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F v FV DREREZHEIE D D ERT 5 7= 012
RS AFRI GRER AR EBE AR SRR AR W BR 2505

(mE£]

R AR bR A2 R AR B AT e R L BP0 AR, (MERFERFEBESSRIPTERD , MmOk
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RNV ERIET D0, 44 F ¥ FTHARR TR0 R & s H ERsiiskEINnT-, H OFHEEMNL VXD
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AT 57— Mg & R0 2 L S IR & Tz,
S TIE, BHEEAME ATP BEICKEFELTF v 2L
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EENTWD, L, ToEERMTHoZ, TO
FOPX IZZENHENA A F v 3L THY, ATP &
OFEAIZE » THIL, B TEBFOALE -« ILARZ LD
LFRBFFEIC LD, P2X, DAGETBIE O 2 oo FEKIC
L AAMURIZEE L, ke L THORORRF O 3 BiF



ThHZ LA LT, 3 BIFESEL 14 Frox
L LTHRD THHLCTH D, REFERFEITHR 2 DIERNO
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n, BMEROKEELET A THEIZFFTLHDOTH-
7oo EHEEFHAT 2 2 & REEZ MR Ca AR T O X
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DORMEE FIZERNAD LEMZERN KDDL Z &N
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A UHEEO WIS S, B - BRSO T v R0 T
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R~DEEIIEE D, T L TCINIIKRTEMZZ T 724
VoRUBEE, HOVMRERERIZ L - T, SRR
IR SN TV, 2 OiEDOHE—BRETH 2/ Mafk)
B IR~ OEEIE, COPIL &IRIEN D Z v Ry Ei
AEIC X o TR SN TWS, COPIL/Mal, Sec23/24p &
Secl3/31p 725725 COPIl 22— R Z LR 72k »TEDb
nTEY, mrEshs o7 8%, Zo COPIl 22—k

p%ﬁé#é_kpib,aPH¢WKEﬂmmmb

WP AT CRBRORZEREERL AT JERT i A b aE )

IAFEND, ZTOCOPI 22— b EEEINDL X NI E L

DOFEGIE, 53 T2 GTPase T®H % Sarlp 1 & > THillfl X
NTNWDEEZLNTWS, &ZAP, ZIVE Tk
FAZSTERR S AL DART-1%, BT BMEHC XD EE Shiz A
FoFay b, BIELEERLMEGELARNE
WO TRANR S 572, ik Sd & o)y Bt/ Mals
WOAENDEEE Y TAEA LTI THZ LR T
UL, s MK OS5 F L TOERBERRIZ D0
CREMICIRIT 21T 5 2 &M T&E 5, £ Z TH~ 1L, COPII
NaTER A N TAEE S RIS HELL, éﬁ%ﬁﬁﬁ%ﬁfﬁ?ﬁ
TR LWL SN D ¥ v I EOEER | 1L
~L TR LTz,

(13) BEBAFAF =V I E—F—DHFHEE

MEIINATBEMINDEBREE A7 Va—0D LD
e SR IAE T &2 BRIk EE S, RAEDRITITIE
AF v DBRICHERT v X VEEBRE S L L CEdEd

DHTE—H—NFEEL, TOREGEITE—F —DREE
FLEERTFOMBEEHZEB L TCRET I EEZEZ LT

A JER (Gl BRFRFBEEL A TER)

%, MERBEICIEE - 72 R AFEORICER I XA L
MHEN D REERH 5, 7T LR OEEAIZ L, P,
MS Vo 7E, ZNbE222< 1y ROBEKY LT
Do B—H =L N TEITEEOEFICGFAET D LB
ZHITVD, RAEDE VIR INDEEFDF
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NRI7EELT, EZUAEDO Na" BREHI SR A EE— X —
TI% PomA/PomB &K, KIFE O H BRENH A~ A BT —
X —"ClX MotA/MotB EAKRNRIE SN TEY, ThZEh
Na" Fv¥ 3/, H Fyx b L THIEET S, PomB B X
' MotB @ C KIHFEIRIZIZENENHEENTF K7 U D
VAT TR LD, EEFIIE LICHETE S

NTVWHEBEZLNTWD. WEMEME CTH D Vibrio
alginolyticus I, MR DRI | AJERK X5 Na* BRENELD
WARAUEE B D, TORAUERRKIZEBNT, FOX57%
B TR & W) D B E DN EICARAEE— ¥ — IS
N, —REVWIEFITED LS IZHIE SN TV D DN
DWTHRFT DM RERN Lz,

(14) FrRILOEEEZBEN CEMRT H-HIC

]

BASIRE BB ORI 21T > TV 523, Mkl
B LIERIEEBBEZERT DL, Thbb, FyXx
NOBSREZHEEN LIRS A Z L EZ AL TWD, 2D
FiEE T, SfEEE 1.9A TIRE S 0K+ & 4ok
F ¥ FNT 7 TRY - O OFENRNT SN2 (Nature,
438, 633-638 (2005)), " DEHTTT 7 TR U - 1 O
fi#HT (Nature,407, 599-605 (2000)) 12 & ¥ #2572 AKGEIR
BB N RSN, £, TEFAa) UKD
HEXSARAT (Nature,423, 949-955 (2003)) 12Xk~ T, TD4
—T 4 VT DET VR REINT, Bk, T/ TR
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AFRIL RO R R BB A SR E W M B 20

U -4 ONLIRAEEE 3.2 A0 RRE CRET LT, T ORER,
FEEE O B ORI EERNS, 7 THIET A
T TCHRBT DKT v RABREES T LTHREL TN D
Z L AVURIEBE T (J. Mol. Biol., 355, 628-639 (2006)). i
B T EZRNGE T BRI FMRATIEIC LV, Na™F v RL
(Nature, 409, 1047-1051 (2001)) <° IP3R(J. Mol. Biol., 336,
155-164 (2004)) EOEX T SNTZ, 2D LI, K
RoA AT ¥ XV OREEPRIT ST, EEI L7z i
BIEEBEO SRR END KD IZTRoTE,



(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(1)

(12)

(13)

(14)

(15)

2. MR T 2T ORERMKEEEEREANDAHBIRR

200610 H5 A—10H 6 A
RE - AR BEES B (A BRRFRFRLE S RITIER)
PTG E « Ak 2850 (PRRLHERESR IR EHEM)

AR T 5 1ML NADPH oxidase 84 AT it O AT {RAL
- pdOphox DT X7 ¥ —FEH & L TOMREES A 1 =X LOfiFEH -
bl @, REOMeE, )IE 05, A Sk, ThomasL. Leto, ZEAE  HiJ
M F RS F T NG 2 —)
B~ 77 A > 7T VR
WHE fe—, I\ B, 2T, G B, JRWE A, W SO
(AL B K2 E D)
STIM1 %4 L 7= B MRRAHUR S BFEHRKIC £ 2 A b T EEMWE D Lo o DG TG
By Fem, B Gt BRI RE T L X —k v 2 —)
PLC-zeta OIS - HERERIH & M FHIE R
g BZ, Wi R, ER B— UL FERRFER)
RBHRZEE 2 31 v oBhfE &R
WP RS, 2R 5P, Rk Bokd, =R S GRURKFRFRLESRIFIER)
I T ANy R A b= AR D Cat F v FoL synprint site DE
M TEEE, L 2, FEEOEA, Ak BE, R ORE BE e
R R AR E - RAFERL
IMHIZE T D R B Ca T ¥ RV DOAEEEHSHEE
3% fh, MU 32, 280 5A0, P &M, kil %, SAFKE, Zong Shuqgin, Kk FEZ
RO ER LR AR B E R A A 7E R
EET oy — AR FLAY CaM % ) —+, CLICK-III/CaMKI y (& & 2 #FIR 22 2 1 2 sl )
RE WE, AR S0, Al BEFE GUIRFERFEBEE SRR
MBS T T 2B HNEMED ) ) A ROBEL L 4F - Brt
AR i, JF8 il ORISR R 2R P50
MRREEMREICBIT LT A hath A MRV T AT T FLOEKE
e Fudl, RAGR PEE, B B, TP BYr GRS RFRLE PR
NOIZ &k 2D = Fri b Z I L7z TRP F v IATEMALE Z D2 7 AREICE T 5 ER
& ORAE, EE ERL AR MRS, EHE R UK LR
TRPV2 F % /L O N RTE & HIE
R R, I i1, NE E BEERPAERIEHIET)
Lactic acidosis (23175 7' b > F v 3L D 2 AR S E HEAE
A HPE, W =, ) ET, & BT, Wi OE
ONGINNEYNES T ST Y
HERG T ¥ F VDX T 2 2 BIRIZ X 2 3k SR fig B
AR ke, BIH BZ, WUEA, JEK S (RHFRTFEET)
G & RN R & BT U 7 AT % 3V Kir3.2 DA SR O 7 (R i
fREn =, AR s (RIRKRFRFPEET RUFER)
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(16) 7% 2 ED A RALARYT

B BEE, WA BT, oK 'R, B0H O (B ERFERTFRRESRUIER)

(17) BE#E L v 7T RFATBIRR O A A — > T RHT
Tk HETE, M4 R, BEE

(18) A& NI/ MR EREE & BEERED Y TV H A DE=H —

wR, HI AEF (&iEHh

b FHR,OMKOBRE ML MY, WY W ERERKY)

(ZmE4]

BRI, BEgn EHET LS —k =41
V=7, BEE, BHRE, RABER, —AKREH,
INAE=, BKILEE, SEER, KBS GRS T
FEHETERL) , IR, R ERRFESE),
N, REHER, IR (RERS RS R EBTJERT)
AR, SRR, IR, PRI CRTRFR
FREERITERD) , AT &, JIEIET OBz
REFPRFPEEZROIER) , REFIESE, @ufdh, [T
et GRORRFRFBEESSRIZER) , FEH e, 1 h
E, MAREFERE (HERFAAL AT 7T AbEE o5
=), BRR—, REREEZ G ERREESE),
BERRE, WAREAT, WA (B EBRERERE

(#£]

MRS HBOTS L CHUNCSETH 2L 2% “ARET
WHZED” HETHDH, 20T AL, HEOZEE
MR NE AL > MG E D AT » T inb 7Y,
a7 ) U TS, TRHDRAT v SIEE
BARRIE WL 51 DS B4 SO 7 & D22 [ 1 4 F¢
DB TR & 2B A 7 — NV CHEMEM 5 2
ETCEBIND, TOMMAZMD Z L1, ‘@it
WY EWVWIHIFRIZIB AT TR, EBE - TR~
DR R ATREMEZ RO T AR FZOPLEETH D, L
UG, Z ORERHHRCZE fHh C ORI O KT
WThHDH, —HT, GFEMFLENATA A=V T D
RBRRIZE T, V7TV &8 FERYTO
G A AT BN/ Y, E OREEHAEE R M Y
TOBERHAL MR 205D, 0K 5 7eBUk % K
FR, RIS TIE, ZOREICED DMk~ RiF5EE O
BRAZMAZ®E L T 7T Y 7 ORI E S
(WG B IR~ R BRI ) & 22t
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FRFSER) , B EF R (RRERKTE), AREA,
BUJE (KRIKR R R I0R) , AR (R
FRZEEEFE) , WPEHRE GRS RFBEE F R
B, REEEZ GRRRZERZERRESRER), HBWY
RO E R R R R B R o A S A JERL) , ok 0 &
e GEAGHE), WARDHE (ORBOKE R FBEE R 5
B, SEMER (4G RRKERFBESRIFZER), [
FRER], KITNESR (Ao Ao k), BFEE
CEBRRFMA ARG , KBS (CEERORARREI) , 7
AR (EREFRERE A RE) , AMRFEEL, SLLFlE, ks
—, gy, EAWE, A TE—, Batu Keceli, £
W (BRI RE SR 1)

i

(27 mnb~ 7 a~OEERFHEE OFREEDS 2D
DHENIRRR WA RD Z L2 HINE LT,

AAEPE IR A [l 2 20 REOFE & 40 4L EoB
FHEBT, ZRE - FyXANLANATRT - il -l
WD T I NGES L RIAT HDEOEVIEER LIHHRF
ATz, FEL T4, A, BREREY,
TeiA A= 7L Sz 0, R TRk
LWV HSTHE TIERVWNE Th o, X T, EICH
FHTIE R W IR FERR O T, W ODDEER
7RARFFE S RHL - T LTV D 2 i, AR ORE
T REFETH D, 2 FEMIChOLIRATEBIZEL
T, Mfas 7Y v 7 ORFZE RS O B & &Rk
PR FRCE - L FIRRI, 2724 1 X0 RSB
DEMAILEORBICE R L TR D 2o W iinm & R
L, £ dOHEFAFTEHED Z L OEEENFHER S
72



(1) EEHMIZE+55EH/LE NADPH oxidase # & 1A Bii&tE DRI R 1L
- p40P"* DT A TR —FEEE L TOMEES A H =X LDORE -

FilfEE !, REEGE !, IR Y, (EAYOE 2, Thomas L. Leto®, 755 !
(MHFE RN T T FIGEY o F— « S5 TFIRISEF, 2 JUN KRR ARBAEIE SR 52 AT

[BR] AR, EAYOREODIZ NADPH
oxidase (Nox2) |ZHIRT HIGMMEELH V5, BERM
JCOIEPERRFE OPEAITIE, 2 DO (Nox2,
p22phox) & 4 SHIIAE ST (p47phox, p67phox, p40phox,
Rac) I & B2 RNEEE ETO Nox DIEMELRE G IEDEK
MBUETH Y, EFMIEIC & > TRERZRIEMEEFEE AT
FEREIZHIE STV D, 4 DB RS D 9 © phox A
i, BRI oMBREICCEARERERLTEY
(p47phox-p67phox-p40phox HEA14), HIPLFEIZ Rac & 13l
S L CERIABICBITT 5, 4 EIF % 1%, Fey receptor &4
L= B f/EARED pdTphox-p67phox-p40phox A IAD R
NaREREAT A J7 = R L DRI 2 3 A 7

[R5 ] RAW264.7 M2 350 2 filiiy, BT~ o

*Molecular Defenses Section, LHD/NIAID/NIH)

AT % 7F & 720 GFP-p67phox 1%, p47phox & DILFEHIC
X 0 HEfEMEIZ, p4Ophox & DILFEHLIZ LV early endosome
WZBAT L2, ZAUBi, Feyreceptor 4T L7 B RIEHKE
THEH EN, GFP-p67phox I p47phox & DI &
D B OANLBEIZ, p4Ophox & DOILFIIT LV KA L=
‘A, BFEZEEZ S > THEM L, 20 ORRIT,
p40phox & p47phox 73, FEALHH TIIEBATEES FF/=72
VY p67phox ZBRAMBICEITSE D [TH 7 ¥ —EA] &
LTHERET D2 &2 BT 5, &H1IT, HIMICEY
p4Ophox BT X 7% —HEHE L THIET 2 A T =X A
1%, p40phox D4y TR OYIWTIZ - TR Z 5, PIG)P
(ZRRAE G RE A 7D PX domain OB TH D 2 &
ZRH L,

(2) BRISTUoHHBRDOL T FILHEE

e, JImSEH !, ZEART |, BORE |, RN 7, RO !

K ISR |iE, L=v- T oA Ty T
N RAT R R (RMERED & RMESRERIE T 4 — R
v 7 (TGF) ##(2 & 5 R EKMKIEEE (GFR) #HENIC &
I ST D, TGF Bt LR E % R 3~
77 Y% (MD) ML, JEiRHh o CI IREEE=%—1L,
HAEINRIZ > 7 v EE 2, BAHENROIGHER L O
L=y E LS, GFR ZfifiLCnb, Lasl,
MD iR H & OFIPN S 7T NAG EERAE I AR B 72 S 28
EQRN

J7ik (1) Bk L7- MD #ifid (NE-MD #lifd: Yasuoka et
al, 2005) # MV, MIESMERHO Na' & Cl R A HI % 12
v &, MK pH (BCECF) F7-1% Ca*" J2JE (fura-2)
DAY AL % Y FHNCIE L7z, (2) NE-MD #Hifign)»
5 RNA - EAEAMH L, COX-2 @5 (real time PCR
EE) BIL U nNOS EH (Western blotting fi#AT) FELE

(AR RS, 2 AU TR AEMP L)

DANE Na', CI R E A T~ T,

FER (1) K Na® - K CI i3RI COX-2 EmT- D%
BEMAHIN L7, (2) nNOS A DFHEIL, (K Cl IR
WL HAE Na" IBIR COBMERN /NI o2, (3)
Amiloride (100 pM) % 7213 EIPA (100 pM) (Na-H ZZ i
%R (NHE) FHEZ)FIE T T, furosemide (Na-K-2C1 $is
RBLES) 12X % nNOS & ARBEFHENIH Shiz, @)
& Na* IAREH# R O EIPA #5412 X 0 fiaN pH 13K
T (@A) L7z, (5) 1K Nat ISR IEHAIC L v #liEA Ca?*
WX, #mL 2oz,

FLW (1) & Na' WIREHIC X 2 MIaERrEL s,
furosemide (F 723K [NaCl]) #E nNOS & HFEH %M
fil L7z, (2) COX-2 DIEHFRHEIL, MlametE(bo g
BT ol fiEm  SRERIRIEI P o [NaCl] 21kix
NE-MD #lffi2o> NHE, Na-K-2Cl sk % A L CHRfN
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52 B4, COX-2 3 LT nNOS FHL A M7 U CHHiL
TV 5, MEANEREE O nNOS FEHUL T2 L 5 TGF it

FEMEREIS T, COX-2 OFFLEIZ LV REIRDZ &
MR E N7,

(3) STIM1ZAMA LT-B#lanEZAARRBIZED R F7EMEDIL I LR AERME

IS FEM, Rl

(BFRIEATZERT S 7 L X —Rs ettt o 7 — o eiliErsE 7 v—>7)

B MladtFZ &K (BCR) Fl#Ic L v iEMb L=
PLCY2 Ik » CTHEA SN D IP3 13 IP3 ZAKE S L CHl
JARNT N T DA T T DH/EE (ER) HD By
UL A &R Z L, Mlasi D oA N TR S L
UL (SOC) MAZFHEET S, LorL, ERAX N7 DX
N AR ED X HIZ LT SOC F ¥ R &iEMHE(L
T2OMNIARHTH D, fakFES L7z STIML 7 Fid
ER A T OANY T AP —E LTHE, SOC Fv
FOVEMARICBE G T 2072 B2 6NN, ERIZED
EOBAD=A LT T HVE L SOC F ¥ /LG

(4) PLC-zeta DL -

OHEE i,

Phospholipase C-zeta (PLCC) 1%, FIFLERS K O Ks1 — INER
BICEE U TR IR E 2 S IR E IS BT L, IP3 &
RENT D/ Ak b OENE Ca™" il (Ca™ A+ L
—av) EHELTINEHILEF R T 2RO
TMEME L THER STV S, - HRINE AR 71
RS 4~5 RER TR SN D RTZICATT 5, fih)7, i
BIERIEIC Ca®" A v b—va UMEIET 5, Tk
PLCC t#WEAE Venus ZHfEL7mEREEZ 2 — R
T% cRNA Z~ U APNCEAL THBSEH & Ca™ &
Yl—varEBREL, EEEEL, RO THIICE
17952 & &R L7z, PLCS 4rF1E N Sl 4 >d

(5) BIREER /A VDENRELHE

EHEREMITHE DT B O0NIH D TRV, & 2 THx
X2 oBRMCT 7 r—F3 57, STIMI BET%K4H
L7- DT40 B Mk 2 B2 L, & HIZFE~ O STIM1 R A
A VEREEZO STIMI KRB S, STIMI
DOREREFRIT AT o 72 L 2 A, EHRIREER L O BCR HRgIE
IZBWT, STIMI Aa=—727 AN 2 R+ &,
FLT, ZOFBED SOCHAILEETH D Z L RHI LD
Lirot, XBHIZ, STIMI OEhIZEENR L O SOC A
\ZZED STIML #§RE R A A V& [FIE LT,

REELEYMFENESR

PRRGERE, iR — R FIER - [E - 5 /)

EF-hand domain, F 95D X & Y @ catalytic domain, C ¥
fil> C2 domain 7>H Y, X-Y [ CTHravHhA %5 2348
EINTNS, Z0Ot » JHEBICEBITY VT ARERE
L7z, f5, EF1 domain OBUKIET 2/ BRIZAEF 2N %
72 3A=0 C2 domain & KK LIZHA L, Ca¥t Ay L—v
3 VIR LOEBITRNELR Lz, Z1Lb Ofik-
FEREMENTA> D, EF-hand domain & C2 domain {2 X Y Rk
SNASARFEEDRERBIEEICEE CH L Z L 2T, &
HIZ PLCL @ Ca?' Ay L—3 3 Ve & BERBATRED
EMFHIEREWT Do

=111
—+

7 RS, hn [FW, RAIR Bk, EIRSSE CROIRFRFBEE S RITIERH)

KIS ARARIARLIR I 2 A DIEHRIZZ AR T, B
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FIT, VAR OEBREE, A3 CEEK
FEAHEIC LT, AT A ABEEEARTHE B IZDz > THI
BT 5 R R MR LT-, NMDA Z R RICKAF T 5158
RIFRI R B L LT, A S VERRRER, W, L
TARA VBREMBR SN, Zh O IXEHIERCEY
MECHIET D EExLND, LnL, ZOIEBKFDN
AIHAPECIIR & IR A, e ER SR, —

75, NMDA Z FARC A1 7 1TRAF L7\ W AT, K
FORTIRME, ABIE SN, ZOREMITERIE RN S, R
SRA KRR, I L REOT X TOEIEE S,
VT AREEOEYFENRPLELEEZ NS, ZON
KIF ATYEPELC X > TR ERLER A/ v OERDHTA
Eh, Fio, AL COFEF DR ATRE & 72 5

6) YFFRINAITY RH A b—LRIZEITS Ca™ F+ 2L synprint site DIZE

PORMHE, LT EZ, ARREA, SRUE, RELE &iEEE

WAL BN O PRI IC I 1T B v T A REIEEE L
TN L PIQ RUBNLIKAFME Ca™ T > R /T & - Tl
NENDNELE PIQHL Ca® F v RV OHAN K A A
SNFE T VYA b=V AEE Y VT F AT D
synprint site & FEXN DAL H Y, ZOH M E 71 v o
T2 LT T RREDIHNEZ T DT b, TOEAL
137 YA b= RS S L OB RE ST
W% (synprint {5i0),

F 2 1 IHIL Z D synprint site ([ZT 2 A h—3 X4
YN AP2 AT L R LT, AP2 1
synaptotagmin & fiE LT T A/NAD 7 T XY T
%17 5 7%, synaptotagmin (X, F7- synprint site & bk
BTDHIEPMONTND, £IT, Ihb =FOfkE
PR & Iat L7z, ZOfER, =& OfEEBE—HAL TfT
D, EEVPEWVIIETT 2 Z LBWALNI R o7, &
BIZE, ZHOMBEBRITIT Ca¥ KFHENRBD O
T2o TR BIKIEEE Ca®" 2BV T synprint (X3 AP-2

R RFAR R E 2R TER - i A B )

LREALTOVD2Y, Ca™l JRHEEAS 200uM (ZEET 5 & B
IZ synaptotagmin &fEEBEERT D ENRWPSMNL 2o
720 IKIZ calyx of Held 7 7" AR #& K5 1 synprint peptide
IR 5 L C, synprint site O F 7 AMREIZEIT D
TR 2 FE Lz, BEEERIEIZ L > Ty F 7 2/NMad
T VP A =V RABROT Y R A b= ZEHRIE L
7o & 2 A, synprint peptide |Z=2 VA h— RIT/EH
TPy RY A b= RET Ry 7352 ERHALD
o7,

L7223 > T synprint peptide 37 7" A= 2EHNHIEFH
X, =7 YA b=y ADT 1y 72X HEEER TR
<, TV RIA "=V RADOT 0y 7 %0 T 5MENHR
EHER SIS, T O OREFRIINERD synprint G A
THLOTHY, = R A h— A~DEE MBS L
7o Hi7c 72 synprint (EROMELEDBNLETHDH T EBH BN
W7o,

(7) MEIZHF S RE CaF v RILOAEEREEE

FB%, /NMUPNSE, ZRSAM, BB, AU, #HEKE, Zong Shugin, KM
G ER SRR - BE - f8ITENE 2R - MR SEBE 0y 1)

BAARAFIE Ca T v FOVITEBGIE, EBFE RS0
BRx 7/ i RB IC B W T EE &R Z R LT D, R
W Ca F v xuiL, FERLMER, 7L o ISR B
LTWN5Z ENTNE TIThREMBRILFENTE EXAE
HPEHFEEZAOTHASNICENTWD R, ZOMREN

TENIAADEETH D, Fixld, R Ca Fr LD
APEREE IO NCT 2 Z L2 ENIL, AF v RXVERB
TR~ T AD/PNERBICARED RN E D D ERTL
oo T r—% 0y RERHWATEEROER, ~7n
KAB R OR B KB~ 7 A BV CGERYEE ORIES R D
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BTz, WNTREAx OEKEBEWRNT 21T o 72, /MK
DFATHRAE - 77V o il o0 BUE I o 7" 2281
HEMIE (LTD) 2MFtLI-E 25, ~TurXE~Y
AWZBWTHE, LTD BZHELTWDH 2 &, FREXRE~Y
ATHE—RAREFETHDLZEBHONE RoTz, — 0, 7
NExvxfifaE Ly N T U TE— RTRFEL, B L
VREANCE D TR i HIAET D AR TR

EIFRIZEZAH, R B Ca F ¥ FNVERBLEOK FIKTF
LTI EnBHLNERSTz, LR ->T R M
Ca Fx R /MF TN Fr filaDFkBRICEET 25 2
BRI, Lk, R A Ca T VI NMsEEREIC
& o THETIT R S HE 2B H 2 RTZ L TWD Z L
R XTI,

(8) E7 o h—BmEFEMN CaM £+ —+, CLICK-III/CaMKI y [T & 2 1K ZE kS { B il i

G Z, TIARAR &0, ARGEHRTE ROURER G R AR e R e AR L2253 B )

T (TLARTIZAPREAN AT 54 CaM kinase, CLICK-III/
CaMKIly #[AlE L7z (Takemoto- Kimura et al., 2003), 4
63 % 1%, CLICK-III/CaMKly 73, 7 L =/L{k72 & TRz /<
NI M ALD 2 EFEEM A= TR Y, B AICIE
TV LB THH Z xR L, AP RER
WXV, HEOREEMISE LT, KERDIEER
RAN VIR E DR ERSRE ONRE 7 7 Mgy ~& Y —

FER, ZREBRT S ZENRBESNE, T, BAE
OB R KM G ~OB\ T EAERICELY, K
BERTEPEDS R A & OV D BRR 2SS - RS LHBET
LT ENHBMNITR o7, T2 6 CLICK-II/CaMKly
X, KB OTERBIENRICE#EIZ 5T 5% 7 —8
Th DA R ST,

9) BELVTFTRICETHARNEELA VT E/ A FOEEESE - IREWE

AL, SrEFTM CRECR AR AR E R ZER ARt

WK > F B A F (eCB) MO~ 72 fElk o o
FTRAZBNWTHI Y 7 E LT, AR X
ORHIMIC T T AME#EEHRET LTV D, eCB D=2 —
TS DREALE, BRI X D HIKAA Ca®t B LA,
F I G Z RROTEALIC L VB SR Eh D,
E7, ZOZODRFMRFBY 2 & eCB FAITEFIIT(R
N5, FebHid, ZOMEDEN PLCR O Ca®" &%
PHEICERT 22 & &, S5 eCBIdBZEHL 2-7 7
FRIANT Y —)L (2-AG) TH D Z L EHBLNIT
L77e 2D X HITeCB D=2 —1 )b OEADEEIC
BLCEEZEL DI EBRHLNIRSTERER, V7R
BB~ STz eCB 2%, EDO LI LTRESNSED
PZONTIEEL o TR, AEl, F72HITHEE
Bf=a—nur - X7 XY CBESZMD IPSC Zitdk L,
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VT ARRERITIFAET D 2-AG fifERE ) T NT
Vo —L Y =¥ (MGL) D& IcoWTHiET LT,
MGL # B PRI ET D L 2-AG S L - TAEL D
IPSC MHINE LR Lz, &b EIC LD
eCB O#MTTHE Y 7 PV b EFRICHHE RER 2R Lz, F
7o iR O MGL FLERI % #6535 & % 12 IPSC 234l
SNz, ZOWElX CBZ &K (CBIR) 7 v Z =2
NCEE L7722 &2v5 CBIR RFMTH 5 & fbim S h
72 LT T, BEIZEBWT eCB NMEFMIZKE S
T3 EE2DHND5, MGL X3 7 ARHFERIZEBWT,
WATHE S 7 L OKFEE I 27200 T <, EFIC
B ERTWA AP D eCB L)L % FiF, #7275
LD SN I ESET HEE RO LB LD,



(10) #WRERHBEICHTEITR FOY A FEEM Ca® o5 FILDEE

AR, RARPET !, RS 2, AU

(BRI R R FE R A 43 - SR HRE, 2 40 BRSO BE R 2 SR A JE R e 2 B )

T A MaYA MELA T w7 RHIRAN Ca* v 7 v
FHEMCEZTMEE LTaoh b, SRIFE~
X, ZOHFEMC VI FANRT A bad A hOEER
BRED —D>Th D, 1ML R DOIEERRRIZBID 5 2
EEWMET DL, IP3 WY CE{LEESE TH D IP3
S-phosphatase DZEEHAIZ L 0 H ¥ Ca® v 7 /v 2 il
L7 A bathd M2 2 LIgsiL, Thidt
e LT HBERS = 2 — v O R 2RI L7z, R
HEDEA LT TR A A=V TIZEY, Ca'o T

KIBT A bad A b BT, AR 8o T AN )
THZELERMR L, £ Z0HRIT, MEMHEN Ca?
ST FNRIBT A ha A kLl L7 ERICHES N
252 enh, BMRTOBEENRINTZ, EHIT,
S ORI O HE 2 MR fRT 5 Z L2 kv,
Ca" v 7 FNVRIBET A WA b I E b
THI MR L, TNHORRIE, 7TAMad A K
D AFEN) Ca*" v 7 VSRR DR IEZ RS 5 =
LITED, WRIERMEART L 2RRT D,

(11) NOIZ&LBA=ZrAIIIIEENLETRP FrRILEHILEFDO T FIVREBIZEIT3ER

SRR AEMBLBICE G LT D Ca¥ v 7L AR
BRRMOWREL, 2oV BT EEERD (V7
V—2) JEEPAEET D, T, WNEHERmAER 1
(EDRF) THhH—M{bZEHR (NO) b, khx ZeAEBIERMN
HOMCENTE L, MENA~O Ca¥ AL D Ca™'
W LRI hE R G REESR (NOS) ZiEM(kL, NO
EEEAET DR INEE D F ¥ X050 FRERITRTEH S
N2 5 TN,

A lal, PERZARBRIC X0 BT 5 Ca¥'F v kv
& LT ST TRPCS 25BN O NO 72 82 L A 1tk
WREZ BN L CIRME L LA Ca IASHEAZ L ERW
72 L OFEMALERER L OAHNER - T, TOR

ARRE, WRER, AR, &S

CRAEBRZER B T ER Bk - AW L5

& TRPCS5 DFFED VAT A L ERFEDSHBAO NI & B
(LB %2 32 HEME S5 Z E S B0 o T,

F A RBIIRN RIS B WO TR AR 21T 5
L NO EEAR LU Ca¥ EAM R bh-, Thbo
I TX TRPCS 12K % siRNA O A X 0 il &
Z &35 TRPCS M2 AAEHRMIZ L D Ca™ A Z LA
FEAINOS ZiEMEA L, FEA S/ NOIZXLY TRPCS OF
RBEMEAL S| & Z SN D, EOFIEEREDFEIR
BE N, SHICHERIZEWT TRPCS & NETL NOS
DEABEAKRZIEE, Zhicky ca® R NO D> 7L
DR L MpE S, BETFRESOMBEHR & W o o4
HUSEMNS &R ShbEB2 65,

(12) TRPV2F v )L DHREAETE & HilfE

RERES, PIET, DNEE BB RPEAARENERT

TRP F ¥ )b+ ZA—X—T 7 I J—DRA L "—L, U
7Y REEE, ZRMIEME LIV T LT ¥ RV 0T &
L CESEREHHKEZMH > TS, TRPV 77 3

A R 43 )
Y—D AL —THD TRPV2 1%, Jifi « Mo~ >

7 —UICEFEBL LT\ 5, FERIIMIRE, TRPV2 T ¥ RLi%
RN = oo — kX v b BINAE BIDRE LY, M
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15« IMLP O 5T L —EA MRS BT Lz, Ry
FI I TEIZLED CS BTy —VF Y U T~ LT
Y RIVERNPBIE I N, rutheniumred, 225! TRPV2 &
frf3E A, TRPV2 siRNA OF Sk viflshns Z &
725 TRPV2 &t B2 bid A, 2o Cs' &G
< fMLP #5128 > TN L7, GFP #&i#% L 7= TRPV2
ZRAVWCHENOBEEE=¥—325 &, MIFEP MLP
I vEREND TRPV2 O T v Auo—4F—T g 0%
PI-3 ¥ —EHEHR Y — h~=2 - LY compound {Z L ¥
il S, FEZEET G EAZMET S E B%ERIC

07 vy s &Mz, TRPV2 OHIIEEE o RTE % LA

a4 2 &, TRPV2 1X focal complex DHFEE72TERETH D
ARV —=AIBTE L=, & FY' — X121 Rho, Rac, Cde 42
R D& FE G EH, Src R Pyk2 DX —F,
gelsolin 728 D7 7 F U HIHMEANBET 50,
dominant-negative Rac MEA|Z LW TRPV2 DK K —
LD REITIH S iz, IMLP (XD~ r 77—
P OWEET ruthenium red 5, 258 TRPV2 BinFHA,
LY compound & 5-IZ L W il & s, U bEnbaE~ 2o
77—V O, BEEEREIC TRPV2 5L Tnb &
Ex b,

(13) Lactic acidosis [ZH 115 T 0O b U F v R ILD2AB IS B HFE

%%{i@fﬁ‘@j’m b > F v RO I Lo TRl D
L H Z@EROICBRSEDLF ¥ 2L THY, Z ORI
B H fb&ﬂ@ driving force I%, HEfRIEZ /3% pH &)
Bl (Ap) ITIRAEL TV D, WSRAVIC, Miflast pH MK T
PUET ¥ RAEMEE I 2 S, BRI USR535
Thd, LML, M7 F—v2&2E25L, FiIL
AUT EHMTIE AR, EEE, Mgk pH &AL pH 1308
T 2HENEL, HIRENOAPH OELLT v RGN
OEBHO TENIEE LV, B, SEET H Syl
BEET LA a7 ) T ERNT, RENRAHET

ANEHBDE, FIE—, JHIEF, HEF, BHE
(CRBRHISER 2R = A FERY -

Gy RIS, ThaRARIESR)

v K= A TH 5 Lactic acidosis IZFE L CO H T 1 /v
W& & et L7, Lactate (pH 6.8) #5925 &, ApH D
HN & I HY channel 232 ICIEMH LS 2, #5445
53 TlE, ApH OZE & F v R UVIEPEIFAHEE U lactate IR
WZHRTF L7223, ApH MEWIZE L% b F v /WM

1 LA RIZ P - T L7z, 2 @ late phase TIlEF v %
NERFENRRE SZL LTV H F v RV OB
1EMEALIT Lactic acidosis OJFREZFRHI T2 ER OV & >
EIRDENRBIND,

(14) HERG F¥ RILDAE > T L2BIKIZ L 2 EWiE X DEHA

(FEHRF: - B

HERG # U 7 AF ¥ /UL LG OBESRICEDY, =
DF ¥ FVOBRMBEIZ LD QT EREFEREMNF] & i
I ENBEEHAREARD U A MEE D, HERG F v R /L
DFEHIE, BRICHSEREDIC L > TTry 7 Sh
QTEE%%%E’T’&T%é Bex RFEH OFEEIT
B5L, HERG T ¥ /L OHFLZRIZ & 5 5 HEik L (S6
«)y&xi@ﬁ%ﬂ-%%%)#ﬁ%ﬁé_kﬁﬁg
NTWD, L LARE 4 BIETHHHESL &> HERG F
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EA R, HEMBE 2, IR, ARG
TR, 2RISR - EIRPFSEAR)

¥ ANAFTFIR LT, BB oY Ta=y b, E0
BB T 20, LWIOFERIIF/FLA TR, 20D
£ 9 RZEM ek AR E A ST 2 &R LIC KT
o TT WA OB IX RAEA LA TZ 72\, & Z T HERG
FX RNVDE T 52 BIEEAER L, FEE MM ~Z
BO(HE—EHE . THEEAR) AL, BERATEMIC
W) (cisapride) IZX T HEFMHEFRE L 70 v 7 ¥ x
T AT AERDT, T R2EERO—FOYTa=y



MIZHEERZEALZLDE, 2 2OV T 2=y MZ
FEMo TEALE LD ELAS LEAERICRE s
BRONTZ, BIFEN EERY A 7 NVEITICL - T,

P a=y MEHOEEICHEERR 6N, ZAbD
Lk, cisapride OfEA bR U= LT R 5T,

(15) G EREFIHRNFEEREN ) D LF ¥ RIL Kir3. 20 MEE B O AEE

(RBRRZE R E AR JE RSB RREE 7y - Al Sk

G EAEREANmZERED Y 7 A (KG) T R/
Pkt G R A RIS BRI L0, BT OS]
Mete v T T AREMETER T D BE F— 3 UM
BWTKG F v F/VIiT Kird.2 ORIFEEAE, Morhisi
Bz B\ CTIE Kir3.1-Kir3.3 O BREEA KR & L CbE
%o KGF v X VOIEHILIE G ERERy V7 2=y bR
Na', 7 /b 2 — V5 OAR Sy 1 O M B S8 IS~ D 5 A 3
FlE&ThHD, LML, KG F v /L OME fEkIC R
T DREEEAIZEAS 2 R e o7z,

AHFIETITAEBRAICAETE T % Kird.2 RFEE SR O
R A X RS SR S B W TR L7, RS

it

UN
)

fREa =, AR

i

T OF ¥ FMEHA LR T OIAFE T THLNR, 4V 2
~—OESRIEC RS OBE Y, TEMEER T IEFE
To Kir3.l &S EEEILTWe, Lal, BEao
KG F ¥ RV OMEE L T 5 &, BEEEERICH L7
JRFT O —TREEN B2 D Z Lo T2, 2 OMEEIT,
KG F % R MZB W T PIR2 FEA G2 7 X JBEMR Y
i+ BT, Kir2.l ([2BWTET v 2 —t EREEC
BUDERNL AL, 7 — MBI H G- 2 8%
Thod, LLEOFAE, MREHEKIC LD F v 2UEE
NN, ZORATEEAEE TS 2 L 2RI LT
W5,

(16) JILA = UERDO AR

TNH I UBITHARRSRIC T D R E R EEN
TAMEENE TH D, L, FH I EROZERIEEE
B OWTEEN RN ITIZ & A EfTbit T,
Tz 1E, GR2 BIRD 7 V4 I UERFEAE A & a0etE
DIMWORDTNE I VEET a—T ORRFEEITR, v
T BB D TV F I VBRI OERERA A —D
VA 4N R Y55E e U S DA R S hab STH R R
SUBBHOA A= ICERA LT RER, B—vF
ANOOTNVE I UBEREOFEAICEBIL, 20T R
— 7 MBI T ZE IR L C o T AR AT & FTREIC T

BEWRRE, WOREAT, BOKTERN, R
(Gl BRFRFBLE LRI IER - A B

HZEMHBMNE IR oT, Fiz, FIR—LT AT VT
K270 I U ORI L, Z OHRa)
RAICZERN AR —ER S HZ 2R LT, I BIT,
IEEN BN T3 BRI AT 5 —E M TR REYE
DTN I VBRI DBER S v7e, PRI L -
T, TORBHI NV I R R/ Na OB 0
WHRTZ2bDOTHDL Z EARENTZ, Fx ORISR LTz
TNE I BT n—TIX, Sk, VT AMREDkX R
R ECHIE I 2 BT 2D 5 X THRVLO2HDEE XL
ns,
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(17) BBE L O TRABAMBRDO D FA A — U T

ROKTEPESS, Hephe !, BERER S, HIIAET?
(BRI - W > 2 —, PERBF - S s X —, CRER)

(1) R 7 ARV B0 2 R BT BHRR O il
BRRZER D T RZBWT, XU X EDOVFT
ARIAEAF 72 RBETOEIRR L, v 7 A EHHERO L<
HDO—o2E LTEHENTWD, TOH L LT, mRNA
DOEECFNIRFNEH O LA 2R R E 2 o TW D D3,
RNA granule TH %, Fx 1L, FHHRNAFES Y 7 H
RNG105 %, RNA granule (Z331F 2 FaRAIEEA 7 & L CIA
i L7z, mRNA ICEHREG L CRIRA I L, #ic &
Y mRNA 2> 5 g L CRRR NS LT 5 L0 5, Lk
A TOHFA T = AL E RN LTz, 512, Xy b
T—7 QMG L TWDHZ bbb oobb,
() | sy FERMRET L e T ) v 7

HIRP - ZE RN O TEREZ B DT D721l
TR VAT AL LCHT A Z E NS HEETH
Do MIE —ZHE@EO S I LT, BEET Y
YT ETOT, 1 TA A=V TERBEINLH LN
TG T - AT - HEMERE VWoTe T A—X
T, TI U EE) - AR - RO R I a2 L—
3 LT, ZORER, NIRRT
FRRRERE LKHATE L, ORI, MiickT S
R FDEA Ty 7 1%, WHEER, EmBlgziE
BN GMNCTE D, 1 O FFRIE, AT L5ELT
DRHAE « A fn DRFFEA~ L BT I8 A B LT D,

(18) MERM/NMRESEERERDYTILEALE=F—

B b FHX, BROBE, MBS, B OEE (RREROCEAERY)

158 PN AR T BB AR V3 i 3 PN R RIAE O BE AL IS 38 1T
HWECT R~ O/ MR OREAEZ &0 BldG S, Ko M
IMRITTEREAAL & & BICHIBIN L o 0 BZRIE ([Ca™'];)
DEFNB NIRRT 4T ) =T HEL
T/ MRS A BT 5 (/MR i) . Z ot/ i
EESL A R & L CILREEE RS R ST 7Y
= FT 7Y Ly, MU X R E R g
& ke S 5, BEE S OBAICIE, i/ MN [Ca*)y @
Rty 55X 5 phosphatidylserine (PS) D FMAZPNIEDS 5
SMIE~D exposure N TH D,

Fex L, invivo MIREREE TITI1T D MARTE RO &
FT 272D, < U AR E O Cltlas g~ o
PS @ exposure % Ifil/MRIGHALOIEE E LTY 74 A

LENT % AT > 72, GFP (green fluorescent protein) <~ 7 A
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IERIEERIRIC 3B\ C L—H —FREHC X 0 i PN R 2
G LT, GFP KEikifi/ ik & PS ORI ) &7 4 —
T 5 alexa568 17k annexin V & FWT, ML/ K&
OMEEEE RS 7 v s LT PS 2k L, A
L— P —a PSR CENE N OE EIRE O E(LE 3
WL E =& — LT, WfEtE%2E=4%— L T in vitro ®
FEBREDHWTHZLICLVUTOZ ERHLNE RS
720 1) Ca®" RAFMIC L/ MIRERSE & BEE S HET TS 5. 2)
M TOM/IMEEEIICEIT 5 PS ORBLIZ, EEES
DR « FOLEE A & U TEMPITIEN > TOE, M
MEHET DR TITEDORIAN D RNhoToZ & XD, PS
OFBUNIMPEOB G1Z D722 LR ST, Kk
VI T O I MREEEBE & BEERRIC DUV Cam L7y,



3. REREMRER

20059 H25 A—9H 26 A
R - EEN - ab 52— CGRMERT: - RRF A LRI > 2 —)
PTG M —# (G b LB )

(1) Sialidase NEU4 I3 KM A DFEMEFEE % H1#19- 2
Wy —85L (ERESI R AE 2 —)
(2) HFRIRREICIIT D AT > &I LI e e SnifilktE o fighr
HH B GUEEERT)
(3) =V F¥A b=V ARBAFICLD GML H 7 ) Ay REREL 7 I uA RpF 7 EDBEARE
Bl B (ENLRFERE v & —HF9ET)
(4) $afEE=a—a RF—LHH 7V A NHUK . T 7V s MEA TR Z i

(5) A7 4 I YER—VREFL< W R(TI1T 5 FEER B A5
xE i (BOERT)
(6) HLrFron+EMmalEm
HE Mk (&FIIRT)
(7) 7 v UEEiiEst~ b Y w7 A X 2 BEEN & AR 7 O fig i
AN EHERT)
(8) ro & hilgk 7V A—T A
Mk s (B ERT)
(9) 2y RuA FURBEORERIZ X 2 AR & ~ 2T A L R G
N e (R R)
(10) HNK-1 ¥EgHA= G REEE R GIeAT-S a7 K~ 7 A DVER & Z O A L ER ikt
bR AT GREBRT)
(11) b aTYEMEIC 81T 5 HNK-1 BESHRERE I B9~ 2 F SR
ARE —F UEBRT)
(12) BL3-N-TEF NI N aYy I VEHEB#ER 2 BIG T/ v 7T U b~ X0
AN & (PERESIR A IIZER)
(13) TSR RAA > E®D O-Fuc HRI 7 )V a2 — REBREF O 7 0 —= 1 7 L BEEfRIT
Vepg B (BEEBANRAAFFEAT)
(14) O-~v ) —ABUEBHOAEEREHY A ba 7 4 —iE
R () HURHS i A Fe AR AR B A HO R AR AR ET)
(15) MEAR B T A — V& AW OAR—FEBIZ 532 N-T ' F A7 o I VERBER V OFRE
il % FR1E) U 7o Bl SH Ak —
A Hrt CRUEERR)
(16) N-fEEAUEESH b — X% FIV N2 A. oryzae DFRNT—HE S /30 B SVE S BERERG O BRR D & R 2 L )0 B
AEPEIC T T—
IR R/t (B PRRIET)
(17) MS" AT FL~ v F U T X DHERT T RO BEZAEERT ORI
e =R efRER)
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(18) vV YT X ik o IR AT A OB EAL

(EmEA]

ARE ORIBER AR AEINIE R > 2 —), 1
A CRIERZEARRAC AT LRI e > 2 —) , i [
T ORIBRFARR AR RN I > 2 —), PR
h GEER R, Lz (EvEFERE S
—WFIERT) , B CGROTEE AR AHIZERT), HRARH
(BEMBZEWEIERT) , IR —RF (BMEARRSERT), Al G
W), BT CRRIER - QIR T v T 1 7)),
Nt (SR - BARE) , AREFERT (SR - Be -
), /PR (EHEK - BE - 2), #A A (PERBINGR

(%]

PESHDEE DM L THDEZIR D L 5127 oC
LR, T ORF S FEARM R BERE AT AN & D 5
RHZKF U TR IR IR IZE D Ty, RifFsts
I Z ORBEE L X FgEE LTV 5 L7 O 5EE %
£, BUERZ T A MERZ B L, BB~
HROERAS LT HHLDTHD,

A FET, HEWEREHNEED 5 \VIEEENITREIC
BHLTWDZ EZ Rt MmANERIN, JHlELbiH -
ORI ZFEMIRRTT UL, SRABNROND 2 EN+4y
IR CE 20T, WBLHEHICESEZ YT TR, L

BlE R (EBRAATIERT)

BHFIERT) , Vel (PEESANAATIERT) , MR —50 (&
BRRSLIS Al v 22—« WFFERT), T GrOpESER - 1),
AIAS T G - B« 38) , AR —F GrUflK - B - 38),
BAmZE ORBOK - e - 2, RAERIG CRBROK - fz - #),
ARBE ORBROR - B+ B, ks — (BJIER - e
PHEFBRE 2 =), wHEME (FIIK - BEAamprsE
Bty 2 —), HRE =R (EHRE K - B - Seim Ak,
NEIRGE (PESEBANTR S IFTERT)

