'W'IIfYrf "lfffY::L 'I1fYrfi1'f1Ul{1J L;n fl1f.J iw'I1fY muuw'] LFlRf.Jf'l iuqjLW:: 

<j{1J L"lULLfY::i1i1ll1nfi']w~u;i'f1fJ"w,]Lf'lRf.J!'lv1fJ I'll ft1l- WfY 1!'l:n'-l;i~" 

GU1 n1';i'?lf1':H'lIaaJ;]lJrilLUIPILIPIUn1';i'L'VI~m'lllL'lIaa CD34+ J;]'lU episomal vectors 

I'lru:;0~tJ1~""1n1~ tran sfect episomal vectors ~i1tJ'W (;)1~1~'1l Oct-4, Sox2, Klf4, c-Myc \.jh~\'lltl~ 

CD34+ ~'ltJm:;\\~1YH~1 '\,.\~'1l~C~tJn~l electroporation ~~tJ1~-n\'lltl~ CD34+ ~1'W,)'W 1x1 06 \'lltl~ \\tl:;H\l'Ii'1l~
'" 

electroporation 'll'tl~u1';'V1 Amaxa hJmnn.J U08 \\tl:;H CD34 Nucleofector kit 

'\,.\'/t~r.nnVi""lnl~ transfect \'lltl~~')tJ episomal vectors 

1.h:;n'1lU~')tJ X-vivo 1 0 ~\~3.J 50 ng/ml interleukin-6 , 50 ng/ml soluble interleukin-6 receptor, 50 ng/ml stem 



1'!lllft~Uri11i1"i~titlu 
Embryonic Stem Cell 

cell factor, 10 ng/ml thrombopoeitin bb~:: 20 ng/ml Flit 3/4 ligand 1'W~f11Ym'lJ'J'W~'tl£J 'W1W 6 'l'W (lll~ 3A) 

ri'tl'W~"I:;v'1111 b~£J'I(?]'tlU'W"I1'WbYl1::b~£J'I b"ll~~~ bf1~'tlU~'J£J Matrigel ~1'tl~~ b"ll~~~ b~£J'I'tl~ (lll~ 38) 
I II '" I " '" 

~~'1"l1 nYh~£J'I b"ll~~U'W"l1'WbYl1::b~£J'I b"ll~~V1 bf1~'tlU~'J£J Matrigel ~1'tl V1~ b"ll~~yh~£J'I'tl~ 0~£JYlu'h~ 

n~l-l b"ll~~~i1~n~ru:;f1 ~1£J b"ll ~~iil'Wn1 d~i?1 b"l1ClJ~'W1'WM1'J:;~ b~£J'IU'Wb"ll ~~~ b~£J'I~~'1"11n~ b~£J'Ii'Jl-l rlU b'll~~~ b~£J'I 
'W1'W 5 -r'W ~1'tl 11 'l'W~~'1"11n transfection (~ll 3C) 1'W'lJru:;~YlUn~l-lb"ll~~~~~n~ru:;f1~1m"ll~~iil'Wn1btli?1b"l1ru

~, ~ 

... >­
!I'l'U1L'lI~~ CD34+ j;\'l!l episomal vectors 

LL~:: electroporation 

L'IIfli C034 + ~::{)n transfect ;(em episomal vectors LLfI::LifENU,)U 6 iU!UMJ1YVLL'IJ?UflfJE11uJ,)F.nd 

llr::ntJlJr;l?E1 llr::nfJlJr;l?E1 X-vivo 1 0 dL~J.) 50 nglml interleukin-6, 50 nglml soluble interleukin-6 

receptor, 50 nglml stem cell factor, 10 nglml Ihrombopoeitin LLfI:: 20 nglml Flit 314 ligand (A) l'llfli 
.... ....,' .... , " , .... 

~::{)nL~E1.JlJU~,)lJLYn::L~E1.JL'IIflini1L'IIflR;h~E1.J ulfJ nLFI~fJlJr;l?E1 Matrigel (B) L;jE1.JlfifJ,i1fJ.J~um::n.JYllJ 
, ~, 

n~3J! 'II fI RniJtrn b'ru::1'l~') Ell 'IIf1 ifIflWlll fJ~l~r'1l~um YllJmiJ.) I 'IIf1 ifniJtrn b'ru::I'l~') E1 L'IIf1 ilflu ri1L fJ~n fjJ.) 

LLm7dL~r'lJlJlJL'IIfli~LiE1-J (C) LLfI::lJU Malrigel (0) llt::J.)')ru 11 LLfI:: 20 iU(J)lmh')lJ Ugf.J~lnL'IIflifthu 
nl'::lJ?Unltlransfection 

In.<&' n1~L~l-l41'U'l'UL'lI~at;j'Uri1Lilj;\~1nn1~L~~!I'l'lhL'lI~a CD34+ t;j'l!l episomal vectors LL~:: 

electroporation 

b~'tl'll'W1i?1'lJ'tl'l n~l-l b"ll~~b"l1C1J"I'Wil'lJ'W1 i?1 b~'Wt-h'W~'Wun~1'111~:;mru 1-2 l-ll-l. "h n1~fi1i?1 bbD'I n~l-lb"ll~~t!'W 
~'Jm~l-l'lJ'W1i?1 23G 'tl'tlndj'W~'Wb~n1 (lll~ 4A LL~:; 48) LL~'Jv'1111L~£J'IU'Wb'll~~~L~£J'I ~1'tl "hn1~fi1i?1LLD'In~l-lb'll~~ 
'tl'tln dj'W~'Wb~n1 bb~:;ti'tl£J~'J£J dissociation solution bb~:;v'1~'W'lI'tl'l b"ll~~111b~£J'Iu'W"I1'WbYl1:;b~£J'I b"ll~~~ bf1~'tlU 
~'J£JMalrigel 

http:iU!UMJ1YVLL'IJ?UflfJE11uJ,)F.nd


L'!I!H'~Uri1Lil"Ii1'')~tlu 
Embryonic Stem Cell 

" ~,)tJ~fin1nt-lnmt11b'II'Cl~ C034+ ~')tJ episomal vectors ~~'Cl::: electroporation n i'lru:::cjr)9m'n:Wlnl 
~ 

~~l'l~ltJ~'W(~'lI'Cl~!ilWll~ij~ 1~i'l~'W 9 ~ltJ~'W(t~tJ 8 ~ltJ~'W( ~~l'l~~'Cl:::b~tJ'lU'Wb'll'Cl~~~~tJ'l (ltJ~ 4C) bb'Cl::: ~n 
1 ~ltJ~'W(~~l'lLb'Cl:::~~tJ'lU'W Matrigel (ltJ~ 40) 

~tlv1 ci inHCU::'II'tl.:lL'1f"H~·~'l.l(ilLU~"I1nn1~L~iimu1L'lIaa CD34+ ~'ltl episomal vectorLLa:: 

electroporation 
" , .... .... ) 

",If""I 1nrl'lJIJ1wlJ'iJ"nfil-lt'Iffl rfrll"l fi1E1t'lm rflliW11 tW(1) t"Irq;lJ'Wt'Ifflrfi1LflrJ" (A) ttfl::lJIJ"I1'WtW1::tflrJ-J t'Ilfl rfrltl"l ~'iJ lJli') rJ 

Malrigel (B) iJ'/Ju1(1)W'iJd"l::tY;~<$1IJ,)IJ !'hn1r~(1)ttti"nril-lt'Ifflrf'f)'iJntiJuiuli')r.tL1jl-J'lJIJ1{1) 23G ttfl::!l1iU'lJ'iJ"t'Ifflrf 

lJ!Jt'Ifflrf~tffEN Uf'iJ lJIJ"I1!Jt W1::!ffrJ"! 'Iffl rfdtl"l ~fJlJIi') rJ Malrigel t'll flrf"l::~1m rnt"lrq;ttfl::!Y;~<$1IJ,)IJ I(1)Lwi" 

~m')::d!ffrJ"hl-lnlJt'Ifflrf~!ffrJ" (C) t!fl:;t.1nf1"11nt'Ilflrf~!ffrJ" (0) 

~ . Ir . ,> n1~'V1~'ll'tl'Un1~LL'll~.:I'tl'tln'll'tl.:l pluripotent gene ~'ltl~fi RT-PCR 

