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ABSTRACT

Niemann-Pick disease type C (NPC) is a fatal autosomal recessive
cholesterol disorder characterized by severe progressive
neurodegeneration.

In this study, the alteration of neurotransmitter system and its
recovery by galecin-1 has been investigated in NPC using
proteomics, immunohistochemistry, Western blotting and image
analysis equipped with a confocal microscope.

By proteomics study, glutamate receptor 2 (Glur R2) became
up-regulated in 8-week-old npc-/-mice. The immunohistochemical
study on neurotransporters showed that glial GABA transporter
(GAT-3) increased in both 4- and 8-week-old npc -/- mice and
glutamic acid decarboxylase (GAD6) increased in 8-week-old npc—/—
mice. Glial glutamate transporter, excitatory amino acid carrier—1
(EAAC]), decreased in 8-week-old npc—/-mice. When ionophore was
treated in CHO npc-/- CT43 cells, Ca®’ influx was derived and
lysosome was moved and decreased. Also, Ca® influx was not
derived after galectin—1 treatment, but lysosome was moved and
reduced. By Western blotting study, P38, phospho p38, ERKI1/2,
phospho ERK1/2 decreased in CHO npc - / - (CT43 cells. Phospho
p38, ERK1/2, phospho ERKI1/2 increased by galecin—1 treatment in
CHO npc - / - CT43 cells.

In conclusion, these results may provide an insight for



understanding the basic mechanism of NPC in brain areas. These
results also can provide applicability to gene therapy regarding

several neurodegenerative diseases involving lipid accumulation.

Key word Ca® influx, GABA, galectin—1, glutamate, lipid
accumulation, lysosomal exocytosis, neurotransmitter  system,

Niemann-Pick disease type C
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Table 1. List of chemicals used in tail DNA analysis and proteome

analysis.
Experiment Reagent Company
tail DNA genomic DNA extraction kit Intron biotechnology, Korea
analysis  premix Intron biotechnology, Korea
PMSF Sigma Inc., USA
acrylamide Amresco Inc., USA
bis—acrylamide Amresco Inc., USA
SDS Amresco Inc., USA
DTT Amresco Inc., USA
CHAPS Sigma Inc., USA
iodoacetamide Sigma Inc., USA
tris base Amresco Inc., USA
urea Amresco Inc., USA
thiourea Amresco Inc., USA
immobiline drystrip gel Ammersham Biotec Inc., USA
IPG buffer Ammersham Biotec Inc., USA
proteome  op quant kit Ammersham Biotec Inc., USA
analysis ~ sequencing grade modified trypsin - Promega Inc., USA

sodium thiosulfate

potassium fericyanide
ammonium bicarbonate
trifluoroacetic acid

octyl f-D-thioglucopyranoside
CHCA

angiotensin [

des-Arg bradykinin(fragment 2-9)
ACTH
fragment 1-17

micro—adsorptive C18 ZipTip

Sigma Inc., USA
Sigma Inc., USA
Sigma Inc., USA
Sigma Inc., USA
Sigma Inc., USA
Sigma Inc., USA

Sigma Inc., USA
Sigma Inc., USA
Sigma Inc., USA
Sigma Inc., USA

Millipore Inc., USA




1-2. %

n9L
D:
EE

1-2-1. 722] DNA HA}

npe+/- AF A} FAS weAA Eold Azle] mY 1 aE
Zhet A Aa7F S0l HAARPEe] @& & At & Zolxl m
g = 15 ml FEo| ¥il genomic DNA extraction kitg ©]-83t¢] DNA
2 By 83 DNAE PCROl & npe+/+, npc+/- % npc—/-
AHAE FEE Y. PCRS premixd 75 15 wl, 4572 primer(A:
TCT CAC AGC CAC AAG CTT CC, B: GGT GCT GGA CAG CCA
AGT A, C: TGA GCC CAA GCA TAA CTT CC, D: CTG TAG
CTC ATC TGC CAT CG)E Zt7F 1 put, DNA 1 & 2 £33 o3
Perkin-Elmer thermal cyclerE ©]&3}o] 435t} oju] PCR =7
94Tl A 4% (hot start) WH-s-A| 713, 94Tl 4] 30% (denaturation), 60C
o A} 45Z%(annealing), 72°CoA] 45%  extension)Z 353] WHE3&to] dk-3-
AlZth PCRell ola] AAE AHES 1% agarose gelol Al A7]|d &S 2

Al&tal ethidium bromideZ 9 A3t 574 bandE <133

o

1-2-2. S A &4 A 5EH|

npct/+9}F npc—/- AF ] sivtE 23 T protease inhibitorE 7}
St lysis buffer(7 M urea, 2 M thiourea, 4% CHAPS, 2% DTT) 200
wWeE i 2592 A 253 247 Ed FEFF9 DNase I

< 9o 307F HEEAI 71 19,000 x g= 15%7F dAEE e & A5



S ARE ARSI dvte] FEAAL 4TAA FRsda FE3
A8+ 2D quant kitE ©]&8te] GFete] npet/+eF npe-/- A2 @

ol @A 747t 50 pgd Abah AT,

1-2-3. IEF

FEE3 Wz 50 pgs rehydration buffer(7 M urea, 2 M
thiourea, 2% CHAPS, 02% DTT, 05% IPG buffer, 0.001%
bromophenol  blue) 350 wloll &HAS] A  F PG strip
holder(Ammersham Biotec Inc. USA)ol 2A HAXAA 53 o
IPG strip(linear pH gradient 3-10, 18 cm)<S 223 cover fluid oil 1.5
mWE  stripe $d3] €& e isoelectric focusingS 33T}
IPGphor system(Ammersham Biotec Inc. USA)S ©]&3} focusing %
A& electronic panel®] &%=7} 20C % Ago] # w72 §-XFHA 3}

gom 1247 Fot A7|E ZHAA &3 rehydration A7 3 %A o

ol

electrode wicks Y 50 voltoll A 1A% 100 voltell 4] 1A%, 200 volt
o A 1417k 500 voltell A1 1A17F, 1000 voltell A 1A]%F, 8000 volt7-#]
A o7 4A7E 8000 voltel A HE 60,000 Vhrs7h ¥ =2 3217
of 435 T3
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1-2-4. Strip 8% 3 SDS-PAGE

IPG stripS SDS-PAGE®] % €3}l7] Aol equilibration ¥4 & 43
3+ o). Equilibration holderel]l 10 m¢ 2] SDS-PAGE equilibration buffer
(15 M Tris-HCl, pH 88, 6 M urea, 30% glycerol, 2% SDS,
bromphenol blue)2} 100 mge] DTTE Y 1583 wwt7|o] A Hk-gA] 7]
3l THA] equilibration bufferel]l 400 mg®] iodoacetamideE o] 155-7F
WS AZ T HEPgo] B IPG strips 7|9 E F5EH(0.025 M
Tris-Cl, pH 83, 0195 M glycine, 0.1% SDS)°o. =& A3 TS
acrylamide gel®] JetF-o] Y W37+ 05% agarose SR o= A<
AT z71ol= IPG stripd] @A Eo] kA o= SDS-PAGE gel
How Sold & JA 2 AHH} #FLS AT 53 Wgel, 30%) A

s @ F A9e 23 (100 W) & A% A7195S Fasa0.

