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TnUfluduansdeuszamiindslumaduszamlaliiu mseuiaunfvesansdeuszam
Tnunfluanunsofnarmiiaunfiinaisegng iy lsamisiudu (PD) gnsmansvesmsdnuiifents
nyavaeumsiUasuLasonwadlnlusuanasiuywd (hNF) Tnonismienivheansluana HPI1 uag
NZ Fadlunisiseuiiouiesswinamswilendi HPIL vie NZ iilesfaiisanazuuumieni HPI
Laz NZ 990 nansneassiudndliifiuinead hNF ansawdsuudaduifuwaduszamlaun
fushelaanavuiaidn mamienismiusening (HPI1) uag neurodazine (NZ) luiwad hNF mas
nmssnwnduan 10 JuilisulWlusuanananasedefidodfey (CollAl, CollA2, Col3Al, KRT18
wae Elastin) uarlusfiusnnizaedllusuanad (ColAl) wasifintudusnsninesaeasaduszam
(Tuj, PAX6 way SOX1) waglusAudnnigaatgaduszan (Tu) luliafelnu waa hNF #aenns
Snunldintladonisaensiavesvaduszamlaurfiusgafived ey (TH, FOXA2, Nuurl, EN1, Pixt3
way LAMX1B) waglushuveamaausyamlaudiu (TH, Tuj kaglaudu) Lﬁmsﬁuaéwaﬁﬁaﬁwﬁ@ A5
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Abstract

Dopamine is a neurotransmitter that is produced in the dopaminergic neurons.
Dopamine neurotransmission impairment underlies a wide range of disorders from motor
control deficiencies, such as Parkinson's disease (PD). The aim of this study is investigated
transdifferentiation of human neonatal fibroblast (hNF) cells by alone and combination
treatment of hedgehog pathway inhibitor (HPI1) and neurodazine (NZ). The results
demonstrate that hNF cells can differentiated to a dopaminergic neuron by small molecules.
The combination of hedgehog pathway inhibitor (HPI1) and neurodazine (NZ) on hNF cells
post treatment for 10 days were significantly decrease the fibroblast marker gene (ColIA1,
Col1A2, Col3A1, KRT18 and Elastin) and fibroblast-specific protein (ColA1) and increase neuron
marker gene (Tuj, PAX6 and SOX1) and neuron-specific protein (Tuj). In the same time, hNF
cells post treatment were significantly increase the transcription factors of dopaminergic
neuron (TH, FOXA2, Nuurl, EN1, Pixt3 and LAMX1B) and dopaminergic neuron proteins (TH,
Tuj and dopamine). Investigation the signaling pathway of autophagy demonstrated that
combination of HPI1 and NZ on hNF cells post treatment were significantly increase autophagy
gene (LC3, ATG5 and ATG12) while significantly decrease in apoptotic gene. Moreover,
dopaminergic neuron requires a combination treatment to differentiate, because HPI1 and NZ

alone can’t stimulate the dopaminergic genes and proteins.
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Ul 1 mawdeniimadUszamueaead hNF seluianavunaidn (HPIL wag N2)
Wunan 10 Tu lngnsasiadeunisuansesnnedudimzaauseam
(TUJ1, SOX1 uay PAX6) hazBudnwizsiolwlusuaian
(CO1A1, KRT18,CO1A2, CO3AL a1 ELASTIN) covieieieceeieeeieeieese e 16
Ul 2 Awasnsalumsmileniiead hNF Wnaneduwaduszamlanfiuesinld
1nuRI1980UNSUARNIDBNVDIBU dopaminergic neuron (TH, FOXA2, Nuurl, EN1, Pixt3
way LAMX1B) uaglushiu dopaminergic neuron Wy TH naglasu HPIL

waz NZ wuan 10 Ju

.................................................................................................................... 18
gﬂﬁ 3 NSUARNIBBNVDIVBIEU autophagy LW LC3I/Il, ATG5 wag ATG12 uag
8u apoptotic (Bcll, BAX) 1ae35 RT-PCR N15Lanioanvod
TUsAU LC3I/Il @875 immunofluorescence 1adlasu HPIL wag NZ
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JUN 4 nansmegeuInliianarwInianues Nz uag HPI1 tnanislduendu
Na v b 13 3 1 s
fifanssunsedunsade wasUszamluwad hNF lngn1snsiaaeunninines
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1. anuduniuasanuddn

v

TsansidenvessrunUsramiuinunanmsdosanmuaznisyanuunnsswousadusyam
neluaues Fsaummnsislsaty Seliiduiinsuuidn degrwmedsansdonvesssuulszani
wuveeiu Taun lsndalewes way Tsanndaudu vonanlsanaaslsniud dmusndeinnsiidu
Lé"amiuamaumﬂm%amsmmL%Uﬁaan%uquLLiQSuﬁaﬁﬂﬁawms;mmﬂmimiﬁ’mmﬁmwiawm
wadUszamaneie nsszuinveslsamanianuiivldegsunsmareialanaunisseuniswy
Fiuluusiag Uty vhlvianisunndinisiuiaiagRavisnisilugnisdosanmueaead wagnis
FoULTLNTYINNUTRLTaalnauln gl oudnla [1,2]