1')f~ LL'Cl:::nf'\,)ll.Jbvi'fl~rut-l.I:Jl1~ 38 'fl'li'11~'lI'Cl~~~tJ~ 1')f~~:::b~'fll.Jb~'Cl:::t-IltJhJr.nm'll'Cl~ t-I~'l~lm~tJ'l~'lI'Cl~!il'WrhLij~ 
~~~1'l1~~lnn11H Sendai virus TS7 ~ 38 'fl'li'11b'll'Cl~b~tJ~ vi'fl~ti'fl'l'Wl'W 4-5 1'W i'lru:::cjr)9tJI?l1,)~~'flUt-Il RNA 

~ 

~'fl'lbf~t-I~'l~lm~tJ'lb'll'Cl~!il'Wnlbij~~ltJ~'W( 13PFX1 ~~rut-l.I:J1138 'fl'li'11L'lI'Cl~~~tJ~vi'flLti'fl'ln'W 5 -1'W ~'l1?l1')~hj 
'V'lU Sendai virus L'Wb'll'Cl~!il'Wnl~ij~ (ltJ~ 5A) 'W'fln~lmX'W U'l.yhI?l1,)~~'flUn1n~~~'l'fl'fln~'fl'l pluripotent genes ~ 
b~tJ')-!i'fl'l nu n11fO) ru~l.JU~ n1HU'Wb'll'Cl~!il'Wn 1 Lij~~'fl'l ~ltJ~'W( 13PFX1 L'W1::: tJ :::b~mi'lru:::rf59tJ'Vl ~~'flU nl1 

~bM'l'fl'fln~'fl'lU'WL'Wb'll'Cl~!il'Wnl Lij~~1~~1 nnl1L\-1timt11~')tJ Sendai virus TS7 ~'lU'W~ L~'flnI?l1,)~~'flu1~bLri 

endogenous Oct3/4, Nanog, Lin28 ~b'Cl:::1?l1,)~~'flUn1nb~~'l'fl'flm'fl'lU'W~l.Jl~ln Sendai virus 1~b~ri SeV Oct 3 

/4 , SeV Sox2, SeV Kif bb'Cl::: SeV c-Myc t~tJHb'll'Cl~!il'WnlLij~~ltJ~'W( 201 B7 ~U'Wb'll'Cl~f'\,)UfO)l.J 'V'lU~l b'll'Cl~!il'W 



l'IftftAuri1lU"A'ltltlU 
Embryonic Stem Cell 

o 4;1, Ql, t,.::::t,Q,.' 1.-.c::SI " Q..' rr Ql , 

m b'Wl'lYi rlru:::~,)"lIJ'6'1:i'l'l'lJ'W'i'l'1tJ'W'W~ 13PFX 1 l-J m:i'bb'6'1l'l'l!l!l n'lJ'eN endogenous genes Oct3/4, Nanog, Lin28 bb(;) 

hJiJmnbM'l!l!ln'lJ!l'l SeV Oct 3/4, SeV Sox2, SeV Kif bb~::: SeV c-Myc b'li'Wb~lJ')ntJ 201 87 (ttl~ 58) 

A B 

Sendal V 

Nanog 

'. -­6-ac1ln 

~tJvf & n1~LL?ll'l'l'£l'£l n"1I'£l'l Sendai viral genes, pluripotent genes LL~::: house keeping .. 
gene "lJ'£l'lL'I1~i CD34+ 

m'l"l hJrw Sendai virus iu RNA 'Il'il"''ilfifiIli'U'';"fJVll'I'W~wf 13PFX1 yfehuILfI::hlthu nlHi~Nyf 1JruulJij 

38 V"Pl1L'ilm'd~Jl'I (AJ ''ilfifiIli'U'';1LfJVll'IIV~wf 13PFX1 ilmtILl'IVI.J'il'iJn'll'il.J endogenous Oc t3/4, Nanog, 

Lin28 ,wihJilmml'lVl"vvn'lJV" iJu SeV Oct 3/4, SeV Sox2, SeV Klf4 UfI:: SeV c-Myc ,'liUL~v'ln1JL'ilmflli'u 

";1LfJVll'IIV~Ut{ 201 B7 yf,jjVl"llnmtmdv'lUII11'W Retrovirus ILfI::nmi'lUL'ilfifi iUMil.lfl'llJfJl.I 

rlru:::0~1J1~.yi1m:i'Yll'l'i'lm.ml:i'U'i'll'l'l!l!ln'lJ!l'l pluripotent markers 'lJ!l'lb'll~~~'Wfllbill'l'6'111J~'Wf 13PFX1 

bb~::: 13PFX2 ~'6'111'l1~"llnmm'itilJ')tJl ti?llJH' Sendai virus TS7 t.J~nl~Yll'l'6'1!llJ'WlJ~l b'll~~'6'111J~'Wf 13PFX1 iJ 

m:i'bb'6'1l'l'l!l!ln'lJ!l'l Oct 3/4, Nanog, SSEA-4, TRA-1-60, TRA-1-81 bbliiiJmnb'6'1i?l'l!l!ln'lJ!l'l CD10 iJ!llJmn (ttl~ 

6A) 1'W~jru:::~ 13PFX2 iJmnb'6'1i?l'l!l!ln'lJ!l'l Oct 3/4, Nanog, SSEA-4, TRA-1-60, TRA-1-81 bb~::: CD10 (ttl~ 

68) ~'l~'l\.llJi?lbtl'W markers ~lf1C1J~U'l;~l 13PFX2 dJ'Wb'll~~~'Wrhbill'l"llnm:i'b~tilJ')tJl 
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A B 


Ocl3/4 

Nanog 

SSEA-4 

TRA-I-60 

TRA-I-81 

COlO 

CktJ/4 

Nanog 

SSEA-4 

TRA-I-60 

TRA-I-SI 

COlO 

L'lJflffmw'hliJc;t'i'l1£J"lVW[ 13PFX1 (A) 13PFX2 (B) d'i'lhJMr.l1nmnut1£J'ltJ7m,w Sendai virus iJml'LL'i'lc;t.JtJfln'llfl.J 

pluripotent markers Pi1.J,dLUU markers ufln'llfl.JL'lJflffmwhLiJc;tvl'l't1flU lmLln' Oct314, Nanog, SSEA -4, TRA 1­

60, TRA 1.81 LLii<:: COJO (i'4LLc;t.J ~tJ ~'lI'M markers, i'4rh ~tJi'4'l1fl.JiJ'lLl'1fi£J'i'I'lItJ.JL'lJii<ff; 

.I.ol • I !:II ~.ol 0 ... ..,j 0 "I ... • I"" -­
cn.&.cn m'ib u~tI'WbLua.:Jbu'Wb'll~aYlYl1'V1'W1Yl"'1bW1:: 111t1 ~ 'W'VI'tl.:Ju/JU(;\n1'i 

r1 ru:: r;r9tJ1~'VI ~M1Ur1'l1~~1~1~f.l1'Wn1mJ~tJ'Wbbllfl..:!11l bU'Wb'll fl~~'Vhtolir1~~1 b'Vn:: 'lJ'el..:! b'llfl~~'Wn1 bD~~ 

Lii ~"l1 n n 1HiltJ'lU1 ~'ltJ Sendai virus t~tJ n1H'j,\~tJ'lU11,x bll~tJ'Wbbll~N11l bU'Wb'llflfl1'Wn~~ b~'fl ~ 'j,\~'fl 

hematopoietic lineage ~'ltJ1fin1~~ntJ..:!1'Wri'fl'W'j,\ir1 t~tJ Salvagiotto bbfl::r1ru:: (2011) 09tJ'Vl1n1~i?l~'l"l~'flU 
, , , 

n1dbb~~":!'el'fln'lJ'fl..:! surface markers vlbnm-ii'fl..:!i'i'el SSEA-4 , CD34 bbfl:: CD43U'W~'l'll'fl":!b'llfl~ 13PFX1 .y]c.h'Wn1~ 

nr::~'W1,xbll~tJ'WLbllfl..:!11lbU'Wb'llflfl1'Wmim~'el~ t~tJn1~H' FACS 1'WtJ'W~ 6 bbfl:: 9 'j,\~":!b'j,\~mU1 YiU11'j,\~..:!f.ln.. ~ 

b'j,\~mU1 bti'Wb'lfl1 6 tJ'W b'llfl~iT..:!r1..:!i:Jn1nb~~..:!'fl'fln'll'el":! SSEA-4 ~":!bU'W pluripotent markers 'fl~ll~::~lru 484 % 

(~1l~ 7A) bbfl::i:Jn1dbbM..:!'fl'fln'll'el..:! CD34+ ;..:!bU'W markers ~b~mnun1nll~tJ'Wbti'W hematopoietic lineages 

ll~::~lru 4.7% (~1l~ 7B) b~'el'Vl1n1~m'l"l~'flUn1nbM..:!'fl'fln'll'fl..:! markers 1'WtJ'W~ 9 'j,\~..:!"llnn1n'j,\~mU1 YiU11 
~ 

b'llfl~i:Jn1m~~..:!'fl'eln'll'fl..:! CD341l~::~lru 23-25% (~1l~ 7C) bbfl:: CD431l~::~lru 0.5% (~1l~ 70)
~ ~ 
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LU~tlt.!LLU'CI'lLtlt.! hematopoietic lineage 


Mrl"'''l1nllnll"drmhttlumn 6 iu L'lJfltfr7"'I'I"i1mr!LI'I~"fJfJn'llfJ" SSEA-4 (A) "tliL'lJflm:iJJi1mrLLI'I~"fJfJn'llfJ" C034 (B) 


Mrl""l1nmr\lnmdf1?W1LtlW'lfl1 9 iu L'lJfltfi1mrLLI'I~"fJfJn'llfJ" C034 JJ1n:u (C) LLfl::m'l"lYlUn1rLLI'I~"fJfJn'llfJ'" 


C043 LLIfii1r::~UI;h (0) 


COl . Ir.COl m'iIn'i1"1'i'l'el'Utfl'it~t'l!~"l.I'el'lL'l!'CI~ lPlt.!n1Lijm1nm'iL'iii tlm '\h 

L~!l L1J'Wn1:i"VI (?]'i'l!lU LL'Cl::;~'WU'WrJ1 nlHVltitJ'JU1 L'll'Cl'if CD34+ .1 if n'Cl1t.J L1J'WL'll'Cl'ifM'WrhL i1(?] hn~Yh1ifdi(?]nlJ' 

LU~t.J'WLLU'Cl-:J Lb'Cl::;iJrl,)1~~(?]UnM1J!l-:JtrlJ't~t'll~'lJ!l-:JL'll'Cl'if rlru::;t{jr.rt.J'Vl1nlJ''VI(?]'i'l!lU karyotype 'lJ!l-:JL'll'Cl'if 13PFX1 

YJUrJ1 L'll'Cl'ifU-:JiJ karyotype ~unM LL'Cl::;iJ~m~ru::;trlJ'L:!,Jt'll~L1J'W 46 , XX (tU~ 8) 
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10 11 12 

I A A 
lJ 14 15 16 17 16 

I 
19 20 21 22 X Y• 

!'hnrrYlVliVtJlJRnlYru::fMfJJf'llJJTJ'IN!'I1miwl 13PFX1 ~'W?i1 G-banding 

WlJ11L'lIftlf'iJfmfJJf'llJJdtlnm fVlmL!'II1l-lRnlYru::fMfJJf'llJJLUIJ 46, XX 

k1LL(;]U rl f'! 2006;J nl~~ltJ'lI'Uti'lrl,)llJ ~1 ~~"l1'Un1~l:'ihH'll~~~'Unl~WV'I LV'ltJH' ~'ll~~il'l WltJ"iJ'tl'llJ'{Ij-tl'j..i~'tl ~'ll~~ 
1YnmU~11:'i Ji""ltJH' extopic expression "iJ'tl'lU'U Oct3/4, Sox2, Klf4 ~~~::: c-Myc '\.i;''tlH'~'tltJ'tlril OKSM (Lowry et 

ai., 2008, Maherali et aI., 2007, Takahashi et aI., 2007, Takahashi and Yamanaka 2006, Yu et aI., 2009, Yu 

et aI., 2007) 'I>I~'l"llmr'Un;J~ltJ'lI'Url,)llJ ~1 ~~"l1'Unl~I:'i~I'l ~'ll~~~'Un I~WV'I"l1 nnln'I>ICtJ')WIL~1tJ1ri'i;Jn1~~ n'!j-l e.J~ 

'lI'tl'l'tlltJ 'lIWV'I (;]1'l1"iJ'tl'l~'ll~~ tt~:::ttWci'l~lJl"iJ'tl'l t'll~~ ~tl'Ue.J~vll1m'UU"l,';'UYiuril I:'ilmHl~V'I~I'U,)'U'lI'tl'lu'U~H1'U 

m:::u')'Unt~ reprogramming tt~:::t~lJth:::~YlfimYi'll'tl'ln1~I:'i~I'lt'll~~~'UnltWV'I"llnn1n'l>lCtJ')Wl (Giorgetti et aI., 

2009, Kim et ai., 2009, Kim and Daley 2009) 

t~'tl V'I"l1 nl:'iltJl:'i::: ~'tl9V'I ~tl'UU'\.l~'l~~V'llJ1t.J ~,)tJ hematopoietic, mesenchymal tti'l::: endothelial 