1-2-5. Silver 94

719 %53 gelS 113 89(30% ethanol, 10% acetic acid)oll 15%
A 23] Fob wwkr)ol A WAl A geld LA A 7] AL, sensitization &Y
(10% ethanol, 0.2% sodium thiosulfate, 6.8% sodium acetate) .= 30+
7t sensitizationd} S t}. Sensitizationdt gelS =FF2E 52 3H 43}
ATk o] gel& 0.2% AgNOz &fol ol myutr]e A 203+ vE-SA1%]
T TR 1R 23] AT duE Eedie] A4S A
(0.025% formaldehyde, 0.001% NaS:03 : 5H.0)oll gelS ¥o] #zsA
o, dwd Rgi7t FE3] d4H & A48 A (25% EDTA)SE gel

(o



< w4 BEWE AAAHT Silver Aol Ek gel 4Tol| Htato]

MALDI-TOF #2430l A}-&-3}34 ¢},

Aol Eyt gelS EPSON AFY] epson expression 1680 PROES AF-&
ste] olm| A gttt o] oln| X3} gels amersham oA #A4] =

o osj

I
jnic)

& Abgstel EASGd, spord ZE

)

°] melanie &

Ao g Adewolx A w

1-2-7. MALDI-TOF &4

1-2-7-1. In—gel digestion

Silver @21%k gelel Al spot= A& 1 7} HE% H(tip)= AFE3H
o] ZgFe] 30 mM potassium ferricynide/100 mM sodium thiosulfate
(LDE &3 &40l Yol & AT Gel 2745 200 w7
2 1083 49 A8, 50% ACN/25 mM ammonium bicarbonate
(pH 80) & 200 wE 2ol 15wz @AY &5H gel 2748
speed-vacol Al 1A1ZF B AxA7]3 10 mM DTT/0.1 M ammonium
bicarbonate(pH 8.0)8< 40 wE ¥o] 56CoA 458 <k whg AjX
T gas AAsYET. 0.1 M ammonium bicarbonate(pH 8.0)/55 mM

iodoacetamide &9 40 wWE Pl 22 GAoA 3083F WS AlA &
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oS A AsEL 0.1 M ammonium bicarbonate(pH 8.0) 20 & il 5%
HHg-A1Z1 % acetonitrile 20 plE %ol 1581 ©f ¥hEAIZT. 9

A 13 wHE3 3 gel 2722 speed—vacol A 1A EoF AZA AL

e

jus

10 pg/mle] sequencing grade modified trypsin 18 9t 1% Octyl B
~D-thioglucopyranoside 2 ul& &35t gelol &3k 37Col A 164]
st REEAIAT REgo] B & RS A FEA &7 5%
TFA/Acetinitrile(1:1) &3& 9 o 458 7F wytsie] @S &%
stltth ASdE B 5 9 AAS 23] vk Fsiith Bopxl &9
< speed-vace ARESte] kA 3E] 7 FESF3L micro-adsorptive  C18
ZipTips AH&stel 859 dde] E+¢=S AAsAH. WA ZipTip
S 100% ACN 10 w2 A8t 01% TFA 10 = 33] HbE-3le] <=
Al A ks dzxzeh g9l A5 0.1% TFA 5 wlE 2ol A3t
th. ZipTipdl A& 63] pipettingdt $ AAE A AL 0.1% TFA 10
M 33 AE T 30% ACN/0.1% TFA 2 = 9wmds g3ar9d)

1-2-7-2. MALDI-TOFZ o] &8 4]
FE% EFES 10 mg/me] CHCA €93 i1 H&= 4o A=
E

of ®F3tol A2tk MALDI-TOFE $3te] v w9

AA Aot et maol o3 27 uwd AWES] BAFL

AN
ol

3tk wwlARA S e Voyager DE-STR  MALDI-TOF
spectrometer(Applied Biosystems Inc., USA)E AF&3lith A~ EHS
delayde extraction reflector ®=0° A 20 kV acceleration voltage<} 200

ns delay time®o. = AUt EAHF BAL oF ZFEZEQ angiotensin
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I, des-Arg bradykinin(fragment 2~9), adrenocorticotropic
hormone(ACTH) fragment 1-17& o83ttt HE =HEHLS 2008

ol AE 2AE L Hisle] A},

1-2-7-3. ol Eulo] 2 A

PMFE %3 wwzae 3geole& UCSFolA #Al&sts= MS-Fitt

Rockefeller Universityoll A A& 3}+= ProFoundE ©]-&3te] 7233t}

g H A2 monoisotopic massE A8 3 mass tolerance= 50

ppmo. = 3} ST,
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=

2. GABAS} glutamate =53 23d8 A}

-

2-1. A=

s 30 ¢ WS npet/+, npet/- 2 npe-/- BFHE b TH gl
77k 3upE] ) ALES AT A FEES A5 npet/- YA FAES W
HiAL A Bojd Aj 718 Ae]l DNA #HAF % npe+/+, npet/- % npe-/- A
AS FEste] QR AeE 20~25TY 223 FA8E AbSolA
AtE9E BE AfrRo] TuetH At ddde AF 457 AF

S A% 85 AAE A

2-1-2. A<

GABA % glutamate F%$A¢ HIWLS

Table 29} 2t}

filo
BN
>
>,
ol
i)
N
Ho
ol
>,
12
rlo
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Table 2. List of chemicals used in tail DNA analysis and

immunohistochemistry.
Experiment Reagent Company
tail DNA genomic DNA extraction kit Intron biotechnology, Korea
analysis premix Intron biotechnology, Korea
GAT-1 Oncogene Inc., USA
GAT-3 Oncogene Inc., USA
. GADG6 Oncogene Inc., USA
primary
antibody )
EAAC1 Chemicon Inc., USA
GLAST Chemicon Inc., USA
GLT1 Chemicon Inc., USA
biotinylated anti-rabbit IgG Vector Laboratories Inc., USA
secondary o ’ .
i biotinylated anti-goat IgG Vector Laboratories Inc., USA
antibody

biotinylated anti-guinea pig IgG Vector Laboratories Inc., USA

ABC ABC solution Vector Laboratories Inc., USA
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2-2. A3

o

y

2-2-1. 212] DNA At

~

ﬂJ

npet/~ AF FAT FAL wAA ol A7el 1 1 emE 2

g oA Aavt Solgdt wAAEe We F gk @ goldl m

o

u

15 m¢ FEeo] Y1 genomic DNA extraction kit2 ©]-83}o] DNAZ
2okt 283 DNAE PCRol 98] npc+/+, npc+/- Z npc—/- A
HAE FEHSAT PCRS premixd 75 156 wl, 4552 primer(A:
TCT CAC AGC CAC AAG CTT CC, B: GGT GCT GGA CAG CCA
AGT A, C: TGA GCC CAA GCA TAA CTT CC, D: CTG TAG
CTC ATC TGC CAT CG)E Zt7F 1 u, DNA 1 s & =33 o3
Perkin-Elmer thermal cyclerE ©]-&3te] 383t} oluf PCR =712
94TColl A 4% (hot start) HF-&A]7]3L, 94Cel| 4] 30%(denaturation), 60T
ol 5] 45Z%(annealing), 72C ol A 45Z%(extension)Z 353] HHE-dlo] wWhS-A]
ZAth. PCRol 23] AAE A= 1% agarose gelollAl A7 5 S A

