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ABSTRACT

Effects of Sphingoshine Mono-Phosphate on Pacemaker Activity in

Interstitial Cells of Cajal from Murine Small Intestine

Han Kyoung-Taek
Advisor : Prof. Kim Man-Woo Ph.D.
Department of Medicine,

Graduate School of Chosun University

Several reports demonstrated the diverse action of Sphingosine mono-phosphate
(S1P) at the level of many tissues or single cell. Especially, actions on S1P
receptors showed several effects in neuronal and non—neuronal systems.

The functional study was investigated to determine whether S1P modulates
pacemaker currents generated in interstitial cells of Cajal (ICC) of murine small
intestine by using a whole cell patch clamp techniques at 30 °C.

Externally applied S1P produced membrane depolarization in the current—clamp
mode and increased tonic inward pacemaker currents in the voltage-clamp
mode. Pretreatment of suramin did not block the SI1P-induced effects on
pacemaker currents. And externally applied SEW-2871 and FTY-720 did not
have function on pacemaker currents. However, pretreatment of JTE-013
blocked the action of S1P on pacemaker currents. External Na —free solution
abolished the generation of pacemaker currents and inhibited the S1P-induced

tonic inward currents.



Futhermore, the pretreatment with Ca®'~free solution and thapsigargin abolished
the generation of pacemaker currents and suppressed the S1P-induced action on
ICC.

These results suggest that S1P modulates the pacemaker activities through
S1P» receptor activation in ICC by external Ca®" influx and internal Ca” release.
Therefore, the ICC are target for S1P and their interaction can affect intestinal

motility.
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AFHA &5 & dHA g5l FEL 29050 o) AZAHY. o2 A
AR Buzr A7 So2 YWy E extrinsic nervous system, Y3 AFA <

intrinsic nervous system, endocrine % paracrine system o] #oldich. 18]
o ook T AAY AEA 84 F, AV FELY ALF e nt
Ao g 718 7-4 A 3E (Interstitial cells of Cajal, ©]3F ICCE 7]<%)7} o gk},
QHHFEH AFHY HIEZoA AEAHoR WAstE HA FHLTF
(rhythmic contraction) & &FolH #4534 22 943 & |
= o2 deA gkt o3 A A FHEEEFS A I(slow wave)dls Ao E
Yetye=d, ‘Az EA @ olfe 53 #EE Axd dee giES
(depolarization) ¥}#A o] low frequency, long duration® 2 WEeY7] wjFolct
(Szurszewski, 1987; Tomita %5, 1981). & o] 3 &5 H F=LF52 w3
A B2 A At AAEZ= AHEA gon ol Aute] 7]
Vs HE2A Foges =82 o9 §lo] 27 3} 9 th(Farrugia, 1999).
7

&2 ®d(mouse, guinea pig, canine 5)< FTAOZE I HF
ol AE FE 9, &%, 2 iAol M3 A< phasic EF
<ol 2] pacemaker H &L ICColA 7|¥gt= Al o] ¥ A v} (Sanders,
1996). ©]& ICC¥ non-neuronal, mesenchymal origin® HMXE=ZXA 3x¢7 9l
networke st o™, speciestt o] $Aol AHglel FAME FxE
ZFA 1 BEEFTE, o] ICCE proto-oncogene?l c-kit FAAE Hdsn =1
(Ward &, 1994), & d&#H A dxo] o] FdAA2 4HEQ] Kit receptori= Al 9o A
tyrosine kinase receptor® 2F-83%tt}. ICC7F c-kitE wdstz 7] W&o =24
oA ICCE Felate= del= c-kitell tigh dAE S8 WY A3 7|90

o]
28 E9t(Ward 5 1995). ICCol A& Ao sWAAAEg FAT F=go]

)



