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BND~7 07 7 —VGREMIRTH S I 70l ) 7id, BEML-CREGERICECHICE
HlhENnDd, £, TAIYNL v —{ONR—F Y VR EOMBREERBIZBVTH I
a7 YT ORBEM~OER LIEHEAE DO TVWS, LrL, 3707 ) 7ok
DHREMDOREAROIERRZOPNELRIC—H LEEFERIZIEOL TRV, THhIZZ D
MBS FHIR R L R B OBEEERETLINLTHD, 2FY., I7r 7Y TidmE
REDEEZHRE LESWEHRORMFICH 65, BEEDELLHRHEL, Bos bk
DHRREELBE TS, o T, 3707 Y 7 2R EHEERD 5 iR E R~
CEBERDAD=RALERALNICT B LR TENE, REELR/INRICIED, i
REEEL R RKBICREI TS Z ENAREE 2202 LiviRuy,

TN E TICHRRER T, MREEER IS D KRBICKHEND ATP BRI 27u YT
EIEEAL L, EBEERT(INDEZKHEEE5 2 & 2#E L T& /- (Hide et al, Journal of

Neurochemistry, 75: 965-972, 2000), X 7 @ J'U 7 i@ TNF EA - i OMEN S 7%

BRETLIERR, 440 F ¥ RNV ATP ZRETH 2 P2X, B & MAP ¥ — B O&EIH
HAbhthot, &bICIZual Y 7HRHRICKH L TEENROIMEEBN2OPE I 0
7Y T LR ORIV ORR L72RR, ATPIZ XV P2X, L L CiEME L
BRI Y TIRIAY I VBHREE» DRI RET D Z L 2O THDL
ML, —FH, LPSHIE LI 7 el U TR OFREHRITZD LT, Te L AR
JaEZ AT AEM S BNz, ThDbORERIZ, 71 F Y Tk P2X, RFERIEHEL
BRI TEHEICERNICHRRENR L RET HIAREL R T HOTHD, £, I/
TYTERET Dol =aF o ET7eFval) UEREIX, 440 F ¥ RV EITRR 55
(PLC &AL & Py BEAE) 28D, P2X, RBWIEMILI 7 0/ U 7525 D TNF HEREZ 7R
L. LPSTEMEALI 70 7Y 7o @ TNF EREZ #2522 HLMIT LT, EHIT,
7a )T OWRFEIEEE in vivo TRITTHEHT, Ty MNEEREFAV~DI S
U7 OB ERS =, EORR., FHRLMEMRENRIZRIRBD DIk,

AHEORREL Y, P2X; ZREFEHAE I 7 0l Y 7 OB EEREOREICEE 2K
BR3P RENT, £, T =2 F W7 FA Y UREENI I I TO
RIEFE 2 ] LR R EAZ IR I REIE SR LHAL A L o7, THIC
7 aZ Y 7THRBROEMME LRI, ZhbOMmAN, MiREMNEBCMNEEE
(LB DI RIBFIERFE~ DR L 2 NIETE N TH B,
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ELIERRE MR &8
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(1) 2&£EE

. F R, HEZEE: I7 070 7 OEERE L SR EAE BAKEZME 124
123-124 (2004)

2. Tomohisa Suzuki, Izumi Hide, Akiyo Matsubara, Chihiro Hama, Kana Harada, Kanako Miyano,
Matthias André, Hiroaki Matsubayashi, Norio Sakai, Shinichi Kohsaka, Kazuhide and
Yoshihiro Nakata: Microglial a7 nicotinic acetylcholine receptors drive a phospholipase C/IP;
pathway and modulate the cell activation toward a neuroprotective role. Journal of
Neuroscience Research 83: 1461-1470 (2006)

(2) OBEHK
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(1 [FLHIC

PAPIAATSIE  MIRREIICH LU TRA, TERBIR., EFERE RN R DR & 74 ftlee
DOFREMEFFCEER BB Z BT, ITE, ZROV A AU LT O BB FHEEER(CNS)
IKHELRBHLTNBIENHADLNITRoTET Y, CNS OV AMIANIRERE o FLLTOH
BEITIN X #iR R MR D 3 (L DR VIR R R F . MR EIBE RSB OB R E R Tt
ROLNRVEREEORITESE 5 LTS, A I NIFHEME T BEORIL E
L. EAHISRESN TOB IV B LR DI LIE MRS FEL THIBRELE D, KBS,
PN ORIBER CH A MIA L ZRIEDRB N — L BRIRDZENSY AN AL PIERICETEE
ELTHWOR TOAEHERINND, 2O XN ClI R CHREED DD T 72 A M A
YRYINT—7EFGRRL . WO B B E LS B AR L T D 2,

(2) REHS IO TNF LREER
LRI EDOY AN A OBFIZREATIR 4 RIEBORRE ERDFEMHEED DD
b, FTHORIEMEY A YA DIEBEERE T(TNFNIT VI NA—F O, =% 05 2,
S IEMERE(VAE 728 B OMREMILR <2 AIDS FiF OO FRE TRIHSNAZENDE
NODREITEBE G- T 5B 2015, RILSCHEEIIBHER THOITHLELLT, FiRfE
72133 B BICIZF ORI E Y T OIKEEL D, ZOLEEEORDMIIIHBRED TNF
BRHENAZE, ELIZBMBZICRENE TNF ST F L AFVITXIVAF R TNF O
BRI DNBEETOLEET T OILRPIHSNDZLN D, EiL - FERDT A—TV DL
KIZEELTOBZELRIEVRNWESTHS 7, 2O LT TNF i35bEEHIT I LD
RO 5T AEEE A NIA L EBZONTER, LI LRBOITE TNF SRR EE
AZEFESZELALMICESNDDH B, NRMED TNF SR REIEREE THZL200D THREL
72Di% 1995 4 Bruce HDF NV —TFThb ¥, it TNF Z5EE /v T NI~ AT i
RHEETIBICIAEENFERI R T KRTIHIEERWELE, Z0RRE2REIVIC
TNF 23R B E A 2R D 2B B E SN DI o7, TNF LD L7 R T CHRER
IZRBODNIREI2 AN E S, BB O, BEEAL 7, BERE 0 IKFETHZLREN
TW5, E7-B i TNF 2 BEY T ZA T OENZED TNF O ZHHERHRIASNEDIZEN, 1BEL
BRI Tl S W2, BN TNF X EICI7ar Y7 ET AR AN k> TEASh
B, FTHITuFYTIET AR A LOIEES 2RISR E L TEOMIC TNF 2322800
2 g L TNF EDBIRE B 25 ECROEERMRTHLEV > THIRE TIIAV,

3) /oy yF

AR AR D F A DBIR TIZEL DAL FEIR T AT LI I > TR DK B AR LD B RK
IND, ZOROMBEHIRRIEIX VWA 7 s T A T, REHICRMRICIVERIN TR
B350, FRHER T/l I TREORENCH =D, ZOLEDI7al YT iIdRE 72 M A



CHEVWEREL O IRT 7 — UROBREE B L “ameboid 70T LTINS, ARITED
B L2 /NS MBI B 0 LT 228 2> “ramified 370277 ~LIEHER
BILEED, LBUMOBRE 2% vy F T LB UBERET A— B~ LB (LS LT, B
HREA~DOT R AFEB LT R — L R Lo THRIRL B OBREZ BT, -T2
saZ YT I MOBBRE I EEXONTE, LOUEE, 707 73R EARE G IR
(MHC) class I & class T 3L TN OSE RSE T D2 &ML T Rb— RinbiRiE
FTHIL, EBITIHEFREB LV S ERBEEDRBUSL AR A K THA AIREML R EILTRY,
ZHERERHIRE CTHBZERALNITR 225D 119, X5123/u s VT 1 Tablel 3L UK Table2 iZ
FTINT, BD TELDBEDY AN ALRTEIAL L, 50, TOZEEERBL T
W3 19, ZOZ &I/l VT BN O RE RS E ST S L3I, ST D AR A L Ry Y
— 7 OB B IR R BT B(Fig. 1), 16-o TI7uZ YT IRRIISIE U TR A
RRBR TRV AMI AL EEN GBI O )T MR O A B MmO 5T
LIZEDIEEF R DRAFT ARSI ZAEHEFRFL TR EE 2D, LOLRBHRY N —7DH LT
PLBTHPPZIT, FOFIBPBERE L2 E T E MRS LEBREAZRIZT, WRICE
HALENT=I7a VT LRIENE YA IA L PR EERBES R TILER R T5%
BOWERZNEERMNITE 7, Lizi3>TI7uZ V7 OEHEIEES RIS 2T e
v,

in vivo \CBWTCR7u YT EEMALT AR TS B ETICR 4 RWEMERHLL TREITHN T
WB, KEFT T ODITIY— I EINE B — D3 EW E B2 L U CE YRS
EZZHN T3, TR bIEELZ - MRRMIRO BB OAF L BRENE LI a7 H3EHE
T3, 55— 2D ATV — i3 ABEEWE I LATEHLTHY A b2, B-amyloid Zi3
77 prion ZL37 HIV— @&, 237, chromorganin A, Lipopolysaccaride (LPS)72E &5 &
TS B ZOINHEEDRET CRIATIEAICIVEEILSNIBENZNILIED, 2
a7 VT BRE T CEERBRBIZ R TIENHRIEND, ROV TIEECMEDO R T
7T LM E OMEE R D THHIRRY Y T AR (LPS) 13X/ a V7 &I NiEALT 52
EMDEBR EOFEMLY — LV EL TEHIDDAWLN TV, XBIZHLE, I/u7YTIkiT5 ATP
ZREOREBNME SN TLE, Ml ATP IZXATEMERIEISE R Shb 8517z,



Table 1. Cytokines and chemokines produced by microglia

Abbreviation Fuli name

GROa growth regulated oncogene o

IL-1a/IL-1B interteukin-ta/-18

iL-1ra interleukin-1 receptor antagonist

IL-3 interleukin-3

IL-6 interleukin-6

IL-8 interleukin-8

IL-10 interleukin-10

IL-12 interieukin-12

IL-15 interleukin-15

1L-18 interleukin-18, also interferon-y inducing factor
(IGIF)

IP-10 gamma interferon inducibie protein-10

MCP-1 monocyte chemoattractant protein

M-CSF macrophage colony stimulating factor

MDC macrophage derived chemokine

MIP-1o/MIP-1B macrophage inflammatory protein-1a/-1p

MiP-2 macrophage inflammatory protein-2

MIP-38 macrophage inflammatory protein-33

TGF-B transforming growth factor §

TNF tumor necrosis factor

RANTES regulated on activation, normal T cell expressed

and secreted

Table 2. Expression of Cytokine and

chemokine receptors in microglia

Chemokine receptors Cytokine receptors

CCR3 IL-1R GM-CSFR
CXCR2 IL-3R M-CSFR
CXCR3 IL-4R TGFR
CXCR4 IL-6R TNFR
CX3CR1 IL-10R
IL-8R IL-12R

IL-13R

IL-15R

IL-18R
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Fig.1 Simplified scheme illustrating some major routes of communication between microglia
and other resident cells as well as invading cells as they involve cytokines/chemokines.

(4) HRIEEMELELTO ATP

RPN D= RN —RFUZBNTHLIEEEZRIZL THDE TV XIVATFR ATP EZ2DOR
HPITHBEANPOERL TSR ABBRELRIET LS, ATP I T2 REOFEIR
Burnstock (Z&Y 1970 ERPBRBIN TR, 1990 FEDOT T )L ZR/EPL ZRE) D70
—=U T RREEL T ATP ZEEP2 ZERBR . Lya—=0 7S, ZOFEITEB L
WVCHLDEIR T 1920 ATP ZRRIIAA L T2V NEEL P2X & G BE AR P2Y 0”5
RIS D, P2X BRI/ 400-500 B TR SILORY T FRT, B EER 05
A 72RER Y —%R L, WL ODRREDHDVEINTHIZR A LIERIRA 2 F 4 F v 3V %
BT 5, BIIEE TIT P2X, 5 P2X, ECOTRE DYV T XA T BB T3 (Table.3) , P2X %
BRI R AR N TAE L F RV ELTHREL . BT 7 RREEEI I TR,
BYEAETEHRE (P2X,) O A DIGE (P2X, £720% P2X,,5) ZHEIZENDARAN TR TEE/RR
BRI T B LoD, NG P2X ZEEDY S P2X B MWIIMO A N—ITIERH2D,
ONDOFHERIRMEE 2D, L TFIZEDOFIZZ T 5L, OIEFICRVMIAN C RinERED >
2 O P2X ZRAEL~T O EEURN 1D | QFHEAIIEME(LIZEY 900Da £ TO4F4#
BEEDRTEERE TS (72121, 8 P2X, =0 P2X, ThREFIZROONAZENRESNZ D),
@ATP* ZME— DT I =AM T D, (EBREMT T ATP 1% Mg?R° Ca? oED _flihFA X1
—RL7REBCIFEIET D, LD P2X A 73—3 Mg#-ATP*X° Ca?-ATP b 7T =AM U CTHEA S
BHIDPM A —F —0 ATP I[ZXOIEHILEND, P2X, Z BT ATP 2M—D T I =A%
7o DIEHALIC M A —F — D ATP B BLT5) , P2X, X BE B Ia—=0 7 ST 4 4],



FRIZIIRBEEPIZuS VT, w AN, v /a7 7r— 3Bk, TAM A Rl
AR R B SR SN - 2L DR MR I B W CE B F B2 BT LIS h T T,
ZFOBDOHFEID, P2X, RBEIT~v/a7 77—V BN ERLUFRREZMIEN CRE T ORICER
BN B3k, IL-1pH . NF k B R NFAT EHAL, FURRR~OBE 50U 743 A b
SE~DEEPRESNLTOARZENLZOTFRIZELN 2L THDS 2, LnLRBLEIE
P2X, ZAESEE ORI R B U R EYE R HZ I HEL TODZ e #
HIN, ATP BREIHEHEIN TOB LG ERHCILERI A N 216 o2 o2
EDIRENTE BB, SHIZEBREVZ LI, 20O BB OITS P2X AP FEBL T
ATEREITBESH, Ca RAZBIHT AL IVEERE 21T TREMEIVRIREIN TS 2,
ZDEHT P2X, ZEMIIMD AL S (T KD TR D DS E O,

—5.P2Y RTEEEREZEAER 7 7IV—ICBL C BERLHEELTND, BIEETIZ
P2Y. 546111003 TRV T ZAT Bra—=0 7 & TB(Table.)?, WT DR BT 74
AT Gy LT B, ILAE Gs (P2Y,1) R0 Gi(P2Y 15,1) 128 34§D (double couple) V7 #A7%
HEINTND 2, P2X ZREFREE P2Y ZAEDL MAP X —Big# b, M/ MREESE
(P2Y,,P2Y,,) oMl i 5 (P2Y,) . BHIRHIRR D BB (P2Y,,) 7 L E RN CEHEREHIZR-L T
W5,

Table 3. Rank order of potency of ATP analogues for cloned P2X receptors

Subtypes Species Potency order of agonists
P2X rat 2-MeSATP>ATP>q,3-meATP
1 human ATP= o,B-meATP
P2X, rat 2-MeSATP>ATP
P2X, rat ATP>a,B-meATP
Pox rat ATP, not a,B-meATP
4 human ATP>> 2-MeSATP, not o,3-meATP
P2X, rat ATP>> 2-MeSATP, not o,p-meATP
P2X, rat ATP>> 2-MeSATP, not a,$-meATP
Pax rat BzATP>ATP> 2-MeSATP, not a,3-meATP
7 human BzATP> ATP, not a,B-meATP




Table 4. Character of cloned P2Y receptor

Subtypes Species Potency order of agonists Coupled protein
human 2-MeSADP >ADP Gag/11
P2Y,
rat > 2-MeSADP >ATP
TP=ATP>Ap4 P
P2y, human uTP PAA>ATPGS Gy/11 Gi3
rat UTP=ATP
Py human UTP>ATPgS>>ATP,ADP )
) rat UTP=ATP=ITP=Ap4A St o
P2y, human UDP=5-Br-UDP>>UTP2-MeSADP Gy/11
UDP>UTP>ADP>2-MeSATP
P2Y,, human ATPgS=BzATP>ATP>2-MeSATP Gg/11 Gs
P2Y,, human ADP, ATP Gi
P2Y13 rat ADP= 2-MeSADP, Gq /11 Gi

not 2-MeSATP, ATP

ATP I acetylcholine *° noradrenalin 72 £ L I HBRE M E LU CHHSIATET T72<, #ifd
BI210 mM B EDVAVTIET AL DR MO E LT T Ml bIZ R ED ATP 23R
T3 0, fEoTEDIEITOAHBIIpM~mM F—F —D ATP I[ZXbEND, RiROLHIZI/m
ZUT TR RICBWTEER INF EAEMRTHER, ZOBHO5 | E&ITRDNERMEY
BOEMITREA ThHoT, FRERFEDIFIZaZ V75O TNF L T 20E L L TATP
2B L., MBSk ATP 13320 Y 7 Hb TNF EEE 31 &8 2222 91D THLHIC LT 3,

