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Distribution of thermosensitive receptors in the jugular

and nodose ganglia

i@ U & (&

WEMRR RO LR A SRS ), EEEOWEHIRILE
2B kR L RH 2O ), EEFOBETFIZTE
MEE AT 2" Y. ZoORT, W - A - IEE
B bokiil, 208 SERBEMLADNS, —
SRR & 0 I SET 27, S I R
FEL P O B S MR R SE B 2 A 2 122, WEEHER O &
T 2 EEME A ALY g5, ko200
IR = 2 — 0y A AL TR LT, 2he
MR AWM ORE = 2 — 0 Y AFEEL TV,
FIPE N L= — 2 IVZBIRICE D, OO 0MEE
5% X N2 B R ARAE D AT D S S B o T
%, BIZIE, FVE O R R MHEE AT b L —H— A
555 L 20% 3K EMGE LAGHo= -0 b L
— A ENBY, FHREIEH ) AN AWTY —)
BRI b L — — 28535 &, sk g
75 TS b7z o TEWEIFH O = 2 — 1 v | 2@
W F e BRI ERBHATYE b L — Y — 2 5
2k, WEMSE TGN L—2sha2Y toz e
B0, PRIEEE AR 1 = SR S B 2 &
LR, BRSPS S a0 Y AEIEL, Wi
MR T RSO — 2 —a Y INBREZ RN L TWbL I &
WIDDAL RE = 2 — 0 T, B 7 SR 4
HRIEEIER T 5 TR T 57201214 F v F v 2V E
TBY, AUMEHAN T 2 —a ICkoTRELA T
CFXARNEALTCWDS. FIT, ARBIZBWTIZkEM
R R & T AREET O & DRI 2 — 12D WA X
TV

RERE L HRE L S FICTHEHICAR T 2EB LT —

WmEE Y — MRS EiRE T, & F 8T 2iREHE
WRIBT 55D H5NTWSEDS, ARl E 0 b &Sl sUs

LMY KR IsEb:  TRERAER S 58
ke E SF Hib

KE K ®E K

Ther = {opHsnTwb. 3, 43CHE
DOEI T d 4 transient receptor potential cation
channel subfamily V member 1 (TRPV1) #HiF5H1 5.
TRPV1IEIA NV T LA EBEDOEAF Y F ¥ 2NV THD,
BRI THA L OZEEELTIEICERS L
vanilloid receptor subtype 1 (VR1) & @4 sinz:'o.
TRPVLIZ4A3T LI Lo @il o, B, o 7s o
EWACTHEN THA L Ik o TS hp'o 17
BEMEHO= 2 -0 Y ZZOKRESHSNEL - ffil - K
B3G5, RESICL - TR LBV H L &
EZHNTV R B AR T IE4960 %0 =
2 — 0 YPSTRPVIORIEREHEZ /R L, TDIEEA LN
AR SPHO =2 -0y Ths"HH gEgi~—
71 —C& 5 calcitonin gene-related peptide (CGRP) & @
HEP 2 -0y HEET, REZEIHBRLTVIEL0
LRI E NS i, THMERITIANT0 %0 =2 —1 >
WTRPVIDRESIOEEZ R L, ZDIFE A LIPS
MRO=2 -0y THhiAH, FHFEE&I1ER2)CGRPE
DIFEHII L AL RSNV TRPVIGH = 2
=T IOV TIE, TR b L — Y — & W ERTF
FAC LD RS ST b, REMRO KB
FRAEI CHSETRIC A B 5 &, JVE G R g e IHEE 2 55 A
5= 2 — 0 I REME LRSS CFTEL T 5.
WE BB OATAZ2—8a D70 %S TRPV 1M
HTH 2K L, TR T CHh 7"

TRPV2IZVRIOFEF & LT A SN, Hfvanilloid
receptor subtype 1-like receptor (VRL-1) & 19994F (244
5 h=® . TRPV2IETRPVI & V) il 52T BAE 2
FIMR T 22— L LTl Tw 282 ki
AR _EAREE R TR TR E B 5 110 %R0 =2 —1
YHTRPV2E A LTCBY, ZNHI1dH DL KD = 2 —
02 Th ™ KWL MO & O AHTO®RED
EARVAT ok = I S-S RV ARG

