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ATP M—RABE#HFOBFMEEZCRZTREZHSNITHENNS, Ty MER
HRE (DRG) Miiad P2y ZEMKICEBR L THHZITo 7z, P2Y2 ZRMAEMN capsaicin
R /NE DRG #RICTFE L. EREESEEL TOWA RN S MNIR o 72,

1 WIEER

HIBRNOEBELIARNLT-YHE “ATPOZEAREREN 7 O—Z 07Nk T & (Proc. Natl. Acad. Sci.
USA 90, 10449-53, 1993), RUFENNEL OHMBICHEEL TWA I EMHLGMIZ TN I EITKD,
“HREEME ATP OBRBBEEHINDZLIICE>TETWS, BN TH 1995 FITHZITr O
—Z T ENTAA CBEBBRE ATP SRAE P2X3 M. — KRR O P Th DR AARM R
(DRG) BRUOZXHEHICOAER L TWD Z ENH S5 &7 0 (Nature 377, 432-435, 1995). “4l

H& ATP” OBEREAERICAHIND IR > TETNS, P2X3 Z&M4IL DRG ORMNTYH, £
ERREIRAD PRI AS SHER OVNMIIE C S BER SN TWwWa 2 &b, "P2X3 28k L
WA ILEERBICEHINTWS, ZICHL, MEREOIREEROANRERZEA TS DRG
KEHIIE APERHEIZIZ P2X3 ZAMKIIHERY, G BEEMEE P2Y1 EENREL TV, &5
D P2Y SERENEHEL TVWB I EE2RBTIREDH D, o> T, ATP BWINEBEETT Y
SAKEAED., BB BREECHESL COWBAEENEZSNDZN, TOBEII DWW TIEEL
FEHTH D, (> TERIFZEL. ATP ZAMKR, BiZ “P2Y /MK ICHEE L. P2Y 2EEKZNT 5 DRG

MRS VPV EEFRREHLSMNE L, P2Y SEKREHEFREEROBEEZHONEL, K
FNTERIATE - PHHICEEDRALHRZEZ/L I LZENETEHDTH S,

2 WA

(1) #fa L~V ToRa

(a) FEHRAMEEEROEE © 68O Wistar 27 v MERKEFFTHEESE., 14-6 M H5EIEM
BEMEEROHUNNA > /a5 F—PIRGERBRTUE L%, BRACHEEL TERICH
L7, DRG ##i3. bR L Z#REMIa%. GDNF/NGF 28 OBEERICT 2 HRBBEL R, E
BICHEAL-E.

(b) In situ hybridization Rk O E SIS In situ hybridization i3, &% P2Y 24 cDNA
T 54D IXTLAFRE2ERL. %S )L o—T7E U THW, BEREDT2 k., &
# DRG YIF#& S #E#f/o— 7 T, HE%. X BT VAKEEL, AR T TE -5
FT5 T4 —ITWEBRILLE., C SR ASEHOY—H—T&H % anti-peripherin FiEK N
anti-neurofilament 200kD Hilk 2 FNZFNH W, BIEICHEV B2 DRG Mz el 7z,

(c) RT-PCR: #5% DRG #ifla& ¥ RNA ZHiHL. oligo(dTD)-Latex & D poly(A)+RNA ZEIRL
7=. Reverse transcriptase I2& D cDNA Z&Ht%. &8 P2Y 284K 771 v—%2H T PCR 217
7%



(b) Ca®* 1 A=
BMEHEERUEE DRG 2A W, fura-2 EICE D, BE—HRORERS SAMTE2T o2, M
fura-2AM ZB DA EE. WELZ%. EMEA T - LIC#EL. &% ATP 7710/, high K*
KO capsaicin ZEFRIEE L D HIIZIZEMNL 72,340 XU 360 nm O FhEEYEZ IR L, 4 Uk 8% (520
nm) ZEBBE SIT WASTRA, ®HAEGKRELTNN—YF NI Ea—F—IZBDIAL, BFET
o/, TNHPAE Ca¥ "M A= JITMA, £EAL -V BRIk 5. BEROZER D HFRE
DE W2 RET BT > 72,

