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I.A &
WAESHE D) o4& H2AE in vivo glial cellsSS) B43t9} NAAL Ahe] BaA
Sk

I AFAge) 24 2 Bay

%<& (Parkinson's disease), &2sko] ¥ (Alzheimer's disease), mu Itiple sclerosis,
AIDS dementia complex, amyotrophic lateral sclerosis $3 Z-& AR Ag e Wy 9o W
B el Aol microglia®] FA 37t BFAHO] o] RuH T Ut} (Raine et al,, 1994; Meda
et al.,, 1995; McGeer et al., 1998a,b; Hunot et al., 1999; Vila et al., 2001; Minagar et al.,
2002; Williams 2002). ©]¥ AT AH}EE A2 A2 84939 microgliadl A A4, 2]

T SAEES0 ABAME AES FET 5 dE A7AFSo] RuHY (Ryu et al.,
2000). o] @7 A3 wjdd 839 microglia’t thrombinoll l5}e] B4 g5 o] A7 AL
AHEE fFESE @F5WMAEAEQA nitric oxide (NO), interleukin 1—beta, interleukin—6,
tumor necrosis factor—a (TNF-a)& A4 @ci= Aolth A2 TNF-o/} ¥Ld FH o
ABAES] AHEE Ze52 (McQuire et al,, 2001), MPTP %718 25 dd4 NO7F =
UG AL AbE 7] o] BEHo] 9900 (Iravani et al, 2002), rotenoneol| 23l &4
3t @ microglia7t =ERAZAT AJHS 28t (Du et al.,, 2002) A+ AxE=
microglia®] /4437t AZHEANE ] #AH0] &S Z9stm U} E3 B ATYARE
A ATABRE 9 SCI =8 Busdon (Ryu et al, 2002), thrombind] <&
microglia | %"éﬂﬂ Z29 =RAZAEY Aldo] BAHo] Uope B AFgA ] AT
A3e 39 SCI =& 2R3k (Choi et al., 2003).

HYY ABAEE2 474 249 ¥ BYrt 4282 microglia® B4 37} By &

Zefolea e ARAg BAS Yo ¥ 2odz B4 ¥ microglia® §4
B ABAE AbEe] BAN ATE HYA AHDB HA7 A9 oldiet Xz HEF ¥
o 712 ASE AFE Aol

=2

I A7) e 2wy

Hol EAste WAAHEAQ thrombine] o 8 microglia®] @437} F3A74 A9 ofeje
AN MESHE fitste g8 1 7|AL ST FA T 2R microglia®) @43kel Al
BAZANE ] BEA L weln FHYA Ao vy AT 2L NzALF FEo /)

= ARE AT}



A WAL EAY thrombinoll A Holl A8t BHAHEQ microglia
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3} = 58715S 7FN G Es) & A (serine protease)E o] V)53E= HEE oy o
TAE F3 thrombino] microglia@4d 3-8 S8 %3417 7 (substantia nigra, hippocampus,
cortex)2] &40 #AstL HFEIE dTEARE 4L £ AUD. B microglia® EA
WEA AFAEAIES] #-Y dTE HPYANAARGY] HANAY o8} AZHAF 5



SUMMARY

[. Title

Studies on the endogenous toxic molecule—induced glial cell activation and neurodegeneration in the
various brain regions

II. Introduction

Parkinson's disease (PD) is a common neurodegenerative disorder associated with a dramatic
loss of dopaminergic neurons in the substantia nigra (SN) (Giasson and Lee, 2001). Although
little is known about the cause of PD, a growing body of evidence supports the notion that
activated microglia play a critical role in the degeneration of nigral dopaminergic neurons
(Hirsch, 2000; Le et al., 2001; Vila et al., 2001). Many studies have reported the presence of
reactive microglia in the SN of PD patients (Hunot et al., 1999; Knott et al., 2000), and in the SN
of animal models of PD produced by administration of
I—methyl—4—phenyl—1,2,3,6 —tetrahydropyridine (MPTP) (Kohutnicka et al., 1998; Liberatore et
al., 1999; Dehmer et al., 2000; Wu et al., 2002) or 6—hydroxydopamine (6—QHDA) (He et al.,
2001; Rodrigues et al., 2001; Cicchetti et al., 2002). /n vivo and in vitro studies have shown that
death of dopaminergic neurons can also be produced by microglial activators such as
lipopolysaccharide (LPS) (Castano et al., 1998; Kim et al., 2000). Additionally, beta—amyloid and
prion have been implicated in the processes of neurodegeneration through the activation of
microglia (Meda et al., 1995; Combs et al., 1999; Brown, 2001). In this regard, it has been
suggested that microglia activator(s) could be involved in the pathogenesis of
neurodegenerative diseases, including PD. This hypothesis is supported by our most recent
{inding that trisilaoganglioside (GT1b), a component of the neuronal membrane, triggers /n vivo
degeneration of nigral dopaminergic neurons via microglial activation (Ryu et al., 2002a).

Thrombin is generated from the precursor prothrombin endogenously expressed in human,
mouse, and rat brain, including dopaminergic neurons in the SN (Dihanich et al., 1991; Soifer et
al., 1994; Weinstein et al., 1995). Prothrombin also exists and circulates in blood at micromolar
levels (Fenton, 1986). Cerebrovascular injury triggers the rapid conversion of prothrombin to
thrombin, resulting in extravasation into the CNS (Gingrich and Traynelis, 2000). In rat brain
treated with thrombin, infiltration of inflammatory cells, brain edema, and reactive gliosis were
observed (Nishino et al., 1993). In addition, thrombin induces various biological responses in the

