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1, Alzheimer's disease
Alzheimer’s disease(AD)S] i3t GALE wj@-L
1907'd Alois Alzheimer7} th o] @] Eolx oz
Ve Fge] dis) Ao Hugo g Al
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FA A}z 51419] o2 Z Aol e} B
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2 3 ofet i, 71l Tukete A9t
Bk AD 33} o AE Al W3 o=
E (D p-amyloid®] &3 FH | &3 wQlyt
(senile plaque)?] &&, (\P) 74 AR r(taw)
w2 3 PFA(paired helical filament) 2 7A3 ¥ ¥
A AR QR AEAY FH, (2h) AR AZAL
o 9§ H 9 9% F& & T Utk

LEd EXAR-As e A we dArtA
ADE Aujsle 47F] FA42HE, § B-amyloid
precusor protein(APP), apolipoprotein E(ApoE), 7
transmembrane domain proteins S1823% STM2 5
o] Bra At & =FollM = AD 3lojA] olg &
AR} AAME B 71 gk Ha A+ 4
HEE FHoR _8_‘2}6‘]—17_71]- g}

1985\ Glenner 5-& ¥ @aol 3¢k amyloid
£ FF AAGS 0~42 oln =itz FAR
peptide(FAHF 2k 4kd)9] amyloid B protein(A )
& F8 st ohFig. 1.

g olel] tist FgAE dof ¥ RS WY
slahd Wy o AAe Ay o] AV} H &
amyloid 3 o}t 2x=Q1%k(senile plaque) 2
< AF3AHWong et al, 1996). 11 )5 AL
AT Ao whel A g amyloid precursor protein
(APP)EA A Fell =A™ 770, 751 18] 31 6955 o}
ko 2 FAE AL peptidesgd o] BHE A -

o] ZolA 695 oju| 4ke] APPE neurondl A
aFEF AAE Y anterogradel} retrograde
axonal transport®A] W& transcytosisdl] &3
neuron A £ & A gEc}

Uwrz o2 APPE 907100kDad] & vhid=
A QAkElo] A domaing 402 ol HE
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Fig. 1. Inherited Mutations That Cause AD APP. Sites of inherited mutations surrounding or within the
A Bdomain are shown with asterisks. The mutations either increase A Bproduction, alter the length

of A B, or increase A Baggregation.

24 qEA S EEFT, 28 alternative
processing®] ¢]3&}4 extracellular 2 transmem
brane domain 52 Z33% Fe|E #1A soluble
AR, & senile plaquedl) sj3F3l= A7) AL AL
APP processing 3 4] 243RAEL 443 &
# A UtHSelkoe, 1994). ¥-HE APPY )52 Al
X-7)38 33l #JelAv, neurite outgrowth
v AEFHE $H3E Aoz FHHH,
neurctrophic factorell th et 74438 A A7) aL
3l B3 Bo] ol X 2 AY SdAE
APP$9} heterotrimeric G proteins2] A%, MAP
kinase9}e] A% = K+ 52 FAEE gddk=
Eo] Hyugo] glor), olE A9 488 7lF
& a3 geAA g Atk AN APPY] 7)%F
& FAsIe £ E A2 E homozygous APP-
knockout mouseE THE A o] 1=, APPE A
ATE T3 AX E3a QoA ofFd I
& 3R Yw Ao A8

v AEEA olE A E 15~ Axe]
A% A %5 7%, 53] b %5 71% 9
Aol BAEATE H 2o H]Tg gliosis7} Qe
A 9ol neurond] FAaY BMAE AE B+ ¢l
A tHZheng et al, 196). 221\t APPE # w3
3+ transgenic mouse 29S¢ HEYL wE
cortical synapses ¢ 718 #&% F UUE
¥ olug} HIV gpl20 proteindl] 23+ 2173 FAlC
ZREY RedrE ¢ S FEE F UAG
(Mucke et al, 1994; 1995).

