——~= 09 22—~ SYMPOSIA  — 0 &2 —
FE QI EBEAXREERESKEI VORI TLDS

EFDSEERRRY VRIY I LEHE (S1)

5589 M A ARAHLEAKREOWMAIL, —FAEZHEMICBHREL, HTFOXBHY Y RI T 4
(GO BV T IV A T4 7 ZAAM] ZBMBLE L7, R VRI T A, AiHEER» S A
W LTW2DTT2S, MEREIIRHAREBROEEICID, KRadhilbtzoTLE 72720, 2
DR, ZAFEBLTOEREV) ZLIZRDF L.

FTRTVAxT 47 A BEES) L) EEIX, 2006 412 Stanford K% ? Karl Deisseroth
510k o TR ST, EPBEORICHRIIBRNIED Y T L. 2hid, Fx
ANU RT U EOREZNSY VR B, BIaFNFEEHCCHRISEAT S 2 212X D,
ZOMMDOTET %I X > THIETE A HETH Y, EOMBEMENIEIIB VT, BWwWiEH
PEDOTVET.

L L7%A5, MIRRBRORCEERLE TGRS, $72, 2 LaErSHNREOTICIE,
(BRI D 5T E, ZOHEMOMPELET, EIVIFEEDHL00, LLMbHw] Lwvnykhd
Zbo L b3 TY. F/, ROBHICHELZMERICES>TH, ZOEM, LX)
GERGRGRTREL, BUIRTEZETHEATV LD, 72, ASOIRIZED L HIFHH
FTHEI VDD, LvosEHlE, BEICT7TAT—FTE5DEFESTEIRVIETTYT. Z0kr%k
[G3 LT RN RBEMAZMIEL, FMEzAL L) v oIllvodbls, KV URIY A
W ENE L.

VURITATIE, BELGIRBREANERE BRDLO—FEAIEME Y BV L, fiiAE
HRICBI LT T2 xT 4 7 ADMEDT 05, HIROBEZM S 7 O R, FEE
WIS % 72 DI ERBEANFE, L CORERDOR M T T, EFICLIEITDI 2N
Z, bR TEICSHHW XTI

FROOOMICL b od, FIFAEP SEZOREICEL T T, 100 %% B2 5BINED
#£3F0, FTLEROADBBNICRDbEN, HOLOTRGHEOMLOEESLE I 2T L7
SIEPSDEMT—FEL o720, [ED L) @AM TEE2RIRTIUE I Vv 2w i
TL22A, ROBE2EMESNTWE—TEERLE, —D2—D20 MK L, WiEr> T %%
THEEWREEF L. BELLELLDOBIMBILE 5T, TNIEERKWIER SN -NEE
HEPSERL TR INOTOZ LR o BnTE T, RALLLFEKREH>TWES
[58 %, MEERHMFRICEZDZENTE, HELMWMROWASIZHY T L.

MW, Ry VRY Y MFEEISE RGO T, —EH2 S —HEEREEZ FEL TV 20T,
EBIIE R OBIBREE TR ) i E, HREY Y RIYTLERD F L iliio—i%
1, RUIDPOIRETTUL S IER L TERIWAZE, KM TAHEEZNT LI LI
ToTLFIFWFE LA #HATA FOEMIIHIT2HNLEDL L, RYITKERMFZ BV
LTLEo- ML TBY Y. BALEMDOD &, Fhhimzs L it uniz—a%k4I
i, ToOREBEY LT, S50 THESBILBHLEFET

F =TT A= EELMZ (B R AR G ge e v & —)
fle e Rk (ZEHSARFSERT 0 SCH)

(FVPFIDOH T —RARIZZES KR — LX— http://physiology.jp/ & BB 72 & W)

SYMPOSIA® 283



SESHIFEVAT 1 RT 1V AAM

— e (ENR M - R e & —
R FE P IS S T 22 58)

K, VURIYTAIBWTIE, FESOMERS
THH SN TV L EM R T, WIS % T
THAFT 7 b2 AT4 7 RZELT, HLHIC
DAPDBERIZ, B RXLEMOMEDOES &, Z
DO ORI e P IO TH I EE T3 % 0
MBI T, L OMBEREEREF T Y= AT 47
2EFFLTH O, ZOA) v b ERKFIZXL
2 THWRITIE, 753y 7 RELIER A
VEND L) IHIEOWEDOEAEED S RV
HIlhoTLEIFIIREDTT, =2 %fTo
72 mBIZIE, EE, ANV RT 47 ARIE
WICEMMER LT, MR T V=27 A —
B LRI OWTRHMN L.

