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b'1l61~~'Ufl'lb'W(y)"illflf11'JbVl~tJd~l (induced pluripotent stem cells; iPSCs) 1;'11:lJl'Jtll;'1h~hl "illfl 

f11 'i b Vl~~l~l b'1l61~'lJ'W (y)~l-:J 1'lJ€l-:J ~l-:Jfll(J b'1l61~ ~'Uflrl b'iJ (Y)"ill fl fll 'J bVl~~l~l iJf) rul;'1l.J'u&lvj'h~'lJ?ieJ 1;'11:lJl'Jtl 

bb'\J'l~11~eJ~1'l1:!l~ln(Y) b~m~~'leJ~'1'U1;'1.f1l1~ vjbVlm~l;'1:W 1'U~€l'ltJ5u&lfll'J bb61~ 8.:j1;'11:Wl'JmtJ~~'UbbtJ61.:j1tJ 
b.u'LI b'1l61~'lJ,J(Y)\lh-:J 11'LI~1'lf11~M'Vl fl'lJ'W(y) I'1'lJ'U b'1l61~~'LInlb'W(y)"illflfll'JbVl~m~l~.:jb.u'Ub'1l61~vjiJ~fl~ru~vm 
f11(Jill~ bb61~ ~h1'Vlm1:Wb61~611mi'b?i(J'l n'Ub'1l61~~'U nlb'W(Y)vjLWfl"illfl~lB€l'U (embryonic stem cells; ESCs) 

~l(JAll:W?llm'Jtll'1'l fl ~ll ~'liJml:W ~mm:w1'Uf11'J~mn L~€l"il~tJ'J~?I'lA1'Uf11'J~lL'1l61~~'UnlL'iJ(y)~'l"illfl~1, 

< 

m Vl~eJ 1;'11'J€l€lfl'1'Vl5'Vll-:J~1 

1~iJf11'J'Jl~'l1'U (i.:j'lJ'W~b'1l61~~l.:jf11~vj~lm1m'LIf11'JbVl~tJd~l ~'U11 1;'11m'Jtl1ib'1l61Ml'lf11~ Vl61l~ 
'lJ'W(Y)1:!l11"iln.u'U b'1l61611vl1m'U611?l b'1l 61~"ill flb~eJ~ Vl~mb:WLL~ b'1l61~vj~(Y) bL(Jfl"illflt1?1?111~ 1m'Uf11'JLVl~tJd~l vh 

1m~~1i15~1 ~'U"illfl.f1l~'U€lfl L'll'U OCT-3/4, SOX2, Klf4 bb61~ c-Myc b-rrl~b'1l61Ml'lf11~1(y)~f11'J1-d'hrl;'1 

1tJ'J~'U Vl~€l microRNA eJ~l'lhn~ 1'Uf11'J1~~tf Aru~~1~~1~b~€lfl1-rrL'lJGlGllvl1m'U61l1;'1 vjbWfl1~"illflb.Qm~€l
" 

'lJeJ'lLLe.J61L.u'LI vjLn~"illfl f11'J~1~(y) A61eJ(y) L~€l'l"illfl~l~~eJf11'J~(y)f11'J bLGl~ 8-:J1:!l bA~iJf11'J'JltJ'll'Umn€l'LI 
'U€lfl"illmr'UAru~~1~~1Iilb~eJfl1i Sendai virus 1;'11~~W5 TS7 ~'lL.u'U RNA virus 1;'11~~W5vjiJA 'n:wb~eJ" , , 
eJruVl.flijvj6'l'l b.u'U~lVl~1'Uf11'J~1~'LI "illfl m~'U€lflb-rrl~ b'1l61~ 

, 'U 'U 'U 

Aru~m~~6'll:Wl'JmWm'1l61611vl1m'U61l6'l "illflb.Qm~mLe.Jm.u'LI vjLn~"illflf11'J~l~~AGleJ~ ~lfl~'LIL.QeJ 4 
" 

~leJ ~l'l b~m11 f11'J'Vl(Y)I;'1€l'U ~'U11 L'1lGl ~vj bW fl1liliJ~fl~ru~'Vll.:jflltJ.f1l~ b.u'UL'1l61611vl1m'U61l1;'1 bbl;'1~.:jfl,rul;'1:WU~ 
fI~ltJn'U b'1l61~ ~'LInl b'W~'lJ'W(y) mesenchyme b~m11fll'JbVl~m~lb'1l61611vl1m'U6116'l1~fl611m.u'Ub'1l61~~'U 
nl b'W~~'U11 6'llm'Jtl6'l~1'l6'l1~~W5b'1l61~~'Unlb'W~~lflfll'JbVl~tn~11~m fl fl11 20 6'll~~'U6 b~m~~'l b'1l61~~'U, , 

nlb'W(y) "illflf11'J bVl~~l~lvjeJruVl.fl:lJ 38.5 eJ'lP11L'1lm'1itJ6'I~m~eJ'lL.u'Un611 5 l'U LLGl~vllf11'JYl6'l"ilt1f11'JfI'leJ~'lJeJ'l 
'I 'U 'U 'U 

Sendai virus ~'U11\9l'Jl~1lJ~'Uf11'JfI-:J€l~'lJeJ'l Sendai virus 1'U 'J~I'1'Uhh~'U L~eJvllf11'JYl?l~t1f1rul;'1:wu&l 'lffi'l
" " ,

b'1l61~~'Unlb'W~ vjl;'1~1'l1~~'U11 b'1lGl~iJf11'Jbb6'l(y)'leJeJfl'lJeJ-:J pluripotent markers ?i€l OCT-3/4 bb61~b~eJ'Vl~6'I€l'U 
1'U'J~1'1'U8'U ~'U11iJf11'Jbb6'l~'l€l€lfl'lJ€l'l~'LI OCT-4, SOX2, NANOG, REX1, UTF L~€lvllf11'JbVl~~1~11~:Wf11'J 
LtJ~~'UbLtJ61'l1tJb.u'UL'1l61~vjvllVlUlvj ~l b~ l ~ ~'U11 b'lJ61~6'llm'Jtl LtJ~ ~'UbL tJ61'l L.u'UL'1l61~vj b.u'U~l'UtJ'J~ fl eJ'U'lJeJ'l 

L.Qm~eJ1'U~1'lf11~ 
"illflf11'Jf11'il~~tfI;'11:Wl'J f1 6'11tJ11il11 flru~~l~~ 6'llm'Jf16'1~1-:J L'1l61~Iil'Unl b'W(y) ~l~fll'HVl~~l~lb'll61~ 1vl 

1m'U61l6'l vjbb~fl"illfl b.Qm~mLe.J61b.u'U vjbn(y)~lflf11'J~1~(y)A61eJ(Y)1~~1i Sendai virus 
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Derivation of human induced pLuripotent stem cells from caesarean 

scar-derived fibrobLasts 

Abstract 

The two major characteristics of induced pluripotent stem cells (iPSCs) are self-renewal 

and differentiation ability. The iPSCs share the similarity of phenotypes and molecular biology 

to the embryonic stem cells (ESCs). The application of iPSCs for medical and pharmaceutical 

purposes is progressively studied. It has been previously reported that several types of the 

somatic cells including fibroblasts, blood cells or cells that isolated from the urine can be used 

for generating the iPSCs. The introduction of exogenous genes, OCT-4, SOX2, Klf4 and c-Myc 

into the somatic cells can be managed through viruses, protein or microRNA. In the present 

study, we used cesarean scar-derived fibroblasts and Sendai virus temperature sensitive strain 

(TS7) carrying OCT-3/4, SOX2, Klf4 and c-Myc for generation of human iPSCs. 

We isolated four fibroblast cell lines from four samples of cesarean t issues. Fibroblast 

cells exhibited the characteristic of mesenchymal stem ceLLs. We enabLe to generate more than 

20 hiPSC lines under feeder dependent conditions. After incubation of newly generated hiPSCs 

at 38.5 C for 5 days, it was unable to detect Sendai virus at the protein level. The results of 

characterization demonstrated that hiPSCs expressed protein markers, OCT-3/4, and pluripotent 

genes including, OCT-3/4, SOX2, NANOG, REX1, UTF. The in vitro differentiation test showed that 

hiPSCs enable to differentiate into three embryonic germ layers. 

We demonstrated that fibroblasts derived from cesarean scar can be used for 

reprogramming. Temperature sensitive Sendai virus can be efficiently used for introducing the 

exogenous genes into the somatic cells. 
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tJ'OJyU'U b'1l~~~'UfhbU(Yl (Stem Cells) btl'UIl~JJb'1l~Mi1~-rUfrnJJi.1'U1:u'OJlml'W'V1V -Ulll~tJ 
-Ulll'V1tJlmi.1(i11 bb~:-; t1'J:-;'1l1'1l'Uv(llt1btl'U'mh~JJln ~,rdb'W'Jl:-;b'1l~~~'UnllU(Ylii~rui.1JJ'U~~'h~'l! AeJ nl'mU~~l 
fl ~l~hJii~(Yl ~1n(Yl b~ eJ b~tJ~1'U 61 Jlll:-;~ b'VIJJl :-;i.1JJ I'1l~~ \9i''U n11U(Yl?llJJ1'Jllllf)b'VI~tJdth1Vlbt1~tJ'Ublt1~~1 tI b tI'Ul 'Il~ ~ 

" ~'Vh'\lj'Ul~~lb'Vn:-; b'ii'U b'1l~~t1'J:-;i.11'V1 b'1l~~n~lJJbdeJ~11'OJ 'VI~eJ b'1l~~~({~l~b'll~~b:iJ(Ylm'U.ff'U b'J&i'Ul'IJeJWll \-4 

~ltJ~Il~ru:-;Yhi"l~~~ 1l~11 'Vll1 VliimlJJfIl(Yl'VIl'l1 'Um'J~'OJnllb'll~~~tJnllU(YlmH1.'Um'J-rIl~ll'JrI~bn(Yl'OJl Il 
i.1Jlll:-; b~eJJJ'lJeJ~eJltJl:-; 'VI~eJ'lJeJ~ b'll~~ eJ~l'll'In(?)lJJ 1 'UtJ'OJ'OJu'Um'JtI'J:-;tJll(i11<U'b'1l~~~'Ufl'llu(Yl1'U m'J-rIl~l~ btltl~, , 
tJeJJJ-ru1'U'V11~m'JU 'Y'I'VlV bl~:-;t1'J:-;i.1UmlJJ;;11b~'OJJ'U iibY;tJ.:Im'J-rIl~lbrl1'U'J:-;uu b~eJ(Yl ~.:IHb'll~~~'Unl bU(Yl~ 
bbtJnl~'OJllll'IJm:-;(Yl1l 611tJm'J-r1l~1i.1m1:-; b~eJJJ'lJeJWlj~~ 'VI~eJ brl~'U"1(Yl tJ1<U'b'1l~~ ~'U nl bU(YlJ'U tJ~ eJ ~1 'U 