(pacemaker) 9 &=ZA A2 WIFEAH HAF  (spontaneous inward curents;
pacemaker currents)E AJAd st A FE FA A ZIH(Koh &, 1998a; Thomsen 75,
1998). ICCE= H&2ZFo EAstY] gap junctions T3l A= dZ2%WS A3t
slom HEEan AAdxo] vk wekd A" AMue= ICC AA%S Fsto] o
W Ee FHagZ2og Augti(Sanders, 1996). ICCE =3 Az 2747
H DA A AZAE Ao ANBoEFYH HEALoRY FTEAH H
g3 A4S w2 At Burms 5, 1996; Wang 5, 2003; Ward %
2000; Ward®} Sanders, 2001). o] ¢} #Z& AFARES AT 25 glojA ICC
o Tl wWif At ASE HAF U
Sphingosine 1-phosphate(¢]d} SIPZ 7]€)= AMXE A%, &3 AE 9 oF
I 2 g AEsd A8S AR dvn dEAd v (Ammit §, 2001;
Cuvillier &, 1996; Liu %, 2000; Malek 5, 2001). SIPE ceramide2] 1AW oA}
#4s Fd WEo A& sphingosined ¢l14Fst Ao Fa THE I (Pyne,
2002; Spielgel?} Milstien, 2002). Sphingosine? <¢AF3}E= thoF3k speciesol A
Sphingosine kinase 13 2 F7F#] 345 %3 =39 Xt (Kohama %5, 1998;
Liu & 2000). dEo AxXu SIPY FEE SPK¥Y olygl S1P-specific
phosphatase$} lyaseol] 93] o] vz dH A A (Le &, 2002; Olivera$t
Spiegel, 2001). AA= S1PY AEW F=& HH[sHAR, AR (A2
platelet-derived growth factor, nerve growth factor, epidermal growth factor), A}
olEZFQl 2Ela G @A A4 FE&A AIAY 22 I =4S S5t de
kol Z71= oF7] Al 4 Atk (Hobson 5, 2001; Meyer %, 2001; Payne %,
2002).
H 5 54 A AlZW targetS ob# B A kAR, AR 7A] S1P= Al E
W AsHdgEd2A 93-S Fadsta vkl ofAA 1 . H2 endotherial

differentiation gene (EDG) familys G @& A4 F& A9 SIP7F 4= 28 3



E Aog 2Ho] wFojA v BE EDG FEAF 57149 F&A7F S1Pel <
& 243 Hed, ol EUR SIPE 5714 FEAR FEHY AT.(SIP ~
S1Ps). S1Py, S1Ps, S1P; #84AE AUl thFstA 2x=o 3loen, S1Py +4
A= lymphoid®}t hematopoietic Al E o 18] 11 S1Ps &A= glial Al Xo] &A%
H(Kluk @ Hla, 2002; Payne %, 2002; Pyne, 2002).

oA 7k S Al SIP FE4A] EA K7 % SIP FE&AE T
S el disiA Ao g ukrb gloh wEkA 2 s AH &
ICCol A S1P9] dwzto] Agte] ot aape} 1 24 F44, aglx FE7dS
urel b gt
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1. ICC M= ufF

3-74d ® ICR A& ¢ glo] 4PdFE2 AR Ether® v A2
T AN L AESF ] pyloric ringdl A FE 3 Fe] sFdEtE A2 B
=39tk AL o)A Krebs—Ringer bicarbonate® d o 2 Y92 8] &7] Zo A
2kzbey 7Hg 2] (mesenteric border)E whel A7isto] HwES AlAst e &I

SEAAY, BYE 2T 222 collagenase (Worthington type 1D, 1.3 ml/ml;

)
T
(o]

il
iy

o

bovine serum albumin (Sigma), 2 mg/ml, trypsin inhibitor (Sigma), 2 mg/ml;
ATP, 027 mg/ml 5°] €] 9li, Ca”c] £ A %L Hank's &) &1 o
o 37 °Coll A 203F 32 A3A 7 5 JAGAA dd AxE FYsiin. 299
AMEES 9 coverglass9ol #F3Fa, 108 Fo] stem cell factor (SCF, 5
ng/ml, Sigma)®?} 2 % antibiotic/antimycotic (Gibco)°] £ 9= SmGm (smooth
muscle growth medium; Clonetics Corp) &8 ®F 3 T 37 °C (95 % 02 - 5
% CO2) HiF7IelA widAIZ . wide v3d dd widdE SHolA 2 %
antibiotic/antimycotic®tr A YAl A oJFdE viito] Folvh, AL wjef 244 F
FH Al Aok wj e ICCo el Ki ek A (ACK2, Gibco-BRL)