CNS, although its effect on neurons and astrocytes is either protective or toxic, depending on



thrombin concentration. Increased thrombin in brain has be=n shown to lead to the degeneration
of the hippocampal neurons (Striggow et al., 2000), spinal motoneurons (Tﬁrgeon et al., 1998),
and astrocytes (Donovan et al., 1997). Recently, others and we reported that thrombin was
directly toxic to dopaminergic neurons in mesencephalic cultures containing few of microglia
(Debeir et al., 1998; Lee et al., 2001; Choi et al., 2003). However, these results do not rule out the
involvement of microglia in thrombin—induced neurotoxicity 7z vivo. In this regard, recent
studies, including ours, clearly demonstrate that thrombin activates cultured microglia, leading
to increased production of pro—inflammatory cytokines, inducible nitric oxide synthase (iNOS),
and nitric oxide (NO) (Msller et al., 2000; Ryu et al., 2000; Suo et al., 2002) that have been
proposed to play a pathological role in several neurodegenerative disorders such as PD and
Alzheimer's disease (Dickson et al., 1993; Boka et al., 1994; Hunot et al., 1999; Hirsch, 2000).

All of these observations raise the possibility that thrombin may contribute to
neurodegenerative diseases both directly, through toxicity to neurons, and indirectly, through
activation of microglia. In the present study, we examined whether thrombin could activate
microglia in vivo by injecting this protease into the rat SN, and whether activated microglia
were implicated in thrombin—induced degeneration of dopaminergic neurons in the SN. We also

investigated the molecular mechanisms underlying microglial activation by thrombin.

III. Results

Our results suggest that thrombin can activate microglia /n vivo via mitogen—activated
protein kinases (MAPKs) such as extracellular signal—regulated kinase1/2 (ERK1/2) and p38
MAPK and this microglial activation can mediate degeneration of dopaminergic neurons in the
SN by increased expression of iNOS, COX—2, and proinflammatory cytokines, from activated

microglia.
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A1 ATNERAY e

1. ABAE AJEE =8l AHIZAME (microglia) 88 F84

- 0<EH (PD), ¢R&tolniy (AD) €€ IES HIPA AR Ao iy 4 2 o
A&l microglia®l 84387 #AHo| o] Rudn gt (Meda et al,, 1995; McGeer et
al., 1998a,b; Hunot et al., 1999). o]& FHoA] AT microglia® EA438F AJA AAAE ALE
T #5E 7 e SHEAS Budites 97 AU BaEY (Ryu et al, 2000). o] &

T Ade vigE FFAY microglia’t thrombindll 23t A 3= o 1‘\175;5]_—15 e ¢
=gt GFHNEZEQ nitric oxide (NO), tumor necrosis factor—a (TNF—a)& A4 gt

7z o]},

rl

PN MAAREL 2472 48 HEY7 222 microglia®l 41371 PD, ADSY 7
A78dg o B Y H EAEZ 843 F microglia® §4 wH I AFAE A}
o #dAY d7v  HIAG AAZAE9 "WHAr|AY & N8 AT Yo Fad s)x
A8 & AT Ao}

2. TFAGANA B F APL 24 YA SHEAY F84 -

- 2 AFolA ARRst A s WaA % 354 thrombind FAHXA 59 A Q)
qdgg st B/ S 7 9 B &4 (serine protease)©|th. Thrombine] A

T2 PAL, fibrinogend fibrin®. 2 E3|, plateletsE A 3stE= Ao FQ
< sle Aot (Berndt and Phillips, 1981). o]} &L 5= e g A2 FF:47
&4l thrombine] $8% 948 dvhe A7 AASo] HuH ot wiFE AIAA:
A1 thrombin® 7] ©T%Y3tt. <& EW9, neuroblastoma M¥EF (Gurwitz and
Cunningham, 1988), astrocytes (Cavanaugh et al., 1990; Nelson and Simon, 1990), ¢17}ej
obHIE (Grand et al, 1988)E°lA ABE7Y WYL AAZT}E Thrombine astrocytes|
&g £33 (Cavanaugh et al.,, 1990) A FYFAA}F (nerve growth factor) 9] &4
=3t} (Neveu et al., 1993). A%l thrombing A¥H, 4434 2Egx, B
"é"Jr Ze e Al (insults) ZHE &t AR M X} astrocytesE B I}
F 2o a5}t (Vaughan et al., 1995; Pike et al., 1996). IHFAE &=
7} Sl ZAdA wgE E 2 A¥dA &2 FE9 thrombind AX AlEE %
(Smith— Swmtosky et al., 1995; Debeir et al., 1996). o} & thrombing &L
13A7F £4& 38 3% o5z 3t F71E & 5+ dvke thrombin® 5 714
< UE}H =3 9t} Thrombine AAMEY 7}AA (plasticity) & Z7HA17] 2
AALE Bagd a8y 2FEEHA ¥L thrombind AL AAAEY A}
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A2 A Tl FeAe 4%

"o BARRBE(ENE)T ARAF Feuis gErt 4 H0EHS 8F 8 FHA
T3 £ 5 AUE Bel HAUG o] ¥E FE 50AE 97 AUY ¥ oM AAHAEI} 3t g o
dste HAAHol 28 N&HE dAHolt, ¥ Z7)dE dFToly trt das HaF
M SAE YERAT 23 BFo] ZAXEA ¥ F 6~7do] Ayd AolA dojuAx
Zohe AEizh Aok 18179 959 A} AYA o] Ao EREaEA LA o WL 200
d 7 GAtlE Beta of AAMZIE daEEx] Y& 99 deiAx Lgih oet
dxo] AN ZAFd Y& ABHMEE ‘=9 (dopamine)’olgts AL AGHoZ Aatsl
A ZaEA EEANE dodle Ao AP AFAEL HolHAA HPo) A7 A, ©
g 7ol BAETE 99, MFFeE 1 714 ¢ eladdE {34, FE717 A= AAA
ZE Bygitge 4, =399 A4 € dgAlg Aol EA7F due A, AAFEEEY] 54 § o
G M-S Wwa g0Ee 9A€ sEE] A8 =g
obFd od APAus AFHe HIZ FUEWo] v ME L o HUE o Fopdlid 1
T el FHgd &5t ‘vlo] 2 FE oM microglia)' Bt AAMIN FEFHC FALmwud
A EFRIC] vlo]a2Feols EANIY AFEH0 F/E =R AFHMEE FolA "duhe
dioltt. AiTYES thrombing Y H(ZAXNIR) Fost 27 wlelazgeote v=7}
FolA A 5 AAM T/ Zoziths AL VAT & Ao A wet YxAd AF
AE "] Frtete A vlolazgelol AAAE EENY 4 FAE A¢ =39 AAA XY
Atgol HAEE 4A ok & Yo FFHE o)8s o)FL ATE ALY & IEF &Y
Agrd AA/E AN o] AFAE udd AAHEA AEIAAY ‘AE 2LE FRALIA
2 AAE oAHolct

