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ABSTRACT

Transient receptor potential ankyrin 1 (TRPA1), responding to noxious cold (<17°C) and pungent compounds, is
implicated in nociception, but little is known about the coexpression of TRPA1 and other channels or receptors involved
in the nociception in craniofacia regions. To address this issue, we characterized the TRPA 1-immunopositive (+) neurons
in the rat trigeminal ganglion (TG) and investigated their colocalization with other proteins known to be expressed in
nociceptive neurons, such as transient receptor potential vanilloid (TRPV1) and P2X; receptor, using light microscopic
immunofluorescence labeling method with TRPA1 and TRPV 1 or P2X; antisera.

The majority of TRPA1+ neurons costained for TRPV 1 (TRPV1+/TRPAL+; 58.8%, 328/558) and 41.2% only expressed
TRPA1 but not TRPV1. The TRPV1+/TRPA1+ neurons were small and medium sized. In addition, we investigated the
colocalization of TRPA1 with P2X5, a nonselective cation channel activated by ATP that may be released in the extracel-
lular space as aresult of tissue damage and inflammation. Among al TRPA1+ TG neurons, 26.1% (310/1186) costained
for P2X5, whereas 73.9% (876/1186) of TRPA1+ neurons did not coexpress P2X;. P2X3+/TRPA 1+ neurons were predo-
minantly small and medium sized.

These results suggest that TRPA 14 neurons coexpressing TRPV 1 or P2X; areinvolved in specific roles in the transmis-
sion and processing of orofacial nhociceptive information by noxious cold, heat, and inflammation.
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Transient receptor potentia ankyrin 1(TRPA1)-2 v]A1e]=]
Fol B2 2A, A7 9l FEe]al7d oA W e
%o} (Story et al., 2003; Nagata et al., 2005; Kim et al., 2010).
TRPA1L 17°CHr} v fajgt 2%, 215214 3}§HE (iso-
thiocyanate, cinnamaldehyde, allicin), W ¢143 Q12}-= (bradyki-
nin, 4-hydroxynonenal)3} 2-73-g-8ll 5212l acrolein S-of 2]3j
Al 3lx ] (Bandell et al., 2004; Bautista et al., 2006; Ander-
ssonetd., 2008), ol = B5 H AAEA Al op|E= Y4
uk-gell Fo3 q&s T3tk (Ji et d., 2008; del Camino
eta., 2010). | 7] SAAR Ade] o3}
£ 4xp7 el 4] TRPALMRNAS] o] el sg)om,
17°CRe 2 {33t &= 254 Az o] Zgo] vyl
o B3 =9k (Park et a., 2006; Kim et ., 2011). o= 3t
Ak TRPALS] F7ehded el falet WaTe) A%
o 28 AL Sy AL oJn]F). TRPALS] Az}
AARTE Ze| 5523 (superficial lamina)e] At
ol 4] ZaA el =m (Kim et al., 2010), ¥ #-2]417d el
4] TRPA1-2 substance P(SP)<} cacitonin gene related peptide
(CGRP)8} F&3tE o420 Hale| = &35 (Obata et
al., 2005; Dai et a., 2007), o}2]74A] Atxkal 7 Ao A TRPAL
< e AAMES S IsiME A dEA A
et

Transient receptor potential vanilloid 1 (TRPV1)-2 7] A}o]
4l (capsaicin), fr3l gk 2= (>43°C), 2 G55 do7
ol EE o5 FAskEe S50 A el Fo7
Age rdsicly otej A g)oh(Caterina & Julius, 2001). o]
L =mg)a) A" (Valtschanoff et al., 2001)3} Alx}Al 4=
(Baeet a., 2004)ol| A 2A F7k=719] A173M e ¥
g ® oheh TRPVIZ Wlshe IS4 4=
A7 w2l g o] laminalz} || BpgEol] FAlg o 24
o] Axell F83 AFE Hddsle Aoz A7 A
oleh. 3k TRPV1S TGellA] SPu} CGRPe} Z&3ich
B 15e] gl (Baeet a., 2004), o] TRPV1E wtals}
ARBA A G50 SP} CORP} & Hejol=g
Fozm FHeldle] Y3455 Axel Fo7
S T Aelgte AL on|gith

Purinergic receptorg]l P2X $8-A)= %322 £AF 9l o=
A] #1] == Adenosine-5-triphosphate (ATP) 2} A 3}sl= 1)
Ae)H o] 2A e, 7742] subtypeS-e] 7] ghe}(Bumstock,
2009). P2X; 8-71= A4 529] inner laminall F-$]oj A
2elo] Hv), glutamates] #1]g FA147 B2k e
Mgt d8A ¢lvh(Gu & MacDermott, 1997). =31 Ak
A7 nzld M= inner lamina |l 3-9]of| A Walo] =,
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AN ARNAE 2t F7h2719) A Ze) M B o]
b (Kim et a., 2008). 2= ®are] o)5}d, P2X; 5477}
4 9 5SS 2l AR 5350 d3te] qlen
(Wirkner et al., 2007), P2X; 54217} A2 % A3 EEoA]
£ =23 (formain)el o8 924 E2go] §ola
7} 43k} (Souslova et al., 2000).

