Voltage-gated sodium channel (Nav)< S+A AAAMEZAA YEFS AMxu ko=
FUAA  EF5 S (action  potential)2]  Eat-=r(depolarization) 7S TESIE
99 A (membrane protein)©| TH1]. Nav< 7|53 2d SAo] o-& 9712 oFF o] QItiI-

3. 1% Navl.8< tetrodotoxin®| th3st FrAdo] kol tetrodotoxin-resistant (TTX-R)
channel2 &7 %™, W3dF(inward current)el] 23t &# =S
kT4, 5]. Navl.8<2 135417 A (superior cervical ganglion)o]t Zul A7 M| EZ o A =
e slbx] ko, F ¥ el A7 A (dorsal root ganglion)¥} 2 UERZAAA XA F2
DA AT, 4, 5]. Navl.8> AAABAE T 2AAY F3F A7]2 A A ELolA = w4,
6-9], ol ABAHAZ= diFZ 20l #ofsts Ao dHA T4, 10, 1] A
g del s Faff A=l gk whg fFel wE At 543 Navl.8
Hd e AHRAAE A Ay, diF2e 284 417 Al E(nociceptive neuron)©l] A]
Navl.go] ZatA W= Aoz HuEASmM[10], 2 A(neonatal) 2F || capsaicins
Folst & I FHEHYAIAE A Navl.8 mRNA7}F 7HAstth= Ba% Qloh4]. H=3h
Navl.8 ZA<EPR-A(Navl.8-null mice)E ©]83st AFlA Navl.8 AEA Fall 7144
Aol i3k B35 9 X (threshold)7} Z7F8Fa1[12, 13], 21734 <1 ZH(nerve growth factor, NGF)

d

4! complete Freund’s adjuvant (CFA)°ll 93l =¥ 954 &5 29 (pain hypersensitivity)©]
ZraetH[14, 15], ¥ EF(cold pain)®= FrAasttheE ®Hazp QioHle]. oldd A =
Navl.8¢] ¥4 SS(acute pain) 2 P54 S5 Fost 95 sivtes A
AARSITE ey AR Aol A ABEGA FEREAEE A AI A Navl.8 mRNA2
Hhalo] 7+A43kall6, 17], Navl.8 A& &R oA AMAHAYA 5 (neuropathic pain)l ol gt
FEol vt BaFHo[15], A E FFolA Navl.ge] &2 WehshA] ¢t
Glutamate:= A7 A2 i ARG EARAN 55 AD7de T3
] st], AARAEEAE WEE7] Aol vesicular glutamate transporter (VGLUT)Oll 2]l
] 2 (synaptic vesicle) WH-Z  FYEUCHIS). VGLUTE VGLUT1, VGLUT2, “18]i
VGLUT3$] Al 7}4] oFg o2 Uy, thit9] glutamatergic 2174 A13+= VGLUT1 %+ VGLUT2E
b, o]F2 glutamatergic AEAMES] THH 4 EA A (marker)®  +-&5HA ARSI TH18].
A2 ZE A 74 A 3E (primary  sensory  neuron)©|A]  VGLUT1 = & A7]9
71 Al =873 21 7 Al 3 (mechanoreceptive neuron)o| 4] & H ™, VGLUT2+= it 2HAL &7
A719] SN A sl M2 e U e WERATH19-21]. VGLUT1+/-

2
(o]
o

M
X

A= [}

1

> 19
o
> o



nheAE S W AAEGA TS #H gEHkgol A mhesl Aolr glon,
VGLUT2+/- vk AAEE sE Rl 44 vhe-2ol vl ¥ A=l tish rEgo]
Fradteh22]. Eot FHEEalA AIFM A VGLUT2E A|ASH whg-~E o] g8 A ofA=
VGLUT2 &AAl 71AA 9 b A5 st 54 F2Rkgol fdasiglon, 954
EoHbgol  fasta, AAFEGA 7IAA HANige] Fasidlom, W o]&HF(cold
allodynia) 3} e} 52t} (hyperalgesia)©| o A = 3 TH23]. ol &t A=