(5) #Rast ATP (ZSHOS YT HD TNF BREESIZRIT

WREREEOIT, TNETU TR THREZHONIIL TE, 3 mM ATP TI7/ueZ Y7 ZHl
W AL1E %D TNF BEERFRD L., 6FFF TR KICELZNUERA BRBO v
(Fig.2A), SHITEBERFHEORNEIT TR ATP 0.1 mM 2>0fER°272 TNF EREA RO O,
1 mM TEKR®D TNF #ERENS B XIS, £l DR E TllEREE A L= (Fig.2B), KRIZ
TNF mRNA FBIC RIETHIFas ATP D% % Real time RT-PCR ZAVTREIL 2RSS, 30 &
#7305 TNF mRNA SR SN 1R THRAICEL ., TORBONICREILHA L=(Fig.2A),
ZNODRERN LIS ATP 3B FEEENUTHZIC INF ZEAL , Mifas~Litise5
TERHALMNITR 0T, £ P2X, ZBREBBIRWTI=ANTHS 2’-and 3’-O-(benzoyl-benzoyl)
adenosine 5’-triphosphate (BzATP) Th [ DKISAFRD DAL, ZOFRIL P2X,; AN
Brilliant Blue G (BBOIZ LVIB B K ERICHIH] STz Z L0 0(Fig. 3), P2X R AP EE R EZ
B3z LB 32, X512 ATP 73 TNF #BEIZIX MAP 55—+ ® ERK(Extracellular
signal-Regulated kinase)’25HTNZ p38 N E- 4 HZELHLNIC LT, ABFE TIIIHIZ ATP R
TNF EEA#IHIZ 35175 MAP 7 —F(ERK, JNK, p38)D&EILZDIEMHALHIMEIZ DV TRETL



7o F R0 YT DR RE VT ATP ZRBENLCE SN0
75 TNF Bt % U C R B MR % 3 5 LR B BANC LT, EDIT, Z0HE R TR
DHENT-BIEN in vivo THISESNBDM, Ty NMEBMLETF L% O TREILE,

TNF release (pg/10¢ cells)

TNF release (pg/10° cells)
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300 |
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A. Time course

" TNF-a release

TNF-a mRNA
Folds of zero time value

3456178 16 18
Time (hr)

B. Concentration-dependency

600

400 |

200
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s
L2

0 0.1 1 10

Fig.2 Effects of ATP on TNF release and

~ TNF mRNA expression in rat cultured brain

microglia.  (A) Time course; (B)
Concentration- dependency. The microglia
were stimulated with 3 uM (A TNF release)
or 1 mM (A TNF mRNA expression) or the
indicated concentrations (B) of ATP and TNF
release or mRNA expression were assayed
after the indicated period of incubation (A) or
three hours (B). Values are the means of two
cultures from one experiment and a similar
result was obtained in another set of
independent experiments.

ATP (mM)
BzATP (100 uM)
120¢
100} * Fig.3 P2X; antagonist BBG inhibited BzATP-induced TNF
80} T ' release. The cells were treated with indicated concentration
- of BBG for 5min and stimulated 100 uM BzATP for 3 hr.
60 } Values for 100 % release of TNF were 350.7 =152.2 pg/108
. T cells in BzATP-stimulated microglia. ***P<0.001, *P<0.05,
40F T . significantly different from the BzATP only stimulation.
20}
Basal O 0.1 1
BBG (uM)
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I. ATP &% TNF iEREI= 1T 5 Mitogen-activated protein kinase (MAPK) D{#&#l

MBI LHEFEIR 7O A M AV | HDVITHEL R AL RI2 EANRHDORE % 72 RIBI IS
LC, HHE, b, TR AREEISRIEE TR T, ZOL7RMEANLORME A~ EET
BYATAEAD—DLLT MAP ¥ —EREERFBEEZHLE WD, MAP ¥ —F
(mitogen—aétivated protein kinase, MAPK)IZ. insulin <°fE 4 OFIMEFER F2 5 NI TPA R ED
T T —F— I EFITTER SN BV AV A= —B LU T 1980 ARk Ho 1T
FERRMRIY R Sh Tz, EOEMEIITEEL — TN T-X-Y BBHIDALVF = &Fn
VUBREDV B EVELTD, ZOWMBEEVVERLL, IEMEL T AEER S MAPK XH—F
(MAPKK) T# %, MAPKK DIEMEALLEDTEMELA—TNOEBY L/ AV F = BRED) Bt
MELL, ZOV B E OB R 2 MAPKK ¥ —¥(MAPKKK)L#FRT 5, ZDIHIZ MAPK 1%
MAPKKK-MAPKK-MAPK @ 3 fE DX F—FIZ L A r—R 2L, MEA LDV T v
FInbOFF—BIcLE—EOV VB GEBLE THIBIN Do ~MEx b5 ® (Fig.4),

MAPK 773U —i3& ¥ ERK(extracellular signal-regulated kinase) 1/2 2SREIEEIL, K VT
JNK (c-Jun N-terminal kinase), p38 MEIE ST, INK, p38 LB, /81, PUEH], BiZSE
JE. Bays, @Rk, =Ry MIEREREF 2 RAMN AL > TERLShDZ L
MHAR AR MAPK (stress—activated protein kinas: SAPK)EFEIEI TS 39 3T4E, il A
N—EHARTHFREAKREH 90 kDa), FfEY72 C Rtz b ERKS B EEINE DR
FRATSHED B TND P, TID MAP ¥ — B AR — RIS LT v 7 VR EERR B AR L
SRR Bl TRE—S R SEEISER Y DEH ORBEEEEL TS, 3707 Y FICBVTh
MAPK {EMALE B ZETHENSHEESNTEY, YA/ RHERER S REIITDET
5% DEHEAICEERFEZRIT %, UPFREE TIIMIRS ATP 233727 Y7 D ERK, p38
EiEME(L 5L, £1 T MEK (ERK %{EME(L 35 MAPKK) BRESK U0126 72HTNC p38 FHESK
SB203580 I ATP %721 BzATP #%% TNF ##BEL 3R< Ml 322030, Zivd MAPK 23 TNF i
B RWTEB R R eb s L %,

MAPKKK Raf-1/ A-Raf  Tpl-2, MEKK1, MEK2/3, ASK1 ASK2 TAK
 MAPKKK . B-Raf/Mos MUK, LZK, MLK2/3, MLTK MTK1 TAD1
MAPKK  MEK1/MEK2 MKKAMKK? — MKKI/MKKS
MAPK  ERK12 JNK1/2/3 p38a/p/s
s p90rsk, MNK1/2, Sos, cPLA2 : c-~Jun, JunD, ATF-2, ATF-2, Elk-1, Sap1a, p53, MAX
 substrate  EGF receptor, Elk-1,Ets1 = Elk-1, p53, NFAT4 GADD153, MEF2C, MAX, PRAK
S sap 1a, STAT,'Mapz,fTau i , ; MAPKAP-K2/K3, MNK1/2, MSK1

Fig4 MAP kinase cascades.
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Fig.5 {29 £51C TNF (3EBE 7= 1% , EEETY 26kDa D pro-TNF LU TEASIL, D%
TNF—oZ#1EEF (TNF-o converting enzyme: TACENZ X0EIMr S CHlIfast ~Eiians, Zo
X9 TNF I3EEAE0, E-B 1% T80, FaRFAE . MHslE e BRI ofie %), £DMK

HUTBEE I ZHIEIS I TV, ZOFESIIZIZ ERK, p38 MAPK NEEREEIZ =3 20328
HBENTOWEHR, TNF BEDEDAT 7 &R 25T, MR- REORE - BMEDENITL
DERD, —F ., INK & TNF BRI W TEEREREZ R THRENRDHLLOD, FRILEE
BFREREIN TR0l Z e B BBERICEERA LI DOBRIZEA L ThH o7, LD>L ERK, p38 KA
HIFREIRFE OB T ER-T-HEE, L5 INK EHEEE R E T 5{LE8 % SP600125 25#E
iz 30, FZ TAETIZ U0126, SB203580 IZH1% SP600125 Z AV T, 2L MAPK 28 ATP #%
% TNF EEAZ EOISICHIET 0% mEt Lz,

Stimulus
Fig.5 TNF is released by the action of cell

surface protease, TNF—a converting enzyme

¢ inti JIIEE (TACE). TNF is synthesized as a precursor of
ranscription mRNA Mr 26,000 (26kDa), which is processed to a
La'a s
g +)

secreted 17kDa mature form by TACE.
translation

26kDa
pro-TNF

release

© 17kDa
TNF

[(RBAEBIUREBRMH]

(1) SEER

AR EBRITIE Wistar REEMEREEIER T v b 2 {EREITIVT 12 K- 12 RE OB 1 7
NORBETCHEISNEZLOEAW, KEEHIEBICERSE, U EOKHTHE L
HA—H BOFAEFEZERICEMN L,

(2 SYrBEJUTHRBARIEERDRR
Nakajima 250D JFHEICHEL T{To 72 %0, BB b FA(F2WEAL . BHE8% 70 % ethanol (2L
HELEZOL, BEICEMEZRVIHL PBS IZB LT, Zive EEBMEE T CaMe vy A
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WTNMERVERE, SSOICKBMOBEEZHBEL-200, BINEAWTHIIV AL, ZhiZ
0.25 % trypsin ZFANL, 37°C T 10 LB L THIlRE 78BS, IH L7 DNA 28Il 5729
IZ DNase I (BRA&KIBEE 0.5 mg/mL) % 30 PRI LT, I8 IRV MIEFCS) AR E 33 %)%
ML, trypsin DR 2 fE Ik &E7-21%. 1000 rpm 6 43 fEliE 0L, 10 % FCS-DMEM IZFRREL , 70
pm F A AT 2 R L CHERR S B E LT, ZORIRE 2 BURD—E% trypan blue e LB
BESEE T CAFL QO AMIBEZFRIL/£. 10 pg/mL RY-L-DV B 75 cm® &7 7
ZzdT=h, 1.5~2.0X 107 cells FEFEL . 10 % CO,~90 % air, 37 °C RED A FaX—F—Thik
L, BAB2 B L Ic B 2 2s LTz,

3) 2T VF DL BERSE

EERAMRIBA 7V THIICIST 7 B HHI0hb, 7IAANC AR T T AN Z YT O LI
BIR T SO EITRERDOIZa VT BB TS, ZORENSIIRS VT OB T
7ro BEE 7T A% IRIE 20 cm, 80 B/ DEIT 6 ol 8 DFITIREL . EFELHIIRZEREL
TEIR L7z, ZOHIKE S — ROy — U ZHRE 45 HEEEESET®R . AT VLRG| L TH
BEEMREIREL, ZOBRBIZIVBRUMIEE FITC F#LIrus )7 ~<——, FITC-
Isolectin B, Z W CHREYRALITOT-FE R, 99 %337V 7 THHZ LEZHER LI, LoTZDF
HECHIREZ BN L TUL T O EBRIC AV,

(4) iEih

Dulbecco’s Modified Eagle Medium (DMEMNZ penicillin G (100 U/mL), streptomycin (100
pe/mL), 2FfE R MIEFCS, 10 9)ERAMENZORITT T REICRDIIITIMUI, oi ik R i
%13 56 °C T 30 IFBILL THOERAL,

(5) INF HBEBRDEE

HERTZIENE % 24 well 7L —NZ 1.5 X 10% cells/0.4 mL/well THEX | 45 DRITAT AU LERRE
USRS 72, DMEM &K P (FCS free) &L ESR CLE S . ATP 7213 BzATP 28 THRIBL ., 5
£ FETPIcKEN- TNF 2 ELISA kit # W CE R L, EEXX Y NOFBHAEBI ST, Ml
PO TNF B3 ATP £7213 BzATP T 2 Kl #if3% 0.1 % triton-X 100 TH[¥E{LL T ELISA
WXVEELE, Y T MIEETHET-80°C THRFL

(6) total RNA HitH

60 mm >y —LAZI7a YT % 7.5 X 10° cells/3 mL/3 ¥ —L THEX 45 BRIIAT AV DEIRE
USEBIL 72, DMEM BRI H(FCS free) & MBI CALEH , ATP %7213 BZATP T 1 BrRIHINKL
Tz I 1RF[EI#% . DMEM 27 AE'L—hL ., Mile R %) BEE R (PBS) CHIFL 7% Trizol™
LS #Z(mono-phasic solution of phenol, guanidine isothiocyanate) 300 ul. ZHix., BLAZL—23
— CHERRZ 2B | BT TR Z BT, £ D% chloroform 80 pL ZiNZ 10 HS#EL
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.4 °C, 13,000 rpm T 15 53 LL T, £ EEEMOF 2 — 7128 $TZEIZLY DNA LEHE
RELURL, 53BEL- EIEIC isopropanol 200 pL &A0%-20 °C TA/KEd 1 BREISEIL-14, 4
°C,13,000 rpm C 20 4y O L _ EIEEERELE, £ U7 RNA ORI 400 ul @ 75 % ethanol (in
diethylpyrocarbonate (DEPEC)-treated water: RNase free H,O)Z /0%, 4 °C, 8,000 rpm T 20 4
filiE DL C RNA Z28Ei Lz, BemcB o7k % TE buffer (Tris-EDTA buffer) 10 pL 288
fZLC total RNA Y7L ELT-, RNA £l 260 nm {ZRITAREEIZ L > THIELT-,

(7) Real Time RT-PCR j%IZ&k% TNF mRNA DFEE

(6)THABL 7 RNA 1 pg ZRAVWTHEREUSETITV Y, cDNA ZE LT, 20D cDNA Z#81LL
T TNF mRNA & GAPDH (PN EB4Z %#5) mRNA (245 2A972 primer Z VY, BVZEME 15 sec/ 95°C, 7
=—Y7 10 sec/ 57°C, fHER R 1 min/72 °C % 40 ¥ A2V % ABI PRISM 7700 ZfEH LY 7 /v
%A 2 PCR HEIB%1T o7, &Y 7V mRNA B &% PCR EME S L7 IAINE AV, ot —
Y A7 VE(CL B DBR TRDT=,

(8) BB LUHME DL E

NE-PER kit ™ Z V>, kit OFBAFICEST, BB, 10 mm v —LiZI/us 7% 1.0X10°
cells/8 mL/3 % —L T (£ 85 7L vh) . DMEM K&K+ SB203580 T 20 Ay MALE% ATP
E721X BzZATP TR L7, (LR _OK E#/E) D%, &% —1 650 uL PBS THila
ZEIXL 2,000 rpm, 4 °C T4 43EhE DU, EEEBREL TULHEIZ Cell Extra Reagent—-1 (CER-1)
EEHILELL 15 BEIRNVT Y7 2% 10 47[EF#EL ., Cell Extra Reagent-2 (CER-2)ZHIIL .
BOWLL 5 BRIRLT Y7 AU CLORIBE LR, 3512 5 BORLT 22 10,000 rpm, 4 °C
T 10 5 REOL EEZHIREE S LU, IEBRIC NER 21X 10 0 BXICHELL 15 ALV T
I ALZ DEAER 40 43 R T 7o Be#%12 10,000 rpm, 4°C T20 SRELL., EEEEE S ELE,
BT I AELTO),(NEIXODEREToT,

(9)Western blotting kI KA E DR

NIV B LT IR E % & 77 FE B LT SDS sample buffer (62.5 mM Tris—HCI:
pH6.8, 2 % w/v SDS, 10 % glycerol, 50 mM DTT, 0.1 % w/v bromophenol blue) {ZIEfEL 95°C T5H
Sy LT, Y D E L R % SDS-polyacrylamide—gel electrophoresis (

SDS-PAGE 7.5% gel) T/ BEL7-1% . PVDF RICERE L7c, —KRHUKIIE, e —H—LL T
Oct-1(1:200), ML ~—H—&L T HSP90(1:200)% Fi\ >, HRP #Zi# anti-Rabit 1gG K IGSH,
ECL ThHL 7,