FTFENI 2R T A7 ADBRRKDOEME, DM
DTAE—F =D FHIIGIT & o THERERISHIT

F—%HnD A1) v ML, RIS AR
SHETWA 72012, ZD %D ORI O#
FEZ M DB ARTITK BED DY, HEH0T
O E— % — MDD BRI S < o8E, Fik
G EZRLTWA I ENRLVRLTHA.
72, TNV AT A ADY =V, IR
WHEAR SR, X R ORI/t 2 B2 2 2
5005, MM E /AR ZITA 50
DHTESNTWSE., Zhbd, Bz, £
COMPBEDRBERZAONLFVRMOEN TS,
I/, 20 —2TlE, ZOTFTOE—F -ty
FCFXARNU R T B2 0NL720D, 74
ARG F =R NG VAT 22y JEIWIZOVWTO
WV, FREFROXY y PREFTAY v b
B LT L 72,

BRI T I VAT 4 7 AR L
TV WL DODOFL xRN L7
1. Lu: Science 484: 381-385, 2012

FRAAZED, RSN TLE N7 B

B

284

2. English: Nat Neurosci 15: 123-130, 2012

TLFETHD. ZZTHLMOT O E— 3. Mao: Neuron 72: 111-123, 2011

TRP F+ RILDEXGH (S5)

EIEFENS VRIILERALT

BRI AE LT, MR, RAY —RELZREBRLT, 5P LloZ EIZF ¥
LYV LTHRIEVERSTWE L SHOBRAKREOT T M [£58 L O - #ifs %
T, AMFEOHFLELZMSL] THHZLEZMHST, ThiFFy¥ yAZEEVE LA IhE
T, MO EKEELEDO T CRERZSE TRP F X A VO 7 HEMHETTE 0T,
FILESIRETTRP F ¥ ANV EMZELTWAEDFEAHITTEY, [TRP F ¥ A IV OEEIL
Wl V) Ty RYTATHNIBIEETEL N LN GWEER-OTY. FEF—HF 4+ —
Z B LZWHEE, #EAEESETOW WL H I RN 72 R, 55T T
WChEEZR L, EDLZENHEE L LarLl, WELLZLOD, FRIRENL EIFE-TBY F
BATL:. DY YR LDF =T FAF =% T HEPHRETE LD o/20TY. TNk
HER P SERIRD A — VTRV 72IREI2IE, LW, RBICRDBEITE Z EBHRE DAL
B F L WL, AEIZUVRITLADOLEF (BERED-720bil) FEAN) T, &HLK
ERWRICLTWAZ20TEBY, Ly vy =25 L E LA BRABRIZZZIREBRL Y
720T, EFTIELZVWTTD, HFTOLEZLTBY)IRATLL. L2L, F—=FFA¥—-¢&
LTOBELR LR, MESoTVVORERRLEIENSIHDDT, EELEFELLS
WIS IZEERI S o 72 d LILE AL

YURY Y ANMHIE, WHOFEROY Y EIY AL SEN, ABE 22T BBRAD
TLZ. Chd, FELLEEN, EETOTRP F v ANVOEELLZHEL TV WG EED
Y, MUKEMTO TRP F ¥ A VOBBISHEOBEELE L TWiZWiR—F DKy
Je, TAMEHA FTOTRP F ¥ ANVOEEELZFE L T2z gi#lKEo T4k, Bl
RO TRP F ¥ AN OEEW L ZORHHIOBIFHEL %2 LTV WMo NHEAE, o
BERNEDHEEO Lo, b THD EARMBIEH L TEY 9. BEBOFTD HFRIHEN

B45 Vol.74, No.6 2012



bOT, BENIEHS>TALZLERIIEALDHYFEATLE. S0, YUV RIYTLEFERKLT,
EHTTRP F ¥ A NVOFEHEZEEKNZLE LA F72, TRP F v 2VEFIH L2z, &
i, AEHER R EOEBIZINDL EALAMZ TWZEAL) L EHEVZLELE 5%
TRP F v A VOWGEICHEE D > TV &, ARFHORICICEKT 5 L FIREC, 8528 TS
BMLTWEZLWEEZZTBEYET. UTICROEENEOENZL LTI

72 H IR ESZE TRP F v AV EE ECTERERMEZ L5257y - LTHHLT
WigEa D TEF L. TOHT, (LM TREINMAZTIZEZ TS E LTHASNRTWS,
SRVHE, TIVAVHIRENTHEOFERKGDZHEEKRTH S TRPAL #iEMbs€s 2% A
WMLELAZ —hHT, 2O TRPAL ZWHITA7 > T=A b, 1,8 ¥4+ — )V &Y H K5
BAIY)—=v 7 $HZETRIBLE LA 5612, ETIld TRPMS 12 H LT, TRPMS @
WA BRBERIEIC X > TEILL ) 5 2 L2 & o THIERESHIIZ R > T A etz RH L
F L7

1. Fuyjita F et al: Br ] Pharmcol 151: 153-160, 2007

2. Fujita F et al: Int ] Cosmet. Sci 32: 217-224, 2010
3. Fujita F et al: J Clin Invest 118: 4049-4057, 2008
F—=AF A= CEH AR (BREt v v 7 AR e

KRBT SF /U1 MBITB TRP DRE
YL (JST CREST)
RRIZREORIVBIZHY, EELTrIF/

P4 bEMIEN LML THESRE SN S, KIKETH

WL FF 794 PRIBEEZLRES (HMEL

BHG) MEBIZEY, SAZHBORBEIES.

S ME E TR, RO TKAEE LIS S W

2FL, AR RE, OHEDL BRI LT 5.
MHFLEICBWT TRP X, £ FMERICHEAT

LI ENMERINTD, FOBk, FAIELETS

DI R (RMRHE 7S A A il A4 3

F A M, RE, B TV YTt
END TRPVIVHFRET A E&FER LA (1, 2].
BNTHEA R TRP 7 FF /%4 MZRBLT
WA ERH LIRS TE [2].