precursors t'll~~"lln t~'tlV'l"llnl:'ilEJI:'i:::~'tl ~'lm"llnYllm ttm bnV'l9V'1 ~tl'U~'ll~~!l'tlw~'tltmEJU tYitJU nu t'll~~~lJl"ll n 
I I I.... I 

~m~'l~'U1'l1'tl'lrl'UYi'tl1tJlJln bt~:::Yi~Ir)~Yiurilt'll~~t'\.l~lni1 immunological immunity ~'tl'U-iil'l~1 (Hanley et aI., 

201 0) i1nEJ'lI'Url,)llJ~lt~"l1'Un1~I:'i~I'l ~'ll~~~'UnltWV'I"llnn1~mCtJ')WlLV'ltJH'~'ll~I'f"lln ~~'1lV'l'll'1l-ll:'ilEJI:'i:::~'tl Hasse 

~b~:-;rlru::: (2009) H' endothelial cells 1'U'lIru::: Giorgetti tb~:::""ru::: (Giorgetti et aI., 2009) H' CD 133+ ~'l~'tlttl'U 

b'll~i'l1.'Un~lJ hematopoietic progenitor cells ~(;]'tl1t.J"l:::t"l1~dJ'U myeloid lineages (Menendez et al.,2001; 

Menendez et aI., 2002) Takenaka tt~:;""ru:; (2011) H' CD34+ i,)lJnu retrovirus ~ over-express U'U OKSM 

tt~:::ir'l~tI:'iV'l-l11Xtii'Urilnl~vll11X p53 mtJ1w'll~~~V'I~'l "l:;·lhmY;lJt.J~:;~YlfimYi'll'tl'lnt~ reprogram 'lI'tl-lb'll~~ 

Ye tt~:-;""ru::: (2009) f11lJ1rClI:'i~I-l~'ll~~~'UnltWV'I"llnnt~t'\.lCtJ')W1LV'lEJHt'll~~"llm~'tlV'lU~::: CD34+ LV'lEJH' 

retrovirus vectors ~i1u'U pMXs-Oct4, pMXs-Sox2, pMXs-Klf4 bt~::: pMXs-c-myc "llnii'tll;j~r;1'ln~l,) vll11X 

""ru:::m9tJ11X"",)llJf1'U1"l1'Unt~t~'tl n1oi1b'll~~"llm~'tlV'l"llnf11EJf1:::~'tl1'Unl~YlV'l~'tl-ld 
~ 
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RIKEN Center of Developmental Biology &eJ~tmu th:;L'Vl1"1 ~~'W tli)tJil"'lli)tJ~:;~~rl1'Wn1~~¥I~L'll~~Iil'Wrl')L'WIi) 

r,nnn1~mcimcJltli)tJn1~H Sendai Virus ~ltJ~'Wf~ilr1'nlJ1'l1?i'fl'1lru'\,lJJ~ Temperature sensitive; TS71'lf~~ltJ 

~'Wf~il-ii'flLvi'W~'fl LtI'W RNA 1'lf~ ~~hjvlI1~Lilli)n1~ integrate 'lJ'fl~~t'WlJ'lI'fl~1'lf~ L-iiI~ DNA 'lI'fl~L'll~~ CD34+ ~ 
QnmcimcJl~htJ ectopic genes ~'lUiLLri Oct3/4, Sox2, Klf4 LL~:; c-Myc (Ban et ai, 2011, Nishishita et aI., 

20 12) LL~:;~llJl~t:lvll~ltJ1'lf~~ltJ~'W!j~1111~htJnInvn:;L~tJ'l L'l!~~~ eJ l'WnIn'\,lcimcJII11'ltJ1'l f~ LL~'l 1'WlilLvn:;DlJ, ~ 

L'll~~LL~:;~'l'1lru'\,lJJ~H~ 38 'fl'lI"1IL'll~L~tJ~ (Ban et aI., 2011, Nishishita et aI., 2012) rlru:;09tJ1I11L~'fln1~finl~ 
~~ItJ'lI'Wtli)tJ Ban LL~:;rlru:; (2011) L~m~tJ'l L'll~~ CD34+ ~eJl'Wnl~ infect lI1'ltJ Sendai virus ~il~'W Oct3/4, 

" , ,
.qI rc:;:,l..:.l "" ~.4 I trd.c:.l Q.;'

Sox2, Klf4 LL~:; c-Myc U'W"lI'WLvn:;L~tJ'lL'l!~~'VlLrl~'flUIi)'ltJ Pronectin 'W1'W 20-24 'l'W "l'l~Un~lJL'l!~~'VllJ~n'rl'ru:; 

rl~'tJ L'll~~Iil'Wrll Ltlli) L"l1C]J;'Wm rl ru:;r{j9tJ1II1vl1 n l~iilli) LLD'l n ~lJ'lJ'fl'l L'l! ~~LtI'W~'WL~n1 LL~:;L~tJ-lI?i'fl Lci'fl'lu'W"lI'W 

L~1:; L~tJ-l L'l! 'i'l~~ Lrl~'flU1I1'l tJ Pronectin LLI?i mr.rtJ~uri IL'll 'i'l ~iln1 n"l1cu'lJ 'fl'l L 'll'i'l ~ri'fl'W-iiI~-lf1 r;1-l~'Wm9tJ~'l LtJ~tJ'W 
~ ~ ~ 

~m~n1n~tJ-l"lln n1nrl~mJ"lI'WL~I:;LitJ~ L'l!'i'l~II1'ltJ Pronectin LlJ'W Matrigel LL'i'l:;~Ur)1L'llrl~iln1n"l1C]J~~;'W 

~'l~'fl1"l"l:;Lci'fl-l"lln Pronectin LtI'W purify pronectin ~'l'W Matrigel LtI'W extracellular matrix ~il~'l'W~~lJ'lI'fl-l~I~ 

'\,l'i'lltJ1iil'lL'li'W laminin, fibronectin LL'i'l:; gelatin (Lam and Longaker, 2012) ~-lvlI1~mm:;~lJl?i'flnln"l1C]J'lI'fl'l 

L'l!rl~m n nr)1 ~-l"l1 n n 1~~-l Ln l'1~vll1~r{j9t1L~tJ'l L'll'i'l~IilWll Ltlli)~~h'l1I11u'W"lI'WL~ I:;L~tJ'l L'll~~~ Lrl ~'flUIl1 'ltJ 
" ' 

Matrigelll1'ltJ~fin1~r;1-lnfh'li1 rlru:;0r.rtJ~lm~t:l~~I-lL'll'i'l~1il'Wr11Ltlli)"llnn1n'\,li1mcJ1L'l!'i'l~ CD34+ lI1'ltJ Sendai 

virus TS7 ~'l~'W 5 ~ltJ~'Wf 
Lij'flvll n1~I'1~'l"l'\,l1 RNA 'lI'fl-l Sendai virus 1'WL'l!'i'lci"IilWl1Ltlli)~~~1'l1111~~~eJl'WLLrl:;1aJ eJl'W,r'WI'1'fl'Wn1~ 

LitJ'l~'1lru'\,lJJ~ 38 'fl'lI"1IL'l!'i'lL~tJ~ ~ur)II'1~'l"l1aJ~unlnLM'l'fl'fln '\,l1'fl n1~rl-l'fl~'lJ'fl'l Sendai virus 1'WL'll'i'l~Iil'W 
rl1Ltlli)~'l~'fl'lLLUUr;1-lnfh'l ~'l1'W'V11'l'Vl~'rl'Drl'l~"l:;I'1~'l"l1aJ~u RNA 'lJ'fl-l Sendai virus TS7 L~~1:;1'WL'll'i'l~~eJl'Wn1~ 
LitJ-l~'flru'\,l[)~ 38 'fl-lI"11L'l!rlL~tJ~ LLI?iL'l!rlci"~1aJeJl'Wn1n~tJ-l~'flru'\,l[)~ 38 'fl-lI"11L'l!'i'lL~tJ~ r1'l~"l:;iJ'lrl'lI'1~'l"l~U RNA 

11 qJ 4 'lJ 

'lI'fl~ Sendai virus TS7 'flth-lhnI'11lJ~fin1~~rlru:;09t1L~'flnH~'fln1~I'1~'l"lM1Unlm~Ii)~'fl'fln'lJ'fl'lu'W'lJ'fl-l Sendai 

virus TS7 lI1'ltIL'VlrlUrl RTPCR 'fl1"l"l:;iJ'lilrl'lllJLLaJ'WihU'fltJ L~~I:;"llnnl~ntJ'lI'W'lJ'fl'l Ban LL'i'l:;rlru:; (2011) il 

n1~I'1~'l"l~'flUIl1'ltJn1n'i'fllJ~'VlI-l~lJl;jt'W~L~'flnH fluorochrome-conjugated antibodies ~~1L~I:;I?i'fl antigen 'lJ'fl-l 

Sendai virus TS7 r;1'l~'Wmnrlru:;m9tJlil'fl~n1~u'WiJ'W1~LLtl'W'fl'Wr)11aJiln1~rl'l'fltJ'lJ'fl-l Sendai virus TS71'WL'l!'i'lci"Iil'W 
~ ~ 

rlILtlli)~~~I'l;'W~'W~ILtI'WIil'fl'lvlln 1~'VlIi)~'flUL~lJ L~lJ lI1'ltJ~fi r;1'l nrh'l 

L~'flvll nl~I'1~'l"l~'fluf) ru~lJllii'lJ'fl'l L'll'i'l~lI1'Wrl1Ltlli)~~h'l1111"lln n1~'VlIi)'i'l'fl-ld ~ur)1L'l!'i'lci"lil'Wrll LUli)ilnlj' 

LL~Ii)'l'fl'fln'll'fl'l pluripotent genes 1II1LLri Oct3/4, Nanog LL'i'l:; Lin28 tli)tJU'W~LL~Ii)-l'fl'flmtl'W endogenous genes 

1aJ1'li extopic genes ~m"lln Sendai viral vectors ~rlnl~I'1j''l''l~'fludu'WiJ'WL~'fl'l1il'W1111r)1L'n'i'lci" CD34+ dlli)nlj' 

reprogramming ~lJ\lnlr 'W'fln"lln~'WL'l!'i'l~Iil'Wrl1LUIi) iJ'liln1m~Ii)-l'fl'fln'lJ'fl-l pluripotent markers ~tJ'l~n'lnlnu'W 
L'l!'i'lci"Iil'WrlILUIi) LLrl:;LU'W pluripotent markers n~lJL~mnu~ilnlm~Ii)'l'fl'fln1'WL'l!'i'l~Iil'WrlILUli)iil'l!l'fl'W (Takahashi 

et aI., 2007; Takenaka et ai, 2011) ~tll~'W1"lrl~'fl 09tJ1I11vlln1j'I'1~'l"l~'flUnlm~Ii)'l'fl'fln'll'fl~ CDlO ~'lLrltJil 

ntJ~I'Wr)1 CDlO LtI'W markers ~L~m-ii'fl~nuf)ru~lJllii'lJ'fl'l Pluripotency 'lJ'fl'lL'll'i'l~Iil'Wf'hLUIi) (Young et aI., 

1999) 0r.rtJ~Ur)1 13PFX 1 1aJil n1m~Ii)~'fl'fl n'lJ'fl'l CD 10 LLI?i 13PFX2 il n1nL~Ii)~'fl'fln'lJ'fl'l CD 10 iil~~'W~'i'l r;1~ nfll'l 

rl'lj'iln1~~n'rl'II?i'fl1tJr)1 CDlO LtI'W pluripotent markers "l1'l'\,l1'fl1aJ '\,l1'fl'\,lln CDlO LtI'W pluripotent markers "l1'l 

LL~Ii)'lr)1 13PFX1 Lflli)n1j' reprogram ~1aJ~lJ\lj'ruL~mmtJULYitJunu 13PFX2 
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lri'tl'vh n 1~1?l ~'l"lI;'l'tl1J r1'lIl-JI;'lIl-J1Hl1 wn lHD~tJWmJ'Cl~ dJW'll 'Cl~~vlT\."Wl~~ IlV'n:;'J'tl~ l'll'Cl~~'Wn IlUVl~ 
1;'l;<,~1~ r1(U:;09tJ 1~'YlVl'Cl'tl~ mtim-wl1~l'll'Cl~~WlllUVllD~tJWlD'Cl~1D d']'Wl'll'Cl'ClL'Wn~l-Jl~'tl Vl '\.-l1'tl hematopoietic 

lineage tVltJL-n,T'WI?l'tl'Wll'Cl:;~fim~~~ltJ~I'WtVltJ Salvagiotto ll'Cl:;r1(u:; (2011) ~~~fim~~9Vld,]'W~fi~'I"ItJ1tJ1l-J~"l:; 
I;'l;<,~ l'll 'Cl'ClL'Wn~l-J l~'tl Vl~D ~1 f'1 "l1 n m ~D'Wln'tl'Wt:.J~ I?l.n(u'Vl"l1 n ~I?l f ~~'tll"l"l :;1;'l1l-J1Hl-Wll-J lD ~:;~ n I?lLfl 'Wm ~fm~n 

~thtJ1'W t~r1vm~:;1J1J l~'tl Vl1~'W'tl'Wl r11?l '\.-l~~"l1 n l '\.-ltim-w 11~ l'll 'Cl ~~'WnllUVllD~tJ'WllD'Cl~1D dJ'Wl'll 'Cl'ClL'W~:;1J1J l~'tl Vl 