FAF dul A (FV300, Olympus,
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A7 v}, Whole-cell patch clamp& AF83Fe] v ® ICColA AxE9 A3 AE
U AFE 7] E359 . Patch clamp 5% 7] (Axopatch 1-D, Axon Instruments)Z
Fold UYoE e YAE ARz x A VE57E SElA #EIAL

TAA}TY AFHALY =4 2 AFe 71E5L pClamp (version 6.0, Axon
Instruments) S AF&3IA T AEY AdF+= - 70mVY A A A 7] =35}
At HAY nAAHNA dojx A= pClampet GraphPad Prizm (version
201, San Diedll, CA, USA)= ol&3te] &4 Agstdlet. e Ad2 30 °CollA
Al S ekl ot

i)

3. 44

49 2 =

AEZe] #AFEH 22 (FAE mMEA<d) KCI 5 NaCl 135, CaCly 2, MgCly
1.2, glucose 10, HEPES (N-[2-hydroxyethyllpiperazine-N’-[2-ethansulfonic acid])
10019 TrisE® #H7kstel pH7} 747} M=% A8t Ca’'~free &L ¢ %4
oA CaCl W& #AAsAE. A= &9 (A= mME$4) KCI 140,
MgCly 5, KeATP 2.7, NaoGTP 0.1, creatinine phosphate disodium 2.5, HEPES 5,
EGTA 0.10°1" Triss #7}ste] pH7E 727 H =% #4359

Ao A} g °2FE -2 Sphingosine 1-phosphate, suramin, SEW-2871, FTY-720,

thapsigargin, flufenamic acide]|™, & %E-2 SigmazZHH TY5% .

4. AgAd¥e] A A=

AdARE Hit + FF22 (mean = SE)E F7]8dow, a3 Hfoe=

ANOVA & paired student’s t-testZ Al&3te] XS A= 9 .
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1. ICCAA 71E=+= A7)

2
e
ofl
ki

Hjekek & c-Kit FAE o]f3ste ICCE s T AFS A P5H
Current-clamping mode (I=0)° A ICC= A&

H
Hol AdE AU (Fig. 1la). A AL 57 +

=
rN
]
i
o

2. ICColM 7|55 = Fegho]l Ao R diol tha S1pe &3

wj k¥l ICCol| Folg SIP (1 pM)E Al X9 Aol &2 (depolarization) ¥} 3

gregtol Ao A7E FAAH U (Fig. 2a). o] Ao oAt AL hzx
9 =52 £ 2 mVelA SIP $olA -24 + 39 mV=Z W3lagdrh =3 gzt
Aol A7l Wz 298 £ 62 mVelA SIP Fo14] 92 + 1.8 mVz #3563l
H(n=8; fig. 2b and c). T3 F=Fo] AFd el 1FA WEFEAH AFE &4
st AR Fegoe] AR HARE B A7) = FAAHG(Fig. 3a). FAHAY -70
mVel A SIP (1 uM)el ¢& &43td ¢+ AF= -3406 + 126 pAola 4
AFel My zel 27 68 + 1.83], 685 + 266 pAtHFig. 3b and c).