TsAvnsAudu (Parkinson’s disease) ulspansaidoudefinuynifudduil aossesainlsada
lwaes Fovedlsainaduiosiuniurounng James Parkinson dailu auusnitesurelsaiiiiondn
AMISIHILED o1msTiAuTavesisafsermsitisadesiuns waoulm wWu ndufeuduns
(rigidity) wdeulwatn (bradykinesia) Instaniziile Suduiadoulng (initiation of movement) ie
Furnuein (resting tremor) N1SVSIFANTe e un (gait disturbance) uaznsideNadvadzin
angn19m39A7 (postural reflex impairment) uanntiu Saflmuindnfvesnisiuiidnidu 9 LHU
fio 9 ldundauan anuRaunlunisnau Wudu wazfflennisinunfivenmilearnauiinunives

1% | = b

N5 Wwaaulna (non-motor symptoms) LA FLAsT IR WEDN NTANNAUEDNAY BOULNABIY

NIV WIUTDITLUUNILAUDIMTHAUNG Untindlranas ANURAUNAYEINIT WU Y18 81NT1TAN 9
1 lel Y Y | A L% [ J ¥ o aa o W 1 £24 ] aa -d'
wiaiin MU dewdeduedlinegls n13a15983nUsyd1iu Aoutadiuin wazamnmTIndey
as Wudeniulsranesdoudenanaty gUignaclasu n1sguaseslngdn Snwieteieiiiemasn
Fin Aldanelunissnuifias v "lidumssun anavsedlnadauasundpulaesin mnugnvedlsail
Uszanas 0.5-1% vasUszynsvidlan waziindudu 4% vesifionsunnnit 65 Yaulul lsaildniin

o vaa

NUKTNIDNELAY 55

kY

| a % v !

U finfu dueninningnds wazanuesniduledeidenidfnyfignuedsail du
Jaainluy swanasiididulsaigea ewnvausiivsenans qlulanegludipuvedgrenauasd
UV TUDETINGT vaurllfalinsvanmeiiunasivedsall uwinsiud Yaduidesie
Isaflusninilonnaruysiuas Gilladeidesdu 9 lawn msdudadiuenmdn dngity nsendeelu
BUUN NM3ANLIUINIE N3kesulaventin (W wuenia) Wudu nedanmluanesitiefivutnfe
a '3 a . 1 1 al . . o
fnsnevengaaUszamlaniilu (dopamine) 8819 Aotllaslu substantia nigra par compacta 1
Wiensdeuszamlanniiuly striatum anas aghasnn msshwlsatidnaglvgniunsdunseilam

311 (194 L-dopa + carbidopa, L-dopa + benserazide, entacapone) 817iann13Ai1dntaAnIEY



v v v

(selegiline) e17nsdu Fa3ulanniiu (pramiplexole, ropinirole) Faunedionaenindunsdne
Tnelven nawnulamduiingedly (dopamine replacement therapy) wiid1n155nwnsaeefena
arliiUsravsuaiimluszezusnvadsananiioBulden wilssdninavesnssneazaey 4 anasauly
flannssnunazdumaluarennisvesiisazmnatet9mInd Wuisaiulse avendendodu 1
mssnwdeiflfludagtuidunsinvameinsiaeililin 18 summuesnsinlsanionis
Anauendoudeusetsln uenmileandositaiinssnu Aldnasvezdusinliiu 5 Yudr nsdhwn
Tnenisifiunisranuresssuutszamlaniduly szesenldauisoaneinisuennioainainy
AnunAvesnisiadoulm 6 wazdm 1lkiAe nalifvssasdiiduguassalunsinugiiednnane
Uszns wu nsadeulmiaaund Taeldlddsla (abnormal involuntary movements wiounands
e dyskinesia) Usngnisal on-off (flensdnwuiutu drnaiinevauewesnazduauies 9)
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AnwisnsulediwadlnlusuaradluiduwaduszamlaUfiiuwedn Anwinuaudinieinu

s N a s a a av vy N ° I3 ¢ =
waduarendInevevgaduszamlalnfivadnilaainnismiderdngadivlusuaiad Anw
AaaURMuEsTInewesgaaUszamlaU lBiuednilaainnismierdneadlul usuatad fnw
transcription factors Miiin1suanseangsluwaduszamiaunfiiueIninil naln nii wazaud gy
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3. Whvane/mandn
I3 a a avwy = ° 13 Y N a ¢
wadUszamlauriivednilaainnismienililusuaiaduanidnvaen1sinine1neueas
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5. Uselgminaininaslasu