(10) FRABES LUFERE
FEBRICHEA LRI LL T 0@ ThHb, Anti-HSPIO (H-114), Anti-mouse IgG-B, Anti-Oct1
(c-21). Anti-Octl (c-21). Anti-rabbit IgG-B (Santa Cruz). ATP, BzATP (Sigma). DNase
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(Roche), Dulbecco’ s Modified Eagle Medium (Sigma, D5796), NE-PER™ Nuclear and
Cytoplasmic Extraction Reagents (PIERCE), U0126, SB203580 (Promega), SP600125
(BIOMOL), Trizol ™ LS Reagent (GIBCO), Rat TNF ELISA kit (Cytoscreen) (Biospurce), %
DD —EFRIEIIBONDER DM DS DR AV,

[RER#ER]

(1) ATP B55 TNF #EREICH1T5 INK DRE|

SP600125 i3> MAPK A2 /—{Z B LT 300 f5 LA B3I INK FEiE2 I3 /LamL
LTS 30, ZOMEIZIWT SP600125 13 Thl, Th2 MR /A FH0D TNF k%
PR TERTIE 5285, ATP 3% TNF @HEC VT INK BNEEREER R TL
BFREND, £ZTES ATP % TNF BB RIET SP600125 DEEBLBELE, TORE
SP600125 I% ATP 5% TNF #8418 B R TERUICIIHIL 72 (Fig.6a), P2X, 2 AMRIRKY 7= =X}
BzATP FRIZ W TH R ORE VB LN T-(Fig.6b), ZDkE E45 JNK b ERK, p38 LFEEIC
ATP &% TNF EREI W TEBERZR 2 R el RIS,

(a) (b)
ATP (1 mM) BzATP (100 uM)
3100 100;
c *
8 80 | T 80 4 Aotk
S T Heokeok
x 60 *k 60 ; T
§ 40 T 40 |
Q
®2] T 20
Lo
£ o 6 -
Basal Cont 10 30 Basal Cont 10 30
SP600125 (uM) SP600125 (uM)

Fig.6 Effects of SP600125 on ATP/BzATP-induced TNF release in rat cultured microglia. The cells were preincubated
with 10 or 30 uM SP600125 for 20 min and stimulated with 1 mM ATP (a) or 100 uM BzATP (b) for 3 hr. Values are
expressed as mean == SEM of percentage of release of compared with ATP or BzATP only. Values for 100% for release
of TNF were 184.128.8 and 938.3+252.4 pg/108cells in ATP- or BzATP-stimulated microglia, respectively. *P<0.05,
**P<0.01, ***P<0.001, significantly different from the control. '
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(2) #BREN TNF EXEIZRIFT MAPK [HEEOFE

Fig.5 {Z/RL7=E5IZ, TNF i% TNF E#EEE (TACE) I XV B RE CHHEEE 2555, Bl
D TACE FEMED MAPK IZX0lEIShBZ L @& sz ¥, §65T MAP %7 —8i3 TNF
H=D 75T TNF B HIERIC IV TR EIR B2 T, EIROIHI24 MAPK [HLE KA ATP 5%
TNF B2 HH U722 h5, ZOVER A EA ORI ELROKHBEROMEI 2D %HS
2295 HEIT, ATP/BZATP AN TNF BEEAIZKRIET MAPK FAEEORERFTL .
ZDOFER U0126, SB203580, SP600125 1V YT #uh, ATP E721d BzATP IZ&k -~ THIEE IS ol
FaPN TNF EEAE %A B L= (Fig.7 ab), -, ERK, INK, p38 i3V v 1vh, TNF EEAERE
HIET 22 ENRRINT,

(a) (b)
ATP (1 mM) BzATP (100 uM)

2 100. 100;
8
-
; 80 o 801 ek %k kK
2 -
S 60 1
el gl
Q
L 401 T I 40
= T
S 201 20
3
g
0 Y

Basa Con U SP SB Basal Con U SP SB

Fig.7 Effects of U0126 (U), SP600125 (SP) and SB203580 (SB) on ATP/BzATP-induced TNF production in rat cultured
microglia. The cells were preincubated with 10 uM U0126, 30 uM SP600125 and 15 uM SB203580 for 20 min and
stimulated with 1 mM ATP(a) or 100 uM BzATP(b) for 2 hr. Values are expressed as mean=SEM of percentage of
release of compared with ATP or BzATP only. Values for 100 % for release of TNF were 407.0545.6 and 530.9+58.5
pg/106 cells in ATP- or BzATP-stimulated microglia, respectively. **P<0.01, ***<0.001, significantly different from the
control.

(3) ATP 555 TNF mRNA #IRIZRIX9 MAPK [EEEDFE

MAPK 7% ATP % TNF A BB E2HIET AL RBRINTZZEMD, KIZ ATP/BZATP %%
TNF mRNA ZHZ % I1E 3 MAPK FREZEKOREEL R, ZOR R U0126 & SP600125 iX ATP
F721% BzATP #% TNF mRNA RBEZH BITHHIL7-DITw L., SB203580 TIXFEEIIFRDHOIL
72> 1=(Fig.8 a,b), #->T, ERK, JNK X TNF mRNA B & H#45—75 T, p38 IIEEZ D
HRECOBBERETBILNTRSNT:, |
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(@) | (b)

1mM ATP ' 100 uM BzATP

~ 4.0

T ]

25 T

g I 35 | T

S 201 30 |

2z

b * 25 *
. g 1'5. *-'.;-* T 2-0

X 10 1.5 x

s 1.0 |

o 057 ! L

2 0.5

T 0 0

Basal Con U SP SB Basal Con U SP SB

Fig.8 Effects of U0126 (U), SB203580 (SB) and SP600125 (SP) on ATP- or BzATP-induced TNF mRNA expression in rat
cultured microglia. The cells were preincubated with 10 uM U0126, 15 uM SB203580 or 30 uM SP600125 for 20 min
and stimulated with 1 mM ATP (a) or 100 uM BzATP (b) for 1 hr. Values shown as the ratio of TNF mRNA versus GAPDH
mRNA. Data are expressed as mean==SEM of ratio of expression compared with ATP or BzATP only. ***P<0.001,
**P<0.01, *P<0.05 significantly different from the control.

(4) SB203580 0 TNF mRNA /M @EICRIFT HE

RNA IR CEBEESN- %, BAEADS THOME ~Lmikshd, UsnRNA HDV I tRNA
VST RS FED RNAICEL T, B RAG= I AR —F U BREESNED A=A LB
202055 O, LoREEOEME mRNA ICBW OB IC 5T 2R A EARE
BEALNZENDOHDEDD, FOWFII R ENREN, LHALRBOEIEZDOBEIHMIE
OO T F M IVEIEESNAZ LRGN Y, £2C, IUn/ Y7 O ATP #% TNF EAIC
Bi1% p38 DB FEH TNF mRNA OBSMERIZRBIT LD THLIN MR L, ATP 7213
BzATP C1ESRIRNL 7370/ VT R MME LT 57 a \CHEL, 757 iCE 5
mRNA DEBZRAT, ETELHRE DS BEEHER T 57 DICHIRE ~—4—0 HSPI0 &%
<—H—D Oct-1 VT ZRE T ayT 47 #1777, Fig. 9@~ T X912, basal, control,
SB203580 LB RIS\ VT HSPI0 & Oct-1 IZENEHVHIBEE %, B 5 oD A RSz
ZEMBET T ar BB CETCVWAIEPHER TET, ELTIDHIEIZLVSBE LI 7alY
T ORLHIRE DK 757 a8 5 mRNA ZEBLZ, TORKE, EREHME (= be—
JV) T, ATP £7213 BzATP HIKICXVEENICRBLLT. mRNA (THIREAA~LHt S e ns,
SB203580 (=¥ p38 ZFHE 4 5L mRNA (FEEPICEREL , MIRE COEMIXZLA RO IR
D357 (Fig.9b), fE- T, p38 IXFEE L7 mRNA OO DHIME ~DE@E B Z HIHEL TV 5 HHE
PEARIBREILTZ,
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(a)

ATP (1mM) BzATP (100uM)
Basal  Cont SB Basal  Cont SB
e h ¢ n o n ¢ n C n C
HSP90 | - = | HSP-90 ”““
Oct-1 | ¢ e e Oct-1
)
nucleus cytoplasm nucleus cytoplasm
ATP (1 mM) ATP (1 mM) BzATP(100uM) | BzATP(100pM)
P 4-0 | ——————————— manm—————— i ————————esen
E 6.0 N
% 5.0
S 3.0}
s 4.0;
= T T
< 20} 3.0
zZ - T
o
€ * 2.0
‘s 1.0t *
2 1.0f
[0}
'
Basal Con SB Basal Con SB Basal Con SB Basal Con SB

Fig.9 p38 regulates nucleocytoplasmic transport of TNF mRNA induced by ATP or BzATP. (a) Western blots of nuclear
and cytoplasmic extracts were probed with antibodies to Octt (nuclear protein) and Hsp90 (cytoplasmic protein) to
determine the efficiency of nucleocytoplasmic separation. (b) The effects of p38 inhibitor, SB203580 on distribution of
the TNF mRNA in the nucleus and cytoplasm. The cells were preincubated with 15 uM SB203580 for 20 min and
stimulated with 1 mM ATP or 100 uM BzATP for 1 hr. Then the cells were fractionated into nuclear and cytoplasmic
fraction using NePer kit. Values shown as the ratio of TNF mRNA versus GAPDH mRNA. Data are expressed as
mean == SEM of ratio of expression compared with ATP or BzATP alone. *P<0.05, *P<0.05 significantly different from
the control.

[EE]

AREOREID ATP % TNF #EEEIZE, ERK, p38 12X INK bEER&EIZ R ZE08HL
MNTIpoTz, LU BE AL N—DHFENTR 2D, ERK, INK 38T EHIE2—5 T
p38 i3 mRNA OB LA E ~ OB ERIET ST LAR NI,

Table.5 {7 TXHIZ TNF Fre—F— BRI I3k 4 REBER TR/ A 7228 HLESn
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TWBZEND 2 ERK b oD HOWTNAOEER F2FEELL TEEEHIETEE 2060
%, NFAT [HEI TH 5 calcineurin 25 ATP #5% TNF HEREZ I L7220 o722 L5 NFAT A 5
LBWZEEFERL THODbOD(F —F A M), BEMICE OB R F 153 20NIRHATHS,
LPS B L7=E /YA MU TC, ERK 23 Elk-1 2V ER{LL T Egr-1 ORBLELFHEL , BB
Egr-1 28 TNF O 7 0 —# — I #EA L TNF mRNA BEEFHETAZLBPHESN TN Y,
0 Bgr-1 BHDF A ba—2A8 ATP #%% TNF mRNA BEOD S A b3 —RL—BT2ZLnbIn
HRERFBPEE B LR,

REAEAD TS SN 4 280 INK FREE L VT ATP 3% TNF #E8EI238175 INK D& EFI%
METL7-#E 2. ERK [FKE mRNA 383 %A LT INF EAZHIHL TOBZLABHSINI 2o, INK
% Fig.4 IR T K5IT Activator protein—1(AP-1)DIERER THD c-Jun(Ser63 & 73), ATF(Thr69
& 71X Elk-1(Ser383 & 389)2 VU B{L 322D bInbE ML TERERRETHEE X ONS, L
ML722H5 SP600125 1255 TNF mRNA FEIHOMAENT U0126 (ZH~_BEETTh o7z, INK i
IL-2, IL-3 % TNF @ mRNA OZEMEHHTLZERBESILTNDZEHD, IREFREITNA
REMEHEICHE S L QOB ATEEEL T E T&p\ 748,

—J5. p38 X Cox-2, IL-6, IL-8, R° TNF 2L DEzE %R 5- 22 LB HEZ N TNDH,
INHDIZEALTE mRNA OREERIETHD, LNLRBROAREDRERIVII/IaTITIZBITS
ATP/BzATP #% TNF mRNA #Hi3 p38 FAEIR TH 5 SB203580 L E<LIfl& etz
END, p38 BEMEMEICEHEE TLLABERNOEBEAICW BB EHIEHT2E 206
A7z, Bt Dumitru H1d LPS FEL 7= B Rk~ /a7 7 — 28T, ERK 2% TNF mRNA D%
SR I3 D2 2B BN LT 2, 27T p38 FLEZK SB203580 % AV YT ATP iz k> T
FEIhD TNF mRNA OEEHRREIZRB T 0MBERELIRER, 038 ZIHETILERIC
mRNA BERELUME IZIXEEA B EN2h o7z, 75T p38 75 mRNA DEZS 1 ik 2 il i
THZEDBTRERE LT, LART LPS FI L 7= Sl A2 3\ T\ p38 5% MAPKAP J-—+% 2(MAPK
activated protein kinase—2) 4L, TNF mRNA Oz 4 @ik 2l 42 a REME 2 7 RIB L TV V225 E
BRI A ESah ol O, REOFEFEHD p38 A3 TNF mRNA DOZSMEEEHIE 5409
B2 TNF EEARIEBEEI AL L2072,

p38 DIFANEEEHIE T HAD =X MOV TR BRFPLETHS, p38 IE MNK (MAPK
signal integrating kinase—1/2)U #8{b &4 U CRIERBARAIA T eIF-4E 15 L35 17, IEiE kL=
eIF-4E |3 FERBAAEZ S 9- 57717 T/ cyclin D1 mRNA OBAMEEL BT LB HE S
TWBZEND ¥, 27aZ V7 O mRNA 8% 2BV Th elF-4E 23 5L THa03b Aihiauy,

TNF BEREHFH 2T H L3k 2 2R THREIN TS, B, ZOFSITIT TNF
mRNA _E® 3’ -untranslated region (UTRNZFFTE 35 AU rich element (ARE)DSEZE 2% E|% Rz
TZERHLNITRDD0HS D, ZOEBRILAUICEALESIZFD, TNF LISMIE IL-6, IL-8,
GM-CSF 22E DY Ah A A, c-Fos A2 —D mRNA _FIZHEETAHZERBRESIL TV,
ZOERE BRI RIBESEALMERO TNF B LR L)y ~F 0Bt EE L3 BT
TEmS, ZOMERE N UL TNF REFIEIIED CTEER&EIZ R TEE 1005, T4 ARE
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IR RS T 5B A(TTP, Hel-N1, HuR, AUF, TIAR, TIA-1 2E)BRESh 225D, Zh
5% LT mRNA OZ EMERCERRBAFAEICE 5 T2 LARBEIN TN, ZOHT TIA-1 R
TIAR I3 LHBVE % v L LI E D mRNA O — MRV E X2 HlE 52 LI g
(N. Kendersha and P. A. Anderson Unpublished data °?), f->T p38 132D ZL 72 ML T
mRNA OBAMEEZHIHL TOShb LRV,

Table.5

DNA binding elements for TNF promoter
NF«xB Egr-1
AP-1 Ets-1
AP-2 C/EBPB
ATF-2/c-Jun CRE
NFAT

UIE]

Ty MMV TIZRT5 ATP % TNF EEAIZIX ERK, INK, p38 BEEREEIZRIL
DAL o7z, LDLARRLZOHRENT RV, ERK, INK 3 #EFEEEEHET5— 5T
p38 IMEEHFEE ML T TNF EAEZHIETHILBHLNE 2ol SBIZ p38 ILLPERE %
#ilX TNF mRNA OAMEE R OHIHE CTH A FTREMES RENT,
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Il. P2X, R&4KI=&k S MAP kinase ;&L Sl

ZNETORENSIZRI YIS TNF BT IE MAPK 23 BB R8I -3 2 L 8B 5
2220l 3, BFIRREEOIZZND MAPK X2 BN B FEICLIEHIEESN THAZ L%
BMNNCLTER 2, bbb P2X, A MR Brilliant Blue G (BBG)A' ATP/BzATP %% ERK
EMEACIZII B E RIE 3 2872< p38 225 TNT INK 1EHE L2 MBI 352 L5, p38 & INK iz
P2X; ZREENLUTEEAEINDDICH L, ERK XZUADOZEEE LU THER LIS
(Fig.10), EHIZ ATP # % MAPK IEHELICIZAIIES Ca? ITRTE LRV 3D, ZHHDFRERM D, P2X,
SZBREIIAA LT 2 RNVNBE THORBOLDRED Ca¥ M F ¥ RNOMRREITMILT
MAPK Z1EMA LT 5LE 2 b6z, MAPK I3 REM I ARIET D EBERY T TNV FD—D
THHB, ZREFBIIEE MAPK DA —REEHELT 2O TIRE T X T E— 5y 7007 F
TRES TN U TUEMRET 5, Tl P2X, ZBFEFEIZE D IS MAPK ZIEHELT 5072557,

A BZATP
BBG - - * BBG - - +
Phospho-ERK | = Suly e Phospho-ERK —
Phospho-p38 - .. Phospho-p38 -
Phospho-JNK = oo Phospho-JNK e

Fig.10 Effects of BBG on activation of MAP kinase, ERK, p38 and JNK in ATP- (left panel) or BzATP- (right panel)
stimulated microglia celis. The cells were pretreated with 1 uM BBG for 5 min and stimulated with ATP/BzATP for 10
min. The phosphorylated (active) and total ERK, p38 and JNK were detected by western blotting using antibodies which
recognize phosphorylated and both phosphorylated /non-phosphorylated enzymes, respectively. The levels of each total
MAP kinase were confirmed to be identical for each lane.