A ZEA ZA A oA VGLUT29 28] vi7) == glutamatergic A7 A Eo] J4 FzHEnt

=
AF(tooth  pulp)ell  FESE AIEAER R e AS

&7t 873 A1 7 A f-(nociceptive nerve fibers)=, &]F-°] 3l zp=ol ®17HshA Qb SRR
A

BxAAA ] TF NS AFsked F8% 24 Rdo|th24, 25 HTE AT
w2, AFe] A AolA Navlge] wao] F7hshke] Navlgoe]l A Wl 54
5% /1Al Fost Js & ThsAdol leol HiEvh26-28]. HEsh SF 9 Abgt
Aol VGLUT1# VGLUT2 R H3Ew[29-31], CFAE AFol T3t dF=
FEstd  VGLUT2 W<y AAAR7E S7Fskil VGLUT2 o] ik gol
Z7FskcH29, 31]. VGLUTS W3S glutamated] &3 dAito] QJormE([32], AF

ASAl VGLUT29] W& F7he| wheg) glutamate®] WEo| S7FshH, o2 <3| VGLUT2
WA ASd STl dold ¢ Qe FoR A4Et HT dqel wER,
38 AFAEAM 26T ofske] Fal W FaliT W@ Aol g @AsEH=
transient receptor potential melastatin 8 (TRPMS)% VGLUT2¢} 323849 VGLUTI 3+
THAsHA %= Ao® B RUH29]. ol TRPMS w7/ W FZbell VGLUT2 &%
glutamatergic 2174 ddo] #HAL F QIFES  AAMETE I8 Navl.8s EHsH=
A7 M L] glutamatergic A7 A Eel] oJH o} o] VGLUTZ} #ost=A= H&shA] @t
ofef] & Aol = olTHFEA7IME olEsto] AF AL Navl.s+ A A 9}
249 Navl.8+ A17ZAAGolA VGLUTI 2 VGLUT29}e] 2+ ks BEA&kgith o]=
FAHFEGGANA Navig w7l S ARAD VHE weled 2% dHE A

Aol e},

o2



Az 2 Wy

L A¥FE
AdsEe He W HX= AEUdw =252 93] (ntramural Animal Care
and Committee)2] F<l& Whop sttt £ AFoA= Fetdn|Zd A4S 180

5ol 340-370 g&1 5% 3 F(Sprague-Dawley rat, 10-11 %) 3v}2] & A28}t

A0
= sodium pentobarbital (80 mg/kg)= 7 Ul FTAFSte] ZA v AR % 100
mL2] &|uHo] ¥3E A2 d4(0.85% NaCl £9)2l 500 mLe] 4% paraformaldehyde
2-H(PFA; in 0.1 M phosphate buffer, pH 7.4) 0.2 ¥F1178S A5G Th A=Al 7 A 1) Afet
2 AFE A& ¥, Y nG Aol 4coA 247 Bk FuAgEdh ugH

Z 22 0.1 M phosphate buffer (PB)= A& 3t & 30% sucrose (in 0.1 M PB, pH 7.4)°] 2]
goCo A o7 ot AAAZY ved sAdHI|E olgste] 30 fm FAE HAS

A=t #0101 M PBE AlFstal 24 ol FAC AFHS Eol7] fs 2HS 50%
o g2 304 FoF HFS-AJZTE AHS 0.01 M phosphate-buffered saline (PBS; pH 7.4) . 2
ofe] 2 FAHsE & v 504 {33 HAsIe7] 9138 10% normal donkey serum (NDS;
Jackson ImmunoResearch, West Grove, PA, USA)°l| 303+ ®E-SAIFTE o] Ax}gHA)
£%n PBS, pH 7.4)°1A4 16417+ FoF WA 7T} Ao AHgE dap A 9

¥ A|AF= rabbit anti-Nav1.8 (1:1500, Chemicon International, Billerica, MA, USA) &3 % 3}
guinea pig anti-substance P (SP; 1:1000, Chemicon International), mouse anti-calcitonin gene-related
peptide (CGRP; 1:1000, Abcam, Cambridge, MA, USA), biotinylated-isolectin B4 (B-IB4; 3.5 Cg/mL,
Sigma-Aldrich, St. Louis, MO, USA), mouse anti-parvalbumin (PV; 1:1000, Sigma-Aldrich), mouse
anti-neurofilament 200 (NF200; 1:100,000, Sigma-Aldrich), guinea pig anti-VGLUT1 (1:1000,
Synaptic Systems, Gottingen, Germany), 5=+ guinea pig anti-VGLUT2 (1:500, Frontier Institute
Co., Ltd., Hokkaido, Japan)E A 3§ F# o] we} xgsto] AREedith. vhad dHS 0.01
M PBSZE 3xt# FAIsH th3 2% NDSel 303t Hb-g-A]7] 3L, donkey Cy3-conjugated 5=+
FITC-conjugated secondary antibodies (1:200, Jackson ImmunoResearch)E 333t 8ol of A
3AIZE &9 RESAIF T B-IB49] FFAME $J8lA & streptavidin-Alexa Fluor 488 (1:800,
Molecular Probes, Grand Island, NY, USA)ell 3A]7F &QF HEg-31Qlth 1 & 24 & &golt
el £XF ¥ FYAVFow BATHA