" I" 
:; t:::t o<:lt.. Q...I 5-8 
'IJ'U(?)eJ'U'lJeJ'lIll'Ji"lIl~l bl~:-;l 'OJ tJ 

l(YltJv(llt1bl~lb'1J~~\9i''Unl bU(YlJ'Uii'VI~ltJ'lJU (Yl ~'UeJ ~ n'U bb 'VI~'l~ bbtJ 1lb'1J~~~'Unl bU(YleJeJIlJJll~ b'ii'll b'll~~ 
" 

\9i''UrllbU(Yl'OJllll'IJm:-;(Yl1l 'VI~eJ b'1J~~~'UrllbU(Yl'OJlllbdm~eJ'lJeJ'lVl'U 9 b'1J~~\9i''UrllbU(Yl'OJlllbdm~fl'IJfl.:l(i11.ff'U limbus 
" 'VI~eJ cornea10 ~~b'1J~~\9i''UrllbU(Ylb'VI~l'dbbtJIlJJl'OJlllbdm~eJ'lJeJ~eJltJl:-;~M-rum'J~I)lJ'Ulb~JJ~bl~1 lll'JlbU.:l~1 

'lJfl'l b'1J~~ ~'U nll U(Yl b~ml1JJl b~ tJ.:I1 'UVlfl.:l'V1(Yl ~eJ'l ri eJ'U lll'JtI ~n ~l tJ Il~U b-tl61 ~thtJ ~'lli~(Yl~l n(Yl u~:-;li
" "" 

rldlJJi.11JJl'J1I1 'U1ll'JIIIl b'VI~tJTt111Vlb tI'Ub'll~~~'Vh'\lj'Ul~~l b'Wl:-;l~-ueJtJ Ill1 b'll~~\9i''UnlbU(Yl~bbtJlll~'OJlll~leitl'U1 tJ 
" 'J:-;tJ:-;rifl'UIll'J~'l~l 'VI~eJ~b~tJlll~' b'll~~~'Url~lbU(Yl~leleJ'U (embryonic stem cells; ESCs) b'1J~~\9i'tJnlbU(Yl'OJlll 

1911 el fl'U.n btl'll b'll~ ~~liArui.1JJu&i b'Vl'U eJ nl1 b'll~ ~ ~ 'U nl bU(Yl '11 mb 'VI~'l~'U 1 b 'W'Jl:-;i.11JJ1'J1I II m 'VI~tJlth1VI 

btl~tJ'Ubbt1~'l1 tI b tI'Ub'1J~~1~'V1,ll'1lU (Yl'IJtl.:lI'1l~~1'U11~mtJJJtJ~vll-\4 ~'lJtJ -Ulll~tJ~~'WtJl tJl~PiIl~l(i.:lmlJJ, 
btl'll1t1lm'U lll'JUlb'1l~~\9i''UnlbU(Yl'OJ11l1911eleJ'UJJl1mtJm'J-rn~l~thtJ mil'll'JnmJJ -teJ~ln(Yl~;;11~'l!i.1eJ.:ItI'J:-; 1ll'J 

'IJ eJ.:IIll'JUl b'll~~ \9i''U rl 1 b t!(Yl'OJ 11l1911elfl'UJJl1mtJ'V11.:lrl~UnnAeJ m'ji.1~l'l b'Il~ ~\9i''U rl 1 b U(Yl 'OJ 11l1911eltl'U ~l btI'U~eJ'l bbtJ Il 

Il~JJb'1l~~eJeJnJJl'OJlll~lBtltJ, ~'l1'UmA~~AJJb-tlh':hbtJ'Ulll'j'vhmtJ~leleJ'U bb~:-; b'1l~~~'Unl bU(Yl 'OJ 1 Il1911 eleJ'U.n 'OJ:-; 

ii~n~ru:-;'V11'l't~'Ul)m'jJJhJm'lnU~ultJ'VI~tlcr~'OJ:-;l~-ru lll'JtI~ Il~1tJ b'll~ ~~'Unl bt!(Yl ~~J'U b~eJ ~Ul tJ l~-ru Il 1 'J 
'I 'U \I '\J 'U 

t1~Il~ltJb'1l~~'OJln b'll~~\9i''U rll bU(Yl'OJl ll~leitl'U tll'OJ'OJ:-; bn(YliJru'VI1'IJtl~ 1ll'J~eJ~l'U b'll~~~t1~ Il~l tJ b-t~llt1'OJl m:-;uu
" "" 

.niJ~JJn'U'lJeJ'l~ultJ15 
" , " 

'11 Ilrl1 lJJ;;11 b~'OJ1'U lll'Jl ~tJ'IJ eJ~-uIII~tJ'1l11 &u'U ~mJJl 'J1I61~l.:l b'1l~ ~~li rI rui.1JJu&i A~1 tJ nu b'll~~ \9i''U" , , 
rllbU(Yl'OJlll~leleJ'Ul(YltJ1<U'b'1l~~~(Yl'VI-U~'1JeJ.:I'VI'Ubb~:-;rI'Ul(YltJb~tJll b'1J~~~'Urll bU(Yl'IJt!(Yl.n11 b'1l~~~'Unl bU(Yl'OJl Illll'j

" 
b'VI~tJ1Ul(induced pluripotent stem cells; iPSCS)16-17 ~mtl'Um'j~'U'W'U~~(Yltl'j:-;mtJ1Vfbb'W'V1V 
-Ulll'V1tJli"lli.1(i11 bb~:-;-Ulll~tJv(11~lllimlJJ'VIl~1'Um'jtl'J:-;~1l(?)1<U'b'1J~~~'UrllbU(Yl1'Um'J-rIl~ll'jA~1'l1~bn(Yl'OJlll 
i.1Jll1:-; b~eJJJ'lJtl~ b'1J~~1'U11'lllltJ'lJeJ'l~Ul tJ beJ'l ~.:IJ'U iJru'VIllll'J~eJ\9i'l'Ub'll~~\9i''U rll bU(Yl.nl(YltJ'j:-;u'U.niJ~JJn'U'1Jtl~

'\J v '\.I , 

~th tJ ~~1.h\l:-;hi bn(Yl~'U'V!~'l'OJ 1Iltl~ Il ~l tJ b -t16111'l m tJ'lJeJ'l ~Ul tJ ~'ltil'OJ:-;l:Ubn(Yl~'U'V!iK'l'OJl nlll'jtl~ Il ~ltJ b-t161 
'U 'U '\J 'U 'U \I 

11.:1 III tJ'IJ eJ'l ~th tJ eJ ~l'll 'J n (911JJAdlJJ;;11 b~'OJ1'U 1ll'J~'U'W'UeJ'l f1r111JJ-rl 'V!:U b~tJl n'U b'll~ ~\9i''U rl 1 LU\il 'OJ 1 Il III 'j
" " 

b'VI~ tJ1Ul tJ'lhJi.11JJl'JflYli.1'OJtJfi'l m lJJtI~ tl\ilDtJ 1 'U m'JUl b'1J~~ \9i'tJ rll Lu(Yl'1lu(Yl.nm-rn~lcrultJ b'W'jl:-; b'1J~ ~~tI 
" " 

rll b U (Yl 'OJ 1 Il Il l'j b'V!~ tJ1Ul.n611tJ1'VIqj?l ~l~l~'11 Illll 'J1.u11-ri.1 btl'll 1911'Wl ~'U b-t1 ~ b'1J~ ~11'l III tJ bb~:-; bt1~ tI'U b'1J~ ~ 
11'lllltJ 1 Vfn~lmtJtJb'1J~~\9i''UrllbU(Yl bb~:-;ii~n'Bru:-;~A~ltJn'Ub'll~~~'U rllbt!\il1911eleJ'U 17-20 ~'lIll'J1.u11-r61.ntll'OJ btl'll 

e)'U(i1'jltJ b~tlUl b'1J~~~i.1~l'll~t1-rn~lcrultJ ;;l.:lJ'U~'1lirll1JJ"illb tI'U~eJ'l ~Il~l bYiJJ b&iJJ b~eJi.1~l'l b'1J~~~'Urll bU\il 
" 

'OJlnm'J b 'VI~tJ1Ul~t1~eJ(YlDtJ~eJ lll'jU1JJ11<U' 
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tJ~~,j'U"tJ'lJ'h;nlJl'HH'I~l'.l b"llG'l~1'l'U rll b tJ~ ~ l fI fIl'J b 'vI~ tilth l'i'l cp.l5~'Uvihil'lel'.l1ill-r", l~tlfIl'J1i, 
"'l'Jbf'1:lJ hh~'U, microRNA, non-integrating episomal vectors, piggyBac transposon 21 ,22 bb~ 
'lh~~'VI5i1l"tJcJ'lfiel'U-rrl'.l~l bbG'l~:lJfilH~ltlfiel'U-rrl'l"''l Ban bbG'l~f'1ru~ (201 d 3 

1I'i'thb"''Uel'VIl'l b~elfl1 'UfIl'Jti 
'U 

Sendai virus TS71'UfIl'J"tJl8'Ub-rrl?i b"llG'l~ bbG'l~b~m"llG'l~bU~tI'UbbU~'lbtl'Ub"llG'l~I'l'Uf1'lbD~bb~l "'llll'JfI'VllmtJ 
'U 

Sendai virus 11'i'1(9)tlfIl'JHelru'VI.fl:iJvi"''lbn'U 38 el'll"1lb"llm~tJ'" b"tJ'Jl~b-r"''''ltJ~'U5,d\lJ'VI'U~el'''.flTVWru'vl.fl:iJ",'l
, 'U 'U ,. q 'U '\J 

'Uel m'VIijel~lfll'lel'lYl~l'Jrul ~'l15f1l'Jvi~~th8ml fli1ltJ'UeJ fI b-rrl1U?ib"llG'l~~l'lfiltl b~eJm~I'l'U1Vlbn~ fIl'J" , 
bb"'(9)'leleJfI'1JeJ'l8'U b'li'U Oct-3/4, Sox2, Nanog "1l'\lbntll-rreJ'ln'lJflru"'lJ,j~fIl'Jbtl'Ub"llG'l~I'l'Uf1'lbtJ(9)bb~l '1ltJ(9)'1Jel'.l 

b'l1G'l~~l'lflltJvi'l1llJlb'vl~tIlth n:iJe..JG'l~elU'J~~'VI5i1l"tJ bbG'l~ mllJ?1lb~~'1JeJ'lfll'J"'~l'lb'l1G'l~I'l'UnlbtJ(9)'1lu~d b'l1G'l~ 
~l'.lflltJ'VImtJ'll'W(9) b'li'U b'l1G'lG'l1~lm'lJm'" b'l1G'l~ (034+ 'VI1eJ b'l1G'l~ vibbtlfl11'i'~lflellt1l~i1ltl1'U~l'lfiltl n 

"'llll'J(1tl fI b'vI~tIl'l1l1Vlb U~ tI'UbtI'Ub'l1G'l~I'l'Unlb'W~'ll'W~d bbG'l~cJ'li.'lllll'JfI bU~tI'UbbUG'l'l~eJ1UbtI'Ub'l1G'l~vi'vhwUlvi 
" ~lb"tJl~M eJ~l'lbn(),\llJ ~lfle..JG'l'll'U1~tI ?il'U1'V1qjb~eJflHb'l1G'lG'l1~lm'lJmi.'l vibbtlfl11'i'~lfl08'Ubdel 'VI1eJ ellt1l~ 