AF LV F X RNRR T2 E OB BITHIRROEE —EBICH BICFEL T A 2@
TR, MR- ADOBAELEATHILIVEOME. By, BEES BB ICHIEE sz
DAL R TETHS, FloFul v —BIc LBV Bk L= F v RV REDEfIE
NMDA ZZ78K, AMPA 81K, Ca? B3k K'F v/, BALRTENE Na'F ¥ rV72E L DF v
FNVTHEZINIED TOD ¥, IHIZ AMPA X NMDA ZAKITEEMICF v F ) —
B(Protein Tyrosine Kinase, PTK)ERE L TR, R A F v R OERELIIMSIL T2
FIBRELBIEEITIEPRESNTND %, KL, P2X, XBEMED C RMEBIZITV<O0D
BRI EF — 7 B EE T BZEBA LN SN, FO T SH3 KAV FEBEF —7 BELE
15 %), EZRAAF oL L FF—B SHI RAUEREOZE, EBIZZNBIE MAPK B A —F
D ERBFELTHRENDHDZLNOINEDZ L 730 P2X, 2/ ED5 MAPK B A —R~DiE
BB HEIFREENE 26N D,
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SDHIZ Table.6 IR T LI P2X, ZREIIMDAZ L F oV LERR, [EFEBNRRA RF 37
EEALTWAIERHESNE %, ZOHIZizF ol v 3 —BEEERHIETA I8 b5
HSP90 B EFNTWZEhD, ZOHTFEN LTI FNMEREEZBER TIZENTFHRISND, 22
TAETIZ ATP FHF MAPK HEHE(L225TNC TNF 235175 HSP90/PTK DZF BNV T
LTz,

Table.6
Proteins identified in the P2X, receptor complex

Laminin a3 chain

Integrin g2

Protein tyrosine phosphatase 3
B-actin

a-actinin 4

Heat shock cognate 71kDa protein
Heat shock protein HSP-903

Pl 4-kinase 230 ‘

MAGUK p55 subfamily member 3
supervillin

[RER ik KU EERH ]
ZOETH AW EZERFERDWICHAIRIIL TOEY THS,

(1) Western blotting j%&IZd&k % MAP kinase E 3 HI5E

60 mm > —LAZIZrZ YT (7.5X10 %cells/ 3mL/ % —L )& THE 45 DRITAT 47 LATHEIT
IV¥E L OBRIL7Z, DMEM B8 H(FCS free)S A EK CALER ., ATP £721% BzATP T 10
Sy L 72 %% DMEM ZEREL ., Vo BREER(PBS) e L C 110 pL o SDS sample buffer %
T AvT2lTME, BRI — S —CHlla% B BE CHRRZmFEL, 95 °C T5 &
BBV LT, oD E L 7B % SDS-polyacrylamide—gel electrophoresis (SDS-PAGE
12 % gel) T4BfEL7-1%.PVDF BEICEE B L7, —k¥if&i2iX, phospho MAP kinase (ERK, p38
MAPK, JNK/SAPK) % L<IZ total MAP kinase (ERK, p38 MAPK, JNK/SAPK) {245 B 72
FiiEZ BV (L E4T 1:1000), HRP #Z3% anti-Rabbit IgG & i&+, ECL TR L7~ (Chart.6
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ZH),

@) fEAREE
genistein, gerdanamycin (Sigma), Phospho Plus antibody kits (ERK, p38, JNK) (New England
Biolabs), tyrphostin A25 (Calbiochem)

[RER#ER]

(1) MAPK EMALIRIFTFOO L+ —CHEEDORE

3 ATP E721% BzATP #% MAPK EMLICKIETIERBRWF a3 —EHEE,
tyrphostin A25 & genistein D EEERFT LTz, £DHRER tyrphostin A25 X ERK EHAGITIIRE
A% A7 L7 p38 & INK OIEMEAL & #1HI L7z (Fig. 11a), genistein b ATP/BzATP R#IZ 125 p38
2B TNT INK FEHE(L A8 B R AT L 72 (Fig. 12a), £ bORERIC—EL T, tyrphostin
A25 725 TN genistein 1% ATP $7-13 BzATP #5% TNF 582 1l L7=(Fig.11b,12b), #E->TFm
S —P L P2X, B BAEDLD p38/INK FEMEL 2, TNF RISV TEEREEIZ R
TLEIRRI N,

(2) ATP 8558 MAPK EtELICRIZT PP2 OFE

2 REBIF 1L —PI2IE Sre, Frk, Btk, Csk, Abl 773V —722 K8k % 2 FENFIETD
73 genistein <° tyrophostin A25 IZENOEIERIRANCILE 35720, EnFuirFF—ET7 73
Y—RE 5T AHNIRI ThD, WTE, A3 F Y NI NI B FED AMPA ZFAR,
MRS CatlTRER T Sre 77 —F i v Fx ) —¥e L 7/ VREE S SR T
|EXN TS 9, 22 Sre 77 —Fui L —@IRMFLES PP2 2% ATP/BzATP # 5
MAPK IEMEGIC RIETEEBIZ OV TRE LT, ZOFSE. PP2 13 ATP 225 TNE BZATP # % ERK
TEMEAGIC I B 8% RT3 2 2724 p38, INK IEME(L 2 L 7= (Fig. 13a), FeZORERIT—EL T,
PP2 IX ATP/BzATP % TNF HBEA A B Il L= (Fig.13b), —J5 PP2 XU T4 77 F 0/ T
5% PP3 TITEERNRD LN 0Tz, HeoT P2X, ZREDS p38, INK IEMAKIZU DR EEIT
13 Sre 77 —Fu L —EREERREIE R T IERIRENT,
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Fig.11 Effects of tyrphostin A25 on ATP- or BzATP-induced MAPK activation(a) and TNF release(b) in rat
cultured microglia. (a) Effects of tyrphostin A25 on the activation of MAP kinase in ATP- (left panel) or BzATP- (right
panel) stimulated microglia cells. The cells were pretreated with the 25 uM Tyrphostin A25 for 15 min and stimulated
with ATP/BzATP for 10 min. The phosphorylated (active) and total ERK, JNK/SAPK and p38 were detected by
western blotting using antibodies which recognize phosphorylated and both phosphorylated /non-phosphorylated
enzymes, respectively. The levels of each total MAP kinase were confirmed to be identical for each lane. (b) Effects
of tyrphostin A25 on ATP- or BzATP-induced TNF release in rat cultured microglia. The cells were pretreated with 25
uM Tyrphostin A25 (Tyr) for 15 min and stimulated with 1 mM ATP or 100 uM BzATP for 3 hr. Values are expressed
as mean==SEM of percentage of release compared with ATP or BzATP only. Values for 100 % for release of TNF
were 336.7-49.6 pg/106 cells and 1047.6 +86.3 pg/108 cells in ATP- or BzATP- stimulated microglia,
respectively. **<0.001 and **<0.01 significantly different from the control (t-test).
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Fig.12 Effects of genistein on ATP- or BzATP-induced MAPK  activation(a) and TNF release(b) in rat cultured
microglia. (a) Effects of genistein on ATP-(left panel) or BzATP-(right panel) induced MAPK activation. The
cells were pretreated with the indicated concentration of genistein for 15 min and stimulated with 1 mM ATP/100
uM BzATP for 10 min. (b) Effects of genistein on ATP- (left panel) or BzATP- (right panel) induced TNF release in
rat cultured microglia. The cells were pretreated with indicated concentrations of genistein for 15 min and
stimulated with 1 mM ATP or 100 uM BzATP for 3 hr. Values are expressed as mean==SEM of percentage of
release compared with ATP or BzATP only. Values for 100 % for release of TNF were 136.0237.0 pg/108cells
and 328.6 +63.5 pg/108cells in ATP- or BzATP- stimulated microglia, respectively. ***<0.001 and *<0.05
significantly different from the control.
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Fig.13 Effects of PP2 on ATP- or BzATP-induced MAP kinase activation (a) or TNF release in rat cultured
microglia (b). (a) Effects of PP2 on ATP-(left panel) or BzATP-(right panel) induced MAPK activation. The cells
were pretreated with the indicated concentration of PP2 for 20 min and stimulated with 1 mM ATP/100 pM
BzATP for 10 min. (b) Effects of PP2 on ATP- (left panel) or BzATP- (right panel) induced TNF release in rat
cultured microglia. The cells were pretreated with 30 uM PP2 or PP3 for 20 min and stimulated with 1 mM ATP
or 100 uM BzATP for 3 hr. Values are expressed as mean+ SEM of percentage of release compared with ATP
or BzATP alone. Values for 100 % for release of TNF were 133.665.1 pg/106cells and 914.80+=173.3
pg/106cells in ATP- or BzATP- stimulated microglia, respectively. ***<0.001 and **<0.01 significantly different

from the control.
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(3) HSP90 (2 kD MAPK SETE 1L fil 1

HSP90 1343 v ELTHRE T 2721 TR & RV T T IVRES FLEB L EDTEME
FIEZATHIZERBIN TS 7, Sre 77 —F i v dF—8h Hspd0 /T HF L/ 7D—
DTHY, EOX T —EEEORBICEERBEE LR TILHMONTND, FITZD HSPIO
D P2X; ZRBRELIEE IR EL TWAZEREE SN 9, §6-5T P2X, BN HSPIO 24t
LT TNF ﬁﬁﬁ@“/ﬁ FABERINTOBIERE 251D, £Z T HSPI0 FHEZ geldanamycin
# VT ATP/BzATP #5% TNF EREIZ BT DR EIZRET LT, £DORER. geldanamycin {& ATP
7RBUNC BzATP #5% TNF SRR 8ICHIHI Uiz, $65 T, ATP % TNF EA W ZARIRIC
IZ HSP90 DS E BB B Z LIRS,

ATP (1 mM) BzATP (100 uM )
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Fig.14 Effects of geldanamycin on ATP- or BzATP-induced TNF release in rat cultured microglia. The cells
were pretreated with indicated concentration of geldanamycin for 15 min and stimulated with 1 mM ATP- (left
panel) or 100 uM BzATP- (right panel) for 3 hr. Values are expressed as mean==SEM of percentage of
release compared with ATP or BzATP only. Values for 100 % for release of TNF were 289.4 =14.26 pg/106
cells and 910.6=101.97 pg/106cells in ATP- or BzATP- stimulated microglia, respectively. ***<0.001 and
**<0.01 significantly different from the control.

(Ex

ABEORERND, P2X, ZREIIIEBIRA Y T4 F v FNVEZ B THORBE, Ca* DA
IR FERET Sre 773 —F i —EE25 LT p38 & INK EHALEHIET5Z L3 5
1272072, IDIT P2X, ZBMHD TNF EABBEA~OE BSERRRICIT HSPI0 NEEREEZ
Rz oenmmgahi,

R, AF T XY RNV DBHERE Z DIV TETT ¥ RABERBLIIIMSLL T /UREE G &R
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FLEREBEESN TS ¥, REOFRERIL P2X, SEETHLREBEO AN =X ADHEEEL TS
TLETET B, L LMD Table.6 1Z5R T LT Kim Hid P2X, A EICEEHICRET5F 0
TUF PP RVER o771 TR e-Sre ERA LRI ELTERL TS 9, #-TC, &
FIBCRBBIZ IV TC P2X, AL PTK ER AL TRV, ZEEDEMALIZEY Src 773 —
PTK B3| &FEOLNDEE Z NS,

v-Src R ¢-Sre 1Z C RIS 43126 —BIEMEAEIR, N RERMIC Src DORREE~DRE AT
FADOBAESTREL D, MEROBICIE SH2/SH3 KAV 1385, SH3 SlkiTx - —EHEE b
DY H—ELYROT Y ARDELEFILREA LT Sre 2HVEA, ¥ F—PHEREIHIL TS
(Fig.15)%®, SH3 $EIRIC DS LRI AT D& Srcidas 7+ A—var 2B gTiEEksh
By LI=AS o TR AR LB FE LN Sre 77 —F i —En P2X, B ED C
RIGFEIRICIEAE TS SH3 A TF —7 LT 22 LIC XDIEHELS LT p38/INK ~ETHE~D
VTP NMEEEZERL TODDLHN2(Fig.15), BIEE TIC P2X, &L Sre 773U—PTK
DEAFFRI-HE TRV, I7aF YT c-Sre DIFEHNT Lyn R Lek £V o7z Sre 773U —
PTK BRRHL TOBIERHESN TOBIEND O, ZhbDFrv i —Enl o #llsh
Do

%7c ATP #%3 TNF iE#Ei3 HSPOO 28 E B /a2 R Z LB BOANT/2 o7, HSPIO 1 Sre
77V —FuL X —BLEA L, TOBWBRBICEERREEZ R TIEAMON TS, &
I P2X, B A4kL HSPO0 LRGBS HESNTZIEMD, HSPI0 %4 L T Src 773 —Fri ¥
F =BT FNMRESN AN REEIND, P2X, ZEEEREL TS HSPI0 & PTK 122
AL TS HSPIO AEI—DbDDs, F2FNLREDINCFHRAET T FIMEEEI SR T2
EARATHVA R ERIRNPLETHD,

ZZETP38/INK D _EFHS 7 F M DOWTERE TEB, p38/INKIEHALICBE &5 7 F v
RENCZ BT ERK {EELIIZEE L THRNWES THS,

[/hE]

p38/INK 1% P2X, S 46535 Src 773U —PTK 2L C, Ca? IR FINTIEMEILESN DT LN L
NIRRT, Fir P2X, ZRENLEREND LT TG ERES Tid HSP90 BNEEREEIZ R
FTELHALM T,
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Fig.15 Hypothesis of Src family PTK activation.
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. FEEESOOTUTHAKRBIR RARMRICRIET R P2X, ZBHKE TNF OF
&l

AL, EELTNINAT—IT, —F AR E R AR B RERHT IR R D7 N F3
VBRI SN TSRS E B F R TRRO—2LE LN TS &, iliShizs v
FILFRIIEHID AMPA 28 S° NMDA 2 B2 E DT NEIV B B ETELL, Ca
WAZN LU CT RV AE IR0 — T RE BRI T 9, ZOMRMBIFEDO MR AN =X 2
IR RS Z VD, TN ZIL EERIE R O BV BRE(30 43 AN TId Ca®* FEAIZ XD IEME L
DXV F U FH I F P L HIEEEEfE(Reactive Oxygen Species: ROS)EEAEIZLAHIRRSE.
BBUOBRRE (3 BRRAD 24 BERR) TIIIF U R T OMBER 22 XD ATP B E/ G B R D
FHIZ &> CHBHRENFESINDLE XN TS ¥, ZO LRI T TR~ =
RUT BB LIS R ra—2 ¢ ZHIBVE AL T ROS DB F%Z1TED ROS ZRELRYD %,
B A R—B-3 TEHEARIC I AMPA Z &K% 43 L T Ca TRAZHIHIL 7D U CBAISR & L 523 %0,
EHRRI2 7 VA B AR LIRS TR R I SE A R E L C LD, '

J2 I B SO R AR HE BT T I - L DR M SR D LIE LI/ a7 Y 7T OEFR- PR D b
Bo EIET NINAT TR —F L G2 E DRREME B THOIZul Y7 OEHALRRH S
ha B0 a7 i BB R A T IR WO CHAREEEL LA S 2 o W E R
AT AHTENREEBMESN TVAZEND LD XSmRS MR BOFEIC B 5+ 5 AT Rg ks
RENTWVS, LRULERESFER TOR I NI 7ul YT I3 EM LR e 'R 5281240
LD m RSB OB NREEZ R T 5L LbIT, MR RBRF ROV AMIA 2T LICX
DR ARHEL THEEHFZF > TWAZLL N ThH D, EBE, —BMERIR AR L722 X
RXIOKRRYIMLIZ interferon—y TIEMEALL 723707 VT EFEATHE, BEICBITL CAL BUROFREAE
LA BT EBHEIN TS O, ZOINTHREI7 VTG E R LR EE
VS TEMERHBEE Z LN TOEN, EBEZO TEMESEDINCHIBESN TOBEIIEEAY
BAODNTI2o TR,

