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TR 13E3A

FRRES HESE (EAEELHLD)
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o0 JU7IXELORERISERESh, GEZRT-HRZERTHEEDIELRDOY MM hHIY
DT B, ThLDY A Mo D55 ., EFREEFONF-a)ERHRE~OREMBOBZHEESE
BoL., F=AVITTFoRAYAMIPRMVRZFEETH LML R ERKRBORRAICEEHSL
EZO5NTWVAH, B, AR REEREHER OIELTESATIVS, — A ATP [FIRILF—RE
LCHMREICEEICHFEL. HEh ORI LYVBEAEEESHBICKBICRE T 5. @I <K
Hahtz ATP [LEBDIHRTUTEEHIEL. TORBEZRIEHT HEERSh DL, TOEMITBL,
Tl ZFARTIXZIOTYTZHSD TNF-o A - HEREICH T AN ATP OBRBITDOLNTHREIL.
ATP M2HOTUTHLERL TNF-o WESIERITCEZ R L, 20T U7 ATP RBHKROD
S5H0pdEd G BERHER P2Y, EM/A L FrRILE P2X, BREHRL TS, TNF-a #EEE L 1mM LLED
BBED ATP [Z&YUSIERISh., P2X, R EE BzATP [TH3ELVEEMNBESH N, T=. SO D RIG
(X P2X, EEFET )T TIL—G (BBRIZL> TSN IzC e b, P2X, REARDEENTEINT=,
E512, 5T AN T FILIZBNT., Ca* B LU ERK H& U p38 NEELRBIZRTEMEAS
et ot=, ATP B&U BZATP RiEIZ&Y TNF-a D mRNA B FEESh 5 A%, ERK BREZE(U-0126)
{Z mRNA B3R GNHT5—7. p38 PHES2E(SB203580) X E % R FShiho1=, #£5T. ERK [XEIE
FEE. p38 (FEEROREHICE S T5EEZ Lz, £1-. BBG [X ERK Tld7:{ p38 DFEHIL DA
LIS D, P2X, ZFEEKIT p38 B L ERHFRMICHHT S EMNRE SN,
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Ko7 )7hod) INF-o EEBEBHICEITIERZNTR
—ATP Z2B&ICL5H 80—

(I
BiZ, BOICHBRMEREIVTHRENOEEIND, HREARIZ. BOoSROK 10%% 5.,
VI T AR R U RERELY, KRB ICHS2HTFSELLUTEREL TS, ZLOMEE
BEOHERREELZLSOHBIZLEDNEEOREEOR ., KIZBWTKEZHZ 5DV T7H
RIZBEOBRFELNDAZ LT edolz, ZVTHROBEBEERRBRINDIITRST=0D1 1970
FERUBOILTHD, Z7VTHRIZZOHESHEREDOEVNLT AN A, FVTF o Rad A
M IuZYT o3 BEOMBICYESNTWS, 7 AN M & P9 R AR R & 3512 1 ik % B
F4 (blood-brain barrier: BBB) D iR . R ZEYH I/ NVEIVEER—BRILE S (NO) DRH Y
EATOREMBAROBERG O AFHRICEE TS, AV F U Fay A MIgR I
BOWTIZVZRFERL, #BEORE R 7 FVRERTIEICTS P, 2L T/l Y 7T o0 T
IZ central nervous system (CNS) (2B W T MHC 77 AU H B A I AL W EITV, DK
BERICEETAILREBRESNDIZON ¥ BBB LIV KWMER R DEE Y RT Ahb
FREESNTZANIZRITA, I7ul 720 ET AR E ORBZERNBER INDIIIICTRo T,

(2)3279Z Y7 (microglia)
2/uZY 7% ONS 2HM 57U THI O 1 5T, 20 #2FFHIT del Rio Hortega M % R 4R

REIZIVRIESN, FVIF U Fa AT AN A Ml O= a7 iZx S L T4 3hiz
D, M ORBIELLTIIS B ARBRRODHHLISTHHH), — & HIZIT BBB ORZLRIE & H
KR NICBITLRERK - v /u7 77—V ROMRBIIa VT ORIELL TELOFREITEIT
ANbnNTWS, A% 12 BEBEZ2E—ZIZNRNICHE . BRERM TEU-EEDZAELEL,
PR RZOEERST, ZEL T, b TP REACTHELITIRAAIENTELIR VWA IKLIZEES
{0 (ramified) K IERII 07 YT L85, L LAME BRBRBIORIEDEEIZIIZEE N EME
ENRKENT A—30R (ameboid) IEHRIZ/ 0V TIZELUEFAL T, THE~OHFIRER R,
B, FIEEER. ABROEHEICEE TS, 20II/a sV TRAEREOHRLTIEE
PEDHERFITVVEBET, ThH TEHERBEZLOIERHNLN TS *Y, Zn I3 ci#izk-
THEZL. MIEANYEOFE, 3B ETHEINDILE2I/al )T O EHEL LFEATH
2o

WUalIVT RS RRBREERBE T L THERREZRIZLTWDOR, S WER THS, in
vitro DEBRMNOI/a VT IEEEBRETE (0, Hy0,, HO-22Y) | B{LZE FFE (NO*, NO',
ONQO) X DL FEEMEE F 5., EIEEEE F (tumor necrosis factora: TNF-a) , A
Z—uaAf¥x.(IL)-1. IL-3, IL-5. IL-6. IL-10, IL-12, /> #—7=xry (IFN), 7urXZ /5
BREORERCEZICEETIERF. an=—§lE K+ (CSF), 7F7AI/—5 ", basic
fibroblast growth factor (bFGF) . nerve growth factor NGF) 2L OB R FEBE FITW iz
BEREEBEREDERETIIENRESNTVS D), 370l Y7L nby FOEA A
IS THERTARTIEHAIN, BRFLRELATIEFMRBOBEEL|SRBILE X HERE
MEBRZEERITEEZLN TV, o TI7ul Y T7hbDI by O EAFEREOGIEHIX
EERIZLoTHEICEERERZF o TR, 70l VT LMK BLOBEILBVWTIEES
nTN3,

BYMEB LI/ )T OFEEL
AR S OERIZEVSERBRENDZTVINST—A, /\—#///F b4 . &
FIEREDHREMRBERZIVTHLEOEBIIHBEMRELEDLS, TF. HMBEOLEFIZT R



PARRLIZaZ YT DIV THBRNEFEICEDAI LN RENTEE, TAYNL=—FFHIZR
B.ZBLERITIRNEEZOIV AMAEBERBRORRAT M., BEIZLOREET, H8%
BINZEZANBRFEETIIERALN TS, ZOEZABIZIIBTIARER NI HBEEEDE
DLFEDPROLN, ZHIZXVII7a )7 REEHASh, £ 75, 22 TI/ul 7k & 2E
ERF (NO, Oy, VARV LWL B ESZ MBS LORERDHS 19, &b
nonsteroidal anti-inflammatory drugs NSAIDS) BT A NA~<—RIZBITBEHERII /YT
PRAOSE, FOHEEEREBEEZILLTRENTNS 101, £ BER— SIUEEH#HR
BRI TERA—F I RIZBWTIE, 37007 OEHENE B SR, &hICaEIME #)
FK-506 2SI KR — IR MRERMEIENZZ b, I7a 7V T OEEIITHEE
PEITSEDAEMEITBRIN TS ), SLIZIH CRERACHMEMIZB N THE &4
BHEINTEY., Z2NbIZOWTIHE Table 1 12577,

U EDISTERAIZal I TIEMEROEELRML T, £ UEREEERE T OELERT
S MR EM WEAED ., FEREOB/RTERAFELNS, LALEEETIZREINT
WAIZUZYT MR EFELOBERIIEICTOFBEZNMAIZLDILONSL. HFEHFENR
BEIOIZa ST MR EELOBEBRITOVWTENLEREIZD RV, FOHIZalITo
BEI ROV THIVEZEOREMREZZZERIZP R BLAIZul Y TR ALK
WTHRERZBIESTREENTREN 255, BB NMEEE2ZTHLIIal VT iA B 5E
EE &R ALY T 7 RERE (synaptic stripping) 21TV HEMBOFREZLEE L, BE~
DEBLEFE/NMNIBDB, EEMEAIZulITIREICRREEER FOLRLT, ThiiEs
THIIREFRMBRRBRFOEALFRIZITV. FAMIAU R N — L THE S HICE
SHBRERBEEALZTT, FIIE. CNS ITBITHRIE RS TN E M7 A A MLy
GM-CSF BB X, I/ )7 OBIERFERIND, RIFFIINO RR—R—FF I FFTTH N7
COEEMRFNRIZaZ I TrbERINSGN, 207l V7 O %523 GM-CSF (3 &
RBERZLDT, &BIZIZul V71X GM-CSF XV R ERTFELZL D IL-6 28 BAIE
ET3H,NO, O, IZL 2B EBEMHITHBING, ZOXIZI7ul YV TIEHEHRICHEEER
FTIEFRL BETIHHRBROEELZT)—F THAFRTRERBBOREZITWVEERZR /N
BHADIBEEZLNTVS, ZOXIICKR BRI/l T 0ERIICI s HEBIT—
BERLDOTIERL, VAPV A U R T —Z IR FBEINDE S IRFFICLIVREEND D, Zh
LEBMETALENEETHD,

(4) TNF-a

TNF-ol3EFE 7 I M EIEZH E TR FLLT, 1975 4 0ld HIZLVREI NI,
BRITCRREZN LA G EEBICEE DA A ML L TEBEIND LT ST,
Table 2 {ZRTEITERN TIISREOMMEA TNF-aZEALIDZEBBLENIZEN22HY,
ZORNTHIZuZ YT 160 TNF-0lZ BT, R4 RHEBICKEBEELTVWERLEE OIS,
A s kAL, invivo NEMET LA TIIEMNIIZa N7 7AMa YA MI XY TNF-a2d
BRSNS, FBFIZ BBB OREEE, R MARENFHE, SOIIIEET) T OLABELDHB, &
DOELDBHL TINF-abiiEIc kv she 2, 20k TNF-alif R EM 2R T 0 FEL T
BAFORTWAD, I in vitro TTINF-ol3 7 Va3 —XJ@g, NV EZIVEBRREFME, p7IaA
R, B L AR RIZ LB R AR AT FEIC R L CHRREEA 2R L, in vivo I8V TH TNF-o& &
MBLEEMLEFLYRACBNTEEITORORBDLNE 24, £~ INF Z&& /v
TUMCUATIIEML, BEETI/BIZEDEEN Wild type IZHE R RIN TWIEND,
TNF-a DB EHBERANEBEINDIIIT-TERE Y, INF-alI B bLEENH ITHERESN,
IL-8, G-CSF, ICAM ##FE 52, b, —ERHINDLIF P IR, KMV REZMW R FT~&
HEE5, FSUTHRIEALTNO ZRECKHESE., SBIXT AN A DI NVIIVER



RBEZIET52E 2 HRUNADOHBIZE WV TRERISEFIERSESD, —F . TNF-aldt ik
#B B IZB) % NGF. FGF F#1Z Ca®*# A & B H Calbindin D28K B Iz LV N Ca>* LR D
PFEITVN, £/ Superoxide dismutase BHITIVTEHEBER LR ETIREOHBREEERD

Table 1 MM ETEHEALIZ 02y T2

a7 ORGHE i
EHEFEA
TININA 2 — IR MHC class I & BTIOARDEAE ?
BERFOELE
AR DR E
PR—F IR MHC class I 3 E. BERFOEL?
REER ‘
% R MEE L E (EAE) MHC class I 3 HIRERIER
EERFOEL
FAI DR E
BRYR A
AIDS SEERMBOHIE HIV-1DH5EAR HE
EERFOEL
CID, scrapie TR AL, GERFOES
Z DA _
BMAE2E (FE ) MHC class H S, EERFOEL
AV IFUBREAHAR FHHREROKRE
iivg; =R ac-LDLUE7#—DRIHE FHHRORKRE
TN — (BREmAR) CR3VLESF—DHIHA synapting stripping
MHC class I ,I & EE.BE?

Table 2 TNF-a expression in a wide variety of cell§?

