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1h~~1'Vl bU'Wm1 :wV1tf~V1~~~9~~1:w 1n1tl 1:w1fo'jj-1 ~th tJl~ b -rl'W1 'W~UCJtJ~ bU'W turvn Hi'Wi'W n1f~2f1~ b6Jf ~ i 
~ ~ 

I j, I 

th~~1'Vl6Jfill?l bl?1Ynfo'W'elf9n ( dopaminergic neuron) Vl~ '°1CJ1:hl~1 b'Y'11~1?1'el ~ur;im!'W~ ~ntJ!l1'1'1Vl9~bU'Wbb'VI~~ 
I t, ii I 

'll'tl~ b6Jf ~ib ~'tlu1:w1 Hfo'jj-1 ~UCJtJl~ 1 'Wmf~n'jj-1 rif~ii 'Vl1~ n~:w',j9tJ~,r 1mnJf~~~ r1b'W'tl~2f1~ b6Jf ~i1h~~1'Vl 
~ q q 

6Jf'Wl?lbl?l'Y'11~b'W'elf9nbl?ltJl?lf~91nb6Jf~i dermal fibroblasts bb~~ patient specific induced pluripotent stem 

" 
cells (psiPSCs)'ll'tl~~UCJtJ bl?lt1H11f~ hh~'Wbb~~ modified RNA b1?1t11'WUbbm'll'tl-rn1f~n'jj-1tJ'W'Vl1~n~:w 

',j9tJUJ'~~UrlCJ1:hl~1b;91 'Wn1J'~9f1~ b6D~iuf~~1'Vl6Jf'Wl?l bl?l'V'11fo'W'elf9n91n psiPSCs bl?ltJn1J' 1; Nurr1 -MT-Akt 

protein ~~'Y'lu'i1~1:w1rn-nntl11 ~ bfl l?ln1f~2f1~ b-n~iuf~~1'Vl6ll'Wl?l bl?l'Y'11~ b'W'tlf9 n1~~n'i1 b~'tl blli'tJU b VJtJunu 
I j, j, 

',jfi:hJ1 l?lf'aJ1'W r-J~Vll~ bb~ (?)~ 1 ~ b ~'W'J1 n1 J'~2f1~ b8ll~iuf~~1'Vl"ll'Wl?l bl?l'Y'11~ b'W'elf9 mru~1:w1rnv'i11 ~~;'Wl~bl?ltJ 
,J,9 

I I j, 

n1fb; state specified protein ~~1'Wn1f~n'jj-1VJ9~~1b'W'Wn1fi?l'tllU'WU 'Vl1,rn~:w~',j9tJ9~~n'jj-1Uf~~'Vlfill1'1'1 

'll'tl~ state specified gene 1'Wn1f~2f1~b6Jf~iuf~~1'Vl"ll'Wl?lbl?l'Y'11fo'W'tlf9nbl?ltJl?lf~91m6D~i dermal fibroblast 

bl?ltJ'el1~tJlCJfo bUf~'Wbb~~ modified RNA 
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Neurological disorders are one of the major health problems. Hundreds millions of people 

worldwide are affected and most could not be cured. Neural cell transplantation offers a promising 

therapy for patient. For Parkinson's disease, generation of patient specific dopaminergic neural cell 

provides the potential cell source for treatment. In this study, we aim to generate dopaminergic 

neuron directly from patient dermal fibroblasts and patient specific induced pluripotent stem cells 

(psiPSCs) by using virus, protein and modified RNA. In this first year, dopaminergic neurons were 

successfully generated from psiPSCs. Using Nurr1-MT-Akt protein could enhanced dopaminergic 

neuron production compared to standard protocol. These result suggest that, differentiation of 

dopaminergic neurons could be potentially improved by using state specified protein. Next study, 

we will test the potential of state specified gene on direct reprogramming of dermal fibroblast into 

functional dopaminergic neuron by using virus, protein and modified RNA. 
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1. m''e1Ubb'W'J"'1'J1:I-J~~6Jl'el~tr1Nn1:i'-:S~r.Jn1n1.J~r.J'Wb"lf'tli 3 

h~mm.Jn ~ bU'Wb"lf 'tlitJ:i':;~1V11U~91 b'V'l1:; t~r.J (91N ~r;ir.J ttJ:i'~'Wbb'tl:;RNA 
I ~ 

2. n1:i'btJ~r.JmbtJ'tl~n1m~~~'e"l'e1n6Jl'e"l~~'W1'Wi'W(9l'fl'Wn1:i'~~1~b"lf'tli 8 

,J:i':;~1'Yl6J!U~91 b'V'l1:;r.i1n b"lf 'tli~'Wfl1 b u~:i':;uutJ:i':;~1'Yl (Abeliovich 2007) 

3. plasmid construct ~Htt.1n1:i'~~1~ Lentivirus ~Htt.1n1:i' direct reprogram 13 

4. n1:i'~~1~ Nurr1-WT bb'tl~ Nurr1-MT-Akt 15 

5. n1:i'~~1~ Dopaminergic neuron r.i1n human Embryonic stem cell 16 

6. Dopaminergic neuron ~~~1~1~r.i1n human Embryonic stem cell 18 
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I ~ 
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"1!'0l-l w.rn n1 t~9f1'11 viil611'0'1 b6l!~~1 'Wt~1J1Jth~~1'VlV1bil bvlm'V'l'0 ~11 ~tl''11il~1iJ1 n1 fo111'01 mnvi~hi'.11 ~ 

i, 2,, d O CV 2.1i, .J'~ 2,/ ~ d O l-1 J ts' J 
vi1u6111 '7l b'7l 'Vl1'1'0'0n'Vl~1 A ru1 'Wmrnn b61ltf ruvi1'W01'0n1tM1'1 b6l!~~1h~~1'Vl b'V'l'0'W1 b'l.hb'Vl'W'Vl b6l!~~1h~~1'Vl'Vl ., ., 

b6l!~i~r.i~tl1iJ11 ;1 'Wn1tfo111'Lt0it~1J1Jth~~1'Vl~1iJ1ti;itl1iJ11~r.i1 nvi~1u bbVl~'1 ~'1 b 6l! ~ibbf?l~ ~6Jl'W'7l 

nr.i ~n;'e) ~61]'e) b~U bb[?l n f?l1'1 fl'Wb'LI ~1vifo1 'WU99U'Wb6] ~,~'W/71 b 'W'7l'°l (?I bU'WA'J1l-JVl'l'1~9 ~tJ1l-J 1 H1 'Wn1tfo111 
q 

1ii~19~bU'Wb6l!~ i~'Wfl1 b 'W'7lf~1J1J'Lit~~1'Vl vi1'0 mnu~U'Wbb'LI~'1 b6l!~i~'Wfl1 b 'W(?l (?]')'e)'e)'\,Jb'LibU'Wb6l!~, t~1J1J 

., ' 
'Lit~~1'Vl bbf?l'Vl'1~'0'1~fintl''1i'.J;'0911l '7lV1~1 ~ QJ~'e) n1 ttJ1 b 6l!~i~'Wfl1 b 'W'7lf~1J1J'Lit~~1'Vl611'0'1 ~iJ'JU'0'0nl-l1~1 n1f 

., qJ 

' ' ., 
b~l-!91'W'J'WbU'Wb'Lib~mn bb~~n1tHb6l!~ir.i1m..JAA~~'W 'Vl'1b6l!~i~w11b'W'7lt~1J1J'Lit~~1'Vl bb~~b6l!~i~'Wfl1b'W'7l 

I 2,., I I 

(?]')'e)'e)'Wnr.i ~n,:r QJVl1Vl ~1 ~ ru ~'e) A'J1 l-1 b; 1 fl'Wbilb~61l'e)'1 b 'W'e) b~'e) bn'e)~ 1 n1 f'LI~ n Cl 1U 
., ., qJ 

' ., 
91n A'J1l-Jfl1'JVIU11 'W'"11~ [?lf ~1'Wregenerative medicine 1 'W6l!'J'1bilnill-l1Ubb~ '7l'11 ~ b~'W~'1 A'J1l-J 

bU'Wb'Lib~~9~~9f1'1 b6l!~iut~~1'Vl91nb6l!~i¾1'1n1uvi\ b'LI b'7lU'019 H~fin1t reprogramming b'Li bU'W 

pluripotent stem cell ~'JU induce pluripotent stem cell technology ~'1~'W'V'l1Jb'7lU Professor Shinya 

I I ii I 
"" .,. "".,. 9 ';;'I .,.'i' -=l .I.,. .- ~.l,J "'.I 

b'Vl A'WA'Vl b'V'l'1l-lt1U'11'W b'WlJ 2553'W b'7lU Wernig bb~~Aill~A'0n1tblJ~U'Wb6l!~~ fibroblast blJli;j b6l!~~ut~~1'Vl 

b(?)U[?]N b'7lU1;virus Vl~1U6Jl'W'7ltJ1~'W~~1 ~'7.J f?l'e)n1t"if W-J'W1 n1f61J'e)'1 b6l!~iut~~1'Vl b;1~b6]~, ~'11 'W'Vl1'1'Vl~~n 
., 