S ERHZIIEOWZHIRR D K ED ATP BNiRH T ALHERISNDT LN b, £D ATP 337
aZ V7 ETEME(LL TNF #BE B 585 251D, Fam ChIR 728512 TNF i3RIz %
LT EEICHREEICHEBL ZESRBESN TV, 20 ZFEEOTIVELIZE DI T
NTOBNIFRARENEN, ZZTARETIE P2X, SBEEZN LU UEE (LIl Y TR
TNF &2 AU TR BRI LE O X7 8% RIE 5, ML /aZ )70
B RE RO TRNETT,

[(REBAEEIUREMH]
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ForDFAAFEUTEEL , BHER% 70 % ethanol THHELIZDOL, EEENZ LA ERYHL T PBS
IR LT, EEREME T, M vy b VW TRME G2 L, 55— E LD FETH
HaZ AR 72, Betd DITIE CHEONDHINE S BUSRIRIT 10 pg/mL RY-L-U AL LT- 24 well
plate (Z 1.0 X 10 cells/well THEFEL 7=, 10 % CO,~90 % air, 37 °C XE T 24 BEREIRER L2, (2)
IORT (TR HR) UL, 51T 48 Rl Ara-C & F2V QDB AT B L TR
BRI R L L, Bon MR RN~ — b —Th5b anti MAP-2 HilE
(1:200)% AWV = B eI KRR ChH O L MR LT(T — 4B ),

(2)E3h (KRR B MR)

Dulbecco’s Modified Eagle Medium (DMEM)iZ Cytosine B-D-Arabino-Furanoside (10 uM),
penicillin G (100 U/mL), streptomycin (100 pg/mL), 4A& 2 MTE G %), BIMIEG %BZEBERIZ()
PITRTIREIZ2DINTHIN LT, 72 R MiE2G N B fLiEI3 56 °C T 30 43 FE@I{LL T
ERAL,

(3) miEiHinEFEDAE
KB B2 B Ak AR 2 55 38 U7 24 well plate 12 1.0 X 10° DI/ V7 %%\ V= Transwell
B VD EPEMER F DA BEBEES 0.4 pm ORTEZEFOA T L AZR> TS, Fig.24 &
HR) %4 AL BzATP %7213 LPS T 24 BRfALE L7z, FDHIZ7u VT D A7z Transwell®% Y
AL, 100 pM Z A Z BT 10 Sy R L 72#% DMEM(FCS, HS, Ara-C Z & £RUIIZREL T,
24 FFfE1#R MTT 7o B KOO EFRERIE LT,

(4) MTT assay

Ty T HOAT 47 LBV ERE DMEM(FCS, HS, Ara-C Z&ER2UV)ICEMNLE 1
mg/mL  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)% 750 uL JA0x 37
°C T 1.5 B/ FaX—arliz, Z0O#% 600 pl ORI (20 % SDS & 50 %
N,N-dimethylformamide 2>5f%5) M2 K IGEEIEL T, EHIZ—#E 37°C TAvFaX—a L
72o £D1% 570 nm TOWNEEZRIE LTz, MIREZRENTWRWT = AL ELNEEZ 7T 7fE
ELTENENDENDELE W, ZOELAMBEICHAILIEEL, 2 ha— L BEOEIC
X LBEREFRELU, (Chart.7)

@ measurement of neuronal cell death (Chart.7)
Primary culture of rat cortical neuron

Cocultured with microglia
(1.0 X 10° cells)on the transwell

Stimulated with 100uM BzATP
or 1 ng/mL LPS for 24hr

24-well plate

\ neurons

Remove transwell

Fig.24 Schema of cortical
neuron-microglia co-culture.
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Stimulated with 100uM glutamate
for 10min

Added microglia condition medium
(FCS, HS and Ara—C free DMEM)

Incubate for 24 hr

Discard the medium
Added 750 pL of the 1 mg/mL MTT in DMEM
Incubate for 1.5hr at 37°C

Added 600uL Lysing buffer
(20 % SDS and 50 % N, N-dimethylformamide)

] Incubated over night at 37°C
Measurement of absorbance at wavelength 570nm

Samples O.D.-Blank O.D.

Viability (% of control)=
Control O.D.-Blank O.D.

Procedure of culture of cortical neuron and MTT assay

ERRES IV ERMES

cytosine B—D—-Arabino—Furanoside . Sigma

N, N-dimethylformamide . FeE
MTT : Sigma

5 L : GIBCO
anti-MAP 2 a&b monoclonal antibody . CHEMICON
transwell . COSTAR

[RER#ER]

(1) P2X, ZBREENLTERSIEZ00T )T O VISV BARERICRIZTTEE

T NEIL R RARMIRAFEIZ R TS BzATP (P2X, 2 AMSRIRAG 7 I = AN DI
DUNT, KB AR B 28 L KM E B AR -/ 0/ U 7 R O 5 CRET L7, KIMEE
FRR B TIIT N ZIVBRALEIZIVA 50 %OMERICHIRAER BB IShizn, ZO%E
X BzATP ORLEIZ LV BT b o7=(Fig. 16a), Fiz BzATP BRI Th = b —
NEHE L CE B MEEIL S X 2SR h o T-(Fig.16a), LnL2RbMREMEEI/ a7 e
EET B LT NIRRT L DRI SESS BzATP RTALE I LV E BIcHi S (Fig.16b), &
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HIZZ DB RIT P2X, 2 AASEIRBEWTEE Brilliant blue G BBGIZ LV #H| <7 (Fig.16b), HE-
T P2X, Z /AR K0IEM LS N-2 7Y 7 i3kt A2 U CHiR R B L 0
Bnkiroiz,

a) Neuron only b) Neuron-Microglia
culture coculture
sk ke *k
n.s. SRENEEEAEN, FEESEEEES -
% 100 — 100+ _—
= : : =
§ 80 80 1 : 0@
‘S 60 T T 60 1 2
3 - —
<
> 40 40 -
ﬁ 20 20 1
S
t I — 0 t
con BzATP con BzATP
glutamate glutamate

Fig.16 Effects of BzATP on glutamate-induced neuronal cell death in the absence (a) or presence (b) of microglia. Both
cultures were treated with 100 uM BzATP for 24 h followed by glutamate exposure (100 uM 10 min). After 24 hr, viability
of cortical neurons was determined using MTT assay. Treatment of BBG (1 uM 5 min) prior to BzATP treatment
significantly inhibited the neuroprotective effect of BzATP-activated microglia against glutamate-induced neurotoxicity.
***P<0.001, **P<0.01 compared with broken line indicated columns.

(2) BzATP %% TNF O XR @ EICRIFTEE

Fig.5 IZ/RL7ZEIIZ, TNF 1% 26kDa ORIERAEL TEASNZHRIC TNF E#EER(TNF-a
converting enzyme, TACENZX V)Y HEAVMIRRS~ LS ER BN TS, I/l YT
IZBWVWTH TACE AL ThhT\WbZe% TACE FHEZ TAPITNF-o protease
inhibitor) % FAVzTHEFRLIZAEE, 50 uM TAPI IX BzATP #% TNF B2 1S 55 2R L7
(Fig.17a), 2T TAPI Z AW T P2X; EABIEHELIZL > TRO N0l ) T DR R
FADS TNF #EBEZ N LIz ONEDEREI LI, O FE BzATP TIEMLEN/I/ur Y Ticds
PRIRCREVERIT TAPL 2PFA 528XV BBl 7=(Fig.17b), 1T, BzATP IZ&ViE
PEALESNT27aZ VT3 ES TNF 322 Lic KR REER 2 RIE T DI LIRS
iz,

33



a) TNF release b) Neuron-Microglia

coculture
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Fig.17 TAPI, which blocks BzATP-induced TNF release, inhibits the neuroprotective effect of
BzATP-activated microglia against glutamate-induced neurotoxicity. (a) Effect of TAPI on
BzATP-induced TNF release. The cells were pretreated with 50 M TAP! for 5 min and stimulated with
100 uM BzATP for 3 hr. Values are expressed as mean= SEM of percentage of release compared
with BzATP only. Values for 100 % for release of TNF were 755.364.39 pg/106cells in BzATP
stimulated microglia. ***<0.001, significantly different from BzATP only stimulation. (b) Effects of TAPI
on the neuroprotective effect of BzATP-activated microglia against glutamate-induced neurotoxicity.
The cultures were treated with 50 pM TAPI prior to BzATP treatment, and followed by glutamate
exposure. After 24 hr, viability of cortical neuron was determined using MTT assay. *P<0.05 compared
with broken line indicated columns.

(3) LPS [Z&oTEMESNI-ZS/RTIT DT LAV BB REICRIETRE

Fig.27a R T XOIZ LPS i3 BzATP X3 /1IC /a7 s TNF i#E#REZ 5 | & 23, £ZTLPS
TEMALSN 7V T ICHMREEERA PSR D DAV ERET LTz, ZOREFR . MR-
a7 iiE#% 1 ng/mL LPS TALEL Th7/ AFIBRIC XA MR MR SEITIHI S hvizd o7z
(Fig.18b), 5T TNF IZ XA MR RH#HERIL P2X, 2R BENM LU TR LENTZI7/a sV T7IC8
BAGRLOTHY, LPS #HF TNF IZITERD NN ERB DR 0T,
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Fig.18 LPS-activated microglia don't have the neuroprotective effect against glutamate-induced neurotoxicity. (a)
Comparison between BzATP- or LPS-induced TNF releases. The cells were stimulated with 100 uM BzATP or 1
ng/mL LPS for 3 hr. (b) Effect of LPS on glutamate-induced neuronal cell death in the cortical neuron-microglia
coculture. The coculture was treated with 1 ng/mL LPS for 24 h followed by glutamate exposure (100 pM 10
min). After 24 hr, viability of cortical neuron was determined using MTT assay.

(4) TNF (2R H MR REBERADOREXRTEL

TNF 2SRRI A TAZ L RREN IS EDLL T, I7a/ U700 /31T TNF #EEE
B & T LPS IZITF ORI EN B BN o7, BZATP #%% TNF & LPS % TNF OHE D
BEND—0ELUT, EHENEEICRRAIERHITOND, £ZT TNF I HMRREEA DR
ERFEHRIC OV TR L, ZORE, SN2V TH SR ISN-HAESEG40.7 HiTxT 5
TNF O R#ERIL 2.5-5.0 ng/mL THRARGL2D _MHEDOHEEZRLI(Fig.19), ZD#
E5 TNF [XEMCO/NEIU BRI T AREERALE THILARRINZD, £DER
HEIIIEEBEDFEETHIEPHLNITRoT,
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Glutamate (100uM)

100 [
g | T 1 *
s s f T Fig.19 Effect of recombinant TNF on
- ] T glutamate-induced neuronal cell death. The
2 i T cortical neurons were treated with indicated
=~ 70 concentration of recombinant TNF for 24 hr
;:E' [ followed by glutamate exposure (100 pM
| 60 10 min). After 18 hr, viability of cortical
> A neuron was determined using MTT assay.
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[BEE]

KEOREEIS, P2X; ZEREN L TEHLSNZIal IV TIET N EIVBRIZE D RIMBLE
FIRARRFE L% U TR BI CEAVRIBS Nz, DB RIIIZa/ YT 60D TNF R
ZUEWr5 TACE FHEZE TAPL LIV A BICHHIS 228D, TNF NEERRRE RI2TIE
BEAOMTI2 Tz, EHIZY B R TNF & V28RS TNF 5 ZEtEEFF BB O —DIiZ
BESBEERGLRD AR RN,

LPS TIEMALENII 7 YT RED TNF BT 5I0b b b P HikR#ER AR S
NiehsolzZ b, I7uZVTICLDMRAEIEMIT ATP ZAREZ L TEH LS L&
BHRIERLN R B, 707 YT BED LSRRI T CEEME . BRI AR R I 24
REUND, KBEORERPLIZar YT 2R EICERT LU T ATP NEEREREIEZ R-T 76
HEPRIBRINTZ,

I/aZY7IE ATP R0 ADP [CHEEMERTZEPHESNTOD ™, EoT, I/as I TIHEE
BB TS ATP SIS UEED LMo GEELZ IR HLBEIND, HED
UL ERIZIE SIS ATP OIEEN LR L, +21C P2X, R EE LA TIRIGET 5L
TNF %t UMRE I N ZIBREEDSRETHEEZLND, B ThiR kI, P2X; %
BRI M A —F—LWOERED ATP Lo TUEHLEIND, ZDT LT P2X, S BEISIEF 728
P CIX TNF % 51 &R &7 EEREEBATP RREITREHL THSEAICEREL T
T TINF 2R H USRI 2 R IET DR TED, DD P2X, Z AT R EE AL
T DAL FELTREHADE,

Y= 8 b TNF & V2 B D TNF 1L B TR R ERZ R 728, SHIZEDERIT
B2 TNF BIZBW TOAREINAZERRIBI NI, BzATP IZXVI7a /YT b itEhsd
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TNF £13 500~600 pg/mL & TNF B RKOMRIREEA LR LR EIDRRENS, 177
T U ML BT LS B EE D TNF ([T CTXosa iR R e 2 38T
BEEZOND, —F LPS 137l U7 bz TNF 25| &L, BFTeNC R iR#
AERTBEFZBL TOREHRISNS, 72 LPSI1IZ7aZ Y7 25587712 NO % A5 Uik
HMRICEEL B2 BT SR EENTOBEN Y, ZOXSREEEYE N TNF OREERE~
ZZLTOBHIS LR, £/ LPSIZATPFEH TNF EEALIIRARDMIaNT 7T V&It LCTNF
BEEET D, 21T PKC FLEIED bisindolylmaleimide < G66976 1% LPS % TNF ##E% T8
#4525, ATP #H% TNF EAIIERENDUAEREL BT (T —FEM), o TIDLI7R
HIRANT 7 F A OBNCE B 5281250, ATP SBROF#EME TNF I3 EBL2 52 578724,
LPS #HROEEM TNF OLE i+ HIRREL B TE Db AN,

TNF 22341213 TNFR1(p55 TNF ZZ58K)E TNFR2(p75 TNF ZBE)D Z 2DV 7 XA T 93 F
TS 9, EHL0OZ AR, —EEE@EEEEZRF O, 2D OO EEOFFEHEIT M
AT 24 %, HIBARR AL T 10 SR EFEFRITIEV, TNF IZE 58k 4 RIS BT EAER
TNFR1 2/ LTt ThHEE 2 B TEY, TNFRL 235507 VIZEEICRAS L T&ETWS
89— TNFR2 |3 E @R TNF (2 Z0iEHE LS A &V BB IR L SRS h D E T2
DREEEIZ AT o722, ITEE S MR BB DTS MEALIC B B B2 7o 2L
&N DDBHD, SHIZEIT, PR RIZIBN TS TNFR2 /o770 b VW ZBR)D, TNF 73
TNFR2 %35 p38 % Akt/PKB 2/ L CHiR IR BIE A 2R L ESh T 5 102, SEIFRDL
FU7= TNF Btz XA R R IX TNFR2 2 L2 A =AML L Db ODH LRV, £72 TNF
1% NFxB 1EMELR2I by RY 7 8%/ LT manganese superoxide dismutase (MnSOD)%FEX
BNEERFHETHIERHESN TS 07, REHE TRAZINCT N FIBIZI DR
MIAFEITIE ROS AHEL IS LTUVBEE 2 LTS, fE-T TNF 45 MnSOD OREAN LTI
2 RY T R OBREA R A L CHEERRSERIHRIL TS LRV,

— 75 TNF Z#EEE I ER TAPLIIIZ o) 7Hb0 TNF EEEZ I 5520 ER 5106 B
59 P2X, R ARIEMEALI /v Z Y T I L5 MR R B E R Z BB L7222 7c 2805 TNF LIS OR
FBEEL TOBEBEMIIE E TER, MRS ATPIEIZ 27 Y700 TNF L 5 &R 2472
i} C72<,, plasminogen™, IL-6"2"972 L DR IREMEAZF OME DS FIEE ¥, TNF (348
RRARIC IL-6 SABEFETHILIBMEINTHBIEND ™, ATP RIE# 3~6 BichT
THtHEN T TNF 2MRIC/EA L C IL-6 AR ERBIE, IL-6 XA BRDMERIESTETS
TI7aZ V75 IL-6 HSHHS THRRETEL TR TV U T UFEH LB TED,