28 oY ATE HUEHY vzHs g AL oY JagrE ‘=AW AAMETL 5
JHE B2 49U F Uz mlejazgelols A7 RolEt ‘gew S HASY] A of
F AL 94 EfsitPa AWy a8y BE fehdde] a¥Ro] 2 WAzt A £
g 2 4HE JHAE £ A @AY WA AEHdEe Wuse dre dlew ¥
HEdE N2 2422 493 ¢ FuFn 558 2378 Az fg0&w e 2y dUde
TEeL AAZE ASHHEE FHE AV € R'olgtn ot <oleA A [BEAE
2003 119254 ]
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Al 3 ATy We 2 2%

7F 12 E (2001 8€ 1€ ~ 2002\ 54¥ 319)

P AFUHE 1 : Thrombinoll g HEE NAMNE AbE 22
» A7WHE 19 A} : Thrombin (20 unit/4 )< #F | hippocampus, cortex, substantia nigra
(SN)oll ALk 15 ol AFHO HE DHAI|T 40 g TS VL HEATE Ura] A7 A

A3

o
22

bl

| L4
9] Z]E %) nuclear neuronal protein (NeuN) antibodyE ©]&3}o] hippocampus, cortex, Z&¢] Al

2 QA% T AVE 478 BRI,

Contralateral Ipsilateral

Hippocampus

Cortex

Substantia nigra

3% 1. Thrombindl 3t} =¥ cortex, hippocampus, substantia nigra®l AFME AFE.
Immunohistochemical staining& A8+ A3} hippocampus, cortex, substantia nigra AF-E EFol|A]
contralateral side9} B)33}] ipsilateral side] A= needle tract® 1 FHE e REoX AANT

o] AEg FEE 5 U Scale bar = 100 ym
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P J7WE 2 : Thrombin®] specific inhibitorg] hirudin& AH&-3ted thrombin 29 4B 54 &

AF
P dTHE 29 A FFH wiol (149)lA FEF FHY dopaminergic neurons HIYA7) L,
thrombing Y=22 A2 8HAY thrombin® hiruding 74 HzlsIdch 24X & E39A AZAME
o] 2]¥2) tyrosine hydroxylase (TH) antibodyE ©]-&3} E-ﬂr”]“ ANBALTES GAsglct 1 43
thrombino] A& AAFHoZ =714 AAALY] APEE fEdte AE & 5 JATh

tlo

o : ¥

C A
N2

s TS

2% 2. Hirudin® thrombinol 9§ =391 AMAAE APEe] Al A, Control. B, Thrombin (100 unit/
) A& HEZ. C, Thrombin (100 unit/me) + hirudin (100 unit/me) A& AEZ. ContrololAe
cell body$} Z3 2983 processesES A& ¢ o, thrombing A A X = dFEEY &
Rl AAAEE] AFEHNSES BEE 4 JYJTHB). ©]F  thrombin®] &I} specific inhibitord
hirudinell ojsi A<} esiA Asise Fde 2L F AAHCO).
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P AFHE 3 : Thrombinol| )3+ &4 (substantia nigra, SN) in vivo microglia 243 B3

P AFHE 39 A : Thrombin (20 units/4 w)S BFH] substantia nigracl] FAIL 15Y F
Aol HE uAAF|L 40 ym FA AL T Microglia®l EHY (CD11b)S MEZ oz A
&= 0X—42 antibody®t 2234 B84 (major histocompatibility complex class 11 I\/IHC class 1I)
£ ¢438t= antibodyE o]88le] ZAHHE FME ¥ microgliald B3 75 BE3I3T Vehicle
(PBS)E FYU3t substantia nigraclAl= needle tract FHolA microglia®l A4S AL,
thrombing Y3 substantia nigraol A= substantia nigra pars compacta area® uweh B-2 microglia
ol $43E HFY 4 AUk EF PEME THEA @ MHC class I B3] thrombin
F 3t substantia nigra®lA] pars compacta area® wel tF ddAE-S #EE 4 ATk Thrombin
FASE T 4A7F AIE microgliaZb A cell bodyet Ad2i7le] 70 processE 7FA defoll A 2 cell
body<t &2 processE 71 HEZ wlH 3, 24X FollE A9 EE microgliaZt & cell bodyet A
U & process7t flE FElE eI

ro

PBS Thrombin

0X-42

O0X-6

0X-42

microglia®l &43}. (A, C) Vehicle (PBS) Y. (B, D)