~l'.l1 ~'ldb~eJ'l~lfl m~'lJl'UfIl'Jbbtlm"llG'l~1~1'lJ'J'lJG'll6'li.'lllll'Jfl'Vh11'i'~ltJ b'l1~~"'llll'Jm~~~b~'tJ1()'\ bbG'l~ bb'tJ'.I\9l1 

1'UJl til b~tI'.Ivi:iJ?il'UU'J~ fI el'lJ1lJi'lJieJ'U bb~ ~"'llil 'JfI b~lJu'J~ ~'VI5i1l"tJ1'U fIl'J b 'VI~tIl'l1l1VI fI m tIL tI'U b'l1G'l~1'l'U 

nl bD~'1l'W~ b'VI~tll'l1ld l'i'l tJ 15~l'l 1 b 'Ii'U fIl'JG'l~ m llJ b -rrlJ-rr'U'1JeJ'.I~.rlJvi btI'U?il'UU'J~ fleJ'lJ'1Jel'.lJl til b~tJ'.I b~ el 

m~I'l'U1V1b'l1~~b-rrl?i'J~tJ~ GO rieJ'U'Vhfll'Jb'VI~tll'l1l 'VI1eJ fIl'Jb~lJ histone deacethylation inhibitor 24, , " 
v1'lt!'U 1'UfIl'J1~tJd f'1ru~~1~tI~'l1I'i'b~eJfIHb"llG'lG'l1~1m'lJG'll'" vibbtJfl11'i'~lm'ifm~mbe..JG'lbtl'U vibn~~lfl 

" 
fIl';j~l\9l~f'1G'leJ~ bbG'l~1i Sendai virus temperature sensitive strain (TS) 71'UfIl'J6'lhmjG'l~I'l'UnlbD~'1l'W~ 

d 0 

b'VI'UtIl'Ul 

fIl'J1~tld:iJl(),\ flU 'J~i.'I'lr1L~el i.'I~l'l b'l1G'l~1'l'U nl b'W~ ~l fI fIl'J b 'VI~ tilth 1(9) tJ1ib'l1G'lG'l1~1m'lJG'l l ",vi bbtJ fl11'i', 
~lmbe..Jmtl'Uvibn~~lflfll'J~l\9l(9)f'1G'lel(9) bbG'l~1'll Sendai virus btl'U"tJl'VI~1 'UfIl'J'l1l exogenous genes b-rrl~b'l1G'l~ 
1~lm'lJm'" 

15n1'a~1bij'Un1'a1~tJ 

fIl'J~l b'W'U flT'l1 ~tJ btI'UfIl'J~lbtJ'U fIl'J1~mb'lJ'lJ'VI(9)G'lel'l 

'I.h~ltJ'llt1vlfI1~l'hil::1~-r'lJ 

i.'Illll'afl6'l~l'l6'lltJ~'U~b'l1G'l~I'l'Unl b'W(9)~lflfll'J b'vI~ tIl'l1l I'i'ltJ15viuG'leJ(9).tltJ b"tJ'Jl~ btI'U non-integrati ng 

method b~eJ btI'U~'U :Ol'U1'U fIl'J~(IlJ'Ul15f1l'J"'~l'.l b'l1G'l~1'l'U nl b'W(9) ~l fI fIl'J b 'VI~tJl'l1l b~ el fIl 'JU 'J~ tJfI\1l1'll'VIl'l 
~ , 

" i'U\9IB'Ubb~::15n1'a~1bij'Un1'a1~tJ 

n1'abbtJmb~::b~tJ.:Jb"ll~~1vJlu'auma~1mbt-J~biJ'U~1nn1'a~,hi~i'l~i)~ (Isolation and culture of 

fibroblast cells derived from human caesarean scar) 

08'U b'ifeJ bb e..J ~ btl 'U11'i'lJ l ~ l fI 08'U b dB bb e..J G'l btl 'U vi \9l(9) eJ BfI 'J ~ 'VI1l '.Ii'U ()'\ B'U fll 'J ~ l \9l(9) f'1 ~ el (9) 1(9) tJ 11'i'-r'lJ f'11llJ 

~'U tJ eJlJ ~l fI f'1'U 1-rr bbG'l ~11'i'-r'lJYl ~ l 'Jill l B'Uli'~ ~ l fI f'1 ru~ fI'J'JlJ fll 'J~ ~tJi5'J'JlJ f'1 ru~ bb "tJ'VI tJ I"1l'" ()'\4 ~~l, G'l'l fI'Jru, 
lJ'VIll'V1tJl~tI bn'lJ08'Ub'ifeJe:h'VIU'l~lfl'VI'lhilB'.I 'lJ~blruvibtl'Ubbe..JG'lbtl'U (caesarean scar) ~lfl'VI~'.I~'lf'1';i'anvib-rrl-r'lJ 
fIl'J~l\9l~v1lf'1G'leJ(9) bb'li08'UbdeJ1'U phosphase buffer saline (PBS) vib~lJtllUll;Ul'U~ (penicillin '1J'Ul(9) 100 

http:I'i'ltJ15viuG'leJ(9).tl
http:cp.l5~'Uvihil'lel'.l1
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IU/ ml bb!;1~ streptomycin 'U'Ul~ 100 ug/mU Lb;;11~'lhJfJ'l~eJ'l'll5u~m'Jb"1lm1vi''UnlbtJ~ bbtlmb!;1~b~tI'lb"1l!;1~ 
1vJlm'Um611~tl15~'Jlt1'l1'U l~tJ Pruksananonda bb!;1~flru~(2009)25 ;;11'l€'Ubtrml1'Ul'U 5 flf'l ~ltl PBS ~ 
b~:JJ tJl'll5~1'U~ III~~'U1'U iJ'U bb!;1 ~ bLtI n~'U edidermis eJ eJ n '<\J 1fib trm~ eJ ~1'U ~'U 1fI1 tl1vi'n;;1eJ 'l61 bill eJ11eJ 

(stereomicroscope) 1Il~€'U dermis 1m~'U'Ul~ 1-2 iII'J."1l:JJ. Ul€'UbtreJ~IIl~M 11'l'U'U'<\Jl'Ub~1~L~tI'lL"1l!;1~ 
'U'Ul~L~'U~11"1'UtJn!;11'l 35 :JJ:JJ. 'll~eJtI€'UL'i~'eJeJ~fI1tJ1'U'<\Jl'Ub~1~L~tJ'lb"1l!;1~'ll'J~:JJ1ru 5-10 'U1V11'U biosafety 

~ ~ 

carbinet b~:JJJltJ1L~tJ'lb"1l!;1!;11vJlm'U!;1161 (DMEM hi~h ~lucose, 10% fetal bovine serum, 1% Glutmax, 

1 % non-essential amino acid, 1% antibiotic) ~l'Ul'U 1 :JJ!;1. VI~m~mLbfl1~vh:JJ€'UbtreJ !;1'l1'U'<\Jl'U 

L~ln~tI'lL"1l!;1~~ii€'ULtreJ~~mj L~tJ'l1'Uvi'b~1~U:JJL"1l!;1~~eJruVl.flil 37 O( 5% (02 'Ul'U 24 'll:JJ . VI~'l'<\JlnfI'J'U 24 
'U 'U ~ '\J 

'll:JJ. L~:JJJltJ1L~tJ'lb"1l!;1!;11vJlm'U!;1161U1:JJ1ru 1-2 :JJ!;1. !;1'l1'U'<\Jl'Ub~1~b~tI'l~ii€'UbtreJ bb!;1~b~tJ'l1'Uvi'b~l~U:JJL"1l!;1~
" 

~eJ b~eJ'lBn'll'J~:JJ1ru 7-10 1'U b"1l!;1!;11vJl'U'J'U!;1161'<\J~ L'<\J1'lJeJeJn:JJ1'<\Jln€'UbtreJ vll m'Jb~:JJ~l'Ul'U'UeJ'l L"1l!;1!;11vJl'U 

'J'Um611~tJ15:JJ1i11'J~1'U l~tJH TrypLE select bb!;1~~'UbVl~tJ'l~ml:JJb~l'JeJ'U 1200 'JeJ'U~eJ'U1V1 'Ul'U 5 'U1Vi 
v 'lI I I 

b~tJ'lb"1l!;1~'U'U'<\Jl'Ub~l~b~mb"1l;;'l~'U'Ul~b~'U~ll'J'UtJnm'l 10 "1l:JJ. Liim"1l!;1~b'<\J1'lJ Lb!;1n~:JJ~l'Ul'U 'll'J~:JJ1ru 80
c:;k 0 ~ "..d ,~

90% confluent '<\J'l'Vlln1'Jbn'Ub"1l!;1m~mb'llbb'U'l 

nl'ibl.-tibl.~·USZf~~1vJ1u'iU~161 (Freezing of fibroblasts) 

b~m"1l!;1!;11'U'<\Jl'Ub'Wl~b~mb'<\J1'lJ bb!;1~b~:JJ~l'Ul'U 'll'j'~:JJ1ru 80-90% confluent nvlln1'J trypsinized 

b"1l!;1~ ~ltln1'j'L~:JJ TrypLE select 1 :JJ!;1. 6'11V1~\J'<\Jl'Ub~1~L~tJ'lb"1l!;1~'U'U1~ 60 :JJ:JJ . (4 :JJ;;'l. 6'11V1-r'U'<\Jl'U 

b~l~b~tJ'lb"1l;;'l~'U'Ul~ 100 :JJ:JJ.) btl'U~ 37 O( 5% (02 dJ'Ublm 5 'U1V1 bb;;11(9)'j'1'<\J~n1'j'VI~~'<\Jlnn1'j'bfl1~'UeJ'l 
b"1l!;1~'U'U'<\Jl'Ub~l~b~tJ'lb"1l!;1~ ~~m'j'!;1~mtJ~~eJ:JJb"1l;;'l~ 161b'U conical tube 'U'U1~ 15 :JJ;;'l. bb;;'l~Ul1u~'UbVl~tI'l 

~ 

~ 1200 'j'eJ'U~eJ'U1Vl bU'Ubl!;11 5 'U1Vl ~~LeJ1 supernatant ~'l resuspend L"1l;;'l~~ltJ JltJ1bb'libb~'lb"1l;;'lr;i" ~ii 
;;11'U'll'j'~neJ'U'UeJ'l dimethylsulfoxide (DMSO) 10% bb!;1~JltJ1b~tJ'I1vJlm'U!;11~ 80 % bb;;'l~ fetal bovine 

serum 10% b"1l;;'l!;11vJlm'Um61'<\J~flmnuH~eJruVl.flil;;'l'U 196 O( 1'U1'Uli11'j'b'<\J'UbVim 
~ '" 

n1'j'~::~lmSZf~~1vJ1u'iU~161vi~nbl.-tibb;).:j (Thawing of fibroblasts) 

Ulb"1l!;1~~Lb'libb~'lH:JJ1!;1~!;11tJ~'UVl~ 37 O( ~~b"1l!;1~~!;1~mmb;;11161b'U conical tube 'U'Ul~ 15 :JJ;;'l. 
~ 