'019iJ;'0~bV!U1Jfl1Jn1f reprogram ~ pluripotency state ~'e)Hb'J~1U'0Un~1 bb~~b'e)n1~bn'7lb'W'0'1'0nU'0U 

n~1 '0th'1Ltn~91 bU'W~'0'1i'.Jmt~n111 b~l-1 b~l-1 n'0'WtJ1 b'Vl Ab 'W b~~iftu1 ;'0~1'1 b~e.J~ bb~~'LI~'e) '7l.nU 

~9f1'1 induce pluripotent stem cell (iPSC) r.i1m6l!~iA'W'Lin~bb~~r.i1n~i'.l1u Parkinson's disease t'Jl-1 5 

lines [?1~'0'7l9'Wi'ZW-J'W1b'VlA'WA1'Wmt~9f1'1 iPSC b'7lUH recombinant protein bb~~RNA bb'Vl'Wb'Jf~ bb~~r.i1n 

'Vl'W'11J'LI t~l-J 1 illbbe.J'W~'W2552-2553 'Lit~~1J A'J1l-J ~1b;91 'Wm t~9f1'1 b 6]~ i A ill~l-J~ A~ 1U b 6l! ~iut~~ 1'Vl91 n 
q q 
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mesenchymal stem cell b'9ltl b6Jl b'lJ'~'W1tl'W'Vl'Vl~1fH)JIWeln1J'YIW-J'W1n1J'"ll'el-.'.lb"lf'iN'iN1JJ'~~1'Vlb"1J1•~b6ll'iN'iN'"l-.'.I~ 

'°1'l1~Yl~'el~~H b'Vl '°1tl'°1 bb'iN~b'°1i'el..:in'el~~~1..:i1~~1 H1 'Wn1J"l'f W-i'W1 b'Vl '°1tl'°1 direct reprogramming 1 ~n '°1'l1~ 
I ii I I 

U'iN'el '91Jltl8-.'.l~'Wbb'iN~b6nb 'Wn1J'nJ'~~'Wb ~ b 6ll'1Ni n'iN1tl btl'Wb 6ll'1NiVln '°1ill~~ml91 b Y11~Vl ~'el-.'.! n1J'A'el dopaminergic 
q q 

neuron b~'elbllim.JbVlULJflU~~~1..:ir.i1n human iPS cells '°1'WUntlbb'iN~'°1'Wl; Parkinson's disease l?l'ellU 

2.1 'WW-i'W1,jfimt direct reprogramming 1u~b"l1'1Niut~~1'Vl dopaminergic neuron 

2.2 ~W-J'W1n1J'Vii protein bb'iN~RNA bb'Vl'Wl'lf~b'Wn1J' direct reprogramming bb'iN~ 

differentiation 1ubtl'Wdopaminergic neuron 

I " 

2.3 'Vl'9l~'elUbllit!UbVlt!Ub6ll'1NiVl reprogrammed 1ubtl'W dopaminergic neuron 'Vl-.'.I direct 

bb'iN~r.i1n iPSC b'W~1'W gene expression, epigenetic bb'iN~ neurophysiology 

3. 'll'el'l.J b'll '9l'll'el.:I bA'a.:I n1'a'1iti 
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111~~ 1 m''el1Jm..l'l'"1'l1iJ~!?l"ll'el~b'"1Nn1j~{t1n1rnJ~t1'1..lb"li~i¾1~mm.Jn~LU'l..lb"li~i1.fa~~Tv1-n-w!?l 

~1L~1~b!?ltJl91N~r;it1ti.Jj~tm~~RNA 

~~9'W~1 dopaminergic neuron ~1i11ni~~1~~r;it1 direct reprogramming V11''elhl iJ'")ru~i11J1i 

'el~.h~hLVlt11.Jll1J~~~1~eJTw pluripotent stem cell l9l~'elt?19'1..l~W-J'l..l1~fin1jb6n protein Lb~~ RNA bb'Vl'l..lL'lf~1u 
I 0, 

n1j reprogramming 11.l~ dopaminergic neuron 1~iJi.Jj~~VlfiJl1~b~il~'l..l 
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5. n1'a'Vl'U'Vl'J'W'J'a'aru n'a'aaJ/iil1'aiil'Wb 'VI 131 (information) v\ b~~'J'll'eHI 

bt'"1'V'l 1 Hi uiu bn ~r.i 1 n n1 tb~ u ~ :w ~ ~ 611'e:l'1 ~ 1 :r t~iJ 1 ilu1 u~ :W'e:1'1 b61i ~ i ~ :w 'e:1'1 ~ 'l 'W ~ ~2f1'1 t~iJ1 ii u 

(Dopaminergic neuron) 1,11utiJ:w1nn~12f'e:lu~~ 80b:i''"1'el~ l61i b:W'e:lf btl'Wb:i''"1~ bn~r.i1n '"1'l1:W b~'e:l:W611'e:l'1 b61i~~, 'W 
,., ,., 

:r~uuiJ:r~~1'Yl i'1t!um :rfo111 trnV11'1:r~uuiJ:r~~1'Yl b'tHhu~1 btlur.i~~'e:l'1'e:l1 ~um:rfo111 t~u m:riJ~nci1u 
4l 

,,- .I "~.Id ,,-d ~~.l.,i "" . 
b61i~~:i'~UUu:i'~~1'Ylb6111 bubb'Yl'W'Ylb61i~~'Yl~')Jb~U bU Vl:i''e:ln1:i':i'n'l11bbUU Regenerative Medicine 

I ,, I 

b61i~i~'W171bU~:r~uuiJ:r~~1'Yl (Neural Stem Cell, NSC) ~'1ilm:r~'W'V'lUbb~~~1:W1:i'blb'V'l1~b;mb~:W~1'W'l'W 

111U'W'e:lni1'1mu\~ (Reynolds and Weiss 1992) 1utfr.iiuu\~iln1:r'Yl~~'e:l'1U~nci1uHuman neural stem 

cell b'WVl~1UU1b'lDJ61l'e:l'1~:W'e:l'1~'1'V'lU~1b61i~i~vhm:riJ~nci1u~1:w1:rt:1'e:li:lt'e:l~ bb~~nm:r~2i1'1n1:i'bzj'e:l:Wf?l'e:lflU 
4l 4l 

I ,., 

b61i~iiJ:r~~1'Yl611'e:l'1ijfut~ (Fricker, Carpenter et al. 1999) bb~~r.iutfr.iiuu5'1liJQnt1m1'W~'e:l'1bU'e:l'1'e:ln 

'W'e:lnr.i1ni1bbVl~'1611'e:l'1 NSC ~tl1:w1Htum:rfo1116'1~1:w1rn~2f1'1\~r.i1m611~i~un1bU~~'l'el'e:l'W (Embryonic 

d Fl ,,-d~ ~ .Id .I ~.IFI ~ I ~,, 

Stem Cell, ESC) b'W'e:l'191n ESC bu'Wb61i~~'Yl:W'"1'l1:W~1:W1:i'f:l b'Wn1:i'bu~U'Wbbu~'1 bubu'Wb61i~~ b'W:i'1'1n1U b~Vln 

6Jli'.l~ ~'1'°l~btl'Wb61i~i~btl'W'"1'l1:WVl'l'1~'1~~1un1:rtl1:w1H1-wn1:rfo111t:r'"1'Yln6JlU~~6'1fo111tiJt~1-wtfr.ir.iuu 
4J q q q 

,, 
¾'l:W'\ll'1b:i''"1'Yl1'1:i'~UUU:i'~~1'Yl~'lU (Lerou and Daley 2005) r.i1n'11'W'J'°lU'V'lU~1mouse embryonic stem cell 

bd'e:l'"1'lU'"1:Wbiibn~mniJ~u'WbbU~'1 b~U'e:l1~Un1:i'Vl1'11'W611'e:l'1~'W b"ll'W nurr1 ~1:w1:rmn~n1niJ~U'WUMlU 
q 

,, ,., 
;ut~ (Kim, Auerbach et al. 2002) 'W'e:lnr.i1nu6'1i!t1U'11'Wn1:i'b"n human embryonic stem cells b'Wn1:i' 

,., I 

fo111'e:l1m:ri rwfo ~~'e:1'1 t~ b"llunmbf?liJi rnnmnn ~ bU'e:l'1'e:ln~~._,v'\11 ii ~'e:l'1Vl1'Jfi~ w.iu1 f?l'e:l tiJri'e:lu-w1:w1 H1 u 
4l 

~i'.hur.i1'1 (Carson, Aigner et al. 2006; Roy, Cleren et al. 2006) 

,., ., 
bbf?l'e)i:j1'1ltn~mtHb61i~i'Vl'1~'e:l'16JlU~u1-wm:rforn5'1iJ;'e:l~1fl~'e:ltj bbi1~1 NSC r.i~iJ'"1'l1:WU~'e:l~JlU 

