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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 Nurrt-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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E10.5-E11.5 FGF20

Ephrin-B2

GDNF Nurr1

Pitx3
Ent/2

Mature mDN /O
E11.5+

i 2 nulaauudasnisuanseantasiiuluduneunisasradadlszanaiaaniwizann

AR AUNEATZLLU @M (Abeliovich 2007)
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6. dszlarunmninazlas
© NAUARERRNW IINIRNIITINNTILAURNUNTNR 3 (989
- asenaulunslsz s ALUNMNTIR 2 A
aa ] e
- nesNan N 1 9%
- d@mfoyoyven 1 AW Useyounin 1 A

- wiraNAEwsand nsuni s il i lunnmmeaesinensall

7. wHumstnanamnalulatiuiananisiadnantinnang

u q

o %

an workshop &1% reprogramming Wiinasefiaulat A%

aa o a a o o =3
8. EN1TAUUNITIAE LLazmmuwmmswmam/mwﬂ'@ga
1. @574 tool AMFUN19A5S induced-Dopaminergic neuron
1.1 @574 Lenti-virus

NIN198%519 Construct 189 Lenti-virus 1aeinas Clone full length cDNAI89EI4 human NGN2,
Mash1, Brn2, Myt1L, Nurr1, Ptx3 uaz En1/2-93n mRNA 289 human ES cell %98 plasmid tnei3d PCR
LL%Q”Jﬁ’\L%’\Zj pLenti-Tet-onsystem * (Invitrogen) Imel standard ' molecular biology methods Wi
plasmid construct ﬁi%uﬂ%iumm’éqmummiﬁaimmﬂﬁ’ﬁ 293FT 4 host cell Taains plate cell
1lszanns 6X10° cells /100 mm dish W&a incubate overnight Aaw transfect &2l 3 ug/ml 2849 construct
plasmid fanalgoniu o ug/ml Virapower packing mixiaald Lipofectamine 2000 %84 transfection
48 %’Qim MN9AL supernatant wRansaseiniy 0.45 uM pore-size celluiose acetate filtertAil stock

ci ! ° . i
virus 1 -80 fiawtilivaaey viral titer
1.2 #319uazFuLge protein transduction vector LA stable cell lines

#1117 Clone full length cDNATZ®dhuman NGN2, Mash1, Brn2, Myt1L, Nurr1, Ptx3 Wag En1/2

\ing insect cell protein expression system 4 protein transduction sequence uaz 6X-His tag ta 14



10

Tunng purify protein ANtURINITATIAAAL sequence WaznagaLnINanllsauwsiazfalag western
blot uaznasavANaINsalunsiingassaasilsiiuusazfialag immunohistochemistry, real-time

G

PCR gnsLi/aeuutlasaes target genes Anlaan vector fltsz@nanwliliai14 stable cell line
1.3 Purification of His tag protein

uenTusiulaalinannisaes  AffinityChromatography (AKTA prime, GE Heathcare) Insiends
AMUATHNTDAAN His tag protein unn93uiy Metal ion ‘ﬁfﬂgJ:uu wRANINT elute fusion protein el
950 mM imidazole T finazlilElsAuannstilsiufidoents dadesinlufugugag western blot Tng
Fewi (+) control uazsaaudiadulilsi sl EanaunsatihlUiannmaansde liiaeie aliquot

uFaLALA -80°C

2. @514 induced Dopaminergic neuron
2.1 #3149 induced Dopaminergic neuron fael conventional method Lmzmmmuqmauﬁﬁ

-Infect lenti-virus Ndsznavfag human NGN2, Mash1, Brn2, Myt1L, Nurr1, Ptx3 was En1/2 iR
1l fibroblast annsiuiinsdanagneormaagsulasesgUsasg wasinlinaseunmais
FuradaslinnsAnuanlaaenduansizasuasniily Reporter An GFP waz RFP laeld Flow cytrometry

