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ABSTRACT

Trigeminal primary afferents expressing P2X; or transient receptor potential vanilioid 1 (TRPV1) are involved in the
transmission of nociceptive information. In order to characterize P2X;- and TRPV I-immunopositive neurons in the trige-
minal ganglion (TG) and trigeminal caudal nucleus (Ve), we performed immunofluorescence experiments using anti-
P2X; and anti-TRPV antisera and a morphometric analysis,

77.4% (1,401/1,801) of all the P2X,-postive neurons coexpressed TRPV1 and 51.9% (1,401/2,698) of all the TRPV1-
immunopositive neurons also costained for P2X; in the TG. Immunoreactivity for both P2X; and TRPVI were present in
medium-sized neurons but not in small- and large-sized neurons. P2X;- and/or TRPV l-immunopositive fibers were ob-
served in the primary afferents and their associated axons in the Vc. These fibers and terminals were distributed in the
superficial lamina of Ve: P2X;-immunopositive fibers and terminals were distributed in the lamina [ and II, expecially in
the inner part of lamina If (lamina IIi), whereas TRPV1-immunopositive ones were densely detected in the lamina [ and
outer part of lamina I (lamina ITo). Immunopositive fibers and terminals for both P2X; and TRPV 1 were observed on the
border between lamina Ili and Tlo.

These results suggest that terminals coexpressing P2X; and TRPV1 are involved in specific roles in the transmission
and processing of orofacial nociceptive information.
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FrbHd g B4 2gse AR RE datsalA
A5 S3le] ARl A7 28 2 (trigeminal sensory nuclei:
TSN)2o 2 FA}3lH, o] IAEAAAGY AZAE Azt
A7 A3 AR AR e 7)1, A 2 1Es
A EAed s XA T2 (principalis: Vp), $%3)
(oralis: Vo), $7F8) (interpolaris: Vi)3} 32)#) (caudalis: Vc)
5 408 oldl ez HEFEH 9 (Olszewski, 1950) 7. & A
AR med e R Fkebde oA s E2t
AEIF MH e Yoz deA o

Purinergic receptorql P2X $=8-7]%= A £9] adenosine-5'-
triphosphate (ATP)o 215} BATSI™ wHdHoz o &
& FHAPE 447124 B 2F The obEel
EA3= Aoz oA 9k (Collo et al., 1996; Le et al.,
1998; Loesch & Burnstock, 1998; Kanjhan et al., 1999). o]
F871% oA P2X,, P2X; 9 P2X,,9] #4E& £714]7)
= 5olAel 2H4A (agonish)el o B-meATPE Fuhi 5o
(intrathecal application)d 7-$ 2394} ul-o-g nolm,
WFd A 3HA] (antagonist)q] 2°,3'-0-(2,4,6-trinitrophenyl)-
ATP (TNP-ATP)Z £oJa}7 =@ P2X,, P2X; % P2X,,9)
ZA3el 3] of7|HE 71%o] AA YT} (Driessen et al.,
1994; Tsuda et al., 1999a, b). 3] A =Fo)A] &3
carrageenang xjgj3le] PHuEe-& FE3 AL AF o)
ZHEAQ) o,f-meATPE Hejstd FHubso] Z7isim
(Hamilton et al., 1999, 2000), P2X, $-AA17} gl oz 7
£ AFNNE= 229 (formalin)ol] g FZA Fzu)
$o] A%} (Cockayne et al., 2000; Souslova et al., 2000).
=3 P2X,; $47]= ¥#e]4174A (dorsal root ganglion,
DRG)9| AAM A FollA 2AY $7 A=) z7]18 7}
A Az A F2 33 = (Vulchanova et al., 1997, 1998;
Bradbury et al., 1998; Novakovic et al., 1999), o]2]§t EAl&
A1 744 (trigeminal ganglion, TG M= ¥ 7E 3 9ot
(Eriksson et al., 1998; Xiang et al., 1998; Jiang & Gu, 2002;
Ambalavanar et al., 2005; Kim et al., 2008). P2X; 48-7]%
Fojgo] FAAA FAH SAtoA A EHY (Llewellyn-
Smith & Burnstock, 1998; Vulchanova et al., 1998; Xiang et
al,, 1998), o] & P2X; 4~87] 8 H¥sle SAAL8So] A
217 mej#) 3} A4 (spinal cord)Q] A|2%9] k% oJjog
EAEG 2 2 uET 9o} (Vulchanova et al., 1997; Brad-
bury et al., 1998; Llewellyn-Smith & Burnstock, 1998; Vul-
chanova et al., 1998). ¢]2{gt A+ AAEL F3s] »o
P2X; #8712 A9 &4 R &3 gy 9%
Al ERIE= ATP} Adlelr, 29 Axe] F03 g
< 933l Qloke A& 9u)din