I ,., I 

~._, b~'e:l'W1:w1Htum:rfo111 bbf?lm:w1ru611'e:l'1 NSC t!uiltiJ bYlU'1'V'l'e:lf?l'e:l'"1'l1:W~'e:l'1m:r bU'e:l'1"-l1nm:r\~:w161l'e:l'1 
4l 

NSC 11ubtl'WtiJt~mn 'W'e:lnr.i1niln1:riJ~nci1u tiJ~1"-l~btl'W NSC vi1'e:l~1 ESC ~ilmniJ~uutiJbtl'Wb61i~~,'W 
4l 
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,, I 

i11~1 H1 'Wf11jfmn bj'"1 b 'W~tht..1'Vlm1t..11~ rt--:ii!'Wf11j~t1--:i b"ll~i~'Wll1 bU(?) f?1'"l'El'El'Wvii1 m1~91 b Yl1~(9l'El '°1'WL; bbt?l 
"' q 

I ,, 

~~'°1'W (Patient-specific pluripotent stem cell) 9--:idJ'W'°1'"l1~V11'--:ivi~1flb)J~1V1fon1jfmnijtht..1~'"Jt..1'rjfiiJ 

Reprogramming 

r.nn'°1'"l1~~1bt9"ll'El--'.I Lan Wilmut (Campbell, McWhir et al. 1996) b'Wn1j~t1--'.lb'°1~'W (Cloning) 

,, 
UCJ b'°1~tl~'El'Eln bb~'"J r.i1ni!'Wm~~'Wb ~ b"ll~~\n (?)f11jbb1J--:i f?1'"J bVl~'El'Wb 6nVli--:imn-J~~ 

q 

(Somatic 

d 6]--'.j 

cell 

nuclear transfer, SCNT) 'Vl1b~'°1'"l1~Vl1'--:i1'Wmj~t1--:i Patient-specific pluripotent stem cell 'W19~~1~1Hl 

bti'WLUL~ b(?)tJf11jHUCJb'°1~t..1~r.i1rn61l~i"ll'El--'.lijuCJt..1(Hochedlinger and Jaenisch 2003; Jaenisch 2004) 

ihm;11ubb'Vl'W~il'"lb'°1~tl~"ll'El--'.!L-n ~--:ir.i1n--:i1'Wrji.rt..11'WVl'W'l"l'IJ'J1 f11j'Vl1 SCNT ~1~1jtl~t1--'.I ntESC ( nuclear 
"' 

transfer Embryonic Stem Cell) ~i1riru~~~bVl~'El'Wfl'IJ Embryonic Stem Cell vinuj~f11j bb~~u--:i~1~1rn 

bbf1L"ll'°1'"l1~e'.l(?)un&i'Vl1--:i'rl''W~mrn\~~nJht..1(Wakayama, Tabar et al. 2001; Rideout, Hochedlinger et al. 
,, 

2002) bb(9lmh--:ihn~n1j'\ll1 SCNT b'Wif?l'J"n'W~--'.I bil'J19~btl'W~--'.I vi1'El~'W~i'l"l'IJ'J1i1t'r:ln1~Uj~~'IJ'°1'"J1~~1bt9 
"' q 

I I ,, 

~1~1n1'Wmjvir.i~m~~'W1~1-nbfl(?)f11mu--:irKCJV1i--:ir.i1nmjiJ~nci1t..1U'"lb'°1~t..1~1ur.i'W~--'.lj~tJ~ Blastocyst ~nvi--:i 
q "' 

;'El91 n (?)"Jl'El--'.llli'~1 ru1 -n91'W'"l'W~1n~ ~'El--:i f11j~1vifomjv\1 bb(91~~'"1f--:i bb~~1 'Wur.ir.iu'Wu--:i 1iJ~1~1rn~t1--:i bti'W 
q 

I 
..:::i ... I a:..\1 2,r o ~ o 6l 2,, 2.1 2,r -=:.e;:J 

Embryonic Stem cell line '\llunf?l b(?)~1bj9 'Vl1 bVfn1jM1--'.I Patient-specific pluripotent stem cell (?)'"Jtl'"Jfi 

scNT u--:ihi~1~1jt1'Vl11~1'Wur.iiu'W 

I I 
2,r cf".::::l .:::I c..c::i, 2,r Cf'Qr. CV ~ .::I .:::I I 

f11jM1--'.!b61l~~'Vl~flill~~'Lif?l'°1~1tl Embryonic Stem Cell 91nb"ll~~e.J'"JVl'W--'.I (Fibroblast) Vfj'El'\flbjtin'"J1 
I 

<j' ')2'~ ~ "" <ii I ')2' 
induced Pluripotent Stem Cell, iPSC b(?)tif11j b"lltl'W~"Jl'W(?) '°1'El Oct 4, SOX2, Klf4 bb~~ c-MYC e.J1'Wf11j b"ll 

,, 
iPSC'Vl--'.!b'Wif?l'J'Vl(?)~'E)--'.j 

(Takahashi and Yamanaka 2006; Takahashi, Tanabe et al. 2007) iPSC9--'.li.r(?)btl'W'°1'"l1~Vl1'--:i1'Wmj~t1--'.I 

Patient-specific pluripotent stem cell ~r.i~i11mH1'Wn1jfo~1 bbt?lr.i~~'El--'.li1n1m'Vl'W~U'W1J1--'.lf?1'"lb"ll'W Klf4 
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,, 
ilm1~iJ~'fl'7111tn11nn~1 1'Wur.ir.iu'W n1n-l2f1-:i iPSC6ll'fl-:J'Vl-:Jb6l!~i'"1'W bb~:;b6l!~ivi'W~1~1rn~11~t'71umt1~H 

q ~ 

I I 
.-i ') 2' di O 'l 2,, ""~ 2'"" 

(Kim, Kim et al. 2009; Zhou, Wu et al. 2009) Vlt'fln1t b'll RNA (Warren et al. 201 0) 6l!-:J'Yl1 bVI iPSC'Yl b'71~ 

wn~'Ll~'fl'7111U~-:i1'Wn1ttl1~11°111'Wmtfmn bbf?l'rl(yjnmnn'71 iPSCr.i1n~1vf-:i~'fl-:ii-:i'fl~b'Wt:;~u~~1~1n 9-:i 
~ ~ 

I 0, 

~'fl-:iiln1t~m11V11~fib'Wn1n~~'Uf:;~'Y)fifl1~b'Wn1t~2f1-:i iPSCr.i1n~fibV1ihu b'WU'"l'"lU'Wiln1t~m11t'71Un1t 
q 

,, 
l'W ~U~16J1'"JUb~'fl1n1t6ll'fl-:lVl\l~~'W (Wernig, Zhao et al. 2008) bb~'71-:Jb~b~'W'°1'"J1m'Li'W1'Ll1~1'Wn1t~2f1-:ib6l!~i 

iJt:;~1'Yl'"l1n iPSC~1b°llb'Wn1tfn~1bf'°1'Yl1-:Jt:;uuiJt:;~1'Yl bbf?l'fl~1-:ihn~n1tH iPSCb'Wn1t~2f1-:Jb6l!~ib~'fl 
,, ,, 

tl1~1 b°llb'Wn1tfo~1~'fl-:J~1'WVl~1U".n'W(y]'fl'W (multistep process) 1~~1r.i:;b'LJ'W".n'W(y]'fl'Wn1t~2f1-:i iPSCbb~:;~1 

mniJ~u'W iPSC1~1~b6l!~i~~'fl-:Jn1t ~-:J~'71vhuri'fl'W~1n1tiJ~nd1u1~A'W1~~'fl-:i~1n1tA'71b~'flnb6l!~i~6-:iil 
q ~ 

I 0, 

"ln.l~~u1htl'W pluripotent 'fl'flnbvl'flU'fl-:Jn'Wmnn'71bU'fl-:J'flnn1uvii-:i 

r.i1m:;uuvitl-:i 1 ~bn '71n1niJ~u'Wbb'LIM~1~t:;uu b'71U n1tvi1 tiJt~'W~~1 A'1Jb'Wb6l!~ibbf?i~:;'ll-w'71 b~'fl H1 'Wm t 

bvttiur;i,111 ~ b6l!~i6Jl-w'71vttl-:i bn '71 mniJ~U'Wbb'Ll~-:i1iJ bU'Wb6l!~i~ ~'fl-:Jn1t b"l1'W n1t~11 ~ b6l!~i~r;iww-:iiln1 t 
I I 0, 

bb~'71-:J'fl'fln6ll'fl-:J~'W MyoD~-:JbU'Wb'Llt~'WY1iJ'"1r;i1~~1A0J bb~:;iln1m~'71-:J'fl'flnb'Wb6l!~in~1mii'fl'flzj~1n ~u~1 
I 0, 

~1~1tn~11,i,b6l!~~~'"JVl'W-:Jbb~'71-:JAD.l~~tlmYJ'°1~1unrn6l!~~n~1mii'fl1~ (Davis, Weintraub et al. 1987; 
q 

