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Sphingosine-1-phosphate (S1P) is a biologically active lipid that has an important role
in regulating the growth, survival and migration of a variety of cells; however their
roles in the brain remain to be elucidated. Transient Receptor Potential Canonical
(TRPC) channels, Ca2+-permeable nonselective cation channels, are expressed in
astrocytes and involved in Ca2+ influx after G-coupled receptor stimulation. In the
present study, we demonstrate that S1P-induced Ca2* responses and resultant CXCL1
release can be attributed to TRPC-mediated extracellular Ca2* entry in cultured
astrocytes. Further investigations are required to identify the mechanisms of
S1P-evoked astrocyte activation.

AR ERR
(BFEHAL 0 1)
[ERES S R 2 & it
AR TEAR 3, 400, 000 1, 020, 000 4, 420, 000

BRGEOYET - IERISES:  ERERR P

FHIFZE DO FL - MIE - JEER i

F—U— R JFEAT 4= =4 — AT 4 Ay 1-U U (SIP), 7 A b b, TRP
F ¥ F/. TRPC3, MLV 7 sBRE, TEREZ L, CXCL1

1. WFERHMA YW O R AT 4T )35 sphingosine kinase (C

BEAT 4=—F—LLCF7rRr¥ s LoTHEASNE AT TV 0-1-V VR
Fgrvreufa by NRMESTFE (sphingosine-1-phosphate; S1P) % % 7= 4E
A R EOEBIEEN IS HBNTWD ZOAEBEHICEADBEEY >OH B, S1P
2, R EZ RTS8 T 2 RoomAEY DR B 72 Z K IRIZIE, S1P1s O 5 DD



GPCR %7 ¥ A 7NFEE SN TWS, SIP 28
INHHERM GPCR IS TH LT %
BRASHIAEIC I\ T, BRSO A - MRS AR R
FROYA NI A DR & Bk &2 7R RS
BEMBlERHZEND Z ERHRESHTND,
L75>L7‘£7536 S1P X° S1P ZAFKITMAIC
IZZEDIFENRRBO LN TWNDLHL DD, *
@i@%ﬁ WZOWTIEAWZRENEL D
INTWi, /2, 7TA MY A MISIP%
RIENEH L TWDHZ &0, SIPMEA %R
FETFZ LM shcnwizbon, =
DOMIN T 7 F ) v 7R AR ENZ SN
TIFEAEBHONT R > TR o T2,

2. WstoEH™
WIS E CIXLART, MEHEER+TH D ha
YEVETA MY A MIEHTHIZ LI
LU, 7AYo FREHRETDIZEER
HL, ZOA = 5E LT, CazrBimilh
FEF vy xNTHD TRPC Fv 2D —
T TRPC3 %419 % Caztfi AN BB 7 e El %
BELTndZ txzfE LTz, SIP 1T
thrombin & [REERIZ, 7 A ba¥ A MMZEBW
T GPCR %I L7-HIN Cazhin& & A& 3
52 kﬁ\%ﬂ%#’bfwéﬂ WEIZREINT
W5 SIP #F% 7 A bat A MEREEA &
Caz*> 7 VU v 7 OHEIZHONTOFEM 7
AH=ZARFIINETHLENTR > TV
Molz, T, AFFETITSIPEAIZLY
%%éhé?zbm#%%@@m% EZ 1k
Birs TRPC F ¥ xv& L1z Caztv /'
+)/7@%ﬁ AEBLOZFDOAHER
BERICEL TR EIT- 72,

3. WDk

FERIZH TR E RIME 7 A ke i
A4 MiX. Wistar 58 7 v M4 LD 2% R
H LU CRMEE 2 HEEz i Lo, 15& 24
BEBICIEE SBICL v ) v FEES
TWT A hatA NS OMaZRRE L
%, FRERICHWZ, %8s T® mRNA
R B KIE real-time RT-PCR iEI2 L 0 |
CXCL-1 #7f1x ELISA ¥kic X v B L7z,
FHUSNOITFIEICEE LT, R S
IZREE L7,