283 AD $xbe] A= APPY HAE
£ + & ¥ APPE neuronal cultureol] 3 7}s)
F92 v glucose deprivation, oxidative stress,
excitotoxicity 5 ZHE stressol 4] neuron®] A&EE
=91 Qe AR 4 A Ut APPS #35 AD
9 8Qlo 2= APPe| o], APP9 Y A4,
Apfibrilse) AAME 54 Fo| #4Hx 3o
Autosomal dominant familiar ADe} gle|A] APP
He]E A gdomainell 4 dojitir let. Codon 717
o] dojut Wol9) Aol AB Cterminusdl| 7}
7}$ cleavage sited) $)#]8kaL §len, o] Wo)
APP cDNA transfectants= highly aggressive 42
amino acid A & A23le Aoz & glr)

2 9x]o) APP Blo|g ] 79 APP A4k Frh
& dogin, m=gE HuaAe A ApHAE
E 4 e Aoy Afde Apfibdl ¥4 &
A
o

s

e in vitro AlA] B 4 AUt o] AHE
BF APP Wo|7t AgAAL &% X+ aggrega
tion £ 59 AAZA AD HAdo| #efsta 9l
& A|AFsRaL QITH Yankner, 1996).

Wold AR peptided] AAFFL o] HHE
A FEER oY 1 7] A6 BEANE oA I
28 2 Zo] fith. A fBsequence® XA Qe
APP C-terminal fragment= W%k A A L E A
ABE4E YehlE Ao Bnd v gdn
(Yanker, 1996), 54& JEH7] A3tAAE AR
7} amyloid fibrils 3 €} 2 aggregation® o] o} 319,
non-fibrilar form X+ amorphous aggregate®] &
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Fig. 2. A gFibril Formation and Potential mechanisms of Neurotoxicity. Age-related factors or inherited

mutations induce the formation of A 8 fibrils,

several potential cellular mechanisms.

HEANE AFEHE dedA gt AR
peptidet= 1 2HA1 8] HH A AMEE(Loo et al,
193) o] Yo} B T AR A, g €W

B4 olu) w4t ¥, oxidative stress 53} 3
A NEFZE S7M7171% it ABNIESA
9] 71A o 3 A AR AEY Cat+Z7HAnispe et al,
1993), mitochondrial redox potential®] 7}, &+
free radical 57} 5-& €1 3lHFig. 2).

He a7 93kE 713 E3) RolE late
onset AD2] susceptibility gene©. 2 ApoE7} ¢
2 THStrittmatter et al, 1993; Utermann, 1994).
ApoE¥ very low density lipoprotein(VLDL)$}
high density lipoprotein(HDL) complexes®] 7A€
02X M X2 cholesterol A& ¢} thAlel] Fojslm
Ae T LR Aol

ApoEE® 5% Ev 2417 neuron axonal
injuryell 1AM F838 FEE i So] &

which may cause neuronal degeneration through

A 0tk Neuron©] ApoE-lipoprotein complex® 4
&l AE ARl A cholesterole] §8] &) 31 &4k
% o] neuron @ Eroll A neurite outgrowth
synaptogenesisell o] &&= A2 2 FAHE hE
¥ Ev)2¢ AL ApoE3-VLDL complex:
neurite outgrowth® 21417+ ¥lH o) ApoE4-
VLDL complex® 2.3]# o|& Asfgcin gl
o] F HEH#A7} newrond] 7153H x4, A T
o) AH3] Fsla gl Ao 2P HFg. 3).
ApoFA alleleg 717 AD ZAE S A9 amyloid
plaque®] F7}7} 53 8+, ApoFA alleleS: 7121 3
A =919 Aol amyloid plaqued7} Z7}+5 o
AATH ApoEE 7H83 A gt A8 Ao) ¢
2o, ApoE4¥ ApoE3E.t} amyloid fibril 4 &
] Z7tA|ZITh JHok(Strittmatter et al, 1993).

o]2] %t in vitro binding assay ©] 9}o} amyloid
plaqued] ZAH Q3 HAFL 2% ApoE7t
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Fig. 3. Potential Pathogenic Mechanisms Involving ApoE Individuals carrying the E4 allele of AopE are

at increased risk of developing AD. The E3 and E4 alleles may differentially affect A 3 fibril
formation, tau phosphorylation, or cholesterol transport involved in neurite outgrowth and

synaptogenesis.