<z ruady—y

/a7y —URME (FyN— I7aryY7)
W ER, IR R ER, AP EEER

< A bR

V> /32K (T,B)

FF2F71F%5— (NK) /g
VoRBAVEEST— (LAK) Al
B i Al

HEHEZF M

r7F )% Ak

— 5 o> ¥ Al Bt

HT520, r0IOREEREBEMLTT) INFallREER T REERFLL
ToOFEEEHHLELD, 20 TNF-aD LR ITENMABIZRE L TV S TNF-R1 (p55) &
TNF-R2 (p75) LFEITH 5 2 BE @D TNF ZAFICLVE B IS TWS, TNF-R1IZHET R



—3 &, INK, NF-kB B 27 —FiE ML R &S, TNF-R2H NF-xB 2FE LT3R b i
BEIIRAELALMTEN TR, 20X I INF-alXZ0OENME, ENZTAEEICIVSE
REBERTEZEZONAN, VKb BRMRICITEEEE 2RSS REERAZE T57-
D RMAREZ T LA O INF-alEBE ISR EHEZEHCT-ODII R TS, /- T
BRa R EMKBOBRICHBRABROBDIZER TIERALNTWEIZa Y THbLD
TINF-0lFBEIZ TN INA— R EDHBREMERRBIZBWTIRERZENEANOLERAEEZLN
b,

(5) ATP

HEEIZELS>TRBEERS F LV o TR E TIHEARY Adenosine 5 -triphosphate (ATP) i34 &
DTINF—JRLELTHENDLRE 2T 727D, ATP DB LR ELITOILIIEEThH-oT-, £
D7=¥ 1971 4E Burnstock (X TV AAEBI MR O A BNRBENTN Y 4 242 iIzbi=b
ZIFANLN 20Tz, LBLATP XS TR —2h b Eh ., BT 7 AMRICERARK
JREFERIL, YT T ABBRIZEBW T ecto-ATPase IC XV AF IR FEINB Y R EEY
BLLTORBERDOEMIZTEH OO L T, 1992 4£ ATP BHICBITAE BRIz ELEIZL
DR TEE SN 2%, &5ITHE ATP T D cDNA R/ —=u 7 ENRBIZWV D, ATP it
FRIREYMELLTIESBAMENDIONTR-12 %, 20D% . 2D ATP TEAENEK RIN,
1994 £ Zimmermann T B TI =AM TUFIT =X DOEENENRTN=IEND ATP #3E
FLUEZIABMEOBVEFIAL, BEZITHELIZ (Table 3), ATP TEEOLEHIZD
WTIHERR . RBODHBLIAEN, BIETIXI UTP BT T =R R B P2U ST REITI P2Y Z A&
DY TEATIZ, 72900 Da FTDLy FEIBIBIHES pore ELTHRETHILEBHMBN TS P2Z
ZREKIPXZEEOFTEATICHEENTVS ), RXZAEEIIRE TREOY 247
DEHNTEY, E2 BEBEDOFELLY. ATP NS TIHLHERBROIF AL FrRNLELT
BT, RPYZABRICLTREOY /XA T OFESRESN, B TR EBRECIEKGE
BH Gy Go. G; LB/ L TVBIERNBE SN TS > (Table 4-5),

ATP X7 EF LY R /N TRUFIREDMOMHRGEEY T LIV T TR/ RIZET B
S, M Ca®MEERITYF 7 ARMBRIZH I ENS, 72 ATP |32 F 7R/ UMTH R E
123 mM DL~V THEEL, NV AR —Z— L Lo TR ~ERESNBIEN, Bl AP izkY
BERZIT-ARNORECRBTEEZ5N TS, EE in vivo TRIEERAL, BEHELRIC
BOWTH/MMRPEERENSRBEORBEAXILAFRRERENZZENRESH TS 210,
BOEI7uZU7ich ATP SEERFERLTWBIL D) SBIEMLEZIZaZY T2 ATP %
BHTBIERBREENT D), ZODMIN ATP BRSGITAU[F—RISATHBE—TVT
EREEDE. SODITREM Y OEEAT 4 =—2— LU THETORREENB 2o, EE
RRIZI7u YT OEMALEZHH T2 T RBHERE ZLOND,

FITAMETIIR 2 RN EBIZEETAI7u0 VT OESCEEORFBZITIEDHIC. £
DB R IR TS ATP S RBITE B Uiz, HiZI7ul V760 TNF-alfBE 3B R ~D
BEEALREENRRKEL IBR~DICAOFEELE W ZH, ATP (255 TNF-alfBE~DEEIZ
DUWWTRE L7,



Table 3 Pharmacological classification of P2 purinoceptors®

P2x Pay Pau Par P2z
Type ATP-gated G-protein G-protein  G-protein Nonselective
ion channel coupled coupled coupled pore
Signal Na'/K*/Ca®* IP;— IP;— IP;—Ca®**/DAG Molecules
Ca**/DAG Ca’’/DAG cAMP up to 1kDa

Agonist  «,f-MeATP> 2-MeSATP>> UTP,ATP> 2-MeSADP> ATP*
B,y-MeATP> ATP=ADP> ADP>> ADP
ATP=ADP> a,B-MeATP 2-MeSATP

2-MeSATP
In CNS or + + + Platelets = Macrophages
peripheral mast cells
innervation ‘

Note that P2T is an ADP receptor with ATP acting as an antagonist, and that P2U is
not a purinoceptor in the strict sense as it is alsaactivated by a pyrimidine nucletide.
Abbreviations: a,8-MeATP,a,p-methyleneATP; f,y-MeATP, §,y-methyleneATP; 2MeSADP,
2-methylthicADP; 2MeSATP,2-methylthiocATP.

Table 4 Nomenclature of ionotropic ATP receptors: P2X*®

subtypes species potency order of agonists channel

P2X, rat 2-MeSATP>ATP(~1 uM)>ap-MeATP Inak/ca
human ATP(~1 uM)=cp-MeATP

P2X, rat 2-MeSATP>ATP(~1 uM), not af-MeATP Inak/ca

P2X,; rat ATP(~1 pM)>ap-MeATP INa/K/ca

P2X, rat ATP(~10 uM), not ap-MeATP INa/k/ca

human ATP(~10 pM)>2-MeSATP, not aff-MeATP
P2Xs rat ATP(~10 uM)>2-MeSATP, not af-MeATP Inakica

P2Xs rat  ATP(~10 pM)>2-MeSATP, not af-MeATP Inaik/ca

P2X; rat BzATP>ATP(~100 uM)>2-MeSATP, Ina/k/ca
not apf-MeATP forming
human BzATP>ATP, not af-MeATP pores

Abbreviations: BzZATP,2'-and 3'-0-(benzoyktbenzoyl)ATP



Table 5 Nomenclature of G protein coupled ATP receptors: P2Y3%

subtypes potency order of agonists
P2Y, 2-MeSATP>ADP>ADPaS, not UTP
P2Y, ATP=UTP, not ADP, UDP or 2-MeSATP
P2Y; UDP>UTP=ADP>2-MeSATP>ATP
P2Y, UTP, not ATP, ADP, UDP or 2-MeSATP
P2Ys UDP>UTP>2-MeSATP=ADP, not ATP
P2Ys ADPBS>ATP=UTP>2-MeSATP
P2Y44 ATP>2-MeSATP>ADP, not UTP or UDP
FArOY A
muﬁa o AR ~
-\'bn??—v HnJy7y k
TNF-a
BBBG)Mﬁ 28, NO O, fE{EE
15 @) .
: ' TNF-a IL-6
‘f _— ﬂ: R
s%mna —a1—h
HBERATI—4 AEREnR
ATP ATP
ﬂut§~7n7' yz

EAEEDEF N : I/RSIT ETENORAF 4L —F—c LOEHALS I, 8~
RIEBEAED TR E TS, €055 TNF- o [T RRE M~ R ESE % 1E
RIG R 3l Zi ¥, — Fh M R (e AR . SO L X ATP R E M
 DBRRICIRE TS, EmE G ENE L TRER R PLL K HENS,




F1W FyMKIZaZUTICEBT5 TNF-ofE £ FRED ATP (X5 8
% 1 3 Lipopolysaccharide (LPS) {2 X 537uZ U7 )36 D TNF-opE A W

(k=]

/a7y —VIRRARABEREZR 7520, TOEEIIIEE ICHBE I THhaZ e mb
NTWB, EEIKRE (resident) D777 — VI E K 2 72 E ORIBLIZEVIEZ (responsive) <
a7 y—li0, SHIT IFNYIZ KV R TE 4L (primed) w707 7— L7225 (Fig.1) , £L T
LPS A2 E A Mb0iE AL (activated) v 77 7 — IV LEALTHLEHIT, FOREE. TR HIE
RBIZEoTRR-TSE Y, ABIII/ulV 7 OEERENSEMRICKE~OBITIZRBIZL.
BERFIAIIAORHBREZLDETEHHE L DN WIEROEL, MERZEREOE(L
RENBEINTWS(Table 6), DI/ )T OEMALZFHETIHELEL T, LPS RATIL
CRIFRAEEOE B IS F . IFN-y. TNF-o, IL-172 8 DH A Ao RELEHRTNS *9,
2 TH LPS I3b o b N izI7ul V72 HAL L, T OEMALEBEZHALMITEEHODE
BRETFNELTIFEAENS,

LPS 3770 E ONRERR D THY, TRV ORELEL THHR TV (Fig.2),
LPS #AEIzER ETHL, BB MERT, MKEBEREEOTLE, ZEBESREORNRK
IEBRFEIN T avIRFIER IS, DWIZIRFEIZES, LPS T~ 7u77—JiIZEB W T MAP &
F—E, Fui I —E0EEAEBIL, HIT AP-1 ®° NF-xB REOEBRER T 2iEMHLL
T P AMIAY NEDTF TN, TORET TP 2B L OREMEY FRIEABGRIE
B, LPS XYV EASNTZ Y AP A 82 TNF-a., IL-18, IL-6 (M & N AR, iF P ER, #k#E
FEHRE2ENDDELRBY AL, TRRET TPV EAZREL, ZTNHRER F 2388 ZEITH
HBBOTravylEFHTIHEEZLNTWS, IRNIZBWT, 370 V71X LPS 2 72 %
MRHolbE WM THY, TR AMILE R 100 EORER DL 9 BMEOEER D OMA
~NDOBEAZBNTHESHIZE SN, BREOBEO—REMMBEL THLHKRE R
BldeEZE2bNTWS, ZFRIZIZul VT OEMCEBEORBEEMNETIN, TOEER
SELT,LPS IZLB37ul Y P iEM b2 57201, RETRIZul VT O£ 54 LPS
I2kBI7uZ Y7 b0 INF-alf B iz DWW TR 21T o7,

®EvIQTF—S pEYIQT7 - IREEYI A7 P =Y Ekeoarr—o
{resident) ~ {responsive) {primed) (activated)

Fig.l =7u7y7—UiEHE LB *9



Table.6 Markers of Microglia®

Marker Ameboid Microglia Ramified Microglia
Antibody
OX-42 (CR-3 complement receptor) 44 +
Mac-1(CR-3 complement receptor) ++ +
0X-18 (MHC class I antigen) + -
OX-6 (MHC class I antigen) + -
ED-1(macrophage, cytosol protein) 44 -
F4/80 +4 +
CD-4 + +
vimentin ++ -
Lectin
isolectin B4 (a-D-galactose) ++ ++
agglutinin-120 (p-D-galactose) ++ +4+
Receptor '
Fc receptor ++ +
acetylated LDL receptor ++ -
Silver impregnation ++ ++
Enzyme
nonspecific esterase ++ -
thiamine pyrophosphatase ++ +4+
OB ITENIW _ e A
e il o 1
’f"~£zﬁ .;.’--Efu P ArsN
Givae  Gat Hw T kDO Gl
: Gk*Gni—-Glc"‘Hw —Hep—kpo—KDO” | B
¥ i iy : G‘fN A
R : p—P-EiN
iR iRy iR, PR ‘R,

A~Dl %iii& GleiD-Fna—% GCatiB:HF P2 CNIDFigdiy ChNAciN-TEfa-
- FATHIr Hepil-giycere-D-mamo 7t —2 KDO13I~FH %% -D- cmosng- ¥ T V0S8 AraN

LR Sk FARLALT P S p: ]}Jﬁ BN £ F FmT 3y vt b FORS RN L
EHE FOX SRR He-Ret BRL4 R S

Fig2 7 J7LEMEEO LPS O—tEiE
(Het:EFER F2/R ER/IEERA 1990 F)



[RBRGIEBLOERM B

1) EZEBRE:HY ,

A FEBRIZIE Wistar RS EFIRETyMERZIZTEVT 12 Bf-12 B OBERYA7L
ORETCHBEINZLOZA V. AEFARHIE BITEBREE-,

UEDEHTHRBEL. HEShEFAFLERIZEALE,

2Q)FyMNRIIRERROTE

_ Nakajima*¥bDH IEICHET TiT o7z, BIG. vk (Wistar R) OF A fF2WEHL., HE %

70 % ethanol IZXVIHEL ., BEENIC2MEZIVHL . PBS KB L, INEZREFEME T °%
ME ey b AVTMNBERVERE, SHICRKBMOMBEEZFIBELZ%. B D 2AVTHLHIR
L7z, Zh# 0.25 % trypsin, 37°C T30 S LB L T2 5 BSE, IAH L2 DNA 28k 357
¥»1iZ 0.05 % DNasel ZIN % 30 P ELE L7, EHITIR R YT % (FCS) #MN %, trypsin DK i
# 1k, 1000 rpm, 6 & EIFE L L7z, 10 % FCS- DMEM (ZE 8B L., 70 pm F Ao Ay =iz
BUAE O BKE Lz, ZOHM IS BIK D —E % trypan blue P AU FFEMEE T TAHFELT
WHREREZFE X, 10 pg/ml RY-L-VDULABLIE 75 c® EET7FZ2 1 RKH7=V, 2X107 cells
FEFEL, 10 % CO2-90 % air, 37CRE DAV FaX—F—TEHEL. UK 2 BZLICE AT
L7,

3)IrulVTD4EETE

ERIRIBEIITERYL 8 BHCOWT L, 77RaEMICIAN 7T A YT DB Eiz
KR CHMAEROEERBEREOII/aYTRHBE UL, ZORENLIZa VT OHBERTT
7295, BRI ITAAEIRIE 20 cm, 80 B/ DHEX TS 5 8 DFEITREBE L, 20 LB AZ A
FHERELUTEIRL, EEBRBE T CHREZEAIL, 24 well 7L —h, 100 mm $3# 2 v—L
REHEE S HEESIETHEEHELERIIaIYTELTERICA W,