2% 3. Thrombin o] 2%
Yy ZQF. (E—G) Thrombinol ¢33 microglia® Fejslz<l w3l

thrombin (20 units/4 gl
Scale bar, 25 um.
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P A7 HE 4 : Thrombind] &3 pro—inflammatory cytokinesE< AA3} inducible nitric oxide
synthase (iNOS) mRNA¢ w3 o3

b A7UE 49 A3 : Thrombin (20 unit/4 w)& BF 9] substantia nigradl FY3tn A" A
Tl tissues POl mRNAE F231% ). olo] GHALEAE o] &8t cDNAE A3l interleukin—18
(IL-1B), IL—6, tumor necrosis factor—a (TNF—a), iNOS9 primer& o]&3le] PCRE AA|stith
Thrombino] 2|3 HS-EH AEZAESE FET 5 A B2E9] mRNAZEHo] Ajzko] vl st 27}

e HEZ £ YAt IL-182F TNF—aE thrombinEAE 1A17H)o]] L& o] 4—8A7kdo] H o] w
FHEE JEIRA D, 962174 2o A&EQITh $HH INOS mRNAE oo £& 4A)17k5d) w+y

L

T7185a 8~12412 ] 19 WY UER)AT

0 1 4 8 12 24 96(hr)

3% 4. thrombinA 8] & substantia nigra®l A pro—inflammatory cytokines (IL—18, IL—6, TNF—
a) ¥ INOS mRNA<®] &8 =7},
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P dFHE 5 Thrombinol 28] E431E microgliadl A iNOSQ] @& =712 ox

P A7HE 59 A} : Thrombin (20 units/4 w)E 379 substantia nigradl Z=Us T A=
AlZbell tissue® #2382, iNOS antibodyE ©]£3+d Western blotting AA&HTH (A). 2+ A7kl
bandsE& densitometry® Z33 A3} thrombing FU F 8~12A7Htol A H1e) WaES Uehyg
379 F7HA ZEE Rl (B). iNOSS) 2do] #4818 microgliadl A FEHUE AL AZs
7] 8 OX~42 antibody<} iNOS antibody® EAlo} 6] 8533d0Ae BA318TH T3 2Ro)A o
< 282 §¢ 23 INOSE 2439 microgliadl A B ETHE AL A 4 YT} (C). olek= ut
HE astrocyted| e INOS7F 2AHA ¥&-2 B&315ict (D).

A B

5
B ® iNOS
0 PBSO05 1 2 7 (day) -‘5.;:;4
130~ e e ~ INOS 55,
, Qe
B-Actin §§2
=25
ax1
Q-
0

0 PBSOS 1 2 7
Time (day)

a8 5. 243 E microgliaol A 9] nitric oxide WAAA INOSE 2d, A, A|ZHEZE INOS L HoF
© Western blot Z3} B, Densitometric values of immunoblots. C=D. o1Z8 334 A3} (C) microglia
(OX—42; green) and iNOS (red). (D) astrocytes (GFAP; green) and iNOS (red).
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P A7 6 : Nitric oxideFAF4 AAAY L-NAMES] 9% EFRAAAT Y& 57} 22

P 27UE 69 A : L-NAME (50 mg/kg)E E7Uo] FA}8tn A1 7450) thrombing 2129
substantia nigrad]l FYIHHATY. WZE(A)F BlZES thrombinTHe FYU3F tissued A= substantia
nigra®] A} 2E cell body®} processes’t AFFR S BEE 4 AUTHB). ]9} w2 L-NAMES #
Heleh AT needle tractFHRANMT ST AAMTL AP B2 $ AAQHC). =3
U4 ABAHEY £& sole £ An ol fod4dE AEAMEAA 23S YT (D). o) 4Y
2345 3 thrombinol 28} EA3E microgliadld FAHE INOSOIA AAMEE= nitric oxide7}

substantia nigra®] =3I AFME AlHel £33 J&S ke AL ¢ F YU

A

M Contralateral
[ Ipsilateral

— B
@wn S
S S

##

mak
(=3
(=}

W
(]

*k

o L= '_L—l .
Thrombin L-NAM
+Thrombin

Number of
TH-positive Neurons

3% 6. L-NAME7Z} thrombinoll 913 T3}l AZME Abgel ulx= 93k A, Vehicle (PBS) FUT
B, Thrombin (20 units/4 ) FYv-. C, L~NAME (50 mg/kg) + thrombin (20 units/4 ) FYT. D,
2} AgaolA Talgd ARAMES &
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P A7HE 7 : Microglia 8437143 proinflammatory cytokine®} iNOS 2&o] ZHH signal
transduction pathwayE<| W3} @3

P d7WE 79 A} : Signal transduction pathway$ mitogen—activated protein kinases
(MAPKs)E9] &8 F4& BE A3} extracellular signal-regulated kinases (ERKs)$} p38 MAPK &)
2o] thrombin FoJF < 30EAd| phosphorylation (activation)®e #H2F 4 9otk ERKs7}
microgliaﬂfﬂ YHEE A7 A3l phosphorylated form¥ ¥H3-8H= P—ERK antibody$} OX—42
antibody® FAl9 Bo] FFAv|Astelq BFA 479 PSS FAE A microgliadlAl
phospho—ERKs®] ¥@dg #&E 4 Ui

A

0 PBS 05 1 4 8 ()
a4 - ... . i
457 =

44— 5
4277

38 — - .

3% 7. Thrombinol 2} mitogen—activated protein kinases (MAPKs)E¢] @433}, (A) Thrombin X&)
o 9§ phospho~ERKs$} phospho—p38 MAPK®] &% 71& Western blot analysis® ##. (B)
Microglia®ll 4] phospho—ERKs®] ¥#-g double—immunofluorescence 2 B2, Microglia (0X—42; green),
phospho—ERKs (red).
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P A7HE 8 MAPKF ERKEAIS7} thrombino)] 98] FrEHE microglia®l &43lel =ubui
ABAZANE S HlX e 9% B237) 98 specific inhibitorS AHgEl] 1 uh-g B

b d7UE 89 A} Mitogen—activated protein kinase kinase (MEK)Q] specific inhibitor<)
PD98059F thrombin®} &7 A28 A3} ERK®| phosphorylationo] 24 #E Western blot analysisZ
Fal AU & AU (A). TH, microgliad] B4 kol BlAE L 0X-429 0X~6 antibodyE ©]&
s immunohistochemistry® A& A3} thrombinTHE &g R (2 3)XT} substantia nigracl A 4
HH o2 AL microgliad BA3E BAE 4 YA (B, C). wakA PDISO590] 218 microglia®] B4
7t ZAROZH microgliad] o8 AAEAY proinflammatory cytokineE 3 iNOSe] Z+AE 74Adel
=R AZAMEY AbEo] AA7t HEeR] 85l 98 2 ZAOR tyrosine hydroxylase antibody
€ ©]-83 immunohistochemistryE A Al8}3 substantia nigradlAl EFUAHNAMEY 2 countingd
2n AEAEE AT B2 5 A (D).