Schafer, Blakely et al. 1990) n1t~11,i,bf1'71n1nb~'71-:J'fl'fln6ll'fl-:J Cebpab'W B-cell bb~:;mm~'71-:J'fl'fln6ll'fl-:J 
I 0, 

PU.1 bb~:; Cebpab'W fibroblast ~1~1tmiJ~u'W b6l!~~'Vl-:J~'fl-:J6Jl'W'71b,i,ilin~ru:;A~1Unu Macrophage 1~ 
,, 
~ o 6) 21.::i 

(Feng, Desbordes et al. 2008; Bussmann, Schubert et al. 2009) 'W'flnr.i1n'W n1t'Yl1 bVl~n1m~'71-:J'fl'fln 

¾r;i~n'W6ll'fl-:Jb'Llt~'W 3 6Jl'W'71 Neurogenin 3, Pdx1 bb~:; Mafa~1~1tm'Ll~U'W pancreatic exocrine cells 1iJ 

bU'W ~-cells ~~1~1rn~1-:J1'W1~r.i1-:i1'Wl(y]1'Yl'71~'fl-:J (Zhou, Brown et al. 2008) bb~'71-:Jb~b~'W~-:J'°1'"J1mtl'W1'Ll 

1~1 'Wn1f t °llb'Llf~'W91 b~1:;1 'Wn1nvitiur;itl11 ~ bf) '71n1fb'Ll~U'Wbb'Ll~-:J6ll'fl-:J b6l!~~,'Ll bU'Wb'll~~~ ~'fl-:) mt fr;)~ nu 

'°1'"J1~'.f~1~r.i1nn1t~2f1-:i iPSC~~11,i,b~'W~1n1tb°llb'Llt~'W~~1A0Jbb~:;91b~1:;f?i'fl Pluripotent state bb'°1b~U-:J 

4 6Jl'W'71 n b ~U-:J~'fl~r.i:;~1 b ,i, bf1 '71 n1f b'Ll~U'Wbb'LIM611'fl-:J b6l!~~~'"JVl'W-:J~'fl'Wniu\iJ bU'Wb6l!~ i~iJ '°ln.l~~u1i '°1~1U nu 
i,, I I I 

b6l!~i~'Wn1 b'W'71 f?l'"J'el'fl'W1~ ~-:J'W'W~1vi1 n bn~1~1tnvi1 tiJt~'W91 b~1:;6ll'fl-:J b6l!~~bbf?i~:;6Jl'W'71Yl b~U-:J~'flYJ'"l:;b'Ll~U'W 

b6l!~i6Jl'W'71Vltl-:it ,i,1'LlbU'Wb6l!~i~ bn ~'fl-:Jn1t1~ nr.i:;~11,i,bt11~91 bU'W~'fl-:J~'fl'W State 6ll'fl-:J b'll~~niu1iJ1 'Wt:;u:; 
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pluripotent state ~~r.i~LU't,m1rnf?li'WrWei'Wr.i1nmt~~ti~biJ~t1i.lb6lli'liniu11.JbtJ'W iPSCtitin1iJ bf?ltimniJ~ti'W 

b6lli'lie:i'J'\.fW~il1bti'Wb']i'li6Jl'Wf?l~~ti~n1t ~1ti Direct Reprogramming b~bi'!tl 

r.i1rn.Ji-i~1'W~r.fm1ti~ Wernig bbi'l~Aru~ (Vierbuchen, Ostermeier et al.) b'WU 2010 b~Vl1n1t~m~n 

mnn f?ln1tbiJ~ti'WbbiJi'!~'llti~ b6lli'lie-i'JWW~~b~91nfK'J1Jti'W'llti~Wl.J (mouse embryonic fibroblast, MEF) bbi'l~ 

b6lli'li~1~r.i1ne:i'J~'lJ~'llti~~i.irK':lb~iJ')tl (Tail tip fibroblast, TTF) b'Wn1tbflf?ln1niJ~ti'WbbiJi-i~1iJbtl'Wb6lli'!i'!b'W 

t~uuiJt~~1'\ll bf?ltimn~tin'LiJt~'W~91b~1~~tib6lli-ii-i1'Wt~uuiJt~~1'\llil119 6Jl'Wf?l 1~Lbri Ascl1, Nhlh1, Brn2, 

Brn4, Kif 4, ld1, ld4, Lhx2, NeuroD1, Olig2, Hes5, Zic1, Dlx1, Myt1 L, PAX6, C-MYC, SOX2, Mef2c 
~ I 

bbi'l~ Nr2f1 bf?ltiH1':lf~1'Wmt~~e-h'WL;1L6lli-ii ~u~1'LiJt~'W'l'l~ 19 6Jl'Wf?l ~1ii1rnV111~Lnf?ln1niJ~t1'WLLiJi-i~ 
I ~ 

91n MEF bbi'l~ TTF biJbiJ'Wb6lli'liV1nr1ru~iiu~r1~1m6lli-iit~uuiJt~~1'\ll i~mrn~f?l~titin'llti~biJt~'W91b~1~ 
q 

mtn Membrane potential bbi'l~~1il1nl~t1~n1n~tiil~tiflUb6lli'!iiJt~~1'\ll~'W (synaptic formation) b~b'W 

~i'ltif?l'\llf?li'lti~ ~~{f?lblJ'Wmnnf?l Direct Reprogramming biJbiJ'IJb']i'lit~UUiJt~~1'\ll~~il\jtru~~f?lb'Vl1~n 
ii I I I ii 

'Wtinr.i1 nii~~{mr~ b~Vl1 mt~m11~1mii1ru'LiJt~'WV1Utit!Vl~ (?)VJ Lvlti~~ti9~Vl1 b ~ b6lli-iii~~ti~ 
~ q 

~ 

b6lli-iin~1iJb'Wti~'Jb9 (leda, Fu et al.) bf?ltln1t161l'LiJt~'W91b~1~ 3 6Jl'Wf?l~ti Gata4, Mef2c bbi'l~ Tbx5 'W1~~ 
I I ~ 

bf?ltl mt 1 n'Jf~~1il1ttl biJ~t1'Wb6lli'lie-i'J~'lJ~'llti~~'Wb ~ btl'Wb6lli'liVln riru~ii,Thi b~~ti'WflU b6lli'!in~1ii bUti~'J 1r.i 
~ q 

~ 

i~n1nb~f?l~titin'llti~m'W bbi'l~m1iJ~1il1nlb'Wn1nflf?l spontaneous contraction bbi'l~n1nflf?l action 
I I ~ 

potentials ~~ Ltlw1ru~i11ThiV1~1 '"1tlJ'llti~ L6lli-ii n~1ii bUti~'J 1r.i 

~ 

~':lm~~e.Ji'!UV111 ~n1t~n111n1tbflf?l Direct Reprogramming 'llti~ b6lli-ii bf?lmtu~1~b6lli'lie-i'J~t!~1 ~ 

bfl (?) n1tbiJ~ti'WbbiJi-i~ 1iJ btl'Wb 6lli'li6Jl'Wf?l~ ~ti~ n1 t 1~fo A'J 1il~'Wb9il1 n b 'WU991J'W bbi'!~'IJU btl'WA'J 1iiwr~ b 'Wn1 t 
q 

I I I iJ 

~t1~ L6lli-ii'Vl n6Jl'Wf?l V1r.i~tl1ii116Ji1 'Wn1tfo111 b'Wti~r.i1 n hl ~ti~ ~1'Wn1 tbiJ~t1mLiJi-i~~i-i1t1on'W(?lti'Wb ~~ti'Wmt 16Ji 
q 

I ~ I 

iPSCbb~9 ~~ti~n n1t'W ~'W1~fin1 t 1 ~n A'J 1iiiJi-iti (?)Jltl il1 n~~;'W bf?ltl n1tbiJ~ti'W91 n n1 t b 61!b'Jfa b 'Wn1t'W 1 ~~ 

btl'W'LiJt~'W ~1timtH RNA ~hl~~e.Ji'lb~bflf?ln1niJ~ti'WbbiJi-i~'llti~ DNA b~tii'.Jti~n'Wmnnf?ln1tni'l1tl'W'Wi 
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,, 
~1V1~-'trn1t~'f1..:i Dopaminergic neuron ~'H..lb'VlAUA Direct Reprogramming L'WbANn1t1{tJU"llU!?l"ll'el..:J 

bUJ'~'W91 b 'W1 ~~Hr.i ~ b U'WbU J'~'W~ bn !?l;'el..:J nun 1 t~'f1-:i b•Hi i J'~tJtJU J'~~ 1'Vl 1?11l.J n 1 Hn !'11 ,r W-J'W 1 n 1 J' 
I ,, 

~ ,:S .:::::1 CV .:::a .:::I 

(Abeliovich and Hammond 2007) A'el NGN2 bb'cl~ Mash1. (Pro-neural gene) 'll..:JtJ'W'Vl-:J~'el-:J"ll'W!?lil 

A'J 1l.J~1 '"1 '!.Jvf-:i 1 'Wi'W1?1'fl'Wn1nn !?l bU'Wb'll'cli t~uuut~~1'Vl bb'cl~A11 l.J "'ll.J n1 rn~ !'1-:J'el'el n"ll'el-:J~'W"llU!?l~'W1~ iJ 

A'J1l.J~1'°1'!.JL'W Dopaminergic neuron ~n~'JtJ(Andersson, Jensen et al. 2006; Kele, Simplicio et al. 