W59tJ'I"I1J~ll'll'Cl~~'WnllUVlI;'l1tJ~'Wfi 13PFX1 1;'l1l-J1~nnnmtim-wl1~iJmmI;'lVl~'tl'tln'll'tl~ C034 tVltJmnlI;'lVl~'tl'tln
~ ~. 

~, dJ'W~'tl~Df1JD~~ ll'Cl:;~W-J'W1 m:;1J'l'Wn1n'\.-ltim-wll'll'Cl~~'WnllUVl1~iJD~:;~'Ylfi.rn'l"ll~l-Jl-Jl n~'W 

lri'tlvll m~I?l~'l"lI;'l'tl1J~m~(U:;'ll'tl~tr1~tl-J t'lll-J~htJ~fi G-bandning '1"11J~1l'll'Cl~~'Wn1lUVlI;'l1tJ~'W~ 13PFX1 

U~r1~mr1~tl-Jt'lll-J~Dn~~'tl 46, XX hjiJmn~l-J~'W'\.-l1mJ1tJ~1ll'\.-lt.l~'ll'tl~~'Wtr1~tl-Jt'lll-J ~~J'W 1;'l1l-J1~nl;'l~D1Ji~1 n1~ 

mtitJ'l-W1l'll'Cl~ C034+ Ji'ltJ Sendai virus TS7 1~dJ'Wl'll'Cl~~'Wn1lUVl hnJivll1~lnM'l1l-J~VlDn~'ll'tl~tr1~tl-Jt'lll-J 

'll'tl~ l'll'Cl~ r1'l1l-J1;'l1l-J1 ~n1'Wn1~r1~'I'lfl1'1"1 tr1~tl-J t'lll-J~D n ~'ll'tl~ l'll'Cl~~'Wn1lUVl~iJ r1'l1l-J~' ri'k! d:I'W'tlth~l-J 1 n 1 'Wn 1 ~ 
'Yl VlI;'l'tl1JrJ (u1;'ll-J1J~~W1 'lI'tl~ l'll 'Cl~~'Wn1lUVl tVltJ l'!l'l"l1:; n 1~ lD ~tJ'W llD'Cl~1D l U'Wl'l!'Cl~~vllm~I~~ll'l"ll:;1'W il~ n 1 tJ'lJ 'tl~ 

'\.-1'\.1 '\.-l1'tl teratoma assay ~~nl'l"ln:;'\.-l1ntr1~tl-Jt'lll-JiJr1'lIl-J~VlDn~ "l:;.yh1~m:;~'W1~d'iVl teratoma '\.-l1'tl 

teratocarcinoma 1'W~1?l'l1Ji~ltJn~1l'l!'Cl~~'Wn1lUVl~mr1~tl-Jt'lll-JDn~ (Blum and Benvenisty, 2009) ll'Cl:;'tl1"l"l:; 

'i'I~ t:.J'Cl~'tl mnlD'Clt:.J'Cl m~'Yl VlI;'l'tl1J rJ (U1;'ll-Jllil'lJ'tl~l;'lltJ~'W~l 'll 'Cl~~'Wn1lUVl~I;'l;<,~1Ji 

~~ll~~lm~I;'l;<'~l'l!'Cl~~'Wn1lUVl"llnn1~mtim-w'l'll'Cl~ C034+ ~'ltJ Sendai virus TS7 "l:;ii'tlr)llU'W~fi~ 

L-nl;'l;<,~ non-integrating iPSCs ll'Cl:;iJ r1'lIl-JD'Cl'tl Vl.ntJ1'Wn1~-W11D1fl'W'Yll~ r1~Un ll~'\.-l1niJ~fi~'W~~nr)ltJ'tll-JI;'l;<,~ 

r1'lIl-J ~'W1"lllr1 ll'l"l'YlU U'Cl:;un~9tJ~"l :;-w11D1fl'Wm~fm~n ql.l'ltJ ~~JWr1 (U:; 0 9tJi'll-J n 1JUn~9tJ"l1 n~'tl~DDllil m ~ 
l'll'Cl~~'WnllUVlll'Cl:; l'll'Cl~thuVl r1 (U:;ll'I"I'YltJf'111;'lI?lf "l~1'Cl~ nmrl-J'\.-l1~'YltJ1~tJ 9~1~(ii'lU'Wm~19tJl;'l;<'~l;'lltJ~'Wfil'l!'Cl~ 

• q 

~'WnllUVltVltJmH'\.-ltitJ'l-W1l'll'Cl~ C034+ tMm~L-n episomal vectors ll'Cl:;L-nm:;llI;'l1vJyh1'WnlHUVl cell 

membrane 'lJ'tl~l'll'Cl~l~'tl1~ episomal vectors 1;'l1l-J1~m;h'i'lU'llr1~tJI;'lU'Cl:; DNA 'lJ'tl~l'll'Cl~ C034+ ~fi~'1m~I'l 
'" 

l~tJn~1 electroporation ~~~fi m~niJ n l~ntJ'I1'Wl-Jlr1'tl'W'\.-lW1 ~'1 r1'lIl-J~'lr"l1'Wm ~I;'l;<,~ l'll'Cl~~'WnllUVl"lln n1~ 

mtim-w1l'll'Cl'Cl1vJtm1J'Clll;'l ll'Cl:; mononuclear l'll'Cl~~ln1J"lln1'llm:;Vln (Yu et aI. , 2009; Hu et aI., 2011) t:.J'Clm~ 
'" 

" '" '" ~'W~I;'l;<''1ll'Cl:;l~tJ'I1J'W''l1'Wl'l''ll:;l~tJ'Il'l!'Cl~vhr1~'tl1J ~'ltJ Matrigel ~:;tJ:;l'l'Cl11'l'lll~l'll'Cl~ C034+ ~n transfect Ji'ltJ 

ectopic genes "l'Wm:;~'1iJn~l-J'lI'tl'll'll'Cl~~'Wn1lUVll"l1'k!~'W H\'l'Cl1D~:;l-J1(u 10-12 'l'W lrim~tJ'Ii'll-Jnw'll'Cl~~l~tJ~ 
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, '" I I iJ 

l'll'Cl~Yh~tJ~iJr1'l1l-Jl'\.-ll-Jl:;I;'ll-J~'tln1n"l1'k!'lI'tl~l'll'Cl~ C034+ V1~nm11m-Wl~'ltJ ectopic genes l-J1nnr)ln1n~tJ'I 
" ,

l'll'Cl~1J'W"l1'Wl'l"ll :;l~tJ~V1lr1 ~'tl1J ~'ltJ Matrigel 
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Eighteen-Year Cryopreservation Does Not Negatively 

Affect the Pluripotency of Human Embryos: 


Evidence from Embryonic Stem Cell Derivation 
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Vichuda Ahnonkitpanit~,2 Nipan Isarasena,4 and Pramuan Virutamasen1 ,2 


Abstract 

Human embryonic stem (hES) cells are considered to be a potential source for the therapy of human diseases, 
drug screening, and the study of developmental biology. In the present study, we successfully derived hES 
cell lines from blastocysts developed from frozen and fresh embryos. Seventeen- to eighteen-year-old frozen em­
bryos were thawed, cultured to the blastocyst stage, and induced to form hES cells using human foreskin fibro­
blasts. The Chula2.hES cell line and the ChuJa4.hES and Chula5 .hES cell lines were derived from blastocysts 
developed from frozen and fresh embryos, respectively. The cell lines e>''Pressed pluripotent markers, including 
alkaline phosphatase (AP), Oct3/4, stage-specific embryonic antigen (SSEA)-4, and tumor recognition antigen 
(TRA)-1-60 and TRA-1-81 as detected with immunocytochemistry. The real-time polymerase chain reaction 
(RT-PCR) results showed that the cell lines expressed pluripotent genes, including OCT3/4, 50)(2, NANOG, 
UTF, LIN28, REX1, NODAL, and E-Cadherin. In addition, the telomerase activities of the cell lines were higher 
than in the fibroblast cells. Moreover, the cell lines differentiated into all three germ layers both in vitro and 
in vivo. The cell lines had distinct identities, as revealed with DNA fingerprinting, and maintained their normal 
karyotype after a long-term culture. This study is the first to report the successful derivation of hES cell lines in 
Thailand and that frozen embryos maintained their pluripotency similar to fresh embryos, as shown by the suc­
cess of hES cell derivation, even after years of cryopreservation. Therefore, embryos from prolonged cryopreser­
vation could be an alternative source for embryonic stem cell research. 

Key words: embryo transfer; infertility; reproductive technology; stem cells 

Introduction 

N HUMAN-ASSISTED reproductive technology, the tech­I nique of cryopreselVation, which involves storing an O(}o 
cyte, sperm or embryo at sub-zero temperatures, is well 
established, effective and applied in most infertility centers 
around the world.1 Researchers were initially concerned 
with the effects of cryopreservation or cryostorage on the 
survival, development and molecular biology of the frozen 
embryo after thawing.2-4 However, recent reports have 
demonstrated that cryostorage does not adversely affect 
post-thaw survival or pregnancy outcome during in vitro fer­
tilization (IVF) or oocyte donation in patients. Moreover, a 
healthy boy was born from 20-year-old cryopreserved pronu­
clear (PN) embryosS,6 

Embryos that display poor morphology after freeze-thawing 
are discarded or donated for research purposes, including 
human embryonic stem (hES) cell derivation. The hES cells 
that are derived from the pluripotent cells of a preimplanta­
tion stage embryo display unique characteristics, such as 
self-renewal and differentiation into all adult cell types. 
Thus, hES cells are not only considered to be potential sour­
ces for drug screening tests and regenerative medicine ther­
apies, they might also serve as a model for the study of early 
human embryonic development? To date, more than 1000 
hES cell lines have been derived in laboratories worldwide, 
and rapid advances in the knowledge and technologies ass(}o 