amyloid plaque?) T4 QL2 A& Q) Lo}
2 Zul23e #EFLE ApoE2l microtubule -
associated protein r 249 in vitro binding°]t}.
ApoE3¥ nonphosphorylated 7ol thhe] ApoEAK.
t} 28 A3AEE YEYE Ao 2 Hol ApoE39]
7)%9] rhyperphosphorylation WA 3l= Ro.8
385 gtk 2 o] &4+ hyperphosphory
lated 7 ¥ microtubules®} Z¥8+A cytoskeletal
systemE 3} 3}l neurofibrillary tangles® THE=
e Aoz A7+E7| wiolth ApoEe AAAE
Ao X 298 AD &=} neurofibrillary
tanglesl A = S8 = ot ApoESt A4 r9h4
A= <] A4 neuronell A 44 vk glck

#H 9] APolME early onset familiar AD9} &
) 27}A] §-H2E, & S182¢F STM-271 A &.0)
A5} S182 #1 2HSherrington et al, 1995)
E 467 otvl:=ate] weh g A A S, early
onset aggressive AD2| 7-9- S182 @i gel] vt
A Hlol7l #aE itk STM-2% 11 A &
Asta, SI2AF S dg A ok (Levy-
Lahad et al, 1995; Rogaev et al, 1995; Li et al,
19%). S182¢} STM-2+ presenilins#til s FEE

g, o]E¢9 AE AU EXEE endoplasmic

reticulum} Golgi 4% &)™, 01%&-¢] apoptosis
A AzAGA G A Fof sz FAH L gl
A7 o] 25283 5 A3 ADY el
of Frofdh: o 71X FrAEe] gL, 97
o @AJAAENA F715 0] o] 74X FEje
2 doy|e Aoz FAPn) a8y F53
Ql WAL ALEEH - g 9akst - A
AN FEA o2 AztEc

2. Parkinson's disease
Parkinson’s disease(PD)& 50t]] o] F.of ¥y
o] At 2= B3y Aeko 2 A, W3 (resting
tremor), 743 (rigidity), % F 3K bradykinesia)
o] 3t F4 ol BFo] F3 1
"éoly :z7<°]7]' g'ib OM Dﬁé %‘
E‘I}E}LH Atk ol gk AL, FH-
oA oz FHE FHAA Wy
*1 AAAE LAHTEH BAHSY
18173 James Parkinson®] H &0 2 &=
F3tct
g BlRE v5e] - 60t)9] 19, 80 ol
o] 26%% YEM R dth. 18499 Blocgst
Marinesco?} PD $k2} o] 57 A3} substantia
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nigra®l] | 3§ Wwo] 188 Hiuslyg e, 1913
d Lewy7} substantia nigra neuron®l| cytoplasmic
inclusione] ithe A& Bl me} substantia
nigra neuron®] ¥ 34 ¥ o] B4 (idiopathic)
PDe} W83 Ex oz QA=Y T, 534 A
EHe oS Mdbgoz Asge] dagd
(Feamnley & Lees, 1994). u}ebA] S2k4) PDE A A)
nigrostriatal dopaminergic neuron®] apoptosise] 2]
g Ao @ Hojd 4 glon, o]d 3| 29
AT AFHE FA LR Qof3laR} Fn.

AR FAYelH 2FFGAA A FREE
corticospinal pathway program, Z5% ¥ AF%
2] sensorimotor cognitive program, L] 1 %,
4, A7) limbic program S-°] 7w 835k
coordinated program 52| networkell o3t} 4=8)
Hi dgo] ¢EA Utk 971N 272E ¢
2+2 mesostriatal dopamined| neurong o} ¢}
hierarchial motor systemoll o} 283 2375
& &1 9t} mestrial dopaminergic neurons-&
motor neuronol ¢}y X ¥ motor system<]
autopilot¥} L control device?] S & 3} wj &
o o] neuronE-¢] apoptosis®} AFE A= motor
system®| dysregulationg Z ¥ Rl gle A
ojc}.