E Sk & (L &2 TRP o ¢ TRPV4 ©
WPEAL AT RE N U 7 ¥R AE 2 A £ o Il 45 % i ok
L, #i2 TRPVI O LM 2 ESE 5 2 &
b R L7 [3]. TRPAL, 3 X0 TRPMS8 Ok
1bH ) 7 RERE O mIfE % itk S &7 [4, 5].

TIN5 ORERZYE TRP E:49), KA

> 43°C >23-39°C > 24-32°C <22°C <17°C
Low pH Camphor Mechanical Menthol Mechanical
Capsaicin etc. etc. stress efc. etc. stress etc.
tRevi | TrRevad  TRPva|  TRPMs ] TRPA1 )
(0 N G N
Keratinocytes Direct communication ?

ATP, prostaglandin , NO etc.

(messengers released from keratinocytes)

I I Indirect communication

—

X 1.

Peripheral nerve fiber

Sensory system of the epidermis

SYMPOSIA® 285



RCRIEL TR EEZ LN TV, KAlxr
FF %A MIBIFS TRP bIREZHEIZHFLS L
TWwWbHrZEbRLA [6,7]. F227r5F /794 %
IR C D IS T H 2 E MR L7228, 0
IS TRP B S- L TWa & w9y #ER155
7z [8].

INFETREREEIE, KEIEAL TSR
HRERAE, B HVIIKFEOMIIEERIC L - THHD
NTVBRLEELLEZLNTE. L2LFELD
—HOMFERG RN, EEEZRKT LT 75/ 4
MR L O AT CTH A Z L ZRIEL TV 5.

roF %4 MIEHLTWS TRPIX, &6
IZZD05AbRe, AMBIETFIZ X % 95E, HEHIC bR
54z dfEMasncns [2]. AfkeRiEL
DERE L TREIZBWT, TRP 3D CTEER
HEERIZL TS, ZOWHMALIZEE 22 br
TR TERL, FERRHHIC L wEL JIT
SRR H L. rIF %A MZBITSHTRP®
WRgEICIE, TRIAVERGFICERE LSS 2 N3 2
EVWIFFTE B,

1. Denda M: Biochem Biophys Res Commun

285: 12501252, 2001
2. Denda M: Advances in Experimental

Medicine and Biology 704: 847-860, 2011
3. Denda M: ] Invest Dermatol 127: 654—659,

2007
4. Denda M: ] Invest Dermatol 130: 1942-1945,

2010
5. Denda M: Exp Dermatol 19: 791-795, 2010
6. Tsutsumi M: J Invest Dermatol 130: 1945—

1948, 2010
7. Tsutsumi M: Exp Dermatol 20: 839-840, 2011
8. Goto M: J Cell Physiol 224: 229-233, 2010

BERSMTRPVA A 4> Fx XIVOEBNI T
BEEICH T HREE Z DA

K B (R— bR LERNASA)

W2 VilnEE (>30C) %% L Cistibs 5
TRPVA F % 225, FETHHIALTnwH T L
by LA 2, BF o TRPV4 3 4ER
I RZ R IR C H B ISR L L, MBI Ca 2 i
AZSETWVWELEWVWH)ZETYT. TOZEND,
TRPV4 kD Ca* it A (¥ 7 Fv) 1%, )3k
R E AR E b o TWAITEWRWE X
A, WIRZHEDTET LA 2LTC, KEOEE
RIZHEDVOEDTH AN THHEIZ, TRPV4
BEboTWELZEEZRBLE L.

B, gy A b Yv v ay (T)) &
T EONYT7EIEE LTS, TTIiE, MM

286 ©B%£5 Vol.74, No.6 2012

AN O ) B 1A% b %5 L7z T,
fAEOWE T, FREIAEEL, MaMowEotr
ERZHPRLTCNFT. RAHIE T, ZhH
B3 N) 7 oxEERITEFTTRL, AEON
V7RIS BEE L E A RS R RBLE
L7z [1]. —Jh, £EF9F 794 FTHRIATS
TRPV4 iZ, BloMileMEE#EETHLT FAL
VAV x v vay (A]) OWERKS, BT =
v, B b)) Y EBAEREZIZK L, TRPVAR S
WALz Ca® &7 5F /%4 bbbzt L £
T [2,3]. AJRT]OEEEZI Y bE—VT52
ERHASNTWE T DT, TRPV4A DIEFEALA
AJ - T] DR - BB S- L, ZOfER, K
WY TICEELRZEHZ R L TWLEI LAY
L7 [3].
Bb3EEHYTH Y, Kod Lo
37TC AR 7N T F 9728, BT/ A%
RROEEEZZITRESEHLET. 2L 2134
S 15C TR E IR 25C LTI ), TRPV4
OIS B ET. 2F 0, AR
WZ L, HEONY) TS BENH L L v
IZETY. INFET, LEEVHY AT 5
DIFELROGEREPER EZEZ 5N TWE L7223,
KRB FERO O EDTIE WA HITEZ T
T ACHSTEOWETTY, LA -
VAL -TY, BERIMKFLEY. 22T,
72 & Z B IAME C TH TRPV4 251G L UK H
WY THREHLAEHERET S X9, TRPV4 &3
PAL S 2 LM BEM ZHER L Lz TORRE,
F A NFHIV AR OIS AREZ R L £
L7z, SOFEMEEREL7ZAF 7 7AbhEam % i
35628 T, EMRAMKVIREETSH TRPVE A%
WHEAEE N, N THEREIC SRS W 2 & )
fFshEy.
1. Kuroda S et al: IFSCC Magazine 12 (2): 87-91,
2009
2. Sokabe T et al: J Biol Chem 11: 18749-18758,
2010
3. Kida N et al: Pflugers Arch-Eur J Physiol 463:
715725, 2012