Faguodnkgo] FAdstA BEEE ABAEE WYY ABAEE AAste] FA
ARSI 3kl o] Aol A2 FS e7le] AR EA 4 ARET 6712 BdE
AES Adgsto] F 36732 ARl #E93F3Th AP Zeiss Axioplan 2 microscope (Carl Zeiss,
Gottingen, Germany)®ll 2% EXi digital camera (Q-Imaging Inc., Surrey, CA, USA)E A}&-3}o]
2008 H1E-(1360 x 1036 pixels)® Z3slo] TIFF dd & A A8ttt o]=dFd A MA|, 7zt
Adel gt A AAAELE Bt ol58 323 ofFE 2437 918 Imagel
software (NIH, Bethesda, MD, USA)E A}-&-3}Sith. €+t o|u|A| & grayscale ©| 7] x| = W33k
5, BAS S8 Briel diulE ddd Veew xAST WGl ARAEE
A7) f1sh AX= 0-2559] grayscale W 9lolA 100-1200.2 Akl w7}

AER 5, 3mbEleld A2 SRS ol&st

>
fuieu)
o
i
=2
>
okl
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F=dAE AL



A9 A Aol Navl.8 AP INHE(Navl.8+)> AFAES] HE ALt
AZANA #AHGTE Navl.s+ AAAEE girE: A 27+ 37)9ow, =
NAAZANE EEA FFEEHAT diFES] Navlsg+ AAAZTIY £ 1.2%)=
VGLUT2¢F  3ddsigleor, VGLUTIH  33dsts Navl.s+ ABAXE =4
B2 9 UH2.3 + 1.2%, Table 1, Fig. 1). Navl.8+ AR A L= Z2-RAANA AL FA A<
SP, CGRP H=+= IB4s} bdstgiont, nluwz & 2749 Rl Al oA Ed == PV
T NF20039= =57 F2dstgdth(Table 1, Fig. 2). H3h 3] Abelr o430l A
Navl.8+ A= XEHF A G (radicular pulp)oll A ths o] Fo] F354 1 A&
AL FAskA ko, X #F X F(coronal pulp)e]  FAFolA = RIFSHA
A BF om | X I X429 ¥ F-(peripheral region of the coronal pulp)ol| A= ' ¢ 517
A AT A Navl.s+ AAASE Aol RAE AlolE A AopdA# W=
TAFATHFig. 3). A FHF Aol FEE o F22 Navl.8+ 2AAHFE VGLUT29}
sd sl o, VGLUT1 3= =&/ & 33 831 thFig. 4).

T



A Fe Ade a3 2ok 1) A3 AR A Navl.g+ A7 A 22
' VGLUT2(¢F 77.9%)5 2dstlon, VGLUTIY & 3
EEATHEF 23%). 2) FF AFolA Navl.g+r AZAFE AT FRFA
HesAl wEsIg o,  dFE  VGLUT28  wEdssith ol#d Ay
TRFHF-S A Navl.8+ FZFE8AANEAMEZE VGLUT2  ¢<&4 glutamatergic
AZAES Tl 54 Aol B = Aa= AAets 2494 SAE AT
Navl.8>  AAY  F3+ =79 HRIAZABAEZAA AT, 57
FUFEAAANADM AN =2 FFOE THE = voltage-gated sodium channel® & A
23t Ao M=, Navl.82 54 &5 (acute pain),
w74 W &S (acute cold pain) ¥ 9S4 FF(inflammatory pain)°ll Toist= o= LA
AL oE =°1, Navl8 ZAErR¢XolA= Fafl 71A4 A=l st F%5 A7
S 7Fskai[12], A1 A A (nerve  growth  factor, NGF)ol 93 {28 4
&2t ¥ (hyperalgesia)©] #HA8FATH15]. B3t 8l W@ A= B A2 AEelA e Z1AH
o
=