A 7HA] TRPALe] AFapAlZA A B24& A=dh= Al
ZaM el gk el ARl TRPVLF} P2X9ke] &
o I3 WGP AFAI= ok TRPALe] o3t &
Zr87153 FAlel LEse Aol deEiA elokE T
7okl e B4R 7S A7t B =% H
22} Aeksoh 7 dATelre 3159 A7 A A TRPAL
o] TRPV1 = P2X39} FE3 7], whof 33t ojd
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APTEY] 1 3 HAE A¥HTgn FEAYEE
£13] (Intramural Animal Care and Use Committee)2] +<1-2
w2 FEAARA N webx A&l 2 ATl
3v}e)e] 217 (Sprague-Dawley rat, 300~3200)5 AHg-3}ed
Aste =Eageh & QA7) AHgE Aok F Azt
AFH A 92 7#& SigmaAldrich (St. Louis, MO)el| 4]
stk

A3 =55 sodium pentobarbital (60 mg/kg, intraperitoneal)
2 Z2A v}z skeew, 500unite] heparin sodiume] 3%
AN 94 100mLE Az Q49 dEae B 27
sted d3 " A7 B8, 4% paraformaldehyde (in
0.1M phosphate buffer; PB, pH 7.4) 500mL & 573} 32
Askedeh 2 F AR S Asel A 4C
ol A of 2417k Fot T34 sgich 2 F 24& PB(pH 7.4)
2 A3 3 o8 30% sucroseg-2l (in 0.1M PB, pH 7.4)¢1] A
24770 nasdeh 24¢ $AMAE ol g3ted 30um
Tz AR AL I B IR 2SS
7re] Al&)aledck: WA 50% ethanol = A& 3087 uh-g-
ste] A o] FFE &olhA ot o] F 0.01M phosphate
buffered saline(PBS, pH 7.4) .2 587} 33] 4|23t )L, 1)
Eo)A ule-s FHA3)e)7] 98ted 10% normal donkey serum
(NDS, Jackson ImmunoResearch, West Grove, PA) o2 30%-
7+ whesledc). 1 3 U=}8HA) (in 0.01M PBS, pH 7.4)= 16
AlZE Fot vREERATh B AR dxEHA ZA anti-
TRPA1 antiserum (raised in rabbit; 1:500; kindly donated by
professor Noguchi, Hyogo Univ. Japan), anti-TRPV 1 antiserum
(raised in goat; 1:1,000; Santa Cruz Biotechnology, Santa Cruz,
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CA), anti- P2X; antiserum (raised in guinea pig; 1: 3,000; Che-
micon, Temecula, CA)ZE 7 Al&-sl5ic. 2 o8 PBS=
107+ 33] MA7E o, 2% NDSZ 3027 vH&-3k31 0w,
A x}ekA) o} wk-2-sl= 2x}3}A (fluorescein isothiocyanate-,
Cy3-conjugated antibodies raised in donkey; 1:200; Jackson
ImmunoResearch) 2. 3A) 7t ¥l-&3}lgit} PBSZ 1087} 33
AR st FH52 1087 23] AAT ohe Jg ekl
= 9o 24¢ Sk BF P BAL ste] YPn)A
(Zeiss Axioplan, Carl Zeiss, Gottingen, Germany) ¥ 3%
& n] 7] (LSM 510 META; Carl Zeiss, Gottingen, Germany)-2-
AHEsldet 324 drld ez HE Qs TIFFA o
2 A F, 979} Wk 2AsT AR A ] A2
2715 #AE] fEiA H3En el e Exi-digita
camera(Q-imaging Inc., Surrrey, CA) 2 &3t AR 52 TIFF
gdz AAsigl o, dlele] AHsiA Bolx AL =F3h
AAA Z2A42] ©HAS NIH image software (v 1.60, NIH,
Bethesda, MD)E Al-4-3}e] A &3}