TRP channel subfamily M member 3 (TRPM3) i



AFERRE EARERT 22 & U2 T A

A

BT B o — D5

1 HHEIZBIFSTRPVI(A), CGRP (B) &merge (C) oA, TRPV1 % & Lot REMiHE 23/ H B 12504
L, KHENIRT TRPVIGHEMAEMAMEIZCCGRPH FEH L T b, A7 — )b/ — (A) 1350 pm% 7" 3. (A)-(C) 1&

FELL, FAERTH5.

TRPV1X 138% 277 3 —CTh 2", TRPM3OBIHE:
EBEIX W EEZ SN TWADS, TRPM3RE~Y Y A
D= MRS =2 — 0 233y hO— <y A2 43T
PEOBFMICISET 2 =2 -0y A LT
ZOZEhb, TRPM3bERIIHNT L —D—>D&
EZOND, FEMR EARE TR Ea0, TR
TRIWUFO=D=2—0 yATRPM3* A LT3, =
NOEDZ 2 =0 ZFINRSHEIT, &5 5 O
T4 TRPM3Mp = 2 — 1 > D70 %IETRPV1I S A LT
72. CGRP & O3LAFBIFRTIL, EAREETTIZ TRPM3F
Za2—1 D40 BLLEIXCCRPE A LT 7295, T ks
TRDOFHTH- 720 HATH L —H — % A7 0%
WL DA HERE ST A 22— 2 0% { IFTRPM3
FHLTOWE, IS0 Ehs, REREMEE AT 5
AR TIXTRPM3 & TRPV1 & [A Kk Bl x5 % +
Y=L LTHVwTWwBREEZLNL. TRPVIEELR S
HELT, MEEHNo— 2 —0 Y DIoMaTHh b4 55
A b7 7THES TRPM3%H L TW5AEA, FOERIEA
HTH 5.

REMIE L HRE G S PICTHERICAR T 2EEL T -

i &) DIVREEIZINE T A U —IZTRPV1DH
R o BUE BN CHE Sz, 20—>Tdh 5, TRPMSIZ
20024E 220D F N — T2k » TIN5 % TRPMS
IFTRPM3& 6] L7V — T35 S b 2%, 8 ~ 28T il
WUt A =& LTRRRET A13H, A Y =Ll &
STHEMALSTBA 4 F v AN TH A, HEMRE AR
TR0 %D =2 — 1 »HTRPM8% A LTV 5725, T
BECIEEE LW TRPMSKEM=2—1o vizE
B =2 — 10T, CGRPEDIFHBITLAL LD
NS0 AT b L —H— % B R R & B
WigeCid, I CTORBP L CHIED =2 —1 v
TRPM8% A L C\w7Y, LA L, IHEEHE CHTRPMS
B PERIREARHE D AT L — R Tl 7% £, BRIOZFE ORISR
MESH & C1E & o3 RAAICIE % i LTy o

LG, WETFEFICARMERE & L Ok R A A L
T, BHSEZBRAL TCVWELDEREEINS.

TRPF X A NVDH D7 7 3I1) —THATRP ankyrin 1
(TRPA1D) 1320034E 12& RIS & > TIHHAL E R B H L
F x % JVANKTMI1 (TRP-like Channel) & L THE &
7230 R SR = R IR TRPMSHE = 2 — 1
ICIEEBLTB LT, TRPVIRMA= 2 — 1 v O—&H)°
TRPAL% A L C\w7z. TRPALIZI7C U T o@dili’ oz
2 wAY— T s =k LT TS,
FEMRE LR R TR T, 3oz —arp
TRPA1ZA L T2, Hllcofi+ 5 T = 2 —
O YA B = 2 — 1 U ZHARTRPAL 7Y = & NIk
LCh IEMET 2 s T 2% TRPMSIE T ki
THRBL TRV L5, TRPALIZS M % MR &
LTEMLTWS LD LRSS, X5ICHOTRPF ¥ *
VD7 7 31) —7TdH5TRP canonical 5 (TRPC5) 1£25T
5 37C OWHBI K L CTHEBALT 2 F v 2T 2™,
HEMBE TS CIX, £To=a2 -0y PTRPCSE A
LTwd L) MEsH 5N