2



3. ICColA 7 E 5= Frgto] Aol gk SIPY % oE4 ¥

o1
At A gk, o]l Mol e wANE 2 A7 FAE A mofd F
Bo]F I (Fig. 4a and b). stA®, 1 uM ¥ % o]Ae] S1Pe FoA] 7k WA
Ars 243 A7le As & 5 AAGFig. 4o). & 2Pl i A= Fig
5a, b and coF o] QoH AT (n=5). ols} L AFE ICCAA TAHE Frg
o

o] AFo W3k S1Pe A7 ¥ x oEHo T =
4. ICCol| ®x 3= SIP &g Ao g a3

AA7tA L SIP F8AE ZA 57HAR FaEEHo JY(S1P; - S1Ps
receptors). ICColA A X = gExto] AFo| et SIPe 37 ofdH F&AE
F35to] o] Fojx &= B W] Y& v SIP S8 A9 A @ AIgA S AME

SHATE ICCAA 2AH= AFYHe F=Fo] Aol SIPy 84 Z@3AA

T~

suramin (1 pM)S A A2 g F SIPE Fost A3 dF=Fo] AFo vigk SIP9
044 WP dFre o918 HoFAth(Fig. 6a). =g SI1P; & A dig 54
Hoz Agde ZFAed SEW-2871 (1 uM) HA] ICCollA 2Asts dFrztol

Aol & 9FE F4 HE39H(Fig. 6b). & FgAo]l EHHo)A = FA 7 S1Py,

S1Ps, S1Ps, 28 S1Psoll A9 A5z 2§st= FTY-720 (1 uM)> ICCel



A A stE gl AFol adE LI A XA (Fig. 6¢). ol gk &2 A}
© ICCel S1P: F&A7F EAY 7teAds Aol S1P. 84 ZA3dAd

JTE-013 (10 zz2jar 20 uM)S dAg 3 F, SIPE Fo3 A3 S1Pol| 2] s}o

TAEE A HFY A7 A A e S & 5 UAATH(Fig. 7a and b).

5. S1Poll osf LA = IAAE N

o,

Gl

of i g

(ol

G @9 g 7s

1

H

ICCAl A wAE = Frgto] Mol gk SIPS &3/ G @A) Add S
Rol&=x #2131 A GTP binding @92 E&843 A]7]= a nonhydrolyzable
guanosine 5’-diphosphate analogue$] GDPBSE o] &3 HAEs  H Yt}
Patch-clamp& 2 3 3le]l GDPBS (10 mM)< Foig A3, S1Pe 43 144
W AFE TAAA T (Fig. 8a). GDPBS7F F 3o 9le AeEoA obAut A

-23 + 8 pAX AL, °]F SIPE Fofd A A AFE dEz=ad v
Q1 4987 + 47 pAE EAFAo. T AN dxzaolA BHoFAW S1PY F=
fo] W= 9 A7|%= GDPRS7F EA8tE AHAAE A zte]E Holx grgkr}
(Fig. 8b, ¢, and d; n=4).
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N

r[r

B
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6. Na' —free & 2 flufenamic acid®] SIP & }o] o3 &

S1Pel ofs WA= A g dFel o 5AE s mux vdg
Z 9fol2 E7 ZAdA e flufenamic acid®} Na'-free & H4S Aga] =t}
Na'~free §91& ICCOl Foid A3 Aa Fugel AF/F AHfAE A& &

AaL, 7 o] FeelA S1PE F tl= 74, SiPel ol yeu= 144

<
oft

gy AF7F deiudA 2 As 4 5 AAth(Fig. 9a). Na —free §9%0¢] =
ZEell A S1Pel o8 Fe¥= HABY AFE -24 £ 7 pAE HAFUL, o] FXH

_‘IO_



= Wx Aol A va ge W FoA de AolE HoAFH(Fig.
9b; n=4). T3 flufenamic acid (10 uM)E ICCol|l A& RS 45, IA ALA &
Lgto] AR7F AHHAE AS & F UL o] FEHe] Fo® SIP 9A 1 ERE
k3] 31+ B3}l oH(Fig. 10a). Flufenamic acid®] £ A13lo] S1P9] & 3}el] 93k oA
2 HAFe -21 £ 8 pARA, o] FA GA Ea oMY A vt dS
o4 AU AolE YE A (Fig. 10b; n=4).

