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T At Aol BAE Y] WE
232173 Al (central nervous system, CNS)
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olti1, 2]. &, AA
o= AZA| E2] 4452 (regenerative neurogenesis) ©] A 3
te= AR 212 EeA 53417 2 3K neurodegenerative CNS
disorders) & U’1o] ¥= AZM E(neural cells) 9] Ard} 2173
W(neural network)$] & 77 AEY FFolu dAE

Sl 2EACE BT £ gl Aolgks ZIHE AolFth
o|Zn}, A EZt)A|7]% (regenerative cell replacement) ©]2} £
= olys X5 v)E3} Al E(undifferentiated cells) & &

3k W o 2 ujoksle] B AAMER E3H(directed neural

differentiation) A|71 TS AZAAF| A (lesion) o] ©] 2] (trans-
plantation) 3PAY T wiEst Ao AXE A3 &5

o]2l3te] 4172 A 9] 4157 (signals) ol whet F213} £
e fegoss s sk wy H34 342
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Embryonic Stem Cell Therapy for Neurodegenerative Brain Diseases

Sung Il Roh, M.D.*, Joo-Yong Lee, Ph.D.

Asan Institute for Life Sciences and Department of Neurology, Asan Medical Center, University of
Ulsan College of Medicine, Seoul; Division of Stem Cell Biology, Medical Research Center, MizMedi

Recent finding that neural stem cells exist, divide, and differentiate into neurons or glia in adult
mammalian brain, has raised hope for the therapeutic application of stem cells for neurodegener-
ative brain diseases. This is because transplanted stem cells may functionally or pathophysio-
logically compensate for neural cell loss or stimulate endogenous neurogenesis in the injured
brain. Since the reconstruction of a damaged brain would require a large graft of neural cells,
the neural differentiation of stem cells (adult or embryonic) is very important in cell replacement
therapy for brain disorders. We here make a brief description of stem cells, and review the method-
ological development of neural differentiation in embryonic stem cells. Moreover, the current
application and obstacles of cell therapy for some brain diseases are also demonstrated.
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S AZARE AT AREA FHo S AFAEE F3HA
d o Sl PIES AZTE eolH, o8 S8 ARATAE
1%

(neural precursor cells), AA =7 E(adult stem cells) 2} BY
o}=7]M E(embryonic stem cells, ESCs)ol] tjgt J+7F A=
HoE 1Y 39

o] ZoXe HPA HAAEE 25| o]&37] 3] wiolE
7IAEZRE AANE E3H(neural differentiation) & i3k
719 ti3l] Yolhy, AXUA7I&E ol& MUY E I
A go] Juh} AARY=R, T8)7 1 A 77} o= A
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315& 571‘1]-- A

A (pluripotency) ]2} &4 stemness® ©] Eﬁ g EAS £ %]5}{—
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EHOFEY IMZE OISt EJY =

Al (organism), = t)FE] ZA (tissue) S AT 4= J&
T 2318 = Ade AEZAN FHH(fertilized eggs) 5
7re totipotent 7M1 E, 4 F vjoPd Al 4 (embryogenesis)
Z A== wjurE (blastocyst) W Al EW (inner cell mass,
ICM) TAMNEEAY &4 A E T 7= o BE
W)= (endo-, ecto-, mesoderm) Fe&f Ao E B3y} 7}
5% pluripotent S71ME, 123 AstE &4 AE AEXZ
31713 multipotent %7]/‘113 Soltt WA 27t ¢

S &

‘?_]_-

w0 g debe JAETINEE ok A% AAE el wat
318 4 31+ multipotent 57] I ZZA ZEEA EZ(hemato-
poietic stem cells) 9, 57+ £714 3 (mesenchymal stem cell),