2006) bb'cl~ Brn2, Myt1 I r.i1nn1t~n"111~rnh1l.J1;1-:i~'W i1l.Jnutut~'W~i'.Jn1rn~!?l-:J'el'eln'flfi1..:i91b-w1~1'W 

Dopaminergic neuron l~bbri Nurr1 (Saucedo-Cardenas, Quintana-Hau et al. 1998; Wallen and 

d ,=,I 

Perlmann 2003), Pitx3 (Maxwell, Ho et al. 2005) bb'cl~ Engrailed 1/2 (Alberi, Sgado et al. 2004) 'll..:JtJ'W 
,, 

CV ~ .:::I O C:V I ~ 0 

'Vl-:J~1l.J"ll'W!?ll.JA'J1l.J~1A'!.Jl?l'eln1J'M1-:J bb'cl~n1J''Vl1-:J1'W"ll'el-:J Dopaminergic neuron 

Otx2, Gbx2 
En1/2 

Lmx1b / 
Pax2/5/8 
Pax3/7 Fox2a 

Neuronal ~ Gn11213 c» En1/2 

Stem Cell O ~~~ Lmx1a/b 
Pax2/5/8 

E7.5-E9.5 ~ ~~::i Msx1 / 
Ngn2 
Nkx2.2 
Nkx6.1 

Mitotic Ventral ~ · 
Mesencephalic Precursor ii~~~ 
E9.5-E10.5 ':ii Nurr1 

Enl/2 
Lmxla/b 

Immature mDN ~ 
E10.5-E11.5 ~ 

Slit2 
Robo1/2 
Netrin-1 
FGF20 
Ephrln-B2 

~ GDNF Nurrl 

Mature mDN 
E11.5+ 

I I ,, 

ll1'WV1 2 n1J'bU~tJ'WbbU'cl-:Jn1J'bb~!?l-:J'el'eln"ll'el..:J~'WL'W"JJ'Wln'el'Wn1J'~'f1-:ib'll'cliut~~1'Vl"llU!?l91b'W1~91n 

b'll'cli~'Wfl1bU!?lt~uuut~~1'Vl(Abeliovich 2007) 



6. tl'a~b!1"1tu~~1~11~~1~r'l.J 

e-1~-i1u~r.fo~ihJ'v11u'J1:i'~1:i'~"l!1n1n~iuu1u161!1 ~ 3 j'el-J 
,,, 

t\1 b~'W'ele-J~-!1'Wl 'Wn1:i'tl:i'~6.l!il:i'~'7lU'W1'W1"111 ~ 2 flf-l 
q 

'W~(?llli't7Jtl.J1b'eln 1 fl'W lli'tl.Jtl.J1b'Vl 1 f!'W 

b(?11~ii '°1'J1il~2f'eliJ~1Vlfon1 :i'ti11tJ1-n1 'Wn1:i''Vl (?)~'el-Jfo~1 lil'el 1,J 

' ,,, 
9(7) workshop ~1'W reprogramming 1ih!n~9UVJ~'Wl91 flt'-! 

.c:::t..c::i1 o .c:::t. .c:::t. Q..I d o a g.., 

8. 'Jfifl1'a~1b 'WU fl1'a'J~!I bb'&i1~'6ll tl1'\J'Vl'Vl1fl1'a'VI ~'&il'el.:J/bfl'l.J"ll'eUJ'&il ... 

1. ~2¼1-i tool ~1vifun1:i'~2¼1-i induced-Dopaminergic neuron 

1.1 ~2f1-i Lenti-virus 

9 

0 2,, 'i' -=i 
'Vl1n1:i'M1-l Construct '1l'el-l Lenti virus b(?)~n1:i' Clone full length cDNA'11'el-l~'W human NGN2, 

~ ? A-=i 
Mash1, Brn2, Myt1 L, Nurr1, Ptx3 bb~~ En1/2 91n mRNA '1l'el-l human ES cell Vl:i''el plasmid b(?)mfi PCR 

bb~'JU1b~1~ plenti-Tet-onsystem (lnvitrogen) b(?)~ standard molecular biology methods bb~'Jt\1 

plasmid construct ~1~ii11-n1un1:i'~2¼1-i'el'WJl1'°1bf~'i:(?)~n1:i'l6n 293FT bU'W host cell b(?)~n1:i' plate cell 
q 

U:i'~ii1ru 6X10
6 

cells /100 mm dish bb~'J incubate overnight ri'el'W transfect ~'J~ 3 ug/ml '1111-l construct 

plasmid ~~2¼1-i1~i'Jiinu 9 ug/ml Virapower packing mixb(?)~l6n Lipofectamine 2000 vii-i transfection 

48 i'J bi!-! vhmnnu supernatant bbihn:i''el-Je-l1'W 0.45 uM pore-size cellulose acetate filterbflU stock 

.J ' o~.I 
virus 'VI -80 n'el'W'W1 bu'Vl(?)~'elU viral titer 

1.2 ~2¼1-Jbb~~tlfotlr-i protein transduction vector bb~~ stable cell lines 

~1n1:i' Clone full length cDNA'11'el-Jhuman NGN2, Mash1, Brn2, Myt1 L, Nurr1, Ptx3 bb~~ En1/2 

b~1~ insect cell protein expression system ~1~ protein transduction sequence bb~~ 6X-His tag b~'ell6n 
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"' 
b'Wn1J" purify protein "'l1n'W'W°i11n1J"~nr.i~'elU sequence bb~~'Vlt9l~'elUn1J"i:.J~~ttlJ"~'Wbb~~~f?l'l bt9ltl western 

blot bb~~'Vlt9l~'elU01'l1iJ~1il1nlb'Wn1J'b;1~b6ll~i611'el~b'LIJ"~'Wbb~~~f?l'lbt9ltl immunohistochemistry, real-time 

PCR r:ln1J'b'LI~tl'Wbb'LJ~~611'el~ target genes f)(?lb~'eln vector ~ntlJ'~~'VlfiJl1'V'11tlH~2f1~ stable cell line 

1.3 Purification of His tag protein 

bbtlnb'LIJ"~'Wbt9ltlb6TIV1inn1J"611'el~ AffinityChromatography (AKTA prime, GE Heathcare) bt9lt1'el1it1 

01'l1il~1il1J''161l'el~ His tag protein b'Wn1J"9U1lU Metal ion ~'elajU'W bb~'l°i11n1J" elute fusion protein ~'ltl 

250 mM imidazole b'W n°i11r.i~1i11~ttlJ"~'WVu'V'11~b'LJJ'~'W~~'el~n1J' ~~~'el~u11tl~'WtJ'W~'ltl western blot bt9ltl 

bVltlU1lU ( +) control bb~~')t9l01'l1ilb;il;'Wb'LIJ"~'W b'LIJ"~'W~1~~1ii1rntl11tl°i11n1J"'Vlt9l~'el~~'el1~b~tl'Vl1'el aliquot 

2. ~2f1~ induced Dopaminergic neuron 

2.1 ~2f1~ induced Dopaminergic neuron ~'ltl conventional method bb~~'Vlt9l~'elU01n.l~HLil~i 
q 

-Infect lenti-virus ~'LJJ"~n'elU~'ltl human NGN2, Mash1, Brn2, Myt1 L, Nurr1, Ptx3 bb~~ En1/2 b;1 
"' I 

1tl1'W fibroblast r.i1m!'W°i11n1J'i~ bn ~in~ru~n1J'b'LI~tl'Wbb'LI~~611'el~J''LI!h~ b6ll~i bb~~i111tl'Vl (?l~'elU 01ru~ii~ 
~ q 

I I 

.el .- ~ ., 'i' %. <ai ~ .fl <ai 'i' ~ "' 
6Jj~b6ll~~"'l~iln1J'01t9lbbtln bt9ltl'el1ri1tl~1J'bJ''el~bb~~'Vlb1J'W Reporter '"1'el GFP bb~~ RFP bt9ltl b"ll Flow cytrometry 

(FACS Araill, BD Biosciences) 

- lmmunohistochemistry 

I I "' er~ 16) ,=Y ,:£: di 21 ,=Y di ~ 

Fix b6ll~~'Vl'el'r,! b'W 24 well plate VIJ''el coverslip 6ll~b01~'elUt9l'ltl fibronectin'VIJ"'el Poly D-lysine VIJ"'el "ll'W 

"' ' 
bU'elU'W slide Vlb1J'W Fresh frozen tissue ~'ltl 4% formadehyde 15 'W1Vl Vl1'el Cool Methanol ~1ii Manual 