ML, FESHBIEOFRRICI Y, BEHITA < AmBRICHE
HI5ZERHENLIR>TE DT, SEITHEEE R
RBIZPR &, ex 2 EmBLRITIER LATZES 2 Btk L7,
iz, BEHBITEOIERITIL, BEESNT - EROMELL,
EEl, WHERRMET, Zoookilz T EE
CHZMELTH OV, FESHIERENTIEDBLIR & ME A 2
BETL, TR T o7z, T ORR, AR OMA
HERTRE Y, WFFEDHT- 70 BB ILRIBFFE D AT ReE A
T CE DR E/D I LN TE,

(1) Sialidase NEU4IEZ KB ADEMRE ZHIHT 5

(CEBRSIA A v 2 — R AR, ERIRSI AR S 2 —

VTV E—RITHES s OFEIRE O IER TR B
CTNBEGWT 5, 7 U X —EILTET NEUL,
NEU2, NEU3 @ 3 DOW[FE STV D, H2 iTMaE, B
W7 U F—F (NEU4) D7 o—=1 7 LPERIEHTIC
DWW L7z, NEU4 [3EEE Rr BN RTE 728 &
DEL DR THOLT VA —E LfHiET D, ZnETH
ANTFVNT NEUL R0 NEU3 A3 FE R 2 2 I TR <
BELTWAZEEHLMILTER, 22T, Al
NEU4 ORAMZELEZBH ST, NEU4 BBADOE
WCED LS R BB 2 TWB IOV THRE LT,
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M —3L ", LB, N, Ee T
AR

KIGD AT HRE (0=25)% FV, KIBAA & IER
KRk H1F B NEU4 D FE8l % Real-time PCR CHRIE L 7=,
KGR A TIEIEFHRRC b, 23 A% C NEU4 OF8HL R
IFAEEIE T L (p<0.001), EHEZ EF S5 NEU3
DFBLL O %R LTz, £ T, KIBEMNAMIET
NEU4 RERBEZVER L, BNABEOZELE KRG LTz
& Z A, NEU4 TSR EPERRE 2 B0l L, TRAIL IZ &
L7 R b=V AEMRE LT, Fio, ERREORMEE, %
EREOIMHI LB HAL, NEU4 2L 5 KIGA AL
PEEE DK TR S hiz,



FITINDEREOED H B, BERESETREIC
EH L THIT 21T > 72, NEU4 XK AL C ks~
YoRy, BERRE DM KR L, BRI S R b
O T NEREYIR L T\ e, NEU4 (T AF D> T L
I E L<UMTo2 00, voAX U Tr Yy BB
K OVFACScan fiftfT 21T o722 A, YT UV Le &V T
U Le* DT NVBEREDE L WD 5k 7o
2o T UL, 7 VL Le* DI ITEY, NEU4
MNHRTIZZNLS T I AL ZAFEEZ I RET 5
E-EL 7 FUACHT0BERMARICIR T LT, F
7=, KB AMIEE BB L7 T2 CRIT 5 &EEIRED
E LW ESNED LA, NEU4 (3Z 0 L5723 L
oo WITEBHEIZOWT, BB L7 FUfiliic kb7
FNAREED LA % Fiit L7z, NEU4 i3 p38 & ERK DY v
FRAb 2 L, INK OV U ERIC I B Lo 72, p38
D FFDY T FNTdh D HspT 13T 7 F > OFHERELT
VW, EEREE R SEL 2L BMON TS U R

fBIZoOWTHRTZEZ A, B-BELZ FURIEICE S
Hsp27 OV VBt %Z NEU4 132 T\ e, 518, A0t
Pl kD B2V FURRIC L DT 7 F 0Bk
BRI D&, BB LT F Uil 2 W T Hsp27 D U
FRILIZFE D 7 2 T 0 ORGIEZELD R B, NEU4 HA
MRIZBWTEDORIGIHME T L TWe, £/, E-2L Y
FrTa—ML7eT 4 v ¥ ETKRIEA AME I FE
FEAMIEEE S L7 AY, NEU4 BT HRE CHAGIE E D{E i
RO BN o T,

DL EOREFRIZE Y, NEU4 X NEU3 & I3#ic KBS A
THRBENBA L, WERBUC L BHEA RS ST 2
LB BN E Aoz, NEU4 [THIfERmO T 7 UL Le*
RVT VI L DT AR EREL, B-EL T ED
BEEMET 720 TRL, BV FURRRIC L DY
TFNREZ S SE 5 2 & C, EBRECHTHEE O I
1T TV D AIREMED R STz,

(2) EEIREIZE T2 LTF V&N L= RENTIEIE DR

Rl R e

RO AT D AT T, AR T
W END, MIEHIIFIET D LT v LoosE B HT
FUIEg~—H— L LTRSS TE R, 51 L-ub
TR D AW FWFEE & OBIEMEITIZ E A EBH LI
ENTHRY, LOLARNDL, ZOFERE SFEAFR

I OMBEERH D Z ENMER TS, AT I
B HIUR L B -2k 0- 7 U v L —EDT

I BEA O K UG (X7 L) E— ) BIFEE
T5HZEERRMET D, GEHEYME EICE, oLy
777 V= EMEND VTR E G T2 T 5
VI FUBIET Dy <DV T Ly 77 Y —Df
FaBEAMNZIE, ITIM & FEEN D Mmoo o~ 7 v %4
A DIIENTFAE L, FEARIIC A S M IS REL L
TWD U7 Ly 7 4314 U CA Ml o A pTE 1 A
INHLOETRIND, BrlL, YLy 2, 3,1,
9 OFERFABIRZIER L, LF v OEEEHRT DL
EHIE, MLV ROMERL SV TOLTF o OREE N

FTEBEICOVWTHRFELTWS, 4ElIiE, B MlElo

(‘ ﬁ%ﬁ%%jt - ¥ T., CREST, JST,

FHGER S, JF RET
SHRRER - B

I SN L F U

Ly 2 LRI DY Ly 7 9 I oW TRIE
DH LA R~ D

) v 7Ly 7 2% LIZR

LF & LTE, b MM LS180 O HE I L D
R L 7= 2> (MUC2), ~ 7 AZLFEHNL TA3-Ha LV
FHLIZLTF v (mE7UH=2), HDOHVITEHETR
LT (BSM) 72 Ex Wz, AIEREURR LA AY MUC2 2
F BSM ZEMIL LT L— MIHEAT D 2 & 2l
RIDELEBI, BETHET 7Ly 7 2(130Arg % Ala
(A HL) 0N RifEIk KB 7 Ly 7 2 THERZ L—
WA LN END, ZORANRERNTHD Z LN
R STz, RIZ, B Ml (BCR) &4 L7-1E#H
BB T DT vy 250 Lic b T L OfEG O
WCOWTHF LE, &AF U HFHETFTH IgM Bk
(F(ab’),) T Daudi MM A BN L 7=, MAaZENLL,
lysate ZFHE L7=, LT 7L o7 2 FURTHRIZLMKEL,
W% SDS-PAGE, T RZ 70 vT 4 7#%I2Y
VEBMbEsnhi=v vy s 28U 7 v— b &viz SHP-1 &
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BHLZE 24, Wb AT v ORERFIICED L
Too F72, FREIZ MAPK OV VL BRI L, 1EifmE
PBHIH SN TND Z ERbhotz, WIZ, ~ 7 AFLIE
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fte L7z O-fucose HESHIT
factor like repeat (EGF) domain I &, thrombospondin type 1
repeat (TSR) domain FIZ#RE X T35, EGF domain
= O-fucose 13P1,3GlcNAc fEFEE%EFE Td 2 Fringe 12 &
0 X L7 DHEHEEM A D, 2O Fringe 12 X DHEEHE
fifild, JEREFEAGRARIZIVNT Notch ZFKZE N L2 7
FAREOHIEICEI S L, WP EE 2R L Rz
FTIENMBEN TN D, —J5, TSR domain F-? O-fucose
\ZIEBL,3 #EA T Glucose NfFMINTWDHN, ZD
Glucose AT DBMEBIR FITRIZASHoTH
53, BHOKEICH L Tha bhro T,
P 3=V — - EEDANRE BIFEA (NEDO)
Dt MEHERBEERRFIA 7T ) BT n Y =
MZBWT, FEHEHGISFOWREIT > T&E 2, HiMl
B1,3Glucose #nfEEERIBIL T DB DT, T E TH

[EL#% fucose 2%
, Z#UE TIZ epidermal growth
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JERT « BESH AT 7E R o 2 —

ek &
- BESHR IR THEREMRAT T — L)

LTV BIGT EF—7%2 7= —FH L LTHH
WL T —H =Rk U TREB AT, BT RESR
Wi TE R L, AEf oY ar e MR (ER
L, BEBBRAEHELE A7) —=v T LkE 5,
Fucose-o-pNP {25t L C Glucose % #i5f8 3 2 G ME A HERR S
Wiz, RIGEDEZEE v~ s777 4 —TRELZL
25, EHEOLBHRE S TWD CHO Mifd NAEM: D
B1,3Glucose HERERESRIC L D RIGEY & Rl UALE IS 7
FARBmE IR, ZULODRRENG, KIEEYIZ
Glucose B1,3Fucose-a-pNP ThH 5 Z L N RE I, &
DOIEFRIL B1,3Glusose IRBEEZE THDH B2 DN,
DOFE£#1E, TSR domain @ O-Fucose 1Z%f L D Glucose
T 5152 A L, EGF domain F® O-Fucose (Z%f
U TS M & 7R S 7e o 7o, MR RTE 2 st L 72/ R,
B1,3Glusose HfEEEFE T N-KiRlZ > 7 VB & FF> 5
WD AT DREFR T, C- R KDEL FRALS] “REEL”



IRIFHINZ ER IZAFET D 2 b o7z,
PLEOFER X 0, TSR domain - O-fucose g DA S

f%i%, EGF domain EDOH D &R Y ER Titbih b 2
LiREz LN,

(14) O-% Y/ —ARBBEHEOEAREFB A MO T 4 —4E

By

GUEE N HC S B I - AR - A AR AATIERT)

YA R r T g — CIHRRAME OB K Y, 1
TTPED KT R0 fh 246 & 23 2 i n R BB O B FR
ThbH, BRRMEBYA a7 —ZHEEIND
Muscle-eye-brain J#% (MEB) & Walker-Warburg JiE & #
(WWS) [XIBINAE 72 & 0 AR AP R DFERL S &1 5 2
& &R L 3 5, MEB OJRREIR T & LT POMGnTI 73,
WWS DO JF KR T & LT POMTI & POMT2 BRIE S
TWo, IULHLDORKEEFEDDY O-~v /) —R
(O-Man)BRUHEBH D B RUAR D BEBIFER Th o722 &
25, O-Man BUFESH O BE BRI A ba 7 4 —iE
DIFK &7 D Z EBPALNERY, FHEFICLDHY
A a7 g—EWD Fii RS s s v, £72,
HAR AR R D FE A TR OHERFIC IS 1T 5 O-Man TUHE
BHOBEBEHENR S T,

O-Man BUfESH & 1%, EAE D Ser & 5 \ME Thr (2~ >
J—A (Man) BEA LTEZ A 7OREHTH Y, WELHE
TlX Sian2-3GalB1-4GlcNAcB1-2Man % EEifERE &35,

IO O-Man WPESEMIL a- P A Fr T Y I
(a-DG) EWIH HZ U RITETBEINDN, THET
a-DG LSO 5 /3 7 B CIEMERR S LTV 720, O-Man
HUBESH D A RRICB VT, POMGnT1 1% GleNAcp1-2Man
OISR D GleNAc #5545 (protein O-mannose Bl1,2-
N-acetylglucosaminyl transferase 1) T& V, POMTI &
POMT2 {4 Thr|Z Man Z 5% 5 O-Man 5% /5% (protein
O-mannosyltransferase 1,2) TH 5, ZILE TOWZEND,
MEB ¥ X' WWS B3 T, POMGnTI, POMTI, POMT?2
AR T OERIC L Z N E N ORI EERTE M T
52&T, a-DG PHEHARERVFVA b v 7 1 —iE
BRIET D LV RIEA T = XL REI T,

4l O-Man BUMESH D A= & Bl & 0 & L7-BEEDs
HH LM LT, O-Man BUPEGHTS I OB HUEER R I
FEJRMEBYA b7 4 —JEICONT, FLOFR %
A TS LTz v,

(15) BEANVEUFA—ILEFALEAY) TROERK
—EDIEBREICES Y 5 GnTase VICH T HEEXIZEM L4 ) ISR —

P, mhith—, IR, RA)IRh, B R GORIERR)

[B]FA 7D a2y RixZ ) a v LSIic BT 280
7270 av )L R F—Thorn, WML RLT 7Y 2
VLS TOFRIABHZB W T L F A — ViEF OER %
HEOBELOREEZALTWD, 2 THE, HESIL,
NRUB o TF AN OHERGFERORM L R~ T
F—=NVEFRLEFA Y 2y RORRBLOZ Y 2y
MG ERET L, RIGHEOENT=F A7) a3y K& &
RBEMETRO RO FIEORIE 2R AT,

(58 - FER] BE S0, REH 2 L LEoT A v

FA—NABBRTHD Z L E2RELTWVD, RARIZE
DX, NUBVROBEMRELE 4 LHE LT, p-AY
FNFFI R FF—b (la) ZERN YU F A
—ELTARLLE, £—5T, GRIEROFE L 7
Bp-RFIN_B U ANKR U BEBRTLLTELNAD -
RF I NRBrFF4— (1b) bRATH L L
(Scheme 1),

Boh7- la, 1b% BF3 - EROFEFN-7 X AL
at I BNy ) —AD peracetate & G L, 4
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7Y av R (2, 3) &l (<96%) TH72 (Scheme 2),
BT 2, 3MHEE L4, 52 RF—LL, Zra—
AFHER (6) I\ZNEK 7Y 2 v AL 1TV, iR & N-
TE2FIZ LY GnTaseV (2519 2 PHLER] O FE P # K

£ L
_»
73% SH

(3 steps)

OR
b 08H170\©\
—
S0,X
R=H c X=H

1a: CgH470

X=cl 1b: C1aHas

R=CgHq7
(81%)

a: CgH17Br, KoCOg; b: HyS04; ¢: SOCI; d: LAIH,

Scheme 1 Synthesis of p-octyloxybenzenethiol (1a, 1b)

AcO

o]
AcO
AcO S R
NPhth HO
4 HO °
+ HO
NHA
Ph X0 O% Ho—”
o) - 1)NIS HO
BnO AgOTf HO.
- >
(R=Ac, H) s-@—R 2) N-acetylation ]
+ 5 3) deprotection HO 2
HO OSE

OH

HO 72 % (6 st
BnO 0o o (6 steps)
BnO. OSE

OBn
6

Scheme 3 Synthesis of trisaccharides (7) from

phenyl 1-thioglycosides (4, 5, 6)

(16) N-#5&BVEEE E—

ERD R () OAKETEEERORMTER L
(Scheme 3), ¥£7c, AFELTT v FE 8) OERKIZH
WHL, BAF7ef R 21572 (Scheme 4),

OAc OAc
AcO O, 1aor1b AcO O
AcO — AT
A0 OAc BRaER0 S—@—R
2a: R = OCgH17 (96%)
2b: R = CqoHps (96%)
AcO OAc ] AcO
AcO NPhth BFyEl20 AcO NPhth

3a: R = CgHy70 (89%)
3b: R = CqpHps (84%)

Scheme 2 Synthesis of Thioglycosides (2, 3) Using Odorless Benzenethiols

AcO  oAc

CO,Me
AcOl
AR opc A oac AHN-L5 07"
CO,Me CO,Me OAc
AcOn a A b AcO
AHN-LpQ700e — 2 [CEK X075 (TR —= 2
e o =/ 60% ALY
OMe

9a: R = OCgH47 (74%; a:p = 1:6)

8[64% (a:p =2 :1) from 9a,
9b: R = CqHgps (84%; a:pp = 1:4)

74% (o:p = 3.2 :1) from 9b]

a: 1aor 1b, BF3'Et,0; b: methyl 2,3 4-tri-O-acetyl-1-O-o-D-galactoside,
TfOH (cat.), NIS (2 eq), CHzCN -40°C

Scheme 4  Synthesis of Sialoside (8)

A ZEA = A oryzae DR

— I NV EREEEMBOERNCEEY VAN VEREEICAITT—

B Aspergillus oryzae 1%, HR LV HAYE, #ih, Bk
ML DI OREEAEFEICH VDLW D, Batkic
B L CliikERMSERSD (FDA) 705, GRAS (Generally
Regarded As Safe) & L CREINTEY, FHFZ 7
BEAEETDHHREA N LTORIABHIRF STV D, L)
L72NG, BEbERkRDOZ BN g/ L A—F—DEE
BTHDOIOIZHL, BFEY I EOEREL LTI mg/L
Rk D5y
WARFRIZ BT DER R S TWD, BiEs 7 g
DAL, MARICBWTHE#EM NSNS, 2T
T ARG X (N-) fEATEESHAINIEZ AT < R
FENTERENEETH Y, N- EEIEHEZ N LT

BEICEE-> TS, ZOFEKDO—>E LTE
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P TRH
(BYLERRZERT DY L R 2 =)

R BB E PRI B D PR IR R AU T
T35, YBFEETIE, B 237 B EE PR o fif
Bz B U CTH#BA LR TFIEE AV a21T o
THEY, DMUERBEH A RN AT 2 Z LTI L
TWo, £/, G LIEHEEHEZHWT, L2 F oM
HAERBTBS KOV 7 F U ERRIENT DT D D5y F 7 m —
YRR BT 28 21T > T D,

B 1 MNABREH A EEL Lo E— X2 W T 7
g4=T4—ru~v 7T 7 41—k, ERNNLLHE
PR 7 2 MRRIIIC S FTRE CH D & B 2 T, A EID
¥ TlE GlelMan9GIcNAc2 BHHRS & B — XITHEa Lz
WEGHRRE & o RO BOFRE, FESIIRIT D iEA R R,



BEOMIRRNIZ I T 2 RTEMRT 21T o o i R 2 Wl 5
Do

/NI IRE GRS X BB, A oryzae B VR
W m O EHEICH T A Z Lic kR Lz, BohTe
/NIRRT Sy % AV T GlelMan9GIeNAc2 B — R |ZHE A
DRI BRI Uz, B LI NI, fix
DFESE R B — X L OFSEERZAT o 72RER, Gle1Man9
PEGRRRINCHE ST D 2 & B MR L1z, 2@ Glc1Man9 ¥
BHREA S X BITRBE T ) LT — X N— A (http/www.

bio.nite.go.jp) ZFIH L7= LC/MS/MS fi##r & 0, 4. oryzae
\ZH31) 5 calnexin (CNX) TH D & [AIE S4Liz, MR T
DJRTEETIND 72T CNX-EGFP fha Z 87 E %
B4 2 AR ZRE L, bz i/, EGFP &
I & MRt DR AT o - FER, CNX A/ MaRIZRIE
T5Z PRI NIz, 541, CNX mFEBIRE L Ok
Bk IRE L, MaERNICER T B2 28y B EE A
By LRy AN TR OV CEHMET 5 T
ETHD,

(17) MS"RARY LR Y F U TIZKBERTF FOEEBERITORAAS

HIDE =R 2, G 2,

(LA T2,

KA, RINRE 2, PR 2, EIFRES 2,

PR —EE 2 (" (BR) BNinAg 77/ ao—X, 2 LHEE RSB R e B 26 5eke)

[1ZC®IZ] 55, BROHTFHC L D0 X U], B
TF R = v AR EOEICHESR L oo d B Y, HESH
Wb E O ERIERITICTITEL L OMEN H
%, Fxix, PA Q72U V) b NABEEZ W
T, ERCEA A2 CIDMS" A7 b~ v F 7k
DHEERGEMRNT 21T > T& =, LavL, REIOME(IC
PRV, BERTTF RO EH A RO AL TH Y
T L, EEESRIEMATT D 2 ENSBITRY DD
&%, 4El, NanoHPLC/ESI-LinearIT-TOF MS (H 3Z/\A
7 7 8l NanoFrontierL) Z W=7 F RO IE - &A1 4
U MS" A hb o F U N KD EBREERRT T RO
W EAT 12O THRET 5,
[ 5 & A5
N BUBE~ 7 F RAEERRAT -
IFEHSRO®EME (VT UL) NERESRT T K& Hn
7~ EBRTIL, AA 4> CIDMS"(n=1-3) (CID) A2 kL
X, EAAVE—RNERRY, V7 VEBHEED T Z 7 A
v R, FIZ, MS' O A A (m/z=953.8 (z=3)))>
LT MS? A7 hLiE, ¥ hEd—2D 7Y ay
FEAMTHALETZ I Z AL M A I 2 (B

m/z=1000.4(z=2) & /LT 5, TDAF U MEELND
CIDMS® 222 Ui, PA L N BB (BEHES) 22575
L7z CIDMS® 2827 Lt b L —ET 52 Enb,
B ZAT DT T T AL MAFAAZKH L TH, MS" A
M=o F U TREHTHDZ ERNyroT, IHIZ,
RFFROT 2 )Wy — v ARPEEOMNBEOIRE D,
EA F > CIDMS® 227 AV TITZ 5,
O R~ 7T NG IERENT

T YA AX (sLe¥) ZFEA LIZA R O~ F
R, A4y MS? A7 bUE, YT AMBRB IO
A—RAELT T T AR Cy A A (m/z=819.3) AT
b, ZTDOA T NHELND CIDMS® A7 FLig, 15
YRS T U LA Z X (sLe¥) DMS?ZARY L& —F4
b, —F, BHEERTHHIT UL RAGLES) EiT—
LRI END, MS"ZRY fL~ v F 7 O BifE
HOREIZHLADITHD, £/, 3 KR - T VLT
7 R —REFEG LIHESTT R T, RBEOREENED
i, ECD (B FHIEMRE) A~7 FCED~TF R
= U ARG, DRE TR D,
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(18) EVDILT = /LR ZEE - - REHBINE

= Y IT/a

FOFISL 2, tpabtR—°, RAAizS, % #E !, b
(" B ARBL R A AL BRI 0T 3 - R A BT P,

HEE e (A T R AT = S MIRPN TN PN TR e 2 i)

BESITMIL D FR i D RIS HEE L, MR o0 e -
FEMMHAERICEERERHEZRI-LTnb B0
TW5, ZOMEFITCBVWTE Y AT I /{biEd i
W fRHTIE, BRI E FTREIC T 27210 Tl B
IRV TR YT ¢ 74 4 F— R TORESRHIRE
RGN L3 AR H D 2 &S EEMICHEWVEE
i TR BAEOREHMN L XX TWDHHIETH
2,

ZTDDEL OFRETE Y DLT I kiEE VWi
PESHRHT 21T > TRV, —ENIET ) aXTF4—F
AHDWTE BT VU L D NS RUBEH obzEfE &
TR AT PA L L2 RICH OV VISR %
17> CHPLC f#i3 %, LaL, BkfFe RV U0RK
I PA 7 & OIEMEM D FENTIZ B R 5.2 5 Z L D7l
72K, WEROFEHZRTT 5 21T b OBREN M
Tholz, £ TR TIEYMIETHFMICIT-
T 2% HPLC AT 217 5 Al & Sy fiRe 2 Kiglz ok L
72 HPLC fBHTIZ O W TS L2 Wy,

T2 1T TN FE TOSRMFRETORER, FEEMHT ORI
WRIZBNTT T 77 A M=K AT LE2HNDZ L
WL > THRMICE RTIPURE, VTN TOHET &
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FALEFTREIC L, {EERFRMZ KIEICH/ NS 2 Z & T
i, EDBWCINETIEPASISHE T =/ — /-7
BV BT L > TREEG PA #FRE L TE72R, PALKIG
BOY L TINEZFOEER LT =D T L THEMNT L)
EERHAT 22 I Lo TEINEZW ESE, b
DIEHE DR LI ER O[] 112 L 0 BEBE 8 O it 23
FERELANVETET DI LN TET,

—7J7, HPLC AT DS HONT b I AL BE BT 12
ST 5 7o ORRET & 1T > C& 7=, NIEM HPLC f#tr <t 7
TV MR T L EEE L ZNE TR RV
R A2 BECT 2L &7 olay, L0 EWSBEEEZSD 2
ENHk T, F OFERIEM HPLC TONEE ZhE To
RO TETAREND 30 A& RIBITHESCT Z LN T
X, FERE—JZIRIN TV ERPEHE CTHIRE
T5HZ L RAREIC A o T2,

ZOFEORMIZLY, 1RO FETIH AR EET
& > T Wi & 2 B E TR O N B S \Zir o7 2 &
Mo, FAIIRMEERERRIZB W TRET LTV
FEATIN N A& A BUBE S O fRAT 21T > 72 DT, Z OFFMTHE R
WZDOWTH I TlET 5,



(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(1n

(12)

(13)

(14)

4. MRREAROHF-LTRAELEET SFEE

2006 F10 H31 H—11 A 1 H
fRF - HEEA - R [ CRORERME R - BHRIR EATSERT)
PTG < B Zefl (BRI SERT)

Yt RERAE F 12 & o CAE U 2 DS IS T LR ) N D A % — B 0 7 TG 1 FEY) eEF I A/EF-100
FHBUK T X 2B ChRrE S D
K GREPRZ R A R 2R FE R
T3 A—8 DT 72 PR RE & = ORI
= ESE GO RZPISHER T H0E)
Ta—h b=z {EEEICIT DMINEED 2 — AT
g B GROTRZER PR EES - Kb E 53R
I har RU 7 EHIEsE
WK EE GRORKER SR a5 BFZeT)
Apafl \IZ X257 R b— Rl {HEE
T B (B KFEER TR - AR 5207 BF)
VCP & F'E OBEREf#AT
HE % GUERZPRES A MEEF R
RENVZREEIZE D B— S ARV R T = X A
miE Bl GRERER PR E SRR
A7 ¥ b= U CRRERHNT K DA R
Pea R HEZ FKERFESES - PIERNRRY: - Bl
PURSZREZNT 5B U /BT A F— AR B/ EEA b L 20#&E
Frl RE GROXER SR #a 5 BT ZEeT)
NFATcl @ A C 5 BT D eE i ks 7 v
El R (BURER A R R BB e G 5E R
Ya—hb—7 WEMRIZETS Tee 77 IV —Fnv - —8 —pfbEAEHFOHIE—
WA —3 CRRERHERR KR E e A IR
TR b=V ZARRMER D BAZIZ 515 5 DNA 43 fif D 55
JIAR A - BE BE— (KRICKPRERE SRR
SAPK/INK TEMEAL I B & A= BRAYZ &
R s GRORER AR e BAFSET)
Ya—bh bh—7 MSTLIZL DA AN—AIERIFILERE T BITIL INK S TH 5
WoERE GRORERNERR PR R BRI AR A K 7)
ASK 7 7 2 U —IZ LD A b L AR & FMpastHl
—fr FE GUIRFRFEGHE LRI
NF-«B {2 & B HIfRsEEH] D A T = X A
I ESEE (IER BRI R g )

X

A= b7 7 V=T K D GG & M P AR
AKEs - CROTER SRR R B A= B 22 55 B )
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(15) =EXF > 77 I U —IZ L D ERMAEHIE

(16) S hav RYTabEXF o U H—FoMEE

(17) R LIET R h—3 AR5

(18) x 7 v —I AFHFHEIZBIT 5T =F - F ¥ XL DEE|

(mE£]

RHE S CRORIEFRL R B BWFTERT), A &
RO ER R R AR R BWFTERT), 1 ake] GRORE
Fhol AR E R IG R BMTIERT) , IR CROXER
AR EA R EAIZERT) , REE— (RRRFRYEE
ESRATIERE) , A S CRBREFRL i FHR - HER 22 R
WFFERT), #5HERGE RO ER R R 2 EHA R BT ERT),
AR RO RO EEHG R BWTIERT) , — 1R F53&
RORRFRFFEERMZER), /hn i@ GORFR
FHEHFROIERL) , AR R REREGE TR
WRFERL), A ESE CRORRFERFEBIR SRR, A
TosE CRRRFERFEREFSRVER), BEER (R
IRFRZEGEIRARIER) , HE & GUEIRFRE
Be BB ErgERl) , ZEIE U RER B A f A
FATIERD , ANHHERE GRS RABe A A FBL2E I TER)
KA OB RZERABE A B AT IR, KR i
CRAEBRZEREG BB AR ERL) , KA (R
REFBEAEMBADIIER) , BRI GRS Be
RENRTERY) , mRE U R R B A Bk
JERh, O se GUEBRARFBE A MBI EIERD , &
faRE U RFERFEESRIZER) , AR O

(#£]

R ZE A A 0D 58 A o E S MR MERF I M D A MBI T
HY, TOWFKEIERDOESRREL 5 & 24, M
D5y TREREDFTER 72 FRAT 2> O, FISE & 75389 2 2 /K,
FATEEE, HINSEE T —7e Ehkx e RmRIZ B 54y
FVRRAIZH BN INTE T, Fz, FEMEZEED
HERET HHGCT NI 5 T ORI 6% L iR
ERETNWD, —J7, MEANORES T OLEH CIE
{BIZ B 2 Fad AR 7 & ek O WFZERCR 25 MR FERTF 2212
Bl pBm a2 525005, Z0O X5 ITHIASEMTEILE
CORMRBITIN A, ASEIRAFZE O R 2 B AR D3 558
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TH BE GUERRFRFB A M BRTIR AR

B TR GROCERLR A B o+ L)

A B CRBRORSER BT E R e

Wil ZRfh (CEPRARFZE AT RE H BT )

FRPRFBEEFLRIZERD) , (WFEEE G Ry Ry
BB R PZERL) , IDINFE G R R A B E R
FERb) , B A (IR R FE ), PEEAN (E
RERFPEZIGRLE), & HEE EERFETN), |
TRt (EBERFEESE), —MiEw REKFRF
FEFER) , RS — RS CROTRFRFEBEIR ), Bk
B (RORRFPRFRHEE), RBEEL G KRY
KRB, HAKEE CGRRER R R FEHGE R
BFFET) , THERB (B R PR B A mBR BRI 7
B, KE H GUORERRER SRR, e K2
(FKHERFEFE) , B % GULSERR P AEMB) |
e ORI EAMBEE),, il & GOR
FERR P AEMBLIEE), B S GRORSER R4 m A
FHR), @ R CGRORERSERR SRR, MA—5
HRORERER AR, M H AR (CEHAAFZET)
FH L CERESPHIET, &feE2 (BRI,
HARME (EEZPHRET), WHEAKX (BRI,
E.LLee (ABRFHIZLAT), Veltendo B (LEBREAFZEAT) ,
Hil e (GEREAERFFET)

IR ZRETWD, 20X 5 7R T, i
FRUFERFIEI K OB 53 B 2 A58 L T D A58 A3 —[F]
&L, O TS & AFNAEICE L TRR0HE
FFOZ LITERICEREOH DL B2 LND, %
U — R4 BHFZERE % H LT & 2R E ORI SERFZEN
FiRDRBET L0, AFESIIREES N, 2 H
DTz o TR ORI WA S, 1ER R
LRI EWASH 7 S, ARBFFER O B X5 R
IhiéBZBzohs,



(1) FEBAREBEEICE>TELHPEBEAMRITHRBEMNIRT—EV T EEFEY
eEF1A/EF-1aDHERETIC L 2 HEMBIETRESIND

MR 2N I 1T DA OERE T (A4) IC&h-
T, MRHIfRE 2 DNA 2348487 5 anaphase bridge & V)9
HEIEDGED b AL, EOHEVPEIETIS, UKD/
JARAELDZ ERNHD, DL RMEOYRGRIIRE
ETHY, ERMSERT D2 LIk > THIBROB AL
FHEINDEWS, Fexlx, ZOL D YA RERE R
I XD R M & 55T 5 R FRL (85 R+
CREB DIREIEMTAKAE L7 VWME, & 5V X DNA R
A Y AT — I HEHK ICRF-193 OIER) , 4 Uz N
fERARIEAS caspase FEMRAFMEDFHFMAESEIZ K > TERE
INDZEERWE L, £2LT, ZOMRIEITNY R

KR M GUEBR R AEM R EF 50 R
F—bC S UEBETENE L CELRBRMEER T
eEF1Al (EF-la) OFBEMENZ L > THEIND E VD
ZEERLE, £72, T eEFIAl OB, 1)
¢EF1A1 mRNA @ 5° IR B AER) & 722 > THE I 1L
% Z &, 2) CHO Ml Tlx mRNA ORZE(L & BIRRILE,
b NERTIEFRREEIC L > THES D Z L 2F L0
EL7z, 2L T, ZOMFEEFEICED S5 T ORE ST
77, Y RERREIC X - TA U D USRI A
BrESNDH LWL L, 200 THERH LML e
Vo2 b, ZOHBMISED AR EIZH ML
TWS ZEMABMELZZ LN,

(2) HARAN—EDHFH -1 EIBHEEE & T DFREHE

HANR—BILT R b=V AE[FICMAD T T 7 —E8
& UTHRIRCRE SNz, 7 R TITHIRZED ER D A4
I E R <, MIRRSERR T L 2 RO 2h=- Ju R
ERDAR—BOELHHETHD, L1L, B IOV
a v Ya NI NoT% < LB TILMAEIET
FERDALFIZHETH Y, MIUFERZE D> 7 R RKIA
FOAEBERRITRTZL S ik STV 5,

T A= & 72 A N L AREOR A 7 T VDL
N U TR b S D, FEABRE THGEMEDE 5
JadERIA B LTz & &I, RERTZEICS L Bt

S ISR GREURSFR B RITIER)

BRI EE R CRBIRIIC D A X—FE OIEHE(LE 2 0 B
EEhb GREEEE) . £z, (OO RE TR 27 R
b= 2L CTEHE TR DG 5~
SHEIEY 7 F NS T R b= ARM S swEhd (R
fEPERETI) . Z DBRITH A=V ITMEOHE % Fei-+
T ENEEBEFRICIVALNICR-sTER, &6
2, ZHETHAAN—BIXEEET 5 & MIEsER 75 S
NHEBZLNTEEN, HREBZITHA N AORE
WX > TEITG U2 LL g E b2~ L, HifasELL
NOABREEEZ RT-TZ LR LMo T,

BERFELEICE T DMABIED/NZ — AT

g KB, AUk EEZE,

7'v 7T AHRASEIIER O RE R 2 ha s> & LI IER
REANCEHETH D, R, TR M= R &0 TERENIFRF
% B ORI T, I A= LIEND VAT A
a7 —REHLE LI RTE ST

=i IESE CRER R PR RIIER)

W5 B E VS It IV T, HIRSE D RFZE N
Z—raBbNIL, BT LMD, Mot T
BEICP < Mild) ZEHERD EWOI T a—F a3 &7
%o BT THIRSEDLERA X =2 T 2ATIITHIZY
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H ANR—BIEMEALD FRET A > 4 /r—4— (SCAT) %
HETHNT LAV 2=y v avuya o ERL,
WEENC BT B IR DO AN D Y OBIG A fifhT Lz, 3
2w < S HREBLHMIC BN TH A= iEME % —

1ML~V TR 2R %260 L, RO 2 —
WZOWTIRMT U725 5, 2 OMIASEIZ 1T E D/ Z —
PIFEET D Z ENH LR 5T,

(3) 2 harv Ry 7T LHERASE

AR ERE GOUERERR ARG R B IERT), A

THRN—VADY T FMEEEEIIZI b2 KU 7
OEEREZ(EAREE L CBY, B2 77 IV —&EAY
N ZRET2Z LIk D MEEZHE L TV 5,
Bel2 77 SV —EHED 5 5, Bel2 1TINT AR h— 2
HEEZ B/ L QW D, Fexld, Z0 Bel-2 M5 LR ICEEIZ
BREHTE N TV AY 2=y 7w AERERIL, 70—
EFNRTALTEL, 7 a— BT DI LT R b
— U ADRBERF LT, TO/RE, Bel-2 hT AV =
=y I AERRL L7 v— i~ U AR R &

B (RICR AR AP E R FERRE A F7)

FEL, D, 7 v—J{oiRiBIcids bR 7 R F—
CADBEEGNAMEL ol T, MAIET AR b= R
Pt D Bax/Bak # 7 /V/ w7 7 W k<~ A0 embryonic
fibloblast RCHIRANE DT & FEMICAT - 7o, ZOFER, O
INHOMRIZT A b= ARREZMA TS, 7R b—
ATIBE SN2V, non-apoptotic ZRFMIRAEIIBIZR XD
Z &, @QZOMIREICIE, A — b7 7 U—HROEREE LR
oL, @A — b7 7 U—EIHIT 5 Z LIT RV s
PREFISND Z &, ZRWELE,

(4) ApafliZ& B 7R k— XHH

Apafl 1%, I b=y RUTHRIAFET A b — o AREKIC
BWTY b7 o b <e</I> DIFEFICHANR—E 9 &
WAL T 2T 47 2 —0r 1 & LTI, Apafl R~ v
ZIEEBSETH Y, BABRBIIBTA=a—rr DT
ARV Z2EFloa—mrOER—NRBHO LN Ln
5, Apafl RIFMET R h— 203, MO AEEICRIT
HARNEE = o — 1 ORERICEEREE R LT
DH0EEZX LN, £72, Apafl KRIBIRIFHRHEIEHI
I, PIBAFILBERCEINRIR 22 ED A P LRI XV
BINDT R b=V RCRPIMEE R, Apafl K~ T
A% CSTBL/6 ~ 7 AR LARHL & 282 T, 4MA b
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HH OB (EERTFETS o EmET)
PR~y R L EEROT, EFICHKE LEEL RIS
Apafl REXREY U ARERINTZ, ThHDF T AT
i, MOfEIC b REEZRED T, BE EEOT AR h—v
A G AR L RIRBEICED b, Lo Z i3, Apafl
REFVET R b — 2 AR OR AL TR, M5
ORI L 0 AR T R b= ARFE S LT
HZEERLTWD, £, /MEAEA B LA REKIE Apafl
RAFHET AR b — o 2T 2 R AT 72 SE & 3585 2
Z &, RRERTRARIE Apafl KAEAIRZIS b FRIR 22 Mlia 58
L7525, Apafl (TR LARWVE LW
R DFIEDNRIE S LD,



(5) VCP EEHE DHAERRMT

HIK

P ld, tREMRBOKIEIESEDLo+L LT
VCP (Valosin-containing protein) &5 9 AAA 77 I U —
\ZB S %5 ATPase DHEREMFNT 21T > T\ %, VCP OHIlE
WD JRTE & HUR & - 7o s fF Ye il CTRIAT 2 & EICH
REIZFELTWS, L, RUTAZI v Elni
W2 E A ENERE LTI, NIC VCP O RIfEE R
THIRBHEZ T D, BZLLATENDOE R VCP (2
EUERER, RENELLEZbOEEZ b, £ 2T,
RY ZVE I EFRBSE ML B SE TR0
a7t VCP AR L, BEMITICE>T, KU 7L
IUIZE ST VCP I B0 T 2 RERMSE & T
LAREMEEMGE LTz, ZOMER, AU 72 I OFRE

% (KRR AEMELAIFZERL / SORST (JST))

WIRFELTC, 8T 22 # DT X JBRICY R, 1
I T BT MERFEEIND Z ERH LN 5T,
D327 I BOEMAERMT 57 I/ BEE LT,
ENENITNAVE I UEE (D), TANRNTX U (B), 7V
Z I (Q) ITEHL L= Rk (DEQ 1K) ZAER L, H53%
RGN (PCI12) ICHBSEZ, ZOERKTIE, BHE
ERBATHBE SN, EbiC, B\WizZ &2, PCI12
HUE DR LD 3R HMi & FF 8T D TEME D Z & A R
i, TRbDL, VCPIL, MIEANICAY Z7d I Ui
LT L) vk 7 F U LEREZ 2T, O
FER, BNICBITL, B2 5 N THRZER 0BG %
FlERITEMEZH-TWD Z EBHRIENT-,

(6) NIILNZEKIZCLD R—NIoBBEEEAHD=X L

il B OB R AR A A TR AP A A B~ R B PR A7)

T THROELEEFE =% Y U (AR-IP)
DFEKBIETHEN T2EXF U H—ETH D Parkin D
HHE L LTI VZRIE (Pael-R) Z[EE L7z, Pael-R iX
P BHDEORNVEAE TH Y, KM s
SEDE, MIEA RV AEFIEEILTTR b= R
ZETSED, PaclR ZWEREBTD FF7 AV =y
7 <A (Pael-Tg) Z/ER L7z& 2 A, BED F—133
AR O 2R T, I parkin-KO < 7 A
Pael-R-Tg ~ U A & F A oH 72 parkin-KO/Pael-R-Tg ~
7 A CiE EFLO LA Pael-R D BKTFHNCHITR S Nz,

parkin-KO/Pael-Tg = 7 A Tld F— 33 AL IL 2 i
THI40%ICTE LTz, 2D~ 7 ADMCITFHEA 72/ Mk
ARNVAD—H— EFA RO NR= AL H o8 G
LRI A b U RIBIEEDIEINN R b ATz, BIZ 18 # Alis
BT hay R THEAE T OIEHR T RA T,
VL EDOFEFRENS, parkin-KO/Pael-Tg ~ 7 A% AR-JP DI
BEx L SHEBLL, Maka LR, BERA R L ASHE
FC/EH L CEMERS &R &Sh, R har KU T o
AW T OTEHIK T 23 IS A MERRER 2 NE T 5 0 Tt
WinkEz bz,

(7) 472 b= VIREREHIC & 5 miE MR SEER R

erx R HEZ (BKERZFESR JWEDRIRE LIS SR 5)

RAT 7 FONA 2 b=, HIRABE A AR D
UUEECTHD, RAT 7 FINA ) b—=NDA )T b
—IVERIR, £ D 3, 4, SNKBEILIZREN R Y b %
JDRER, TREOA v b= VEIREN AR SRS,

IhBiE, REMY s U 2 IZE A OfRE
R D, 2RSS E 2RI 5, Fx X ETIL,
PI3K, PTEN, SHIP, PIPKI 72 £ DA 7 ¥ b — U URER
R ORI~ T A EHNT, TN HOREFEO KN,
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FEMARCTIEFERER W 72 &, ZHRRIREE~ L D723 B Z
& % R L 7-, L-PIPase (leucine-rich phosphoinositide
phosphatase) 131 / > h—/L U VIREMLY o EE(LEESE T
»%, L-PlPase DX~ T A, A LTI TE
FNDHR, A% 12 AENOCAMEEER S L., ET,

BB IRAT DFER, CTADAERIET D2 LR LML R
o7z, L-PIPase RIE~ U AMTIL, BFERT R F—T X
DL 7Y A= ANRBIEINT-Z & D, L-PlPase
DFFRAITE~ DB -3’8 S 7z,

8) MRZBRERENTHB ) UNKTRE—LRITETH/MEERR F L RADRE

fpE S GROER R R AR B A MR 2 JERS, CREST, JST)

B U - SERITHURAIC RV T AR F = R EB T
L, ZO7 K b= RXEMHEL T fMlZE 00 CD40L 4
FLDORISIZ RV HFEEND, PRMBAEDIL T Ml % TS
PALTE 20T, WEMAEDICKGT 2 B Ml aiEis
BEHERBIL, T MlRzZEE b TERVWECHURICRE L
7HAMIGHEBMIZIZ T A h—v 2 2B LTaE N
T UANMREIND, Foxld, B BB L OBURE S
RAETT R h— 2 &8 27 B Mtk WEHI-231 %
W, PFERERENT DT RNV ADA D= L%
fRbT LTz, ZORER, YURZBERENT DT R F—T A
DOBIEHEEEZE N ER S, N TEFILVRAT A U2l

TGRSR OEEZAET 2 L7 A M= AR HE SN
oo ZORRND, PURSERENT DT A b= AU
IEHBEOERBVLETH DL I EBP L NIRRT,
F i, PURSZ ARG L 0 /MR A h L ARTHEE XN,
BB EAOMHEICL YV /MMIEA FLALLESH
7o EBIT, ¥ X8 BipP ZBEIEET D L HHZR
BREREIZ L /MR A N U ARESRN, £2T7K F—
VALERICHESNE, ZhOORBRNS, FURSZA
EENTEHBY VST R b= 2Pk A R AR
BEARRE AR 2 ENmRR SR,

(9) NFATC1O BECIBENXERT 2HEMES ST FIL

B OB AF AL ZADOHERH IR M X 2B Wi
EHIFEMIIC LD EERONNT ANEETH DL, Fx
TR AR O kI MDY A A > RANKL
(receptor activator of NF-kB ligand) 23 & D X 5 723 7'
NEREL, EMESEEFEL TWDONEGTF L
LTI D R T T D,

RANKL % NF-kB, MAP 7 —, AP-1 &\~ -#iz5
Ko 7 F /R G LT 5 Z LM b T,
LL, ZOXIRRBIISESERY A b IA L -
FEIRF- « A MV AR ECIEM S, S F—m A X
1 O XS ITHE M baFETE VT A A 1T
Lo THIHMH L IN D720, MM st3 2 FERMEA
N, T, A HIERRRAY 7L RANKL B RE 1%
RIE T % 728 Affymetrix 0> GeneChip % F\ > T RANKL
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Al IR GRORER R R E R I s E)

EEAR T ORI 21T o 72, ZORER, U1 /EkT
RRAINFEERFO—>TH 5 nuclear factor of
activated T cells c1 (NFATcl) #% RANKL ¥ 7' /L& #E
T A E M LD~ AL —8ER T ThDH 2 & &FH
L7z, NFAT OIEHEALIZIZ ANV T D Tl By
Za—UVREETHLD, Iy =a—1U VHEFH
TdH 5 FKS06°0 A 7 v AR Y > AR Ml b % i
<HHIT 5, I, WEMETILVY Y LV T TV E
TEMEALT 22 BIROEROPING, RFE7 a7 ) Ukk%
FARD D DOILHL S 7 F VS Z OB DTG I E 72
BE R ERH LR 5T,

Z DX DT, i TR R S AV ER B K T NFAT A3
FHERANE T b IR H 2 Ri-T 2 &, BHR LM
TR OBRERBMRE RT T, T ORKE AV TS



Dz Wil 2RO L S 2R L T\ 5, LI,
b MR A 70 o 7 VIR 2 S DI 2 2

BEHRIZETSTec 77 )—FOS o3 +—+

fifj A

HER « v/ 177 — VR MR ROB T, %
IREZ FF O LM TH Y, T DL « BETITAE HI
a3 bR+« RANKL 23432 Tdh %, RANKL %Iz L 0,
B HALPN © NF-KB <2 AP-1 72 E2NEMA L &, e
fas b~ A% —1LF 2 L—F—  NFATcl RFHEN
%, F72 NFATcl I%, RANKL {&FIZFHEIND B L
VLY T TR o TEMAL L, fEE MRS AR R
RIETOFRBEEFLET S,

NFATcl OIEMAIZ MR IV T B 7T,
a7 ) URRRIRE ITAM 24 L BiE o/ + -

LM, ABROB LWIRREIKICEZL E B2 6N D,

- e EETFOHE -

—5 CGROREFR LR R B o G iR 5e R

DAP12<°FcRg % /1 L 7=, PLCg DIEMEAL LT TH 5 23,
ITAM & PLCg DR ZAE 5SS 7 T /AR ITI b2
STV, SEFELIE, FZEERBET e X ) —
YD Tec 77 IV —FF—¥2, ITAM & PLCg D
TIN5 Z LT, AR R L& flE 5 2
LEMLNIL, SHITHEMIRSEICEDS ITAM~
TN T B T IV DS B IS AR D > 7T VAR
R LD THEELTWAZ 2R L, £/ Tec 7
7 IV —=FF—ER, HEMRSboBRETHESND
TRV RAZHBILTND Z EHRBI N,