PDE ¥ AX x3}o} #asta ke A o9
o o] A& FHANE AARE 97 AFEL
o}l glck. 12y PD 49 HWES FARM
AEAZ F E newotoxinE 9] 7)ol wel 5
REdo] A1 PDol| st Heijst A5-7f o] Fo]
2ok 19829 B F meperdine F =X AME5
heroin 4% 5827} 4% PD $4& JeER 1
o] #&xte] #F o)A 1-methyl-4-phenyl-1,2,36-
tetrahydropyridine(MPTP)& £2]& #0] @7}
=3l tHLangston et al, 1983). MPTP+= &34 PD
9] QFFAdolvt =2 WHE fALEHA AEAE
& ¥ newotoxin® 24], A9 RE AFHFE
X} nigrostrial dopamine depletion®)Y} dopamine
neuronE 9} WAL Ao 71l

d& W MPTPE dzoldlA F4319& 4
- locus coeruleus®l] neuronal degenerationg 4.©.
79 Alghel B3t PDS}F 22 ZAE YHERITE
MPTP4 &) % migrostriatal neuron APd el &8
AL MPTP 43k tfAlE N-methyl-4-
phenylpyridinum(MPP+)ell 2]3F mitochondrial
NADH-Q oxidoreductase(NADH dehydrogenase,

complex I) Aol A}, o] Ao A=A
oxidative phosphorylationel] 2%k ATP Aj4to] B
FsdAIe s A Eute] o] & HEY{A7) B}
T HARZ A XA o]2 A Frhal $rH(Singer
et al, 1987), 3+ EdtA] PD2] e e] sty 714
AFANME superoxide A o) B F23 A A}
o] Q¢le] At QZEt . M Cleeter et al,
1992). MPTP¢] 2tz # o} &} dopamine?] 4t}
ol = monoamine oxidase(MAQ)7} Bt glo
U, MPTP2] 73$-¢ll= bioactivation mechanismoj|
o3l MPP+& R4FekAl 51, ofvf 54b4 D9
749-E dopamine®] HY Atste] AzolA] free
radical, superoxide® AAHste] 4174 S48 49
she Aoz Azt a o

a2y F 71"l M2 #3988 FE Qe R
. &3, 53] pars reficulata®l] Hol -] F3 o]
ReteE AL F deiR Aoy o)F H o2
neuromelanin®} A%stx Qcdx &kl iron-
cysteine complexes®] MAQO®) 2] & s}l A oxy
radical®] AAFE| 22 o]2]8t substantia nigrag]
Z2)82 Eo]AdEo] olF superoxide free radical
of thetk Ho)gt rpAds 2A3 Y& sk
FE&50] v} MPTPY] ¥732 PDe] SER Y9
wioldt gl =A Hejelary dpe 7]
oqg3lEper, T3 PDE F-4T 4 Qe Ed2A
6-hydroxydopamine(6-HODA)¢] Atk 6-
HODA¥ norepinephrine®} dopamine?] analogue
ZA] dopamine®l| A} norepinephrinee] A4rsE 3}
Aol Al A& Aoltt, Substantia nigratt
striatum =3¢ 6-HODAZ %3} dopamin-
ergic neuron®] W& FEE 4 ok wEhA 6-
HODAZ} AR ZA) ¥ A ZE ot A2t
= Fglonzx go7 PDe 6-HODAS A3
& Hste AT =gl Vi

3. Amyotrophic lateral sclerosis.

Amyotrophic lateral sclerosis(ALS)E motor
neuron®] Aol wE SFYF o) ALEA
HE g3 254734 A 9 shelch
U R oid P 10,0008 7h-edl 1~2% A
TolH, -2 Fd o] B o] AL 5| o]
] A}EA gk