7. S1P9] &3o] W M E9 Ca’-free €93 endoplasmic reticuluml
Ca® ~ATPase A A9 &

AZUet AEe Ca¥e IdFL  Fed|® A endoplasmic  reticulum
Ca”-ATPase ® A4l thapsigargin®} Ca’ ~free §°jslel] S1P9] F3tE 2ld

%k frAK 70 mVel A ICCERE WAEE Frugo] AFt Ca’ free &
ol ofsf AbehA= AS FAT 5 UM, o] FHA AYH S1P+= 2 Z¥7t
A A= AL 4 ¢ AJT(Fig. 1la). 29% FHoM%E SIPEdE AN F=
Ca” g ot AF9} v 3¢S o foA UA Adses AL B
tH(Fig. 11b; n=4). B £9}, thapsigargin®] 4% 94 S1Pe &3= Adsts=
o 4= 9l2dt}l (Fig. 12a and b; n=4).
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Figure 1. Typical trace of pacemaker potentials in current clamping mode (a)

and spontaneous pacemaker currents in voltage clamping mode recorded at a

holding potential of -70 mV (b)

murine small intestine.

in cultured interstitial cells of Cajal from

_12_



-26 l ”“ ‘“ l “[ *Jla'-l.u,.,a\;mllrr l« h;m_,LWﬂWmL‘l [‘ u,Llll!.“ HW”M
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S1P 1.M 30sec
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" ) control S1P

Figure 2. Effects of S1P on pacemaker potentials in culture ICC of murine
small intestine. (a) Pacemaker potentials of ICC exposed to S1P (1 uM) in the
current clamping mode (/=0). Response to S1P are summarized in (b) and (c).

Bars represent mean values + S.E. *(P<0.01) Significantly different from the

untreated control.
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Figure 3. Effects of S1P on pacemaker currents in culture ICC of murine small
intestine. (a) Pacemaker currents of ICC exposed to S1P (1 uM) at a holding
potential of -70 mV. Response to S1P are summarized in (b) and (c). Bars
represent mean values =* S.E. #(P<0.01) Significantly different from the

untreated control.
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S1P 0.1un

rn‘rﬁ“!mrm'Wﬁ “‘” MW (PR W'”ﬁ”f‘qf"’“ ]’1'”'], ]‘rﬂ“wr

|H| I|“I

b S1P 0.5.M

TR

LA i

(i i

300 pA ‘

M=
S1P 1M
1 "r "'n"'l

i "rl l'”r .1-'||| -|||I "",l. \
[ |

Figure 4. Various concentrations of SI1P actions on pacemaker currents in

el

-
AN RENEERI N
||;| || thh'm W‘MM '

culture ICC of murine small intestine. (a) Pacemaker currents of ICC exposed to
SIP (0.1 ~ 1 uM) at a holding potential of -70 mV. SIP caused a

concentration-dependent increase in tonic inward currents.
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Figure 5. Summarized data of SI1P actions on pacemaker currents in culture
ICC of murine small intestine. Response to S1P are summarized in (a), (b) and
(c). Bars represent mean values * S.E. *(P<0.01) Significantly different from

the untreated control.
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a Suramin 1 ph
S1P1 |,1.M

et il i hn M,.w*”” :::Tmmﬂ

30s

e

" T

FTY¥-720 1 pM

o

Figure 6. Effects of SI1P subtype receptor antagonist and agonist on
S1P-induced responses on pacemaker currents in cultured ICC of the murine
small intestine. (a) Pacemaker currents of ICC exposed to S1P (1 uM) in the
presence of suramin, S1Ps3 receptor antagonist (1 uM). (b) Pacemaker currents
of ICC exposed to SEW-2871, S1P; receptor agonist (1 uM). (¢c) Pacemaker
currents of ICC exposed to FTY-720, S1P;, S1P3; S1Ps and S1Ps5 receptor
agonist (1 uM).
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JTE-01310 pM
_ SIPIuM