A B

Thrombin - + -
PD98059 -~ — +

@
O

B Contralateral
(O Ipsilateral

i 'ﬁ

— [\l

W (=

(=] [
L |

W
[am]

o
L

Number of
TH-positive Neurons
o
<

Thrombin PD98059
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% 8. ERK phosphorylation®] thrombinol 28] =¥ microglia@id el =utulAd AlZAAN TA E ] 1)
T 93k (A) PD98059 Ao €3t ERKY] phosphorylationZdAE Western blot analysis® %2 (B,
D98059 A 2ol 23} microglia®l EA 3 Z+4E immunohistochemistry® #2+ (D) PD98059 A gjol

olst =gl AMAMEAPES] ZAE cell countingg 38 B&. Arrowheadst thrombin injection site

@]
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. 2abdE (20029 69 19 ~ 20039 59 319Y)

A7Ul-8 1. Thrombino] ¢% Hippocampus CAl AAAE Apg &3
P A7WE 19 23} Thrombin (5, 10, 20 unit/4 )& BAY hippocampusd] FYPaL YFY Foj
A9 HE DAL 40 m FAL B HEJTE dukA AAMFES A HE nuclear neuronal
protein (NeuN) antibodyE ©]&3} hippocampus®] AAMEE M3 3 A1 %“?"% Tl o
1o AAIE vie} Po] FEYEH 02 hippocampus CA1E$9] AAMEE0] AlHsts AL

# Qgich

% 1. Thrombinoll 2}8+ hippocampus CA1 ¥$9] ABME AVE. 839 hippocampusdll thrombing
5 (A, B), 10 (C, D), 20 unit (E, F)& FY3t1, 459 ¥ HE 23A)7]1 40 pmZ HS WET o
ARl AMBMEE EAE 4 & NeuN#HAZ immunohistochemistry® A8tk 23 B, D, Fe

2" A, C, E9 asterisk (*) 29E o3l 1¥o)th Scale bar: A, C, E, 250 um; B, D, F, 50 ym.
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» 74 2: Thrombinol 2] Hippocampus A1AH X AlE o2
P ATUHE 29 A3} Thrombinoll 3 AHHE Apgo] YA AFW T4 Ld Zhael o5 &
dol et thrombin WA dojhs MEAFEAE US98l cresyl violet o] &3}
hippocampus £2& FA&ch 1Y 29 DolX HAFE Hie} o] CAl B9 AAMT S0 gz
(B)3} vlmdted HEA7)7F Fo1ET 1 47 BAS BaPE FAT 5 AUch

3% 2. Thrombinol ¢J3F hippocampus AZAAE 2] AV, Thrombin 20 unit& <] hippocampus 29
o FY43tn dFY F HE AN AHE =] Cresyl violetS o] &3le] HHE A58} B,
DE A, C9 asterisk (*)§91E g a2Fo|t} Scale bar: 250 yum; 50 pm.
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P d7WHE& 3 Thrombinol )%+ Hippocampus 5919 microglia 413} B3
P AFUE 39 A3k Microglia® A8t A7Ex BolAQ A1E o]45t9 immunohistochemistry S
HAE 23 thrombin FYLZ hippocampus®] CAl o)A microglia® 4317} Yojde 21519
o OX-42YA 2 G A2 3B) ATt F21 ALEV]7L Fobd A9 A FA43td gye
EhfSith 2435kE microgliatHe FAsHE 0X—-68A12 448 A2 3D) thrombing FYU3H 29
oAM= microglia® EAstE AT 4 Ut E48E microglias THE ME S o]EAY sz
24Se THEtE, AMEE AEES T4ske A% 9L 99stn ), o3 TAZLS Yehy)
= EDIAZ Q43 ATHIY 3F) thrombin® FU% CAL 29]0]4
FAE microgliag A 4 itk

= A8 microgliag A3}

>

29 3. Thrombin®l 2}3F hippocampus CAl ¥l A microgliad 43} A9 hippocampus 59
thrombin 20 unitg FYstn 4FY H HE A 7T AL HE9 microglia® 98T & Y= A
742 A E o] €3] immunohistochemistryE AASIITE (A, B) 4uFaQl FA4 el (resting form) 9}
gAstd Aei(activating form)9] microglia® AT & YE 0X-42 FAE o|&s%h (C, D)
Microglia®l @458 et Q4 4 AE 0X-6 FAE o] &3l3t) (B, F) E43Ho] 4182
3hE microgliaE FAE 4 U= ED1 FAE o]€35H3ch Thrombin FYLE hippocampus®] CAl
Aol A microglia®] €437 dogS &lslodtt. 2% B, D, Fe 28 A, C, EY asterisk (x) HHE
stk 2golt). Scale bar: A, C, E, 250 ym; B, D, F, 50 um.
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b

P EFUE 40 Thrombinol 2% Hippocampus CA18-$JolA astrocyte®] FEjatd wis} 3
3

P A7HE 49 Aok FHY hippocampusel thrombing FY&a YFY § HE DR BHL W
T astrocyteE HHA 0T JAT & QlE GFAPIHAE o] &dto] AHE PJAsoic) Thrombin% T
U2 hippocampus CA1F-9loll A astrocyte®] Hejstal #alg #&% 5 QI (C, D), ¥l =2
2% PBSE FUY CALFHAdME FAluls AYRAE AT FHdM 588 wsls J&%ﬁg T
Ao

