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Fig. 2 Visualization of release of ATP from NHEKs.
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The images show photon counts (white dots) in a field of NHEKSs bathed in luciferin-luciferase reagent before (C) and 30 s
after (D) mechanical stimulation. Position of pipette is shown in a phase-contrast image of NHEKs (A). (B) A typical bio-
luminescence intensity-ATP concentration relationship in this condition. Various concentrations of ATP standard solution
were injected in the presence of the luciferin-lucierase reagent, and then photons were accumulated for 30 s.

(Fig. 2B), #HA¥IC & Y NHEK & ATP 7z M H
L, chaEBCHHRL T bDEERZLME,
— KRR LEBBERPZEEHEERBRALTBY, F
T FOERMEMBEEr I F /A4 PICTTELTY
rrevgmehtws, £2TC, DRG=a—DOY¥
¥ NHEKs o333 R~ #4% L, NHEKs & DRG
—a—OY@OaIar—avOEEERRITL
7z. Anti-peripherin 35 X Uf anti-cytokerainl4 #ifk %
Awi—ERaEick), MO CHRIEBLY
NHEKs #FEFE L, SHbHIEE VIR IZHEML
TWaHIENALNE 2o/ (Fig.8A). DL
%, kMBI KCITHSIBR#ES S L,
\E & A YD peripherin B DRG =2 -0 YT
[Ca2t])i LR NRE & iz A%, cytokeratinld 5 1%
NHEKs TRIEEHMRBE Wi » o7 (Fig. 3B).
P2Y2 YER I UTP THIEEMA A5 &, DRG=a—
o v Td, NHEKs T [Ca®*]i EAMFRE S,
Z i P2Y SAAOIEHKE suramin THH S .
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5% W/ E DRG = 2—1 » 3 L 1 NHEKs Mi# 3
ICHERER P2Y RABERAL T A I LHLY
EinoTe.

AN 2 25 L7 NHEKs 13 ATP 2B L,
MRSRIIC Cat wave R {EIBE ¢ 5, LizdioT, #
R AW RIZBWT, NHEKs OBREED,
ATP ##*LTDRG = a— 0 Y IZ{EHREEA B 0E

Ca?* 4 A=V ¥ 7ikicd b, ¥— NHEK O#MwM
Bz £ v (Fig. 8C 3 & Uf Fig. 3D ® K1), Ca®*
wave D{EEHHEE O NHEKs (Fig. 8D D K2 8 &
FK3) XU DRG=a—1ur (Fig.3D ® N4)
iz A &, Zhatapyrase (Fig. 3D O4) B
& UF suramin (7.4 + 1.1% of control, n=7, p<0.01)
X him ez s, NHEKs & DRG =a—
OvEOaIa=r—Ya it ATP/P2Y2 REHK
TFHIEETWAZ EFEL L2 o7 (Fig. 3).
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Fig. 3 ATP-mediated communication between DRG neurons and NHEKs.

(A) After some Ca?* imaging experiments, cells were fixed and stained with anti-cytokeratinl4 (red) and anti-peripherin
(green) antibodies for confirming NHEKs and small-sized DRG neurons, respectively. (B) Summary of Ca?* responses
obtained from self ratios of fluo-4 fluorescence in anti-peripherin positive DRG neuron (green) and anti-cytokeratinl4 posi-
tive NHEK (red). Firstly, cells were stimulated with 80 mM KCl for 3 s. Then, they were stimulated with 100 pM ATP and
UTP for 10 s separated by 5 min. Finally, UTP (100 uM) was applied to the cells in the presence of 100 pM suramin. Both
ATP and UTP produced elevations in [Ca?*]i in about 71% of the DRG neurons (37 out of 52 cells tested) and 73% of the
NHEKs (58 out of 79 cells tested) in the co-cultured cells. (C) Schematic images of NHEKs (K1-K3) and DRG neuron (N4)
were shown. Black arrow shows the position of the micropipette for stimulation. (D) The graph shows individual traces of
self ratios of fluo-4 fluorescence in keratinocytes (K1-K3) and DRG neuron (N4) shown in C. Keratinocyte 1 was mechanical-
ly stimulated twice (arrowheads S1 and S2) separated by 5 min. The first and second mechanical stimulation was performed
in the absence and presence of 100 units/ml apyrase (gray horizontal bar).