Vanilloid receptor (VR1)2 422 TRPV1-2- capsaicin,
3 @ AF(>43°0), 2l GFHES i) BEl oA
gAsEe B8 pUsie 499 FR5 YAHg At
%4} (Tominaga et al., 1998; Szallasi & Blumberg, 1999; Ca-
terina & Julius, 2001). P2X,7} wHai=E A $A18HA)
TRPVIE 2] A)74 (Guo et al., 1999; Valtschanoff et al.,
2001)2} Ar=}41 744 (Ichikawa & Sugimoto, 2001)8] =7]7}
AAY =] JxA A F2 4 de) =8 TRPVI
< ke FRgAAAY AR EA S gRE O
]3] 417 Al (unmyelinated fiber)S-o]®, TRPV1-& &3}
T AR FE A4 g AR 128
113 2 A3 uREe] BAgosH 49 Axd 2
238F 9&8 ghe}(Michael & Priestley, 1999; Valtschanoff et
al., 2001; Hwang & Valtschanoff, 2003; Kim et al., 2008).

el E2a-87180] YATHAMFANN SA) 2
she W4l el RIS 2keels) §ATE 7]
A A7sed 2A A9E Aoz DS ok
olel w&] ezl uirl gk B AT M= P2X, 9
TPPVI1o] F73etHod & Aulshe AAEAFA A &
Al W 3R=A], Ao HEgchd oW EL A=
A AN LEsh=R], 283 o] 5 Al AmE]H ] o
L RRozs A=A g8 £A4& suz) sl

X

ME 2wy

£ AgerM= =% 3vi2)9) 23 (Sprague-Dawley rats,
300~320g)& AH8-3le] AAE mEech AFPFEY B
3 9 AR ARddr FEAFEALINA s
wrold] sy shsich

Al§52& sodium pentobarbital (60 mg/kg, intraperiton-
ea)Z ZA w3l 2w, 500 unit®] heparin sodiumg& =
U ARAYS 100mLE AT 929 DEAE F)
#i3ste] d A& AAT o, 4% paraformaldehy-
de (in 0.1 M phosphate buffer; PB, pH 7.4) 500 mL-&- ¥ 30%-
¢ BRsk 3AsEY 1 F AR 9 Y s
HEste] FUTA YA AN 4°CollA of 247 Hot 714
3tsl2m, PB (pH 7.4)ell M3 2 30% sucrose-£4 (in 0.1 M
PB,pH7.4)02 24X|7t BIsle], FHA d&HA ] 27
Hell At AR EE A WA sk