Lb!;1~b~:JJJltJ1 DMEM+10 % fetal bovine serum Vl!;1~VltI~ '<\J'Um~~'l~'l 5 :JJ;;'l. ul1'll centrifu~e~ 
1200 'j'eJU~eJ'U1Vl LU'Ubl!;11 5 'U1Vl ~~beJ1 supernatant ~'l resuspend b"1l;;'l~ bb;;11 b~:JJ DMEM+ 1 0 % 

fetal bovine serum 5 :JJ!;1 . Lb;;11Ul:JJ1b~tJ'l1'U '<\Jl'Ub~l~b~tJ'lb"1l!;1~'U'Ul~ 60 :JJ:JJ. ul1tlbn'llb-trlvi'b~l~L~tI'lb"1l!;1~
~ 

~~'leJruVlJl:n 37 O( 5% (02 VI~'l'<\Jlmr'U 24 illm ~~JltJ1 L~tI'l b"1l;;'l~~'lVl:JJ~~'lbb;;'l~ L~tJ'l b"1l;;'l~~ltJJltJl, " ~ 

DMEM+I0% fetal bovine serum b~tI'lb"1l!;1~'<\J'Um~~'l confluent bb;;11b~:JJ~1'Ul'Ub~eJ1m'Un1'j'~m~1~eJ1'll 

nTa'Vl~61eJU~11:JJbtl'U multipotency 'UeJ.:jbSZf~~1yJ1u'iU~161 (Multipotency test of fibrobLasts) 

'Vl~61eJ'UfI1'j'bb61~'leJeJn'UeJ'l surface markers l~tJn1'j't1eJ:JJi1'Vl1'lB:JJ:JJ1'U b~eJnH'll~'Vl~61eJU6'11b~'<\J'j''ll'UeJ'l
" , " 

'U1~'Vl MiLlipore L~eJ(9)'j'l'<\J61eJ'UVllf11'j'Lb61~'1'UeJ'll'll'i&i'U ~b~m-treJ'ltlUn1'JLU'U mesenchymaL stem cells vll 

m'j'b~tJ'Ib"1l;;'l;;'l1vJlm'U!;1161'U'U'<\Jl'Ub~1~b~tJ'I'll'iJ~ 4 VI~:JJ (four-well dish) Ldm"1l!;1~b'<\J1'lJ'<\J'Uii confluent 

'll'j'~:JJ1ru 80-90% vllf11'j' fix b"1l!;1~~ltJ 4% paraformaldehyde bU'ULlm 15 'U1Vi bb;;11;;11'1eJeJn~ltJ PBS vll 

n1'j' permeabillize ~l'UeJ'lb"1l!;1~~ltJ 0.2% TritonX-100 block b"1l!;1~~ltJ 5% ~oat serum VI~eJ 5% rabbit 

serum b~eJ'<\Jl'11'U PBS l~tlvlln1'j' bLock non-specific antibody bU'Ublm 1 ill:JJ'I bb;;11~'1vllf11'j' incubate 
. " , 

L"1l;;'lr;i"tlU primary antibodies Vl~ruVl.!J:n 4 eJ'I1"11b"1l!;1b~tJ61 -trl:JJA'U '<\JlmT'U ;;11'1 primary antibodies VI 

conju~ate tl'U fluorescein isothiocyanate (FIT() VI~eJ phycoerythrin-E(PE) Lb!;1~~:JJ~'U5tlU primary 
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• t.I V.:::.ld 

'1J€l'l markers m'l ~lilltJ fl~€l'lVl:lJ fluorescence 

n1·Hl~1.:jb61l6'l~~'UfhbU\il~'J~n1'ab'Vi~~'J'lllb61l6'l6'l'1vJ1'U'a'U(;I1a 

vlmhfl Factors ~'1 4 'lJtJ\il1vlLLn Oct 3/4, Sox2, Klf4 LL~~ c-Myc b-rrl~b'1l~~~bbtJfl1vl~lm'1l~~1l'l 
hJ';iU~li:1 vlltJ15~LfltJ';iltJ'Il'UlliltJ Ban LL~~ flru~ (2011) 

23 
1IiltJf11';iH' Sendai virus bbVl'Uf11';iH'retrovirus 

Vi~€l lenti virus L~tJ\lb'1l~~1l'llmumi:l":ill'UTU 8 x10 
5 b'1l~~1'U~1'Ub~tJ\lb'1l~~'1J'U1Iilb~'U~11"l'U8fl~1'1 10 '1l:lJ. 

'U 

v11f11';itJltJe.hfl8'UvlltJf11';ib&1:lJ virus vectors ~iJ Factor ~'1 4 'lJtJlil b~tJ'Ib'1l~~nU vector v11f11';i trypsinize 

b'1l~~ 5l'UVi~'1~lm~tJ'I~I:lJn'\J vector bb~l seed b'1l~~1'U~'1'\J'U~1'Ub~tJ'Ib'1l~~'1J'U1Iilb~'Ue..hP1'U8nm'l 10 '1l:lJ . 
'U 

~iJb'1l~~~b~tJ'I~bbtJfl11ii'~lfl human foreskin 1'UJltJlvi1-tl'b~tJ'Ib'1l~~I'i''UfllLtJ\il1'l18€l'U ~b&1:IJ bFGF 8 ng/ml 

v11f11';ibU~tJ'UJltJ1 l'Ubl'Ul'U v11f11';ibbtJfllfll~tJ~iJ~m~ru~fl~ltJnu L'1l~~I'i''UrllbUlilI'll eJ€l'U U';i~:IJ1ru 21-30 l'U 

Vi~'1~lfl~b~tJ'Ib'1l~~1l'llmumi:l~l:lJnU Sendai virus ~'1b~tJ'I'\J'U~1'Ub'l'l1~b~tJ'Ib'1l~~1Vill b~m'1l~~b~1qjb&i'\Jl\i1 
~'U(i\l passaoe ~ 2 v11f11';ib~tJ'I b'1l~~I'i''Url1 btJlil~ln f11'jbVi~tJlth~i:I~1'11~'Ul'i'b'l'll~ b~tJ'I b'1l~~~U-r'\J€lruVi.niJ:> '\J 'I '\J 

btJ'U 38.5 €l\ll"llb'1l~b~tJi:I 5% (02 &11il~€ln'UbtJ'UbJ~l 5-7l'U n€l'U~~~t11n~'\J:IJ1b~tJ'I~€lruVi.niJ 37 O( 5% 
, 'U 

q" rltp 0 Q OJ I rf'V 0 Q q . 0 

n1'ab6'l ~.:j b6116'16'1 \i1'U n1 b'U \il \91 'J e:l e:l'U bb6'l ~b611(;1 6'1 \91'Un1 b'U\il '11n n 1 'a b'Vi'U~'J'U1 

lfl';i"f11';il~tJd~~1-tl'b'1l~~I'i''UrllbtJlill'lleJ€l'U i:l1tJ~'U6 chula2.hES ~i:I~1'11IiltJflru~~1~tJ bb~~b'1l~~I'i''U 
, 'U 

rl1btJlil~lfl f11';ib'Vi~tJlt11 b'1l~~b~€lIil~l fli:l1 tJi:I~ ~€l~11ii'-r'\J f11';ii:l-U'\Ji:I'U'U~l fll"lli:1\i1';il~1';i8 Sh in ichi Nishikawa, 
(COB, RIKEN U';i~ bVlI"lf1~U'U) b~mtJ'Ufl~:lJfll'\Jfl:l.Jbb~~1-tl'bu~tJ'\J b~tJun'\J b'1l~~JI'U rl1 btJlil~?I~1'11~Vill15f11';ib~tJ'I

Q~ 'I <I 'I 

b'1l~~JI'UrllbtJlil~~H'15b~tJdn'UA€lf11';ib~tJ'IlliltJ:Wb'1l~~~b~tJ'I ~~1-tl' human foreskin fibroblast b~tJ,,1'UJltJ1~ 
U';i~fl€l'\Jlii'ltJ Knockout DMEM (Invitrogen) b&1:lJ\illtJ 20% Knockout serum replacement (KSR), 0.55 

mM 2-mercaptoethanol, 1% non-essential amino acid, 1% penicillin-streptpmycin, 1% Glutamax 

bb~~ 8 ng/ ml bFGF (~"Vi:lJ\il~1f)U1';Vl Invitrogen v11f11';ibU~tJ'UJltJ1'Vlfll'Ubb~~v11f11';i passage b'1l~~'Vlfl~ 
5-7 l'U vlltJf11';il'llillfl hltJdJ'U~'Ub~n ~ Iii'lm~:lJb '\J€l{ 23G bb~~b~tJ'I'\J'Ub'1l~~~b~m~b\i1~tJ:lJ1Vill 

n1'aoW~'1,j,"!rua:uu&1"lJ€l.:jn1'abtJ'Ub61llil~~'Ur\'lbU\il"!Je:l.:j human iPSCs (Characterization of induced 

pluripotent stem cells) 

1 bfl ';i1 ~ ~ fl ru ?I:lJu&i'1J €l\l b'1l~ ~ JI'U rl1 b tJ\il~l flf11';i bVi~tJl'lll 1'U';i~ (9)U 8'U \ill tJ f11 ';i bb?llil'l €l €l fl'1J €l'l, 
pluripotent genes \illtJ15 real-time polymerase chain reaction v11f11';i?lnlil total RNA ~lm'1l~~1IiltJ 

?In\il RNA ~lb~~~U GeneJet (Fermentus, ThermoFisher Scientific Inc, Germany) iK'Ibfl';il~~ cDNA 

\illtJ -q\il~lb~~~U'1J€l'l Fermentus v11PCR lliltJH' primers ~lVi-r'\J endogenous pluripotent genes (9)'1~ 
bfl tJ:Wf11';i';i1tJ'Il'U:l.nn€l'U \i1';iI~Vi1 f11';ibb?lIil'l€l€lfl'1Jm8'U\illtJ15 gel electrophoresis 

1bfl ';il ~ ~fl ru?l:lJ u&i'1J €l 'I b'1l ~ ~ JI'U n1 b tJ Iil ~ 1fl fl1 ';i bVi~ tJ 1'll1 1 'U 1~ (9)'\J1 U 1&') 'U \ill tin 11 bb?\\il'l €l €l fl'1Jel'l, 
pluripotent markers lliltJH'15 immunocytochemistry \i111~?I€lUf11';ibb?\\il"€l€lf)'1J€l" pluripotent markers 