slal ethidium bromide® @A3ste] 54 bandE &<135H3

il

a9

2-2-2. npct/+, npct/~ Z npc—/- AF < dv} FZHFH

A2 WA 0.1 M PBel heparin(1000 TU/1000 mé)S &gk &
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0.1 M PBZ 1A%t &9t 4433l 20% phosphate buffered sucrose &
Hol 24A17F FF @7l B ByE HEAEES FAEA7Y
(LEICA Inc., USA)E o] &3to] 30 mm F719 #4AEHEHE 9] 6
well plated] =A== HAsGF o F oF 3008 A= ZAHEHAS

free floating WH o2 W= 3+ AMS A 3Y3} T},

2-2-3. GABA$} glutamate 5|2 ™3} A

6 well plate®] =4 F dFo FAHHPoRF GAT-1, GAT-3,
GAD6, EAACI, GLAST, GLTI1el tgt W23t AS A adet3d
o dAe GAT-1(1:1,000),  GAT-3(1:1,000,  GAD6(1:100),
EAACI1(1:4,000), GLAST(1:8,000), GLT1(1:10,000) 2.2 343 12 &)

of 2AAAES @7 A2 1543 &<k vESAI AT oluf 12 A

——

o~

o] 3142 0.1 M PB9l 1% normal goat serum¥} 0.3% Triton X-100S

g3 gAE AgEY. 2 F 2FdAELS 01 M PBE A 294
1587 23] FAste] 22 &A1l biotinylated anti-rabbit IgG(1:200),

biotinylated anti-goat IgG(1:200), biotinylated anti-guinea pig

I[gG(1:200) 2} A2 A 1417 Fot WS- A Z Ttk HhSo] v ZAHAHAE
2 0.1 M PB= 15&73t 23] FAHAHS AF = peroxidaseZ’} T A H

ABC &9el &7} Aol A 1A1ZF &t vh8-AlZt 0.1 M PBE 15#%t
23] FAskaL 30 mge] 3-3' diaminobenzidineE 150 m¢¢] 0.1 M PBel
51 SHo A 5T WHEAIZL ¥ 0.005% HAStTAE HTbsto] A
of rNkg-S oF 5E7F AldstATth RS0l ¥ 2452 0.1 M PBE

153 33 FA8tal gelatine] 43z Eefo]= ffo Az 2l
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4CelA 12743 o] F AxART. 2 F T84 Wyl wet ethanol

3 xylene?] g9k FH3E A F permount® FYste] FetHW

2-2-4. Filipin ¢4

FH ¥ npet/+, npct/- 2 npc-/- AFY HZZFHS 01 M PBE 33
FAst 22 S filipin 50 pg/me PB &Aol] o] Fao] ALoA 44
b &b kgAY Hkgo] EUH glycerin/0.1 M PB(29:1)Z 543k
= HEs AT

o
i)
[‘.81'4
=
o
[o

2-2-5. Az°] FAAE
Aael FAAL= SPSSE ARG 7 o ko] ApEel] dHajA

student T-test(non-paired, p<0.05)& Al 3sle] FAH o= F2]3k =}9]

g wol Mo 7 RAE AFa
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3-1. A=

3-1-1. A=

CHO npc+/+ 25RA A9 CHO npc—/- CT43 A3*EF+ Dr.

Chang TYZ2HH ol Aol A&ttt

3-1-2. A<

CHO AlxolA gads Axe] &S &9dst7] 93 Aok Table 3

s ot
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Table 3. List of chemicals used

exocytosis.

in cell culture and lysosomal

Experiment

Reagent

Company

F-12

L-glutamine

GIBCO Inc., USA

GIBCO Inc., USA

cell culture penicillin GIBCO Inc., USA
streptomycin GIBCO Inc., USA
FBS GIBCO Inc., USA
U18666A Biomol Laboratories Inc., USA
lysotracker Molecular probes Inc.,USA
fluo-3 AM Molecular probes Inc.,USA
lysosomél ionophore Sigma Inc., USA
exocytosis
filipin Sigma Inc.; USA

cholesterol quant kit

glass bottom culture dish

Asan Inc., Korea

Matteck Inc., USA
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3-2-1. Azl

CHO npct/+ 25RA  AXZF¢ CHO npc—/- CT43 HExF+
L-glutamine, 100 U/m¢ penicillin, 100 mg/m¢ streptomycin, 10% FBS7}
H7He F-12 miA & AR&3te] 37C, CO2 5%7F #FA1 %= i F7lol A ul
&kt

3-2-2. UI8666A -+

CHO npc+/+ 25RA M XE 2x10°71E glass bottom culture dishel &

Foto] 24A17F v skl P 3kAl 7] a1, UI8666A(2 ng/1 mb PBS)E &
g5 oAl 2443w ksl

3-2-3-1. Lysotracker 2}

= 1

UIB666AE Folste] wjeksk CHO npc+/+ 25RA A< CHO
npc—/~ CT43 AxE2] wjAE A AL A2 F-12 ¥iA] 200 w2k 500
nM lysotracker 4 WS ¥53to] 5% COo 37CE == A3 v

AN 1A &g A AT

RS
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3-2-3-2. Fluo-3 &M

Zr AAAIR] fluo-3 AMS DMSOl 50 pg/50 = Ho] Ws B
T 5 ARE Aol oA ARESklth. Lysotracker Aol &% -, i
A Ao A= wiAE WY A2 F-12 #1# 200 w9 fluo-3(50 pg
/50 b DMSO) 2 plE &3t 5% COy 37CE ==& A8k w7
o Al 2043t o A at ek,

2
N
-~
4
LY
i,
&)
o
(@)
=
(@]
=
)
=
=x
Q
<
=
ke
1A
7
=
=
Q
&
o
ofo
ol
i
a8
NV
(@)
X
)
il
=
N

AYEE 512 x 512, HolA AEE 30o= e ¥ 2HE wFo 2%

Hale] A3sArt. Scan 273 Ao ionophore(l mg/1.1 m¢ DMSO)
Folale] 300% o AUt 300% Fore] Axu 2 §4

=~
= AEY FF9 oA AL GAAE IHE AAste] @9 HH

(Ao 300% B 2P on W v FAT PMTgoR =
5

i

o
Z relative fluorescence intensityS L@ Z 2 —17 24390}
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3-2-3-4. Galectin-1 Fo] & Zg 9 2 g2F MEY & A

oy

23 deolA dnAde IX 70 ¥FF =dadn Aol #olArt A
Fluoview 300(Olympus, Japan)S AF&3te] 20 x dEd=, P s
512 x 512, oA AEE 30 o= BE §, 24 w50l 2% Ao
300% E<F =gt on v Aty FAI PMT# o= Fxdste] A
gt 273 Ao galectin-1(1 mg/1 m¢ PBS)
AR 3002 ko] AMEW ZE FY 2

Al A4S GLAE 3E AAste] @9l HAT relative fluorescence

intensity S 1 Z 2 19 B4 3A )

3-2-4. Filipin &

o

ZE Y 2 gHaF MEY =8 s Axe= 01 M PBE 54
3}l 4% paraformaldehyde 200 = wo] 208 o 1A}
€2 A¥X+= 01 M PBE 33] A8t filipin 50 xg/ml PB 200l S

Fabol Aol AeolA 247 B ANAZ Ao Eijw

¢

glycerin/0.1 M PB(29:1)=2 & {Jsto] ¢ dAn|Fd o= A&
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3-2-5. T =HE A

(e)

_

]_

O
o

CHO A% 2 x 10°712 6 well plated] EF&fo] 4847 &<t n
Ak wigH AEE PBSE 33 FAsta AeoA dxz=AAY dx
Azol] wigd 1 WS EFse] xS &
Y31 chloroform/methanol(2:1)S 4 ml YA th AR 7S o] &a) A
19,000 x goll Al 5% F<F A4l st AT Ae Wi JAHAES TR
2 23] FAE o] = thAl 19,000 x gol A 5% FHek A Eals)

of FFHE v FHES da Va2 AxAAY dxzd AXEd

rlo

9 A E2 conical tube®]

hexane/isopropyl alcohol(3:2)& 2ol A2o|A 1A &<t WHgAI AT
yrgol eud gMiE e dAAaviaR AxRAZY #f71 &9l
chloroform 400 plE %o &3s|AIHAT. ©]3-& 96 well polypropylene
plated] 150 w= ¥ Ao HAxA7)L AxH AZAS isopropyl
alcohol 20 wl= SAFHT. olAS Y=

500 nmoll A T3 == =459 AFstA
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4. MAP kinase AZAG &2 XA}

4-1. A&

4-1-1. M2

CHO npct+/+ 25RA AZF¢ CHO npc—/- CT43 MEF+= Dr.