BEtY—%FA L LBRKRICH

TRPV1F v 3V EIEMEALT 2 5 74 & v 13l FRE
CBWCTHRIEH SN VWD, Z20—2THoh THA Y
VEATANVAE, BFOFNIEIT 5 LT IO E
SRS, MDY A7 BBHE Y. F7, HE
BIZH TFA S VHBEERANT S L, HWTEERFOFM
IS0 S AT & & Ol TSRS BT 2 L VO L A5
¥ ZoAHZAAL LT, Lk LAV @RI
R AL L T B R BRI O = 2 — 0 v 8
M5 LTWAIEARIBENDG. SRS FEMITL LI,
EBEMOLL LT (K1), Tk AR L b
YVE R 12 TRPVIB MR Bl S hcwnwa ™, &
512, WHBOREMEORNREZ2 515 b REMRE
RO = 2 — 1 212 b TRPVIOSEA RS 57
INHDZ ENS, HTHA Y VIREIZ X DA EEADH)



1

BN THA Y VEH T A VAL AIHEA~OR RS, JE
PRS0 9 5 TRPVIE A i 2 G AL L, REmRE
BEiO=a—8ar&2a LT, BWTRAIRHEE SN, TR
EHYHE L TWDZ EHREB SN

b W (I

A TIEREMBEORAED ) BRI Z BT 5t~

H— 12D THAEET T O 5375 R A RN DV TR L 7.

IS D& — I E IR EER AN O 22, A HER
MHIBE 70 & SR TR BRI 2 O SRR B A MIE L, FHbRER <
ENIBIEE % DHRE T AMERE L EA L, oy
HIREREMEZ TV A b L HEREINL. HEE TOW3E
WX VE Y v — DR EORENHL MR Y, —
HIIERIGHD ESNTwA I Ers, 4% ETETISH
BT THI L LR END,

z £ X &

1) Ichikawa H, Jacobowitz DM, Winsky L, Helke
CJ: Calretinin-immunoreactivity in vagal and
glossopharyngeal sensory neurons of the rat:
distribution and coexistence with putative
transmitter agents. Brain Res 557:316-321, 1991.

2) Standring S, Berkovitz BKB, Collins P, Wigley C
(Eds) : Neck in GRAY'S Anatomy: The Anatomical
Basis of Clinical Practice ed 39, 557-565, Elsevier,
London, 2005.

3) Sato D, Sato T, Urata Y, Okajima T, Kawamura S,
Kurita M, Takahashi K, Nanno M, Watahiki A,
Kokubun S, Shimizu Y, Kasahara E, Shoji N, Sasano
T, Ichikawa H: Distribution of TRPVs, P2X3, and
parvalbumin in the human nodose ganglion. Cell Mol
Neurobiol 34:851-858, 2014.

4) Standring S, Johnson D, Shah P, Collins P, Wigley C
(Eds): Mediastinum in GRAY'S Anatomy: The
Anatomical Basis of Clinical Practice ed 39, 977-994,
Elsevier, London, 2005.

5) Luts A, Uddman R, Grunditz T, Sundler F: Peptide-
containing neurons projecting to the vocal cords of
the rat: retrograde tracing and immunocytochemistry.
J Auton Nerv Syst 30:179-191, 1990.

6) Hayakawa T, Kuwahara-Otani S, Maeda S, Tanaka
K, Seki M: Calcitonin gene-related peptide
Immunoreactive sensory neurons in the vagal and
glossopharyngeal ganglia innervating the larynx of
the rat. ] Chem Neuroanat 55:18-23, 2014.