(FACS Araill, BD Biosciences)
- Immunohistochemistry

Fix Lﬁ@ﬁﬁ’ﬂgﬂi& 24 well plate Wse coverslip ﬁ;dmaﬂugﬁw fibronectin1ise Poly D-lysine 138 %yu
Lﬁﬂuu slide ﬂlrﬂu Fresh frozen tissue A28 4% formadehyde 15 117 e Cool Methanol M3 Manual
IAUFART Antibody ‘*'7;%1% Permeabilizationfiagl 0.2% TritonX-100 in PBS buffer with 0.1% BSA 5
mﬁBlocking Aatl 10% Goat serum in PBS (u?@mmwimﬁmm Primary antibody ﬁﬁﬁwumﬁ) 45
W anifudnadion PBS 3 A% A%iay 10-15 wnTl Hax Primary antibody 18w TH, Synaptophysin,
Synapsinluévms‘ﬂmuﬁmmmuﬁyuﬁ’u antibody incubate 37°C 1 hr¥i#a o/n 7 4 °C uay wash #ag

buffer an 3 AT ANAL 10-15 WA
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anniutian Secondary antibody @il Fluorescenceludmsndan 1:100 Incubate grunnitias
] 1 v k4 1 ¥
Tuiifla tszanns 2 49109 wla wash Fatl PBS buffer 8n 3 Afs Afiaz 10-15 w1l uidlannass
L @ ) AN Yy v v P s o e -
Nuclear staining 098¢ 1 ug/ml DAPI in PBS 20 {1% UWa8098 PBS 80 3 ATY ATNAY 10 WIN JATIEN

[ %4 R .
A7¢l axiovision software
- Realtime-PCR

aim RNA annisaalag 14 Tri-reagent technigue ANUUUININA RT-PCR Fagl Thermoscript
v o Awy o o PR
RT-PCR Kit (Invitrogen) #aaun cDNAR &N Real-time PCR (SYBR green)Imlshi primer U84 &UN

Nendasiuasszuulsza1n NGN2, Mash1, Synaptophysin, synapsin, NeuroD, Nurr1 i
- Bisulfite Sequencing

Genomic DNA 1ug gn treat fnel CpGenome DNA modification kit AMnwis Purfied DNA #ag!
QlAquick column Amplified Tneild PCR RiAnws1a promoter region 484 human Oct3/4 ,Nanogliae

Rex 1 Clone PCR product 1w cloning vector Mwaanzvinatne 14 sequencing
- Chromatin immunoprecipitation

11 1X10” cells 'l crosslinked®ag 1% paraformaldehyde Whanan 5 min 1 RT udaikin
glycinenai sonicatelWaRn chromatin-DNA complex Wlﬂu%ul.ﬁﬂ"]lmmunopreoipitationﬁ')ﬁl
Dynabeads Protein G-linked it anti-trimethyl Lys 4 histone H3 , anti-trimethyl Lys 27 histone H3

W58 normal rabbit IgG antibody W& Eluatexnuniilu template &uMn quantitative PCR
- Neurophysiological Test

dvFun1edadndlwinaniznnenw (action potential) Tusvsuviiadas nimesasldnaiia

124
o &

whole-cell patch-clamp recording Sl AR T aE il s adREeentmmagey
LL@&USV‘UT;?@TUﬁﬂHﬂLWW’l?L’WJ"NLé'ﬂﬁm“mﬁ (membrane potential) finsiilng voltage-clamp mode
annifuazliinszualoiin  (current  injection) dnguadiftensziuliifasndinbianizicnu s
AnvideyanililaadnaigmaniBaesdndiwinaneinan  1Hun AYG (frequency), WA

(amplitude; mV), MINKENT (duration; msec) AngTWANTIRANNINIZHU (threshold potential; mV) waz
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WANTIAANAINNINGZHI (delay time; msec) routasinAulBeudeudumadiiuinila n1sdauas
Az ihdiinendunenlfirseiiesnadgniuaziAseansediy Axopatch  200B
. , . . P o o -
amplifier (Molecular Devices, Union City, CA) AsRaNnmasuannznelugesmasiNanns

AnnsieyalivainuanenndubaanisUiugasansazaranieludalwiin (intemal solution)