32

3% 4. GFAPFAE ©]&3t4 imminohistochemistry® A&t CA1EH 9] astrocyteH3E B2}
th. (A) PBSE FU% tiz. (C) Thrombing FUE AFT. (B, D)E A% CE uoln BT
1%, Scale bar: A, C, 200 pym; B, D, 50 ym.
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P ITWHE 5 ThrombinFYol 9% hippocampustd pro—inflammatory cytokinesS¢] A 3}
cyclooxygenase=2 (COX—2), inducible nitric oxide synthase (iNOS) mRNAS] @& sz

P A7HE 59 A3 Thrombin (20 unit/4 x8)& B 9] substantia nigrad] FYstaz A
hippocampus& ®oj] mRNAE F&89th olo] JHALEAE ]88l DNAE P4,
interleukin—18 (IL-1B), IL—6, tumor necrosis factor—a (TNF—a), COX~2, iNOSS] primerE& o}-g3}0]
PCR= 2AIE3{. Thrombindl o8] AFuHT ATAPES FET 5 AE EAE9 mRNATHO| A
ol vlgsto] F71Ee B2 £ AU IL-18, TNF-a9] A$ 724274%] 2ao] 2451, iNOS
] 4% thrombinx2] ¥ 8AZIIA A @@L VehiT olF #AHE AL dehigich a3,
microglia®] chemoattraction®] #oishe &4 MCP-19] hippocampusollA] thrombin¥ &% Z71E&
A2 Bol microglia®] FFH-ARY o]Fo] o aA7} Aoste]et Al2Hr).

rin,
>
)
=2

A
PRS Chromb

0 4 4 8 1224 48 72()

PBS___Throwbin
0 4 4 8 1224 48 Tagn

1 hrombir

1% 5. Thrombin# 2] % hippocampus®| A} (A) pro—inflammatory cytokines (IL—18, IL—6, TNF—
a). COX—2, iNOS mRNA®] @& %7}, (B) MCP-1¢] 2d =7},
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ok 32t4 % (20039 6€ 1¢¥ ~ 20049 59 319)

W& 1: CortexollAl thrombinol] 3 BAAAE B33 B2
® AFHE 19 Z2F: Microglia® @Aste F7H] So]2Q) $3E o]43l9 immunohistochemistry
2AE 23} thrombin FYLE cortex oA microglia®l 4317} Qojke &olsiait). OX—42
A= A4 Z3H3Y 1B, D) MEJ}F 53T AEEV7} golxl A¥A 439 FuE LY
th. €43tE microglia®e FAslE OX-6332 A3 A3 IF, H) thrombing =93t —‘?’;%Oﬂ
AR microglia®l €438 #3E $ AUk

OX-42 OX-6

PBS

Thrombin

Figure 1. vlo]lazgglole] 843 8 B&517] 93t A2 )% @] thrombin (20
U/4 B,D,F.H) &2 PBS (A,C,E,G) Y31 12417+ (A,B,E,F) % 24417} (C,D,G,H) ¥ 0X—42
antibody (A-D) ¢ OX—6 antibody (E-H) & o] &3l9 By =gt 4P S S5}
A-=DFHY inset2 34t ¥ 24 E i3 Aol
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B AFHE 2t Cortexol A thrombinol o3k AAMTAIE B

B A7HE 29 A7 Thrombin (10, 20 unit/d w)S HAH cortexsl] FYsT Y72Y Fo 2z o)
HE DAL 40 ym FAY HHE HEYTH YA AAMES A EQ nuclear neuronal protein
(NeuN) antibody& ©]-83t] cortex?] AZAEE JAE & Ald FRE BFsIGIL) sxo)&Ho s
cortex 99 AZH TS0 AVHehs AL BEE 5 AN

Figure 2. &F o] di Aol thrombin & Z+z}t 10 U/4 o (B, E), 20 U/4 w (C, F)
NeuN antibody& AHS-& "R xZ 818t G4 (A-F) & FHste] AZ AT AP S B2 310
A% D= PBSE F9 3 U2 Folt). D-F = 48 2YE g AlRlo|t}.

FYsto
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B AFUE 3: Cortexd] ARZMTAIE B7

B A8 39 A3} Thrombin (10, 20 unit/d u0) & VAL cortexo] FUSHI 24A3F Fof) BAFH
HE LAAZIL 40 m FA HUL WETE NeuN antibody®t TUNEL assay kitS o]&8hod
cortex?} AAMEZE AAF T I FTE BRHAT. Thrombin® FUT cortex ol
TUNEL~positive$] AZAEE] #ZHUTh

Figure 3. =332 NAAE A2 F4& #2617 98 A3 i 20l thrombin (20 U/4
uiD=F) Z& PBS (A-C) FU3te] 24412k F9] ¥ g o] &35t TUNEL (B, E)¥ NeuN
antibody (A, D) ¢4 819t} C & F £ 448 mergedt A olth Fo inset S E 292
gt ol
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B ATWE 4 B45tE vlolaz Zeolo ] AEEHEAY B

&
B AFWHE 49 A3} Thrombin (20 unit/d )& AZHY cortexoll FLstm A A7kl cortex®
A€ "ol mRNAE F&319ith olo] AAAFTAES o] &8l (DNAS P43}, interleukin—18 (IL~1
B). IL—6, tumor necrosis factor—a (TNF—a), cyclooxygenase—2 (COX—2), inducible nitric oxide (iNOS)
9| primer&& o]§ste] PCRE AAETE Thrombinol] o8] HUZWen M TAIHS $E8 4 A=
=2E9 mRNAZHO] Azk) Hlelsle] F71eHe 2e & gtk iNOS, IL-18, TNF-a9] A% 484
DA L@o] A&, IL-69 A% thrombinAE] ¥ 8AIZMIA Hul &S YRR o) 7ha