b5l g wEg = ZFASke], Navl.gol 7714, 4 9@ W FZfe] #ojsis Zlow
K 1% I TH16]. Diphtheria toxin A (DTA)S ©]&389] Navl.8 o3 FANAAEE
Aeld oz A A3 Woluk- A~ (Navl.8-DTA mice)E A O 2 3 Ao A E[14], Navl.8-

DTA BH2t 389 £% 715 #4980 ALH A% A3 f3) D 4TI

AA st 9 AFel @ wrgel @A

Al AFET

VGLUT+=  glutamate® A1~ A&
G A 2 A glutamatergic A7 Gl T oS 18], VGLUT13 VGLUT2+:=
SFAAA N FERGA FEE Holw, AR oE 7ed 5 AdHo] ot
VGLUT1> F5AIA AT A g de) A of 7 RAZRMEZAA EHE,
VGLUT2= #AAY S3F 2719 AR A e A dv20, 33, 34]. H5FEelA
VGLUT1 AP A AR 7 A A 587 (low threshold mechanoreceptor) T=

e

(synaptic  vesicle) WE & (transport)dhi=

AR

i
rl

L7242 74 M| 3E(proprioceptive neuron)”} FAFE = G oA EH M, VGLUT2E AsS}
C ST EANAMET FAEE dYeA ZddEr 19, 21, 35].  VGLUTI



o] ¢ A Al (heterozygote) "H-Ave S5 dE e Wyl glov(22], mRA9

=]
FEY A A AR A EA VGLUT2E A8 Ao s AEAY nhe2oMe= 54 55 2
ASA  FEHWe] TAhIE Ao HIEQUN23]. EIF  Navl.ss I
NABAEANA VGLUT2E AeH oz AAT Velut?”:Navl.8-Cre k-2~ 34 55 9

AZA EZol 7raduH36]. olEd AF A NavlgS wEst= AAAM L7}

=
gdslE o VGLUT2 9|4 glutamatergic 217 A&o] Navl.8 "7 54 &

o\
g
17

ofN H
s

of ¥
Aol A Navl.8+ AIFAES oF 77.9%% VGLUT29F F@dsiglow, o]
TRPMS+ AR A M FEollA H® VGLUT2 A& (eF 18%)Hth :9kth29]. =3
Navl.8+ A FGAEE 282 M ES] EA AR SP (19.5%), CGRP (28.4%), =+ IB4
(66.7%)9F FEHsto], FEYAG DAL ol AFdAe dAEATH14, 37-39]
AR A SP+ A AEL] 93%E CGRPE A dt= HI[4015 1dshd, &

g 7hsAel gt
3
[€)

8

Ao A TZE SP+/Navl.8+ 4 CGRP+/Navl.8+ ANAANELES T
BT, VGLUT2+ ABAIE A FEe]AddelA] CGRP = IB4E
delA QloJ[20], Navl.8¥ Akt #dE SAS HRlth olyd A= C
B3 EAANAAEANA Navl.83 VGLUT27F ] 2w w], VGLUT2 2% glutamate

PN
Aupold ¥ we Wrm Brag. 53 Ay A5 FurdAn o
AR RTY AMARAESZ S ALk AobdAlT Yz Fasgich ot A% Fas}

& Zlojehs FHe A 2AE AT
Zlolth. Egk A4 FHF-O] Navls+ AFAf= diF-T VGLUT2$ & &@shs whi,
VGLUT1#He] 2@ Aol #dEA oty 53] Navl.8at VGLUT2: AlZdA 9]
T 5 F(varicosity) F-91olA AstAl @Al on, o= Ao 3 2 A5 F