2.2 negaunns i protein transduction 13a noncoding RNA Wnid viral vector ’Luma‘muau gene

expression LAY epigenetic

BNIE protein transduction WM virus NADUUTZANEA N WEIENANEN time-course 184

combination aausaraslunsnszfulinanisilanuuassziu epigenetic FeaziinisAnmnisiiia

L%
as

DNA Methylation ua¥ Histone modification-saxsian1sld Micro array wazAnmaniastiRradaasy

as19lfmndia 2.1
-Microarray study

wiBaudey gene expression profile 124 iPS cell lapauiy embryonic stem cell Tnalld

illumine micro array chip (bead based)
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9. Han15IaE
1. nngasnelafan 1 lunns direct reprogram adiiiiansilaauuacliifli dopaminergic

neuron

Tunsumtiaaningad 1 anisilfauniasliiflu dopaminergic  neuron aza@Bn1sine1UIRS

=y -:Jcl ] o ::RI a o o ¥ o v
TdsRuffinsugansaanatneannizly dopaminergic  neuron G4lun133saasail TEnan1sa519
Lentivirus e l¥d1915uns direct reprogram asliiiansiaeuudasliifli dopaminergic neuron
NauNA 5 18a Aa pLenti6.3-NGN2-V5, plenti6.3-PAX6-VS, pLenti6.3-Mash1-V5, plLenti6.3-Brn2-V5

E%
= o

WAz plent-MYTIL-V5 Tegiufia 5 1iim Sn1suanseanatrastmizluasuasssuudseuy wasi

ANANATYSIANT? direct reprogram aag linantawaaunlasliifuaadsruudssainsanlita

dopaminergic neuron

atira Jus epitopele

pLenti6.3/TO/

A3 plasmid  construct A% lunnsasna

V5-DEST

Fentivirus A uns direct reprogram

Tuanizllagsendanismageunisld Lentivirus ¥4 5 483alunng direct reprogram wiagd Miiia

nailasudaslihilu dopaminergic neuron
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2. n9a5 tool Tunnsmauaunisiaeu iPSC il dopaminergic neuron Taalsdld virus

lutlaqiunisasraaadilscainaiin Dopamine ( Dopaminergic  (DA) neurons) a10 human
Embryonic stem cell (NESC) Wwaz human induced Pluripotent stem cell (hiPSC) gefidsz@nanan
Tadgennnidn nanguideasiinonuaulalunisdneidslunisaie Dopaminergic  neuron Wi
Usr RvEnmuanEadu Tnan1slilusfiusimnzse Dopaminergic  neuron Tunasmiieniin hESC

waz hiPSC

a o 1

A naassfdIuuInuIn s fiw Nurrt WluldsAuninoiuamisaanssuauniIguia DA
neurons ATNIANNITWAA9aana8a TUsRu Nurrl @1N19al@ess neural precursor (NP) cells 14l

k24
\fl DA neurons fagafidss@nian Axsiuntenguisdasiauanlalunigii sy Nurrt s

M lunnsdindsz@nsnnlunisadne Dopaminergic neuron a0 hESC Wax hiPSC

IR A-YOUNG JO 131! 2009 w197 nasiniieannliifianisilas uwiladvas Amino acid
151004 Akt-target sequence 2189 1lsFt/Nurrt  (Nurr1-MT-Akt)  azdaeilesafunisgninaeaaes
Tdsfuannnatnlusreanigld snlilusfuganasnnisounialuimas bauiundn Tasfu Nurrt Uni

(Nurr1-WT) WazEaa 111904519 DA neurons aan NP cell 1iandn1sld Nurr1-wT ansiael

mangadseliianeatng Pldsmid d1uuaing Nurt - WT Ienasifiuduan Nurrt mRNA fag
wallA PCR a1 human NP celis kasnanassiasacin peDNAB.1/myc/His.B (mwﬁ AARENNNG
wigat AN AsuL a98dLAT93 DNA 999 Nurrl Aums Akt-target sequence Tagl
QuikChange Lightning site Directed Mutagenesis Kit An5UA519 Nurr1-MT-Akt plasmid (mw?;
4B) o8 plasmid fasalEaztimn 1 lunnsaing Nurr-WT uag Nurrl-MT-Akt a7n mammalian cell
line (COS-7) uazmmagaLaunateslilsAuiilédaamnaiin SDS-PAGE fiaudaad Comassie blue
(mwﬁ' 4C)

1 J
=

n1engudse lfianismageuauanisaaestlsiunaialilunisdindsr@nsnanlunis
w019 hESC waz hiPSC wanislasuudasliiflu DA neuron TAgnnsiia Nurrl-WT %38
Nurr1-MT-Akt udanannsiffauiiauiBuras DA neuron 1& (nwh 54)  wudn nqunfinasli