S YR o158 FAAYE o] &5l iINOS, COX-2, TNF—a 7} 84319 microgliad) A

=
. ‘o
THES 92T & AN

['J

o

iNOS

IL-1p

Figure 4. vlo] a2 F 2 ole] &4 3lol] 98] GFut3ol A3l E AlIEFAET] AX 54 53
of HE oARE AFE7] A FHAY dE Ao thrombing FYstn AL Festd
RT-PCRE 3313121 (A) thrombin FYF 24X 7+ 3 H ] o P o2 Wz G

< 3 33t} (B,C,D).
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B A7WE 50 Thrombino] AFAo2 YA ANFATY AHo) Bostex G5 @2

B A7HE 59 B3 Thrombin® FFA AEIEHERE HAFdl7] At Ao A
BANEE &5dste] thrombing A3t th ThrombinH 88t 24X 75 AANTE A
3= MAP-2 antibodyE ol 43l AAMEE M5t BEH An vlo|azZols} Qe
Fefoll A thrombinoll 23] M Z7F ApRslE AL B 2= ALt

Figure 5. Thrombino] 3@ A A A X 1| il% AAAQA g golry] Hs &5 72 AEA
X )%l thrombin (40 U/ml, B, D, F), & PBS (A, C, E)& A& sld 24A17+F MAP-2
antibody & o} &3t GM, 2 live and dead cell QUYL o] &3+ QA 519t} C & Do) M X
= AoRl= AEE Y E 9} Fo AlEE 2 AXE Ve,
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A4 EEGHE 2 BEEold 9] V9
TE AFNE 5 AT e 2 HY g
- HEAE NAFAFEALIEY FEHTH By
— Thrombinz}A| 9] NAEA AF
ARE| "o ; o] &+ o
ooy | T wwomind AT 249 wagaz wase 298 | 100
X %
= = microgliadl ¢ E=TAANE
AE 24
— Hippocampus®] H|AAME A3 E
AIZEE el whios A
Thrombind)] ¢} 3%t . ) 5 . 2.0
N 9 — Nitric oxideAA & 4¢ INOSe 28 &
27 A E | PPOcamIPUSTE Western blot& #2
microglia@Ad 3lo} 439 . = a1 2103 i 100%
(2002)| , i — iNOS/OX—-42 o|5HF Moz iINOS7}H
microglia®l] €Jg NAME A}E ) . Vel 90 oLl
e microgliadl ] ¥ E<L BF
N — Microglia®l 8438} AAAE A1
A4 4
— Cortex?] HIAAAE EAFE AHE=Z
HESHEQ Wiog B
— Nitric oxideAA &4 INOSe 24dHL
Thrombinol 9] & cortex<] e o o s =UE
3AEE|  microglia @439 U B Western blot& #3%
(20‘0“3) : l.goﬂ o NAME A | iNOS/OX—-42 o|F¥FH M o2 iNOS7H 100%
microgha “’Lf.‘j‘_ microglia®l 4] 2dEL B F

— Microglia®l €43} 71dA+
— Microglia®] €4 3}9} AANE Al

#a 24

€ A723E BA WG 2R thrombinol] osiA o] EAst= BN T microglia
7h 4851 AR MEAE T thrombino] #AYE BA3 UL, microglia®) BASIe} A7 A)
XAERY] BAANE WPoEN HABe By AT N2E (AT 4o 281

+ 9¢ Aoz Azduy.
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A5 drEEse] 2849

W 8438 9FAE 2FIRH T0) Bt AAE olsiets 7)2SHEAY WA
7],

M Microglia®] 8438 By VBA8T A4 483 & FANE /I3 emz o
A ATAA doAAE AL JAAAEY 29 J)A oo} 5o Y £ FPFHo=
88 & %& Aoz JYZEr
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A6 ATATRANN £HE A EAR

1. ¢Z3to]9 83} microgliad] €43}
g=stoln] HOoZ mjZmof ATt 4¥ghgoly nE-S B3 YA AEHHS Akt 2 QA s
= A9 &R Rk A 2y oAle B dATFAEe] gEhEolA dxsloln|e] Ay A of
g 7Hd FUE st s FASE 2R AFEIT o] /ML He AGAI) o] ¥ X
P& 7 A= Yol
gxsoln) We] AF Fo i HE-oldZolzgl E2lE gl Yolglg o]Fo|R K9] A o]
E} o] Hlgl-opd 2ol= oldRolE ATA wldolal EE, FHOY He & T4 AE 59 F
A7} A A7) AEolt). 4 AAH R HEl-oldgol=E ALHA AR, o} A
E}b‘] A Rihe HrAAED BAY O FEE AsM EE AR EC] o|E AASA ZaHA Ho| g3}
ole] el AeA HE Rolrh o]EY HoMEe 79 ulgRo| HEl-oldRolTsl RolA Ho| A=
< =X g gdd gojgrs} "ok
HIE ol§ dilld gojgly} gx3lolnisgl Ado] Qloke AL ol
3}

ne
l:!