Chang TYZ%E] Fokutoel A3 o] AFE314

4-1-2. Ak

CHO npct+/+ 25RA  AEF9 CHO npc-/- CT43 AxEF0|

galectin-1% Fo]3 & MAP kinase A &dY 2425 F2lst7] 98] A

835 Al Table 49 #Zth

_26_



Table 4. List of chemicals used in cell culture and Western blotting.

Experiment Reagent Company
F-12 GIBCO Inc., USA
L-glutamine GIBCO Inc., USA

cell culture penicillin GIBCO Inc., USA
streptomycin GIBCO Inc., USA
FBS GIBCO Inc., USA
p38 Promega Inc., USA
phospho—p38 Santa Cruz Biotech Inc., USA
ERK1/2 Cell signaling Inc., USA
phospho-ERK1/2 Cell signaling Inc., USA
phospho JNK Cell signaling Inc., USA

Western
blotting [i-actin Cell signaling Inc., USA

) : Vector  Laboratories, Inc.,
peroxidase labeled anti-mouse IgG

USA
) ] ) Vector  Laboratories, Inc.,
peroxidase labeled anti—rabbit IgG
USA
ECL Ammersham Biotec Inc., USA

_27_



AN
o
(2
o
ok
i

4-2-1. A EZnj <k

CHO npc+/+ 25RA AXF¢ CHO npc-/- CT43 HM>EF+=
L-glutamine, 100 U/m¢ penicillin, 100 mg/m¢ streptomycin, 10% FBS7}
A7t F-12 wjA & AF&3ste] 37C, CO, 5%7F A= &= wE7]ol Al )
kA

4-2-2. Western blotting &4

sk A

==}
il

wol wa Ed HAAsi 1 mM PMSF, 1 uM
leupetin, 1 uM antipain, 0.1 uM sodium orthovanadate, 5 mM sodium
fluoride®] ¥3tE lysis buffer(20 mM - Tris—-Cl, 150 mM NaCl, 1 mM
EDTA, pH 7.4) 5005 ¥l 29472 ZHstsieh S47F &

MEE 19,000 x g, 4ToA 1557F A sle] FF e Jd= @9
d& FE3 F 2D quant kiteZ @il A S Ak s oA 40 ug

S 125% SDS-PAGE gelel #5331 SDS-PAGE #7]%-5 buffer(2.4
mM tris base, 19 mM glysine, 0.2% SDS)E AF-&3Fo] 100 voltoll A 1
AlZE 308 &b Eeledlt 1719% F gele transfer buffer(2.4 mM
tris base, 19 mM glycine, 20% methanol)ell 4] nitrocellulosemembrane
o 30 volt, 350 mA ZA OS2 4A7F &<t transferA Zt}. Transfer’} &
' membrane- 5% dried skim milk7} 2Z3FE TBS-T(0.1%
Tween-20, Tris-buffered saline, pH 7.4)Z2 ©]&3} blocking 3+ ¥
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ERK1/2 (1:1,000), phospho ERKI1/2(1:1000), p38(1:1,000), phospho
p38(1:1,000), JNK(1:1,000), phospho JNK(1:1,000), beta-actin(1:1,000)2.
2 3 gk 12 dA 9} peroxidase labeled anti-mouse IgG(1:5,000)<}
peroxidase labeled anti-rabbit IgG(1:5,000)2] 22} &-A <} 1A 7F &b A
A2 wEgA]7la 7 dAbt TBS-TE o] &35t 54 43] S48
o A A2 TBS-TE ol&stath.  adAe whgo]
membrane< ECL chemiluminiscenct detection &

membrane> ArEjo] Wz} X-ray filmell 15%°A & 1+ =FAA

X-ray filmell AAFAlZ T}
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A7 23

1. npc+/+, npc+/- L npc-/-AF 9 HxAqA ZH2HE L&

npct/+, npct/- H npe-/- BF 9 FHlzHE TH Aol =

DNA #AAHE &3t npet/+, npc+/- 2 npe-/- 379 AHAE 73
I (Figure 1) AFA9 H2AL filipind M-S Al&sto] FASAT 4
& npc-/- AF 9 filipine] W H&H-L npet/+<2F npet/-2F FAFSE ®
FFe B3 npet/+, npct/~ E npe—/- AF BT filipino] g 2
& gl tH(Figures 2-A, B, C). 3tA 9k, 85 % npc+/+ AF o= 4575
AF ek AretAl Aol Al HA ke W npe-/- AF ol A= filipin
of gk wh&/do] =okth(Figures 2-D, E, F).

3
S
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Figure 1. Genotyping analysis with tail-DNA by RT-PCR.
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Figure 2. Filipin staining of mice brain tissues (cerebral cortex). (A)
npc+/+ mice (4 weeks), (B) npct+/- mice (4 weeks), (C) npc—/- mice
(4 weeks), (D) npc+/+ mice (8 weeks), (E) npct/- mice (8 weeks)
and (F) npc—/- mice (8 weeks). In F, the increase of fluorescence

intensity reflects the accumulation of cholesterol. Bar=50 pm.
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2. npct+/+$} npc-/- AF vl Gy AR TH

npc—/- AFA vt A Lol AW skl WIS dolr ] 9
&l npc+/+eF npc-/- AF O sutel EAlsteE G HY] FRE IR

th. olE 9dl npct/+¢F npe-/- AFAL &vtE &

ALy
_0|L
9
DO
7
)—U
>
)
to
e

Fagn Bo we wuwAS w99 siver FAL SRS
(Figure 3). Fdl2~H&E TdY o7} B2 8F% npe+/+¢ npe—/- A
A el M= T de Bl @A spoto] AAHLUH. Aol

g Hol: wd spot F3e] MALDI-TOFE F33tlomn, do]g
Mol HAS Fate] WA AolE Holw 36700 dMdS el
o 1678 e el A Hskek o] 9l9lal, 11 F npe/- A

#e sirtel A Glur R27F up-regulated® o] &S &elstdth(Table
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Figure 3. Comparison of 2-DE maps from the hippocampal of npc+/+

(left) and npc -/- mice (right). Proteins were prepared and separated
on pH 3-10 linear IPG strips and then by 12.5% SDS-PAGE. Gels
were stained with Silver))taiﬁﬂjé.ﬂmihﬁngggféf)\ﬁ% each altered

spots were compared. (A) In the npct/+ gel, there were 36
significantly up-regulated spots. (B) In npc-/- gel, there were 11

significantly up-regulated spots.
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Table 5. Up-regulated protein identified by MALDI-TOF analysis in

the npc—/- hippocampus.