611'el~bb~~~ Antibody ~r.i~1~ Permeabilization~'ltl 0.2% TritonX-100 in PBS buffer with 0.1 % BSA 5 

'W1V1Blocking ~'ltl 10% Goat serum in PBS (V11'el~1ilbb~"lltlt9l611'el~ Primary antibody ~nn1Vl'Wt9lVl) 45 

"' "' "' 
'W1Vl r.i1n'W'W~1~~'ltl PBS 3 01f~ 01f~~~ 10-15 'W1Vl ~'elil Primary antibody 1~bbri TH, Synaptophysin, 

I "' I 

Synapsin b'W'e1~J"1iq'l'WVlb'Vlil1~~il~'WnU antibody incubate 37°C 1 hr'V11'el o/n vi 4 °C bb~~ wash ~'ltl 

"' "' .::,I Q/ Q/ -:::I 

buffer 'eln 3 01N 01N~~ 10-15 'W1'Vl 
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~ I 

r.i1m!uu'eliJ Secondary antibody ;'1bU'IJ Fluorescence b'IJ'e1(9lt1~'J'IJ 1: 100 Incubate ~illVIJ:Ji'.l~'el'1 
I I 9/ 21 I 21 

1u'Vli'.1'7l 1h~ii1ru 2 'n'Jbil'1 wih wash ~'JU PBS buffer ~n 3 '"1f'1 '"1f'1~~ 10-15 kl1'Vl 1u'Vli'.1'7l'Vln'"1f'1 
q 

~ ~ 
, , 2,, , .:::::1 2,, 2,, 2/ a:i Q.,' CV .:::::1-=:. er 

Nuclear staining '7\'Jl:J 1 ug/ml DAPI 1n PBS 20 'IJ1'Vl bb~'J~1'1'7l'Jl:J PBS 'eln 3 '"1t'1 '"1t'1~~ 10 'IJ1'Vl 'Jbflt1~VI 

~'Jl:J axiovision software 

- Realtime-PCR 

~ 

~17'7\ RNA r.i1m61!~~1'7ll:Jb; Tri-reagent technique r.i1n-wutl1iiTvh RT-PCR ~'Jl:J Thermoscript 

2/ 0 d~ 2/ 0 'i' '\ 2/ ,ol d 
RT-PCR Kit (lnvitrogen) bbM'IJ1 cDNA'Vl b'7lil1'Vl1 Real-time PCR (SYBR green)b'7ll:J b"ll primer "ll'el'1 l:J'IJ'Vl 

I 

.:::::i 2.1 cv er " I ~I 2/ 
bnm61J'el'1nrn6l!~~t~'LIUut~~1'Vl NGN2, Mash1, Synaptophysin, synapsin, NeuroD, Nurr1 bu'IJ(9l'IJ 

- Bisulfite Sequencing 

~ 

Genomic DNA 1 ug t;1n treat ~'Jl:J CpGenome DNA modification kit r.i1m!u Purfied DNA ~'Jl:J 

QIAquick column Amplified b'7\1:Jb6] PCR ~~1bb'VIU'1 promoter region "ll'el'1 human Oct3/4 ,Nanogbb~~ 

Rex 1 Clone PCR product b;1b'IJ cloning vector ~bflt1~~i:.J~b'7\l:.lH sequencing 

- Chromatin immunoprecipitation 

I 

U11X10
7 

cells 1u crosslinked~'Jl:J 1% paraformaldehyde bU'\Jb'J~") 5 min 'Vl RT bb~'Jb~il 
I ~ 

glycineri'elkl sonicatebvl'el~'7l chromatin-DNA complex b~bU'IJ~'\Jb~n11mmunoprecipitation~'Jl:J 

Dynabeads Protein G-linked nu anti-trimethyl Lys 4 histone H3 , anti-trimethyl Lys 27 histone H3 

Vl1'el normal rabbit lgG antibody bb~'J Eluatetl1ii1HbU'IJ template ~1V1fu'Vl1 quantitative PCR 

- Neurophysiological Test 

~1V1fumtrf'7lpfn1:Jb~yj1".llnJ~'Vl1'11'\J (action potential) 1ut~~UV1~'1b6l!~i mt'Vl'7l~'el'1Hb'Vl'"111'"1 

whole-cell patch-clamp recording ~,:iHef'J 1 ~yj1~ bU'\Jbb'Vl'1 bbf1'J"llkl1 '7l b~ m ;11ur.irn6l!~i~ ~'el'1 mt'Vl '7\~'el'LI 

bb~~ufut~iupfnu1~1y,j1t~Wl1'1b~'el~m6l!~i (membrane potential) 1~A'1~b'7ll:J voltage-clamp mode 

;; 61 v ~ ool?.'.I v ,.J .- .d v 'I v "" %. <:\1 •• 1?.'.I 0 

r.i1nuur.i~ b'Vlm~bb~ b1'rn1 (current inJ·ection) b"ll1I'1b6l!~~b'Y-l'elm~(9l'IJ b'Vlbn'7\Y'1n1:J b1'rn1".llill~'Vl1'11'\J mt 
qJ q 

I 

~ bAt1~~;'el¾J~'Vl1 L~b'7ll:Jrf '7\~1 r,ru~ii~61J'el'1 pfmfl~yj161JnJ~'Vl1'11'\J L~bbri '"1'J1ilrl (frequency), 61J'IJ1 '7l 

(amplitude; mV), A'J1ilm'J (duration; msec) pfn1:Jb~yj1~bn'7lmmt~~u (threshold potential; mV) bb~~ 
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I 

bCJ~1Vlbfl(?JVli"lm:rn:r~~'W (delay time; msec) "ll 1eNb61i~iun~bllil:JlJbVltl1Jn\Jb61i~i~'Wll1bU(?l m:ri(?lbb~~ 
i, I I 

't5b'"1:i'1~tf<v11"1lYFvh~1:r't5'Vltl1'Vln6lJ'W[Ml'Wb"nb'"11'el"l~'el"lltl1tllruru1n.m~~b'"11'el"ln:r~~'W 
q (V(V q Axopatch 200B 

i, I I 

amplifier (Molecular Devices, Union City, CA) 't5fiU~1l-.11:tmu~tJ'W~Jl1CJ~Jl1tlb'W"ll'el"lb61i~ibYl'eln1:t 
., ., 

't5 b'"1:i'1~'\,1oii'ell-J~ l~V1~1nVl~1tll-.11n;'W(lhti m:rufo~ rn:r~1rn~~1tlfl1tlb 'W".UCJ 1 vJvh (internal solution) 
~ ~ 

2.2 '\fl(?l~'e11Jn1:tb"n protein transduction Vl1'e1 noncoding RNA bb'Vl'W viral vector b'Wn1:i'ACJ1J'"ll-.l gene 

expression bb~~ epigenetic 

~l-.lb"n protein transduction bb'Vl'W virus '\ll(?l~'el1JU:r~~'Vlfifl1'V'l bb~CJ~l-.l~mn time-course "ll'el"l 

combination "ll'el"lbb{?1~~~1:r1um:rn:r~~'Wbihn(?ln1:rbU~tl'WbbU~"l:r~i1J epigenetic ~"lr.:i~iJn1:r~m11n1nn(?l 
i, I 

DNA Methylation bb~~ Histone modification :rCJl-.li"lm:rH Micro array bb~~~mnmw~l-.11J~"ll'el"lb61i~iv1 
q 

., ~., ., 
M1"1 b(?lfn'ld--i"ll'el 2.1 

-Microarray study 

bllitl1JbV!tl1J gene expression profile "ll'el"l iPS cell ~l~bV!tl1J1l1J embryonic stem cell b(?ltlb"n 

illumine micro array chip (bead based) 
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neuron 

1 'Wn1n~tim-w1 b6ll'tl'tlb ihn 1?1n1rn.J~t.1'WbbiJ'tl~hhiJ'W dopaminergic neuron '°l~'el1 pfon1~"Yl1~1'W61l'el~ 

'i:i.Jt~'W~i'.J n1nb~ 1?1~'el'flnmh~~1 b ~1~1 'W dopaminergic neuron ~~1 'Wn1trj{rn°i~'if 1~v'h n1t~~1~ 

Lentivirus b~'el13ii~1~fon1t direct reprogram b6ll'tl'tlbihn1?1n1niJ~t.1'WbbiJ'tl~1iJbiJ'W dopaminergic neuron 
., 

<V "" di 
'Yl~~l-11?1 5 6Jl'Wl?I fl'el plenti6.3-NGN2-V5, plenti6.3-PAX6-V5, plenti6.3-Mash1-V5, plenti6.3-Brn2-V5 