ansaafiugaduszamlavriivednanwadlilusuanadls ansalawadnilnuauds
AaewasuszamlautiuedInNarursaunwastludnwdine1veswadussaniauniwaintes
soll ausowaduszamlaurlwednilaaunsamnziassluremaasslatazirluneaauinseeu
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Auluiiwesasiniindsewadlussuuiszamle nauianalneuaunisiauiegadussaminu
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mMsfnufigauszmefisunumvesuanimdululsann fAuduiauszananiou 20 Tiuduile as.
W. Hellenbrand uagani (1996) Anwanuduiudseninaemsiivilaa fulsamsAuduuagnuii
femavaneviafiananuidswedsaiddmidusients emnsilfenun s1eemiseves as. PA
Fall uagAmzatiuayuiINsAunIuNaInTa aansinlsanniauduld 10 msfnudildfunseeniu
unnfensinwlurieus e aedUulusie 8,004 Auradlasen1s Honolulu Heart Program
ARanunauIy 30 U nuinisuslaauanv Suinnunmiennurasdusinsanamdsanisifulse
wisAuduld edhelldedda winunflaiauarwsusenlianaudedi 11 fiaenndasiusiony
35y vwnlngfidaniunaludramtnlulasens the Health Professionals’ Follow-up Study wag
the Nurses’ Health Study ﬁﬂizﬂaw’hammaﬂmma 47,351 AULAYUNEY 88,565 ﬂuﬁwuiwsﬁmaﬁ
Wlnauarhaldy Aunun wiehurausoannisdialsannsauduldosns Suddey winisauniund
afauerBusonllaneudsselsaidanmuduius stuinnisuslnauamBuvientsaunw
fulsawsAudulugudadunuuzud U Tas msamnul 1-3 deazdesiuldfifign12 drunisinw
WUV case-control 84 As. M.D. Benedetti wazamgnuinnishunundesiulsamsauduldda 65%
wazmslosiull duiusiuusinanuniinusae13 nsdneIkuy case-control was a5, Paganini-Hill
Tu evanasinsToinBonengiloglunytummeulivesaiguaaedidofdinmsdiuniuniu as 2
Srevsounnninianuisadosulsamsauduldediedived fuuiuia 1ud2002 Hernan uazan
AAIIZINEN 13 11UTTY (8 case-control uag 5 cohort) wazATUHANITILATIZRININITANN LN
annsnanAuidssedlsAmsAuEUls Uszanal 31% (mnudesduivsvse relative risk 0.69, A1
ety 95% n3e 95% confidence interval = 0.59-0.80)15 nds9ntiy fe1uiTes1urunind
atfuayui msvilnaueridunionisauniunannsatesiunisiialsanisAuduld[d-5] uenain

] 1

WANLNAULALNITANNILINLAY NANITITETINUINNITANBIAFINITIAAANULELINITARLTA WISAUFY
TAvguny [6-8] wagni1sanmudsadazwlstulumuusunaniwn s o fny u1n3u [9-13] Haan
ANMULELIRDLIANISAUFUVDINLNLALTIT 1USUNE AR NLANLNDUDDNAKAD FLWUINNISAUNTILI
P a a fa o | = ' A = a
waryNLlllinaanAIULELINISIALSA WISAUFUDNADLU FILERIINNAYINITANNLNYI B LANIN
wAWNdUTUN NS e ¥1 [14-18] UoNANTU NISAUNLNAaNALAWDuenazldanAMuEsslunIs
AnlsAnsAudu[19-20] Fstheatvayuliniumntuiuanududuaseengndd1fues nunuas
lunistdastulsansAudu agralsiny Juranisansnlidnuinnisauniun nsan1susinakaniy

duanunsatasnulsannsaudula[21-23]



wanwldulesivaneslelugluuua 1aedsanisfuduludaivaaes MPTP Wuaisiivrowas
Uszalamnily dieliansiundninnaadaenisdadn desios (ntraperitoneal injection) aw¥ilei
M5 1aenaransaugadUszamlan duluavedlasanied striatum wagn TVdninaaesd
wensanmuazilotnsursednindne Tsamsauduluay fuiuSeienld MPTP wileau “liAsmsay
Hiludninnasaiiold Fnvimensanin sauednmerdesiuniosnulsainisdnwiilduanma
luwun 5-30 un/nn. @uduviinandisuitduiivsianniluay) AeunisliMPTP wrnyiudng
9 anunsnuRiviv tanewaduszamlaniivluanosdiu striatum Tdnuvuiavesuavin Suiiny
Audnslasust Feaenadasfudnmenuiseiivansiuarinduiufivues MPTP lunmsiansiwad
Uszamlamfiuluaussaiu substantia nigra 16[24-25] fiurauleegeBedolaiinisvu (tolerance)
sogmataatunism naavesiiilelduuarinBuindesuun q Fuhaanguinianszduanosos
weviBuifinsnusionydnseduaesdeudiada [26] uonainil uwarwBussannsadestunim 1
angiadUuszarmlaniiiuvesanas91nfivwed 6-hydroxy-dopamine ianidnialnssanes
(intracerebroventricular injection) Y841y ¥13[27-28] #3893 MNABY0IA13N 1IAAATAY LU @150
903Ny (paraquat, W15IAIEN) 138 @130 1IALUAINGAY carbamates ﬁﬁmtﬁ’h%ﬁaaﬁmmaqwﬁu%’m