Mean Data MS-  Protein Acces
MOWSE Masses % %
No. Err  Tol digest MW sion protein name
score matched Cov. TUC
ppm ppm index (Da)p/  no.

Glutamate receptor 2
A382.727+04 8(42) 26.0 421 -19.3 387 51.420 40301/4.9 p51863
precursor (Glu R2)
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3. GABA¢} glutamate &4 243

87 npct/+¢ npe—/- AF slivte] @M H A 2 o]y o]~
Aol A 2ol & Hel Glur R2E AHAISHAl BHlstr] 98] ol & sinp 237
Il GABA®} glutamate =&l e wnkeds aalct. 45
@ npct/+, npct/~ 9 npc-/- AF Y svtE ez GAT-1, GAT-3,
GAD6, EAACI, GLAST, GLTIel tia] ®efststadAls Algsh A
npc—/~ AF vkl Al FASA GAT-3% Zg W
= #HEE F AAY. GAT-3% 4579 npe-/- AF dlnte] CAl, CA3<}
A otol BHDG) FAllA ZH7h 524, 455, 32.3% = 7}ak% tH(Figures 5-C,
11-A).

23
oo
oX,

T
o] & A

8% npc+/+, npct/- R npc—/- AH drntE WHoE GAT-1,
GAT-3, GAD6, EAACI, GLAST, GLT1l dis] welslsted M-S Al a)sl
A3t npe-/- BF 9 sfviellA GAT-37} CAl, CA3, DG 9 delA 2
52.8, 49.7, 17.9%, GAD67h.CAl, CA3, DG -3l Z+7+ 522, 505,
56.9% Wukg-Ao]  Z7}etd a(Figures 5-G, 6-G, 11-B, 12-B),
EAAC1 CAl, CA3, DG 99l z+2zt 50.0, 48.0, 45.8% ™yt

14
3

o] 7+A3tStH(Figures 7-F, 13-B).
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Figure 4. Immunohistochemical localization of GAT-1 1in the
hippocampal formation. (A) npc+/+ mice (4 weeks), (B) npc+/- mice
(4 weeks), (C) npc—/- mj 4 %Veacsi,ml}}iﬁﬁéi/ﬁﬁice (8 weeks),

(E) npct/- mice (8 weeks) and (F) npc—/- mice (8 weeks). There

was no change in GAT-1 immunoreaction in all tissues. Bar=100 gm.
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Figure 5. Immunohistochemical localization of GAT-3 in the

hippocampal formation. (A) npc+/+ mice (4 weeks), (B) npc+/~ mice

(4 weeks), (C) npc—/- mice (4 weeks), (D_) npc+/+ mice (8 weeks),
;!1 EH D!’ L |'

(E) npc+/- mice (8 weeks) an (F nch'|7 ‘%u‘?e (8 weeks) In C and

F, GAT-3 immunoreaction was detected in CAl, CA3 and dentate

gyrus (DG). Bar=100 gm.
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Figure 6. Immunohistochemical localization of GAD6 in the

hippocampal formation. (A) npc+/+ mice (4 weeks), (B) npc+/- mice

(4 weeks), (C) npc—/- r:J ﬁﬁ;}ggﬁ{@}sﬁl%né}qﬂmm}ce (8 weeks),
s) a

(E) npc+/- mice (8 wee nd (F) npc—/- mice (8 weeks) In F and
GAD6 immunoreaction was detected in CAl, CA3 and dentate gyrus

(DG). Bar=100 /m.
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Figure 7. Immunohistochemical localization of EAACI in the

hippocampal formation. (A) npc+/+ mice (4 weeks), (B) npc+/- mice
(4 weeks), (C) npc—/- mice (4 weeks), (D) npc+/+ mice (8 weeks),
(E) npct/~ mice (8 weeks ar}d (F) npc: Z m,lg:e (8 Weeks) In F and
EAAC1 immunoreaction )as decreased in CAI CAB and dentate

gyrus (DG). Bar=100 um.
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Figure 8. Immunohistochemical localization of GLAST in the

hippocampal formation. (A) npc+/+ mice (4 weeks), (B) npc+/- mice

[Ha
(F) npc—7— rnlce (8 weeks). There was

(4 weeks), (C) npc—/- mice (4 Weeksi (D) 1’(:1}1)0‘*:/"'11‘11][06 (8 weeks),
(E) npct/- mice (8 WeelJ

no change in GLAST immunoreaction in all tissues. Bar=100 pm.
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Figure 9. Immunohistochemical Ilocalization of GLT1 in the

hippocampal formation. (A) npc+/+ mice (4 weeks), (B) npc+/- mice

(4 weeks), (C) npc-/- mi W%wéim%'gﬁﬁce (8 weeks),

(E) npct/- mice (8 wee .S), (F) npc—/- mice (8 weeks). There was

no change in GLT1 immunoreaction in all tissues. Bar=100 gm.
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GAT-1 (4 weeks)

ONPC /-

WNPC +/+
NPC +/-

—

A

L | | I I I
o O O O o o o
O© 10 < O N o+~

Alsusp

CA1 CA3 DG

Total

8 weeks)

GAT- (

ONPC /-

W NPC +/+
NPC +/-

S

P

A

7

QT

v

L | | | | |
o O O O O o o
O© O I O N —

Allsuap

CA1 CA3 DG

Total

Figure 10. Densitimetric analysis of GAT-1 immunoreactivity in the

hippocampal formation. (A) 4 weeks mice, (B) 8 weeks mice (dentate

- DG).

gyTrus
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GAT-3 (4 weeks)

BENPC +/+
EINPC +/-
ONPC -/

density

GAT-3 (8 weeks)

W NPC +/+
NPC +/-
ONPC -/~

density

Figure 11. Densitimetric analysis of GAT-3 immunoreactivity in the

hippocampal formation. (A) 4 weeks mice, (B) 8 weeks mice (dentate

gyrus : DG), * : p<0.05, =+ @ p<0.01 (dentate gyrus : DG).
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GAD6 (4 weeks)
60 r
50
40 r
>
2 30 |
S
20 ¢ B NPC +/+
10 g B NPC +/-
0 % ONPC /-
Total CA1 CA3 DG
B
GADS6 (8 weeks)
60 r
P
‘0
c
()
© B NPC +/+
EINPC +/-
ONPC /-

Figure 12. Densitimetric analysis of GAD6 immunoreactivity in the
hippocampal formation. (A) 4 weeks mice, (B) 8 weeks mice (dentate

gyrus : DG), ** : p<0.01 (dentate gyrus : DG).
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EAACT (4 weeks)
60 r
50
40 +
>
2 30 +
S
20 ' B NPC +/+
10 F I BINPC +/-
0 | OONPC —/-
Total CA1 CA3 DG
B
EAACT (8 weeks)
P
‘»
o
© BNPC +/+
EINPC +/-
ONPC -/-
Total CA1 CA3 DG

Figure 13. Densitimetric analysis of EAAC] immunoreactivity in the
hippocampal formation. (A) 4 weeks mice, (B) 8 weeks mice (dentate

gyrus : DG), ** : p<0.01 (dentate gyrus : DG).