(4)I7aZVT7ORE
BRIZIVEONEREZVTHRLLIIERIIn VT, v—I—TH5 FITC T~ L7
Isolectin B4 # W T, BB R AIZLIVIIuS VT ORIERITR27,

(5) #% 3

Dubecco’s Modified Eagle Medium OMEM) i34 < (GIBCO BRL) XY % L (CaCl,:1.8 mM,
MgSO,: 0.81 mM) . 100 U/ml penicillin G, 100 pg/ml streptomycin (2725 XZHMLTE, 128
4} R 3% (FCS) 1X 56°C T 30 &3 EML L ThoE A Lz, 7228 FCS iZi Limulus amebocyte
lysate (LAL) test*?D#E £, = Fh 32,5 pg/ml ZEHL TV,

(6) INF-a Bt D E &

R TE B % 24 well 7L—F (1.5 X 10° cells/0.4 ml/well) 243 L. 45 TP LB RIL
Too ATP 2 VI EDRIBL , 353 ETE P ITHHEN 72 TNF-afe &M% ELISA kit VW TEE
L7z, EERFYMERFABIIEN., w707 —R)—F —{ZLD 414 nm (IZBITDR I E
ZREL, PO TNF-aZ M HR% 0.1 % TritonX-100 TR L LIz, 3T NVIXEETS
FT-80°CTRIFEL,

(7) Total RNA i Hi
Total RNA ® i 1X Chomczynski & Sacchi @ 5 #: (Acid Guanidium Thiocyanate



-Phenol-Chloroform Extraction) IZ¥#L T1T 2072, T 72b b, M%) B4R & K (PBS)
TP L7=%. Solution D (4 M guanidine thiocyanate, 25 mM Na citrate, 0.5 %
N-lauoylsarcosine, 0.1 M 2-mercaptoethanol: pH7.0)500 ul /iM%, F/N—HRIA< TR %
e L7z, £D% 2 M Na-acetate (pH4.0) 50 ul, phenol (water saturated) 500 pl,
chloroform:isoamyl alclhol ¢9:1) 100 Wl M2 THAIH 52 LIZL->TDNALE B KRE S &
@ isopropanol IZ XA E% 2 EI#EVIRL ., EHIZ 70 % ethanol IZX> THE L THRRMIZFE LN
7ot # % depc H,O (diethl pyrocarbonate #0432 7k: RNase free H,0) T #ZL T total RNA 7
ELTZ, RNA i, 260 nm (BT RIEEIZE->THIE L,

(8) Probe D {E Rk

717bp OF vk TNF-a cDNA % pGEM-3Z 2% —® Pst I /BamH I polylinker site {Z#8 7234 A/
7275 X3K (Prof. E. N. Benveniste, University of Alabama at Birmingham kYt &) #Xho I T
V=754 X L7 *)(Fig.3) , Z2>5 T7 RNA polymerase {249 RNA probe ZERK L7z, RIGHK
(linearized plasmid DNA 1 pg, transcription buffer, 10 mM DTT, RNase inhibitor 20 units, 0.5
mM ATP, CTP, GTP, 0.012 mM UTP, x-*°P] UTP 1.85 MBq, RNA polymense 20 units) %
37°CT 1 B A% =2~X—hkL . RNase-free DNase (5 units) Z/1 %, 37°C T 15 &3 A > F=2~—Fk
L. phenol: chloroform: isoamyl alcohol$5:24:1) fi{} | ethanol YLE % 4T V> radioactive RNA
probe 215 7-,

(9) YRRXZL T —¥ (RNase) 7uTF 7L ar 7 viA >0

#A B A5 HR H L7z total RNA 5 ug 12 *2P TF UL L7= TNF-a probe (200,000 cpm) & PN &8 42 #E
&L TB-actin RNA probe (10,000 cpm) 2%, 45CT 12 BEINATVF A XEE T, ThZ 10
ug/ml @ RNase A 125V 30°C. 60 LB L, TOBREIZIV NASTIFAXLTHRN—FK
SR D RNA BEIEr S, NATYVE A XU BRI D # S protect SD, D, 0.5 % SDS.
0.125 mg/ml proteinase K T37°C., 15 53 LB T5ZLITLY RNase A ZR{ES T, Thz
phenol:chloroform:isoamyl alcohol 25:24:1)## i\ ethanol TEEXIZLVFERIH% (4 %
polyacrylaxmde/7 Murea NV TCEKIKBI 21T o, KBV R SNV ERBSE, A AV T TV —

Z1REBE L. AAFA A=V T T 5 A4H —BAS2000 (Fuji Film) IZ &V E EfEFTZEIT-

7‘:0

[ERER]

(W) ZyMNBEBESZVTHRROMAEEE

SyMNFAEFRKEZS BHEETIE. RFEBRET TOBREZIZB VT FigdAITTTRES
UTHBAREORE, 37l )T RRATYMIBW TR OK %% S5 EIN TS
N, HAERBTIZ 10~20 %% EHBIFEETITHAML TR, HER KBEMLOMREEFE R
IaFYFTOY)—REL TERTVWAIENRENTZ, TR AMNE EIZERIR TR FEMEEZIX
BHEEOMBENEREINSDT O, ZORENLIZe VT O BERITV. BRI/ T2E
7= (Fig.4B) .

COMBAEIZa VT ERETHED., CNSIZBWTIZIZa /) 75 RIS 95 FITC 12
#% Isolectin By X W= B e A %47 o7 (Fig.5) . TOR R BEIIVTHBRTIIRLEED
BEMAaNRaSh, BEERICIVELNREEME TIX, 99 2033707 )7L TRIE SO
T.UTOERIZAW:, RBIRAZITHRIZIII/InIITORNREOKTT5 16 H B TTH
Lz,
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Fig.4 Micrograph of mixed glial culture (A), and isolated microglia (B).

Fig.5 Immunofluorescence staining with Isolectin By
Mixed glial culture (A) and isolated microglia (B).
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(2)LPS I2&537u2 Y7 H 50> TNF-afE 4 H B
a. LPS {55 TNF-alf B D Z A La— R
BRIZaZV7EAWTLPS I2LD INF-alfBEDZ A ha—RE B L1, 8% LEF~D
TNF-af2 B ¥ 10 ng/ml LPS FI 1% .2 BRI B0 LHZ TR &N, 6 BRI Z ST THMARDHE
NTH E DR DDA L7z (Fig.6A)

b. LPS iR K FHE O/

RIZ, 27l )T b0 TNF-oEEAEF U THDOITMLER LPS DB E 2R, 370y 7
FIRED LPS 2z, 18 REf#E O EF FICEBE S INF-o B2 I E L, A1 TCiTize
A ERIRN~DBEBEITFB D ONRA o7 DIZX L, LPS i TNF-o 2 B % (T B S+, 10 ng/ml
TRRDOEBRB O LN (Fig.6B) . T, TN LD E B E TIZwaonh 2B B DL,
ZTOBERGHBIZ_N Y =2ATHR LT,

¢. TNF-o mRNA EHDF A Lha—2X
LPS 2% TNF-alZBE 23, TNF-ofE 4 D35 #EIZE S50 E A, TNF-a mRNA I ZHONT
Turriar7 e IZXVRE L, LPS #1251} 5 TNF-a mRNA DB-actin mRNA 2833
# B 27 T77ITR LT, TNF-a mRNA ZEHBOREBIZBOTHLb TN THENEORENE
DHHITAS, LPS R 1 B R IZB W TR FELLBEMLE (Fig.7) . 20 ZEd5, LPS #3712’y
TIZRWT TNF-o mRNA HEHZ5|ZEIL, #7222 TNF-ox & R UEBE T2 L8R &N,

d. LPS F¥ B3 FCS K ot
=2a7 77— 0 LPS I L5 TNF-afE 24 13, FCS ORMIZL- T, Mk Sh 384 2355 5D
o, vAMERE TIX TNF-oDE A (21X FCS BMLE THBZ LS, 20 LPS i2X5 TNF-a
EELWBEIZFCS DL BETHOINENERI Uiz, TOFERE. LPS L3 TNF-olEEE 13 FCS %%
I ROER Sy 9128 L (Fig.8) . £oTI7uZ Y7 b TNF-aif B iZ 33\ T LPS iX FCS #
KEENSMERDICIVEARINBZZEIN RSN,

o

A. Time course B. Concentration-dependency
o 1200 140

2 1000 1204

© 100q

© 800 800

g 600 sool

2 400 400{

o |

0 i 200

5 200‘ 10 ng/ml LPS ot ) ) - -

s O

I.zll. 0O 3 6 9 12 15 18 0 1 10 100 1000
P Time (hour) LPS (ng/ml)

Fig.6 Effect of LPS on TNF-a release in rat cultured brain microglia.
(A) Time course; (B) Concentration-dependency. The microglia were
stimulated with the indicated concentrations of LPS for 18 hr (B), with
10 ng/ml of LPS for the indicated period (A). TNF-a released to the
media were quantified by ELISA. Values are the means of two cultures
from one experiment and a similar result was obtained in another set
of independent experiments.
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Fig.7 Effect of LPS on TNF-a mRNA expression in rat microglia. The
microglia were stimulated with 10 ng/ml of LPS for the indicated period
and total RNA was isolated as described in the ‘Method’ and hybridized
with both TNF-o and B-actin riboprobes and RNase protection assay was
performed. Values shown as the ratio of TNF-a mRNA versus B-actin
mRNA.
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Fig.8 LPS-induced TNF-a release in the presence or absence of
FCS.The microglia cells were stimulated by 0.5 ng/ml LPS in normal or
FCS-free DMEM for 3 hours. Values are expressed as mean = SEM of
percentage of release compared with control from three independent
experiments. Values for 100 % for release of TNF-a were 1.78 = 0.35
ng/10° cells in LPS-stimulated microglia in Normal DMEM. * p<0.05,
significantly different from the control (t-test).
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[B£]

Isolectin By IZ LB ZRARLIHEBELEER, I7al V77X AMNE EitE
TETHHMAEEORRMIETHY, BRICE-> T B — BRI TERILMWRENT:, T
FREIZT A= N —RBLITBR AR L TWBIENS, S EBONBEIZa Y TIEERELL
IFFHBARIZBVWT, BEHEESNTWAZER T EN, THEHE CIoRBMMR O
sl BESESPNUIEKRIERBIZELTIZENBEIN TV, FRBETITER
IZBFBI7u VT OB ENKRERLUZARLBEZENT, ZTNODOIENLREZITRIZE
WTHRIEROI/a Y7 R RR R ICIIEHLINAZENE 216N, bILLIZIRE VT 5
ZEIZBVWT=a—nrRT AR A MO bD V7 FMZEVE LI TV Ioa Y728, BEE
THIETEORBENRELLRY, KRIERIZREZFREMENE X b, AR CIIBFICEE K
FF | TA=N—=RELIIBER OISV T 2ERITITA VW,

LPS |ZX2 INF-alf BEBEAE IZOW TR LR, ERIEIZBWTHIZaZ Y T3 7 A—N
RERLTRY., BEAIEE SN TOAEF THEH, TNF-alIEBELR2WV, Z0ZEhb, 2
zuZV7heru7r—URRICEDOFESEACIIEE CHBEIh TWBIERE 2 bh, Db
BRLAE TORIE TIX INF-oD EA FEBIZESIZY OEMECBE B ICIEB T LRI ENRE
N7z, LU LPS 3R E 72 TNF-alff B # 5| &L, 0.3 ng/ml DX E D LPS TH+ 472 TNF-a
P T AR L (T —2K), ZOLCI7uZ YT LPS ITx T ARKZ M AR5 T AR
O AR THRESHLTVAIVLERBE CRIEL). MO FEICWHLEIRETHEEXLNE, £
72 LPS |25 TINF-oF B D F A La— AN 3~6 BFff] TR EABI LN RENT, EBITT Ty
arTyeADRRNL, LPS III7u VT EFIE L. 1 B % 21X TNF-a mRNA ORHE B
ZU(Fig.7) . BEHARZNL 3 B RBRICITH A ~FBE T A2 LN R SNz, 6 RFH] LA
BEE MR 52813, TNF-a mRNA OFEE T, INF-oEAHOR R 2ENBEETHIEMN
Zzbhiz,