(10) 7R =S ROFMEDEEZIZE TS DNA DEORE

JIAR

TR =V ATIHSEMAL O DNA (X 2 B CoOfit S i
5, T7bb, FEHIEANTO CAD (caspase-activated
DNase) (2 X B0 &, il ~ 7 v 7 7 —VICER S
nictk, VY Y —LIAHET % DNase 1IZ L5530 Th
Do —F, RMIROFAFCEBETHRR ST~ 7
077 —ICL o TAERE SN, DNase I1IZL - THfRE
1%, 4MEl, DNasell Bz T &A%, EMOKRLEIZL-
TREKESEDL~v Y AZMER LI, 2OV 2%
[poly(IC)] THLELF % & HAM D 5 HIZ DNase 11 E{s T
HERESh, ZAUIJELT, SESFELMBO~I v
7YY Y Y= ANIZRSE DNA 28/ LTIz, Zh

o, RH O E (RERKRSR B A et JE R

LO~vru7y—IHEMH LI TEY, TNF ZFEAL
TWe, 2O TR FE EDITLIEN-T, B, F -
BE, OU - O DA & HAE LTz, FIE LB
HiClL TNF, IL-6 X° IL-1B72 E DV A S A VEIETD
FEBLAS 10~50 fFIZHIIN L TR Y, M BTMALASE L < HE5H
L, BB EMEL Wz, 2O~ 7 A, PLTNF
Kagh LIl 25, BEESRORBIELZIMH Lz, 2LEo
FERIE, TR b — 2 AMIERCHR ML ERATERAR ) & kT
% DNA BfEsh~ru7y—VIgETH L, <
ya7y—UNEH LS, v/r Ty —UhbhEES
M7z INF BBEEiRZFLT D Z LA R7B LTV D,
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(11) SAPK/INK SEMEALHIHH4E & £ENEE

SAPK/INK ¥ 7 F /R R ITER % 72 2 b L RITSE
L, MIZEOEE, Mo EESEFHERS, M35
AR DN 72 & Ok % 7e a0 i@ & I3 5,
SRR e AR Z 5 SAPK/ANK FME(LD 53
THERRIZ ST, DNA HBGIC L > CHRE SN DD B
RV A~D Y 7 FIRERBRIC O WD TERETRH D HR3Z 0,
AHFFE2TlE, DNAHE5IC K> TiFiE &5 HeLa i
@ SAPK/INK {H AL Daxx & J@ il & s 1 2E %) Ras Ras
association domain family 1C (RASSF1C) MNB54 25 Z &
ZRMLEZDOTHET S, 1) Daxx X promyelocytic
leukaemia-nuclear bodies (PML-NBs) (ZJ&7£ L, DNA 15

R s CROER R R B R BT TERT)

Lo T FxFfbEnmfiE Siiz, 2) RASSFIC (X
Daxx &6 L, PML-NBs (235 J&7E L CU 72, 3) RASSFIC
I Daxx Z3fRICIRAE L C, 0 HMIREICBAT LTz 4) B
5 &7z RASSFIC ITHIIRE O#UINE L FEA L,
SAPK/INK {EMALFHESRT A b — 3 AFEIC S L=,
T 725, BN PML-NBs |[Z{77E 9 % Daxx-RASSFIC #
G2 DNA HEOE Y —& LTE L THRE
RASSFI1C DB ~D HH & LT, SAPK/INK i1k
D & D BRI A R U7, ARBFSERR
R, MIAEOFEEIZBI 57 % SAPK/INK D) 72 1%
PEALHRE O — SR A0 5 ATREMER B 5,

MST1Z &k B2 W RAR—RIHKFMEEFEICIL INK BARBETHD

MIROAZTH DT R b= A%, EROREAERLEE
PEDOHEFFICM BRI RIpA I = AL THD, TR F—
ARFE SN TR, A= LTINS —HED
TaF 7 =R L&, ZOh A= AR R
BaGrd 2 Z &IT X VLS DNA OB k72 & D
R\EAF X, MSTL 137 A= K-> THIkr &
NEMHEE SN D A b L AIRE MAPK ¥ 7 VAR
® MAPKKKK Th 5, Fx i, MST1 OIEMALZEEE

o akE] CROCER RO EEA R BT SERT)

R EDRA TR bV AR R B R HE T D
EME, MST1 WA RAN—ADT 7 =7 Z—& L THRE
THZEERALMNILTE I, EHIT, INK A LU RJK
% MAPK ¥ 7 VAR ERIKICEIT 5 MAPKK Th 5
MKK4/7 % K48 L7= ES Mifidz FV T, MST1 12 X D i%kE
FIZBWTINK OIEEANATH DL Z L, £, INK
DIEENEREE 2 FET 572D+ THDHZ L EHS
ML=,

(12) ASK 77 2 ) —IZ& B R L RIGE & HERa 5L &1

—fE FE GRS - RKFPGEFROITER - Milaff a2, CREST)

Apoptosis Signal-regulating Kinase (ASK)1 (L JNK &
p38MAP ¥ —E D LIRIZHFTET S5 MAPKKK Th 5,
TNHD MAP £ —ERKIL, BRxREEA P LRI
IS LTI O AEFER b2 1L U & 92 BAR 72 TR
Hrar ha—3 5700y 7 VnERE LTHRE
LTCWo, ASKl / w7 T U h~URADMBHIZLY,
ASK1 (LA N L ZAR/NaRA ML AIZR D TR b—
VAIMBEIR L T FTNTH D ERHBNTRY, £
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ASK1 3T Y A = —IRIZE VTR B D fnkehi i
WDAT 4 =—H—L L TCINLOERIZED> TV
BRI TWS, —JF, ASKI FEEREA ML
ANEE U CRIEWY A M UA DAL 1
77—V Ok - IEHEALE D BEREICLE R LD
AT 72> TE Tz, AWFRE TIE, EHERFE (ROS) 12
X% ASKI1 OFEVEHIERREICOWTRAT 5 & & big,
ASK 77 U —REAENT DRIE & FEEOBEM &



O i ZE R P SR A AR E 12 B8 1T D/ lafk 2 F LR b

ASK1 OFReABRERIENZ SOV T35,

(13) NF-xB [Z & HHERATEMIHI D A = X Ls

NF-«xB DG DOREE S - ME T, EEmE
(ROS) DFEFEMBAEL, EHEALT % c-Jun N-terminal kinase
(NK) OIFHALBNFEIND Z &%, FallihE TIc
LM LTELD, FOHTF AN =R LOFEMITRH
Th ot AE, Fxid NF-xB KEHIITIE, 7HRF—
A X v 2% T D c-FLIPL S TNFo Hiliic & v i
RNIREND Z & & R L, 1T c-FLIPL %%
BEH5HZ LIZL Y, NF«B KB T4 U % ROS #EA
R INK OIFHEALSME S5 2 LR LN E rodz, B
IR Z LT -Flip-/-~ U AHSROHINETIX, NF-xB @
EMACICEENRD SRRV HE D 5T, B A—

hEF RREE (ERERZRESE SapEs)

PlAFIET & OFEEAEMED INK OiFEME(LE X T ROS O
ERPFHESND Z ENH L E IR 5T, & HIZ c-FLIPL
(2K B A= IBIEMED INK OHNHID A T = K I
ZRit L7z & 25, c-FLIPL A TNFa {KIFMEIC MKKT &
HE#44A L, MEKKI, ASK1 3 XU TAK] & MKK7 & ®
H2H5%7 0y 7 T5HZ LT, INKREOIEMELZ M L
TWBHZERHLNE >, LLEXY cFLIPL [T A A
N—B RS J O RAMEICHFE S 11D INK OTEH
{3 LT ROS FEAZIGIT 2 Z EB3HDTH LN E 22

277,

(14) #— b7 7 O—IC &K HOEER & MieNREEE

K A GORERERIRF IR ER AU, BrBifiR S - SORST)

A= N7 7 V=13V V= LENHEOS LT, Hily
By OIEF R IR R AT A TH D, FIER, &8
DA — 77 A — AR EERINDET LT A%
ERLL, A — N7 7 V—OIERITEF IR 00,
BRORMAE~ 7 AP AEE R OB RO AL CHHIFICH
BEINDZ L &R LT, AT S D IR0
Wi X 2 AR HRIRES 5, T TA— T 7 U—
g~ U A (Atgs REBv DU R) Z{FRLIZEZAH, 20D
~ U ZTHAEERITERA L REARRICHD 2 &3 5 A
Erote, Thibb, A= b7 7 U=, A
HIEA B & O—EBA 3R LAKRERTH DT I/ Beak N
IR T 2 72 OEERAHNEE TH L LB X DN
7=

—JiTC, AtgS J v I T U b U ARSI

R F UMD Z R BERIEREH L TWDH 2 &
bEZmanz, ZnERESoRVwWL S LOF— T 7
T—b, MRNY B ONEEE L CEERMEE
ELTWAHIEERLTVND, SLICHBRFRY Atgs
Sy I TR UREER LI Z A, ZTOTURITL 4
W EE LY MREE RO ESERER T 22T 559
(2720, JRELPH ORI o B % F B A RS
BEshiz, ZOHAMRERIE, A— 77 P—I&kD
MR B R D & R BREEEEAEOERTH L &5
2o, LEDZ v, FEINLA— T 7V —
AR L LT, BRELSLVOEFEHA— T 7 U—
VRPN SR B & L CE RN o - A B E
FEEE oL L HEIND,
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(15) AEXF 2T 7 I —IZ& B EARBEAEEHIH

IR 70 & 2 X7 B RIS EROFEmM /e 7 vt AT
bV, HIREFEELT, 7 IVRE, SR, fast
BREHLWLEMBRICHEREE Z R LTWD, =
DRIRIZ 2 87 BRI X F U RS I D T
ARG T 22 LIk o THI SN TWD, FA b
B R TEREGES NI R TF Ak END T
a7 T —ANSRL, RE R ER R T AL
No LYY —=LbBnMY 5, FIZBE-AEY TIIME

T AR (R

WRFRERE - AmBRRA LR

B a Y Y = DR CEE LIRS DA — N T Y —
BRELIEEL, 7uT7 7Y —50L U Y Y —NIHRNIC
M LY AT A LTHlEL TV D, AEIF—T
B X F Rk, TuTFTY—0%, A— 77 V—%
DI T RN ENORALNE o TET
B R G RO FEBTR R X OIS IC DV TR
L, XU RUBESREEOGEIC X DMiast) & ¥
VRY ERIC K A HINAE ) oW TR LT,

(16) T FaY RYF7AEXFFUUA—EDHEE

g CREEERIRY: AR

AT HIX T E THREIRHEIZBORFE D 531 A 1 =X
DIZOWTT 24T » T& T2, & < IR 0 R b
HRICBWTIEEBREN D A vV —E LT
FAVBNTHWEZ EERWELE, ZoFEHBEICLY
HA—=VEZ T hary R T7RaexFAbzzid
THERAP 2 B Ml st~ & PERR S 2 BLBRIR VB A 8152
L7, ZTOEOIZI har RYTICaexF Abaxs| &
BT TF IV A—BERITEL LD LR,
BRI Fa FY 7T EXF o) H—+F MITOL O

\ZH%Th L 7= (Yonashiro et al. EMBO J. 2006), MITOL
X b R Y 7AMEICRERAICRTEL, 1R 4 [EEET
HlWHa=— U &R b, 4lEl, HeLa Mz

(17) RBEFTHR b—

I FEMBER o AELFARSEE)
C MITOL % RNAi B X W BARREIHIT L L,
Fary R T oW ERBIESNZDT, T har Ry
7 4y BN+ (Drpl, Fisl) & o BEE & fR#r L 7= 4 51,
MITOL 23X b2y FUTHHAREFEZERHIZLTI b=
VRUTHAT IV AEFHL TS EERALMNIIL
Too LINLRDS O PRI ERRFER LV, MITOL (XX b
ay RV T RAF ORI L SFE 5T,
RU T & 8T B O 5 S BRSO G B 2 &
K2 2B B L QDD AREMEDS R & dz, AV R Y
7 AClE MITOL (2 B9 2 T 72 S280fks R & 28 2 Tl
JlgE & oI SOV TG T 5,

b=

LA HRALE

mA B CRBRRSEREBE R R JEREAR 15 « B iR B A% SORST)

T2 MR IV CREE SR - (K7 L3 — R XV §6
RN DML AR—AEIRAFNTH D Z & & R
L, ZORMIEZED G M & T3 572912, Z oMl

ZAHBE L TH BN D BIGEICIER L, BIHECED S
K& LT, Ca®FEMTERY phospholipase A2 (iPLA2P) %
[FIE L7z, DUW\T, iPLA2B ORERRIAE| & A B EE 2 BH
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HANZT B BT PLA2B K~ U A & ERk LAEHT L
Tmo FOFER, iPLA2B RIE~ 7 A1T | FF2400 5 5 ) R
WOBHFEISR 0, WEEEAI PR (B & )
WCHISR « T T RADOEMEEZ L MRREEZET 52 L0
ML, PLA2B ASRSHINE OHMER:, Ricfms® - >~
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FEMEHENBEATH LM, WEROFIETIEHHieb=
YV ETZARNRELNRNo T, & ThivhiulT ERME
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R - HEEA - Bl B (BIRBRERFBEE E AR S ATIER - Phigk i i AR E )
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(10) Kvl.5 Eiitl2$8 LIF 7 lipoxygenase FLZEZE & phosphatidylinositol 3-kinase FH 22 > #il /F
T MR, & 'Y, Wulie", BT R, A Y
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DMEROMBNEIFIET 24 A Fr 20 b7
VAR—Z =L, BRSNS L 7T U RE
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Kbz« 3, R Rfe (BEETRE ), AR &
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(1) L& Ca®'F v RILD Ca?*ikF % facilitation & FFEMHAL D9 FH4HE

b e

e By, % AEYY, Zahangir A. Saud Y, E R,

Xk EEY, Al Y

(BEWE R RFRFRE - AR AR - MR Ah I S,

FEER K - B,

Inside-out /X F{EEH WML Y, ALET 2
¥ (CaM) RHIINALF 2 RAAL L (CSL) 7% Ca*'F
X RV OIGVEIC B G- % Z L AVHIB L7z, CaM X EE(R
TERNCTF ¥ RNV ETEML L, Z ORE-KISBEFRIL 2uM
TR (on-cell /3 FF TORIHEZRD 140-300 %) & 72
% bell-shape T 27~ 3, ZOBRIE, F¥ I 2 DD
CaM & & HBAL (activation site & inactivation site) 238 5 &
E LT=HERIcdd T 5 2 L TE 72, CSL X CaM (2

i E E R R F I - B EEY)

1S UREEDFNTF ¥ FATEME R Z R L, F v 3L
O activation site (25495 partial agonist Tdh 5 Z & 23R
e I7z, CaM & CSL Z[ARFICT v RVICIER STz
L 25, CaM x5 CSL Ol s s iz, 7=,
F ¥ KL DOFINEN KA A D GST @7 RE 1Bk
L, pull-down #:% FV T CaM & CSL OFEAIINL & Mt
L7zd 25, CRIENIC CaM & CSL & Dt 2 migd
DERLIA R ST,

(2) DEFHoT FLF ) USRAFEHIZ & B L E Ca® F v v RILO MR HI ks

KN 2D, ek 2P, EE D

CRORRERER R - AP, [F DNA ESAFFRAT - o TR A A FE i)

o 7 R U U EEERRIIRT KLU sz s R
W& AT, ORI Ca® BhHE 2 Z5 b &+ B i v
ZIREI LTV DD, Ca¥ & L7 i P s i i p
WEOFEMILR S TRV, ki, TxlE, oy 7 FLF Y
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DRI L Ca® F v R RES T Doy T 2= b
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WOZERICEG T2 ERHLNE ST, —TF, Cayl.3
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Bl AL Gs, Gilo, B2 =&ML Gs, Gilo, Gq, B3
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BHIE R A2 D TRREBRT LT AV ==y Y
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B BE P BE SR AR A3 BE A S IS DRI b5 2
LEWE L, F72, RBAERMIORT Sk RE
DWERNTFZ2 A2 V—=v 7L, ZHEHHH L CRER
FRE & B B DA LR 5 ik a B L
7oo ZOWHEIL X2 LT, RIFIIIMREHE
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DRICEAE L CUOARREIRIRT 2L, 10 a1 53
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(7) NAEERK FYRILORLEDZHITT7

(R -

WA & KT ¥ x Do 7 2= MIE, 7 20
V777 IV =BT L OBEOLORHY, FL
BT T 7 IV =RV T 7y —IIEBT YT
= MPHAED S o TUEERD T ¥ RV IR S 1F
DERMBNTND, AEFTZHIE, G &AHENm
it KT v 3x LoV 72=y b TH5H Kird.1 (GIRKI)
X Kir3.4 (GIRK4) 73, TRV N[ & BERME 2 7= T 0D I,
Fy¥yxNOY T 2=y hTH5 Kir2.1(IRK1) &~T 1
ZEIKERSOTT Y RNVERRT 20E D 1k,

(8) MAZEERIEDEH
wL D, A AP, =i
RO Y

fi] 1 L1

de &
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FEESEWERE X A 77 7(LQTT) IS0, QT MED
EEORBIITH#HRORMPK D, 41 QT LR A M
AH ATS F5%R T KCNJ2 O T75M E A [E L7 DT,
Z OERAER TR LR L,
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PEZ G L7z,

THHENB SN, Fox THELHMINE BT 255
MiaBgE L, ZhaURICBA LTz, AL
IRICAE L, EBO.LIMIE GAP A LT\, &5
WA 1E7 47V a— b LRI ETLiEs >
— MRIZT D Z ETRY LTz, 2o BT E %
5252 RN OMasEHEET 2 Z LR T,
SOICHEBETLZEICIVEZOH DM R 5 2
LIRTED, ZNHOFEEFHY, LEAEERBIE
DEFIZLTZNEEZTND,

1) —Kir2—Kir3E DO T 0 L EF TR O

AR BT, AR KED, AR FEIL
PE2FD - AR AR - B E T A By 25,

BTSN + AR HERER TIF LI

HEK293T a7 7 U 1 A = VIR FHRIE O %8 3%
EROCTHRE L, ZOfER, b, JLE S
EErAWEREOHE, ikl L ¥ —BH
(FRET) f##T, 35 & 0" dominant negative mutants % F\ 7=
EET, INbOVTa=y MR~NTRY—ERSTT
¥ RNVEBRT D2 & &R AR A G, (DIEDIR
REEHCLEHTIEIALOY 7=y MIFERB L TH
v, IRKI/GIRK1 & %\ & IRK1/GIRK4 ~7 a &K
¥ ARVBEBRRE R RO Z L AVURIB S T,

(2 & BIETFEARIEA
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R « REAIR IR - AR B
KRB - B OTIER - RIRAAF)

B

. [0
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[F5R] WT/T7SM ~7 o &K F v # /L Tlit 1V curve
B W TN & BRI DR 2 38D 72, KCNI2 F v 1L
DN & BT BAARAFIE Mg 7 1 2« spermine 7
By 72K BN, WITISM ~T 2 AT ¥ 1L Tl
BARTENE Mg?' 7' 1w 7 OFRFE TR L Tz,
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DN EIEFEEOHIRIE QT FRROEHIE T &720 5 5

LRI ENT,

(9) FERZS R T IDAHE KCNQ F v RILEERKDOHERERET

ik A, BEOBY, JEE REEY

(@R RFRFRT - BEAERFTERE - NI R s H4E 5 D,

T « PR2H - AEER: )

Istvan Ando (Hungarian Academy of Sciences), Bok-Luel Lee (Pusan National University)

FRIENE K F ¥ F LB OR K S Tdh 5 KONQ F ¥
L, ISBENOFHEEAED, ZOF ¥ RVORT
NV I 2AD M) T ST 7 VERERIZI A RAERNA
5L, LTI QT IERIEHEEHITM TIZT TANAILRD Z
ERHBILD, TIHDF X R TR HALS O
KCNQI1 3 & O KCNQ3 Dili 7 A Y 7 4 —AITBIT D
BERIRICONWT, F v RVEROEENPERIZEY EO X
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olc, HBREWZ L1, BRI OB ORY, Vav T
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(P 4) Neurotransmitters involved in thermosensation
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BN BRI F5 & OV I A Bz Ml s OB IC B 1 5
U AEEME S 7 AR DO BENZ DOV T OFEE & E R
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WFIERE R A DI R A R LT, AR, A A —
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IR DT T AT T/ ¥ VR RBEREMATIC D0
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I (NPP1) OREBLLRD b, A % —7 =1 (IFN)-y

277



LB TRATAE R 26 28 & (Dec,2007)
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IZEA L nro7e, IFN-y OEHITH & L O RAF
RIS R L, 10 ng/ml, 24 BRI OVEM T CD39 135D
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FIZHBEE LT ZLenPHLMNE RS, T D ATP
ENLEET A Mt A b=V MERE, RPN
TR & B BHE LT D rTREME DRI ST,
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P2Xy, D C KMEIE, 2 BIREEEE % RF> ATP &K
DRI BB R R FHET 5 FHI0 L7225
HRZRFR T > 7z, TRIKFTEEMIRIZIE P2X,, & P2Xy,
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SR CROBRRDATITA v THEANY T 2=
» M EAERICRKIETEEIZOWT, AXEEOM
fz AW TN S Z &2 HIZ, P2Xy, P2Xy, P2Xo,
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HEZMA%RD P2X V7 2=y oM ~DRIE,
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FIEDOANETZ LW CR<RIER b2 <, L
TEREF 2 AT IO BE N L LEEN TN D, T
4, Nature Medicine FEIZEREHEOAERIREE LT
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(BRI 2 A AR B E 7 R L R A B2 53 1)

P2X; ZRAHERSAN TH 5 L s SN T, BTEEG
2B D ATP ZEROBEE R RS L7z, L L2an
5, FRETAMMICIT B ATP Z AR OMRERNAENTIZ
EAERIBITN RN,

A, Ty MR R T A AEARIZA— ARy
FU 7oA EEBEA L, FHATAMRICE T D ATP 25
ROREN ZMF U, BALEEEE AV TR IREN 2
=70 mV IZHEE LT, fRHZER D ATP SR IR EB)iEk
EENE TH D ATPYS (100 uM) 2 HERFEST 5L, K
40% OFBERTAFMIICB W T S BRO/BE SN,
F£72, ATPyS (100 pM)IZ & » THMA & BHiABE SRS
AR P2X S R EVEENIE T & 2 a,B-methylene ATP (100
uM) 72 5 NI BzATP (100 uM) & #EFi RS L7223 E &
BRI SN h odz, FIFRIZ, P2Y ZHEIEBEEC



&% UTP (100 pM) 72 & TN UDP (100 uM) D#EFR#E5-
WXV NmEBERITBLE SN o722, 2-methylthio
ADP (100 pM) %W 53 % & ATPyS (100 pM) & A
BRICAm = BB S -, 51T, ATPyS #Efi# S
IZ& > TAEUEANMEERE, P2Y, ZRKERETH S
MRS2179 (30 uM) DTF(E FIZRW CREAICHE S vz,
PLEOFERN S, KB OB 0> T 7 A%

IZBWT P2Y, SRR HE L TR Y, FHEEGIC L > T
S D ThH A S Milast ATP 12 X - CHRnl i
I3 P2Y, ZAEEN LTSS 2 2 L3 b E o
2o LMo T, FHREGOAMENICE T 2 BRI
FEEIZ P2Y, ZAMEAEEL BG LTV 2 ATREME D R IR S
iz,

(16) > FTRENT ) o ZRADFKBEEEE BT
— 3 F T REI5FD in vivo gene silencing—

g ek GREERERRY: - REEREIIEE ¥ — - iR AEHEITEE)

HARARERICB T D T T AMBED LN, v F TR
JAF TV o BEROTEMIC L o TEfiSh b, FFIC,
TF v AZRIRE P2X ZRETF ¥ 2L, £ D
BBV T 7 RZB T T T ARNCREL, £hEh
BAARFNET V2 T NTF ¥ FVOERR & BN A LD
LIRAIT & o THRZEME B 26+ 5, Zhbo
HetEDs, 7 VA T A v Z—ATP & DOMIflas A
KT T /)N LT A MY A M7 25
HEOBMIICBITEA 2 —T2— AL LTHREL TV
AIREME & R TR AR L oo bh b, b
ABTT Y RS R DI RIS 13 OES 55 AR
HTHY, KT, ERKEK - BHRIGEME L o7 A F
B D TR & O RER 2SR Sz in vivo
DYFFRZBT LT T RAET Y 2 FEORB L Z
DOREREDH I SWTILE o T2 <HT 3T T
W, F DT D IRIAIL invivo DU RTRBIT LTS
AFIY 277 ORI ORI BHIE 21T D 55K
BABFELRN EITh D,

ZOMBEIZE R D DFEFFRE LT, HxlE, invivo
A gene silencing {EZBAFE L7z, SRV AFIT T
Iy A ZERIED ) v 7 E T DR RE LR R
RN T D, AWFFEOHE T E Te o I FRFERIZLLT O
5°oTh5b,

1. JRE T D W R 52 25 8 70> D IERE I A EZ L2 I B3
2 R AEAPRER D 2 A1 U 7 PR T 1 R D — USR DR

HeDOMARRIL, BEBOERAMPREICREL TV D,

2. T H O—RRDHERAEIIIMPNIC A D A T2 3K
Za—u bV FTRAERRT D, ZOTFT ATV
I VBELEDE LT OHEEY T T ATH D,

3. ZOBRBMEY ST AIE YT T AR AL ZRENTE
BLL, & OIEMHALIE N BRGNS T AT v 2V
DO I U CHREAES > 7 AMesEa Bl 3 %,

4. MHRE > F 7 AT Al ZABITERMRE CEHRR S
h, REMRCROE AR TI%Sh D,

5. BEEEIRAREMEICB VT, RNA THERT T
Vv Al RO RBLE R 5,

LRIz s, Feald, BT > b OEEERA
R L, BEXREFLIEIZL > THE short-interfering
RNA (siRNA), B XU, GFP REIET 4 VAR X —%
AL, TR, —RROMEMICE T 28E S v o8
7 OFEGHME], BXOY, SORZ )T Ok B A e
T DREML LTZ, 7T /v Al ZFMR siRNA #HA
TEEPRAFR S mRNA R 2 Z IS (< 30%) X4,
SIHIZ, 2D 11-13 ABICIER L7z 2R 2 T 1 A
IZBWT, R —deRiOEE—2 k=2 —n CREEN
T T AR T DT T v O N5 Lz,
KEOBFREBA, BLY, YFTRAFTY > - v F
IV OBEREINE ORI KT 2 BBk FTREMEIZ DV Tl
Uiy (BE 0% - 8508, ILET&, BRARD,
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(17) P2X ZRMAZEN L0 AMEICE 1T R FEM LS E DB

oAk, AR RATT, EAR RS, M R, RM SEmE
(BEHER - = - ZEBE, *BEOF - ik & — - Mt = v b, *"HRLFIER - b

~ 7 AMEE ) AREME T = 2 U AL ON B L
OFF B> “FHENFAET D, DALk
Bate Ry F 7 I o TEE ROV EBR AR TR )
b, ¥ U AMETIL P2X, S KA OFF B = U AF@hME
T2V SRICERINC B L TS Z L, ATP 2%
H3 %L OFF B o) UAEEET ~ 27 U U Allad P2X, 5%
FERBEH LS NEGA A o BRATRND Z & B EITH
L TEE, P2X, Bi% OFF REKFRANICIFET S &
MH, ¥ U AMETIL ON ## & OFF #%& T ATP &4
LIS E RSN R > TS 2 BB 6D, £
T U AR — L~ T MERD D v VTR E
AW R ST O RIS E 2 5esk L, Sl AT
B MR IR O SIS E N £ D X 9 72 PRX SRR Ol
HEZT TOD DOV THRE 21T 7,

AEIOFERTIE, SR TR AMBEER LR+ 5 ON &Y
&, Rl A IR T D &K LA 5 OFF Bloo —
T D HE A AR B I 23 F ik S 4172, ON-OFF Bl oofifa

IR S e o To, ST L TR E Lo b B &R
THEEIZ PPADS Z 8¢5 LT P2X W7 ) U B RE AT
B I A ERr % &, OFF B CIItliliiic 4~ % & k4
EOEANRLNEN, ON BCIRFEAMEITEDLL A
WA LTe, OFF RICTR ONDFKBED LA ZFEL
<HFHT 270, HHE—AWORICBIZE SN L TEEE
g KIE DRI H 100% L L, FREOBA%A (ON B I
PBRAAARE, OFF B IEHIB P AL Re) 7 5 DFE KB DR
BOFEEN 85% % # x5 HEH] (T85) Z &I L7z, Dk
H: OFF 24 Cl% PPADS #5-H50 T85 DEAZHIAIZHER L
Tz, —J7 ON BT T85 DEICZALAF8® B
7,

L EORER NG~ U AMEETIE P2X SHFKENT 5
OFF AR EMBENTFET IO LEEZ LN
b, Flbivbhd ZivE TOMNZERE S, OFF #%#
e B 7B A 1T P2X, AR A T % 1R 73 BEAR
LTWabortEZ LN,

(18) Generation of adenosine A3 receptor humanized mice for the evaluation of

the human antagonists

Mitsuo Satoh, Kazuya Yamano, Miho Inoue, Shigehiro Masaki, Mayumi Saki, Michio Ichimura

(Pharmaceutical Research Center, Kyowa Hakko Kogyo Co., Ltd.)

Although selective antagonists for the adenosine Aj
receptor (A3AR), a member of the Gy, protein-coupled
receptors, have been indicated as potential drugs for
anti-asthma or anti-inflammation, the in vivo evaluation of the
antagonists using rodents in the first step of drug development
has been hampered by the lack of highly potent antagonists
for the rodent A3AR. To evaluate the pharmacological effects
of human A3AR antagonists in mice, we generated mice by
replacing the mouse A3AR gene with its human counterpart.
The human A3AR normally led to the mobilization of
intracellular Ca®" in mice. However, unexpectedly, the human

A3AR did not lead to the phosphoinositide 3-kinase (PI3K)
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y-signaling pathway in mice, probably due to the uncoupling
of mouse G, protein(s). To overcome the uncoupling, we
next generated A3AR chimeric mice by replacing the mouse
A3AR gene with a human/mouse chimeric A3AR sequence in
which whole intracellular regions of the human A3AR were
substituted for the corresponding regions of the mouse A3AR.
The chimeric A3AR led to the intracellular Ca*" elevation and
activation of the PI3Ky-signaling pathway in mice, which are
equivalent to the actions induced by the A3AR in wild-type
mice. The human A3AR antagonist had the same binding
affinities for the chimeric A3AR as the human A3AR and

completely antagonized the potentiation. This is the first



direct evidence that the uncoupling of member(s) of the
mouse G proteins to the human A3AR is due to a sequence
difference in the intracellular regions of A3AR and our results

demonstrate that the A3AR chimeric mice can be widely

employed as A3AR functionally humanized mice, which is
the first rodent model for pharmacological evaluations of the

human A3AR antagonists.

(19) THBEO DL - RAIZK B P2X,ZRRKREEDES

JRm ¥, AR O,

[B&] P2X, 2RI, ATP & OREAIC I IEMELT S
EGA A OFAN, 5 TE 300 BEETOSTEET /N
O, A NhA Ok, MIEER S22 EED
T Fexld, ZHBITIZ THIBA O CI ITHRAE L 7=l
faR o/ (RifafE ) 2FEIsn s Z & amE LT
%2 —7, ~ v AMEIIC BT P2X, AR AT
% Erkl/2 DIFHALA R 7 B — ZADFFEICBEET 5 &0
IMELH B S, AMETIE, ~ TR T MROSE - K
BUZ XD P2X; ZRIEME DO BB SOV THRE LT 4,
[71£] 4-6 BEMENE BALB/e ~ 7 Z D fls L OYMIEA
5oyHE L - A AV CEBRATT o 7o, P2X, ZAREA
HORBUIFRPUAZ AT 2% 7 a v Mgl
(ZR Y, MAEBEE TSN IR U 7o FLER K SRR
DOIERZRET H Z LI XV~ Mo E(iT >
B—H A b A—F—F TR EEDEERET S 2 &
WKV L7z,

[R5 53 L OVE 2] P2X, SRR 118 008 B &1 X i il
iz b~ AR 2 <, ATP ALEIC K B/ N LOTERK
B L OHIRIZE O FFE & AL IC W T LV < B &
N, ARZBEOZEIZONWTHEBLIE & A, KRR
8EN % 5 5 AKIrb7: CDA S MM ATPIZIZ & A &
FOSHT, CD4-8 M lRfil < CD4'8 iRl < CD8”
[ < CDA4™MEBRAIIE OO NELZ BR ARG/ O 5 A8
RO LTz, B M TN NS S 2o T,
IHDZ EIE, b R L7 T fIEIZ 38 TRl e

AT B, R, s BB, IR

(B RSLK - 38)

INEPER RN D & Z R T, ATPALEIZ RV FE I 5
fafE/ MuiZ, MSME R OEHRA U REAIR TS ED
LRIl SN, Ekl2 U E{EELESE U0126
DHILEIC L > TS e o7, —75, Ekl2

U CFAGITARIaSME T O A A R S R D
o7z, ATPALEIT X 2 M st O 58I MR AR T o i &
A A RE DK T3 LONU0126 RTAEIC & 0 Zh2h
flEShizZ &nb, P2X; ERARTEVE(EIC X 2 MIIRsE O 7
AN L7 ZoORKE I L THEESND 2 L VR
Shiz,

ARBFFERERD G, s3fl - REA L7 T RISV T, ATP
W L RE U GIIBER GRS SN D Z L AL 2 b
IRole, A%, KIETO T HROERERIEIZIS T 5 P2X;
SZRROBERNERRLENEELEZOND,

[ 3k

1. Virginio C, MacKenzie A, North RA, Surprenant A
(1999) J Physiol 519:335-346.

2. Tsukimoto M, Harada H, Ikari A, Takagi K (2005) J
Biol Chem 280:2653-2658.

3. Auger R, Motta I, Benihoud K, Ojcius DM,
Kanellopoulos JM (2005) J Biol Chem 280:28142-
28151.

4. Tsukimoto M, Machata M, Harada H, Ikari A, Takagi
K, Degawa M (2006) J Immunol 177:2842-2850.
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(20) ZRERIHICK D PIP2iEA & IPIBERDBIEEDEFE —PH-GFP DB L LT

MY VHIREDO—B THHRAT 7 FUNA ) ¥k
—/L-45-" U VB (PIP2) IX, RAKRY/X—E C (PLC)
PR S RN L o TRk Sh b PLC 12k o T
SRS, BH RA B O% —ThIRAT 7 FV
A b= =Y U (IP) KT T kR
—/W(DAG) %K d %, PIP2 D434 043 fik OB HE L PIP2
R LCEWEMEEZEST L7 A ) vilkEn V—
(PH) RAA v LRE SET-90EH /%7 GFP %5355
JlZ RS ED Z LIC ko TR ENTED, F T
A7 =7 v a O LI WEEEIIRIC B VLTI T
HZEIFREETH T,

A Al $ 4 13 PIP2 33 X OV IP3 O J7 % 7853 % bt PIP2
PulkE Az elc L0, SREIKIC L > T3l &
T S a M PIP2 O & JIET 5 HikE N L
72o PIP2 IZMEARE O—ECTH D7, B DOREYals

RAx THEA, IE I, R

(BAEERIRYE « AP - Afabgae B2 E )

ERRL, MIEARICSHT D PIP2 OEGEHE % 15
7oo AR PIP2 ORVE, MAEEY 7 F kT 5
M OE NS A DERWER LT, ZOHEE
FAWTR G4 ATP THITK L THIKIEE PIP2 28
fbE2RELZE A, MEIZBT 20— 2713
ATP CTIIHHE 10 B THY, TORIIHRAITHARS
N, 2 DBIITHEET & ALV ETEET S Z L b
MNote, ZOHLITMIWE UTP THRIELZIFICH RS
, P2Y SZAEMRHIEC & 5 PIP2 O & FEARRDIBREZ
BEL WD EEZBNIZ, BID Gq/PLC BRI A
Thd aZHiKEE /LT FLF Y TR L THFEE
DFERDF BT,

INHDOZ LMD, B PIP2 PilkZ AV - fug i &
S THLIDHFRIZOWVTHRIFT 5,

(P1) MMEZ T TR P2X ZEIKIZ K B >+ T R=EHE
~laser photolysis ;&% L\ BRI Z IR FH#I ATP 5~

ATP 37 X b wu ¥ A F b S 415 'gliotransmitter'
Th HAHLATFEZL <ARR SN TWD, PR #
BRI AT DIEREIREZIZ I\ TS 7 AR P2X &%
BIETF v 2N OFEMHAE, BERN~DOI LT LFRANE
ML T NE I R &R 5 (Kato & Shigetomi,
2001; Shigetomi & Kato, 2004), Z D F 7 AH P2X 24
ROABREREZ T 272U T O 2 DO FEBREZLT
>77,

[52B% 1] i Wistar 5% rat INHAZICIS1T 5 glial fibrillary
acidic protein (GFAP)¥ X U\ neuronal nuclei (NeuN) D3¢
BA MBI L VBT 2L L biT, TR
JEIBAAEE DO ISR 21T o 7o, ORISR, U
2BV TH NeuN Btk == — v > D% GFAP [tk T
A haYA FEEBIY L, Fo, PR T T AD
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A o, FE RN, Nk #RR
(REAEIER - PP TE)

BT A Mt A MG E LTV 5D
L7,

[525k 2] B | OFERIL, VT 7 AEBOT A hatA
RSB % ATP 237 AR P2X A BIEELE
L7 It e RS 2 /a4 /R LTV 5%
N, TNERGET 5720120, WERFE > 7 R
FERR AR e st ATP JRE EFIC K > THoa ik
H 7R R W B i A3 55 38 S 4L 2 WIREE & MRFIET £ LB
Hb, ZOMBEIZEZ D70, RHZEMIRREE G2
H]BEZR laser photolysis {E%& VY, ¥ F 7 RiEfE~D ATP
PTG DR BB LT,

[EEE rat OERH SRR L7- IR 2 5 o/ X 400
pm OFERET A T A AREARZ FIVS, TR R BB 4
T = 2 — e 2 FER, A—A BBk



VIRV EN IR IE) S 7 A% B (mEPSC) % fiék L
7o BB OMIBNTERIZ L o TRMRZGER A2 HFR L,
28 b E 71T OITEIT laser Yol (3 um £8) DOFEM %
i L7z, DMNPE-caged ATP Zfifiast i NERS-L,
laser FRUH I35 L OIS MAE DR O ¢ 4 Flash-and-Flush {512
X VHIELC, FRRFERBAICHEA ATP BEZ EH S
, VT T AANOEbERE LT,

Laser JRUE% (3 100 ms) 7>5 mEPSC BE D& e
EmMABE SN, O caged ATP DIEFIETIC
IBE ST, PPADS ICL > Tl sz, 72, 20D

HEINAY, AREA: ATP R O RERKR NIZ & b o THER
DNCHIET DI &, B ~10 BRIz 0 T DM
BRFED b7, 51, HEEEM (100-500 ms) ATP %5
({2 & % mEPSC AHEEHGNNIGNE (T ITMHRSSE b D E AL AT
M (<5pm) ZRTHORH T,

LEofER, 7 A hath A M LR T AA~D
WERZE AR S L 72 ATP A3k 100 ms * 2% pm L
~OLDORFZEGIICRV C Y 7 AT P2X /AR & 5L
THIENARETH DI ERRBINT,

(P2) BRI+ T RETAZBIARD in-vivo BIEF/ v I 5V

E MR, LE TR N k!

(HORRREER - REEREHEE & — - WA, 2 BAHIHRBLS R IR )

BREAREICR T, 7Y URRREB ORI 7Y
VRS ST T Y v 7Y v S B RSy
FREHFEE SN TN D, Mgy oo 7Y o7
B AR K= 2 —a VROV A R
FIBIC EIEAREEI 2T LTV DD, B0 T ORERE 2RI
HNZENET 2 FERPFAE LRI ENRRT, b
Do F DIEREERITAMP TH 5,

FFRCALE T D ERRARRET 22 D O 1 RORDHHENE, 3T
BEMARZICIS L, R 2 R=a—m v bV I v
EREEhME S 72 (LLF, IS+ 7 2) 2K T 5,
ZDOVFT T ARHEE T #2387 O mRNA (ZETR A
REICTAMR SN D, ERRARENIZIBV T in vivo IR T/
I BT UEATY, AT A R ERWCIRE Y 7 A
IBFEFRNTIC KX o C, 53 F OBEREAFNT & 9~ 2 FEBCR DL
ZHME LT,

HRRAPRRE I C BN T, 77/ v A ZFRDO mRNA
(Middlekauff et al., 1998) ¥ ZUZ /37 (Krstew et al.,
1998) DIEHBW|E SN TS, MRS F7 A I2B N
T, VT T AR A ZEEOTEMACIL S T 7 AR 2 R
4"(Kato & Shigetomi, 2001; Tsuji & Kato, 2003), Fitkehft
FIZB T A ZHIRD in vivo Bla T/ v 7 X7 %47
W, T T MREREN RIE T R R LT,

JFRER T, Wistar 27 > b (19-24 B#n) OAEIRAREE
W=7 haRb—ya VIEEAWT A ZREICHT
54k siRNA (A 41K siRNA), 7 2 ¥ L siRNA B &
U'PBS A L72, A XA sIRNA HATR 3-14 AICE
W, HRRFREIIC BT 5 A ZAKRD mRNA LU,
LS DOPRRENT R LT 30% LUFIC Lz, JsREE
VT AMBREICRIE TR T v 7 XU v OB R
THIOI, WAT A AEARE VT, 1 JRDHBHER]
WA I > T 7 A% TR (eEPSC) & iték L, £ DR
MEICRIET T 7 > (100 pM) DEBEEZ BT LT,
SiRNAE A 9 HLETIE, 77/ v uiE, BALERE L [F
FREE (41.1 £7.3%) 22RO FRERTHRE T eEPSC 1RIE %
i L7z, /A 11 AR, ZOMElE 17.8+3.8% % TH
BIZES L, siRNAIC L DT T /) L > ® eEPSC R
HIOWTITEAL 13 BE TRt L7z, 74 A siRNA
BLOPBS BAILT T/ 2 L B EPSC HRIEHNHNIC
EELIghotz, UEXY, invivoBfETF/ v I XU
2 & D ERRARE OBAR R BN LY, U
TAD L F T AR A S BAERE DIEN L LTz, Z D
B LD, AR EIA R 2 R= 2 — 1
DOVFTRZBNTC, VT T ARKKTEHL 7V v s
TV > 7B S OBSRERRAT & FTRE & T D,
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(P3) 77T/ U AMER

BRIZEDT Y MBERXS A ARNEE(RRESIH

B tht CROURY ERCERRERT thigr Y U —72)

MRIEEN PO CE T 5 7 5 v, Mo
WEL~LEFET AR T L LTMBNATWD, FHxlx
INETIZ, NIRET T o7 AR b
BMLTWEZ LEHE L TE7, 74 X 24l (100 Hz 1
) CHRT DM CAl IO RHIMRIY, 7T/ v
VA2 ZREEEGERIC LV IRBAE S5, 20 HZ LT
DT H X AR THFIET D RHIEIRTIET ¥ X ARHE
BO—@ME T 7 ABEMHNC L BEREME TS D
W, TT vy Al ZREETEITZ o—@tks 7 A
BREMHIZEET 2, b2, REEMOERE LS
DARBEEE T & X 2% (1 Hz 1000 &) O BLE G0 5R
b, 7T /vy Al ZREERERICLVAES LS, Z
D XS, NRMECHRERIIMNCAFETET 277 /7 v oid
VT AR EGIET AR T THDHZ EIFH LN TH
LN, FETBO AN =R AL OMEIIREH ST
W, FexlE, TF v Al ZREHEE NS LEE
ZARRREI B L~ LT E D XD ITHIEE LT B 2 & fif AT
L, 77 /30 Al ZFELFETBAI=A LD
HERAOLNITHZ L EZANE LTWD, RIFES
?yb%#%%@bk??/yyAl%ﬁ%%mwr@
LAY 7 aF—AHUER L O ) 7 v F— iR
FVHALNCLET T/ v Al ZREOWE NS L,
E 51, CA3 HHllA D CAL IR~ DO HBRFICXT 5T
T Vv Al ZEEOEENZ O TEREEFZNTIEL
BT ZE B OO SR B VR & R TRENT L 72 RS R & R
T2,

1. 757/ Al

R

BAROWEFG 534 & RS Rl HHERE

%
Z

Fexld, 7y METT /v Al ZREFERNARY 7
g — A HEB KOFRIAER L€ 7 7 v — L fifk
AT, S O CA2 SEII D fEL & Fe TR
TT vy Al ZEERBFIET L 2R LNILE
(Neuroscience 93:955-967, 1999; J Comp Neurol 411:
301-316, 1999), =D Z &b, #EE CA2 fEIITHER N D
DAL LR THBE DMK R 72 T 2 ATREME DY 5
<, Foxid TR CA2 SIS IMIN D T T/ L v BDEH)
W2 U T On/Off ERE A A3 27— ML TH D] LD
Ft 2 EE Lie (FRRRIFFE O S vola5 (2) 283-296,
2001), 7> b CIEMEE CA2 SEIRIIS/INCTH DA, b
b FTIEFEEL T CA3,CAl LISIZRZEOMIRE L 72
2 Enb, CA2 SIS R MBI EE RS Th
5EEZEZTNWD

2. MBI A Z A AN BB {RREIRHE O A RIETE IS K 5
Hr

R FENT SR ST I € 3 % i o CRE BN B & AT 20k
FREEIC LY, WS O #IRIEl — CA3—CAL #fkEIEE T
O B (AR OWFWIZER] 7 — 27T L C, CA2 fElk%
FROBE 2 72 CA3—CAl M DH - F 7 AR LIS, CA2
ZIRHET 5 CA3—CA2—CAl (iR 2 RV Lz, [
Neurophysiol 78:1662-1668, 1997),

TF vy Al ZRIRD, CA2 falk O B At o5E
L bR MATNBEEZONDEDT, 77/
Al ZREREFIROER 2B A 7 A AEARTEKIAH
FRNTHFE L, S HICHFBUIEOERERAL 2 YR E IS
LT LT L 25, CA3—CA2—CAl OREMLEENT
BINDHZERbroTz,

(P4) Neurotransmitters involved in theremosensation

Mandadi Sravan' « f8R-E 7K M7 17 - ey BGE - BIRES BB - ok AR - KT BT Bk EE
(" PR S S A A A = A & — « FIRAERETEY, 2RBFR - AmAlE 3 BIRERIRT: - SKEEEE)

1R BE RS 4 TRP F ¥ /L TRPV3, TRPV4 [T KIRITE D
EOWIREEZZRL, BETFTF /94 MTHRIFEHL
TWb, #7F /%A k@ TRPV3, TRPV4 TIEEAI S iz
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B9, VAT TF A b LB IR
FAERENL L, ISR X 2 M Ca® i BE O 23 4
T, FIF A RTRID, o AR CE
IHZEEMR L, RIS, "MMAGfEUP—2 A0
TV AT LERFE LI, v UADTZF A N E&FE
A AT FNVEIZ IR (P2X, %MK, 5-HT; % AR
NMDA % &FR) %53 Xt 7= HEK293 Hifa 2 Hbsas L
HEK293 #iflZ /) > F 2 Z o 7 % 4T\ whole-cell mode (2
L72%, HEK293 ffaxE»ETr 7 F /%A MIED
Fieo 7T F ) FA PEREABM LTI EDOENA A5
Tl —Ic L B aMEA COWIN & ERDOIEA 7 FalE

LT, 7F /%A It SN2 WEORE &R
Iley TTF VA R H D HEK293 i 4 K1 7=
X7 7F 7 %A FORERFICERB A ONRND &%
negative control, HEK293 fild |2 B S H 7= K HIED U
Wy ReRELIELEZBZrI7F /794 Moz ST T
LN X BN A B D Z & % positive control & L7z,
EHZ, ¥I7F VA MBI DIRESZRIC TRPV;,
TRPV4 &5 6 DIRERESZ M TRP F v rAB LV G L
TV %% TRPV3 K~ U A, TRPV4A K~ T AD )
FF WA M EAWCTHRIEL T,

(P5) FM1-43 a vital dye used to detect P2X4 channel activity

Fernando Lopez-Redondol, Kimiko Yamamoto?, Joji Ando2, Kishio Fumyal,

Takeshi Kobayashi®, Keiji Naruse* & Masahiro Sokabe'~

(lCell Mechanosensing, SORST, JST; 2Dept Biomed Engin Grad Sch Med, Univ of Tokyo;
*Dept Cell Biophys, Nagoya Univ Grad Sch Med; *Grad Sch Med, Dent & Pharmacy, Okayama Univ,

Besides its broad utilization in vesicle recycling
experiments, the styryl dye FMI1-43 had been proved
successful in the screening of activity-dependent channel
activation (Meyers et al, J Neurosci 23:4054-4065,2003). Hair
cells in mouse cochlear cultures are selectively labeled by
brief exposure to FM1-43 only when the mechanotransduction
channel at the tip links is open. P2X, and TRPV1 channels
also uptake FM1-43 in a ligand-gated fashion. Endothelial
cells in vitro have a polygonal shape and the application of
shear stress orients and elongate the cells in the direction of
fluid flow. The mechanism of shear stress sensing has still not
been elucidated. Our previous work clearly demonstrated a
principal role of the ATP subtype receptor P2X, in flow
sensing by endothelial cells (Yamamoto et al, Nat Med
12:133-137, 2006; Yamamoto et al, Circ Res 87:385-391,

2000).