_46_



GLAST (4 weeks)
60
50
40 r
=
@ 30
[0}
° 20 B NPC +/+
B NPC +/-
in | | O NPC —/-
Total CA1 CA3 DG
B
GLAST (8 weeks)
60 r
50
> 40
2 30t
S
20 r B NPC +/+
EINPC +/-
ONPC /-

Figure 14. Densitimetric analysis of GLAST immunoreactivity in the

hippocampal formation. (A) 4 weeks mice, (B) 8 weeks mice (dentate

gyrus : DQG).

_47_



GLT1 (4 weeks)
60 1
50 -
40 r
2z
& 30
35
20 ¢ B NPC +/+
ENPC +/-
ONPC —/-
B
GLT1 (8 weeks)
60 r
50 r
40 r
2
2 30t
()
° 207 WNPC +/+
B NPC +/-
ONPC -/~

Figure 15. Densitimetric analysis of GLT1 immunoreactivity in the

hippocampal formation. (A) 4 weeks mice, (B) 8 weeks mice (dentate

gyrus : DQG).
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4 week old NPC -~ mouse, GA B A ergic B wesk old NPC -/- mouse, GABAergic

Figure 16. Schematic diagrams illustrating the expression patterns of
the GABAergic and glutamatergic transporter system in npc—/- mice
compared to npc-/- and npct+/- mice. In general, there was an
increase of GAT-3 in the CAl and CA3 regions of the hippocampus
proper in 4-week-old npc—/- mice. Whereas the level of GAT-3 of
the 8-week-old npc-/- mice increased in the CAl, CA3 and dendate
gyrus regions of the hippocampus proper. The neuronal glutamate
transporter (EAAC1) decreased in the CAl, CA3 and dentate gyrus

regions of the hippocampus proper.
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4. HaF AXY F

e

Za Fdel ds W AE W ZE v YiaFE AxEe] fFEIY
FaaAe z2Ae] 98 2E F9 FEAQ onophore Fel F Ca”
o Wl g AaF AR FEFo] dojue=AE dEskATh

CHO npct/+ 25RA A X9 UI866AE Foste] Zd~HES AX
el %24 A7l H ionophoreE F3to] €215t} Ionophore?] F4
T Za ol FRHE AS AT F ddew FA it Ax

=0l doju= AHAE FAsHth(Figures 17, 18). CHO npc-/-
CT43 A EFo| A% ijonophores T3t w FAFSHA Zgo] 915
= Ae FAT F AN FAl gaF: AlES] fFEo] fFREE A
5}o] 3} ¢ th(Figures 19, 20).

Ionophore ¢ 3} o Axu FHzEHE ol ¥ fililpin 4
At ZE2HE A kits Abgstel ZALSEITE Filipin @4 &2 Bl
3t A3 CHO npc-/- CT43 A ¥EFo| ionophoreE Foldt AiE=
ionophoreE Fo138}A] 2 Axd Hla| Folgh AEoA filipinel ot
Wg-7d o] w5 & 4 S tH(Figure 21). FdU2HE A
& kite ARE3F] ionophore®] Fofgel] wE AlEUe]l EHE
H3leks =43 A} CT43 A EF) ionophoreZ 0, 0.2, 0.4, 0.6, 0.8, 1

S uf, Z+7} 0, 1.3, 5.2, 14.7, 276, 35.2% #Hist= A
, Lol FEE FolEE A AlEAE dojut

al
g = A (Table 6).
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Figure 17. Confocal fluorescence microscopy images after UlS666A
and ionophore treatment in CHO npc+/+ 25RA cells. Ca® influx was

derived and lysosome was moved and decreased.
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Figure 18. Graph image of Ca”" influx and lysosomal exocytosis after

U18666A and ionophore treatment in CHO npc+/+ 25RA cells.
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Figure 19. Confocal fluorescence microscopy images after ionophore
treatment in CHO npc—/- CT43 cells. Ca®' influx was derived and

lysosome was moved and decreased.
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Figure 20. Graph image of Ca

ionophore treatment in CHO npc—-/- CT43 cells.
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Figure 21. Filipin staining in CHO npc—/- CT43 cells. (A) There was
the accumulation of cholesterol before ionophore treatment. (B)
Relative to untreated cells, the cholesterol was decreased after

ionophore treatment.
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Table 6. Cholesterol quantitative analysis after ionophore treatment in

CHO npc—/- CT43 cells using cholesterol quantitative kit

Treatment (yg/ml) Fraction cholesterol decrease (%)
0 0
0.2 1.3
04 5.2
0.6 14.7
0.8 27.6
1 35.2
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4-2. Galectin-1< ©]-&3 ZAF AXY 75

d

CHO npc—/- CT43 AXFAA ZHF FUS F=3ts =29
ionophoreE ©]-&3to] #aE MELY FE=& st ZFHxHEo 7
2HE AMEE Flsdh AR jonophore= A A Ulo Al THE %] 4]
il Sl Utk wEkA] MEALE o)A FowA FHAhE AES
r EAS AT YAaFE ol H A
=2 Azte o] AAUelA A E = EZQ galectin-1o] thal] AT

Galectin-19 t3F ZA}+= ionophore®] ZFAPo|A e} T3 WHo=R

Galectin-1¢] Foj=2 Z4 #F9 o] daF: AE FE°] fr=¥e= A
C

gkol 5l 9 tH(Figures 22, 23). =93t W o=

o

O
EFE WY F galectin-12 Folste] #ESlS W Aa Fdel
EHA s AT HAaF AR mEo] fEHE S s
(Figures 24, 25).
CHO npc-/- CT43 A EF|A galectin-1 Fo] A3} Fof Fo g

2~H 9 W3 filipin 9o ® B3 Ay galectin-1S Fol8H# &

2 Ao Hl& FoIsk AMEoA filipino] ™ HFSAo] wig- FAH
AL BAT F AJvH(Figure 26). =3 FH~HE AHF kitS AHEs

A
o galectin-1¢] Fo el W& AEHE FHzdHE HsFS 4G
A CT43 MEF galectin-1< 0, 50, 100, 250, 500, 1000 pg/mé=
2] 8} o, zt7+ 0, 0.6, 4.8, 89, 105, 285% st e gl &
T AUt (Table 7).

32
ftlo
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Figure 22. Confocal fluorescence microscopy images after UIS666A

and galectin-1 treatment in CHO npc+/+ 25RA cells. Ca” influx was

not derived, but lysosome was moved and decreased.
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Figure 23. Graph image of lysosomal exocytosis after UlI8666A and
galectin—1 treatment in CHO npc+/+ 25RA cells.
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Figure 24. Confocal fluorescence microscopy images after galectin-1
treatment in CHO npc—/- CT43 cells. Ca®" influx was not derived and

lysosome was moved and decreased.
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Figure 25. Graph image of lysosomal exocytosis after galectin—1

treatment in CHO npc—-/- CT43 cells.
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Figure 26. Filipin staining in CHO npc—/- CT43 cells. (A) There was
the accumulation of cholesterol before galectin-1 treatment. (B)
Relative to untreated cells, the cholesterol was decreased after

galectin—1 treatment.
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Table 7. Cholesterol quantitative analysis after galectin—-1 treatment in