LPS 1T {ER % LPS & E B E (LBP) LLLIZMBEEE A E CDI4 IZHALES K EZER
L. Toll-like receptors (TLRs) &1L 3%, TLRsiZ I ayYay SmiZ i W TR e Bh i 8 <
Toll X R/AELELMERTRL, w707 7—VIZE W T protein tyrosine kinase, MAP X} —+
NF-xB E AL DL 7/ F A2 REITAIERMLN TS 19, LAL LPS i2M 5> %Y LBP
MEELRLEL, BELCD4 Z M LRWRBIZKVRNIZV 7T A EE 252 Lb <50
nTWA D, LPS 1X37u 2 Y728V T, TNF-a mRNA FEH25 TNF-afE &£ EREZ 5 2L
o, ZOERIT FCS EBHRMIZIVE S NI LTz, ZOZLhb LPS Rl {E K5 ThHD LBP
LEAL CDI4 ZN LTV I ARBEZHEELIT, LPS B T CD14 A DR TI/u /U7
EEMLT AV FARRBITIENTENT, EEARFRIZEWVT LPS 133702712 Ca>'y
PFNERETEILIZES(F—FE) . 2O RIZLPSIZLS TNF-alf BEIZ R BB THY.,
DR EX BT HDIH A ThAZLBRINT,
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B2E MRS ATP I2XB3I70 Y7560 TNF-ofE 4 Rk
[EE]

aZYTIZRIT5 ATP DEEIZ OV TiX 1994 45 Norenberg HIZKVER A B XN FELH
WTHESNTUR D, 3770k G EAEERE P2Y ZTABKITIDHIAN Ca®* XF 7 H
SO Ca* PR LA AL F v FVPEE P2X T AKEITES Ca® Na* R Y DIERIRM I F A A
MELDZENBE LN 2> TET, 1996 €E Ferrari SIXAHTIZul UV TICHRKE T5 P2Z S /KK
- DEFEEZBE L P, SHIZZ 4 Surprenant HIZXV Ty Mg 595 7I /B L7235 ATP 2R
& P2Z Boua—=2T &N, 20D 595 TI/BRO P2Z (B D 395 TI /BN P2X T Z A7 L
35~40 RDOFERMEEZR L, IFA L Fr RN ELTREDHE 2R T80 P2X, ELTRIES
nBETIEIZZVTICLEORBERHEREINTNS ), P2X, 13 2 B EEE ThH A
N CEREmBMD P2X ZRMEELLERIEFIZRWVIEELRZ LS, P2X, 132 HAE0 FEL TIERBIRY
AFAFXFNELTHETHOARLT, ZORFMAEEIZLY 900 Da D4 F2IEBSHE
% pore TR T, ZD7=8 P2X7 IXTEMALIZEVOFESLH R IREDO R 5B, O B Z B
MEDOTLEZITV, MERNIZY T FARGRET S, T2, TRTOTabr BREE L ATP Y 2 M —
DT T=ArT 523 (Fig.9) . Mg™, Ca”* B F R P I2B VO TIL ATP ¥ —hEh TLES,
FOHEMACICITHEE (mM 3 —4—) D ATP BLETHS 59, > P2X. P2Y &K
I Mg?-ATP* R E DB A ELTI= AL TRBHETHIEND, P2X, 13 ATP 2R EDORNTH
BOTRYLREEEZRYT, TOREORGEELTHIRE DR, MRKEORE, S5IZT7 R
VA, RIB—TREVSTEHRERBITIENMLN TS Y, — 5 T P2X,/P2Z MR,
wraZy— VR, TRMY A 370V 7l T EHE YHBICRBELTWAI LT
53.38-61) S REICEI DA REMEZ R LTS, BT ATP IZL3 P2X, &N Liswrury—
DRERFEZFRBTZIT 1B OBRRMIBFREDOTZOFHBRIRT Rh— AF HEELL TH
& 107108) "y Emym BE D ATP ASTETE L2 HUiE P2X, STE M LSRRV Lt BER Y ATP 28
KEIDFEBESNAFEEDRECH B AR YL O ATP BEEMBIZRE L RE BV TOAE M
{bEhaZekEBBBIn. RERISOAZRLT  HBE~DEELE X515,

—F . 7ulYVTIRBA T P2Y TR EIZOWVWTUTIHARRRELTWAR, I/l U7 Tt
UTP N ATP L RIERICK N E B ERB T IEnber/ar7r— VR IZP2Y, BE B L TWVAH A HE/
NEZHN TS (Table 5), P2Y, 12 G EAE LB LUMBERNANT oD Ca¥ BREZECL, &
HIZIRBEEM Ca¥HAZBITIESHRESHh, LBROERBE (WM A —4F—) D ATP TH+%4
IEHALENBZERAMLNTVDS, EbicFui i —E, FuFfr& ) —¥ CEN L7 MAP
X F—BEREMALTHIILPHEIN, ATP IZIAEE AR, MRBEOH H O REMEEZRLT
W5 9,

7= ATP IFH R AMC B W THRBIZRE IR L TV D ecto-ATPase 2 EIZLVT T /3 /AZ@# 0o -
R END, TTF /I ATATP I LT 5 /2 B4 (A, Aga, Asp, A IZEVEDY T
FNEBGERD, TT/VrEREINTIL CEBEXRKRTEIEEE TG G, bLUL G %
LT cAMP, Ca® iz XV 7 F %25 %5 (Fig.10) , I7uZ ) 7 idfh O M B i e ~IEH 1Z5R<
ATP HSMEZEZRBLTHY Y, HENIZ ATP V7 F VI DA ENBEESNDS, FF DR
BYTHET T/ DEFEELRALTRY, £RITBVWTATP OIF7aF VT ~OHRIT £
DREBTHBET T /b BO—EDOYV TNV GREICEIVRESNS,

ATP iZZhBDZFEFEEZNLTIZuZ ) T72EEAL RRERFERICKEKBE T LHAISND,
AE T ATP I25537u Y760 TNF-of BEIZ OWTHIEL., I7ul )V 7EEIIZETS
P2Y,  P2X; b TNET T /v R B E DR EN DWW TR 5,
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Fig.10-A Life cycle and potential functions of ATP®*%®
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Fig.10-B ATP receptors in microglia.

[(ERFERLOCERM AL
IDETHLIERALEERLFEZUTORITHS,

(1) MRFEDEE

R % 24 well 7L —F (1.5 X 10° cells/0.4 ml/well) iZ4y EL. 45 B IC i LEERIL
77o ATPIZEVHIE L. 90 0121225 % MRV T A —%2Mx. R FEHETICBOWTHREEZAY
VR, MBI TANSR T - R A IhRWHROBI 2L FRLLE,

J:%au%ti%lﬁt:a?fﬁﬁialﬁﬁi&:ﬁofco
[ERMHEFE]

(1)ATP IZX BTy bMMIZuZ Y7 550 TNF-alE B

I/l T bO INF-a Bz RIET ATP OB 2R E L7, 10 % FCS-DMEM (1.8
mM CaCl,, 0.8 mM MgSO,) #5# K F TATP IZ&VI/ua V7 2HIBL . B RE P ICEREShE
TNF-a% ELISA IZXVEELT, 3 mM ATP TIZuZ Y7 2R+ 5 & TNF-a23 1 BF & 0O
RS ERE S, 6 BRI TRKICEL., TNURRD BB OO (Fig.11A) , ZOFA L3 —R
1ZLPS(10 ng/ml) iIZX B D EFEIL TV (Fig.6) . LB OER TITERKITETIIREME
R L TR WS,
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—J5 . ATP IZX2 TNF-o i BE DB E RS HRIT 2 AR R L., LEBAYEIEBE (0.1 mM) T
L0070 BEL . 1 mM TREOEBENERIN, SORIHEBETREREORI NBHLN
7- (Fig.11B),

(2) TNF-c mRNA EBLIZ%} 325 ATP D £

ATP (215 TNF-alf BEDSEE A BB OMRELDON, FERBORELONEHONIT B,
TNF-o mRNA E Bz T5ATP D E&# R L7=, ATP (215 TNF-a mRNA EHIZHOWTH
MLieFa7rvar 7oA DERER LK (Fig.12) , TNF-a mRNA (3445 bp (2, WERERELL
TH WizB-actin mRNA {1310 bp TNV FRRB OO, ATP ITHIE 1 FEREIHRIZZE LV TNF-a
mRNA #H 25 B, LPS IZL% TNF-a0 mRNA FHDZ A ha—RLRARIZEORBI LK
(F—F8) . ZOZEMH ATP 13X TNF-a mRNA FEEHE2 ML TH 7272 TNF-a% PEA L, TNF-oiff
BRI IeAnRENE,

(B)LPS DIEBAERYIFT U BDOEE
BBV TGRLEIINIZIZa U T E D LPS IZb3E<KG L. KE D TNF-oxFEEET 5,
SHIZLPSIIMEF ., SHITITERBE. K. AR IZELETHLWALIAIZREATHAEESEN
HBHILNDH, LPS DR A DT ATP IS INF-alf B 2B Z L= AT RBEMENRE 2 b5, FZTRESL
BRI EDLPSEHBELZ LAL test IV ER L, FOFEE., 10 % FCS-DMEM A K
(21X 86 pg/ml. 1 mM ATP-DMEM % $IZiX, 97 pg/ml O LPS A8 tH&h7-, DMEM # Tl
TNF-aiZiFE AL TEEES 2N EM 5, 1 mM ATP-DMEM B Fi124 £h5 LPS I E T
TNF-aBSFEBESN DT L1372 ATP 1255 TNF-aff B iZ LPS DR AIZLA D TIXRNWIENR
Ehiz, T OREKIZOVTE LAL test 24TV, LPS DIR AR WI LZFER L (F—FHE),
ELIZLPS DR ADFREME T ETH-D . LPS DIERZRBRETHIZLBNEM LN TVARYIF
T BERAWVWTRE LK, LPS flBIZL5 INF-ol i B IZRUIF v B T2 icimt En-
(F—218), LLRROIZal Y72 RIIFT v B FE T TATP HIEL T TNF-alf BE &I
REMIIRDON2D o7 (Fig.13) . ZOTENDHH ATP DFREITLPS DR AL DEHO Tz
MR EINT,

(4) ATP 3% 31 TNF-oilfBE 121} 5 FCS DL E#

BT EE Tk 7= L 52 LPS 1245 TNF-a il B 13 FCS EHRMIC LB Lz, ZDOZLiZLPS D
TFNVARZIZEEA THY, ATP (255 TNF-aiF BE A% LPS RARIZFCS ICE BINDZONEN R
L7z, FCS %0 DMEM % i W T ATP H % 1T o728, TNF-alff B I1X LPS R LIZ £,
FCS ERMZIVEE SN2 (Fig.14) , ZOZEND ATP I LPS LIZ R BV 7 F VR KIZEY
TNF-aifBf %3 R LR Sh,

(5)ATP 7} u iz k5 TNF-ailf B

WEZATP ZEEICH TARIIRWTI=Xb, TUFT=XMPBEBEINTHRNZDH ATP 5%
BEOREIZBLIZEFOT Il OREMEICESINTITRbhTNS, £ TI7al U7l
T INF-ailf B 255 ATP T RE VT XA T ZHALNMNITHERT,ATP 7l ORI
DN THR B LT, Adenosine 5-O-(3-thiotriphosphate) (ATS)IZFEKAFMED ATP 7/ Th
Y, 100 pM 2B\ THE< TNF-ailffBE % 5| & Z L7 (Fig.15) . ZDO T 1T ATP DMK 53 FR IS LB
TiX72<, ADP, AMP, Adenosine 72X D ATP RFPIIE 5 LR2NWILERL TS, SHIZ ATP
FOBIRVEMEZ R L2 2 DR R AR OEEABLELEENDI LIRS, £
AYAT T )V BRI =&} 5’-N-ethylcarboxamidoadenosine NECA) {Z 10 uM 1233\ T
LEBRBEBEEEISRNSIEND, TT /VUREHEBEL TV NI LbRRENT,
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A. Time course
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Fig.11 Effect of ATP on TNF-a release in rat cultured brain
microglia. (A) Time course; (B) Concentration-dependency. The
microglia were stimulated with 3 mM (A) or the indicated
concentrations (B) of ATP and TNF-a released to the media was
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.
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A B

D
A

Fig.12 Effect of ATP on TNF-o mRNA expression in rat microglia.
(A) The result of ribonuclease protection assay. Each lane represents
the protected bands for TNF-a (445 bases) and B-actin (310 bases)
mRNA or the labeled probes of TNF-a (485 bases) and p-actin (390
bases) and size marker, pPBSSKHpa II (M; 710, 489, 404, 325, 242
bases). (B) Values shown as the ratio of TNF-a versus 8-actin. Date
are mean = SEM (bars) values (n=9). ** p<0.01.

Cont Polymyxin B

1 mM ATP

Fig.18 Effect of polymyxin B in ATP-induced TNF-a release. The
microglia were stimulated by 1 mM ATP in the presence or absence of
10 png/mi polymyxin B. Values are expressed as mean = SEM of
percentage of release compared with control from three independent
experiments.
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Fig.14 ATP-induced TNF-a release in the presence or absence of FCS.

The microglia were stimulated by 1 mM ATP in control (10 % FCS) or
FCS-free DMEM for 3 hours. Values are expressed as mean = SEM of
percentage of release compared with ATP stimulated in normal DMEM.
Values for 100 % for release of TNF-a were 709.9 = 180.0 pg/10° cells in
ATP-stimulated microglia in normal DMEM (control).
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Fig.15 Effects of ATP and ATP-analogs on TNF-a release in rat
cultured brain microglia. The microglia were stimulated with indicated
concentrations of ATP or ATP-analogue for three hours. Values are
expressed as mean + SEM of TNF-a release. ** p<0.01, *** p<0.001,
significantly different from the control (i-test).