>Dept Mol Physiol, Natl Inst Physiol Sci)

Here, we use confocal imaging technique to show FM1-43
uptake into HEK, HeLa and CHO cells transfected with the
ATP receptor subtype P2X, upon stimulation with ATP and
local flow applied by a microtube located 200 um over the
cell surface. There is dose-dependency in the ATP-induced
FM1-43 uptake. It is know that a point mutation in P2X,
(Y378F) affecting the internalization motif renders P2X, on
the membrane surface. Our results show that the continuous
presence of P2X, into the plasma membrane does not modify
the pattern of FM1-43 uptake. The mechanical flow force
produces a slight uptake of FM1-43 that increases highly if
ATP is present in the perfusate solution. These results indicate
functional activity of P2X, in various heterologous systems
and suggest that P2X, could be a primary shear-stress sensor

in endothelial cells.
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(P6) /077D P2XZIBRARERFMIE TS« T ORI F U OIERKA

PR R 1, EROREIR P 72 1T X DRI K
STCHIERZ &N, BAFOSRKICIRPIEZ RS2 &
DRSS CIHFICRE ML oo TWD R, D%
JEA T = XA BTV FEIERRARI GBS FET D, £
DEH 7, BFRETOERICELY, ATP ZHEEY T
B AT P2X, MR (P2X,R) D FEFRBENNAS e K M T
DREIEICEHBETHDLEWVH Z L, P2XR OFEHBINT I
a7 ) TIRRITH D Z ENRPH B E 7257 (Tsuda
et al. 2003), L7=2->T, 2717 Y TIZBIT5 P2X,R
DI AFR K IR FIE CEHE IR AT v T Th D
TEREBEZLND, LML, TORBAT=ALFTEL
DFTH D, wEHLIE, M~ Y v 72X (ECM)
DOEDTHDHT 4 7RI F L (FN) 5 P2X,R OFEHL
HIENZR 5 L CW\Wb Z &2 5202 L7z (Nasu-Tada et
al. 2006), & Z TAMIETIL, FNIZXLDHI27 a7 )7 T
® P2X4R OFBUEIMCED 54 7 7V V5 T DORE,
KO, NS 7 F I RER B O 2 B 5 LTz,

Ty M EEEI /7 n 7 U T & FN TLETHZ LI
v, P2X,R ORBUIFHICHINL, Z OB
FARAEZTF 2 (asPy, am B3 oy PsA T 7V BHERD,
KO, B A T 7 ) CBEREBR DA O RTLE LS L 0 ]

(P7) #AMARBICEITSATP X

BERIFOAIIE 7 & ITE O RAH PRI DRGNS
;D,%ﬂﬁ%ﬁﬂtﬁﬁk@bfbio?m74:7
(HFIE) & eIk & U7 iR IR 3 5 IE T~ 5 iR
EIPEIRIR IZIEA T 1 A FHEPIRIERECA A A RipE o
BEAFOBRIN B L2 WEHAMIER CH Y, ZORIE
AH = ALDZZIARRENEL, BUEETOEZ A, H
IRIBRIEDHESL STV, 2D X ) 7RI,
WA, ATP & BERMENE & ORI KX 2 ENEE -
TEY, RIO—URLHEARRIZHEBL L T D P2X; B &
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Bl S, B Rk, Rk g
OUINRZZR BT - ST 255 8 )

Shiz, 72, 377 T7HIRIL asBLOB, A>T
TV BN EERLITREBELL TV Z &6, FNIZ
asPi AT 7Y &N LTP2XR OFBEETLEL T
LEEBEz NS, FNIZE % P2X,R OFEBHEMNIE, MEK
PR 4] U0126 <° PI3K BRFEHI LY294002 THIHI S 4172,
S5, FN @iz LY, Uk BRK GEMEER) o
FBLL LR R L, ZOMBN A6 I3 E D CHRE IS
RbNic, £ 2T, ERK O FHRICEIET HHR5 K 1 CREB
OIEMHEALERFI L= 25, FN 2LV U VRt CREB
DFEBNI 7 7Y T OFNTERIZEM Uiz, BBRE
WZ 2T, CREB @ U gfkig, U0126 $5 L U8 LY294002
X VI SN 7=2%, ERK OV UR{EiE U0126 D2 TH)
il iz,

UEoOfRREY, FINBERIZZET 2407 7Y i
asB; CTHY,ED T TIEMEL &7z PI3BK 8 L UV ERK
2 P2XR OFEBUEINCEET 2 Z L2\ HMNT LTz, &
512, PI3K & ERK JIMMST L 7= T CREB % U g{b
TA5ZL b7, P2X,R O uE—F —FEIT)
CREB f5AEIASFET 52 &22 5, P2X,R 1% CREB %
AL TIRE L~V THIFE SN TV D ATREMER B 2 b
%,

RRERZEN LI-MRERAR KR /N—E A20F %L

R ek, HE ok, JELE gk
UMK - 38 - FRAT)

O P2Xos TR, JAEMEIR ORI IR 12 351 5
BT 07 ¢ =TI L T0 D Z LRSS
TWb, —J, 7RrAZ T3V BEIILDET DR
BAT 4= —b ATP LRERICHEAICBE LTS
TEnD, TN OEARERTHDMIERIAR AR Y S
—+ A, (cytosolic phospholipase A,; cPLA,;) DIE AL A3
FARTER OHIENC R A4 5 T 2 TREME DS HELE
T&E 2, MAL~L T, ATPIZEY cPLA, BEMHE(L S
NoHZ EnG, R THE, BB M (dorsal root



ganglion; DRG) (2815 % cPLA, DIEMEALE L OV Z oiEtE
{LIZKET 2RI P2X; B L P2Xys X BT v 2 2=
Z N DNRIZONTHE LTz,

cPLA, DIEMALIE, TEMALTCH B Ser505 U bl
cPLA, (phosphorylated cPLA,; phospho- cPLA,) % >/ 7
B &2 OFRROTUR Z W - S R RS L 0 B
L, TOFRH L9 HRHHl LTz, R e
F T, AEM DRG =2 —a2 T8 W T,
phospho-cPLA, D3 HL L~V O EIINF K OSBRI 5~
DRTZvRARF—Ya rBEEIN, —J, BERE
PEERREET LTI IO L I 2BEREIR LR -
72, phospho-cPLA, DHEfEE~D T o Aar— 3 Ui
FIZKA DRG == BWTHIESh, £z, Z
® & 5 72 phospho-cPLA, Btk = = — o > 3R B % R
RFHICHIN L, Z ORI L 2T v T 4

—na N

=T R ORELE L FF—F, Lz, cPLA T 4 DD
BTHEAT (o, By, &) BIFIEL, TOHTH cPLAy,
E7 7% Foiagie ) JEEICRREE R L, TBE A
T AT = —DFEAICFICEETHDL Z ENMBNTY
%, 2T, BIRM cPLA, JSHEH 2 BN 5 L= 553,
TRuT 4 =T REHl S D ERREC, #HEM DRG ==
— 1 281} % phospho-cPLA, DRI L~ LK F L
72e BT, FRA P2X; BL O P2Xops /KT 52
=ZX RN ThHDH A-317491 I LV, phospho-cPLA, DIEHL L
UL EHIRAEAD NS A m r— g U ST,
PIED#EERE LY, DRG =2—u iiBiT5 P2X; BL W
P2Xo; R E T L T2 cPLA, DIGPELE X OIfafE~D
T AR —y g CMRB IR R RIS S
DERTHY, MREMEERICEEREEZ R LT
LT eSS,

(P8) a7=aF M7 FILaY) UZBARDAKRRARY /XA—E CEHILENLI
o057 OHEERE

BT, R ER EE AT
(UNINENINCE S

a7 =aF W7 EFLal) CRRE (a7 ZREK) 1
(AR B L, ARt 722 & OfRe &2 R4 =
ERFBENTVWD, LOLESR, v7/7r77—URT A
b A b7 S OIEMRMIICIBV T baT ZREROR
B @HE SN TWS, Fxlk, 7y M7z 7
B D07 ZRERORBEHR LN, 1707070
o7 ZRBITHFEMINIEERT 514 4 F v 2N BDa7
SRME IR, PLC IEMAL E 1P ARk E ) LGl
WA L7050 Ca' iz 5| &R 2 LW & A T 0%
KECTHDLZ EBRREEINTZ, B, I/7v 7070
a7 ZRED, INK B & O p38 OIEHEALE 2/t L7z iiz 5
HMEIC L 0 LPS M & 2 5172 TNF R4 Bl
95 —5 T, ATP/BzATP #IC L % P2X, Z&IKE I
ToARFER 72 TNF B2 85875 2 &t 2 R L7, £2°C
A, o7 ZHRMRIZ L D ATP/BZATP 7% % TNF B o
BEF 24 % & & b1, TNF iR #1231 5 PLC/IP

LoORaAR BLEA 23, WEHE HEE? FH R
VSEANMRAT, AR - RSRSEBE, KB TR - W)

R 2!

TR DB G 2 BE LTz,

Ty MM I 7w 7Y THREEMRICRE N T,
ATP/BzATP IX MAP %7 —%¥ (ERK, JNK, p38) %Gk
ML'mmeA%ﬁ%%ﬁﬁéo:z%V@:@
ATP/BzATP DYERIZIZMHETH - 7=, BzATP I3 P2X;
i@%%nbf[QFLLﬁ%a%@:@wi::%yﬁ
COEREEB L, &blc=aF 0%, LPS #%% TNF
WEHE A Bl U722y, Z oERIL Py 52 25 14 0 i 38
xestospongin C (2 X W HEK L7,

PLEOREREY, 3707 ) TIZRET a7 SRKIX
P2X; ZRAKD A F 2 F ¥ FOEREE F D, MAP F 7 —
BRI Cl G B A I 5 2 L2 kY,
ATP/BzATP #%% TNF 2 & (21 3 5 RIREME AN R Sz,
F 72, o7 ZARMRIT PLC/AP; R % /- L C TNF b 2 il 5
L, X787 U7 OMRIRERREZ & L WREME D VR
i,
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(P9) #HRES ATP IZK ZBE7A MOY A FEEMAILS DL - L—2 3 VOMEERE

TAaYA SBREEHINLY T L - F U L— g
FRISEITZ LY TRV CElE I D B
FEO—HE LTHMBNTWS, 4, 7V 7Hllas#h
AREWE (ATP, glutamate 55) O AN LTI U T
ffd & O Hrfsi g s 2 AR A I B B L TV 2 Al REME
DRINTHG, TAMad A FOMRANT LT T LE)
BRELICHEHEND K)oz, LML, BRHND
N b AT L— g v OFIRS L OV OB
BENCOWTIIRMGATH D, AWFFETITMHET A b
P MIBTLETEH N T L - FL— g O
HiEgHE 2 A9~ 2 72012, Mgk ATP 12 X 5 BRI L
UL F U L—Ta COBEEIZONT, BEXT
A ABEBIERICE DTN T - A A—=T 0 TIEEHW
TR LTz,

ATP (3 CA3 i LR FICBWTT A hrdA K
DFRAN T V2T DIRE & — IR LA S, &5

JUAS =, IR fF5L
(RO EERERR T - KBRS 1)

%20 3 LL ERET D BB NV T L F U L— g
DOEEEHMAZ 51 & Z L7z, (1) Adenosine 35 £ UV NECA
WANT T L Fob—a OB L,
(2) CGS15943 3 L TN MRS1754 73 ATP ([C X B H LT
Lo A —va VEEBINEMBI L2 LD, ATP
WX DHBNH N T LG L— 3 v ORI,
ATP 73 adenosine (ZHIKDE S 7= ICIEMILEIND
adenosine A,y ZHEEEZN L TS EEZ BN, —7,
ATP 12 K A —@MMam B L A E 513 P2Y, 5
BIRE X Ut adenosine A,z ZBIEDIEME(LZ I LTz,

HHRESN ATP 23 P2Y, &K 3 KL UF adenosine A, 3 1K
LW RRD T OO REEER LT L LIk, 7
A hatA FOMENT VYT ARER IO E B L
VUL F VL= a VEEOHTHEIAH S TWD EE X
b b,

(P10) OGD-Induced ATP Release via Maxi-Anion Channels in Mouse Astrocytes

Hongtao Liu, Sabirov Ravshan, [ Z&ff (Z#F FEREIBD)

ATP and glutamate represent two important signaling

molecules  involved in  bidirectional  glia-neuron
communication in both physiological and pathological
conditions. Our previous studies demonstrated that the
maxi-anion channel and the volume-sensitive outwardly
rectifying (VSOR) chloride channel jointly serve as
conductive pathways for glutamate release from primary
cultured mouse astrocytes subjected to hypotonic stress or
chemical ischenia. In the present study, we tested a possible
role of the maxi-anion channel in ATP release from primary
cultured mouse astrocytes subjected to oxygen-glucose
deprivation (OGD) stress. In response to OGD  stress,
astrocytes exhibited massive release of ATP as detected by a
luciferine-luciferase assay. Using a biosensor technique, it

was demonstrated that the local concentration of ATP reaches
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a level of approx. 4 uM, which is sufficient to activate most
types of purinergic receptors. The OGD-induced ATP release
was inhibited by blockers of maxi-anion channel (Gd** and
arachidonic acid), but not by inhibitors of other candidate
pathways for ATP release, such as gap junction hemichannel,
CFTR, MRP, VSOR, exocytosis, P2X; receptor and pannexin.
The same maneuver caused activation of the maxi-anion
channels similar to those activated by hypotonicity and
chemical ischemia. The channels were found to be permeable
to the anionic form of ATP with the permeability ratio of
ATP/Cl of 0.11 £ 0.01. The OGD stress also induced
activation of maxi-anion channel in astrocytes in the acutely
isolated brain slices from mice expressing GFP protein under
the control of GFAP promoter. Therefore, it is concluded that

the maxi-anion channel serves as the pathway for



ischemia-induced ATP release from astrocytes in vitro. Also it

is likely that the maxi-anion channel mediates ATP release

from astrocytes in the brain in situ.

(P11) ZLER#BEEY > TILh S OBMRIRIC & 5 ATP KH

(' B BT iR B A

AARIZI1T 2 H B 72 MRS ME AR M E T & 5 ATP
i, AR OSBRI S X o Th S, BRI A
SOHBHLERBZEOXF— DT L B bND, FHW
DA THEERL, BN IV 25T 2
72O FTRAZREN SN SINIZAF U it L - T
WHE L7, BREEPIZIEE > T A7 I k- TR
L72Y, SN0 OBWMAIN A 21T D72 &, ARG
TCHEA DREBRBEIRAIA S L2 EZITTND

R BT~ U A DFEF L%?LH%@%B{JﬁiJ‘%fE}H@% v

T, AR Z » FRLA Ly F & o T BRI
FER UK CTHIBLIC &> T ATP Z i U, FUARZ s
DIEED P2Y, OFLAR AR AN RED P2Y, DIEMEAL & I
LTCC" U VP T D EEHLMIL, A
BRIRIEIZ RN T ATP ¥ 75 U o 7 R FI b Dk

MR, AR

oot

P!, N 2, EIkE ik

REFRFRE « & - A4 )

E3

LN EE 2 HF 52 L TWDH I EARELTE -,
LREIOFETIE, X0 AENIEVIREIZS 2RO
HFED > 7T ATP v 7 Y v 7 OFT %, Luciferin-
Luciferase /NA ANV I xRy RAEZHNWT Y TVE A A
ATP A A=V TV AT AT X OHLMCT 5, FLIRME
k2B mm ARREICHEI L a7 — 7 o FCHOIAAT
RS T T —IEBLL RIC o7 v RE, TEREAHER L
TWb, ZOY T v FRIFRA N Ly TR Z
.2 % & ARRIFIIIC ATP B2 /L b vz, 2 OB
EixLIxyery AMENLERT S &M » b
10uM Th oz, Fl-AF T b roOFEIZL-TH
ATP B A B, 20 Z EIFAIRICBWTA S
) TFV T ATP V7Y TRy T LR
WEELTWD L WS FLEDE X ZEGE L TV 5,

(P12) MERAFME (R1JHA F)
—ATPIP2SZBR L FFILENLEET MYy RAAOTAOFT7—EHRE—

A 2,

MAFE B (XU P b)) 1F, i E ORI
MAFBESNEIALE T DM T, RrICHEBECMNIc % < 77
FELTWDZERMBNTNDER, ZOREMIZEREIC S
WIS 320, NI, MiiEaRY (BBB)
OERE & U THEET DM, MEMMROESICEE /a5 E
9 L E b TS (Bergers & Song, 2005), L& #H4E
DEEICIE, W& O—# A0 L CHAELE OEMHE1ED
MERD D, MERERIZI=, 774707 F
V,zﬁ—ﬁyﬁawwmﬂvay&X(mM)#%
M S TEBY, ECM &0+ 5 A E<EE LT
MU w7 2xRxEZaTaT 7 —E (MMPs) WEISHILTU

Zm #'
(" EISEARF + SRS,

i 1Y R SN 2%5(2
ZTEH[—U(%

N
e

%, MMPs [ZHIEN S pro-fA & LTHbsNt%, 77
Ay, TEMEREREOEM %250 TEMER MMPs & 72
%, MMPs O TH & T HA L OIS ARIE S
TWE WY ZFF—FD—> MMP-9 %, FapH
Ca™ R ([Ca™) IRTFHNCHH S5 Z VRS h
T2 (Gu & Wiley, 2006), FAEILZALETIZ, XYY
A RET A MaW A MAEEE LT LIS EMILE &
B PAA TS Z L, Flix OMRER P2 SZREKAE L
TWNWHIZ L, ELICHENATP 2N LTCala=b—v
aVERY[CT), FREDINEERTHI L, EHLN
ILT&E, 2ZTHEFAEIT MMP9 I EH L
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ATP/P2 B TN EN Lic_ T A B IOT A
fath A FTO MMP-9 A - BIHERIZ DWW TR & 1T
o, ZTORRERY YA FTIX, BzATP LEH KO
apyrase ZLETEDOEEH FIEF D pro-MMP-9 & A EHEAN
DI, 2V RUTFA ME ATP OfEBRE, F
TILEIRE ATP T7(E FCRZ 5L P2Xy A/ KREN LT
MMP-9 ZFEA - T2 b0 B BND, —FH 7 Ak
2 A hTHE, P2 ZAEERY T A EENT 54T T
pro-MMP-9 i EDHMMA R4, ZOEIZEGT 2

B2 AT G 58 P2Y /R Th -T2, £z, £
DB DBFRIZIT TNF-o BIESBEET 5 Z LRI
iz, Tlx OFFRERS ML % O M GRS s~ o
ATP Jigtt - 3Tt 35 2 &, £ o0& st
ATP S fERERFENTET 2 2 BB TN D, 2O
L9, RUHA FPEFIIT A bad A M ATP JEEE
DRRIR BN o TR D A N = A LT MMP-9 % i
AN L, DR DA K ORREABSE O —n %
5TV D ATREME DRI S 472,

(P13) 55 F /44 +k HaCaT #iR2IZ&H(+5 P2Y 2BEZEN LT
A R —0OA % UBELMIEDRIT

(ALK - B -

i e o2 EBY, —MOPfEEE L LCEED
BRENDOA IR E A=V InLERERELTRY, K
TR, EHRZ, £ L TREROZEOMNESR L DR S
NTWb, 775 /%4 FEEFEFOFTHRD FEIC
P4 2REOACHIREIE L, KL ORRICHFEL
TV 5 AJEMIa &AM, FERiiia, &L CAEM
fa~&tRaIZHE L TWE, BRIV DY D Thh
Lo THBNEDL TN, ZOXIETrIFF /¥ A
B O F T b I b AMANIALE L TS 72 b I E il
W, b LITRERILE VSIS 0ORIPLITHFHIZE 5
SNTWBE, FEOWEN ST 7 F /A MEEiekkx
PRARRC BT, WERRIBIREI S U RPN 2 S MRS
~ATP B S, #ix BB ERZ 72692 L 23
HENTWE, Vo722 vy 7=27—8EEHN
T, FEHIARHL L VO MIBERIRRB ORIV T T T/
P A b OKLHIIETH D HaCaT FILOEEE LiEF O
ATP BABIE Lz & 25, BHAT#) &I % D 53% 1
EHICIEFFERFOK 60 f5H D ATP BNEFEN TN, —
57, i S ATP IE, ATP &2 P2X & L < X P2Y
SEERENLTCESBE D LITAMOMIRIC LT
B e ABMERZ b b T 2 RMmbN TV, ThE

298

IBRORER Y, KRR B2, e RIE
B MR SO ET, 2 E AR - SRR

THx L, HaCaT MR, #kx72 P2 7 ) VSZRFIEY T
A A TINFEL, EOFTH ATP, UTP 27 =R L &
T5 P2Y, AN EEICRBET L caRiE LT
0, BEICEIT D P2 A EROAEBRERICOWVWTITR
B 6T R, £ 2T, AMFFETIE HaCaT #Hfd % H
W, P2Y, BB ENT D IEEERICOW TR Z &
G RIT,

HaCaT #fld % P2Y, KT =2 ~ UTP THIIET 2
&, RN Ca¥RIE ER LSRR T 7y F YA ) 2 b
— U IR RHEEE O TLER A BT, —JF, UTPIZ
X DR #%K 30 pEE—2 L LT A b A DO—F
ThHA 2 Z—uA %26 (IL-6) mRNA OFEHN LFH L
72, & 512, ELISA ¥AIC L Y HaCaT MR HiEHIcE
FNDIL-6 X NI EEEZRELIZEZA, UTPIZL D
TR 3 Bl & B — 2 & U CHRRRMKIERYIC IL-6 & >3
JEENEMN L2, 25 OIS UTP OREEKRTIIIC
AU, suramin X2 BAPTA-AM |2 & - THIf & L7z 723,
GF109203X IZIT B SN2 o T,

oz ENbRIERED T ZF 7 A MTBWT,
P2Y, S A AHRKIC X 0 MIRaN Ca® I E ER-Z A L CIL-6
PEAEDMRAES D Z L DURIB STz,



(P14) ATP 8 & U NAD IZ & A HRA3EAE#IEDIEE

ATAE BJF, AA e, JRm 8, THE

[B/9] T Mk BICRBLT 5 P2X, S FIRIE, U H L RT
D ATP L DFEGIZ L VIEHEL S, IMLOTER, iy
/N o T MBSE 2 R 1, —TJ5, flt T MR
AZF B9 5 ecto-ADP-ribosyl-transferase 2(ART2)723 fllfE
SR & 4172 NAD % HE & LT P2X; &% ADP
UR LT 2 2 LI K IEHEALT 2 aetE s @ S
TWBEL 22 ¢, ABFFECIE P2XT7 Z RIS LS D
g% HAJIZ, ATP BXUYNAD 1L D~ A THilED
HRNR TR EAARE D FEE S DUV TR L7,

[J71£] 4-5 BEEENE BALB/c ~ 7 % X 0 F8 U 7= U
fiaZ FHvy, ATP 72 5 TNT NAD ALEIC L B/NMLOTE K,
MR DZE L, RAT 7 F It Y 2 (PS) DML
~DOFEH 72 5 IZHRAFE D FHFE DRI O T HB
L,

(K5 Rd LOEBELE] ATP LE 10 /&I OHE/N (il
Rk N BT T VT LA A DOFRVELY AL (/)
IR, 72 5N PS O ~DFF 23, 90 311
I7a Ty AT ORY AL RIRSEOFHEE) 238l
BE N7, ABIEEURIZ X0 AL oo ki fE 2 4351 L

W, mA FRE, I ORERS
(F ] BN K - 58)

THEAT LTfER, ATPIZISE L iRt 2 758 L 7= Mg
FEI T MilaTh o7z, —J7, NAD ALETIE, ATP (Zlb
NTPMLOTRITE <, MR NTIE L L EBETE 2
Moto, £, MIAFEDOFHERED ATP IZHED & 55>
72738, PS OMILFE HH ~DFE IS iR o 7,
LIEX Y, ATP & NAD 2 K% P2X; A BRIEMEALICIE
R DHEMENFET D 2 LAVRIR S, TR
FTHRENGEWRHDH O LEZ BV, PS Ofifa i~
DFEMIT, v/ a7 7 —VICLLZA/ICEBEL SRR,
T Mok, Mk~ - ZEICED D & ) Wik
%bO,NMDciéppger%ﬁM% [Oyatitsl ko
E 2D L THRE
ZE 3R
[1] Tsukimoto M, Maehata M, Harada H, Ikari A, Takagi
K, Degawa M (2006) J Immunol 177:2842-2850.
[2] Seman M, Adriouch S, Scheuplein F, Krebs C, Freese
D, Glowacki G, Deterre P, Haag F, Koch-Nolte F
(2003) Immunity 19:571-582.

(P15) TAF LTI I—RIZEKFE LT MDCK HIRE~NDT7 TV X I LA F RORY AH

ATP (T X COMIICAHTEL, MRt CEERYE
Th o, MENIOEREE, Mk, ~Z7rAR—F
—, FrF I 0IThbhT\W5, £, HRAMCIE
ATP 53fRBERINFIEL, ADP, AMP, 77 / v >~ fX
#HIND, ZnHORBEY HMLAIN CEEREE
HoTWD, ATP ITHIEHICEIREFET 2 2 L8355
TV, MR, RREERE D D VIEER
HHR T2 &, ATP MRS~ s h b, i Sz
ATP 3R LA LASER 2R L, REH 5T
VIAZIZ X D IRas s BBRE SN D, —IRAYIC ATP 1T
TR EN T OB IAEND EE X

LW B, R, AR AR

(F&f K - = - SEBR)

HILTWD, LAL, MR HEE LSO ATP A3Hila
SMTIRH L7=38451%, ATP, ADP, AMP 2 EEEMEANIC
WYAEND ATREME DL EZ BND, 2T, AW T
TT=UX I VAT ROBY A DN THRFZ1T -
Too B Z ~NVENT2T T /v, AMP, ADP, ATP I
MDCK HIFIZ AR « J2 ARV ICHIIEN ~EL D IA £
72 AMP, ADP, ATP OV AIT T/ ¥ OBV A
HIZHRD b ETH ST, 2, 7T/, AMP,
ADP, ATP DIRVIARIZRX 7 LAY R RTF U AR—F —
PO E Y FE—/L & NBTI T & 0 BEERAFRICH
il &z, WIS, RO ATP M Lz & & OB A
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FIZOWTHRET LT, 2 b=y RY 7HEIEED CCCP &
TrF~A L NXT T ) v, AMP, ADP, ATP ®HY
ABEMIMEI LTz, LL, 2 TAF VI a—ATHll
N ATP &% &% &, AMP, ADP, ATP OV A
I LEF LR, 752 OB ABITEAD 2D >
7o Fi2, 7N a—ABREEESCY 2 FEE SR T

JaN ATP (ZHE AT, AMP, ADP, ATP OV
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active zone of synapses that forms a ternary complex

(4) AMPA %

AMPA B 7V 5 I UBERZ SR, FARFRRSRIZEB N T
HCBEN S T T ABEAME S TERA LT v oL
MZRKTH B, 20O AMPA ZEEOHIENL, 532 - 30
BOSTHMEE UTEERERZR T LEE1LND,
ZIVET AMPA ZEREEDSFHEMIC X DR
TEOEEREIL, THMRteYy - ALFd=20 UL
ZHE LTRSS R SOk, 4l #r
FicFe vyl VEgkB LOMREEMiO—FETh D v
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BEF SN LIZOTINERBIT D,

Je3, AMPA Z &K GluR2 7' 2= k@ C KifitEE%
WCAFETHFa v VRN, Sric 77U —Fui ok
TRl Y VBbsh A EERM L, £LT, Z
@%DVVUV@MZ%OTGMUCX%%@?VN7

B GRIP1/2 3 X VPICK1 & OEAMICELAE L, Mk
%ﬁ@AMH\i@WﬂIVF#4F—VX%%1
TR AT RN AR NI IRV SAE N D F AR LTz,

KT, AMPA ZREEY 7 2= hO AT 3kiE
BB D> AT A VRNV A b EN 5 H %]
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A

%

SRERDORIEBITEE CABHOEE

with RIM1 and Munc13-1. J. Cell Biol. 158: 577-590.

(*corresponding author)

ZRED ) AL EIBEEERIC & 5 trafficking i1

(Va v R« RT ¥ ARFEFTREFEL

LM LIz, ZOfER, AR 7=y MHOZAME
RTF ¥ NV OEREEFFIEICITEL 52 5872 <,
SREOMNBIESHE Sz, BB, Fv rRR

TR AR AT D 5 IR EE IR O L X R A RIS
UAM%‘@W®H»V%%fﬂﬁ@éhkoit
RIGHEIRD 7L I b A /BIE, AMPA ZAARDO K EFEBL
DHEFF & TV 5 L UTRZRRT =2 R ORIIC & o
RAMBIAN ~DEL Y AT 5 LT,

PLEDOFRENG, 1ERFEOEA T v - AL
F=v U VBB A, AMPA ZEEKOF L Y g
b L ONREEM S & F 7 A RIEIZ 1 5 HE RSy
HEEEE ThH D &R S LTz,
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and regulation of the AMPA receptor by Src family
tyrosine kinases. J. Neurosci. 24, 6152-6160.

2. Hayashi T, Rumbaugh G, Huganir RL. (2005) Differential
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palmitoylation of two distinct sites. Neuron 47, 709-723.

HOTELZSIERIT
W S, PR OMA, BEIT MY DU B2 S8 B
(UK RIS + 4y TIN5,

WS CA3 $EAHIIAL, BE&IHFEST 2 I Ly MEIE
WLV R KT D, 2 ORIEZE K ITHEE M DR A4
AEOEME, & LIS TADARIEORIEICE G5 &5
ZHNTWD MEEAT A ADERNS CA3 BT [E
FEKIT NMDA ZRMEIFI 72 T 7 ZfEE D858 % 5|
THIL, TADAREICEETE B2 TE,
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v MEBINE L ENL T\, 2D O RITE R
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Sompolinsky, Y. Yarom & M. H™ usser : Bistability of
cerebellar Purkinje cells modulated by sensory stimulation.

Nature Neurosci. 8, 201-211 (2005).
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KW I8N, BEMES T T 2D i3khikzE
BDANA NG END, AN OHEEITIEF IS
HThy, HEANL VHETBEDKRE SITRFLT,
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TS EMEALZ AT o 7 1 BRRICBIZE S 250080,
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(8) WUNEBNREHIEZ N L =B SEEE RO 2 FHEE
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HEFICHMERTPRER R L, TOREX, PATRRME - TR
WHE & D2 F 7 ATER & PO SR 2-3 18 H ORI
FINCHETe Z E BB TV D, ZORHRZEER O - 3
Z— TR INE OB BRI A2 0E S SAES TV D
0, TOHTHEBOFEMIIAATH D, FoxldAk 2-3
BOT N THfRFFRT 4 77 Ly VAT Y —
=T ET, TR R EICT ST D REA DR
EEIT-TET,

B ONTBEMAR T O 1 DI NE O BE S RER T
& B stathmin TH Y, FF 2 THILIZI T S stathmin
ORFUTAES 12 A D 18 HIZHT THOT 5 2 & 238l
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HHLEVIFEMDOG &, PRREES VR il
stathmin ZiWEIRE I L 24, BHIRZSEOMEILE
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THUNE R E L D S, TOFRMERTICHEEL Sh
% Serl6 @V ERKIL, HHIRTEEMKAFAYIC CaMKII IZ &
DAMEES LD Z L AURB S LTz, i, CaMKIT iGtE
W NF TSP EMRICEE CHD Z &b RN
ZLTWD, I, BRRZGEME & o B R X
NTWABMAKIFIE LRV S 7 A F ¢ R KON
R TN 2 I BB RDOERTLY, Serle DY
VL LSV EICRED Uiz, BLEORERIZ, vk
v AR 2SR 2 B 1 D stathmin DOFEEID, K
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O, MRIGERFERIN Y DAL 7T v TN Lz
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AV N

IOICHA L, ERERAZ YV —=u T X0 IRE TV
¥ fifa TR LA T H5RF & LT NATI #[FEL
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HEE) - BEARAY RTYEMES B~ O NE RS O B 5 %
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1.0hkawa N., et al. (2006) Stathmin, a microtubule
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in cerebellar Purkinje cells. Submitted.
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T L R dE Re, HER Rt GROURZPERAENT MR v b U —27 57 8F)
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BROULIBOE AU EE 2B E 240 5 WK DT 7 A w3
HEHIET 2L E2Z N TVEZEED—DTH D, L
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BIK ) v 7T T b~ AZBNTHE LTV, —J,
M3 ZHKR ) v 7T 0 b~ ATIE, ZORKGRITIE
WCThole, £72, M/ v /T U I TVADLIP £D %
DIFEH THoTe, IHIT, BAER~ T RATBWTHEE
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M RERDPONRETEF L) U EREISEDS
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1. Shinoe T, Matsui M, Taketo MM, Manabe T (2005)

Modulation of synaptic plasticity by physiological

activation of M1 muscarinic acetylcholine receptors in

the mouse hippocampus. J Neurosci 25:11194-11200.

(10) #EEN LI=/DREES T TRIMFI O FEE - T2 S UEREEAAE S KE

T — TR SN~ D R A SR (5 He,
1s) 5 &, I - 77 0% o =HlaRk © GABA {EEhME
T AMBEN—IFIZ (~105s) WEFT S B, v
¥ AR BN D 720, NMHIAE SN S 2
LW %) L B ERMEO BRI, AL
LYEE LTRSS 7 A AMPA 27L& X VR AR
EIEMALT 2 2 2L Y, SO GABA gz L
TZEHELTWD 2 ZORME ST T A NH O 51 HAE
B LNCT D720, B LBHED(SEY B AIEHCT 2 it
RIZBWT, ¥ I UER IR Rl B A L
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YERT —BR, A BT (BB 7))

BE (300 pM) TR G- L THERN TH - 72, % il
WEBICHFET I =a—a U7 L E I VBRI
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FTHEEZHSTNDZ AR L TWNA,

EAAT4 1%, /IMMIZ 3BV THRIR T AT zebrin-11 & EHHE T
DR THORICHEB L CWD, ZoMEEEZFALT
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3 Tl EAATA FEBLEIAF U 7o SEITUR )3
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N TN D 7 X BRI R I R A
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S LIEBER R ESX, ma—n M7 L2 3 U
PR /INI B2 B DA AL ER | 2 A5 5 & B 7o R Re
DWW Cafam L7200,

1. Satake S., Saitow F., Rusakov D. and Konishi S. (2004)

(1) 7R +AY A FDHER

TA MY A MIVFTTRAERY B, 1ZFEALETN
TOMRMnEME B ERKEG L, 7 ARE» SR
TAREYMEICHRLISET D, £, FISCTrY
TARTEW'E (gliotransmitter) % it L,
MR E ala=r—varkdd, ZOEHIT=
a2 — v OFEFIFEMO 7Y TR, FHZT A budA
MZ & o TR - BIRFR 22 A 2 5210 T b Z L s
Mo TE -, KRAFFETIE, gliotransmitter & L THULAIH
Fl 2RI ATP L T OZRE P2 ZAFRICERL, TR
FEYA M LD VT T ARERERAOFEM, S5
RAE  SMEZEDOIRAEREIZ BRI SOSPEIC LT 57 A B
2 YA N OMEEELN VT T ARENRIT G 2 DI
DT HIRRD

7 v MEBON= 2 —1 v — 7 ) 7R T
T A S at A MIFEEIKERC ATP & MfasH i L,
ATP {KAFHY R ORIIREAIZ BB & ) 7" ARz & il L
77o 2D ATP %4 L7z tripartite synapse (=& F 7
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Al a=—varh, PRy T T AMREOARTH S
FIREMEN RIB STz, —H 7 A b a YA [T RRISEN K
fF L7V HER) ATP e 2 A7 L TR Y, A3 &
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AMPA receptor-mediated presynaptic inhibition at
cerebellar GABAergic synapses: a characterization of
molecular mechanisms. Eur. J. Neurosci. 19, 2464-2474.
2. Satake S., Song S.-Y., Cao Q., Satoh H., Rusakov D. A.,
Yanagawa Y., Ling E.-A., Imoto K. and Konishi S.
(2006) Characterization of AMPA receptors targeted by
the climbing fiber transmitter mediating presynaptic
inhibition of GABAergic transmission at cerebellar
J. Neurosci. 26,

interneuron-Purkinje cell synapses.

2278-2289.

EFEib L S F TRIGED R B
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A b DOBEFERR ATP B, fEff=a—m Dy F 72
BEAEFICHHE L TWD Z e N E R 5T,
RIEK OIMELZEDTRRERFIZIE, 7R brth A MIFERL
BOSHET A b aHA M eT %, IR LZEW T =
T RAERT DR E R L, Ha ORIBUSEEKR
U7 U 7y FREEIbSE D, RISHET A hathA b
T ATP HHREDRE LS IJLEL T, 2o X7
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&, [T 72AOBIENTE] & LTIThbh TE 2R,
FVEDLYFORNT Y TRl OBRRZEIE, Mo T
PECED AT Iy 7 ICHET L LRTHEND,
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Y. and Inoue K. (2003) Dynamic inhibition of excitatory
synaptic transmission by astrocyte-derived ATP in
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11023-11028.

2.Tsuda M.,
Mizokoshi A., Kohsaka, S., Salter M. W. and Inoue K.
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(2003) Induction of P2X, ionotropic ATP receptor in
spinal hyperactive microglia gates neuropathic pain.

Nature, 424, 778 - 783.



(12) Za—0 —7Y) 7HEEOBERIGEICL 5 2+ T AZER O ERIHIEH
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BEOFFEITREEND, LL, REREN EAE
BT, FOREOEBEET, WhRDIBETIEHRT O
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MBI LT, &Rl LT\ (Ofis et al., 1997; Auger
and Attwell, 2000; Takatsuru et al., 2006),

AWFZETIE, MR _LBRHERS K OSEATHRMED &N — 2
~ 70 TR C, v ANMEO BT &
D, BIESNIe IV E I VBRnAN—T~ 7 ) TRl D
Ca’ BifR! AMPA ZRIAZIEMEL L T D Z L 228X Ik
&7z (Matsui and Jahr, 2003; 2004; Matsui et al., 2005;
Matsui and Jahr, 2006), Z Ui, 7 ARBRICHL S
TAREME AT, 7Y Tl E Tt A 2 LU
Fo T, ma—m 7Y Tl OERIZEST bR
LETDMERORE BT R THD, FLINET,

RS R (EBRDT - BOP REARAT)

W= 7 ) TRl Ca® FHilA AMPA S ROTE

PEARIZHESC, 7V THIIRIC L D o) 7" AL o w3

B SN TS ZERRBE SN TE 72 (lino et al,

2001), AFFETIE, ZHTA A=V TEHNT, N—
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1. Matsui K, Jahr CE (2006) Exocytosis unbound. Current
Opinion in Neurobiology, in press.

2. Matsui K, Jahr CE, Rubio ME (2005) High concentration
rapid transients of glutamate mediate neural-glial
communication via ectopic release. Journal of

Neuroscience, 25: 7538-7547.

3. Matsui K, Jahr CE (2004) Differential control of synaptic
and ectopic vesicular release of glutamate. Journal of
Neuroscience, 24: 8932-8939.

4. Matsui K, Jahr CE (2003) Ectopic release of synaptic

vesicles. Neuron, 40: 1173-1183.

(13) #ERTF K PACAP IZ & & Rk EEER &N

A B2, i AN, M SR, RE ok, S BE !
(VRBRAK + BEdE - MRSEEE, 2 RBK « BElE - 1 &b D 2 2 A 05y F-HibEt,

PR TF Rid—kic, ERBS 2180 FHEmRnE
WEOIEREZ, TO®H U FA vV Dy —ROiEMEAL
A ESPATIL i A Y (R A Sl N ) B = TR VN
AR THEMT D, BToBIL, ME~7F K PACAP
(pituitary adenylate cyclase-activating polypeptide) iR
HZBIEPACI O/ u—=" 7 %3 L L, PACAP @
AP - JRIERYE R, AR T L L COW RS
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T, 3) ¥5 > 7 AR L OGERE AR O E
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KIE~ T AN, ARG EOTRENRE 5 O AR A 7O
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WESNTZ, ZOMICbv A TRIELS L7 =mE
SRME S L THREBOFEN LN TEY, ks
DIFFET N—T"T, M~ T ZADFERRD D FFRAI 53 S
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Recent advance of technologies has enabled us to visualize
functional specialization or localization and connectivity of
human brain non-invasively. Two main streams of functional
brain mapping are currently available; one based on the

electrophysiological and the other based on the hemodynamic

Sei 1 CRERRS: - 4 88d%)

principle. Electrophysiological techniques include EEG,
MEG, and transcranial magnetic stimulation (TMS).
Functional neuroimaging techniques include PET, functional
MRI, and the more recently developed near-infrared

spectroscopy (NIRS). This lecture will discuss neurovascular
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coupling, characteristics of each technique, multi-disciplinary
approach, functional connectivity, and future directions of
human brain mapping. Experimental and clinical studies
suggest that the hemodynamic change of brain is correlated
better with the local field potentials of neuronal discharges
than the post-synaptic action potentials (spikes) within a
certain range of neuronal activation. As for EEG/MEG, in
addition to the source localization estimated from the
electrical or magnetic field, analysis of rhythmic oscillations
of various frequency bands has added useful information both
clinically and experimentally. It is well known that the
biggest difference between EEG and MEG exists in the
orientation of source current to be recorded. MEG records
only the source current tangentially oriented to the head
surface whereas EEG records both tangential and radial
sources. EEG is seen widespread over the head surface due to
volume conduction while MEG is not influenced by different
electrical conductivity of various structures surrounding the
cerebral cortex. Practically, MEG is not applicable to ictal
recording of epilepsy patients because the head has to be

fixed throughout the recording. Repetitive TMS reversibly

interferes with the function of the underlying cortex, thus
creating a virtual lesion. EEG and MEG provide higher time
resolution than the hemodynamic techniques. Since NIRS
does not require the strict head fixation, it can be applied to
the infants and children, ictal recording of epileptic seizures,
and activation studies employing the behavioral task like
walking. Taking advantage of each individual technique, it is
useful to combine two or more techniques either
simultaneously or independently. The most important advance
in recent years is the development of techniques for
investigating functional connectivity among different brain
areas, such as coherence analysis of rhythmic oscillations of
various frequency bands among different cortical areas, and
the more recently advanced diffusion tensor imaging. Future
development of human brain mapping heavily depends on
discovery of a new technology or further advance in the
currently available technologies. Furthermore, use of the most
appropriate technique available among others is of utmost
importance to solve each specific question, and multi-disciplinary

approach by taking advantage of each individual technique

will further increase the scientific value of each technique.

(6) The radial bias: a different slant on visual orientation sensitivity in human and non-human primates

It is generally assumed that sensitivity to different stimulus
orientations is mapped in a globally equivalent fashion across
primate visual cortex, at a spatial scale larger than that of
orientation columns. However some evidence predicts
instead that radial orientations should produce higher activity
than other orientations, throughout visual cortex. Here this
radial orientation bias was robustly confirmed using 1) human

psychophysics, plus fMRI in 2) humans and 3) behaving

monkeys. In visual cortex, fMRI activity was at least 20%
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higher in the retinotopic representations of polar angle which
corresponded to the radial stimulus orientations (relative to
tangential). In a global demonstration of this, we activated
complementary retinotopic quadrants of visual cortex by
simply changing stimulus orientation, without changing
stimulus location in the visual field. This evidence reveals a
neural link between orientation sensitivity and the cortical
which have considered

retinotopy, previously  been

independent.
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(1) Mapping cortical activity using fMRI in awake behaving monkeys

Naokazu Goda, Takuya Harada, Minami Ito, Hiroshi Toyoda, Norihiro Sadato, Hidehiko Komatsu (NIPS)

FMRI study in awake behaving monkey is expected to be a
new valuable experimental approach for investigating
large-scale brain function, which is complementary to
electrophysiological recordings from relatively small number
of neurons. Here, we report the results of preliminary fMRI in
the awake monkeys aimed to map retinotopy and motion- as
well as form-selective regions in the visual cortex, with our
experimental setups developed for fMRI in the awake
monkeys.

Two monkeys were trained to fixate for 1-4s at a central
fixation spot. The monkey viewed a screen in the 'sphinx’
position inside a custom monkey chair. The head was fixed
rigidly with the chair. Eye position was measured by tracking
the pupil with an IR video camera. We presented stimuli of
the different conditions (checkerboard wedges for retinotopic
mapping, moving/stationary dots and object/noise pictures for

measuring motion- and form-selective activities, respectively)

Tadashi Ogawa (Kyoto Univ.)

in a block-design; each block consisted of 4 trials, in each of
which the stimulus was presented for 0.5-3.5s during the
fixation. BOLD responses during the blocks were measured
using a 3T scanner and a surface coil with EPI sequences
optimized to reduce susceptibility artifact. The data with large
head/body motion were excluded from the analysis.

We obtained the retinotopic maps in areas V1/V2/
V3/V3A/V4 in good agreement with the maps reported by
previous electrophysiological studies. We found robust
motion-selective activities within superior temporal sulcus
(STS) including area MT, and form-selective activities as
patches within STS and gyrus in the inferior temporal cortex,
largely consistent with previous electrophysiological studies.
Interestingly, some of these were observed in the regions
where electrophysiological recordings were not explored.
These results demonstrate the feasibility and the utility of

fMRI for functional mapping in the monkey visual cortex.

(2) Network extraction using exploratory multivariate analysis of intersubject variability

in task-related activation

Motoaki Sugiura (Dept. Cerebral Research, NIPS, Okazaki, Japan)

In complex environment in the daily life, perception and
behavior differ among individuals. Each brain may respond
incidentally or engage complementary processes to different
extents for a single behavioral goal. This entails intersubject
variability in activation and reduces the sensitivity of the
conventional intersubject analysis of the functional imaging
study, which tests the average between-condition difference
in activation, treating the between-subject effect as noise. A
novel approach to identification of brain networks using this
intersubject variably has been recently proposed (Sugiura et
al., Human Brain Mapping 2006, in press). The assumption
is simply that a network for a specific cognitive mechanism

will be activated differently in different subjects and that this
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will be expressed as a systematic pattern of intersubject
variability. A principal component analysis (PCA) is used to
summarize patterns of variability, over subjects, in regions of
interest (ROIs) showing task-specific effects. Inclusion of
multiple ROIs and task conditions enables to extract patterns
of intersubject variability in distributed networks induced by
different conditions. The principal component scores enters
a  voxel-by-voxel multiple regression analysis of
subject-specific activations (i.e., contrast images). The
resulting statistical parametric maps identify cortical networks
that participate in the principal modes of intersubject
variability. The functional attribution of these principal

components is based on the functional selectivity of the ROIs



used in the PCA. Examples of the successful applications of

this approach will be presented and the limitation of the

technique will be discussed.

(3) A Toolbox for NN-ARX Modeling of fMRI Time Series

Bosch,J., Riera,J., Biscay,R., Galka,A., Valdes,P., Sadato,N. and Ozaki,T.