4. WFFERR R

XU HIZ, 7A baYA MZEBIF S TRPC
77— @%ﬁ%lﬂP@%&%%wT%
w7, TRPC 771U —»5 %, TRPC1
¥ L TRPC3 7»% TRPC6 £ TOIREINHE
234, TRPCT ORBULAD bl o7,
BWT, 7 A hatA MZEBIT 5 SIP &K
YT AT ORI AR LT, SIP ZFEY
TH2A4 7D 5B S1P1, S1Pa, B L S1Ps
OFRBNBEINT (K1),

S1P TN Ca2tR KA FHRKTDH

ERH LN TNDZ EMD, WIC SIP #EAI
K BN Ca2+?)i%}§?”7£ﬂi% fura-2AM % FH

X 1.7 v MRIEZET A brYA MNMIBIT5 SIP
ZARMRD RT-PCR IZ L BT, ~—H1— (M)
1% 100bp DNA size ladder % 757,

W= Caztf A=V U JIRICK D BIsR L=, 7
A haHA M, SIP OFEEZ 0.01 uM 25
10uM O 4 SORETHEMA LI Z A, SIP
ORI, —iME CaziiE e, Dk
OFffgEED CaziB2E D RN I N, Kk
12, S1P #% Cazih BB LT, TRPC 7 v
VO /R Lz, MO CazriB g -
HOMAEIZIX, fiN O Cazt A 70 b Dk
H &M D Caziii Ad3d 5, & Z THI
fash Ca* RE G FlzkBWw T, S1P (1 uM)
FEALZEZ A, —BMEISBEITITENEL
Z D% DO 7 Ca B NIEAE LTz, 2D
ZEMmDn, it CazRZiL. MR Cazt
AT E O CaUITIAF L. Frfehy72
Ca2* 0%, Mgk 2> 6 o Cazhfi AT
LHEEZOND (K2), 2T, MlEAN~D
Caztit AR & LTt ST TRPC
F ¥ XNV OJRFIIRHEHK TH 5 Pyr2 A1 H
LicE Z A, —BHISEITZ Loz
WX L, FEEERY 72 CaZiifE o EHIIA BT
Y LT=Z Enn S1P % Cazt i &I TRPC
F ¥ FANREGTEZ R RBEINE, &5
12, TRPC 772V —m 55 TRPC3 IZEH
L. SR EHKTH D Pyrd A L7z &
Z A, Pyr2 LRERIC, S1P BUE HAEIC L
NEHE e Cazt B EHR A EICHA L,
ZORERNG, S1P 3 Cat b BIZRB W T,
TRPC3 N EICB G T2 Z LR I iz,
& 5|2 JTE013 (S1P2 #IRAFHESRR) 5 &
Y CAY10444 (S1Ps #IRIFHESIR) O 512
X —EBMESE, Fipi 7 Cazi & O 7
I AR LIz, = OfE B ILH 72 DR &
VB L35, £/, PLCHEROKREIZ LD
SIP % CaZt i ZEn il Sz GpyPRE
HTHD gallein 1THEE RITIRhoT-,
F7- SIP =R/ EERNT T =X NTHD
SEW2871 11T & A E Casn B &2 = X 727>
ST, TNHORERNG, TA Mt A MZ
BiF5 S1P % Cazt it &t Gq H&EMZ K
KTHs Sle:J%J:U\SlPs%ﬁI\L'Cb\é L&
Z bbb,

W, T A bad A MZBWTSIPIZED
P SN DHHEERLIC, TRPC F v X* V%
L7z Cazo 7 U v IRl E L TWnaEng



M2 7y h7ARadA MIBTDH SIP uvﬁ%fé
Ca?' 5%, A-D, SIP (0.01-10 pM)i#E 12
% 2 At Ca¥ A . 60@%}1@@&
FHl %S, B, CaZRELMETIC
SIP (1 pM)FE %8 Ca¥t D,