0y g g Hlolgla 22 (Polio
virus), 73 29004, & 58 F8%), 34 &
A 281 v B (AN &3, 189,
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Fig. 4. Relationship among SOD1 Mutations, Excitotoxicity, Mitochondrial Function, and
Neurodegeneration in ALS
In the normal neuron, superoxide is detoxified by SODI1 to hydrogen peroxide that is converted to
water by catalase and glutathione. The mechanism whereby mutant SOD1 is toxic is not
understood. It may be toxic because it is unstable and precipitates whithin the cytoplasm and
axoplasm; alternatively, the mutant protein may fail to buffer the neurotoxic metals zinc and
copper. Mutant SOD1 may also be cytotoxic because its activity is reduced; in this case, increased
levels of superoxide anion enhance formation of peroxynitrite that may induce oxidative injury by
itself or through either the formation of hydroxy! radicals or nitration of tyrosine residues on critical
motor neuron protein, One such set of protein targets are the neurofilaments (NF) whose injury (by
mutation, oxdative degradation, or extrinsic insults) results in formation of fibrillary spheroids that
may disrupt axonal transport. In this model, excitatory neurotransmitters such as glutamate
augment any of these forms of toxicity by increasing levels of free cytosolic calcium and thereby
enhancing formation of superoxide and nitric oxide and impairing mitochondrial function. This
process of neuronal injury may be self-sustaining. Free radicals may compromise the structural
integrity of mitochondria and the neuronal membrane. This leads, respectively, to enhanced
mitochondrial release of hydroxyl radicals and other reactive oxygen species and to increased
fluxes of calcium into the neuron from the extracellular space. Moreover, because it is highly
lipophilic, nitric oxide can diffuse from one cell to another, thereby triggering cell-to-cell spread of
the pathologic process (dashed arrow). Conceivably, extrinsic factors such as exogenous toxins
might also initiate this cascade of events.

Gy, A e AAs Al B8 81l
5 o] WA ZAE YoV 1 AT AAE
TR Faka ok, wEkA 2§ ALSE
deleden AFE ok 197934 w24
o] A9 Zo] motor neurond] A $1E-&
dAHY $E5AAY Ao 2 AAHIL, 191
Aol ALS®} %4 9¢) chromosome 21q $ 3l&-¢]
gAY o EARASH A7 BaEd o
B ALS9] A9 superoxide dismutase(SOD)<}t
neurofilamentel] 2o} & Ao gz B4
£ 203 U tH{Robert, 1995).

A AR Y NEAGL A8 7pA] FEA
o o8 FAEH, 449 FEAEL 5F AAA
9B 58T ozA FEHAEN ABE
AgaA Dok F3:AAAY A7 -l E= A
2 FEE P E AAHEEDZNE TR
glutamate 2 A8-3Ht,

2 vk 38k glutamate?} AEE 7 -$-oll
£ 238 ABAEEC] APESHA e 2 olf
E glutamate FEA & F3dlo] AF AT o
2] Ca” o]20) 4 5)7) Wiojttk oJFA FYd

2
Ca” o|2E2

=

calcium dependent & A E-(protease,
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xanthine oxidase, phospholipase A2, nitric oxide
synthase 5)& E443Ah o] EAEL X
54 E 22l superoxide anion(O2 - -), nitric
oxide(NO - ), peroxynitrite(ONOO-) 5& ABA+g
ot o] BERAEY 93l AEYe nEAEDE
(protein, DNA, lipid)o] ¥AlHo] A5 A X A
e Ao ® =431 Yot

ALSe] B sty 71He 1 dRle] He
motor neuron®] E| 34 W slo A Folol & Aol
. AAAEE 7} HA4 % E3) motor neuron?]
84 Walrt FEeAA JepE olfel thsl
A dystage £ A7 Filo o33
2L R7HA) 7hs/d0] AAE L AkFig. 4. A
A, sensory newronTH= €#] motor neurondl & &
4 A7 AH 0] Bol EANstthE ol