i

b JTE-013 20 pM

At

T i
i \!mqﬁ M' Mun

S1P 1uM

T‘ m | 'm.: Tmm f mﬁ 1

3ﬂﬂpﬁ

3l] sec

Figure 7. Effects of SI1P; subtype receptor antagonist on S1P-induced
responses on pacemaker currents in cultured ICC of the murine small intestine.
(a) Pacemaker currents of ICC exposed to S1P (1 uM) in the presence of
JTE-013, S1P2 receptor antagonist (10 uM). (b) Pacemaker currents of ICC
exposed to SIP (1 uM) in the presence of JTE-013, S1P; receptor antagonist
(20 pM).
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Figure 8. Effects of GDPBS on S1P-induced responses on pacemaker currents
in cultured ICC of the murine small intestine. (a) Pacemaker currents of ICC
exposed to S1P (1 pM) in presence of GDPBS (1 mM) in the pipette. The
effects of S1P in the presence of GDPRS are summarized in (b), (¢c) and (d).
Bars represent mean values * S.E. *(P<0.01) Significantly indifferent from the

untreated control. Black bar: GDPBS(-) control, White bar: GDPBS(+).
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a = SIP 1uM

Na™ free solution =

S1P1uM .
| W TThET :
| I ipe b
q” ‘ 'F|| |‘ M'thltllmﬁrmhmﬂh s W"MW-W{"J‘\"‘I | I || E

' T op =Y
300pA ‘ g

30sec s %
m (1]
Con Na' free

Figure 9. Effects of Na —free solution on S1P-induced responses on pacemaker
currents in cultured ICC of the murine small intestine. (a) Pacemaker currents
of ICC exposed to SIP (1 uM) in presence of Na —free solution. The effects of
S1P in the presence of Na —free solution are summarized in (b). Bars represent

mean values = S.E. *(P<0.01) Significantly different from the untreated control.

Con: Control.
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E‘n S1P 1puM
a Flufenamic acid 10 .M o
_S1P1uM E 4
un.'lhlﬂl MH [“,”l E
’ r Iu-]nl'q"l"lﬂ'"‘f' ]
| ||| ||| | | 3l]l]pA| i mlnlli o
J0®e =
g *
m 1] T
Con FFA

Figure 10. Effects of flufenamic acid on S1P-induced responses on pacemaker
currents in cultured ICC of the murine small intestine. (a) Pacemaker currents
of ICC exposed to SIP (1 uM) in presence of flufenamic acid (10 uM). The
effects of SI1P in the presence of flufenamic acid are summarized in (b). Bars
represent mean values =* S.E. #(P<0.01) Significantly different from the

untreated control. Con: Control, FFA: Flufenamic acid.
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a - S1P 1M

Ca™-free solution _

_S1P1pM 2 aw
WL g =
|.| [1 ‘I,“” ﬁhﬁ!wrﬂh f“lli“ W w“ﬁ“ﬂ;‘"‘ml“n"h 1|Il ] E
NE X , . =1

|H| | |'||| I|Ir SIIIIPAL 1|I|i,| |
-
Jlsec =
&

m u

Ca''-free

Figure 11. Effects of Ca” ~free solution on S1P-induced responses on
pacemaker currents in cultured ICC of the murine small intestine. (a) Pacemaker
currents of ICC exposed to S1P (1 pM) in presence of Ca® ~free solution. The
effects of S1P in the presence of Ca” ~free solution are summarized in (b). Bars
represent mean values = S.E. #(P<0.01) Significantly different from the

untreated control. Con: Control.
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Figure 12. Effects of thapsigargin on S1P-induced responses on pacemaker
currents in cultured ICC of the murine small intestine. (a) Pacemaker currents
of ICC exposed to S1P (1 uM) in presence of thapsigargin (10 uM). The effects
of S1P in the presence of thapsigargin are summarized in (b). Bars represent
mean values = S.E. *(P<0.01) Significantly different from the untreated control.

Con: Control, TSG: Thapsigargin.
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