A Matlab software is presented to analyze fMRI data on the
basis of the NN-ARX approach!'), NN-ARX is a voxel-wise
methodology for estimating both the brain responses to
stimuli contained in fMRI data, as well as gathering areas of
the brain highly correlated. In contrast with other models,
NN-ARX takes also into consideration dynamic aspects of
consecutive fMRI scans interpreted as a multiple time series.
The software includes facilities for data preprocessing (SPM
like) but can also accepts the output from SPM preprocessing.
Automated brain segmentations as well as coregistration to
Talairach space are provided. The software offers options for
the estimation of the optimal model parameters. To estimate
the correlated areas, interesting voxels are selected as
reference. The voxels of interest can be taken either from the
voxels that show higher stimulus activation values or the

voxels with higher innovations (the residual after model

(@ 27 LFEHEE, SaH T JEnT)

estimation). The HRF is also estimated for each experimental
condition and shown as a 3D spatial map. A Hotelling T2 is
used to assess the significance of the stimuli related
activations as well as to assess differences between
conditions. By pinpointing with the mouse over the spatial
maps, a specific voxel can be picked up and its specific HRF
is displayed for each condition. Information about the
reference voxels is provided and the user can study them
separately. Also, for a selected voxel, the optimal model
selection, the parameters, the original and the estimated
signals are shown, as well as the HRF for each condition, the
residuals and some statistical tests about the residuals.
[1]fMRI activation maps based on the NN-ARx model,
Riera-Diaz, J.J.; Bosch-Bayard, J.; Yamashita, O.;
Kawashima, R.; Sadato, N.; Okada, T.; Ozaki, T.
Neuroimage, 23(2), (2004), 680-697

(4) Motion correction in k-space for fMRI

Costagli M, Waggoner RA, Ueno K, Tanaka K, Cheng K (RIKEN Brain Science Institute)

Unlike the most widely used applications such as AFNI
and SPM that operate in image domain, the algorithm
presented here corrects 3D rigid-body motion by operating in
k-space, thus decoupling and independently correcting
rotation and translation effects.

Rotations between two volumes to be aligned are visible in
their 3D-FFT magnitude data, where no contribution from
translational effects is present. Since rotations in k-space are
always about the origin of the spatial frequency axes, we
estimate them by aligning spherical shells of equal radius,

centered at the origin, encoding magnitude Fourier data of the

volumes to be registered. After correcting rotations, we
exploit the Fourier shift theorem for treating translations: a
shift along any spatial axis introduces a linear phase change
along the corresponding frequency axis, which is estimated
by considering the cross power spectrum (CPS) of the
original and the translated volumes. Translation correction is
achieved by fitting a linear function (a hyperplane in 3D) to
the phase of the CPS, adding it to the Fourier transform of the
test volume, and finally inverse Fourier-transform the result.
The method is non-iterative, and can accurately detect

subvoxel translations.
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The algorithm was tested on both synthetic and real EPI
time series, and compared to the registered data obtained with
AFNI and SPM2. Better volume registration was achieved by

serial application of motion correction in k-space and then in

image-space, the former step being more robust to local
minima and correcting for larger motions, and the latter

seeming more suitable for fine corrections.

(5) Electromagnetic Source Imaging: Resolution Spread Function-Constrained

and Functional MRI-Guided Spatial Filtering

The problem of spatial ambiguity in electromagnetic source
imaging has been unresolved. Our heuristic analysis points
out the discrepancy between the estimated source and the real
source arises from the other sources’ interference. We
suggest a novel and simple solution based on the principle of
spatial filtering combined with the Backus-Gilbert method by
minimizing the estimated source power and effectively

suppressing the other sources’  interference. Within this

Xiaohong Wan (RIKEN Brain Science Institute)

framework, the functional MRI information can be also
effectively integrated into the inverse solution and the source
localization is not biased by incompatible knowledge. Our
Monte Carlo simulations of EEG system based on a realistic
head model show that the resolution spread
function-constrained and functional MRI-guided spatial
filtering provides precise source localization, even in the

cases of multiple simultaneously active sources.

(6) Hemodynamic correlates of human sleep spindles: A simultaneous EEG-fMRI study

Takeyuki Mori, Noriko Sato (National Center of Neurology and Psychiatry)

The EEG-fMRI is being applied to the examinations of the
distributed neural networks related to spontaneous neural
activities such as awake (alpha rhythms etc.) and sleep (sleep
spindles, K complexes etc.) electrophysiological phenomena
as well as epileptiform activities. In the present study, we
tried to utilize the EEG-fMRI for mapping hemodynamic
correlates of sleep spindles.

The sleep spindle is a distinct EEG event observed in
non-REM sleep, especially in Stage II of the sleep cycle.
Although sleep spindles have been considered to play a role
in sleep maintenance, their physiological implication still

remains to be clarified. We investigated the hemodynamic
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Kimitaka Anami (Takatsuki Hospital)

correlates of spindles using an EEG-fMRI measurement in 43
normal volunteers. Twelve out of the 43 subjects succeeded in
reaching Stage II sleep during fMRI acquisition. We found
positive spindle-related BOLD signal changes in the early
sensorimotor areas, auditory areas, visual areas, anterior
cingulate cortex, posterior cingulate cortex and the thalami.
The results indicate that extensive cortical and subcortical
areas are involved in the formation of spindles. We suggest
that such spindle-related neural substrates play important
roles in sensory processing and sleep protection during

non-REM sleep.



(7) Sex differences in automatic emotion processing: Association with harm avoidance

Shigeru Toki!, Yasumasa Okamoto’, Keiichi Onoda’,

Akiko Kinoshita', Shigeto Yamawakil, Hiroshi Yoshida®

(1Department of Psychiatry and Neurosciences,

Graduate School of Biomedical Sciences, Hiroshima University

Background: Neural science revealed that females appear
to be more sensitive and responsive to social, emotional
information, including facial expression, than are males.
Although subcortical, automatic, face processing has been
considered to take an important role in face perception, no
neuroimaging studies have been done to elucidate sex
differences in subconscious emotion processing and its
relationship with personality variables.

Methods: Using fMRI, we investigated the neural
responses associated with the subconscious
(backwardly-masked) perception of fearful, happy, disgust
and neutral faces in 32 healthy volunteers (16 males, 16
females) who varied in harm avoidance, associated with
trait anxiety and also threat processing.

Results: When subtracting the activation values of males

from those of females, suprathreshold positive signal changes

were detected in the right medial frontal gyrus during masked

% Department of Social and Clinical Psychology,

Faculty of Contemporary Culture, Hijiyama University)

happy presentation, and in the left superior parietal lobule and
the right parahippocampal gyrus during masked fear
presentation. When subtracting the activation values of
females from those of males, suprathreshold positive signal
changes were detected in the right anterior cingulated and the
right caudate during the masked disgust presentation. While,
in females, the harm avoidance positively correlated both,
with happy-related neural activation in the right medial
frontal gyrus, and with fear-related activation in the right
parahippocampal gyrus, in males, there was no such
correlation.

Conclusions: Our findings suggest sex-related neural
responses to emotional stimuli and could contribute to the
understanding of mechanisms underlying sex-related
vulnerability of the prevalence and severity of anxiety and

mood disorders.
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(10) The role of the human left ventral premotor cortex for exact enumeration of successive stimuli

Kenji Kansaku '*?

(‘Cognitive Functions Section, Dept of Rehabilitation for Sensory Functions,

Res Inst of National Rehabilitation Center for Persons with Disabilities (NRCD), Tokorozawa, Japan

“Division of Cerebral Integration, Dept of Cerebral Research, NIPS, Okazaki, Japan
*Human Motor Control Section, Medical Neurology Branch, NINDS, Bethesda, USA)

Adult humans have the ability to count successive stimuli
exactly. What brain areas underlie this uniquely human
process? To investigate the neural basis, we first used
functional magnetic resonance imaging (fMRI) and
investigated brain areas involved in counting small numbers
of successive stimuli up to 4, and demonstrated activations in
the bilateral lateral premotor cortex'. We further applied
fMRI and found that the upper part of the left ventral
premotor cortex was preferentially activated during counting
of successive sensory stimuli presented 10 to 22 times, while
the area was not activated during small number counting up to
4. We then used transcranial magnetic stimulation (TMS) to

assess the necessity of this area, and found that stimulation of
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this area preferentially disrupted subjects’  exact large
number enumeration (10-22). Stimulation to the area affected
neither subjects’ number word perception nor their ability to
perform a non-numerical sequential letter task’. The results
suggest that the left ventral premotor cortex is indispensably
involved for exact counting of large numbers of successive
stimuli.

1. Kansaku, K. et al. Neural correlates of counting of
sequential sensory and motor events in the human brain.
Neuroimage 31, 649-60 (2006).

2. Kansaku, K, et al. The role of the human ventral premotor

cortex in counting successive stimuli. Exp Brain Res 178,

339-50 (2007).



(11) A motor network study by concurrent fMRI and TMS technique

Takashi Hanakawa, Tastuya Mima, Mitsunari Abe, Kimitaka Anami,

Shin-ichi Urayama, Manabu Honda, Hidenao Fukuyama

(ESZKEH - dhit e o 2 —  fEOESERT  BOORFTES B
SRR RS A FE R I i DR RERR S I JE 2 o &7 —)

The concurrent functional MRI and transcranial magnetic
stimulation technique can potentially visualize the whole
brain networks connected to the stimulated site. However, the
quantitative relationship between TMS intensity and BOLD
signals in the stimulated and remote areas is yet to be
clucidated. To answer this question, fifteen healthy subjects
were scanned on a 3-T MRI scanner. An MRI-compatible
figure-of-eight TMS coil was attached to the subject’s scalp
site adequate for eliciting right thumb movement. BOLD
measurement was performed with the gradient-echo EPI
(TR=2.7 s/TE=30 ms) modified for “stepping-stone”
sampling, which enabled online monitoring and recording of
motor evoked potentials during scanning. A single TMS pulse
was delivered during the delay periods (200 ms) between each

volume acquisition. The intensity of TMS pulses was varied

from 30% to 95% of machine output (110% with a booster) at
a 5% step (mean frequency at ~0.15 Hz). SPM analyses
revealed activation of motor and sensory networks as well as
auditory areas during TMS stimulation with higher intensities.
BOLD signal changes as a function of TMS intensities were
assessed in the directly stimulated left primary motor cortex
(M1) and other remote areas including supplementary motor
areas (SMA). A sharp increase in BOLD signals was
observed in M1 only above the 80% stimulation
corresponding to the resting motor threshold. The remote
motor areas, SMA, for example, showed an increase in
signals even below the motor threshold. Further investigation
will be necessary to clarify the energy requirement in the

direct and remote areas influenced by TMS.
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14. Recent adcances in cortical and hippocampal neural microcircuit studies

(KR E - 50 RATHEEERHE)
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Spontaneous activity and ongoing plasticity of CA3 recurrent networks
WA = GRS « KRB RITZER)
Network dynamics during the development and maintenance of seizures in pilocarpine and picrotoxin treated rats
Yitzhak Schiller(Technion, Israel)
Asymmetrical organization of glutamate receptors in left and right hippocampal synapses
HAPE— (EBLSEREIERT - OB REMATOTTEET )
Novel long range GABAergic projections in the hippocampal formation and beyond
FREFE = (v 7 A7 4+ — FR%%, UK)
Single spike triggered event sequences in networks of the human cerebral cortex in vitro
Gabor Tamas (Univ. of Seged, Hungary)
Cholinergic control of cortical network and thalamocortical transmission
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Functional roles of T-type Ca>* channels in visual cortical plasticity
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GABA circuit control of critical period plasticity in visual cortex
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Cortico-striatal, cortico-raphe and fast-spiking cell activity in the rat frontal cortex during cortical oscillations
in vivo: modulation by serotonin
Victoria M Puig  (ZEBRIFSERT « RANARRR[E] & Gm i 9558 )
Functional and Anatomical Architecture of the Inferior Temporal Cortex
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Unraveling cell type and fine-scale specificity of cortical connections
Edward Callaway (Salk Inst, USA)
A new form of inhibitory synaptic actions between nearby pyramidal neurons in visual cortex
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Layer V pyramidal cell diversity and their synaptic connections
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Dendritic network of cortical interneurons linked by gap junctions
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Synaptic integration and plasticity within non-linear dendritic subunits

Jackie Schiller (Technion, Israel)



(17) Dendritic dimensions of cortical GABAergic nonpyramidal cells
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(18) Physiological genomics of cortical circuits in health and disease
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(1) Spontaneous activity and ongoing plasticity of CA3 recurrent networks
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WA = GRATREE « KRB RITZER)

ORIMEZ BT 5 &, =a—n THREEKELHED
7oo TOBRBEIMTIBLER NS — O~ 7 ok b
BT DI2DIEWD T 24T o7& 25, FIRIEENTR
% DIRHE (network state) IZFHEFTRETH V), 4% state 1%
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NBETEETHDLZ ENRHLNIRoT, ThbD,
[ IR ENTEAFME & — oD state I E 5%, LW
B L\ state ZAEAH L, NFEAIITHT state ~EBITL T
Wolt, ZOBBITERET, HAiTho7, CA3H
BERFIIA N S R — LB Ny F 7 T TR LT E 2
5, ZOHEFIEE)L UP REEL DOWN RAEED T (slow
oscillation)lIZ L o TH7LEHINTNDZ LN BN E R

S, HEEIZLV ST T RAOELRPERLICET L
Too T O BFER ATEAMEN slow oscillation O &0 &
STHESNTWER, TOHHERE STV 7 A
WL o TR ST, ZOREENEL D L BIIEH
DORE = BB LT, DD Z Ean, CA3 BRI
HREEEZE L CTHOEREITo TN D EZERA b,

(2) Network dynamics during the development and maintenance of seizures

in pilocarpine and picrotoxin treated rats

RATIONALE: Seizures are associated with hyper
-synchronous electrical activity in the EEG recordings.
However, the network dynamics at the single neuron level
during the development and maintenance of seizures remains
largely unknown. In this study we studied the firing behavior of
single neurons, and monitored synchronization between the
different recorded neurons during developing and ongoing
seizures evoked by pilocarpine and picrotoxin.

METHODS: Multi-electrode extra-cellular recordings of
single units and local field potentials were performed from the
hippocampus of anesthsized (urethane) and awake rats under
control conditions and after administration of pilocarpine and
picrotoxin. The two convulsants were administered either by
systemic (I.P.) or local (intra-hippocampal) injection. In addition
simultaneous intracellular whole-cell recordings were performed.

RESULTS: Immediately after administration of pilocarpine
and picrotoxin, prior to initiation of clinical or electrographic
seizures, the frequency of spikes decreased, and
synchronization between neurons, as measured by the

cross-correlogram, markedly diminished or disappeared all

Yitzhak Schiller(Technion, Israel)

Jackie Schiller(Technion, Israel)

together. In contrast after clinical and electrographic seizures
initiated the frequency of spikes gradually increased, neurons
tended to fire in bursts and the inter-neuron synchronization
markedly increased. The cross-correlograms during the clinical
seizure revealed higher values and wider time-windows as
compared to control conditions. Similar results were obtained
in anesthetized and awake rats; in systemic (I.P.) and local
intrahippocampal administration of the convulsants, and with
pilocarpine and picrotoxin. Simultaneous intracellular
whole-cell recording from anesthetized rats demonstrated the
intracellular correlate of developing seizures.

CONCLUSION: In this study we showed that during the
development of pharmacologically induced seizures
synchronization of firing between different neurons in the
hippocampus decreased dramatically, while only later during
clinical seizures inter-neuronal synchronization gradually
increased. These findings may promote our understanding of
the network dynamics responsible for seizure initiation and
maintenance. Moreover, in future it may serve as the basis for

detection of impending seizures in human patients

(3) Asymmetrical organization of glutamate receptors in left and right hippocampal synapses
(EEDBELFTRIZE TR L2 2 UBZBADOERHEERE)

FFRARBFEHEINE I UBSEREORII T
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Z DU CAl S IV THEA D NMDA B 7 L 2 3 o
R ARY72=> b NR2B OBNIEXNFHTHDL Z &
B U2, BOHUTER A D O AT HARE & Y L7-% T
1%, NR2B ORI ESK Ro 2569-81 DEENF LD b
/2@ stratum radiatum TR XA XY L4 D, stratum
oriens CRE Moz, TD LD REMWNS T T AR
JEEZ N kUL NR2B DB A HET 1y MNETE
B L7 & ZAH LD O CAL radiatum T 1.5 {50 NR2B
GEIGEERE Lz, L2ALRRLRERD
postembedding FJEFE - BEMBILE CIIZ OER AR T

ERDole, ZHUEBZEOLLMKEEIZL>T1Fvx2
MZ2ODNR2B R TE RN EEZHBND,

AENFZOMBEERVBZ DOV T Y h5HEE
F-PEISEEE (SDS freeze-fracture immunolabeling method) %
AWz, ZoHETITHaOREZ BEH#EAERISTE S
ORI T T AOZERE UL TE, Z£0 CAl
stratum radiatum CTA @ 1.5 %D NR2B ZHi L7-, =D
FERITFRET 0y MEE LS Do TWD, bl
DIERIPED 7T A OIESCHERBIZ E D L D 7g
& RIET DN OV Tigm L7z,

(4) Novel long range GABAergic projections in the hippocampal formation and beyond

(BEIZHIT LR GABA Bt =2 — O U DH =T ER)

7% =, Thomas Klausberger ,Laszlo F. Marton, Yannis Dalezios,

Pablo Fuentealba, Wai Yee Suen, Eric A. Bushong, Peter Somogyi

(v 7 27— FR%¥, UK)

Darrell Henze, Gyorgy Buzsaki (The State University of New Jersey,USA)

KIMEE D% < OEBITERFTED 7 v 2 I BIEH)
Pma—m Nl Lo THEEENTND, —FH T, GABA
EEE=a—a i dE e LCRATRIE CERT 2 &5
Zbh, ME=a—a U IR ZEH%40, LML
25, GABAFEIME= = — v O —ERCITEIE O B
FEIRICHIRZ BN LTV A HORH YD, Zh b IXiEkMH
OIEEEO B HIICEE 2B AE R LT D Z
EDPIREN TS, MBE D GABA {EEE= 2 — 1 12D
W, NWRIFRE~OBFR SO TEY, HEOY X
SIEENCEEE LTV DL 0, B OB SR GABA
EEME =2 —a 3P LT 2EBE2EDD L)k o

7B, ZOFHMIOWTIEREZICAH L RN LV, AR
FoxiZ, 5D & AT VS B~ D GABA {EEIMED
FEFIZDUNT, in vivo single cell recording & tracer labelling
BB DEICERF BRI ET o7, ZHUTEY, 1
B CAL EIRIZA3 M LTV 5 GABA 1EEitE =2 —m v
WZoOWT, WHIRR LIRS oM FICRE LT ==
—a R, WHHEEOH, b L IIPHAIFRIRED I HEH L
TWh=a—mrid, 4 FEOENN= 2 —a %[
FE LTz, 2B OWREES OFRFH GABA fE#ifE= = —n >
I, RILBRIZIS T 2 IRIRE) e TG Eh P O FRBE B 5- L
TN e&EZbN5,

(5) Single spike triggered event sequences in networks of the human cerebral cortex in vitro

Gabor Tamas, Janos Szabadics, Szabolcs Olah, Gergely Komlosi

Gabor Molnar

(Department of Comparative Physiology, University of Szeged)

Pal Barz6 (Department of Neurosurgery, University of Szeged)

The performance of the human cerebral cortex is
unparalleled by the nervous system of other species and this is

presumably supported by refined, but largely unknown

features of the human microcircuit.
We performed simultaneous whole cell patch clamp

recordings from up to four neurons in acute slices derived
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from association cortices. Our recordings showed that single
action potentials in identified human pyramidal cells could
trigger reliable and stereotyped series of multiple postsynaptic
potentials in simultaneously recorded target cells. Moreover,
such series of postsynaptic potentials were composed of both
excitatory and inhibitory responses. The latency of identified

postsynaptic potentials showed a range of 3 to 30 ms. The

timing of the onset was correlated with the standard deviation
of the latency, but the probability of transmission was not
correlated with latency parameters.

In conclusion, groups of human neurons are functionally
coupled by spike-to-spike transmission suggesting that
feed-forward connections are exceptionally powerful and

abundant in the human neocortex.

(6) Cholinergic control of cortical network and thalamocortical transmission
(RERNBRRRE\ERERFICHTE2T7EFILO Y VI K BHE)

WTLAE D KB BN, AT L e R AL R 2 & 77
BTV Y L (Ach) G A MR IRMAME DB 7R et &2 %1 T T
WDHZ ERMBINTEY, ACh IZRENAPREEIE I3 L
TEERHIEEZ LTS EEEESRTWAR, Z O
RO ZEMI OV TIIRIZICAHA R ERZ N, Fx T
WET, HEERORMEEEEREZ AT, AChIEZ
NETEZLNTE XD ICHICHnoBE M % 5
HHNITHEIED EWVo T EREZR ST TR, &
BEA~DANS % DOHRIESF L CHIET 5, WhIEAN
HRIKGEMED A — b ar br—F— & LTE< mlhetk
WL Cx T, bbb, REM~DOAINL, KRE
RO b O X EE M b B b 3T T AFIEIC 2 D
DRIRDLAT ) =y 7 ZFKRIZ L > TRl S50,

ARICHE CRBRR R « SR FER it AL )

—FCHRKBERO L DIZ=aF =y 7 ZRKICEY, v
FTARMEAREE T D, £, HFHEHINC LD,
BRHERA S OM@IZI, B IEWTMmHsE s 5 2
EHHALMNT LT, BRAEENERICLY, Zomlx
BRHFEATIA, L0 BIEQINHIPERIE~D AT %1
L TWAZEILEDLDTHDIZ ERHLNE RS
Too PHIERIIE~O AT 2RI R T 5 Z LT X
v, =aF=y VZR/REOERIZTT 4+ — 7+ T —F
PHIC LV > T ABMIRD AL 7 2 A 2T ]
HWI2ERAR®S D Z L bmahi, U EORRIE, 7T
Fa ) CHRAOTEMEE, REMBEEKREIY O, LV
VB TICE AEEA S DICXFFshizb s ®E
A bib,

(7) Functional roles of T-type Ca®* channels in visual cortical plasticity
(REHAIBEHIZETS TE Ca” F v RILDRKRE)

ERHET Gl BAE - ST - BLHRERR)

AR A O A 0D S s R R 13 sz M A D 1L AR R
A L CRIBIICRE S B, ARl Bx ik TR Ca*
F ¥ R IVARTEVE R W R 235 BSOS AT I IS B -5 %
NEmE L, 7y MR R EARLZ RO T#RIT L7
fER, T ORMBEBITEZ M O T L THEFICHR S
, BRIRAT R ORI IZ 2 BR ENR o T2, — 5,
HIAEE 2D ORFEFEIC L 0 R ARBR 2 Mk & -
BIREEFCIE, Rk b RIEIRFE A DS R S iz,
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% &, FEMEHAR A~ ORI L DRI AL, #ifk
ARFINK I35 SOSIIF T 5 Z & NMb TS, ;i
ARSI 1 T A Ca> F % R VPR ERI & — AR B 184
NS G5 &, IR O WL OGO RS &

STz, DUEORERIE, TR Ca F v L ArrE R
SRV BRI KT L B A T B 58 % = &
5T B,

(8) GABA circuit control of critical period plasticity in visual cortex

oy il (BLERRIERT - R SRR 5 —)

Competitive plasticity of binocular inputs following
monocular deprivation (MD) is prominent in the primary
visual cortex (V1) during an early critical period. In humans
or animals raised with an occlusion of one eye, the
consequent loss of cortical spiking response to the deprived
eye (ocular dominance plasticity) leads to lifelong amblyopia
(loss of wvisual acuity). Genetic or pharmacological
manipulation of specific GABAergic circuits directly controls
the timing of this critical period and its eventual anatomical

consolidation (Hensch, 2005). Consequently, non-permissive

molecular 'brakes' in the extracellular milieu may delimit the
dramatic cortical plasticity and are targets for therapeutic
strategies. Recently, MD has been reported to conversely
enhance open eye responses in adult mice dependent upon the
integrity of visual cortex. We address to what extent these
forms of plasticity induced by the same MD share common
mechanisms with development. Our observations support the
view that adult perceptual learning and classical ocular

dominance plasticity are independent processes.

(9) Cortico-striatal, cortico-raphe and fast-spiking cell activity in the rat frontal cortex during cortical

oscillations in vivo: modulation by serotonin

MYV Puig, M Ushimaru, Y Kubota, Y Kawaguchi(Div Cerebral Circuitry, NIPS)

The frontal cortex and striatum form “loops” that are
known to participate in high cognitive processes. Moreover,
there is a strong reciprocal connection between the frontal
cortex and the dorsal raphe (DR), main origin of the cortical
serotonergic innervation. We studied how cortico-striatal
(CS), cortico-raphe (CR) and fast-spiking (FS) cells are
modulated by slow-wave-sleep (SWS) oscillations and
serotonin (5-HT) in the frontal cortex of anesthetized rats. We
recorded single units and local field potentials in transgenic
rats that express a GFP in GABAergic interneurons. FS cells
were juxtacellularly stained with neurobiotin and its identity
confirmed by the expression of parvalbumin. The DR was

electrically stimulated to assess the effects of 5S-HT on the

A Watakabe, T Yamamori( Div Brain Biol, NIBB)
Y Yanagawa(Gunma Univ Sch of Med, Japan)

recorded cells and pharmacological experiments were
conducted to unveil the 5-HT receptors that mediate the
responses. FS cells display a high-success short-delay
excitation to striatal and DR stimulation, suggesting a
convergent activation of FS by CS and CR neurons. In the
process of awakening, 2 different firing patterns were
detected: units that increase (i) and decrease (d) their firing
rates during desynchronized periods. Interestingly, most of
the CS and CR neurons display pattern i, but FS cells are
equally distributed. Thus, pyramidals and interneurons are
differently modulated by SWS. Furthermore, FS-i cells and
CR neurons fire after the peak of the slow oscillation

(up-state) but FS-d cells fire consistently before the peak,
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suggesting a different time course of activation during SWS.
The stimulation of the DR promoted longer up-states and
increased the frequency of the oscillation in periods of deep

anesthesia. Moreover, 60% of CS, 33% of CR and 50% of FS

cells were inhibited by 5-HT through 5-HT;sR and 20% of
CS, 55% of CR and 40% of FS were excited through
5-HTaR. The expression of 5-HTR was confirmed by in situ
hybridization.

(10) Functional and Anatomical Architecture of the Inferior Temporal Cortex

(FRIZEZERE : HREBEC®

WRTERRIC oW T EHE R EE 2 R MEREE R E
TE BO=a—w %, ¥, t&, 77 A2AFv—, WRHE
72, s OMAas bz LTRIGT 5, fEx
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T D BRSO OSSR, £ O, FETD
DTHAH D D%
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BIZFAEIE)
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HEZMEEFF->TRY, TORISTHWIBREICL - T
A2 Z AL —=1LTWD, ZOWRES FAF— LK
R = T 2OMOBRIIRMIHTH D,

TE B OfFHIFHIRSE D RIE, V1 B LIRS
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PNNEL, AL COSHRBENE WV, £, K
SRR IE TE B0 528, VI BT B, m<~HE L,

%&%X%ﬂ@#%xuﬁ%<it%ﬁ%#4x

IARHRAICH D, BRRZZEEF DOV K & KRR 3 EHE
REMOY A ZIFIBITRY, £, HEIEN= T 2 &
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(11) Unraveling cell type and fine-scale specificity of cortical connections

Edward Callaway, Takuma Mori, Xiangmin Xu, lan Wickersham, and David Lyon

We used laser scanning photostimulation to map local input
to inhibitory neurons in layer 1 of rat visual cortex and layer
2/3 of mouse barrel cortex. Mouse studies used transgenic
animals with GFP expressed in subsets of inhibitory neurons.
In layer 1, axon-descending cells receive excitatory input

predominantly from layer 2/3 while neurogliaform cells
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(Salk Inst, USA)
receive stronger input from deeper layers. Layer 2/3
neurons also receive inputs that vary systematically by cell
type. Two subtypes of Martinotti cells, distinguished by
calretinin (CR) expression, also differ in morphology and
intrinsic physiology. CR+ Martinotti cells receive excitatory

input predominantly from layer 2/3, while the CR- Martinotti



cells also receive strong excitation from layer 4.
Irregular-spiking basket cells also receive strong excitatory
input from layers 2/3 and 4, but they often have a gap at the
top of layer 4, with little or no input. Fast-spiking basket
cells and pyramidal cells in mouse barrel cortex receive input
indistinguishable from cells in rat visual cortex, with strong
input from layers 2/3 and 4, and only weak input from deeper
layers. These observations, along with other studies showing

that even neighboring neurons of the same type can receive

input from different sources, imply that better methods are
required for relating circuitry to function and for examining
circuitry with single cell resolution in vivo. We have
developed a method that allows the neurons directly
presynaptic to a single neuron to be labeled genetically.
This method is compatible with functional characterization of
the postsynaptic neuron and future development should also
allow functional characterization of the presynaptic cells by

expression of genetically encoded activity sensors.

(12) A new form of inhibitory synaptic actions between nearby pyramidal neurons in visual cortex
(REFO AR O L LIHIE ST T XERM)

MR (Al BRY: « BREESATIERT - SUREARRERL)

¥ VAT AT A AFEARIZBNT, TS 20
2/3 JESERMIN &R —L « BAREREIT, —FHOM
RIS BB 2 AE ST D L, M7 OMBICIBREN — &
TH YT 7 AFEOMFHINE Y F 7 A% EH(IPSC) & Eb
NBBIENRK 2 BOX7—CTHELL, ZOERIL,
GABA, Z AR EHK, non-NMDA ZRAKMEKO XL
LEHEHELTHHELEZDT, £+ 7 A IPSC &35
R BND, FEHPRITITENEM OFREZ LD TREET,
HEAHR ORI IZ BT T VX X R E RFTRIC
535 L ERHIIIC IPSC 2334 LTz, S #fkny 5
&0, BERHIRE DA DE Y 121X GABA 1EEIMES

TARER E T NVE IV EREBIME V) T AR R AN
B L CAEfE L, GABA fE@hE > F 7 ARk RIZIE
non-NMDA SZFENGFET H T &R nolz, #-T,
2/3 JESERHIALIE, TR oD SEUARHI AL 0O A B A L b SR AR,
EBED, TORKNG I NVZ I UEEKRB LT, It
2 F 7 AR KD non-NMDA 52 71k & & AL L T
GABA %t &, ZOMMAKIZ IPSC #RAESED L
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2 ORNRITIEB BN A A ST TH, EHFOH
BRI E PRI TE D Z 2R LTV D,

(13) Layer V pyramidal cell diversity and their synaptic connections

(KINRBESBH#AMBEOSHKEL T TRES)

KIMBE DA - MR A AT 2121, ==2—n
YT AERE L BT, 205 OB ORKEE R R &
LMNNTT DT EMRD BN D, HEARMIL TS 0EN
TYH T ZA TR BN, TONTRITEREE DR
FABL T2, LavL, [RCHEEO—>DREICH ERES
Bl B — N BT DR O SRR B D Z & AV
LI TW5, FUBEANTOEN= 2 —r O ks

O, REBERT, KBS
(CEBESARIFIERT » AN HRRE ] B A I JE R )

MDTZDHIZ, T METHRE S EHERMROERE - 5k
R - o T REG R, AT RS TR
FxRFEE LT, A= AEiT ViR L,
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(14) Cortical projection neurons: phenotypes and input maps

Kathleen Rockland (BR{LZEWFTERT - MBI SR EWIIEE L & —)

A major obstacle in microcircuitry research has been the
difficulty in achieving clear identification in Golgi-like detail of
cells of origin of particular long-distance pathways. This is
important to provide morphological criteria and corroboration of
cellular subtypes; that is, many projections originate from
neurons in two or more distinct layers, but these are not
necessarily homogeneous between or even within layers.
Visualization of detailed morphology is also essential for
elucidation of cell-type specific input maps. Injection of
EGFP-adenovirus in vivo is one way of producing reliable
Golgi-like visualization of neurons projecting to the injection
site (Tomioka and Rockland, 2006). This significantly expedites
morphological characterization of projection neurons (as
presented here, in two posters by R. Tomioka, and M. Wintzer).
can be combined with

In addition, virus infection

immuno-processing or tracer injections, and material analyzed
by confocal microscopy. One set of preliminary data will be
presented from rat perirhinal cortex, where we scored the
distribution of putative parvalbumin contacts on dendrites of two
populations of pyramidal neurons, at the border of layers 1 and
2. As predicted from light microscopic studies (Ichinohe et al.,
2003), contacts were more abundant on dendrites belonging to
layer 2 pyramidal neurons than on those from layer 5. Separate
data will be presented concerning putative contacts from
BDA-labeled cortical projections on specific dendritic domains
of EGFP-labeled neurons. Material is from monkey perirhinal
cortex, and, among other questions, addresses whether there is a
closed connectional loop, where BDA-labeled temporal cortical
projections directly contact EGFP-labeled neurons in perirhinal

cortex, that project back to the injection site.

(15) Dendritic network of cortical interneurons linked by gap junctions

KRB D GABA = 2—a L DT, SV T LTI
VP EEAETDHIN—T1E, BEVWORIZE ¥ v Tk
AEERT D, LovLFERmR EOREESNFERE 2o
T, XY v 7EEENLTPV =a—a R0 L 57k
ZEMR Y NU— 2 2R L TS0 e v D B4
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BATHDaRxFT 36 x4 D5 bt s
JEHL, % v THAIC & o Tl Shzghik e« o
U —27 O3 RITCHIER A WO TH BN LTz, T DR
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eIzt i & DTz, FRKEEICIBWT, —DD PV
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(16) Synaptic integration and plasticity within non-linear dendritic subunits

In my talk T will describe the integrative and plasticity
properties of thin basal dendrites of cortical pyramidal
neurons. These dendrites receive the majority of the cells'
synaptic inputs, so determining their integrative and plasticity
properties is of prime importance. Previous studies have
most often reported global linear or sublinear summation in

these dendrites. Using confocal imaging and dual-site focal

Jackie Schiller (Technion, israel)

synaptic stimulation of identified thin dendrites in rat
neocortical pyramidal neurons we show that thin dendrites
provide a layer of independent computational "subunits" that
sigmoidally modulate their inputs prior to global summation.
Next I will describe the plasticity rules used by these fine
basal dendrites putting a special emphasis on the role of

NMDA-spike in local synaptic plasticity processes.

(17) Dendritic dimensions of cortical GABAergic nonpyramidal cells

o
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(18) Physiological Genomics of Cortical Circuits in Health and Disease

The mammalian forebrain is comprised of tens to hundreds
of areas each containing a comparable number of distinct cell
types. Identification and classification of these many cell
types has long been recognized as a prerequisite to
understanding brain function. For example, an enduring
question in the study of the neocortex is the degree to which a

single canonical circuit comprised of a set of canonical cell

Sacha B. Nelson (Brandeis University)

types can be recognized across cortical areas. A major
impediment to answering such questions has been the
difficulty of objectively defining cell types. I will describe our
recent approach to this problem using global gene expression
profiles measured with DNA microarrays. Based on
thousands of genes differentially expressed across subsets of
GABAergic

interneurons and glutamatergic projection
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neurons, we have begun to construct an objective neuronal
taxonomy of forebrain cell types. I will also describe our
recent studies of cell-type specific changes in the physiology
and gene expression of cortical neurons in a mouse model of
the developmental disorder Rett Syndrome. Human patients
suffering from this disease lose or fail to develop many higher

cortical functions including language, some forms of

362

cognition and purposive hand use. In most cases a single
gene, MECP2 is responsible and mice lacking the gene
recapitulate many features of the disease. We have found that
these mice have an altered balance between cortical excitation
and inhibition and also exhibit cell type specific changes in

cortical gene expression.
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7 VYA h—=Y R ET 5 L DERBBRE ST
W5, Fex 13T Z @ synprint site (22 KA Fh—3 X
B 2 X7 AP2 DR T O & 2R LT, AP-2
% synaptotagmin &EFES L CYF T A/NAD T TR Y
R Z4T 9 2%, synaptotagmin 1%, F 7z synprint site & b
BETLHZENMBNTND, 22T, Thb =Dk
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CRAR PR B R 2R GER -« w2

AR ARG LTz, =FHORENE—HA TIThh, #&
BREVITHEIT D Z ERHLNT o7, SHITET,

S OREEBIRICIT CaTR AR bz, T72bb
TR Ca®" 238\ T synprint {3512 AP-2 &fEA LTV
B A%, Ca® PRI 28 200 uM (2395 L BAE|Z synaptotagmin
EREADBHRT DI ERHALNE /o7, RIT calyx of
Held &7 7° ARii#& KR Z synprint peptide Z Al N EE5- L
T, synprintsite D 377 ZRFITI T DEEZ FERET L
72 M EREIZ & - T synprint peptide (¥ V%1 h

—VAEAEFTICZ Y R A b=y R &2 T my 7
o



(B) Z4BRT AT » RN UBHICEFHTRA AT ) 7 DEE

PSS, %S ROUER R R R E

WA T A ARV T CAL B LD CA3 fHl D
$EARHND % rthodamine-dextran T, £7/27 A a2/ 7%
GFP |2 & » THERR L, —tFBEHC X v RS I
REND T A URT 4T « AN HEEET A budA
k O INGEE DFEBAEHC OW TR LT 7 4 BRT
4T s ARL T A Na Y T OEMEERIE, fd T
%Eb‘%é\k HEFICREWEGO 2 BT b, RSk

IR WEERRE R 2 RO, A U~ DIBREEAL
%%b\%ﬁ&ff‘t_ﬁ‘fﬁﬁﬂﬂﬁ bz,

T4 RRT 4T« ANNA L DFMB L ORI R
BA, 7Aa s U7 O ERRBRE RO Z & &R
T, £T7 A r 7 U7 OEHM % Racl @ dominant
negative & BAREIEHL S 25 Z & CRMEIZESI LT,

(6) /MiNE LR — T THIRAS S TR nE

INED T % IR ERRAE L J L& X EREEN
MW F T AERKL, ZOVF T AT )T
DEEIZEVRVEEN TS, BG IZiF, F/VvZ I
B b7 AR—2—L LT, £ED GLAST LD ED
GLT-1 B3%H L, T 7 AFENICEES T CF &R B
HENz 7V I Ui RlIcBRE L TV, EFORK
I TIE, PCIT1AD CFICL > THRENDH, 4
FHENORE A OFERES T/ v 7 7 7 b~ 7 AT
® CFIC XD ZEXEMA RO, ANHHEESD I ORI
D—o2LENTW5D, GLAST / v 7 7 7 hTiX, CF#l
WMIZEVEEORT » T b7 5 CF AN EWHEE T
BRSNS Z EMDZHEIBOFENRE SN TE T,

IZBFR5YTFRILEI VB NS O RAR—

R AMTIER)

TARaZ U7 OEHEDKTICEY, 742K T
T e ANRAL T AT YT OBMAMET LTS H
R LTz, WEEMOT X a2 ) 7 oEEE oM
HICEY, Z40RT 47 « 24 VOFEITZT 4 1R
TATHOE O~ L2, RIZ EphAd/Fec 38 L)
ephrin-A3/Fc OfFERNTH, T7A hatA b7 rmR
T AT o AL ORI R & ARSI S
e, TAMaZ U T EoRMES T T 0 aRT 1
T e AR TN T E DO FE AN AR LT,
PLEOREFRIZT A b7 ) 7 OBEEN BRI, BT
NS T 4 BT 4 T« A8 L OHEFF « A E HIET 5
ZEERLTVD,

2 —D&E

NEEE] (RERS RE)

L, A, Fxid, ZOBEEAT v T OIRED K
531X CF AL ibmméﬂt VA X FED GLAST I
X vEucRESNARNEDIC, KKD CF XELFICH

L PCLSNDOBHET D PCICAE VA —R"—F 5 Z LIk

DERZZ2HELSTHY, FARIIBNTYL, JU TR L
ZIVBNTUAR—X—DORRMPLEATH D
PMB-TBOA O 5\ X o TROB L ##H3 TE 7=, i
ST, JUTMINE IV NT AR —F—1%, CF
MREOBEHMESNE 7N I D, Bk CF I2LoT
B STV ARWERLHEID PC ~A B LA —/3—F
HZEEMIETHZEICEY, CF-PCRD 1K1 v F T
AFER MRS D LM TE D,

(7) PEHDINE EIRME - TILF O THEM S T TRITE T2 WA MMETE S

K Je, PEFOUR GRS R BB R JE R L ER)

B _EARHEO BT R FLI B _EARHE— L % o AR
BT B IENEI > TWADTIERWhEE 2, 55

AR BRI R HIA 7 RN R AL S 2 5
BN EFT,
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AR T v b OB ERRHES T 7 AT, B LML SHz
T 30 BREKT S 2 L TUF T RABEEIKE L
EHMESHFEINL Z ENMbNA TS, &% 7-9 A
i~ 7 A/ TR ERRREIC SHz T 20 BRI A N & 72
LA, VT ABERBEHGEOICEN LI, oY
F 7 ZAIEVED NI S T 7 RS BRI e
TIEEHHEA, VT T AANETTHO T
RHMEN IS8 Z Sivle, S&ARmi% T PPR &
CVa#ELI-E A, RYIBIEFFIZIZ PPR - CV 235
L, EHMERNCIE PPR - CV & BITWR L, Zhb
OFEFIT, BHIETRIS LOMEN v 7 ARiMia» 5 o

REME RN LE S 22" L TWD, £, 7
V% T HINENIZ BAPTA 2T 5 &, Vs B
TFTATBNT S RYIERITFEE ST ICRIMES
B o7m, ZOREE, VT ABMBTOMIEN Ca*'
BEZNEMERFEICEADL Z L AR LTV 5,
P OB ERRMED 5 BT RO T TR
AR L TONDHO1E, BHOIEEHIC L - TR
2oz Tk, BN T T AEZEHL T
DEMETIIREHMENREZ 22 L TELIZHELZ &I
£0, BERHEOTENETT 2O TIHRVNEHEES
o,

(8) REMAMIMEICRONDH LT A TOMHIEIR

MBI (J RS BRI S JE TS MR )

B LWE A T OfE B R cfrbhd 2 &
AT HERE~ U AR R, TS 23 E
BERMNLD & T — B Z ATV, — 7 OIS B AL
BRI D L, G OMAEIZ IPSC 2389 1/4 DT —I(Z
BWCHH S, ZOHRMIERE IPSC IZIERNZIE
—ET, I T 7 AEORMEZ 278, bicuculline 7247
T/ NBQX IZE VWKL, £ T 7 AEIPSC &5 %
bid, TIXFEFT, TNHDOZFEERDOT I=2 &
BRIKENC K 0 GRS SR O MR AR 18 CRATAIC
#5475 &, bicuculline & NBQX D EHBICE > THH
K5 IPSC R HAE LT, 4EE2 BRI L T 2/3 SR
HIICHETR SN AL F 7 280 IPSC 1F,  WEWHRIC
NBQX /2 % &, & DIRIRITHI 40%RERAD LTz, =

® L X IPSC DORFEFEIZIXIE E A EZ{EB A IR0
S72, L7z -> T, NBQX TiHK L7y ix st o
TSR A A PR LS S U CAE U - SRR TPSC T,
B o T2 BT X PHI A R O s SR 3 ERK S CTAE LT
IPSC &% % b5, RO HIRA ORI D /<y
FEMAE VT NBQX % JRPTHIICHE G L T HAEMIRIC
NBQX %Mz 7284 & [FERIC IPSC DA 8 A s i=o
T, $EASHIR IPSC 215X 5 non-NMDA &KX & —
7y MO Z GERRICFEET D LB b D,
LU EOFRERIT, 2/3 T SEAIRR N R — sk o 7 A &
I U CHIHIE IR OTE B & 12 BRI 85 O SR &
EHHIHTE D Z L ARE LTS,

(9) VL% = U - GABA £ R DB #®ET

AR, FEEW OFHFEME O —F oM S 72T
X GABA &7 Vv U EIND Z RPN E R
ST, 72, BEEWREHES 7 A IR EE M G ED S
ThoHI7 VLI VBRICAT GABA %9 2 ATaEtE
PWRSNEREED TN D, RIFFRETIE, ShFHERE
M T AN D T VE I R - GABA RGO %
BYEZDNT, ATA ANy F 7 Z T EEACTHR
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PR (EHEE KRB R AP TR 3 -]

EITo Tz, 2RV L3 HO~ Y REERT A AR
ARIZENT,  HR BRI 5RO I & 59O A
RHIZHEZ, CA3H=a—nrhbitfk&nNd 7 A
JNBIZHRT D IS X IR R ESE OB R A ik L
Too BRWHINRIZ L 2 2 7 ZIRE 1L CNQX & APS D¢
HIZ XV ERITHEE LTI L, BORRRIS R 5 0%
BEO—HEITHRFL, ORI IE GABA, AR ESE



picrotoxin D512 & 0 {HK U7z, FERLHINE oD 5w il
2 &0 BIRBRHELIA Doy & FIRF ISR L, JERIM S 5
VTSR SR OB A LT CA3 = o —m Ty
F7AME IPSC AU & B2 bz, REIERE
J& DFFY I IR B EIRBRAME 2 I L 72 BRI R

F T AN IPSC ZEURMN-T2Z 85, o ER
BAHEL T T ANS I NVE 2 UBRE GABA DI EH
DLWV IELE, N REREMC L DT —F 77
FChDHLEEXI,

(10) BERPERIMULA ) —TRAOMFMEANICE THRBEI LS 2 VBZEK
£ LUV GABAs ZBKEEED R EL L

VEE, SETE— (ERRADTIEAT A e B R A R AT 25D M)

HER Pk EE T 2 IMAl LAY — 784 (LSO) (X1l
BIAEE (MNTB) 2> LMD A %5 TV, Hi
ENLICEE @A LTWd, ZOMmREAE, Fi
\ZE> T GABA 2B 7 U v ~A A v FT 5, Z DO
PEAIDNHEHIC GABA Th D AHEMERZMHT
570N, B2 13F DT T ARFERITFTIET D5 GABAg
SREBICER L, ZOMBRENEEIC OV TERAEREN
RREEAT o T2, T OFER, MNTB HRKIC L - CTHEE S
NAMHINES 7 A EFE (IPSC) DOIENEIX, ShERIP2-11)
DF v MTET & X AR T TIEWNEME GABA 12X
THEBEIMl S, 72 GABAg XA T T =2

ik (BEAERER)
REFRE ] (AR ER A ARH])

kT3 B baclofen K512 K-> THLHEEITHH S =03,
INBH O GABAg ML EH b HRFBIZWEVER LT
(~P18),

SHIT, DEMZDOHIERET D GABAg AR D LR
MR BERICOWVWTIRHT 2728, VT 7T AREOIEIC
B LT GABAg &KWk D / v/ 7 v bh~v R
(GABAGRIKO mice) % FAWTHENT L7=& 25, KO mice
TITSES, R L ISy S RBED B REEE
N7z, UIEDRFE LY, GABAR SZAKITHFREIKIEEIC
HEEREEZRIZL WD Z ERREBI N,

(11) BEEFEEAD s FaY K 7—ER—MBIER®O Ca>*hy T o5 &
JILT KLFY vz & Bl

HER 7, FPseRES, ABHET, AGHEE] (4 d R RO B i g ) A B

BFEAMRE Ch A BEIEHMIL, B ZAEOEMAL
LT, IBEOBRINLI hay KU T TOETR
O LRI, BAEEER (UCP) ZiEMEL,
Fay U7 OREMEZRD L, ATP 265K T 52 &7
SEAEFRAT D, 158 LT v MEEIEII I E
D Ca¥' A A=V 7L bay R 7 EEMAIER,
A VF L DEIAT X D ER PN Ca B RIEEZ S L
770 FCCP D#¢5.0% 3 fHMED[Ca* ), LR &k =4, H1
FIE b= R 7 OREEEAIBD & R, 55 2 FHITSNK
D Ca¥ BREIT LV ERNCIHA L, 2 FHICHfsh Ca®

ATy & MIRIPN Ca” BB AR Sy DAFAEDSHIBI L, 1%
X UT3122 THA L2, X, M Ca> KT TD CPA IC L
%[Ca®"]; EH-1% FCCP @ Ca*' e E %Ik L, &
DZEMSEI Fary RIT7»H0 Ca' iz L v PLC
NEMELEh, RFTICEA S 7z IP3 OfEFA T T ER
M5 Ca'-FHtE Ca BN Z 5 Z LRI NS,

—75, &2 HOMABSL Ca¥ kAT sy Ca® AL, AU =2
<A IR VL L, MRN M RED FR &M
oo 2O EMND, BT H v T LTz Ca¥ AT
BRI > CTEA SN DRBEDIC LV IEE LI
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LT EWRREND, HIT
fb&h 2Btk 23,