Batd 28, SIPICEVELSNLT A bR

YA FNOERELEZBE L, EEIZBWT,

i = RS R N i i@?&%V%%
%\aiﬁ#th@ UF%%LTV%
TERME T ¢ 3 BB U722 BS, ko
kt%%OEKMLtTXFD%4F#ﬁ
HENEZOI L, 1 uM O S1P ALERE Tl
EEHOWHIEET A MY AL FOA N L AT
7AN—RNBE I, £ T, SIPICL-
THEEINDBEEICHT S Caztv /)
Y27 & TRPC Fx x VO E Z/HE LT-,
MmEEZEMED Carx L —% Th 5
BAPTA-AM. X O Pyr2, Pyr3 (%, S1P T
HINT-EEICHEEL TS ko T,
ZDOZ L&D, SIPE#ERET A hud A MERE
ZAbix TRPC v x /%4 L1z Cazrv 7 )
Uy ZIHEIER Tl RV eE EZx 505 (K 3),
RIZ, SIPIZE W EREINADT A bt A
kDWEEICZEIT D TRPC F ¥ xVOBH %
Kiatd 5729, scratch-wound assay %417
72, 24 WO MM G ALE %, MIEZ% scratch
L. 72 REMSEMAE 21T > 1=, WEERE A &
BLZMER, SIP (1 uMALERICBWT, 7

M3 7y r7ARaSA MIBTD SIP %
FEREZ AL, BRI UL T 0 3 IR O & ALE D
R&FEHBE77,  (A), SIP (1 uM) (B), SIP
and BAPTA-AM (3 uM) (C), S1P and Pyr2
(10 uM) (D), SIP and Pyr3 (10 uM), (E) A
=L 3 =% 50 pm & RY,

A ~atA NOTEENFEICHEKR L, Fi-,
Pyr3 k@i@ﬁ&%ﬁi BT, S1P EijdE A

BRI NTWEEICHT L, AEEITH
6%&#«»7‘:%(])@\ MHEMEE 2N 2 ST,
COMRICBALTAEOERDIRFBSLET
H5,

WIZS1IP (1 pM) ALEICL Y 7 A b d A
MZBWT, BEFHEIEEZ(DHDH1NE D
DBk Lz, 2 Of5 % . TRPC1,3,6 L bFGF,
BDNF. NGF. GDNF ® mRNA R &2
BleixA sz no7=28, S1IP (1 pM)® 12
BEILE T E A v D—FETHD CXCL1
® mRNA REEIZH RPN BIE SN,

WIZ ELISAVEIZ K W fFt L7 & 2 A . S1P
(1 pM) D> 6 HEEALE I X W CXCL1 Wk & i
FEIZEM LU, 72 211X TRPC F v % /v
PSR D Pyr2, £7- SIPs#IR7T ¥ 3=
A N THD CAY10444 DOIHAEIZ L - THD
WS-, —HFTSIP1LEIRT X d =2
h®> W146, S1P: IR T X T =X + D
JTE013 OILALE T E L 2o Tz,

DLEDOREFR L, fﬂﬂﬂ@%i@ﬁﬁ L7-S1P 117
A haHA MR L T Gqk ”GPCRT@%
% S1P: /KB LT S1Ps xﬁﬁ—‘é”
TRPC Fx /% Lz Ca2+ﬁi\%%?§ﬁ L\
rEHA L THDH CXCLL % =il 2 =
ENTRENTZ(X 4), FOABENERSCHMID
AT =X NI LTI 72 B R AT 2 B
L35,



4. SIPIZ L 2BEZREEN LT A
et A b ~OEROEXK

5. E7pdEFim L
(WFFEARFAE . WFIE 1 M OV TR (2
=)

CdERERm S0 (FE 5 1F)

@O Zhao M, Isami K, Nakamura S,
Shirakawa H, Nakagawa T, Kaneko S.
“Acute cold hypersensitivity
characteristically induced by oxaliplatin is
caused by the enhanced responsiveness of
TRPA1 in mice.” Molecular Pain (A V)
8:55, 2012. DOI: 10.1186/1744-8069-8-55.