() BRAEBENRE
AHBEEERUEE DRG ZHW, ATP KKXVEREINSNMEEROBEIIHH (Hamill et al,
Pflugers Arch., 391, 85-100, 1981) 2> TiTo 7%,

(2) AT & OB E R WG
ATP ROVE Q7 F0 Rl E#EICRE Uk, SEERMEETE GBI 2B REEH RIS,
Bl X2 BB RG) 288 L,

3 BSERRE

(1) HRER P2Y ZBEROFIE

MRSt Ca»ERELZHE. ATP KL BN CaBE ((Ca¥i) LFIE. Ok, @Q—EHERY
QFEDIDDONY—2%2E LT (Figure 1 Ao Ol P2X ZBEAEDHH, @ P2X R P2Y ZHK
OFHEMN. O P2Y ZEENERHEE L TWELDRGHR TH B EEZEND.QRUGIZET 3 DRG
FEIIEA L < &2 57z, RT-PCR IZK D ETE P2Y Z&F mRNA ORBEEHRHDS &, P2YL, P2Y2 K
O P2Y4 2K mRNA 2SFER S 37z (Figure 1B). RT-PCR I2&L YD DRG IZ P2Y ZHFHE L TW% DRG
FREMEOD B, 60 BEL OIS, UTP WHE L. P2YI ZREEHE APSPS KHEZETHS
7= (Figure 1C, #2). Lo TEATFI&, P2Y Z& K agonist & LT, UTP ZHWTERZED T,

(2) UTPIZX DERINB[Ca¥i LRIEE DEH

UTP I3IRERERIC DRG M D[Ca™i LHIGEZFIER I Lz, 2D & E . B/NERNREL 3 uM.
ED50 fEid 20 uM. HAEEFHEOD Hill R 1.1 THo7%= (Figure 2A). UTP IZLBINS Ca¥is
i, P2 ZAEMERRAETE suramin ICXDIHEKL (Figure 2Ba). HIfESL Ca*BREFEDZEEZIT
3" (Figure 2Bb). phospholipase C (PLC)RRZEH U73122 K U/MEIR Ca®*ATPase FEE A cyclopiazonic acid
(CPANT &Ko Tk LU ((Figure 2Bc, d)o H> T, UTP BB EZ5< G, &HER Lz P2Y ZHEEZH
WMTBHI LD, PLC DIEHILEENITFIEHE inositol 1,4,5-trisphosphate (InsPy) ZEA L, /Md
R LD InsP, ZEMEMNS C*EZFIERIL TS DD EEZI NS,

(3) UTP &% DRG SR OME

Capsaicin 13BEZEE VRI BEREKZFIEMT 2 I ERHALENTNVWS, £ T, RIZ UTP i&EMED
capsaicin BEZHEIZDWTIRE Lz, UTP #INE. capsaicin I 24T\, W QRN % 3§/~ (Figure
3A)e UTP KT} capsaicin OMFEICHE T 2#fE(Aa), capsaicin (Ab) L <1 UTP (Ac) O—HIZD
HINET HMME, S 5ICHEFICHE LWl (Ad) oI N. BHE LK 1,000 LA LD DRG #F
MDD 5B, (Aa) OHEZRTHON—FLHN -7z (458/1,061). UTP IZIHE L HIROK 75 %l
capsaicin IZ®JR%& L. capsaicin IZJH& U Z#IFZOK 70 %13 UTP IZ2H 6% L7z (Figure 3B), > T,
P2Y2 Z&MAKE VRI ZEFEDL<IE. FU DRG #EMRICKFEL TWaB &M LRz, &
512, C MDY —H—TDHS anti-peripherin FLEKR T ASHHMED Y — 1 —T&H S anti-neurofilament
200kd HifkZEHAWT DRG MifZREaTEE, 1T&AED anti-peripherin FURBHEMIETH D, C Mk
MEVWEERTHZ ZENbM o7z, HHEIZ. DRG #MREHMLOKEX &, UTP & & OBEENEER
B L7z, VRI Z2EMFIT/NEO DRG MM C MHEICHE L TWwWa, Capsaicin B2 HEHEHBOE