T2AAIE o438l 30um Tz dHe Az £
HagddzAseh e Ageect BE 9L ALy
a2 wRE7] HelA AEslle) Al ARE Loldld
3l7] 913ked 50% ethanolo| A 3087} BH-& A=A sle] on,
0.01 M phosphate buffered saline (PBS, pH7.4)0.2 587} 3
3] MH3 oL, 10% normal donkey serum (NDS, Jackson
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Immunoresearch, West Grove, PA)& 30487} ¥l2sled n|E
o g Hasshes skith 2 & QA 001M
PBS, pH 7.4)o14} 24412} g2k ubg3iolel 2 Ao
o z}aA 2 4] anti-TRPV1 antiserum (raised in goat; 1 : 1,000;
Santa Cruz Biotechnology, Santa Cruz, CA)3} anti-P2X;
antiserum (raised in guinea pig; 1 : 3,000; Chemicon, Temecu-
la, CAYE ¥4 AM4sisich PBS= 10%2t 33 44 o
L 2% NDSE 3087} ukeslg]on, 221844 (fluorescein
isothiocyanate-conjugated or Cy3-conjugated antibodies

raised in donkey; 1 :200; Jackson Immunoresearch) 2. 34| 7k
W3-8kt PBSE 1087} 33 MAsty, FF42 1047
28] AT S W% eobols ol 278 99 #
% &n)7 (Zeiss Axioplan, Carl Zeiss, Gottingen, Germany)
o FxY o] (LSM 510 META; Carl Zeiss, Gottingen,
Germany)2.2 & 3 BA3o 323 dvj7ez 4
& S TIFFFA o2 43 ¥, wrle 3948 2%
soleh Az =] ¥ME M FF v A
3t Exi-digital camera (Q-imaging Inc., Surrrey, CA)2. 92
AR S-S TIFF B2 AAstg on, dele] Agar Bel
= 88 233 AAA A ©HHE NIH image software
(v 1.60, NIH, Bethesda, MD)& Al&-3ted Al&3}e] o, Kal-
eidaGraph software {v3.5, Synergy Software, Reading, PA)&
AHg3te] T E A3

2 AN AR dAEEA 8] Bl XE AZ3] S8
Hz2AHE siich YAFA FL2 oAFAE A4 EA .
et slelo] =2 preadsorptiond & th& oA AjF)E)
W 543 ez WyzzEEry s AR A
Eo|AE Relx WG] HA dsket P2Xqel AF &
A 3F P2X,9] ofn|icAt 383~3979) slefe]=e] tfs)
A3t HAGA Y] BolAE Fx 2ug/mLe] A ¥
ele] = (Neuromics P10108, lot P400124, Edina, MN)Z pre-
adsorptiondt 7%~ A4S ¢jck TRPVIe] 3 A= 313
TRPV1E] ejulixAl o] AT MEfel= Aol 5]
X & affinity purified polyclonal 8H4 o]ch HYPA2] &
o] Al 46 ug/mlL &t =e}o] = (SC-12498P, P-19; lot LO6I,
Santa Cruz Biotechnology)®Z. preadsorptiondt 7% Al

St

24 1

AR Ak el ABAZANA PX, 3
& TRPVIe) that Wojoprube-g BAa9c) 3ujele]
oA 948 3532 AHolAl P2X, W TRPVIS) Woejop
e A F02719) ARA RN F2 BAEY
o 2% 2 AAAZAAE PIX, WYY AR}

#arEglol (Fig. 1A). P2X; "Hdefdute-& Hol: 4174
Fo|A TRPVIS WA =E A A3 AA 1810749
P2X; WO AAMEZA 77.4% A7) ZAA(1,401/
1,810) TRPV1o] EAlol] waslgdom, UMl 22.6% 217
M Z.(409/1.810)eM = P2X;5h WYk dubs-& Byld =
3t TRPVI "R A7z P2X 2] 328 ¥43%
Az}, A 2,608788] TRPVI "ok AAH EFo)A
51.9 % A AN T A (1,401/2,698) P2X 8} T2 & Hejon,
Ve A] 48.1% (1,297/2,698)8] A1AH £l A= TRPVIe gk
A FAuE8-& 2l (Fig. 1B, O).