CHO npc—/- CT43 cells using cholesterol quantitative kit

Treatment (rg/ml) Fraction cholesterol decrease (%)
0 0
50 0.6
100 4.8
250 89
500 10.5
1000 285
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5. MAP kinase A3 d4E F=Z

npcl A2} MAP kinase Alade A=Zeto] #A= CHO npe—/-
25RA A EZF¢} CT43 MEFe] @il d S 53¢ & ERKI1/2, p38, JNK,
A4kstEl ERK1/2, <latsl ¥ p38, <Qlaksl ¥ JNKe A< Wss
Western blotting® < ©]-&38to] ZAgtomx ettt A A3
CHO npc-/- CT43 AXF% CHO npct/+ 25RA M XEFHT} p38, A4t
s} ¥ p38e] wHo| Z+7Z; 62.0, 49.9% AT tHFigure 33). L]l
ERK1/2¢} <14k} ® ERK1/29] Wd % 25RA AlX9] vl z+zt 15.0,
62.3% #rAastH th(Figures 27, 28-A).

od.
off

!
93l CHO npc—/- CT43 A EF9 galectin-12 FoJ3te] MAP kinase

N

Galectin—1°] MAP kinase A& d9 AR v x&= AsS It

NG A2E AT Galectin-1S  Fo3t CT43 AxXF+
galectin-1& FoJ3l# 2SS wHTh ERK1/2, <148t ¥ ERK1/2¢F <l
23} = p389] wrdol Z+ZE 140, 56.8,, 36.6% -5 7Fsl S thH(Figures 27,
28-B).
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Figure 27. Detection of ERK1/2, p38, JNK, pERK1/2, pp38, pJNK and
beta—actin by Western blot analysis of 25RA, 25RA treated with
U18666A, 25RA treated with galectin—-1, 25RA treated with Ul8666A
and galectin-1, CT43, CT43 treated with galectin-1. Expression of
ERK1/2, p38, pERKI1/2 and p38 were reduced in CT43 cell. But
Relative to untreated galectin—1, expression of ERK1/2 and pERK1/2

were increased CT43 cell treated with galectin—1.
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Figure 28. Densitimetric analysis of MAPK protein (ERK1/2, p38,
phospho ERK1/2, phopho p38) in the 25RA, 25RA treated with
galectin—1, 25RA treated with U18666A, 25RA treated with galectin—1

and U18666A, CT43, CT43 treated with galectin—1.
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1. npc+/+, npct/- 2 npc-/-AF Y HEHA FH2HE T3

I

F% npc+/+, npct/- L npc-/- AF EF filipino] thak @3 ko)
2o Zlo® Kol 457 AF o= npele] EAeF AdHgle]l BE Ful 2~
HlZo] A4 EA%Ss S99 = dATh AT, 85F % npe-/- AF Y
filipinoll W&k W& npct/+9F npet/-9F AASHA Ldd FAe] Aol =
Btk =, 857 ® npe—/- AFE Hol= npel A FAE B
FHzEEe] 44 e AS AL F Ay o] dAFEAE F
Aol AgAxtel FAbstedtt (Kobayashi 5 1999; Loftus 5 1997;
Morshead & 1998). o]} 2& Az nFo] & uf FH~HEo 54

& NPC 49 2 54 Fo shets A4S FAd + A

2. npct+/+$} npc-/- AF vl Gy AR TH

npc+/+9F npe-/- AF ] kel EActE @M A FFE 5]
?le] 2D-PAGES & ¥ silver 94& 3stal MALDI-TOF= #H|ul3}3]
th 859 npct+/+9F npe-/- AF e sfvtell A= 3670 w@ulEe] Aozt
ARoem 1 F 16719 EuMAe A EHsteE #HEEo YAk o=
IDPc (Lee & 2002), N-CAM 2 (Pedersen & 2004), CAML (Feng &
2002), mage-like protein 2 (Barker®} Salehi, 2002), 10-kDa heat

j

shock protein (Takayama & 2003), HsplO (Takayama ‘s 2003), Hsp60
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(Takayama & 2003), TCP-1-beta (Takayama - 2003), cyclophilin A
(Cande & 2004), protein kinase C (Gutcher & 2003), proteasome
subunit beta type 6 precursor (Wojcik, 2002), alpha enolase (Magi &
2004), Glu R2 (Lu ‘& 2003), otubain 1 (Wojcik, 2002; Kim & 2003),
NADH-ubiquinone oxidoreductase 42-kDa subunit, mitochondrial (Kim
5 2001), cystatin C (Nishio % 2000), and annexin V
(Gidon—Jeangirard 5 1999; Hawkins % 2002)E°|t}. o] & NPCol A
Glue R27} up-regulate¥ o] = AL FE3 wksirl. GABA

A HEd, AEEY, 40, BARES
uj 5 oy 7hA| vlo] ARl AASAL] ¥lo]l i, glutamate’} 719

== ) = =1 _(?_57].‘: l:—oﬂ by o%g}_ﬂ

=1, “1 H xR 1L o [} [} '?:}1\17(%]7:“0“ %%‘ﬂ]’]gq]}ﬂ}‘ %-Q—

=
sk deks sk Aoz dyA vt (Mattson s 1988; Pearce &

1987). NPC7} &zstolmH¥at §Aleta S5 Fol7t gom GluR-27}
PColA GABA % glutamate %

npcl A7 FAE AH 9 svte]l Al GABAS glutamate 5 A
£ AgumSAS 2AEEe] NPCo A= EA4S AT

2 AF4A7 GAT-37F 4% npet/+9F npet/- AF el Bl npe—/-

Al, CA3, DG9] 7} dlln} G qellA e W whgAo] A= A
S AT £ gArt. 28ar GAT-33 GAD67F 8F% npc+/+9
npct/~ 4F ol W3] npc—/- AF < CAl, CA3, DG2] 7} slnle] <o

al

s

o
AN
o
O
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gGEARE FFAAEA AA £A3t, dopamine, norepinephrine,
serotonin, acetylcholine®} #-& AlZAAGEAo] nla] ¢k 200~10004)] <]
AFEE Holi, ZMF(substantia nigra), &3 (globus pallidus), A
AF3h4-(hypothalamus), 3l mF(hippocampus)oll &= H =S Hel
(Fahn¥} Cote, 1968; McGeer, 1989; Roberts, 1976; Scherer 5 1988). &=
gt GABAT® TF A ANA ANAAEZE = A7l AAAG
U E JAA 7T (Potter & 1990). GABAS] &% ol =2
HS 7R %A (transport system)ol] 2o]al] o] Fo]Zt}. GABA 5 A
g} 3] GATZ HFE2+& o 22L& %A veives wawd=z &)
ofg)std EAe wl 4FF(GAT-1, GAT-2, GAT-3 2 GAT-4) 7}

#H2 At (Clark, 1992; Durkin, 1995; Liu % . 1993; Lopez-Corcuera
5 1992). vl 79 %A 25 Na9 Cld 9&4 #Hoz GABA
E uket ofmAb wjd e Aol AR Ao I v
(Borden & 1992; Guastella & 1990).

GATY =4 Wl X5 A A3dd w2 FFA4A A Fa3
! A
¥ (astrocyte)ol] W& &1 GAT-32 =2 WHolul A ¥ =3tgo] H s
vl It} (Durkin, 1995; Ikegaki & 1994; Minelli & 1995; Yan¥} Ribak,
1998). GAT-39] S7t= s=9 44 % 223 59 & Wsts oA
g RaFEAY (Reynolds & 1990).