wetr] FEA AAANEEAQ glutamate?t 7
4 BAE A4S glutamate &3S B8l A XU
2 TheFe) Ca” o] o] f4E 7PsAol ko, 24
I AEE HPA HstE doA APEsAl €0
(Coyle et al, 1993). &, motor neuron®] &4+
542 AxAd v o e 71 (Hd
1:10000) &2H 7HRlcks Aelrk ]2 § motor
neuron®] JelE F3317] $3t cytoskeletal
protein vj-¢- 5 2.3}t

a2 AEY S48l gl A4l AS-
neurcfilament®} & cytoskeletal proteino] AF3}
HAE o] axono.2e] EFolEo] WS 7%
Aol Form, A NEE HPA AFE doA
A=A ®th(Hirano, 1991). XA, motor neuron
£ Ca” o)l th& FAdol ui$- ErhE Holu.
AR X EA) 8= calcium binding protein . &
+ calbinden D-28k, parvalbumin $o] &2 ¢t}
Motor neuron®] 7-$- T+ neuron®l] H)3) o] &2
ghago] nf - @& Qo g RALEGoH, ulelA A
YR 499 thEe] Ca o] 2-g ¢uks &3}
A5G reAe] wom, A AXE HPY WA
3 Yo A AFEslA @ rhnee et al, 1993). ©]#]
3l motor neuron®] AFE 7132 apoptosise] ¥ &
HEX AdHoz AldEE Aol §HoH
necrosis®l] & WA QI M E AP = FEFH o
1=

AA ALS 7F2d ¢F 10~159%7} familial form
(FALS)e]™, §3] FALS 7h2-H of 20~5% A&
7} superoxide dismutase(SOD)9} ##EE o] =
Ao 7 W3z tH(Martina et al, 1996). 2184

AN w8 EE SOD enzymedl & cytosotic copper-
zinc SOD(SOD1), mitochondrial manga nese-
dependent SOD (SOD2) 18] 1L extracellular
copper-zric SOD(SOD3) %-9) 37}X]7} ¢4&# A U
t} AXE 5482 superoxide anion(O2 - -)-&
M E o)A nitric oxide(NO - )¢} 233l =&
548 A9 peroxynitrite(ONOO-)E A3k o]
T A = O E B4 ERAS A dahiksg
doA ZAx MEE AHESA =} o Y3
superoxide anion(O2 + -)& hydrogen peroxi
de(H:00) 2 §-538}7A] ulito] F& o] S0D1Y
7150tk o] AUX FALS 799+ SOD19
Aol A& Aol waA o oo wat motor
neurono] 2} AbHeE o2 FAs et
(Jeffrey et al, 1994),

3, A3 ALS 79~ motor neuron®] cell body
¢} axon®l] neurofilament7} & X% & ¥ ohv]gl,
AzAel A EH ] T ojg)z) o] &
Ak Ao] A A Leight et al, 1991). 1)
3 Yyl A9 neurofilament®] heavy chain
o mutationo] WtE}G O, AHE o] &3 FEA
Y ol A = neurofilament®] mutation®] v}e}st-8- o
Arghel ALSS} Ze %4E HYS sttt
(Lee et al, 1994). °]H Y AX ALS o=
neurofilament$} 22 cytoskeletal protein®] HA] o]
93] axono 2e] BAFojFo] Avstr £33l
motor neuron®] HX} AFHIE Ao FAE 1
itk

@A o A Aol mhE ALSY] 7| H-& 4
¥ HEH motor neuron AEA W] SOD1 mutation
o o3 o] 71X EGEdo] At HHFH L o
Eo] AHRke-& Yo7} cytoskeletal protein
& ANA AE7} AbEEe Aeg ST
At

4. Spinal muscular atropy

Spinal muscular atropy(SMA)+ spinal corde]
81¥& motor neuron®] E 34 #X o] 93 ZR0]
550 4oz vHHIEAE YeEhE 94
fragelk o] Ao WHRIEE ¢f 60008 7}
<8 18 Axoln, Ao} Al&o] - Fr},
o] A Uy A7l whel A71R] FER £F
21=3

Type I SMA(Werdnig-Hoffmann disease):=
4 58 o7llY o)A A EE YHE, FA
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ENEAGRE FI58 HAW