2. P2Y ZEGLER W& ) AR MR T [Ca?t)i ERAER SN,
B2 oBaEhs: ATP I}, — KR OEMEC Z i P2 B4R suramin B £ U PPADS T
B gL, P2Ye S EaEEEHALLES. TATIR, MElEhZ BEKREVNI LI, UTPIZX 3 Ca?t b
— RO EREICBIT S P2Y: REEKFERLIRLED B, —KEEARORTLABOH THL ¥ VB
SO REBRBEL) Y Z7LTwAOLEL )2 ?HE SEMEICIZIZBRBLTVA. 61 UTP 240
LaE )i, —RRLOBBBECRRALTWAP2X3s HODRG=a2-0 YT [Ca®]ix LR 10,
BIUP2Xen RBAED, BEMGELERIZ) 2 cyclic AMP response element binding protein % {&#%
LTwaZtizR<AbNATnS MLBI, —5  (k§56 LOETRBRT—5LL{—BELTVA.
MK DRG =2 —OVIZR P2Y2 2B K LEE RIZP2Ye R BERFEE L BEREOMMEHEICD
LTwiz. 2%h, P2Y2 RBGEREUTP ORI W THRE LA, v FOBRBEESIC UTP 2#H5
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Fig. 4 Mechanical allodynia induced by an intraplan-
tar injection of UTP in rats,

An injection of UTP into the plantar surface of the hindpaw
produced mechanical allodynia in & concentration depend-
ent fashion over a concentration range from 0.1 to 100 nmol/
paw. Time course of the mean £ s.e.m. paw withdrawal
threshold (g) for von Frey filaments after the UTP injection
is shown.

TBE, REKENICAN=SANT AT 4T HHE
#ans (Fig.4). SOUTPILEATHT A =T
ik, P2Xon EEGEATATOF A =T LREEC
M, LadkhEsnThHo72 1D, UTPREE
Bt 240 I TOTEF 4 =T ORI EERAL
LT (AUCo.240:0 ~ 240 #E THF O 4 =T
%# AUCTRL7), P2 =5 RS PPADS D%
B A LzE 5, PPADS ORILER, D7
a5 4 =7 % # 8 EIME LTz (AUCo-240: 22.8
+ 5.9% of UTP alone, n=8, p<0.01). 77 7H# A
Sy RS HMERET v b TIR, UTPIZEATH
F4THEEECHR SN LR (AUCo-240:
49.7 + 9.1% of control rats, n=7, p<0.05), /IELD A
T A Vv RSSOk AR (C #iiE) 2% UTP
I REL, TOFASTEBRLTVWAEER
bha, BKiEZEKE LT, UTP APVERT S P2Y2
B LU P2Y4, %7 UTP O# Y UDP MWERT
2 P2Ye SHMEMEFHN B, P2Y2T v F ¥
24U IR UTPIEE BT ET A =7 %5 IHT
2 At (AUCo-240; 27.6 = 6.6% of UTP alone, n=8,
p<0.01), P2Y47 vFEvAR) TREREL2VWE
¥ (AUCo-240: 94.8 = 12.8% of UTP alone, n=7, p>
0.05), P2Ye{EB¥ UDP k7074 =T &L
v Edb (AUCo-240: 6.8 + 4.8% of UTP alone,
n=8, p>0.05), P2Y2 XFEAT 1T A ZTHED
HEZEREZLONS,