B AFdA AR dAGA L] Bl S FF3] $E
A HZAPE o2t 7ol sl AAIA -2 o|xlE)k
A2 A)2)s}A Y, blocking peptide®. preadsorptiong- &+
= ellM AFd A3} FUE HAzA s E A8
A3t "G o] Folide] Helx] ¢lgirh TRPALe df
4] = A ele] = (RFKKERLEQMHSKWNF)¢l| o3| A3 A
912w, blocking peptide 30ug/mL & preadsorption 3+ 73
Hejopulgo] 2UFE A HAPoH WY 5
o)A shelsled}(Dai et ., 2007; Kim et al., 2010). P2X,4
of =3k A= 2F P2Xz9| carboxy EekE-o] ofm|wAl
383~3972] =leleo)=ef wjal AYA =gk Blocking peptide
%% 2ug/mL (Neuromics P10108, lot P400124, Edina, MN)
2 preadsorptiondt 7-¢- HAFAAUgo] 2AEE A I
Aoz WG SolAle stk TRPVL &4
= 317 TRPV12] amino-terminusel 143t selo] =o) o
3 A=A "G 2] Eo] -2 46ug/mL blocking pep-
tide (SC-12498P, P-19, lot L061, Santa Cruz Biotechnology)=
preadsorptiondt 7-¢- HFAuEgo] 2AEE S HE
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3ute]e] AF A HAF 157e] A" AhelA
TRPALe dj3t W edul-g-& Hasblvh. TRPALH <k
AR (TRPALH) 2 A7y F2b3719] AAAH 2AA 3
Hew, o] A7M el A TRPAL TPRV1S] FES
A5t eh (Fig. 1A). TRPAL+ 2174 Zol| A TRPV1S] 2
&5 #Aslyth TRPALZ} TRPVLS] &8-S 3nlE]9

2F Abelell A o3t xjo] B Ho|x| ggtowz AAE
A} 558712 TRPAL+ A 7AN EZo| A 328709 A1 AM =
oA TRPVLE EA|o) uralsle] om (58.8%, 328/558), 230
o] AlZA 24 TRPALTH(41.2%, 230/558) &l 5193t}
(Fig. 1B). TRPV1+ 21 AM Zo|A] TRPALS] WA =2 B
A3 2 A, 66871 TPRVIHAFA A7AH Z Sl A 328
el A7M ZANAM TRPALE F Aol 835tg] 0w (49.1%,
328/668), 3407112] 4173 A Zoll A TRPV15H(50.9%, 340/668)
3 skgi o} (Fig. 1C). TRPALS Wash= A 74| £ & TRPV1
& Z Aol W= A7A Z (TRPVIHTRPALH)E tjRy
A F2r=3719em (Fig. 1D, - H#3t+ 2FH 2k
460.2+166.7 um?), 2 A £l A FEo] TR A ook}

3utE]e] 3FeNA A3t 1973e] A=A 22 Hol| A
TRPALe] wigt W fxdut-3-& Bolx A7A 2ol P2X;
W e HESACH(Fig. 2). TRPALF A7 oA
P2X39] a&-2 3ufE]e] 31FAbeloll M foJ8t Afo]E X
oA ¢rolr A 4 9lldl, 1186702 TRPAL WY skA
AAM E FellA] 31070 2] A1AM ZoA A P2X3& FA]ell
3}l om (P2X 5 +H/TRPAL+; 26.1%, 310/1186), 87671 <]
A o4 TRPALEH(73.9%, 876/1186) 35131t} (Fig. 2B).
P2X;H A FAdub-e-& Bl A17A Zol| A TRPALS] HalA]
=5 B8 2 A3 6309 P2XH Aok AAME Sl
A 310709] AAM ZAAN TRPALE Aol dalsiel ow
(49.1%, 310/631), 321702 AN A P2X42H(50.9%, 321/
631) "3 sksict (Fig. 2C). TRPALS sk AlA =z
P2Xs& Aol elshs AR EE e Y $2k=
715c}H(Fig. 2D, wHH 2 3k + =53 2} 493.8+134.3um?).
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B AFeA AT Fo A oL} 2t 1) 2F 9
AxpA1 7o A TRPALH 2173 M| 4= B2t A]#1el TRPV1
< Al LEdllon, o] B2 F2 7 F3h=r]9 Al
AA A A FEo] FAEFSH. 2) TRPALT AAM 2, =
g 2 S 3710 AAAM ZdAM P2X 0t e FEFH-

2]

TRPV1E AHaal7d meld 2l 24 2o A] laminal
37 outer laminall 28] A] F2 W3l o] FHm P2X = inner
laminall F-9lell A F2 3ol He SA& 7ML Sle &
Zrpg7]15elw. ol#dt A A7 A A TRPALY]
TRPV1 === P2Xp¢} 3Egte 2 F7kqhdd gelx TRPAL
o o3 2o Ar|He] 2Y] HEY WAloz Helw