AME Ao A Navl.s+ AFEFZHFE VGLUT2 °o|&4 glutamate’} WEE 7S

ANAFETE = Fall Aol 98] Navl.s+ A FA 7 A8 EF2EA N axon reflex) S



o\
o\

dellAl VGLUT2 °]&4 glutamate’} W=EFHo] & Al % 9 Z o]}
2% 7+ Zk(peripheral sensitization)®]] 7]o1g 7}s/d o] QT
E AT Navl.g+ AZAAESY oF 80%= VGLUTI (2.3%) = VGLUT2 (77.9%)2
THrdstl o, oF 20%lA= VGLUTI# VGLUT29] 'Zrdoe] ##wA ¢kgkrt. uhebA
AAEZOAM  glutamateE WESH=A, WESITHH ow gt 7]Ho] HostEA|=
geelx] oktd AR Navl.8+ AAAXo|A= VGLUT37} glutamate®] AXA W&o
3

3

glutamate”’} &2 7L ATH44] $HH, o]& AAA XA = glutamate ©] 2] %

o ThsAel lom43], e Ca &4 Ax WEYRE oE VdES

S
aspartatel} nitric oxide?} 2 & ABAG =4 = AAZXH =40l Navl.8 w7 &2t

Az #A S 7hsA 5 ATHA4S, 46].
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a3

ui)

Voltage-gated sodium channel 1.8 (Navl.8) % x}&7ZF-87](primary nociceptors)ol] 4]
g5 9l (action potential)®] B Mo Fod oS sith T3 Navl.8> w4
&% (acute pain)?} A5l ol&l FE¥ = &5 2N (pain hypersensitivity)©l] ¥ofsh= A O =
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Table 1. Frequency (mean # standard deviation, %) of Navl.8-immunopositive (+) neurons
coexpressing VGLUT1, VGLUT?2, or neuronal markers (peptidergic nociceptive neurons: SP and
CGRP; non-peptidergic nociceptive neuron: IB4; relatively large-diameter sensory neurons:

parvalbumin (PV) and NF200) in the rat trigeminal ganglion (n = 3).

VGLUT1+ VGLUT2+ SP+/ CGRP+ B4+/ PVH/ NF200+/
Navl.8+ Navl.8+ Navl.8+ Navl.8+ Navl.8+ Navl.8+ Navl.8+

23+1.2 77.9+1.2 195+7.7 28.4+54 66.7£2.1 03+0.2 49+1.5
(31/1402)  (1314/1688) (381/1875) (495/1729) (1108/1672)  (3/1200) (66/1412)

13



Figure Legends

Fig. 1. Double immunofluorescent staining for Nav1.8 (A and B, red) and VGLUT1 (A, green) or
VGLUT2 (B, green) in the trigeminal ganglion. Navl.8-immunopositive (+) neurons mostly
coexpressed VGLUT2 but rarely VGLUT1. Arrowheads indicate Navl.8+ neurons that express
VGLUT1 (A) or VGLUT2 (B). Scale bar = 100 pm.

Fig. 2. Histochemical characterization of Navl.8-immunopositive (+) neurons in the trigeminal
ganglion. Double immunofluorescent staining for Nav1.8 (A—E, red) and markers (A-E, green) of
peptidergic nociceptive neurons, SP (A) and CGRP (B); non-peptidergic nociceptive neurons, IB4 (C);
and relatively large-diameter sensory neurons, PV (D) and NF200 (E). Nav1.8+ neurons coexpressed
SP, CGRP, or IB4, but rarely PV or NF200. Arrowheads indicate Nav1.8+ neurons coexpressing SP
(A), CGRP (B), IB4 (C), or NF200 (E). Scale bar = 100 pm.

Fig. 3. Fluorescent micrographs showing the distribution of Navl.8-immunopositive (+) axons in the
rat molar pulp. Most Nav1.8+ axons in the radicular (A) and central coronal (B) regions of the molar
pulp were observed in bundles and traveled toward the peripheral regions of the cervical and coronal
pulp. Navl.8+ axons were often observed in the peripheral regions of the cervical (C) and coronal
pulp (D, E), where they formed a subodontoblastic plexus and extended into the odontoblast layers.

Panel E is an example of beaded Nav1.8+ axons in the coronal pulp. Scale bars = 50 pm.

Fig. 4. Double immunofluorescent staining for Navl.8 (A and B, red) and VGLUT1 (A, green) or
VGLUT?2 (B, green) in the peripheral region of the rat dental pulp. The majority of Navl.8+ fibers
coexpressed VGLUT?2 but rarely VGLUT1. Arrowheads indicate Nav1.8+ nerve fibers coexpressing
VGLUT?2. Scale bars = 20 um.
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