6.
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POY2 EHEAL AT LT AR {EA D DT
BAAALEABETH L. BE, P2Y &%
(P2Y1 2 %\ i3 P2Y2) &M LAt PKC &ML T
TH 4 v SR TRPV] ORIGE L, RRE
T AEEBRKEIIERITIENRESN
7712 UL UTP LB T7EF 4 =TI PKC
EX T BEEshT (AUCo-240: 948+ 13.6%
of UTP alone, n=8, p>0.05), %7z TRPV1 fEAFEIC
YW E ST (AUCo-240: 89.8 = 14.6% of
UTP alone, n=6, p>0.05). L7iz#oT, AA=HNV
a7 4 =T RBIELT L TRPV] OBZHER
EAPEE L TWRVWITRREREALNS. Ay % 1)
DRG = 2—10 Y213 P2Y1 EEEKMEALTHY,
>0 P2Y1 SRANMAIB O ETTEE) V7 LT
WA TTEEMAST 7Y A Y A # VRS, AT
VTR - REMERTHLMCENTVD B,
L7252 T, A0 A H =X 23 EDRG =2 —
oy PY: SHEEENTH VS FVERICEFEL
TWAMREELZEZLRS.

37, EROHEERLENLOO, P2Y ZH{h L
BiEEREE AL &I, TA MY PAERME
#0485, ATP IZEHM M0t 1/3 THRIGHE
PRTOHLT, BHEATA OTA b TidFA
Y44l ATP T Ca2* ISEN B bhb. TA D
o%4 b TO ATP K213, P2Y1 8 XU P2Y2 =
AENMEL, GEAE/PLC/InsPs ROTEEAL
AMELTVS D, 527 A badA M2 ATP
WL, P2Y1 8 LU P2Y2 Za kg L TR
T 37 AT M4 b B S UEERRC Ca2t wave &
(Fis€ D, TAbOFA M, BEREEERET
w%ﬁi&#ﬁ%’é:Ilf:%’ﬁ‘?&#ﬁa‘%-’&?wiﬁ}%@%"ﬁﬁmf
EPLEREAEOLNE T &, P2Y) FEEDH
EEMEREFVOFMEATRRENSFTFOL2
L LTCDNATA 707 LA THREENLZLS
PEETBE, TAMOHA L0 ATPP2Y ZEH
I NMNRLBERELRC) V7 LTWwWA A REH
MNEZLNS.

Pk, REFIF /A P AEWREBICEE LT
ATP # i L P2Y2 SEMGZRIBMT A LILL b #
ETIEREFTRLTVAI L, EHIKIOYIT
MR AT BAE— KR OERED P2Y2 &
BAKEERILL, AD=ANTOFA=TESIGE
AR L, RN, B ORI
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LItET 2, S ATP L 2NZAHKTH b P2 ZAMKE AT 2 WIREEIR, A
BHBEEL B Y Y7 LTED, B4 4 v F v A0 P2X ZEMKIE, KM
B L PR O IRMEE & DBROILIEED 5, HIERENTWVWS, —KK
OHEREE 1212, G BEELNE ATP 254 TH S P2Y ZHKLELELTWS
H¢, P2Y Z 3R ERWAEE B L TR D% v, AR TIMEEE L ATP
B L, e P2Y ZEMICER LTRIOMRZIMET 3,

(=4 21 =2 27:560-568, 2006)

F—7—F ! ATP, P2Y &Mk, B -FREHat e

lFCBIZ

ATP (TF /v »=) ~B8) (35 650 51z
AT A2ZALX—0ERTH 555, 1993 4
I ATP %4 (P2 E(F) cDNA #¢7
o—= 7 ENTLR, ZoiMIarERzED
BELT&ZEEHENTW S, P2 ZEREE,
Ad Fr 2N PRX2EKE GCEORKER
T P2Y ZEMICKMNS N, FNENHTIEF &
BN 74 7T EHENLTWS (K1),
szl FRIGEML T, £ENH LD
AN ZHRICHBELTEY, T2 Tollirn4g
MR EFEHEIC) v 7 LTwdEFLLILTY
5. ATP/P2 Z&fkH4R 5 M ZHIZ LT
/AN AN E A, BE, & DA
DA TW A5 F0—25¢, FEHREELD