21



I7uZVTIE P2Y, & P2X; DR BEBERENTVD, TDIH P2Y, 1IuM F—& —0D ATP 124V
EMILENDMN, P2X, X ATP 2 — D7 I =R T 5720, Mg@ REZ S DEER T TS
¥ (mM) D ATP ML ETHB 59, KEBR TIX1.8 mM CaCl,, 0.8 mM MgSO, 5 H DMEM
FIZBWVT TNF-alZBEA 1 mM ATP TR AKDRIEZRLIZIENS, 20 ATP D% £it P2X,
ENTHRREMENRE 267, £FZTP2X; BIRH 7T =AM THS 2’-and 3°-0-(4-benzoyl-
benzoyl) adenosine 5 -triphosphate (BZATP)***" D% £ &t L7, T DFEE . BzATP 13 100
uM IZEBW TR E 72 TNF-0lfBEZE I L. ATP (2855 TNF-cifBE DS P2X, 2 L TRl & ZEh
TWARREE R 7 (Fig.15),

(6)P2X, T T =R D E B

P2X; 7I=ANTHS BzATP B3< TNF-alf B 2B X Z L= 2 s b, ATP O RICEbHS
SREVTEATELTP2X, DR RN R ENT, £Z T ATP 12855 TNF-afBEIZx 5
P2X, 7o BT =R D E B2 LIz, Adenosine 5 -triphosphate periodate oxidized 0ATP) I
P2X, 7V FT=ZARELTEHEOBIKAWVORTWAR ) RERICBWTIIHEMBARIZEWNT
TNF-oilf B % 5| EZ L. ATP R L THOMEI 2 R 2R T2 LM H e ed -7 (Fig.16) .
FITHOD P2X; T ZT=RRELTAYF /U3 H K KN-04%9, 225 TNZ Ca®/Na*F v RV ER
ZHRLLTHMbN., 3T P2X, HE ENMEENT- calmidazolium® VAR ET L2254, 10 uM
WCBWTHEBERMEIZR LT, LLais, TR TOKE E TN REIRHLNT (F
— X% T OBERGFEEIIER TEahotz, 73T /R E K N,N-hexamethylene
amiloride (HMA) | 3E3RIREY P2X/P2Y TV ZI=ANTHD
pyridoxal-phosphate-6-azophenyl-,2’,4’-disulphonic acid (PPADS) iZ %43 #8912 P2X, 2 1 )
THLRESN TSR ), HMA 13 50 pM V)OS B E TR EZR LR, TOBREKRE
HI3FESE TX ', PPADS IZ2W T 100 uM IZB W THE BRI I BERNRB HOLNR -T2 (F
—HB&), LA EDfERI% P2X, BIRA 7 I =&k BZATP iZL5 TNF-ailf BEIZ X L CHRER DR R
THoIl2(F—F8), TNODZ L INF-alf BEIZBWT P2X, DB EA T ETIHD THDHA,
RIED P2X, 7o A= ANDFE B MITITER R NED, SRR BLETHD,

¥ 3T | Brilliant Blue G (BBG)BZ v M P2X7 X/ KR DK R T / FI =R THHI LM E S
i U 22 ¢ ATP $7-13 BZATP #I4IZ L5 TNF- o EEEIZ R IFT BBG DEEBL AN, +
D¥5 5 . BBG 1T E KRNI ATP £7213 BZATP REIZ L5 TNF- o EBE 2 ME BT LARE
7= (Fig. 16-2), $€-> T, ATP %7213 BZATP 7% S £ TNF- o WEREIT D 7220 P2X, R A BB
E4ARREM RSN,

(HMg* DB

ATP 3K B P T E LR ATP WS T =24 U B RER Lo TV A (Fig.9), L L, BEEKR T
ik Ca¥BII U Mg™, B REDBEONF AU BEFEL, B 2 b F4 0 Mg™ix ATPY
LiEA L. Mg-ATP”, Mg-ATP-Mg RE DB A AR T2, —RIT P2X, P2Y ZFEITIX
Mg-ATP* 6 7 = AR L THBE L, 2 iV F AV ITIIE B ENR2 VA, P2X, 1d ATP Y 2HE— DT

=T BED M@ B P2X 2N THY T F ARG TILNEHEINTNS .
5456) 7= ATP %M TNF-olf B 20 55 Mg@ DEEE R A LIz, EBRIiX 1 mM ATP 725
TUZ 100 pM BZATP Z2H 5N Mg L F SR THLRIE Lz, TORE R Mg™' & ATP 26T
IZ BZATP M3 &#8 Z3 TNF-oilf B % 38 B K 77 9IS Bl L7z (Fig.17) o 2D Z &1 TNF-aulie B 23
P2X, E N A B THHILE TR T HRFITLTO ATP 2F L —hTE5 10 mM Mgk
BN A ATP FIBITIVTIL 56.1 = 4.9 %, BzATP HI T 42.0 = 15.8 B THY, Mg™

T LD E 2 IS SRRV T LR EN T, ZOZ LD P2X, & P2X,; A OB O BEICE
D TNF-oEEE BTN TV BRI REE R E 2 bz,
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(B)ATP iIZ& M DOBE

ATP (X P2X; Z#EMALL, MIREEZEZTIENMON TS, TOAH=ALTHIEORX, B
FERRSREICEVERSN, BR Ca» A LI RIu—VRE WAR—BREEDEM
BT Rh— ZRBIELTWS D, 202 b ATP (Z LB M FE D& 228 P2X, iE kD B
TEIRY, IBITIT ATP 1255 INF-olfBE DA B EBE S OBEMITLEETDHLE X ATP (215
FRRFEDFEIZOVWTRMZ2IToM, TOHER ATP X 1 mM UL EIZBWTHE BICHRELZS
B, 3mM P ETIXABERMSE O INME R BB Z sz (Fig.18) . $=Z0HI K SEIX P2X,
Ty BI=Zh oATP IZXVMHI SN DI ENE P2X, DIEMALIZE BT EARB ENT= (F—F8E) .
LosL722235 10 mM R, 3 BF R B W THAF THH SRR S, ADP Tif 10 mM Th
FEAEHRBEEZ RSN ST (T —FZ88), SHIZI7a I TIEMMOMBIZEE~FEFITEm W
ATP RBREZLOIERENDL Y 7Y TIE ATP 20 LM ESEEZEAIRBIENE ZD
N, FEAREBEIZQZITHY — MR T  P2X, OR B ENMEB TRRY, ATPD
BEMWNRELTNRIERELE BN,

97V TITBiT5 PR2X, BEOKER

RIYMEF DOEERIZ P2Y ZEEDBEL TOAMN, P2X, ICH TR AR AL THWS, L
LU IFN-yiZ&W~=ou77—iZ b 38dE R2X, OB BERFHIN ., P2X; 2N TR %5| &
BT 9, FEI7nsVTIB TS ramified 37227V 71 ameboid /27 Y T R ATP (2
T BRISREMMEVEVIRE DR DS D, AR ETAVTWBIZuZ YT IIHENLRDE
ameboid ZTRLTWAN, HIETEOBEENS P2X, 2B L TV RWNEE 2 NS IELBER
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Fig.16-1 Effects of P2X; antagonists on ATP-induced TNF-a release in rat
microglia. The cells were pretreated with 30 uM oxidized ATP (oATP) for 1
hours, 10 uM KN-04 or 10 uM calmidazolium (Calmi) for 10 min and
oxidized ATP was wash to remove excess oxidized ATP and stimulated
with 1 mM ATP. Values are expressed as mean + SEM of percentage of
release compared with Control in 1 mM ATP. ** p<0.01, *** p<0.001,
significantly different from the control (t-test).
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Fig.16-2 Effects of P2X; antagonist, Brilliant Blue G (BBG), on ATP- or
BzATP-induced TNF-a release in rat microglia. The cells were pretreated
with BBG for 5 min and stimulated with 1 mM ATP or 100 uM BzATP.
Values are expressed as mean + SEM of released TNF-a (pg/ml).

** p<0.01, *** p<0.001, significantly different from the control (t-test).
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Fig.17 Effect of Mg®* on ATP- or BzATP-induced TNF-a release in rat
microglia. The cells were stimulated with 1 mM ATP or 100 uM BzATP in the
presence of Mg?*. Values are expressed as mean = SEM of percentage of
release compared with individual controls. Control (100 %) Values for
release of TNF-a were 413.9 = 211.7 and 325.6 = 191.8 pg/10° cells in ATP-
or BzATP-stimulated microglia, respectively. * p<0:05, ** p<0.01, ***
p<0.001, significantly different from the control (t-test).




SNz, ZTZTERMEICRBITEIZ0l)TO P2X, DR BEIEHHRREZRSTF 47T arha—i,
RBL-2H3 @& x4 747 avbo— L THERNFEZAVWTRELE >, 372y 7iz
X 78 KDa H 72T/ RFER S, IEMEMARICHLRE I L, £/~ RBL-2H3 MAIIZIZREL TV
IRNZENE P2X; THDAIENREN, FEFEERTFRIZEVZDOANUERERLTHAZENSE
TOFREFADHER NI (Fig.19), MAMREEZXEBLEE R KFETHONTWSIZul Y7
BEE A AT N P2X, FHE AT MREEL BT OBRBICIVRHEENET/LL.ATPIZESY
THNMMREEZATL TV D AREEREZ 25N,

(9)I7al7IT7ICBI5 PR2X, REDOHER

CRAY MK RO BRI P2Y S AKSEEEEL TWAN, P2X, I T A RSB R LTS, L
L IFN-yiZ&Yv7ur 7 —Die bS58 P2X, DEBEABHFHIN ., P2X, 2N TR S 2B &
FZT %9, 23702 Y7 BV T ramified 3702Y 71 ameboid 3707 Y 7T~ ATP 2
HTHRGERENMENEVIRENHS ), AFETHNOTNS

YT RENS ADHE ameboid iR L TWAR, MAEFE OB END P2X, 2R E L TULARN
EEZONAMRLERINT, T TEMEICEITHIZal V7O P2X, 03 3% I8 7 4 2R
VT 47 arka—/v  RBL-2H3 Mif 2 X T47avha— L L T ENFEEZ AW TRIL
723090, 27u Y7 I2iE 78 KDa 7= DIC AU RARER S, IERS AR IcL B L. £/~ RBL-2H3
MAIZIEBRB L TORNIEND P2X; THAZLENREN, EHmAERTFRIZEVFD AR R
HRLTWAZENDOLZDORBENHETINT (Fig.19), AMREZKBIL-ERE. KFRTH
WTWABIZuZ Y TIT B ARIZEE R P2X, HENH L MBEEL L UIZFORBIZIVERRE
DELL, ATP IZEBV TR EERABH L TWH A REENRE 2N,
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Fig.18 ATP-induced cytotoxicity in rat microglia. The cells were
stimulated with the indicated concentrations of ATP for 90 min and
stained by trypan blue. Non-stained cells were counted as survival. *
p<0.05, ** p<0.01, *** p<0.001, significantly different from the control
(t-test).
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Fig.19 P2X; receptor expression by microglia. P2X; were detected by
Western blotting using specific antibody (A) and control antigen peptide
(B). Lane 1, marker; lane 2, mast cells; lane 3, RBL-2H3 cells; lane 4,
microglia.
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VTN OEBELRBE M GCEDE THLIINAIVBITIIKIGE T, EOEME/LA
H=ZXLNBE B SN TWD, 77 VT340 72<E8 P2Y, P2X, D 2 FEHD ATP T BB L
TNAZEND, MES ATP B3I/l VT 2IEMH(L TAHZENHERI S5, AE TILM A ZEE
BEEN7- TNF-aZ | 3T AZEI2ED, s ATP 330707 ) 7 EIEM(L L., B8 (2 TNF-olE B
FElEREITIEERLZ, 2D ATP D% F i TNF-o mRNA EH AN L7272 TNF-oE B E
DEALWBEIZEIALDTH-7223, 20 TNF-alzBfix 1)LAL test 2LV ATP 3 FIZ LPS 23E
AL TWARVY 2)LPS FL—h4Al; RYIF > B Tid TNF-oui# B 23 #1l <4172y 3) FCS (K 77
LAWY EWVWHZENSL ATP BEHE O R THAZENHERINT-, ATP ITHBEEICREL TNV
ecto-ATPase, ADPase 51 5’-nucleotidase 72 & IZLVE LD ADP, AMP, 77 /3 RS
h, FNENOZSHREIC T F A ELEREY), LALATPYS RV RERTIE, TF /0%
RART T =AF NECA B TNF-aZELELRWNWILREDNS ATP PR ICIA2EE TIIRWT
ENHERB I NI,

ATP 3EBOZREY T AT EE AL TDILEN AR THY, AEBRICBWTATP F %%
TNF-oilf Bt % 5| XL Z T Z B R DR E &7k &7, ATP (ZX2 TNF-ouf B O ¥ B KOs B AR 13 2
FMEZRL, I mM TRADERZ5|ISEIL, ZNU LORRE CIEIBA BB OO, ZOFE
B5 1 mM ATP B3| &I T KED TNF-aifBEICFE B L7z, 2O RICIIHF R E D ATP 28
VETHY I/al VT ICRBETOATP S BEP2X, REELRZREEZRZL TSR REMENE 2
T, SHIZHFRAYIZ P2X, Z7E (L35 BzATP 28 ATP X058 TNF-oulff B2 Z L7 2 8%
P2X, BT AZEERLTVWA S, LnLenih P2X, 7o ZI =R LTHBND 0ATP IZB W T
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ATP M TNF au%ﬁ XA R BRIIHESE TER o7z, cATP X P2X, B HLILEHE
AL AR WRIIZIEEZE R AR T2, BRI ecto-ATPase [REFHZLHTIENS ATP D4
fREIFEIL, BT ATP V7 FAZHRTHTREENEZE ZO5NS ), LL2AbH S ATP 28
FFEL2\ oATP EMIZB W T INF-olf B2 2805, SAARBEIIRAELRHA TH A,
KN-04 {% Ca®* /W NV EDV 2V AR EM T uT A% F—F T RN FLEF KN-06 DRIEHELLT
BRI, LAL P2X, i LT oM A —F — CTBRIRICT oI = AL TR L, EhizZo
ZEIE human IZHEEZ ) THY rat 1IZIX 1 pMIZBWTHIFHI RN R A2 RS NEVOIBEREN T
W3 ), Tt P2X Z A7 73— Tl human & rat DFETI—A 90 %ER EEH DD IR
L. buman sz7 & rat P2X; TiX 80 LIRSV | BIMEICIV R B M RRRDLEB 2N