' ., 
di .cl CV A .::::I I O 61 fS' .. I .cl 

bb'tl~ plenti-MYT1 L-V5 6ll~t.l'W'Yl~ 5 'll'Wl?I l-Jn1:i'bb~l?l~'el'eln'elt.l1~91b~1~ b'Wb6ll'tl61J'el~:i'~iJiJu:i'~l-!1'Yl bb'tl~l-J 

fl'J1l-!~1 ri t1J i?l'eln1:i' direct reprogram b6ll'tl'6tt ~ bn l?ln1tbiJ~t.l'WbbiJ'tl~1iJ bU'Wb6ll'tlit~iJiJiJt~~1'Yl:i''JiJ1iJ~~ 

dopaminergic neuron 

plenti6.3/TO/ 
VS-DEST 

9351 bp 

d 
fl1~'Yl3 plasmid 

I 

construct ~H1'Wn1:i'~~1~ 

Lentivirus ~13ii1'Wn1:i' direct reprogram 

., ., 
l'W61JDJ~U'fltjt~~~1~n1:i''Yll?l~'eliJn1t13ii Lentivirus 'Vl~ 5 'llil1?1l'Wn1:i' direct reprogram b6ll'tl'tlb~bnl?I 

n1tbiJ~t.l'WbbiJM1iJbiJ'W dopaminergic neuron 
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2. m:r~2¾1~ tool b'Wn1:i''"1':l'LI'"l:l-ln1rnJ~ti'W iPSC bUbU'W dopaminergic neuron bt?1t1hl16rl virus 

b'W'Li9',1J'Wn1:r~2¾1~b6llt1itl:r~~1'Vl6JfUt?1 Dopamine ( Dopaminergic (DA) neurons) r.nn human 

Embryonic stem cell (hESC) bbtl~ human induced Pluripotent stem cell (hiPSC) rT~iltl:r~~'VlfiJl1'V, 

hl~~:1-J1rn!n 'Vl1~n~:l-l'J9tl~~ilf'l11:l-l~'W1r.i 1 'Wn1:i'~m11'Jfib 'Wm:r~2¾1~ Dopaminergic neuron 1 'WiJ 

tl:r~~'VlfiJl1'V,:iJ1n~~{'W bt?1t1n1:rHttl:r~'W~1rn1~1?111 Dopaminergic neuron b'Wn1:rw1tit11tl1 hESC 

bbtl~ hiPSC 

91 M1'W'J9t1~e.l1'W:1-J1'V,'LI'J1 ttl:r~'W Nurr1 bD'WbU:i'~'W~il f'l11:l-l~1 b'Vl1~1?111n:r~u1tJn1nn t?l DA 

neurons bbt1~mn~:1-Jn1nb~(?)~'El'Eln"JJ11~ ttl:r~'W Nurr1 ~1:1-J1:rmtl~t1'W neural precursor (NP) cells 1tl 

H1'Wmn~:iJtl:r~~'VlfiJl1'Vlb'Wn1:i'~2¾1~ Dopaminergic neuron r.i1n hESC bbtl~ hiPSC 

~1'W'J9tl"Jl'El~ A-YOUNG JO b'WU 2009 'Vl'LI'J1 n1nvitimu11i,bfl(?)n1:i'bU~tl'WbbUtl~"ll'El~ Amino acid 

u1b1ill Akt-target sequence "ll'El~ ttl:r~'W Nurr1 (Nurr1-MT-Akt) 9~6Jl1t!U'El~fl'Wn1:i'tJn'Vl1t11tl"ll'El~ 

ttl:r~'Wr.i1n nt11n1 'Wi1~ n1t11~ '\111 b i,ttl:r~'W~1:l-l1:i''1'Vl1~1'WJl1tlb 'Wb6llt1t1l~'W1'Wn'J1 ttl:r~'W Nurr1 tin &i 

I 
.::::i, 0 (V'J2,/ .::::I 0 

b'Vlf'l'Wfl PCR r.i1n human NP cells bbtl~'Vl1n1:i'!n(?)!n'Elb"ll1 pcDNA3.1/myc/His.B (Jl1'Vl'Vl 4A)bbt1~'Vl1n1:r 

bV1tit11tl11i,bfl(?)n1:i'bU~tl'WbbUt1~"ll'El~b'LI~"ll'El~ DNA "ll'El~ Nurr1 ~~1bbVl'W~ Akt-target sequence bt?ltl 

QuikChange Lightning site Directed Mutagenesis Kit ~1vifo~2¾1~ Nurr1-MT-Akt plasmid (Jl1'Vl~ 

4B) ~~ plasmid ~~2f1~t~r.i~u1:1-J1H1'Wn1:r~2f1~ Nurr1-WT bbtl~ Nurr1-MT-Akt r.i1n mammalian cell 

line (COS-7) bbtl~ln:i'19~'El'LI"ll'W1(?16Jf'El~bU:i'~'W~1~Jhm'Vlf'l'Wfl SDS-PAGE ~'El:1-J~ht1~ Comassie blue 

,d 
(Jl1'Vl'Vl 4C) 

'Vl1~ rni:iJ'J9t1b~'Vl1 m:r'Vl t?1~11u f'l11 :iJ ~1:1-J1 rn "ll11~ ttl:r~'W~~2¾1~ 1~1 'Wmn ~:iJtl:r~~'VlfiJl 1v,1 'Wn1 :r 
q 

bV1tit11tl11i, hESC bbtl~ hiPSC bflt?ln1:i'bU~tl'WbbUt1~1tlbtl'W DA neuron b(?)tln1tb&i:iJ Nurr1-WT vi1'11 
I I I 

2,, O _ F.! ,al , ~ <al~ 2,, <al I I <al <al 6) 2,, 

Nurr1-MT-Akt bbt11'Vl1n1:i'bU:i'tl'l.Jb'Vltl'l.Ju:i':l-l1ru DA neuron 'Vl b(?) (Jl1'Vl'Vl SA) 'V,'l.J')1 n~:l-l'Vl:l-Jn1:i' b6Jf 
I I 

,al,al '1 '~ ,al 

Nurr1-MT-Akt ~1:l-l1:i"1'Vl'LI DA neuron 'Vl:l-ln1:i'bb~(?)~'El'Eln"ll'El~ Tyrosine Hydroxylase b'Wu:i':l-l1ill'Vl 



A. 

C. 

Nurr1WT : 34◄LPSKP~9 

Nurr1Akl : 3◄◄LPAKP~9 
Jo, Kim, lee et al. Stem cell, 2009 

I 

250k0a 
150 kDa 
lOO kDa 

75 k0a 

S0kDa 

3710a 

37k0a 

l0k0a 

15 kDa 

l0kDa 

pcDNA3.1 B 

Nurrl 
WIid type 

control 
Nurr1 
Mutant 

control 

B. 

Nurrl-WT 

Nurrl-MT-Akt 

+-- Nurrl 66 kDa 

-=l V 
171'VWl4 n'WM1-.'.I Nurr1-WT bb'tl::: Nurr1 -MT-Akt 

A ~1bb'Vl°I.J-.'.l"ll'eM Akt binding sequence bb'tl::: Plasmid construct 

B. DNA base ~bfl(?ln1J'biJ~tl'Wbb1fa-.:iwi-.:ir.i1nn1~vi1 Direct mutagenesis 

15 

• I I I • G TTT C G ,t, 

res 
I 

~ 
I I I I 

T T T C C 

~ 



A. 

B. 

Day 0 
hESC or hiPSC colony 
50-100 cells/colonies 

Day -1 
Mitotically inactivated PA6 

Nurrl-mutant treated 

Control 

Day4 
Add Nurrl-WT or Nurrl-MT-Akt Day 21 

Tyrosine hydroxylase 
lmmunofluorescence staining 

16 

? ,ol '""l"' d O ., ., ,ol C. blhlWW Nurr1 -WT bb~:; Nurr1-MT-Akt 'Vl l?lbl-J'el'Vl1n1rnl?l~'el1.Jl?l'H.Jn1HJ'el~~ Comassie 

blue 

d 
ll1'Vi'Vl 5 n1f~~1-!I Dopaminergic neuron r.nn human Embryonic stem cell 

., 
A. "n'W!?l'el't.ln1f~~1-!I Dopaminergic neuron r.nn human Embryonic stem cell 
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B. Dopaminergic neuron ~~\1-.:i1~1cJ1n human Embryonic stem cell ~ilmtH Nurr1-WT (control) 

bb'i-1::: Nu rr1 -MT-Akt 

Embryonic stem cell (hESC) bb'i-1::: human induced Pluripotent stem cell (hiPSC) 1~ilth:::~Vlfi.fl1'V'l~-.:J{u 
I I iJ I ii 