S p MR ICHIR T 2 RERRZM TRP F v XU
DEEFHNEZ

WHIRH, EaEZE (REHEEGN1 4 (EH
E) - MRRAE R, R - AR

Tl B ML S D4 ¥ 2 ) ¥ 2 AR T I
BT SCLME—DERLZFETHY, TOHW
BRBEOBkE X B IR 2 2L U, BERR 25 &R 2 7.
Zoay bu— VIZERWIZIE TN T — AHAT



WV, X5ICELCONTICE Y EBELRREZ 20T
WBDS, FDRA SR LIRPZEEITIEH S 2
o TV,

TRPM2 i& 71 )V > 7 & &1k % Ff - 72 JE@& RN
A A Fx AN THO, ATEIIZEE L) AT
BEORETIHELES NG 2 &, RIS S
TTcADPRIZ X » Tt ks e 2 & 2B 5 2
L7 SLICHEMREHWRENC XY, B
& p M2 TRPM2 2556 B L T3 ) SR IZIHLE N
TF FIZE B A VR V5302 TRPM2 23R8 5-9
LA REME % s LCw b (Togashi el al. 2006).

Ze[Hl, TRPM2 DA ¥ A V) V5D 5% 1
5 B72®, TRPM2 / v 7 7% + (TRPM2-
KO) <7 ZADEM %47 - 72. TRPM2-KO <7 A
AT (WT) = A& B L, FRE A
BEIEETH - 7208 M4 > 2 Vil
BRI SN o 72, 16-17 R R A 1S
TN aA—AR¥55 AR #EA T 5 L
TRPM2KO %™ Z2BWTA v A V5l
ZPE S Wb 2SR Bz,

JlE B AL 351F 5 TRPM2 D% & % Wi 5
72012, WT v A5 X TRPM2-KO ¥ 2 &
0 HUEE L 72 KO8 B HIIB OB 2 4T - 724
TRPM2-KO B I BWT 7L I — A J OTHALEE
RTIF FIZHTBI0EDER T ARSI, —)F
Kare F ¥ A VEHEA] T Ko 7 ¥ £ nﬂﬁiﬁ‘l&ﬁ%
ZRT B MV T F I FICHT BIEI0ENITE
DN ol2Z LS, TRPM2 X K 7 ¥ %
IR TR IS G- L C W AT REMEZ 2 5 h
7z.

TiX, TRPMZ2 IIHERIGIHHED S — 7y M7
NHZD0? ZORMEH ST L7012,
WT ~ % A3 & 08 TRPM2-KO ~ 7 2 2RI £
RIS 2 VBB X O O FEIE D
R 2 LIRS L7z, Zofi %, TRPM2-KO <™
ZAIM R LI &L A Y A VSR T (3K
PUEDFE) OREDFRICHEEL Tz, 2o
MR XD, TRPM2 & 2 BUBE RIS O FIELC b 5
95T EHIREEINT.

AWFFRIC XD, ARG T IS B TR B A
Ha 23839 5 TRPM2 XiHALE 5 5 OE#HZT T
7o N p A B B 2V o — 2 EHEHE b
AL, 4 R YawEHE L Tnwb 2 LA
Lot rolz. 72, TRPM2 %% 2 BUBE R R FS9E
OGS LT BN RErEH S, TORAH=Z XA
BAWTH LA, ThEWHLPICTELIEHNTE
TE TRPM2 % % — 4w b & L7872 % BEIRIG TG
WHBRIC O s s NS,

JUT - REHEOEMSICE TS TRPF v RV
DIREEEZNER

STRTF GRRERAEH AW FL)