%9, RERTIX, Ty MMIZaZ U TRV T KN-04 13 10 uM Tli?ﬂl%ﬂﬁsﬁ%%ﬁ‘btbi\ zh
L,LT@(EJ# BOWTIETME 2 BB E2EN T KN-04 @ rat P2X, (253558 £ M358 R A3
o7z, FRERIZ calmidazolium, HMA b Z N Z 4 10 uM, 50 uM Tl i ;JJ%?)WE \TE
P2X; ~DFFEMIITERMMBEY, P2X, T U FI=ANIEN T DOV T F AR RETHILITE &
ThoTe, Z<HKIL . Brilliant Blue G (BBG) uM A —4F —LI F O FE T P2X, ZFEZRIR
BICPRETAZESHmE SN D, 20D BBG AW T, ATP 3L BZATP IZXL5 TNF- o iEEE
I P2X7 ZREREERRE LR TN RINTE,

Virginio 513 Mg** 3 ATP* B E 2K FSHAZE T P2X, NI TEME/LD ATP BER S
R mEERICY7RSEDRIEEFRE LI, Mg L5 ATPY DR E 1M D ATP ZHEIZ
REFETHY, P2X, V7T AERIRICIE T2, RFRICENTH M@ IR ERENICL
mM ATP 725 TNZ 100 uM BzATP 235 & 2§ TNF-olf B 2 #11 /| L7728 . TNF-alZ BE 28 P2X,
ENTHIENRENT,

F72 ATP F R M INF-olfBE OB ERISHARIZ 2 M2 RLEZLREROZEENE DS
FREME AR T5, SBIZ Mg OB IZE VTS 1 mM ATP 725 TNZ 100 uM BzATP 1 IZ7EFE
T5TTDATP"H LI BZATP 2% L —hT&5 10 mM Mg? i1 3 Hl 22 4% ATP Hil 812
BWTIE56.1 = 4.9 %, BzATP HII Ti 42.0 = 15.8 % THY, Mg? I XV Z2ZiZMfl Shien
TENRENTZ, TOFEE DS P2X, LENUNDE R OZEFEEZI LT INF-alZBE 23T i
TWARREME AR ENT,

¥7-. 1 mM EVEEE O ATP IZB W T INF-alf BE 234 T2 Z 820\ T, P2X, &4k
ICEVHIBRIEN T HINDZD, TNF-aE BDE K. ERERW D THIENRBEINT-, LALR
25 10 mM ATP (ZB8WTI7aZ Y7138 60 %Ll EAFLTWAIZHE LT, INF-aldigkA
CHEBESNRW, ZOZENOHAFEDOFELT TR R EORBRELREOBENE ST

AREMRE 2Nz,

AETIEATP B P2X, 2B DB HOZFEEEZN UTINF-olf B2 5| SR I TR R LI,
ATP Z FEETEHAGIZHRS OO Ca A BB PN/NEENLD Ca FERBEEZRITIEND,
TOBBIZBLIZ CaPIT IV T AEZESNTWALE 2D, FDT-HHMERN Ca> Dl E
i3 ATP % 3% TNF-a 2B OB AEFAICE B ThY . IRETRETLT
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Fig.21 Ca®* response in ATP-stimulated rat microglia. Fura-2-loaded

cells were perfused with DMEM medium containing 10 % FCS and
stimulated with the indicated concentrations of ATP (AE) or BzZATP (F).
The traces shown are representative of the mean increase in [C&"];
above basal level of 28-39 cells from one culture. Similar results were

obtained at least in three independent experiments.
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Fig.22 Ca®' response in ATP-stimulated rat microglia in the presence
or absence of extracellular Ca’*. Fura-2-loaded cells were perfused
with DMEM medium containing 10 % FCS and 2 mM EGTA (dotted line)
or standard DMEM stimulated with the 100 uM ATP (solid line). The
seven cells shown are representative of 29 cells stimulated by ATP.
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Fig.28 The concentration-response curve of ATP-induced Ca®* influx.
The Ca®* influx was evaluated as a increase in [C&*]; above the basal
level 8 minutes after ATP stimulation. The inset shows
concentration-response curve of ATP-induced TNF-a release.
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Fig.24 Effects of P2X; antagonist oxidized ATP on ATP-induced Ca**
response in rat microglia. The cells were pretreated with 30 uM
oxidized ATP (oATP) for 1 hour and washed to remove excess oxidized
ATP and stimulated with 1 mM ATP (A) or 100 uM BzATP (B). The
traces shown are representative of the mean increase in [C&*]; above
basal level of 25-36 cells from one culture. Similar results were
obtained at least in three independent experiments.



RERRD 0T, E5IT BZATP (285 Ca®* AR L Th R DR R 2R L (Fig.24) , ATP i
P2Y, ZIEMEAL L/ BRI B D Ca* WEBEIZ B XE %, BEM Ca® AR Z T2, 0ATP IXZh
WX ERETHD P, o P2X, 7o 23 =R) KN-04, calmidazolium. PPADS {22\ 1
FEEDOERNTRENZIENS (F—FIE) | ATP IZX 585 R CaZ A P2X, 2352 8M
~ENTE,

(3)ATP IZ X% pore J¥ Bk

a. Td=AMI LB
© ATP IZEAFREERY Ca AL P2X, 2N L TCBI SR IEND, LOELENIZEDII R A =X A
BT HDIEAID P2X1ZAF F v 3 LT AT E DIEMEILIZEY 900 Da T4y
FERBIBESEBRER pore R THIEBMOLNTNG ¥ =F Uy A7 u<ARiZ 394 Da
D43 F Tl B ML ER TERVA, P2X, BIEMILEN pore BV RENDEMMBHIZHEA
L.DNA LEBLENEEZFE T (Fig.25), EE TR T I, ATP fIEIZEVIZ7aZ Y7k T
TFVTADRMD I HITEDE DR INT (Fig.26) , ZOZ AT IZRBITAE IR EL
flowcytometer (ZEVEIEL, ZDFEH % Fig.27A (TR L7Z, 3 mM ATP TR T5L. FIEH 1
DEPLEEDFERIN, DFY pore B SNIED, BFHBRBELITEBROICEFL104%
IIRER RICELT Th—122 272, 2T ATP B 10 5% O3 IEFRE O ATP B EEKFMH
ERARCERE. 1 mM b pore NEEEIN, 3 mM TRADELEZRL 10 mM TiZED LTz,
Pore DR REZEIT ATP B E (3 mM) i3, Ca®* AR INF-alf lf DB K R IG &R T8 B
1 mM EIZFRTNWBIEND, pore DI KR Ca®* i A, INF-alfBEIZ L E TRV EA
mEhic (Fig.27B),

b. TV HIT=AMILAKRES

ATP {285 pore FEARIE P2X; 2/ LI2b D72 DM P2X; TV ZA=RNDEEERF LTz, TDO#E
F P2X, T ZA=AF oATP 13 30 uM {23V T 39.4 %, 300 uM IZFTid 100 % 3 mM ATP
LD REZIHIL7zZ &b, pore FEARIL P2X, M LTV B I EMRE N7 (Fig.28) . £z
PPADS. HMA LI $h B2 7R Uiz, LOsL72 285 calmidazolium 13X P2X5 @ pore X L7z Vi
EDBESNTOVDEREF R TIIMBI D RE R LT, SHIZKN-04% pore FEALZIMHIL, HDORERLE
Y. BT FI=AD P2X; ~ DI HIBERE | FF R MEDE VAR LI (Table 7).
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Fig.25 Mechanism of ethidium influx by extracellular ATP.

Control 1 mM ATP

Fig.26 Ethidium influx via P2X; receptor. The cells were incubated
with 20 pM ethidium bromide for 30 min in the presence or absence of
1 mM ATP for 30 min.
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.Fig.27  Effect of ATP on ethidium influx in microglia. (A) The cells were
stimulated by 3 mM ATP (@) and control ((J) in the presence of 20 uM
ethidium bromide and measured the fluorescence by flow cytometory. (B)
The concentration-response curve for ethidium influx induced by ATP.
The fluorescence was measured for 10 min stimulation. Values were the
means of individual cells from one expriment. Similar results was
obtained at least in three sets of independent experiments. The inset
show concentration-response curve of ATP-induced TNF-a release (A)
and ATP-induced Ca’* influx (OJ).
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Fig.28 Effect of P2X; antagonist: oxidized ATP (0ATP) on
ATP-induced ethidium influx. The cells were pretreated with 300 uM
oxidized ATP (A) for 2 hr and stimulated with 3 mM ATP and measured
the fluorescence by flow cytometory. Values were the means of
individual cells from one experiment. Similar results were obtained at
least in three sets of independent experiments.

Table 7 Inhibition of ATP-induced ethidium uptake by P2X,

ATP-induced uptake

Additions (% of control)
Control 100.0

30 uM oxidized ATP 60.6 (1)
300 uM oxidized ATP 0.0 (2
10 uM KN-04 91.7 (3)
10 uM Calmidazolium 45 (2)
100 uM PPADS 20.2 (2)
50 uM HMA 0.0 (1)

Effects of P2X; antagonists on ATP-induced ethdium uptake in rat
microglia. The cells were pretreated with 30 uM oxidized ATP (0ATP)
for 1 hour, 300 uM oxidized ATP for 2 hours, 10 uM KN-04 for 10 min,
10 uM calmidazolium for 10 min 100 uM PPADS for 10 min, and 50 uM
HMA for 10 min, stimulated with 3 mM ATP and measured the
fluorescence by flow cytometory. The fluorescence was measured at
10 min stimulation. Figures in parentheses numbers of independent
experiments.



() fBa s Ca®* D MLEM

L EDEHIT ATP 53 INF-ofBE 1T Ca* AP EE LR EIZ R L TWAEEEM
WIRENIZZ LMD, TNF-ols B DRIRE S Ca® iont TR EM BRI LI, Ca**free-DMEM %
FWTATP i %3 5L, TNF-alfBE A B I Sz, 200D ATP 3 % M TNF-aif
BEIXARRI A D0 Ca A ITIRIFL CVBZ LR ENT (Fig.29) , L LRSS Mg DR EZ)
REHRIZE2IZEIMmEIESne2hotz,

z;T%ﬁ%

None ATP None ATP

Control Ca%*-free

Fig.29 ATP-induced TNF-a release in the presence or absence of
extracellular Ca®*. The microglia cells were stimulated by 1 mM ATP in
normal or Ca®*-free DMEM (containing 0.5 mM EGTA) with 10 % FCS
for 3 hours. Values are expressed as mean = SEM of percentage of
release compared with Control ATP. Values for 100 % for release of
TNF-a were 550.7 = 172.0 pg/10° cells in ATP-stimulated microglia in
normal DMEM. *** p<0.001, significantly different from the normal ATP
(t-test).
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ATP IZXAHBER Ca® 8 EZ L% fura-2 MALEICIVREI LIZFE R ATP O Ca®* v 7 i
—BME Ca?* LR BiF R Ca¥ EFITRBIENTZ, —i@E Ca® ER MBS Ca¥ HEFET
RBWTHE E3N/2enb, ATP IZXY P2Y, B3EMHLL 3 B GEREZ ML THRE N/
B MNS Ca® WA B SR I TN E 25N, —F THEH Ca” EFIZM RS Ca® IEfFE
T TIXBEEN T, £/ BZATP THh5| RIS, oATP L& TMHl &, Z0EE1D ATP
M P2X, BTEMALLAA L F v R E5HITIE pore TERRICTE VMRS LR 450 Ca® i A2 B &
T IEMTRENT, P2Y, MBI EFR I T 8 Ca> LG A RIEE (10 uM) D ATP THE|EEZ
ENFTEnb, P2Y iduM A —# — D ATP TIEMALENAZ LM RERE N, —F . Bkt Ca™
BMANEEBED ATP IZBWTOARBERENTZZEND, FERICBWVTIE P2X, 28 mM A4 —4
— D ATP IZXVEHILEh B2 REN T,
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ATP RIIIZIB VT, P2X, 2T A5 5 HY Ca i A & TNF-olfBE D38 BE RS B 23 hiT 1
mM TR AREZRL, 10 mM TixED L, BEUOEHEER LK, £72 ATP 1255 TNF-aif# B
AR S Ca® IR T BT EMBALMI R0 T, ZOFE B, P2X, 2 LR f0 Ca> AN
TNF-aE £ EBEICB W TEERBREZR L TWAI LN R I,

F7- ATP 5 %% TNF-of BT M AR S Ca* R EL Th &M SN2 o7z, L LA
R sk Ca™IEFEE TIZBWTHIR A Ca¥* ¥ L —1 | ;BAPTA 24 BT 5&. ATP 5 F I TNF-o
EEERZ 2T &N (F—F1K), ThbDZihd Mg™ Oft RFEEIZ, TNF-oif BE X
P2X; YN DZ R EZ—HITHRREMIREN T, I5HIT P2X; A O K IZL D TNF-ailf B
WZITHIBE N Ca EBENEE THY, P2Y. N ETHREMENE X 5N,

- P2X; O pore 1Y 3 mM TR KBRUSARENTZM, ZHIX P2X, 20 T3 Ca* HiA D
BEKREHLIZER->TWE, 1 mM ATP TR ENS pore DETH 72 Ca>* BBEBTHZL
NEZHNBMR, Ca® 28 pore TR F ¥ XANSHEATAREEMLE 2 5Nz, TN
Ca® 1t MAABEE B DK A5 10 mM ATP TiX Ca>F A pore FERR 22 Y P2X, FF R 72
RIS ZSR o7z, 2O £H5 10 mM ATP TINF-alf BN 5| B I &2V Dk, BTET
RUTE ATP IZLBHRFEOFT HUN IO B EROBRBRIERBE LA N RE I NI,