ciated with the culture conditions of hES cells have made it 
possible to derive new hES cell lines under clinical or near 
clinical cond itions for further use8 Although the embryos 

'HWllan Embryonic Stem Cell Research Center; Departments of 2Ob."letrics and Gynecology (Reproductive Medicine Unit), and 
'Pharmacology, Faculty of Medicine; Chulalongkom University, Bangkok, Thailand. 

1<.ing Clwlalongkom MEmorial Hospital, Bangkok, TMilimd. 
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may display poor morphology, they remain a major source of 
starting material for the isolation of hES cells, and several 
methods have been applied to improve the success of hES 
cell derivation. Culturing poor-quality embryos in a modified 
culture medium increased blastocyst formation,9 and using 
mesenchymal slem cells as feeder cells also facilitated the der­
ivation of hES cells from poor-<juality embryos. 10 However, a 
recent publication demonstrated that there was no correla­
tion between the morphology of cells at the blastocyst stage 
and the success of hES cell derivationY Thus, the success of 
hES cell derivation can be expected even with poor-<juality fro­
zen-thawed embryos. As previously discussed, the duration 
of cryopreservation does not affect pregnancy outcome; thus, 
it would be interesting to delermine whether long-lerm cryo­
preserved embryos could generate hES cell lines similar to 
fresh embryos. 

In the present study, we aimed to derive hES cells from em­
bryos that were previously frozen for 17-18 years under culture 
conditions that minimize contact with animal products. More­
over, an examination of the poor quality of fresh embryos that 
were not suitable for transfer was also included in this study. 

Materials and Methods 

Human embryos and ethical approval 

The human embryos used in the present study were do­
nated with informed consent from a couple that participated 
in the IVF program for infertility treatment. The isolation of 
hES cells was performed after obtaining the approval of the 
Institutional Review Board (IRB number 096/50), Faculty of 
Medicine, the Chulalongkom University. The procedure 
was performed according to the National Guidelines for 
Stem Cell Research issued by the Thai Medical Council and 
the Ministry of Public Health. 

Embryo culture 

Frozen embryos at the PN stage were thawed, transferred 
to droplets of the global medium (LifeGlobal) supplemented 
with 10% serum substitute (Irvine Scientific), covered with 
light oil (LifeGlobal), and cultured at 37'C in 5% Ou 6% 
COz, and 89% NO:z. The poor-<juality donated fresh embryos 
were cultured under the same culture conditions. After 3-4 
days of culture, only the embryos that developed to the blas­
tocyst stage were collected and transferred to the hES cell lab­
oratory for hES cell isolation. 

Preparation of the feeder layer 

Commercial human foreskin-derived fibroblasts (HFF; 
CRL-2429, ATCC) were used. HFFs were cultured and main­
tained according to the manufacturer's protocol. To use HFFs 
as feeder cells, the con£luent fibroblasts were mitotically inac­
tivated with 10 Ilg/ mL mitomycin C (Sigma) for 25-3 h, dis­
sociated with 0.05% trypsin-ethylenediaminetetraacetic acid 
(Invitrogen), counted, and plated on a 0.1% gelatin-coated 
dish (BD Bioscience). 

Isolation of the inner cell mass and the propagation 
of hES cells 

The zona pellucida of the blastocyst was removed through a 
brief incubation with 0.1% acidified Tyrode's solution with 
close monitoring under a stereomicroscope. Zona-free blas!o-
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cysts were directly plated onto the feeder cells. For propaga­
tion, the hES cells were mechanically dissociated into small 
pieces every 5-7 days using a 23G needle, detached from the 
rulture dish, and plated onto new feeder cells; the culture me­
dium was changed daily. The hES cell medium was the knock­
out Dulbecco's modified Eagle's medium supplemented with 
20% knockout serum replacement, 1% Glutamax®, 1% nones­
sential amino acids, 0.1 rnM 2-mercaptoethanol1 % penicillin­
streptomycin (all purchased from Invitrogen), and 8ng/mL 
fibroblast growth factor (bFGF; R&D Systems). 

Alkaline phosphatase staining and immunostaining 

The hES cell colonies were fixed using 4% paraformalde­
hyde. The alkaline phosphatase (AP) activity was detected 
using an AP detection kit (Sigma), according to the manufac­
turer's protocol. The primary antibodies used were mouse 
antibodies against stage-specific embryonic antigen (SSEA)­
4, tumor recognition antigen (TRA)-1-60 and TRA-1-81, 
and rabbit anti.()ct3/4 (all purchased from Abcam). For 
the detection of the antibodies, fluorescein isothiocyanale­
conjugated goat anti-rabbit or Cy3-conjugated goat anti­
mouse antibodies were used. 

Real-time polymerase chain reaction 

Total RNA was extracted using TRI REAG~ (Molecu­
lar Research Center, Inc.) . A total of 1 Ilg of total RNA was re­
verse transcribed using the RevertAid H Minus First Strand 
eDNA Synthesis Kit (Fermentas, Thermo Fisher Scientific,. 
Inc.), according to the manufactu.rer's instructions. Polymer­
ase chain reaction (PCR) was performed with PCR master 
mix (2 x) (Fermentas, Thermo Fisher Scientific, Inc.). The 
PCR conditions and primers were described previouslyu 

Differentiation of hES cells 

To detennine their in vitro differentiation ability, hES cells 
were mechanically dissociated into small clumps and cul­
tured in suspension in the hES cell culture medium without 
bFGF. Three-dimensional structures called embryOid bodies 
(EBs) were observed for up to 21 days. To determine their 
in vivo differentiation ability, a teratonla formation assay 
was performed . Approximately 1 x 10 6 hES cells were injected 
under the testicular capsule of 4- to 6-week-old nude mice. 
Aiter 10-12 weeks, the mice were euthanized, and the terato­
mas were removed, fixed with 10% buffered formalin ph06­
phate (Sigma), and embedded in paraffin blocks. Next, 4 !lID 
sections were stained with hematoxylin and eosin. The care 
of the animals was conducted in accordance with the institu­
tional guidelines of the Ethics Committee for Animal Labora­
tory Use (Approval No. 15/52). 

Telomerase analysis 

The telomerase activity of the hES cell lines was measured 
using a TRAPeze Telomerase Detection IGt (Chemicon), 
according to the manufacturer's instructions. 

Karyotype analysis 

The hES cells were incubated with 10 ng/mL of colcemid 