[29-30]
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1. nsiassgadbnlusuaias

wadlilusuaadargnidedludeuiigumgd 37 ssmueaioa meldusseniadd 5% co2 dae
191’}’18%?:8@ \@aa High-glucose DMEM/F12 Ly Fetal bovine serum 10%, L-glutamine 2 mM,
Penicillin 100 U/ml wag Streptomycin 100 g/mtImaﬁnmL§SQL%aéngﬂLﬂ§8u§uL5u§u waziile
LARNUILYY 90-100% WA Lwaddzgn subculture A8 0.02% EDTA lu DPBS Iagndeann
subculture wadgnénelurmuisasadlyifienusuuiy 104 1wad do maaguRins

2. mMsfnwnuantRveseadiwadinlusuaadainiangs
AuaudRvauwadlilusuaradainiitdsazgniudusiisnisuantesnvesguiaglusiudineg
191 Cytokeratin18, Collagen IA1, Collagen IlIA1, Collagen lIA1 tag Elastin Imaiﬁ%’a%ﬁué’umi

WEAIDDNVDITUMAIUNILUSEAU RNA hay Wshu smigmatia RT-PCR way immunofluorescence

3. maauTBmamvienieadduindawadinlusuanadanfvidsludumaduszamlaudl
wedn wadlwlusumadanimisazgaunienilidusadussamlauiiuednfoasiuanaves
HPI1 waw NZ TneffidbasvaanunisuansuasBusialuil TH, LMX1a, SOX2, NURRL, EN1 uag PITX3
Tne35 RT-PCR wazmsradounisuanieanlusiu lauadiuedn Tne3s immunofluorescence 34l
seruhfienusidudenisisiyrovaduszamlafiuedn laendsanldgraiounieiuay

nauBunngausionsasiwadUszamlaUnfiueinuad lunsiaaeuseaulaunfiume DA Elisa kit

4. mInsavaeuUsEaninmuesisnamieniteadUszavlauadiuedn msuanseanvesdu
uazlusAuidAsonsiauvossaduszamlamiiiiueinezgniinaue1sdeliesnasnszeziian
yosnszuIunsinieni lnsandnuurenudueaduszamlaufiuedniisgazgnynaey 19y s
uanseanvesdunarlusAudume anuannsolunmdsansszamlauifiu uagauamnsalu
vssimernsveslsamsauduludnineass iudu lnensmeaeshuduiiaziivesuftinside

avvmaluladiinim wningraemaluladgsuns

6. NINTIVEDUNTUANIDBNVRIBUTLNIZABIwadUsza iU Tiuedn WwadUszaminuifliue
Infildannmswmilonianansansieaeuldannsuanioonveddusiusunzainieg fouiedu
nsfigaidneaddldnmanaassifinaaudiedoisadUszamloifiueineds fideasnmaaey
miLLamaaﬂmaaﬁuLLazNiaua‘hwamﬁmﬁhqqﬁquauuawé’qmigﬂmﬁmﬁﬂ Tnowadiildndenis
wilenthazgnihunnsvaeunisuanieenvesdunarlusiuiiiedesiueaduszamlaudiuedniile



fudulszansnmeesiznismiisnth Tne3inisasnasunisuanseenveduagldnisifidensuni
(conventional RT-PCR) tflagszfunisuanisonvesdudunizdeivaduszamlatriiuedn 1wy
Tyrosine Hydroxylase (TH), Vesicular Monoamine Transporter 2 (VMAT2) Wy Engrailed 1 (EN1)
Judu T RNA suaqL%aéﬁszazﬁmﬂsuaamimﬁmﬁfmgﬂLLaﬂLLazLﬂﬁauLﬁu complementary DNA
(cDNA) #2833 reverse transcription 1n1u cDNA fildazgninlunsiaaeusefunisuanseanaas
nauBusuINeRIna1feIEATfaelfinameifisumedeButiug nsuanseenvesBumaniily
sraulUsAuazgnEudumen1sdeulusiumeuwauRuednizs1ee (Immunocytochemistry) Wagyin
nsdeInaeRanssAddniudesansiTaa

7. M3AnIANAIRYes transcription factors wilsqAon s IgadUsTamlaURiLedn
vinlfiwaduszamlaufiwednannsmienhwadlslusumaiud fideaziuminddulatis
flmdndudensiannwaduszamlaufiuednuasiinuansesnluseiugs lnegidvasnaaeu
wifuay mmﬁ’lﬁm%aﬂ@ué’fqﬂénsiamiﬂ’muwamjaéﬂi amlaurdiuednlaeldnisvnaes
Faseluil 13.10. nmsdudanisuansean (knockdown of expression) vosdumsnanluwaalnlusu
anadnfianily waddulilusuanadainiavilaggndudsnisuansoonvasBuniagfewmaiia RNA
interference Imam@‘uLUﬁLﬂmmaﬁluQﬂIﬂaﬂa small hairpin RNA expression vector (pSuperior,
Clonetech) #iil selectable antibiotics dmsufmdanieadildsunamesfana11dgiwad
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4.1 wameaasdl 1 Mswlleaiieaauszamuaaeas hNF dagluianavunaian