P2X; 7w #E = AMNZOUWT TNF-oilE B 2 #1141 L 7= KN-04 {Z ATP i2&5 Ca>* FE A1Z#maiL
7273 pore FE AT L THIHI L 2Dy oz, ZHITHRE SN TS KN-04 D P2X; ~DMFEI R &
BRoTWS ™, &517 Ca> AL T KN-04 135 B TR SIS LRnZehbr
P2X; ~DH BHERBEWH O LHE BTSNz, &5IT calmidazolium (T 2WTHP2X, TR W TF v 1
LD BZINHIL pore FERRIZ OV TIRIMBEILARWVEE RSN TNAHD ) ARHFFE TIX pore FERLD
L7272 calmidazolium {Z DWW THHIRR~DIH EHROFENE ETHRERENLZ 25N
7z OATP, PPADS ¥ Ca®* i A | pore AL % EHITHIHI L7 23, TNF-oilZBE~ DM RIZR D
5T, TNF-aiff B % P2X; 2N T REL TREIX TERD 270, TOXITHERD P2X, TV
ZA= AMZITRIREICHIERH Y, T mIERE I P2X, 7 Z = =X} Brilliant BlueG
(BBG) X P2Xs R R DAH Ry —NEedThHA), BIE. BBG Z AW THE T THD,

38



2% ATP M TNF-olffI235175 MAP ¥ —F D&
13 ATP FH R INF-alfBE 2175 MAP X+ —EDEl 5

[

T

]

Mitogen-activated protein kinase MAP 7 —) X 1980 1% FITA L RY L0 b tE 5E
HFIC R BICE IS E) VAL A =0 F—BELTRWESH ™), Mz
BT T NRBICEERREZRITIENALNISN TS, BE MALE IR T
extracellular signal-related kinase (ERK) . p38‘.jun N-terminal kinase (JNK) /stress-activated
protein kinases (SAPK) @ 3 D MAP ¥ —E¥RmMLNTRY, —HDOVBIL IR —RiZdy
EHEALSh, TOBELMRBMEOLRETAMN REE . RIE. TRV RAREZEMEEZRT
TEBLGIoTND,

uZYTICBEL TR, BEARLRAEZL DWW ERICEVE MR p38 BI7ulUTIZEBW
TRANFEEEESNDZE, FI/al VTR OMEZREOE/ YA v /a7 7 —VRIZE
VT cytokine suppressive antiinflammatory drug (CSAID) X p38 M EHEELL THETS
ZLTIL-1, INF-aDEARED THIERERBREINTVS 7, ZnbDWEND, 71
V7R BRIZ ISV TRALNDAT 4= —F—IZL) MAP ¥ —ERE LS, 2B A0
AVEAFEBEZRASIL TS RENRE LIS,

— 77 ATP 37 Abu P A MZBWTERK ZiE ML L, ZOFEHERIT UTP THRRICAELDZE
DB P2Y ZEEEN L TNBILIREN (Table 5) . SHIZATP IZLVMAUEENF EIN DL
BEEEN TG @8, - P2X ZAEKIZ OV TH PC12 AEIZH VT ATP 2SHEHIS+ Ca®* i
AZBITILIZEYVF I S — ¥ PyK2 K FHIIC ERK ZTEHALEED ™, ZhbDZ b
7aZ YTV TS ATP i3 P2X;, P2Y, 2L T, MAP X —E2iEHATHIERBZ 264,
TOEMACIZEO T AN AVEEEZ S OT-RBRELFAHS L TSR BEEREZ 2605, £ZT
RETIT ATP FHE M TNF-alfBEIZI51T5 MAP ¥ —E DB EZRET LI,

[EZERFEBIUERMEH
COETHRIEALEZEERFEIIULTOEYTHD,

(1) Western blotting #1215 MAP X —FPEREMHHE .

100 mm >4 —L (2.0 X 10° cells/8 ml/dish) {2353 L7270/ ) 7 #i fa & DMEM F T ATP TS5
5y FFN% L7=, DMEM 27 AL —hLoK#% T SDS Sample buffer (62.5 mM Tris-HCL:pHS6.8,
2 % w/v SDS, 10 % glycerol, 50 mM DTT, 0.1 % w'v bromophenol blue) ¥ TRZL—F L7
V=lr—hLiz, 95-100°CT 5 T EBALEL, KinLlc, P VFOEBEZ
SDS-polyacrylamide-gel electrophoresis (SDS-PAGE) THBEL /=& =batru—RRITEREL
72o —RFLIE L L TYLER 1L MAP kinase (ERK, p38, JINK/SAPK)%L<IZ4 MAP kinase (ERK,
p38, INK/SAPK) (24 R #7251 45 (New England Biolabs) % V), LumiGLO TH L7z %),
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Fig.30 Structure of PD98059 Fig.31 Structure of SB203580

[RERRR]

(1) ATP % &t TNF-a 5B IZ5 35 MAP ¥ —PHEROZE

LPS Rz X BI7aZ ) 7560 TNF-alfBE I8V T, ERK X p38 L o7z MAP FF—+F
TV —RFHEEH LTS B, 22T ATP F R M TNF-FBE 235U T MAP ) —E 28
BETOINENEEIDDZH, MAP X —EH R —RIZBWTERK ® _E fiZAL &35 MEK
#[AE 35 PD98059 225 TNT p38 ZFAZE +5 SB203580 & AWV TRH L 19219, 25 uM
PD98059 72HTMT 15 uM SB203580 4L & 12XV ATP 3% %1% TNF-alf B 13 F L E 1 66.5 %.
29.6 %IZAE T L7z, SB203580 7% PD98059 JVHRMHI L=, MEFZHH 75L&, 351T58<
M U7 (Fig.32) . T BzATP RIBKIZRB W TH IR RS R L2 o70, Fi=, PD98059 L h 38
72 MEK FREZE THD U0126 {28V ATP 771X BzATP (215 TNF-ailf B X5 <Ml Shi= (F
—HEK), TRODFERENS, ATP FIIZEY MAP ¥ — B U R —KThs p38 FLT ERK
DIEMLEN ., INF-olfBE I E EREEI 2 R 2L WA REMEN RS,

(2) ATP 2 X3 MAP ¥+ —¥iFE#Ak

MAP ¥} —+¥773IV—ERK, p38 2L TNI INKEMEALIZIITS ATP DR RIZOWT, U EE
fEMAPFF—E (EHE) R EOTEETA VTR L, STATPREKFEEZRILZER.
ATP 13 1 mM M EIZB W THE< ERK, p38 725 TNZ INK OiE ML #5| &R I L, RIZEFDFZA
LA—ZADBEZ LT, 1 mM ATP TR 3541 HENOEE I MAP X —EDTFEME/L 3]
R IEN7 (Fig.33), SHIZ 30 BB ETERAIZEF L. TOBRR LTS TH0 60 HHEIC
BOWTHOEDOEEAPERIN (T —FE),

(3) MAP ¥ —¥iEHLIZBITSD Ca”* D LB

ZRETIZATP 13 TNF-oilf B % 5| 2L ATP IZEAMIBA DD D Ca* A NREETHD
TLERLTER, E5IZ MAP FH—FITiE Ca I IVE ML SN BB B NEETHI NS 199,
ATP (25D MAP ¥+ —PiEHALIZIITS Ca DML EMIZONWTRE L, Ca*F L —REIELT
50 uM BAPTA % 30 D RTALB AL THBMNICRVI 8, MIlRA Ca»* EF 2 T5, &5
WZHR A Ca¥ TERE THLITIEEE FIZB W T ATP THIE L. ERK, p38, INK OiE ML 2B
B 7, BN Ca¥IEFTE TITB W TIE Ca® free-DMEM-10 % FCS-0.5 mM EGTA # /%
PR BE TR WA, 2 fura-2 B G HEIZED ATP R L, MIET A/ RSB D Ca® R 138
ZHNHBEANLD Ca? I ANR XN LEHER L (F—F1) , TNF-oiff B IZ 4 F 4 Ca®
IR TELTOEIZL 0 b5 MAP 3 —Fi2 BAPTA LB H LT Ca¥* HEFE TIZR VT
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Fig.32 Effects of PD98059 and SB203580 on ATP (A} or BzATP
(B)-induced TNF-a release in rat microglia. The cells were pretreated
with15 uM PD98059 and/or 25 uM SB203580 for 10 min and stimulated
with 1 mM ATP or 100 uM BzATP. Values are expressed as mean = SEM
of percentage of release compared with individual controls. Values for
100 % for release of TNF-o were 279.7 = 167.6 and 162.4 = 25.1 pg/10°
cells in ATP- or BzATP-stimulated microglia, respectively. * p<0.05, **
p<0.01, *** p<0.001, significantly different from the control (t-test).

ATP IZEOTEMEAL SN, Ca2 IR TELAR W L Z2 R Lz, L L2 Ca**free DEHIZEWNT
BAPTA A BATHL5ELIZ MAP 3+ —FOEMAAMEIShizZind Ca? DEEM RS
iz (Fig.34), UL LD RENLAAM A Ca” HEELMAS Ca¥AOE ST OBRKBBREHEL T
BIEnREINT,
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(A) Time Course (B) Concentration Dependency
1 mM ATP ATP (mM)
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Fig.33 Activation of MAP kinase ERK, p38 and JNK in ATP-stimulated
microglia. (A) Time course; (B) Concentration-dependency.The cells
were stimulated with 1 mM ATP for 1, 5, 10 min and the activated ERK,
p38 and JNK were detected by Western blotting using specific
antibodies against phosphorylated ERK, p38 and JNK, as described in
Methods. The levels of each total MAP kinase were confirmed to be
identical for each lane by using antibodies, which recognize both
activated and non-activated enzymes.
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Fig.34 Effects of BAPTA and extracellular Ca®** on ATP-induced
activation of MAP kinase ERK, p38 and JNK. The microglia were
pretreated with 50 uM BAPTA-AM for 30 min and washed to remove
excess BAPTA and stimulated by 1 mM ATP for 5 min in normal or
Ca?'-free DMEM. The activated ERK, p38 and JNK were detected by
Western blotting using specific antibodies against phosphorylated
enzymes, as described in Methods. The levels of each total MAP kinase
were confirmed to be identical for each lane by using antibodies, which
recognize both activated and non-activated enzymes.
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Fig. 35 Effects of U0126 and SB203580 on BzATP-induced mRNA expression of
TNF-a in rat microglia. The cells were treated with 10 uM U0126 and 15 uM
SB203580 for 10 min and stimulated with 100 uM BzATP for 60 min. The total mMRNA
was extracted and the mRNA levels were estimated by RT-PCR. Values are shown as
the ratio of TNF-a versus GAPDH. Data are mean + SEM (n=3).

BBG (uM)
Basal Bz 0.1 1
e 3 | - =
JNK —» - , *

Fig. 36 Effects of Brilliant Blue G (BBG) on BzATP-induced MAP kinase activation in
rat microglia. The cells were treated with 1 uM BBG for 5 min stimulated with 100 uM
BzATP for 10 min. The activated ERK, p38 and JNK were detected by western blotting
using specific antibodies against phosphorylated enzymes, as described in Methods.
The levels of each total MAP kinase were confirmed to be identical for each lane by
using antibodies, which recognize both activated and non-activated enzymes.
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(4) TNF- o mRNA Bz 5 MAP X+ —E D& Hl

AR D EIIZ, ATP IZZE LV TNF- o @ mRNA EEHZ5|ZRITIE2HA LML (Fig. 12),
I T, TNF-amRNA OEBRIZBITH MAP T —E0®REI 25 B # T, B2ATP #IEIZLD
TNF- o mRNA FEHIZKIET U0126 33X T SB203580 DB /T L7z, TR, Fig. 3512
RTENIT, U0126 RIALEIZLYmRNA BHEITIZLA MBI I /=23, SB203580 A& Titizd
AEIMEIZ RIZFE OO oT, > T, ERK & p38 i3 TNF- o EAIZBWTERAH| #1285
5 L.ERK {Z mRNA OFEFIZEDZV 7T MIIBWT, p38 IZEEZ ORE T W TEE & E
ERETIENRENT,

(5) MAP X+ —EEHILIZBITS P2Xs B EORE

INFETHRARTERLIIT, ATP BL T BZATP iX MAP ¥ —B2{E ML L TNF- o PE 4 - WEEE
R ERITIENELNLRST, £2, ATP BL U BZATP #1245 TNF- o HBEIL P2X, 52
BEEZNLTOABIELRENT, £Z T, MAP 7 —BDOEMLDN P2X, Z/EZNLTVEM
BENERTLIZ, BBG(0.1 BET1 M)% S HHEIAELZDOS BZATP T 10 £ B HIEZ1T V.
ERK, p38 BL U INK DIEMHLDEALZ R 724 E . BBG i3 ERK (i LIFEAEHHIZN £
TRERMoTN, p38 BLUNINK OFE ML L TIRFAWIHI 3380 5N iz, 20 £i%. P2X,
ZRBIT p38 L INK DOEMALZF] 22348 ERK iX P2X, LIS D ATP Z A EICIvEIHESH
TWBRIBEHEZRL TS,

[(B£]