Transient Receptor Potential (TRP) F v &)V
i = FZA N FF I F Y RO
HTHY, b FTIE 27D X »/3x—=75 TRPV,
TRPC, TRPM, TRPA % ED62oD% 77 7 3
VI ENL. I F TR BT I
L, MESLKRY TV FicEztod 5 TRPVI,
TRPAL B £ U TRPMS 7 & A3 ke IR PR i o 1L
5T e UCoE B S UFZER S0kl H ¢
&7z, mECTIRIEHENMBICEIA LTS
TRPF ¥ A VHAIEY -7y FELTHEBEN
T3 [1]. PERRRE LM 3 5 277 7 iR A
RAVEAE - THEMAL T 2 Sl O HIH 2 7 =
ALIZOWTIE, TNETHA ML VRTES
A VIEEDPEFT - TELD, TRoMRICBIT
LA B EHEASHEERICEETHLI L
W, TAEDKZ A &7 TRP F % & Ve h
TSN o TS, 22 TIE 2 DDOWIE %
WCOWTHHBICHAT S (M1). L7 MayA
MEBELKFE LT TRPC3 D#&%E : 7 A b1
A4 MEUALEHIET S TRP F v 2V i2DonWT
HOSEI R IT 24T o 7245 R, e v vy EDGq
FBEA GPCRO TFMIMET LI T IV &
T — VG TRPC3 O%BAST A F a4 b
WHALICE S THELL ERATAZEZRWAZL
7z. 512, TRPC3 [HESE Pyr-3 [2] % siRNA
12X % TRPC3 FH A7 A s a4 ML
U 5 2 EDH S NI o 72 [3]. IS
DT A b A MEMEALIZHE < AT AE <2 47 8
FEE 20 LCd, TRPC3 BHESE R TRPC3 J6H
WE R E 2SO WSS, 2 HEk
kil (v27a77—v - 327027y 7) 123
B3 %5 TRPM2DO RIEB L ER~OH G- :
TRPM2 7 v & )Vid, MIBLNAAOTEEBHEICID
B, VBRI b a Y R 7 CREdE -
XD ADP VR — A2 & o TR IS
5 [EMMEE v —] THbH. Ferid NETEER
Ft oY —] THDH TRPM2 & RKIEB X O &
DG LT &7z, TRPM2 SR &EF NV
TORIEEICHEGTH 1%, FRAkEsE
DOILFEBFETH S 22k - 72 [4]. TRPM2 &z
TRAA~ 7 A TIEESIETE B X Ol k5 £
FIVTRONEZTOF 4 =TI T L&, &
LIZFD AN = A L& LT HIAE/MFARE ST O
~oru7y—=YREMIsu ) 7T RN ES
3 % TRPM2 2if Bkl Bl % 3 > CXCL2 D i
HEICHET52 P HOMIR-72 [6]. Thb

SYMPOSIA® 287



Astrocyte
TRPC3

T T T T T S T T T T
[ e

T T T 0 0, TR T U T T T TR T T T T

Nat, Ca?”
1
DA S, TRPM2 HERFH I IAEELIHB L O
ARER PSR ISR T A2 LWAISEY — 7y Mgk 3.
NI BLEIREENS.
1. Moran MM et al: Nat Rev Drug Discov 10: 4.
601-620, 2011 5.

2. Kiyonaka S et al: Proc Natl Acad Sci USA

80600084604
[ YL
{(iq signal)

Macrophage/

Microglia TRPM?2

HEkHRH
i

e

ADP-ribose, Ca',
H- (), {redox)

Na~, Ca?*

it
U

106: 5400-5405, 2009

Shirakawa H et al: ] Neurosci 30: 13116—
13129, 2010

Yamamoto S et al: Nat Med 14: 738-747, 2008
Haraguchi K et al: J] Neurosci 32: 3931-3941,
2012

DBHDECHYTILT i ibBAIVI DL TFIVEED
BN AT L4 AOY — (S10)

[7a 5w EBEE] DAL BT Ca¥ ¥ 7 F Vi, MBI P/ N B OB BE % S &
L7z Ca* ¥ 7 F Vil F O JRTE & 4 F B FEERIC X D iR STl Y, Zotkl#EHong
FE I AR B R A% 7257, OHICB 2N Cat > 7 Vil & Z ok o
AN Z AL EIRT 57201203, L 05 TOWEERELHRE LY AT AWHERLETH
b RYVRY T AL, AEREB L OOAREDOIEMEE LTOLH Ca¥ v 7 FIVEFIZOWT, Ca®
F X 2V EEL Ca® v 7 F VBT AR L E— OB L v, S 5IZEMIBL NV To

s L,

INLEME LY AT AN, A0y —EEORZ T 5 2 & 2o T L7,

[(Fe45] Ol Ca* v 7 F VHI O FREE, FERPOAZOEKEE LTELETH L5
% O LIRS EIEIE L TB Y, B ERERPBHEIS AT > T b0, e

FEBAERDPO AN Z AL EHFETHZ L IZNEETH S
HITE=HIER L <V OffT & 2 b 2 amicick 3 %
WD BH 5.

L AN AL BT H0IZIE, e

Vialb—Ya it AZWTHED T

DEIIZBIT B Ca® v 7 F Vil & & Ok & WEOEBER IOV T, ZRETREN (O
SHIB=HER L NXV) ICHBRL L) LI RAITERZE LR ETHDP, YV RITAZBLT,
PIEERZ LA LHE R 2L 22 813, SROMEDRMICBVWTHERTH- 7.