DHTEBFT DL, ETNSIE20~30 um IKEFR L TWz (D: Cap(+)) . UTP GEHIAED > 5 capsaicin
BE2HEOHDMBOBRS L. 1ZIE capsaicin BEZEMBEOZTNEZEL <., 20~30 um ZEFL
TenfieR L7z (UTP(+)&Cap (+). & ZAM, UTP JEEMAE TS, capsaicin JERZEMBEMLOE
ROMI, EOERBICHHEN—FICBREIN/Z (UTPH&Cap(-)) . UTP JEEMARIL. MEBI~K
RO ETHEET 45 capsaicin IZBIEEMET 2MAIT 20~30um BEDO/NEHETHD, I
I DRCHECHHETHDEEZ NS,

4) BHITH

UTP 2#BEICEE T2 I EICL0, BRIBICHT 2R EBERIS. SRR &3 BERISNEER
Nz,

(3
Iz

4 EBRRUEED

DRG EMIRICIZ. #EER P2Y BIZBANGEEL TWAZENHENER -2, BHESHELT
W3 P2Y ZEBEY TV 5 Ad P2Y2 BEAKTH 7z, P2Y2 AR agonist D UTP IZ X BEEDE<
td. anti-peripherin B T/NE (20~30 um). = 5IT capsaicin 21D DRG #EHIETRD 517z
ZEMmb, IS UTP MEMBEOZEBEEL CHETHD., EREELEERBRIIIDIE
MRS RRENT, ER UTP IC K 2EFITEIDRD 5N, TNETOHE TIL, DRG #EHIE P2Y
SREOERLDZY T 52T ABHBIZEELTWS P2Y1I ZHAET, MELLOMEBROEE
DHEE L BABEANDESIZE<EZEX 5N TV > 7= (Nakamura and Strittmatter, Proc. Natl. Acad.
Sci. USA. 93, 10465-10470, 1996). #t> T, FERKERIZ., FU P2Y ZEKHTD, TOREKYT
752KV DTT S DRG #RRMAOEENRERD T &, £k P2Y2 ZREIEAEERERENIC
FEILIG2 ZE2RBTDERTH UIEFEITHEKEN, HFiL. capsaicin ILLD2BEZAEE VR B
WDRVED, protein kinase C PKOW KV RBSHEBREND Z &AM E I Premkumar and Ahern,
Nature, 408, 985-990, 2000). DRG &l D P2Y2 Z&MKIL G, /PLC EHBELTWB I ENS, UTP
FIIC L D, InsPy &3KIT diacylglycerol DELE X3, PKC WMEM/ILIND, Lo T, P2Y2 BF
k& VRI ZEED DRG WM TOREE R UIZAERBERIL, BEZAFOHE., DEDEHE
BIC P2Y2 BZEKENLE ATP BETREOEBEEIZBRIFZETEIHOTH B, UL, P2X
SR, FHIT P2X2/3 ZAMRIL. capsaicin FEEEEMED ASEUEZR T L. BRERRICE T 2 BBEREIC
BELRBEERZLTVWS, LEN> T, ATP 1T P2X BE P2Y BZEEOY T 7 5 XCEE D,
BU2ABEEREEICHFS L TWAAREENRB I N, — KR OEEEOMEEEIC ATP MHEEL
BELTWAIEERRTINS DAL, “WH ORERFEIPICH L WHMEEIERT S &I,
PR R R R CER IR IR RO D OFREVRARE O T L - AN —E B 0B HDTH 5,

5. BIRER
(1) Tsuda M, Koizumi S, Kita A, Shigemoto Y, Ueno & S, Inoue K. Mechanical allodynia caused by

intraplantar injection of P2X receptor agonist in rats: Involvement of heteromeric P2X,,; receptor signaling

in capsaicin-insensitive primary afferent neurons. J. Neurosci. 20, RC90 (2000).

Q) EHR. NRE—, HEFZE. BAHE ATP. BEMEE 116, 343-350 (2000).
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Figure 1 Various CaZt responses to ATP in DRG neurons.