dnfunamieningad hNF Wusaduszamlaslinanasuinidn Jaead hNF gungidesdy
osfiiluanavuiaidnues HPI1 wag NZ 1unan 5 wag 10 Ju Tnsudadu 4 ngu maneassie
1. nguAduAx day 0 2. N§UAIUAN days 5 3. naudilAsu HPIL+NZ days 5 4. nguilldfu
HPI1+NZ days dnwadngiuineveseadiudsunuamsdngiuinedniosluiud 5 waglutud
10 nguiilddamiuseming HPIL uay NZ wadiiniaiuAsuulasgussndnateadussamanntu (Ui
A) MntunsadouNsuanieantasduiisinziumadusvam nadwsuandifiuinfusumzes
wadUszamuas TUJL, SOX1 uay PAX6 Sinsuanaiistueeeiodfa(p-value < 0.05) Tusud 10
Tunguilé$u HPI1 way NZ sauifu ieifieudunguiuil 0 Juil 5 uagiudl 10 (U7 D waggud £)
Tumanssiudna msuanseen Fulsllusuaadlunguild3u HPI1 wag NZ Wuna 10 Susandiidiu
iulwlusvaananasedsiidedinay (p-value < 0.05) (CO1A1, KRT18,CO1A2, CO3AL uay
Elastin) Llewfsudunguiuil 0 Yuil 5 wazdudl 10 (@lailé3u HPIT uaz NZ) (U7 B way O n13

wanseendulilusuaandaaenadesiunaredlusiulaeioduylungeeisaimudnuinluiun 10 ves

nax HPIL wag NZ shuiu dn1suansoenvad TUJL Winduway CollAl anauilaiiguiunguaiuny

'
v a
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Ui meluwadededs mammalian target of rapamycin (mTOR pathway) Sudfnszuiunises
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%

stress) lwadaznTEAUAA AMP-activated protein kinase (AMPK pathway) @4zssa fFudanisvien
99938 mTOR Svdaasulfiianszuaunis oelan3iuas] lunsduedlsamnudenvassyuy
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UszanmiAnannie inSenoondiatuihlugnismeveawaduszam dsenaas thlugnisinlsedals
wesuaglsanfiudu dsaznalsie] Yaeflanuunniosuazgyidsanunsedmdenunisidon
dussauzvesmenazinmsiedeulmiianunilas) sgndlsinudadefinelianlsamand dunis
11910 M5lEFInUsEI YU FsazgnaruausiiuuinaTin Tae ofeazdne 9 anglusranesiuda
nsguaun1seelaniday duraaarlunisviinuegruduszuu mnviuianaivie Snsld
FAnUszariuivinauna o1adanalyinisvinnuwes winFanudssuld

Mnmamileninead hNF ludumadlaunfiuesdn seluanavuinidn Nz wag HPI1 Sy
Hunan 10 Su wundenuausalunsdfignisuanseenvesdunaslusfiusmierewadussam

NTnm1zAlaUIUNIUNTEUIUNTS autophagy. 19



18

UIIUIUYNIN

1. Hachinski V, ladecola C, Petersen RC, Breteler MM, Nyenhuis DL, Black SE, Powers WJ,
DeCarli C, Merino JG, Kalaria RN (2006) National Institute of Neurological Disorders and Stroke-
Canadian stroke network vascular cognitive impairment harmonization standards. Stroke 37,
2220-2241.

2. Cardozo AJ, Gbmez DE, Argibay PF (2011) Transcriptional characterization of Wnt and

Notch signaling pathways in neuronal differentiation of human adipose tissue-derived stem
cells. Journal of Molecular Neuroscience 44, 186-194.

3. Dluzen D. Estrogen decreases corpus striatal neurotoxicity in response to 6-
hydroxydopamine. Brain Res. 1997;767:340-4.

4. Kanda T, Jackson MJ, Smith LA, Pearce RK, Nakamura J, Kase H, Kuwana Y, Jenner P.
Adenosine A2A antagonist: a novel antiparkinsonian agent that does not provoke dyskinesia in
parkinsonian monkeys. Ann Neurol. 1998; 43: 507-13.

5. Savica R, Grossardt BR, Bower JH, Ahlskog JE, Rocca WA. Risk factors for Parkinson’s
disease may differ in men and women: an exploratory study. Hormones Behav. 2013;63:308-
14.

6. Jimenez-Jimenez FJ, Mateo D, Gimenez-Roldan S. Premorbid smoking, alcohol
consumption, and coffee drinking habits in Parkinson’s disease: a case-control study. Mov
Disord. 1992;7:339-44.

7. Fink J, Bains L, Beiser A, Seshadri S, Wol P. Caffeine intake and the risk of incident
Parkinson’s disease: The Framingham study. Fifteenth annual symposia abstracts. Mov Disord.
2001;16:984.

8. Checkoway H, Powers K, Smith-Weller T, Franklin GM, Longstreth Jr WT, Swanson PD.
Parkinson’s disease risks associated with cigarette smoking, alcohol consumption, and caffeine
intake. Am J Epidemiol 2002; 155: 732-8.