AAZ71H E(neural stem cell) So] s|gEw, ojn] FAL
2zl 24 3 7] Well EA1ste] A0 Al T &4
© AEES Bg8te A43E sk JAE7 xS 54 A7
531431 (organ-specific) w3t7} WA golatal QAo o] 4]
stelete 713 E(teratoma) o2k ¥4
WEA gom &84 =4S AT 3
’“O]‘/} A71530] ofE 9] Gl e AEE A7) st
223 injr} QAN A3 FEdoF sk HARRC] UL,
Nxﬂ 2= 1‘5}9} th2 293 E3}(spontaneous differen-
tiation) &] W=7} oM, A5HANA 274E F e A
ZZHgenetic mampulatlon)ol AA G dEE ZheT o
o W&} pluripotent &7]AE2] B o}=7]A| E(embryonic stem
cells, ESCs) &= AZ71M 2| w3 8] wihe] ddads 24
AeH HA F7IME I+ stemnessE A A8k Al
E2A _E,Lng] zqg = 9lo] A A A I:H?J'—Oi xgx}o}j_ 2}
717k B3ek o Q7] Wil v MEAR e A AETs
Ao zA I A7 7L wig- Ak
Hjo}=7| M| £ Evans and Kaufman, 12|27 Martin 59|
Aol ZHHimmplantation) 3}7] )72 %7] vjoH early em-
bryo) Zefel Witz N EWY HEES AA RS in vitro
o & o] wjgetom M AFujolE7 )4 £ (mouse embry-
onic stem cells) & g3k Zlo] A|Zo]H[3, 4], 1998 Thom-
son 5ol frAket WS ARS-ste] AlghfolE7] A £ (human
embryonic stem cells)E TEEH AFSARIL5], EATA
AAA NN B ?‘Tgr«] o727t Al ghEolA L Slth
o] wjelZ/ N ZAEEL FFH 07 A7FA A2 (self-renewal)
3 o5 (pluripotency) & &43] FA A F-3hs] F4ska
AeH, 54 oA wigkel] ol AAH o E 3uid (W, <,

) S 53, 38k = A= T (EIE, spherical) X% embry-

[¢}
3 Z9K(benign tumor)<

= g0l 9ot

oid bodyg #AJ3l3, SCID A% & HH7|5°] Add &
Aol o]23PH HIA|gHA] o] 2] 3} ¥ 3H uncontrolled differen-
tlatlon) HHEElo] Thoksl 3ul Al fof 23S e With(7]

[¢]
&%, teratoma). ©|¥ eJw]el|x] &4 (karyotyping) = HI%
3 42 oA (genetic instablility) # self-renewal, 7|33
(teratoma) H4& %3 tsA(pluripotency) &S wjol=

69

7127} Pdel stemnessE FASL =7 Wlske &
2.3 A7 fo{6].

g, 2001 84 9% v|=¢] Bush EH%ES% A 71l
e ™ o] BA7kA] SHE AlgET)x
g ARk s AArIEE ALY Zﬂolﬂﬁl g3 v 9l
th o] ¥RE WSde AHEVIMEE U3

71l A BHEe Rl F 720l 2005 9 ?izﬂl"c 22%‘3
Z 2o/ ZHE o] Fole FEvete vzt WY

¥ Miz-hES1 A E7H7] E3HE|o} sl A
53 Ack(http: //stemcells.nih.gov/research/registry).
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MZAMZE3}7|=(Neural differentiation)

A2l wjolh A 714 (embryogenesis) o= H|WZ WE
Ao A7 neural plate) 7 A173 9]ul &4 (neurcectoderm) &
J 5 A7 Bl Yehdt rIR AR wjelE 7| M EE em-
bryoid bodyZ E8A171H 7H4 WA A== By 7} 7%
neuronal marker&< T35 Fdsle AAAEEIT8]. 3
A9 o]k 2}91d E-3}(spontaneous differentiation) = THF
gk e (subtype) o] A4 E(neural cells) 5 ofe} thE
AT AZE7A B A4 o]AAQ] S E(het-
erogeneous cell population) &2 FAE o] Q17| W] A7ZA
wie] 54 X]‘ﬁ"ﬂ/‘i ERFHS 75 §<‘€‘ AR E7L &3
wo] Yehbe A7EAES] NEE A AfstA gtk 81
v embryoid bodyE estrogen, B27, hEGF, hFGF2E& -3}
A e 55 H°k°“°ﬂ/‘1 A&H o= ket stzl ogAnh

MLy FERe

LI A

°J/H]i(neural progenitor cells) & Zte
neurospheresE Fr= 4 910mM[9-11], °o]&& 7t AT A
#](newborn mice) 2 ?14’;‘3' lateral ventricle) ol ©]2](engraft-
ment) 3FH %2 (brain parenchyma) 22 A™ME0{7} neurons
9} gliaZ H3}slti{12].