ATP IZBL T, ABORERLMDO I N —T X5 EEHDRHLEUTOIIRRBAILTHT
ENTED(Rig.29), 77V T IR M-CEEPEEDL, EEOP L (ATP BAREITKHLTHD
BRAL) 12 Tedno ClEEL | B E DR E O FEIBATP 23uM F—# —OFEIR) Tid plasminogen % H
T3, ELTEZEOPOLEBIZELT mM A —F—0 ATP (28 fil§2 &, TNF < IL-6 &L
THREZREL TOAELLE LR, Fo mM A —& —0 ATP 1337 RRIRO P2X, /R 2iE
HALL GRRIZRZ V2 B2 T2 LB HES QD 25, X512 ATP O fREMT
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HDETT IV T T ARNAFET DT T /R BB AL BB TRl THRRED
BoKEEIHE TS ™, #to TR ~LIRH L ATP IIMDIER 7 0/ T L2k BEIS 55| &
& L0 CHiED CEE /2 emergency call” DEEIZRIL TWODEE 25, MEEMREIZK
B A—T e CHVEERHTIIE S OB NP BMELR0ED, BB ITEMIZHE, &K
53 B OBNIZXVAEEER)N T BB LZEADORAPBESNGED, ZOIIREEITH>T
¥ T emergency call” L2 AWVE A2 AL TOTIFENIZ/RU 07200, 20 82 TOHM
DRV —JREL TR TS ATP DR T 2720 CRIZICBR A FRBE RS TEDHTLIIMmD
THEBLINEEZOND,

Nerve terminal

P2X,
Resting receptor
microglia @ Che P2X,
Acti a ’770, Receptor
i s s activation o
microglia oo
g o = o o
aoss oglutamate
o
%/ Plasminogen % INE ° AR
.'?.,"‘:l'_.‘.- Protect neurons et
Dying cells’ against glutamate toxity
‘ .
low ATP concentration

Fig.20 Hypothesis: microglia protect cortical neurons against glutamate toxicity in the physiological condition.
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V. SyMBS/ DT UTIZEIT a7 =aF AT FIL AU ZREOER LHE

A NIRRT B RS A L TRY. MEMDRE, SMERLICIV R R GEISE I
TR AT AR DIZERE IR DB 57D DRERIE THDD, BED
FAERS TNF ZIIC D LT BV A A OB AL, BULE BB ~F R EH LD
RBICBWTEREB(LEE D, EERNICIIRIESISTH THRRMAD =X LPBFEL TR
D, RIS ERE T 5L, BRIRIERISEMRIL TS, 7o, RAEVERIEIT AR
RO DFRIEMES 7 F NV ETEMELL . RIEMBRIZI1T D RIERISIIRR T O mES:
BALERD, 205Th, REMRENUIZRIT, HREEMELL RSN =T 8 F A=y R
LPS 2E DU KR AL B~ Ia T 7 —UhHhD TNF, IL-1, IL-18 il A B P E T 52
&Y, £EFORIERIGEZBBHSES 0, —F, IL-10 DIDBRFREEF A DI DA N1
X EBEZITR, ZOEBAT = AN 2V ARBIHEFIRFER R LFRZIL, RN ORE

C RSTAEICEEICEERRRERELTRY, v/ r— VIR TD o T=aF T2V

2 ZRECAT o 7 nAChR ERET2)E N LU CTHER AT S ),

ZHVET nAChR OFFFEI A REMIRIS T AHEREMEAT A3 D DIV TE 223, BT, nAChR (3%
MR A 7203 IEMBEMRIC W THLRET2ZEPHLNCSNIRD , ZOREIPERSH
TVVA(Table 1), #ER A TIXEICR I I 7—URr 7F /A ¥ KREX E
BEHIRA 89, UL 8ER, SIGKEER 99728 | #iR R TIA V5 U Rt A MaTERMRE 20, 7 Ahad Ak
e S CREAPBMEIN TND, 2V T Rt A MiBEHIRECIZ, nAChR BEHBSIEF LA
BNBD, ZTORBIIREBRBE CRESINTRY, AVIF R A b~DO3UICXDEEL TS &,
FVEF Rt A b~O 5t E D3 EREITEBITS nAChR OBEEIC YW TIIRIZAHATSH
%, BB T AN AR TlE o 722 TnAChR SFEEL TEY, ZhbiX PR RICRIT Y
NI RV FNERETS 0, 2O I, FEHRRAMIRIZIV TS nAChR IFEBERZEZ R
FZEBHALNIZSILD2H D,

—75 ., IR LT LR E T EERTE e 8 2 OMBERBICEEL 5 2.5, MIRAIL T
LYEE Q@M EFISHRES BENDOMBNT 7 IS b DB EN, 707 YT I
Th. BREEME RGBS AT 4 T —F —DZFERE DEL BN T LY T FVHEDR
DNTWBIZD AT ARISIEIRIER BB L ONEMH LRI/ o/ ) 7 OMBEOREN I EER
BB BRI TWBEEZBND, IV T AV T FADORESREREIIVY  FESRZRER
R PNZh BER D B A — R ORI LV EZ I, IPy BX U ryanodine IZEA IV T ARRNT 935
DINT Y LR, AN DEREC IIEESND N ST LTF v T, AN DWRE AT
LI EREEE$5(Fig. 21), MBRSKILIRIBOG S MR ALY ARE(Ca ]I 50~150
oM THAD, SR HRRE MDD E[Ca? ] I3 E asM~FuM IZE T EFT5, Ca¥* o7 vt
FEIZ 4 DDEAAITHESND P(Fig.22), (MBI Ca? ART 250D Ca* iEBEH D\ IR
D Ca¥*F ¥ RNAO—@IEDOR DTS Ca?MAILLDBD T, O —id@tED ERASEZS, BN
(Ca?]; O—itE EFH% . FHANC T T — RS UG T B BRIAF T R OMBEAN Ca®
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AT ORBIZEVBE 05 Ca¥F ¥ RV(SOC)NEIZEFE T 5, (O Ce* DAV —a iR
LTRY, Ca?*ARTE SOC D357, DNIFEEITBV 7T ILT, fﬁﬂ@ﬂ%{x%ﬁmﬂf% (A z:
UNEHEAERR Ca BN OFREI AN BT 2T LICRVEZD,

Ca?FEAITIL, VTV FREAIC LD Ca BRMEA AL T XN B DZEAR(ROC), MIRRRD 57
RIS LS NS BERTIFME Ca¥F ¥ RA(VOCC), Ml Ca® AT D358 § DL T 2%
U CHIBIA D OHEBAPN ~ Ca? JEA%Z 8| &# 9" store-operated calcium channels (SOC)72E %3
B &5, —J5, Ca WEHEIZIZ. HIFEN Ca¥ RARNTIZRE TS P, &KL ryanodine 22514 73E8
545 9, 1P, %L ryanodine S AEMEC/MIICRBLT D0, HOWNIRRD/PMEICRER Y
BINTONTIIRE X BRBENRHY ., MDD ZA T I THEVWRHDHLHTE P, o7 ZEEIIIN
P LEBBEDOEB AL F ¥ RNBIZ /K THHZ LD, EEIC IR N T MR E
W BE B DFREMER B 5N, TZ T, RIZ=aF I X5MEN N LT LREDELL
FDRAH =R BN THRE L,

HRBEANO =R LE—RBNZBOTHLRBIERZL TS ATP i, B, RIERIZEEL
ZF IR S RS, MIREICRB TS P2 ZREFENM L CGHlRFDOAT 4 =—F—L LT
HEI, ATP ZEETHSD P2 ZEEITHBERIZIEISMALTEIY, P2X L P2Y D 2 DDV THA
FITEESND, P2X ZRERIIAF L F R VNBAL, P2Y SEBMIL G Fo VBRI A
THY, I7uZUTIE P2X, P2X,,P2Y,, DFBEBBRESN TS, IR LILSIT, T2 13ThE
TIZ, Ty MM a7 0 P2X, iEEILIZ LD TNF SERESNAZ 2B, ATP X5
B 30 43100, FIFIPNIZ TNF mRNA EHAFEDH LI, | FrfZICEKRITEL, £0H%ERIT
B U=z e, Mt ATP ITB I TEFE2 U THi7IC TNF ZEEAL ., Mgs~LaitsE
BTEBHLINT 0Tz, EBIT P2X, AU TEMALEINIIa 7 Y7L, T AFIVBRIT I DRI
BB ARSI U CERE R B X 2 0ERIZIIARED TNF 2T L7cb D THHI L%
BN Uz, I70Z YT 138k 2 RIS LOTE (LS, LPS IZXDiEHEbE & ATP I
ERITEDIZ TNF 2B 4 21b b T iR ERITRER ) o7 ¥, I/n /Y7 % ATP T
B 7= 35813 300~40 pg/mL VO HREREED TNF 2T 20123 L, LPS THRIML 7B 413
1~2 ng/mL EWHEED TNF 2T 22800, I/uZ V7 PR EAEZRE T2 A =X
LD—HELT, TNF Q&N EETHD, TNF (TR RE LR EEORK T HEMRER
7o, 7uaZVTHnbO TNF SR ES ISR SN2 UIRHR0, I7a7 Y7 O LPS JEiC
X% TNF BT, FiAIEMEY A PIAL THB IL-10 BL O L4 2L XVMBIMI ARSI S D
EBHESNTND B, Bl v /uT7 7 —VIZHBLT 5 o TnAChR BT B F L) BX U =aF
N KOTEHE LS L, LPS BB &5 TNF Sl L S22 12kl =R KB EENT
DBR 2 FERISEMET N HEEN &, 22T, EbIZ ATP/BzATP 88X LPS %
TNF #EBEC KT B=aF v OEBLED AN = A LTV TR L,
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Table 7. nAChRs in non-excitable cells %

Cell Type Subunit Ref.
Macrophage (Human) o1,07,010 102
Keratinocytes (Human) a3,a? 106
Bronchial Epithelium a3,05,84,82,07 107
(Human,Rat)

Lymphocytes (Human) a4,p4,03,07,82 108
Polymorpho nuclearcells ¢3,04,07,52,84 108
(Human)
O2A Progenitors (Rat) a3,04,0507,82 109
Astrocytes (Rat) a? 110
Ca?*- Na */Ca?*
ATPase exchanger VOC ROC GPCR

ADP+Pi ATP

\\ mitochondria

SOC

Fig.21 Mechanisms of Ca?* signaling. Simplified scheme of cellular Ca?* signaling. ADP,
adenosine diphosphate; ATP, adenosine triphosphate; ER, endoplasmic reticulum; GPCR,
G-protein-coupled receptor; IPs, inositol 1,4,5-triphosphate; IPsR, inositol 1,4,5-triphosphate
receptor; Pi, inorganic phosphate; PLC, phospholipase C; ROC, receptor-operated channel; RyR,
ryanodine receptor; VOC, voltage-operated channel; SOC, Ca?-permeable store-operated
channel
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Fig.22 Forms of [Ca2*}; signals. A: Transients [Ca%*) signals with a fast initial peak and a fast
decay component. B: Transient [Ca2*}; signal comprised of an initial peak and a prolonged plateau
phase. C: Oscillatory [Ca?}; signal. D: Slow rising [Ca?+]; signals.

[RERAEHFIURBRMH]

(1) Real Time RT-PCR #412X% o 7 nAChR mRNA DE&

(3)TFAMULZ RNA 1 u g ZFWVTHIRERSEITV Y, cDNA 2GR L7Z, 20 cDNA ZgFRIL LT
o 7 nAChR mRNA %£72135 > TNFmRNA & GAPDH(PNESZE #)mRNA [Z8E 2 HY72 primer 2V,

VI 15 sec/95°C, T=—Y> 7 10 sec/57°C, MERE 1 min/72°C% 1 A7 ELT, 40 Y1
27 )V% ABI PRISM 7700 %24 FiLY 7 VZ A A PCRIEIBZ1T o7, &V 7/ mRNA B &34 PCR
EWME a7 IAINE AV, ot —E A7V E(Ct D BRERD T,

(5) Western blotting 11245+ 7 nAChR ZEH.OKH

MRV % 60mm > —L(5X 10° cells/3 mL/dish) THEE, 46 HRITAT AV LEFREL, K
B 7z, k¥ L7z PBS CHIfRZ e, SDS sample buffer(62.5 mM Tris-HCI, pH 6.8, 2 % w/v
SDS, 10 % glycerol, 50 mM DTT, 0.1 % w/v bromophenol blue)Z iz, BV AZL—/R—THilla%
FIBER , EIL ., BEE CHREHAELZ, 95°CT 5 HHBWREE, VAP OBEREY
SDS-polyacryamide—gel electrophoresis(SDS-PAGE) T4y BfL . PDVF BZERE L7z, —RHifkEL
T\ o7 nAChR FrRE25TfA% VY, HRP 558 anti-rabit [gG ZRISSH, ECL THRIHILT.,
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(OE3/55)
MR R % 35 mm H T ARPLL ¥ —1(3X 10° cells/200 pl/dish) THEX, 45 53HRICAT AV L
FREL EHLE, NSHEALLTILTERE 4°CT 15 DA Fa—MilazEE L=, PBS
T LT, HIRRIZ 1%7 V7 %8t PBS IR T 30 AV FaX— N T ayx 7 %17
ST, THE KUY —H o TnACHR HFifEZ=IE T 1 R FaX—bL, 2 Bl
#. FITC EHLI-HFE v MiZEIRT | B FaX— 7, o 7 dE Ry —F —
B T TR,

(7) Whole—cell patch~clamp recording

al YT EF e N—ICHEE | F S —HIANK T 2 mL/min THESEIR U2, MM
{3 NaCl (165 mM), KCI (5 mM), glucose (10 mM), CaCl, (2 mM), HEPES (5 mM)2S& £ THY,
NaOH C pH7.3 IZFffi L7z, EBRITZIR TIT ok, 170U TICRW T, EMIcIVFESNIE
. Axopatch 200A patch clamp system (Axon Instruments, Foster City, CA)Z VN TERkLTZ,
73 F B~k borosilicate capillary glass (World Precision Instrument-Japan, o.d. 1.5 mm)iZ, ot
KapNi& CsCl (80 mM), CsF (80 mM), MgCl, (2 mM), HEPES (10 mM), Cs~EGTA (10 mM)(pH i
CsOH T 7.3 [CHAfiLT:) TR-ENIzBE . 3~7 MQOEH AT T, BHEHIL 2 kHz On—
IRRT AN —F N T /AR % F ¥ Y7L, program pCLAMP (Axon Instruments)%{#-> CE
B U, i3I oa U7 Hh 50 um OALED D U-shaped tube (“U-tube”)Z A L CEHER
H.L7=,

(D) FARE B IO AR

EBRIER LR B I OMRIILLT O&EY THD, anti-a7nAChR(Santa Cruz), anti-rabbit IgG
FITC conjugate(Sigma), o—bungarotoxin (a—Bgt), methyllycaconitine (MLA), (-)-nicotine hydrogen
tartrate 3B L (-)-xestospongin C (SIGMA), BAPTA-AM (Wako), ryanodine, thapsigargin
(Alomone), U73122 (CALBIOCHEM), Axopatch 200A patch clamp system 33X UF pCLAMP (Axon

Instruments) Borosilicate capillary glass (orld Precision Instrument),

[RERHER]

(1) SYMREHYOSYTICHITS a7 nACKR ZEAEDHE

IT4E, o7 nAChR IIMREMIAIDH 25T, FFEREAIICEO TORBTDILPBEINDOOH
%89, KR TiL~ /a7 7—VICHBRL TRY 80, TR YA Ml 7 7 il CORBS RSN
TV ™, Sy MBI TICHT, T nACHR 807277 A~ —% LT RT-PCR ARHT%
1757225, o7 nAChR mRNA ZRRHILT(F — 138 W), Fiz, o 7 nAChR FrRHIFIEZ
T Western blot "CHEATL7-#& 5. 43 F8#9 55kDa @ o 7 nAChR D/ R & eFB L 7= (Fig.23a),
UF 4T ba— LT, o7 nAChR ZABHZBRIFEHRIE /- HEK 293 M4 Hy o, MHElc
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FITRBTD a4 B 2 DREIFUEE AWV TRBROBRETEZIT o728, a4 B2 D/AUFIIRHEN
BT (T — 213 WE), SHIZ, o7 nAChR FFRIPLAEEZ AW TRERAEIToToLIA, Hila
L AR PN D —EBIC Je a3 g8 B 7=(Fig.23b), BLEDRERLY, FoM¥/a/VTIBT5 o7
nAChR DFEBLAHERR STz,

(2) #RAA Ca*RE[Ca”] I RIET=aF U DFE

SREENUMIEA CaBEDEIT, MRaANDEREMBAMEZDEERL T TNV ThH
D, 7 UTIZEBN TS, MBS AR IR RIS TS %2, o7 nACHR 134V
LT LBEEDENAZT L F RN ELTEON TN 99 =aF L B3I rual Y7 D[Ca? i
RIETHEE fura-2 SOLEGREITICIVRF Lz, 7077 ic=aFy (1 mMELET DL,
[Ca*], O —#tE ERA- BB b7 (Fig.24a), ZTDO X1t o 7 nAChR ZBIRFYFHE K MLA
(methyllycaconitine)33 LT, a7 nAChR IZRFRBAJIZHE A 3% o —Bgt (o ~Bungarotoxin)iZ LD #il
SN 7= (Fig.24b,c). LTe o T, =aF U ICLHMBRINVTV Y LREO—BE LRI, o7
nAChR 2/ L7e KIS THAZENRIBE T,