ATEETORE RN, ATP IZBHIZP2X, DIEMHALIZEY INF-afE £ %25 R I, MK
HESEBZEMRTRENT, ZEEBE»D, TNF-oaff £ EBICESV S FIVREIC Ca¥ BEER
BENERIZTIEWTRBEINN, TRUBETHIZENUN DA =X LTFRE THB, TNET
\Zru” 77—Vl 8 W T TNF-afE A B IZ MAP S —EOFEMAL BB 52328550 T
W3 30, 22 TIrusYTIZB VT ATP 28 MAP S —F %4 LT TNF-ofE 4 B2 F 8 T 5
AREMEZBAL2NTT 5 E AT ERKBL U p38 W R — R &4 RAJICIEE 5 PD98059, BLTX
SB203580 OEh R 2B L7, SB203580 X CSAID T&h5 SK&F86002 iZfAFENBAIF Y —
NROEHTHY, HEHY—F LT p38 BRIEINTZ, TOEM M LPS Rl IcLB <o
T 7= MHO TNF-a, IL-13EBEZ MG 52800, p38 DY A M AV DPE A& FREICE B/ ®
Bl B-LTOAIERALMIEN TS YD, RERITFVTH SB203580 1358 < TNF-aiffBE %
MBIz e b, p38 A3 ATP FFH M TNF-alf BEICFFICEEREEIZ R L TVAIENE XL
N7z, £72 PD98059 (ZEIL Tid SB203580 (ZLL RBLEFFWARBHLLIMHI IR BRDH O, I5ITHE
EH OB ICXVEELRANE BB OONIENS ERK OB 5 HREhE,

EBBIZATP BI7a70T7ICBWT MAP 3 H—E2EMHILTHILERER 7570 VU BL
MAP ¥ —EBREHFGEEZA VAL /Ty MIEVRET L, ZDFE R ATP I38R%# T ERK,
p38. INK ZiE AL THZ LN LN LR o7, LPS b MAP ¥ —E2EMAL LA, BEMLET
12072 10 SIS ETH -T2 (F—FBE) . THITH L ATP IZX5 MAP ¥+ —EBDOTE ML
D TERLNTHY, ATPIZILPS LT B RRBE TMAP ¥ —E2E ML TR ENRENTE,
ZO%h FiT ERK, p38. INK WTFHIZEWTH 1 mM @ ATP THRIB D HL, &5 BzATP (100
uM) b R ER IZ MAP ¥+ —E2E ML (F—FE) , ZRHLORE RS ATP 1T P2X, 2L T
MAP ¥ —EB&2E L THILARE I, LasL, UTP (100 uM) iIZX > TH MAP ¥ F—E D
EHAERBEIN (T —FE) . P2Y, 2NN LER RO FETLIIEN R ENT,

RTZIZRV\ T, ATP Bl IZ LD TNF-alf B ICiZ Ca®* BEE THHI LN/ RENTZD T MAP %
F—EEHEIZEOTY Ca»* BB ETANE 1R I LIz, EGTA L E LV KA Ca®* 2]y
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BRUWTH ATP 1255 MAP X —EDIEHALIZE B IN o220 b, P2X, 2 LT 4+
Ca” AR FELRWEE X b, $-#KK Ca®* LR Z2M$45E # T 50 uM BAPTA
BLETHE MAP X T —ETEHALIZH S ARG BB HoNT-, EHIZBAPTA L EGTA %4
BAT5Z8IZEYMAP X F—EDEMIIEEICHEEINT, ZOZLIZATPIZLZMAP £ —F
FEMALICHBERN Ca” EARKATHBIEEZRL TS, BIRL72S, UTP 3L BZATP 2%
NEZN MAP F T —EE2EMHALTEILENS P2Y, BLUP2X,; RENFNMZ LT MAP ) —
PEMLICEETALEEZ0NS, P2Y, 2 i3/NRENLD Ca B RBEICIKEFL T MAP X —t%
EMALL, —F P2X7 i3 RS D50 Ca* Fi AIZLY MAP X — ¥ 2iE {35, %> TEGTA
IZEVMBA Ca®* R ELE A P2X, DR RITIEI SN TS P2Y, DRERKIZLY MAP 5 —+F
DOEMAITBIERIEND, —F BAPTA [ZEVMHKRA Ca¥* %L —FL723H 4 TiX. P2Y, D&
BILER SR TH P2X, 2 LK B O Ca* FEAILED MAP 3 —BiiE L shatEx0h
B, FDT=8H, ATP 1255 MAP ¥+ —EEHLZE LI T57-9 121X, BAPTA L EGTA %*
BRTAZLIZIY P2Y, RO P2X, DB B HLDOMAAAN Ca LR 2SI T AL ENH B A B
HEREZ LN,

Bhat 51332727 U 7238V T PD98059 725 THZ SB203580 A% LPS #| i i2 )5 TNF-alf B %
P52, TNF-a mRNA FE IR T LI end, ERK 8L p38 2 TNF-aDE B 1 T
EIToTWAZEEZRELE Y, L L6, TNF/NGF L 7% —7 73— 2B 15 E CD40
EMALIZEBI/a YT O TNF-aE A ITB UV Tik PDI8059 28 mRNA EEAMEHI L=z ihb,
ERK 7% TNF-a mRNA EEHIHIZE S L TV BIERENTWS D, A7F22 TiE. MEK R
X U0126 7% TNF- « mRNA FEH 25/ IZ#H] 95— 5 . SB203580 i¥ TNF-  mRNA EH 21X

BB L) -o7-Zt5 b, ERK X ATP fIli#1Z5% TNF-« mRNA 3%, p38 X mRNA %ﬁu
%@@&%%ﬁ HIBRIEEHERTENE,

ATP iX ERK, p38 [A#RIZ INK/SAPK HiE (L L7228, TNF-aiff B i% PD98059 & SB203580 #
Pt TAIETIRIERLITIBI SN, 7o T ATP 37 FM TNF-ailff B i 312 ERK & p38 234
L. INK/SAPK IZHFEVE HEL T RWIENB 2 bz,

P2X,13 NF-AT, NF-kB Z{E M L T2 LM EESH 8459 2 b5 R 7 28 TNF-afE £ 12 B
E33ZENHERISNS, L., ATP 3 % M TNF-aiff B X FK-506 225 TNZYZ7aRRY L C T
M EIEN T (5 —488) . NF-AT OB 53T E SNz, £72 ATP XV AR—Y R EFE OFE M1k
RVEMBRREOELLRE T NFxBZ2EMHL T2 BRI TITIRHALOBMEETS, L
ML ATP #F M TNF-o mRNA EE 2RI 1 BERBIEEZFCLER Lz, ZOREND ATP
1255 TNF-a#z B2 NFxB b 5 L2 EE 2 5,

ZH1Z, BZATP 1255 ERK, p38 BL UV INK IEHALIZRIET BBG O R AR LIZER.
P2X7 Z K13 ERK T3 22<Lb p38 &ML L TNF- o« EA ZHIH 52 &1ZLY TNF-

o EEEZ B BT LN RENTZ, ERK X P2X, DIAA D ATP Z B FIZEVEHIHENh TWBELL
W, ZOZEEIZONTIREERATHIN, BELKGERB{XBRE R2Y DV TEA T THBZE
BHAIEND, ZOZFEDOREDTEDITIIELRIRFNBSLETHS,
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S

BFFRIZBWT, MIEN ATP N7 MNI/u ) 7 2EMIL L, TNF-ofE 4 - Rt 25 2R ¢
TEEROVWHLE, I, FOAD=AAMIOWTEBZHBRIZITV. WO BEET,
IITEDRRBEZUTIZEEDS,

MRBEERIZIVTIZEB W TATP K I VR E 22 TNF-olfBE 5RO B, Z0R Rix Ca™
RIEME . Mg ReZ M, 7= AMBIRM R E DM OBEBMEND P2X, TR EEZN TEHZENR
WENE, INETP2XZ R/ EDOT U HAI=AR L THWS N TE - E Y 134 R M 2MEL . TNF-
o FEBEIZR T 2B N RITMOONRD o1, I P2XTRH BN T I =R LTHREEN
7z Brilliant Blue G(BBG)Z Fl \WAZ L2 &Y, P2X, R B DO B 5 AR EN T2, P2X, H3 5 7 # fa
ICBIRFICRBE L TVWAILEE XA DEBL ™ COZRENIIaI YT ORHEERISIC
B ETAIERHR NS 1Y, 22 TATP IZLD TNF-o 5 BE & 5 T2 N 7 L 28
MM TAIET, ATPZRERVINILTIZul V7 OREEEEZHHT30BN 2T o7,

ETHIBAN Ca BE IR LT ATP X P2Y, 2 LM RA PN Ca® gl L P2X, 12 LB 40 Ba 4t
Ca®" A& Z L7z, TNF-alfBEIZHI B A Ca FE A TR EL TWBAS, —EBARRE PN Ca® 2 BE I
£ INF-aEEE LR OOLNT=ZEND, P2X; DH725F | P2Y, b E 4 B IZ TNF-afE A4 FEBEIZ RS
HE4pzLasrEniz,

FE MAPXF T —EBORENEEZEERONENS, ATP 7 HE M TNF-oalZBE I2B1T5 MAP X
—+€ ERK, p38 D5 /RSN, ATP IX ERK, p38 #FE - Z{E 1L 3543, ERK | TNF-
e ® mRNA BHRZAHT5—F.p38 HREBEFEELUROBRERLEH M TIWEEITREINE,
F7z, BBG X p38 DIEMALDHEMEILIZZEnD, P2X,Z R E1X p38 DIFEMHALZHIH L. ERK
IZFOMD P2 ZEEBELIIP2Y 37247 2N L THIH IS,

Nerve terminal
% Damaged
O

High conc. ATP

v

Apoptosis

TNF-a

Figure. 37 Schema of regulation of TNF-a release from microglia by extracellular ATP.
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MEMBEE, TAYNA—R, N—F UV UREBIIIE BEERBIIHLTIZal/Y 7O
BENTBINTHWAN, MEETOIZ/asUT7T0RE, 26CNZHEN ATP OB E~DE 5
OWTIERRTHATH D, I7aZ U TIIEFFICIXRIEEL THWAR, HEEDORIITER
PITTEMALEI, INF-aRED P AMIAZFWL . BEEHLLEBTEREMROHEIEN
RIEESIERIT, L LEFOEKRFRERILIMEZOMREZEZTIENS, FOFEMELE
HIETHZET, FRBREEDOILREZHIEL, S5CHBICH THRED R 2 RETED, AP
T, in vitro IZBW T, 70 V7 OEHEEFHH THATP T B EOFEZHALMIILE, T
a7 OEMALESIERIT LPS i3I7ulU 705 ATP BB ESE5 ¥, oS h-
ATP BA—=RIFGA NG IFGANZ T F MR E LI . NFxB IEHELESIZ NO EEA Z5] &
BITIEBHOMTEINTNDHIENOD, M ATP BI7uZ YT OFEMLEF THHI LM
RER TS 1959190 I T2 ATP 13 P2X, IEHEAL A2 L CLPS IC X0 #iE Mk ah i’
raZ VTG IL-18. SHITHEHEFHBIND IL-6 DR B X I T BB EITNS 29,
ZDHH, IL-18HE BT LPS FIBIC IV AR I E SNz prolL-1828, P2X,; Z M L CIEMELE
7= IL-1B converting enzyme ACE) (X7 aty v 7EnaZLiZIWER 5, ZhEidEx
V. TNF-aid ATP B ORI CEAFBESN 37D, BBB OREFEREDRWAEARREIZBWVT
LI REHETED,

FT T /AR I/aT =PIl BT A B EZTEME{EL T, LPSIZL5 TNF-a mRNA %
REHROITmE 5%, F27a707I280Th A A As T 7/ VUV S BIEOR BN
BENTNB D, ZO7=% ATP FER M TNF-oBEBEIZH LT ATP DB THBT T /i
BRI Z2FEAICH L THHBICE VDTV REMENRZ 2515, TEAME THRLELIIZ,
TNF-ailzBE 25 8 35 P2X; D@ FEIREMALIZIIal VT O ELZF ETIILICLVBE A
Y ARDABEREZ MBI LTS, ZO LI ATP 3 HE M TNF-oF B IX BB \ZH SIS0 &
R REAICLIHRBEMEL ERNHARIZEI TS INF ZZE2N L TLORBIREOH W
HREEDRLYFIND, IBHITHBEA ATP BIZa U TIZBWNTP2X, 2 L TIhb60H A
MIAVENTH T TR =T o2 RS, R RBIZEETIRELDHHIEND D, ATP O
MR E~OB 5 IZELBELAFELND,

—F P2X; DEBIFBEIISCTELTRAIERRESNTWD, FlXITHEERE A VWIZER
T INF-afL B2 XY P2X; DREIBNHEE L. P2Y, BEBFALE 19, Zof RITERERICIT
P2Y, NE B IERE TN, FRELREOIFERIZIT P2X, DR EMN INF-allih EH &SN,
TNF-0%& iU IL-18, IL-6 72X 2B S ¥, R G2 A TAREMEEZRLTWS,

L ERRTEZIIC, ATP ZTFE (P2X,) EBIR OB RIT, EFRRICIIZTOZAERANK
W= BIERAMEL BIZBWTP2X I 7a Y TICE B L TWAIENLRIREDOE V)
BERFHREND, ELIZATPIZEADTINF-aEELE IR T T /X p Mt MREOFE, 7L
B2 S IZEVBREE R CBEBTFEL. Z2MERHFIND, TRIE INF-aDf R IREE
. HREME EHIZATPIZ DWW THLZFOV I/ FIVEEILIER B DL E D EANHAREICE
RENTWRWD, BFFFICIVES B INLOMEBER L., PIZIBTH YA M A B4 8
T35 ATP S/ EEZZ—F R LEH LWEEREROBEZENFFIND,
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