9. Kalda A, Yu L, Oztas E, Chen JF. Novel neuroprotection by caffeine and adenosine A2A
receptor antagonists in animal model of Parkinson’s disease. J Neurol Sci. 2006;248:9-15.

10. Xu K, Xu YH, Chen JF, Schwarzschild MA. Caffeine neuroprotection against 1-methyl-
Aphenyl-1,2,3,6-tetrahydropyridine  toxicity shows no tolerance to chronic caffeine

administration in mice. Neurosci Lett. 2002;322:13-6.



19

11. Xu K, Xu YH, Chen JF, Schwarzschild MA. Neuroprotection by caffeine: Time course
and role of its metabolites in the MPTP model of Parkinson disease. Neuroscience
2010;167:475-81.

12. Singh S, Singh K, Gupta SP, Patel DK, Singh VK, Singh MP. Effect of caffeine on the
expression of cytochrome P450 1A2, adenosine A2A receptor and dopamine transporter in
control and 1-methyl-4-phenyl 1,2,3,6- tetrahydropyridine treated mouse striatum. Brain Res.
2009;1283:115-26.

13. Joghataie MT, Rogahani M, Negahdar F, Gashemi L. Protective effect of caffeine against
neurodegeneration in a model of Parkinson’s disease in rat: behavioral and histochemical
evidence. Parkinsonism Relat Disord. 2004;10:465-8.

14. Aguiar LM, Nobre HV Jr, Macedo DS, Oliveira AA, Freitas RM, Vasconcelos SM, Cunha
GM, Sousa FC, Viana GS. Neuroprotective effects of caffeine in the model of 6-
hydroxydopamine lesion in rats. Pharmacol Biochem Behav. 2006;84:415-9.

15. Kachroo A, Irizarry MC, Schwarzschild MA. Caffeine protects against combined paraquat
and maneb-induced dopaminergic neuron degeneration. Exp Neurol. 2010;223:657-61.

16. Ascherio A, Weisskopf MG, O’Reilly EJ, McCullough ML, Calle EE, Rodriguez, Thun MJ.
Coffee consumption, gender, and Parkinson’s disease mortality in the cancer prevention study
Il cohort: the modifying effects of estrogen. Am J Epidemiol. 2004;160:977-84.

17. Hancock DB, Martin ER, Stajin JM, Jewett R, Stacy MA, Scott BL, Vance JM, Scott WK.
Smoking, caffeine, and nonsteroidal anti-inflammatory drugs in families with Parkinson’s
disease. Arch Neurol. 2007;64:576-80.

18. Hu G, Bidel S, Jousilahti P, Tuomilehto J. Coffee and tea consumption and the risk of
Parkinson’s disease. Mov. Disord. 2007;22:2242-8.

19. Tan EK, Chua E, Fook-Ching SM, Teo YY, Yuen Y, Tan L, Zhao Y. Association between
caffeine intake and risk of Parkinson’s disease among fast and slow metabolizers.
Pharmacogenet Genomics 2007;17:1001-5.

20. Powers KM, Kay DM, Factor SA, Zabetian CP, Higgins DS, Samii A, Nutt JG, Griffith A, Leis
B, Roberts JW, Martinez ED, Montimurro JS, Checkoway H, Payami H. Combined effects of
smoking, coffee, and NSAIDs on Parkinson’s diasease risk. Mov Disord. 2008;23:88-95.

21. Saaksjarvi K, Knekt P, Rissanen H, Laaksonen MA, Mannisto S. Prospective study of
coffee consumption and risk of Parkinson’s disease. Eur J Clin Nutr. 2008;62:908-15.

22. Prediger RDS. Effects of caffeine in Parkinson’s disease: From neuroprotection to the

management of motor and non-motor symptoms. J Alzheimer’s Dis. 2010;20:5205-20.



20

23. Costa J, Lunet N, Santos C, Santos J, Vaz-Carneiro A. Caffeine exposure and the risk of
Parkinson’s disease: A systematic review and meta-analysis of observational studies. J
Alzheimer’s Dis. 2010;20:5221-8. 28. Skeie GO, Muller B, Haugarvoll K, Larsen JP, Tysnes OB.
Differential effect of environmental risk factors on postural instability gait difficulties and
tremor dominant Parkinson’s disease. Mov Disord. 2010;25:1847-52.

24. Altman RD, Lang AE, Postuma RB. Caffeine in Parkinson’s disease: a pilot open-label,
dose escalation study. Mov Disord. 2011;26:2427-31.

25. Tanaka K, Miyake Y, Fukushima W, Sasaki S, Kiyohara C, Tsuboi Y, Yamada T, Oeda T,
Miki T, Kawamura N, Sakae N, Fukuyama H, Hirota Y, Nagai M, the Fukuoka Kinki Parkinson’s
Diasease study group. Intake of Japanese and Chinese teas reduces risk of Parkinson’s disease.
Parkinsonism Related Disord. 2011;17:446-50.