Retinoic acid (RA, vitamin A)7} vjopbaizgel] 9lojx Al
Z4aslel] Fogithz AR ojn] & gzl Apdeltt viiA|
2 TERA2SP12, F9 ujjo}kAl| E (embryonic carcinoma cells)
9} vjolE7|ME RAS Aglsld A1AAIE(neural lineage)
MNEZ 237} 225 0] 7} A7AME markers (nestin, Tull,
NeuN, GFAP )& &ddti{13, 14]. v]E RA A J3)
B AEE] AU AFAE F 50-70%Tke] AZ3A| o)1
YA e b2 AT AE=E FAE o]ZA AE(hetero-
geneous cell population)& FA 3= wdo] 71 shu15],
RAT Wl |MEZRE AAEESE =] Sl 7P wol
2ol Fzoltt. 53] RAAZE wHjolE7|M 7} 24 (spinal
cord) AAAE T2 markersE A3 A7) (electro-
physiology) 45 Kol AEMER #3leh= 7]

ol A o] ke H4EA(spinal cord injury) ol A& & 3l



< AAAEE B3} freshed ©ol 2kolx it 15, 16]. AA
2 RAZ} Q= ulokolo A 4] Eot joket & thA] 49 EoF RA
A7} v oFH ] i embryoid bodyE 7|9 (4-/4+ protocol) ©]2]
S &k S 3BAD F e AAAE

S4E Hae] Feet 7lE
b goR ”JE‘HXJ‘:]'[IG]. o]9]dk RA A€ embryoid
bodyE insulin, transferrin, fibronectin (ITSFn), FGF2 &7}
Hj et A Asto] wjke 734 AL AN AT E (neu-
roectodermal precursor cells) 9] £33/} £AEM[17], E=A
713 (ventral neural tube) AIQ1A}21 sonic hedgehog (Shh)
£ 7t Azete] F417M Z(motor neurons) 3 STHA]
Z = JoH18]. 53] wjo}=7|HEE RA Q9 neural supple-
ments (B27, N2), hEGF, hFGF2, hPDGF-AA, hIGF-1, &
+ bone morphogenetic protein 4 (BMP4), 5-NGF % 7}=
23740 (growth factors) & 7k v oFyol|A] wlj 31 A ‘/P[19],
Z4fe) 71AMZF (stromal cell line) PA6FS] 5-AH] %(stro-
mal cell-derived inducing activity, SDIA)[20], A4 ¥ (as-
trocyte) 2 9HE feeder-layer[21 1At A 9] vi<k = 7ieok
ZF(hepatocellular carcinoma cell line) HepG2E 7]9¥H¥ con-
ditioned media MEDII[22]¢} 37 wjosld AZAMEZ ] #
k&S A IAE F sl HEo H29E embryoid body

£ Wnt ¥ nodal AZHEAZ9] antagonistQl Dkkl, LeftAE
A7}3l optimized serum-free suspension culture media©l|A]
v okslo 24 Zu] A LA 7 A E (telencephalic precusor neurons)
o #3k5 Fxleks 2AMd £H 53k B£3kE friEske Ve
(directed neural differentiation)dl] #3F AFE A|&Ho 7 2
= gloi{23].

I AAAE 23k StisE FEe 7ed wEd
T B35y SHsHA s A17A £+ (homogeneous neural
cell population) & FHE 78] B7F535 Aejoltt. wahA o]
g AT AR 71swete] BAEL e, S3AF AE=Re
£3}(lineage-specific neuronal differentiation) & FZ3AY
239 A EwS &44) 28 2O (isolation, selection) 130
HlolZ7 A E W59 FHAE 2% (genetic manipulation) 3h=
o] x4l o olt}, ¢ A dopaminergic neurons®] 3}l
293 AR A transcriptional factor) Nurrl®] Wég Zx1&}
EF el EE AR 2281 dopamine AJAJo] Sgt
neurons® #3317} FE=%™ o]E Parkinson's disease (PD) %
BRI ¥l o] ¥ 75S tha IEAZ F drH24].
T3 AANEY FY3F =4S 98] A7l marker?l Soxl

Ftl:

FU’.

»

T, A4E AZM| E(mature neuronal) marker®l Tau
AL, = AAZE7|HE marker®] nestin §AAF SO St

37

2 (green fluorescent protein, GFP) F4AE A3AA ol&
< vjo}lE M 2 transfectionA| 7] & AT Bo| Al 9]
o25, 26]. 0] AEW A 223 #HEEte 25 AR
ool hl A e o]0 7 wAlah= HAA Agke] S 8