(a) a7-overexpressing
HEK293

Microglia

55kD = — e < o7

(b)

% 400 X 1600

Fig.23 The expression of o.7 nAChRs in rat cultured microglia. (a) Western blots of o7 nAChRs in
microglia. Cell lysates from microglia cultured from 8 days to 17 days were detected by western
blotting using antibody which recognizes a7 nAChRs. HEK 293 cells overexpressing rat o7
nAChRs were used as a positive control. (b) Immunostaining of o7 nAChRs in microglia.
Microglia were stained with anti-o.7 nAChR -specific antibody labeled with FITC. Magnification:
left, x400; right, x1600.
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@)=aAFUIZ&HMEA Ca? ELI=H T MRaN NIV LDORAS

a7 nAChR IZAF > F ¥ RNEFHHRLE Ca? BBt R 280:0, HIRRADD Ca®* AL
EV[Ca] B ERT A REMRE L HIB, £2T Ca? free-DMEM &N T, MIfSt CaZ 2MFFE
LW T CRBROREIEAT o725, Mifast Ca FEFIE TIZBWTH[Ca? ], 0—iltE £
BRI, KD KX RIFLE Th-o7-(Fig.24d), LIzA3> T, =aF U ALB N AR
i, MRS LD BICIHR TR Ch D T LAVRIRE T,

(4) ZaFUICKDHMIEAN Ca¥EL DR AD=X LOREHR

IHETOHEDND o 7 nAChR 1EAF L F A RNVEIZBETHHLEZ LN TWDHE, I7us )T
IZBITH=aF LD Ca RISITHIRA LD Ca TR AICIERIFRI ThoT=Z8030, MIlX Ca?*
ANT b0 Ca? WHEAS B 5T RN B 2 OIS, G BRERAZ AR FHMERY
B EE R NTEM/L XD L. PLC(Phospholipase C)DiE#{kiz k¥, PIP, (phosphatidylinositol-
4,5-bisphosphates)’>& DG(diacylglycerol)& IP, (inositol 1,4,5-triphosphate)SFEAS L, 1P i3t
VR AP — U UMARE EICRBT D P, ZEBICHEL, Ca ElEZ5IEREIT, £
=~ /NEIZIE ryanodine 2R AEDRERL HE SN TRY, IP, ZRMELREERIC, [Ca?], OFEIZE
45 9, 22T, 2aF LD INVY LRGN PLC OEEAENLILbOPERLNTTS
72z, =aF kD Ca? BRI PLC FHESE UT3122 A RIFT B Z T LT (Fig.24e), I7H
ZYF O U73122 (5 pMALBIZ IV =aF > D Ca? RSB SN2 en b, =aF N PLC 47
LTlCa?] % L &R AREM IS RSN, Fiz, MIlERN Ca¥¥ L —hE BAPTA X UWHIREA
Ca® ANT 1B &% thapsigargin LB I Lo Th=aF U O RISHIIRISI 20 b, =aF
I2&B Ca it Ca¥ ART 03H0D Ca WHEIZ LB LA RENT=(Fig.24 f,8), RPN Ca® AT (T
. 1P, ZARL ryanodine ZAMMBRILTEY, EHLL/MMINHO Ca EREL TR T2,
Thapsigargin 1% Ca?* ANT & HE1BSE 5728, IP; &KL ryanodine ZAEEROW FEHETHE
Ezbh5 P, 22T, =aF ORIGIKBEE TR/ EFRE T 10 HERABORERL
FWTE T ORI ZIToT, [Py ZHEHEIR xestospngin-C 1Z=aF L OUSZIMHILTZ23,
ryanodine % &A% PHE$5 ryanodine 1Z=2F L O I T B Th-o7-(Fig.24 h, ryanodine
DT —HIIERE),

PLEDRERIY, /a7 Y TIZHBL TS o 7 nAChR I, ##%D o 7 nAChR IZ@BDLNEAF

F o RNVDOWE LITERY, PLC DIEMEALE P, R E ST LT, MBI Ca®* AN 73D Ca* IEREL 5 |
TR T B RS Tz,
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Ratio (340/380)

(@) (b) (c)
07 10 nM MLA 10 nM o -Bgt
1 mM Nicotine 1 mM Nicotine 1 mM Nicotine
0.6}
0.5}
0.4} L 4
0.3 M .W_N
0 700 | 200 300 0 100 200 300 O 100 200 300
(d) (e) ()
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067
057]
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Fig.24 Ca?+ responses in nicotine-stimulated microglia. The traces shown are representative of
mean increase in [Ca2+}; of 30 cells in each culture. Fura-2-loaded cells were stimulated with 1
mM nicotine (a), or stimulated with 1 mM nicotine in the presence of 10 nM MLA (b) or 10 nM
a-bungarotoxinin (c), selective inhibitors of o7 receptor, in the absence of extracellular Ca?* (d),
in the presence of 5 pM U73122, an inhibitor of PLC (), 50 uM BAPTA-AM, an intracellular
Ca?+ chelator (f), 1 pM thapsigargin, an inhibitor of microsomal Caz/ATPase (g), 10 nM
xestspongin C, an inhibitor of IP3 receptors (h). Similar results were obtained in at least three
independent experiments.
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@) SHRTIUTICHEITR 01 RERENTHER

afUTICHEB TS o TnNAChR BUTVREEBRIAA L F 23N L THERET 200257
Iz, whole cell Sy F 7T TFEEFAVT, o 7nAChR 2t Liz=aF X3 Ca¥ ERIZ OV T
e, 270713 a7 nACHR 2REL TWAIZLEDHH S, a7 nAChR @ Ca*Eftidex
BREehorz, LL, £ TOMBICEB W TEMKRFEERS BRI, ATPHIBICE>Th
Caz*%?ﬂiﬁﬁ?%éhfc(ﬁig.zs a,b), LIzW3oC, I/l Y TICHELT% o 7 nAChR IZVT U FHES
BIAF L F 3N EUTUIBEREL TV W AT BB RIRS LT,

(5) 2HOF 1T D ATP/BzATP/LPS 555 TNF B ICHITA=aF U DORE

FT, IS YTICEBITS ATP/BzATP/LPS % TNF R 5=aF L DB OV TR
;i /a7 VT7ICBIT5 LPS &% TNF EREL, == F VAT EICIVERICHRSh
(Fig.26a), —7, ATP/Bz ATP I2&% TNF #ERfIL, =aF /XA RICHEME N 7= (Fig.26b,
BzATP OF — 3B W), LIz T, =aF 433702 Y 7 0 LPS Fic L 587 TNF s
il 5—J5, ATP RIBC LA PR EE D TNF EREIIHE R 22 LB e oTz,

100 pM ATP 100 uM Nicotine
. ] . ]
(™ A A A P

‘ZOOpA

1 sec

Fig.25 Nicotine induces no current of o7 receptor in rat cultured microglia. (a) ATP 100 uM
induced current in all the microglia tested. (b) Nicotine 100 uM did not induce any currents in the
same microglia. Similar results were obtained in at least three independent experiments.
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Fig.26 Nicotine suppresses and enhances TNF release induced by LPS (a) or ATP (b) from rat
cultured microglia. The cells were pretreated with the indicated concentrations of nicotine for 10
min and stimulated 1 ng/mL LPS or 1 mM ATP for 3 hr. Values are expressed as mean + SEM of
percentage of release compared with LPS or ATP only. Values of 100 % for the release of TNF in
LPS-stimulated and ATP-stimulated microglia were 11.7 + 3.7 ng/108 cells and 0.424 + 0.033
ng/106 cells, respectively. **P<0.01 significantly different from the control (ANOVA and Dunnett's
test) (n=4).

(6) /DT YT D ATP/BzATP/LPS R TNF mRNA RBRICHITH=aF U OFE

7aZV 7 hb ATP/BzATP/LPS FIIC KViEREXILS TNF id, TNF mRNA BB AN LIHT-72
BAEAICLD, ZZC, =aF 0 TNF ERERES DA =X LEHLINTTDHHIT, ATP,
BzATP XX LPS HliZ &5 TNF mRNA FEHUZ OV TRETL7Z, =aF VERILEL Th, &T
DFIT I T TNF mRNA BEHICEALIIFERD biizho7-(Fig.27 a, b, BzATP D7 —Z 1344 H%),
Liz3oC, =aFid ATP, BZATP, LPS FRBIC W T ER BREEFRE 752 L2k, TNF
WEREZ BN B LA RIS N,

(7) 3HOTYF O ATP/LPS 55 MAPK FHELICE TR aF v OFE

7uaZ VTR 5 ATP/BZATP #%% TNF #BEZIE MAPK 23 EEREEIZR7/-L TRY, ERK,
JNK i% TNF mRNA %3 %, p38/2 mRNA OEAMGEZHIEL T3, 370/ Y7285 LPS
TR TNF BV Th o 3 FED MAPK I3 EERABIZRZLTWA 1%, & MAPK
EIA AT LPS #% TNF mRNA R MAPK DREEZRELI-LZ5, ERK HEHR
U0126 X TNF mRNA FEZIHI L7243, p38 FLESK SB203580 F3L T INK BHEZE SP600125 13
TNF mRNA RBICITERE CH o7 (Fig.28), L7=13-> T, LPS 7% TNF ##BEIZ35V T ERK 1
mRNA EEE S p38 BLN INK (HIEEHBERARE T2 eB LN RoTe, =aF s
ATP, BzATP LT} LPS #ili#iz &5 MAPK 1EHEALIC RIS THEBIZ OV TRETL 72, £ ORE R,
=aF 4 ATP BEL T BZATP 1255 MAPK {EME(IC K LB B CTh 7= (Fig.29, BZATP DfE R
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IXE B, —75 . LPS HlIZ X5 MAPK B LIZI W T=aF 1T ERK IE ISR UER B CThH
S7=h3, p38. INK OISR EMRIFRYIZHIHIL 72(Fig.29).

b
@ 1 ng/ml LPS (b) 1 mM ATP
7 2.5 ¢
§ G - 2 I
— 5 o
E Al 15 }
g 3} 1
E Ll
5 0.5 H
g 1
0 0

BasailCon 1 10 100 1000 Basal Con 1 10 100 1000

Nicotine (uM) Nicotine (uM)

Fig.27 Effects of nicotine on LPS- (a) or ATP- (b) induced TNF mRNA expression in rat cultured
microglia. The cells were preincubated with the indicated concentrations of nicotine for 10 min and
stimulated 1 ng/mL LPS or 1 mM ATP for 1 hr. Values are shown as the ratio of expression
compared with LPS or ATP only.

6

5
4

Ratio of mRNA (TNF/GAPDH)
»

Basal Con U SP SB

1 ng/mi LPS

Fig.28 Effects of U0126 (U), SB203580 (SB) and SP800125 (SP) on LPS-induced TNF mRNA
expression in rat cultured microglia. The cells were preincubated with 10 IM U0126, 15 M SB203580 or
30 tM SP600125 for 20 min and stimulated 1 ng/mL LPS for 1 hr. Values are shown as the ratio of
expression compared with LPS only. Data are expressed as mean = SEM of ratio of expression
E;on%pared with LPS only. *P<0.01, significantly different from the control (ANOVA and Dunnett's test)
n=3).
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Fig.29 Effects of nicotine on activation of MAP kinase, ERK, p38 and JNK in LPS- (left panel) or
ATP- (right panel) stimulated microglial cells. The cells were pretreated with the indicated
concentration of nicotine for 10 min and stimulated with 1 ng/mL LPS for 30 min or 1mM ATP for
10 min. The phosphorylated (active) and total ERK, p38 and JNK were detected by western
blotting using antibodies which recognize phosphorylated and both phosphorylated/
non-phosphorylated enzymes, respectively (n=3).

P EDRERIY, =aF 13 ATP % TNF #EBEICR L Tid, MAPK FERTFRUZRREE CIEE
BRI 3 A7 L12 X TNF SRR 2 LR S iz, — 75, LPS #%% TNF Bkl
T=aF 1% MAPK @ p38 38X T INK iEHE(LE 32 LI KR B4R BB ML . TNF %
BEA T A LASRIR SN, HEEARMIRRIC BT, =3F X a7 nAChR 2L T ERK %
TEMELL 199 BHAHIRLIZ IV O FIRRIC p38 DIEMLAMAE I TS 19, 22C, /s Y7
BN Th=aF  BMALE 2 LY MAPK AEME(LEL DD ERFILTZH3 . MAPK JEME(LI3RR H
ENiehr ol (T —HITE ),

(8) =aFUI=kD LPS FEH TNF BB G D AH=K L

=aF LA LPS % TNF EREZ B 3B AN = R L EHALINTT BT, LT OREEIT- 7,

a7 nAChR OFLEE THD MLA 1L, =aF12k? TNF BEEFRSERAEZEE LI e0b, ==
F1% a7 nAChR 2/ LT LPS % TNF #BEZ 22 LAVRIRE N 7=(Fig.30a), 7z, ==
FUACLBH ALY BRI, TNF HREO SR B 5T B0sE FENIc T BI0IC, Py BA
A PH 23K xestospongin-C BB L7z E 25, =aF v OIERITERIC L ESNZ(Fig.30b), L7223
2T, =3F 1k a7 nAChR Z4LT LPS #%%% TNF EREOMGIHEHZ RS 553, TDAN=R
DIZHIBEN ALY LB EO LR BB E T 5L RRSI,
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Fig.30 Effects of MLA or xestospongin-C in the inhibitory effects of nicotine on LPS-induced TNF
release. The cells were treated with 10 nM MLA (a) or 0.1 uM or 1 uM xestosponsin C (b) for 10
min before addition of nicotine, and then stimulated with 1 ng/mi LPS for 3 hr. The released TNF
were measured by ELISA. Values are expressed as mean + SEM of percentage of release
compared with LPS alone from three independent experiments. Values of 100 % for the release
of TNF in LPS-stimulated microglia were 20.5 + 1.9 ng/108cells (a), and 23.2 + 4.0 ng/108 cells
Eb), respectively.* P<0.01, significantly different from the control (ANOVA and Dunnett's test)
n=3).