P2X; Z28]3 TRPVI RAPAIE-& Helx AAH 24
oM Wk AHFAR7E vhebA] FEE 9 dxuske
2 3 Rge] AT P2X; WA AAA EA
A A BxE 132.9~1758.8um*e]n] TRPVL = ekX
AANzA S DA Bz 112.6~1,095.9 um’e)
TRPV] A8 Rl AANZE v $7t=2
718 AR EAN F2 FEEGeH E AAMEAAE
A9 HAFHA Ak P2X; WA A7A x| vl F
< A FxE Hyoh £3 P2X,9} TRPVIS] HYfy
S FAle Rl AAM L F0E0]Y AAAM 2
1 F2 FFFgeH, o}F A Z AR EANME F
| &R kst (Fig. 1C, D).

A7z el A P2X; il TRPVI Hop gL
2745 9 AAZTENM A FL punctayel 2 AT
Aok P2X; HAgA AFAR 2 AASEES AISH A
25 EEH oM, 53] A2 Il M o F LEH
ek TRPVI Wk A4 G § AASEES A 135
A2%9) wpEZAM F2 FAEG o P2X 9 TRPVIE
A e AAMG 2 AREEES A2 4F

I upgzo] AR EA skl (Fig. 2).

X
2

al

ol

g

A

o
1.

o #

Adenosine-5'-triphosphate (ATP)= 22|44} 32 9G24,
283 WA A BHlEE P2X, 4719 Add
22X FEE opy|dth w3 ATPE WA Al =
Aol A E8]H A1 (Burnstock, 2000), E ¥4 2
oA FulEe] FAlel o8 Y wpgte] w=aln (Bum-
stock, 1990, 1996}, Z<F| xoljA] 2HHom Fu]%o|(Mae-
hara et al., 1987; Siems et al., 1993) P2X,& Z &3 F3l4
4719 Agste FEE op7)dT P2X,, P2X;, P2X 5
£4719] 284 (agonist)q] of-meATPE FjA| 5= oF
Moz o AT 2g FA4HEE of7|EH, P2X,, P2X,,
P2Xy; 8719 Z3HA) (agonist)?l TNP-ATP, 52 3 9]
3t P2X 4$87] 234 (nonselective P2X receptor antago-
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Fig. 1. Double immunofluorescence staining for P2X; (red) and TRPV1 (green) in the trigeminal ganglion (TG). A: The majority of P2X;-immu-
nopositive (P2X;+) neurons costained for TRPV1. Scale bar=50 um. B, D: Quantitative analysis on colocalization of P2X; with TRPV1. Among
a total of 1,810 P2X;+ TG neurons tallied in 35 sections, 22.6% (409/1,810) stained for P2X; alone and 77.4% (1,401/1.810) costained for TRPV1.
Among 2,698 TRPV l-immunopositive (TRPV1+) TG neruons, 48.1% (1.297/2,698) stained for TRPV1 only and 51.9%(1,401/2,698) costained for

P2X,. C, D: Size frequency distribution on cross-sectional area (tm?) of TG neurans for P2X;+ only (n=409), TRPV1+ only (n=1297), and
TRPVI+/P2X;+ (n=1401).

nist)¢l pyridoxal-phosphate-6-azophenyl-2’, 4'-disulfo-nate H ERdME == J93 §aurgo] A
(PPADS)S Eoistd o]¥ g &yl Asigctn 2= (Cockayne et al., 2000; Souslova et al., 2000). o]2}gt
9)ch (Hamilton et al., 1999, 2000). T3+ P2X; $AA7} AL AZEL PIX, 4717} do] oJg Ertnml Te o
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o
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A

o R
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Fig. 2. Confocal microscopy of double immunofluorescence staining for P2X, (red) and TRPVI (green) in the superficial lamina of V¢ reveals
numerous P2X;+/TRPV 1+ fibers and puncta (yellow). Scale bars=40 um in A and 10 um in B.