G FAAE AE5] FAGES &Y 237 HfelE7|Al

v1tr0**°ﬂ*1 HlolE7 |29 AARESE Fsle
*Jé A 2] ARl BIAAE ol g8l Ao @
9 4 JE}. = Hﬂ°P€7W = X%‘d *J7é7ﬂ°ﬂ o] 4]}
73
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0@7]*1]_%3 o uf 0} chick embryo
structure) 3 AdFZ2A o o] A51H wljolE| MLy
—r@ro}uﬂzﬂ Alghjolz7 |22 RE EshE Al
ot AF €] 4 (ventricle) £ o] 48} o] Hlftao A %
2L ALsle goksl EAS zi= AAAE A E( neuronal
lineages) & #3813 4 g0l #EH ] in vivodelA1e] 2737

T3t 7Fs el A HAT17, 28],

> L o
uo
=
5.)\

ol
=N

H‘—r‘

or 7

1. T 1=H(Parkinson’s disease, PD)

PD7} @ &= HlS 4 (midbrain) &) 3412 XL (sub-
stantia nigra pars compacta, SNc)dll £} dopaminergic
neurons®| F3}ate] A ZA (striatum)Y] dopamine AAlo] x}
@5 7] wjFolt}, o}&7kA] dopaminergic neuronso] ¢ ¥ 3}a}
A 86 & fAT OE SR HPAdN73 A8} v st
W PDE a8, AsiatzQl EAJo] & E vl A Mg
W ls 2k AW R oA mEbA AEE dopamine
AAYNEE TA] ARAZIAY Bgsl7]9h gt 249 A5
7} 7HsE i 97] Wil PDE A EHAX 5 7]% (cell replace-
ment therapy) 7Hd< A-&3l7]0] o}F £ HAAS F9
shtoltt. o]efgk 7 stell PDEAL 2441 e] -4l (adrenal gland)
O 2HE AFHAL} EEE vt dopamineAF chromaffin
cellsE SNeol o]4fste] Bgg AFstEen, =] 37l 3A
o AR ouglE A EIIF HIEATH29, 30]. 3 =u
AAXF A7 =A8 el & 6-hydroxydopamine (6-
OHDA), &£ 1-methyl-4-phenylpyridinium (MPP+)& 3
F 9] SNco| FY3sAY 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP)E A#¢] 87, 2 ol Fjste] 1

© TER9Y AxA | BofolA FE8 Eavly 2723 (fetal
dopaminergi neuronal tissues)& ©]2|3hH Tupgl Ao =7}
atml 54 ZAHlocomotive test) ol i E 7 vrebsiTh
o] Az} BlopxA o]A7]se] EFHAQ PDAE/|HOE o]&d
F & Zolge gUE PDEAN ArAE A HoF3lom,
AAZ iR AL YR ¢ A7 del A 53
=Ath AT AFR7ldE o] W] wig EHHY A=
H7FE ol = %‘?5}1 HI7A Y AAES TS vl 9



HHOFEY IMZE OISt HaliY =[MzTe X|=7|E Y

ShH ZZ o5 W Bajo Al A &F Al (dyskinesia) 7} THE
st B A A Y § IuA TEAgR] g2
Aoz AHEH T oyt Al ejolal Az o] 2lo] Aafst 9l
E5 AFHOE BAFIAL oA o]AlE ZARA ) o]n] k)
& PAT F dE X7 ZA| S v &) wlg- AL E 0]
B AARMNEZFE] F3] GFETre] Ao} 715s] wzel 237t
A JelgE 7heAdel A o4& 93t ey T FHEA
He dolez s F2go] JehAY Xgasprt gzl A
o2 FHHEE webs o] 24 S XA w £ dopamin-