7} o9 AlZste] F99] Egglole ExF golgl
S 5 glom, 3ETSY ofslR Q13 24 o]&o
A2 AttstA et

Type O SMAlintermediate form)& tha 9h4]
Hojol X AT 18714 oo W HE Je 2, &
A FE FE ot TERlele dE F e A
Fojo},

Type I SMA(Kugelberg-Welander)&= 43 18
MY o] Fol I E &= 2, FAE thh A7 st
o Ex & e Joy IR YFo] kg
(Christina et al, 1994), #HI7HA% o] A&L A
Bog 7eso o SMA #3159 5
He] 2AAA A% H AAAEEY ¥4
swelling, chromolysis 5©] %7 % ] apoptosis&
A Qe MEY FA4H A Ao VEbsith
w}kA] SMAE motor neuron] apoptosise] €] &k
HegA Aoz W o, E =FdAe Hal
EAfrAEgA 47 dHE T4 SMAS
apoptosis®] FA A tiste] Q.okstarz} gt

%S B2 ATFHEY o o) SMA @
A F-A2E 2] 99 ) chromosome 5q11.2-g13.39]
UL ol od i 196dddE F
A7eo] Ex13 o2 SMAS AASE A4S
ytkn Basiyed, o] 29 g gl shict-
U F5 7Y L neuronal apoptosis inhibitor
protein(NAIP) #2428 K 115}9] 2o} (Natalie et
al, 1995), = t}& el ZTakr AFE.L survival
motor neuron(SMN) FAx}& K 31381 tHSuzie
et al, 1995). &3] o]Eo] Hiud FAAEL
motor neuron®] survival® apoptosisol] #E &=
Ao R ZALE o] A4S o gt

HA, T2 A7 He AF ATE A EE o]
E< human fetal brain ¢cDNA library& screening
sle] SMN FH2HE Hejsig e, olg £4%
A3} o] §-& A= chromosome 5q139) telomere %
o $x)3t3 131, 27]1E 9 20kbo] 31 8719] exon
0.2 FAEo JE' ALE Ve

28] 3 centromere Zol|l = o) F-Axte} fAMG
pseudogene®] LAH =] exon 77 exon 89] 5
7N 7)1 o2 7] wFofl B2%62] homology & X.0]
= Ao R ZAEITE SMN cDNAY] Z7]& o
1.6kbo] ™, 882bpe] nucleotide?} 204719} o}m} =2k
& AASE AU SMA BAE tdor
telomere & SMN - 2}e] o4& #AMSE Az}
93%7} exon 73} exon 8°0] AL£EHY R, 57%E

exon 79 A& 5l e, 13%F point mutationS

YER I QA

P -4 FEATEY 97 AHE 4
HR W o] ¢ A] human fetal brain cDNA library
& screeningdlo] NAIP §-AA& Eelsldon,
o) & B3t A3 o] {-AX= chromosome 5q13.1
off Yxj8t3 o, 60kbol 3 & 2% 16709] exon
o2 FAH0 e Aoz eyt ada §
A chromosome ‘o] HAF 3 7§ o] 4g
pseudogene®] EA3t& HoZ FHHAD.
NAIP ¢cDNA$} 7} 55kbe| ™, coding region&
exon 594 exon 1674R] 127024 =7]& 3696bp
o1 o] &l ofa 1,232 719 ofu]icite] A FH 1
AATH SMA B2}E oz FAx Ad&g =
ALsk A3 SMA type ] 32}e] A% oF 6767}
2 typell 9} typelll SMA @Ate] 7§ 4297}
exon 59} exon 60] AL RAOE 2ALEO HA
9] A 260l HlF} u)9- FE FX 2 VERL
o X RT-PCR B4 = FAAEL A=
ZE 5= Ao uhe type 1 SMA AL B%7}
TR ARt AdEe] AV AygHE Aos
ZALE QI