, TND ORI X IEE
AR OB, R ROTEMRALIZ L Vi =

DT ENRoT,

(12) LEOFESHEHEH-1—OVDRKE A I VTREITE T HBHREE H EBROKE

fHE  IE,

RN, R, B
TARERE (EBSENTSE

FREOEK AR S L OB ICEET D wide
field vertical (WFV) cell 13 _E RICHFET Dk 4 r=a—n
VEEOH T HRRCIE M L O R ESN RV H B A £ R
FEHLL TV, Thyl-GFP 7 v h® ERIZEB W\ THREE
TSI X BT 21T > 72 & 2 A, HCNI 4317 WFV
cell DAIAAETIZZRL, BRERIEHR L TWDH I Lz
MEB LTz, — 1T, A 7 KITMIEM & IXBRMIC
isolate SN TWHBLIRZERIZEBNTRE TWD Z LAVR
i, £IT, 20X BT HRRZEEIC
HERTDHHEROEEGEZMHFTL, LLTORREG,
1. WEV cell DBHRZERICII Na T v > F AN RE L, 1§

BENMN AT D,

EEERI] (EEAOFTETRE A T B IS AR AT ZE 5T )
(A H 2RI ZERT N RE AT AT FE 5 )
FATERE D b > 2 —)

2. WFV cell OFBUBPRZERIZHRBIT 5 H BHtiE, ML
DIEEALNNTHRAFTETITHLIRIGRE D > T 7 2 AT E D
METBNL 2 A XA 7 R KBEICEET D Z 22k - T,
FIWTF T AATNCK LTS high fidelity (ZEERFT
FHKGETEDEIITLTND,

3.~ CHEHERZ TP 5 2 & TRIBRFCLE LWk
B E R TV D
ZDOEIIE, AL TRKOBIEE T CRIBREOF

KINEHRFRIGEZ ST —FCEIRIZ THF52 4T

FERORKIGEEZBF, L) dual function Z 48HIk 22

EOHERITAELTEBY, UL > THREREIZ O

WA EATH 2 L IHE L THD I ENRB ST,

(13) IREBEHS v FEREICE TS50 b= ZRRDOAE

FNy b= BENS X DB OIS, BEED
#inko BicRoNns, 22T, IIEFEHEOV)T »
METAEAV, FHEAT A AHEBEA LA L in
vivo TIBMHIF OFE AT 2T ~7=, Sham HETIT A TV
X MHEL C BHER D EPSC Tt b=k > Ty
T T ARMECHH ST, OVX Ty FTIE A 7%
#RHED EPSC 13PN SN 7= b DD, C #iiE EPSC 1IN
EZF ol WITH Y b= BIEI A # S L2 OVX
7 v NEAWTHRE Lz, Z0ORER, C ##EFIE O EPSC
X OHIZ 9 T DERIC R o 70, FHEB AN S in
vivo /Ny F 7 T T RGBT o Tn, SR EF G~ O
Bofih & 9 2 IS K > T, EPSC O burst 23Fidk S, %
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TR R UM RZEE A FERT)
ORI EEN -T2, e h= 2B EE
BELILE ZAMBEEZFECIHE Lz, & 250, OVX
Z v N CIIRERERE I i LT, WA E TR E
WIRIEAME R LT\, £/, tu b= 512X~
FORINERZ XN S 7203, AR BITIT AL e o
Too RIZH Y b= BUKICLE L7~ b THRET LT,
Sham & [k, FIBUGEICHBEEN R bR o7, B
B, ATAEBLOC BElRIZITER h=v o
BENFEH L TRV, JIRFIHIC L - T C fMERRIZHE
BLL TV BIRPERT D, £ DT DI ARG E D
WREEr h= I K2 HHIOWHERRONTZbD L
FASY (N



(14) BRI T TRAOEGFERIHE

BIRR R, AR (EEAUIZEATINE

t OO ERERRICIIAEAZERH D Z LiFL <MD
NTWDNR, TREIXZ D5 TEEITEL 5o TV
VW, T2 IZLARTIZ NMDA 28K D 5 6, NR2B 7 .=
v N ONEB MR O LS DT T A CTIERM BRI &
FFoZ L &WE L7z, (Kawakami et al., Science (2003)),

COWHDELAZENE 5 WO AR ERE > T
DEREDTD, MO NE I UEBEZERICOWVWTHHR
HL7-EZAH, Hxld AMPA ZHK GluRl 7 2=
FNOWH THOMENRRDZEE2HTITRER L,
GluR1 OEAFEFMEIL NR2B 7= b &t D)5
A FF > Tz, DEDV KDL F 72D NR2B 3%

NN

REARATAITFEES )

<7BMITIE, GuRl 7 2=y MREIT DN E NS
BRI R MG BTz,

% Z G SDS-FRL i:%& FAWT, WEE CAL #ERHIR O
Woek 2 5 GluRl & NR2B 2 EE L7 L 25, H—3 o
TALSJZEBWT S, GluRl 7 =2=v & & NR2B
Y7 a=y NEITHHEEEZ R o TS 2 ENRgho T,
ZDTFTALAYLTO 2 ODLTF O ERIR A Z A
BEOEFZEEES Ko TWEEEZLND, L
DL, MEROREFETE S LTZRERBEOENE S OO
LSBRIENIL T bRWHETH 5,

(15) BE—BBEEREH ST TXAORAKRET 4TI R

HRERRRE S T 7 ZZB W TE, VYT AMED = Y
PA b= RCBWTHEBIRE LR O RN
RBOHIL, ZNHRFEE - RBOA N =X LDEHRTH
LHLEZLNTWD, YT FANMUL, Ryxr s, 7
FAIVT, WEELEOREG, =0 KA h—3 A7 Y
OFBEERTCI I A7 LTS, EHENIZIND
DOFBRIE, Ry T ERETITA4IVT7REICHD
/NMEDH (Readily releasable pool, RRR) & /M & FEE K
DGR (ph) IC XV ERBIL I D, HRAERE S T 7 2
%, ZHRUREECHL D, flix Dv T ARHEERIC
DOWTHRBRZFHNT 2LERH L, S, =% V¥ A
= AONEEHERE T 0 —T, VP T b TG ik

ZILREE, SIFETR, AR, A5EH, NEE
(RAER 2R Be L fn B AT FE R AR sEARAT)

% O SRR O B — o 7 A SRR AN O
FERIZOWCTHET D, V7 b7 AF ) U EEBEEIR
PAHE R RMICRBT A R T AV =y I v R
TV-42 ORMHHE AT A A 2{ERIL, LB RBEMEE T
FE L7- KO —F 7 AFHERIC I T 2 IEEEFEN
RENREOEBZHW L2, £ DV F T RATEBNT,
pf BIEFIT/ N S WVFEHEFE O 4, 25°C, 10Hz OFKIC
LT, TOVHMEIE, 002 ThHhotz, 2D 0D
RRP WREWZ EQREBIND, T, SHEDOIEE)
ORISR L CREMICBET DR 0FIC /2 o T
WahEEZILND,

(16) PKC IZ& B>+ TRAHEOKMEIEESD L4

FIFEAR, AR, F&EM, NRE GRALRFARZABEE MR A TR M RE AR T)

B ERMRHE S T 7 A TlE, ¥ 7 AR AT EPE
BZAHZLTHMORTWS, 2O FFRIIBWT, 7

F VRNV 2T U/ NEAO A EZR ) O ready  releasable
pool (RRP) DM & v Bl At 25 <5, 4,
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NG ZODA N =X LOFEME R — D V) T ARHKEE
T LTt L, dOt Nt Y n—7 Tch o7 b
TIVAY 2 EPRERME Y T T AR R RIS R BT D
NIV AY 2=y 7w AERWT, WHEAERT A 2
Tlicfx O F T AREREREL, ENENITBITD
B B 2 BRI L7z, 2 ORGSR, 7 4 LR LT
AT VAT & B PR IREE, 8 & 0T 7 AR
KTER ST, 7HABRALTRAT L, BEHERD
INEWUF T ARHERIZH LT, AETEREHAT S X

INMEH LTz, 72, BEHREORENT T T AT

RO TR HEINT 5 W IZ RRP AL 7=, 2L T,
PKC BHEAIFEE T TIE, 74 VRILT AT L S HE5H
TERIZEZ &7 hote, Thbb, 74 VRNV AT )L
OB A HEETRIER I, PKCIRTFRITH Y, FaHERD
AR & RRP OHIMAGI & Z SRD 0T, VT 7 AICK
FLTWDZEDRmREND, lHlx DL FTTADSTHIZ
FEMERERICHFIE L TWAB Z ERRBEN S,

(17) KIKNRE V BifA#lA~D GABA (k&L + T RIEZEIZEET 5
OFTRENEVFTTRADHAMR

Ty MMAT A ARMEER V EOHAARM T
GABAL Z AR ENT 5 mIPSC Zaddk L7z, 4V T A
\2 XY mIPSC BEEE 1T L=, LovL, io_v Yo7
Y UREY TN, RV U7 R E R
LT LI &R0, T XY T A D mIPSC B
e IFa7 nAChR FHEANC L WMz b, £V T A
FHETTO=aF 5 CRINRERDER A LI,
T T AFFERDaT nAChR OFEBITHN I # Y T AL
DFHEEI N L ED I Z YT AOERIE PKC FAEFHIC
FoTmflant, 24V T LAOERE G IXEFFER
(Thold)y D> 7 & Lz, LaL, KR SR95531
Tl Thold 7 M Z 57 mIPSC DAHEK LI, &b
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FHEOR (R ERR A AT — )

IZ GABA [ 7 AR —# —[HEHIL mIPSC #EiRIZHE
EHZTIZXY T AERITAO Thold v 7 hDOHHE L
oo ULEDS, KNEES Vv Bz b=y
GABA, ZERBERNVGFIEL, L4 T AL VRS
LiEZzONE, IAYVISMIEVETIMIELYEE
I o7, VEO b=y 7 BFRIIAEICHL, al Las
DHEICE S FEB L T e, zolpidem (& CTHRI%D k
= JERE R L1223, L-655708 1X V @ IZHB W\ TOH
b=y 7 ERET ey 7 Lz, PLEDS RMEE ClEal
SEEENTLTRBET, VEIZBWTIS bilas AE
LT LD IROEE GABA, ZEKHE N H D Z &
R BN RoT,



(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(1n

(12)

(13)

(14)

(15)

(16)

17. DNABEZEB LT LY/ LAEBEZORMA—-DNA E0E, EOHEER

2006 11 H9 H—11 H 10 A
& - EEN  KEFREE  GROCELR R 2 A B AR e AT o0 1 A 2 )
PTG - K LB (B AR AT e IR & A A A = X 2 —)

2006 FEFFE OBE —8%, I b= R T, FEEoLEET v
KB (B SREH AR e IR 5T 5 A A A = Ak v & —)
f5E & DNA DAl & 2 flfast ok
KEFEE CROER R 2R IET 7 1A 5 )
T AT % 62 15 0D 8 YR S A RS D AT
REERAT G R AEMBL AT ER T & A4 f B )
DNA kA& D B SRR L & A is ik
I (B SRR R R R R R
AV AT =2 PEGHEE & 7T A3 F DNA & OEA IS & s T RBER
KA (RIER R FEIKGA TR ST e )
BT B 7 ) —IC LB FRATERLETT VAU — 2 2T LOREE
AINEHRER BT (AEMRE KRR B AT ZE B Al A S B 40 1)
PR S E oMl B s & OMEMERIC L HERY KN Y — L DJERE K
WHeE (B HEBRRERFFH AT SRR A M B H )
H— GUV {EZ AW <7F K DNA & AR O A.AEH O
LEF 2 — (R R R PBERE R AR S G S A AP = %)
Morphology of Ternary Complexes between Liposomes, DNAs and Cations
Vasily Kuvichkin (B AR IR EERRRT & A A A = 22 & —)
FARERS % & de A DNA 43 T OFEIR & DNA 55 1-RIH8 BAEH O ffdT
AR5 ORBRIF AL R PR BB R A JE R A R - )
DNA BSEROB : 77 VT AT — NV A~7 —n UFRAEH
ARG E (B LR R0
T BEFINHELND B O - BEBEEE S T kank O A4 BESREIRAT
KRilise— (PEEBINFETTIER)
DNA * & HEE SO AE/ERERK
Sl CRORER R B s bR
R ) DB X OV =Y fRICH51T 2 DNARSEZFIH Lic 7 v~ F A& L0y v R0 H
—DNA 0 B A D fgr
TEAYERL (B RFE LA bR
7 ua~F o TEORE
Rl B (R R FEERE TN
2006 FEAFIES DIRFE —DNA/RNA $EFE 7 7 2 7 A DS BT
KILEINE (B SREH AT e R 5T & A A A = Xk v & —)

(ZmE4]
K B (BEG S A), KHE BEE GRORBEERR - & MRERETERT AR, KRE - BAT (UK - A
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FHERFZERE B AEMBL R, HI1 #i1 (B RS
K- EHIREHEMRAETR), K S RIERK -
L FR ST ARG T R =), /NE R (ki
TR - RFBESEA BRI AIZEER 50 ), W n &8 (4
Ko KB E R TER A BRI, (I B— (5
K+ REFEBRER FEAIRF G S5 A A =0 R),
Vasily Kuvichkin (88731 A4), Mg #%5 (KBKK - X
FREE SRR MR SR, Ak Ee (W Lok &

(2]

7 bHETENE, —REHELS], DNA AR mr Y —, DNA
WBIREE, 7 a~ T UM, BEE E ORIRV R
WERL, EMOEREEERT L L BIZ, FHEOFHKI
EHESBEET S, B NS AIRESND T S LT 0
Tx s FOERIZE 0 EERIOREITIZELET L2
DD, FEOMOZIEHS 7 BB L CIERAEH O R
WL, WREMMOIM S < RV, KRS ITLER
7 MBI O I dei i b HIFSEE RIS EYD, A&
PR ZERT OMAR T BB ORI 2 —>DFB & L
T, 77 LEEOHARELREZ D 2 LR TE HIRE
& LTHRET2ZE2HELTWD, BERMIZIE, 5
YRR 72 DNA/RNA MSRE S/ 2 7 ABFEDNL S FiF %
BRBEEE LTS, 20X RHEEDOL L, Vi 18
EEESE, RENER  KEHERE CGURERKE),
FTRARERE  KILEIE (G A A A = A& —)
DA—=HFAXIZEY 11 A 9-10 HiZhig=> 7 7 L

(1) 2006 FHARZDHRE — 1%

TREMIIERT), AL st (EREANRAHIERT, &
B FHig GROTERLR « HEEES AESERL, 16K sk
(R - BT EERD, Kl B (R EHE
AR, Bh R CROTEE N S FE i
RERAT 7 DERFR), Il B0 (BRI ERER A - 2 1),
e BT (WER-HEFW), A Zi (FH 2
7 LSRR EN LR R AR R M E T e v 2 ),

ATk —ak (BEOF - S AR RERT7EE)

Ak Z—TRRfE STz, HEER 20 4 48D, HIEE
# 15 3Tz, 4lalix IDNA, &EE, KOMA
TEHL LWORED G &, 2B Lk E RBHIZ,
ZHEAEAER AT 5 53 T2 T 2 e O FE AR &
iz FRCIEE & OFE EAEF CTlX, DNA HRED 7= 722 " HE
PERPER S A, IEFR TS T, BEEITENE
WAEMMBRY:, AT, RIET, AR, &
L%, BT ZRM L35, [DNA g &
[DNA & OMEEH) #H@OXF—T—RE LT, MA
DNIGINORRHATo T2, TOFEER, A MO
FEDNRE O, EROTEML B O A 2 B 2 72 3w 5o
OO RN X TE 7z, 20 L5 BoEE
ik LR OBSED R E D 2T, BRERIE TR, &
PP 2 N T L LT, B LW A LD 1 D
729 O BARR 7256 LA WM Tz,

S havFRYT, EREOEKEETIL

KRR (B AR e IR e & A AV A = Ak 2 —)

3 AR A X AR TSN, AEIRVEEL RICHT R
Bl & W L7y, RNAIIZ 2006 4EFED ) — LR « [
FENEZ LN, RANF ) AORBICHT-2ESND
THIUL U7, K1 DNA—RNA— & B OB G365
2y NU—I BRBOTEATIv I 2bOTHY, E#R
ORI 7200 CITHRAN OB/ AEEEN & b 2 &R
WZ LRI o TE 1o, AFRESBINEZ, 50
DFERTABMFER L L TORERE KO - ER5 1
BEEEIEL TRY, EMEE L BRRICH O T X
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FELTND, 29 LI A—7 M GEICRF >R & A5
FORBEEMTHA S0 T EEEITBEZ TR,
—flE L TCEDOHBEREAENI TV T EEZ LT
D, #, Ibhar N7, EREOLEET VT L
WO MEEZ T TCh, ZTnbiZdEmT 50ix
DNA/RNA OFF{E L 2 JBIEMEEDFIE T D, ZD 2D
OERIFBENH D DORNDD, WH 2 AT,
DFLHLVETAERREL, FHA AT TR
(f-EMI) & W= SEEHIRIZ DN TEE LT,



(2) FE& DNA ORI & S HEIEDHRR

KMHER  CROELR AR AOTET 0 5 )

AV OFEARFIERERITBE DNA ThDH, WTan
RIFTTH, BITRENITED LTI, EDDBAEY
TR RDBG R L EHRTIUL, BEZIX DNA O
BT L RE—RORBRIZH D, MIITAEYD O/ NEAL
D—>ThHD, LHIAEMOMIBOIE FIKIE) 1TRE
KT TRIa—VAELETR =V 2D >0y
HT&2, TRRN—YATITET DNA OLERH Y,
D%, ZIRMICEOME~LES, X7 0 —Y ATiX
WS, FTROMERH Y, Fl&#kEV T DNA DOFEIC
W29, MIFEIXEM ORI, MRERDRERE
DEREREDFENLIZ RN T, KEREEZH > TV DH N
ZDRAH = AL LU TEARA R AR L, Fx iTMil

3E DNA Wi {bE%3% DNAsey IZHEH L, i E THEE
Ha W —0F LoV Ofght, mREFEERIC X 2 i
VAL ORRNT, AT/ v 7 T U b~ 7 A& RO
LAV DIERT 24T > T& T2, ZDHER, DNAsey 13127
72— X DNA WA {bEER ThH D Z L A3 L7z, 180 bp
DR LAY —LEAO DNA WHLIE7 B b= 20
HWEHED —>TH L0, BT LET AR M= AIZ[RE
SN ERBHLMNNI o T, F2, MlEENO S a
~F U ERRBRNCOMT DL, EROSRTH Z En
b, ZaxF U ATREHEREES 2T TR, BoEE
ELTHHBEEL TS Z R E iz,

(3) MEZBMARDEREERELBORNT

REEEIT, PRk U RZFEAMBLENTIERE & L B AR5

RN - ERAME DT, Rixy ooy BE
IZ K> THREEAICIT D BN, Milad 5 WITERICIND
LTV, MET L (X7 LAA F)TIE, DNA~
30nm D 7 7 A /A —AEE~80nm #F D 7 7 A /S —H g~
RIREHEIR, & O BBEN IS S TWD, KIFSE
T, Z ORSERERERER O 217 o 72,

Dps # VNV BIIX T VA A RERESEHRTO—
DELTHLNTWD, KIEIZIIT 5 Dps KEH 72 X
7 VA A REEEBE 2 AT 6, OxEIEHIIc N T
Fis & > X7 BN EEE A HET %, @Fis 23 Topoisomerase
I & DNA gyrase DB Z | L TV %, @Topoisomerase
I & DNA gyrase DR BLDNEEE L RET D Z L3 miroTe,
X7 VAA NEENEE DHIIBNO DNA AR B P—0
WL D720, MlaEMHEEHNTTI AR

DNA O bR u o—F{bZfRIze A, X7 VAL R
BHENE Z 28 TlX DNA bR =085 28
ol LLEDOERIE, [DNA © bR v o —n3 @il T
HoH] Z L Dps IRFEHR R 7 LA A REHEICKLETH
HTEEREBLTND,

KIZ, 30nm - 80nm 7 7 A /S—HEIE~D RNA OB 5%
M7z, RNase Ha HWEERNS, N7 FT YT TiEX
I LAY — IEEORDVIZKE 100m D7 7 A /A —H
EMRFAEL, 30nm 7 7 A /S —LL EOREROREHHE
AR—AH RNA 5L TWD 2 EBbhoTz, 20
FERNOTR LI, HLWX T LA A NEfEE [DNA~
10nm 7 7 A4 /N—~30nm 7 7 A /N—~80nm 7 7 A /N\—
~EREER] LW ETNVERET D,
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(4) DNA EXRHBIED B it & £WiEH

EEROBEEREIEZD DNA X, TOKE IRK

10 um 2> 53 10mm IZH B L SERDFTHY, My
TiHa 7 MY BENT-EEIREECTHEEL TV 5,
invitro Th, RU T I, PEG R EOTMHEENT, HD
W, BA A RO SRR R 2 & &R 5 &, DNA
DEFEPILR A SR T BB TND, DX
9 7¢ in vitro T DNA §EffiIE, MM TO DNA O &K
WEEADET VR EHIET Z LN KD,

10 EFER1E TIiX, DNA DO¥HREIL, 25 BIEM Lok
Ml O P CRENGSBRAA L, EBfE ORI TH 5
LB ENTWE, THICx LT, SBBHEmMEEIC LS
DNA OH—37BlHEIZ L D, DNA Ot BHL, &
LWAREKEEDPE - T2 BB R Th V 2 L ANTFEH 5

(5) AYITF7ILE=

EHT (Gl SR PR R A R A )

(272 o7z, AEIOFHEHETIE, DX 5 7% DNA OB
Baflild 22 LTk, SRR BAEIEDNERT
DI EEMPI LIz, ET-, DNA OR{L#EE THLH —H
BHEIT RGO HEZ, B3 TR LY, EEICHE
FrLizdTZHCHOWTHIRET 5, BT, s
IR DEKIEIEDSZHRME L, 2 DEMIIRERIZONT
HBEELITVTZ,
[ cik]

Y. Yoshikawa et al., Eur. J Biochem., 268, 2593-2599

(2001).

Y. Yoshikawa et al., FEBS Lett., 566, 39-42 (2004).

Y. Yoshikawa et al., Biophys. J. 90, 993-999 (2000).

K. Hibino et al., Chem. Phys. Lett., 426, 405-409(2006)

VPEGHEE L 75X 3 KDNA L DEERIBE L BIEFRIADE

KRBT (RIEBREEI ORI S 72 =)

BETHFEIOIZETERDRICEBTEATE S
TANANRYT Z—DRBNARAIRTHD, L LD,
ETANARY F—|
Z T, BETEEANS ¥ —ORREODIZ, Ml
FBRMERTF R¥ ¥ V¥ —Thd HIV-1Tat 77 7 A
FD X ST, MRNICEZR TES T2 ED RO
LAV AT NAFXF =L RDIEEEAKL, BIET &
DEEEROHBLENE &, @R T EARRE T,

AV AT AR =UfREIE, ArgN (N=4~10)&, AU =
FLrZ Y a— v 200 O AN —H — L 35bis
(dodecyloxy)benzamide(BDB) 7> & 72 5 AN L fi§ &
(ArgN-PEG-BDB) T 5, KNEEITKIZEML, &L
& 725, Argl0-PEG-BDB T, [t 2 & /LR EEITH 20uM
Thol, b MTEHEHTNAMIETH D HeLa MEIZH
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FRARTFEADRPMENKED D D

WY T 2T =Bl FEa— L7 AR
DNA Z# W THEEBEFHRIEEZFAILE, AV IT ¥ =
VIEE R BEME, EOTAF = UEHER 10D L X R bLE
WIEHIZh# % 7k 7=, Argl0-PEG-BDB (I, R I 1
EUTTHD 5uM ICBWVT, ESICEWVIEEFRE 2R
L, Z0O&E0OBGEFHRBEDFITTROE R FEARIE
@ lipofectamine2000 (Z VL L 7=,

Argl0-PEG-BDB X /L & BT OEARIL, B GE
LN BRD =V A 13K 1.5 pm TEREENM A +43my T
bolz, BHEBOWKEZ, JRTHBEMEE AFM, friHE

BT, LIRS TR LA, BB TIC
AP ESTZRWEIRTH S Z & MRS, £z,
BRI EVRELTICBOTHREU L S 2SN Eg s
niz,



6) BEE7E T —ICLB2FRATEGFTINI - R TLOEE

INEHRERE (EHERE K2R B3R A SE B AL SR B 55 BT )

I, UA VAT Z—ORFIE - SR &
20, ROREQANTEIEFT VAN =V AT A0EHE
INTWD, LML, UANLAITHAEEFEEREIN
BNWZENRRETHD, Fexld, VA NVAEER DAL
BIETT U AN) =V AT AEEZHNE LT, MED
Ny lr— v 7 a7 & Programmed Packaging
(Programming * Design * Assembly) (ZFE-5 &, Hiii A T
BFT YN =2 AT LTH L EHRENE T~ m — T
F ) BEEE(MEND)DRESEIZ AR ) L TV %, MEND i3,

TR =TT A NV ADBEREEZE LD TH
D, EEELERa T CIRE T Ne—T bR S,
a7 bz Ru—F I EREOHRER T bR U—
oy b — LU THEBTLIERRTHD, BFO
Tox OFROF2TIE, BREFMICOZRERAMREE > T
LES DT BT U —%58iH LI REK LT O I
RO, AENTEE R 2 7 OIREE T 7 —%
HULIZ | D MEND 2R3 DR A4/ ST
<o

(7) BERSE-HREREOHEEFRICESERIRY —LDORERK

WHaes (A ERFREGEEN IR A B 5

MR & > THMER D SAEY) S BERE 2 #ERF L T
Do Mo THEDOFBZHIEH L T DL RS Z L1339
WICHEETH D, # < O AEERKDTERE DRI E R -+
& U THII B B DFEAEDERE S L TUWTens, Al
B ED LS ITMEMT 2T E AW R ENL N, 7208
2B INFETOMERTFIEL, RERENOHELN DT
SNl 7T b LI T2 b0 Th o7, Th
LOFEORREZFMT 5720, AU CTITAIL &%
REAE (T2 FoR0F2a—7 Y R E)EHALZEKR
URY— LhaetEL, WTHIREHRER Y NV —2 %
AR S H 72 & X Il 2 DR R TIREEVNC R L L &
JCFSET (LICHEREFBAMED 2 AV CEERISE LT,

BIZIE, 77 F v ERBHCT 7 F U BHEAAEE A E & B
ALTZEBRTIE, VAY—AITRE 2R, F42
BERAEORETIERL, F£40T 7 F U 4UEHRRITxt
L2t D THDZ ERH LN ST, ORI,
EE L CEHHEEEAEOMEREZE 252810k
T, EMEMIZY R Y — s E e RBRRICMESE DN D
TEHERLTND, SIEFERE DR Y — ANICEARR 724
B AR R 2 FA AR S5 DT LB TH 523,
COFRORBEEFEICHDDLZ LICE ST, HFLULT
OB 22 SR 2R O A MG E % X 2 TV DAL A
L CHRNEEE 2 TN D,

(8) BE— GUVEZRAW=RTF K1 DNA LIEERDHEEEFA DN

HIl B —  GER) RS R B ARE R A B TE R & S A A oA =2 %)

ek D AR/ NEEEDHFFE TIX, /NS IRERE (50~
500 nm) DO—HRE Y RV — 24 (SUV R LUV) % HEE Y
R — L% FFET HIKEEIR & VT2 OB by
HIZEEC L 2B E O LML OREITTHOI TE T,
—JFERE 10 pm L EO—KEY R Y —LTHHERY

AR Y —AGUV)E HWZERTIE, 1 {#D GUV OffES
WEEDEE Y TINEA LATHET S Z ENAEETH
B, BaIZZOREEEN L TYWE LIEE R E O A
VEFA O BB 72 ) E PR S+ By DI FE D REA 72 81
W72 BTk L7z MEER 2 I~ T T N EeE

381
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MO BEAEA % GUV ZHWTHIEL T, ~FF KHE
BIRICRT BT 5 2 & A EEIRL, RTTERD
R ETEROTIHETITDbN L ARWEREZES Z L1
REH L2 Y, EHICZOIFET, %< O GUV b7z 1
HD GUV O EZ RN 5 2 & T, /hE7
VAR Y — LOHEMZ AWZHFFE & BRI R 2 1E WA
BoNdZEEUDORLE (HM— GUV L), A#HET

FHE— GUV BIC RV BONTREHBI L, £k
ORRZ T D, & BIZHIET> TV DNA LIFE
IR AAER O Hi— GUV IEIZ L DHFFED TR 2l R
ML, #T D5,

1) e-J. Surf. Sci. Nanotech. 3, 218, 2005

2) Biochemistry, 44, 1582/3, 2005

(9) Morphology of Ternary Complexes between Liposomes, DNAs and Cations

Vasily Kuvichkin (B AR SEERRRT S A A A = 2 & —)

Ternary complexes made of DNA, neutral lipids and
cations have been studied for more than 30 years though they
are far less acknowledged compared with DNA-cationic lipid
complexes (lipoplexes). The major concern with lipoplexes is
the medical application but that with ternary complexes is

understanding of the lipid role in the cell as neutral

(zwitterionic) lipids are major characters in the cell membrane.

Till recently direct lipid-nucleic acid interactions, thought to
be the cause of the DNA membrane complexes, have been
overlooked with a few exceptions of research groups
including us. The disregard may arise from the difference in

DNA-lipid interactions between the two complexes, subtle

one controlled by the cation concentration in ternary
complexes and strong and visible one in lipoplexes. A lot of
efforts have been made to grasp the direct evidence of the
DNA involvement in the ternary complex but failed because
of the subtleness.

The application of phase contrast TEM to the ternary
system seems to make an epoch by its visibility of DNA
molecules without staining. We have found that DNA is an
actual fusogen for neutral liposomes under a proper condition
of cations. Morphological aspects of the ternary complexes
such as DNA condensation, liposome contacts, liposome

fusions and their intermediates will be reported.

(10) REBINZEETHESE A DNA T FDRIK & DNA 5 FREITEE RO

IR CRBUR SER R B B R ZE R A R 0

BOBLFABRRE T CHEINI MREEEB L L
T, M FRNZEHFES, FTAEE O B <
LTWD, ZHORRERIEEIL, ZDIERICEL
THOBLEAZRILL, ZOEMIZ, THa—AF L
TIRTCERIKENC L > TRHD Z ENTE B, 40, Fx
X, 2=Y7 74 NEFI ALT9 2 ELBOLEAT T AR
K DNA 28, —RItEIZERME (pH4), ot BICHME+
7 ana X OREETR O BRIKEER T, #rarseik
HHERT LR RH L, T7hbb, MATA Y ~v—
I A iR Bz K BHRAED 1 OB EZ 9 (5
BT A v—2F VO FRERR) £ TOKT R LIZsy

382

LTV, 2OZ LT, bOHHELEARERSOT TR
I F DNA £FiE, AnToBoEA (B oR
BHSEIERBREMVBLIILETTHOTH D,
—7, KEES %S E 722\ pUCI9 DNA (i OvkE) X
R LTz, BETEMEBEOMIEIEZ, AL79 DNA T,
pUC19 DNA (ZH~_THFHERE L-iEm 2 Rk L
TV EERHE LTS, 20 AL79 HEIEELS 0O 7 IRHE
ERHEZH O NICT 27201, BIE, Bo¥A DNA 4
T O PEMI TR L DS &, SESEREMET
DPEMBTBE D T D,



(11) DNA BEAXDESR : 77 0 TILT—ILA~H—OVHEEER

SEREHMEAE FEom T U A OERERIL, B0
HIIC LD HEBEBORBE L MbhTnd, —7,
DNA %0 X 0 — 0 dh w4 8 ST, Bl
HHET—EOBRIIEONTN, TEMHE RO
ICE S TR oT, FxlIXZOET NV ERERIICE
W EAMATERIE L, DNA BEfEICHF A7 he A R

(12) 7/ LBHH o1&

WA, 7 SE BB UM 2 BT s BA R S 4,
FERRA & IEFARRk D DNA % E#EET 2 Z & AR
o TEl, BAFLOWES ) LOFiELE LT /) A
BT NT I va EERWCTE MM (renal cell
carcinoma) DNA D28 SN 2 MR 7 v —= 7 L,
/o v — T OWTHIT L, Yeffk 9p24 FRALICH
2 OB S5 T Kank % 1572, Kank 15713, clear
cell %A 7 OB I\ CRsAE CHEis T RBLOW
F/ WY 2R U, e o TR FEBL A2 1T 5 & e sE e
EROMRaEEZE LA R Lz, LI23-> T, Kank BI5T
TEINHIER 7 LB 2 Db, Kank Bin 7%, BlEOR

Y (L AON

aARER (LG R FEET)

AR AE & fRAT A9 I2 8 & Y L 7= [Ishimoto, Kikuchi: J. Chem.
Phys. 125 (2006) 074905], FIZHEBRE O—FHER, 7 1 v
7 - haA FHEBEBZER L, ZhaRESE, B
LEIMEERIZE S ha A FEEORTr—1 v 7H1%

#2242 L 7= [Ishimoto, Kikuchi: in preparation],

BRI F kank DA IBHEBEARMT

Rilige— (EEHATREIFIEET)
MECRSHEILTEY, BRAEROMINIC BTtk
BENZ A% 9 D membrane ruffling FOLIZJHTE L TV 7z,
ez lx, Kank % U8V BICHEGT D2 V8V B ERTRE L
7=l A, BT B (lamellipodium) (2B 595
IRSpS3 Z v /R EMEAEN %175 Z LB binoTe,
Kank & > /37 73 IRSpS3 & + 737 B #EE LT IRSpS3
R BOBRERILET 22 LIk, BERkRE
NHDY 7 F IV E Racl 75 IRSpS3 & f%H LT WAVE2
\CRET DR ZLE L, actin EANGELET S HD
LEZHND,

(13) DNA - ERERGHAOBEFRER

DNA FG8E FUE D DNA % R8I 3T 2 itk 2 9
SNNCT D EiE, MREN O A MBS & 5y TR i
W32 ECIFICEETH D, BEREAEMOYaRRNRD
T 1 AT DNA OF STMfa0#L0m b & mEie Btk
ZHY, ZORIOFMICE, TurAT—ELiticTn
A7 DNA IZREMICHEGT 2RAENEES T 5, AuF
T, TRATOV—=F 4V 7H#HO PRMmOZEL LT
1 R$H DNA IR RIS T 5 Potl EHEICHER
L, ZOEBAED DNA #5H KA A > (PotlDBD) & 7 1

ST CRURBERL A BLA A S LR

AT 1 AEH DNA ik & OFH /R IR 2 fifpT L7z,
PotIDBD &7 1 A7 1 A8 DNA fEik & OEEED 3 &k
TOARIE 1T X AR ST IC XV B B L e 0, FHELE
BT 2 LW SND T I BREASRESLTD
%, LML, 20T I JERIED 5 B < DIl
OFEFEHOT I/ BRIEICEB LTS, 7r X7 1 AH
DNA fEIK & OFESREDIZE A CEMNET, Tux 7T 1
A DNA OFFFKITIE & A EFH L ThRn v ) B
RIERD/ON TN D, Z OFEREZHE 2 C, 2 A8 DNA
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FEEEAEMN 2 A DNA 23859 550 11tk & o

RIREIDNTBET D,

(14) BT/ LABL VI ZRBKICE TS DNABEZRA L=V O F U1EEHIH
B ELUZ 2/ E—DNA HEERDFEHT

IavFUDERBMNTHLX I LAY — LI, 7R
X =7 EITBWT LR LR EfMRM BRI
(X7 VA —bRY v a=r2), BiaTRBHIEO 2
H=RALD—2E LTIRBIN TS, —F, DNA I3
ARSI, PRI EIKFELT, BHO B 1 DNA
CITRR DR IE RN T D, Box i, HZFRERES
J LOIEMISALEIC, SEISERX 7 LAY — LPERRED
B (Fik7e BAEE £ 7213758 Z-DNA 2B C& 5)%H
AT BT 7a—F &ML, a-HlaFrRNEET BAR]
72 B ONCHERE Y BRI RE TREE L S D PHOS O
REMHICB T 2R 7 LAY = LRV a =y T OER

HAOEL (2R TR

AR LM Lic, RFEORERIL, 7/ 2B WT
DNA &I L > TX 7 LAY —2OREZLWE L, Bis
THRBLE NBOICHIECX D AREMZ R LT D, —F
TIE, RV a=v I LEEXI vt Y — 2567 D8
I=RAREROT A REANCT, TIFR—F—DX
7 LAY — 2 DNA ~OFEE & fifht L1z, Cys6-Zn2 R A
A »Z&FO Hapl 1%, X7 LAY —AHFROZBFREBALIC
A TERNI EMNinvivo TREN, X7 LAY — A
ROV a=r IPERERTOT 72 AT 52 &n
mENT,

(15) YO F U IZ0OEE

Kilr Be', BEEFEE? WMEE (R REE R ORI A, P R A R

BRI ) 5 DNA ECHREE T2 BVEY I
HE S LHMIELR, ZNEEBT 57Ty
nwFrOMEERE L VEM LY T ER (v
g~ F U TR )ORBER KT, BEEROHE,
AR T A BLO B 4G BRI B o 2 FAR RIS 1, 30 T2 10
mmDKEDZ v~ FUBHETH L, 7/ LDNAE, Z

O OFRMEPN TERRERIICIT D BEEN TV DT T TH D23,

X7 LAY — AOBEEZRD DIEFEROFHES, X7 LA
Y — 5 O A FERERICIT U B A OV TIEIZ &
AEMB Mo TR, ZLEMATLZ E0E, 7
o~ F U TERROODOE—HLEZLND,

I a~F MR T 50 OFE O£ <1, DNA

384

DOEREELCFFEICFI SN TS EEX BN TS, &
BE, Fxld, AOBLEAZERLIZ~ N DNA 235
BOEOORPINZ a~<F o ORI/ n~wF o
OBREICTHE L TWAZ L2 RML, T TIcHE L,
N2k DNA 9 £S5 &, < &% Hela Mlae
COS M CIE, 7 vu~TF 1 b OERE % [ EICIE LT
x5, BUE, > DNA OREEEDSHIM L & AR sA
DEBELZITHE D PICOVWTRIZHBED TS, 4
[, ES Mz HWIZfTERICOVWTEHET L LD
IZ, DNA OBIRE & EBEORRICOWTHEERLL,
ra~F U TRICOVWTREELEW,



(16) 2006 FAREDHIE—DNA/RNA #EES / SV ADIL LT

AKHIERRE (B AR e IR & S A A A = X 2 —)

PSS TAIES D BEIZOW Ty, —BlE2 2R LT,
M, Ibar RI7, EREOLBEBET V] LW T—
~Thd, NMZLoTEI L, “EholEi” Xk
i I CoH O AIFZEE TR - TV 5 & 9 ZRBUHIN 22 7
— LR, LRI LR, fETE B
B EMBEOKICHBET —~ & R+ 0N TH
%o EIZTHRA RN AIT5S S LV DNA/RNA #FFEE
DIEL LD & ZAHBED RHE RV ABE X THT
|

BUE DKM EW O MKITEIE T4 7 Th D HOEEE
HE (FP) OBl L BIETRIGHEINIC XA b TWD &
WoThV, ZOFEOEMF TEET RIS OHAEN
ZERREIC 2D, S TFEEPH LI, L L
HEREY T (REE) DOIRTH HIEHS T (DNA/RNA) (2
LT, EEZOMBANEENIAAMTH D, dm

WZEABEMA A —T T FETH 53, FP & Bie v #iR
TH# T TRV OTHIZFEIEFEORRH 5, BETH
WARTZH LA A=V 7, BEEEBEA A—V 0 7k
(f-EMD) 1%, ZOREEZEEMEL RERD D, Zhik
HEHEA A =V il b u P TR L 70 FP D
LORBETH 7 ONabFr 28U RIEENEA R T
BVIAEND) 120D ThHD, ZOF R & BHOEDF
HEME T4 < B LW FIE, DNA/RNA HEGEA A —D v 7,
WEEND Z EEHELIEV, ZOA A=V 0 713D
THaAFEHTH Y, i) DNARNA RTEDKREL, i)
NA/RNA— & H'EHH HAER, iii) DNA/RNA — [E4E A.{EH,
iv) DNA/RNA #H & KIEIES 0%, 378b b, Aiffks
TH- TV D ETONRERNGREIIETE D, AFES

N A \THHRRTE & BT AR OBE T L D R ERT ST
IDNA/RNA BBES ) X 7 A DL LT #RE L2V,
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

18. (UEEMBEEFRMEDCES - £MFHILH

200741 A 25 H

RFE - WFEAN &1 BT EERPEEFW)

e kil B (B SRR AT SER RIS & A A A = 2k v & —)
ALAA BB O kB S

EIIE (B SRR A e RIS 5 A A A = A & —)

Bt EE (BAEF)

K

HDCTEM IZ L D37 X7 5 U 7RSS T OBE
&1 BT (BERFLHE )
Q Ry FOffEEE~DIGH

BFrH S (BRI G NA A = R & —)
TRPV4 O Hoki 14T
Y B (BRI EEMERE A A A = 2k Z—)

BRI R T 7 4 FHINC RSB TR NES 77 ¢
B RIS (LB RSP HE = v 8 e — 2 —FRD
REAHZE/SSHT RS BT BEMBEIC KX B~V A% o — WO AT
FIE 5 (HEOR A A R i iR 1)
I by RYTH ) AOERL L GO R
B R R R AT ERE R H S LHRER)
NI T Y TR SR 2 oo E
oA ZI (8 AT LD TEHEE RS JE AT R At a2 —)

(mE£]

FIROHOE  (FBOK - KRB M RERT7ERY), JEIR LT
(R P PRAR AT AE R - RSP AR 2 1D, FTF 1 (AR
+ (BR), B FnZ (4K - RFABE B AR e Rl A fn Py
HK), HH E (BEERERAR - BRI 1D,

WH &g (BDRRTHRE), gk He (o< KB
AATBERERTIERL), TR &5 ORBURFSLK - KB HAF
TEREDLFEE), &F B GER-ZEFFER), &
& ER (EHER - b MERERAIIE SR © v 7 — By
Prsf), =21 & (57— (KF), %M L8 (&
WEEIRER), INE sk (ko (BK), A I (B
AREF (BR), HEin FHt a1 4), vk =55 (A
RS (BR), il sl ((BROAETT BB BT AT JE

(BZ]
CORFREITTERE 12 £5 0 24—k LI-E TS

OifgEE (“E R & RAERE FERMERET, B

ZEPMBIO T AW RS, N ZE W E TSR

386

AT, R HER CGE AR iR R TR/ LERER), AR
(i B R RABEEL T AR 7ER)), KL BIE (BE /S ),
AR Zih GBARHT - SRt sEt o 2 —), Bl 35
(FEBA ), s 52 (B Had@ed (KR)), /et 4%E ( ()
{ETT BB EAETERT), B Al (TFBeR - 1
W= oV a— S —FER), PR (K - K
BB E RN AT TERY), R BRI, AR B (A ARHE
F (BR), Ll |IN (R (BR)), KB & (S4E
MRHER), EHE AT (B KB A i RENTTER)),
FH P GEAEND, #R BIL (ESCH -ttt o 2 —
HRERTIERT), LA IERL (TR - BEEZNTEE ¥
=)

BOBESEYFRIE A ZMK L TR Y, AEITFR,
INETOLL OIFERFZEDRRZ I E 2, 4% OtERE
DIV DWW TRET D720 DEPHRFER - §lia



WLz, 207, b2 THRMEHMEZ 1 A 25 B %O A
D[ & LT, FERMICE S OBME 257, Wi T
B S N7 (AR 23 T BT, TR o ARl

BRI R L, ORETIIBIERRECTH -7
B2 7o AR O TRE & 2 AR ICIOR L T & e, 20
REIFERNATERICEE SN TETEY, Wz
THEBOM IR CTIBRET 2 HOBFE A EE > T
Do

F PN R 35 2 (7 AH 228 7 B EE BH 8 D JiE
BOME L B, HiioRBRICE S AR OMER O]

REMEAVEBL S, (AHZEB BB AR L T &
7oK IR U 7o A alBHT B3 2 IR R A Tz, IR
2 B O BRI RATSC, M ORI 2 St = & BlER
LZFZEfl & & BT, mEEhs Lo ks o /RS U 72

ROV EBIET D LV D BRRIRRA bR SN, F
T A RN A T BB~ OIS Wt s h 28
#NEZ T 7 4 OBUR L BHRIRBUCBIT 2% E - Ftia
fTbiviz, BUE, (FZEE TSI 2 =R ¥
— 7 4 VH = TER U CIR—30k - A —HEF O s R AT
ATV, ML A sl ORI 1 & BB RETE
EEREDED LV, NHEE TBEMENEOR 272 R/
EAEI 0 oo b b, ZOFIEE AW O
WEICRix, S%OICHORREN, EABEZHENLT
DI ORI T R E MR &, BuD e - Fimn e
Bl &7z, (RS TBMEEN S 1%, AWICEENR S
< DRFFRHIHDMEINTE 1 & HE L TV 2 & & TR
SHDERBENMIER L ool

(1) MHEZEFEMROFERRE

W8 EHAF T 72 B AT 2B OB R TR Sz
7y, JRERAOMIE & SRR (2500 TR 5, BRI
FAEERIC LB TE RN EB Z BTV
FEIEDS, TRWAIAR (M) Ic b EACTE 22 %
TR0, MAREFEOFH LNVRREZIERT 5, £0

KIS (R & A A A 2o 2k 2 —)
FotER (AAEFE)

BT, MAMZEEORRENISRE DS AICEB L, AA]
REL 2D aRET 5, BAE, U 1 /v ADRRLFET,
At O #E YL AT, KRR EGRS U A D QL AR IC
WTER LTV,

(2) HDCTEMIZ& BT/ NI T THERS D FDOEE

B,

T NI T Y TIERO A RRAEY T, BRI
JaDBERHEOEIR & B 2 b TW 5D, MlaPIcidsibs
FUSRERTDF 7 aA NI, REEEEEESOERET
HDANRF LY — LR Y VR & ORISR
ﬁ‘é Synechococcus sp. PCC7942 [XEAED 1um IV AR

THREMEAERY KL TR 5, DAPL THRET
é&DM\izm%ﬁ@®~E AWATEAR » MRICE

LZaN, MANHREZIT2HMOARy M UTFET 5,
KEHE L7l 2 L 2 & HDC TEM #2325 2 L2 &

ST, A M (RERPEHE

1)

Radostin Danev, K[UEIE (MEGHEESSIA A A = 2 Z—)

D, AE TOVBIREEICHED T WM NRE E A RS
TEBIET D ERAREL fe o7, Ml DNA 41
ZRETHZ a2 HEL, ERICHET 2 MiicT

»7Fa s THha BrdU ZHViAEE D &, DAPI YLfall
ST DAL E I BT O @ WIS B, JHEIR O
ERBO LN, IBIL, ZRAF =T 4 NVE—IZLD
nﬁ@@m%m#Ab@éﬁ#& % DA ReME

I LTz,

[ZoW

387



LB TRATAE R 26 28 & (Dec,2007)

(3) Q kv FDORBEEE~DIEH

B, BTG, KILERE (MRS S A A = 2 2 —)

B BEMEEZ DGR E 2 FET 57201, B
# o ISR ERA L 7 A A Vs T S,
A, @ - BTEMEIOm S ICEA T o ~v—h—¢&
LT, Q Fy h2HWHENTE TV 5 (Giepmans et al.
2005), Q K MITY R¥A b— AR L - Tl
HIZIR D AT Z E TR TH Y, MEEE TORBIZEDTTHE
Th o,

AW TIT R b AEZ TOREBEZRFF T 2 ®EHE - W
FEEWEIA 2 AW Gl ERE, B BeE ~€

77 4 —IC K DREMZR I NS SR~ DR DD & L
T, £7Q Fy F&2W VAW BRI OKIE
IO RBIER, iV THRT Y B 21T - 72, T ORER,
BIIEESE A &2 W CTHoE - BRI L 5 RIS
LNRAETHY, SOITHMFBUFZERTE, Q Fy b
LEZONDRROWEZ B TE T,

RLARZEEIT L0 IS R EE O FE/ 722 ML PR S 8 22
IRATREL 720, [RIFEIS O FJREDHT LW I T &
o

(4) TRPVA®D B FHEMT

BN, BIEEER, KL, BkEE (MERG S Az 2t 2 —)

Transient Receptor Potentia 1(TRP) 1%, =& MKRIEMHAL
Ca” ' F ¥ RNV Th D, MEMREE LCE, NEOBRE
WK FFOZ L, OF v 1L & OREIELE DS &
EKEBHRT D LR RBShTWD, 4, fHZEEF
BATABE DI E N B MR S AT ~ D BB & L T,
rat TRPV4 D2 2 5 BL% ORESE & FLmiE MEAI AL
RAE T OHRL T AT ICHR D LA 72, BR L LTI
Baculo virus % V72 B AR BLR 2y, B

B b7 K H-EAEE LORRLE, £t
FHRTFEN O L BERP RSN TR, X7«
TYAAED D BB 10 nm FREOIENHER SN, B
BT FEATIZIE, KA L7 > 7LD Zernike Phase
Contrast 1 A — % Mz, BIEMEDSPMEE BET D
LT, W REIE A D 2 E NSRRI D TR 2
EHI D,

(5) BRENRISTAFHAIEICEFRINETI ST 14

B ES T 7 ¢ BTN 3 Ko AL
FENT S FIRE 72 T2 D F DISHABEA AT TV D, L
L, sEMERSSE T HRIBEOMB I LT, sEHE
R PRI & 5 1R (missing wedge) 73P7E
L, BATE FEONREELHLSE, BAICE - Tk

WA ERE D b b, Txld, THEMIET 2720,
ERSEE N R 2T 7 4 FHINC S & Hi e FE R R A
BI%E L7z, L7 U WaEhh BISHABIRA L, BaliE, %

388

BHALE (LB

HT 4 TR RN E DO REEEESE WD,
RO FIETE, RABWNHOEEREE, HFFIc%
< DR IRDOEETELIL, Thi, dEfER Y
B DIREE Sy Ai 70 £ & PRI, BUETHRIED B3R D D,
L@ FORTT 4 THREABHISH L2 25, 1F
IEFEAUT missing wedge DMEVE S 4L, LM HIERDOK 5
530 1 FREE DI DL OBRHE > b IERE R TS R
B L7,



(6) BIHEZE/DHREEFIHRMIRICE SNILA XLV — LDOBIERENT

FIREL, BRFRT (EERERAERY: B M7

2 - Mila )

Danev Radostin, 7K ILUEE (EEHEENNA VA = 2B ¥ —)

PFRZETE T HEMETIIM IR AT A BEEHE = v b
T A MZAPULTE 5 Mo MY N mge L 72 Y,
ﬁ@W%LﬂK%ﬁTéﬁM%L%ﬁ 2TEBH L9
o7, S HIHERRICEIT DM A AR S 28 L
ﬁ%&&LT&M%%%W@%%@E%%ATV%@T,
ZOBFERIERE L2,

Z > N TR 2> O RERE RS B AL C peroxisome 47
A1 C, SR LK L7, (A ZE BB 417
5 & [RIRFLS, AT EBHIRIC K D 8 & SR JRTE 2 BlEE LT,

SRIE= (7 7~ ARt
e o 7=
bt REE L7l
%417 -7z, peroxisome ¢ matrix
JRTERBIEE Sz,

peroxisome [XFFEAI R EIE A HF T H MM/ NRE T,
matrix |Z1E~ A& FE catalase 23 FTE LT, core I38i12E H
'E urate oxidase DFEFH TH D Z LN TN D,

peroxisome 2387 LWVBIERIEDBAFEIZIWN T, BT
TNAMELE 22D B2 BTz,

ik, 7w MBI E T T A L AT VT
WRHE ELHAE R Y lZ DWW CIRBR O #8122
IZIE8E D, core [ZIZEHD

(7) S baV U7/ LOBELEGEEDARIL

FE O] CROCERE AR S WETERT - R E T/ AERR)

%ﬁ'ﬁﬂ(n: °

R har NI THF I LAEIRENLDOHRBEZ LN
I Mific T = —1F7EL
(multiplicity), ££%° / 2 X 0 10-20 {5 (L 235 (high
mutational rate) 72 EORENH L, Fxlde oI b=
YRVT Y LOWRRIIZAREDR, A X R v 7 ERE
B - BERP - DAEZE - IMAESE 7 & O TR EER IS )
L5 REMECES L WD Z R LM L (X
Bk 1-7),

EhOI hay RUTH 7 AL 16569 RN 6725
BIR " HMDNA (AE 43 um)TH Y, 37 HOBEEFQ2
rRNA, 22 tRNA, 13 mRNA)BFET 5, 2D 5 H 28 D
E{5F(2 tRNA, 14 tRNA, 12 mRNA) (£ b= KU 7
DNA (mtDNA) O EHH (heavy strand, H #4) (2 L > T=a—
RENRTEY, 9HOEMET (8 tRNA, | mRNA) ASEEEH

(light strand, L #) 12 L > THE I TV 5, mtDNA O
8 & AT A 9 2 85IkE 1122 bp @ major non-coding
region (HLHE:EE 1-576 LI R 16024-16569) (ZAFAE
L, H84 L #HOEERMGA L HEOERBGEANH D,

(maternal inheritance) ,

GRS - RREZRAL (I B IRE RS A AHF5EET)
KB (A NSA A A = Ak Z—)
STHET (BERY)

—75, L $1OBBBAA IR RS 5730-5760 ([2H D &
SN TWb, L $4iE CArich THDHDIZK L, H $i%
GT-rich TH 5, T, SUTBIL TIHERFRRYICA ERANFE
3 D7 T % (Tanaka et al. Strand asymmetry in
human mitochondrial DNA mutations. Genomics 22/327-335,
1994), BT, L $AOERIFIC RNA 23 @BE T A E
M, $RIZDNA ICXK-oTHESMAOND Z EAEE S
Too THUDNBHIERI PRI 2028 B AR B9 5 ATREME DN &
%

Tex i, MHEEFEBELHNTI bar FIT5
J LAOBH T A A T 5 BT, O thymidine
kinase % K8 L 7='B AIIERIAL 143B-TK (-) (ZHKT D4
gk EHO TS, I Fa RY 7NIZIER]O thymidine
kinase 23MF(ET % DT, FHUZIRIN L 72 BrdU, 1dU, FdU
TEIRAYIC mDNA [TV IAEN D, W7z HlakiE 3
i CH D, 143B-TK (-) ZIKIRE D ethidium bromide (2K
HiZE T L, mtDNA % Hhve & 72 p fA, p® A MELAS
(X b= B U 7HMIE) BEICHRT 5 3243A>G AL 5%

389



LB TRATAE R 26 28 & (Dec,2007)
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19. % 3 EIERIFHEEN D D EIRMEETAE - FDERR M ERD
(B3MA-Z—IILRRT U VRSERERIEY VR D D L,
$ 36 MABRMER S RO L LEERERE)

2006 4E 10 H 20 H—10 H 23 H
fRF - MEEA A LBE (B ARE RS A B TR A A A A = Ak & —)
FTNIGE « Ak

0. Opening Lecture
(0) Stensen and early history of glands and exocrine secretion.

Alessandro Riva (Cagliari University)
A. Diagnostics using saliva and Proteomics of saliva.