(Karyomax, Invitrogen) for 3-4 h at 37°C and 5% CO2 . Subse­
quently, the cells were trypsinized, treated with KCl solution 
(Bio Industries), and fixed with fixative (3: 1 methanol:acetic 
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acid). The metaphases were spread onto microscope slides 
and stained using a standard G-banding technique. TIle chro­
mosomes were classified according to the International Sys­
tem for Hwnan Cytogenetic Nomenclature. At least 15-20 
metaphases were analyzed per cell line. 

DNA fingerpnnting 

Total genomx: DNA was extracted from the uru:l.ifferenti­
ated hES cells using a DNeasyTissue Kit (Qiagen), according 
to the manufacturer's instructions. Fifteen short tandem re­
peat (STR) loci and amelogenin were amplified using an 
AmpFlSTR'" ldentifiler'" PCR Amplification Kit (Applied BiD­
systems), according to the manufacturer's instructions and 
detected using a 3100 Genetic Analyzer (Applied Biosystems). 

Results 

Development of embryos after long-term cryopreservation 

Upon approval from the ethics conunittee, a total of 23 em­
bryos were thawed and cultured according to the standard 
protocol of the rvF Unit, King OlUJalongkom Memorial Hos­
pital A total of 17 of the 23 (73.9%) embryos survived after 
thawing: 12 (70.6%) of the surviving embryos arrested at 
the initial stage of development, and five (29.4%) embryos de­
veloped to the blastocyst stage after 4 days of culture. Of the 
five blastocysts, we only obtained one expanded blastocyst 
with a tightly packed inner cell mass (ICM; Fig. lA); the 
other blastocysts were not fully expanded, showing thick or 
broken zonae pellucidae and small ICMs (Fig. IE-D). 

Iso/ation of ICMs and hES cell culture 

Although their quality was not high, five blastocysls from 
frozen-thawed embryos and eight fresh blastocysts were 
used for hES cell derivation. Due to the difficulty of the local­
ization of the ICM within blastocysts (Fig. 2A), the mechanical 
separation of the ICM from the trophectoderm (TE) was not 
achieved. Thus, the zona pel1ucida was isolated, and the blas­
tocysts were directly plated onto inactivated HFFs that were 

used as the feeders . At 24h after the initial plating, the cultures 
were examined for the attacrunent of the blastocysts to the 
feeder layer. Three to four days after coculture with feeder 
cells, a prominent ICM surrounded by TE cells was observed 
(Fig. 2B). This ICM was separated from the TE using a 23G nee­
dle and plated on a layer of fresh feeder cells. Within 24h, the 
ICM was attached to the new feeder cells. Seven days after 
the second plating of the ICM, hES-like cells began growing 
from the ICM cJwnp (Fig. 2C). TIle newly formed hES-like 
cells were dissociated using a needle and plated onto fresh 
feeder cells. Mechanical passaging was applied to propagate 
the hES cells. TIle established hES cell line (Fig. 20) exhibited 
a vigorous growth rate during a lang-term culture and was 
routinely passaged every 5-7 days. The efficiency of the deri­
vation of the hES cell lines from blastocysts developed from 
frozen-thawed and fresh embryos is summarized in Table 1. 

Morphology of hES cells on different densities 
of feeder cells 

The cell line derived from the lS-year-old cryopreserved 
embryo, Chula2.hES, displayed the typical features of hES 
cells, including flat colonies, a high nuclear / C}'toplasmic ratio 
with clearly distinguished nucleoli, and a defined border of col­
onies. At the early stage of Chula2.hES derivation (passage nwn­
bers >-8), three different densities of feeder cells were tested. As 
shown in Figure 2E, after growing five subsequent cultures on 
three different feeder cell densities of 1.75, 35, and 7.0x 104 

celIs/on2
, we found that Ou.tIa2hES cells cultured on 

1.75x 10'" cells/ cm2 tended to differentiate more easily compared. 
with other feeder cell densities. Moreover, the attachment of 
Chula2hES cells cultured an 7.0xlcf ceIIs/on2 decreased after 
subsequent passages. TIrus, a feeder cell density of 3.5 x 10" 
celIs/o--« was selected for the culture of dmla2.hES cells and 
the derivation of the other lines, Chula4.hES and ChulaS.hES. 

Characterization of hES cells 

All of the hES cell lines exhibited the AP activity and 
expressed hES cell markers, including SSEA4, TRA-I-60, 

# 

FIG. 1. Morphology of the blastocysts 
developed from long-tenn cryopreserved 
embryos. Six days after thawing and culture, 
the surviving embryos developed to the 
blastocyst stage. Different morpholOgies of 
the blastocysts, including fully expanded 
blastocysts with a clear and tightly packed 
ICM (white arrow; A), non-Ju1Jy expanded 
blastocysts with thick zonae pellucidae and 
small ICMs (B-D), and broken zona 
pellucida during the freezing-thawing 
process, were observed (black arrow; D). All 
of the images were obtained using a 40x 
objective phase-contrast microscope. ICM, 
inner cell mass. 
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FIG. 2. Derivation of a hES cell line 
from a blastocyst developed from a 
frozen-thawed embryo. The images 
show the successful derivation of the 
ChuIa2.hES line from a poor-quality 
intact blastocyst developed from an 
1S-year-- frozen embryo (A). The zona 
pellucida of the blastocyst was 
removed, and the entire blastocyst 
was plated on feeder cells. Three days 
after plating, an outgrowth of ICM 
(indicated by the star) surrounded by 
a TE was observed (B). The ICM was 
mechanically removed from the TE 
and plated onto new feeder cells. 
Seven days after removing the TE, an 
outgrowth of putative hES-like cells 
was observed (0, wlUch later 
generated the stable hES cell line 
O\uIa2hES (D). The morphologies of 
the colonies and individual 
ChuIa2hES cells on three different 
feeder cell densities (E). A density of 
35,000 cellslcrn2 was selected for 
further propagation Scale 
bars = 100 !lID, hES, human embryonic 
stem; TE, trophectoderm. 

TRA-1-81, and 0ct3/4 (Fig. 3A). The real-time polymerase 
chain reaction (RT-PCR) results confirmed that the Chula2 
.hES, ChuIa4.hES, and ChulaS.hES cells are pluripotent 
cells, as shown by the expression of pluripotent genes, includ­
ing OCT314, SOX2, NANOG, UTE, REXl , LIN28, NODAL, 
and E-Cadherin, wlUch was similar to the NIH registered 
hES cell line BGOl (Fig. 3B). The ability of the hES cell lines 
to differentiate into embryonic germ layers was demonstrated. 

40 x 100x 

4 2 
1.75 x 10 cells fcm 

4 2 
3.5 x 10 eells fem 