26. Savica R, Grossardt BR, Bower JH, Ahlskog JE, Rocca WA. Risk factors for Parkinson’s
disease may differ in men and women: an exploratory study. Hormones Behav. 2013;63:308-
14.

27. Jimenez-Jimenez FJ, Mateo D, Gimenez-Roldan S. Premorbid smoking, alcohol
consumption, and coffee drinking habits in Parkinson’s disease: a case-control study. Mov
Disord. 1992;7:339-44.

28. Fink J, Bains L, Beiser A, Seshadri S, Wol P. Caffeine intake and the risk of incident
Parkinson’s disease: The Framingham study. Fifteenth annual symposia abstracts. Mov Disord.
2001;16:984.

29. Joghataie MT, Rogahani M, Negahdar F, Gashemi L. Protective effect of caffeine against
neurodegeneration in a model of Parkinson’s disease in rat: behavioral and histochemical
evidence. Parkinsonism Relat Disord. 2004;10:465-8.

30. Aguiar LM, Nobre HV Jr, Macedo DS, Oliveira AA, Freitas RM, Vasconcelos SM, Cunha
GM, Sousa FC, Viana GS. Neuroprotective effects of caffeine in the model of 6-
hydroxydopamine lesion in rats. Pharmacol Biochem Behav. 2006;84:415-9.

31. Yu L, Chen Y, Tooze SA. Autophagy pathway: Cellular and molecular mechanisms.
Autophagy 2018; 14: 207-15

32. Fujikake N, Shin M, Shimizu S. Association Between Autophagy and Neurodegenerative
Diseases. Front Neurosci 2018; 12: 255.

33. Hyman et al (2009) Small-molecule inhibitors reveal multiple strategies for Hedgehog

pathway blockade. Proc.Natl.Acad.Sci.USA 106 14132 PMID: 19666565.


https://www.ncbi.nlm.nih.gov/pubmed/19666565
https://www.ncbi.nlm.nih.gov/pubmed/19666565

21

34. Lang A., Lozano A. Medical progress: Parkinson's disease (first of two parts) N. Engl. J.
Med. 1998;339:1044-1053.

35.Lange A., Lozano A. Parkinson’s disease: second of two parts. N. Engl. J
Med. 1998;339:1130-1143.

36. Hardy J. Genetic analysis of pathways to Parkinson disease. Neuron. 2010;68(2):201-
206.

37. Kefalopoulou Z. Long-term clinical outcome of fetal cell transplantation for Parkinson
disease: two case reports. JAMA Neurol. 2014;71(1):83-87. 5. Barker R.A. Fetal dopaminergic
transplantation trials and the future of neural grafting in Parkinson's disease. Lancet
Neurol. 2013;12(1):84-91.

38. Barker R.A., Drouin-Ouellet J., Parmar M. Cell-based therapies for Parkinson disease
[mdash] past insights and future potential. Nat. Rev. Neurol. 2015;11(9):492-503.

39. Barker R.A., Drouin-Ouellet J., Parmar M. Cell-based therapies for Parkinson disease
[mdash] past insights and future potential. Nat. Rev. Neurol. 2015;11(9):492-503.

40. Grealish S. Human ESC-derived dopamine neurons show similar preclinical efficacy and
potency to fetal neurons when grafted in a rat model of Parkinson’s disease. Cell Stem
Cell. 2014;15(5):653-665.

41. Caiazzo M. Direct generation of functional dopaminergic neurons from mouse and
human fibroblasts. Nature. 2011;476(7359):224-227.

42. Jiang H. Cell cycle and p53 gate the direct conversion of human fibroblasts to
dopaminergic neurons. Nat. Commun. 2015;6:10100.

43. Vierbuchen T. Direct conversion of fibroblasts to functional neurons by defined
factors. Nature. 2010;463(7284):1035-1041.

44. Debasish Halder, Gun-Hee Kim and Injae Shin. Synthetic small molecules that induce
neuronal differentiation in neuroblastoma and fibroblast cells. The Royal Society of Chemistry
2015. Cite this:DOI: 10.1039/c5mb00161sg.

45. Tomas-Hernandez S, Blanco J, Rojas C, Roca-Martinez J, Ojeda-Montes MJ, Beltran-
Debdn R, et al. Resveratrol Potently Counteracts Quercetin Starvation-Induced Autophagy and
Sensitizes HepG2 Cancer Cells to Apoptosis. Mol Nutr Food Res 2018; 62: 1700610. 21.

46. LiuY, Gong W, Yang ZY, Zhou XS, Gong C, Zhang TR, et al. Quercetin induces protective
autophagy and apoptosis through ER stress via the p-STAT3/Bcl-2 axis in ovarian cancer.
Apoptosis 2017; 22: 544-77.