(1) Clinical examination using saliva: Influence of fluid secretion on the concentration of substrate in saliva:
How to overcome the problem for in vivo application.
Masataka Murakami (National Institute for Physiological Sciences, NINS), Naoki Shinozuka (SapporoIDL)
(2) Extraoral functions of salivary proteins.
Anders Bennick (Toronto University)
(3) Human salivary proteins- A fascinating complex of polymorphic and polyfunctional proteins.
Josie A Beeley (Glasgow University)
P1: A proteomic study of saliva from celiac patients.
Tiziana Cabras (Cagliari University)
P2: Salivary acidic proline-rich proteins in preterm newborns.
Rosanna Inzitari (Catholic University of Rome)
P3: Oxidative modification of serum albumin via paracellular route of rat submandibular gland.
Tomoya Hayashi (Meiji University of Oriental Medicine)
P4: A preliminary study on salivary protein expression in diabetic patients.
Marco Piludu (Cagliari University)
P5: Clinical examination using saliva: an in vivo application to human adults.
Naoki Shinozuka (Sapporo IDL)
(4) How the technique works and how the researcher can take a profit from the MS strategies.
Massimo Castagnola (Catholic University of Rome)
(5) Salivary glands and saliva composition: a proteomic approach.
Francisco ML Amado (Aveiro University)
(6) Salivary peptides as potential substrates of type2 transglutaminase.
Irene Messana (Cagliari University)
(7) Pre-secretory Post-translational modifications common to different families of human salivary proteins.
Massimo Castagnola (Catholic University of Rome)
(8) Tissue kallikrein mK13 is a candidate of the processing enzyme for pro-IL-1b in the mouse submandibular gland.
Chenjuan Yao (Tokushima University Graduate School)
P6: Protein content comparison of mouse submandibular and parotid salivary glands.

Rui Vitorino (Aveiro University)
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P7: Characterization of different proline-rich peptides from pig parotid glands.
Chiara Fanali (Catholic University of Rome)
P8: Tyrosine sulfation of Histatin 1. A post-translational modification specific of submandibular glands.
Joanna Anton Monteiro, Massimo Castagnola (Catholic University of Rome)
P9: Different roles of salivary mucins in viscosity and spinnbarkeit of human saliva.
Hiroko Inoue (Kyushu Dental College)
P10: MALDI based Mass Imaging revealed abnormal distribution of phospholipids in cancer.
Takahiro Hayasaka, Mitsutoshi Setoh (Okazaki Institute for Integrative Bioscience, NINS)

B. Therapeutics by modulation of salivary gland.
(9) Clinical applications of gene transfer to salivary glands.

Bruce Baum (National Institute of Dental and Craniofacial Research, NIH, DHHS)
(10) Morphogenesis and cleft formation of salivary gland epithelia: Exploration of new functional regulators.

Takayoshi Sakai (Osaka University Graduate School of Dentistry)

P11: A novel role of RbAp48 for tissue-specific apoptosis in the salivary glands depending on estrogen deficiency.
Naozumi Ishimaru (Institute of Health Biosciences, Tokushima University Graduate School)
P12: Jonomycin inhibit the soluble protein transport between ER and Golgi.
Masatake Asano (Nihon University School of Dentistry)
P13: Investigation on the influences of Chinese herbs on salivary secretion in rat submandibular gland.
Wei Muxin (Nanjing Medical University)
P14: Possible involvement of clusterin in the regeneration process of rat submandibular gland.
Hideaki Kagami (Institute of Medical Sciences, University of Tokyo)
P15: Effect of Dan Di Qiong Yu granule on salivary gland of Sjogren syndrome mice.
Wei Muxin (Nanjing Medical University)

C. Neural control of salivary secretion in response to environmental change.
(11) Pilocarpine induces salivary secretion and thirst in rats.
Kiyotoshi Inenaga (Kyushu Dental College)
(12) Electrophysiological analysis of the afferent activity from the submandibular salivary gland in the rat.
Ryuuji Matsuo (Okayama University Graduate School of Medicine and Dentistry and Pharmaceutical Sciences)
(13) Effects of autonomic denervation and administration of SNI-2011 on the expression of AQPs in the rat salivary gland.
Xuefei Li (Institute of Health Biosciences, Tokushima University Graduate School)
(14) Neural- and hormonal-induced protein synthesis and mitotic activity and the dependence on NO-generation.
Jorgen Ekstriim (Goteborg University)
P16: Relationship of chewing-stimulated whole saliva flow rate and salivary gland size in humans.
Kentaro Ono (Kyushu Dental College)
P17: Cardiac-related activity in superior salivatory nucleus neurons in anaesthetized rats.
Ken’ichi Ishizuka (Nippon Dental University School of Life Dentistry at Niigata)
(15) Electrophysiological study on the descending excitatory synaptic inputs to the superior salivatory nucleus in the rat.
Yoshihiro Mitoh (Okayama University Graduate School of Medicine and Dentistry and Pharmaceutical Sciences)
(16) Functions, regulation and mechanisms of action of SUMOylation in salivary cells.

David K Ann (Norris Cancer Center, University of Southern California)
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P18: Electrophysiological study of the inhibitory inputs from the forebrain and brainstem to the superior salivatory
nucleus in rats.
Akihito Fujii (Okayama University Graduate School of Medicine and Dentistry and Pharmaceutical Sciences)
P19: Role of the feeding center for submandibular salivary secretion during feeding behavior in the rat.
Miyuki Kobashi (Okayama University Graduate School of Medicine and Dentistry and Pharmaceutical Sciences)
P20: The facial nerve and its influence on the parotid gland.
Nina Khosravani (Giiteborg University)
P21: Melatonin-evoked protein secretion from the rat parotid gland in vivo.
Hiilay Cevik Aras (Giiteborg Univeersity)
P22: Induction of general anesthesia with propofol increases salivary flow.
Hajime Ishibashi (Nihon University School of Dentistry at Matsudo)
P23: Salivary secretion by MR3-KO mice.

Minoru Matsui (Institute of Medical Sciences, University of Tokyo)

D. Structural differentiation and functional expression of salivary gland.
(17) Regulation of epithelial tube formation in developing mouse submandibular gland.
Yohki Hieda (Osaka University Graduate School of Sciences)
(18) FGF10 regulates branching morphogenesis during salivary gland development.
Matthew Hoffman (National Institute of Dental and Craniofacial Research, NIH, DHHS)

(19) Involvement of a subtilisin-like proprotein convertase, PACE4, in branching morphogenesis and AQPS5 expression
in the rat embryonic submandibular gland.
Tetsuya Akamatsu (Institute of Health Biosciences, Tokushima University Graduate School)
P24: Freeze fracture studies of tight junctions in mouse salivary glands and cultured salivary cell lines.
Kenichiro Kikuchi (Nippon Dental University School of Life Dentistry at Tokyo)
P25: Shared or non-overlapping intracellular signaling pathways activated by EGFR or FGFR differentially regulate
branching morphogenesis in fetal mouse submandibular glands.
Masanori Kashimata (Asahi University School of Dentistry)
P26: Cellular aspect of salivary gland branching morphogenesis.

Yuichi Kadoya (Kitasato University School of Medicine)
P27: The expression of cellular markers of duct/acini and side population dynamics in the duct-ligated mouse
submandibular gland.

Nunuk Purwanti (Institute of Health Biosciences, Tokushima University Graduate School)
P28: Role of PDGF in salivary gland morphogenesis.
Shinya Yamamoto, Satoshi Fukumoto (Kyushu University Faculty of Dental Science)
P29: The change of the subcellular localization of CD38 in the rat sublingual gland during saliva secretion.
Wataru Masuda (Kyushu Dental College)
(20) Submandibular and sublingual glands in Nkx2-3 mutant mice.
Arthur Hand (University of Connecticut Health Center)
(21) A novel mouse protein differentially regulated by androgens in the submandibular and lacrimal glands.
Shoichi Iseki (Kanazawa University Graduate School of Medical Science)
(22) Identification and therapeutic potential of salivary gland side population cells.

Kenjji Mishima (Tsurumi University School of Dental Medicine)
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P30: Heat shock protein 27kDa (Hsp27) regulates differentiation and regeneration of acinar cells of the rat
submandibular gland.
Osamu Amano (Meikai University School of Dentistry)
P31: Temporary accumulation of glycogen in the epithelial cells during developmental differentiation of the mouse
submandibular gland revealed by the high-pressure freezing/freeze substitution-TEM.
Sachiko Matsuura (Matsumoto Dental University)
P32: Effects of actin-related drugs on exocytosis in parotid acinar cells.
Miwako Matsuki (Nihon University School of Dentistry at Matsudo)
P33: Control of paracellular transport and its morphological evidence in perfused rat submandibular gland.
Sadamitsu Hashimoto (Tokyo Dental College)
P34: Localization of G proteins in the main excretory duct of the rat submandibular gland with special reference to the
MED tuft cell and the taste bud type II cell.
Atsuko Sato (Fukuoka Dental College)

E. Functional morphology of secretory granules
(23) Ultrastructure of the ovine parotid gland.
Bernard Tandler (Case Western Reserve University School of Medicine)
(24) A morphometric study by HRSEM of the secretory responses of human salivary glands stimulated in vitro by
various secretagogues.
Alessandro Riva (Cagliari Univ)
(25) Expresssion and function of aquaporin-6 in the rat salivary glands.
Hiroshi Sugiya, Miwako Matsuki (Nihon University School of Dentistry at Matsudo)
(26) Analysis of secretory dynamics in mouse parotid acinar cells reveals multiple pathways for secretory granule fusion.
David Giovannucci (University of Toledo Health Science Center)
P35: Relation of proteoglycan to sorting amylase into secretory granules/vesicles.
Tomoko Nashida (Nippon Dental University School of Life Dentistry at Niigata)
P36: Activation of cAMP-dependent protein kinase by cGMP in the rat parotid acinar cells.
Hiromi Shimomura (Nippon Dental University School of Life Dentistry at Niigata)
P37: Roles of Rab27 and its effectors in isoproterenol-induced amylase release from rat parotid acinar cells.
Akane Imai (Nippon Dental University School of Life Dentistry at Niigata)
P38: Subtype-specific regulation of inositol (1,4,5)- trisphosphate receptors by protein kinase A.
Matthew J Betzenhauser (Rochester University)
P39: Exocytosis and fluid secretion in exocrine glands studied by two-photon microscopy.
Tomomi Nemoto (National Institute for Physiological Sciences, NINS)
P40: Multi-photon imaging of cellular heterogeneity in the sensitivity of Ca>" responses in rat parotid ducts.
Akiko Shitara (Health Sciences University of Hokkaido School of Dentistry)
P41: Morphological changes induced by histatins in Candida albicans: A microscopic and submicroscopic comparison.
Raffaella Isola (Cagliari University)
P42: Sequential appearance of Golgi proteins during de novo formation of the Golgi apparatus in parotid acinar cell.
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/B RIET D 2 E RSN TR Y, Tk
WZEABAMBERICKIT S LXR OGN RIS,
ZDOXHIT, LXR IR & AIapgne 2 B (i 5 EE AR
FFEUY—ENR D,
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B 2EHERF LTz, ETHIDIL, XvFr 7074
FRERERIEIZ £ o C, AMIICEIRZMSET =4 F v 3
IVDMERERICRBLL TV A Z EZ AL, Z0F v 3
VBRI, OB (pH<5) TIRUDTHEERL, &
Loha & i 2R Uiz, A A VBRI,
Cl ThV, Cl F¥x/NHERTHD DIDS LW
phloretin {Z X Y il S 4172, Outside-out /X F 27 Z 7

I >Br>

H—F v FLREKIEIC L o T, BIRZMET =4 F v 3
NOB—F ¥ FNar B H AL 475 pS THHZ &
MHEEA L7z, F7z, MIAEBER (pH4.5) 12 1S5
&, PL BHtEMIRE S BN L=, Z Ofifastix, DIDS #
Blzrk ol snrz, &612, LSRRI
BEI LD 2 ERMLN TS Z D, MIA
FEZACZBE Uiz, T2 & BRLERIC X 0 MRS 4 U
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(7) Glutamate Release via Stress-sensor Anion Channels from Mouse Astrocytes

Hong-tao Liu, Hana Inoue, Ravshan Z. Sabirov and Yasunobu Okada

(Department of Cell Physiology, National Institute for Physiological Sciences)

Patch-clamp studies showed that hypotonic or ischemic
stress activates maxi-anion channels with a large unitary
conductance (~400 pS) and inactivation kinetics at potentials
more positive than +20 mV or more negative than 20 mV in
cultured mouse astrocytes. These properties are distict from
those of volume-sensitive outwardly rectifying (VSOR) Cl
channels which were also activated in these cells and
exhibited an intermediate unitary conductance (~80 pS) and
inactivation kinetics at large positive potentials of more than
+40 mV. Both maxi-anion channels and VSOR Cl channels
were permeable to glutamate with permeability ratios of
glutamate to chloride of 0.20 0.01 and 0.15 0.01,

respectively. Glutamate release assay demonstrated that

hypotonic or ischemic stimulation leads to the release of
glutamate from mouse astrocytes. Pharmacological studies
excluded significant contributions of gap junction
hemichannels, vesicle-mediated exocytosis and reversed
operation of the Na'-dependent glutamate transporters to the
release of glutamate. The glutamate release was prominently
sensitive to Gd*", a blocker of maxi-anion channel, and less,
but significantly, sensitive to phloretin, a blocker of VSOR Cl
channel. We conclude that under osmotic and ischemic stress,
maxi-anion channels and VSOR Cl channels jointly represent
a major conductive pathway for the release of glutamate from
astrocytes, with the contribution of maxi-anion channels being

predominant.
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GEERTAEAI=AINT aT 4 =T NHER SN, T

TIZHATT 2HAEIC LY, P2Y, ZREHIKIC L Y PKC
&9 L7z TRPVI Z KD sensitization 2N AL S L, Zfi]
It T 2MBUCENERIND ZEBHLNE SR
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(11) BRI Na" o8 —Na, A7 ) 7O 7 )La— XK B & AT 5
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Na, (XEBENAFEENa T v oL 77 IV =B/ L,
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21. TRP F¥ RIILARE

200646 A 12 H-6 A 13 H
fo - HFEA ¢ S ERER] (RIS SE)
FINAISH © AR (R A A A 0 2t s 5 —)

(1) TRP channels - overview
BRAE AR RZZBE LR o+ b)
(2) Molecular basis for calmodulin-dependent kinase II (CAMKII)-mediated regulation of vascular receptor-operated
Ca*" entry channel TRPC6
ok, SRR, TREIESE, KAREZR, AREE, L
(& [ R = 2 R B
BB U RSE R LR 7e R oy A ey
(3) Role of TRPCI in Angiotensin IT-induced vascular hypertrophy
ik — RS, B, KGEE , O R
(B RZZEFIMANF L TR NR 08 - IR 258
R b2, BRIBRZ (BK B F E B RE AR 122 27
(4) Diacylglycerol-mediated Ca*" influx through TRPC3/C6 is essential for angiotensin II-induced cardiac hypertrophy
AR EEE, PEHE O JE5L, Bl %
UM KRR RGeS AT e o 5227
b FER] (FRROS R AR
B RE KRR TFRE LA e R o Emis)
(5) Requirement of Ca®" influx in the thrombin-induced morphological changes of human astrocytoma cells
HEER, Aiko Sugishita, 4x1-JE 7]
CREBR R EEGEHR AT TER), AR B RE AT 250 BF)
(6) TRP 7 ¥ R/AAEHHNC & 2 BUEH 1L DRSS
IEERER, & WA GUESRFRFRE LA ER o A e)
(7) Regulation and Localization of the TRPV2 Channel in Macrophage
REBHER, /N = (BB R RFRETRTERT)
(8) Involvement of TRPV1 or TRPV2 on nociceptive behavior in rat model of cancer pain
Bz, ML, Akiko Ogino, HZiRIEEIS
(B0 i BRI AR S R FE R RETE RE AR REAEL AR )
(9) Hypo-osmotically induced hearing impairment in TRPV4 knock-out mice
LwE, ARINIE, Kohei Kawamoto, 11 THR (BIPE ERN AT H S MAGER 7 202E)
JRHERAE (136725 &8
(TR STI(EREIIREPNES SHE S €Y
(10) Physiological role of the oxidative stress-sensitive TRPM2 Ca*" channel in immunocytes
A — BB, EiEe, R4 UK R LA et o M k)
TR — (IBFR A A AR AL B
(11) TRPV channels in thermosensation and mechanotransduction
HAKEE (Wik 8 ARA LRSS A A A = 22 —)
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(12) TRPV4 O#ERER I IT B & HE
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= o ErEE
SRIRFGE, HKEE
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(14) Effects of skin surface temperature on epidermal permeability barrier homeostasis
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(17) Regulatory role of neuron-restrictive silencing factor (NRSF) in expression of TRPC1
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BAiNIK - 3K, b mER (e A AR
o —), A& ORE GUEKREE T, Wi &b O
HREE - 38), e O (bR - 38, A &

(2]

TRP % F'E (transient receptor potential protein) (%, ffi %
DOYBLFRLIC L - TIEME L S 5 JRH#i72 Ca¥ AT
v xR (TRP F v FNAVBBLBTA—/—T7 7Y —) T
HD. TORFMRERNEI L 2 =— 7 REE O,
A, PEFMAOIEE DR ZHE O TV D, FriolE
5 W FIZBITAHEOHEBITIAR L, BEERESHE
IBF BB 70 & DT ORER, RO D EFRBERE DI
BIOPRIR OFIEEITHEHR IRV T, ZOERE 773
— RO TEEREE LRI L TWD RPN ER
S T& e, 72, AEBER (GMEE, BIIREILE),
T bR =R (R SR, WEMEIBIERE) , QOL
Wb oEie (BHERIE, S—F% Y U\, TAYAA
=) IZBNTH, ZORABEDOHAELRIRET S
AEMLS IR 2 L1 HIDODH D, H 2 EIR & 72> e ARWFSE
KT, 6 A 12 B2 6 2 HFICHZY, AIBORHTHIT
E#ET 2 80 NL< @ TRP EHE (F ¥ /1) OBFZEHE
WRCEL, 2 HOMTHE L EFEE 2L e L
42D U RV T Ly v a BT ISEOBEEE
Tolee ETHEMHEIT, ZRRIGTROZEREHDOS
IR E LoDod D TRP F v F/VBFED S5 B AN T

T (BT RWSER - H) AR R G KR « T,
Wik BB GRUERRRE - 1), 3 iz (BREK - 12)

WG &AL, SHOWFTRITKT 2 BER T IT A28 &4
oo WIZV U RT U LTI, 57 - MilaL~ZEsiT 2
TEPE(L - R BT 2 B o R ooFFRITIN A, W7
BFRERFIERT AT 4 TSN T B 72 RS2 1 5
DRENZL T Eh, BFREPLL LIEEL ORE
D BRI S 41T, TEF8 7o it & i Mac T o7z,
B 20X, FHUAER SN/ v 7 T 7 h~=D A (TRPV4,
TRPM2) DFFENT B Bz BRI EI R, e T
TV E DT ERITEN OfFAT, TIRFM % VN 72flia i
trafficking @ WG AT, 77 I WA Fw Y —

microsurgery, A b Ly FF = N —=72 EOH LWFEL
B ANTZFBRORRIRE, 5% ORI ~DTREIC
BOHFRRERENES < fTbhviz, ABFRSE, # 1B
HI L C, TRP & H'E %K 5 F 58255 BIE 0 7 ik
TEMAL TS Z LA FERETIHLER-TET TR
<, ZOEBENED D AEERECRIEN TAELL RICH
HEADIEHICE > TWA Z L 2D THIRMNIT L2 L &
7polz, & LCHIE L AL, ZOH0BO5H%OFRBEITIT
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(1) TRP channels — overview

BB SRR AR LA R 0 A2 )

(2) Molecular basis for calmodulin-dependent kinase Il (CAMKII)-mediated regulation of vascular
receptor-operated Ca** entry channel TRPC6

Tk, EAEE

The transient receptor potential (TRP) protein homologue
TRPC6 is thought to be an integrative receptor-activated and
mechanosensitive Ca?* entry channel that regulates vascular
tone and remodeling. Recently, studies from our and other
shown  that  CaMKII-mediated

laboratories have

phosphorylation is likely to be an indispensable step in
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TREIESE, M2, AR, JFEFEE (8RR

BRE GUBRTFRF B LR 7 AEmbs)

priming TRPC6 channels for opening in response to receptor
stimulation. In this study, to explore the molecular basis for
this phosphorylation-mediated regulation, we performed a
mutation analysis of CAMKII consensus motifs on wild-type
TRPC6 and its (NT) and
transmembrane (TM) domains of TRPC7 (T776).

chimera with N-terminal



Search for the CAMKII consensus motif RXX(S/T)
identified 7 and 6 candidate sequences on the NT or TM
regions of TRPC6 and T776, respectively, but not on the
C-terminus. Alanine substitution in these sequences revealed
that only the mutations T487A in wild type TRPC6 and
T433A in T776 strongly attenuated Ba®" influx evoked by
carbachol (100uM) without affecting their cell-membrane
localized expression. The critical importance of T487A for
TRPC6 activation was also confirmed by patch clamp
experiments, where carbachol-induced current was reduced
from 9.442.3 to 1.240.4 (pA/pF, n=5) by alanine substitution.

Furthermore, substitution of T487 with negatively charged

amino acid residues such as glutamate or aspartate greatly
enhanced whereas their neutralized forms (i.e. glutamine or
asparagine) almost abolished receptor-mediated activation of
currents. Considering the results of a recent structural analysis
of TRPC1, T487 in TRPC6 and T433 in T776 are likely
located on a long intracellular stretch between the second and
third TM domains (II-III loop). These results suggest,
combined with the requisiteness of a putative calmodulin
binding site (CIRB) for channel activation, that close spatial
arrangement of CIRB and the II-11I loop might allow effective
phosphorylation of T487 by CAMKII thereby priming the

TRPC6 channel for activation by receptor stimulation.

(3) Role of TRPC1 in Angiotensin Il-induced vascular hypertrophy

ARG RS, MR, KGEE , Ok

M
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Angiotensin II (Angll) activates vascular smooth muscle
cell (VSMC) growth as one of the major events leading to
vascular

atherosclerosis and restenosis after

injury.
Increased Ca* entry is an important stimulus for VSMC
growth, but the association with Angll remains unknown.
Transient receptor potential (TRP) channel genes encode Ca®"
entry channels that are responsible for store-operated Ca®*
entry (SOCE) during the differentiation and proliferation in
various cells. The purpose of this study was to ascertain the
potential involvement of TRP channels in Angll-induced
VSMC growth. Human coronary artery smooth muscle cells
(hCASMC) were studied. Cells were serum-starved (1%
FBS) for 48 hrs prior to experiments. Angll (100 nM)
evoked hCASMC hypertrophy in which both [*H]-leucine
incorporation and cell size were increased. SOCE elicited

by thapsigargin was also greater in hypertrophied hCASMC

)
F B, SRIGHZ (K R E B RE A = 72

than in untreated cells. Although comparative RT-PCR and

Western  blotting demonstrated  constitutive

expression of TRPC1, C3, C4, C5 and C6, only TRPCI1

analysis

expression was increased in Angll-treated hCASMC. Gene
silencing using small interfering RNA against TRPC1
decreased SOCE and [*H]-leucine incorporation. We found
NF-kappaB binding sites in 5'-regulatory region of hTRPCI.
Electrophoretic Mobility Shift Assay demonstrated that Angll
increased hTRPC1 promoter’s NF-kappaB binding activity.
Transfection of NF-kappaB decoy oligonucleotide inhibited
the Angll-induced hypertrophic responses including TRPC1
expression and SOCE increase. In conclusion, our data
suggest that Angll and subsequent NF-kappaB activation
facilitates hypertrophy in hCASMC through enhancement of
TRPCI1 expression and SOCE.
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(4) Diacylglycerol-mediated Ca®" influx through TRPC3/C6 is essential
for angiotensin ll-induced cardiac hypertrophy
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T YT v (Ang 1) DB EHHRET 5 ER
TEEME L LCRBN TV, Ang TTHIKIC X HHEAN
Ca™ R EHIL, DIERERICHE W CEEREE % Rz
4. Ang TREHIEIL, AAKRYS—F CPLC) DiFH:
bz Uit )2 b—-14,5-=U UBE(IP) ZEEAL,
HB PN/ N 2 B 0 Ca il A e+ 5 2 & TCa v 7
TV ITREEEE LT D EEBEZ N TV, Lz
NE, Fxld, IP; TR, YTy A7k —n
(DAG) %A L7=#PN Ca* 25 1523, Nuclear Factor of

#*

Fp

% QUNKSERFBEEETF I P )
I LR R K

FE UK R T e T 7R 3+ LW L)

Activated T cells (NFAT) OERNBITZRETHZ & T
Ang MICEDDIEREZSIEE T EEZHOLMNI LT,
BAKMYIZIE, Ang 1T I X 5 DAG Z L=DIE RIS
ZZ1E, DAG &= D Transient receptor potential (TRP)
F ¥ /L TRPC3 & TRPC6 23FH59 %5 Z &, TRPC3/C6
DIFHEAIZ X0 A4 U B Borii A L7z LB Ca® I v kL
6D Ca¥' AN, NFAT ¥ 7 Uik 2 M4 % 2
LR LT,

(5) Requirement of Ca®* influx in the thrombin-induced morphological changes of human astrocytoma cells

REIR, Aiko Sugishita,

Numbers of TRPC channel genes are widely expressed in
the brain, not only in neurons but also in glial cells including
astrocytes,  microglia ~and  oligodendrocytes.  The
phosphoinositide-linked TRPC activity may play important
roles in glial cell functions by controlling receptor-coupled
Ca®" entry into the non-excitable cells. To elucidate the
physiological and pathological roles of TRPC channels
expressed in astroglial cells that are activated after cerebral
hemorrhage, we have investigated the effects of thrombin on
the morphology of astroglial cells. In astrocytoma 1321N1
cells, at least 3 types of TRPC proteins (C1, C3 and C5) were
detected by western blotting and/or immunostaining.
Stimulation of protease-activated receptors (PARs) with

thrombin triggered retraction of bipolar processes (cell

e REE GRERFR G ATER, AR 0 5F)

rounding) within 1 h in a reversible manner thereafter. The
thrombin-induced morphological changes were significantly
inhibited by PARI antagonist peptide, 2-aminoethoxydiphenyl
borate (2-APB) and cyclopiazonic acid (CPA). Thrombin
evoked a transient increase in intracellular Ca®* concentration
followed by sustaining oscillatory responses, and the Ca®*
oscillation was inhibited by 2-APB, CPA and under Ca’'-free
condition. These results suggest that thrombin induces Ca?*
influx possibly through TRPC channels, which are required to
cause the morphological changes leading to activation of
astrocytes. This work is partly supported by 21th Century COE
Program Knowledge Information Infrastructure for Genome

Science.
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(7) Regulation and Localization of the TRPV2 Channel in Macrophage

The TRPV2 channel is expressed in various tissues
including neurons, neuroendocrine cells, epithelial cells in the
kidney and liver and blood cells such as macrophages. In
the present study, we examined the regulation and localization
of the TRPV2 channel in macrophages. When macrophages
were cultured in a serum-free condition, immunoreactivity of
TRPV2 was detected largely in cytoplasm. Addition of serum
induced translocation of some of the TRPV2 to the plasma
membrane. A chemotactic peptide fMLP further induced
translocation of the TRPV2. In accordance with this, fMLP
increased the Cs' current in macrophage, which was inhibited
transfection of the
dominant-negative of TRPV2. fMLP-induced
translocation of the TRPV2 was blocked by PI 3-kinase

by ruthenium red and the

mutant

inhibitors and pretreatment with pertussis toxin. When

cytoplasmic calcium concentration ([Ca*']) was monitored

RERE, NBE (RS R ERTHENTIEHT)

by using fura-2, fMLP induced a rapid and sustained elevation
of [Ca®"],, the latter of which was abolished by removal of
extracellular calcium. Addition of ruthenium red or
transfection of the dominant-negative mutant of TRPV2 did
not affect the initial rise in [Ca®'], but blocked the sustained
phase of fMLP-induced [Ca®']. response. In stimulated
macrophages, TRPV2 localized in the podosome, a
microdomain involved in adhesion and migration, and
colocalized with Rho family small G proteins. Transfection of
the dominant-negative Rac, but not Rho or CDC42, inhibited
translocation of TRPV2. Finally, addition of ruthenium red or
transfection of dominant-negative mutant of TRPV2 inhibited
chemotaxis of macrophages induced by fMLP. These results
indicate that fMLP induces translocation of TRPV2 by a PI
3-kinase dependent mechanism and this translocation is

important for sustained elevation of [Ca®"], in macrophage.

(8) Involvement of TRPV1 or TRPV2 on nociceptive behavior in rat model of cancer pain

RlRfdz, fEMMER, Akiko Ogino, FZiHiFER

(Fo il R RFABE I 2 R AT JERHE RE T B A B RERL A7)

The roles of TRPV1 and TRPV2 were examined in the rat
model of cancer pain. Inoculation of squamous cell carcinoma
into the planta induced marked mechanical allodynia, heat
hyperalgesia and sign of spontaneous pain behavior in the
hind paw. Intraplantar administration of TRPV1 antagonist
capsazepine or TRPV1 and TRPV2 antagonist ruthenium red

did not inhibited spontaneous pain behavior. However,

capsazepine completely inhibited mechanical allodynia.
Administration of capsazepine partially, and ruthenium red
completely inhibited heat hyperalgesia. Immunohistochemically,
the number of TRPV1 and TRPV2-positive large-sized neurons
increased. Our results suggest that TRPV1 and TRPV2 play
important roles in the development and maintenance of cancer

pain.
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(9) Hypo-osmotically induced hearing impairment in TRPV4 knock-out mice

T, APRER, Kohei Kawamoto, [L RIS (BEVEEFRL S H S EMER #8=)

We have recently showed the functional expression of
TRPV4 in inner hair cells (IHCs), outer hair cells (OHCs) and
spiral ganglion neurons (SGNs) of the mouse cochlea. We
also showed the role of TRPV4 in hypotonicity-induced Ca®*
response in OHCs. Because changes of intracellular Ca®*
concentrations are known to affect somatic motility of OHCs
that is though to contribute to the enhancement of cochlear
frequency selectivity by generating negative damping, we
therefore assume that the changes of osmolarity in inner ear
fluids may cause the hearing impairment which is involved in
TRPV4. Here, we firstly developed an animal model of
hypotonic inner ear fluids in mice by implanting a
mini-osmotic pump into the inner ear of mouse, by which the
hypotonic solution was transported into the inner ear. The
security of this technique was evaluated by hearing functions,

vestibular function and structure tests. We further investigated

JRHERAE (136725 &8
WA B (ATRER R AR A HER)

whether perilymphatic application of hypotonic solution may
impair hearing on wild type and TRPV4 knock-out mice in
vivo. Results showed that direct delivery of hypotonic
solution into mouse inner ear by mini-osmotic pump caused
increase in the ABR threshold after 3 days, but it recovered
within 7days in the wild type mice. In contrast, a significant
ABR threshold shift was still observed 7 days after delivery of
hypotonic solution into the inner ear of TRPV4 knock-out
mice. Hypotonic artificial perilymph-induced OHCs missing
are higher in TRPV4 knock-out mice than that in wild mice
after 7 days. Our present results suggested that it is feasible to
produce hypotonic inner ear fluids model by implanting
mini-osmotic pump into mice inner ear, and TRPV4 is
involved in the hypotonic stimulation-induced hearing

impairment.

(10) Physiological role of the oxidative stress-sensitive TRPM2 Ca** channel in immunocytes

AR —BR, B, HRE GUERFRY R LEER o+ EmEs)

TRPM2 is a Ca?" permeable channel activated by redox
statue changes such as oxidative stress. Although it has been
suggested that Ca®' influx via TRPM2 mediate cell death, its
physiological significance is still elusive. TRPM2 is
expressed in immunocytes such as monocytes and
lymphocytes. In monocytic cell line U937, it is known that

hydrogen peroxide (H,0O,) induces chemotactic cytokine

ARG — (RIS R A )

interleukin-8 (IL-8) production via Erk / NF-kB pathway and
that IL-8 is produced via intracellular Ca*" increases. Here,
we reveal that oxidative stress-sensitive TRPM2 Ca®*
channels are crucial for H,O,-induced IL-8 production in
U937. We also report physiological significance of the
TRPM?2 in vivo with regard to the above biological response

by utilizing TRPM2 knockout mice.

(11) TRPV channels in thermosensation and mechanotransduction
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(14) Effects of skin surface temperature on epidermal permeability barrier homeostasis
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Receptors belonging to the TRP family were recently
identified as temperature sensors, and some of them, TRPV1,
V3 and V4, are expressed in epidermal keratinocytes. To
evaluate the influence of these receptors on epidermal
permeability barrier homeostasis, we kept both hairless mouse
skin and human skin at various temperatures immediately
after tape stripping. At temperatures from 36°C to 40°C, the
barrier recovery was accelerated in both cases compare to the
control. At 34°C or 42°C, the barrier recovery was delayed

compare to the control. 4a-Phorbol 12,13-didecanone, an

activator of TRPV4, accelerated the barrier recovery, while
ruthenium red, a blocker of TRPV4, delayed the barrier
recovery. On the other hand, capsaicin, an activator of TRPV1,
delayed the barrier recovery, while capsazepin, an antagonist of
TRPV1, blocked this delay. 2-Aminoethoxydiphenyl borate and
camphor, which are TRPV3 activators, did not affect the barrier
recovery rate. Since TRPV4 is activated at about 35°C and
above, while TRPV1 is activated at about 42°C and above,
these results suggest that TRPV1 and TRPV4 are involved in

skin barrier function.
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(17) Regulatory role of neuron-restrictive silencing factor (NRSF) in expression of TRPC1

GRS B PR

The neuron-restrictive silencer factor (NRSF) represses
transcription of genes by binding to a DNA sequence element
called the neuron-restrictive silencer element (NRSE). The
dominant-negative form of NRSF (dnNRSF) has a hypertrophic
effect on cardiogenesis through an as-yet-unidentified
mechanism. In this study, we examined the potential
involvement of transient receptor potential (TRP) channel
proteins and their associated scaffolding proteins (Homers 1b
and 2) in the development of cardiac hypertrophy, using
transgenic mice overexpressing dnNRSF (dnNRSF mice).

An NRSE-like sequence was found in the fourth intron of
TRPC1 genomic DNA. We confirmed its interaction with
NRSF using electrophoretic mobility-shift assays. RT-PCR
and Western analyses revealed significant up-regulation of
TRPCI in the heart of dnNRSF mice.

overexpression of TRPCI in HEK 293T cells increased the

Transient
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activity of the nuclear factor of activated T cells (NFAT)
promoter and stimulated store-operated Ca®" channel
(SOC)-mediated Ca®" entry, suggesting that the TRPCI is
involved in SOC formation and NFAT activation.
Immunoprecipitation analyses revealed that the TRPCI1
protein interacts with itself and with TRPC3, TRPCS, TRPC6,
and TRPM4, which are also expressed in the myocardium.
We also demonstrated that Homerlb interacts with TRP
molecules C1-C6 and M4. These results suggest that TRPC1
forms both homomeric and heteromeric channel assemblies;
in the latter assemblies, the TRPCI1 interacts with Homer
proteins and/or with other TRPs. Our findings indicate that
TRP and Homer proteins are involved in Ca?* handling and
subsequent NFAT activation during the hypertrophic

response.
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REA Se—, R BREL M2 RESE, LT, KM E
KBS (EBERZEZER), HE W, BR 23E (RFEXR
FRFGEEFFER AR, 1A R (REAKRER
FRRESH IR, Bk HE, R 5, WE 1,
R MR, BORIR, AL AERL, N ZTh, M AR
W (IS A A YA = 2 & — MBS )
BAR =&, HA BE (7 AT 7 ARERKMR)A IR
RH BSIE, K BT, BA &1, 53 BE I 2,
el BT, A W, Fal g, Al AZET, /K
%= (77 A Y— (BF) hRAFgEan), H1 5, LR 5%
B, ARIT ik OK B AR ACSE (BR) SEBREFSE7 /(b 22 00F
geP), VERR RrE GRrHEEE (BR)
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(#£]

RTINS L R U CEBEREEIEZ R0, Rk
THEMARRIINEICE > TRRDERTH D, Fx
DEJEDOE %2 ESEH7-0I128, EH 22RO R
AWMALDORERFEO—>TH D, MWD 10 FEITHiE, 7
AV DFEESIT 21 HRAIEED 10 4% “FHAD 10 47 L AL
B, WAORERIRI L IR LAk B g T
AL — b xb)oTo, ZORERE, ORI
WCERLIZEEZD, LML, TOMEREZE O
IO PRS2 HERN IR OIRIRIZ £ D FEOD 1T T Ao
LWV ZEREBORE R CTH D, PRI 72
ERER OFIRE N RL) LA WEHEE ORI oW T
Z DFIEREFF ORI & B 7= 72 SR SR DO BRI N B & 7 o
TW5D, RIFEERIE, FADRE LGOS THEIC D
WTRRZ 2ol A Hagim &2 1TV, 87z 7R TR kg O ST
&, DREOKIFIIRED & 553 RE B L CAel S
hizbDThd, £z, KRB ~ORFBASLHEFD

WREOBMEML, KROERIFFEZ D HEHEDOEF
MEHETLOTLH D,

Wk 18 AR DOABFIER TIE, K BIKICW 2 DR
[BER DK L~V TORFERUR & AR ORI S ]
ST, K LLTIE, BRERIEEAT 4 =— 2 —%
YA NOAVCEDBIIFD A T =K 1, KR OB
AIZ31T 2 TRPA1 OIEMALHEME, %AICBIT 5 ATP X
PLA2 D%El, B/ A4 RICEDHFDO A=A A,
TATHEKR AR ROTE TH D RVM =a—a » OiEHE
b & FEREARRME, APREIRITERS X O RS E LR O E 7 AR
, /B - KRR EDBREERNRACELEZ D A
A=A, FRHOEENRT B RERESC kRO %
B, WA A — 2 TIEIZ K DI B O KA DT & 18
PEPORR BRE DR - BIRA~DISH, 72 & OWFZEFREICHK
L, TERRERISENThi,

(1) FORETS VO URBREPIEN LTS OXZURIEDERIFI TS OF =Y
B2RBADBEBEDRBIEICL D

AMBEHET |, R SRR, REBEM Ak
(it B - BUREIEIRAERT, 2 BRERRT: - 2 D)

Fox L, A XAFHE— EEIAERE in vitro AR % W28
RUEFIRRERN S, 77 PF% = (BK) 2T DA
SZREBMORIEN T OAL T T D VG RIREP3 DT S =
A MIEoTHBEINDZ L, cAMP ZHMIE 25 &
BlansdZ e &RITmE L, AT, A4 XOFE
AN D 7 n—= 7 LIz 2 WO EP3 L~
A BK B2 &K% 388195 Chinese hamster ovary #fiig
FEZ& FWT, BK IZ X B[Ca®"), BREISICHRT % EP3 7
TR NOREEBIE LT, BK % 6 /MR T 30 [ 2
ERE5T 5L, 2 EROSITIMENZLART, AEICH
5 L7, ZORUEEE, 2 EHO BK &EHIICEP3 7=

=2 I, ONO-AE-248 % #5942 L I /=, Z D EP3
7 A=A FOERITE A ERICESZEE R L, GiEH
ZAr LMl N S 7 VR U E OB 535 =
LRI, FERE, BEAX ST —E A HEHN, H-89
2 X ARETALE S 2 FEH O BK SUSOTES 28R L7, &
BT, FIEO BK RIGIZHR LTl ONO-AE-248 B LT
H-89 i3 & HICBAE RIZ S 20 o T2, LLEORERNS,
TRAR T TV % RK EP3 &4 LTz BK G O TR
1% BK B2 ZREOBUSIEORIIIC LD Z EBRH LN E
Rol, ThbORRITEDER AL ERE R4 X
FT2b0THD,

(2) ¥ REBBHZEIZE T3 Interleukin-31 receptor A (IL-31RA) D FIRAEHT

BORm) RS

T, #Hiizliczun—=2 7 &z IL-31 1%, * ORERE
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INFRIEA AUBERESE T (R L AT R R R 22 R A -

FRE S0 )

MWZEBIIEAOZREKY 7 2=  IL-31RA I



oncostatin M receptor B (OSMRP) & FI\ZHEA RN LD 2
ERHE STz, £72, IL-31 O transgenic mice (ZF1VY
TT7 bE—MEERELCOREFRENERIND Z &,

T hE—ERERDOETT VT ZAOBEEIEICR N T
IL-31 @ mRNA OFHBEEMT 5 2 L B S IL-31
ET MR EROBBRBIERE STV D, FaiTZ
NE T, OSMRBH TRPV1 & P2X; % I H 42 —HE /)
BIDRG =2—n VNIEBRTH LWL NMILTE T,
ZZT, ThBHOOSMRP FEH =2 —1 (T IL-31RA A

FELL T, BEEnZ IL-31 SFEETER L THD DO TiX
RnEEZ, £9, /—Fr7 ey MEBLWin situ
hybridization 5% T, IL-31RA ® mRNA 23~ 7 A%
RMREEICRB L TWAZ EEH LT LZ, RICTHE
FpE YL BRI L Y IL-31RA & OSMRP DX > /37 B D%
AR Lz, & 25, IL-31RA OFRBLL TV D HIIE

OSMRp FEHMM & ee2lc—F, Lz, LLEORRIX

OSMRpB %34 5/ D DRG == —1 X, OSM O
HIEHTILIUCHEZMETH L AP LN Lol

(3) Sv MEREREHEIIHT S0 P UITKDEEEETE ERIBMEHAOTE

nigEgRE AGHE—  ArEriE—
[FR]Er b= G-HD)IEEHERERR A~V =T 12861 5
PR D RIEIC B G- 2L FRFO—2>ThHhDH L EXS
NTWo, UL, TORMIBEIICEDORERE L TW
IOV TIFEARHTH D,