F =AY = R

288 ©B%£5 Vol.74, No.6 2012

T G - BE - 363)

b EE ORBOK - R - 363



O Ca™F v X IVEEHKEN L Z#ilaR Ca™ >
JFIVEIlE & ke

ARPINESE (R R PR AR B 275 )
DM B VT, Ca¥ v 7 F i, Mifafk=e
FBEPV NG E ORI RE A 258k & L7z Ca™ v 7
VI F O RAE & - F R FEERIC & 0 R8I
HESINTHY, ZohEOEXRERED R
R AEE /20T, AV Y RYTATH,
LBEE O Catty 7 F VNS BT 2 BAAKAEN:
L# Ca*F ¥ 2V (VLCC) Dl & &t
L7z Ca” v ZFNHIHD X H = A LD,
AT DAL L OWFE R 2 /i L 7=

VLCC &, LD E-C Ay 7V ¥ 7BV T
MORAT v 7, ThbbCa AL Ca" i
Ca™ ity (CICR) #EHE, ofllHIC EE R %E %
HoTwa., VLCC idLmMiig o & &1 5
WY T/ YU RyR) ISEZELTEIEL,
CICR & VLCC & Ca™ RAF AT AL 2 /A L
T, W/l CalrE 2 KA LEIH L Twa
(1]. WE4, AR ORELHH 47% VLCC
RN B GTFHEAEROERPHLNIZRD
VLCC DJRFER B 7 FLF ) Y 2RIk E OFBER
W DOGFRHRENFEWHIENOOH S, —)
LEHHRIIB T, Ca kT 7= Vg
79 —+¥ (AC5 AC6) 723cAMP EAEZH > T
% [2]. LH»L7%HS, Ca*-transientZ 554 L 7
OB L TV LEHMRICBWT, Cay s
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GBI DTS A B2 X B4 L B B B
OGO RN H L LA L 722 (X)) [1].
—7, discordant Ca*" alternans ® K K3 X T
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1. Nishizawa H et al: PLoS One 4: 7069, 2009
2. Kurebayashi N et al: Am J Physiol Cell
Physiol 294: C1419, 2008
3. Kurebayashi N et al: Am J Physiol Cell
Physiol 287: C1646, 2004
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WK DOZALR MBI BT 5 ZRIFO M EMBOREIRIE S NS, 40, FEiEeso [HE

M) 1ZoWTHRRER), ERBAINIFEL ZOREEZ T —< LT3 Y RU T L ZHET A%

M k%, HHDBEANOREE LI,
F— A A F— B

ot (BRI SR EA B A R A B 5 B )

MR R — BB (AROROR S R 2 A 2wl R AR - PR ARTEZ BGER )

HILEBBICH T 2 EHFMRORRE & #aE

08 W, RIS, HIOEE (W REESE
NN e ke UL g HRe b))

LS 2 S Kl I EA oie 245 28
M & 2 o J5 PR - & M3 5 R R PRI A3 A7 A
T 5. AL O BRI AR R R T o
HEN, R TE Ao E B, & 58 o R
ORI Z SR L, I LERRRE L X2 5.
PP SRS & A e 8B 2 2 D% W
A, E ZATITERRE A O TLRER B BE I 2 AR TE AT
ATWSG., —filE LT, {HILEWREO MMMz
TH 5 H = VA M (interstitial cells of
Cajal, ICC) 1, BEoREZFEL, FEHL
Fy v IHEEEEL, MRERREEREL, Hio
HEIREZ BT 5 X — 2 X —H — B 5 VIR
EDONTERERE & #5 0.

LS h N — VA AERIL 2 3 7 2 1
BV L, TR SRS (B 5
WIS RHESE BRI, fibroblast-like cells) & I
EhT&7z e, B LmmEIick)Ins
A OMNEETH L EW SR 572 [1, 2],

292 ©B%£5 Vol.74, No.6 2012

[F#i2iE PDGFRo (platelet-derived growth fac-
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TR 22 5045 2 /R 3. T EMEE R N Tl
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DA L, 2 O OMNEIEX PDGFRa & SK3 12
Mz CD34 #3583 5.
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1. Tino S et al: Histochem Cell Biol 131: 691-702
2. Iino S et al: Arch Histol Cytol 72: 107-115

3. Kurahashi M et al: ] Physiol 589: 697-710
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Role of interstitial cells of the renal pelvis in
pyeloureteric peristalsis

R]J Lang, M Nguyen & S Angkawijaya
(Department of Physiology, School of Biomedical
Sciences, Monash University)

Congenital dilatation of the kidney (hydrone-
phrosis) and ureter (megaureter) is the most fre-
quently occurring abnormality detected by
prenatal ultrasound screening. Over 20% of those
detected do not resolve spontaneously, requiring
clinical intervention in the postnatal period.
Congenital obstructive nephropathy, one of the
most common causes of hydronephrosis, can be
caused by a ‘physical’ obstruction at one of the
junctions between the organs of the urinary tract
or by a ‘functional’ obstruction arising from a
subtle developmental defect in the urothelium or
peristaltic apparatus anywhere along the urinary
tract. Impaired urine flow arising from these
obstructions invariably results in backward pres-
sure, parenchyma injury and renal disease.
Compared to adults, congenital obstructive
nephropathy is particularly deleterious in chil-
dren as it severely impacts their developing
kidneys.

In mice and rats, the development of the mus-
cle wall of the renal pelvis occurs over the 1° two
weeks after birth as removal of nitrogenous
waste materials transfers from the placenta to
the kidney. This period of rapid proliferation and
development is driven by signals from both the
mesenchymal Ca*/calcineurin/NFATc and the
renin-angiotensin system (RAS) pathways [1].
Knockout of gene products of either pathway
leads to ineffectual urinary clearance from the
kidney and obstructive nephropathy.
Importantly, many of these morphogenic signals
are now thought to be re-activated in chronic
renal disease.