Bl fedshe Aoz A7 9l T2,
P2X; $471% AAAR oM 4559 A2l #
oJ5tA] ket & 9, P2Xy7F Aoz WEHEHE F
B3 P2X, #AA) AEE FEA AT W 3
outeo FAw R ¢kelom (Cockayne et al., 2000; Souslo-
vaetal, 2000), PPADS 2o & 83 T2 o5t 89| ul
317} ¢Jc}(Driessen et al., 1994; Li et al., 1998).

TRPV1 £47]% 33elA] vf-&g e FA4EY cap-
saicin, 43°C o] 9] 8l GAFT, 28] G334 #HFHE o
7 Qza] A9t Zdgstoza BEL F8Tl(Tominaga
et al., 1998; Caterina & Julius, 2001).

B AFME o] P2X; wd AZAM 22 TRPVI
i e uglen, £ TRPVI 8 17404
P2X, Helob & BATIT. ol PX, 4717 Wsts
#3lA453 TRPVI 58717 Adshe falaTel Td
NANRE B AR Zolge A onlshd PIX,E
SRS AN Sd ATe) 8 BF Aol
eld Aoleh AL AA)aie) dE2Y 2L el T3
F95E ultieis Aol o2t 3258 B, =
@ ATPE Tspalebn doEe U9 A44 55

rU

R

op7lgithe dFdaE od 3% A g (Coutts
et al, 1981). P2X; 4~£7] & TRPVI 4715 A=F3hd A
Aacbol|A] glutamate?} HFZEE &9 (Gu & MacDermott,
1997; Khakh & henderson, 1998; Sikand & Premkumar,
2007), oleigt 47150 BRI AAFR] BY35
gluamates] W&eo] F7HHW ol $FE v FHohe
£33} o€ ez 47ge,

2 d7el4 P2X, DAPHUEE Bl ARALAE
7t 2 FRarlden, 1 2 AR EAGN =
WS Beded, ol oA AFAFAIZA (Eriksson et
al., 1998; Llewellyn-Smith & Burnstock, 1998; Xiang et al.,
1998; Jiang & Gu, 2002; Hwang et al., 2004; Ambalavanar et
al., 2005) 2 % ®z]A17 4 (Vulchanova et al., 1997; Bradbu-
ry et al., 1998; Vulchanova et al., 1998; Novakovic et al., 1999;
Aoki et al., 2003)l| 48] A7 Ao} dxajstgt a8y
TRPV1 " AN ZE dusrt 2A7v 5713719
A7z A R en, T AlAH 2N E TRPVIC]
Ao LEEA odokd], of =g oA AAAAA
(Helliwell et al., 1998; Ichikawa & Sugimoto, 2001) ¥ F| ¥
2] A1 (Helliwell et al., 1998; Guo et al., 1999; Michael &
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Priestley, 1999)o121¢] |3 Aztel YXspgich P2X; HY
F3 AARNE FoA AAY F7h3719] AZAAH ZAA
TRPV1e] 33k A& FaAsigior] & AAM ZelM=
TRPV1e] aEz] oot ojejst Az= P2X, dokA
AAAZE 2] Wt Mz 98 753 B4E Hed
I = \_‘:}‘.

AP A mel el A P2X, 447] 9 TRPVI 4~87]¢] =
A AR FREL BF A3 A% & g
% (superficial lamina)ol] A} o] W& F g ow o]Ee] 417
A F AAELEe] dee Bz A7} itk &,
P2X; A AAAF F FLEL A2 2R
A Zel3 TRPVI <k AAMH+ o FEEL A=
R A2Z2] WER9 A el Tk P2X,9 TRPVI
Hukgo] &I AAMR 2 FLEL2 A3y 4=
Shoubgze] AR HAFY A me e ¢
+ 32 P2Xolak HYofAdel FLE, TRPVIG T WAk
Aql 2E T8]3 P2X,/TRPVI £47)7} 228 A4
FhEe] FAEE H97F N2 B2 B4 HolH, o]&
G ZolA B4R B Sl wel HelEix= 797}
Az vaoe AE oegd
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