22

Qs

Uszan

a o/

V.
N7I9Y
v

Fo - wana (nMwlne) 5a.03.U35y Yeran
o - UINENa (mmé’mqw) Assoc. Prof. Parinya Noisa, Ph.D.
e UnsUsEINeIUTEINYU 3489900186665
Aty 813159
mhauwazanuiiegifnselfavaan
dindymalulagnisinuns anvinalulagdinim uninerdemaluladasuns
flog #esUfTAn"g Cell-based assyas and Innovations e1ANsAUdiA30sile 14
WIMeFEnAlagaTUNT 111 QUUNMINEIEY A.g5U13 8.4d89 3.UATIIVENN 30000
nsAnvidlodo 061-6266390  E-mail p.noisa@sut.ac.th
UszIRn1sAnen Iendeduiisea asuneu @1913%1 Stem cell technology
Ulau  nm.2553
msuﬁsmmsﬁﬁﬂ’amsﬁﬂmzyﬁmw

Stem cells, Neurobiology, Cell biology, Toxicology, Natural products

Nt uazinasauda

1. Noisa, P., Ramasamy, S. T., Lamont, R.F., Yu, L. S. J., Sheldon, M., Russell, A., Jin, X., Cui, W.,
Identification and Characterisation of the Early Differentiating Cells in Neural Differentiation of
Human Embryonic Stem Cells. PLOS One, 2012; doi:10.1371/journal.pone.0037129

2. Tommiska, J., Toppari, J., Vaaralahti, K., Kdnsakoski, J., Laitinen, E.M., Noisa, P., Kinnala, A.,
Niinikoski, H., Raivio, T., PROKR2 mutations in autosomal recessive Kallmann syndrome. Fertil
Steril, 2012; doi:10.1016/j.fertnstert.2012.11.003

3. Jongkamonwiwat, N., Noisa, P., Biomedical and clinical promises of human pluripotent stem
cells for neurological disorders. Biomed Res Int, 2013; doi: 10.1155/2013/656531 (Review).

4. Noisa, P., Lund, C., Kanduri, K., Lund, R., Lahdesmé&ki, H., Lahesmaa, R., Lundin, K.,
Chokechuwattanalert, H., Otonkoski, T., Tuuri, T., Raivio, T., Notch signaling regulates the
differentiation of neural crest from human pluripotent stem cells. J Cell Sci. 2014 ;doi:
10.1242/jcs.145755.

5. Noisa, P., Raivio, T., Neural crest cells: From developmental biology to clinical interventions.
Birth Defects Res C Embryo Today. 2014 Sep 16. doi: 10.1002/bdrc.21074. (Review)

6. Suksuphew, S., Noisa, P., Neural stem cells could serve as a therapeutic material for age-

related neurodegenerative diseases. W J of Stem Cells. 2014, in press (review).



23

7. Noisa P., Raivio T., Cui W., Neural Progenitor Cells Derived from Human Embryonic Stem
Cells as an Origin of Dopaminergic Neurons. Stem Cells Int. 2015;2015:647437. doi:
10.1155/2015/647437. Epub 2015 Apr 30.

8. Trokovic R., Weltner J., Noisa P., Raivio T., Otonkoski T., Combined negative effect of donor
age and time in culture on the reprogramming efficiency into induced pluripotent stem cells.
Stem Cell Res. 2015 Jun 11. pii: S1873-5061(15)00074-4. doi: 10.1016/j.5cr.2015.06.001.

9. Prajumwongs P., Weeranantanapan O., Jaroonwitchawan T., Noisa P., Human Embryonic
Stem Cells: A Model for the Study of Neural Development and Neurological Diseases. Stem
Cells Int. 2016 Volume 2016 (2016), Article ID 2958210, 9 pages
http://dx.doi.org/10.1155/2016/2958210.

10. Lund C., Pulli K., Yellapragada V., Giacobini P., Lundin K., Vuoristo S., Tuuri T., Noisa P.,
Raivio T., Development of Gonadotropin-Releasing Hormone- Secreting Neurons from Human
Pluripotent Stem Cells. Stem Cell Reports. 2016 Jul 13. pii: $S2213-6711(16)30099-6. doi:
10.1016/j.stemcr.2016.06.007.

1 1. Jaroonwitchawan T., Chaicharoenaudomrung N., Namkaew J., Noisa P., Curcumin
attenuates paraquat-induced cell death in human neuroblastoma cells through modulating
oxidative stress and autophagy. Neurosci Lett. 2016 Oct 25. pii: S0304-3940(16)30805-9. doi:
10.1016/j.neulet.2016.10.050.

12. Jaroonwitchawan T., Muangchan P., Noisa P., Inhibition of FGF signaling accelerates neural
crest cell differentiation of human pluripotent stem cells. Biochem Biophys Res Commun.
2016 Nov 2. pii: S0006-291X(16)31842-3. doi: 10.1016/j.bbrc.2016.10.147.

13. Suebsoonthron J., Jaroonwitchawan T., Yamabhai M., Noisa P., Inhibition of WNT signaling
reduces differentiation and induces sensitivity to doxorubicin in  human malignant
neuroblastoma SH- SY5 Y = cells. Anticancer . Drugs. 2 017 Feb 2 4
doi:10.1097/CAD.0000000000000478.



	Cover
	Abstract
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Reference
	Biography