4 2 
7.0 x 10 cells fern 

To evaluate their in vivo differentiation, ChuIa2.hES, Chu­
la4.hES, and ChulaS.hES cells were allowed to grow and dif­
ferenti.ate for 10-12 weeks after injection into nude wce. The 
1Ust0pathological analysis of the teratomas revealed the pres­
ena:! of tissues derived from the ectoderm, endodenn, and 
mesodenn layers (Fig. 3C). For in vitro differentiation, the 
hES cell lines were mechanically dissociated into small 
clumps and cultured in suspension. All of the cell lines 
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TABLE 1. COMPARISON OF THE EFPfCIENCY OF HUMAN EMBRYONIC STEM CELL DERIVATION USING 

BLASTOCYSTS DEVELOPED FROM FROZEN-THAWED AND FRESH EMBRYOS 


Blastocysts used Attached [CM outgrowth hES-like cells Ceu lines 
Embryos n n (% ) n (%) n (%) n (%) Nmne 

Frozen-tl1awed 5 5 (100.0) 3 (60.0) 1 (20.0) 1 (20.0) Chula2.hES 

Fresh 8 7 (875) 5 (62.5) 3 (375) 2 (25.0) Chula4.hES 
Chula5.hES 

Total 13 12 (92.3) 8 (61.5) 4 (30.8) 3 (23.1) 

ICM, inner cell mass; hES, human embryonic stern. 

were able to form tluee-dimensional structures, called EBs 
(Fig. 3D). When the telomerase activity of the hES cell lines 
was analyzed, all of the cell lines displayed a high telomerase 
activity, which was higher than the activity of HFFs (Fig. 3E), 
suggesting immortal replication ability. 

Identification of hES cel/lines 

The chromosomal stability of the hES cell lines was assayed 
through conventional karyotyping. The cells were karyo­
typed using standard G-banding. At least 15-20 metaphases 
of each cell line were counted . Karyotyping revealed that 
the OlUla2.hES line, which was derived from an 18-year­
old frozen embryo, had a normal male chromosome content 
of 46 XY. The Chula4.hES and Chula5.hES cells, which were 
derived from blastocysts developed from fresh embryos, 
showed normal male and female chromosome contents of 
46 XY and 46 XX, respectively (Fig. 4A) . A total of 16 STR 
loci were analyzed for the three newly established hES cell 
lines, and each cell line showed distinct STR loci (Fig. 4B) . 

Discussion 

In our previous study, we examined different protocols for 
the derivation of hES cells, but only one hES-like cell line was 
successfully generated from a frozen-thawed embryo using 
human skin fibroblasts as feeder cellsP In the present study, 
a total of 12 and 11 PN stage embryos, which had been frozen 
in 1990 and 1991, respectively, were thawed and cultured in a 
commercial medium without the supplementation of growth 
factors or cytokines. The survival rate of the frozen-thawed 
embryos in our study (73.9%) was consistent with that of 
other studies in which the embryo culture medium was sup­
plemented with an Rho-associated kinase (ROCK) inhibitor 
Y-27632 or a combination of human recombinant leukemia in­
hibitory factor (hrLIF) and human basic fibroblast growth fac­
tor (hbFGF).9.10 The ROCK inhibitor positively enhances the 
survival and proliieration of several cell typesp-15 Five em­
bryos survived the freeze-thaw process and developed to the 
blastocyst stage, which demonstrated that the cryopreserved 
embryos in tl1is study maintained their developmental ability, 
even after 17-18 years of cryostorage. 

We attempted to isolate hES cells from the low-quality bIas­
tocysts derived from the frozen-thawed embryos without 
modifying the culture conditions. Modifying embryo culture 
conditions, such as culturing embryos in a modified culture 
medium composed of the G25 medium supplemented with 
hrUF, hrbFGF, and human serum albmnin9.16 or two addi­
tional days of culturing after reaching an early blastocyst 
stage,16.17 shows a beneficial effect on hES ceD derivation. 
However, poor-quality blastocysts developed from eitl,er 

fresh or frozen--thawed embryos were used for hES cell deriva­
tion, and both showed the ability to generate hES cell lines. As 
our results showed, hES cell lines could be derived from bIas­
tocysls developed from frozen--thawed and fresh embryos 
with no difference in efficiency, and the cryopreservation of 
the embryo did not affect the efficiency of hES cell derivation. 

The hES cells derived for medical purposes should not be 
exposed to animal components. Although the hES cell lines 
derived in this study were not completely xeno-free cell 
lines, the animal components will be removed from the cul­
ture conditions in our future studies. However, in this 
study, we did not add serum to the cultu.re medium and fur­
ther minimized contact with animal components in the cul­
ture conditions by using commercial HFFs as feeder cells 
and mechanical passage for hES cell propagation. The 
method for the isolation of the ICJvf also affects the success 
of hES cell derivation. To derive xeno-free hES cells, we con­
sidered mechanical methods for the isolation of the ICM or 
whole-blastocyst culture techniques. Botl, methods have pre­
viouslr been reported for the successful derivation of hES cell 
lines.1 .19 However, due to their poor quality, the blastocysts 
contained a relatively small ICM; thus, the only method that 
could be used in this study was whOle-blastocyst culture. 
Three to 4 days after the initial plating of the whole blastocyst 
onto feeder cells, a dome-shaped rCM was observed . This 
phenomenon demonstrates that our culture conditions sup­
port the growth of an ICM in poor-quality blastocysts. The 
complication of using this method is that the ICM is cultured 
in close contact with the TE. Contact with the TE might de­
crease the success of hES cell derivation by inducing the dif­
ferentiation of the ICM.20 To avoid losing the pluripotency of 
the cells in the ICM, we mechanically removed the rCM out­
growth from the TE at approximately 3-4 days after the initial 
plating, plated the rCM on new feeder cells, and subsequently 
split the hES-like cells into small pieces for further propaga­
tion. Thus, three hES cell lines, Chula2.hES, Chula4.hES, and 
Chula5.hES, were successfully established. Other groups have 
also reported the early separation of the ICM from the TE.21.22 
Although some reports have suggested that in whole-blastocyst 
culture, the ICM clump should be separated from the TE out­
growth and split into small pieces at 7-10 days after initial plat­
ing,18,20-23 no hES cell line could be derived in our hands using 
this method. In fact, the rCM clump should comprise a large 
number of plUripotent cells before the first splitting, as 