HFsEANAN EAATE AAAZe A A E &)

i
i)
o

P
B

ol 5}
=1

rr

AL GAT-13% GAT-3%, GAT-1< 2l

o
off

N

K|
ol

S |
= 4

2
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QI A

=

oz TEA AAAGEA =

[e]

ofol

W)

[e)
X
T2 AEEANS FUEE 5 o) E FA 8

rr

T8 7lss sk A
o7 4#A Advt (Kannai®t Hediger, 1992; Nicholls®} Atwell, 1990).
EAATE= 714 E5eojdel w2t EAATI(GLAST), EAAT2(GLTY),
EAAT3 (EAACI1), EAAT4 2 EAATHZE =M thFst FoA A}
7V 224959 v} (Arriza 5 1994; Gallo 5 1992; Kannai®} Hediger,
1992; Lin & 1998; Pines & 1992; Storck & 1992; Sutherland & 1996).
GLASTSF GLT1S F= Aot zolA zgats Lol Fxo @
o] Fxst= Aom delx At (Arriaz 5 1994; Lehre & 1997,
Stoffel & 1996). o]l H]s] EAAC], EAAT4 ¥ EAATSHE A7 A
A F2 Fgdtta 4 Ut (Kannai®t Hediger, 1992). EAACIS
glutamate F+¢iol 7Fg¢ w@o] 7]odst= Aoz el 3o (Rothstein
S 1994), @A FFAA AN EAAT 7l5e #ek w2 A7 18
Ho] EAATS 2d w®olo oaf FFA4Ae Hao| fFiy= Aol
szt (Szatkowaski®b - Attwell,. 1994; - Vandenberg % 1997;
Vandenberg & 1998). Z1e|al A ¥ ddapgo] s el EAAT 74
WG o] dE g S T3 EAACL, GLAST % GLTl1e] #7]
SolAow walsk= o] gl vt (Shibata & 1997; Sutherland &

1996).
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4. HaF AXY K

e

2 AFoAE ZE FYAEZ ¢HF ionophoreE  ©o]-§3tel CHO
npct/+ 256RA A ¥F9 CHO npc—/- CT43 AXFAA ZF U=
wate] fad AEY] FEo] dojubeA AT T3 galcetin 12
o]-&3t] CHO npc+/+ 25RA M3EF9 CHO npe-/- CT43 A|3ZFo) A

aTT
ol HUHEAE RS FA6 PaF ALY fE0 JoluheA

Abat it

BN
ol

Hol A Axde Zgoles fFestes o] Axd e Zgol ¥
w=7F F7bskal diltiazeme A EHrel] 2HgEte] AE Hiol A AlEAWR
o] ZFol THE AT dH A Atk (Churche} Zsoter, 1930).

ME fluo-3 AMS A3t 323 #o)AdAndoz 300 o &

Tt FY2HEY #Aas AY T4 A3} ionophore F% UiH] 2
daskes s g0 F AT ol ZEAHEY AT

ionophore?] X o]&E3dtt= AS T Aot welba ¥ 2

il

o] o]Eo] AFAHORE #Ast= npel FHATE fle AFdE Lol

FUHM, GaF ALY FE2S H5EA sl ¥ A 7

e
o
nj
Ho

Ionophoret= 417

_71_



ohomEk ARl S E L Ze A
galectin-1° tisjr s A= At CHO npe-/- CT43 A
FAAME glaectin-1& FoIstA S vl Z Fo] oA = dA R
AAE Bad AEY] FEFE dojus AS AU F A o=

filipin GM o2 ¢ 2H

il
o%
1o
g
T
i
BN
>
ro
i)
_\7;1
i
=
[
o,
il
o2
9

Fage FAT 5 Atk £ FAsHB gaE FYHoR Q)
S92 W galectin-19] %= o] FelsEEo] Fads AL FA T

o]
T oAtk o= Fy A" EY 7A7F galectin-19] Fol| oFEITIE=
&2

AL W Aot o= AFEAE ZolHA FH=HE ofFed AF 4
O 2 #ofdhi= npel FAARl BAIRLC] Zgo] FAEA F= Arol=
YaF: AEL FE0] Zhestths AME S Al ST

HE 9 W FHzEHE FA7F =2 Abgtel Al gzstolw el 2™
Aol e A7 237 ERd $F oAy d7AECd g8 FHsHE
I gzatolm ol Al w3k A4t AF}Eo]l HiuHi U
(Hofman & 1997, Jarvik & 1995; Kivipelto 5 2001; Notkola & 1998).
B2 g U EUiEHES SRS W ol RolEe] Aol 30

o, A4wME addn AvHon dxaolviye Y Hgol

i

O
-

A= Aoz HaEdrt (Jick 5 2000; Wolozin 5 2000). &=3F Z+
FAdEH YLrE AEY FFo dojurta  FHLo| By
(Dragileva & 1999; Breitbart, 2002; Gardella & 2001). ¥ <19

ionophore®] Folz Zrgo] FAEdS W 2aF A FEo] dojd
3}

22 o
o o

>
ki

Galectin—-12 A WA AFFA =oltby = ribosomed] 23] A4
HeE Aoz deA vk A A oA AASE galectin-19] 2] 3 E]

= 9SS BAEH N-2oho] acetylation¥ o] gy AS Feld & 9l
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5. MAP kinase A&d4E H=Z

2 AFolA MAP kinase Al&xd A=2E5 &ALSEAES #W CHO
npc—/- CT43 AEZFo| A= CHO npe+/+ 256RA M H]& p38, <A
AbshEl p3ge] o] 7FAastal, ERK1/29F Q14kstel ERK1/29] EHd =
25RA  AMEZFol wld] FAekAth 18lal galectin-1& Fo% CHO
npc—/- CT43 MEFE galectin-1S Folsah#] &3kS wlEth ERK1/2,
¢14kstEl ERK1/2¢F Q14bshel p38e] walo] F7akaith.

MAP kinase= Z}7} dual phosphorylation motif¢l catalytic domain®t
9] subdomain V9l ¢+ Tyr-Glu-Tyr(ERK), Tyr-Pro-Tyr(JNK) %
Thr-Gly-Tyr(p38)ell A ¢14tstett. o] 14ts 342 th¥d MKKE 9
protein cascade®] 2]&] dojutrl. INKE MKK49F MKK79] 23, p38

< MKKS3, MKK6 % MKK4el| oJsf <I4tsl == oz dejx glor
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ERK= MKKI3 MKK2el ela] <litsteivta ddA Stk JNK=
c-Jun¥ activation domain®] N-terminal®] binding 3ttt 9138 A ¢l
(Barr2} Bogoyecitch, 2001; Davis, 2000), c-Jun® Ser-63¥} Ser-73<
OIA3kA It (Pulcerer 5 1991). JNK-2 o] & cytokineEol 2JsfA &
BetEH g G AEH 2 oM E st = Aem dEA 9l
o} (Ipe} Davis, 1998). p382 JNK<9} #FAFsHHl o8 cytokineEd 2~E
g 2ol whE-ghr

npc—/- ABFHS AAZ7|AFo| N E MAP kinase T zo] oJaFS b
of T3 &3l Tl "olx= Aor BHuHATt (Corson & 2003;
Yang 5 2006). CHO npc-/- CT43 A¥Fo]A ERK1/2¢ <1Xk3}%
ERK1/29] W&o tadhs 3 =8 npel Fx4k] F-A & MAP kinase
ANedd Aerr dgdatA o] FoAA = Ao Alsdn. =3 24
& AE fF F% E#< galectin-19] Fo]& ERK1/2, <l4itsid
ERK1/27} &2 st=lo] MAP kinase A5 HS =27t A&38tA o] 7017
2 Als gt
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