Initially, cells were stimulated with KCI (75 mM) to confirm that cells are
functional neuronal cells, and then incubated with nominally Ca2* free solu-
tion (0Ca2*) for 2 min. ATP (100 pM) was applied to the cells for 10 s sep-
arated by 5 min. Vertical and horizontal scale bars show F340/F360 ratio
and time, respectively. (A) Three typical Ca2t responses were shown with
totally (1), partially (2) and no (3) dependent of extracellular Ca2*. (B) RT-
PCR analysis using cDNA cording for P2Y receptors. The expression of
mRNAs encoding P2Y1, P2Y?2 and P2Y6 mRNAs was found. (C) The rela-
tive contribution of P2Y1 and P2Y?2 receptors in DRG neurons. A3P5PS, a
selective antagonist to P2Y1, attenuated the ATP-evoked rise in [Ca2*]i in
about 30 % of P2Y expressing DRG neurons (C, trace 1). 2MeSADP, a
potent agonist to P2Y1 receptor, produced larger increase in [Ca2t]i in the
cells. In such cells, UTP failed to stimulate the [Ca2T]i elevation. On the
contrary, UTP produced a large elevation in [Ca2t]i in about 60 % of P2Y
expressing DRG neurons. In such cells, A3PSPS had no effect on the ATP-
evoked responses and 2MeSADP failed to cause the [Ca2t]; elevation.
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Figure 2. Characterization of the UTP-evoked elevation in [Ca2*]i in DRG
neurons.

(A) shows concentration-dependent Ca2* tesponses to UTP. (Aa) depicts averaged
responses of 31 cells obtained from a typical experiment, which is summarized in
Ab. UTP produced an elevation in [Ca2*1i in a concentration-dependent manner
from a concentration range ‘of 1 to 300 uM with ED50 value of 34.6 uM and co-
efficiency of 1.0). (B) shows effects of suramin, 0 Ca2+, U73122 and cyclopiazonic
acid (CPA) on the UTP-evoked CaZ+ responses. Initially, cells were stimulated
with KC1 (75 mM) to confirm that cells are functional neuronal cells, and then stim-
ulated with 100 uM UTP for 10 s 3 (a, b and ¢) or 2 (d) times separated by 5 min.
Suraminn (100 pM), Ca2*-free BSS, U73122 (10 uM) and CPA (30 uM) were
applied to the cells for the periods indicated by open horizontal bars. The second
Ca2* responses to UTP were normalized by the first Ca?* responses to UTP, which
were summarized in C. The number of cells tested were shown in parenthesis on
the clumuns. Vertical and horizontal scale bars show F340/F360 ratio and 100 s,
respectively.

Figure 3 Relationship between the UTP-
evoked and capsaicin-evoked Ca?* responses.
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(A) Various Ca?* responses to UTP and capsaicin
in DRG neurons. [nitially, cells were stimulated
with KCI (75 mM) to confirm that cells are func-
tional neuronal cells, which was followed by stimu-
lation with UTP (100 uM) for 10 s. Finally, cells
were stimulated with capsaicin (Cap; 1 ptM). DRG
neurons consisted of 4 subpopulations, i.e. sensitive
to both UTP and capsaicin (a; UTP(+) & Cap(+)),
insensitive to UTP but sensitive to capsaicin (b,
UTP(-) & Cap(+)), sensitive to UTP but insensitive
to capsaicin (c; UTP(+) & Cap(-)) and insensitive to
both UTP and capsaicin (d; UTP(-) & Cap(-)).
About 77 % of cells were sensitive to either UTP or
capsaicin (B). Seventy-four % of UTP responde
was also sensitive to capsaicin, and 70 % of capsai-
cin-responder was also sensitive to UTP (B: bars).
The majority of cells were stained by anti-
peripherin antibody, but not by anti-neurofilament
200 kD antibody (C). (D) Distribution of diameter
of DRG neurons. The majority of the UTP(+) &
Cap(+)-DRG neurons was small-sized neurons and
seen in 20~30 pm diameter group. This distribution
of diameter was similar to that of capsaicin-
responder (Cap(+)). On the contrary, the diameter
> urpfj;g)c - of the UTP(+) & Cap(-) DRG neurons showed a big

variety, and its distribution was almost evenly seen
from small- to large-sized cells.
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