7) Undem BJ, Chuaychoo B, Lee MG, Weinreich D,

[zj:“

8)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

EdR

Myers AC, Kollarik M: Subtypes of vagal afferent
CHibres in guinea-pig lungs. ] Physiol 556 : 905917, 2004.
Sato T, Fujita M, Kano M, Hosokawa H, Kondo T,
Suzuki T, Kasahara E, Shoji N, Sasano T, Ichikawa H:
The distribution of transient receptor potential
melastatin-8 in the rat soft palate, epiglottis, and
pharynx. Cell Mol Neurobiol 33:161-165, 2013.

Sasaki R, Sato T, Yajima T, Kano M, Suzuki T,
Ichikawa H: The distribution of TRPV1 and TRPV2
in the rat pharynx. Cell Mol Neurobiol 33:707-714,
2013.

Yajima T, Sato T, Shimazaki K, Ichikawa H: Transient
receptor potential melastatin-3 in the rat sensory
ganglia of the trigeminal, glossopharyngeal and
vagus nerves. ] Chem Neuroanat 96:116-125, 2019.
Ichikawa H, Sugimoto T: Peptide 19 in the rat vagal
and glossopharyngeal sensory ganglia. Brain Res
1038:107-12, 2005.

Ellison JP, Clark MG: Retrograde axonal transport of
horseradish peroxidase in peripheral autonomic
nerves. J] Comp Neurol 161:103-113, 1975.
Lundberg JM, Dahlstrom A, Larsson I, Petterson G,
Ahlman H, Kewenter J: Efferent innervation of the
small intestine by adrenergic neurons from the
cervical sympathetic and stellate ganglia, studied by
retrograde transport of peroxidase. Acta Physiol
Scand 104:33-42, 1978.

Carobi C: Vagal afferent innervation in regenerated
rat liver. Experientia 46:50-53, 1990.

Osman S, Tashtush A, Reed DE, Lomax AE: Analysis
of the spinal and vagal afferent innervation of the
mouse colon using neuronal retrograde tracers. Cell
Tissue Res 392:659-670, 2023.

Caterina M]J, Schumacher MA, Tominaga M, Rosen
TA, Levine JD, Julius D: The capsaicin receptor: a
heat-activated ion channel in the pain pathway.
Nature 389:816-824, 1997.

Tominaga M, Caterina MJ, Malmberg AB, Rosen TA,
Gilbert H, Skinner K, Raumann BE, Basbaum Al,
Julius D: The cloned capsaicin receptor integrates
multiple pain-producing stimuli. Neuron 21:531-543,
1998.

Caterina M]J, Rosen TA, Tominaga M, Brake AJ,
Julius D: A capsaicin-receptor homologue with a high
threshold for noxious heat. Nature 398:436-441, 1999.
Ichikawa H, Sugimoto T: VRL-1-immunoreactive
primary sensory neurons in the rat trigeminal

nervous system. Neuroscience 101 :719-725, 2000.



20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

B DR 7 © NSRRI B AR 2 — o5

Ichikawa H, Sugimoto T: The co-expression of VR1
and VRL 1 in the rat vagal sensory ganglia. Brain
Res 980:293-296, 2003.

Hondoh A, Ishida Y, Ugawa S, Ueda T, Shibata Y,
Yamada T, Shikano M, Murakami S, Shimada S:
Distinct expression of cold receptors (TRPMS and
TRPA1) in the rat nodose-petrosal ganglion complex.
Brain Res 1319:60-69, 2010.

Sato T, Yajima T, Saijyo S, Shimazaki K, Nishitani T,
Hoshika T, Nishitani Y, Ichikawa H, Mizoguchi I,
Fukunaga T: Distribution of alpha-synuclein in the
rat cranial sensory ganglia, and oro-cervical regions.
Ann Anat 238:151776, 2021.

Sato S, Sato T, Yajima T, Tachiya D, Takahashi T,
Nogami S, Saito M, Yamauchi K, Ichikawa H:
Distribution and anti-nociceptive function of
endomorphin-1 in the rat cranial sensory ganglia.
Biomed Res 45:77-89, 2024.