ergic neurons®] H]E0] & AHF T 0] T 2 AR
HheS AlgetE, $es F9

rlo
z
oX, Ho

sl EA gohd gjol AxA
0]4]7]%-& PDEAEANA AGHoZvn} 595 ©3T 5 9l
AL Wtk vk ApikE Aolg) strjEts otz RE A
ZA & dethe 39 A B84 =3 giide] 2§ 9]
giimol, thE X Fado] 87 Al A A2 (umbilical
cord blood cells) Y} 24| E(bone marrow cells) 2} 7+ AJA|
E7NEE o] &e 7|2 ¢ AAAIFe] ] A= Atk
53] gt A XU EA wolE7|HEE o]&stele AT
7F gkl ZE I Qlojx HYE AN Fe| MERAZR o
3] o] 45t 3led & dopaminergic neurons® 317} o] 2| A%k
AF 9] wjolE7 M Eol|l Shhét FGF8E FAlol A2fstALt, as-
corbic acid, interleukin-18, TGF 8, GDNF, neurotrophic fac-
tors S HijFlol H7F8S 2H dopaminergic neuronsZ9 #
shes @0 = & Avh E=3 69 7122 (stroma-
derived cell line) 9l PA6 AIE9} FAM|F3AY, faF 22
o 9l Nurrl, Pitx3, Lmx 1B &2H31, 32]), &= Bal-XL
9] 98-8 Z7IAAE dopaminergic neuronsZ 2] £3H&S 371
A g 9o, o] FIMEES PDEERY Y HEA (stria-
tum) ol o] A9 HE Ak NEET] AEIAT do-
pamine TH7} AFH 08 o]FA Y G- AFHAE HEL
o] A=At ek BMP A &9l nogging o]-&3}e] A
dolE7MEE EAFAES W o] E3IAEMEE F9 PD
EdolA frEdt B35 et 33]. 12y wjolEr|A 27t
ojx Y PDEERYAA Fofdt T35 Ho| Sl EF3}
I OPATAE Al ARS] A4S FAA e 7P A &
AAE Hetol| Al JAA] o] AH chromosomal aberrations) S E 3+
= A2 BoF A (genetic instability) 2+ 7] 3% (teratoma)
o] A WAE T AR dA) 9 ozl difo] TAFEA,
I3 ofgA olF AT A=Al e At A 11H
=7 Faal vk

X
)

2. =|&E%(Stroke)

PD7} Aela f&o] AAAE, & SAA (substantia nigra)
I} A ZA (striatum) &) dopaminergic neurons’} HZ& o2
gy Fo] e SHA AEXF7]|E0 T2 Lol
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2 4 b, 38 (cerebraln artery) 2] A (occulusion) 9]
olaf =A<l 38 (focal ischemia)©] Ve Az o2 3}
e HFoe] e HEF A FMEE o] & A5
=2 gl g Ao 7oE A B E A7 HE
o PDO 2] FH> 39 A7 A E(neurons) ¢ gliaZ} 5
A 715 de AFe)7] e o5 Tl IEATIH
A7 A EAE @ 4 ok IFo s Bsial FelA] o
g AEE] HEFT AH HE 57T F Ao 7107 4
A AL, HEF A% ¥ HAJAY 9 (subventricular zone,
SVZ)dll $IX3F 2 7Z7)14 E(neural stem cells) 25-E A 7A
¥ (neurons) AJAJo] Z7tE| 1L o] AIAMELEC] SRR o)
ato] oju] & NN EESH frAHeH F 4 (phenotypes) & L&
3t 35 Zo] SRIES] wEolth HSo] oljgk A7AA
F9] A1 (neurogenesis) # &8-S FGF2, EGF, EPO (ery-
thropoietin), BDNF, VEGF, g}o}&EA|~(anti-apoptotic) 2F
=, 9% (anti-inflammatory) & 5= AHzlste] AL
g olon, A 7154 AT S F g B
H ok gty AFAHO R HEFOZRE HE BETAZL £ U=
7P oA NEAE A= sl o]4E MEEo] 4
FHOE A E F/AL AR A& Fof lojzl A 273A
EE9 B4l Ml #slsfof abH, A9 Ho def &
17 NEE9] E49E& S7HIA AZR ABHER]

812, o]53 FH AE AAMEER

2
ob
2,
>,
o,
ol
tlo
J}E ﬂl[ﬂl
-
ol
=)
n)
Ho
o,
1=
i)
e,
‘T,
—z
o
> ek
12
ofl
i
ol
o tlo 2

(neurons) & ©l&a YAIRle] K8 Folm[34], AF ] 417
AFu) %2 2714 E(neuroepithelial stem cells), NTera-2 A X,
AF Y] A AFHE(cerebellar precusor cells), AFgrolut A7
o] Z4 A E(bone marrow stromal cells), AP AtEAZ
(human cord blood cells), AF&ES] Ejo} Hol|A |F e+ A=
7VMEE wste] fri=3h neurospheress HEF FERH
TheFg MO R o]ste] T 35S AMSEY Qi ol AT
& W BEe Aol7t X A o)A X E0] A7
o7 olFste] AAMNEE F3H T s FA] FXE BT
gom AAREHQ 5 AL dE S Bl ook
53] ol dAFolA woll He A Fhd 149 27128
ANEHEE o] &8 AR FujeloA AZ2 AgAIFe] o]
gars] =y vk Zeut olelek thFE AEA L] HEF
SERYAA FEle 28E Yehs ZoE SRIfgAT 1
F5o] of9A Ueh=A Aget 71-e] tisixe oA =
A8 E vt glom 1 A8 ek HrE AR o]
AR o Aot mE oz AAESI|MEY XA,
A E 58 o83 Aelr dAe FRES TTH
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Beslol Mg sloidel MEARSIEel 48 A5y
ol @E%‘ Hels, Mok ES o] 2
1Y FAT SHE 22 A7 B sk B