@  Shirakawa H. “Pathophysiological
significance of the canonical transient
receptor potential (TRPC) subfamily in
astrocyte activation].” Yakugaku Zasshi.
(7 %t M L) 132:587-593, 2012. DOL:
10.1248/yakushi.132.587.

@ Haraguchi K, Kawamoto A, Isami K,
Maeda S, Kusano A, Asakura K,
Shirakawa H, Mori Y, Nakagawa T,
Kaneko S. “TRPM2 contributes to
inflammatory and neuropathic pain
through the aggravation of pronociceptive
inflammatory responses in mice.” Journal
of Neuroscience (FFif Y ) 32:3931-3941,

2012. DOI: 10.1523/
JNEUROSCI.4703-11.2012.
@ Konno M, Shirakawa H, lida S,

Sakimoto S, Matsutani I, Miyake T,
Kageyama K, Nakagawa T, Shibasaki K,
Kaneko, S. “Stimulation of transient
receptor potential wvanilloid 4 channel

suppresses abnormal  activation  of
microglia induced by lipopolysaccharide.”
Glia (A V) 60:761-770, 2012. DOI:
10.1002/glia.22306.

® Konno M, Shirakawa H, Miyake T,
Sakimoto S, Nakagawa T, Kaneko, S.
“Calumin, a Ca?*-binding protein on the
endoplasmic reticulum, alters the ion
permeability of Ca?* release-activated Ca?*
(CRAC) channels.” Biochem Biophys Res
Commun. (#EFA V) 417:784-789, 2012.
DOI: 10.1016/j.bbrc.2011.12.035.

CraR] Gh2 44
O BJIAES ITRPC3 FAEIE X~ 7 AN
H L 7 AC 3B 1T 2 MR R I 5 & s 5
%] HARMEFRE 133 44, 2013 453 A
27-30 H, /"7 ¢ A (P21 IL)
©® Z=%E£{"5 [Physiological implications
of TRPV1 in microglial migration and
phagocytosis| 55 86 [A] H AP o
2013 4= 3 A 21-23 H., @EESHES (&
fi] B%)
@ ek & TTRPM2-mediated induction
of 1INOS in microglia/macrophage 1is
involved in the progression of cerebral
ischemic injury in mice] 5% 86 [F] H A
DS, 2018 45 3 A 21-23 A, EHERES
ey (fRl =)
@ TS 'R7us V7 /~ra7y—
IZHT H TRPM2 %41 L 7= NO PEA DN
MmEGEOHERICEE T 51 5§ 22 [ERATE)
S AR FEH OV, 201343 A 20 H,
M KFEaTRAT— 3> (R
® IE7ofip#k &5 T'TRPM2 channel contributes
to the progression of ischemic brain injury
in mice| % 6 [FIR A2 O B FEEER 7
TURTY T A 20124 11 A 23-24 B, =
REFFEE G o)
® R, I~ ZARMTEAILLDH
MR REPEE 12 %f 35 TRPC3 FHEFK DO
fiR A 1 5 122 7] B AHEPR At i 43  2012
F11A16H, TERIA 7 A =2EU ¥
— (KB
D FWETL HEREAVIT o Rad A b
ATBSHALIZ 31T 5 TRP 7 ¥ kL OIS HLAEAT |
562 [nl AARME ET# G2, 2012 4 10
H 20 A, ®UE)IZFRFEH S (L)
FJIAES [TRPV4 B 0BT AR D
Wizt LT 7 v s U 7kt L & il 4
% | AL 24 FEEABMIF RS TRP 7 % 1L
HEOBYERIE & AP - HEREE O FE A HBRAME
201242 6 A 14-15 A iz >R v a ok
v H— (BEHR)
@ @FJEFE D TP H 5% 1 e e 5 A 48 ek



TH2OOT A a4 b TRPC3 & MEH|
) % 89 M A AL ERFER, 201243 A
29-31 H, MAUbaE (REIR)

EJIAZE S TTRPV4 B ORI M AEfED
O | PR QIR = 7 My g o U ¥ o I i |
T 5] HAREZRE 132 FIFES, 2012 4F 3
H 28-31 A, JtifpE Ry (LifEiE)