FLEMHETH B, 1995Fi2, A FraNVE
P2X %k 727 5 20 P2X R BIEAFKIH—
KR E RIS REL TV B AR L2
EENoIClERLY, P2X,REH Y, S5
1243 P2XonBAEMNE, FFIC SEMR PR IZ T
LToz{ nmRyrEmanl, 72, thigHE
MR e ¥ DI AT O LRI TIE, G
— KRB IAR T H 5 B Wi EE
¥ EANAMCIRBEEIEMET AL CH
WhEILAAY, ZNE) LWRETTNVIANTHT
ENARMBE (ToF4=T) OREL LUHE
iz, EitigAaIzor) 7o PRX RERK
DRBICEAI PO LREZRLLTWEI L
DML EL 725 s HICPXRERK
R, KGOTMARE - MEICKECREEZ S
BT L, FHC B A MBI RE
DD &% P L, 18 MERERRIEAE - HEFF &5
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P2 X\ 461114

1 ATP ZEHOEAR
A A v F v AT P2X BEMKI P2X, 0 THH, GRAMMAEN P2Y REMKE

P2Y 20611-10 @ SHHFMHNLT WS

b TWAEBELSTFTHE, —H, —K
SRODMEREE B L U FORLEMIBICIEGCEEHR
W PRY ZHELFEELTWEI LML
el ottt PRY RAEMFERHEEECMT S
3% v, RIRTIE, —XROEMIEDTR
FAEEE ATP L OBEMEICOWT, Fri P2Y
ERICIER L TEBEN MR 2 WET 5.

i

,‘1;:
1. DRG @ P2Y &%

— R E R IS IE P2Y R ABR O RIAL T
Wa, P2Y ZFEMK L MEHROEEICHET 51k
WO Ri2, Nakamura & Strittmatter”? #
LTH B, HHI3 P2Y, ZEK mRNA A5, KT
HIRAMFE I HINE (dorsal root ganglion : DRG)
HEMNaD = —A —T&H 5 RT-97 (Dl
s HBLTWwWaR IR RIBLE 361,
P2Y1 RAMRE MMM I LT 72V A0 A7
TOLIRTEIE TId, Mildic X D EiR S L5 M
R %, ASHE ATP (1 xM i) A < i
MY A, F7, ATATHERO MBI L5

RO RE L ATP THFICWMAL, ATP
Z 7RIS (suramin © pyridoxal-phosphate
-6-azophenyl-2’, 4’-disulfonic acid (PPADS))
B LU ATP 4B apyrase 12 & D iHKT 5.
F7:, = AN DRG filzic 5\ T b,
el Hc B o) DRG opamla T, ATP fiic &
D MNP A v LR E ER-A R b, InsP,
FEMIETE B L Ntk Ca®*-ATPase [HE
Wz EDiNET S, HIFREICBVWT LRERD
ERPETED, ZLHDMAE, P2Y, ZEMRK
% AS FHER RO IR FIERBL (hhifldh) D1E
ERIICESC ML L T v AR 2R L T W
B,

filak L7z & 9, P2X A MI2/E DRG
sanlatoiz, P2XoB LU PRX R AEWRIIPED
DRG #Esilaicit < FEIML T2, ML
A B2 iLb@/ N DRG #kileic, P2Y &
HIZBRIMLTWEDIESL ) » P ATP T/WEB
I oo vp 8 DRG Hp R sm e 2 Bk LT, #ia P
Ca*iftis ([Ca?*]i) b2 WsET 5 &, 80 %fz
}£ 7 DRG #hkania T [Ca?])i LH-Heiilg & v
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