Over the last 30 years, evidence has been
increasing that the pacemaker cells driving
pyeloureteric peristalsis are specialized smooth
muscle cells (SMCs) called ‘atypical’ SMCs,
located in clusters at the base of the papilla near

294 ©B%£5 Vol.74, No.6 2012

the papilla kidney border. The fundamental pace-
maker signal of these atypical SMCs is thought
to be spontaneous transient depolarisations
(STDs) which sum to together to trigger action
potential discharge in the smooth muscle wall.
These STDs arise from the opening of inward
current channels activated by transient
increases in internal ([Ca*]) as Ca® is released
from both IP;- and ryanodine-receptor coupled
Ca* stores [2, 3]. These mechanisms are typical
components of ‘Ca’ oscillator’ models of generat-
ing regular rises of [Ca*"] which contribute to a
multitude of processes such as cardiac and
smooth muscle contraction, secretion and DNA
transcription.

However, it is now apparent that this model of
autorhythmicity isn't sufficient to fully describe
the pacemaker potentials driving pyeloureteric
peristalsis. Interstitial cells (ICs) expressing
hyperpolarisation-activated cyclic nucleotide
gated cationic channels (HCN3")[4, 5] or KV7/
KCNQ (M’ channel) currents [3], located in
regions adjacent to the smooth muscle wall also
appear to be fundamentally involved in pyeloure-
teric pacemaking.

The only ICs of the renal pelvis electrophysio-
logically characterized to date are distinguished
by the presence of an Xe991-sensitive KVi/
KCNQ/M current [3] not present in SMCs.
Double labelling with Kv7.5 (KCNQb5) channel
subunit antibodies established that these ICs
were Kit negative and located in the sub-urothe-
lial (mesenchymal) region and that they increase
in number with distance from the papilla kidney
junction [3]. Application of Kv7 channel blockers
(Xe991, linopyridine) and activators (flupirtine,
meclofenamic acid) increased and decreased,
respectively, the frequency of muscle wall con-
traction and associated action potential discharge
without changing their time course, consistent
with typical SMCs not expressing these channels
[3, 4, 5]. Thus, these KCNQ5" ICs represent a
precedent of a cell population within the renal
pelvis, other than SMCs, that have a direct mod-
ulating effect on pyeloureteric peristalsis.

We have also confirmed the presence of HCN3*
ICs within the serosa of the renal pelvis of adult
mice and that two HCN blockers, ZD7288 and
Cs', reduced the frequency of peristaltic



contractions. The lack of any HCN3 staining in
the SMC wall is consistent with our failure to
observe an HCN current during the application
of long duration hyperpolarisations to single typi-
cal or atypical SMCs recorded under voltage
clamp. Nor do we have any evidence of an HCN
current upon hyperpolarisation of KCNQ5" ICs
[3].

We suggests that the activity of these
KCNQ5'/HCN3' ICs stabilizes the resting mem-
brane potential of cells in the pelvic wall, pre-
venting excessive voltage swings and cytotoxic
rises in [Ca*]; upon excessive Ca** entry through
membrane channels or the inappropriate release
from internal stores. This, in turn, prevents the
improper activation of Ca*-sensitive transcrip-
tion pathways such as the NFAT transcription
complex, which could lead to cell death via apop-
tosis or necrosis. In addition, we speculate that
pyeloureteric pacemaking in rodents involves a
yet-to-be-elucidated interplay between KCNQ5'/
HCN3' ICs and atypical SMCs in the renal pelvis
especially during the immediate postnatal period
during which there is a rapid outgrowth of the
renal pelvis and proliferation of the SMCs in the
pelvic wall. We suggest that this inter-depen-
dence changes as their relative numbers alter
during peri-natal development and reverses dur-
ing functional obstruction. If this proves to be the
case in humans, these ICs may well represent
potential therapeutic targets in the early (in utero
or neonatal) clinical intervention in the treatment
of peri-natal congenital obstructive
hydronephrosis.
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DHDHAKRFOWHMERALTL S o7z BIBID S50 o 72FHE, W TwhicgtEz 2
DZEINZEEDLDN] 1o TnhbEln) T ThHsh KIS, BERMELHNRLFHR, G
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ICADELICEE L T 72O FEAIZ TR
G LTH ). PABN Y F2T521%, F4
MZAERICHMREICEZ L TIN5,
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59, TANVF—IHEOHARNTAEEZE LT
IR EOEKIC S S35 2 8, T ALY
THZ SN Tw5 [1]. LaL, e otk
&, BRI D A REAIET 2R EICONE
i LA TIXIRAIC D HRRFMIC D I & A LR
HTERWOT, ZOAEBMRENIZITE A LW
LWV DIPRERDEHTH -7, Lo Ligit, 2%
ADWRZWEE LT E LT % positron
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~, computed tomography (CT) &HfH3 %
LiZkoT, e MR EZMINTE 52 L]
Lirk kol FIkE [2], 200 %4430 O K
N7z 5502 FDG-PET/CT Bt 2 47\, FHEER o
MW TR OIRII AL T 5 2 & 2 L,
ZOMRMBEIL, 1) BLTEVITRD LNV,
2) FHAEH TP B 7 % 28 H 4R IR
T5,3) BELDILFT ML LR EZHS
P L7z. IO ofFRIE, ko ERLD
v MREANC S BRI SEEEICEET A
ARLTW5S, HHIZ, 5) waEihihtts gt
F—CHEA BT 5 [3], 6) M TIEEMEDS
vy, 7) OB AZIEAE S BB S 2 5
HTWZELRMLA [4). IhooiEx, e b
THHORH T AV F—HERME L THRREL
TBYVIRRYGREICH ST L 2R LTV,
Ry VRIY ATIRINS DM ZE FIRA
L, B, 18 %% fil 3 % transient receptor
potential channel 7 = X FEEL [5] 12X - T
RIS FIE AL - WET A2 L 2R LT, MW
Dy =4y b LCoBtRIio kD
WTELZLT.
1. FEEZ @ g 15: 155-161, 2009
Saito M et al: Diabetes 58: 1526-1531, 2009
Yoneshiro T et al: Obesity 19: 13-16, 2011
Yoneshiro T et al: Obeisty 19: 1755-1760,
2011
5. Yoneshiro T et al: Am J Clin Nutr 95: 845—
850, 2012
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[1]. BRIEWC 212, b ol tlRiimi s
o EIRMRICIEFIC RSP Ta 7 7
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BEINGE. HEoT, & MERAIBIT 2Pl GE
ANDIEHEEET S LT, FEMoBEIRIML
DAL 2 II9E T 5 Z L IZIEWICEETH B &
EZTW5h.