(J71'V-1Vl 6) bb[71mh-.:i1tn~ mt~\1-.:Jb6ll'i'li DA neurons vlHbUtJ~fimnvn:::b~r.Mi'JiJ!lUb6ll'i'liVh~t1-.:i PA6 

stromal cells b~'e.l'e.l1~rn-iru~iiu~ stromal cell-derived inducing activity (SDIA) r.i1m6ll'i'l; PA61umtonn 

o ii rr ~ d r;J 1d (f' dv 
tJ1LVlb6ll'i'l'i'l hESC bb'i-1::: hiPSC rn~mntJ'i'it1tJbbtfo-.:in'i'l1mtlu DA neurons bb(?lbtJ'e.l-.:J91nb6ll'i'l'i'l PA6 VlL6llLtJ 

ii I iJ I iJ 2/ 

mt~\1-.:i DA neurons 'WtJbUtJb6ll'i'liVJ1~ii1r.i1n-v1~ i-.:ii!m6ll'i'li DA neurons vl~~1-.:i1~i!un'f.l19iJmttJtJb1J'e.ltJ 
I I ,, 

r.i1rn6ll'i'li6ll'e.l-.:Ji(?l1J i,,1,'e.l~-.:ivlb6ll'i'li6ll'e.l-.:Ji(?l1~\1-.:i;u 

iJ I I I 

i-.:ii!m~'f.l'v1~m~murui,,1i-.:imhr;i V11-.:Jn1;'1i1~r.ft19-.:i~m11~fimt~\1-.:i DA neuron ~'Jtl~flvl1il'e.l1~tl ., q 

I iJ 2,, I I 

b6ll'i'livh~t1-.:i nm'l-.:Jb~'e.lb~iitJt:::~VlfiJ71'V'ILt.ln1f~~1-.:J DA neuron 91n hESC bb'i-1::: hiPSC 9-.:i1~iln1t'W1b'e.l1 
,, 

small molecule ~'e.l dorsomorphine bb~::: SB-431542 ii1Hir;ii1~'Jtl b~tl small molecule 'Vl-.:J~'e.l-.:J9:::vh 
I ,, I 

i,,u1vl~rnT-.:i BMP signals bb~::: TGF~/activin/nodal signal (?11iJ~1f?lU ;,.:ir.i:::VJ1l~b6ll'i'li hESC bb'i-1::: hiPSC 
I I ,, 

bn~n1ntJ~t1mbtJ'i-1-.:JbUtJb6ll~;tJt:::~1V11~~ ~fin1t~\1-.:ib6ll'i'li dopaminergic neuron b~t11il16ifb6ll~irh~t1-.:iil 

0 a-d\,f 2,t J I , d 2,1 G 6} 2,1 

- t.l1b6ll~~Vl b~il1b~tJ-.:J(?l'f.lLtJ 96-well low cell-adhesion plates b'V'l'e.ll'Vlb6ll~~1(?1bUtJ sphere b~tl b6ll 
,, I 

b6ll~i91tJ'JtJ 9000 cells/well b~tl-.:JltJ differentiation medium ;-.:itJt:::n'e.lU~'Jtl DMEM/F12 , 5% KSR, 

2mM glutamine, 0.1 mM nonessential amino acids bb~::: 0.1 mM 2-mercaptoethanol 

,, 
- tu~1iiitJbbm611'e.l-.:Jn1n~tl-.:J9:::Vl1n1n~ii 50µM Y-27632, 2µM dorsomorphin (DM) bb~::: 10µM 

SB-431542 (SB) M1tJ1u differentiation medium ~'Jtl 

,, 
0 ~ <V 

- Vl1n1n'V-11:::b'i'ltl-.:Jt.l1t.l 14 'Jt.l 
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;; O d~ ii ;f I CV .J o ,=J' i.1 

- 91n'W'W 'W1 sphere 'Vl b~~1L'W1:::L~m1Welb'W Petri dish b~t.lb'W'l'W'Vl 14-28 9:::'\ll1n1n-w1:::L~t.l--'lb~t.lb"l1 

neurobasal medium ~L~1~~'lt.l B-27, 2mM L-glutamine, 200 mg/ml Sonic hedgehog (Shh) LL~:: 100 

mg/ml fibroblast growth factor (FGF)-8 

I t,, I I 
CV CV e;;l O ,i:;;:J ~ ,,. I~ 6} 1,, ,=:I ~ 1, 

- Vl~--'l91n'l'W'Vl 28 '\ll1n1nvn:::L~t.l--'l b~mu~t.l'W~1 b'l! neurobasal medium 'VlL~J'~~'lt.l B-27, 2mM 

L-glutamine, 2 ng/ml glial cell-derived neurotrophic factor (GDNF), 10 ng/ml brain-derived 

neurotrophic factor (BDNF), 1 mM dibutyryl cyclic AMP (dbcAMP) LL~:: 200nM ascorbic acid(AA) 

I I t,, I 

1ihiJ~t.J'WLL11~--'l LU'W DA neurons (Jl1'W~7) "1l ru:::ih:itiJ':::Vl'J1--'ln1J'~m11 fol ru~~~"ll'fl--'l Len~t~1~ (?l'fll11 
"' q 

Jl1'W~ 6 Dopaminergic neuron ~~°f1--'ll~91n human Embryonic stem cell 



A. 

Day 

B. 

C. 

----------
I 
0 

96-w e II Io w cell-adhesion plates 

I 
3 

I 
7 

• 

I 
14 

• 

I 
21 

I 
28 

- ~ - -

BDNF, GONF, dbcAMP, AA 

I 
35 

I I ,, 

,=j ,, 'i' 1l '1,, .--=l ,=j 

J71'V'l'Vl 7 n1:i'~n-:i Dopaminergic neuron r.nn human Embryonic stem cell b~tl ~ "l!b6li~~YH~t1-:i 

,, 
A 'n'WIWfl'Wn1:i'~~1-:J Dopaminergic neuron r.nn human Embryonic stem cell 

B . hESC-derived spheres ~lf1-:il~91n human Embryonic stem cell 'Vli-:J91n'Vl~~'el-:J 14 iu 
I 

<V ... I -=llli., 
C. ~n'fl'ru:;'JJ'el-:Jb6li~~u:i':;~1'Vl'Vl ~91n hESC-derived spheres 

3. n1:i''Vl~~'el'Li'")D.l~~'Li1i"ll'el-:J dopaminergic neuron ~~~1-:il~ 

I 
42 

19 
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.J O I d 2J \1 2.tt:::J ~ -=!I 

b'V'l'El'Vl1n1~'Vl!i1~'el'lJ'"l1 dopaminergic neuron 'Vl~~1..:i b!i1:W'1n.l~:W'lJ[91b'Vl:W'el'W dopaminergic 

neuron Vl1'El1ii b"l1~,~~~1..:Jl~9~'W1:W1'Vl!i1~'el'lJ'"1'"l1:W~1:W1nlL'Wmnn!i1 action potential ~'"ltlb'Vl'"1'W'"1 

Patch Clamp (Current Clamp bb'lJ'lJ Whole cell recording) 

li r'-,, 

r.i1neJ~mfSr.ft.1 'Vl1..:Jn~:w~r.ft.l~1:W1nl~~1..:J dopaminergic neuron r.i1n iPSC b!i1t.ln1~b'Vltimu1~r;it.1 

~ ,i,,, j .,_ .,_ 'j 2,, -=J _, d-=1 ') I "j d d O 2,, 

growth factor b!i1u~~~'Vlfifl1'V'l bn~b'"1t.l..:Jn'lJ'Vl:W~1t.l..:J1'W b'W[911..:Ju~~b'Vlr'I (fl1'V'l'Vl 6) bb~~b:W'El'Vl1n1~~n..:i 

dopaminergic neuron 91n iPSC b!i1t.!L6n growth factor ¾r;i:wnum~Htu~~'W Nurr1-MT-Akt ~~\1--:ii'W 

(fl1'V'l~ 4) ~1:w1~m~:wu~~~'\llfifl1'V'lL'Wn1~~\1..:i dopaminergic neuron 1~:w1nnrhun&i (fl1'V'l~ 5) bb~!i1..:JL{, 

b~'W~1 tu~~'W Nurr1-MT-Akt ~1:W1nlL6nL'Wmn~:wu~~~'\flfifl1'V'lL'Wn1~~\1..:i dopaminergic neuron 91n 

iPSC 1~ 25 

.I ~ ..., ,....., ~ Jj ' '1,1 
11. ~'al.I bb~~b~'I.J'elbb'I.J~bn!l'Jn'Un1'i'J~!I b'W"l.l'l..!ln'el bl.I • 

2.1 J6l Vo a.,, 2/ t:::Ji, 

dopaminergic neuron differention, bb~~M1..:i~~'lJ'lJ'\ll b6Jl~1Vl~'lJn1~~n..:i, b'V'l1~b~t.l..:i bb~~'\ll!i1~'el'lJ 

dopaminergic neuron ~1b19Lb~'l 

. ' 2,, ~ ., f" I -=I d 2,, ~ !I, .... .., I d !I, ~ !I, 

dopam1nerg1c neuron ln'lt.l b'l~~ bb~~bu~[91'W'VlM1..:J bin bb~~'Vlln~'El'lJ'"ln.l~:W'lJ[9l"JJ'el~b"l1~~u~~~1'\ll'Vl~~1..:J bin 

~1V1fobiJubb'W'l'\ll1..:itum~~'f1..:ib"l1~,u~~:w1V1~1V11un1~~mt1 bb~~n1~tl11uVn~'El1u1'W'Elu1p;i[91 
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