= Ag Ak

B 7oA TRPAL+ 217422 <F 50%7} TRPV1s},
oF 26%7} P2X,oh 747t FEskale ol HEe|Al 7 AN
o) -2 TRPAL+ 417 M 27} TRPV1 9! SPE 3l gioh=
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Fig. 1. Double immunofluorescence staining for TRPA1 (red) and TRPV 1 (green) in the trigeminal ganglion (TG). A: The majority of TRPA1-
immunopositive (TRPA1+) neurons costained for TRPV 1. Colocalization is represented in yellow in the merged image. Scale bar=50 um. B:
Quantitative analysis of colocalization of TRPA1 with TRPV1. Among all TRPA1+ TG neurons, 58.8% (328/558 in 15 sections) costained for
TRPV1, and among al TRPV1+ TG neurons, 49.1% (328/668 in 15 sections) costained for TRPA1. C. TRPV1+/TRPA1+ neurons were predo-
minantly small- and medium-sized.

o]z o] x 319} (Story et al., 2003; Bautista et al., 2005; Koba- ol AAtAIZAA 9l F|Ere]al Aol A o] TRPALS] 3l&
yashi et a., 2005) o}2 ofAFS B gth w3t TRPVIS 37 zpol2 Qldt Aoz AZEh w o2 71542 insitu hy-
Wass TRPAL+ AAAM 2] v &2 F@e]il7dAd (oF bridization 7%, A xA]3}817 |4 53 2> TRPALS 7
100%)ol wlsl Abxal 73 (59%)ell A B vl el A5 W o] Aeolof] 93t A 4 9lvk. TRPALe] v]lE]
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Fig. 2. Double immunofluorescence staining for TRPA1 (red) and P2X; (green) in the trigeminal ganglion (TG). A: TRPA1+ neurons costained
for P2X5. Colocalization is represented in yellow in the merged image. Scale bar=50 um. B. Quantitative analysis of colocalization of TRPA1
with P2X5;. Among all TRPA1+ TG neurons, 26.1% (310/1186 in 19 sections) costained for P2X;, and among al P2X5+ TG neurons, 49.1%
(310/631 in 19 sections) costained for TRPA L. C. P2X;+/TRPA1+ neurons were predominantly small- and medium-sized.
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AT EAE o8 FA3 =de Aol dEA sl
(Story et al., 2003; Bautista et ., 2005; Andersson et a., 2008).
T3 TRPALE %] 7| AR Sl 23t 552 Axel 7]
sh (Kwan et d., 2006), G5 2 21744 o9& 57
e 3}el Fodl= Aoz djA 9ot (Ji et al., 2007; Petrus
etal., 2007, Eid et d., 2008). o]=] 3} TRPA1S] <to] ojst o
< Aol = B73ta TRPALS Wl A1AM 298] 54
o] & k¥ x o)A okdl, & AFolAE TRPAle] TRPV1
Bl P2Xg9} &3 ARLE Bl TRAVIZ: 95 9 A
7N ekl o8, ol ohekdt A=l o3t
FAIRIEE 2AdYE AoE dEA ld(Caerina &
Julius, 2001). =3t TRPV1L- 43°CHY =2 a3t da}=
of o] FA3lEE 4-87)o]m = (Caterina & Julius, 2001),
TRPALZ} TRPV1E s AAM 2= Y52 2 457
& SAl AEE & olvbe A& AAREE 283, TRPVI+H
TRPAL+ 27M 25 F3lish WA=l o8t #td7tE do
Z & slvke A& ou]sid, o] TRPALYHS: sk
A5 8719 98 553 71eS AT Aozt
o 38hd, TRPALF TRPV1E FAJol sk A1A
A ZEe o] 59 IF3t 7|55S M2 2P =H Fagt
A=o] TRPVI+/TRPAL+ A7 M 2ol Hete] & AS 3}
RlEhkg-o] o we] Je3 o et A&E S A
olgh= A& AlAKHH

P2X; 5871 2219 &4 2 95 Al #8EE ATP9}
A3l 550 M=ol F23 9&& T3 (Burnstock,
2009). P2X; 8717} & HA] e APFES 22417
of Wgk faluk-s-o]l AT ET v o A3 3
aHH, o] P2X; #8717F &= 9 454 S
ZAZ = 78 o)n) 3k} (Soudovaet al., 2000). = < F-o|
A P2X3; 4715 3l TRPALY AAAN 2= HAA
o7 AAY FrA7|H 0, P2X; 471+ A3t Al
Zibetol| A glutamater} E-v]Heh= A& Zhekeieid (Gu &
MacDermott, 1997), P2X;¢} TRPA1e] F-&3s1= A AA =7}
FA3t=9 glutamates FR o Wol ER|AA FEE ¢

& 27 & ke AL AR,
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