Zovmrg e LT, A ld, BHRBHEEEE LT
Mo F T T v ikEARR: &0 PPARy F7 R
) 7 > RS g mn BRI R 2 18 k3 %
EWOBIRIIER LTE& . R, A IR
st~ A ¥ —[HF PRDM16 & PPARy A
HEHEEREZIER L, PPARY IZHEKY 7> FA%E
BT HZ L2 5T, PRDMI6 % ¥ /87 B HE
fbxhbZ ez lw/iEL7z. 2OPRDMI6 ¥ ¥ /8
7 AR HORE OB fbICLETSTH
5 &5, PRDMI6 % v /87 Ha et s 5
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EEZTWD [3]. ¥/, A FAYF 2L
HEFHTGFb A—/8—7 7 3 —DZHEAED—
“ Activin receptor type-2B (ActRIIb) o it
KIZE Y TGFb ¥ 7 F VEHET 5 2 & THMIE
Wiotg B b FE S, IR WPUIETER 28
ABOSND [4]. 2512, HEIZL D EEHD»S
BWENDBEIAFHA v O—>, Irisin F MR
Piotgt b ziFEL, = ALVF—RHzIcHET 5
(5]. 5HEELRA ¥ M, SRLORTHED
X9 % 2 = A A cHERI—®aIRIME O 5
LEGREZ T L TW D002 LML Tw
{ZETHA).

1. Kajimura S et al: Cell Metab 11: 257, 2010
Lee YH et al: Cell Metab 15: 480, 2012

Ohno H et al: Cell Metab 15: 395, 2012
Koncarevic A et al: Endocrinology 153: 3133,
2012
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5. Bostrom P et al: Nature 481: 463, 2012
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7o BE A SO N 2 5 S IEANRE R & A L 72354712
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ey £ BRI 2 i 2k 0 38 ARSI AEN 12 BE Ao 2 K A
HZALZBOTED—D L 250705, WIS
WG AT T AR T L E—F —=2—1
VThBH. TO=a—u I, BERITOKE
T % b 7o EAL ORI A S O A 20
Wy, #HaELe kT, 5% EMoOEMEEHT
RMEET A, BEE, MRSV I VBT
Y AE—%—3 (VGLUT3) % Z&Hi4 2 WMk ih
BB ORBEMRE T L E—FY — =2 —0 VLB
R B ORI b 5 2 & 2 il L7z [1].
CO=2—0 T, FEGTI R B S BIRE 1 C
Wb sh s (1], FARETE, GHEZA ML
Lo THimfbsnsrZ 2 RIBLTEHY [2],
ZO=2—u y DR IENBGEE & KB 5 2
LIZ&EoT, AMVAMKR EAHICHSGTH L
NEZOLND.

HERZEEIEE D S, ORI T L E— % —
Za—0a VEERLEO GABARKICHIN TS
0 [3], AEEEEEEIIBWTIE, WIS
12 GABA ZHROIEPI Z MEIEAT 57213 T
BMOWETERGEEPER IR ZEDNS, 20
Z o — 0 YEEAERE, GABA EBITEOHIRIA S %
ZUTBY, ZOAHOBEY B IRTHEE~D
BEAEMDEZRELTVWLIRESEZ LN
[4]. FVLE—%—=—=2—u  BE~EE GABA 1§
ByED A 2479 IsI & LT, BZEIRIhET
2, NIRRT R 0 B 2 HEATE & HERE O MEBRK
D2 0% L. HEAEH» 5D GABA AL
TR OBRAIR Y Y 7 F V7 EI2 & > TR
L, BaEhggEd 2 titser2e08Ez o0
595 (4], MEBERERER D S D GABA AJJ A FEY
HENIBEDOE ZALRHTH 5.
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PEAT LBV DNT VA X > THES
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