[J77£] SD RMEZ » M &EHRIGE L, EBRR% control Ff :
WD 7, EAE 5-HT # : 5-HT (10pg), m/HE 5-HT
B : S-HT (30ung), HEZRE : WML & RRHEL VBRI L 7286
¥, DL 4 BT, FFAIZ DRG LICiRE Lz,
TR OBIME L B 5> LSDRG TOT A h—3 A4
MO Z T, 5% 2,7, 14,21 BRIWCHIE LTZ, £z
control Ff & BEEREICI VT, ME4AEREL L, 5-HT turnover
rate (5-HIAA/5-HT) % #-HIER S TR L7,

B DGRl (1 5 ROZ R PR SR T

BB FHE)

[R55L] 112 7 B B CI%, @& S-HT B & SRt
T, control AEICHEL LT, HEIC TR OBREMET
L, L5DRG TOT R b — AHMIA OBz 780 1=, #itk
14 HLIREClX, control #F & bl LC, BEEZREICI VT,
BEICTEE R OBMEAME T LTWed, SH& S-HT
BECIXZEN 72> o 72, 5-HT turnover rate 1%, it 1 B B
L7 HET, BERECBWT, control BEE R LT, H
S EA LT,

[B22] AR L TR A RO 5-HT 051
ST, FEEROBIEIME T2 2 ERHLNE o7,
BERZIZ X 2 R A BEAR IR AR O RIE MR IZI N T, 5-HT 1%
ZORYNTBEE LTV D ATREMES IR S vz,

\

(4) E MERMREERENRIRMEEHREOMRERICRIETHZE

WA (TR - KPR SISERE - BARE)

L SELE

B HERIRAYE IR O — R TH 24, NIRERFRGET
Mo, HERIBRJERDIZ UMETE L 722 VW RSP ARAEDS, HE
MR ICIRLSIBAT L Z L Wb D, nerve ingrowth
N, TOEREESND, Fio, HERRPERRBE OHER
BRI TIPS 2B R 7-(NGF) & 58 3E [R] - (TNFao)
DA BEIZHEML, £ 523, nerve ingrowth & Z# LTV
HEEBZHLITVDR, FEMRRGFHIATDIL TV,

H 4 : Monolayer culture O F{E% HWT, b MHEMIAREE

HWITF s (TR - RFEGEEFAIIERT - i =)

KON TNFos, #ARMEERT (LT DRG) HISROHhR
RICKETHBIIOW TR TS 2 &,

Gk HAER T » o DRG % 25 {AfiFH, HEES 7z
DRG #Mifla%, b MHERIMREERZE & L (LT NP)
TNFa recombinant (Ing/ml , 100ng/ml) % 0%
7= medium, =¥ br—/LL LT medium OH, OHFT
37°C 24 [HIIE IR 21T o 1o, LBk TR, A HEICIR T DR
DR ZRE L LT,

10ng/ml,
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&5 - NP B 119.906+70.158, TNFo * Ing/ml B 49.060+
25.606,TNFa. * 10ng/ml B 73.739+53.996,TNFo. + 100ng/ml
¥ 58.280+£37.722,2 > b v —/ L 59.505+41.039 (um) T
bole, = hr— LR LB LT, NP #, TNFa -
longml FECTIHEFEETHY AEEEZRD (p<0.05),

TNFo + Ing/ml BHFRME TH D HFRZEEZ DD T2 (p<0.05),

52 HERREEE BB WL TR MENSETH -
22 XD, BERICERM R AARET DR OFEERE
Z 5z, TNFoZBI LTI, (KIRPE ClIdhzR & 2 4m
Hl L, PIRE IR MR A RET SRR B 2 b,
bDHEDREL B D LIRMRICHEL LTI 20
AIRENE, BWEEOFENE X LT,

(5) Dscam DR FEHMITFENTHBREBO-HIZVLETHD

VBT 2 Dietmar Schmucker' (Dana-Farber FEHFZEFT « 'Cancer Biology AFZEERY,

3 U Ya UNT Dscam 1%, BIRJATF A 20 7
R &1 38,000 FEEALL 0> 70 5 72 524K isoform % 5§
LS5, bivhhik, UK AMRME (ms
neuron) DHHIFR % H—HEEHMAL L ~L CHEERE 5 5 B R
WS L, BIRFEMT 7a—FI2k 0, Z @ Dscam D4y
FZARNED AR IRBLAR ORI 2 IRIE T D72 DITNETH
2NN DN TR LT,

AR N (2330 T, ms neuron DR FZ ONLE RS X
VRS, AR WTERN Th -7, £Z T,
MARCM (Mosaic Analysis with a Repressible Cell Marker)
AT AIZEY, ms neuron THREFRAIIZ Dscam DHREL%E
K (Dscam™"y 7= & 25, BIZRIFE LWLE L Y b
WRARRR~EA LT, 20k, HEZEIEL, @k

P H AR 2 A P )

BRI~ T T2 B DT Z o Te, 2D
Dscam™" ms neuron |2 1 F$H D Dscam isoform % FH X
Te& 25, BAER LR RIS L OV B DB REE ) 13 ]
LTy, WU RAER A~ 72 il R i 3 L OVt DT
FBITTFH T E oo Te, £, 12 fFEFTET 5 A4 exon
4 D5 DERBRDMHBAEDETRESEL 2 ZROEH
ZERERAE (T HORK S, Dscam D5y F-Z Ak B
RO 59%IZE THD) ZERLIZL 25, FRHEO
ms neuron |F 27 2 BRACCHIR B BB £ 7R LTz,

D EOREE LY, Dscam D4y FZ%HEMEIE, ms neuron
DG LA RBER D T2 I BT D Z L BB BT

ST,

(6) PACAP T+ ILmEZ ST L 1= nNOS DHERERET D 5 FH4E

NMDA Z&MEZ L1z Ca®' Ot AIC L Bl Ca®*
BED LRI X > TEHE LS DBEED 1 DIl —
ML A SR (MNOS) 23 5, MR CH 5
PCI12 HARIZ I T nNOS IXEISHIE ITFET D03, 4
BT F R T D PACAP & NMDA O~z L v,
nNOS T F S 2Aur— a4 52 LT NO
FEAMEESN, ZOnNOS D hF v Aalr— 3 il
1% PACAP ¥ 7 )VRERENEIE TH S Z L BHH )
(2725 T\ 5, nNOS X N KERIZfFET % PDZ KA A~
& catalytic KA A BRI AL, nNOS X PDZ R A A
> %4t L C PSD-95 X° NMDA 5RO NR2B 7 2 = »
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Rabes (BEPEER R FERFHE)

FEFEAEHTAZETONOS D FTF AR —3 9 v
DD L THLTNWD, Fx L nNOS O N KIGIZFF(E
§% PDZ FAA »&ET 1-299aa D nNOS KLZEFAK
(nNOS N) & YFP & OitA 4 737 (nNOS N-YFP) % {E
L, PCI2 HIARIZ IV CTHIKEE~?D nNOS N-YFP @ k
FrAnr—va v EERNCHET DR EME L,
PACAP (372K E H PKA E PKCHOZ D2 DD 7 F /L
RICBEET 2 Z EBHALNITR STV D, 4E nNOS O
HIEA~D + Z > A1 r—3 g AT ERBA 22 R D>
5 PKA & PKC DIl F ORBENRMETH D Z L E2RET
DRERDE LT,



(7) BB FTDHh T E/ 4 FOERBEFRE : invivo /XY F9 5 0 TREICK SR

AREEE < JNIERBA - AZEEE— - plokasedn - [UPNIER] « WORHEZE (FLIR AR} R 2R AR R

BUfE, vV 77 FOEMRS THDLA9-T N Tk K
BT —=NEFICDE L, BB/ AR (CB)
SRBIEBIROER LI OELA LELN TS,
gﬁ%ﬁ@ﬁwaLTCB%E%ﬁﬁﬁwmﬁm}u:

DB, B ABRE = 2
THIMNFLERZ in vitro (21T o 72t 723 & 2 (Moisset et
al.2001), L7°L, SG == —w U 3FEaEHIE £ =
22— RN S O TR = 2 —m B D AT
ZZITTHY in vito TIEHHENSME TORELR > b
U—7 OffTIIREECH D, £ TT v b OEKRERIE
A& in vivo 2Ny F 7T BRI AEATO
WIN55212-2 512 & D i st 02k 2 fedk L,

—(SG=a—nr )

Ry U —2 OfFIHICE ST,

[FIE] A6 MDA AT v MU L % 1.2~1.5g/kg
ZREENEE G L R F R LT, KEYIR LIEE, AT
W2 U7 BC8 13 ke & 25 2 IEME . CHES BBk L
oo WNyF 77TV EHRA= =2 — v OBERIS
B2 5tk T 5, 13 COIAERIRETORE « IR ER
WK D OS2 T2, WIN 5521222 45 L&
FNIC 3 5 RIS Db & Figk LT,

[FEH] WINS5212-2 D51, 1RFER L OIERFEREIC
Ko Tl a2 HBEN L T 7 AR EROERE LS
VTN EORAERE LD S,

(8) TRPA1 M;EMEbitE

FEEAR T (RSN A A A = A& o ¥ —fllia AP )

VAR, TR DHEE A T = R L DO—FRI IR EEESZ M TRP
F ¥ FUBREELTND I ERHALMNTR-TER, £
DOHTH TRPAL IHKIR (19 17°C) CIEMALT 2 mids
BRELTHESNTZDLDOTHDLN, VHERHIZ O
EWRDTHDA YV FALT VBT VLR, = =7 DE
WA THHT VTR EDZRIRL U TR OZA

IR B> TND Z ENEEH O N2 2H 5,
Fx L, TRPAL DRI EZ BT 5072 —Th
DT IR E R LT,

RTARUNTEIES, ALFES R OB LR & TR eI E
NTVWLHEELLESLLHAVLR TV LERITH

5, UL, BRSSO TL, RT3

(9) BHERNRERGE#EBICXT S TRPA1%Z

N2

S, P MR, BEE HESE,

YY) E LS ESER T b LRESh TN D
XTSRRI imxtx#t?»%w@%%
HTH5HLDOTHD, BxlZ T BT X IBHICR
f%272 < TRPAL ZTEMHALT 2D THDLZ L% Caf A —
DT, Ny F o T FEERAWTRB LI, £,
A F NG AN THIIEPEAV IR I 0 152 FE (A7 il
DOFENTING, ECso 2 44mM TH D Z ERbooTz, &5
W2, AFNNRTGANIA VTF AT BT VIV EEBRIC
¥ U RNERBEEI TR A G| SR Z L, £ DITEI TRP F
YRADT Oy H—ThHdHNLT =Ly RIZL->TH
flaniz, LEORERNL, RTXrory vl
TRPAl #/t L TIBESND Z L MR I,

SZERROEEMRE

B, A R

(BRI FE RS RE AL ARt BB 200 BT )

TRPA1 I bH LW TRP F ¥ X7 7 I U —T, & FPRLIAMNC~ A Z — R 72 EORBLEWIT L > THEMEAL

423



LB TRATAE R 26 28 & (Dec,2007)

INd, TRPAL IE, #“BMKEEI =2 —nm BT
TRPV1 &RHR L, BEEMBE DL 5T, Bl
W, RIEIZ X 28 TR PR I H B85 LT
DT ENTRBRINTND, T, Lo X o R
RIZBIT D TRPAL OFEENZDOVWTHFEN 72 SHLT2,
AR RIZEB T 2B 53 AATH D, 4H, v A
H— RAAIOEFKST, TRPA1 RIRWFEEETH 5
allyl isothiocyanate (AITC) 7%, H#EH%AIZRIT 2 BN
T AMREIZE D KD BRAER B BAET iR T, EBR
X, BREVEENE T o R D VERL L 7B A T 4 R ER
DBHE =2 —a AT T R A=t nr - Ry F
77 v TEREA LT Tolz, AITC (X EFMREN:
T 7 A% B DIRNE R A & A BICEIN LT, AITC

OIEIE CNQX fF4E Fd B WIFE A L 7 AT C
VXN 47278, tetrodotoxin X° T X T KV FR EREE
TRt £z, HRFRAZR TRP F v 1V HLEHE
T® 5 ruthenium red (2 & - CrEEICHIH &7z, UL ED
FERND, BAEE = 2 — 1 O3 7 ARTEKIC TRPAL
DIFELTEY, ZOEMIZL - THEEN R IV Y
LIRAZES LTI NH I VRO A EEIRT 5 2 & A0
bneirole, TOX )RR RICKIT S TRPAL
DOIEFVEACITEE 5 BN 7 A s O T, AR
RT BT 4 =T EORFEMEICEAET L AREMEL &
0, TRPAL IEIRIRFEI I D FiT- AW & 72 2 ATREME
IR X T,

(10) HHERAITET S P2Y ZRRKRENT 2L L F T REEDHFL/ER

IR BREC R OEESE, /M2 HESR, HIL AR, BA R
(B RZPEFMA MR IEIRAE T A7 I )

Hpast D ATP 134 A2 F ¥ RVELD P2X SR &
I G BAEEH O P2Y SFRICHEAT 2 Lick-
T, HRa AR E b7 BT, P2X ARG B
BREICR L CEEREHZ R T 2RI 540
WFER RN ER SN T X722, P2Y ZAMRIC X DG
HUREZEIZKTT D HIEEEIC B L CIIA EH B 272 - T
WA, Alal, FHERENT R T A AEARE AV CORBIB AR
Hoa—ur bRy F 770 Tk a T, N
HIFREERICHT D P2Y ZRKIEELOEELER
AFZMICRFT L2, P2Y SRBIEEETH S UTP <
UDP 2R o TUNH I VBIEEMEREN Y T 7 A% E

<" GABA BL OV o AEEMEIMSGINE S )7 2% E
VI B Z T ey o T2, —7F, 2-methylthioADP DHET
BEIZR > TONE I BB ) 7 A BT
OFEATBE SN -7, GABAB IO U v 1B
ENEIHITE S 7 RS TR O R AR A b ONCIRIE 1338
B #9072, 2-methylthioADP (2 & 24k ) 7 2 &
RO FEAEBEE DOIEFRIE I tetrodotoxin X° CNQX (2L Y
Fh LR R T I o 1208, R P2Y, KL ERR
MRS2179 IZ &k » THEICHHl STz, LLLEORER LY
HRENRFE T RAZERITB T, P2Y, AR
F T AEFEDONRIEACIC B G-3 5 FTREME DS RIE S T,

(11) HHERNATP FREMFH/MET OT « Z7 DFEE L UHEFEIE

ol !, AR, ATE R, B R, kA, &rEE !
(R EH A TR L R REARAT 20 07, 2 ALl KA SRR SR R 250 0y, P 2 1K)

FAaIL, ATP O P2X ZHET =X 2T bIET
NGS5 &, IERICRBERR TS G~4 HE) 7
BT =T RERESNDZEERH L, ZORMRHE
T aT =Tk, FERMY YA U LEIC Lo
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bR 2T, P2Xos RBRHEHIIE D 5V E NMDA %
BEEPERORRLEIZ LV ER LIZZ e, 7T
A 2 IR M TR D P2Xy 3 S AR DOIEME( LD
O H—ERY, TR I UEETEFEE-NMDA SR



b LCHEsnd tE2bNZ, L, P2Xos %
AEFEGUIRIL, ATPRGFH oK ENLTaT 1 =7
(HERFRIH) (ot L TIEIdER 2R Lz b oo, 57
B GERFERED) ICBWCIIRBE 52 kol £z
FHN I 7 a7 U 71X ATP 550 ~1 B#%, 7 X b
2H A ME 1~3 BRICT T, ZREVEHEbL Tk
v, 27w ) 7HEEIFELINT, FY T
P PR E ST ~ HERF N s W Tl 2~ L

(12) v FEHBHRE=1—0OVICHE TGS F TRIZED

72D, DTN HERFEINC B W CITES Th o 7o, £,
ATP 5 1-8 BFHI#ZICFBEN O ERK VY Vb330 5
, MEK BREAIC LY, 7uF ¢ =7 13758~ MR )
Wizl Tl Sien’, MERFREIC W TIES Th
ole, TIHDOFERNG, FHEN ATP 58 R WIFHGE T
07 4 =TE, SRS~ MRS AN TR, R
7Y THaA, % 5 < ERK fEMALZ AT LT, HERRGE
EEBIERREEARPROEET LB L5,

RRARY N— AJFEHRIEIC K 1R

FEA S—, MW, R HSE, fm VIR, K TERES, PR BREC

(FEHRZES

I AR ERHIEN I B e A A R TR A 10 M
(BFRE) = = — v OB T 7 ABETHR AR Y S
—€ A, (PLAy) JEMALIC L VBT 5 Z L ZaiEHRE L
7oo Al ARSI T D PLA, O&HIZ LV 3¢

IZFI DT, AV FUBRMBIESF 7 ARZEITE A
PAEM A RIE T~ ERIE, BGEET v R D
TERL L 7= BRI A 7 A AERDOBRRE =2 —a 27
R=B e Ry F 7 Z T EEEA L TT
o7, AUF (1 uM) X GABA B LU U v AETE
O B IFMEMEE S T A% ER (SIPSC) DIRIECHAE
BEEE AL, A O sIPSC {E#E 1T tetrodotoxin (TTX, 1

FA R -

(13) #HBRRMERICHITHMIEER AR

EERHE SRR RE AR AR E B0 BT)

puM) 12 &0 il S A, %E T TTX X CNQX (10 uM)
< indomethacin (100 pM)IZ X U 36 E BB L ST e ho
7o DT L AEEE SIPSC AREMEMIE, AU F R
FEARTAMESCBURAE R 7R L, PLA, P 4-bromophenacyl
bromide (50 uM) X nordihydroguaiaretic acid (100 pM) 17
FE T TR LT, BLEDRERIE, PLAIRMAKIC L0 A2k
L7z lipoxygenase {X#t# 27 U o o AEBE S F 7 A nik
ST ARIMMER OB RET S Z L AR LT
%, HHE%AIZIBIT D PLA, IGHEALITIE MR & AR
T2 Z E R s s,

R)NR—€ ADE5

RA)I%nt, FEmak, B OuNRFR GRS AT 7255 BF)

BEPRITOAR MR 72 EITHE O RMAPRRREEIC L 0 RIES
DR R 1, BEEOSEREN R LW EE O
FIRCTH Y, TOFRIEA T = X LI R R0 Z <
FoTW5hH, MER A AKRY 2X—EF Aycytosolic
phospholipase A,; cPLA,) (X7 7% RrBax&te) VF
BaEMAKIEL, BEAT 4 =—FZ—DEAEZNLT,
MBI LTS Z L h b, PLA;, DIEHELARER
FEROHIENC EE AR EE BT LTV 5 ATREME A R S
D, &I TAIFETIE, MRERMERIFEIIE A =X 5
BT PLA, DG EZHGNICT D20, ZORIEE
TNERNT, HIBMHRE ML (dorsal root ganglion;

DRG) 23515 % cPLA, DIEHEALIC SV TR L 7=,
RIYHRAEEIZ LV, DRG = 2 — 1 L2385 T, cPLA,
DIE AL A T H D Ser505 U v EE AL B cPLA,
(phospho-cPLA,) DFEEL L~ L D HEANFS ] OSH I %
~D hT AT —a VRS S L7z, Phospho-cPLA,
PPt = = — o TR R G R R RN L, 2 DRy
BALEMRIBEBIC L 5T 0T ¢ =7 HBLOKRRZE &1F
E—B L7z, 61T, BIRM cPLA, FHEHA 2 BEEN 5
LR, 7Tu7r s =78 nsd & FEEHS, HEER
DRG = = — 12 > |ZH1F % phospho-cPLA, DFEHL L~ ¢,
KFL7Z, LEDOFELY, DRG =2—r 2 iZBiT 5
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cPLA, OIEMALIE, FREEMAEmICEE &S 24 LT

WHEEZLND,

(14) HERMEBETIVICEITLFERENE Ap REBBLE

AL S &, MEMANT (RIGR YR FABEE A S B TER o+ SEBL 2 45 BF )

BWFIEETIE, BRIREHT HABEEDWEICLY
RERGEZ & OFHM % FIEE & 95 Algogenic-induced paw
flexion (APF) #BRABAFS L, % < OWEIZ L DT )
DR ERRAE A SEERFHC 3 I L T&E T, L
L72M 5, 20 APFRBRICEWTIE, 7 rT ¢ =7 i
OFEINHIHD ABIRMEITAT S § 2 IS E 2 BT 5
TERTERY, AWETHE, #EROEFRIMIZR 2T
Za—n A= —HEEE A, BRI & D AR
P O Ji th i % FFi 9 5 Electrical stimulation-induced
paw flexion (EPF) #BR%& Hi7-\ZfEN Lz, EHE~ DRI
BWT, 5 Hz (kD CHHUSE T 7 A% X P L
FE L NMDA F5H3EIZ L 0l <41, 250 Hz 215 A8
MRAERNE X NMDA f55UHEIC L v il S, S 512

2000 Hz 12 K % AP BRHEIGZS 1 non-NMDA 3 & A FEHTHE
CE DR S, 26 3 FEOBRMEISE T B AN R
2bDTHD I EBHERENT, DEIL, KEEXHNWT,
AL PR O3 b ER MEMRR R £ 7 VI 1T D A TR
MEE 23l L7e, C BRAEISE TIZBOSEIE D LA-2338
D HIL, ASHHMECIIGEEOR MBI N, Zh

DIIHEFR D APF BRBRIE THEGR S4L72 Type 1 BRHEISE D
M2 BN Type 3 MRMEICE OILHEC —F§ 2 AT
D, SHIT, MREMERIIC A BMELE BN T
LA, ThbbiBBUNENBIE I, 20 AP
RIS E OPERAT T IZ DWW T HERim L7200,

Reference: Matsumoto M, Inoue M, Hald A, Yamaguchi A,

Ueda H. Mol Pain. 2006 May 8;2:16.

(15) FITHERABRIZE TS MAPK EHE

HO5LE, AR, AEPEfEGL, EIREE (kL RSZERRS
IR 27 (R BN R R RS

WA ZEBENE NI (rostral ventromedial medulla : RVM)
tr b= U E AR TITHARE R R, TR A
CBWTHADBEEZFEL CVD, 2o FMHEERER
BRI, TAOMEZ T Tl <, RIECHRIBERIC
RO DA OB AECHRICE S LTn5b 2 &3
LS, ZOWEEEPNERZEDTND

AR L OB MR A b LA AR 2-3 %@&rﬁ
WA MLA (1 H6KM) (2K Y Tail flick test (23T
JRIREATRD bhic, BMEREA ML RIZXY RVM

IZ31F D pERK BEMEMIIZOHINAHERR 41, 46 ik
RO 80%I% SHT =a—1 > Th o7z, 3 MO
WA R L RIZE D RVM 5HT ==—11® pERK
PESRIT v b — 2 L 2 fRICHIN L Tz,
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SRR E)
55— R )

FAYRRRORIE © 7 v b JRJE~D CFA #:%, 1 KR
\ZH72 0 RVM I T pp38 DIEIBHMMNRD Hiiz,
F7-, CFA #:f6it% 7 Rfil % B — 2 & L7z pERK DI B
TASTRD B, FEBUEAIE 24 R FReE L TNz, CFA B2
i 7 WfHl#%, RVM IZ381F % pERK BHEHIIEDK) 60%1%
SHT ==2—1a > ThY, RVM O SHT =2 —1a (I
% pERK BpthsRiz =y hu— AV BHCE L, 7 fFIcsin L
TWiz,

INLORRL, BHEA N L ALRKIESR RVM £a b
=B O ERK {EESHMT 22 &R T
B, FATHEERMRER OMEEZ(KIC MAPK 2388 5- L C
WD ATREME A SRR LT D,



(16) MEBEF EA A FITHT 5TV RER RVM = 21— 0 UHEERFIE DO RITEE

o g, JIER BN, RS AT, Bk S8R, WK B3 CRLIRIERL AR5 )

[1% U oI ] Tt DR Ic st D = A B4 1 R
LHERNRITMEAZER DD, ZOEANZEDDRL & D
—EE, EENERARES LT\, —J, EKhWimEICE
THHRER Y FT—2ICBWT, EREZA=—2—n
¥ (RVM = = — 1 ) [ FATHEE R HAE 5 0 B 27
BThd, &I T TTHEmGIERICB T Dk
LA EA A FEYE OBBHHELRFT 572012,
RVM = o —nr rOERIEH OB L EMITHO R 5
~ U AR TR LTz,

[/7i5] CBA, A @ 2 ZHiD~ T X% 7 L X VT T
RVM = = — 1 > OH—TEB)EN & MR GTk L 7z, i
WETNE LTy AOREEZYMH, &Lz, £z

DAMGO (10-100ng) #HENEEE L, =a—mr > OH%
TEEhE X ORIk~ 2 8B 25tk LTz,

[#552] 148 8D RVM = = — v > & 5ndk L7z, YRR X}
LT, CBA TiXE%, SFHUSE BT LR, AT
IFZAL L7z dy o 72, DAMGO #:5-ClX, CBA TlE&Z# 0
=a—nr A 10ng T 49, 30ng-100ng THIH]
ENTZ A TIHTRTO= 2 — 1 U OIEEDN 10ng 512
L E T,

(K] FIFEER & A4 A FREZEDRVM =2 —n1
v DRERERHEDEBAVIC R AN b o 7o, FATHEAIR T
RTIEpb 7 ¥ —OBRERLHEEL, S 51Ty b
U — 7 TERRICBIERNERN S D Z ERRBE I N,

(17) CCl v FDIMEIR/NS A —48 L EARBEICHT S RICHEDEBEEL

&,

MEVERR 2 351T 2 B ARG B RS I A E) L
TWAEBZLNAREMITHL»TRY, 22T
MR BEHRIER 7 v MO LREBIREZ K0 K LIT
WV, BB NT A —Z ORIEMED & B B R DA E)
BB LIz, SD 7 v MIAFMRIEE (CChZE ML,
HHATE T Citdk L 72 M KRBIIRIE I 2 5 P2 i+
(MAP), DA% (HR), LR ABNER T — 2K
Wiz, LZEFRE MAP 135714 4-19 A B2 W T EH LT,
LI HR 13T#% 4 B BIZ ER#I3HRA IZIETF L 19 H
BIIHREZ R Lz, DHMRE T —0 5 bRk
PRIRTE B & SO 2 AR FE B 4y (LF)/ & J8 3% 53 (HF)
X MAP & [REER DR B ZE LA R LTo)s, Bl A AR RS
B4 [ B9 2 HF fEI3AT# 11 B B USRI E %R Lz,

VERk i, KRR (% B R B E FFIE0T)

firth 4~19 H H OJEMEEFE (22°CE Y 15CE THAD
{2 Y MAP, HR (T& HIC LR LAY, = OREILH
Db D LK b 7o lo, LF/HF IXEMIREIC X Vi
#% 4, 7THHLSTLESF LA, HF 3% 11 B B LI
WIRTF U7z, BAEX D, 1) CCI 1F# D53 BN I
RSN, 2) FENIREEIC T D BRI R D X
TSR R~ HIc B W Tl —EkTH D, 3) itk 11
A H L% CITE MR T IR A 45 2 &2
Ghole, Ko T, EBIRERIL RSB & S5
D LRIREIC, IR L 7o fIAS R RIE B & Bl 3 5
LT, EBHRELICEDRMO A B = XL EBRE) L
TWDHZ EBRBENT,
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(18) [RERELICLIEBEBELDANZXLIZEITLNEHREDEE

FTexlx, b hoBMERSMERERLCRIEE T2 &0
R[REEIC L VIR T 2842 ERTHET L2 &
P Le, 2B 0RRIE, 7 v MCRIBSPRIEDE
{LERHT 2HER HL > TND Z L 2R LTINS,
SER O FIEICOW T b bro TOARY, %
I T, SRASBIICHE, e BEAICLYVNE
ERE LT BT VT v Mk L CRIER TR E
AR LI 2 A, BRI CIXRUEIR T OB M Y4
PRI R L2y, WEAEEZ » b o@MmEgsR s m
il KD FERAEGTZ, TIVUTNEIZAT B> O KA %
WPAFET D EERBLTND, 2T, RENLOD
SIETEHIIATENR R EZ N L TBEAOND EDORED T
(2, RUEAR FBREZIC CTREBET 7 > N RIEERREE D 5 D HL

(19) NAAG Peptidase Inhibitor

N-acetyl-aspartyl-glutamate (NAAG)IZ, P SLEN D FAK
MRERICE S ISAHET 2 MREEME TH 5. NAAG H
1%, Group IT mGluR @ 1 ->T# % mGluR3 D {EE)HK &
L T < 2%, NAAG peptidase inhibitor (2L ¥ 43 X4
N-acetyl-aspartate (NAA) & glutamate (273 f% X125, NAAG
peptidase inhibitor DBEENEL G- - LHFEIL, KIEME
T L« ARREIMER T 7 2 T mGluR3 A4 L7484
FOREREST LI LN MESR TS, U ELY,
NAAG M2 ERIAB IR L T2 W REMER AR S 4L
TW5, 4\, NAAG peptidase inhibitor D FAEFT~D J&
AT 5T &0 SRR BIE I N D B Et LTz,
RIEMEEIRET NV E LTI, RSV TANERITS

TPABREESE (4l BRFEREEE A FE0T)

— AR AR RIS LR A AT o T2,

FUEREEMR A HIA U7 O R OESHL, DV
IAa Yy 77 AN, BERCKHT AIGEOREIZ LY [
JEMRE = o —n VAR L, TORKLIR TREICHRE
URISEBIEZ LT, TETIZEBITEH L3, 8 i
TRAZEND 40 hPa [EZ KT S ¥ 728, KL T R4S
AT B S BEIN LERYD, S ERERIERICE DORE
BENRE— /I ICET Ao — 0 AT 5 2 LR TX
7o THUE OMBLANHTEMREZICALE 5 Z &1, HHAk
RETHHER LT, 4%, SHICRERZE=2—r
DREEED D & & B, TOSBEEZR~, FERH
BEEZA LI LTV,

BRSO RIERERIZHT 53R

HIATERS (RBASK 72 3 AR 2 A B RE I i 72)

=27 A & A=, NAAG peptidase inhibitor & LTI,
7J-43 « 2-PMPA %, mGluR3 OfEHigk e LT LY341495
%, mGIluR3 OEHOIFEIFE L L T SLx-3095-1 + APDC -
NAAG Z Wiz, WTFhodEms, s~ b LI
BT ==k T v MERICE FIE LT, WO
NAAG peptidase inhibitor & /L~ U T A~ « BT 5=
YTANTHERBEOREEMELZ, Zh b0 RIT
LY341495 |2 CEAICHEH & L7, £ 72 mGluR3 {EEYEET
#, NAAG peptidase inhibitor [FlEk DS F 3G DTz,
PLEDOFRN S, RIEDORFTTH NAAG 2 S TEH
D, NAAG peptidase inhibitor Z 5 Z & 12 X Y mGIluR3
BN LIRS OID Z &R ENT,

(20) FHILWEFREAVFE/AF

B A4 R~ 77 FOFEHKS THD THC
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LCRIBE SNTERD, EFEICR VAR RIERELE L
THEHEZHRORD Loz, BTV A RidAEvs
A PITEE, 88 1355 O 2B R RIR SIS RN B 5
LEnhs,

o I =R I Z BT D e A ROMRRAE
BEHZH~D Z 2B E LTz, 7 v b =B HE
HEZRMERE (Vo) g & VEOREZFMRIZBIT O
YT A RERFEET T=Z K, WIN 55212-2 (WIN-2)
OEMZHE Lz, VBIZBWTIE, ASHRHEZTKT S
DB & CHARHER TR DRI LV s
PRI DY, JHIZ WIN-2 OB ~D R 512 LY
FRCHH Sz, —7, TBIZBWTIEWIN-2 12X,

FEENC X DS EN A B ICaml S hiopy, AT
TahZzinoiz, 1 ORI, 7 v NEE~OMRER
W3 2SO TEN OFE R & —F L7z, $£7-, CBI
SR v T MU AOEHESETRR FIZY AL —
RAANERET D L, BERIM L EBRMIZ T2 Ve
REZR= 2 — 0 OMRIEENIA BTN LIZ2, &
T A BV ETAR N ol B EL Y,
TRFEFBI R 2 HERE RS O WIN-2 (2 & 2 iliE, 158
DIREZ AR OIMBENC L 5 RN R &Nz, £z,
CB1 25K T T A 2 v DIIRHEFIZ b > TW 5 A
REMEANVRIE STz,

(21) YRTSFUICE-oTEIERIENIBRBBICE T2 A 0 Fr RILDOEE

i ReARE 2, IR |, R ETHERS

AT, MR

(A WRKRFRFGE L RIFICR B RE R BREALAR 20 B

2 4l B R S R

RS U eV

SRR FPEFREER U ) T a3 DRI BRRE T )

(B AT 7 F 85T v MCH B D IR IR D A
H=AXRNERA LT D120, KGR LU OMBERR
BT DA F T ¥ RNVOBEZ~TZ,

[FE] 7y MV AT T F o2 RERE L, KiGEMHIC
T DRET A MEITRoT%, HBWHREE (DRG) %
FRELL, TRPVI1, TRPV2, P2X;, ASIC3 DIEHLZ oz
WibZHICH T, £, FITEMNLY -V —
Fluoro-Gold(FG) & V>, WEREMi >k DRG iz dstF
HAFT T ¥ ANV OEBR LTI, EBIT, VAT T
FrET v MTA F o F ¥ RO LITHE)
B SOV LRIV | e

[FEHR] > AT T T 2 B 5B TILEE OB o am e s

RIS, HOEREEOK T RO, VAT TF
58D DRG Tk TRPV2, P2X;, ASIC3 Bhhimpusk
DSHEINL, P2X5, ASIC3 OFEHUEE D512 L0 T T
Nz 6Tz, £, WHE¥ED DRG Mz Tt P2X; &
ASIC3 NAEFEITHM L, P2X;, ASIC3 DfEHIEH O 51T
L0 O ERBIMED EE LT,

[(F5aw] v A7 7 F LB 513 B8 OB T i 2 5| &
L, FOEREEZKTI®ESZER8bhrolz, f
FERRRAL 23 L OFTEV B 2R N D, v AT T F
2 X AR EIRBEICIE, TRPV2, P2X5, ASIC3 2345 LT
W5 EEZ BT, 72 P2Xs, ASIC3 (35O DAL
WZHBEE LT EEF X b,

(22) BEEREERETTILBMICE T 2H0OBEE

IFET P, MR, RARRT | BARSE, KERT

EARMEZ !, mmEE !, LnfET

AR (B ER R SR, A RS E NIRRT Y e ) T — v a R

—IBERE S ~D LPS(L) & EiEREAK (H) IckA2HEE
e 5-(LH) TYERT 2 i B SRR PR E £ 7 L B2 B

T, 9B DORENT » b (adult) TR E DR 4T O T
DEMIZOIZ> TRFET 228, 3 BEROLHE T ~ F(neo)
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SOMWE TITTTEDR R LN R T2 2 LT T TIZHE L
TV, ZOBERELEL L THRRFEECHENEBEZOND
B3, AENTARAYREE T O TGS AEBR DEN DR Z DTL
HEDO BRI B G L T 2 0 & iat Lz,

neo & adult |2 LH &f&E (L #4524 FF#IZ H & 5)
TV, LHALE®R, i cohs 1 HE, 1EH, 1B
W6, 163 BIZARE E O TR =885 2 B0 H L Tt
YR 1B L H-E Y@ Ot REMETHE L 72, LH
WUE O HLE R R & U CR IR TR Lt 4 = S 72
W, L OBMLERE, ABANEK (S) BE5%BICH 25 L
7o SH ALERE, 7z, Sl L 0% L5 SS AERE A1
WL, FERICER LTz, WAITEILZED von Frey
filament (VFF) 7 A hZ451E & L7=,

6, 16 1 H Tl neo, adult & HIZ—XENZITR A EET
NG SNHHAEBS RIRFEOFOERRME) 2BA b,
Fiz, SHUFCFEMERSL TR FOE R R L D 5
Nieholz, FEEHHEICRBWT, EMMRAITEI T
OFRIIEDOLTZANRBO N hoToZ L iE, EE
DO 7T ML o TH#EREZ 2 TWD LD T
RN ERRIE S LTz,

ARIOFER TIXAEMOMBGR IO VT L HET D
B, SHBIIEEICL - TR H5A X b ORISR EGD
EW AR ST L, AR DO RREEEAL b A
LNLEMRESIZEZT N A—RTEREL, TO
ALV — LR DREYWHEDREEIT> TVET,

(23) BHICEDFRIFBREKICE TR RERK/ VT S LT UHREEDRE

HEE 2, BKIES !, SEESERR !, PIEe?, &FEE2 B!

Rl ER NN R T TR SHIE ST e

[ 7 ) TR & E BRI 22 B 72 0, THBIAORL
e LT, M, Rz, RBfile & OB OFTRKIG AR
ENDD, TOWHENAEZET 2 IERIEHEIC OV
72X Th B,

SIRGEREE (BST), FrICIEMIGEIR (vBST) 1% Al/A2 £8
ARG E T HIEM LT KLU (NARRE RO
B 251 TEB Y, vBST IZE) 5 NA R34 D
R &0 A5 S D RPEFBISUSER A b L R ISEICE
TeBl Rl LTWD, £ CTARIFETIIRAIZLD
BB AR IC VT vBST N NA (RiED R 724 #%ENIC
DOWTRFT L7z, EBRICITHEME SD 27 v R & vz,
Pl X ORI RI & L C, R EBERRIEIE N %
G, m~ ) SRERIENE S 21TV, vBST NIZET
DA NA BOZEA L% invivo~A 7 0 XA TV v Ajk
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U R R BRI A R A R RE AT 750 B )

WZEDBEE L-RER, NA BFAEICEmLZ, K,
RHAF B & E RN IIE T 5 72 DI S T Tk
HEME (CPA) RBRAATo oG R, FEFME 525 10
BT VBST PICRT B L U 2 BEHEHIER timolol &
Behid 5 2 & CREMMFAR CPA XA EICHG v,
—77, EEZAITENE vBST W timolol #¢ 5- D 58 % %% |}
ot BT, BRERMAEMZ T, pZAKRIEBNHK
isoproterenol @ vBST W G2 LV G-AHT 21T o 7o fE
R, REKRIFIC CPA BPEE SNz, UL EOERNG,
P & ORI KIC L 0 vBST N T NA g3
HES AL, T NA LK DBRBRE A LIt His T
S K D ARPRIE B A ERIC EE R EH A H o TN D 2 &
MR E T,



(24) CRPS #£#&I(IIE—F1358%) (eye-hand coordination) NEZE SN TLVS

EREE " ENE°’ ETHEH"

(" RBR R 7R e 1 2 SR AT Rk A AT 5 2 RIS PP T8 15 27

EPNTONE s S ) Az SIS e

SARNEATBOE N BB S I AR ICT I v & —)

W] N FECTHox L, CRPS BE OBZERFRMAHT SR
P EBMNCIRAL (Sumitani et al. NEUROLOGY in press-1)
L, ZOHRZEERN 2R ET 2 HEHRA 7 ) X AN
Lo TSR E CRPS JEIRNEM T D2 L2l L T&k
(Sumitani et al. NEUROLOGY in press-2), Z DI b,
CRPS TIIHTE (HHTEHAMERETE) — HEB IS 0 R 2R
XN D24 EF A, BRI D BIRE]EE
BIBERE DRHT 21T > 72,

[J71k] BB CRPS fB#F 6 A (F53, 72£3) OB - il
ENENOREE T, BATHK 30em iZH DAL V—2 ED 3
TR & 8 & O EB 21T, T OIEE A B
XZEM 7 v 7% — (Sampling rate:120Hz) % H
WCREER LT, ZHABARE 2 RETITV, MR 3EN
Al SEE N O OB EEB RO 2 YOTHIRELE FR72)
&EBNRE A SO S & Uiz, 2 GBI+ <2 (B
) X2 (B EERTRRE + IR — SR O 8 &t

(22T 3 RSO & O CHRERHIRIT 21T > 72,
(RR] 1 BIOBEER 4R 5 Reffid 3 =R (&8 &)
THEETE -, | [HOBEEEH Y D 2 RITH)
BB L 1 R R CIEEEEIR SR
Sfend, 28K (B X (B+K) CTIXAEEN
Rbohiz, 3ERTIIAEETIRON P72,

[%22] CRPS BFITBBHEHORBSZFZ 52 L 13%
WAS, IO TEEREE] 5 KON 2 YR T AT | fa R &
WIS EBEREA ] DMK T LTV B IS 2720,
7272 LRI OEENE, @B ARG H + RIS
HWIZ L > THREN D LML b IR RO K
F9 DBERMEDIE D 28 2 WonHI@BiE I/ & <, Bko
RIERN B HREFHORE L RS> TNDH I L EZRET
b, AEIOERENS, CRPS TIHIR—THiHESs), oF
VAR ISR EE SN TWD EF X D,

(25) REEmAHRIH & AMZFBIDKRET (TMRI)

MATEHI !, ML, A, R

VREK RO, 2 R R E SRR s S AR A g v 2 —

AR, WAIEOEREETHTHZ L TPHLAVWE
AL, A R 2 98 A O R& C 7 AN L~ v
TH7p 5 Z LAY functional MRI (L F fMRI) % FHVN72HF
RCWE SN, ZOZ DR MK, FEERITH AR
BEZ 6N TY, FEERREICI s TREDOH S
DOPIEARER BEAHT S D K9 7200 2 2 R UASR T 5
&, MRS S ZIfE- THIE R Z SN0 TR
RomkBEZOND, FITEAE, ERTFHEETAZ
AR (L) JFARBRDZ 27 & LTHWY, EHEERE
I B L BRICAE U M RGEEh 2 fMRI ©
L, ZORERICOWTHGR L7z, AR Cldd
W 30 AT LT, HHE S B RANIH E 5 FTOE

HPHEETAEZERL, ZOHRHERICLVFRINE
M rRREE 2 IMRI CHRfg L7z, £ OF, HICEHF
KT A OREHR LR (GLED) &, HRf@anicstst
(2 & DI AR S & TR S RGIFORREIERE S —TF ¥
MARBR L U CRRBR S8 (GILBF) @ 2 BEIHT, R
HTIZ1% SPM Zf#i B L corrected threshold P=0.05 % %1%
NEERIEE S Lic, ZORER G TIIAERMEE)
DR SR o 7228, GIEE Tl % MISELER A5 THTE 3
(BAS) OIEENIINZ, WHAIERET, WA, Al ZRIE
PERETEEF (BA40) 70 &ICH B MtiEBI Bl Sz,
F7z, GIHENG Gl DML & 72 L5V 2 EBAL,
OFE VAR E FHSH 5 VIETPHIERBR L 0D Lok
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B2 DIVDMEBAL & U TR TS A B 22 & 8 3

FH X 2177 (uncorrected threshold P=0.05),

BEHEE (1) MRARY bORIE—ZAVVEHEEREEOFED KA

RHFTRCER (3,

T PEILSE BB Tl IMRI, PET 72 I K BAF5E T, A
OFRAE, JEAHONEBIEIZE 59 A RiHHRE],  BiTEERTE
OMHEMZANESBEE L TS 2 EBEZLA T
5, FEEROBMEEZOBRICBNTS, BEHTAEL
BIDIHHD L B 2 ITORBME D R L, JHAHD
RN - B 22 AR T D 2 & AR O H AR
A Mo TND,

4[], v k> MR spectroscopy (LT : 'H-MRS) #%
P CRITSERTEF, AIHCIRIE] O 5T MR 2 B E 9 5
LIk o T, BIHERORRIEE ST 5ROV T
T %,

MRS X MRI #& %8 > TN OREWE 2 R7IES 2
JiETT, FCH 'H-MRS T HH5H NAA (N7 AT F
VER) ITARRSIRRNIC LTz, OEDS R ETK

RN GEEERRAESAIARREE - R~ 7 =y 72 —)

PASREDIRIZ & L CHIRIEH ST\,

SHEUTAB ISR B 44 AT, 'H-MRS @ JiikiE, MR
WA HR Y T1 SREHEG CHUR, AiaRE], BIEERTEF o
TEIk A TRE L, AREIO NAA JBE % LC model T
fEHT, TE LTz, & HITHEF A 23 AT DW TRERICHIE
L, hga1ror,

NAA JREE O T ANRIEATE, ATAHRIEICR® btz &
F 13 A 11 ATIE, M7 ey 7 FER & ORMEFS
AT V= 77T T a—FOIHTIIXLRETH D,
DIRNEY, RN T 7e—F 2 0EE L,

IHH DR HIERENTHRICAEZ T 20
'H-MRS 1%, TBFFIEORIIC B E, 1BV BE
DFHIEE LT, #HLWREEIZRY 2 2RSS
EEZLND,

HBHEAEE (2) T o2BKENT H DRG #ilaN Ca RIS -
2R FRIEANEEFIR L -HZEROH

ATP (FHIANEE 22T/, MRITERFCa F 7>
Ay B —L L THHEIND, ZOFE, ATP &R
DN Db DRIRETEMALT 2728, JHAHO initiator &
H720, F£7- modulator & LTHE EEZBND, =
DOIIETIEA A/ ha vy 7 ZR/IE (P2X) 7217 The <,
AR IuEy 7 7Y UK (P2Y) bEHEREE &
T D AREMEA R STV D,

HUREN Ca BED EHIEX, DRG =2—vrr D DY
DHIfENT e A% N A— LT, BEZRKIGDSZEE
AR AR &R RN H D, £ 2T, DRG
=a—n ARG Ca ZRIZBE 23 LW REZE IR AR
M EEREE Bbh b,

AWFZE I, LENBEMESE T Tl (Y FATP & 2
WTFRESRT D L1k >T, DRG =a2—1 2 ~D
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I (BB« REFBEEERITIER - Al BB

ATP BT GAERN E D X 5 224 faN Ca Z{bzHEi T
DMEFANTZ, UL, =% Y VA b RSO AT
BEETORA > MY =250 ATP 280l L CE
BTHHbDTHDH, ZDOHEIZEL>T, DRG=a—nr ¥
fEBNC Ca S EFER LTz & 2 A, #lEAN Ca ©_EHITL
FRERIC L D ATP 5 LB BN, 2D LT P2Y
ZRAEOESERB L, £, BEERSICHEDLT
MR Ca ¥ — (R 12 LF9% Lo BBEEE
WETH o7, S BITHERR EDFENS, Z 0D ATP
BehCERIND Ca LFHCIE, FICHIKEN Ca T v
BB EHEE SN, FORJSIE all-or-none DYk
ANcAtleinolz, T b, Ca LA DOES (magnitude)
L ERFToER (latency) 1%, MRIZEIY 527
ATP & (2 GFRhERFH) IZTKFEL Tz,



HEHE 3) BUEBEE T LBYRRETLKICE S+ TRAEM

FEAI PRI CTH D & & HITAPAR B IR
Th D, BHEIREFIIEEHELY SABICEETHE
[ % 75" (McWilliams et al., Pain 106: 127-, 2003), 124
BN R 5 T 2 O AR B R 7R BRR B E O REE, £
JRRONRER, RRR EOFHNEICH D ZLITE D F
THR, T OIEENRL ST DRLSLIZ B G-~ 2 fitlal g &
LT, Bernard © X spino-limbic pathway % [FE L 7= (Exp
Physiol, 87:251-, 2002), = O 1T HET% A 1B Fr 7
==—m b BTL, OBIEEZIMUE (PB)
Ty T RAENLictk, R PO MU R
(CeLC) ~L BRI TH Y, KRIFEROIEE D DAL
SIS EELTWD, Zo#HBE»DL CLlC X
Inociceptive amygdala] & FEIZHLTW 5, —J7, mkAH
ODEIIE BB ERREE RO I TH D L L bz, FW
MY FT T AMRERBENBEINLIMRETH D,
Neugebauer 5D 7 /L—7 1%, HAVERESXET LEBLW
KGRWIBIRET VBT, T VEROBRREIC
PB-CeLC i DB 7 AR NMDA Z & KM
RAFHIICHE R 3 2 F 3% A M L 72 (J Neurosci, 23:52-,

IR GROUEERER KT - thigEH 2 ER)
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