1'U'lh'lbb1n v11f111ml~?I€lUVi1 transcriptional factor Oct-3/ 4 ~ 'HtJ'U markers ~~lAqj'1J€l'l 
undifferentiated human pluripotent stem cells 15f111 fix, permeabilization, blocking bb~~f11';itJ€l:lJ 

primary, secondary antibodies ~1 btJ'Uf111fl~1 tJn'\J~1\il€l5'\J1 tJ1n'U~I'U'1J€l'lf11';iVlIil?l€l'\Jflll:1JbtJ'U 
multipotency '1Jel'lb'1l~~1l'llm'\Jm?l 

nTH'Vi~~'J'll11~bii \ilnTHt1~~'U bbt16'1.:j1tIbtJ'Ub61l6'l~~'Vh'Vi'U1~'il1b'W1~m~1'U1iI1'Ub'W1~ b~~.:j b61l6'l~ 

http:V.:::.ld


n" ~m;1\i~L\J~OUL;; Ill)Iin~1lI1:nlOll lY1U.IU~il'l" Il 1 tilLII flll"O~ L" 11ft~\I ri1L11" ;{iii'1~~1 n ..10 II \lUll I: L"II ft~1~nllJLi 0 01 ,\1,\\Jt,n\I,,1~,,6Qn I 
Comparative studies of anltomical and biomolecular levels of human stem cells derived from emblyo and somatic cells for dlnlcalapplicatlon IQ) IQ) 

Vhnl1bfhJb'1J(;1~~':ltJnl11-iJ collaginase type IV (Invitrogen) bbmaitJ'I fl ~~'1J €J 'Ib'1J(;1~bbUUbb'1Jlt.l(;1mJ 
(suspension cu lture)1'U\11'U b'Vn~ bitJ'I~t.1 €J'I fl'U nl1 bnl~ ~~'1J€J'I~'U~h1JeJ'I\11'Ub'Vn~ b~tJ'I bitJ'Ib'1J(;1(;11'Utl1m 

b~m human iPSCs ~l:WJJ bFGF Vl~'1\11mimbbUU sus pension bU'Ub1m 7 l'U \11mT'UbitJ'Ib'1J(;1~~m~€J'IBfl 
7 l'UU'U \11'U b'W 1~ bitJ'I b'1J(;1~~~'U~1 '1J €J 'I b'1J(;1 ~n mrl~€JU~lm\1m~'U vl1 fl11'Vl ~?feJU fl11 b tJ ~ tJ'U bb tJ (;1'11tJ bu'U b'1J(;1 ~ 

'U 

~vl1Vlil1~,h b'W1 ~ ~1 tJ fl118eJ~~'Vl1 '1 B~~1 tJl'Vlm (;l11\1?f€JU fl11bb?f~'1eJeJfl'1JeJ'IltJ1~'U~u'l~fi'l b d €J b~€J~1'l11\1'WU 
" 

'1J€J'I tl11eleJ'U l~bbri ecto derm (nestin) endoderm (alfa-feto protein; a- fetop rotein) bb(;1~ mesoderm 

(b rachyury) ~ltJ16 immunocytoc hemistry rl~ltJ flu~l~fl~ll1n'U~l'U'1JeJ'I fl11'Vl~?f€Juml~ b u'U 

multipotencY'1J€J'Ib'1J(;1(;1'1vJlmum?f 

e.Jan1'i1:5't1 
!'I •• ll d.r ~I ' ...b'1Jaa bn '\J'i'\Ja1'6~\I1m'Umtlmbe.Jabu'I.J\llnfl1'i~1(i'l~Wlae:J~ 

rlru~~l~tJ 1~ 1Utl11eJ~1'1~'l.Jbdmb~(;1bU'I.J ~1'I.J1'U~'I~'I.J 4 tl11eJ~1'1 Mvl1fl11 bbtJmb(;1~bitJ'Ib'1J(;1~
'U 

1vJlmum?f 1~tJ16~1:w~uieJ'U (i)'I~rlru~~l~tJ brltJ11tJ'I1'Umri €J 'l.J
25 rlru~~1~tJ?f1m1mbtJm'1J(;1"'1vJlmum?fl~ 

'U 'U 

111";( 1 


i wifeJutlmvtl'Vim'SuemlFniu epidermis, connective tissue IUl::/'lJifueJeJntU!? P)r1IU ti~leJ7w 'W7::iu'II eJ~ dermis M iJ'lJU7r111.h::JJ7fIJ 

n?7~ 1 JJJJ. X vn 1 JJU X {fJ 1 JJJJ. !ifVJUU'iJ7W'li7::drVVI'lffi<lUfi::ZlJJw7tiv~!'If(j(nwru'SwY76'iViiJ fetal bovine surum 10% 

'IJiJ'eJvliiJmmwl'lffi<lUfi::WUTII'lffl60r"JJLIJWjeJMJJ71J7niwifeJ v'S::JJ7fIJ 7 ?UV/~~ IJ 7n';tI ~];UVnU;J::tiVJI'lf;J<l (A) U;J::liJeJl ifv~ 

vialifeJ.J!vUOtJf 14 ?U 1'lf;J<liJm'il\J~f)JUU'JP)'"J'I'I faJJ'ViIJ::Qn I'W];IJo7 lJ?U~!?U?Gm'SlmeJul'lfJJ trypsin(B) Scale bar = 100 j.1m 