Nurr1-MT-Akt @1113a%L DA neuron  NAANTUAALEBNTAY Tyrosine  Hydroxylase 1uiEuamud
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1 v A v @ 1 ¥ a' a
1nN3N3 1 Nurr1-WT (099 5B) waaaliiwinannisld Nurr1-MT-Akt @1snsaiiatlsz@nsnanlu

- . l L -

B. TT TG G|a
NurriWT : 344 pgK P49 B W -
Nurr 1A%t ; 344 9

LPAKP3 Nurrl-WT
Jo, Kim, Lee et al. Stem cell, 2009 I\
R
cMV Nurrl-wild type
pcDNA3.1B

Nurrl uum
C. Wild type control )

.--’A. X
g Muwnt’ control ( .

250 kDa

N1945149 DA neurons bAxNNI1381n5

ANN4 19839 Nurr1-WT wag Nurrl-MT-Akt

A. FUMUU89 Akt binding sequence WAz Plasmid construct

B. DNA base MAan19ilasuulasnasannn1sma Direct mutagenesis
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A,
Day4
Add Nurrl-WT or Nurrl-MT-Akt Day 21
Day 0 Tyrosine hydroxylase
hESC or hiPSC colony Immunofluorescence staining
50-100 cells/colonies
Day -1
Mitotically inactivated PA6
B.

Nurr1-mutant treated

Bh-tubutin Merge

Control

BlIl tubulin

C. Tal95%4 Nurr1-WT waz Nurri-MT-Akt  nl#Han n1snagausaanistian® Comassie

blue

s . ; ;
AN 5 NN7E59 Dopaminergic neuron @11 human Embryonic stem cell

v
o

A. dURBUNNTEF9 Dopaminergic neuron @10 human Embryonic stem cell
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B. Dopaminergic neuron Na3519lKann human Embryonic stem cell A8A31E Nurrt-wT (control)

WAL Nurr1-MT-Akt

Taq1Tunianguidds arnsawmuIdanisasiauasdilszarnaia DA neurons AN human
Embryonic stem cell (hESC) Wag human induced Pluripotent stem cell (hiPSC) ‘Lﬁﬁﬂszam‘%mw@ﬁ”u
(WP 6) ustatnelsfR Nsa$aTad DA neurons RTINSz RN IITAERAEY PAG
stromal cells Lﬁ@mﬁﬂﬂmﬂmﬂﬁ stromal cell-derived inducing activity (SDIA) aniiad PA6 tunsdn

) 6 oy cJ | 1 ] .3 i
W HIaR hESC waz hiPSC Aan nlasuulaananeiily DA neurons waliiadanniias PAG M ld

k% 9/
o ot

N99579 DA neurons Wwiluaadn lasnaniy Aaiuaas DA neurons Ha319lfiiufianaiinistuilen

NIARVBNART WisaAINIaRUaIdRTA5197%

v 3 1
@ o b o/

A A o L ae 8 A v 9 ey
QuuLW@V@ﬂL@ﬂ\?ﬂﬁyﬁ'}ﬁQﬂ@qq NINN[HA ﬂ@\iﬁﬂ‘iﬂf’]')ﬁﬂq?@?'}\i DA neuron ﬂ‘?ﬁl’JﬁVleN@qﬁﬂ

14 L4 1
= o

EARALALN TN a5z RnEN M IuN198579 DA neuron 81N hESC way hiPSC aqlitinns1inen

v
%

small molecule A@ dorsomorphine Wae SB-431542 unldfqusiag Tae small molecule ¥ag@dazNn

t k4
vy =

WHNNEUES BMP signals uaz TGFB/activin/nodal signal inasu 39azvinlifieas hESC uaz hiPSC

danisddsundsadumadiszanlin 801945719884 dopaminergic neuron aelildimadfiae il

v
o =

FENINARDIAIT
- fInnsuenaad hESCs visa hiPScs Wiiluaaainea Theld Accutase

[ d’l ¥ J’ ¥ { k74 <&
- Hgaan LEudeesialu 96-well low cell-adhesion plates Walditagimilu sphere Tnald
VIRRA11IY 9000 cells/well a8l differentiation medium @9ilszneudios DMEM/F12 |, 5% KSR,