@ BAJIlA#E S Glial TRP channels as
therapeutic targets for stroke] &5 85 [A] H A&
PR 2012 4F 3 H 14-16 A, 5UAD
EER=EYS )

@ 4% = M5 [ Stimulation of TRPV4
channel suppresses abnormal activation of
microglia induced by lipopolisaccharide|
85 [H] A AZEH 2 ES . 2012 4F 3 H 14-16
H. H#ERR=HYS L)

@ B cHER S5 TTRPM2 channel contributes
to the progression of ischemic brain injury
in mice] % 85 [F] H AR PLRES 2012
3 H 14-16 B, sUHMEERS®EYS L)
X MK 5 [ Involvement of TRPC
channels in  sphingosine-1-phosphate
-induced astrocytic responses] & 85 [a] H A
KPS 2012 4F 3 H 14-16 A, 5UAD
EFR s OHl)

O fEAEZEZLS lomprehensive behavioral
analysis of TRPM2-deficient mice| % 85 [H]
HASEH R4S, 2012 45 3 H 1416 H,
FEEERSHS (UET)

ZEECS [ u 7 ) TimmE iz
% TRPM2 7 v RV DR REA B 2R H] | 8
85 [H] A AZEH R ES | 2012 4F 3 H 14-16
H. H#ERR=ES ()

@ Shirakawa H, et al.Functional coupling
of TRPC1 and TRPC3 in thrombin-induced
astrocyte activation | Neuroscience2011 (the
41th Annual Meeting of the Society for
Neuroscience) . 2011 4 11 A 12-16 H U
vrobhvarRrvarwrZ— (7 AU H)
® FEp s, T~ o 2R HILE T V2B
2 I REREE 12 %f 975 TRPC3 FHEIKDE
fi A ) 55 120 [B] B AP P iy 2011
FE1LA 1L A, 77T 540 CGRUE)
HINAES 7R hath4 N ERFETEEE
12815 TRPC subfamily @ & ZMH—i4 AN H
MAZ 31T DA FREHICER LT
5% 61 [l H AR P s - WEEZE
A, 2011 4F 10 A 22 H, M ZRERFEIH
FED (SLER)

@ BAEESRD H{LE Tt o —TRPM2
F v RVEMEE LI-~ 7 ZADFTE)] % 61 [H]
HASE A r S0l 42 L 2011 42 10 A 22 H,
PRS2 Rl (Fe i )

@) Shirakawa H, et al. [Involvement of
TRPM2 channel in mechanisms underlying
microglial activation] % 34 [A] B AR#hEE 2

2. 201149 H 14-17 H, /"7 ¢ ik

(PR ZR)1 BL)
@ Sakimoto S, et al. A pathophysiological
role of TRPM2 in ischemic injury after
transient focal cerebral ischemia in mice |
%5 34 I8 H AR B F K2 2011 4 9 A 14-17
H. /N7 ¢ ol (W5)I1R)
@ AJIAES MHMEERICEESND T
Z huatA MEMHBIZEIT S TRPC1 B LW
TRPC3 DI REA P FIHE] ] TRk 23 24
i TRP F ¥ VB OENEREE & 4
- PSR O A HERME, 2011456 A 2-3
H, M= _ovartr2— (L)
@ Konno M, et al. [Stimulation of TRPV4
channel suppresses aberrant activation of
microglia induced by lipopolysaccharide |
The 6th SKO Symposium, 2011 46 H 2-3
A Yo (§EE)

(& Dfth)

R B A
http://www.pharm.kyoto-u.ac.jp/channel/ja
/research/index.html

6. HFITHLRE

(DIFFERFEHE

=P % ( SHIRAKAWA HISASHI )
AR « KEFERE - P 5ER - B
e E &5 50402798

Ty 3
B

()i HEMFIE

4+ JE% ( KANEKO SHUJI )
TR « KREFERE « 3P 90R) - Bz
WreE & 60177516

FIl &2 ( NAKAGAWA TAKAYUKI )
TABREE « KRBT - EWFIERL - HEHIZ
WF9eE %= - 30303845