\11fl~'Ubd€J~-!I ~ tl11eJ~1'l1~m'1J(;1~~bbtJflMJJ~m'fru~ ml~ rl~ltJm~ ?f ltJ (.fl1'W~ 1) rlru~~l~tJl~oU 
'U 

~~~fl't'fru HS (human scar fibroblasts) bb'Vl'Ub'1J(;1(;1'1vJlmmn?l\11mdmtmb~(;1bU'\.J\llflfl11~1tl1~rl(;1eJ~ \llfl 

fll1P1fl't'flb,1eJ(I]'U'WU11 b'1JG'1G'1'1 vJlmUf11?f~-!I 4 ?f1tJ~'U~ ?f1m1m\1~~b~Ul(;ll~bu'UtJfl~ Vl~'1\llfl~1'\.Jfl11bb'1i 
bb~'I bb(;1~(;1~f11tJ Jl1tJ1 (1]i 5m(;l1~1'U b'1J(;1(;11vJlmu(;11?f ~'I 4 ?l1tJ~tJ5 JJ5(;l11fl11b\1~ru bb(;1~bbU'llJll ~1:w ... 'v 
bb(>l fl r;)1-!1 fl'U bb(;1~'U €J n \11 fl J 'Ub'1J (;1 (;11 vJl U1U(;11?fEJ'I bb?f~'Irlru?f~U~fl~ltJ flU b'1J(;1~(I]'\.J r11 bij~ '1lij~ JJb'1J'U lrl~, 
(mesenchymal stem cells) b~eJ(;l·n\1?1eJUb,1eJ'I(I]'\.J~ltJfl118eJ~'Vl1-!1B~l;Jl'U 1~m'1J(;1(;11tX(:.J(;1Ulfl~€J HCAM, 

Strol bb(;1~ Thy1 bbG'1~ ~(;1(;1U~€J C014, C019 bb(;1~ MCAM b~€J'Vl~?f€JUfll1bb?f~'I€J€Jfl'1J€J'I~'U 'WU11 b'1J(;1(;1'1vJ 



n1'~n'I;1,~~,\l;!l\J\;;!lUftn'lflll.n111111"L\n.f11'1'1!l1UJ\lIfln"tHL1fl\ft.r\jri1 ,,j,, ;{i1i'w;nn.r·)!itl\ju.I\'\1fnft114n1!l\~tlm,,z11\Jl;t\j'114,,ii,jn I 
Comparative studies of anatomical and biomolecular levels of human stem cells derived from emblyo and somatic cells for dlnlcal applicaUon <OJ ~ 

hr),IJ!;1l6'l lJnl'abb6'lVl'leJeJn'1JeJ'l SSEA-4 bb!;1~ Oct 3/4 ~'llJrr;mJb~tJl.veJ'ln'U fHtl6'l~J'\r~n1<HUtlb'1l!;1~~tlr\'lbiJVl, 
(.n TV'I'VI"" 2) 

DAPI Markers Merge 

n1n1f1118Un1'lUIfl488M84 martcers ,he, t84L••&4\'IIlU'S\J1I111 

CD14 

CD19 

HCAM 

MCAM 

Stro1 

Thy1 

SSEA-4 

Oct 3/4 

~UBn\i'1nWNIIL~U11nn1'N1iflftIl8f1 

L'lfiWl.w[v 'w(natr posso!Je number 4 on'lmaeJvl'ueJ~"'U""Wn7'iUaVl~eJeJn'lIfN marker ~h~?"'?E/;5 

immunocytochemistry flV?'7L'lfZ1ijJn7'iUiJr;NeJeJn'lIeJ~ HCAM, Strol LW~ Thyl u~/llijJn7'iuar;;~eJfJn'lIeJ ~ C014, C019 UZ1~ 

MCAM ff~u·~t5~~ClJmJ~'VfJ~n7'iLtJu mesenchymal stem cell eJch~h!fmJJL'lfZ1({jJn7'iUiJr;;~eJeJn'VeJv SSEA-4 UZ1~ Oct }.l 

ff~dJu markers 'VeJVL'lfmiili'un'7i iJr;; MrS pluripotent markers. Searle bar=100Jlm 

n1'H'VI~f.)'JUlb"lJ6Hl1vJ1'U~'lHn611~mnmtJtI b"lJ61~IJi'Ur\'lbiJ~"lJiJ~ induced pluripotent stem cells 

(iPSCs) 

flru~~l~tJ1~ b'VI~CJTI1l1~b'1l(;1(;11vJl'\Jd'U;;n6'l 611CJYrtl5 HS4 bb!;1~ HSS n!;1lmUtlb'1l!;1~~tlfl'lbiJVllVltJnl'a
'\J , 

1i Sendai v irus TS7 ~'lb~6'l UTV'll transgenes ~'lh~neJ'U~'w OCT-3/4, SOX2, Klf4 bb!;1~ c-Myc b.vl~ 
b'1l(;1!;11vJl'\Jd'U(;1l6'l ''iJlnnl'a'Y1Vl~€l'l '\'l'U11 .f1ltJ1'U 7 lt1bb~n'VI~'l"illn~b~CJ'lb'1l!;1!;11vJl'\Jd'U!;116'l 111Jn'U Sendai 

virus 1't.nllf.)Tvrt.ub~EJ'lb'1l!;1!;11yJl'\Jd'U!;1l6'l ~n~ru~'1JeJ'l b'1l(;1(;11 vJl'\Jd'U;;n6'l"il~EJ'lfl'l~m~ru~'1JeJ'l1vJl'\Jd'U(;1l6'l EJ'lhJ 



n1'~n1:11\i~L\Ji'!lUL~!luc\'n"IUBn1!11l1"u.I\BfTI'I'I !l 1UJ LI\ I) I\'Inmnrl"\jri1Lijfl ;(";1~'101i·)tio\ju.I\II"IIIi'~1~n1!1L~0n1,V1l\lttt"'I'I,~"jjiln I 
Comparative studies of anatomical and biomolecular levels of numan stem cells derived from emblyo and somatic cetls for d1nlcal appllcatlon I;) al 

611m1fl~'Hnl'l m1L'\J~tJ'ULL'\J(;lWI1'11'\J~1'1 rltlltJnUL'l1(;l~~'Uf11LU\91'1JU\91 ES L'l1(;l~ mh'lbn(>ll:lJ b'l1(;l~ijm1, " 
LLti'l~d LLmm)~qJ \l'UL~:lJLLti'U~'U~'lJe:ml1'UL'W1:;L~tJ'lb'l1(;l~ (m'W~ 3A) L~elVhm1b'\J~tJ'U61m'Wm1b~tJ'IL'/J(;l(;l1'W 
1mu(;l1" mb~m1'Ui.1m'W'lJe:J'ln11b~mL'l1(;l~ iPSCs 'Wu'h '\J1:;:lJlfl.rr'U~ 14-20 v!cl'l~ln~L~tJ'l~l:lJnU Sendai 

virus ~:;'Wun~:lJ'lJe:J'lb'l1r;:t~ m:;~ltJel~-vt11'\J1'U~l'Ub'Wl:;b~tJ'lb'l1r;:t~ (m'W~ 38) 

b~e:Jn~:lJ'lJe:J'lb'1J(;l~ b~~ru~'Uij'lJ'U1\91 b?f'U~11'1'Utinr;:tl'l'\J1:;:lJlru 200 1:lJ1rl1L:lJm ~'l'Vhn11~\91 bbtJ m tJ'U~'U 
, v " 

b~n1 bLtldL~tJ'lU'UL'1Jr;:t~Ylb~tJ'l1'UJ1tJ1b~tJ'lb'1J(;l~ iPS (m'WVi 3C) 1'U~'U(>Ie:J'Ud rlru:;~1~tJ1~\~:lJUU passage 

number 'lJe:J'Ib'1J(;l~ iPSCs 11 passage ~ 1 v!~eJ PI l\91tJ b'1J(;l~ iPSCs ~i:1~l'l~ln HS4 bb(;l:;b~tJ'IU'Ub'1J(;l~Yl 
b~tJ'I ~'1v!:lJ\91 30 clones H1trmtJ'U iPSC HS4 #1,#2,#3 ~'l #30 l\91m'1J(;l~ 'Vln clones flmb'libb~'1bilu111'U , " 
l:1'11'U1(>11 b~'Ubv!(;ll 

.J 
1111'1Y1 3 

b"lfmrlrlTvYvtJ7ffv::Qndfv~ruJ7v7dfvmJfltly!iJ Sendoi virus :i~iJ Yomomoko's factor :i~vy::neJvr;f?v Oct 3/4, Sox2, 

Kif4 liCI:: c-Myc V/ti~v7nyjL"Ifflfi'lrVrvYvtJ7ffQn infect r;f?V Sendoi virus liCI::dfv~IuJw7limL"IfflfllwrvY VtJ7ff L"Iffltlv::iJmY 

Ulhff!JiJUUU'ULlftJJ'UY!YJeJ~iJ7WW7::liV~L"Iffltl (A) LifeJ'I'l7n mJeJCJL"IfflM? CJW ul'lfJi LiCI::Liv~iJJJntJl'l16'1tl;tLim luJ7v7ttlmiv~ 

l'imtllli'lJfhlUriJff!?eJ'EJU iJ::l JJJWV fA Tm:MiJtinlYfIJ::mJ7m'lffltllli'uno7lUriJff!JfJEJU v'J::mruJuyj 14-20 7jj'/Jfti~iJ7nY!l"lf6'ltlehunn 

infect r;f?V Sendoi virus (8) lifeJ'I't7nnff!VIllV'~Ufl::dfCJ~ TfJTm7Y!mJ7m"lf6'ltllli'un7lU0ff!?E/au lVl~aCJ? lMtliJ::lJJJufv'l!? iJn7Y 

ltfftCJuutffl~tinlYru::117~n7CJf)7WAii7Vl"lf6'ltllli'uno7lUti)ff!?a'eJumniu lw::wfaJJY!iJ::w'jiJUl'jfIJffJJlMn7'JlVUl'lffltlUr;}uno7lUriJ'lfUriJ 

iPSCs (C) 



n1,j(nlt1li~LI.I~!J\JLYlV\Jlin'tfIUZn11J11,,,u.III~f11'11!J1'lIJLnf)I\"1l4L'l\nJ\'un1LQ" ;{1Ii"4'il1ni1rioU u. IIIIL'l\ft~14n1tJL~lln"111\,,nflU'l1'4I\iiQn I 
Comparative nudlH of anatomical and blomolecular levels of numan stem cells derived from emblyo and somatic cells for dlnlcal application cO) <r 

Vl6'l.:J~1f1~~ru~~~tM{vhnl'lbb·1ibb~.:J 6118~'U5 b"llfl~ iPS ~ru~~~tJ llilvllf1W~61~U~ru61:WU~hdeml'U 
'U q 'U 'U q 

'1JeJ.:Jb"llfl~\li\JfhU~~61~1.:JM~1f1f1l'lbVl~tJ1t111Vl8vllf1l'lml~61eJU f1l'l~.:Jmj'1JeJ.:J Sendai virus, f1l'l(91'l1~
" 

f1l'lbb61~.:J€l€lf1'1JeN pluripotent markers lVl8115f1l'ltJeJ:W~'Vll.:J B:w:wl'U, f1l'l(91'l1~f1l'lbbM).:JeJeJf1'1JeJ~
" 

pluripotent genes lvwl15 RT-PCR, f1l'l'VlVl61eJuml:W611m'l,,1'Uf1l'lb\J~8'UbbLJfI.:J bU'Ub"llfl~~vllVl~l~ 
:Slbyjl~ b~m~8~1wXeJ~LJ5U~nl'l (in vitro differentiation) 

~1f1nl'l(91'l1~61eJUVll Sendai virus 1il18nl'ltJmJ~B:Wl,Jl'U (91'll~Vll antigen '1JeJ~ Sendai virus yjUll 

b'1lfl~~~1'Uf1l'lb~8~~~ruVl.Qil 38.5 eJ~1"11b"llflm~861 ~~~eJn'UbU'Ub1f1l 5-7 l'U ~~hjilf1l'l(91'l1:VyjU antigen 

'1JeJ~bf61bfltJ ~.,j~1.,j~lm'1lfl~~hj~1'Uf1l'lb~8.:J~eJruVl.flil 38.5 eJ~l"1lb'1lflb~tJ61 611m'l"m1~yjUf1l'l~~~ '1JeJ~ , " 
antigen '1JeJ~ Sendai virus (.fllyj~ 4) e.Jflf1l'l'Vl~61eJud~~611m'l,,8'UiJ'Uhil'Ubd€l~\li''Ull 611tJ~'Uqb'1lfl~\li''U 
fhu~'1JU~ iPSCs ~61~1~1il18f1l'lH Sendai virus temperature sensitive strain hjilf1l'lVlfl.,jbVl~eJ'1JeJ.:Jbf61 
Vl6'l.:J~1f1nl'lbeJlbf61€l€lf1~lm"llfl~ 1~8vllnl'lb~8~~€lruVl.flil 38.5 eJ~1"11 b'1lflm~861 , " 

oJ 
ll1"fI 4 

Sendai virus CAPI Merge 

non-heated treatment 

heated treatment 

r17m'i(fJ'iJiJiJEJVI'lftltllllun·71 (j~~eh !Jm'ill1dEJ?lhihv Sendoi virus vectors [~V7Sn 7'icJEJJJffYi7~BJJJjrU I riEJ(fJ 'iJiJiJfJUlII7 