NAIP2] A2 motor neuron$] apoptosisE&
AAEHA] 3k A SMAE dodle Ao
FA 5. E3) NAIP+ Cydia pomonella
baculovirusell A #2] 3t apoptosis A #-2 2}
Cp~-IAP(Norman et al, 1993) 2 Orgyia pseu-
dotsugata baculovirusol| 4] #2238t apoptosis &
A §A 2} Op-IAP(Mark et al, 1993)St% A3-3)
homology”} ¥-& domaing £33l Ao g g
Ao

18] 3L marmmalian celle] 3t NAIP #-3x}9]
apoptosis 9 A J3& FAMEE A3} NAIP F-#A=}
7t A 2. apoptosis Ao #jdh= Aoz A}
% 21 th(Peter et al, 1996). NAIP & A A &
expression plasmido] 4 & t}-& mammalian cello]
transfor mationAlZ ¢, 283 o] transformantoil
NAIP, antisense NAIP, Lac Z& Z}z} d&sl=
adenovirus®} 2}<14E] 9] adenovirusE HHAIZ
o). o] &o] NAIP F3AHe & sl A2 western
blot analysis$} immunofluorescence & -3¢ &9l
8+ t}. ApoptosisE FE3l7] ¢18lY serum
deprivation *2}3F t+& 48A}7+%¢] mammalian
cell &E-EE 2314 2 B3 adenovirus-
NAIPE 83%, adenovirus-antisense NAIPE 4594,
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adenovirus-Lac Z+= 51% Z18] 1 adenoviruse 4%
& R o] 484 E £ o NAP |43}
7} apoptosis Aol £ FAdE ROE F4
gk ,

H)E SMN9| 7 fr3zbe] 7]%50] o}y Al
3) #8HA 2ol SMA pathogenesise] AEE A
gt el & W FskA 2 NAIPY A$dM e
mammalian cell®] programmed cell deathd] B
ghe Ao ZALEI T = SMAE motor neuron
o] Qe Apde gojds AR SMN &
NAIP -§-H 7o} Ao &) motor neurone] A&
3}A] 231 apoptosisE A PEHE ALz F449
o}

mZEE A 0@

SAZIAA = 52 A E R A AEL
ey 7)ol A WA A ghol R 8 2e] Ho)
A9 bttt AR 25l WRE B
ARESHH A7 dYel dF AFE o
g 4y v]xo] AA8] B AL ok 53] 4l
A7 A n29 v, J1&AdE, IHEF
5o Bodle Y AXEE) FFHeo=E
apoptosisTHY & Fvrhe Al o] At

AD: APP, ApoE, S182, STM2 5] 4-41S
o] #ojste ROE o, olgd 93
soluble A o] AAE I amyloid fibril |2
aggregation=lo] A1AMZU Ca® L free radicalo]
718t MEE A AP ol Aoz AZd
t}. PDE MPTPolY dopamine®] k3ol o] A
29 free radical, superoxide & o] A% A x ¢
apoptosis& §E31E Aoz Aztgch ALSe] 4
$- SOD mutation®] &3t SHEH F3 4
neurofilamente] Agel 2% EZolFe] a7}
motor neurond] AMEES FEdleE AOE A9
t}. SAM¥ SMN &2 NAIP -2 xte] Aol wp
2} programmed cell death7} A= &= Ao 2 FA
Atk

o] Aol A Aull, siZ1&A, ZHEF F
T} 22 T E A AR AR S AN AR
APEE ARt A E9) APEAE ohE programmed
cell death, % apoptosis?] FE]Z AP == AL 2
T 9o, 53] Ztzte] A tigiM 54 54
AEo] B3 AL AAFHAUT WEpA oz
= olE Agd Ui’k f-17; Aol A7)

A& =lojof & Aol Bt AHFEAA o] KA
AEol EEctd ANENA EAAA L £}
| AP AekS Holyt B g 49 =3
S 33 °) A P B AR WA 5 A
& Aotk 3 o] FHAFE ] WA 7] neuron
o ¥3t % #37t B FFAZANN LEHE
FH9 717 E A AR A FEAA A
oF & Aojv], HFHoZE o]E AP X& ¥
obet A AEAY KA 77t
A& dTFHeioF g Rojn.
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