Muraki K, Iwata Y, Katanosaka Y, Ito T, Ohya S,
Shigekawa M, Imaizumi Y: TRPVZ is a component of
osmotically sensitive cation channels in murine aortic
myocytes. Circ Res 93:829-38, 2003.

Ichikawa H, Sugimoto T: Co-expression of VRL-1 and
calbindin D-28k in the rat sensory ganglia. Brain Res
924:109-112, 2002.

Grimm C, Kraft R, Sauerbruch S, Schultz G, Harteneck
C: Molecular and functional characterization of the
melastatin-related cation channel TRPM3. J Biol
Chem 278:21493-21501, 2003.

Vriens J, Owsianik G, Hofmann T, Philipp SE, Stab ],
Chen X, Benoit M, Xue F, Janssens A, Kerselaers S,
Oberwinkler J, Vennekens R, Gudermann T, Nilius B,
Voets T: TRPM3 is a nociceptor channel involved in
the detection of noxious heat. Neuron 70:482-494,
2011.

McKemy DD, Neuhausser WM, Julius D: Identification
of a cold receptor reveals a general role for TRP
channels in thermosensation. Nature 416:52-58, 2002.

Peier AM, Moqrich A, Hergarden AC, Reeve AJ,
Andersson DA, Story GM, Earley T]J, Dragoni I,
Mclntyre P, Bevan S, Patapoutian A: A TRP channel
that senses cold stimuli and menthol. Cell 108:
705-715, 2002.

30)

31)

32)

33)

34)

35)

36)

37)

38)

Staaf S, Franck MC, Marmigere F, Mattsson JP,
Ernfors P: Dynamic expression of the TRPM
subgroup of ion channels in developing mouse
sensory neurons. Gene Expr Patterns 10:65-74, 2010.
Story GM, Peier AM, Reeve A]J, Eid SR, Mosbacher
J, Hricik TR, Earley TJ, Hergarden AC, Andersson
DA, Hwang SW, McIntyre P, Jegla T, Bevan S,
Patapoutian A: ANKTM]I1, a TRP-like channel
expressed in nociceptive neurons, is activated by
cold temperatures. Cell 112:819-829, 2003.

Jordt SE, Bautista DM, Chuang HH, McKemy DD,
Zygmunt PM, Hogestatt ED, Meng ID, Julius D:
Mustard oils and cannabinoids excite sensory nerve
fibres through the TRP channel ANKTMI. Nature
427 :260-265, 2004.

Brozmanova M, Ru F, Surdenikova L, Mazurova L,
Taylor-Clark T, Kollarik M: Preferential activation of the
vagal nodose nociceptive subtype by TRPA1 agonists
in the guinea pig esophagus. Neurogastroenterol
Motil 23:e437-e445, 2011.

Zimmermann K, Lennerz JK, Hein A, Link AS,
Kaczmarek JS, Delling M, Uysal S, Pfeifer JD, Riccio
A, Clapham DE: Transient receptor potential cation
channel, subfamily C, member 5 (TRPC5) is a cold-
transducer in the peripheral nervous system. Proc
Natl Acad Sci U S A 108:18114-18119, 2011.
Glazebrook PA, Schilling WP, Kunze DL: TRPC
channels as signal transducers. Pflugers Arch 451:
125-30, 2005.

BRWERIY, AHE, JU)IEF, fHE S F, ARSELE,
HEE EH RN LR EE AT BT
AV 2 BHUC & 2 T ROFHMRERD AL, HIR AT )
2k 17:209-216, 2013.

Kondo E, Jinnouchi O, Ohnishi H, Kawata I, Nakano
S, Goda M, Kitamura Y, Abe K, Hoshikawa H,
Okamoto H, Takeda N: Effects of aural stimulation
with capsaicin ointment on swallowing function in
elderly patients with non-obstructive dysphagia. Clin
Interv Aging 9:1661-1667, 2014.

Atsumi K, Yajima T, Tachiya D, Kokubun S, Shoji N,
Sasano T, Ichikawa H, Sato T: Sensory neurons in
the human jugular ganglion. Tissue Cell 64:101344,
2020.