UEJUr1)liJU'lfEJ~ Sendoi virus mvlw'lftltl 'lffJ~I'lftltllllud7l'(J~ iPSe ~iJf7Jll( I'lu'h fJ7m'i{)(fJ'iJiJI'IV UEJUliilvU'lffJJ Sendoi 

virus mvllJl'lftltllllun·71 (j~ (ffU~~)iPSes v/1Jifhum'ilifv~~~[JJl11Jij 38.5 eNfJ7l'IJm'dmr (non-heated treatment) lu'IJ[JJ::i1 

l'IJi:ltl~fhUn7'ilifv~ ~fJ[JJl1!)ij 38.5 fJ-Jf17I'IJm .fivfI (heated treatment) iJ::(fJ'iJiJ1JiwVUEJuliil iJu'lfEJ'I Sendai virus iJ7nn1Yh, . . 

b~€lvllf1l'lm1:VVll pluripotent markers 1il18 f1l'ltJ€l:W~'Vll.:JS:wl,J11..1 b'1lfl~ilf1l'lbb61~~eJeJ f1'1JeJ~ 
intracellular marker Oct-3/4 llilb'li'Ub~81nUb"llfl~\li''UnlbUVl(l)''J'8eJ'U 6118~'U5, Chula2.hES bbfl~ b"llfl~\li''U 

nlbUI'I~61~l.:J~lm"llfl~ CD34+ (13PFXl hiPSC) (.fllyj~ 5) 



tm;{mt1li~L\J;lJ\JL;;lJ\JnmfQ/lln'lJll111LU\lIf'1" lJ ,llJLn 'ln"uu.. nn;1j';' Lijfl ~d1~.'ni"ltiIlIlLUIIIL"ftn"1~n'lJL~On",I11\J'l,n1j"1~"6ijn I 
Comparative studlfS of anatomical .nd blomolecular levels of hwnan stem cells derived fromembryo and somatk: cells for dlnlcal application G) It 

Oct 3/4 DAPI 

13PFX1 hiPSC 

Chula2.hES 

HS4#2 hiPSC 

HS4#11 hiPSC 

n1'LU'''~flfln''fl~ Transcriptional factor OCT-3/4 

PI'JJvffvvm'JUi'fIilHJeJn'lJE}v transcriptional factor OCT-3/4 ·vv'll'lfmfrifun'7lulil.Jlnlilv7nm<Jivrdmu7l'lfflfflrl'tv'JvfJ7ff.Jwm 

v7nuf,mdJufhriflilfJfWIil fiv i'f7ljj1Uif HS# 2 hiPSC lW:: HS4# 11 hiPSC rlVJ'7 iJm'JUi'fIil'lvvn'lJv'l transcriptional factor 

OCT-3/4(i1! ifm) l 'lfWAm nVl'lfflfirifun'7l Ulil rifJ v'a u mmvuif Chula2 hES(lll ifm )ua::lfiflfirifun'7l UIil.Jfff7'1v7nl'lfmi 

C034+(13PFX1hiPSC llulil'l) 

vllfll')(ll,)l\JV!l pluripotent genes Ji'ltJ RT-PCR b"ll(;1~iJfll,)bb?l\il,:n)tln'1Jtl\l flu OCT-3/4, NANOG, 

SOX2, REX1, UTF 1Ji'b'1iub~mn'Ub'l1m=l(9)UnlbD\il~leltlU ?lltJ~U5, Chula2.hES (.f11~~ 6) 



n,,,il",t1L;4L\I; !l\JL~ !l\JftntiWI: n'lJll''IIU.CII~f,1"enLIJLCltll\'IIIH L'IIClli,;'" Ii1Lil" ilili', ~ lI,n", £i 6 "'LlI\I L'II\ II~ 1~n'!lLi 601,11,11.i'li\",,,wlftiln I 
Comparative studies of anatomical lnd biomolecular levels of numan stem cells derived from embryo and somatic cells fordlnlcal application <0) b 

Il1ri6 

Chula2.hES HS4#11 IPS 

n""'UII8\1lUlftU'8MIH plurtpotent senes 

UTF 

REX1 

SOX2 

OCT 3/4 

NANOG 

GAPDH 

,iJfW17nt'if1J'i?vf/f}Vnt'iilf/(i).:}f}f}WIJeH pluripotent ~enes 'l}f)':}l'lfm4r;un'7l'u(i)Yi,fi(i)vinnn!llltimui,'lfflfl1'1J[v 

'iUfI7f/YiufJnv7nUtlfILVUfhr;(i) '1lv'hiJm 'iuf/(i)Jf)fJnYlfJJihl NANOG, OCT 3/4, SOX2, REXl Uflt: UTF ,'Ii!.JL~cnn~v 

,'lfmMun'ftU(i)r;?fJ'fJUfI7C1WUif Chulo2.hES 

b~'iJvf1 fll'J 1Vi b'IJ~'6"i' iPSCs bn~ fll'J b tJ~ 8'j,HbtJ~~h_lbth..! b'IJ~'6"i'v1vfl'WUlv1~l b'Wl::: .rntJ 1 'UVitmJ~u&ifll'J 
'WUllb'IJ~'6"i' iPSCs iJmllJ6'11lJl'JCl1'Ufll'JbtJ~tJ'UbbtJ~~bU'Ull"1'J~6'1~1~v1b~tJnll embryoid body (EB) bb~:::b~'iJ 
b~tJ~ EB \>1m ~'iJ~ ~n6'11lJ~tJ~1'" bvl'iJtJ~'iJtJ1Vib'IJ~~1~btJ~tJ'UbbtJ~ '1Lu'U b'IJ~'6"i'v1vfl'VI':h~~l bvn::: '<Ill m1'Uvhfll 'J 

(i)'Jl'<ll6'1'iJU'VI1'J1tJ'J~'U 1'Ub'IJ~'6"i''WUll iPSCs 6'11lJl'JClb tJ~ tJ'Ubb tJ~~ b u'U b'IJ~'6"i'v1iJ f11'J bb6'1~~ 'iJ'iJ n'1J'iJ~ nestin 

(ectoderm), brachyury (mesoderm) bb~::: APF (endoderm) ~~.rn'W~ 7 ~~bU'Unl':i8'UtJ'U1~11 b'IJ~'6"i' 
iPSCs ~6'1~1~1~ iJl"1ru~lJU&i'1J'iJ~fll'JbU'Ub'IJ~'6"i'(9)'U fhu~ f1~ltJtlU~bbtJneJeJ nlJl'<1l1n\9l1BeJ'U, 



n" ifm:l1l;~L\J; !JULVi !JUtInlflljc n 'VIl ,,,uflcf11"!J'llJ Lfll}fI"0~L1I 11ft ..\lrhL11" ~II;'~"n.r1o0\lUIII L1Iflft ;'~n'tJLi 00,,,11\\Jt,;t"",ulii11 0 I 
Comparative studies of anatomical lnd biomolecular levels of human stem cells derived from emblyo and somatic cells fordinlcal application ~ .,} 

1l1"i/ 7 

';}fJ'Ihn 7'in 5'::vjuZ l1dJ(?Jn 7 J"llHJouu UeNI V'Ul 'dfJffYi'lhYl1h~1Jo7' W7::n 707 Ul1fJv'VI(?JflfJmtrhl'dfJffrifud71 iJ(?J 1J7nn 7J" 

IVI do J :J71 'dfl ffl rI ['U 'U C/ 7 if if 7J17 HJl Uif0 U u tJ fI v1U, VU I'dfl ff Yil VUch U UJ":: n fJ 'U'Ii fJ.J ectoderm(Nestin), 

mesoderm(Brochyury) endoderm (AFP) M'VI°7mJ"cJv3JffiJJlrJ~Oif'livvl'dfifl OAP! Scale bar = 100 f.-Lm 

VI~'l~ln~iJnWntl'l1'Urll1:IJ;;11l~~1'Unl'H,\~l'll'1lfl~~'U r11 lU~~ lltl n~l n (9)1 eleJ'U'Ue:mJ'U~~ llfl:::~?l~U , " 
1~\~'Ulll'1lfl~~'UrlllU~~'l n~11 ?ll:lJ1'jflflnLVI~tl1\h1 ~ l\J~tI'Ull \J61'll tJtIb'1l61~ ~VhVI'Ul~~ll 'Wl::: ~'ll tJ'U 

" 
?fl'U'lh:::neJ'U'UeJ'l eJltJd::;'UeJ'l:lJ'U~~ l'1l'U l'1lfl~'\J'j:::?lTVl l'1lfl~mhlJ l'ifmXlh VI~eJ l'1l61611'U'j:::'U'Ul~eJ~ 11,26 vh, 
1~iJrll1:lJrll~Vll'l1'Unl'jth l'1l61~ ~'U rlllU ~~1 n (9)leleJ'U :lJl\J'j::; ~Jn (911off 1 'U nl'j-rn~l?l.fl1'W nl 'jl~ eJ:lJ'Utl'll'ifm~eJ, 
VI~eJ eJltil :::'UeJ'l:lJ'ii~~ 'jl:lJ fi'l nl 'jA'U rlll nl'jA'UVil til (9)11 VllJ lb61::: nl'j'Vl ~?leJ '\J rldl:lJltJ'U~~'UeJ'l til (9)11VllJ '1 
eJ~l'lh!l(911:lJ l~eJ'l~l m'1lfl~~'UflllU~'1lu~d?l'~h'l:lJT~n n (9)leleJ'U'UeJ'l:lJ'U~~ iii'lvh 1 ~n611mtJ'UoffeJl~bb~'l b~tJd n'U, 
~1tJl)'j'j:lJ l'W'jl:::iJnl'jvll611t1(9)leleJ'U'UeJ'l:lJ'U~~ ~'Um:::vt'l1'Uti 2007 1~iJnl'jA'U'W'U 15m'jlVl~tlT\.hb'1l61~, 
11'l nltl 1~n611mtJ'Ub'1161~~'Urllbu~~iJ I"lru?l:IJU~Vl611t1 'leJ~l'l rl~lt1rl~'ln'Ul'1l61~~'UrlllU~~l n(9)1eleJ'U 17 iii'lvll 

1~unl~tlvt1bfln 1111'l1~rl11:IJ?l'Uh1 'Unl'jl~m~tJdn'Ul'1161~~'U rll bU~~bn~~ln nl'jbVI~tJdt11 VI~eJ~l~tI nll 

induced pluripotent stem cells (iPSCs) nl'jbVl~tllt11l'11fl~11'lnltl1~ltJtIb'IJ61~~'Urlllu~J'U ?l1:lJl'jflvll1~ 
b~tlm'jl~:lJm'jbL?l~'leJeJn (over expression) 'UeJ'l~'U~L~tl1-ttl'ln'Ul"lru?l:lJU~ pluripotency 'UeJ'll'11fl~ ~1t1 
15m'jt11~'U~ln.fmJ'UeJn (exosenous senes) 11'lmm-tl~ DNA 'UeJ'll'IJ61~11'lmti ~'U VI~eJ transcription 
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Comparatfve studies of anatomicallnd biomolecular levels of human stem cells derived from emblyo and somatic cells for dlnlcal application (0) <;:;; 

factors vtt-u lJ1bbn OCT-3/4, NANOG, SOX2 , Klf4, c-Myc, Lin28 16, 17, 27 ~~15rn1'Lh£h<Finnil1tJ'tJBm-ul~ 
'IJ 

~bii'tJbB 'lJB~b'l!G1~~1~nlm'l1m1f)'Vl'l1(i)1l'1tJ1-u retrovirus, letivirus ~~dJ'tJ DNA-virus ~81'<il'<il::anl'1nl1 
integrate 'tm'l DNAb1~ b-Ulti DNA 'lJB'Ib'l!G1~~l~nltJ ~~'!'tJ ~'1m5rn1~'tJ1~~llJl'H1H'Vll'1bb'Vl'tJnl'~H DNA 

b1~ ~B rn':i1ihh~'tJ mRNA, microRNA, episomal vector bbG1::; nl11ild1~1'tJn~lJ RNA b1~bb\llG1::;15~'1lJ 

-umlBtJ -UB~~\lll'1n'tJ hJll'<il::;b'U'\.J'lh::;i1'Vl5il1'\fj1'tJrn1~~1~ b'l!G1~~'tJnlbUI'1 '<illnn1':ibVl~tJd'l1l1I'1tJ'<il::;'\fjUll 
'\J':i::;i1'Vl5il1'\fj'lJB'I fll1~~1~ b'l!G1~ ~'tJ n 1 b UI'1'<ill n nl':i bVl~ tJd'l1rl 11'1 tJ n111-u virus '<il ::;lJ'\J1::; i1'Vl5il1'\fj~'1 fill nl11-u 