2mM glutamine, 0.1mM nonessential amino acids 8% 0.1mM 2-mercaptoethanol

- TUaNAULINTRINTTREIRZNINTEN 50uM Y-27632, 2uM dorsomorphin (DM) L&z 10uM

SB-431542 (SB) sl differentiation medium &gl

b7
S RINITEANNZIRENIN 14 54
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:’I S | ¢ ] o/ A o 'l
- 91014 11 sphere NlENWzReasali Petri dish Taeludui 14-28 azinnismnziasalng 14
neurobasal medium Md3uA9e B-27, 2mM L-glutamine, 200 mg/ml Sonic hedgehog (Shh) az 100

mg/ml fibroblast growth factor (FGF)-8

o [

- UAIRINdUN 28 Mnawzideslaeiddaaunnld neurobasal medium Niddndag B-27, 2mM
L-glutamine, 2 ng/ml g'lial cell-derived neurotrophic factor (GDNF), 10 ng/ml brain-derived

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

1131431196519 DA neuron F9835AINA1IEINIT0A519 hESC-derived spheres WazdnTin

Wi aeuutlaailu DA neurons (NWN7) ansziietiszndnenisAnmanantiRaeaaaan sl

BIIl tubulin

‘ : : el :
NN 6 Dopaminergic neuron N@7alAa0n human Embryonic'stem cell
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A.
Y-27632
Shh,FGF-8 BDNF, GDNF, dbcAMP, AA
Differentiation medium Neurobasal/B27 medium
7 14 21 28 35 42
B.
C.

i ! ol &
DN 7 N943509 Dopaminergic neuron @10 human Embryonic stem cell Tneluliradiiqes

v
A. dURBUNITAEN Dopaminergic neuron @1n human Embryonic stem cell
A o o
B. hESC-derived spheres Na5191Han human Embryonic stem cell #33427NNAKRY 14 21U
o o 4‘ v .
C. ansuzaeadasiszaminliann hESC-derived spheres

- o
3. NIMARBUAMEANLIRUEY dopaminergic neuron N&5N9LH
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d o | . . A ae . .\
\{WaRN1TNAGaLLN dopaminergic neuron Na519lflamuasiRwilauw dopaminergic

| ] o‘d‘ A 1% ° o . . } 4 a
neuron wia 'l raanassldazinumagauauainnsnluniaifia action potential faenaiia

Patch Clamp (Current Clamp 11 Whole cell recording)

tou 200 300 450 = oo oo 650 w0 1000
1omo gia )

A as 1 a . - a }
AT 8 Fraeans nugnaniifia action potential T8aARLI A MINA TG Muanlfandninaans

10. N1 waZIANTUNANIGINY

ANRANNTIAE NNNANIALANNNIAA519 dopaminergic neuron AN iPSC gnswilentifng
growth factor 'MtlszAnEawlniAsemfidsganluanalazina  (nnd 6) uaziiiafanisatng
dopaminergic neuron a17 iPSC  1aeld growth factor #aniun1214149Mu Nurr1-MT-Akt fa5ngi
(mwﬁ 4) aunsaufinsrANEn a0 saing dopaminergic neuron, lExnnndnns (mwﬁ 5) wan i
Wiudn Tasfi Nurr1-MT-Akt gnansa i limasiiinls2@vanawlinnsaine dopaminergic neuron ann

iPsc 14 25

< a’ a ol dg ]
11. a5 wasiavanuzinganunisIseludusiall

!
o o

arnuauddnluszazioan 1 U nanguasdaliagiclafanldd uFuaosuan aruau
dopaminergic neuron differention, war@3ieszuuRIEA1uTUNsa3e,  INNTIRLY LATNAGEL
dopaminergic neuron a13audn

v

o o o o o’ ] 1 o o/ o A - o/

Amfunsidaludusiely nanguisaaziinismeasaunisasuulasaagionislifugad

o . J o A
dopaminergic neuron Katl la§a uazlushiuniaseld uaznaaeunmanifrestadilszamnasely

gdmsuitlunanislunisasnaaaslszimdrniunisdne waznistinllseluleuam
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