human pluripotent cells preferably grow as a group of cells. 

Based on previous reports, the feeder cell density is an im­
portant parameter for hES cell culture. The morphology of the 
hES cell colonies was different when cultured on different 
feeder cell densities24 To our knowledge, there are no standard 
criteria for the feeder cell density for the derivation and 

http:TE.21.22
http:cultu.re
http:stage,16.17
http:albmnin9.16
http:hbFGF).9.10
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HG. 3. Characterization of the hES ceD lines. The Om1a2hES, Chula4.hES, and OlulaS.hES cells expressed pluripotent 
markers, including AP, Oct3/ 4, SSEA-4, TRA-1-60, and TRA-1-81, as detected with immunostaining (A), and pluripotent 
genes, including OCT3/4, 50X2, NANOG, LITF, REXl, UN28, NODAL, and E-Cadherin, as detected with RT-PCR. GAPDH 
was used as a housekeeping gene, and the NIH registered hES cell line BGOl was used as the control (B). The in vWo differ­
entiation of the hES cell lines was assessed using a teratoma assay. Ectode.nnal, mesodermal, and endodermal tissues were 
found in the teratomas of ChuJa2hES, ChuJa4.hES, and ChuJaS.hES cells (C). The in vitro differentiation of the hES cell 
lines was determined using EB fonnation (D) . The inunortal replication ability of hES cell lines was measured through the 
high level of telomerase activity, and the levels were higher than in foreskin fibroblasts, which were used as feeder cells 
(E). The scale bars in (A) and (C) represent l00!1lI\, and the scale bar in (D) represents 10 J.IlIl. AD of the images of AP in A 
were acquired with a lOx objective phase-contrast microscope. AP, alkaline phosphatase; SSEA, stage-specific embryonic an­
tigen; TRA, tumor recognition antigen; RT-PCR, real-time polymerase chain reaction; GAPDH, glyceralaldehyde-3-phosphate 
dehydrogenase; EB, embryoid body. 
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FIG. 4. (A) The karyotype analysis of three different hES cell lines using the G-banding method and DNA fingerprinting. 
Chula2.hES, Chula4.hES, and ChulaS.hES cells were able to maintain their nonnal karyotype after long-tenn culture, as 
detected with standard G-banding. The Chula2hES, Chula4.hES, and ChulaS.hES cells exhibit 46 XV, 46 XV, and 46 XX, 
respectively. (8) The Chula2.hES, Chula4.hES, and ChulaS.hES cells clisplayed different DNA fingerprinting, which inclicates 
that the three cell lines were derived from different embryos. 

maintenance of a new hES cell line. lnzunza et al.23 suggested 
that when using commercially available HFFs as the feeder, 
a density of approximately 5.3 x let cells/cm2 could be ap:: 
plied for derivation, and subsequently, a density of 1.23xl0s 

cells/cm2 could be used for hES cell maintenance. EI1erstr6m 
et al.20 used a density 0[ approximately 6.9 x let HFF reDs/cd 
for the derivation of xeno-free hES cells. We tested three 
different feeder cell densities for the derivation of the Chu­
1a2.hES line (passage numbers 3-8). Our results demon­
strated that the Chula2.hES line demonstrated the best 
morphology of unclifferentiated cells when cultured on 
3.5 x let cells/cm2 compared with their growth on 1.75 
and 7.0x let cells/cm2

; thus, this density was selected for 
the derivation of other cell lines. In contrast to Chula2.hES 
ceDs, during the first and second passages of Chula4.hES 
and ChulaS.hES cells, both of the cell lines tended to differ­
entiate easily when cultured on 3.5 x 104 cells/mi offeeder 
ceD density. The spontaneous differentiation of Chula4.hES 
and Chula5.hES lines can be explained by the low density 
of feeder cells resulting in insu.lficient levels of secreted fac­
tors, extracellular matrix, several molecules, and cellular 
contacts that are prOvided by the feeder cells for the mainte­
nance of hES cells in the undifferentiated state.2S To avoid 
losing the plUripotent ceDs, we increased the density of the 

2HFF ceDs iTom 3.5 to 5.0 x 104 ceDs/ cm , which resulted in 
the establishment of two stable cell lines, Chula4.hES and 
ChulaS.hES. The 7.0 x 1Cf cells/ Cln2 feeder density was not 

selected for culturing the hES ceD lines because a high feeder 
cell density would result in a more rapid depletion of nutri­
ents and oxygen within the in vitTO culture milieu, which 
could be detrimental to the growth of hES ceDs. In addition, 
a high feeder cell density could also phYSically hinder the at­
tachment and growth of ES colonies during serial pas­
sages.2 4 Notably, our results also demonstrated that 
clifferent cell lines might prefer clifferent feeder cell densities. 

The Chula2hES line isolated from fro:ren-thawed embryos 
showed a morphology that was typical of hES cells and 
expressed pluripotent markers, such as AP, SSEA-4, TRA-1-60, 
lRA-l-Sl, and Oct3/4, and pluripotent genes, such as OC73/4, 
50X2, NANOG, UTF, REXl, UN28, NODAL, and E-Cadherin. 
The Chula2.hES line showed high levels of telomerase activ­
ity, inclicating that these cells can infi:nitely proliferate. The 
Chula2.hES cells differentiated into three embryonic germ lay­
ers through the fonnation of EBs, a three-dimensional structure 
fanned in suspension culture, and teratoma tissue after injec­
tion into the testicular capsule of nude mire. The ability of 
dillerentiation strongly demonstrated the pluripotency of 
Chula2hES cells. The characteristics clisplayed by Chula2hES 
cells were similar to Chula4.hES and ChulaS.hES cells, which 
were derived iTom blastocysts developed iTom fresh embryos. 
The pattern of DNA fingerprinting of all of the hES cell lines 
was different, confirming that the cell lines are derived from 
different embryos. Furthermore, all of the hES cell lines main­
tUned their nonnal karyotype after prolonged culture. Taken 

http:state.2S
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together, our results showed that OlUlal.hES, Chula4.hES, and 
ChulaS.hES cell lines have the same pluripotency as other e.'Xist­
ing hES cell lines? ;16,27 

[n conclusion, this is the first report of the successful deriva­
tion of hES cell lines in Thailand. The success of hE5 cell deri ­
vation in the present study demonstrated that an IS-year 
cryopreservation did not adversely affect the pluripotency of 
a human embryo, and this embryo maintained its pluripotency 
similar to fresh embryos, as shown by the success of the deri ­
vation of Chula2.hES, Chula4.hES, and ChulaS.hES lines. 
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