'IJ 

1'\J1~'tJ Vl~B RNA 28 b~B'I'<illfi Vl~'I1'tJ~I'1~~VllJ1tJVl~n1'tJrn1~~1~b'l!i,1~~'tJnlbUI'1'<illf1nl1bVl~tJd'l1l~B fll':i'l1l1'\J 

'\J1::;tJfI(9il~ 'tJ'Vll'1nl':ibb'\fj'Vl8 ~'I'!'tJ 15nl11'tJnl1~~1'1b'l!G1~~'tJnl bUI'1'<illnnl':ibVl~tJd'l1l ~~lm1m~tJ~fll':iH, 

b16'11I'1mu'\fjl::;b1?1~bU'tJ DNA b1?1~'IlJmllJbVlm::;~lJ 1I'1tJ~dl'\Jbb;;i'dbU'tJ~tJBlJ1Ull15nl11i1'\J':i&i'tJ 
mRNA, microRNA Vl~B episomal vectors ~~bU'tJ15nl1~,jl'<il::;bU'tJ'Vll~b~Bn~~1f1ty mh'lhn\9lllJ 

Aru::;en~tJ1J1 b~Bnrn':iH Sendai virus ~~~l'1btJ'W RNA virus b~B~'<illnlJ1ltJ'Il'tJ~~~'<il1.hb;;i'dllb1~'lJUl'1d '<il::;
'IJ 'IJ 

lJnl':i replicate 1~~~'tJ~m1lJ'lJB~b1~~1'l!l\91'\fjm6'l;glJ'lJBwtlG1G1156'1~ bbG1::;hJbnl'1nl1 integration b-Ulnu 

DNA 'lJB'I156'1~23, 29 

nl':i'VlI'1G1B'Id Aru::; ~1~m~BnHb'l!G1~~UtJfllJ1'<illfi bdm~mbe.Ji,1btJ'tJ~lJ1'<ill n nl1e.JlI'1I'1AG1BI'1 ~'1d 
\J 

b~B'I'<illf1lJ1ltJ'1l'tJ nB'tJVltJl 11~1lJ11mbtJm'l!i,1G11vJl u':ium6'l1J1 '<ill mbe.JmtJ'tJ'<ill nnl1e.JlI'1I'1AG1BI'1 bbG1::; b'l!G1G11vJ 

1mum6'l~'1n~ld bb6'l 1'1 'I A ru6'llJU~bU'tJb'l!G1~~'tJnlbUI'1 bbG1::;6'IllJ1':if) m::;~'tJbbG1::; bVl~tJd'l1l1~ b'\J~tJ'tJbU'tJb'l!G1~ 
'\J1::;6'Il'Vl b 'l!G1~ adipocyt~ bbG1::;b'l!G1~m::;~miB'tJ30 'tJBfI'<illn,!'tJ tJ'Ihh~tJ~1ltJ'I1'tJ rnllJ~lb~'<il1'tJnl16'1~1'1 
b'l!G1~~'tJnl bUI'1 '<illf1 nl':ibVl~tJd'l11 b'l!i,1i,11vJlmUm6'l~bbtJfI'<illmbe.Ji,1e.JlI'1I'1AG1BI'1 '<illf1 nl1'Vl~i,1B'Id flru::;~1~tJ

\J 

6'I1lJ11f) bbtJm'l!i,1~ lvJlmmn6'l1J1 ~b'l!i,1i,11m1 '<illf1l'1dB~l~~'tJbdm~mbe.Ji,1btJ'tJe.Jll'1~Ai,1BI'1 ~l'1dB~l'1 ~fI~ru::; 
'Vll~nltJil1'\fj'lJB~ b'l!i,1G11vJlmum6'l ~~~l'1dB~l'1 lJ~fI~ru::;fl;;i'ltJm::;?ldtJ hJbb\9lfl\lll'1n'tJ bdBvllnl':i'VlI'1?1BU 

fldllJbU'tJ mesenchymal stem cells JldtJnl1f!BlJ~'Vll'18lJl,Jl'tJ 'lJB'Ib'l!i,1i,11 m1 HS4 '\fjUl1 lJnl':ibb6'l~~BBfI'lJm 

markers ~~lf1ty lJ1bbn HCAM, Stro1 bbi,1::; Thy1 bb\9ihjlJnl':ibb?lI'1'1BBfI'lJB'I CD14, CD19 bbi,1::; MCAM ~'1tJ'I~ 
~~flru6'llJU~'lJB'Inl1bU'tJ mesenchymal stem cells B~l'1hn\9lllJ b'l!i,1~lJnl1bb6'l~~BBfI'lJB'I SSEA-4 bbi,1::; 

Oct 3/4 ~'1btJ'tJ markers 'lJB~b'l!i,1~~'tJnlbUI'1 Vl~B pluripotent markers~'1 e.JG1nl':i'Vl~6'lB'I~1J11f1;;i'b~tJ'Inu 
nl111tJ'Il'tJ'lJB'I Yang bbi,1::; flru::; (2010) 30 B~l'1hn\9l1lJ 1'tJbbe.J'tJnl':i~lbU'tJnl11~tJ1'tJu~ Vlt1'1d Aru::;0~tJ lJ 

~1'1'\J':i::;6'I'1~b~m\~1'1b'l!G1~~'tJnlbU~'<illf1rn1bVl~tJd'l11 hnJlvllf111'VlI'1i,1B'1b~B'VlI'1?1BU flru?llJU~\9il'11'lJB'I b'l!6'l~ 
lvJlmum6'l bdBvllf11':i reprogram b'l!i,16'l1vJlmum6'l JlltJ Sendai v irus TS7 ~lJ transcription factor 

23, 29 
OCT4, SOX2, Klf4, c-Myc \9IllJfI1111tJ~1'tJ'lJB'I Fusaki bb6'l::;Aru::; (2009) bbi,1::; Ban bb6'l::;Aru::; (2011) 

flru::;en~tJ ~~bfl\9lb~'tJnl1b'\J~tJ'tJbb'\J6'l'l 'Vll'1nltJil1'\fj'lJB'Ib'l!i,16'l1vJlmum?l bnl'1~'tJ1'tJ'th~ ~''\Jm~~?lllJ Vl~'I'<illfi 
'IJ 

fll':i reprogram ~'1rn':i b'\J~tJ'tJbb'\J6'l'l~fI~ru::;'V11'1f11tJil1'\fj 'lJB~b'l!6'l~~l'1f11tJ Vl~'I'<illf1~mVl~tJl'l11J11tJ15\ll1'11 
" " " '<il::;bn~'IT'W-Ul Vl~B b~l 'ITwlU15nl1 ~lVl1umrurn':i reprogram JlltJ Sendai v irus oJ'tJ Aru::;~1~tJ '\fjUl1 

q 1 df 1 "'" ., ( 23':i::;tJ::;nm'lJB'Inl':ibfl~ primary colony 'tJnl1'Vl~i,1B'I'tJ fl6'lbAtJ'IflUnl111EJ'I1'tJ'lJB'I Ban bb6'l::;flru::; 2011) 

~~d rnllJ6'lllJ1':if)1'tJnl1bn~m::;Ul'tJnl1 reprogram b'l!i,1~11~rntJ'!'W ~'tJB~null'<il~tJVl6'lltJ1B~1'1 b'll'tJ 'lJU~ 
'lJB'Ib'l!i,1~~1'1f11EJ~1~'tJfI11 reprogram \ll'Wl'tJbb6'l::;'lJUI'1'lJB~ exogenous genes Vl~B 15~1~'tJn1':i 
reprogramming 'WBfI'<illf1,!'W tJ~'\fjUl1 Vllf1lJnl1H small molecule, epigenetic modifying agents '<il::; 

6'I1m':im~lJ'\J':i::;i1'Vl5.f11'\fj bbG1::; vll1~m::;m'Wn11 reprogramming 'lJB'Ib'l!6'l~~1~n1EJ~'I11mbVl~tJd'l1l1~ 
fl6'llmtJ'tJb'l!6'l~~'tJnlbU~ bnI'11J1b~d~'tJ B~l'1hn\9lllJ flru::;~1~tJ b~Bll flru.fl1'\fj'lJB'Ib'l!i,1~~'tJnlbU~~bn~'<illfi

'IJ , 

fI1':ibVl~tJd'l11 lJrnllJ~1f1rulJ1f1f111 '\J':i::;i1'Vl5il1'\fj ~'Idb'\fj11::; flru.fl1'\fj'lJB~fI11bU'tJb'l!i,1~~'WnlbUI'1 iPSCs lJ~l'tJv , 

~ If V V Ifv ,.,do<::il. 31 
nl':i reprogramming 'Vl~lJ\J1ru '<il::;?llJ'\fj'tJDflU fll1 maturation 'lJB'Ib'l!6'li,1'VllJnl1 reprogramming 

Vl~'I'<illn~ b~tJ~b'l!i,1~ iPSCs lJ1 2-3 passaoes flru::;~1~tJ1J1vllnl':ib~tJ'Ib'l!6'l~ iPSCs ~BruVl.f1il 38.5 B'Ifll 
;::, '\J q '\J 
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Comparative studlH of anatomical.nd biomolecular levels of human stem cells derived from emblyo and sornatk cells for dlnlcal application (i) GI' 

b'1Ji;HH~m'l O1~~€lntJ 7 ltJ b~€l'VhlnH€l1 Sendai virus €l€ln~lm'1Jfl6'1 iPS ~"~1'l1~ ~'1db~J1~?lltJ~tJl5'1J€l'l• 
Sendai virus vnmtJmJVl~fl€l'ld bth~?l1tJ~'U5~ijm1:IJl)~€l€lruVi[liJ~?l'l bbfl~W\'r)l b~m~tJ'I~€lruVi[liJ 38.5 

q q '\J '\J 	 <I '\J 

€l'll"\lb'1Jflflb~tJ?l O1~~€ln'U€l~l'lU€ltJ 5- 7 ltJ Sendai virus "il~llJijmJbbU'll91l bbfl~?lfl1tJhJ 23 b~€lAru~~l~tJl~ 
" ~lbU'UmJ ~'1~n~ll bbfl~'VhmJ'VI~?I€l'UmJfI'I€l~'1J€l'l Sendai virus ~'U11 ml~llJ~'U Sendai virus ~-:J1tJ 

" J~~'Ufnibb?l~'1€l€ln'1J€l-:J~'U bbfl~ h.h~'U ~-:JJ'U ~'1?lllJlJfI?lJtJ b,1€l'lvl'UM11 b'1Jfl6'1 iPS ~?l~l-:Jl~J'U llJijmJfI-:J, 
€l~'1Jm Sendai virus tJ"il"ilUtJ ijJ1tJ'I1'UmJH Sendai virus ?IltJ~'U5b~tJlnu~Aru~m~tJH 1'UmJ?I~1'1b'1Jfl6'1 

\J <I 	 <I 'lJ 

iPSCs bbfl~ijmJtJ€l:IJ-r'U11 bU'U15~tJiil€l~.ntJ b~Jl~llJbi1~mJ integration '1J€l'l virus n'U DNA '1J€l-:Jb'1Jfl6'1 

~1'lmtJVit11lJl reprogram 

b~€lvl1 m J~?I"il'l1Aru?l:IJU01 b,1€l 'I vl'U '1J €l-:J b'1Jiil6'1 iPSCs ~'Ul1 1'U J~ ~'U ~'U b'1Jiil6'1ij f11J bb?l ~'1 €l €l n'1J €l-:J" , 
endogenous genes l~bbri OCT-3/4, NANOG, SOX2, REX1,UTF 'U€ln"il1nJ'U 1'UJ~~'UbtJJ~'U ~'U11b'l1fl6'1 
iPSCs ij f11Jbb?l~'1€l€ln'1J€l-:JbtJJ~'U OCT-3/4 fI~l tJn'U~(9IJl~~'U1'Ub'1JflMl'U1l1 bU~~ bbtJ n"il1 nl91lB€ltJ ?lltJ~tJ5, 
Chula2.hES 26 b~m11mJ bVi~mt111~b'1Jiil6'1 iPSs bil(ilf11JbtJ~tJ'UbbtJiil-:JltJbU'Ub'1Jfl6'1~vl1Vi":h~\llb~1~ .flltJ1'U 

"il1f1b~1~b~tJ-:Jb'1Jiil6'1 b'1Jiil6'1 iPS ?l1lJlJmtJ~tJtJbbtJiil-:JltJbu'U embryoid body ~-:JbU'UbAJ-:J?I~l-:J~ bVitJ'Ul~n'U I91l 

B€ltJVi~-:Jf11J~-:Jl91l ~-:J.flltJ1'U"il~tJJ~n€l'UltJ~lmdm~€l ectoderm endoderm bbiil~ mesoderm b~€lvl1mJ 
(9IJl"il?l€J'U1'UJ~~'UbtJJ~'U'tJ€J-:J embryoid body (9IJT'iJ~'UmJbb?l(il-:J€l€ln'tJ€J'I nestin (ectoderm), brachyury 

(mesoderm) bbfl~ alfa-fetoprotein (endoderm) "il1nf11J8mJ~'VI1-:J€i:IJ~b'U ~-:J ~fl~-:Jn~ll ?lllJlJfln~llM 
11 b'1Jiil6'1 iPS ~?I~l-:Jl~~lnmJmJ'VI~fl€l-:Jd bb?l(il-:Jflru?l:IJU01 in vitro differentiation fI~ltJn'Ub'11fl6'1~'Un1bU~~, 
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