oA AE Y 9w HH}?-(contralateral hemisphere)
o o]2= Al wjol=E7|ME7} > Z(corpus callosum)S B}
A& 77}‘; ]HF?L(lpsﬂateral hemisphere) 2 Jo] ¢} 3748 (in-
farct) §-ZO2 o]53le] AR} AANER E3FepATH35] 7
3k ‘:’]Tvt_"ﬁ} HjolE A X2 218l 7] 8 9H(teratocarcinoma) 2
gdo] WiahA vebdths JE[36]5te] YRS Holt

3. 2=M =AEs8IE(Amyotrophic lateral sclerosis,

ALSE ¥ & Ho] EAlste 5473 B ¥ A4E A4
3t Abeha-= A7 2 (corticospinal or corticobulbar system) 7}
H3lele Aoz IHAs 9 S50 veS Wit £
Abgste dgtolth o] AW Bl R E ANHEEH (neuro-
transmitter) ¢1 SFE} o] E(glutamate) 7} LS4 A 23 &
A Tl N&Ho 2 FH5 o] AAEE BF st A5
A7 B 19 SEAEE A3 Bt dsle Ao E

Aok A AAA 2ol = SFEMC|ES] g <
& B %l= AFssheE (reactive oxygen species) o] 345 2
ohfl+= dHAksla A SODI (superoxide dismutase) 7} &4 8HA]
TR A A9 Hole ALS 3] AN EAME &
g74¢] SOD1 WolAI7} #&E ). wha Ho] ALSE A3t

7] 9% FEEYZA SOD1 Holeh A At A7l SOD1
G93A FZA3F FE(transgenic animal)©] EYHAFLH, ALS
A AAAN et HEeE, A48 A4S 943 5
=8 A7} YA A EX 57 |E0 Y FEETS A5
FgR e o]y Yk

Z SOD1 G93A FAAS EES o] L3 AolA AlEA|
A Z o} AlRFe] 713 WHteratocarcinoma) A &5 NTera2/Dl1
b PERNE BN T AEFHE S7RIALH[37],
o17ke] oA 2l A2 Z7]4 % (human embryonic germ cells)
£ o]&4 YHE embryoid body FEHZ(EBD cells) 7} HErh2
ALS 55499l Sindblis virus 748 &2 2ol o]43A
< W ABNEE Z3let] S ANE S5 5 UATH 381
HEo] JAS/HMEEA AR ZHE Z7|M E(haema-

topoietic stem cells), 42l =7+3 Z7)4 £ (bone marrow

gate] A7 o=

derived mesenchymal stem cells) &
A ARAR ¥

4. S1EIEiH(Huntington Disease, HD)

HD+= A4 94 (autosomal dominant) F-7 %= 217

Agog 4 FAA ] $1Re huntingtin (htt) -F-HAR
CAG HHEAME F7hel Past Ado] Stk HE Al CAG
A go] 19-30 AL FHEE|=| Hla] HD $2ke] 79+ 3690
A A 2400744 F7vEH 1 Wer} S48 HDO| U
AZI7E FFA Ak o] A3E G B9 HoxE AxA 9
7]X‘]3“(basa1 ganglia) $$]9 £A)3= AAAE Wel huntingtin
HdA R FAE o Jojeg Ao AEY S5
Sttt S ALY fR|ohe AARE FAYS YER
(chorea) $7+& Ho|w, X|uj(dementia) 9} $A =4t
= 7497 Bou Axzkx] EoE X ERe] glo] i) wd
2 10-201d Zof] APgslA At HDol thet 5524 2= kainic
acid, ibotenic acid, quinolinic acid 5 TEAAEA 2 (exci-
totoxins) & AZA A A4 Fofste] Nl AAME £
FEg Fv, PIEZEZoHmitochondria) o] AUAHARE 2]
¥+ malonate 5 AZA 2 thA}
A&l 3}5E(metabolic toxins) & AZXA ] A FoJdt FE,
I3 WHEE CAG AES Zhe A 448 44 55
AHE-gi

OE A4 A3l A9 mp7A = o] AWl tigk AxA s
71€9] Ag ek gof MRS FERY ] MEA e o]4]
oM AFECH, o] e % HD $AollA A3 2857
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