AT, o] Ae] He] AU

A AR2A el EAUAT BN Yk $IY AL I 0§ of 249 waEol B
Hold ARz Avi3e Yoqrks Rolgich B WAl ¥ ¥e) ARTATL zsols Holdt o
o W AE7 o] B Pojelg Qole senl, RADSAR F9le) BRE HEEE FolA Fr
Aozt U ol d B 2R WY WgonE FriHs BT RaY B FYS o
o gAY

o9 Z& 4L 109 A7 ETE URL WA RRE, 1 ol Hols BT} EAsA &
eoha LeAQ] WRold Mo RAYRESL B e —5—4 et 9z Aoz TR

et ZAEHS AT AAAE 2 g 2 EXE0] E0joE AL Tol e wautgol 9

01"}11 XoHA ¥t a2 AHE (astrocyte)2t BalE B89 ME 30| o] FEg A= I
< dEn Bl AAAES Ho) AYsA F9 H9] A AL FAA =1, 1 AR g

3 TR AT AAHQ wus}t oA "o AZPATh

a3y BA Ad B AFAEL HE RN AE75E AT Yrke AMS AYA = ulE:

microgliaﬂl— B 5A48E Aot nlaEsAst B9 & 2SS SolhunA =& A¥XEsn

BT 5& Folo %ol microgles HE £ty 78 FHG Zojthdu) o2 &A% {ASL
Zﬂ"ﬁ"]f’]\_ Ae =450, Ho dERAHGNE 8% ATe gFdtn A4EAAY = HAs o
of Blote] M2 FAAX SulE A7 AEE X EEA Sohe B FUSL HolX o ITe
sk2izt AZste Aolch MFEW] ad AR ATAe AAHAFAQ HEL wr)ojs @ WAl &
Z3tol™ HoA microglia®l o] B4E 24 HUTh I microglia’t BEd FL HESL Ho
A QB A oie, did Yoljggx FAs o] AR ALY ATEE Zo|A Py

i A

ol UWel7] A8 wWrjojgt g ATAEL gxslo|nE & FPo HE ANHA HA
(complement)& 7] AZ&31ch o] BAG o]F9 wlde FaS Wiyt Ada So] Bojr o
q ALES AR FH2 Bot I8y "B A A5k (complement cascade)'S Ea)A] xpalo] A
PR el FHE de 98 5L F33 Hold BAY EAE vlolazFelolr} g golg
g THES g4stdde BAY 4 gt
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BA gudo] Kol wARYGRE ALAX SR ol g
| 2o S EATIE Aol U AU 24 Aol
pot ofel 7919 A% ALY BE TN HANA 42 o] F
o] BAE BEGo] Hl T olSo] WeE Azt ko] Yojby Bzt

Ho T ATAEL AMES gxdtoln AR HollA RA deidg £esidl
=3 71]‘:1'7}, A7l EAl d¥FEo] vel-old2ol= Jolgle} microglia A X EF o Agste A
o AT}

7} = ] FA7F H7t g Fgvhs ARE Ay
43 o282 thadt 2ok 49 vl golgst P4HY, BA dEol 9q7]d g2t €&tk 1en
vlol A2 ZejolE S Fol Beu) A wuldso] HE ARH AXEd THe X Ydas, vlolz
z22eopt 54 E3& BHBES @k Aol o] SAEZe] B golzl& flof7] A3t
ARG, microglia® %A ¥E o] BolElg 3T 5 QA ASdHA B2 dojuA drt. 2
A FIdde FHEC] 4 ?J A gk Aol

WA HAdgEg o H2g 5 duks A A A2EA ol 85, AdodME #HIt A
ool o3 &8 deA 0}‘43} Mol oigt 99 vk g &4 Y=t

H7)o|9] o]EL LxslolH Btel g M2 e 7MeAE EUuk &9 A (anti—inflammatory drug)E
< vpolazZeote] FAG AN & Y& Aola o]y AAE H 249 F5& FE 7 UL A

18 ﬂll

o)

Rt 29 Yxsjoln] Wel Ao

l
= gl

o] o] Q1R FEo] Zadhe RS YolFrs ML HANGT e 03—7- = 5040 g0l &
Zte] HEE AR Aol k. o7l FAAE EL3 AFole B43K & 4Fold ud g=zd
oju] Hol AU FFo] Ate AL LA 18 7o} FFUYE =3dFAi i) 714
© 2,000 B AFEEA] it 15497k ATE FEAE HEEUS AF =dtol Wl 4 FEo
o 3094 60%BE Frhe RS B9 Fh

olPld AFEE BRHR = FU& datipste) ARsA Fekeciol ekar WA A8 4
solo} el 2R3 of7] AAE F @ WA BRHY FE Yoky And

& gzs i} $27h @7 A
A5 AL Axsoluisl Qe sl B Boler Awo] ohiet YA 2FH HA APL
2 A8 Ro)T A Rojod, A2L 229 9AS F WA U 5 AdTks BFolae ofrlolth 8
% 2YE dzdolnls] Azel dae dBAe Aze 21 Qe olEtE A7) ARl o) el Az
H2 9 2 Aoleka oyl

2. B7142A 44 57 microglia®l &3}

47] dEE A5 U}'}‘é%o & W Hgd gl SFAETE YR AEar] dEolge AT
237t vgth Q8 TP FEFAEFANATL AB 4T ool Fh2EH £ T ATER ABA
T ERoE 59 Aol 3H Ax AR ARAY BF B3] AFAT] EAshe Do)
Holdte A0E FAFttn HHTh AFAE FEE JAste A&y g dE dojFe A7

241, 2003 89 142 AAA BFRA ol A o] FEAT
A7 SRS oo} HeaAl Dy A8 Toz AAME I AA) £AHe xste Ae=
Ok 11—

ha
oA govt JAF AAYES HEAA Fyth dARH ZEHoY FEAE aFE HolA &
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¢ ABAZL Y Aot

do
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ATEE HU HFAHE SolH HYE FF8E microgliaghs AT FEQTE AL 5h0)s)
THoE AAIN T5E ¥4o HE AFsn BFE A, microglia ME EHM 5F9 A3
Es

=
)

ofal Paxa'siE Wuldo) F7k AIs} HY WSEHE ACE AR oge HY W
microglia® B4 7 Heol FARUY, e AFE §3& dogon, vz of Bui)
dolx) GRS FA7 224 AH $Fo| AT PrPoke A, olwfo] RS Pax4] e
tod £5¢ AT F Y A0E BE, Y U AZAS AL Al H5E AZoletn

S glo pR O gy O
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