E =

AKFFROFERID, FoMNIZasYTIZE1F5 o 7T nAChR ORBBALN 2T, 77T
I LADVAET B F Nl SR ERRBL TRY, ZOTEMHLICEY MR ST LRE
B R B8 2 OBRRIC OV THHE SR TS ®, LnL nAChR DFEBRLHREICIITHO K
BB AT TTY MUY TRV THERER E 45 o 7T nAChR ORBIAZHEREL T,
TEF AL PRI L ORR M ) EB AR TE RS, B REICB DY 7R
DT F A4 FEUTEIK . RGBSV T, MRk RI D s T v F a0
PR T2 AR OTEE LR B L LI XA, #9300 nm TH2 ¥, MifasMzienT, 7
T F L aiialy AT T —BIC I REZ T 5120 . REROTEBERRHIS IR LT
HBans, 7EF ALY ATHRO B OERESNAD ThiIUE, MR RN LIRS0
F T REAL OFEREREEN COBEA ., FZICHB TS nACKR OFEMALIIREETHLIOCEAS
B, Bl 7 BT LY B AR BRI RISV THITER TN A ZER BB E
oD, IRz IELT S nACHR 1%, ORI T B F LAV DRFESFEETHIE
WL, MENERBAD I T IFAHANTA— I TA LY nAChR ZTEHE(LT DRI
BT D, TANE A M2 TEF AT AT 2T7—B(ChATZRBLL THY, 7EF L=l
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VEBEATAIENBEESN TS 2, I7uZUTHIIENICBW TS T EFAal RS T
W5, Elr, TAMIFAMIBVTHLANI VR EL=aTF VR BEORBEPRESNLTNDT
b N FEFAAATHRBOARL T, ZY TSR L O U TR DL 7T
EEAHEYSF LU RN CEAZRETATREENE 260D, S, 7077 TREAN
WESRENT-(T nAChR |37 DOMSRERIRIC E BB EI% R o T R RIS,

F=. FyMNMIIaZ Y TIZHBL TS o 7T nAChR 138D o 7 nAChR TROLNDAZ T ¥F
NOBERELIZ R, PLC EME ke 1P, EEAZAL T, [Ca¥] & LR SELILBHLIIT T,
nAChR @ Ca? B @MIL. 45V 7 2=y MIRFET S, a7 a=wbe 97 2=y MNPbEL
BT aE BT Ca BEMEIMEL REREAE THS o 7TnAChR IZ Ca¥ BRIEDENAZ T
¥RV THSD P, o7 nAChR BN UL T BRSOV THEEELF RS TERY, e MR
HANE SH-SY5Y MM ClE o 7 nAChR DF ¥ V&MU CHEEE Ca? AL, [Ca® | 2 F BITH
MERBD, 2O I BB HEE N L CEBARTEEI LV T AF ¥ FVOCC)BBE AL, Ca?*
I FMERICHIRENS 9, ¥72, VOCC EMALICIZIERIFAIIC ryanodine A EZATL T
BN Ca?* AR T A5 Ca® WL 31 X Z& 5 879, —F , B 7 AR A M TlE=aF > DRIE
IZ VOCC KL AL HEELTELT ., FrRVB A LI YD AAIZES ryanodine 2547

- 5O calcium-induced calcium release B3 FEIZEHFEL TS &7, ZDIHIZ a7 nACHR i, BET5
MR L ORBIC IV ERRRBLEITHD, L, ZNETa? nACKR ZBITA1A LV F ¥RV
PISOMSBEDTEEITRE SN TEL T, I7uZUTICHH TS5 o 7 nAChR BHHLOBRELFF >
AIREMEASREN D 1T, FERICHIRIED,, = F U RIBIIAZ - F o FNVETER T DESN T
WBR, BT FEAEAT = BRI EARRICBWO T, =aF U TMRA I T A
ERIFHINT PLC OTEMILE AU TN DAY LEE O EREZBI BT ZEpHESh T
% B Lo To=aF U S FEIEAF U F ¥ 1V EL TORBRE TR, RERZ A EFITEEL
THRAPN S 7 AR O o R R L D A BB IFE T AW RN B A5, T A A
MZ3&3E45 o7 nAChR 1L, TEFAaVAACKRL, EO B BHEOBRISBHENS &0, L
L. a7 ie B80T e F A alr BEUR=aF VL ABRBSBRIS2h > Te Zehbh
37aZ V7 ® o7 nAChR 1344 F ¥ RNV EL TIIEREL TORWLDIB LI,

=aF A LB I LT LRSI, B E A OB RIENEZSETICh TN ZER AL
%, ZOBBITMZ., o7 nACHR Z@E LIz AIc B W GRRNICL — AR
Té FhrmaF U TR RE A T AL, MIBNICHEEL T D e T nAChR AN YT A
RISICHEELTORRREML B ETER, 20728, MBEAOZBFEDOBEEIZ >N TISHIZ
BREIDUNETHD,

AR IZ I T, a7 nAChR B2AUTEI AT T LY Tk~ B 525, BlX,
F U7 VEE BTG o 7 nACKR 2RV ~UICEHRL TBY, ZhoBREHE{LEIhdE TR —
TANREEIND, BIC, BEICBWTIL a7 nAChR MEHILENDE, TV F T AT
YL BNETBIEIC I, HRAEYE OB ML, B RIERE OHEE ST
B, I7aZUTIZRV T, AT ATHIBEOIE M LR &k 4 I RE 2 R 5 2800,
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MREEYELUTRIHENTZTBF a3 o 7 nACKRIIERL, AT ARIGEIT LT
R AR FREIL T A RTREMENE 2 61D,

REBORRLY, I/aVT7IZ3B 15 o 7 nAChR DOIEHE(LIE ATP HIEIZ LD TNF R
¥R+ 5—77 . LPSRIBIC LD TNF BB I IS 352 L3O oT, ZDAI=ALELT=
aF 4% ATP % TNF BB L T MAPK FEKTFAOIC TNF mRNA S5 & B 23R+ o28
LB EL R T AILIRIRSNZ, —5, LPS 3% TNF #EREX, =2F12d% a7
nAChHR 1EH(LE L. MAPK @ p38. JNK DiEME(LZ ]+ 52 L1280 TNF mRNA 85514 Bt
B, EEEER I T A LRBEN, Felo=aF r OERIZIE, =aF AL IR '
NULTEINT T BRIGHE G5 ERHONIT2oT,

BNOFANIAY Zo T =213, I7al U7 ET A AR LR ERE R -3, I/a)
U737 AR AR LG EEE ORI GEL, TNF XU ET A MIA L ERHTHZEMND,
RIENERLE 2 SNAMERRZIZBWTIZuZ Y7 TNF Bz T EREETHD
LE 255, o7 nACHR [3=aF I EiEMLEh TNF OBBEL M2, R ER
EOWEDOF -2 B LAV EHL LR, 1707 )T OMREREER CITERSNS TNF
DENEELTHY, o7 nACHR iZHRIREERA LR ATP BRBIC XD TNF SR EM 95—
5 AREERERSTRIELHR TS LPS FIc LD TNF EROIME§52Lhb, I7us )7
250 TNF EHERE 20 L TI7us V7 O/EREMRRE DT M ~LT 7 SR H R <
RIS,

F/r, I/l VTICHB TS o T nAChR IZ LA FREIEA OIERIIZ2D5 56D EL T TNF BASHZ,
High mobility group box protein—-1(HMGB1)23%81F 5115, HMGB1 3@ &M M OB NI E B
BINCTREEEL . (LB CEE RSN 1T 19, BN TR 0ERICE S L TR
D, KW TIE=rurr—I0bR3WEn5 19, w/a77— 28135 o 7 nAChR i3, LPS BIT
TNF Rl kB~ ra7r—IJh b0 HMGB iElE# FRE 35 19, 2707 Y7 Hb0 HMGB1 #2HE
DI, HMGB1 13370707 0 A B 42 BRIEAZREKRFHICHETSILITTTIC
WESNTNBED 10 707N Thvraryy—U LRI HMGB1 23RS, iM
DRFEICHEETBH, FOWBEED o 7 nACHR IZXVIFISNS FIREMERE 2 BND, TV NA<
— R BE R CIE. FRHIRIZI1T5 o 7 nAChR OB OB BREZIN THEIEND, I/uS
UY7® a7 nAChR b HDEBIZIVEBMHE NG RIS THDHb LR, o7 nAChR
OFBRHAT DL HMGB1 BRI WMENDZ LS T, M TOREFERLII/aT YT O
AB ABIERADHENRIY, TAINA—RPEICE(T DML B 251D, - T, X
aZ U7 ® a7 nAChR IZ T A VAA—Ji72E DR B DOTERDERI L2 AR REME D BB,

[ $E]

AFFRIZEY, 3707V T2 o 7 nACKR BRI THILEHR L, =3F 1% o 7 nAChR %41
L CHIBIN LS MBE R LS DN, ZOERAZT L F XY RAAZLDbD TIiE72<, PLCD
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TEMEALZ U CEEA SIS IP; ISV RESNAZ LALLM o7, o7 nAChR IZHEZIZ UM,
TR A7 IruT 7 —URE OIS RE T HIENHESILTVDH, TOEREITNT

NbAZF L F RNV EL TORETHY, AEBRIZIVHIH T a7 nAChR B3AF > F ¥ RALSND

HREZFF ORI REME DS RS,

EBIZ, =3F 1% a 7T nAChR Z4T LT ATP #% % TNF AR 95—77, LPS #5% TNF iff
BEI IS A ERHALNIC o T, FURAREN LIRS THITHELLTEOFE A =
A LTHNRIZ LD B oTRY, =aF 4% ATP Rl Tt MAPK FEKTFHIIZ TNF mRNA O#EE
% BB A SRE 35 LIZ KD TNF Rt &2 R 2 DIZx L, LPS (K2R D612 MAPK @
p38 BLU INK IEHALOMFIZ I U T B4 B P2 G L . R 2 I 2 LGN
>72(Fig.33), £iz, =aF LD ANV LKA LPS % TNF #EHECEE THLHZEbRL
picti

ol BTN EE LB PT Gl LIz K& X, R CREZ O AU A RBH Mg L L COBRE L
ST WEIRRISIXTLAE EICH L THEERIERAZL20T, YAMNIA b EDORIGEEI—B
THY, EEPEE R OTZDIITEDEL WIS EE IR S RTIUZR6720, I/
FYTIZHBET a7 nAChR [X, ZNETIZAON TWAAA L F Ay RNV EIRRRD T FAENL
T, /a7 OBRE2IEECEMFIL  AROMRREERLRD IR ERI-TZENHL
W&otz #oC, 27uZ YT D o T nAChR O ERDMEEERENTIZ, 707V T SR REERIZ B
DRFRR IS MR B E DT 2 IR R IEBR TIOR3 D W RS I S D,

ATP/BzATP LPS
* P2X, * TLR4
Microglia Microglia
Nicotine
&7 / \a?
MAPK MAPK
independent dependent
- o () O
o © 00 © o
o © o

TNF \ / © 0

% Neuron

Fig. 33  Schema of effects of nicotine on ATP- or LPS-induced TNF release in microglia.
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V. SvrBRMETIVICETSI/07)7RBHEIC LSRRI ROKRE

INETOIZaZ 7 BIUOWRMEOFAREREZ AV in vitro DEBRIZED, I70/U7 1%
P2X; S BRAEDIEMEALE 51T 5 LRI O AR BB HL LR o7, £TT, 2D
707 VT ORI ERIRD in vivo IZBWOTHFRDOLNADH, AR R FER B 8=
B O B2 EFBI IR EAB SR L OXRFRIZIY, Ty ORE ILE T VE RO TREE
To7.

[RERFE]

(1) SyhhXBBIAREAZE (MCAO) ET L DR '™
FRE Wistar REEMET v M7 o —8 L CRRIEEL . E—I Ry RICEE LT, FHMEFGIBREM A,
HEMBRORFICEEBL >0, EHENRS I E TR HSE ., ZHBIR L .0, B3
FARCCAB I U SEEIIR (ECA) % B B S AR L0 RIBEL . MIFEIRIC R 20T, S EEIRIX
RCHRELEIW L=, Z0%, NEBIIREGBITEHALZWIL, BT (T A R O— IR B AL
BAMZ . 490.5mm OFRICMIL, 2—F 427 Uicb D) R FEBIIRICIAT TH 19mm FAL ,
BFOFAaRIEMEIVATEE L, (L EOBREIZLY, 70 5eimIBIR k2 8
Z CRITRBMENR (AC) NIZAD, e T OB THRINEIRAD D2 FAE T2, ) D% RIELHE
Bl ,

FRMEIREBAEL - T4 — R () BER., 7o — kB TIZREERY, Mo
HEEZITV., ZOREEEHEA L, SIBBIXFRFOFIE R FERALRNILIZEVER
L.

(2) H/RJTITDORERES

Wistar RiEMET o M A RIOFRL 723707V 7R R LU, BB 1 Rf% Oy MKENIZ
7uZY7 100,000 {#/5u1 2HE-L, BMBELAND 2 BRI FE2IRE. BREREIT 7
BzATP ALERIIHSNUESD 100 u M BzATP CI/uZ V72 IEHE(LIZOE | IRENE 21T
7

(3) EEIEEET RN 11O
EEEREIL, m— Xy R T AMIEDEME LT, BT 58 LicTy bRy, & T ECORMZH
EL,

(4) RERBILERE

BII R T 24— (100 mg/ke) ZREMENE G L7, IRREE T CRML ., 2 L0ELVRLIIC
HERE LT o7, £7°. 10 mM VBB E LA BRI K (pH 7.4, PBS) % 120 ml, 5]&
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fexd4 WRFHRNALT VT EREZE T 100 mM PBS % 350 mIFEE LT, #EFH . IME B0 i
L. FIEOMROE ERIZT 2 BEEEEZITo7, £D%, 15 % =% & T 100 mM PBS H1iZT
AL, 7T A 25 e BT 20 u m OBEFE 2R L7, B1/7130.3 % Triton-X Z&¢¢ 100
mM PBS THe# LT,

TR L FITIE, AR A4 REPUA Th D~ T AHT MAP-2 HiLfk (5000£%) . 74
b A MR D8 RIGHUE ThH B~ AHT GFAP Hifk (60001%) , I7u7 U7 IZxt4 2R 21
FETHH T AHL CD11b HUK (6000£F) BL N Ibal Hilk (50001%) % AV e, IR &Hiike 4
AR 4ACRIGER, E4FUE#H 2 KHEERWTTE Y -4 F B R E G 1R (ABC
E)NCEOBH LT, BESRTEMEIT 0.02 % 3,3° —diaminobenzidine, 0.3 % FREE=> 7 LT U E=ULE
XTr0.0045 % EEA(L/AKFELZETe 50 mM N AEEREENR OHT .6 XV IR L L7, BAMSEEEI &
I3 ARAT (Winroof, Mitani, Japan)liZ XV EELT,

[RERHER]

1. BEMEFILSYLOO—420vR{TEEEE
B2 TORTDETYy MZ oW Ca—Fay R T AN T o7z, BliRE EO% T3 5E TORF
R 176 BMm=7)Th o7z, IMEIN 3 BRI T AN BT R o7 /5 R FrehsHliL 88 B
ICERES L, EEEEREENEL QOB IENBEINTL, TR, I7a7 VT ZKEN
B 5 UT-RETIT 103 B(n=7), E5IZ BzATP AIALE LZ#E TIE 121 B0=1)THY, I7ur U7
DU N 512 L BB RE R E S I S A 23580 b7z (Fig.34),

300 v —  Fe

200 4

RUnming suram

100

Retention lime {saconds)

Fig. 34 Rota-rod performance of ischemic rats. Midway through a 2-h occulusion of the MCA, rats were injected
i.c.v. with vehicle or 100,000 microglial cells. Sham-operated rats were used as the control group. Pre-operatively
(Pre) and on days 3 (3D) after injection, these rats were tested with regard to their endurance on the rotating rod.
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MAP-2 6 [ KA HZHlAEDES

MCAO LA M LI LD RFITHR SR AR I L OVR AN B B 0 — R I 3RV VR A R SE D3 3B DAL
72(Fig.35)o ZOFHEICITTEELIZ a7 VT OEFbBEIZ (T —2E 1K) . MAP-2 4§
BRI b — T 41%~EB L, MR S  EFRIS N TOAIEIIRE
iz, a7V 7 OMENBEIZED, MAP-2 BAEREITHN 77%ICEHEL TRY, fikiia
FEOMEIRFRDBNZ, Ll BRI DOI/0s V7 T CIH o iR R E RGO OIL
THEY, I7u7V7 O BzATP RILEIZ IV HRAEDRDE BICRET 2T —23Boni
Dolz, L, 372V 7 ORE B EITX>T BzATP ALEIZE LW K RESED k] L&
B REDEIE I E 2 E R T HIL R b, P2X, ZRETEME(LOBEEMEIZ OV TUIESITHKR
FBBETHD,

MAP2-immunoreactive area
Vehicle Microglia

BzATP-microglia

40

n w
[=] o
] 1

MAP2-immunoreactive area (mm2)
=
1

0_
Microglia
BzATP - - = =
n= 5 7 7 B 7

5 7 7 5 7
Contralateral  Ipsilateral ~ Contralateral Ipsilateral Contralateral Ipsilateral

5 7 7 5 7

Cerebral cortex Striatum Total

Fig. 35 Changes in the MAP2-immunoreactive are in ischemic rat brains. Frontal sections from rats after 3 days of
MCA occlusion and refusion were immunostained by ant-MAP2 antibody. Upper: photographs of MAP2
immunoreactivity. Lower: MAP2 immunoreactive area (mm?) analyzed.
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[F =

AHFFICED, TN ETERR TROLIN TN =I7a V7 OMRIEETEMED ., in vivo 2BV T
RESINDTLPRER TE, Y, MBMET LIy MRV TROON L BB E (o —
ZuyRTAR) LRI (MAP-2 B ta) 53, 7V T2 BN G+ 52 Lzl REiiEs
iz, BERRTIII/ VT OREEMIT P2X, SEREOEMAGITIREL TV, L, BILE
TV TIL, BzATP ORILEIC IV KR ERREEREZRTHIDRH 720 DD, BZATP EMELE1TH
IR TH T HRIREIE ML R T RN EL AEBRTIID ARG BB L BZATP AERE DR
CHBEITBDLNh 2Tz, ZOBBELT, BILEMICIZRED ATP ORHEB TR, =
DOREME ATPIZEDI7a7 YT O P2X, ZRAEOIEMALIZLY BZATP BB OMER 27N
TCRIREED B2 DD, 414, P2X, RBKRREIZ0Z VT REZFWT P2X, ZREOEE L1
BT DUERDHD, SHIT in vivo IZB1TD TNF OREEER OV THLRMEITOFETH
v

YT I b SN AR EIE A 2 B T T LTy hCHLMI LA R0 R4
9, Bl EECHREMERBA~OIZa s Y THIBER DA IHES KCHIFEh 5L EZ 2 b
7o
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